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Hewlett-Packard: 
A Leader in Components 

A Brief Sketch world's brightest LEDs and is a 
Founded in 1961, and technical leader for visible III-V 
headquartered in San Jose, products. 
California, the Hewlett-Packard 
Company's Components Group is The Components Group markets 
the world's largest independent products through a sales force of 
supplier of communications 300 technically-educated sales 
components. Today the group has professionals located in about 40 
approximately 9500 employees, countries. HP components are 
and had fiscal 1995 revenues of also sold through a worldwide 
$856 million. distributor network with more 

than 150 locations. Altogether, 
The Components Group 95 percent of sales revenues are 
incorporates three major from customers external to HP. 
divisions-Optoelectronics, 
Optical Communication and The Components Group 
Communications Components- maintains five marketing centers 
and serves six major markets: worldwide in San Jose, California; 
communications, computer/ Boeblingen, Germany; Tokyo, 
office, industrial, transportation, Japan; Frimley, UK; and 
consumer and government! Singapore. Each is fully staffed 
military. Included in the Compo- with product application and - nents Group's extensive line of support engineers and each is 
more than 9,000 components are responsible for regional decision 
visible and infrared LED lamps; making. A design center in 
visible LED displays, light bars Tokyo is specifically chartered to 
and arrays; Infrared Data develop products for the 
Association (lrDA)-compliant Japanese market. 
infrared transceiver modules; 
fiber-optic transceivers, Local decision-making is central 
transmitters and receivers to HP's transnational business 
meeting most of today's industry strategy which focuses on 
standards; motion control customer satisfaction. In addition 
devices; optocouplers and related to prOviding the right product 
optically-isolated control compo- with superior quality and 
nents; bar-code components; RF reliability, the Components 
and microwave semiconductors; Group strives to ensure world-
and communications amplifiers wide product availability, 
and assemblies. HP offers the accurate on-time delivery and up-
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to-date technical information for 
its customers. 

Quality and Reliability 
Quality and reliability are very 
important concepts to Hewlett-
Packard in maintaining the 
commitment to product 
performance. 

At Hewlett-Packard, quality is 
integral to product development, 
manufacturing, and final intro-
duction. HP's commitment to 
quality means that there is a 
continuous process of improve-
ment and tightening of quality 
standards. Manufacturing quality 
circles and quality testing 
programs are important 
ingredients in HP products. 

Reliability testing is also required 
for the introduction of new HP 
components. Lifespan calculations 
in "mean-time-between-failure" 
(MTBF) terms are published and 
available as reliability data 
sheets. HP's stringent reliability 
testing assures long component 
lifetimes and consistent product 
performance. 

Information about the Components Group 
and its products can be found on the 
World Wide Web at http.//www.hp.com! 
go/components 

The body of this book is printed on 
recycled paper. 
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About This Catalog 

About This Catalog 
To help you choose and design 
with Hewlett-Packard optoelec­
tronic components, this catalog 
contains detailed product 
specifications. The catalog is 
divided into four product 
sections: 

1. Optocouplers 
2. Motion Sensing and Control 

Products 
3. Fiber-Optic Components 
4. Bar Code Components 

How to Find the Right 
Infonnation 
• The Table of Contents helps 

you locate the product sections 
as well as the Data Sheet Index 
and selection guides for each 
product section. 

• The Alphanumeric Index lists 
every component in this catalog 
and the page number on which 
the corresponding data sheet is 
located. 

• Data Sheet Indexes list all of 
the data sheets in the product 
section. 

• Selection Guides allow you to 
quickly select products most 
suitable for your application. 

How to Order 
To order any component in this 
catalog, can your nearest HP 
authorized distributor or HP sales 
office. 

A complete listing of HP 
authorized distributors is located 
on page 6-3. These distributors 
can offer off-the-shelf delivery for 
most HP components. 

Service and Support 
For technical assistance or for 
the location of your nearest HP 
sales office, distributor or 
representative call (US and 
Canada only): 1-800-235-0312 or 
408-654-8675. 

Elsewhere in the world, call your 
local Hewlett-Packard sales 
office. Ask for a Components 
representative. 
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For Additional 
Infonnation 
In the US/Canada, technical 
literature is available from the 
Hewlett-Packard Components 
Group fax-back service at: 1-800-
450-9455, or from the 
Components Sales Response 
Center at 1-800-235-0312. 

Elsewhere in the world, call your 
local HP sales office. Askfor a 
Components representative. 

Information regarding 
Hewlett-Packard Components 
Group products is available on 
the World Wide Web at 
http://www.hp.com/go/ 
components 

Literature is available regard­
ing other HP Components 
Group products not listed in 
this catalog: 
• High Performance Fiber­

Optic data communications 
and tewcommunications 
products 

• LED Lamps and Displays 
• Infrared Products 
• RF & Microwave Products 
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Optocouplers 

With Hewlett-Packard's broad 
line of optically coupled isolation 
products you can put an end to 
erroneous data, false control 
signals and damaged circuits. HP 
has six primary families of 
optocouplers to choose from: 
1 MBd Transistor Output, 
100 KBd High gain Transistor 
Output, 5 MBd Logic Gate, 
10 MBd Logic Gate, Integrated 
Gate Drive, and Miniature 
Isolation Amplifiers. In addition, 
HP offers a wide array of 
application specific devices for 
applications like line receivers 
and wideband analog/video, as 
well as isolated NO Converters. 
Most families are available in a 
variety of package styles to fit 
your design needs. 

NEW High Performance 
Optocouplers from HP! 
High Common Mode Rejection 
If you are designing in a noisy 
environment, HP optocouplers 
lead the industry in performance. 
Common mode rejection levels of 
15,000 V/JlS can be achieved 
using HP's high performance 
optocouplers. Look in the 
selection guide for a wide array 
of performance choices. 
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Regulatory 
To meet the regulatory needs of 
our customers, HP has expanded 
several families with 400 mil 
dual in line packages providing 
VIORM=1414 VPEAK and VDE 
approval. Look in the selection 
guide for these parts prefixed 
"HCNW". In addition, many 
products are now available with 
an optional 630 VPEAK VDE 
approval (Option #060). These 
parts are indicated with an "A" 
under the VDE column of the 
selection guide. 

Low input current 
HP has expanded the 10 MBd 
Logic Gate family with several 
new, low input current alterna­
tives. These parts can be driven 
from HCMOS gates directly and 
may eliminate extra drive 
circuitry and reduce the size of 
the power supply needed. Look 
for these parts in the 10 MBd 
Logic gate section of the 
selection guide with suffixes "A" 
or "N". In addition, HP introduced 
a 100 KBd high gain transistor 
output part with 40 J.IA drive 
current, the lowest in the 
industry. 
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Motor Control 
Optocouplers 
Hewlett-Packard also offers a 
complete line of optocouplers 
designed specifically to address 
the needs of isolated gate drive 
and current sensing applications 
within the motor control market. 

Gate Drive 
The most recent additions to our 
family of gate drive optocouplers 
include the HCPL-3120 and 
HCPL-3150. Optimized for 
directly driving IGBTs with 
ratings up to 1200 VII 00 A or 
1200 V 150 A respectively, each 
optocoupler provides the 
following application critical 
performance: 
• 2.0 A and 0.5 A, respectively, 

Minimum Peak Output Currents 
• 15 kV/JlS Minimum Common 

Mode Rejection (CMR) 
• -40°C to + 100°C Performance 

Guarantees 
• Under Voltage Lockout 

Protection with Hysteresis 
• 500 ns Maximum Switching 

Speeds 
• UL, VDE and CSA Regulatory 

Approval 

• 15 to 30 V Vee Operating 
Range 

• Low Level Output Voltage 
• 5 rnA Maximum Supply Current 



By incorporating an integrated 
fault feedback optocoupler, 
our soon to be introduced 
HCPL-3160 will provide even 
lower cost, area efficient IGBT 
gate drive by offering 
desaturation or over-current 
detection and local IGBT 
shutdown. 

For interfacing to an Intelligent 
Power Module's (IPM) power 
transistor gate drive circuitry HP 
introduced the HCPL-4506 ' 
family of optocouplers. Available 
in several 8-pin package styles, 
the HCPL-4506 (PDIP), 
HCPL-0466 (S08), and 
HCNW4506 CWidebody PDIP) 
provide significant performance 
advantages for such design 
critical specifications as current 
transfer ratio, propagation delay, 
and common mode rejection. 

Current Sense 
As extensions to its family of 
HCPL-7800 Analog Isolation 
Amplifiers for motor drive 
current sensing, HP introduced 
the HCPL-7820, HCPL-7825, 
and HCPL-7840. Each offers a 
breakthrough combination of 
unequaled CMR performance . ' compact Size, -40°C to + 100°C 
performance guarantees, and 
overall lower solution cost as 
compared to the predominant 
form of competition. 

Most recently, HP introduced the 
HCPL-7860 and HCPL-7870 
which together form an Isolated 
lIS-bit Programmable AID Con­
verter that delivers the reliabil­
ity, small size, superior isolation 
and over temperature perform­
ance motor drive designers need 
to accurately measure current at 
half the price of traditional 

solutions. Peformance features 
include: 
• 12-bit Linearity 
• Resolution/Speed trade-off with 

5 different Conversion Modes 
• 12-bit effective resolution with 

18 ILs signal delay 
• 14-bit effective resolution with 

95 ILs signal delay 
• Fast 3 ILs Over-Range Detection 
• ± 200 mV Input Range with 

single 5 V supply 
• Internal Reference Voltage 
• Offset Calibration 
• -40°C to +85°C Operating 

Temperature Range 
• 15 kV/lLs Isolation Transient 

Immunity 
• UL, CSA and VDE Regulatory 

Approval 

Product Safety 
Regulations and 
Optocouplers 
Optocouplers optically transfer a 
signal from one circuit to another 
circuit within or between elec­
trical equipment. In addition to 
providing common-mode signal 
isolation, optocouplers are often 
used to provide high voltage 
insulation. This is done by pre­
venting voltage transients on a 
signal line from affecting the 
equipment, and by protecting the 
operator from high voltage which 
may be present inside the 
equipment. 

Because optocouplers perform a 
safety function, they are tested 
and qualified for use in each 
country, usually through national 
third party safety agencies, both 
at the component level and 
system level. Third party safety 
agencies are often private 

organizations which have 
governmental authority and 
develop standards for many 
aspects of equipment manufac­
~ure (e.g., safety, electromagnetic 
mterference reduction, protecting 
the environment). 

In Europe, standardization for 
equipment specifications is well 
in progress. The European 
Economic Community (EEC) 
established a target date of 
January 1, 1992 for all member 
countries and manufacturers to 
be in compliance with the EEC 
directives. Transitional periods 
have been established by each 
member country when they will 
begin enforcing and accepting 
the E.uropean norms(EN), by 
creating national laws. The EEC 
is now known as the European 
Union(EU), composed of 15 
countries. 

At this time, optocouplers have 
not had the benefit of harmonized 
test requirements, i.e., agreement 
among countries and their 
respective national agencies. 
Testing, approval, recognition 
and certification must still be 
obtained from each country 
where optocouplers will be used. 
Each country tests optocouplers 
to different standards, either 
component based or system! 

. equipment based. 

Each Hewlett-Packard optocoup­
ler ~ata sh~et provides the design 
engmeer Wlth sufficient informa­
tion to determine which opto­
couplers are suitable for an 
application. Although some 
equipment standards are more 
specific than others and 
definitions may vary, each 
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Testing Level Country Standard/Specification 
Component Germany VDE 0884 

(June 1992 revision) 
United States UL 1577 
Canada CSA Component 

Acceptance Notice No.5 
System! United Kingdom BS 415 
Equipment 

standard will specify the safety 
related requirements for a 
particular type of equipment. 

Certain parameters are used to 
determine where Hewlett-Packard 
optocouplers fit in your appli­
cations. These parameters are 
found in each Hewlett-Packard 
data sheet and are noted by bold 
print in the common definitions 
provided below. A summary of 
these parameters is provided as 
well. 

Common Parameters and 
Dermitions 
Comparative Tracking Index 
CCTI) 
CTI is a measure of the opto­
coupler mold material and its 
relative insulating capability. The 
surface of the mold material is 
subjected to an alternating low­
voltage stress, which produces a 
small current flow. When the 
current flow reaches a predeter­
mined value, the corresponding 
numerical value of the applied 
voltage is the CTI value. CTI 
impacts' both External Cre~p­
age and maximum allowable ' 
Working Voltage, where higher 
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BS EN60950 
BS 7002 
BS EN41003 

CTI values allow more Working 
Voltage for the same value of 
External Creepage distance. 

Material Group 
Because the behavior of insulat­
ing materials is very complex 
under various contaminants and 
voltages, direct correlation 
between deterioration of the 
insulating material and formation 
of conductive paths on the 
insulation surface is not practical. 
Correlation between the Com­
parative Tracking Index CCTI) 
and ranking performance of 
insulating materials has been 
found by empirical observation. 
Consequently, CTI values can be 
used to categorize insulation 
materials: 
Material Group I 

600 < CTI 
Material Group II 

400 < CTI < 600 
Material Group Ilia 

175 < CTI < 400 
Material Group IIIb 

100 < CTI < 175 

In some equipment specifica­
tions, Material Group is used in 
corijunction with Pollution 

Agency 
Verband Deutscher 
Elektrotechniker (VDE) 
Underwriters Laboratories (UL) 
Canadian Standards 
Association (CSA) 
British Standards 
Institute (BSI) 

Degree, Creepage distance, and 
Working Voltage tables. 

Creepage, External 
External Creepage is the 
shortest distance path along the 
outside surface of an opto­
coupler, between the input and 
output leads, usually measured in 
mm. External Creepage plus 
Pollution Degree plus Material 
Group CCTI) determine the 
maximum allowable Working 
Voltage applied to an 
optocoupler. 



Clearance, External 
External Clearance is the 
shortest distance through air, 
between two conductive leads, 
input to output, usually measured 
in mm. Clearance determines 
the maximum Transient 
Overvoltage that can be applied 
to an optocoupler with respect to 
the equipment Mains Voltage 
and Installation Class. 

However, once mounted on a 
printed circuit board, minimum 
creepage and clearance require­
ments must be met as specified 
for individual equipment 
standards. For creepage, the 
shortest distance path along the 
surface of a printed circuit board 
between the solder fillets of the 
input and output leads must be 
considered. There are recom­
mended techniques such as 
grooves and ribs which may be 
used on a printed circuit board to 
achieve desired creepage and 
clearances. 

Clearance, Internal (Distance 
through Solid Insulation) 
As applied to optocouplers, this is 
the direct distance between the 
photoemitter and photodetector 
inside the optocoupler cavity. 
Some equipment standards 
require a minimum 0.4 mm 
distance through solid Insulation 
for reinforced levels. 

Pollution Degree 
Environment 
Pollution Degree is determined 
by the equipment-use 
environment. Pollution Degree 
2 is typically used as a 
"benchmark" to establish test 
voltages, especially for VDE 
0884 qualification. Higher 
Pollution Degrees (3, 4) 
indicate dirtier, more contam­
inated environments. 

External Clearance 

Dielectric Withstand· Voltage 
Capability of a device to with­
stand without breakdown for 60 
seconds, a potential difference 
equal to the dielectric insulation 
voltage applied between the input 
and output leads of an optocoup­
ler. This is a safety parameter and 
is also known as Input·Output 
Momentary Withstand Volt­
age. This is a dielectric voltage 
rating in V rrns and is not to be 
interpreted as an input-output 
continuous Working Voltage 
rating. For the continuous 
voltage rating, refer to your 
equipment level safety specifica­
tion. See also Working Voltage. 

Working Voltage 
Working Voltage is the 
maximum continuous voltage 
which may be applied to the 
insulation of an optocoupler 
under normal operating 
conditions. Working Voltage is 
not the same as the 60 second 
Dielectric Withstand-Voltage. 
Working Voltage is determined 
by a combination of numerous 
factors such as External 
Creepage, equipment mains 
voltage, insulation level (e.g., 
basic or reinforced), Pollution 
Degree, and Material Group. 

Endurance Voltage 
Endurance Voltage is the ability 
of an optocoupler insulating 
material to endure continuous 
voltage over long periods of time 
without damaging the optocoup­
ler. It is an empirical measure of 
the robustness and reliability of 
the optocoupler. Endurance 
Voltage must not be confused 
with or replace Working 
Voltage, which is defined by 
equipment standards. In all cases 
where regulatory compliance is 
required, Working Voltage sets 
the maximum allowable steady­
state, input-output voltage. See 
Hewlett-Packard's application 
note on Optocoupler Input· 
Output Endurance Voltage 
(AN 1074). Our current data 
sheets provide sufficient infor­
mation to determine the suitability 
of Hewlett-Packard optocouplers 
for your applications. Our 
engineers are also available to 
assist you in determining which 
optocoupler best fits your need. 
For more detailed information 
and guidance, contact your local 
Hewlett-Packard sales 
representative. 
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Common Optocoupler Parameters 
Equipment Installation Requirements 

Product External External Internal Material Pollution 
Family Creepage Clearance Clearance Group Degree 

HCNWIHCNR 10.0 9.6mm 
Series 'Wide 
Body" 
B-pin DIP or 
Surface Mount 
HCPL-7XXX B.Omm 7.4mm 
Series 
B-pin DIP or 
Surface Mount 
HCPL-XXXX 7.4mm 7.1 mm 
Series 
B-pin DIP or 
Surface Mount 
HCPL-OXXX 4.Bmm 4.9mm 
Series 
B-pin SOB 
Surface Mount 

HCPL-MXXX 5.0mm 5.5mm 
Series 
5-pin Miniflat 
Surface Mount 

Optocouplers for Safe 
Electrical Separation per 
VDE 0884 
Optocouplers providing safe 
electrical separation per VDE 
0884 (June 1992) do so only 
within the safety-limiting values 
to which they are qualified. 
Protective cut-out switches must 
be used to ensure that the safety 
limits are not exceeded. The 
insulation characteristics for each 
VDE approved optocoupler are 
shown in the Insulation Charac­
teristics'Table, which includes the 
permitted installation classes vs. 
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1.0 IlIa 2 (Typical) 
CTI = 200 

0.5mm lIla 2 (Typical) 
CTI = 175 

O.OBmm lIla 2 (Typical) 
CTI-200 

O.OBmm IlIa 2 (Typical) 
CTI = 200 

O.OBmm lIla 2 (Typical) 
CTI:= 200 

equipment mains voltage, 
maximum allowable transient 
overvoltage, maximum allowable 
working voltage, climatic 
classification and safety limiting 
values. 

Partial discharge measurement 
per VDE 0884 (June 1992) is a 
technique to evaluate the insula­
tion integrity of optocouplers. 
VDE's philosophy is that partial 
discharge testing replaces the 
common dielectric withstand 
voltage test, because any dielec­
tric voltage test may predamage 

Dielectric 
Withstand Country 
Voltage, Regulatory 

Vrms, lmin. Approvals 

5,000 V United States-UL 
Canada-CSA 
Germany-VDE 
United Kingdom-BSI 

3,750 V United States-UL 
Canada-CSA 
Germany-VDE 

2,500 V and United States-UL 
5,000 V Canada-CSA 

(See specific Germany-VDE 
data sheet) 

2,500 V United States-UL 
Canada-CSA 

2,500 V United States-UL 
Canada-CSA 

the insulation of an optocoupler. 
Although successful partial 
discharge testing qualifies an 
optocoupler for reinforced insula­
tion applications, some equipment 
standards may impose specific 
restrictions for reinforced insula­
tion such as internal clearance 
and doubling the external creep­
age value. The profiles below 
describe the partial discharge test 
for type and sampling (Procedure 
A) and for 100% production 
(Procedure B) testing in 
accordance with VOE 0884: 



PROCEDURE A: V 
(FOR TYPE AND 
SAMPLING TESTS, 
DESTRUCTIVE TESTS) 

11,12 =1 to108 
13,14 =1. 

1m (MEASURING TIME 
FOR PARTIAL 
DISCHARGE) = 60 • 

=628 
=108 

PROCEDURE B: V 
(FOR 100% 
PRODUCTION TESTING) 

13,4 =0.1. 

1m (MEASURING TIME 
FOR PARTIAL 
DISCHARGE) • 1 • 

= 1.28 

o 

L" 

V,NIT,AL 

t'nl 

~ VPR 

V,ORM 

I 

I~--+ :=s-12 

VPR 

V,ORM 

I 

1m 
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Definitions of Terms Used in VDE 0884 Partial Discharge Testing 
Term Definitions 

VINITIAL Maximum test voltage for the partial discharge test. It is also the maximum transient 
overvoltage occurring in a rated mains voltage and service class. At this initial voltage 
partial discharge (but no breakdown) may occur. VINITIAL also equals VIOTM (transient 
overvoltage) which is listed in the applicable VDE insulated related characteristics 
sections of this catalog. Preferred values for VlNITIAL are shown in Table 1 below (from 
Table 2 ofVDE 0884, June 1992 revision). 

VPR Partial discharge test voltage applied to an optocoupler and maintained for a specific 
time period, tst. During this time, partial discharge is measured at a specific time interval, 
tm. VPR = 1.5 X VIORM for Procedure A and VPR = 1.875 X VIORM for Procedure B. 

VIORM Working voltage (maximum service insulation voltage) - this is the maximum 
continuous permitted voltage which may be applied to an optocoupler. This value is 
specified in each applicable VDE insulated related characteristics section of this catalog. 

tm Test time for partial discharge and equals 60 seconds for Procedure A, 1 second for 
Procedure B. 

tini Time beginning at VlNITIAL test voltage and equals 10 seconds. 

tr, t2, t3, t4 Test voltage initialization times. 
Pass/Fail No leakage failures and no optocoupler to have more than 5 pC Partial Discharge during 
Criteria partial discharge test time, tm. 

Table 1. (from VDE 0884-June 1992, Table 2) 
Preferred Insulation Test Voltages for Service Class (V Initial) 

Rated Mains Voltage up to I II III IV 
and Including Vrms or Vdc PEAK PEAK PEAK PEAK 

50 330 500 800 1500 
100 500 800 1500 2500 
150 800 1500 2500 4000 
300 1500 2500 4000 6000 
600 2500 4000 6000 8000 
1000 4000 6000 8000 12000 
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• Power MOSFET/IGBT Gate Drive Optocouplers ...................................................................... 1-338 
• AC/DC to Logic Interlace Optocouplers ................................................................................... 1-348 
• Optically Coupled 20 rnA Current Loop Transmitter ................................................................ 1-361 
• Optically Coupled 20 rnA Current Loop Receiver ..................................................................... 1-373 
• High Bandwidth, AnaloglVideo Optocouplers .......................................................................... 1-385 
• High Speed CMOS Optocouplers ............................................................................................ 1-402 
• 40 its Prop. Delay, SO-8 Optocoupler ...................................................................................... 1-416 
• High-Linearity Analog Optocouplers ....................................................................................... 1-418 
• High-Gain Darlington Output Optocouplers ............................................................................. 1-434 
• 60 VlO.7 Ohm, General Purpose, 1 Form A, Solid State Relay ................................................... 1-441 
• 200 Vl160 Ohm, 1 Form A, Small-Signal Solid State Relay ....................................................... 1-454 
• 400 VllO Ohm, General Purpose, 1 Form A, Solid State Relay .................................................. 1-465 
• Optocoupler Option for 5000 V rms/l Minute Requirement ..................................................... 1-478 
• VDE 0884 VroRM = 630 V peak Option for Plastic Optocouplers .............................................. 1-480 
• Gull Wing Surlace Mount Option for Optocouplers and Solid State Relays ................................ 1-482 
• Tape and Reel Packaging Option for Optocouplers and Solid State Relays ................................ 1-485 
• Hermetic & Hi ReI Optocouplers Data Sheet Index ..................................... ; ............................ 1-492 
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E§ Single Channell MBd T"nsistor Outpu1 Optocoupler (6Nl3516 Type) 
Package Prop CTR CMR - V/IJS (VCM) VDE 

300 400 Delay VIORM 
mil mil If tpHL tpLH Min. Max. 1000 10000 15000 

Part Number DIP 508 DIP mA J.IS (max.) "10 "10 (10 V) (1.5 kV) (1.5 kV) 630Vp 1414 Vp 

6N135 ./ 16 2.0 2.0 7 50 ./ 
HCPL-0500 ./ 16 2.0 2.0 7 50 ./ 
HCNW135 ./ 16 2.0 2.0 7 150 ./ ./ 

6N136 ./ 16 1.0 1.0 19 50 ./ 
HCPL-0501 ./ 16 1.0 1.0 19 50 ./ 
HCNW136 ./ 16 1.0 1.0 19 150 ./ ./ 
HCPL-4502[11 ./ 16 1.0 1.0 19 50 ./ 
HCPL-0452[11 ./ 16 1.0 1.0 19 50 ./ 
HCNW4502[1) ./ 16 1.0 1.0 19 150 ./ ./ 

HCPL·4503[1) ./ 16 1.0 1.0 19 50 ./ A 
HCPL·0453[1j ./ 16 1.0 1.0 19 50 ./ 
HCNW4503[1j ./ 16 1.0 1.0 19 150 ./ ./ 
HCPL·4504[1) ./ 12 1.0 1.4 26 65 ./ A 
HCPL-0454[1) ./ 12 1.0 1.4 26 65 ./ 
HCNW4504[1) ./ 12 1.0 1.4 25 65 ./ ./ 
HCPL-4506[2j ./ 10 0.4 0.55 44 >90 ./ A 
HCPL-0466[2j ./ 10 0.4 0.55 44 >90 ./ 
HCNW4506[2j ./ 10 0.4 0.55 44 >90 ./ ./ 

Notes: 
1. Pin 7 not connected. 
2. Pin 7 connected to internal 20 K pull·up resistor. 

HCPL.2530 HCPL·0560 

~flJ Dual Channel 1 MBd Transistor Output Optocoupler (6N13516 Type) 
Package Prop CTR CMR - V/IJS (VCM) VDE 

300 400 Delay VIORM 
mil mil If tpHL tpLH Min. Max. 1000 10000 15000 

Part Number DIP 508 DIP mA IJS (max.) "10 "10 (10 V) (1.5 kV) (1.5 kV) 630Vp 1414 Vp 

HCPL·2530 ./ 16 2.0 2.0 7 50 ./ 
HCPL-0530 ./ 16 2.0 2.0 7 50 ./ 

HCPL-2531 ./ 16 t.O 1.0 19 50 ./ 
HCPL-0531 ./ 16 1.0 1.0 19 50 ./ 
HCPL-4534 ./ 16 1.0 1.0 19 50 ./ 
HCPL-0534 ./ 16 1.0 1.0 19 50 ./ 

HCPL'0560* ./ 16 1.0 1.0 19 50 ./ 
HCPL-0561* ./ 16 1.0 1.0 19 50 ./ 

Bold Type = New Product 

'coming soon 

1·10 

Insulation 
UL= 1 min. 

Page 
2500 V 5000 V No. 

./ B H6 

./ 
./ 

./ B 

./ 
./ 

./ B 

./ 
./ 

./ B 

./ 
./ 

./ B 1·33 

./ 
./ 

./ B 1·49 

./ 
./ 

Insulation 
UL = 1 min. 

Page 
2500 V 5000 V No. 

./ B 1-63 

./ 

./ B 

./ 

./ B 

./ 

./ B 1·74 

./ 

A = Option 060 
B = Option 020 



~ Single Channel 100 KBd High Gain Transistor Qulpul Optocoupler (6N13819 Type) 
Package Irmin CTR VDE Insulation 

300 mil 400 mil VIORM UL= 1 min. Page 
Part Number DIP S08 DIP 40 IJA O.SmA 1.6mA Min. 0/0 630Vp 1414 Vp 2500 V 5000 V No. 

6N138 ./ ./ 300 ./ B 1·77 
HCPL-0700 ./ ./ 300 ./ 
HCNW138 ./ ./ 300 ./ ./ 

6N139 ./ ./ 400 ./ B 
HCPL-0701 ./ ./ 400 ./ 
HCNW139 ./ ./ 400 ./ ./ 

HCPL·4701 ./ ./ 800 A ./ B 1-92 
HCPL·070A ./ ./ 800 ./ 

~ DIIal Channel 100 KBd High Gain Transistor Qulput Optocoupler (6N13819 Type) 
Package Irmin CTR VDE Insulation 

300 mil 400 mil VIORM UL= 1 min. Page 
Part Number DIP S08 DIP 40 IJA O.SmA 1.6mA Min. 0/0 630Vp 1414 Vp 2500 V SOOOV No. 

HCPL-2730 ./ ./ 300 ./ B 1-108 
HCPL·0730 ./ ./ 300 ./ 

HCPL-2731 ./ ./ 400 ./ B 
HCPL·0731 ./ ./ 400 ./ 

HCPL·4731 ./ ./ 800 ./ B 1-92 
HCPL·073A ./ ./ 800 ./ 

Single Channel 5 MBd Logic Gate Optocoupler (HCPL·2200 Type) 
Package Irmin CMR·VlJ.IS (VCM) VDE Insulation 

300 mil 400 mil 1000 2500 5000 VIORM UL= 1 min. Page 
Part Number DIP S08 DIP 1.6 mA 1.8 mA (SO V) (400 V) (1 kV) 630Vp 1414 Vp 2500 V 5000 V No. 

HCPL-2200 ./ ./ ./ ./ 1-120 
HCPL-2219 ./ ./ ./ A ./ 

HCPL -2201 [3J ./ ./ ./ ./ 1-131 
HCPL -2202[3,4J ./ ./ ./ ./ 
HCPL-0201 [3J ./ ./ ./ ./ 
HCNW2201 [3J ./ ./ ./ ./ ./ 

HCPL -2211 [3J ./ ./ ./ A ./ 
HCPL-2212[3,4J ./ ./ ./ A ./ 
HCPL -0211 [3J ./ ./ ./ ./ 
HCNW2211 [3J ./ ./ ./ ./ ./ 

Notes: 
3. Pin 6 not connected. 
4. Pins 6 and 7 reversed. 

Bold Type = New Product 

A = Option 060 
B = Option 020 
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Dual Channel 5 MBd Logic Gate Optocoupler (HCPL-2200 Type) 
Package Irmin CMR-Vl/JS (VCM) VDE Insulation 

300 mil 400 mil 1000 2500 5000 VIORM UL= 1 min. Page 
Part Number DIP 50S DIP 1.6mA 1.SmA (50 V) (400 V) (1 kV) 630Vp 1414 Vp 2500 V 5000 V No. 

HCPL-2231 ,/ ,/ ,/ 

HCPL-2232 ,/ ,/ ,/ 

Single Channel 10 MBd Logic Gate Optocoupler (6N137 Type) 
Package If"min CMR-Vl/JS (VCM) VDE 

300 mil 400 mil 100 5000 10000 VIORM 
Pari Number DIP 50S DIP 2mA SmA (50 V) (50 V) (1 kV) 630Vp 1414 Vp 

6N137 ,/ ,/ ,/ 

HCPL-0600 ,/ ,/ ,/ 

HCNW137 ,/ ,/ ,/ ,/ 

HCPL-2601 ,/ ,/ ,/ 
HCPL-0601 ,/ ,/ ,/ 

HCNW2601 ,/ ,/ ,/ ,/ 

HCPL-2611 ,/ ,/ ,/ A 
HCPL-0611 ,/ ,/ ,/ 

HCNW2611 ,/ ,/ ,/ ,/ 

HCPL-261A ,/ ,/ ,/ A 
HCPL-061A ,/ ,/ ,/ 

HCPL-261N ,/ ,/ ,/ A 
HCPL-061N ,/ ,/ ,/ 

Dual.Channel10 MBd Logic .Gate Optocoupler (6N137 Type) 
Package If"min CMR-Vl/JS (VCM) VDE 

300 mil 400 mil 100 5000 10000 VIORM 
Pari Number DIP 50S DIP 2mA SmA (50 V) (50 V) (1 kV) 630Vp 1414 Vp 

HCPL-2630 ,/ ,/ ,/ 

HCPL-0630 ,/ ,/ ,/ 

HCPL-2631 ,/ ,/ ,/ 

HCPL-0631 ,/ ,/ ,/ 

HCPL-4661 ,/ ,/ ,/ 

HCPL-0661 ,/ ,/ ,/ 

HCPL-263A ,/ ,/ ,/ 

HCPL-063A ,/ ,/ ,/ 

HCPL-263N ,/ ,/ ,/ 

HCPL-063N ,/ ,/ ,/ 

Bold Type = New Product 

1-12 

,/ 1-131 

,/ 

Insulation 
UL= 1 min. Page 

2500 V 5000 V No. 

,/ B 1-146 
,/ 

,/ 

,/ B 
,/ 

,/ 

,/ B 
,/ 

,/ 

,/ B 1-166 
,/ 

,/ B 
,/ 

Insulation 
UL= 1 min. Page 

2500 V 5000 V No. 

,/ B 
,/ 

,/ B 
,/ 

,/ B 
,/ 

,/ B 
,/ 

,/ B 
,/ 

1-146 

1-166 

A = Option 060 
B = Option 020 



~ Inlograted Gate Drive Optocouplers 

lout Prop Delay PWD Vcc 
If (on) A tpHL tpLH J.lS V 

Part Number mA (min.) ~ (max.) (max.) (max.) CMR-V/~ 

HCPL-3000 8 0.6 2.0 5.0 - 13 1.5 kV/~ @ VCM = 600 V 

HCPL-3100 12 0.1 2.0 - 24 1.5 kV/~ @ VCM = 600 V 

HCPL-3101 16 0.1 0.5 - 24 1.5 kV/~ @ VCM = 600 V 

HCPL-3120 7 2 0.5 0.5 0.3 30 15 kV/J.lS @ VCM = 1500 V 
HCPL-3150 7 0.5 0.5 0.5 0.3 30 15 kV/J.lS @ VCM = 1500 V 

HCPL-3160 2.0 A with Integrated Over-Current Protection and Fault Feedback 

Miniature Isolation Amplifiers 

CMR-V1~ (VCM) 
Gain Tolerance Non-Linearity Prop Delay 10000 20000 

Part Number (max. 0/0) (max.%) ~(max.) (1000) (1000) 

HCPL-7800 5 0.35 9.9 ./ 
HCPL-7800AlB 1 0.35 9.9 ./ 

HCPL-7820 3 0.15 4.1 ./ 
HCPL-7825 5 0.15 4.1 ./ 
HCPL-7840 5 0.2 9.9 ./ 

, m 
, .-__ ' CIt, 

.~ - _ .. 

HCPL·X870 

HCPL·7860 m I§' ~.=-

: -: 
'--- ..:.-. Isolated Analog-to-Digital (AID) Converters 

Integral Effective Signal Signal 

VDE 
VIORM 
600 V 

./ 

./ 

./ 

./ 

Page 
No. 

1-329 

1-338 

1-182 
1-197 

1-212 

Page 
No. 

1-216 

1-233 

1-248 

Gain Tolerance Non-Linearity SNR Radiation Delay Bandwidth CMR V1~ (VCM) Page 
Part Number (max. %) (max.%) (dB) (bits) 

HCPL-7860 1% 0.15 83 12 
HCPL-7870 
HCPL-0870 

Bold Type = New Product 

(J.lS) (kHz) 15000 (1000) 

19 22 ./ 

No. 

1-260 

A = Option 060 
B = Option 020 
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HCPL.71001101 HCPL-0710 

~~~~~ 
~~~~~ Other High Speed Logic Gate Optocouplers 

VDE Insulation 
If-mA Prop Delay CMR VIORM UL = 1-min. 

Part Number max. min. max. VlJJSlVCM VPEAK Vac Page No. 

HCPL-2300 0.5 200 ns 1000 V/IJS@VCM = 50 V 630[1] 2500 1-288 
HCPL-2400 4 60 ns 1000 V/IJS@VCM = 300 V 630[1] 2500 1-300 
HCPL-2430 4 60 ns 1000 V/IJS@VCM = 50 V 2500 
HCPL-7100 0.001 [2] 70 ns 2000 V/IJS@VCM = 200 V 848 3750 1-402 
HCPL-7101 0.001 [2] 40 ns 2000 V/IJS@VCM = 200 V 848 3750 
HCPL-0710 0.001 [2] 40 ns 10,000 V/IJS@VCM = 1000 V N/A 2500 1-416 

Notes: 
1. Available with Option 060. 
2. Value given is max. input current for a CMOS buffer which drives the LED. Requires isolated input power supply. 

Other Application Specific Optocouplers 

Description Part Number Page No. 

High Linearity Analog HCNR200101 1-418 

Wide AnalogNideo HCPL-4562 1·385 
HCNW-4562 

20 mA Current Loop Transmitter HCPL-4100 1-361 

20 mA Current Loop Receiver HCPL-4200 1-373 

AC/OC to Logic Interface HCPL-3700/60 1-348 

Line Receiver HCPL -2602112 1-314 

200 V, 160 Q Solid State Relays HSSR-8200 1-454 

60 V, 0.7 Q Solid State Relay HSSR-8060 1-441 

400 V, 10 Q Solid State Relay HSSR-8400 1-465 

High CTR-6 pin 4N45/46 1-434 

1-14 



Optocoupler & Solid State Relay Options 
Option 
Number Description Eligible Optocouplers & Solid State Relays Page No. 

001 Commercial Burn·in All 7.6 mm (300 mil) wide plastic products. Contact factory for availability. 

002 100% Screening Program All 7.6 mm (300 mil) wide plastic products. Contact factory for availability. 

020 5000 Vac/1 min. UL Rating See Note 1 for list of part numbers. 1·478 

060 630 V, VOl: See Note 2 for list of part numbers. 1-480 

300 Gull Wing Surface Mount Available on most plastic products. Contact factory for list of part 1-482 
numbers. 

500 Tape and Reel Packaging Available on all plastic DIP and surface mount products. Contact factory 1-485 
for list of part numbers. 

Notes: 
1. Option 020 is available for 6N135, 6N136, 6N137, 6N138, 6N139, HCPL·2502, HCPL·2601, HCPL·2611, HCPL-4502, HCPL-4503, and HCPL·4562. 
2. Option 060 Is available for HCPL·4701, HCPL·2219, HCPL·2211, HCPL·2212, HCPL·4503, HCPL·4504, HCPL·4506, HCPL·2611, HCPL·261 A, HCPL·261 N, 

HCPL·2400, HCPL·3120, HCPL·2300, HCPL·3150. 

Hermetic and HI·Rel Optocouplers Selection Guide 
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Single Channel, High Speed 
Optocouplers 

Technical Data 

Features 
• 15 kV/J.IS Minimum Common 

Mode Transient Immunity at 
VCM = 1500 V (4503/0453) 

• High Speed: 1 Mb/s 
• TTL Compatible 
• Available in 8·Pin DIP, SO·8, 

Widebody Packages 
• Open Collector Output 
• Guaranteed Performance 

from Temperature: 0"0 
to 70"0 

• Safety Approval 
UL Recognized - 2500 V nns 

for 1 minute (5000 V nns for 
1 minute for HCNW and 
Option 020 devices) per 
UL1577 

CSA Approved 
VDE 0884 Approved 

-V/oRM = 630 V peak for 
HCPL·4503#060 

-V/oRM = 1414 V peak for 
HCNW devices 

BSI Certified 
(HCNW devices only) 

• Dual Channel Version 
Available (253X14534/053X1 
0534) 

• MIL·STD·1772 Version 
Available (55XX!65XX!4N55) 

Applications 
• High Voltage Insulation 
• Video Signal Isolation 
• Power Transistor Isolation 

in Motor Drives 
• Line Receivers 
• Feedback Element in 

Switched Mode Power 
Supplies 

• High Speed Logic Ground 
Isolation - TTL/TTL, TTLI 
CMOS, TTL/LSTTL 

• Replaces Pulse Transformers 
• Replaces Slow 

Phototransistor Isolators 
• Analog Signal Ground 

Isolation 

Functional Diagram 

• NOTE: FOR 4502/3, 045213, 
PIN 71S NOT CONNECTED. 

FIJiJI HEWLETT$ 
a:~PACKARD 

6N135/6 
HCNW135/6 
HCNW4502/3 
HCPL-0452/3 
HCPL-0500/1 
HCPL-4502/3 

Description 
These diode·transistor optocoup· 
lers use an insulating layer 
between a LED and an integrated 
photodetector to provide elec· 
trical insulation between input 
and output. Separate connections 
for the photodiode bias and 
output·transistor collector 
increase the speed up to a 
hundred times that of a conven· 
tional phototransistor coupler by 
reducing the base·collector 
capacitance. 

A O.llJF bypass capacitor must be connected between pins 5 and 8. 

CAUTION: It is advised that normal static precautions be taken in handling and assembly ojthis component to 
prevent damage and/or degradation which may be induced by ESD. 

1·16 S96S·360SE 



These single channel optocoup· 
lers are available in 8·Pin DIP, 
SO·8 and Widebody package 
configurations. 

The 6N135, HCPL-0500, and 
HCNW135 are for use in TTLI 
CMOS, TTL/LSTTL or wide 
bandwidth analog applications. 
Current transfer ratio (CTR) for 
these devices is 7% minimum at 
IF = 16mA. 

Selection Guide 

The 6N136, HCPL·0501, and 
HCNW136 are designed for high 
speed TTL/TTL applications. A 
standard 16 mA TTL sink current 
through the input LED will 
provide enough output current 
for 1 TTL load and a 5.6 kO pull· 
up resistor. CTR for these devices 
is 19% minimum at IF = 16 mAo 

The HCPL·4502, HCPL·0452, 
and HCNW4502 provide the 
electrical and switching 
performance of the 6N136, 
HCPL·0501, and HCNW136 with 
increased ESD protection. 

The HCPL·4503, HCPL·0453, 
and HCNW4503 are similar to the 
HCPL·4502, HCPL·0452, and 
HCNW4502 optocouplers but 
have increased common mode 
transient immunity of 15 kY/l1s 
minimum at VCM = 1500 V 
guaranteed. 

Wldebody 
M1nl.mum CMR 8·Pin DIP (300 Mll) 8mall·OutIine 80·8 (400Mll) Hennetic 

CUlTent Single Dual Single 
dV/dt VCM Transfer Channel Channel Channel 
(V/1lS) (V) Ratio (%) Package Package" Package 
1,000 10 7 6N135 HCPL-2530 HCPL·0500 

19 6N136 HCPL·2531 HCPL·0501 
HCPL-4502t HCPL-0452t 

15,000 1500 19 HCPL·4503t HCPL-4534 HCPL-0453t 

1,000 10 9 

·Technical data for these products are on separate HP publications. 
tPin 7, transistor base, is not connected. 

Dual Single Single and 
Channel Channel Dual Channel 
Package· Package Packages" 

HCPL·0530 HCNW135 

HCPL·0531 HCNW136 
HCNW4502t 

HCPL-0534 HCNW4503t 

HCPL·55XX 
HCPL-65XX 

4N55 
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\ 
Ordering Information 
Specify Part Number followed by Option Number (if desired). 

Example: 

HCPL-4503#XXX E 020 = UL 5000 V rms/l Minute Option· 
060 = VDE 0884 "'.IORM = 630 V peak Option· 1II 

300 = Gull Wing Surface Mount Optiont 
500 = Tape and-Reel Packaging Option 

Option data sheets available. Contact your Hewlett-Packard sales representative or authorized distributor for 
information. 

"For 6N135/6 and HCPL-4502/3 only. 
··For HCPL-4503 only. Combination of Option 020 and Option 060 is not available. 
tGull wing surface mount option applies to through hole parts only. 

Schematic 

2 IF I 

+ I 

VF :f 
ANODEG~ I 

CATHODE - i 
3 I 

1-18 

8HIELD/ .... 1 _1-_ ..... __ -05 OND 
HCPLo4503I0453 

HCNW4503 tlB 
7 • 
Va 

• NOTE: FOR HCPI.-46021-3, HCPL-046213, 
HCNW4502l3, PIN 718 NOT CONNECTED. 



Package Outline Drawings 
8-Pin DIP Package (6N131i/6, HCPL-41i02/3) 

TVPENUMBER __ ~~~~~~~ OPTION CODE' 

DATE CODE 

UL 
3 4 RECOGNmON 

~1.78 (0.070) MAX. 

i 7.82:00.26t (0.300 .. 0.010) 

8.35:0 0.25 
(0.250 .. 0.010) 

j \_ 0 254 + 0.076 
• -0.051 

4.70 (0.186) MAX. ~
--r (0010+ 0.003) 

· -0.002) 

tt: 0.1 (0.020) MIN. 
2.92 (0.115) MIN • 

.. ~ 
1.010 .. 0.320 __ 

(0.043 .. 0.013) 
1_ I-J I· i-- 0.85 (0.025) MAX. 

~ _ 2.64 .. 0.25 
(0.100:0 0.010) 

DIMEN810NS IN MILLIMETERS AND (INCHES). 
• MARKING CODE LETTER FOR OPTION NUMBERS. 
"L". OPTION 020 
"V" = OPTION 080 
OPTION NUMBERS 300 AND 500 NOT MARKED. 

8-Pin DIP Package with Gull Wing Surface Mount Option 300 (6N131i/6, HCPL-41i02/3) 

-I r(~:~~g) 
(~.O~~-I I+- . MAX. 
MAX. I 

(0.186)MAX. ttio±:hJjl I I I ~ 

'"\:r"'''''''''''-'''''''''''''',J''' ~ 

,!'.A!,_~~g~"~Q~_!~()J'!_I'!!,!,_I;I'!~~~_I;~~h'a __________ _ : _I I+- 1.016 0.040 : I 1.194 0.047 

i (DO D
rTVP : (0.190) • 

! : --, 9.906 (0.390) 

o CJ CJ oU ~ 
, --I ~ LO.311co.015) 
: 1.194 (0.047) 0.635 (0.025) 

[-------~:~-~~.~?~!---------------------------------

(0.360 .. 0.010) 9.65:0 0.25 ill 
7.62 .. 0.26 QO.300 :0 0.010~ + 0.078 10.254 ·0.061 

(0010+ 0.003) 
• -0.002) 

I ! ! 
1.060 .. 0.320 - 1-- L (0.043 :0 0.013) - 2.54 

-'---1 I.. 0.635 .. 0.25 \ t I -I (0.025:0 0.010) 
0.635 .. 0.130 _12' NOM. 

(0.100) 
BSC 

(0.025 .. 0.006) 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITV = 0.10 mm (0.004 INCHES). 
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Small Outline SO·8 Package (HCPL·0300/1, HCPL·0432/S) 

--r n,-lllo....&i:.a-.--..,. 5.842 .. 0.2OG 
XXX (0.238 .. 0.008) 

3.937.0 0.127 YWW TYPE NUMBER 
(0.18S. 0.008) (LAST 3 DIGITS). 1J DATE CODE 

0.381 .. 0.076 -I io­
(0.01h O.OOG) I-- 1.270 BSG 

. (0.050) 

8.080 .. 0.127 j 
(0.200 .. 0.006)""\1 

0.228 .. 0.026 
S(O.OOh 0.001) IT 1.524 

't:J--t:I--t:l'-'""tjl.J.lO.080) 

j L 0.1:-:-0.057 
. I (0.008 .. 0.002) 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 

0.306 MIN 
(0.012) . 

8·Pin Widebody DIP Package (HCNWlS3/6, HCNW4302/S) 

h 11.18 .. 0.15 rl 
1 f.L, (0.442 .. 0.008) f.L, 1 

HP 
TYPE NUMBER 

HCNWXXXX DATE CODE 

2.54 (0.100) 
TYP. 

1.78 .. 0.16 ___ 
(0.070 .. 0.008) 

YVWW 

o 

10.18 (0.400) 
TYP. 

7'TYP. JL 0284 + 0.078 
. ·0.0061 

(0 010+ 0.003) 
• .0.002) 

DIMENSIONS IN MILLIMETERS (INCHES). 



8-Pin Widebody DIP Package with Gull Wing Snrface Mount Option 300 (HCNW135/6, 
HCNW4502/3) 

~11.15±0.15 J 
(0.442 ± 0.006) 

7 6 5 --r 
9.00 ± 0.15 

(0.354 ± 0.006) 

o~l 

CJ CJ CJ CJ f-1 8 (0~2~2)TYP . 
. ~ ... ~t 

12.30 ± 0.30 
o (0.484 ± 0.012) 

CJ CJ CJ CJ Ij~ ~ 
--~I f.- ~ 

1.3 0.9 
(0.051) (0.035) 

---I r -(;.:.) MAX. 

~
I -4l~0 

(O.l58)MAX. 

1.78±0.15 --- I'· L' ~ t+ I 
(0.070 ± 0.006) --J 

___ 2.54 0.75", 0.25 
(0.100) (0.030 ± 0.010) 

BSC 

t 
0.254.:'"0~~~ 
(0.010~g.::/ 

DIMENSIONS IN MILLIMETERS (INCHES). 

LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 

Solder Reflow Temperature Profile (HCPL-0500/1, HCPL-0452/3, and Gull Wing 
Surface Mount Option Parts) 

260 
240 
220 
200 

~ 180 
I 160 w 

II: 140 
~ 120 
~ 100 w 

~r--.-
I ./ '\. I 
I '\. aT = 145°C, l°ClSEC 

~ 

aT = 115°C 0.3°CiSEC :7 
I ,- '\. 
+ ",..., "\ 
~ r\. 

'F .. 
~1 

Q. 
80 :E w 60 ... 
40 

20 

0 

11---iJ.T = 100°C, 1.5°ClSEC 

I I 
j..1 I 

I I 
o 2 3 4 5 6 7 8 9 10 11 12 

TIME - MINUTES 

Note: Use of Non-Chlorine Activated Fluxes is Recommended. 

1-21 



Regulatory Information 
The devices contained in this data 
sheet have been approved by the 
following organizations: 

UL 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

CSA 
Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

VDE 
Approved according to VDE 
0884/06.92 (HCNW and Option 
060 devices only). 

Insulation and Safety Related Specifications 
8-PinDIP Widebody 
(300 Mil) SO-8 (400 Mil) 

Parameter Symbol Value Value Value Units 
Minimum External L(101) 7.1 4.9 9.6 rom 
Air Gap (External 
Clearance) 
Minimum External L(102) 7.4 4.8 10.0 rom 
Tracking (External 
Creepage) 
Minimum Internal 0.08 0.08 1.0 rom 
Plastic Gap 
(Internal Clearance) 

Minimum Internal NA NA 4.0 rom 
Tracking (Internal 
Creepage) 
Tracking Resistance CTI 200 200 200 Volts 
(Comparative 
Tracking Index) 
Isolation Group IlIa IlIa IlIa 

BSI 
Certification according to 
BS451:1994, 
(BS EN60065:1994); 
BS EN60950:1992 
(BS7002:1992) and 
EN41003:1993 for Class II 
applications (HCNW devices 
only). 

Conditions 
Measured from input terminals 
to output tenninals, shortest 
distance through air. 
Measured from input terminals 
to output terminals, shortest 
distance path along body. 
Through insulation distance, 
conductor to conductor, usually 
the direct distance between the 
photoemitter and photodetector 
inside the optocoupler cavity. 
Measured from input terminals 
to output terminals, along 
internal cavity. 
DIN lEC 112/VDE 0303 Part 1 

Material Group 
(DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 
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VDE 0884 Insulation Related Characteristics 
(HCPL-4503 OPTION 060 ONLy) 

Description 
Installation classification per DIN VDE 0110/1.89, Table 1 

for rated mains voltage:::; 300 V rms 
for rated mains voltage:::; 450 V rms 

Climatic Classification 
Pollution Degree (DIN VDE 0110/1.89) 
Maximum Working Insulation Voltage 
Input to Output Test Voltage, Method b* 

VIORM x 1.875 = VPR, 100% Production Test with tm = 1 sec, 
Partial Discharge < 5 pC 

Input to Output Test Voltage, Method a* 
VIORM x 1.5 = VPR, Type and sample test, 
tm = 60 sec, Partial Discharge < 5 pC 

Highest Allowable Overvoltage* 
(Transient Overvoltage, 1ini = 10 sec) 
Safety Limiting Values 

(Maximum values allowed in the event of a failure, 
also see Figure 9, Thermal Derating curve.) 

Case Temperature 
Input Current 
Output Power 

Insulation Resistance at Ts, VIO = 500 V 

Symbol 

VIORM 

VpR 

VPR 

VIOTM 

Ts 
IS,INPUT 

PS,OUTPUT 
Rs 

Characteristic Units 

I-IV 
I-III 

55/100/21 
2 

630 V peak 

1181 V peak 

945 V peak 

6000 V peak 

175 °C 
230 rnA 
600 mW 

;:: 109 n 

VDE 0884 Insulation Related Characteristics (HCNW135/6, HCNW4502/3 ONLy) 
Description Symbol Characteristic Units 

Installation classification per DIN VDE 0110/1.89, Table 1 
for rated mains voltage:::; 600 V rms I-IV 
for rated mains voltage:::; 1000 V rms I-III 

Climatic Classification 55/85/21 
Pollution Degree (DIN VDE 0110/1.89) 2 
Maximum Working Insulation Voltage VIORM 1414 V peak 

Input to Output Test Voltage, Method b* 
VIORM x 1.875 = VPR, 100% Production Test with tm = 1 sec, VPR 2652 V peak 

Partial Discharge < 5 pC 
Input to Output Test Voltage, Method a* 

VIORM x 1.5 = VPR, Type and sample test, VPR 2121 V peak 

tm = 60 sec, Partial Discharge < 5 pC 
Highest Allowable Overvoltage* 
(Transient Overvoltage, tini = 10 sec) VIOTM 8000 V peak 

Safety Limiting Values 
(MaXimum values allowed in the event of a failure, 
also see Figure 9, Thermal Derating curve.) 

Case Temperature Ts 150 "C 
Input Current IS,INPUT 400 rnA 
Output Power PS,OUTPUT 700 mW 

Insulation Resistance at Ts, VIO = 500 V Rs ;:: 109 n 
"Refer to the front of the optocoupler section of the current catalog, under Product Safety Regulations section (VDE 0884), for a 
detailed description. 
Note: Isolation characteristics are guaranteed only within the safety maximum ratings which must be ensured by protective circuits in 
application. . 
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Absolute ~aximum Ratings 
Parameter Symbol Device Min. Max. Units Note 

Storage Temperature* Ts -55 125 °C 
Operating Temperature* TA 8-Pin DIP -55 100 °C 

SO-8 
Widebody -55 85 

Average Forward Input Current* IF(AVG) 25 rnA 1 
Peak Forward Input Current* IF(PEAK) 8-Pin DIP 2 

(50% duty cycle, 1 ms pulse width) SO-8 50 rnA 
(50% duty cycle, 1 ms pulse width) Widebody 40 

Peak Transient Input Current* IF(TRANS) 8-Pin DIP 1 A 
($; 1 J.IS pulse width, 300 pps) SO-8 

Widebody 0.1 
Reverse LED Input Voltage* (Pin 3-2) VR 8-Pin DIP 5 V 

SO-8 
Widebody 3 

Input Power Dissipation* PIN 8-Pin DIP 45 mW 3 
SO-8 

Widebody 40 
Average Output Current* (Pin 6) IO(AVG) 8 rnA 
Peak Output Current* Io(pEAK) 16 rnA 

Emitter-Base Reverse Voltage* VEBR 5 V 
(Pin 5-7, except 4502/3,0452/3) 

Supply Voltage (Pin 8-5) Vee -0.5 30 V 
Output Voltage (Pin 6-5) Vo -0.5 20 V 
Supply Voltage* (Pin 8-5) Vee -0.5 15 V 
Output Voltage* (Pin 6-5) Vo -0.5 15 V 
Base Current* (Pin 7, except 4502/3,0452/3) IB 5 rnA 

Output Power Dissipation* Po 100 mW 4 
Lead Solder Temperature* 
(Through-Hole Parts Only) 

1.6 mm below seating plane, 10 seconds TLS 8-Pin DIP 260 "C 
up to seating plane, 10 seconds Widebody 260 "C 

Reflow Temperature Prome TRP SO-8 and See Package Outline 
Option 300 Drawings section 

'Data has been registered with JEDEe for the 6N135/6N136. 
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Electrical Specifications (DC) 
Over recommended temperature (TA = O"C to 70"C) unless otherwise specified. See note 13. 

Parameter Symbol 
Current CTR' 
Transfer Ratio 

Logie Low VOL 
Output Voltage 

Logic High IOH* 
Output Current 

Logie Low IeeL 
Supply Current 
Logic High IccH* 
Supply Current 
Input Forward VF' 
Voltage 

Input Reverse BVR' 
Breakdown 
Voltage 
Temperature I1VF 
Coefficient of I1TA 
Forward Voltage 
Input CIN 

Capacitance 

Transistor DC hFE 
Current 
Gain 

'For JEDEC registered parts . 
•• All typicaJs at TA = 25 "<::. 

Device Min. 
6N135 7 

HCPL-0500 5 
HCNW135 

6N136 19 
HCPL-4502/3 
HCPL-0501 

HCPL-0452/3 15 
HCNW136 

HCNW4502/3 
6N135 

HCPL-0500 
HCNW135 

6N136 
HCPL-4502/3 
HCPL-0501 

HCPL-0452/3 
HCNW136 

HCNW4502/3 

8-PinDIP 
SO-8 

Widebody 1.45 
l.35 

8-Pin DIP 5 
SO-8 

Widebody 3 
8-PinDIP 

SO-8 
Widebody 
8-PinDIP 

SO-8 
Widebody 
8-Pin DIP 

SO-8 
Widebody 

Typ." Max. Units Test Conditions 
18 50 % TA - 25"<:: Vo - 0.4 V IF -16mA, 
19 Vo - 0.5V Vee = 4.5 V 

24 50 TA = 25"<:: Vo = 0.4 V 

25 Vo = 0.5V 

0.1 0.4 V TA - 25"<:: 10 - 1.1 mA IF - 16 mA, 
0.1 0.5 10 - 0.8mA Vee = 4.5 V 

0.1 0.4 TA = 25"<:: IQ = 3.0mA 
0.1 0.5 10 - 2.4mA 

0.003 0.5 ~ TA - 25"<:: Vo - Vee - 5.5 V IF - OmA 
0.D1 1 TA - 25"<:: Vo - Vee -15V 

50 
50 200 ~ IF = 16 rnA, Vo = Open, Vee = 15 V 

0.02 1 ~ TA - 25"<:: I IF - 0 mA, Vo - Open, 
~ Vee = 15 V 

1.5 1.7 V TA - 25"<:: IF -16mA 
r-u--

1.68 1.85 TA = 25"<:: IF = 16mA 
!--r:95 

V IR = 1O!lA 

IR - l00~ 

-1.6 mV/'C IF - 16mA 

f---:l.g-
60 pF f - 1 MHz, VF - 0 V 

-g()" 

150 Vo - 5 V, 10 - 3 mA 
~ Va = 0.4 V, IB = 20 ~ 
~ Vo=5V,Io=3mA 
l'6'() Vo = 0.4 V. IR = 20 JJA 

Fig. Note 
1,2, 5,11 

4 

7 

13 

13 

3 
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Switching Specifications CAe) 
Over recommended temperature (TA = DOC to 7DOC), Vee = 5 V, IF = 16 rnA unless otherwise specified. 

Parameter Sym. Device 
Propagation tpHL* 6N135 
Delay Time HCPL-0500 
to Logic Low HCNW135 
at Output 6N136 

HCPL-4502/3 
HCPL-0501 

HCPL-0452/3 
HCNW136 

HCNW4502/3 
Propagation tpLH* 6N135 
Delay Time to HCPL-0500 
Logic High at HCNW135 
Output 6N136 

HCPL-4502/3 
HCPL-0501 

HCPL-0452/3 
HCNW136 

HCNW4502/3 

Common Mode ICMHI 6N135 
Transient HCPL-0500 
Immunity at HCNW135 
Logic High 6N136 
Level Output HCPL-4502 

HCPL-0501 
HCPL-0452 
HCNW4502 

HCPL-4503 
HCPL-0453 
HCNW4503 

Common Mode ICMLi 6N135 
Transient HCPL-0500 
Immunity at HCNW135 
Logic Low 6N136 
Level Output HCPL-4502 

HCPL-0501 
HCPL-0452 
HCNW4502 

HCPL-4503 
HCPL-0453 
HCNW4503 

Bandwidth BW 6N135/6 
HCPL-0500/1 

HCNW135/6 

'For JEDEC registered parts. 
"All typicals at TA = 25"C. 
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Min. 

15 

15 

Typ.** Max. Units Test Conditions Fig. 
0.2 1.5 IlS TA = 25"C I RL - 4.1 kn 5,6, 

2.0 11 

0.2 0.8 TA = 25"C RL = 1.9 kn 

1.0 

1.3 1.5 IlS TA = 25"C I RL = 4.1 kn 5,6, 
2.0 11 

0.6 0.8 TA = 25"C RL = 1.9kn 

1.0 

1 kY/1lS RL = 4.1 ill IF = 0 rnA, TA = 25"C, 12 
VCM = IOVp_p 

CL= 15 pF 

1 RL = 1.9 ill 

30 RL = 1.9kn IF = 0 rnA, TA = 25"C, 
VCM = 1500 Vp-p , 

CL= 15pF 

1 kV/1lS RL - 4.1 ill IF - 16 rnA, TA - 25"C, 12 
VCM = 10 Vp_p 

CL= 15 pF 

1 RL - 1.9kn 

30 RL = 1.9 ill IF = 16 rnA, TA = 25"C, 
VCM = 1500 Vp-p , 

CL= 15pF 

9 MHz See Test Circuit 8,10 

---u-

Note 

8,9 

8,9 

7,8, 
9 

7,8, 
9 

10 



Package Characteristics 
Over recommended temperature (TA = O°C to 70°C) unless otherwise specified. 

Parameter Sym. Device Min. Typ .... Max. Units Test Conditions Fig. Note 
Input-Output \'Iso 8-PinDIP 2500 Vrms RH< 50%, 6, 14 
Momentary SO-8 t = 1 min., 
Withstand Widebody 5000 TA = 2500 '615 , 
Voltage** 

8-PinDIP 5000 
I-:::--:-:c-

6,12, 
(Option 020) 15 

11.0 8-PinDIP 1 ~ 45% RH, t = 5 s, 6, 16 
VI-O = 3 kVdc, 
TA = 2500 

Input-Output RI-O 8-PinDIP 1012 0 VI.() = 500Vdc 6 
Resistance SO-8 

Widebody 1012 1013 TA = 2500 
1011 TA = 10000 

Input-Output CI•O 8-PinDIP 0.6 pF f= 1 MHz 6 
Capacitance SO-8 

Widebody 0.5 0.6 

·All typicals at TA = 25'C. 
··The Input·Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input·output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Related Characteristics Table (if 
applicable), your equipment level safety specification or HP Application Note 1074 entitled "Optocoupler Input-Output Endurance 
Voltage," publication number 5963-2203E. 

Notes: 
1. Derate linearly above 70'C free-air temperature at a rate of 0.8 mN'C (8-Pin DIP). 

Derate linearly above 85'C free-air temperature at a rate of 0.5 mN'C (SO-8). 
2. Derate linearly above 70'C free-air temperature at a rate of 1.6 mN'C (8-Pin DIP). 

Derate linearly above 85'C free-air temperature at a rate of 1.0 mN'C (SO-8). 
3. Derate linearly above 70'C free-air temperature at a rate of 0.9 mW/'C (8-Pin DIP). 

Derate linearly above 85'C free-air temperature at a rate of 1.1 mW/,C (SO-8). 
4. Derate linearly above 70'C free-air temperature at a rate of 2.0 mW/'C (8·Pin DIP). 

Derate linearly above 85'C free-air temperature at a rate of 2.3 mW/'C (SO-8). 
5. CURRENT TRANSFER RATIO in percent is defmed as the ratio of output collector current, 10 , to the forward LED input current, IF, 

times 100. 
6. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted together and Pins 5, 6, 7, and 8 shorted together. 
7. Common mode transient inununity in a Logic High level is the maximum tolerable (positive) dV C/Jdt on the leading edge of the 

common mode pulse signal, VOM, to assure that the output will remain in a Logic High state (i.e., Vo > 2.0 V). Common mode 
transient inununity in a Logic Low level is the maximum tolerable (negative) dVOM/dt on the trailing edge of the common mode pulse 
signal, YOM, to assure that the output will remain in a Logic Low state (i.e., Vo < 0.8 V). 

8. The 1.9 ldlload represents 1 'ITL unit load of 1.6 rnA and the 5.6 kn pull-up resistor. 
9. The 4.1 kn load represents 1 LS'ITL unit load of 0.36 rnA and 6.1 kn pull-up resistor. 

10. The frequency at which the ac output voltage is 3 dB below its mid·frequency value. 
11. The JEDEC registration for the 6N136 specifies a minimum CTR of 15%. HP guarantees a minimum CTR of 19%. 
12. See Option 020 data sheet for more information. 
13. Use of a 0.1 /If' bypass capacitor connected between pins 5 and 8 is recommended. 
14. In accordance with UL 1577, each optocoupler is proof tested by applying an insulation test voltage ~ 3000 V rms for 1 second 

(leakage detection current limit, Ix.o,s; 5 ~). This test is performed before the 100% Production test shown in the VDE 0884 
Insulation Related Characteristics Table if applicable. 

15. In accordance with UL 1577, each optocoupler is proof tested by applying an insulation test voltage ~ 6000 V rms for 1 second 
(leakage detection current limit, 11.<J,s; 5 ~). This test is performed before the 100% Production test shown in the VDE 0884 
Insulation Related Characteristics Table if applicable. 

16. This rating is equally validated by an equivalent ac proof test. 
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L-----~~-----+~.JLr-~----~--, 
PULSE GEN. 

·PIN 7 UNCONNECTED IN HCPL-450213, HCPL-G542I3, HCNW450213 

Figure 12. Test Circuit for Transient Immunity and Typical Waveforms. 
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High CMR, High Speed 
Optocouplers 

Technical Data 

Features 
• Short Propagation Delays 

for TTL and IPM 
Applications 

• 15 kV//lS Minimum Common 
Mode Transient Immunity at 
VCM = 1500 V for TTL/Load 
Drive 

• High CTR at TA = 25"C 
>25% for HCPL-4504/0454 
>23% for HCNW4504 

• Electrical Specifications for 
Common IPM Applications 

• TTL Compatible 
• Guaranteed Performance 

from O"C to 70"C 

• Open Collector Output 
• Safety Approval 

UL Recognized - 2500 V rrns 
for 1 minute (5000 V nus for 
1 minute for 

- HCPL-4504#020 and 
HCNW4504)per UL1577 

CSA Approved 
VDE 0884 Approved 

-VIORM = 630 V peak for 
HCPL-4504#060 

-VIORM = 1414 V peak for 
HCNW4504 

BSI Certified (HCNW4504) 
• Available in 8-Pin DIP, SO-8, 

Widebody Packages 

Applications 
• Inverter Circuits and 

Intelligent Power Module 
(IPM) interfacing -
High Common Mode Transient 
Immunity (> 10 kV/lls for an 
IPM load/drive) and (tPLH - tpHIJ 
Specified (See Power Inverter 
Dead Time section) 

• Line Receivers -
Short propagation Delays and 
Low Input-Output Capacitance 

• High Speed Logic Ground 
Isolation - TTL/TTL, TTL/ 
CMOS, TTL/LSTTL 

• Replaces Pulse 
Transformers -
Save Board Space and Weight 

• Analog Signal Ground 
Isolation -
Integrated Photodetector 
Provides Improved Linearity 
over Phototransistors 

Functional Diagram 

F'iPW HEWLETT'" 
~aPACKARD 

HCPL-4504 
HCPL-0454 
HCNW4504 

Description 
These optocouplers are similar to 
HP's other high speed transistor 
optocouplers but with shorter 
propagation delays and higher 
CTR. The HCPL-4504/0454 and 
HCNW4504 also have a guaran­
teed propagation delay difference 
(tpLH - tpHL). These features make 
these optocouplers an excellent 
solution to IPM inverter dead time 
and other switching problems. 

A 0.1 I!F' bypass capacitor between pins 5 and 8 is recommended. 

CAUTION: It is advised that rwrmal static precautions be taken in handling and assembly ojthis component to 
prevent damage and/or degradation which may be induced by ESD. 
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The HCPL-4504/0454 and 
HCNW4504 CTR, propagation 
delay, and CMR are specified for 
both TTL and IPM load/drive 
conditions. Specifications and 
typical performance plots for both 
TTL and IPM conditions are 
provided for ease of application. 

Selection Guide 

These single channel, diode­
transistor optocouplers are 
available in 8-Pin DIP, SO-8, and 
Widebody package configura­
tions. An insulating layer between 
a LED and an integrated 
photodetector provide electrical 
insulation between input and 
output. Separate connections for 

Single Channel Packages 

8-PinDIP Small Outline Widebody 
(300 Mil) SO-8 (400 Mil) 

HCPL-4504 HCPL-0454 HCNW4504 

Ordering Information 
Specify Part Number followed by Option Number (if desired). 

Example: 

HCPL-4504#XXX E 020 = UL 5000 V rms/l Minute Option* 
060 = VDE 0884 VIORM = 630 V peak Option* 
300 = Gull Wing Surface Mount Optiont 
500 = Tape and Reel Packaging Option 

the photodiode bias and output­
transistor collector increase the 
speed up to a hundred times that 
of a conventional phototransistor 
coupler by reducing the base 
collector capacitance. 

Option data sheets available. Contact your Hewlett-Packard sales representative or authorized distributor for 
information. 

'For HCPL-4504 only. Combination of Option 020 and Option 060 is not available. 
tGull wing surface mount option applies to through hole parts only. 

Schematic 
~c 8 

,.-----cVCC 

+ IF I 

ANODEJz~ I 2 I 

VF . ;f 
I 

CATHODE - : 
3 I 

SHIELD/I'--__ ~--<l5 GND 

6 
Vo 
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Package Outline Drawings 
8-Pin DIP Package (HCPL-4504) 

ir- (O~:i: : g:~~O)'-1 
TVPE NUMBER". _"r:U! ....... u-....... UI..J...I..2.I.i _ OPTION CODE' 

DATE CODE 

UL 
4 RECOGNITION 

~--1.78 (0.070) MAX. 

~ 7.62,.0.25 ~ - (0.300,. 0.010) 

- (O~~~: g:~~O) , 

J __ 5'TVP. 

mN~·185)MAX. 

t t 0.:1 (0.020) MIN. 
2.92 (0.115) MIN. 

. . :.: --'--- DIMENSIONS IN MILUMETERS AND (INCHES). 

1.080" 0.320 __ 
(0.043 ,. 0.013) 

1- I---J 11.-- 0.65 (0.025) MAX. --.! _ 2.54,. 0.25 
(0.100,. 0.010) 

, MARKING CODE LETIER FOR OPTION NUMBERS. 
"L" = OPTION 020 
"V" = OPTION 060 
OPTION NUMBERS 300 AND 500 NOT MARKED. 

8-Pin DIP Package with Gull Wing Surface Mount Option 300 (HCPL-4504) 

h 9.65,. 0.25 rl 
I ~ (0.380,.0:10) ~ I 

I 
6.350,.0.25 

(0.250 ,. 0.010) 

o ~ 

--I r(~:~) 
1.19 __ I I MAX. 

(0.047) 
MAX. 

~~ (0.185)MAX. 

~ 

,,>AD L()C" TION {FOR .REFERENCE ()~.L V) 

: __ I I--- 1.016 (0.040) 
j I 1.194 (0.047) 

: 0 D D 0-'---'-

. ~ ~~~~..,. -[ J " "~ 9.908 (0.390) 

ODD oLt i 
---j I-- ~0.015) 

1.194 (0.047) 0.635 (0.025) 
1.778 (0.070) 

~ 
9.65,. 0.25 ill (0.380 ,. 0.010) 

D7.62"0.25~ 
(0.300,. 0.010) + 0.076 10.254 -0.051 

(0010+ 0.003) 
• • -0.002) 

1.080,. 0.320 --I t! L! 
(0.043 ,. 0.013) -- 2.54 

n ~:'::::'~150) l' 
0.635,. 0.130 12' NOM. 

(0.100) 
BSC 

(0.025 ,. 0.005) 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITV = 0.10 mm (0.004 INCHES). 
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Small Outline SO-8 Package (HCPL-0454) 

5~ n·r""'--''''-....... --'' 5.842 ~ 0.203 
XXX (0.236 ~ 0.008) 

3.937 ~ 0.127 YWW TYPE NUMBER 
(0.155" o.oU05) 0 (LAST 3 DIGITS) 

DATE CODE 

0.381 " 0.076 ~I I-­
(0.016 " 0.003) 1--1.270 BSG 

(0.050) 

--.t= 5.080 ~ 0.127 ::1 L II (0.200" 0.005\1 

(0.125" 0.005) IT 1.524 0.228 ~ 0.025 
S(O.OO9" 0.001) 

3.175,,0.127 morn 
U '--1<0.060) 

j L o.J:-:o.o:r 
.! (0.006 " 0.002) 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). (~:~)MIN. 

8-Pin Widebody DIP Package (HCNW4504) 
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2.54 (0.100) 
TYP. 

1.78~0.15 _ 
(0.070 " 0.006) 

-I 

TYPE NUMBER 

DATE CODE 

__ 9.00,,0.15 r
(~~~)MAX._~ 

(0.354 ~ 0.006)~ 

10.16 (0.400) 
TYP. 

7'TYP. JI 0254 + 0.076 II--. -0.0051 

(0.010: g.::? 

DIMENSIONS IN MILLIMETERS (INCHES). 



8-Pin Widebody DIP Package with Gull Wing Surface Mount Option 300 (HCNW4504) 

-T 
9.00 ± 0.15 

(0.354 ± 0.006) 

~ 

DDDD. -l· ··'f 
-.~-- ... + 8 (:'21Ji2)TYP. 

12.30 ± 0.30 o (0.484 ± 0.012) 

.'-1 I 
DDDD·-T~·L 

~I - (0.061) 
MAX. r 1.55 

--11)- 0.9 
(0.051) (0.035) 

rr= 12.30 ± 0.30 ~ 

~I~ 
(0.158)MAX • 

......:..J.. 
I I 

1.78±0.15 _ 

(0.070 ± 0.006) _I L 2.54 

I~~~ 
+ 
D 

===*, 
I.-c 1.00 ± 0.15 

(0.039 ± 0.006) l 
(0.100) 
BSC 

0.75 ± 0.25 
(0.030 ± 0.010) 

DIMENSIONS IN MILLIMETERS (INCHES). 

LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 

0.254 _+ o~o':is~ 

(0.010:g:g:m 
7" NOM. 

Solder Reflow Temperature Proille 
(HCPL-0454 and Gull Wing Surface Mount Option Parts) 

260 
240 
220 
200 

!> 180 

.1. 160 
a: 140 

~ 120 
ffi 100 

!i 80 
I!! 60 

40 
20 

o 

I /' 
I 

"T = 115"C O.3"C/sEC ~ ---
I V ,- .,./ 
~ 

,P 
./ 

/J'r---~T= 1OO"C, 1SClSEC 

I 
.-1 

o 2 3 4 567 

TIME - MINUTES 

-, , AT = 145"C, 1 "CISEC 

-'-
'\ , 

" 

9 10 11 12 

Note: Use of nonchlorine activated fluxes is highly recommended. 
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Regulatory Information 
The devices contained in this data 
sheet have been approved by the 
following organizations: 

UL 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

CSA 
Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

VDE 
Approved according to VDE 
0884/06.92 (HCNW4504 and 
HCPL-4504#060 only). 

Insulation and Safety Related Specifications 
8-PinDIP Widebody 
(300 Mil) SO-8 (400 Mil) 

Parameter Symbol Value Value Value Units 

Minimum External L(101) 7.1 4.9 9.6 mm 
Air Gap (External 
Clearance) 

Minimum External L(102) 7.4 4.8 10.0 mm 
Tracking (External 
Creepage) 

Minimum Internal 0.08 0.08 1.0 mm 
Plastic Gap 
(Internal Clearance) 

Minimum Internal NA NA 4.0 mm 
Tracking (Internal 
Creepage) 

Tracking Resistance CTI 200 200 200 Volts 
(Comparative 
Tracking Index) 

Isolation Group IlIa rna rna 

BSI 
Certification according to 
BS451:1994, 
(BS EN60065:1994); 
BS EN60950:1992 
(BS7002:1992) and 
EN41003:1993 for Class II 
applications (HCNW4504 only). 

Conditions 

Measured from input terminals 
to output terminals, shortest 
distance through air. 

Measured from input terminals 
to output terminals, shortest 
distance path along body. 

Through insulation distance, 
conductor to conductor, usually 
the direct distance between the 
photoemitter and photodetector 
inside the optocoupler cavity. 

Measured from input terminals 
to output terminals, along 
internal cavity. 

DIN IEC 112/VDE 0303 Part 1 

Material Group 
(DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 
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VDE 0884 Insulation Related Characteristics 
(HCPL-4504 OPTION 060 ONLy) 

Description 
Installation classification per DIN VDE 0110/1.89, Table 1 

for rated mains voltage ~ 300 V rms 
for rated mains voltage ~ 450 V rms 

Climatic Classification 
Pollution Degree (DIN VDE 0110/1.89) 
Maximum Working Insulation Voltage 
Input to Output Test Voltage, Method b* 

VIORM x 1.875 = VPR, 100% Production Test with tm = 1 sec, 
Partial Discharge < 5 pC 

Input to Output Test Voltage, Method a* 
VIORM x 1.5 = VPR, Type and sample test, 
tm = 60 sec, Partial Discharge < 5 pC 

Highest Allowable Overvoltage* 
(Transient Overvoltage, tini = 10 sec) 
Safety Limiting Values 

(Maximum values allowed in the event of a failure, 
also see Figure 15, Thermal Derating curve.) 

Case Temperature 
Input Current 
Output Power 

Insulation Resistance at Ts, VIO - 500 V 

Symbol Characteristic 

I-IV 
I-III 

55/100/21 
2 

VIORM 630 

VPR 1181 

VPR 945 

VIOTM 6000 

Ts 175 
IS,INPUT 230 

PS,OUTPUT 600 

Rs ~ 109 

VDE 0884 Insulation Related Characteristics (HCNW4504 ONLy) 
Description Symbol Characteristic 

Installation classification per DIN VDE 0110/1.89, Table 1 
for rated mains voltage ~ 600 V rms I-IV 
for rated mains voltage ~ 1000 V rms I-III 

Climatic Classification 55/85/21 
Pollution Degree (DIN VDE 0110/1.89) 2 
Maximum Working Insulation Voltage VIORM 1414 
Input to Output Test Voltage, Method b* 

VIORM x 1.875 = VPR, 100% Production Test with 1m = 1 sec, VPR 2652 
Partial Discharge < 5 pC 

Input to Output Test Voltage, Method a* 
VIORM x 1.5 = VPR, Type and sample test, VPR 2121 
tm = 60 sec, Partial Discharge < 5 pC 

Highest Allowable Overvoltage* 
(Transient Overvoltage, I1ni = 10 sec) VIOTM 8000 
Safety Limiting Values 

(Maximum values allowed in the event of a failure, 
also see Figure 15, Thermal Derating curve.) 

Case Temperature Ts 150 
Input Current IS,INPUT 400 
Output Power PSOUTPUT 700 

Insulation Resistance at Ts, VIO = 500 V Rs ~ 109 

Units 

V peak 

V peak 

V peak 

V peak 

°C 
rnA 
mW 

Q 

Units 

V peak 

V peak 

V peak 

V peak 

OC 
rnA 
mW 
Q 

'Refer to the front of the optocoupler section of the current catalog under Product Safety Regulations section (VDE 0884), for a 
detailed description. 
Note: Isolation characteristics are guaranteed only within the safety maximum ratings which must be ensured by protective circuits in 
application. 
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Absolute Maximum Ratings 
Parameter Symbol Device Min. Max. Units Note 

Storage Temperature Ts ·55 125 °C 
Operating Temperature TA HCPL-4504 -55 100 °C 

HCPL-0454 
HCNW4504 -55 85 

Average FOIWard Input Current IF(AVG) 25 rnA 1 
Peak FOIWard Input Current IF(PEAK) HCPL-4504 

(50% duty cycle, 1 ms pulse width) HCPL-0454 50 rnA 2 
(50% duty cycle, 1 ms pulse width) HCNW4504 40 

Peak Transient Input Current IF(TRANS) HCPL-4504 1 A 
(S; 1 /.IS pulse width, 300 pps) HCPL-0454 

HCNW4504 0.1 
Reverse LED Input Voltage (Pin 3-2) VR HCPL-4504 5 V 

HCPL-0454 
HCNW4504 3 

Input Power Dissipation PIN HCPL-4504 45 mW 3 
HCPL-0454 
HCNW4504 40 

Average Output Current (Pin 6) IO(AVG) 8 rnA 

Peak Output Current IO(pEAK) 16 rnA 

Supply Voltage (Pin 8-5) Vee -0.5 30 V 
Output Voltage (Pin 6-5) Vo -0.5 20 V 
Output Power Dissipation Po 100 mW 4 
Lead Solder Temperature 
(Through-Hole Parts Only) 

1.6 mm below seating plane, TLS HCPL-4504 260 OC 
10 seconds up to seating plane, 10 seconds HCNW4504 260 OC 

Reflow Temperature Profile TRP HCPL-0454 See Package Outline 
and Drawings section 

Option 300 
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Electrical Specifications (DC) 
Over recommended temperature eTA = ooc to 70°C) unless otherwise specified. See note 12. 

Parameter Symbol Device Min. Typ.' Max. Units Test Conditions Fig. Note 
Current CTR HCPL-4504 25 32 60 % TA = 25'C Vo = 0.4 V IF - 16 rnA, 1,2, 5 
Transfer Ratio HCPL-0454 21 34 Vo - 0.5 V Vee = 4.5 V 4 

HCNW4504 23 29 60 TA = 25'C Vo - 0.4 V 
19 31 63 Vo - 0.5 V 

Current CTR HCPL-4504 26 35 65 % TA = 25'C Vo = 0.4 V IF - 12 rnA, 1,2, 5 
Transfer Ratio HCPL-0454 22 37 Vo - 0.5V Vee = 4.5 V 4 

HCNW4504 25 33 65 TA - 25'C Vo - 0.4 V 
21 35 68 Vo - 0.5 V 

Logic Low VOL HCI'L-4504 0.2 r--!U- V TA = 25'C 10 = 4.0 rnA IF = 16 rnA, 
Output Voltage HCPL-0454 0.5 10 - 3.3 rnA Vec = 4.5V 

HCNW4504 0.2 r-U- TA = 25'C 10 = 3.6 rnA 
0.5 10 - 3.0 rnA 

Logic High 10H 0.003 0.5 IlA TA = 25'C Vo = Vcc = 5.5 V IF = o rnA 5 
Output Current om 1 TA - 25'C Vo - Vcc -15 V 

50 
Logic Low ICCL 50 200 IlA IF = 16 rnA, Vo = Open, Vec = 15 V 12 
Supply Current 
Logic High ICCH 0.02 1 IlA TA - 25'C IF - 0 rnA, Vo - Open, 12 
Supply Current ~ Vcc = 15V 
Input Forward VF HCPL-4504 1.5 1.7 V TA = 25'C IF = 16 rnA 3 
Voltage HCPL-0454 r--r.s 

HCNW4504 1.45 1.59 1.85 TA = 25'C IF = 16 rnA 
l.35 ~ 

Input Reverse BVR HCPL-4504 5 V IR = IOIlA 
Breakdown HCPL-0454 
Voltage HCNW4504 3 IR - 100 1lA, TA - 25'C 
Temperature AVF HCPL-4504 -1.6 mV/'C IF - 16 rnA 
Coefficient of ATA HCPL-0454 r--:-u-Forward Voltage HCNW4504 
Input CIN HCPL-4504 60 pF f - 1 MHz, VF - 0 V 
Capacitance HCPL-0454 r--ro-HCNW4504 

'All typicals at TA = 25'C. 
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AC Switching Specifications 
Over recommended temperature (TA = O"C to 70"C) unless otherwise specified. 

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig; Note 

Propagation 0.2 0.3 TA = 25°C Pulse: f = 20 kHz, 6, 
Delay Time tpHL ~ Duty Cycle = 10%, 8,9 9 
to Logic Low 0.2 0.5 IF = 16 rnA, Vee = 5.0 V; 
at Output RL = 1.9 kil, CL = 15 pF, 

VTHHL = 1.5 V 

0.2 0.5 0.7 TA = 25°C Pulse: f = 10 kHz, 6, 
Duty Cycle = 50%, 10-14 10 

0.1 0.5 1.0 IF = 12 rnA, Vee = 15.0 V; 
RL = 20 kil, CL = 100 pF, 
VTHHL = 1.5 V 

Propagation 0.3 0.5 TA = 25°C Pulse: f = 20 kHz, 6, 
Delay Time tpLH I-1s Duty Cycle = 10%, 8,9 9 
to Logic 0.3 0.7 IF = 16 rnA, Vee = 5.0 V, 
High at RL = 1.9 kil, CL = 15 pF, 
Output VTHLH = 1.5 V 

0.3 0.8 1.1 TA = 25°C Pulse: f = 10 kHz, 6, 
Duty Cycle = 50%, 10-14 10 

0.2 0.8 1.4 IF = 12 rnA, Vee = 15.0 V, 
RL = 20 kil, CL = 100 pF, 
VTHLH = 2.0V 

Propagation -0.4 0.3 0.9 TA = 25°C Pulse: f = 10 kHz, 6, 
Delay tpLwtpHL I-1s Duty Cycle = 50%, 10-14 15 
Difference -0.7 0.3 1.3 IF = 12 rnA, Vee = 15.0 V, 
Between RL = 20 kil, CL = 100 pF, 
Any 2 Parts VTHHL = 1.5 V; VTHLH = 2.0 V 

Common Vee = 5.0 V, RL = 1.9 kil, 
Mode 15 30 CL = 15 pF, IF = 0 rnA 7 7,9 
Transient ICMHI kV/l-1s TA = 25°C 
Immunity at 15 30 Vee = 15.0 V, RL = 20 kil, 
Logic High VeM = CL = 100 pF, IF = 0 rnA 7 8,10 
Level Output 1500 Vp.p 

Common Vee = 5.0 V, RL = 1.9 kil, 
Mode 15 30 CL = 15 pF, IF = 16 rnA 7 7,9 
Transient ICMLi kV/~ TA = 25°C 
Immunity at 10 30 Vee = 15.0 V, RL = 20 kil, 
Logic Low VeM = CL = 100 pF, IF = 12 rnA 7 8, 10 
Level Output 1500 Vp.p 

15 30 Vee = 15.0 V, RL = 20 kil, 
7 8; 10 

CL = 100 pF, IF = 16 rnA 

·All typicals at TA = 25"C. 
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Package Characteristics 
Over recommended temperature (TA = O"C to 25°C) unless otherwise specified. 

Parameter Sym. Device Min. Typ.* Max. Units Test Conditions Fig. Note 
Input-Output Viso HCPL-4504 2500 Vrms RH~50%, 6,13 
Momentary . HCPL-0454 t = 1 min., 
Withstand HCNW4504 5000 TA = 25"C 6, 14 
Voltaget HCPL-4504 5000 6,11, 

(Option 020) 14 
Input-Output R(.Q HCPL-4504 1012 Q V(.o = 500 Vdc 6 
Resistance HCPL-0454 

HCNW4504 1012 1013 TA = 25"C I 
1011 TA = 100"C I 

Input-Output C(.Q HCPL-4504 0.6 pF f=lMHz 6 
Capacitance HCPL-0454 

HCNW4504 0.5 0.6 

·All typicals at TA = 25°C .. 
tThe Input·Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Related Characteristics Table (if 
applicable), your equipment level safety specification or HP Application Note 1074 entitled 'Optocoupler Input-Output Endurance 
Voltage." 

Notes: 
1. Derate linearly above 700C free-air temperature at a rate of 0.8 roN°C (8-Pin DIP). 

Derate linearly above 850C free-air temperature at a rate of 0.5 roN°C (SO-8). 
2. Derate linearly above 700C free-air temperature at a rate of 1.6 roN°C (8-Pin DIP). 

Derate linearly above 850C free-air temperature at a rate of 1.0 roN°C (SO-8). 
3. Derate linearly above 700C free-air temperature at a rate of 0.9 mW;oC (8-Pin DIP). 

Derate linearly above 850C free-air temperature at a rate of 1.1 mW/oC (SO-8). 
4. Derate linearly above 700C free-air temperature at a rate of 2.0 mW/oC (8-Pin DIP). 

Derate linearly above 85°C free-air temperature at a rate of 2.3 mW;oC (SO-8). 
5. CURRENT TRANSFER RATIO in percent is dermed as the ratio of output collector current, 10 , to the forward LED input current, 

IF, times 100. 
6. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted together and Pins 5,6, 7, and 8 shorted together. 
7. Under TIL load and drive conditions: Common mode transient immunity in a Logic High level is the maximum tolerable (positive) 

dVcM/dt on the leading edge of the common mode pulse, VCM, to assure that the output will remain in a Logic High state 
(i.e., Vo > 2.0 V). Common mode transient immunity in a Logic Low level is the maximum tolerable (negative) dVcM/dt on the 
trailing edge of the common mode pulse signal, VCM, to assure that the output will remain in a Logic Low state (i.e., Vo < 0.8 V). 

8. Under IPM (Intelligent Power Module) load and LED drive conditions: Common mode transient immunity in a Logic High level is 
the maximum tolerable dVcM/dt on the leading edge of the common mode pulse, VCM, to assure that the output will remain in a 
Logic High state (Le., Vo > 3.0 V). Common mode transient immunity in a Logic Low level is the maximum tolerable dVcM/dt on 
the trailing edge of the common mode pulse signal, VCM, to assure that the output will remain in a Logic Low state 
(i.e., Vo < 1.0 V). 

9. The 1.9 kn load represents 1 TTL unit load of 1.6 rnA and the 5.6 kn pull-up resistor. 
10. The RL = 20 kn, CL = 100 pF load represents an IPM (Intelligent Power Module) load. 
11. See Option 020 data sheet for more information. 
12. Use of a 0.1 IlF' bypass capacitor connected between pins 5 and 8 is recommended. 
13. In accordance with UL 1577, each optocoupler is proof tested by applying an insulation test voltage ~ 3000 V rms for 1 second 

(leakage detection current limit, Ii'" " 5 IJA). This test is performed before the 100% Production test shown in the VDE 0884 
Insulation Related Characteristics Table, if applicable. 

14. In accordance with UL 1577, each optocoupler is proof tested by applying an insulation test voltage ~ 6000 V rms for 1 second 
(leakage detection current limit, 1"0 " 5 IJA). This test is performed before the 100% Production test shown in the VDE 0884 
Insulation Related Characteristics Table, if applicable. 

15. The difference between tpLH and tPHL between any two devices (same part number) under the same test condition. (See Power 
Inverter Dead Time and Propagation Delay Specifications section.) 
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Figure 1. DC and Pulsed Transfer Characteristics. 
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Power Inverter Dead 
Time and Propagation 
Delay Specifications 
The HCPL-4504/0454 and 
HCNW4504 include a specifica­
tion intended to help designers 
minimize "dead time" in their 
power inverter designs. The new 
"propagation delay difference" 
specification (tpLH" tpHa is useful 
for determining not only how 
much optocoupler switching delay 
is needed to prevent "shoot­
through" current, but also for 
determining the best achievable 
worst-case dead time for a given 
design. 

When inverter power transistors 
switch (Q1 and Q2 in Figure 17), 
it is essential that they never 
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I I 
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~'-:)' I I I 
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3: ~: I OUT 1 DRIVE CIRCUIT 
Ql 

- I : 
I 
I 

- I '5 I I 
L _________ J 

+ 
rHCPI.=45i14i0454 --l 
I HCNW4504 18 

: I 

~"-:)I I '~ I I BASEIGATE 

31 ~: OUT2 DRIVE CIRCUIT 

- I : 
- : I '5 

L _________ J 

-MV 
Figure 16. Typical Power Inverter. 
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Figure 17. LED Delay and Dead Time Diagram. 
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conduct at the same time. 
Extremely large currents will flow 
if there is any overlap in their 
conduction during switching 
transitions, potentially damaging 
the transistors and even the sur­
rounding circuitry. This "shoot­
through" current is eliminated by 
delaying the turn-on of one 
transistor (Q2) long enough to 
ensure that the opposing 
transistor (QI) has completely 
turned off. This delay introduces a 
small amount of "dead time" at 
the output of the inverter during 
which both transistors are off 
during switching transitions. 
Minimizing this dead time is an 
important design goal for an 
inverter designer. 

The amount of turn-on delay 
needed depends on the propaga­
tion delay characteristics of the 
optocoupler, as well as the 
characteristics of the transistor 
base/gate drive circuit. Consider­
ing only the delay characteristics 
of the optocoupler (the charac­
teristics of the base/gate drive 
circuit can be analyzed in the 
same way), it is important to 
know the minimum and maximum 
turn-on (tpHL) and turn-off (tpLH) 
propagation delay specifications, 
preferably over the desired 
operating temperature range. The 
importance of these specifications 
is illustrated in Figure 17. The 
waveforms labeled "LED 1", 
"LED2", "OUTI", and "OUT2" are 
the input and output voltages of 
the optocoupler circuits driving 
QI and Q2 respectively. Most 
inverters are designed such that 
the power transistor turns on 
when the optocoupler LED turns 
on; this ensures that both power 
transistors will be off in the event 
of a power loss in the control 
circuit. Inverters can also be 
designed such that the power 
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transistor turns off when the 
optocoupler LED turns on; this 
type of design, however, requires 
additional fail-safe circuitry to 
turn off the power transistor if an 
over-current condition is 
detected. The timing illustrated in 
Figure 17 assumes that the power 
transistor turns on when the 
optocoupler LED turns on. 

The LED signal to turn on Q2 
should be del8¥ed enough so that 
an optocoupler with the very 
fastest turn-on propagation delay 
(tPHLmin) will never turn on before 
an optocoupler with the very 
slowest turn-off propagation del8¥ 
(tpLHmaJ turns off. To ensure this, 
the turn-on of the optocoupler 
should be delayed by an amount 
no less than (tPLHmax - tpHLmin), 
which also happens to be the 
maximum data sheet value for the 
propagation delay difference 
specification, (tPLH - tpHU' The 
HCPL-4504/0454 and 
HCNW4504 specify a maximum 
(tpLH - tpHL) of 1.3 IlS over an 
operating temperature range 
ofO-70"C. 

Although (tpLH-tpHL)max tells the 
designer how much delay is 
needed to prevent shoot-through 
current, it is insufficient to tell the 
designer how much dead time a 
design will have. Assuming that 
the optocoupler turn-on delay is 
exactly equal to (tpLH - tpHL)max, 
the minimum dead time is zero 
(Le., there is zero time between 
the turn-off of the very slowest 
optocoupler and the turn-on of 
the very fastest optocoupler). 

Calculating the maximum dead 
time is slightly more complicated. 
Assuming that the LED turn-on 
delay is still exactly equal to 
(tpLH - tpHL)max, it can be seen in 
Figure 17 that the maximum dead 

time is the sum of the maximum 
difference in turn-on del!l¥ plus 
the maximum difference in turn­
off delay, 

This expression can be 
rearranged to obtain 

and further rearranged to obtain 

which is the maximum minus the 
minimum data sheet values of 
(tPLH-tpHL)' The difference 
between the maximum and 
minimum values depends directly 
on the total spread in propagation 
delays and sets the limit on how 
good the worst-case dead time 
can be for a given design. 
Therefore, optocouplers with tight 
propagation delay specifications 
(and not just shorter delays or 
lower pulse-width distortion) can 
achieve short dead times in power 
inverters. The HCPL-4504/0454 
and HCNW4504 specify a 
minimum (tpLH - tPHL) of -0.7 Ils 
over an operating temperature 
range of 0-70"C, resulting in a 
maximum dead time of 2.0 Ils 
when the LED turn-on delay is 
equal to (tpLH-tpHL)max, or 1.3 1lS. 

It is important to maintain 
accurate LED turn-on delays 
because delays shorter than 
(tpLH - tPHL)max may allow shoot­
through currents, while longer 
delays will increase the worst-case 
dead time. 
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a!~ PACKARD 

Intelligent Power Module and 
Gate Drive Interface Optocouplers 

Technical Data 

Features 
• Perfonnance Specified for 

Common IPM Applications 
over Industrial Temperature 
Range: -40°C to 100°C 

• Fast Maximum Propagation 
Delays 
t pHL = 400ns 
t pLH = 550ns 

• Minimized Pulse Width 
Distortion (PWD = 450 ns) 

• 15 kV/j.18 Minimum Common 
Mode Transient Immunity at 
VCM = 1500 V 

• CTR > 44% at IF = 10 rnA 
• Safety Approval 

UL Recognized - 2500 V rms 
for 1 minute (5000 V rms for 
1 minute for HCNW4506 and 
HCPL-4506 Option 020) per 
UL1577 

CSA Approved 
VDE 0884 Approved 
-VIORM = 630 V peak for 

HCPL-4506 Option 060 
-VIORM = 1414 V peak for 
HCNW4506 

BSI Certified (HCNW4506) 

Selection Guide 
Operating Temperature 

Applications 
• IPM Isolation 
• Isolated IGBT/MOSFET Gate 

Drive 
• AC and Brushless DC Motor 

Drives 
• Industrial Inverters 

Description 
The HCPL-4506 and HCPL-0466 
contain a GaAsP LED while the 
HCNW4506 contains an AlGaAs 
LED. The LED is optically 
coupled to an integrated high gain 
photo detector. Minimized propa-

Functional Diagram 

HCPL·4506 
HCPL·0466 
HCNW4506 

gation delay difference between 
devices make these optocouplers 
excellent solutions for improving 
inverter efficiency through 
reduced switching dead time. 

An on chip 20 kO output pull-up 
resistor can be enabled by short­
ing output pins 6 and 7, thus 
eliminating the need for an 
external pull-up resistor in 
common IPM applications. Speci­
fications and performance plots 
are given for typical IPM 
applications. 

Truth Table 
LED Vo 
ON L 

OFF H 

TA[oo] Single Channel Packages 

8·PinDIP Small OutHne Widebody 
Min. Max. (300 Mil) SO·8 (400Mll) Hermetic'" 

-40 100 HCPL-4506 HCPL-0466 HCNW4506 

-55 125 HCPL-5300 
HCPL-5301 

·Technical data for these products are on separate HP publications. 

The connection of a 0.1 J,tF bypass capacitor between pins 5 and 8 is recommended. 

CAUTION: It is advised that normal static precautions be taken in handling and assembly ojthis component to 
prevent damage and/or degradation which may be induced by ESD. 
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Ordering Information 
Specify Part Number followed by Option Number (if desired). 
Example: 

HCPL-4506#XXX 

~ 
020 = UL 5000 V rms/l Minute Option* 
060 = VDE 0884 VroRM = 630 V peak Option'" 
300 = Gull Wmg Surface Mount Optiont 
500 = Tape and Reel Packaging Option 

"For HCPLI·4606 only. Combination of Option 020 and 
Option 060 Is not available. 

tGull wing surface mount option applies to through 
hole parts only, 

Option data sheets are available. Contact your Hewlett-Packard sales representative or authorized 
distributor for information. 

Package Outline Drawings 

TYPE NUMBER -"":r!,ll.Jl.,J,.,o'-l-L.a.Uo.II.I.j OPTION CODE' 
DATE CODE 

UL 
RECOGNITION 

4.70 (0.155) MAX. 

l 
_S'TYP, 

7,82 "0.25 
0,300" 0,010) ( 

B.35 " 0.2S 
(0,250 " 0.010) 

J l- 0 254 + 0,07& 
• ·0.061 

(0 010+ 0.003) 
• ·0,002) 

~
----, 

J !iO.!l (0,020) MIN. 
2.92 (0.115) MIN. 

, , :,: ~ DIMENSIONS IN MILLIMETERS AND (INCHES). 

1.080" 0.320 1_ 1--1 to.85 (0.026) MAX, ' MARKING CODE LETTER FOR OPTION NUMBERS. 

(0.04300 0.013) --I 2.5400 0,26 ::~:, :. g~g~ = 
(0.100 " 0.010) OPTION NUMBERS 300 AND 500 NOT MARKED. 

Figure 1. HCPL-41106 Outline Drawing (Standard DIP Package). 

~ 9,66" 0,25 -1 
1 ft!(0.380,,0.010)ill 

~-:r"0'26 
~(0'25r"0'010) 

PAD LOCATION (FOR REFERENCE ONLY) 

r=i"~'i:iii;g:~""''''''''''''''''''''''! 
DODD : 

f F;~! 
DDDD~ : 

---I ~ L g'~10.&51 i 
1.lra~.g4~1 .655 O. 5 : 

:-----.. :? .. ---~-!. ...... ------ .. -.... -- .. -- .. -- .. ----: 

=l r(~·~~g) ~(0~3:g: g:~O)---
(OM~OA·~X~.)-II-- MAX. I 1-----~h(O~g~: g:~~O) 

~]OW5)MAX' , 'rO.254~g."8l~ 
~ + 1\ , ~(0.010~g.-gg:1 

1.080" 0.320 -~! L! -r::j ~0.&35" 0.25 l' 
(0.04300 0.013) I - (0.025" 0.010) 

2.54 0.835" 0.130 ..... 12' NOM. 
(0,100) (0.025" 0.005) 

BSC 
DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITY. 0.10 mm (0.004 INCHES). 

Figure 2. HCPL·4506 Gull Wing Surface Mount Option #300 Outline Drawing. 
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n 
3.937 ~ 0.127 

(0.15h O.TIl:;;O~:::;.r::;rl 

5.080 :I: 0.127 r1 
(0.200 ~ 0.005\1 

IT1.524 
'I:I-..i:j.-t:l-!jI.~O.060) 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 

"I 
0.152 ~ 0.051 

(0.006 ~ 0.002) 

0.228 ~ 0.025 
(0.009 ~ 0.001) 

Figure 3. HCPL-0466 Outline Drawing (8-Pin SmaIl Outline Package). 

Pin Location (for reference only) 

~ 11.15~0.15 ;j (0.442 ~ 0.006) 

• 
TYPE NUMBER 

DATE CODE 

9.oo~0.15 
(0.354 ~ 0.006) ~(~~)MAX.~ 

2.54 (0.100) 
TYP. 

1.78:1:0.15 _ 
(0.070 ~ 0.006) 

(0.010~ 8.-::/ 

t 
0.51 (0.021) MIN. 

DIMENSIONS IN MILLIMETERS (INCHES). 

Figure 4a. HCNW4506 Outline Drawing (8-Pin Widebody Package)_ 
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1 r9:(0.442 • 0.006~ 1 

0 1 
9.00.0.15 

o :100
.
006

) 

l r(~~~) 

P!,D.~~rg;()~~F~~~N.C~()tlL~_···_i 

D:~ll~)TYP. 
12.30::t o.ao : 

o (0.484oO.012)i 

ClClClCl~ ! 
---11.31-- 0.9 : 

_ ........ ~O:~I) ..... _._._ .. (O:Q3I;) ........ _ .. _ ... _i 

(0.484 ~ 0.012) 

~]0~1~8)MAX. 
1.7800.15j~L '-1 

(0.070 0 0.006) _I 254 0.750 0.k5 --i 
(0.100) (0.030 0 0.010) 

12.3000.30 ~ 

tr.ru:.~~ ~ 
k 1.0000.15 \------r 

(0.039 • 0.006) + 0 078 l D.254 - O.Dosl 
BSC 

DIMENSIONS IN MILLIMETERS (INCHES). 
(0.010~8:=/ 

LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 7'NOM. 

Figure 4b. HCNW4506 Outline Drawing (8-Pin Widebody Package with Gull Wmg Surface Mount Option 300). 
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Solder Reflow Temperature Prome 
260 
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Note: Use of nonchlorine activated fluxes is recommended. 

CSA Regulatory Information 
The devices contained in this data 
sheet have been approved by the 
following organizations: 

Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

UL 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

VDE 
Approved according to VDE 
0884/06.92 (HCNW4506 and 
HCPL-4506 Option 060 only). 

Insulation and Safety Related Specifications 
8-PinDIP Widebody 
(300 Mil) 80-8 (400 Mil) 

Parameter Symbol Value Value Value 

Minimum External 1(101) 7.1 4.9 9.6 
Air Gap (External 
Clearance) 

Minimum External L(102) 7.4 4.8 10.0 
Tracking (External 
Creepage) 

Minimum Internal 0.08 0.08 1.0 
Plastic Gap 
(Internal Clearance) 

Minimum Internal NA NA 4.0 
. Tracking (Internal 
Creepage) 

Tracking Resistance CTI 200 200 200 
(Comparative 
Tracking Index) 

Isolation Group lIla lIla lIla. 

Units 

mm 

mm 

mm 

mm 

Volts 

DSI 
Certification according to 
B8451:1994 
CB8 EN60065:1994); 
B8 EN60950:1992 
(B87002:1992) and 
EN41003:1993 for Class II 
applications (HCNW4506 only). 

Conditions 

Measured from input terminals 
to output terminals, shortest 
distance through air. 

Measured from input terminals 
to output terminals, shortest 
distance path along body. 

Through insulation distance, 
conductor to conductor, usually 
the direct distance between the 
photoemitter and photodetector 
inside the optocoupler cavity. 

Measured from input terminals 
to output terminals, along 
internal cavity. 

DIN IEC 112/VDE 0303 Part 1 

Material Group 
(DINVDE 0110,1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 
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VDE 0884 Insulation Related Characteristics 
(HCPL-4506 OPTION 060 ONLy) 

Description 
Installation classification per DIN VDE 0 II 0/1.89, Table 1 

for rated mains voltage:::; 300 V rms 
for rated mains voltage:::; 450 V rIDS 

Climatic Classification 
Pollution Degree (DIN VDE 0110/1.89) 
Maximum Working Insulation Voltage 
Input to Output Test Voltage, Method b* 

VIORM x 1.875 = VpR, 100% Production Test with 1;", = 1 sec, 
Partial Discharge < 5 pC 

Input to Output Test Voltage, Method a* 
VIORM x 1.5 = VPR, Type and sample test, 
tm = 60 sec, Partial Discharge < 5 pC 

Highest Allowable Overvoltage* 
(Transient Overvoltage, tmi = 10 sec) 
Safety Limiting Values 

(Maximum values allowed in the event of a failure, 
also see Figure 18, Thermal Derating curve.) 

Case Temperature 
Input Current 
Output Power 

Insulation Resistance at Ts, VIO - 500 V 

Symbol Characteristic 

I-IV 
I-III 

55/100/21 
2 

VIORM 630 

VPR 1181 

VPR 945 

VIOTM 6000 

Ts 175 
IS,INPUT 230 

PS,OUTPUT 600 

Rs ~ 109 

VDE 0884 Insulation Related Characteristics (HCNW4506 ONLY) 
Description Symbol Characteristic 

Installation classification per DIN VDE 0110/1.89, Table 1 
for rated mains voltage:::; 600 V rms I-IV 
for rated mains voltage:::; 1000 V rms I-III 

Climatic Classification 55/100/21 
Pollution Degree (DIN VDE 0110/1.89) 2 
Maximum Working Insulation Voltage VIORM 1414 
Input to Output Test Voltage, Method b* 

VIORM x 1.875 = VPR, 100% Production Test with 1;", = 1 sec, VPR 2652 
Partial Discharge < 5 pC 

Input to Output Test Voltage, Method a* 
VIORM x 1.5 = VPR, Type and sample test, VPR 2121 
tm = 60 sec, Partial Discharge < 5 pC 

Highest Allowable Overvoltage* 
(Transient Overvoltage, tun = 10 sec) VIOTM 8000 
Safety Limiting Values 

(Maximum values allowed in the event of a failure, 
also see Figure 18, Thertnal Derating curve.) 

Case Temperature Ts 150 
Input Current Is,INPUT 400 
Output Power PSOUTPUT 700 

Insulation Resistance at Ts, VIO = 500 V Rs ~ 109 

Units 

V peak 

V peak 

V peak 

V peak 

°C 
rnA 
mW 

Q 

Units 

V peak 

V peak 

V peak 

V peak 

OC 
rnA 
mW 

Q 

·Refer to the front of the optocoupier section of the current catalog, under Product Safety Regulations section (VDE 0884), for a 
detailed description. 
Note: Isolation characteristics are guaranteed only within the safety maximum ratings which must be ensured by protective circuits in 
application. 
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Absolute Maximum Ratings 
Parameter Symbol. Min. Max. Units 

Storaj:(e Temperature Ts -55 125 "C 
Operating Temperature TA -40 100 "C 
Average Input Current[l[ IF(aVII) 25 rnA 
Peak Input CuiTent[2[ (50% duty cycle, $; 1 ms pulse width) IF(J)elIk) 50 rnA 
Peak Transient Input Current « 1 ~ pulse width, 300 pps) IF(tran) 1.0 A 
Reverse Input Voltage (Pin 3-2) I HCPL-4506, HCPL-0466 VR 5 Volts 

I HCNW4506 3 
Average Output Current (Pin 6) IO(avg) 15 rnA 
Resistor Voltage (Pin 7) V7 -0.5 Vcc Volts 
Output Voltage (Pin 6-5) Vo -0.5 30 Volts 
Supply Voltaj:(e (Pin 8-5) Vcc -0.5 3,0 Volts 
Output Power Dissipation[3] Po 100 mW 
Total Power Dissipation[4] PT 145 mW 
Lead Solder Temperature (HCPL-4506) 260°C for 10 s, 1.6 mm below seating plane 
Lead Solder Temperature (HCNW4506) 260"C for 10 s (up to seating plane) 
Infrared and Vapor Phase Reflow Temperature See Package Outline Drawings Section 
(HCPL-0466 and Option 300) 

Recommended Operating Conditions 
Parameter Symbol Min. Max. Units 

Power Supply Voltage Vcc 4.5 30 Volts 
Output Voltage Vo 0 30 Volts 
Input Current (ON) IF(on) 10 20 rnA 
Input Voltage (OFF) VF(oft/ -5 0.8 V 
Operating Temperature TA -40 100 "C 

*Recommended vF(OFF) = ·3 V to 0.8 V for HCNW4506. 

Electrical Specifications 
Over recommended operating conditions unless otherwise specified: 
TA = -40"C to + 100"C, Vcc = +4.5 V to 30 V, IF(on) = 10 rnA to 20 rnA, VF(oft) = -5 V to 0.8 Vt 

Parameter 
Current Transfer Ratio 
Low Leyel Output Current 
Low Level Output Voltage 
Input Threshold Current 
High Level Output Current 
High Level Supply Current 
Low Level Supply Current 
Input Forward Voltage 

Temperature Coefficient 
of Forward Volt~e 

Input Reverse Breakdown 
Voltage 

Input Capacitance 

Internal Pull-up Resistor 
Internal Pull-up Resistor 
Temperature Coefficient 

·All typical values at 25"C, Vee = 15 V. 
tVF(off) = ·3 V to 0.8 V for HCNW4506. 
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Symbol Min. 
CTR 44 
IOL 4.4 
VOL 
ITH 
IOH 
IccH 
ICCL 
VF 

t:NF/Il.TA 

BVR 5 

r---a 
CIN 

RL 14 
Il.RLlIl.'JA 

Typ.* Max:. Units Test Conditions 
90 % IF = 10 rnA, Vo =0.6 V 
9.0 rnA IF - 10 rnA, Vo - 0.6 V 
0.3 0.6 V 10 - 2.4 rnA 
1.5 5.0 rnA Vo - 0.8 V, 10 - 0.75 rnA 
5 50 J.IA VF = 0.8 V 

0.6 1.3 rnA VF = 0.8 V, Vo = Open 
0.6 1.3 rnA IF - 10 rnA, Vo - Open 
1.5 1.8 V HCPL-4506 IF - lOrnA 

HCPL-0466 
1.6 1.85 HCNW4506 
-1.6 mV/"C HCPL-4506 IF -lOrnA 

HCPL-0466 
r--:-r.s HCNW4506 

V HCPL-4506 IR = 100 J.IA 
HCPL-0466 
HCNW4506 

60 pF HCPL-4506 f = 1 MHz, 
HCPL-0466 \F = OV r---n HCNW4506 

20 25 k.Q TA - 25"C 
0.014 k.Qf"C 

Fig. Note 
5 

5,6 

5 14 
7 

14 
14 

8 

r--g 

10,11 



Switching Specifications (RL = 20 kO External) 
Over recommended operating conditions unless otherwise specified: 
TA = -40°C to + 100°C, Vee = +4.5 V to 30 V, IF(on) = 10 rnA to 20 rnA, VF(off) = -5 V to 0.8 vt 

Parameter Symbol Min. Typ.* Max. Units Test Conditions 
Propagation Delay tpHL 30 200 400 ns CL = 100pF IF(on) = 10 rnA, 
Time to Low VF(off) = 0.8 V, 
Output Level 100 ns CL = 10pF V"" = 15.0 V. 
Propagation Delay tpLH 270 400 550 ns CL = 100pF VTHLH = 2.0 V, 
Time to High VTHHL = 1.5 V 
Output Level 130 CL = 10pF 

Pulse Width PWD 200 450 ns CL = 100pF 
Distortion 
Propagation Delay tpLH-tpHL -150 200 450 ns 
Difference Between 
Any 2 Parts 

Output High Level ICMHI 15 30 kWj.lS IF = o rnA, Vee = 15.0V, 
Common Mode Vo > 3.0V CL = 100pF, 
Transient Immunity VeM = 1500 Vp.p 

Output Low Level ICMLI 15 30 kWj.lS IF = lOrnA 'IA = 25°C 
Common Mode Vo < 1.0 V 
Transient Immunity 

Switching Specifications (RL = Internal Pull-up) 
Over recommended operating conditions unless otherwise specified: 
TA = -40OC to + 100OC, Vee = +4.5 V to 30 V, IF(on) = 10 rnA to 20 rnA, VF(off) = -5 V to 0.8 vt 

Parameter Symbol 

Propagation Delay tPHL 
Time to Low 
Output Level 

Propagation Delay tpLH 
Time to High 
Output Level 

Pulse Width PWD 
Distortion 
Propagation Delay tPLlf"tPHL 
Difference Between 
Any 2 Parts 

Output High Level ICMHI 
Common Mode 
Transient Immunity 

Output Low Level ICMLI 
Common Mode 
Transient Immunity 

Power Supply PSR 
Rejection 

·All typical values at 25"C, Vee = 15 V. 
tvF(oft) = ·3 V to 0.8 V for HCNW4506. 

Min. 
20 

220 

-150 

Typ.* Max. Units Test Conditions 

200 400 ns IF(on) = 10 rnA, VF(oIf) = 0.8 V, 
Vee = 15.0 V, CL = 100 pF, 
VTHLH = 2.0 V, VTHHL = 1.5 V 

450 650 ns 

250 500 ns 

250 500 ns 

30 kWj.lS IF = o rnA, Vee = 15.0 V, 
Vo > 3.0V CL = 100pF, 

VeM = 1500 vp.p, 

30 kYllls IF = 16 rnA, 'IA = 250C 
Vo < 1.0 V 

1.0 Vp.P Square Wave, truSE' ~ALL 
> 5 ns, no bypass capacitors 

Fig. Note 

10, 9, 
12, 12, 

14-17 14 

18 

15 

11 16 

-
17 

Fig. Note 

10, 9-12, 
13 14 

18 

15 

11 16 

f---
17 

14 
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Package Characteristics 
Over recommended temperature eTA = -40°C to 100°C) unless otherwise specified. 

Parameter Sym. Min. Typ.* Max. Units Test Conditions Fig. Note 
Input-Output Momentary VISo 2500 Vrms HCPL-4506 RH < 50%, 6,7,8 
Withstand Voltaget HCPL-0466 t=lmin. 

15000 HCNW4506 TA = 250C 6,8,13 
Option 020 

---
5000 HCNW4506 6,8 

Resistance RI-O 1012 n HCPL-4506 V1-o = 500 Vdc 6 
(lnput-Output) HCPL-0466 

1012 1013 HCNW4506 
Capacitance Cr.o 0.6 pF HCPL-4506 f-1MHz 6 
(lnput-Output) HCPL-0466 

t---o.5 HCNW4506 

·All typical values at 25"C, Vcc = 15 V. 
tThe luput·Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Related Characteristics Table (if 
applicable), your equipment level safety specification or HP Application Note 1074 entitled "Optocoupler luput-Output Endurance 
Voltage," publication number 5963-2203E. 

Notes: 
1. Derate linearly above 90°C free-air 

temperature at a rate of 0.8 mN°C. 
2. Derate linearly above 90"C free-air 

temperature at a rate of 1.6 mN°C. 
3. Derate linearly above 90"C free·air 

temperature at a rate of 3.0 mW/oC. 
4. Derate linearly above 90"C free-air 

temperature at a rate of 4.2 mW/oC. 
5. CURRENT TRANSFER RATIO in 

percent is deImed as the ratio of 
output collector current (10) to the 
forward LED input current (IF) times 
100. 

6. Device considered a two-terminal 
device: Pins 1, 2, 3, and 4 shorted 
together and Pins 5, 6, 7, and 8 
shorted together. 

7. In accordance with UL 1577, each 
optocoupler is proof tested by 
applying an insulation test voltage 
'" 3000 V rms for I second (leakage 
detection current limit; 11•0 ~ 5 !1A-). 
This test is performed before the 
100% Production test shown in the 
VDE 0884 lusulation Related 
Characteristics Table, if applicable. 
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8. For option 020, in accordance with 
UL 1577, each optocoupler is proof 
tested by applying an insulation test 
voltage", 6000 V rms for 1 second 
(leakage detection current limit, 11.0 

~ 5 !1A-). This test is performed before 
the 100% Production test for partial 
discharge (method b) shown in the 
VDE 0884 Insulation Related 
Characteristics Table, if applicable. 

9. Pulse: f = 20 kHz, Duty Cycle = 10%. 
10. The internal 20 kg resistor can be 

used by shorting pins 6 and 7 
together. 

II. Due to tolerance of the internal 
resistor, and since propagation delay 
is dependent on the load resistor 
value, performance can be improved 
by using an external 20 kg I % load 
resistor. For more information on 
how propagation delay varies with 
load resistance, see Figure 12. 

12. The RL = 20 kg, CL = 100 pF load 
represents a typical !PM (Intelligent 
Power Module) load. 

13. See Option 020 data sheet for more 
information. 

14. Use of a O.II1F bypass capacitor 
connected between pins 5 and 8 can 
improve performance by fIltering 
power supply line noise. 

15. The difference between tPLH and tpHL 
between any two devices under the 
same test condition. (See !PM Dead 
Time and Propagation Delay 
Specifications section.) 

16. Common mode transient inununity in 
a Logic High level is the maximum 
tolerable dVCM/dt of the common 
mode pulse, VCM, to assure that the 
output will remain in a Logic High 
state (i.e., Vo > 3.0 V). 

17. Common mode transient immunity in 
a Logic Low level is the maximum 
tolerable dVcMldt of the common' 
mode pulse, VCM, to assure that the 
output will remain in a Logic Low 
state (i.e., Vo < l.0V). 

18. Pulse Width Distortion (PWD) is 
defined as I tPHL - tpLIII for any given 
device. 
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Figure 15. Typical Transfer 
Characteristics. 
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Figure 6. Nonna1lzed Output Current 
vs. Temperature. 
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Figure 7. High Level Output 
Current vs. Temperature. 
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Figure 9. HCNW41506lnput Current 
vs. Forward Voltage. 
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Figure 10. Propagation Delay Test Circuit. 
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B 

+ 
VFF -=- *100 pF TOTAL 

CAPACITANCE 

Vcc .. 1SV 

Vo 

SWITCH AT A: IF. a mA 

Vo 

SWITCH ATB: IF" 10 mA 

7"'------ Vcc 

·~---VOL 

L--4---------{+I~--------------------__+ 

Figure 11. CMR Tellt Circuit. Typical CMR Waveform. 
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TA - TEMPERATURE - 'C 

Figure 12. Propagation Delay with 
External 20 kO BL vs. Temperature. 
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Figure 111. Propagation Delay vs. Load 
Capacitance. 
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Figure 18. Propagation Delay with 
Internal 20 kO BL vs. Temperature. 
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Figure 16. Propagation Delay vs. 
Supply Voltage. 
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Figure 18. Thermal Derating Curve. Dependence of Safety IJmiting Value with 
Case Temperature per VDE 0884. 

Figure 20. Optocoupler Input to 
Output Capacitance Model for 
Unshielded Optocouplers. 

Figure 19. Recommended LED Drive Circuit. 

'100 pF TOTAL 
CAPACITANCE 

VCC=15V 

310n 

Figure 21. Optocoupler Input to 
Output Capacitance Model for 
Shielded Optoeouplers. 

• THE ARROWS INDICATE THE DIRECTION OF CURRENT 
FLOW FOR .dYeofdl TRANSIENTS. 

~------------~+Ir-------------~ 
VCM 

100pF 

Figure 22. LED Drive Circuit with Resistor Connected to LED 
Anode (Not Recommended). 

Figure 23. AC Equivalent Circuit for Figure 22 During 
Common Mode Transients. 
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'- 100 pF 

• THE ARROWBINOICATE THE DIRECTION OF CURRENT 

~~~r:~le.tL~I~~AJ:g~;~R IMPROVED CMH 
PERFORMANce. VR < VF (OFF) DURINII +clVcMfdl. 

~------------f'+I}-----------~ 

VCM 

Fl.g1J.re 24. AC Equivalent Circuit for Figure 19 During 
Common Mode TrllJUllents • 

• THE ARROWBINDICATI THI DIRICTION OF CURRINT 
FLOW paR +cIVcMfdl TRANSIINTB. 

~-----------{,+ Ir-----------~ 

VCM 

Figure 26. AC Equivalent Circuit for Figure 215 During 
Common Mode Trllll8lenti. 

1-~"""'_VCC1 

Figure 28. Typical Application Circuit. 
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FIgure 211. Not Recommended Open 
Collector LED Drive Circuit. 

Figure 27. Recommended LED Drive 
Clreuit for mtra HIgh CMR. 

IPM 



ILED1--_ \-, 

ILED1--........ \-
Voun 
VOUT2 

, 

1 Ql0N r 7 Ql0FF 

1 Q2 OFF tr \,J 
: )/',' Ql0FF : 'k. ~ Q20N 

1 Ii- 1 VOUT1-===:;:' =:;;Q;I;O;N;:::;:, VOUT2- , 
t '.1: Q20FF 'k 

Q20N l...-tPLH-...l: I 

: MIN. :: : , 

I I-! 
~tPLHMAX~i , , , 
: :'tPHL" 
, , MIN. 

tl 

PDD'MAX.= 

I tpLH I t I 

iMAX. ::, :1 
LPDO~ tpHL 
, MAX." MIN. 

: : tpHL I 
:1-MAX.i 

(tPLH.tpHL) MAX. = tpLH MAX •• tpHL MIN. 
7e:~~ 

'PDD. PROPAGATION DELAY DIFFERENCE 

NOTE: THE PROPAGATION DELAYS USED TO CALCULATE 
PDD ARE TAKEN AT EQUAL TEMPERATURES. 

MAXIMUM DEAD TIME (DUE TO OPTOCOUPLER) 
• (IpLH MAX, • IpLH MIN,) • (IpHL MAX.· IpHL MIN) 
• (tPLH MAX •• IpHL MIN.) • (tpLH MIN •• IpHL MAX.) 
• POD' MAX, • POD' MIN. 

Figure 29. Minimum LED Skew for Zero Dead Time. 'PDD = PROPAGATION DELAY DIFFERENCE 

NOTE: THE PROPAGATION DELAYS USED TO CALCULATE THE MAXIMU~ 
DEAD TIME ARE TAKEN AT EQUAL TEMPERATURES. 

LED Drive Circuit 
Considerations for Ultra 
High CMR Performance 
Without a detector shield, the 
dominant cause of optocoupler 
CMR failure is capacitive coupling 
from the input side of the opto· 
coupler, through the package, to 
the detector IC as shown in 
Figure 20. The HCPL·4506, 
HCPL-0466 and HCNW4506 
improve CMR performance by 
using a detector IC with an optic­
ally transparent Faraday shield, 
which diverts the capacitively 
coupled current away from the 
sensitive IC circuitry. However, 
this shield does not eliminate the 
capacitive coupling between the 
LED and the optocoupler output 
pins and output ground as shown 
in Figure 21. This capacitive 
coupling causes perturbations in 
the LED current during common 
mode transients and becomes the 
major source of CMR failures for 
a shielded optocoupler. The main 
design objective of a high CMR 
LED drive circuit becomes keep­
ing the LED in the proper state 
(on or oft) during common mode 
transients. For example, the 
recommended application circuit 

Figure 30. Waveforms for Dead Time Calculation. 

(Figure 19), can achieve 15 kVlf,ls 
CMR while minimi2ing component 
complexity. Note that a CMOS 
gate is recommended in Figure 19 
to keep the LED off when the gate 
is in the high state. 

Another cause of CMR failure for 
a shielded optocoupler is direct 
coupling to the optocoupler 
output pins through CLEDOl and 
CLED02 in Figure 21. Many factors 
influence the effect and magni­
tude of the direct coupling includ­
ing: the use of an internal or 
external output pull-up resistor, 
the position of the LED current 
setting resistor, the connection of 
the unused input package pins, 
and the value of the capacitor at 
the optocoupler output (CL). 

Techniques to keep the LED in 
the proper state and minimize the 
effect of the direct coupling are 
discussed in the next two 
sections. 

CMR with the LED On 
(CMRL) 

A high CMR LED drive circuit 
must keep the LED on during 
common mode transients. This is 

achieved by overdriving the LED 
current beyond the input 
threshold so that it is not pulled 
below the threshold during a 
transient. The recommended 
minimum LED current of 10'rnA 
provides adequate margin over 
the maximum ITH of 5.0 rnA (see 
Figure 5) to achieve 15 kVlf,ls 
CMR. Capacitive coupling is 
higher when the internal load 
resistor is used (due to CLED02) 
and an IF = 16 rnA is required to 
obtain 10 kV/f,ls CMR. 

The placement of the LED current 
setting resistor effects the ability of 
the drive circuit to keep the LED on 
during transients and interacts with 
the direct coupling to the 
optocoupler output. For e~ple, 
the LED resistor in Figure 22 is 
connected to the anode. Figure 23 
shows the AC equivalent circuit for 
Figure 22 during common mode 
transients. During a +dVcm/dt in 
Figure 23, the current available at 
the LED anode (Itotal) is limited by 
the series resistor. The LED current 
(IF) is reduced from its DC value by 
an amount equal to the current that 
flows through CLEDP and CLEDOl ' 
The situation is made worse 
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because the current through CLEDOI 
has the effect of trying to pull the 
output high (toward a CMR failure) 
at the same time the LED current is 
being reduced. For this reason, the 
recommended LED drive circuit 
(Figure 19) places the current set­
ting resistor in series with the LED 
cathode. Figure 24 is the AC equiv­
alent circuit for Figure 19 during 
common mode transients. In this 
case, the LED current is not 
reduced during a +dVcm/dt tran­
sient because the current flowing 
through the package capacitance is 
supplied by the power supply. 
During a -dVcm/dt transient, how­
ever, the LED current is reduced by 
the amount of current flowing 
through CLEDN. But, better CMR 
performance is achieved since the 
current flowing in CLEDO! during a 
negative transient acts to keep the 
output low. 

Coupling to the LED and output 
pins is also affected by the connec­
tion of pins 1 and 4. If CMR is 
limited by perturbations in the LED 
on current, as it is for the recom­
mended drive circuit (Figure 19), 
pins 1 and 4 should be connected to 
the input circuit common. However, 
if CMR performance is limited by 
direct coupling to the output when 
the LED is off, pins 1 and 4 should 
be left unconnected. 

CMR with the LED Off 
(CMRW 
A high CMR LED drive circuit must 
keep the LED off (YF S VF(OFF)) 
during common mode transients. 
For example, during a +dVcm/dt 
transient in Figure 24, the current 
flowing through CLEDN is supplied 
by the parallel combination of the 
LED and series resistor. As long as 
the voltage developed across the 
resistor is less than VF(OFF) the LED 
will remain off and no common 
mode failure will occur. Even if the 
LED momentarily turns on, the 100 
pF capacitor from pins 6-5 will 
keep the output from dipping below 
the threshold. The recommended 
LED drive circuit (Figure 19) pro­
vides about 10 V of margin between 
the lowest optocoupler output 
voltage and a 3 V IPM threshold 
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during a 15 kVlfJS transient with 
VCM = 1500V.Additionalmargin 
Can be obtained by adding a diode 
in parallel with the resistor, as 
shown by the dashed line connec­
tion in Figure 24, to clamp the 
voltage across the LED below 
VF(OFF)' 

Since the open collector drive cir­
cuit, shown in Figure 25, cannot 
keep the LED off during a +dVcm/ 
dt transient, it is not desirable for 
applications requiring ultra high 
CMRH performance. Figure 26 is 
the AC equivalent circuit for Figure 
25 during common mode 
transients. Essentially all the 
current flowing through CLEDN 
during a +dVcm/dt transient must 
be supplied by the LED. CMRH 
failures can occur at dV/dt rates 
where the current through the LED 
and CLEDN exceeds the input 
threshold. Figure 27 is an 
alternative drive circuit which does 
achieve ultra high CMR 
performance by shunting the LED 
in the off state. 

IPM Dead Time and 
Propagation Delay 
Specifications 
The HCPL-4506, HCPL-0466 and 
HCNW4506 include a Propagation 
Delay Difference specification 
intended to help designers minimize 
"dead time" in their power inverter 
designs. Dead time is the time 
period during which both the high 
and low side power transistors (Q1 
and Q2 in Figure 28) are off. Any 
overlap in Q1 and Q2 conduction 
will result in large currents flowing 
through the power devices between 
the high and low voltage motor ralls. 

To minimize dead time the designer 
must consider the propagation 
delay characteristics of the opto­
coupler as well as the characteris­
tics of the IPM IGBT gate drive 
circuit. Considering only the delay 
characteristics of the optocoupler 
(the characteristics of the IPM 
IGBT gate drive circuit can be. 
analyzed in the same w8¥) it is 
important to know the minimum 
and maximum turn-on (tpHW and 
turn-off (tPLH) propagation delay 

specifications, preferably over the 
desired operating temperature 
range. 

The limiting case of zero dead time 
occurs when the input to Q1 turns 
off at the same time that the input 
to Q2 turns on. This case 
determines the minimum delay 
between LED 1 turn-off and LED2 
turn-on, which is related to the 
worst case optocoupler propagation 
delay waveforms, as shown in 
Figure 29. A minimum dead time of 
zero is achieved in Figure 29 when 
the signal to turn on LED2 is 
del8¥ed by (tPLH max - tPHL rrmJ from 
the LED1 turn off. Note that the 
propagation delays used to calcu­
late PDD are taken at equal temper­
atures since the optocouplers under 
consideration are typically mounted 
in close proximity to each other. 
(Specifically, tpLH max and tPHL min 
in the previous equation are not the 
same as the tpLH max and tpHL min, 
over the full operating temperature 
range, specified in the data sheet.) 
This delay is the maximum value for 
the propagation delay difference 
specification which is specified at 
450 ns for the HCPL-4506, HCPL-
0466 and HCNW4506 over an 
operating temperature range of 
-40"C to 1 OO"C. 

Delaying the LED signal by the 
maximum propagation delay dif­
ference ensures that the minimum 
dead time is zero, but it does not 
tell a designer what the maximum 
dead time will be. The maximum 
dead time occurs in the highly 
unlikely case where one optocoup­
ler with the fastest tpLH and another 
with the slowest tPHL are in the 
same inverter leg. The maximum 
dead time in this case becomes the 
sum of the spread in the tpLH and 
tpHL propagation dellWS as shown in 
Figure 30. The maximum dead time 
is also equivalent to the difference 
between the maximum and mini­
mum propagation delay difference 
specifications. The maximum dead 
time (due to the optocouplers) for 
the HCPL-4506, HCPL-0466 and 

. HCNW4506 is 600 ns (= 450ns­
(-150 ns)) over an operating 

temperature range of -40°C to 
100"C. 



Dual Channel, High Speed 
Optocouplers 

Technical Data 

Features 
• 15 kV/J.lS Minimum Common 

Mode Transient Immunity at 
VCM = 1500 V 
(HCPL-4534/0534) 

• High Speed: 1 Mb/s 
• TTL Compatible 
• Available in 8 Pin DIP, SO-8, 

and 8 Pin DIP - Gull Wing 
Surface Mount (Option 020) 
Packages 

• High Density Packaging 
• 3 MHz Bandwidth 
• Open Collector Outputs 
• Guaranteed Performance 

from O"C to 70"C 

• Safety Approval 
UL Recognized - 2500 V nns 

for 1 minute (5000 V rms for 
- 1 minute for Option 020) per 

UL1577 
CSA Approved 

• Single Channel Version 
Available (4502/3, 0452/3) 

• MIL-STD-1772 Version 
Available (55XX/65XX/4N55) 

Applications 
• Line Receivers - High 

Common Mode Transient 
Immunity (> 1000 V/~) and 
Low Input-Output Capacitance 
(0.6 pF) 

• High Speed Logic Ground 
Isolation - TTLmL, TTL/ 
LTTL, TTL/CMOS, TTL/LSTTL 

• Replace Pulse Transformers 
- Save Board Space and Weight 

• Analog Signal Ground 
Isolation - Integrated Photon 
Detector Provides Improved 
Linearity over Phototransistor 
Type 

• Polarity Sensing 
• Isolated Analog Amplifier -

Dual Channel Packaging 
Enhances Thennal Tracking 

Functional Diagram 

r/i~ HEWLETT® 
~~PACKARD 

HCPL-2530 
HCPL-2531 
HCPL-4534 

Description 

HCPL-0530 
HCPL-0531 
HCPL-0534 

These dual channel optocouplers 
contain a pair of light emitting 
diodes and integrated photodetec­
tors with electrical insulation 
between input and output. 
Separate connection for the 
photodiode bias and output 
transistor collectors increase the 
speed up to a hundred times that 
of a conventional phototransistor 
coupler by reducing the base­
collector capacitance. 

A 0.1 !1F bypass capacitor between pins 5 and 8 is recommended. 

CAUTION: It is advised that rwrmal static precautions be taken in handling and assembly of this camponent to 
prevent damage and/or degradation which may be induced by ESD. 
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These dual channel optocouplers 
are available in an 8 Pin DIP and 
in an industry standard SO-8 
package. The following is a cross 
reference table listing the 8 Pin 
DIP part number and the 
electrically equivalent SO-8 part 
number. 

8 Pin DIP 
HCPL-2530 
HCPL-2531 
HCPL-4534 

SO-8 
Package 

HCPL-0530 
HCPL-0531 
HCPL-0534 

Selection Guide 

The SO-8 does not require 
"through holes~ in a PCB. This 
package occupies approximately 
one-third the footprint area of the 
standard dual-in-line package. 
The lead profile is designed to be 
compatible with standard surface 
mount processes. 

The HCPL-2530/0530 is for use in 
TTL/CMOS, TTLILSTTL or wide 
bandwidth analog applications. 
Current transfer ratio (CTR) for 
the HCPL-2530/0530 is 7% 
minimum at IF = 16 rnA. 

The HCPL-2531/0531 is designed 
for high speed TTL/TTL 
applications. A standard 16 rnA 
TTL sink current through the 
input LED will provide enough 
output current for 1 TTL load and 
a 5.6 kfl pull-up resistor. CTR of 
the HCPL-2531/0531 is 19% 
minimum at IF = 16 rnA. 

The HCPL-4534/0534 is an 
HCPL-253l/0531 with increased 
common mode transient immunity 
of 15,000 VIlIS minimum at 
VCM = 1500 V guaranteed. 

Widebody 
MinimumCMR 8-pin DIP (300 Mil) Small-Outline SO-8 (400 Mil) Hermetic 

Current Dual SlDgIe Dual Single Single Single and 
dV/dt VCM Transfer Channel Channel Channel Channel Channel Dual Channel 
(V/~) (V) Ratio (%) Package Package· Package Package- Package· Packages* 

1,000 10 7 HCPL-2530 6NI35 HCPL-0530 HCPL-0500 HCNWI35 

19 HCPL-2531 6N136 HCPL-0531 HCPL-0501 HCNW136 
HCPL-4502 HCPL-0452 HCNW4502 

15,000 1500 19 HCPL-4534 HCPL-4503 HCPL-0534 HCPL-0453 HCNW4503 

1,000 10 9 HCPL-55XX 
HCPL-65XX 

4N55 

'Technical data for these products are on separate HP publications. 
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Ordering Information 
Specify Part Number followed by Option Number (if desired). 

Example: 

HCPL-2531 #XXX r- 020 = UL 5000 V rms/l Minute Option* L=" 300 = Gull Wing Surface Mount Optiont 
500 = Tape and Reel Packaging Option 

Option data sheets available. Contact your Hewlett-Packard sales representative or authorized distributor for 
information. 

"For HCPL·2530/1 and HCPL-4534 only. 
tGull wing surface mount option applies to through hole parts only. 

Schematic 

311F1
-- : 

VF1 f 
- I 

I 
2 I 

I 

v,3~'~-t 
+ I 

I 
4 I 

I 

r-~--~~~~------~Vcc 
8 

~2 
~---t.==---o V02 

6 

'------------------..... -----0 GND 
/ 5 

HCPL-4534I0534 SHIELD 

USE OF A 0.1 ~F BYPASS CAPACITOR CONNECTED 
BETWEEN PINS 5 AND 8 IS RECOMMENDED. 
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Package Outline Drawings 
8-Pin DIP Package (HCPL-2530/2531/4534) 

TYPE NUMBER ____ f'-'I..L....I .... .&...J.-"-L...I.oiL.I.i OPTION CODE' 

DATE CODE 

1.0BO ± 0.320_ 
(0.043 ± 0.013) 

UL 
4 RECOGNITION 

~1.78 (0.070) MAX. 

mm 4.70 (t.185) MAX. 

tt 0.:1 (0.020) MIN. 
2.92 (0.115) MIN • 

.. ~ 
~ 1_111_ 0.65 (0.025) MAX. 

-.J ..- 2.54 ± 0.25 
(0.100 ± 0.010) 

. 

(0.300 ± 0.010) 

~ 
7.62 ± 0.25 tr 
6.35±0.25 

(0.250 ± 0;010) 

j I- 0.254 ~ g.:f 
(0.010~g:=l 

DIMENSIONS IN MILLIMETERS AND (INCHES). 
, MARKING CODE LETTER FOR OPTION NUMBERS. 
"L' = OPTION 020 
OPTION NUMBERS 300 AND 500 NOT MARKED. 

8-Pin DIP Package with Gull Wing Surface Mount Option 300 (HCPL-2530/2531/4534) 

1-66 

1;(0~3~; g~~O)~ 

I 
6.350 ± 0.25 

(0.250 ± 0.010) 

o ~ 

(0.070) --I r l
•
780 

1.19 --I r- MAX. 
(0.047) 
MAX. 

D:io±:bJj 7:s (0·i65)MAX. 

(0.043 ± 0.013) 

I
, , 

,!'_~!I_ L<>eA ~_C?~_ <,=c:>I'! _Fl~!'_~~~~~_~ 5?~~ 'o't __________ _ : __ II-- 1.016(0.040) 
! I 1.194 (0.047) 

: 0 D D 0--.---------.--: I 1~4.~6TYP : (0.190) . 

:::~: !g:~:l 
ODD oLt ~ 
--I I-- ~0.015) 

1.194 (0.047) 0.635 (0.025) 
1.778 (0.070) 

(0.3BO ,. 0.010) 
9.65 ± 0.25 H l 
7.62 ± 0.25 

~0.300 ± 0.010~ + 0.076 10.254 - 0.051 

(0010+ 0.003) 
• -0.002) 

1.080±0.320 __ t· L· -- 2.54 

'-1 h 0.635 ± 0.25 l' I --I (0.025% 0.010) 
0.635 ± 0.130 12" NOM. 

(0.100) 
BSC 

(0.025 ± 0.005) 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 



Small Outline SO-8 Package (HCPL-0530/0531/0534) 

~ n·,JIII--ILI-..IlII-...Ji:L.. 5.842 ~ 0.203 

XXX (0.236 ~ 0.008) 

3.937 ~ 0.127 YWW TYPE NUMBER 
(0.155 ~ 0.OOlJ5) 0 (LAST 3 DIGITS) 

DATE CODE 

0.381 ~ 0.076 -I I+- I L 
(0.016 ~ 0.003) --I 1.270 BSG 

(0.050) 

.... ~ 5.080 ~ 0.127 j nr (0.200 ~ O.OOS)"\I 

3.175~0.127 rom 
(0.125 ~ 0.005) IT 1.524 

iJ ~0.080) 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 

J 1 
0.3OS MIN 

(0.012) • 

0.228 ~ 0.025 
S(0.00hO.001) 

if 
0.152 ~ O.OSl 

(0.006 ~ 0.002) 

Solder Reflow Temperature ProUle (HCPL-0530/0531/0534 and Gull Wing Surface 
Mount Option Parts) 

280 
240 
220 
200 

P 180 
I 160 

§ 140 

!c 120 
ffi 100 

!Ii 80 
I!! 80 

40 

20 

o 

AT= 115°C OYCISEC ? 
1 /' 
t "./ 
~ 

F 
/rJ 

fIr-- AT = 100°C, 1.5°ClSEC 

I 1 

'.'I 1 

I I 

./ "-
"- AT = 145°C, l°ClSEC 

"-
'\ 

"-
" 

o 2345678 

llME - MINUTES 

10 11 12 

Note: Use of nonchlorine activiated fluxes is highly recommended. 

Regulatory Information 
The devices contained in this data 
sheet have been approved by the 
following organizations: 

UL 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

CSA 
Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 
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Insulation and Safety Related Specifications 
8-PinDIP 
(300 Mil) SO-8 

Parameter Symbol Value Value Units Conditions 
Minimum External L(101) 7.1 4 .. 9 mm Measured from input terminals to output to 
Air Gap (External to output terminals, shortest distance through 
Clearance) air. 

Minimum External L(102) 7.4 4.8 mm Measured from input terminals to output 
Tracking (External terminals, shortest distance path along body. 
Creepage) 
Minimum Internal 0.08 0.08 mm Through insulation distance, conductor to 
Plastic Gap conductor, usually the direct distance 
(internal Clearance) between the photoemitter and photodetector 

inside the optocoupler cavity. 
Minimum Internal NA NA mm Measured from input terminals to output 
Tracking (Internal terminals, along internal cavity. 
Creepage) 
Tracking Resistance CTI 200 200 Volts DIN IEC 112/VDE 0303 Part 1 
(Comparative 
Tracking Index) 
Isolation Group rna rna Material Group (DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 

Absolute Maximum Ratings 
Parameter Symbol Device Min. Max. Units Note 

Storage Temperature Ts -55 125 °C 
Operating Temperature TA -55 100 °C 
Average Forward Input Current IF(AVG) 25 rnA 
(each channel) 
Peak Forward Input Current (each channel) IF(PEAK) 50 rnA 

(50% duty cycle, 1 ms pulse width) 
Peak Transient Input Current (each channel) IFCTRANS) 1 A 

(:5 1 Ils pulse width, 300 pps) 
Reverse LED Input Voltage (each channel) VR 5 V 
Input Power Dissipation (each channel) PIN 45 mW 
Average Output Current (each channel) IO(AVG) 8 rnA 

Peak Output Current IO(pEAK) 16 rnA 

Supply Voltage (Pin 8-5) Vee -0.5 30 V 
Output Voltage (Pins 7-5, 6-5) Vo -0.5 20 V 
Output Power Dissipation (each channel) Po 35 mW 13 
Lead Solder Temperature 
(Through-Hole Parts Only) 

1.6 mm below seating plane, 10 seconds TLS 8 Pin DIP 260 OC 

Reflow Temperature Profile TRP SO-8 and See Package Outline 
Option 300 Drawings section 
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Electrical Specifications CDC) 
Over recommended temperature eTA = O°C to 70°C) unless otherwise specified. See note 9. 

P8l'ameter Sym. Device Min. Typ.* Max. Units Test Conditions Fig. Note 

Current CTR HCPL-2530/ 7 IS 50 % TA = 25°C IF= 16rnA, 1, 2 1, 2 
Transfer 0530 - Vee = 4.5V 4 
Ratio 5 Vo = 0.5 V 

HCPL-2531/ 19 24 50 % TA = 25°C 
0531 

HCPL-4534/ 15 
0534 

Logic Low VOL HCPL-2530/ 0.1 0.5 V TA = 25°CI 10 = 1.1 rnA IF= 16 rnA, 1 1 
Output 0530 r-- Vee = 4.5V 
Voltage 0.5 10 = O.SrnA 

HCPL-2531/ 0.1 0.5 V TA = 250ci 10 = 3.0 rnA 
0531 

'0:5 HCPL-4534/ 10 - 2.4 rnA 
0534 

Logic High 10H 0.003 0.5 !lA TA = 25°C I Vo = Open IF = 0 rnA 6 1 
Output Vcc = 5.5 V 
Current r--

50 Vo = Open 
Vec = 15.0V 

Logic Low ICCL 100 400 !lA IF = 16 rnA, Vo = Open, 
Supply Vcc = 15 V 
Current 

Logic High IccH 0.05 4 !lA IF = 0 rnA, Vo = Open, 
Supply Vcc = 15 V 
Current 

Input VF 1.5 1.7 V TA = 250CI 3 1 
Forward I--- IF = 16 rnA 
Voltage I.S 

Input BVR 5 V IR= 10!lA 1 
Reverse 
Breakdown 
Voltage 

Temperature ilVF -1.6 mV/ IF= 16 rnA 
Coefficient ilTA °C 
of Forward 
Voltage 

Input CIN 60 pF f = 1 MHz, VF = 0 V 1 
Capacitance 

*All typicals at TA = 25°C. 
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Switching Specifications CAC) 
Over recommended temperature (TA = OOC to 70°C), Vee = 5 V, IF = 16 rnA unless otherwise specified. 

Device 
Parameter Sym. HCPL- Min. Typ.'" Max. Units Test Conditions Fig. Note 
Propagation tpHL 2530/0530 0.2 ~ IlS TA - 25°C RL - 4.1 kQ 5,9, 6, 7 
Delay Time 2.0 11 
to Logic Low 2531/0531/ 0.2 0.8 TA = 250C RL = 1.9 kQ 
at Output 4534/0534 1.0 
Propagation tpLH 2530/0530 1.3 1.5 IlS TA = 25°C RL = 4.1 kQ 5,9, 6, 7 
Delay Time 2:0 11 
High to Logic 2531/0531/ 0.6 0.8 TA = 250C RL = 1.9 kQ 
at Output 4534/0534 1.0 
Common ICMHI 2530/0530 1 10 kV/f.Ls RL - 4.1 kQ IF - o rnA, 10 5,6, 
Mode Transient 2531/0531 1 10 RL = 1.9 kQ TA = 25°C, 7 
Immunity at 4534/0534 15 30 RL = 1.9 kQ VCM = 10Vp•p 

Logic High 
Level Output 

Common ICMLI 2530/0530 1 10 kV/f.Ls RL - 4.1 kQ IF - o rnA, 10 5,6, 
Mode Transient 2531/0531 1 10 RL - 1.9 kQ TA = 25OC, 7 
Immunity at 4534/0534 15 30 RL = 1.9 kQ VCM = 10Vp•p 

Logic Low 
Level Output 

Bandwidth BW 3 MHz RL - 100kQ 7,8 

*All typicals at TA = 25OC. 

Package Characteristics 
Parameter Sym. Device Min. Typ.'" Max. Units Test Conditions Fig. Note 

Input-Output Viso 2500 Vrms RH< 50%, ~ Momentary With- HCPL-2530/ 5000 t = 1 min., 3,11 
stand Voltage"'''' 2531/4534 

Option 020 

Resistance R!.o 10!2 Q RHS45% 3 
(Input-Output) V!.o = 500 Vdc, 

t = 5s 
Capacitance ~.o 0.6 pF f=1MHz, 12 
(Input-Output) T. = 250C 
Input-Input I!.! 0.005 jJA RHS45%, 4 
Insulation t = 5s, 
Leakage Current Vi.! = 500 Vdc 
Resistance R!.! 1011 Q 4 
(Input-Input) 
Capacitance C!.! HCPL-2530/ 0.03 pF f= 1 MHz 4 
(Input-Input) 2531/4534 

HCPL-0530/ 0:25 
0531/0534 

·All typlcals at TA = 25OC. 
··The Input·Output Momentary Withstand Voltage Is a dielectric voltage rating that should not be interpreted as an Input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), 
your equipment level safety specification or HP Application Note 1074 entitled ·Optocoupler Input-Output Endurance Voltage,' 
publication number 5963·2203E. 
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Notes: 
1. Each channel. 
2. CURRENT TRANSFER RATIO is 

defined as the ratio of output 
collector current, 10 , to the fOlWard 
LED input current, IF' times 100%. 

3. Device considered a two-terminal 
device: pins 1, 2, 3, and 4 shorted 
together and pins 5, 6, 7, and S 
shorted together. 

4. Measured between pins 1 and 2 
shorted together, and pins 3 and 4 
shorted together. 

5. Common mode transient immunity in 
a Logic High level is the maximum 
tolerable (positive) dVc~dt on the 
rising edge of the common mode 
pulse, VCM, to assure that the output 
will remain in a Logic High state (i.e., 

10 
TA=2S'C --- 40mA 
Vee =5.0V_ --- --- 35mA 

" --- I I , --- ___ 30mA 
',' --- - I I .... --
l 

21
5mf 

!-" 
20mA 

I I 
15mA 
I I 

10mA 

~ 
I 

ffi 
II: 
II: a 5 

I 
I 

9 IFI=5ImA 
o o 10 

Vo - OUTPUT VOLTAGE - V 

Figure 1. DC and Pulsed Transfer 
Characteristics. 

20 

Vo > 2.0 V). Common mode transient 
immunity in a Logic Low level is the 
maximum tolerable (negative) 
d'bM/dt on the falling edge of the 
common mode pulse signal, VCM, to 
assure that the output will remain in a 
Logic Low state (i.e., Vo < O.S V). 

6. The 1.9 kO load represents 1 TTL 
unit load of 1.6 rnA and the 5.6 kO 
pull-up resistor. 

7. The 4.1 kO load represents 1 LSTTL 
unit load of 0.36 rnA and the 6.1 kO 
pull-up resistor. 

S. The frequency at which the ac output 
voltage is 3 dB below the low 
frequency asymptote. 

9. Use of a O.ll!F bypass capacitor 
connected between pins 5 and S is 
recommended. 

~ 1.5 

II: 

~ 
g 1.0 

i 
II: a 0.5 
c 

! 
~ z 

0.1 
o 

- - - - HCPL·253010530 
-- HCPL-253110531/453410534 

~ 

,( 
... 

NORMALIZED 
IF=16mA 
VO= 0.5 V 
Vee =5V 
TA=25'C 

10 

IF -INPUT CURRENT - mA 

100 

Figure 2. Current Transfer Ratio vs. 
Input Current. 

10. In accordance with UL 1577, each 
optocoupler is proof tested by 
applying an insulation test voltage 
<: 3000 V rrns for 1 second (leakage 
detection current limit, Ir-o " 5 l!A). 

11. In accordance with UL 1577, each 
optocoupler is proof tested by 
applying an insulation test voltage 
<: 6000 V rrns for 1 second (leakage 
detection current limit, Ir_o " 5 l!A). 

12. Measured between the LED anode and 
cathode shorted together and pins 5 
through S shorted together. 

13. Derate linearly above 90°C free-air 
temperature at a rate of 3.0 mW/oC 
for the SOIC-S package. 

1000 

C 
E 100 
I ,... 

Z w 10 II: 
II: 
;:) 
CJ 1.0 c 
II: 

i 0.1 

~ 
0.01 I 

.!!-

~ If 
TA=2J,o/ ~ 

13 / 
~ 

/ 
V 

~ 
/ 

V 

1[=/ '" 0.00 
1.1 1.2 1.3 1.4 1.5 1.6 

VF - FORWARD VOLTAGE - VOLTS 

Figure 3. Input Current vs. Forward 
Voltage. 
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Figure 4. Current Transfer Ratio vs. 
Temperature. 
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Figure 7. Small.Slgnal Current Transfer 
Ratio VI. Quiescent Input Current. 
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Bi-Directional 
High Speed Optocouplers 

Preliminary Technical Data 

Features 
• SOIC-8 Package 
• Available in 

Vee Common: HCPL-0560 
GND Common: HCPL-0561 

• High Speed: 1 Mbd 
• TTL Compatible 
• Open Collector Output 
• O"C to 70"C Performance 

Guaranteed 
• Safety Approval 

UL Recognized per UL 1577 for 
2500 Vrms/lmin. 
GSA Approved 

Description 
These bidirectional dual channel 
optocouplers, packaged in the 
industry standard SOIC-B package, 
provide full bidirectional isolated 
communication in a compact, 
surface mount footprint. 

Functional Diagram 
HCPL-0560 

-CH.A 

LEDA 

F/;PW HEWLETT$ 
a.:~ PACKARD 

HCPL-0560 
HCPL-0561 

Each device contains two pairs 
of light emitting diodes and 
integrated photodetectors with 
electrical insulation. Separate 
photodiode bias and collector 
output transistor connections 
reduce the base-collector 
capacitance and increase speed 
by a hundred times over that of 
a conventional photo-transistor 
coupler. 

HCPL-D56l 
-CH.A 

LED 

Applications 
~~a aND 

ONDl VCCA 

• Full Duplex Communication VOA VCC2 
VOA VCC2 

• Data Communication 
Transmit/Receive 

• Bi-directional 
Communication 

SIDE 1 

VCCl Voa 

SIDE 2 
SIDE 1 SIDE 2 

VCCl Voa 

• PLC I/O Interface 
Li~B ~ND ONDa 

• Industrial Standard Data 
Interface: RS232C 

• Industrial Controls 
• Remote/Isolation Sensing 

CH.B~ 

A 0.1 IJF bypass capacitor must be connected between pins 5 and 8. 

CH.B--

CAUTION: It is advised that normal static precautions be taken in handling and assembly of this component 
to prevent damage and/or degradation which may be induced by ESD. 

This data sheet represents the latest information at the time of publication of this catalog. All specifications 
subject to change. Samples available Fall 1996. 
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The HCPL-0560 is in a Vee 
common configuration, with the 
anodes of the LEDs connected 
to Vee. 

The HCPL-0561 is a GND common 
configuration where the two 
isolated grounds are common on 
each side of the optocoupler. 

Selection Guide 

All AC and DC electrical 
parameters are identical for both 
confIgurations. Each has a 
minimum CTR of 15% over 
temperature (0-70"C), and a 
maximum propagation delay of 
1 J.lSec. Minimum common mode 
transient immunity of 1kVJIlS 
is also guaranteed at a V CM of 
10 Vp-p at room temperature. 

Small-Outline SO-8 Data Recommended IF 
Common Bi-Directional Rate On-Current 

Type Channel (baud) (rnA) 

Vee Common HCPL-0560 1M 16 

GNDCommon HCPL-0561 

Ordering Information 
Specify Part Number followed by Option Number (if desired) 

Example 

HCPL-0560#XXX 

Minimum Electrical Equivalent 
CTR 8-pin DIP Single 
(%) Channel 

15 HCPL-4502 

~f---- No Option = 100 per tube. 
L ___ .500 = Tape and Reel Packaging Option, 1000 per reel. 

Option data sheets available. Contact Hewlett-Packard sales representative or authorized distributor 
for information. 

Schematic 

SIDE 1 SIDE 2 SIDE 1 SIDE 2 

~CH.A ~CH.A 

CH.B~ CH.B~ 

HCPL-0560 V CC COMMON HCPL·0561 GND COMMON 
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Preliminary Electrical Specifications 
Over recommended temperature (TA = O"C to 70"C) unless otherwise specified. All typical values at 
TA = 25"C. 

Parameter Symbol Min. Typ. Max:. Units Test Conditions 

Current Transfer Ratio CTR 19 24 55 % TA = 25"C I IF = 16 mA, Vee = 4.E 

15 Vo = 0.5V 

Logic Low Output VOL 0.1 0.5 V TA = 25"C, 10 = 3 mA IF =16 mA 

Voltage 0.5 10= 2.4mA Vee = 4.5V 

Logic High Output Current IoH 0.003 0.5 IlA TA = 25"C, Vee = 5.5 V IF=OmA 

50 Vee = 15V Vo = Open 

Logic Low Supply Current lccL 100 400 IlA IF = 16 rnA, Vo = Open, Vee = 15 V 

Logic High Supply Current IccH 0.05 4 IlA IF = o rnA, Vo = Open, Vee = 15V 

Input Forward Voltage VF 1.5 1.7 V TA = 25"C I IF = 16mA 

1.8 

Input Reverse BVR 5 V IR = 101lA 
Breakdown Voltage 

Temperature Coefficient of !!..Vr/ -1.6 mV/'C IF = 16mA 

Forward Voltage !!..TA 

Input Capacitance em 60 pF f = 1 MHz, VF = 0 V 

Preliminary Switching Specifications (AC) 
Over recommended operating conditions (TA = 0 to 70"C), Vee = 5 V, IF = 16 mA unless otherwise 
specified. All typical values at TA = 25"C. 

Parameter Symbol Min. Typ. Max:. Units Test Conditions 

Propagation Delay Time tpHL 0.2 0.85 f,ls TA = 25"C I RL = 1.9 kO 

to Logic Low at Output 1 

Propagation Delay Time tpLH 0.6 0.85 !lS TA = 25"C I RL = 1.9 kn 

to Logic High at Output 1.0 

Common Mode Transient ICMHI 1 10 kV/fls IF = 0 rnA, TA = 25"C 
hrununi1y' at Logic High RL = 1.9kn, 
Output VCM = 10Vp-p 

Common Mode Transient ICMLi 1 10 kV/fls IF = 16 rnA, TA = 25"C 
hrununi1y' at Logic Low RL = 1.9kn, 
Output VeM = lOVp-p 

Bandwidth BW 3 MHz 
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Low Input Current, High Gain 
Optocouplers 

Technical Data 

Features 
• High Current Transfer Ratio 

- 2000% Typical (4500% 
Typical for HCNW139/l38) 

• Low Input Current 
Requirements - 0.5 mA 

• TTL Compatible Output -
0.1 V VOL Typical 

• Performance Guaranteed 
over Temperature O"{; 
to 70,,{; 

• Base Access Allows Gain 
Bandwidth Adjustment 

• High Output Current -
60mA 

• Safety Approval 
UL Recognized - 2500 V rms ' 

for 1 Minute and 5000 V rms* 
for 1 Minute per UL 1577 

CSA Approved 
VDE 0884 Approved with 

_ ~ORM = 1414 V peak for 
HCNW139 and HCNW138 

BSI Certified (HCNW139 and 
HCNW138) 

• Available in 8-Pin DIP or 
SOIC-8 Footprint or 
Widebody Package 

• MIL-STD-1772 Version 
Available (HCPL-5700/l) 

Applications 
• Ground Isolate Most Logic 

Families - TTL/TTL, CMOS/ 
TTL, CMOS/CMOS, LSTTL/ 
TTL, CMOSILSTTL 

• Low Input Current Line 
Receiver 

• High Voltage Insulation 
(HCNW139/l38) 

• EIA RS-232C Line Receiver 
• Telephone Ring Detector 
• 117 V ac Line Voltage Status 

Indicator - Low Input Power 
Dissipation 

• Low Power Systems -
Ground Isolation 

Functional Diagram 

r/i~ HEWLETT® 
~~PACKARD 

6N139 
BCPL-0701 
BCNW139 

Description 

6N138 
BCPL-0700 
BCNW138 

These high gain series couplers 
use a Light Emitting Diode and an 
integrated high gain photodetec­
tor to provide extremely high 
current transfer ratio between 
input and output. Separate pins 
for the photodiode and output 
stage result in TTL compatible 
saturation voltages and high 
speed operation. Where desired 
the Vee and Vo terminals may be 
tied together to achieve conven­
tional photodarlington operation. 
A base access terminal allows a 
gain bandwidth adjustment to be 
made. 

*5000 V rms/1 minute rating is for HCNW139/138 and Option 020 (6N139/138) products only. 
A 0.1 !1F bypass capacitor connected between pins 8 and 5 is recommended. 

CAUTION: It is advised that normal static precautions be taken in handling and assembly of this component to 
prevent damage and/or degradation which may be induced by ESD. 
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The 6N139, HCPL-0701, and 
CNW139 are for use in CMOS, 
LSTTL or other low power appli­
cations. A 400% minimum current 
transfer ratio is guaranteed over 
o to 70°C operating range for only 
0.5 rnA of LED current. 

The 6N138, HCPL-0700, and 
HCNW138 are designed for use 
mainly in TTL applications. 
Current Transfer Ratio (CTR) is 
300% minimum over 0 to 70°C 
for an LED current of 1.6 rnA 

Selection Guide 

8-Pin DIP 

(1 TTL Unit load). A 300% 
minimum CTR enables operation 
with 1 TTL Load using a 2.2 kn 
pull-up resistor. 

Selection for lower input current 
down to 250 IJ.A is available upon 
request. 

The HCPL-0701 and HCPL-0700 
are surface mount devices 
packaged in an industry standard 
SOIC-8 footprint. 

Widebody 
Package 

(300 Mil) Small Outline SO-8 (400 mil) 
Dual Single Dual Minimum 

Single Channel Channel Channel Single Input ON 
Channel Package Package Package Channel Current 
Package HCPL- HCPL- HCPL- Package (IF) 

6N139 2731[1[ 0701 0731 HCNW139 0.5mA 

6N138 2730[1[ 0700 0730 HCNW138 1.6mA 

HCPL-4701[1] 4731[1] 070A[I] 073A[I] 40 !JA 
0.5mA 

Note: 
1. Technical data are on separate HP publications. 
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,The SOIC-8 does not require 
"through holes" in a PCB. This 
package ocCupies approXimately 
one-third the footprint area of the 
standard dual-in-line package. 
The lead profile is designed to be 
compatible with standard surface 
mount processes. 

The HCNW139 and HCNW138 
are packaged in a widebody 
encapsulation that provides creep­
age and clearance dimensions 
suitable for safety approval by 
regulatory agencies worldwide. 

Hennetic 
Single and 

Absolute Dual 
Maxi- Channel 

Minimum mum Packages 
CTR Vee, HCPL-

400% 18V 

300% 7V 

800% 18V 

300% 20V 5701[1] 
5700[1] 
5731[1] 
5730[1] 



Ordering Information 
Specify Part Number followed by Option Number (if desired). 

Example: 

6N139#XXX 

1=--020 = 5000 V rms/l Minute UL Rating Option* C 300 = Gull Wing Surface Mount Optiont 
500 = Tape and Reel Packaging Option 

Option data sheets available. Contact your Hewlett-Packard sales representative or authorized distributor for 
information. 

'For 6N139 and 6N138 only. 
tGuli wing surface mount option applies to through hole parts only. 

Schematic 

I 

2 IF I 
ANODEQ--- I + I 

).:; 
VF 1"" 

CATHODE - ! 
3 I 

I 
I 
I 
I 

Vce 
8 

~6 
~-=:::""-oVo 

5 
/'-----'l'-----<'----<> GND 

SHIELD t 
! 

IB 
7 

VB 
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Package Outline Drawings 
8-Pin DIP Package (6N139/6N138)** 

TVPENUMBER __ ~~~~~~~~ OPTION CODE' 

DATE CODE 

1.080 ,. 0.320_ 
(0.043 ,. 0.013) 

UL 
4 RECOGNITION 

~1.78 (0.070) MAX. 

m-' 4.70 (0.185) MAX. 

, , tt O.ll (0.020) MIN. 
2.92 (0.115) MIN. 
~ 

1- I-I t'l- 0.65 (0.025) MAX. 

--I 2.54 ,. 0.25 
(0.100 ,. 0.010) 

_~ 7.62,.0.25i 
(0.300 ,. 0.010) 

6.35,. 0.25 
(0.250 ,. 0.010) 

~ l- 0.254 + 0.076 
·0.051 

(0.010: g;:/ 

DIMENSIONS IN MILLIMETERS AND (INCHES). 

'MARKING CODE LETTER FOR OPTION NUMBERS 
"L" = OPTION 020 

**JEDEC Registered Data. OPTION NUMBERS 300 AND 600 NOT MARKED. 

8-Pin DIP Package with Gull Wing Surface Mount Option 300 (6N139/6N138) 

1·80 

h 9.65,. 0.25 rl 
I P.-i (0.380,. 0.010) ~ I 

8 6 5 I 
6.350,.0.25 

(0.250 ,. 0.010) 

o ~ 

-II-(~:~~) 
1.19 _I I MAX. (0.047) , 
MAX. 

,p.~!I. ~~C;:A"!I.q~. (,=g .. ~ "~~f.EIl!'.I'!C;:.~ ~~l. V) : _II--- 1.016(0.040) , I 1.194(0.047) 

D ---.-----;r-rOO 
D CJ CJ 

-I ~ 
1.194 (0.047) 
1.n8 (0.070) 

F~ -..... 9.906 (0.390) 

D L 0.38: (0.015) 
0.635 (0.025) 

(0.380,. 0.010) 

7.62,.0.25 

~0.300" 0.010~ + 0.076 

(0.010+ 0.003) D:D:ffl~ (0.;65)MAX. 

I
, , 

1.080,.0.320_ ' 

9.65,.0.25 [ 

10.254 ·0.051 

t ·0.002) 

(0.043,.0.013) -t L 
2.54 

(0.100) 
BSC 

~I I O.63hO.25Jl~ I -I ~0.02hO.Ol0) 
0.635 ,. 0.130 12" NOM. 

(0.025 ,. 0.005) 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 



Small Outline SO-8 Package (HCPL-0701/HCPL-0700) 

---r 
n~"-II.L.....I::I....-'" 5.842 ~ 0.203 

xxx (0.238 ~ 0.008) 

3.937 ~ 0.127 YWW TYPE NUMBER 
(0.155 ~ o.oUOS) 0 (LAST 3 DIGITS) 

DATE CODE 

0.381 ~ 0.076 -I I-­
(0.016 ~ 0.003) 1.-1.270 BSG 

(0.050) 

~ 5.080 ~ 0.127 ::1 
1 II (0.200 ~ 0.005)""\1 

(0.125~0.005) IT 1.524 0.228 ~ 0.025 
S(0.009 ~ 0.001) 

3.175~0.127 00 
U '-1<0.060) 

j L o.Co.o:r 
. I (0.006 ., 0.002) 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 

8-Pin Widebody DIP Package (HCNW139/HCNW138) 

2.54 (0.100) 
TYP. 

1.78~0.15 __ 
(0.070 ± 0.006) 

o 

_ 11.15~0.15 
(0.442 ~ 0.006) 

HP 
HCNWXXXX 

VYWW 

TYPE NUMBER 

DATE CODE 

t 3.10 (0.122) 
~.90(0.154) 

L 0.40 (0.016) 
0.56 (0.022) 

0.305 
(0.012) MIN. 

f 

__ 9.oo~0.15 r(~~~)MAX'g 
(0.354 ± O.006)~ 

10.16 (0.400) 
TYP. 

0.51 (0.021) MIN. 

DIMENSIONS IN MILLIMETERS (INCHES). 
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8-Pin Widebody DIP Package with Gull Wing Surface Mount Option 300 (HCNW139IHCNW138) 

h 11.16 .. 0.15 rl 
1 Po, (0.442 .. O.006)m 1 

1.7S .. 0.15 __ 

I 
8.00 .. 0.16 

(0.354 .. 0.006) 

o ~ 

-I r 1.55 (0.061) 
MAX. 

~Ik 
(o.iSS)MAX. 

~ 
I I 

.PAD L.0CATl0ti (FOR. REFERENCE ONLY) 

DODD 

12.30 .. 0.30 o (0.484 .. 0.012) 

DDDD~ 
-1)-- 0.9 

, (0.051) (0.036) 
!...----------------------------------------------------: 

(0.070 .. 0.006) .. I r- L 
~ 2.64 

D ~ 1.00 .. 0.16 
0.76 .. 0.25 (0.039 .. 0.006) 

0.264.+ O~~~~ 
(0.100) 

BSC 

(0.030.. 0.010) 

DIMENSIONS IN MILLIMETERS (INCHES). 

+0.003) 
(0.010. 0.002) 

LEAD COPLANARITY ~ 0.10 mm (0.004 INCHES). 

Solder Reflow Temperature Profile (HCPL-07XX and Gull Wing Surface Mount 
Option 300 Parts) 

280 
240 
220 
200 

!J 180 
.1. 180 
II: 140 i 120 
w 100 
A. so 
m 80 

40 
20 

o 

~. 
F 

F 

I ./ 

.l.T • 116'C 0.3'ClSEC ~ 
I ,-
• ~ "7 

'L' 
/rJ 

fIle-- AT- 100'C, 1.6'ClSEC 

I 
1;1 I I 

a 466 7 

TIME - MINUTES 

" I I 

" .l.T s 146'C, l'ClSEC 

'\. 

I" .. 

9 10 11 12 

Note: Use of nonchlorine activated fluxes is highly recommended. 
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Regulatory Information 
The 6NI39/138, HCNWI39/138, 
and HCPL-0701/0700 have been 
approved by the following 
organizations: 

UL 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

C8A 
Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

VDE 
Approved according to VDE 0884/ 
06.92 (HCNWI39/138 only). 

D8I 
Certification according to 
BS415:1994, 
(BS EN60065:1994); 
BS EN60950:1992 
(BS7002:1992) and 
EN41003:1993 for Class II 
applications (HCNWI39/ 
HCNW138 only.) 

Insulation and Safety Related Specifications 
8-PinDIP Widebody 
(300 Mil) 80-8 (400 Mil) 

Parameter Symbol Value Value Value Units Conditions 
Minimum External L(101) 7.1 4.9 9.6 mm Measured from input terminals 
Air Gap (External to output terminals, shortest 
Clearance) distance through air. 
Minimum External L(102) 7.4 4.8 10.0 mm Measured from input terminals 
Tracking (External to output terminals, shortest 
Creepage) distance path along body. 
Minimum Internal 0.08 0.08 1.0 mm Through insulation distance, 
Plastic Gap conductor to conductor, usually 
(Internal Clearance) the direct distance between the 

photoemitter and photodetector 
inside the optocoupler cavity. 

Minimum Internal NA NA 4.0 mm Measured from input terminals 
Tracking (Internal to output terminals, along 
Creepage) internal cavity. 
Tracking Resistance CTl 200 200 200 Volts DIN LEC 112/VDE 0303 Part 1 
(Comparative 
Tracking Index) 
Isolation Group rna IlIa rna Material Group 

(DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 
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VDE 0884 Insulation Related Characteristics (HCNW139 and HCNW138) 
Description Symbol Characteristic Units 

Installation Classification per DIN VDE 0110/1.89, Table 1 
for rated mains voltage S ~OO V rms I-IV 
for rated mains voltage S 1000 V rms I-III 

Climatic Classification 55/100/21 
Pollution Degree (DIN VDE 0110/1.89) 2 
Maximum Working Insulation Voltage VIORM 1414 V peRk 

Input to Output Test Voltage, Method b* 
VPR = 1.875 X VIORM, 100% Production Test with tp = 1 sec, VPR 2652 V peak 

Partial Discharge < 5 pC 
Input to Output Test Voltage, Method a* 

VPR = 1.5 X VroRM, Type and Sample Test, VPR 2121 V peak 

tp = 60 sec, Partial Discharge < 5 pC 
Highest Allowable Overvoitage* 
(TranSient Overvoltage, tun = 10 sec) VrOTM 8000 V peak 

Safety Limiting Values 
(Maximum values allowed in the event of a failure, 
also see Figure 11, Thermal Derating curve.) 

Case Temperature Ts 175 "C 
Current (Input Current IF, Ps = 0) IS,INPUT 400 rnA 
Output Power PS,OUTPUT 700 mW 

Insulation Resistance at Ts, VIO = 500 V Rs > 109 n 
°Refer to the front of the optocoupler section of the current catalog, under Product Safety Regulations section, (VDE 0884) for a 
detailed descrtption. 
Note: Isolation characteristics are guaranteed only within the safety maximum ratings which must be ensured by protective circuits in 
application. 
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Absolute Maximum Ratings* (No Derating Required up to 85°C) 

Parameter 
Storage Temperature 
Operating Temperature** 
Average Forward Input Current 
Peak Forward Input Current 

(50% Duty Cycle, 1 ms Pulse Width) 
Peak Transient Input Current 

« 1 /.lS Pulse Width, 300 pps) 
Reverse Input Voltage 

I HCNW139/138 
Input Power Dissipation 
Output Current (Pin 6) 
Emitter Base Reverse Voltage (Pin 5-7) 

Supply Voltage and Output Voltage 
(6NI39, HCPL-0701, HCNWI39) 
Supply Voltage and Output Voltage 
(6NI38, HCPL-0700, HCNWI38) 

Output Power Dissipation 
Total Power Dissipation 
Lead Solder Temperature (for Through Hole Devices) 

1 HCNW1391138 
Reflow Temperature Profile 
(for SOIC-8 and Option #300) 

*JEDEC Registered Data for 6N139 and 6N138. 
"O°C to 70°C on JEDEC Registration. 

Recommended Operating Conditions 

Symbol Min. Max. Units 
Ts -55 125 °C 

TA -40 85 °C 

IF(AVG) 20 rnA 

IFPK 40 rnA 

IF(TRAN) 1.0 A 

VR 5 V 
3 V 

PI 35 mW 

10 60 rnA 

VEB 0.5 V 

Vee -0.5 18 V 

Vee -0.5 7 V 

Po 100 mW 

PT 135 mW 

260°C for 10 sec., 1.6 mm below seating plane 
2600C for 10 sec., up to seating plane 

See Package Outline Drawings section 

Parameter Symbol Min. Max. Units 
Power Supply Voltage Vee 4.5 18 V 
Forward Input Current (ON) IF(oN) 0.5 12.0 rnA. 

Forward Input Voltage (OFF) VF(OFF) 0 0.8 V 
Operating Temperature TA 0 70 OC 
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Electrical Specifications 
O°C S TA S 70°C, 4.5 V S Vee S 18 V, 0.5 rnA S IF(ON) S 12 rnA, 0 V S VF(OFF) S 0.8 V, unless otherwise 
specified. All Typicals at TA = 25°C. See Note 7. 

Parameter Sym. Device Min. I Typ ....... Max. Units Test Conditions Fill. 
Current Transfer CTR 6N139 400* 2000 5000 % IF - 0.5 rnA Vee- 4.5 2,3 
Ratio HCPL-0701 Vo = 0.4 V 

HCNW139 400 4500 
6N139 500* 1600 2600 IF = 1.6 rnA 

HCPL-0701 
HCNW139 500 3000 

300 1600 IF = 5.0 rnA 
200 850 IF - 12 rnA 

6N138 300'" 1600 2600 IF - 1.6 rnA 
HCPL-0700 
HCNW138 1500 

Logic Low Output VOL 6N139 0.1 0.4 V IF = 0.5 rnA, Vee- 4.5 1 
Voltage HCPL-0701 10 = 2 rnA 

HCNW139 
IF - 1.6 rnA, 
10 = 8 rnA 
IF = 5.0 rnA, 

I~ 
~ = 15 rnA 
IF = 12 rnA, 

1""""Q.l 
~ = 24 rnA 

6N138 IF = 1.6 rnA, 
HCPL-0700 10 = 4.8 rnA 
HCNW138 

Logic High IoH 6N139 0.05 100 ~ Vo =Vee= 18V IF= o rnA 
Output Current HCPL-0701 

HCNW139 
6N138 0.1 250 Vo=Vee= 7V 

HCPL-0700 
HCNW138 

Logic Low Supply leeL 6N138/139 0.4 1.5 rnA IF = 1.6 rnA, Vo = Open, 10 
Current HCPL-070l/ Vee = 18V 

0700 
HCNW139 0.5 2 
HCNW138 

Logic High leeH 6N138/139 0.01 10 ~ IF = 0 rnA, Vo = Open, 
Supply Current HCPL-070l/ Vee = 18V 

0700 
HCNW139 1 
HCNW138 

Input Forward VF 6N138 1.25 1.40 1.7010 V TA = 25°C I IF = 1.6 rnA 4,8 
Voltage 6N139 f--- 1:75 HCPL-0701 

HCPL-0700 
HCNW139 1.0 1.45 1.85 TA = 25°C I 
HCNW138 

10.95 11.95 
Input Reverse BVR 5.0* V IR = 10 uA. TA = 25°C 
Breakdown HCNW139 3.0 IR - 100 ~, TA = 25°C 
Voltage HCNW138 
Temperature ~ -1.8 mV/oC IF = 1.6 rnA 8 
Coefficient of ~A 
Forward VoltaJ:!e 
Input CIN ~ pF f= 1MHz,VF=OV 
Capacitance HCNW139 90 

HCNW138 
°JEDEC Registered Data for 6N139 and 6N138. 
··All typical values at TA = 25'e and Vee = 5 V, unless otherwise noted. 
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Switching Specifications (AC) 
Over recommended operating conditions (TA = 0 to 70°C), Vcc = 5 V, unless otherwise specified. 

Parameter Sym. Device Min. Typ.** Max. Units Test Conditions Fig. Note 
Propagation Delay tPHL 6N139 5 25* JlS TA = 25°C I 5,6, 2,4 
Time to Logic Low at HCPL-0701 3() IF = 0.5 rnA, 7,9, 
Output HCNW139 Rl = 4.7kn 12 

6N139 0.2 1* JlS TA = 25°C I 
HCPL-0701 ---"2 IF = 12 rnA, 

Rl = 2700 
HCNW139 IT 

6N138 1.6 10* Ils TA = 25°C I 
HCPL-0700 IF = 1.6 rnA, 
HCNW138 15 RI = 2.2 kO 
HCNW138 --u-

Propagation Delay tpLH 6N139 18 60* JlS TA = 25°C I 5,6, 2,4 
Time to Logic High HCPL-0701 90- IF = 0.5 rnA, 7,9, 
at Output HCNW139 Rl = 4.7 kO 12 

HCNW139 115 
6N139 2 7* JlS TA - 25°C I 

HCPL-0701 10 IF = 12 rnA, 
HCNW139 Rl = 2700 -
HCNW139 1.1 

6N138 10 35* JlS TA = 25°C I 
HCPL-0700 IF = 1.6 rnA, 
HCNW138 RI = 2.2 kO 

6N138 ---w 
HCPL·0700 
HCNW139 ---w-

Common Mode ICMHI 1000 10000 V/JlS IF = 0 rnA, 13 5,6 
Transient Immunity TA = 25°C 
at Logic High Output Rl = 2.2 kn 

IVCMI = 10 Vp-p 
Common Mode ICMLI 1000 10000 Vllls IF = 1.6 rnA, 13 5,6 
Transient Immunity TA = 25°C 
at Logic Low Output Rl = 2.2 kO 

IVCMI = 10Vp-p 

*JEDEC Registered Data for 6N139 and 6N138. 
··All typical values at TA = 25"0 and Vee = 5 V, unless otherwise noted. 
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Package Characteristics 
Parameter Sym. Min. Typ.** Max. Units Test Conditions Fig. Note 

Input-Output Momentary VISO 2500 Vnns RH < 50%, t = 1 min., 3,8 
Withstand Voltaget TA = 25"C 

Option 020 5000 3,9 
HCNW139 
HCNW138 

Resistance (Input-Output) R1-o 1012 Q V1-o = 500 Vdc 3 
RH < 45% 

Capacitance (Input-Output) ~.o 0.6 pF f= 1 MHz 3 

"All typicals at TA = 25°C, unless otherwise noted. 
tThe Input·Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), 
your equipment level safety specification or HP Application Note 1074 entitled ·Optocoupler Input·Output Endurance Voltage." 

Notes: 
1. DC CURRENT TRANSFER RATIO 

(CTR) is defined as the ratio of output 
collector current, 10' to the forward 
LED input current, IF' times 100%. 

2. Pin 7 Open. 
3. Device considered a two·terminal 

device. Pins 1, 2, 3, and 4 shorted 
together and Pins 5, 6, 7, and 8 shorted 
together. 

4. Use of a resistor between pin 5 and 7 
will decrease gain and delay time. 
Significant reduction in overall gain can 
occur when using resistor values below 
47 kn. For more information, please 
contact your local HP Components 
representative. 

5. Common mode transient immunity in a 
Logic High level is the maximum toler-
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able (positive) dVcM/dt of the common 
mode pulse, VCM' to assure that the 
output will remain in a Logic High state 
(i.e., Va > 2.0 V). Common mode 
transient immunity in a Logic Low level 
is the maximum tolerable (negative) 
dVcM/dt of the common mode pulse, 
VCM, to assure that the output will . 
remain in a Logic Low state (i.e., 
Va < 0.8V). 

6. In applications where dV/dt may exceed 
50,000 V/IIS (such as static discharge) a 
series resistor, Rcc, should be included 
to protect the detector IC from 
destructively high surge currents. The 
recommended value is Ree = 220 n. 

7. Use of a 0.1 ~ bypass capacitor 
connected between pins 8 and 5 
ruljacent to the device is recommended. 

8. In accordance with UL 1577, each 
optocoupler is proof tested by applying 
an insulation test voltage 3000 V rms 
for 1 second (leakage detection current 
limit, 11_0 < 5 !1A). This test is per· 
formed before the 100% production test 
shown in the VDE 0884 Insulation 
Related Characteristics Table, if 
applicable. 

9. In accordance with UL 1577, each 
optocoupler is proof tested by applying 
an insulation test voltage > 6000 V rms 
for 1 second (leakage detection current 
limit, 11-0 < 5 !1A). This test is per· 
formed before the 100% production test 
for partial discharge (method b) shown 
in the VDE 0884 Insulation Related 
Characteristics Table, if applicable. 
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Figure 13. Test Circuit for Transient Immunity and Typical Waveforms. 

RCC (SEE NOTE 6) 
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Very Low Power Consumption 
High Gain Optocouplers 

Technical Data 

Features 
• Ultra Low Input Current 

Capability - 40 J.IA 
• Specified for 3 V Operation 

Typical Power Consumption: 
<lmW 

Input Power: <50 IlW 
Output Power: <500 IlW 

• Will Operate with Vee as 
Low as 1.6 V 

• High Current Transfer 
Ratio - 3500% at IF = 40 J.IA 

• TTL and CMOS Compatible 
Output 

• Specified AC and DC 
Performance over 
Temperature: ODC to 70DC 

• Safety Approval 
UL Recognized - 2500 V rms 

for 1 Minute and 
5000 V rms* for 1 minute per 
UL1577 

CSA Approved 
VDE 0884 Approved with 

VIORM = 630 V peak 

(Option 060) for HCPL-4701 
• 8-Pin Product Compatible 

with 6N138/6N139 and 
HCPL-2730/HCPL-2731 

• Available in 8-Pin DIP and 
SOIC-8 Footprint 

• Through Hole and Surface 
Mount Assembly Available 

Applications 
• Battery Operated 

Applications 
• ISDN Telephone Interface 
• Ground Isolation between 

Logic Families - TTL, 
LSTTL, CMOS, HCMOS, 
HL-CMOS, LV-HCMOS 

• Low Input Current Line 
Receiver 

Functional Diagram 

HCPL-47011070A 

*5000 V rms/1 Minute rating is for Option 020 (HCPL-4701 and HCPL-4731) products only. 
A 0.1 ).IF bypass capacitor connected between pins 8 and 5 is recommended. 

FliiJI HEWLETT'" a:r... PACKARD 

HCPL-4701 
HCPL-4731 
HCPL-070A 
HCPL-073A· 

• EIA RS-232C Line Receiver 
• Telephone Ring Detector 
• AC Line Voltage Status 

Indicator - Low Input Power 
Dissipation 

• Low Power Systems -
Ground Isolation 

• Portable System I/O 
Interface 

HCPL-47311073A 

CAUTION: It is advised that normal static precauticYns be taken in luLndling and assembly ojthis component to 
prevent damage and,tbr degradation which may be induced by ESD. 
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Description 
These devices are very low power 
consumption, high gain single 
and dual channel optocouplers. 
The HCPL-4701 represents the 
single channelS-Pin DIP configu­
ration and is pin compatible with 
the industry standard 6N139. The 
HCPL-4731 represents the dual 
channelS-Pin DIP configuration 
and is pin compatible with the 
popular standard HCPL-2731. 
The HCPL-070A and HCPL-073A 
are the equivalent single and dual 
channel products in an SO-8 
footprint. Each channel can be 
driven with an input current as 
low as 40 iJA and has a typical 
current transfer ratio of 3500%. 

Selection Guide 

8-PinDIP 

These high gain couplers use an 
AlGaAs LED and an integrated 
high gain photodetector to 
provide an extremely high 
current transfer ratio between 
input and output. Separate pins 
for the photodiode and output 
stage results in TTL compatible 
saturation voltages and high 
speed operation. Where desired, 
the Vee and Vo terminals may be 
tied together to achieve conven­
tional Darlington operation 
(single channel package only). 

These devices are designed for 
use in CMOS, LS'ITL or other low 
power applications. They are 

Widebody 
Package 

(300 Mil) Small Outline SO-8 (400 mil) 
Dual Single Dual Minimum 

Single Channel Channel Channel Single Input ON 
Cbannel Package Package Package Channel Current 
Package HCPL- HCPL- HCPL- Package (IF) 

6NI39[1[ 2731[1) 0701[1) 0731[1) HCNWI39[I) 0.5mA 

6N138[I) 2730[1) 0700[1) 0730[1) HCNWI38[I) 1.6mA 

HCPL-4701 4731 070A 0730A 40 !lA 
0.5mA 

Notes: 
1. Technical data are on separate HP publication. 

Ordering Information 
Specify Part Number followed by Option Number (if desired). 

Example: 

HCPL-4701#XXX 

especially well suited for ISDN 
telephone interface and battery 
operated applications due to the 
low power consumption. A 700% 
minimum current transfer ratio is 
guaranteed from O°C to 70°C 
operating temperature range at 
40 iJA of LED current and 
Vcc~ 3V. 

The SO-8 does not require 
"through holes" in a PCB. This 
package occupies approximately 
one-third the footprint area of the 
standard dual-in-line package. 
The lead profile is designed to be 
compatible with standard surface 
mount processes. 

Hermetic 
Single and 

Absolute Dual 
Maxi- Channel 

Minimum mum Packages 
CTR Vee HCPL-

400% 18V 

300% 7V 

800% 18V 

300% 20V 5701[1) 
5700[1) 
5731[1) 
5730[1) 

~ 020 = 5000 V rms/l minute UL Rating Option. ** 
060 = VDE OSS4 VIORM = 630 V peak Optiont 
300 = Gull Wing Surface Mount Option. * 
500 = Tape and Reel Packaging Option. 

'Gull wing surface mount option applies to through hole parts only. 
"For HCPL-4701 and HCPL-4731 (8-Pin DIP products) only. 
tFor HCPL-4701 only. Combination of Option 020 and Option 060 is not available. 

Option data sheets available. Contact your Hewlett-Packard sales representative or authorized distributor for 
information. 
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Schematic 
HCPL-4701 and HCPL-070A 

2 IF , 

ANODEQ~ , + , 
A!:: 

vF 1'" 
- , 

CATHODE , 
3 , 

Vee 
8 

* lec 

10 6 
~-=-='---<> Vo 

SHIELD I 

, , , , , , , , 
5 

'--------....... ---0 GND 

HCPL-4731 and HCPL-073A 

_ICC 
r-'--~~--~-------08 Vcc 

2 
~1 

/""-----<l VOl 
7 

3 

~~1 J, 
4 1F2 ____ : 

~2 
r---+-'=::--06 Voz 
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, 
L---------+--~--_OGND 

\ SHIELD 5 

USE OF A 0.1 IIF BYPASS CAPACITOR CONNECTED 
BETWEEN PINS 5 AND 81S RECOMMENDED (SEE NOTE 8) 



Package Outline Drawings 
8-Pin DIP Package (HCPL-4701, HCPL-4731) 

rr ~' 9.65 ± 0.25 ~I 
'(0.380 ± 0.010) 

TYPENUMBER __ ~~ .. ~~~~, 

HPXXXXZ 

YYWW 

OPTION CODE' 

DATECOOE 

7.62±0.25~ (0.300 ± 0.010) 

6.35 ± 0.25 
(0.250 ± 0.010) 

II + 0.076 
-.\ - 0.254 _ 0.051 

4.70 (0.185) MAX. ww------. (0.010~~=l 

.. tt OJI (0.020) MIN. 
2.92 (0.115) MIN. 

1.080 ± 0.320 1 ___ 1--1 t' 1_ O.~AX. 
(0.043 ± 0.013) --I 2.54 ± 0.25 

DIMENSIONS IN MILLIMETERS AND (INCHES). 

'MARKING CODE LETTER FOR OPTION NUMBERS 
"L" = OPTION 020 
"V" = OPTION 060 

(0.100 ± 0.010) OPTION NUMBERS 300 AND SOO NOT MARKED. 

8-Pin DIP Package with Gull Wing Surface Mount Option 300 (HCPL-4701, HCPL-4731) 

~O~~; ~:~~o)--I 
8 7 5 I 

6.3SO ± 0.25 
(0.2SO ± 0.010) 

a ~ 

-I 1-(~:~~) 1.19 _11_ MAX. 
(0.047) 
MAX. 

UiJf3IJj~ (0.165)MAX. 

~ 

PAD~ L~c;:",nON~ (~~~RREF~EII~t!C;:E ~t!h ~l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~, _I f.- 1.016 (0.040) I 1.194(0.047) 

o --,---.-

9.398 (0.370) 

1.194 (O.04D 

.~~~. -."" 
o L 0.38: (0.015) 

0.635 (0.025) 

:~ ~ ~~ ~ ~ ~ 1:??8~ (~.~70)~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

I~ 9.65", 0.25 H l (0.380 ± 0.010) 

~ 7.62'" 0.25 ~ 
(0.300 '" 0.010) + 0.076 10.254 - 0.051 

(0 010+ 0.003) + . .0.002) 

I I I 

1.080 ± 0.320 _ ' 

(0.043% 0.013) ::'.t L 
2.54 

(0.100) 
BSC 

~ h 0.635 '" 0.25 \ -, I -- (0.025 '" 0.010) 
0.635±0.13O __ 12° NOM. 

(0.025 ± 0.005) 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 
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Small-Outline SO-8 Package (HCPL-070A,HCPL-073A) 

-----r n,....--'''''-....... --''''''' 5.842 ~ 0.203 
XXX (0.236 ~ 0.008) 

3.937 ~ 0.127 YWW TYPE NUMBER 
(O.155~0·OO5LJ) 0 (LAST 3 DIGITS) 

DATE CODE 

0.381 ~ 0.076 ~I I-- I 
(0.01 h 0.003) --I I--- 1.270 BSG 

(0.050) 

15.080~0.1271 
nr(O.200 '" 0.005)""\1 

3.175",0.127 urn 
(0.125 ~ 0.005) IT 1.524 U ~O.060) 

0.228 ~ 0.025 
I(o.009 ~ 0.001) 

t J1 I 0.152 ~ 0.051 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 

Solder Reflow Temperature ProiIJ.e 

260 
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Figure 1. Solder Reflow Thermal Profile (HCPL-070A, HCPL-073A, and Gull Wing 
Surface Mount Option 300 Parts); 
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Regulatory Infonnation 
The HCPL-470l/4731 and HCPL-
070N073A have been approved 
by the following organizations: 

UL 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

CSA 
Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

VDE 
Approved according to VDE 
0884/06.92 (Option 060 only). 

Insulation Related Specifications 
8-Pin DIP 
(300 Mil) SO-8 

Parameter . Symbol Value Value Units Conditions 
Minimum External Air L(101) 7.1 4.9 mm Measured from input terminals to 
Gap (External output terminals, shortest distance 
Clearance) through air. 
Minimum External L(102) 7.4 4.8 mm Measured from input terminals to 
Tracking (External output terminals, shortest distance 
Creepage) path along body. 
Minimum Internal Plastic 0.08 0.08 mm Through insulation distance, conductor 
Gap (Internal Clearance) to conductor, usually the direct 

distance between the photoemitter and 
photodetector inside the optocoupler 
cavity. 

Tracking Resistance CTI 200 200 Volts DIN IEC 112/ VDE 0303 Part 1 
(Comparative Tracking 
Index) 
Isolation Group IlIa IlIa Material Group DIN VDE 0110, 

1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 
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VDE 0884 Insulation Related Characteristics (HCPL-4701 OPTION 060 ONLy) 

Description Symbol Characteristic Units 

Installation classification per DIN VDE 0110/1.89, Table 1 
for rated mains voltage S; 300 V rms I-IV 

for rated mains voltage S; 450 V rms I-m 

Climatic Classification 55/85/21 

Pollution Degree (DIN VDE 0110/1.89) 2 

Maximum Working Insulation Voltage VIORM 630 V peak 

Input to Output Test Voltage, Method b* 
VIORM x 1.87 = VpR, 100% Production Test with t.n = 1 sec, VPR 1181 V peak 

Partial Discharge < 5 pC 

Input to Output Test Voltage, Method a* 
VIORM x 1.5 = VPR, Type and sample test, VPR 945 V peak 

tm = 60 sec, Partial Discharge < 5 pC 

Highest Allowable Overvoltage* 
(Transient Overvoltage, 11ni = 10 sec) VIOTM 6000 V peak 

Safety Limiting Values 
(Maximum values allowed in the event of a failure, 
also see Figure 16, Thermal Derating curve.) 

Case Temperature Ts 175 °C 
Input Current IS,INPUT 230 rnA 
Output Power PS,OUTPUT 600 mW 

Insulation Resistance at T s, VIO = 500 V Rs >109 Q 

'Refer to the front of the optocoupler section of the current catalog, under Product Safety Regulations section, (VDE 0884) for a 
detailed description. 
Note: Isolation characteristics are guaranteed only within the safety maximum ratings which must be ensured by protective circuits in 
application. 
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Absolute Maximum Ratings 
(No Derating Required up to 70°C) 

Parameter 

Storage Temperature 

Operating Temperature 

Average Forward Input Current (HCPL-4701/4731) 

Average Forward Input Current (HCPL-070N073A) 

Peak Transient Input Current (HCPL-4 70 1/4 731) 
(50% Duty Cycle, 1 ms Pulse Width) 

Peak Transient Input Current (HCPL-070N073A) 
(50% Duty Cycle, 1 ms Pulse Width) 

Reverse Input Voltage 

Input Power Dissipation (Each Channel) 

Output Current (Each Channel) 

Emitter Base Reverse Voltage (HCPL-4701/070A) 

Output Transistor Base Current (HCPL-4701/070A) 

Supply Voltage 

Output Voltage 

Output Power Dissipation (Each Channel) 

Total Power Dissipation (Each Channel) 

Lead Solder Temperature (for Through Hole Devices) 

Reflow Temperature Profile 
(for SOIC-8 and Option #300) 

Recommended Operating Conditions 

Parameter Symbol 
Power Supply Voltage Vee* 
Forward Input Current (ON) IF(oN) 
Forward Input Voltage (OFF) VF(OFF) 
Operating Temperature TA 

'See Note 1. 

Symbol Minimum Maximum Units 

Ts -55 125 °C 

TA -40 85 °C 

IF(AVG) 10 rnA 

IF(AVG) 5 rnA 

IFPK 20 rnA 

IFPK 10 rnA 

VR 2.5 V 

PI 15 mW 

10 60 rnA 

VEB 0.5 V 

IB 5 rnA 

Vee -0.5 18 V 

Vo -0.5 18 V 

Po 100 mW 

PT 115 mW 

260°C for 10 sec., 1.6 mm below seating plane 

See Package Outline Drawings section 

Min. Max. Units 
1.6 18 V 

40 5000 ~ 
0 0.8 V 

0 70 °C 
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Electrical Specifications 
O°C ~ TA ~ 70°C, 4.5 V ~ Vcc ~ 20 V, 1.6 mA ~ IF(ON) ~ 5 mA, 0 V ~ VF(OFF) ~ 0.8 V, unless otherwise 
specified. All Typicals at TA = 25°C. See note 8. 

Device 
Parameter Symbol HCPL- Min. Typ.* Max. Units Test Conditions Fig. 

Current CTR 800 3500 25k % IF = 40 J.IA, Vo = 0.4 V 4,5 
Transfer Vcc = 4.5V 
Ratio 600 3000 8k IF = 0.5mA, 

Vcc = 4.5V 
700 3200 25k IF = 40 IJA 
500 2700 8k IF = 0.5mA 

Logic Low VOL 0.06 0.4 V IF = 40 J.IA, 10 = 280 IJA 2,3 
Output Voltage 0.04 0.4 IF = 0.5 mA, 10 = 2.5 mA 
Logic High IOH 0.01 5 IJA Vo = Vee = 3to 7V, 
Output Current IF=OmA 

0.02 80 Vo = Vcc = 18 V, 
IF = OmA 

Logic Low ICCL 470l/070A 0.02 0.2 mA IF = 401JA Vo = Open 
Supply Current 0.1 1 IF = O.5mA 

4731/073A 0.04 0.4 IF = 40 IJA 
0.2 2.0 IF = 0.5mA 

Logic High IccH 470l/070A <0.01 10 IJA IF=OmA Vo = Open 
Supply Current 4731/073A <0.01 20 
Input Forward VF 1.1 1.25 1.4 V IF = 40 to 500 J.IA, 6 
Voltage 

""0:95 1.5 
TA = 25°C 
IF = 40 to 500 IJA 

Input Reverse BVR 3.0 5.0 V IR = 100 IJA, TA = 25°C 
Breakdown r--
Voltage 2.5 IR = 100 IJA 
Temperature dVF/dTA -2.0 mVtc IF = 40 IJA 
Coefficient of -
Forward Voltage -1.6 IF = O.5mA 

Input Capacitance CIN 18 pF f= 1 MHz, VF = OV 

"All typical values at TA = 25°C and Vee = 5 V; unless otherwise noted. 
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Switching Specifications CAC) 
Over Recommended Operating Conditions TA = oce to 70°C, Vee = 3 V to 18 V, unless otherwise specified. 

Device 
Parameter Symbol HCPL- Min. Typ.'" Max. Units Test Conditions Fig. Note 

Propagation tpHL 65 500 /J.S IF = 40 ~, RL = 11 to 16 ill, 7,9 9, 10 
DelayTiroe Vcc = 3.3 to 5 V 
to Logic Low 3 25 TA = 25°C I IF = 0.5 rnA, 
at Output r-ao- RL = 4.7 ill 

Propagation tpLH 70 500 /J.S IF = 40~, RL = 11 to 16 ill, 7,9 9,10 
DelayTiroe Vcc = 3.3 to 5 V 
to Logic High 34 60 TA = 25°C I IF = 0.5 rnA, 
Output 4701/4731 90 RL = 4.7 kn 

070N073A 130 

Common Mode ICMHI 1,000 10,000 V/J..lS IF = 0 rnA, RL = 4.7 to 11 ill, 8 6, 7 
Transient VCM = 10 Vp_p, 
Immunity at TA = 25°C, 
Logic High 
Output 

Common Mode ICMLi 1,000 10,000 V//J.S IF = 0.5 rnA, RL = 4.7 to 11 kn, 8 6, 7 
Transient !YcMI = 10 Vp-p, 
Immunity at TA = 25°C 
Logic Low 2,000 IF - 40~, RL - 11 to 16 ill, 
Output IVCMI = 10 Vp-p 

Vce = 3.3 to 5 V, TA = 25°C 

'All typical values at TA = 25"C and Vee = 5 V, unless otherwise noted. 

Package Characteristics 

Device 
Parameter Symbol HCPL- Min. Typ.* Max. Units Test Conditions Fig. Note 

Input-Output Momentary VISO 2500 Vrms RH:;;50%, 3,4 
Withstand Voltage"'* t = 1 min., 

I Option020 4701 5000 TA = 25°C 3,4a 
4731 

Resistance RI-O 1012 n Vr-o = 500 VDC 3 
(Input-Output) RH:;;45% 

Capacitance Cr-o 0.6 pF f=lMHz 3 
(Input-Output) 

Insulation Leakage 11_1 4731 0_005 J..LA RH:;; 45%, t = 5 s, 5 
Current (Input-Input) 073A VI-I = 500 VDC 

Resistance (Input-Input) RI_I 1011 n 
Capacitance CI -I 4731 0.03 pF f=lMHz 5 
(Input-Input) 073A 0.25 

'All typical values at TA = 25°C and Vee = 5 V. 
"The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if appli­
cable), your equipment level safety specification or HP Application Note 1074 entitled "Optocoupler Input-Output Endurance 
Voltage." 
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Notes: 
1. Specification information is available 

form the factory for 1.6 V operation. 
·Call your local field sales office for 
further information. 

2. DC CURRENT TRANSFER RATIO is 
defined as the ratio of output 
collector current, 10 , to the forward 
LED input current, IF' times 100%. 

3. Device considered a two terminal 
device: pins 1, 2, 3, and 4 shorted 
together, and pins 5, 6, 7, and 8 
shorted together. 

1 
I 

4. In accordance with UL 1577, each 
optocoupler is proof tested by 
applying an insulation test voltage 
~ 3000 VRMS for 1 second (leakage 
detection current limit, 11•0 S 5 ~. 

4a. In accordance with UL 1577, each 
optocoupler is proof tested by 
applying an insulation test voltage 
~ 6000 VRMS for 1 second (leakage 

2 
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FIgure 2. DC Transfer Characteristics 
(IF = 0.5 rnA to 2.5 rnA). 
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Figure 5. Output Current vs. Input 
Diode Forward Current. 
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detection current limit, 11•0 S 5 J.I.A.. 
This test is performed before the 
100% production test for partial 
discharge (Method b) shown m. the 
VDE 0884 Insulation Characteristics 
Table. 

5. Measured between pins 1 and 2 
shorted together, and pins 3 and 4 
shorted together. 

6. Common transient immunity in a 
Logic High level is the maximum 
tolerable (positive) dVcWdt on the 
leading edge of the common mode 
pulse, YOM' to assure that the output 
will remain in a Logic High state (i.e., 
Vo > 2.0 V). Common transient 
immunity in a Logic Low level is he 
maximum tolerable (negative) 
dVOM/dt on the trailing edge of the 
common mode pulse, YOM' to assure 
that the output will remain in a Logic 
Low state (i.e., Vo < 0.8 V). 

7 TA,,2S'C IIF =250 uA 
6 V C "SV 

V IF = 200 ~A 

S .; IsO uA f--- i-= 

...- I 
II. = 100 uA 

Jso 
y I 

1 
1.0 2.0 

Vo- OUTPUT VOLTAGE-V 

Figure 3. DC Transfer Characteristics 
(IF = 50 ~ to 250 ~). 

100 

1 
I 10 

I 
§ 
(,) 1.0 

I 0 0.1 
IL 
I 

.l!-
0.01 

~ 

TA=25'C !';IE 
If. 

~J / 
i==VF -¥-
F'-

I 

1/ 
0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 

VF - FORWARD VOLTAGE 

Figure 6. Input Diode Forward 
Current VS; Forward Voltage. 

7. In applications where dV /dt may 
exceed 50,000 V/JlS (such as static 
discharge) a selies resistor, Roc, 
should be included to protect the 
detector IC form destructively high 
surge currents. The recommended 
value is Roc = 220 O. 

8. Use of a 0.1 IlF bypass capacitor con­
nected between pins 8 and 5 adjacent 
to the device i~ recommended. 

9. Pin 7 open for single channel product. 
10. Use of resistor between pins 5 and 7 

will decrease gain and delay time. 
Significant reduction in overall gain 
can occur when using resistor values 
below 47 kg for single channel 
product. 

11. The Applications Information section 
of this data sheet references the 
HCPL-47XX part family, but applies 
equally to the HCPL·070A ant! HCPL· 
073Apans. 

o 
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Figure 4. Current Transfer Ratio vs. 
FOl'Ward Current. 
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Figure 7. Propagation Delay vs. 
Temperature. 



VCM 10~-----90% % 

OV 1 1 % 
I, I, 

vO----~~~----------5V 

SWITCHATA: IF=OmA 

Vo ~VOL 
SWITCH AT B: IF = 0.5 mA 

RCC (SEE NOTE 7) 
1-....... w-..:-..--o+5 v 

VCM 

~---+~~-----+~JLr-~----~ 
PULSE GEN. 

220n 

0.1 ~F RL 

Figure 8. Test Circuit for Transient Immunity and Typical Waveforms. 

IF 

O~ 
I 

Vo ' 

(SATURAT:E 
RESPONSE) 

IpHL 

1.5V 

-
Figure 9. Switching Test Circuit. 

Applications Information 
Low-Power Operation 
Current Gain 
There are many applications 
where low-power isolation is 
needed and can be provided by 
the single-channel HCPL-4701, or 
the dual-channel HCPL-4731 low­
power optocouplers. Either or 
both of these two devices are 
referred to in this text as HCPL-
47XX product(s). These opto­
couplers are Hewlett-Packard's 
lowest input current, low-power 
optocouplers. Low-power 
isolation can be defined as less 
than a milliwatt of input power 
needed to operate the LED of an 

PULSE 
GEN. 

Zo=50n 
tr =5n8 

111< 100~. 

IF MONITOR 

1-...-_---0 +5 V 

1--+---+-_-oVo 

• CL IS APPROXIMATELY 15 pF, WHICH INCLUDES 
PROBE AND STRAY WIRING CAPACITANCE. 

optocoupler (generally less than 
500 IJA). This level of input 
forward current conducting 
through the LED can control a 
worst-case total output (100 and 
power supply current (lcel) of two 
and a half milliamperes. Typically, 
the HCPL-47XX can control a 
total output and supply current of 
15 rnA. The output current, 10 is 
determined by the LED forward 
current multiplied by the current 
gain of the optocoupler, 
10 = IF (CTR)/lOO%. In particular 
with the HCPL-47XX opto­
couplers, the LED can be driven 
with a very small IF of 40 IJA to 
control a maximum 10 of 320 IJA 

with a worst case design Current 
Transfer Ratio (CTR) of 800%. 
Typically, the CTR and the 
corresponding lob are 4 times 
larger. For low-power operation, 
Table 1 lists the typical power 
dissipations that occur for both 
the 3.3 Vdc and 5 Vdc 
HCPL-47XX optocoupler applica­
tions. These approximate power 
dissipation values are listed 
respectively for the LED, for the 
output Vee and for the open­
collector output transistor. Those 
values are summed together for a 
comparison of total power dissi­
pation consumed in either the 3.3 
Vdc or 5 Vdc applications. 
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Table 1. Typical HCPL·4701 Power Dissipation for 3 V and I) V Applications 

Power Dissipation Vee = 3.3 Vdc Vee = 5 Vdc 
Q.lW) IF = 40 J.IA IF = 500 J.IA IF = 40 J.IA IF = 500 J.IA 
PLED 50 625 50 625 
PVcc 65 330 100 500 

Po_ell] 20 10 25 20 
PTOTAL[2] 1351!W 9651!W 1751!W 1,1451!W 

Notes: 
1. RL of 11 kO open-collector (o-c) pull-up resistor was used for both 3.3 Vdc and 5 Vdc calculations. 
2. For typical total interface circuit power consumption in 3.3 Vdc application, add to PTOTAL approximately 80 ~W for 40 ~ 

(1,025 ~W for 500 ~) LED current-limiting resistor, and 960 ~W for the 11 kO pull-up resistor power dissipations. Similarly, for 5 
Vdc applications, add to PTOTAL approximately 150 ~W for 40 ~ (1,875 ~W for 500~) LED current-limiting resistor and 2,230 
~ W for the 11 kO pull-up resistor power dissipations. 

Propagation Delay 
When the HCPL-47XX optocoup­
ler is operated under very low 
input and output current condi­
tions, the propagation delay times 
will lengthen. When lower input 
drive current level is used to 
switch the high-efficiency AlGaAs 
LED, the slower the charge and 
discharge time will be for the 
LED. Correspondingly, the propa­
gation delay times will become 
longer as a result. In addition, the 
split-Darlington (open~collector) 
output amplifier needs a larger, 
pull-up load resistance to ensure 
the output current -is within a 
controllable range. Applications 
that are not sensitive to longer 
propagation delay times and that 
are easily served by this HCPL-
47XX optocoupler, typically 65 I!s 
or greater, are those of status 
monitoring of a telephone line, 
power line, battery condition of a 
portable unit, etc. For faster 
HCPL-47XX propagation delay 
times, approximately 30 I!s, this 
optocoupler needs to operate at 
higher IF (~500 !-LA) and Io 
~ 1 rnA) levels. 
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Applications 
Battery-Operated Equipment 
Common applications for the 
HCPL-47XX optocoupler are 
within battery-operated, portable 
equipment, such as test or 
medical instruments, computer 
peripherals and accessories where 
energy conservation is required to 
maximize battery life. In these 
applications, the optocoupler 
would monitor the battery voltage 
and provide an isolated output to 
another electrical system to 
indicate battery status or the need 
to switch to a backup supply or 
begin a safe shutdown of the 
equipment via a communication 
port. In addition, the HCPL-47XX 
optocouplers are specified to 
operate with 3 Vdc CMOS logic 
family of devices to provide logic­
signal isolation between similar or 
different logic circuit families. 

Telephone Line Interfaces 
Applications where theHCPL-
47XX optocoupler would be best 
used are in telephone line inter­
face circuitry for functions of ring 
detection, on-off hook detection, 
line polarity, line presence and 

supplied-power sensing. In 
pa.--ticular, Integrated Services 
Digital Network (ISDN) applica­
tions, as illustrated in Figure 10, 
can severely restrict the input 
power that an optocoupler inter­
face circuit can use (approxi­
mately 3 mW). Figure 10 shows 
three isolated signals that can be 
served by the small input LED 
current of the HCPL-47XX dual­
and single-channel optocouplers. 
Very low, total power dissipation 
occurs with these series of 
devices. 

Switched-Mode Power 
Supplies 
Within Switched-Mode Power 
Supplies (SMPS) the less power 
consumed the better_ Isolation for 
monitoring line power, regulation 
statuS, for use within a feedback 
path between primary and 
secondary circuits or to external 
circuits are common applications 
for optocouplers. Low-power 
HCPL-47XX optocoupler can help 
keep higher energy conversion 
efficiency for the SMPS. The block 
diagram of Figure 11 shows where 
low-power isolation can be used. 



2-WIRE 
ISDN 
LINE 

PRIMARY-SECONDARY 

TELEPHONE LINE 
ISOLATION BARRIER 

l*:;~r--"1-.JI:liL _____ ----I RECEIVE 

..... ---1---1 LINE POLARITY 

..... ---1---1 LINE PRESENCE 

t----~---1----~~~~ TELEPHONE 
LINE 

INTERFACE 
POWER ISOLATION ,--+-----+-'1111,--1 ...... ==-+_--1 SECONDARYI CIRCUIT 

rrE~M~E~R~G~E~N~CYY~lt==~;;~~~~;r EMERGENCY I POWER POWER 

BARRIER 

1----4>---1 Vee 

VAC 
PRIMARY 

Vee-RETURN 

NOTE: THE CIRCUITS SHOWN IN THIS FIGURE REPRESENT POSSIBLE, FUNCTIONAL APPLICATION OF THE HCPL-47XX 
OPTOCOUPLER TO AN ISDN LINE INTERFACE. THIS CIRCUIT ARRANGEMENT DOES NOT GUARANTEE COMPLIANCE, 
CONFORMITY, OR ACCEPTANCE TO AN ISDN, OR OTHER TELECOMMUNICATION STANDARD, OR TO FCC OR TO OTHER 
GOVERNMENTAL REGULATORY AGENCY REQUIREMENTS. THESE CIRCUITS ARE RECOMMENDATIONS THAT MAY MEET 
THE NEEDS OF THESE APPLICATIONS. HEWLETT-PACKARD DOES NOT IMPLY, REPRESENT, NOR GUARANTEE THAT 
THESE CIRCUIT ARRANGEMENTS ARE FREE FROM PATENT INFRINGEMENT. 

Figure 10_ HCPL-47XX Isolated Monitoring Circuits for 2-Wire ISDN Telephone Line. 
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Figure 11. Typical Optical Isolation Used for Power-Loss Indication and Regulation Signal Feedback. 

2 

3 

4 

RECOMMENDED Vee FILTER 

loon 
,---~----~~-+-.----~-V~~~-o Vce 

HCPL-4701 OR HCPL-4731 

Figure 12_ Recommended Power Supply Filter for HCPL-47XX Optocouplers. 
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Data Communication and 
Input/Output Interfaces 
In data communication, the 
HCPL-47XX can be used as a line 
receiver on a RS-232-C line or 
this optocoupler can be part of a 
proprietary data link with low 
input current, multi-drop stations 
along the data path. Also, this 
low-power optocoupler can be 
used within equipment that 
monitors the presence of high­
voltage. For example, a benefit of 
the low input LED current (40 
IJA) helps the input sections of a 
Programmable Logic Controller 
(PLC) monitor proximity and limit 
switches. The PLC I/O sections 
can benefit from low input 
current optocouplers because the 
total input power dissipation 
when monitoring the high voltage 
(120 Vac - 220 Vac) inputs is 
minimized at the I/O connections. 
This is especially important when 
many input channels are stacked 
together. 

Circuit Design Issues 
Power Supply Filtering 
Since the HCPL-47XX is a high­
gain, split-Darlington amplifier, 
any conducted electrical noise on 
the Vee power supply to this 
optocoupler should be minimized. 
A recommended Vee filter circuit 
is shown in Figure 12 to improve 
the power supply rejection (psr) 
of the optocoupler. The fIlter 
should be located near the 
combination of pin 8 and pin 5 to 
provide best fIltering action. This 
filter will drastically limit any 
sudden rate of change of Vee with 
time to a slower rate that cannot 
interfere with the optocoupler. 

Common-Mode Rejection & 
LED Driver Circuits 
With the combination of a high­
efficiency AlGaAs LED and a 
high-gain amplifier in the HCPL-
47XX optocoupler, a few circuit 
techniques can enhance the 
common-mode rejection (CMR) of 
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this optocoupler. First, use good 
high-frequency circuit layout 
practices to minimize coupling of 
common-mode signals between 
input and output circuits. Keep 
input traces away from output 
traces to minimize capacitive 
coupling of interference between 
input and output sections. If 
possible, parallel, or shunt switch 
the LED current as shown in 
Figure 13, rather than series 
switch the LED current as 
illustrated in Figure 15. Not o,nly 
will CMR be enhanced with these 
circuits (Figures 13 and 14), but 
the switching speed of the opto­
coupler will be improved as well. 
This is because in the parallel 
switched case the LED current is 
current-steered into or away from 
the LED, rather than being fully 
turned off as in the series switched 
case. Figure 13 illustrates this 
type of circuit. The Schottky 
diode helps quickly to discharge 
and pre-bias the LED in the off 
state. If a common-mode voltage 
across the optocoupler suddenly 
attempts to iI\iect a current into 
the off LED anode, the Schottky 
diode would divert the interfering 
current to ground. The combina­
tion of the Schottky diode forward 
voltage and the Vol saturation 
voltage of the driver output stage 
(on-condition) will keep the LED 
voltage at or below 0.8 V. This will 
prevent the LED (off-condition) 
from conducting any signifiCant 
forward current that might cause 
the HCPL-47XX to turn on. Also, 
if the driver stage is an active 
totem-pole output, the Schottky 
diode allows the active output 
pull-up section to disconnect from 
the LED and pull high. 

As shown in Figure 14, most 
active output driver integrated 
circuits can source directly the 
forward current needed to operate 
the LED of the HCPL-47XX 
optocoupler. The advantage of 
using the silicon diode in this 
circuit is to conduct charge out of 

the LED quickly when the LED is 
turned off. Upon turn-on of the 
LED, the silicon diodecapaci­
tance will provide a rapid 
charging path (peaking current) 
for the LED. In addition, this 
silicon diode prevents common­
mode current from entering the 
LED anode when the driver IC is 
on and no operating LED current 
exists. 

In general, series switching the low 
input current of the HCPL-47XX 
LED is not recommended. This is 
particularly valid when in a high 
common-mode interference 
environment. However, if series 
switching of the LED current must 
be done, use an additional pull-up 
resistor from the cathode of the 
LED to the input Vee as shown in 
Figure 15. This helps minimize any 
differential-mode current from 
conducting in the LED while the 
LED is off, due to a common-mode 
signal occurring on the input Vee 
(anode) of the LED. The common­
mode signal coupling to the anode 
and cathode could be slightly 
different. This could potentially 
create a LED current to flow that 
would rival the normal, low input 
current needed to operate the 
optocoupler. This additional 
parallel resistor can help shunt any 
leakage current around the LED 
should the drive circuit, in the off 
state, have any significant leakage 
current on the order of 40 J.IA. 
With the use of this parallel 
resistor, the total drive current 
conducted when the LED is on is 
the sum of the parallel resistor and 
LED currents. In the series circuit 
of Figure 15 with the LED off, if a 
common-mode voltage were to 
couple to the LED cathode, there 
can be enough imbalance of 
common-mode voltage across the 
LED to cause a LED current to 
flow and, inadvertently, turn on the 
optocoupler. This series, switching 
circuit has no protection against a 
negative-transition, input common­
mode signal. 



VCCo---------~~----~----_. 
Rl = VCC -VF 

IF 

FOR VCC = 5 Vdc,lF = 40 ~A 
Rl = 91 k!l (TYPICAL) 
Rl = 75 k!l (WORST CASE) 

HCPL-47XX 

• USE ANY STANDARD SCHOTTKY DIODE. 

Figure 13. Recommended Parallel LED Driver Circuit for 
HCPL·470l/-4731. 

Rl = VCC -VF-VOL 
IF 

R2=~ 
IOHMAX 

TOTAL DRIVE CURRENT USED: 

• USE ANY SIGNAL DIODE . 

Rl = VOH -VF 
IF 

FOR VCC = 5 Vdc, IF = 40 ~A 
Rl = 36 k!l (TYPICAL) 
Rl = 30 k!l (WORST CASE) 

HCPL-47XX 

Figure 14. Recommended Alternative LED Driver Circuit for 
HCPL-470l/·4731 • 

I _ VCC -VF-VOL VCC -VOL 
TOTAL - Rl + R2 

VCCO---~~----~----~----, FOR Vee = 5 Vdc,IF = 40 ~A 
Rl = 82 k!l (TYPICAL) 
Rl = 62 k!l (WORST CASE) 
R2 = 8.2 k!l ATiOH = 100 ~A 
IrOTAL = 640 ~A (TYPICAL) 

Figure 15. Series LED Driver Circuit for HCPL·4701/·4731. 
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Dual Channel Low Input 
Current, High Gain 
Optocouplers 

Technical Data 

Features 
• High Current Transfer Ratio 

- 1800% Typical 

• Low Input Current 
Requirements - 0.5 mA 

• Low Output Saturation 
Voltage - 0.1 V 

• High Density Packaging 
• Performance Guaranteed 

over Temperature 
OOCto 700C 

• LSTTL Compatible 
• High Output Current -

60mA 
• Safety Approval 

UL Recognized - 2500 V rms 
for 1 Minute and 
5000 V rms* for 1 minute 

eSA Approved 
- • Available in 8 Pin DIP and 

SO-8 Footprint 
• MIL-STD-1772 Version 

Available (HCPL-5730/5731) 
• Surface Mount Gull Wing 

Option Available for 8-Pin 
DIP (Option 300) 

Applications 
• Digital Logic Ground 

Isolation 
• Telephone Ring Detector 
• Level Shifting 
• EIA RS-232C Line Receiver 
• Polarity Sensing 
• Low Input Current Line 

Receiver - Long Line or Party 
Line 

• Microprocessor Bus 
Isolation 

• Current Loop Receiver 
• Line Voltage Status Indicator 

-Low Input Power 
Dissipation 

Functional Diagram 

FliP'J HEWLETT" 
~aPACKARD 

HCPL-2730 HCPL-0730 
HCPL-2731 HCPL-0731 

Description 
These dual channel optocouplers 
contain a separated pair of GaAsP 
light emitting diodes optically 
coupled to a pair of integrated 
high gain photo detectors. They 
provide extremely high current 
transfer ratio and excellent input­
output cornmon mode transient 
immunity. A separate pin for the 
photodiodes and first gain stages 
(Vee) permits lower output satura­
tion voltage and higher speed 
operation than possible with 
conventional photodarlington 
type optocouplers. In addition, 
Vee may be as low as 1.6 V 

*5000 V rms/l minute withstand voltage rating is for Option 020 (HCPL-2730, HCLP-2731) products only. 
A 0.1 ~ bypass capacitor connected between pins 5 and 8 is recommended. 

CAUTION: It is advised that normal static precautions be taken in handling and assembly of this component to 
prevent damage and/or degradation which may be induced by ESD. 
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without adversely affecting the 
parametric performance. 

These dual channel optocouplers 
are available in an 8-Pin DIP and 
in an industry standard SO-8 
package. The following is a cross 
reference table listing the 8-Pin 
DIP part number and the 
electrically equivalent SOIC-8 part 
number. 

8-Pin DIP SO-8 
HCPL-2730 HCPL-0730 
HCPL-2731 HCPL-0731 

The SO-8 does not require 
"through holes" in a PCB. This 
package occupies approximately 
one-third the footprint area of the 
standard dual-in-line package. 
The lead profile is designed to be 
compatible with standard surface 
mount processes. 

Selection Guide 

8-PinDIP 

Guaranteed operation at low input 
currents and the high current 
transfer ratio (CTR) reduce the 
magnitude and effects of CTR 
degradation. 

The outstanding high temperature 
performance of this split 
Darlington type output amplifier 
results from the inclusion of an 
integrated emitter-base bypass 
resistor which shunts photodiode 
and first stage leakage currents to 
ground. 

The HCPL-2731/0731 have a 
400% minimum CTR at an input 
current of only 0.5 rnA making it 
ideal for use in low input current 
applications such as MOS, CMOS, 
and low power logic interfacing or 
RS232C data transmission 
systems. In addition, the high 
CTR and high output current 

Widebody 
Package 

(300 Mil) Small Outline SO-8 (400mll) . 
Dual Single Dual Minimum 

Single Channel Channel Channel Single Input ON 
Channel Package Package Package Channel Current 
Package HCPL- HCPL- HCPL- Package (IF) 

6N1391 11 2731 0701111 0731 HCNW139111 0.5mA 

6N138111 2730 0700111 0730 HCNWl38111 1.6mA 

HCPL-4701111 4731111 070Al11 073AII/ 401lA 

0.5mA 

Note: 
1. Technical data are on separate HP publications. 

capability make this device 
extremely useful in applications 
where a high fanout is required. 
Compatibility with high voltage 
CMOS logic systems is guaranteed 
by the 18 V Vee and Vo specifica­
tions and by testing output high 
leakage (IOH) at 18 V. 

The HCPL-2730/0730 are speci­
fied at an input current of 1.6 rnA 
and have a 7 V Vee and Vo rating. 
The 300% minimum CTR allows 
TTL to TTL interfacing at this 
input current. 

Important specifications such as 
CTR, leakage current, and output 
saturation voltage are guaranteed 
over the O"C to 70"C temperature 
range to allow trouble-free system 
operation. Selection for lower 
input currents down to 250 ItA is 
available upon request. 

Hermetic 
Single and 

Absolute Dual 
Maxi- Channel 

Minimum mum Packages 
CTR Vee HCPL-

400% 18V 

300% 7V 

800% 18V 

300% 20V 5701111 
5700111 
5731111 
573011J 
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Ordering Information 
Specify Part Number followed by Option Number (if desired). 

Example: 

HCPL-2731#XXX 

L 020 = 5000 V rms/l Minute UL Rating Option. * C 300 = Gull Wing Surface Mount Option, 50 per tube. ** 
500 = Tape and Reel Packaging Option, 1000 per reel. 

Option data sheets available. Contact your Hewlett-Packard sal.es representative or authorized distributor for 
information. 

"For HCPL·2731 and HCPL-2730 only. 
"Gull wing surface mount option applies to through hole parts only. 

Schematic 

1-110 
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,----.-.----------<>8 VCC 

L--------~-+_-1_--_oGND 

\ HCPL-273110731 SHIELD 5 

USE OF A 0.1 IIF BYPASS CAPACITOR CONNECTED 
BETWEEN PINS 5 AND 81S RECOMMENDED (SEE NOTE 8) 



Package Outline Drawings 
8-Pin DIP Package (HCPL-2731/HCPL-2730) 

(0.300 ., 0.010) 

TYPENUMBER __ ~~~~~ .. ~ OPTION CODE' 

DATE CODE 

7.62 '" 0.25 tr 
6.35", 0.25 

(0.250 .. 0.010) 

5'TYP. 
j I-0 254 + 0.078 

• ·0.051 wn----.-
J i=Q=, 

2.82 (0.115) MIN. 

1.080., 0.320 I'~' -J I' i_ O.~AX. 
(0.043 ., 0.013) 

(0010+ 0.003) 
• ·0.002) 

DIMENSIONS IN MILUMETERS AND (INCHES). 
'MARKING CODE LEnER FOR OPTION NUMBERS 
"L" = OPTION 020 
OPTION NUMBERS 300 AND 500 NOT MARKED. __ 2.54",0.25 

(0.100 '" 0.010) 

8-Pin DIP Package with Gull Wing Surface Mount Option 300 (HCPL-2731/HCPL-2730) 

h 9.65 .. 0.25 rl 
1 ~ (0.380", 0.010) I"fl 1 

I 
6.350",0.25 

(0.250., 0.010) 

o --.l 

--I r(~:~;g) 
1.19 _I I MAX. 

(0.047) 
MAX. 

ttD:rl:b:P ~ (0-l65)MAX. 

(0.043= 0.013) 
I ' , 

,!".~!I_~f1g~nQtl_('=9_~_~~f.~tt~1II9.~.Qtl_LXl ___ ....... . 
: __ I I--- 1.016 (0.040) 
j I 1.194 (0.047) 

: 0 D D 0-'--' 

J lT~~ .. m 1 0 9.908 0.390 

ODD oLt + 
--I I- ~0.01 

, 1.194 (0.047) 0.835 0.026) 

:. _ ... __ J:??~.~~'~?~)_. _. _ ..... __ . __ . __ . ___ ... _. _. ___ . 

(0.380 .. 0.010) 9.86 ., 0.28 ili 
7.82 .. 0.25 

~0'300 :to'010~ + 0.076 10.254 ·0.061 

(0 010+ 0.003) 
• .0.002) 

1.080",0.320 __ t' L' -- 2.54 

'--1 1 0.635 .. 0.25 It I -I ~0.026:t 0.010) 
0.635 ., 0.130 12' NOM. 

(0.100) 
BSC 

(0.025 .. 0.005) 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITV • 0.10 mm (0.004 INCHES). 
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"i 

Small Outline SO-8 Package (HCPL-0731/HCPL-0730) 

~ n,..,..--""'-...... -"'.... 5.842 .. 0.203 
XXX (0.236 .. 0.008) 

3.937 .. 0.127 YWW TVPE NUMBER 
(0.155" 0.OLJ05) 0 (LAST 3 DIGITS) 

DATE CODE 

0.381 " 0.076 ~I I-­
(0.016 .. 0.003) I.-- 1.270 BSG 

(0.050) 

r J 1 0.152" 0.051 
(0.006 ± 0.002) 

DIMENSIONS IN MILLIMETERS (INCHES). 0.305 MIN 
(0.012) . LEAD COPLANARITV = 0.10 mm, (0.004 INCHES). 

Solder Reflow Temperature Prof'lle (HCPL-073X and Gull Wing Surface Mount Option 300 Parts). 

260 
240 
220 
200 

~ 180 
I 160 w 

a: 140 ::> 
!;;: 120 
a: 100 w 

./ '\ , '\ ~T = 145°C, 1°ClSEC 
~ T'; 115°C 0.3°CISEC' c? 

I V '\ , ",./ " F ~ '\. .L' 
/rf ... 80 ::;; 

~ 60 
40 
20 

0 

/II--~T = 100°C,1.5°ClSEC 

I I 
~ 

I 
o 2 3 4 5 6 7 8 9 10 11 12 

TIME':' MINUTES 

Note: Use of nonchlorine activated fluxes is highly recommended. 

Regulatory Information 
The HCPL-2731/2730 have been 
approved by the following 
organizations: 

UL 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 
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CSA 
Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 



Insulation Related Specifications (HCPL.2731/2730/0731/0730) 
8-PinDIP 
(300 Mil) SO-8 

Parameter Symbol Value Value Units Conditions 
Minimum External Air L(101) 7.1 4.9 mm Measured from input terminals to 
Gap (External output terminals, shortest distance 
Clearance) through air. 
Minimum External L(102) 7.4 4.8 mm Measured from input terminals to 
Tracking (External output terminals, shortest distance 
Creepage) path along body. 
Minimum Internal Plastic 0.08 0.08 mm Through insulation distance, conductor 
Gap (Internal Clearance) to conductor, usually the direct 

distance between the photoemitter and 
photodetector inside the optocoupler 
cavity. 

Tracking Resistance CTI 200 200 Volts DIN IEC 112/VDE 0303 Part 1 
(Comparative Tracking 
Index) 
Isolation Group lIla lIla Material Group DINVDE 0110 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 

Absolute Maximum Ratings (No Derating Required up to 85°C) 

Parameter Symbol Min. Max. Units 
Storage Temperature Ts -55 125 °C 
Operating Temperature TA -40 85 °C 
Average Forward Input Current IF(AVG) 20 rnA 
Peak Forward Input Current IFPK 40 rnA 

(50% Duty Cycle, 1 ms Pulse Width) 
Reverse Input Voltage (Each Channel) VR 5 V 
Input Power Dissipation (Each Channel) PI 35 mW 
Output Current (Each Channel) 10 60 rnA 
Supply Voltage and Output Voltage Vee -0.5 18 V 
(HCPL-2731, HCPL-0731) 
(Vee - Pin 8-5, Vo - Pin 7,6-5) -Note 1 
Supply Voltage and Output Voltage Vee -0.5 7 V 
(HCPL-2730, HCPL-0730) 
(Vee - Pin 8-5, Vo - Pin 7,6-5) -Note 1 
Output Power Dissipation (Each Channel) -Note 12 Po 100 mW 
Total Power Dissipation (Each Channel) PT 135 mW 
Lead Solder Temperature (for Through Hole Devices) 260°C for 10 sec., 1.6 mm below seating plane 
Reflow Temperature Profile See Package Outline Drawings section 
(for SOIC-8 and Option #300) 

1-113 



Recommended Operating Conditions 
P8J'ameter Symbol Min. Max. Units 

Power Supply Voltage (HCPL-2731/HCPL-0731), Vee 4.5 18 I V 
Power Supply Voltage (HCPL-2730/HCPL-0730) Vee 4.5 7 I V 
Forward Input Current (ON) IF(oN) 0.5 12 rnA 
Forward Input Voltage (OFF) VF(OFF) 0 0.8 V 
Operating Temperature TA 0 70 °C i 
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Electrical Specifications 
O°C :s; TA:S; 70°C, 4.5 V :s; Vee :s; 18 V, 0.5 rnA :s; IF(ON) :s; 12 rnA, 0 V :s; VF(OFF) :s; 0.8 V, unless otherwise 
specified. All Typicals at TA = 25°C. (See note 8.) 

Device 
Parameter Sym. HCPL· Min. Typ.'" Max. Units Test Conditions Fig. 

Current CTR 2731 400 1800 5000 % IF = 0.5 rnA Vee = 4.5 2,3 
Transfer 0731 Vo = 0.4 V 
Ratio 500 1600 2600 IF = 1.6 rnA 

2730/0730 300 1600 2600 IF = 1.6 rnA 

Logic Low VOL 2731 0.1 0.4 V IF = 1.6 rnA, Vee = 4.5 V 1 
Output 0731 10= 8 rnA 
Voltage 0.1 0.4 IF - 5.0 rnA, 

10 = 15 rnA 
0.2 0.4 IF - 12 rnA, 

10 = 24 rnA 
2730/0730 0.1 0.4 IF - 1.6 rnA, 

10 = 4.8 rnA 

Logic High lOR 2731/0731 0.05 100 IJA Vo = Vee = 18V IF= o rnA 
Output 
Current 2730/0731 0.1 250 Vo = Vee = 7 V 

Logic Low leeL 2731/0731 1.2 3 rnA Vee = 18V IFl = IF2 = 1.6 rnA 5 
Supply VOl = V02 = Open 
Current 2730/0730 0.9 Vee = 7V 

Logic High leeR 2731/0731 0.005 20 IJA Vee = 18V IFl = IF2 = OrnA, 5 
Supply VOl = V02 = Open 
Current 2730/0730 0.004 Vee = 7V 

Input VF 1.4 1.7 V TA = 25°C 4 
Forward I---
Voltage 1.75 IF = 1.6 rnA 

Input BVR 5.0 V IR = 10 IJA, TA = 25°C 
Reverse 
Breakdown 
Voltage 

Temperature tlVF ·1.8 mVrC IF = 1.6 rnA 
Coefficient tlTA 
of Forward 
Voltage 

Input CIN 60 pF f=lMHz,VF =O 
Capacitance 

·AIl typical values at TA = 250C and Vee = 5 V, unless otherwise noted. 

Note 

2 

2 

2 

2 
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Switching Specifications CAe) 
Over recommended operating conditions (TA = O°C to 70OC), Vcc = 5 V, unless otherwise specified. 
(See note 8.) 

Device 
Parameter Sym. HCPL- Min. Typ.* Max. Units Test Conditions Fig. 

Propagation Delay tpHL 2731 25 100 ~s TA = 25°C 6,7, 
Time to Logic 0731 - 8,9 
Low at Output 120 IF = 0.5 rnA 

Rl.= 4.7kQ 
2730 5 20 TA = 25°C 
2731 
0130 -

0731 
25 IF = 1.6 rnA, Rl = 2.2 kQ 

0.5 2 TA = 25°C -
3 IF = 12 rnA, Rl = 270 Q 

Propagation Delay tpLH 2731 10 60 ~s TA = 25°C 7,8, 
Time to Logic 0731 9 
High at Output 90 IF - 0.5 rnA, Rl = 4.7 kQ 

2730 10 35 TA = 25°C 
2731 
0730 
0731 -

50 IF = 1.6 rnA, Rl = 2.2 kQ 
1 
~ 

TA - 25°C 
IF = 12 rnA, Rl = 270 Q 

Common Mode ICMHI 1000 10000 V/~s IF = 0 rnA, TA = 25°C, 10 
Transient Immunity Rl =2.2 kQ 
at Logic High IVCMI = 10 Vp.p 
Output 
Common Mode ICML 1000 10000 V/~s IF = 1.6 rnA, TA = 25°C, 
Transient Immunity Rl = 2.2 kQ 
at Logic Low Level IVCMI = 10 Vp.p 
Output 

"All typical values at TA = 25"C and Vee = 5 V, unless otherwise noted. 
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Package Characteristics 

Device 
Parameter Symbol HCPL- Min. Typ.* Max. Units Test Conditions Fig. Note 

Input-Output Momentary VISO 2500 Vrms RH $ 50%, 4,9 
Withstand Voltage** t = 1 min., 

I Option 020 2730 5000 TA = 25°C 4, 10 
2731 

Resistance RI_o 1012 Q VI-O = 500 VDC 4 
(Input-Output) RH $ 45% 

Capacitance CI-O 0.6 pF f= 1 MHz 11 
(Input-Output) 

Input-Input Insulation 11-1 0.005 !1A RH $ 45% 5 
Leakage Current VI_I = 500 VDC 

Input-Input Insulation RI_I 1011 Q 5 
Leakage Current 

Capacitance CI_I 2730 0_03 pF 5 
(Input-Input) 2731 

f--
0730 0.25 
0731 

* All Typical values at TA = 25'C unless otherwise noted_ 
**The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if appli­
cable), your equipment level safety specification or HP Application Note 1074 entitled "Optocoupler Input-Output Endurance 
Voltage." 

Notes: 
1. Pin 5 should be the most negative 

voltage at the detector side. 
2. Each channel. 
3. DC CURRENT TRANSFER RATIO 

(CTR) is defmed as the ratio of output 
collector current, 10 , to the forward 
LED input current, IF, times 100%. 

4. Device considered a two-tenninal 
device: pins 1,2,3, and 4 shorted 
together, and pins 5, 6, 7, and 8 
shorted together. 

5. Measured between pins 1 and 2 
shorted together, and pins 3 and 4 
shorted together. 

6. Common mode transient immunity in a 
Logic High level is the maximum 
tolerable (positive) dVCM/dt of the 

common mode pulse, VCM , to assure 
that the output will remain in a Logic 
High state (Le., Vo > 2.0 V). Common 
mode transient immunity in a Logic 
Low level is the maximum tolerable 
(negative) dVCM/dt of the common 
mode pulse, VCM, to assure that the 
output will remain in a Logic Low state 
(i.e., Vo < 0.8 V). 

7. In applications where dV /dt may 
exceed 50,000 Vllls (such as static 
discharge) a series resistor, Rcc, 
should be included to protect the 
detector IC from destructively high 
surge currents. The recommended 
value is Rec = 11 0 n. 

8. Use of a 0.1 llF bypass capacitor 
connected between pins 5 and 8 
adjacent to the device is 
recommended. 

9. In accordance with UL 1577, each 
optocoupler is proof tested by 
applying an insulation test voltage 
> 3000 V rms for 1 second (leakage 
detection current limit, II-O < 5 IJA). 

10. In accordance with UL 1577, each 
optocoupler is proof tested by 
applying an insulation test voltage 
> 6000 V rms for 1 second (leakage 
detection current limit, 11-0 < 5 IJA). 

11. Measured between the LED anode and 
cathode shorted together and pins 5 
through 8 shorted together. 

12. Derate linearly above 65'C free-air 
temperature at a rate of 2.3 mW/'C for 
the SO-8 package. 
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Figure 1. DC Transfer Characteristics. 
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Figure 4. Input Diode Forward 
Current vs. Forward Voltage. 
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Figure 2. Current Transfer Ratio vs. 
Forward Current. 
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Figure D. Supply Current per 
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Figure 9. Switching Test Circuit. 

I,. I, = 16 ns 

VCM 10~!C~ 
OV 

I, I, 

VO~SV 
SWITCH AT A: IF = 0 mA 

Vo '"""- VOL 
SWITCH AT B: IF = 1.6 mA 

I-...--,---o+s V 

1-+-..... -,..-0 Vo 

= 

RCC (SEE NOTE 7) 
f-_JV<""""-..--o+5 V 
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110 !1 
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Figure 10. Test Circuit for Transient Immunity and Typical Waveforms. 
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Low Input Current Logic Gate 
Optocouplers 

Technical Data 

Features 
• 2.5 kV/f,.lS Minimum Common 

Mode Rejection (CMR) at 
VCM = 400 V (HCPL-2219) 

• Compatible with LSTTL, 
TTL, and CMOS Logic 

• Wide Vcc Range (4.5 to 20 V) 
• 2.5 Mbd Guaranteed over 

Temperature 
• Low Input Current (1.6 rnA) 
• Three State Output (No 

Pullup Resistor Required) 
• Guaranteed Performance 

from O°C to 85°C 
• Hysteresis 
• Safety Approval 

UL Recognized -2500 V rms 
for 1 minute 

CSA Approved 
VDE 0884 Approved with 

VIORM = 630 V peak 

(HCPL-2219 Option 060 
Only) 

• MIL-STD-1772 Version 
Available (HCPL-5200/1) 

Applications 
• Isolation of High Speed 

Logic Systems 

• Computer-Peripheral 
Interfaces 

• Microprocessor System 
Interfaces 

• Ground Loop Elimination 
• Pulse Transformer 

Replacement 
• Isolated Buss Driver 
• High Speed Line Receiver 

Description 
The HCPL-2200/2219 are 
optically coupled logic gates that 
combine a GaAsP LED and an 
integrated high gain photo 
detector. The detector has a three 
state output stage and has a 

Functional Diagram 

A 0.1 J1F' bypass capacitar must be connected between pins 5 and 8. 

FliHW HEWLETT" 
a:~PACKARD 

HCPL-2200 
HCPL-2219 

detector threshold with hysteresis. 
The three state output eliminates 
the need for a pullup resistor and 
allows for direct drive of data 
busses. The hysteresis provides 
differential mode noise immunity 
and eliminates the potential for 
output signal chatter. 

A superior internal shield on the 
HCPL-2219 guarantees common 
mode transient inununity of 
2.5 kV/fJS at a common mode 
voltage of 400 volts. 

TRUTH TABLE 
(POSITIVE LOGIC) 

LED ENABLE OUTPUT 
ON H Z 
OFF H Z 
ON L H 
OFF L L 

CAUTION: It is advised that normal static precautions be taken in handling and assembly of this 
component to prevent da'YfW,{Je and/or degradation which may be induced by ESD. 

1-120 5965-3596E 



The Electrical and Switching 
Characteristics of the HCPL-
2200/2219 are guaranteed over 
the temperature range of O°C to 
85°C and a Vcc range of 4.5 volts 
to 20 volts. Low IF and wide Vcc 
range allow compatibility with 

Selection Guide 

TTL, LSTTL, and CMOS logic and 
result in lower power consump­
tion compared to other high 
speed optocouplers. Logic signals 
are transmitted with a typical 
propagation delay of 160 nsec. 

The HCPL-2200/2219 are useful 
for isolating high speed logic 
interfaces, buffering of input and 
output lines, and implementing 
isolated line receivers in high 
noise environments. 

SmaIl-Outline Widebody 
MinimumCMR 8-Pin DIP (300 Mil) SO-8 (400 Mil) Hermetic 

htputOn- Single Dual Single Single Single and Dual 
dV/dt VCM Current Channel Channel Channel Channel Channel 
(V/~) (V) (rnA) Package Package Package Package Packages 
1,000 50 1.6 HCPL-2200[l] HCPL-0201 HCNW2201 

HCPL-2201 
HCPL-2202 

1.8 HCPL-2231 
2,500 400 1.6 HCPL-2219[1] 

5,000[2] 300[2] 1.6 HCPL-2211 HCPL-0211 HCNW2211 
HCPL-2212 

1.8 HCPL-2232 
1,000 50 2.0 HCPL-52XX 

HCPL-62XX 

Notes: 
1. HCPL-2200/2219 devices inclnde output enable/disable functionality. 
2. Minimum CMR of 10 kWIlS with VCM = 1000 V can be achieved with input current, IF' of 5 rnA. 

Ordering Information 
Specify Part Number followed by Option Number (if desired). 

Example: 

HCPL-2219#~I-_____ 060 = VDE 0884 VIORM = 630 Vpeak Option* r-f------- 300 = Gull Wing Surface Mount Option 
'------- 500 = Tape and Reel Packaging Option 

Option data sheets available. Contact your Hewlett-Packard sales representative or authorized distributor for 
information. 

·For HCPL-2219 only. 

Schematic ICC 
~Vcc 

8 
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Package Outline Drawings 
8-Pin DIP Package 

1.080 '" 0.320_ 
(0.043 ± 0.013) 

OPTION CODE" 

DATE CODE 

UL 
3 4 RECOGNITION 

~1.78 (0.070) MAX. 

m' 4.70 (t.l85) MAX. 

tt 0.:1 (0.020) MIN. , . 2.r (0.115) MIN. 

1_ 1-II'i- 0.65 (0.025) MAX. 

~ _ 2.54 ± 0.25 
. (0.100 ± 0.010) 

7.62±0.25~ (0.300 ± 0.010) 

6.35 ± 0.25 
(0.250 ± 0.010) 

5"TYP. 
j 1_ 0.254 + 0.076 

·0.051 

(0.010~g.-=1 

DIMENSIONS IN MILLIMETERS AND (INCHES). 
"MARKING CODE LETTER FOR OPTION NUMBERS. 
"V· = OPTION 060 
OPTION NUMBERS 300 AND 500 NOT MARKED. 

8-Pin DIP Package with Gull Wing Surface Mount Option 300 

1-122 

r;;:-~:~·1_ t 
6.350 ± 0.25 

(0.250 ± 0.010) 

o ~ 

(0.070) -I r 1.780 
1.19 _I I MAX. (0.047) 

MAX. 

ftlIJt±(d~ (O.l85)MAX. 

~ 

(0.043 ± 0.013) 

I
, , 

(0.380 ± 0.010) 

rt 9.65 ± 0.25 Hl 7.62 ± 0.25 

~0.300 ± 0.010~ + 0.07~ 10.254 ·0.051 

(0010+ 0.003) 
• ·0.002) 

1.080 ± 0.320 - t' I' - -2.54 

~ h 0.635±0.25 l~ 
I --- (0.025±0.010) . 

0.635±0.130 12" NOM. 

(0.100) 
BSC 

(0.025 ± 0.005) 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 



Maximum Solder Reflow Thermal Profile 
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Note: Use of nonchlorine activated fluxes is highly recommended. 

Regulatory Information 
The HCPL-2200/2219 have been 
approved by the following 
organizations: 

UL 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

CSA 
Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

VDE 
Approved according to VDE 
0884/06.92. (HCPL-2219 Option 
060 Only) 

Insulation and Safety Related Specifications 
Parameter Symbol Value Units Conditions 

Min. External Air Gap L(101) 7.1 mm Measured from input terminals to output terminals, 
(External Clearance) shortest distance through air. 
Min. External 1(102) 7.4 mm Measured from input terminals to output terminals, 
Tracking Path shortest distance path along body. 
(External Creepage) 
Minimum Internal 0.08 mm Through insulation distance, conductor to conductor, 
Plastic Gap usually the direct distance between the photoemitter 
(Internal Clearance) and photodetector inside the optocoupler cavity. 
Tracking Resistance CTI 200 V DIN IEC 112/VDE 0303 Part 1 
(Comparative 
Tracking Index) 
Isolation Group IIIa Material Group (DIN VDE 0110, 1/89, Table 1) . . OptlOn 300 - surface mount classlflCatlOn 18 Class A III accordance WIth CECC 00802 . 
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VDE 0884 Insulation Related Characteristics (HCPL-2219 OPTION 060 ONLY) 
Description Symbol Characteristic Units 

Installation classification per DIN VDE 0110/1.89,Table I 
for rated mains volta.l(e ::; 300 V rms I-IV 

for rated mains voltage::; 450 V rms I-III 

Climatic Classification 55/85/21 

Pollution Degree (DIN VDE 0110/1.89) 2 

Maximum Working Insulation Voltage VIORM 630 V peak 

Input to Output Test Voltage, Method b* 
VIORM x 1.875 = VPR, 100% Production Test with tm = 1 sec, VPR 1181 V peak 
Partial Discharge < 5 pC 

Input to Output Test Voltage, Method a* 
VIORM x 1.5 = VPR, Type and sample test, VPR 945 V peak 
tm = 60 sec, Partial Discharge < 5 pC 

Highest Allowable Overvoltage* 
(Transient Overvoltage, 1mi = 10 sec) VIOTM 6000 V peak 

Safety Limiting Values 
(Maximum values allowed in the event of a failure, 
also see Figure 12, Thermal Derating curve.) 

Case Temperature Ts 175 °C 
Input Current .' IS,INPUT 230 rnA 
Output Power PS,OUTPUT 600 mW 

Insulation Resistance at Ts, VIO = 500 V . Rs ~ 109 n 
'Refer to the front of the optocoupler section of the current catalog, under Product Safety Regulations section, (VDE 0884), for a 
detailed description. 

Note: Isolation characteristics are guaranteed only within the safety maximum ratings which must be ensured by protective circuits in 
application. 

H24 



Absolute Maximum Ratings 
(No Derating Required up to 70°C) 

Parameter 
Storage Temperature 
Operating Temperature 
Average Forward Input Current 
Peak Transient Input Current 
(S: 1 I.Ls Pulse Width, 300 pps) 
Reverse Input Voltage 
Average Output Current 
Supply Voltage 
Three State Enable Voltage 
Output Voltage 
Total Package Power Dissipation 

Symbol 
Ts 
TA 

IF(AVG) 
IF(TRAN) 

VR 
10 

Vee 
VE 
Vo 
PT 

Min. Max. Units 
-55 125 °C 
-40 85 °C 

10 rnA 
1.0 A 

5 V 
25 rnA 

0 20 V 
·0.5 20 V 
·0.5 20 V 

210 mW 
Lead Solder Temperature 260°C for 10 sec., 1.6 mm below seating plane 
Solder Reflow Temperature Profile See Package Outline Drawings section 

Recommended Operating Conditions 
Parameter Symbol Min. Max. Units 

Power Supply Voltage Vee 4.5 20 V 
Enable Voltage High VEH 2.0 20 V 
Enable Voltage Low VEL 0 0.8 V 
Forward Input Current IF(oN) 1.6* 5 rnA 
Forward Input Current IF(oFF) - 0.1 rnA 
Operating Temperature TA 0 85[11 °C 
Fan Out N 4 TTL Loads 

·The initial switching threshold is 1.6 rnA or less. It is recommended that 2.2 rnA be 
used to permit at least a 20% eTR degradation guardband. 

Note 

1 

1 
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Electrical Specifications 
For O°C :5 TAll] :5 85°C, 4.5 V :5 Vee :5 20 V, 1.6 rnA:5 IF(ON) :5 5 rnA, 2.0 V:5 VEH :5 20 V; 
0.0 V:5 VEL :5 0.8 V; 0 rnA:5 IF(oFF):5 0.1 rnA. All Typicals at TA = 25°C, Vee = 5 V, IF(ON) = 3 rnA unless 
otherwise specified. See Note 7. 

Parameter Sym. Min. Typ. Max. Units Test Conditions Fig. Note 
Logic Low VOL 0.5 V IOL = 6.4 rnA (4 TTL Loads) 1 
Output Voltage 
Logic High VOH 2.4 * V IoH = -2.6 rnA "'VOH = Vee - 2.1 V 2 
Output Voltage 
Output Leakage 10HH 100 ~ Vo = 5.5V IF = 5 rnA 
Current (VOUT > Vee) 500 ~ Vo = 20V Vee = 4.5 V 

Logic High Enable VEH 2.0 V 
Voltage 
Logic Low Enable VEL 0.8 V 
Voltage 
Logic High Enable IEH 20 ~ VEN = 2.7V 
Current 100 ~ VEN = 5.5 V 

0.004 250 ~ VEN = 20 V 
Logic Low Enable IEL -0.32 rnA VEN = 0.4 V 
Current 
Logic Low Supply leeL 4.5 6.0 rnA Vee = 5.5V IF = o rnA 
Current 10 = Open 

5.25 7.5 rnA Vee = 20V VE = Don't Care 
Logic High Supply leeH 2.7 4.5 rnA Vee =5.5V IF = 5 rnA 
Current 10 = Open 

3.1 6.0 rnA Vee"" 20V VE = Don't Care 
High Impedance IoZL -20 ~ Vo = 0.4 V VEN = 2V, 
State Output IF = 5 rnA 
Current IoZH 20 IJA Vo = 2.4 V VEN = 2V, 

100 ~ Vo = 5.5 V IF = 5 rnA 

500 ~ Vo = 20V 
Logic Low Short IOSL 25 rnA Vo=Vee= 5.5V IF = DrnA 2 
Circuit Output 
Current 40 rnA Vo=Vee= 20V 

Logic High Short IoSH -10 rnA Vee = 5.5 V IF = 5 rnA, 2 
Circuit Output Vo = GND 
Current -25 rnA Vee = 20V 

Input Current IHYS 0.12 rnA Vee = 5V 3 
Hysteresis 
Input Forward Vp 1.5 1.7 V TA = 250C IF = 5 rnA 4 
Voltage 'l.75 
Input Reverse BVR 5 V IR = 10~ 
Breakdown Voltage 
Input Diode 6,VF -1.7 mVfC IF = 5 rnA 
Temperature 6,TA 
Coefficient 
Input Capacitance CIN 60 pF f = 1 MHz, VF = 0 V, Pins 2 and 3 
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Switching Specifications CAC) 
For oce S; TAIl] S; 85°C, 4.5 V S; VCC S; 20 V, 1.6 rnA S; IF(ON) S; 5 rnA, 0.0 rnA S; IF(oFF) S; 0.1 rnA. 
All Typicals at TA = 25°C, Vcc = 5 V, IF(ON) = 3 rnA unless otherwise specified. 

Parameter Sym. Min. Typ. Max. Units Test Conditions 
Propagation Delay Time to tPHL 210 ns Without Peaking Capacitor 
Logic Low Output Level 160 300 With Peaking Capacitor 
Propagation Delay Time to tPLH 170 ns Without Peaking Capacitor 
Logic High Output Level 115 300 With Peaking Capacitor 
Output Enable Time to tPZH 25 ns 
Logic High 
Output Enable Time to tPZL 28 ns 
Logic Low 
Output Disable Time from tpHZ 105 ns 
Logic High 
Output Disable Time from tpLZ 60 ns 
Logic Low 
Output Rise Time (10-90%) 1;" 55 ns 
Output Fall Time (90-10%) tr 15 ns 

Parameter Sym. Device Min. Units Test Conditions 
Logic High ICMHI HCPL-2200 1,000 V/J..IS IVeMI = 50V 

IF = 1.6 rnA 
Common Mode Vee = 5V 
Transient 

IVCMI = 400 V 
TA = 25°C 

Immunity HCPL-2219 2,500 V/J..IS 

Logic Low ICMLi VF=OV 
Common Mode HCPL-2200 1,000 V/J..IS IVCMI = 50V Vee = 5V 
Transient TA = 25°C 
Immunity HCPL-2219 2,500 V/~s IVCMI = 400 V 

Package Characteristics 
Parameter Sym. Min. Typ. Max. Units Test Conditions 

Input-Output MomentaIy VlSo 2500 Vrms RH S; 50%, t = 1 min., 
Withstand Voltage* TA = 25°C 
Input-Output Resistance R1..() 1012 n V1..() = 500VDC 
Input-Output Capacitance ~..() 0.6 pF f = 1 MHz, V1..() = 0 VDC 

Fig. Note 
5,6 4,5 

5.6 4.5 

7,9 

7,8 

7,9 

7,8 
-

5, 10 
5, 10 

Fig. Note 
11 6 

11 6 

Fig. Note 
3,8 

3 
.3 

*The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be Interpreted as an input-output continuous 
voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), your equipment level 
safety specification or HP Application Note 1074 entitled ·Optocoupler Input-Output Endurance Voltage," publication number 5963-220SE. 
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Notes: 
1. Derate total package power dissipa­

tion, PT, linearly above 700C free air 
temperature at a rate of 4.5 mW/oC. 

2. Duration of output short circuit time 
should not exceed 10 rns .. 

3. Device considered a two-terminal 
device: pins 1, 2, 3, and 4 shorted 
together and pins 5, 6, 7, and 8 
shorted together. 

4. The tpLH propagation delay is 
measured from the 50% point on the 
leading edge of the input pulse to the 
1. 3 V point on the leading edge of the 
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l= 0.2 
9 I 0.1 
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Figure 1. Typical Logic Low Output 
Voltage vs. Temperature. 
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Figure 4. Typical Input Diode Forward 
Characteristic. 
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output pulse. The tpHL propagation 
delay is measured from the 50% point 
on the trailing edge of the input pulse 
to the 1.3 V point on the trailing edge 
of the output pulse. 

5. When the peaking capacitor is omitted, 
propagation delay times may increase 
by 100 ns. 

6. CML is the maximum rate of rise of the 
common mode voltage that can be 
sustained with the output voltage in the 
logic low state (VO < 0.8 V). CMH is 
the maximum rate of fall of the 
common mode voltage that can be 

~ 0 
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i3 
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~ -4 
o 
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.... ~ -6 
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I -8 
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\1 
.~ 

~~ Vo=2.4V 

.... " 
I 

.§ -60 -40 -20 a 20 40 60 80 100 

TA - TEMPERATURE - 'C 

Figure 2. Typical Logic High Output 
Current vs. Temperature. 

PULSE GEN. 
tr~tr=& ns 
1= 100 kHz 
10 % DUTY 

CYCLE 
Vo=SV 

VCC 

sustained with the output voltage in the 
logic high state (VO > 2.0 V). 

7. Use of a 0.1 J.IF bypass capacitor 
cOlU\ected between pins 5· and 8 is 
recommended. 

8. In accordance with UL1577, each 
optocoupler is proof tested by applying 
an insulation test voltage ~ 3000 V rms 
for one second Oeakage detection 
current limit, 1[.0 ,;; 5 iJ.A). This test is 
performed before the 100% production 
test for partial discharge (Method b) 
shown in the VDE 088.4 Insulation 
Characteristics Table, if applicable. 

S 
Vcc=4.&V 
TA=2S'C 

4 

3 
IOH=,2.6 mA 

2 

1 

IOL = 6.4 mA 

a a O.S 1.0 1.5 2.0 

IF -INPUT CURRENT - mA 

Figure 3. Output Voltage vs. Forward 
Input Current. 

O\lTPUTVo 
MONITORING 
NODE SV 

THE PROBE AND JIG CAPACITANCES 
ARE INCLUDED IN C, AND C2' 

ALL DIODES ARE lN916 OR lN3064. 

~
"""'IF(ON) 

INPUT IF ........... .......... .. 50 % ~ ~~N) 

~tPLHtPHL .... ··VOH 
~~TPUT __ ........................ 1.3 V VOL 

Figure 5. Test Circuit for tpLH, tpHL, t .. and tr. 
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Figure 6. Typical Propagation Delays 
vs. Temperature. 
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Figure 8. Typical Logic Low Enable 
Propagation Delay vs. Temperature. 
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Figure 7. Test Circuit for tpHZ, tpzH, tpLZ, and tPZL. 
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Figure 9. Typieal Logic High Enable 
Propagation Delay vs. Temperature. 
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Figure 10. Typical Rise, Fall Time vs. 
Temperature. 
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VCM 

VCC 

OV 
~-.50V . 

VOH~C~~ 
'\.i--VO(MIN.)' V 

OUTPUT SWITCH AT B: IF = 0 mA 
Vo /'\ Vo (MAX.)' /'\ 
VOL~~'--

• SEE NOTE 6. 

OUTPUTVO 
MONITORING 
NODE 

Figure 11. Test Circuit for Common Mode Transient Immunity and Typical 
Waveforms. 

.!!J 
I 800 

!i: w 
a: 
a: 
i3 
~ 

700 

800 

500 
l!; 
I! 400 

I 
a: w 

~ 

i 

300 

200 

100 

o 

HCPL·2219 OPTION 080 ONLY 
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-
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- r-.... ..... 
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TS - CASE TEMPERATURE - ·C 

Figure 12. Thermal Derating Curve, 
Dependence of Safety Limiting Value 
with Case Temperature per 
VDE0884 . 

VCCI 0--,---,-, 
(+5 V) 120 pF (OPTIONAL') 

VCCI 
(+5 V) o--'-----1ro ,----.--0 ~~C~ 

VCC2 
(4.5 TO 20 V) 

DATA 
INPUT 

1.1 
kll 

DATA 
I OUTPUT 
I 
I 

: r'i 
r-1~1>--oUPTOI6 

: :,~ ~~is 
t-,~~>--OOR4nL 
: :,: LOADS 
'--: ',.--0 

I~ 

Figure 13. Recommended LSTTL to LSTTL Circuit. 

VCCI (+5 V) 0--.-----, 

DATA 
INPUT 

01 (1 N4150) REQUIRED FOR 
ACTIVE PULL-UP DRIVER. 

Figure 15. Recommended LED Drive Circuit. 

DATA 
INPUT 

10 V· 2.37 K 
15V 3.83K 
20V 5.11 K 

Figure 14. LSTTL to CMOS Interface Circuit. 

VCC (+5 V) 0--.---.-.., 

DATA 
INPUT 

1.1 
kll 

120 pF (OPTIONAL') 

HCPL-22oo 

Figure 16. Series LED Drive with Open Collector Gate 
(4.7 kO Resistor Shunts lOB from the LED). 

'The 120 pF capacitor may be omitted in applications where 500 ns propagation delay is sufficient. 
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Very High CMR, Wide Vee Logic 
Gate Optocouplers 

Technical Data 

Features 
·10 kV/f.lS Minimum Common 

Mode Rejection (CMR) at 
VCM = 1000 V 
(HCPL-2211/2212/0211/ 
2232, HCNW2211) 

• Wide Operating Vcc Range: 
4.5 to 20 Volts 

• 300 ns Propagation Delay 
Guaranteed over the Full 
Temperature Range 

• 5 Mbd Typical Signal Rate 
• Low Input Current (1.6 rnA 

to 1.8 rnA) 

• Hysteresis 
• Totem Pole Output (No 

Pullup Resistor Required) 
• Available in 8-Pin DIP, 

SOIC-8, Widebody Packages 
• Guaranteed Performance 

from -40"C to 85"C 
• Safety Approval 

UL Recognized -2500 V rms 
for 1 minute (5000 V rms 
for 1 minute for 
HCNW22XX) per UL1577 

CSA Approved 
VDE 0884 Approved with 

VIORM = 630 V peak (HCPL-
2211/2212 Option 060 only) 
and ViORM = 1414 V peak 

(HCNW22XX only) 
BSI Certified (HCNW22XX 

only) 

• MIL-STD-1772 Version 
Available 
(HCPL-52XX/62XX) 

Applications 
• Isolation of High Speed 

Logic Systems 
• Computer-Peripheral 

Interfaces 
• Microprocessor System 

Interfaces 
• Ground Loop Elimination 
• Pulse Transformer 

Replacement 
• High Speed Line Receiver 
• Power Control Systems 

Functional Diagram 

A 0.1 !1F bypass capacitor must be connected between pins 5 and 8. 

FliP'W HEWLETT'" 
~~PACKARD 

HCPL-2201 
HCPL-2211 
HCPL-2231 
HCPL-0201 
HCNW2201 

Description 

HCPL-2202 
HCPL-2212 
HCPL-2232 
HCPL-0211 
HCNW2211 

The HCPL-22XX, HCPL-02XX, 
and HCNW22XX are optically­
coupled logic gates. The 
HCPL-22XX, and HCPL-02XX 
contain a GaAsP LED while the 
HCNW22XX contains an AlGaAs 
LED. The detectors have totem 
pole output stages and optical 
receiver input stages with built-in 
Schmitt triggers to provide logic­
compatible waveforms, eliminat­
ing the need for additional 
waveshaping. 

A superior internal shield on the 
HCPL-2211/12, HCPL-0211, 

CAUTION: It is advised that normal static precautions be taken in handling and assembly of this component 
to prevent damage and/or degradation which may be induced by ESD. 
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HCPL-2232 and HCNW2211 
guarantees common mode 
transient immunity of 10 kV/!1S at 
a common mode voltage of 1000 
volts. 

Selection Guide 

The electrical and switching 
~haracteristics of the HCPL-
22XX, HCPL-02XX and 
HCNW22XX are guaranteed from 
-40°C to +85OC and a Vee from' 
4.5 volts to 20 volts. Low IF and 

wide Vee range allow compatibil­
ity with TTL, LSTTL, and CMOS 
logic and result in lower power 
conSumption compared to other 
high speed couplers. Logic signals 
are transmitted with a typical 
propagation delay of 150 ns. 

Small· Widebody 
MinimumCMR Iilput 8-Pin DIP (300 Mil) Outline SO-8 (400 Mil) 

bn· Single Dual Single Single 
dV/dt Current Channel Channel Channel Channel 
(V/flS) VCM (V) (rnA) Package Package Package Package 
1,000 50 1.6 HCPL-22001 1,2j HCPL-0201 HCNW2201 

HCPL-2201 
HCPL-2202 

1.8 HCPL-2231 
2,500 400 1.6 HCPL-221911,2J 

5,00013J 30013J 1.6 HCPL-2211 HCPL-0211 HCNW2211 
HCPL-2212 

1.8 HCPL-2232 
1,000 50 2.0 

Notes: 
1. HCPL·2200/2219 devices include output enable/disable function. 
2. Technical data for the HCPL-2200/2219, HCPL-52XX and HCPL·62XX are on separate HP publications. 
3. Minimum CMR of 10 kVll1s with VCM = 1000 V can be achieved with input current, IF, of 5 mAo 

Ordering Information 
Specify Part Number followed by Option Number (if desired). 

Example: 

HCPL-221l#XXX 
~ 060 = VDE 0884 VIORM = 630 V peak Option* t=== 300 = Gull Wing Surface Mount Option** 

500 = Tape and Reel Packaging Option 

Hermetic 
Single and 

Dual Channel 
Packages 

HCPL-52XXI21 
HCPL-62XXI2J 

Option data sheets available. Contact your Hewlett-Packard sales representative or authorized distributor for 
information. 

'For HCPL·2211/2212 only. 
"Gull wing surface mount option applies to through hole parts only. 

Schematic 

2 IF I 

~~~ 
3 I 

I 
I 
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Package Outline Drawings 
8-Pin DIP Package (HCPL-2201/02/11/12/31/32) 

t(O~:i:: ::~o)-I (0.300 ~ 0.010) 

TYPE NUMBER ~ /' OPTION CODE' 

~DATECODE 

i 7.62~0.25r 6.35~ 0.25 
(0.250 ~ 0.010) -

"F.T"T-::"'1"'T"::-r'"T"7,.." UL 
3 4 RECOGNITION 

~1.78 (0.070) MAX. 

~
~.I85)MAX. 

, T-L 0.:1 (0.020) MIN. 

2.92 (0.115) MIN. 
, ~ 

DIMENSIONS IN MILLIMETERS AND (INCHES). 
'MARKING CODE LETTER FOR OPTION NUMBERS 
"V· = OPTION 060 

1.080 ~ 0.320_ 
(0.043 ~ 0.013) 

1__1' -J 1'1.- 0.65 (0.025) MAX. 
_ __ 2.54 ~ 0.25 

(0.100~0.010) 

OPTION NUMBERS 300 AND 500 NOT MARKED. 

8-Pin DIP Package with Gull Wing Surface Mount Option 300 (HCPL-2201/02/11/12/31/32) 

h 9.65 ~ 0.25 rl 
1 F.l-i (U8h 0.010) r€I 1 

7 I 
6.350~0.25 

(0.250 ~ 0.010) 

a ~ 

-I r(~:~) 
1.19 i r- MAX. (0.047) 
MAX. 

(O·i85)MAX. 

,!'.~I)L~~TI_Q"'_(~O_I!_RE!'_~II~I'!~_~~h~L ________ _ : _11---- 1.016 (0.040) : I 1.194(0.047) 

i 0 CJ CJ 0 -.---y-: t p4826 TYP : (0:190) • 

::::I::~:I 
o CJ CJ oLt + 
-I I-- ~0.015) 

1.194 (0.047) 0.635 (0.025) 
i _______ ~:?!~_~O'·~J ______ , _________________________ _ 

(0.380 ~ 0.010) 

7.62~0.25 Qo.3OO ~ 0.010~ + 0.076 

(0010+ 0.003) 
llioth:d _·Xs 

I , , 
1.080~O.320_' , 

(0.043~0.013) -tL 
2.54 

(0.100) 
BSC 

9.85 ~ 0.25 H l 
10.254 - O.OSI 

+ . -0.002) 

~II O.635~O.25Jlt I ---I ~0.025 ~ 0.010) 
0.635 ~ 0.130 12' NOM. 

(0.025 ~ O.OOS) 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 
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Small-Outline SO-8 Package (HCPL-0201/11) 

---r 
n~----iIl.L.~---J~ 5.842,. 0.203 

. xxx (0.236 ,. 0.008) 

3.937" 0.127 YWW TYPE NUMBER 
(0.155:0.00U5) 0 (LAST 3 DIGITS) 

DATE CODE 

0.381 ,. 0.076 -I I--­
(0.016 : 0.003) 1.-1.270 BSG 

(0.050) 

~5.080,.0.127 j 
111(0.200,. 0.005\1 

(0.125,. 0.005) IT 1.524 0.228 ,. 0.025 
S(0.009,. 0.001) 

3.175,.0.127 WID] 
U ~0.080) 

j L o.!5h 0.057 
. I (0.006 ,. 0.002) 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). (~:~)MIN. 

8-Pin Widebody DIP Package (HCNW2201/11) 

1-134 

~11.15,.0.15~ 
(0.442 ,. 0.006) 

7 6' 

2.54 (0.100) 
TYP. 

1.78,.0.15 _ 
(0.070 '" 0.006) 

o 

HP 
HCNWXXXX 

YYWW 

TYPE NUMBER 

DATE CODE 

JL~ 0.56 (0.022) 

9.00,. 0.15 r(~~)MAX'g 

-.-~ 

DIMENSIONS IN MILLIMETERS (INCHES). 



8-Pin Widebody DIP Package with Gull Wing Surface Mount Option 300 (HCNW2201/11) 

t 11.15 ~ 0.15 
(0.442 '" 0.006) 

7 6 

a 

I 
9.00",0.15 

(0.354 ~ 0.006) 

~ 

-I r 1.55 
~ (0.061) 

MAX. 

(0.158)MAX. 

~-

DODD-f·. 1 
. -~-~ D(~2~)TYP. 

12.30"0.30 a (0.484 ± 0.012) 

DDDD-J + -r--IJ-- 0.9 
(0.051) (0.035) 

~I~ 

1.78~0.15 _ I' I' 

(0.070 ~ 0.008) 

--------. .---- 2.54 
t:J 

0.75±0.25 
(0.030 ~ 0.010) 

~_ 1.00,,0.15 
(0.039 " 0.008) 

f 
0.254':-0~~~ 
(0.010: g:::: 

(0.100) 
BSC 

DIMENSIONS IN MILLIMETERS (INCHES). 

LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 

Solder Keflow Temperature Profile (HCPL-02XX and Gull Wing Surface Mount Option 300 Parts) 

260 
240 
220 
200 

P 180 
I 160 w 

a: 140 

~ 120 
a: 100 w 

I ,/ "- I 
I ~ "- aT = 145·C,I·ClSEC 

aT = 115·C OYCISEC 1;2". 
I V "-, ,../ , 
~ "-p " /rT 

II. 80 ::;; 
I!! 60 

40 
20 

IJ'r--aT = 100·C,ISCISEC 

1 
VI 

0 
o 2 3 4 5 6 7 8 9 10 11 12 

TIME - MINUTES 

Note: Use of nonchlorine activated fluxes is highly recommended. 
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Regulatory Information 
The HCPL-22XX/02XX and 
HCNW22XX have been approved 
by the following organizations: 

CSA . BSI 

UL 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

VDE 
Approved according to VDE 
0884/06.92. (HCPL-221l/2212 
Option 060 and HCNW22XX only) 

Insulation and Safety Related Specifications 
8-pin DIP Package 

8-PinDIP Widebody 
(300MB) SO-8 (400MB) 

Parameter Symbol Value Value Value Units 
Minimum External L(101) 7.1 4.9 9.6 rom 
Air Gap (External 
Clearance) 
Minimum External L(102) 7.4 4.8 10.0 rom 
Tracking (External 
Creepage) 
Minimum Internal 0.08 0.08 1.0 rom 
Plastic Gap 
(Internal Clearance) . 

I 

Minimum Internal NA NA 4.0 rom 
Tracking (Internal 
Creepage) 
Tracking Resistance CTI 200 200 200 Volts 
(Comparative 
Tracking Index) 
Isolation Group rna rna rna 

Certification according to 
BS415:1994, 
(BS EN60065:1994); 
BS EN60950:1992 
(BS7002:1992) and 
EN41003:1993 for Class II 
applications. (HCNW22XX only) 

Conditions 
Measured from input tenninals 
to output tenninals, shortest 
distance through air. 

Measured from input tenninals 
to output tenninals, shortest 
distance path along body. 
Through insulation distance, 
conductor to conductor, usually 
the direct distance between the 
photoemitter and ,photodetector 
inside the optocoupler cavity. 
Measured from input tenninals 
to output tenninals, along 
internal cavity. 
DIN IEC 112NDE 0303 Part 1 

Material Group 
(DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 
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VDE 0884 Insulation Related Characteristics 
(HCPL-2211/2212 Option 060 ONLy) 

Description 
Installation classification per DIN VDE 0110/1.89, Table 1 

for rated mains voltage ~ 300 V rms 

for rated mains voltage ~ 450 V rms 

Climatic Classification 

Pollution Degree (DIN VDE 0110/1.89) 
Maximum Working Insulation Voltage 

Input to Output Test Voltage, Method b* 
V10RM x 1.875 = VPR, 100% Production Test with 1m = 1 sec, 
Partial Discharge < 5 pC 

Input to Output Test Voltage, Method a* 
VIORM x 1.5 = VPR, Type and sample test, 
tm = 60 sec, Partial Discharge < 5 pC 

Highest Allowable Overvoltage* 
(Transient Overvoltage, tini = 10 sec) 

Safety Limiting Values 
(Maximum values allowed in the event of a failure, 
also see Figure 12, Thermal Derating curve.) 

Case Temperature 
Input Current 
Output Power 

Insulation Resistance at T s, VIO = 500 V 

Symbol Characteristic Units 

I-IV 

I-III 

55/85/21 
2 

VIORM 630 V peak 

VPR 1181 V peak 

VpR 945 V peak 

VIOTM 6000 V peak 

Ts 175 °C 
IS,OUTPUT 230 rnA 
PS,OUTPUT 600 mW 

Rs ~ 109 Q 

'Refer to the front of the optocoupler section of the current catalog, under Product Safety Regulations section (VDE 0884), for a 
detailed description. 

Note: Isolation characteristics are guaranteed only within the safety maximum ratings which must be ensured by protective circuits iu 
application. 
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VDE 0884 Insulation Related Characteristics (HCNW22XX ONLy) 
Description Symbol Characteristic Units 

Installation classification per DIN VDE 0110/1.89, Table 1 
for rated mains voltage ~ 600 V rms . I-IV 
for rated mains voltage ~ 1000 V rms I-III 

Climatic Classification 55/100/21 
Pollution Degree (DIN VDE 0110/1.89) 2 
Maximum Working Insulation Voltage VIORM 1414 V peak 

Input to Output Test Voltage, Method b* 
VIORM x 1.875 = VPR, 100% Production Test with tm = 1 sec, VPR 2652 V peak 

Partial Discharge < 5 pC 
Input to Output Test Voltage, Method a* 

VIORM x 1.5 = VPR, Type and sample test, VPR 2121 V peak 

tm = 60 sec, Partial Discharge < 5 pC 
Highest Allowable Overvoltage* 
(Transient Overvoltage, tini = 10 sec) VIOTM 8000 V peak 

Safety Limiting Values 
(Maximum values allowed in the event of a failure, 
also see Figure 12, Thermal Derating curve.) 

Case Temperature Ts 150 "C 
Current (Input Current IF, Ps = 0) IS,INPUT 400 rnA 
Output Power PSOUTPUT 700 mW 

Insulation Resistance at Ts, VIO = 500 V Rs ;::: 109 n 
*Refer to the front of the optocoupler section of the current catalog, under Product Safety Regulations section (VDE 0884), for a 
detailed description. 

Note: Isolation characteristics are guaranteed only within the safety maximum ratings which must be ensured by protective circuits in 
application. 

Absolute Maximum Ratings 
Parameter Symbol Min. Max. Units Note 

Storage Temperature Ts -55 125 "C 
Operating Temperature TA -40 85 "C 
Average Forward Input Current IF(AVG) 10 rnA 1 
Peak Transient Input Current 

(~ IllS Pulse Width, 300 pps) IF(TRAN) 1.0 A 1 
(~ 200 J.lS Pulse Width, 

I 
HCNW22XX 40 rnA 

< 1% Duty Cycle) 
Reverse Input Voltage VR 5 V 1 

I HCNW22XX 3 
Average Output Current 10 25 rnA 1 
Supply Voltage Vee 0 20 V 
Output Voltage Vo -0.5 20 V 1 
Total Package Power Dissipation PT 210 mW 2 

I HCPL-223X 294 
Output Power Dissipation Po See Figure 7 1 
Lead Solder Temperature (Through Hole Parts 260"C for 10 sec., 
Only) 1.6 mm below seating plane 

I HCNW22XX 260"C for 10 sec., up to seating plane 
Solder Reflow Temperature ProfIle (Surface See Package Outline Drawings section 
Mount Parts Only) 
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Recommended Operating Conditions 
Parameter Symbol Min. Max. Units 

Power Supply Voltage Vee 4.5 20 V 
Forward Input Current (ON) IF(oN) 1.6* 5 rnA 

I HCPL-223X 1.8t 
Forward Input Voltage (OFF) VF(OFF) - 0.8 V 
Operating Temperature TA -40 85 "C 
Junction Temperature TJ -40 125 DC 

Fan Out N 4 TTL Loads 

'The initial switching threshold is 1.6 rnA or less. It is recommended that 2.2 rnA be used to permit at least a 20% LED degradation 
guardband. 
tThe initial switching threshold is 1.8 rnA or less. It is recommended that 2.5 rnA be used to permit at least a 20% LED degradation 
guardband. 

Electrical Specifications 
-40"C:O; TA:O; 85"C, 4.5 V:O; Vcc:O; 20 V, 1.6 rnA:o; IF(oN) *:0; 5 rnA, 0 V:O; VF(OFF):O; 0.8 V, unless otherwise 
specified. All Typicals at TA = 25"C. See Note 7. 

Parameter Sym. 

Logic Low Output Voltage VOL 
Logic High Output Voltage VOH 

Output Leakage Current IoHH 
(Vom > Vee) 

Logic Low Supply IcCL 
Current 

1 HCPL-223X 

Logic High Supply IceH 
Current 

I HCPL-223X 

Logic Low Short Circuit IosL 
Output Current 

Logic High Short Circuit losH 
Output Current 

Input Forward Voltage VF 

I. HCNW22XX 

Input Reverse Breakdown BVR 
Voltage 1 HCNW22XX 
Input Diode Temperature IWF 

Coefficient I HCNW22XX dTA 
Input Capacitance GIN 

I HCNW22XX 

'For HCPL-223X, 1.8 rnA:S IF(oN):S 5 rnA. 
"Typical VOH = Vee - 2.1 V. 

Min. Typ. 

2.4 ** 
2.7 

3.7 
4.3 
7.4 
8.6 
2.4 
2.7 
4.8 
5.4 

15 
20 

1.5 

1.5 

5 
3 

-1.7 
-1.4 
60 
70 

Max. Units Test Conditions Fig. Note 
0.5 V IoL = 6.4 rnA (4 TTL Loads) 1,3 1 

V IoH = -2.6 rnA 2,3, 1 

IoH = -0.4 rnA 8 

100 ~ Vo = 5.5V IF = 5 rnA 1 
500 Vo = 20V 
6.0 rnA Vee = 5.5V VF=OV 
7.0 Vee = 20V 10 = Open 

12.0 Vee = 5.5V 
14.0 Vee = 20V 
4.0 rnA Vee = 5.5 V IF = 5 rnA 
5.0 Vee = 20V 10 = Open 

8.0 Vee = 5.5 V 
10.0 Vee = 20V 

rnA Vo = Vec = 5.5 V VF=OV 1,3 

Vo=Vee=20V 
-10 rnA Vee = 5.5 V IF= 5 rnA 1,3 
-20 Vee = 20V Vo - GND 

1.7 V TA = 25"C IF= 5 rnA 4 1 
'Ts5 

1.82 TA = 25"C 
1.95 

V IR = 10~ 1 

IR = 100~ 
my/DC IF = 5 rnA 

pF f= 1 MHz,VF= OV 1,4 
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Switching Specifications CAe) 
-40"C s; TA S 85°C, 4.5 V S; Vcc S; 20 V, 1.6 rnA S; IF(ON)· S; 5 rnA, 0 V S; VF(OFF) S; 0.8 V. 
All Typicals at TA = 25°C, Vcc = 5 V, IF(oN) = 3 rnA unless otherwise specified. 

Parameter Sym. Min. 
Propagation Delay Time tpHL 
to Logic Low 
Output Level 

Propagation Delay Time tpU! 
to Logic High 
Output Level 

Output Rise Time (10-90%) t. 
Output Fall Time (90-10%) tr 

Parameter Sym. Device 
Logic High ICMHI HCPL-220l/02 
Common Mode HCPL-0201 
Transient HCPL-2231 
Immunity HCNW2201 

HCPL-2211/12 
HCPL-0211 
HCPL-2232 
HCNW2211 

Logic Low ICMLI HCPL-2201/02 
Common Mode HCPL-0201 
Transient HCPL-2231 
Immunity HCNW2201 

HCPL-2211/12 
HCPL-0211 
HCPL-2232 
HCNW2211 

*For HCPL-223X, 1.8 rnA,;; IF(oN)';; 5 rnA. 
tIF = 1.8 rnA for HCPL-2231. 
tIF = 1.8 rnA for HCPL-2232. 
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Typ. Max. Units Test Conditions 

150 ns Without Peaking Capacitor 

r-wo HCNW22XX I 
150 300 With Peaking Capacitor 

110 ns Without Peaking Capacitor 

180 HCNW22XX I 
90 300 With Peaking Capacitor 

30 ns 
7 ns 

Min. Units Test Conditions 

1,000 V/J.IS IVCMI = 50V Vcc=5V 
IF = 1.6rnAt TA = 25"C 

5,000 V/J.IS IVCMI = 300 V 
IF = 1.6 rnAt 

10,000 V/J.IS IVCMI = 1 kV 
IF = 5.0 rnA 

1,000 V/J.IS IVCMI = 50V VF=OV 
Vcc=5V 
TA = 25"C 

10,000 V/f.1S IVCMI = 1 kV 

Fig. Note 

5,6 1,6 

5,6 1,6 

5,9 1 
5,9 1 

Fig. Note 

10 1,7 

10 1,7 



Package Characteristics 
Parameter Sym. Min. Typ. Max. Units Test Conditions Fig. Note 

Input-Output Momentruy VISO 2500 Vnns RH < 50%, t = 1 min. 5, 10 
Withstand 1 HCNW22XX 5000 TA = 25"C ~ , 
Voltage" 

Input-Output Resistance RI-O 1012 n VI-O = 500 V dc 5 

I HCNW22XX 1012 1013 TA = 25"C / 
1011 TA = 100"C/ 

Input-Output Capacitance CI-O 0.6 pF f= 1 MHz, 5 

/ HCNW22XX 0.5 0.6 TA = 25"C / VI.O = 0 Vdc 

Input-Input Insulation 11•1 0.005 ~ Relative Humidity = 45%, 12 
Leakage Current t = 5 s, Vj.! = 500 V 
Resistance (Input-Input) R!.! 1011 n Vj.I = 500 V 12 
Capacitance (Input-Input) C!_I 0.25 pF f=lMHz 12 

·The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), 
your equipment level safety specification or HP Application Note 1074 entitled "Optocoupler Input-Output Endurance Voltage," 
publication number 5963·2203E. 

Notes: 
1. Each channel. 
2. Derate total package power dissipation, PT, linearly above 70'C free-air temperature at a rate of 4.5 mW/'C. 
3. Duration of output short circuit time should not exceed 10 ms. 
4. For single devices, input capacitance is measured between pin 2 and pin 3. 
5. Device considered a two-terminal device: pins 1, 2, 3, and 4 shorted together and pins 5, 6, 7, and 8 shorted together. 
6. The tpLH propagation delay is measured from the 50% point on the leading edge of the input pulse to the 1.3 V point on the 

leading edge of the output pulse. The tpHL propagation delay is measured from the 50% point on the trailing edge of the input 
pulse to the 1.3 V point on the trailing edge of the output pulse. 

7. CMH is the maximum slew rate of the common mode voltage that can be sustained with the output voltage in the logic high state, 
Vo > 2.0 V. CML is the maximum slew rate of the common mode voltage that can be sustained with the output voltage in the logic 
low state, Vo < 0.8 V. 

8. For HCPL-2202/12, Vo is on pin 6. 
9. Use of a 0.1 !J.F bypass capacitor connected between pins 5 and 8 is recommended. 

10. In accordance with UL 1577, each optocoupler is proof tested by applying an insulation test voltage <: 3000 V rms for one second 
(leakage detection current limit, 11•0 ~ 5 !LA). This test is performed before the 100% production test for partial discharge (Method 
b) shown in the VDE 0884 Insulation Characteristics Table, if applicable. 

11. In accordance with UL 1577, each optocoupler is proof tested by applying an insulation test voltage <: 6000 V rms for one second 
(leakage detection current limit, 11-0 ~ 5 !LA). This test is performed before the 100% production test for partial discharge (Method 
b) shown in the VDE 0884 Insulation Characteristics Table. 

12. For HCPL-2231/32 only. Measured between pins 1 and 2, shorted together, and pins 3 and 4, shorted together. 
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~ 1.0 
w 
~ 0.9 

!:i 0.8 

~ 0.7 

O~ 0.6 

5 0.5 

~ 0.4 

§ 0.3 

~ 0.2 

-

VCC=4.6V_ 
VF=OV 
10 = 6.4 mA-

--
I 0.1 
... 0 
~ -60 ·40 ·20 0 20 40 60 80 100 

TA - TEMPERATURE - 'c 

Figure 1. Typical Logic Low Output 
Voltage vs. Temperature. 

HCPL·22XX 
HCPL-02XX 

1 
I 

I :: 
... ·3 

~ ~ 
~ ... w oS 

·6 

i ·7 

1 • ~ I , ! 
VCC = 4.5 V_ 

\ 1 
IF=5mA 

,Vo = 2.7 V 

\1 
i'.. 

~0=2.4V 

r-
1 

~ -8-60 ~ .20 0 20 40 60 80 100 

TA - TEMPERATURE - 'C 

Figure 2. Typical Logic High Output 
Current va. Temperature. 

HCNW22XX 

5 
VCC = 4.5 V 
TA=2S'C 

10=·2.6mA 

10= 6.4 mA 

0.5 1.0 1.5 

IF -INPUT CURRENT - mA 

Figure 3. Typical Output Voltage VS. 

Forward Input Current. 

1000 

1 
§ TA-is'c 

1000 

1 100 
I 

TA=I26 'c 
100 

I 

Ii w 10 
II! 
B 1.0 
Q 

i 0.1 

fZ 
0.01 I 

.l!-

~ l} ~ VF 

/ 
~ /'f' 
~ ./ " 
/'" 

0.001 

.. ' .' i 10 

1.0 I 0.1 

't 0.01 
.l!-

0.001 

- l} ..... 
VF 

/ 
/ 

/ 
V 

1.1 1.2 1.3 1.4 1.5 1.1 1.2 1.3 1.4 1.5 1.6 

VF - FORWARD VOLTAGE - V VF- FORWARD VOLTAGE- V 

Figure 4. Typical Input Diode Forward Characteristic. 

PULSE GEN. 
1r-1t=6 ne 
'.100 kHz 
10% DUTY 

CYCLE 
Vo·SV 
la=50 

Vee 

OUTPUTVO 
MONITORING 
NODE 

THE PROBE AND JIG CAPACITANCES 
ARE INCLUDED IN Cl AND C2' 

ALL DIODES ARE 1 Ne16 OR 1 N3064. 

BV 

PULSE GEN. 
1r=It-Sna 
1= 100 kHz 
10 % DUTY 

CYCLE 
Vo=5V 
la·SO 

~
-------IF(ON) 

INPUT IF - -------------------- -----. 500%":~ (ON) 

~tPLHtPHL -----·VOH 

OUTPUT Vo -- ---------------------- --- __ 1.3 ~OL 

Figure 5. Circuit for tpLH. tpHL. t .. tr. • 0.1 ~F BYPASS - SEE NOTE 9. 
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VCC 

THE PROBE AND JIG CAPACITANCES 
ARE INCLUDED IN Cl AND C2' 

ALL DIODES ARE 1 N916 OR 1 N3064. 

5V 



HCPL-22XX 
HCPL-02XX 

TA - TEMPERATURE - 'c 

HCNW22XX 
250 

Vee = 5.0 V, 20 V.!. .1. .L ,I 
Cl (120 pF) PEAKING CAPACITOR 
IS USED. SEE FIGURE 5. 

IF (mA) 

V 
5 

-~ ./ ,..3 

tpHL 
i-" 

J.6 

1.6, 
5 

-I-" i-"'" lPLH 

50 
-60 -40 -20 0 20 40 60 80 100 

TA - TEMPERATURE - 'C 

Figure 6. Typical Propagation Delays vs. Temperature. 

20 

TYPIC~L 
VOHV8. Vee / I- .AT 10 = -2.6 mA 

15 TA=26'C V 
/ 

/ 
V 

~ 
/ 

10 

5 

o o 10 15 

VCC - SUPPLY VOLTAGE - V 

Figure 8. Typical Logic High Output 
Voltage vs. Supply Voltage. 

20 

VCC 

100 
VCC =5V 

1! 80 I 
III 

! 60 -' -' 
i:! 
uj 40 

~ Ir -...... 
I 

J!r 20 
of - I, 

o 
-60 -40 -20 0 20 40 60 80 100 

TA - TEMPERATURE - 'c 

Figure 9. Typical Rise, Fall Time VB. 

Temperature. 

OUTPUTVO 
MONITORING 
NODE 

1VCMI "'-"':'VCM(PEAK)r--\ 

o V --' '"L---J \....­
SWITCH AT A: IF = 1.6 mA" 

VOH ~ r-------\ r--
V--Vo(MIN.)' V 

OUTPUT Vo SWITCH AT S: VF = 0 V 

I"\"Vo(MAX.)· " 
VOL--' '---------J '---

• SEE NOTE 7,9. 
" IF = 1.8 mA FOR HCPL-2231132 DEVICES. 

80 

o o 

TA 1=75 'C 

\ 
t. TA= 

• •• 80°C 
'. '. 

TA=85~ • 

\ 
5 10 15 20 

Vcc - SUPPLY VOLTAGE - V 

Figure 7. Maximum Output Power per 
Channel vs. Supply Voltage. 

VCC 

OUTPUTVO 
MONITORING 
NODE 

Figure 10. Test Circuit for Cornmon Mode Transient Inuuunity and Typical Waveforms. 
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1.0 

~ 
I 
9 0.9 

! ~ 0.8 

i 0.7 

~ 0.6 

i 0.5 

HCPL·22XX 
HCPL'()2XX 

-- VCC-6.0V 
••••• VCC=20V ~~ 

A 
,#" ... ... 

~ 
~" ... 

IF (ON)-

IF(O~ 

~ 
IF (ON);! 
IF (OFF) 

.a0 -40 ·20 0 20 40 60 80 100 

TA - TEMPERATURE - 'C 

HCNW22XX 
1.0 

-- VCC = 6.0 V 
I i 0.9 

II: 0.8 
j!: 
!z 0.7 

~ ~ 0.6 

i!! 

••••• VCC=20V 
~ 

k1. " 
II,(ON) ~ ~ 
IF (Our ''J' 

l ... " 
IF(O~), ", 

IF (OiF) 

0.6 
·60 ·40 ·20 0 20 40 60 60 100 

TA - TEMPERATURE - 'C 

Figure 11. Typicallnpu:t Threshold Current VS. Temperature. 

.!D HCPL·221112212 OPTION 060 
I 800 

I 
i ,r 400 

I 

I 
I 

.... Ps(mW) 
- -ls(mA) 

'. ". 
'. '. '. ". 

- .... '. '. ........ r-.... '. ". 
r--... '. ~ 

700 

600 

600 

300 
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100 
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TS - CASE TEMPERATURE - 'C 

.!D 1000 

!i 900 

~ 800 
700 i 600 

,r 600 

15 400 

~ 300 

II. 200 

r-

HCNW22XX 

.... Ps(mW) 

-ls(mA) 

". . 
". 

......... '. '. ....... ". . ........ 
O~ 100 

00 25 
I"'lI.. 

50 75 100 125 150 175 

TS - CASE TEMPERATURE - 'C 

Figure 12. Thermal Derating Curve, Dependence of SsfetY Limiting Value with 
Case Temperature per VDE 0884. 

VCCI (+8 V) 0-_--..., 

DATA INPUT 

• 0.1 ~F BYPASS 

...--...... -0() VCC2 (+6 V) 

I 
I 
I 

DATA OUTPUT 

• c-l 
-:-~~ UP TO 16 LSTTL LOADS 
!."'J I OR 4 TTL LOADS 
..... ..!.--I 

-: >+0 
L'J : r'",--
I ~)-<> 
~J 

Figure 13a. Recommended LSTTL to LSTTL Circuit where 500 ns Propagation 
Delay is SufI'.Icient. 

1·144 



DATA INPUT 

,---~--o VCC2 (+5 V) 

, , , 
DATA OUTPUT 

" ... 1--: -{ '>t-" UP TO 16 LSTTL LOADS 
I'~ , OR 4 TTL LOADS 
f"-.!.-j 

, ,:0-;--0 
~_I : 

: ... .,.>=--0 
I'· --' 

, O. 1 ~F BYPASS 

Figure ISb. Recommended LSTrL to LSTTL Circuit for Applications Requiring 
a Maximum Allowable Propagation Delay of SOO ns. 

VCCl 800' 
(+5 V) o-..--Wl....-,--, 

1.1 
kO 

HCPL-2201N 1 
HCPL-02XX 
HCNW22XX 

VCC2 
(4.5 TO 20 V) 

DATA 
OUTPUT VCCl (+5 V) 0-..... ---, 

DATA 
INPUT 

VCC2 
5V 
10V 
15V 
20V 

RL 
1.1 kO 

2.37kO 
3.S3kO 
5.11 kO 

'120 pF PEAKING CAPACITOR 
MAY BE OMITTED AND SO 0 
RESISTOR MAY BE SHORTED 
WHERE 500 ns PROPAGATION 
DELAY IS SUFFICIENT. 

"0.1 ~F BYPASS 

Figure 14. LSTTL to CMOS Interface Circuit. 

HCPL-2201N 1 
HCPL-02XX 
HCNW22XX 

VCc!+5 V) O-..... ...JV\/Ir-..-,.., 

DATA INPUT 

, 120 pF PEAKING CAPACITOR 
MAY BE OMITTED AND 80 0 
RESISTOR MAY BE SHORTED 
WHERE 500 ns PROPAGATION 
DELAY IS SUFFICIENT. 

Figure 16. Series LED Drive with Open Collector Gate 
(4.7 k Resistor Shunts IOH from the LED). 

DATA 
INPUT 

D1 (1N4150) REQUIRED FOR 
ACTIVE PULL-UP DRIVER. 

Figure U. Alternative LED Drive 
Circuit. 
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High CMR, High Speed TTL 
Compatible Optocouplers 

Technical Data 

Features 
• 5 kV/~ Minimum Common 

Mode Rejection (CMR) at 
VCM = 50 V for HCPL·X601/ 
X631, HCNW2601 and 
10 kV/~ Minimum CMR at 
VCM = 1000 V for HCPL· 
X611/X661, HCNW2611 

• High Speed: 10 MBd Typical 
• LSTTL/TTL Compatible 
• Low Input Current 

Capability: 5 rnA 
• Guaranteed ac and dc 

Performance over Temper· 
ature: -40°C to +85°C 

• Available in 8·Pin DIP, 
SOIC·8, Widebody Packages 

• Strobable Output (Single 
Channel Products Only) 

• Safety Approval 
UL Recognized - 2500 V rms 
for 1 minute and 5000 V rms lil 

for 1 minute per UL1577 
- CSAApproved 

VDE 0884 Approved with 
VIORM = 630 V peak for 
HCPL·2611 Option 060 and 
VIORM = 1414 V peak for 
HCNW137/26Xl 

BSI Certified 
(HCNW137/26Xl Only) 

• MIL·STD·1772 Version 
Available (HCPL·56XX/ 
66XX) 

Applications 
• Isolated Line Receiver 
• Computer·Peripheral 

Interfaces 
• Microprocessor System 

Interfaces 
• Digital Isolation for AID, 

D/A Conversion 
• Switching Power Supply 
• Instrument Input/Output 

Isolation 
• Ground Loop Elimination 
• Pulse Transformer 

Replacement 

Functional Diagram 
6N137, HCPL-260112611 
HCPL-0800108011OS11 
HCNW1 37128011261 1 

CATHODE 3 

TRUTH TABLE 
(POSITIVE LOGIC) 

Vee 

LED ENABLE OUTPUT 
ON H L 
OFF H H 
ON L H 
OFF L H 
ON NC L 
OFF NC H 

F/i;' HEWLETTI!l a:a. PACKARD 

6N137 
HCNW137 
HCNW2601 
HCNW2611 
HCPL·0600 
HCPL·0601 
HCPL·0611 
HCPL·0630 

HCPL·0631 
HCPL·0661 
HCPL·2601 
HCPL·2611 
HCPL·2630 
HCPL·2631 
HCPL·4661 

• Power Transistor Isolation 
in Motor Drives 

• Isolation of High Speed 
Logic Systems 

Description 
The 6N137, HCPL·26XX/06XX/ 
4661, HCNW137/26Xl are 
optically coupled gates that 
combine a GaAsP light emitting 
diode and an integrated high gain 
photo detector. An enable input 
allows the detector to be strobed. 
The output of the detector IC is 

TRUTH TABLE 
(POSITIVE LOOIC) 

·5000 V nns/l Minute rating is for HCNW137/26Xl and Option 020 (6N137, HCPL-2601/11/30/31, HCPL-4661) products only. 

A 0.1 J.IF' bypass capacitar must be connected between pins 5 and 8. 

CAUTION: It is advised that normal static precautions be taken in handling and assembly oj this 
component to prevent damage and/or degradation which may be induced by ESD. 
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an open collector Schottky­
clamped transistor. The internal 
shield provides a guaranteed 
common mode transient 
immunity specification of 5,000 
Vll1s for the HCPL-X601/X631 
and HCNW2601, and 10,000 Vll1s 
for the HCPL-X611/X661 and 
HCNW2611. 

Selection Guide 

This unique design provides 
maximum ac and dc circuit 
isolation while achieving TTL 
compatibility. The optocoupler ac 
and dc operational parameters 
are guaranteed from -40°C to 
+85°C allowing troublefree 
system performance. 

The 6N137, HCPL-26XX, HCPL-
06XX, HCPL-4661, HCNW137, 
and HCNW26Xl are suitable for 
high speed logic interfacing, 
input/output buffering, as line 
receivers in environments that 
conventional line receivers 
cannot tolerate and are recom­
mended for use in extremely high 
ground or induced noise 
environments. 

Widebody 
MinimumCMR 8-Pin DIP (300 Mil) Small-Outline SO-8 (400Mll) Hennetic 

Input Single 
On- Single Dual Single Dual Single and Dual 

dV/dt VCM Current Ontput Channel Channel Channel Channel Channel Channel 
(V/1lB) (V) (rnA) Enable Package Package Package Package Package Packages 

NA NA 5 YES 6NI37 HCPIr0600 HCNWI37 

NO HCPL-2630 HCPL-0630 

5,000 50 YES HCPL-2601 HCPIr0601 HCNW2601 

NO HCPL-263I HCPL-063I 

10,000 1,000 YES HCPL-2611 HCPL-0611 HCNW2611 

NO HCPL-4661 HCPL-066I 

1,000 50 YES HCPL-2602 [1 I 

3,500 300 YES HCPL-2612[11 

1,000 50 3 YES HCPL-26IA[11 HCPIr06IA[11 

NO HCPL-263A[11 HCPL-063A[11 

1,000[21 1,000 YES HCPL-26IN[11 HCPIr06IN[11 

NO HCPL-263N[11 HCPL-063N[1] 

1,000 50 12.5 [31 HCPL-193XIII 
HCPL-56XX[11 
HCPL-66XX[11 

Notes: 
1. Technical data are on separate HP publications. 
2. 15 kV/~ with VCM = I kV can be achieved using HP application circuit. 
3. Enable is available for single channel products only, except for HCPL-193X devices. 
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Ordering Information 
Specify Part NumberfoiIowed by Option Number (if desired). 

Example:· 
HCPL-2611 #XXX 

~ 020 = 5000 V rms/l minute UL.Rating Option* 
060 = VDE 0884 VIORM = 630 Vpeak Option** 
300 = Gull Wmg Surface Mount Optiont 
500 = Tape and Reel Packaging Option 

Option data sheets available. Contact Hewlett-Packard sales representative or authorized distributor for 
information. 

'For 6N137, HCPL-2601/lJ!30!31 and HCPL-4661 (8-pin DIP products) only. 
"For HCPL-2611 only. Combination of Option 020 and Option 060 is not available. 
tGull wing surface mount option applies to through hole parts only. 

Schematic 

2+ 

3 

6N137, HCPL-260112611 
HCPL-G6OOI060110611 

HCNW13?, HCNW260112611 

USE OF A 0.1 pF BYPASS CAPACITOR CONNECTED 
BETWEEN PINS 5 AND 81S RECOMMENDED (SEE NOTE 5). 
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Package Outline Drawings 
8-pin DIP Package** (6N137, HCPL-2601/11/30/31, HCPL-4661) 

TYPE NUMBER .. ~I""''''''''-'-'''''''''''''''''"'''''''i OPTION CODE' 

DATE CODE 

UL 

I(o~::: g:~~o)[ 
_ 6.35",0.25 

~ (0.250 '" 0.010) 

, 1'1 
4 RECOGNITION 

~1.78(0.070) MAX. 

~
~ 

, 

4.70 (0.185) MAX. 

tt o.! (0.020) MIN. 

2.92 (0.115) MIN. 
,~ 

1.080 '" 0.320 ___ 
(0.043 '" 0.013) 

~ I-J j'l.- 0.65 (0.025) MAX. 

--I ___ 2.54 '" 0.25 
(0.100 '" 0.010) 

DIMENSIONS IN MILLIMETERS AND (INCHES). 

'MARKING CODE LETTER FOR OPTION NUMBERS 
"L" = OPTION 020 
"V" = OPTION 060 
OPTION NUMBERS 300 AND 500 NOT MARKED. 

"JEDEC Registered Data (for 6N137 only). 

8-pin DIP Package with Gull Wing Surface Mount Option 300 
(6N137, HCPL-2601/11/30/31, HCPL-4661) 

h 9.65",0.25 rl 
1 ~ (0.380",0.010) f.ftl 

7 I 
6.350",0.25 

(0.250 '" 0.010) 

o ~ 

(0.070) ~I r 1.780 

1.19 -I r MAX. (0.047) 
MAX. 

(0.165)MAX. UJctb:d7:s 
~+ 

I
, , 

1.080",0.320_' , 

,!"~!I_ ~c?cATIqN_ !FOI'!I!E!,_~RE_N~~ C?N).. ~ ___ _ : _11--- 1.016 (0.040) 
! I 1.194 (0.047) 

, 0 CJ CJ 0-.-----.--

t 1 ~~-."" _ J -1 9.906 (0.390) 

o CJ CJ oLt i 
-I ~ ~0.015) 

1.194 (O.04n 0.635 (0.025) 
1.778 (0.070) 

(0.380 '" 0.010) 
9.65", 0.25 Hl 
7.62",0.25 

~0.300 '" 0.010~ + 0.076 10.254 - 0.051 

(0010+ 0.003) 
• -0.002) 

(0.043..0.013) -t L 
2.54 

(0.100) 
BSC 

~ h 0.635",0.25 l-' I -- (0.025 '" 0.010) 
0.635 '" 0.130 12" NOM. 

(0.025 '" 0.005) 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 
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Small-Outline SO-8 Package (HCPL-0600/01/11/30/31/61) 

------r 
n~--''''-...... -.... 5.842 ~ 0.203 

xxx (0.236 ,0 O.OOS) 

3.937,00.127 YWW TYPE NUMBER 
(0.155 ,0 O.OU05) 0 (LAST 3 DIGITS) 

DATE CODE 

0.381 .. 0.076 -I I-- I 
(0.016: 0.003) --I I-- 1.270 BSG 

(0.050) 

~5.0S0,oO.127 j 1· II (0.200,0 0.005\1 

(0.125 ± 0.005) IT 1.524 0.228 ± 0.025 
S(O.OOh 0.001) 

3.175±0.127 rna 
U 1J<0.060) 

j L 0.k:0.051 
. I (0.006 ,0 0.002) 

DIMENSIONS IN MILUMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 

0.305 MIN 
(0.012) • 

8-Pin Widebody DIP Package (HCNW137, HCNW2601/11) 

1-150 

h 11.15 ± 0.15 rl 
1 f.L, (0.442 ,0 0.006) M 1 

2.54 (0.100) 
TYP. 

1.7S±0.15 __ 
(0.070 ± 0.006) 

o 

HP 
HCNWXXXX 

YYWW 

TYPE NUMBER 

DATE CODE 

t3.10(0.122) 
~.90(0.154) 

-L~ 0.56 (0.022) 

f 

9.00 .. 0.15 
(0.354 ± 0.006) r(~~)MAX.~ 

10.16 (0.400) 
TYP. 

7°TYP. J\ +0.076 
\ \- 0.254 _ 0.0051 

(0.010~g:=~ 

0.51 (0.021) MIN. 

DIMENSIONS IN MIWMETERS (INCHES). 



8-Pin Widebody DIP Package with Gull Wing Surface Mount Option 300 
(HCNW137, HCNW2601/11) 

9.oo~0.15 
(0.354 ~ 0.006) 

~A[) _LOCATlO~(FOR_ RE_FER.ENC:EO~LYI_ 

CJ CJ CJ CJ 

t 1 6.15 
(0.242)TVP. 

1n-°"T""T"":;""T"T"'l"T"T"-::--r'_1 
12.30~0.30 ° (0.484 ~ 0.012) 

CJ CJ CJ CJLt ~ 
-·11-- ~ 1.3 0.9 

(0.051) (0.035) 

-I 1-- (O~:,) MAX. 

~I 100 
(0.158)MAX. 

1.78~0.15 -~' L' ~ t+ I 
(0.070 ~ 0.006) ~ 

2.54 0.75 ~ 0.25 
(0.100) (0.030 ~ 0.010) 

I--: 1.00~0.15 
(0.039 ~ 0.006) 

f 
0.254 :o?oo;. 

SSC 
(0.010; g.::~ 

DIMENSIONS IN MILLIMETERS (INCHES). 

LEAD COPLANARITV = 0.10 mm (0.004 INCHES). 

Solder Reflow Temperature Profile (HCPL-06XX and 
Gull Wing Surface Mount Option 300 Parts) 

260 
240 
220 
200 

P 160 
I 160 w 

II: 140 :> 
~ 120 
II: 100 w 

I I ./ '\. 
I I , '\. AT = 145°C, l°ClSEC 

AT = 115°C 0.3°ClSEC 7 
I V '\. 
+ ./" " ~ I~ 

If .. 
/' 

G- 80 :; 
w 

60 ... 
40 
20 

IJt---(J.T= 100°C, 1.5°ClSEC 

I I 
,;; I 

0 h 
o 3 4 5 6 7 8 9 10 11 12 

TIME - MINUTES 

Note: Use of nonchlorine activated fluxes is highly recommended. 
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Regulatory Information 
The 6N137, HCPL-26XX/06XX/ 
46XX, and HCNW137/26XX have 
been approved by the following 
organizations: 

UL 
Recognized under VL 1577, 
Component Recognition 
~rogram, File E55361. 

CSA 
Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

VDE 
Approved according to VDE 
0884/06.92. (HCPL-2611 Option 
060 and HCNW137/26X1 only) 

Insulation and Safety Related Specifications 
8-pinDIP Widebody 
(300 Mil) SO-8 (400 Mil) 

Parameter Symbol Value Value Value Units 
Minimum External L(101) 7.1 4.9 9.6 rom 
Air Gap (External 
Clearance) 
Minimum External L(102) 7.4 4.8 10.0 rom 
Tracking (External 
Creepage) 
Minimum Internal 0.08 0.08 1.0 rom 
Plastic Gap 
(lnternal Clearance) 

Minimum Internal NA NA 4.0 rom 
Tracking (Internal 
Creepage) 
Tracking Resistance CTI 200 200 200 Volts 
(Comparative 
Tracking Index) 
Isolation Group rna IIIa IlIa 

BSI 
Certification I1ccording to 
BS415:1994 
(BS EN60065:1994), 
BS7002:1992 
(BS EN60950:1992) and 
EN41003:1993 for Class II 
applications. (HCNW137/26X1 
only) 

Conditions 
Measured from input terminals 
to output terminals, shortest 
distance through air. 

Measured from input terminals 
to output terminals, shortest 
distance path along body. 
Through insulation distance, 
conductor to conductor, usually 
the direct distance between the 
photoemitter and photodetector 
inside the optocoupler cavity. 
Measured from input terminals 
to output terminals, along 
mterrial cavity. 
DIN lEe 112NDE 0303 Part 1 

Material Group 
(DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 
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VDE 0884 Insulation Related Characteristics 
(HCPL-2611 Option 060 Only) 

Description 
Installation classification per DIN VDE 0110/1.89, Table 1 

for rated mains voltage s; 300 V rms 
for rated mains voltage s; 450 V rms 

Climatic Classification 
Pollution Degree (DIN VDE 0110/1.89) 
Maximum Working Insulation Voltage 
Input to Output Test Voltage, Method b* 

\10RM x 1.875 = VPR, 100% Production Test with t~ = 1 sec, 
Partial Discharge < 5 pC 

Input to Output Test Voltage, Method a* 
VIORM x 1.5 = VPR, Type and sample test, 
tm = 60 sec, Partial Discharge < 5 pC 

Highest Allowable Overvoitage* 
(Transient Overvoltage, tini = 10 sec) 
Safety Limiting Values 

(Maximum values allowed in the event of a failure, 
also see Figure 16, Thermal Derating curve.) 

Case Temperature 
Input Current 
Output Power 

Insulation Resistance at Ts, VIO = 500 V 

Symbol Characteristic Units 

I-IV 
I-III 

55/85/21 
2 

VIORM 630 V peak 

VPR 1181 V peak 

VPR 945 V peak 

VIOTM 6000 Vpeak 

Ts 175 °C 
IS,INPUT 230 rnA 

PSOUTPUT 600 mW 

Rs ~ 109 n 
"Refer to the front of the optocoupler section of the current catalog, under Product Safety Regulations section (VDE 0884), for a 
detailed description. 
Note: Isolation characteristics are guaranteed only within the safety maximum ratings which must be ensured by protective circuits in 
application. 

VDE 0884 Insulation Related Characteristics (HCNW137/2601/2611 Only) 
Description Symbol Characteristic Units 

Installation classification per DIN VDE 0110/1.89, Table 1 
for rated mains voltage S; 600 V rms I-IV 
for rated mains voltage S; 1000 V rms I-III 

Climatic Classification (DIN IEC 68 part 1) 55/100/21 
Pollution Degree (DIN VDE 0110/1.89) 2 
Maximum Working Insulation Voltage VIORM 1414 V peak 
Input to Output Test Voltage, Method b* 

VIORM x 1.875 = VPR, 100% Production Test with tm = 1 sec, VPR 2651 V peak 
Partial Discharge < 5 pC 

Input to Output Test Voltage, Method a* 
VIORM x 1.5 = VPR, Type and sample test, VPR 2121 V peak 
tm = 60 sec, Partial Discharge < 5 pC 

Highest Allowable Overvoltage* 
(Transient Overvoltage, tn.i = 10 sec) VIOTM 8000 Vpeak 
Safety Limiting Values 

(Maximum values allowed in the event of a failure, 
also see Figure 16, Thermal Derating curve.) 

Case Temperature Ts 150 °C 
Input Current Is,1NPUT 400 rnA 
Output Power PSOUTPUT 700 mW 

Insulation Resistance at T R, VIi> = 500 V RR ~ 109 n 
·Refer to the front of the optocoupler section of the current catalog, under Product Safety Regulations section (VDE 0884), for a 
detailed description. 
Note: Isolation characteristics are guaranteed only within the safety maximum ratings which must be ensured by protective circuits in 
application. 
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Absolute Maximum Ratings'" (No Derating Required up to 85"0) 
Parameter Symbol Package·· 

Storage Temperature Ts 
Operating Temperaturet TA 
Average Forward Input Current IF Single 8-Pin DIP 

Single SO-8 
Widebody 

Dual 8-Pin DIP 
Dual SO-8 

Reverse Input Voltage VR 8-Pin DIP, SO-8 
Widebody 

Input Power Dissipation PI Widebody 
Supply Voltage Vee 
(1 Minute Maximum) 
Enable Input Voltage (Not to VE Single 8-Pin DIP 
Exceed Vee by more than Single SO-8 
500 mV) Widebody 
Enable Input Current IE 
Output Collector Current 10 
Output Collector Voltage Vo 
(Selection for Higher Output 
Voltages up to 20 V is Available.) 
Output Collector Power Po Single 8-Pin DIP 
Dissipation Single SO-8 

Widebody 
Dual8-Pin DIP 

Dual SO-8 
Lead Solder Temperature Tts . 8-Pin DIP 
(Through Hole Parts Only) 

Widebody 

Solder Reflow Temperature SO-8 and 
Profile (Surface Mount Parts Only) Option 300 

·JEDEe Registered Data (for 6N137 only). 
··Ratings apply to all devices except otherwise noted in the Package column. 
tOOe to 700e on JEDEe Registration. 

Recommended Operating Conditions 
Parameter Symbol 

Input Current, Low Level IFL* 
Input Current, High Leve1l 11 IFf{** 
Power Supply Voltage Vee 
Low Level Enable Voltaget VEL 
High Level Enable Voltaget VEH 
Operating Temperature TA 
Fan Out (at RL = 1 k'1)[ll N 
Output Pull-up Resistor RL 

·The off condition can also be guaranteed by ensuring that. VFL S 0.8 volts. 

Min. Max. Units Note 
-55 125 °C 
-40 85 °C 

20 rnA 2 

15 1,3 

5 V 1 
3 

40 mW 
7 V 

Vee + 0.5 V 

5 rnA 
50 rnA 1 
7 V 1 

85 mW 

60 1,4 

260°C for 10 sec., 
1.6 mm below seating plane 

260°C for 10 sec., 
up to seating plane 

See Package Outline 
Drawings section 

Min. Max. Units 
0 250 j.1A 
5 15 rnA 

4.5 5.5 V 
0 0.8 V 

2.0 Vee V 
-40 85 °C 

5 TTL Loads 
330 4k '1 

··The initial switching threshold is 5 rnA or less. It is recommended that 6.3 rnA to 10 rnA be used for best performance and to permit 
at least a 20% LED degradation guardband. 
tFor single channel products only. 
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Electrical Specifications 
Over recommended temperature eTA = -40°C to +85°C) unless otherwise specified. All Typicals at Vee = 5 V, 
TA = 25°C. All enable test conditions apply to single channel products only. See note 5. 

Parameter Sym. Package Min. Typ. Max. Units Test Conditions Fig. Note 

High Level Output IOH* All 5.5 100 I1A Vee = 5.5 V, VE = 2.0 V, 1 1,6, 
Current Vo = 5.5 V, IF = 250 I1A 19 

Input Threshold 1m Single Channel 2.0 5.0 rnA Vcc = 5.5 V, VE = 2.0 V, 2,3 19 
Current Widebody Vo=0.6V, 

Dual Channel 2.5 IOL (Sinking) = 13 rnA 

Low Level Output VOL" 8-Pin DIP 0.35 0.6 V Vec = 5.5 V, VE = 2.0 V, 2,3, 1, 19 
Voltage SO-8 IF =5rnA, 4,5 

Widebody 0.4 IOL (Sinking) = 13 rnA 

High Level Supply IecH Single Channel 7.0 10.0' rnA VE = 0.5V Vcc = 5.5V 7 
Current 6.5 VE = Vee IF = o rnA 

Dual Channel 10 15 Both 
Channels 

Low Level Supply lecL Single Channel 9.0 13.0* rnA VE = 0.5V Vee = 5.5 V 8 
Current 8.5 VE - Vee IF = lOrnA 

Dual Channel 13 21 Both 
Channels 

High Level Enable IEH Single Channel -0.7 -1.6 rnA Vee = 5.5 V, VE = 2.0 V 
Current 

Low Level Enable IEL* -0.9 -1.6 rnA Vee = 5.5 V, VE = 0.5 V 9 
Current 

High Level Enable VEH 2.0 V 19 
Voltage 

Low Level Enable VEL 0.8 V 
Voltage 

Input Forward VF 8-PinDIP 1.4 1.5 1.75' V TA = 250C IF = 10 rnA 6,7 1 
Voltage SO-8 1.3 1.80 

Widebody ~ 1.64 ~ TA = 250C 
1.2 2.05 

Input Reverse BVR* 8-Pin DIP 5 V IR = 10 I1A 1 
Breakdown SO-8 
Voltage Widebody 3 IR - 100 11A, TA- 25°C 

Input Diode !:NF/ 8-PinDIP -1.6 mV/oC IF = 10 rnA 7 1 
Temperature LlTA SO-8 
Coefficient Widebody -1.9 

Input Capacitance CIN 8-PinDIP 60 pF f = 1 MHz, VF = 0 V 1 
SO-8 

Widebody 70 

*JEDEC registered data for the 6N137. The JEDEC Registration specifies DOC to +7DOC. HP specifies -4DOC to +85°C. 
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Switching Specifications (AC) 
Over Recommended Temperature (TA = ·40°0 to +85°0), Vce = 5 V, IF = 7.5 rnA unless otherwise specified. 
All Typicals at TA = 25°0, Vee = 5 V. 

Parameter Sym. Package*'" Min. Typ. Max. Units Test Conditions Fig. Note 
Propagation Delay tPLH 20 48 75* ns TA = 25°C I RL = 350 0 8,9, 1,10, 
Time to High f-loo CL = 15 pF 10 19 
Output Level 

I----
Propagation Delay tPHL 25 50 75· ns T = 25"C I 1,11, 
Time to Low rwo- 19 
Output Level 

Pulse Width itpHL· tpLHi 8·Pin DIP 3.5 35 ns 8,9, 13, 19 
Distortion SO·8 

~ 
10, 

Widebody 11 

Propagation Delay tpSK 40 ns 12,13, 
Skew 19 

Output Rise 11- 24 ns 12 1, 19 
Time (10·90%) 

Output Fall tf 10 ns 12 1, 19 
TIme (90·10%) 

Propagation Delay tELH Single Channel 30 ns RL = 3500, 13, 14 
Time of Enable CL = 15 pF, 14 
from VEH to VEL VEL = 0 V, VEH = 3 V 

~ Propagation Delay tEHL Single Channel 20 ns 
Time of Enable 
from VEL to VEH 

·JEDEC registered data for the 6N137. 
··Ratings apply to all devices except otherwise noted In the Package column. 

Parameter Sym. Device Min. Typ. Units Test Conditions FiJI:. Note 
Logic High ICMHI 6N137 10,000 V/j.lS IVCMI = 10V Vcc = 5 V, IF = 0 rnA, 15 1,16, 
Common HCPL-2630 VO(MIN) = 2 V, 18, 19 
Mode HCPL·0600/0630 RL = 350 0, TA = 25"C 
Transient HCNW137 
Immunity HCPL·2601/2631 5,000 10,000 IVCMI = 50V 

HCPL·0601/0631 
HCNW2601 
HCPL·2611/4661 10,000 15,000 IVCMI - 1 kV 
HCPL·0611/0661 
HCNW2611 

Logic Low ICMLI 6N137 10,000 V/j.lS IVCMI = 10V Vee = 5 V, IF = 7.5 rnA, 15 1,17, 
Common HCPL-2630 VO(MAXl = 0.8 V, 18, 19 
Mode HCPL·0600/o630 RL = 350 0, TA = 25"C 
Transient HCNW137 
Immunity HCPL-2601/2631 5,000 10,000 lVeMI - 50V 

HCPL-0601/0631 
HCNW2601 
HCPL·2611/4661 10,000 15,000 IVCMI = 1 kV 
HCPL·0611/0661 
HCNW2611 
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Package Characteristics 
All Typicals at TA = 25"C. 

Parameter Sym. Package 

Input-Output 11-0' 8ingle S-Pin DIP 
Insulation 8ingle 80-S 

Input-Output VISO S-Pin DIP, 80-S 
Momentazy With- Widebody 
stand Voltage" OPT020t 

Input-Output RI-O S-Pin DIP, 80-S 
Resistance Widebody 

Input-Output CI_O S-Pin DIP, 80-S 
Capacitance Widebody 

Input-Input 11_1 Dual Channel 
Insulation 
Leakage Current 

Resistance RI_I Dual Channel 
(Input-Input) 

Capacitance CI_I Dual S-Pin DIP 
(Input-Input) Dual80-S 

Min. Typ. Max. Units Test Conditions 

1 !lA 45% RH, t = 5 s, 
VI.O = 3 kV dc, TA = 25"C 

2500 Vnns RH" 50%, t = 1 min, 
5000 TA = 25"C 
5000 

1012 n VI_O = 500 V dc 

101" 101" TA - 25"C I 
1011 TA 100°\; I 

0.6 pF f = 1 MHz, TA = 25°C 
0_5 0.6 

0.005 !lA RH" 45%,t=5s, 
VI_I = 500 V 

1011 n 

~ pF f=IMHz 
0.25 

*JEDEC registered data for the 6NI37. The JEDEC Registration specifies O°C to 70'C. HP specifies -40'C to S5°C. 

Fig. Note 

20,21 

20,21 
1 20,22 

1,20, 
23 

1,20, 
23 

24 

24 

24 

"The Input-Output Momentazy Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), 
your equipment level safety specification or HP Application Note 1074 entitled "Optocoupler Input-Output Endurance Voltage." 
tFor 6N137, HCPL-2601/261l/2630/2631/4661 only. 

Notes: 
1. Each channel. 
2. Peaking circuits may produce transient input currents up to 50 mA, 50 ns maximum pulse width, provided average current does 

not exceed 20 mAo 
3. Peaking circuits may produce transient input currents up to 50 mA, 50 ns maximum pulse width, provided average current does 

not exceed 15 mAo 
4. Derate linearly above 80'C free-air temperature at a rate of 2.7 mW/'C for the SOIC-8 package. 
5. Bypassing of the power supply line is required, with a 0.1 !!F ceramic disc capacitor adjacent to each optocoupler as illustrated in 

Figure 17. Total lead length between both ends of the capacitor and the isolator pins should not exceed 20 mm. 
6. The JEDEC registration for the 6N137 specifies a maximum IOH of 250!lA. HP guarantees a maximum IoH of 100!lA. 
7. The JEDEC registration for the 6N137 specifies a maximum ICCH of 15 mAo HP guarantees a maximum IccH of 10 mAo 
S. The JEDEC registration for the 6N137 specifies a maximum IceL of 18 mAo HP guarantees a maximum ICCL of 13 mAo 
9. The JEDEC registration for the 6N137 specifies a maximum IEL of -2.0 mAo HP guarantees a maximum IEL of -1.6 mAo 

10. The tpLH propagation delay is measured from the 3.75 mA point on the falling edge of the input pulse to the 1.5 V point on the 
rising edge of the output pulse. 

11. The tpHL propagation delay is measured from the 3.75 mA point on the rising edge of the input pulse to the 1.5 V point on the 
falling edge of the output pulse. • 

12. tpSK is equal to the worst case difference in t pHL andlor tpLH that will be seen between units at any given temperatore and specified 
test conditions. 

13. See application section titled "Propagation Delay, Pulse-Width Distortion and Propagation Delay Skew" for more information. 
14. The tELH enable propagation delay is measured from the 1.5 V point on the falling edge of the enable input pulse to the 1.5 V 

point on the rising edge of the output pulse. 
15. The tEHL enable propagation delay is measured from the 1.5 V point on the rising edge of the enable input pulse to the 1.5 V point 

on the falling edge of the output pulse. 
16. CMH is the maximum tolerable rate of rise of the common mode voltage to assure that the output will remain in a high logic state 

(i.e., Vo > 2.0 V). 
17. CML is the maximum tolerable rate of fall of the common mode voltage to assure that the output will remain in a low logic state 

(i.e., Vo < 0.8 V). 
18. For sinusoidal voltages, (idVCM II dt)max = ItfcMVCM(P-p). 
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19. No external pull up is required for a high logic state on the enable input. If the VE pin is not used, tying VE to Vee will result in 
improved CMR performance. For single channel products only. 

20. Device considered a two-terminal device: pins 1, '2,3, and 4 shorted together, and pins 5, 6, 7, and 8 shorted together. 
21. In lIccordance with UL1577, each optocoupler is proof tested by applying an insulation test voltage:?: 3000 V rms for one second 

(leakllge detection current limit, 1'.0 S 5 IJA). This test is performed before the 100% production test for partial discharge 
(Method b) shown in the VDE 0884 Insulation Characteristics Table, if applicable. 

22. In accordance with UL 1577, each optocoupler is proof tested by applying an insulation test voltage:?: 6000 V rms for one second 
(leakllge detection current limit, 1'.0 S 5 IJA). This test is performed before the 100% production test for partial discharge 
(Method b) shown in the VDE 0884 Insulation Characteristics Table, if applicable. 

23. Measured between the LED anode and cathode shorted together and pins 5 through 8 shorted together. For dual channel products 
only. 

24. Measured between pins 1 and 2 shorted together, and pins 3 and 4 shorted together. For dual channel products only. 
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Figure 1. Typical IDgh Level Output 
Current va. Temperature. 

8-PIN DIP 50-8 1 
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Vee = 5.0V 
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Figure 2. Typical Output Voltage va. Forward Input Current. 
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Figure a. Typical Input Threshold Current va. Temperature. 
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Figure 4. Typical Low Level Output Voltage vs. Temperature. 
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Figure 7. Typical Temperature Coefficient of Forward Voltage vs. Input Current. 
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Figure 5. Typical Low Level Output 
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OUTPUTVo 1-+---+--0 MONITORING 
NODE 

'CL IS APPROXIMATELY 15 pF WHICH INCLUDES 
PROBE AND STRAY WIRING CAPACITANCE. 

---------- IF = 7.S0mA 

INP~ Juuu---\----U--- 1F = 3.75 mA 

~tr ~t~v 
OUTPUT : : 

Yo - I ----------- -------1.5V 

Figure 8. Test Circuit for tPRL and t PLB• 
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Figure 9. Typical Propagation Delay 
VB. Temperature. 
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Figure 11. Typical PuIae Width 
Distortion VB. Temperature. 
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PROBE AND STRAY WIRING CAPACITANCE. 

Figure 13. Test Circuit for t.HL and t.LH. 
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Figure 14. Typical Enable Propagation 
Delay vs. Temperature. 
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Figure 16. Thermal Derating Curve, Dependence of Safety Limiting Value with 
Case Temperature per VDE 0884. 

/ GND BUS (BACK) 

Vee BUS (FRONT) -----.../.~-_-_-_-_-_-_-_-_-_-_-_ 
, 

NC 

NC 

t::=::t~~= <=== ENABLE 
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DEVICE ILLUSTRATED. 

Figure 17. Recommended Printed Circuit Board Layout. 
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,~~--~~--b-----~~~~~-------+----GND2 

"DIODE D1 (1N916 OR EQUIVALENT) IS NOT REQUIRED FOR UNITS WITH OPEN COLLECTOR OUTPUT. 
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Figure 18. Recommended TTIJLSTl'L to TTIJLSTl'L Interface Circuit. 
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Propagation Delay, Pulse­
Width Distortion and 
Propagation Delay Skew 
Propagation delay is a figure of 
merit which describes how 
quickly a logic signal propagates 
through a system. The propaga­
tion delay from low to high (tpLH) 
is the amount of time required for 
an input signal to propagate to 
the output, causing the output to 
change from low to high. 
Similarly, the propagation delay 
from high to low (tpHI) is the 
amount of time required for the 
input signal to propagate to the 
output causing the output to 
change from high to low (see 
Figure 8). 

Pulse-width distortion (PWD) 
results when tpLH and tpHL differ in 
value. PWD is defined as the 
difference between tpLH and tpHL 
and often determines the 
maximum data rate capability of a 
transmission system. PWD can be 
expressed in percent by dividing 
the PWD (in ns) by the minimum 
pulse width (in ns) being 
transmitted. Typically, PWD on 
the order of 20-30% of the 
minimum pulse width is tolerable; 
the exact figure depends on the 
particular application (RS232, 
RS422, T-I, etc.). 

Propagation delay skew, tPSK, is 
an important parameter to 
consider in parallel data applica-
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tions where synchronization of 
signals on parallel data lines is a 
concern. If the parallel data is 
being sent through a group of 
optocouplers, differences in 
propagation delays will cause the 
data to arrive at the outputs of the 
optocouplers at different times. If 
this difference in propagation 
delays is large enough, it will 
determine the maximum rate at 
which parallel data can be sent 
through the optocouplers. 

Propagation delay skew is defined 
as the difference between the 
minimum and maximum 
propagation delays, either tpLH or 
tpHL, for any given group of 
optocouplers which are operating 
under the same conditions (i.e., 
the same drive current, supply 
voltage, output load, and 
operating temperature). As 
illustrated in Figure 19, if the 
inputs of a group of optocouplers 
are switched either ON or OFF at 
the same time, tpSK is the 
difference between the shortest 
propagation delay, either tpLH or 
tpHL, and the longest propagation 
delay, either tPLH or tpHL. 

As mentioned earlier, tpSK can 
determine the maximum parallel 
data transmission rate. Figure 20 
is the timing diagram of a typical 
parallel data application with both 
the clock and the data lines being 
sent through optocouplers. The 
figure shows data and clock 

signals at the inputs and outputs 
of the optocouplers. To obtain the 
maximum data transmission rate, 
both edges of the clock signal are 
being used to clock the data; if 
only one edge were used, the 
clock signal would need to be 
twice as fast. 

Propagation delay skew reprec 
sents the uncertainty of where an 
edge might be after being sent 
through an optocoupler. Figure 
20 shows that there will be 
uncertainty in both the data and 
the clock lines. It is important 
that these two areas of uncertainty 
not overlap, otherwise the clock 
signal might arrive before all of 
the data outputs have settled, or 
some of the data outputs may 
start to change before the clock 
signal has arrived. From these 
considerations, the absolute 
minimum pulse width that can be 
sent through optocouplers in a 
parallel application is twice tPSK' A 
cautious design should use a 
slightly longer pulse width to 
ensure that any additional 
uncertainty in the rest of the 
circuit does not cause a problem. 

The tpSK specified optocouplers 
offer the advantages of 
guaranteed specifications for 
propagation delays, pulsewidth 
distortion and propagation delay 
skew over the recommended 
temperature, input current, and 
power supply ranges. 
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HCMOS Compatible, High CMR, 
10 MBd Optocouplers 

Technical Data 

Features 
• HCMOS/LSTTL/TTL 

Performance Compatible 
• 1000 V/1lS Minimum 

Common Mode Rejection 
(CMR) at V CM = 50 V (HCPL-
261A Family) and 15 kV/1lS 
Minimum CMR at V CM = 
1000 V (HCPL-261N Family) 

• High Speed: 10 MBd Typical 
• AC and DC Performance 

Specified over Industrial 
Temperature Range -40°C to 
+S5°C 

• Available in S Pin DIP, 
SOIC-S Packages 

• Safety Approval 
UL Recognized per UL1577 

2500 V rms for 1 minute and 
5000 V rms for 1 minute 
(Option 020) 

CSA Approved 
- VDE 0884 Approved with 

VIORM = 630 V peak for 
HCPL-261N261N 
Option 060 

Applications 
• Low Input Current (3.0 rnA) 

HCMOS Compatible Version 
of 6N137 Optocoupler 

• Isolated Line Receiver 
• Simplex/Multiplex Data 

Transmission 

• Computer-Peripheral 
Interface 

• Digital Isolation for AID, 
D/A Conversion 

• Switching Power Supplies 
• Instrumentation 

Input/Output Isolation 
• Ground Loop Elimination 
• Pulse Transformer 

Replacement 

Description 
The HCPL-261A family of optically 
coupled gates shown on this data 
sheet provide all the benefits of the 
industry standard 6N137 family 
with the added benefit of HCMOS 

Functional Diagram 
HCPL·261 Al26l N 
HCPL·061A1061N 

TRUTH TABLE 
(POSITIVE LOGIC) 

LED ENABLE OUTPUT 
ON H L 
OFF H H 
ON L H 
OFF L H 
ON NC L 
OFF NC H 

FliiiW HEWLETTIDl 
~~PACKARD 

HCPL-261A HCPL-061A 
HCPL-263A HCPL~063A 
HCPL-261N HCPL-061N 
HCPL-263N HCPL-063N 

compatible input current. This 
allows direct interface to all 
common circuit topologies without 
additional LED buffer or drive 
components. The AlGaAs LED 
used allows lower drive currents 
and reduces degradation by using 
the latest LED technology. On the 
single channel parts, an enable 
output allows the detector to be 
strobed. The output of the detector 
IC is an open collector schottky­
clamped transistor. The internal 
shield provides a minimum 
common mode transient immunity 
of 1 000 V/~ for the HCPL-261A 
family and 15000 V/~ for the 
HCPL-261N family. 

HCPL-263A1263N 
HCPL-Q63A1063N 

The connection of a 0.1 IlF bypass capacitor between pins 5 and 8 is required. 

CAUTION: It is advised that norma~ static precautions be taken in handling and assemb~y of this component to 
prevent damage and/or degradation which may be induced by ESD. 
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Selection Guide 

MinlmumCMR Input 8·Pfn DIP (300 MIl) Small·OutHne S().8 

On· Single Dual Single Dual 
dV/dt VCM Current Output Channel Channel Channel Channel 
(V/~) (V) (rnA) Enable Package Package Package Package 

NA NA 5 YES 6Nl37111 HCPL-06001l] 

NO HCPL·263011] HCPL-063011] 

5,000 50 YES HCPL·2601l' ] HCPL-06011l] 

NO HCPL·263lI1] HCPL.06311' j 

10,000 1,000 YES HCPL·261111] HCPL-06111l] 

NO HCPL·46611' ] HCPL-06611 ' ] 

1,000 50 YES HCPL·260211J 

3,500 300 YES HCPL·261211J 

1,000 50 3 YES HCPL·261A HCPL·06IA 

NO HCPL-263A HCPL-063A 

1,00012J 1,000 YES HCPL·261N HCPL-061N 

NO HCPL-263N HCPL-063N 

1,000 50 12.5 13J 

Notes: 
1. TeclU1ical data are on separate HP publications. 
2. 15 kV/J.ts with VCM = 1 kV can be achieved using HP application circuit. 
3. Enable is available for single channel products only, except for HCPL·193X devices. 

Ordering Information 
Specify Part Number followed by Option Number (if desired). 

Example: 

HCPL·261A#XXX E 020 = 5000 V rms/l minute UL Rating Option* 
060 = VDE 0884 VIORM = 630 Vpeak Option** 
300 = Gull Wing Surface Mount Option*** 
500 = Tape and Reel Packaging Option 

Wldebody 
(400 MIl) Hermetic 

Single Single and 
Channel Dual Channel 
Package Packages 

HCNWl3711] 

HCNW260111j 

HCNW261111] 

HCPL·193X11J 
HCPL-56XXI1J 
HCPL.66XXI1] 

Option data sheets available. Contact your Hewlett·Packard sales representative or authorized distributor for 
information. 

·For HCPL·261A/261N/263A/263N (8·pin DIP products) only. 
··For HCPL·261A/261N only. Combination of Option 020 and Option 060 is not available. 
···Gull wing surface mount option applies to through hole parts only. 

Schematic 

2+ 

3 

HCPL·261 A1261 N 
HCPL'{)61 AI061 N 

USE OF A 0.1 pF BYPASS CAPACITOR CONNECTED 
BETWEEN PJNS 5 AND 8 IS RECOMMENDED (SEE NOTE 16). 

HCPL·263A1263N 
HCPL'{)63A1063N 

SHL.IE-L-D--+---~""'--05 GND 
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HCPL·261A/261N/263A/263N Outline Drawing 
Pin Location (for reference only) 

TYPE NUMBER 

HP XXXXZ 

YYWW 

PIN ONE 

U~!~:~~~l-

OPTION CODE' 

DATE CODE 

DIMENSIONS IN MILLIMETERS AND (INCHES). 

, MARKING CODE LETTER FOR OPTION NUMBERS. 
"L" = OPTION 020 
"V" = OPTION 060 
OPTION NUMBERS 300 AND 500 NOT MARKED. 

Figure 1. 8-Pin Dual In-Line Package Device Outline Drawing. 

h 9.65 '" 0.25 rl 
I ~ (0.380., 0.010) ~ I 

7 6 5 I 
6.350 '" 0.25 

(0.250 '" 0.010) 

a ~ 

119 -I r(~:~~g) 
(~~i)-I 1- MAlt 

lJ--L--J-.W ~9 l.lll.ll,)JJ.J (O·i65)MAX. 

1.080,"0.320_1 t! I! 

(0.043 '" 0.013) 

-2.540-
(0.100) 
asc 

DIMENSIONS IN MILLIMETERS (INCHES). 

,_ .. ____ ['!~_~~I!!I_1IQ~Jf:Q.R.Rl;f~!'!'!9!=.9.~!_Jl. ____ _ 

, -I t--- 1.02(0.040) 
I 1.19 (0.047) 

t"D;;;;;;"";;;D;;;;;O,,";;D;;;;;;i,"';D~f-(04·.;890-3-)TY-P-' ..-
9.65",0.25 

(0.380 '" 0.010) 

~F~ 0 L 0.3:(0.015) 
0.64 (0.025) 

TOLERANCES (UNLESS OTHERWISE SPECIFIED): xx.xx = 0.01 
XX.XXX = 0.005 

LEAD COPLANARITY 
MAXIMUM: 0.102 (0.004) 

Figure 2. Gull Wing Surface Mount Option #300. 
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HCPL-061A/061N/063A/063N Outline Drawing 

~ n ,.... ............ - ....... 5.B42. 0.203 
XXX (0.236 • O.OOB) 

3.937.0.127 yww 
(0.155.0.005 

TYPE NUMBER (LAST 3 DIGITS) 

DATE CODE 

1---1.270 
(0.050)BSG 

DIMENSIONS IN MILUMETERS AND (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 

Figure 3. 8·Pin Small Outline Package Device Drawing. 
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Solder Reflow Temperature Profile (HCPL-06XX and Gull Wing Surface Mount 
Option 300 Parts) 
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TIME - MINUTES 

Note: Use of Nonchlorine Activated Fluxes is Recommended. 

Regulatory Information 
The HCPL·261A and HCPL·261N 
families have been approved by 
the following organizations: 

UL 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

eSA 
Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

VDE 
Approved according to VDE 
0884/06.92. (HCPL.261N261N 
Option 060 only) 
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Insulation and Safety Related Specifications 
8-PinDIP 
(300 MU) SO-8 

Parameter Symbol Value Value Units Conditions 
Minimum External Air L(101) 7.1 4.9 mm Measured from input terminals to 
Gap (External output terminals,· shortest distance 
Clearance) through air. 
Minimum External L(102) 7.4 4.8 mm Measured from input terminals to 
Tracking (External output terminals, shortest distance 
Creepage) path along body. 
Minimum Internal Plastic 0.08 0.08 rom Through insulation distance, conductor 
Gap (Internal Clearance) to conductor, usually the direct 

distance between the photoemitter and 
photodetector inside the optocoupler 
cavity. 

Tracking Resistance CTI 200 200 Volts DIN IEC 112/ VDE 0303 Part 1 
(Comparative Tracking 
Index) 
Isolation Group IlIa IlIa Material Group (DIN VDE 0110,1/89, 

Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 

VDE 0884 Insulation Related Characteristics 
(HCPL-261A/261N Option 060 ONLy) 

Description 
Installation classification per DIN VDE 0110/1.89, Table 1 

for rated mains voltage s; 300 V rms 
for rated mains voltage s; 450 V rms 

Climatic Classification 
Pollution Degree (DIN VDE 0110/1.89) 
Maximum Working Insulation Voltage 
Input to Output Test Voltage, Method b* 

VIORM x 1.875 = VPR, 100% Production Test with 1m = 1 sec, 
Partial Discharge < 5 pC 

Input to Output Test Voltage, Method a* 
VIORM x 1.5 = VPR, Type and sample test, tm = 60 sec, 
Partial Discharge < 5 pC 

Highest Allowable Overvoltage* 
(Transient Overvoltage, 1mi = 10 sec) 
Safety Limiting Values 

(Maximum values allowed in the event of a failure, 
also see Figure 18, Thermal Derating curve.) 

Case Temperature 
Input Current 
Output Power 

Insulation Resistance at T8, Vio = 500 V 

Symbol 

VIORM 

VPR 

VpR 

VIOTM 

Ts 
IS,INPUT 

PS,OUTPUT 
Rs 

Characteristic Units 

I-IV 
I-III 

55/85/21 
2 

630 Vpeak 

1181 Vpeak 

945 V peak 

6000 V peak 

175 °C 
230 rnA 
600 mW 

;::: 109 Q 

*Refer to the front of the optocoupler section of the current catalog, under Product'Safety Regulations section·(VDE 0884), for a 
detailed description. 

Note: Isolation characteristics are guaranteed only within the safely maximum ratings which must be ensured by protective circuits in 
application. 
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Absolute Maximum Ratings 
Parameter Symbol Min. Max. Units Note 

Storage Temperature Ts -55 125 "C 
Operating Temperature TA -40 +85 "C 
Average Input Current IF(AVG) 10 rnA 1 
Reverse Input Voltage VR 3 Volts 
Supply Voltage Vee -0.5 7 Volts 2 
Enable Input Voltage VE -0.5 5.5 Volts 
Output Collector Current (Each Channel) to 50 rnA 

Output Power Dissipation (Each Channel) Po 60 mW 3 
Output Voltage (Each channel) Vo -0.5 7 Volts 
Lead Solder Temperature 260°C for 10 s, 1.6 mm Below Seating Plane 
(Through Hole Parts Only) 
Solder Reflow Temperature Profile See Package Outline Drawings section 
(Surface Mount Parts Only) 

Recommended Operating Conditions 
Parameter Symbol Min. Max. Units 

Input Voltage, Low Level VFL -3 0.8 V 
Input Current, High Level IFH 3.0 10 rnA 
Power Supply Voltage Vee 4.5 5.5 Volts 
High Level Enable Voltage VEH 2.0 Vee Volts 
Low Level Enable Voltage VEL 0 0.8 Volts 
Fan Out (at RL = 1 kQ) N 5 TTL Loads 
Output Pull-up Resistor RL 330 4k Q 

Operating Temperature TA -40 85 °C 
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Electrical Specifications 
Over recommended operating temperature (TA = -40"C to +85°C) unless otherwise specified. 

Parameter Symbol Min. Typ.'" Max. 
High Level Output IoH 3.1 100 
Current 
Low Level Output VOL 0.4 0.6 
Voltage 

High Level Supply IccH 7 10 
Current 9 15 

Low Level Supply IceL 8 13 
Current 12 21 

High Level Enable IEH -0.6 -1.6 
Current"'''' 
Low Level Enable IEL -0.9 -1.6 
Current"'''' 
Input FoIWllJ"d VF 1.0 1.3 1.6 
Voltage 
Temperature Co- ilVF/I1TA -1.25 
efficient of Forward 
Voltage 
Input Reverse BVR 3 5 
Breakdown Voltage 
Input Capacitance CIN 60 

"All typical values at TA = 25"C, Vee = 5 V 
"Single Channel Products only (HCPL-261N261NI061A/061N) 
···Dual Channel Products onlY (HCPL.26ilN263NI063N063N) 
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Units Test Conditions 

~ Vee = 5.5 V, Vo = 5.5 V, 
VF = 0.8 V; VE = 2.0 V 

V Vee = 5.5 V, IoL ;., 13 rnA 
(sinking), IF = 3.0 rnA, , 
VE = 2.0V 

rnA VE = 0.5 V"'''' Vee = 5.5V 
Dual Channel IF = o rnA 
Products"''''''' 

rnA VE = 0.5V*'" Vee = 5.5V 
Dual Channel IF = 3.0 rnA 
Products"''''''' 

rnA Vee = 5.5 V, VE = 2.0V 

rnA Vee = 5.5 V, VE = 0.5 V 

V IF = 4 rnA 

mV/oC IF=4rnA 

V IR = l00~ 

pF f=IMHz,VF=OV 

Fig. Note 
4 18 

5,8 4,18 

4 

6 4 

4 

4 



Switching Specifications 
Over recommended operating temperature (TA = -40°C to +85°C) unless otherwise specified 

Parameter Symbol Min_ Typ.'" Max. Units Test Conditions Fig. Note 
Input Current Threshold ITHL 1.5 3.0 rnA Vcc = 5.5 V, Vo = 0.6 V, 7,10 18 
High to Low 10> 13 rnA (Sinking) 
Propagation Delay tpLH 52 100 ns IF = 3.5 rnA 9,11, 4,9, 
Time to High Output Vcc = 5.0 V; 12 18 
Level VE = Open, 
Propagation Delay tpHL 53 100 ns CL = 15 pF, 9,11, 4,10, 
Time to Low Output RL= 3500 12 18 
Level 

Pulse Width Distortion PWD 11 45 ns 9, 13 17,18 
I tpHL - tpLH I 

Propagation Delay Skew tpSK 60 ns 24 11,18 

Output Rise Time tR 42 ns 9, 14 4, 18 

Output Fall Time tF 12 ns 9, 14 4,18 
Propagation Delay tEHL 19 ns IF = 3.5 rnA 15, 12 
Time of Enable Vcc = 5.0 V; 16 
from VEH to VEL VEL = 0 V, VEH = 3 V; 
Propagation Delay tELH 30 ns CL = 15 pF, 15, 12 
Time of Enable RL=3500 16 
from VEL to VEH 

'All typical values at TA = 25"C, Vee = 5 V. 

Common Mode Transient bnmunity Specifications, All values at TA = 250C 

Parameter Device Symbol Min. Typ. Max. Units Test Conditions Fig. Note 
Output High HCPL-261A ICMHI 1 5 kV/~ VCM = 50V Vcc = 5.0 V, 17 4,13, 
Level Common HCPL-061A RL = 3500, 15,18 
Mode Transient HCPL-263A IF=OmA, 
Immunity HCPL-063A TA = 25°C 

HCPL-261N 1 5 kV/~ VCM = 1000 V VO(MIN) = 2 V 
HCPL-061N 

HCPL-263N 15 25 kV/~ Using HPApp 20 4,13, 
HCPL-063N Circuit 15 

Output Low HCPL-26IA ICMLI 1 5 kV/~ VCM = 50V Vcc = 5.0 V, 17 4,14, 
Level Common HCPL-061A RL = 3500, 15, 18 
Mode Transient HCPL-263A IF = 3.5mA, 
Immunity HCPL-063A VO(MAX) = 0.8 V 

HCPL-261N 1 5 kV/~ VCM = 1000 V TA = 25°C 
HCPL-06IN 

HCPL-263N 15 25 kV/~ Using HPApp 20 4,14, 
HCPL-063N Circuit 15 
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Package Characteristics 
All Typicals at TA = 25°C 

Paraineter Syin. Package* 
Input-Output Viso 
Momentary With~ 

OPT020t stand Voltage** 
Input-Output RI.o 
Resistance 
Input-Output CJ.Q 
Capacitance 
Input-Input II.] Dual Channel 
Insulation 
Leakage Current 
Resistance RI_I Dual Channel 
(Input-Input) 
Capacitance C,_] Dual 8-pin DIP 
(Input-Input) Dual SO-8 

Min. Typ. Max. 
2500 

5000 

1012 

0.6 

0.005 

1011 

0.03 
Q.25 

"Ratings apply t<? all devices except otherwise noted in the Package column. 

Units Test Conditions Fig. Note 
Vnns RH::;;50%, 5,6 

t = 1 min., I---
TA = 25"C 5, 7 

n V,.o = 500 Vdc 4,8 

pF f=lMHz, 4,8 
TA = 25"C 

~ RH::;;45%, 19 
t = 5s, 
Vi-I = 500 V 

n 19 

pF f=lMHz 19 

"The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), 
your equipment level safety specification or HP Application Note 1074 entitled "Optocoupler Input-Output Endurance Voltage.' 
tFor 8-pin DIP package devices (HCPL-26IN26IN/263N263N) only. 

Notes: 
I. Peaking circuits may be used which 

produce transient input currents up 
to 30 mA, 50 ns maximum pulse 
width, provided the average current 
does not exceed 10 mAo 

2. I minute maximum. 
3. Derate linearly above 80°C free-air 

temperature at a rate of 2; 7· mWI"C 
for the SOIC-8 package. 

4. Each channel. 
5. Device considered a two-terminal 

device: Pins I, 2, 3, and 4 shorted 
together and Pins 5, 6, 7, and 8 
shorted together. 

6. In accordance with UL1577, each 
optocoupler is proof tested by 
applying an insulation test voltage 
2: 3000 VRMS for I second (leakage 
detection current limit, 11-0'; 5 fJA). 
This test is performed before the 
100% production test for partial 
discharge (method b) shown in the 
VDE 0884' Insulation Characteristics 
Table, if applicable. 

7. In accordance with UL1577, each 
optocoupler is proof tested by 
applying an insulation test voltage 
2: 6000 VRMS for I second (leakage 
detection current limit, 11_0 '; 5 fJA). 
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8. Measured between the LED anode and 
cathode shorted together and pins 5 
through 8 shorted together. 

9. The tpLH propagation delay is 
measured from the 1.75 mA point on 
the falling edge of the input pulse to 
the 1. 5 V point on the rising edge of 
the output pulse. 

10. The tpHL propagation delay is 
measured from the 1.75 mA point on 
the rising edge of the input pulse to 
the 1.5 V point on the falling edge of 
the output pulse. 

II. Propagation delay skew (tpSK) is 
equal to the worst case difference in 
tpLH and/or tpHL that will be seen 
between any two units under the 
same test conditions and operating 
temperature. 

12. Single channel products only (HCPL-
26IN26IN/06IN06IN). 

13. Common mode transient immunity in 
a Logic High level is the maximum 
tolerable I dVCM/dt I of the common 
mode pulse, VCM, to assure that the 
output will remain in a Logic High 
state (Le., Vo > 2.0 V). 

14. Common mode transient immunity in 
a Logic Low level is the maximum 
tolerable IdVc~dtl of the common 
mode pulse, VCM, to assure that the 
output will remain in a Logic Low 
state (i.e., Vo < 0.8 V). 

15. For sinusoidal voltages 
(ldVCM/dtl)max = ItfCM VCM(P_P)' 

16. Bypassing of the power supply line is 
required with a 0.1 JlF' ceramic disc 
capacitor adjacent to each optocoup­
ler as shown in Figure 19. Total lead 
length between both ends of the 
capacitor and the isolator pins should 
not exceed 10 mm. 

17. Pulse Width Distortion (PWD) is 
defined as the difference between 
tPLH and tpHL for any given device. 

18. No external pull up is required for a 
high logic state on the enable input of 
a single channel product. If the VE pin 
is not used, tying VE to Vee will result 
in improved CMR performance. 

19. Measured between pins 1 and 2 
shorted together, and pins 3 and 4 
shorted together. For dual channel 
parts only. . 
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Figure 9. Test Circuit for tpHL and t pLH. 
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Vee =5V 
Vo =0.6V , 

E ~6~0~~~0~~~0~0~~2~0~~~~6~0~8~0~1~00 

TA - TEMPERATURE - °C 

Figure 10. Typical Input Threshold 
Current vs. Temperature. 

60 
,-RL=4kQ 

ve~Jv 
IF = 3.5 mA 

50 

~ 

~ 
I" 

RL=lkQ~ ~ 

~ r--- RLi350ln 

20 

10 

o 
-60 ~O -20 0 20 40 60 80 100 

T A - TEMPERATURE - °C 

Figure 13. Typical Pulse Width 
Distortion vs. Temperature. 
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Figure 11. Typical Propagation Delay 
vs. Temperature. 
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Figure 15. Test Circuit for tEHL and t ELH. 
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Figure 17. Test Circuit for Common Mode Transient Immunity and 
Typical Waveforms. 
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tion Delay vs. Temperature. HCPL-
261A1-261N/-061A1-061N Only. 
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SINGLE CHANNEL PRODUCTS 

/, GND BUS (BACK) 

Vee BUS (FRONT) #-----------
'-(r /P-----------

N.C. 

5=~:::r 
N.C. 

N.C. 
"'1-----ifH7o",v 

W<J 

f-:=~~t:=.A--- ENABLE t y-- (IF USED) 

OUTPUT 1 

OUTPUT 2 

L 10 mm MAX. (SEE NOTE 16) 

DUAL CHANNEL PRODUCTS 

/, GND BUS (BACK) 

Vee BUS(FRON1) ............ ~~~~~~~~~~~~ 

t::::;-;=li5t:=:I5~=~) OUTPUT 1 

Figure 19. Recommended Printed Circuit Board Layout. 

VCC 

'---...... --oVO 

f----4o__-...---<> GND 

GND1 GND2 

• HIGHER CMR MAY BE OBTAINABLE BY CONNECTING PINS 1, 4 TO INPUT GROUND (GND1). 

Figure 20. Recommended Drive Circuit for HCPL-26lA/-261N Families for High­
CMR (Similar for HCPL-263A/-263N). 

"Higher CMR May Be Obtainable by Connecting Pins 1, 4 to Input Ground (Gnd1). 
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Application Information 
Common-Mode Rejection for 
HCPL-261A/HCPL-261N 
Families: 
Figure 20 shows the recom· 
mended drive circuit for the 
HCPL-261N/-261A for optimal 
common-mode rejection 
performance. Two main points to 
note are: 

1. The enable pin is tied to Vee 
rather than floating (this 
applies to single-channel parts 
only). 

2. Two LED-current setting 
resistors are used instead of 
one. This is to balance ILED 
variation during common­
mode transients. 

If the enable pin is left floating, it 
is possible for common-mode 
transients to couple to the enable 
pin, resulting in common-mode 
failure. This failure mechanism 
only occurs when the LED is on 
and the output is in the Low 
State. It is identified as occurring 
when the transient output voltage 
rises above 0.8 V. Therefore, the 
enable pin should be connected 
to either Vee or logic-level high 
for best common-mode 
performance with the output low 
(CMRL). This failure mechanism 
is only present in single-channel 
parts (HCPL-261N, -261A, 
-061N, -061A) which have the 
enable function. 

Also, common-mode transients 
can capacitively couple from the 
LED anode (or cathode) to the 
output-side ground causing 
current to be shunted away from 
the LED (which can be bad if the 
LED is on) or conversely cause 
current to be irijected into the 
LED (bad if the LED is meant to 
be oft). Figure 21 shows the 
parasitic capacitances which 
exists between LED 



anode/cathode and output ground 
(CLA and CLC). Also shown in 
Figure 21 on the input side is an 
AC-equivalent circuit. Table 1 
indicates the directions of ILP and 
ILN flow depending on the 
direction of the common-mode 
transient. 

For transients occurring when the 
LED is on, common-mode rejec­
tion (CMRL, since the output is in 
the "low" state) depends upon the 
amount of LED current drive (IF). 
For conditions where IF is close 
to the switching threshold (ITH), 
CMRL also depends on the extent 
which ILP and ILN balance each 
other. In other words, any 
condition where common-mode 
transients cause a momentary 
decrease in IF (Le. when 
dVcM/dt>O and IIFPI > IIFNI. 
referring to Table 1) will cause 
common-mode failure for 
transients which are fast enough. 

Likewise for common-mode 
transients which occur when the 
LED is off (Le. CMRH, since the 
output is "high"), if an imbalance 
between ILP and ILN results in a 
transient IF equal to or greater 
than the switching threshold of 
the optocoupler, the transient 
"signal" may cause the output to 
spike below 2 V (which consti­
tutes a CMRH failure). 

By using the recommended 
circuit in Figure 20, good CMR 
can be achieved. (In the case of 
the -261N families, a minimum 
CMR of 15 kV/~s is guaranteed 
using this circuit.) The balanced 
ILED-setting resistors help equalize 
ILP and ILN to reduce the amount 
by which ILED is modulated from 
transient coupling through CLA 

and CLC. 

CMR with Other Drive 
Circuits 
CMR performance with drive 
circuits other than that shown in 
Figure 20 may be enhanced by 
following these guidelines: 

1. Use of drive circuits where 
current is shunted from the 
LED in the LED "off' state (as 
shown in Figures 22 and 23). 
This is beneficial for good 
CMRH• 

2. Use of IFH > 3.5 mAo This is 
good for high CMRL. 

Using anyone of the drive 
circuits in Figures 22-24 with 
IF = 10 mA will result in a typical 
CMR of 8 kV/~ for the HCPL-
261N family, as long as the PC 
board layout practices are 
followed. Figure 22 shows a 

circuit which can be used with 
any totem-pole-output TTL! 
LSTTLlHCMOS logic gate. The 
buffer PNP transistor allows the 
circuit to be used with logic 
devices which have low current­
sinking capability. It also helps 
maintain the driving-gate power­
supply current at a constant level 
to minimize ground shifting for 
other devices connected to the 
input-supply ground. 

When using an open-collector 
TTL or open-drain CMOS logic 
gate, the circuit in Figure 23 may 
be used. When using a CMOS 
gate to drive the optocoupler, the 
circuit shown in Figure 24 may 
be used. The diode in parallel 
with the RLED speeds the turn-off 
of the optocoupler LED. 

f-f"_--_--oVee+ 

1-----_--*"-oGND 

'-------+-1111---------+ 
VCM 

Figure 21. AC Equivalent Circuit for HCPL-261X. 

Vee 

Figure 22. TTL Interface Circuit for the HCPL-261A/-
261N Families. 
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VCC-_------. 

74HCOO 
(OR ANY 

OPEN·COLLECTOR! 
OPEN·DRAIN 
LOGIC GATE) 

~ LED ~ LED 

Figure 23. TTL Open·Collector/Open Drain Gate Drive Circuit 
for HCPL·261A/·261N Families. 

Figure 24. CMOS Gate Drive Circuit for HCPL·261A/· 
261N Families. 

Table 1. Effects of Common Mode Pulse Direction on Transient ILED 

If IILPI < IILNI, If IILPI > IILNI, 
LED IF Current LED IF Current 

If dVcM/dt Is: then ILP Flows: and ILN Flows: Is Momentarily: Is Momentarily: 

positive (>0) away from LED away from LED increased decreased 
anode through CLA cathode through CLC 

negative ( <0) toward LED toward LED decreased increased 
anode through CLA cathode through CLC 

Propagation Delay, Pulse­
Width Distortion and 
Propagation Delay Skew 

Propagation delay is a figure of 
merit which describes how 
quickly a logic signal propagates 
through a system. The propaga­
tion delay from low to high (tpLH) 
is the amount of time required for 
an input signal to propagate to 
the output, causing the output to 
change from low to high. 
Similarly, the propagation delay 
from high to low (tpHU is the 
amount of time required for the 
input signal to propagate to the 
output, causing the output to 
change from high to low (see 
Figure 9). 

Pulse-width distortion (PWD) 
results when tpLH and tpHL differ 
in value. PWD is defined as the 
difference between tpLH and tpHL 
and often determines the 
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maximum data rate capability of 
a transmission system. PWD can 
be expressed in percent by 
dividing the PWD (in ns) by the 
minimum pulse width (in ns) 
being transmitted. Typically, 
PWD on the order of 20-30% of 
the minimum pulse width is 
tolerable; the exact figure 
depends on the particular appli­
cation (RS232, RS422, T-I, etc.). 

Propagation delay skew, tpsK, is 
an important parameter to con­
sider in parallel data applications 
where synchronization of signals 
on parallel data lines is a con­
cern. If the parallel data is being 
sent through a group of opto­
couplers, differences in propaga­
tion delays will cause the data to 
arrive at the outputs of the opto­
couplers at different times. If this 
difference in propagation delay is 
large enough it will determine the 

maximum rate at which parallel 
data can be sent through the 
optocouplers. 

Propagation delay skew is defined 
as the difference between the 
minimum and maximum propaga­
tion delays, either tPLH or tpHL, for 
any given group of optocouplers 
which are operating under the 
same conditions (i.e., the same 
drive current, supply voltage, 
output load, and operating 
temperature). As illustrated in 
Figure 25, if the inputs of a group 
of optocouplers are switched 
either ON or OFF at the same 
time, tpSK is the difference 
between the shortest propagation 
delay, either tpLH or tpHL, and the 
longest propagation delay, either 
tpLH or tpHL. 

As mentioned earlier, tpSK can 
determine the maximum parallel 



IF 

Vo 1.5 V 

TPHL 

IF 

TPLH 
Vo 

data transmission rate. Figure 26 
is the timing diagram of a typical 
parallel data application with both 
the clock and the data lines being 
sent through optocouplers. The 
figure shows data and clock 
signals at the inputs and outputs 
of the optocouplers. To obtain the 
maximum data transmission rate, 
both edges of the clock signal are 
being used to clock the data; if 
only one edge were used, the 
clock signal would need to be Figure 26. mustration of Propagation Delay Skew - t pSK• 

twice as fast. 

Propagation delay skew repre-
sents the uncertainty of where an 
edge might be after being sent 
through an optocoupler. Figure 
26 shows that there will be 
uncertainty in both the data and 
the clock lines. It is important 
that these two areas of uncer-
tainty not overlap, otherwise the 
clock signal might arrive before 
all of the data outputs have 
settled, or some of the data 
outputs may start to change 
before the clock signal has 
arrived. From these considera-

DATA 

INPUTS 

CLOCK 

DATA 

OUTPUTS 

CLOCK 

X X X 

\ / 

//111 \\~ 
I~ 

tions, the absolute minimum Figure 26. Parallel Data Transmission Example. 
pulse width that can be sent 
through optocouplers in a parallel 
application is twice tpSK. A 
cautious design should use a 
slightly longer pulse width to 
ensure that any additional 
uncertainty in the rest of the 
circuit does not cause a problem. 

The tPSK specified optocouplers 
offer the advantages of guaran­
teed specifications for propaga­
tion delays, pulse-width 
distortion, and propagation delay 
skew over the recommended 
temperature, input current, and 
power supply ranges. 
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rli~ HEWLETT"" a:e.. PACKARD 

2.0 Amp Output Current IGBT 
Gate Drive Optocoupler 

Technical Data 

Features 
• 2.0 A Minimum Peak Output 

Current 
• 15 kV/Jl8 Minimum Common 

Mode Rejection (CMR) at 
VeM = 1500 V 

• 0.5 V Maximum Low Level 
Output Voltage (VOL) 
Eliminates Need for 
Negative Gate Drive 

• Icc = 5 rnA Maximum Supply 
Current 

• Under Voltage Lock-Out 
Protection (UVLO) with 
Hysteresis 

• Wide Operating Vee Range: 
15 to 30 Volts 

• 500 ns Maximum Switching 
Speeds 

• Industrial Temperature 
Range: -40°0 to 100°0 

• Safety Approval 
UL Recognized - 2500 V rms 

for 1 minute per UL1577 
OSA Approval 
VDE 0884 Approved with 

ViORM = 630 V peak 
(Option 060 only) 

Applications 
• Isolated IGBT/MOSFET 

Gate Drive 
• AO and Brushless DC Motor 

Drives 

• Industrial Inverters 
• Switch Mode Power Supplies 

(SMPS) 

Description 
The HOPL-312.0 consists of a 
GaAsP LED optically coupled to 
an integrated circuit with a power 
output stage. This optocoupler is 
ideally suited for driving power 

.. IGBTs and MOSFETs used in 

Functional Diagram 

I 
I 
I 
I 
I 

~ 
I 
I 
I 
I 
I 

HCPL-3120 

motor control inverter applica­
tions. The high operating voltage 
range of the output stage pro­
vides the drive voltages required 
by gate controlled devices. The 
voltage and current supplied by 
this optocoupler makes it ideally 
suited for directly driving IGBTs 
with ratings up to 1200 V/IQO A. 
For IGBTs with higher ratings, 
the HOPL-3120 can be used to 
drive a discrete power stage 
which drives the IGBT gate. 

~ - - - - -'----<~-f 

TRUTH TABLE 

Vee - VEE Vee - VEE 
"POSITIVE GOING" "NEGATIVE GOING" 

LED (i.e., TURN-ON) (I.e., TURN-OFF) Vo 

OFF 0-30V 0-30V LOW 

ON 0-11 V 0- 9.5 V LOW 

ON 11 -13.5 V 9.5 - 12 V TRANSITION 

ON 13.5 - 30 V 12-30V HIGH 

A 0.1 J.IF bypass capacitor must be connected between pins 5 and 8. 

CAUTION: It is advised that normal static precautions be taken in handling and assembly of this component 
to prevent damage and/or degradation which may be induced by ESD. 
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Ordering Information 
Specify Part Number followed by Option Number (if desired) 

Example 
HCPL-3120#XXX 

~ No Option = Standard DIP Package, 50 per tube. 
060 = VDE 0884 VIORM = 630 V peak Option, 50 per tube. 
300 = Gull Wing Surface Mount Option, 50 per tube. 
500 = Tape and Reel Packaging Option, 1000 per reel. 

Option data sheets available. Contact Hewlett-Packard sales representative or authorized distributor. 

Package Outline Drawings r9.4010.370») 9.90 (0.390) 

Standard DIP Package .-----r.==~ 
HP 3120Z OPTION CODE' 

vvww DATE CODE 

PIN ONE 2 3 

I I -I 1--1.78(0.070) MAX. 
1.19 (0.047) MAX. ----I I--

4.70 (0.185) MAX. 

7.3610.290) 
7.88 (0.310) 

t 

0.20 (0.008) 
0.33 (0.013) 

5'TVP. 

PIN ONE --.1 ~ m----r 

~0.51 (0.020) MIN. 

2.92 (0.115) MIN. 

DIMENSIONS IN MILLIMETERS AND (INCHES). 

'MARKING CODE LETTER FOR OPTION NUMBERS. 
"V" = OPTION 060 

OPTION NUMBERS 300 AND 500 NOT MARKED. 

~ 

0.76 (0.030) _ 1-]· -J t·'- 0.65 (0.026) MAX. 
1.40 (0.055) 

2.28 (0.090) 
2.90 (0.110) 

Gull Wing Surface Mount Option 300 

MOLDED 

h 9.65 z 0.25 rl 
1 ~ (0.380,. 0.010) I'i\ 1 

HP3120Z I 
6.350,.0.25 

VVWW (0.260.. 0.010) 

~"';"F'i"'!l"'F"F.'fl~ 

--I 1-(~:~~~) 
1.19 _I I MAX. 

(0.047) 
MAX. 

ro:bJ1~9 (0.;65)MAX. 

I ' , 

____ J'~p. !-_oC}~r!o,", (1'P'I:LREJ:E!lJ;~l<E_oNI,"') 

-----I !-- 1.016 (0.040) I 1.194(0.047) 

ODD 0 --.-----r-

I lT~~.,," _ 0 9.906 (0.390) 

ODD oLt.J 
-I I-- ~0.015) 

, 1.194 (0.047) 0.636 (0.026) 

: --------~:??~-(~:~!~) ------------------- ---- --- ------

9.65,.0.25 ~ (0.390 ,. 0.010) 

7.62,. 0.26 

~0.300" 0.010~ 
0.20 0.008 

JO.Ol 

1.080,. 0.320 -- 1·-- L· (0.043,. 0.013) 

--2.640 
(0.100) 
BSC 

~ rO.636,.0.25 It I -- (0.026 ,. 0.010) 
0.635 ,. 0.130 12' NOM 

(0.025 ,. 0.005) • 

DIMENSIONS IN MILLIMETERS (INCHES). 
TOLERANCES (UNLESS OTHERWISE SPECIFIED): xx.xx. 0.01 

xx.xxx = 0.006 
LEAD COPLANARITV 
MAXIMUM: 0.102 (0.004) 
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Reflow Temperature Profile 

260 
240 
220 

200 

P 180 
I 160 w 

IX: 140 

~ 120 
IX: 100 w 
"- 80 :::;; 
l!! 60 

40 

20 

I ./ "\.. 
I I "\.. AT = 145·C,l·ClSEC 

AT = 11S·C 0.3·ClSEC 17 
I V '\. .. ~ '" "'?' I"\" 

'P " 
~ 

;. 
11--AT = 100·C, 1.S·ClSEC 

L ~ 
VI I 

0 
o 2 3 4 S 7 8 9 10 11 12 

TIME - MINUTES 

MAXIMUM SOLDER REFLOW THERMAL PROFILE 

(NOTE: USE OF NON-CHLORINE ACTIVATED FLUXES IS RECOMMENDED.) 

Regulatory Information 
The HCPL-3120 has been 
approved by the following 
organizations: 

UL 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

CSA 
Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

VDE (Option 060 Only) 

!\.pproved under VDE 0884/06.92 
with VIORM = 630 V peak. 

VDE 0884 InsulationCharacteristics (Option 060 Only) 
Description Symbol Characteristic Unit 

Installation~lassification per DIN VDE 0110/1.89, Table 1 

for rated mains voltage S; 300Vrms I-IV 
for rated mains voltage S; 450 V rms I-III 

Climatic Classification 55/100/21 
Pollution Degree (DIN VDE 0110/1.89) 2 

Maximum Working Insulation Voltage VIORM 630 Vpeak 

Input to Output Test Voltage, Method b* 
VIORM x 1.875 = VPR, 100% Production Test with tm = 1 sec, VPR 1181 Vpeak 
Partial discharge < 5 pC 

Input to Output Test Voltage,. Method a* 
VIORM x 1.5 = VPR, Type and Sample Test, tm = 60 sec, VPR 945 Vpeak 
Partial discharge < 5 pC 

Highest Allowable Overvoltage* VIOTM 6000 Vpeak 
(Transient Overvoltage tini = 10 sec) 

Safety Limiting Values-Maximum Values Allowed in the Event 
of a Failure, Also See Figure 37, Thermal Derating Curve. 

Case Temperature Ts 175 DC 
Input Current IS,INPUT 230 rnA 
Output Power PS,OUTPUT 600 mW 

Insulation Resistance at Ts, VIO = 500 V Rs ;:;: 109 n 

'Refer to the front of the optocoupler section of the current catalog, under Product Safety Regulations section, (VDE 0884) for a 
detailed description of Method a and Method b partial discharge test profiles. 
Note: Isolation characteristics are guaranteed only within the safety maximum ratings which must be ensured by protective circuits in 
application. 
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Insulation and Safety Related Specifications 
Parameter Symbol Value Units Conditions 

Minimum External Air L(101) 7.1 mm Measured from input terminals to output terminals, 
Gap (External shortest distance through air. 
Clearance) 
Minimum External L(102) 7.4 mm Measured from input terminals to output terminals, 
Tracking (External shortest distance path along body. 
Creepage) 
Minimum Internal Plastic 0.08 mm Insulation thickness between emitter and detector; 
Gap (Internal Clearance) also known as distance through insulation. 
Tracking Resistance CTI 200 Volts DIN IEC ll2/VDE 0303 Part 1 
(Comparative Tracking 
Index) 
Isolation Group IlIa Material Group (DIN VDE OllO, 1/89, Table 1) 
Option 300 - surface mount classification is Class A in accordance with CECC 00802. 

Absolute Maximum Ratings 
Parameter Symbol Min. Max. Units Note 

Storage Temperature Ts -55. 125 "C 
Operating Temperature TA -40 100 °C 
Average Input Current IF(AVG) 25 rnA 1 
Peak Transient Input Current 
« 1 Ils pulse width, 300 pps) IF(TRANl 1.0 A 
Reverse Input Voltage VR 5 Volts 
"High" Peak Output Current 10H(PEAK) 2.5 A 2 
"Low" Peak Output Current 10L(PEAK) 2.5 A 2 
Supply Voltage (Vee - VEE) 0 35 Volts 
Output Voltage Vo 0 Vee Volts 
Output Power Dissipation Po 250 mW 3 
Total Power Dissipation PT 295 mW 4 
Lead Solder Temperature 260°C for 10 sec., 1.6 mm below seating plane 
Solder Reflow Temperature Profile See Package Outline Drawings section 

Recommended Operating Conditions 
Parameter Symbol Min. Max. Units 

Power Supply Voltage (Vee - VEE) 15 30 Volts 
Input Current (ON) IF(oN) 7 16 rnA 
Input Voltage (OFF) VF(OFF) -3.0 0.8 V 
Operating Temperature TA -40 100 °C 
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Electrical Specifications (DC) 
Over recommended operating conditions (TA = -40 to 100"C, IF(oN) = 7 to 16 rnA, VF(OFF) = -3.0 to 0.8 V, 
Vcc = 15 to 30 V, VEE = Ground) unless otherwise specified. . 

Parameter Symbol Min. Typ.* Max. Units Test Conditions Fig. Note 
High Level IOH 0.5 1.5 A Vo = (Vcc - 4 V) 2,3, 5 
Output Current 2.0 A Vo = (Vcc - 15 V) 17 2"-
Low Level loL 0;5 2.0 A Vo = (VEE + 2.5 V) 5,6, 5 
Output Current 2.0 A Vo = (VEE + 15V) 18 2"-
High Level Output VOH (Vcc - 4) (Vcc- 3) V 10 = -100 rnA 1,3, 6, 7 
Voltage 19 
Low Level Output VOL 0.1 0.5 V 10 = 100rnA 4,6, 
Voltage 20 
High Level Supply IccH 2.0 5.0 rnA Output Open, 7,8 
Current IF = 7to 16 rnA 
Low Level Supply ICCL 2.0 5.0 rnA Output Open, 
Current VF = -3.0 to +0.8 V 
Threshold Input IFLH 2.3 5.0 rnA 10 = o rnA, 9,15, 
Current Low to High Vo > 5V 21 
Threshold Input 
Voltage High to Low VFHL 0.8 V 
Input Forward VF 1.2 1.5 1.8 V IF = 10 rnA 16 
Voltage 
Temperature I!J.VF/I!J.TA -1.6 mV/"C IF = lOrnA 
Coefficient 
of Forward Voltage 
Input Reverse BVR 5 V Ir = 10 JlA 
Breakdown Voltage 
Input Capacitance CIN 60 pF f = 1 MHz, VF = 0 V 
UVLO Threshold VUVLO+ 11.0 12.3 13.5 V Vo > 5 V, IF = 10 rnA 22,36 

-
VUVLO- 9.5 10.7 12.0 

'---
UVLO Hysteresis lNLOms 1.6 

• All typical values at TA = 25°C and Vee - VEE = 30 V, unless otherwise noted. 

1-186 



Switching Specifications CAC) 
Over recommended operating conditions (TA = -40 to 100"e, IF(oN) = 7 to 16 rnA, VF(OFF) = -3.0 to 0.8 V, 
Vcc = 15 to 30 V; VEE = Ground) unless otherwise specified. 

Parameter Symbol Min. Typ.'" Max. Units Test Conditions Fig. Note 
Propagation Delay tpLH 0.10 0.30 0.50 Ils Rg = 10 n, 10,11, 14 
Time to High Cg = 10 nF, 12, 13 
Output Level f = 10 kHz, 14,23 
Propagation Delay tpHL 0.10 0.27 0.50 Ils Duty Cycle = 500/0 

Time to Low 
Output Level 

Pulse Width PWD 0.3 Ils 15 
Distortion 
Propagation Delay (tpHL - tpLH) -0.35 0.35 Ils 34,35 10 
Difference Between PDD 
Any Two Parts 

Rise Time tr 0.1 Ils 23 

Fall Time t f 0.1 Ils 
UVLO Turn On tUVLoON 0.8 Ils 22 
Delay Vo > 5 V; IF = 10 rnA 
UVLO Turn Off tUVLO OFF 0.6 Vo < 5 V; IF = 10 rnA 
Delay 
Output High Level ICMHI 15 30 kV/JlS TA = 25°C, 24 11,12 
Common Mode IF = 10to 16 rnA, 
Transient VCM = 1500 V, 
Immunity Vcc = 30V 
Output Low Level ICMLI 15 30 kV/JlS TA = 25°C, 11,13 
Common Mode VCM = 1500 V, 
Transient VF = OV, 
Immunity Vcc = 30V 

'All typical values at TA = 25'C and Vee' VEE = 30 V, unless otherwise noted. 

Package Characteristics 
Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Note 

Input-Output VISO 2500 VRMS RH < 50%, 8,9 
Momentary t = 1 min., 
Withstand Voltage"'· TA = 25°C 
Resistance RI-O 1012 n '1.0 = 500 VDC 9 
(Input - Output) 
Capacitance CI-O 0.6 pF f=lMHz 
(Input - Output) 

LED-to-Case 8LC 467 °C/W Thermocoupler 28 
Thermal Resistance located at center 
LED-to-Detector 8LD 442 "e/W underside of 
Thermal Resistance package 

Detector-to-Case 8DC 126 °C/W 
Thermal Resistance 

"The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an Input-output 
continuous voltage rating. For the continuous voltage rating refer to your equipment level safety specification or HP Application Note 
1074 entitled "Optocoupler Input-Output Endurance Voltage." 
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Notes: 
1. Derate linearly above 70"C free-air 

temperature at a rate of 0.3 mN"C. 
2. Maximum pulse width = 10l1s, 

maximum duty cycle = 0.2%. This 
value is intended to allow for 
component tolerances for designs 
with 10 peak minimum = 2.0 A. See 
Applications section for additional 
details on limiting IOH peak. 

3. Derate linearly above 70"C free-air 
temperature at a rate of 4.8 mW/"C. 

4. Derate linearly above 70"C free-air 
temperature at a rate of 5.4 mW/"C. 
The maximum LED junction tempera­
ture should not exceed 125°C. 

5. Maximum pulse width = 50 I1s, 
maximum duty cycle = 0.5%. 

6. In this test 'bH is measured with a dc 
load current. When driving capacitive 
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Figure 1. VOH vs. Temperature. 
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Figure 4. VOL vs. Temperature. 
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loads VOH will approach Vcc as IOH 
approaches zero amps. 

7. Maximum pulse width = 1 ms, 
maximum duty cycle = 20%. 

8. In accordance with UL1577, each 
optocoupler is proof tested by 
applying an insulation test voltage 
2: 3000 Vrms for 1 second (leakage 
detection current limit, 11•0 " 5 11A). 
This test is performed before the 
100% production test for partial 
discharge (method b) shown in the 
VDE 0884 Insulation Characteristic 
Table, if applicable. 

9. Device considered a two-terminal 
device: pins 1,2,3, and 4 shorted 
together and pins 5, 6, 7, and 8 
shorted together. 
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Figure .2. IOH vs. Temperature. 
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Figure 5. IOL vs. Temperature. 

10. The difference between tpHL and tpLH 
. between any two HC:PL-3120 parts 
under the same test condition. 

11. Pins 1 and 4 need to be connected to 
LED common. 

12. Common mode transient immunity in 
the high state is the maximum 
tolerable dVcM/dt of the common 
mode pulse, VCM' to assure that the 
output will remain in the high state 
(Le., Vo > 15.0 V). 

13. Common mode transient immunity in 
a low state is the maximum tolerable 
dVcM/dt of the common mode puise, 
VCM' to assure that the output will 
remain in a low state (Le., Vo < 1.0 V). 

14. This load condition approximates the 
gate load of a 1200V/75A IGBT. 

15. Pulse Width Distortion (PWD) is 
defined as I tpHL -tpLH I for any given 
device. 
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Figure 18. IOL Test Circuit. 
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Figure 20. VOL Test Circuit. 
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Figure 22. UVLO Test Circuit. 
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Figure 17. IOH Test Circuit. 
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Figure 19. VOH Test Circuit. 
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Figure 21. IFLH Test Circuit. 
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Figure 24. CMR Test Cireuit and Waveforms. 

Applications Infonnation 
Eliminating Negative IGBT 
Gate Drive 
To keep the IGBT firmly off, the 
HCPL-3120 has a very low 
maximum VOL specification of 
0.5 V. The HCPL-3120 realizes 
this very low VOL by using a 
DMOS transistor with 1 Q 
(typical) on resistance in its pull 
down circuit. When the HCPL-
3120 is in the low state, the IGBT 

gate is shorted to the emitter by 
Rg + 1 Q. Minimizing Rg and the 
lead inductance from the HCPL-
3120 to the IGBT gate and 
emitter (possibly by mounting the 
HCPL-3120 on a small PC board 
directly above the IGBT) can 
eliminate the need for negative 
IGBT gate drive in many applica­
tions as shown in Figure 25. Care 
should be taken with such a PC 
board design to avoid routing the 

IGBT collector or emitter traces 
close to the HCPL-3120 input as 
this can result in unwanted 
coupling of transient signals into 
the HCPL-3120 and degrade 
performance. (If the IGBT drain 
must be routed near the HCPL-
3120 input, then the LED should 
be reverse-biased when in the off 
state, to prevent the transient 
signals coupled from the IGBT 
drain from turning on the 
HCPL-3120.) 

HCPL-3120 

CONTROL 
INPUT 

~ 
1 
, , , , 

Figure 25. Recommended LED Drive and Application Circuit. 
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Selecting the Gate Resistor 
(Rg) to Minimize IGBT 
Switching Losses. 
Step 1: Calculate Rg Minimum 
from the 10L Peak Specifica­
tion. The IGBT and Rg in Figure 
26 can be analyzed as a simple 
RC circuit with a voltage supplied 
by the HCPL-3120. 

Rg 2 (Vee - VEE - VoU 
IOLPEAK 

(Vee -. VEE - 2 l1 
IOLPEAK 

(15 V + 5 V - 2 V) 
2.5A 

7.2Q=8Q 

The VOL value of 2 V in the pre­
vious equation is a conservative 
value of VOL at the peak current 
of 2.5A (see Figure 6). At lower 
Rg values the voltage supplied by 
the HCPL-3120 is not an ideal 
voltage step. This results in lower 
peak currents (more margin) 
than predicted by this analysis. 
When negative gate drive is not 
used VEE in the previous equation 
is equal to zero volts. 

Step 2: Check the HCPL-3120 
Power Dissipation and 
Increase Rg if Necessary. The 
HCPL-3120 total power dissipa­
tion (PT) is equal to the sum of 
the emitter power (PE) and the 
output power (Po): 

PT = PE + Po 
PE = IF'"*'Duty Cyele 
Po = PO(BIAS) + Po (SWITCHING) 

= Iec"(Vce- YEW 
+ EswCRa. QaJ'f 

For the circuit in Figure 26 with IF 

(worst case) = 16 rnA, Rg = 8 Q, 

Max Duty Cycle = 80%, Qg = 500 
nC, f = 20 kHz and TA max = 85C: 

PE = 16 mA·1.8 V·0.8 = 23 mW 

Po = 4.25 mA'20 V 
+ 5.2 Jl.!·20 kHz 

= 85mW+ 104mW 
= 189mW 

> 178 mW (PO(MAX) @ 85C 
= 250 mW-15C*4.8 mW/C) 

HCPL-3120 

CONTROL 
INPUT 

, 

~ 
':' 
, , , 

,..---..---..--0+ HYDC 

'----....... --+--0- HYDC 

Figure 26. HCPL-3120 Typical Application Circuit with Negative IGBT Gate Drive. 

PE Po Parameter Description 
Parameter Description Icc Supply Current 

IF LED Current Vee Positive Supply Voltage 
VF LED On Voltage VEE Negative Supply Voltage 

Duty Cycle Maximum LED EswCRg,Qg) Energy Dissipated in the HCPL~3120 for each 
Duty Cycle IGBT Switching Cycle (See Figure 27) 

f Switching Frequency 
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The value of 4.25 rnA for Icc in 
the previous equation was 
obtained by derating the Icc max 
of 5 rnA (which occurs at -40"C) 
to Icc max at 85C (see Figure 7). 

Since Po for this case is greater 
than PO(MAX), Rg must be 
increased to reduce the HCPL-
3120 power dissipation. 

PO(SW/TCHING 1IDIXJ 
= PO(MAX) - PO(BlAS) 

= 178mW-85mW 
= 93mW 

= PO(SWlTCHINGMAlQ Esw(MAX) f 

= 93 mW = 4.65 ,uW 
20kHz 

For Qg = 500 nC, from Figure 
27, a value of Esw = 4.65 I1W 
gives a Rg = 10.3 Q. 

Thermal Model 
The steady state thermal model 
for the HCPL-3120 is shown in 
Figure 28. The thermal resistance 
values given in this model can be 
used to calculate the tempera­
tures at each node for a given 
operating condition. As shown by 
the model, all heat generated 
flows through aCA which raises 
the case temperature Tc 
accordingly. The value of aCA 
depends on the conditions of the 
board design and is, therefore, 
determined by the designer. The 
value of aCA = 83"C/W was 
obtained from thermal measure­
ments using a 2.5 x 2.5 inch PC 
board, with small traces (no 
ground plane), a single HCPL-
3120 soldered into the center of 
the board and still air. The 
absolute maximum power 
dissipation derating specifications 
assume a aCA value of 83"C/W. 

From the thermal mode in Figure shown in Figure 29. The HCPL-
28 the LED and detector IC 3120 improves CMR performance 
junction temperatures can be 
expressed as: 

by using a detector IC with an 
optically transparent Faraday 
shield, which diverts the capaci-

TJE = PE• (aLC II (aw + aDd + aGA) tively coupled current away from 

( a * a ) the sensitive IC circuitry. How 
+ pDo a !Ga ~ a + aGA + '1A ever, this shield does not 

'LG va W eliminate the capacitive coupling 

( a. a ) between the LED and optocoup-
TJD = PE a ~ a ~ a + aGA ler pins 5-8 as shown in 

'La va W Figure 30. This capacitive 
+ PD·(aDcll (aw + aw ) + a~ + '1A coupling causes perturbations in 

Inserting the values for ale and 
aDC shown in Figure 28 gives: 

TJE = PE·(256"C/W + aGA) 
+ PD·(57"C/W + aG~ + '1A 

TJD = PE·(57"C/W + aGA) 
+ PD· (11 1 "C/W + aGA) + '1A 

For example, given PE = 45 mW, 
Po = 250 mW, TA = 70"C and aCA 
= 83"C/W: 

TJE = PEo339OC/W + PDoI40OC/W + 1A 
= 45 mWo339°C/W + 250 mW 

°140°C/W + 70°C = 1200C 

TJD = PEoI40OC/W + PDoI94OC/W + 1A 
= 45 mWo140C/W + 250 mW 

° 194OC/W + 70°C = 1250C 

TJE and TJD should be limited to 
125C based on the board layout 
and part placement (ac~ specific 
to the application. 

LED Drive Circuit 
Considerations for Ultra 
High CMR Performance. 
Without a detector shield, the 
dominant cause of optocoupler 
CMR failure is capacitive 
coupling from the input side of 
the optocoupler, through the 
package, to the detector IC as 

the LED current during common 
mode transients and becomes the 
major source of CMR failures for 
a shielded optocoupler. The main 
design objective of a high CMR 
LED drive circuit becomes 
keeping the LED in the proper 
state (on or oft) during common 
mode transients. For example, 
the recommended application 
circuit (Figure 25), can achieve 
15 kV/1lS CMR while minimizing 
component complexity. 

Techniques to keep the LED in 
the proper state are discussed in 
the next two sections. 

... 
:>. 

14 I 
w 

12 \ 
_ ••• Qg=100nC 

...I 

~ 
10 \ 

-- Qg=500nC 

CI - Qg=1000nC 

~ "- Vcc=19V 

~ 
8 

........ 
VEE=·9V---II: 6 ...... -w 
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> 4 

III ---r--
w 2 z w ..... ...... ...... ....... I 0 

.... 
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ol'l 

Rg-GATERESISTANCE -(1 

Figure 27. Energy Dissipated in the 
HCPL·3120 for Each IGBT Switehing 
Cycle. 
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Figure 28. Thermal Model. 

CMR with the LED On . 
(CMRH)· 

A high CMR LED drive circuit 
must keep the LED on during 
common mode transients. This is 
achieved by overdriving the LED 
current beyond the input 
threshold so that it is not pulled 
below the threshold during a 
transient. A minimum LED cur­
rent of lOrnA provides adequate 
margin over the maximum IFLH of 
5 rnA to achieve 15 kV IllS CMR. 

CMR with the LED Off 
(CMRIJ· 
A high CMR LED drive circuit 
must keep the LED off (VF S; 

VF(OFF)) during common mode 
transients. For example, during a 
-dVcrrldt transient in Figure 31, 
the current flowing through CLEDP 
also flows through the RSAT and 
VSAT of the logic gate. As long as 
the low state voltage developed 
acrosS the logic gate is less than 
VF(OFF)' the LED will remain off 
and no common mode failure will 
occur. 

1-1.94 

TJE= LED junction temperature 
TJD = detector IC junction temperature 
Tc = case temperature measured at the center of the package bottom 

9LC = LED-to-case thermal resistance 
9LD = LED-to-detector thermal resistance 
9DC = detector-to-case thermal resistance 
9CA = case-to-ambient thermal resistance 

*9CA will depend on the board design and the placement of the part. 

The open collector drive circuit, 
shown in Figure 32, cannot keep 
the LED off during a +dVcm/dt 
transient, since all the current 
flowing through CLEDN must be 
supplied by the LED, and it is not 
recommended for applications 
requiring ultra high CMRL 

performance. Figure 33 is an 
alternative drive circuit which, 
like the recommended application 
circuit (Figure 25), does achieve 
ultra high CMR performance by 
shunting the LED in the off state. 

Under Voltage Lockout 
Feature. 
The HCPL-3120 contains an 
under voltage lockout (UVLO) 
feature that is designed to protect 
the IGBT under fault conditions 
which cause the HCPL-3120 
supply voltage (equivalent to the 
fully-charged IGBT gate voltage) 
to drop below a level necessary to 
keep the IGBT in a low resistance 
state. When the HCPL-3120 
output is in the high state and the 
supply voltage drops below the 
HCPL-3120 VUVLO- threshold 
(9.5 < VUVLO- < 12.0) the opto-

coupler output will go into the 
low state with a typical delay, 
UVLO Turn Off Delay, of 0.6 ~s. 

When the HCPL-3120 output is in 
the low state and the supply 
voltage rises above the HCPL-
3120 VUVLO+ threshold (11.0 < 
VUVLO+ < 13.5) the optocoupler 
output will go into the high state 
(assumes LED is "ON") with a 
typical delay, UVLO Turn On 
Delay of 0.8 ~s. . 

IPM Dead Time and 
Propagation Delay 
Specifications. 
The HCPL-3120 includes a 
Propagation Delay Difference 
(PDD) specification intended to 
help designers minimize "dead 
time" in their power inverter 
designs. Dead time is the time 
period during which both the 
high and low side power 
transistors (Q1 and Q2 in Figure 
25) are off. Any overlap in Q1 
and Q2 conduction will result in 
large currents flowing through 
the power devices between the 
high and low voltage motor rails. 



Figure 29. Optocoupler Input to Output 
Capacitance Model for Unshielded Optocouplers. 

Figure 30. Optocoupler Input to Output 
Capacitance Model for Shielded Optocouplers. 

• THE ARROWS INOICATE THE DIRECTION 
OF CURRENT FLOW DURING -dVcMldt. 

L-------------4+-.~--------~ 

VCM 

Figure 31. Equivalent Circuit for Figure 211 During 
Common Mode Transient. 

Figure 33. Recommended LED Drive 
Circuit for mtra-High CMR. 

To minimize dead time in a given 
design, the turn on of LED2 
should be delayed (relative to the 
turn off of LED 1) so that under 
worst-case conditions, transistor 
Ql has just turned off when 
transistor Q2 turns on, as shown 
in Figure 34. The amount of delay 
necessary to achieve this condi­
tions is equal to the maximum 
value of the propagation delay 
difference specification, PDDMAX, 

, , 
CLEDP: 

I-! .... , .... , .... , 
H 

CLEDN: 

ii:Q! 
S~iECD-·L--+---I 

Figure 32. Not Recommended Open 
Collector Drive Circuit. 

which is specified to be 350 ns 
over the operating temperature 
range of -40°C to 100OC. 

Delaying the LED signal by the 
maximum propagation delay 
difference ensures that the 
minimum dead time is zero, but it 
does not tell a designer what the 
maximum dead time will be. The 
maximum dead time is equivalent 
to the difference between the 
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maximum and minimum propaga­
tion delay difference specifica­
tions as shown in Figure 35. The 
maximum dead time for the 
HCPL-3120 is 700 ns (= 350 ns­
(-350 ns)) over an operating 

temperature range of -40"C to 
100"C. 

ILE01---""""I 

Note that the propagation delays 
used to calculate PDD and dead 
time are taken at equal tempera­
tures and test conditions since 
the·optocouplers under consider­
ation are typically mounted in 
close proximity to each other and 
are switching identical IGBTs. 

-\-
VOUTl -----~:::;;;;:::~~---------

Ql0N ~~_~Q~l~O~FF~_ 

vou~ _____ -: __ Q=2~0~F~F~::~~~-~:----Q-2-0-N----
ILED2 ------+-~--....I-I-

:--IPHL MAX~ 
~ '. ..' , 

PDD' MAX = (lpHL· IpLH)MAX = IpHL MAX - IpLH MIN 

'PDD = PROPAGATION DELAY DIFFERENCE 
NOTE: FOR PDD CALCULATIONS THE PROPAGATION DELAYS 
ARE TAKEN AT THE SAME TEMPERATURE AND TEST CONDITIONS. 

Figure 34. Minimum LED Skew for Zero Dead Time. 

MAXIMUM DEAD TIME 
(DUE TO OPTOCOUPLER) 
= (lpHL MAX • IpHL MIN) + (lpLH MAX· IpLH MIN) 
• (lpHL MAX • IpLH MIN) - (lpHL MIN ·lpLH MAXI 
= PDD' MAX - PDD' MIN 

'PDD = PROPAGATION DELAY DIFFERENCE 
NOTE: FOR DEAD TIME AND PDD CALCULATIONS ALL PROPAGATION 
DELAYS ARE TAKEN AT THE SAME TEMPERATURE AND TEST CONDITIONS. 

Figure 311. Waveforms for Dead Time. 
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FliiJ'l HEWLETTI!) 
~~PACKARD 

0.5 Amp Output Current IGBT 
Gate Drive Optocoupler 

Technical Data 

Features 
• 0.5 A Minimum Peak Output 

Current 
• 15 kV//lB Minimum Common 

Mode Rejection (CMR) at 
VeM = 1500 V 

• 1.0 V Maximum Low Level 
Output Voltage (You 
Eliminates Need for 
Negative Gate Drive 

• Icc = 5 rnA Maximum Supply 
Current 

• Under Voltage Lock-Out 
Protection (UVLO) with 
Hysteresis 

• Wide Operating Vee Range: 
15 to 30 Volts 

• 500 ns Maximum Switching 
Speeds 

• Industrial Temperature 
Range: 

- -40OC to 100°C 
• Safety and Regulatory 

Approval: 
UL Recognized 
2500 Vrms for 1 min. per 
UL1577 

VDE 0884 Approved with 
VIORM = 630 Vpeak 
(Option 060 only) 

CSA Approved 

Applications 
• Isolated IGBT/MOSFET 

Gate Drive 
• AC and Brushless DC Motor 

Drives 
• Industrial Inverters 
• Switch Mode Power 

Supplies (SMPS) 

Description 
The HCPL-3150 consists of a 
GaAsP LED optically coupled to 
an integrated circuit with a power 
output stage. This optocoupler is 

HCPL-3150 

ideally suited for driving power 
IGBTs and MOSFETs used in 
motor control inverter applica­
tions. The high operating voltage 
range of the output stage pro­
vides the drive voltages required 
by gate controlled devices. The 
voltage and current supplied by 
this optocoupler makes it ideally 
suited for directly driving !GBTs 
with ratings up to 1200 V/50 A. 
For !GBTs with higher ratings, 
the HCPL-3120 can be used to 
drive a discrete power stage 
which drives the !GBT gate. 

Functional Diagram r------.., 

1 

L_ 
SHIELD-'---+--! 

Truth Table 

Vee - VEE Vee - VEE 
"Positive Going" "Negative-Going" 

LED (i.e., Turn-On) (i.e., Tum-Off) Vo 
OFF 0- 30V 0- 30V LOW 
ON 0-11 V 0- 9.5 V LOW 
ON 11 - 13.5 V 9.5 - 12 V TRANSITION 
ON 13.5 - 30 V 12 - 30V HIGH 

A 0.1 J1F' bypass capacitor must be cannected between pins 5 and 8. 

CAUTION: It is advised that normal static precautions be taken in handling and assembly of this component to 
prevent damage and/or degradation which may be induced by ESD. 
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Ordering Information 
Specify Part Number followed by Option Number (if desired) 

Example 
HCPL-3150#XXX· . 

~NO Option = Standard DIP package, 50 per tube. 

060 = VDE 0884 VIORM = 630 Vpeak Option, 50 per tube. 

300 = Gull Wing Surface Mount Option, 50 per tube. 

500 = Tape and Reel PackagIng OptIOn, 1000 per reel. 

Option data sheets available. Contact Hewlett-Packard sales representative or authorized distributor. 

Package Outline Drawings 
Standard DIP Package 

OPTION CODE' 

HP 3150 Z DATE CDDE 

YYWW 

PIN ONE 1 2 3 

I I --I i--l.78 (0.070) MAX. 1.19(0.047)MAX.~ I---

4.70 (0.185) MAX. 

~=\ r- 0.2°10.go8! 
6.10 (0.240) 0.33 o. 13 
6.60 (0.260) 

7.35 (0.290) 
7.88l310) L 5'TYP. 

t 

PIN ONE 
.-i m---r 

WO.51 (0.020) MIN • 
2.;2 (0.115) MIN. 

DIMENSIONS IN MILLIMETERS AND (INCHES). 

0.76 (0.030)___ I~ ---I t·l- 0.65 (0.025) MAX. 
1.40 (0.055) 

2.28 (0.090) 
2.80 (0.110) 

, MARKING CODE LETTER FOR OPTION NUMBERS. 
'V" • OPTION 060. 
OPTIDN NUMBERS 300 AND 500 NOT MARKED. 

Gull-Wing Surface-Mount Option 300 
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MOLDED 

h 9.65. 0.25 rl 
1 ~ (0.380.0.010) ~ 1 

HP 3150Z I 
8.350.0.25 

YYWW (0.250. 0.010) 

~~~-.l 

-I r(~:Wo) 
1.19 _I 1- MAX. 

(0.047) 
MAX. 

;O.;85)MAX. n:bjj1]f7,g 
9.85.0.25 [ (0.380.0.010) 

7.82.0.25 QO.300 • 0.010~ 
0.20 (0.006) 
0.33 (0.013) 

~ 
I

, , 

1.080.0.320_ ·1- L· (0.043.0.013) 

-2.540 
(0.100) 
BSC 

~ 1'0.836.0.26 If I - (0.02600.010) 
0.8360 0.130 12' NOM 

(0.025 • 0.005) • 

DIMENSIONS IN MILLIMETERS (INCHES). 
TOLERANCES (UNLESS OTHERWISE SPECIFIED): •••••.• 0.01 

xx.xxx = 0.00& 
LEAD COPLANARITY 
MAXIMUM: 0.102 (0.004) 



Reflow Temperature Profile 
260 
240 
220 
200 

P 180 

.:. 160 
!5 140 
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20 

o 

I I / " '\. aT = 14S'C, l'ClSEC 
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'P , 
/' 

IJ - ~T = 100'C, 1.S'ClSEC 

I I 
;1 I 

4 5 6 7 8 9 10 11 12 

TIME - MINUTES 

MAXIMUM SOLDER REFLOW THERMAL PROFILE 

(NOTE: USE OF NON·CHLORINE ACTIVATED FLUXES IS RECOMMENDED.) 

Regulatory Information 
The HCPL·3150 has been 
approved by the following 
organizations: 

UL 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

CSA 
Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

VDE (Option 060 only) 
Approved under VDE 0884/06.92 
with VIORM = 630 Vpeak: 

VDE 0884 Insulation Characteristics (Option 060 Only) 
Description Symbol Characteristic Unit 

Installation classification per DIN VDE 0110/1.89, Table 1 
for rated mains voltage:S; 300 Vrms I·IV 
for rated mains voltage:S; 600 Vrms I·III 

Climatic Classification 55/100/21 
Pollution Degree (DIN VDE 0110/1.89) 2 
Maximum Working Insulation Voltage VIORM 630 Vpeak 
Input to Output Test Voltage, Method bolo 

VroRM x 1.875 = VPR, 100% Production Test with tm = 1 sec, VPR 1181 Vpeak 
Partial discharge < 5 pC 

Input to Output Test Voltage, Method a* 
ViORM x 1.5 = VPR, Type and Sample Test, tm = 60 sec, VPR 945 Vpeak 
Partial discharge < 5 pC 

Highest Allowable Overvoltage* VIOTM 6000 Vpeak 
(Transient Overvoltage tini = 10 sec) 

Safety·Limiting Values - Maximum Values Allowed in the Event 
of a Failure, Also See Figure 37, Thermal Derating Curve. 

Case Temperature Ts 175 °C 
Input Current Is, INPUT 230 rnA 
Output Power PS,OUTPUT 600 mW 

Insulation Resistance at Ts, VIO = 500 V Rs ;e: 109 n 

·Refer to the front of the optocoupler section of the current Catalog, under Product Safety Regulations section, (VDE 0884) for a 
detailed description of Method a and Method b partial discharge test profiles. 
Note: Isolation characteristics are guaranteed only within the safety maximum ratings which must be ensured by protective circuits in 
application. 
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Insulation and Safety Related Specifications 
Parameter Symbol Value Units Conditions 

Minimum External Air Gap L(101) 7.1 mm Measured from input terminals to output 
(External Clearance) terminals, shortest distance through air. 

Minimum External Tracking L(102) 7.4 mm Measured from input terminals to output 
(External Creepage) terminals, shortest distance path along body. 
Minimum Internal Plastic Gap 0.08 mm Through insulation distance conductor to 
(Internal Clearance) conductor. 
Tracking Resistance CTI 200 Volts DIN IEC 112NDE 0303 Part 1 
(Comparative Tracking Index) 

Isolation Group IlIa Material Group (DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance wtih CECC 00802. 

Absolute Maximum Ratings 
Parameter Symbol Min. Max. Units Note 

Storage Temperature Ts -55 125 °C 
Operating Temperature TA -40 100 °C 
Average Input Current IF(AVG) 25 rnA 1 

Peak Transient Input Current IF(TRAN) 1.0 A 
( < 1 J..Ls pulse width, 300 pps) 

Reverse Input Voltage VR 5 Volts 

"High" Peak Output Current IOH(PEAK) 0.6 A 2 
"Low" Peak Output Current IOL(PEAK) 0.6 A 2 
Supply Voltage (Vee - VEE) 0 35 Volts 
Output Voltage VO(PEAK) 0 Vee Volts 
Output Power Dissipation Po 250 mW 3 

Total Power Dissipation PT 295 mW 4 
Lead Solder Temperature 260°C for 10 sec., 1.6 rom below seating plane 
Solder Reflow Temperature Profile See Package Outline Drawings Section 

Recommended Operating Conditions 
Parameter Symbol Min. Max. Units 

Power Supply Voltage (Vee - VEE) 15 30 Volts 
Input Current (ON) IF(oN) 7 16 rnA 
Input Voltage (OFF) VF(OFF) -3.0 0.8 V 
Operating Temperature TA -40 100 °C 
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Electrical Specifications (DC) 
Over recommended operating conditions eTA = -40 to 100"C, IF(ON) = 7 to 16 rnA, VF(OFF) = -3.0 to 0.8 V, 
VCC = 15 to 30 V, VEE = Ground) unless otherwise specified. 

Parameter Symbol Min. Typ.* Max. Units Test Conditions Fig. Note 
High Level 10H 0.1 0.4 A Vo = (Vcc - 4 V) 2,3, 5 
Output Current 0.5 Vo = (Vcc - 15 V) 17 ~ 
Low Level 10L 0.1 0.6 A Vo = (VEE + 2.5 V) 5,6 5 
Output Current 0.5 Vo = (VEE + 15V) 18 ~ 
High Level Output VOH (Vcc - 4) (Vcc - 3) V 10 = -100 rnA 1,3 6, 7 
Voltage 19 
Low Level Output VOL 0.4 1.0 V 10 = 100 rnA 4,6 
Voltage 20 
High Level IccH 2.5 5.0 rnA Output Open, 7,8 
Supply Current IF = 7 to 16 rnA 
Low Level ICCL 2.7 5.0 rnA Output Open, 
Supply Current VF = -3.0 to +0.8 V 
Threshold Input IFLH 2.2 5.0 rnA 10= o rnA, 9,15, 
Current Low to High Vo> 5V 21 
Threshold Input VFHL 0.8 V 
Voltage High to Low 
Input Forward Voltage VF 1.2 1.5 1.8 V IF = 10 rnA 16 
Temperature t.VFf.!~TA -1.6 mV;oC IF = 10 rnA 
Coefficient of 
Forward Voltage 
Input Reverse BVR 5 V IR = 10 ItA 
Breakdown Voltage 
Input Capacitance CIN 60 pF f=1MHz,VF=OV 
UVLO Threshold VUVLO+ 11.0 12.3 13.5 V Vo> 5 V, 22, 

VUVLO- 9.5 10.7 12.0 IF = lOrnA 36 -
-

UVLO Hysteresis UVLOHYS 1.6 V 

°All typical values at TA = 25'C and Vee - VEE = 30 V, unless othelWise noted. 
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Switching Specifications CAC) 
Over recommended operating conditions (TA = -40 to 100"e, IF(ON) = 7 to 16 rnA, VF(OFF) = -3.0 to 0.8 V, 
Vcc = 15 to 30 V; VEE = Ground) unless otherwise specified. 

Parameter Symbol Min. Typ.* Max. Units Test Conditions Fig; Note 
Propagation Delay tpLH 0.10 0 . .30 0.50 Jls Rg = 470, 10,11, 14 
Time to High Cg = 3nF, 12, 13 
Output Level f = 10 kHz, 14,23 

Duty Cycle = 50% 
Propagation Delay tpHL 0.10 0.27 0.50 Jls 
Time to Low 
Output Level 
Pulse Width PWD 0.3 Jls 15 
Distortion 
Propagation Delay PDD -0.35 0.35 Jls 34,35 10 
Difference Between (tPHL - tpLH) 
Any Two Parts 
Rise Time IT 0.1 Jls 23 
Fall Time tc 0.1 Jls 
UVLO Tum On tUVLOON 0.8 Jls Vo > 5 V, 22 
Delay IF = 10 rnA 
UVLO Turn Off tUVLOOFF 0.6 Jls Vo < 5 V, 
Delay IF = lOrnA 
Output High Level ICMHI 15 30 kV/JlS TA = 25"e, 24 11,12 
Common Mode IF = 10 to 16 rnA, 
Transient VCM = 1500 V, 
Immunity Vcc = 30V 
Output Low Level ICMLI 15 30 kV/Jls TA = 25°C, 11,13 
Common Mode VCM = 1500 V, 
Transient VF = OV, 
Immunity Vcc = 30V 

Package Characteristics 
Parameter Symbol Min. Typ.* Max. Units Test Conditions Fig. Note 

Input-Output Vrso 2500 Vrms RH < 50%, 8,9 
Momentary t = 1 min., 
Withstand Voltage** TA = 25"e 
Resistance R1•o 1012 0 V1.() = 500VDC 9 
(Input - Output) 
Capacitance C1•O 0.6 pF f=lMHz 
(Input - Output) 
LED-to-Case 9LC 391 "e/W Thermocouple 28 
Thermal Resistance located at center 
LED-to-Detector 9LD 439 "e/W underside of 
Thermal Resistance package 

Detector-to-Case 9DC 119 "e/W 
Thermal Resistance 

'All typical values at TA = 25"C and Vee· VEE = 30 V, unless otherwise noted. 
"The Input·Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interPretxd as an input·output 
continuous voltage rating. For the continuous voltage rating refer to your equipment level safety specification or HP Application Note 
1074 entitled ·Optocoupler Input-Output Endurance Voltage." 
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Notes: 
1. Derate linearly above 70°C free-air 

temperature at a rate of 0.3 mN°C. 
2. Maximum pulse width = 10 lIS, 

maximum duty cycle = 0.2%. This 
value is intended to allow for 
component tolerances for designs 
with 10 peak minimum = 0.5 A. See 
Applications section for additional 
details on limiting 10H peak. 

3. Derate linearly above 700C free-air 
temperature at a rate of 4.8 mW/OC. 

4. Derate linearly above 700C free-air 
temperature at a rate of 5.4 mW/OC. 
The maximum LED junction tempera­
ture should not exceed 125°C. 

5. Maximum pulse width = 50 lIS, 
maximum duty cycle = 0.5%. 

6. In this test VOH is measured with a dc 
load current. When driving capacitive 
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Figure 4. VOL vs. Temperature. 

loads VOH will approach Vcc as 10H 
approaches zero amps. 

7. Maximum pulse width = 1 ms, 
maximum duty cycle = 20%. 

8. In accordance with UL1577, each 
optocoupler is proof tested by 
applying an insulation test voltage 
;:0, 3000 Vrms for 1 second (leakage 
detection current limit, 1[.0"; 5 !lA). 
This test is performed before the 
100% production test for partial 
discharge (method b) shown in the 
VDE 0884 Insulation Characteristics 
Table, if applicable. 

9. Device considered a two-terminal 
device: pins 1,2,3, and 4 shorted 
together and pins 5, 6, 7, and 8 
shorted together. 

10. The difference between tpHL and tpLH 
between any two HCPL-3150 parts 
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under the same test condition. 
11. Pins 1 and 4 need to be connected to 

LED common. 
12. Common mode transient immunity in 

the high state is the maximum 
tolerable /dVcM/dt/ of the common 
mode pulse, VCM' to assure that the 
output will remain in the high state 
(i.e., Vo > 15.0 V). 

13. Common mode transient immunity in 
a low state is the maximum tolerable 
/ dVcM/dt / of the common mode 
pulse, VCM' to assure that the output 
will remain in a low state (i.e., 
Vo < 1.0V). 

14. This load condition approximates the 
gate load of a 1200 V/25 A IGBT. 

15. Pulse Width Distortion (PWD) is 
defined as / tpHL -tpLH / for any given 
device. 
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Figure 24. CMR Test Circuit and Waveforms. 

Applications Information 
Eliminating Negative IGBT 
Gate Drive 
To keep the IGBT firmly off, the 
HCPL-3150 has a very low 
maximum VOL specification of 
1.0 V. The HCPL-3150 realizes 
this very lowVOL by using a 
DMOS transistor with 4 Q 
(typical) on resistance in its pull 
down circuit. When the 
HCPL-3150 is in the low state, 

CONTROL 
INPUT 

the IGBT gate is shorted to the 
emitter by Rg + 4 Q. Minimizing 
Rg and the lead inductance from 
the HCPL-3150 to the IGBT gate 
and emitter (possibly by 
mounting the HCPL-3150 on a 
small PC board directly above the 
IGBT) can eliminate the need for 
negative IGBT gate drive in many 
applications as shown in Figure 
25. Care should be taken with 
such a PC board design to avoid 

routing the IGBT collector or 
emitter traces close to the HCPL-
3150 input as this can result in 
unwanted coupling of transient 
signals into the HCPL-3150 and 
degrade performance. (If the 
IGBT drain must be routed near 
the HCPL-3150 input, then the 
LED should be reverse-biased 
when in the off state, to prevent 
the transient signals coupled 
from the IGBT drain from turning 
on the HCPL-3150.) 

r-----~-----.~+HVDC 

L-----~----~~·HVDC 

Figure 25. Recommended LED Drive and Application Circnit. 
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Selecting the Gate Resistor 
(Rg) to Minimize IGBT 
Switching Losses. 
Step 1: Calculate Rg Minimum 
From the IOL Peak Specifica­
tion. The !GBT and Rg in Figure 
26 can be analyzed as a simple 
RC circuit with a voltage supplied 
by the HCPL-3150. 

Rg;? (Vee - VEE - VoU 
IOLPEAK 

(Vee- VEE - 1.7lQ 
IOLPEAK 

(15 V + 5 V-I. 7 V) 
0.6A 

= 30.5 n 

The VOL value of 2 V in the pre­
vious equation is a conservative 
value of VOL at the peak current 
of 0.6 A (see Figure 6). At lower 
Rg values the voltage supplied by 
the HCPL-3150 is not an ideal 
voltage step. This results in lower 
peak currents (more margin) 
than predicted by this analysis. 
When negative gate drive is not 
used VEE in the previous equation 
is equal to zero volts. 

Step 2: Check the HCPL-3150 
Power Dissipation and 
Increase Rg if Necessary. The 
HCPL-3150 total power dissipa­
tion (PT) is equal to the sum of 
the emitter power (PE) and the 
output power (Po): 

PT=PE +Po 
PE = IF'vp,'Duty Cycle 
Po = PO(BIAS) + Po (SWITCHING) 

= Icc' CVce - YEW 
+ EswCRG, QaJ 'f 

For the circuit in Figure 26 with IF 
(worst case) = 16 rnA, Rg = 
30.5 n, Max Duty Cycle = SO%, 
Qg = 500 nO, f = 20 kHz and TA 
max = 90°C: 

PE = 16 rnA'l.S V'O.S = 23 mW 

Po = 4.25 rnA'20 V 
+ 4.0 j.lJ'20 kHz 

= S5mW+ SOmW 
= 165mW 

> 154 mW (PO(MAX) @ 90°C 
= 250 mW-20C'4.S mW/C) 

HCPL-3150 

CONTROL 
INPUT 

, 
~ 

1. ___ .. ,'-----4----1 

r---t---r"-Q+ HVDC 

'----4---~-Q_ HVDC 

Figure 26. HCPL-3150 Typical Application Circuit with Negative IGBT Gate Drive. 

PE Po Parameter Description 
Parameter Description lee Supply Current 

IF LED Current Vee Positive Supply Voltage 
VF LED On Voltage VEE Negative Supply Voltage 

Duty Cycle Maximum LED EswCRg,Qg) Energy Dissipated in the HCPL-3150 for each 
Duty Cycle IGBT Switching Cycle (See Figure 27) 

f Switching Frequency 
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The value of 4.25 rnA for Icc in 
the previous equation was 
obtained by derating the Icc max 
of 5 rnA (which occurs at -40°C) 
to Icc max at 90°C (see Figure 7). 

Since Po for this case is greater 
than PO(MAX)' Rg must be 
increased to reduce the HCPL-
3150 power dissipation. 

PO(SWITCHING MAX) 

= PO(llMX) - PO(BIAS) 

= 154mW- 85mW 
= 69mW 

E - POCSWITCHINGMAXI 
SW(llMX) - f 

= 69mW =3.4511-' 
20kHz 

For Qg = 500 nC, from Figure 
27, a value of Esw = 3.45 J.LI 
gives a Rg = 41 n. 

Thermal Model 
The steady state thermal model 
for the HCPL-3150 is shown in 
Figure 28. The thermal resistance 
values given in this model can be 
used to calculate the tempera­
tures at each node for a given 
operating condition. AB shown by 
the model, all heat generated 
flows through BGA which raises 
the case temperature Tc 
accordingly. The value of BCA 
depends on the conditions of the 
board design and is, therefore, 
determined by the designer. The 
value of BCA = 83°C/W was 
obtained from thermal measure­
ments using a 2.5 x 2.5 inch PC 
board, with small traces (no 
ground plane), a Single HCPL-
3150 soldered into the center of 
the board and still air. The 
absolute maximum power 
dissipation derating specifications 
assume a BCA value of 83°C/W. 
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From the thermal mode in Figure shown in Figure 29. The HCPLc 
28 the LED and detector IC 3150 improves CMR performance 
junction temperatures can be 
expressed as: 

by using a detector IC with an . 
optically transparent Faraday 
shield, which diverts the capaci-

TJE = Pe 'CB£OII(Bw + BDa) + Bc.J tively coupled current away from 

( B' B .). the sensitive IC circuitry. How 
+ PDo B + L~ ~B + BCA + 7A ever, this shield does not 

La DC W eliminate the capacitive coupling 

( B' B ) between the LED and optocoup-
TJD = PE B !CB ~ B + BdA ler pins 5-8 as shown in 

La DC W Figure 30. This capacitive 
+ 1b'(BDCII CBw + B£O) + BGA) + 7A coupling causes perturbations in 

the LED current during common 

Inserting the values for BLC and 
BDC shown in Figure 28 gives: 

TJE = PE 'C230OC/W + BCA) 
+ PD'C 49°C/W + BCA) +. 7A 

TJD = PE'( 49OC/W + BCA) 
+ PD'C104°C/W + BGA) + 7A 

For example, given PE = 45 mW, 
Po = 250 mW, TA = 70°C and BCA 
= 83°C/W: 

mode transients and becomes the 
major source of CMR failures for 
a shielded optocoupler. The main 
design objective of a high CMR 
LED drive circuit becomes 
keeping the LED in the proper 
state (on or off) during common 
mode transients. For example, 
the recommended application 
circuit (Figure 25), can achieve 
15 kV/l1s CMR while minimizing 
component complexity. 

TJE = PEo313OC/W + PDoI32OC/W + 7A Techniques to keep the LED in 
= 45 mWo313°C/W + 250 mW the proper state are discussed in 

° 132°C/W + 70°C = 11 7°C the next two sections. 

TJD = PEo132OC/W + PDo187OC/W + TA 
= 45 mWo132C/W + 250 mW 
. ° 187°C/W + 70°C = 12300 

TJE and TJD should be limited to 
125°C based on the board layout 
and part placement CBc~ specific 
to the application. 

LED Drive Circuit 
Considerations for Ultra 
High CMR Performance 
Without a detector shield, the 
dominant cause of optocoupler 
CMR failure is capacitive 
coupling from the input side of 
the optocoupler, through the 
package, to the detector IC as 
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Figure 27. Energy Dissipated In the 
HCPL-S150 for Each IGBT Switching 
Cycle. 



Figure 28. Thennal Model. 

CMR with the LED On 
(CMRH) 
A high CMR LED drive circuit 
must keep the LED on during 
common mode transients. This is 
achieved by overdriving the LED 
current beyond the input 
threshold so that it is not pulled 
below the threshold during a 
transient. A minimum LED cur­
rent of 10 rnA provides adequate 
margin over the maximum IFLH of 
5 rnA to achieve 15 kV//ls CMR. 

CMR with the LED Off 
(CMR.J 
A high CMR LED drive circuit 
must keep the LED off 
(VF:;; VF(OFF)) during common 
mode transients. For example, 
during a -dVewdt transient in 
Figure 31, the current flowing 
through CLEDP also flows through 
the RSAT and VSAT of the logic 
gate. As long as the low state 
voltage developed across the 
logic gate is less than VF(OFF), the 
LED will remain off and no 
common mode failure will occur. 

TJE = LED junction temperature 
TJD = detector IC junction temperature 
Tc = case temperature measured at the center of the package bottom 

9LC = LED-to-case thermal resistance 
9LD = LED-to-detector thermal resistance 
9nc = detector-to-case thermal resistance 
geA = case-to-ambient thermal resistance 

*9CA will depend on the board design and the placement of the part. 

The open collector drive circuit, 
shown in Figure 32, cannot keep 
the LED off during a +dVcM/dt 
transient, since all the current 
flowing through CLEDN must be 
supplied by the LED, and it is not 
recommended for applications 
requiring ultra high CMRL 

performance. Figure 33 is an 
alternative drive circuit which, 
like the recommended application 
circuit (Figure 25), does achieve 
ultra high CMR performance by 
shunting the LED in the off state. 

Under Voltage Lockout 
Feature 
The HCPL-3150 contains an 
under voltage lockout (UVLO) 
feature that is designed to protect 
the IGBT under fault conditions 
which cause the HCPL-3150 
supply voltage (equivalent to the 
fully-charged IGBT gate voltage) 
to drop below a level necessary to 
keep the IGBT in a low resistance 
state. When the HCPL-3150 
output is in the high state and the 
supply voltage drops below the 
HCPL-3150 VUVLO. threshold 
(9.5 <VUVLO. < 12.0), the 

optocoupler output will go into 
the low state with a typical delay, 
UVLO Turn Off Delay, of 0.6/ls. 
When the HCPL-3150 output is in 
the low state and the supply 
voltage rises above the HCPL-
3150 VUVLO+ threshold 
(11.0 < VUVLO+ < 13.5), the 
optocoupler will go into the high 
state (assuming LED is "ON") 
with a typical delay, UVLO TURN 
On Delay, of 0.8 /ls. 

IPM Dead Time and 
Propagation Delay 
Specifications 
The HCPL-3150 includes a 
Propagation Delay Difference 
(PDD) specification intended to 
help designers minimize "dead 
time" in their power inverter 
designs. Dead time is the time 
period during which both the 
high and low side power 
transistors (Q1 and Q2 in Figure 
25) are off. Any overlap in Q1 
and Q2 conduction will result in 
large currents flowing through 
the power devices from the high­
to the low-voltage motor rails. 

To minimize dead time in a given 
design, the turn on of LED2 
should be delayed (relative to the 
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Figure 29. Optocoupler Input to Output 
Capacitance Model for Unshielded Optocouplers. 

Figure 30. Optocoupler Input to Output 
Capacitance Model for Shielded Optocouplers • 

• THE ARROWS INDICATE THE DIRECTION 
OF CURRENT FLOW DURING -dVcMldl. 

~----------~+-'r---------~ 
VCII 

Figure 31. Equivalent Circuit for Figure 25 During 
Common Mode Transient. 

Figure 83. Recommended LED Drive 
Circuit for Ultra-High CMR. 

turn off of LEDl) so that under 
worst-case conditions, transistor 
Q 1 has just turned off when 
transistor Q2 turns on, as shown 
in Figure 34. The amount of delay 
necessary to .achieve this condi­
tions is equal to the maximum 
value of the propagation delay 
difference specification, PDDMAX, 

which is specified to be 350 ns 
over the operating temperature 
range of -40"C to 100°C. 

Delaying the LED signal by the 
maximum propagation delay 
difference ensures that the 
minimum dead time is zero, but it 
does not tell a designer what the 
maximum dead time will be. The 

Figure 82. Not Recommended Open 
Collector Drive Circuit. 

maximum dead time is equivalent 
to the difference between the 
maximum and minimum propaga­
tion delay difference specifica­
tions as shown in Figure 35. The 
maximum dead time for the 
HCPL-3150 is 700 ns (= 350 ns­
(-350 ns)) over an operating 
temperature range of -40"C to 
100°C. 

Note that the propagation delays 
used to calculate PDD and dead 
time are taken at equal tempera­
tures and test conditions since 
the optocouplers under consider­
ation are typically mounted in 
close proximity to each other and 
are switching identical IGBTs. 



ILED1---~ 
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VOUTl ________ -1::::;;;;:::::~--------------

Q10N ~ -'1' ... __ Q:,:1 .... 0"'F .. F __ 

Q20N 
Q20FF )' 

VOUT2 i 

ILED2 _____ -t---: __ ..J-l- . 
.-tpHL MAX +-------: 
. ~ I. .' , 

PDD' MAX = (tpHL - tPLH)MAX = tpHL MAX - tpLH MIN 

'PDD = PROPAGATION DELAY DIFFERENCE 
NOTE: FOR PDD CALCULATIONS THE PROPAGATION DELAYS 
ARE TAKEN AT THE SAME TEMPERATURE AND TEST CONDITIONS. 

Figure 34. Minimum LED Skew for Zero Dead Time. 

ILED1---~ -\-
VOUTl ---------+~:;~;:::::~~--------------

Q10N ~,, __ '\.+~ -___ -=Q.:,l.;::O::;:FF:;.. 

VOUT2 ________ ~~Q~2~0~F~F--~;:~~~: _:~;;?'~_~~ _____ Q_2_0_N __ 

i-f, - ! 

ILED2 ---------tl.:;::::::::.r, . 
: tpHL MIN 

f..-tPHL MAX; :. :: 

! ! ! t:~~ : 
i .. i .. ~tPLH MAX--..j 

(tpHL.tPLH) MAX' 
=PDD'MAX! 

: .. 
MAXIMUM DEAD TIME 
(DUE TO OPTOCOUPLER) 
= (lpHL MAX - tpHL MIN) + (tpLH MAX -lpLH MIN) 
= (lpHL MAX -lpLH MIN) - (lpHL MIN -lpLH MAX) 
= PDD' MAX - PDD' MIN 

'PDD = PROPAGATION DELAY DIFFERENCE 
NOTE: FOR DEAD TIME AND PDD CALCULATIONS ALL PROPAGATION 
DELAYS ARE TAKEN AT THE SAME TEMPERATURE AND TEST CONDITIONS. 

Figure 35. Waveforms for Dead Time. 
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Figure 36.Under Voltage Lock Out. 
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2.0 Amp IGBT Gate Drive 
Optocoupler with Integrated 
Over-current Protection and 
Fault Feedback 

Preliminary Technical Data 

Features 
• Integrated IGBT 

Desaturation Protection 
• Integrated Optically Isolated 

IGBT Fault Status Feedback 
• CMOS Compatible INPUT 

and FAULT Status Indicator 

• Actual Size 

• Small Printed Circuit Board 
Footprint (SO·16 Package) 

• ·40"C tol00"C Operating 
Temperature 

• Suitable for Integration in ' 
Power Modules 

• 2.0 A Minimum Peak Output 
Current 

• 15 kV/J.IS Minimum Common 
Mode Rejection (CMR) at 
VCM =.1500V 

• VIORM = 890 VPEAK 

Description 
The HCPL·3160 provides low cost, 
area efficient IGBT gate drive 
that includes desaturation or over 
current detection and local !GBT 
shutdown. The integrated fault 
feedback optocoupler notifies 
the controller when the !GBT is 
shutdown due to a desaturation 
or over current condition. 

Functional Diagram 

2 15 

14 

4 13 

5 '---+.+012 

6 11 

7 10 

9 

F/iiJI HEWLETT® 
I.!~ PACKARD 

. HCPL·3160 

This data sheet represents the latest information at the time of publication of this catalog. All specifications 
subject to change. Samples available Fall 1996 . 
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Fault Circuit Operation 
A typical desaturation protected 
IGBT gate drive application 
circuit using the HCPL-3160 is 
shown in Figure 1. The IGBT 
collector to emitter voltage 
is monitored through DDESAT' 
When the IGPT is on and VDESAT 
exceeds the internal reference 
voltage of 7 V the IGBT gate is 
"softly" turned-off by M2 to 
prevent large di/dt generation. 
The LED2 driver is also activated, 
which drives the internal 
feedback LED2 and notifies the 

controller of the IGBT fault by 
bringing the FAULT output low. 
The FAULT output remains 
low until RESET is brought low. 
(Note if a separate reset line 
is not required, RESET can be 
connected to Yin on the circuit 
board. In this case, the FAULT 
output will be reset on the next 
PWM cycle that Yin goes low.) 
The FAULT output is an open 
collector which allows the FAULT 
outputs from all the HCPL-3160s 
in a drive to be connected 
together in a "wired OR" forming 

a single fault bus for interfacing 
with the micro-controller. The 
ENABLE input can also be 
connected to this fault bus. With 
this connection all IGBTs in a 
drive are shutdown without 
micro-controller intervention 
once a fault is detected on a 
single IGBT. 

CBLANK disables the fault 
detection circuitry for a time 
period sufficient for normal IGBT 
turn-on. CBLANK is held low by 
Ql when the IGBT is off. 

HCPL-3160 JD~~~;;':~~;~-----------------------.---_--_--_--_-_--_--_--_--_-_--_--_--_-~_.:Il=--=--:~==========~~~'_I 
w: 
c' 

GND 

LED1-

LED1+ 

VCC1 

---------euFFEiiic---------! ~; 
0-' a: 
:Ji = 

ENAB~L=E#=====3J 
VIN 

RESET 

FAULT 

:, 
:, 
" :, 

...... :' .... " .... " :, 
" :, 
" :, 
" :, 
" :, 
" :, 
" :, 
" 

I, :. 
I' 'I 

: L .... LE;::D2:.;:+-: _-+ _________ -<" 
I:' ,I 
I'...... 'I I: :. 

GND I I 'I 
=--t+-+--------l-----" : : , 

SHIELD! VE= ! siliELD.L-------------=~---.l--~-I----.l-----.J 
-- -- -- -- ---~----- ------ __ -, '- --- - ------- ---- -- - -- ----- -- --- ---- - --- -- --- -- -- -- -- -- ------ --------~ 

Figure 1. IGBT Gate Drive with Desaturation Protection and Fault Feedback. 
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Preliminary Electrical Specifications (DC) 
Over recommended operating conditions (TA = -40 to 100°C) unless otherwise specified. 

Parameter Symbol Min. Typ.* Max. Units Conditions 

Logic Low INPUT 0.8 V 
Voltages RESET 

FAULT 
ENABLE 

Logic High INPUT 2.0 V 
Voltages RESET 

FAULT 
ENABLE 

High Level IOH 0.5 1.5 A Vo = VCC2 -4 V 
Output Current 2.0 A Vo = VCC2 15 V 

Low Level IOL 0.5 2.0 A Vo = VEE + 2.5 V 
Output Current 2.0 A Vo = VEE + 15 

High Level VOH Vcc2-4 Vcc2-3 V 10 = -100 rnA 
Output Voltage 

Low Level VOL 0.1 0.5 V 10 = 100 rnA 
Output Voltage 

High Level Supply IcclH 12 rnA Yin = 5 V, VCCI = 5 V 
Current 

High Level ICCIL 2 rnA Yin = 0 V, V CCI = 5 V 
Supply Current 

High Level Icc2H 3 7 rnA output open 
Supply Current 

Low Level ICC2L 3 7 rnA output open 
Supply Current 

Blanking Capacitor ICHG 0.2 0.32 0.45 rnA Vdesat = OV 
Charging Current 

Blanking Capacitor IDSCHG 60 rnA Vdesat = 7V 
Discharge Current 

UVLO Threshold VUVLO+ 13.0 13.4 V VCC2 = 1.0 ms ramp, 
(10.9) (12.5) Vo > 5V 

VUVLO. 11.2 11.6 V VCC2 = 1.0 ms ramp, 
(8.7) (9.5) Vo > 5V 

UVLO Hysteresis VUVLO+ . 1.4 V 
VUVLO• 

Desaturation Trip VDESAT 6.0 7.0 8.0 V 
Voltage 

'All typical values at TA = 25'C and VCC2 - VEE = 30 V, unless otherwise noted. 
1) VlMA)+ and VlMA). are specified as the VCC2 at which Vo exceeds 5 V. The approximate output voltage just prior/after the UVLO 
transition is given in parenthesis. 
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Preliminary Switching Specifications CAe) 
Over recommended operating conditions (T A = -40 to 100"C) unless otherwise specified. 

Parameter Symbol Min. Typ.* Max. Units Conditions 

Propagation Delay Time tpLH 0.10 0.30 0.50 !lS Rg = 10 n, 
to High Output Level Cg = 10nF, 

Propagation Delay Time tpHL 0.10 0.50 !lS f = 10kHz, Duty Cycle = 50% 
to Low Output Level 

Pulse Width Distortion pwd -0.1 0.1 I1s 

Propagation Delay tpHL - tpLH -0.4 0.4 !lS 
Difference Between 
Any Two Parts 

Rise Time tr 0.1 I1s 

Fall Time 11 0.1 !lS 

Propagation Delay tp(DS) 1.5 I1s Rg = 10 n, 
Time from Desat to CG = IOnF 
Low Level Output 

Propagation Delay tpFCDS) 10 I1s RG = lOn, 
Time from Desat to CG = 10 nF 
Low Level FAULT Signal 

Minimum FAULT .6.tFAULT 2.0 I1s 
Signal Pulse Width 

UVLO Turn Off Delay tUVLOOFF 0.6 !lS 

Output High Level ICMHI 15 30 kV/l1s TA = 25"C, INPUT = 5 V, 
Common Mode VCM = 1500 V, Vcc = 30 V 
Transient Immunity 

Output Low Level ICMLI 15 30 kV/l1s TA = 25"C, VCM = 1500 V, 
Common Mode INPUT = 0 V, VCC2 = 30 V 
Transient Immunity 

"All typical values at TA = 25"C and VCC2 • VEE = 30 V, unless otherwise noted. 
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High CMR Isolation.Amplifiers 

Technical Data 

Features 
• 15 kV/1lS Common-Mode 

Rejection at VCM = 1000 V" 
• Compact, Auto-Insertable 

Standard 8-pin DIP Package 

• 4.6 J.lV/"C Offset Drift vs. 
Temperature 

• 0.9 mV Input Offset Voltage 
• 85 kHz Bandwidth 
• 0.1% Nonlinearity 
• Worldwide Safety Approval: 

UL 1577 (3750 V rms/l min), 
VDE 0884 and CSA 

• Advanced Sigma-Delta(~M 
AID Converter Technology 

• Fully Differential Circuit 
Topology 

• 1 J.lm CMOS IC Technology 

Applications 
• Motor Phase Current 

Sensing 

• General Purpose Current 
Sensing 

• High-Voltage Power Source 
Voltage Monitoring 

'The terms common-mode rejection 
(CMR) and isolation-mode rejection (IMR) 
are used interchangeably throughout this 
data sheet. 

• Switch-Mode Power Supply 
Signal Isolation 

• General Purpose Analog 
Signal Isolation 

• Transducer Isolation 

Description· 
The HCPL-7800 high CMR 
isolation amplifier provides a 
unique combination of features 
ideally suited for motor control 
circuit designers. The product 
provides the precision and 
stability needed to accurately 
rrionitor motor current in high­
noise motor control environ­
ments, providing for smoother 
control (less "torque ripple") in 
various types of motor control 
applications. 

This product paves the way for a 
smaller, lighter, easier to produce, 
high noise rejection, low cost 
solution to motor current 
sensing. The product can also be 
used for general analog signal 
isolation applications requiring 
high accuracy, stability and 
linearity under similarly severe 
noise conditions. For general 

FliP'W HEWLETT'" 
~I!.II PACKARD 

HCPL-7800 
HCPL-7800A 
HCPL-7800B 

applications, we recommend the 
HCPL-7800 which exhibits a 
part-to-part gain tolerance of 
± 5%. For precision applications, 
HP offers the HCPL-7800A and 
HCPL-7800B, each with part-to­
part gain tolerances of ± 1 %. 

The HCPL-7800 utilizes sigma­
delta (l:d) analog-to-digital 
converter technology, chopper 
stabilized amplifiers, and a fully 
differential circuit topology 
fabricated using HP's 1 J.lm 
CMOS IC process. The part also 
couples our high-efficiency, high­
speed AlGaAs LED to a high­
speed, noise-shielded detector 

Functional Diagram 

GND1 "-_---0 GND2 

CAUTION: It is advised that rwrmal static precautions be taken in handling and assembly ojthis component to 
prevent damage and/or degradation which may be induced by ESD. 
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using our patented "light-pipe" 
optocoupler packaging 
technology. 

Together, these features deliver 
unequaled isolation-mode noise 

Ordering Information: 

HCPL-780Ox 

rejection, as well as excellent 
offset and gain accuracy and 
stability over time and tempera­
ture. This performance is 
delivered in a compact, auto­
insertable, industry standard 8-

pin DIP package that meets 
worldwide regulatory safety 
standards (gull-wing surface 
mount option #300 also 
available). 

~ No Specifier = ± 5% Gain Tol.; Mean Gain Value = 8.00 
A = ± 1% Gain Tol.; Mean Gain Value = 7.93 
B = ± 1% Gain Tol.; Mean Gain Value = 8.07 

Optionyyy 

T 300 = Gull Wmg Surface Mount Lead Option ~ 500 = Tape/Reel Package Option (1 k min.) 

Option datasheets available. Contact your Hewlett-Packard sales representative or authorized distributor for 
information. 

Package Outline Drawings 
Standard DIP Package 

~~) I I (}, 9.90 (0.390)-

HP7800 

YYWW 

PIN ONE 1 2 3 

1.19 (0.047) MAX. ---I 1---./ 
4 

TYPE NUMBER' 

DATE CODE 

1--1.78 (0.070) MAX. 

m~85)MAX. 
PIN ONE ~~ 

TG51 (0.020) MIN. 
2.92 (0.115) MIN. 
~ 

0.76 (0.030) _ I 1_11'1_ 0.65 (0.025) MAX. 
124 (0.049) ~ 

_ _2.28 (0.090) 
2.80 (0.110) 

---.----~~-r===~ 
--t-- 020~.008) 

6.10 (0.240) 0.33 (0.013) 
6.60 (0.260) 

7.38 (0.290U1 
7.88 (0.310) 

t --

PIN DIAGRAM 

5"TYP. 

DIMENSIONS IN MILLIMETERS AND (INCHES). , TYPE NUMBER FOR: HCPL-7800 = 7800 
HCPL-7800A = 7800A 
HCPL-78OOB = 7800B 
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Gull Wing Surface Mouut Option 300* 

h 9.65" 0.25 rl 
1 ~ (0.380 ± 0.010) I'f!1 1 

7 6 5 I 
HP 7800 6.350 " 0.25 
YYWW (0.250 ± 0.010) 

~r=;;=;==;=;~~ 
MOLDED 

(0.070) -I r-- 1.780 
1.19 --I I MAX. (0.047) 

MAX. 

D:icttb:d~ (O·i65)MAX. 

I
, , 

1.080 " 0.320 - I-- L 
(0.043 ± 0.013) I 

-"12.540 -­
(0.100) 

BSC 

DIMENSIONS IN MILLIMETERS (INCHES). 

PIN LOCATION (FOR REFERENCE ONLY) 

-[I-- 1.02(0.040) 
I 1.19 (0.047) 

_OCJCJO 

1----- j ~(0~i8:0)TYP' 
9.65,,0.25 

(0.380 ± 0.010) 

o CJ CJ oLL _1 
-I ~-- -c.380 (0.015) 

1.19 (0.047) 0.635 (0.025) 
1.78 (0.070) 

TOLERANCES (UNLESS OTHERWISE SPECIFIED): xx.xx = 0.01 
xx.xxx = 0.005 

LEAD COPLANARITY 
MAXIMUM: 0.102 (0.004) 

• REFER TO OPTION 300 DATA SHEET FOR MORE INFORMATION. 

Maximum Solder Reflow Thermal Pror:tle 

260 
240 
220 
200 

P 180 
I 160 w 

II: 140 ::> 
!;;: 120 
II: 100 w 

~f---t- ./ \. I 
~ \. aT = 145°C, l°CISEC 

aT= 115°C 0.3°CISEC ~ 

I V \. 
+ .,./ -- '\ 
~ ~ 

p 
- -

/rJ 
"- 80 :;; 
w 60 ... 

40 

20 

0 

IJ'r---aT = l00°C,l.5°CISEC 

~W= --_ .. 
I 
I 

o 2 3 4 5 6 7 8 9 10 11 12 

TIME - MINUTES 

(NOTE: USE OF NON-CHLORINE ACTIVATED FLUXES IS RECOMMENDED.) 
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Regulatory Information 
The HCPL-7800 has been 
approved by the following 
organizations: 

UL CSA VDE 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

Approved according to VDE 
0884/06.92. 

Insulation and Safety Related Specifications 
Parameter Symbol Value Units Conditions 

Min. External Air Gap L(lOl) 7.4 mm Measured from input terminals to output terminals, 
(External Clearance) shortest distance through air 
Min. External Tracking L(l02) 8.0 mm Measured from input terminals to output terminals, 
Path (External Creepage) shortest distance path along body 
Min. Internal Plastic Gap 0.5 mm Through insulation distance, conductor to conductor, 
(Internal Clearance) usually the direct distance between the photoemitter 

and photodetector inside the optocoupler cavity 
Tracking Resistance CTI 175 V DIN IEC 112/VDE 0303 Part 1 
(Comparative Tracking 
Index) 
Isolation Group IlIa Material Group (DIN VDE 0110 1/89 Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 

VDE 0884 (06.92) Insulation Characteristics 
Description Symbol Characteristic Unit 

Installation classification per DIN VDE 0110, Table 1 
for rated mains voltage::;; 300 V rms I-IV 
for rated mains voltage < 600 V rms I-III .. 

Climatic Classification 40/100/21 
Pollution Degree (DIN VDE 0110 Table 1)* 2 
Maximum Working Insulation Voltage VIORM 848 V peak 
Input to Output Test Voltage, Method b** VPR 1591 V peak 

VPR = 1.875 X VIORM, Production test with tp = 1 sec, 
J 

Partial discharge < 5. pC 
Input to Output Test Voltage, Method a** VPR 1273 V peak 

VPR = 1.5 X VIORM, Type and sample test with tp = 60 sec, 
Partial discharge < 5 pC 

Highest Allowable Overvoltage** 
(Transient Overvoltage tTR = 10 sec) VTR 6000 V peak 
Safety-limiting values (Maximum values allowed in the event 
of a failure, also see Figure 27) 

Case Temperature Ts 175 OC 
Input Power PS,Input 80 mW 
Output Power PSOutout 250 mW 

Insulation Resistance at Ts, VIO = 500 V Rs ~ 1x1012 n 
·This part may also be used in Pollution Degree 3 environments where the rated mains voltage is S 300 V rms (per DIN VDE 0110). 
""Refer to the front of the optocoupler section of the current catalog for a more detailed description of VDE 0884 and other product 
safety requirements. 

Note: Optocouplers providing safe electrical separation per VDE 0884 do so only within the safety-limiting values to which they are 
qualified. Protective cut-out switches must be used to ensure that the safety limits are not exceeded. 
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Absolute Maximum Ratings 
Parameter Symbol Min. Max. Unit Note 

Storage Temperature Ts -55 125 "C 
Ambient Operating Temperature TA -40 100 "C 
Supply Voltages VDDl ' VDD2 0.0 5.5 V 
Steady-State Input Voltage \1N+, VIN_ -2.0 VDD1 +0.5 V 
Two Second Transient Input Voltage -6.0 
Output Voltages VOUT+, VoUT- -0.5 VDD2 +0.5 V 
Lead Solder Temperature TLS 260 "C 1 
(1.6 mm below seating plane, 10 sec.) 

Reflow Temperature Profile See Package Outline Drawings Section 

Recommended Operating Conditions 
Parameter Symbol Min. Max.· Unit Note 

Ambient Operating Temperature TA -40 85 "C 2 
Supply Voltages VDDbVDD2 4.5 5.5 V 3 
Input Voltage \)N+' VIN_ -200 200 mV 4 
Output Current 1101 1 rnA 5 
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DC Electrical Specifications 
All specifications and figures are at the nominal operating condition ofVIN+ = 0 V, VIN• = 0 V, TA = 25°C, VODl = 
5.0 V, and V002 = 5.0 V, unless otherwise noted. 

Parameter Symbol Min. Typ. Max. Unit Test Conditions Fig. Note 
Input Offset Voltage Vos ·1.8 ·0.9 0.0 mV 1 
Input Offset Drift vs. dVos/dT ·2.1 IlV/"C 1,2 6 
Temperature 
Abs. Value ofInput IdVos/dTI 4.6 IlV/"C 1 7 
Offset Drift vs. Temperature 
Input Offset Drift vs. VDDl dVos/dVDDI 30 IlVN 1,3 8 
Input Offset Drift vs. VDD2 dVos/dVDD2 -40 IlVN 1,4 9 
Gain (± 5% Tol.) G 7.61 8.00 8.40 -200 mV < VIN+ < 200 mV 1,5 10 
Gain -A Version (± 1% Tol.) GA 7.85 7.93 8.01 
Gain - B Version (± 1 % Tol.) GB 7.99 8.07 8.15 
Gain Drift vs. Temperature dG/dT 0.001 o/o/"C 5,6 11 

Abs. Value of Gain Drift vs. I dG/dT I 0.001 %/"C 5 12 
Temperature 
Gain Drift VS. VDDl dG/dVDDl 0.21 o/oN 5,7 13 
Gain Drift vs. VDD2 dG/dVDD2 ·0.06 %/V 5,8 14 
200 mV Nonlinearity NL200 0.2 0.35 % 5,9 15 
200 mV Nonlinearity Drift dNL2oo1dT -0.001 % pts/"C 5,10 16 
vs. Temperature 
200 mV Nonlinearity Drift dNL2oo/dVDDl -0.005 %PtsA' 5,11 17 
vs. VDDl 
200 mV Nonlinearity Drift dNL2oo1dVDD2 -0.007 %PtsA' 5,12 18 
VS. VDD2 
100 mV Nonlinearity NLIOO 0.1 0.25 % -100 mV< VIN+ < 100mV 5,13 19 
Maximum Input Voltage 1V1N+ I max 300 mV 14 
Before Output Clipping 
Average Input Bias Current lIN -670 nA 15,16 20 
Input Bias Current dIlN/dT 3 nA/"C 
Temperature Coefficient 
Average Input Resistance Rrn 530 k.Q 15 20 
Input Resistance dRmldT 0.38 %/"C 
Temperature Coefficient 
Input DC Common-Mode CMRRIN 72 dB 21 
R~ection Ratio 
Output Resistance Ro 11 0 5 
Output Resistance dRddT 0.6 %/"C 
Temperature Coefficient 
Output Low Voltage VOL 1.18 V IVIN+1 = 500mV 14 22 
Output High Voltage VOH 3.61 V IOUT+ = 0 A, IOUT_ = 0 A 
Output Common-Mode VOOM 2.20 2.39 2.60 V -40OC < TA < 850C 14 
Voltage 4.5 V < VDDl < 5.5 V 
Input Supply Current IDDI 10.7 15.5 rnA 17 23 
Output Supply Current IDD2 11.6 14.5 rnA VIN+ - 200 mY, 18 24 

-40OC < TA < 850C 
4.5 V < VDD2 < 5.5 V 

Output Short-Circuit I Ioso I 9.3 rnA VOUT - 0 V or VDD2 25 
Current 
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AC Electrical Specifications 
All specifications and figures are at the nominal operating condition ofVIN+ = 0 V, VIN_ = OV, TA = 25"C, 
VDDl = 5_0 V, and VDD2 = 5.0 V, unless otherwise noted. 

Parameter Symbol Min. Typ. Max. Unit Test Conditions Fig. Note 

Rising Edge Isolation IMRR 10 25 kV/1JS ViM = 1 kV 19,20 26 
Mode REtiection 

Falling Edge Isolation IMRF 10 15 kV/1JS 
Mode REtiection 

Isolation Mode Rejection IMRR >140 dB 19 27 
Ratio at 60 Hz 

Propagation Delay to 10% tpDIO 2.0 3.3 IJS -40"C < TA < 85 "C 21,22 

Propagation Delay to 50% tpD50 3.4 5.6 IJS 

Propagation Delay to 90% tpD90 6.3 9.9 I1s 

Rise/Fall Time (10%-90%) tR/F 4.3 6.6 I1s 

Bandwidth (-3 dB) (3dB 50 85 kHz 23,24 

Bandwidth (-45") (45' 35 kHz 

RMS Input-Referred VN 300 I1Vrms Bandwidth = 100 kHz 25,26 28 
Noise 

Power Supply REtiection PSR 5 mVp_p 29 

Package Characteristics 
All specifications and figures are at the nominal operating condition of 'IN+ = 0 V, 'IN- = 0 V, TA = 25"C, VDDl 
= 5.0 V, and VDD2 = 5.0 V, unless otherwise noted. 

Parameter Symbol Min. Typ. Max. Unit Test Conditions Fig. Note 

Input-Output Momentary Viso 3750 Vrms t = 1 min., RH:!:: 50% 30,31 
Withstand Voitage* 

Input-Output Resistance RI_o 1012 1013 n TA = 25"C I V1-O = 500 Vdc 30 

1011 TA = 100"C I 
Input-Output Capacitance C1_O 0.7 pF f=lMHz 30 

Input IC Junction-to- Bjci 96 °CIW 32 
Case Thermal Resistance 

Output IC Junction-to-Case BjCQ 114 °CIW 
Thermal Resistance 

'The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interPreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), your 
equipment level safety specification, or HP Application Note 1074, "Optocoupler Input-Output Endurance Voltage." 
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Notes: 
General Note: Typical values represent the 
mean value of all characterization units at 
the nominal operating conditions. Typical 
drift specifications are determined by 
calculating the rate of change of the speci­
fied parameter versus the drift parameter 
(at nominal operating conditions) for each 
characterization unit, and then averaging 
the individual unit rates. The correspond­
ing drift figures are normalized to the 
nominal operating conditions and show 
how much drift occurs as the particular 
drift parameter is varied from its nominal 
value, With all other parameters held at 
their nominal operating values. Figures 
show the mean drift of all characterization 
units as a group, as well as the ± 2-sigma 
statistical limits. Note that the typical drift 
specifications in the tables below may 
differ from the slopes of the mean curves 
shown in the corresponding figures. 

1. HP recommends the use of non­
chlorine activated fluxes. 

2. The HCPL-7800 will operate properly 
at ambient temperatures up to 100"C 
but may not meet published specifi­
cations under these conditions. 

3. DC performance can be best 
maintained by keeping VODI and V002 
as close as possible to 5 V. See 
application section for circuit 
recommendations. 

4. HP recommends operation with VIN. 
= 0 V (tied to GND1). Limiting'lN+ 

to 100 mV will improve DC 
nonlinearity and nonlinearity drift. If 
"IN. is brought above 800 mV with 
respect to GND1, an internal test 
mode may be activated. This test mode 
is not intended for customer use. 

5. Although, statistically, the average 
difference in the output resistance of 
pins 6 and 7 is near zero, the standard 
deviation of the difference is 1.3 0 
due to normal process vartations. 
Consequently, keeping the output 
current below 1 rnA will ensure the 
best offset performance. 

6. Data sheet value is the average change 
in offset voltage versus temperature at 
TA = 25'C, with all other parameters 
held constant. This value is expressed 
as the change in offset voltage per "C 
change in temperature. 

7. Data sheet value is the average 
magnitude of the change in offset 
voltage versus temperature at 
TA = 25"C, with all other parameters 
held constant. This value is expressed 

as the change in magnitude per "C 
change in temperature. 

8. Data sheet value is the average change 
in offset voltage versus input supply 
voltage at V ODl = 5 V, with all other 
parameters held constant. This value 
is expressed as the change in offset 
voltage per volt change of the input 
supply voltage. 

9. Data sheet value is the average change 
in offset voltage versus output supply 
voltage at V 002 = 5 V, with all other 
parameters held constant. This value 
is expressed as the change in offset 
voltage per volt change of the output 
supply voltage. 

10. Gain is defined as the slope of the 
best-fit line of differential output 
voltage (VOUT+ - VOUT.) versus 
differential input voltage (VIN+ -VIN.) 
over the specified input range. 

11. Data sheet value is the average change 
in gain versus temperature at 
TA = 25'C, with all other parameters 
held constant. This value is expressed 
as the percentage change in gain per 
"C change in temperature. 

12. Data sheet value is the average 
magnitude of the change in gain 
versus temperature at TA = 25"C, with 
all other parameters held constant. 
This value is expressed as the 
percentage change in magnitude per 
"C change in temperature. 

13. Data sheet value is the average change 
in gain versus input supply voltage at 
V001 = 5 V, with all other parameters 
held constant. This value is expressed 
as the percentage change in gain per 
volt change of the input supply 
voltage. 

14. Data sheet value is the average change 
in gain versus output supply voltage at 
V002 = 5 V, with all other parameters 
held constant. This value is expressed 
as the percentage change in gain per 
volt change of the output supply 
voltage. 

15. Nonlinearity is defIDed as the maxi­
mum deviation of the output voltage 
from the best-fit gain line (see Note 
10), expressed as a percentage of the 
full-scale differential output voltage 
range. For example, an input range of 
± 200 mV generates a full-scale differ­
ential output range of 3.2 V (± 1.6 V); 
a maximum output deviation of 6.4 
m V would therefore correspond to a 
nonlinearity of 0.2%. 

16. Data sheet value is the average change 
in nonlinearity versus temperature at 
TA = 25"C, with all other parameters 
held constant. This value is expressed 
as the number of percentage points 
that the nonlinearity will change per 
"C change in temperature. For 
example, if the temperature is 
increased from 25'C to 35'C, the 
nonlinearity typically will decrease by 
0.01 percentage points (1O"C times 
-0.001 % ptsrc) from 0.2% to 0.19%. 

1 7. Data sheet value is the average change 
in nonlinearity versus input supply 
voltage at V001 = 5 V, with all other 
parameters held constant. This value 
is expressed as the number of 
percentage points that the nonlinearity 
will change per volt change of the 
input supply voltage. 

18. Data sheet value is the average change 
in nonlinearity versus output supply 
voltage at V002 = 5 V, with all other 
parameters held constant. This value 
is expressed as the number of 
percentage points that the nonlinearity 
will change per volt change of the 
output supply voltage. 

19. NLloo is the nonlinearity specified over 
an input voltage range of ± 100 m V. 

20. Because of the switched-capacitor 
nature of the input sigma-delta 
converter, time-averaged values are 
shown. 

21. This parameter is defined as the ratio 
of the differential signal gain (signal 
applied differentially between pins 2 
and 3) to the common-mode gain 
(input pins tied together and the signal 
applied to both inputs at the same 
time), expressed in dB. 

22. When the differential input signal 
exceeds approximately 300 mY, the 
outputs will limit at the typical values 
shown. 

23. The maximum specified input supply 
current occurs when the differential 
input voltage (VIN+ - VIN.) = 0 V. The 
input supply current decreases 
approximately 1.3 rnA per 1 V 
decrease in VODI ' 

24. The maximum specified output supply 
current OCcurs when the differential 
input voltage (VIN+ - "IN.) = 200 mY, 
the maximum recommended operating 
input voltage. However, the output 
supply current will continue to rise for 
differential input voltages up to 
approximately 300 mY, beyond which 
the output supply current remains 
constant. 
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25. Short circuit current is the amount of 
output current generated when either 
output is shorted to VDD2 or ground. 

26. IMR (also known as CMR or Conunon 
Mode Rl\iection) specifies the mini· 

. mum rate of rise of an isolation mode 
noise signal at which small output 
perturbations begin to appear. These 
output perturbations can occur with 
both the rising and falling edges of the 
isolation·mode wave form and may be 
of either polarity. When the perturba· 
tions first appear, they occur only 
occasionally and with relatively small 
peak amplitudes (typically 20·30 mV 
at the output of the recommended 
application circuit). As the magnitude 
of the isolation mode transients 
increase, the regularity and amplitude 
of the perturbations also increase. See 
applications section for more 
information. 

27. IMRR is defined as the ratio of 
differential signal gain (signal applied 
differentially between pins 2 and 3) to 

.5V .5V 

10K 

10 K 

the isolation mode gain (input pins 
tied to pin 4 and the signal applied 
between the input and the output of 
the isolation amplifier) at 60 Hz, 
expressed in dB. 

28. Output -noise comes. from two primary 
sources: chopper noise and sigma­
delta quantization noise. Chopper 
noise results from chopper stabiliza· 
tion of the output op·amps. It occurs 
at a specific frequency (typically 200 
kHz at room temperature), and is not 
attenuated by the internal output fIlter. 
A fIlter circuit can be easily added to 
the- external post·amplifier to reduce 
the total rms output noise. The 
internal output fIlter does eliminate 
most, but not all, of the sigma-delta 
quantization noise. The magnitude of 
the output quantization noise is very 
small at lower frequencies (below 10 
kHz) and increases with increasing 
frequency. See applications section for 
more information. 

+15V 

t}:F 

AD624CD 
VOUT 

GAIN = 1000 

[F 
·15V 

Figure L Input Offset Voltage Test Circuit. 
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29. Data sheet value is the differential 
amplitude of the transient at the 
output of the HCPL-7800 when a 
1 V pk.pk,·1 MHz square wave with 5 ns 
rise and fall times is applied to both 
VDD1 and VDD2 • 

30. This is'a two-terminal measurement: 
pins 1·4 are shorted together and pins 
. 5-8 are shorted together. 

31. In accordance with UL1577, for 
devices with minimum VISO specified at 
3750 Vnns, each optocoupler is proof· 
tested by applying an insulation test 
voltage greater.than·or·equal·to 4500 
Vnns for one second (leak current 
detection limit, 11•0 < 51JA).This test 
is performed before the method b, 
100% production test for partial 
discharge shown in the VDE 0884 
Insulation Characteristics Table. 

. 32. Case temperature was measured with a 
thermocouple located in the center of 
the underside of the package. 
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Applications Information 
Functional Description 
Figure 28 shows the primary 
functional blocks of the HCPL-
7800. In operation, the sigma­
delta analog-to-digital converter 
converts the analog input signal 
into a high-speed serial bit 
stream, the time average of which 
is directly proportional to the 
input signal. This high speed 
stream of digital data is encoded 
and optically transmitted to the 
detector circuit. The detected 

signal is decoded and converted 
into accurate analog voltage 
levels, which are then filtered to 
produce the final output signal. 

To help maintain device accuracy 
over time and temperature, 
internal amplifiers are chopper­
stabilized. Additionally, the 
encoder circuit eliminates the 
effects of pulse-width distortion of 
the optically transmitted data by 
generating one pulse for every 
edge (both rising and faIling) of 

-C5 
75pF 

R3 
10.0 Kll 

+15V 
C8 JlF 
-=-

MC34081 
VOUT 

C7 

~F 
-=-

·15 V 

-=-

the converter data to be 
transmitted, essentially converting 
the widths of the sigma-delta 
output pulses into the positions 
of the encoder output pulses. A 
significant benefit of this coding 
scheme is that any non-ideal 
characteristics of the LED (such 
as non-linearity and drift over 
time and temperature) have little, 
if any, effect on the performance 
of the HCPL-7800. 
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Circuit Information 
The recommended application 
circuit is shown in Figure 26. A 
floating power supply (which in 
many applications could be the 
same supply that is used to drive 
the high-side power transistor) is 
regulated to 5 V using a simple 
three-terminal voltage regulator. 
The input of the HCPL-7800 is 
connected directly to the current 
sensing resistor. The differential 
output of the isolation amplifier is 
converted to a ground-referenced 
single-ended output voltage with a 
simple differential amplifier 
circuit. Although the application 
circuit is relatively simple, a few 
general recommendations should 
be followed to ensure optimal 
performance. 

As shown in Figure 26, 0.1 !iF 
bypass capacitors should be 
located as close as possible to the 
input and output power supply 
pins of the HCPL-7800. Notice 
that pin 2 (VIN+) is bypassed with 
a 0.01 !iF capacitor to reduce 
input offset voltage that can be 
caused by the combination of 
long input leads and the switched­
capacitor nature of the input 
circuit. 

With pin 3 (VIN.) tied directly to 
pin 4 (GND1), the power-supply 
return line also functions as the 
sense line for the negative side of 
the current-sensing resistor; this 
allows a single twisted pair of 
wire to connect the isolation 
amplifier to the sense resistor. In 
some applications, however, 
better performance may be 
obtained by connecting pins 2 
and 3 (VIN+ and VIN.) directly 
across the sense resistor with 
twisted pair wire and using a 
separate wire for the power 
supply return line. Both input 
pins should be bypassed with 0.01 

!iF capacitors close to the 
isolation amplifier. In either case, 
it is recommended that twisted~ 
pair wire be used to connect the 
isolation amplifier to the current­
sensing resistor to minimize 
electro-magnetic interference of 
the sense signal. 

To obtain optimal CMR perfor­
mance, the layout of the printed 
circuit board (PCB) should 
minimize any stray coupling by 
maintaining the maximum 
possible distance between the 
input and output sides of the 
circuit and ensuring that any 
ground plane on the PCB does not 
pass directly below the HCPL-
7800. An example single-sided 
PCB layout for the recommended 
application circuit is shown in 
Figure 29. The trace pattern is 
shown in "X-ray" view as it would 
be seen from the top of the PCB; 
a mirror image of this layout can 
be used to generate a PCB. 

An inexpensive 78L05 three­
terminal regulator is shown in the 
recommended application circuit. 
Because the performance of the 
isolation amplifier can be affected 
by changes in the power supply 
voltages, using regulators with 
tighter output voltage tolerances 
will result in better overall circuit 
performance. Many different 
regulators that provide tighter 
output voltage tolerances than the 
78L05 can be used, including: 
TL780-05 (Texas Instruments), 
LM340LAZ-5.0 and LP2950CZ-
5.0 (National Semiconductor). 

The op-amp used in the external 
post-amplifier circuit should be of 
sufficiently high preciSion so that 
it does not contribute a significant 
amount of offset or offset drift 
relative to the contribution from 
the isolation amplifier. Generally, 
op-amps with bipolar input stages 

exhibit better offset performance 
than op-amps with JFET or 
MOSFET input stages. 

In addition, the op-amp should 
also have enough bandwidth and 
slew rate so that it does not 
adversely affect the response 
speed of the overall circuit. The 
post-amplifier circuit includes a 
pair of capacitors (C5 and C6) 
that form a single-pole low-pass 
filter; these capacitors allow the 
bandwidth of the post-amp to be 
adjusted independently of the gain 
and are useful for reducing the 
output noise from the isolation 
amplifier. Many different op-amps 
could be used in the circuit, 
including: MC34082A (Motorola), 
TL032A, TL052A, and TLC277 
(Texas Instruments), LF412A 
(National Semiconductor). 

The gain-setting resistors in the 
post-amp should have a tolerance 
of 1 % or better to ensure 
adequate CMRR and adequate 
gain tolerance for the overall 
circuit. Resistor networks can be 
used that have much better ratio 
tolerances than can be achieved 
using discrete resistors. A resistor 
network also reduces the total 
number of components for the 
circuit as well as the required 
board space. 

The current-sensing resistor 
should have a relatively low value 
of resistance to minimize power 
dissipation, a fairly low 
inductance to accurately reflect 
high.frequency signal compo­
nents, . and a reasonably tight 
tolerance to maintain overall 
circuit accuracy. Although 
decreasing the value. of the sense 
resistor decreases power 
dissipation, it also decreases the 
full-scale input voltage making 
iso-amp offset voltage effects 
more significant. These two 



conflicting considerations, 
therefore, must be weighed 
against each other in selecting an 
appropriate sense resistor for a 
particular application. To 
maintain circuit accuracy, it is 
recommended that the sense 
resistor and the isolation amplifier 
circuit be located as close as 
possible to one another. Although 
it is possible to buy current­
sensing resistors from established 
vendors (e.g., the LVR-1, -3 and 
-5 resistors from Dale), it is also 
possible to make a sense resistor 
using a short piece of wire or 
even a trace on a PC board. 

ISO-AMP 
INPUT 

Figure 28. BCPL-7800 Block Diagram. 

+ Rsen.a. 
- R •• nsa. 

+ Su~p I y. 

Figures 30 and 31 illustrate the 
response of the overall isolation 
amplifier circuit shown in Figure 
26. Figure 30 shows the response 
of the circuit to a ± 200 mV 20 
kHz sine wave input and Figure 
31 the response of the circuit to a 
± 200 m V 20 kHz square wave 
input. Both figures demonstrate 
the fast, well-behaved response of 
the HCPL-7800. 

Figure 32 shows how quickly the 
isolation amplifier recovers from 
an overdrive condition generated 
by a 2 kHz square wave swinging 
between 0 and 500 mV (note that 

• +5 Vol ts 
.Sround 
_+15 Volt's 
_Vout' 
• -1~ Vol t's 

Figure 29. PC Board Trace Pattern and Loading Diagram Example. 

the time scale is different from 
the previous figures). The first 
wave form is the output of the 
application circuit with the filter 
capacitors removed to show the 
actual response of the isolation 
amplifier. The second wave form 
is the response of the same circuit 
with the capacitors installed. The 
recovery time and overshoot are 
relatively independent of the 
amplitude and polarity of the 
overdrive signal, as well as its 
duration. 

For more information, refer to 
Application Note 1059. 

ISO-AMP 
OUTPUT 
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Figure 30. Applic~tion Circuit Sine Wave Response. 

Figure 31. Application Circuit Square Wave Response. 

Figure 32. Application Circuit Overload Recovery Waveform. 
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High CMR Analog Isolation 
Amplifiers 

Technical Data 

Features 
• Fast Propagation Delays for 

Over-Current and Fault 
Detection Sensing 

• High Common Mode 
Rejection (CMR): 30 kVfI.ls at 
VCM = 1000V* 

• 3% Gain Tolerance: 
HCPL-7820 
5% Gain Tolerance: 
HCPL-7825 

• 0.05% Nonlinearity 
• Low Offset Voltage and Off­

set Drift vs. Temperature 
• 200 kHz Bandwidth 
• Performance Specified for 

Common Motor Control 
Applications over -40°C to 
100°C Temperature Range 

• Worldwide Safety and 
Regulatory Approval: UL 

- 1577 (3750 V rms/l Min), 
VDE 0884 and CSA 

• Compact Auto-Insertable 
Standard 8-Pin DIP Package 

• Advanced Sigma-Delta (L~) 
AID Converter Technology 

• 1 f.lII1 CMOS IC Technology 

Applications 
• Motor Phase and Rail 

Current Sensing 
• General Purpose Current 

Sensing and Monitoring 

• High-Voltage Monitoring 
• Switched Mode Power 

Supply Signal Isolation 
• General Purpose Analog 

Signal Isolation 

• Transducer Isolation 

Description 
The HCPL-7820/7825 high CMR 
isolation amplifier consists of a 
sigma-delta analog-to-digital 
converter optically coupled to an 
integrated output digital-to-analog 
converter. When used with a 
shunt resistor in the current path, 
the HCPL-7820/7825 provides a 
cost-effective, auto-insertion 
compatible current sense solution. 
Fast propagation delays allow this 
part to be used in either motor 
drive or inverter applications for 
either phase current monitoring 
or rail current fault detection 
applications. High isolation mode 

rli~ HEWLETT® 
~I::. PACKARD 

HCPL-7820 
HCPL-7825 

rejection makes this product 
suitable for noisy electrical 
environments, such as those 
generated by the high switching 
rates of power IGBTs. Low offset 
voltage together with low offset 
change vs. temperature permits 
accurate use of auto-calibration 
techniques. Tight gain tolerance 
with good nonlinearity further 
provide the characteristics needed 
to insure highly accurate motor 
speed control. A high operating 
temperature range with specified 
performance parameters allow 

Functional Diagram 

4 
GNOl 0-------' 

1002 

--- 8 V002 

5 
--'------OGN02 

CMRSHIELD 

A 0.1 JlF' bypass capacitor must be connected between pins 1 and 4 and between pins 5 and 8. 

"The terms common-mode rejection (CMR) and isolation-mode rejection (IMR) are used interchangeably throughout this data sheet. 

CAUTION: It is advised that normal static precautions be taken in handling and assembly oj this camponent to 
prevent damage and/or degradation which may be induced by ESD. 
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this device to be used in hostile 
industrial environments. This 
performance is delivered in an 
auto-insertable, industry standard 

8-pin DIP package that meets 
major worldwide regulatory and 
safety approval ratings to help 

ensure that your equipment can 
be certified in many geographic 
areas. 

Ordering Information 

HCPL-782t 0 = ± 

t==5=± 

Optionyyy 

3% Gain Tolerance 
5% Gain Tolerance 

~ 300 = Gull Wing Surface Mount Lead Option 
500 = TapeJReel Package Option (1 k min.) 

Option datasheets available. Contact your Hewlett-Packard sales representative or authorized distributor for 
information. 

Package Outline Drawings 
Standard DIP Package 

1-234 

f--~) I I r;;, 9.90 (0.390)--

HP7820 

YYWW 

PIN ONE 

TYPE NUMBER 

DATE CODE 

I I I I 1.78 (0.070) MAX. 
1.19 (0.047) MAX. ----1 r- ---I I--

~
-------r 
4.70 (0.185) MAX. 

PINON] --q ~51 (0.020) MIN. 
2.92 (0.115) MIN. 

0.7610.030) I' ~ -II' L O.~MAX. 
1.24 (0.049) -

_2.2810.090) 
2.80 (0.110) 

DIMENSIONS IN MILLIMETERS AND (INCHES). 

---.-----..-:===\ -t- 0.~(0.008) 
6.10 10.240) 0.33 (0.013) 
6.60 (0.260) 

7.3610.290l I 
7.88 (0.310~ 

t 

PIN DIAGRAM 
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Gull Wing Surface Mount Option 300* 
PIN LOCATION (FOR REFERENCE ONLY) 

~"I f.. 1.02 (0.040) 

MOLDED 

~. ~ 9.65 % 0.25 
(0.3BO % 0.010) 

HP 7820 6.3t % 0.25 
YVWW (0.250 % 0.010) 

~~~_J_ 

I r 1.780 

(i~)---II--~~~ (~~) 

(0. i65)MAX. 8ioth:d1 I I ~ -, 

I 1.19 (0.047) 

[0 D D 0l~:l 
9.65%0.25 

(0.380 % 0.010) 

DOD D~J_-_l 
----I 1-- 1_ 0.380 (0.015) 

1.19 (0.047) 0.635 (0.025) 
1.78 (0.070) 

9.65 % 0.25 H l - (0.3BO % 0.010) 

~/:i~;g:~o~ 
0.20 (0.008) 
0.33 (0.013) 

~ 
1.0BO % 0.320 ---I t! I! 

(0.043 % 0.013) 

---2.540-
(0.100) 

BSC 

~t- ~j- I 0.635 % 0.25 l'-- --(0.025 % 0.010) 
0.51 % 0.130 120 NOM 

(0.020 % 0.005) • 

DIMENSIONS IN MILLIMETERS (INCHES). 
TOLERANCES (UNLESS OTHERWISE SPECIFIED): xx.xx = 0.01 

xx.xxx = 0.005 
LEAD COPLANARITY 
MAXIMUM: 0.102 (0.004) 

"Refer to Option 300 Data Sheet for more information. 

Maximum Solder Reflow Thermal Pro:fIle 

260 
240 
220 
200 

!-' 180 
I 160 w 

II: 140 :::> 
!;;: 120 
II: 100 w 
"- 80 ::;; 
w 60 I-

40 

20 

I ./ " I I' " 8 T = 145°C, l°c/sEC 
8 T = 115°C 0.3°C/SEC ~ 

I ",- '\. , I./" "\ 
""7 " P '\ 

/,1 
F I, 

11 ___ ~T = 100°C, 1.5°c/sEC 

I I 
,,;1 

0 h 
o 3 4 5 6 7 9 10 11 12 

TIME - MINUTES 

(NOTE: USE OF NON-CHLORINE ACTIVATED FLUXES IS RECOMMENDED.) 
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Regulatory Information 
The HCPL-7820/7825 has been 
approved by the following 
organizations: 
UL CSA VDE 
Recognized under UL 1577, 
Component Recognition Program, 
FILE E55361. 

Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

Approved according to VDE 
0884/06.92. 

Insulation and Safety Related Specifications 
Parameter Symbol Value Units Conditions 

Min. External Air Gap L(lOI) 7.4 mm Measured from input terminals to output 
(External Clearance) terminals, shortest distance through air 

Min. External Tracking Path L(I02) 8.0 mm Measured from input terminals to output 
(External Creepage) terminals, shortest distance path along body 
Min. Internal Plastic Gap 0.5 mm Through insulation distance, conductor to 
(Internal Clearance) conductor, usually the direct distance 

between the photoemitter and 
photodetector inside the optocoupler 
cavity 

Tracking Resistance CTI 175 V DIN IEC 112/VDE 0303 Part 1 
(Comparative Tracking 
Index) 
Isolation Group IlIa Material Group (DIN VDE 0110, 1/89, 

Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 

VDE 0884 (06.92) Insulation Characteristics 
Description Symbol Characteristic Unit 

Installation classification per DIN VDE 0110, Table 1 
for rated mains voltage ~ 300 V rms I-IV 
for rated mains voltage ~ 600 V rIDS I-III 

Climatic Classification 40/100/21 
Pollution Degree (DIN VDE 0110, Table 1)* 2 
Maximum Working Insulation Voltage VIORM 848 V peak 
Input to Output Test Voltage, Method b** VPR 1591 V peak 

VPR = 1.875 X ViORM, Production test with tp = 1 sec, 
Partial discharge < 5 pC 

Input to Output Test Voltage, Method a** VPR 1273 Vpeak 
VPR = 1.5 X VIORM, Type and sample test with tp = 60 sec, 
Partial discharge < 5 pC 

Highest Allowable Overvoltage** VTR 6000 V peak 
(Transient Overvoltage ~ = 10 sec) . 
Safety-limiting values (Maximum values allowed in the event 
of a failure, also see Figure 22) 

Case Temperature Ts 175 °C 
Input Power PS,Input 80 mW 
Output Power Ps Output 250 mW 

Insulation Resistance at T s' VIO = 500 V Rs ;::: lxlO12 Q 

'This part may also be used in Pollution Degree 3 environments where the rated mains voltage is" 300 V rms (per DIN VDE 0110). 
"Refer to the front of the optocoupler section of the current catalog for a more detailed description of VDE 0884 and other product 
safety requirements. 

Note: Optocouplers providing safe electrical separation per VDE 0884 do so only within the safety-limiting values to which they are 
qualified. Protective cut-out switches must be used to ensure that the safety limits are not exceeded. 
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Absolute Maximum Ratings 
Parameter Symbol Min. Max. Unit Note 

Storage Temperature Ts -55 125 °C 
Ambient Operating Temperature TA -40 100 OC 
Supply Voltages VDD1 ' VDD2 0.0 5.5 V 

Steady-State Input Voltage V1N+, VIN_ -2.0 VDDl +0.5 V 
Two Second Transient Input Voltage -6.0 
Output Voltages VoUT+, VoUT_ -0.5 VDD2 +0.5 V 

Lead Solder Temperature TLS 260 OC 1 
(1.6 mm below seating plane, 10 sec.) 

Reflow Temperature ProfIle See Package Outline Drawings Section 

Recommended Operating Conditions 
Parameter Symbol Min. Max. Unit Note 

Ambient Operating Temperature TA -40 100 °C 
Supply Voltages VDD1 ' VDD2 4.5 5.5 V 

Input Voltage VJN+' VJN- -200 200 mV 2 
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DC Electrical Specifications 
All specifications are at the nominal (typical) operating conditions of VIN+ = 0 V, VIN_ = 0 V, TA = 25°C, 
VODl = 5 V and V002 = 5 V, unless ,otherwise noted. 

Parameter Symbol Min. Typ. Max. Unit Test Conditions Fig. 

Input Offset Voltage Vos -6.8 0.45 1.7 mV 1 

-2.0 0.45 2.9 -40"C S; TA S; 100"C 1,2,3 
4.5 V S; (VDDl1 VDD2) S; 5.5 V 

Absolute Value of Input IdVos/dTI 7.8 J,lVl"C 1,2 
Offset Change vs. 
Temperature 

Gain: HCPL-7820 G 7.76 8.00 8.24 VN ·200 mV S; VIN+ S; 200 mV 5 

7.60 8.00 8.40 -200 mV S; VIN+ S; 200 mV 5,6,7 
-40"C S; TA S; 100"C 
4.5 V S; (VDDl, VDD2) S; 5.5 V 

Gain: HCPL-7825 G 7.60 8.00 8.40 VN ·200 mV S; VIN+ S; 200 mV 5 

7.44 8.00 8.56 -200 mV S; VIN+ S; 200 mV' 5,6,7 
-40"C S; TA S; 100"C 
4.5 VS; (VDD!, VDD2) S; 5.5 V 

200 mV Nonlinearity NL200 0.06 0.15 % -200 mV S; VIN+ S; 200 mV 5,8 

0.3 ·200 mV S; VIN+ S; 200 mV 5,8, 
-40"C S; TA S; 100"C 9,lD, 
4.5 V S; (VDDl, VDD2) S; 5.5 V 12 

100 mV Nonlinearity NL!OO 0.03 0.08 ·100 mV S; VIN+ S; 100 mV 5,8 

0.1 -100 mV S; VIN+ S; 100 mV 5,8, 
·40"C S; T A S; 100"C 9,11, 
4.5 V S; (VDDl1 VDD2) S; 5.5 V 12 

Maximum Input Voltage 
Before Output Clipping 

IVIN+ I max 320 mV 4 

Average Input Bias lIN -1 J.lA 13 
Current 

Average Input Resistance RIN 280 kn 
Input DC Common·Mode CMRRIN 52 dB 
Rejection Ratio 

Output Resistance Ro 1.2 n 
Output Low Voltage VOL 1.30 V VIN+ = 400mV 4 

Output High Voltage VOH 3.90 V VIN+ = -400 mV 

Output Common· VOOM 2.30 2.60 2.90 V ·400 mV < VIN+ < 400 mV 
Mode Voltage ·40"C S; TA S; 100"C 

Input Supply Current IDDl 11.1 17.0 rnA 4.5 V S; (VDIJ!, VDD2) S; 5.5 V 14 

Output Supply Current IDD2 10.0 14.0 rnA 15 

Output Short·Circuit I Ioso I 12 rnA VOUT = 0 V or VDD2 
Current 
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AC Electrical Specifications 
All specifications and figures are at the nominal (typical) operating conditions OfV1N+ = 0 V, V1N- = 0 V, 
TA = 25"C, VDDl = 5 V and VDD2 = 5 V, unless otherwise noted_ 

Parameter Symbol Min. Typ. Max. Unit Test Conditions Fig. 

Isolation Mode Rejection IMR 20 30 kVfIJ.s VIM = 1 kV 16 
-40"C < TA:5 100"C 
4_5 V:5 (VDDl> VDD2):5 5_5 V 

Isolation Mode Rejection IMRR >140 dB 
Ratio at 60 Hz 

Propagation Delay to 50% tpD50 1.20 1.85 2.85 I1s VIN+ = 0 to 100 mV step 17,18 

Propagation Delay to 900/0 tpD90 1.60 2.75 4.10 -40"C:5 TA:5 100"C 

Rise/Fall Time (10-90%) tR/F 0_85 1.50 2_25 4_5 V:5 (VDDl, VDD2):5 5_5 V 

Small-Signal Bandwidth £.3dB 150 200 380 kHz -40"C:5 TA:5 100"C 17,19, 
(-3 dB) 4_5 V:5 (VDDl, VDD2):5 5_5 V 20 

Small-Signal Bandwidth £.450 85 
(_45°) 

RMS Input-Referred Noise VN 1.4 mVrms In recommended 21,24 
application circuit 

Power Supply Rejection PSR 150 mVp-p 

Package Characteristics 
All specifications and figures are at the nominal (typical) operating conditions of \1N+ = 0 V, VIN_ = 0 V, 
TA = 25"C, VDDl = 5 V and VDD2 = 5 V, unless otherwise noted_ 

Parameter Symbol Min. Typ. Max. Unit Test Conditions Fig. 

Input-Output Momentary \1so 3750 Vrms t = 1 min_, RH:5 50% 
Withstand Voltage* 

Input-Output RI-O 1012 1013 Q TA = 25°C I '1-0 = 500 Vdc 
Resistance 1011 TA = 100°C I 
Input-Output C1-0 0_7 pF f=lMHz 
Capacitance 

Input IC Junction-to- Sjci 96 °C/W Thermocouple located at 
Case Thermal center underside of 
Resistance package 

Output IC Junction-to- SjCO 114 °C/W 
Case Thermal 
Resistance 

Note 

9 

10 

11 

12 

Note 

13,14 

13 

"The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), your 
equipment level safety specification, or HP Application Note 1074, 'Optocoupler Input-Output Endurance Voltage.» 
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Notes: 
1. lIP recommends the use of non­

chlorine activated fluxes. 
2. IfVIN. is brought above Vn01"2 V with 

respect to GNDI an internal test mode 
may be activated. This test mode is not 
intended for customer use. 

3. Exact offset value is dependent on 
layout of external bypass capacitors. 
The offset value in the data sheet 
corresponds to HP's recommended 
layout (see Figures 26 and 27). 

4. Data sheet value is the average 
magnitude of the difference in offset 
voltage from TA = 25"C to TA = 100"C, 
expressed in microvolts per "C. 

5. Nonlinearity is defmed as half of the 
peak-to-peak deviation from the best­
fit gain line, expressed as a percentage 
of the full-scale differential output 
voltage. 

6. Because of the switched-capacitor 
nature of the input sigma-delta AID 
converter, time-averaged values are 
shown. 

7. When the differential input signal 
exceeds approximately 320 mV, the 
outputs will limit at the typical values 
shown. 
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8. Short-circuit current is the amount of 
output current generated when either 
output is shorted to V002 or ground. 

9. IMR (also known as CMR or Common 
Mode Rfljection) specifies the mini­
mum rate of rise of an isolation mode 
noise signal at which small output 
perturbations begin to appear. These 
output perturbations can occur with 
both the rising and falling edges of the 
isolation mode waveform and may be 
of either polarity. A CMR failure is 
defined as a perturbation exceeding 
200 m V at the output of the recom­
mended application circuit (Figure 
24). See applications section for more 
information on CMR. 

10. lMRR is defmed as the ratio of 
differential signal gain (signal applied 
differentially between pins 2 and 3) to 
the isolation mode gain (input pins 
tied to pin 4 and the signal applied 
between the input and the output of 
the isolation amplifier) at 60 Hz, 
expressed in dB. 

11. Output noise comes from two primary 
sources: chopper noise and sigma­
delta quantization noise. Chopper 
noise results from chopper stabiliza­
tion of the output op-amps. It occurs at 

a specific frequency (typically 
500 kHz) and is not attenuated by the 
on-chip output filter. The on-chip filter 
does eliminste most, but not all, of the 
sigma-delta quantization noise. An 
external filter circuit may be easily 
added to the external post-amplifier to 
reduce the total RMS output noise. See 
applications section for more 
information. 

12. Data sheet value is the amplitude of 
the transient at the differential output 
of the HCPL-7820/7825 when a 1 Yp.p, 
1 MHz square wave with 200 ns rise 
and fall times (measured at pins 1 and 
8) is applied to both VOOI and V002. 

13. This is a two-terminal measurement: 
pins 1-4 are shorted together and pins 
5-8 are shorted together. 

14. In accordance with UL 1577, for 
devices with minimum VISO specified at 
3750 V rms, each optocoupler is 
proof-tested by applying an insulation 
test voltage greater than 4500 V rms 
for one second (leakage current 
detection limit 11.0 < 5 IJA). This test is 
performed before the method b, 100% 
production test for partial discharge 
shown in the VDE 0884 Insulation 
Characteristics Table. 
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Figure 16. Isolation Mode Rejeetion Test Circuit. 
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Applications Information 
Functional Description 
Figure 23 shows the primary 
functional blocks of the HCPL-
7820/7825. In operation, the 
sigma-delta modulator converts 
the analog input signal into a 
high-speed serial. bit stream. The 
time average of this bit stream is 
directly proportional to the input 
signal. This stream of digital data 
is encoded and optically trans­
mitted to the detector circuit. The 
detected signal is decoded and 
converted back into an analog 

Figure 23. HCPL-7820/7825 Block Diagram. 
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signal, which is filtered to obtain 
the fInal output signal. 

Application Circuit 
The recommended application 
circuit is shoWn in Figure 24. A 
floating power supply (which in 
many applications could be the 
same supply that is used to drive 
the high-side power transistor) is 
regulated to 5 V using a simple 
three-terminal voltage regulator 
CUI). The voltage from the cur­
rent sensing resistor, or shunt 
(RSENSE), is applied to the input of 

C5 
75pF 

10.0 Kn 

C8 

1: 

ISO-AMP 
OUTPUT 

">----4--0 VOUT 
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the HCPL-7820/7825 through an 
RC anti-aliasing fIlter (R5, C3). 
And fmally, the differential output 
of the isolation amplifier is con­
verted to a ground-referenced 
single-ended output voltage with a 
simple differential amplifier 
circuit (U3 and associated 
components). Although the 
application circuit is relatively 
simple, a few recommendations 
should be followed to ensure 
optimal performance. 

Supplies and Bypassing 
As mentioned above, an inexpen­
sive 78L05 three-terminal regula­
tor can be used to reduce the 
gate-drive power supply voltage 
to 5 V. To help attenuate high­
frequency power supply noise or 
ripple, a resistor or inductor can 
be used in series with the input of 
the regulator to form a low-pass 
fIlter with the regulator's input 
bypass capacitor. 

As shown in Figure 24, 0.1 IlF 
bypass capacitors (C2, C4) should 
be located as close as possible to 
the input and output power supply 
pins of the HCPL-7820/7825. The 
bypass capacitors are required 
because of the high-speed digital 
nature of the signals inside the 
isolation amplifier. A 0.01 IlF 
bypass capacitor (C3) is also rec­
ommended at the input pines) due 
to the switched-capacitor nature 
of the input circuit. The input 
bypass capacitor should be at 
least 1000 pF to maintain gain 
accuracy ofthe isolation amplifier. 

Inductive coupling between the 
input power-supply bypass 
capacitor and the input circuit, 
which includes the input bypass 
capacitor and the input leads of 
the HCPL-7820/7825, can 
introduce additional DC offset in 
the circuit. Several steps can be 
taken to minimize the mutual 
coupling between the two parts of 
the circuit, thereby improving the 
offset performance of the design. 
Separate the two bypass capaci­
tors C2 and C3 as much as 
possible (even putting them on 
opposite sides of the PC board), 
while keeping the total lead 
lengths, including traces, of each 
bypass capacitor less than 20 
mm. PC board traces should be 
made as short as possible and 
placed close together or over 
ground plane to minimize loop 
area and pickup of stray magnetic 
fields. Avoid using sockets, as 
they will typically increase both 
loop area and inductance. And 
finally, using capacitors with 
small body size and orienting 
them perpendicular to each other 
on the PC board can also help. 
For more information concerning 
inductive coupling, see the 
Application Note Designing with 
Hewlett-Packard Isolatian 
Amplifiers. 

Shunt Resistor Selection 
The current-sensing shunt resistor 
should have low resistance (to 
minimize power dissipation), low 
inductance (to minimize di/dt 

induced voltage spikes which 
could adversely affect operation), 
and reasonable tolerance (to 
maintain overall circuit accuracy). 
The value of the shunt should be 
chosen as a compromise between 
minimizing power dissipation by 
making the shunt resistance 
smaller and improving circuit 
accuracy by making it larger and 
using more of the input range of 
the HCPL-7820/7825. Hewlett­
Packard recommends 4 different 
shunts which can be used to sense 
average currents in motor drives 
up to 35 A and 35 hp. Table 1 
shows the maximum current and 
horsepower range for each of the 
LVR-series shunts from Dale. 
Even higher currents can be 
sensed with lower value shunts 
available from vendors such as 
Dale, IRC, and Isotek (Isabellen­
huette). When sensing currents 
large enough to cause significant 
heating of the shunt, the tempera­
ture coefficient of the shunt can 
introduce nonlinearity due to the 
amplitude dependent temperature 
rise of the shunt. Using a heat 
sink for the shunt or using a shunt 
with a lower tempco can help 
minimize this effect. The 
Application Note Designing with 
Hewlett-Packard Isolatian 
Amplifiers contains additional 
information on designing with 
current shunts. 

The recommended method for 
connecting the isolation amplifier 
to the shunt resistor is shown in 

Table 1. Current Shunt Summary 
Shunt Resistor Shunt Maximum Maximum Maximum 
Part Number Resistance Power Dissipation RMS CUrrent Horsepower Range 

LVR-3.05-1% 50mn 3W 3A 0.8-3.0 hp 

LVR-3.02-1% 20mn 3W 8A 2.2-8.0 hp 
LVR-3.01-1% lOmn 3W 15A 4.1-15 hp 

LVR-5.005-1 % 5mQ 5W 35A 9.6-35 hp 
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Figure 24. Pin 2 (VIN+) is con­
nected to the positive terminal of 
the shunt resistor, while pin 3 
(VIN.) is shorted to pin 4 (GNDl), 
with the power-supply return path 
functioning as the sense line to 
the negative terminal of the 
current shunt. This allows a single 
pair of wires or PC board traces 
to connect the isolation amplifier 
circuit to the shunt resistor. In 
some applications, however, 
supply currents flowing through 
the power-supply return path may 
cause offset or noise problems. In 
this case, better performance may 
be obtained by connecting pin 3 
to the negative terminal of the 
shunt resistor separately from the 
power supply return path. When 
connected this way, both input 
pins should be bypassed. Whether 
two or three wires are used, it is 

recommended that twisted-pair 
wire or very close PC board traces 
be used to connect the current 
shunt to the isolation amplifier 
circuit to minimize electro­
magnetic interference to the 
sense signal. 

The 39 Q resistor in series with 
the input lead forms a low-pass 
anti-aliasing filter with the input 
bypass capacitor with a 400 kHz 
bandwidth. The resistor performs 
another important function as 
well; it dampens any ringing 
which might be present in the 
circuit formed by the shunt, the 
input bypass capacitor, and the 
wires or traces corulecting the 
two. Undamped ringing of the 
input circuit near the input 
sampling frequency can alias into 
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the baseband producing what 
might appear to be noise at the 
output of the device. 

PC Board Layout 
In addition to affecting offset, the 
layout of the PC board can also 
affect the common mode rejection 
(CMR) performance of the 
isolation amplifier, due primarily 
to stray capacitive coupling 
between the input and the output 
circuits. To obtain optimal CMR 
performance, the layout of the 
printed circuit board (PCB) should 
minimize any stray coupling by 
maintaining the maximum pos­
sible distance between the input 
and output sides of the circuit and 
ensuring that any ground plane on 
the PCB does not pass directly 
below or extend much wider than 
the HCPL-7820/7825. Using 
surface-mount components can 
help achieve many of the PCB 
objectives discussed in the pre­
ceding paragraphs. An example 
through-hole PCB layout illustrat­
ing some of the more important 
layout recommendations is shown 
in Figures 26 and 27. See the 
Application Note Designing with 
Hewlett-Packard Isolation 
Amplifiers for more information 
on PCB layout considerations. 

Figure 25. Single-Supply Post-AmplIfier Circuit. 

Figure 26. Top Layer of Printed Circuit Board Layont. 
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Post-Amplifier Circuit 
The recommended application 
circuit (Figure 24) includes a 
post-amplifier circuit that serves 
three functions: to reference the 
output signal to the desired level 
(usually ground), to amplify the 
signal to appropriate levels, and 
to help filter output noise. The 
particular op-amp used in the 
post-amp is not critical; however, 
it should have low enough offset 
and high enough bandwidth and 
slew rate so that it does not 
adversely affect circuit 
performance. The offset of the op­
amp should be low relative to the 
output offset of the HCPL-7820/ 
7825, or less than about 5 mY. 

To maintain overall circuit band­
width, the post-amplifier circuit 
should have a bandwidth at least 
twice the minimum bandwidth of 
the isolation amplifier, or about 
400 kHz. To obtain a bandwidth 
of 400 kHz with a gain of 5, the 
op-amp should have a gain­
bandwidth greater than 2 MHz. 
The post-amplifier circuit includes 
a pair of capacitors (C5 and C6) 
that form a single-pole low-pass 
filter. These capacitors allow the 
bandwidth of the post-amp to be 
acljusted independently of the gain 
and are useful for reducing the 
output noise from the isolation 
amplifier (doubling the capacitor 
values halves the circuit band­
width). The component values 

shown in Figure 24 form a 
differential amplifier with a gain 
of 5 and a cutoff frequency of 
approximately 200 kHz and were 
chosen as a compromise between 
low noise and fast response times. 
The overall recommended 
application circuit has a band­
width of 130 kHz, a rise time of 
2.61ls and delay to 90% of 
4.2Ils. 

The gain-setting resistors in the 
post-amp should have a tolerance 
of 1 % or better to ensure ade­
quate CMRR and gain tolerance 
for the overall circuit. Resistor 
networks with even better ratio 
tolerances can be used which 
offer better performance, as well 
as reducing the total component 
count and board space. 

The post-amplifier circuit can be 
easily modified to allow for single­
supply operation. Figure 25 shows 
a schematic for a post-amplifier 
for use in 5 V single-supply appli­
cations. One additional resistor is 
needed and the gain is decreased 
to allow circuit operation over the 
full input voltage range. See the 
Application Note Designing with 
Hewlett-Packard Isolation 
Amplifiers for more information 
on the post-amplifier circuit. 

Other Information 
As mentioned above, reducing the 
bandwidth of the post amplifier 
circuit reduces the amount of 

output noise. Figure 21 shows 
how the output noise changes as a 
function of the post-amplifier 
bandwidth. The post-amplifier 
circuit exhibits a first-order low­
pass filter characteristic. For the 
same filter bandwidth, a higher­
order filter can achieve even 
better attenuation of modulation 
noise due to the second-order 
noise shaping of the sigma-delta 
modulator. For more information 
on the noise characteristics of the 
HCPL-7820/7825, see the 
Application Note Designing with 
Hewlett-Packard Isolation 
Amplifiers. 

The HCPL-7820/7825 can also be 
used to isolate signals with 
amplitudes larger than its 
recommended input range with 
the use of a resistive voltage 
divider at its input. The only 
restrictions are that the imped­
ance of the divider be relatively 
small (less than 1 kQ) so that the 
input resistance (280 kQ) and 
input bias current (1 /lA) do not 
affect the accuracy of the 
measurement. An input bypass 
capacitor is still required, 
although the 39 Q series damping 
resistor is not (the resistance of 
the voltage divider provides the 
same function). The low-pass 
filter formed by the divider 
resistance and the input bypass 
capacitor may limit the achievable 
bandwidth. 
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Analog Isolation Amplifier 

Technical D~ta 

Features 
• High Common Mode 

Rejection (CMR): 15 kV/J.lS 
at VCM = 1000V 

• 5% Gain Tolerance 
• 0.1% Nonlinearity 
• Low Offset Voltage and Off­

set Temperature CoefficieJ;lt 
• 100 kHz Bandwidth 
• Performance Specified Over 

-40"C to 85"C Temperature 
Range 

• Recognized Under UL 1577 
and CSA Approved for 
Dielectric Withstand Proof 
Test Voltage of 2500 Vac, 1 
Minute 

• Standard 8-Pin DIP Package 

Applications 
_ • Motor Phase and Rail 

Current Sensing 
• Inverter Current Sensing 
• Switched Mode Power 

Supply Signal Isolation 
• General Purpose Current 

Sensing and Monitoring 

• General Purpose Analog 
Signal Isolation 

Description 
The HCPL·7840 isolation ampli­
fier provides accurate, electrically 
isolated and amplified representa­
tions 'of voltage and current. 

When used with a shunt resistor 
in the current path, the HCPL-
7840 offers superior reliability, 
cost effectiveness, size and 
autoinsertability compared with 
the traditional solutions such as 
current transformers and Hall­
effect sensors. 

The HCPL-7840 consists of a 
sigma-delta analog-to-digital 
converter optically coupled to a 
digital-to-analog converter. 
Superior performance in design 
critical specifications such as 
common-mode rejection, offset 
voltage, nonlinearity, operating 
temperature range and regulatory 
compliance make the. HCPL-7840 
the clear choice for designing 
reliable, lower-cost, reduced-size 
products such as motor 
controllers and inverters. 

Common-mode rejection of 
15 kV//..ls makes the HCPL-7840 
suitable for noisy electrical 

FliHW HEWLETT'" 
It.:e.II PACKARD 

HCPL-7840 

environments such as those 
generated by the high switching 
rates of power !GBTs. 

Low offset voltage together with 
a low offset voltage temperature 
coefficient permits accurate use 
of auto-calibration techniques. 

Gain tolerance of 5% with 0.10/0 
nonlinearity further provide the 
performance necessary for 
accurate feedback and control. 

A wide operating temperature 
range with specified performance 
allows the HCPL-7840 to be used 
in hostile industrial environmentS. 

Functional Diagram 

A 0.1 F bypass capacitor must be connected between pins 1 ami 4 and between pins 5 ami 8. 

CAUTION: It is advised that normal static precautians be taken in handling and assembly of this component to 
prevent damage and/or degradation which may be induced by ESD. 
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Ordering Information 
HCPL-7840#xxx 

L No option = Standard DIP Package, 50 per tube 
300 = Gull Wing Surface Mount Lead Option, 50 per tube 
500 = Tape/Reel Package Option (1 K min.), 1000 per reel 

Option data sheets available. Contact your Hewlett-Packard sales representative or authorized distributor for 
more information. 

Package Outline Drawings 
Standard DIP Package h 9.65 ~ 0.25 1 I r.:, (0.380 ~ 0.01 or--

HP7840 

VYWW 

DATE CODE 

(0.300 ~ 0.010) 

6.35~0.25 
(0.250 ~ 0.010) m------, 

, J iQ:: 2.92 (0.115) MIN. 

1.080 ~ 0.320 ,'_1-11'1- O.~MAX. 

~ 
7.62 ~ 0.25 i 

J 1_ 0.20 (0.008) 
0.33 (0.013) 

(0.043 ~ 0.013) _ _ 2.54 ~ 0.25 
(0.100 ~ 0.010) 

Gull Wing Surface Mount Option 300 

h 9.65 ~ 0.25 rl 
I P.-i (0.360=0.010) f.i\ I 

7 I 
HP 7840 6.350 ~ 0.25 
YYWW (0.250 ~ 0.010) 

o ~ 

-I r(~:~;g) 
1.19 _I ]- MAX. 

(0.047) 
MAX. 

ttD:d:b:d 7:a (0'l86)MAX. 

I
, , 

1.060 ~ 0.320 _' , 

to CJ CJ O~-(~':~'---=g-)TY-P-''-

_ I 1 ::::~ !g:~:! 
I.;~=='=F==~'=CJ==;;:O=' L 0.36: 10.015) 

1.194 10.04n 0.635 (0.025) 

'- --- -- -~:??~-(~-~!~)- ------------------ -------- ------

9,65 ~ 0.25 ill (0.380 ~ 0.010) 

7.62 ~ 0.25 

~0'300 ~ 0'010~ 
0.20 10.008) 
0.33 (0.013) 

~ 
(0.04hO.013) r- L 

-12.54 
(0,100) 

BSC 

.-~ r 0.635~0.25 l' I -- (0.025~0.010) 
0.635 ~ 0.130 12' NOM 

(0.025 ~ 0.005) • 

DIMENSIONS IN MILUMETERS (INCHES). 
TOLERANCES (UNLESS OTHERWISE SPECIFIED): xx.xx = 0.01 

xX.xxx = 0.005 

LEAD COPLANARrrv 
MAXIMUM: 0.102 (0.004) 
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Maximum Solder Reflow Thermal Prof'lle Regulatory Information 
The HCPL-7840 has been 
approved by the following 
organizations: 

260 
240 
220 
200 

~ 180 
.;. 180 
0: 140 i 120 
w 100 

!Ii 80 
I!! 60 

40 
20 

o 

- ./ , 
[:+_--A T = 116"C 0.3·ClSEC ~. 

I V , "., 
~ 

~v 

./rJ 
F 

fIr--- aT .100·C, 1.S·ClSEC 

I 
~ 

o 2 3 4 S 6 

TIME - MINUTES 

"-
"- aT = 14S·C, 1·CISEC 

"-
" "-

9 10 11 12 

UL Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

CSA Approved under CSA 
Component Acceptance Notice 
#5, File CA 88324. 

(NOTE: USE OF NON-CHLORINE ACTIVATED FLUXES IS RECOMMENDED.) 

Insulation and Safety Related Specifications 
Parameter Symbol Value Units Conditions 

Min. External Air Gap L(101) 7.1 mm Measured from input terminals to output 
(External Clearance) terminals, shortest distance through air. 
Min. External Tracking Path L(102) 7.4 mm Measured from input terminals to output 
(External Creepage) terminals, shortest distance path along body. 
Min. Internal Plastic Gap 0.08 mm Through insulation distance, conductor to 
(Internal Clearance) conductor, usually the direct distance 

between the photoemitter and photodetector 
inside the optocoupler cavity. 

Tracking Resistance CTI 200 Volts DIN IEC 112/VDE 0303 Part 1 
(Comparative Tracking Index) 
Isolation Group IlIa Material Group (DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 

Absolute Maximum Ratings 
Parameter Symbol Min. Max. Unit Note 

Storage Temperature Ts -55 125 "C 
Ambient Operating Temperature TA -40 85 "C 
Supply Voltages VDDl , VDD2 0.0 5.5 V 
Steady-State Input Voltage VIN+, VIN• -2.0 VDD1 +0.5 V 1 
2 Second Transient Input Voltage -6.0 
Output Voltages VOUT+, VOUT_ -0.5 VDD2 +0.5 V 
Lead Solder Temperature TLs 260 °C 
(10 sec., 1.6 mm below seating plane) 
Solder Reflow Temperature Profile See Maximum Solder Reflow Thermal Profile Section 
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Recommended Operating Conditions 
Parameter Symbol Min. Max. Unit Note 

Ambient Operating Temperature TA -40 85 °C 
Supply Voltages VDDl , VDD2 4.5 5.5 V 
Input Voltage VIN+,VIN. -200 200 mV 

DC Electrical Specifications 
All specifications, typicals and figures are at the nominal operating conditions OfVIN+ = 0 V, \IN. = 0 V, 
TA = 25OC, VDDl = 5 V and VDD2 = 5 V, unless otheIWise noted. 

Parameter Symbol Min. Typ. Max. Unit Test Conditions Fig. 
Input Offset Voltage Vos -1.2 -0.2 1.0 mV 1 

-3.0 -0.2 2.0 -40OC:;; TA:;; 850C 1,2,3 
4.5:;; CVDDl, VDD2):;; 5.5 V 

Gain G 7.60 8.00 8.40 V/V -200:;; VIN+:;; 200 mV 5 
7.44 8.00 8.56 -200:;; VIN+:;; 200 mV 5,6,7 

-40OC:;; TA:;; 850C 
4.5:;; CVDDl, VDD2):;; 5.5 V 

200 mV Nonlinearity NL200 0.1 0.2 % -200:;; VIN+:;; 200 mV 5,8 
0.4 -200:;; VIN+:;; 200 mV 5,8,9 

-40OC:;; TA:;; 850C 10,12 
4.5:;; CVDDl, VDD2):;; 5.5 V 

100 mV Nonlinearity NLlOO 0.05 0.1 -100:;; VIN+:;; 100 mV 5,8 
0.2 -100:;; VIN+:;; 100 mV 5,8,9 

-40OC:;; TA:;; 850C 11,12 
4.5:;; CVDDl, VDD2):;; 5.5 V 

Maximum Input Voltage IVIN+IMAX 320 mV 4 
Before Output Clipping 
Average Input Bias Current lIN -0.57 f.IA 13 
Average Input Resistance RIN 480 kO 
Input DC Common-Mode CMRRIN 69 dB 
Rejection Ratio 
Output Resistance Ro 1 n 
Output Low Voltage VOL 1.28 V VIN+ = 400mV 4 
Output High Voltage VOH 3.84 V VIN+ = -400 mV 
Output Common-Mode VOCM 2.20 2.56 2.80 V -400 < \IN+ < 400 mV 
Voltage -40°C:;; TA :;; 850C 
Input Supply Current IDDl 8.7 15.5 rnA 4.5:;; CVDDl, VDD2):;; 5.5 V 14 
Output Supply Current IDD2 8.8 14.5 rnA 15 
Output Short-Circuit Current I Iosc I 11 rnA VOUT - 0 V or VDD2 

1 

Note 
2 

3 

4 

5 

6 

7 
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AC Electrical Specifications 
All specifications, typicais and f'JgUres are at th,e nominal operating conditions ofViN+ = 0 V, VIN_ = 0 V, 
TA = 25"C, VODl = 5 V and V002 = 5 V, unless otherwise noted. 

Parameter Symbol Min. Typ. Max. Unit Test Conditions Fig. 

Common Mode CMR 10 15 kV/1iS VCM = 1 kV 16 
Rejection 4.5 ~ CV001, V002) ~ 5.5 V 
Common Mode CMRR >140 dB 
Rejection Ratio 
at 60 Hz 
Propagation Delay tp050 3.7 6.5 liS VIN+. = 0 to 100 mV step 17,18 
to 50% -40°C ~ TA ~ 85°C 

4.5 ~ CV001, V002) ~ 5.5 V 
Propagation Delay tp090 5.7 9.9 
to 90% 
RiselFall Time tR/F 3.4 6.6 
(10-90%) 
Small-Signal f.3 dB 50 100 kHz -40°C ~ TA ~ 85°C 17,19, 
Bandwidth 4.5 ~ CVODl, V002) ~ 5.5 V 20 
(-3 dB) 
Small-Signal f_45, 33 
Bandwidth (_45°) 

RMS Input- VN 0.6 mVnns In recommended 21, 23 
Referred Noise application circuit 
Power Supply PSR 570 mVp_p 
Rejection 

Package Characteristics 

Note 
8 

r--g-

10 

11 

All specifications, typicals and figures are at the nominal operating conditions OfVIN+ = 0 V, VIN_ = 0 V, 
TA = 25"C, VODl = 5 V and V002 = 5 V, unless otherwise noted. 

Parameter Symbol Min. Typ. Max. Unit Test Conditions Fig. Note 
Input-Output Momentary VISO 2500 Vrms t = 1 min., RH ~ 50% 12,13 
Withstand Voltage* 
Input-Output Resistance RI-O 1012 n VI_O = 500 Vdc 13 
Input-Output Capacitance CI_O 0.6 pF f=IMHz 

VI_O = OVdc 

·The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating, refer to the VDE 0884 Insulation Characteristics Table (if applicable), 
your equipment level safety specification, or HP Application Note 1074, "Optocoupler Input-Output Endurance Voltage," 
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Notes: 
1. If VIN_ is brought above VDDI - 2 V 

with respect to GND1 an internal test 
mode may be activated_ This test 
mode is not intended for customer 
use_ 

2 _ Exact offset value is dependent on 
layout of external bypass capacitors_ 
The offset value in the data sheet 
corresponds to HP's recommended 
layout (see Figures 25 and 26). 

3. Nonlinearity is defined as half of the 
peak-to-peak output deviation from 
the best-fit gain line, expressed as a 
percentage of the full-scale differen­
tial output voltage. 

4. Because of the switched capacitor 
nature of the sigma-delta NO 
converter, time-averaged values are 
shown. 

5. CMRRIN is defined as the ratio of the 
gain for differential inputs applied 
between pins 2 and 3 to the gain for 
common mode inputs applied to both 
pins 2 and 3 with respect to pin 4. 

6. When the differential input signal 
exceeds· approximately 320 mY, the 
outputs will limit at the typical values 
shown. 

VDDl 

7. Short-circuit current is the amount of 
output current generated when either 
output is shorted to VDD2 or ground. 
HP does not recommend operation 
under these conditions. 

8. CMR (also known as IMR or Isolation 
Mode Rejection) specifies the 
minimum rate of rise of a common 
mode noise signal applied across the 
isolation boundary at which small 
output perturbations begin to appear. 
These output perturbations can occur 
with both the rising and falling edges 
of the common mode waveform and 
may be of either polarity. A CMR 
failure is defined as a perturbation 
exceeding 200 m V at the output of 
the recommended application circuit 
(Figure 23). See applications section 
for more information on CMR. 

9. CMRR is defined as the ratio of 
differential signal gain (signal applied 
differentially between pins 2 and 3) 
to the common mode gain (input pins 
tied to pin 4 and the signal applied 
between the input and the output of 
the isolation amplifier) at 60 Hz, 
expressed in dB. 

10. Output noise comes from two primary 
sources: chopper noise and sigma-
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delta quantization noise. Chopper 
noise results from chopper stabiliza­
tion of the output op-amps. It occurs 
at a specific frequency (typically 500 
kHz) and is not attenuated by the on­
chip output filter. The on-chip fIlter 
does eliminate most, but not all, of 
the sigma-delta quantization noise. 
An external filter circuit may be 
easily added to the external post­
amplifier to reduce the total RMS 
output noise. See applications section 

. for more information. 
11. Data sheet value is the amplitude of 

the transient at the differential output 
of the HCPL-7840 when a 1 Vp_p, 
1 MHz square wave with 100 ns rise 
and fall times (measured at pins 1 
and 8) is applied to both VDDI and 

VDD2• 
12. In accordance with UL1577, each 

isolation amplifer is proof tested by 
applying an insulation test voltage 
~ 3000 VRMS for 1 second (leakage 
current detection limit 11_0 S; 5 !LA). 

13. Device considered a two terminal 
device: Pins 1, 2, 3 and 4 connected 
together; pins 5, 6, 7 and 8 
connected together. 
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Applications Information 
Functional Description 
Figure 22 shows the primary 
functional blocks of the HCPL-
7840. In operation, the sigma­
delta modulator converts the 
analog input signal into a high­
speed serial bit stream. The time 
average of this bit stream is 
directly proportional to the input 
signal. This stream of digital data 
is encoded and optically trans­
mitted to the detector circuit. The 
detected signal is decoded and 
converted back into an analog 
signal, which is filtered to obtain 
the final output signal. 

Application Circuit 
The recommended application 
circuit is shown in Figure 23. A 
floating power supply (which in 
many applications could be the 
same supply that is used to drive 
the high-side power transistor) is 
regulated to 5 V using a simple 
three-terminal voltage regulator 
(Ul). The voltage from the cur­
rent sensing resistor, or shunt 
(Rsense), is applied to the input 
of the HCPL-7840 through an RC 
anti-aliasing filter (R5, C3). And 
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finally, the differential output of 
the isolation amplifier is 
converted to a ground-referenced 
single-ended output voltage with 
a simple differential amplifier 
circuit (U3 and associated com­
ponents). Although the applica­
tion circuit is relatively simple, a 
few recommendations should be 
followed to ensure optimal 
performance. 

Supplies and Bypassing 
As mentioned above, an inexpen­
sive 78L05 three-terminal 
regulator can be used to reduce 
the gatecdrive power supply 
voltage to 5 V. To help attenuate 
high frequency power supply 
noise or ripple, a resistor or 
inductor can be used in series 
with the input of the regulator to 
form a low-pass filter with the 
regulator's input bypass 
capacitor. 

As shown in Figure 23, 0.1 J..lF 
bypass capacitors (C2, C4) 
should be located as close as 
possible to the input and output 
power supply pins of the HCPL-
7840. The bypass capacitors are 
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required because of the high­
speed digital nature of the signals 
inside the isolation amplifier. A 
0.01 J..LF bypass capacitor (C3) is 
also recommended at the input 
pines) due to the switched­
capacitor nature of the input 
circuit. The input bypass capaci­
tor should be at least 1000 pF to 
maintain gain accuracy of the 
isolation amplifier. 

Inductive coupling between the 
input power-supply bypass 
capacitor and the input circuit, 
including the input bypass 
capacitor and the input leads of 
the HCPL-7840, can introduce 
additional DC offset in the circuit. 
Several steps can be taken to 
minimize the mutual coupling 
between the two parts of the 
circuit, thereby improving the 
offset performance of the design. 
Separate the two bypass 
capacitors C2 and C3 as much as 
possible (even putting them on 
opposite sides of the PC board), 
while keeping the total lead 
lengths, including traces, of each 
bypass capacitor less than 20 
mm. PC board traces should be 
made as short as possible and 



placed close together or over 
ground plane to minimize loop 
area and pickup of stray magnetic 
fields. Avoid using sockets, as 
they will typically increase both 
loop area and inductance. And 
finally, using capacitors with 
small body size and orienting 
them perpendicular to each other 
on the PC board can also help. 
For more information concerning 
this effect, see Application Note 
1078, Designing with Hewlett­
Packard Isolation Amplifiers. 

Shunt Resistor Selection 
The current-sensing shunt resis­
tor should have low resistance (to 
minimize power dissipation), low 
inductance (to minimize di/dt 
induced voltage spikes which 
could adversely affect operation), 
and reasonable tolerance (to 
maintain overall circuit accuracy). 
The value of the shunt should be 
chosen as a compromise between 
minimizing power dissipation by 
making the shunt resistance 
smaller and improving circuit 
accuracy by making it larger and 
utilizing the full input range of 
the HCPL-7840. Hewlett-Packard 
recommends four different shunts 
which can be used to sense 
average currents in motor drives 
up to 35 A and 35 hp. Table 1 
shows the maximum current and 
horsepower range for each of the 
LVR-series shunts from Dale. 
Even higher currents can be 
sensed with lower value shunts 
available from vendors such as 
Dale, IRC, and Isotek (Isabellen­
huette). When sensing currents 
large enough to cause significant 
heating of the shunt, the tempera­
ture coefficient of the shunt can 
introduce nonlinearity due to the 
signal dependent temperature 
rise of the shunt. Using a heat 
sink for the shunt or using a 

shunt with a lower tempco can 
help minimize this effect. The 
Application Note 1078, Design­
ing with Hewlett-Packard 
Isolation Amplifiers, contains 
additional information on 
designing with current shunts. 

The recommended method for 
connecting the isolation amplifier 
to the shunt resistor is shown in 
Figure 23. Pin 2 (VIN+) is con­
nected to the positive terminal of 
the shunt resistor, while pin 3 
(YiN.) is shorted to pin 4 (GNDl), 
with the power-supply return 
path functioning as the sense line 
to the negative terminal of the 
current shunt. This allows a 
single pair of wires or PC board 
traces to connect the isolation 
amplifier circuit to the shunt 
resistor. In some applications, 
however, supply currents flowing 
through the power-supply return 
path may cause offset or noise 
problems. In this case, better 
performance may be obtained by 
connecting pin 3 to the negative 
terminal of the shunt resistor 
separate from the power supply 
return path. When connected this 
way, both input pins should be 
bypassed. Whether two or three 
wires are used, it is recom­
mended that twisted-pair wire or 
very close PC board traces be 
used to connect the current shunt 
to the isolation amplifier circuit 
to minimize electromagnetic 
interference to the sense signal. 

The 68 Q resistor in series with 
the input lead forms a low-pass 
anti-aliasing fIlter with the input 
bypass capacitor with a 200 kHz 
bandwidth. The resistor performs 
another important function as 
well; it dampens any ringing 
which might be present in the 
circuit formed by the shunt, the 

input bypass capacitor, and the 
wires or traces connecting the 
two. Undamped ringing of the 
input circuit near the input 
sampling frequency can alias into 
the baseband producing what 
might appear to be noise at the 
output of the device. To be 
effective, the damping resistor 
should be at least 39 Q. 

PC Board Layout 
In addition to affecting offset, the 
layout of the PC board can also 
affect the common mode rejec­
tion (CMR) performance of the 
isolation amplifier, due primarily 
to stray capacitive coupling 
between the input and the output 
circuits. To obtain optimal CMR 
performance, the layout of the 
printed circuit board (PCB) 
should minimize any stray coup­
ling by maintaining the maximum 
possible distance between the 
input and output sides of the 
circuit and ensuring that any 
ground plane on the PCB does 
not pass directly below the 
HCPL-7840. Using surface mount 
components can help achieve 
many of the PCB objectives 
discussed in the preceding para­
graphs. An example through-hole 
PCB layout illustrating some of 
the more important layout 
recommendations is shown in 
Figures 25 and 26. See Applica­
tion Note 1078, Designing with 
Hewlett-Packard Isolation 
Amplifiers, for more information 
on PCB layout considerations. 

Post-Amplifier Circuit 
The recommended application 
circuit (Figure 23) includes a 
post-amplifier circuit that serves 
three functions: to reference the 
output signal to the desired level 
(usually ground), to amplify the 
signal to appropriate levels, and 
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to help filter output noise. The 
particular op-amp used in the 
post-amp is not critical; however, 
it should have low enough offset 
and high enough bandwidth and 
slew rate so that it does not 
adversely affect circuit perfor­
mance. The offset of the op-amp 
should be low relative to the out­
put offset of the HCPL-7840, or 
less than about 5 mY. 

To maintain overall circuit band­
width, the post-amplifier circuit 
should have a bandwidth at least 
twice the minimum bandwidth of 
the isolation amplifier, or about 
200 kHz. To obtain a bandwidth 
of 200 kHz with a gain of 5, the 
op-amp should have a gain­
bandwidth greater than 1 MHz. 
The post-amplifier circuit 
includes a pair of capacitors (C5 
and C6) that form a single-pole 
low-pass filter. These capacitors 
allow the bandwidth of the post­
amp to be adjusted independently 
of the gain and are useful for 
reducing the output noise from 
the isolation amplifier (doubling 
the capacitor values halves the 
circuit bandwidth). The compo­
nent values shown in Figure 23 
form a differential amplifier with 
a gain of 5 and a cutoff frequencY 
of approximately 100 kHz and 
were chosen as a compromise 

between low noise and fast 
response times. The overall 
recommended application circuit 
has a bandwidth of 66 kHz, a rise 
time of 5.2 IJS and delay to 90% 
of 8.51JS. 

The gain-setting resistors in the 
post-amp should have a tolerance 
of 1 % or better to ensure adequate 
CMRR and gain tolerance for the 
overall circuit. Resistor networks 
with even better ratio tolerances 
can be used which offer better 
performance, as well as reducing 
the total component count and 
board space. 

The post-amplifier circuit can be 
easily modified to allow for 
single-supply operation. Figure 
24 shows a schematic for a post 
amplifier for use in 5 V single 
supply applications. One addi­
tional resistor is needed and the 
gain is decreased to 1 to allow 
circuit operation over the full 
input voltage range. See Applica­
tion Note 1078, Designing with 
Hewlett-Packard Isolation 
Amplifiers, for more information 
on the post-amplifier circuit. 

Other Information 
As mentioned above, reducing the 
bandwidth of the post amplifier 
circuit reduces the amount of 
output noise. Figure 21 shows 

Table 1. Current Shunt Summary 
Maximum 

Shunt Power 
Shunt Resistor Part Number Resistance Dissipation 

LVR-3.05-1% 50mQ 3W 
LVR-3.02-1% 20mQ 3W 
LVR-3.01-1 % 10mQ 3W 

LVR-5.005-1% 5mQ 5W 
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how the output noise changes as 
a function of the post-amplifier 
bandwidth. The post-amplifier 
circuit exhibits a first-order low­
pass filter characteristic. For the 
same filter bandwidth, a higher­
order filter can achieve even 
better attenuation of modulation 
noise due to the second-order 
noise shaping of the sigma-delta 
modulator. For more information 
on the noise characteristics of the 
HCPL-7840, see Application Note 
1078, Designing with Hewlett­
Packard Isolation Amplifiers. 

The HCPL-7840 can also be used 
to isolate signals with amplitudes 
larger than its recommended 
input range through the use of a 
resistive voltage divider at its 
input. The only restrictions are 
that the impedance of the divider 
be relatively small (less than 
1 Kn so that the input resistance 
(480 KQ ) and input bias current 
(0.6 A) do not affect the accuracY 
of the measurement. An input 
bypass capacitor is still required, 
although the 68 Q series damping 
resistor is not (the resistance of 
the voltage divider provides the 
same function). The low pass 
filter formed by the divider 
resistance and the input bypass 
capacitor may limit the 
achievable bandwidth. 

Maximum Maximum 
Average Horsepower 
Current Range 

3A 0.8-3.0 hp 
8A 2~2-8.0 hp 
15A 4.1-15 hp 
35A 9.6-35 hi> 
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Isolated I5-bit AID Converter 

Technical Data 

Features 
• 12-bit Linearity 
• 700 ns Conversion Time 

(pre-Trigger Mode 2) 
• 5 Conversion Modes for 

Resolution/Speed Trade-Off; 
12-bit Effective Resolution 
with 181lS Signal Delay 
(14-bit with 941lS) 

INPUT 
CURRENT 

• Fast 3 IlS Over-Range 
Detection 

• Serial I/O (SPI®, QSPI® and 
Microwire® Compatible) 

• ± 200 mV Input Range with 
Single 5 V Supply 

• 1% Internal Reference 
Voltage Matching 

rli;- HEWLETT® 
~e..PACKARD 

HCPL-7860 
HCPL-0870, -7870 

• Offset Calibration 
• -40°C to +85°C Operating 

Temperature Range 
• 15 kV/1lS Isolation Transient 

Immunity 
• Regulatory Approvals; UL, 

CSA,VDE 

Hewlett-Packard's Isolated ND Converter delivers the reliability, small size, superior 
isolation and over-temperature performance motor drive designers need to accurately 
measure current at half the price of traditional solutions. 

CAUTION: It is advised that normal static precautions be taken in handting and assembly of this component to 
prevent damage and/or degradation which may be induced by ESD. 

SPI and QSPI are trademarks of Motorola Corp. 
Microwire is a trademark of National Semiconductor Inc. 
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Digital Current Sensing 
Circuit 
As shown in Figure 1, using the 
Isolated 2-chip NO converter to 
sense current can be as simple as 
connecting a current-sensing 
resistor, or shunt, to the input 
and reading output data through 
the 3-wire serial output interface. 
By choosing the appropriate 

ISOLATED 
+5V 

INPUT + VDDl 
CURRENT 

RSHUNT VIN. 
0.02 VIN-

GNDl 

shunt resistance, any range of 
current can be monitored, from 
less than 1 A to more than 100 A. 

Even better performance can be 
achieved by fully utilizing the 
more advanced features of the 
Isolated NO converter, such as 
the pre-trigger circuit which can 
reduce conversion time to less 

NON-ISOLATED 
+5V 

CCLK VDD 

CLAT CHAN 

VDD2 CDAT SCLK 

MCLK MCLKl SDAT 

MDAT MDAn CS 

GND2 MCLK2 THRl 

MDAT2 OVRl 
HCPL-7860 -

Figure 1: Typical Application Circuit. 

Product Overview 
Description 
The HCPL-7860 Isolated Modu­
lator and the HCPL-x870 Digital 
Interface IC together form an 
isolated programmable two-chip 
analog-to-digital converter. The 
isolated modulator allows direct 
measurement of motor phase 
currents in power inverters while 
the digital interface IC can be 
programmed to optimize the 
conversion speed and resolution 
trade-off. 

In operation, the HCPL-7860 
Isolated Modulator (optocoupler 
with 3750 VRMS dielectric with­
stand voltage rating) converts a 

GND RESET 

HCPL-x870 

low-bandwidth analog input into 
a high-speed one-bit data stream 
by means of a sigma-delta (rd) 
oversampling modulator. This 
modulation provides for high 
noise margins and excellent 
immunity against isolation-mode 
transients. The modulator data 
and on-chip sampling clock are 
encoded and transmitted across 
the isolation boundary where they 
are recovered and decoded into 
separate high-speed clock and 
data channels. 

The Digital Interface IC converts 
the single-bit data stream from 
the Isolated Modulator into 
fifteen-bit output words and 
provides a serial output interface 

than 1 ~s, the fast over-range 
detector for quickly detecting 
short circuits, different conversion 
modes giving various resolution! 
speed trade-offs, offset calibra­
tion mode to eliminate initial 
offset from measurements, and 
an adjustable threshold detector 
for detecting non-short circuit 
overload conditions. 

3-WIRE 
SERIAL 
INTERFACE 

that is compatible with SPI®, 
QSPI®, and Microwire® proto­
cols,allowing direct connection 
to a microcontroller. The Digital 
Interface IC is available in two 
package styles: the HCPL-7870 is 
in a 16-pin DIP package and the 
HCPL-0870 is in a 300-mil wide 
SO-16 surface-mount package. 
Features of the Digital Interface 
IC include five different conver­
sion modes, three different pre­
trigger modes, offset calibration, 
fast over-range detection, and 
adjustable threshold detection. 
Programmable features are con­
figured via the Serial Configura­
tion port. A second multiplexed 
input is available to allow 
measurements with a second 
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isolated modulator without 
additional hardware. Because the 
two inputs are multiplexed, only 
one conversion at a time can be 
made and not all features are 
available for the second channel. 
The available features for both 
channels are shown in the table 
at right. 

HCPL-x870 Digital Interface IC 
Feature Channel #1 Channel #2 

Conversion Mode ./ ./ 
Offset Calibration ./ ./ 
Pre-Trigger Mode ./ 
Over-Range Detection ./ 
Adjustable Threshold Detection ./ 

Functional Diagrams 

ISOLATION 
BOUNDARY 

I 

HCPL-7860 Isolated Modulator 

Pin Description, Isolated Modulator 
Symbol Description 

VDDl Supply voltage input (4.5 V to 5.5 V) 

VIN+ Positive input (± 200 mV 
recommended) 

VIN- Negative input 
(normally connected to GNDl) 

GNDI Input ground 
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HCPL-x870 Digital Interface IC 

Symbol Description 
VDD2 Supply voltage input (4.5 V to 5.5 V) 

MCLK Clock output (10 MHz typical) 

MDAT Serial data output 

GND2 Output ground 



Pin Description, Digital Interface Ie 
Symbol Description Symbol Description 

CCLK Clock input for the Serial Configuration VDD Supply voltage (4.5 V to 5.5 V). 
Interface (SCI). Serial Configuration 
data is clocked in on the rising edge 
ofCCLK. 

CLAT Latch input for the Serial Configuration CHAN Channel select input. The input level on 
Interface (SCI). The last 8 data bits CHAN determines which channel of 
clocked in on COAT by CCLK are data is used during the next conversion 
latched into the appropriate cycle. An input low selects channell, 
configuration register on the rising a high seiects channel 2. 
edge of CLAT. 

COAT Data input for the Serial Configuration SCLK Serial clock input. Serial data is clocked 
Interface (SCI). Serial configuration out of SOAT on the falling edge of SCLK. 
data is clocked in MSB first. 

MCLKI Channel 1 Isolated Modulator clock SOAT Serial data output. SOAT changes from 
input. Input Data on MOATI is clocked high impedance to a logic low output 
in on the rising edge of MCLKl. at the start of a conversion cycle. 

SOAT then goes high to indicate that 
data is ready to be clocked out. SOAT 
returns to a high-impedance state after 
all data has been clocked out and CS 
has been brought high. 

MOATI Channel 1 Isolated Modulator data CS Conversion start input. Conversion 
input. begins on the falling edge of CS. CS 

should remain low during the entire 
conversion cycle and then be brought 
high to conclude the cycle. 

MCLK2 Channel 2 Isolated Modulator clock THRI Continuous, programmable-threshold 
input. Input Data on MOAT2 is clocked detection for channel 1 input data. A 
in on the rising edge of MCLK2. high level output on THRI indicates 

that the magnitude of the channel 1 
input signal is beyond a user 
programmable threshold level between 
160 mV and 310 mV. This signal 
continuously monitors channel 1 
independent of the channel select 
(CHAN) signal. 

MOAT2 Channel 2 Isolated Modulator data OVRI High speed continuous over-range 
input. detection for channel 1 input data. A 

high level output on OVRI indicates 
that the magnitude of the channel 1 
input is beyond full-scale. This signal 
continuously monitors channel 1 
independent of the CHAN signal. 

GNO Digital ground. RESET Master reset input. A logic high input 
for at least 100 ns asynchronously 
resets all configuration registers to 
their default values and zeroes the 
Offset Calibration registers. 
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Isolated AID Converter Performance 

Electrical Specifications 
Unless otherwise noted, all specifications are at VIN+ = -200 mV to +200 mV and VIN- = 0 V; all Typical 
specifications are at TA = 25°C and VDDl = VDD2 = VDD = 5 V; all Minimum/Maximum specifications are at 
TA = -40°C to +85°C, VDDl = VDD2 = VDD = 4.5 to 5.5 V. 

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Note 

STATIC CONVERTER CHARACTERISTICS 
Resolution 15 bits 1 
Integral Nonlinearity INL 6 30 LSB 3 2 

0.025 0.14 % 4 
Differential Nonlinearity DNL 1 LSB 3 
Uncalibrated Input Offset Vos -1 1 2.5 mV VIN+ = OV 5 
Offset Drift vs. Temperature dVos/dTA 4 /lVrC ~ 
Offset drift vs. VDDl dVos/dVDDl 0.7 mVN 

r--

Internal Reference Voltage VREF 326 mV 
r---

Absolute Reference Voltage -4 4 % 6 5 
Tolerance 
Reference Voltage -1 1 % TA = 2500. 
Matching See Note 5 
VREF Drift vs. Temperature dVREF/dTA 190 ppm/°C 

r--

VREF Drift VS. VDDl dVREF/dVDDl 0.9 % 
r---

Full Scale Input Range -VREF +VREF mV 6 
Recommended Input -200 +200 
Voltage Range 

DYNAMIC CONVERTER CHARACTERISTICS 
(Digital Interface Ie is set to Conversion Mode 3.) 
Signal-to-Noise Ratio SNR 62 73 dB VIN+ = 35 Hz, 2,9 
Total Harmonic Distortion THD -67 400 mVpk-pk 

Signal-to-(Noise SND 66 (141 mVrms) sine 
+ Distortion) wave. 

Effective Number of Bits ENOB 10 12 bits 8 7 
Conversion Time t02 0.7 1.0 /lS Pre-Trigger Mode 2 7, 8 

tCl 18 22 Pre-Trigger Mode 1 14 

too 37 44 Pre-Trigger Mode 0 
Signal Delay tDSIG 18 22 10 9 
Over-Range Detect Time tOVRl 2.0 2.7 4.2 VIN+ = 0 to 400 mV 12 10 
Threshold Detect Time tTHRl 10 step waveform 11 
Signal Bandwidth BW 18 22 kHz 11 12 
Isolation Transient CMR 15 20 kVl/lS VISO = 1 kV 13 
Immunity 
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Notes: 
1. Resolution is defined as the total 

number of output bits. The useable 
accuracy of any AID converter is a 
function of its linearity and signal-to­
noise ratio, rather than how many 
total bits it has. 

2. Integral nonlinearity is defined as 
one-half the peak-to-peak deviation 
of the best-fit line through the 
transfer curve for VlN+ = -200 mV to 
+200 mY, expressed either as the 
number of LSBs or as a percent of 
measured input range (400 mY). 

3. Differential nonlinearity is defined as 
the deviation of the actual difference 
from the ideal difference between 
midpoints of successive output 
codes, expressed in LSBs. 

4. Data sheet value is the average 
magnitude of the difference in offset 
voltage from TA = 25"C to 
TA = -40"C, expressed in microvolts 
per "C. 

5. All units within each HCPL-7860 
standard packaging increment (either 
50 per tube or 1000 per reel) have an 
Absolute Reference Voltage tolerance 
of ± 1 %. An Absolute Reference 
Voltage tolerance of ± 4% is 
guaranteed between standard 
packaging increments. 

6. Beyond the full-scale input range the 
output is either all zeroes or all ones. 

7. The effective number of bits (or 
effective resolution) is defined by the 
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Figure 2. SNR vs. Temperature. 

equation ENOB = (SNR-l. 76)/6.02 
and represents the resolution of an 
ideal, quantization-noise limited AID 
converter with the same SNR. 

8. Conversion time is defined as the 
time from when the convert start 
signal CS is brought low to when 
SDAT goes high, indicating that 
output dats is ready to be clocked 
out. This can be as small as a few 
cycles of the isolated modulator clock 
and is determined by the frequency of 
the isolated modulator clock and the 
selected Conversion and Pre-Trigger 
modes. For determining the true 
signal delay characteristics of the AID 
converter for closed-loop phase 
margin calculations, the signal delay 
specification should be used. 

9. Signal delay is defmed as the effec­
tive delay of the input signal through 
the Isolated AID converter. It can be 
measured by applying a -200 m V to 
± 200 m V step at the input of modu­
lator and adjusting the relative delay 
of the convert start signal CS so that 
the output of the converter is at mid­
scale. The signal delay is the elapsed 
time from when the step signal is 
applied at the input to when output 
data is ready at the end of the conver­
sion cycle. The signal delay is the 
most important specification for 
determining the true signal delay 
characteristics of the AID converter 

16 
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Figure 3. INL (Bits) vs. Temperature. 

and should be used for determining 
phase margins in closed-loop applica­
tions. The signal delay is determined 
by the frequency of the modulator 
clock and which Conversion Mode is 
selected, and is independent of the 
selected Pre-Trigger Mode and, 
therefore, conversion time. 

10. The minimum and maximum over­
range detection time is determined by 
the frequency of the channel 1 iso­
lated modulator clock. 

11. The minimum and maximum thresh­
old detection time is determined by 
the user-defined configuration of the 
adjustable threshold detection circuit 
and the frequency of the channel 1 
isolated modulator clock. See the 
Applications Information section for 
further detail. The specified times 
apply for the default configuration. 

12. The signal bandwidth is the frequency 
at which the magnitude of the output 
signal has decreased 3 dB below its 
low-frequency value. The signal 
bandwidth is determined by the fre­
quency of the modulator clock and 
the selected Conversion Mode. 

13. The isolation transient immunity (also 
known as Common-Mode Rejection) 
specifies the minimum rate-of-rise of 
an isolation-mode signal applied 
across the isolation boundary beyond 
which the modulator clock or data 
signals are corrupted. 
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Isolated Modulator 
Ordering Infonnation 
Specify Part Number followed by Option Number (if desired). 

Example: 

HCPL-7860#l=XXXf-______ NO Option = Standard DIP package, 50 per tube. 

300 = Gull Wing Surface Mount Option, 50 per tube. 
500 = Tape and Reel Packaging Option, 1000 per reel. 

Option data sheets available. Contact Hewlett-Packard sales representative or authorized distributor. 

Package Outline Drawings 
8-pin DIP Package 

~ ~~ I I r.., 9.!fOTO~390)--

REFERENCE VOLTAGE-----.-~~~-~== ~ 
MATCHING SUFFIX' -t-- 0.18(0.007) TYPE NUMBER 

HP7860X 

VVWW 

PIN ONE 1 2 

1.19(0.047)MAX.--I1-- -.J 

OATECODE 

4 

1---1.78 (0.070) MAX. 

mm-, 
~

4.70 (0.185) MAX. 

PINO~N t 0.51 (0.020) MIN. 

2.;2 (0.115) MIN. 

0.76 (0.030) I·~ _11.1 ____ 0.65 (0.025) MAX. 
1.24 (0.049) 

____ 2.28 (0.090) 
2.80 (0.110) 

DIMENSIONS IN MILLIMETERS AND (INCHES). 

6.10 (0.240) 0.33 (0.013) 
6.80 (0.260) 

7.36 (0.290/ I 
7.88(0.310~ 

• 

PIN DIAGRAM 

5"TYP. 

'ALL UNITS WITHIN EACH HCPL-7880 STANDARD PACKAGING INCREMENT (EITHER 50 PER TUBE OR 1000 PER REEL) 
HAVE A COMMON MARKING SUFFIX TO REPRESENT AN ABSOLUTE REFERENCE VOLTAGE TOLERANCE OF" 1%. 
AN ABSOLUTE REFERENCE VOLTAGE TOLERANCE OF" 4% IS GUARANTEED BETWEEN STANDARD PACKAGING 
INCREMENTS. 
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8-pin DIP Gull Wing Surface Mount Option 300 

PIN LOCATION (FOR REFERENCE ONLy) 

~(O~:~ :~:~o)--I _I I-- 1.02 (0.040) I 1.19(0.047) 

MOLDED 

7 6 5 I 
6.350~0.25 

(0.250 '" 0.010) 

~~'"FF.'FI~ 

rOO 
ODD 
--j ~~ 

1.19 (0.047) 
1.78 (0.070) 

o 

. 9.65.,0.25 I~~~ : •. -'=0 
o. L 0'3~ (0.015) 

0.635 (0.025) 

-I r (~:~~~) r M(O~:i~: ~:~~O)Hl (~.O~7) -I 1-- MAX. D 7.62", 0.25 ~ 

- ~7,; I Ilr··M0l! I :r= 
~ (t5)MAX. ~\ T~~ 

1.080" 0.320 ~ t! L! ---.-~ r 0.635., 0'25~ \ t (0.043 '" 0.013) I -- (0.025., 0.010) 

-2.540 - (~:2~"'",OO~5) -4-12" NOM. 
(0.100) 

BSC 

DIMENSIONS IN MILLIMETERS (INCHES). 
TOLERANCES (UNLESS OTHERWISE SPECIFIED): xx.xx = 0.01 

I xx.xxx = 0.005 

Package Characteristics 
Unless otherwise noted, all specifications are at TA = +25°C. 

Parameter Symbol Min. Typ. Max. 
Input-Output Momentary VISO 3750 
Withstand Voltage 
(See note ** below) 
Resistance (Input - Output) Rr-o .1012 1013 

1011 

Capacitance Cr-o 0.7 
(Input - Output) 
Input IC Junction-to-Case 9jci 96 
Thermal Resistance 
Output IC Junction-to-Case 9jco 114 
Thermal Resistance 

LEAD COPLANARITY 
MAXIMUM: 0.102 (0.004) 

Units Test Conditions 
Vrms RH S 50%, t = 1 min. 

n Vr-o = 500 Vdc 
TA = 100°C 

pF f=lMHz 

°C/W Thennocouple located at 
center underside of 

°C/W package 

Note 
14,15 

15 

•• The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to your equipment level safety specification or HP Application Note 
1074, Optocoupler Input·Output Endurance VoUage. 
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Maximum Solder Reflow Thermal Profile 

2~"---'--~-'---r--'---r-~~~~'--'---'--,, 

240 1--1---+----1-----1-
220 
200 , 

\J 180 _ f----f--I---I-+---,A"---j---I----+--+ -'''rt----I-----H 

40 
20 . 

OLW~~WW~~~~LW~~WW~~LU~LLLU~LLLU~ 

3 4 7 8 9 10 11 12 

TIME - MINUTES 

(NOTE: USE OF NON-CHLORINE ACTIVATED FLUXES IS RECOMMENDED.) 

Regulatory Information 
The HCPL-7860 (isolated modulator) has been approved by the following organizations: 

UL VDE (pending) CSA 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

Approved under VDE 0884/06.92 
with VroRM = 848 VPEAK• 

Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

VDE 0884 Insulation Characteristics 
Description Symbol Characteristic Unit 

Installation classification per DIN VDE 0110/1.89, Table 1 
for rated mains voltage::; 300 Vrms I - IV 
for rated mains voltage::; 600 Vrms I - III 

Climatic Classification 40/85/21 
Pollution Degree (DIN VDE 0110/1.89) 2 
Maximum Working Insulation Voltage VroRM 848 V PEAK 
Input to Output Test Voltage, Method b* 

VroRM x 1.875 = VPR, 100% Production Test with tm = 1 VPR 1590 V PEAK 
sec, Partial Discharge < 5 pC 

Input to Output Test Voltage, Method a* 
VroRM x 1.5 = VPR, Type and Sample Test, tm = 60 sec, VPR 1273 V PEAK 
Partial Discharge < 5 pC 

Highest Allowable Overvoltage 
(Transient Overvoltage tini = 10 sec) VIOTM 6000 V PEAK 

Safety-Limiting Values-Maximum Values Allowed in the 
Event of a Failure, also see Figure 13. 

Case Temperature Ts 175 °C 
Input Power IS,INPUT 80 mW 
Output Power Ps, OUTPUT 250 mW 

Insulation Resistance at TSI, Vro = 500 V Rs ;:: 109 Q 

"Refer to the optocoupler section of the Optoelectronics Designer's Catalog, under Product Safety Regulations section, (VDE 0884) 
for a detailed description of Method a and Method b partial discharge test profiles. 
Note: Isolation characteristics are guaranteed only within the safety maximum ratings which must be ensured by protective circuits in 
application. 
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Insulation and Safety Related Specifications 
Parameter Symbol Value Units Conditions 

Minimum External Air Gap L(101) 7.4 mm Measured from input terminals to output 
(Clearance) terminals, shortest distance through air. 
Minimum External Tracking L(102) 8.0 mm Measured from input terminals to output 
(Creepage) terminals, shortest distance path along body 
Minimum Internal Plastic Gap 0.5 mm Insulation thickness between emitter and 
(Internal Clearance) detector; also known as distance through 

insulation. 
Tracking Resistance CTI 175 Volts DIN IEC 112NDE 0303 Part 1 
(Comparative Tracking Index) 
Isolation Group IlIa Material Group (DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 

Absolute Maximum Ratings 
Parameter Symbol Min. Max. Units Note 

Storage Temperature Ts -55 125 °C 
Ambient Operating Temperature TA -40 +85 °C 
Supply Voltages VDDl, VDD2 0 5.5 Volts 
Steady-State Input Voltage VIN+, VIN- -2.0 VDDl + 0.5 Volts 16 
Two Second Transient Input Voltage -6.0 
Output Voltages MCLK,MDAT -0.5 VDD2 +0.5 Volts 
Lead Solder Temperature 260°C for 10 sec., 1.6 mm below seating plane 17 
Solder Reflow Temperature Profile See Maximum Solder Reflow Thermal Profile section 

Recommended Operating Conditions 
Parameter Symbol Min. Max. Units Note 

Ambient Operating Temperature TA -40 +85 °C 
Supply Voltages VDDl, VDD2 4.5 5.5 V 
Input Voltage VIN+, VIN- -200 +200 mV 16 
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Electrical Specifications, Isolated Modulator 
Unless otherwise noted, all specifications are at VIN + = 0 V and VIN- = 0 V, all Typical specifications are at 
TA = 25°C and VDDl = VDD2 = 5 V, and all Minimum and Maximum specifications apply over the following 
ranges: TA = -40°C to +85°C, VDDl = 4.5 to 5.5 V and VDD2 = 4.5 to 5.5 V. 

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Note 

Average Input Bias Current lIN -1.0 IJ.A 14 18 

Average Input Resistance RIN 270 kn 

Input DC Common-Mode CMRRIN 55 dB 19 
Rejection Ratio 

Output Logic High Voltage VOH 3.9 4.9 V lOUT = -100 IJ.A 
Output Logic Low Voltage VOL 0.3 0.6 V lOUT = 1.6 rnA 
Output Short Circuit Current I losc I 10 rnA VOUT = VDD2 or GND2 20 

Input Supply Current IDDl 9.5 15 rnA VIN+ = -350 mV 15 

Output Supply Current IDD2 8.8 15 rnA to +350mV 16 

Output Clock Frequency fCLK 9 11 14 MHz 17 

Data Hold Time tHDDAT 15 ns 21 

Notes: 
14. In accordance with UL1577, for devices with minimum VIsa specified at 3750 Vrms, each isolated modulator (optocoupler) is 

proof-tested by applying an insulation test voltage greater than 4500 Vrms for one second (leakage current detection limit 
11-0 < 5 Ila). This test is performed before the Method b, 100% production test for partial discharge shown in VDE 0884 
Insulation Characteristics Table. 

15. This is a two-terminal measurement: pins 1-4 are shorted together and pins 5-8 are shorted together. 
16. IfVIN_ (pin 3) is brought above VDDl - 2 V with respect to GND1 an internal optical-coupling test mode may be activated. This test 

mode is not intended for customer use. 
17. HP recommends the use of non-chlorinated solder fluxes. 
18. Because of the switched-capacitor nature of the isolated modulator, time averaged values are shown. 
19. CMRRIN is defmed as the ratio of the gain for differential inputs applied between VIN+ and VIN- to the gain for common-mode 

inputs applied to both VIN+ and VIN_ with respect to input ground GND1. 
20. Short-circuit current is the amount of output current generated when either output is shorted to VDD2 or GND2. Use under these 

conditions is not recommended. 
21. Data hold time is amount of time that the data output MDAT will stay stable following the rising edge of output clock MCLK. 
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Digital Interface Ie 
Ordering Information 
Specify Part Number followed by Option Number (if desired). 

Example 

HCPL-7870 Standard 16-pin DIP package, 25 per tube. 

HCPL-0870#XXX 
-c.- No Option = Standard 16-pin SO package, 47 per tube. 
~ 500 = Tape and Reel Packaging Option, 1000 per reel. 

Option data sheets available. Contact Hewlett-Packard sales representative or authorized distributor. 

Package Outline Drawings 
Standard 16-pin DIP Package 

16 15 14 13 12 11 

R 0.030 x 0.030 DP 

HP7870/ 

YYWW 

2 4 5 6 

DIMENSIONS IN INCHES. 

10 9 

TYPE NUMBER 

DATE CODE 

7 8 

TOLERANCES (UNLESS OTHERWISE SPECIFIED): xx.xx = ~ 0.01 
xx.xxx = :t 0.002 

0.060 
-t---l:rF=======Ri 

0.060 

I---0.31010.380--.1 
(CENTER TO CENTER) 

0.010 ~ 0.002 
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Standard 16-pin SO Package 

TOP VIEW 
PIN NO.1 IDENTIFIER 
o 1.27 (0.050) x 0.075 (0.003) DEPTH 

0.33 x 45' SHINY SURFACE 

,.-1.:"1"" """"" " '1] .. 
(02970: 0 002) (0.394-0.419) 

~",",,,,""'I'I"'I'I""fiF"'i"I""i'I""i'i'~~ 
1. 8 

(0.050) 

SIDE VIEW R 0.18 (R 0.007) 

AND EDGES 

0.10-0.30 
(0.004-0.0118) 

,4 ALL CORNERS 

L-~~~~ __ ~~~--t-r 

DIMENSIONS IN MILLIMETERS (INCHES). 

TOLERANCES 

0.01 0.004 

SEATING PLANE 

2.3864.586 
(0.084-0.1018) 

BOTTOM VIEW 

END VIEW 

o 1.27 (0.050) 
x 0.075 (O.ooa) 
DEPTH 
(2x) EJECTOR PIN 
SHINY SURFACE 

~--~ ........... / ,....-;'''1----"'\ PARTING 
, ., \ , I\-:JLlN IE 
( j) '---1-1 _--,J~--.i 
\. A / ........ __ ' 0.2a.;.(J.32 

(0.0091-0.0125) 

--1 (0.040) 

(UNLESS OTHERWISE SPECIFIED): xx.xx = ,. 0.010 
XX.xxx = ,. 0.002 

E f1.016 REF. 

0'-8't-

0.40-1.27 ~ DETAIL A 
(0.016 - 0.050) 
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Maximum Solder Retlow Thermal ProUle 

./ , I 260 
240 
220 
200 " liT = 145'C, 1'ClSEC 

P 180 
,;. 160 
§ 140 

~ 120 
III 100 
~ 80 
I!! 60 

40 

20 

o 

liT = 11S'C 0.3'ClSEC ~ ---
I ,-, .." 
~ 

'F 
/'1 

IJr---- ~T = 1OO'C, 1.S'ClSEC 

I I 
~ I 

o 2 3 
I 

4 5 6 7 8 

TIME - MINUTES 

'\. 

I'\. 
" 

10 11 12 

(NOTE: USE OF NON-CHLORINE ACTIVATED FLUXES IS RECOMMENDED.) 

Absolute Maximum Ratings 
Parameter Symbol Min. 

Storage Temperature Ts -55 
Ambient Operating Temperature TA -40 
Supply Voltage Voo 0 
Input Voltage All Inputs -0.5 
Output Voltage All Outputs -0.5 

Max. Units 
+125 °C 
+85 °C 
5.5 V 

Voo + 0.5 V 
Voo + 0.5 V 

Lead Solder Temperature 260°C for 10 seconds, 1.6 mm below seating plane 
Solder Reflow Temperature Profile See Reflow Thermal Profile 

Note: 
17. HP recommends the use of non-chlorinated solder fluxes. 

Recommended Operating Conditions 
Parameter Symbol Min. Max. Units 

Ambient Operating Temperature TA -40 +85 °C 
Supply Voltage Voo 4.5 5.5 V 
Input Voltage All Inputs 0 Voo V 

Note 

17 

Note 
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Electrical Specifications, Digital Interface Ie 
Unless otherwise noted, all Typical specifications are at TA = 25°C and VDD = 5 V, and all Minimum and 
Maximum specifications apply over the following ranges: TA = -40°C to +85°C and VDD = 4.5 to 5.5 V. 

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Note 
Supply Current IDD 20 35 rnA fCLK = 10 MHz 
DC Input Current lIN 0.001 10 J.LA 
Input Logic Low Voltage VIL 0.8 V 
Input Logic High Voltage VIH 2.0 V 
Output Logic Low Voltage VOL 0.15 0.4 V lOUT = 4 rnA 
Output Logic High Voltage VOH 4.3 5.0 V lOUT = -400 J.LA 
Clock Frequency (CCLK, fCLK 20 MHz 
MCLK and SCLK) 
Clock Period (CCLK, tpER 50 ns 18, 
MCLK and SCLK) 19 

Clock High Level Pulse tPWH 20 
r---

ns 
Width (CCLK, MCLK 
andSCLK) r---
Clock Low Level Pulse tPWL 20 
Width (CCLK, MCLK 
andSCLK) 

Setup Time from DAT to tSUCLK 10 18 
Rising Edge of CLK 
(CDAT, CCLK, MDAT 
and MCLK) r---
DAT Hold Time after tHDCLK 10 
Rising Edge of CLK 
(CDAT, CCLK, MDAT 
and MCLK) 

r---
Setup Time from Falling tSUCLl 20 
Edge of CLAT to First 
Rising Edge of CCLK -
Setup Time from Last tSUCL2 20 
Rising Edge of CCLK 
to Rising Edge of CLAT 
Delay Time from Falling tDSDAT 15 19 
Edge of SCLK to SDAT 

-
Setup Time from Data tsus 200 
Ready to First Falling 
Edge ofSCLK -
Setup Time from CHAN tSUCHS 20 
to falling edge of CS 

Reset High Level Pulse tPWR 100 
Width 
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Figure 18. Serial Configuration Interface Timing. 
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. Figure 19. Conversion Timing. 
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Applications 
Information 
Product Description 
The HCPL-7860 Isolated Modula­
tor (optocoupler) uses sigma­
delta modulation to convert an 
analog input signal into a high­
speed (10 MHz) single-bit digital 
data stream; the time average of 
the modulator's single-bit data is 
directly proportional to the input 
signal. The isolated modulator's 
other main function is to provide 
galvanic isolation between the 
analog input and the digital 
output. An internal voltage 
reference determines the full­
scale analog input range of the 
modulator (approximately 
± 320 mV); an input range of 
± 200 mV is recommended to 
achieve optimal performance. 

The primary functions of the 
HCPL-x870 Digital Interface Ie 
are to derive a multi-bit output 
signal by averaging the single-bit 
modulator data, as well as to 
provide a direct microcontroller 
interface. The effective resolution 
of the multi-bit output signal is a 
function of the length of time 
(measured in modulator clock 
cycles) over which the average is 
taken; averaging over longer 
periods of time results in higher 
resolution. The Digital Interface 
IC can be configured for five 
conversion modes which have 
different combinations of speed 
and resolution to achieve the 
desired level of performance. 

Other functions of the HCPL­
x870 Digital Interface IC include 
a Phase Locked Loop based pre­
trigger circuit that can either give 
more precise control of the 

Table 1. Input Full-Scale Range and Code Assignment. 
Analog Input Voltage Input Digital Output 

Full Scale Range 640mV 32768 LSBs 
Minimum Step Size 20/lV 1 LSB 

+Full Scale +320mV 111111111111111 
Zero OmV 100000000000000 

-Full Scale -320 mV 000000000000000 

effective sampling time or reduce 
conversion time to less than 1 /ls, 
a fast over-range detection circuit 
that rapidly indicates when the 
magnitude of the input signal is 
beyond full-scale, an acljustable 
threshold detection circuit that 
indicates when the magnitude of 
the input signal is above a user­
acljustable threshold level, an 
offset calibration. circuit, and a 
second multiplexed input that 
allows a second Isolated 
Modulator to be used with a 
single Digital Interface IC. 

The digital output format of the 
Isolated AID Converter is 15 bits 
of unsigned binary data. The 
input full-scale range and code 
assignment is shown in Table 1 
below. Although the output con­
tains 15 bits of data, the effective 
resolution is lower and is deter­
mined by selected conversion 
mode as shown in Table 2 below. 

Table 2. Isolated AID Converter Typical Performance Characteristics. 

Signal-to- Effective Conversion Time (J..Is) Signal Signal 
Conversion Noise Ratio Resolution Pre-Trigger Mode Delay Bandwidth 

Mode (dB) (bits) 0 1 2 (J..Is) (kHz) 
1 83 13.5 188 94 94 3.4 
2 79 12.8 95 47 47 6.9 
3 73 11.9 37 18 0.7 18 22 

4 66 10.7 19 10 10 45 
5 53 8.5 10 5 5 90 

Note: Bold italic type indicates Default values. 

1-278 



Digital Interface 
Timing 
Power UpJReset 
At power up, the digital interface 
IC should be reset either 
manually, by bringing the RESET 
pin (pin 9) high for at least 
100 ns, or automatically by 
connecting a 10 IlF capacitor 
between the RESET pin and VDD 

(pin 16). The RESET pin operates 
asynchronously and places the IC 
in its default configuration, as 
specified in the Digital Interface 
Configuration section. 

Conversion Timing 
Figure 19 illustrates the timing 
for one complete conversion 
cycle. A conversion cycle is 
initiated on the falling edge of the 
convert start signal (CS); CS 
should be held low during the 
entire conversion cycle. When CS 
is brought low, the serial output 
data line (SDAT) changes from a 
high-impedance to the low state, 
indicating that the converter is 
busy. A rising edge on SDAT 
indicates that data is ready to be 
clocked out. The output data is 
clocked out on the negative edges 
of the serial clock pulses (SCLK), 
MSB first. A total of 16 pulses is 
needed to clock out all of the data. 
After the last clock pulse, CS 
should be brought high again, 
causing SDAT to return to a high­
impedance state, completing the 
conversion cycle. If the external 
circuit uses the positive edges of 
SCLK to clock in the data, then a 
total of sixteen bits is clocked in, 
the first bit is always high 
(indicating that data is ready) 
followed by 15 data bits. If fewer 
than 16 cycles of SCLK are input 
before CS is brought high, the 
conversion cycle will terminate 
and SDAT will go to the high-

impedance state after a few 
cycles of the Isolated Modulator's 
clock. 

The amount of time between the 
falling edge of CS and the rising 
edge of SDAT depends on which 
conversion and pre-trigger modes 
are selected; it can be as low as 
0.7 /lS when using pre-trigger 
mode 2, as explained in the 
Digital Interface Configuration 
section. 

Serial Configuration 
Timing 
The HCPL-x870 Digital Interface 
IC is programmed using the 
Serial Configuration Interface 
. (SCI) which consists of the clock 
(CCLK), data (CDAT), and 
enable/latch (CLAT) signals. 
Figure 18 illustrates the timing 
for the serial configuration inter­
face. To send a byte of configura­
tion data to the HCPL-x870, first 
bring CLAT low. Then clock in 
the eight bits of the configuration 
byte (MSB first) using CDAT and 
the rising edge of CCLK. After the 
last bit has been clocked in, 
bringing CLAT high again will 
latch the data into the appropri­
ate configuration register inside 
the interface IC. If more than 
eight bits are clocked in before 
CLAT is brought high, only the 
last eight bits will be used. Refer 
to the Digital Interface Configura­
tion section to determine appro­
priate configuration data. If the 
default configuration of the 
digital interface IC is acceptable, 
then CCLK, CDIN and CLAT may 
be connected to either VDD or 
GND. 

Channel Select Timing 
The channel select signal (CHAN) 
determines which input channel 
will be used for the next conver-

sion cycle. A logic low level 
selects channel one, a high level 
selects channel 2. CHAN should 
not be changed during a conver­
sion cycle. The state of the CHAN 
signal has no effect on the 
behavior of either the over-range 
detection circuit (OVRl) or the 
adjustable threshold detection 
circuit (THR1). Both OVRI and 
THRI continuously monitor 
channell independent of the 
CHAN signal. CHAN also does not 
affect the behavior of the pre­
trigger circuit, which is tied to 
the conversion timing of channel 
1, as explained in the Digital 
Interface Configuration section. 

Digital Interface 
Configuration 
Configuration Registers 
The Digital Interface IC contains 
four 6-bit configuration registers 
that control its behavior. The two 
LSBs of any byte clocked into the 
serial configuration port (CDAT, 
CCLK, CLAT) are used as address 
bits to determine which register 
the data will be loaded into. 
Registers 0 and 1 (with address 
bits 00 and 01) specify the 
conversion and offset calibration 
modes of channels 1 and 2, 
register 2 (address bits 10) 
specifies the behavior of the 
adjustable threshold circuit, and 
register 3 (address bits 11) 
specifies which pre-trigger mode 
to use for channel 1. These 
registers are illustrated in Table 3 
below, with default values 
indicated in bold italic type. Note 
that there are several reserved 
bits which should always be set 
low and that the configuration 
registers should not be changed 
during a conversion cycle. 
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Table 3. Register Configuration. 

o 
High High Low Low 

Channel 2 Conversion Mode 

1 

High Low Low Low 

2 

3 

Threshold 
Detection Time 

High Low 
Pre-Trigger Mode 

Low Low 

Threshold Level 

Note: Bold italic type indicates default values. ReseIVed bits should be set low. 

Conversion Mode 
The conversion mode determines 
the speed/resolution trade-off for 
the Isolated AID converter. The 
four MSBs of registers 0 and 1 

determine the conversion mode 
for the appropriate channel. The 
bit settings for choosing a partic­
ular conversion mode are shown 
in Table 4 below. See Table 2 for 

Table 4. Conversion Mode Configuration. 

Conversion Configuration Data Bits 
Mode Bit 7 Bit 6 Bit 5 Bit 4 

1 Low High Low High 
2 Low Low High High 
3 High High High Low 

~ High High Low Low 
5 High Low High Low 

Note: Bold italic type indicates default values. 
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Low Low 

Low High 

Low 

a summary of how performance 
changes as a function of conver­
sion mode setting. Combinations 
of data bits not specified in Table 
4 below are not recommended. 



Pre-Trigger Mode 
The pre-trigger mode refers to 
the operation of a PLL-based 
circuit that affects the sampling 
behavior and conversion time of 
the NO converter when channel 1 
is selected. The PLL pre-trigger 
circuit has two modes of opera­
tion; the first mode allows more 
precise control of the time at 
which the analog input voltage is 
effectively sampled, while the 
second mode essentially 
eliminates the time between when 
the external convert start 
command is given and when out­
put data is available (reducing it 
to less than 1 /lS). A brief 
description of how the NO con­
verter works with the pre-trigger 
circuit disabled will help explain 
how the pre-trigger circuit affects 
operation when it is enabled. 

With the pre-trigger circuit is 
disabled (pre-trigger mode 0), 
Figure 20 illustrates the relation­
ship between the convert start 
command, the weighting function 
used to average the modulator 
data, and the data ready signal. 
The weighted averaging of the 
modulator data begins immedi-

WEIGHTING 
FUNCTION 

CONVERT START - CS 

ately following the convert start 
command. The weighting func­
tion increases for half of the con­
version cycle and then decreases 
back to zero, at which time the 
data ready signal is given, 
completing the conversion cycle. 
The analog signal is effectively 
sampled at the peak of the 
weighting function, half-way 
through the conversion cycle. 
This is the default mode. 

If the convert start signal is 
periodic (Le., at a fixed fre­
quency) and the PLL pre-trigger 
circuit is enabled (pre-trigger 
modes 1 or 2), either the peak of 
the weighting function or the end 
of the conversion cycle can be 
aligned to the external convert 
start command, as shown in 
Figure 20. The Digital Interface 
Ie can therefore synchronize the 
conversion cycle so that either 
the beginning, the middle, or the 
end of the conversion is aligned 
with the external convert start 
command, depending on whether 
pre-trigger mode 0,1, or 2 is 
selected, respectively. The only 
requirement is that the convert 
start signal for channel 1 be 

DATA RE_A_D_Y_-_SD_A_T ___ ....II ------LJ 

periodic. If the signal is not 
periodic and pre-trigger mode 1 
or 2 is selected, then the pre­
trigger circuit will not function 
properly. 

An important distinction should 
be made concerning the differ­
ence between conversion time 
and signal delay. As can be seen 
in Figure 20, the amount of time 
from the peak of the weighting 
function (when the input signal is 
being sampled) to when output 
data is ready is the same for all 
three modes. This is the actual 
delay of the analog signal through 
the NO converter and is indepen­
dent of·the "conversion time," 
which is simply the time between 
the convert start signal and the 
data ready signal. Because signal 
delay is the true measure of how 
much phase shift the NO 
converter adds to the signal, it 
should be used when making 
calculations of phase margin and 
loop stability in feedback 
systems. 

There are different reasons for 
using each of the pre-trigger 
modes. If the signal is not 

A) PRE·TRIGGER MODE 0 B) PRE-TRIGGER MODE 1 C) PRE-TRIGGER MODE 2 

Figure 20. Pre-Trigger Modes 0, 1, and 2. 
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periodic, then the pre-trigger 
circuit should be disabled by 
selecting pre-trigger mode O. If 
the·most time-accurate sampling 
of the input signal is desired, 
then mode 1 should be selected. 
If the shortest possible conver­
sion time is desired, then mode 2 
should be selected. 

The pre-trigger circuit functions 
only with channell; .the circuit 
ignores any convert start signals 
while channel 2 is selected with 
the CHAN input. This allows 
conversions on channel 2 to be 
performed between conversions 
on channel 1 without affecting 
the operation of the pre-trigger 
circuit. As long as the convert 

Table 5. Pre-Trigger Mode Configuration. 
Configuration Data Bits 

Pre-Trigger Mode Bit 7 Bit 6 

~ 0 Low Low 
1 Low High 
2 High Don't Care 

Note: Bold italic type indicates default values. 

Offset Calibration 
The offset calibration circuit can 
be used to separately calibrate 
the offsets of both channels 1 and 
2. The offset calibration circuit 
contains a separate offset register 
for each channel. After an offset 
calibration sequence, the offset 
registers Will contain a value 
equal to the measured offset, 
which will then be subtracted 
from all subsequent conversions. 
A hardware reset (bringing the 
RESET pin high for at least 
100 ns) is required to reset the 
offset calibration registers to 
zero. 

The following sequence is 
recommended for performing an 
offset calibration: 
1. Select the appropriate channel 

using the CHAN pin (low = 
channell, high = channel 2). 

2. Force zero volts at the input of 
the selected isolated 
modulator. 

3. Send a configuration data byte 
to the appropriate register for 
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the selected channel (register 
o for channell, register 1 for 
channel 2). Bit 3 of the 
configuration byte should be 
set high to enable offset 
calibration mode and bits 4 
through 7 should be set to 
select conversion mode 1 to 
achieve the highest resolution 
measurement of the offset. 

4. Perform one complete conver­
sion cycle by bringing CS low 
until SDAT goes high, indicat­
ing completion of the conver­
sion cycle. Because bit 3 of the 
configuration has been set 
high, the uncalibrated output 
data from the conversion will 
be stored in the appropriate 
offset calibration register and 
will be subtracted from all 
subsequent conversions on 
that channel. If multiple 
conversion cycles are 
performed while the offset 
calibration mode is enabled, 
the uncalibrated data from the 
last conversion GYcle will be 
stored in the offset calibration 
register. 

start signals are periodic while 
channel 1 is selected, then the 
pre-trigger circuit will function 
properly. 

The three different pre-trigger 
modes are selected using bits 6 
and 7 of register 3, as Shown in 
Table 5 below. 

5. Send another configuration 
byte to the appropriate regis­
ter for the selected channel, 
setting bit 3 low to disable 
calibration mode and setting 
bits 4 through 7 to select the 
desired conversion mode for 
subsequent conversions on 
that channel. 

To calibrate both channels, 
perform the above sequence for 
each channel. The offset 
calibration sequence can be 
performed as often as needed. 
The table below summarizes how 
to tum the offset calibration 
mode on or off using bit 3 of 
configuration registers 0 and 1. 

Table 6. Offset Calibration 
Configuration. 

Offset Configuration 

Calibration Data Bits 
Mode Bit 3 

0./1 Low 
On High 

Note: Bold italic type indicates default 
values. 



Over-Range Detection 
The over-range detection circuit 
allows fast detection of when the 
magnitude of the input signal on 
channel 1 is near or beyond full 
scale, causing the OYRI output to 
go high. This circuit can be very 
useful in current-sensing applica­
tions for quickly detecting when a 
short-circuit occurs. The over­
range detection circuit works by 
detecting when the modulator 
output data has not changed state 
for at least 25 clock cycles in a 
row, indicating that the input 
signal is near or beyond full­
scale, positive or negative. 
Typical response time to over­
range signals is less than 3 J.ls. 

The over-range circuit actually 
begins to indicate an over-range 
condition when the magnitude of 
the input signal exceeds approxi­
mately 250 m V; it starts to 
generate periodic short pulses on 
OYRI which get longer and more 
frequent as the input signal 
approaches full scale. The OYRI 
output stays high continuously 
when the input is beyond full 
scale. 

The over-range detection circuit 
continuously monitors channel 1 
independent of which channel is 
selected with the CHAN signal. 
This allows continuous monitor­
ing of channel 1 for faults while 
converting an input signal on 
channel 2. 

Adjustable Threshold 
Detection 
The adjustable threshold detector 
causes the THRI output to go 
high when the magnitude of the 
input signal on channel 1 exceeds 
a user-defined threshold level. 
The threshold level can be set to 
one of 16 different values 
between approximately 160 mV 
and 310 mY. The adjustable 
threshold detector uses a smaller 
version of the main conversion 
circuit in combination with a 
digital comparator to detect when 
the magnitude of the input signal 
on channel 1 is beyond the 
defined threshold level. As with 
the main conversion circuit, there 
is a trade-off between speed and 
resolution with the threshold 
detector; selecting faster detec­
tion times exhibit more noise as 
the signal passes through the 
threshold, while slower detection 
times offer lower noise. Both the 
detection time and threshold level 

are programmable using bits 2 
through 7 of configuration 
register 2, as shown in Tables 7 
and 8 below. 

As with the over-range detector, 
the adjustable threshold detector 
continuously monitors channel 1 
independent of which channel is 
selected with the CHAN signal. 
This allows continuous monitor­
ing of channel 1 for faults while 
converting Channel 2. 

Table 7. Threshold 
Detection Configuration. 

Threshold Configuration 

Detection Data Bits 
Time Bit 7 Bit 6 

2 - 6 J.ls Low Low 
3-IOJ.ls Low High 
5 - 20 J1S High Low 
10 - 35 J.lS High High 

Note: Bold italic type indicates default 
values. 

Table 8. Threshold Level Configuration. 
Configuration Data Bits 

Threshold Level Bit 5 Bit 4 Bit 3 Bit 2 
±160mV Low Low Low Low 
± 170 mV Low Low Low High 
± 180mV High Low 
± 190 mV High 
±200 mV High Low Low 
±210 mV High 
±220 mV High Low 
±230 mV High 
±240 mV High Low Low Low 
±250 mV High 
±260 mV High Low 
±270 mV High 
±280 mV High Low Low 
±290mV High 
±300 mV High Low 
± 310 mV High 

Note: Bold italic type indicates default values. 
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Analog Interfacing 
Power Supplies and 
Bypassing 
The recommended application 
circuit is shown in Figure 21. A 
floating power supply (which in 
many applications could be the 
same supply that is used to drive 
the high-side power transistor) is 
regulated to 5 V using a simple 
zener diode (D1); the value of 
resistor R1 should be chosen to 
supply sufficient current from the 
existing floating supply. The 
voltage from the current sensing 
resistor or shunt (Rsense) is 
applied to the input of the HCPL-
7860 (U2) through an RC anti­
aliasing fIlter (R2 and C2). And 
finally, the output clock and data 
of the isolated modulator are 
connected to the digital interface 
IC. Although the application 
circuit is relatively simple, a few 
recommendations should be 
followed to ensure optimal 
performance. 

The power supply for the isolated 
modulator is most often obtained 
from the same supply used to 
power the power transistor gate 

HV-

FLOATING 
POSITIVE 
SUPPLY 

r··· 

drive circuit. If a dedicated 
supply is required, in many cases 
it is possible to add an additional 
winding on an existing trans­
former. Otherwise, some sort of 
simple isolated supply can be 
used, such as a line powered 
transformer or a high-frequency 
DC-DC converter. 

An inexpensive 78L05 three­
terminal regulator can also be 
used to reduce the floating supply 
voltage to 5 V. To help attenuate 
high-frequency power supply 
noise or ripple, a resistor or 
inductor can be used in series 
with the input of the regulator to 
form a low-pass fIlter with the 
regulator's input bypass 
capacitor. 

As shown in Figure 21, O.lI1F 
. bypass capacitors (C1 and C3) 
should be located as close as 
possible to the input and output 
power-supply pins of the isolated 
modulator (U2). The bypass 
capacitors are required because 
of the high-speed digital nature of 
the signals inside the isolated 
modulator. A O.OlI1F bypass 

+5V 

Figure 21. Recommended Application Circuit. 
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capacitor (C2) is also recom­
mended at the input due to the . 
switchedccapacitor nature of the 
input circuit. The input bypass 
capacitor also forms part of the 
anti-aliasing fIlter, which is 
recommended to prevent high­
frequency noise from aliasing 
down to lower frequencies and 
interfering with the input signal. 

PC Board Layout 
The design of the printed circuit 
board (PCB) should follow good 
layout practices, such as keeping 
bypass capacitors close to the 
supply pins, keeping output 
signals away from input signals, 
the use of ground and power 
planes, etc. In addition, the layout 
of the PCB can also affect the 
isolation transient immunity 
(CMR) of the isolated modulator, 
due primarily to stray capacitive 
coupling between the input and 
the output circuits. To obtain 
optimal CMR performance, the 
layout of the PC board should 
minimize any stray coupling by 
maintaining the maximum 
possible distance between the 
input and output sides of the 
circuit and ensuring 

CCLK Voo 

CLAT CHAN 

COAT SCLK 

MCLKl SOAT 

MOATl CS 

MCLK2 THRl 

MOAT2 OVRl 

GNO RESET 
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that any ground or power plane 
on the PC board does not pass 
directly below or extend much 
wider than the body of the 
isolated modulator. 

Shunt Resistors 
The current-sensing shunt 
resistor should have low 
resistance (to minimize power 
dissipation), low inductance (to 
minimize dVdt induced voltage 
spikes which could adversely 
affect operation), and reasonable 
tolerance (to maintain overall 
circuit accuracy). Choosing a 
particular value for the shunt is 
usually a compromise between 
minimizing power dissipation and 
maximizing accuracy. Smaller 
shunt resistances decrease power 
dissipation, while larger shunt 
resistances can improve circuit 
accuracy by utilizing the full 
input range of the isolated 
modulator. 

The first step in selecting a shunt 
is determining how much current 
the shunt will be sensing. The 
graph in Figure 22 shows the 
RMS current in each phase of a 
three-phase induction motor as a 
function of average motor output 
power (in horsepower, hp) and 
motor drive supply voltage. The 
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Figure 22. Motor Output Horsepower 
vs. Motor Phase Current and Supply 
Voltage. 

maximum value of the shunt is 
determined by the current being 
measured and the maximum 
recommended input voltage of 
the isolated modulator. The 
maximum shunt resistance can be 
calculated by taking the maxi­
mum recommended input voltage 
and dividing by the peak current 
that the shunt should see during 
normal operation. For example, if 
a motor will have a maximum 
RMS current of 10 A and can 
experience up to 50% overloads 
during normal operation, then the 
peak current is 21.1 A 
(= lOx1.414x1.5). Assuming a 
maximum input voltage of 
200 mY, the maximum value of 
shunt resistance in this case 
would be about 10 rnQ. 

The maximum average power 
dissipation in the shunt can also 
be easily calculated by multiply­
ing the shunt resistance times the 
square of the maximum RMS 
current, which is about 1 W in 
the previous example. 

If the power dissipation in the 
shunt is too high, the resistance 
of the shunt can be decreased 
below the maximum value to 
decrease power dissipation. The 
minimum value of the shunt is 
limited by precision and accuracy 
requirements of the design. As 
the shunt value is reduced, the 
output voltage across the shunt is 
also reduced, which means that 
the offset and noise, which are 
fixed, become a larger percentage 
of the signal amplitude. The 
selected value of the shunt will 
fall somewhere between the 
minimum and maximum values, 
depending on the particular 
requirements of a specific design. 

When sensing currents large 
enough to cause significant 
heating of the shunt, the 

temperature coefficient (tempco) 
of the shunt can introduce 
nonlinearity due to the signal 
dependent temperature rise of the 
shunt. The effect increases as the 
shunt-to-ambient thermal 
resistance increases. This effect 
can be minimized either by 
reducing the thermal resistance 
of the shunt or by using a shunt 
with a lower tempco. Lowering 
the thermal resistance can be 
accomplished by repositioning 
the shunt on the PC board, by 
using larger PC board traces to 
carry away more heat, or by 
using a heat sink. 

For a two-terminal shunt, as the 
value of shunt resistance 
decreases, the resistance of the 
leads becomes a significant 
percentage of the total shunt 
resistance. This has two primary 
effects on shunt accuracy. First, 
the effective resistance of the 
shunt can become dependent on 
factors such as how long the 
leads are, how they are bent, how 
far they are inserted into the 
board, and how far solder wicks 
up the lead during assembly 
(these issues will be discussed in 
more detail shortly). Second, the 
leads are typically made from a 
material such as copper, which 
has a much higher tempco than 
the material from which the 
resistive element itself is made, 
resulting in a higher tempco for 
the shunt overall. 

Both of these effects are elimi­
nated when a four-terminal shunt 
is used. A four-terminal shunt has 
two additional terminals that are 
Kelvin-connected directly across 
the resistive element itself; these 
two terminals are used to monitor 
the voltage across the resistive 
element while the other two 
terminals are used to carry the 
load current. Because of the 
Kelvin connection, any voltage 
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drops across the leads,carrying 
the load current should have no 
impact on the measured voltage. 

Several four-terminal shunts from 
Isotek (Isabellenhiitte) suitable 
for sensing currents in motor 
drives up to 71 Arms (71 hp or 
53 kW) are shown in Table 9; the 
maxirrium current and motor 
power range for each of the PBV­
series shunts are indicated. For 
shunt resistances from 50 mn 
down to 10 mn, the maximum 
current is limited by the input 
voltage range of the isolated 
modulator. For the 5 mn and 
2 mn shunts, a heat sink may be 
required due to the increased 
power dissipation at higher 
currents. 

When laying out a PC board for 
the shunts, a couple of points 
should be kept in mind. The 
Kelvin connections to the shunt 
should be brought together under 
the body of the shunt and then 
run very close to each other to 
the input of the isolated modula­
tor; this minimizes the loop area 
of the connection and reduces the 
possibility of stray magnetic 
fields from interfering with the 
measured signal. If the shunt is 
not located on the same PC board 
as the isolated modulator circuit, 

a tightly twisted pair of wires can 
accomplish the same thing. 

Also, multiple layers of the PC 
board can be used to increase 
current carrying capacity. 
Numerous plated-through vias 
should surround each non-Kelvin 
terminal of the shunt to help 
distribute the current between the 
layers of the PC board. The PC 
board should use 2 or 4 oz. 
copper for the layers, resulting in 
a current carrying capacity in 
excess of 20 A. Making the 
current carrying traces on the PC 
board fairly large can also 
improve the shunt's power 
dissipation capability by acting as 
a heat sink. Liberal use of vias 
where the load current enters and 
exits the PC board is also 
recommended. 

Shunt Connections 
The recommended method for 
connecting the isolated modula­
tor to the shunt resistor is shown 
in Figure 21. V1N+ (pin 2 of the 
HPCL-7860) is connected to the 
positive terminal of the shunt 
resistor, while VIN. (pin 3) is 
shorted to GND1 (pin 4), with the 
power-supply return path func­
tioning as the sense line to the 
negative terminal of the current 
shunt. This allows a single pair of 

wires or· PC board traces to 
connect the isolated modulator 
circuit to the shunt resistor. By 
referencing the input circuit to 
the negative side of the sense 
resistor, any load current induced 
noise transients on the shunt are 
seen as a common-mode signal 
and will not interfere with the 
current-sense signal. This is 
important because the large load 
currents flowing through the 
motor drive, along with the 
parasitic inductances inherent in 
the wiring of the circuit, can 
generate both noise spikes and 
offsets that are relatively large 
compared to the small voltages 
that are being measured across 
the current shunt. 

If the same power supply is used 
both for the gate drive circuit and 
for the current sensing circuit, it 
is very important that the connec­
tion from GND1 of the isolated 
modulator to the sense resistor 
be the only return path for 
supply current to the gate drive 
power supply in order to 
eliminate potential ground loop 
problems. The only direct con­
nection between the isolated 
modulator circuit and the gate 
drive circuit should be the 
positive power supply line. 

Table 9. Isotek (Isabellenhiitte) Four-Terminal Shunt Summary. 
Shunt Maximum Motor Power Range 

Shunt Resistor Resistance Tol. RMS Current 120 Vac-440 Vac 
Part Number mn % A hp kW 
PBV-R050-0.5 50 0.5 3 0.8-3 0.6-2 

PBV-R020-0.5 20 0.5 7 2-7 1.4-5 
PBV-R010-0.5 10 0.5 14 4-14 3-10 
PBV-R005-0.5 5 0.5 25 [28] 7-25 [8-28] 5-19 [6-21] 

PBV-R002-0.5 2 0.5 39 [71] 11-39 [19-71] 8-29 [14-53] 

Note: Values in brackets are with a heatsink for the shunt. 
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In some applications, however, 
supply currents flowing through 
the power-supply return path may 
cause offset or noise problems. In 
this case, better performance 
may be obtained by connecting 
V1N+ and YiN. directly across the 
shunt resistor with two conduc­
tors, and connecting GND1 to the 
shunt resistor with a third 
conductor for the power-supply 
return path, as shown in Figure 
23. When connected this way, 
both input pins should be 
bypassed. To minimize electro­
magnetic interference of the 
sense signal, all of the conductors 
(whether two or three are used) 
connecting the isolated modula­
tor to the sense resistor should be 
either twisted pair wire or closely 
spaced traces on a PC board. 

FLOATING 
POSITIVE 
SUPPLY 

R2a 390 

The·39 n resistor in series with 
the input lead (R2) forms a low­
pass anti-aliasing filter with the 
O.OlI1F input bypass capacitor 
(C2) with a 400 kHz bandwidth. 
The resistor performs another 
important function as well; it 
dampens any ringing which might 
be present in the circuit formed 
by the shunt, the input bypass 
capacitor, and the inductance of 
wires or traces connecting the 
two. Undamped ringing of the 
input circuit near the input 
sampling frequency can alias into 
the baseband producing what 
might appear to be noise at the 
output of the device. 

VDDl V002 

rf_~R~2~b~39~0_--1-_-l---1~=::;::=:;-1 VIN. MCLK 

VIN. MOAT MOTOR 
+ 

L--4---::!---=!::---..,.-jGNOl GND2 
RSENSE 

HCPL-7860 

~ ... 
HV-

Figure 23. Schematic for Three Conductor Shunt Connection. 

Voltage Sensing 
The HCPL-7860 Isolated Modula­
tor can also be used to isolate 
signals with amplitudes larger 
than its recommended input 
range with the use of a resistive 
voltage divider at its input. The 
only restrictions are that the 
impedance of the divider be 
relatively small (less than 1 ill) 
so that the input resistance 
(280 kn) and input bias current 
(1 IJA) do not affect the accuracy 
of the measurement. An input 
bypass capacitor is still required, 
although the 39 n series damping 
resistor is not (the resistance of 
the voltage divider provides the 
same function). The low-pass 
filter formed by the divider 
resistance and the input bypass 
capacitor may limit the achievable 
bandwidth. To obtain higher 
bandwidth, the input bypass 
capacitor (C2) can be reduced, 
but it should not be reduced 
much below 1000 pF to maintain 
adequate input bypassing of the 
isolated modulator. 
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8 MBd Low Input Current 
Optocoupler 

Technical Data 

Features 
• Guaranteed Low Thresholds: 

IF = 0.5 mA, VF :;:; 1.5 V 
• High Speed: Guaranteed 

5 MBd over Temperature 
• Versatile: Compatible with 

TTL, LSTTL and CMOS 
• Efficient 820 inn AlGaAs 

LED 
• Internal Shield for 

Guaranteed Common Mode 
Rejection 

• Schottky Clamped, Open 
Collector Output with 
Optional Integrated Pull-Up 
Resistor 

• Static and Dynamic 
Performance Guaranteed 
from -40°C to 85°C 

• Safety Approval 
UL Recognized -2500 V rms for 

- 1 minute 
CSA Approved 
VDE 0884 Approved with 

VIORM = 630 V peak 

(Option 060) 

Applications 
• Ground Loop Elimination 
• Computer-Peripheral 

Interfaces 
• Level Shifting 

• Microprocessor System 
Interfaces 

• Digital Isolation for ND, 
D/A Conversion 

• RS-232-C Interface 
• High Speed, Long Distance 

Isolated Line Receiver 

Description 
The HCPL-2300 optocoupler 
combines an 820 urn AlGaAs 
photon emitting diode with an 
integrated high gain photon 
detector. This combination of 

Functional Diagram 

A 0.1 pF bypass capacitar must be connected between pins 5 and 8. 

F/,P'I HEWLETT$ 
~~PACKARD 

HCPL-2300 

Hewlett-Packard designed and 
manufactured semiconductor 
devices brings new high 
performance capabilities to 
designers of isolated logic and 
data communication. circuits. 

The new low current, high speed 
AlGaAs emitter manufactured 
with a unique diffused junction, 
has the virtue of fast rise and fall 
times at low drive currents. 
Figure 6 illustrates the propaga­
tion delay vs. input current 
characteristic. These unique 

CAUTION: It is advised that normal static precautions be taken in handling and assembly of this component to 
prevent damage and/or degradation which may be induced by ESD. 
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characteristics enable this device 
to be used in an RS-232-C inter­
face with ground loop isolation 
and improved common mode 
rejection. As a line receiver, the 
HCPL-2300 will operate over 
longer line lengths for a given 
data rate because of lower IF and 
VF specifications. 

The output of the shielded inte­
grated detector circuit is an open 

Ordering Information 

collector Schottky clamped tran­
sistor. The shield, which shunts 
capacitively coupled common 
mode noise to ground, provides a 
guaranteed transient immunity 
specification of 100 V/J.IS. The 
output circuit includes an 
optional integrated 1000 n pull­
up resistor for the open collector. 
This gives designers the flexibility 
to use the internal resistor for 
pull-up to five volt logic or to use 

Specify part number followed by Option Number (if desired). 

HCPL-2300# XXX 

an external resistor for connec­
tion to supply voltages up to 18 V 
(CMOS logic voltage). 

The Electrical and Switching 
Characteristics of the HCPL-2300 
are guaranteed over a tempera­
ture range of -40°C to 85°C. This 
enables the user to confidently 
design a circuit which will 
operate under a broad range of 
operating conditions. 

l=--- 060 = VDE 0884 VIORM = 630 V peak Option C= 300 = Gull Wing Surface Mount Lead Option 
500 = Tape/Reel Package Option (1 K min) 

Option data sheets available. Contact your Hewlett-Packard sales representative or authorized distributor for 
information. 

Schematic 

ICC 

~vcc 
looon 

IF 

.:: l~ 
- I 

3 I 
SHIELD ........ '----..... ---+--oS GND 

A 0.1 ~F CAPACITOR MUST 
BE CONNECTED BETWEEN 
PINS 8 AND 5 (SEE NOTE 1). 

TRUTH TABLE 
(POSITIVE LOGIC) 

LED OUTPUT 
ON L 
OFF H 
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Package Outline Drawings 
8-Pin DIP Package (HCPL-2300) 

1.080 ± 0.320_ 
(0.043 ± 0.013) 

OPTION CODE' 

DATE CODE 

UL 
4 RECOGNITION 

~-1.78 (0.070) MAX. 

ww.
~.185)MAX. 

tt 0.:1 (0.020) MIN. 
2.92 (0.115) MIN . 

.. ~ 

1- I-I t·l- 0.65 (0.025) MAX. 

--I 2.54 ± 0.25 
(0.100 ± 0.010) 
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6.35 ± 0.25 
(0.250 ± 0.010) 

j 1_ 0 254 + 0.076 
. -0.051 

(0.01 0 ~ g.~O:I 

DIMENSIONS IN MILLIMETERS AND (INCHES). 

• MARKING CODE LETTER FOR OPTION NUMBERS. 
'V" = OPTION 060 
OPTION NUMBERS 300 AND 500 NOT MARKED. 

8-Pin DIP Package with Gull Wing Surface Mount Option 300 (HCPL-2300) 
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Thermal Profile (Option #300) 
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Figure 1. Maximum Solder Reflow Thermal Profile. 
(Note: Use of non-chlorine activated fluxes is recommended.) 

Regulatory Information 
The HCPL-2300 has been 
approved by the following 
organizations: 

UL 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

CSA 
Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

VDE 
Approved according to VDE 
0884/06.92 (Option 060 only) 

Insulation and Safety Related Specifications 
Parameter Symbol Value Units Conditions 

Min. External Air Gap L(l01) 7.1 mm Measured from input terminals to output 
(External Clearance) terminals, shortest distance through air 

Min. External Tracking Path L(l02) 7.4 mm Measured from input terminals to output 
(External Creepage) terminals, shortest distance path along body 

Min. Internal Plastic Gap 0.08 mm Through insulation distance, conductor to 
(Internal Clearance) conductor, usually the direct distance 

between the photoemitter and photodetector 
inside the optocoupler cavity 

Tracking Resistance CT! 200 Volts DIN IEC 112NOE 0303 PART 1 
(Comparative Tracking Index) 

Isolation Group IIIa Material Group (DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 
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VDE 0884 Insulation Related Characteristics (HCPL-2300 Option 060 ONLY) 
Description Symbol Characteristic Units 

Installation classification per DIN VDE 0110/1.89, Table 1 
for rated mains voltage::; 300 V rms I-IV 
for rated mains voltage::; 450 V rms I-III 

Climatic Classification 55/85/21 
Pollution Degree (DIN VDE 0110/1.89) 2 
Maximum Working Insulation Voltage ViORM 630 V peak 

Input to Output Test Voltage, Method b* 
VIORM x 1.875 = VPR, 1000/0 Production Test with tm = 1 sec, VPR 1181 V peak 

Partial Discharge < 5 pC 
Input to Output Test Voltage, Method a* 

VIORM x 1.5 = VPR, Type and sample test, tm = 60 sec, VPR 945 V peak 

Partial Discharge < 5 pC 
Highest Allowable Overvoltage* 
(Transient Overvoltage, tini = 10 sec) VIOTM 6000 V peak 

Safety Limiting Values 
(Maximum values allowed in the event of a failure, 
also see Figure 11, Thermal Derating curve.) 

Case Temperature Ts 175 °C 
Input Current IS,INPUT 230 rnA 
Output Power PS,OlITPUT 600 mW 

Insulation Resistance at Ts, VIO = 500 V Rs :::: 109 n 
'Refer to the front of the optocoupler section of the current catalog, under Product Safety Regulations section, (VDE 0884), for a 
detailed description. 

Note: Isolation characteristics are guaranteed only within the safety maximum ratings which must be ensured by protective circuits in 
application. 

Absolute Maximum Ratings 
(No Derating Required up to 55OC) 
Storage Temperature, Ts ............................................. -55°C to + 125°C 
Operating Temperature, TA ........................................... -40°C to +85°C 
Lead Solder Temperature, max .......................................... 260°C for 10 s 

(1.6 rum below seating plane) 
Average Forward Input Current - IF ............................................ 5 rnA[2] 
Reverse Input Voltage, VR .............................................................. 3.0 V 
Supply Voltage, Vee ............................................................... OVto 7.0 V 
Pull-Up Resistor Voltage, VRL ............................................. -0.5 V to Vee 
Output Collector Current, 10 ............................................ -25 to 25 rnA 
Input Power Dissipation, PI ........................................................ 10 mW 
Output Collector Power Dissipation, Po ..................................... 40 mW 
Output Collector Voltage, Vo ........................................... -0.5 V to 18 V 
Infrared and Vapor Phase Reflow Temperature 

(Option #300) .......................................... see Fig. 1, Thermal Profile 

Recommended Operating Conditions 
Parameter Symbol 

Input Voltage, Low Level VFL 

Input Current High Level I OOC to 850C IFH 

I -40°C to 85°C 
Supply Voltage, Output Vee 
Fan Out (TTL Load) N 
Operating Temperature TA 
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Min. Max. Units 
-2.5 0.8 V 
0.5 1.0 rnA 
0.5 0.75 

4.75 5.25 V 
5 

-40 85 OC 



DC Electrical Specifications 
For -40°C:::; TA:::; 85OC, 4.75 V :::; Vcc :::; 5.25 V, VFL :::; 0.8 V, unless otherwise specified. 
All typicals at TA = 25°C and Vcc = 5 V, unless otherwise specified. See note 1. 

Parameter Symbol Min. Typ. Max. Units Test Conditions 
High Level Output IOH 0.05 250 IlA VF = 0.8 V, Vo = 18 V 
Current 
Low Level Output VOL 0.4 0.5 V IF = 0.5 rnA 
Voltage IOL (Sinking) = 8 rnA 
High Level Supply ICCH 4.0 6.3 rnA IF = 0 rnA, Vcc = 5.25 V 
Current 
Low Level Supply Current IccL 6.2 10.0 rnA IF = 1.0 rnA, Vcc = 5.25 V 
Input Forward Voltage VF 1.0 1.3 1.5 V TA = 25°C I IF = 1.0 rnA 

0.85 1.65 
Input Diode Temperature flVF -1.6 mVrC IF = 1.0 rnA 
Coefficient flTA 
Input Reverse BVR 3.0 V IR = 10 IlA 
Breakdown Voltage 
Input Capacitance C1N 18 pF VF = 0 V, f = 1 MHz 
Internal Pull-up Resistor RL 680 1000 1700 ° TA = 25°C 

Switching Specifications 
For -40°C:::; TA:::; 85OC, 0.5 rnA:::; IFH :::; 0.75 rnA; 

Fig. Note 
4 

3 

2 

For O°C :::; TA :::; 85°C, 0.5 rnA :::; IFH :::; 1.0 rnA; With 4.75 V :::; Vcc :::; 5.25 V, VFL :::; 0.8 V, unless otherwise 
specified. All typicals at TA = 250C and Vcc = 5 V, IFH = 0.625 rnA, unless otherwise specified. See note 1. 

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Note 
Propagation Delay Time tpLH 95 ns Cp=OpF 5,6,8 4,8 
to Logic High Output Level 85 160 Cp = 20pF 5,8 
Propagation Delay Time tPHL 110 ns Cp=OpF 5,6,8 5,8 
to Logic Low Output Level 35 200 Cp = 20pF 5,8 
Output Rise Time (10-90%) tr 40 ns Cp =20pF 7,8 8 
Output Fall Time (90-10%) 11 20 ns 
Common Mode Transient ICMHI 100 400 V/j.lS VCM = 50 V (peak), 9, 10 6 
Immunity at High Vo (min.) = 2 V, 
Output Level RL = 5600, 

IF = o rnA 
Common Mode Transient ICMLi 100 400 V/j.lS VCM = 50 V (peak), 9,10 7 
Immunity at Low Vo (max.) = 0.8 V, 
Output Level RL = 5600, 

IF= 0.5 rnA 
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Package Characteristics 
For -40°C S; TA S; 85°C, unless otherwise specified. All typicals at TA = 25°C. 

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Notes 

Input-Output Momentary VlSO 2500 Vrms RH S; 50%, t = 1 min, 3,9 
Withstand Voitage* TA = 25°C 
Resistance, Input-Output RI-O 1012 n VI-O = 500V 3 
Capacitance, Input-Output CI.O 0.6 pF f=IMHz 3 

'The Input·Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), 
your equipment level safety specification, or HP Application Note 1074, "Optocoupler Input·Output Endurance Voltage." 

Notes: 
1. Bypassing the power supply line is 

required with a 0.1 j.lF ceramic disc 
capacitor a<ijacent to each optocoupler 
as illustrated in Figure 19. The power 
supply bus for the optocoupler( s) 
should be separate from the bus for 
any active loads, otherwise a larger 
value of bypass capacitor (up to 
0.5 1lF) may be needed to suppress 
regenerative feedback via the power 
supply. 

2. Peaking circuits may produce transient 
input currents up to 100 rnA, 500 ns 
maximum pulse width, provided 
average current does not exceed 5 rnA. 
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Figure 2. Typical Input Diode 
Forward Characteristics. 
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3. Device considered a two terminal 
device: pins I, 2, 3, and 4 shorted 
together, and pins 5,6, 7, and 8 
shorted together. 

4. The tpLH propagation delay is 
measured from the 50% point on the 
trailing edge of the input pulse to the 
1.5 V point on the trailing edge of the 
output pulse. 

5. The tpHL propagation delay is 
measured from the 50% point on the 
leading edge of the input pulse to the 
1.5 V point on the leading edge of the 
output pulse. 

6. CMH is the maximum tolerable rate of 
rise of the common mode voltage to 
assure that the output will remain in a 
high logic state (Le., VOUT > 2.0 V). 
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Figure 3. Typical Output Voltage vs. 
Forward Input Current V8. 

Temperature. 

&00 

7. CML is the maximum tolerable rate of 
fall ofthe common mode voltage to 
assure that the output will remain in a 
low logic state (Le., VOUT < 0.8 V). 

8. Cp is the peaking capacitance. Refer to 
test circuit in Figure 8. 

9. In accordance with UL 1577, each 
optocoupler is momentary withstand 
proof tested by applying an insulation 
test voltage;;, 3000 Vrms for 1 second 
(leakage detection current limit, 
lr.o';; 5 I!A). This test is performed 
before the 100% production test for 
partial discharge (Method b) shown in 
the VDE 0884 Insulation Character· 
istics Table, if applicable. 

TA - TEMPERATURE _ DC 

Figure 4. Typical Logic High O!'-tput 
Current V8. Temperature. 
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Figure 10. Test Circuit for Common Mode Transient Immunity and Typical Wavefonus. 
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Figure 11. Thermal Derating Curve, 
Dependence of Safety Limiting Value 
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VDE 0884. 

Applications 
The HOPL-2300 optocoupler has 
the unique combination of low 
0.5 rnA LED operating drive 
current at a 5 MBd speed 
performance. Low power supply 
current requirement of 10 rnA 
maximum at 5.25 V and the 
ability to provide isolation 
between logic systems fulfills 
numerous applications ranging 
from logic level translations, line 
receiver and party line receiver 
applications, microprocessor I/O 
port isolation, etc. The open col­
lector output allows for wired-OR 
arrangement. Specific interface 
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circuits are illustrated in Figures 
12-16, and 18 with correspond­
ing component values, perform­
ance data and recommended 
layout in Figures 17 and 19. 

For -40°0 to 85°0 operating 
temperature range, a mid-range 
LED forward current (IF) of 
0.625 rnA is recommended in 
order to prevent overdriving the 
integrated circuit detector due to 
increased LED efficiency at 
temperatures between 0°0 and 
-40°0. For narrower temperature 
range of 0°0 to 85°0, a suggested 
operating LED current of 
0.75 rnA is recommended for the 
mid-range operating point and for 
minimal propagation delay skew. 
A peaking capacitance of 20 pF 
in parallel with the current 
limiting resistor for the LED 
shortens tpHL by approximately 
33% and tpLH by 13%. Maintain­
ing LED forward voltage (YF) 
below 0.8 V will guarantee that 
the HOPL-2300 output is off. 

The recommended shunt drive 
technique for TTL/LSTTL!OMOS 
of Figure 12 provides for optimal 
speed performance, no leakage 
current path through the LED, 
and reduced common mode 
influences associated with series 

switching of a "floating" LED. 
Alternate series drive techniques 
with either an active CMOS 
inverter or an open collector TTL! 
LSTTL inverter are illustrated in 
Figures 13 and 14 respectively. 
Open collector leakage current of 
250 IlA has been compensated by 
the 3.16 KQ resistor (Figure 14) 
at the expense of twice the 
operating forward current. 

An application of the HOPL-2300 
as an unbalanced line receiver for 
use in lorig line twisted wire pair 
communication links is shown in 
Figure 15. Low LED IF and VF 
allow longer line length, higher 
speed and multiple stations on 
the line in comparison to higher 
IF, VF optocouplers. Greater 
speed performance along with 
nearly infinite common mode 
immunity are achieved via the 
balanced split phase circuit of 
Figure 16. Basic balanced 
differential line receiver can be 
accomplished with one HOPL-
2300 in Figure 16, but with a 
typical 400 V/~s common mode 
immunity. Data rate versus 
distance for both the above 
unbalanced and balanced line 
receiver applications are com­
pared in Figure 17. The RS-232-C 
interface circuit of Figure 18 



provides guaranteed minimum 
common mode immunity of 
100 V/JlS while maintaining the 
2:1 dynamic range of IF' 

A recommended layout for use 
with an internal 1000 Q resistor 

OUTPUT 

or an external pull-up resistor 
and required Vee bypass capaci­
tor is given in Figure 19. Vee! is 
used with an external pull-up 
resistor for output voltage levels 
(Vo) greater than or equal to 5 V. 
As illustrated in Figure 19, an 

HCPL-2300 r---------..., 
I r---~~~--~--5V 
I 

-20 pF : 

~>_+;KIHf__-' I 
RL V,. 

optional Vee and GND trace can 
be located between the input and 
the output leads of the HCPL-
2300 to provide additional noise 
immunity at the compromise of 
insulation capability (VI.O)' 
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15 15 21.5 3.16 

·SCHOTTKY DIODE (HP 5062·2600. OR EQUIVALENT! AND 20 pF CAPACITOR· 
ARE NOT REQUIRED FOR UNITS WITH OPEN COLLECTOR OUTPUT. 
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Figure 12. Recommended Shunt Drive Circuit for Interfacing between TTL/LSTTL/CMOS Logic Systems. 
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Figure 13. Active CMOS Series Drive Circuit. 
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Figure 15. Application of HCPL-2300 as Isolated, Unbalanced Line Receiver(s), 
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FOR LESS SEVERE COMMON MODE INTERFERENCE ENVIRONMENTS" 
ONE HCPL-2300 OI'TOCOUPLER WITH NO EXCLUSIVE -OR FLIP FLOP 
CIRCUIT CAN BE USED FOR BALANCED LINE RECEIVER APPLICATIONS. 
Yo -YIN. 
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I 
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I 
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Figure 16. Application of Two HCPL-2300 Units Operating as an Isolated, High Speed, Balanced, Split Phase Line 
Receiver with Significantly Enhanced Common Mode Immunity. 
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10% PULSE WIDTH DISTORTION 
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Figure 17. Typical Point to Point Data Rate vs. Length of 
Line for Unbalanced (Figure 15) and Balanced (Figure 16) 
Line Receivers Using HCPL-2300 Optocouplers. 
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20 MBd High CMR Logic Gate 
Optoconplers 

Technical Data 

Features 
• High Speed: 40 MBd Typical 

Data Rate 
• High Common Mode 

Rejection: 
HCPL-2400: 10 kW/!S at 
VCM = 300 V (Typical) 

• AC Performance Guaranteed 
over Temperature 

• High Speed AlGaAs Emitter 
• Compatible with TTL, STTL, 

LSTTL, and HCMOS Logic 
Families 

• Totem Pole and Tri State 
Output (No Pull Up Resistor 
Required) 

• Safety Approval 
UL Recognized - 2500 V rms 

for 1 minute per UL1577 
VDE 0884 Approved with 

ViORM = 630 V peak (Option 
060) for HCPL-2400 

CSA Approved 
• High Power Supply Noise 

Immunity 
• MIL-STD-1772 Version 

Available (HCPL-5400/1 and 
HCPL-5430/1) 

Applications 
• Isolation of High Speed 

Logic Systems 
• Computer-Peripheral 

Interfaces 
• Switching Power Supplies 
• Isolated Bus Driver 

(Networking Applications) 
• Ground Loop Elimination 
• High Speed Disk Drive I/O 
• Digital Isolation for AID, 

D/A Conversion 
• Pulse Transformer 

Replacement 

Functional Diagram 

TRUTH TABLE 
(POSITIVE LOGIC) 

LED ENABLE OUTPUT 

ON L L 
OFF L H 
ON H Z 
OFF H Z 

A 0.1 lIF' bypass capacitor must be connected between pins 5 and 8. 

FliiiW HEWLETT" 
~~PACKARD 

HCPL-2400 
HCPL-2430 

Description 
The HCPL-2400 and HCPL-2430 
high speed optocouplers combine 
an 820 nm AlGaAs light emitting 
diode with a high speed 
photodetector. This combination 
results in very high data rate 
capability and low input current. 
The totem pole output (HCPL-
2430) or three state output 
(HCPL-2400) eliminates the need 
for a pull up resistor and allows 
for direct drive of data buses. 

CAUTION: It is advised that nmmal static precautions be taken in handling and assembly of this component to 
prevent damnge and/or degradation which mny be induced by ESD. 

1'300 5965-3586E 



The detector has optical receiver 
input stage with built-in Schmitt 
trigger to provide logic compatible 
waveforms, eliminating the need 
for additional waveshaping. The 
hysteresis provides differential 
mode noise immunity and mini­
mizes the potential for output 
signal chatter. 

Selection Guide 

The electrical and switching 
characteristics of the HCPL-2400 
and HCPL-2430 are guaranteed 
over the temperature range of 
O°C to 70°C. 

These optocouplers are 
compatible with TIL, STIL, 
LSTTL, and HCMOS logic 

8-Pin DIP (300 Mil) MinimumCMR 

Single Dual Minimum Input 

families. When Schottky type TIL 
devices (STTL) are used, a data 
rate perfonnance of 20 MBd over 
temperature is guaranteed when 
using the application circuit of 
Figure 13. Typical data rates are 
40MBd. 

Maximum 
Channel Channel dV/dt VCM On Current Propagation Delay Hermetic 
Package Package (V/~) (V) (rnA) (ns) Package 

HCPL-2400 1000 300 4 60 
HCPL-2430 1000 50 4 60 

500 50 6 60 HCPL-540X* 
500 50 6 60 HCPL-543X* 
500 50 6 60 HCPL-643X* 

·Technical data for the Hennetic HCPL-5400/01, HCPL·5430/31, and HCPL-6430/31 are on separate HP publications. 

Ordering Information 
Specify Part Number followed by Option Number (if desired). 

Example: 

HCPL-2400#XXX 
~ 060 = VDE 0884 VIORM = 630 V peak Option* t== 300 = Gull Wing Surface Mount Option 

500 = Tape and Reel Packaging Option 

"For HCPL-2400 only. 

Schematic 

-;'f VF ~ 
CATHODE - i 

3 ~I ____ ~~-+ ____ ~ 

LED 

ON 
OFF 
ON 
OFF 

TRUTH TABLE 
(POSITIVE LOGIC) 

ENABLE OUTPUT 

L L 
L H 
H Z 
H Z 

11E!.... : 

v~C]zf 
2 I 

I 
I 

TRUTH TABLE 
(POSITIVE LOGIC) 

LED OUTPUT 
ON L 
OFF H 
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Package Outline Drawings 
8-Pin DIP Package (HCPL-2400, HCPL-2(30) 

TYPENUMBER __ ra~~~~~~ OPTION CODE" 

DATE CODE 

UL 
4 RECOGNITION 

~1.78 (0.070) MAX. 

7.62"0.25~ (0.300 ,. 0.010) . 

6.35,. 0.25 
(0.250 ,. 0.010) 

j 1- 0.254 : g::: 
(0.010: g:::/ 

ww~'~-
J t 0.51(0.020) MIN. 

2.92 (0.115) MIN. 

1.08.0,. 0.320 I·'-~ _II· L O.~MAX. 
(0.043 ,. 0.013) 

.- 2.54,. 0.25 
(0.100 ,. 0.010) 

DIMENSIONS IN MILLIMETERS AND (INCHES) • 

"MARKING CODE LETTER FOR OPTION NUMBERS 
"V" = OPTION 060 
OPTION NUMBERS 300 AND 500 NOT MARKED. 

8-Pin DIP Package with Gull Wing Surface Monnt Option 300 
(HCPL-2400, HCPL-2(30) 

--I r (~:~~g) 
1.19 __ I I MAX. 

(0.047) 

MAX. r·-i-r---i--i--""'\ 

lliot±o1~~ (O.l65)MAX. 

~+ 

[ODD 
ODD 

--I ~ 
1.194 (0.047) 
1.778 (0.070) 

o 

I~~ --9.906 (0.390) 

o ---.lL 0.38: (0.015) 
0.635 (0.025) 

(0.380 ± 0.010) 9.65,.0.25 ~ 
7.62 ± 0.25 _ 

~0.300 ± 0.010) J + 0.076 10.254 - O.OSl 

(0 010+ 0.003) 
• -0.002) 

I
! ! 

1.080,.0.320 __ 1-- L 
(0.043 ,. 0.013) 

~I ---,-0.635 ±0.25 --I ~0.025±0.010) l 
0.635 ± 0.130 120 NOM. -- 2.54 

(0.100) 
BSC 

(0.025 ± 0.005) 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 



Solder Reflow Temperature Profile 
(Gull Wing Surface Mount Option 300 Parts) 

260 
240 
220 
200 

~ 180 
.;. 160 
II: 140 i 120 
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~ 80 
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Note: Use of nonchlorine activated fluxes is highly recommended. 

Regulatory Information 
The HCPL-24XX has been 
approved by the following 
organizations: 

VDE 
Approved according to VDE 
0884/06.92 (Option 060 only). 

UL 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

CSA 
Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

Insulation and Safety Related Specifications 
Parameter Symbol Value Units Conditions 

Minimum External L(101) 7.1 mm Measured from input terminals to output 
Air Gap (External terminals, shortest distance through air. 
Clearance) 
Minimum External L(102) 7.4 mm Measured from input terminals to output 
Tracking (External terminals, shortest distance path along body. 
Creepage) 
Minimum Internal 0.08 mm Through insulation distance, conductor to 
Plastic Gap conductor, usually the direct distance between the 
(Internal Clearance) photoemitter and photodetector inside the 

optocoupler cavity. 
Tracking Resistance CTl 200 Volts DIN lEC 112NDE 0303 Part 1 
(Comparative 
Tracking Index) 
Isolation Group IlIa Material Group (DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 
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VDE 0884 Insulation Related Characteristics 
(HCPL-2400 OPTION 060 ONLy) 

Description 
Installation classification per DIN VDE 0110/1.89, Table. I 

for rated mains voltage s; 300 V rms 
for rated mains voltage s; 450 V rms 

Climatic Classification 
Pollution Degree (DIN VDE 0110/1.89) 
Maximum Working Insulation Voltage 
Input to Output Test Voltage, Method b* 

VIORM x 1.875 = VPR, 100% Production Test with tm = 1 sec, 
Partial Discharge < 5 pC 

Input to Output Test Voltage, Method a* 
'VIORM x 1.5 = VPR, Type and sample test, 

tm = 60 sec, Partial Discharge < 5 pC 
Highest Allowable Overvoltage* 
(Transient Overvoltage, tini = 10 sec) 
Safety Limiting Values 

(Maximum values allowed in the event of a failure, 
also see Figure 12, Thermal Derating curve.) 

Case Temperature 
Input Current 
Output Power 

Insulation Resistance at Ts, VIO = 500 V 

Symbol Characteristic Units 

I-IV 
I-III 

55/85/21 
2 

VIORM 630 V peak 

VPR 1181 V peak 

VPR 945 V peak 

VIOTM 6000 V peak 

Ts 175 °C 
Is,1NPUT 230 rnA 

PS,OUTPUT 600 mW 

Rs ~ 109 n 

"Refer to the front of the optocoupler section of the current catalog, under Product Safety Regulations section (VDE 0884) for a 
detailed description. 
Note: Isolation characteristics are guaranteed only within the safety maximum ratings which must ben ensured by protective circuits 
in application. 
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Absolute Maximum Ratings 
(No derating required up to 70°C) 

Parameter 

Storage Temperature 

Operating Temperature 

Average Forward Input Current 

Peak Forward Input Current 

Reverse Input Voltage 

Three State Enable Voltage 
(HCPL-2400 Only) 

Supply Voltage 

Average Output Collector Current 

Output Collector Voltage 

Output Voltage 

Output Collector Power Dissipation 
(Each Channel) 

Total Package Power Dissipation 
(Each Channel) 

Lead Solder Temperature 
(for Through Hole Devices) 

Reflow Temperature Profile 
(Option #300) 

Symbol Minimum Maximum Units Note 

Ts -55 125 °C 

TA -40 85 OC 

IF(AVG) 10 rnA 

IFPK 20 rnA 12 

VR 2 V 

VE -0.5 10 V 

Vee 0 7 V 

Io -25 25 rnA 

Vo -0.5 10 V 

Vo -0.5 18 V 

Po 40 mW 

PT 350 mW 

260°C for 10 sec., 1.6 rom below seating plane 

See Package Outline Drawings section 

Recommended Operating Conditions 

Parameter Symbol Minimum Maximum Units 
Power Supply Voltage Vee 4.75 5.25 V 

Forward Input Current (ON) IF(ON) 4 8 rnA 

Forward Input Voltage (OFF) VF(OFF) 0.8 V 

Fan Out N 5 TTL Loads 

Enable Voltage (Low) VEL 0 0.8 V 
HCPL-2400 Only) 

Enable Voltage (High) VEH 2 Vee V 
HCPL-2400 Only) 

Operating Temperature TA 0 70 °C 
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Electrical Specifications 
0"C ::;; TA::;; 70"C, 4.75 V::;; Vee::;; 5.25 V; 4 rnA::;; IF(oN) ::;; 8 rnA, 0 V::;; VF(OFF) ::;; 0.8 V. All typicals at TA = 25"C, 
Vee = 5 V, IF(oN) = 6.0 rnA, VF(OFF) = 0 V, except where noted. See Note 11. 

Device 
Parameter Symbol HCPL- MIn. Typ.* Max. Units Test Conditions Fig. Note 

Logic Low Output Voltage VOL 0.5 V IOL = 8.0 rnA (5 TTL Loads) 1 

Logic High Output VOH 2.4 V IOH = -4.0 rnA 2 
Voltage 2.7 IOH = -0.4 rnA 
Output Leakage Current IOHH 100 IJA Vo = 5.25 V, VF = 0.8 V 

Logic High Enable Current VEH 2400 2.0 V 

Logic Low Enable Voltage VEL 2400 0.8 V 

Logic High Enable IEH 2400 20 IJA VE = 2.4 V 
Current 100 VE = 5.25 V 

Logic Low Enable Current IEL 2400 -0.28 -0.4 rnA VE = 0.4 V 

Logic Low Supply Current IcCL 2400 19 26 rnA Vce = 5.25 V, VE = 0 V, 
10 = Open 

2430 34 46 Vec = 5.25 V, 10 = Open 

Logic High Supply IecH 2400 17 26 rnA Vec = 5.25 V, VE = OV, 
Current 10 = Open 

2430 32 42 Vec = 5.25 V, 10 = Open 

High Impedance State Iecz 2400 22 28 rnA Vec = 5.25 V, VE = 5.25 V 
Supply Current 

High Impedance State IoZL 2400 20 IJA Vo = 0.4 V VE = 2V 
Output Current IozH 20 IJA Vo = 2.4 V 

IoZH 100 IJA Vo = 5.25 V 

Logic Low Short Circuit IOSL 52 rnA Vo = Vcc = 5.25 V, 2 
Output Current IF = 8 rnA 
Logic High Short Circuit IOSH -45 rnA Vcc = 5.25 V, IF = 0 rnA, 2 
Output Current Vo = GND 

Input Current Hysteresis IHYS 0.25 rnA Vee = 5V 3 

Input Forward Voltage VF 1.1 1.3 1.5 TA = 25°C IF = 8 rnA 
1.0 1.55 4 

Input Reverse Breakdown BVR ~ 5.0 V TA = 250C IR = 10 IJA 
Voltage 2.0 

Temperature ~VF -1.44 mV/"C IF = 6 rnA 4 
Coefficient of ~TA 
Forward Voltage 

Input Capacitance CIN 20 pF f = 1 MHz, VF = 0 V 

·All typical values at TA = 250C and Vee = 5 V, unless otherwise noted. 
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Switching Specifications 
ooc :s; TA :s; 70°C, 4.75 V :s; Vee :s; 5.25 V, 4 rnA:S; IF(ON) :s; 8 rnA, 0 V:S; VF(OFF) :s; 0.8 V. All typicals at TA = 25°C, 
Vee = 5 V, IF(ON) = 6.0 rnA, VF(OFF) = 0 V, except where noted. See Note 11. 

Device 
Parameter Symbol HCPL- Min. Typ.* Max. Units Test Conditions Figure Note 

Propagation Delay tpHL 55 ns IF(ON) = 7 rnA I 5,6,7 1,4, 
Time to Logic Low 5,6 
Output Level 15 33 60 

Propagation Delay tpLH 55 ns IF(ON) = 7 rnA I 5,6,7 1,4, 
Time to Logic High 5,6 
Output Level 15 30 60 

Pulse Width I tpHL -tpLH I 2 15 ns IF(ON) = 7 rnA I 5,8 6 
Distortion 

5 25 

Propagation Delay tpSK 35 ns Per Notes & Text 15, 16 7 
Skew 

Output Rise Time tr 20 ns 5 

Output Fall Time 11: 10 ns 5 

Output Enable Time tPZH 2400 15 ns 9, 10 
to Logic High 

Output Enable Time tPZL 2400 30 ns 9,10 
to Logic Low 

Output Disable Time tpHZ 2400 20 ns 9, 10 
from Logic High 

Output Disable Time tpLZ 2400 15 ns 9,10 
from Logic Low 

Logic High Common ICMHI 1000 10,000 V/Ils VCM = 300 V, TA = 25OC, 11 9 
Mode Transient IF = 0 rnA 
Immunity 

Logic Low Common ICMd 1000 10,000 V/Ils VCM = 300 V, TA = 25°C, 11 9 
Mode Transient IF = 4 rnA 
Immunity 

Power Supply Noise PSNI 0.5 Vp_p Vcc = 5.0V, 10 
Immunity 48Hz~ =FAc~50MHz 

• All typical values at TA = 25°C and Vee = 5 V, unless otherwise noted. 
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Package Characteristics 
Parameter Sym. Device Min. Typ.* Max. Units Test Conditions Fig. Note 

Input-Output VISO 2500 Vnns RH:::;50%, 3, 13 
Momentary t = 1 min., 
Withstand Voltage** TA = 250C 

Input-Output RI.o 1012 n VI.O = 500 Vdc 3 
'Resistance 
Input-Output ~.Q 0.6 pF f=IMHz 
Capacitance VI.O = OVdc 
Input-Input 11.1 2430 0.005 ~ RH:::;45% 8 
Insulation Leakage t = 5 s, 
Current VI.I = 500 Vdc 

Resistance RI.I 2430 1011 n VI.I = 500 Vdc 8 
(Input-Input) 
Capacitance CI.I 2430 0.25 pF f=IMHz 8 
(Input-Input) 

·AIl typical values are at TA = 25'C. 
""The Input·Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input·output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Related Characteristics Table (if 
applicable), your equipment level safety specification or HP Application Note 1074 entitled 'Optocoupler Input·Output Endurance 
Voltage," publication number 5963·2203E. 

Notes: 
1. Each channel. 
2. Duration of output short circuit time 

not to exceed 10 ms. 
3. Device considered a two terminal 

device: pins 1, 2, 3, and 4 shorted 
together, and pins 5, 6, 7, and 8 
shorted together. 

4. tmL propagation delay is measured 
from the 50% level on the rising edge 
of the input current pulse to the 1.5 V 
level on the falling edge of the output 
pulse. The !PLH propagation delay is 
measured from the 50% level on the 
falling edge of the input current pulse 
to the 1.5 V level on the rising edge of 
the output pulse. 

5. The typical data shown is indicative of 
what can be expected using the 
application circuit in Figure 13. 
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6. This specification simulates the worst 
case operating conditions of the 
HCPL·2400 over the recommended 
operating temperature and Vce range 
with the suggested application circuit 
of Figure 13. 

7. Propagation delay skew is discussed 
later in this data sheet. 

8. Measured between pins 1 and 2 
shorted together, and pins 3 and 4 
shorted together. 

9. Common mode transient immunity in a 
Logic High level is the maximum 
tolerable (positive) dVeM/dt of the 
common mode pulse, VCM' to assure 
that the output will remain in a Logic 
High state (i.e., Vo > 2.0 V. Common 
mode transient immunity in a Logic 
Low level is the maximum tolerable 
(negative) dVcM/dt of the common 
mode pulse, VCM' to assure that the 
output will remain in a Logic Low state 
(i.e., Vo < 0.8 V). 

10. Power Supply Noise Immunity is the 
peak to peak amplitude of the ac ripple 
voltage on the Vee line that the device 
will withstand and atill remain in the 
desired logic state. For desired logic 
high state, VOH(MIN) > 2.0 V, and for 
desired logic low state, 
VOL(MAX) < 0.8 V. 

11. Use of a 0.1 i1F bypass capacitor 
connected between pins 8 and 5 
adjacent to the device is required. 

12. Peak Forward Input Current pulse 
width < 50 I-ts at 1 KHz maximum 
repetition rate. 

13. In accordance with UL 1577, each 
optocoupler is proof tested by applying 
an insulation test voltage 2: 3000 V rms 
for one second (leakage detection 
current limit, IJ.O ~ 5 IJA). This test is 
performed before the 100% Produc· 
tion test shown in the VDE 0884 
Insulation Related Characteristics 
Table, if applicable. 
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Applications 

~>-~------~~~---------, 

Figure 13. Recommended 20 MBd HCPL·2400/30 Interface Circuit. 
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Propagation Delay, Pulse­
Width Distortion and 
Propagation Delay Skew 
Propagation delay is a figure of 
merit which describes how 
quickly a logic signal propagates 
through a system. The propaga­
tion delay from low to high (tPLH) 

is the amount of time required for 
an input signal to propagate to 
the output, causing the output to 
change from low to high. 
Similarly, the propagation delay 
from high to low (tpHa is the 
amount of time required for the 
input signal to propagate to the 
output, causing the output to 
change from high to low (see 
Figure 5). 

Pulse-width distortion (PWD) 
results when tpLH and tpHL differ in 
value. PWD is defined as the 
difference between tpLH and tpHL 
and often determines the 
maximum data rate capability of a 
transmission system. PWD can be 
expressed in percent by dividing 
the PWD (in ns) by the minimum 
pulse width (in ns) being 
transmitted. Typically, PWD on 
the order of 20-30% of the 
minimum pulse width is tolerable; 
the exact figure depends on the 
particular application (RS232, 
RS422, T-1, etc.). 

Propagation delay skew, tpsK, is 
an important parameter to 
consider in parallel data applica­
tions where synchronization of 
signals on parallel data lines is a 
concern. If the parallel data is 
being sent through a group of 
optocouplers, differences in 
propagation delays will cause the 
data to arrive at the outputs of the 
optocouplers at different times. If 
this difference in propagation 
delays is large enough, it will 
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determine the maximum rate at 
which parallel data can be sent 
through the optocouplers. 

Propagation delay skew is defined 
as the difference between the 
minimum .and maximum propaga­
tion delays, either tpLH or tpHL, for 
any given group of optocouplers 
which are operating under the 
same conditions (i.e., the same 
drive current, supply voltage, 
output load, and operating tem­
perature). As illustrated in 
Figure 15, if the inputs of a group 
of optocouplers are switched 
either ON or OFF at the same 
time, tPSK is the difference 
between the shortest propagation 
delay, either tpLH or tpHL, and the 
longest propagation delay, either 
tpLH or tpHL. 

As mentioned earlier, tpSK can 
determine the maximum parallel 
data transmission rate. Figure 16 
is the timing diagram of a typical 
parallel data application with both 
the clock and the data lines being 
sent through optocouplers. The 
figure shows data and clock 
signals at the inputs and outputs of 
the optocouplers. To obtain the 
maximum data transmission rate, 
both edges of the clock signals 
are being used to clock the data; 
if only one edge were used, the 
clock signal would need to be 
twice as fast. 

Propagation delay skew repre­
sents the uncertainty of where an 
edge might be after being sent 
through an optocoupler. 
Figure 16 shows that there will be 
uncertainty in both the data and 
the clock lines. It is important 
that these two areas of uncertainty 
not overlap, otherwise the clock 
signal might arrive before all of 

the data outputs have settled, or 
some of the data outputs may 
start to change before the clock 
signal has arrived. From these 
considerations, the absolute 
minimum pulse width that can be 
sent through optocouplers in a 
parallel application is twice tpHZ. 
A cautious design should use a 
slightly longer pulse width to 
ensure that any additional 
uncertainty in the rest of the 
circuit does not cause a problem. 

The HCPL-2400/30 optocouplers 
offer the advantages of guaran­
teed specifications for propaga­
tion delays, pulse-width distortion, 
and propagation delay skew over 
the recommended temperature, 
input current, and power supply 
ranges. 

Application Circuit 
A recommended LED drive circuit 
is shown in Figure 13. This circuit 
utilizes several techniques to 
minimize the total pulse-width 
distortion at the output of the 
optocoupler. By using two 
inverting TTL gates connected in 
series, the inherent pulse-width 
distortion of each gate cancels the 
distortion of the other gate. For 
best results, the two series­
connected gates should be from 
the same package. 

The circuit in Figure 13 also uses 
techniques known as prebias and 
peaking to enhance the 
performance of the optocoupler 
LED. Prebias is a small forward 
voltage applied to the LED when 
the LED is off. This small prebias 
voltage partially charges the 
junction capacitance of the LED, 
allowing the LED to turn on more 
quickly. The speed of the LED is 
further increased by applying 



momentary current peaks to the 
LED during the turn-on and turn­
off transitions of the drive 
current. These peak currents help 
to charge and discharge the 
capacitances of the LED more 
quickly, shortening the time 
required for the LED to turn on 
and off. 

Switching performance of the 
HCPL-2400/30 optocouplers is 
not sensitive to the TTL logic 
family used in the recommended 
drive circuit. The typical and 
worst-case switching parameters 
given in the data sheet can be met 
using common 74LS TTL invert­
ing gates or buffers. Use of faster 
TTL families will slightly reduce 
the overall propagation delays 
from the input of the drive circuit 

to the output of the optocoupler, 
but will not necessarily result in 
lower pulse-width distortion or 
propagation delay skew. This 
reduction in overall propagation 
delay is due to shorter delays in 
the drive circuit, not to changes in 
the propagation delays of the 
optocoupler; optocoupler prop­
agation delays are not affected by 
the speed of the logic used in the 
drive circuit. 
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High CMR Line Receiver 
Optocouplers 

Technical Data 

Features 
• 1000 V/~ Minimum Common 

Mode Rejection (CMR) at 
VCM = 50 V for HCPL-2602 
and 3.5 kV/~ Minimum 
CMR at VCM = 300 V for 
HCPL-2612 

• Line Termination Included -
No Extra Circuitry Required 

• Accepts a Broad Range of 
Drive Conditions 

• LED Protection Minimizes 
LED Efficiency Degradation 

• High Speed: 10 MBd 
(Limited by Transmission 
Line in Many Applications) 

• Guaranteed AC and DC 
Performance over 
Temperature: O"C to 70"C 

• External Base Lead Allows 
"LED Peaking" and LED 
Current Adjustment 

• Safety Approval 
UL Recognized - 2500 V rms 

for 1 Minute 
CSA Approved 

• Mll.-STD-1772 Version 
Available (HCPL-1930/1) 

Applications 
• Isolated Line Receiver 
• Computer-Peripheral 

Interface 
• Microprocessor System 

Interface 
• Digital Isolation for AID, 

D/A Conversion 

• Current Sensing 
• Instrument Input/Output 

Isolation 
• Ground Loop Elimination 
• Pulse Transformer 

Replacement 
• Power Transistor Isolation 

in Motor Drives 

Functional Diagram 

A 0.1 !1F bypass capacitor must be connected between pins 5 and 8. 

F/i;iW HEWLETT" a:r... PACKARD 

HCPL-2602 
HCPL-2612 

Description 
The HCPL-2602/12 are optically 
coupled line receivers that 
combine a GaAsP light emitting 
diode, an input current regulator 
and an integrated high gain photo 
detector. The input regulator 
serves as a line termination for 
line receiver applications. It 
clamps the line voltage and 
regulates the LED current so line 
reflections do not interfere with 
circuit performance. 

The regulator allows a typical 
LED current of 8.5 rnA before it 
starts to shunt excess current. 
The output of the detector IC is 

LED 

ON 
OFF 
ON 
OFF 
ON 

TRUTH TABLE 
(POSITIVE LOGIC) 

ENABLE OUTPUT 

H L 
H H 
L H 
L H 

NC L 
OFF NC H 

CAUTION: It is advised that normnl static precautions be taken in handling and assembly of this component to 
prevent damnge and/or degradation which may be induced by ESD. 

5965-3585E 
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an open collector Schottky 
clamped transistor. An enable 
input gates the detector. The 
internal detector shield provides a 
guaranteed common mode 
transient immunity specification 
of 1000 Vllls for the 2602, and 
3500 VlJlS for the 2612. 

Selection Guide 

DC specifications are defined 
similar to TIL logic. The 
optocoupler ac and dc operational 
parameters are guaranteed from 
OOC to 700C allowing trouble-free 
interfacing with digital logic 
circuits. An input current of 5 rnA 
will sink an eight gate fan-out 
(TTL) at the output. 

The HCPL-2602/12 are useful as 
line receivers in high noise 
environments that conventional 
line receivers cannot tolerate. The 
higher LED threshold voltage 
provides improved immunity to 
differential noise and the internally 
shielded detector provides orders 
of magnitude improvement in 
common mode rejection with little 
or no sacrifice in speed. 

Widebody 
MlnimumCMR Input 8-Pin DIP (300 Mil) SmaIl·Outline SO·8 (400 Mil) Hennetic 

On- Single Dual Single Dual Single Single and 
dV/dt VCM Current Output Channel Channel Channel Channel Channel Dual Channel 
(V/J.IS) (V) (rnA) Enable Package Package Package Package Package Packages 

NA NA 5 YES 6Nl37 HCPL·0600 HCNW137 

NO HCPL-2630 HCPL-0630 

5,000 50 YES HCPL·2601 HCPL·0601 HCNW2601 

NO HCPL-2631 HCPL-0631 

10,000 1,000 YES HCPL·2611 HCPL·0611 HCNW2611 

NO HCPL-4661 HCPL-0661 

1,000 50 YES HCPL·2602(1( 

3,500 300 YES HCPL-261211( 

1,000 50 3 YES HCPL·261A HCPL-061A 

NO HCPL·263A HCPL·063A 

1,000(2( 1,000 YES HCPL-261N HCPL·061N 

NO HCPL-263N HCPL-063N 

1,000 50 12.5 (3) HCPL·193X 
HCPL·56XX 
HCPL·66XX 

Notes: 
1. HCPL-2602/2612 devices include input current regulator. 
2. 15 kV!!ls with VCM = 1 kV can be achieved using HP application circuit. 
3. Enable is available for single channel products only, except for HCPL-193X devices. 
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Ordering Infonnation 
Specify Part Number followed by Option Number (if desired). 

Example: 

HCPL-2602#XXX C 300 = Gull Wing Surface Mount Option 
500 = Tape and Reel Packaging Option 

Option data sheets available. Contact your Hewlett-Packard sales representative or authorized distributor for 
information. 

Schematic 

+ 

3 

4 
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8 Vcc 

90il 

SHIEL..L-D--...... -t l------<~-,--<>5 GND 
IE 

7 
VE 

USE OF A 0.1 ~F BYPASS CAPACITOR CONNECTED 
BETWEEN PINS 5 AND 81S REQUIRED (SEE NOTE 1). 



Package Outline Drawings 
8-Pin DIP Package 

1.080 % 0.320 _ 
(0.043 % 0.013) 

·r'"" ..................................... i---- TYPE NUMBER 

DATE CODE 

UL 
RECOGNITION 

1--'1.78 (0.070) MAX. 

mm~·185)MAX. 

tt 0':1 (0.020) MIN. 
2.92 (0.115) MIN . 

.. ~ 

i 7.62 %0.25r (0.300 % 0.010) 

6.35 % 0.25 
- (0.250 % 0.010) -

IL +0.076 --I 0.254 _ 0.051 

(0.010: g:::oo:: 

1_ 1-1 1 1- 0.65 (0.025) MAX. -.I _ 2.54 % 0.25 
(0.100 % 0.010) DIMENSIONS IN MILLIMETERS AND (INCHES). 

8-Pin DIP Package with Gull Wing Surface Mount Option 300 

~o~:i~: ~:~~o)--I 
-8 7 5 I 

6.350 ± 0.25 
(0.250 % 0.010) 

L"O~,....,...;-~~ 

: _I I+- 1.016 (0.040) I 1.194 (0.047) 

o ~ ~ o--'---~ 

1 lT~_.,~ l J 1 9.906 (0.390) 

o ~ ~ oLt ~ 
--I I-- ~0.015) 

1.194 (0.04n 0.635 (0.025) 

, _______ ~:??~_~~.~?~J ________________________________ _ 

-I 1-(~:~~) r M(O~::~: ~:~~O)ill (O~~~) -----I I+- MAX. ~ 7.62 % 0.25 ~ 
MAX. I I (0.300 % 0.010) + 0.076 

u:::c=:w::J~ 10.254-0051 

lJJJJl..lljJ (0~;~5)MAX. ill ~ (0.010:g.gg:: 

1.080±0.320_1 t! L! --r-II Jlt 
(0.043 ± 0.013) I --I ~0~:2a:: :'~150) 

- 2.54 0.635 % 0.130 120 NOM. 
(0.100) (0.025 % 0.005) 

BSC 
DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 
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Solder Reflow Temperature Profile (Gull Wing Surface Mount Option 300 Parts) 

260 
240 
220 
200 

S.l 180 

.1. 180 
!!i 140 
!;;: 120 
ffi 100 

!i 80 
I!! 60 

40 
20 

o 

F 

I 
I 

aT = 115°C 0.3°CISEC ::7 
I ",.. , ../ 
~ 

P 
/rJ 

fIr--- aT = 100°C, 1.5°ClSEC 

I 
VI 

./ '\. I I 
~ '\. aT = 145°C, l°CISEC 

'\. 

" I'\. 
" 

o 3 4 5 6 7 8 9 10 11 12 

TIME - MINUTES 

Note: Use of nonchlorine activated fluxes is highly recommended. 

Regulatory Information 
The HCPL-2602/2612 have been 
approved by the following 
organizations: 

UL 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

CSA 
Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

Insulation and Safety Related Specifications 
Parameter S}lmbol Value Units Conditions 

Min. External Air Gap L(101) 7.1 mm Measured from input terminals to output terminals, 
(External Clearance) shortest distance through air. 
Min. External Tracking L(102) 7.4 mm Measured from input tenninals to output tenninals, 
Path (External Creepage) shortest distance path along body. 
Min. Internal Plastic 0.08 mm Through insulation distance, conductor to conductor, 
Gap (Internal Clearance) usually the direct distance between the photoemitter 

and photodetector inside the optocoupler cavity. 
Tracking Resistance CTl 200 V DIN IEC 112NOE 0303 Part 1 
(Comparative Tracking 
Index) 
Isolation Group rna Material Group (DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 
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Absolute Maximum Ratings (No Derating Required up to 85°C) 

Parameter Symbol Min. Max. Units 
Storage Temperature Ts -55 125 °C 
Operating Temperature TA -40 85 °C 
Forward Input Current II 60 rnA 
Reverse Input Current IIR 60 rnA 

Input Current, Pin 4 -10 10 m..'\ 
Supply Voltage (1 Minute Maximum) Vee 7 V 
Enable Input Voltage (Not to Exceed Vee by VE Vee + 0.5 V 
more than 500 mV) 
Output Collector Current 10 50 rnA 

Output Collector Voltage (Selection for Higher Vo 7 V 
Output Voltages up to 20 V is Available.) 
Output Collector Power Dissipation Po 40 mW 
Lead Solder Temperature TLS 260°C for 10 sec., 1.6 mm below 

seating plane 
Solder Reflow Temperature Profile See Package Outline Drawings section 

Recommended Operating Conditions 

Parameter Symbol Min. Max. Units 

Input Current, Low Level IlL 0 250 ~ 

Input Current, High Level IJH 5* 60 rnA 

Supply Voltage, Output Vee 4.5 5.5 V 

High Level Enable Voltage VEH 2.0 Vee V 

Low Level Enable Voltage VEL 0 0.8 V 

Fan Out (@ RL = 1 kQ) N 5 TTL Loads 

Output Pull-up Resistor RL 330 4K Q 

Operating Temperature TA 0 70 °C 

'The initial switching threshold is 5 rnA or less. It is recommended that an input current 
between 6.3 rnA and lOrnA be used to obtain best performance and to provide at least 
20% LED degradation guardband. 
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Electrical Characteristics 
Over recommended temperature (TA = O°C to +70OC) unless otherwise specified. See note 1. 

Parameter Sym. Min. Typ.* Max. Units Test Conditions Fig. Note 

High Level Output lOR 5.5 100 !lA Vcc = 5.5 V, Vo = 5.5 V, 1 

Current II = 250 !lA, VE = 2.0 V 

Low Level Output VOL 0.35 0.6 V Vce = 5.5 V, II = 5 rnA, 2,4, 

Voltage VE = 2.0 V, 5, 14 

10L (Sinking) = 13 rnA 

High Level Supply ICCR 7.5 10 rnA Vcc = 5.5 V, II = 0 rnA, 
Current VE = 0.5V 

Low Level Supply ICCL 10 13 rnA Vcc = 5.5 V, II = 60 rnA, 
Current VE = 0.5V 

High Level Enable IER -0.7 -1.6 rnA Vcc = 5.5 V, VE = 2.0 V 
Current 

Low Level Enable IEL -0.9 -1.6 rnA Vcc = 5.5 V, VE = 0.5 V 
Current 

High Level Enable VER 2.0 V 10 
Voltage 

Low Level Enable VEL 0.8 V 
Voltage 

2.0 2.4 II = 5 rnA 
Input Voltage VI V 3 

2.3 2.7 11 = 60 rnA 

Input Reverse VR 0.75 0.95 V IR = 5 rnA 
Voltage 

Input Capacitance CIN 90 pF VI = 0 V, f = 1 MHz 

'All typicals at Vee = 5 V, TA = 25"C. 
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Switching Specifications 
Over recommended temperature eTA = O°C to + 70°C), Vcc = 5 V, II = 7.5 rnA, unless otherwise specified. 

Parameter Symbol Device 

Propagation Delay 
Time to High Output tpLH 
Level 

Propagation Delay 
Time to Low Output tpHL 
Level 

Pulse Width ItPHL·tpLHI 
Distortion 

Propagation Delay tpSK 
Skew 

Output Rise Time t, 
(10-90%) 

Output Fall Time If 
(90-10%) 

Propagation Delay tELH 
Time of Enable from 
VEH to VEL 

Propagation Delay tEHL 
Time of Enable from 
VEL to VEH 

Common Mode HCPL-2602 
Transient ICMHI 
lmmunity at High HCPL-2612 
Output Level 

Common Mode HCPL-2602 
Transient ICMLi 
Immunity at Low HCPL-2612 
Output Level 

'All typicals at Vee = 5 V, TA = 25°C. 

Package Characteristics 
All Typicals at TA = 25°C 

Parameter Sym. Min. 
Input-Output Momentary VISo 2500 
Withstand Voltage' 

Input-Output Resistance R1.() 

Input-Output Capacitance CJ.() 

Min. Typ.' Max. Units Test Conditions Fig. Note 

75 ns TA = 25"C I 
20 48 6,7,8 3 

100 ns 

75 ns TA = 25"C I 
25 50 6,7,8 4 

100 ns 

3.5 35 ns 
RL=350n 
CL = 15pF 9 13 

40 ns 12, 
13 

24 ns 12 

10 ns 12 

30 ns RL = 350 n, CL = 15 pF, 
VEL = 0 V, VEH = 3 V 10,11 5 

20 ns RL - 350 n, CL - 15 pF, 
VEL = 0 V, VEH = 3 V 10,11 6 

1000 10,000 VCM = 50V VO(MIN) = 2 V, 
VIlIS RL = 350n, 13 7,9, 

3500 15,000 VCM = 300 V 11 = o rnA, 10 
TA = 25"C 

1000 10,000 VCM = 50V VO(MAX) - 0.8 V, 
VIlIS RL = 350n, 13 8,9 

3500 15,000 VCM = 300V II = 7.5 rnA, 10 
TA = 25"C 

Typ. Max. Units Test Conditions Fig. Note 

Vrms RH:<> 50%, t = 1 min., 2,11 
TA = 250C 

1012 Q VJ.() = 500Vdc 2 

0.6 pF f= 1 MHz 2 

'The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), 
your equipment level safety specification or HP Application Note 1074 entitled "Optocoupler Input-Output Endurance Voltage." 
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Notes: 
1. Bypassing of the power supply line is required, with a 0.1 iJF ceramic disc capacitor a<ljacent to each optocoupler as illustrated in 

Figure 15. Total lead length between both ends of the capacitor and the isolator pins should not exceed;lO mm. 
2. Device considered a two terminal device: pins 1, 2, 3, and 4 shorted together, and pins 5, 6, 7, and 8 shorted together. 
3. The tPLH propagation delay is measured from the 3.75 rnA point on the falling edge of the input pulse to the 1.5 V point on the riSing 

edge of the output pulse. 
4. The tpHL propagation dela,y is measured from the 3.75 rnA point on the rising edge of the input pulse to the 1.5 V point on the faJIing 

edge of the output pulse. 
5. The tELH enable propagation delay is measured from the 1.5 V point on the faJling edge of the enable input pulse to the 1.5 V point 

on the rising edge of the output pulse. 
6. The tEHL enable propagation dela,y is measured from the 1.5 V point on the rising edge of the enable input pulse to the 1.5 V point on 

the falling edge of the output pulse. 
7. CMH is the maximum tolerable rate of rise of the common mode voltage to assure that the output will remain in a high logic state 

(Le., VOUT > 2.0 V). 
8. CML is the maximum tolerable rate offa.1l of the common mode voltage to assure tha.t the output will remain in a low logic state (Le., 

VOUT < 0.8 V). 
9. For sinusoidal voltages, 

IdvcMI = mCMVCM (p-p) 
dt max 

10. No external pull up is required for a high logic state on the enable input. If the VE pin is not used, tying VE to Vce will result in 
improved CMR performance. 

11. In accordance with UL 1577, each optocoupler is proof tested by applying an insulation test voltage of" 3000 for one second 
(leakage detection current limit, Ii ... ,; 5 IJA). 

12. tPSK is equal to the worst case difference in tpHL and/or tPLH that will be seen between units at any given temperature within the 
operating condition range. 

13. See application section titled "Propagation Delay, Pulse-Width Distortion and Propagation Delay Skew" for more information., 
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Using the HCPL-2602/12 
Line Receiver 
Optocouplers 
The primary objectives to fulfill 
when connecting an optocoupler 
to a transmission line are to 
provide a minimum, but not 
excessive, LED current and to 
properly terminate the line. The 
internal regulator in the HCPL-
2602/12 simplifies this task. 
Excess current from variable drive 
conditions such as line length 
variations, line driver differences, 
and power supply fluctuations are 
shunted by the regulator. In fact, 
with the LED current regulated, 
the line current can be increased 
to improve the immunity of the 
system to differential-mode-noise 
and to enhance the data rate 
capability. The designer must 
keep in mind the 60 rnA input 
current maximum rating of the 
HCPL-2602/12 in such cases, and 
may need to use series limiting or 
shunting to prevent overstress. 

Design of the termination circuit 
is also simplified; in most cases 
the transmission line can simply 
be connected directly to the input 
terminals of the HCPL-2602/12 
without the need for additional 
series or shunt resistors. If 
reversing line drive is used it may 
be desirable to use two HCPL-
2602/12 or an external Schottky 
diode to optimize data rate. 

Polarity Non-Reversing 
Drive 
High data rates can be obtained 
with the HCPL-2602/12 with 
polarity non-reversing drive. 
Figure (a) illustrates how a 
74S 140 line driver can be used 
with the HCPL-2602/12 and 
shielded, twisted pair or coax 
cable without any additional 
components. There are some 
reflections due to the "active 

termination," but they do not 
interfere with circuit performance 
because the regulator clamps the 
line voltage. At longer line 
lengths, tpLH increases faster than 
tpHL since the switching threshold 
is not exactly halfway between 
asymptotic line conditions. If 
optimum data rate is desired, a 
series resistor and peaking 
capacitor can be used to equalize 
tpLH and ~HL. In general, the 
peaking capacitance should be as 
large as possible; however, if it is 
too large it may keep the regulator 
from achieving turn-off during the 
negative (or zero) excursions of 
the input signal. A safe rule: 

make C $16t 

where: 
C = peaking capacitance in 

picofarads 
t = data bit interval in 

nanoseconds 

Polarity Reversing Drive 
A single HCPL-2602/12 can also 
be used with polarity reversing 
drive (Figure b). Current reversal 
is obtained by way of the 
substrate isolation diode 
(substrate to collector). Some 
reduction of data rate occurs, 
however, because the substrate 
diode stores charge, which must 
be removed when the current 
changes to the forward direction. 
The effect of this is a longer ~HL. 
This effect can be eliminated and 
data rate improved considerably 
by use of a Schottky diode on the 
input of the HCPL-2602/12. 

For optimum noise rejection as 
well as balanced delays, a split­
phase termination should be used 
along with a flip-flop at the 
output (Figure c). The result of 
current reversal in split-phase 
operation is seen in Figure (c) 
with switches A and B both 
OPEN. The coupler inputs are 

then connected in ANTI-SERIES; 
however, because of the higher 
steady-state termination voltage, 
in comparison to the single 
HCPL-2602/12 termination, the 
forward current in the substrate 
diode is lower and consequently 
there is less junction charge to 
deal with when switching. 

Closing switch B with A open is 
done mainly to enhance common 
mode rejection, but also reduces 
propagation delay slightly 
because line-to-line capacitance 
offers a slight peaking effect. 
With switches A and B both 
CLOSED, the shield acts as a 
current return path which 
prevents either input substrate 
diode from becoming reversed 
biased. Thus the data rate is 
optimized as shown in Figure (c). 

Improved Noise Rejection 
Use of additional logic at the 
output of two HCPL-2602/12s, 
operated in the split phase 
termination, will greatly improve 
system noise rejection in addition 
to balancing propagation delays 
as discussed earlier. 

A NAND flip-flop offers infinite 
common mode rejection (CMR) 
for NEGATIVELY sloped common 
mode transients but requires ~L 
> tPLH for proper operation. A 
NOR flip-flop has infinite CMR for 
POSITIVELY sloped transients 
but requires ~HL < ~H for proper 
operation. An exclusive-OR flip­
flop has infinite CMR for cOmlnon 
mode transients of EITHER 
polarity and operates with either 
~HL > tpLH or tpHL < ~. 

With the line driver and 
transmission line shown in Figure 
(c), ~HL > ~LH' so NAND gates are 
preferred in the R-S flip-flop. A 
higher drive amplitude or 
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different circuit configuration 
could make tpHL < tPLH, in which 
case NOR gates would be pre­
ferred. If it is not known whether 
~HL > tpLH or ~HL < ~LH' or if the 
drive conditions may vary over 
the boundary, for these conditions, 
the exclusive-OR flip-flop of 
Figure (d) should be used. 

RS-422 and RS-423 
Line drivers designed for RS-422 
and RS-423 generally provide 
adequate voltage and current for 
operating the HCPL-2602/12. 
Most drivers also have 
characteristics allowing the 
HCPL-2602/12 to be connected 
directly to the driver terminals. 
Worst case drive conditions, 
however, would require current 
shunting to prevent overstress of 
the HCPL-2602/12. 

Propagation Delay, Pulse­
Width Distortion and 
Propagation Delay Skew 
Propagation delay is a figure of 
merit which describes how 
quickly a logic signal propagates 
through a system. The propaga­
tion delay from low to high (~LH) 
is the amount of time required for 
an input signal to propagate to 
the output, causing the output to 
change from low to high. 
Similarly, the propagation delay 
from high to low (tpHJ is the 
amount of time required for the 
input signal to propagate to the 
output, causing the output to 
change from high to low (see 
Figure 6). 

Pulse-width distortion (PWD) 
results when ~LH and ~HL differ in 
value. PWD is defined as the 
difference between ~LH and ~HL 

and often determines the 
maximum data rate capability of a 
transmission system. PWD can be 
expressed in percent by dividing 
the PWD (in ns) by the minimum 
pulse width (in ns) being 
transmitted. Typically, PWD on 
the order of 20-30% of the 
minimum pulse width is tolerable; 
the exact figure depends on the 
particular application (RS232, 
RS422, T-1, etc.). 

Propagation delay skew, tpSK' is an 
important parameter to consider 
in parallel data applications where 
synchronization of signals on 
parallel data lines is a concern. If 
the parallel data is being sent 
through a group of optocouplers, 
differences in propagation delays 
will cause the data to arrive at the 
outputs of the optocouplers at 
different times. If this difference 
in propagation delays is large 
enough, it will determine the 
maximum rate at which parallel 
data can be sent through the 
optocouplers. 

Propagation delay skew is defined 
as the difference between the 
minimum and maximum 
propagation delays, either tpLH or 
tpHL' for any given group of 
optocouplers which are operating 
under the same conditions (Le., 
the same drive current, supply 
voltage, output load, and 
operating temperature). As 
illustrated in Figure 16, if the 
inputs of a group of optocouplers 
are switched either ON or OFF at 
the same time, ~K is the 
difference between the shortest 
propagation delay, either ~HL or 
tpHL' and the longest propagation 
delay, either ~LH or ~HL· 

As mentioned earlier, tPSK can 
determine the maximum parallel 
data transmission rate. Figure 17 
is the timing diagram of a typical 
parallel data application with both 
the clock and the data lines being 
sent through optocouplers. The 
figure shows data and clock 
signals at the inputs and outputs 
of the optocouplers. To obtain the 
maximum data transmission rate, 
both edges of the clock signal are 
being used to clock the data; if 
only one edge were used, the 
clock signal would need to be 
twice as fast. 

Propagation delay skew 
represents the uncertainty of 
where an edge might be after 
being sent through an 
optocoupler. Figure 17 shows 
that there will be uncertainty in 
both the data and the clock lines. 
It is important that these two 
areas of uncertainty not overlap, 
otherwise the clock signal might 
arrive before all of the data 
outputs have settled, or some of 
the data outputs may start to 
change before the clock signal 
has arrived. From these 
considerations, the absolute 
minimum pulse width that can be 
sent through optocouplers in a 
parallel application is twice tpSK. A 
cautious design should use a 
slightly longer pulse width to 
ensure that any additional 
uncertainty in the rest of the 
circuit does not cause a problem. 

The ~K specified optocouplers 
offer the advantages of 
guaranteed specifications for 
propagation delays, pulse-width 
distortion and propagation delay 
skew over the recommended 
temperature, input current, and 
power supply ranges. 
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Power Bipolar Transistor 
Base Drive Optocoupler 

Technical Data 

Features 
• High Output Current 

102 (2.0 A Peak, 0.6 A 
Continuous) 
101 (1.0 A Peak, 0.5 A 
Continuous) 

• 1.5 kV/j.lS Minimum Common 
Mode Rejection (CMR) at 
VCM = 600 V 

• Wide Vcc Range (5.4 to 13 
Volts) 

• 2 j.lS Typical Propagation 
Delay 

• Recognized under UL 1577 
for Dielectric Withstand 
Proof Test Voltage of 5000 
Vac, 1 Minute 

Applications 
• Isolated Bipolar Transistor 

Base Drive 

• AC and DC Motor Drives 

• General Purpose Industrial 
Inverters 

• Uninterruptable Power 
Supply 

Description 
The HCPL-3000 consists of a 
Silicon-doped GaAs LED optically 
coupled to an integrated circuit 
with a power output stage. This 
optocoupler is suited for driving 
power bipolar transistors and 
power Darlington devices used in 
motor control inverter applica­
tions. The high peak and steady 
state current capabilities of the 
output stage allow for direct 
interfacing to the power device 
without the need for an interme­
diate amplifier stage. With a CMR 

Functional Diagram 

r/i~ HEWLETT® 
~J.:. PACKARD 

HCPL-3000 

rating of 1.5 kV/J.lS this optocoup­
ler readily rejects transients found 
in inverter applications. 

The LED controls the state of the 
output stage. Transistor Q2 in the 
output stage is on with the LED 
off, allowing the base of the 
power device to be held low. 
Turning on the LED turns off 
transistor Q2 and switches on 
transistor Q1 in the output stage 
which provides current to drive 
the base of a power bipolar 
device. 

TRUTH TABLE 
LED OUTPUT Q1 02 
ON HIGH LEVEL ON OFF 
OFF LOW LEVEL OFF ON 

THE USE OF A O.IIJF BYPASS CAPACITOR CONNECTED BETWEEN PINS 8 AND 7 IS RECOMMENDED. ALSO, CURRENT LIMITING 
RESISTORS ARE RECOMMENDED (SEE FIGURE I, NOTE 2, AND NOTE 7). 

CAUTION: It is advised that normal static precautions be taken in handling and assembly of this component to 
prevent damage and/or degradation which may be induced by ESD. 
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Schematic 
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Regulatory Information 
The HCPL-3000 has been 
approved by the following 
organizations: 

UL 
Recognized under UL 1577, 
Component Recognition Program, 
File E55361. 
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Demonstrated ESD 
Performance 
Human Body Model: MIL-STD-

883 Method 3015.7: Class 2 
Machine Model: EIAJ IC-121-

1988 (1988.3.28 Version 2), 
Test Method 20, Condition C: 
1200 V 
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Insulation and Safety Related Specifications 

Parameter Symbol Value Units Conditions 

Min. External Air Gap L(101) 6.0 rnm Shortest distance measured through air, between 
(External Clearance) two conductive leads, input to output 

Min. External Tracking L(102) 6.0 mm Shortest distance path measured along outside surface 
Path (External Creepage) of optocoupler body between the input and output leads 

Min. Internal Plastic 0.15 mm Through insulation distance conductor to conductor 
Gap (Internal Clearance) inside the optocoupler cavity 

Absolute Maximum Ratings 

Parameter Symbol Min. Max. Unit Conditions Fig. Note 

Storage Temperature Ts -55 125 "C 

Operating Temperature TA -20 80 "C 

Input Continuous Current IF 25 rnA 9 1 

Reverse Voltage VR 6 V TA = 25"C 

Supply Voltage Vee 18 V 

Output 1 Continuous Current 101 0.5 A 10,11 1 

Peak Current 1.0 A Pulse Width < 5 f.IS, 1 
Duty cycle = 10/0 

Voltage VOl 18 V 

Output 2 Continuous Current 102 0.6 A 10,11,12 1 

Peak Current 2.0 A Pulse Width < 5 f.IS, 12 1 
Duty cycle = 10/0 

Output Power Dissipation Po 500 mW 10 1 

Total Power Dissipation PT 550 mW 11 1 

Lead Solder Temperature 260"C for 10 s, 1.0 mm below seating plane 

Recommended Operating Conditions 

Parameter Symbol Min. Max. Units 

Power Supply Voltage Vee 5.4 13 V 

Input Current (ON) IF(ON) 8* 20 rnA 

Input Current (OFF) IF(OFF) - 0.2 rnA 

Operating Temperature TA -20 80 "C 

'The initial switching threshold is 5 rnA or less. 

Recommended Protection 
for Output Transistors 
During switching transitions, the 
output transistors Q1 and Q2 of 
the HCPL-3000 can conduct large 

amounts of current. Figure 1 
describes a recommended circuit 
design showing current limiting 
resistors Rl and R2 which are 
necessary in order to prevent 

damage to the output transistors 
Q1 and Q2 (see Note 7). A bypass 
capacitor C1 is also recommended 
to reduce power supply noise. 
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+5V 

CONTROL 

INPUT 

R1 =5·2500. 
R2=1-2n 

HCPL-3000 

BYPASS CAPACITOR C1 = 0.1 pF 

Vee (+ 5.4 v-+ 13 V) 

POWER TRANSISTOR 
MODULE 

r-____ ~r-----~~+,HV~ 

t=~t1r+-------;~==~:~3-PHASE AC 

Figure 1. Recommended Output Transistor Protection and Typical Application Cireuit. 

Electrical Specifications 
Over recommended temperature eTA = -20"C to -+ 80"C) unless otherwise specified. 

Parameter Sym. Min. Typ. Max. Units Test Conditions Fig. 

Input FOlWard Voltage VF - 1.1 1.4 V IF = 5 rnA, TA = 25"C 13 

0.6 0.9 - V IF = 0.2 rnA, TA = 25"C 

Input Reverse Current IR - - 10 !LA VR = 3 V, TA = 25"C 

Input Capacitance CIN - 30 250 pF VF = 0 V, f = 1 kHz, 
TA = 25"C 

Output 1 Low Level VOIL - 0.2 0.4 V Vee = 6 V, 101 = 0.4 A, 2,16, 
Voltage RL2 = 10 Q, IF = 5 rnA 17 

Leakage lOlL - - 200 !LA Vee = VOl = 13V, V02 = OV, 4 
Current IF =, o rnA 

Output 2 High Level V02H 4.5 5.0 - V Vee = 6 V, 102 = -0.4 A 3,18, 
Voltage IF = 5 rnA, VOl = 6 V 19 

Low Level V02L - 0.2 0.4 V Vee = 6 V, 102 = 0.5 A, 20, 
Voltage IF = o rnA 21 

Leakage I02L - - 200 !LA Vee = 13 V, IF = 5 rnA, 5 
Current V02 = 13V 

Supply High Level IccH - 9 13 rnA TA = 25"C I 22 
Current - - 17 Vee = 6V,IF = 5 rnA 

Low Level IeeL - 11 15 rnA TA = 25"C I 23 

- - 20 Vee =6V,IF =OrnA 

Low to High IFLH 0.3 1.5 3.0 rnA TA = 25"C I 
Threshold Input 6,14, 
Current 0.2 - 5.0 rnA Vee = 6 V, RLl = 5 Q, 15 

RL2 = 10 Q 
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Switching Specifications eTA = 25°C) 

Parameter Sym. Min. Typ. Max. Units Test Conditions Fig. Note 
Propagation Delay tpLH . 2 5 lIS Vcc = 6 V, IF = 5 rnA, 7, 2,6 
Time to High Output RLI = 5 n, RL2 = 10 n 24, 
Level 25 

Propagation Delay Time tpHL - 2 5 
to Low Output Level 

Rise Time t.. - 0.2 1 

Fall Time t f - 0.1 1 

Output High Level ICMHI 1500 - - Vilts VCM = 600 V Peak, 8 2 
Common Mode IF = 5rnA, RLI = 470 n, 
Transient Immunity RL2 = 1 kn, t1V02H = 0.5 V 

Output Low Level ICMLI 1500 - - Vilts VCM = 600 V Peak, 

Common Mode IF = 0 rnA, RLJ = 470 n, 
Transient Immunity RL2 = 1 kn, t1V02L = 0.5 V 

Package Characteristics 
Parameter Sym. Min. Typ. Max. Units Test Conditions Fig. Note 

Input-Output Momentary VIso 5000 Vrms RH = 40% to 60%, 4,5 
Withstand Voltage* t = 1 min., TA = 25°C 

Resistance RI-O 5x1010 1011 - n VI-O = 500 V, TA = 25OC, 4 
(Input-Output) RH = 40% to 60% 

Capacitance CI-O - 1.2 - pF f=lMHz 4 
(Input-Output) 

-The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), your 
equipment level safety specification, or HP Application Note 1074, "Optocoupler Input-Output Endurance Voltage." 

Notes: 
1. Derate absolute maximum ratings with ambient temperatures as shown in Figures 9, 10, and 11. 
2. A bypass capacitor of 0.01 IJF or more is needed near the device between Vee and GND when measuring output and transfer 

characteristics. 
3. 'FLH represents the forward current when the output goes from low to high. 
4. Device considered a two terminal device; pins 1-4 are shorted together and pin 5-8 are shorted together. 
5. For devices with minimum VlSO specified at 5000 Vrms, in accordance with UL1577, each optocoupler is proof-tested by applying an 

insulation test voltage <: 6000 Vrms for one second (leakage current detection limit, '1.0 S; 200 !LA). 
6. The tpLH and tpHL propagation delays are mea'Sured from the 50% level of the input pulse to the 50% level of the output pulse. 
7. R J sets the base current (101 in Figure 1) supplied to the power bipolar device. R2 limits the peak current seen by Q2 when the device 

is turning off. For more applications and circuit design information see Application Note "Power Transistor Gate/Base Drive 
Optocouplers. ' 
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Figure 2. Test Circuit for Low Level Output Voltage VOlL• Figure 3. Test Circuit for High Level Output Voltage V02H• 

Figure 4. Test Circuit for Leakage Current lolL. Figure 5. Test Circuit for Leakage Current Io2L. 

I , 
V,N WAVE FORM-' 

'-- - - - - - 50% 

1\ 

Figure 6. Test Circuit for Threshold Input Current IFLH• 
~ ~ 

- - -90% 

-1 - - - ~ - - 50% 

V02 WAVEFORM - - - 10% 

- ~ - ~ 

Figure 7. Test Circuit for tpLH' tpHL' tr and tfo 
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Fli1l HEWLETT'" 
a:aPACKARD 

Power MOSFET/IGBT Gate 
Drive Optocouplers 

Technical Data 

Features 
• High Output Current 

101 and 102 (0.4 A Peak, 0.1 A 
Continuous) 

• 1.5 kV/~ Minimum Common 
Mode Rejection (CMR) at 
VCM = 600 V 

• Wide Operating Vcc Range 
(15 to 30 Volts) 

• High Speed 
1 I!s Typical Propagation Delay 
(HCPL-3100) 
0.3 J!S Typical Propagation 
Delay (HCPL-3101) 

• Recognized under UL 1577 
for Dielectric Withstand 
Proof Test Voltages of 5000 
Vac, 1 Minute 

Applications 
• Isolated MOSFET/lGBT Gate 

Drive 
• AC and DC Motor Drives 
• General Purpose Industrial 

Inverters 
• Uninterruptable Power 

Supply 

Description 
The HCPL-3100/3101 consists of 
an LED'" optically coupled to an 
integrated circuit with a power 
output stage. These optocouplers 
are suited for driving power 
MOSFETs and 1GBTs used in 
motor control inverter applica­
tions. The high operating voltage 
range of the output stage provides 
the voltage drives required by 
gate controlled devices. The 
voltage and current supplied by 
these optocouplers allow for 
direct interfaCing to the power 
device without the need for an 
intermediate amplifier stage. 

Functional Diagram 

TRUTH TABLE 

BCPL-3100 
BCPL-3101 

The HCPL-3100 switches a 3000 
pF load in 2 I!s and the HCPL-
3101, using a higher speed LED, 
switches a 3000 pF load in 0.5 J!S' 
With a CMR rating of 5 kV/l!s 
typical these optocouplers readily 
reject transients found in inverter 
applications. 

The LED controls the state of the 
output stage. Transistor Q2 in the 
output stage is on with the LED 
off, allowing the gate of the power 
device to be held low. Turning on 
the LED turns off transistor Q2 
and switches on transistor QI in 
the output stage which provides 
current and voltage to drive the 
gate of the power device. 

LED OUTPUT Q1 Q2 

ON HIGH LEVEL ON 0F1' 
OFF LOW LEVEL OFF ON 

THE USE OF A 0.1 ~F BYPASS CAPACITOR CONNECTED BETWEEN PINS 8 AND 7 
IS RECOMMENDED. ALSO CURRENT UMITING RESISTOR IS RECOMMENDED 
(SEE FIGURE 1, AND NOTE 2 AND NOTE 7). 

"HCPL·3l00 LED contains Silicon·doped GaAs and HCPL·3I01 LED contains AlGaAs. 

CAUTION: It is advised that normal static precautions be taken in handling and assembly ojthis component to 
prevent damage and/or degradation which may be induced by ESD. 
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Schematic 
HCPL-3100 
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CATHODE 

2 

THE USE OF A 0.1 !J.F BYPASS CAPACITOR CONNECTED BETWEEN PINS 8 AND 7 
IS RECOMMENDED. ALSO CURRENT UMITING RESISTOR IS RECOMMENDED 
(SEE FIGURE 1, AND NOTE 2 AND NOTE 7). 

Outline Drawing 
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1_ 9.16(0.361) _I 
~ 10.16(0.400) 

2.29 (0.090) 
2.79 (0.110) 

Demonstrated ESD 
Performance 
Human Body Model: MIL-STD-

883 Method 3015.7: Class 2 
Machine Model: EIAJ IC-121-

1988 (1988.3.28 Version 2), 
Test Method 20, Condition 
C: 1200V 

-,--
3.00 (0.118) 
4.00 (0.157) 

--.L 
~-I-

2.55 (0.100) 
3.55 (0.140) 

~ 
I 0.40 (0.016) r- d ... (0.024) 

Regulatory Information 
The HCPL-3100/3101 has been 
approved by the following 
organization: 

UL 
Recognized under UL 1577, 
Component Recognition Program, 
File E55361. 
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Insulation and Safety Related Specifications 

Parameter Symbol Value Units Conditions 

Min. External Air Gap L(lOl) 6.0 rum Shortest distance measured through air, between two 
(External Clearance) conductive leads, input to output 

Min. External Tracking L(l02) 6.0 rum Shortest distance path measured along outside surface 
Path (External of optocoupler body between input and output leads 
Creepage) 

Min. Internal Plastic 0.15 mm Through insulation distance conductor to conductor 
Gap (Internal inside the optocoupler cavity 
Clearance) 

Absolute Maximum Ratings 

Parameter Symbol Device Min. Max. Unit Conditions Fig. Note 

Storage Temperature Ts -55 125 "C 

Operating Temperature TA -25 80 "C 

Input Continuous IF HCPL-3100 25 rnA 11 I 
Current HCPL-3101 20 rnA 11 I 

Reverse VR 6 V TA = 25"C 
Voltage 

Supply Voltage Vee 35 V 

Output I Continuous 101 0.1 A I 
Current 

Peak Current 0.4 A Pulse Width < 0.15 lIS, I 
Duty cycle = 1% 

Voltage VOl 35 V 

Output 2 Continuous 102 0.1 A I 
Current 

Peak Current 0.4 A Pulse Width < 0.15 lIS, I 
Duty cycle = 1% 

Output Power Dissipation Po 500 mW 12 I 

Total Power Dissipation PT 550 mW 12 I 

Lead Solder Temperature 260"C for 10 s, 1.0 mm below seating plane 
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Recommended Operating Conditions 

Parameter Symbol Device Min. Max. Units 

Power Supply Voltage Vee 15 30* V 

15 24 V 

Input Current (ON) IF(oN) HCPL-3100 12** 24 rnA 

HCPL-3101 8** 16 rnA 

Input Current (OFF) IF(OFF) HCPL-3100 - 0.6 rnA 

HCPL-3101 - 0.2 rnA 

Operating Temperature TA -25 80 °C 

·For TA = -1O"C to 60"C. 
··The initial switching threshold is 10 rnA or less for the HCPL-3100 aJld 5 rnA or less for the HCPL-3101. 

Recommended Protection 
for Output Transistors 
During switching transitions, the 
output transistors Ql and Q2 of 
the HCPL-3 100/3 10 1 can conduct 
large amounts of current. Figure 
1 describes a recommended 
circuit design showing a current 

limiting resistor R2 which is 
necessary in order to prevent 
damage to the output transistors 
Ql and Q2. (See Note 7.) A 
bypass capacitor Cj is also recom­
mended to reduce power supply 
noise. 

HCPL-310011 

I 

l2V 

--i< 
R2=25-100Q 
R3 = 180 n (HCPL-3100) 

240 n (HCPL-3101) 

BYPASS CAPACITOR C 1= 0.1 ~ 

, 
IGST IK 
(OR 
MOSFET) I 

1< 

Figure 1. Recommended Output Transistor Protection and Typical Application Circuit. 

, 0 

IK 
+HVDC 

3-oPHASE 
JIC 

I~ 
-HYDe 

0 
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Electrical Specifications 
Over recommended temperature (TA = -25"C to +80"C) unless otherwise specified. 

Parameter Sym. Device Min. Typ. Max. Units Test Conditions Fig. Note 

Input Forward VF HCPL-3100 - 1.2 1.4 V IF = 20 rnA TA = 25"C 13 
Voltage 

0.6 0.9 - V IF = 0.2 rnA 

HCPL-3101 - 1.6 1.75 V IF = lOrnA 14 

1.2 1.5 ,- V IF = 0.2 rnA 

Input Reverse IR HCPL-3100 - - 10 IlA VR = 4V TA = 25"C 
Current 

HCPL-3101 VF = 5V 

Input Capacitance CIN - 30 250 pF VF = 0 V, f = 1 kHz, 
TA = 25"C 

Output 1 Low VOlL HCPL-3100 - 0.2 0.4 V IF = lOrnA VCCl = 12 V, 2,17, 2 
Level 101 = 0.1 A, 18 
Voltage HCPL-3 10 1 IF = 5 rnA VCC2 = -12 V' 

Leakage lolL - - 500 IlA Vcc = VOl = 35 V, V 02 = 0 V 5 
Current IF = 0 rnA, TA = 25"C 

Output 2 High V02H HCPL-3100 18 21 - V IF = lOrnA Vcc = 24 V, 3,19, 2 
Level VOl = 24 V, 20 
Voltage HCPL-3101 IF = 5 rnA 102 = -0.1 A 

Low V02L - 1.2 2.0 V Vcc = VOl = 24 V, 102 = 0.1 A, 4,21, 
Level IF = o rnA 22 
Voltage 

Leakage 102L HCPL-3100 - - 500 IlA IF = 10 rnA Vce = 35 V, 6 
Current V02 = 35 V, 

HCPL-3 10 1 IF = 5 rnA TA = 25"C 

Supply High IecH HCPL-3100 - 6 10 rnA TA = 25"C VOl = 24 V 7,23 2 
Current Level 

- - 14 rnA Vee = 24 V, IF = lOrnA 

HCPL-3101 - 6 10 rnA TA = 25"C VOl = 24 V 

- - 14 ' rnA Vee=24V,IF=5rnA 

Low IceL - 8 13 rnA TA = 25"C VOl = 24 V 7,24 
Level 

- - 17 rnA Vee = 24 V, IF=OrnA 

Low to High IFLH HCPL-3100 1.0 4.0 7.0 rnA TA = 25"C 8,15, 2,3 
Threshold Input 16 

0.6 - 10.0 rnA Vec = VOl = 24 V 

HCPL-3101 0.3 1.5 3.0 rnA TA = 25"C 

0.2 - 5.0 rnA Vee = VOl = 24 V 
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Switching Specifications ('IA = 25"C) 

Parameter Sym. Device Min. Typ. Max. Units Test Conditions Fig. Note 

Propagation tpLH HCPL-3100 - 1 2 fls IF = lOrnA Vee = 24 V, 9, 2,6 
Delay Time to VOl = 24 V, 25, 
High Output HCPL-3101 - 0.3 0.5 fls IF = 5 rnA RG = 47 n, 26, 
Level CG = 3000 pF 27 

Propagation trHL HCPL-3100 - 1 2 flS IF = lOrnA 
Delay Time to 
Low Output HCPL-3101 - 0.3 0.5 flS IF = 5 rnA 
Level 

Rise Time 1;- HCPL-3100 - 0.2 0.5 flS IF = lOrnA 

HCPL-3101 IF = 5 rnA 

Fall Time tr HCPL-3100 - 0.2 0.5 flS IF = lOrnA 

HCPL-3101 IF = 5 rnA 

Output High ICMHI HCPL-3100 1500 5000 - V/flS IF = lOrnA VeM = 600 V 10 2 
Level Common (peak), 
Mode Transient HCPL-3101 IF = 5rnA Vee=24V 
Immunity VOl = 24 V 

6V02H = 6V02L 
Output Low ICMd 1500 5000 - V/flS IF = OmA = 2.0V 
Level Common 
Mode Transient 
Immunity 

Packaging Characteristics 
Parameter Sym. Min. Typ. Max. Units Test Conditions Fig. Note 

Input-Output Momentary VISO 5000 Vrms RH = 40% to 60% 4,5 
Withstand Voltage* t = 1 min, TA = 25"C 

Resistance (Input-Output) RI.O 5x101O 1011 - n VI.O = 500 V, TA = 25°C 4 
RH = 40% to 60% 

Capacitance (Input· Output) CI.O - 1.2 - pF f=lMHz 4 

'The Input·Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input·output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), your 
equipment level safety specification, or HP Application Note 1074, "Optocoupler Input-Output Endurance Voltage." 

Notes: 
1. Derate absolute maximum ratings with ambient temperatures as shown in Figures 11 and 12. 
2. A bypass capacitor of 0.01 flF or more is needed near the device between Vee and GND when measuring output and transfer 

characteristics. 
3. 1FLH represents the forward current when the output goes from low to high. 
4. Device considered a two terminal device; pins 1-4 are shorted together and pins 5·8 are shorted together. 
5. For devices with minimum VISO specified at 5000 V rms, in accordance with UL 1577, each optocoupler is proof·tested by applying an 

insulation test voltage ~ 6000 V rms for one second Oeakage current detection limit, 1I-O:S; 200 J-IA). . 
6. The tpLH and tpHL propagation delays are measured from the 50% level of the input pulse to the 50% level of the output pulse. 
7. R2limits the QI and Q2 peak currents. For more applications and circuit design information see Application Note "Power Transistor 

Gate/Base Drive Optocouplers." 
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Figure 2. Test Circuit for Low Level Output Voltage VOIL• Figure 3. Test Circuit for High Level Output Voltage V02R• 

'02 

Figure 4. Test Circuit for Low Level Output Voltage VOIL• Figure 5. Test Circuit for Leakage Current lolL. 

Figure 6. Test Circuit for Leakage Current lolL. Figure 7. Test Circuit for leCR 8Jld leCL. 

Figure 8. Test Circuit for Threshold Input Current IFLR• 
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WAVEFORM.} ~ 
tpLH tpLH - - / \ 

- -- VCM 

VCM 

GND 

] 
- - 90% 

CMH' V02 ! 
- - - I~ - - SO% 

VOUT WAVE FORM - - - 10% 

V02H 
SW AT A, Ip = 10 mA, HCPL-3100 V_ 

T SW AT A, If = 5 mA, HCPL-3101 

h, V02H 

------
...!!- ------

I, 
4-- le!- h, V02L ________ J.~.~~~~------------V~L 

-J--------- GND 
SWATB,IF=OmA 

Figure 9. Test Circuit for tpLlI) t pHL, tro and tl' Figure 10. Test Circuit for CMH and CML. 
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Voltage vs, Ambient Temperature. 
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AC/DC to Logic Interface 
Optocouplers 

Technical Data 

Features 
• Standard (HCPL-3700) and 

Low Input Current 
(HCPL-3760) Versions 

• AC or DC Input 
• Progranunable Sense Voltage 
• Hysteresis 
• Logic Compatible Output 
• Thresholds Guaranteed over 

Temperature 
• Thresholds Independent of 

LED Optical Parameters 
• Recognized under UL 1577 

and CSA Approved for 
Dielectric Withstand Proof 
Test Voltage of 2500 Vac, 1 
Minute 

Applications 
--- • Limit Switch Sensing 

• Low Voltage Detector 
• 5 V-240 V ACIDC Voltage 

Sensing 
• Relay Contact Monitor 
• Relay Coil Voltage Monitor 
• Current Sensing 
• Microprocessor Interfacing 

Description 
The HCPL-3700 and HCPL-3760 
are voltage!current threshold 
detection optocouplers. The 
HCPL-3760 is a low-current 
version of the HCPL-3700. To 
obtain lower current operation, 
the HCPL-3760 uses a high­
efficiency AlGaAs LED which 
provides higher light output at 
lower drive currents. Both 
devices utilize threshold sensing 
input buffer lCs which permit 
control of threshold levels over a 
wide range of input voltages with 
a single external resistor. 

Functional Diagram 

Fli1'l HEWLETT'" 
~e..PACKARD 

HCPL·3700 
HCPL·3760 

HCPL-3700/60 

The input buffer incorporates 
several features: hysteresis for 
extra noise immunity and 
Switching immunity, a diode 
bridge for easy use with ac input 
signals, and internal clamping 

CAUTION: It is advised that normal static precautions be taken in handling and assembly ojthis component to 
prevent damage and/or degradation which may be induced by ESD. 
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diodes to protect the buffer and 
LED from a wide range of over­
voltage and over-current 
transients. Because threshold 
sensing is done prior to driving 
the LED, variations in optical 
coupling from the LED to the 
detector will have no effect on the 
threshold levels. 

The HCPL-3700's input buffer IC 
has a nominal turn on threshold 
of 2.5 rnA (lTH +) and 3.7 volts 
(VTH +). 

Ordering Information 

The buffer IC for the HCPL-3760 
was redesigned to p~rmit a lower 
input current. The nominal turn 
on threshold for the HCPL-3760 
is 1.2 rnA (lTH +) and 3.7 volts 
(VTH +). 

The high gain output stage 
features an open collector output 
providing both TTL compatible 

Specify Part Number followed by Option Number (if desired) 

Example 

HCPL-3700#XXX 

saturation voltages and CMOS 
compatible breakdown voltages. 

By combining several unique 
functions in a single package, the 
user is provided with an ideal 
component for industrial control 
computer input boards and other 
applications where a predeter­
mined input threshold level is 
desirable. 

~ 300 = Gull Wing Surface Mount Option c= 500 = TapeJReel Package Option (1 K min.) 

Option data sheets available. Contact your Hewlett-Packard sales representative or ,authorized distributor for 
information. 

Schematic 

DC· INI'UT Vee 

DC-INPUT GND 
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Package Outline Drawings 
Standard DIP Package 

. 9.90 (0.390) t 9•40 (0.370)_1 

TYPE NUMBER 

DATE CODE 6.10 (0.240) 0.33 (0.013) 
6.60 (0.260) HPXXXX 

YVWWAU 

UL 'I J ~~-7.36 (0.290) L 
7.88 (0.310) 5' TYP. 

--,-t __ _ 4 RECOGNITION 

~1.78 (0.070) MAX. 

m~·185)MAX. 

t--t- 0':1 (0.020) MIN. 
2.92 (0.115) MIN. 
~ 

t 

0.76 (0.030) ___ 1_ I-J 11- 0.65 (0.025) MAX. 
1.40 (0.056) ---.! _ 2.28 (0.090) 

2.80 (0.110) DIMENSIONS IN MILUMETERS AND (INCHES). 

Gull Wing Surface Mount Option 300 
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TYPE NUMBER 
DATE CODE 

MOLDED 

~o~:: ~:~~o)--I 

7 I 
HP XXXX 6.350 ~ 0.25 
YVWW AU (0.250 ~ 0.010) 

~r.-r-r-:l~~ 
UL 
RECOGNITION 

,PAD L(lCATION. (FC).RRIFF.ERE.NC.E (IN!, VI 
: _I I---- 1.016 (0.040) i I 1.194 (0.047) 

, D D D D-'--'-

r 1 Tn>~. 98 (0.370) 1 0 9.906 (0.390) 

D D D D L *( -I j.- 0.381 (0.015) 
1.194 (O.04n 0.&35 (0.025) 
1.778 (0.070) 

-I r(~:~~~) rH(O~:i::~:~O)Hl (~0~7)-1 I---- MAX. ~ 7.62,,0.25 ~ 
MAX. I (0.300 " 0.010) 

~-r 0.20(0.008) 

~ (0~f:5)MAX. ~(0.013) 

1.080" 0.320 -I t' L! --.-~ r 0635" 0 25 l ' (0.04300 0.013) I -- (O.02h 0.010) 
-2.540 0.635,,0.130 12'NOM 
~~ ~~,,~~ . 
BSC 

DIMENSIONS IN MILLIMETERS (INCHES). 
TOLERANCES (UNLESS OTHERWISE SPECIFIED): xx.xx = 0.01 

xx.xxx = 0.005 
LEAD COPLANARITY 
MAXIMUM: 0.102 (0.004) 



Maximum Solder Reflow Thermal Prome 
260 
240 
220 
200 

P 180 
.;. 160 
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ffi 100 
... 80 
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I V , "../ 

rf--~p 
~ 
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F 
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" 

-~ - -------
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TIME - MINUTES 

(NOTE: USE OF NON·CHLORINE ACTIVATED FLUXES IS RECOMMENDED.) 

Regulatory Information 
The HCPL-3700/60 has been 
approved by the following 
organizations: 

UL 
Recognized under UL 1577, 
component recognition program, 
File E55361. 

eSA 
Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 
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Insulation and Safety Related Specifications 
Parameter Symbol Value Units Conditions 

Min. External Air Gap L(lOI) 7.1 mm Measured from input terminals to output terminals, 
(External Clearance) shortest distance through air 

Min. External Tracking L(l02) 7.4 mm Measured from input terminals to output terminals, 
Path (External Creepage) shortest distance path along body 

Min. Internal Plastic 0.08 mm Through insulation distance, conductor to conductor, 
Gap (Internal Clearance) usually the direct distance between the photoemitter 

and photodetector inside the optocoupler cavity 

Tracking Resistance CTI 200 V DIN IEC 112/VDE 0303 PART I 
(Comparative 
Tracking Index) 

Isolation Group IlIa Material Group (DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 

Absolute Maximum Ratings (No derating required up to 70"C) 

Parameter Symbol Min. Max. Units Note 

Storage Temperature Ts -55 125 °C 

Operating Temperature TA -40 85 °C 

Lead Soldering Cycle Temperature 260 °C 1 

Time 10 s 

Input Current Average 50 2 

Surge lIN 140 rnA 2,3 

Transient 500 
Input Voltage (Pins 2-3) VIN -0.5 V 

Input Power Dissipation PIN 230 mW 4 

Total Package Power Dissipation PT 305 mW 5 

Output Power Dissipation Po 210 mW 6 

Output Current Average 10 30 rnA 7 
Supply Voltage (Pins 8-5) Vee -0.5 20 V 

Output Voltage (pins 6-5) Vo -0.5 20 V 

Solder Reflow Temperature ProfIle See Package Outline Drawings section 

Recommended Operating Conditions 
Parameter Symbol Min. Max. Units Note 

Supply Voltage Vee 2 18 V 

Operating Temperature TA 0 70 °C 

Operating Frequency f 0 4 kHz 8 
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Electrical Specifications 
Over Recommended Temperature TA = OOC to 70OC, Unless Otherwise Specified. 

Parameter Sym. Device Min. Typ.l9] Max. Units Conditions Fig. Note 

Input Threshold ITH+ HCPL-3700 1.96 2.5 3.11 rnA VIN = VTH+; Vcc = 4.5 V; 2,3 14 
Current HCPL-3760 0.87 1.2 1.56 Vo = 0.4 V; 10 2: 4.2 rnA 

ITH. HCPL-3700 1.00 1.3 1.62 VIN = VTH.; Vcc = 4.5 V; 

HCPL-3760 0.43 0.6 0.80 Vo = 2.4 V; 10H'" 100 ~ 

Input DC VTH + 3.35 3.7 4.05 V VIN = V2 - V3; Pins 1 & 4 Open 
Threshold (pins 2,3) Vcc = 4.5 V; Vo = 0.4 V; 
Voltage 102: 4.2 rnA 

VTH_ 2.01 2.6 2.86 V VIN = V2 - V3; Pins 1 & 4 Open 
Vcc = 4.5 V; Vo = 2.4 V; 
10 ", 100~ 

I--
AC VTH+ 4.23 4.9 5.50 V VIN = IVI - V4 1; 14,15 
(Pins 1, 4) Pins 2 & 3 Open 

Vcc = 4.5 V; Vo = 0.4 V; 
102: 4.2 rnA 

VTH. 2.87 3.7 4.20 V VIN = IVI - V4 1; 
Pins 2 & 3 Open 
Vcc = 4.5 V; Vo = 2.4 V; 
10 ", 100~ 

Hysteresis IHYS HCPL-3700 1.2 rnA IHYS = ITH + - ITH. 2 

HCPL-3760 0.6 

VHYS 1.2 V VHyS = VTH+ - VTH. 

Input Clamp Voltage VIHCI 5.4 6.0 6.6 V VIHCI = V2 - V3; V3 = GND; 1 
lIN = 10 rnA; Pins 1 & 4 
Connected to Pin 3 

VIHC2 6.1 6.7 7.3 V VIHC2 = IVI - V4 1; 
IIINI = 10 rnA; 
Pins 2 & 3 Open 

VIHC3 12.0 13.4 V VIHC3 = V2 - V3; V3 = GND; 
lIN = 15 rnA; Pins 1 & 4 Open 

VILC -0.76 V VILC = V2 - V3; V3 = GND; 
lIN = -lOrnA 

Input Current lIN HCPL-3700 3.0 3.7 4.4 rnA VIN = V2 - V3 = 5.0 V 5 

HCPL-3760 1.5 1.8 2.2 Pins 1 & 4 Open 

Bridge Diode VDl ,2 HCPL-3700 0.59 V lIN = 3 rnA 
FOlWard Voltage HCPL-3760 0.51 lIN = 1.5 rnA 

VD3,4 HCPL-3700 0.74 lIN = 3 rnA 

HCPL-3760 0.71 lIN = 1.5 rnA 

Logic Low Output VOL 0.1 0.4 V Vcc = 4.5 V; IOL = 4.2 rnA 5 14 
Voltage 

Logic High IOH 100 ~ VOH = Vcc = 18 V 14 
Output Current 

Logic Low Supply ICCL HCPL-3700 1.2 4 rnA V2 - V3 = 5.0 V; Vo = Open; 6 
Current HCPL-3760 0.7 3 Vcc = 5.0V 

Logic High Supply ICCH 0.002 4 ~ Vcc = 18 V; Vo = Open 4 14 
Current 

Input Capacitance CIN 50 pF f = 1 MHz; VIN = 0 V, 
Pins 2 & 3, Pins 1 & 4 Open 
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Switching Specifications 
TA = 25°C, Vcc = 5.0 V, Unless Otherwise Specified. 

Parameter Sym. Device Min. Typ. Max. Units Test Conditions Fig. Note 

Propagation Delay HCPL·3700 4.0 
Time to Logic Low tpHL 15.0 I!" RL = 4.7 kll, CL = 30pF 10 
at Output HCPL-3760 4.5 

7,10 r---: 
Propagation Delay HCPL-3700 10.0 
Time to Logic High tpLH 40.0 I!" RL = 4.7 k!l, CL = 30 pF 11 
at Output HCPL-3760 8.0 

HCPL-3700 20 
Output Rise Time t, I!" RL = 4.7 k!l, CL = 30 pF 
(10-90%) HCPL-3760 14 

8 
HCPL-3700 0.3 

Output Fall Time tr I!" RL = 4.7 k!l, CL = 30 pF 
(90-10%) HCPL-3760 0.4 

Common Mode lIN = 0 rnA, RL = 4.7 kll, 
Transient lmmunity ICMHI 4000 VII!" VOmin = 2.0 V, VCM = 1400 V 
at Logic High Output 

9,11 12, 13 
Common Mode HCPL-3700 lIN = 3.11 rnA RL = 4.7k!l, 
Transient Immunity ICMLi 600 VII!" VOmax = 0.8V 
at Logic Low Output HCPL-3760 lIN = 1.56 rnA VCM = 140V 

Package Characteristics 
Over Recommended Temperature TA = OOC to 70OC, Unless Otherwise Specified. 

Parameter Sym. Min. Typ.l9] Max. Units Conditions Fig. Note 

Input-Output Momentary Viso 2500 Vrms RH ~ 50%, t = 1 min; 16, 
Withstand Voltage* TA = 250C 17 

Input-Output Resistance R1.O 1012 Q V1.O = 500 Vdc 16 

Input-Output Capacitance CI-O 0.6 pF f = 1 MHz; VI-O = 0 Vdc 

'The Input-Output Momentary Withstand Vol~e is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the contiriuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), your 
equipment level safety specification, or HP Application Note 1074, "Optocoupler Input-Output Endurance Voltage." 
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Notes: 
1. Measured at a point 1.6 mm below seating plane. 
2. Current int%ut of any single lead. 
3. Surge input current duration is 3 ms at 120 Hz pulse repetition rate. Transient input current duration is 10 Ils at 120 Hz pulse 

repetition rate. Note that maximum input power, PIN, must be obselVed. 
4. Derate linearly above 70"C free-air temperature at a rate of 4.1 mW/"C. Maximum input power dissipation of 230 mWailows an input 

IC junction temperature of 125"C at an ambient temperature of TA = 70°C with a typical thermal resistance from junction to ambient 
of aJAI = 240"C/W. Excessive PIN and TJ may result in IC chip degradation. 

5. Derate linearly above 70"C free-air temperature at a rate of 5.4 mW/"C. 
6. Derate linearly above 70"C free-air temperature at a rate of 3.9 mW/"C. Maximum output power dissipation of 210 mWaliows an 

output ICjunction temperature of 125"C at an ambient temperature ofTA = 70"C with a typical thermal resistance from junction to 
ambient of a.IAO = 265"C/W. 

7. Derate linearly above 70"C free-air temperature at a rate of 0.6 mA/"C. 
8. Maximum operating frequency is defined when output waveform Pin 6 obtains only 90% of Vee with RL = 4.7 kn, CL = 30 pF using 

a 5 V square wave input signal. 
9. All typical values are at TA = 25"C, Vee = 5.0 V unless otherwise stated. 

10. The tpHL propagation delay is measured from the 2.5 V level of the leading edge of a 5.0 V input pulse (IllS rise time) to the 1.5 V 
level on the leading edge of the output pulse (see Figure 10). 

11. The tpLH propagation delay is measured from the 2.5 V level of the trailing edge of a 5.0 V input pulse (IllS fall time) to the 1.5 V 
level on the trailing edge of the output pulse (see Figure 10). 

12. Common mode transient immunity in Logic High level is the maximum tolerable (positive) dVeMidt on the leading edge of the 
common mode pulse, VeM, to insure that the output will remain in a Logic High state (i.e., Vo > 2.0 V). Common mode transient 
immunity in Logic Low level is the maximum tolerable (negative) dVeMidt on the trai1ing edge of the common mode pulse signal, 
VeM, to insure that the output will remain in a Logic Low state (i.e., Vo < 0.8 V). See Figure 11. 

13. In applications where dVeMidt may exceed 50,000 VlIlS (such as static discharge), a series resistor, Rce, should be included to 
protect the detector IC from destructively high surge currents. The recommended value for Rce is 240 n per volt of allowable drop 
in Vee (between Pin 8 and Vee) with a minimum value of 240 n. 

14. Logic low output level at Pin 6 occurs under the conditions ofVIN 2! VTH+ as well as the range OfVIN > VTH_ once VIN has exceeded 
VTH+. Logic high output level at Pin 6 occurs under the conditions OfVIN ':; VTH_ as well as the range ofVIN < VTH+ once VIN has 
decreased below V TH-. 

15. AC voltage is instantaneous voltage. 
16. Device considered a two terminal device: Pins 1, 2, 3, 4 connected together, and Pins 5, 6,7,8 connected together. 
17. In accordance with UL 1577, each optocoupler is proof tested by applying an insulation test voltage 2! 3000 V rms for 1 second 

(leakage detection current limit, 1"0':; 51!A). 
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Electrical Considerations 
The HCPL-3700/3760 optocoup­
lers have internal temperature 
compensated, predictable voltage 
and current threshold points 
which allow selection of an 
external resistor, Rx, to determine 
larger external threshold voltage 
levels. For a desired external 
threshold voltage, V±, a corre­
sponding typical value of Rx can 
be obtained from Figure 12. 
Specific calculation of Rx can be 
obtained from Equation (1). 
Specification of both V + and V. 
voltage threshold levels simul­
taneously can be obtained by the 
use of Rx and Rp as shown in 
Figure 13 and determined by 
Equations (2) and (3). 

Rx can provide over-current 
transient protection by limiting 
input current during a transient 
condition. For monitoring con­
tacts of a relay or switch, the 
HCPL-3700/3760 in combination 
with Rx and Rp can be used to 
allow a specific current to be 
conducted through the contacts 
for cleaning purposes (wetting 
current). 

The choice of which input voltage 
clamp level to choose depends 
upon the application of this 
device (see Figure 1). It is recom­
mended that the low clamp 
condition be used when possible. 
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The low clamp condition in 
conjunction with the low input 
current feature will ensure 
extremely low input power 
dissipation. 

In applications where dVewdt 
may be extremely large (such as 
static discharge), a series resistor, 
Ree, should be connected in 
series with Vee and Pin 8 to pro­
tect the detector IC from destruc­
tively high surge currents. See 
Note 13 for determination of Ree. 
In addition, it is recommended 
that a ceramic disc bypass 
capacitor of 0.01 JlF be placed 
between Pins 8 and 5 to reduce 
the effect of power supply noise. 

For interfacing ac signals to TTL 
systems, output low pass filtering 
can be performed with a pullup 
resistor of 1.5 kO and 20 JlF 
capacitor. This application, 
requires a Schmitt trigger gate to 
avoid slow rise time chatter 
problems. For ac input applica­
tions, a filter capacitor can be 
placed across the dc input 
terminals for either signal or 
transient filtering. 

Either ac (Pins 1, 4) or dc 
(Pins 2, 3) input can be used to 
determine external threshold 
levels. 

For one specifically selected 
external threshold voltage level 
V+ or V., Rx can be determined 
without use of Rp via 

V-V + (_) TH+(_) 

Rx = (1) 
ITH+ 

(-) 

For two specifically selected 
external threshold voltage levels, 
V + and v., the use of Rx and Rp 
will permit this selection via 
equations (2), (3) provided the 
following conditions are met. If 
the denominator of equation (2) 
is positive, then 

V + VTH+ V + - VTH+ ITH+ 
-~ -and <-
V. VTH. V. - VTH. ITH. 

Conversely, if the denominator of 
equation (2) is negative, then 

V + VTH+ V + - VTH+ ITH+ 
-S--and >-
V. VTH. V. - VTH. ITH. 
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rli~" HEWLETT® 
~~PACKARD 

Optically Coupled 20 rnA 
Current Loop Transmitter 

Technical Data 

Features 
• Guaranteed 20 rnA Loop 

Parameters 
• Data Input Compatible with 

LSTTL, TTL and CMOS 
Logic 

• Guaranteed Performance 
over Temperature (O°C to 
70°C) 

• Internal Shield for High 
Common Mode Rejection 

• 20 kBaud Data Rate at 400 
Metres Line Length 

• Guaranteed On and Off 
Output Current Levels 

• Safety Approval 
UL Recognized -2500 V rms for 

1 minute 
CSA Approved 

• Optically Coupled 20 rnA 
Current Loop Receiver, 
HCPL-4200, Also Available 

Applications 
• Isolated 20 rnA Current 

Loop Transmitter in: 
Computer Peripherals 
Industrial Control Equipment 
Data Communications 

Equipment 

Description 
The HCPL-4100 optocoupler is 
designed to operate as a transmit­
ter in equipment using the 20 rnA 
current loop. 20 rnA current loop 
systems conventionally signal a 
logic high state by transmitting 
20 rnA of loop current (MARK), 
and signal a logic low state by 
allowing no more than a few 
milliamperes of loop current 
(SPACE). Optical coupling of the 
signal from the logic input to the 
20 rnA current loop breaks 
ground loops and provides very 
high immunity to common mode 
interference. 

Functional Diagram 

HCPL-4100 

The HCPL-4100 data input is 
compatible with LSTTL, TTL, or 
CMOS logic gates. The input 
integrated circuit drives a GaAsP 
LED. The light emitted by the 
LED is sensed by a second inte­
grated circuit that allows 20 rnA 
to pass with a voltage drop of less 
than 2.7 volts when no light is 
emitted and allows less than 2 rnA 
to pass when light is emitted. The 
transmitter output is capable of 
withstanding 27 volts. The input 
integrated circuit provides a 
controlled amount of LED drive 
current and takes into account 
any LED light output degrada­
tion. The internal shield allows a 
guaranteed 1000 V/J.IS common 
mode transient immunity. 

lice 0-=-..------. I 10 I _ TRUTH TABLE 
(POSITIVE LOGIC)' 

~ru! 3:: 
"I 
1 -

SHIELD 1-
GND o--=--+--_-<>-...J 4 10 

V, Vee 10 

H ON H 
L ON L 
H OFF H 
L OFF H 

'CURRENT LOOP CONVENTION -
H = MAliK: 102: 12 rnA. 
L· SPACE: 10 s 2 mAo 

A 0.1 ~ bypass capacitor connected between pins 8 and 5 is recommended. 

CAUTION: It is advised that normal static precautions be taken in handling and assembly ojthis component to 
prevent damage and/or degradation Which may be induced by ESD. 
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Ordering Information 
Specify part number followed by Option Number (if desired). 

HCPL-4100# XXX 

T 300 = Gull Wing Surface Mount Lead Option c= 500 = TapeJReel Package Option (1 K min) 

Option data sheets available. Contact your Hewlett-Packard sales representative or authorized distributor for 
infonnation. 

Package Outline Drawings 
8-Pin DIP Package (HCPL-4100) 
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(0.043 .0 0.013) 
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8-Pin DIP Package with Gull Wing Surface Mount Option 300 (HCPL-4100) 
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LEAO COPLANARITY = 0.10 mm (0.004 INCHES). 

Thermal Profile (Option #300) 

260 
240 
220 
200 

!.I 180 
I 160 III 

a: 140 :::> 
~ 120 
a: 100 III 

./ "-
I , 

"- AT = 145°C, I·ClSEC 
AT = 115·C 0_3·ClSEC ..z 

I ,... "-, .,..., 
" ~ "-p " /rJ 

D. 80 :; 
I!! 60 

40 
20 

/JI--- AT = 100·C, 1.5·ClSEC 

I ~ 
~ I 

0 
o 2 3 4 5 6 7 8 9 10 11 12 

TIME - MINUTES 

Figure 1. Maximum Solder Reflow Thermal Prof"Ile. 
(Note: Use of non-chlorine activated fluxes is recommended.) 
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Regulatory Infonnation 
The HCPL-4100 has been 
approved by the following 
organizations: 

UL 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

Insulation and Safety Related Specifications 
Parameter Symbol Value Units 

CSA 
Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

Conditions 

Min. External Air Gap L(101) 7.1 mm Measured from input terminals to output 
(External Clearance) terminals, shortest distance through air 

Min. External Tracking Path L(l02) 7.4 mm Measured from input terminals to output 
(External Creepage) terminals, shortest distance path along body 

Min. Internal Plastic Gap 0.08 mm Through insulation distance, conductor to 
(Internal Clearance) conductor, usually the direct distance 

between the photoemitter and photodetector 
inside the optocoupler cavity 

Tracking Resistance CTl 200 Volts DIN IEC 112/VDE 0303 PART 1 
(Comparative Tracking Index) 

Isolation Group IlIa Material Group (DIN VDE 0110,1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 

Absolute Maximum Ratings 
(No Derating Required up to 55"C) 
Storage Temperature .................................................. -55°C to + 125°C 
Operating Temperature ................................................. -40°C to +85°C 
Lead Solder Temperature .... 260°C for 10 s (1.6 mm below seating plane) 
Supply Voltage - Vee .............................................................. 0 V to 20 V 
Average Output Current - 10 ........................................ -30 rnA to 30 rnA 
Peak Output Current - 10 . .... .......... ... ........ .... ............. Internally Limited 
Output Voltage - Vo ........................................................ -0.4 V to 27 V 
Input Voltage - \1 ............................................................ -0.5 V to 20 V 
Input Power Dissipation - PI ................................................. 265 mwtlJ 
Output Power Dissipation - Po ............................................. 125 mwt2] 
Total Power Dissipation - P .................................................. 360 mW[3] 
Infrared and Vapor Phase Reflow Temperature 

(Option #300) .......................................... see Fig. 1, Thermal Profile 
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Recommended Operating Conditions 
Parameter Symbol Min. Max. Units 

Power Supply Voltage Vee 4.5 20 Volts 
Input Voltage Low VIL 0 0.8 Volts 
Input Voltage High VIR 2.0 20 Volts 
Operating Temperature TA 0 70 "C 
Output Voltage Vo 0 27 Volts 
Output Current 10 0 24 rnA 

DC Electrical Specifications 
For O°C $ TA $ 70"C, 4.5 V $ Vee $ 20 V, all typicals at TA = 25"C and Vee = 5 V unless otherwise noted. 
See note 12. 

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Note 
Mark State Output VMO 1.8 2.25 Volts 10 = 2 rnA VI = 2.0V 2,3 
Current 2.2 Volts 10 = 12 rnA 

2.35 2.7 Volts 10 = 20 rnA 
Mark State Short Ise 30 85 rnA VI = 2 V, Vo = 5 V to 27 V 4 
Circuit Output 
Current 
Space State Input Iso 0.5 1.1 2.0 rnA VI = 0.8 V, Vo = 27 V 4 
Current 
Low Level Input IlL -0.12 -0.32 rnA Vee = 20 V, VI = 0.4 V 
Current 
Low Level Input VIL 0.8 Volts 
Voltage 
High Level Input VIH 2.0 Volts 
Voltage 
High Level Input IIH 20 ~ VI = 2.7V 
Current 100 ~ VI = 5.5 V 

0.005 250 ~ VI = 20V 
Supply Current Icc 7.0 11.5 rnA Vee = 5.5 V OV$ VI $ 20V 

7.8 13 rnA Vee = 20V 
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Switching Specifications 
For O"C S; TA S; 70°C, 4.5 V S; Vcc S; .20 V, all typicals at TA = 25"C and Vcc = 5 V unless otherwise noted. 
See note 12. 

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Note 
Propagation Delay Time tpLH 0.3 1.6 J.lS Co = 1000pF, 5,6, 6 
to Logic High Output Level CL = 15pF, 7 

10 = 20 rnA 
Propagation Delay Time tpHL 0.2 1.0 IJ.S Co = lOoopF, 5,6, 7 
to Logic Low Output Level CL = 15pF, 7 

10 = 20 rnA 
Propagation Delay Time tpLH-tpHL 0.1 J.lS 10 = 20 rnA 
Skew 

Output Rise Time 1;,- 16 ns 10 = 20mA, 6,8 8 
(10-90%) Co = loo0pF, 

CL = 15pF 

Output Fall Time tr 23 ns 10 = 20mA, 6,8 9 
(90-10%) Co = loo0pF, 

CL = 15pF 

Common Mode Transient ICMHI 1,000 10,000 V/J.lS Vi = 2V, 9, 10 10 
Immunity at Logic High TA = 25"C 
Output Level VCM = 50 V (peak), 

Vcc = 5V 
10 (min.) = 12 rnA 

Common Mode Transient ICMLI 1,000 10,000 V/J.lS Vi = 0.8 V, 9,10 11 
Immunity at Logic Low TA = 25"C 

. Output Level VCM = 50 V (peak), 
Vce = 5V 
10 (max.) = 3 rnA 

Package Characteristics 
For O°C S; TA S; 70°C, unless otherwise specified. All typicals at TA = 25"C. 

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Notes 
Input-Output Momentary V1SO 2500 Vrms RH S; 50%, t = 1 min, 
Withstand Voltage* TA = 25°C 5, 13 

Resistance, Input-Output RI.Q 1012 ohms VJ.Q = 500 V dc 5 

Capacitance, Input-Output ~.Q 1 pF f= 1 MHz, 
V1.Q = OVdc 5 

'The Input·Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), 
your equipment level safety specification, or HP Application Note 1074, "Optocoupler Input-Output Endurance Voltage." 

1-366 



Notes: 
1. Derate linearly above 55"C free air 

temperature at a rate of 3.8 mW/oC. 
Proper application of the derating 
factors will prevent Ie junction 
temperatures from exceeding 125°C 
for ambient temperatures up to 85°C. 

2. Derate linearly above a free-air 
temperature of 70"C at a rate of 2.3 
mW/oC. A significant amount of 
power may be dissipated in the 
HCPL-4100 output circuit during the 
transition from the SPACE state to 
the MARK state when driving a data 
line or capacitive load (COUT)' The 
average power dissipation during the 
transition can be estimated from the 
following equation which assumes a 
linear discharge of a capacitive load: 

P = Isc (V so + V MO)!2, where V so is 
the output voltage in the SPACE 
state. The duration of this'transition 
can be estimated as t = COUT (V so -
VMO)!Isc. For typical applications 
driving twisted pair data lines with 
NRZ data as shown in Figure 1 I, the 
transition time will be less than 10% 
of one bit time. 
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Figure 2. Typical Mark State Output 
Voltage vs. Temperature. 

3. Derate linearly above 55°C free-air 
temperature at a rate of 5.1 mWfOC. 

4. The maximum current that will flow 
into the output in the mark state (lSC) 
is ii1ternaliy limited to protect the 
device. The duration ofthe output 
short circuit shall not exceed 10 ms. 

5. The device is considered a two 
terminal device, pins 1, 2, 3, and 4 
are connected together, and pins 5, 
6,7, and 8 are connected together. 

6. The tpLH propagation delay is 
measured from the 1.3 volt level on 
the leading edge of the input pulse to 
the 10 rnA level on the leading edge 
of the output pulse. 

7. The tpHL propagation delay is 
measured from the 1.3 volt level on 
the trailing edge of the input pulse to 
the lOrnA level on the trailing edge 
of the output pulse. 

8. The rise time, tr, is measured from the 
10% to the 90% level on the rising 
edge of the output current pulse. 
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I 

3. 

3. 
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Figure 3. Typical Output Voltage vs. 
Loop Current. 

9. The fall time, tr, is measured from the 
90% to the 10% level on the falling 
edge of the output current pulse, 

10. Common mode transient immunity in 
the logic hlgh level is the maximum 
(positive) dVCM/dt on the leading 
edge of the common mode pulse, 
VCM , that can be sustained with the 
output in a Mark ("H") state (i.e" 
10> 12 rnA). 

11. Common mode transient immunity in 
the logic low level is the maximum 
(positive) dVcM/dt on the leading 
edge of the common mode pulse, 
VCM' that can be sustained with the 
output in a Space ("L") state (i.e., 10 
< 3 rnA). 

12. Use of a 0.11J.F' bypass capacitor 
connected between pins 5 and 8 is 
recommended. 

13. In accordance with UL 1577, each 
optocoupler is momentary withstand 
proof tested by applying an insulation 
test voltage;;, 3000 V rms for 1 
second (leakage detection current 
limit, li.o';; 5 ItA). 
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Figure 4. Typical Space State Output 
Current vs. Temperature. 
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Figure 6. Waveforms for t pLH• t PHL• t .. and t,. 
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Applications 
Data transfer between equipment 
which employs current loop 
circuits can be accomplished via 
one of three configurations: 
simplex, half duplex or full 
duplex communication. With 
these configurations, point-to­
point and multidrop arrangements 
are possible. The appropriate 
configuration to use depends 
upon data rate, number of 
stations, number and length of 
lines, direction of data flow, 
protocol, current source location 
and voltage compliance value, 
etc. 

Simplex 
The simplex conflguration, 
whether point to point or multi­
drop, gives unidirectional data 
flow from transmitter to trans­
mitter(s). This is the simplest 
conflguration for use in long line 
length (two wire), moderate data 
rate, and low current source 
compliance level applications. A 
block diagram of simplex point to 
point arrangement is given in 
Figure 11 for the HCPL-4100 
transmitter optocoupler. 

DATA 

r 
I 
I 
I 
I 

I 

ISOLATED 
STATION 

XMTR 
HCPL-4,OII 

I I 
I I 
L _____ J 

Major factors which limit maxi­
mum data rate performance for a 
simplex loop are the location and 
compliance voltage of the loop 
current source as well as the total 
line capacitance. Application of 
the HCPL-4100 transmitter in a 
simplex loop necessitates thtat a 
non-isolated active receiver 
(containing current source) be 
used at the opposite end of the 
current loop. With long line 
length, large line capacitance will 
need to be charged to the 
compliance voltage level of the 
current source before the 
receiver loop current decreases 
to zero. This effect limits upper 
data rate performance. Slower 
data rates will occur with larger 
compliance voltage levels. The 
maximum compliance level is 
determined by the transmitter 
breakdown characteristic. In 
addition, adequate compliance of 
the current source must be 
available for voltage drops across 
station(s) during the MARK state 
in multidrop applications for long 
line lengths. 

_-ISOLATED 
STATION r-----, 

I I 
120mA I 
I­ I 

I 
I 
I 
I 

I I 1... ____ --1 

DATA 

Figure 11. Simplex Point to Point Current Loop System Configuration. 

In a simplex multidrop applica­
tion with multiple HCPL-4100 
transmitters and one non-isolated 
active receiver, priority of 
transmitters must be established. 

A recommended non-isolated 
active receiver circuit which can 
be used with the HCPL-4100 in 
point-to-point or in multidrop 20 
rnA current loop applications is 
given in Figure 12. This non­
isolated active receiver current 
threshold must be chosen 
properly in order to provide 
adequate noise immunity as well 
as not to detect SPACE state 
current (bias current) of the 
HCPL-4100 transmitter. The 
receiver input threshold current 
is Vth/Rth ~ lOrnA. A simple 
transistor current source provides 
a nominal 20 rnA loop current 
over a Vee compliance range of 6 
V dc to 27 V dc. A resistor can be 
used in place of the constant 
current source for simple 
applications where the wire loop 
distance and number of stations 
on the loop are flxed. A minimum 
transmitter output load capac­
itance of 1000 pF is required 
between pins 3 and 4 to ensure 
absolute stability. 

Length of current loop (one 
direction) versus minimum 
required DC supply voltage, Vee, 
of the circuit in Figure 12 is 
graphically illustrated in Figure 
13. Multidrop configurations will 
require larger Vee than Figure 13 
predicts in order to account for 
additional station terminal 
voltage drops. 

Typical data rate performance 
versus distance is illustrated in 
Figure 14 for the combination of 
a non-isolated active receiver and 
HCPL-4100 optically coupled 
current loop transmitter shown in 
Figure 12. Curves are shown for 
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Figure 12. Recommended Non-Isolated Active Receiver with HCPL-4100 Isolated Transmitter for Simplex Point to Point 
20 rnA Cnrrent Loop. 

25% distortion data rate at 
different Vee values. 25% 
distortion data rate is defined as 
that rate at which 25% distortion 
occurs to output bit interval with 
respect to the input bit interval. 
Maximum data rate (dotted line) 
is restricted by device character­
istics. An input Non-Return-to­
Zero (NRZ) test waveform of 16 
bits (0000001011111101) was 
used for data rate distortion 
measurements. Enhanced speed 
performance of the loop system 
can be obtained with lower Vee 
supply levels, as illustrated in 
Figure 14. In addition, when loop 
current is supplied through a 
resistor instead of by a current 
source, an additional series 
termination resistance equal to 
the characteristic line impedance 
can be used at the HCPL-4100 
transmitter end to enhance speed 
of response by approximately 
20%. 
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The cable used contained five 
pairs of unshielded, twisted, 22 
AWG wire (Dearborn #862205). 
Loop current is 20 rnA nominal. 
Input and output logic supply 
voltages are 5 V dc. 

Full Duplex 
The full duplex point-to-point 
communication of Figure 15 uses 

40 

36 

32 

26 

~ 24 

~ 20 
I 

~ 16 

12 

Vee = 0.00212 ~ (L) + 5.7 V 

I- RCABLE = 0.05266 nlm 
f-- ILOOP • 20 mA 

YMARK = 2.7 Vdc (HCPL-4100) 
t-- YSAT = 1.5 Yd. (CURRENT SOURCE) I 

TA = 25°C 

/ 
/ 

./ 

o 
o "" 100 1000 10000 

L - LOOP LENGTH (ONE DIRECTION) METERS 

Figure 13. Minimum Required Supply 
Voltage, Vee, vs. Loop Length for 
Current Loop Circuit of FIgure 13. 

a four wire system to provide 
simultaneous, bidirectional data 
communication between local 
and remote equipment. The basic 
application uses two simplex 
point-to-point loops which have 
two separate, active, non-isolated 
units at one common end of the 
loops. The other end of each loop 
is isolated. 

--2&!10 ISTORTION 
DATA RATE ___ II1!1DISTORTION 

k:----.:::,.,.4-----DATA RATE 
___ MAXIMUM DATA 

RATE «25lI DISTORTION) 

L - LOOP LENGTH lONE DIRECTION)- METRES 

Figure 14. Typical Data Rate vs. 
Distance and Supply Voltage. 



As Figure 15 illustrates, the 
combination of Hewlett-Packard 
current loop optocouplers, HCPL-
4100 transmitter and HCPL-4200 
receiver, can be used at the 
isolated end of current loops. 
Cross talk and common mode 
coupling are greatly reduced 
when optical isolation is imple­
mented at the same end of both 
loops, as shown. Full duplex data 
rate is limited by the non-isolated 
active transmitter current loop. 
Comments mentioned under 
simplex configuration apply to 
the full duplex case. Consult the 
HCPL-4200 receiver optocoupler 
data sheet for specified device 
performance. 

Half Duplex 

The half duplex configuration, 
whether point to point or multi­
drop, gives non-simultaneous 
bidirectional data flow from 
transmitters to transmitters 
shown in Figures 16a and 16b. 

DATA 

DATA 

NON-ISOLATED STATION ,-----, 
I ....---..---' 

'-____ -l 

This configuration allows the use 
of two wires to carry data back 
and forth between local and 
remote units. However, protocol 
must be used to determine which 
specific transmitter can operate 
at any given time. Maximum data 
rate for a half duplex system is 
limited by the loop current 
charging time. These considera­
tions were explained in the 
Simplex configuration section. 

Figures 16a and 16b illustrate 
half duplex application for the 
combination of HCPL-41 00/-4200 
optocouplers. The unique and 
complementary designs of the 
HCPL-4100 transmitter and 
HCPL-4200 receiver optocoup­
lers provide many designed-in 
benefits. For. example, total 
optical isolation at one end of the 
current loop is easily accom­
plished, which results in 
substantial removal of common 
mode influences, elimination of 

DATA 

DATA 

Figure 15. Full Duplex Point to Point Current Loop System Configuration. 

ground potential differences and 
reduction of power supply 
requirements. With this combina­
tion of HCPL-41 00/-4200 opto­
couplers, specific current loop 
noise immunity is provided, i.e., 
minimum SPACE state current 
noise immunity is 1 rnA, MARK 
state noise immunity is 8 rnA. 

Voltage compliance of the current 
source must be of an adequate 
level for operating all units in the 
loop while not exceeding 27 V dc, 
the maximum breakdown voltage 
for the HCPL-4100. Note that the 
HCPL-4100 transmitter will allow 
output loop current to conduct 
when input Vee power is off. 
Consult the HCPL-4200 receiver 
optocoupler data sheet for 
specified device performance. 

For more information about the 
HCPL-4100/-4200 optocouplers, 
consult Application Note 1018. 
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Figure 16. Half Duplex Current Loop System Configurations for (a) Point to Point, (b) Multidrop. 
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Fli'PW HEWLETT<D> 
a!~PACKARD 

Optically Coupled 20 rnA 
Current Loop Receiver 

Technical Data 

Features 
• Data Output Compatible 

with LSTTL, TTL and CMOS 
• 20 K Baud Data Rate at 1400 

Metres Line Length 
• Guaranteed Performance 

over Temperature (O°C to 
70°C) 

• Guaranteed On and Off 
Thresholds 

• LED is Protected from 
Excess Current 

• Input Threshold Hysteresis 
• Three-State Output Compat­

ible with Data Buses 
• Internal Shield for High 

Common Mode Rejection 
• Safety Approval 

UL Recognized -2500 V nus, 
for 1 Minute 

CSA Approved 
• Optically Coupled 20 rnA 

Current Loop Transmitter, 
HCPL-4100, Also Available 

Applications 
• Isolated 20 rnA Current 
• Loop Receiver in: 

Computer Peripherals 
Industrial Control Equipment 
Data Communications 

Equipment 

Description 
The HCPL-4200 optocoupler is 
designed to operate as a receiver 
in equipment using the 20 rnA 
Current Loop. 20 rnA current 
loop systems conventionally sig­
nal a logic high state by transmit­
ting 20 rnA of loop current 
(MARK), and signal a logic low 
state by allowing no more than a 
few milliamperes of loop current 
(SPACE). Optical coupling of the 
signal from the 20 rnA current 
loop to the logic output breaks 
ground loops and provides for a 
very high common mode 
r!\iection. The HCPL-4200 aids in 
the design process by providing 

Functional Diagram 

I+~I 
~ D ~l 
1- I 

2 I 
SHIELD I 

HCPL-4200 

guaranteed thresholds for logic 
high state and logic low state for 
the current loop, providing an 
LSTTL, TTL, or CMOS compatible 
logic interface, and providing 
guaranteed common mode 
rejection. The buffer circuit on 
the current loop side of the 
HCPL-4200 provides typically 0.8 
rnA of hysteresis which increases 
the immunity to common mode 
and differential mode noise. The 
buffer also provides a controlled 
amount of LED drive current 
which takes into account any 
LED light output degradation. 
The internal shield allows a 
guaranteed 1000 V/IJS common 
mode transient immunity. 

_10 

L-----~--_4--_oGND 
5 

TRUTH TABLE 
(POSITIVE LOGIC)" 

I 
H H Z 
L H Z 
H L H 
L L L 

"CURRENT LOOP CONYEN110N ~ 
H=MARK:II~12mA. 
L=8PACE: 1,:S3mA. 
Z = OFF (HIGH IMPEDANCE) STAtE. 

A 0.1 !1F' bypass capacitor connected between pins 8 and 5 is recommended. 

CAUTION: It is advised that normal static precautions be taken in ha;rutling and assemb/;Y of this component to 
prevent damage and/or degradation which may be induced by ESD; 
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Ordering Information 
Specify part number followed by Option Number (if desired). 

HCPL-4200# XXX 

T 300 = Gull Wing Surface Mount Lead Option c= 500 = Tape/Reel Package Option (1 K min) 

Option data sheets available. Contact your Hewlett-Packard sales representative or authorized distributor for 
information. 

Package Outline Drawings - 8 Pin DIP Package (HCPL-4200) 

1.080 ± 0.320 _ 
(0.043 ± 0.013) 

h 9.65 ± 0.25 ~ I f}, (0.380: 0.010) r{ll 
TYPE NUMBER 

HP xxxx DATE CODE 

m 4.70 (t.185) MAX. 

0= 0.1 (0.020) MIN. 
2.92 (0.115) MIN. 

":,:~ 
1_ 1-1 1 1- 0.65 (0.025) MAX. -.J _ 2.54" 0.25 

(0.100" 0.010) 

7.62:0.25t (0.300 ± 0.010) 

6.35,,0.25 
(0.250 ± 0.010) 

5'TYP. 

DIMENSIONS IN MILUMETERS AND (INCHES). 

8 Pin DIP Package with Gull Wing Surface Mount Option 300 (HCPL-4200) 
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h 9.65 ± 0.25 rl 
1 F.h (0.38h 0.010) I'li1 1 

I 
6.350 '" 0.25 

(0.250 '" 0.010) 

o ~ 

-I r(~:~~~) 
1.19 -I r MAX. (0.047) 
MAX. 

~ (0·i65)MAX. ttb:rl:h:d~ 

!'.~D_~~C::A,!IQ~_(~~",!",!~!,_J;~!'.~~_J;~~h~l __________ _ 

: ---j I+- 1.016 (0.040) 
i I I 1.194 (0.047) 

, 0 CJ CJ 0 --.---.-

t r(~:~~~)TYP' 9.398 (0.370) 
, 9.906 (0.390) 

o CJ CJ oLt + 
-I ~ ~O.o15) 

1.194 (0.047) 0.635 (0.025) 
_______ ~:?!~_(O:~!~) ________________________________ _ 

(0.380 ± 0.010) 9.65:0.25 ill 
7.62 ± 0.25 Do.300 ± 0'010~ + 0.076 10.254 - 0.051 

(0010+ 0.003) 
• -0.002) 

I
, I 

1.080 ± 0.320 - t' L' (0.043 ± 0.013) - 2.54 

'-1 1 0.635 ± 0.25 It 
I ~ ~0.025: 0.010) 

0.635: 0.130 12' NOM. 

(0.100) 
BSC 

(0.025 " 0.005) 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 



Thermal Profile (Option #300) 
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Figure 1. Maximum Solder Reflow Thermal Profile. 
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(Note: Use of non-chlorine activated fluxes is recommended.) 

UL CSA Regulatory Information 
The HCPL-4200 has been 
approved by the following 
organizations: 

Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

Insulation and Safety Related Specifications 
Parameter Symbol Value Units Conditions 

Min. External Air Gap L(101) 7.1 rom Measured from input terminals to output 
(External Clearance) terminals, shortest distance through air 

Min. External Tracking Path L(l02) 7.4 mm Measured from input terminals to output 
(External Creepage) terminals, shortest distance path along body 

Min. Internal Plastic Gap 0.08 rom Through insulation distance, conductor to 
(Internal Clearance) conductor, usually the direct distance 

between the photoemitter and photodetector 
inside the optocoupler cavity 

Tracking Resistance CTI 200 volts DIN IEC 112NOE 0303 PART 1 
(Comparative Tracking Index) 

Isolation Group IlIa Material Group (DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 
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Absolute Maximum Ratings 
(No Derating Required up to 70"C) 
Storage Temperature .................................................. -55°0 to + 125°C 
Operating Temperature ................................................. -40°C to +85°C 
Lead Solder Temperature .... 260°C for 10 s (1.6 rom below seating plane) 
Supply Voltage - Vee ............................................................... 0 V to 20 V 
Average Input Current - II ........................................... -30 rnA to 30 rnA 
Peak Transient Input Current - II ............................................... 0.5 All) 
Enable Input Voltage - VE ................................................ -0.5 V to 20 V 
Output Voltage - Vo ........................................................ -0.5 V to 20 V 
Average Output Current - 10 ....................................................... 25 rnA 
Input Power Dissipation - PI ................................................... 90 mW(2) 

Output Power Dissipation - Po ............................................. 210 mW13) 
Total Power Dissipation - P .................................................. 255 mW14) 
Infrared and Vapor Phase Reflow Temperature 

(Option #300) .......................................... see Fig. 1, Thermal Prome 

Recommended Operating Conditions 
Parameter Symbol Min. Max. Units 

Power Supply Voltage Vee 4.5 20 Volts 
Forward Input Current lSI 0 2.0 rnA 
(SPACE) 
Forward Input Current 1M! 14 24 rnA 
(MARK) 
Operating Temperature TA 0 70 °C 
FanOut N 0 4 ·TTL Loads 
Logic Low Enable VEL 0 0.8 Volts 
Voltage 
Logic High Enable VEH 2.0 20 Voits 
Voltage 
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DC Electrical Speciflcations 
For OOC S TA S 70°C, 4.5 V S Vee S 20 V; VE = 0.8 V, all typicals at TA = 25°C and Vee = 5 V unless otherwise 
noted. See note 13. 

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Note 
Mark State Input 1M! 12 rnA 2,3, 
Current 4 
Mark State Input VMI 2.52 2.75 Volts II = 20 rnA VE = Don't Care 4,5 
Voltage 
Space State Input lSI 3 rnA 2,3, 
Current 4 
Space State Input VSI 1.6 2.2 Volts II = 0.5 to 2.0 rnA VE = Don't 2,4 
Voltage Care 
Input Hysteresis IHYS 0.3 0.8 rnA 2 
Current 
Logic Low Output VOL 0.5 Volts IOL = 6.4 rnA II = 3 rnA 6 
Voltage (4 TTL Loads) 
Logic High Output VOH 2.4 Volts IOH = -2.6 rnA, II = 12 rnA 7 
Voltage 
Output Leakage IOHH 100 IJA Vo = 5.5V II = 20 rnA 
Current (VOUT > Vee) 500 IJA Vo = 20V Vee = 4.5 V 

Logic High Enable VEH 2.0 Volts 
Voltage 
Logic Low Enable VEL 0.8 Volts 
Voltage 
Logic High Enable IEH 20 IJA VE = 2.7V 
Current 100 IJA VE = 5.5V 

0.004 250 IJA VE = 20V 
Logic Low Enable IEL -0.32 rnA VE = 0.4 V 
Current 
Logic Low Supply IeeL 4.5 6.0 rnA Vee = 5.5 V 11 = o rnA 
Current 5.25 7.5 rnA Vee = 20V VE = Don't Care 

Logic High Supply IeeH 2.7 4.5 rnA Vee = 5.5 V II = 20 rnA 
Current 3.1 6.0 rnA Vee = 20V VE = Don't Care 

High Impedance IoZL -20 IJA Vo = 0.4 V VE = 2 V, 
State Output IozH 20 IJA Vo = 2.4 V II = 20 rnA 
Current 100 IJA Vo = 5.5V 

500 IJA Vo = 20V 
Logic Low Short IOSL 25 rnA Vo = Vee = 5.5 V 11 = o rnA 5 
Circuit Output 

40 rnA Vo = Vee = 20V Current 

Logic High Short IosH -10 rnA Vee = 5.5 V II = 20 rnA 5 
Circuit Output 

-25 rnA Vee = 20V 
Vo = GND 

Current 
Input Capacitance CIN 120 pF f = 1 MHz, \'I = 0 V dc, 

Pins 1 and 2 
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Switching Specifications 
For OOC S; TA S; .70°C, 4.5 V S; Vcc S; 20 V, VE= 0.8 V, alltypicals at TA = 250C and Vcc =·5 V unless 
otherwise noted. See note 13. 

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. 
Propagation Delay Time tpLH 0.23 1.6 ~ VE = OV, 8,9, 
to Logic High Output Level CL = 15pF 10 
Propagation Delay Time tpHL 0.17 1.0 ~ VE = OV, 8,9, 
to Logic Low Output Level CL = 15pF 10 

Propagation Delay Time tpLH-tpHL 60 ns II = 20mA, 8,9, 
Skew CL = 15pF 10 

Output Enable Time to tJPLL 25 ns II = 0mA, 12,13, 
Logic Low Level CL = 15pF 15 

Output Enable Time to tPZH 28 ns II = 20mA, 12,13, 
Logic High Level CL = 15pF 14 

Output Disable Time to tpLZ 60 ns II = OmA, 12,13, 
Logic Low Level CL = 15pF 15 

Note 

7 

8 

Output Disable Time to tpHZ 105 ns II = 20 mA, 12,13, . 
Logic High Level CL = 15pF 14 

Output Rise Time IT 55 ns Vcc = 5V, 8,9, 9 
(10-90%) CL = 15pF 11 
Output Fall Time If 15 ns Vcc =5V, 8,9, 10 
(90-10%) CL = 15pF 11 
Common Mode Transient ICMHI 1,000 10,000 V/~ VCM = 50 V (peak) 16 11 
Immunity at Logic High 11 = 12 mA, 
OUtput Level TA = 250C 

Common Mode Transient ICMLI 1,000 10,000 V/J.ls VCM = 50 V (peak) 16 12 
Immunity at Logic Low 11 = 3mA, 
Output Level TA = 250C 

Package Characteristics 
For O°C S; TA S; 70°C, unless otherwise specified. All typicals at TA = 25°C. 

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Notes 

Input-Output Momentary VISO 2500 Vrms RH S; 50%, t = 1 min, 6, 14 
Withstand Voltage* TA = 25°C 

Resistance, Input-Output RI-O 1012 ohms VI.O = 500 V dc 6 

Capacitance, Input-Output CI-O 1.0 pF f = 1 MHz, VI-O = 0 V 6 

'The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), 
your equipment level safety specification, or HP Application Note 1074, "Optocoupler Input-Output Endurance Voltage." 
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Notes: 
1. S 1 !!s pulse width, 300 pps. 
2. Derate linearly above 70'C free ajr 

temperature at a rate of 1.6 mWfDC. 
Proper application of the derating 
factors will prevent IC junction 
temperatures from exceeding 125'C 
for ambient temperatures up to 85'C. 

3. Derate linearly above 70'C free ajr 

temperature at a rate of 3.8 mW/'C. 
4. Derate linearly above 70'C free ajr 

temperature at a rate of 4.6 mW/'C. 
5. Duration of output short circuit time 

shall not exceed 10 ms. 
6. The device is considered a two 

terminal device, pins 1, 2, 3, and 4 
are connected together and pins 5, 6, 
7, and 8 are connected together. 

I"I~AX:" IM,IIMIN.,\ 
3.DmA 12iA 

= ~ IOH' -UiA 

r--

"'MA~K STATE" 

-IHV8 

I 
IOL· T. 1.2II'C 
e.4mA j'4.liV 

I 
10 15 

II -INPUT CURRENT - ntA 

Figure 2. Typical Output Voltage VII. 
Loop Current. 

2.a 

; 
2.a I .. 

~ 
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~ 
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11-2GmA ... ..... 
~~. .. ... 11=12mA 

• • I 

-> 

2.2 
-50 -25 26 50 78 100 

T A - AMBIENT TEMPERATURE -'C 

Figure II. Typical Input Voltage vs. 
Temperature. 

20 

7. The tpLH propagation del,*, is 
measured from the 10 rnA level on 
the leading edge of the input pulse to 
the 1.3 V level on the leading edge of 
the output pulse. 

8. The tpHL propagation del,*, is 
measured from the 10 rnA level on 
the trailing edge of the input pulse to 
the 1.3 V level on the trailing edge of 
the output pulse. 

9. The rise time, tr, is measured from the 
10% to the 90% level on the rising 
edge of the output logic pulse. 

10. The fall time, tr, is measured from the 
90% to the 10% level on the falling 
edge of the output logic pulse. 

11. Common mode transient immunity in 
the logic high level is the maximum 
(negative) dVCM/dt on the trailing 
edge of the common mode pulse, 

10 

t::::: 
.. 

j... ~ 
.. .. 

f:( .. .. .. .. .. 

a 
-50 -25 25 so 7S 100 

TA - AMBIENT TEMPERATURE -'C 

Figure 8. Typical Current Switching 
Threshold vs. Temperature. 

1.0 

> 0.9 
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TA - TEMPERATURE -'C 

Figure 6. Typical Logic Low Output 
Voltage VII. Temperature. 

VCM ' which can be sustained with the 
output voltage in the logic high state 
(i.e., Va:2: 2 V). 

12. Common mode transient immunity in 
the logic low level is the maximum 
(positive) dVcM/dt on the leading 
edge of the common mode pulse, 
VCM' which can be sustained with the 
output voltage in the logic low state 
(i.e., Va S 0.8 V). 

13. Use of a 0.11!F bypass capacitor 
connected between pins 5 and 8 is 
recommended. 

14. In accordance with UL 1577, each 
optocoupler momentary withstand is 
proof tested by applying an insulation 
test voltage:2: 3000 V rms for 1 
second (leakage detection current 
limit, li_o S 5 1lA). 
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Figure 4. Typical Input Loop Voltage 
VII. Input Current. 
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oliO -40 -20 a 20 40 80 80 100 

TA - TEMPERATURE -'C 

Figure 7. Typical Logic High Output 
Current vs. Temperature. 
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Figure 10. Typical Propagation Delay vs. Temperature. 
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Figure 14. Typical Logic High Enable Propagation Delay vs. Figure 15. Typical Logic Low Enable Propagation Delay vs. 
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Figure 16. Test Circuit for Common Mode Transient 
Immunity. 

Applications 
Data transfer between equipment 
which employs current loop 
circuits can be accomplished via 
one of three configurations: 
simplex, half duplex or full 
duplex communication. With 
these configurations, point-to­
point and multidrop arrangements 
are possible. The appropriate 
configuration to use depends 
upon data rate, number of 
stations, number and length of 
lines, direction of data flow, 
protocol, current source location 
and voltage compliance value, 
etc. 

Simplex 
The simplex configuration, 
whether point to point or multi­
drop, gives unidirectional data 
flow from transmitter to 
receiver(s). This is the simplest 

configuration for use in long line 
length (two wire), for high data 
rate, and low current source 
compliance level applications. 
Block diagrams of simplex point­
to-point and multidrop 
arrangements are given in 
Figures 17a and 17b respectively 
for the HCPL-4200 receiver 
optocoupler. 

For the highest data rate per­
formance in a current loop, the 
configuration of a non-isolated 
active transmitter (containing 
current source) transmitting data 
to a remote isolated receiver(s) 
should be used. When the current 
source is located at the trans­
mitter end, the loop is charged 
approximately to VMI (2.5 V). 
Alternatively, when the current 
source is located at the receiver 
end, the loop is charged to the 
full compliance voltage level. The 

lower the charged voltage level 
the faster the data rate will be. In 
the configurations of Figures 17a 
and 17b, data rate is independent 
of the current source voltage 
compliance level. An adequate 
compliance level of current 
source must be available for 
voltage drops across station(s) 
during the MARK state in multi­
drop applications or for long line 
length. The maximum compliance 
level is determined by the trans­
mitter breakdown characteristic. 

A recommended non-isolated 
active transmitter circuit which 
can be used with the HCPL-4200 
in point-to-point or in multidrop 
20 rnA current loop applications 
is given in Figure 18. The current 
source is controlled via a 
standard TTL 7407 buffer to 
provide high output impedance of 
current source in both the ON 
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DATA 

NON-ISOLATED 
STATION r------, 

I 20~ 

I 

L ______ .J 

DATA 

ISOLATED' -
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I 
I I-r----,-J 

Ca) POINT-TO-POINT 

DATA 

...J 

r------, 
2O~1 

r---""L.I 

ISOLATED' -, 
STATION I r-'---.J.., I 

I 
I 

DATA 

Cb) MULTIDROP 

DATA 

ISOLATED 
STATION 1""----, 

ISOLATED 
STATION 

DATA 

r----' 
DATA 

Figure 17. Simplex Current Loop System Configurations for (a) Point-to·Point, (b) Multidrop. 

and OFF states. This non-isolated 
active transmitter provides a 
nominal 20 rnA loop current for 
the listed values of Vee, R2 and 
R3 in Figure 18. 

Length of current loop (one 
direction) versus minimum 
required DC supply voltage, Vee, 
of the circuit in Figure 18 is 
graphically illustrated in Figure 
19. Multidrop configurations will 
require larger Vee than Figure 19 
predicts in order to account for 
additioilal station terminal 
voltage drops. 

Typical data rate perfonnance 
versus distance is illustrated in 
Figure 20 for the combination of 
a non~isolated active transmitter 
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and HCPL-4200 optically coupled 
current loop receiver shown in 
Figure 18. Curves are shown for 
10% and 25% distortion data 
rate. 10% (25%) distortion data 
rate is defined as that rate at 
which 10% (25%) distortion 
occurs to output bit interval with 
respect to input bit interval. An 
input Non-Return-to-Zero (NRZ) 
test wavefonn of 16 bits 
(0000001011111101) was used 
for data rate distortion measure­
ments. Data rate is independent 
of current source supply voltage, 
Vee· 

The cable used contained five 
pairs of unshielded, twisted, 22 
AWG wire (Dearborn #862205). 
Loop current is 20 rnA nominal. 

Input and output logic supply 
voltages are 5 V dc. 

Full Duplex 
The full duplex point-to-point 
communication of Figure 21 uses 
a four wire system to provide 
simultaneous, bidirectional data 
communication between local and 
remote equipment. The basic 
application uses two simplex 
point-to-point loops which have 
two separate, active, non-isolated 
units at one common end of the 
loops. The other end of each loop 
is isolated. 

As Figure 21 illustrates, the 
combination of Hewlett-Packard 
current loop optocouplers, HCPL-
4100 transmitter and HCPL-4200 



TRUTH TABLE 
IPOSITIVE LOGICI 

Vee =5Vdc-27Vdc 

ILOOp=20mA 

Vee A2 A3 
Vdc n II 

5 lK 82.5 
10 2.11iK 237 
15 3.11K 383 
24 5.e2K 681 
27 1.19K 7&0 

HCPL-4200 

lit. 

Figure 18. Recommended Non-Isolated Active Transmitter with HCPL-4200 Isolated Receiver for Simplex Point-to-Point 
20 rnA Current Loop. 

receiver, can be used at the 
isolated end of current loops. 
Cross talk and common mode 
coupling are greatly reduced 
when optical isolation is imple­
mented at the same end of both 
loops, as shown. The full duplex 

28 

~ 24 
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= Vee -0.ClO212: (l) +4.25 V 

~ RcAaL£ -O.05298nlm 
-llOOP • 20 mA 
-"""R' .2.75Vdc'HCPL-4200) -t::: \/sAT • 1.5 VdclCURRENT SOURCE)::::::; 
~ TA=25·C 
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0,. '00 1000 • 0000 

L'" LOOP LENGTH lONE OIRECTIONl- METRES 

Figure 19. Minimum Reqnired Supply 
Voltage, Vee, vs. Loop Length for 
Current Loop Circuit of Figure 19. 

DATA 

DATA 

1-____ ....1 

data rate is limited by the non­
isolated active receiver current 
loop. Comments mentioned under 
simplex configuration apply to 
the full duplex case. Consult the 
HCPL-4100 transmitter opto­
coupler data sheet for specified 
device performance. 

100,000 

LOOP LENGTH (ONE DIRECTION. - METRES 

Figure 20. Typical Data Rate vs. 
Distance. 

DATA 

DATA 

Figure 21. Full Duplex Point-to-Point Current Loop System 
Configuration. 

Half Duplex 
The half duplex configuration, 
whether point-to-point or 
multidrop, gives non­
simultaneous bidirectional data 
flow from transmitters to 
receivers shown in Figures 22a 
and 22b. This configuration 
allows the use of two wires to 
carry data back and forth 
between local and remote units. 
However, protocol must be used 
to determine which specific 
transmitter can operate at any 
given time. Maximum data rate 
fora half duplex system is limited 
by the loop current charging 
time. These considerations were 
explained in the Simplex config­
uration section. 

Figures 22a and 22b illustrate 
half duplex application for the 
combination of HCPL-4100/-4200 
optocouplers. The unique and 
complementary designs of the 
HCPL-4100 transmitter and 
HCPL-4200 receiver 
optocouplers provide many 
designed-in benefits. For· 
example, total optical isolation at 
one end of the current loop is 
easily accomplished, which 
results in substantial removal of 
common mode influences, 
elimination of ground potential 
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differences and reduction of 
power supply requirements. With 
this combination of HCPL-4100/ 
-4200 optocouplers, specific 
current loop noise immunity is 
provided, i.e., minimum SPACE 
state current noise immunity is 1 
rnA, MARK state noise immunity 
is 8 rnA. 

Voltage compliance of the current 
source must be of an adequate 
level for operating all units in the 
loop while not exceeding 27 V dc, 
the maximum breakdown voltage 
for the HCPL-4100. Note that the 
HCPL-4100 transmitter will allow 
loop current to conduct when 
input Vee power is off. Consult 

the HCPL-4100 transmitter 
optocoupler data sheet for 
specified device performance. 

For more information about the 
HCPL-4100/-4200 optocouplers, 
consult Application Note 1018. 
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Figure 22. Half Duplex Current Loop System Configurations for 
<a) Point-to-Point, (b) Multidrop. 
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High Bandwidth, Analog/Video 
Optoconplers 

Technical Data 

Features 
• Wide Bandwidth!l): 

17 MHz (HCPL-4562) 
9 MHz (HCNW4562) 

• High Voltage Gain!l): 
2.0 (HCPL-4562) 
3.0 (HCNW4562) 

• Low Gv Temperature 
Coefficient: -O.3%/oC 

• Highly Linear at Low Drive 
Currents 

• High-Speed AlGaAs Emitter 
• Safety Approval 

UL Recognized - 2500 V nns 
for 1 minute (5000 V nns for 
1 minute for HCPL-
4562#020 and HCNW4562) 
perUL 1577 

CSA Approved 
VDE 0884 Approved 
-VIORM = 1414 V peak for 
HCNW4562 

BSI Certified (HCNW4562) 

• Available in 8-Pin DIP and 
Widebody Packages 

Applications 
• Video Isolation for the 

Following Stand8.rdsl 
Formats: NTSC, PAL, 
SECAM, S-VHS, ANALOG 
RGB 

• Low Drive Current Feedback 
Element in Switching Power 
Supplies, e.g., for ISDN 
Networks 

• AID Converter Signal 
Isolation 

• Analog Signal Ground 
Isolation 

• High Voltage Insulation 

Functional Diagram 

rli~ HEWLETT"' 
a:~PACKARD 

HCPL-4562 
HCNW4562 

Description . 
The HCPL-4562 and HCNW4562 
optocouplers provide wide band­
width isolation for analog signals. 
They are ideal for video isolation 
when combined with their 
application circuit (Figure 4). 
High linearity and low phase shift 
are achieved through an AlGaAs 
LED combined with a high speed 
detector. These single channel 
optocouplers are available in 
8-Pin DIP and Widebody package 
configurations. 

CAUTION: It is advised that rwrmal static precautions be taken in handling and assembly oj this component to 
prevent damage and/or degradation which may be induced by ESD. 
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Selection Guide 
Single Channel Packages 

8-PinDIP Widebody 
(300 Mil) (400 Mil) 

HCPL-4562 HCNW4562 

Ordering Information 
Specify Part Number 'followed by Option Number (if desired). 

Example: 

HCPL-4562#XXX 
~ 020 = UL 5000 V rms/l Minute Option* 
t=" 300 = Gull Wing Surface Mount Optiont 

, 500 == Tape and Reel Packaging Option 

Option data sheets an;; available. Contact your Hewlett-Packard s31es representative or authorized 
distributor for information. 

'For HCPL-4562 only. 
tGuli wing surface mO'!IIt option applies to through hole parts only. 

Schematic 

2 IF 

ANODEQ--+ 
/-

VF /' 

CATHODE 

~e 8 
Vee 

~ 6 
Vo 

3 

5 
GND 

7 
VB 
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Package Outline Drawings 
8·Pin DIP Package (HCPL·4562) 

(0.300 .. 0.010) 

TYPE NUMBER ___ JI-I""-"""' ........ -.&."-Io...., OPTION NUMBER' 

DATE CODE 

7.62 .. 0.25 tr 
6.35 .. 0.25 

(0.260 .. 0.010) 

5'TYP. 
j I.- 0.254 + 0.076 

·0.051 

4.70 (0.185) MAX. ww-----. (0.010: g.::? 

tt-0.}1 (0.020) MIN. 

1.080 .. 0.320_ 
(0.043:0 0.013) 

, , 2r (0.115) MIN. 

I-I-J I' i_ 0.85 (0.025) MAX. 
_ _ 2.54 .. 0.25 

(0.100 .. 0.010) 

DIMENSIONS IN MILLIMETERS AND (INCHES). 
, MARKING CODE LETTER FOR OPTION NUMBERS. 
"L" = OPTION 020 
"V" = OPTION 060 
OPTION NUMBERS 300 AND 500 NOT MARKED. 

8·Pin DIP Package with Gull Wing Surface Mount Option 300 (HCPL·4562) 

h 9.85 .. 0.25 rl 
1 Fti (0.380 .. 0.01 0) ~ 1 

I 
6.350 .. 0.25 

(0.250 .. 0.010) 

o ~ 

-I r(~:~;g) 
1.19 -I r- MAX. (0.047) 

MAX. 

ah±fIJj7:e (0 185)MAX. 

~ 
I I I 

(0.043 .. 0.013) 

,!'~!l_I,.~C;:"-Tlc?~_ (~9-',! _~~!'_llf:l~!,!9_1l~~)",(L _________ _ : _I I+- 1.016 (0.040) : I 1.194 (0.047) 

: 0 D D 0-'---'-

r ! ~rn:~..,. 1 r~ 9.906(0.390) 

ODD D~: __ 1 
--I I-- ~0.015) 

1.194 (O.04D 0.&35(0.025) 

'- ------~ :??~-~~.~?~}- -- ------ ---------------- --- -.- --

(0.380 .. 0.010) 9.85 .. 0.25 [ 

7.62 .. 0.25 Qo.300 .. 0'010~ + 0.076 10.254 ·0.051 

(0 010+ 0.003) 
• ·0.002) 

1.080 .. 0.320 --.j t' L' - 2.54 

~ h 0.635 .. 0.25:j \ ,-I - (0.025:0.010) 
0.635 .. 0.130 __ 12'NOM. 

(0.100) 
BSC 

(0.025 .. 0.005) 

DIMENSIONS IN MILUMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES)., 
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8-Pin Widebody DIP Package (HCNW4562) 

h 11.15",0.15 rl, 1 Mh (0.442", 0.006) ~I 

2.54 (0.100) 
TYP. 

1.78",0.15 ~ 
(0.070 '" 0.006) 

o 

TYPE NUMBER 
HP 

HCNWXXXX DATE CODE 

YYWW 

t3.1010.1221 
~.900.154 

__ 'L', 0.40 0.016 
0.56 0.022) 

~(~~)MAX'~ 
9.00",0.15 

(0.354 '" 0.006) , 

~ \ \L 0.254 + 0.076 --I -0.0051 

(0.010:g:::l 

f 
0.51 (0.021) MIN. 

DIMENSIONS IN MILLIMETERS (INCHES). 

8-Pin Widebody DIP Package with GullWmg SurfaCe Mount Option 300 (HCNW4562) 
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~ 
9.00 '" 0.15 

(0.354 '" 0.006) 

o ~ 

~I r(~'~) MAX. 

(0.158)MAX. 

~ 
I I 

PAD LOCATION (FOR REFERENCE ONLY) ,----------------------------------------------------

DDDD 

12.30", 0.30 
o , (0.484 '" 0.012) 

DDDD t + 
-11•31-- 0.9 

(0.051) (0.035) 

WIDI 700 

1.78",o.15 ~ 

(0.070", 0.006) ~ L 2.54 D k 1.00",0.15 
(0.039 '" 0.006) 

f 
(0.100) 
BSC 

0.75",0.25 
(0.030 '" 0.010) 

DIMENSIONS IN MILLIMETERS (INCHES). 

LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 

0.254.:" o~o';;~ 
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Solder Reflow Temperature Profile (Gull Wing Surface Mount Option Parts) 
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Note: Use of nonchlorine activated fluxes is highly recommended. 

Regulatory Information 
The devices contained in this data 
sheet have been approved by the 
following organizations: 

UL 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

CSA 
Approved under C8A Component 
Acceptance Notice #5, File CA 
88324. 

VDE 
Approved according to VDE 
0884/06.92 (HCNW4562 only). 

BSI 
Certification according to 
BS415:1994 
(BS EN60065:1994); 
BS EN60950:1992 
(B87002:1992) and 
EN41003:1993 for Class II 
applications (HCNW4562 only). 
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Insulation and Safety Related Specifications 
8-PinDIP Widebody 
(300 Mil) (400 Mil) 

Parameter Symbol Value Value Units Conditions 
Minimum External L(101) 7.1 9.6 rom Measured from input terminals to 
Air Gap (External output terminals, shortest distance 
Clearance) through air. 

Minimum External L(102) 7.4 10.0 rom Measured from input terminals to 
Tracking (External output terminals, shortest distance 
Creepage) path along body. 
Minimum Internal 0.08 1.0 rom Through insulation distance, 
Plastic Gap conductor to conductor, usually the 
(Internal Clearance) direct distance between the photo-

emitter and photodetector inside the 
optocoupler cavity. 

Minimum Internal NA 4.0 rom Measured from input terminals to 
Tracking (Internal output tertninals, along internal cavity. 
Creepage) 
Tracking Resistance CTI 200 200 Volts DIN lEC 112NOE 0303 Part 1 
(Comparative 
Tracking Index) 
Isolation Group IlIa IIIa Material Group 

(DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 
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VDE 0884 Insulation Related Characteristics (HCNW4562 ONLy) 
Description Symbol Characteristic Units 

Installation classification per DIN VDE 0 II 0/1.89, Table 1 
for rated mains voltage s: 600 V rms I-IV 

for rated mains voltage s: 1000 V rms I-III 

Climatic Classification 55/85/21 

Pollution Degree (DIN VDE 0110/1.89) 2 

Maximum Working Insulation Voltage VIORM 1414 V peak 

Input to Output Test Voltage, Method b* 
VIORM x 1.875 = VPR, 100% Production Test with 1m = 1 sec, VPR 2652 V peak 

Partial Discharge < 5 pC 

Input to Output Test Voltage, Method a* 
VIORM x 1.5 = VPR, Type and sample test, VPR 2121 V peak 

tm = 60 sec, Partial Discharge < 5 pC 

Highest Allowable Overvoltage'" 
(Transient Overvoltage, 11m = 10 sec) VIOTM 8000 V peak 

Safety Limiting Values 
(Maximum values allowed in the event of a failure, 
also see Figure 17, Thermal Derating curve.) 

Case Temperature Ts 150 °C 
Input Current IS,INPUT 400 rnA 
Output Power PS,OUTPUT 700 mW 

Insulation Resistance at Ts, VIO = 500 V Rs ~ 109 n 

·Refer to the front of the optocoupler section of the current catalog, under Product Safety Regulations section (VDE 0884), for a 
detailed description. 
N ate: Isolation characteristics are guaranteed only within the safety maximum ratings which must be ensured by protective circuits in 
application. 
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Absolute Maximum Ratings 
Parameter Symbol Device Min. Max. Units Note 

Storage Temperature Ts -55 125 "C 

Operating Temperature TA -40 85 "C 

Average Forward Input Current IF(avg) HCPL-4562 12 rnA 

HCNW4562 25 

Peak Forward Input Current IF(PEAK) HCPL-4562 18.6 rnA 

HCNW4562 40 

Effective Input Current IF(EFF) HCPL-4562 12.9 rnArms 

Reverse LED Input Voltage (Pin 3-2) VR HCPL-4562 1.8 V 

HCNW4562 3 

Input Power Dissipation PIN HCNW4562 40 mW 

Average Output Current (Pin 6) IO(AVG) 8 rnA 

Peak Output Current (pin 6) IO(pEAK) 16 rnA 

Emitter-Base Reverse Voltage (Pin 5-7) VEBR 5 V 

Supply Voltage (Pin 8-5) Vee -0.3 30 V 

Output Voltage (Pin 6-5) Va -0.3 20 V 

Base Current (Pin 7) IB 5 rnA 

Output Power Dissipation Po 100 mW 2 

Lead Solder Temperature TLs HCPL-4562 260 "C 
1.6 mm.Below Seating Plane, 10 Seconds 

HCNW4562 260 up to Seating Plane, 10 Seconds "C 

Reflow Temperature ProfIle TRP Option See Package Outline 
300 Drawings Section 

Recommended Operating Conditions 

Parameter Symbol Device Min. Max. Units Note 

Operating Temperature TA HCPL-4562 -10 70 °C 

Quiescent Input Current IFQ HCPL-4562 6 rnA 

HCNW4562 lO 

Peak Input Current IF(PEAK) HCPL-4562 lO rnA 

HCNW4562 17 
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Electrical Specifications (DC) 
TA = 25"C, IF = 6 mA for HCPL-4562 and IF = 10 mA for HCNW4562 (i.e., Recommended IFQ) unless 
otherwise specified. 

Parameter Symbol Device Min. Typ.* Max. Units Test Conditions Fig. 

Base Photo IpB 13 31 65 ItA IF = 10 mA I VPB ~ 5 V 2,6 
Current HCPL-4562 19.2 IF=6mA I 
IpB dIps! -0.3 %/"C 2 mA < IF < 10 mA, 2 
Temperature dT VPB ~ 5 V 
Coefficient 

IpB HCPL-4562 0.25 % 2 mA < IF < 10 mA 2,6 
Nonlinearity HCNW4562 r-o.I5 6 mA < IF < 14 mA 

Input Forward VF HCPL-4562 1.1 1.3 1.6 V IF = 5 mA 5 
Voltage HCNW4562 1.2 1.6 1.8 IF - 10 mA 

Input Reverse BVR HCPL-4562 1.8 5 V IR = 10 ItA 
Breakdown HCNW4562 3 IR - 100 ItA 
Voltage 

Transistor hFE 60 160 Ic=lmA, 
Current Gain VCE = 1.25 V 

Current CTR HCPL-4562 45 % VCE = 1.25 V, 8,9 
Transfer Ratio HCNW4562 ~ VPB ~ 5 V 

DC Output VOUT HCPL-4562 4.25 V Gv = 2, Vcc = 9 V 4, 
Voltage HCNW4562 ~ 15 

Note 

3 

4 
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Small Signal Characteristics CAC) 
TA = 25"C, IF = 6 rnA for HCPL-4562 and IF = 10 rnA for HCNW4562 (Le., Recommended IFQ) unless 
otherwise specified. 

Parameter Symbol Device Min. Typ.* Max. Units Test Conditions Fig. 

Voltage Gain Gy HCPL-4562 0.8 2.0 4.2 VIN = 1 Vp.p 1 
(0.1 MHz) HCNW4562 ~ 

Gy Temperature AGy/AT -0.3 %1°C VIN = 1 Vp.p, 1,11 
Coefficient fREF = 0.1 MHz 

Base Photo AiPB HCPL-4562 1.1 3.0 -dB VIN = 1 Vp.p, 3,10, 
Current (6 MHz) HCNW4562 ~ fREF = 0.1 MHz 12 
Variation 

-3 dB Frequency ipB HCPL-4562 6 15 MHz VIN = 1 Vp.p, 3,10, 
(iPB) (-3 dB) HCNW4562 ~ fREF = 0.1 MHz 12 

-3 dB Frequency Gy HCPL-4562 6 r-11- Mliz VIN = 1 Vp.p, 1,11 
(Gy) (-3 dB) HCNW4562 9 fREF = 0.1 MHz 

Gain Variation AGy HCPL-4562 1.1 3.0 -dB TA = 25°C 'IN = 1 Vp.p, 1,11 
(6 MHz) HCNW4562 I 0.54 fREF = 0.1 MHz 

HCPL-4562 0.8 TA =-10°C r---rr- TA = 70°C 
AGy HCPL-4562 1.15 -dB VIN = 1 Vp.p, 

(10 MHz) HCNW4562 '2.27 fREF = 0.1 MHz 

Differential HCPL-4562 ± 1.0 % IFac = 0.7 rnA p-p, 3, 7 
Gain at IFdc =3to9rnA 
f = 3.58 MHz HCNW4562 I ±0.9 IFac = 1 rnA p-p, 

IFdc = 7 to 13 rnA 

Differential HCPL-4562 ±1 deg. IFac = 0.7 rnA p-p, 3,7 
Phase at 

I ±0.6 
IFdc = 3 to 9 rnA 

f = 3.58 MHz HCNW4562 IFac = 1 rnA p-p, 
IFdc = 7 to 13 rnA 

Total Harmonic THD HCPL-4562 ~ % VIN = 1 Vp.p, 4 
Distortion HCNW4562 0.75 f = 3.58 MHz, Gy = 2 

Output Noise Vo(noise) 950 !!Vnns 10 Hz to 10 MHz 1 
Voltage 

Isolation Mode IMRR HCPL-4562 122 dB f = 120 Hz, Gy = 2 14 
Rejection Ratio HCNW4562 ----u-g 
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Package Characteristics 
All Typicals at TA = 25"C 

Parameter Sym. Device 
Input-Output Visa HCPL-4562 

'Momentary HCNW4562 
Withstand HCPL-4562 
Voltage* (Option 020) 

Input-Output RI.o HCPL-4562 
Resistance HCNW4562 

Input-Output CI_O HCPL-4562 
Capacitance HCNW4562 

Min. 
2500 
5000 
5000 

1012 

1011 

Typ. Max. Units Test Conditions Fig. Note 
Vnns RH~50%, 5, 12 

t = 1 min., 5, 13 
TA = 25"C 5, 13 

1012 Q VI.Q = 500 Vdc 5 
1013 TA - 25°C I 

TA = 100"C I 
0.6 pF f=lMHz 5 
0.5 0.6 

·The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation'Related Characteristics Table (if 
applicable), your equipment level safety specification or HP Application Note 1074 entitled "Optocoupler Input-Output Endurance 
Voltage," publication number 5963-2203E. 

Notes: 
1. When used in the circuit of Figure 1 

or Figure 4; Gv = VouTNIN; IFQ = 
6 rnA (HCPL-4562), IFQ = 10 rnA 
(HCNW4562). 

2. Derate linearly above 700C free-air 
te",perature at a rate of 2.0 mW/OC 
(HCPL-4562). 

3. Maximum variation from the best fit 
line of IpB VS. IF expressed as a 
percentage of the peak-to·peak full 
scale output. 

4. CURRENT TRANSFER RATIO (CTR) 
is defined as the ratio of output 
collector current, 10, to the forward 
LED input current, IF, times 100%. 

5. Device considered a two-terminal 
device: Pins I, 2, 3, and 4 shorted 
together and Pins 5, 6, 7, and 8 
shorted together. 

6. Fiat-band, small-signal voltage gain. 
7. The frequency at which the gain is 

3 dB below the flat-band gain. 

8. Differential gain is the change in the 
small-signal gain of the optocoupler 
at 3.58 MHz as the bias level is varied 
over a given range. 

9. Differential phase is the change in the 
small-signal phase response of the 
optocoupler at 3.58 MHz as the bias 
level is varied over a given range. 

10. TOTAL HARMONIC DISTORTION 
(THD) is defmed as the square root 
of the sum of the square of each 
harmonic distortion component. The 
THD of the isolated video circuit is 
measured using a 2.6 kQ load in 
series with the 50 Q input impedance 
of the spectrum analyzer. 

11. ISOLATION MODE REJECTION 
RATIO (IMRR), a measure of the 
optocoupler's ability to reject signals 
or noise that may exist between input 
and output terminals, is defined by 
20 10gIO [(VouTNIN)/(VOUTN"v I, 

where VIM is the isolation mode 
voltage signal. 

12. In accordance with UL 1577, each 
optocoupler is proof tested by 
applying an insulation test voltage 
~ 3000 V rms for 1 second (leakage 
detection current limit, 11-0 ,,; 5 IIA). 
This test is performed before the 
100% Production test shown in the 
VDE 0884 Insulation Related 
Characteristics Table, if applicable. 

13. In accordance with UL 1577, each 
optocoupler is proof tested by 
applying an insulation test voltage 
~ 6000 V rms for I second (leakage 
detection current limit, 11-0 ,,; 5, IIA). 
This test is performed before the 
100% Production test shown in the 
VDE 0884 Insulation Related 
Characteristics Table, if applicable. 
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Conversion from HCPL-4562 to 
HCNW4562 
In order to obtain similar circuit performance when 
converting from the HCPL-4562 to the HCNW4562, 
it is recommended to increase the Quiescent Input 
Current, IFQ, from 6 rnA to 10 rnA. If the application 
circuit in Figure 4 is used, then potentiometer R4 
should be adjusted appropriately. 

Design Considerations of the 
Application Circuit 
The application circuit in Figure 4 incorporates 
several features that help maximize the bandwidth 
performance of the HCPL-4562/HCNW4562. Most 
important of these features is peaked response of 
the detector circuit that helps extend the frequency 
range over which the voltage gain is relatively 
constant. The number of gain stages, the overall 
circuit topology, and the choice of DC bias points 
are all consequences of the desire to maximize 
bandwidth performance. 

To use the circuit, first select Rl to set VE for the 
desired LED quiescent current by: 

IFQ = VE :; Gy VE RIO (1) 
R4 (alpBlaIF) R7Re 

For a constant value VlNp.p, the circuit topology 
(adjusting the gain with R4) preserves linearity by 
keeping the modulation factor (MF) dependent only 
onVE· 

il"p,p = ipBp.p = VINp.p 
IFQ - IpBQ VE 

Modulation i V; 
Factor (MF): Fcp·p) = INp.p 

2IFQ 2 VE 

(2) 

(3) 

(4) 

For a given Gy, VE, and Vee, DC output voltage will 
vary only with hFEX• 

Re 
Vo = Vee - VBE - - [VBEX - (IPBQ - IBXQ) R71 (5) 

4 RIO 

and, 

I - Vee - 2 VBE (7) 
BXQ = R6 hFEX 

Figure 15 shows the dependency of the DC output 
voltage on hFEx. 

For 9 V < Vee < 12 V, select the value of Rll such 
that 

_ Vo 4.25 V 
ICQ4 = Rll S 470 n S 9.0 rnA 

The voltage gain of the second stage (Qa) is 
approximately equal to: 

.!!a.. • 1 

RIO 1 + s Re [CeQ3 + 21t Rt fTJ 

Increasing R'll (R'll includes the parallel 
combination of Rll and the load impedance) or 
reducing Re (keeping ReIRIO ratio constant) will 
improve the bandwidth. 

(8) 

(9) 

If it is necessary to drive a low impedance load, 
bandwidth may also be preserved by adding an 
additional emitter following the buffer stage (Q5 in 
Figure 16), in which case Ru can be increased to 
set IeQ4 :; 2 rnA. 

Finally, adjust R4 to achieve the desired voltage 
gain. 

Gy :; VOUT :; alpB [R7Re J 
VIN aIF R4RIO (10) 

where typically ~i: = 0.0032 

Definition: 
Gy = Voltage Gain 
IFQ = Quiescent LED forward current 

ii"P'p = Peak-to-peak small signal LED forward 
current 

'1Np.p = Peak-to-peak small signal input voltage 
ipBp.p = Peak-to-peak small signal 

base photo current· 
IpBQ = Quiescent base photo current 
VBEX = Base-Emitter voltage of HCPL-4562/ 

HCNW4562 transistor 
IBXQ = Quiescent base current of HCPL-4562/ 

HCNW4562 transistor 
hFEX = Current Gain CIcfIB) of HCPL-4562/ 

HCNW4562 transistor 
VE = Voltage across emitter degeneration 

resistor R4 
fT4 = Unity gain frequency of Q5 

CeQ 3 = Effective capacitance from collector of Qa 
to ground 
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High Speed CMOS 
Optocouplers 

Technical Data 

Features 
• 1 IJm CMOS IC Technology 
• Compatibility with All +5V 

CMOS and TTL Logic 
Families 

• No External Components 
Required for Logic Interface 

• High Speed: 15 MBd 
(HCPL-7100) and 50 MBd 
(HCPL-7101) Guaranteed 

• Low Power Consumption 
• Safety Approvals 

UL 1577 (3750 Vac/l Min) 
VDE 0884 (VIORM = 848 
V peak) 

CSA 
• 3-State Output 
• 3750 Vac/l Minute Dielectric 

Withstand 
• High Common Mode 

Transient Immunity 

Applications 
• Multiplexed Data 

Transmission 
• Computer-Peripheral 

Interface 

Description 
The HCPL-7100/7101 optocoup­
ler combines the latest CMOS IC 
technology, a new high-speed 
high-efficiency AlGaAs LED, and 
an optimized light coupling system 
to aChieve outstanding perfor­
mance with very low power 
consumption. It requires only two 
bypass capacitors for complete 
CMOSII'TL compatibility. 

Basic building blocks of the 
HCPL-7100/7101 are a CMOS 
LED driver IC, an AlGaAs LED, 
and a CMOS detector IC. A CMOS 
or TTL logic input signal controls 
the LED driver IC which supplies 
current to the LED. The detector 
IC incorporates an integrated 
photodiode, a high-speed trans­
impedance amplifier and a voltage 
comparator with hysteresis. The 
3-state output is CMOS and TTL 

Schematic 

I"", 

1 -

Fli;- HEWLETT® 
~~PACKARD 

HCPL-7100 
HCPL-7101 

compatible and is controlled by 
the output enable pin, VOE• 

The HCPL-7100/7101 consumes 
very little power, due to the 
CMOS IC technology and the light 
coupling system. The entire 
optocoupler typically Uses only 10 
rnA of supply current, including 
the LED current. . 

World-wide safety approval and 
3750 Vac/l minute dielectric with­
stand is achieved with our 
patented "light-pipe" optocoupler 
packaging technology. 

The HCPL-7100/7101 provides he 
user with an easy-to-use CMOS or 
TTL compatible optocoupler 
ideally suited for a variety of 
applications where high speed 
and low power consumption are 
desired. 

8 • Microprocessor System 
Interface 

.------..---oVD02 TRUTH TABLE 
(POSITIVE LOGIC) 

• Digital Isolation for AID, INPUT "ENABLE OUTPlIT 

H H Z 

D/A Conversion L H Z 
H L H 

• Instrument Input/Output L L L 

Isolation GND1 0---...... -----1 

• Motor Control 
• Power Inverter YD. 

CAUTION: It is advised that normal static precautions be taken in handling and assembly oj this component to 
prevent damage and/or degradation which may be induced by ESD. 

1-402 5965-3578E 



Ordering Information 
HCPL·71 Ox 

Lo = 15 MBd Minimum Data Rate 
C 1 = 50 MBd Minimum Data Rate 

Option.1f-

t=. 300 = Gull Wing Surface Mount Lead Option 
500 = Tape/Reel Package Option (1 k min.) 

Option data sheets available. Contact your Hewlett·Packard sales representative or authorized distributor for 
information. 

Package Outline Drawings 
Standard DIP Package 

1---9.40 (0.370)_1 
I r., 9.90 (0.390) 

HPXXXX 

YVWWRU 

TYPE NUMBER 

DATE CODE 

UL 
3 4 RECOGNITION 

~1.78 (0.070) MAX. 

II ] :~~~ 6.10 (0.240) 0.33 (0.013) 
6.60 (0.260) 

7.36 (0.290) L 
7.88 (0.310)5' TYP. 

...Lt __ _ 

f 

m------. 
J ~:: 

2.92 (0.115) MIN. 

0.76 (0.030) I--~ -I t- O.~MAX. 
1.40 (0.056) 2.28 (0.090) 

2.80 (0.110) • PIN 3 IS THE ANODE OF THE INTERNAL LED AND 
MUST BE LEFT UNCONNECTED FOR GUARANTEED 
DATA SHEET PERFORMANCE. 

DIMENSIONS IN MILLIMETERS AND (INCHES). 
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Gull Wing Surface MOWlt Option 300* 

TYPE NUMSER 
DATE CODE 

MOLDED 

h 9.65 ± 0.25 rl 
I ~ (0.380 ± 0.010) ~ I 

7 6 5 I 
HP XXXX 6.350 ± 0.25 
VYWW RU (0.250 ± 0.010) 

~~~~ 
UL 
RECOGNITION 

-I r(~:~~~) 
1.19 _I I MAX. 

(0.047) 
MAX. ttb:rl:b:d };g (0·i65)MAX. 

I
, , 

1.0BO±0.320_ 1- L 
(0.043 ± 0.013) 

-2.540 
(0.100) 
SSC 

DIMENSIONS IN MILLIMETERS (INCHES). 
TOLERANCES (UNLESS OTHERWISE SPECIFIED): xx.xx = 0.Q1 

xx.xxx = 0.005 

'Refer to Option 300 data sheet for more information. 

Maximum Solder Reflow Thermal Profile 

260 
240 
220 
200 

!.l 180 
I 160 w 

II: 140 

~ 120 
II: 100 w 

I. / '\. 1 

1 ~ '\. AT _145'C, I'ClSEC 

AT = 115'C 0.3'c/Sec I?" 
1 

,- "\. 
+ ..", 
~ I'\. 

P "' 
/.rT 

II. 80 :;; 
w 60 ... 

40 
20 

0 

II~ AT = 100'C, 1.5'C/sEC 

I 1 1 

~ 1 1 

I I 
5 . 6. 7 .8 10 11 12 

TIME - MINUTES 

(NOTE: USE OF NON-CHLORINE ACTIVATED FLUXES IS RECOMMENDED.) 
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CSA VDE Regulatory Information 
The HCPL-7100/1 has been 
approved by the following 
organizations: 

Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

Approved according to VDE 
0884/06.92 

UL 
Recognized under UL 1577, 
Component Recognition Program, 
File E55361. 

Insulation and Safety Related Specifications 
Parameter Symbol Value Units Conditions 

Min. External Air Gap L(101) 7.4 mm Measured from input terminals to output terminals, 
(External Clearance) shortest distance through air 
Min. External Tracking L(l02) 8.0 mm Measured from input terminals to output terminals, 
Path (External Creepage) shortest distance path along body 
Min. Internal Plastic 0.5 mm Through insulation distance, conductor to conductor, 
Gap (Internal Clearance) usually the direct distance between the photoemitter 

and photodetector inside the optocoupler cavity 
Tracking Resistance CTI 175 V DIN lEC 112/VDE 0303 PART 1 
(Comparative 
Tracking Index) 
Isolation Group IlIa Material Group (DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 

VDE 0884 (06.92) Insulation Characteristics 
Description Symbol Characteristic Unit 

Installation classification per DIN VDE 0110, Table 1 
for rated mains voltage ~ 300 V rms I-IV 
for rated mains voltage ~ 600 V rms I-III 

Climatic Classification 40/85/21 
Pollution Degree (DIN VDE 0110, Table 1)* 2 
Maximum Working Insulation Voltage VIORM 848 V peak 
Input to Output Test Voltage, Method b** 

VPR = 1.875 X ViORM, Production test with tp = 1 sec, 'PR 1591 V peak 
Partial discharge < 5 pC 

Input to Output Test Voltage, Method a** 
VPR = 1.5 X VIORM, Type and sample test, tp = 60 sec, 'PR 1273 V peak 
Partial discharge < 5 pC 

Highest Allowable Overvoltage** Vm 6000 V peak 
(Transient Overvoltage, DrR = 10 sec) 
Safety-limiting values (Maximum values allowed in the event 
of a failure, also see Figure 15) 

Case Temperature Ts 175 "C 
Input Power ~,INPUT 80 mW 
Output Power ~,OUTPUT 250 mW 

Insulation Resistance at Ts, VIO = 500 V Rs ~ 1 X 1012 n 
'This part may also be nsed in Pollution Degree 3 environments where the rated mains voltage is,;; 300 Vrms (per DIN VDE OllO). 
"Refer to the front of the optocoupler section in the current catalog for a more detailed description of VDE 0884 and other product 
safety requirements. 

Note: Optocouplers providing safe electrical separation per VDE 0884 do so only within the safety-limiting values to which they are 
qualified. Protective cut-out switches must be used to ensure that the safety limits are not exceeded. 
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Absolute Maximum Ratings 
Parameter Symbol Min. Max. Unit 

Storage Temperature Ts -55 125 "C 
Ambient Operating Temperature TA -40 85 "C 
Supply Voltages VDDl2 0.0 5.5 V 
Input Voltage VI -0.5 VDD1 + 0.5 V 
Output Voltage Vo -0.5 VDD2 + 0.5 V 
Output Enable Voltage VOE -0.5 VDD2 + 0.5 V 
Average Output Current 10 25 rnA 
Package Power Dissipation PPD 220 mW 
Lead Solder Temperature TLS 260 "C 
(1.6 mm Below Seating Plane, 10 sec.) 
Reflow Temperature Profile See Package Outline Drawings Section 

Recommended Operating Conditions 
Parameter Symbol Min. Max. Unit Test Conditions 

Operating Temperature TA -40 85 "C 

Supply Voltages VDDl ,2 4.5 5.5 V 

Logic High Input Voltage VIR 2.0 VDDl V 

Logic Low Input Voltage V1L 0.0 0.8 V 

Logic High Output VOEH 2.0 VDD2 V Output in high impedance 
Enable Voltage state 

Logic Low Output VOEL 0.0 0.8 V Output enabled 
Enable Voltage 

Input Signal Rise and t,.,tr 1 ms 
Fall Times 

TTL Fanout N 6 Standard Loads 
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Electrical Specifications 
Guaranteed across recommended operating conditions. Test conditions represent worst case values for the 
parameter under test. Test conditions that are not specified can be anywhere within their operating range. 
All typicals are at 25"C and 5 V supplies unless otherwise noted. 

Parameter Symbol Min. Typ. Max. Unit Test Conditions Fig. Note 
Logic Low Input Supply IDDIL 5.2 10.0 rnA VDDl = 5.5 V 1 
Current VI=VIL 

Logic High Input Supply IDDIH 0.3 0.6 rnA VI = 4.5 V VDDl = 5.5 V 1 
Current 0.9 1.6 VI = 2.0V 

Logic Low Output IDD2L 5.0 9.0 rnA VDD2 = 5.5 V 
Supply Current VOE = VOEL 

VI =VIL 

Logic High Output IDD2H 5.2 9.0 rnA VDD2 = 5.5 V 
Supply Current VOE = VOEL 

10= o rnA 
VI = VIH 

Tri-State Output Supply IDD2z 5.1 9.0 rnA VOE = 4.5V VDD2 = 5.5 V 
Current 5.6 10.0 VOE=2.0V 

Input Current II -1 1 J.IA VI = VDDl or GND 
VDD1 = 5.5 V 

Output Enable Current 10E -1 1 J.IA VOE = VDD2 or GND 
VDD2 = 5.5 V 

Logic High Output VOH 4.4 5.0 10 = -20 J.IA \bD2 = 4.5 V 6 
Voltage 4.0 4.8 V 10 = -4.0 rnA VI = VIH 

3.7 4.7 10 =-6.0 rnA 
VOE = VOEL 

Logic High Output IOH -7.5 -25 rnA VDD2 = 4.5 V 6 
Current Vo = 3.6V 

VI = VIH 

VOE = VOEL 

Logic Low Output VOL 0.0 0.1 10 = 20 J.IA VDD2 = 4.5 V 5 
Voltage 0.1 0.3 V 10 = 4.0 rnA VI = VIL 

0.15 0.4 10 = 6.0 rnA 
VOE = VOEL 

Logic Low Output IOL 10.5 23 rnA VDD2 = 4.5 V 5 
Current Vo = 0.6V 

VI =VIL 
VOE = VOEL 

High Impedance Ioz "5 5 J.IA VDD2 = 5.5 V 
State Output VOE = VOEH 
Current Vo = VDD2 or GND 
Input Capacitance CI 4.3 pF f=IMHz 4 
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Switching Specifications 
Guaranteed across recommended operating conditions. Test conditions represent worst case values for the 
parameter under test. Test conditions that are not specified can be anywhere within their operating range. All 
typicals are at 25"C and 5 V supplies unless otherwise noted. 

Parameter Symbol Device Min. Typ. Max. Unit Test Conditions Fig. Note 

Propagation tpHL HCPL-7100 70 ns CL =50pF 7,8 5,6 
Delay Time CMOS Signal Levels 
to Logic HCPL-7101 28 40 
Low.Output 

CL = i5pF HCPL-7100 70 ns 
r--- TTL Signal Levels 

HCPL-7101 40 

Propagation tpLH HCPL-7100 70 ns CL = 50pF 7,8 5,6 
Delay Time CMOS Signal Levels 
to Logic HCPL-7101 27 40 
High Output 

HCPL-7100 70 ns CL = 15 pF 
r--- TTL Signal Levels 

HCPL-7101 40 

Pulse Width PWD HCPL-7100 20 ns CL = 50pF 7,9 6, 7 
Distortion CMOS Signal Levels 
I tpHL -tPLH I HCPL-7101 2 6 

HCPL-7100 20 ns CL = 15 pF 
t---- TTL Signal Levels 

HCPL-7101 6 

Data Rate HCPL-7100 15 MBd %PWD <30% 8 

HCPL-71Ol 50 65 

Propagation jpgK HCPL-7101 10 ns 10 9 
Delay Skew 

Output Rise ~ HCPL-7100 12 ns CL = 50pF 7 
Time - CMOS Signal Levels 
(10-90%) HCPL-7101 10 

Output Fall tF HCPL-7100 8 ns CL = 50pF 7 
Time - CMOS Signal Levels 
(90-10%) HCPL-71Ol 7 

Random Jitter RJ HCPL-7101 50 psrms VI = 0-5 V square wave, 
f = 25 MHz, input rise! 
fall time = 5 ns. 
RL = 10kO, 
CL = 5 pF. 
TTL Threshold Levels. 

Propagation tpZH 13 ns CL = 50pF 12 6 
Delay Time From CMOS Signal Levels 
Output Enabled 
to Logic High 12 ns CL = 15pF 
Output TTL Signal Levels 

Propagation tpzL 11 ns CL = 50pF 12 6 
Delay Time From CMOS Signal Levels 
Output Enabled 
to LOgic Low 10 ns CL = 15pF 
Output TTL Signal Levels 
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Switching Specifications (cont.) 
Guaranteed across recommended operating conditions. Test conditions represent worst case values for the 
parameter under test. Test conditions that are not specified can be anywhere within their operating range. All 
typicals are at 25"C and 5 V supplies unless otherwise noted. 

Parameter Symbol Device Min. Typ. Max. Unit Test Conditions Fig. Note 

Propagation tpHZ 12 ns CL=50pF 12 6 
Delay Time from CMOS Signal Levels 
Logic High to 
Output Disabled 12 ns CL = 15 pF 

TIL Signal Levels 

Propagation tPLZ 9 ns CL = 50pF 12 6 
Delay Time from CMOS Signal Levels 
Logic Low to 
Output Disabled 11 ns CL = 15 pF 

TIL Signal Levels 

Common Mode ICMHI HCPL·7100 1000 VIlIS VcM =50V VI = Vrn 13, 10 
Transient VD >3.2V 14 
Immunity at HCPL·7101 2000 VCM = 200 V 
Logic High 
Output 

Common Mode ICMLI HCPL-7100 1000 VIlIS VCM = 50V VI = VIL 13, 10 
Transient VD <0.8V 14 
Immunity at HCPL·7101 2000 VCM = 200 V 
Logic Low 
Output 

Input Dynamic CPDl 68 pF 11 
Power Dissipation 
Capacitance 

Output Dynamic CPD2 10 pF 11 
Power Dissipation 
Capacitance 

Package Characteristics 
Guaranteed across recommended operating conditions. Test conditions represent worst case value for the 
parameter under test. Test conditions that are not specified can be anywhere within their operating range. 
All typicals are at TA = 25"C and 5 V supplies unless otherwise noted. 

Parameter Sym. Min. Typ. Max. Units Test ConditionS -Fig. Note 
Input-Output VISO 3750 Vrnis t = 1 min., RH < -50%, 2,3 
Momentary TA = 25"C 
Withstand Voltage* 

Input-Output R(.Q 1012 1013 n TA = 25"C I V(.Q = 500 Vdc 2 
Resistance 1011 TA =100"C1 
Input-Output CI•O 0.7 pF f= 1 MHz 2 
Capacitance 

'The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that Should not be fu.terPreted as an inpJt~oU:tput 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), 
your equipment level safety specification or HP Application Note 1074 entitled 'Optocoupler Input·Output Endurance Voltage." 
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0'., 0 Notes: 
1. The LED is OFF when the VI is high and ON when VI is low. 
2. Device considered a two terminal device; pins 1-4 shorted together and pins 5-8 shorted together. 
3. In accordance with UL 1577, for devices with minimum VISO specified at 3750 V rms, each optocoupler is proof-tested by applying an 

insulation test voltage greater than 4500 V rms for one second (leakage current detection limit II.Q < 5 IJ,A). This test is performed 
before the method b, 100% production test for partial discharge shown in the VDE 0884 Insulation Characteristics Table. 

4. CI is the capacitance measured at pin 2 (VV. 
5. tpIIL propagation delay is measured from the 50% level on the falling edge of the VI signal to the logic switching level of the Vo signal. 

tpLH propagation delay is measured from the 50% level on the rising edge of the VI signal to the logic switching level of the V 0 signal. 
6. The logic switching levels are 1.5 V for TTL signals (0-3 V) and 2.5 V for CMOS signals (0-5 V). 
7. PWD is defined as 1 tpIIL - tpLH I. %PWD (percent pulse width distortion) is equal to PWD in ns divided by symbol duration (bit length) 

inns. 
8. Minimum data rate is calculated as follows: %PWD/PWD where %PWD is typically chosen by the design engineer (30% is common). 
9. tPSK is equal to the worst case difference in tpIIL and/or tpLH that will be seen between units at the same temperature, supply voltage, 

and output load within the recommended operating condition range. 
10. CMH is the maximum common mode voltage slew rate that can be sustained while maintainingVo > 3.2 V. CML is the maximum 

common mode voltage slew rate that can be sustained while maintaining Vo < 0.8 V. The common mode voltage slew rates apply to 
both rising and falling common mode voltage edges. 

11. Unloaded dynamic power dissipation is calculated as follows: Cpo· V002 • f + 100 • Voo where f is switching frequency in MHz. 

v"'" VOD. 

e. C2 

V, "'" 
v. 

GND2 

-= -= 
C1.C2=O,01 ,.F to 0.1 "F 

Figure 1. Recommended Application Circuit. 

v ... ===::JLr---~ ~~------~L----------~ 

r------~ 

f:::====V. 
~~::::::::::~~::::::JCl-______ ~h[~::::::~~~::::::==GN~ 

C1, C2 = 0.01 "FtoO.1 pF 

Figure 2 .. Recommen~ed Printed Circuit Board Layout. 
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o 
o 

VDD1· S.0V 

86'C ~ 

-4D'C 

26'C 

1,00 2,00 3,00 4,00 5.00 

VO(V) 

Figure 3. Typical Output Voltage vs. Input Voltage. 
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~ 0.500 1--+---I;;;;;;;--W~"bofL---f 

>'d 0.400 f-----+---+Il~~jIC--t::."e.'-f 

0.300 1---+-----.6":i6!~"'"'-t--___f 

0.200 

0.100 

10.00 15.00 20.00 25.00 
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Figure 5. Typical Logic Low Output Voltage VS. Logic Low 
Output Current. 
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D.40 
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Figure 4. Typical Input Voltage Switching Threshold vs. 
Input Supply Voltage. 
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Figure 6. Typical Logie High Output Voltage vs. Logic High 
Output Current. 
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HCPL-710017101 

~Vo-------------.--fn ~~--~~----------~O·5V 

5~NEo-----~Y~ny-.-;-~ 
WAVE 5k/l 

V, _rroo >!>----.---"~Ir-.. 
O.01"F 

I.ll-----+----.-J<Y""~ .... _<!!( .......... 

INPUT 
V, 
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yn 

YO __ ..:::.:::..I\I 
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3Y.1TL 

"------av 
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Figure 7_ Test Circuit for Propagation Delay, Rise Time and Fall Time_ 
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Figure 8. HCPL-7101 Typical Propagation Delay VII_ 
Temperature_ 
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VDD1=5.0V 
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Figure 9. HCPL-7101 Typical Pulse Width Distortion vs_ 
Temperature_ 
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2.IV, CMOS 
1.5V, TTL 
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INPUTS 
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CLOCK ///II 

Figure 10. Propagation Delay Skew Wavefonn. Figure 11. Parallel Data Transmission Example. 
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Figure 12. Test Circuit for 3-State Output Enable and Disable Propagation Delays. 
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HCPL·71001710' 

~-'--"'-O·5V 

+----<'---+-ol4 GND. 

""" 
PULR GEN. • .n.,,.------' 

DV 

Yo. ~8WITCHATA 

OUTPUT, Vo 

/\.~- o.aV /\ 
VOL -./ \ ..... ______ • '", ______ SWITCHATB 

Figure 13. Test Circuit for Common Mode Transient 
Immuuity and Typical Wavefonns. 
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HCPL-7100/7101 
Application Information 
The HCPL-7100/7101 is 
extremely easy to use. Because 
the optocoupler uses high-speed 
CMOS IC technology, the inputs 
and output are fully compatible 
with all +5 V TTL and CMOS 
logic. TTL or CMOS logic can be 
connected directly to the inputs 
and output; no external interface 
circuitry is required. 

As shown in Figure 1, the only 
external components required for 
proper operation are two ceramic 
bypass capacitors. Capacitor 
values should be between 0.01 J,J.F 
and 0.1 J.LF. For each capacitor, 
the total lead length between both 
ends of the capacitor and the 
power-supply pins should not 
exceed 20 mm. Figure 2 
illustrates the recommended 
printed circuit board layout for 
the HCPL-7 I 00/7 10 1. 

Propagation Delay, Pulse­
Width Distortion, and 
Propagation Delay Skew 
Propagation delay is a figure of 
merit which describes how 
quickly a logic signal propagates 
through a system. The propaga­
tion delay from low to high (tpLH) 
is the amount of time required for 
an input signal to propagate to 
the output, causing the output to 
change from low to high. 
Similarly, the propagation delay 
from high to low (tpm.) is the 
amount of time required for the 
input signal to propagate to the 
output, causing the output to 
change from high to low (see 
Figure 7). 

Pulse-width distortion (PWD) 
results when tPLH and tpHL differ in 

value. PWD is defined as the 
difference between tpLH and tpHL 
and often determines the maxi­
mum data rate capability of a 
transmission system. PWD can be 
expressed in percent by dividing 
the PWD (in ns) by the minimum 
pulse width (in ns) being 
transmitted. Typically, PWD on 
the order of 20-30% of the 
minimum pulse width is tolerable; 
the exact figure depends on the 
particular application (RS232, 
RS422, T-I, etc.). 

Propagation delay skew, tpSK' is 
an important parameter to con­
sider in parallel data applications 
where synchronization of signals 
on parallel data lines is a concern. 
If the parallel data is being sent 
through a group of optocouplers, 
differences in propagation delays 
will cause the data to arrive at the 
outputs of the optocouplers at 
different times. If this difference 
in propagation delays is large 
enough, it will determine the 
maximum rate at which parallel 
data can be sent through the 
optocouplers. 

Propagation delay skew is defined 
as the difference between the 
minimum and maximum propaga­
tion delays, either tpLH or tpHL' for 
any given group of optocouplers 
which are operating under the 
same conditions (Le., the same 
supply voltage, output load, and 
operating temperature). As illus­
trated in Figure 10, if the inputs 
of a group of optocouplers are 
switched either ON or OFF at the 
same time, tpSK is the difference 
between the shortest propagation 
delay, either tpLH or tpHL, and the 
longest propagation delay, either 
tpLH or tpHL· 

As mentioned earlier, tpSK can 
determine the maximum parallel 
data transmission rate. Figure 11 
is the timing diagram of a typical 
parallel data application with both 
the clock and the data lines being 
sent through optocouplers. The 
figure shows data and clock 
signals at the inputs and outputs 
of the optocouplers. To obtain the 
maximum data transmission rate, 
both edges of the clock signal are 
being used to clock the data; if 
only one edge were used, the 
clock signal would need to be 
twice as fast. 

Propagation delay skew repre­
sents the uncertainty of where an 
edge might be after being sent 
through an optocoupler. Figure 
11 shows that there will be 
uncertainty in both the data and 
the clock lines. It is important 
that these two areas of uncertainty 
not overlap, otherwise the clock 
signal might arrive before all of 
the data outputs have settled, or 
some of the data outputs may 
start to change before the clock 
signal has arrived. From these 
considerations, the absolute 
minimum pulse width that can be 
sent through optocouplers in a 
parallel application is twice tpSK' A 
cautious design should use a 
slightly longer pulse width to 
ensure that any additional 
uncertainty in the rest of the 
circuit does not cause a problem. 

The HCPL-7101 optocoupler offers 
the advantages of guaranteed 
specifications for propagation 
delays, pulse-width distortion and 
propagation delay skew over the 
recommended temperature, and 
power supply ranges. 
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40 ns Prop. Delay, 
SO-80ptocoupler 

Preliminary Technical Data 

Features 
• +5 V CMOS Compatibility 
• 8 ns Pulse Width Distortion 
• High Speed: 12 Mbd 
• 10 kV/~ MinimUm Comm~n 

Mode Rejection 
• Industrial Temperature 

Range: O"C to 85"C 

• Safety and Regulatory 
Approvals 
UL Recognized 2500 V rms for 
1 min. per UL 1577 
CSA Component Acceptance 
Notice #5 

Applications 
• Digital Fieldbus Isolation: 
. DeviceNet, SDS, PROFIBUS 

_ • Multiplexed Data 
Transmission 

• Computer Peripheral 
Interface 

• Microprocessor System 
Interface 

Description 
Available in the SO-8 package 
style, the HCPL-0710 optocoupler 
utilizes the latest CMOS IC 
technology to achieve outstanding 
performance with very low power 
consumption. The HCPL-0710 
requires only two bypass 
capacitors fOI: complete CMOS 
compatibility. 

Basic building blocks of the 
HCPL-0710 are a CMOS LED 
driver IC and a CMOS detector 
IC. A CMOS logic input signal 
controls the LED driver IC which 
supplies current to the LED. 
The detector IC incorporates an 
integrated photodiode, a high­
speed transimpedance amplifier, 
and a voltage comparator with an 
output driver. 

rliiiW HEWLETT® a:r... PACKARD 

HCPL-0710 

Functional Diagram 

*Pin 3 is the anode of the internal LED and must be left unconnected for guaranteed data sheet performance. 
Pin 7 is not connected internally. External connections to pin 7 are not recommended. 
**A 0.1 IJF bypass capacitor must be connected between pins 1 and 4, and 5 and 8. 

CAUTION: It is advised that normal static precautions be taken in handling and assembly of this component 
to prevent damage and/or degradation which may be induced by ESD. 

This data sheet represents the latest information at the time of publication of this catalog. All specifications 
subject to change. Samples available Fall 1996. 
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Electrical Specifications 
Unless otherwise noted, all specifications are guaranteed across recommended operating conditions. All 
Typical specifications are at TA = +25°C, VDDl = VDD2 = +5 V. Test conditions that are not specified can be 
anywhere within the recommended operating range. 

Parameter Symbol Min. Typ. Max. Units Test Conditions 
DC Specifications 
Logic Low Input Supply Current IDDIL 1.5 3.0 rnA VDDl = 5.5 V, VI = 0 V 
Logic High Input Supply Current IDDIH 6.0 10.0 rnA VDDl = 5.5 V, VI = VDDI 
Input Supply Current IDDI 13.0 rnA VDDl = 5.5 V 
Output Supply Current IDD2 5.5 10.0 rnA VDD2 = 5.5 V 
Input Current II -10 10 ~ 
Logic High Output Voltage VOH VDD2 - 0.1 VDD2 V 10 = -20 ~, VI = VIH 

0.8 *VDD2 4.5 10 = -4 rnA, VI = VIH 
Logic Low Output Voltage VOL 0 0.1 V 10 = 20 ~, VI = VIL 

0.2 0.8 10 = 4 rnA, VI = VIL 
Switching Specifications 
Propagation Delay Time to tpHL 20 40 ns CL = 15 pF 
Logic Low Output CMOS Signal Levels 

Propagation Delay Time to tpLH 23 40 
Logic High Output 

Pulse Width PW 80 
Data Rate 12.5 MBd 

Pulse Width Distortion PWD 3 8 ns CL = 15 pF 
ItpHL - tpLH I CMOS Signal. Levels 

Propagation Delay Skew tPSK 20 

Output Rise Time tR 13 CL = 15 pF 
(10 - 90%) CMOS Signal Levels 
Output Fall Time tF 5 
(90 - 10%) 

Common Mode Transient ICMHI 10 20 kV/Jls VI = VDDI, Vo > 
Immunity at Logic High Output 0.8 VDDI, VCM = 1000 V 

Common Mode Transient ICMd 10 20 VI = 0 V, Vo > 0.8 V, 
Immunity at Logic Low Output VCM = 1000 V 
Input Dynamic Power CPDl 60 pF 
Dissipation Capacitance 

Output Dynamic Power CPD2 10 
Dissipation Capacitance 
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High-Linearity Analog 
Optocouplers 

Technical Data 

Features 
• Low Nonlinearity: 0.01% 

• Ks (IPD2/IPDl) Transfer Gain 
HCNR200: ± 15% 
HCNR201: ± 5% 

• Low Gain Temperature 
Coefficient: -65 ppm/"C 

• Wide Bandwidth - DC to 
>1 MHz 

• Worldwide Safety Approval 
- UL 1577 Recognized 

(5 kV nns/l min Rating) 
- CSA Approved 
- BSI Certified 
- VDE 0884 Approved 
VIORM = 1414 V peak 

(Option #050) 
• Surface Mount Option 

Available 
(Option #300) 

• 8-Pin DIP Package - 0.400" 
Spacing 

• Allows Flexible Circuit 
Design 

• Special Selection for 
HCNR201: Tighter K1, Ks 
and Lower Nonlinearity 
Available 

Applications 
• Low Cost Analog Isolation 
• Telecom: Modem, PBX 
• Industrial Process Control: 

Transducer Isolator 
Isolator for Thennocouples 
4 rnA to 20 rnA Loop Isolation 

• SMPS Feedback Loop, SMPS 
Feedforward 

• Monitor Motor Supply 
Voltage 

• Medical 

Description 
The HCNR200/201 high-linearity 
analog optocoupler consists of a 
high-perfonnance AlGaAs LED 
that illuminates two closely 
matched photodiodes. The input 
photodiode can be used to 
monitor, and therefore stabilize, 
the light output of the LED. As a 
result, the nonlinearity and drift 

Schematic 

LED CATHODE 

LED ANODE 

PD1 CATHODE 

PD1ANODE 

1 

~~t 
~ IF 

2 

rli~ HEWLETT® 
a!~PACKARD 

HCNR200 
HCNR201 

characteristics of the LED can be 
virtually eliminated. The output 
photodiode produces a photocur­
rent that is linearly related to the 
light output of the LED. The close 
matching of the photodiodes and 
advanced design of the package 
ensure the high linearity and 
stable gain characteristics of the 
optocoupler. 

The HCNR200/201 can be used to 
isolate analog signals in a wide 
variety of applications that 
require good stability, linearity, 
bandwidth and low cost. The 
HCNR200/201 is very flexible 
and, by appropriate design of the 
application circuit, is capable of 
operating in many different 
modes, including: unipolar/ 
bipolar, ac/dc and inverting/non­
inverting. The HCNR200/201 is 
an excellent solution for many 
analog isolation problems. 

8 
----ONC 

-----oNC 
7 

6 C PD2CATHODE 
IpD2 

l ';;;::: PD2ANODE 
5 

CAUTION: It is advised that normal static precautions be taken in handling and assembly of this component to 
prevent damage and/or degradation which may be induced by ESD. 
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Ordering Information: 

HCNR20x 

T 0 ~ ± 15% Trnnsfe< Grun, 0.25% M_= Nonlln""" ~ 1 = ± 5% Transfer Gain, 0.05% Maximum Nonlinearity 

Optionyyy 

Y 050 = VDE 0884 \)ORM = 1414 V peak Option 
300 = Gull Wing Surface Mount Lead Option 
500 = TapeJReel Package Option (1 k min.) 

Option data sheets available. Contact your Hewlett-Packard sales representative or authorized distributor for 
information. 

Package Outline Drawings 

~ 11.30~_) __ I 
0.20 (o.oOS) 
0.30 (0.012) 

J-:: 

o 

HP 
HCNR200Z 

OPTION 
CODE· 

DATE 
CODE 

--; 

11.00 
(0.433) 

MT 

10.16 
(0.400) 

,·T 

5.10 (0.201) MAX. 

-,~ 1=' (0.021) MIN. 

I L !:!glg::~:l _ 0.40(0.016) 

0.56 (0.022) DIMENSIONS IN MILUMETERS AND (INCHES). 

-4--- 2.54 (0.100) TYP. 
.. MARKING CODe LETTER FOR OPTION NUMBERS. 
·V" = OPTION 050 
OPTION NUMBERS 300 AND 500 NOT MARKED. 

Figure 1. 
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Gull Wing Surface Mount Option #300 

h 11.15~0.15 rl 
I f.L, (0.442 ~ 0.006) rQ., I _~~_I?~~~~"J"!~!,!!~~R_I'I!'.-=E:!l_E:NC;E:_~!'!L,y) ________ , 

: D D D D ---.----.-

12.30 ~0.30 o (0.48h 0.012) 

DDDD~ 
-ll.3~ 0.9 

(0.051) (0.035) 

~:~ rr-~i::q 
(0.158)MAX. I ~ ~ I 

1.78~0.15 _~' I' ~ '------1 1 \ ~t+ 
(0.070 ~ 0.006) 1 -.j 1---0 1.00 ~ 0.15 

--- 2.54 0_75 ~ 0.25 (0.039 ~ 0.006) l 0.254 ;00.005·07~1 
(0.100) (0.030 ~ 0.010) 

BSC (0.010~g:::l 
DIMENSIONS IN MILLIMETERS (INCHES). 

LEAD COPLANARITV = 0.10 mm (0.004 INCHES). 

Maximum Solder Retlow Thermal Profile 
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" 
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TIME --MINUTES 

(NOTE: USE OF NON-CHLORINE ACTIVATED FLUXES IS RECOMMENDED.) 

Regulatory Information 
The HCNR200/201 optocoupler 
features a 0.400" wide, eight pin 
DIP package. This package was 
specifically designed to meet 
worldwide regulatory require­
ments. The HCNR200/201 has 
been approved by the following 
organizations: 
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UL 

CSA 

Recognized under UL 
1577, Component 
Recognition Program, 
FILE E55361 

Approved under CSA 
Component Acceptance 
Notice #5, File CA 
88324 

7° NOM. 

BSI 

VDE 

Certification according 
to BS415:1994; 
CBS EN60065:1994); 
BS EN60950:1992 
(BS7002:1992) and 
EN41003:1993 for Class 
II applications 

Approved according to 
VDE 0884/06.92 
(Available Option #050 
only) 



Insulation and Safety Related Specifications 
Parameter Symbol Value Units Conditions 

Min. External Clearance L(101) 9.6 mm Measured from input terminalS to output 
(External Air Gap) terminals, shortest distance through air 

Min. External Creepage L(l02) 10.0 mm Measured from input terminals to output 
(External Tracking Path) terminals, shortest distance path along body 

Min. Internal Clearance 1.0 mm Through insulation distance conductor to 
(Internal Plastic Gap) conductor, usually the direct distance· . 

between the photoemitter and photodetector 
inside the optocoupler cavity 

Min. Internal Creepage 4.0 mm The shortest distance around the border .' 
(Internal Tracking Path) between two different insulating materials 

measured betWeen the emitter and detector 

Comparative Tracking Index CTI 200 V DIN IEC 112/VDE 0303 PART 1 

Isolation Group IlIa Material group (DIN VDE 0110) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 

VDE 0884 (06.92) Insulation Characteristics (Option #050 Only) 

Description Symbol Characteristic Unit 

Installation classification per DIN VDE 0110/1.89, Table 1 
For rated mains voltage $ 600 V rms I-IV 
For rated mains voltage $ 1000 V rms I-III 

Climatic Classification (DIN IEC 68 part 1) 55/100/21 

Pollution Degree (DIN VDE 0110 Part 1/1.89) 2 

Maximum Working Insulation Voltage V'ORM 1414 V peak 

Input to Output Test Voltage, Method b* VPR 2651 V peak 
VPR = 1.875 X V'ORM, 100% Production Test with 
1m = 1 sec, Partial Discharge < 5 pC 

Input to Output Test Voltage, Method a* VPR 2121 V peak 
VPR = 1.5 X VIORM, Type and sample test, tm = 60 sec, 
Partial Discharge < 5 pC 

Highest Allowable Overvoltage* VIOTM 8000 V peak 
(Transient Overvoltage, tm; = 10 sec) 

Safety-Limiting Values 
(Maximum values allowed in the event of a failure, 
also see Figure 11) 

Case Temperature Ts 150 °C 
Current (Input Current IF, Ps = 0) Is 400 rnA 
Output Power PS,OUTPUT 700 mW 

Insulation Resistance at Ts, VIO = 500 V Rs >109 Q 

'Refer to the front of the Optocoupler section of the current catalog for a more detailed description of VDE 0884 and other product 
safety regulations. 
Note: Optocouplers providing safe electrical separation per VDE 0884 do so only within the safety-limiting values to which they are 
qualified. Protective cut-out switches must be used to ensure that the safety limits are not exceeded. 
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Absolute Maximum Ratings 
Storage Temperature .......................................... , ....... -55~C to + 125.oC 
Operating Temperature (T,J ........................................ -55°C to + 100°C 
Junction Temperature (TJ) ............................................................ 125OC 
Reflow Temperature Profile ... See Package Outline Drawings Section 
Lead Solder Temperature .................... ; ............................. 2600C for lOs 

(upto seating plane) 
Average Input Current - IF ............................................................ 25 rnA 
Peak Input Current - IF ................................................................. 40 rnA 

(50 ns maximum pulse width) 
Reverse Input Voltage - VR .............................................................. 2.5 V 

(lR = 100 J,LA,Pin 1-2) 
Input Power Dissipation ......................................... 60 mW @ TA = 850C 

(Derate at 2.2 mWfC for operating temperatures above 85OC) 
Reverse Output Photodiode Voltage ................................................ 30 V 

(Pin 6-5) 
Reverse Input Photodiode Voltage ................................................... 30 V 

(Pin 3-4) 

Recommended Operating Conditions 
Storage Temperature .................................................... -40°C to +85°C 
Operating Temperature ................................................. -40°C to +85°C 
Average Input Current - IF· ....................................................... 1 - 20 rnA 
Peak Input Current - IF ................................................................. 35 rnA 

(50% duty cycle, 1 IDS pulse width) 
Reverse Output Photodiode Voltage ........................................... 0 - 15 V 

(Pin 6-5) 
Reverse Input Photodiode Voltage .............................................. 0 - 15 V 

(Pin 3-4) 



Electrical Specifications 
TA = 25°C unless otherwise specified. 

Parameter Symbol Device Min. Typ. Max. Units Test Conditions Fig. Note 

Transfer Gain K3 HCNR200 0.85 1.00 1.15 5 nA < Ipo < 50 !lA, 2,3 1 
OV < Vpo < 15 V 

f----
HCNR201 0.95 1.00 1.05 5 nA < Ipo < 50 !lA, 1,2 

OV < VPD < 15V 
f----

HCNR201 0.93 1.00 1.07 -40OC < TA < 85OC, 1,2 
5 nA < Ipo < 50 !lA, 
OV<VPD < 15V 

Temperature dK3/dTA -65 ppm/OC -40OC < TA < 85OC, 2,3 
Coefficient of 5 nA < Ipo < 50 !lA, 
Transfer Gain OV < Vpo < 15 V 

DC NonLinearity NLBF HCNR200 0.01 0.25 % 5 nA < Ipo < 50 !lA, 4,5, 3 
(Best Fit) OV < Vpo < 15 V 6 

r-----
HCNR201 O.oI 0.05 5 nA < IpD < 50 !lA, 2,3 

OV < VPD < 15 V 

HCNR201 0.01 0.07 -40OC < TA < 85OC, 
r-----

2,3 
5 nA < IPD < 50 !lA, 
OV < VPD < 15 V 

DC Nonlinearity NLEF 0.016 5 nA < IpD < 50 !lA, 4 
(Ends Fit) OV<VPD < 15V 

Input Photo- Kl HCNR200 0.25 0.50 0.75 % IF = lOrnA, 7 2 
diode Current OV<VPDl < 15V 
Transfer Ratio HCNR201 0.36 0.48 0.72 
(IPDl/lF) 
Temperature dKl/~TA -0.3 %;oC -40OC < TA < 85OC, 7 
Coefficient IF = 10 rnA 
ofKl OV<VPDl < 15V 

Photodiode ILK 0.5 25 nA IF = o rnA, 8 
Leakage Current OV < VPD < 15 V 

Photodiode BVR~D 30 150 V IR = 100!lA 
Reverse Break-
down Voltage 

Photodiode Cp~ 22 pF VPD = OV 
Capacitance 

LED Forward VF 1.3 1.6 1.85 V IF = 10 rnA 9, 
Voltage 10 

1.2 1.6 1.95 IF = 10 rnA, 
-40OC < TA < 850C 

LED Reverse BV~ 2.5 9 V IF = 100!lA 
Breakdown 
Voltage 

Temperature d\}./dTA -1.7 mV/oC IF = lOrnA 
Coefficient of 
Forward Voltage 

LED Junction CLED 80 pF f = 1 MHz, 
Capacitance \1>= OV 
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AC Electrical Specifications 
TA = 25°C unless otherwise specified. 

Parameter Symbol 

LED Bandwidth f-3dB 

Application Circuit Bandwidth: 
High Speed 
High Precision 

Application Circuit: IMRR 
High Speed 

Package Characteristics 
TA = 25°C unless otherwise specified. 

Device Min. Typ. 

9 

1.5 
10 

95 

Test 
Max. Units Conditions Fig. Note 

MHz IF = 10 rnA 

MHz 16 7 
kHz 17 7 

dB freq = 60 Hz 16 7,8 

Test 
Parameter Symbol Device Min. Typ. Max. Units Conditions Fig. Note 

Input-Output VISO 5000 Vnns RH~50%, 5,6 
Momentary-Withstand t=lmin. 
Voitage* 

Resistance RI•o 1012 1013 n Vo = 500VDC 5 
(Input-Output) 

1011 TA =' 100°C, 5 
\lio = 500VDC 

Capacitance CI•O 0.4 0.6 ' pF f=lMHz 5 
(Input-Output) 

'The Input·Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating, For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), your 
equipment level safety specification, or HP Application Note 1074, "Optocoupler Input-Output Endurance Voltage." 

Notes: 
L Ka is calculated from the slope of the 

best fit line of IpD2 VS, IPDl with eleven 
equally distributed data points from 
5 nA to 50 iJA. This is approximately 
equal to IpD:JlPDl at IF = 10 rnA, 

2, Special selection for tighter K" Ka and 
lower Nonlinearity available. 

3, BEST FIT DC NONLINEARITY CNLaF) is 
the maximum deviation expressed as a 
percentage of the full scale output of a 
"best fit" straight line from a graph of 
IpD2 VS, IPDl with eleven equally distrib­
uted data points from 5 nA to 50 1lA, 
IpD2 error to best fit line is the deviation 
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below and above the best fit line, 
expressed as a percentage of the full 
scale output. 

4. ENDS FIT DC NONLINEARITY CNLaF) 
is the maximum deviation expressed as 
a percentage of full scale output of a 
straight line from the 5 nA to the 50 IlA 
data point on the graph ofIpD2 VS. IpDl , 

5. Device considered a two-terminal 
device: Pins 1, 2, 3, and 4 shorted' 
together and pins 5, 6, 7, and 8 shorted 
together. 

6. In accordance with UL 1577, each 
optocoupler is proof tested by applying 
an insulation test voltage of 2: 6000 V 
rms for 2: 1 second (leakage detection 

current limit, 11.0 of 5 IlA max.). This 
test is performed before the 100% 
production test for partial (tischarge 
(method b) shown in the VDE 0884 
Insulation Characteristics Table (for 
Option #050 only). 

7. Specific performance will depend on 
circuit topology and components. 

8. IMRR is defined as the ratio of the 
signal gain (with signal applied to VIN of 
Figure 16) to the isolation mode gain 
(with VIN connected to input common 
and the signal applied between the 
input and output commons) at 60 Hz, 
expressed in dB. 
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Figure 13. Unipolar Circuit Topologies. 

1-426 

B) PRACTICAL CIRCUIT 

Figure 12. Basic Isolation Amplifier. 
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Figure 14. Bipolar Circuit Topologies. 

B) TRANSMITTER 

Figure 15. Loop-Powered 4-20 rnA Current Loop Circuits. 
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Figure 16. lHgh-Speed Low-Cost Analog Isolator. 
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Figure 17. Precision Analog Isolation Amplifier. 
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Figure 18. Bipolar Isolation Amplifier. 
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Figure 19. Magnitude/Sign Isolation Amplifier. 

'*HCNR200 Linear Optocoupler SPXCE Model 
* LED Cathode 
'* LED Anode 

• ) PDl Cathode · I PDl Anode I PD2 Anode : I iD• Cathode 

.SUSCKT HCMR200 1 2 3 4 5 6 

'* LEO circuit 
QLEDl S • 7 QCPI .5 
QLED2 9 2 7 QCPL .5 
VLED 7 1 DC .685 
VPDl 8 1. DC 2 
VPD.91DC2 

* Input: photodiod.a circuit 
DPDl 4 3 DPHOro 
FPD1 3 4 VPD1 -1 
CPDl 4 3 8P 

'* Outpu.t photodiode circuit 
DPO. 5 6 DPHOTO 
FPD. 6 5 VPD. -1 
CPD2 5 fi 8P 

* Photodiode model 
.KODEL DPHOTOD(IS-4.5E-l. RS-150 H=1.3 XTI-4 EG-l.l1 
+ CJO=UP M-1.96 VJ-1.9) 

• LED/Optical-coupling transistor modal . 

RS R& 
180K 50K 

GAIN 

Vee 

• model QCPL MPH (IS-••• 14£-19 BF-10m H1'*1. 010 IKF=ll. OOm ISE=1.167P 
+ HE=1.737 RB=3.469 VAF=<lOO TF-l.77U CJE-SOP) 

• ENDS 

Figure 20. SPICE Model Listing. 
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Theory of Operation 
Figure I illustrates how the 
HCNR200/201 high-linearity 
optocoupler is configured. The 
basic optocoupler consists of an 
LED and two photodiodes. The 
LED and one of the photodiodes 
(PD I) is on the input leadframe 
and the other photodiode (PD2) is 
on the output leadframe. The 
package of the optocoupler is 
constructed so that each photo­
diode receives approximately the 
same amount of light from the 
LED. 

An external feedback amplifier 
can be used with PDI to monitor 
the light output of the LED and 
automatically aqjust the LED 
current to compensate for any 
non-linearities or changes in light 
output of the LED. The feedback 
amplifier acts to stabilize and 
linearize the light output of the 
LED. The output photodiode then 
converts the stable, linear light 
output of the LED into a current, 
which can then be converted back 
into a voltage by another 
amplifier. 

Figure 12a illustrates the basic 
circuit topology for implementing 
a simple isolation amplifier using 
the HCNR200/201 optocoupler. 
Besides the optocoupler, two 
external op-amps and two 
resistors· are required. This simple 
circuit is actually a bit too simple 
to function properly in an actual 
circuit, but it is quite useful for 
explaining how the basic isolation 
amplifier circuit works (a few 
more components and a circuit 
change are required to make a 
practical circuit, like the one 
shown in Figure 12b). 

The operation of the basic circuit 
may not be immediately obvious 
just from inspecting Figure 12a, 
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particularly the input part of the 
circuit. Stated briefly, amplifier 
Al aqjusts the LED current (IF), 
and therefore the current in PD I 
(IPDl), to maintain its "+" input 
terminal at 0 V. For example, 
increasing the input voltage would 
tend to increase the voltage of the 
"+" input terminal of Al above 0 
V. Al amplifies that increase, 
causing IF to increase, as well as 
IpD1• Because of the way that PDI 
is connected, IpDl will pull the" +" 
terminal of the op-amp back 
toward ground. Al will continue 
to increase IF until its "+" 
terminal is back at 0 V. Assuming 
that Al is a perfect op-amp, no 
current flows into the inputs of 
AI; therefore, all of the current 
flowing through RI will flow 
through PDl. Since the "+" input 
of Al is at 0 V, the current 
through RI, and therefore IpD1 as 
well, is equal to V1N/Rl. 

Essentially, amplifier Al aqjusts IF 
so that 

IpD1 = VIN/Rl. 

Notice that IPDl depends ONLY on 
the input voltage and the value of 
RI and is independent of the light 
output characteristics of the LED. 
As the light output of the LED 
changes with temperature, ampli­
fier Al adjusts IF to compensate 
and maintain a constant current 
in PDl. Also notice that IpDl is 
exactly proportional to VIN, giving 
a very linear relationship between 
the input voltage and the 
photodiode current. 

The relationship between the input 
optical power and the output 
current of a photodiode is venr 
linear. Therefore, by stabilizing 
and linearizing IpDl , the light 
output of the LED is also 
stabilized and linearized. And 

since light from the LED falls on 
both of the photodiodes, IpD2 will 
be stabilized as well. 

The physical construction of the 
package determines the relative 
amounts of light that fallon the 
two photodiodes and, therefore, 
the ratio of the photodiode 
currents. This results iIi. venr 
stable operation over time and 
temperature. The photodiode 
current ratio can be expressed as 
a constant, K, where 

Amplifier A2 and resistor R2 form 
a trans-resistance amplifier that 
converts IP02 back into a voltage, 
VOUT, where 

Combining the above three 
equations yields an overall 
expression relating the output 
voltage to the input voltage, 

VOUTNIN = K*(R2/RI). 

Therefore the relationship 
between VIN and VOUT is constant, 
linear, and independent of the 
light output characteristics of the 
LED. The gain of the basic isola­
tion amplifier circuit can be 
adjusted simply by adjusting the 
ratio of R2 to Rl. The parameter 
K (called K3 in the electrical 
specifications) can be thought of 
as the gain of the optocoupler and 
is specified in the data sheet. 

Remember, the circuit in 
Figure 12a is simplified in order 
to explain the basic circuit opera­
tion. A practical circuit, more like 
Figure 12b, will require a few 
additional components to stabilize 
the input part of the circuit, to 
limit the LED current, or to 



optimize circuit performance. 
Example application circuits will 
be discussed later in the data 
sheet. 

Circuit Design Flexibility 
Circuit design with the HCNR200/ 
201 is very flexible because the 
LED and both photodiodes are 
accessible to the designer. This 
allows the designer to make perf­
ormance trade-offs that would 
otherwise be difficult to make with 
commercially available isolation 
amplifiers (e.g., bandwidth vs. 
accuracy vs. cost). Analog isola­
tion circuits can be designed for 
applications that have either 
unipolar (e.g., 0-10 V) or bipolar 
(e.g., ± 10 V) signals, with 
positive or negative input or 
output voltages. Several simplified 
circuit topologies illustrating the 
design flexibility of the HCNR200/ 
201 are discussed below. 

The circuit in Figure 12a is 
configured to be non-inverting 
with positive input and output 
voltages. By simply changing the 
polarity of one or both of the 
photodiodes, the LED, or the op­
amp inputs, it is possible to 
implement other circuit configu­
rations as well. Figure 13 
illustrates how to change the 
basic circuit to accommodate 
both positive and negative input 
and output voltages. The input 
and output circuits can be 
matched to achieve any combina­
tion of positive and negative 
voltages, allowing for both 
inverting and non-inverting 
circuits. 

All of the configurations described 
above are unipolar (single polar­
ity); the circuits cannot accommo­
date a signal that might swing 
both positive and negative. It is 

possible, however, to use the 
HCNR200/201 optocoupler to 
implement a bipolar isolation 
amplifier. Two topologies that 
allow for bipolar operation are 
shown in Figure 14. 

The circuit in Figure 14a uses two 
current sources to offset the 
signal so that it appears to be 
unipolar to the optocoupler. 
Current source 1081 provides 
enough offset to ensure that IpDl 
is always positive. The second 
current source, los2' provides an 
offset of opposite polarity to 
obtain a net circuit offset of zero. 
Current sources 1081 and 1082 can 
be implemented simply as 
resistors connected to suitable 
voltage sources. 

The circuit in Figure 14b uses two 
optocouplers to obtain bipolar 
operation. The first optocoupler 
handles the positive voltage 
excursions, while the second 
optocoupler handles the negative 
ones. The output photodiodes are 
.connected in an antiparallel 
configuration so that they 
produce output signals of 
opposite polarity. 

The first circuit has the obvious 
advantage of requiring only one 
optocoupler; however, the offset 
performance of the circuit is 
dependent on the matching of 1081 

and 1082 and is also dependent on 
the gain of the optocoupler. 
Changes in the gain of the opto­
coupler will directly affect the 
offset of the circuit. 

The offset performance of the 
second circuit, on the other hand, 
is much more stable; it is inde­
pendent of optocoupler gain and 
has no matched current sources 
to worry about. However, the 

second circuit requires two 
optocouplers, separate gain 
adjustments for the positive and 
negative portions of the signal, 
and can exhibit crossover distor­
tion near zero volts. The correct 
circuit to choose for an applica­
tion would depend on the 
requirements of that particular 
application. As with the basic 
isolation amplifier circuit in 
Figure 12a, the circuits in Figure 
14 are simplified and would 
require a few additional compo­
nents to function properly. Two 
example circuits that operate with 
bipolar input signals are 
discussed in the next section. 

As a final example of circuit 
design flexibility, the simplified 
schematics in Figure 15 illustrate 
how to implement 4-20 rnA 
analog current-loop transmitter 
and receiver circuits using the 
HCNR200/201 optocoupler. An 
important feature of these circuits 
is that the loop side of the circuit 
is powered entirely by the loop 
current, eliminating the need for 
an isolated power supply. 

The input and output circuits in 
Figure 15a are the same as the 
negative input and positive output 
circuits shown in Figures 13c and 
13b, except for the addition of R3 
and zener diode D 1 on the input 
side of the circuit. D 1 regulates 
the supply voltage for the input 
amplifier, while R3 forms a 
current divider with R1 to scale 
the loop current down from 20 
rnA to an appropriate level for the 
input circuit «50 IJA). 

As in the simpler circuits, the 
input amplifier a<ljusts the LED 
current so that both of its input 
terminals are at the same,voltage .. 
The loop current is then divided 
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between Rl and R3. IpDl is equal 
to the current in Rl and is given 
by the following equation: 

IpD1= ILOop*R3/(R1+R3). 

Combining the above equation 
with the equations used for Figure 
12a yields an overall expression 
relating the output voltage to the 
loop current, 

VOur/ILOOP = K*(R2*R3)/(Rl + R3). 

Again, you can see that the 
relationship is constant, linear, 
and independent of the charac­
teristics of the LED. 

The 4-20 rnA transmitter circuit in 
Figure 15b is a little different 
from the previous circuits, partic­
ularly the output circuit. The 
output circuit does not directly 
generate an output voltage which 
is sensed by R2, it instead uses 
Ql to generate an output current 
which flows through R3. This 
output current generates a 
voltage across R3, which is then 
sensed by R2. An analysis similar 
to the one above yields the 
following expression relating 
output current to input voltage: 

ILOopNIN = K*(R2+R3)/(Rl*R3). 

The preceding circuits were pre­
sented to illustrate the flexibility 
in designing analog isolation 
circuits using the HCNR200/201. 
The next section presents several 
complete schematics to illustrate 
practical applications of the 
HCNR200/201. 

Example Application 
Circuits 
The circuit shown in Figure 16 is 
a high-speed low-cost circuit 
designed for use in the feedback 
path of switch-mode power 
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supplies. This application requires 
good bandwidth, low cost and 
stable gain, but does not require 
very high accuracy. This circuit is 
a good example of how a designer 
can trade off accuracy to achieve 
improvements in bandwidth and 
cost. The circuit has a bandwidth 
of about 1.5 MHz with stable gain 
characteristics and requires few 
external components. 

Although it may not appear so at 
first glance, the circuit in Figure 
16 is essentially the same as the 
circuit in Figure 12a. Amplifler Al 
is comprised of Ql, Q2, R3 and 
R4, while amplifler A2 is 
comprised of Q3, Q4, R5, R6 and 
R7. The circuit operates in the 
same manner as well; the only 
difference is the performance of 
ampliflers Al and A2. The lower 
gains, higher input currents and 
higher offset voltages affect the 
accuracy of the circuit, but not. 
the way it operates. Because the 
basic circuit operation has not 
changed, the circuit still has good 
gain stability. The use of discrete 
transistors instead of op-amps 
allowed the design to trade off 
accuracy to achieve good 
bandwidth and gain stability at 
low cost. 

To get into a little more detail 
about the circuit, Rl is selected to 
achieve an LED current of about 
7-10 rnA at the nominal input 
operating voltage according to the 
following equation: 

where Kl (I.e., IpDl/lF) of the 
optocoupler is typically about 
0.5%. R2 il' then selected to 
achieve the desired output voltage 
according to the equation, 

VomA'IN = R2/R1. 

The purpose of R4 and R6 is to 
improve the dynamic response 
(i.e., stability) of the input and 
output circuits by lowering the 
local loop gains. R3 and R5 are 
selected to provide enough 
current to drive the bases of Q2 
and Q4. And R7 is selected so that 
Q4 operates at about the same 
collector current as Q2. 

The next circuit, shown in 
Figure 17, is designed to achieve 
the highest possible accuracy at a 
reasonable cost. The high 
accuracy and wide dynamic range 
of the circuit is achieved by using 
low-cost precision op-amps with 
very low input bias currents and 
offset voltages and is limited by 
the performance of the opto­
coupler. The circuit is designed to 
operate with input and output 
voltages from 1 mV to 10 V. 

The circuit operates in the same 
way as the others. The only major 
differences are the two compensa­
tion capacitors and additional 
LED drive circuitry. In the high­
speed circuit discussed above, the 
input and output circuits are 
stabilized by reducing the local 
loop gains of the input and output 
circuits. Because reducing the 
loop gains would decrease the 
accuracy of the circuit, two 
compensation capacitors, C 1 and 
C2, are instead used to improve 
circuit stability. These capacitors 
also limit the bandwidth of the 
circuit to about 10 kHz and can 
be used to reduce the output 
noise of the circuit by reducing its 
bandwidth even further. 

The additional LED drive circuitry 
(Ql and R3 through R6) helps to 
maintain the accuracy and band­
width of the circuit over the entire 
range of input voltageS. Without 
these components, the transcon­
ductance of the LED driver would 



decrease at low input voltages 
and LED currents. This would 
reduce the loop gain of the input 
circuit, reducing circuit accuracy 
and bandwidth. D 1 prevents 
excessive reverse voltage from 
being applied to the LED when 
the LED turns off completely. 

No offset adjustment of the circuit 
is necessary; the gain can be 
adjusted to unity by simply 
adjusting the 50 kohm poten­
tiometer that is part of R2. Any 
OP-97 type of op-amp can be 
used in the circuit, such as the 
LT1097 from Linear Technology 
or the AD705 from Analog 
Devices, both of which offer pA 
bias currents, J.lV offset voltages 
and are low cost. The input 
terminals of the op-amps and the 
photodiodes are connected in the 
circuit using Kelvin connections 
to help ensure the accuracy of the 
circuit. 

The next two circuits illustrate 
how the HCNR200/201 can be 
used with bipolar input signals. 
The isolation amplifier in 
Figure 18 is a practical implemen­
tation of the circuit shown in 
Figure 14b. It uses two opto­
couplers, OC1 and OC2; OC1 
handles the positive portions of 
the input signal and OC2 handles 
the negative portions. 

Diodes D 1 and D2 help reduce 
crossover distortion by keeping 
both amplifiers active during both 
positive and negative portions of 
the input signal. For example, 
when the input signal positive, 
optocoupler OC 1 is active while 
OC2 is turned off. However, the 
amplifier controlling OC2 is kept 
active by D2, allowing it to turn 
on OC2 more rapidly when the 
input signal goes negative, 
thereby reducing crossover 
distortion. 

Balance control R1 adjusts the 
relative gain for the positive and 
negative portions of the input 
signal, gain control R7 adjusts the 
overall gain of the isolation 
amplifier, and capacitors C 1-C3 
provide compensation to stabilize 
the amplifiers. 

The final circuit shown in 
Figure 19 isolates a bipolar 
analog signal using only one 
optocoupler and generates two 
output signals: an analog signal 
proportional to the magnitude of 
the input signal and a digital 
signal corresponding to the sign 
of the input signal. This circuit is 
especially useful for applications 
where the output of the circuit is 
going to be applied to an analog­
to-digital converter. The primary 
advantages of this circuit are very 
good linearity and offset, with 
only a single gain adjustment and 
no offset or balance adjustments. 

To achieve very high linearity for 
bipolar signals, the gain should be 
exactly the same for both positive 
and negative input polarities. This 
circuit achieves excellent linearity 
by using a single optocoupler and 
a single input resistor, which 
guarantees identical gain for both 
positive and negative polarities of 
the input signal. This precise 
matching of gain for both polari­
ties is much more difficult to 
obtain when separate components 
are used for the different input 
polarities, such as is the previous 
circuit. 

The circuit in Figure 19 is actually 
very similar to the previous 
circuit. As mentioned above, only 
one optocoupler is used. Because 
a photodiode can conduct current 
in only one direction, two diodes 
(D1 and D2) are used to steer the 
input current to the appropriate 

terminal of input photodiode PD 1 
to allow bipolar input currents. 
Normally the forward voltage 
drops of the diodes would cause a 
serious linearity or accuracy 
problem. However, an additional 
amplifier is used to provide an 
appropriate offset voltage to the 
other amplifiers that exactly 
cancels the diode voltage drops to 
maintain circuit accuracy. 

Diodes D3 and D4 perform two 
different functions; the diodes 
keep their respective amplifiers 
active independent of the input 
signal polarity (as in the previous 
circuit), and they also provide the 
feedback signal to PD1 that 
cancels the voltage drops of 
diodes D1 and D2. 

Either a comparator or an extra 
op-amp can be used to sense the 
polarity of the input signal and 
drive an inexpensive digital 
optocoupler, like a 6N139. 

It is also possible to convert this 
circuit into a fully bipolar circuit 
(with a bipolar output signal) by 
using the output of the 6N139 to 
drive some CMOS switches to 
switch the polarity of PD2 
depending on the polarity of the 
input signal, obtaining a bipolar 
output voltage swing. 

HCNR200/201 SPICE 
Model 
Figure 20 is the net list of a 
SPICE macro-model for the 
HCNR200/20 1 high-linearity 
optocoupler. The macro-model 
accurately reflects the primary 
characteristics of the HCNR200/ 
201 and should facilitate the 
design and understanding of 
circuits using the HCNR200/201 
optocoupler. 
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High Gain Darlington Output 
Optocouplers 

Technical Data 

Features 
• High Current Transfer 

Ratio-1500% Typical 
• Low Input Current 

Requirement-O.S mA 
• Performance Guaranteed 

over OOC to 70°C 
Temperat,ure Range 

• Internal Base-Emitter 
Resistor Minimizes Output 
Leakage 

• Gain-Bandwidth Adjustment 
Pin 

• Safety Approval 
UL Recognized -2500 V rms for 

1 Minute 
eSA Approved 

Applications 
• Telephone Ring Detector 
• Digital Logic Ground 

Isolation 
• Low Input Current Line 

Receiver 
• Line Voltage Status 

Indicator-Low lnput Power 
Dissipation 

• Logic to Reed Relay Interface 
• Level Shifting 
• Interface Between Logic 

Families 

Description 
The 4N45/46 optocouplers 
contain a GaAsP light emitting 
diode optically coupled to a high 
gain photodetector Ie. ' 

The excellent perforinance over 
temperature results from the 
inclusion of an integrated emitter­
base bypass resistor which shunts 
photodiode and first stage 
leakage currents'as well as 
bleeding off excess base drive to 
ground. External access to the 
second stage base provides the 
capability for better noise 
rejection than a conventional 
photodarlington detector. An 
external resistor or capacitor at 
the base can be added to make a 
gain-bandwidth or input current 
threshold acijustment. The base 
lead can also be used for 
feedback. 

Functional Diagram 

r/i~ HEWLETT<Il> 
~~PACKARD 

4N45 
4N46 

The high current transfer ratio at 
very low input currents permits 
circuit designs in which adequate 
margin can be allowed for the 
effects of optical coupling 
variations. 

The 4N46 has a 350% minimum 
eTR at an input current of only 
0.5 rnA making it ideal for use in 
low input current applications 
such as MOS, CMOS and low 
power logic interfacing. Compat­
ibility with high voltage CMOS 
logic systems is assured by the 
20 V minimum breakdown 
voltage of the output transistor 
and by the guaranteed maximum 
output leakage (IOIV at 18 V. 

The 4N45 has a 250% minimum 
CTR at 1.0 rnA input current and 
a 7 V minimum breakdown 
voltage rating. 

Selection for lower input current 
down to 250 J.LA is available upon 
request. 

TRUTH TABLE 
(POSonVE LOGIC) 

LED OUTPUT 

ON L 

OFF H 

*JEDEC Registered Data 
**JEDEC Registered up to 70"C. 

CAUTION: It is advised that normal static precautions be taken in handling and assembly qfthis com,ponent to 
prevent damage and/ ar degradation which may be induced by ESD. 
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Ordering Information 
Specify part number followed by Option Number (if desired). 

4N45#xxx 

~ 300 = Gull Wing Surface Mount Lead Option 
500 = Tape/Reel Package Option (1 K min) 

Option data sheets available. Contact your Hewlett-Packard sales representative or authorized distributor for 
information. 

Schematic Outline Drawing 
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ANOOE3-+ 
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~:::!::~l-I a:m'~:l 

,.-.... 6::-LH..JpX"'~:.J...,I..;:4~-V~_ ~ ~7 
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4 
t-""II"'-+----~ GND 

YYWW III RECOGNITION l:bL 5° TYP. 

6.10(0.240) t 
6.60 (0.260) LED OUTPUT 

ON L 
OFF H 

6 
VB 

2.16 (0.085) 
2.54 (0.100) 

...------...........--
4.70 (0.165) MAX. 

~~ 
2.:" (0.105) MIN. 

I-- 0.4510.018) 
0.65 0.025) 
2.26 (0.090) 
2.60 (0.110) 

DIMENSIONS IN MILUMETERS AND (INCHES). 

Outline Drawing - Option 300 

1

_ ..... 0.25 ....---I 
(0.380 :I< O.010~ I ro 8.36>*;0.2& ( .... o·r'o) 0 

DIMENSIONS IN mm (INCHES) 
TOLERANCES: )lX.lIX;; 0.01 

xx-xxx _ 0.001 
(unleea otherwIse .peclfied) 

PAD LOCATtON (FOR REFERENCE ONLy) 
r----------------------~ 

: = = =lli : !1 f~-! : ~ ..... (O .... ): : ===~ : I --I ~ I 
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LEAD COPLANARITY[3J {6] 
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Thermal Prorde (Option #300) 
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Figure 1. Maximum Solder Reflow Thermal Proffie. 
(Note: Use of non-chlorine activated fluxes is recommended.) 

Insulation and Safety Related Specifications 
Parameter Symbol Value Units 

Regulatory Information 
The 4N45 and 4N4Q have been 
approved by the following 
regulatory organizations: 

UL 
Recognized under UL 1577, 
Component Recognition 
Program, File E55361. 

CSA 
Approved under CSA Component 
Acceptance Notice #5, File CA 
88324. 

Conditions 

Min. External Air Gap L(101) 7.1 mm Measured from input terminals to output 
(External Clearance) terminals, shortest distance through air 

Min. External Tracking Path L(102) 7.4 mm Measured from input terminals to output 
(External Creepage) terminals, shortest distance path along body 

Min. Internal Plastic Gap 0.08 mm Through insulation distance, conductor to 
(Internal Clearance) conductor, usually the direct distance 

between the photoemitter and photodetector 
inside the optocoupler cavity 

Tracking Resistance CTI 200 Volts DIN IEC 112/VDE 0303 PART 1 
(Comparative Tracking Index) 

Isolation Group rna Material Group (DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 

Absolute Maximum Ratings 
Storage Temperature, Ts ............................................. -55°C to + 125°C 
Operating Temperature, TA ........................................... -40°C to +85°C 
Lead Solder Temperature, max .......................................... 260°C for lOs 

(1.6 mm below seating plane) 
Average Input Current, IF ......................................................... 20 mAUl 
Peak Input Current, IF ................................................................... 40 mA 

(50% duty cycle, 1 ms pulse width) 
Peak Transient Input Current, IF ...................................................... 1.0 A 

(:'> 1 /lS pulse width, 300 pps) 
Reverse Input Voltage, VR ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 5 V 
Input Power Dissipation, PI .................................................... 35 mWl2] 
Output Current, Io (Pin 5) ...................................................... 60 mA[3] 
Emitter-Base Reverse Voltage (Pins 4-6) .......................................... 0.5 V 

Output Voltage, Vo (Pin 5-4) 
4N45 ................................................................................. -0.5 to 7 V 
4N46 ............................................................................... -0.5 to 20 V 

Output Power Dissipation ..................................................... 100 mWl4] 
Infrared and Vapor Phase Reflow Temperature 

(Option #300) .......................................... see Fig. 1, Thermal Profile 
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Recommended Operating Conditions 
Parameter Symbol Min. Max. Units 

Output Voltage (4N46) Vo 4.5 20 V 
Output Voltage (4N45) 4.5 7 V 
Input Current (High) IF(ON) 0.5 10 rnA 
Input Voltage (Low) VF(OFF) 0 O.S V 
Operating Temperature TA 0 70 "C 

DC Electrical Specifications 
Over recommended temperature (TA = O°C to 70"C), unless otherwise specified. 

Parameter Device Symbol Min. Typ! Max. Units Test Conditions Fig. Note 

Current Transfer 4N46 CTR 350* 1500 3200 % IF = 0.5 rnA, Vo = 1.0 V 3,4, 5,6, 
Ratio 500* 1500 2000 IF = 1.0 rnA, Vo = 1.0 V 5,11, S 

200* 600 1000 IF = 10 rnA, Vo = 1.2 V 12 
4N45 250* 1200 2000 %. IF = 1.0 rnA, Vo = 1.0 V 

200* 500 1000 IF = 10 rnA, Vo = 1.2 V 
Logic Low 4N46 VOL 0.90 1.0 V IF = 0.5 rnA, IOL = 1. 75 rnA 3 6 
Output Voltage 0.92 1.0 IF = 1.0 rnA, IoL = 5.0 rnA 

0.95 1.2 IF = 10 rnA, IoL = 20 rnA 
4N45 0.90 1.0 V IF = 1.0 rnA, IoL = 2.5 rnA 

0.95 1.2 IF = 10 rnA, IoL = 20 rnA 
Logic High 4N46 IoH* 0.001 100 ~ IF = o rnA, Vo = lSV 6 
Output Current 4N45 0.001 250 ~ IF = 0 rnA, Vo = 5 V 
Input Forward Voltage VF 1.4 1.7* V TA = 25"C I IF = 1.0 rnA 2 

l.75 
Temperature Coefficient AVF -1.S mV/oC IF = LOrnA 
of Forward Voltage ATA 
Input Reverse Breakdown BVR* 5 V IR = 10 ~ 
Voltage 
Input Capacitance CIN 60 pF f = 1 MHz, VF = 0 

Switching Specifications 
(Over recommended temperature TA = O°C to 70°C unless otherwise specified. Vcc = 5.0 V. 

Parameter Symbol Min. Typ.* Max. Units Test Conditions Fig. Note 
Propagation Delay Time tpHL SO IJ.S TA = 25°C I IF = 0.5 rnA 6,7, 6,S 
to Logic Low at Output RL = lOkQ S,9, 

tpHL 5 50* TA = 25°C I IF = 10 rnA 11,13 

60 RL = 2.2kQ 
Propagation Delay Time tpLH 1500 j.IS TA = 25°C I IF = lOrnA 6,7, 6,S 
to Logic High at Output RL = lOkQ S,9, 

tPLH 150 500* TA = 25°C I IF = 10 rnA 11,13 

600 RL = 220kQ 
Common Mode ICMHI 500 V/J.IS IF = 0 rnA, RL = 10 kQ 10 9 
Transient Immunity at IVCMI = lOVp_p 
High Output Level .' 

Common Mode ICMLi 500 V/J.IS IF = LOrnA, RL = 10kO 10 9 
Transient Immunity at IVCMI = 10 Vp_p 
Low Output Level 

• JEDEC Registered Data. 
··All typicals at TA = 25"C, unless otherwise noted. 
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Package Characteristics 
For O°C ~ TA ~ 70°C, unless otherwise specified. All typicals at TA = 25OC. 

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Notes 
Input-Output Momentary VISO 2500 Vnns RH ~ 50%, t = 1 min, 7,10 
Withstand Voltage* TA = 250C 
Resistance, Input-Output RI..() 1012 0 VI.O = 500 Vdc 7 
Capacitance, Input-Output CI..() 0.6 pF f= 1 MHz 7 

'The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), 
your equipment level safety specification, or HP Application Note 1074, ·Optocoupler Input-Output Endurance Voltage." 

Notes! 
1. Derate linearly above 50"C free-air 

temperature at a rate of 0.4 mA/"C. 
2. Derate linearly above 50"C free-air 

temperature at a rate of 0.7 mW/"C. 
3. Derate linearly above 25"C free-air 

temperature at a rate of 0.8 mA/"C. 
4. Derate linearly above 25"C free-air 

temperature at a rate of 1.5 mW/"C. 
5. DC CURRENT T~SFER RATIO is 

defmed as the ratio of output 
collector current, 10, to the forward 
LED input current, IF, times 100%. 

6. Pin 6 Open. 

1 
I 

!ii 
a: 
!!5 
u 

" I 
2 
I ... 

V, -fORWARDVOLTAGE-VDLTS 

Figure 2. Input Diode Forward 
Current VB. Forward Voltage. 
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Figure 5. Current Transfer Ratio VB. 

Input Current. 
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7. Device considered a two-terminal 
device: Pins 1, 2, 3' shorted together 
and Pins 4, 5, and 6 shorted together. 

8. Use of a resistor between pin 4 and 6 
will decrease gain and delay tillle. 
(See Figures ll, 12, and 13.) 

9. Common mode transient in1munitY in 
Logic High level is the maximum 
tolerable (positive) dVcm/dt on the 
leading edge of the common mode 
pulse, VCM, to assure that the output 
will remain in a Logic High state (i.e., 
Vo > 2.5 V). Common mode transient 
in1munity in Logic Low level is the 

100 

1 .. 
I 

~ .. .. 
a: 

" 

I-Tl.Jrc ~.to~ " -I--- :;,. ... , .. - L..,,! " i"-' r:' . . .}~--, - -
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Figure 3. Typical DC Transfer 
Characteristics. 
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Figure 6. Propagation Delay VB. 

Forward Current. 

maximum tolerable (negative) 
dV cm/dt on the trailing edge of the 

common mode pulse signal, Vern' to 
assure that the output will remain in 
a Logic Low state (i.e., Vo < 2.5 V). 

10. In accordance with UL 1577, each 
optocoupler is proof tested by 
applying an insulation test voltage 
;;: 3000 V rms for 1 second (leakage 

, detection current limit, II.o :S; 5 1lA). 

.. - FORWARD CURRENT - mA 

Figure 4. Output Current VB. Input 
Current; 

-25 21 so 7& ,ao 
TAo -TEMPERATURE-"C 

Figure 7. Propagation Delay VB. 

Temperature. 



RL - LOAO RESISTOR - kn 

Figure 8. Propagation Delay va. Load 
Resistor. 
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Figure 9. Switching Test Circuit. 
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Figure 10. Test Circuit for Trunsient Immunity and Typical Waveforms. 
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Applications 

TTL Interface 

v -R. 

ADDFDR? 
ACINPUT 

~ 

Line Voltage Monitor 

w""'o----....,,.....-, 

,:,Vcc, 

Q,. 02 - 2N3904 
Q3"'2N3908 

Analog Signal Isolation 
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RX Iklll tflttL C#lI' - 5 
100 5 
.7 & 

20 • 
10 • 

·SCHMIDT TRIGGER RECOMMENDED 
BECAUSE OF LONG t,. ". 

lice 

Yo 

~ 

v IWe or VrIM) As 

ZO .71011 .. II10kIl 
115 22111<11 
230 "'" 

·1Ice. 

1--+_-oVouT 

R • .... 

'PUt (111) 

320 
2DO 
140 
III .. 

l00Kn o.az"F 
RH 

..... VOC 

T(+) 

- Vee 

NOTE: AN INTEGRATOR MAYBE REQUIFIED AT THE OUTPUT TO 
ELIMINATE DlALiNG PULSES AND LINE TRANSIENTS. 

Telephone Ring Detector 

V.I, (mW) 

11 
22 
82 
113 

CMOS Interface 

CHARACTERISTICS 

AIN .. am. ROUT" &00 
VINCMAX.) - Vcc, -1V. LINEARITY BETTER THAN 5'Ko 

DESIGN COMMENTS 
A, _ NOT CRITICAL «< VtN tMAXJ - (-Vee,) .. VaE)hfE 03 

IF IMAX., 
R. - NOT CRITICAL (OMIT IF 0.2 TO 0.3V OI'FSET IS TOLERABLEI 

VIN !MAX" + VeE 
R.> lmA 

Rs> ~-XJ 
2.5mA 

NOTE: ADJUST R3 so "ooT ,. ViN AT V ... VIfIII IMAXJ 
2 . 

Yo 



60V/O.7 Ohm, 
General Purpose, 1 Form A, 
Solid State Relay 

Technical Data 

Features 
• Compact Solid-State 

Bidirectional Switch 
• Normally-Off Single-Pole 

Relay Function (1 Form A) 

• 60 V Output Withstand 
Voltage in Both Polarities at 
25°C 

• 0.75/1.5 Amp Current 
Ratings (See Schematic for 
Connections A & B) 

• Low Input Current; CMOS 
Compatibility 

• Very Low On-resistance: 
0.4 n Typical at 250C 

• acldc Signal and Power 
Switching 

• lnput-to-Output Momentary 
Withstand Insulation 
Voltage: 2500 Vac, 1 Minute 

_ • 16-kV ESD Immunity: MIL-
STD-883, Method 3015 

• IEEE Surge Withstand 
Capability (IEEE STD 
472-1974) 

• CSA Approved 
• UL 508 Approved 

Applications 
• Programmable Logic 

Controllers 

• Telecommunication 
Switching Equipment 

• Reed Relay Replacement 
·28 Vdc, 24 Vac, 48 Vdc Load 

Driver 
• Industrial Relay Coil Driver 

Description 
The HSSR-S060 consists of a 
high-voltage circuit, optically 
coupled with a light emitting 
diode (LED). This device is a 
solid-state replacement for single­
pole, normally-open (1 Form A) 
electromechanical relays used for 
general purpose switching of 
signals and low-power loads. The 
relay turns on (contact closes) 
with a minimum input current, IF, 
of 5 rnA through the input LED. 
The relay turns off (contact 
opens) with an input voltage, VF, 

of O.S V or less. The detector 
contains a high speed photosensi­
tive FET driver circuit and two 
high voltage MOSFETs. 

This relay's logic level input con­
trol and very low typical output 
on-resistance of 0.4 Q makes it 
suitable for both ac and dc loads. 
Connection A, as shown in the 
schematic, allows the relay to 

FliiiW HEWLETT" 
~r...PACKARD 

HSSR-8060 

switch either ac or dc loads. 
Connection B, with the polarity 
and pin configuration as indicated 
in the schematic, allows the relay 
to switch dc loads only. The 
advantage of Connection B is that 
the on-resistance is significantly 
reduced, and the output current 
capability increases by a factor of 
two. 

The electrical and switching char­
acteristics of the HSSR-S060 are 
specified from -40°C to +S5°C. 

Functional Diagram 

CONNECTlONB 

de CONNECTION 
CONNECTION A 

_ CONNECTION 

~ ~ 
+ v,.-

TRUTH TABLE 
(POSITIVE LOGIC) 

LED OUTPUT 
ON L 
OFF H 

CAUTION: It is advised that normal static precautions be taken in handling and assembly ojthis component to 
prevent damage and/or degradation which may be induced by ESD. 
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Selection Guide 
Maximum Maximum Maximum 

6·P1nDIP 4·P1nDIP Maximum ON Output Output 
(300 Mll) (300 Mll) Speed Resistance Voltage Current Minimum 

Single Dual t(ON) R(ON) VO(off) Io(ON) Input 
Channel Channel msec n V mA Current 
Package Package 25"C 25"C 25"C 25"C mA 

HSSR·8400(1) 0.95 10 400 150 5 
HSSR·8060 1.4 0.7 60 750 5 

HSSR-8200( 1) 1.5 200 200 40 1 
6 1 90 800 5 

Note: 
1. Technical data are on separate HP publication. 

Ordering Information 
Specify part number followed by Option Number (if desired). 

HSSR·8060#XXX 

1 300 = Gull WIng Surface Mount Lead Option 
500 = Tape/Reel Package Option (1 k min.) 

Hermetic 
8·P1n 

C:!l 
Packages 

HSSR·7110(1) 

Option data sheets available. Contact your Hewle~Packard sales representative or authorized distributor for 
information. 

Schematic 

1 ~ 

::=3 "-.. 5 

"-.. 
2 

4 
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Outline Drawing 
6-pin DIP Package (HSSR-B060) 

I 9.40 (0.370) I r-9.90 (0.390)-

654 TYPE 
NUMBER 

7.36 (0.290) 
7.88 (0.310) 

DATE CODE 0.33 (0.013) rIo:J.OO81 

HP RXXXX 

YYWW 
S·TYP. 

ci~~-~~1~~2~-r~~ -~ 
DOT I 

6.10(0.240) ----r 
1.78 (0.070) MAX.--+I 6.60 (0.260) 

...-------,-----r 

2.16 (0.085) 
2.54 (0.100) 

4.70 (0.165) MAX. 

~~ 
t ~0.51 (0.020) MIN. 
~ (0.115) MIN. 

L 0.45 (0.018) 
0.65 (0.025) 
2.28 (0.090) 
2.80 (0.110) 

DIMENSIONS IN MILLIMETERS AND (INCHES). 
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6-Pin Device Outline Drawing Option #300 (Gull Wing Surface Mount) 

I~ 8.8500.25 ri 
(0.380. 0.010~ 1 

r@TVPENUMBER 

8.35.0.25 HP R.XXXX . . DATE CODE 
(0.280.0.010) yyww 

La 

DIMENSIONS IN mm (INCHES) 
TOLERANCES: xx.xx. 0.01 

xx.xxx. 0.001 
(unle .. otherwle, 'paclll,d) 

Thermal Profile (Option #300) 

./ '\.. 

PAD LOCATION (FOR REFERENCE ONLy) 
r----------------------~ 

: DOD 
I 
I 
I 
I 
I 
: ~'808 .380) 

: DDD~ 
I -+i ~ 
I ~ 0.381 (0.015) 

L __ 2·~!Y'.!~!... _________ 0:!~~.~~.J 

-. 8.86 .0.25 ~ (0.380 • 0.010) 

7.8200.25 hO.3oo.0.010)~ ~ 
11 II 1:0

•
013

) 

_I I..- 0.835> 0.21 f 
(0.026 • 0.010) 

LEAD COPLANARITV (31115] 
MAXIMUM: 0.102 (0.004) 

260 
240 
220 
200 

i I" '\.. 6T = 14S'C, 1'CJSEC 

Regulatory Information 
The HSSR-8060 has been 
approved by the following 
organizations: 

!J 180 
.1. 180 
= 140 

~ 120 
.. 100 
II. 80 

~ 60 
40 
20 

o 

F 

61= 11 S'C 0.3'CJSEC -? 
I ,-
t "./ 
~ 

~ 

/rt 

/J'r--- 6T = 100'C, 1.S'CJSEC 

I J_ 
~ I 

'\.. 

" '\.. 

o 2 3 4 S 6 7 8 9 10 11 12 

TIME - MINUTES 

Figure 1. Maximum Solder Reflow Thermal Proflle. 
(Note: Use of non-chlorine activated fluxes is recommended.) 
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UL 
Recognized under UL 508, 
Component Recognition Program, 
Industrial Control Switches, File 
E142465 . 

CSA 
Approved under CAN/CSA-C22.2 
No. 14-95, Industrial Control 
Equipment, File LR 87683. 



Insulation and Safety Related Specifications 
Parameter Symbol Value Units Conditions 

Min. External Air Gap L(lOl) 7.0 mm Measured from input terminals to ou.tput 
(External Clearance) terminals, shortest distance through air 

Min. External Tracking Path L(l02) 8.5 mm Measured from input terminals to output 
(External Creepage) terminals, shortest distance path along body 

Min. Internal Plastic Gap 0.5 mm Through insulation distance, conductor to 
(Internal Clearance) conductor, usually the direct distance 

between the photoemitter and photodetector 
inside the optocoupler cavity 

Tracking Resistance CTI 200 V DIN IEC 112/VDE 0303 PART 1 
(Comparative Tracking Index) 

Isolation Group IlIa Material Group (DIN VDE 0110,1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 

Absolute Maximum Ratings 
Storage Temperature ................................................... -55°C to+ 125°C 
Operating Temperature - TA .......................................... -40°C to +85°C 
Case Temperature - Tc .......................................................... + 105°Cll] 
Average Input Current - IF ............................................................. 20 rnA 
Repetitive Peak Input Current - IF ............................................... 40 rnA 

(Pulse Width::; llfiS; duty cycle::; 50%) 
Transient Peak Input Current - IF ............................................... 100 rnA 

(Pulse Width::; 200 Ils; duty cycle::; 1%) 
Reverse Input Voltage - VR ................................................................ 3 V 
Input Power Dissipation ..................................................... , ........ 40 mW 
Output Voltage (TA = 25°C) 

Connection A - Vo .................. ............ ........ ................... -60 to + 60 V 
Connection B - Vo ............................................................. 0 to +60 V 

Average Output Current - Figure 3 (TA = 25°C, Tc::; 70°C) 
Connection A - 10 ..................................................................... 0.75 A 
Connection B - 10 ..................................................................... 1.50 A 

Single Shot Peak Output Current 
(100 ms pulse width, TA = 25°C, IF = 10 rnA) 
Connection A - 10 ............................................... ~ .................... 3.75 A 
Connection B - 10 ...................................................................... 7.0 A 

Output Power Dissipation ..................................................... 750 mWl2] 
Lead Solder Temperature .... 260°C for 10 S (1.6 mm below seating plane) 
Infrared and Vapor Phase Reflow Temperature 

(Option #300) ......................................... See Fig. 1, Thermal Profile 

Thermal Resistance 
Typical Output MOSFET Junction 
to Case - 9JC = 55°CIW 

Demonstrated ESD 
Performance 
Human Body Model: MIL-STD-

883 Method 3015.7 - 16 kV 
Machine Model: EIAJ 1988.3.28 

Version 2), Test Method 20, 
Condition C - 1200 V 

Surge Withstand 
Capability 
IEEE STD 472-1974 
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Recommended Operating Conditions 
Parameter Symbol Min. Max. Units 

Input Current (ON) IF(ONl 5 20 rnA 
Input Voltage (OFF) VF(OFF) 0 0.8 Volt 
Operating Temperature TA . -40 +85 °C 
Output Voltage 

Connection A VOCOFF) -55 55 Volt 
Connection B 0 55 

Output Current 
Connection A IOCON) -0.75 0.75 A 
Connection B -1.5 1.5 

DC Electrical Specifications 
For -40°C S TA S +85°C unless otherwise specified. All Typicals at TA = 25°C. 

Connec-
Parameter tion Sym. Min. Typ. Max. Units Test Conditions Fig. Notes 
Output A IVoCOFF)I 60 V VF = 0.8 V, 10 = 250 ~, 5 
Withstand TA = 25°C 
Voltage 55 VF - 0.8 V, 10 - 250 ~ 
Output On- A ReoN) 0.4 0.7 Q IF = 10 rnA, 10 = 750 rnA 6,7 3 
Resistance (pulse duration S 30 ms), 

B 0.1 0.2 TA = 25°C 
A 1.6 IF = 10 rnA, 10 = 750 rnA 
B 0.4 (pulse duration S 30 ms) 

Output A IoeoFF) 10-4 1.0 ~ VF = 0.8 V, Vo = 60 V, 13 
Leakage TA = 25°C 
Current 
Output Off- A CeOFF) 135 pF VF = 0.8 V, Vo = 25 V, 14 
Capacitance f=lMHz 
Output Off- A IVosl 1 IlV IF =5rnA,Io=OrnA 18 4 
set Voltage 
Input Reverse VR 3 V IR = 100~ 
Breakdown 
Voltage 
Input \F 1.3 1.6 1.85 V IF = 10 rnA, TA = 25°C 15 
Forward 
Voltage 
Input Diode IlVF/IlTA -1.3 mV/oC IF = 10 rnA 
Temperature 
Coefficient 
Input CIN 72 pF VF=OV,f= 1 MHz 
Capacitance 
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Switching Specifications 
For -40°C::; TA::; +85°C with Connection A, unless otherwise specified. All Typicals at TA = 25°C. 

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Notes 
Turn On Time tON 0.93 1.4 ms IF = 10 rnA, VDD = 60 V, 2,8, 7 

10 = 750 rnA, TA =25OC 9,10, 
1.8 ms IF = 10 rnA, VDD = 55 V, 20,21 

10 = 750 rnA 
Turn Off Time tOFF 0.013 0.1 ms IF = 10 rnA, VDD = 60 V, 2,8, 

10 = 750 rnA, TA = 25°C 11,12, 
0.1 ms IF = 10 rnA, VDD = 55 V, 20,21 

10 = 750 rnA 
Output I dVo/dt I 1000 V/1lS V(peak) = 60 V, RM ;:: 1 MO, 16 
Transient CM = 1000 pF, TA = 25°C 
Rejection 
Input-Output IdVj.o/dtl 2500 V/1lS VDD = 5 V, VI-O(peak) = 1000 V, 17 
Transient RL = 1 ill, CL = 25 pF, 
Rejection TA = 25°C 

Package Characteristics 
For O°C < TA < 70°C, unless otherwise specified. All typicals at TA = 25OC. - -

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Notes 
Input-Output VIso 2500 Vrms RH::; 50%, t = 1 min, TA = 25°C 5,6 
Momentary With-
stand Voltage* 
Resistance RI-O 100 GO VI-O = 500 Vdc, t = 1 min, 5 
Input-Output RH = 45% 
Capacitance C].() 1.0 pF VI.O = 0 V, f = 1 MHz 5 
Input-Output 

·The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), 
your equipment level safety specification, or HP Application Note 1074, ·Optocoupler Input-Output Endurance Voltage." 

Notes: 
1. The case temperature, Te, is measured 

at the center of the bottom of the 
package. 

2. For derating, see Figure 4. The output 
power Po derating curve is obtained 
when the part is handling the maximum 
average output current 10 as shown in 
Figure 3. 

3. During the pulsed RoN measUljement CIo 
duration" 30 ms), ambient (TAl and 
case temperature (T c) are eq'1al. 

4. Vas is a fnnction ofIF, and is defined 
between pins 4 and 6, with pin 4 as the 

reference. Vos must be measured in a 
stable ambient (free of temperature 
gradients). 

5. Device considered a two terminal 
device: pins 1, 2, and 3 shorted 
together and pins 4, 5, and 6 shorted 
together. 

6. This is a momentary withstand proof 
test. These parts are 100% tested in 
production at 3000 V rms, one second. 

7. For a faster turn-on time, the optional 
peaking circuit shown in Figure 2 may 
he implemented. 
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Figure 2. Recommended Input Circuit. 
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1,=10mA 
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--- 8cA. 1000C1W , 

~ 1.0 .. a 
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il , 
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T. - _1E1IT TEMPERATURE - OC 

Figure 3A. Maximum Average Output 
Current Rating vs. Ambient 
Temperature. 

~A' 
V,.0.8V,Io,UO "" 

-~ ........ "" ........ ........ -
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T.· TEMPERATURE· OC 

Figure /). Normalized Typical Output 
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Figure 3B. Maximum Average Output 
Current Rating vs. Case Temperature. 
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Figure 19. Thermal Model. 
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Applications Information 
Thermal Model 
The steady state thermal model 
for the HSSR-8400 is shown in 
Figure 19. The thermal resistance 
values given in this model can be 
used to calculate the tempera­
tures at each node for a given 
operating condition. The thermal 
resistances between the LED and 
other internal nodes are very 
large in comparison with the 
other terms and are omitted for 
simplicity. The components do, 
however, interact indirectly 
through eCA' the case-to-ambient 
thermal resistance. All heat 
generated flows through eCA' 

which raises the case temperature 
T C accordingly. The value of eCA 

depends on the conditions of the 
board design and is, therefore, 
determined by the designer. 

The typical value for each output 
MOSFET junction-to-case thermal 
resistance is specified as 55°C/W. 
This is the thermal resistance 
from one MOSFET junction to the 
case when power is dissipated 
equally in the MOSFETs. The 
power dissipation in the FET 
Driver is negligible in comparison 
to the MOSFETs. 

On-Resistance and Derating 
Curves 
The output on-resistance, RON' 
specified in this data sheet, is the 
resistance measured across the 
output contact when a pulsed 
current signal (10 = 150 rnA) is 
applied to the output pins. The 
use of a pulsed signal (:5 30 ms) 
implies that each junction temper­
ature is equal to the ambient and 
case temperatures. The steady­
state resistance, Rss, on the other 
hand, is the value of the 
resistance measured across the 
output contact when a DC current 
signal is applied to the output 
pins for a duration sufficient to 
reach thermal equilibrium. Rss 
includes the effects of the tem­
perature rise of each element in 
the thermal model. 

Derating curves are shown in 
Figures 3 and 4. Figure 3 speci­
fies the maximum average output 
current allowable for a given 
ambient or case temperature. 
Figure 4 specifies the output 
power dissipation allowable for a 
given case temperature. Above a 
case temperature of 93°C, the 
maximum allowable output 
current and power dissipation are 

related by the expression 
Rss = Po(max)/(lo(max))2 from 
which Rss can be calculated. 
Staying within the safe area 
assures that the steady state 
junction temperatures remain less 
than 125°C. As an example, for a 
case temperature of 100°C, 
Figure 4 shows that the output 
power dissipation should be 
limited to less than 0.5 watts. A 
check with Figure 3B shows that 
the output current should be 
limited to less than 150 rnA. This 
yields an Rss of 22 Q. 

Turn On Time Variation 
For applications which are 
sensitive to turn on time, the 
designer should refer to Figures 
20 and 21. These figures show 
that although there is very little 
variation in tON within most of the 
population, a portion of the 
distribution will vary with use. 
The optional peaking circuit 
shown in Figure 2 can be used to 
reduce the total turn on time and, 
consequently, any associated 
variation. 
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200-V/160 Ohm, 1 Fonn A, 
Small-Signal Solid State Relay 

Technical Data 

Features 
• Compact Solid·State 

Bidirectional Signal Switch 
• Normally·Off Single·Pole 

Relay Function (1 Form A) 
• Very High Output Off· 

Impedance: 10,000 
Gigaohms Typical at 25°C 

• Very Low Output Offset 
Voltage: < 0.5 IlV at 
IF = 1 rnA 

• 200·Volt Output Withstand 
Voltage at 25°C 

• High·Transient Immunity: 
> 2000 V/lls 

• Monolithic High·Voltage IC 
• Operating Range: ·40°C to 

+S5°C 

Applications 
• Relay Scanners & Analog 

Input Modules of Data 
Acquisition Systems 

• Analog Input Modules of 
Programmable Logic 
Controllers 

• Relay Multiplexers of High· 
Performance Voltmeters 

• Telecommunication Test 
Instruments 

• Functional Tester of Board 
Test Equipment 

• Analog Signal Multiplexer 
• Flying Capacitor Multiplexer 
• Reed Relay Replacement 

• Very Low Input Current Functional Diagram 
(1 rnA); CMOS Compatibility 

• High·Speed Switching: 50 IlS 
Typical 

• 160·0hm Maximum On· 
Resistance at 25"C 

• Surface Mount Option 
• 8-kV ESD Immunity: MIL· 

STD-883 Method 3015 
• Input·to·Output Insulation 

Voltage: 2500 Vac, 1 Minute 
• UL 508 Recognized 
• CSA Approved 

T T 
II 

v, 
4 

Flipw. HEWLETT$ 
a:~PACKARD 

HSSR·8200 

Description 
The HSSR-8200 consists of a high. 
voltage integrated circuit optically 
coupled with a light emitting diode. 
This device is a solid·state 
replacement for single·pole, 
normally·open electromechanical 
relays used for general purpose 
switching of analog signals. 

The light·emitting diode controls 
the ON/OFF function of the solid· 
state relay. The detector contains 
high voltage MaS transistors and a 
high speed photosensitive drive 
circuit. This relay has superior OFF 
impedance, very low output offset 
voltage and input.drive current. 

EQUIVALENT 
RELAY 

DIAGRAM TRUTH TABLE 
(POSITIVE LOale) 

LED OUTPUT 
ON L 
OFF H 

CAUTION: It is advised that normal static precautions be taken in handling and assembly qfthis component to 
:prevent damage and/or degradation which may be induced by ESD. 
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The electrical and switching 
characteristics of the HSSR·8200 
are specified from -40°C to 
+85°C. The low IF allows 
compatibility with TTL, LSTTL, 
and CMOS logic resulting in low 
power consumption compared to 
other solid state and mechanical 
relays. 

Selection Guide 

6·Pin DIP 4·PinDIP Maximum 
Maximum Maximum Maximum 

ON Output Output 
(300 Mil) (300 Mil) Speed Resistance Voltage Current Minimum 

Single Dual t(ON) R(ON) VO(off) Io(ON) 
Channel Channel msec n V mA 
Package Package 250C 250C 250C 250C 

HSSR-8400[1] 0.95 10 400 150 
HSSR·8060[1] 1.4 0.7 60 750 

HSSR·8200 1.5 200 200 40 
6 1 90 800 

Note: 
1. Technical data are on separate HP publication. 

Ordering Information 
Specify part number followed by Option Number (if desired). 

HSSR·8200#XXX 

~ 300 = Gull Wing Surface Mount Lead Option 
500 = Tape/Reel Package Option (1 K min) 

luput 
Current 

mA 
5 
5 

1 
5 

Hermetic 
8-Pin 
Single 

Channel 
Packages 

HSSR·7110[1] 

Option data sheets available. Contact your Hewlett-Packard sales representative or authorized distributor for 
information. 

Schematic 

8 

1 -.!E. 

:~ "'-.. "'-.. 
4 

5 
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Package Outline Drawings 
4·Pin DIP Package (HSSR-8200) 

t~-:I TYPE 

HP RXXXX 

YYWW 

PIN 1 4 
ONE 

~ 1.-1.19 (0.047) MAX. 

NUMBER 

DATE CODE 

7·~lg·~eg) 
7 •• 1) ~ 

r-rr;~ I O~B{0.013) 

6.10 (0.240) 
6.60 (0.260) 
~ S"TYP. 

f 

DIMENSIONS IN MILLIMETERS 
AND (INCHES). 

4·Pin DIP Package with Gull Wing Surface Mount Option 300 

1·456 

h 9.65 .. 0.25 rl 
I P.-i (0.380 .. 0.010) f.I I 

PIN 1 ---...1~"F' __ --~011 

1.080 .. 0.320 _I 
(0.043 .. 0.013) 

8.65 .. 0.26 
(0.360 .. 0.010) 

I -- (0.0250: 0.010) ~ r 0.635 .. 0.25 

0.50 .. 0.130 
(0.020 .. 0.005) 

DIMENSIONS IN MILLIMETERS (INCHES). 

0.20 (0.008) 
0.33 (0.013) 

~ 
\~NOM. 



Thermal Profile (Option #300) 

260 
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Figure 1. Maximum Solder Reflow Thermal Prof'Ile. 
(Note: Use of non-chlorine activated fluxes is recommended.) 

Regulatory Information 
The HSSR-8200 has been 
approved by the following 
organizations: 

UL 
Recognized under UL 508, 
Component Recognition 
Program, Industrial Control 
Switches, File E142465. 

CSA 
Approved under CAN/CSA-C22.2 
No. 14-95, Industrial Control 
Equipment, File LR 87683. 

Insulation and Safety Related Specifications 
Parameter Symbol Value Units Conditions 

Min. External Air Gap L(I01) 7.0 mm Measured from input terminals to output 
(External Clearance) terminals, shortest distance through air 

Min. External Tracking Path L(I02) 7.5 mm Measured from input terminals to output 
(External Creepage) terminals, shortest distance path along body 

Min. Internal Plastic Gap 0.5 mm Through insulation distance, conductor to 
(Internal Clearance) conductor, usually the direct distance 

between the photoemitter and photodetector 
inside the optocoupler cavity 

Tracking Resistance CTI 200 Volts DIN IEC 112NOE 0303 PART 1 
(Comparative Tracking Index) 

Isolation Group IIIa Material Group (DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 
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Absolute Maximum Ratings 
Storage Temperature ................................................... -55°C to+ 125°C 
Operating Temperature ................................................. -40°C to +85°C 
Lead Solder Temperature .... 260°C for 10 s (1.6 mm below seating plane) 

Average Input Current - IF"""""""""""""""""""""""""""""" 10 rnA 
Repetitive Peak Input Current - IF .................... 20 rnA; 50% Duty Cycle 
Transient Peak Input Current - IF ............................................... 100 rnA 

(S 1 j.lS pulse width; 1 kHz Pulse Repetition Rate) 
Reverse Input Voltage ....................................................................... 5 V 
Average Output Current - 10 ................................................... 40 rnAll] 
Input Output Insulation Voltage ......................................... 2500 VACI6] 
Output Power Dissipation ..................................................... 320 mWl2] 
Output Voltage - Vo ..................................................... -200 V to 200 V 
Infrared and Vapor Phase Reflow Temperature 

(Option #300) .......................................... see Fig. 1, Thermal ProfIle 

Recommended Operating Conditions 
Parameter Symbol Min. Max. Units 

Input Current (ON) IF(ON) 1 5 rnA 
Input Voltage (OFF) VF(OFF) 0 0.6 Volt 
Operating Temperature TA -40 +85 °C 
Output Voltage VO(OFF) -200 200 Volt 
Output Current IOC9Nl -40 40 rnA 
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DC Electrical Specifications 
-40°C ::;; TA::;; +85"C, 1 rnA::;; IF(ON) ::;; 5 rnA, 0 V ::;; VF(OFF) ::;; 0.6 V, and all Typicals at TA = 25"C unless 
otherwise specified. 

Parameter Sym. Min. Typ. Max. Units Test Conditions Fig. 

Output Withstand IVO(OFF)I 200 245 V 1o=llJA 
Voltage 

70 125 160 TA = 25"C, 
1o=lMA 

Output On-Resistance R(oN) 40 125 250 (1 1o=lMA 3,4, 
5 

30 100 200 10 = 40 rnA 

Output On-Current 11o(ON)I 40 rnA yo::;; 8V, 
Rating TA::;; 40"C 

Output Off-Resistance R(oFF) 50 10,000 GO Vo = 200 V 6 

Output Off-Leakage 1o(oFF) 0.02 4.0 nA Vo = 200 V 6 
Current 

Output C(OFF) 4.5 pF Vo = OV, 7 
Off-Capacitance f=lMHz 

-0.2 10 = OA; IF = 1 rnA 
Output Offset VO(OS) Note Note J.1V 8,17, 
Voltage 3 -1.3 3 10 = OA; IF = 5 rnA 18 

Input Reverse VR 3 10 V IR = 10 IJA 
Breakdown Voltage 

Input Diode 
I 

dVj,fdT -1.75 mVI IF = 1 rnA 
Temperature Coefficient "C 

Input Forward VF 1.5 2.0 V IF = 5 rnA 9 
Voltage 

Input Capacitance CIN 21 pF VF = OV; 
f=IMHz 

Switching Specifications 
-40"C ::;; TA::;; +85°C, 1 rnA::;; IF(oN)::;; 5 rnA, 0 V::;; VF(OFF)::;; 0.6 V, and all Typicals at TA = 25"C unless 
otherwise specified. 

Parameter Syinbol Min. Typ. Max. Units Test Conditions Fig. 

50 200 IF = 5 rnA 
Turn On Time tON J.1S Vo = 50V 10,11, 

300 1500 IF = 1 rnA 12, 13 

45 250 IF = 5 rnA 
Turn Off Time tOFF J.1S Vo = 50V 10,11, 

75 350 IF = 1 rnA 12, 13 

~ 7000 ~Vo = 200 V 
Output Transient dVo/dt V/J.1S TA = 25"C 14 
Rejection 2000 ~Vo = 50V 

Input-Output ~ 7000 ~~.o = 300 V 
Transient d'1-O/dt V/J.1S TA = 25"C 15 
Rltiection 2000 ~~.o = 50V 

Notes 

1 

6 

3 

Notes 
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Package Characteristics 
For -40°C < T < +85°C unless otherwise specified All Typicals at T = 250C - A- , A 

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Notes 

Input-Output VlSO 2500 Vrrns RH = 45%, t= 1 min, 4,5 
Momentary With- TA = 25°C 
stand Voltage* 
Resistance 'RI-O 100 100,000 GO V,_o = 500 VDC, t =' 1 min, 4 
Input-Output RH = 45% 
Capacitance C,-o 0.6 1.0 pF VI-O = OV, f = 1 MHz, 4 
Input-Output TA = 25°C 

*The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE0884 Insulation Characteristics Table (if applicable), 
your equipment level safety specification, or HP Application Note 1074, "Optocoupler Input-Output Endurance Voltage." 

Notes: 
1. Derate linearly above 400C at a rate of 

O.3mN°C. 
2. Derate linearly above 600C at a rate of 

5mWfOC. 
3. VorOS) is a function ofIF(oN), and is 

defined between pins 8 and 5 With pin 5 

Vccl+5V1 

I ~R3 

as reference. VO(OS) must be measured 
in a stable ambient. See Figure 8 for 
variation of VOrOS) around the typical 
value. 

4. Device considered a two terminal 
device: pins 1 and 4 shorted together, 
and pins 5 and 8 shorted together. 

1 R' i' B200 

~ 33OO~1. c , 
-To .033 ~F HSSR-8200 

.. R2 I .... ------, 
1271111n •• • 

: '. rT-

5. This is a momentary withstand proof 
test. These parts are 100% tested in 
production at 3000 V rms, one second. 

6. R(oFF) is dermed as VO(oFFJIIO(oFF)' 

I : ~\I 
VOH. VOLI I CjI , I _ »-_ .... _______ .::;4Q1--' ~ 

R' - REQUIRED CURRENT-LIIIITING RESISTOR 
FOR " ION) •• mA 

LS 
TTL 

I I L ______ J 

Figure 2. Recommended Input Circuit. 
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Figure 3. Typical On State I,V Characteristics. 
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R2 - PULL-UP RESISTOR FOR Y, 10FF) < 600 mY: 
IF (Vee - YoW Co eoo mY, OMIT R2 

R3. C - OPTIONAL PEAKING CIlCUlT 
FOR IF (PK). 5 mAo tON <Ii: 200 Jl.I 
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400 VIIO Ohm, 
General Purpose, 1 Form A, 
Solid State Relay 

Technical Data 

Features 
• Compact Solid-State 

Bidirectional Switch 
• Normally-Off Single-Pole 

Relay Function (1 Form-A) 
• 400 V Output Withstand 

Voltage in Both Polarities at 
25°C 

• 150/300 rnA Current Ratings 
(See Schematic for 
Connection A & B) 

• Low Input Current; CMOS 
. Compatibility 

• Very Low On-Resistance: 6 n 
Typical at 25°C 

• ac/dc Signal & Power 
Switching 

• Input-to-Output Momentary 
Withstand Insulation 
Voltage: 2500 Vac, 1 Minute 

• 16-kV ESD Immunity: MIL­
STD-883, Method 3015 

• CSA Approved 
• UL 508 Recognized 

Applications 
• Modems 
• Telecommunication 

Switching Equipment 
• Telecommunication Test 

Instruments 
• Reed Relay Replacement 
• 110/220 Vac Load Driver 
• Industrial Relay Coil Driver 

Description 
The HSSR-8400 consists of a 
high-voltage circuit, optically 
coupled with a Light-Emitting 
Diode (LED). This device is a 
solid-state replacement for single­
pole, normally-open (1 Form A) 
electromechanical relays used for 
general purpose switching of 
signals and low-power ac/dc 
loads. The relay turns on (contact 
closes) with a minimum input 
current, IF, of 5 rnA through the 
input LED. The relay turns off 
(contact opens) with an input 
voltage, VF, of 0.8 V or less. The 
detector contains a high speed 
photosensitive FET driver circuit 
and two high voltage MOSFETs. 

This relay's logic-level input con­
trol and very low typical output 
on-resistance of 6 Q make it 
suitable for switching of audio 
frequency signals in telecom 
applications. Connection A, as 
shown in the schematic, allows 
the relay to switch either ac or dc 
loads. In this configuration, the 
150 rnA output current rating 
allows it to switch small loads 
that are driven from 110 Vac and 
220 Vac power lines. Connection 
B, with the polarity and pin 
configuration as indicated in the 
schematic, allows the relay to 

Wj~ HEWLETT® 
~r..tI PACKARD 

HSSR-8400 

switch dc loads only. The 
advantage of Connection B is that 
the on-resistance is significantly 
reduced and the output current 
capability increases by a factor of 
two. 

The electrical and switching 
characteristics of the HSSR-8400 
are specified from -40°C to 
+85°C. 

Functional Diagram 

CONNECTION A 

acJdc CONNECTION 

1 f" 2 
• VF -

3 
N.C. 

CONNECTlONB 

de CONNECTION 

1 .. 2 3 
+ V" _ H.C. 

TRUTH TABLE 
(POSITIVE LOGIC) 

CAUTION: It is advised that normal static precautions be taken in handling and assembly of this component to 
prevent damage and/or degradation which may be induced by ESD. 
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Selection Guide 
Maximum Maximum Maximum 

6·PlnDIP 4·PlnDIP Maximum ON Output Output 
(300 Mil) (300 Mil) Speed Resistance Voltage Current Minim~ 

Slngle Dual t(ON) R(ON) VO(off) Io(ON) 
Channel Channel msec n V rnA 
Package Package 25"C 25"C 25"C 25"C 

HSSR·8400 0.95 10 400 150 
HSSR-8060[1[ 1.4 0.7 60 750 

HSSR-8200[1) 1.5 200 200 40 
6 1 90 800 

Note: 
1. Technical data are on separate HP publication. 

Ordering Information: 

Specify part number followed by Option Number (if deSired). 

HSSR·8400#XXX 

b 300 = Gull Wing Surface Mount Lead Option 
500 = Tape/Reel Package Option (1 Kmin.) 

Input 
Current 

rnA 
5 
5 
1 
5 

Hermetic 
8·PIn 
Slngle 

Channel 
Packages 

HSSR-7110[1) 

Option data sheets available. Contact your Hewlett·Packard sales representative or authorized distributor for 
information. 

Schematic 
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Outline Drawing 
6-Pin DIP Package 

~9.4O (0'370)_1 
9.90 (0.390) ~~ 7.88 0.310) 

,~ .. 6~ .. 5~~4~~~~~ER 

HP RXXXX 

~~1-~1~~2~~~~ 
DOT I I 

1.78 (0.070) MAX. --I I---

E DATE COD 

UL 
RECOGNIT ION 

f 

6.10 (0.240) 
6.60 (0.260) 

4.70 (0.185) MAX. 

2.16 (0.085) 
2.54 (0.100) 

~~ 
t C=0.51 (0.020) MIN. 

2.92 (0.115) MIN. 
~ 

j L 0.45 (0.018) 
0.65 (0.025) 

_ 2.28 (0.090) 
2.80 (0.110) 

DIMENSIONS IN MILLIMETERS AND (INCHES). 

~ 
~ 

0.20 O. 
0.33(0. 
~ 

013) 

5°r P. 

----". 
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6·Pin Device Outline Drawing Option #300 (Gull Wing Surface Mount) 

r 
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(0.810. 0.010~ 1 
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_I i-- 0.13500.25 f 
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HSSR-S400 OuUlne - Option 300 

Thermal Profile (Option #300) 
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(Note: Use of non-chlorine activated fluxes Is recommended.) 
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Regulatory Information 
The HSSR-8400 has been 
approved by the following 
organizations: 

UL 
Recognized under UL 508, 
Component Recognition 
Program, Industrial Control 
Switches, File E142465. 

Insulation and Safety Related Specifications 
Parameter Symbol Value Units 

CSA 
Approved under CAN/CSA-C22.2 
No. 14-95, Industrial Control 
Equipment, File LR 87683. 

Conditions 
Min. External Air Gap I L(lOl) 7.0 rom Measured from input terminals to output 
(External Clearance) terminals, shortest distance through air 

Min. External Tracking Path L(l02) 8.5 mm Measured from input terminals to output 
(External Creepage) terminals, shortest distance path along body 

Min. Internal Plastic Gap 0.5 mm Through insulation distance, conductor to 
(Internal Clearance) conductor, usually the direct distance 

between the photoemitter and photodetector 
inside the optocoupler cavity 

Tracking Resistance CTI 200 volts DIN IEC 112NOE 0303 PART 1 
(Comparative Tracking Index) 

Isolation Group IlIa Material Group (DIN VDE 0110, 1/89, Table 1) 

Option 300 - surface mount classification is Class A in accordance with CECC 00802. 

Absolute Maximum Ratings 
Storage Temperature ................................................... -55°C to+ 125°C 
Operating Temperature - TA .......................................... -40°C to +85°C 
Case Temperature - To .......................................................... + 105°C[l] 
Lead Solder Temperature .... 260°C for 10 S (1.6 rom below seating plane) 
Average Input Current - IF ............................................................ 20 rnA 
Repetitive Peak Input Current - IF .... , .......................................... 40 rnA 

(Pulse Width::; 1 ms; duty cycle::; 50%) 
Transient Peak Input Current - IF ............................................... 100 rnA 

(Pulse Width::; 200 118; duty cycle::; 1 %) 
Reverse Input Voltage - VR ................................................................ 3 V 
Input Power Dissipation .............................................................. 40 mW 
Output Voltage (TA = 25°C) 

Connection A - Vo ..................................................... -400 to +400 V 
Connection B - Vo ........................................................... 0 to +400 V 

Average Output Current - Figure 3 (TA = 25°C, To:S; 70°C) 
Connection A - 10 ..................................................................... 0.15 A 
Connection B - 10 ....................................................................... 0.3 A 

Single Shot Peak Output Current 
(100 ms pulse width, TA = 25°C, IF = 10 rnA) 
Connection A - 10 ...................................................................... 1.0 A 
Connection B - 10 ...................................................................... 2.0 A 

Output Power Dissipation ...................................................... 750 mW[2] 
Infrared and Vapor Phase Reflow Temperature 

(Option #300) ......................................... See Fig. 1, Thermal Profile 

Thermal Resistance 
Typical Output MOSFET Junction 
to Case - 9Jo = 55°C/W 

Demonstrated ESD 
Performance 
Human Body Model: MIL-STD-

883 Method 3015.7 - 16 kV 
Machine Model: EIAJ 1988.3.28 

Version 2), Test Method 20, 
Condition C - 1200 V 
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Recommended Operating Conditions 
Parameter Symbol Min. Max. Units 

Input Current (ON) IFCONJ 5 20 rnA 
Input Voltage (OFF) VFCOFFJ 0 0.8 Volt 
Operating Temperature TA -40 +85 °C 
Output Voltage 

Connection A VOCOFF) -370 37Q Volt 
Connection B 0 370 

Output Current 
Connection A 10CON) -150 150 rnA 
Connection B -300 300 

. DC Electrical Speclfications 
For -40°C S TA S +85°C unless otheIWise specified. All Typicals at TA = 25°C. 

Connee-
Parameter tion Sym. Min. Typ. Max. Units Test Conditions Fig. Notes 
Output A IVo(OFF)I 400 V VF = 0.8 V, 10 = 250 1lA, 5 
Withstand TA = 25°C 
Voltage 370 VF = 0.8 V, Io =250 IlA 
Output On- A R(oN) 6 10 n IF = 10 rnA, 10 = 150 rnA 6,7 3 
Resistance (pulse duration S 30 ms), 

B 1.5 2.5 TA = 25°C 
A 15 IF = 10 rnA, 10 = 150 rnA 
B 3.8 (pulse duration S 30 ms) 

Output A 10(0FF) 6x 10-4 1.0 IlA VF= 0.8 V, Vo = 400 V, 13 
Leakage TA = 25°C 
Current 
Output Off- A C(OFF) 60 pF VF = 0.8 V, Vo = 25 V, 14 
Capacitance f= 1 MHz 
Output Off- A Wosl 1 !LV IF = 5 rnA, Io = 0 rnA 18 4 
set Voltage 
Input Reverse VR 3 V IR = 100 IlA 
Breakdown 
Voltage 
Input "F 1.3 1.6 1.85 V IF = 10 rnA, TA = 25°C 15 
Forward 
Voltage 
Input Diode IlVF/IlTA -1.3 mV/oC IF = lOrnA 
Temperature 
Coefficient 
Input CIN 72 pF VF= OV,f= 1 MHz 
Capacitance 
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Switching Specifications 
For -40°C::;; TA S; +85°C with Connection A, unless otherwise specified. All Typicals at TA = 25°C. 

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Notes 
Tum On Time toN 0.5 0.95 ms IF = 10 rnA, Vnn = 400 V; 2,8, 7 

10 = 150 rnA, TA = 250C 9,10, 

1.2 ms IF = 10 rnA, Vnn = 370 V; 20,21 
10 = 150 rnA 

Tum Off Time tOFF 0.013 0.1 ms IF = 10 rnA, Vnn = 400 V, 2,8, 
10 = 150 rnA, TA = 25°C 11,12, 

0.1 IF = 10 rnA, Vnn = 370 V, 20,21 
10 = 150 rnA 

Output IdVo/dtl 1000 V/J.ls V(peak) = 100 V, RM ~ 1 MQ, 16 
Transient CM = 1000 pF, TA = 250C 
Rejection 

Input-Output IdVJ.Q/dtl 2500 V/J.ls Vnn = 5 V; VJ.O(peak) = 1000 V, 17 
Transient RL = 1 k.Q, CL = 25 pF, 
Rejection TA = 25°C 

Package Characteristics 
For O°C s; 'r AS; + 70°C with Connection A, unless otherwise specified. All Typicals at TA = 25OC. 

Parameter Symbol Min. Typ. Max. Units Test Conditions Fig. Notes 
Input-Output VISO 2500 Vrms RH S; 50%, t = 1 min, TA = 25°C 5,6 
Momentary With-
stand Voltage* 
Resistance RI.Q 100 GQ Vw = 500 Vdc, t = 1 min, 5 
Input-Output RH = 45% 

Capacitance Cw 1.0 pF VI.Q = 0 V, f = 1 MHz 5 
Input-Output 

. *The Input-Output Momentary Withstand Voltage is a dielectric voltage rating that should not be interpreted as an input-output 
continuous voltage rating. For the continuous voltage rating refer to the VDE 0884 Insulation Characteristics Table (if applicable), 
your equipment level safety specification, or HP Application Note 1074, ·Optocoupler Input-Output Endurance Voltage." 

Notes: 
1. The case temperature, Te, is measured 

at the center of the bottom of the 
package. 

2. For derating, see Figure 4. The output 
power Po derating curve is obtained 
when the part is handling the maximum 
average output current 10 as shown in 
Figure 3. 

3. During the pulsed RON measurement CIo 
duration S; 30 ms), ambient (TM and 
case temperature (Te) are equal. 

4. Vas is a function of IF, and is defmed 
between pins 4 and 6, with pin 4 as the 

reference. Vas must be measured in a 
stable ambient (free oftemperature 
gradients). 

5. Device considered a two terminal 
device: pins 1, 2, and 3 shorted 
together and pins 4, 5, and 6 shorted 
together. 

6. This is a momentary withstand proof 
test. These parts are 100% tested in 
production at 3000 V rms, one second. 

7. For a faster turn-on time, the optioual 
peaking circuit shown in Figure 2 may 
be implemented. 
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SeA = CASE-T()"AMBIENT THERMAL RESISTANCE 

ALL THERMAL RESISTANCE VALUES ARE IN OC/W. 

Figure 19. Thermal Model. 
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Figure 20. Turn On Time Variation with High Temperature 
Operating Life . 
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Figure 21. Turn On Time Variation with Temperature Cycling. 
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Applications Information 
Thermal Model 
The steady state thermal model 
for the HSSR-S400 is shown in 
Figure 19. The thermal resistance 
values given in this model can be 
used to calculate the tempera­
tures at each node for a given 
operating condition. The thermal 
resistances between the LED and 
other internal nodes are very 
large in comparison with the 
other terms and are omitted for 
simplicity. The components do, 
however, interact indirectly 
through SCA' the case-to-ambient 
thermal resistance. All heat 
generated flows through SCA' 

which raises the case temperature 
Tc accordingly. The value of SCA 

depends on the conditions of the 
board design and is, therefore, 
determined by the designer. 

The typical value for each output 
MOSFET junction-to-case thermal 
resistance is specified as 55°C/W. 
This is the thermal resistance 
from one MOSFET junction to the 
case when power is dissipated 
equally in the MOSFETs. The 
power dissipation in the FET 
Driver is negligible in comparison 
to the MOSFETs. 

On-Resistance and Derating 
Curves 
The output on-resistance, RON' 
specified in this data sheet, is the 
resistance measured across the 
output contact when a pulsed 
current signal CIo = 150 rnA) is 
applied to the output pins. The 
use of a pulsed signal (::; 30 ms) 
implies that each junction temper­
ature is equal to the ambient and 
case temperatures. The steady­
state resistance, Rss, on the other 
hand, is the value of the 
resistance measured across the 
output contact when a DC current 
signal is applied to the output 
pins for a duration sufficient to 
reach thermal equilibrium.· Rss 
includes the effects of the tem­
perature rise of each element in 
the thermal model. 

Derating curves are shown in 
Figures 3 and 4. Figure 3 speci­
fies the maximum average output 
current allowable for a given 
ambient or case temperature. 
Figure 4 specifies the output 
power dissipation allowable for a 
given case temperature. Above a 
case temperature of 93°C, the 
maximum allowable output 
current and power dissipation are 

related by the expression 
Rss = Po(max)/(lo(max))2 from 
which Rss can be calculated. 
Staying within the safe area 
assures that the steady state 
junction temperatures remain less 
than 125°C. As an example, for a 
case temperature of 100°C, 
Figure 4 shows that the output 
power dissipation should be 
limited to less than 0.5 watts. A 
check with Figure 3B shows that 
the output current should be 
limited to less than 150 rnA. This 
yields an Rss of 22 Q. 

Turn On Time Variation 
For applications which are 
sensitive to turn on time, the 
designer should refer to Figures 
20 and 21. These figures show 
that although there is very little 
variation in· tON within most of the 
population, a portion of the 
distribution will vary with use. 
The optional peaking circuit 
shown in Figure 2 can be used to 
reduce the total turn on time and, 
consequently, any associated 
variation. 
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~~PACKARD 

Optocoupler Option 
for 5000 V rms/! Minute 
Requirement 

Technical Data 

Features 
• Special Construction and 

Testing 
• UL Recognition for 

5000 V rms/l Minute 
Requirement 
(File No. E55361) 

Description 
Option 020 consists of special 
construction on a wide range of 
Hewlett-Packard plastic opto­
couplers. After assembly, each 
unit is subjected to an equivalent 
electrical performance test to 
ensure its capability to withstand 
5000 V rms input to output for 
one minute. This test is recog­
nized by Underwriters Laboratory 
as proof that these components 
may be used in many high voltage 
applications. 

Applications 
Dielectric withstand voltage 
ratings are required by 
Underwriters Laboratory when 
components are used in certain 
types of electronic equipment. 
The voltage rating depends on the 
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OPTION 020 

DEVICE MARKING type of electronic equipment and 
the specific application within the 
equipment. The 5000 V rms/l 
Minute dielectric withstand 
voltage rating provided by 
Option 020 offers excellent high 
voltage input to output protec­
tion. Some applicable UL 
documents are listed below. 

TYPE NUMBER 

UL Spec 
Number 

114 

347 

508 

544 

773 

916 

1012 

1244 

1410 

1950 

PIN 
ONE 

HPXXXXL 

YYWW 

DATE 
CODE 

Specification Title 

Appliance and Business Equipment 

High Voltage Industrial Control Equipment 

Industrial Control Equipment 

Medical and Dental Equipment 

Plug-in, Locking Type Photocontrols 

OPTION CODE 
LETTER FOR 
OPTION 020 

Standard for Energy Management Equipment 

Power Supplies 

Electrical and Electronic Measuring and 
Testing Equipment 

Television and Video Products 

Information Technology Equipment Including 
Electrical Business Equipment 

5965-2746E 



Specifications 
All specifications for optocouplers 
remain unchanged when this 
option is ordered. The 5000 
V rms/1 Minute capability is 
validated by a factory 6200 VAC/1 
Second dielectric voltage 
withstand test. 

Ordering Information 
To obtain this high voltage 
capability on plastic optocouplers 
order the standard part number 
and Option 020. 

Examples: 
6N135#020 
HCPL-2001#020 

This option may also be combined 
with option #300 (gullwing 
surface mount) or #500 
(gullwing in tape & reel). 

To obtain these combinations 
order option #320 or #520 
respectively. 

Examples: 
6N135#320 (gullwing surface 

mount and 5000 VAC/I min) 
HCPL-2601#520 (gullwing 

surface mount and 5000 VACI 
1 min) in tape & reel 

This option is currently available 
on the following plastic 
optocouplers. 

6N135/6 
6N137 
6N138/9 
HCPL-2502/3 
HCPL-2601l11 
HCPL-26INN 
HCPL-4562 
HCPL-4502/3/4 
HCPL-4504/6 
HCPL-2530/l/3, -4534 
HCPL-2630/1, -4661 
HCPL-263NN 
HCPL-2730/1 

Contact your local HP Sales 
Representative concerning 
availability of this option for 
optocouplers not listed. 
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VDE 0884 VIORM = 630 V peak 
Option for Plastic Optocouplers 

Technical Data 

Description 
Optocouplers are frequently used 
to provide high voltage insulation. 
Because optocouplers perform 
this safety function, they are 
regulated by many country safety 
agencies, both at the component 
level and the equipment level. 
With Option 060, the products 
are tested according to VDE 0884 
(June 1992 Revision) at 
VIORM = 630 V peak. HP also 
offers other various VDE 0884 
approved products at different 
levels of VIORM such as 
VIORM = 1414 kV peak 

(HCNWXXXX series) and 
VIORM = 891 V peak (HCPL-JXXX 
series). 

Refer to the front of the opto­
coupler section of the current 
catalog, under Product Safety 
Regulations section, for a detailed 
description of VDE 0884 and the 
partial discharge tests for 
production and type testing. 

Option 060 is available on the 
following products. 

HCPL-2211 
HCPL-2219 
HCPL-2400 
HCPL-261N 
HCPL-3120 
HCPL-4503 
HCPL-4506 

HCPL-2212 
HCPL-2300 
HCPL-261A 
HCPL-2611 
HCPL-3150 
HCPL-4504 
HCPL-4701 

Contact your local HP Sales 
Representative concerning 

Option 060 

availablility of this option for 
optocouplers not listed. 

Ordering Information 
Specify Part Number followed by 
Option Number. 

Example 

HCPL-3120#060 

Marketing Infonnation 

EXAMPLE: 
HCPL-3120 #060 

o 

HP 3120V 
9624 

4 DIGITS 
DATE CODE 

Insulation Related Specifications 
Parameter Symbol Value Units Conditions 

Minimum External Air L(101) 7.1 mm Measured from input terminals to output 
Gap (External Clearance) terminals, shortest distance through air. 
Minimum External Track- L(102) 7.4 mm Measured from input terminals to output 
ing (External Creepage) terminals, shortest distance path along body. 
Minimum Internal 0.08 mm Through insulation distance, conductor to 
Plastic Gap conductor, usually the direct distance between 
(lnternai Clearance) the photoemitter and photodetector inside the 

optocoupler cavity. 
Tracking Resistance CTI 200 V DIN lEC 112/VDE 0303 Part 1 
(Comparative 
Tracking Index) 
Isolation Group IlIa Material Group (DINVDE 0110,1/89, Table 1) 
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VDE 0884 Insulation Related Characteristics (Option 060) 
*85"(; 

HCPL-2211, HCPL-2212, HCPL-2219, HCPL-2300, HCPL-2400, HCPL-2611, HCPL-261A, 
HCPL-261N, HCPL-4701. 

**100"(; 
HCPL-3120, HCPL-3150, HCPL-4503 HCPL-4504, HCPL-4506. 

Description Symbol Characteristic 

Installation classification per DIN VDE 0110/1.89, Table 1 
for rated mains voltage::; 300 V rms I-IV 

for rated mains voltage::; 450 V rms I-III 

Climatic Classification 55/85/21 * 
55/100/21 ** 

Pollution Degree (DIN VDE 0110/1.89) 2 

Maximum Working Insulation Voltage VIORM 630 

Input to Output Test Voltage, Method bt 
VIORM x 1.875 = VPR, 100% Production Test with tm = 1 sec, VPR 1181 
Partial Discharge < 5 pC 

Input to Output Test Voltage, Method at 
VIORM x 1.5 = VPR, Type and Sample Test, VPR 945 
1m = 60 sec, Partial Discharge < 5 pC 

Highest Allowable Overvoltaget 
(Transient Overvoltage, tini = 10 sec) VIOTM 6000 

Safety Limiting Values 
(Maximum values allowed in the event of a failure, 
also see Thermal Derating curve, Figure 1.) 

Case Temperature Ts 175 
Input Current IS,INPUT 230 
Output Power PS,OUTPUT 600 

Insulation Resistance at Ts, VIO = 500 V Rs ~ 109 

Units 

V peak 

V peak 

V peak 

V peak 

°C 
rnA 
mW 

n 
tRefer to the front of the optocoupler section of the current catalog, under Product Safety Regulations section (VDE 0884), for a 
detailed description. 

Note: Isolation characteristics are guaranteed only within the safety maximum ratings which must be ensured by protective circuits in 
application . 

.!P 
I 800 

!z w 700 
II: 
II: II 600 

!5 500 
D. 
ii!: rf 400 

I 300 

ffi (230) 
~ 200 

~ 100 
!5 

I---

t--

.... Ps(mW) 

-ls(mA) 

..... 
..... 

..... 
....... ..... -r-..... ..... 

§ 00 25 50 75 100 125 150 175 200 

T S - CASE TEMPERATURE - °C 

r-..... .::::.. 

Figure 1. Thennal Derating Curve, Dependence of Safety 
Limiting Value with Case Temperature per VDE 0884. 
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Gull Wing Surface Mount 
Option for Optocouplers and 
Solid State Relays 

Technical Data 

Description 
Option 300 is available on most 
optocouplers and solid state 
relays. It consists of standard 
dual-in-line package devices with 
gull wing leads. The lead profIle 
is designed to be compatible with 
standard surface mount 
processes. 

Option 300 enables electronic 
component assemblers to include 
Hewlett-Packard optocouplers 
and solid state relays on a PCB 
that utilizes surface mount 
processes. These options do not 
require "through holes" in a PCB. 
This reduces board costs, while 
potentially increasing assembly 
rates and component density per 
board. For the maximum solder 
reflow thermal profIle, refer to 
Figure 3. 

Ordering Information 
To obtain optocouplers and solid 
state relays with gull wing leads, 
order the standard part number 
and Option 300. 

Example: 
HCPL-2630#300 
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Option 300 

.~~!l. !-~9~'!'!<?~ !~~~ _~!'!'ER_~t.I~i; _<?!'I_I, Y) 

h 9.65 ± 0.25 rl 
1 ~ (0.380 ± 0.010) rfI 1 

: _I I-- 1.016 (0.040) i I 1.194 (0.047) 

8 7 5 I 
6.350 ± 0.25 . 

L..",0.,.....,.....".., ........ "...........,..,... (0.2r ± 0.010) : 

roo 
ODD 

-I ~ 
1.194 (0.047) 
1.778 (0.070) 

o ----.---.-

._..". I~~ 
9.906 (0.390) 

o L 0.38: (0.015) 
0.635 (0.025) 

-I r (O~t:o) ~(O~::o: g:~~O)Hl 
(i~)---I I MAX. DO~:i~~:g:~~o~ +0.076 

mot±IJJl I I --,--- 10.254 - 0.051 
(0\li5) MAX. . I U U I (0.010+ 0.003) 
~ bJt\ I ~ -0.002) 

!I IL· -I 1 ___ 1.080 ± 0.320 F" 0635 02SJ\ t 
(0.043± 0.013) ~ ~0.02h± 0.010) 

- 2.54 __ 120 NOM. 

(0.100) 0.635 ± 0.130 
BSC (0.025 ± 0.005) 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITV = 0.10 mm (0.004 INCHES). 

Figure 1. 8-Pin 300 Mil Package. 

Option 300 (300 mil package) is 
shipped in tubes, with 50 units 
per tube. Option 300 (400 mil 
package) is shipped in tubes with 
42 units per tube. To obtain 

optocouplers and solid state 
relays with gull wing leads 
shipped in tape and reel, order 
Option 500[1] instead of 
Option 300. 
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h 11.15z0.15 rl 
I r\t, (0.442 z 0.006) rQ, I 

7 6 5 I 
9.00 z 0.15 

(0.354 z 0.006) 

o ~ 
12.30 z 0.30 o (0.484 z 0.012) 

CJCJCJCJ~ 
-11.31- 0.9 

(0.051) (0.035) 
-------

~~ r~::~ 
~"' .. - I~ j 

(O~~:~:~) I' L' ~ ; --I I-c 1.00z0.15 \ =====i=t 
- 2.54 0.75 z 0.25 (0.039 z 0.006) l 0076 

0.254 : O.·OSl (0.100) (0.030,. 0.010) 

BSC (0.010:g.-::: 
DIMENSIONS IN MIUIMETERS (INCHES). 

T'NOM. 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 

Figure 2. 8 Pin 400 Mil Package. 

, 1.194 (0.047) 

:- .. -~:~~.(~:~?~! .. -.- .... -.-- .. --.-----------.------

9.65 Z 0.25 ill (0.380 Z 0.010) 

7.62z 0.25 

~0.300 z 0.010~ + 0.076 10.254 -O.OSl 

(0.010: g.-::: 

-I r l
.
78 (0.070) 

MAX. 

bJtb:d7" (O.;65)MAX. 

(:'::0)-1 ~ L 
2.54 

(0.100) 
BSC 

~I I 0.635z0.25 If 
I --I 1-j0.025 z 0.010) 

0.635 z 0.130 12· NOM. 
(0.025 z 0.005) 

DIMENSIONS IN MIUIMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 

Figure 3. 6 Pin 300 Mil Package. 
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: _I ~ 1.016(0.040) 
: I 1.194(0.047) 

h 9.65 ~ 0.25 rl 
I ~ (0.380 ~ 0-010) fil I 

4 I . D D-~-~ 

6.350~0.25 
(0.250 ~ 0.010) 

o ~ 
I 1. i' (~:~~~)TY::398 (0.370) 

_ J 1 9.906 (0.390) 

D D L 0.38: (0.015) 
0.635 (0.025) 

(0.380 ~ 0.010) 

1.19_11 (0.047) 
MAX. ttt =cd-- 4~19 (O·i65)MAX. 

J I I 

9.65~0.25 ~ 
7.62~0.25 

~0'300 ~ 0'010~. + 0.076 10.254 ·0.051 

(0 010+ 0.003) 
.' -0.002) 

1.080 ~ 0.320 __ 
(0.043 ~ 0.013) t j 

7.62 ~ 0.25 
(0.300 ~ 0.010) 0.635 ~ 0.130 

(0.025 ~ 0.005) 

h 0.635 ~ 0.25 l' 
. (0.025 ~ 0.010) 

12" NOM. 

DIMENSIONS IN MILLIMETERS (INCHES). 
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 

Figure 4. 4 Pin 300 Mil Package. 

260 
240 
220 
200 

~ 180 
I 160 w 

a: 140 :::> 
!;;: 120 
a: 100 w 

I /' '\. I 
I I'" '\. AT = 145"C, l"CJSEC 

AT -115"C 0.3"CJSEC .y 
I ,,- '\. , "..., " ~ '\. 

P " 
/fJ 

"- 80 :::; 
w 60 ... 

40 
20 

0 

F /J'r---AT = l00"C, 1.5"CJSEC 

~~. 
t. 

o 3 4 5 6 7 8 9 10 11 12 

TIME - MINUTES 

NOTE: USE OF NON-CHLORINE ACTIVATED FLUXES IS HIGHLY RECOMMENDED. 

Figure Ii. Maximum Solder Reflow Thermal Profile.!') 

NQtes: 
1. Tape and Reel Option 500 can also be 

obtained for small outline SOIC-8 
optocouplers. 

2. Dimensions in mm (INCHES) 
TOLERANCES: XX.XX = .01 

xx.xxx = .001 
(unless otherwise specified) 

1-484 

3. Lead coplanarity for Option 300 
product is 0.10 mm (0.004"). 

4. Lead coplanarity definition: The maxi­
mum distance between the lowest and 
the highest pin when the package rests 
on a perfectly flat surface. 
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Tape and Reel Packaging Option 
for Optocouplers and Solid 
State Relays 

Technical Data 

Description 
Option 500 is available on most 
optocouplers and solid-state 
relays. It consists of devices with 
gull wing leads, shipped in a tape 
and reel. The following package 
styles and their corresponding 
tape and reel are available. 

Style A: Small outline optocoup­
lers with the SOIC-8 footprint, 
which are supplied in 12 mm wide 
tape on 33 cm diameter reels with 
1500 units per reel. 

Style B: 300 mil gull wing package 
which are supplied in 16 mm wide 
tape on 33 cm diameter reels with 
1000 units per reel. 

Style C: 400 mil gull wing 
packages which are supplied in 24 
mm wide tape on 33 cm diameter 
reels with 750 units per reel. 

The above tape and reels conform 
to the EIA standard RS 481 Rev. A 
specifications. 

5965-3570E 

Ordering Information 
To obtain this tape and reel 
option for optocouplers and solid­
state relays, order the standard 
part number with Option 500. All 
Option 500 units are supplied 
with the gull wing leads. Hence, 
there is no need to order Gull 
Wmg Option 300 along with 
Option 500. 

FliP"l HEWLETT® 
a!~PACKARD 

Option 500 

Example: 
HCPL-2601 
Option 500 

The minimum order quantities are 
1500 for Style A, 1000 for Style 
B, and 750 for Style C. 
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PINt ANDTDP 
DF CONIPONIENT' 

Tape Dimensions '1, 

I > USER DIRECllON OF FEED 

Size (mm) 
StyleB Style C 

Style A (300 mil (400 mil 
Item Symbol (SOIC-S) Gull Wing) Gull Wing) 

Cavity Length Ao 6.30 ± 0.10 10.30± 0.10 12.80 ± 0.10 
Width Bo 5.35 ± 0.10 10.30 ± 0.10 11.50 ± 0.10 
Depth Ko 3.50 ± 0.10 4.90 ± 0.10 5.20 ± 0.10 
Pitch P 8.00± 0.10 12.00 ± 0.10 16.00 ± 0.10 
Bottom Hole Diameter Dl 1.50 min. 1.50 min. 2.00 min. 
Component Rotation in 15° max. 15° max. ' 15° max. 

Cavity (See Fig. 1). 
Perforation Diameter of Sprocket D 1.55 ± 0.05 1.55 ± 0.05 1.55 ± 0.05 

Holes 
Pitch Po 4.00± 0.10 4.00± 0.10 4.00± 0.10 
Position E 1.75 ± 0.10 1.75± 0.10 1'.75± 0.10 

Cover Tape Width ,.'> C 9.05 ± 0.10 13.05 ± 0.10 21.05 ± 0.10 
Tape Thickness Tt 0.065 ± 0.01 0.065 ± 0.01 0.066 ± 0.01 

Carrier Tape Width W 12.00 ± 0.30 16.00± 0.30 24.00± 0.30 
Thickness t 0.30± 0.05 0.30± 0.05 0.30± 0.05 

Distance Between Cavity to Perfo~ation F 5.50 ± 0.05 7.50± 0.10 11.50 ± 0.10 
Centerline (Width Direction) 

Cavity to Perforation P2 2.00± 0.05 2.00± 0.10 2.00 ± 0.10 
(Length Direction) 

Note: 
1. Drawing is not to scale. 

MAXIMUM COMPONENT ROTATION 

Figure!. 
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Reel Dimensions 

Flange 

Hub 

Notes: 

IDENTIFICATION TAG 
(EXAMPLE"ONLV) 

Item 

Diameter 

Thickness (see note 2) 

Internal Width 

External Width 

Outer Diameter 
Spindle Hole Diameter 
Key Slit Width 

Diameter 

1. Drawing is not to scale. 
2. Typical value only. 

Symbol 

A 

t 

G 

T 

N 
C 
B 

D 

A 

lL I I 
1iI=laJ:OJ:II~ 

QEVtCE RUN QA 

Size (mm) 
Style A Style B Style C 
(SOIC-8) (8-pin GuU Wing) (400 mil Gull Wing) 

+ 0.0 + 0.0 + 0.0 
330 330 330 

- 0.2 - 0.2 - 0.2 
2.00 2.00 2.00 

12.4 + 2.0 16.4 + 2.0 24.4 + 2.0 
-0.0 -0.0 -0.0 

16.4 + 2.0 20.4 + 2.0 28.4 + 2.0 
- 0.0 - 0.0 - 0.0 

178.0 ± 0.1 100.0 ± 0.1 100.0 ± 0.1 
13.0± 0.2 13.0 ± 0.2 13.0± 0.2 
1.9 ± 0.4 1.9 ± 0.4 1.9 ± 0.4 

21.0 + 1.0 21.0 + 1.0 21.0 + 1.0 
-0.0 -0.0 - 0.0 
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Packing - Leader and Trailer 

~ t·~·DCOYERTAPE--+_~+-cUo~~A~~ 
---+-~~~~~-::';~~s LEADER----i 

NO COMPONENTS r--__ N_O_COMPONENTS 

.,.. DDDOOqPOiiiliJ_i!!Ji9I!iii!iSii!!iliiSiL!!l0004'UDDDOD0°fr' 

, 

~l I _____ _ 

i 

Size (nun) 

Style A Style B 
Item (SOIC-8) (300 mil Gull Wing) 

Leader Unsealed Cover Tape 24 (3 pockets) 24 (2 pockets) 
Sealed Cover Tape with Empty Cavities 504 (63 pockets) 480 (40 pockets) 

Trailer Unsealed Cover Tape 40 (5 pockets) 24 (2 pockets) 
Sealed Cover Tape with Empty Cavities 304 (38 pockets) 240 (20 pockets) 

Materials 
A. Carrier Tape: 

Material: Carbon coating on both sides of polyvinyl chloride sheet. 
Color: Black 
Tensile strength: 530 Kgf/cm2 

Resistivity: Rs = 106 Ulcm2 

Rv = 1011 Ulcm3 

B. Cover Tape: 

Style C 
(400 mil Gull Wing) 

80 (5 pockets) 
480 (30 pockets) 

80 (5 pockets) 
480 (30 pockets) 

Material: Cohesive failure type consisting of olephine-type resin. Static dissipative agent treated. 
Color: Transparent 
Tensile strength: 500 Kgf/cm2 

Peel-off strength: 40 ± 30 g 
Resistivity: Rs = 1011 Ulcm2 

C. Reel: 

Material: Plastic 
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Hermetic and Hi-ReI 
Optocouplers 

For Military, Space, Life 
Critical and High 
Reliability Applications 
Choose from Hewlett-Packard's 
broad line of high performance 
optocouplers to meet your 
military, space, life critical and 
high reliability applications. 
There are four ceramic package 
styles to choose from: 8 and 16 
pin dual-in-line packages, 20 . 
terminalleadless chip carriers 
(LCC), and, our newest offering, 
16 pin flat packages. Available in 
most package styles are six basic 
families of optocouplers: the new 
Power Transistor Interface, High 
Speed Logic Gate Optocouplers, 
High Speed Transistor Optocoup­
lers, High Gain Optocouplers, 
ACIDC to Logic Interface, and the 
Power MOSFET. 

Hewlett-Packard's Class H 
(military approved) and Class K 
(space approved) hermetic 
optocouplers are classified by the 
Department of Defense as hybrid 
microcircuits and are manufac­
tured in the United States on a 
MIL-PRF-38534 certified and 
qualified line. Hewlett-Packard is 
listed as a qualified supplier for 
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both Class H and Class K product 
on QML-38534. 

All product families are repre­
sented by commercial grade units 
and by high reliability tested 
units. All high reliability Class H 
products are also offered with 
recognized DESC part numbers 
either from DESC Drawings, 
Standard Military Drawings 
(SMD's), or from DESC's "One 
Part, One Part Numbering 
System." All high reliability 
devices are tested and guaranteed 
over the full military temperature 
range of -55°C to + 125°C. 

To give maximum opportunity to 
utilize recognized DESC parts, all 
26 hermetic products are under 
DESC drawings. Dual part 
marking of the HP part number 
and the DESC Drawing is 
standard on all Class H product. 

New this year is our standard line 
of Class K devices which extend 
over the entire isolation product 
presentation with the exception 
of the MOSFET device. We're 
very excited about this new 

FliHW HEWLETT® a:a PACKARD 

offering which may allow "off-the­
shelf" Class K devices to be 
procured that require no source 
control drawing to be generated. 
Note that while we are not 
currently able to supply a 
certified Class K MOSFET device, 
we can provide upscreening to 
the Class K requirements of MIL­
PRF-38534. 

Hewlett-Packard is both DESC 
certified and qualified to 
manufacture Class H (military 
approved) and Class K (space 
approved) hermetic optocouplers 
per the requirements of MIL-PRF-
38534 Option 1 QCI (in-line 
inspection) or Option 2 QCI 
(end-of-line inspection). All 
catalog Class H and Class K 
devices are processed per Option 
1 QCI. Custom devices are 
available processed to either 
option. 

Option 1 Screening and Quality 
Conformance Inspection is 
outlined on the following page. 
Custom Option 2 programs may 
include full Group A, B, C, and D 
inspections. Screening is identical 
for both options. 



Screening per MIL-PRF -38534 
Procedure Method 
Nondestruct bond pull 2023 
Internal visual 2017 
Temperature Cycle 1010 
Constant Acceleration 2001 
Visual Inspection 
PIND 2020 
Serialization 
Pre-Bum-In Elec. Test 
Burn-In 1015 

Interim Elec. Test 
Post Burn-In 
Elec. Test 
Final Elec. Test 

Fine Leak 1014 
Gross Leak 1014 
Radiographics 2012 
External Visual 2009 

Option 1 Quality 
Conformance Inspection 
Group A Testing 

Group A testing is satisfied per 
the in-line verification testing 
requirements of MIL-PRF-
38534 for Class H devices. 
Group A testing is performed 
via in-line sample testing 
requirements of MIL-PRF-
38534 for Class K devices. 

Group B Testing 
Group B testing is satisfied by 
performing in-line inspection 
sample monitoring as required 
by MIL-PRF-38534. 

Group C Testing 
Group C testing is performed 
only on the first inspection lot 
and as required to evaluate or 

Conditions 

Condition C, -65"C to + 125"C, 10 cycles 
Condition A, 5 Kg's, Y1 and Y2 
Internal requirements 
Condition A 

Group A, subgroup 1 (except 11-0) (DC @ +25"C) 
Condition B, + 125"C, 160 hours 
Condition B, + 125"C, 320 hours 
Group A, subgroup 1 (except 11_0 ) (DC @ +25"C) 
Group A, subgroup 1, (DC @ +25"C), 10% PDA 
Group A, subgroup 1, (DC @ +25"C), 2% PDA 
Group A, subgroup 2 (DC @ + 125°C) 
Group A, subgroup 3 (DC @ -55"C) 
Group A, subgroup 9 (AC @ +25"C) 
Condition A 
Condition C 

qualify changes per the 
requirements of MIL-PRF-
38534. 

Group D Testing 
Group D testing is not 
performed. Note that Group D 
requirements are performed 
during incoming inspection 
element evaluation. 

Please be advised that Class H 
and Class K devices have very 
similar Screening and Quality 
Conformance Inspection 
requirements as shown above. 
Class K devices, however, 
have substantially more 
stringent element evaluation 
and assembly criteria. The 
quality and reliability of a 
Class K device must be built 
in, not tested out. 

Class H Class K 
100% 100% 
100% 100% 
100% 100% 
100% 100% 
100% 100% 
N/A 100% 

N/A 100% 
100% 100% 
100% 

100% 
N/A 100% 

100% 
100% 

100% 100% 
100% 100% 
100% 100% 
100% 100% 
100% 100% 
N/A 100% 

100% 100% 
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Hermetic and Hi-ReI 
Optoconplers Data Sheet Index 

• Intelligent Power Modules and 
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a:~PACKARD 

Gate Drive Interface Optocouplers ......................................................................... 1-498 

• Hermetically Sealed, Low IF, Wide Vee, 
Logic Gate Optocouplers ............................................... ' ......................................... 1-512 

• Hermetically Sealed, Very High Speed 
Logic Gate Optocouplers ........................................................................................ 1-524 

• Hermetically Sealed, High Speed, 
High CMR, Logic Gate Optcouplers ........................................................................ 1-536 

• Dual Channel Line Receiver 
Hermetic Optocoupler ............................................................................................ 1-548 

• Hermetically Sealed, Transistor Output Optocouplers 
for Analog and Digital Applications ........................................................................ 1-559 

• Hermetically Sealed, Low IF, Wide Vee, 
High Gain Optocouplers ......................................................................................... 1-571 

• ACIDC to Logic Interface Hermetically Sealed 
Optocouplers ................................. , ......................................................................... 1-583 

• 90 V/1.0 n, Hermetically Sealed, Power MOSFET 
Optocoupler ........................................................................................................... 1-593 
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Power Transistor Interface Optocoupler 
With-

Device stand 
Functional Part Config- Max. Max. Min. Test Page 
Diagram No. uration Description Application t(prop) PWD CTR CMR Voltage No. 

HCPL- 8-Pin DIP Intelligent IPM isolation, 0.65 IJS 0.45 IJS 30% at 10 kVI 1500 Vdc 1-498 

~ 
5300 Power Module Isolated IGBTI IF =10mA IJS min 

~ 1 ' 1/ and Gate MOSFET gate drive, at 
3 1 . Drive AC and brush less VCM = . . 

Interface DC motor drives, 1000 V 
Industrial inverters 

1. Part number HCPL-5301 or DESC SMD 5962·9685201 HPX represents MiI-PrI-38534 Class H product. These part numbers are approved for military or high 
reliability applications. The Class K (space approved) part number is HCPL·530K. 

Bold type = new product 

High Speed Logic Gate Optocouplers 
Single Typical With-

Channel Data Specified stand 
Functional Config- Rate Common Input Test Page 

Diagram Device uration Description Application (NRZ) Mode Current Voltage No. 

HCPL- 8 Pin DIP Single channel hermetic- High speed 5 M bills 1000 V/IJS 2.0 rnA 1500 Vdc 1-512 
[ Vee] 5200 ally sealed wide supply logic ground at to 

[ty':~!f:J 1/ voltage optocoupler isolation, VcM =50V B.OmA 

[ t-- v, J HCPL- 8 Pin DIP Dual channel hermetic- LSTTL, TTL, 

[ L...J 5230 ally sealed wide supply CMOS logic 

21 voltage optocoupler interface 

HCPL- 20 
6230 Terminal 

'JI LCCC 

HCPL- 16 Pin Flat Quad channel hermetic· 
6250 Pack ally sealed wide supply 
~ voltage optocoupler -

HCPL- 8 Pin DIP Single channel hermetic- High speed 40 M bills 500 V/IJS 6.0 rnA 1-524 
[ Vee ] 5400 ally sealed high speed logic isolation, at to 

[ty::.,"J Q/ optocoupler AID and VCM = 50 V 10.0 rnA 

[ ~ll oJ paralleVserial 
conversion 

[ L...J HCPL· 8 Pin DIP Dual channel hermetic- High speed 
5430 ally sealed high speed logic isolation, 

6.1 optocoupler Communica-

HCPL- 20 tions, Networks, 

6430 Terminal Computers 

II LCCC -
6N134 16 Pin DIP Dual channel hermetic· Line receiver, 10 M bills 1000 V/IJS lOrnA 1-536 

~ 
W ally sealed high speed Ground isolation at l v~ logic gate for high VCM = 50 V 

l' HCPL- 8 Pin DIP Single channel hermetic· reliability 
: OUT systems ." 5600 ally sealed high speed 

W logic gate 

HCPL- 8 Pin DIP Dual channel hermetic-
5630 ally sealed high speed 
.1QI logic gate 

HCPL- 20 
6630 Terminal 

111 LCCC 

HCPL- 16 Pin Flat Quad channel hermetic-
6650 Pack ally sealed logic gate 
W 
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High Speed Logic Gate Optocouplers, continued 
Single Typical With-

Channel Data Specified stand 
Functional Config- Rate Common Input Test 
Diagram Device uration Description Application (NRZ) Mode Current Voltage 

.~ 
HCPL- 16 Pin DIP Dual channel hermetic- Line receiver, 10 M bills 1000 V/IJS 10mA 1500 Vdc 

2 I ycc15 1930 ally sealed high CM R High speed logic at 
: ~:: ~I line receiver ground isolation VCM = 50 V 
6 I 12 optocoupler in high ground . ~" or induced noise 7 GOO 10 . . environments 

Note: Each part number referenced below is approved for military, space or high reliability applications. 
1. Part number HCPL-5201 or DESC SMD 5962·8876801 PX represent Mil·Prf·38534 Class H product. The Class K (space approved) part number is 

HCPL-520K. 
2. Part number HCPL ·5231 or DESC SMD 5962·8876901 PX represent MiI·Prf·38534 Class H product. The Class K (space approved) part number is 

HCPL·523K. 
3. Part number HCPL·6231 or DESC SMD 5962·88769022A represent MiI·Prf·38534 Class H product. The Class K (space approved) part number is 

HCPL·623K. 
4. Part number HCPL-6251 or DESC SMD 5962·8876903FC represent MiI·Prf·38534 Class H product. The Class K (space approved) part number is 

HCPL-625K. 
5. Part number HCPL·5401 or DESC SMD 5962·8957001 PX represent MiI·Prf·38534 Class H product. The Class K (space approved) part number is 

HCPL·540K. 
6. Part number HCPL-5431 or DESC SMD 5962·8957101 PX represent MiI·Prf·38534 Class H product. The Class K (space approved) part number is 

HCPL·543K. 
7. Part number HCPL-6431 or DESC SMD 5962·89571022A represent Mil·Prf·38534 Class H product. The Class K (space approved) part number is 

HCPL-643K. 

Page 
No. 

1-548 

8. Part number 6N1341883B or DESC SMD 8102801 EX represent MiI-Prf·38534 Class H product. The Class K (space approved) part number is HCPL·268K. 
9. Part number HCPL·5601 or DESC SMD 5962·9085501HPX represent Mil·Prf-38534 Class H product. The Class K (spaceapproved) part number is 

HCPL·560K. 
10. Part number HCPL-5631 or DESC SMD 8102802PX represent MiI·Prf·38534 Class H product. The Class K (space approved) part number is HCPL·563K. 
11. Part number HCPL·6631 or DESC SMD 81028032A represent MiI·Prf·38534 Class H product. The Class K (space approved) part number is HCPL·663K. 
12. Part number HCPL·6651 or DESC SMD 8102804FC represent MiI-Prf·38534 Class H product. The Class K (space approved) part number is HCPL·665K. 
13. Part number HCPL-1931 or DESC SMD 5962·8957201 PX represent MiI·Prf·38534 Class H product. The Class K (space approved) part number is 

HCPL·193K. 

High Speed Transistor Optocouplers 
Single Typical With-

Channel Data Current Specified stand 
Functional Config- Rate Transfer Input Test 
Diagram Device uration Description Application (NRZ) Ratio Current Voltage 

4N55 16 Pin Dual channel hermetic· Line receiver, 700k bills 9% Min. 16mA 1500 Vdc 

c~~ 1J DIP ally sealed analog Analog signal 
[ b '.~ optical coupler ground isolation, 

[(}1 "P HCPL- 8 Pin DIP Single channel her· Switching power 

[ . '" P 5500 metically sealed analog supply feedback 

'?l optical coupler element 

HCPL· 8 Pin DIP Dual channel her· 
5530 metically sealed analog 

31 optical coupler 

HCPL· 20 
6530 Terminal 
~ LCCC 

HCPL· 16 Pin Quad channel her· 
6550 Flat Pack metically sealed analog 

Qf optical coupler 

Note: Each part number referenced below is approved for military. space or high reliability applications. 

Page 
No. 

1·559 

1. Part number 4N55/8838 or DESC SMD 5962·8767901 EX represent Mil·Prf-38534 Class H product. The Class K (space approved) part number is HCPL-257K. 
2. Part number HCPL·5501 or DESC SMD 5962·9085401 HPX represent MiI·Prf·38534 Class H product. The Class K (space approved) part number is 

HCPL-550K. 
3. Part number HCPL·5531 or DESC SMD 5962·8767902PX represent MiI-Prf·38534 Class H product. The Class K (space approved) part number is 

HCPL·553K. 
4. Part number HCPL·6531 or DESC SMD 5962·87679032A represent MiI·Prf-38534 Class H product. The Class K (space approved) part number is HCPL·653K. 
5. Part number HCPL·6551 or DESC SMD 5962·8767904FC represent MiI·Prf·38534 Class H product. The Class K (space approved) part number is 

HCPL·655K. 
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High Gain Optocouplers 
Single Typical With-

Channel Data Current Specified stand 
Functional Config- Rate Transfer Input Test Page 
Diagram Device uration Description Application (NRZ) Ratio Current Voltage No. 

6N140A 16 Pin Quad channel her- Line receiver, Low 100 k bills 300% Min. 0.5 rnA 1500 Vdc 1-571 

E8 
jj DIP metically sealed low power ground to 

input current high isolation 5.0 rnA t ,~ gain optocoupler 
~o HCPL- 8 Pin DIP Single channel her- Line receiver, Low 

5700 metically sealed high power ground 
gl gain optocoupler isolation, TTUTTL, 

LSTTUTTL, 
CMOSITTL 

HCPL- 8 Pin DIP Dual channel her- Line receiver, Low 
5730 meticall sealed high power ground 
~ gain optocoupler isolation, Polarity 

HCPL- 20 Terminal sensing 

6730 LCCC 
~I 

HCPL- 16 Pin Quad channel her-
6750 Flat Pack metically sealed high 
~ gain optocoupler 

Note: Each part number referenced below is approved for military, space or high reliability applications. 
I. Part number 6N140N883B or DESC SMD 8302401 EX represent Mil-PrI-38534 Class H product. The Class K (space approved) part number is HCPL-177K. 
2. Part number HCPL-5701 or DESC SMD 5962-8981001 PX represent Mil-PrI-38534 Class H product. The Class K (space approved) part number is 

HCPL-570K. 
3. Part number HCPL-5731 or DESC SMD 5962-897850IPX represent MiI-PrI-38534 Class H product. The Class K (space approved) part number is 

HCPL-573K. 
4. Part number HCPL-6731 or DESC SMD 5962-89785022A represent Mil-PrI-38534 Class H product. The Class K (space approved) part number is HCPL-673K. 
5. Part number HCPL-6751 or DESC SMD 830240lFC represent MiI-PrI-38534 Class H product. The Class K (space approved) part number is HCPL-675K. 

AC/DC to Logic Interface Optocoupler 
With-

Typical Input stand 
Functional Config- Data Threshold Output Test Page 
Diagram Device uration Description Application Rate Current Current Voltage No. 

HCPL- 8 Pin DIP Single channel her- Limit switch sensing, 10 kHz 2.5mATH+ 2.6 rnA 1500 Vdc 1-583 

0 5760 metically sealed Low voltage detector 1.3 rnA TH-
jj threshold sensing relay contact monitor 

do- Yo optocoupler - ~ 

Note: 
I. Part number HCPL-5761 or DESC SMD 5962-8947701 PX represent MiI-PrI-38534 Class H product. These part numbers are approved for military or high 

reliability applications. The Class K (space approved) part number is HCPL-576K. 
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Power MOSFET Optocoupler 
Output Output 
With- On- Max. Max. Input! 

Functional Config- Stand Resist, Load Off-State Output Page 
Diagram Device uration Description Application Voltage ance Current Leakage Insulation No. 

HSSR- 8 Pin DIP 90 VitO Q Standard 28 Vdc 90 1.0 Q 0.8 Aac 250mA 1500 Vdc 1-593 

IT Ne 1~ ~ 
7110 hermetically and 48 Vdc load 1.6Adc 

11 sealed driver, Standard 

~~~( ~ power 24 Vac load 

~ Ne - j~ ~ MOSFET driver, acldc 

~ 
optocoupler Electro-

mechanical and 
solid state relay 
replacement 

Nole: 
1. Part number HSSR-7111 or DESC SMD 5962-9314001 HPX represent MiI-Prf·38534 Class H product. These part numbers are approved for military or high 

reliability applications. 
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Hermetic High Performance Optocouplers 
Functionally Equivalent Part Types 

Package 
Style 16 Pin DIP 8 Pin DIP 

# of Channels Quad (4) Dual (2) Dual (2) Single (1) 

Function 

Darlington 6N140A HCPL·5730 HCPL·5700 
Output, Low 6N140Al8838 HCPL-5731 HCPL-5701 
Input Current, 8302401 5962-8978501 5962-8981001 
100 kBd 

Transistor 4N55 HCPL-5530 HCPL-5500 
Output, High 4N5518838 HCPL-5531 HCPL-5501 
CMR, 700 kBd 5962·8767901 5962-8767902 5962-9085401 

High Speed Special PIN 6Nl34 HCPL-5630 HCPL·5600 
Logic Output, 6Nl3418838 HCPL-5631 HCPL-5601 
10 Mbaud 8102801 8102802 5962-9085501 

High Speed HCPL-1930 
Logic, Input HCPL·1931 
Regulation, 5962-8957201 
10 Mbaud 

Wide Vcc HCPL-5230 HCPL·5200 
from 4.5 to 20 HCPL·5231 HCPL·5201 
Volts, High 5962·8876901 5962-8876801 
CMR, 5 Mbaud 

Very High HCPL·5430 HCPL·5400 
Speed Logic, HCPL·5431 HCPL·5401 
20 Mbaud 5962·8957101 5962-8957001 

AC/DCto HCPL·5760 
Logic HCPL·5761 
Interface 5962-8947701 
Intelligent HCPL-5300 
Power Module HCPL·5301 
and Gate Drive 5962·9685201 
Interface 

Power HSSR-7110 
MOSFET HSSR·7111 
(relay 5962-9314001 
replacement) 

Standard Type refers to commercial product. 
Bold type refers to MIL-PRF-38534 Class H Product. 

Closest 
16 Pin Flat 20 Terminal Plastic 

Pack LCCC Equivalent 

Quad (4) Dual (2) 

HCPL-6750 HCPL-6730 6N138 or 
HCPL-6751 HCPL-6731 6N139 
8302401 5962-8978502 

HCPL-6550 HCPL-6530 6N135/6 
HCPL-6551 HCPL-6531 
5962-8767904 5962·8767903 

HCPL-6650 HCPL-6630 HCPL-2601 or 
HCPL-6651 HCPL-6631 6N137 
8102804 8102803 

HCPL-2602 

HCPL-6250 HCPL-6230 HCPL-2200 or 
HCPL·6251 HCPL·6231 HCPL-2230 
5962·8876903 5962-8876902 

HCPL-6430 HCPL-2400 
HCPL-6431 
5962-8957102 

HCPL-3700 

HCPL-4506 

Italic type refers to DESC Drawing parts. Note that these numbers do not include package and lead extention codes. See individual data sheets for package and 
lead availabilities. 
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Intelligent Power Module 
and Gate Drive Interface 
Optocouplers 

Technical Data 

Features 
• Performance Specified Over 

Full Military Temperature 
Range: -55°C to 125°C 

• Fast Maximum Propagation 
Delays 
tplD. = 450 ns, 
tPLH = 650ns 

• Minimized Pulse Width 
Distortion (PWD = 450 ns) 

• High Common Mode 
Rejection (CMR): 10 kV/1lS at 
VCM = 1000V 

• CTR > 30% at IF = 10 rnA 
• 1500 Vdc Withstand Test 

Voltage 

• Manufactured and Tested on 
a MIL-PRF-38534 Certified 
Line 

• Hermetically Sealed 
Packages 

• Dual Marked with Device 
Part Number and DESC 
Drawing Number 

• QML-38534, Class H and K 
• HCPL-4506 Function 

Compatibility 

Applications 
• Military and Space 
• High Reliability Systems 

• Harsh Industrial 
Environments 

• Transportation, Medical, and 
Life· Critical Systems 

• IPM Isolation 
• Isolated IGBT/MOSFET Gate 

Drive 
• AC and Brnshless DC Motor 

Drives 

• Industrial Inverters 

Description 
The HCPL-5300/5301 devices 
consist of a GaAsP LED optically 
coupled to an integrated high 
gain photo detector in a 
hermetically sealed package. The 

Schematic Diagram 

rli~ HEWLETT® 
a:~PACKARD 

HCPL-5300 
HCPL-5301 
5962-96852 

products are capable of operation 
and storage over the full military 
temperature range and can be 
purchased as either standard 
product or with full MIL-PRF-
38534 Class Level H or K te~ting 
or from the DESC Drawing 5962-
96852. All devices are 
manufactured and tested on a 
MIL-PRF-38534 certified line and 
are included in the DESC 
Qualified Manufacturers List 
QML-38534 for Hybrid Micro­
circuits. Minimized propagation 
delay difference between devices 
make these optocouplers excellent 
solutions for improving inverter 
efficiency through reduced 
switching dead time. An on chip 
20 ill outputpull-up resistor can 
be enabled by shorting output 
pins 6 and 7, thus eliminating the 
need for an external pull-up 
resistor in common IPM applica­
tions. Specifications and 
performance plots are given for 
typical IPM applications. 

Truth Table 
LED 

ON L 

OFF H 

The connection of a 0.1 J.IF' bypass capacitor between pins 5 and 8 is recommended. 

CAUTION: It is advised that normal static precautians be taken in handling and assembly of this component to 
prevent damage and/or degradation which may be induced by ESD. 
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Selection Guide-Package Styles and Lead 
Configuration Options 

HP Part # and Options 

Commercial HCPL-5300 

MIL-PRF-38534, Class H HCPL-5301 

MIL-PRF-38534, Class K HCPL-530K 

Standard Lead Finish Gold Plate 

Solder Dipped Option #200 

Butt Cut/Gold Plate Option #100 

Gull Wing/Soldered Option #300 

SMD Part # 

Prescript for all below 5962-

Either Gold or Solder 968520lHPX 

Gold Plate 968520lHPC 

Solder Dipped 968520lHPA 

Butt Cut/Gold Plate 968520lHYC 

Butt Cut/Soldered 9685201HYA 

Gull Wing/Soldered 9685201HXA 

Outline Drawing 

9.40 (0.370) {t 9.91 (0.390) l 
0.76 (0.030) 

~ 

~ 
0.51 (0.020) 

MIN. 

1.27 (0.050) 

===.f--f 
4.32 (0.170) yx. 

3.81 (0.150) 
MIN. 

~ 

2.29 0.090 lJ 
2.79 0.110 

J L 0.51 (0.020) 
MAX. 

NOTE: DIMENSIONS IN MILUMETERS (INCHES). 

~8.1~<::'20)~ 
7.16 (0.282) t= 7.57 (0.298) =1 

0.20 (0.008) 
0.33 (0.013) 

L 7.3IH0.290) J 
7.87 (0.310) 
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Device Marking 

HPLOGO­
HPP/N­

DESCSMD' -
DESCSMD'­

PINONEI­
ESDIDENT 

HP ayyWWZ - COMPLIANCE INDICATOR,' 
XXXXXX DATE CODE, SUFFIX (IF NEEDED) 

XXXXXXX 
XXX USA - COUNTRY OF MFR . 
... 50434 - HP FSCN' 

, aUALIFIED PARTS ONLY 

Hermetic Optocoupler Options 
Option 

100 

Description 

Surface mountable hermetic optocoupler with leads trimmed for butt joint assembly. This 
option is available on commercial and hi-reI product in 8 pin DIP (see drawings below for 
details). 

f ~ 4.32(0.170) 
1 I i MAX. 
~ -- j 

t lJ JI + 
0.51 (0.020) 1.13 (0.0451 

MIN. 1.4 (0.055 

~ 
- - 0.33(0.013) 

2.29 (0.090) - 0.51 (0.020) 
2.79 (0.110) MAX. 

[[~ 
7.36 (0.290) ~ 
7.87 (0.310) 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 

200 Lead finish is solder dipped rather than gold plated. This option is available on commercial 
and hi-reI product in 8 pin DIP. DESC Drawing part numbers contain provisions for lead 
finish. 

300 Surface mountable hermetic optocouplerwith leads cut and bent for gull wing assembly. 

1-500 

This option is available on commercial and hi-reI product in 8 pin DIP (see drawings below 
for details). This option has solder dipped leads. 

0000 5.571,180) L 11 MAX. - - '--'- --+. 
~lJ II --. 

1-1:: l3~80) 
rL~J 0.51 (0.020) 1.40 (0.055) 

MIN. 1.65 (0.065) 
5° MAX. 0.33 (0.013) , 

2.29 (0.090) - - 0.51 (0.020) 
2.79 (0.110) MAX. 

9.65 (0.380) 
9.91 (0.390) 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 



Absolute Maximum Ratings 
Storage Temperature (Ts) ............................................................................................................. -65 to 150°C 

Operating Temperature (TM ......................................................................................................... -55 to 125°C 
Junction Temperature (TJ) •.•..•..•.•..•••..•..••.•.•....••..•....•.•.•......•...•••.•..••••.••.••.•.••..••.•..•..•••.•.•.••..•..•••••••...•..•• 175°C 
Average Input Current (IF(AVG)) ............................................................................................................... 25 rnA 

Peak Input Current (50% duty cycle, ~ 1 ms pulse width) CIF(PEAI{)) ........................................................ 50 rnA 

Peak Transient Input Current « 1 ~s pulse width, 300 pps) (IF(TRAN)) ..................................................... 1.0 A 
Reverse Input Voltage (Pin 3-2) (VR) ............................................................................................................ 5 V 
Average Output Current (Pin 6) (IO(AVG)) ................................................................................................ 15 rnA 

Resistor Voltage (Pin 7) (V7) ......................................................................................................... -0.5 Vto Vee 
Output Voltage (Pin 6-5) (Vo) ........................................................................................................ -0.5 to 30 V 
Supply Voltage (Pin 8-5) (Vee) ....................................................................................................... -0.5 to 30 V 
Output Power Dissipation (Po) ............................................................................................................. 100 mW 
Total Power Dissipation (PT) ................................................................................................................ 145 mW 
Lead Solder Temperature (soldering, 10 seconds) .................................................................................. 260°C 

ESD Classification 
(MIL-STD-883, Method 3015) 
HCPL-5300/5301 ...................... (Ll),Class 1 

Recommended Operating Conditions 
Parameter Symbol Min. 

Power Supply Voltage Vee 4.5 

Output Voltage Vo 0 
Input Current (ON) IF(oN) 10 
Input Voltage (OFF) VF(OFF) -5 

Max. Units 

30 Volts 

30 Volts 
20 rnA 

0.8 V 
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Electrical Specifications 
Over recommended operating conditions eTA = -55"C to + 125°C, Vcc = +4.5 V to 30 y, 
IF(oN) = 10 rnA to 20 rnA, VF(OFF) = -5 V to 0.8 V) unless otherwise specified. 

Group A 
Sub-

Parameter Symbol groupS/12/ Min. Typ.* Max. Units Test Conditions 

Current Transfer CTR 1,2,3 30 90 % IF = 10 rnA, Vo = 0.6 V 
Ratio 

Low Level Output IOL 1,2,3 3.0 9.0 rnA IF = 10 rnA, Vo = 0.6 V 
Current 

Low Level Output VOL 1,2,3 0.3 0.6 V 10 = 2.4 rnA 
Voltage 

Input Threshold ITH 1,2,3 1.5 5.0 rnA Vo = 0.8Y, 
Current 10 = 0.75 rnA 

High Level 10H 1,2,3 5 75 ~ VF = 0.8V 
Output Current 

High Level Supply ICCH 1,2,3 0.6 1.5 rnA VF = 0.8 V, Vo = Open 
Current 

Low Level Supply IccL 1,2,3 0.6 1.5 rnA IF = 10 rnA, Vo = Open 
Current 

Input FOlWard VF 1,2,3 1.0 1.5 1.8 V IF = lOrnA 
Voltage 

Temperature IlVFI -1.6 mV/"C IF= lOrnA 
Coefficient of IlTA 
Forward Voltage 

Input Reverse BVR 1,2,3 5 V IR = 100~ 
Breakdown Voltage 

Input Capacitance ern 90 pF f=lMHz,VF=OV 

Input-Output Ij.Q 1 1.0 ~ RH = 45%, t = 5 sec, 
Insulation Leakage Vj.Q = 1500 Vdc, 
Current TA = 25"C 

Resistance Rj.o 1012 Q Vj.Q = 500 V dc 
(Input-Output) 

Capacitance Cj.Q 2.4 pF f=lMHz 
(Input-Output) 

Internal Pull-up RL 1 14 20 28 ill TA = 25"C 
Resistor 

Internal Pull-up IlRJ 0.014 kQJ"C 
Resistor IlTA 
Temperature 
Coefficient 

'All typical values at 25OC, Vee = 15 V. 
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Switching Specifications (RL = 20 kQ External) 
Over recommended operating conditions: 
(TA = -55OC to + 125OC, Vce = +4.5 V to 30 V, IF(oN) = 10 rnA to 20 rnA, VF(oFF) = -5 V to 0.8 V) unless 
otherwise specified. 

Group A 
Parameter Symbol SubgrpsJl2J Min. Typ.* Max. Units Test Conditions Fig. 

Propagation tpHL 9,10,11 30 180 450 ns CL = IF(on) = 10 rnA, 5,7, 
Delay Time to 100pF VF(off) = 0.8 V; 9-12 
Low Output 100 ns CL - Vee = 15.0 V; 
Level 10pF VTHLH = 2.0 V; 

Propagation tpLH 9,10,11 250 350 650 ns CL = VTHHL = 1.5 V 

Delay Time to 100pF 
High Output 130 CL = 
Level 10pF 

Pulse Width PWD 9,10,11 150 450 ns CL = 
Distortion 100pF 

Propagation tpLH - 9,10,11 -170 140 500 ns 
Delay tpHL 
Difference 
Between Any 
Two Parts 

Output High ICMHI 9 10 17 kVlI!s IF=OrnA, Vee = 15.0 V; 6,17, 
Level Common Vo > 3.0V CL = 100pF, 18,21 
Mode VeM = 1000 \p.p 
Immunity 'IA = 25°C 
Transient 

Note 

3,4, 
5,6, 

7 

11 

8 

9, 13 

ICMLI 
r--

Output Low 9 10 17 kV/l1s IF = lOrnA 10, 13 
Level Common Vo < 1.0 V 
Mode 
Transient 
Immunity 

'All typical values at 25"C, Vee = 15 V. 
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Switching Specifications (RL = Internal Pull-up) 
Over recommended operating conditions: 
eTA = -55"C to + 125°C, Vee = +4.5 V to 30 V, IF(oN) = 10 rnA to 20 rnA, VF(oFF) = -.5 V to 0.8 V) unless 
otherwise specified. 

Group A 
Parameter Symbol SubgrpsJ12) Min. Typ.* Max. Units Test Conditions Fig. 

Propagation tpHL 9,10,11 20 185 500 ns IF(on) = 10 rnA, 5,8" 
Delay Time to VF(ofl) = 0.8 V, 
Low Output Vee = 15.0 V, 
Level CL = 100 pF, 

Propagation tpLH 9,10,11 220 415 750 ns VTIILH = 2.0 V 

Delay Time to VTIIHL = 1.5 V 

High Output 
Level 

Pulse Width PWD 9, 10, 11 150 600 ns 
Distortion 

Propagation tpLH - 9,10,11 -225 150 650 ns 
Delay tpHL 
Difference 
Between Any 
Two Parts 

Output High; ICMHI 10 kVfI.ts IF = o rnA, Vee = 15.0 V, 6,21 
Level Common Vo > 3.0V CL = 100pF, 
Mode Transient VeM = 1000 
Immunity TA = 25°C 

Note 

3; 4, 
5,6, 

7 

11 

8 

9 

-
Output Low ICMLI 10 kV/~ IF = 16 rnA 10 
Level Common Vo < l.OV 
Mode Transient 
Immunity 

Power Supply PSR 1.0 Vp.p Square Wave, trusE' ~ALL 7 
Rejection > 5 ns, no bypass 

capacitors. 

'All typical values at 25'C, Vee = 15 V. 

Notes: 
1. CURRENT TRANSFER RATIO in percent is defined as the ratio of output collector current (10) to the forward LED input current 

(IF) times 100. . 
2. Device considered a two·terminal device: Pins 1, 2, 3 and 4 shorted together and Pins 5, 6, 7 and 8 shorted together. 
3. Pulse: f = 20 kHz, Duty Cycle = 10% 
4. The internal 20 kg resistor can be used by shorting pins 6 and 7 together. 
5. Due to the tolerance of the internal resistor, and since propagation delay is dependent on the load resistor value, performance. can 

be improved by using an external 20 kg 1 % load resistor. For more information on how propagation delay varies with load 
resistance, see Figure 8. 

6. The RL = 20 kg, CL = 100 pF represents a typical IPM (Intelligent Power Module) load. 
7. Use of a 0.1 /1F' bypass capacitor connected between pins 5 and 8 can improve performance by filtering power supply line noise. 
8. The difference in tpLH and tpHL between any two parts under the same test condition. (See IPM Dead Time and Propagation Delay 

Specifications section.) 
9. Common mode transient immunity in a Logic High level is the maximum tolerable dVcwdt of the common mode pulse, VCM, to 

assure that the output will remain in a Logic High state (Le., Vo > 3.0 V). 
10. Common mode transient immunity in a Logic Low level is the maximum tolerable dVCM/dt of the common mode pulse, V CM, to 

assure that the output will remain in a Logic Low state (Le., Vo < 1.0 V). 
11. Pulse Width Distortion (PWO) is defmed as the difference between tpw and tpHL for any given device. 
12. Standard parts receive 100% testing at 25'C (Subgroups 1 and 9). Hi-Rei and SMD parts receive 100% testing at 25'C, + 125'C, 

and ·55'C (Subgroups 1 and 9, 2 and 10, 3 and 11 respectively). 
13. Parameters are tested as part of device initial characterization and after design and process changes. Parameters are guaranteed 

to limits specified for all lots not specifically tested. 
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LED Drive Circuit 
Considerations For Ultra 
High CMR Performance 
Without a detector shield, the 
dominant cause of optocoupler 
CMR failure is capacitive 
coupling from the input side of 
the optocoupler, through the 
package, to the detector IC as 
shown in Figure 14. The HCPL-
5300/5301 improves CMR 
performance by using a detector 
IC with an optically transparent 
Faraday shield, which diverts the 
capacitively coupled current away 
from the sensitive IC circuitry. 
However, this shield does not 
eliminate the capacitive coupling 
between the LED and the opto­
coupler output pins and output 
ground as shown in Figure 15. 
This capacitive coupling causes 
perturbations in the LED current 
during common mode transients 
and becomes the major source of 
CMR failures for a shielded 
optocoupler. The main design 
objective of a high CMR LED 
drive circuit becomes keeping the 
LED in the proper state (on or 
off) during common mode 
transients. For example, the 
recommended application circuit 
(Figure 13), can achieve 10 kV//ls 
CMR while minimizing compo­
nent complexity. Note that a 
CMOS gate is recommended in 
Figure 13 to keep the LED off 
when the gate is in the high state. 

Another cause of CMR failure for 
a shielded optocoupler is direct 
coupling to the optocoupler 
output pins through CLEDOl and 
CLED02 in Figure 15. Many factors 
influence the effect and magni­
tude of the direct coupling 
including: the use of an internal 
or external output pull-up 
resistor, the position of the LED 
current setting resistor, the 
connection of the unused input 

package pins, and the value of 
the capacitor at the optocoupler 
output (CL). 

Techniques to keep the LED in 
the proper state and minimize the 
effect of the direct coupling are 
discussed in the next two 
sections. 

CMR With The LED On 
(CMRIJ 
A high CMR LED drive circuit 
must keep the LED on during 
common mode transients. This is 
achieved by overdriving the LED 
current beyond the input 
threshold so that it is not pulled 
below the threshold during a 
transient. The recommended 
minimum LED current of lOrnA 
provides adequate margin over 
the maximum ITH of 5.0 rnA (see 
Figure 1) to achieve 10 kV//lS 
CMR. Capacitive coupling is 
higher when the internal load 
resistor is used (due to CLED02) 
and an IF = 16rnA is required to 
obtain 10 kV//ls CMR. 

The placement of the LED 
current setting resistor affects the 
ability of the drive circuit to keep 
the LED on during transients and 
interacts with the direct coupling 
to the optocoupler output. For 
example, the LED resistor in 
Figure 16 is connected to the 
anode. Figure 17 shows the AC 
equivalent circuit for Figure 16 
during common mode transients. 
During a + dVcM/dt in· Figure 17, 
the current available at the LED 
anode (ITOTAL) is limited by the 
series resistor. The LED current 
(IF) is reduced from its DC value 
by an amount equal to the current 
that flows through CLEDP and 
CLEDOl' The situation is made 
worse because the current 
through CLEDOl has the effect of 
trying to pull the output high 

(toward a CMR failure) at the 
same time the LED current is 
being reduced. For this reason, 
the recommended LED drive 
circuit (Figure 13) places the 
current setting resistor in series 
with the LED cathode. Figure 18 
is the AC equivalent circuit for 
Figure 13 during common mode 
transients. In this case, the LED 
current is not reduced during a 
+ dVcM/dt transient because the 
current flowing through the 
package capacitance is supplied 
by the power supply. During a 
-dVcM/dt transient, however, the 
LED current is reduced by the 
amount of current flowing 
through CLEDN. But better CMR 
performance is achieved since the 
current flowing in CLEDOl during 
a negative transient acts to keep 
the output low. 

Coupling to the LED and output 
pins is also affected by the 
connection of pins 1 and 4. If 
CMR is limited by perturbations 
in the LED on current, as it is for 
the recommended drive circuit 
(Figure 13), pins 1 and 4 should 
be connected to the input circuit 
common. However, if CMR 
performance is limited by direct 
coupling to the output when the 
LED is off, pins 1 and 4 should 
be left unconnected. 

CMR With The LED Off 
(CMR~ 
A high CMR LED drive circuit 
must keep the LED off 
(YF::; VF(OFF)) during common 
mode transients. For example, 
during a +dVcM/dt transient in 
Figure 18, the current flowing 
through CLEDN is supplied by the 
parallel combination of the LED 
and series resistor. As long as the 
voltage developed across the 
resistor is less than VF(OFF) the 
LED will remain off and no 
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common mode failure will occur. 
Even if the LED momentarily 
turns on, the 100 pF capacitor 
from pins 6-5 will keep the 
output from dipping below the 
threshold. The recommended 
LED drive circuit (Figure 13) 
provides about 10 V of margin 
between the lowest optocoupler 
output voltage and a 3 V IPM 
threshold during a 10 kV/J..ls 
transient with VCM = 1000 V. 
Additional margin can be 
obtained by adding a diode in 
parallel with the resistor, as 
shown by the dashed line connec­
tion in Figure 18, to clamp the 
voltage across the LED below 
VF(oFF). 

Since the open collector drive 
circuit, shown in Figure 19, 
cannot keep the LED off during a 
+dVcM/dt transient, it is not 
desirable for applications 
requiring ultra high CMRH 
performance. Figure 20 is the AC 
equivalent circuit for Figure 16 
during common mode transients. 
Essentially all the current flowing 
through CLEDN during a + dVcM/dt 
transient must be supplied by the 
LED. CMRH failures can occur at 
dv/dt rates where the current 
through the LED and CLEDN 
exceeds the input threshold. 
Figure 21 is an alternative drive 
circuit which does achieve ultra 
high CMR performance by 
shunting the LED in the off state. 
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IPM Dead Time and 
Propagation Delay 
Specifications 
These devices include a 
Propagation Delay Difference 
specification intended to help 
designers minimize "dead time" in 
their power inverter designs. 
Dead time is the time period 
during which both the high and 
low side power transistors (Ql 
and Q2 in Figure 22) are off. Any 
overlap in Ql and Q2 conduction 
will result in large currents 
flowing through the power 
devices between the high and low 
voltage motor rails. 

To minimize dead time the 
designer must consider the 
propagation delay characteristics 
of the optocoupler as well as the 
characteristics of the IPM IGBT 
gate drive circuit. Considering 
only the. delay characteristics of 
the optocoupler (the character­
istics ofthe.!PM IGBT gate drive 
circuit can be analyzed in the 
same way) it is important to 
know the minimum and maximum 
turn-on (tpHL) and turn-off (tpLH) 
propagation delay specifications, 
preferably over the desired 
operating temperature range. 

The limiting case of zero dead 
time occurs when the input to Ql 
turns off at the same time that the 
input to Q2 turns on. This ca..<;e 
determines the minimum delay 
between LED 1 turn-off and LED2 

turn-on, which is related to the 
worst case optocoupler propaga­
tiondelay waveforms, as shown 
in Figure 23. A minimum dead 
time of zero is achieved in Figure 
23 when the signal to turn on 
LED2 is delayed by (tPLH maJ{ -

tPHL min) from the LED 1 turn off. 
This delay is the maximum value 
for the propagation delay 
difference specification which is 
specified at 500 ns for the HCPL-
5300/5301 over an operating 
temperature range of -55°C to 
+ 125°C. 

Delaying the LED signal by the 
maximum propagation delay 
difference ensures that the mini­
mum dead time is zero, but it 
does not tell a designer what the 
maximum dead time will be. The 
maximum dead time occurs in the 
highly unlikely case where one 
optocoupler with the fastest tpLH 
and another with the slowest tPHL 
are in the same inverter leg. The 
maximum dead time in this case 
becomes the sum ofthe spread in 
the tpLH and tpHL propagation 
delays as shown in Figure 24. The 
maximum dead time is also 
equivalent to the difference 
between the maximum and 
minimum propagation delay 
difference specifications. The 
maximum dead time (due to the 
optocouplers) for the HCPL-
5300/5301 is 670 ns (= 500 ns­
(-170 ns)) over an operating 
temperature range of -55°C to 
+ 125°C. 
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Figure 3. High Level Output Current 
vs. Temperature. 
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Figure 6. CMR Test Circuit. Typical CMR Waveform. 
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Figure 13. Recommended LED Drive Circuit. Figure 14. Optocoupler input to 
Output Capacitance Model for 
Unshielded Optocouplers. 

Figure 15. Optocoupler Input to 
Output Capacitance Model for 
Shielded Optocouplers. 
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Figure 16. LED Drive Circuit with Resistor Connected to LED Anode (Not 
Recommended). 
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"THE ARROWS INDICATE THE DIRECTION OF CURRENT 
FLOW FOR +<IVC.,tdt TRANSIENTS. 

L-______________ ~+I}_--------------J 

Figure 17. AC Equivalent Circuit for 
Figure 16 During Common Mode 
Transients. 

l00pF 

Figure 19. Not Recommended Open Collector LED Drive 
Circuit. 

Figure 21. Recommended LED,Drive 
Circuit for IDtra High CMR. 
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"THE ARROWS INDICATE THE DIRECTION OF CURRENT 
FLOW FOR +dVC,.tdt TRANSIENTS . 
•• OPTIONAL CLAMPING DIODE FOR IMPROVED CMH 
PERFORMANCE. VR < VF (OFF) DURING +dVcflidt. 

L-______________ ~+ I}_--------------J 

VCM 

20 kil 

100 pF 

Figure 18. AC Equivalent Circuit for Figure 13 During 
Common Mode Transients. 

"THE ARROWS INDICATE THE DIRECTION OF CURRENT 
FLOW FOR +dVcW<" TRANSIENTS. 

L-------------1+ Ir-----------~ 

VCM 

Figure 20. AC Equivalent Circuit for Figure 19 During 
Common Mode Transients. 



VCCl 

20"" 

VC02 

20"" 

VOUT2 

Figure 22. Typical Application Circuit. 
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Figure 23. Minimum LED Skew for 
Zero Dead Time. 

MIL-PRF-38534 Class H, 
Class K, and DESC SMD 
Test Program 
Hewlett-Packard's Hi-ReI Opto­
couplers are in compliance with 
MIL-PRF-38534 Classes H and K. 
Class H devices are also in 
compliance with DESC drawing 
5962-96852. 

Testing consists of 100% screen­
ing and quality conformance 
inspection to MIL-PRF-38534. 
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Figure 24. Wavefonns for Dead Time Calculations. 
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Hennetically Sealed, 
Low IF, Wide Vee, 
Logic Gate Optocouplers 

Technical Data 

Features 
• Dual Marked with Device 

Part Number and DESC 
Drawing Number 

• Manufactured and Tested on 
a MIL-PRF-38534 Certified 
Line 

• QML-38534, Class H and K 
• Four Hermetically Sealed 

Package Configurations 

• Performance Guaranteed 
over -55"C to + 125"C 

• Wide Vee Range (4.5 to 20 V) 

• 350 ns Maximum Propaga­
tion Delay 

• CMR: > 10,000 V/1lS Typical 
• 1500 Vdc Withstand Test 

Voltage 
• Three State Output Available 
• High Radiation Immunity 
• HCPL-2200/31 Function 

Compatibility 

• Reliability Data 
• Compatible with LSTTL, 

TTL, and CMOS Logic 

Applications 
• Military and Space 
• High Reliability Systems 
• Transportation and Life 

Critical Systems 
• High Speed Line Receiver 

• Isolated Bus Driver (Single 
Channel) 

• Pulse Transformer 
Replacement 

• Ground Loop Elimination 
• Harsh Industrial 

Environments 
• Computer-Peripheral 

Interfaces 

Description 
These units are single, dual and 
quad channel, hermetically sealed 
optocouplers. The products are 
capable of operation and storage 
over the full military temperature 
range and can be purchased as 
either standard product or with 
full MIL-PRF-38534 Class Level 
H or K testing or from the 
appropriate DESC Drawing. All 
devices are manufactured and 
tested on a MIL-PRF-38534 
certified line and are included in 
the DESC Qualified Manufac­
turers List QML-38534 for Hybrid 
Microcircuits. 

Each channel contains an AlGaAs 
light emitting diode which is 
optically coupled to an integrated 
high gain photon detector. The 
detector has a threshold with 
hysteresis which provides differ­
ential mode noise immunity and 

F/ijiW HEWLETT® 
a:r... PACKARD 

HCPL-520X* 
5962-88768 
HCPL-523X 
HCPL-623X 
HCPL-625X 
5962-88769 

·See matrix for available extensions. 

eliminates the potential for 
output signal chatter. The 
detector in the single channel 
units has a tri-state output stage 

Truth Tables 
(Positive Logic) 
Multichannel Devices 

Input Output 
On (H) H 
Off (L) L 

Single Channel DIP 
Input Enable Output 
On (H) H 
Off(L) H 
On (H) L 
Off (L) L 

Functional Diagram 
Multiple Channel Devices 
Available 

Z 
Z 
H 
L 

CAUTION: It is advised that normal static precautions be taken in handling and assembly of this component to 
prevent damage and/or degradatian which may be induced by ESD. 
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which allows for direct connection 
to data buses. The output is non­
inverting. The detector IC has an 
internal shield that provides a 
guaranteed common mode 
transient immunity of up to 
10,000 Vlj..ls. Improved power 
supply rejection eliminates the 
need for special power supply 
bypass precautions. 

Package styles for these parts are 
8 pin DIP through hole (case 
outline P), 16 pin DIP flat pack 
(case outline F), and leadless 

ceramic chip carrier (case outline 
2). Devices may be purchased 
with a variety of lead bend and 
plating options, see Selection 
Guide Table for details. Standard 
Military drawing (SMD) parts are 
available for each package and 
lead style. 

Because the same electrical die 
(emitters and detectors) are used 
for each channel of each device 
listed in this data sheet, absolute 
maximum ratings, recommended 
operating conditions, electrical 

specifications, and performance 
characteristics shown in the 
figures are identical for all parts. 
Occasional exceptions exist due 
to package variations and limita­
tions and are as noted. Addition­
ally, the same package assembly 
processes and materials are used 
in all devices. These similarities 
give justification for the use of 
data obtained from one part to 
represent other part's per­
formance for die related 
reliability and certain limited 
radiation test results. 

Selection Guide-Package Styles and Lead Configuration Options 
Package 8 Pin DIP 8 Pin DIP 16 Pin Flat Pack 20 Pad LCCC 

Lead Style Through Hole Through Hole Unformed Leads Surface Mount 
Channels 1 2 4 2 
Common Channel None Vee, GND Vee, GND None 
WIring 
HP Part # & Options 
Commercial HCPL-5200 HCPL-5230 HCPL-6250 HCPL-6230 
MIL-PRF-38534, Class H HCPL-5201 HCPL-5231 HCPL-6251 HCPL-6231 
MIL-PRF-38534, Class K HCPL-520K HCPL-523K HCPL-625K HCPL-623K 
Standard Lead Finish Gold Plate Gold Plate Gold Plate Soldered Pads 
Solder Dipped Option #200 Option #200 
Butt Cu1/Gold Plate Option #100 Option #100 
Gull WinglSoldered Option #300 Option #300 
SMD Part # 
Prescript for all below 5962- 5962- 5962- 5962-
Either Gold or Solder 8876801PX 8876901PX 8876903FX 88769022X 
Gold Plate 8876801PC 8876901PC 8876903FC 
Solder Dipped 8876801PA 8876901PA 88769022A 
Butt Cu1/Gold Plate 8876801YC 8876901YC 
Butt CutlSoldered 8876801YA 8876901YA 
Gull WinglSoldered 8876801XA 8876901XA 
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Functional Diagrams 
8 Pin DIP 8 Pin DIP 16 Pin Flat Pack 20 Pad LCCC 

Through Hole Through Hole Unfonned Leads Surface Mount 
1 Channel 2 Channels 4 Channels 2 Channels 

16 15 

8 8 VCC 15 
19 13 

2 7 2 7 
14 

20 12 
13 

3 6 3 12 2 10 

4 5 4 
11 3 

5 
10 

9 7' 8 

Note: Multichannel DIP and flat pack devices have common Vee and ground. Single channel DIP has an enable pin 6. LCCC (leadless 
ceramic chip carrier) package has isolated channels with separate Vee and ground connections. 

Outline Drawings 
16 Pin Flat Pack, 4 Channels 

1 
0.438 ~ 

10.72 (0.422) 

I 
(0.112) 2.85 

M ~x. 

1 L 

I 

g.:: !t.03~! . 0.02 

6.99 (0.275) r~l 

813(0320) 
-" MAX. 

~ 1 
I-- 0.88 (0.0345) 

MIN. L 5~3 ] 9.02 (0.355) (0.206) 8.76 (0.345)-
MAX. 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 

2.29 (0.090) 
MAX. 

+ 

"""t 
1.27 (0.050) 

REF. 

+ 

----.l --, 
0.31 (0.012) 
U3(0.OD9) 

20 Terminal LCCC Surface Mount, 2 Chann~ls 8 Pin DIP Through Hole, 1 and 2 Channel 
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B.70 (0.342) 

9.10 (O'358)st 
4.9';,(0,19 .• ) 
5.21 (0.205) 

1.02 (0.040)(3 PLCS) 

1.14 (0.045) 
1.40 (0.055) 

..,..--TERMINAL 1 IDENTIFIER 
2.16 (0.085) 

----METAUZED 
CASTILLATIONS (20 PLCS) 

..j I--r,j~) ..j ~ 0.51 (0.020) 
~ (20PLCS) 

~::!l:~lI ••••• I 

NOTE: DIMENSIONS IN MILUMETERS (INCHES). 
SOLDER THICKNESS 0.127 (0.005) MAX. 

r:=~.EE:~:! I I..L 1.27 (0.050) :=:J\~ 

4.32 (0.170) 

~X • 

3.81 (0.150) 
MIN. 

~ 

2.29 0.090 lJ J 1-0.51 (0.020) 
2.79 (0.110 MAX. 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 

~8'1~<::'20)~ 
L 7.16 (0.282)-.J 
1 __ 7.57 (U98) __ I 

UO(0.OD8) 
0.33 (0.013) 

L 7.36 (U90) J 
7.87 (0.310) 



Leaded Device Marking Leadless Device Marking 

HP LOGO -~ HP QYYWWZ -_. COMPLIANCE INDICATOR,' HP LOGO ----~ HP QYYWWZ ~- COMPLIANCE INDICATOR,' 
HP PIN ~- ~ XXXXXX DATE CODE, SUFFIX (IF NEEDED) HP PIN _ XXXXXX 

DESC SMD" -~ XXXXXXX PIN ONE! - " XXXX 
DATE CODE, SUFFIX (IF NEEDED) 

-- DESCSMD" 
DESC SMD" - XXX USA ~--- COUNTRY OF MFR. ESD IDENT XXXXXX --~ DESC SMD" 

PIN ONE! - " 50434 ~-- -- HP FSCN" COUNTRY OF MFR. USA 50434 •...... HPFSCN" 
ESD IDENT '------' 

'QUALIFIED PARTS ONLY 'QUALIFIED PARTS ONLY 

Hermetic Op~ocoupler Options 
Option 

100 
Description 

Surface mountable hermetic optocoupler with leads trimmed for butt joint assembly. This 
option is available on commercial and hi-reI product in 8 pin DIP (see drawings below for 
details). 

~ 4.32 (t.170) 
-*------J U MAX. 

r-- t TlJ JI f 
0.51 (0.020) 1.14 (0.045) 

MIN. 1.40 (0.055) 

~ 
- 0.33 (0.013) 

2.29 0.090 - 0.51 (0.020) 
2.79 0.110 MAX. 

J[~:J 
7.36 (0.290) 
7.S7 (0.310) 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 

200 Lead finish is solder dipped rather than gold plated. This option is available on commercial 
and hi-reI product in 8 pin DIP. DESC Drawing part numbers contain provisions for lead 
finish. Alileadless chip carrier devices are delivered with solder dipped terminals as a 
standard feature. 

300 Surface mountable hermetic optocoupler with leads cut and bent for gull wing assembly. This 
option is available on commercial and hi-reI product in 8 pin DIP (see drawings below for 
details). This option has solder dipped leads. 

0000 557 (Lso) J: t 5.57(L80) 
~ U MAX. MAX. 

r~ j L... -------.l 

r-- ~ 'L~J· 0.51 (0.020) 1J J L 1.40 (0.055) 50 MAX. 0.33 (0.013) 
MIN. 1.65 (0.065) 

2.29 (0.090) 0.51 (0.020) :.~ !~·~:::l 
2.79 (0.110) MAX. • • 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 
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Absolute Maximum Ratings 
Storage Temperature Range, Ts .................................. -65"C to + 150"C 
Operating Temperature, TA ............ , ............................ -55"C to + 125"C 
Case 'Temperature , Tc ................................................................ + 170°C 
Junction Temperature, TJ .................. ; ................................................................. + 175"C 
Lead Solder Temperature .............................................. 260"C for 10 s 
Average Forward Curre, IFAVG (each channel) ............................. 8 mA 
Peak Input Current, IFPK(each channel) ............................... 20 mAll] 
Reverse Input Voltage, VR (each channel) ....................................... 3 V 
Supply Voltage ,Vcc .............................................. 0.0 V min., 20 V max. 
Average Output Current, 10 (each channel) ................................. 15 mA 
Output Voltage, Vo (each channel) .................... -0.3 V min., 20 V max. 
Package Power Dissipation, Pd (each channel) ......................... 200 mW 

Single Channel Product Only 
Tri-State Enable Voltage, VE ............................... -0.3 V min., 20 V max. 

8 Pin Ceramic" DIP Single-ChanneI-Schematic 

ANODE ----+ 

J2 "'1 
v, ~ 

3 I 
- I 

..-___ --.......:"cc"o. ~c 

...... -"'--Iov. 
CATHODE I 

I 
I II 
L..---_--_-_-<lGND 

Note enable pin 6. An external O.OlI1F to 0.1 !1F bypass capacit.or is recommended 
between Vee and ground for each package type. 

ESD Classification 
(MIL-STD-883, Method 3015) 
HCPL-5200/01, HCPL-6230/31 ..... ; ..................................... (~), Class 1 
HCPL-5230/31, HCPL-6250/51 ....................................... (Dot), Class 3 

Recommended Operating Conditions 
Parameter SyIilbol Min. Max. Units 

Power Supply Voltage Vcc· 4.5 20 V 
Input Current, High Level, IFH 2 8 mA 
Each Channel 
Input Voltage, Low Level, VFL 0 0;8 V 
Each Channel 
Fan Out (TTL Load) N 4 
Each Channel 

Single Channel Product Only 
High Level Enable Voltage 
Low Level Enable Voltage 

1-516 



Electrical Characteristics 
TA = -55"C to + 125"C, 4.5 V:5 Vee:5 20 V, 2 rnA:5 IF(ON):5 8 rnA, 0 V:5 VF(OFF):5 0.8 V, unless otherwise 
specified. 

GroupA[llj Limit 
Parameter Sym. Test Conditions Subgroups Min. Typ.* Max. Ul!its Fig. Notes 

Logic Low Output Voltage VOL IOL = 6.4 mA (4 TTL Loads) 1,2,3 0.5 V 1,3 2 

IOH - -2.6mA 1,2,3 2.4 ** V 
Logic High Output Voltage VOH (**VOH = Vee - 2.1 V) 2,3 2 

IOH = -0.32 mA NA 3.1 

Output Leakage Current IOHH Vo - 5.5V IF - SmA 1,2,3 100 ~ 2 

(YOUT > Vee) Vo = 20V Vee = 4.5 V 500 

Single Vee = 5.5 V VF = OV 4.5 6 

Logic Low Channel Vee = 20V VE = Don't Care 1,2,3 5.3 7.5 
Supply IeeL 
Current Dual Vee = 5.5 V 9.0 12 mA 

Channel VF1 = VF2 = OV 
Vee = 20V 10.6 15 

Quad Vee = 5.5 V VF1 = VF2 = 14 24 
Channel VF3 = VF4 = OV 

Vee = 20V 17 30 

Single Vee = 5.5V IF = SmA 2.9 4.5 
Channel VE = Don't Care 1,2,3 

Logic High Vee = 20V 3.3 6 
Supply IeeH 
Current Dual Vee = 5.5 V 5.S 9 mA 

Channel IF] = 
Vee = 20V IF2 = S mA 6.6 12 

Quad Vee - 5.5V IF] - IF2 - 9 IS 
Channel Vee = 20V IF3 = 11 24 

IF4 = S mA 

Logic Low Short Circuit Vo - Vee = 5.5 V 20 mA 
Output Current losL VF=OV 1,2,3 2,3 

Vo = Vee = 20V 35 

Logic High Short Circuit Vee =5.5V IF= SmA -10 mA 
Output Current 10SH Vee = 20V Vo= GND 1,2,3 -25 2,3 

Input Forward Voltage VF IF = SmA 1,2,3 1.0 1.3 1.S V 4 2 

Input Reverse BVR IR = 10~ 1,2,3 3 V 2 
Breakdown Voltage 

Input-Output Insulation 11•0 VI.Q = 1500 Vdc, t = 5s 1 1.0 ~ 4,5 
Leakage Current RH = 45%, TA = 25"C 

Logic High Conunon Mod€ ICMHI IF = 2 mA, VeM = 50 Vp_p 9,10,11 1000 10,000 V/J.IS 9 2,6, 
Transient lnununity 12 

Logic Low Conunon Mode ICMLi IF = 0 mA, VeM = 50 Vp_p 9,10,11 1000 10,000 V/J.IS 9 2,6, 
Transient lnununity 12 

Propagation Delay Time tpHL 9,10,11 173 350 ns 5, 2,7 
to Logic Low 6 

Propagation Delay Time tpLH 9,10,11 lIS 350 ns 5, 2,7 
. to Logic High 6 
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Electrical Characteristics Single Channel Product Only 
TA = -55°C to + 125°C, 4.5 V:::; Vee:::; 20 V, 2 rnA:::; IF (ON):::; 8 rnA, 0 V:::; VF(OFF):::; 0.8 V, 2.0 V 
:::; VEH :::; 20 V, 0 V:::; VEL:::; 0.8 V, unless otherwise specified. 

Group' A[ll] Limits 
Parameter Sym. Test Conditions Subgroups Min. Typ.* Max. Units Fig. 

High Impedance State IOZL Vo = 0.4 V VEN = 2V, 1,2,3 -20 I.IA 
Output Current VF=OV 

Vo = .2.4 V VEN = 2V, 20 I.IA 
IOZH Vo =5.5V IF = 8 rnA 1,2,3 100 

Vo = 20V 500 

Logic High Enable VEH 1,2,3 2.0 V 
Voltage 

LOgic Low Enable VEL 1,2,3 0.8 V 
Voltage 

Logic High Enable VEN = 2.7V 20 I.IA 
Current IEH VEN = 5.5 V 1,2,3 100 

VEN = 20V 0.004 250 

Logic Low Enable IEL VEN = 0.4 V 1,2,3 -0.32 rnA 
Current 

'All typical values are at Vee = 5V, TA = 25°e, IF(ON) = 5 rnA unless otherwise specified. 

Typical Characteristics 
All typical values are at TA = 25°C, Vee = 5 V, IF(ON) = 5 rnA unless otherwise specified. 

Parameter Symbol Typ. Units Test Conditions Fig. 

Input Current Hysteresis IHYS 0.07 rnA Vee = 5V 3 

Input Diode Temperature Coefficient ilVF -1.25 mV;oC IF = 8 rnA 
ilTA 

Resistance (Input-Output) RJ-O 1013 n VI_O = 500 Vdc 

Capacitance (Input-Output) CI_o 2.0 pF f=lMHz 

Input Capacitance CIN 20 pF VF = 0 V, f = 1 MHz 

Output Rise Time (10-90%) tr 45 ns 5,7 

Output Fall Time (90-10%) tr 10 ns 5,7 
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Typical Characteristics (cont'd.) 
All typical values are at TA = 25°C, Vee = 5 V, IF(oN) = 5 rnA, unless otherwise specified. 

Single Channel Product Only 

Parameter Symbol Typ. Units Test Conditions Fig. Notes 
Output Enable Time to Logic High tpzH 30 ns 8 

Output Enable Time to Logic Low tPZL 30 ns 8 

Output Disable Time from Logic High tpHZ 45 ns 8 

Output Disable Time from Logic Low tpLZ 55 ns 8 

Dual and Quad Channel Products Only 

Input-Input Insulation Leakage Current 11-1 0.5 nA 
RH = 45%, TA = 25"C, 
VI_I = 500 V, t = 5 s 9 

Resistance (Input-Input) RI_I 1013 n VI _I = 500 V 9 

Capacitance (Input-Input) CI _I 1.5 pF f= lMH 9 

Notes: 
1. Peak Forward Input Current pulse width < 50 J.1S at 1 KHz maximum repetition rate. 
2. Each channel of a multichannel device. 
3. Duration of output short circuit time not to exceed 10 ms. 
4. All devices are considered two-terminal devices: measured between all input leads or terminals shorted together and all output leads 

or terminals shorted together. 
5. This is a momentary withstand test, not an operating condition. 
6. CML is the maximum rate of rise of the common mode voltage that can be sustained with the output voltage in the logic low state 010 

< O.S V). C~ is the maximum rate of fall of the common mode voltage that can be sustained with the output voltage in the logic 
high state 010 > 2.0 V). 

7. ~HL propagation delay is measured from the 50% point on the leading edge of the input pulse to the 1.3 V point on the leading edge 
of the output pulse. The tpLH propagation delay is measured from the 50% point on the trailing edge of the input pulse to the 1.3 V 
point on the trailing edge of the output pulse. 

S. Measured between each input pair shorted together and all output connections for that channel shorted together. 
9. Measured between adjacent input pairs shorted together for each multichannel device. 

10. Zero-bias capacitance measured between the LED anode and cathode. 
11. Standard parts receive 100% testing at 25'C (Subgroups 1 and 9). SMD and hi-rei parts receive 100% testing at 25, 125, and -55'C 

(Subgroups 1 and 9, 2 and 10, 3 and 11, respectively). 
12. Parameters are tested as part of device initial characterization and after design and process changes. Parameters guaranteed to limits 

specified for all lots not specifically tested. 

> 
~ 0.9 

" ~ 0.8 

~ 0.7 

~ 0.6 

5 o 0.5 
.... 
~ 0.4 
.... 
;: 0.3 
g 
I 0.2 

-oj 0.1 

o 

t--

-65 -25 

lee 04!. -
IF:: 0 mA 
10 = 6.4 mA-

.5 65 95 125 

TA - TEMPERATURE -'C 

Figure 1. Typical Logic Low Output 
Voltage vs. Temperature. 

-1 .... 
iii 
a: -2 
a: 
:::> 
~ -3 

~ -4 
.... 
~ -6 
.... a -8 
;: 
I -1 

% 

9 -8 

Vee· 4.5V 
I,"" SmA 

" ~-2.1V 
"' """ r-.. -- ~o.:.!AV 

-65 -25 5 3Ii 66 96 125 

TA - TEMPERATURE _ °c 

-Figure 2. Typical Logic High Output 
Current vs. Temperature. 
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Vcc=UY 
TA"25"C 

> • , .. 
~ .. 
-' 

10H" 2A1mA 

g .. 
~ 2 .. 
" 0 , 
~ IoL= 
~ 

o 
o 2 

IF - INPUT CURRENT -mil 

Figure 3. Output Voltage vs. Forward 
Input Current. 

PULSE GEN. 
',=tr=5ns 
1= 100 kHz 
10 % DUTY 

CYCLE 

R, 

, 

f 
, , 

Vee 

OUTPUTVO 
MONITORING 
NODE 

THE PROBE AND JIG CAPACITANCES 
ARE INCLUDED IN CL' 

Figure 5. Test Circuit for t,..,.. t PHL• t,. and t .. 

300 
IF= SmA 

"'VCC'" 5V 
-250 , 

> 

r- CL· 15pF 

K::: ./ 
'" 200 
-' 
'" 0 
:2 

150 0 --~ <. 
;: 
~ 
'" 100 .. 
0 
II: .. 

~ 
~ ---::::::: , 

50 :. PWD 

-55 -25 35 65 95 

TA - TEMPERATURE - "C 

Figure 6. Typical Propagation Delay 
vs. Temperature. 
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SV 
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1.0 
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~ 
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1 .. 
~ 
a: 
~ 0.1 
u 

~ 
~ 0.01 

0.00 1 / 
1.050 1.100 '.150 1.200 1.250 1.300 1.350 

VF - FORWARD VOLTAGE V 

Figure 4. Typical Diode Input Forward 
Characteristic. 
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Figure 7. Typical Rise. Fall Time V8. 
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PULSE 
GENERATOR 

ZO=500 
1,=I,=5n. 

CL = 15 pF INCLUDING PROBE 
AND JIG CAPACITANCE. 

VCC 

D.U.T. 

IF>--+--------~~ f , , , 
GND 

INPUT Vo '------------------------' 
MONITORING 
NODE 

Vo 

Figure 8. Test Circuit for t pHZ' t pzH' t,..... and tPZJ.' 

VCM 

~--+-----~JLr-------~ 
+ 

PULSE GEN. 

INPUT 
V. 

. D1-4 ARE 1N916 OR 1N3064 

OUTPUT 

Va -S-'-0-P-EN-I!-~ov 
S2CLOSED 

VCMOV~ 
SWITCH I(f A: IF = 2 mA 

VOH----'" ~ ,­
'\.L_vo (min)* V 

OUTPUT SWITCH AT B: IF = 0 mA 
Vo . 

VOL 

·SEE NOTE 6. 

Figure 9. Test Circuit for Common Mode Transient Immunity and Typical Waveforms. 

VCC1 0---.,---.., 
(+5 V) 

DATA 
INPUT 

6650 

VCC2 
5V 
IOV 
15V 
20V 

D.U.T. 

GND 

~ 
1.1 K 
2.37K 
3.83 K 
5.11 K 

Figure 10. LSTTL to CMOS Interface Circuit. 

VCC2 
(4.5 TO 20 V) 

DATA 
OUTPUT 

VCCIo---.,-------, 
(+5 V) 

Figure n. Recommended LED Drive Circuit. '. 
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VCC1 0---....... -----, 
(+5 V) 

Figure 12. Series LED Drive with Open Collector Gate 
(4.02 kQ Resistor Shunts Ion from the LED). 

VCC10--r-...,..--~ ....... ---, 
(+5 V) 

DATA 
INPUT 

6650 665 0r-...ID".:;.:U .... T .... _., 

Figure 13. Recommended LSTTL to LSTTL Circnit. 

CONDITIONS: IF = 8 mA 

10= -14mA 

TA= +125 °C 

'ALL CHANNELS TESTED SIMULTANEOUSLY. 

Vcc+ 20V 

,----...,..--0 r~ 

DATA 
OUTPUT 

r"; .. 

DATA 
OUTPUT 

-~ .. >--0 
~-~ UP TO 16 LSTTL 

: LOADS 
~.;. OR 4 TTL LOADS -t .. -:">--o 

·r>·-o 
..... J 

·L?~;.~o 16 LSTTL 
: LOADS 

~.~. OR 4 TTL LOADS '1_("0 
f .. ..:.. 

--: >---0 .-

Figure 14. Single Channel Operating Circnit for Burn-in and Steady State Life Tests. 
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MIL-PRF-38534 Class H, 
Class K, and DESC SMD 
Test Program . 
Hewlett-Packard's Hi-ReI Opto­
couplers are in compliance with 
MIL-PRF-38534 Classes Hand K. 
Class H devices are also in 
compliance with DESC drawings 
5962-88768, and 5962-88769. 

Testing consists of 100% screen­
ing and quality conformance 
inspection to MIL-PRF-38534. 
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Hermetically Sealed, 
Very High Speed, 
Logic Gate Optoconplers 

Technical Data 

Features 
• Dual Marked with Device 

Part Number and DESC 
Drawing Number 

• Manufactured and Tested on 
a MIL-PRF-38534 Certified 
Line 

• QML-38534, Class H and K 
• Three Hermetically Sealed 

Package Configurations 
• Performance Guaranteed 

over -55°C to +125OC 
• High Speed: 40 M bit/s 
• High Common Mode 

Rejection 500 V/IJS 
Guaranteed 

• 1500 Vdc Withstand Test 
Voltage 

• Active (Totem Pole) Outputs 
• Three Stage Output Available 
• High Radiation Immunity 

_ • HCPL-2400/30 Function, 
Compatibility 

• Reliability Data 
• Compatible with TTL, STTL, 

LSTTL, and HCMOS Logic 
Families 

Applications 
• Military and Space 
• High Reliability Systems 
• Transportation, Medical, and 

Life Critical Systems 
• Isolation of High Speed 

Logic Systems 

• Computer-Peripheral 
Interfaces 

• Switching Power Supplies 
• Isolated Bus Driver 

(Networking Applications)­
(5400/1 Only) 

• Pulse Transformer 
Replacement 

• Ground Loop Elimination 
• Harsh Industrial 

Environments 
• High Speed Disk Drive I/O 
• Digital Isolation for AID, 

D/A Conversion 

Description 
These units are single and dual 
channel, hermetically sealed 
optocouplers. The products are 
capable of operation and storage 
over the full military temperature 
range and can be purchased as 
either standard product or with 
full MIL-PRF-38534 Class Level 
H or K testing or from the 
appropriate DESC Drawing. All 
devices are manufactured and 
tested on a MIL-PRF-38534 
certified line and are included in 
the DESC Qualified Manufac­
turers List QML-38534 for Hybrid 
Microcircuits. 

FliP'l HEWLETT® 
a:~PACKARD 

HCPL-540X* HCPL-643X 
5962-89570 5962-89571 
HCPL-543X 
·See matrix for available extensions. 

Each channel contains an AlGaAs 
light emitting diode which is 
optically coupled to an integrated 
high gain photon detector. This 
combination results in very high 

Truth Tables 
(Positive Logic) 
Multichannel Devices 

Input Output 
On (H) H 
Off (L) L 

Single Channel DIP 

Input Enable Output 
On (H) L 
Off (L) L 
On (H) H 
Off (L) H 

Functional Diagram 
Multiple Channel Devices 
Available 

L 
H 
Z 
Z 

CAUTION: It is advised that normal static precautions be taken in handling and assembly ojthis component to 
prevent damage and/or degradation which may be induced by ESD. 
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data rate capability. The detector 
has a threshold with hysteresis, 
which typically provides 0.25 rnA 
of differential mode noise 
immunity and minimizes the 
potential for output signal 
chatter. The detector in the single 
channel units has a three state 
output stage which eliminates the 
need for a pull-up resistor and 
allows for direct drive of a data 
bus. 

All units are compatible with TTL, 
STTL, LSTTL, and HCMOS logic 
families. The 35 ns pulse width 
distortion specification guaran­
tees a 10 MBd signaling rate at 
+ 125°C with 35% pulse width 

distortion. Figures 13 through 16 
show recommended circuits for 
reducing pulse width distortion 
and optimizing the signal rate of 
the product. Package styles for 
these parts are 8 pin DIP through 
hole (case outlines P), and 
leadless ceramic chip carrier 
(case outline 2). Devices may be 
purchased with a variety of lead 
bend and plating options. See 
Selection Guide Table for details. 
Standard Military Drawing (SMD) 
parts are available for each 
package and lead style. 

Because the same electrical die 
(emitters and detectors) are used 
for each channel of each device 

listed in this data sheet, absolute 
maximum ratings, recommended 
operating conditions, electrical 
specifications, and performance 
characteristics shown in the 
figures are similar for all parts. 
Occasional exceptions exist due 
to package variations and limita­
tions and are as noted. Addition­
ally, the same package assembly 
processes and materials are used 
in all devices. These similarities 
give justification for the use of 
data obtained from one part to 
represent other part's perform­
ance for die related reliability and 
certain limited radiation test 
results. 

Selection Guide-Package Styles and Lead Configuration Options 
Package 8 Pin DIP 8 Pin DIP 20 Pad LCCC 

Lead Style Through Hole Through Hole Surface Mount 
Channels 1 2 2 
Common Channel None Vee, GND None 
Wiring 

HP Part # & Options 
Commercial HCPL-5400 HCPL-5430 HCPL-6430 
MIL-PRF-38534, Class H HCPL-5401 HCPL-5431 HCPL-6431 
MIL-PRF-38534, Class K HCPL-540K HCPL-543K HCPL-643K 
Standard Lead Finish Gold Plate Gold Plate Solder Pads 
Solder Dipped Option #200 Option #200 

Butt Cut/Gold Plate Option #100 Option #100 
Gull Wing/Soldered Option #300 Option #300 
SMD Part # 
Prescript for all below 5962- 5962- 5962-
Either Gold or Solder 8957001PX 8957101PX 89571022X 
Gold Plate 8957001PC 8957101PC 
Solder Dipped 895700lPA 8957101PA 89571022A 

Butt Cut/Gold Plate 8957001YC 8957101YC 
Butt Cut/Soldered 8957001YA 8957101YA 
Gull Wmg/Soldered 8957001XA 8957101XA 
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Functional Diagrams 
8 Pin DIP 8 Pin DIP 20 Pad LCCC 

Through Hole Through Hole Surface Mount 
1 Channel 2 Channels 2 Channels 

15 

8 8 
19 

2 7 2 7 20 

3 6 3 6 2 

3 
4 5 4 5 

7 8 

Note: All DIP devices have common Vee and ground. LCCC (leadless ceramic chip carrier) package has isolated channels with 
separate Vee and ground connections. 

Outline Drawings 
20 Tenninal LCCC Surface Mount, 2 Channels 

-::~!~:~:l~~ 4.95 (0.195) 
5.21 (0.205) 

1.02 (0.D40) (3 PLCS) 

1.14(11.045) 
1.40 (0.05S) 

__ TERMINAL 1 IDENTIFIER 
2.16 (0.095) 

__ IIETAUZED 
CAsnLLAnoNs (20 PLCS) 

-I I--rci~ -II-- 0.51 (0.020) L.- (20 PLCS) 

~1~=11 .... i I 

NOTE: DIMENSIONS IN MILUMETERS (INCHES). 
SOLDER THICKNESS 0.127 (0.005) MAX. 

8 Pin DIP Through Hole, 1 and 2 Channel 

[t :::~I::~~:l~ - 0.76 (0.0301 
1.27 (0.050) 

L--J -,--
0.51 (0.020) 

MIN. 

4.32 (0.170) 

~. 
3.81 (0.150) 

MIN. 

--.l 

~~:m1J JL.~:-
NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 
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1~7.57(0~98)41 

0.20 (0.008) 
0.33 (0.013) 

L~I 7.117 (0.310) -

13 

12 
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Leaded Device Marking Leadless Device Marking 

HPLOGO 
HPP/N 

DESCSMD' 
DESCSMD' 

PIN ONE! 
ESDIDENT 

~ HP QYYWWZ 4-

XXXXXX 
XXXXXXX 
XXX USA 
, 50434 

COMPLIANCE INDICATOR: HP LOGO ~ HP QYYWWZ 
DATE CODE, SUFFIX (IF NEEDED) HP PIN - ~ XXXXXX 

PIN ONE! -_ .. ~ , XXXX 
COUNTRY OF MFR. ESD IDENT XXXXXX 
HP FSCN" COUNTRY OF MFR. - USA 50434 

4- COMPLIANCE INDICATOR: 
DATE CODE, SUFFIX (IF NEEDED) 

--- DESC SMD' 
- DESCSMD' 

HP FSCN" 

, QUALIFIED PARTS ONLY 'QUALIFIED PARTS ONLY 

Hennetic Optocoupler Options 
Option 

100 
Description 

Surface mountable hermetic optocoupler with leads trimmed for butt joint assembly. This 
option is available on commercial and hi-reI product in 8 pin DIP (see drawings below for 
details). 

0000 4.321.170) 
1__ U MAX. 

T-- • 
0.51 (0.020) l J J l ~-MIN. fAD 10-:o55j 

~ 
-~ - 0.33(0.013) 

2.29 (0.090) 0.51 (0.020) 
2.79 (0.110) MAX. 

I~ ~J 
7.36 (0.2901_ 
7.S7 (0.310) 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 

200 Lead finish is solder dipped rather than gold plated. This option is available on commercial 
and hi-rei product in 8 pin DIP. DESC Drawing part numbers contain provisions for lead 
finish. Allieadiess chip carrier devices are delivered with solder dipped terminals as a 
standard feature. 

300 Surface monntable hermetic optocoupler with leads cut and bent for gull wing assembly. This 
option is available on commercial and hi-reI product in 8 pin DIP (see drawings below for 
details). This option has solder dipped leads. 

oo:o=t1 5.57 (b.,SO) J: l5'57(Lso) 
~ U MAX. MAX. 

~. ~ + ~ ___ t 

T U JL + TL~J 0.51 (0.020) 1.40 (0.055) 5° MAX. .0.33 (0.013) 
MIN. 1.65 (0.065) 

2.29 0.090-- 0.51 (0.020) :.:~ !~'~:l 
2.79 0.110) MAX. • • 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 
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Absolute Maximum Ratings 
(No derating required up to + 125"C) 
Storage Temperature Range, Ts .................................. -65"C to + 150"C 
Operating Temperature, TA ......................................... -55"C to + 125°C 
Case Temperature, Te .................................................... ; ........... + 1 70"C 
Junction Temperature, TJ ....•••......••.......•.•..•...•.....•.•.•.....•........•. + 175°C 
Lead Solder Temperature ..... ........ ........ ..... .... ........ ... ..... 260"C for 10 s 
Average Forward Current, IF AVG (each channel) ........................ lOrnA 
Peak Input Current, IFPK (each channel) ............................... 20 rnA[l] 
Reverse Input Voltage, VR (each channel) ....................................... 3 V 
Supply Voltage, Vee ............................................. 0.0 V min., 7.0 V max. 
Average Output Current, 10 ............................ -25 rnA min., 25 rnA max. 

(each channel) 
Output Voltage, Vo (each channel) ..................... -0.5 V min., 10 V max. 
Output Power Dissipation, Po (each channel) ........................... 130 mW 
Package Power Dissipation, Pn (each channel) ......................... 200 mW 

Single Channel Product Only 
Three State Enable Voltage, VE ........................... -0.5 V min., 10 V max. 

8 Pin· Ceramic· DIP Single -Channel-Schematic 

ANODE ~ 

J~ '': 
v, ~ 

3 I 
- I 

CATHODE I 
I 

~1----~------~----4·GND 

Note enable pin 7. An external O.OIIlF to O.lllF bypass capacitor must be connected 
between Vee and ground for each package type. 

ESD Classification 
(MIL-STD-883, Method 3015) 
HCPL-5400/01 .................................................................. (M), Class 2 
HCPL-5430/31 and HCPL-6430/31 ................................. (Dot), Class 3 

Recommended Operating Conditions 
Parameter Symbol Min. Max. Units 

Input Current (High) IF(oN) 6 10 rnA 
Supply Voltage, Output Vee 4.75 5.25 V 
Input Voltage (Low) VF(OF'F) - 0.7 V 
Fan Out (Each Channel) N - 5 TTL Loads 

Single Channel Product Only 
High Level Enable Voltage VEH 2.0 Vee V 
Low Level Enable Voltage VEL 0 0.8 V 
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Electrical Characteristics 
TA = -55"C to + 125"C, 4.5 V:::; Vee:::; 5.25 V, 6 rnA:::; IF(oN):::; 10 rnA, 0 V:::; VF(OFF):::; 0.7 V, 
unless otherwise specified. 

GrDlIp AIIOI Lbnits 
f-- ------ - --- -... -.. ~ --_._- ----_. 

Parameter Sym. Test Conditions Subgroups Min. Typ.* Max. 
Low Level Output Voltage VOL IOL = 8.0 rnA (5 TIL Loads) 1,2,3 0.3 0.5 

High Level Output Voltage VOH loH = -4.0 rnA 1,2,3 2.4 

Output Leakage Current IOHH Vo = 5.25 V, VF = 0.7 V 1,2,3 100 

Logic High Single ICCH Vcc = 5.25 V, VE = 0 V 1,2,3 17 26 
Supply Channel (Single Channel Only) 
Current Dual Channel 34 52 

Logic Low Single ICCL 1. 2. 3 19 26 
Supply Channel 
Current Dual Channel 38 52 

Input Forward Voltage VF IF = lOrnA 1,2,3 1.0 1.35 1.85 

Input Reverse Break- VR IR = 10 IlA 1,2,3 3.0 4.8 
down Voltage 

Input·Output Insulation 11-0 VI-O = 1500 Vdc, RH = 45%, 1 1.0 
Leakage Current t = 5 s 

Propagation Delay Time tpHL 9,10,11 33 60 
Logic Low Output 

Propagation Delay Time tpLH 9,10,11 30 60 
Logic High Output 

Pulse Width PWD 9,10,11 3 35 
Distortion 

Logic High Conunon ICMHI VCM = 50 Vp_p, IF = 0 rnA 9,10,11 500 3000 
Mode Transient lnununity 

. Logic Low Conunon ICMLi VCM = 50 Vp_p, IF = 6 rnA 9,10,11 500 3000 
Mode Transient Inununity 

Single Channel Product Only 

GroupAIIOI Lbnits 

Parameter Sym. Test Conditions Subgroups Min. Typ.* Max. 

Logic High Enable VEH 1,2,3 2.0 
Voltage 

Logic Low Enable VEL 1,2,3 0.8 
Voltage 

Logic High Enable IEH VE = 2.4 V 1,2,3 20 
Current VE = 5.25V 1,2,3 100 

Logic Low Enable IEL VE = 0.4 V 1,2,3 -0.28 -0.4 
Current 

High hnpedance State Iccz Vcc = 5.25 V, 1,2,3 22 28 
Supply Current VE = 5.25 V 

High Impedance State lozL Vo = 0.4 V, VE = 2 V 1,2,3 -20 
Output Current loZH Vo = 2.4 V, VE = 2 V 20 

Vo = 5.25 V, VE = 2V 100 

·All typical values are at Vee = 5 V, TA = 25°C, IF = 8 rnA except where noted. 

Units Fig. Notes 

V 1 9 

V 2 9 

IlA 9 

rnA 

13 
rnA 

13 
V 4 9 

V 9 

IlA 2,3 

ns 5, 4,9 
6,7 

ns 5, 4,9 
6,7 

ns 5, 4,9 
6, 7 

VIlIS 11 5,9, 
11 

VIlIS 11 5,9, 
11 

Units Fig. Notes 

V 

V 

IlA 

rnA 

rnA 

IlA 
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Typical Characteristics 
All typical values are at TA = 25"C, Vee = 5 V, IF = 8 rnA, unless otherwise specified. 

Parameter Symbol Typ. Units Test Conditions Fig. Notes 
Input Current Hysteresis IHYS 0.25 rnA Vee = 5V 3 
Input Diode Temperature LlVF ·1.11 mV/"C IF = 10 rnA 4 
Coefficient LlTA 
Resistance (Input-Output) RI_O 1012 Q VI-O = 500 V 2 
Capacitance (Input-Output) C,_o 0.6 pF f = 1 MHz, VI-O = 0 V 2 
Logic Low Short Circuit IosL 65 rnA Vo = Vee == 5.25 V, 6,9 
Output Current IF = 10 rnA 
Logic High Short Circuit IOSH -50 rnA Vee = 5.25 V, IF = 0 rnA, 6,9 
Output Current Vo = GND 
Output Rise Time (10-90%) t,. 15 ns 5 
Output Fall Time (90-10%) tr 10 ns 5 
Propagation Delay Skew tPSK 30 ns 10 12 
Power Supply Noise Immunity PSNI 0.5 Vp_p 48 Hz::;; fae::;; 50 MHz 7 

Single Oharutel Product Only 
Parameter Symbol Typ. Units Test Oonditions Fig. Notes 

Input Capacitance CIN 15 pF f= IMHz,VF=OV, 
Pins 2 and 3 

Output Enable Time to Logic High tpZH 15 ns 8,9 
Output Enable Time to Logic Low tPZL 30 ns 8,9 
Output Disable Time from Logic High tpHZ 20 ns 8,9 
Output Disable Time from Logic Low tpLZ 15 ns 8,9 

Dual and Quad Oharutel Product Only 
Input Capacitance CIN 15 pF f = 1 MHz, Vo = 0 V 
Input-Input Leakage Current 11_, 0.5 nA RH = 45%, VI_I = 500 Vdc 8 
Input-Input Resistance RI_I 1012 Q VI_I = 500 V 8 
Input-Input Capacitance CI_I 1.3 pF f = 1 MHz,. VF = 0 V 8 
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Notes: 
1. Not to exceed 5% duty factor, not to exceed 50 JlSec pulse width. 
2. All devices are considered two-terminal devices: measured between all input leads or terminals shorted together and all output leads 

or terminals shorted together. 
3. This is a momentazy withstand test, not an operating condition. 
4. tpHL propagation delay is measured from the 50% point on the rising edge of the input current pulse to the 1.5 V point on the falling 

edge of the output pulse. The t.LH propagation delay is measured from the 50% point on the falling edge of the input current pulse to 
the 1.5 V point on the rising edge ofthe output pulse. Pulse Width Distortion, PWD = I tpHL - tPLH I. 

5. CM.. is the maximum slew rate of the common mode voltage that can be sustained with the output voltage in the logic low state 
(V O(MAX) < 0.8 V). CMH is the maximum slew rate of the common mode voltage that can be sustained with the output voltage in the 
logic high state (VO(MIN) > 2.0 V). 

6. Duration of output short circuit time not to exceed 10 ms. 
7. Power Supply Noise Immunity is the peak to peak amplitude of the ac ripple voltage on the Vee line that the device will withstand and 

still remain in the desired logic state. For desired logic high state, VOH(MIN) > 2.0 V, and for desired logic low state, VOL(MAX) < 0.8 V. 
8. Measured between adjacent input pairs shorted together for each multichannel device. 
9. Each channel. 

10. Standard parts receive 100% testing at 25°C (Subgroups 1 and 9). SMD and hi-rei parts receive 100% testing at 25, 125, and -55OC 
(Subgroups 1 and 9, 2 and 10, 3 and 11, respectively). 

11. Parameters are tested as part of device initial characterization and after design and process changes. Parameters are guaranteed to 
limits specified for all lots not specifically tested. 

12. Propagation delay skew is defmed as the difference between the minimum and maximum propagation delays for any given group of 
optocouplers with the same part number that are all switching at the same time under the same operating conditions. 

13. The HCPL-6430 and HCPL-6431 dual channel parts function as two independent single channel units. Use the single channel 
parameter limits. 
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IOL - LOGIC LOW OUTPUT CURRENT - mA 

20 

Figure 1. Typical Logic Low Output 
Voltage vs. Logic Low Output Current. 

IF-INPUT CURRENT - mA 

Figure 3. Typical Output Voltsge VS. 

btput Forward Current. 
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I 
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!i/ 
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:>: 
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1 

- /"TA • 125 ·C§ ~_ ~ -

L -~triA = ~ QC --

..... ,..._~. - ~56 ·c_ - -
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Figure 2. Typical Logic High Output 
Voltage vs. Logic lligh Output Current. 
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PULSE GEN. 
Ir="=5no 
I =500 kHz 
25% DUTY 

Vee Vo 5.0 V 

CYCLE 

INPUT 
MONITORING o-t--....,.---if--l 
NODE 

Cl 
15pF 

THE PROBE AND JIG CAPACITANCES 
ARE REPRESENTED BY C, AND C2. 
ALL DIODES ARE lN4150 OR EQUIVALENT. 

OUTPUT 
MONITORING 

NODE 

Figure 5. Test Circuit for tpLH. tPHL. t., and tr. 

100 
IF=8mA 
Vee - 5V 

! 
I 75 

S 
III 

" ~ 50 
!c 
" .. 
0-
0 
a: 25 0-

-~ IPl.H 

I 
~ 

I PWD 
o 
-55 .zs 35 65 95 125 

TA - TEMPERATURE - "C 

Figure 6. Typical Propagation Delay 
VB. Ambient Temperature. 

PULSE 
GENERATOR 

Za=50n 
'r-If-5ns 

IFo--+----j 

INPUTVE 
MONITORING o--+----1~-------' 
NODE 

Vee 

II 
I 

>-
:5 
III 
C 

~ 
!c 
~ 
0-

i 
I 
.!-

40 

30 

20 

10 

·10 • 

INPUT I (ONI 
IF \ ________ __ ~_I--_-_-': (ONI 

tPLH--!" ::.J tPHL 

OUTPUT 
Vo' 

"'-
-
I'.. 

"-

TA 'II 25'"C 

...!...PHL 

tpUt 

~ 

PWD = IpttL - 'Pl." 

- - ---

--
10 

IF - INPUT FORWARD CURRENT - mA 

1.5V 

Figure 7. Typical Propagation Delay 
VB. Input Forward Current. 

INPUT VE 

OUTPUTVo 
flr· 9mA) 

OUWUTVo 
fI, =OmAI 

ALL DIODES ARE 1N41SO OR EQUIVALENT 
C1 = 30 pF Ir«:LUOING I"ft08E AND JIG CAMeITANCE. 

3.0 V 
1.5 V 

"".5V 
V,,, 

""" "'.5 V 

Figure 8. Test Circuit for tPllz. tPZH. tPLZ. and tPZL' (Single Channel Product Only). 
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.. 
2 50 
I 

Vee 1s V 
CL = 15PF-

~ 
40 l!: 

z 
0 
;= 30 

" " " ~ 20 

~ 

TpZL 

~ 

-----
V 

TpHZ 

~ ~ 
m-r'ZH 

TpLZ 

-----.. .. 10 
~ 

- r--'- _ ... - _.- _ .. _- I-----

o 
-55 -26 36 .s .. '25 

TA - TEMPERATURE _ °c 

Figure 9. Typical Enable Propagation 
Delay vs. Ambient Temperature. 
(Single Channel Product Only). 

VCM OV 

+ 

VCC= 5.0 V 

OUTPUTVO 
J:>1f--I--.~-o MONITORING 

NODE 

tCl 
15pF 

PULSE GEN. 

5OV'?---------, 
VOM ____ ....:SW:;;:,'TC:.:;,;.H:.;A;:,T;.,.;;A;.., :.l'f.;.·..:O:.:m;;:A;;.._~ 

VOMIN ••• Y I\-VOMAX.n 

VOL----J' , ____________ ~ 

SWITCH AT B: I" '" 6 mA 

-TOTAL LEAD LENGTH < 10 mm FROM DEVICE UNDER TEST. 
"SEE NOTE 5. 
tel IS APPROXIMATELY 15pF, WHICH INCLUDES PROBE ANO 
STRAY WIRING CAPACITANCE. 

Figure 11. Test Diagram for Common Mode 
Transient Immunity and Typical Waveforms. 

VON 

~-----+--------------~~~~~~ 

VIN .... 

Vo----------------~~~~~~ 

Ipso 

Figure 10. Propagation Delay Skew, 
tpSK, Waveform. 

CONDITIONS: IF = lOrnA 

10= 25 rnA 

TA=+l25 'c 
• FOR SINGLE CHANNEL UNITS, 
GROUND ENABLE PIN. 

Voc = 3.0 V 

Figure 12. Operating Circuit for Burn-In and Steady State 
Life Tests. 
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MIL-PRF~38534 Class D, 
Class K, and DE8C 8MD 
Test Program 
Hewlett-Packard's Hi-ReI Opto­
couplers are in compliance with 
MIL-PRF-38534 Classes H and K. 
Class H devices are also in 
compliance with DESC drawings 
5962-89570, and 5962-89571. 

Testing consists of 100% screen­
ing and quality conformance 
inspection to MIL-PRF-38534. 

Applications 

Data Rate and Pulse­
Width Distortion 
Definitions 
Propagation delay is a figure of 
merit which describes the fmite 
amount of time required for a 
system to translate information 
from input to output when 
shifting logic levels. Propagation 
delay from low to high (tpLH) 
specifies the amount of time 
required for a system's output to 
change from a Logic 0 to a Logic 
1, when given a stimulus at the 
input. Propagation delay from 
high to low (tpHL) specifies the 
amount of time required for a 
system's output to change from a 
Logic 1 to a Logic 0, when given 
a stimulus at the input (see 
Figure 5). 

Figure 13. Recommended HCPL-5400 Interface Circuit. 
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When tpLH and tpHL differ in 
value, pulse width distortion 
results. Pulse width distortion is 
defined as I tpHL - tPLH I and 
determines the maximum data 
rate capability of a distortion­
limited system. Maximum pulse 
width distortion on the order of 
25-35% is typically used when 
specifying the maximum data rate 
capabilities of systems. The exact 
figure depends on the particular 
application (RS-232, PCM, T-1, 
etc.). 

These high performance opto­
couplers offer the advantages of 
specified propagation delay (tPLH, 
tpHW, and pulse width distortion 
(I tpLH -t PHL I) over temperature 
and power supply voltage ranges. 



DATA 
IN 
A 

GND1 

Figure 14. Alternative HCPL-5400 Interface Circuit. 

VCC1 = 5 V -.--..... ---, 

DATA--~=L-'r--t----~~~~~~ 1---.-----<1-,..,..---.--- VCC2 = +5 V 

TOT~:OLE <=J 
OUTPUT GATE 
(e.g. 54AS1000) 

DATA--------~~_'~I_~~~--r_t ... ~ ____ ~~ 
INA 

GND1------------~~--~ 

DATA 
OUTY 

:>"'--+--DATA 
OUTY 

~-~---+---GND2 

Figure 15. Recommended HCPL-5430 and HCPL-6430 Interface Clreuit. 

VCC1 =+5V 

DATA 
INA 

STTL OPEN COLLECTOR 
OUTPUT GATE 
(e.g. 54AS05) 

DATA--'---j---j 
INA 

GND1t-----' 

464!l 

Figure 16. Alternative HCPL-5430 and HCPL-6430 Interface Circuit. 

~~----~r-~c-'----VCC2=+5V 

DATA 
DUTY 

:>O'"""""'---j--- DATA 
DUTY 

~--+---+--- GND2 
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-

Hermetically Sealed, High Speed, 
High CMR, Logic Gate 
Optocouplers 

Teclmical Data 

Features 
• Dual Marked with Device 

Part Number and DESC 
Drawing Number 

• Manufactured and Tested on 
a MIL-PRF-38534 Certified 
Line 

• QML-38534, Class H and K 
• Five Hermetically Sealed 

Package Configurations 
• Performance Guaranteed 

over -55"C to +125"C 
• High Speed: 10 M Bit/s 
• CMR: > 10,000 V/J..lS Typical 
• 1500 Vdc Withstand Test 

Voltage 
• High Radiation Immunity 
• 6N137, HCPL-2601, HCPL-

2630/-31 Function 
Compatibility 

• Reliability Data 
• TTL Circuit Compatibility 

Applications 
• Military and Space 
• High Reliability Systems 
• Transportation, Medical, and 

Life Critical Systems 
• Line Receiver 
• Voltage Level Shifting 

• Isolated Input Line Receiver 
• Isolated Output Line Driver 
• Logic Ground Isolation 
• Harsh Industrial 

Environments 
• Isolation for Computer, 

Communication, and Test 
Equipment Systems 

Description 
These units are single, dual and 
quad channel; hermetically sealed 
optocouplers. The products are 
capable of operation and storage 
over the full military temperature 
range and can be purchased as 
either standard product or with 
full MIL-PRF-38534 Class Level H 
or K testing or from the appropri­
ate DESC Drawing. All devices are 
manufactured and tested on a 
MIL-PRF-385.34 certified line and 
are included in the DESC Quali­
fied Manufacturers List QML-
38534 for Hybrid Microcircuits. 
Quad channel devices are 
available by special order in the 
16 pin DIP through hole 
packages. 

r/i~ HEWLETT® -.:e. PACKARD 

6N134* 
81028 
HCPL-563X 
HCPL-663X 

HCPL-665X 
5962-90855 
HCPL-560X 

'See matrix for available extensions. 

Truth Table 
(Positive Logic) 
Multichannel Devices 

Input Output 
On (H) L 
Off(L) H 

Single Channel DIP 

Input Enable Output 
On (H) H 
Off (L) H 
On (H) L 
Off (L) L 

Functional Diagram 
Multiple Channel Devices 
Available . 

L 
H 
H 
H 

CAUTION: It is advised that normal static precautions be taken in handling and assembly ojthis component to 
prevent damage and/or degradation which may be induced by ESD. 
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Each channel contains a GaAsP 
light emitting diode which is 
optically coupled to an integrated 
high speed photon detector. The 
output of the detector is an open 
collector Schottky clamped 
transistor. Internal shields 
provide a guaranteed common 
mode transient immunity 
specification of 1000 VI/ls. 
Selection for higher levels of 
CMR values are available by 
special request. Package styles 
for these parts are 8 and 16 pin 
DIP through hole (case outlines P 

and E respectively), 16 pin DIP 
flat pack (case outline F), and 
leadless ceramic chip carrier 
(case outline 2). Devices may be 
purchased with a variety of lead 
bend and plating options. See 
Selection Guide Table for details. 
Standard Military Drawing (SMD) 
parts are available for each 
package and lead style. 

Because the same electrical die 
(emitters and detectors) are used 
for each channel of each device 
listed in this data sheet, absolute 
maximum ratings, recommended 

operating conditions, electrical 
specifications, and performance 
characteristics shown in the 
figures are identical for all parts. 
Occasional exceptions exist due 
to package variations and 
limitations, and are as noted. 
Additionally, the same package 
assembly processes and materials 
are used in all devices. These 
similarities give justification for 
the use of data obtained from one 
part to represent other parts' 
performance for die related 
reliability and certain limited 
radiation test results. 

Selection Guide-Package Styles and Lead Configuration Options 
Package 16 Pin DIP 8 Pin DIP 8 Pin DIP 16 Pin Flat Pack 20 Pad LCCC 

Lead Style Through Hole Through Hole Through Hole Unformed Leads Surface Mount 
Channels 2 1 2 4 2 
Conunon Channel Vee, GND None Vee,GND Vee, GND None 
WIring 
lIP Part # & Options 

Conunercial 6N134* HCPL-5600 HCPL-5630 HCPL-6650 HCPL-6630 
MIL-PRF-38534, Class H 6N134/883B HCPL-5601 HCPL-5631 HCPL-6651 HCPL-6631 
MIL-PRF-38534, Class K HCPL-268K HCPL-560K HCPL-563K HCPL-665K HCPL-663K 
Standard Lead Finish Gold Plate Gold Plate Gold Plate Gold Plate Solder Pads 
Solder Dipped Option #200 Option #200 Option #200 
Butt Cu1/Gold Plate Option #100 Option" #1 00 Option #100 
Gull WmglSoldered Option #300 Option #300 Option #300 
SMDPart# " 

Prescript for all below None 5962- None None None 
Either Gold or Solder 8102801EX 9085501HPX 8102802PX 8102804FX 81028032X 
Gold Plate 8102801EC 908550 1 HPC 8102802PC 8102804FC 
Solder Dipped 8102801EA 908550lHPA 8102802PA 81028032A 
Butt Cu1/Gold Plate 810280lUC 9085501HYC 8102802YC 
Butt Cu1lSoidered 810280lUA 9085501HYA 8102802YA 
Gull WmglSoldered 8102801TA 9085501HXA 8102802ZA 

*JEDEC registered "part. 
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Functional Diagrams 
16 Pin DIP 8 Pin DIP 8 Pin DIP 16 Pin Flat Pack 20PadLCCC 

Through Hole Through Hole Through Hole Unformed Leads Surface Mount 
2 Channels 1 Channel 2 Channels 4 Channels 2 Channels 

, 16 15 

~ Vee VCC2 
15 

i 
~ 

14 

t I 
V 

Veel 
12 -'-;0-

11 
I 

GND, 

( 16 

2 t vee 15 

VOl 14 

f 
13 

? V02 12 

i 11 

7 GNO 10 GNO 10 7 8 

8 

Note: All DIP and flat pack devices have common Vee and ground. Single channel DIP has an enable pin 7. LCCC (leadiess ceramic 
chip carrier) package has isolated channels with separate Vee and ground connections. 

Outline Drawings 
16 Pin DIP Through Hole, 2 Channels 

U2.29 0.090 
2.79 0.110) 

t 
4.45 (0.175) 

MAX. 

t 
3.81 (0.150) 

MIN. 

--*-
J L 0.51 (0.020) 

MAX. 

+ 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 

L7.38 (O.290IJ 
7.87' (0.310) 

Leaded Device Marking Leadless Device Marking 

" 12 

10 

HP LOGO ~ HP OYYWWZ ~ COMPLIANCE INDICATOR,' HP LOGO - HP OYYWWZ - COMPLIANCE INDICATOR,' 
HP PIN ~ XXXXXX DATE CODE, SUFFIX (IF NEEDED) HP PIN _ XXXXXX DATE CODE, SUFFIX (IF NEEDED) 

DESC SMD' ~ XXXXXXX PIN ONEI ~ 'XXXX - DESC SMD' 
DESC SMD' ~ XXX USA ~ COUNTRY OF MFR. ESD IDENT XXXXXX - DESC SMD' 

E:~~g:N'¥ ~ L-_'_S_O_434_--,~ HP FSCN' COUNTRY OF MFR. - USA 50434 - HP FSCN' 
'-----' 

, QUALIFIED PARTS ONLY , OUALlFlED PARTS ONLY 
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Outline Drawings (continued) 

16 Pin Flat Pack, 4 Channels 

6.99 (0.275) ~ 2.29 (0.090) r 7.24 (0.285) I 
MAX. 

~ 

I=-~~~~J--l~~~~~ 1.27(0.050) REF. 

~~ 11.13 (0.438) 

>onr rJ:::======~ 

2.85(0.112) ~r8.1~~~20)"i i 
MAX. tt- . 

0.:: IL35! l J.-0.88 ~~:345) 
o. 0.027_(:':~)::~~ Ig:~Jl ~ 

MAX. 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 

0.46 (0.018) 
0.36 (0.014) 

20 Terminal LCCC Surface Mount, 
2 Channels 

8 Pin DIP Through Hole, 1 and 2 Channel 

____ TERMINAL 1 IDENTIFIER 
2.16 (0.085) 

:.-----METALLIZED 
CASTILLATIONS (20 PlCS) 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 
SOLDER THICKNESS 0.127 (0.005) MAX. 

[t ::~Ig:~~gl J-, 
- 0.76 (0.030) 

1.27 (0.050) 

~ 
-t~-

0.51 (0.020) 
MIN. 

2.29 (0.090) 1J 
2.79 (0.110) 

4.32 (0.170) 

~. 
3.81 (0.150) 

MIN. 

-.1 

J L 0.51 (0.020) 
MAX. 

~ 
... 8.'~~:'20)~ 

L 7.16 (0.282)-.J 
1-:"" 7.57 (0.298) -""I 

0.20 (O.OOS) 
0.33 (0.013) 

L 7.36 (0.290) J 
7.87 (0.310) 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 
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Hermetic Optocoupler Options 
Option 

100 
Description 

Surface mountable hermetic optocoupler with leads trimmed for butt joint assembly. This 
option is available on commercial and hi-rei product in 8 and 16 pin DIP (see drawings below 
for details). 

4.32 (t.170) 
MAX. 

-t-- I 
0.51 (0.020) U J L 1.14 (t.045) 

MIN. 1.40 (O.OSS) 

2.2910.090) 0.51 (0.020) 
2.79 0.110) MAX. 

~ 4.32 (L70) 
~ U MAX. 

r- I 
0.51 (0.020) 1J J L 1.14!t.04S) 

MIN. 1.40 0.055) 

~ ~ 
- - 0.33 (0.013) 

2.~ (o.~o) 0.51 (0.020) 
2. (0.1 0) MAX. 

It~:-
7.3610.290) 
7.87 (0.310) 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 

200 Lead finish is solder dipped rather than gold plated. This option is available on commercial 
and hi-rei product in 8 and 16 pin DIP.DESC Drawing part numbers contain provisions for 
lead finish. Allieadless chip carrier devices are delivered with solder dipped terminals as a 
standard feature. 

300 Surface mountable hermetic optocoupler with leads cut and bent for gull wing assembly. This 
option is available on commercial and hi-rei product in 8 and 16 pin DIP (see drawings below 
for details). This option has solder dipped leads. 

. 
5.57 (t.l80) 

MAX. 

r- + 
0.51 (0.020) U J L l.40lt.OSS) 

MIN. 1.65 (0.065) 

2.29 0.090 0.51 (0.020) 
2.79 0.110 MAX. 

0000 5.57 (t.l80) ;::: lS.57(t.180) 
~ U MAX. MAX. 

r- ~ f=L0.20'0.OO8)J~ 
0.51 (0.020) lJ J I 1.40 10.055) 5" MAX. 0.33 (0.013) 

MIN. 1.65 (0.065) 

2.29 (0.090) - 0.51 (0.020) :.:,; (I~.=») 
2.79 (0.110) MAX. . • 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 
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Absolute Maximum Ratings 
(No derating required up to + 125°C) 
Storage Temperature Range, Ts ................................... -65°C to + 1500C 
Operating Temperature, TA .......................................... -55OC to + 1250C 
Case Temperature, Te ................................................................ + 1700C 
Junction Temperature, TJ .................................•.....•................... + 1750C 
Lead Solder Temperature ............................................... 260°C for 10 s 
Peak Forward Input Current, IF PK, (each channel, 

:0; 1 ms duration) ...................................................................... 40 rnA 
Average Input Forward Current, IF AVG (each channel) ................ 20 rnA 
Input Power Dissipation (each channel) ..................................... 35 mW 
Reverse Input Voltage, VR (each channel) ......................................... 5 V 
Supply Voltage, Vee (1 minute maximum) ........................................ 7 V 
Output Current, 10 (each channel) ............................................... 25 rnA 
Output Power Dissipation (each channel) .................................. 40 mW 
Output Voltage, Vo (each channel) .................................................. 7 V* 
Package Power Dissipation, PD (each channel) ........................ 200 mW 
'Selection for higher output voltages up to 20 V is available. 

Single Channel Product Only 
Emitter Input Voltage, VE •••.••••••.••••••••••.•••••.••••••••••••••••••••••••••••••••••• 5.5 V 

8 Pin Ceramic DIP Single Channel Schematic 

ESD Classification 
(MIL-STD-883, Method 3015) 
HCPL-5600/01 ..................................................................... (~), Class 1 
6N134, 6NI34/883B, HCPL-5630/31, 
HCPL-6630/31 and HCPL-6650/51 ................................. (Dot), Class 3 

Recommended Operating Conditions 
Parameter Symbol 

Input Current, Low Level, Each Channel IFL 
Input Current, High Level, Each Channel* IFH 
Supply Voltage, Output Vee 
Fan Out (TTL Load) Each Channel N 

'Meets or exceeds DESe SMD and JEDEe requirements. 

Note enable pin 7. An external 
0.01 ~F to 0.1 ~F bypass 
capacitor must be connected 
between Vee and ground for each 
package type. 

Min. Max. Units 
0 250 ~ 
10 20 rnA 

4.5 5;5 V 
6 
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Recommended Operating Conditions (cont'd.) 
Single Channel Product Only[lO) 

Parameter Symbol 
High Level Enable Voltage VEH 
Low Level Enable Voltage VEL 

Min. 
2.0 

0 

Electrical Characteristics (TA = -55"C to + 125"C, unless otherwise specified) 

Parameter Symbol Test ConditionS 
High Level IOH* Vee = 5.5 V, Vo = 5.5 V, 
Output Current IF = 250 IlA 
Low Level VOL* Vee = 5.5 V, IF = 10 rnA, 
Output Voltage IoL (Sinking) = lOrnA 
Current Transfer hFCTR Vo = 0.6 V, IF = lOrnA, 
Ratio Vee = 5.5V 
Logic Single IccH* Vee = 5.5 V, IF = 0 rnA 
High Charmel 
Supply Dual Vee = 5.5 V, 
Current Charmel IFl = IF2 = o rnA 

Quad Vee = 5.5 V, IF! = IF2 = 
Charmel 11"3 = IF4 = o rnA 

Logic Single IceL* Vee = 5.5 V, 
Low Charmel IF = 20 rnA 
Supply Dual Vee = 5.5 V, 
Current Charmel IF! = IF2 = 20 rnA 

Quad Vee = 5.5 V, IFl = IF2 = 
Charmel 11"3 = IF4 = 20 rnA 

Input Forward VF* IF = 20 rnA 
Voltage 

Input Reverse BVR* IR = 10 IlA 
Breakdown 
Voltage 

Input-Output 11-0* V1-O = 1500 Vdc, 
Leakage Current RH = 45% 

TA = 25"C, t = 5 s 
Capacitance CI-O f = 1 MHz, Te = 25"C 
Between Input/ 
Output 

·Identified test parameters for JEDEC registered parts . 
•• All typical values are at Vee = 5 V; TA = 25°C. 
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GroupA[13) Limits 

Subgroups Min. Typ.** 
1,2,3 20 

1,2,3 0.3 

1,2,3 100 

1,2,3 9 

18 

25 

1,2,3 13 

26 

33 

1,2,3 1.5 

1,2 1.55 

3 
1,2,3 5 

1 

4 1.0 

Max. Units 

Vee V 

0.8 V 

Max. Units Fig. Note 
250 IlA 1 1 

0.6 V 2 1,9 

% 1 

14 rnA 1 

28 rnA 6 

42 rnA 

18 rnA 1 

36 rnA 6 

50 rnA 

1.9 V 3 1, 15 

1.75 V 3 1, 16 

1.85 

V 1 

1.0 IlA 2,8 

4.0 pF 1,3, 
14 



Electrical Characteristics, (Contd.) TA = -55°C to + 125°C unless otherwise specified 

Test GroupA[13] Limits 
Parameter Symbol Conditions Subgroups Min. Typ.** Max. Units Fig. Note 

Propagation Delay tpLH* Vee = 5 V, 9 60 100 ns 4,5, 1,5 
Time to High RL = 510 n, 6 
Output Level CL = 50 pF, 10,11 140 

Propagation Delay tpHL* 
IF = 13 rnA 

9 55 100 ns 
Time to Low 
Output Level 10,11 120 

Output Rise Time tLH RL = 510 n, 9,10,11 35 90 ns 1 
Output Fall Time tHL CL = 50 pF, 35 40 

IF = 13 rnA 

Common Mode ICMHI VeM = 50 V (PEAK), 9,10,11 1000 >10000 V/~s 7 1,7, 
Transient Vee = 5V, 14 
Immunity at Vo (min.) = 2 V, 
High Output RL = 510 n, 
Level IF = o rnA 
Common Mode ICMLI VeM = 50 V (PEAK), 9, 10, 11 1000 >10000 V/~s 7 1,7, 
Transient Vee = 5V, 14 
Immunity at Vo (max.) = 0.8 V, 
Low Output RL = 510 kn, 
Level IF = 10 rnA 

Single Channel Product Only 
Low Level IEL Vee = 5.5 V, 1,2,3 -1.45 -2.0 rnA 
Enable Current VE = 0.5 V 
High Level VEH 1,2,3 2.0 V 10 
Enable Voltage 
Low Level VEL 1,2,3 0.8 V 
Enable Voltage 

-Identified test parameters for JEDEe registered part. 
--AIl typical values are at Vee = 5 V, TA = 25'e. 

Typical Characteristics, TA = 25°C, Vee = 5 V 
Parameter Sym. Typ. Units Test Conditions Fig. Note 

Input Capacitance CIN 60 pF VF = 0 V, f = 1 MHz 1 
Input Diode Temperature ilVF -1.5 mV/oC IF = 20 rnA 1 
Coefficient ilTA 
Resistance (Input-Output) RI-O 1012 n VI-O = 500 V 2 

Single Channel Product Only 
Propagation Delay Time of tELH 35 ns RL = 510 n, CL = 50 pF 8,9 I,ll 
Enable from VEH to VEL IF = 13 rnA, VEH = 3 V, 
Propagation Delay Time of tEHL 35 ns VEL = OV 1, 12 
Enable from VEL to VEH 

Dual and Quad Channel Product Only 
Input-Input 11•1 0.5 nA Relative Humidity = 45% 4 
Leakage Current VI_I = 500 V, t = 5 s 
Resistance (Input-Input) RI_I 1012 n VI-I = 500 V 4 
Capacitance (Input-Input) CI_I 0.55 pF f=IMHz 4 
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Notes: 
1. Each channel. 
2. All devices are considered two-terniinal devices; 11•0 is measured between all input leads or tenninals shorted together and all 

output leads or terminals shorted together. 
3. Measured between each input pair shorted together and all output connections for that channel shorted together. 
4. Measured between adjacent input pairs shorted together for each multichannel device. 
5. tpHL propagation delay is measured from the 50% point on the leading edge of the input pulse to the 1.5 V point on the leading 

edge of the _output pulse. The tpLH propagation delay is measured from the 50% point on the trailing edge of the input pulse to the 
1.5 V point on the trailing edge ofthe output pulse. 

6. The HCPL-6630 and HCPL-6631 dual channel parts function as two independent single channel units. Use the single channel 
parameter limits for each channel. 

7. CML is the maximum rate of rise of the common mode voltage that can be sustained with the output voltage in the logic low state 
(VO < 0.8 V). CMH is the maximum rate of fall of the common mode voltage that can be sustained with the output voltage-in the 
logic high state (VO > 2.0 V). 

8. This is a momentary withstand test, not an operating condition. 
9. It is essential that a bypass capacitor (0.01 to 0.1 J.lF', ceramic) be connected from Vee to ground. Total lead length between both 

ends of this external capacitor and the isolator connections should not exceed 20 mm. 
10. No external pull up is required for a high logic state on the enable input. 
11. The tELH enable propagation delay is measured from the 1.5 V point on the trailing edge of the enable input pulse to the 1.5 V 

point on the trailing edge of the output pulse. 
12. The tEHL enable propagation delay is measured from the 1.5 V point on the leading edge of the enable input pulse to the 1.5 V 

point on the leading edge of the output pulse. 
13. Standard parts receive 100% testing at 25"C (Subgroups 1 and 9). SMD and 883B parts receive 100% testing at 25, 125, and 

-55'C (Subgroups 1 and 9,2 and 10, 3 and 11, respectively). 
14. Parameters are tested as part of device initial characterization and after design and process changes. Parameters are guaranteed 

to limits specified for all lots not specifically tested. 
15. Not required for 6N134, 6N134/883B and 8102801 types. 
16. Required for 6N134; 6N134/883B and 8102801 types only. 

C 120 .. 
1 ... 

Z 100 .. 
a: 
a: 

" '" 80 

~ 80 
0 
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~ 40 

:z: 
!!! 20 :z: 
1 
j 0 

Vcc =5.5V 
Vo=5.5V 
V(=2.0V 
11=2BOlAA 
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~ 

1'-
~ 
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> 
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i 

i 
1 

-§ 

3 

1 

o 
1 

"'\ 

2 

Vc:c=S.SV 
T..,=26OC 

~ 
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Figure 1. High Level Output Current 
vs. Temperature. 
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Figure 2. Input-Output 
Characteristics. 

YF - FORWARDVOLTAQE-YOLTS 

Figure 3. Input Diode Forward 
Characteristic. 



'00 
Rl =510n-- TA =25°C 

,,---~r____-<)5V Rl =4kfl-:---

PULSE 
GENERATOR ~ 

ZO=50Q ~~+--4-J 
tH=5ns 

INPUT 
MONITORING 
NODE 

• CLINCLUDES PROBE AND STRAY WIRING CAPACITANCE. 

~------\~=~:::::: 
-.I t"" -J t... t--

I ~---vOH 
OUTPUT I 
vo 

Figure 4. Test Circnit for tpHL and tPLH.* 
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Figure 6. Propagation Delay vs. 
Temperature. 
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Figure 5. Propagation Delay, tpHL and 
tPLH vs. Pulse Inpnt Current, IFH. 
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l 

Figure 7. Test Circult for Common Mode Transient lnImunity 
and Typical Waveforms. 
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PULSE 
GENERATOR OUTPUT VE 

Zo = 50 0 1----...,.-'--...... --0 MONITORING 
1,=5 ns NODE 

, , , , 

+5V 

~ 
OUTPUTVO 

p.f-+--=-:::::-;:--t------<> MONITORING , , 

, CL INCLUDES PROBE AND 
STRAY WIRING CAPACITANCE. 

Figure 8. Test Circuit for tEHL and tELH. 

D.U.T.' 

, , , 

CL' NODE 

Vee 
+5.5 V 

Voe 
+5.5 V 

-I.. 
:- ;X~~--~~~ 

2000 

CONDITIONS: IF = 20 rnA 

lo=25mA 

TA=+125'C 

'-----=G~N:;;:D+--+ (EACH OUTPUT) 

'ALL CHANNELS TESTED SIMULTANEOUSLY. 

Figure 10. Operating Circuit for Burn-In and Steady State Life Tests. 
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MIL-PRF-38534 Class H, 
Class K, and DESC SMD 
Test Program 
Hewlett-Packard's Hi-ReI Opto­
couplers are in compliance with 
MIL-PRF-38534 Classes H and K. 
Class H devices are also in 
compliance with DESC drawings 
81028, and 5962-90855. 

Testing consists of 100% screen­
ing and quality conformance 
inspection to MIL-PRF-38534. 
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Dual Channel Line Receiver 
Hermetic Optocoupler 

Technical Data 

Features 
• Dual Marked with Device 

Part Number and DESC 
Standard Military Drawing 

• Manufactured and Tested on 
a MIL-PRF-38534 Certified 
Line 

• QML-38534, Class H and 
ClassK 

• Hennetically Sealed 16-pin 
Dual In-Line Package 

• Perfonnance Guaranteed 
Over -55"C to +125"C 

• High Speed - 10 Mb/s 
• Accepts a Broad Range of 

Drive Conditions 
• Adaptive Line Termination 

Included 
• Internal Shield Provides 

Excellent Common Mode 
Rejection 

• External Base Lead Allows 
"LED Peaking" and LED 
Current Adjustment 

• 1500 Vdc Withstand Test 
Voltage 

• High Radiation Immunity 
• HCPL-2602 Function 

Compatibility 
• Reliability Data Available 

Applications 
• Military and Space 
• High Reliability Systems 
• Isolated Line Receiver 
• Simplex/Multiplex Data 

Transmission 
• Computer-Peripheral 

Interface 
• Microprocessor System 

Interface 
• Harsh Environmental 

Environments 
• Digital Isolation for AID, 

D/A Conversion 
• Current Sensing 
• Instrument Input/Output 

Isolation 
• Ground Loop Elimination 
• Pulse Transfonner 

Replacement 

Truth Table 

IPOSITIVE LOGICI 

INPUT ENABLE OUTPUT 

ON H l 

OFF H H 

ON l H 

OFF l H 

rli~ HEWLETT® 
~~PACKARO 

HCPL-193X* 
5962-8957201 
·See matrix for available extensions 

Description 
The HCPL-1930, HCPL-1931, and 
5962-8957201 units are dual 
channel, hermetically sealed, 
high CMR, line receiver optocoup­
lers. The products are capable of 
operation and storage over the 
full military temperature range 
and can be purchased as either a 
standard product or with full MIL­
PRF-38534 Class Level H or K 
testing, or from the DESC 
Standard Military Drawing (SMD) 
5962-89572. This is a sixteen pin 
DIP which may be purchased with 
a variety of lead bend and plating 
options. See selection guide table 
for details. Standard Military 
Drawing (SMD) parts are 
available for each lead style. 

Functional Diagram 

CAUTION: It is advised that normal static precautions be taken in handling and assembly oj this component to 
prevent damage andlor degradation which may be induced by ESD. 
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All devices are manufactured and 
tested on a MIL-PRF-38534 
certified line and are included in 
the DESC Qualified Manufac­
turers List QML-38534 for Hybrid 
Microcircuits. 

Each unit contains two indepen­
dent channels, consisting of a 
GaAsP light emitting diode, an 
input current regulator, and an 
integrated high gain photon 
detector. The input regulator 
serves as a line termination for 
line receiver applications. It 

clamps the line voltage and 
regulates the LED current so line 
reflections do not interfere with 
circuit performance. The regulator 
allows a typical LED current of . 
12.5 rnA before it starts to shunt 
excess current. The output of the 
detector IC is an open collector 
Schottky clamped transistor. An 
enable input gates the detector. 
The internal detector shield 
provides a guaranteed common 
mode transient immunity specifi­
cation of + 1 000 V/~sec. 

Selection Guide-Package Styles and Lead 
Configuration Options 

HP Part # and Options 
Commercial HCPL-1930 
MIL-PRF-38534 Class H HCPL-1931 
MIL-PRF-38534 Class K HCPL-193K 
Standard Lead Finish Gold 
Solder Dipped Option #200 
Butt Joint/Gold Plate Option #100 
Gull Wing/Soldered Option #300 
Crew Cut/Gold Plate Option #600 
SMD Part # 
Prescript for all below 5962-
Either Gold or Soldered 895720lEX 
Gold Plate 8957201EC 
Solder Dipped 8957201EA 
Butt Joint/Gold Plate 8957201YC 
Butt Joint/Soldered 8957201YA 
Gull Wing/Soldered 8957201XA 
Crew Cut/Gold Plate Available 
Crew Cut/Soldered Available 

DC specifications are compatible 
with TTL logic and are guaranteed 
from -55"C to + 125°C allowing 
trouble-free interfacing with 
digital logic circuits. An input 
current of 10 rnA will sink a six 
gate fan-out (TTL) at the output 
with a typical propagation delay 
from input to output of only 
45 nsec. 
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Outline Drawings 
16 Pin DIP Through Hole, 2 Channels 

t 
4.45 (0.175) 

MAX. 

LL§~:,g:~~! 

t 
3.81 (0.150) 

MIN. 

----*-
J L 0.51 (0.020) 

MAX. 

NOTE: DIMENSIONS IN MILUMETERS (INCHES). 

Device Marking 

HP LOGO - HP QYVWWZ - COMPLIANCE INDICATOR,' 
HP PIN - XXXXXX DATE CODE, SUFFIX (IF NEEDED) 

DESC SMD' - XXXXXXX 
DESC SMD' - xxx USA - COUNTRY OF MFR. 

PIN ONEI- ... 50434 - HP FSCN' 
ESDIDENT 

'QUALIFIED PARTS ONLY 
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rS•13 (O.32°)l 

IIf" - .,: 

0.20 (0.008) 
~ 0.33 (0.013) 

L 7.36 (0.290) j 
7.87 (0.310) 



Hermetic Optocoupler Options 

Option Description 

100 Surface mountable hermetic optocoupler with leads trimmed for butt joint assembly. This option 
is available on commercial and hi-reI product. 

L. 

t 
0.51 (0.020) 

MIN. 

oooowoo 4.32 (t.170) 
t MAX. 

- - * lJ J L 1.14 (t.045) 
1.40 (0.055) 

2.29 (0.090) 0.51 (0.020) 
2.79 (0.110) MAX. 

1-0.20 (0.008) ~ L 0.33(0.013) 

7.36 (0.290) j 
7.87 (0.310) 

200 Lead finish is solder dipped rather than gold plated. This option is available on commercial and 
hi-reI product. DESC Drawing part numbers contain provisions for lead finish. 

300 Surface mountable hermetic optocoupler with leads cut and bent for gull wing assembly. This 
option is available on commercial and hi-reI product. This option has solder di.pped leads. 

f ~======:=:!if--r 
1 hnnnnnnrll 5.57(0.180) r l5.57(0.180) 

~~ Mt L-F~ ----'1' 
0.51J~~20) U J L ~:~ !h~~! 5' M'::. L 9~:3(:~~:::) -J 

2.29 (0.090 0.51 (0.020) 
9.91 (0.390) 

2.79 0.110 MAX. 

600 Surface mountable hermetic optocoupler with leads trimmed for butt joint assembly. This option 
is available on commercial and hi-reI product. Contact factory for the availability of this option 
on DESC part types. 

~ 3.81 (t.l50) 
MIN. 

r- "'----!. 
0.51 (0.020) U J I 

MIN. 2.29 (0.090) 1.14 (0.045) 
2.79(0.110) -1.25(0.049) 

Note: Dimensions in millimeters Cinches). 

~ ~ -It ~ .. 20 o.008J 0.33 (0.013) . , 

7.36 (0.290) 
7.87 (0.310) 
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Absolute Maximum Ratings 
Storage Temperature ................................................. -65"C to + 150"C 
Operating Temperature ............................................... -55"C to + 125"C 
Lead Solder Temperature ....................... ; ........................ 260°C for 10 s 

1.6 mm below seating plane 
Forward Input Current - II (each channel) ................................. 60 rnA2 

Reverse Input Current............ ... ............. ................. ............... ..... 60 rnA 
Supply Voltage - Vee ....................................... 7 V (1 Minute Maximum) 
Enable Input Voltage - VE (each channel) ...................................... 5.5 V 

Not to exceed Vee by more than 500 mV 
Output Collector Current - 10 (each channel) .. ........... ..... ........... 25 rnA 
Output Collector Power Dissipation (each channel) ................... 40 mW 
Output Collector Voltage - Vo (each channel) ................................... 7 V 
Total Package Power Dissipation .............................................. 564 mW 
Input Power Dissipation (each channel) ................................... 168 mW 

Schematic 

:~~ J 
I" , 

• 
BASE I 

5!¥' 6_ ~ 
+I, '--_ ...... ___ -' 

IF> 

8 . 
BASE 2 

ESD Classification 

15 Vee 

14 VE1 

Va, 

GND 

A 0.1 JlF BYPASS CAPACITOR 
MUST BE CONNECTED BETWEEN 
PINS 10 AND 15 (SEE NOTE 1). 

(MIL-STD-883, Method 3015) .............................................. (d), Class 1 

Recommended Operating Conditions 
Parameter Symbol Min. Max. Units 

Input Current, Low Level IlL 0 250 .!lA 
Input Current, High Level* IIH 12.5 60 rnA 

Supply Voltage, Output Vee 4.5 5.5 V 

High Level Enable Voltage VEH 2.0 Vee V 

Low Level Enable Voltage VEL 0 0.8 V 

Fan Out (@ RL = 4 kQ) N 5 TTL 
Loads 

Operating Temperature TA -55 125 "C 

*12.5 rnA condition permits at least 20% guardband for optical coupling variation. Initial 
switching threshold is 10 rnA or less. 
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Electrical Specifications TA = -55"C to 125"C unless otherwise stated. See note 15. 

Group A Limits 
Sub-

Parameter Symbol Test Conditions groups Min. Typ .• Max. Units Fig. Note 

High Level Output IOH Vee = 5.5 V, Vo = 5.5 V 1,2,3 20 250 /lA 3 3 
Current II = 250 /lA, VE = 2.0 V 

Low Level VOL Vee = 5.5 V; II = 10 niA 
Output Voltage VE = 2.0V, 1,2,3 0.3 0.6 V 1 3 

IoL (Sinking) = 10 rnA 

11= lOrnA 2.2 2.6 
Input Voltage VI 1,2,3 V 2 3 

II = 60 rnA 2.35 2.75 

Input Reverse VR IR = lOrnA 1,2,3 0.8 1.10 V 3 
Voltage 

Low Level Enable IEL Vcc = 5.5 V, VE = 0.5 V 1,2,3 -1.45 -2.0 rnA 3 
Current 

High Level Enable VEH 1,2,3 2.0 V 3, 12 
Voltage 

Low Level Enable VEL 1,2,3 0.8 V 3 
Voltage 

High Level IccH Vee = 5.5 V; II = 0, 1,2,3 21 28 rnA 
Supply Current VE = 0.5 V both channels 

Low Level IccL Vee = 5.5 V; II = 60 rnA, 1,2,3 27 36 rnA 
Supply Current VE = 0.5 V both channels 

Input-Output Relative Humidity = 45% 
Insulation 11-0 t = 5 s, 1 1 /lA 4 
Leakage Current VI-O = 1500 Vdc 

Propagation Delay 9 55 100 
Time to High tpLH RL = 5100; CL = 50 pF, ns 4,5 3,5 
Output Level II = 13 rnA,Vcc = 5.0 V 10,11 140 

Propagation Delay 9 60 100 
Time to Low tpHL RL = 510 0; CL = 50 pF, ns 4,5 3,6 
Output Level II = 13 rnA, Vcc = 5.0 V 10,11 120 

Conunon Mode VCM = 50 V (peak), 
Transient ICMHI VO (min.) = 2 V, 9,10,11 1000 10,000 V/~ 8,9 3,9, 
Immunity at RL = 510 0; II = 0 rnA, 14 
High Output Level Vee = 5.0V 

Conunon Mode VCM = 50 V (peak), 
Transient ICMLi Vo (max.) = 0.8 V, 9,10,11 1000 10,000 V/Ils 8,9 3,10, 
Immunity at RL = 5100;11 = lOrnA, 14 
Low Output Level Vee = 5.0V 

"All typical values are at Vee = 5 V, TA = 25"C. 
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Typical Specifications 
TA = 25°C, vee = 5 V 

Parameter 

Resistance (Input-Output) 

Capacitance (Input-Output) 

Input-Input Insulation 
Leakage Current 

Resistance (Input-Input) 

Capacitance (Input-Input) 

Propagation Delay Time of Enable 
from VEH to VEL 

Propagation Delay Time of Enable 
from VEL to VEH 

Output Rise Time (1O-90%) 

Output Fall Time (90-10%) 

Input Capacitance 

Notes: 

Symbol Typ. 

RI-O 1012 

CI_O 1.7 

~-I 0.5 

RI_1 1012 

CI_I 0.55 

tELH 35 

t.HL 35 

t, 30 

t, 24 

CI 60 

Units Test Conditions Fig. Note 
Q VI-O = 500Vdc 3, 13 

pF f=IMHz 3, 13 

nA 45% Relative Humidity, Il 
VI.I = 500 Vdc, t = 5 s 

Q VI_I = 500 Vdc Il 

pF f=IMHz Il 

ns 6,7 3,7 

RL = 510 Q, CL = 15 pF, 
ns II =.13 rnA, VEH = 3 V, VEL = 0 V 6,7 3,8 

ns 3 
RL = 5100, CL = 15 pF, II = 13 rnA 

ns 3 

pF f = 1 MHz, VI = 0, 3 
PINS 1 to20r5t06 

1. Bypassing of the power supply line is required, with a 0.1 IJF ceramic disc capacitor ruljacent to each isolator. The power supply bus 
for the isolators should be sepaxate from the bus for any. active loads, otherwise additional bypass capacitance may be needed to 
suppress regenerative feedback via the power supply. 

2. Derate linearly at 1.2 mArC above TA = l00OC. 
3. Each channel. 
4. Device considered a tWo terminal device: pins 1 through 8 are shorted together, and pins 9 through 16 are shorted together. 
5. The teLH propagation delay is measured form the 6.5 rnA point on the trailing edge of the input pulse to the 1.5 V point on the trailing 

edge of the output pulse. 
6. The teHL propagation delay is measured from the 6.5 rnA point on the leading edge of the input pulse to the 1.5 V point on the leading 

edge of the output pulse. 
7. The t.1J! enable propagation delay is measured from the 1.5 V point on the trailing edge of the enable input pulse to the 1.5 V point 

on the trailing edge of the output pulse. 
8. The t.lIL enable propagation delay is measured from the 1.5 V point on the leading edge of the enable input pulse to the 1.5 V point 

on the leading edge of the output pulse. 
9. CMH is the maximum tolerable rate of rise of the common mode voltage to assure that the output wiUremain in a high logic state, i.e. 

VOUT> 2.0V. 
10. C~ is the maximum tolerable rate of fall of the common mode voltage to assure that the output will remain in a low logic state, i.e. 

VOUT < 0.8 V. 
11. Measured between ruljacent input leads shorted together, i.e. between 1, 2 and 4 shorted together and pins 5, 6 and 8 shorted 

together. 
12. No external pull up is required for a high logic state on the enable input. 
13. Measured between pins 1 and 2 or 5 and 6 shorted together, and pins 10 through 15 shorted together. 
14. Parameters shall be tested as part of device initial characterization and after process changes. Parameters shall be guaranteed to the 

limits specified for all lots not specifically tested. 
15. Standard parts receive 100% testing at 250C (Subgroups 1 and 9). SMD and Class H parts receive 100% testing at 25, 125, and -

55'C (Subgroups 1 and 9,2 and 10, 3 and 11, respectively). 
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Temperature. 
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Figure 2. Input Charaeteristics. Figure 3. High Level Output Current 
vs. Temperature. . 
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16 

RL 

~~~~---4-o~1~~:'~G 
NODE 

'CL INCLUDES PROBE AND STRAV WIRING CAPACITANCE ... 

~ 
----I,=13mA 

INPUT . ___ II "'a.SmA 
" 1------1 

'-----
-J .... L to- --l tpLH to-

~~~----r.-1SV 
Figure 5. Test Circuit for t...L and t pLB• 

1---------------""""""1r-o~~~~~~ING NOOE 

.-!J:;:;;:::;::::;-----116 +5V 
15 

RL 
OUTPUTVo 

W ....... +----+ooMON'TOR'NG 
NODE 

·CL INCLUDES PROBE AND STRAY WIRING CAPACITANCE -= 

~:UT J-----);~=:.: 
-...l IEHL to- --l IELH to-

OUTPUT 
Vo X------Y= 

Figure 7. Test Circuit for t.m and t ELH• 
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l10,OOO 
l> 
I · I. 

Vee -5.0V 

18000 

"H -10mA_ 
I,L =OmA 

VOH =2.0V 
VOL =o.8V 

RL =510n 
TA=25"'C 

~ 
.. 8000 
!( 

" /eML ANDCMH 

\r 
.. 
~ 4000 

i 2000 

200 500 500 1000 

VeM- COMMON MODE TRANSIENT AMPLITUDE - V 

Figure 8. Typical Common Mode 
Transient Immunity. 

5V 

510n 

OUTPUTVO 
1 f MONITORING 

~~pXss NODE 

veM 

L---~--------~Jl~-~----~ 

PULSE GEN. 

Figure 9. Test Circuit for Common 
Mode Transient Immunity and Typical 
Wavefonns. 
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loon 
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I. 

13 

I. 
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CONDITIONS: I, = 30 mA 
lo=10mA 
Vcc = 5.5 V 

Figure 10. Burn In Circuit. 
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Application Circuits* 

m 
146 IIHC 
46 .sec 

PROPAGATION DELAY TIMES SHOWN EXCLUDE DRIVER AND LINE DELAYS. 

Figure AI. Polarity Non-Reversing. 

TYPICAL INCREMENTAL DELAV TIMES" 

WITHOUT -~ SWITCH SWITCH 
SCHOTTKY DIODES SCHOTTKY DIODES A B UNITS 

-I 150 300 <1 150 300 m 

112 455 820 78 36S 700 OPEN OPEN nsec 

Ip 52 410 730 54 305 580 OPEN ClOSED nsoe 
52 410 490 54 395 490 CLOSED ClOSED nsoe: 

PROPAGATION DELAY TIMES SHOWN EXCLUDE DRIVER ANO LINE DELAYS 
USING 113 74LS04 INVERTERS AND 74LSOO QUAD NAND 

Figure A,.. Polarity Reversing, Split Phase. 

»-i=-+--~-+-----oVOUTl 

)li-1-'-'-+-'--t---+-----oVOUT, 

~'~'_~ __ ~_~ ______ ~+5V 

560l! 
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EXCLUSIVE-OR FLIP FLOP 

'FOR A DESCRIPTION OF THESE CIRCUITS SEE HCPL-2602 DATA SHEET. 

Figure A,.. Flop-Flop Configurations. 

MIL-PRF-38534 Class H, 
Class K, and DESC SMD 
Test Program 
Hewlett-Packard's Hi-ReI 
Optocouplers are in compliance 
with MIL-PRF-38534 Class H and 
K. Class H devices are also in 
compliance with DESC drawing 
5962-89572. 

Testing consists of 100% screen­
ing and quality conformance 
inspection to MIL-PRF-38534. 
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NAND flip flop tolenrtes 
simultaneously HIGH 
inpulS; NOR llip flop 
tolar_ ,imuttlnloully 
LOW ."; EXCLUSIVE· 
OR flip flop tolerates 
oimu-"" HIGH OR 
LOW inputs without 
causing either of the 
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-

Hennetically Sealed, Transistor 
Output Optocouplers for Analog 
and Digital Applications 

Technical Data 

Features 
• Dual Marked with Device 

Part Number and DESC 
Drawing Number 

• Manufactured and Tested on 
a MIL-PRF-38534 Certified 
Line 

• QML-38534, Class H and K 
• Five HenneticaUy Sealed 

Package Configurations 
• Perfonnance Guaranteed, 

Over -55"C to + 125"C 
• High Speed: Typically 

400kBit/s 
• 9 MHz Bandwidth 
• Open Collector Output 
• 2-18 Volt Vee Range 
• 1500 Vdc Withstand Test 

Voltage 
• High Radiation Immunity 
• 6N135, 6N136, HCPL-2530/ 

-2531, Function 
Compatibility 

• Reliability Data 

Applications 
• Military and Space 
• High Reliability Systems 
• Vehicle Command, Control, 

Life Critical Systems 
• Line Receivers 
• Switching Power Supply 
• Voltage Level Shifting 

• Analog Signal Ground 
Isolation (see Figures 7, 8, 
and 13) 

• Isolated Input Line Receiver 
• Isolated Output Line Driver 
• Logic Ground Isolation 
• Harsh Industrial 

Environments 
• Isolation for Test 

Equipment Systems 

Description 
These units are single, dual and 
quad channel, hennetically sealed 
optocouplers. The products are 
capable of operation and storage 
over the full military temperature 
range and can be purchased as 
either standard product or with 
full MIL-PRF-38534 Class Level 
H or K testing or from the 
appropriate DESC Drawing. All 
devices are manufactured and 
tested on a MIL-PRF-38534 
certified line and are included in 
the DESC Qualified 
Manufacturers List QML-38534 
for Hybrid Microcircuits. 

Each channel contains a GaAsP 
light emitting diode which is 
optically coupled to an integrated 
photon detector. Separate 
connections for the photodiodes 
and output transistor collectors 

Fli;a HEWLETT® 
~~PACKARD 

4N55* 
5962-87679 
HCPL-553X 
HCPL-653X 

HCPL-655X 
5962-90854 
HCPL-550X 

'See matrix for available extensions. 

improve the speed up to a 
hundred times that of a conven­
tional phototransistor 
optocoupler by reducing the 
base-collector capacitance. 

These devices are suitable for 
wide bandwidth analog applica­
tions, as well as for interfacing 
TTL to LSTTL or CMOS. Current 
Transfer Ratio (CTR) is 9% mini­
mum at IF = 16 rnA. The 18 V Vee 

Truth Table 
(Positive Logic) 

Input 
On (H) 
Off (L) 

Output 
L 
H 

Functional Diagram 
Multiple Channel Devices 
Available 

CAUTION: It is advised that normal static precautions be taken in handling and assembly of this component to 
prevent damage and/or degradation which may be induced by ESD. 
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capability will enable the designer 
to interface any TTL family to 
CMOS. The availability of the 
base lead allows optimized gain! 
bandwidth acljustment in analog 
applications. The shallow depth 
of the IC photodiode provides 
better radiation immunity than 
conventional phototransistor, 
couplers. 

These products are also available 
with the transistor base node 
connected to improve common 
mode noise immunity and ESD 
susceptibility. In additiOn, higher 
CTR minimums are available by 
special request. 

Package styles for these parts are 
8 and 16 pin DIP through hole' 
(case outlines P and E respec­
tively), 16 pin DIP flat pack (case 
outline F), and leadless ceramic 

chip carrier (case outline 2). 
Devices may be purchased with a, 
variety' 0f lead bend and plating: ' 
options, see Selection Guide 
Table for details. Standard 
Military Drawing (SMD) parts are 
available for each package and 
lead style. 

Because the same functional die 
(emitters and detectors) are used 
for each channel of each device 
listed in this data sheet, absolute 
maximum ratings, recommended 
operating conditions, electrical 
specifications, and performance 
characteristics shown in the 
figures are identical for all parts. 
Occasional exceptions exist due 
to package variations and 
limitations and are as noted. 
Additionally, th~same package 
assembly processes and materiaIs 
are used in all devices. These 

similarities give justiijcation for 
the use of data obtained from one 
part to represent other part's 
performance for die related 
reliability and certain limited 
radiation test results. 

8 Pin Ceramic DIP Single 
Channel Schematic 

2 IF : ANODE3: 
..?-: 

VF ~ 

CATHODE - . , 1 
3 : 

, 

se 8 
,...----=-0 Vee 

J!-7 
,--=='-0 VB 

J!;!6 
~-~Vo 

:'----__ -*_--05 GND 

Note base pin 7. 

Selection Guide-Package Styles and Lead Configuration Options 
Package 16 Pin DIP 8 Pin DIP 8 Pin DIP 16 Pin Flat Pack 20 Pad LCCC 

Lead Style Through Hole Through Hole Through Hole Unformed Leads Surface Mount 

Channels 2 1 2 4 . " 2 
Common Channel Wiring None None VccGND VccGND None 

HP Part # & Options 

Commercial 4N55* HCPL-5500 HCPL-5530 HCPL-6550 HCPL-6530 
MIL-PRF-38534, Class H 4N55/883B HCPL-5501 HCPL-5531 HCPL-6551 HCPL-6531 

MIL-PRF-38534, Class K HCPL-257K HCPL-550K HCPL-553K HCPL-655K HCPL-653K 

Standard Lead Finish Gold Plate Gold Plate Gold Plate Gold Plate Solder Pads 

Solder Dipped Option #200 Option #200 Option #200 

Butt Cut/Gold Plate Option #100 Option #100 Option #100 
Gull Wmg/Soldered Option #300 Option #300 Option #300 

SMD Part # 
Prescript for all below 5962- 5962- 5962- 5962- 5962-

Either Gold or Solder 8767901EX 9085401HPX 8767902PX 8767904FX 87(i79032X 

Gold Plate 8767901EC 908540lHPC 8767902PC 8767904FC 
Solder Dipped 8767901EA 9085401HPA 8767902PA 87679032A 
Butt Cut/Gold Plate 876790lUC 908540 1 HYC 8767902YC 
Butt Cut/Soldered 876790lUA 9085401HYA 8767902YA 
Gull Wmg/Soldered 8767901TA 9085401HXA 8767902XA 

• JEQEC registered part. 
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Functional Diagrams 
16 Pin DIP 8 Pin DIP 8 Pin DIP 16 Pin Flat Pack 20 Pad LCCC 

Through Hole Through Hole Through Hole Unformed Leads Surface Mount 
2 Channels 1 Channel 2 Channels 4 Channels 2 Channels 

15 14 I. 
VCC2 V 

t. I 
13 

Vee I. c): Vo. 

~ L ___ ;--GN~ I. I. 
t I 

V 1VCC1 ,. 
~l.. .-

VB1 9 I 

.k 
GND1 

V03 " f 7 • 
k: Vo< " 

GND I. 

Note: 8 pin DIP and flat pack devices have common Vee and ground. 16 pin DIP and LCCC (Jeadless ceramic chip carrier) packages 
have isolated channels with separate Vee and ground connections. 

Outline Drawings 
16 Pin DIP Through Hole, 2 Channels 

,--
0.51 (0.020) 

MIN. 

4.45 (0.175) 
MAX. 

--f~ 
3.Bl (0.150) 

MIN. 

_1 

J L 0.51 (0.020) 
MAX. 

r B.13 (0.320)-l 

III'"" - 'n 

0.20 (o.oOB) 
0.33 (0.013) 

L 7.36 (0.290) J 
7.B7 (0.310) 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 

Leaded Device Marking Leadless Device Marking 

HPLOGO~ 

HPPIN ~ 
DESCSMD'~ 
DESCSMD'~ 
PINONE/~ 

ESDIDENT 

HP QYVwwz ~ COMPLIANCE INDICATOR,. 
XXXXXX DATE CODE, SUFFIX (IF NEEDED) 

HP LOGO ~ HP QYYWWZ ~ COMPLIANCE INDICATOR,' 
HP PIN ~ XXXXXX DATE CODE, SUFFIX (IF NEEDED) 

XXXXXXX PIN ONE! ~ , XXXX ~ DESC SMD' 
xxx USA ~ COUNTRY OF MFR. ESD IDENT XXXXXX ~ DESC SMD' 
, 50434 ~ HP FSCN' COUNTRY OF MFR. ~ USA 50434 ~ HP FSCN' 

'------' 
• QUALIFIED PARTS ONLY 'QUALIFIED PARTS ONLY 
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Outline Drawings (contd.) 
16 Pin Flat Pack, 4 Channels 

! . 
0.438 

(OA22) 
~ 
10.72 

j 

2.85 (0.112) 
MAX. 

8.13 (0.320)1 

MAX. ~I 

2.29 (0.090) 
MAX. 

+ , 
1.27 (0.050) 

REF. 

t 

---------*-------, 
0·'W·018! 0.3 .04 

NOTE: DIMENSIONS IN MILUMETERS (INCHES). 

20 Terminal LCCC Surface Mount, 2 
Channels 

_TERMINAL 110ENTlRER 
_2.16(0.085) 

-METALIZEO 
CAS11LLATIONS (20 PLCS) 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 
SOLDER THICKNESS 0.127 (0.005) MAX. 
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8 Pin DIP Through Hole, 1 and 2 
Channel 

- 0.76 (0.030) [t ::~I~~:l J-, 
-'-------J 
,-

0.51 (0.020) 
MIN. 

1.27 (0.050) 

4.32 (0.170) 

~. 
3.81 (0.150) 

MIN. 

-----.l 

"lr""lJ 2.7 0.110) 
J L 0.51 (0.020) 

MAX. 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 

8.13 (0.320) 

[ 7.1:~~82)~ IIr 7.57 (0.298) ___ I 

0.20 (0.008) 
0.33 (0.013) 

L 7.36 (0.2901 J 
7.87 (0.310) 



Hermetic Optocoupler Options 
Option 

100 
Description 

Surface mountable hermetic optocoupler with leads trimmed for butt joint assembly. This 
option is available on commercial and hi-rei product in 8 and 16 pin DIP (see drawings below 
for details). 

u~ 

~4.32(0.'70) 
L__ . Mt 

0'51J02°)--ll JL ~ 
MIN. 1.40 (0.055) 

- §:~ m:~~m -0.5~~~20) 

J:JQOO 4.32 (t.'70) 
f U MAX. 

t=~::-- r::;---t 
0.51J~~20) l J J l 1'~!~'~! 

- 0.33 (0.013) 
2.29 0.090 _. ._- - 0.51 (0.020) 
2.79 0.110 MAX. 

tt ~:J 
7.36 (0.290) 
7.87 (0.310) 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 

200 Lead finish is solder dipped rather than gold plated. This option is available on commercial 
and hi-rei product in 8 and 16 pin DIP. DESC drawing part numbers contain provisions for 
lead finish. Alileadless chip carrier devices are delivered with solder dipped terminals as a 
standard feature. 

300 Surface mountable hermetic optocoupler with leads cut and bent for gull wing assembly. This 
option is available on commercial and hi-rei product in 8 and 16 pin DIP (see drawings below 
for details). This option has solder dipped leads. 

~t ~.57 (0.180) 
L_ Mj' '----u Jl I 

0.51 (0.020) 1.40 (0.055) 
MIN. 1.65 (0.065) 

2.29 (0.090) 0.51 (0.020) 
2.79 (0.110) MAX. 

~ 5.57 (h.'80) J::l5.57(t"80) I J. MAX. MAX. 

r-- ~ {=LO'20(0'008)J~ 
0.51 (0.020) lJ J L 1.40 (0.055) 5' MAX. 0.33 (0.013) 

MIN. 1.65 (0.065) 

2.29 (0.090) 0.51 (0.020) :.:;; I~'~:l 
2.79 (0.110) MAX. . . 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 
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Absolute Maximum Ratings 
(No derating required up to + 125"C) 
Storage Temperature Range, Ts ................................... -65"C to + 150"C 
Operating Temperature, TA .......................................... -55"C to + 125"C 
Case Temperature, Te ................................................................ + 170"C 
Junction Temperature, TJ ......•.•........................................••.......• + 175"C 
Lead Solder Temperature ............................................... 260"C for 10 s 
Peak Forward Input Current, (each channel, 
~ 1 ms duration), IFPK .............................................................. 40 rnA 

Average Input Forward Current, IF AVG (each channel) ................ 20 rnA 
Reverse Input Voltage, BVR •••••••••••••.•••••••• See Electrical Characteristics 
Average Output Current, 10 (each channel) ................................... 8 rnA 
Peak Output Current, 10 (each channel) ...................................... 16 rnA 
Supply Voltage, Vee ......................................................... -0.5 V to 20 V 
Output Voltage, Va (each channel) ................................... -0.5 V to 20 V 
Input Power Dissipation (each channel) ..................................... 36 mW 
Output Power Dissipation (each channel) .................................. 50 mW 
Package Power Dissipation, PD (each channel) ........................ 200 mW 

Single Channel 8 Pin, Dual Channel 16 Pin, 
and LCCC Only 
Emitter Base Reverse Voltage, VEBO ............................................... 3.0 V 
Base Current, IB (each channel) ..................... : .............................. 5 rnA 

ESD Classification 
. (MIL-STD-883 , Method 3015) 
4N55, 4N55/883B, HCPL-5500/01, and 
HCPL-6530/31 ..................................................................... (d), Class 1 
HCPL-5530/31, HCPL-6550/51 ....................................... (Dot), Class 3 

Recommended Operating Conditions 
Parameter Symbol Min. Max. Units 

Input Current, Low Level IFL 250 IlA 
Input Current, High Level IFH 12 20 rnA 
Supply Voltage, Output Vee 2 18 V 
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Electrical Characteristics (TA = -55"C to + 125"C, unless otherwise specified) 

GroupA(12) Limits 

Parameter Symbol Test Conditions Sub-groups Min. Typ •• * Max. Units Fig. Note 
Current Transfer CTR* Vo = 0.4 V, IF = 16 rnA, 1,2,3 9 20 % 2,3 1,2, 
Ration Vcc = 4.5 V 10 
Logic High Out- IOH IF = 0, 1,2,3 5 100 !JA 4 1 
put Current IF (other channels) = 20 rnA, 

Vo = Vee = 18V 
Output Leakage IoLeak* IF = 250 J.IA, 1,2,3 30 250 !JA 4 1 
Current IF (other channels) = 20 rnA, 

Vo = Vee = 18V 
Input-Output II'(}* \I.(} = 1500 Vdc, 1 1.0 !JA 3,9 
Insulation Leak- RH = 45% 
age Current TA = 25"C, t= 5 s 
Input Forward VF* IF = 20 rnA 1,2,3 1.55 1.8 V 1 1, 14 
Voltage 1:9 -

1,13 
Reverse Break~ BVR* IR = 1O!JA 1,2,3 5 V 1,14 
down Voltage r--a 113 , 
Logic Single IcCH* Vee = 18 V, IF = 0 rnA 1,2,3 0.1 10 !JA 1 
High Channel 
Supply Dual Vee = 18 V, IF = 0 rnA 0.2 20 14 , 
Current Channel (all channels) 

Quad Vee = 18 V, IF = 0 rnA 0.4 40 ~ 
Channel (all channels) 

Logic Single IcCL* Vee = 18 V, IF = 20 rnA 1,2,3 35 200 !JA 5 1 
Low Channel 
Supply Dual Vce = 18V, 70 400 1,4 
Current Channel IF! = IF2 = 20 rnA 

Quad Vee = 18 V, IF! = IF2 = 140 800 ~ 
Channel IF3 = IF4 = 20 rnA 

Propagation tpLH* RL = 8.2 kil, 9,10,11 1.0 6.0 I1S 6,9 1,6 
Delay Time to CL = 50pF, 
Logic High IF = 16 rnA, 
at Output Vee=5V 
Propagation tpHL* 0.4 2.0 
Delay Time to 
Logic Low at 
Output 

'For JEDEC registered parts. 
"All typical values are at Vee = 5 V, TA = 25"C. 
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Typical Characteristics, TA = 25"C, Vee = 5 V 
Paranteter Symbol Typ. Unlts Test Conditions Fig. Note 

Input Capacitance CIN 60 pF VF = 0 V, f = 1 MHz 1 

Input Diode Temperature dVF -1.5 mViOC IF = 20 rnA 1 

Coefficient dTA 

Resistance (Input-Output) R!_o 1012 n VI-O 500 V 3 
Capacitance (Input-Output) C!_o 1.0 pF f=IMHz I,ll 

Transistor DC Current Gain hFE 250 - Vo = 5 V, 10 = 3 rnA 1 

Small Signal Current dlo 21 % Vcc = 5 V, Vo = 2 V 7 1 
Transfer Ratio dIF 

Common Mode Transient ICMHI 1000 Vllls IF = 0 rnA, RL = 8_2 ldl, 10 1,7 
Immunity at Logic High Vo (min) = 2_0 V 

Level Output VCM = 10Vp_p 

Common Mode Transient ICMLI -1000 VIlls IF = 16 rnA, RL = 8_2 kn, 10 1,7 

Immunity at Logic Low Vo (max) = 0_8 V 

Level Output VCM = IOVp_p 

Bandwidth BW 9 MHz 8 8 

Multi-Channel Product Only 
Input-Input Insulation II_! 1 pA Relative Humidity = 45% 5,9 
Leakage Current VI_! = 500 V, t = 5 s 

Resistance (Input-Input) R!_! 1012 n VI_I = 500 V 5 

Capacitance (Input-Input) C!_! 0_8 pF f=IMHz 5 

Notes: 
1. Each channel of a multi-channel device. 
2. Current Transfer Ratio is defmed as the ratio of output collector current, 10, to the forward LED input current, IF' times 100%. 

CTR is known to degrade slightly over the unit's lifetime as a function of input current, temperature, signal duty cycle, and system 
on time. Refer to Application Note 1002 for more detail. In short, it is recommended that designers allow at least 20-25% 
guardband for CTR degradation. 

3. All devices are considered two-terminal devices; measured between all input leads or terminals shorted together and all output 
leads or terminals shorted together. 

4. The 4N55, 4N55/883B, HCPL-6530 and HCPL-6531 dual channel parts function as two independent single channel units. Use the 
single channel parameter limits. IF = 0 rnA for channel under test and IF = 20 rnA for other channels. 

5. Measured between adjacent input pairs shorted together for each multichannel device. 
6. tpHL propagation delay is measured from the 50% point on the leading edge of the input pulse to the 1.5 V point on the leading 

edge of the output pulse. The tpLH propagation delay is measured from the 50% point on the trailing edge of the input pulse to the 
1.5 V point on the trailing edge of the output pulse. 

7. CML is the maximum rate of rise of the common mode voltage that can be sustained with the output voltage in the logic low state 
(VO < 0.8 V). CMH is the maximum rate of fall of the common mode voltage that can be sustained with the output voltage in the 
logic high state (VO > 2.0 V). 

8. Bandwidth is the frequency at which the ac output voltage is 3 dB below the low frequency asymptote. For the HCPL-5530 the 
typical bandwidth is 2 MHz. 

9. This is a momentary withstand test, not an operating condition. 
10. Higher CTR minimums are available to support special applications. 
11. Measured between each input pair shorted together and all output connections for that channel shorted together. 
12. Standard parts receive 100% testing at 25"C (Subgroups 1 and 9). SMD and 883B parts receive 100% testing at 25, 125, and 

-55"C (Subgroups 1 and 9, 2 and 10, 3 and 11, respectively). . 
13. Not required for 4N55, 4N55/883B and 5962-8767901 types. 
14. Required for 4N55, 4N55/883B and 5962-8767901 types ouly. 
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:>o+---+--o Vo 

GND 

SINGLE CHANNEL OR 
COMMON VCC DEVICES 

NOTE: BASE LEAD NOT CONNECTED. 

Vo 0;;;,;;;0»--------- 5V 

SWITCH AT A: IF· OmA 

110 ----------c:::-- IIoL 
SWITCH AT B: IF-limA 

Figure 10. Test Circuit for Transient Immunity and Typical Waveforms. 

5V Vcc 

TTL 

Figure 11. Recommended Logic Interface. 

NOMINAL CONDITIONS 
PER CHANNEL: IF = 20 mA 

IO=4mA 

ICC = 30 pA 

, 
-:.. ;.: 
, , 
,-' --=G"'N==D+-+ (EACH OUTPUT) 

NOTE: BASE LEAD NOT CONNECTED. 

Figure 12. Operating Circuit for Burn-In and Steady State 
Life Tests. All Channels Tested Simnltaneously. 

Logic Family LSTTL CMOS 
Device No. 54LS14 CD40106BM 

Vee 5V 5V 1 15 V 
RL 5% Tolerance 18kg* 8.2 kg 122 kg 

"The equivalent output load resistance is affected by the 
LSTTL input current and is approximately 8.2 kg. 

This is a worst case design which takes into account 25% 
degradation of CTR. See App. Note 1002 to assess actual 
degradation and lifetime. 
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>------+---0 VOUT 

Figure 13. Isolation Amplifier Application Circuit. 

Description 
The schematic uses a dual­
channel, high-speed optocoupler 
(HCPL-5530) to function as a 
servo type dc isolation amplifier. 
This circuit operates on the 
principle that two optocouplers 
will track each other if their gain 
changes by the same amount over 
a specific operating region. 
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Performance of Circuit 
• 1% linearity for 10 V peak-to-

peak dynamic range 
• Gain drift: -0.03%FC 

• Offset Drift: ± 1 mV/"C 
• 25 kHz bandwidth (limited by 

Op-Amps Ul, U2) 

MIL-PRF-38534 Class H, 
Class K, and DESC SMD 
Test Program 
Hewlett-Packard's Hi-ReI Opto­
couplers are in compliance with 
MIL-PRF-38534 Classes Hand K. 
Class H devices are also in 
compliance with DESC drawings 
5962-87679, and 5962-90854. 

Testing consists of 100% screen­
ing and quality conformance 
inspection to MIL-PRF-38534. 



Hermetically Sealed, Low IF' 
Wide Vee, High Gain 
Optoconplers 

Technical Data 

Features 
• Dual Marked with Device 

Part Number and DESC 
Drawing Number 

• Manufactured and Tested on 
a MIL-PRF-38534 Certified 
Line 

• QML-38534, Class H and K 
• Five Hermetically Sealed 

Package Configurations 
• Performance Guaranteed, 

Over -55°C to +125°C 

• Low Input Current 
Requirement: 0.5 rnA 

• High Current Transfer 
Ratio: 1500% Typical @ 
IF = 0.5 rnA 

• Low Output Saturation 
Voltage: 0.11 V Typical 

• 1500 Vdc Withstand Test 
Voltage 

• High Radiation Immunity 
• 6NI38/9, HCPL-2730/31 

Function Compatibility 

• Reliability Data 

Applications 
• Military and Space 
• High Reliability Systems 
• Telephone Ring Detection 
• Microprocessor System 

Interface 

• Transportation, Medical, and 
Life Critical Systems 

• Isolated Input Line Receiver 
• EIA RS-232-C Line Receiver 
• Voltage Level Shifting 
• Isolated Input Line Receiver 
• Isolated Output Line Driver 
• Logic Ground Isolation 
• Harsh Industrial Enviromnents 
• Current Loop Receiver 
• System Test Equipment 

Isolation 

• Process Control 
Input/Output Isolation 

Description 
These units are single, dual, and 
quad channel, hermetically sealed 
optocouplers. The products are 
capable of operation and storage 
over the full military temperature 
range and can be purchased as 
either standard product or with 
full MIL-PRF-38534 Class Level 
H or K testing or from the appro­
priate DESC Drawing. All devices 
are manufactured and tested on a 
MIL-PRF-38534 certified line and 
are included in the DESC Quali­
fied Manufacturers List QML-
38534 for Hybrid Microcircuits. 

F/i;;' HEWLETT® 
II:I:.tI PACKARD 

6N140A* 
HCPL-675X 
83024 
HCPL-570X 

5962-89810 
HCPL-573X 
HCPL-673X 
5962-89785 

'See matrix for available extensions. 

Each channel contains a GaAsP 
light emitting diode which is 
optically coupled to an integrated 
high gain photon detector. The 
high gain output stage features 
an open collector output providing 
both lower saturation voltage and 
higher signaling speed than 
possible with conventional photo­
Darlington optocouplers. The 
shallow depth and small junctions 
offered by the IC process 
provides better radiation 
immunity than conventional 
photo transistor optocouplers. 

Truth Table 
(Positive Logic) 

Input Output 
On (H) L 
Off (L) H 

Functional Diagram 
Multiple Channel Devices 
Available 

3 

4 

, , , 

, 

~ 
, 

8 

7 

6 

'S 

CAUTION: It is advised that nornml static precautions be taken in handling and assembly of this component to 
prevent damage and/or degradation which may be induced by ESD. 
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The supply voltage can be 
operated as low as 2.0 V without 
adversely affecting the 
parametric performance. 

These devices have a 300% 
minimum CTR at an input current 
of only 0.5 rnA making them ideal 
for use in low input current 
applications such as MOS, CMOS, 
low power logic interfaces or line 
receivers. Compatibility with high 
voltage CMOS logic systems is 
assured by specifying IeeH and 
IOH at 18 Volts. 

Upon special request, the follow­
ing device selections can be 
made: CTR minimum of up to 

600% at 0.5 rnA, lower drive 
currents to 0.1 rnA, and lower 
output leakage current levels to 
100 !lA. 

Package styles for these parts are 
8 and 16 pin DIP through hole 
(case outlines P and E respec­
tively), 16 pin DIP flat pack (case 
outline F), and leadless ceramic 
chip carrier (case outline 2). 
Devices may be purchased with a 
variety of lead bend and plating 
options. See Selection Guide 
table for details. Standard 
Military Drawing (SMD) parts are 
available for each package and 
lead style. 

Because the same electrical die 
(emitters and detectors) are used 
for each channel of each device 
listed in this data sheet, absolute 
maximum ratings, recommended 
operating conditions, electrical 
specifications, and performance 
characteristics shown in the 
figures are similar for all parts 
except as noted. Additionally, the 
same package assembly processes 
and materials are used in all 
devices. These similarities justify 
the use of a common data base 
for die related reliability and 
certain limited radiation test 
results. 

Selection Guide-Package Styles and Lead Configuration Options 
16 pin 20 Pad 

Package 16 pin DIP 8 pin DIP 8 pin DIP Flat Pack LCCC 
Lead Style Through Hole Through Hole Through Hole Unformed Leads Surface Mount 
Channels 4 1 2 4 2 
Common Channel WIring Vee, GND None Vee, GND Vee, GND None 
HP Part # & Options 
Commercial 6N140A* HCPL-5700 HCPL-5730 HCPL-6750 HCPL-6730 
MIL-PRF-38534 Class H 6N140N883B HCPL-5701 HCPL-5731 HCPL-6751 HCPL-6731 
MIL-PRF-38534 Class K HCPL-177K HCPL-570K HCPL-573K HCPL-675K HCPL-673K 
Standard Lead Finish Gold Plate Gold Plate Gold Plate Gold Plate Solder Pads 
Solder Dipped Option #200 Option #200 Option #200 
Butt Cut/Gold Plate Option #100 Option #100 Option #100 
Gull Wing/Soldered Option #300 Option #300 Option #300 
Crew Cut/Gold Plate Option #600 Option #600 Option #600 
SMDPart# 
Prescript for all below None 5962- 5962- None 5962-
Either Gold or Solder 8302401EX 8981001PX 8978501PX 8302401FX 89785022X 
Gold Plate 8302401EC 8981001PC 8978501PC 8302401FC 
Solder Dipped 8302401EA 8981001PA 8978501PA 89785022A 
Butt Cut/Gold Plate 8302401YC 8981001YC 8978501YC 
Butt Cut/Soldered 8302401YA 8981001YA 8978501YA 
Gull Wing/Soldered 8302401XA 8981001XA 8978501ZA 
Crew Cut/Gold Plate 8302401ZC Available Available 
Crew Cut/Soldered 8302401ZA Available Available 

• JEDEC registered part. 
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Functional Diagrams 
16 pin DIP 8 pin DIP 8 pin DIP 16 pin Flat Pack 20 Pad LCCC 

Through Hole Through Hole Through Hole Unformed Leads Surface Mount 
4 Channels 1 Channel 2 Channels 4 Channels 2 Channels 

15 

,. 
~ Vee " 

t 
l; r vo. 12 

k vo. 11 

GND ,. 

Note: All DIP and flat pack devices have common Vee and ground. LCCC (leadless ceramic chip carrier) package has isolated channels 
with separate Vee and ground connections. 

Outline Drawings 
16 Pin DIP Through Hole, 4 Channels 

U2.29 0.090 
2.79 0.110) 

t 
4.45 (0.175) 

MAX. 

t 
3.81 (0.150) 

MIN. 

--.l 

J L 0.51 (0.020) 
MAX. 

+ 

0.20 (O.OOS) 
0.33 (0.013) 

L 7.36 (0.290) J 
7.87 (0.310) 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 

Leaded Device Marking Leadless Device Marking 

HP LOGO -- HP QYVWWZ - COMPLIANCE INDICATOR: HP QYYWWZ - COMPLIANCE INDICATOR,' 
HP PIN -- XXXXXX DATE CODE, SUFFIX (IF NEEDED) 

DESC SMD' -- XXXXXXX 
DESC SMD' -- XXX USA - COUNTRY OF MFR. 

PIN ONEI-- • 50434 - HP FSCN' 
ESDIDENT 

'QUALIFIED PARTS ONLY 

HP PIN -- XXXXXX DATE CODE, SUFFIX (IF NEEDED) 
PIN ONEI-- • XXXX - DESC SMD' 

ESD IDENT -- XXXXXX - DESC SMD' 
USA 50434 - HP FSCN' 

'QUALIFIED PARTS ONLY 
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Outline Drawings (continued) 

16 Pin Flat Pack, 4 Channels 

I 
0.438 11.13(0.438) 

fif.72lif.422i (0.42 ) 

I 
2.85 (0.112) Mr· 
!L 

t g.:: !o.g;;! . o. 

6.ft1O,275) r~l 2.29 (0.090) 
MAX. 

+ 

-----r 1.27 (0.050) 
REF. 

* 

~ 
--------r 

g.~!0·g18! .60. 4 

_8'13(O'320)~ MAX. 

1 ~ 

L 5.23 ] 
(0.206) 
MAX. 

-0.88 (O'0345)J ~.~:! 
MIN. • • 

9.02~0.3~ 
8.76 (0.345) 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 

20 Tenninal LCCC Surface Mount, 2 Channels 

~~~ 
9.10 (0.358) 

.. 4.95 (0.195) 
5.21 (0.205) 

. 1.02 (0.040) (3 PLCS) 

1.14 (0.045) 
1.40 (0.055) 

....-TERMINAL 1 IDENTIFIER 
2.16 (0.085) 

-METALIZED 
CASllLLAll0NS (20 PLCS) 

-i I--~ci~~) -i I-0.51 (0.020) 
~ (2OPLCS) 

~::ll:=lI iii iii 
NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 
SOLDER THICKNESS 0.127 (0.005) MAX. 
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8 Pin DIP Through Hole, 1 and 2 Channel 

9.40 (0.370) {t 9.91 (0.390) 
0.76 (0.030) 
1.27 (0.050) 

~ 

r-
0.51 (0.020) 

MIN. 

4.32 (0.170) 

~. 
3.81 (0.150) 

MIN. 

~ 

l:l:l::lr.IlJ JL~~ 
NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 

~8'1~~:'20)~ 
7.16 (0.282) t 7.57 (0.298) =1 

0.20 (0.008) 
0.33 (0.013) 

L~J 
7.87 (0.310) 



Hennetic Optocoupler Options 
Option 

100 

200 

300 

Description 

Surface mountable hermetic optocoupler with leads trimmed for butt joint assembly. This option is 
available on commercial and hi-rei product in 8 and 16 pin DIP (see drawings below for details). 

~ 4.32Jl70) 
j L1 MAX. 
-- j r-u JI I 

0.51 (0.020) 1.14 (0.045) 
MIN. 1.40 (0.055) 

~ 2.29 0.090 - 0.51 (0.020) 
2.79 (0.110 MAX. 

dJOOij~~.170) 
Li MAX. ~ 

0.51 (b.020) 1J J 'I, 1~ 
MIN. 1.40 0.055 

I I[~~ - - 0.33 (0.013) 
2.29 (0.090) ,- 0.51 (0.020) 
2.79 (0.110) MAX. 7.36 (0.2901 

7.07 (0.310) 
NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 

Lead finish is solder dipped rather than gold plated. This option is available on commercial and hi-rei 
product in 8 and 16 pin DIP. DESC Drawing part numbers contain provisions for lead finish. Allieadless 
chip carrier devices are delivered with solder dipped terminals as a standard feature. 

Surface mountable hermetic optocoupler with leads cut and bent for gull wing assembly. This option is 
available on commercial and hi-rei product in 8 and 16 pin DIP (see drawings below for details). This 
option has solder dipped leads. 

~ 5.57 (Loo) 
~ L1 MAX. r- * 0.51 (0.020) U J L 1.40 (t.055) 

MIN. 1.65 (0.065) 

~:~: !g:~gl 0.5~t~0) 

ijijijij 5.57 (h.l00) t: l5.57(b,.,100) 
~ Li MAX. MAX. 

r~ 1 ~ ~ 

~ -r-" 'L~J 0.51 (0.020) lJ J L 1.40 (0.055) 5' MAX. 0.33 (0.013) 
MIN. 1.65 (0.065) 

2.29 !g·V90! 0.51 (0.020) ::~~ !g:~:l 
2.79 . 10 MAX. 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 

600 Surface mountable hermetic optocoupler with leads trimmed for butt joint assembly. This option is 
available on commercial and hi-rei product in 8 and 16 pin DIP (see drawings below for details). Contact 
factory for the availability of this option on DESC part types. 

~ 3.Bl(t.150) 
MIN. 

~ ~ 
0.51 (0.020) U J L 

MIN. ::~ m:~gJ 1::: fg:~ 
NOTE: DIMENSIONS IN MILUMETERS (INCHES). 

~ ~ 
--It~~ 0.33 (0.013) 

7.36 (0.290) 
7.87(0.310) 

bOOd 3.Bl(t.1SO) 
~ MAX. 

r- "------i 
0.51 (0.020) lJ J L MIN. 

~:~f~:mJ 1.02JOp~) 
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Absolute Maximum Ratings 
Storage Temperature Range, Ts .................................. -6500 to + 150°C 
Operating Temperature, TA ......................................... -55°C to + 125°C 
Case Temperature, Te ............................................................... + 1 7000 
Junction Temperature, TJ ......................................................... + 1 7500 
Lead Solder Temperature ................................................ 260°C for lOs 
Output Current, 10 (Each Channel) .............................................. 40 mA 
Output Voltage, Vo (Each Channel) ................................. -0.5 to 20 VII] 
Supply Voltage, Vee .......................................................... -0.5 to 20 VII] 
Output Power Dissipation (Each Channel) ............................. 50 mW12] 
Peak Input Current (Each Channel, <1 ms Duration) ................. 20 mA 
Average Input Current, IF (Each Channel) ............................... 10 mA13] 
Reverse Input Voltage, VR (Each Channel) ......................................... 5V 
Package Power Dissipation, PD (each channel) ........................ 200 mW 

8 Pin Ceramic DIP Single Channel Schematic 

2 IF ANODE]z- . + : 

VF ~ 

CATHODE - ! 
3 : , 

, 
, , 

Vee 
8 

ESD Classification 
(MIL-STD-883, Method 3015) 
HCPL-5700/01 and 6730/31 ............................................. (M), Class 2 
6N140A, 6N140N883B, 

HCPL-6750/51 and HCPL-5730/31 .......................... (Dot), Class 3 

Recommended Operating Conditions 
Parameter Symbol Min. 

Input Voltage, Low Level (Each Channel) VF(OFF) 
Input Current, High Level (Each Channel) IF(oN) 0.5 
Supply Voltage Vee 2.0 
Output Voltage Vo 2.0 
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Max. Units 
0.8 V 
5 mA 
18 V 
18 V 



Electrical Characteristics, TA = -55°C to + 125°C, unless otherwise specified 

Group 
AIlS] 

Limits 
Sym- Sub-

Parameter bol Test Conditions Group Min. Typ.** Max. Units Fig. Note 

Current Transfer CTR* IF = 0.5rnA,Vo = O.4V, 1,2,3 300 1500 % 3 4,5 
Ratio Vee = 4.5V 

IF = 1.6rnA,Vo = O.4V, 300 1000 
Vee = 4.5V 

IF = 5mA, Vo = O.4V, 200 500 
Vee = 4.5V 

Logic Low Output VOL IF = 0.5rnA,IoL = 1.5rnA, 1,2,3 0.11 0.4 V 2 4 
Voltage Vee = 4.5V 

I 4,16 IF = 1.6rnA, IoL = 4.BrnA, 0.13 0.4 
Vee = 4.5V 

r---
IF = 5rnA, IoL = 10 rnA, 0.16 0.4 4 
Vee = 4.5V 

Logic High Output ~ IF = 2 ).IA, Vo = 1BV, 1,2,3 0.001 250 IlA 4 
Current Vee = 1B V 

-
250 

r---
IoHX IlA 4,6 

Logic Single Channel IeeL* IF = 1.6mA,vee = 1BV 1,2,3 1.0 2 rnA 15 
Low andLCCC 
Supply Dual Channel IF! = IF2 = 1.6 rnA, 1.0 4 4 
Current Vee = 1BV 

Quad Channel IF! =11'3 = IF,J = IF4 = 1.6mA 1.7 4 
Vee = 1BV 

Logic Single Channel IeeH* IF = o rnA, Vee = 1BV 1,2,3 0.001 20 IlA 15 
High andLCCC 
Supply Dual Channel IF! = IF2 = OrnA, 

- ---w-
Current Vee = 1BV - ---w-Quad Channel IF! = 11'3 = 11'3 = IF4 = OrnA 

Vee = 1BV 
Input Sin.gleand VF* IF = 1.6rnA 1 1.0 1.4 1.7 V 1 4 
Forward Dual Channel 2 1.7 
Voltage 3 1.B 

LCCC 1,2,3 1.0 1.4 I.B 

Quad Channel 1,2 1.4 1.7 

3 lB"" 
Input Reverse BVR* IR = 101lA 1,2,3 5 V 4 
Breakdown Voltage 

Input-Output 11-0* 45% Relative Humidity 1 1.0 IlA 7,12 
Insulation TA = 25OC,t = 5s, 
Leakage Current Vi.o = 1500VDC 
Capacitance Between CI-O f = 1 MHz, TA = 25°C 4 4 pF 4,B 
Input-Output 14,17 

'For JEDEC registered parts. 
"All typical values are at Vee = 5 V, TA = 25'C. 
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Electrical Characteristics (cont) TA = -55°C to + 125OC, unless otherwise specified 

Group 
AII3] 

Sym- Sub- Limits 

Parameter bol Test Conditions Group Min. Typ.** Max. Units Fig. Note 

Propagation Delay tPHL* IF = 0.5mA,RL = 4.7kn, 9,10,11 30 100 IJS 5,6, 4 
TimetoLogicLow Vee = 5V 7,8 

7I6 at Output tpHL IF = 1.6rnA, RL = 1.5kn, 9,10,11 5 30 , 
Vee = 5V -

tpHL* IF = 5rnA,RL = 6800, 9 2 5 4,17 
Vee = 5V 10,11 r--w-

9,10,11 "lo ~ 

4,16 

Propagation Delay tPLH* IF = 0.5 rnA, RL = 4.7 kn, 9,10,11 17 60 IJS 5,6, 4 
Time to Logic High Vee = 5V 7,8 
at Output tPLH IF = 1.6rnA, RL = l.5kn, 9,10,11 14 50 '4,l6 

Vee = 5V 
-

tpLH* IF = 5rnA,RL = 6800, 9 8 20 4,17 
Vee = 5V 10,11 r--ao-

9,10,11 r--ao- -
4,16 

Common Mode ICMLI Vee = 5V, I'CMI = 25 Vp.pl 171 9,10,11 500 1000 V/IJS 9 
TransientImmunity IF = 1.6rnA lVeMI = 50Vp.pI16] 

4,10 
at Low Output Level RL = l.5kn 11,14 

Common Mode ICMHI Vee = 5V, I'CMI = 25Vp.p1171 9,10,11 500 1000 V/IJS 9 
Transient Immunity IF = OrnA IVeMI = 50Vp.pI16] 

4,10 
at High Output Level RL = 1.5kn 11,14 

'For JEDEC registered parts. 
"All typical values are at Vee = 5 V, TA = 25"C. 

Typical Characteristics, TA = 25°C, Vee = 5V 

Parameter Sym. Typ. Units Test Conditions Note 

Input Capacitance CIN 60 pF VF = OV, f = 1 MHz 4 

Input Diode Temperature tlVF/tlTA -1.8 mV/OC IF = 1.6 rnA 4 
Coefficient 

Resistance (Input-Output) RJ.O 1012 Q VJ.O = 500 V 4,8 

Capacitance (Input-Output) CJ.O 2.0 pF f= 1MHz 4,8 

Dual and Quad Channel Product Only 
Input-Input Leakage Current 11.1 0.5 nA Relative Humidity = 45%, 9 

VI_I = 500 V, t = 5 s 

Resistance (Input-Input) RI_I 1012 Q VI-I =500V 9 
Capacitance (Input-Input) CI-I 1.0 pF f= 1 MHz 9 
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Notes: 
1. GND Pin should be the most negative 

voltage at the detector side. Keeping 
Vee as low as possible, but greater 
than 2.0 V, will provide lowest total 
10H over temperature. 

2. Output power is collector output 
power plus total supply power for the 
single channel device. For the dual 
channel device, output power is 
collector output power plus one half 
the total supply power. For the quad 
channel device, output power is 
collector output power plus one 
fourth of total supply power. Derate 
at 1.66 mW/,C above 110°C. 

3. Derate IF at 0.33 mN°C above 110°C. 
4. Each channel. 
5. CURRENT TRANSFER RATIO is 

defined as the ratio of output 
collector current, 10 , to the forward 
LED input current, IF' times 100%. 

6. 10HX is the leakage current resulting 
from channel to channel optical 
crosstalk. IF = 2 !1A for channel under 
test. For all other channels, 
IF = lOrnA. 

7. All devices are considered two­
terminal devices; measured between 
all input leads or terminals shorted 
together and all output leads or 
terminals shorted together. 

8. Measured between each input pair 
shorted together and all output 
connections for that channel shorted 
together. 

9. Measured between adjacent input 
pairs shorted together for each multi­
channel device. 

10. CML is the maximum rate of rise of 
the common mode voltage that can be 
sustained with the output voltage in 
the logic low state (Vo < 0.8 V). CMH 
is the maximum rate of fall of the 
common mode voltage that can be 
sustained with the output voltage in 
the logic high state (VO > 2.0 V). 

11. In applications where dV /dt may 
exceed 50,000 VI~ (such as a static 
discharge) a series resistor, Ree, 
should be included to protect the 
detector ICs from destructively high 
surge currents. The recommended 
value is: 
R - 1(V) ldl 

ee - 0.15 IF (rnA) 
for single channel; 

1 (V) 
Ree = 0.3 IF (rnA) ldl 
for dual channel; 

1 (V) 
Ree = 0.6 IF (rnA) kCl 
for quad channel. 

12. This is a momentary withstand test, 
not an operating condition. 

13. Standard parts receive 100% testing 
at 25°C (Subgroups 1 and 9). SMD 
and 883B parts receive 100% testing 
at 25,125, and -55°C (Subgroups 1 
and 9, 2 and 10, 3 and 11, 
respectively) . 

14. Parameters tested as part of device 
initial characterization and after 
design and process changes. 
Parameters gnaranteed to limits 
specified for all lots not specifically 
tested. 

15. The HCPL-6730 and HCPL-6731 dual 
channel parts function as two 
independent single channel units. Use 
the single channel parameter limits. 

16. Not required for 6N140A, 6N140N 
883B, HCPL-6750, HCPL-6751 and 
8302401 types. 

17. Required for 6N140A, 6N140A/883B, 
HCPL-6750, HCPL-6751 and 
8302401 types only. 
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Figure 1. Input Diode Forward 
Current vs. Forward Voltage. 
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Figure 4. Normalized Supply Current 
vs. Input Diode Forward Current. 
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Figure 7. Propagation Delay vs. Input 
Diode Forward Current. 
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Vo·O.4V , 1,=O.5mA 
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o 

I .1 I I 
0.4 0.8 12 1.8 2.0 

Vo -OUTPlITVOLTAGE-V 

Figure 2. Normalized DC Transfer 
Characteristics. 

---- ----
--------

IF" 0.6 mAo RL" 4.7 kn 
-IF -1.SmA,RL- 1.5kn 
···'F -S.OmA.RL =880G 

T - INPUT PULSE PERIOD m. 

Figure 5. Propagation Delay to Logic 
Low vs. Input Pulse Period. 
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Figure 3. Normalized Current 
Transfer Ratio vs. Input Diode 
Forward Current. 
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PULSE GEN. 
ZO=500 I,." = 50 ns RCC' 5611 
f = 100 Hz I ,....-==;.;......., .-'I.IV\ ....... -'V""'~o---O +5 V 

IpULSE = 0.5ma ---4 
, 

{... : ~-+----~-----+--¢VO IF MONITOR 

Rm 

'SEE NOTE 11 

, , , , 
GND 

.. CLINCLUDES PROBE AND STRAY WIRING CAPACITANCE. 

IF ,....----

---~ 
Vo - - - JE-6V I 1.6V 

---VOL 
tPHL 4---1,---, 

o ~~6V_::VO 
I.IV 

--- VOL 

toLH 

Figure 8. Switching Test Circuit (f, tp 
not JEDEC registered). 

R2 ~ 2.4 - VF 
IF 

R Vcc - VF-IF R2 
p< IF+ILEAK 

Vcc 

:----------

,.........: 
R2 MAY BE OMITTED ~ _________ _ 
IF ADDITIONAL FANOUT 
IS NOT USED. 

, 
{... 

1 , , , , 

Vce 

Vo 

GND 

Rcc' 560 

~-+----~-----4--¢Vo 

'SEE NOTE 11 

OV -~~r 
. I, 

Vo ..::;.;;.oa 5V 

SWITCH AT A. IF- OmA 

Vo ~VOL 
SWITCH AT B: I"", 1.6mA 

Figure 9. Test Circuit for Transient Immunity and 
Typical Waveforms. 

Figure 10. Recommended Drive Circuitry Using TTL Open-Collector Logic. 

1-581 



MIL-PRF~38534 Class H, 
Class K, and DESC SMD 
Test Program . 
Hewlett-Packard's Hi-ReI 
Optocouplers are in compliance 
with MIL-PRF-38534 Class H and 
K. Class H devices are also in 
compliance with DESC ill:awings 
83024, 5962-89785 and 5962-
89810. 

Testing consists of 100% screen­
ing and quality conformance 
inspection to MIL-PRF-38534. 

CONDITIONS: IF = S mA 
lo=10mA 

TA=+12S'C 

GND 

• ALL CHANNELS TESTED SIMULTANEOUSLY. 

(EACH OUTPUn 

Figure 11. Operating Circuit for Burn-In and Steady State Life Tests. 
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AC/DC to Logic Interface 
Hermetically Sealed 
Optocouplers 

Technical Data 

Features 
• Dual Marked with Device 

Part Number and DESC 
Standard Military Drawing 

• Manufactured and Tested 
on a MIL-STD-1772 
Certified Line 

• QML-38534, Class H and K 
• Hermetically Sealed 8-pin 

Dual In-Line Packages 
• Performance Guaranteed 

over -55OC to +125OC 
• ac or dc Input 
• Programmable Sense Voltage 
• Hysteresis 
• HCPL-3700 Operating 

Compatibility 
• Logic Compatible Output 
• 1500 Vdc Withstand Test 

Voltage 
• Thresholds Guaranteed over 

Temperature 
• Thresholds Independent of 

LED Characteristics 

Applications 
• Military and Space 
• High Reliability Systems 
• Transportation, Medical, 

and Life Critical Systems 
• Limit Switch Sensing 
• Low Voltage Detector 
• ac/dc Voltage Sensing 
• Relay Contact Monitor 
• Relay Coil Voltage Monitor 
• Current Sensing 
• Microprocessor Interface 
• Telephone Ring Detection 
• Harsh Industrial 

Environments 

Schematic 

dc-INPUT SEE NOTE 1&. 

ac/de: 
POWER 

FliiiW HEWLETT® 
a!~ PACKARD 

HCPL-576X* 
59628947701 
'See matrix for available extensions 

Description 
The HCPL-5760, HCPL-5761, and 
5962-8947701 are single channel, 
hennetically sealed, voltage/ 
current threshold detection 
optocouplers. The products are 
capable of operation and storage 
over the full military temperature 
range and can be purchased as 
either standard product, or with 
full MIL-PRF-38534 Class Level 
H or K testing, or from the DESC 
Standard Military Drawing 
(SMD) 5962-89477. All devices 

-- 8 Icc 

GNO 

lOGIC 

CAUTION: It is advised that normal static precautions be taken in handling and assembly ojthis component to 
prevent damage and/or degradation which may be induced by ESD. 

5965-3700E 1-583 



are manufactured and tested on 
a MIL-PRF-38534 certified line 
and are included in the DESC 
Qualified Manufacturers List, 
QML-38534 for Hybrid 
Microcircuits. 

Each unit contains a light emit­
ting diode (LED), a threshold 
sensing input buffer IC, and a 
high gain photon detector to 
provide an optocoupler which 
permits a<ljustable external 
threshold levels. The input buffer 
circuit has a nominal turn on 
threshold of 2.5 rnA (ITII+) and 
3.6 volts (VTHJ. The addition of 
one or more external attenuation 
resistors permits the use of this 
device over a wide range of input 
voltages and currents. Threshold 
sensing prior to the LED and 
detector elements minimizes 

effects of any variation in optical 
coupling. Hysteresis is also 
provided in the buffer for extra 
noise immunity and switching 
stability. 

The buffer circuit is designed 
with internal clamping diodes to 
protect the circuitry and LED 
from a wide range of over-voltage 
and over-current transients while 
the diode bridge enables easy use 
with ac voltage input. 

These units combine several 
unique functions in a single 
package, providing the user with 
an ideal component for computer 
input boards and other applica­
tions where a predetermined 
input threshold optocoupler level 
is desirable. 

Selection Guide-Package Styles and Lead 
Configuration Options 

HP Part # and Options 
Commercial HCPL-5760 
MlL-PRF-38534 Class H HCPL-5761 
MIL-PRF-38534 Class K HCPL-576K 
Standard Lead Finish Gold 
Solder Dipped Option #200 
Butt Joint/Gold Plate Option #100 
Gull Wmg/Soldered Option #300 
Crew Cut/Gold Plate Option #600 
SMDPart# 
Prescript for all below 5962-
Either Gold or Soldered 8947701PX 
Gold Plate 8947701PC 
Solder Dipped 8947701PA 
Butt Joint/Gold Plate 8947701YC 
Butt Joint/Soldered 8947701YA 
Gull Wmg/Soldered 8947701XA 
Crew Cut/Gold Plate Available 
Crew Cut/Soldered Available 

1-584 

The high gain output stage 
features an open collector output 
providing both TTL compatible 
saturation voltages and CMOS 
compatible breakdown voltages. 

This is an eight pin DIP which 
may be purchased with a variety 
of lead bend and plating options. 
See Selection Guide Table for 
details. Standard Military Drawing 
(SMD) parts are available for each 
lead style. 



Absolute Maximum Ratings 
Storage Temperature Range....................................... -65"C to + 150°C 
Operating Temperature .................................................. -55"C to 125°C 
Lead Solder Temperature ............................................. 260"C for 10 S[2] 

Average Input Current, lIN ........................................................ 15 mA[3] 

Surge Input Current, IIN,SG ................................................... 140 mA[3,4] 

Peak Transient Input Current, IIN,PK ..................................... 500 mA[3,4] 

Input Power Dissipation, PIN ................................................. 195 mW15] 
Total Package Power Dissipation, Pd •••••••.••••••••••••••••••••••••••••••••• 260 mW 
Output Power Dissipation, Po ..................................................... 65 mW 
Average Output Current, 10 ...............•..... ; .........•....•..................... 40 mA 

Supply Voltage, Vee (Pins 8-5) .............................. -0.5 min., 20 V maK. 
Output Voltage, Vo (Pins 6-5) ................................ -0.5 min., 20 V maK. 

ESD Classification 
(MIL-STD-883, Method 3015) ........................................... (M), Class 2 

Recommended Operating Conditions 

Parameter Symbol Min. Max. 

Power Supply Vee 3.0 18 

Operating Frequencyl!1 f 0 10 

Outline Drawing 
8 Pin DIP Through Hole 

IT ::~!~:~~~I J -t 0.76 (0.030) 
1.27 (0.050) 

4.32 (0.170) 

2.29 (0.090) D 
2.79 (0.110) 

YX. 
3.81 (0.150) 

MIN. 

~ 

J L 0.51 (0.020) 
MAX. 

Units 

V 

KHz 

~8'1~~~0)~ 
L 7.16 (0.282) ~ 
I~ 7.57(0.298) ~I 

0.20 (0.009) 
0.33 (0.013) 

L 7.36 (0.290) J 
7.87 (0.310) 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 

Device Marking 

HPLOGO ~ 
HPP/N ~ 

DESCSMD'~ 
DESCSMD'~ 
PINONEI~ 

ESDIDENT 

HP QYYWWZ ~ COMPLIANCE INDICATOR: 
xxxxxx DATE CODE, SUFFIX (IF NEEDED) 

XXXXXXX 
XXX USA ~ COUNTRY OF MFR. 

...... 50434 ~ HP FSCN" 

• QUALIFIED PARTS ONLY 
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Hermetic Optocoupler Options 

Option Description 

100 Surface mountable hermetic optocoupler with leads trimmed for butt joint assembly. This option 
is available on commercial and hi-reI product. 

oou:d 4.32 (t.170) 
~ L1 MAX . 

.--- + TlJ JL f 
0.51 (0.020) 1.1410.g;J 

MIN. 1.0 O. ) 

2.29 0.090 0.51 (0.020) 
2. (0.110 MAX. 

~ 
I~ .~:J - - 0.33(0.013) 

7.36 (0.290) 
7.87 (0.310) 

200 Lead finish is solder dipped rather than gold plated. This option is available on commercial and 
hi-reI product. DESC Drawing part numbers contain provisions for lead fmish. 

300 Surface mountable hermetic optocoupler with leads cut and bent for gull wing assembly. This 
option is available on commercial and hi-reI product. This option has solder dipped leads. 

dJQQij 5.57 (t.180) 1: lS.S7(1.180) L1 MAX. MAX. 

i -'-- ~ r--lJ JL + rL~J 0.51 (0.020) 1.40 (0.055) 5· MAX. 0.33 (0.013) 
MIN. 1.65 (0.065) 

2.29 0.090 0.51 (0.020) :.~ !~·~:l 
2.79 0.110) MAX. . . 

600 Surface mountable hermetic optocoupler with leads trimmed for butt joint assembly. This option 
is available on commercial and hi-reI product. Contact factory for the availability of this option 
on DESC part types. 

tJtitjd 3.81 (t.1SO) 
~ MAX. 

-r-- "------i 
0.51 (0.020) lJ J L MIN. 

2.29 0.090 1.02 (0.040) 
2.79 0.110 TYP. 

Note: Dimensions in millimeters Cinches). 
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Electrical Characteristics TA = -55"C to 125"C, unless otherwise specified. See note 16. 

Group A 
Parameter Symbol Conditions Subgroup Min. Typ.* Max. Units Fig. Note 

ITH+ VIN = VTH+; Vcc = 4.5 V; 1,2,3 1.75 2.5 3.20 rnA 
Vo = 0.4 V; 10 <: 2.6 rnA 

Input Threshold 
Current ITH. VIN = VTH.; Vcc = 4.5 V; 1,2,3 0.93 1.3 1.62 rnA 

Va = 2.4 V; 10H" 250!lA 

VIN = V2 - V3; Pins 1 
VTH+ &4 Open 1,2,3 3.18 3.6 4.10 V 7 

Vcc = 4.5 V; Va = 0.4 V; 
dc 10<: 2.6rnA 
(Pins 2, 3) 

VIN = V2 - V3; Pins 1 
VTH. & 4 Open 1,2,3 1.90 2.5 3.00 V 1,2 

Vcc = 4.5 V; Va = 2.4 V; 
Input 10 $; 250!lA 
Threshold -
Voltage VIN = IVI - V.I; Pins 

VTH+ 2& 3 Open 1,2,3 3.79 5.0 5.62 V 
Vcc = 4.5 V; Va = 0.4 V; 

ac 10<: 2.6rnA 
(Pins 1, 4) 7,8 

VIN = IV! - V.I; Pins 2 
VTH. &3 Open 1,2,3 2.57 3.7 4.52 V 

Vcc = 4.5 V; Vo = 2.4 V; 
10" 250!lA 

Vmc! = V2 - V3; 
Vmc! V3 = GND; 1,2,3 5.3 5.9 6.7 V 

lIN = IOrnA;Pinl&4 
Connected to Pin 3 

Vmc2 = IV! - V.I; 
Input Clamp Voltage VIHC2 IIINI = 10 rnA; 1,2,3 6.0 6.6 7.4 V 3 15 

Pins 2 & 3 Open 

Vmc3 = V2 - V3; 
V3 = GND; 1,2,3 12.0 13.0 V 

Vmc3 lIN = 15 rnA; 
Pins 1 & 4 Open 

Input Current lIN VIN = V2 - V3 = 5.0 V; 1,2,3 3.0 3.9 4.5 rnA 4 
Pins 1 & 4 Open 

Logic Low VOL Vcc = 4.5 V; 1,2,3 0.05 0.4 V 4 
Output Voltage 10L = 2.6 rnA 

Logic High 10H VOH = Vcc = 18 V 1,2,3 250 !lA 
Output Current 

7 
Logic Low IccL V2 - V3 = 5.0 V; 1,2,3 0.8 3.0 rnA 
Supply Current Va = Open; Vcc = 18 V 

Logic High IccH Vcc = 18 V; Vo = Open 1,2,3 0.001 20 !lA 5 
Supply Current 

45% RH, t = 5 s; 
Input-Output 11-0 VI-O = 1500 Vdc; 1 1 !lA 9,10 
Insulation TA = 25°C 
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Electrical Characteristics TA = -55°C to 125"C, Vee = 5.0 V, unless otherwise specified (continued). 

Group A 
Parameter Symbol Conditions Subgroup Min. Typ.* Max. Units Fig. Note 

Propagation Delay 
Time to Logic Low tpHL RL = 1.8 k,Q, CL = 15 pF 9,10,11 4 20 !IS 6,11 
Output Level 

6, 7 -
Propagation Delay 
Time to Logic High tPLH RL =1.8 k,Q, CL = 15 pF 9,10,11 8 40 !IS 6, 12 
Output Level 

Logic High Common VCM = 50V TA = 25"C 9 1000 ~ 10,000 
Mode Transient ICMHI lIN = OmA V/Ils 
Immunity VCM = 450V ~ 10,000 13, 

8 14, 
Logic Low Common VCM = 50V TA = 25"C 9 1000 ~5,000 17 
Mode Transient ICMLI lIN = 4mA V/Ils 
Immunity VCM = 250V ~5,000 

* All typical values are at TA = 25"C, V cc = 5 V unless otherwise noted. 
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Figure 1. Typical Transfer Characteristics. Figure 2. Typical dc Threshold Levels vs. Temperature. 
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Typical Characteristics All typical values are at TA = 25"C, Vee = 5 V, unless otherwise specified. 

Parameter Symbol Typ. Units Conditions Fig. Note 

Hysteresis 

Input Clamp Voltage 

Bridge Diode 

Forward Voltage 

Input-Output Resistance 

Input-Output Capacitance 

Input Capacitance 

Output Rise Time 

(10-90%) 

Output Fall Time 

(90-10%) 

Notes: 
1. Maximum operating frequency is 

defined when output waveform (Pin 6) 
attains only 90% of vec with RL = 1.8 
kO, CL = 15 pF using a 5 V square 
wave input signal. 

2. Measured at a point 1.6 mm below 
seating plane. 

3. Current int%ut of any single lead. 
4. Surge input current duration is 3 ms at 

120 Hz pulse repetition rate. Transient 
input current duration is lOllS at 
120 Hz pulse repetition rate. Note that 
maximum input power, PIN, must be 
observed. 

5. Derate linearly above 100"C free-air 
temperature at a rate of 4.26 mW/"C. 
Maximum input power dissipation of 
195 mWailows an input IC junction 
temperature of 150"C at an ambient 
temperature ofTA = 125°C with a 
typical thermal resistance from 
junction to ambient ofBJAi = 235"C/W. 
The typical thermal resistance from 
junction to case is equal to 1 70°C/W. 
Excessive PIN and TJ may result in 
device degradation. 

6. The 1.8 kQ load represents 1 TTL unit 
load of 1.6 rnA and the 4.7 kQ pull-up 
resistor. 

IIIYS 1.2 rnA IHYS = Im+ -Im. 
1 

VIIYS 1.1 V VIIYS = VTH+ -VTH• 

VILC -0.76 V VILC = V2 - Va; Va = GND; 

lIN = -10 rnA 

VD1 ,2 0.62 ~N = 3 rnA (see schematic) 

VD3,4 0.73 

RI.O 10'2 Q VI-O = 500 Vdc 
9 

CI.O 2.0 pF f = 1 MHz, VI.O = 0 Vdc 

CIN 50 pF f = 1 MHz; VIN = 0 V, 

Pins 2 & 3, Pins 1 & 4 Open 

t , 10 Ils 

t f 0.5 !lS 

7. Logic low output level at Pin 6 occurs 
under the conditions ofVIN '" VTH+ as 
well as the range of VIN > VTH - once 
VIN has exceeded VTH+' Logic high 
output level at Pin 6 occurs under the 
conditions of VIN:O; VTH_ as well as the 
range ofVIN < VTH+ once VIN has 
decreased below VTH.' 

8. The ac voltage is instantaneous 
voltage. 

9. Device considered a two terminal 
device: Pins 1, 2, 3, 4 connected 
together, Pins 5, 6, 78 connected 
together. 

10. This is a momentary withstand test, 
not an operating condition. 

11. The tpHL propagation delay is 
measured from the 2.5 V level of the 
leading edge of a 5.0 V input pulse (1 
llS rise time) to the 1.5 V level on the 
leading edge of the output pulse (see 
Figure 7). 

12. The tPLH propagation delay is 
measured from the 2.5 V level of the 
trailing edge of a 5.0 V input pulse (1 
lls fall time) to the 1.5 V level on the 
trailing edge of the output pulse (see 
Figure 7). 

13. Common mode transient immunity in 
Logic High level is the maximum 
tolerable dV CM/dt of the common mode 

7 

7 

voltage, VCM, to ensure that the output 
will remain in a Logic High state (i.e., 
Vo > 2.0 V). Common mode transient 
immunity in Logic Low level is the 
maximum tolerable dV CM/dt of the 
common mode voltage, V CM, to ensure 
that the output will remain in a Logic 
Low state (i.e., Vo < 0.8 V). See 
Figure 8. 

14. In applications where dVCM/dt may 
exceed 50,000 V/llS (such as static 
discharge), a series resistor, RCC, 
should be included to protect the 
detector IC from destructively high 
surge currents. The recommended 
value for RCC is 240 0 per volt of 
allowable drop in V CC (between Pin 8 
and V co) with a minimum value of 
2400. 

15. Dl and D2 are Schottky diodes; D3 
and D4 are zener diodes. 

16. Standard parts receive 100% testing at 
25"C (Subgroups 1 and 9). SMD and 
Class H parts receive 100% testing at 
25, 125, and -55"C (Subgroups 1 and 
9,2 and 10,3 and 11, respectively.) 

17. Parameters shall be tested as part of 
device initial characterization and after 
process changes. Parameters shall be 
guaranteed to the limits specified for 
all lots not specifically tested. 

1-589 



60 

55 T.I.J·C f-
50 

~ 45 
I 

40 ~ z 
~ , .. 3& 0: 

0: 
30 " u 

~ 25 i2 
! 20 

~ 
16 

10 

r'V i'''{~::~~:: - 1-CONNECTED rr.OPENI -
T-de TOGETHER: I I PINS3.4 r de (PINS 2. 3'-:::::: 1-

CONNECTED 
TOGETHER r-- PINS 1. 4--i f-

OPEN) ..-J 

I ~ r-T 5 

0 , 2 3 4 5 6 1 B 9 10 11 12 13 

VIN - fNPUTVOlTAGE - V 

Figure 3. Typical Input Characteristics, ~ vs. V IN' 
(AC Voltage is Instantaneous Value.) 

~ / 1 

~ ~ 
I ely V, 

Vee -IBV 

r -Yo = OPEN 

V 'IN '" OmA 

/ 
~ 

/ 
V 

~:/ V 
~ 

.LI}-6 
.a; -36 -15 5 25 45 65 55 105 125 

T. - TEMPERATURE - 'c 

Figure 5. Typical High Level Supply Current, ICCB VS. 

Temperature. 

HCPL-576011 +5V 

PULSE 
GENERATOR 

Zo' 5011 -t----t--oVo 

PULSE AMPLITUDE = S.OV 
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.. i----=-

Figure 7. Switching Test Circuit. 

1-590 

4_2 

3.8 

'" E , 
3.4 ~ 

Z .. 
0: 
0: 

" 3_0 
u 
~ 
:J .. 

2.6 ! 

~ 
2.2 

". ~ 

V 
,,/ IIN-J 

VIN=5.0V 
{PINS 2.3) 

~ Vcc'" 5.0V 
./ 

I,...--' 
...-:'.,/ 

VOl---- r-Vee :6.0V 
~ 

lor2.6,mA 

~ 
80 .. 

" '" ~ 
70 -' 

0 
> ... 
" .. 

60 ~ 

" 0 
-' 

50 
... 
> ... 
-' 

40 ~ 
-' 
~ 

I.B ~ 
-55 -3& -15 5 25 45 65 85 105 125 

TA - TEMPERATURE - °C 

Figure 4. Typical Input Current, lIN' and Low Level Output 
Voltage, VOL' vs. Temperature. 

28 

24 
~ 

> 20 '" -' ... 
0 
z 16 
Q 
;::: 

" 12 
" '" .. 
0 
0: .. 

R~ = 1:8k!!, 
I -1----t7 -Cl = 15pFT I I 

_{':':~I , I 
v 1 m$ PULSE WIDTH V 

IN ,= 100Hz /'plH 
- t"lt""'~sI10-90%1 

-+--' / 
! : V 

V "HL 
~ 

!--I-' 
o 
-55 -3& -'5 5 25 45 65 85 '05 125 

TA- TEMPERATURE _oC 

Figure 6. Typleal Propagation Delay vs. Temperature. 

HCPL-576011 

-,\M..,..---...--o +5V 

0.1 pF 
BYPASS Rl 

-----t------~--ovo 

'SEE NOTE '4 
PULSE GENERATOR 

"C, IS '5 pF. WHICH INCLUDES PROBE AND STRAY WIRING CAPACITANCE_ 

50V-~r 
OV 'O!f. 

--I " 

tr=40ns 1 If=40n. 

1O!f. 

If J.O=' 
Vo--------~~~ ~---------------5V 

SWITCH AT A: 'IN ,. 0 rnA 

Vo ----------------------~ Yo, 
SWITCH AT B: liN .. 4 mA 

Figure 8. Test Cireuit for Common Mode Transient 
Inununity and Typical Waveforms. 



Electrical Considerations 
The HCPL-5760, HCPL-5761, or 
5962-89477 optocoupler has 
internal temperature compen­
sated, predictable voltage and 
current threshold points which 
allow selection of an external 
resistor, Rx' to determine larger 
external threshold voltage levels. 
For a desired external threshold 
voltage, V±, a corresponding 
typical value of R can be 
obtained from Fi~e 10. Specific 
calculation of Rx can be obtained 
from Equation (1) of Figure 11. 
Specification of both V and V + . 
voltage threshold levels simulta-
neously can be obtained by the 
u~e of Rx and Rp as shown in 
Figure 11 and determined by 
Equations (2) and (3). 

Rx can provide over-current 
transient protection by limiting 
input current during a transient 
condition. For monitoring 
contacts with a relay or switch, 
the HCPL-5760/1, or 5962-89477 
combination with Rx and Rp can 
be used to allow a specific current 
to be conducted through the 
contacts for cleaning purposes 
(wetting current). 

The choice of which input voltage 
clamp level to choose depends 
upon the application of this 
device (see Figure 3). It is 
recommended that the low clamp 
condition be used when possible 
to lower the input power 
dissipation as well as the LED 
current, which minimizes LED 
degradation over time. 

In applications where dV mav 
CM/dt 'J 

be extremely large (such as static 
discharge), a series resistor R , ee' 
should be connected in series 
with Vee and Pin 8 to protect the 
detector IC from destructively 

5611 

5611 
3 

lIN • 12 mA RMS 
10=2OmA 

Figure 9. Operating Circuit for Burn-In and Steady State LIfe Tests. 

high surge currents. See note 14 
for determination of R . In 
addition, it is recomm~~ded that a 
ceramic disc bypass capacitor of 
0.01 J.IF to 0.1 ~F be placed 
between Pins 8 and 5 to reduce 
the effect of power supply noise. 

For interfacing ac signals to TTL 
systems, output low pass fIltering 
can be performed with a pullup 
resistor of 1.5 kQ and 20 J.IF 
capacitor. This application 
requires a Schmitt trigger gate to 
avoid slow rise time chatter 
problems. For ac input applica­
tions, a fIlter capacitor can be 
placed across the dc input 
terminals for either signal or 
transient fIltering. 

Either ac (Pins 1, 4) or dc (Pins 
2, 3) input can be used to 
determine external threshold 
levels. 

For one specifically selected 
external threshold voltage level 
V + or V., Rx can be determined 
without use of Rp via 

V+ - VTH+ 

R x 
-(--) -- (-) (1) 

~+ 
(-) 

> 
I 

300 

0 
v+ flf:) 

71 J_(~ 
fT 

'I V. (del k"" 
'I V' V_ldel 

J , , 
I 7 

, ~IiTH<3,6V} de,PINS2,3 

I 7 ~~; :~::~} I r } 
f ~ IiTH_ ·3.1V i' PIINS'. 4 1.7 ITH. =2.5mA I' 

ITH_ = 1.3mA 
TA ·2S"C "1 .. VOLTAGE IS INSTANTANEOUS VALUEI o o 40 80 '20 '60 200 

Rx - EXTERNAL SERIES RESISTOR - k\! 

FIgure 10. Typical External Threshold 
Characteristic, V± vs. Rx' 

For two specifically selected 
external threshold voltage levels, 
V+ and V, the use ofR and R 
will permit this selectio"n via p 
equations (2), (3) provided the 
following conditions are met: 

V+~ VTH+and V+ - VTH+< ~H+ 

V_ VTH_ V_ - VTH_ ~H-

R = p 

VTH_ (VJ - VTH+ (VJ 
---------(3) 
ITH+ (V. - VTHJ + ITH_ (VTH+ - V.) 

See Application Note 1004 for 
more information. 
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MIL-PRF-38534 Class H, 
Class K, and DESC SMD 
Test Program 
Hewlett-Packard's Hi-ReI 
Optocouplers are in compliance 
with MIL-PRF-38534 Class H and 
K. Class H devices are also in 
compliance with DESC drawing 
5962-89477. 

Testing consists of 100% screen­
ing and quality conformance 
inspection to MIL-PRF-38534. 

Figure 11. External Threshold Voltage Level Selection. 
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r/i~ HEWLETT® 
a:~PACKARO 

90 V/I.O Q, Hermetically Sealed, 
Power MOSFET Optocoupler 

Technical Data 

Features 
• Dual Marked with Device 

Part Number and DESC 
Standard Military Drawing 

• ac/dc Signal & Power 
Switching 

• Compact Solid-State 
Bidirectional Switch 

• Manufactured and Tested on 
a MIL-PRF-38534 Certified 
Line 

• QML-38534 
• MIL-PRF-38534 Class H 
• Space Level Processing 

Available 
• Hermetical1y Sealed 8-Pin 

Dual In-Line Package 
• Small Size and Weight 
• Performance Guaranteed 

over -55"C to +125"C 
_ • Connection A 

0.8 A, 1.0 Q 

• Connection B 
1.6 A, 0.25 Q 

• 1500 Vdc Withstand Test 
Voltage 

• High Transient Immunity 
• 5 Amp Output Surge Current 

Applications 
• Military and Space 
• High Reliability Systems 
• Standard 28 Vdc and 48 Vdc 

Load Driver 
• Standard 24 Vac Load Driver 
• Aircraft Controls 
• ac/dc Electromechanical and 

Solid State Relay 
Replacement 

• I/O Modules 
• Harsh Industrial 

Environments 

Description 
The HSSR-7110, HSSR-71l1 and 
SMD 5962-9314001 are single 
channel power MOSFET 
optocouplers, constructed in 

Functional Diagrams 

HSSR-711X* 
5962-9314001 
'See matrix for available extensions 

eight-pin, hermetic, dual-in-line, 
ceramic packages. The devices 
operate exactly like a solid-state 
relay. The products are capable of 
operation and storage over the 
full military temperature range 
and can be purchased as a 
standard product (HSSR-7110), 
with full MIL-PRF-38534 Class H 
testing (HSSR-7111), or from the 
DESC Standard Military Drawing 
(SMD) 5962-93140. 

These devices may be purchased 
with a variety of lead bend and 
plating options. See Selection 
Guide Table for details. Standard 
Military Drawing (SMD) parts are 
available for each lead style. 

CONNECTION A 
ACJDe CONNECTION 

CONNECTION B 
DC CONNECTION 

CAUTION: It is advised that normal static precautions be taken in handling and assembly of this component 
to prevent damage and/or degradation which may be induced by ESD. 
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All devices are manufactured and 
tested on a MIL-PRF-38534 certi­
fied line and are included in the 
DESC Qualified Manufacturers 
List, QML-38534 for Hybrid 
Microcircuits. Each device 
contains an AlGaAs light emitting 
diode optically coupled to a 
photovoltaic diode stack which 
drives two discrete power 
MOSFETs. The device operates 
as a solid-state replacement for 
single-pole, normally open, 
(1 Form A) relays used for 
general purpose switching of 
signals and loads in high 
reliability applications. 

The devices feature logic level 
input control and very low output 
on-resistance, making them 
suitable for both ac and dc loads. 
Connection A, as shown in the 
Functional Diagram, allows the 
device to switch either ac or dc 
loads. Connection B, with the 
polarity and pin configuration as 
shown, allows the device to 
switch dc loads only. The 
advantage of Connection B is that 
the on-resistance is significantly 
reduced, and the output current 
capability increases by a factor of 
two. 

Selection Guide-Package Styles and Lead 
Configuration Options 

HP Part # and Options 
Commercial 
MIL-PRF-38534 Class H 
Standard Lead Finish 
Solder Dipped 
Butt Joint/Gold Plate 
Gull Wing/Soldered 
Crew Cut/Gold Plate 
SMDPart# 
Prescript for all below 
Either Gold or Soldered 
Gold Plate 
Solder Dipped 
Butt Joint/Gold Plate 
Butt Joint/Soldered 
Gull Wing/Soldered 
Crew Cut/Gold Plate 
Crew Cut/Soldered 

Outline Drawing 
8-pin DIP Through Hole 
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HSSR-7110 
HSSR-7111 
Gold 
Option #200 
Option #100 
Option #300 
Option #600 . 

5962-
931400lHPX 
931400lHPC 
931400lHPA 
9314001HYC 
9314001HYA 
9314001HXA 
931400lHZC 
931400lHZA 

L-' 

r--
0.51 (0.020) 

MIN. 

J L 0.51 (0.020) 
MAX. 

NOTE: DIMENSIONS IN MILLIMETERS (INCHES). 

The devices are convenient 
replacements for mechanical and 
solid state relays where high 
component reliability with 
standard footprint lead configu­
ration is desirable. Devices may 
be purchased with a variety of 
lead bend and plating options. 
See Selection Guide table for 
details. Standard Military 
Drawing (SMD) parts are 
available for each package and 
lead style. 

The HSSR-7110, HSSR-7111, and 
SMD 5962-93140 are designed to 
switch loads on 28 Vdc power 
systems. They meet 80 V surge 
and ± 600 V spike requirements. 

~8.1~~:'20)~ 
7.16 (0.282) ~ 7.57 (0.298) =1 

0.20 (0.008) 
0.33 (0.013) 

L 7.36 (0.290) J 
7.87 (0.310) 



Device Marking 

HPLOGO­
HPP/N -

OESCSMD' -
DESCSMD' -

PINONEI­
ESDIDENT 

HP QYYWWZ - COMPLIANCE INDICATOR,' 
XXXXXX DATE CODE, SUFFIX (IF NEEDED) 

XXXXXXX 
XXX USA - COUNTRY OF MFR. 

...... 50434 - HP FSCN' 

, QUALIFIED PARTS ONLY 

Absolute Maximum Ratings 
Storage Temperature Range ........................................ -65°C to + 150°C 
Operating Ambient Temperature - TA .......................... -55°C to + 125°C 
Junction Temperature - TJ ......................................................... + 1500C 
Operating Case Temperature - Tc ......................................... + 145OC[1] 
Lead Solder Temperature ............................................... 260°C for lOs 

(1.6 mm below seating plane) 
Average Input Current - IF ........................................................... 20 rnA 
Peak Repetitive Input Current - IFPK ............................................ 40 rnA 

(Pulse Width < 100 ms; duty cycle < 50%) 
Peak Surge Input Current - IFPK surge ....................................... 100 rnA 

(Pulse Width < 0.2 ms; duty cycle < 0.1%) 
Reverse Input Voltage - VR ............................................................... 5 V 
Average Output Current - Figure 2 

Connection A - 10 ....................................................................... 0.8 A 
Connection B - 10 ...................................................................... 1.6 A 

Single Shot Output Current - Figure 3 
Connection A - IOPK surge (Pulse width < 10 ms) ...................... 5.0 A 
Connection B - IOPK surge (Pulse width < 10 ms) ................... 10.0 A 

Output Voltage 
Connection A - Vo ...................................................... -90 V to + 90 V 
Connection B - Vo .......................................................... 0 V to +90 V 

Average Output Power Dissipation - Figure 4 ....................... 800 mW[2] 

Thermal Resistance 
Maximum Output MOSFET Junction to Case - 9JC = 15°C/W 

ESD Classification 
(MIL-STD-883, Method 3015) .......................................... (~~), Class 2 

Recommended Operating Conditions 
Parameter Symbol Min. Max. Units 

Input Current (on) IFCON) 5 20 rnA 

Input Voltage (oft) VFCOFF) 0 0.6 V 

Operating Temperature TA -55 +125 °C 
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Hermetic Optocoupler Options 

Option Description 

100 Surface mountable hermetic optocoupler with leads trimmed for butt joint assembly. This option 
is available on commercial and hi-reI product. 

~ 4.32 (h.170) 
~ Li MAX. 

r- I 
0.51 (0.020) l j J I ~ MIN. 1.40 (0.055) 

2.29 0.090 - ~ 0.51 (0.020) 
2.79 0.110 MAX. 

~ 
It~~j - - 0.33(0.013) 

7.36 (0.290) 
7.87 (0.310) 

200 Lead finish is solder dipped rather than gold plated. This option is available on commercial and 
hi-reI product. DESC Drawing part numbers contain provisions for lead fInish. 

300 Surface mountable hermetic optocoupler with leads cut and bent for gull wing assembly. This 
option is available on commercial and hi-reI product. This option has solder dipped leads. 

00=00 5.57 (h.180) J:: t 5.57(L80) 
~ ~ MAX. MAX. -- l ~ .--t r- I ,----- 0.20 (0.008) 

0.51 (0.020) lJ II 1.40 (0.055) 5° MAX. L 0.33 (0.013) I 
MIN. 1.65 (0.065) 

2.29 (0.090) - ~- 0.51 (0.020) :.:~ «g.~:» ~ 
2.79 (0.110) MAX. . • 

600 Surface mountable hermetic optocoupler with leads trimmed for butt joint assembly. This option 
is available on commercial and hi-reI product. 

bOtid 3.81 (t.150) 
~ MAX. r- _--.1 

0.51 (0.020) lJ J L MIN. 
2.29 0.090 1.02 (0.040) 
2.79 (0.110 TYP. 

Note: Dimensions in millimeters Cinches). 
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jt~~ 0.33 (0.013) 

7.36 (0.290) 
7.87 (0.310) 



Electrical Specifications 
TA =-55"C to + 125°C, unless otherwise specified. See note 9. 

Group 
A, Sub-

Parameter Sym. group Test Conditions Min. Typ.* Max. Units Fig. Notes 

Output Withstand 1V0(0FF)1 1,2,3 VF = 0.6 V, 10 = 10 !LA 90 110 V 5 
Voltage 

Output Connection R(oN) 1,2,3 IF = 10 rnA, 10 = 800 rnA, 0.40 1.0 n 6,7 3 
On- A (pulse duration::;; 30 ms) 
Resistance 

Connection IF = 10 rnA, 10 = 1.6 A, 0.12 0.25 
B (pulse duration::;; 30 ms) 

Output Leakage 10(0FF) 1,2,3 VF = 0.6 V, Vo = 90 V, 10.4 10 !LA 8 
Current 

Input Forward VF 1,2,3 IF = lOrnA 1.0 1.24 1.7 V 9 
Voltage 

Input Reverse VR 1,2,3 IR = 100 !LA 5.0 V 
Breakdown Voltage 

Input-Output 11.0 1 RH::;; 45%, t = 5 s, 1.0 !LA 4,5 
Insulation Vi.o = 1500 Vdc, 

TA = 25"C 

Turn On Time tON 9,10,11 IF = 10 rnA, VDD = 28 V, 1.25 6.0 ms 1,10, 
10 = 800 rnA 11,12 

13 

Turn Off Time tOFF 9,10,11 IF = 10 rnA, 0.02 0.25 ms 1,10, 
VDD = 28 V, 10 = 800 rnA 14,15 

Output Transient I~ol 9 VpEAK = 50 V, 1000 V/Ils 17 
Rejection CM = 1000pF, 

CL = 15 pF, RM ~ IMn 

Input-Output Id~~O I 9 \bD= 5V, 500 V/IlS 18 
Transient Rejection Vi-O(pEAK) = 50 V, 

RL = 20 kn, CL = 15 pF 

·All typical values are at TA = 25OC, IF(oN) = 10 rnA, VF(OFF) = 0.6 V unless otherwise specified. 
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Typical Characteristics 
All typical values are at TA = 25°C, IF(ON) = 10 rnA, VF(OFF) = 0.6 V unless otherwise specified. 

Parameter Symbol Test Conditions Typ. Units Fig. Notes 
Output Off·Capacitance COroFFl Vo = 28 V, f= 1 MHz 145 pF 16 
Output Offset Voltage IVosl IF = lOrnA, 10 = o rnA 2 I1V 19 7 
Input Diode Temperature ft..V~ft..TA IF = lOrnA -1.4 mV/C 
Coefficient 
Input Capacitance CIN VF = 0 V, f = 1 MHz 20 pF 8 
Input-Output Capacitance CI-O V1_0 = 0 V, f = 1 MHz 1.5 pF 4 
Input-Output Resistance RI-O V1_0 = 500 V, t = 60 S 1013 Q 4 

Turn On Time tON IFPK = 100 rnA, 0.22 ms 1 6 
With Peaking IFSS = lOrnA 

VDD = 28 V, 10 = 800rnA 

Notes: 
1. Maximum junction to case thermal resistance for the device is 15OCIW, where case temperature, Tc, is measured at the center of the 

package bottom. 
2. For rating, see Figure 4. The output power Po rating cmve is obtained when the part is handling the maximum average output current 

10 as shown in Figure 2. 
3. During the pulsed RON measurement (10 duration <30 ms), ambient (TAl and case temperature (Tc) are equal. 
4. Device considered a two tenninal device: pins 1 through 4 shorted together and pins 5 through 8 shorted together. 
5. This is a momentary withstand test, not an operating condition. 
6. For a faster turn-on time, the optional peaking circuit shown in Figure 1 may be implemented. 
7. Vas is a function of IF' and is defined between pins 5 and 8, with pin 5 as the reference. Vas must be measured in a stable ambient 

(free of temperature gradients). 
8. Zero-bias capacitance measured between the LED anode and cathode. 
9. Standard parts receive 100% testing at 250C (Subgroups 1 and 9). SMD and class H parts receive 100% testing at 25OC, 1250C and 

_55°C (Subgroups 1 and 9, 2 and 10, 3 and 11 respectively). 

CAUTION: Maximum Switching Frequency - Care should be taken during repetitive switching of 
loads so as not to exceed the maximum output current, maximum output power dissipation, 
maximum case temperature, and maximum junction temperature. 

Vce(+5V)~---+--""'--"""'---------, , , , , , 
~R2 
~1200n 

R1 
330n 

~R3 
, 

::;:: C 

HSSR~7110 

: 15!lF 

IN o-~--t:::r:I<>--1f---...l...-""""": 

: : 1/4 54ACTOO 

, , 
" ' 

l----l~f : 
.. USE SECOND GATE IF IF (PK) > 50 rnA 

REMINDER: TIE ALL UNUSED INPUTS TO GROUND OR Vee 

Figure 1. Recommended Input Circuit. 
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R1 = REQUIRED CURRENT LIMITING RESISTOR 

FOR I F (ONF 10 rnA. 
R2 '" PULL-UP RESISTOR FOR VF (OFF) < 60D mV; 

If (Vec - YoH) < 600 mV, OMIT R2. 
R3, C = OPTIONAL PEAKING CIRCUIT. 

TYPICAL VALUES 

R3 If (PI<) HSSR-7110 

(n) (mA) tON (ms) 

- lD (NO PI<) 2.D 
330 2D 1.D 
100 4D D." 
33 100 D.22 
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HSSR-7110 

VM 
~--------t-----1"---<>MONITOR 

INPUT OPEN 

~I 
VpEAK 

+p~ 
CM INCLUDES PROBE AND FIXTURE CAPACITANCE 
RM INCLUDES PROBE AND FIXTURE RESISTANCE 

GENERATOR 

K.~ 
-~ I, j'---

I /~--------',-
VM(L:' --.V "" ... ___ _ 

OVo = (0.8) V(POAK) OR (0.8) V (PEAK) 

dt tr tf 

OVERSHOOT ON VPEAK IS TO BE:s: 10%. 

Figure 17. Output Transient Rejection Test Circuit. 

NODE 
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HSSR-7110 

S, A 
0------4 

1 
Vin -=-

Voo 

~--~--~------~VO 

C L 

(ClINCLUDES PROBE PLUS 
FIXTURE CAPACITANCE) 

VI-O 

~-----4----~Jtr---------~ 

VI .• JEAK) 

L 

PULSE 
GENERATOR 

'0% 

VO{OFF) ~ __ --------
S. AT A (Vi' = DV) ---------- VO{OFF) (min) > 3.25V 

____________ rx·- . "o(ON) (max) < 0.8 

"ocON) , "'--

S. AT B (IF = 'DmA) 

dVI.O (0.8) VI"()(PEAK) (0.8) VI.O (PEAK) 
Cit" = tr OR tf 

OVERSHOOT ON VI-O(PEAK) IS TO BE::;; 10% 

Figure 18. Input-Output Transient Rejection Test Circuit. 
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ISOTHERMAL CHAMBER 

r ---l 
HSSR-7110 

DIGITAL 
r''''r----U.-'i''-"1 NANOVOLTMETER 

I L ____________ J 

Figure 19. Voltage Offset Test Setup. 

HSSR-7110 

Figure 20. Burn-In Circuit. 

Tjf1 

104 15 15 

TC 

Tje'" LED JUNCTION TEMPERATURE 
T111= FET 1 JUNcnON TEMPERATURE 
Tjl2 = FET 2 JUNCTION TEMPERATURE 
Tld= FET DRIVER JUNCTION TEMPERATURE 
TC = CASE TEMPERATURE (MEASURED AT CENTER 

OF PACKAGE BOTTOM) 

15 

TA = AMBIENT TEMPERATURE (MEASURED 6" AWAY 
FROM THE PACKAGE) 

SeA = CASE-To-AMBIENT THERMAL RESISTANCE 

ALL THERMAL RESISTANCE VALUES ARE IN °erN 

Figure 21. Thennal Model. 

Vo (SEE NOTE) 

1.0n 

ROIIT 

1.00 

NOTE: 
IN ORDER TO DETERMINE VOUT CORRECTLY, THE CASE TO AMBIENT THERMAL IMPEDANCE MUST 
BE MEASURED FOR THE BURN-IN BOARDS TO BE USED. THEN, KNOWING 6c", DETERMINE THE 
CORRECT OUTPUT CURRENT PER FIGURES 2 AND 4 TO INSURE THAT THE DEViCE MEETS THE 
DERA nNG REQUIREMENTS AS SHOWN. 
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Applications Information 
Thermal Model 
The steady state thermal model 
for the HSSR-711 0 is shown in 
Figure 21. The thermal resistance 
values given in this model can be 
used to calculate the temperatures 
at each node for a given operating 
condition. The thermal resistances 
between the LED and other 
internal nodes are very large in 
comparison with the other terms 
and are omitted for simplicity. 
The components do, however, 
interact indirectly through SCA' 
the case-to-ambient thermal 
resistance. All heat generated 
flows through SeA' which raises 
the case temperature Tc accord­
ingly. The value of SeA depends on 
the conditions of the board design 
and is, therefore, determined by 
the designer. 

The maximum value for each out­
put MOSFET junction-to-case 
thermal resistance is specified as 
15°C/W. The thermal resistance 
from FET driver junction-to-case 
is also 15°C/W. The power 
dissipation in the FET driver, 
however, is negligible in compar­
ison to the MOSFETs. 

On-Resistance and Rating 
Curves 
The output on-resistance, RON' 
specified in this data sheet, is the 
resistance measured across the 
output contact when a pulsed 
current signal (10 = 800 rnA) is 
applied to the output pins. The 
use of a pulsed signal (5 30 ms) 
implies that each junction 
temperature is equal to the 
ambient and case temperatures. 
The steady-state resistance, Rss, 
on the other hand, is the value of 
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the resistance measured across 
the output contact when a DC 
current signal is applied to the 
output pins for a duration 
sufficient to reach thermal 
equilibrium. Rss includes the 
effects of the temperature rise of 
each element in the thermal 
model. 

Rating curves are shown in 
Figures 2 and 4. Figure 2 speci­
fies the maximum average output 
current allowable for a given 
ambient temperature. Figure 4 
specifies the output power 
dissipation allowable for a given 
ambient temperature. Above 55°C 
(for SCA = 80OClW) and 107°C 
(for SeA = 40OCIW), the maximum 
allowable output current and 
power dissipation are related by 
the expression Rss = Po(max)/ 
CIo(max))2 from which Rss can be 
calculated. Staying within the safe 
area assures that the steady-state 
junction temperatures remain less 
than 150OC. As an example, for TA 
= 950C and SCA= 80OC/W, Figure 
2 shows that the output current 
should be limited to less than 610 
rnA. A check with Figure 4 shows 
that the output power dissipation 
at TA = 950C and 10 = 610 rnA, 
will be limited to less than 0.35 
w. This yields an Rss of 0.94 Q. 

Design Considerations 
for Replacement of 
Electro-Mechanical 
Relays 
The HSSR-711 0 family can 
replace electro-mechanical relays 
with comparable output voltage 
and current ratings. The following 
design issues need to be consid­
ered in the replacement circuit. 

Input Circuit: The .drive circuit 
of the electro-mechanical relay 
coil needs to be modified so that 
the average forward current 
driving the LED of the HSSR-
7110 does not exceed 20 rnA. A 
nominal forward drive current of 
10 rnA is recommended. A 
recommended drive circuit with 5 
volt Vee and CMOS logic gates is 
shown in Figure 1. If higher Vee 
voltages are used, adjust the 
current limiting resistor to a 
nominal LED forward current of 
lOrnA. One important considera­
tion to note is that when the LED 
is turned off, no more than 0.6 
volt forward bias should be 
applied across the LED. Even a 
few microamps of current may be 
sufficient to turn on the HSSR-
7110, although it may take a 
considerable time. The drive 
circuit should maintain at least 5 
rnA of LED current during the ON 
condition. If the LED forward 
current is less than the 5 rnA 
level, it will cause the HSSR-711 0 
to turn on with a longer delay. In 
addition, the power dissipation in 
the output power MOSFETs 
increases, which, in turn, may 
violate the power dissipation 
guidelines and affect the 
reliability of the device. 

Output Circuit: Unlike electro­
mechanical relays, the designer 
should pay careful attention to the 
output on-resistance of solid state 
relays. The previous section, "On­
Resistance and Rating Curves" 
describes the issues that need to 
be considered. In addition, for 
strictly dc applications the 
designer has an advantage using 
Connection B which has twice the 



output current rating as Connec­
tion A. Furthermore, for dc-only 
applications, with Connection B 
the on-resistance is considerably 
less when compared to 
Connection A. 

Output over-voltage protection is 
yet another important design 
consideration when replacing 
electro-mechanical relays with the 
HSSR-7110. The output power 
MOSFETs can be protected using 
Metal oxide varistors (MOVs) or 
TransZorbs against voltage surges 
that exceed the 90 volt output 
withstand voltage rating. 
Examples of sources of voltage 
surges are inductive load kick-

backs, lightning strikes, and 
electro-static voltages that exceed 
the specifications on this data 
sheet. For more information on 
output load and protection refer 
to Application Note 1047. 

References: 
1. Application Note 1047, "Low 

On-Resistance Solid State 
Relays for High Reliability 
Applications." 

2. Reliability Data for HSSR-7110. 

MOV is a registered trademark of GEIRCA 
Solid State. 
TransZorb is a registered trademark of 
General Semiconductor. 

MIL-PRF-38534 Class H 
and DESC SMD Test 
Program 
Hewlett-Packard's Hi-Rei 
Optocouplers are in compliance 
with MIL-PRF-38534 Class H. 
Class H devices are also in 
compliance with DESC drawing 
5962-93140. 

Testing consists of 100% screen­
ing and quality conformance 
inspection to MIL-PRF-38534. 
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Applications 

The following application information is either 
published in this catalog or available from your local 
Hewlett-Packard sales office, authorized distributor, 
or representative. 
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Small Signal 
Solid State Relays 

Application Note 1036 

Introduction 
Traditionally, isolated control of 
signal paths has been provided by 
the Electro-Magnetic Relay 
(EMR). The purpose of this appli­
cation note is to present an alter­
native, the Solid State Relay 
(SSR) , and to describe some of 
the ways in which the SSR can be 
used. 

An SSR, as the name implies, is 
entirely composed of solid state 
devices-no mechanical move­
ment takes place in its operation. 
An LED on the control side con­
verts the electrical input into opti­
cal power. On the contact side, 
the optical power is converted 
back into an electrical signal that 
supplies power for a switch driver 

- to energize a solid state switch. In 
some classes of SSR a small frac­
tion of the power from the circuit 
being switched is used to operate 
the solid state switch (e.g. thyris­
tor), but in others the power for 
switch operation comes exclu­
sively from the optical signal (e.g. 
HSSR-8200) making the contacts 
completely passive. 

Some of the relative merits of 
SSRs and EMRs are immediately 
seen in the schematic comparison 
of Figure 1. On the CONTROL 

5965-5980E 

side, the EMR presents an induc­
tive load that may suffer from or 
radiate magnetic disturbances; 
the collapse of the magnetic field, 
when it is de-energized, may pro­
duce transient voltages requiring 
suppression. The SSR control is 
simply an LED that neither suffers 
from nor causes magnetic distur­
bances; and the low voltage 
change at turn-on or turn-off sel­
dom requires transient suppres­
sion. While the EMR can usually 
be energized by either polarity of 
voltage and current, the SSR re­
quires current in the direction 
shown. Either-polarity operation 
of the SSR is easily accomplished 
with a bridge rectifier. 

On the CONTACT side, SSRs are 
of three general classes: ac only, 
dc only, and bi-directional Cac or 
dc). Bi-directional types, like the 
EMR, can pass current in either 
direction when closed, and can 
withstand voltage of either polar­
ity when open. In some types of 
EMR, a single control circuit can 
operate more than one set of con­
tacts, and these contacts could be 
form A (normally open), form B 
(normally closed), form C (double 
throw), or any combination of 
these options. Most SSRs offer 
form A contacts but form Band 

Flin- HEWLETT® 
~aPACKARD 

L---~ CONTACT ~ ~ 

Q w~~, £!J 
EMR SSR 

Figure 1. Schematic Comparison of 
EMRandSSR. 

form C can also be made. Also, in 
most SSRs a single control oper­
ates a single set of contacts, but 
multi-function operation of SSRs 
can be achieved easily with simple 
circuits, as shown later. 

The IMPORTANT differences be­
tween SSRs and EMRs do not ap­
pear schematically, but 
functionally. In SSRs there are no 
mechanical movements and con­
sequently they enjoy four distinct 
advantages over EMRs: 
1. No contact bounce-closure is 
always clean 
2. No problems with shock, vibra­
tion, or mounting position 
3. No wearout mechanism limiting 
the number of operations 
4. No minimum contact "wetting" 
current 

In EMRs, the contact bounce 
problem can be addressed with 
mercury-wetted contacts, but 
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this may impose a restriction on 
mounting orientation relative to 
gravity; SSRs can be mounted and 
operated in any position. In envi­
ronments of heavy shock and vi­
bration, SSRs provide clean 
operation-unless the mechanical 
abuse causes physical damage. A 
particularly important advantage 
of SSRs is the unlimited number of 
operations. EMRs typically func­
tion reliably for only about one 
billion operations; at 1,000 opera­
tions per second such EMRs are 
good for only two weeks and 
should then be replaced. 

Summary of 
Characteristics 
Some features of the SSR from 
Hewlett-Packard, the HSSR-8200, 
can be described relative to the 
circuit diagram in Figure 2 and the 
approximate equivalent circuit of 
Figure 3. 

First, notice the construction is in 
8-pin DIP size, but of course only 
four pins are needed. 
Hewlett-Packard uses the four cor­
ner pins 1, 4, 5, and 8, to make 
handling easier, especially by ma­
chinery for automatic insertion. 

Next, consider the control side. 
Polarity is defined in Figure 2. 

tlF 
Figure 2. Circuit Diagram of 
HSSR-8200. 
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The HSSR-8200 is energized (con­
tacts closed) with IF as low as 1.0 
rnA at VF only slightly more than 
1.0 V (some SSRs may have 
higher IF and VF requirements). In 
some applications it may be desir­
able to operate with higher cur­
rent, but since the current varies 
exponentially as the voltage this 
would require only a slightly 
higher voltage. Operation at 
higher current causes faster clo­
sure of the contacts. and reduces 
R(oN) slightly; it also increases the 
offset voltage, Va (as). To 
de-energize the SSR (contacts 
open) requires a lower current, 
but a more reliable assurance of 
the de-energized condition is to 
make the forward voltage less 
than 0.8 V. A complete switching 
of the contacts from open to 
closed requires a voltage change 
usually less than 0.4 V, and sel­
dom more than 0.9 V. 

In the energized condition, optical 
radiation from the LED is con- . 
verted by a photodiode array into 
sufficient voltage and current to 
operate the SWITCH DRIVER 
(Fig. 2) and also to drive the gate­
source electrodes of the two FETs. 
It is important to notice here that 
all the power to operate the switch 
comes from the photodiode ar­
ray-no power is required from 
the circuit being operated by the 
switch. 

The contact side appears compli­
cated, but in most applications it 
is possible to ignore some or all of 
the extraneous circuit elements. It 
is therefore worthwhile to give 
some thought to the equivalent 
circuit of Figure 3, and check the 
data sheet values to see if they can 
indeed be ignored. In many situa­
tions the values of R(ON) are so 
low and R(OFF) so high that they 
can be ignored, and the same may 

Io(OFFI 

CIOFFI 

Figure 3. Approximate Equivalent 
Circuit of HSSR-8200. 

be true of the other parameters as 
well. For the HSSR-8200, R(ON) is 
less than 0.00025 megohms and 
R(oFF) is more than 50,000 mego­
hms; consequently, in circuits hav­
ing few-megohms impedances they 
may be regarded as short and 
open, respectively, with error of 
only a few parts per million. For 
circuits having variable imped­
ances, the ratio of R(OFF) to RCON) 
is significant as it relates to the 
ratio of impedances, relative to 
which the error may be ignored. 

The HSSR-8200 is distinguished 
relative to other SSRs and me­
chanical relays by its high speed of 
operation, low offset voltage 
Va (as), low offset current Io(oFF), 
and small value of off-capacitance. 

Where very low signals are to be 
switched, VA (OS) and Io (OFF) 
should be considered. With volt­
age applied to the open contacts, 
part of the resulting current Io 
(OFF) is flowing in Ro (OFF), and 
part is the reverse current in 
whichever of the two diodes in the 
contact circuit (see Figure 2) is 
reverse biased. When the LED is 
turned on and the switch closes, 
the magnitude of VA (OS) initially 
rises, then falls as heat from the 
LED spreads through the contact 



circuit and largely balances out 
thermocouple voltages. The data 
sheet values for Vo (OS) are taken 
at peak, occurring a few seconds 
after the control LED is energized, 
and the polarity is consistent. 

Although C(OFF) is extremely 
small, at 1,000 Hz the reactance 
of C(OFF) is below 100 megohms; 
consequently, to switch signals 
having frequencies even as low as 
the audio range it may be neces­
sary to employ special techniques 
to deal with C(oFF). Such tech­
niques might be as simple as low­
ering the circuit impedances, but 
could also require series-shunt 
combinations of form A and form 
B switching, or applying neutral­
ization. 

Another consideration is the range 
of circuit currents with which the 
SSR contacts can be used. At the 
low end, there is the leakage cur­
rent, 10 (oFF). At the high end, the 
current may be limited only by the 
maximum rating of 10 (ON), 
(40 rnA for HSSR-8200), or it may 
be limited by the linearity of 
R(ON). Notice in Figure 2 that the 
contact consists of two FETs in 
anti-series to provide bidirectional 
symmetry. Across each FET there 
is a source-to-drain diode. Since 
each FET has a channel resistance 
approximately equal to half R(ON), 

E1o------1 

this diode begins to turn on when 
the contact current rises to a level 
at which the voltage drop across 
the contact is approximately two 
diode drops. Above this level, the 
dynamic resistance has approxi­
mately half the value it has at con­
tact currents below this level. 

In the de-energized condition the 
open contacts of the HSSR-8200 
can withstand voltages up to 
200 V of either polarity. In some 
applications these contacts may 
be exposed to harmfully high tran­
sient voltages. The FET drain elec­
trodes may require that external 
means be provided to protect 
them from such transients. Simi­
larly, in the energized condition 
there is a limit on how much cur­
rent can be permitted to flow 
through the closed switch without 
damaging it. 

Between the control side and the 
contact side are the unavoidable 
parasitics Rl-O and Cl-O seen in 
Figure 3. Having a value of more 
than a million megohms, RI-o can 
usually be ignored. Cr-o can usu­
ally be disregarded with respect to 
large transient voltages relative to 
the contact circuit. Transients 
with sufficient amplitude could 
couple enough charge through CI_ 
o to cause a temporary improper 
condition of the contacts. How-

ANALOG 
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I 
• • I 

Jn~~ 

e.g. ADC -CAe 
OR AMPLIFIER 

Figure 4. Multiplexing and Demultiplexing. 
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ever, as seen in the data sheet, the 
values given for Control-Contact 
Transient Rejection are so high 
that it is extremely unlikely that 
common-mode transients of such 
magnitude could occur. Even if 
large transients are not present, 
there could be a situation in which 
the control and contact circuits 
have line voltages be tween their 
common points. At 115 V rms, 60 
Hz, a capacitance of 1.0 pF 
couples a current of approximately 
50 nA rms, and in a I-megohm 
load this would produce a 50-m V 
rms "hum" voltage. 

Applications 
Suggestions 
In the arrangements suggested 
here, only the contacts and their 
intended closure sequences are 
shown. Later on, the details of 
how to obtain such sequences are 
described. 

The signals E 1 ... En in Figure 4 
might come from sources in which 
the levels are too low to permit 
processing directly; that is, they 
may require amplification or im­
pedance conversion. ND convert­
ers and amplifiers are costly, so 
one motivation for multiplexing is 
to have the amplifier cost shared 
among a number of sources. An­
other, and perhaps more impor­
tant, consideration is the 
desirability of having precisely the 
same gain applied to each of sev­
eral signals so that ratios of the 
amplified levels VI ... V n will re­
late to ratios of their unamplified 
counterparts, El ... En. 

Figure 5a shows a configuration 
that takes advantage of the low 
offset and negligible nonlinearity 
of the closed contacts. Without 
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R. 
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HIGH 

Control Drive Circuit 
Suggestions 
Operation of the HSSR-8200 con-

VOUT trol requires a forward current for 
the energized (ON) condition to 
close the contacts; for the de-ener­
gized (OFF) condition the forward 
voltage must be less than 0.8 
volts. R(ON) is specified for for­
ward current of 1.0 rnA, and op­
eration at higher forward current 
does not reduce R(oN) very much. 
On the other hand, increasing the 
control current increases the off­
set voltage - almost linearly. The 
only benefit from operation at con­
trol current greater than 1.0 rnA is 

Figure 5a. Inverting Amplifier Gain Switching. 

encountering serious error at ei­
ther a high or a low signal level 
this arrangement can perform in­
verting gain selection over a four­
decade range. Another possibility 
is shown in Figure 5b; here On­
Resistance of the closed contacts 
is even less significant than in the 
arrangement of Figure 5a. 

Where speed of operation is unim­
portant, the SSR can be operated 
at a much lower control current 
than is required for usual applica­
tions. This would be useful in an 
application such as the battery­
powered alarm system shown in 
Figure 6. Here the alarm circuit, 
which would be a relatively heavy 
drain on the battery, is discon­
nected until the sensor circuit en­
ergizes the control CITcuit of the 
SSR. At that point, as the contacts 
begin to close, the control circuit 
current is augmented, and latches 
the alarm. 
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Figure 5b. Non-Inverting Amplifier Gain Switching. 
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Figure 6. Low-Control-Current Battery Saver. 
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switched by a device in series with 
the LED. As will be seen later, this 
type of drive circuit has a great 
deal of flexibility in achieving 
other design objectives. It can be 
used with TTL having either active 
pull-up (totem-pole) output or 
open-collector output. If open col­
lector TTL is available for driving 
the control, a simpler alternative is 
the shunt switching of Figure 8. It 
requires only a single resistor, and 
the logic-low voltage does not in­
fluence the ON current. The OFF 
voltage requirement is inherently 
satisfied by the logic-low voltage. 

Figure 7. Logic-Driven Control Circuit. 

the better-than-linear reduction in 
turn-ON time; there is also a slight 
reduction in turn-OFF time. A 
simple circuit for obtaining the 
desired ON current and OFF volt­
age is shown in Figure 7. The 
logic series used can be almost 
anything; any of the TTL logic 
family, open-collector or totem 
pole, will work in the arrangement 
shown. The same is true for 
CMOS, provided only that the cur­
rent-sinking capability is adequate. 
Rl sets the level of forward cur­
rent, independent of R2. The pur­
pose of R2 is to bypass logic-high 
leakage current with sufficiently 
small voltage drop to ensure an 
OFF-voltage less than 0.8 V. In 
some cases R2 is not required; 
some logic outputs have internal 
pullup circuits that are able to sat­
isfy the OFF-voltage requirement 
without the external pull-up pro­
vided by R2. With open-collector 
TTL outputs, R2 is always required 
because the HSSR-8200 can actu­
ally be operated (though at higher 
ON resistance) with just a few mi­
croamperes of forward current. 

In computing the resistor values 
for this and other drive circuits a 
useful approximation for the rela­
tionship between the forward 
voltage and the forward current is 
given by: The circuit in Figure 7 

is basically a series-drive type be­
cause the active current is 

v = Va + (dV/dT)*(25 - T) + 
Vb*log(I) 

V in volts, T in degrees Celsius, 
I in milliamperes 
where 1.1 < Va < 1.5 volts 

0.07 < Vb < 0.12 volts 
0.0015 < (dV/dT) < 0.002 
volts/degree Celsius 

'4:cO--...... ---..., 
+5V 

Rs 

As mentioned earlier, turn-ON 
time is influenced by the level of 
forward current. As forward cur­
rent is increased, the turn-ON time 
becomes shorter. However, it may 
not be desirable to operate with a 
high steady-state forward current 
because that would increase the 
offset voltage due to heat trans­
ferred from the LED control to the 

~ ,r----

VF{ 1 -:.-

41 
L ___ _ 

Figure 8. Shunt-Driven Control. 
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Figure 9. Peaking to Shorten Tum-On Time. 
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contact side. In situations requir­
ing fast turn- ON but low offset, a 
peaking circuit can be used, like 
that in Figure 9. When the logic 
output is high, R2 assures that the 
current through the LED is so 
small that the capacitor is com­
pletely discharged. Then when the 
logic output goes low, there will . 
be a surge of current through both 
R1 and R3 until the capacitor is 
charged to the voltage across R1, 
and thereafter the steady-state 
current is set by Rl only. Thus 
peaking permits fast turn-ON as 
well as low steady-state current 
(low offset in the contact circuit). 

Closing the contacts requires 
charging the capacitances in the 
SWITCH DRIVER circuit (Figure 
2). This charge is the time-inte­
grated photocurrent from the pho­
todiode array, and translates into a 
certain amount of charge that 

must pass through the LED (of the 
order of 200 nanocoulombs). That 
amount of charge is set by the 
value of the peaking capacitor and 
the voltage across Rl. For this 
reason it is not necessary to 
change the value of the capacitor 
when other (higher) values of 
peak current are desired; it is nec­
essary only to reduce the value of 
R3 and make sure that the logic 
output is capable of sinking the 
higher current. 

Figure 10 shows a combination of 
series-shunt drive. The column 
drivers do the series switching and 
the row drivers operate in shunt 
mode. With the ENABLE input 
high, selection is made of desired 
row and column (high true) but 
the selected LED remains OFF un­
til the ENABLE goes low. This 
provision is necessary to ensure 
"break-before make" operation of 

~o-------~--------~--------~----------, 
+5V 

ROW 
SELECTORS 

ROW OR IVERS 
74LS09 

LOW ENABLE 

R2 R2 

I 
COLUMN SELECTORS 

Figure 10. Matrix-Driven Control Circuit. 
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the contacts. With turn-OFF time 
longer than turn-ON time, there 
must be a "dead" time of 0.2 milli­
seconds or more to prevent over­
lapping contact closure. The 
values of Rl and R2 are selected 
as described for the circuits of Fig­
ures 7 and 9, and, if desired, the 
R3,C peaking may be added in 
parallel with each Rl. 

The matrix arrangement in Figure 
10 is worth considering only if a 
very large number of switches are 
to be selectively operated. To 
make a selection from a smaller 
number of switches, a much sim­
pler circuit is shown in Figure 11, 
where a decoder/demultiplexer IC 
is used. The values of the resistors 
Rl and R2 are NOT computed in 
the same way as for the circuits of 
Figures 7 and 9. Here the prin­
ciple is to select a ratio RIJR2 
such that the forward voltage 
across the LED is less than 0.8 
volts when the 74154 output is 
high, then establish this ratio with 
resistor values small enough to al­
low adequate forward current 
when the 74154 output is low. Ac­
tual selection of resistor values is 
most easily done by first selecting 
Rl with a large margin in the in­
equality to provide a wide range 
for selection of R2 to fit within the 
two sided ineqUality. If peaking is 
desired on any or on all three of 
the anode bus lines, the R3,C 
peaking circuit may be added with 
no effect on the choice of Rl and 
R2 values. The peaking circuit may 
be connected either to Vee or to 
ground. An important concern is 
operation of the ENABLE inputs of 
the 74154 decoder. Both of these 
must be low to make the output 
(selected by the address) go low. 
It is recommended that at least 
one of the ENABLE inputs be 
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Figure 11. Control Circuit for I6-Channel Multiplexer. 

made high for an interval of 0.2 
milli- seconds or more, following 
address selection, to prevent over­
lapping contact closure. 

In Figure 11 (also in Figure 10) 
the length of time that any indi­
vidual contact is held closed may 
depend on how fast the contact 
circuit can respond to the contact 
closure. It depends also on the off­
set voltage property of the HSSR-
8200 as a function of time 
following application of control 
current, shown in Figure 13. At 
the initial closure, heat from the 
LED produces a thermal gradient 
in the contact drive IC, causing 

the offset voltage to begin increas­
ing (negative polarity); after a few 
seconds, the offset voltage 
reaches a peak and then decreases 
as the thermal gradient disperses. 
The polarity of the offset voltage 
is consistent, however, S9 two sets 
of contacts in a differential ar­
rangement will cause the offset 
voltage (either in steady state or 
during the transient) to be par­
tially cancelled. For this reason 
the contacts should be arranged 
as in Figure 12, and the control 
LEDs should be driven in triplets, 
as in Figure 11. Two of the con­
tacts perform differential signal 

Rl 

Rl 

R2 

selection while the third connects 
the "guard" driver to the appropri­
ate shield. 

Overvoltage Protection 
In some applications there is a 
possibility .that the contacts may 
be exposed to destructively high 
voltages. One such situation is 
partially illustrated in Figure 12, 
where the HSSR-8200 is being 
used to select one set of inputs 
from among several and present 
this set to the Signal Processor. 
The differential inputs (H and L) 
are shielded by a guard (G) driven 
by the Processor. When open, the 

1-613 



SHIELD 

Vee 

VH.N 

H VOUT 

ANALOG 
DH,N SIGNAL COMMON 

PROCESSOR 
(AMPl •• ADCI 

G 

R'N 
VL,N 

Figure 12. Contact Circuit for One Triplet of Several in Multiplexing. 

contacts of the HSSR-8200 can 
withstand 200 volts, positive or 
negative. Protection against dam­
age due to exceeding 200 volts is 
provided by the breakdown de­
vices shown. These devices may 
be either General Semiconductor 
TransZorbsTM or GEJRCA MOVsTM 
(Metal Oxide Varistors). They 
break down and conduct heavily 
when the voltage across them rises 
above a design level. As indicated 
by the symbol, the breakdown 
voltage is of either polarity, but 
single-polarity devices are also 
available. TransZorbs can tolerate 
more blows but MOVs have lower 
shunt capacitance. Both types fail 
"short" so protection does not fail 
even if operation does. The series 
resistors must be large enough to 
limit surge current to values speci­
fied for the protection devices. 
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Selection of the breakdown volt­
age of the protection devices may 
depend on the particular situation. 
To see this more clearly consider 
Figure 13, illustrating just one of 
the three signal buses and the con­
tacts connecting it to one of sev­
eral signal sources. If one of the 
contacts is closed, the voltage ap­
pearing across the open contacts 
is the DIFFERENCE between the 
voltage at the closed contact and 
the voltage at the open contact. 
Consequently, if voltages of either 
polarity are allowed at the inputs, 
the breakdown device must be se­
lected to protect at less than 
HALF the withstand voltage rating 
of the open contacts, and dual­
polarity breakdown is required. 
On the other hand, if the voltages 
at the inputs are all of the same 
polarity, a unipolar breakdown 

device can be used up to the FULL 
withstand voltage of the open con­
tacts. 

For either polarity of protection, a 
series resistor should be used to 
limit the current to the level for 
which the protection device is 
rated. The relationships between 
input voltages and the characteris­
tics of the breakdown device and 
its series resistance are summa­
rized in Figure 13. 

TM MOV is a registered trademark of 
GE/RCA Solid State 

TransZorb is a registered 
trademark of General 
Semiconductor 
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Common-Mode Noise: 
Sources and Solutions 

Application Note 1043 

Introduction 
Circuit designers often encounter 
the adverse effects of common­
mode noise on a design. Once a 
common-mode problem is 
identified, there are several ways 
that it can be resolved. However, 
common-mode interference 
manifests itself in many ways; 
therefore, it may be hard to 
determine whether or not this is 
the cause of your circuit's 
misbehavior. If a system is 
connected and running but only 
produces erroneous data, 
common-mode noise may be the 
reason. This application note 
describes sources of common­
mode problems, presents possible 
solutions, and concludes with a 
description of Hewlett-Packard's 
approach to addressing common­
mode noise. 

Common-mode noise problems 
exist in many electrical circuits. 
Any device or system with either 
its input or its output floating may 
be susceptible to common-mode 
noise. A common-mode signal is a 
signal that appears common to 
either set of floating points. It can 
be either ac or dc. The overall 
effect is that excessive common­
mode noise causes spurious 
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results at the output, disrupting 
safe, precise measurements. 

Common-mode interference is 
sometimes inherent in a system 
design, but most often it is 
inductively or capacitively 
coupled from an external source. 
A good example of common-mode 
noise is the 60-Hz signal induced 
on a pair of wires by nearby 
power lines. In this case, the 
noise signal is "common" to each 
of the two wires. An inherent 
common-mode signal is one in 
which the circuit itself causes the 
interference. An example of this is 
the half bridge power inverter. In 
such an application, the driver 
circuits of the power transistors 
rise and fall hundreds of volts 
with respect to signal ground in 
only tens of nanoseconds. 

Definition of CMR 
Common-mode r~ection (CMR) is 
a measure of the ability of a 
device to tolerate common-mode 
noise. It can be specified in 
several ways. The common-mode 
specification is sometimes given 
as CMV, or common-mode 
voltage. This value specifies the 
maximum common-mode voltage 
amplitude that can be applied to 

Fli;W HEWLETT® 
~aPACKARD 

the device without causing a 
problem. The CMR of analog 
devices is commonly specified in 
dB as the ratio of the differential­
mode gain to the common-mode 
gain. This specification is often 
called the common-mode rejection 
ratio, or CMRR. Another way to 
specify CMR is as a common­
mode transient rejection (CMTR). 
CMTR describes the maximum 
tolerable rate-of-rise (or fall) of a 
common-mode voltage. It is 
usually given in volts per micro­
second. In order to be complete, 
the CMTR should also include the 
amplitude of the common-mode 
voltage that can be tolerated. 
Common-mode interference that 
exceeds the maximum specifica­
tion might result in abnormal 
voltage transitions or excessive 
noise on the output signal. 

Sources of CMR 
Problems 
Common-mode signals can 
originate from several different 
sources. A full-bridge power 
inverter, shown in Figure 1, is a 
good example of an application 
that can exhibit large amounts of 
common-mode noise. Full bridge 
inverters are commonly found in 
motor-speed control and 
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Figure 1. Full-Bridge Power Switch Configuration. 

switching power supply 
applications. The power inverter is 
generally used to produce an ac 
output from a dc input. In a full­
bridge inverter application like 
that shown in Figure 1, the source 
of one set of transistors (AI, BI) 
is attached to the drain of a 
second set of transistors (A2, B2). 
When transistor set A turns on, set 
B turns off. Current flows from the 
positive supply, through transistor 
AI, through the load, and through 
transistor A2. When set B turns 
on, set A turns off, and the 
polarity of the current through the 
inductive load is reversed. 

How does this operation create a 
common-mode problem? The 
input of each gate drive circuitry 
is referenced to the ground of the 
digital control circuitry; the output 
common, on the other hand, is 
floating and referenced to the 
source of its associated power 
transistor. The floating common 6f 
the gate drive circuitry rapidly 
switches between the positive and 
negative power supplies. This 

rapid switching creates a large 
voltage swing across the input to 
output of the gate drive circuitry. 
As an example, a half bridge 
circuit that switches between 
+250 V and -250 V in 100 ns 
creates a common-mode transient 

+250 V 

-j 

signal of 5000 V /l1s with an 
amplitude of 500 V (see Figure 2). 
The device that carries the control 
information to each MOSFET must 
be able to withstand this level of 
common-mode interference. 
Although this example may seem 
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Figure 2. Half-Bridge Example. 
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extreme, it is a fact that engineers 
continue to use faster switching 
transistors to increase efficiency. 
Power MOSFETs, for example, are 
commonly used in power inverter 
applications because they are 
capable of high frequency, high 
power switching. The fast 
switching speeds of the 
transistors, however, can generate 
common-mode signals with very 
high rates of change (dVcm/dt). 

The common-mode signal rate-of­
rise can also be affected by the 
reverse recovery characteristics of 
diodes D 1 and D2 in the power 
inverter shown in Figure 2; these 
diodes are often referred to as 
"free-wheeling" diodes. If the 
inverter is driving an inductive 
load, such as a motor winding, 
these diodes may become forward 
biased during the normal 
operation of the inverter. For 
example, assume that Ql of 
Figure 2 is turned on, Q2 is off, 
and current is flowing through Ql 
and into the inductive load. When 
Ql turns off, voltage Vcm swings 
in the negative direction until 
diode D2 becomes forward biased 
and conducts the load current. 

It is when Ql turns back on that 
very high rates of rise can be 
generated. In extreme cases, when 
Ql turns on again, the rate of rise 
of voltage Vcm is determined by 
how quickly diode D2 recovers 
from forward conduction. The 
voltage and current waveforms 
shown in Figure 3 illustrate what 
happens when Ql turns back on. 
As Ql starts to turn on, the 
current through D2 begins to 
decrease. The current through D2 
continues to decrease and actually 
goes negative for a short time due 
to the storage of minority carrier 
charge in its junction. It is when 
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this charge has been depleted that 
D2 begins to turn off and Vcm 
begins to increase. If D2 turns off 
very quickly, Vcm can also rise 
very quickly, generating a large 
common-mode transient signal. 

High electrical noise levels can 
also contribute to common-mode 
problems. A significant amount of 
electrical noise is found in 
industrial environments as a result 
of the starting and operating of 
electric motors. When a large 
motor first turns on, it normally 
requires a large inrush current to 
reach operating speed. This large 
current spike can generate a 
significant amount of electrical 
noise in its own and nearby 
systems. Even the electric motors 
in a typical household 
environment vary in size from 
fractional to low integral 
horsepower units and are often 
noisy ac-operated or brushed dc­
motors. Other sources of electrical 
noise include microwave ovens, 
welding equipment, and 
automobile ignitions. 

Common-mode noise can enter a 
system through conductive, 
inductive, or capacitive coupling. 

'01 nn 

VCM 

'"=0 VcM 

Figure 3. Half-Bridge Inverter Wave­
fonus. 

An example of a "conducted" noise 
voltage is the difference in ground 
potential that may exist between 
two connected systems in a plant. 
The two systems may experience a 
small voltage difference between 
their ground references. This 
voltage difference might cause a 
ground-loop current to flow. If the 
impedance of the path through 
which the ground-loop current 
flows is large enough, a significant 
amount of interference will result. 
Capacitive or inductive coupling 
may occur when signal wires run 
close to ac power cables. 
Electromagnetically induced 
interference (EMI) can also be 
coupled from adjacent signal lines 
or nearby equipment, especially in 
factory environments. Other 
sources of common-mode noise 
that can be coupled into a system 
include lightning strikes and 
electro-static discharge (ESD). 

Solutions 
There are a number of ways to 
limit the amount of common-mode 
noise entering a system. 
Employing good design techniques 
is one way to obtain better 
common-mode rejection. For 
example, a designer should 
carefully layout his board to 
ensure that signal lines do not run 
adjacent to power lines. This 
minimizes the amount of 60-Hz 
noise coupled onto the signal 
lines. Generous use of bypass 
capacitors and filters helps to 
reduce the effect of common-mode 
voltages coupled onto the power 
supply lines. An engineer might 
also design a completely 
differential circuit, taking 
advantage of the inherent 
common-mode rejection of 
differential circuitry. Ideally, both 
inputs to the differential circuit 
should be referenced to the same 



point. Otherwise, a small potential 
between the two reference 
points will add directly to the 
differential signal and may 
cause problems. Especially in 
high-frequency circuits, the 
positive and negative lines 
should run parallel and have 
the same length. This ensures 
that the two lines have the 
same impedance and balanced 
common-mode coupling. 

Capacitive isolation is an effective 
and inexpensive way to eliminate 
dc common-mode signals. The 
most common application for 
capacitive isolation is in interstage 
coupling. For example, multi-stage 
amplifiers are often ac coupled. 
Coupling capacitors are useful for 
removing dc common mode 
voltages but do not block ac 
common-mode interference. 
Because capacitors block dc 
voltages, this technique cannot be 
used in applications for which dc 
signals must be transferred. 

Twisted-pair wire, when used with 
a differential line receiver, can 
help to reduce the effects of 
common-mode noise by balancing 
the common-mode coupling of 
both electric and magnetic effects. 
However, if an interfering 
common-mode signal is not 
coupled equally to both lines, the 
net unbalance will appear as a 
differential-mode signal. Another 
problem may result if the 
impedances measured to ground 
of the two lines differ; a fraction 
of the common-mode signal at the 
end of the twisted-pair line will 
appear differential and interfere 
with the desired signal, as 
illustrated in Figure 4. A typical 
application involves the use of 
twisted-pair wire with an RS-422 
differential line receiver. An 
advantage of the differential line 
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Figure 4. Twisted Pair Line. 

receiver is its fast response. Also, 
a differential line receiver can 
pass both ac and dc signals. 
Disadvantages of line receivers are 
that they do not provide isolation 
between input and output and can 
tolerate only a limited range of 
common-mode voltages. For 
example, a typical RS-422 receiver 
can tolerate common-mode 
voltages of + 15 V. Shielding a 
twisted-pair wire will provide 
better common mode rejection 
because the shield provides 
additional protection from electric 
and magnetic interference. 

Transformers also provide 
common-mode rejection. They are 
often used in power applications 
and frequently in data 
communication applications such 
as Ethernet. An advantage of the 
transformer is that it provides 
isolation. This means that the 
input and the output of a system 
are electrically separated, and 
common ground connections are 
broken. In general, the input and 
the output of a transformer are 
symmetrical, which means that 
data can be transmitted in either 
direction across the transformer. 
Also, a transformer does not 
require an isolated power supply 
to operate. 

A disadvantage of the transformer 
is that although it can pass high­
frequency signals with relative 

2. Z2 

ease, it cannot pass dc. Therefore, 
the transformer is not useful for 
data formats like Non-Return-to­
Zero (NRZ) where the duty factor 
can range from zero up to 100 
percent. With a transformer, NRZ 
data would require the use of more 
complex encoding and decoding 
circuitry, such as Manchester, 
which is used in Ethernet 
applications. In some applications, 
it may be difficult to obtain a 
usable waveform with the 
transformer. The transformer 
experiences a "sag" in the 
waveform which may cause 
problems with the design. Another 
difficulty with the transformer is 
that obtaining good common-mode 
rejection requires a balanced 
primary with symmetrical 
capacitances. Otherwise, a 
common-mode voltage h\jected 
into the center tap causes 
unbalanced voltages in the 
primary winding which, in turn, 
becomes a differential mode 
signal. A transformer with an 
electrostatic shield between its 
primary and secondary offers 
higher common-mode rejection 
than a transformer without a 
shield. The shield makes the 
transformer more expensive, but 
minimizes noise transferred across 
the windings. Other disadvantages 
of transformers are that they 
radiate and are susceptible to 
magnetic fields; they can be 
complex to design with; and they 

1-619 



may occupy a significant amount 
of space on the printed circuit 
board. 

Optical isolation is another useful 
technique for reducing common­
mode interference. Optocouplers, 
like transformers, provide 
isolation between the input and 
output of a system. Optocouplers 
use light for data transmission; 
therefore, they do not radiate nor 
are they affected by stray 
magnetic fields. Optocouplers 
typically provide better common­
mode rejection than transformers 
because optocouplers do not have 
the high primary-to-secondary 
capacitance that transformers do. 
The CMR specification of an 
optocoupler ranges from 10 -1500 
V amplitude and 50-30,000 V/1lS 
rate of change, depending on the 
product. Another advantage of the 
optocoupler is that it can pass 
both ac and dc signals, eliminating 
the need for data conversion when 
transmitting NRZ data. Also, 
optocouplers are usually available 
in standard DIP or small-outline 
packages, so they require minimal 
board space. Disadvantages of the 
optocoupler are that it may 
require the use of an isolated 
power supply, and it can pass data 
only in a single direction. 

HP's High CMR 
Technology 
An optocoupler consists of an 
input LED and an output 
photodetector in a single package. 
The photodetector can be either a 
phototransistor, a photodiode with 
a transistor, or a photo diode with 
an integrated logic circuit. Ideally, 
an optocoupler would have 
complete isolation between its 
input and its output. However, the 
physical proximity of the input 
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Figure D. Input-to-Output Capacitance. 

lead frame to the output lead 
frame creates a small capacitance 
between the two. This 
capacitance, known as Ci-o, is 
measured between shorted input 
pins and shorted output pins. 

The most important factor in the 
common-mode interference 
capability of an optocoupler is the 
common-mode coupling 
capacitance, Ccm. Ccm, as shown 
in Figure 5, is only a fraction of 
the total input-to output 
capacitance Ci-o, but it is the main 
parameter that affects the 
common-mode capability of an 
optocoupler. Therefore, the 
smaller the value of Ccm, the 
better the common-mode 
rejection. As an example of how a 
common-mode signal can affect 
an output, Figure 6 shows a 
positive common-mode transient 
coupled through Ccm. This noise 
signal is amplified by the output 
gain stages, and tends to turn the 
output ON when it should be OFF. 
To enhance the common-mode 
rejection capability of its 
optocouplers, Hewlett-Packard 
inserts an internal shield between 
the input LED and the photodiode 
of each device. The internal shield 
is a transparent conductive shield 
which allows optical coupling to 

the photo diode but diverts 
electrically coupled current to the 
ground pin. The shield, as shown 
in Figure 7, reduces Ccm by at 
least an order of magnitude, 
improving the common-mode 
rejection of the optocoupler. A 
typical unshielded optocoupler 
might have a specified common 
mode rejection of 10 or 50 V peak 
and 1000 V/Jlsec rate of change. 
Using the electric shield 
technology, HP is able to produce 
high CMR optocouplers with CMR 
ratings up to 1500 V peak and 
30,000 VillSec rate of change 
(HCPL-4503). 
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Figure 6. Cornmon-Mode 
Interference Effect. 
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As shown in Figure 8, the 
interference by a common-mode 
signal can be explained in terms of 
a current and a voltage. A 
common-mode signal with a large 
dVcm/dt produces an interfering 
signal, which is a current, lb. This 
current, Ib, adds or subtracts from 
the photodiode current, Ip. A 
common-mode signal with a large 
amplitude (Vcm) produces an 
interfering signal which is a 
voltage, Vbe. This voltage can turn 
on or turn off the base emitter 
junction of the transistor. The 
overall impact of a common-mode 
signal results from the combined 
effects of dVcm/dt and Vcm. For 
this reason, it is important for an 
optocoupler to specify both the 
slope (dVcm/dt) and the amplitude 
(Vcm) of a tolerable common­
mode signal. A common-mode 
signal of 10 kV/J..ls at 1 kV, for 
example, is much worse than a 
common-mode signal of 10 kV/J..lS 
at lOY. 

Hewlett-Packard specifies the 
CMR of its optocouplers as 
I CMH I, Common Mode Transient 
Immunity at High Output Level, 
and as I CML I, Common Mode 
Transient Immunity at Low Output 
Level. CMH is the maximum 
tolerable rate-of-rise of the 
common-mode voltage to ensure 

that the output will remain in a Conclusion 
high logic state. Likewise, CML is In summary, common-mode noise 
the maximum tolerable rate-of-fall problems can occur in almost any 
of the common-mode voltage to electrical circuit. The noise can be 
ensure that the output will remain coupled from an external source, as in 
in a low logic state. Each CMH data communications, or be an inherent 
and CML specification includes part of the design, as in switch-mode 
the common-mode voltage power supplies. Several techniques for 
amplitude (Vcm) as well as its reducing the effects of common-mode 
rate of rise (dVcm/dt). noise have been discussed. Hewlett­

Hewlett-Packard offers a variety 
of high CMR optocouplers for 
both analog and digital 
applications. Specifications for 
these optocouplers can be found 
in the current Optoelectronics 
Designer's Catalog. 
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Figure 8. Common-Mode 
Interference Model. 
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Packard offers a wide variety of high 
CMR opto-couplers to help solve these 
types of noise problems. Additionally, 
Applications Engineers and Field Sales 
Engineers are available for technical 
assistance and product support. 
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Low On-Resistance 
Solid State Relays 

Application Note 1046 

Introduction 
The on-resistance is an important 
specification for a solid state relay 
that uses MOSFETs at its output. 
In general, a lower on-resistance 
rating will allow a higher contact 
current rating. The HSSR-S060 
and HSSR-S400 are single-pole, 
normally open, solid state relays 
(SSR) with very low on­
resistances. Each SSR consists of 
a high-voltage circuit, optically 
coupled with a light-emitting 
diode (LED). When a control 
current flows through the input 
terminals of the SSR, the LED 
emits light onto a photodiode 
array. The photodiode array, 
illustrated in Figure 1, generates 

sufficient voltage and current to 
operate the FET driver circuit and 
also to drive the gate-to-source 
voltages above the thresholds of 
the two output FETs. This 
application note describes the 
main characteristics of the HSSR­
S060 and HSSR-S400, suggests a 
control drive circuit, and presents 
various applications for the SSRs. 
Additional information regarding 
SSRs in general can be found in 
Hewlett-Packard's Application 
Note 1036. 

Summary of 
Characteristics 
The HSSR-S060/S400 is packaged 
in a 6-pin DIP, but only five pins 
are used. Pins one and two are the 
anode and the cathode of the 
input LED, respectively. Pins 
four, five, and six, at the output 
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Figure 1. Circuit Diagram of HSSR-
8060/8400. 
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tion B as shown in Figure 2. With 
Connection A, the signal at the 
output of the SSR can have either 
positive or negative polarity. This 
means that the SSR can pass 
either ac or dc signals. With Con­
nection B, the signal at the output 
of the SSR must have its polarity 
as indicated in Figure 2b. In this 
configuration, pins 4 and 6 are 
tied together, and the SSR can 

(b) 

Figure 2. HSSR-8060/8400 Schematic. 

control dc signals only. The 
advantage of using Connection B 
is that it places the two output 
FETs in parallel with each other, 
rather than in series. 
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This configuration reduces the 
output on-resistance of the SSR 
significantly and increases its 
output current capability by a 
factor of two. Figure 2 also defines 
the polarity for the input side of 
the SSR. The HSSR-8060/8400 
turns on (its contact closes) with a 
minimum input current, IF, of 5 
rnA at a typical forward voltage, 
VF, of 1.6 V. Operation at higher 
currents causes faster closure of 
the contacts. The SSR turns off 
(its contact opens) when VF is 
equal to 0.8 V or less. 

Both the HSSR-8060 and the 
HSSR-8400 have guaranteed 
input-to-output insulation voltage 
ratings of 2500 Vac, 1 minute. 
Additionally, the HSSR-8060 has 
an output transient rejection of 
1000 V /J..lS at 60 V, and the HSSR-
8400 has an output transient 
rejection of 1000 V/J..ls at 100 V. 
The input-to-output transient 
rejection specification of both 
SSRs is 2500 V/J..lS at 
lOOOV. 

The HSSR-8060 has an output 
withstand voltage rating of 60 V at 
room temperature. If the SSR is 
used as shown in Connection A to 
pass ac signals, then 60 V is the 
maximum amount of peak positive 
or negative voltage that should be 
applied across the output contact. 
The HSSR-8060 is distinguished 
by its low on-resistance, RCon), and 
large output current capability, 10. 
At room temperature, with 
Connection A, the maximum on­
resistance of the HSSR-8060 is 0.7 
ohm, and the average output 
current rating is 0.75 A. With 
Connection B, the on-resistance is 
reduced to 0.2 ohm and the 
average output current rating is 
increased to 1.5 A. As mentioned 
in the data sheet, the on-resistance 
specification for both the HSSR-

8060 and HSSR-8400 refers to the for both the HSSR-8060 and 
resistance measured across the 
output contact when a pulsed 
current signal is applied to the 
output pins. The use of a pulsed 
signal (::;; 30 ms) implies that each 
junction temperature is equal to 
the ambient and case 
temperatures. 

The HSSR-8400 has an output 
withstand voltage of 400 V at 
room temperature. If the SSR is 
used as shown in Connection A to 
pass ac signals, then 400 V is the 
maximum amount of peak positive 
or negative voltage that should be 
applied across the output contact. 
Similar to the HSSR-8060, the 
HSSR-8400 has a low on­
resistance and large output 
current rating. At room 
temperature, the maximum on­
resistance value is 10 ohms, and 
the average output current 
capability is 0.15 A. With 
Connection B, the maximum on­
resistance is 2.5 ohms and the 
average output current rating 
increases to 0.3 A 

The output current rating of an 
electromechanical relay (EMR) is 
usually limited by its ability to 
interrupt that current when 
opening. The output current rating 
of the HSSR-8060/8400, on the 
other hand, is limited by the 
highest junction temperature 
(l25°C) its MOSFETs can 
withstand. This junction 
temperature is a function of the 
on-resistance, the load current, 
the thermal resistances, and the 
ambient temperature. As the 
junction temperature rises, the on­
resistance also rises. To limit 
power dissipation at higher case 
and ambient temperatures, the 
output current rating must then be 
derated. It is important for SSR 
specifications to include this 
derating effect. The data sheets 

HSSR-8400 include graphs that 
show the effect of temperature on 
the output current rating, 10. If 
these SSRs are operated within the 
"safe area of operation" indicated 
on these current derating graphs, 
the corresponding "power versus 
temperature" graph illustrates the 
maximum amount of power 
dissipated by the SSR. Operation 
within this area ensures that the 
steady-state junction temperatures 
remain below 125°C. 

The output current derating 
graphs for the HSSR-8060 are 
shown in Figure 3. The output 
power dissipation versus case 
temperature graph is shown in 
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Figure 4. The following example 
uses these graphs to calculate the 
MOSFET junction temperatures 
and the maximum recommended 
value of the case-to-
ambient thermal resistance, 
ge-A. 

Designer's specifications: 
HSSR-8060, Connection A 
10 = 500mA 
TA = 25°C 

Data sheet specification: 
Typical Output MOSFET 
9J-e = 55OC/W 

For this example, assume that the 
above conditions have been 
specified by the designer. 
According to Figure 3b, for 
10 = 500 mA, the maximum case 
temperature allowed is 86OC. At Te 
= 86OC, the maximum output 
power dissipation is 0.3 W, 
according to Figure 4. Therefore, 
the maximum power dissipated by 
each MOSFET is 0.15 W. Hence, 
the maximum junction 
temperature of each MOSFET is as 
follows: 

TJ = 9J-cCPo) + Te 
= 55°C/W (0.15 W) + 86°C 
= 94.25°C 

Now, to calculate the maximum 
recommended ge-A, the following 
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formula must be used: ge-A = [(Te 
- TA)IPtotal). The maximum power 
dissipated by the input LED is 
equal to [(IF)(VF)) = [(10 
mA)(1.85 V)) = 0.019W. There­
fore, the total power dissipated by 
the SSR must be less than 0.319 
W. Hence, the value of ge-A must 
be no greater than 
[(86 - 25)/0.319), or 191.22°C/W. 
This will ensure that Te remains 
below 86°C. One suggestion for 
minimizing ge-A is to enlarge the 
pc-board copper traces 
surrounding the output pins of the 
SSR. Another suggestion is to 
force cool airflow across the 
board. 

Maximum Signal 
Frequency 
When using the HSSR-8060/ 8400 
to control ac signals, the maxi­
mum frequency of the signal may 
be limited by the off-capacitance, 
CCoff), of the relay. The off­
capacitance is voltage dependent 
and is specified as 135 pF typical 
for the HSSR 8060 and 60 pF 
typical for the HSSR-8400 at Vo = 
25 V. The data sheets for both 
SSRs include graphs for the 
typical output capacitance versus 
output voltage. Besides the off­
capacitance, the maximum signal 
frequency depends on the load 
impedance, the circuit configura­
tion, and the amount of 
attenuation required by the 
designer. The attenuation refers to 
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Figure 5. Simple Series Configuration. 

the amount of signal passed 
through the contact in its OFF 
state versus its ON state. For 
example, -40 dB of attenuation 
implies that the current that 
passes through the contact in its 
OFF state will be one hundred 
times smaller than the current that 
passes through the contact in its 
ON state. 

For comparison, typical SSRs were 
configured as simple series 
switches and tested at room 
temperature for maximum signal 
frequency. Each SSR was tested 
with a load resistor, RL = 100 ohm 
and an output sine wave, Vo = 1 
Vp-p. The maximum signal 
frequency of each SSR to obtain a 
signal attenuation of -40 dB was as 
follows: 

HSSR-8060: 40 kHz 
HSSR-8400: 65 kHz 
HSSR-8200: 2800 kHz 

The HSSR-8200 is another SSR 
made by Hewlett-Packard. It has a 
very low CCoff) specification of 4.5 
pFmaximum. 

Figures 5a and 5b show a circuit 
model and its off-state equivalent 
circuit for a simple series switch 
using an SSR. The frequency 
response of this circuit is shown in 
Figure 6. The break frequency, fB, 
is the frequency above which there 
is no attenuation in the signal. 

(b) 



This means that the same 
amount of signal will pass 
through the contact whether it 
is opened or closed. As shown in 
Figure 6, the signal amplitude 
decreases by 20 dB for each 
decade decrease in the signal 
frequency. A designer who 
requires -40 dB of attenuation 
when the SSR is off must have a 
maximum signal frequency that 
is at least two decades below the 
break frequency. As an example, 
the break frequency is about 800 
kHz for a load resistance, RL, of 
1 kn and a C(off) of 200 pF. If a 
designer requires at least -40 dB 
of attenuation when the relay is 
off, the maximum signal 
frequency is two decades below 
800 kHz, or 8 kHz. 

To control higher-frequency 
signals, two SSRs can be used in 
the series-shunt configuration 
shown in Figure 7a. In the ON 
state, the series SSR is closed, and 
the shunt SSR is opened. In the 
OFF state, the series SSR is 
opened and the shunt SSR is 
closed. Figure 7b shows the 
equivalent circuit for this OFF 
condition, and Figure 8 illustrates 
its frequency response. This 
series-shunt configuration 
produces a higher break frequency 
than the simple series configura­
tion. The reason for this improve­
ment is that the break frequency 
equation now uses the low on­
resistance value of the SSR rather 
than the load resistance value. The 
series shunt configuration allows 
higher signal frequencies to be 
used or gives increased attenua­
tion at lower signal frequencies. 
As an example, using two relays 
with C(off) = 200 pF, R(on) = 6 n, 
and RL = 1 kil, the break 
frequency for the series-shunt 
configuration is about 66 MHz. 

.. 0 

FREQUENCY - Hz 

Figure 6. Simple Series Frequency Response. 
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Figure 7. Series-Shunt Configuration. 
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Figure 8. Series-Shunt Frequency Response. 
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The maximum signal frequency to 
ensure at least -40 dB of 
attenuation is approximately two 
decades below 66 MHz, or 660 
kHz. Notice that because 
R(on) < < RL, the value of the load 
resistance has virtually no effect 
on the calculation of the break 
frequency. 

Control Drive Circuit 
Suggestions 
Operation of the HSSR-8060/ 
8400 requires at least 5 rnA of 
input current. A larger amount of 
input current results in faster turn­
on of the SSR and a slightly faster 
turn-off. A simple circuit for 
obtaining the desired ON current 
and OFF voltage is shown in 
Figure 9. The logic series used can 
be either TTL or CMOS, as long as 
the current sinking capability is 
adequate. Resistor RI sets the 
level of steady-state input current, 
IF. The purpose of R2 is to bypass 
logic-high leakage current with 
sufficiently small voltage drop to 
ensure an OFF-voltage less than 
0.8 V. R2 is not required if the 
logic output has an internal pullup 
circuit that is able to satisfy the 
OFF-voltage requirement of the 
SSR. With open collector TTL 
outputs, R2 is always required to 
ensure that VF(OFF) < 0.8 V. 

As mentioned earlier, turn-ON 
time is influenced by the level of 
input current. As input current is 
increased, the turn-ON time 
becomes shorter. However, it may 
not be desirable to operate with a 
high steady-state input current 
because that would increase the 
output offset voltage, Vos, due to 
heat transferred from the LED 
control to the contact side. Also, a 
lower steady-state current 
minimizes input power consump­
tion. In situations requiring fast 
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turn-ON but low offset, the 
peaking circuit shown in Figure 9 
can be used. When the logic 
output is high, R2 assures that the 
current through the LED is so 
small that the capacitor is 
completely discharged. Then when 
the logic output goes low, a surge 
of current flows through both RI 
and R3 until the capacitor is 
charged to the voltage across RI. 
The steady-state current is set by 
RI alone. Thus peaking permits 
fast turn-ON as well as low steady­
state current. Table I shows the 
typical turn-on times obtained 
with different values of resistor 
R3. 

Turn-on of the output MOSFETs 
requires charging the gate 
capacitances in the FET 

DRIVER circuit. This charge is the 
time-integrated photocurrent from 
the photodiode array, and 
translates into a certain amount of 
current that must pass through the 
LED. The corresponding amount 
of LED charge is set by the value 
of the peaking capacitor and the 
voltage across RI. For this reason, 
it is not necessary to change the 
value of the capacitor when other 
values of peak current are desired; 
it is necessary oq!.y to change the 
value of R3 and make sure that the 
logic output is capable of sinking 
the higher current. 

Telecommunication 
Applications 
SSRs are commonly used by the 
telecommunications industry. 
Some examples of applications 

Table 1. Typical Peaked Turn-on Times. 

Ra IF(pEAK) HSSR-S060 tON HSSR-S400 toN 
(n) (rnA) (ms) (ms) 

- 10 (No Peak) 0.93 0.50 

330 20 0.53 0.29 

100 40 0.32 0.17 

33 100 0.17 0.09 

HSSR-806OI8400 

:~~O----~----1i>--------':¢-"""--:-n6 

t~" ~"~ . .l '~;:..:------i * c L ______ I 
IN O---1r---I :>o-..-~--+---- .J • .8~F 

I 
I 

I 1/674ACT04 I 

L __ {?_J 
11674ACT04' 

R1 = REQUIRED CURRENT LIMITING RESISTOR 
FOR 'f(ON) = 10 mAo 

R2 = PULL-UP RESISTOR fOR VF(OFFI < BOO mY; 
IF CVee: • VOH) -= 800 mY I OMIT R2. 

R3, C = OPTIONAL PEAKING CIRCUIT 

·USE SECOND GATE IF IF(PK) > 50 rnA. 

Figure 9. Recommended Input Circuit. 



include on/off-hook switching, test 
and maintenance equipment, PBX 
and central-office switching, and 
pulse dialing. Compared to EMRs, 
SSRs are useful in these areas 
because they are small and require 
little board space. They have no 
mechanical parts so they last 
longer, thereby increasing the 
number of operations that can be 
performed. In addition, SSRs have 
no contact bounce, arcing, or 
acoustic noise. 

In telephone loop applications, it 
is often necessary to isolate the 
telephone equipment from the 
incoming telephone lines. Isolation 
is important to protect the elec­
tronics from harmful voltages and 
currents induced from lightning or 
noise coupled onto the lines. 
Modern line interface circuits, 
such as those used for modems 
and fax machines, consist of a ring 
detector, an on-off hook control, 
isolation, and surge protection. An 
advantage of using an SSR as the 
on-off hook switch is that it 
provides both high-voltage 
isolation and surge protection. 
Figure 10 shows the SSR in a 
telephone switchhook application. 
In the ON-state, the SSR's contact 
on-resistance contributes to the 
total impedance of the telephone 
loop, which is between 500 and 
2100 ohms. Therefore, the on­
resistance should be as small as 
possible. At room temperature, the 
HSSR-8060 has a maximum on­
resistance of 0.7 ohm, and the 
HSSR-8400 has a maximum on­
resistance of 10 ohms. 

The purpose of the on-off hook 
switch is to connect or disconnect 
the telephone equipment from the 
PBX (private branch exchange) or 

r--------, 
, 1 3' r--1:---..-----------<OTIP 

CONTROL +! : 
1 ~ : 
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1 1 
, 1 
L _________ ~ 

Figure 10. Telephone Switchhook. 

the PSTN (public switched tele­
phone network). When a person 
wishes to place an outgoing call or 
answer an incoming call, the relay 
is turned on to allow current to 
flow between the tip and ring 
conductors. In this relay applica­
tion, an overvoltage protection 
device is often required to protect 
the contact from possible 
lightning damage. For example, a 
metal oxide varistor (MOVTM) is a 
bidirectional device that breaks 
down and conducts heavily when 
the voltage across it rises above a 
threshold level. As shown in 
Figure 10, an MaVis placed 
across the output contact of the 
SSR. The device protects the SSR 
by limiting the tip-to-ring voltage 
to a value below the maximum 
load voltage of the SSR. The MOV 
acts as a Zener diode but 
dissipates more energy. When a 
large current surge occurs, the 
"Zener" voltage of the MOV can 
cause significant overshoot. For 
this reason, the SSR's load voltage 
must be higher than the highest 
voltage of the protection device at 
any given current surge. Most of 
the SSRs used in telephone-line 
interface applications are rated for 
at least 350 to 400 volts. The 
HSSR-8400 has a high contact 
withstand voltage rating of 400 V. 

Telecommunication companies 
may also use SSRs for test and 
maintenance equipment. When a 
subscriber reports a problem with 
his or her telephone service, the 
telephone company can use relays 
to switch test equipment onto the 
line to verify the problem. 
Telephone companies might also 
use relays to switch test 
equipment onto a line to examine 
the quality of the line. This is done 
to locate potential problems. 
Another application for SSRs in 
the telecom industry is in PBXs 
and Central Office Switching 
Stations. SSRs may be used to 
multiplex incoming signals, such 
as concentrating several 
subscriber loops onto a single 
interface circuit. Or, SSRs may be 
used in the cross-point matrixes of 
these switching stations. 

In a telephone line interface, SSRs 
can also be used for the pulse 
dialing function. With pulse 
dialing, a relay is used to interrupt 
the line current. The number of 
line interrupts corresponds to the 
specific digit that was dialed; A 
"I", for example, is identified by 
one break while a "9" is identified 
by nine breaks in the line. 
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Multiplexing 
Sometimes, signals that need to be 
measured require amplification or 
conversion. As shown in Figure 
11, multiplexing allows a single 
device to process a number of 
signals. This technique reduces 
cost by using one device for a 
number of channels rather than 
one device per channel. Also, 
multiplexing ensures that the same 
amount of gain is applied to each 
signal so that the ratios of the 
amplified levels Vl...Vn will relate 
to ratios of their unamplified 
counterparts, El ... En. Compared 
to EMRs, SSRs are especially 
useful in multiplexing applications 
because of their increased life and 
reliability. Also, their fast 
switching speeds allow more 
efficient multiplexing of signals. 
The HSSR-8060/ 8400 have turn­
on times under 1.8 IDS and turn-off 
times under 0.1 ms. Both relays 
will turn on faster using the peak 
circuit mentioned earlier. 

In any application, it is important 
for the amount of current passed 
through the contact in its OFF 
state to be negligible with respect 
to the actual amount of current 
being controlled. With power 
switching applications, the leakage 
current of the SSR is small relative 
to the amount of current being 
switched. In signal switching 
applications, however, the amount 
of current controlled by the SSR is 
relatively low. Therefore, the SSR 
should have negligible leakage 
current. When multiplexing or 
switching low-level signals such as 
thermocouple outputs, an SSR 
with a low leakage specification is 
preferred. The HSSR-8060 has a 
typical output leakage current of 
0.1 nA, and the HSSR-8400 has a 
typical output leakage current of 
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Figure 11. Multiplexing and Demultiplexing. 

Figure 12. Multiplex System. 

0.6 nA. Figure 12 shows an 
example of a multiplexing system. 
In this diagram, SSRs are used to 
multiplex or scan low-level differ­
ential signals. The configuration 
uses three switches per channel to 
connect the signal HI, signal LO, 
and guard to the measurement 
system. In Figure 13, SSRs are 
used in a flying capacitor circuit. 

METER 

When relays 1 and 2 are closed, 
the voltage is acquired from the 
sensor and stored across the 
capacitor. After relays 1 and 2 
open, relays 3 and 4 close, and the 
signal is read by the multiplexer. A 
number of sensors can be 
connected to the multiplexer in 
this fashion. 



Figure 13. Flying Capacitor Multiplexer. 

Industrial Control 
In programmable controllers, 
input and output modules allow 
microprocessors to sense and 
control various loads. An ac input 
module generates a logic level 
voltage corresponding to the 
presence or absence of an ac load 
voltage. Likewise, a dc input 
module generates a logic level 
voltage corresponding to the 
presence or absence of a dc load 
voltage. Input modules receive 
signals from a variety of instru­
ments on the factory floor, 

Vee 

c 

(ACQUIRE) (READ) 

CONTROL CKT. 

including robotics assembly 
equipment, chemical process 
units, injection molding systems, 
and so forth. An ac output module 
allows logic-level voltages to 
control a switch that turns ac 
loads on and off. For example, the 
output module of a process 
controller might be used to 
control the motor starters of 
adjustable frequency drives, 
position valves, or dampers. A dc 
output module allows logic level 
voltages to control a switch that 
turns dc loads on and off. 

Figure 14 shows an example of a 
six-channel ac output module. The 
HSSR-8060/8400 may be used to 
sense and control signals in any 
one of these input and output 
modules. 

Another application for SSRs in 
industrial control equipment is on 
scanner cards or matrix cards. 
These cards may be used in larger 
instruments such as program­
mable thermometers, temperature 
scanners, and multimeters. 
Scanners are very similar to 
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multiplexers, however scanners 
measure sequentially while 
multiplexers allow any order. 
Figure 15 shows an example of 
relays used on a matrix card. In 
this configuration, a number of 
sources can be connected, through 
the device under test (DUT), to a 
number of measurement devices. 

In an automated test system, such 
as a data acquisition unit, efficient 
switching is important. In addition 
to their fast switching speeds, 
SSRs provide high voltage 
isolation, which is often required 
in industrial environments. 
Another benefit of SSRs in 
industrial control applications is 
that they do not have mechanical 
contacts, which could eventually 
deteriorate from arcing or dust 
particles. 

Various Loads 
Depending on the type of load, an 
SSR may be required to withstand 
a substantial amount of surge 
current. A purely resistive load is 
the easiest type for an SSR to 
switch since it has no surge 
current requirement. Other typical 
loads of the HSSR-8060/8400 and 
their related inrush versus steady 
state currents are shown in 
Table 2. 

The surge requirement of the load 
should be within the peak surge 
current rating of the relay. 
Therefore, an SSR that switches 
one of these types of loads should 
have current specifications that 
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Figure 15. Matrix Card Example. 

Table 2. HSSR-8060/8400 Load Types. 

Typical Inrush vs. 
Load Type Steady State Current 

Small Solenoid 10·20X 

Fractional 
Horsepower Motor 5· lOX 

Miniature 
Incandescent Lamp 20·15X 

Capacitive Load 20-40X 

Inrush 
Duration 

70·100 ms 

200·500 ms 

30-100 ms 

10-40 ms 

meet both the steady-state and 
surge requirements. Compared to 
EMRs, SSRs are more tolerant of 
surge currents because they do not 
have contact bounce, which results 
in arcing with EMR contacts. The 
high-temperature arc could cause 
melting and eventual degradation 
of the EMR contact. With 
Connection A, the HSSR-S060 has 
a single shot, peak output current 
rating of 3.75 A for a 100 ms 
pulse width. The HSSR-8400 has a 
rating of 1.0 A for a 100 ms pulse 
width. For longer pulse widths, the 
single-shot, peak output current 
rating would decrease. Figures 16 
and 17 show the results of an 
experiment performed on seventy 
units of the HSSR-S060 and HSSR­
S400. Each graph shows the peak 
surge current values that we were 
able to apply to the output of 
seventy typical SSRs without any 
one of them failing. 

Another experiment was 
conducted to determine the 
maximum repetitive surge current 
that twenty typical SSRs could 
withstand. Ten units each of the 
HSSR-S060 and HSSR-S400 were 
tested for fifteen minutes each 
with surge current pulses applied 
for 100 ms at 100 ms intervals 
(fifty percent duty cycle). Under 
these conditions, the maximum 
repetitive surge current to failure 
was 1.2 A for the HSSR-S060 and 
0.25 A for the HSSR-S400. 
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1·632 

Figure 18 illustrates the use of 
SSRs in a lamp sequence control. 
Some areas that use SSRs to 
control lamp loads include process 
equipment, navigational devices, 
illuminated signs, and games. In 
aircraft applications, SSRs may 
control lamps for cabin lighting, 
instrumentation lighting, and 
status indicators. Compared to 
EMRs, SSRs are especially useful 
in aircraft environments because 
they are immune to shock and 
vibration and are unaffected by 
electro·magnetic interference. 
Upon tum·on, the current through 
a lamp is very high initially 
because of the Tungsten filament's 
low resistance at room tempera· 
ture. The current decreases as the 
filament heats up. Hence, the 
inrush current can be reduced by 
using a "keep alive" voltage across 
the filament to keep it warm but 
below the level of incandescence. 

Similar to a lamp load, a capacitive 
load will cause a surge current to 
flow through the output MOSFETs 
of the SSR, upon initial tum·on. 
This surge current will depend on 
the load capacitor value and the 
rate of rise of the load voltage. In 
addition, the frequency at which 
the SSR is switched will affect the 
output power dissipation. Ten 
units of the HSSR·8060 were 
tested at room temperature under 
the following conditions: 

Input current, IF = 10 rnA (1 Hz) 
Load, C = 100 J.lF capacitor 
Load voltage, V = 60 V 
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Figure 18. Lamp Control. 
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The load capacitor was charged by 
theload voltage through an 80-
ohm series resistor. The output of 
the SSR-under-test was placed in 
parallel with the capacitor to 
discharge it. After the testing, 
each SSR was tested for 1.2 
million cycles and passed. There 
were no catastrophic failures or 
parameter drifts. 

The HSSR-8060/8400 can be used 
to drive fractional horsepower 
motors. A reversing control for a 
synchronous ac motor is shown in 
Figure 19. For motors that cycle 
on and off frequently, an SSR is 
often preferred over an EMR 
because it can handle surges 
better and does not produce EM!. 
An SSR might also be used to 
control small dc motor loads such 
as those used in computer disk 
drives, audio and video 
equipment, household electronics, 
or automotive electronics. 

Vd.c. 
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Figure 20. Overvoltage Protection. 

1-634 

An SSR may be used to control the 
input coil of an EMR, which is a 
highly inductive load. Other 
inductive loads include small 
transformers, contactors, solenoid 
valves, magnetic couplings, etc. 
When SSRs drive inductive loads, 
very high peak voltages can occur 
across the output when switching 
off the loads. The MOSFETs in the 
output of the SSR are able to 
withstand a reasonable amount of 
inductive overload. For example, 
ten units of the HSSR-8060 were 
tested at room temperature under 
the following conditions: 

Input current, IF = 10 rnA (1 Hz) 
Load, L = 1-H inductor 
Load voltage, V = 60 V 
Load current = 670 rnA 

Each unit was tested for one 
million cycles and passed. There 
were no catastrophic failures or 
parameter drifts. No overvoltage 
protection for the SSR was 

used in this experiment. However, 
overvoltage protection is recom­
mended whenever the chance 
exists for an event where both the 
withstand voltage rating and 
output power dissipation or surge 
rating are exceeded, or where the 
energy content of the transient is 
very large as in lightning-induced 
events. 

Overvoltage Protection 
Metal oxide varistors (MOVs) or 
TransZorbsTM can be used for 
overvoltage protection of the 
contacts of an SSR. They both 
break down and conduct heavily 
when the voltage across them rises 
above a specified level. For ac 
voltages, either an MOV or a 
bidirectional TransZorb can be 
used. Both devices fail "short" so 
that protection is always in place, 
even though operation may cease. 
As shown in Figure 20, the 
protection device is placed across 
the output contact 
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pins of the relay and is used when 
the contact is susceptible to 
voltages greater than the rated 
output withstand voltage, Vo. For 
adequate protection of the 
contact, the protection device 
should be in a fully conductive 
state at a voltage just below the 
maximum output voltage. 
However, it must be in a high­
impedance state for any voltage 
below the maximum line voltage. 

When the SSR is used to control 
small dc voltages, a single Zener 
diode, illustrated in Figure 20a, 
provides adequate protection. 
Again, the clamp voltage of the 
Zener should be greater than the 
controlled voltage but less than 
the maximum rating of the SSR 
contact. 

TM MOV is a registered trade­
mark of GE/RCA Solid 
State. 

TransZorb is a registered 
trademark of General 
Semiconductors. 
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Optocoupler Input-Output 
Endurance Voltage 

Application Note 1074 

Introduction 
A major concern of circuit 
designers is the reliability of an 
optocoupler when subjected to 
repeated and long-term, 
high-voltage stress between its 
input and output. Most of the 
technical data on optocouplers 
adequately address the 
capability of an optocoupler to 
withstand one~time high-voltage 
transients, but they do not 
adequately address the issues of: 

a) how long one can apply a 
steady state ac or dc voltage 
between the input and output 
of the optocoupler before 
degrading the semiconductors 
or the insulation inside the 
optocoupler, and 

b) how often one can apply 
high-voltage transients before 
degrading the optocoupler. 

In attempting to answer these 
questions, a series of operating 
life tests were conducted on 
Hewlett-Packard (HP) 
optocouplers. Several 
optocoupler lots were subjected 
to different input-output 
high-voltage stress tests to 
examine the failure rate and the 
time taken to fail. Upon 
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completion of these tests, the 
test data was analyzed to create 
safe operating areas for 
long-term, input-output 
high-voltage stress. The 
boundary of the safe operating 
areas for the steady-state 
input-output high-voltage stress 
is referred to as Endurance 
Voltage. 

Figure 1 describes the concept of 
Endurance Voltage for one 
family of HP optocouplers. As 
shown in this figure, the bottom 
region is the safe operating area 
for steady-state ac and dc 
input-output voltage stress 
meant for continuous 
application of a high-voltage 
stress. The middle region is the 
safe operating region for 
transient voltage stress. 
Operating outside both of these 
safe operating regions causes 
the optocoupler to wear-out 
either in functionality or in 
isolation capability, and is not 
recommended for use. 

This application note discusses 
an HP input-output voltage 
stress study that was conducted 
on HP optocouplers. The results 
from these tests indicate that 
HP optocouplers are robust for 

r/i~ HEWLETTIB> 
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long-term survival in 
applications where a continuous 
high-voltage stress is applied 
across the input-output. HP 
optocouplers can safely 
withstand a continuous voltage 
up to either 800 Vac, or 1000 
V dc. Before discussing the 
high-voltage stress test details, 
it is worthwhile to define some of 
the common high-voltage 
terminology and put that in 
context with Endurance Voltage. 

High-Voltage Terminology 
The basic purpose of an 
optocoupler is to send signals 
between two circuits or systems 
that need electrical insulation 
from one another. During signal 
transmission between the two 
circuits or systems the 
optocoupler must also have the 
capability to reject common 
mode voltages and transients 
and this capability is referred to 
as signal isolation. There are 
several terms used in the 
industry to define and quantifY 
the signal isolation and 
electrical insulation capability of 
an optocoupler. Some of the 
common terms used in 
Hewlett-Packard technical 
literature are described. 
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Signal Isolation 
The isolation function of an 
optocoupler is defined by its 
ability to pass desired signals 
and reject unwanted signals or 
transients. Optocoupler isolation 
capability is largely determined 
by its input-output capacitance 
and the electrical design of the 
detector circuit. Most optocoup­
lers use the common-mode 
rejection parameter to define and 
quantifY the signal isolation 
capability. 

Electrical Insulation 
When an optocoupler acts as a 
coupling device between two 
circuits or systems that have a 
potential difference, then the 
insulation capability of the 
optocoupler is defined by its 
ability to prevent physical 
damage to the surrounding 
circuitry as well as to itself. 
Electrical insulation is often a 
safety issue which is regulated 
by many countries' safety agen­
cies* at both the component level 
and at the equipment level. 
Safety standards are often set up 
to establish the requirements for 
the insulation barrier between 
safe and hazardous voltages 
within equipment. They also 
define test, material and dimen­
sional requirements based on 
conditions which are expected to 
be encountered. Definitions of 
safe and hazardous voltage levels 
vary among countries and 
equipment. Components like 
optocouplers, which are often 
part of the insulation barrier, are 
sometimes addressed separately 
in order to simplifY equipment 
level qualification. There are five 
major ways of defining and 
quantifying the insulation 
properties of an optocoupler. 

Input-Output Resistance: 
To measure the input-output 
resistance of an optocoupler, 
usually 500 V dc is applied 
between the optocoupler input 
and output for a duration of one 
minute, and the leakage current 
is measured. With the leakage 
current value, one can calculate 
the input-output resistance. The 
input-output resistance is merely 
one type of short duration 
insulation test and it gives the 
circuit designer an indication of 
the amount of dc leakage current 
for a particular input-output 
voltage. 

Input-Output Insulatian VoUage 
or Dielectric Withstand VoUage: 
This is usually defined by a one 
minute rating for the maximum 
voltage that can be applied 
between the input and output of 
an optocoupler. Either long 
duration or repeated application 
of high-voltage stress may cause 
permanent damage and nmc­
tional failure of the optocoupler. 
The one-minute Dielectric 
Withstand Voltage does not 
indicate the capability of the 
optocoupler to withstand 
long-term application of 
high-voltage stress nor does it 
tell you how often and how many 
times one can apply these 
high-voltage pulses. 

Internal Clearance: The shortest 
direct through-insulation dis­
tance between the input and 
output circuitry within the 
optocoupler. 

External Clearance: The short­
est air-gap distance between the 
input and output leads of the 
optocoupler. 

External Creepage: The short­
est external surface distance 

* Examples of Safety Agencies are UL in USA, VDE in Germany, and eSA in Canada. 

between the input and output 
leads of the optocoupler. 

The Internal Clearance, External 
Clearance, and External Creep­
age specifications of optocouplers 
are useful for obtaining compo­
nent and equipment regulatory 
insulation safety approvals in 
various countries, as well as for 
determining the Working Voltage 
of an optocoupler, which is 
defined below. 

Working Voltage 
The highest steady-state voltage 
that can be applied across the 
input-output insulation of an 
optocoupler as defined by equip­
ment standards and Regulatory 
Agency guidelines is called the 
Working Voltage. Some of the 
considerations for determining 
the Working Voltage of an 
optocoupler are the type of 
equipment the optocoupler is 
designed into, the relevant safety 
issues in the use ofthe equip­
ment, the mains voltage of the 
equipment, and the environment 
in which the equipment is used. 

In situations where a Regulatory 
Agency is not involved, then the 
Working Voltage is defined by 
the equipment application. In 
such a case, the Working Voltage 
is the maximum input-output 
steady state voltage that the 
optocoupler encounters in the 
circuit application. 

Endurance Voltage 
The Endurance Voltage, a term 
defined by Hewlett-Packard, is 
the maximum voltage that can be 
applied between the input and 
output terminals of an 
optocoupler for extended periods 
of time without damaging the 
optocoupler. Damage to an 
optocoupler can include loss of 
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operation or loss of insulation. Table 1. Stress Cell Matrix. 
Endurance Voltage is based on 
the inherent properties of the 
optocoupler and is not based on a 
Regulatory Agency guideline or 
the equipment application. 

Some factors affecting insulation 
and operating life include input 
and output biases, applied 
input-output voltage, tempera­
ture, humidity, moisture, me­
chanical stress and exposure to a 
variety of chemical agents. For 
determining the use of an 
optocoupler in a particular 
equipment, a designer should 
consult the regulatory guidelines 
and the appropriate Working 
Voltage for that application. For 
proper use, the Endurance 
Voltage of an optocoupler must 
be equal to or greater than the 
Working Voltage. 

Description of the 
HP-Internal Input-Output 
Voltage Stress Study 
The objectives for the 
optocoupler input-output voltage 
stress tests conducted at HP 
included determining which 
temperature is the worst case 
temperature for partial dis­
charge related wear-out, estab­
lishing data bases for demonstra­
tion data to extract ac and dc 
Endurance Voltages, and voltage 
and temperature acceleration 
factors. The following table 
shows the stress cells that were 
set up with combinations of 
temperatures and voltages to 
satisfy these objectives. 

The cells at room temperature 
and 85°C were intended for the 
demonstration data base and the 
cells at 100°C and above were 
intended for determining the 
acceleration factors. The cells at 
2000 Vac, -40°C were used to test 
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Room 
-40°C Temp. (25"C) 85°C 100°C 125"C 

1000Vac ,/ ,/0 ,/ 

1500Vac ,/ 

1800Vac ,/ 

2000Vac ,/ ,/ ,/ 

2500 Vac ,/ ,/ 

3000 Vac ,/ ,/ 

3800 Vac 

4000Vac ,/ ,/ 

5000Vac ,/ 

2000 Vdc ,/0 ,/0 

2500Vdc 

3000Vdc ,/0 

4000Vdc ,/0 

5000 Vdc ,/ 

,/ Ind.icates that a ~g~-voJtage stress test was conducted for a group of optocoupJers. 
• IndIcates cells wIth mput and output operating biases. 

whether room temperature or 
-40°C cell was the worst case and 
then to profile data at this 
temperature. 

Only 8-pin P-DIP (7.62 mm 
wide), and SO-8 plastic 
optocouplers were used in the 
input-output high-voltage stress 
tests. The test units consisted of 
optocoupler and solid state relay 
samples from several product 
families. Refer to Figures 1 2 
and 3 for a full list ofprodu'ct~ 
that were subjected to these 
tests. In general, test units were 
conditioned prior to stress with a 
solder dip, 500 temperature 
cycles and 96 hours of pressure 
pot sequence. The 80-8 surface 
mount optocouplers were as­
sembled on ceramic carriers and 
sent through an infra-red solder 
reflow process. The intent of the 

conditioning was to accelerate 
the aging of the optocoupler 
that would otherwise occur 
through its normal operating 
life. 

Summary of Results of 
Input-Output 
High-Voltage Stress Tests 

Input-Output Voltage-ac The 
insulation failure rate of 
optocouplers caused by partial 
discharge related wear-out was 
worse at -40°C than at room 
and higher temperatures. The 
-40°C wear out is accelerated by 
at least a factor of three over 
room temperature tests at the 
high-voltages. 

There was no evidence of 
systematic parametric drift due 
to ac input-output voltage found 

150"C 

,/ 

,/ 

,/ 

,/ 

,/0 

,/0 

,/0 



in the cells without operating 
bias. The failure rate with an 
operating bias is only slightly 
higher than for the test without 
the operating bias. The ac 
Endurance Voltage was set by 
the results of tests at -40°C as 
this condition defined the worst 
case. No failures occurred in all 
of the 1000 Vac stress cells for 
the full length of each test group. 
Some 1000 Vac stress tests were 
over 15,000 hours. 

Input-Output Voltage-de 
The failure rate for dc 
input-output voltage stress is 
greater at high temperatures 
than at low temperatures. All 
the dc stress tests were con­
ducted with an operating bias. 
No failures occurred in the 85°C, 
2000 V dc and 3000 V dc cells for 
the entire test periods. Some of 
these cells were stressed over 
5000 hours. 

Recommended Operating Areas 
Based on the high-voltage stress 
study conducted at HP, Endur­
ance Voltage boundaries, and 
safe operating areas have been 
drawn up for different HP 
optocouplers. Figures 1, 2, and 3 
show the recommended operat­
ing areas for input-output 
voltages that can be applied for 
three categories of HP 
optocouplers. Referring to 
Figures 1,2, and 3, the safe 
operating region below 800 Vac 
is applicable for long-term 
continuous high-voltage stress. 
The safe operating region above 
800 Vac is applicable only for 
transient voltages. The X-axis on 
these figures shows the maxi­
mum cumulative time that can 
be applied for the high-voltage 
stress. Exceeding this maximum 
cumulative time may cause 
either the optocoupler's insula­
tion or its electrical functionality 
to fail. The safe operating region 
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Figure 1. Recommended Safe Operating Area for Input-Output Voltage­
Endurance Voltage for Category 1 Optocouplers. 

guidelines are applicable when 
the optocoupler is used under 
normal conditions in a pollution 
free environment and within the 
maximum operating conditions. 
This includes operating the 
optocoupler within its specified 
ambient temperature range. 

Although the HP time-to-failure 
tests were conducted at various 
temperature and voltage stress 
combinations after conditioning 
the test units to simulate end 
use with temperature cycling, 
solder processing and exposure 
to humidity, the test environ-

ment was relatively clean, where 
no condensation, precipitation or 
accumulation of corrosive or 
conductive material was ex­
pected. Consequently, the 
Endurance Voltage is primarily 
an indicator of internal charac­
teristics. For the use of an 
optocoupler in specific equipment 
and environment, refer to the 
appropriate Safety Agencies such 
as UL and VDE for standards 
that determine the maximum 
allowable input-output voltages 
as defined by the Working 
Voltage. These standards gener­
ally consider attributes such as 
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arc track resistance, corrosion 
resistance, and physical dimen­
sions (creepage and clearance) 
for determining the Working 
Voltage and the maximum 
transient input-output voltages. 

The Endurance Voltage defines a 
stable region for operation. 
Operation within this region for 
input-output voltage and within 
the other recommended operat­
ing parameters, allows the 
optocoupler to maintain the 
performance specified within its 
data sheet. Operation above the 
optocoupler Endurance Voltage 
region may result in damage 
leading to failure of the 
optocoupler either in insulation 
or in electrical functioning. 

Temperature is another key 
factor for operating life. The 
insulating materials within 
Hewlett-Packard plastic 
optocouplers are organic poly­
mers and one would expect that 
an Arrhenius relationship exists 
between insulation life and 
temperature. However, the 
temperature characteristics are 
such that the life time of the 
optocoupler does not appear to be 
limited by the temperature 
induced insulation failures if the 
optocoupler is operated within 
the Endurance Voltage. This 
appears to be the case within the 
recommended operating region. 
But due to the construction of 
the optocoupler, a worst case 
condition exists at the coldest 
operating temperature that, in 
turn, defines the maximum 
acceptable ac Endurance 
Voltage. 
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Figure 2. Recommended Safe Operating Area for Input-Output Voltage-Endurance 
Voltage for Category 2 Optocouplers. 

Conclusion 
Technical data specified on an 
HP optocoupler is valid at the 
time of shipment from HP's 
factory, or at the beginning of 
product life. Just like any 
semiconductor product, an 
optocoupler can potentially have 
some parameters degrade over 
the life of the product even 
though the optocoupler continues 
to be functional. The circuit 
designer who uses an 
optocoupler must consider any 
parameter that is likely to 
degrade over the product life, 
and must design sufficient 

margin so that the optocoupler 
still functions. This application 
note specifically addresses the 
insulation capability of an 
optocoupler as measured by a 
term called Endurance Voltage. 
The Endurance Voltage of an 
optocoupler is defined as the 
maximum voltage that can be 
applied between the input and 
output of an optocoupler for 
extended periods of time without 
causing functional failure of the 
optocoupler. By following the 
Endurance Voltage guidelines 
shown in Figures 1, 2, and 3, the 
optocoupler can be operated 



normally for its useful life 
without unduly increasing the 
risk of insulation or electrical 
failure. 

Always take the Endurance 
Voltage guideline as having a 
lower precedence to the Safety 
Agency and equipment use 
standards such as Working 
Voltage. The Endurance Voltage 
guideline is applicable in a 
pollution free laboratory environ-
ment and is useful for determin-
ing the likelihood of failure of an 
optocoupler's insulation or 
electrical operation. The HP 
optocouplers tested in this study 
have been proved to withstand a 
continuous voltage of either 800 
Vac, or 1000 V dc, and this allows 
HP optocouplers to be safely 
used in a wide array of industrial 
applications. 

WARNING: In all cases 
where regulatory compliance is 
required, Working Voltage sets 
the maximum allowable steady 
state input-output voltage. 
Working Voltage cannot be 
exceeded in a design that has 
to meet regulatory require-
ments. 
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Voltage for Category 3 Optocouplers. 
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Designing with 
Hewlett-Packard 
Isolation Amplifiers 

Application Note 1078 

Introduction 
One of the more difficult problems 
that designers may face is trying 
to isolate precision analog signals 
in an extremely noisy environ­
ment. A good example is monitor­
ing the motor phase current in a 
high-performance motor drive. A 
typical three-phase induction 
motor drive, shown in Figure 1, 

first rectifies and filters the three­
phase AC line voltage to obtain a 
high-voltage DC power supply; the 
output transistors then invert the 
DC supply voltage back into an AC 
signal to drive the three-phase 
induction motor. The motor drive 
corhmonly uses pulse-width 
modulation (PWM) to generate a 
variable voltage, variable fre-

FliP'l HEWLETT® 
a!~PACKARD 

quency drive signal for the 
motor. High performance motor 
drives usually incorporate some 
form of current sensing in their 
design. The difficulty in isolating 
precision analog signals arises 
from the large voltage transients 
that are generated by the 

... ; ... ; 
INDUCTION 

220VAC MOTOR 

ISOLATED 
CURRENT ••• 

SENSE 

... ; ... ; ... ; 

• • • • • • • • • • • • • • • • • • 

CONTROLLER 

Figure 1. Typical Three-Phase AC Induction Motor Drive. 
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switching of the inverter transis­
tors. These very large transients 
(at least equal in amplitude to the 
DC supply voltage) can exhibit 
extremely fast rates of rise 
(greater than 10 kV/IlS), making it 
extremely difficult to sense the 
current flowing through each of 
the motor phases. 

Hewlett-Packard's line of isolation 
amplifiers was specifically devel­
oped as a compact low-cost 
solution for just this type of design 
problem; these isolation amplifiers 
allow designers to sense current in 
extremely noisy environments 
while maintaining excellent gain 
and offset accuracy. They exhibit 
outstanding stability over both 
time and temperature, as well as 
unequaled common-mode transient 
noise rejection (CMR). The small 
input voltage range helps minimize 
power dissipation in the current­
sensing resistor (current shunt), 
and both positive and negative 
input voltages can be sensed with 
only a single +5V input power 
supply. 

Compared to Hall-effect sensors, 
another commonly used current­
sensing device, Hewlett-Packard's 
isolation amplifiers have excellent 
gain and offset characteristics, 

Figure 2. HCPL·7820 Block Diagram. 

including very low drift over 
temperature. In addition, they 
exhibit superior common-mode 
transient noise immunity, are not 
affected by external magnetic 
fields, and do not exhibit residual 
magnetization effects that can 
affect offset. They are also easily 
mounted on a printed circuit board 
and are very flexible for designers 
to use. This flexibility allows the 
same circuit and layout to be used 
to sense different current ranges 
simply by substituting different 
current-sensing resistors. These 
features make the Hewlett-Packard 
line of isolation amplifiers an 
excellent choice for sensing 
current in many different applica­
tions. 

Functional Description 
Figure 2 shows the primary 
functional blocks of the HCPL-
7820, a representative Hewlett­
Packard isolation amplifier. In 
operation, the sigma-delta modula­
tor converts the analog input 
signal into a high-speed serial bit 
stream; the time average of the bit 
stream is directly proportional to 
the input signal, as shown in 
Figure 3. This high-speed stream 
of digital data is encoded and 
optically transmitted to the 
detector circuit. The detected 

ISOLATION 
BOUNDARY 

I 
I 
I 
I 

+ ~----~ I ~----~ 

I 

signal is decoded and converted 
back into an analog signal, which 
is filtered to obtain the final 
output signal. 

In the sigma-delta modulator, the 
input signal is sampled at a very 
high rate (5-10 million samples per 
second) using a switched-capacitor 
circuit similar to that shown in 
Figure 4. Because the input 
sampling capacitors need to fully 
charge within only one half of a 
clock cycle, the peak input current 
of the isolation amplifier can be 
much larger than the average input 
current. These peak input currents 
are the primary reason for the 
recommended bypass capacitors at 
the inputs of the isolation ampli­
fier. 

The input bypass capacitors also 
form part of a simple anti-aliasing 
filter, which is recommended to 
prevent high-frequency noise from 
aliasing down to lower frequencies 
and interfering with the input 
signal. 

Hewlett-Packard isolation amplifi­
ers incorporate additional features 
specifically designed to improve 
their performance in current­
sensing applications, particularly 
in motor drives. 
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Figure 3_ Example Sigma-Delta Modulation. 
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Figure 4_ Input Sampling Network. 

Chopper stabilization of all critical 
internal amplifiers and a fully 
differential circuit"topology allow 
operation with small full-scale 
input voltages while maintaining 
excellent input offset and offset 
drift performance. Small input 
voltages help to minimize power 
dissipation in the external current 
sensing resistor. In addition, a 
unique input circuit allows accu­
rate sensing of input signals below 
ground, eliminating the need for 
split supplies for the input circuit 
and allowing the use of a single 
+5 V supply. 
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Application Circuit 
The recommended application 
circuit is shown in Figure 5. A 
floating power supply (which in 
many applications could be the 
same supply that is used to drive 
the high-side power transistor) is 
regulated to 5 V using a simple 
three-terminal voltage regulator 
CUI). The voltage from the 
current sensing resistor or shunt 
(Rsense) is applied to the input of 
the HCPL-7820 CU2) through an 

RC anti-aliasing filter (R5 and C3). 
And fmally, the differential output 
of the isolation amplifier is con­
verted to a ground-referenced 
single-ended output voltage with a 
simple differential amplifier circuit 
(U3 and associated components). 
Although the application circuit is 
relatively simple, a few recommen­
dations should be followed to 
ensure optimal performance. 

Supplies and Bypassing 
The power supply for the isolation 
amplifier is most often obtained 
from the same supply used to 
power the power transistor gate 
drive circuit. If a dedicated supply 
is required, in many cases it is 
possible to add an additional 
winding on an existing trans­
former. Otherwise, some sort of 
simple isolated supply can be used, 
such as a line powered transformer 
or a high-frequency DC-DC 
converter. 

As mentioned above, an inexpen­
sive 78L05 three-terminal regula­
tor (UI) can be used to reduce the 
gate-drive power supply voltage to 
5 V. To help attenuate high­
frequency power supply noise or 
ripple, a resistor or inductor can 
be used in series with the input of 
the regulator to form a low-pass 
filter with the regulator's input 
bypass capacitor. 

As shown in Figure 5, 0.1 J.1F 
bypass capacitors (C2 and C4) 
should be located as close as 
possible to the input and output 
power-supply pins of the isolation 
amplifier CU2). The bypass 
capacitors are required because of 
the high-speed digital nature of the 
signals inside the isolation 
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Figure 5. Recommended Application Circuit for the HCPL-7820. 

amplifier. A 0.01 J..lF bypass 
capacitor (C3) is also recom­
mended at the input pines) due to 
the switched-capacitor nature of 
the input circuit. 

The placement of the power-supply 
and input bypass capacitors can 
change the offset at the input of 
the isolation amplifier. This 
change in offset arises from 
inductive coupling between the 
input power-supply bypass capaci­
tor and the input circuit, which 
includes the input bypass capacitor 
and the input leads of the isolation 
amplifier. A portion of the high­
frequency power-supply bypass 
current is at the sampling fre­
quency of the input signal; induced 
voltages at this frequency will alias 
down to DC, increasing the 
effective offset of the isolation 
amplifier. Because of this effect, 
metallic objects in close proximity 
to the input circuit can also affect 
the offset due to the permeability 

of the metal changing the relevant 
inductances. 

Several steps can be taken to 
minimize the mutual coupling 
between these two parts of the 
circuit, thereby improving the 
offset performance of the design. 
Separate the two bypass capacitors 
(C2 and C3) as much as possible 
(even placing them on opposite 
sides of the printed circuit board), 
while keeping the total lead 
lengths, including traces, of each 
bypass capacitor less than 20 mm. 
The printed circuit (PC) board 
traces should be made as short as 
possible and placed close together 
or over a ground plane to minimize 
loop area and pickup of stray 
magnetic fields. Avoid using 
sockets, as they will typically 
increase both loop area and 
inductance. Finally, using capaci­
tors with small body size and 
orienting them (C2 and C3) 
perpendicular to each other on the 
PC board can also help. Figure 6 

C6 
75 pF 

C5 
75pF 

R3 
10.Okn 

CB 

~F 

-15V 
R4 

10.0kn 

VOUT 

shows an example through-hole 
PC board layout for the isolation 
amplifier input circuit which 
illustrates some of the suggestions 
described above. The layout 
shown in Figure 6 is meant for 
illustrative purposes and cannot be 
reproduced photographically to 
generate a working PC board. 

It is also possible to utilize this 
mutual coupling to advantage. For 
example, the layout shown in 
Figure 6 can be modified to 
enhance the inductive coupling in 
such a way as to minimize offset 
drift over temperature, as shown in 
Figure 7. The objective of this 
layout is to cancel the mutual 
coupling effects as much as 
possible. To accomplish this, the 
input leads cross over each other 
close to the package and then form 
a loop with the input bypass 
capacitor (C3). This input loop is 
inside of another loop formed by 
the power supply traces and 
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TOP LAYER 

TOVDDl • 

cancel the tempco for every device 
due to Part-to-Part variations. The 
offset tempco can typically be 
reduced by a factor of two or 
more. Unfortunately, this reduc­
tion in offset drift comes at the 
price of a slight increase in initial 
offset, on the order of 1-2 mVof 
additional offset for the HCPL-
7820. Similar to Figure 6, the 
layout in Figure 7 is meant for 
illustrative purposes only. 

:

:::: TO V002 Shunt Resistors 
VOUT+ The current-sensing shunt resistor 
VOUT- should have low resistance (to 

, °1 • a 
TO RSENSE+ D a a D a 
TO RSENSE- D a D a 

• • 
BOTTOM LAYER 

Figure 6. Example PC Board Layout for Isolation Amplifier Input Circuit. 
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o -t; 
• 

===TOVOD2 a VOUT+ 

a VOUT-

• 
o 

BOTTOM LAYER 

FIgure 7. Example S1ll'fa£e-Mount PC Board Layout to MinimIze Offset Tempco. 

the power supply bypass capacitor 
(C2). The polarity of the coupling 
between these two loops is such 
that it tends to cancel the undesir­
able mutual coupling effects 
described above. By adjusting the 
area of the inner loop (e.g., by 
shifting the position of the input 
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bypass capacitor left or right on 
the layout), the amount of cou­
pling can be varied to achieve the 
correct amount of cancellation. 
This method of offset tempco 
cancellation can shift the mean 
tempco of a group of devices 
closer to zero, but cannot perfectly 

minimize power dissipation), low 
inductance (to minimize di/dt 
induced voltage spikes which could 
adversely affect operation), and 
reasonable tolerance (to maintain 
overall circuit accuracy). Choos­
ing a particular value for the shunt 
is usually a compromise between 
minimizing power dissipation and 
maximizing accuracy. Smaller 
shunt resistances decrease power 
dissipation, while larger shunt 
resistances can improve circuit 
accuracy by utilizing the full input 
range of the isolation amplifier. 

The first step in selecting a shunt 
is determining how much current 
the shunt will be sensing. The 
graph in Figure 8 shows the RMS 
current in each phase of a three­
phase induction motor as a func­
tion of average motor output 
power (in horsepower, hp) and 
motor drive supply voltage. The 
maximum value of the shunt is 
determined by the current being 
measured and the maximum 
recommended input voltage of the 
isolation amplifier. The maximum 
shunt resistance can be calculated 
by taking the maximum recom­
mended input voltage and dividing 
by the peak current that 
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the shunt should see during 
normal operation. For example, if 
a motor will have a maximum RMS 
current of 10 A and can experi­
ence up to 50% overloads during 
normal operation, then the peak 
current is 21.1 A 
(= 10 • 1.414 • 1.5). Assuming 
a maximum input voltage of 
200 m V, the maximum value of 
shunt resistance in this case would 
be about 10 mn. 

The maximum average power 
dissipation in the shunt can also be 
easily calculated by multiplying the 
shunt resistance times the square 
of the maximum RMS current, 
which is about 1 W in the previous 
example. 

If the power dissipation in the 
shunt is too high, the resistance of 

the shunt can be decreased below 
the maximum value to decrease 
power dissipation. The minimum 
value of the shunt is limited by 
precision and accuracy require­
ments of the design. As the shunt 
value is reduced, the output 
voltage across the shunt is also 
reduced, which means that the 
offset and noise of the isolation 
amplifier, which are fixed, become 
a larger percentage of the signal 
amplitude. 

Usually, the actual value of the 
shunt will fall somewhere between 
the minimum and maximum 
values, depending on the particu­
lar requirements of a specific 
design. 

Hewlett-Packard recommends four 
different two-terminal shunts from 
Dale which can be used to sense 
average currents in motor drives 
up to 35 A and 35 hp. Table 1 
shows the maximum current and 
horsepower range for each of the 
recommended LVR-series shunts. 
Even higher currents can be 
sensed with lower value four­
terminal shunts available from 
vendors such as Dale, IRC, and 
Isotek (Isabellenhuette); it is also 
possible to make your own four­
terminal shunts by stamping out 
an appropriate pattern from a 
sheet of metal alloy that has a low 
temperature coefficient. 

Table 1. Current Shunt Summary. 

Shunt Resistor Shunt Tolerance Maximum 
Part Number Resistance Power 

Dissipation 

LVR-3.05-l % 50mn 1% 3W 

LVR-3.02-l% 20mQ 1% 3W 

LVR-3.Dl-l% 10mn 1% 3W 

LVR-5.005-1% 5mQ 1% 5W 

OA5 

~ 0.40 
w 
~ 0.35 
c 
t; 0.30 
iii 
~ 0.25 

~ 0.20 

ili 
!: 0.15 
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Figure 9. LVR Shunt Resistance Change 
vs. Shunt Current. 

When sensing currents large 
enough to cause significant heating 
of the shunt, the temperature 
coefficient (tempco) of the shunt 
can introduce nonlinearity due to 
the signal dependent temperature 
rise of the shunt. For example, 
Figure 9 shows how the resistance 
of the LVR shunt resistors typically 
changes as a function of average 
current flowing through it with the 
shunt mounted in a typical PC 
board configuration. Although the 
effect shown in Figure 9 is rela­
tively small, it increases as the 
shunt-to-ambient thermal resis­
tance increases. This effect can be 
minimized either by reducing the 
thermal 

Maximum Maximum 
RMS Horsepower 

Current Range 

SA O.S - 3.0hp 

SA 2.2 - S.O hp 

15A 4.1 -15 hp 

35A 9.6 - 35 hp 
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resistance of the shunt or by using 
a shunt with a lower tempco. 
Lowering the thermal resistance 
can sometimes be as easy as 
repositioning the shunt on the PC 
board, or it might sometimes 
require the use of a heat sink. 

As the value of shunt resistance 
decreases, the resistance of the 
shunt leads becomes a significant 
percentage of the total shunt 
resistance. This has two primary 
effects on shunt accuracy. First, 
the effective resistance of the 
shunt can become dependent on 
factors such as how long the leads 
are, how they are bent, how far 
they are inserted into the board, 
and how far solder wicks up the 
lead during assembly (these issues 
will be discussed in more detail 
shortly). Second, the leads are 
typically made from a material, 
such as copper, which has a much 
higher tempco than the material 
from which the resistive element 
itself is made, resulting in a higher 
tempco for the shunt overall. 

Both of these effects are elimi­
nated when a four-terminal shunt 
is used. A four-terminal shunt has 
two additional terminals that are 
Kelvin-connected directly across 
the resistive element itself; these 
two terminals are used to monitor 
the voltage across the resistive 
element while the other two 
terminals are used to carry the 
load current. Because of the 

Two-terminal shunts, however, can 
deliver good performance when 
they are used properly. One of the 
most difficult aspects of using a 
two-terminal shunt is achieving an 
accurate, repeatable connection to 
the shunt, which is typically 
mounted on a PC board. Figure 
10 shows an illustrative example 
of a PC board layout that can 
achieve good performance with 
two-terminal shunts with resis­
tances down to about 5 mn. 

There are several things to note 
about this layout. Two "quasi­
Kelvin" connections are provided 
to make as close to a point contact 
as possible to the shunt leads 
where they contact the PC board. 
The quasi-Kelvin connections are 
brought together under the body 
of the shunt and then run very 
close to each other to the input of 
the isolation amplifier; this mini­
mizes the loop area of the connec-

tion and reduces the possibility of 
stray magnetic fields (of which 
there are plenty in a motor drive) 
from interfering with the measured 
signal. If the shunt is not located 
on the same PC board as the 
isolation amplifier circuit, a tightly 
twisted pair of wires can accom­
plish the same thing. 

Also note that both sides of the PC 
board are used to increase current 
carrying capacity. Numerous 
plated-through vias (shown as 
circles with a center cross in 
Figure 10) surround each terminal 
of the shunt to help distribute the 
current between the two sides of 
the PC board. The PC board 
should use 2 or 4 oz. copper for 
the two layers, resulting in a 
current carrying capacity of 10 to 
20 A. Making the current carrying 
traces on the PC board fairly large 
can improve the shunt's power 
dissipation capability by acting 

TOISO·AMP 

TOP LAYER 

Kelvin connection, any voltage TO INVERTER TO MOTOR 

drops across the leads carrying the 
load current will have little, if any, 
impact on the measured voltage. 

Although four-terminal shunts can 
perform better than two-terminal 
shunts, they are more expensive, 
generally limiting their use to 
higher precision applications. 
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BOTTOM LAYER 

Figure 10. Example PC Board Layout for Two-Terminal Shunt. 



as a heat sink. Liberal use of vias 
where the load current enters and 
exits the PC board is also recom­
mended for the same reasons they 
are recommended for use at the 
shunt. 

The final recommendation regard­
ing the use of two-terminal shunts 
is to ensure that the leads of the 
shunt are consistently bent in the 
same way and inserted into the PC 
board the same distance every 
time. This is usually not a problem 
for automated assembly, but it 
could be for low-volume hand­
assembled boards. For hand­
assembled boards, a lead bending 
jig should be used and care should 
be taken that the shunt is inserted 
all the way into the board every 
time, minimizing any variability in 
the length of each shunt's leads. 

An alternative to using shunts for 
measuring large AC currents is to 

use an inexpensive current trans­
former connected to the input of 
the isolation amplifier, as shown in 
Figure 11. Using a transformer is 
less invasive than a current shunt 
and can significantly reduce power 
dissipation when measuring large 
currents (greater than 50 A). 
Because the isolation amplifier is 
providing the primary isolation 
barrier, a low-cost current trans­
former can be used that has little 
or no isolation of its own. 

Shunt Connections 
The recommended method for 
connecting the isolation amplifier 
to the shunt resistor is shown in 
Figure 5. VIN+ (pin 2 of the 
HPCL-7820) is connected to the 
positive terminal of the shunt 
reSistor, while V IN_(pin 3) is 
shorted to GNDl (pin 4), with the 
power-supply return path function­
ing as the sense line to the nega-

FLOATING 
POSITIVE 
SUPPLY 

••• 

••• 

HV-

Figure 11. Using a Non-isolated Current 'fransfonner to Measure Large 
AC Currents. 

tive terminal of the current shunt. 
This allows a single pair of wires or 
PC board traces to connect the 
isolation amplifier circuit to the 
shunt resistor. By referencing the 
input circuit to the negative side of 
the sense resistor, any load current 
induced noise transients on the 
shunt are seen as a common-mode 
signal and will not interfere with 
the current-sense signal. This is 
important because the large load 
currents flowing through the motor 
drive, along with the parasitic 
inductances inherent in the wiring 
of the circuit, can generate both 
noise spikes and offsets that are 
relatively large compared to the 
small voltages that are being 
measured across the current shunt. 

If the same power supply is used 
both for the gate drive circuit and 
for the current sensing circuit, it is 
very important that the connection 
from GNDI of the isolation ampli­
fier to the sense resistor be the 
only return path for supply 
current to the gate drive power 
supply in order to eliminate 
potential ground loop problems. 
The only direct connection be­
tween the isolation amplifier 
circuit and the gate drive circuit 
should be the floating positive 
power supply line. 

In some applications, however, 
supply currents flowing through 
the power-supply return path may 
cause offset or noise problems. In 
this case, better perforntance may 
be obtained by connecting VIN+ 
and VIN_ directly across the shunt 
resistor with two conductors, and 
connecting GND 1 to the shunt 
resistor with a third conductor for 
the power-supply return path, as 
shown in Figure 12. When con­
nected this Way, both input 
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Figure 12. Schematic for Three-Conductor Shunt Connection. 

pins should be bypassed. To 
minimize electro-magnetic interfer­
ence of the sense signal, all of the 
conductors (whether two or three 
are used) connecting the isolation 
amplifier to the sense resistor 
should be either twisted pair wire 
or closely spaced traces on a PC 
board. 

The 39 Q resistor in series with the 
input lead (R5) forms a low-pass 
anti-aliasing filter with the 0.01 IlF 
input bypass capacitor (C3) with a 
400 kHz bandwidth. The resistor 
performs another important 
function as well; it dampens any 
ringing which might be present in 
the circuit formed by the shunt, 
the input bypass capacitor, and the 
inductance of wires or traces 
connecting the two. Undamped 
ringing of the input circuit near the 
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input sampling frequency can alias 
into the baseband producing what 
might appear to be noise at the 
output of the device. 

PC Board Layout 
In addition to affecting offset, the 
layout of the PC board can also 
affect the common mode rejection 
(CMR) performance of the 
isolation amplifier, due primarily 
to stray capacitive coupling 
between the input and the output 
circuits. To obtain optimal CMR 
performance, the layout of the PC 
board should minimize any stray 
coupling by maintaining the 
maximum possible distance 
between the input and output sides 
of the circuit and ensuring that any 
ground plane on the PC board 
does not pass directly below or 
extend much wider than the body 

of the isolation amplifier. Using 
surface-mount components can 
help achieve many of the PC board 
objectives discussed in the 
preceding paragraphs. An example 
through-hole PC board layout 
illustrating some of the more 
important layout recommendations 
is shown in Figure 6. Note that the 
ground plane does not extend 
directly below the body of the 
isolation amplifier. 

A surface-mount layout of the 
complete application circuit shown 
in Figure 5 is available from the 
Hewlett-Packard Applications 
Engineering Department; the size 
of the layout, including shunt 
resistor, is approximately 3 cm 
square. Contact your local HP 
sales office for more information. 

Post-Amplifier Circuit 
The recommended application 
circuit shown in Figure 5 includes 
a post-amplifier circuit that serves 
three functions: to reference the 
output signal to the desired level 
(usually ground), to amplify the 
signal to appropriate levels, and to 
help fIlter output noise. The 
particular op-amp used in the post­
amplifier circuit is not critical; 
however, it should have low 
enough offset and high enough 
bandwidth and slew rate so that it 
does not adversely affect circuit 
performance. The maximum offset 
of the op-amp should be low 
relative to the output offset of the 
HCPL-7820, or less than about 5 
mY. The gain is determined by 
resistors R1 through R4; assuming 
that R1 = R2 and R3 = R4, the 
gain of the post-amplifier is R31R1. 

To maintain the fastest overall 
circuit bandwidth and speed, the 
post-amplifier circuit should 



have a bandwidth at least twice the 
minimum bandwidth of the isola­
tion amplifier, or about 400 kHz; 
lower bandwidths can be used to 
decrease output noise at the 
expense of slower response times. 
If capacitors C5 and C6 are not 
used in the post-amplifier circuit, 
the post-amplifier bandwidth is 
determined by the gain-bandwidth 
product (GBW) of the op-amp. To 
obtain a bandwidth of 400 kHz 
with a gain of 5, the op-amp 
should have a GBW greater than 2 
MHz. Using the op-amp GBWto 
set the overall circuit bandwidth is 
generally not a very good idea 
because the op-amp GBW is 
usually specified only as a typical, 
with no guaranteed values. 

More accurate control of the post­
amplifier circuit bandwidth can be 
achieved by using capacitors C5 
and C6 to form a single-pole low­
pass filter with a nominal band­
width of 1/(2 • 1t • R3 • C5), 
assuming that R3 = R4 and 
C5 = C6. These capacitors allow 
the bandwidth of the post-amplifier 
to be adjusted independently of the 
gain and are useful for reducing 
the output noise of the isolation 
amplifier. 

To accurately set the low-pass 
filter frequency using C5 and C6, 
the op-amp should have a specified 
GBW greater than approximately 
ten times the product of the post­
amplifier gain and the desired low­
pass frequency; a GBW lower than 
that would change the low-pass 
frequency by more than 10 - 15%. 
For a post-amplifier gain of 5 and 
a low-pass frequency of 200 kHz, 
the GBW of the op-amp should be 
at least 7 - 10 MHz. The compo­
nent values shown in Figure 5 
form a differential amplifier with a 
gain of 5 and a cutoff frequency of 

approximately 200 kHz and were 
chosen as a compromise between 
low noise and fast response times. 
The overall recommended applica­
tion circuit, including a typical 
isolation amplifier, has a band­
width of about 130 kHz, a rise 
time of 2.6 Ils and delay to 90% of 
4.2Ils. 

In addition to having enough 
bandwidth, the op-amp should 
have adequate slew rate to accu­
rately reproduce large amplitude 
waveforms. The required slew rate 
can be conservatively estimated by 
dividing the maximum expected 
voltage swing at the output of the 
amplifier circuit by the filter time 
constant, which is equal to the 
product of R3 and C5. This 
estimate is more conservative at 
higher filter bandwidths because 
the overall response time of the 
circuit is then dominated by the 
response time of the isolation 
amplifier. For example, assuming 
a ± 200 mV input swing, a post­
amplifier gain of 5 and a filter 
bandwidth of 200 kHz, the re­
quired slew rate of the op-amp is 
estimated to be approximately 20 
V/!lS, whereas less than lOV/lls is 
actually needed. 

The gain-setting resistors in the 
post-amp should have a tolerance 
of 1 % or better to ensure adequate 
CMRR and gain tolerance for the 
overall circuit. Significant mis­
match of the gain-setting resistors 
can degrade the CMRR of the post­
amplifier, contributing to offset of 
the circuit. Figure 13 shows how 
much additional offset (referred to 
the input of the isolation amplifier, 
assuming an isolation amplifier 
gain of 8) can be expected versus 
post-amplifier gain for different 
values of resistor tolerance. Shown 
in Figure 13 is the standard 
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Figure 13. Standard Deviation of Post­
amplifier Input-referred Offset vs. Post­
amplifier Gain and Resistor Tolerance. 
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Figure 14. Standard Deviation of Post· 
amplifier Gain vs. Post·amplifier Gain 
and Resistor Tolerance. 

deviation of the resulting distribu­
tion of input offsets; the mean of 
the distribution is zero, as would 
be expected from a differential 
amplifier circuit. In a similar way, 
Figure 14 shows how much 
additional gain tolerance the post­
amplifier contributes to the overall 
circuit versus post-amplifier gain 
for different values of resistor 
tolerance. Figure 14 indicates the 
standard deviation of the resulting 
gain distribution of the post­
amplifier circuit. The data in 
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Figure 15. Single-supply Post-amplifier Circuit for HCPL-7820. 

Figures 13 and 14 were generated 
by Monte Carlo simulation and 
conservatively assume that 
resistor values are unifonnly 
distributed around their nominal 
value. Resistor networks with very 
tight ratio tolerances, from suppli­
ers such as Dale, can be used 
which offer excellent perfonnance 
as well as reduced component 
count and board space. 

The post-amplifier circuit can be 
easily modified to allow for single­
supply operation. Figure 15 shows 
a schematic for a post-amplifier for 
use in 5 V single-supply applica­
tions. One additional resistor 
(R4a) is needed and the gain is 
decreased to allow circuit opera­
tion over the full input voltage 
range. Adding the resistor shifts 
the output reference voltage from 
zero to one-half of the supply 
voltage. 
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Output Noise 
The noise-shaping charaCteristic of 
the sigma-delta modulator results 
in a slightly unusual output noise 
spectrum, as shown in Figure 16 
for the HCPL-7820. The noise 
spectrum is flat up to about 40 
kHz, where it breaks up at 12 dB 
per octave. The internal fIlter 
begins to roll off the noise spec­
trum at about 200 kHz, with a 
steep drop just below 1 MHz. The 
shape of the noise spectrum has 
some implications regarding the 
most effective method of filtering 
output noise for a given signal 
bandwidth. 

As mentioned before, reducing the 
bandwidth of the post-amplifier 
circuit reduces the amount of 
output noise (as well as increasing 
the response time). Due to the 
increasing noise behavior above 
40 kHz, a second-order fIlter 
response can be much more 
effective at fIltering noise than a 
first-order filter, depending on the 
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Figure 16. HCPL-7820 Output Noise 
Spectrum. 

particular filter bandwidth. Figure 
17 shows how the output noise 
changes as a function of the post­
amplifier bandwidth for both first­
and second-order fIlter responses. 
The application circuit shown in 
Figure 5 exhibits a first-order low­
pass filter characteristic. By adding 
two additional resistors and a 
capacitor (RIa, R2a and C9), as 
shown in Figure 18, a second­
order fIlter response can be 
obtained. Capacitor C9 should be 
chosen so that the product of RIa 
and C9 is equal to the product of 
R3 and C5. 

Changing the bandwidth of the 
post-amplifier will also affect the 
delay of the circuit. Figure 17 also 
indicates how the delay (to 90%) 
of the application circuit changes 
as a function of the post-amplifier 
bandwidth for both first- and 
second-order filter responses. 
From this graph it is easy to 
determine the trade-offs between 
output noise, circuit delay and 
amplifier bandwidth. 



The output noise of the modulator 
is also affected by the amplitude of 
the input signal. Figure 19 shows 
the relative amplitude of the RMS 
output voltage versus the DC input 
voltage. The curve is relatively flat 
out to about ± 200 mV and in­
creases rapidly for input signals 
larger than that. The increase in 
noise with amplitude is indepen­
dent of the output filter bandwidth. 

The statistical characteristics 
(probability density function) of 
the output noise are important 
when the isolation amplifier is 
used to sense an overload or fault 
condition and you need to deter­
mine how close the signal can get 
to the threshold before you start to 
get false overload indications. The 
output noise of the isolation 
amplifier is nearly gaussian when 
the input voltage is near zero. As 
the input voltage moves away from 
zero, the noise becomes less 
gaussian, with the tails of the 
probability distribution function 
lengthening in the direction of 
mid-scale and shortening in the 
direction of full-scale, as shown in 
Figure 20. For the HCPL-7820, 
Figure 21 shows how much above 
a particular DC input the fault 
detection threshold (input re-
ferred) should be for different 
levels of false alarm probability. 
For example, to limit the probabil­
ity of a false alarm to 0.01 % for a 
200 mV input, the fault detection 
threshold should be at least 214 
m V (a 14 m V threshold margin). 
The maximum recommended fault 
detection threshold is about 275 mY. 

To reduce offset in some applica­
tions, the offset is measured by a 
microprocessor at power-up and 
then subtracted from every 
subsequent measurement. For 
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Figure 17. RMS Output Noise and Delay of the BCPL-7820 Application Circuit vs. 
Post-amplifier Bandwidth and Filter Order. 
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Figure 18. Post-amplifier Circuit with Second-order Filter Response. 
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these types of auto-calibration 
applications, accuracy can be 
improved by waiting until the 
internal junction temperature 
stabilizes before measuring the 
offset of the isolation amplifier. 
For example, the HCPL-7820 has 
an offset drift at power-up of about 
100 !l V with a time constant of 
approximately 15 seconds when 
mounted on a relatively small 
evaluation board. Accuracy can 
also be improved by additional 
filtering or averaging of the 
measured signal to reduce any 
noise during the auto-calibration 
procedure. 

Voltage Sensing 
Hewlett-Packard isolation ampli­
fiers can also be used to isolate 
signals with amplitudes larger than 
its recommended input range with 
the use of a resistive voltage 
divider at its input. The only 
restrictions are that the impedance 
of the divider be relatively small 
(less than 1 kQ) so that the input 
resistance (280 kQ) and input bias 
current (1 JlA) of the isolation 
amplifier do not affect the accuracy 
of the measurement. An input 
bypass capacitor is still required, 
although the 39 Q series damping 
resistor is not (the resistance of 
the voltage divider provides the 
same function). The low-pass filter 
formed by the divider resistance 
and the input bypass capacitor may 
limit the achievable bandwidth. To 
obtain higher bandwidths, the 
input bypass capacitor (C3) can be 
reduced, but it should not be 
reduced much below 1000 pF to 
maintain gain accuracy of the 
isolation amplifier. 

SPICE Models 
SPICE models for Hewlett-Packard 
isolation amplifiers are available 
from the HP Applications 
Engineering Department. Contact 
your local HP sales office for more 
information. 
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Thermal Data for Optocouplers 
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Introduction 
This document contains steady 
state thermal models for 
optocouplers based on empirical 
data and theoretical extrapolation. 
Five thermal models have been 
chosen to suit the type of 
optocoupler: 

• Thermal Model-A for a 
hermetic-package optocoupler 

• Thermal Model-B for a single­
channel plastic-package 
optocoupler 

• Thermal Model-C for a single­
channel HCPL-3700/60 
optocoupler with a built-in 
buffer circuit 

• Thermal Model-D for a dual­
channel plastic-package 
optocoupler 

• Thermal Model-E for HCPL-
71 00/1 optocoupler 

The thermal data in each of these 
models allows the user to calcu­
late the approximate junction 
temperatures at various nodes in 
the optocoupler. The actual semi­
conductor junction temperatures 
may vary based upon the heat 
flows from the surrounding com­
ponents on the printed circuit 
board. Each of the models as­
sumes that the optocoupler is 
either soldered to a printed circuit 
board (PCB) or placed in a 
socket which is soldered on a 
PCB. The size of the PCB is ap­
proximately 7.5 cm x 7.5 cm, 
unless otherwise specified. The 
PCB is further assumed to be in 

still air. In models that define the 
optocoupler case to be a node, 
the case-to-ambient thermal resis­
tance will depend on the board 
design and the placement of the 
optocoupler. The package case 
temperature is measured at the 
center of the package bottom. 

The data presented in each of 
these models is approximate and 
is meant to be an indicator, not a 
specification. To ensure reliabil­
ity, the semiconductor junction 
temperatures in plastic-package 
optocouplers must not exceed 
125 OC, and in hermetic-package 
optocouplers it must not exceed 
175°C unless otherwise specified. 

Optocoupler Thermal Model Index. 
Part Number Thermal Comments 

Model Type 

4N45/6 Model-B Approximates 6Nl38 data 

4N55 Model-A 
6N134 Model-A 

6N135/6/7/8/9 Model-B 
6N140 Model-A 

HCNW135/6/7, HCNW4502/3, 

HCNW260l/11 Model-B 

HCNW138/9,4562 Model-B Approximates HCNW135 data 

(contmued on next page) 
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Optocoupler Thermal Model Index (continued). 

Part Number Thermal Comments 
Model Type 

HCNVV2201,4504,4506 Model-B Approximates HCNW2601 data 

HCPL-0452/3, -0500/1, -0600/01/11, -0700/1 Model-B 

HCPL-0530/1/4, -0630/1, -0730/1 Model-D Approximates HCPL-2430 data, but all 

thermal coefficients to be scaled up by 50% 

HCPL-0201/11, -0454, -0466 Model-B Approximates HCPL-0600 data 

HCPL-1930/1 Model-A 

HCPL-2200/0 1/02/11/12/19 Model-B 

HCPL-2231/2 Model-D Approximates HCPL-2430 data 

HCPL-2300 Model-B Approximates HCPL-2601 data 

HCPL-2400/11 Model-B 

HCPL-2430 Model-D 

HCPL-2502/3 Model-B Approximates 6N135 data 

HCPL-2530/1/3 Model-D Approximates HCPL-2430 data 

HCPL-2601/11/12 Model-B Approximates 6N137 data 

HCPL-2630/1, -2730/1 Model-D Approximates HCPL-2430 data 

HCPL-3000,3100/1 Refer to Application Note 1058 

HCPL-3120/50 Refer to HCPL-3120/50 data sheets 

HCPL-3700/60 Model-C 

HCPL-4100/4200 Model-C Approximates HCPL-3700 data 

HCPL-4502/3/4/6 Model-B Approximates 6NI35 data 

HCPL-4534 Model-D Approximates HCPL-2430 data 

HCPL-4562 Model-B Approximates 6N135 data 

HCPL-4661 Model-D Approximates HCPL-2430 data 

HCPL-4701 Model-B Approximates 6N138 data 

HCPL-4731 Model-D Approximates HCPL-2430 data 

HCPL-52XX, -54XX, -55XX, -56XX, -57XX, 

~62XX -64XX -65XX Model-A 

HCPL-7100/1 Model-E 

HCPL-7601/11 Model-B Approximates 6N137 data 

HCPL-7800/20/25/40 Model-C Approximates HCPL-3700 data 

HSSR-7110/1 Refer to HSSR-711 0/1 data sheet 

HSSR-8060 Refer to HSSR-8060 data sheet 

HSSR-8200 Model-B Approximates HCPL-2200 data 

HSSR-8400 Refer to HSSR-8400 data sheet 
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Thermal Model-A for a 
Hermetic-Package 
Optocoupler 

Def"mitions 
eEoC: Thermal impedance from 

emitter (input LED) junction 
to package case. 

eD-C: Thermal impedance from 
detector (output IC) junction 
to package case. 

eC-A: Thermal impedance from 
package case to ambient. 
The value eC-A depends on 
the heat flows from sur­
rounding components, and 
can be estimated to be in the 
range of 70 eC/Wto 210 eCI 
W (see Note 5). 

Package Case Temperature: 
Measured at center of package 
bottom, with no forced air. 
Ambient Temperature: Measured 
approximately 15 cm above the 
package. 

Description 
This thermal model assumes that 
an 8- or 16-pin dual-in-line pack­
age hermetic optocoupler is 
inserted into an IC socket which is 
soldered into a 7.5 cm x 7.5 cm 
printed circuit board (PCB). The 
PCB is suspended in still air. 
Thermal impedance values shown 
in the above figure can be used for 
calculating the temperatures at 
each node for a given operating 
condition. The thermal resistance 
between the LED and other inter­
nal nodes is very large in 
comparison with the terms shown 
in the figure, and is omitted for 
simplicity. 

LED 
CHANNEL 2 

y , , , , , 
} 
.t 
-( 

LED 

9E-A = 35° CIW 

CASE 

DETECTOR 

90-C = 27° CIW 

DETECTOR 
CHANNEL 2 

" .,.. , , , , , 
} 
.t 
-( , , , , , 

,----------------L--------c~-------L----------------, 

ec·A 

AMBIENT 

For optocouplers that have more 
than one channel, the same values 
for eEoC and eD-C can be assumed 
to be in parallel, as shown by the 
dotted lines, for each of the addi­
tional LED and detector. Again, 
the direct thermal impedance be­
tween any two LEDs, any two 
detectors, or an LED and a detec­
tor is very large in comparison to 
eEoC and eD-C, and may be omit­
ted. 

Notes: 
1. Above model is applicable for HCPL-
52XX, -54XX, -55XX, -56XX, -57XX, 
-62XX, 64XX, -65XX, -66XX, -67XX; 
4N55; 6N134; and 6N140. 
2. For HSSR-7100/1 thermal model, refer 
to its data sheet. 
3. HCPL-193X and HCPL-576X have an 
input buffer IC. The above model may be 
used for these optocouplers with an as­
sumption that the Input Buffer IC and LED 
are a common node. The thermal imped­
ance of this common node to case is 
approximately 35 °C/W. 
4. Maximum Junction Temperature for 
HSSR-7110/1: 150 "C; for all other her­
metic optocouplers: 175 "C. 
5. The thermal data in this model assumes 
the optocoupler is inserted into a socket. 
Thermal impedance SC-A is likely to be 
lower when the optocoupler is soldered to 
a printed circuit board. 
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Thermal Model-B for a 
Single-Channel Plastic­
Package Optoconpler 

Definitions 
61: Thermal impedance from 

LED junction to ambient 
62: Thermal impedance from 

LED to detector (output IC) 
63: Thermal impedance from 

detector (output IC) junction 
to ambient 

Ambient Temperature: Measured 
approximately 1.25 cm above the 
optocoupler, with no forced air. 

Description 
This thermal model assumes that 
an 8-pin single-channel plastic­
package optocoupler is soldered 
into an 8.5 cm x 8.1 cm printed 
circuit board (PCB). The tem­
perature at the LED and Detector 
junctions of the optocoupler can 
be calculated using the equations 
below. 

where: 
aTEA = Temperature difference 
between ambient and LED 
aTDA = Temperature difference 
between ambient and detector 
PE = Power dissipation from LED 
PD = Power dissipation from 
detector 
Au, A12, A2I. A22 thermal coeffi­
cients (units in °C/W) are 
functions of the thermal imped­
ances 61, 62, 63 (See Note 2). 
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9, 
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Thermal Coefficient Data (units in °C/W). 

Part Number All A12,A21 A22 

6N135/6, HCPL-4503 323 154 225 

HCNW135/6, HCNW4502/3 220 61 166 

HCPL-0500/1, HCPL-0452/3 409 201 295 

HCNW137, HCNW2601/11 219 51 139 

HCPL-0600/0 1/11 455 216 308 

HCPL-0700/1 396 193 290 

HCPL-2200/01/02/11/12 304 149 216 

HCPL-2400/11 337 139 215 

Notes: 
1. Maximum junction temperature for above parts: 125 "C. 
2. AU = 81 II (82+ (3) ; A12 = A21 = (81 (2) / (81 + 82 + (3); A22 = 8311 (82 + 
(3). 



Thermal Model-C for 
HCPL-3700/60 
Optocoupler with Input 
Buffer Circuit 

Definitions 
91: Thermal impedance from 

LED/input-buffer Ie 
junctions to ambient 

92: Thermal impedance from 
detector Ie junction to 
ambient 

Ambient Temperature: Measured 
approximately 1.25 cm above 
package, with no forced air. 

Description 
Thermal impedance values shown 
in the above figure can be used for 
calculating the temperatures at 
each node for a given operating 
condition. For simplification, the 
LED and the Input Buffer Ie are 
assumed to be at the same node. 
Furthermore, the thermal resis­
tance between the LED and 
detector are very large in compari­
son with the terms shown in the 
figure, and are omitted for sim­
plicity. 

Note: Maximum junction temperature for 
above part: 125 'C. 

LEDI 
INPUT BUFFER 

9, =240'CIW 

AMBIENT 

DETECTOR 
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Thermal Model-D for a 
Dual-Channel Plastic­
Package Optocoupler 

Definitions 
9}, 92, 93, 94, 95, 96, 97,98,99, 
910: Thermal impedances between 
nodes as shown above. 
Ambient Temperature: Measured 
approximately 1.25 cm above the 
optocoupler with no forced air. 

Description 
This thermal model assumes that 
an 8-pin dual-channel plastic­
package optocoupler is soldered 
into an 8.5 cm x 8.1 cm printed 
circuit board (PCB). These 
optocouplers are hybrid devices 
with four die: two LEDs and two 
detectors. The temperature at the 
LED and the detector of the 
optocoupler can be calculated by 
using the equations below. 

where: 

LED 1 8, 

AMBIENT 

,1.TE1A = Temperature difference between ambient and LED 1 
,1.TE2A = Temperature difference between ambient and LED 2 
,1.TDlA = Temperature difference between ambient and detector 1 
,1.TD2A = Temperature difference between ambient and detector 2 
PEl = Power dissipation from LED 1; 
PE2 = Power dissipation from LED 2; 
PDl = Power dissipation from detector 1; 
PD2 = Power dissipation from detector 2 
Axy thermal coefficient (units in "C/W) is a function of thermal 

impedances 91 through 910. 

Thermal Coefficient Data (units in OC/W). 

Part Number Au, A22 A12,A21 A13, A24 A14, A23 AsI, A42 

HCPL-2430 308 92 101 91 101 

Note: Maximum junction temperature for above part: 125°C. 
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As2, A41 Asa,A44 As4,A4s 
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Thermal Model-E for a 
HCPL-7100/10ptocoupler 

Definitions 
91,92, 93, 94, 95, 96: Thennal im­
pedances between nodes as shown 
above. 
Ambient Temperature: Measured 
approximately 1.25 cm above the 
optocoupler with no forced air. 

Description 
This thermal model assumes that 
the HCPL-71 00/1 optocoupler is 
soldered into an 8.5 cm x 8.1 cm 
printed circuit board (PCB). The 
HCPL-7100/1 is a hybrid device 
with three die: an input IC that 
drives the LED, an LED, and the 
detector IC. The temperature at 
the input IC, LED, and detector of 
this optocoupler can be calculated 
be using the equations below. 

INPUTIC 

AMBIENT 

where: 
,1.TIA = Temperature difference between ambient and input IC 
,1.TEA = Temperature difference between ambient and LED 
,1.TDA =Temperature difference between ambient and detector 
PI = Power dissipation from input IC (Typical: 25 mW) 
PE = Power dissipation from LED (Typical: lO mWwhen input Logic Low; 

less than 0.01 mWwhen input Logic High) 
PD = Power dissipation from detector (Typical 30 mW) 
Al through A.g thermal coefficients (units in "C/W) are functions of 

thermal impedances 9I, 92, 93, 94, 95, 96. 

Part Number Ai Az Aa A4 AG 

HCPL-71 00/1 206 133 103 133 299 

Note: Maximum junction temperature for above part: 125°C. 

At; 

115 

LED 

A7 As As 

103 115 193 
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Applications 
The following abstracts represent application notes that are 
not published in this catalog. These application notes can be 
obtained from your local Hewlett-Packard sales office or 
authorized HP distributor or representative (see section 5). 

In the US/Canada, technical literature is available from the 
Hewlett-Packard Components Group fax-back service at: 
1-800-450-9455, or from the Components Sales Response 
Center at 1-800-235-0312. 

AN 951-1 
Applications for Low-Input­
Current, High-Gain 
Optocouplers 
Optocouplers are useful in line 
receivers, logic isolation, medical 
equipment, power lines, and 
telephone lines. This AN 
discusses the use of the 6N138/9 
series of high-CTR optocouplers 
in each of these areas. 

Publication No. 5953-7794 
Document ID #55655* 

AN 951-2 
Linear Applications of 
Optocouplers 
Although optocouplers are not 
inherently linear, the separate 
photo diodes used in HP devices 
provide better linearity as well as 

_ higher speed of response than 
phototransistor detectors. 

Using paired optocouplers to 
enhance linearity is described 
with specific circuit examples 
offering dc-to-25 KHz response. 
These examples illustrate the 
relative merits of differential and 
servo techniques. A circuit with 
linear ac response to 10 MHz is 
also described for analog opto­
couplers having the photodiode 
terminals externally accessible. 

The AN also discusses digital 
techniques of voltage-to-

1-662 

frequency conversion and pulse 
width modulation. Their linearity 
is quite independent of opto­
coupler linearity but requires use 
of high-speed optocouplers for 
low distortion. The AN is 
applicable to the HCPL-2530. 

Publication No. 5954-8430 

AN 1004 
Threshold Sensing for 
Industrial Control Systems 
with the HCPL-3700 Interface 
Optocoupler 
Interfacing from industrial con­
trol systems to logic systems is a 
necessary operation to monitor 
system progress. This interfacing 
is found in a variety of applica­
tions, including: 
- Process control systems ./ 
- Programmable controllers 
- Microprocessor subsystems that 

monitor proximity and limit 
switches 

- Environmental sensors and ac 
line status 

- Switching power supplies for 
detection of ac power loss 

- Power back-up systems that 
need an early warning of power 
loss to save special 
microprocessor memory 
information or switch to battery 
operation, etc. 

Publication No. 5953-0406 

F/idl HEWLETT® 
~~PACKARD 

AN 1018 
Designing with the HCPL-4100 
and HCPL-4200 Current-Loop 
Optocoupler 
Digital current loops provide 
unique advantages of large noise 
immunity and long-distance 
communication at low cost. 
Applications are wide and varied 
for current loops, but one of the 
critical concerns for designers of 
loop systems is to provide a 
predictable, reliable and isolated 
interface. The HCPL-4100 
(transmitter) and HCPL-4200 
(receiver) optocouplers provide 
easy interfacing to and from a 
current loop with minimal design 
effort. 

This AN completely describes the 
HCPL-4100/4200 optocouplers 
and lists applications for digital, 
20 rnA, simplex, half-duplex and 
full-duplex loops. These loops 
can be either point-to-point or 
multidrop configurations. Factors 
that affect data performance are 
discussed. Circuit arrangements 
with specific data performance 
are given in graphical and tabular 
form. 

Publication No. 5953-9359 

• Application Notes referencing document 
TD number are available from Fax-Back 
seIVice. 



AN 1023 
Radiation Immunity of 
Hewlett-Packard 
Optocouplers 
This AN opens with a quotation 
from MIL-HDBK-279, which 
describes optocouplers that 
contain photodiodes as being 
superior to optocouplers that 
contain phototransistors. 

The AN continues with a descrip­
tion of the properties of ionizing 
radiation (particles and photons) 
and how it affects the perform­
ance of optocouplers. Graphs 
show degradation of CTR 
(Current Transfer Ratio) in the 
6N140 as a function of gamma 
total dose (up to 1000 rad (Si)) 
and as a function of total neutron 
fluence (up to 6 x 1012 neutrons! 
cm2). A table gives radiation 
hardness requirements for 
various military applications. 

Publication No. 5954-1003 

AN 1024 
Ring Detection with the 
HCPL-3700 Optocoupler 
With the increased use of 
modems, automatic phone 
answering equipment, private 
automatic branch exchange 

(PABX) systems, etc., low-cost, 
reliable, isolated ring detection 
becomes important to many 
electronic equipment manufac­
turers. This AN defines the 
ringing requirements (U.S.A. and 
Europe), and the applications of 
the HCPL-3700 optocoupler as a 
simple, but effective, ring 
detector. 

A design example is shown with 
calculations to illustrate proper 
use of the optocoupler. Features 
integrated into the HCPL-3700 
provide predictable detection, 
protection and isolation with 
greater ease than is possible with 
other optocouplers. 

Publication No. 5954-1006 

AN 1047 
Low On-Resistance Solid­
State Relays for High­
Reliability Applications 
This AN shows the main 
characteristic of the HSSR-711 0 
Power MOSFET optocoupler and 
how this component operates as 
a low on-resistance solid-state 
relay. Several control drive 
circuits are described. 

Publication No. 5091-4502E 

AN 1058 
Power Transistor Gate/Base 
Drive Optocouplers 
Hewlett-Packard offers an 
expanded choice of optocouplers 
that can directly drive power 
MOSFETS, IGBTs, and bipolar 
power transistors. This applica­
tion note describes the main 
features of the HCPL-3000, 
HCPL-3100 and HCPL-3101 
power driver optocouplers. Also 
included are application guide­
lines for three-phase power 
inverters. 

Publication No. 5091-6000E 
Document ID #10353* 

AN 1059 
High-CMR Isolation Amplifier 
for Current-Sensing 
Applications 
In 1992, Hewlett-Packard 
introduced the world's smallest 
isolation amplifier, the HCPL-
7800. This paper describes the 
theory of operation for the HCPL-
7800 as well as a typical 
application circuit for motor 
current sensing. 

Publication No. 5091-6315E 

• Application Notes referencing document 
ID number are available from Fax-Back 
service. 
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AN 1094 
Regulato:t;y Guide to Isolation, 
Circuits 
Optoisolator safety standards 
both at the component level and 
the equipment level are increas­
ingly becoming the norm in the 
global market place. Various 
regions of the world have sepa­
rate safety standards, safety 
organizations, and safety require­
ments. 

Regulatory guide to Isolation 
circuits is a comprehensive 
handbook that details and clari­
fies the numerous safety stan­
dards, or regional and Inter­
national safety organizations that 
exist today. This guide provides 
outstanding and exceptional 
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information regarding the safety 
requirements of the optoisolator 
components, or the optoisolator 
safety requirements in equipment 
level applications. This guide also 
presents a comprehensive listing 
of all the optoisolator components 
available from Hewlett-Packard 
and the compliance or recognition 
of these optocouplers to the' 
various regulatory and safety 
standards. Component level safety 
standard approvals or rating 
information, and equipment level 
compliance information for the 
optoisolators make it very conve­
nientand useful for the designers 
to select the appropriate 
optocoupler or package style. 

International and regional regula­
tory agenCies are also discussed.· 
IEC (International Electrotech" 
nical Commission) provides an 
International umbrella for safety 
regulations. The charter of 
CENELEC (European Committee 
for Electrotechnical Standardiza­
tion)·is to Harmonize European 
Regulations. DKE (Deutsche 
Electrotechnische Kommission) 
addresses German Safety regula­
tions. UL (Underwriters Labora­
tory) and CSA (Canadian Stan­
dards Associations) cover the US 
and Canadian regulations respec­
tively. BSI (British Standards 
Institute) is a British regulatory 
agency. 

Call your local HP sales representative 
for more information. 





-

Motion Sensing and Control 

Motion Sensing and 
Control 
Hewlett-Packard's growing family 
of motion sensing and control 
products developed as an 
extension of our emitter/detector 
systems capabilities. Motion 
sensing products include optical 
shaft encoders and optical 
encoder modules for closed-loop 
servo applications, and rotary 
pulse generators for manual input 
applications. HP's optical 
products provide digital link 
converting mechanical shaft 
rotation into digital signals. HP's 
motion control ICs complement 
the optical products and greatly 
simplify the design of digital 
motion control systems. 

The HEDR-8000 Series Reflective 
Optical Surface Mount Encoder is 
designed for modern high volume 
consumer equipment, such as 
VCRs, CD ROMs, and card 
readers. To fit these applications, 
the HEDR-8000 series is 
designed as a small low priced 
encoder. This SO-8 package uses 
a reflective technique to save 
space. The HEDR-8000 is surface 
mountable, enabling automated 
manufacturing. 

The HEDS-9000, HEDS-9100, 
HEDS-9200, and HEDS-9700 
series optical encoder modules 

2-2 

provide sophisticated motion 
detection applications such as 
printers, plotters, and industrial 
automation equipment. The 
HEDS-9000 and HEDS-9100 are 
now available in three channel 
versions, the HEDS-9040 and 
9140, which provide a third 
channel index pulse in addition to 
the standard two channel outputs. 
The HEDS-9200 series linear 
encoder module'uses the same 
emitter/detector technology as 
the HEDS-9000 to sense linear 
position. We have also increased 
the tesolution performance of the 
HEDS-9000/9100/9200 to nearly 
twice the previous limit. The 
HEDS-9700 comes in a smaller, 
wavesolderable package with a 
vanetyof mounting options. 

The HEDS-5500, HEDS-5600, 
and HEDSc6500 series are 
complete, quick assembly, low 
cost optical shaft encoders. No 
adhesives or last minute 
adjustments are necessary for 
assembly. In addition, the HEDS-
5540, HEDS-5640, and HEDS-
6540 provide a third channel 
index pulse for home position 
sensing. The HEDS-5500, 5600, 
and 6500 series encoders offer a 
complete solution in industrial, 
medical, and office automation 
equipment. 

rli~ HEWLETT'" 
~~PACKARD 

For applications in noisy environ­
ments, line driver options are 
available on both the HEDS-
9001/9100/9200 series module 
encoders, as well as the HEDS-
5500/5600/6500 encoder kits. 

Hewlett-Packard's HRPG series 
of low cost miniature rotary pulse 
. generators (RPGs) use reflective 
optics technology for superior 

. reliability and consistent rota­
.tional feel for 'more than one 
million revolutions. The HRPG is 
ideal for front panel applications 
such as test and measurement 
equipment, medical equipment, 
CAD/CAM systems, and audio/ 
video equipment. The HRPG is 
available in a variety of configu­
rations including smooth or 
detented turning, multiple 
terminations and mounting 
options, and a wide selection of 
shaft configurations. 

To complement the motion 
sensing products, HP offers two 
motion control IC families of 
products. The HCTL-llOO CMOS 
general purpose motion control 
IC performs all of the time­
intensive tasks of digital motion 
control. The HCTL-llOO controls 
position or velocity while using 
an incremental encoder for 
feedback information. The HCTL-
1100 is also available in a surface 



mount package. The HCTL-2000, 
HCTL-2016, and HCTL-2020 
Quadrature Decoder/Counter ICs 
provide a one chip, easy to 
implement solution to interfacing 
the quadrature output of an 
encoder or RPG to a micro­
processor. These CMOS ICs 
include a quadrature decoder, a 
12 or 16 bit up/down counter, 
and an eight bit bus interface. In 
addition, the HCTL-2020 has 
cascade output signals as well as 
quadrature decoder output 
signals. The HCTL-2016 and 
HCTL-2020 are also available in 
surface mount packages. 

New Products 
Reflective Optical Surface 
Mount Encoder HEDR-8XOO 
This product will expand HP's 
optical encoder family into high 
volume and low cost applications. 
2 Channel 180 LPI/500CPR 
Option, HEDS-9730 
A higher resolution option is 
added to existing HEDS-9700 
series. 
3 Channel 2000 CPR Option, 
HEDS-9040 
A higher resolution option is 
added to existing HEDS-9040 
series. 

3 Channel 2000 CPR 
Codewheel, HEDM-6140 
This film codewheel is designed 
to work with new high resolution 
3 channel option for the HEDS-
9040 module. 
Quick Assembly Optical 
Encoder, HEDS-6500 and 
HEDL-6500 Series Large 
Diameter (56 mm) Housed 
2/3 Channel Optical encoder 
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Motion Control Products 
Data Sheet Index 
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• Reflective Optical Surlace Mount Encoders ............................................................................ 2-13 
• Small Optical Encoder Modules .............................................................................................. 2-20 

• High Resolution Small Optical Encoder Modules .................................................................... 2-30 

• Two Channel Optical Incremental Encoder Modules ............................................................... 2-40 
• Linear Optical Incremental Encoder Modules ......................................................................... 2-46 
• Three Channel Optical Incremental Encoder Modules ............................................................ 2-52 

• Two Channel High Resolution Optical Incremental Encoder Modules .................................... 2-63 

• Encoder Line Drivers .............................................................................................................. 2-72 
• High Temperature 125"C Two Channel Optical Incremental Encoder Modules ...................... 2-75 

• High Temperature 140°C Three Channel Optical Incremental Encoder Modules .................... 2-81 

• Quick Assembly Two and Three Channel Optical Encoders .................................................... 2-90 
• Large Diameter (56 mm), Housed Two and Three Channel Optical Encoders ...................... 2-102 
• Panel Mount Optical Encoders .............................................................................................. 2-116 

• Miniature Panel Mount Optical Encoders .............................................................................. 2-119 

• Two and Three Channel Codewheels for use with HP Optical Encoder Modules ................... 2-127 

• General Purpose Motion Control ICs .................................................................................... 2-139 
• Quadrature Decoder/Counter Inteface ICs ............................................................................ 2-178 
• Surface Mount Quadrature Decoder/Counter Interface ICs ................................................... 2-196 
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Reflective Optical Surface Mount Encoder 
Package Outline Page 

Drawing Part No. Channels Resolution No. 

HEDR·8000 A,B 70·75LPI 2·13 

R R R R Opt2KO (2.76·2.95 

~ 
Can be ordered in multiples of 50 units. lines/mm) 

HEDR·8000 A,B 
Opt2K3 

Can be ordered in multiples of 100 units. 

HEDR·8000 A,B 

tJ tJ tJ tJ Opt2K2 
Designer Kit. Contains 3 encoder modules. 

HEDR·8100 A,B 150LPI 
Opt2PO (5.91 lines/mm) 

Can be ordered in multiples of 50 units 

HEDR·8100 A,B 
Opt2P3 

Can be ordered in multiples of 100 units. 

HEDR·8100 A,B 
Opt2P2 

Designer Kil. Contains 3 encoder modules. 

Bold type = new product 

Optical Encoder Modules 
Package Outline Page 

Drawing Part No. Channels Resolution No. 

/olOP 
HEDS·9000 A,B 0 2·40 
OPT 0 00 A 500CPR* 

~~r~ 
B 1000CPR* 

UJ~i HEDS·9000 0 2·63 
OPTOOO T 2000 CPR 

~P Extended Resolution U 2048 CPR 

HEDS·90XX HEDL·9000 0 2·72 

HEDS·91XX OPTOOO All 

HEDS·92XX HEDHOOO 0 2·75 
HEDHOXX OPT 0 00 A 500 CPR 
HEDT·91XX 1250C High Temperature B 1000 CPR 

HEDS·9040 A,B,I 0 2·52 
OPT 0 00 B 1000 CPR* 

HEDL·9040 J 1024 CPR* 

OPTOOO T 2000 CPR 2·72 

HEDH040 A,B, I 0 2·81 
OPT 0 00 B 1000 CPR 

1400C High Temperature J f024CPR 

* Commonly used product wnh short leedtime. 

2·5 



Optical Encoder Modules, Continued 
Package Outline Page 

Drawing Part No. Channels Resolution No. 
HEDS-9100 A,B 0 2-40 

W 
OPT 0 00 S 50 CPR 
HEDL-9100 K 96 CPR 2-72 
OPT 0 00 C 100 CPR* 

D 192 CPR 
E 200 CPR 
F 256 CPR* -" ""V 
G 360 CPR 
H 400 CPR 
A 500 CPR* 
I 512 CPR* 

/~/ 
B 1000 CPR 
J 1024 CPR 

HEDS-91 0 0 A,B 00 2-63 
Special Count B A 250CPR 

B B 480CPR 
B C 576CPR 

HEDT-9100 A,B K 96 CPR 2-75 
OPTOOO C 100 CPR 

125"C High Temperature D 192 CPR 
I BBBBB I E 200 CPR 

F 256 CPR 
G 360 CPR 

HEDL-90XX H 400 CPR 
HEDL-91XX A 500 CPR 
HEDL-92XX I 512 CPR 

HEDS-9140 A, B, I 0 2-52 
OPT 000 S . 50 CPR 

K 96 CPR 2-72 

HEDL-9140 C 100 CPR 

OPT 0 00 E 200 CPR 
F 256 CPR 
G 360 CPR* 
H 400 CPR 
A 500CPR* 
I 512CPR* 

HEDT-9140 A,B,I 0 2-81 
OPT 0 00 E 200 CPR 

F 256 CPR 
G 360 CPR 
A 500 CPR 

HEDS-9200 A,B 0 2-46 
OPTOOO 100 100 LPI 

LOO 120 LPI 2-72 

HEDL-9200 MOO 127 LPI 

OPTOOO POO 150 LPI 
aoo 180 LPI 
ROO 200 LPI 
300 300 LPI 
360 360 LPI 

* Commonly used product with short leadtime. 
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Small Optical Encoder Modules-HE08-9700 Series 
Package Outline Page 

Drawing Part No. Lead Bend Chennels Resolution Mounting Options No. 

ill (g](g] 2-20 

~ 
HEDS-9700 Straight A,B K 96CPR 50 - Standard 

OPT ill (g] (g] C 100 CPR* 51 - Rounded Outline 

HEDS-9701 Bent A,B D 192 CPR 52 - Backplane 

OPT ill (g] (g] E 200CPR 53 - Standard w/Posts 
F 256CPR 54- Tabless 
G 360CPR 55 - Backplane w/Posts 
H 400CPR* 

~ 
HEDS-9720 Straight A,B L 120 LPI 

OPT ~(g](g] M 127 LPI 

HEDS-9721 Bent A,B P150LPI* 
OPT ~(g](g] 

rn 2-320 
HEDS·9730 Straight A,B A 500CPR 

OPT rn(g] (g] Q 180 LPI 

HEDS·9731 Bent A,B 
OPT rn (g] (g] 

Bold type = new product 

Codewheels-11.00 mm (0.433 in.) Optical Radius 
Package Outline Matching Page 

Drawing Part No. Encoder Module Channels Resolution Shaft Size No. 

@ 
ill (g](g] 2-127 

HEDS-5120 HEDS-9100 A,B S 50 CPR 01 2mm 
OPT ill (g] (g] HEDS-9700 K 96 CPR 02 3mm 

C 100 CPR 03 1/8 in. 
D 192 CPR 04 5/32 in. 
E 200 CPR 05 3/16 in. 
F 256 CPR 06 1/4 in.* 

~ G 360 CPR 11 4 mm* 
H 400 CPR 14 5mm 
A 500CPR* 12 6mm 
I 512 CPR 13 8mm 

~ 
HEDS-5140 HEDS-9140 A,B,I S 50 CPR 

OPT ~(g](g] K 96 CPR 
C 100 CPR 
E 200 CPR 
F 256 CPR 
G 360 CPR 
H 400 CPR 
A 500CPR* 
I 512CPR 

(-) 
rn 

HEDM-5120 HEDS-9100 A,B B 1000CPR 
OPT rn (g] (g] Extended J 1024CPR 

HEDG-5120 Resolution 
OPT rn (g] (g] 

* Commonly used product with short leadtlme. 
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Codewheels-23.36 mm (0.920 in.) Optical Radius 
Package Outline Matching Page 

Drawing Part No. Encoder Module Channels Resolution Shaft Size No. 

-- m ~~ 2-127 

~ ~ 
HEDS-6100 HEDS-9000 A,B A 500 CPR 05 3116 in. 

OPT m~~ B 1000 CPR 06 1/4 in. 

~ (Q) t 07 5/16 in. 
rID OB 31B in. 

~:J HEDS-6140 HEDS-9040 A,B,I B 1000 CPR 09 1/2 in. 
OPT rID~~ J 1024CPR 10 5/Bin. - 11 4mm 

12 6mm 
13 Bmm 

0 
[!] 

HEDM-6120 HEDS-9000 A,B T2000CPR 
OPT [!]~~ Extended U 204BCPR 

HEDG-6120 Resolution 

OPT [!]~~ 

ifJ2000 CPR HEDM-6140 HEDS-9040 A,B, I 
OPT [ID~~ Extended 

Resolution 

Bold type = new product 

Quick Assembly Encoder-HEDS·SSOO Series 
Package Outline Mounting Through Page 

Drawing Part No •. Channels Type Hole Resolution Shaft Size No. 

m ~~ 2-90 
HEDS-5500 A,B Standard None S 50 CPR 01 2mm 2-72 
HEDL-5500 K 96 CPR 02 3mm 

OPT m~~ C 100 CPR 03 lIB in. 

HEDS-5505 A,B Standard B.9mm 0192 CPR 04 5/32 in. 2-90 
HEDL-5505 (0.35 in.) E 200CPR* 05 3116 in. 2-72 

HEDS-55XX OPT m~~ F 256 CPR 06 1/4 in.* 
HEDS-56XX G 360 CPR 11 4mm 
HEDM-550X HEDS~5600 A,S External None H 400 CPR* 14 5mm 2-90 

HEDM-560X HEDL-5600 Mounting A 500 CPR* 12 6mm 2-72 
OPT m~~ Ears I 512 CPR 13 Bmm 

HEDS-5605 A,B External· B.9mm 2-90 
HEDL-5605 Mounting (0.35 in.) 2-72 

OPT m~~ Ears 

rID 2-90 
HEDS-5540 A,B,I Standard None S 50 CPR 2-72 
HEDL-5540 K 96 CPR 

OPT rID~~ C 100 CPR 

HEDS-5545 A, B, I Standard B.9mm E 200 CPR 2-90 
HEDL-5545 (0.35 in.) F 256 CPR 2-72 

OPT rID~~ G 360 CPR 
H 400 CPR 

HEDS-5640 A, S, I External None A 500 CPR 2-90 
HEDL-5640 Mounting I 512CPR* 2-72 

OPT rID~~ Ears 

HEDS-5645 A,B, I External B.9mm 2-90 
HEDL-55XX HEDL-5645 Mounting (0.35 in.) 2-72 
HEDL-56XX OPT rID~~ Ears 

*Commonly used product with short leadtlme. 
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Quick Assembly Encoder-HEDS-5500 Series, continued 
Package Outline Mounting Through 

Drawing Part No. Channels 

~ 
HEDM-5500 A,B 

OPT [!] [g] [g] 

HEDM-5505 A,B 
OPT [!] [g] [g] 

HEDM-5600 A,B 

~ 
OPT [!][g][g] 

~ HEDM-5605 A,B 
OPT [!] [g] [g] 

Quick Assembly Encoder-HEDS-6500 Series 
Package Outline 

Drawing Part No. 

G 
HEDS·6500 

J~~ 
OPT [I][g][g] 

HEDs-&505 
OPT [I][g][g] 

HEDS·6540 
OPT [I][g][g] 

~ 
HEDS·6545 

OPT [I][g][g] 

HEDM·6500 
OPT [I][g][g] 

HEDM·6505 
OPT [I][g][g] 

HEDS-650X HEDM·6540 
HEDS-654X OPT [I][g][g] 
HEDL-654X 

HEDM·6545 HEDL-6560 
HEDL-6561 

OPT [I][g][g] 

HEDL·6500 
OPT [I][g][g] 

HEDL·6505 
OPT [I][g][g] 

HEDL·6540 
OPT [I][g][g] 

HEDL·6545 
OPT [I][g][g] 

HEDL·6560 
OPT [I][g][g] 

HEDL·6561 
OPT [I][g][g] 

HEDL-6564 
OPT [I][g][g] 

HEDL·6565 
OPT [I][g][g] 

*Commonly used product with short leadtime. 
Bold type = new product 

Channels 

A,B 

A,B 

A, B, I 

A, B, I 

A,B 

A,B 

A, B, I 

A, B, I 

A,B 

A,B 

A, B, I 

A, B, I 

A,B 

A,B 

A, B, I 

A, B, I 

Type Hole Resolution 

Standard None B 1000 CPR 

Standard S.9mm J 1024 CPR 
(0.35 in.) 

External None 
Mounting 

Ears 

External S.9mm 
Mounting (0.35 in.) 

Ears 

Through 
Hole Resolution 

[I] 
None A 500 CPR 

B 1000 CPR* 
13.2mm J 1024CPR* 

(0.525 in.) 

None 

13.2mm 
(0.525 in.) 

None [I] 
T2000 CPR 

13.2mm U 204SCPR 
(0.525 in.) 

None [I] 
T2000 CPR 

13.2mm 
(0.525 in.) 

None [I] 
A 500 CPR 

13.2mm B 1000 CPR* 

(0.525 in.) J 1024 CPR* 

None 

13.2mm 
(0.525 in.) 

None [I] 
T2000 CPR 

13.2mm U 204SCPR 

(0.525 in.) 

None [I] 
T2000 CPR 

13.2mm 
(0.525 in.) 

Page 
Shaft Size No. 

2-90 

Page 
Shaft Size No. 

[g][g] 2-102 
05 = 3/16 in. 
06 = 1/4 in.* 
07 = 5/16 in. 
OS = 3/S in. 
09 = 1/2 in. 
10 = 5/S in. 
11 =4mm* 
12= 6mm 
13 = S mm 
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Rotary Pulse Generator-HRPG Series 
Package Outline Mechanical Page 

Drawing Part No. Shaft Feel/Resolutlon Configuration Termination No. 

rnrnrn [gHID rnl 2-119 
i"""'" HRPG- S16-Smooth 16 CPR 11-0.3" x 0.25" F-Pins Front with Bracket 

Arnrnrn D16-Detented 16 CPR 13-0.3" x 0.25" R-Pins Rear with Bracket 

...'::::... 
D-cut C-Cable Connector with 

i ill 
OPT [gJ [gJ rnl S32-Smooth 32 CPR 14-0.5" x 0.25" Strain Relief 

D32-Detented 32 CPR 16-0.5" x 0.25" 

J\..fl...rl..fl 
D-cut 

S64-Smooth 64 CPR 17-0.8" x 0.25" 

- SCA-Smooth 120 CPR 19-0.8" x 0.25" 
D-cut 
51-7.6 mm x 6 mm 
53-7.6 mm x 6 mm 
D-cut 

54-12.7 mm x 6 mm 
56-12.7 mm x 6 mm 
D-cut 
57-20.3 mm x 6 mm 
59-20.3 mm x 6 mm 
D-cut 

* Commonly used product with short leadtime. 

Rotary Pulse Generator-HEDS·5700 
Package Outline Page 

Drawing Part No. Termination Resolution Drag Option Shaft Configuration No. 

cr 
rn [gJ rnl 2-116 

HEDS-5700 Pins K 96 CPR o-free spinning 0-0.25" dia. 
OPT rn [gJ [gJ C 100 CPR 1-static drag 1-6mm dia. 

HEDS-5701 '6" Color D 192 CPR 2-0.25" dia D-cut 

OPT rn [gJ rnl Coded Leads E 200 CPR 
F 256 CPR 
G 360 CPR 
H 400 CPR 
A 500 CPR' 
I 512CPR 
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Motion ControIICS-HCTL·XXXX Series 
Package Outline Drawing Part No. Package Description Page No. 

"':~~~~ HCTL·ll00* PDIP CMOS General Purpose Motion ControllC 2·139 
ADoI08G 2 " 9 

Ao,lO&r~ 8 "~D 
ADa/OII2~ 4 l7e~ ...... ~. ·S~ AD4IbB~ ~ • 31 VDD 

ADe/08a ~ 7 ,. B ~X'CLK 
":~. ~B~ tIII7 Q n QND 

ONO~ 10 II ~ctIA 
VDD~ 11 8DeCHEI 

PRO~~ 11 .S~D 
/NIT II 21 I'HC 

~~14 27~PHI!I 
I'MI'~ 11 nBPHA 
"",~" as:'" 81BN~ 17 24 Met 
MCo~ II a§MCt 
~E'8 22§~~ w:. 20 11 Met 

HCTL·ll00* PLCC CMOS General Purpose Motion ControllC 
1111111 .... 1 OPT PLC 

0 
- . . .. - .-- .-OIl.. .._ 

-" ..... '" I .. _ -" ..... ..... .. ... 
III! I ., ... """ .... , .. If .. _ 

111 "111'" 

HCTL·2000* PDIP CMOS Quadrature Decoder/Counter IC, 12·bit Counter 2·178 
DoC~PVIlI) 

CLkC 2 115 PDl 
sa[ • 1. pDt 
DeC_ 1apPa 

RiTe I 12 PD4 HCTL·2016* PDIP CMOS Quadrature Decoder/Counter IC, 16·bit Counter 
CHIC' 11 PD. 
cue 7 10PDe 

YnC' .po, 

Hf,~!, 
HCTL·2016* PLCC CMOS Quadrature Decoder/Counter IC, 16·bit Counter 2·196 •• w" 

~~ 
ill! 

4 " OPTPLC Nt · " NO · " 1m' 7 11 
CHO · .. 101"218 

gP';fl 

* Commonly used product with short leadtime. 
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Motion ControIIC5-HCTL-XXXX Series, continued 
Package Outline Drawing Part No. Package Description Page No. 

0, [ r,-v-;: P v" 
HCTL-2020* PDIP CMOS Quadrature Decoder/Counter IC, 16-bit Counter, 2-178 

Quadrature Decoder Output Signals, 
CLK[ 2 19 PDl Cascade Output Signals 
SEL[ 3 ,8 pO:! 
DE[ 4 17p~ 

UJi5 [ 5 16 P CNTOCDR 

He [ fi 15 P CNTCAS 

RiT[ 7 14 PD4 
CHS[ I 13 PDs 
CHA[e 12PDe 
Vss[ 10 11 p~ 

iii' 8 
:;;,~;,~ 

CMOS Quadrature Decoder/Counter IC, 16-bit Counter, 3212019 HCTL-2020 PLCC 2-196 "" . 18 '" OPTPLC Quadrature Decoder Output Signals, Cascade Output w6 • " .. Ne • 16 CNTOCDR Signals .... , 15 CNTCAS 

CKe • 14 D4 

910111213 

~Id'd'd' 

Accessories for Encoders and Encoder Modules 
Package Outline Drawing Part No. Description 

g: : 
HEDS-8902 4-wire connector with 15.5 cm (6.1 in.) flying leads. Locks into HEDS-5500 

and HEDS-5600 two channel encoders. Also fits HEDS-9000, HEDS-9100, 
and HEDS-9200 two channel encoder modules. 

~: : 
HEDS-8903 5-wire connector with 15.5 cm (6.1 in.) flying leads. Locks into HEDS-5540 

and HEDS-5640 three channel encoders. Also fits HEDS-9040 and 
HEDS-9140 three channel encoder modules. 

HEDS-8905 Alignment Tool for HEDS-9140 

HEDS-8906 Alignment Tool for HEDS-9040 

HEDS-8901 Gap Setting shown for film codewheels 

HEDS-8932 Gap Setting shown for glass codewheels 

HEDS-8910 Alignment Tool for HEDS-5540/5545 and HEDS-5640/5645. 
OPTOOO Order in appropriate shaft size. 

* Commonly used product with short leadtlme. 
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r/ii1l HEWLETT@ 
~~PACKARD 

Reflective Optical Surface 
Mount Encoders 

Technical Data 

Features 
• Reflective Technology 
• Surface Mount SO-8 Package 
• Two Channel Quadrature 

Outputs for Direction 
Sensing 

• Two Encoding Resolution 
Options: 
- 2.76 - 2.95 Lines/mm 

(70 - 75 Linesfmch) 
- 5.91 Lines/mm 

(150 Lines/inch) 

Outline Drawing 

Description 
The HEDR-8000/8100 Series 
encoders use reflective technol­
ogy to sense rotary or linear 
position. This sensor consists of 
an LED light source and a 
photodetector Ie in a single SO-8 
surface mount package. When 
used with a reflective codewheel 
or codestrip, this device can sense 
rotary or linear position. 

HEDR-SOOO Series' 
HEDR-SI00 Series 

~5;J 
6.2 .. 0.20 

(0.244 .. 0.008) 

PIN ONE 

INDICATOR J L LOCATION 

0.38 .. 0.08 
(0.016 .. 0.003) 

0.700 RREF 
(0.0276) • 

(~:~:) REF. 

t 

0.025 MIN 
(0.001) • 

NOTES: 
'FLASH MAY ADD 0.38 (0.015) MAX. 
AT PARTING LINE. 
DIMENSIONS IN MILLIMETERS (INCHES). 

0.23 .. 0.03 
(O.OOB .. 0.001) 

~ 

~~t:3:MIN' 
ESD WARNING: NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC 
DISCHARGE. 

5965·4783E 2·13 



The reflective surface mount 
optical encoders provide two 
square wave outputs in quadra­
ture for count and direction 
information. These TTL 
compatible outputs correspond to 
the alternating reflective/non­
reflective pattern of the 
codewheel or codestrip. 

The HEDR-BOOO/BlOO series 
encoders can be used over a 
range of codewheel and codestrip 
resolutions. TheHEDR-BOOO/ 
B100 reflective encoder can 
operate from 2.76 to 2.95 lines 
per mm (70 to 75 lines per inch). 
The HEDR-BlOO can be used with 
a codewheel or codestrip with 
150 lines per inch (5.91 lines 
permm). 

Block Diagram 

Applications 
The HEDR-BOOO/B100 series 
provides two channel motion 
sensing at a very low cost, making 
it ideal for high volume 
applications. Its small size and 
surface mount capability make it 
ideal for printers, copiers, card 
readers, and consumer product 
applications. 

Theory of Operation 
The HEDR-BOOO/B100 series 
combines an emitter and a 
detector in a single surface mount 
80-B package. When used with a 
codewheel or codestrip, the 
reflective sensors translates 
rotary or linear motion into a.two 
channel digital output. 

:~:-'-: ---'* D ~ 
Vee 

r CODEWH. EEL 
/ OR 

CODESTRIP 

CHA 

CHB 

GND 

Definitions 

SIGNAL 
PROCESSING 

CIRCUITRY 

Count (N): For rotary motion, 
the number of bar and window 
pairs or counts per revolution 
(CPR) of the codewheel. For 
linear motion, the number of bar 
and window pairs per unit length 
(lines per inch [LPI) or lines per 
mm [LPmm)). 

2-14 
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. One Cycle (C): 360 electrical 
degrees COe), 1 bar and window 
pair. 

One Shaft Rotation: 360 
mechanical degrees, N cycles 
(rotary motion only). 

Line Density:· The number of 
reflective and non-reflective pairs 
per unit length, expressed as 

As seen in the.block diagram, the 
HEDR-BOOO/BlOO series has three 
key parts: a single light emitting 
diode (LED) light source, a 
photodetector IC with a set of 
uniquely configured photodiodes, 
and a pair of lenses molded into 
the package. The lens over the 
LED focuses light onto the 
codewheel or codestrip. Light is 
either reflected or not reflected 
back to the lens over the 
photodetector IC. 

As the codewheel rotates or 
codestrip passes by, an alternat­
ing pattern of light and dark 
corresponding to the pattern of 
the codewheel falls upon the 
photodiodes. This light is used to 
produce internal signals A and:A, 
and B and B. As part of this 
"push-pull" detector system, these 
signals are. fed through compara­
tors to produce the final outputs 
for channels A and B. 

either lines per inch (LP!) or lines 
per mm (LPmm). 

Pulse Width (P): The number of 
electrical degrees that an output 
is high during one cycle, 
nominally 1BOoe or 1/2 a cycle. 

Pulse Width Error (8P): The 
deviation in electrical degrees of 
the pulse width from its ideal 
value of 180oe. 



State Width (S): The number of 
electrical degrees between a 
transition in the output of channel 
A and the neighboring transition 
in the output of channel B. There 
are 4 states per cycle, each 
nominally 90oe. 

State Width Error (dS): The 
deviation in electrical degrees of 
each state width from its ideal 
value of 90oe. 

Phase ($): The number of 
elElctrical degrees between the 
center of the high state on 
channel A and the center of the 
high state on channel B. This 
value is nominally 90oe. 

Phase Error (~$): The deviation 
in electrical degrees of the phase 
from its ideal value of 90oe. 

RADIAL 

"7'"c::::=m::p::::".,T:;ANGENTIAL 

Output Waveforms 

Direction of Rotation: When 
the codewheel or codestrip moves 
in the direction from pin 1 to pin 
4, as viewed when looking down 
on the lenses, channel B will lead 
channel A. If the codewheel or 
codestrip moves in the opposite 
direction, channel A will lead 
channel B. 

Optical Radius (Rop): For 
rotary motion, the distance from 
the codewheel's center of rotation 
to the center line connecting the 
two lenses of the encoder. 

Gap (G): The distance from the 
top of the package to the surface 
of the reflective codewheel or 
codestrip. 

1 : 
C 'I ALL FOUR STATES (Sl TO S4) 

ARE MAINTAINED. [' ,I ..........,.... 

AMPLITUDE -1.~+".I.".I."~ G}- OR' 

-II I I LcH.B 

CODEWHEEL ROTATION OR LINEAR MOVEMENT 

Specular Reflectance (R,): a 
measure of a surface's reflective 
finish. This is quantified by the 
amount of light reflected when hit 
with an incident beam. A device 
called a scatterometer is used to 
quantify specular reflectance on a 
percent scale. (Contact factory for 
more information.) 

Radial and Tangential 
Misalignment Error (ER, ET): 
For rotary motion, mechanical 
misalignment in the radial and 
tangential directions relative to 
the codewheel. 

Angular Misalignment Error 
(E,0: angular misalignment of the 
sensor in relation to the tangential 
direction. This applies for both 
rotary and linear motion. 
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Absolute Maximum Ratings 
Storage Temperature, Ts -40°C to 85°C 
Operating Temperature, TA O°C to 85°C 
Supply Voltage, Vee -0.5 Vto 7V 
Output Voltage, Vo -0.5 Vto Vee 
Output Current per Ch~el, lOUT -1.0 rnA to 5 rnA 

Note: Exposure to extreme light intensity (such as from flashbulbs or spotlights) can 
cause permanent damage to device. 

Recommended Operating Conditions 
Parameter Symbol Min. Typ. Max. 

Temperature TA -10 85 
Supply Voltage Vee 4.5 5.0 5.5 
LED Current hED 13 15 18 

Load Capacitance CL 100 
Count Frequency f 15 
Radial Misalignment ER ±0.38 

(± 0.015) 
Tangential Misalignment ET ±0.38 

(± 0.015) 
Angular Misalignment EA 0 ± 1.5 
Codewheel or Codestrip G 1.52 2.03 2.54 
Gap (0.060) (0.080) (0.100) 

G 1.02 1.52 2.03 
(0.040) (0.060) (0.080) 

Codewheel or Codestrip Rr 60% 
Specular Reflectance 
Codewheel/Codestrip Tilt CT 0 1 
Codewheel/Codestrip LPmm 2.76 2.95 
Resolution (LPI) (70) (75) 

LPmm 5.91 
(LP!) 150 

Notes: 
1. Contact factory for more information regarding measurement of specular reflectance. 

Encoding Characteristics 

Units Notes 
°C 

Volts Ripple < 100 mVp-p 
rnA See "Current Limiting 

Resistor for LED" 
pF 2.7 III Pull-UP 

kHz Velocity (rpm) x N/60 
mm 
(in.) 
mm 
(in.) 
deg. 
mm HEDR-8000 
(in.) 
mm HEDR-8100 
(in.) 

As Measured on TMA 
J.l.Scan Scope (see Note 1) 

deg. 
lines/mm HEDR-8000 
(lines/in. ) 
lines/mm HEDR-8100 
(lines/in.) 

Encoding Characteristics Over the Recommended Operating Conditions and Mounting Conditions. 

Parameter Symbol Typical Maximum Units Notes 
Pulse Width Error, Channel A dP 15 55 °e HEDR-8000 
Pulse Width Error AP 75 °e HEDR-8100 
Phase Error d$ 60 °e HEDR-8100 
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Electrical Characteristics 
Electrical Characteristics Over Recommended Operating Conditions. Typical Values at 25OC. 

Parameter Symbol 

Supply Current 

High Level Output Voltage 

Low Level Output Voltage 

Rise Time 

Fall Time 

Current Limiting Resistor 
for LED 
A resistor to limit current to the 
LED is required. The recom­
mended value is 220 Q (± 10%) 
and should be placed in series 
between the 5 V supply and pin 8 
of the device (VLED). This will 
result in an LED current of 
approximately 15 rnA. 

Icc 
VOH 

VOL 

tr 

tr 

Min. 

2.4 

Typ. Max. Units 

2.2 5.0 rnA 

V 

0.4 V 

150 200 ns 

50 60 ns 

Recommended Codewheel and Codestrip Characteristics 

Parameter Symbol 
Window/Bar Ratio Ww/Wb 
Specular Reflectance Rf 

Line Density LPmm 
(LPI) 

LPmm 
(LPI) 

Window Length Lw 

~]IIIII 
I I I 
WWWb 

Min. Max. 
0.9 1.1 

60 85 

- 10 
2.76 2.95 
(70) (75) 

5.91 
(150) 

Units 

lines/mm 
(lines/inch) 
lines/mm 

(lines/inch) 
1.80 2.31 mm (inches) 

(0.071) (0.091) 

Contact factory for further information on compatible codewheel and codestrips. 

Notes 

IOH = -40 J.IA min. 

IOL = 3.86 rnA 

CL = 25 pF 
RL = 2.7Im 

Notes 

Reflective Bars 
Non-reflective Bars 
HEDR-8000 

HEDR-8100 

mm 
(inches) 
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Mounting Conditions 

11.00 mm (0.433 IN.) < Rop < 00 

2.03±0.51 
1--____ -1-[(0.080 ± 0.020) 

"These dimensions are for HEDR-SOOO. 
Please refer to "Recommended Operating 
Conditions" table for HEDR-S100. 

Ordering Information 
A. Modules 
HEDR-SOOO# 2K D 

IR Soldering Conditions 
The following recommended IR 
soldering proftle meets the 
specifications of the Electronic 
Industries Association of Japan 
(EIAJ): 

i 90 ±30S 

1. 150 ± 1O"C for 90 ± 30 seconds 
2. Greater than 200°0 for 30 

± 10 seconds 
3. 230°0 ± 5"C for 10 ± 1 second 

'--230°C ± soc 
-t--~\-- 200°C 

TIME(S) 

Low Resolution Reflective Optical Surface Mount Encoder 

HEDR-S[IDOO 

HEDR-SIOO# 2P D 

Lines/Inch 

K = 75 LPI 

High Resolution Reflective Optical Surface Mount Encoder 

HEDR-SrnOO 

·Notes: 

Lines/Inch 

P = 150 LPI 

Units in Shipping Tube* 

0= 50 units 
2 = 3 Unit (Designer's Kit) 

3 = 100 Units 

Units in Shipping Tube 

0= 50 units 
2 = 3 Unit (Designer's Kit) 

3 = 100 Units 

1. Quantity ordered needs to be either in a multiple of 50 units or 100 units based on option part number. 
2. Designer's Kit: ordering one unit will get three units of encoder modules. 
3. Please contact your local HP representative for tape and reel option. 
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Ordering Information 
B. Codewheel: reflective 

HEDR-5120 OPT 

Resolution (CycleIRev) 

D = 192 CPR 
E = 200 CPR 
H = 400 CPR 

ROP = 11 mm, 2 channels 

Shaft Diameter 

06 = 1/4 in. 
12 = 6mm 

·Please contact the factory for other shaft diameters. 
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Small Optical Encoder Modules 

Technical Data 

Features 
• Small Size 
• Low Cost 
• Multiple Mounting Options 
• Wide Resolution Range 
• Linear and Rotary Options 

Available 
• No Signal Adjustment 

Required 
• Insensitive to Radial and 

Axial Play 

• -40OC to +85OC Operating 
Temperature 

Package Dimensions 

• Two Channel Quadrature 
Output 

• TTL Compatible 
• Single 5V Supply 
• Wave Solderable 

Description 
The HEDS-9700 series is a high 
performance, low cost, optical 
incremental encoder module. 
When operated in coI\iunction 
with either a codewheel or 
codestrip, this module detects 
rotary or linear position. The 

DIMENSIONS ARE MI~~~i~RES 

LEAD TH ICKNESS, ~;150 

FfJ;;- HEWLETTI!> 
a:~PACKARD 

HEDS-9700 Series 

LEAD THICKNESS - 0.25 mm 
LEAD PITCH - 2.64 mm 

Mounting Option #50 - Standard (Baseplane Mounting) Contact Factory for Detailed Package Dimensions 

ESD WARNING; NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC DISCHARGE. 
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module consists of a lensed LED 
source and a detector IC enclosed 
in a small C-shaped plastic pack­
age. Due to a highly collimated 
light source and a unique photo­
detector array, the module is 
extremely tolerant to mounting 
misalignment. 

The two channel digital outputs 
and 5V supply input are accessed 
through four solder-plated leads 
located on 2.54 mm (0.1 inch) 
centers. 

The standard HEDS-9700 is 
designed for use with an 11 mm 
optical radius codewheel, or 
linear codestrip. Other options 
are available. Please contact 
factory for more information. 

Applications 
The HEDS-9700 provides 
sophisticated motion detection at 
a low cost, making closed-loop 
control very cost-competitive! 

Block Diagram 

Typical applications include 
printers, plotters, copiers, and 
office automation equipment. 

Theory of Operation 
The HEDS-9700 is a C-shaped 
emitter/detector module. Coupled 
with a codewheel, it translates 
rotary motion into a two-channel 
digital output. Coupled with a 
codestrip, it translates linear 
motion into a digital output. 

As seen in the block diagram, the 
module contains a single Light 
Emitting Diode (LED) as its light 
source. The light is collimated 
into a parallel beam by means of 
a single lens located directly over 
the LED. Opposite the emitter is 
the integrated detector circuit. 
This IC consists of multiple sets 
of photodetectors and the signal 
processing circuitry necessary to 
produce the digital waveforms. 

r'r-------------,~ II I 

I ~ _______ .J 

EMITTER SECTION 

I I I 3 
I I 
I I 
I I 
I I 
I 

I 4 
I 
I 
I 
I 
I 
laND 

~ ______________ J' 

COOE DETECTOR SECTION 
WHEEL 

The codewheeVcodestrip moves 
between the emitter and detector, 
causing the light beam to be 
interrupted by the pattern of 
spaces and bars on the code~ 
wheeVcodestrip. The photodiodes 
which detect these interruptions 
are arranged in a pattern that 
corresponds to the radius and 
count density of the codewheeV 
codestrip. These detectors are 
also spaced such that a light 
period on one pair of detectors 
corresponds to a dark period on 
the adjacent pair of detectors. 
The photodiode outputs are fed 
through the signal processing 
circuitry. Two comparators 
receive these signals and produce 
the final outputs for channels A 
and B. Due to this integrated 
phasing technique, the digital 
output of channel A is in 
quadrature with channel B (90 
degrees out of phase). 
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Output Waveforms 

Def"mitions 
Count (N) = The number of bar 
and window pairs or counts per 
revolution (CPR) of the 
codewheel, or the number of lines 
per inch of the codestrip (LPI). 

1 Shaft Rotation = 360 
mechanical 
degrees 

= N cycles 
1 cycle (c) = 360 electrical 

degrees COe) 
= 1 bar and 

window pair 

Absolute Maximum Ratings 

Parameter Symbol 

Storage Temperature Ts 

Operating TA 
Temperature 

Supply Voltage Vee 

Output Voltage Vo 

Output Current per 10 
Channel 

Soldering Temperature 

2-22 

Pulse Width (P): The number of 
electrical degrees that an output 
is high during one cycle .. This 
value is nominally 180oe.or 1/2 
cycle. 

Pulse Width Error (LU'): The 
deviation, in electrical degrees, of 
the pulse width from its ideal 
value of 1800e. 

State Width (S): The number of 
electrical degrees between a 
transition in the output of channel 

Min. Max. Units Notes 

-40 85 °C See Note 

-40 85 °C See Note 

-0.5 7 V 

-0.5 Vee V 

-1.0 5 rnA 

260 OC t:::; 5 sec. 

A and the neighboring transition 
in the output of channel B. There 
are 4 states per cycle, each 
nominally 90oe. 

State Width Error (~S): The 
deviation, in electrical degrees, of 
each state width from its ideal 
value of 90oe. 

Phase ($): The number of 
electrical degrees between the 
center of the high state of channel 
A and the center of the high state 
of channel B. This value is 
nominally 900 e for quadrature 
output. 

Phase Error (~$): The deviation 
of the phase from its ideal value 
of90oe. 

Direction of Rotation: When the 
codewheel rotates counterclock­
wise, as viewed looking down on 
the module (so the marking is 
visible), channel A will lead 
channel B. If the codewheel 
rotates in the opposite direction, 
channel B will lead channel A. 

Optical Radius (Rop): The 
distance from the codewheel's 
center of rotation to the optical 
center (O.C.) of the encoder 
module. 



Recommended Operating Conditions 

Parameter Symbol Min. Max. Units Notes 

Temperature T -40 85 °C 

Supply Voltage Vr,r. 4.5 5.5 V Ripple < 100 mV.n 

Load Capacitance CT. 100 pF 3.2 kG pull-up 

Count Frequency 20 kHz (Velocity (rpm) x N)/60 

Note: The module perfonnance is guaranteed to 20 kHz but can operate at higher frequencies. Contact factory for more information. 

Encoding Characteristics 
Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances. 
These characteristics do not include codewheel/codestrip contributions. 

Case I Case 2 
Parameter Symbol Typ. Max. Max. Units Notes 

Pulse Width Error AP 7 30 40 °e 

Logic State Width Error AS 5 30 40 °e 

Phase Error A$ 2 10 15 °e 

Case 1: Module mounted on tolerances off 0.13 mm (0.005"). Case 2: Module mounted on tolerances of 
± 0.25 mm (0.010") 
Note: See Figures in Mounting Considerations for details on Case 1 and Case 2 mounting tolerances. 

Electrical Characteristics 
Electrical Characteristics over Recommended Operating Range, Typical at 25OC. 

Parameter Symbol Min. Typ. Max. Units Notes 

Supply Current I~~ 17 40 rnA 

High Level Output Voltage VOH 2.4 V IOH = -40 ~ 

Low Level Output Voltage VOL 0.4 V 10L = 3.2 rnA 

Rise Time t 200 ns C = 25 pF, R.. = 11 kG 

Fall Time tf 50 ns CL = 25 pF, ~ = 11 kG 
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Recommended Codewheel and Codestrip Characteristics 

Parameter Symbol Min. Max. Units 

WindowlBar Ratio Ww/Wb 0.7 1.4 

Wmdow Length (Rotary) Lw 1.80 2.30 rom 
(0.071) (0.091) (inch) 

Absolute Maximum Codewheel Rc Rop + 3.40 rom 
Radius (Rotary) (Rop + 0.134) (inch) 

Center of Post to Inside WI 1.04 rom 
Edge of Window (0.041) (inch) 

Center of Post to Outside W2 0.76 rom 
Edge of Window (0.030) (inch) 

Center of Post to Inside Edge L 3.60 rom 
of Codestrip (0.142) (inch) 

Optional Packages Available 

1 iO~o;l 

LEAD THICKNESS: ::0 -~ DIMENSIONS ARE UN::ESJ 

Mounting Option #51 - Rounded Outline (Baseplane Mounting) 
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tricity errors 



Optional Packages Available (cont'd.) 

s.L..--.
s 

_~~-~l,r~~ :::.-tFl 
0.217 ' 0.03111 H,-,-_-; 
T~ r 

Ml! 
0.252 

LEAD THICKNESS: ~o~o 

Mounting Option #52 - Backplane (Backplane Mounting) 

DIMENSIONS ARE MI~~~~~RES 

PIN 1 IDENTIFIER 

~~ 
0.278 12.8 

..... ...q-~ D.49iI 

r~~ LF--*- LEAD THICKNESS; ~ 
~ I • POlITS TO BE USED IN CONJUNCTION 

fo-,.1A. WITH ADHESIVES OR HEAT STAKING 
0.071 

Mounting Option #58 - Standard with Posts (Baseplane Mounting) 
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Optional Packages Available (cont'd.) 

ll. 
0.217 

f-:C=~~ 

Mounting Option #54 - Tabless (Baseplane Mounting) 

y. 
0.217 

LEAD THICKNESS: ~ 

COPTICAL 
CENTER. 

DIMENSIONS ARE M1~P_ 

~ 8 ~ 1 PIN 1 IDENTIFIER 
U>U" 

D'MENSIONS ARE MILI~~~::ES 

• P08TS TO BE USED IN CONJUNCTION 
WITH ADHESIVE OR HEAT STAKING. 

Mounting Option #55 - Backplane with Posts (Backplane Mounting) 

2·26 



Bent Lead Option 

3.0 -I r ii:1ii 

5° TV~. 

Tf{IT]-..!L 
0.362 

..L- ._ 

~m--
0.60 
0.020 

Mounting Considerations 

DIMENSIONS ARE MI\~~JJrS 

...L..--:L_~ MAX=. ==F==W-
4.44.0.43 

0.175.0.017 

f 
SEE NOTE 1 Ii. OF ALIGNMENT TAB 

Rm • Rap· 0.14 10.006) 

01:e DEEP MIN. 

Note: These dimensions include shaft end play and codewheel warp. 

All dimensions for mounting the module and codewheeVcodestrip should be measured with respect to the two mounting posts, shown 
above. 

Mounting Tolerances 
Case 1 and Case 2 specify the mounting tolerances required on Rm in order to achieve the respective 
encoding characteristics shown on page 4. The mounting tolerances are as follows: 

Case 1: Rm ± 0.13 mm (.005 inches) 
Case 2: Rm ± 0.25 mm (,010 inches) 

Recommended Screw Size: M2.5 x 0.45 or 2-56 

2-27 



Wave Solder Conditions 
Flux - RMA Water Soluble (per 
MIL-F-14256D) 

Process Parameters 
1. Flux 
2. Pre-heat 60 seconds total 

PCB top side @ 230"C 
PCB bottom side @ 260°C 

3. Wave solder 255"C, 1.2 
meters/min line speed 

4. Hot Water Wash 
1 st: 30°C 45 seconds 
2nd: 70°C 90 seconds 

5. Rinse 
1st: 23"C 45 seconds 
2nd: 23"C 45 seconds 

6. Dry 
1st: 80°C 105 seconds 
2nd: 95°C 105 seconds 

Typical Interface 

CHA HP 
f--- HCTL-201612020 

HED8-9700 CHB QUADRATURE 
DECODERI 
COUNTER 
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Ordering Information 

o -Rotary 
2 -Linear 

HEDS-97 

Lead Bend 
o - Straight Leads 
I - Bent Leads 

Resolution Options 
(II nun optical radius, Rop) 
K- 96 CPR 
C- 100 CPR 
D- 192 CPR 
E- 200 CPR 
F- 256CPR 
G- 360 CPR 
H- 400 CPR 
(Linear) 
L- 120LPI 
M-127 LPI 
P -150 LPI Contact 

Factory for 
Other 
Resolution 
Options 

Note: Please contact factory for codewheel and codestrip infonnation. 

Mounting Options 
50 - Standard 
51 - Rounded Outline 
52 - Backplane 
53 - Standard W/P08ts 
54 -Tabless 
55 - Backplane w/Posts 
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Small Optical Encoder Modules 

Technical Data 

Features 
• Small Size 
• Low Cost 
• Multiple Mounting Options 
• Wide Resolution Range 
• Linear and Rotary Options 

Available 
• No Signal Adjustment 

Required 
• Insensitive to Radial and 

Axial Play 

• -40"C to +85"C Operating 
Temperature 

Package Dimensions 

• High Resolution Version of 
the HEDS-970X 

• Two Channel Quadrature 
Output 

• TTL Compatible 
• Single 5 V Supply 
• Wave Solderable 

Description 
The HEDS-9730 series is a high 
performance, low cost, optical 
incremental encoder module. 
When operated in cor\iunction 

DIMENSIONS ARE MI~~~~~RES 

LEAD TH ICKNESS, t.;,~o 

III " ... 
G .J is 6 PIN 1 IDENTI FI ER 

Fli;- HEWLETT" 
~~PACKARD 

HEDS-973X Series 

_k~ F-1 
-I 1.-;:71 

LEAD THICKIIlESS - 0.26 mm 
LEAD PITCH - 2.54 mm 

Mounting Option #50 - Standard (Baseplane Mounting) Contact Factory for Detailed Package Dimensions 

ESD WARNING: NORMAL HANDUNG PRECAUTIONS SHOUW BE TAKEN TO AVOID STATIC DISCHARGE. 
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with either a codewheel or 
codestrip, this module detects 
rotary or linear position. The 
module consists of a lensed LED 
source and a detector IC enclosed 
in a small C-shaped plastic pack­
age. Due to a highly collimated 
light source and a unique photo­
detector array, the module is 
extremely tolerant to mounting 
misalignment. 

The two channel digital outputs 
and 5V supply input are accessed 
through four solder-plated leads 
located on 2.54 mm (0.1 inch) 
centers. 

The standard HEDS-9730 is 
designed for use with an 11 rom 
optical radius codewheel, or 
linear codestrip. Other options 
are available. Please contact 
factory for more information. 

Applications 
The HEDS-9730 provides 
sophisticated motion detection at 

Block Diagram 

a low cost, making closed-loop 
control very cost-competitive! 
Typical applications include 
printers, plotters, copiers, and 
office automation equipment. 

Theory of Operation 
The HEDS-9730 is a C-shaped 
emitter/detector module. Coupled 
with a codewheel, it translates 
rotary motion into a two-channel 
digital output. Coupled with a 
codestrip, it translates linear 
motion into a digital output. 

As seen in the block diagram, the 
module contains a single Light 
Emitting Diode (LED) as its light 
source. The light is collimated 
into a parallel beam by means of 
a single lens located directly over 
the LED. Opposite the emitter is 
the integrated detector circuit. 
This IC consists of multiple sets 
of photodetectors and the signal 
processing circuitry necessary to 

rlr-------------l~ 

I .... _______ ...1 

EMITTEA SECTION 

I II 
I I 3 
I I 
I I 
: I 

CHANNEL A 

I 4 
I 
I 
I 
I 
I 
IOND L ______________ J

' 
CODE DEnCTOA SECTION 
WHEEL 

produce the digital waveforms. 

The codewheeVcodestrip moves 
between the emitter and detector, 
causing the light beam to be inter­
rupted by the pattern of spaces 
and bars on the codewheeVcode­
strip. The photodiodes which 
detect these interruptions are 
arranged in a pattern that corre­
sponds to the radius and count 
density of the codewheeVcode­
strip. These detectors are also 
spaced such that a light period on 
one pair of detectors corresponds 
to a dark period on the adjacent 
pair of detectors. The photodiode 
outputs are fed through the signal 
processing circuitry. Two com­
parators receive these signals and 
produce the final outputs for 
channels A and B. Due to this 
integrated phasing technique, the 
digital output of channel A is in 
quadrature with channel B (90 
degrees out of phase). 
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Output Waveforms 

ROTATION 

Definitions 
Count (N) = The number of bar 
and window pairs or counts per 
revolution (CPR) of the 
codewheel, or the number of lines 
per inch of the codestrip (LP!). 

I Shaft Rotation = 360 
mechanical 
degrees 

= N cycles 
I cycle (c) = 360 electrical 

degrees (Oe) 
= I bar and 

window pair 

Absolute Maximum Ratings 

Parameter Symbol 

Storage Temperature Ts 

Operating TA 
Temperature 

Supply Voltage Vee 

Output Voltage Vo 

Output Current per 10 
Channel 

Soldering Temperature 

2-32 

Pulse Width (P): The number of 
electrical degrees that an output 
is high during one cycle. This 
value is nominally 1800e or 1/2 
cycle. 

Pulse Width Error (dP): The 
deviation, in electrical degrees, of 
the pulse width from its ideal 
value of 180oe. 

State Width (S): The number of 
electrical degrees between a 

Min. Max. Units Notes 

-40 85 OC See Note 

-40 85 OC See Note 

-0.5 7 V 

-0.5 Vee V 

-1.0 5 rnA 

260 OC tS 5 sec. 

transition in the output of channel 
A and the neighboring transition 
in the output of channel B. There 
are 4 states' per cycle, each 
nominally 90oe. 

State Width Error (dS): The 
deviation, in electrical degrees, of 
each state width from its ideal 
value of 90oe. 

Phase (<<1»: The number of electri­
cal degrees between the center of 
the high state of channel A and 
the center of the high state of 
channel B. This value is nominally 
900e for quadrature output. 

Phase Error (d«l»: The deviation 
of the phase from its ideal value 
of90oe. 

Direction of Rotation: When the 
codewheel rotates counterclock­
wise, as viewed looking down on 
the module (so the marking is 
visible), channel A will lead 
channel B. If the codewheel 
rotates in the opposite direction, 
channel B will lead channel A 

Optical Radius (Rop): The 
distance from the codewheel's 
center of rotation to the optical 
center (O.C.) of the encoder 
module. 



Recommended Operating Conditions 

Parameter Symbol Min. Max. Units Notes 

Temperature T -40 85 °C 

Supply Voltage Vee 4.5 5.5 V Ripple < 100 mVp_p 

Load Capacitance CL 100 pF 3.2 kQ pull-up 

Count Frequency 20 kHz (Velocity (rpm) x N)/60 

Note: The module performance is specified at 20 kHz but can operate at higher frequencies. Contaci factory for more information. 

Electrical Characteristics 
Electrical Characteristics over Recommended Operating Range, Typical at 25"C. 

Parameter Symbol Min. Typ. Max. Units Notes 

Supply Current Icc 17 40 rnA 

High Level Output Voltage VOH 2.4 V IOH = -200 J.I.A 

Low Level Output Voltage VOL 0.4 V IOL = 3.86 rnA 

Rise Time tr 180 ns CL = 25 pF, 

Fall Time t f 40 ns 
RL = 3.3 kQ pull-up 

Encoding Characteristics 
Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances. 
These characteristics do not include codewheeVcodestrip contribution. The Typical Values are averages over 
the full rotation of the codewheel. For operation above 20 kHz, see frequency derating curves. 

Parameter Symbol Typical Maximum Units 

Pulse Width Error ~P 5 45 °e 

Logic State Width Error ~S 3 45 °e 

Phase Error ~<I> 2 15 °e 

Note: Module mounted on tolerances of ± 0.13 mm (± 0.005") radius referenced from centerline of codewheel shaft to alignment tabs. 
3.3 ill pull-up resistors used on all encoder module outputs. 

Frequency Derating Curves 
Typical performance over extended operating range. These curves were derived using a 25 pF load with a 
3.3 k pull-up resistor. Greater load capacitances will cause more error than shown in these graphs. 

A B 
15 r---,---,---r---, 

-15 '----'---"----'-----' 
o 50 100 150 200 

FREQUENCY (KHz) FREQUENCY (KHz) 
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Recommended Codewheel and Codestrip Characteristics 

Parameter 

Window/Bar Ratio 

Window Length (Rotary) 

Absolute Maximum Codewheel 
Radius (Rotary) 

Center of Post to Inside 
Edge of Window 

Center of Post to Outside 
Edge of Window 

Center of Post to Inside Edge 
of Codestrip 

Optional Packages Available 

LEAD THICKNESS: :':"50 

Symbol Min. 

Ww/Wb 0.7 

Lw 1.80 
(0.071) 

Rc 

WI 1.04 
(0.041) 

W2 0.76 
(0.030) 

L 

~
~10'8_ 

0.425 

3.0 I 0.118 --o.¥ta 0.031 ~_ -

4.2 
0.167 
T-

j _I~1.7 
3.9 ~ 0.067 

0.154 

1 I-- 1.8 
I 0.071 

Max. 

1.4 

2.30 
(0.091) 

Rop + 3.40 
(Rop + 0.134) 

3.60 
(0.142) 

m CJ oil( C 
:::E: u::c Z 
u > () " 

~;;==:::'t~ 
9.8 

0.388 

Units Notes 

mm 
(inch) 

mm Includes eccen-
(inch) tricity errors 

mm 
(inch) 

mm 
(inch) 

mm 
(inch) 

PIN 1 IDENTIFIER 

I-:I!::::!=::::;I~ DIMENSIONS ARE MI~~I~~RS 

Mounting Option #51 - Rounded Outline (BasepJane Mounting) 
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Optional Packages Available (cont'd.) 

-j rO~i:O ~d.~5l 0.50 111-- 3.0 

-'--___ 0._02_0_ il ::'8 I 
M. 1 0.217 ' 0.031 

~r - ~~~~_-_-_~~ 
~ 
0.252 

LEAD THICKNESS: ~~:o ..L...-_--+-_$_ 

Mounting Option #52 - Backplane (Backplane Mounting) 

t- . 
O~~lj~I[JL 

3.9 -./ ~ 0.067 
0.164 

PIN I IDENTIFIER 

M. 

riI N Tor t 

~i:~> ~~ D.386 

20.2 
0.785 

DIMENSIONS ARE MI~~~~~~RES 

.. ct 

5::Hi~ PIN I IDENTIFIER 

.z&.f 
0.278 ~ 

.... ~I--. 0.496 

DIMENSIONS ARE MI~~~~~!RES 
lr-)l---r 0.691 -- - - - 0.388 L --.-l LEAD THICKNESS: ~O~D 

I I • POSTS TO BE USED IN CONJUNCTION 
--i ~.L!. WITH ADHESIVES OR HEAT STAKING 

0.071 

Mounting Option #53 - Standard with Posts (Baseplane Mounting) 
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Optional Packages Available (cont'd.) 

Mounting Option #54 - Tabless (Baseplane Mounting) 

Y.. 
0.217 

LEAD THICKNESS: :':0 

(OPTICAL 
CENTERI 

DIMENIIOM ARE MIWle¥'-"_ 

... "... PIN 1 IDENTIFIER 
a:lOd 

DIMENSIONS ARE MILI~~~::ES 

PIN 1 IDENTIFIER 

• POSTS TO BE USED IN CO\ILIUNCTION 
WITH ADHESIVE OR HEAT STAKING. 

Mounting Option #55 - Backplane with Posts (Backplane Mounting) 
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Bent Lead Option 

3.0 l r 0.118 

5° TYP. ftw 9.2 
0.362 

~--

t --m-_.-3.8 
o~ 

T MQ.J 
0.020 

Mounting Considerations 

4.44±0.13 
O.175±O.005 

SEE NOTE 1 

IMAGE SIDE OF 
CODEWHEEUCODESTRIP 

CENTER OF ROTATION 
MOTOR SHAFT CENTER 

m ~:OMIN. 
--1-~t----j®~===::= 01~ DEEP MIN. 

Rm· ROll- 0.14 (O.OOS) 

~DEEPMIN. 
1*1 A 10.13 mm (0.005')1 

Note: These dimensions include shaft end play and codewheel warp. 

All dimensions for mounting the module and codewheel/codestrip should be measured with respect to the two mounting posts, shown 
above. 

Mounting Tolerances 
Case 1 specifies the mounting tolerances required on Rm in order to achieve the respective encoding 
characteristics shown on page 4. The mounting tolerances are as follows: 

Case 1: Rm True Position ± 0.13 mm (.005 inches) 

Recommended Screw Size: M2_5 x 0.45 or 2-56 
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Wave Solder Conditions 
Flux - RMA Water Soluble (per 
MIL-F-14256D) 

Process Parameters 
1. Flux 
2. Pre-heat 60 seconds total 

PCB top side @ 230"C 
PCB bottom side @ 260"C 

3. Wave solder 255"C, 1.2 
meters/min line speed 

4. Hot Water Wash 
1st: 30"C 45 seconds 
2nd: 70"C 90 seconds 

5. Rinse 
1st: 23"C 45 seconds 
2nd: 23"C 45 seconds 

6. Dry 
1st: 80"C 105 seconds 
2nd: 95"C 105 seconds 

Typical Interface 

CHA HP - HCTL-201612020 

HED8-9730 ~ QUADRATURE 
DECODERI 
COUNTER 
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Ordering Information 

HEDS-973 

Lead Bend 
o - Straight Leads 
1 - Bent Leads 

Resolution Options 
A - 500 CPR, 11 mm Rop 
Q - 180 lpi, linear 

Note: Please contact factory for codewheel and codestrip information. 

Mounting Options 
50 - Standard 
51 - Rounded Outline 
52 - Backplane 
53 - Standard w/Posts 
54 -Tabless 
55 - Backplane w/Posts 
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Two Channel Optical 
Incremental Encoder Modules 

Technical Data 

Features 
• High Performance 
• lligh Resolution 
• Low Cost 
• Easy to Mount 
• No Signal Adjustment 

Required 

• Small Size 
• -40"C to lOO"C Operating 

Temperature 
• Two Channel Quadrature 

Output 
• TTL Compatible 
• Single 5 V Supply 

Package Dimensions 

ALIGNING RECESS 
2.4412.41 DIA. 
(0.096/0.095) 
2.16 (0.065) 
DEEP 

SIDE A 

Description 
The HEDS-9000 and the HEDS-
9100 series are high perfonnance, 
low cost, optical incremental 
encoder modules. When used with 
a codewheel, these modules 
detect rotary position. The 
modules consist of a lensed (LED) 
source and a detector IC enclosed 
in a small C-shaped plastic 
package. Due to a highly col­
limated light source and unique 
photodetector array, these 
modules are extremely tolerant to 
mounting misalignment. 

The two channel digital outputs 
and the single 5 V supply input 
are accessed through five 0.025 

2.54 (0.100) TYP. 

1.0(0.04) 

OPTICAL CENTER 

TYPICAL DIMENSIONS IN 
MILUMETERS·AND (INCHES) 

rli~ HEWLETT<IIl 
I.!~ PACKARD 

HEDS-9000 
HEDS;.9100 

inch square pins located on 0.1 
inch centers. 

Standard resolutions for the 
HEDS-9000 are 500 CPR and 
1000 CPR for use with a HEDS-
6100 codewheel or equivalent. 

SIDEB 

ESD WARNING: NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC 
DISCHARGE. 
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For the HEDS-9100, standard 
resolutions between 96 CPR and 
512 CPR are available for use 
with a HEDS-5120 codewheel or 
equivalent. 

Applications 
The HEDS-9000 and 9100 
provide sophisticated motion 
detection at a low cost, making 
them ideal for high volume 
applications. Typical applications 
include printers, plotters, tape 
drives, and factory automation 
equipment. 

Theory of Operation 
The HEDS-9000 and 9100 are C­
shaped emitter/detector modules. 
Coupled with a codewheel, they 
translate the rotary motion of a 
shaft into a two-channel digital 
output. 

As seen in the block diagram, 
each module contains a single 
Light Emitting Diode (LED) as its 
light source. The light is 
collimated into a parallel beam by 
means of a single polycarbonate 
lens located directly over the 
LED. Opposite the emitter is the 
integrated detector circuit. This 
IC consists of multiple sets of 
photodetectors and the signal 
processing circuitry necessary to 
product the digital waveforms. 

The codewheel rotates between 
the emitter and detector, causing 
the light beam to be interrupted 
by the pattern of spaces and bars 
on the codewheel. The 
photodiodes which detect these 
interruptions are arranged in a 
pattern that corresponds to the 
radius and design of the ode­
wheel. These detectors are also 
spaced such that a light period on 
one pair of detectors corresponds 
to a dark period on the adjacent 
pair of detectors. The photodiode 

Block Diagram 

rlr-------------l~ 

I I I ' 
I I 
I I 
I I 
I I 
I I 

I L.. _______ .J 

EMITTER SECTION 

Output Waveforms 

outputs are then fed through the 
signal processing circuitry 
resulting in A, A, B, and B-,-Two 
commrrators receive these signals 
and produce the final outputs for 
channels A and B. Due to this 
integrated phasing technique, the 
digital output of channel A is in 
quadrature with that of channel B 
(90 degrees out of phase). 

CHANNEL A 

Def"Initions 
Count (N): The number of bar 
and window pairs or counts per 
revolution (CPR) of the 
codewheel. 

1 Shaft Rotation = 360 
mechanical 
degrees, 

= N cycles. 

1 cycle (C) = 360 
electrical 
degrees COe), 

= 1 bar and 
window pair. 
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Pulse Width (P): The number of 
electrical degrees that an output 
ishighduring 1 cycle. This value 
is nominally 1800e or 1/2 cycle. 

Pulse Width Error (&): The 
deviation, in electrical degrees of 
the pulse width from its ideal 
value of 180oe. 

State Width (S): The number of 
electrical degrees between a 
transition in the output of channel 
A and the neighboring transition 
in the output of channel B. There 
are 4 states per cycle, each 
nominally 90oe. 

State Width Error (.1S): The 
deviation, in electrical degrees, of 
each state width from its ideal 
value of 90oe. 

Absolute Maximum Ratings 
Storage Temperature, Ts ..................................................................... -40"C to 100°C 
Operating Temperature, TA ................................................................ -40"C to 100"C 
Supply Voltage, Vee ..................................................... : ................................ -0.5 V to 7 V 
Output Voltage, Vo ........................................................................................ -0.5 V to Vee 
Output Current per Channel, lout ................................................. -1.0 rnA to 5 rnA 

Phase (1/1): The number of elec­
trical degrees between the center 
of the high state of channel A and 
the center of the high state of 
channel B. This value is nominally 
900e for quadrature output. 

Phase Error (L1I/1): The deviation 
of the phase from its ideal value 
of90oe. 

Direction of Rotation: When the 
codewheel rotates in the direction 
of the arrow on top of the 

module, channel A will lead 
channel B. If the codewheel 
rotates in the opposite direction, 
channel B will lead channel A. 

Optical Radius {RoJ: The dis­
tance from the codewheel's center 
of rotation to the optieal center 
(O.C.) of the encoder module. 

Recommended Operating Conditions 
Parameter Symbol Min. Typ. Max. Units Notes 

Temperature T -40 100 "C 

Supply Voltage Vee 4.5 5.5 Volts Ripple < 1 00 m V p.p 

Load Capacitance CL 100 pF 3.3 kW pull-up resistor 

Count Frequency f 100 kHz YelQCitl!: (mm) X IS: 
60 

Note: The module perfonnance is guaranteed to 100 kHz but can operate at higher frequencies. 

Encoding Characteristics 
Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances. 
These Characteristics do not include codewheeVcodestrip contribution. 

Description Sym. Typ. Case 1 Max. 

Pulse Width Error AP 30 

Logic State Width Error AS 30 

Phase Error A$ 2 

Case I: Module mounted on tolerance circle oft 0.13 mm (± 0.005" in.). 
Case 2: REDS-9OO0 mounted on tolerances of ± 0.50 mm (0.020"). 

HEDS-9Ioo mounted ontolerances oft 0.38 mm (0.015"). 
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Electrical Characteristics 
Electrical Characteristics over Recommended Operating Range, typical at 25"C. 

Parameter Symbol Min. Typical Max. Units Notes 

Supply Current Icc 17 40 rnA 

High Level Output Voltage VOH 2.4 Volts IOH = -40 IlA max. 

Low Level Output Voltage VOL 0.4 Volts IOL = 3.2 rnA 

Rise Time tr 200 ns CL = 25 pF 

Fall Time t, 50 ns 
RL = 11 kQ pull-up 

Recommended Codewheel Characteristics 

Codewheel Options 

Optical 
HEDS CPR Radius 
Series (N) Option nun (in.) 

5120 96 K 11.00 (0.433) 
5120 100 C 11.00 (0.433) 
5120 192 D 11.00 (0.433) 
5120 200 E 11.00 (0.433) 
5120 256 F 11.00 (0.433) 
5120 360 G 11.00 (0.433) 
5120 400 H 11.00 (0.433) 
5120 500 A 11.00 (0.433) 

Figure 1. Codestrip Design 
5120 512 I 11.00 (0.433) 

6100 500 A 23.36 (0.920) 
6100 1000 B 23.36 (0.920) 

Parameter Symbol Minimum Maximum Units Notes 

WindowlBar Ratio cI>..IcI>b 0.7 1.4 

Window Length Lw 1.8 (0.071) 2.3 (0.09) mm (inch) 

Absolute Maximum Rc Rop + 1.9 (0.0075) mm (inch) Includes eccentricity 
Codewheel Radius errors 
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Mounting Considerations 

MAl(. 404510.1751 
NOTE 1 I 

NOTES: CODE WHEEL 

1. tHESE DIMENSIONS INCWDE SHAFT END PlAY. 
AND CODEMIEEL WARP. 

2. MAXIMUM RECOMMENDED MOUNTING SCREW 
TORQUE 114 _13.1 in-lboJ. 

Figure 2. Mounting Plane Side A. 

6.1110.2431 NOTE 1 
UIo..2151 

NOTES, 

CODEWHEEL 

"- MOUNTING PLANE 

M 2.5111 0.45 

/
12.56 UIIIC·281 
2 PLACES 

~ 
NOTE 2 

,,-\ /OPTlCAL CENTER +-7-----1 ~ I 1,/ 
.. ~,-0 ~--, 20.83 10.8201 

10..2501 Ql I': I 21.08 10.830.1 
I 12.60 IQ.4961 I . I 12.80. 10.5041 

\.0 ~l~ . 

O<:>'JG' 
AL IGNING BOSS 
0.76 (0.030) HIGH {MAX) 
2.38 (0.0931'0..0.2510..0011 01.0.. 

R + 4.76 0.26(0.010J JI 45" CHAMFER 
oP 10 1811 2 PLACES 

1. tHESE DIMENSIONS INCWDE SHAFT END PLAY. 
AND CDDEWHEEL WARP. 

2. MAXIMUM RECOMMENDED MOUNTING SCREW 
TORQUE 18 4....,." 13.5 iIHIIoI· 

Figure 3. Mounting Plane Side B. 

~ rs.B41O.234IMAX. 

1.8010.·0.711 r _UNTINGaosS-
NOT USED ON a ...... 1/4" 

. 1.0. HUBS 

L-.r '.3210..2491 

_ 25.40 " .0001 MAX.----" 

IIOUN11NG BOSS 
__ 

USE I1.1III" HEX WIIINCII 

---L 

DIMENSIONS IN MM fiNCHES) 

Figure 4. Mounting as Referenced to Side A. 
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2·58 SETSCREW 
USE 0..0.35" HEX WRENCH 

0..20 (0.0081 MAX. 

0..0.1410..00251 
UNITS _ (lNQlES1 

Figure 5. Mo.unting as Referenced to. Side B. 



Connectors 

Manufacturer Part Number 

AMP 1203686-4 

Mounting 
Surface 

Both 

1 •. 30 
fO.&831 

.L 
~I:I 
5.0 r 

640442-5 Side B fO.20) 
3±1 (O.12:tO.04. 

DuPont 65039-032 with Both L 
4825X-000 term. 

HP HEDS-8902 Side B PIN NUMIER 

1 

with 4-wire leads (see Fig. 6) 2 
3 

Molex 2695 series with Side B DIMENSIONS IN MM (INCHESI • 
5 

2759 series term. 
Figure 6. HEDS-8902 Connector. 

Ordering· Information 

HEDS-9000 Option ~ [!][!] 
-, 

Resolution 
. (Cycles/Rev) 

A- 500 CPR 
B -1000 CPR 
T = 2000 CPR* 
U = 2048 CPR* 

HEDS-9100 Opt ion y [!][!] 
-I 

Resolution 
(Cycles/Rev) 

S - 50 CPR G - 360 CPR 
K- 96 CPR H - 400 CPR 
C -100 CPR A- 500 CPR 
D -192 CPR 1- 512 CPR 

HEDS-6100 Option qD 

Shaft Diameter 

05 - 3/16 in. 10 - 5/8 in. 
06 - 1/4 in. 11-4mm 
07 - 5/16 in. 12 - 6 mm 
08 - 3/8 in. 13 - 8 mm 
09 - 1/2 in. 

HEDS-5120 Option DID 

I 
Shaft Diameter 

01- 2 mm 11-4mm 
02 -3 mm 14 - 5 mm 
03 - 1/8 in. 12 - 6 mm 
04 - 5/32 in. 13 - 8 mm 

E - 200 CPR B -1000 CPR* 05 - 3/16 in. 
F- 256 CPR 

HEDs-91D~ 
Resolution 

(Cycles/Rev) 

BA- 250 CPR 
BB - 480 CPR 
BC - 576 CPR 

J - 1024 CPR* 06 - 1/4 in. 

PARAMETER 
GROUND 
NC. 
CH.A 
v", 
CH .• 

'Please refer to separate HEDS-9000/9100/9200 Extended Resolution series data sheet for detailed information and Codewheel 
selection. 

COLOR 

IllACK 

WHITE 
RED 
BROWN 
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. 
Linear Optical Incremental 
Encoder Modules 

Technical Data 

Features 
• High Performance 
• High Resolution 
• Low Cost 
• Easy to Mount 
• No Signal Adjustment 

Required 
• Insensitive to Mechanical 

Disturbances 

• Small Size 
• -40"C to lOO"C Operating 

Temperature 
• Two Channel Quadrature 

Output 
• TTL Compatible 
• Single 5 V Supply 

Package Dimensions 

0.63 (0.025) 
SQR. TYP. 

OPTION CODE 

Description 
The HEDS-9200 series is a high 
performance, low cost, optical 
incremental encoder module. 
When operated in coI\iunction 
with a codestrip, this module 
detects linear position. The 
module consists of a lensed LED 
source and a detector IC enclosed 
in a small C-shaped plastic pack­
age. Due to a highly collimated 
light source and a unique 
photodetector array, the module 
is extremely tolerant to mounting 
misalignment. 

The two channel digital outputs 
and the single 5 V supply input 

2.54 (D.100) TYP. 

1.0(0.04) 

DATE CODE 

(o1::g:~). 

I: 3.73 ,j: 0.05 
~~UI..J~.LL.L-'7:~ _~ (0.147.0.002) 

,---
ALIGNING RECESS-
2.44/2.41 OIA. 
(0.096/0.095) 1.85 (0.073) 
2.16 (0.085) 8.64 (0.340) -+-1----+1 
DEEP REF. 

SIDE A 

2.87 (0.105) DlA. 
MOUNTING THRU 
HOLE 2 PLACES 

2.4412.41 X 2.79 
(0.096/0.095 X 0.110) 

2.16 (0.085) DEEP 

OPTICAL CENTER 

TYPICAL DIMENSIONS IN 
MILLIMETERS AND (INCHES) 

F/i'PW HEWLETT® 
a:£jI PACKARD 

HEDS-9200 Series 

Note: Codestrip not included with 
HEDS-9200 

are accessed through four 0.025 
inch square pins located on 0.1 
inch centerS. 

Five standard resolutions between 
4.72 counts per mm (120 counts 

SlDEB 

ESD WARNING: NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC 
DISCHARGE. 
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Block Diagram Output Waveforms 

r'r-------------, I I I Vee 

, I " 
I I 
, I 
, I 
I , 
I • 

I _______ .J 

CHANNEL A 

, 3 

J!qo2 
CHANNELl 

I. 
I 
I 
I 
I 
I 
IGND 

~ ______________ J' 

EMITTER SECTION CODE 
STRIP 

DETECTOR SECTION 

per inch) and 7.87 counts per mm 
(200 counts per inch) are 
available. Consult local Hewlett­
Packard sales representatives for 
other resolutions ranging from 
1.5 to 7.87 counts per mm (40 to 
200 counts per inch). 

Applications 
The HEDS-9200 provides 
sophisticated motion detection at 
a low cost, making it ideal for 
high volume applications. Typical 
applications include printers, 
plotters, tape drives, and factory 
automation equipment. 

Theory of Operation 
The HEDS-9200 is a C-shaped 
emitter/detector module. Coupled 
with a codestrip it translates 
linear motion into a two-channel 
digital output. 

As seen in the block diagram, the 
module contains a single Light 
Emitting Diode (LED) as its light 
source. The light is collimated 
into a parallel beam by means of a 
single polycarbonate lens located 
directly over the LED. Opposite 

the emitter is the integrated 
detector circuit. This IC consists 
of multiple sets of photodetectors 
and the signal processing 
circuitry necessary to produce the 
digital waveforms. 

The codestrip moves between the 
emitter and detector, causing the 
light beam to be interrupted by 
the pattern of spaces and bars on 
the codestrip. The photodiodes 
which detect these interruptions 
are arranged in a pattern that 
corresponds to the count density 
of the codestrip. These detectors 
are also spaced such that a light 
period on one pair of detectors 
corresponds to a dark period on 
the adjacent pair of detectors. The 
photodiode outputs are then fed 
through the signal processing 
circuitry resulting in A, A, B and 
B. Two comparators receive these 
signals and produce the fmal 
outputs for channels A and B. Due 
to this integrated phasing tech­
nique, the digital output of 
channel A is in quadrature with 
that of channel B (90 degrees out 
of phase) . 

LINEAR I'OSITKJN 

Definitions 
Count density (D): The number 
of bar and window pairs per unit 
length of the codestrip. 

Pitch: lID, The unit length per 
count. 

Electrical degree eel: Pitch! 
360, The dimension of one bar 
and window pair divided by 360. 

1 cycle (C): 360 electrical 
degrees, 1 bar and window pair. 

Pulse Width (P): The number of 
electrical degrees that an output 
is high during 1 cycle. This value 
is nominally 1800e or 1/2 cycle. 

Pulse Width Error (M»: The 
deviation, in electrical degrees, of 
the pulse width from its ideal 
value of 180oe. 

State Width (S): The number of 
electrical degrees between a 
transition in the output of channel 
A and the neighboring transition 
in the output of channel B. There 
are 4 states per cycle, each 
nominally 90oe. 
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State Width Error (dS): The 
deviation, in electrical degrees, of 
each state width from its ideal 
value of 90oe. 

Phase (tjl): The number of 
electrical degrees between the 
center of the high state of channel 

A and the center of the high state 
of channel B. This value is 
nominally 900e for quadrature 
output. 

Phase Error (dtjl): The deviation 
of the phase from its ideal value 
of90oe. 

Absolute Maximum Ratings 
Parameter Symbol Min. Typ. Max. 

Storage Temperature Ts -40 100 

Operating Temperature TA -40 100 
Supply Voltage Vee -0.5 7 
Output Voltage Vo -0.6 Vee 
Output Current per Channel 10 -10 5 

Recommended Operating Conditions 
Parameter Symbol Min. Typ. Max. 

Temperature T -40 100 

Supply Voltage Vee 4.5 5.5 
Load Capacitance CL 100 

Count Frequeney f 100 

Direction of Movement: When 
the codestrip moves, relative to 
the module, in the direction of the 
arrow on top of the module, 
channel A will lead channel B. If 
the codestrip moves in the 
opposite direction, channel B will 
lead chaimel A. 

Units Notes 

°C 

°C 

Volts 

Volts 

rnA 

Units Notes 

°C 

Volts Ripple < 100 m Vp-p 
pF 3.2 KQ Pull-Up 

Resistor 

kHz Velocity 
Cnch x c?unts) 

sec mch 

Note: The module performance is guaranteed to 100 kHz but can operate at higber frequencies. 

'Encoding Characteristics 
Encoding Characteristics Over Recommended Operating Range and Recommended Mounting Tolerances. 
These Characteristics Do Not Include Codestrip Defects. 

Parameter Symbol Min. Typ. Max. Units Notes 

Pulse Width Error LlP 7 35 elec. deg. 

Logic State Width Error LlS 5 35 elec. deg. 

Phase Error Lltjl 2 13 elec. deg. 

Electrical Characteristics 
Electrical Characteristics Over Recommended Operating Range, Typical at 250C 

Parameter Symbol Min. Typ. Max. Units Notes 

Supply Current Ice 17 40 rnA 

High Level Output Voltage VOH 2.4 Volts IOH = -40 J.lA. Max. 
Low Level Output Voltage VOL 0.4 Volts IOL = 3.2 rnA 
Rise Time 4 200 ns CL = 25 pF 
Fall Time t f 50 ns RL = 11 KQ Pull-Up 

Note: 
1. For improved performance in noisy environments or high speed applications, a 3.3 kg pull-up resistor is recommended. 
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Recommended Codestrip Characteristics 
Codestrip design must take into consideration mounting as referenced to either side A or side B 
(see Figure 4). 

Mounting as Referenced to Side A 

I THRUHOLE 
ALIGNING 
RECESS 

Mounting as Referenced to Side B 

~ 
.. MOUNTING 

I 
I 

B-MOUNTING ALIGNING I 
• THRU HOLE RECESS I 

: c:r--,1 0 0 '--f ' Lb I 
S , La 

MODULE OPTICAL L~e OJ_ 
CENTER LINE ! o--a-=-a::.+---t-t---;"t---t-t-----+ 
"-~JJL · 

Figure 1. Codestrip Design. 

STATIC CHARGE WARNING: LARGE STATIC CHARGE ON CODESTRIP MAY 
HARM MODULE. PREVENT ACCUMULATION OF CHARGE. 

Parameter Symbol Mounting Ref. Side A Mounting Ref. Side B Units 

WindowlBar Ratio WW/Wb 0.7 min., 1.4 max. 0.7 min., 1.4 max. 
Mounting Distance L La::;; 0.51 (0.020) Lb;:: 3.23 (0.127) mm (inch) 
Window Edge to S 0.90 (0.035) min. 0.90 (0.035) min. mm (inch) 
Module Opt Center 
Line 
Parallelism (X 1.3 max. 1.3 max. deg. 
Module to Codestrip 

Note: All parameters and equations must be satisfied over the full length of codestrip travel including maximum codestrip runout. 
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Mounting Considerations 

Notes: 

MAX. U5 (0.1751 
NDTE 1 

ALIGNING BOSS 
0.71 10.0301 HIGH lMAX.1 
2.38 10.0831 ,0.026 10.0011 DIA-
0.2& 10.0101 x 46' CHAMFER 
2 PLACES 

.1.,-MOUNTING THRU 

c:Ir'-:-- HDLES 

MOUNTING 
PLANE 

MOUNTING PLANE SIDE A 

1. These dimensions include codestrip warp. 
2. Reference defmitions of La and Lb on page 4. 
3. Maximum recommended mounting screw torque is 4 kg-cm (3.5 in-lbs). 

2-50 

MOUNTING PLANE 

MOUNTING PLANE SIDE B 



Connectors 
Manufacturer Part Number 

AMP 103686-4 

640442-5 
DuPont 65039-032 with 4825X-000 Term. 
HP HEDS-8902 with 4-wire Leads 
Molex 2695 Series with 2759 Series Term. 

Ordering Information 

HEDS-9200 Option y y y 
Resolution Pitch 

Counts per mm (inch) mm (inch) per count 

100 - 3.937 (100) 0.254 (0.0100) 
LOO - 4.72 (120) 0.212 (0.0083) 
MOO - 5.00 (127) 0.200 (0.0079) 
POO - 5.91 (150) 0.169 (0.0067) 
QOO - 7.09 (180) 10.141 (0.0056) 
ROO - 7.87 (200) 0.127 (0.0050) 

300 - 11.81 (300)* 0.085 (0.0033)* 
360 - 14.17 (360)* 0.071 (0.0028)* 

Consult local Hewlett-Packard sales representatives for 
other resolutions. 

'Please refer to separate HEDS-9000/9100/9200 Extended Resolution 
Series data sheet for detailed information. 

Mounting Surface 

Both 

Side B 
Both 

Side B 
Side B 
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Three Channel Optical 
Incremental Encoder Modules 

Technical Data 

Features 
• Two Channel Quadrature 

Output with Index Pulse 
• Resolution Up to 2000 CPR 

Counts Per Revolution 
• Low Cost 
• Easy to Mount 
• No Signal Adjustment 

Required 

• Small Size 
• -40°C to 100°C Operating 

Temperature 
• TTL Compatible 
• Single 5 V Supply 

Package Dimensions 

0.63 (0.025) 
SQR. TYP.-

OPTION CODE 

5.1 (0.20) 

ALIGNING RECESS 
2.44/2.41 DIA. 
(0.09610.095) 
2.16 (0.085) 
DEEP 

SIDE A 

Description 
The HEDS-9040 and HEDS-9140 
series are three channel optical 
incremental encoder modules. 
When used with a codewheel, 
these low cost modules detect 
rotary position. Each module 
consists of a lensed LED source 
and a detector IC enclosed in a 
small plastic package. Due to a 
highly collimated light source and 
a unique photodetector array, 
these modules provide the same 
high performance found in the 
HEDS-9000/9100 two channel 
encoder family. 

2.54 (0.100) TYP. 

~1.0(0.04) 

3.73::t 0.05 
(0.147.0.002) 

2.44/2.41 X 2.79 
(0.09610.095 X 0.110) 

2.16 (0.085) DEEP 

OPTICAL CENTER 

TYPICAL DIMENSIONS IN 
MILLIMETERS AND PNCHES) 

Fli;- HEWLETT'" a:e.. PACKARD 

HEDS-9040 
HEDS-9140 

SIDEB 

ESD WARNING: NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC DISCHARGE. 
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The HEDS-9040 and 9140 have 
two channel quadrature outputs 
plus a third channel index output. 
This index output is a 90 
electrical degree high true index 
pulse which is generated once for 
each full rotation of the 
codewheel. 

The HEDS-9040 is designed for 
use with a HEDX-614X codewheel 
which has an optical radius of 
23.36 mm (0.920 inch). The 
HEDS-9140 is designed for use 
with a HEDS-5140 codewheel 
which has an optical radius of 
11.00 mm (0.433 inch). 

The quadrature signals and the 
index pulse are accessed through 
five 0.025 inch square pins 
located on 0.1 inch centers. 

Standard resolutions between 256 
and 2000 counts per revolution 
are available. Consult local 
Hewlett-Packard sales repre­
sentatives for other resolutions. 

Applications 
The HEDS-9040 and 9140 
provide sophisticated motion 
control detection at a low cost, 
making them ideal for high 
volume applications. Typical 
applications include printers, 
plotters, tape drives, and 
industrial and factory automation 
equipment. 

Theory of Operation 
The HEDS-9040 and 9140 are 
emitter/detector modules. 
Coupled with a codewheel, these 
modules translate the rotary 
motion of a shaft into a three­
channel digital output. 

As seen in the block diagram, the 
modules contain a single Light 

Block Diagram 

r ---REsiSToRl 

I 
I 
I 

SIGNAL 
PROCESSING 
CIRCUITRY GND 

I I 1 

~-------------------~ 
~ _______ .J 

EMITTER SECTION CODE DETECTOR SECTION 
WHEEL 

Emitting Diode (LED) as its light 
source. The light is collimated 
into a parallel beam by means of a 
single polycarbonate lens located 
directly over the LED. Opposite 
the emitter is the integrated 
detector circuit. This IC consists 
of multiple sets of photodetectors 
and the signal processing 
circuitry necessary to produce the 
digital waveforms. 

The codewheel rotates between 
the emitter and detector, causing 
the light beam to be interrupted 
by the pattern of spaces and bars 
on the codewheel. The photo­
diodes which detect these 
interruptions are arranged in a 
pattern that corresponds to the 
radius and design of the code­
wheel. These detectors are also 
spaced such that a light period on 
one pair of detectors corresponds 
to a dark period on the adjacent 
pair of detectors. The photodiode 
outputs are then fed through the 
signal processing circuitry 
resulting in A, A, B, S, I and I 
Comparators receive these signals 
and produce the final outputs for 

channels A and B. Due to this 
integrated phasing technique, the 
digital output of channel A is in 
quadrature with that of channel B 
(90 degrees out of phase). 

The output of the comparator for 
I and r is sent to the index 
processing circuitry along with 
the outputs of channels A and B. 
The final output of.channel I is an 
index pulse Po which is generated 
once for each full rotation of the 
codewheel. This output Po is a 
one state width (nominally 90 
electrical degrees), high true 
index pulse which is coincident 
with the low states of channels A 
andB. 
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Output Waveforms 

-2.4V 

G Iz 
-2.4V 

_________ -O,4V 

Po' -~CH.I 

t, 

ROTATION 

Definitions 
Count (N): The number of bar 
and window pairs or counts per 
revolution (CPR) of the 
codewheel. 

One Cycle (C): 360 electrical 
degrees COe), 1 bar and window 
pair. 

One Shaft Rotation: 360 
mechanical degrees, N cycles. 

Position Error (t.9): The 
normalized angular difference 
between the actual shaft position 
and the position indicated by the 
encoder cycle count. 

Cycle Error (t.C): An indication 
of cycle uniformity. The differ­
ence between an observed shaft 

Absolute Maximum Ratings 

angle which gives rise to one 
electrical cycle, and the nominal 
angular increment of lIN of a 
revolution. 

Pulse Width (P): The number of 
electrical degrees that an output 
is high during 1 cycle. This value 
is nominally 1800e or 1/2 cycle. 

Pulse Width Error (t.P): The 
deviation, in electrical degrees, of 
the pulse width from its ideal 
value of 180oe. 

State Width (S): The number of 
electrical degrees between a 
transition in the output of channel 
A and the neighboring transition 
in the output of channel B. There 
are 4 states per cycle, each 
nominally 90oe. 

Storage Temperature, Ts ............................................................. -40OC to + 100°C 
Operating Temperature, TA ........................................................ -40°C to + 1000C 
Supply Voltage, Vee ............................................................................... -0.5 V to 7 V 
Output Voltage, Vo ................................................................................. -0.5 V to Vee 
Output Current per Channel, !oUT ............................................ -1.0 rnA to 5 rnA 
Shaft Axial Play ................................................ ± 0.25 mm (± 0.010 in.) 
Shaft Eccentricity Plus Radial PIa" 0 1 (0 0 . V . "..................... . mm . 04 In.) TIR 

eloclty ........................................................................... 30,000 RPM[l] 
Acceleration ........................................................... :. 250,000 rad/sec2[1] 

Note: 
1. Absolute maximums for HEDS-5140(6140 codewheels only. 
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State Width Error (M): The 
deviation, in electrical degrees, of 
each state width from its ideal 
value of 90oe. 

Phase (<1»: The number of 
electrical degrees between the 
center of the high state of channel 
A and the center of the high state 
of channel B. This value is 
nominally 900e for quadrature 
output. 

Phase Error (t.<I»: The deviation 
of the phase from its ideal value 
of90oe. 

Direction oj Rotation: When the 
codewheel rotates in the direction 
of the arrow on top of the 
module, channel A will lead 
channel B. If the codewheel 
rotates in the opposite direction, 
channel B will lead channel A. 

Optical Radius (Rop): The 
distance from the codewheel's 
center of rotation to the optical 
center (O.C.) of the encoder 
module. 

Index Pulse Width (Po); The 
number of electrical degrees that 
an index is high during one full 
shaft rotation. This value is 
nominally 900e or 1/4 cycle. 



Recommended Operating Conditions 
Parameter Symbol Min. Typ. Max.. Units Notes 

Temperature TA -40 100 "C 

Supply Voltage Vee 4.5 5.0 5.5 Volts Ripple < 100 mVp_p 

Load Capacitance CL 100 pF 2.7 kO pull-up 

Count Frequency f 100 kHz Velocity (rpm) x N/60 

Shaft Perpendicularity ±0.25 mm 6.9 mm (0.27 in.) from 
Plus Axial Play (± 0.010) (in.) mounting surface 

Shaft Eccentricity Plus 0.04 mm (in.) 6.9 mm (0.27 in.) from 
Radial Play (0.0015) TIR mounting surface 

Note: The module perfonnance is guaranteed to 100 kl:lz but can operate at higher frequencies. For the HEDS-9040 #TOO for operation 
below O°C and greater than 50 kHz the maximum Pulse Width and Logic State Width errors are 600e. 

Encoding Characteristics 
HEDS·9040 (except #TOO), HEDS·9140 
Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances 
unless otherwise specified. Values are for the worst error over the full rotation of HEDS-5140 and HEDS-
6140 codewheels. 

Parameter Symbol Min. Typ.ll) Max.. Units 

Cycle Error dC 3 5.5 °e 

Pulse Width Error & 7 30 °e 

Logic State Width Error dS 5 30 °e 

Phase Error d<j> 2 15 °e 

Position Error de 10 40 min. of arc 

Index Pulse Width Po 60 90 120 °e 

CH. I rise after -25°C to + 100°C t J 10 100 250 ns 
CH. B or CH. A fall -40"C to + 100"C t J -300 100 250 ns 

CH. I fall after -25°C to + 100°C t2 70 150 300 ns 
CH. A or CH. B rise -40"C to + 100"C t2 70 150 1000 ns 

Note: 
1. Module mounted on tolerance circle of± 0.13 mm (± 0.005 in.) radius referenced from module Side A aligning recess centers. 2.7 k.Q 

pull-up resistors used on all encoder module outputs. 
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Encoding Characteristics 
HEDS-9040 #TOO 
Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances 
unless otherwise specified. Values are for the worst error over the full rotation of HEDM-614X Option TXX 
codewheel. 

Parameter Symbol Min. TypJIJ Max. Units 

Cycle Error AC 3 7.5 °e 

Pulse Width Error AI> 7 50 °e 

Logic State Width Error AS 5 50 °e 

Phase Error A<I> 2 15 °e 

Position Error AS 2 20 min. of arc 

Index Pulse Width Po 40 90 140 °e 

CH. I rise after -40OC to + 1000C t1 10 450 1500 ns 
CH. B or CH. A fall 

CH. I fall after ·40OC to + 100°C t2 10 250 1500 ns 
CH. A or CH. B rise 

Note: 
1. Module mounted on tolerance circle of± 0.13 mm (± 0.005 in.) radius referenced from module Side A aligning recess centers. 2.7 kO 

pull-up resistors used on all encoder module outputs. 

Electrical Characteristics 
Electrical Characteristics over Recommended Operating Range. 

Parameter Symbol Min. Typ,llJ Max. Units Notes 

Supply Current Icc 30 57 85 rnA 

High Level Output Voltage VOH 2.4 V IOH = -200 IlA max. 

Low Level Output Voltage VOL 0.4 V IOL = 3.86 rnA 

Rise Time t,. 180[21 ns CL = 25 pF 
RL = 2.7 kO pull-up 

Fall Time tr 49[21 ns 
( 

Notes: 
1. Typical values specified at Vee = 5.0 V and 2500. 
2. t, and t, 80 nsec for HEDS-9040 #Too. 
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Electrical Interface 
To insure reliable encoding 
performance, the HEDS-9040 and 
9140 three channel encoder 
modules require 2.7 kn (± 10%) 
pull-up resistors on output pins 2, 
3, and 5 (Channels I, A and B) as 
shown in Figure 1. These pull-up 
resistors should be located as 
close to the encoder module as 
possible (within 4 feet). Each of 
the three encoder module outputs 
can drive a single TTL load in this 
configuration. 

Mounting Considerations 
Figure 2 shows a mounting 
tolerance requirement for proper 
operation of the HEDS-9040 and 
HEDS-9140. The Aligning Recess 
Centers must be located within a 
tolerance circle of 0.005 in. 
radius from the nominal locations. 
This tolerance must be 
maintained whether the module is 
mounted with side A as the 
mounting plane using 3J.igning 
pins (see Figure 5), or mounted 
with Side B as the mounting plane 
using an alignment tool (see 
Figures 3 and 4). 

'6V A=2.7kO 

R R 

¢ TO OUTPUT LOGIC 
lONE TTL LOAD 
PER OUTPUTI 

Figure 1. Pull-up Resistors on HEDS-9X40 Encoder Module Outputs. 

.- .- .- .- ___ .- -. RECESS CENTER ~
AUONING 

.-" ---­--

--

Figure 2. HEDS-9X40 Mounting Tolerance. 

TOLERANCE ClACU!. 
0.1'_(1l.0III 111.) R FOR 

ALIONIIG RlCEas 
Ci!IITDI8 

------~ ------
AUGNING 
RECESS CENTER 
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Mounting with an 
Alignment Tool 
The HEDS-8905 and HEDS-8906 
alignment tools are recommended 
for mounting the modules with 
Side B as the mounting plane. The 
HEDS-8905 is used to mount the 
HEDS-9140, and the HEDS-8906 
is used to mount the HEDS-9040. 
These tools fix the module 
position using the codewheel hub 
as a reference. They will not work 
if Side A is used as the mounting 
plane. 

The following assembly procedure 
uses the HEDS-8905/8906 
alignment tool to mount a HEDS-
9140/9040 module and a HEDS-
5140/6140 codewheel: 

ARTWORK SIDE 

Instructions: 
1. Place codewheel on shaft. 

2. Set codewheel height by 
placing alignment tool on motor 
base (pins facing up) flush up 
against the codewheel as shown 
in Figure 3. Tighten codewheel 
setscrew and remove alignment 
tool. 

3. Insert mounting screws 
through module and thread into 
the motor base. Do not tighten 
screws. 

4. Slide alignment tool over 
codewheel hub and onto module 
as shown in Figure 4. The pins of 
the alignment tool should fit 
snugly inside the alignment 
recesses of the module. 

AUGNMENT TOOL 
...... 

CODEWttEEL 

5. While holding alignment tool in 
place, tighten screws down to 
secure module. 

6. Remove alignment tool. 

Mounting with Aligning 
Pins 
The HEDS-9040 and HEDS-9140 
can,also be mounted using 
aligning pins on the motor base. 
(Hewlett-Packard does not 
provide aligning pins.) For this 
configuration, Side A must be 
used as the mounting plane. The 
aligning recess centers must be 
located within the 0.005 in. R 
Tolerance Circle as explained 
above. Figure 5 shows the 
necessary dimensions. 

ALIGNING 
RECESSES 

'MODULE 81DE A 

MOTOR -1----' 
BOSS '----i- MODULE 

SIDEB 

r­
:::~::~ 

NOTE' 

MODULE SIDE B 

CODE -+----' 
WHEEL 

BOSS 

MOTOR 

Figure 3. Alignment Tool is Used to Set Height of 
Codewheel. 
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NOTE 1: THIS DIMENSION IS FROM THE MOUNTING PLANE TO THE 
NON-HUI.IDE OF THE COOEWHEEL. 

Figure 4. Alignment Tool is Placed over Shaft and onto 
Codewheel Hub. Alignment Tool Pins Mate with Aligning 
Recesses on Module. 



Mounting with Aligning 
Pins 
The HEDS-9040 and HEDS-9140 
can also be mounted using 
aligning pins on the motor base. 

COOEWHEEL 

LL~' .. .. .. 
" 

'.4510.'~ ~llQ.Jl:IJ 
NOTE 1 3.99 (0.1571 * MOUNTING PLANE 

(Hewlett-Packard does not 
provide aligning pins.) For this 
configuration, Side A must be 
used as the mounting plane. The 
aligning recess centers must be 

INDEX PULSE 
REFERENCE 
MARKER 

located within the 0.005 in. 
Radius Tolerance Circle as 
explained in "Mounting 
Considerations." Figure 5 shows 
the necessary dimensions. 

/
50.6( •. 99) 
OIA.MAX. 

.2-56 SETSCREW 
USE 0.035" HEX WRENCH 

/
CODEWHEEL 
BOSS 

J67 To r 
('.050) (0.7') ' •• 0 (0.747) MtL ~ 

NOTE 1: THESE DIMENSIONS INCLUDE SHAFT END PLAY AND CODEWHEEL WARP. 
NOTE 2: RECOMMENDED MOUNTING SCREW TORQUE IS 4 KG-eM [3.5 IN-LBS). 
*FOR HEDS..gQ40 OPTION T: 3.99 (0.150). INDEXPULSE~ 1300 

POSITION TYPICAL ..99 I ~ I_(o~~) 
(0.354) j I------ MAX. 
MAX. 

AUGNING PINS 
0.76 (0.0301 HIGH (MAXI 
2.44/2.41 fO.096/0.095) OIA. 
0.25 (0.0101 X 45° CHAMFER 
2 PLACES 

Figure 5. Mounting Plane Side A. 

t 
20.83 (0.820) 
2'.OB 10.830) 

ROP = 23.36 mm (0.920 In.) 

DIMENSIONS IN MM (INCHES) 

Figure 6a. HEDS-6140 Codewheel Used with HEDS-9040. 

/ 

2-56 SETSCREW 
USE 0.035" HEX WRENCH 

•. 43 
(0.332) 

ARTWORK SIDE ARTWORK SIDE 
(HEOM-6.4.) (HE0M-6'40) 

DIMENSIONS IN mm (INCHES) 

Figure 6b. HEDM-614X Series Codewheel used with HEDS-9040 #TOO. 

~~ 
/

25.7 ('.0') 
D1A. MAX. 

r~·--r MOUNTING BOSS 

--'---:::;:::==I;:4I"iI ~ •. '410.350) 

'.8010.07') 

INDEX PULSE 
REFERENCE 
MARKER 

RQp = 11.00 mm (0.433 In.) 

DIMENSIONS IN MM (INCHES) 

'2.7010.600) 
MAX. 

Figure 7. HEDS-5140 Codewheel Used with HEDS-9140. 

#2·56 SETSCREW 
USE 0.035" HEX WRENCH 
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Orientation of Artwork 
for HEDS·9040 Option· 
TOO (2000 CPR, 23.36 
mmRop) 
The Index area on the HEDS· 
9040 Option TOO, 2000 CPR 
Encoder Module has a non· 
symmetrical pattern as does the 
mating Codewheel. In order for 
the Index to operate, the "Right­
reading" side of the Codewheel 
disk (the "Artwork Side") must 
point toward "Side A" of the 
Module (the side with the 
connecting pins). 

11 use. HEOM-8141 41 Txx 

Flgure7a. 

Because the Encoder Module may 
be used with either "Side A" or 
with "Side B" toward the 
Mounting Surface, Hewlett· 
Packard supplies two versions of 
Film Codewheels for use with the 
Option TOO 3-channel Module: 
Codewheel HEDM-6140 Option 
TXX has the Artwork Side on the 
"Hub Side" of the Codewheel/hub 
assembly and works with "Side B" 
of the Module on the user's 
mounting surface. Codewheel 
HEDM-6141 Option TXX has the 

HUB 

MODULI SIDE A 

* use HEDM-8140 #I Txx 

Figure 7b. 

'Please note that the image side of the codewheel must always be facing the module Side A. 
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Artwork Side opposite the 
"Hub Side" and works with "Side 
A" of the Module on the mounting 
surface. For the Index to operate, 
these parts must be oriented as 
shown in Figure 7a and 7b. 

HUB 

MODULE SIDE 8 



Connectors 
Manufacturer Part Number MountinJl Surface 

AMP 
103686-4 Both 

640442-5 Side B 

DuPont 65039-032 with Both 
4825X-000 term 

HP HEDS-8903 Side B 
with 5-wire leads (see Figure 8) 

Molex 2695 series with Side B 
2759 series term 

'4.30 

I' 
112±O.1 

11 
(0."31 1&.lItO.o2) 

L 
~I:I I 
5.0 I 

7.1 :: (0.28 ::) (0.201 
3±1 fO.12±O.G4) 

L ---1. 

PlNNUMIER PARAMETER COLOR , GROUND 
2 CH.1 
3 CH.A 
4 Ycc 
5 eH.8 DIMENSIONS IN MM (lNCHESI 

Figure 8. HEDS-8903 Connector. 

Typical Interfaces 

HEDs--9040 
ICH. A 

OR CH.B 
HED8-9140 r---
~ 

CH.A 
HEDs--9040 

OR CH. B 
HEDS-9140 

CH.I 

BLACK 
BLUE 
_ITE 
RED 
BROWN 

HP 
HCTL-2016/2020 
QUADRATURE 

DECODER! 
COUNTER 

HP 
HCTL-1100 

MOTION 
CONTROLIC 

r---

r---

HOST 
PROCESSOR 

HOST 
PROCESSOR 
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Ordering Information 

Three Channel Encoder Modules and Codewheels, 23.36 nun Optical Radius 

HEDS·9040 Option 

Resolution 
(Cycles/Rev) 

B·1000 CPR 
J. 1024 CPR 

HEDS·6140 Option 

Shaft Diameter 

05·3/16 in. 
06 - 1/4 in. 
07 - 5/16 in. 
08 - 3/8 in. 
09 - 1/2 in. 
10 - 5/8 in. 

11-4mm 
12 - 6 mm 
13 - 8 mm 

Three Channel Encoder Modules and Codewheels, 23.36 nun Optical Radius 

HEDS-9040 Option []J@] HEDM-614Q 

I 
Resolution Artwork 

(Cycles/Rev) Orientation" 

T- 2000 CPR o -Artwork on hub side (use 
when module Side B is 
down) 

1 - Artwork opposite hub side 
(use when Module Side A 
is down) 

Option cr, 
Shaft D 

05 - 3/16 in. 
06 - 1/4 in. 
07 - 5/16 in. 
08 - 3/8 in. 
09 - 1/2 in. 
10 - 5/8 in. 

iameter 

11-4mm 
12 - 6 mm 
13 - 8 mm 

Assembly Tool 

HEDS-8906 

Assembly Tool 

HEDS-8906 

·Index will not work if wrong orientation is used. Hub side of codewheel must point away from mounting sUtface. See Figure 7. 

Three Channel Encoder Modules and Codewheels, 11.00 nun Optical Radius 

Resolution 
(Cyc1es/Rev) 

S - 50 CPR 
K-96CPR 
C -100 CPR 
E - 200 CPR 
F- 256 CPR 

Accessories 

G - 360 CPR 
H - 400 CPR 
A- 500 CPR 
1- 512 CPR 

HEDS-5140 Option 

Shaft Diameter 

01- 2 mm 
02 -3mm 
03 - 1/8 in. 
04 - 5/32 in. 
05 - 3/16 in. 
06 - 1/4 in .. 

11-4mm 
14 - 5 mm 
12 - 6 mm 
13 - 8 m.rn. 

Assembly Tool 

HEDS-8905 

Please refer to the codewheel data sheet for information on alignment (centering and gap-setting) tools for 
the module. 

2-62 



Two Channel High Resolution 
Optical Incremental Encoder 
Modules 

Technical Data 

Features 
• High Resolution: Up to 2048 

Cycles per Revolution 

• Up to 8192 Counts per 
Revolution with 4X Decoding 

• Two Channel Quadrature 
Output 

• Low Cost 
• Easy to Mount 
• No Signal Adjustment 

Required 

• Small Size 
• -40°C to 100°C Operating 

Temperature 

• TTL Compatible 
• Single 5 V Supply 

Description 
_ The HEDS-9000 Options T and U 

and the HEDS-9100 Options B 
and J are high resolution two 
channel rotary incremental 
encoder modules. These options 
are an extension of our popular 
HEDS-9000 and HEDS-91 00 
series. When used with a code­
wheel, these modules detect 
relative rotary position. The 
HEDS-9200 Option 300 and 360 
are high resolution linear encoder 
modules. When used with a 

codestrip, these modules detect 
relative linear position. 

These modules consist of a lensed 
Light Emitting Diode (LED) 
source and detector IC enclosed 
in a small C shaped plastic 
package. Due to a highly 
collimated light source and 
unique photodetector array, these 
modules provide a Irlghly reliable 
quadrature output. 

The HEDS-9000 and HEDS-9l 00 
are designed for use with 
codewheels which have an optical 
radius of 23.36 mm and 11 mm 
respectively. The HEDS-9200 is 
designed for use with a linear 
codestrip. 

These components produce a two 
channel quadrature output which 
can be accessed through five 
0.025 inch square pins located on 
0.1 inch centers. 

The resolution of the HEDS-9000 
Options T and U are 2000 and 
2048 counts per revolution 
respectively. The HEDS-9l00 
Options B and J are 1000 and 
1024 counts per revolution 

FliP'W HEWLETT® a:a11 PACKARD 

HEDS-9000/9100/9200 
Extended Resolution 
Series 

respectively. The HEDS-9200 
Option 300 and 360 linear 
encoder modules have resolutions 
of 300 and 360 lines per inch. 

Consult local Hewlett-Packard 
sales representatives for other 
resolutions. 

Theory of Operation 
The diagram shown on the fol­
lowing page is a block diagram of 
the encoder module. As seen in . 
this block diagram, the module 
contains a single LED as its light 
source. The light is collimated 
into a parallel beam by means of a 
single polycarbonate lens located 
directly over the LED. Opposite 
the emitter is the integrated 
detector circuit. This IC consists 

ESD WARNING: NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC 
DISCHARGE. 
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Block Diagram Output Waveforms 

rlr-------------, I Vee 

I 14 

I 
I 
I 
I 
I 
I 
I 
I I I... _______ .J 

EMITTER SECTION 

of multiple sets of photodetectors 
and the signal processing 
circuitry necessary to produce the 
digital waveforms. 

The codewheel/codestrip passes 
between the emitter and detector, 
causing the light beam to be 
interrupted by the pattern of 
spaces and bars on the code­
wheel. The photodiodes which 
detect these interruptions are 
arranged in a pattern that 
corresponds to the codewheel/ 
codestrip. These detectors are 
also spaced such that a light ' 
period on one pair of detectors 
corresponds to a dark period on 
the acljacent pair of detectors. The 
photodiode outputs are then fed 
through the signal processing 
circuitry resulting in A, X, B, and 
B. Comparators receive these 
signals and produce the final 
outputs for channels A and B. Due 
to this integrated phasing 
technique, the digital output of 
channel A is in quadrature with 
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I 
I 
I 

CHANNEL A 

that of channel B (90 degrees out 
of phase). 

Definitions 
Count (N): The number of bar 
and window pairs or counts per 
revolution (CPR) of the 
codewheel. 

1 cycle (C): 360 electrical degrees 
COe), 1 bar and window pair. 

1 Shaft Rotation: 360 mechanical 
degrees, N cycles. 

Pulse Width (P): The number of 
electrical degrees that an output 
is high during 1 cycle. This value 
is nominally 1800e or 1/2 cycle. 

Pulse Width Error (/1P): The 
deviation, in electrical degrees of 
the pulse width from its ideal 
value of 180oe. 

State Width (S): The number of 
electrical degrees between a 
transition in the output of channel 
A and the neighboring transition 
in the output of channel B. There 
are 4 states per cycle, 'each 
nominally 90oe. 

State Width Error (LIS): The 
deviation, in electrical degrees, of 
each state width from its ideal 
value of 90oe. 

Phase (1/»: The number of elec­
trical degrees between the center 
of the high state of channel A and 
the center of the high state of 
channel B. This value is nominally 
900e for quadratUre output. 

Phase Error (L1I/»: The deviation 
of the phase from its ideal value 
of90oe. 

Direction of Rotation: When the 
codewheel rotates in the direction 
of the arrow on top of the 
module, channel A will lead 
channel B. If the codewheel 
rotates in the opposite direction, 
channel B will lead channel A. 

OpticulRudius (RopJ: The dis­
tance from the codewheel's center 
of rotation to the optical center 
(O.C.) of the encoder module. 



Package Dimensions 

0.63 (0.025) 
SQR. TYP. 

OPTION CODE 

5.1 (0.20) 

1.02:0.10 
(0.040. 0.004) ~=='~~ 

ALIGNING RECESS 
2.4412.41 DIA. 
(0.096/0.095) 
2.16 (0.085) 
DEEP 

SIDE A 

2.54 (0.100) TYP. 

1.0 (0.04) 

OPTICAL CENTER 

Absolute Maximum Ratings 

TYPICAL DIMENSIONS IN 
MILLIMETERS AND (INCHES) 

Storage Temperature, Ts ..................................................................... -40°C to 1000C 
Operating Temperature, TA ................................................................ -40°C to 1000C 
Supply Voltage, Vee ...................................................................................... -0.5 V to 7 V 
Output Voltage, Vo ........................................................................................ -0.5 V to Vee 
Output Current per Channel, lout ................................................. -1.0 rnA to 5 rnA 

Recommended Operating Conditions 

Parameter Symbol Min. Typ. Max. Units 

Temperature TA -40 100 °C 

Supply Voltage Vee 4.5 5.0 5.5 Volts 

Load Capacitance CL 100 pF 

Count Frequency f 100 kHz 

Shaft Axial Play ± 0.125 mm 
±0.005 in. 

SIDEB 

Notes 

Ripple < 100 m'{,.p 

3.3 kn pull-up resistor 

Velocity (rpm) x N/60 

Note: The module performance is guaranteed to 100 kHz but can operate at higher frequencies. For frequencies above 100 kHz it is 
recommended that the load capacitance not exceed 25 pF and the pull up resistance not exceed 3.3 kO. For typical module performance 
above 100 kHz please see derating curves. 
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Electrical Characteristics 
Electrical Characteristics over Recommended Operating Range, typical at 25°C. 

Parameter Symbol Min. Typical Max. Units Notes 

Supply Current Icc 30 57 85 rnA 

High Level Output Voltage VOH 2.4 Volts IOH = -200 j.LA max. 

Low Level Output Voltage VOL 0.4 Volts IOL = 3.86 rnA 

Rise Time t,. 180 ns CL = 25 pF 

Fall Time ~ 40 ns 
RL = 3.3 kn pull-up 

Encoding Characteristics 
Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances. 
These Characteristics do not include codewheel/codestrip contribution. The Typical Values are averages over 
the full rotation of the codewheel. For operation above 100 kHz, see frequency derating curves. 

Description Symbol Typical Maximum Units 

Pulse Width Error ~P 5 45 °e 

Logic State Width Error ~S 3 45 °e 

Phase Error ~'" 2 15 °e 

Note: Module mounted on tolerance circle oft 0.13 mm (± 0.005 in.) radius referenced from module Side A aligning recess centers. 3.3 
kO pull-up resistors used on all encoder module outputs. 

Frequency Derating Curves 
Typical performance over extended operating range. These curves were derived using a 25 pF load with a 3.3 
k pull-up resistor. Greater load capacitances will cause more error than shown in these graphs. 

.15 0!-----50'---I""OO,.---I'""50:--""""""'200 

FREQUENCY (KHz) 
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Gap Setting for Rotary 
and Linear Modules 
Gap is the distance between the 
image side of the codewheel and 
the detector surface of the mod­
ule. This gap dimension must 
always be met and codewheel 
warp and shaft end play must stay 
within this range. This dimension 
is shown in Figure 1. 

Mounting Considerations 
for Rotary Modules 
Figure 2 shows a mounting 
tolerance requirement for proper 
operation of the high resolution 
rotary encoder modules. The 
Aligning Recess Centers must be 
located within a tolerance circle 
of 0.13 rom (0.005 in.) radius 
from the nominal locations. This 
tolerance must be maintained 
whether the module is mounted 
with side A as the mounting plane 
using aligning pins (see Figure 3), 
or mounted with Side B as the 
mounting plane using an 
alignment tool. 

Mounting with Aligning 
Pins 
The high resolution rotary 
encoder modules can be mounted 
using aligning pins on the motor 
base. (HP does not provide align­
ing pins.) For this conflguration, 
Side A must be used as the 
mounting plane. The Aligning 
Recess Centers must be located 
within the 0.13 mm (0.005 in.) R 
Tolerance Circle as explained 
above. Figure 3 shows the 
necessary dimensions. 

Mounting with HP 
Alignment Tools 
HP offers alignment tools for 
mounting HP encoder modules in 
corijunction with HP codewheels, 
using side B as the mounting 
plane. Please refer to the HP 
codewheel data sheet for more 
information. 

6 63<4·51 '0 261<4·020) 
. .a.25\!· .a.Ol0 

SIDES NOTE 1 

2=:::::;::=;z::: 
SIDE A 

3.561:~(O.1401:~g ) 
IMAGE SIDE OF CODEWHEELICODESTRIP NOTE 1 

CODEWHEEUCODESTRIP 

NOTES: 1. THESE DIMENSIONS INCLUDE CODEWHEELICODESTRIP WARP AND SHAFT END PLAY. 
2. DIMENSIONS IN MILLIMETERS AND (INCHES). 

Figure 1. Module Gap Setting. 

MenoR 
SHAFT 

__ __ RECEI. CENTER 

.-- ~
AUGNING 

-~,-""" ----

--

--
TOlERANCE ClRCU!, 

o.13_(OJIIII1n.)RFOR 
AUG_ RECEIII 

CIINT1118 

--. -----~ -----
. --

Figure 2. Rotary Module Mounting Tolerance. 
AIJGNING 
lllCUB CENTER 

MenoR SHAFT 
CENTER 

ALIGNING PINS 
0.7110.0301 HIGH IMAXI 2.<14/2.41 10.081/0.0851 OIA. 
0.2110.0101 X 41° CHAMFER 
2 PLACES 

t 
20.83 (0.8201 
21.08 10.8301 

NOTE 1: RECOMMENDED MOUNTING SCREW TORQUE IS 4 KQ.CM (3.5 1 ..... 881. 

Figure 3. Mounting Plane Side A. 
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Mounting Considerations for Linear Modules 
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MAX. 4 •• (0.175) 
NOTE 1 

AIoIG_BOSS 
0.76 (0.0301 HIGH (MAltl 
UI (0.0lI3l*0.025 (0.0011 DlA. 

. 0.25 (O.Gl011 • CHAMfER 
2 PLACES _1.,-MOUNTING THRU $"'-:---- HOLES 

Mounting Plane Side A 

NOTES: 
1. THESE DIMENSIONS INCLUDE COOESTRIP WARP. 
2. REFERENCE DEFINITIONS 0' L, AND L" ON THE FOLLOWING PAGE. 
a. MAXIMUM flECO_NDED MOUNTING SCREW 

TORQUE IS. 11/1 .... (3.llfHbI). 

Mounting Plane Side B 



Recommended Codewheel Characteristics 

Parameter Symbol Minimum Maximum Units Notes 

Window/Bar Ratio cl>wlcI>b 0.7 1.4 

Window Length L,. 1.8 (0.07) mm (inch) 

Absolute Maximum Rc 
Rop 

1.9 mm Includes eccentricity 
Codewheel Radius 

+ 
(0.075) (inch) errors 

Recommended Codestrip Characteristics and Alignment 
Codestrip design must take into consideration mounting as referenced to either side A or side B (see Figure 4). 

Mounting as Referenced to Side A Mounting as Referenced to Side B 

Figure 4. Codestrip Design 

STATIC CHARGE WARNING: LARGE STATIC CHARGE ON CODESTRIP MAY HARM MODULE. 
PREVENT ACCUMULATION OF CHARGE. 

Mounting Ref. Mounting Ref. 
Parameter Symbol Side A SideB Units 

WindowlBar Ratio WW/Wb 0.7 min., 1.4 max. 0.7 min., 1.4 max. 

Window Distance L La ~ 0.51 (0.020) 4 ~ 3.23 (0.127) mm (inch) 

Window Edge to S 0.90 (0.035) min. 0.90 (0.035) min. mm (inch) 
Module Opt Center Line 

Parallelism a 1.3 max. 1.3 max. deg. 
Module to Codestrip 

Note: All parameters and equations must be satisfied over the full length of codestrip travel including maximum codestrip runout. 
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Connectors 

Manufacturer Part Number Mounting Surface 

AMP 103686-4 Both 
640442-5 Side B 

DuPont 65039-032 with 4825X-000 term. Both 

HP HEDS-8902 with 4-wire leads Side B (see Fig. 7) 

Molex 2695 series with 2759 series tetro. Side B 

' •. 30 

I' 
112tO.& 

~I 
10.0" 11."'0.021 

1.. 
gI:l I 
1.0 r 

7.1 ~: (0.28 ~:) 10.201 
3:t1 fO.12::0.D41 

L ---1. 

PIN NUMIEA PARAMETER COLOR 
1 GROUND .LACK 
2 NC. 
3 CH.A _ITE 
• Vee RED • CH.8 BROWN 

Figure 7. HEDS-8902 Connector. 
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Ordering Information 

Two Channel Encoder Modules with a 23.36 nun Optical Radius 

HEDS·9000 Option 

Resolution 
(Cyc1es!Rev) 

T· 2000 CPR 
U· 2048 CPR 

* 

Two Channel Encoder Modules with an 11.00 nun Optical Radius 

HEDS·9100 Option 

Resolution 
(Cycles!Rev) 

B ·1000 CPR 
J. 1024 CPR 

Two Channel Linear Encoder Module 

HEDS·9200 Option 

Resolution 
(Cycles!Rev) 

300·300 LPI 
360·360 LPI 

Note: For lower resolutions, please refer to HEDS-9000/9100 and 
HEDS-9200 data sheets for detailed information. 

*Codewheel Information 
For infonnation on matching codewheels and 
accessories for use with HP rotary encoder modules, 
please refer to the HP Codewheel Data sheet HEDS· 
5120/6100, HEDG-5120/6120, HEDM-5120/6120 

* 
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Encoder Line Drivers 

Technical Data 

Features 
• Available on Both Encoder 

Modules (HEDS-9000 
Series) and Encoder Kit 
Housings (BEDS-MOO 
Series) 

9140 series encoders. The line 
driver offers enhanced perform~ 
ance when the encoder is used in 
noisy environments, or when it is 
required to drive long distances. 

• Complementary Outputs 
• Industry Standard Line 

DriverIC 
• Single Ii V Supply -
• Onboard Bypass Capacitor 

The 70°C version utilizes an 
industry standard line driver IC 
(26LS31) which provides comple­
mentary outputs for each encoder 
channel. The 100°C version 
utilizes an industry standard line 
driver IC, 26C31, which provides 
complementary outputs for each 
encoder channel. Thus, the 
output of the line driver encoder 
is A, A, B, B and IIi for three 
channel versions. Suggested -line 
receivers are 26LS32 and 
26LS33. 

• 70"C and lOO"C Versions 
Available 

Description 
Line Drivers are available for the 
HEDS-55XX/56XX series and the 
HEDS-9000/9100/9200/9040/ 

Device Characteristics 
Parameter Characteristic 

Termination 10 conductor ribbon cable with 
10 position IDC Berg connector 

Electrical Outputs Complementary outputs: A, A, B, B, I, I 

Line Driver Components 26LS31 line driver IC, decoupling 
capacitor on PC board. 

Operating Temperature O°C to 70°C 
Range O°C to 100°C 
Storage Temperature -40°C to 70°C 

-40°C to 100°C 

FliiiW .HEWLETT® 
~I!.II PACKARD 

HEDL-550X/554X 
HEDL-556X/5t;7X 
HEDL-560X/564X 
HEDL-9000/9100/9200 
HEDL-9040/9140 
HEDL-9060/9160/9260 
HEDL-9061/9161 

For additional information, please 
refer to: 
HEDS-5500/5540/5600/5640 
data sheet, 
HEDS-90XO/91XO/92XO data 
sheets, 
HEDS-9000 series extended 
resolution data sheet, and 
26LS31 data sheet. 

Notes 
See pinout 

I and I available only on 
three channel encoders 

70°C Series 
100°C Series 
70°C Series 
100°C Series 

ESD WARNING: NORMAL HANDUNG PRECAUTIONS SHOULD BE TAKEN TO AVOID 
STATIC DISCHARGE. 
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Line Driver Package Dimensions 
For Detailed Dimensions on encoder packages, please refer to the respective data sheets. 

HEDL-5S0XJ554XJ560XI564X 
HEDL-556X1557X 

NOTE: DIMENSIONS IN MILU"ETERS ~NCHES) 

19.0 .0.5 ----------1' [ O.I60t"AX. 

« .~-;p 

HEDL-9000I9100l9200I904019140 
HEDL-906019160192601906119161 

MAX. 0.450 
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Wavefonns 

~ 
~ 
~ 
~ 

Block Diagram Pinouts 
HEOIHIO00/910018200 

-eG40/914O 
-868X/564X 

11H'1N CONNECTOR 

NO. COLOR PARAMETER 

-680X/584X 28LS31 1 BROWN NC 

~==:n:==== 
T U 

ROTATION 

Note: Iif only available, on three channel encoders. 

Line Driver Base Parts Available: 

70°C 
Line Driver 100°C Line Driver 
Base Part Base Part 

HEDL-5500#XXX HEDL-5568#XXX 

HEDL-5505#XXX HEDL-5569#XXX 

HEDL-5540#XXX HEDL-5570#XXX 

HEDL-5545#XXX HEDL-5571 #XXX 

HEDL-5600#XXX HEDL-5572#XXX 

HEDL-5605#XXX HEDL-5573#XXX 

HEDL-5640#XXX HEDL-5574#XXX 

HEDL-5645#XXX HEDL-5575#XXX 

HEDL-9000#XXX HEDL-9060#XXX 

HEDL-9040#XXX HEDL-9061#XXX 

HEDL·9100#XXX HEDL·9160#XXX 

HEDL-9140#XXX HEDL-9161#XXX 

HEDL·9200#XXX HEDL·9260#XXX 

Ordering Infonnation: 
For option code selection, refer to 
the data sheet for the 
corresponding "HEDS" part 
number (see right column). 
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~+-A 
16--+--X 
I'oc--+--B 
l6--t--i 

2 RED VCC(+5V) 
3 ORANGE GND 
4 YELLDW NC 
8 GREEN II 
8 BLUE A 
7 VIOLET Ii 
8 GREY B 
9 WHITE T !IImDI 

10 POSITION IDC CONNECTOR 
CENTER POLARIZED. 

10 

Refer to the following encoder data 
sheet for additional infonnation and 
option codes (XXX = resolution 

Channels and/or shaft size) 

A,B HEDS-5500#XXX 

A,B HEDS-5505#XXX 

A, B,I HEDS-5540#XXX 

A,B,I HEDS-5545#XXX 

A,B HEDS-5600#XXX 

A,B HEDS-5605#XXX 

A,B, I HEDS-5640#XXX 

A,B, I HEDS-5645#XXX 

A,B HEDS-9000#XXX 

A,B, I HEDS·9040#XXX 

A,B HEDS·9100#XXX 

A,B,I HEDS·9140#XXX . 

A,B HEDS-9200#XXX 



High Temperature 125°C Two 
Channel Optical Incremental 
Encoder Modules 

Technical Data 

Features 
• High Performance 
• High Resolution 
• Low Cost 
• Easy to Mount 
• No Signal Adjustment 

Required 

• Insensitive to Radial and 
Axial Play 

• Small Size 
• _40°C to 125°C Operating 

Temperature 

• Two Channel Quadrature 
Output 

• TTL Compatible 
• Single 5 V Supply 

Package Dimensions 

0.63 (0.025) 
SQR. TYP. 

5.1 (0.20) 

1.02::1:0.10 
(0.040. 0.004) =-i==:'!;~ 

AUGNING RECESS 
2.44I2A1 DIA. 
(0.09610.095) 
2.16 (0.085) 
DEEP 

SIDE A 

Description 
The HEDT-9000 and the HEDT-
9100 series are high 
performance, low cost, optical 
incremental encoder modules that 
operate to 125°C. When used with 
a codewheel, these modules 
detect rotary position. The 
modules consist of a lensed (LED) 
source and a detector IC enclosed 
in a small C-shaped plastic pack­
age. Due to a highly collimated 
light source and unique 
photodetector array, these 
modules are extremely tolerant to 
mounting misalignment. 

2.4412.41 X 2.79 
(0.09610.095 X 0.110) 

2.16 (0.085) DEEP 

OPTICAL CENTER 

TYPICAL DIMENSIONS IN 
MILUMETERS AND (INCHES) 

FliDW HEWLETT® 
a:r...I PACKARD 

HEDT-9000 
HEDT-9100 

The two channel digital outputs 
and the single 5 V supply input 
are accessed through five 0.025 
inch square pins located on 0.1 
inch centers. 

SIDEB 

ESD WARNING: NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC 
DISCHARGE. 

5965-5885E 2-75 



Standard resolutions for the 
HEDT-9000 are 500 CPR and 
1000 CPR for use with a HEDS-
6100 codewheel or equivalent. 
For the HEDT-9100, standard 
resolutions between 96 CPR and 
512 CPR are available for use 
with a HEDS-5120 codewheel or 
equivalent. 

Applications 
The HEDT-9000 and 9100 
provide sophisticated motion 
detection at a low cost, at 
temperatures to 125"C, making 
them ideal for high volume 
automotive applications. 

Theory of Operation 
The HEDT-9000 and 9100 are C­
shaped emitter/detector modules. 
Coupled with a codewheel, they 
translate the rotary motion of a 
shaft into a two-channel digital 
output. 

As seen in the block diagram, 
each module contains a single· 
Light EmittingDiode (LED) as its 
light source. The light is 
collimated into a parallel beam by 
means of a single polyetherimide 
lens located directly over the 
LED. Opposite the emitter is the 
integrated detector circuit. This 
IC consists of multiple sets of 
photodetectors and the signal 
processing circuitry necessary to 
product the digital waveforms. 

The codewheel rotates between 
the emitter and detector, causing 
the light beam to be interrupted 
by the pattern of spaces and bars 
on the codewheel. The 
photodiodes which detect these 
interruptions are arranged in a 
pattern that corresponds to the 
radius and design of the code­
wheel. These detectors are also 
spaced such that a light period on 
one pair of detectors corresponds 
to a dark period on the a<ijacent 
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Block Diagram 
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~--------------j' EMITTER SECTION CODE DETECTOR SECTION 
WHEEL 

Output Waveforms 

pair of detectors. The photodiode 
outputs are then fed through the 
signal processing circuitry 
resulting in A, A, B, and B. Two 
comparators receive these signals 
and produce the final outputs for 
channels A and B. Due to this 
integrated phasing technique, the 
digital output of channel A is in 
quadrature with that of channel B 
(90 degrees out of phase). 

Def'mitions 
Count (N): The number of bar 
and window pairs or counts per 
revolution (CPR) of the 
codewheel. 

1 Shaft Rotation = 360 
mechanical 
degrees, 

= N cycles. 

1 cycle (C) = 360 
electrical 
degrees COe), 

= 1 bar and 
window pair. 



Pulse Width (P): The number of 
electrical degrees that an output 
is high during 1 cycle. This value 
is nominally 1800e or 1/2 cycle. 

Pulse Width Error (t1P): The 
deviation, in electrical degrees of 
the pulse width from its ideal 
value of 180oe. 

State Width (S): The number of 
electrical degrees between a 
transition in the output of channel 
A and the neighboring transition 
in the output of channel B. There 
are 4 states per cycle, each 
nominally 90oe. 

State Width Error (,1S): The 
deviation, in electrical degrees, of 
each state width from its ideal 
value of 90oe. 

Absolute Maximum Ratings 
Storage Temperature, Ts ..................................................................... -40°C to 125°C 
Operating Temperature, TA ................................................................ -40°C to 125°C 
Supply Voltage, Vee ...................................................................................... -0.5 V to 7 V 
Output Voltage, Vo ........................................................................................ -0.5 V to Vee 
Output Current per Channel, lout ................................................. -1.0 rnA to 5 rnA 

Phase (1/1): The number of elec­
trical degrees between the center 
of the high state of channel A and 
the center of the high state of 
channel B. This value is nominally 
900e for quadrature output. 

Phase Error (,11/1): The deviation 
of the phase from its ideal value 
of90oe. 

Direction of Rotation: When the 
codewheel rotates in the direction 
of the arrow on top of the 

module, channel A will lead 
channel B. If the codewheel 
rotates in the opposite direction, 
channel B will lead channel A. 

Optical Radius (RopJ: The dis­
tance from the codewheel's center 
of rotation to the optical center 
(O.C.) of the encoder module. 

Recommended Operating Conditions 
Parameter Symbol Min. Typ. Max. Units Notes 

Temperature T -40 125 OC 

Supply Voltage Vee 4.5 5.5 Volts Ripple < 100 mVD_D 

Load Capacitance CL 100 pF 3.3 kQ pull-up resistor 

Count Frequency f 100 kHz Velocity (rpm) x N 

60 

Note: The module peIformance is guaranteed to 100 kHz but can operate at higher frequencies. 

Encoding Characteristics 
Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances. 
These Characteristics do not include codewheel/codestrip contributions. 

Description Sym. Typ. Case 1 Max. Case 2 Max. Units Notes 

Pulse Width Error AP 7 35 

Logic State Width Error AS 5 35 

Phase Error A<\l 2 15 

Case I: Module mounted on tolerance circle off 0.13 mm (± 0.005 in.). 
Case 2: HEDT-9000 mounted on tolerances of ± 0.50 mm (0.020"). 

HEDT-9100 mounted ontolerances off 0.38 mm (0.015"). 

45 °e 

45 .oe 

20 °e 
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Electrical Characteristics 
Electrical Characteristics over Recommended Operating Range, typical at 25°C. 

Parameter Symbol Min. Typical Max. Units Notes 

Supply Current Icc 17 40 rnA 

High Level Output Voltage VOH 2.4 Volts IOH = -40 f.lA max. 

Low Level Output Voltage VOL 0.4 Volts IOL = 3.2 rnA 

Rise Time, !r 200 ns CL = 25 pF 

Fall Time t, 50 ns 
RL = 11 kO pull-up 

Recommended Codewheel Characteristics 

Codewheel Options 

Optical 
HEDS CPR Radius 
Series (N) Option mm(in.) 

5120 96 K 11.00 (0.433) 
5120 100 C 11.00 (0.433) 
5120 192 D 11.00 (0.433) 
5120 200 E 11.00 (0.433) 
5120 256 F 11.00 (0.433) 
5120 360 G 11.00 (0.433) 
5120 400 H 11.00 (0.433) 
5120 500 A 11.00 (0.433) 

Figure 1. Code.trip Design. 
5120 512 I 11.00 (0.433) 

6100 500 A 23.36 (0.920) 
6100 1000 B 23.36 (0.920) 

Parameter Symbol Minimum, Maximum Units Notes 

WindowlBar Ratio $v/c!>t, 0.7 1.4 

Window Length L 1.8 (0.07) 2.3 (0.09) mm (inch) 

Absolute Maximum Rc Rop + 1.9 (0.075) mm (inch) Includes eccentricity 
Codewheel Radius errors 
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Mounting Considerations 

3.12(0.123) 
3.99(0. '57) 

MAX. 4.45(0.175) 
NOTE' 

, 

I 
NOTES: CODE WHEEL 

,. THESE DIMENSIONS INCWOE SHAFT END PlAY. 
AND CODEWHEEL WARP. 

2. MAXIMUM RECOMMENDED MOUNTING SCREW 
TORQUE IS 411g."", 13.5 In-lbo). 

Figure 2. Mounting Plane Side A. 

4-- 26.40 (1.0001 MAX.-....... 

'.80(0.0711 

MOUNTING 
PLANE 

CODEWHEEL 

NOTES: 
1. THESE DIMENSIONS INCWDE SHAFT END PlAY. 

AND CODEWHEEL WARP. 
2. MAXIMUM RECOMMENDED MOUNTING SCREW 

TORQUE IS 4 kg-cm 13.6 in-lbo). 

Figure 3. Mounting Plane Side B. 

I: 5.94(0.234) MAX. 

NOT USEO ON • mm. , 14" 
1.0. HUBS 

MOUNTING BOSS 

2·SS SETSCREW 
US!! O.03S" HEX WRENCH r MOUNTING BOSS -

-'-----1-:,... .. ~6.32 (0.248) 

---L J.7 f T 
'0.'6(0.400) 

J.....-

12.7010.5001 MAX. 

3.6810.'411 

DIMENSIONS)N MM ClNCHESI 

Figure 4. HEDS·'H20 Codewheel. 

2·58 SETSCREW 
USE 0.03S" HEX WRENCH 

0.20 (0.008) MAX. 

0.014 (0.00211 
UNIT8mmClNCHE~) 

Figure 6. HEDS·6100 Codewheel. 

1.060) 18.0 19.0 11 1471 

lJL~ 8.99 MAX. 1':.4:~) 
10.384) 



Ordering Information 

HEDT-9000 Option []]@] 

Resolution 
(Cycles/Rev) 

A- 500 CPR 
B -1000 CPR 

HEDT-9100 Option 

2-80 

Resolution 
(Cycles/Rev) 

K-96CPR 
C -100 CPR 
D -192 CPR 
E - 200 CPR 
F- 256 CPR 

G - 360 CPR 
H - 400 CPR 
A- 500 CPR 
1- 512 CPR 

HEDS-6100 Option DD 
Shaft Diameter 

05 - 3/16 in. 10 - 5/8 in. 
06 - 1/4 in. 11 - 4 nun 
07 - 5/16 in. 12 - 6 mm 
08 - 3/8 in. 13 - 8 nun 
09 - 1/2 in. 

HEDS-5120 Option 

Shaft Diameter 

01 - 2 mm 
02 -3nun 

. 03 -1/8 in. 
04 - 5/32 in. 
05 - 3/16 in. 
06 - 1/4 in. 

11-4nun 
14 - 5 mm 
12 - 6 nun 
13 - 8 mm 
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High Temperature 140CC 
Three Channel Optical 
Incremental Encoder Modules 

Technical Data 

Features 
• -40"C to 140"C Operating 

Temperature 
• Two Channel Quadrature 

Output with Index Pulse 
• Suitable for Automotive 

Applications 
• Resolution up to 1024 

Counts per Revolution 
• Low Cost 
• Easy to Mount 
• No Signal Adjustment 

Required 

• Small Size 

Package Dimensions 

5.1 (0.20) 

1.02:1::0.10 
(0.040. 0.004) =:=~~ 

ALIGNING RECESS 
2.44/2.41 DIA. 
(0.09610.095) 
2.16 (0.085) 
DEEP 

SIDE A 

Description 
The HEDT-9040 and HEDT-9140 
are high temperature three 
channel optical incremental 
encoder modules. When used with 
a codewheel, these low cost 
modules detect rotary position. 
Each module consists of a lensed 
LED source and a detector IC 
enclosed in a small plastic 
package. Due to a highly 
collimated light source and a 
unique photodetector array, these 
modules provide the same high 
performance found in the HEDS-
9040/9140 three channel 
encoders. 

2.54 (0.100) TVP. 

1.0(0.04) 

3.73:1::0.05 
(O.147.0.0Q2) 

2.44/2.41 X 2.79 
(0.098/0.095 X 0.110) 

2.18 (0.086) DEEP 

OPTICAL CENTER 

TYPICAL DIMENSIONS IN 
MILLIMETERS AND (INCHES) 

Fli'PW HEWLETT® 
~~PACKARD 

HEDT-9040 
HEDT-9140 

SIDEB 

ESD WARNING: NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC 
DISCHARGE. 
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The HEDT-9040 and 9140 have 
two channel quadrature outputs 
plus a third channel index output. 
This index output is a 90 
electrical degree high true index 
pulse. 

The HEDT-9040 is designed for 
codewheels which have an optical 
radius of 23.36 mm (0.920 in.). 
The HEDT-9140 is designed for 
codewheels which have an optical 
radius of 11.00 mm (0.433 in.). 

The quadrature signals and the 
index pulse are accessed through 
five 0.025 inch'square pins 
located on 0.1 inch centers. 

Resolutioi:ls between 360 and 
1024 counts per revolution are 
available. Consult local Hewlett­
Packard sales representatives for 
other resolutions. 

Applications 
The HEDT-9040 and 9140 
provide high temperature motion 
control detection at a low cost, 
making them suitable for automo­
tive and industrial applications. 

Theory of Operation 
The HEDT -9040 and 9104 are 
emitter/detector modules. 
Coupled with a codewheel, these 
modules translate the rotary 
motion of a shaft into a three­
channel digital output. 

As seen in the block diagram, the 
module contains a single Light 
Emitting Diode (LED) as its light 
source. The light is collimated 
into a parallel beam by means of a 
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Block Diagram 
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EMITTER SECTION CODE DETECTOR SECTION 
WHEEL 

single lens located directly over 
the LED. Opposite the emitter is 
the integrated detector circuit. 
This IC consists of multiple sets 
of photodetectors and the signal 
processing circuitry necessary to 
produce the digital waveforn1s. 

The codewheel rotates between 
the emitter and detector, causing 
the light beam to be interrupted 
by the pattern of spaces and bars 
on the codewheel. The 
photodiodes which detect these 
interruptions are arranged in a 
pattern that corresponds to the 
radius and design of the 
codewheel. These detectors are' 
also spaced such that a light 
period on one pair of detectors 
corresponds to a dark period on 
the adjacent pair of detectors. The 
photodiode outputs are then fed 
through the signal processing 

circuitry resulting in A, A, B, 13, I 
and I Comparators receive these 
signals and produce the final 
outputs for channels A and B. Due 
to this integrated phasing 
technique, the digital output of 
channel A is in quadrature with 
that of channel B (90 degrees out 
of phase). 

The output of the comparator for 
I and I is sent to the index 
processing circuitry along with 
the outputs of channels A and B. 
The final output of channel I is an 
index pulse Po which is a one 
state width (nominally 90 
electrical degrees), hightrue 
index pulse. This pulse is 
coincident with the low states of 
channels A and B. 



Output Waveforms 

ROTATION 

Definitions 
Count (N): The number of bar 
and window pairs or counts per 
revolution (CPR) of the 
codewheel. 

One Cycle (C): 360 electrical 
degrees (Oe), 1 bar and window 
pair. 

One Shaft Rotation: 360 
mechanical degrees, N cycles. 

Position Error (ile): The 
normalized angular difference 
between the actual shaft position 
and the position indicated by the 
encoder cycle count. 

Absolute Maximum Ratings 

-2.4V 

_O.4V 
'----- CH.A 

-2.4V 

_O.4V 
CH.B 

-2.4V 

______ -__ O.4~H.1 

Cycle Error (dC): An indication 
of cycle unifOrmity. The differ­
ence between an observed shaft 
angle which gives rise to one 
electrical cycle, and the nominal 
angular increment of lIN of a 
revolution. 

Pulse Width (P): The number of 
electrical degrees that an output 
is high during 1 cycle. This value 
is nominally 1800e or 1/2 cycle. 

Pulse Width Error (ilP): The 
deviation, in electrical degrees, of 
the pulse width from its ideal 
value of 180oe. 

Storage Temperature, Ts ................................................. -40OC to 140°C 
Operating Temperature, TA ............................................. -40OC to 1400C 
Supply Voltage, Vee ............................................................ -0.5 V to 7 V 
Output Voltage, Vo .............................................................. -0.5 V to Vee 
Output Current per Channel, lOUT ................................. -1.0 rnA to 5 rnA 
Shaft Axial Play ................................................. ± 0.25 mm (± 0.010 in.) 
Shaft Eccentricity Plus Radial Play ..................... 0.1 mm (0 004 in.) TIR 
Velocity ........................................................................... 30,000 RPM[l] 
Acceleration ............................................................. 250,000 radlsec2[1] 

Note: 
1. Absolute maximums for HEDS·5140 codewheel only. 

State Width (S): The number of 
electrical degrees between a 
transition in the output of channel 
A and the neighboring transition 
in the output of channel B. There 
are 4 states per cycle, each 
nominally 90oe. 

State Width Error (LIS): The 
deviation, in electrical degrees, of 
each state width from its ideal 
value of 90oe. 

Phase (rfJ): The number of 
electrical degrees between the 
center of the high state of channel 
A and the center of the high state 
of channel B. This value is 
nominally 900e for quadrature 
output. 

Phase Error (ilrfJ): The deviation 
of the phase from its ideal value 
of90oe. 

Direction of Rotation: When the 
codewheel rotates in the direction 
of the arrow on top of the 
module, channel A will load 
channel B. If the codewheel 
rotates in the opposite direction, 
channel B will lead channel A. 

Optical Radius (Rop): The 
distance from the codewheel's 
center of rotation to the optical 
center (O.C.) of the encoder 
module. 

Index Pulse Width (PoJ: The 
number of electrical degrees that 
an index is high during one full 
shaft rotation. This value is 
nominally 900e or 1/4 cycle. 
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Recommended OperatiD,g Conditions 

Param~ter . Symbol Min. Typ. Max. Units Notes 

Temperature TA -40 140 "C 

Supply Voltage Vee 4.5 5.0 5.5 Volts Ripple < 1 00 m Vp•p 

Load Capacitance CL 100 pF 2.7 kO pull-up 

Count Frequency f 50 kHz Velocity (rpm) x N/60 

Shaft Perpendicularity ±0.25 mm 6.9 mm (0.27 in.) from 
Plus Axial Play (± 0.010) (in.) mounting surface 

Shaft Eccentricity Plus 0.04 mm (in.) 6.9 mm (0.27 in.) from 
Radial Play (0.0015) TIR mounting surface 

Note: The module performance is guaranteed to 50 kHz but can operate at higher frequencies. 

Encoding Characteristics 
Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances 
unless otherwise specified. Values are for the worst error over the full rotation of HEDS-514X and HEDS-
6145 codewheels. 

Parameter Symbol Min. Typ •• Max. Units 

Cycle Error aC 5 10 °e 

Pulse Width Error aP 7 30 °e 

Logic State Width Error as 5 30 °e 

Phase Error all> 2 15 °e 

Position Error as 10 40 min. of arc 

Index Pulse Width Po 60 90 120 °e 

CH. I rise after CH. B or CH. A fall tl 20 430 1490 ns 

CH. I fall after CH. A or CH. B rise t2 40 250 620 ns 

Note: Module mounted on tolerance circle oft 0.13 rom (± 0.005 in.) radius referenced from module Side A a.ligning recess centers. 2.7 
kO pull·up resistors used on all encoder module outputs. 

Electrical Characteristics 
Electrical. Characteristics over Recommended Operating Range. 

Parameter Symbol Min. Typ •• Max. Units Notes 

Supply Current . lee 30 57 85 rnA 

High Level Output Voltage VOH 2.4 V IOH = -100 J.IA min. 

Low Level Output Voltage VOL 0.4 V IoL = 3.86 rnA max. 

Rise Time tr 90 ns CL = 25 pF 

Fall Time tt 80 ns RL = 2.7 kO pull-up 

°Typicsl values specified at Vee = 5.0 V and 25OC. 
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Mechanical Characteristics 

Part No. Parameter Dimension 

HEDS-5140 Codewheel Available 2 3 4 
11.00 mm optical to Fit These Standard 5 6 8 
radius codewheel Shaft Diameters 

5/32 1/8 
3/16 1/4 

Moment of Inertia 0.6 (8.0 x 10.6) 

Note: The tolerance requirements are on the mating shaft, not on the codewheel . 

Electrical Interface • BV 

A 

Tolerance 

+0.000 
-0.015 

+0.000 
-0.0007 

R 

Units 

mm 

in. 

g-cm2 (oz-in-s2) 

¢ TO OUTPUT !.OGIC 
(ONE m LOAD 
PEA OUTPUTI 

To insure reliable encoding 
performance, the HEDT -9040 and 
9140 three channel encoder 
modules require 2.7 k:.Q (± 10%) 
pull-up resistors on output pins 2, 
3, and 5 (Channels I, A, and B) as 
shown in Figure 1. These pull-up 
resistors should be located in 
close proximity of the encoder 
module (within 4 feet). Each of 
the three encoder module outputs 
can drive a single TTL load in this 
configuration. 

Figure 1. Pull-up Resistors on HEDT-9X40 Encoder Module Outputs. 

Mounting Considerations 
Figure 2 shows a mounting 
tolerance requirement for proper 
operation of the HEDT -9040 and 
HEDT-9140. The Aligning Recess 
Centers must be located within a 
tolerance circle of 0.13 rom 
(0.005 in.) radius from the 
nominal locations. This tolerance 
must be maintained whether the 
module is mounted with Side A as 
the mounting plane using aligning 
pins (see Figure 5), or mounted 
with Side B as the mounting plane 
using an alignment tool (see 
Figures 3 and 4). 

Figure 2. BEDT-9X40 Mounting Tolerance. 

ALIGNING 
RECESS CENTER 
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Mounting the HEDT·9140 
with an Alignment Tool 
The HEDS~8905 alignment tool is 
recommended for mounting the 
HEDT-9140 module with Side B 
as the mounting plane. This tool 
can only be used when the HEDT-
9140 module is mounted with the 
HEDS-5140 (codewheel with 
hub). The HEDS-8905 tool fIxes 
the module position using the 
codewheel hub as a reference. It 
will not work if Side A is used as 
the mounting plane. 

The following assembly procedure 
uses the HEDS-8905 alignment 
tool to mount an HEDT -9140 
module and an HEDS-5140 
codewheel: 

Instructions: 
1. Place codewheel on shaft. 

2. Set codewheel height: (a) place 
alignment tool on motor base 
(pins facing up) flush up against 

CODEWHEEL 

the motor shaft as shown in 
Figure 3. (b) Push codewheel 
down against alignment tool. The 
codewheel is now at the proper 
height. (c) Tighten codewheel 
setscrew and remove alignment 
tool. 

Some motors have a boss around 
the shaft that extends above the 
mounting plane. In this case, the 
alignment tool cannot be used as 
a gage block to set the codewheel 
height as described in 2(a), (b), 
and (c).ljboss is above 
'Y/UJunting plane: Slide module 
onto motor base, adjusting height 
of codewheel so that it sits 
approximately in the middle of 
module slot. Lightly tighten set­
screw. The codewheel height will 
be more precisely set in step 5. 

3. Insert mounting screws 
through module and thread into 
the motor base. Do not tighten 
screws. 

AUGNMENTTOOL 

" CODEWHEEL 

4. Slide alignment tool over 
codewheel hub and onto module 
as shown in Figure 4. The pins of 
the alignment tool should fIt 
snugly inside the alignment 
recesses of the module. 

lj boss is above 'Y/UJUnting plane: 
The pins of the tool may not mate 
properly because the codewheel is 
too high on the shaft. Loosen 
codewheel setscrew and lower 
codewheel slightly. Retighten 
setscrew lightly and attempt this 
step again. 

5. While.holding alignment tool in 
place, tighten screws down to 
secure module. 

lj boss is above 'Y/UJunting plane: 
Push codewheel up flush against 
alignment tool to set codewheel 
height. Tighten codewheel 
setscrew. 

6. Remove alignment tool. 

MODULE SIDE B 

r­•. ag~.2;1 
•. .2 I MODULE SIDE' B 

Figure a.Alignment Tool is Used to Set Height of 
Codewheel. 
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NOTE 1 

NOTE 1: THIS DIMEN810N IS PROM THE MOUNTING PLANE TO THE 
NONoHUB SIDE OF THE CODIWHEEL 

Figure 4. Alignment Tool is Placed over Shaft and onto 
Codewheel Hub. Alignment Tool Pins Mate with Aligning 
Recesses on Module. 



Mounting with Aligning Pins 
The HEDT-9040 and HEDT-9140 
can also be mounted using 
aligning pins on the mounting 
suzface. 

(Hewlett-Packard does not 
provide aligning pins.) For this 
configuration, Side A must be 
used as the mounting plane. The 
aligning recess centers must be 
located within the 0.13 mm 

COOEWHEEL 

L"l~' " " 
~ f Ii 

4.45 (0.175) MAX. 3.12 J!L12:!J 
NOTE 1 3:99 (0. ;S7) MOUI\ITING PLANE 

NOTE 1, THESE O(MENSIONS INCLUDE SHAFT END PLAY AND CODEWHEEL WARP. 
NDTE 2, RECOMMENDED MOUNTING SCREW TORQUE 154 KG-CM 13.5IN-L85). 

MOTOR SHAFT 
CENTER 

ALIGNING PINS 
0.76 10.030) HIGH IMAXI 
2.44/2.41 10.096/0.095) DIA. 
0,2510.010) X 45' CHAMFER 
2 PLACES 

t 
20,83 (0.820) 
21.08 (0.830) 

4.76 
10.187) 

Figure 5. Mounting Plane Side A. 

INDEXPULBE 
REFERENCE 
MARKER 

26.711.01) 
DIA.MAX. 

12.70 (0.600) 
MAX. 

1.1010,071 ) 

#2-56 SETSCREW 

(0.005 in.) Radius Tolerance 
Circle as explained in "Mounting 
Considerations." Figure 5 shows 
the necessary dimensions. 

USE 0.035" HEX WRENCH 

Rop& ",00 mm (0.433 in.) 

DIMENSIONS IN MM (INCHES) 

Figure 6. HEDS-5140 Codewheel Used with HEDT-9140. 
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Ordering . Information 
Three Channel Encoder Modules and Bare Codewheels, 23.36 mm Optical Radius 

BEDT-9040 Option 

Resolution 
(Cycles/Rev) 

B -1000CPR 
J - 1024 CPR 

BEDS-6145 Option I][] 

Three Channel Encoder Modules and Codewheels, 11.00 mm Optical Radius 

HEDT-9140 Opt ion [ill] HEDS-514y Option[J[:J 

Hub 

o -Codewheel wlHub 
5 - Codewheel w/o Hub 

~ 

Resolution Shaft Diameter 
(Cycles/Rev) 01- 2 mm 11-4mm 
E - 200 CPR 02 -3mm 14 -.5 mm 
F- 256 CPR 03 -1/8 in. 12 - 6 mm 
G - 360 CPR 04 - 5/32 in. 13 - 8 mm 
A- 500 CPR 05 - 3/16 in. 

06 - 1/4 in. 

Accessories 

HEDS-8905 
Alignment Tool for mounting the HEDT-9140. 
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Using Multiple Index 
Pulses 
The third channel index (Channel 
I) is not limited to occurring just 
once per revolution. Index pulses 
may be placed arbitrarily over a 
full codewheel rotation. This is 
done by altering only the pattern 
of the codewheelwith no 
modifications necessary to the 
HEDT-9X40 module. The only 
restriction is that, depending on 

the CPR of the codewheel, 
consecutive index pulses may 
have to be separated by at least 
10 full cycles. 

Multiple index pulses can provide 
more precise absolute position 
information. By strategically 
placing the index pulses, a unique 
index series can be created for a 
particular angular position. This 
leads to the idea of the "quasi­
absolute" encoder in which only a 

partial turning of the codewheel is 
required to determine the 
absolute position. 

A special codewheel is required to 
accomplish a mUltiple index 
pattern. The standard HEDS-
5140,5145, and 6145 code­
wheels have one index pulse per 
full revolution. Please consult a 
local HP sales representative for 
further information. 

2-89 



Quick Assembly 
Two and Three Channel Optical 
Encoders 

Teclmical Data 

Features 
• Two Channel Quadrature 

Output with Optional Index 
Pulse 

• Quick and Easy Assembly 
• No Signal Adjustment 

Required 
• External Mounting Ears 

Available 

• Low Cost 
• Resolutions Up to 1024 

Counts Per Revolution 

• Small Size 
• -40"C to 100"C Operating 

Temperature 
• TTL Compatible 
• Single 5 V Supply 

Description 
The HEDS-5500/5540, HEDS-
5600/5640, and HEDM-5500/ 
5600 are high performance, low 
cost, two and three channel 
optical incremental encoders. 
These encoders emphasize high 
reliability, high resolution, and 
easy assembly. 

Each encoder contains a lensed 
LED source, an integrated circuit 

with detectors and output 
circuitry, and a codewheel which 
rotates between the emitter and 
detector IC. The outputs of the 
HEDS-5500/5600 and HEDM-
5500/ 5600 are two square waves 
in quadrature. The HEDS-5540 
and 5640 also have a third chan­
nel index output in addition to the 
two channel quadrature. This 
index output is a 90 electrical 
degree, high true index pulse 
which is generated once for each 
full rotation of the codewheel. 

The HEDS·series utilizes metal 
codewheels, while the HEDM 
series utilizes a film codewheel 
allowing for resolutions to 1024 
CPR. The HEDM series is nont 
available with a third channel 
index. 

These encoders may be quickly 
and easily mounted to a motor. 
For larger diameter motors, the 
HEDM-5600, and HEDS-5600/ 
5640 feature external mounting 
ears. 

The quadrature signals and the 
index pulse are accessed through 

rJ.n- HEWLETT«l> 
~~PACKAAO 

HEDM-550X/560X 
HEDS-550X/554X 
HEDS-560X/564X 

five 0.025 inch square pins 
located on 0.1 inch centers. 

Standard resolutions between 96 
and 1024 counts per revolution 
are presently available. Consult 
local Hewlett-Packard sales repre­
sentatives for other resolutions. 

Applications 
The HEDS-5500, 5540, 5600, 
5640, and the HEDM-5500, 5600 
provide motion detection at a low 
cost, making them ideal for high 
volume applications. Typical 
applications include printers, 
plotters, tape drives, positioning 
tables, and automatic handlers. 

ESD WARNING: NORMAL HANDliNG PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC DISCHARGE. 
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Package Dimensions 

HEDS-550OJ5540, HEDM-5500 

NOTES' 

11.2 IG.441 
MAX 

10.113&" HEX WRENCHI 
1--.....,-14.5 10.571 

MIN 

0.64 10.0251 
sa. LEADS ON 1. LEAVE CLEARANCE FOR TURNING 

AND REMOVING THE HEX WRENCH. 2.54 10.1001 CENTERS TYP. 

I TYPICAL 
4-- INDEX PULSE 

POSmoN 

2. TYPICAL DIMENSIONS IN 
MILLIMETERS (lNCHESI. 

"Note: For the REDS-5500 and HEDM-5500, Pin #2 is a No Connect. For the REDS-5540, Pin #2 is CR. I, the index output. 

HEDS-5600/5640, HEDM-5600 

1-----52 .• 12.051-----<~1 

41.' 1'.621 
MAX 

PAATIOANO 
OPTION CODE 

2.7410.1081 DlA HOLES ON 
23.010.9061 RAD. 8DLT CIRCLE 

:!!:!!:!!:!!:!!f zzzzz 

btX~~ 8.9,:r 
z ::tn::t c· . . .. 
30.011.181 

~ TYPICAL 
INDEX PULSE 

POSfTION 

~'1.2(O.44IMAX 
(0.036", HEX WRENCHI 

18.310.721 
MAX 

tr 
7.1 (0.281 

MIN 

' •. 510.671 MIN 

0.64 10.025) sa 
LEADS ON 2.5410.1oo} 
CENTERS TYP.' 

1. LEAVE CLEARANCE FOR TURNING AND REMOViNG HEX WRENCH. 
2. TYPICAL DIMENSIONS IN MILUMETERS IINCHES}. 

'Note: For the HEDS-5600 and HEDM-5600, Pin #2 is a No Connect. For the HEDS-5640, Pin #2 is CR. I, the index output. 
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Theory of Operation 
The HEDS-5500, 5540, 5600, 
5640, and HEDM-5500, 5600 
translate the rotary motion of a 
shaft into either a two- or a three­
channel digital output. 

As seen in the block diagram, 
these encoders contain a single 
Light Emitting Diode (LED) as its 
light source. The light is 
collimated into a parallel beam by 
means of a single polycarbonate 
lens located directly over the 
LED. Opposite the emitter is the 
integrated detector circuit. This 
IC consists of multiple sets of 
photodetectors and the signal 
processing circuitry necessary to 
produce the digital waveforms. 

The codewheel rotates between 
the emitter and detector, causing 
the light beam to be interrupted 
by the pattern of spaces and bars 
on the codewheel. The 
photodiodes which detect these 
interruptions are arranged in a 
pattern that corresponds to the 
radius and design of the 
codewheel. These detectors are 
also spaced such that a light 
period on one pair of detectors 
corresponds to a dark period on 
the adjacent pair of detectors. The 
photodiode outputs are then fed 
through the signal processing 
cirCuitry resulting in A, A, B and B 
(also I and I in the HEDS-5540 
and 5640). Comparators receive 
these signals and produce the 
final outputs for channels A and 
B. Due to this integrated phasing 
technique, the digital output of 
channel A is in quadrature with 
that of channel B (90 degrees out 
of phase). 

In the HEDS-5540 and 5640, the 
output of the comparator for I 
and I is sent to the index 
processing circuitry along with 
the outputs of channels A and B. 
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Block Diagram 
rl r------------------lvcc 
I 14 

I 
COMPARATORS I 
A 1 

>_-----jI-<lCH.A 

13 

I CH.8 
>-H-----t<l Is 

INOEX 
PROCESSING 

I CH.I 

SIGNAL CIRCUITRY 

I 
I 
I 
I 
I 
I 
I 
I 
1 

PROCESSING I 
CIRCUITRY I GNO 

I I I... _______ .J ~ ___________________ J' 
EMITTER SECTION CODE 

WHEEL 
DETECTOR SECTION 

NOTE, CIRCUITRY FOR Clio liS ONLY IN HEOS-."'" AND &e4O THREE CHANNEL ENCODERS. 

The fmal output of channel I is an 
index pulse Po which is generated 
once for each full rotation of the 
codewheel. This output Po is a 
one state width (nominally 90 
electrical degrees), high true 
index pulse which is coincident 
with the low states of channels A 
andB. 

DeUnitions 
Count (N): The number of bar 
and window pairs or counts per 
revolution (CPR) of the 
codewheel. 

One Cycle (C): 360 electrical 
degrees (Oe), 1 bar and window 
pair. 

One Shaft Rotation: 360 
mechanical degrees, N cycles. 

Position Error (de): The 
normalized angular difference 
between the actual shaft position 
and the position indicated by the 
encoder cycle count. 

Cycle Error (LiC): An indication 
of cycle uniformity. The differ­
ence between an observed shaft 
angle which gives rise to one 
electrical cycle, and the nominal 
angular increment of lIN of a 

revolution. 

Pulse Width (P): The number of 
electrical degrees that an output 
is high during 1 cycle. This value 
is nominally 1800e or 1/2 cycle. 

Pulse Width Error (dP): The 
deviation, in electrical degrees, of 
the pulse width from its ideal 
value of 180oe. 

State Width (S): The number of 
electrical degrees between a 
transition in the output of channel 
A and the neighboring transition 
in the output of channel B. There 
are 4 states per cycle, each 
nominally 90oe. 

State Width Error ( dS): The 
deviation, in electrical degrees, of 
each state width from its ideal 
value of 90oe. 

Phase (<1»: The number of 
electrical degrees between the 
center of the high state of channel 
A and the center of the high state 
of channel B. This value is 
nominally 900e for quadrature 
output. 

Phase Error (d<l»: The deviation 
of the phase from its ideal value 
of90oe. 



Absolute Maximum Ratings 
Parameter IIEDS-55XX/56XX 

Storage Temperature, Ts -40"C to 1 OO"C 

Operating Temperature, TA -40"C to 1 OO"C 

Supply Voltage, Vee -0.5 Vto 7 V 

Output Voltage, Vo -0.5 Vto Vee 

Output Current per Channel, lOUT -1.0 rnA to 5 rnA 

Vibration 20 g, 5 to 1000 Hz 

Shaft Axial Play ± 0.25 mm (± 0.010 in.) 

Shaft Eccentricity Plus Radial Play O.lmm (0.004 in.) TIR 

Velocity 

Acceleration 

Direction of Rotation: When the 
codewheel rotates in the counter­
clockwise direction (as viewed 
from the encoder end of the 
motor), channel A will lead 
channel B. If the codewheel 
rotates in the clockwise direction, 
channel B will lead channel A. 

Index Pulse Width (Po): The 
number of electrical degrees that 
an index output is high during 
one full shaft rotation. This value 
is nominally 900e or 1/4 cycle. 

30,000 RPM 

250,000 rad/sec2 

Output Waveforms 

ROI"AnON 

HEDM-550Xl560X 

-40"C to +70°C 

-40"C to + 70"C 

-0.5 Vto 7 V 

-0.5 Vto Vee 

-1.0 rnA to 5 rnA 

20 g, 5 to 1000 Hz 

± 0.175 mm (± 0.007 in.) 

0.04 mm (0.0015 in.) TIR 

30,000 RPM 

250,000 rad/sec2 

-2.4V 

'--__ -__ 0.4~. A 

-2.4V 

______ -__ 0.4.rH.' 
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R ecommended Operating Conditions 
Parameter Symbol Min. Typ. Max . Units Notes 

. Temperature HEDS Series TA -40 100 "C 

Temperature HEDM Series TA -40 70 °C non-condensing atmosphere 

Supply Voltage Vee 4.5 5.0 5.5 Volts Ripple < 100 nivp•p 

Load Capacitance CL 100 pF 2.7 k.Q pull-up 

Count Frequency f 100 kHz Velocity (rpm) x N/60 

Shaft Perpendicularity ±0.25 mm 6.9 mm (0.27 in.) from 
Plus Axial Play (HEDS Series) (± 0.010) (in.) mounting surface 

Shaft Eccentricity PlUs 0.04 mm (in.) 6.9 mm (0.27 in.) from 
Radial Play (HEnS Series) (0.0015) TIR mounting surface 

Shaft Perpendicularity ± 0.175 mm 6.9 mm (0.27 in.) from 
Plus Axial Play (HEDM Series) (± 0.007) (in.) mounting surface 

Shaft Eccentricity Plus 0.04 mm (in.) 6.9 mm (0.27 in.) from 
Radial Play(HEDM Series) (0.0015) TIR mounting surface 

Note: The module performance is guaranteed to 100 kHz but can operate at higher frequencies. 2.7 kG pull-up resistors 
required for HEDS-5540 and 5640. 

Encoding Characteristics 
Encoding Characteristics over Recommended Operating Range and Recommended Mounting Tolerances 
unless otherwise specified. Values are for the worst error over the full rotation. 

Part No. Description 

HEDS-5500 Pulse Width Error 
HEDS-5600 Logic State Width Error 
(Two Channel) Phase Error 

Position Error 
Cycle Error 

HEDM-5500 Pulse Width Error 
HEDM-5600 Logic State Width Error 
(Two Channel) Phase Error 

Position Error 
Cycle Error 

HEDS-5540 Pulse Width Error 
HEDS-5640 Logic State Width Error 
(Three Phase Error 
Channel) Position Error 

Cycle Error 
Index Pulse Width 

CH. I rise after -25"C to + 100"C 
CH. A or CH. B fall -40"C to + 1 OO"C 

CH. I fall after -25°C to + 100"C 
CH. B or CH. A rise -40"C to + 1 OO"C 

Note: See Mechanical Characteristics for mounting tolerances. 
·Typical values specified at Vee = 5.0 V and 25"0. 
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Sym. 

M> 
~ 

il<iJ 
ilE> 
ilC 

ilP 
ilS 
il<iJ 
ilE> 
ilC 

ilP 
ilS 
il<iJ 
ilE> 
ilC 
Po 

t1 
t1 

t2 
t2 

Min. Typ.* Max. Units 

7 45 °e 
5 45 °e 
2 20 °e 
10 40 min. of arc 
3 5.5 °e 

10 45 °e 
10 45 °e 
2 15 °e 
10 40 min. of arc 
3 7.5 °e 

5 35 °e 
5 35 °e 
2 15 °e 
10 40 min. of arc 
3 5.5 °e 

55 90 125 °e 

10 100 250 ns 
-300 100 250 ns 

70 150 300 ns 
70 150 1000 ns 



Electrical Characteristics 
Electrical Characteristics over Recommended Operating Range. 

Part No. Parameter Sym. Min. Typ.* Max. Units . Notes 

HEDS-5500 Supply Current Icc 17 40 rnA 
HEDS-5600 High Level Output Voltage VOH 2.4 V 10H = -40 /lA max. 

Low Level Output Voltage VOL 0.4 V 10L = 3.2 rnA 

Rise Time IT 200 ns CL = 25 pF 
Fall Time 4 50 ns RL = 11 kQ pull-up 

HEDS-5540 Supply Current Icc 30 57 85 rnA 
HEDS-5640 High Level Output Voltage VOH 2.4 V 10H = -200 /lA max. 
HEDM-5500 Low Level Output Voltage VOL 0.4 V 10L = 3.86 rnA 
HEDM-5600 Rise Time tr 180 ns CL = 25 pF 

Fall Time 4 40 ns RL = 2.7 kQ pull-up 

HEDM-5500 Supply Current Icc 30 57 85 rnA 
HEDM-5600 High Level Output Voltage VOH 2.4 V 10H = -40 /lA max. 

Low Level Output Voltage VOL 0.4 V 10L = 3.86 rnA 
Rise Time tr 180 ns CL = 25 pF 
Fall Time 4 40 ns RL = 3.2 kQ pull-up 

'Typical values specified at Vee = 5.0 V and 25"C. 
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Mechanical Characteristics 

Parameter Symbol Diniension Tolerance!ll Units 

Codewheel Fits These 2 3 4 +0.000 mm 
Standard Shaft Diameters 5 6 8 -0.015 

5/32 1/8 +0.0000 in 
3/16 1/4 -0.0007 

Moment of Inertia J 0.6 (8.0 x 10-6) g-cm2 (oz-in-s2) 

Required Shaft Length[2] 14.0 (0.55) ±0.5 mm 
(± 0.02) (in.) 

Bolt Circle[3] 2 screw 19.05 ±0.13 mm 
mounting (0.750) (± 0.005) (in.) 

3 screw 20.90 ±0.13 mm 
mounting'" (0.823) (± 0.005) (in.) 

external 46.0 ±0.13 mm 
mounting ears (1.811) (± 0.005) (in.) 

Mounting Screw Size[4] 2 screw 
mounting M 2.5 or (2-56) mm (in.) 

3 screw 
mounting M 1.6 or (0-80) mm (in.) 

external 
. mounting ears M 2.5 or (2-56) mm (in.) 

Encoder Base Plate 0.33 (0.130) mm (in.) 
Thickness 

Hub Set Screw (2-56) (in.) 

Notes: 
1. These are tolerances required of the user. 
2. The HEDS-55X5 and 56X5, HEDM-5505, 5605 provide an 8.9 mm (0.35 inch) diameter hole through the housing for longer motor 
shafts. See Ordering Information. 
3. The HEDS-5540 and 5640 must be aligned using the aligning pins as specified in Figure 3, or using the alignment tool as shown in 
"Encoder Mounting and Assembly". See also "Mounting Considerations." 
4. The recommended mounting screw torque for 2 screw and external ear mounting is 1.0 kg-cm (0.88 in-lbs). The recommended 
mounting screw torque for 3 screw mounting is 0.50 kg-cm (0.43 in-lbs). 

Electrical Interface 
To insure reliable encoding 
performance, the HEDS-5540 and 
5640 three channel encoders 
require 2.7 kO (± 100/0) pull-up 
resistors on output pins 2, 3, and 
5 (Channels I, A, and B) as shown 
in Figure 1. These pull-up 
resistors should be located as 
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close to the encoder as possible 
(within 4 feet). Each of the three 
encoder outputs can drive a single 
TTL load in this configuration. 

The HEDS-5500, 5600, and 
HEDM-5500, 5600 two channel 
encoders do not normally require 
pull-up resistors. However, 3.2 kO 

pull-up resistors on output pins 3 
and 5 (Channels A and B) are 
recommended,to improve rise 
times, especially when operating 
above 100 kHz frequencies. 



R=2.7kn 

<5V 

R R R 

I=::>-:H--~--+--+-CH. B 

~;:f======~==±:=CH. A ~ CH.I 
c) TO OUTPUT LOGIC 

lONE TTL lOAD 
PEROUTPUTJ 

Figure 1. Pull-up Resistors on HEDS-5X40 Encoder Outputs_ 

Mounting Considerations 
The HEDS-5540 and 5640 three 
channel encoders and the HEDM 
Series high resolution encoders 
must be aligned using the aligning 
pins as specified in Figure 3, or 
using the HEDS-8910 Alignment 
Tool as shown in Encoder 
Mounting and Assembly. 

The use of aligning pins or 
alignment tool is recommended 
but not required to mount the 
HEDS-5500 and 5600. If these 

2 SCR EW MOUNTING 
M2.5 (2-58 UNC-28) 
2 PLC5-EOUALL Y 
SPACED ON 
19.05 (0.750) DIA. 
BOLT CIRCLE 

3 SCREW MOUNTING 
Ml.6 10-80 UNF-28) 
3 PLC5-EDUALL Y SPACEO 
ON 20.90 (0.823) DIA. 
BOLT CIRCLE 

1+1 A I • 0.25 (0.010) I 

IOf I A I • 0.25 (0.010) I 

Figure 2. Mounting Holes. 

two channel encoders are 
attached to a motor with the screw 
sizes and mounting tolerances 
specified in the mechanical 
characteristics section without 
any additional mounting bosses, 
the encoder output errors will be 
within the maximums specified in 
the encoding characteristics 
section. 

The HEDS-5500 and 5540 can be 
mounted to a motor using either 
the two screw or three screw 

MOTOR BOSS 

PART NO. D .... METER HEIGHT 

HEDHI500 11.10/10.94 
(0.438 , 0.431) 

HEDS-II&<OO 11.13/11.10 
(0.438/0.437) 

0.8 (0.03) x 46· CHAMFER 

101 A I 0.011(0.002) I 

PAAT NO. DIAMETER 

HEDs-&600 2.39/2.34 0.7. 
(0.0 •• ' 0.092) 10.030) 

HEDS-&6411 2.44/2.41 0.78 
1O.0IItI/0.0fI5) (0.030) 

0.26 (0.010) X 
4soCHAMFER 

2 PlACES 

Figure 3. Optional Mounting Aids. 

mounting option as shown in 
Figure 2. The optional aligning 
pins shown in Figure 3 can be 
used with either mounting option. 

The HEDS-5600, 5640, and 
HEDM-5600 have external 
mounting ears which may be used 
for mounting to larger motor base 
plates. Figure 4 shows the 
necessary mounting holes with 
optional aligning pins and motor 
boss. 

SHAFT LENGTH 

B.64 (o.34oi I 

17.27 (0.8BO) 
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M2.& 12-111 UNC-2BI 
2 PLC8 EQUALlY 
SFIOCEOON 
48.0 II .B111 OIA 
BOIl' CIRCLE 
1-+1 A 1. 0 .2&10.01011 

T-
12.01 10.4731 

OIMENSIONS IN MM (lNCHESI 

Figure 4. Mounting with External Ears. 
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OPTIONAL AUClNlNCI PINS 
PIIIRF NO. DIAMETER 

HEOB-&SOO 2.39/2.34 
(0.0961 0.092) 

2.44/2.41 
(O._/O.OS&I 

0.25 (O.Cl10) X 
45' CHAMFER 

2 PLACES 

HEIGHT 

0.71 
·(0.0301 

0.71 
(0.0301 

$A 110.15(0_) 

+-~~~?/~----------

OPnONAL MOTOR BOSS 

PIIIRT NO. DIAMETER HEIClHT 

HEDS-IIIOO 11.10/10.94 2.& 
(0.43910.4311 10.101 

HED&-&14O 1",3/11.10 2.& 
(0.438/0.4371 (0.101 



Encoder Mounting and Assembly 

ALIGNMENT 
TOOL 

MOTOR 

1. For HEDS-5500 and 5600: Mount encoder base plate onto 
motor. Tighten screws. Go on to step 2. 

la. For HEDS-5540, 5640 and HEDM-51i00, 5600: Slip 
alignment tool onto motor shaft. With alignment tool in 
place, mount encoder baseplate onto motor as shown above. 
Tighten screws. Remove alignment tool. 

COOE WHEEL. 
HUB 

HEX WRENCH 

3a. Push the hex wrench into the body of the encoder to 
ensure that it is properly seated into the code wheel hub set 
screws. Then apply a downward force on the end of the hex 
wrench. This sets the code wheel gap by levering the code 
wheel hub to its upper position. 

3b. While continuing to apply a downward force, rotate the 
hex wrench in the clockwise direction until the hub set 
screw is tight against the motor shaft. The hub set screw 
attaches the code wheel to the motor's shaft. 

3c. Remove the hex wrench by pulling it straight out of the 
encoder body. 

ENCODER 
BASE PLAtE 

ENCODER 
BODY 

SNAPS 

2. Snap encoder body onto base plate lOcking all 4 snaps. 

SIDE SLOT 

CENTER SCREWDRIVER SLOT 

ENCODER CAP 

ONE DOT POSITION TWO DOT POSITION 

4. Use the center screwdriver slot, or either of the two side 
slots, to rotate the encoder cap dot clockwise from the one 
dot position to the two dot position. Do not rotate the 
encoder cap counterclockwise beyond the one dot position. 

The encoder is ready for use! 
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Connectors 
Manufacturer Part Number 

AMP 103686-4 
640442-5 

Dupont/Berg 65039-032 with 4825X-000 term. 

HP HEDS-8902 (2 ch.) with 4-wire leads 
(designed to mechanically lock into the 
HEDS-5XXX, HEDM-5XOX Series) HEDS-8903 (3 ch.) with 5-wire leads 

Molex 2695 series with 2759 series term. 

7.1 +0.01-0.310.28+0.00/-0.01) 

~ HEDS.a902 HEOS-8903 
PIN NuMBER PARAMETER COLORS COLORS 

I 1.50 
t--10.0691 l ,8.0 

10.711 

1 GROUND BLACK BLACK 

2 CH.' N/A* SLUE 

3 CH.A WHITE WHITE 

4 Vee RED RED 

5 CH.B BROWN BROWN 

DIMENSIONS IN MM (INCHES) *THIS WIRE -IS-NOT ON HE08-8902. 

Figure 5. HEDS-8902 and 8903 Connectors. 

Typical Interfaces 

HP HEDS-55XX 
HCTL-2016! 

OR CH.A 

HEDS-56XX 2020 HOST 
CH.B QUADRATURE PROCESSOR 

OR 
DECODER! 

HEDM-5XOX 
COUNTER 

HED5-55XX HP 
OR CH.A 

HCTL-1100 HOST 
HEDS-56XX CH.B MOTION PROCESSOR 

OR CONTROLIC 
HEDM-5XOX 
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Ordering Information 
Encoders with Metal Codewheels 

I I 
Mounting Type Outputs 

5 - Standard 0- 2 Channel 
6-Extemal 4 - 3 Channel 

Mounting Ears 

HEDS-5 1 1 1 
I I 

Through Hole 
0- None 

5 - 8.9 mm (0.35 in.) 

HEDS-8910 0 

Option 

Resolution (CycleslRev) 
(HEDS-550X, 560X 2 Channel) 
S-50CPR F-256 CPR 
K-96CPR G-360CPR 
C - 100 CPR H - 400 CPR 
D - 192 CPR A· 500 CPR 
E - 200 CPR 1 • 512 CPR 

(HEDS·554X, 564X 3 Channel) 
S·50CPR G-360CPR 
K·96CPR 
C . 100 CPR 
E· 200 CPR 
F- 256 CPR 

H·400CPR 
A- 500 CPR 
I· 512 CPR 

Alignment Tool 

Shaft Diameter 
01 - 2 mm 06 . 114 in. 

02-3mm 11-4mm 
03 -1/8 in. 14 - 5 mm 
04·5/32 in. 12·6 mm 
05 - 3/16 in. 13 - 8 mm 

(Included with each order of HEDS-554X1564X three channel encoders) 

Encoders with Fihn Codewheels 

HEDM-51 101 

I I 
I I 

Monnting Type Outputs Through Hole 

5· Standard 0- 2 Channel o ·None 
6 . External 5 - 8.9 mm (0.35 in.) 

Mounting Ears 

HEDS-8910 0 

Option 

Resolution (Cycles/Rev) 
B -1000 CPR 
J - 1024 CPR 

Alignment Tool 

Shaft Diameter 
01-2 mm 06 . 114 in. 

02-3mm 11·4mm 
03 -118 in. 14·5mm 
04 - 5/32 in. 12 ·6mm 
05 - 3/16 in. 13·8mm 

(Included with each order of HEDM-550Xl560X two channel encoders) 
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Large Diameter (56mm), 
Housed Two and Three 
Channel Optical Encoders 

Technical Data 

Features: 
• Two Channel Quadrature 

Output with Optional 
Index Pulse 

• TTL Compatible Single 
Ended Outputs on HEDS 
Series 

• 100"C Operating Temperature 
• Industry Standard 26C31 

CMOS Line Driver IC on 
HEDL Series 

• Easy Assembly, No Signal 
Adjustment Necessary 

• Resolutions up to 1024 
Counts Per Revolution 

• Maximum Shaft Diameter 
of 5/8 Inches 

• Single + 5 V Supply 

- Description 
The HEDS-65XX/HEDL-65XX 
are high perrormance two and 
three channel optical incremental 
encoders. These encoders empha­
size high reliability, high resolution, 
and easy assembly. Each encoder 
contains a lensed LED source 
(emitter), an integrated circuit 
with detectors and output cir­
cuitry, and a codewheel which 
rotates between the emitter and 
detector integrated circuit. The 
outputs of the HEDS-6500 are 
two single ended square waves 
in quadrature. The HEDL-65XX 
outputs are differential. 
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The HEDS-6540 / HEDL-6540 
also have a third channel index 
output in addition to the two 
quadrature outputs. This index is 
an active high pulse that occurs 
once every full rotation of the 
codewheel. Resolutions up to 
1024 Counts Per Revolution are 
available in the two and three 
channel versions. 

The line driver option offers 
enhanced perrormance when the 
encoder is used in noisy environ­
ments, or when it is required to 
drive long distances. 

The line driver option utilizes 
an industry standard line driver 
IC (26C31) which provides com­
plementary outputs for each 
encoder channel. Thus the outputs 
of the line driver encoder are 
A and X, B and B, and I and I 
for three channel versions. 

rJp1II HEWLETT~ 
':~PACKARD 

HEDL-65XX, 
HEDS-65XX Series 

Suggested line receivers are 
26C32 and 26C33. 

The quadrature signals are 
accessed through a cable and 
lO-pin female connector. Please 
refer to the ordering information 
at the end of this data sheet for 
a selection matrix. 

5965-2745E 



Applications 
The HEDS-65XX / HEDL-65XX 
provide motion detection to a 

very high resolution and accept a 
variety of shaft sizes up to a 
maximum of 5/8 inches. 

Typical applications include print­
ers, plotters, tape drives, position­
ing tables, and automatic handlers. 

.~--------~~-------------------------[} 
~1· ____________________ ~2~~.~5 _______________ ·1 

(~[t"----.....-----j: ,I )'-=====0 

Base Plate 
0(0~1~8) 

ON 0 46.0 B.C. 
(01.811 B.C.) 

0(:'O~6) 
SLOTTED 0.254 

(0.010) 

DIMENSIONS IN MILLIMETERS AND (INCHES). 

Top Cover (Housing) 

DIMENSIONS IN MILLIMETERS AND (INCHES). 
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Pinout A 
r----------, 
I I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
1 
I 
1 
I 
I 
I 
I 
I 

EMITTER 
SECTION 

Pinout B 
r----------.., 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
~ __________ J 

EMITTER 
SECTION 

CODE 
WHEEL 

CODE 
WHEEL 

~----------------------------------i 

I 

PHOTO DIODES 

COMPARATORS 

SIGNAL PROCESSING 
CIRCUITRY 

I 

~ _____________________________________ J 
DETECTOR SECTION 

r-----------------------------------
I 

PHOTO DIODES 

SIGNAL PROCESSING 
CIRCUITRY 

~ _____________________________________ J 
DETECTOR SECTION 

PC~CABL~ONNECTOR 

LINE 
DRIVER 

PC~ABL~ONNECTOR 

There are two different connector pin-out configurations used with the HEDS-65XX / HEDL-65XX series of 
encoders. The table below relates the part to its connector pin-out. 

Connector Pin-out Pinout A Pinout B 
HEDS-65XX CONNECTOR HEDL-65XX CONNECTOR 
PINOUT PIN OUT 

1 ChannelA 1 NC 
2 Vee 2 Vee 
3 GND 3 GND 
4 NC 4 NC 
5 NC 5A 
6 GND 6A 
7 Vee 7B 
8 ChannelB 8B 
9 Vee 9 I (INDEX) 

10 Channel I 10 I (INDEX) 
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Theory of Operation 
The HEDS-65XX / HEDL-65XX 
translate the rotary motion of a 
shaft into either a two or three 
channel digital output. 

The HEDS-65XX uses one of 
the standard HEDS-9000 or 
HEDS-9040 modules for 
encoding purposes. The 
HEDL-654X uses the standard 
HEDL-9040 for encoding 
purposes. 

As seen in the block diagram, 
these modules contain a single 
Light Emitting Diode (LED) as 
their light source (emitter). The 
light is collimated into a single 
parallel beam by means of a 
plastic lens located directly over 
the LED. Opposite the emitter is 
the integrated detector circuit 
(detector). This circuit consists 
of multiple sets of photodetectors 
and the signal processing circuitry 
necessary to produce the digital 
waveforms. 

The codewheel rotates between 
the emitter and detector, causing 
the light beam to be interrupted 
by a pattern of spaces and bars 
on the codewheel. The photodiodes 
which detect these interruptions 
are arranged in a pattern that 
corresponds to the radius and 
design of the codewheel. These 
detectors are also spaced such 
that a light period on one pair of 
detectors corresponds to a dark 
period on the adjacent pair of 
detectors. The photodiode outputs 
are then fed into the signal 
processing circuitry resulting 
in A, X, B, and B (I and T also in 
the three channel encoders). 

Comparators receive these 
signals and produce the final 
outputs for channels A and B. 
Due to this integrated phasing 
technique, the digital output of 
channel A is in quadrature with 
that of channel B (90 degrees out 
of phase). 

In the HEDS-6540 / HEDL-6540 
the output of the comparator for 
the index pulse is combined with 
that of the outputs of channel A 
and channel B to produce the final 
index pulse. The index pulse is 
generated once every rotation of 
the codewheel and is a one state 
width (nominally 90 electrical 
degrees), true high index pulse. 
It is coincident with the low states 
on channels A and B. 

Definitions 
Count (N): The number of bar 
and window pairs or counts per 
revolution (CPR) ofthe codewheel. 

One Cycle (C): 360 electrical 
degrees (e), 1 bar and window 
pair. 

One Shaft Rotation: 360 
mechanical degrees, N cycles. 

Position Error (~e): The normal­
ized angular difference between 
the actual shaft position and the 
position indicated by the encoder 
cycle count. 

Cycle Error (~C): An indication 
of cycle uniformity. The difference 
between an observed shaft angle 
which gives rise to one electrical 
cycle, and the nominal angular 
increment of lIN of a revolution. 

Pulse Width (P): The number of 
electrical degrees that an output 
is high during one cycle. This 
value is nominally 180 e or 1/2 
cycle. 

Pulse Width Error (~P): The 
deviation, in electrical degrees, 
of the pulse width from its ideal 
value of 180 e. 

State Width (S): The number 
of electrical degrees between a 
transition in the output of 
channel A and the neighboring 
transition in the output of 
channel B. There are 4 states 
per cycle, each nominally 90 e. 

State Width Error (~S): the 
deviation, in electrical degrees, 
of each state width from its ideal 
value of 90 e. 

Phase (<1»: the number of electrical 
degrees between the center of 
high state on channel A and 
the center of the high state on 
channel B. This value is nominally 
90 e for quadrature output. 

Phase Error (~<I»: The deviation 
of the phase from its ideal value 
of 90 e. 

Direction of Rotation: When the 
codewheel rotates in a counter­
clockwise direction (when viewed 
from the encoder end of the motor) 
channel A will lead channel B. 
If the codewheel rotates in the 
clockwise direction channel B 
will lead channel A. 

Index Pulse Width (PO): The 
number of electrical degrees that 
an index output is high during 
one full shaft rotation. This value 
is nominally 90 e or 1/4 cycle. 
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Output Waveforms 

I--------C------+I 

CHA 
OUTPUT 

CHB 
OUTPUT 

11 

2.4 V '_ _____ MV 

2.4 V 
0.4 V 

CHI 
OUTPUT 0 12 

2.4 V 
_____________ 0.4 V 

PO-

Wavefonns for Encoders without Line Drivers. 

A~ \ I 
A\ / \ 

B / \ / 
B 

\ / \ 

1\ 
"I 

\J 
Wavefonns for Encoders with Line Drivers. 
(Meets all requirements of EIA-422.) 
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Absolute Maximum Ratings 
Parameter HEDS-6500 HEDS-6540 HEDL-6540 HEDL-6545 

Storage Temperature -40 to +100 -40 to +100 -40 to +100 -40 to +100 Celsius 

Operating Temperature -40 to +100 -40 to +100 -40 to +100 -40 to +100 Celsius 

Supply Voltage -.5 to +7 -.5 to +7 -.5 to +7 -.5 to +7 Volts 

Output Voltage -.6 to Vcc -.6 to Vcc -.6 to Vcc -.6 to Vcc Volts 

Output Current Per Channel -1 to 5 -1 to 5 rnA 

Velocity 30,000 30,000 30,000 30,000 RPM 

Vibration 20 20 20 20 Gs 

Shaft Axial Play 5 5 5 5 Inch/lOOO 

Radial Play & Eccentricity 2 2 2 2 Inch/lOOO 

Recommended Operating Conditions 
Parameter HEDS-6500 HEDS-6540 HEDL-6540 HEDL-6545 

Temperature -40 to +100 -40 to +100 -40 to +100 -40 to +100 Celsius 

Supply Voltage 4.5 to 5.5 4.5 to 5.5 4.5 to 5.5 4.5 to 5.5 Volts 

Load Capacitance 100 100 100 100 pF 

Count Frequency 100 100 100 100 kHz 

Shaft Eccentricity ±.05 ±.05 ±.05 ±.05 mm 
Plus Radial Play (± .002) (± .002) (± .002) (± .002) (Inch/l 000) 

Note: The HEDS-65XX perfonnance is guaranteed to 100 kHz but can operate at higher frequencies. For frequencies above 100 kHz 
it is recommended that the load capacitance not exceed 25 pF and pull up resistors of 3.3 kQ between the output channels and V cc 
are included. 
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Encoding Characteristics 
Encoding Characteristics over Recommended Operat~g Range and Recommended Mounting Tolerances 
unless otherwise specified. Values are for the worst error in the full rotation. 

Part Number Description Symbol Min. Typ.* Max. 

HEDS-6500*** Pulse Width Error .<:lP 5 35 
Logic State Width Error .<:lS 5 35 
Phase Error. .<:lIP 2 15 
Position Error M) 7 20 
Cycle Error .<:lC 5 5.5 

HEDS-6540** Pulse Width Error .<:lP 5 35 
Logic State Width Error .<:lS 5 35 
Phase Error .<:lIP 2 15 
Position Error .<:l8 7 20 
Cycle Error .<:lC 5 5.5 
Index Pulse Width .<:lPO 55 90 125 

CH I fall after CH B or CH A fall 
-25OC to + 100°C t1 10 100 250 
-40°C to + 100°C t1 -300 100 250 

CH I rise after CH B or CH A rise 
-25OC to + 1000C t2 70 150 300 
-40°C to + 100°C t2 70 150 1000 

HEDL-654X Pulse Width Error .<:lP 5 35 
Logic State Width Error .<:lS 5 35 
Phase Error M) 2 15 
Position Error .<:l8 7 20 
Cycle Error .<:lC 5 5.5 
Index Pulse Width .<:lPO 90 

'Typical values specified at V cc = 5.0 V and 25OC. 
"HEDS-6540 -Active high Index part. Pull-up of 2.7 k.Q used .on alI outputs of modules that do not have a line driver. 
"'HEDS-6500 - 3.3 kQ pull-up resistors used on alI encoder module outputs. 
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Electrical Characteristics 
Electrical Characteristics over Recommended Operating Range, typical at 25°C. 

Part Number Symbol" Min. Typ. Max. Units Notes 

HEDS-6500 Icc 17 40 rnA 
VOH 2.4 V IOH = -40 ~ max 
VOL 0.4 V IOL = 3.2 rnA 
tr 200 ns CL = 25 pF, RL = 11 kO pull-up. 
tf 50 ns 

HEDS-6540 Icc 30 57 85 rnA 
VOH 2.4 V IoH = -200 ~ max 
VOL 0.4 V IOL = 3.86 rnA 
tr 180 ns CL = 25 pF, RL = 3.3 kO pull-up. 
tf 40 ns 

'Explanation for symbols. 
Icc - Supply current, VOH - High Level Output Voltage, VOL - Low Level Output Voltage, tr - Rise Time, tf- Fall Time. 

Electrical Interfaces 
To insure reliable encoding performance, the HEDS-6540 three channel encoder requires 2.7 kO pull-up 
resistors to the supply voltage on each of the three output lines Ch. A, Ch. B, and Ch. I located as close as 
possible to the encoder (less than 4 feet). 

Mechanical Characteristics 

Parameter Symbol Dimensions Tolerances (11 Units 

Moment Of Inertia J 7.7 (110 x 10-6) gcm2 (oz-in-s2) 

Required Shaft Length (2J 15.9 (0.625) ± 0.6 (.024) rom (inches) 

Bolt Circle [3J 46.0 (1.811) ± 0.13 (.005) mm (inches) 

Mounting Screw Size [4J 2.5 x 0.45 x 5 mm 

Pan Head Style #2-56 x 3/16 Inches 

Encoder Base Plate Thickness 3.04 (120) mm (inches) 

Mounting Screw Torque 1.0 (0.88) Kg (in-Ibs) 

Hub Set Screw UNC #2-56 Hex head set screw 

Notes: 
1. These are tolerances required of the user. 
2. Through hole in the encoder housing are also available, for longer shafts. 
3. The HEDL-65XO must be aligned using the aligning pins as specified in the section on "MOUNTING CONSIDERATIONS.» 
4. The recommended mounting screw torque for 2 screws is 1.0 Kg (0.88 in-lbs). 
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Mounting Considerations 
The HEDS-654X/HEDL-654X must be aligned with respect to the optical center (codewheel shaft) as 
indicated in the following figure. 

112•62 

., ... ' .. 

€-: 

1 '5.88 
-1(0.625) 

2 SCREW MOUNTING 
M2.5 (2-56 UNC-2B) 
2 PLCS - EQUALLY 
SPACED ON 
46.00 (1.811) DIA • 
BOLT CIRCLE 
~10 0.25 (0.010)IAI 

ALIGNING PINS 
2.3912.34 DIA. - 0.76 HIGH 
(0.09410.092-0.030) 
0.25 (0.010) x 
45'CHAMFER 
2 PLACES 
1$100.15 (0.006)1 A 1 

I-'-A-I 
MOTOR SHAFT CENTER 

'-'""-- ALIGNMENT BOSS 
o 26.010125.984 
(0 1.02411.023) 
5.7 (0.225) TALL MAX. 

@100.15(0.OO6)IAI 

TYPICAL DIMENSIONS IN MILLIMETERS AND (INCHES). 

If neither locating pins nor locating boss are available, then a centering tool supplied by HP can be used 
(HEDS-6510). 

The following figure shows how the main encoder components are organized. 

Encoder Mounting and Assembly 

EXPLODED VIEW 
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1 

2 

ALiGNMEN7 
TOOL 

t9 

ASSEMBLE COMPONENTS AND MOUNTING 
SCREWS AND TOOLS AS APPROPRIATE. 

LOAD ENCODER BASEPLATE ONTO 
RECEIVING SURFACE (MOTOR END 
PLATE) WITH MOUNTING SCREW HOLES 
ALIGNED WITH MATING HOLES. LOAD 
MOUNTING SCREWS AND LEAVE SLIGHTLY 
LOOSE. 
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3 

4 

2-112 

LOCATE ENCODER BASEPLATE 

CHOOSE CENTERING CYLINDER OR UNDERSIDE LOCATING PINS. 

CENTERING CYLINDER: LOCATE ENCODER BASEPLATE WITH 
CENTERING CYLINDER. WHEN IN PLACE, TIGHTEN MOUNTING SCREWS. 

LOCATING PINS: WITH LOCATING PINS PROPERLY SEATED IN 
CORRESPONDING RECEIVING HOLES IN ENCODER BASEPLATE, 
TIGHTEN MOUNTING SCREWS. 

LOCATE ENCODER MODULE AND CODEWHEEL 

ALIGN ENCODER MODULE AND CODEWHEEL AS SHOWN. 
BE CAREFUL NOT TO DAMAGE THE ENCODER INTERNAL COMPONENTS 
WITH THE CODEWHEEL. 

BRING THE ENCODER MODULE AND CODEWHEEL DOWN SUCH THAT 
THE ENCODER MODULE LOCATING HOLES (ON ITS UNDERSIDE) 
MATE WITH THE BASEPLATE ROUND PINS. THE BASEPLATE SQUARE 
PINS SHOULD SEAT INTO THE ENCODER MODULE MOUNTING 
THRUHOLES. 

CONCURRENTLY, BRING THE.CODEWHEEL DOWN ONTO THE 
MATING SHAFT. 



5 

6 

ALLEN WRENCH TO TIGHTEN CODEWHEEL SET SCREW 

'--1--- CODEWHEEL GAPPING TOOL 

WITH CODEWHEEL AND ENCODER MODULE IN PLACE, 
PLACE CODEWHEEL GAPPING TOOL UNDER CODEWHEEL 
AS SHOWN. INSERT THE ALLEN WRENCH INTO THE 
CODEWHEEL SET SCREW AND TIGHTEN. REMOVE ALLEN 
WRENCH AND GAPPING TOOL. 

WITH CODEWHEEL AND ENCODER MODULE IN PLACE, 
LOAD ENCODER HOUSING FROM TOP INTO "SNAPPED" 
POSITION. INSURE THAT ANY CABLES FROM THE 
ENCODER MODULE ARE FOLDED DOWN SUCH THAT 
THEY EMERGE FROM THE BOTTOM OF THE HOUSING'S 
REAR RECTANGULAR PORT. 
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Ordering Information for 2CH and 3CH Encoder Modules 
Encoders with Metal Codewheels (up to 100 Degree C.) 

HEDS 65 

OUTPUTS 

0= 2CH 
4 = 3CH 

0= None 
5 = 13.3 nun 

(0.525 in) 

(CYCLESlREV) 

A= 500 
B = 1000' 
J = 1024* 

SHAFT 
DIAMETER 

05 :, 3/16 in. 10 = 5/8 in. 
06 = 1/4 in.' 11 = 4 mm' 
07 = 5/16 in. 12 = 6 nun 
08 = 3/8 in. 13 = 8 nun 
09 = 1/2 in. 

Encoders with Film Codewheels (up to 70 Degree C.) 

HEDM 65 

OUTPUTS 

0= 2CH 
4 = 3CH 

THROUGH 
HOLE 

0= None 
5 = 13.3 nun 

(0.525 in) 

RESOLUTION 
CYCLES/REV) 

T = 2000 
U = 2048 2 CH only 

SHAFT 
DIAMETER 

05 = 3/16 in. 10 = 5/8 in. 
06 = 1/4 in. 11 = 4 nun 
07 = 5/16 in. 12 = 6 nun 
08 = 3/8 in. 13 = 8 nun 
09 = 1/2 in. 

Ordering Information for 2CH and 3CH Encoders Module with Line Driver 
Encoders with Metal Codewheels (up to 100 Degree C.) 

HEDL 65 

OUTPUTS 

0= 2CH 
4 = 3CH 

THROUGH 
HOLE 

0= None 
5 = 13.3 nun 

(0.525 in) 

RESOLUTION 
CYCLESIREV) 

A= 500 
B = 1000' 
J = 1024' 

SHAFT 
DIAMETER 

05 = 3/16 in. 10 = 5/8 in. 
06 = 1/4 in.' 11 = 4 mm' 
07 = 5/16 in. 12 = 6 nun 
08 = 3/8 in. 13 = 8 mm 
09 = 1/2 in. 

Encoders with Film Codewheels (up to 70 Degree C.) for 2000 CPR and 2048 CPR 

Available 
Part Number Encoder Module with Line Driver Description Shaft Diameter 

HEDL-6560#TXX 2 Ch. 2000 CPR encoder module with no through hole Please refer to 

HEDL-6561 #TXX 2 ch. 2000 CPR encoder module with through hole HEDS-65XX 

HEDL-6560#UXX 2 ch, 2048 CPR encoder module with no through hole 
data sheet 

HEDL-6561 #UXX 2 ch. 2048 CPR encoder module with through hole 

HEDL-6564#TXX 3 ch. 2000 CPR encoder module with no through hole 

HEDL-6565#TXX 3 ch. 2000 CPR encoder module with through hole 

'This is a popular option with short lead time. 
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Ordering Information for HEDS-65XX Centering Tools 

HEDS-6510 OPTION 0 

SHAFf 
DIAMETER 

05 = 3/16 in. 10 = 5/8 in. 
06 = 1/4 in. 11 = 4 mm 
07 = 5/16 in. 12 = 6 mm 
OB = 3/Bin. 13 = Bmm 
09 = 1/2 in. 

Ordering Information for HEDS-65XX Codewheel 

Gapping Tool 

HEDS-6511 
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Panel Mount Optical Encoders 

Technical Data 

Features 
• Two Channel Quadrature 

Output with Optional Index 
Pulse 

• Available with or without 
Static Drag for Manual or 
Mechanized Operation 

• High Resolution - Up to 
512 CPR 

• Long Rotational Life, 
> 1 Million Revolutions 

• -20 to 85"C Operating 
Temperature Range 

• TTL Quadrature Output 
• Single 5 V Supply 
• Available with Color Coded 

Leads 

Package Dimensions 

0.8410.112&1 
sa. LEADS ON 

Description 
The HEDS-5700 series is a family 
of low cost, high performance, 
optical incremental encoders with 
mounted shafts and bushings. The 
HEDS-5700 is available with 
tactile feedback for hand operated 
panel mount applications, or with 
a free spinning shaft for applica­
tions requiring a pre-assembled 
encoder for position sensing . 

The encoder contains a collimated 
LED light source and special 
detector circuit which allows for 
high resolution, excellent encod­
ing performance, long rotational 

1&.010.&81 
RADIUS REF. 

8JI IG.21I 
MIN LEAD 

LENGTH 

1 .',1 
1 ... 21 

_m ___ • T T 
r=:-I~~~ 
l ' MAX r '''1.:~671 

= 3.0 

[10.'21 * 
2.64 (0.100) CENTERS TVP. 

TYPICAL DIMENSIONS IN MILLIMETERS IINCHES}. 

·Note: For the HEDS-5700, Pin #2 is a No Connect. For 
the HEDS·5740, Pin #2 is Channel I, the index output. 
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HEDS-5700 Series 

life, and increased reliability. The 
unit outputs two digital wave­
forms which are 90 degrees out of 
phase to provide position and 
direction information. The 
HEDS-5740 Series provides a 
third Index Channel. 

SHAFT OPTIONS 

(!I.38fII ~.o.zsoREF 
~IO.'8111 

lOA21I;;r! r1" 01l.26O REF 

~ •• moo + 0.0, -'1.11078 

OPTIONAL WIRING 
COLOR CODE TABLE 

COLOR OUTPUT 
WHITE A 

BROWN B 
RED V" 
SLACK GND 

SLUE I 
(THREE 
CHANNEL) 

5965-5871E 



The HEDS-5700 is quickly and 
easily mounted to a front panel 
using the threaded bushing, or it 
can be directly coupled to a motor 
shaft (or gear train) for position 
sensing applications. 

Applications 
The HEDS-5700 with the static 
drag option is best suited for 

Absolute Maximum Ratings 
Parameter 

Storage Temperature 

Operating Temperature 
Vibration 
Supply Voltage 
Output Voltage 
Output Current per Channel 
Shaft Load - Axial 

- Radial 

applications requiring digital 
information from a manually 
operated knob. Typical front 
panel applications include 
instruments, CAD/CAM systems, 
and audiolvideo control boards. 

The HEDS-5700 without static 
drag (free spinning) is best suited 
for low speed, mechanized 

Symbol Min. Max. 

Ts -40 +85 

Ta -20 +85 
20 

Vee -0.5 7 

Vo -0.5 Vee 
10 -1 5 

1 
1 

Recommended Operating Conditions 
Parameter Symbol Min. Max. Units 

Temperature T -20 +85 "C 
Supply Voltage Vee 4.5 5.5 V 
Rotational Speed - Drag 300 RPM 

- Free Spinning 2000 RPM 

operations. Typical applications 
are copiers, X-Y tables, and 
assembly line equipment. 

Units Notes 

"C 
°C 
g 20Hz-2kHz 
V 
V 

rnA 
lb 
lb 

Notes 
Noncondensing Atmosphere 

Ripple < 100 mVn•n 

Electrical Characteristics Over Recommended Operating Range, Typical at 25"C 

Parameter Symbol Min. Typ. Max. Units Notes 
Supply Current Ir:r: 17 40 rnA Two Channel 

57 85 Three Channel 

High Level Output Voltage VOH 2.4 V IoH = ~40 !lA Max. 
Low Level Output Voltage VOL 0.4 V IOL = 3.2 rnA 

Note: If more source current is required, use a 3.2 K pullup resistor on each output. 
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Mechanical Characteristics 
Parameter Min. Typ. Max. 

Starting Torque - Static Drag 0.47 

- Free Spinning 0.14 
Dynamic Drag - Static Drag 1.1 

- Free Spinning 0.70 
Rotational Life - Static Drag 1 x 106 

- Free Spinning 12 x 106 

Mounting Torque of Nut 13 

Output Waveforms r---360 • 5.5----1 
,..---, 

CHA 

-
9O:t 45 TYPICAL 

CHB 

-
- - 90.45 

CHI n 
------I L.....--_ 

NOTE: 
ALL VALUES ARE IN ELECTRICAL DEGREES, WHERE 360° e = 1 CYCLE OF RESOLUTION. 
ERRORS ARE WORST CASE OVER ONE REVOLUTION. 
CH B LEADS CH A FOR COUNTERCLOCKWISE ROTATION. 
CH A LEADS CH B FOR CLOCKWISE ROTATION. 

Ordering Information 

I 
HEDS-57.9Cf -9 

Units Notes 

ozin 

ozin 
ozin 100 RPM 
ozin 2000 RPM 

Revolutions lIb Load 
Revolutions 4 oz Radial Load 

lb in 

Outputs Resolutions Drag Option Shaft Configuration 
0- 1/4" dia. with no flat 0- 2 Channel (Cycles Per Revolution) 

4 - 3 Channel HEDS-570X 2 Channel 
K-96CPR G - 360 CPR 

Mechanical C -100 CPR H - 400 CPR 
Configuration D -192 CPR A- 500 CPR 

0- Pins E - 200 CPR 1- 512 CPR 

1 - 6" Coded Leads F- 256 CPR 

HEDS-574X Three Channel* 
F- 256 CPR A- 500 CPR 
G - 360 CPR 1- 512 CPR 

·Please contact factory for other resolutions. 
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1 - Static Drag 1 - 6 mm dia. with no flat 
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Miniature Panel Mount 
Optical Encoders 

Technical Data 

Features 
• Miniature Size 
• Smooth Turning and 

Detented Options 
• Multiple Mounting Bracket 

Options 
• Uses Optical Reflective 

Technology 
• Quadrature Digital Output 
• Small Footprint for Versatile 

Mounting 
• TTL Compatible 

Description 
The HRPG series is a family of 
miniature panel mount optical 
encoders, also known as Rotary 
Pulse Generators (RPG) and 
digital potentiometers. The HRPG 
is designed to be mounted on a 
front panel and used as a rotary, 
data-entry device. The HRPG is 
very flexible for numerous 
applications due to the many 
configuration options available. 
These options include detents or 
smooth, multiple terminations, 
versatile mounting capabilities, 
and different shaft configurations. 

5965-5890E 

The HRPG uses optical reflective 
technology prOviding accuracy 
and reliability to the encoder. An 
LED emits a beam of light onto 
the specular codewheel surface. 
When the light strikes the surface, 
it projects the image of the code­
wheel back on the photodetector, 
causing the output to change. The 
entire detector circuit is on one 
10, thus the part is less sensitive 
to temperature and other environ­
mental variations. 

Applications 
Typical applications for the 
Rotary Pulse Generator include 
front panel instruments, audio/ 
visual boards, and other devices 
requiring digital output from a 
turning knob. 

Fli;- HEWLETT'" a:a PACKARD 

HRPG Series 
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Absolute Maximum Ratings 
Parameter Symbol Min. Max. 

Storage Temperature Ts -40 +85 
Operating Temperature TA 0 +70 
Vibration 20 
Supply Voltage Vee -0.5 7 
Output Voltage Vo -0.5 Vee 
Output Current Per Channel 10 -1 5 
Shaft Load - Axial 4.0 
Shaft Load - Radial 0.1 
Revolution Life 106 

Recommended Operating Conditions 
Parameter Symbol Min. Max. 

Temperature T 0 +70 
Supply Voltage Vee 4.5 5.5 
Rotation Speed - Detented 200 

- Smooth 300 

Electrical Characteristics 
Over Recommended Operating Range 

Parameter Symbol Min. Max. 
Supply Current lee 40 
High Level Output Voltage VOH 2.4 
Low Level Output Voltage VOL 0.4 

.' 

Output Waveforms 

I-

!--------HO"e---.j I' 
CHA 

0-

1-

CHB 

I NOMINAL 
I DETENT r----....., 
V_mDN 

I 
0-

DETENTED RANOE 

NOTEB, 

--~ CHANNEL A LEADB CHANNEL a FOR CLDClCWIBE ROTATION 
CHANNEL 8 LEADS CHANNEL A FOR COUNTeRCLDCICWISE ROTATION 

Units 
°C 
°C 
g 

V 
V 

rnA 
N 

Nm 
Rev 

Units 
°C 
V 

RPM 
RPM 

Units 
rnA 
V 
V 

,. FOR HRPO-ADlCX.XXX THE NOMINAL DETENT POamoN II CENTERED AROUND LOW-~ STIIII'E 
ICHA • O. eHa. 01. 
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2. DETENT POsmON WILL UE WITHIN THESE BOUNDARIES. NEVER IN HIOH-HIGH IITA'M 
ICHA-l.CHa·'I. 

. 

Notes 

20 Hz to 2kHz 

106 Revolutions 
106 Revolutions 
At Maximum Loads 

Notes 
Noncondensing Atmosphere 
Ripple < 100 m Vp.p 

Notes 

10H = -40 J.IA Max. 
10L = 3.2 rnA 



Mechanical Configurations 
Termination Options 
Option R - Pins Rear with Bracket 
HRPG-AXXX#XXR 

SUGGESTED CONFIGURATION PCB MOUNTING DIMENSIONS 

r---I---.., 
1 I 1 

'fr-----+-'· I • 1 

n::l ~~:~ Ll __ I : 

L.t:::J ! 9 .• 8 1 1 
o 392 REF. 1 I 

...l_~-L.._. _-+-1. I I \ ..... ~ 
NUT AND WASHER MUST BE [-

PCB USED TO SECURE MOUNTING .. 1.24:!: O.OS .8 PLACES I I PLATE TO THE HOUBING. 0.048:!: 0.003 

-+j t-- 02;50 MAX PANEL THICKNESS 

8.31 SHAn CENTER 

o.m 
".'1 G.ii4 

rM-~-~~L"' __ I-_"'" 

I ~~ ~-""'==='==='"' 
TABS m,. 4 PLACES~ 

f ~;;;;C::-----.... 
~~oi:~ L_ 

I 9.88 
i o:3fi 

NOTES: 

DIMENSIONS ARE: IN~:ES 

TOLERANCES ARE: X ± 0.2S mm 
~ 
,XX±O.13mm 
.XXX ± O.ooS" 

SHIELD IS FOR HOUSING ESO PATH ONLY 

#. ~TARWASHER HEX NUT, 7/1S" ~ •• ~ 
. 111.1 mml 17.3 

FLAT TO flAT ii:ii 

PINS 0.14 mm/0.026" SQR. S PLACES 
ON 2.S4 mm/O.lOO" CENTERS 
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Option F - Pins Front with Bracket 
HRPG·AXXX#XXF 

SUGGESTED CONFIGURATION 

PINS 0.14 mm/O.02.· SOR.I PLACES 
ON 2.64 mm/O. 100" CENTERS 

2-122 

. NOTES: 

DIMENSIONS ARE: IN;:'ES 

lOLEIIANCES ARE: X t 0.28 mm 
.XX t 0.01" 
.XX:!:0.13mm 
.XXXtO._" 

SHIELD IS FOR HOUSING ElD PATH ONLY 

PCB MOUNTING DIMENSIONS 

11.'1 0._ 

• 1.24:t 0.08 • 9 Pl.ACES 
0.048 :t 0.003 



Option C - Cable Connector with Strain Relief 
HRPG-AXXX#XXC 

SUGGESTED CDNFIGURAT10N 

:;85 MAX. MNEL THICKNESS 

PANEL HOLE DIMENSIONS 

r-------, 
I I I 
I I 
I I 
I I 
J I 
I I 
I I 
L- _-l 

r &_.TOLASTCOIM'Len;THREAD r-- 17.3 

Llr-_G.ii_..., 
Ngnmh----rIo 0\\ G) 

CONNECTOR 

HEX Nut 7/"· (11.1 mm) 
FLATTOFl.AT 

AMP 541231-6 MTA-lOO CL08ED END HOUSING WITH DUST COVER. 
FEMALE CONNECTOR ON 0.100·(2.54 mml CENT£IIS TO MATE WITH 
MALE O.02S" (O.S4 1M» SQR. POSTS. 0.28 t 0.0. (7.11 t 1.00 mml LONG. 

NOTES: 

0.100· (2.54 1M» CENTERS, ROUND CONDUCTOR FLAT CABLE 
GRAY PVC INSULATION 

DIMENSIONS ARE: iN;es 
TOLERANCES ARE: X t 0.2S mm 

JiX'FD.O'F 
.XX±0.13mm 
.XXX t 0.006" 

SHIELD IS FOR HOUSING ESD PATH ONLY 

PIN 1 STRIPE 
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Shaft Configurations 
Shaft Dimensions (D-cnt shown also) 

l:~ 
1 _I~;~~~_._ 

. J [ 0~J3~ FLANGE FLAT DEPTH 

~~138 FLANGE DIA. 

062~~ FLANGE FLATS 

l 
1 ~ b± oo~ D·CUTLENGTH 

r-- I + ~ SHAFT LENGTH I -0.005 

.~~ 
0.001 SHAFT CHAMFER O.76mm (0.G30). 450 

0.050 DIA. 

DIMENSIONS ARE: IN~~ES - 0.002 
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Shaft Options Available 

Shaft Shaft D-Cut D-Cut 
Length Diameter Thickness Length Sketch 

Option # Q) (d) (c) (b) (not to scale) 

11 0.30" 0.251" - - 1=0 0 

13 0.30" 0.250" 0.225" 0.230" J=b fJ 

14 0.50" 0.251" - - ~ 0 

16 0.50" 0.250" 0.225" 0.400" ~ @ 

17 0.80" 0.251" - - ~ 0 

19 0.80" 0.250" 0.225" 0.700" ~ 0 

51 7.6mm 6.02mm - - ~ Q 

53 7.6mm 6.00mm 5.33mm 5.84mm f=b 0 

54 12.7 mm 6.02mm - - }:b 0 

56 12.7 mm 6.00mm 5.33mm 1O.16mm ~ @ 

57 20.32 mm 6.02mm - - ~ 0 

59 20.32 mm 6.00mm 5.33mm 17.78 mm ~ • 
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Typical Interface 

HRPG 
SERIES 

Ordering Information 

Shaft Feel/Resolution 

Sl6 - Smooth 16CPR 
D16 - Detented 16CPR* 
S32 - Smooth 32CPR 
D32 - Detented 32CPR* 
S64 - Smooth 64CPR 
SCA - Smooth 120CPR 

CHA HP 
HCTL-201612020 

CHB QUADRATURE 
DECODER! 
COUNTER 

HRPG-A # 

Mechanical Configuration 

11 - 0.3" long, 0.25" dia. 
13 - 0.3" long, 0.25" dia. D-cut 

14 - 0.5" long, 0.25" dia. 
16 - 0.5" long, 0.25" dia. D-cut 

17 - 0.8" long, 0.25" dia. 
19 - 0.8"long, 0.25" dia. D-cut 

51-7.6 mm long, 6 mm dia. 
53 -7.6 mm long, 6 mm dia. D-cut 

54 - 12.7 mm long, 6 mm dia. 
56 - 12.7 mm long, 6 mm dia. D-cut 

57 - 20.3 mm long, 6 mm dia. 
59 - 20.3 mm long, 6 mm dia. D-cut 

'Note: When ordering detented versions, a D-cut shaft is recommended. 
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HOST 
PROCESSOR 

I 
Termination 

F - Pins Front with Bracket 
R - Pins Rear with Bracket 
C - Cable Connector with 

Strain Relief 
L - Flying Leads with Strain 

Relief 
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Two and Three Channel 
Codewheels for use with HP 
Optical Encoder Modules 

Technical Data 

Features: 
• Codewheels Available in 

Glass, Film, and Metal 
• Available in Two Standard 

Diameters 
• Cost Effective 
• Resolutions from 96 CPR to 

2048 CPR 
• For Use with HEDS-90XX/ 

91XX Series Two and Three 
Ch8JUlel Encoders 

Description 
Hewlett-Packard offers a wide 
variety of codewheels for use 
with Hewlett-Packard's HEDS-
9000, HEDS-9100, HEDS-9040, 
and HEDS-9140 series Encoder 
Modules. Designed for many 
environments, applications, and 
budgets, HP codewheels are 
available in Glass, Film, and 
Metal. These codewheels are 
available in resolutions from 96 
Counts Per Revolution (CPR) to 
1024 CPR on an 11 mm optical 
radius and 500 to 2048 CPR on a 
23.36 mm optical radius. 

5965-5891E 

Each of the three codewheel 
materials offers a certain 
advantage. Metal codewheels are 
the most versatile, with a tem­
perature rating up to 100°C, 
resolution to 512 CPR (28 mm 
diameter), as well as 2 and 3 
channel outputs. Film codewheels 
offer higher resolution (up to 
1024 CPR on a 28 mm diameter) 
with an operating temperature of 
70°C. Glasscodewheels combine 
the best of film and metal, offer­
ing a temperature rating of 100°C 
and resolutions to 1024 CPR on a 
28 mm diameter. 

In addition, each material offers a 
specific reliability rating. It is 
important to consider the specific 
application operating environ­
ment, long term operating 
conditions, and temperature 
ranges when choosing a code­
wheel material. 

r/i~ HEWLETT'" 
~~PACKARD 

HEDS-51XO/61XO Series 
HEDG-512X/612X Series 
HEDM-512X/61XX Series 

Also See: 

• HEDS-9000/HEDS-9100 
Encoder Module Data Sheet 

• HEDS-9000/9100/9200 
Extended Resolution Encoder 
Module Data Sheet 

• HEDS-9040/9140 Three 
Channel Encoder Module Data 
Sheet 

• HEDS-9700 Small Encoder 
Module Data Sheet 
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Absolute Maximum 
Ratings 
It is important to consider the 
environment in which the 
codewheels will be used when 
selecting a codewheel material. In 
brief, metal codewheels are 

Parameter Symbol 

Storage Ts 
Temperature 

Operating TA 
Temperature 

Humidity 

Velocity 

Shaft Axial Play 

Shaft Eccentricity 
Plus Radial Play 

Acceleration 

rugged, but do not offer higher 
resolution capabilities. Film 
codewheels allow higher 
resolution, but cannot endure the 
same temperatures and high 
humidity as metal. Glass 

codewheels offer both high 
temperature and higher 
resolution, but are also more 
expensive. Consider the following 
rating table when choosing a 
codewheel material. 

HEDS-XXXX HEDM-XXXX HEDG-XXXX 
Metal Codewheels Film Codewheels Glass Codewheels 

-40ce to + 100°C -40ce to + 70ce -40ce to + 100ce 

-40ce to + 100ce -40ce to + 70ce -40ce to + 100ce 

non condensing 

30,000 RPM 30,000 RPM 12,000 RPM 

±0.25 mm ±0.175mm ±0.175 mm 
(± 0.010 in) (± 0.007 in) (± 0.007 in) 

±0.1 mm ±0.04mm ±0.04mm 
(± 0.004 in) TIR (± 0.0015 in) TIR (± 0.0015 in) TIR 

250,000 Rad/Sec2 250,000 Rad/Sec2 100,000 Rad/Sec2 

Recommended Operating Conditions 

HEDS-XXXX HEDM-XXXX HEDG-XXXX 
Parameter Metal Codewheels Film Codewheels Glass Codewheels 

Maximum Count Frequency 100 kHz 200kHz* 200 kHz 

Shaft Perpendicularity ± 0.25 mm ±0.175 mm ±0.175mm 
Plus Axial Play (± 0.010 in) (± 0.007 in) (± 0.007 in) 

Shaft Eccentricity Plus ±0.1 mm ±0.04mm ±0.04mm 
Radial Play (± 0.004 in) TIR (± 0.0015 in) TIR (± 0.0015 in) TIR 

Note: HP Encoder Modules are guaranteed to 100 kHz, but can operate at higher frequencies. See Encoder Module Data Sheet for 
specifications and output load recommendations. 

*HEDM-6140 is guaranteed to 100 kHz with the HEDS-9040 #TOO module. 
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Encoding Characteristics 
Encoding characteristics over 
recommended operating range 
and recommended mounting 

tolerances unless otherwise 
specified. Values are for worst 
error over a full rotation. Please 
refer to Encoder Module Data 

Part Number Description Symbol Min. 

HEDS-51XX Cycle Error 
Position Error 

HEDS-61XX Cycle Error 
Position Error 

HEDM-512X Cycle Error 
Position Error 

HEDM-61XX Cycle Error 
Position Error 

HEDG-512X Cycle Error 
Position Error 

HEDG-612X Cycle Error 
Position Error 

Reliability 
In addition to the absolute 
maximum specifications of 
codewheels, the environment 
characteristics of the application 

Glass Codewheel Tests 

~C 

M 

~C 

~e 

~C 

~e 

~C 

~e 

~C 

~e 

~C 

~e 

are also important. For example, 
consistent, large temperature 
swings over the life of the product 
will affect the codewheel 
performance characteristics 

Sheet for definitions of Encoding 
characteristics. 

Typ. Max. Units 

3 5.5 °e 
10 40 min. of arc 

3 5.5 °e 
7 20 min. of arc 

3 7.5 °e 
4 40 min. of arc 

3 7.5 °e 
2 20 min. of arc 

3 7.5 °e 
4 30 min. of arc 

3 7.5 °e 
2 15 min. of arc 

depending on the material. The 
following reliability table shows 
results of lifetests under varying 
conditions of temperature and 
humidity. 

Test Duration Number of Parts Number of Failures 

Storage at 100°C 1000 hours 44 0 

Rotating at 100°C 500 hours 10 0 

Temperature Cycle: -40°C to + 100°C 500 cycles 98 0 

Temperature/Humidity: 85°C/85% R.H. 500 hours 43 0 

Film Codewheel Tests 

Test Duration Number of Parts Number of Failures 

Storage at 70°C 1000 hours 118 0 

Rotating at 70°C 500 hours 10 0 

Temperature Cycle: -40°C to + 70°C 500 cycles 66 0 

Temperature Cycle: +20°C to +40°C 1000 cycles 64 0 

Temperature Cycle: +20°C to +55°C 1000 cycles 46 0 

Temperature Cycle: +20°C to +70°C 500 cycles 50 0 
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Mounting Rotary 
Encoders with 
Codewheels 
There are two orientations for 
mounting the HP encoder module 
and HP codewheel. Figure la 
shows mounting the module with 
side A as the mounting plane. 

Figure la. 

Figure 1 b shows mounting the 
module with side B as the mount­
ing plane. When assembling the 
encoder and codewheel, it is 
important to maintain the 
tolerances of Side A of the 
module, and the image side of the 
codewheel. See module Data 
Sheets for these tolerances. 

MODULE SIDE A 

Figure lb. 

'Please note that the image side of the· codewheel must always be facing the module Side A. 

Mounting with Module 
Side A as the Mounting 
Plane 
Mounting a high resolution or 
three channel encoder with 
Module Side A as the mounting 
plane requires alignment pins in 
the motor base. These alignment 
pins provide the necessary 
centering of the module with 
respect to the center of the motor 
shaft. In addition to centering, the 
codewheel gap is also important. 
Please refer to the respective 
encoder data sheet for necessary 
mounting information. 
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Mounting with Module 
Side B as the Mounting 
Plane, using HP Assembly 
Tools 
Hewlett-Packard offers centering 
tools and gap setting tools only 
for the case when the module is 
mounted with Side B down. 
Please refer to the Ordering 
Information Table to choose the 
correct assembly tools. 

MODULE SIDE B 



Assembly Instructions 
Using HP Assembly Tools 
Instructions 
1. Place codewheel on shaft. 
2. Set codewheel height: 

(a) Place the correct gap 
setting tool (per Ordering 
Information Table) on motor 
base, flush up against the 
motor shaft as shown in Figure 
2. The shim has two different 
size steps. Choose the one that 
most closely matches the width 
of the codewheel boss. The 

IMAGE SIDE OF CODEWHEEL 

shim should not contact the 
codewheel boss. 
(b) Push codewheel down 
against gap setting shim. The 
codewheel is now at the proper 
height. 
(c) Tighten codewheel 
setscrew. 

3. Insert mounting screws 
through module and thread 
into the motor base. Do not 
tighten screws. 

4. Slide the HEDS-8905 or HEDS-
8906 centering tool over 
codewheel hub and onto 
module as shown in Figure 3. 
The pins of the alignment tool 
should fit snugly inside the 
alignment recesses of the 
module. 

5. While holding alignment tool in 
place, tighten screws down to 
secure module. 

6. Remove ilignment tools. 

CENTERING TOOL 
~ • ALIGNI,NG RECESSES 

CODEWH,!'EL ~~~;!;:~t:Ll{ 

MODULE SIDE B MODULE SIDE B 

Figure 2. Alignment Tool is Used to Set Height of 
Codewheel. 

Figure 3. Alignment Tool is Placed over Shaft and onto 
Codewheel Hub. Alignment Tool Pins Mate with 
Aligning Recesses on Module. 
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Mechanical Drawings 
5.84 r(0'234) 
MAX. 

/ 
MOUNllNG BOSS-

T--=;r==1;;;;ir-~ :~!,U:~:,~N 
I.D.HUBS 

12.70 10.16 -IH-l@IH-

(~~ 

DIMENSIONS IN MM (INCHES) 

. ..a:'l~J (0.141) 

Figure 4. HEDS·5120 Codewheel.· 

• 2086 SETSCREW 
USE 0.036' 
HEX WRENCH 

O.D4MAX. 

1.80 -.... 
(0.071) 

DIMENSIONS IN MM (INCHES) 

60.0(1.97) 
DIA. 

(:'3e:.)J IL MAX. 

0.20_ 
(0.008) 

Figure 5. HEDS·6100 Codewheel. 

T---=;=::::j!;;;;lr-II / MOUNTING BOSS 

INDEX PULSE 
REFERENCE 
MARKER 

ROp =< 11.00 mm (0.433 In.) 

DIMENSIONS IN MM (INCHES) 

3.58 
(0.141) 

Figure 6. HEDS·5140 Codewheel Used with HEDS·9140. 
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INDEX PULSE 
REFERENCE 
MARKER 

ROp = 23.36 mm (0.920 In.) 

DIMENSIONS IN MM (INCHES) 

#2-56 SETSCREW 
USE 0.035" HI!!X WRENCH 

f ~ 
28.67 18.0 

(1.050) (0.71) 
MAX. I 

+ ~ 

/ MOUNTING BOSS 

Figure 7. HEDS·6140 Codewheel Used with HEDS·9040. 

25.58 DIA. 
(1.008) MAX. ARTWORK SIDE ARTWORK SIDE 

(HEDM-5121) (HEDM-5120) 

DIMENSIONS IN mm (INCHES) 

50.48 DIA. 
(1.980) MAX. 

8.5 MAX. 

2·58 SErsCREW 
USE 0.035" HEX WRENCH 

/ 
ARTWORK SIDE ARTWORK SIDE 

(HEDM·6121) (HEDM-6120) 

DIMENSIONS IN mm (INCHES) 

Figure 8. HEDM·5120 CodewheeI/HEDM·5121 Codewheel. Figure 9. BEDM·6120 Codewheel/HEDM·6121 Codewheel. 
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25.68 DIA. 
(1.006) MAX. 

2-58 SETSCREW 
USE 0.035' HEX WRENCH 

DIMENSIONS IN mm (INCHES) 

60.48 DIA. 
(1.987) MAX. 

2-68 SETSCREW 
USE 0.036" HEX WRENCH 

8.43 
(0.332) 

DIMENSIONS IN mm (INCHES) 

Figure 10, BEDG·1i120 Codewheel/HEDG·15121 Codewheel. Figure 11. HEDG·6120 CodewheeIiHEDG·6121 Codewheel. 

/ 

2-56 SETSCREW 
USE 0.035" HEX WRENCH 

8.43 
(0.332) 

ARTWORK SIDE ARTWORK SIDE 
(HEDM-6141) (HEDM-6140) 

DIMENSIONS IN mm (INCHES) 

Figure 12. HEDM·6140 CodewheeIlHEDM·6141 Codewheel. 
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Ordering Information Encoder Modules, Codewheel and Assembly Tools 
Metal Codewheels 

HEDS-9100 option 
modules 

HEDS-9140 option 
modules 

HEDS-9000 option 
modules 

[ill [ill HEDS-5120 
codewheels 

[ill [ill HEDS-D140 
codewheels 

[ill [ill HEDS-6100 
codewheels 

Resolution 
(C~-.Je./Rev) 

S-50CPR 
K-96CPR 
C -100CPR 
D-192 CPR 
E -200 CPR 
F- 256 CPR 
G - 360 CPR 
H - 400 CPR 
A- 500 CPR 
1- 512 CPR 

Resolution 
(~cle./Rev) 

S-50CPR 
K-96CPR 
C -100CPR 
E - 200 CPR 
F-256 CPR 
G - 360 CPR 
H - 400 CPR 
A- 500 CPR 
1- 512 CPR 

Resolution 
(~cle.lRev) 

A- 500 CPR 
B-1000CPR 

Rop = 11 mm, 
2 channels 

Shaft Diameter 

01-2 mm 
02-3mm 
03 - 1/8 in. 
04 - 5/32 in. 
05 - 3/16 in. 
06 -1/4 in. 
11-4mm 
14 - 5 mm 
12 -6mm 
13 -8mm 

Rop = Ilmm, 
3 channels 

Shaft Diameter 

01-2mm 
02-3mm 
03 -1/8 in. 
04 - 5/32 in. 
05 - 3/16 in. 
06 -1/4 in. 
11-4mm 
14- 5mm 
12 -6mm 
13-8mm 

Shaft DIameter 

05 - 3/16 in. 
06 - 1/4 in. 
07 - 5/16 in. 
08 - 3/8 in. 
09 - 1/2 in. 
10 - 5/8 in. 
11-4mm 
12 -6mm 
13-8mm 

Assembly Tools 
Centering Gap-Setting 

HEDS- HEDS-
8905 8901 

Assembly Tools 
Centering Gap-Setting 

HEDS- HEDS-
8905 8905 

Assembly Tools 
Centering Gap-Setting 

HEDS- HEDS-
8906 8901 
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Ordering Information (Cont'd.) 

HEDS·9040 option 
modules 

Note: 

[QJ [QJ BEDS·6140 
codewheels 

Resolution 
(Cycles/Rev) 
B·1000CPR 
J ·1024 CPR 

Shaft DIameter 

05·3/161n. 
06 ·1/4 in. 
07· 5/16 In. 
08·3/8 in. 
09· 1/2 In. 
10· 5/8 In. 
U·4mm 
12·6mm 
13·8mm 

Assembly Tools 
Centering Gap·Setting 

HEDS· BEDS· 
8906 8906 

1. For the lower resolution, two channel encoders, (11 mm S ill CPR; 23 mm S ~ CPR) the centering tool and gap·settting shim 
are not necessary, but· sometimes helpful In an aSsembly process. 

Film Codewheels 

HEDS·9100 
modules 
option 

2·136 

Resolution 
(Cycles/Rev) 

B·1000CPR 
J ·1024 CPR 

Artwork Orientation 

o . Artwork on hub 
side (Use when 
module side B is 
down) 

1 . Artwork opposite 
hub side (use when 
module side A is 
dciwn) 

Rop = llmm, 
2 channels 

Shaft Diameter 

01·2 mm 
02·3mm 
03 . 1/8 In. 
04·5/32 In. 
05·3/161n. 
06 . 114 In. 
11·4 mm 
14·5mm 
12 ·6mm 
13 ·8mm 

Assembly Tools 
Centering Gap·Setting 

BEDS· BEDS· 
8905 8901 



Ordering Information (Cont'd.) 

HEDS-9000 
modules 
option 

HEDS-9040 
modules 
option 

Resolution 
(Cycles/Rev) 

T-2000CPR 
U -2048 CPR 

Resolution 
(Cycles/Rev) 

T-2000CPR 

Artwork Orientation 

o -Artwork on hub 
side (Use when 
module side B is 
down) 

1 - Artwork opposite 
hub side (use when 
module side A is 
down) 

o -Artwork on hub 
side (Use when 
module side B is 
down) 

1 - Artwork opposite 
hub side (use when 
module side A is 
down) 

"Index will not work if wrong orientation is used. 

Rop = 23mm, 
2 channels 

Shaft Diameter 

05 - 3116 in. 
06 -1/4 in. 
07 - 5/16 in. 
08 - 3/8 in. 
09 - 1/2 in. 
10 - 5/8 in. 
11-4mm 
12-6mm 
13-8mm 

Rop = 23mm, 
3 channels 

Shaft Diameter 

05 - 3/16 in. 
06 - 1/4 in. 
07 - 5/16 in. 
08 - 3/8 in. 
09 - 1/2 in. 
10 - 5/8 in. 
11-4mm 
12 -6mm 
13 -8mm 

Assembly Tools 
Centering Gap-Setting 

HEDS- HEDS-
8906 8906 

Assembly Tools 
Centering Gap-Setting 

HEDS- HEDS-
8906 8906 
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Ordering Information (Cont'd.) 
Glass Codewheels 

HEDS-9100 
modules 
option 

HEDS-9000 
modules 
option 
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Resolution 
(Cycles/Rev) 

B-1000CPR 
J -1024 CPR 

Resolution 
(Cycleo/Rev) 

T-2000CPR 
U-2048 CPR 

Artwork Orientation 

o -Artwork on hub 
side (Use when 
module side B is 
down) 

1 - Artwork opposite 
hub side (use when 
module side A is 
down) 

Artwork Orientation 

o -Artwork on hub 
side (Use when 
module side B is 
down) 

1 - Artwork opposite 
hub side (use when 
module side A is 
down) 

Rop = Ilmm, 
2 channels 

Shaft DIameter 

01-2mm 
02-3mm 
03 -1/8 in. 
04 - 5/32 in. 
05 - 3/16 in. 
06 - 1/4 in. 
11-4mm 
14-5mm 
12-6mm 
13-8mm 

Rop = 23mm, 
2 channels 

Shaft Diameter 

05 -.3/16 in. 
06 -1/4 in. 
07 - 5/16 in. 
08 - 3/8 in. 
09 - 1/2 in. 
10 - 5/8 in. 
11-4mm 
12-6mm 
13-8mm 

Assembly Tools 
Centering Gap-Setting 

HEDS- HEDS-
8905 8932 

Assembly Tools 
Centering Gap-Setting 

HEDS- HEDS-
8906 8932 



General Purpose Motion 
ControlICs 

Technical Data 

Features 
• Low Power CMOS 
• PDIP and PLCC Versions 

AvaiIable 
• Enhanced Version of the 

HCTL-I000 

• DC, DC Brushless, and Step 
Motor Control 

• Position and Velocity 
Control 

• Programmable Digital Filter 
and Commutator 

• 8-Bit Parallel, and PWM 
Motor Command Ports 

• TTL Compatible 
• SYNC Pin for Coordinating 

Multiple HCTL-llOO ICs 
• 100 kHz to 2 MHz Operation 
• Encoder Input Port 

Description 
The HCTL-ll 00 series is a high 
perfonnance, general purpose 
motion control IC, fabricated in 
HP CMOS technology. It frees the 
host processor for other tasks by 
perfonning all the time-intensive 
functions of digital motion 
control. The programmability of 
all control parameters provides 
maximum flexibility and quick 

Pinouts 

!II! 
ell 
m 
RNI -iIDff AD5/DIII 
VDO 

ADoIDBo EXTCLK 

DIIo ffiIIm( 

GND YDD 
GND CHI. PIIQF 

v .. CHI IIrr 
PROF PHD iJiiT 

INIT PHC STOP ,.. He 
PItA 

PULSE 

SIGN 

MCo MCs 
Me, MIl4 

Met Me. 

Fli:DW HEWLETT® 
':1:. PACKARD 

HCTL-llOO Series 

design of control systems with a 
minimum number of components. 
In addition to the HCTL-llOO, the 
complete control system consists 
of a host processor to specify 
commands, an amplifier, and a 
motor with an incremental 
encoder (such as the HP HEDS-
5XXX, -6XXX, -9XXX series). No 
analog compensation or velocity 
feedback is necessary. 

iii iii 1ii iii ... 
~ ~ @ ilu 

0 I c~§ ~iHllfltl~1!! 

tIC 

(TOI'VIEW) VDO 
EXTCLJ( 

iiiiEi 
GIlD 

QlA 
QlB 

PHB 
PHI. 

i~iig~g~~;y 

I ESD WARNING: NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC DISCHARGE. 
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Applications 
Typical applications for the 
HCTL-IIOO include printers, 
medical instruments, material 
handling machines, and industrial 
automation. 

HCTL-llOO vs. 
HCTL-IOOO 
The HCTL-llOO is designed to 
replace the HCTL-I000. Some 
differences exist, and some 
enhancements have been added. System Block Diagram 

Comparison of HCTL-llOO and HCTL-IOOO 

Description HCTL-UOO HCTL-IOOO 

Max. Supply Current 30mA 180mA 

Max. Power Dissipation 165mW 950mW 

Max. Tri-State Output 
Leakage Current 150nA 1OJ.LA 
Operating Frequency 100 kHz-2 MHz 1 MHz-2MHz 

Operating Temperature 
Range -20OC to +85°C O°C to 700C 

Storage Temperature Range -55OC to + 125°C -40OC to + 125°C 

Synchronize 2 or More ICs Yes -
Preset Actual Position 
Registers Yes -

Read Flag Register Yes -

Limit and Stop Pins Must be pulled Can be left 
up to VDD if floating if not 
not used. used. 

Hard Reset Required Recommended 

PLCC Package Available Yes -
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Package Dimensions 
NOTES, 

ORIENTATION NOTCH' "1. EACtI .... CENTERUNE lO BE LOCATED 

~APEMAVVARVJ' 2.=~~~~~=; 
3. DIMENSIONS ARE .::. 

~~~:!::':'60 
------ H!...±J!,!!!.. ClOC 

.,,~'" -~·1 ~-t PlANE 

*
~±.J!,!!.1 4.83 MAX. 13.72 0.25 
2.oeo 0.010 0.1 go 0.540 • 0.010 

M!. ± .J!,!!. I- ~ O.M IN 

- ~. ~=:--':'j-iiiil t~·{~.:l- -- ~- ~±~~ 
rl j.- --I~0.050 0.006 '0.126 

2.14- :'0":. ± :.~ 0-150 

0.100 

«)OPlN PLASTIC DUAL INUNE PlACKAGE 

PIN 1 

NOTES, 1. LEAD FINISH, SOLDER COAT 

2. DIMENSIONS ARE ~ 

0.74 ± 0.07& 
10.029) 10.003) 

~~) MAX 

l 

... PIN PLASTIC LEADED CHIP CARRIER PACKAGE 

Theory of Operation 
The HCTL-ll00 is a general pur­
pose motor controller which 
provides position and velocity 
control for DC, DC brushless and 
stepper motors. The internal 
block diagram of the HCTL-II00 
is shown in Figure 1. The HCTL-
1100 receives its input commands 
from a host processor and 
position feedback from an 
incremental encoder with quadra­
ture output. An 8-bit bi-directional 
multiplexed address/data bus 
interfaces the HCTL-llOO to the 
host processor. The encoder 

feedback is decoded into 
quadrature counts and a 24-bit 
counter keeps track of position. 
The HCTL-ll00 executes anyone 
of four control algorithms ' 
selected by the user. The four 
control modes are: 

• Position Control 
• Proportional Velocity Control 
• Trapezoidal Profile Control for 

point to point moves 
• Integral Velocity Control with 

continuous velocity profIling 
using linear acceleration 

The resident Position Profile 
Generator calculates the neces­
sary profIles for Trapezoidal Pro­
fIle Control and Integral Velocity 
Control. The HCTL-II00 com­
pares the desired position (or 
velocity) to the actual position (or 
velocity) to compute compensated 
motor commands using a pro­
grammable digital fIlter D(z). The 
motor command .is externally 
available at the Motor Command 
port as an 8-bit byte and at the 
PWM port as a Pulse Width 
Modulated (PWM) signal. 

The HCTL-ll00 has the capability 
of providing electronic commu­
tation for DC brushless and 
stepper motors. Using the 
encoder position information, the 
motor phases are enabled in the 
correct sequence. The commu­
tator is fully programmable to 
encompass most motor/encoder 
combinations. In addition, phase 
overlap and phase advance can be 
programmed to improve torque 
ripple and high speed perform­
ance. The HCTL-ll00 contains a 
number of flags including two 
externally available flags, ProfIle 
and Initialization, which allow the 
user to see or check the status of 
the controller. It also has two 
emergency inputs, Limit and Stop, 
which allow operation of the 
HCTL-ll00 to be interrupted 
under emergency conditions. 

The HCTL-llOO controller is a 
digitally sampled data system. 
While information from the host 
processor is accepted asyn­
chronously with respect to the 
control functions, the motor 
command is computed on a 
discrete sample time basis. The 
sample timer is programmable. 
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Figure 1. Internal Block Diagram. 
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Electrical Specifications 

Absolute Maximum Ratings 
Operating Temperature, TA ................................................................... -20°C to 85°C 
Storage Temperature, Ts ...................................................................... -55°C to 125°C 
Supply Voltage, VDD ...................................................................................... -0.3 V to 7 V 
Input Voltage, VIN ...................•..................................................... -0.3 V to VDD +0.3 V 
Maximum Operating Clock Frequency, feLK ............................................... 2 MHz 

DC Electrical Characteristics 
VDD = 5 V ± 5%; TA = -20OC to +85°C 

ParaIIleter Symbol 

Supply Voltage VDD 
Supply Current IDD 
Input Leakage Current lIN 
Input Pull-Up Current 

SYNC PIN Ipu 
Tristate Output Leakage loz 
Current 

Input Low Voltage VIL 

Input High Voltage VIH 

Output Low Voltage VOL 
Output High Voltage VOH 
Power Dissipation PD 
Input Capacitance CIN 
Output Capacitance COUT 

Min_ Typ. Max. 

4.75 5.00 5.25 

15 30 

10 100 

- 40 ± 150 

10 -150 

-0.3 0.8 

2.0 VDD 
-0.3 0.4 

2.4 VDD 
75 165 

20 

100 

Units Test Conditions 

V 

rnA 
nA VIN = 0.00 and 5.25 V 

~ VIN = 0.00 V 

nA Sync, LIMIT, STOP 
pin #35 (PDIP) 

VOUT = -0.3 to 5.25 V 
pin #38 (PLCC) 

V 

V 

V IoL = 2.2 rnA 
V IoH = -200 ~ 

mW 

pF 

pF 
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AC Electrical Characteristics 
VDD = 5 V ± 5%; TA = -20°C to +85OC; Units = nsec 

Clock Frequency 
Fonnula* 

2 MHz 1 MHz 
ID 
# Signal Symbol Min. Max. Min. Max. Min. Max. 

1 Clock Period (clk) tCPER 500 1000 

2 Pulse Width, Clock High tCPWH 230 300 

3 Pulse Width, Clock Low tePWL 200 200 200 

4 Clock Rise and Fall Time tCR 50 50 50 

5 Input Pulse Width Reset tIRST 2500 5000 5clk 

6 Input Pulse Width Stop, Limit tIP 600 1100 1 clk 
+ 100 ns 

7 Input Pulse Width Index, Index trx 1600 3100 3clk 
+ 100 ns 

8 Input Pulse Width CHA, CHB tIAB 1600 3100 3clk 
+ 100 ns 

9 Delay CHA to CHB Transition tAB 600 1100 1 clk 
.' + 100 ns 

10 Input Rise/Fall Time CHA, CHB, 
Index tIABR 450 900 900 (clk 

< 1 MHz) 

11 Input Rise/Fall Time Reset, ALE, 
CS, DE, Stop, Limit tq! 50 50 50 

12 Input Pulse Width ALE, CS tIPW 80 80 80 

13 Delay Time, ALE Fall to CS Fall tAC 50 50 50 

14 Delay Time, ALE Rise to CS Rise teA 50 50 50 

15 Address Setup Time Before 
ALE Rise tASRl 20 20 20 

16 Address Setup Time Before CS tASR 20 20 20 
Fall 

17 Write Data Setup Time Before 
CS Rise tDSR 20 20 20 

18 Address/Data Hold Time tH 20 20 20 

19 Setup Time, RIW Before CS Rise twcs 20 20 20 

20 Hold Time, RIW After CS Rise tWH 20 20 20 

21 Delay Time, Write Cycle, CS 
Rise to ALE Fall teSAL 1700 3400 3.4 clk 

22 Delay Time, Read/Write, CS 
Rise to CS Fall tescs 1500 3000 3 clk 

23 Write Cycle, ALE Fall to ALE 
Fall For Next Write twc 1830 3530 3.7 clk 
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AC Electrical Characteristics (continued). 

Clock Frequency 
Formula* 

2 MHz 1 MHz 
ID 
# Signal Symbol Min. Max. Min. Max. Min. Max. 

24 Delay Time, CS Rise to OE Fall tcSOE 1700 3200 3 elk 
+ 200 ns 

25 Delay Time, OE Fall to Data 
Bus Valid tOEDB 100 100 100 

26 Delay Time, CS Rise to Data 
Bus Valid tCSDB 1800 3300 3 clk 

+ 300 ns 

27 Input Pulse Width OE tIPWOE 100 100 100 

28 Hold Time, Data Held After 
OE Rise tDOEH 20 20 20 

29 Delay Time, Read Cycle, CS 
Rise to ALE Fall tcSALR 1820 3320 3 clk 

+ 320 ns 

30 Read Cycle, ALE Fall to ALE 
Fall For Next Read tRC 1950 3450 3 clk 

+ 450 ns 

31 Output Pulse Width, PROF, 
INIT, Pulse, Sign, PHA-PHD, 
MC Port tOF 500 1000 1 clk 

32 Output RiselFall Time, PROF, 
INIT, Pulse, Sign, PHA-PHD, 
MC Port tOR 20 150 20 150 20 150 

33 Delay Time, Clock Rise to 
Output Rise tEP 20 300 20 300 20 300 

34 Delay Time, CS Rising to MC 
Port Valid tCSMC 1600 3200 3.2 elk 

35 Hold Time, ALE High After 
CS Rise tALH 100 100 100 

36 Pulse Width, ALE High tALPWH 100 100 100 

37 Pulse Width, SYNC Low tSYNC 9000 18000 18 elk 

'General formula for determining AC characteristics for other clock frequencies (clk), between 100 kHz and 2 MHz. 
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HCTL-llOO I/O Timing Diagrams 
Input logic level values are the TTL Logic levels V1L = 0.8 V and Vrn = 2.0 V. Output logic levels 
are VOL = 0.4 V and VOH = 2.4 V. 

1e-f-- INDEX ______ ~-------

~-----~-----

CHA 

CHB ~-----~------

CLOCK 

-~-
r~F ---_ Jr-----------.I ~-­
SIGN 
~~ ___ -J ~ _______________ -n 
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HCTL-llOO I/O Timing Diagrams 
There are three different timing configurations which can be used to give the user flexibility to interface the 
HCTL-II00 to most microprocessors. See the I/O interface section for more details. 

ALEICS NON OVERLAPPED 

RM 

~.I.~ 
ADIOB ~ALIDADDRESS 

.I.®;--j 
YALIDDATAX)(XXXXXXXX'XX 
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HCTL-llOO I/O Timing Diagrams 

AL~CS OVERLAPPED 

WrHe Cycle 

j4-------{12')--------I 

Rm 

AD/DB 

Read Cycle 
~----------------------------~.r_----------------------------~ 

ADIDB VALID DATA 
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HCTL-llOO I/O Timing Diagrams 

AI.E WITHIN e! 

Write Cycle 
~--------------------------------------------------{D~------------------------------------------~ 

At! 

1----------(I4}-------!'"'=------{ 

Read Cycle 
~---------------~3DI}_----------------~ 

VALID ADDRESS 
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Pin Descriptions and Functions 
Input/Output Pins 

Pin Number 

Symbol PDIP PLCC Description 

ADO/DBO- 2-7 3-8 Address/Data Bus - Lower 6 bits of 8-bit I/O port which are 
AD5/DB5 multiplexed between address and data. 

DB6, DB7 8,9 9, 10 Data bus - Upper 2 bits of 8-bit I/O port used for data only. 

Input Signals 

Pin Number 

Symbol PDIP PLCC Description 

CHNCHB 31,30 34,33 Channel A, B - Input pins for position feedback from an incremental 
shaft encoder. Two channels, A and B, 90 degrees out of phase are 
required. 

Index 33 36 Index Pulse - Input from the reference or index pulse of an incre-
mental encoder. IIsed aDb!: iD !:;aWIIDctiall mtb tbe Qammllta:t!u: Either 
a low or high true signal can be used with the Index pin. See Timing 
Diagrams and Encoder Interface section for more detail. 

R/W 37 41 ReadlWrite - Determines direction of data exchange for the I/O port. 

ALE 38 42 Address Latch Enable - Enables lower 6 bits of external data bus into 
internal address latch. 

CS 39 43 Chip Select - Performs I/O operation dependent on status of R/W line; 
For a Write, the external bus data is written into the internal 
addressed location. For Read, data is read from an internal location 
into an internal output latch. 

OE 40 44 Output Enable - Enables the data in the internal output latch onto the 
external data bus to complete a Read operation. 

Limit 14 15 Limit Switch - An internal flag which when externally set, triggers an 
unconditional branch to the Initialization/Idie mode before the next 
control sample is executed. Motor Command is set to zero. Status of 
the Limit flag is monitored in the Status register. 

Stop 15 16 Stop Flag - An internal flag that is externally set. When flag is set 
during Integral Velocity Control mode, the Motor Command is 
decelerated to a stop. 

Reset 36 40 Reset - A hard reset of internal circuitry and a branch to Reset mode. 

ExtClk 34 37 External Clock 

VDD 11,35 12,38 Voltage Supply - Both VDD pins must be connected to a 5.0 volt supply. 

GND 10,32 1,11, Circuit Ground 
23,35 

SYNC 1 2 Used to synchronize multiple HCTL-llOO sample,timers. 

NC - 17,39 Not connected. These pins should be left floating. 
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Output Pins 

Pin Number 

Symbol PDIP PLCC Description 

MCO·MC7 18·25 20·22, Motor Command Port - 8·bit output port which contains the digital 
24·28 motor command adjusted for easy bipolar DAC interfacing. MC7 is 

the most significant bit (MSB). 

Pulse 16 18 Pulse - Pulse width modulated signal whose duty cycle is proportional 
to the Motor Command magnitude. The frequency of the signal is 
External Clock/100 and pulse width is resolved into 100 external clocks. 

Sign 17 19 Sign - Gives the sign/direction of the pulse signal. 

PHA·PHD 26·29 29·32 Phase A, B, C, D - Phase Enable outputs of the Commutator. 

Prof 12 13 Profile Flag - Status flag which indicates that the controller is execut· 
ing a profiled position move in the Trapezoidal Profile Control mode. 

Init 13 14 Initialization/Idle Flag - Status flag which indicates that the controller 
is in the Initialization/Idle mode. 

Pin Functionality 
SYNC Pin 
The SYNC pin is used to syn· 
chronize two or more ICs. It is 
only valid in the INIT/IDLE mode 
(see Operating the HCTL·ll00). 
When this pin is pulled low, the 
internal sample timer is cleared 
and held to zero. When the level 
on the pin is returned to high, the 
internal sample timer instantly 
starts counting down from the 
programmed value. 

Connecting all SYNC pins 
together in ~stem and 
pulsing the SYNC signal from the 
host processor will synchronize 
all controllers. 

Limit Pin 
This emergency·flag input is used 
to disable the control modes of 
the HCTL·ll00. A low level on 
this input pin causes the internal 
Limit flag to beset. If this pin is 
NOT used, it must be pulled up to 
VDD• If it is not connected, the pin 
could float low, and possibly 
trigger a false emergency 
condition. 

The Limit flag, when set in any 
control mode, causes the HCTL· 
11 00 to go into the Initialization/ 
Idle mode, clearing the Motor 
Command and causing an imme· 
diate motor shutdown. When the 
Limit flag is set, none of the three 
control mode flags (FO, F3, or 
F5) are cleared as the HCTL·ll00 
enters the lnitialization/Idle mode. 
The user should be aware that 
these flags are still set before 
commanding the HCTL·ll00 to 
re·enter one of the four control 
modes from Initialization/Idle 
mode. 

In general, the user should clear 
all control mode flags after the 
limit pin has been pulled low, 
then proceed. 

Stop Pin 
The Stop flag affects the HCTL· 
1100 only in the Integral Velocity 
Mode. 

When a low level is present on 
this emergency·flag input, the 

. internal stop flag is set. If this pin 

is NOT used, it must be pulled up 
to VDD • If it is not connected, the 
pin could float low, and possibly 
trigger a false emergency 
condition. 

When the STOP flag is set, the 
system will come to a decelerated 
stop and stay in this mode with a 
command velocity of zero until 
the Stop flag is cleared and a new 
command velocity is specified. 

Notes on Limit and Stop Flags 
Stop and Limit flags are set by a 
low level input at their respective 
pins. The flags can only be 
cleared when the input to the 
corresponding pin goes high, 
signifying that the emergency 
condition has been corrected, 
AND a write to the Status register 
(R07H) is executed. That is, 3fter 
the emergency pin has been set 
and cleared, the flag also must be 
cleared by writing to R07H. Any 
word that is written to R07H after 
the emergency pin is set and 
cleared will clear the emergency 
flag. The lower four bits of that 
word will also reconfigure the 
Status register. 
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Encoder Input Pins (CHA, 
CHB,INDEX) 
The HCTL-1100 accepts TTL 
compatible outputs from 2 and 3 
channel incremental encoders 
such as the HEDS-5XXX, 6XXX, 
and 9XXX series encoders. 
Channels A and B are internally 
decoded into quadrature counts 
which increment or decrement 
the 24-bit position counter. For 
example, a 500-count encoder is 
decoded into 2000 quadrature 
counts per revolution. The 
position counter will be incre­
mented when Channel B leads 
Channel A. The Index channel is 
used only for the Commutator and 
its function is to serve as a 
reference point for the internal 
Ring Counter. 

The HCTL-1100 employs an 
internal 3-bit state delay fIlter to 
remove any noise spikes from the 
encoder inputs to the HCTL-1100. 
This 3-bit state delay filter 
requires the encoder inputs to 
remain stable for three consec­
utive clock rising edges for an 
encoder pulse to be considered 
valid by the HCTL-llOO's actual 
position counter (i.e., an encoder 
pulse must remain at a logic level 
high or low for three consecutive 
clock rising edges for the HCTL-
1100's actual position counter to 
be incremented or decremented.) 
The designer should therefore 
generally avoid creating the 
encoder pulses of less than 3 
clock cycles. 

The index signal of an encoder is 
used in corijunction with the 
Commutator. It resets the internal 
ring counter which keeps track of 
the rotor position so that no 
cumulative errors are generated. 
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The Index pin of the HCTL-ll 00 
also has a 3-bit fIlter on its input. 
The Index pin is active low and 
level transition sensitive. It 
detects a valid high-to-Iow 
transition and qualifies the low 
input level through the 3-bit fIlter. 
At this point, the Index signal is 
internally detected by the 
commutator logic. This type of 
configuraiton allows an Index or 
Index signal to be used to gen­
erate the reference mark for 
commutator operation as long as 
the AC specifications for the 
Index signal are met. 

Motor Command Port (MCO­
MC7) 
The 8-bit Motor Command port 
consists of register R08H whose 
data goes directly to external pins 
MCO-MC7. MC7 is the most 
significant bit. R08H can be read 
and written to, however, it should 
be written to only during the 
Initialization/Idie mode. During 
any of the four Control modes, 
the controller writes the motor 
command into R08H. 

This topic is further discussed in 
the "Register Section" under 
"Motor Command Register 
R08H". 

Pulse Width Modulation 
(PWM) Output Port (Pulse, 
Sign) 
The PWM port consists of the 
Pulse and Sign pins. The PWM 
port outputs the motor command 
as a pulse width modulated signal 
with the correct polarity. This 
topic is further discussed in the 
"Register Section" under "PWM 
Motor Command Register R09H". 

Trapezoid Profile Pin (Prof) 
The Trapezoid ProfIle Pin is 
internally connected to software 
flag bit 4 in the Status Register. 
This flag is also represented by bit 
o in the Flag Register (ROOH). 
See the "Register Section" for 
more information. Both the Pin 
and the Flag indicate the status of 
a trapezoid profIle move. When 
the HCTL-1100 begins a 
trapezoid move, this flag is set by 
the controller (a high level 
appears on the pin), indicating 
the move is in progress. When the 
HCTL-I100 finishes the move, 
this flag is cleared by the 
controller. 

Note that the instant the flag is 
cleared may not be the same 
instant the motor stops. The flag 
indicates the completion of the 
command profIle, not the actual 
profIle. If the motor is stalle,d 
during the move, or cannot 
physically keep up with the move, 
the flag will be cleared before the 
move is finished. 

INIT/IDLE Pin (INIT) 
This pin indicates that the HCTL-
1100 is in the INIT/IDLE mode, 
waiting to begin control. This pin 
is internally connected to the 
software flag bit 5 in the Status 
Register R07H. This flag is also 
represented by bit 1 in the Flag 
Register (ROOH) (See the 
"Register Section" for more 
information). 

Commutator Pins (pHA-PHD) 
These pins are connected only 
when using the commutator of the 
HCTL-1100 to drive a brushless 
motor or step motor. The four 
pins can be programmed to 
energize each winding on a 
multiphase motor. 



Operation of the 
HCTL-llOO 

Registers 
The HCTL-llOO operation is 
controlled by a bank of 64 8-bit 
registers, 35 of which are user 
accessible. These registers 

POSITION PROFILE GENERATION 

INTEGRAL TRAPEZOIDAL 
VELOCITY PROFILE 

R27H AceEL MS8 R27H ACCEL Msa 
R2BH AceEL LIB R2BH AceEL LSI 

contain command and configura­
tion information necessary to 
properly run the controller chip. 
The 35 user-accessible registers 
are listed in Tables 1 and 2. The 
register number is also the 
address. A functional block 
diagram of the HCTL-llOO which 

R3CH COMMAND R28H MAXIMUM VELOCITY 
•••••• • • 

• 
• 
• 

VELOCITY R2BH FINAL POS MSI 
RZAH FINAL POS 
R28H FINAL POS LSB 

COMMAND VELOCITY 

R24HMSB 
RUH LSI 

COMMAND POSITION 

ROCHMSB 
RODH 
ROEH LSB 

,---­
CONFIGURATION J 

REGISTERS _ / 

ROOH FLAG REGISTER f... 
RCI5H PROGRAM COUNTER ..... 
R07H STATUS REGISTER 1 

I 
I 
I 

A I 

DIGITAL FILTER 

Old - KI'12~1 
4(. +8 2SS 

"20M A 
R21H a 
RUH K 

L----J 1"""""-- 0-----, 

A·. PROPORTIONAL VELOCITY 
CONTROL MODE 

a •• POSITION CONTROL MODE 

ACTUAL VELOCITY 

R3SHMSI 
RMH LSI 

• INTEGRAL VELOCITY CONTROL MODE 
• TRAPEZOIDAL PROFILE MODE 

Figure 3. Register Block Diagram. 

ACTUAL POSITION 

R12H MSI RllH 
R13H RllH 
Rl. H LSa R17H 

CHA CHI 

shows the role of the user­
accessible registers is also 
included in Figure 3. The other 29 
registers are used by the internal 
CPU as scratch registers and 
should not be accessed by the 
user. 

I-BIT PARALLEL 
. MOTOR COMMAND 

PORT 

COMMUTATOR PORT 

PULSE 
SIGN 

PHA·PHD 
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Table 1. Register Reference By Mode 

Register 
User 

Hex I Dec. Function Data Type(ll Access 

General Control 
ROOH ROOD Flag Register r/w 
R05H R05D Program Counter scalar r/w 
R07H R07D Status Register - r/w(21 
ROFH Rl5D Sample Timer scalar r/w 
Rl2H Rl8D Read Actual Position MSB 2's Complement r(41 

Rl3H Rl9D Read Actual Position 2's Complement r I41/w(51 
Rl4H R20D Read Actual Position LSB 2's Complement r l41 
Rl5H R2ID Preset Actual Position MSB 2's Complement wl81 
Rl6H R22D Preset Actual Position 2's Complement wl81 
Rl7H R23D Preset Actual Position LSB 2's Complement W(81 

Output Registers 
R07H R07D Sign Reversal Inhibit - rfwl21 
R08H R08D 8 bit Motor Command 2's Compiement+80H r/w 
R09H R09D PWM Motor Command 2's Complement r/w 

Filter Registers 
R20H R32D Filter Zero, A scalar r/w 
R21H R33D Filter Pole, B scalar r/w 
R22H R34D Gain,K scalar r/w 

Commutator Registers 
R07H R07D Status Register - r/w(21 
Rl8H R24D Commutator Ring scalarl6,71 r/w 
Rl9H R25D Velocity Timer scalar W 
RIAH R26D X scalarl6,71 r/w 
RIBH R27D Y Phase Overlap scalar(6,71 r/w 
RICH R28D Offset 2's Complement(7) r/w 
RIFH R3ID Max. Phase Advance scalar(6,71 r/w 

Position Control Mode 
ROOH ROOD Flag Register - r/w 
Rl2H Rl8D Read Actual Position MSB 2's Complement r(41 

Rl3H Rl9D Read Actual Position 2's Complement r(41/w(51 

Rl4H R20D Read Actual Position LSB 2's Complement r(41 

ROCH Rl2D Command Position MSB 2's Complement rfwl31 
RODH Rl3D Command Position 2's Complement rfwl31 
ROEH Rl4D Command Position LSB 2's Complement r/w(SI 
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Table 1. (continued). 

Register 
User 

Hex I Dec. Function Data Type Access 

Trapezoid Prof"lle Control Mode 
ROOH ROOD Flag Register - r/w 
R07H R07D Status Register - r/w121 
R12H R18D Read Actual Position MSB 2's Complement r(4) 
R13H R19D Read Actual Position 2's Complement rI4)/w15) 
R14H R20D Read Actual Position LSB 2's Complement r14) 
R29H R41D Final Position LSB 2's Complement r/w 
R2AH R42D Final Position 2's Complement r/w 
R2BH R43D Final Position MSB 2's Complement r/w 
R26H R38D Acceleration LSB scalar r/w 
R27H R39D Acceleration MSB scalarl6) r/w 
R28H R40D Maximum Velocity scalarl6) r/w 

Integral Velocity Mode 
ROOH ROOD Flag Register - r/w 
R12H R18D Read Actual Position MSB 2' s Complement r14) 
R13H R19D Read Actual Position 2's Complement r I4)/w15) 

R14H R20D Read Actual Position LSB 2's Complement r14) 
R26H R38D Acceleration LSB scalar r/w 
R27H R39D Acceleration MSB scalarl6) r/w 
R3CH R60D Command Velocity 2's Complement r/w 

Proportional Velocity Mode 
ROOH ROOD Flag Register - r/w 
R12H R18D Read Actual Position MSB 2's Complement r14) 
R13H R19D Read Actual Position 2's Complement r I4)/w15) 
R14H R20D Read Actual Position LSB 2's Complement r14) 
R23H R35D Command Velocity LSB 2's Complement r/w 
R24H R36D Command Velocity MSB 2's Complement r/w 
R34H R52D Actual Velocity LSB 2's Complement r 
R35H R53D Actual Velocity MSB 2's Complement r 

Notes: 
1. Consult appropriate section for data fonnat and use. 
2. Upper 4 bits are read only. 
3. Writing to ROEH (LSB) latches all 24 bits. 
4. Reading Rl4H (LSB) latches data in Rl2H and RI3H. 
5. Writing to Rl3H clears Actual Position Counter to zero. 
6. The scalar data is limited to positive numbers (OOH to 7FH). 
7. The conunutator registers (RI8H, RICH, RIFH) have further limits which are discussed in the Conunutator section of this data sheet. 
8. Writing to Rl7H (R23D) latches all 24 bits (only in INIT/IDLE mode). 
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Table 2. Register Reference Table by Register Number 

Register 
User 

Hex Dec. Function Mode Used Data Type Access 

ROOH ROOD Flag Register All - r/w . 
R05H R05D Program Counter All scalar w 
R07H R07D Status Register All - r/wl") 
R08H R08D 8 bit Motor Command Port All 2's complement 

+ 80H r/w 
R09H R09D PWM Motor Command Port All 2's complement r/w 
ROCH Rl2D Command Position (MSB) All except Proportional 2's complement .r/w13) 

Velocity 
RODH Rl3D Command Position All except Proportional 2's complement r/w13) 

Velocity 
ROEH Rl4D Command Position (LSB) All except Proportional 2's complement r/w13) 

Velocity 
ROFH Rl5D Sample Timer All scalar r/w 
Rl2H Rl8D Read Actual Position (MSB) All 2's complement r l41 
Rl3H Rl9D Read Actual Position All 2's complement r141Jwl5) 

Rl4H R20D Read Actual Position (LSB) All 2's complement [141 
RI5H R2ID Preset Actual Position (MSB) INIT/IDLE 2's complement WIB) 
Rl6H R22D Preset Actual Position INIT/IDLE 2's complement WIB) 
Rl7H R23D Preset Actual Position (LSB) INIT/IDLE 2's complement WIB) 
Rl8H R24D Commutator Ring All ScalarI6,7) r/w 
Rl9H R25D Commutator Velocity Timer All scalar w 
RIAH R26D X All scalarl61 r/w 
RlBH R27D Y Phase Overlap All scalarl•1 r/w 
RICH R28D Offset All 2's complementl7) r/w 
RIFH R3ID Maximum Phase Advance All scalarI6,7) r/w 
R20H R32D Filter Zero, A All except Proportional scalar r/w 

Velocity 
R21H R33D Filter Pole, B All except Proportional scalar r/w 

Velocity 
R22H R34D Gain,K All scalar r/w 
R23H R35D Command Velocity (LSB) Proportional Velocity 2's complement r/w 
R24H R36D Command Velocity (MSB) Proportional Velocity 2's complement r/w 
R26H R38D Acceleration (LSB) Integral Velocity and scalar r/w 

Trapezoidal Profile 
R27H R39D Acceleration (MSB) Integral Velocity and scalarl6) r/w 

Trapezoidal Profile 
R28H R40D Maximum Velocity Trapezoidal Profile scalarl6) r/w 
R29H R4ID Final Position (LSB) Trapezoidal Profile 2's complement r/w, 
R2AH R42D Final Position Trapezoidal Profile 2's complement r/w 
R2BH R43D Final Position (MSB) Trapezoidal Profile 2's complement r/w 
R34H R52D Actual Velocity (LSB) Proportional Velocity 2's complement r 
R35H R53D Actual Velocity (MSB) Proportional Velocity 2's complement r 
R3CH R60D Command Velocity Integral Velocity 2's complement r/w 

Notes: 
1. Consult appropriate section for data forma! and use. 
2. Upper 4 bits are read only. 
3. Writing to ROEH (LSB) latches all 24 bits. 
4. Reading Rl4H (LSB) latches data in Rl2H and RI3H. 
5. Writing to Rl3H clears Actual Position Counter to zero. 
6. The scalar data is limited to positive numbers (OOH to 7FH). 
7. The commutator registers (R18H, RI CH, RIFH) have further limits which are discussed in the Commutator section of this data sheet. 
8. Writing to R17H (R23D) latches all 24 bits (only in INIT/IDLE mode). 
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Register Descriptions -
General Control, Output, 
Filter, and Commutator 

Flag Register (ROOH) 
The Flag register contains flags 
FO through F5. This register is a 
read/write register. Each flag is 
set and cleared by writing an 8-bit 
data word to ROOH. When writing 
to ROOH, the upper four bits are 
ignored by the HCTL-llOO, bits 
0,1,2 specify the flag address, and 
bit 3 specifies whether to set 
(bit=l) or clear (bit=O) the 
addressed flag. 

Flag Descriptions 
FO-Trapezoidal Profile Flag - set 
by the user to execute Trape­
zoidal Profile Control. The flag is 
reset by the controller when the 
move is completed. The status of 
FO can be monitored at the Profile 
pin and in Status register R07H 
bit 4. 

FI-InitializationlIdle Flag - set/ 
cleared by the HCTL-ll 00 to 
indicate execution of the 
InitializationlIdle mode. The 
status of Fl can be monitored at 
the InitializationlIdle pin and in 
bit 5 of the Status register 
(R07H). The user should not 
attempt to set or clear Fl. 

F2-Unipolar Flag - set/cleared by 
the user to specify Bipolar (clear) 
or Unipolar (set) mode for the 
Motor Command port. 

F3-Proportional Velocity Control 
Flag - set by the user to specify 
Proportional Velocity control. 

F4-Hold Commutator flag - set/ 
cleared by the user or auto­
matically by the Align mode. 
When set, this flag inhibits the 
internal commutator counters to 
allow open loop stepping of a 

motor by using the commutator. 
(See "Offset register" description 
in the "Commutator section.") 

F5-Integral Velocity Control- set 
by the user to specify Integral 
Velocity Control. Also set and 
cleared by the HCTL-ll 00 during 
execution of the Trapezoidal 
Profile mode. This is transparent 
to the user except when the Limit 
flag is set (see "Emergency Flags" 
section). 

Writing to the Flag Register 
When writing to the flag register, 
only the lower four bits are used. 
Bit 3 indicates whether to set or 
clear a certain flag, and bits 
O,I,and 2 indicate the desired 
flag. The following table shows 
the bit map of the Flag register: 

Bit Number Function 
7-4 Don't Care 
3 1 = set 

0= clear 
2 AD2 
1 AD! 
0 ADO 

The following table outlines the 
possible writes to the Flag 
Register: 

Flag SET CLEAR 
FO 08H OOH 
Fl - -
F2 OAR 02H 
F3 OBH 03H 
F4 OCH 04H 
F5 ODH 05H 

Reading the Flag Register 
Reading register ROOH returns 
the status of the flags in bits 0 to 
5. For example, if bit 0 is set 
(logic 1), then flag FO is set. If bit 
4 is set, then flag F4 is set. If bits 
o and 5 are set, then both flags FO 
and F5 are set. 

The following table outlines the 
Flag Register Read: 

Flag 
Bit (1 = set) 

Number (0 = clear) 
8-6 Don't Care 
5 F5 
4 F4 
3 F3 
2 F2 
1 Fl 
0 FO 

Notes: 
1. A soft reset (writing OOH to R05H) will 

not reset the flags in the flag register. A 
hard reset (RESET pin low) is required 
to reset all the flags. The flags can also 
be reset by writing the proper word to 
the Flag register as explained above. 

2. While in Trapezoid Profile Mode, Flag 
FO will be set, and Flag F5 may be set. 
F5 is used for internal purposes. Both 
flags will be cleared at the end of the 
profile. 

Program Counter Register 
(R05H) 
The Program Counter, which is a 
write-only register, executes the 
preprogrammed functions of the 
controller. The program counter 
is used along with the control 
flags FO, F3, and F5 in the Flag 
register (ROOR) to change control 
modes. The user can write any of 
the following four commands to 
the Program Counter. 

Value 
written 
to R05H Action 
OOH Software Reset 
OIR Enter Init/ldle Mode 
02H Enter Align Mode 

(only from INIT/ 
IDLE Mode) 

03H Enter Control Mode 
(only from INIT/ 
IDLE Mode) 

These Commands are discussed in 
more detail in the "Operating 
Modes" section. 
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Status Register (R07H) 
The Status register indicates the 
status of the HCTL-llOO. Each bit 
decodes into one signal. All 8 bits 
are user readable and are decoded 
as shown below. Only the lower 4 
bits can be written to by the user 
to configure the HCTL-llOO. To 
set or clear any of the lower 4 
bits, the user writes an 8-bit word 
to R07H. The upper 4 bits are 
ignored. Each of the lower 4 bits 
directly sets/clears the corre­
sponding bit of the Status register 
as shown below. For example, 
writing XXXXOI0l to R07H sets 
the PWM Sign Reversal Inhibit, 
sets the Commutator Phase 
Configuration to "3 Phase," and 
sets the Commutator Count 
Configuration to "full." 

Table 3. Status Register 

Status Bit Function 

Motor Command Register 
(ROSH) 
The 8-bit Motor Command Port 
consists of register R08H. The 
register is connected to external 
pins MCO-MC7. MC7 is the most 
significant bit. R08H can be read 
and written to; however, it should 
be written to only in the 
Initialization/ldle mode. During 
any of the four control modes, the 
HCTL-llOO writes values to 
register R08H. 

The Motor Command Port 
operates in two modes, bipolar 
and unipolar, when under control 
of internal software. Bipolar mode 
allows the full range of values in 
R08H (-128D to + 127D). The 
data written to the Motor 
Command Port by the control 

0 PWM Sign Reversal Inhibit 
0= off 
1 = on 

1 Commutator Phase Configuration 
0= 3 phase 
1 = 4 phase 

2 Commutator Count Configuration 
o = quadrature 
1 = full 

3 Should always be set to 0 

4 Trapezoidal Profile Flag FO 
1 = in Profile Control 

5 Initialization/ldle Flag Fl 
1 = in lnitialization/ldle Mode 

6 Stop Flag 
o = set (Stop triggered) 
1 = cleared (no Stop) 

7 Limit Flag 
o = set (Limit triggered) 
1 = cleared (no Limit) 
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algorithms is the internally 
computed 2's-complement motor 
command with an 80H offset 
added. This allows direct interfac­
ing to a DAC. Connecting the 
Motor Command Port to a DAC, 
Bipolar mode allows the full 
voltagi:! swing (positive and 
negative). 

Unipolar mode functions such 
that. with the same DAC circuit, 
the motor command output is 
restricted to positive values 
(80H to FFH) when in a control 
mode. Unipolar mode is used with 
multi-phase motors when the 
commutator controls the direction 
of movement. (If needed, the Sign 
pin could be used to indicate 
direction). In Unipolar mode, the 
user can still write a negative 
value to R08H in INIT/IDLE 
mode. 

Unipolar mode or Bipolar mode is 
programmed by setting or 
clearing flag F2 in the Flag 
Register ROOH. 

Internally, the HCTL-llOO 
operates on data of 24, 16 and 8-
bit lengths to produce the 
8-bit motor command, available 
externally. Many times the 
computed motor command will be 
greater than 8 bits. At this point, 
the motor command is saturated 
by the controller. The saturated 
value output by the controller is 
not the full scale value OOH 
(OOD), or FFH (255D). The 
saturated value is adjusted to OFH 
(15D) (negative saturation) and 
FOH (240D) (positive ~turation). 
Saturation levels for the Motor 
Command port are in Figure 4. 



PWM Motor Command 
Register (R09H) 
The PWM port outputs the motor 
command as a pulse width 
modulated signal with the correct 
sign of polarity. The PWM port 
consists of the Pulse and Sign 
pins and R09H. 

The PWM signal at the Pulse pin 
has a frequency of External 
Clock/100 and the duty cycle is 

UNIPOLAR 
OPERATION 

DIGITAl FILTER OUTPUT 
12·, COMPLEMENT) 

H MOTOR COMMAND 
OUTFUT 
12·, COMPLEMENT +8OH) 

BIPOLAR 
OPERATION 

resolved into the 100 clocks. (For 
example, a 2 MHz clock gives a 
20 KHz PWM frequency.) 

The Sign pin gives the polarity of 
the command. Low output on Sign 
pin is positive polarity. 

The 2's-complement contents of 
R09H determine the duty cycle 
and polarity of the PWM 
command. For example, D8H 

+VOUT 
IVOLTSI 

5.0 V 

(-40D) gives a 40% duty cycle 
signal at the Pulse pin and forces 
the Sign pin high. Data outside 
the 64H (+ 100D) to 9CH (-
100D) linear range gives 100% 
duty cycle. R09H can be read and 
written to. However, the user 
should only write to R09H when 
the controller is in the Initiali­
zationlldle mode. 
Figure 5 shows the PWM output 
versus the internal motor 
command. 

-------- 80TH BIPOLAR 
+--- AND UNIPOLAR 

OPERATION 

-2.5 V 

-4.4 V 

-5.0 V 

-VOUT 
IVOLTS) 

64D 
I_I 

1920 
ICOH) 

Figure 4. Motor Command Port Output. 

1270 DIGITAL FILTER OUTPUT 
17FH) 12·, COMPLEMENT) 

25SD 1+) MOTOR COMMAND 
IFFHI OUTPUT 

12·, COMPLEMENT +SOH) 
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When any Control mode is being 
executed, the unadjusted internal 
2's-complement motoll command 
is written to R09H. Because of the 
hardware limit on the linear range 
(64H to 9CH, ± 100D), the PWM 
port saturates sooner than the 8-
bit Motor Command port (OOH to 
FFH, + 127D to -128D). When 
the internal motor command 
saturates above 8 bits, the PWM 
port is saturated to the full 

SIGN = HIGH 

± 100% duty cycle level. Figure 5 
shows the actual values inside the 
PWM port. Note that the Unipolar 
flag, F2, does not affect the PWM 
port. 

For commutation of brushless 
motors with the PWM port, only 
use the Pulse pin from the PWM 
port as the commutator already 
contains sign information. (See 
Figure 9.) 

PWM 
PULSE DUTY CYCLE "" 

100 

The PWM port has an option that 
can be used with H-bridge type 
amplifiers. The option is Sign 
Reversal Inhibit, which inhibits 
the Pulse output for one PWM 
period after a sign polarity 
reversal. This allows one pair of 
transistors to turn off before 
others are turned on and thereby 
avoids a short across the power 
supply. Bit 0 in the Status register 
(R07H) controls the Sign Reversal 

SIGN = LOW 

~~:ENTS -----:-:=---==---=--=------::'=--~~-~------::~-----=:':--~=---:::I27:':-D--- ~~~~I\ITS 
(7FHI 

Figure 5. PWM Port Output. 

v 

SIGN!-------------" 

TIME 

Figure 6. Sign Reversal hthlbit. 



Inhibit option. Figure 6 shows the 
output of the PWM port when Bit 
o is set. 

Actual Position Registers 
Read, Clear: R12H,R13H,R14H 
Preset: R15H,R16H,RI7H 

The Actual Position Register is 
accessed by two sets of registers 
in the HCTL-llOO. When reading 
the Actual Position from the 
HCTL-llOO, the host processor 
will read Registers RI2H(MSB), 
R13H, and RI4H(LSB). When 
presetting the Actual Position 
Register, the processor will write 
to Registers RI5H(MSB), RI6H, 
and RI 7H(LSB). 

When reading the Actual Position 
registers, the order should be 
R14H, RI3H, RI2H. These 
registers are latched, such that, 
when reading Register RI4H, all 
three bytes will be latched so that 
count data does not change while 
reading three separate bytes. 

When presetting the Actual 
Position Register, write to RI5H 
and RI6H first. When RI7H is 
written to, all three bytes are 
simultaneously loaded into the 
Actual Position Register. 

Note that presetting the Actual 
Position Registers is only allowed 
while the HCTL-llOO is in INIT/ 
IDLE mode. 

The Actual Position Registers can 
be simultaneously cleared at any 
time by writing any value to 

RI3H. 

Digital Filter Registers 
Zero (A) R20H 
Pole (B) R21H 
Gain (K) R22H 

All control modes use some part 
of the programmable digital filter 
D(z) to compensate for closed 
loop system stability. The com­
pensation D(z) has the form: 

256 
K (z_..!. J 

D(z) = ( B J 
4 z+-

256 

where: 

[1) 

z = the digital domain operator 
K = digital filter gain (R22H) 
A = digital filter zero (R20H) 
B = digital filter pole (R2IH) 

The compensation is a first-order 
lead filter which in combination 
with the Sample Timer T (ROFH) 
affects the dynamic step response 
and stability of the control 
system. The Sample Timer, T, 

- determines the rate at which the 
control algorithm gets executed. 
All parameters, A, B, K, and T, are 
8-bit scalars that can be changed 
by the user any time. 

As shown in equations [2) and 
[3), the digital filter uses 
previously-sampled data to 
calculate D(z). This old internally 
sampled data is cleared when the 
Initialization/ldie mode is 
executed. 

In Position Control, Integral 
Velocity Control, and Trapezoidal 
Profile Control the digital filter is 
implemented in the time domain 
as shown below: 

MCn = (Kl4)(Xn)­
[(N256)(Kl4)(Xn_1) + 
(B/256)(MCn)1 [2) 

where: 
n = current sample time 
n-I = previous sample time 
MCn = Motor Command Output 

atn 
MCn.! = Motor Command 

Output at n-I 
Xn = (Command Position -

Actual Position) at n 
Xn.! = (Command Position -

Actual Position) at n-I 

In Proportional Velocity control 
the digital compensation filter is 
implemented in the time domain 
as: 

MCn = (Kl4)(yJ [3) 

where: 

Yn = (Command Velocity­
Actual Velocity) at n 

For more information on system 
sampling times, bandwidth, and 
stability, please consult Hewlett­
Packard Application Note 1032, 
Design of the HCTL-1000's 
Digital FiUer Parameters by the 
Combinatian Method. 
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Sample Timer Register (ROFH) 
The contents of this register set 
the .sampling period of the HCTL-
1100. The sampling period is: 

t = 16(T+ 1 )(l/frequency of the 
external clock) [ 41 

where: 
T = contents of register ROFH 

The Sample Timer has a limit on 
the minimum allowable sample 
time depending on the control 
mode being executed. The limits 
are given in Table 4 below. 

The minimum value limits are to 
make sure the internal programs 
have enough time to complete 
proper execution. 

The maximum value ofT (ROFH) 
is FFH (255D). With a 2 MHz 
clock, the sample time can vary 
from 64 lJSec to 2048 j.Lsec. With 
a 1 MHz clock, the sample time 
can vary from 128 j.Lsec to 4096 
j.Lsec. 

Digital closed-loop systems with 
slow sampling times have lower 
stability and a lower bandwidth 
than similar systems with faster 
sampling times. To keep the 
system stability and bandwidth as 
high as possible the HCTL-1100 
should typically be programmed 
with the fastest sampling time 

Table 4. 

Control Mode 

Position Control 

Proportional Velocity Control 

Trapezoidal Profile Control 

Integral Velocity Control 

possible. This rule of thumb must 
be balanced by the needs of the 

. velocity range to be controlled. 
Velocities are specified to the 
HCTL-1100 in terms of 
quadrature encoder counts per 
sample time. The faster the 
sampling time, the higher the 
slowest possible speed. 

Hardware Description 
The Sample Timer consists of a 
buffer and a decrement counter. 
Each time the counter reaches 
OOH, the Sampler Timer Value T 
(value written to ROFH) is loaded 
from the buffer into the counter, 
which immediately begins to 
decrement from T. 

Writing to the Sample Timer 
Register 
Data written to ROFH will be 
latched into the internal buffer 
and used by the counter after it 
completes the present sample. 
time cycle by decrementing to 
OOH. The next sample time will 
use the newly written data. 

Reading the Sample Timer 
Register 
Reading ROFH gives the values 
directly from the decrementing 
counter. Therefore, the data read 
from ROFH will have a value 
anywhere between T and OOH, 
depending where in the sample 
time cycle the counter is. 

ROFH Contents 
Minimum Limit 

07H(07D) 

07H(07D) 

OFH(15D) 

OFH(15D) 

Example-
1. On reset, the value of the timer 

is pre-set to 40H. 
2. Reading ROFH shows 

3EH . . . 2BH. . . 08H . 
3CH ... 

Synchronizing Multiple Axes 
Synchronizing multiple axes with 
HCTL-1100s can be achieved by 
using the SYNC pin as explained 
in the Pin Discussion section. 
Some users may not only want to 
synchronize several HCTL-1100s 
but also follow custom profiles for 
each axis. To do this, the user 
may need to write a new 
command position or command 
velocity during each sample time 
for the duration of the profile. In 
this case, data written to the 
HCTL-1100 has to be coordinated 
with the Sample Timer. This is so 
that only one command position 
or velocity is received during any 
one sample period, and that it is 
written at the proper time within 
a sample period. 

At the beginning of each sample 
period, the HCTL-1100 is 
performing calculations and 
executions. New command 
positions and velocities should 
not be written to the HCTL-1100 
during this time. If they are, the 
calculations may be thrown off 
and cause unpredictable control. 

The. user can read the Sample 
Timer Register to avoid writing 
too early during a sample period. 
Since the Sample Timer Register 
continuously counts down from 
its programmed value, the user 
can check if enough time has 
passed in the sample period to 
insure the completion of the 
internal calculations. The length 
of time needed by the HCTL-1100 



to do its calculations is given by 
the Minimum Limits of ROFH 
(Sample Timer Register) as shown 
in Table 4. For Position Control 
Mode, the user should wait for the 
Sample Timer to count down 07H 
from its programmed value before 
writing the next command 
position or velocity. If the 
programmed sample timer value 
is 39H, wait until the Sample 
Timer Register reads 32H. 
Writing between 32H and OOH 
will make the command informa­
tion available for the next sample 
period. 

Commutator 
Status Register 
Commutator Ring 
X Register 
Y Phase Overlap 
Offset 
Max. Phase Advance 
Velocity Timer 

(R07H) 
(RI8H) 
(RIAH) 
(RlBH) 
(RICH) 
(RIFH) 
(RI9H) 

The commutator is a digital state 
machine that is configured by the 
user to properly select the phase 
sequence for electronic 
commutation of multiphase 
motors. The Commutator is 
designed to work with 2,3, and 4-

Phase advance allows the user to 
compensate for the frequency 
characteristics of the motor/ 
amplifier combination. By 
advancing the phase enable 
command (in position), the delay 
in reaction of the motor/amplifier 
combination can be offset and 
higher performance can be 
achieved. 

Phase offset is used to acljust the 
alignment of the commutator 
output with the motor torque 
curves. By correctly aligning the 
HCTL-llOO's commutator output 
with the motor's torque curves, 
maximum motor output torque 
can be achieved. 

The inputs to the Commutator are 
the three encoder signals, 
Channel A, Channel B, and Index, 
and the configuration data stored 
in registers. 

The Commutator uses both 
channels and the index pulse of 
an incremental encoder. The 
index pulse of the encoder must 
be physically aligned to a known 
torque curve location because it is 
used as the reference point of the 
rotor position with respect to the 
Commutator phase enables. 

. The index pulse should be 
permanently aligned during motor 
encoder assembly to the last 
motor phase. This is done by 
energizing the last phase of the 
motor during assembly and 
permanently attaching the 
encoder codewheel to the motor 
shaft such that the index pulse is 
active as shown in Figures 7 
and 8. Fine tuning of alignment 
for commutation purposes is done 
electronically by the Offset 
register (RICH) once the com­
plete control system is set up. 

--POSITIVE gIRECTION_ 

(+1 

phase motors of various winding 
configurations and with various i 
encoder counts. Along with ... 
providing the correct phase 
enable sequence, the Commutator 
provides programmable phase 
overlap, phase advance, and 
phase offset. 

Phase overlap is used for better 
torque ripple control. It can also 
be used to generate unique state 
sequences which can be further 
decoded externally to drive more 
complex amplifiers and motors. 

H 1-------1 MOTOR REVOLUTION --------i 

----PHA EXAMPLE: 4 PHASE. 2 POLE MOTOR 
-------'H8 
---PHC 
----PHD 

POSITION ENCODER INOEX PULSE AT POINTS CD OR ® 

Figure 7. Index Pulse Alignment to Motor Torque Curves. 
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Each time an index pulse occurs; 
the internal commutator ring 
counter is reset to O. The ring 
counter keeps track of the current 
position of the rotor based on the 
encoder feedback. When the ring 
counter is reset to 0, the 
Commutator is reset to its origin 
(last phase going low, Phase A 
going high) as shown in 
Figure 10. 

The output of the Commutator is 
available as PHA, PHB, PHC, and 
PHD. The HCTL-llOO's 
commutator acts as the electrical 
equivalent of the mechanical 
brushes in a motor. Therefore, the 
outputs of the commutator 
provide only proper phase 
sequencing for bidirectional 
operation. The magnitude 
information is provided to the 

3 PHASE 

motor via the Motor Command 
and PWM ports. The outputs of 
the commutator must be com­
bined with the. outputs of one of 
the motor ports to provide proper 
DC brushless and stepper motor 
control. Figure 9 shows an 
example of circuitry which uses 
the outputs of the commutator 
with the Pulse output of the PWM 
port to control a DC brushless or 

ENCOOF.R: 90 COUNTS/REVOLUTION 
FULL COUNTS 
RING- a 

CHANNEL A " B DETECTORS CASE 1 2 3 4 INOEXPULSE 
OCCURS AT 
THEOIUGIN 

Figure 8. Codewheel Index Pulse Alignment. 

A 

HCTL-1100 
a 

TTL OUTFUT 
~A TO POWER 

AWLIFIERI 

~a c 
COMMUTATOR 

PHC 

PHD D 

Figure 9. PWM Interface to Brushless DC Motors. 
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INOEX 
PULSE 
(INPUT) 

x 3 2 2 2 

V 0 1 1 1 

OFFSET 0 0 2 2 

ADVANCE 0 0 0 1 

OUTPUT VOLTAGE 
COUNTS 

B4 85 88187 88 8910 1 2! 3 4 I I_ 7 8! 8 10 11· 

~a--------------+---~--~-L------------__ 
~c--------4-~--+----------+~~~------.. 
PHAGD~~ ______ ~-+ __ ~L-____ ~~ __ ~~_ 

~a--------------+-~~--~-L------------.. 
PHC------~~--~+----;--~~--~~------.. 

PHA~~~·----~.~---+-L--------~~~~----__. 

P~--------------~~~~-----------------

PHC --.J.....J---ft:::::t:-;miGiiit==+;l'-----

~B--------~--~~~~----~-------------

PHC ____ ~~~ __ ~+-~~~~_L ____________ _ 

Figure 10. Commutator Configuration. 



stepper motor. A similar pro­
cedure could be used to combine 
the commutator outputs PHA­
PHD with a linear amplifier 
interface output (Figure 16) to 
create a linear amplifier system. 

. The Commutator is programmed 
by the data in the following 
registers. Figure 10 shows an 
example of the relationship 
between all the parameters. 

Status Register (R07H) 
Bit # 1- 0 = 3-phase configura­

tion, PHA, PHB, and 
PHC are active 
outputs. 

1 = 4-phase configura­
tion, PHA - PHD 
are active outputs. 

Bit #2- 0 = Rotor position 
measured in quad­
rature counts 
(4x decoding). 

1 = Rotor position 
measured in full 
counts (1 count = 1 
codewheel bar and 
space.) 

Bit #2 only affects the commuta­
tor's counting method. This 
includes the Ring register 
(RI8H), the X and Y registers 
(RIAH & RlBH), the Offset 
register (RICH), the Velocity 
Timer register (RI9H), and the 
Maximum Advance register 
(RIFH). 

Quadrature counts (4x decoding) 
are always used by the HCTL-
1100 as a basis for position, 
velocity, and acceleration control. 

Ring Register (R18H) 
The Ring register is defmed as 1 
electrical cycle of the commutator 
which corresponds to 1 torque 
cycle of the motor. The Ring 
register is scalar and determines 
the length of the commutation 

cycle measured in full or quadra­
ture counts as set by bit #2 in the 
Status register (R07H). The value 
of the ring must be limited to the 
range of 0 to 7FH. 

X Register (RIAH) 
This register contains scalar data 
which sets the interval during 
which only one phase is active. 

Y Register (RIBH) 
This register contains scalar data 
which set the interval during 
which two sequential phases are 
both active. Y is phase overlap. X 
and Y must be specified such that: 

X + Y = Ring/(# of phases) [5] 

These three parameters define the 
basic electrical commutation 
cycle. 

Offset Register (RICH) 
The Offset register contains 
two's-complement data which 
determines the relative start of 
the commutation cycle with 
respect to the index pulse. Since 
the index pulse must be physically 
referenced to the rotor, offset 
performs fine alignment between 
the electrical and mechanical 
torque cycles. 

The Hold Commutator flag (F4) 
in the Status register (R07H) is 
used to decouple the internal 
commutator counters from the 
encoder input. Flag (F4) can be 
used in coI\iunction with the 
Offset register to allow the user to 
advance the commutator phases 
open loop. This technique may be 
used to create a custom commuta­
tor alignment procedure. For 
example, in Figure 10, case 1, for 
a three-phase motor where the 
ring = 9, X = 3, and Y = 0, the 
phases can be made to advance 
open loop by setting the Hold 
Commutator flag (F4) in the Flag 
register (R07H). When the values 

0, 1, or 2 are written to the Offset 
register, phase A will be enabled. 
When the values 3, 4 or 5 are 
written to the Offset register, 
phase B will be enabled. And, 
when the values 6, 7, or 8 are 
written to the Offset register, 
phase C will be enabled. No 
values larger than the value 
programmed into the Ring 
register should be programmed 
into the Offset register. 

Phase Advance Registers 
(R19H, RIFH) 
The Velocity Timer register and 
Maximum Advance register 
linearly increment the phase 
advance according to the 
measured speed for rotation up to 
a set maximum. 

The Velocity Timer register 
(RI9H) contains scalar data 
which determines the amount of 
phase advance at a given ·velocity. 
The phase advance is interpreted 
in the units set for the Ring 
counter by bit #2 in R07H. The 
velocity is measured in revolu­
tions per second. 

[6] 

where: dt = 16 (RI9H + 1) [7] 
f external clk 

Nf = full encoder counts! 
revolution. 

v = velocity (revolutions! 
second) 

The Maximum Advance register 
(RIFH) contains scalar data 
which sets the upper limit for 
phase advance regardless of rotor 
speed. 

Figure 11 shows the relationship 
between the Phase Advance 
registers. Note: If the phase 
advance feature is not used, set 
both RI9H and RIFH to O. 
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Commutator Constraints 
and Use 
When choosing a three-channel 
encoder to use with a DC brush­
less or stepper motor, the user 
should keep in mind that the 
number of quadrature encoder 
counts (4x the number of slots in 
the encoder's codewheel) must be 
an integer multiple (lx, 2x, 3x, 
4x, 5x, etc.) of the number of 
pole pairs in the DC brushless 
motor or steps in a stepper 
motor. To take full advantage of 
the commutator's overlap feature, 
the number of quadrature counts 
should be at least 3 times the 
number of pole pairs in the DC 
brushless motor or steps in the 
stepper motor. For example, a 
1.8°, (200 step/revolution) 
stepper motor should employ at 
least a 150 slot codewheel = 600 

ADVANCE 
(COUNTS) 

MAX 
ADVANCE 

quadrature counts/revolution = 3 
x 200 steps/revolution). 

There are several numerical 
constraints the user should be 
aware of to use the Commutator. 

The parameters 'of Ring, X, Y, and 
Max Advance must be positive 
numbers (OOH to 7FH). 
Additionally, the following 
equation must be satisfied: 

(-128D) 80H ~ 3/2 Ring 
+ Offset ± Max Advance 
~ 7FH (127D) (8) 

In order to utilize the greatest 
flexibility of the Commutator, it 
must be realized that the 
Commutator works on a circular 
ring counter principle, whose 
range is defined by the Ring 
register (R18H). This means that 

IL._.....,.. _________ • r:t~~~IONSI 
SECOND) 

Figure 11. Phase Adv8Jlce vs. Motor Velocity. 
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for a ring of 96 counts and a 
needed offset of 10 counts, 
numerically the Offset register 
can be programmed as OAR 
(10D) or AAH (-86D), the latter 
satisfying Equation 8. 

If bit #2 in the Status register is 
set to allow the commutator to 
count in full counts, a higher 
resolution codewheel may be 
chosen for precise motor control 
without violating the commutator 
constraints equation (Equation 8). 

Example: Suppose you want to 
commutate a 3-phase 15 deg/step 
Variable Reluctance Motor 
attached to a 192 count encoder. 

1. Select 3-phase and quadrature 
mode for commutator by 
writing 0 to R07H. 

2. With a 3-phase 15 degree/step 
Variable Reluctance motor the 
torque cycle repeats every 45 
degrees or 8 times/revolution. 

3. Ring register 
= (4)(192) counts/revolution 

8/revolution 

= 96 quadrature counts 
= 1 commutation cycle 

4. By measuring the motor torque 
curve in both directions, it is 
determined that an offset of 3 
mechanical degrees, and a 
phase overlap of 2 mechanical 
degrees is needed. 

Offset = 30(4) (192) 
360° 

:: 6 quadrature counts 



To create the 3 mechanical 
degree offset, the Offset 
register (R1 CH) could be 
programmed with either A6H 
(-90D) or 06H (+06D). 
However, because 06H (+06D) 
would violate the commutator 
constraints Equation 8, A6H 
(-90D) is used. 

(2") (4) (192) 
Y = overlap = ;: 4 

3600 

X+Y=96/3 

Therefore, X = 28 
Y=4 

For the purposes of this example, 
the Velocity Timer and Maximum 
Advance are set to O. 

Operation Flowchart 
The HCTL-llOO executes anyone 
of three setup routines or four 
control modes selected by the 
user. The three setup routines 
include: 
- Reset 
- Initialization/Idie 
-Align. 

The four control modes available 
to the user include: 
- Position Control 
- Proportional Velocity Control 
- Trapezoidal Profile Control 
- Integral Velocity Control 

The HCTL-11 00 switches from 
one mode to another as a result of 
one of the following three 
mechanisms: 
1. The user writes to the Program 

Counter. 
2. The user sets/clears flags FO, 

F3, or F5 by writing to the Flag 
register (ROOH). 

3. The controller switches auto­
matically when certain initial 
conditions are provided by the 
user. 

RESET PIN WRITE OOH 
LOW TO ROSH 

WRITE01H 
TOR05H 

WRITE03H 
TOR05H 

POSITION 
CONTROL 

SETICLEAR FO. F3. OR FS' 

FO 

TRAPEZOIDAL 
PROFILE 

(CONTROL-LER CLEARS 
FOATTHE END 
OF THE MOVE.I 

F3 

PROPORTIONAL 
VELOCITY 
CONTROL 

F5 

INTEGRAL 
VELOCITY 
CONTROL 

"Only one l-sa Mould be set at a lime. 

Figure 12. Operation Flowchart. 

This section describes the func­
tion of each setup routine and 
control mode and the initial 
conditions which must be pro­
vided by the user to switch from 

one mode to another. Figure 12 
shows a flowchart of the setup 
routines and control modes, and 
shows the commands required to 
switch from one mode to another. 
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Setup Modes 

Hard Reset 
Executed by:====-­
-Pulling the RESET pin low 
(required at power up) 

When a hard reset is executed 
(RESET pin goes low), the 
following conditions occur: 
- All output signal pins are held 

low except Sign, Data bus, and 
Motor Command. 

- All flags (FO to F5) are cleared. 
- The Pulse pin of the PWM port 

is set low while the Reset pin is 
held low. After the Reset pin is 
released (goes high) the Pulse 
pin goes high for one cycle of 
the external clock·driving the 
HCTL-1100. The Pulse pin then 
returns to a low output. 

- The Motor Command port 
(R08H) is preset to 80H 
(128D). 

- The Commutator logic is 
cleared. 

- The I/O control logic is cleared. 
- A soft reset is automatically 

executed. 

Soft Reset 
Executed by: 
- Writing OOH to R05H, or 
- Automatically called after a 

hard reset 

When a soft reset is executed, the 
following conditions occur: 
- The digital filter parameters are 

preset to 
A (R20H) = E5H (229D) 
B (R2IH) = K (R22H) = 40H 
(64D) 

- The Sample Timer (ROFH) is 
preset to 40H (64D). 

- The Status register (R07H) is 
cleared. 

- The Actual Position Counters 
(R12H, R13H, R14H) are 
cleared to O. 
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From Reset mode, the HCTL-1100 
goes automatically to 
Initialization/Idle mode. 

InitializationlIdle 
Executed by: 
- Writing OlH to R05H, or 
- Automatically executed after a 
hard reset, soft reset, or 

- Limit pin goes low. 

The Initialization/Idle mode is 
entered either automatically from 
Reset, by writing OlH to the 
Program Counter (R05H) under 
any cOJ;lditions, or pulling the 
Limit pin low. 

In the Initialization/Idle mode, the 
following occur: 
- The Initialization/Idle flag (Fl) 

is set. 
- The PWM port R09H is set to 

OOH (zero command). 
- The Motor Command port 

(R08H) is set to 80H (128D) 
(zero command). 

- Previously sampled data stored 
in the digital fIlter is cleared. 

It is at this point that the user 
should pre-program all the 
necessary registers needed to 
execute the desired control mode. 
The HCTL-1100 stays in this 
mode (idling) until a new mode 
command is given. 

Align 
Executed by: 
-Writing 02H to R05H 

The Align mode is executed only 
when using the commutator 
feature of the HCTL-1100. This 
mode automatically aligns mul­
tiphase motors to the HCTL-
1100's internal Commutator. 

The Align mode can be entered 
only from the Initialization/Idle 
mode by writing 02H to the 
Program Counter register (R05H). 

Before attempting to enter the 
Align mode, the user should clear 
all control mode flags and set 
both the Command Position 
registers (ROCH, RODH, and 
ROEH) and the Actual Position 
registers (R12H, R13H, and 
R14H) to zero. After the Align 
mode has been executed, the 
HCTL-1100 will automatically 
enter the Position Control mode 
and go to position zero. By 
following this procedure, the 
largest movement in the Align 
mode will be one torque cycle of 
the motor. 

The Align mode assumes: the 
encoder index pulse has been 
physically aligned to the last 
motor phase during encoder/ 
motor assembly, the Commutator 
parameters have been correctly 
preprogrammed (see the section 
called Commutator for details), 
and a hard reset has been 
executed while the motor is 
stationary. 

The Align mode first disables the 
Commutator and with open loop 
control enables the first phase 
(PHA) and then the last phase 
(PHC or PHD) to orient the motor 
on the last phase torque detent. 
Each phase is energized for 2048 
system sampling periods (t)~ For 
proper operation, the motor must 
come to a complete stop during 
the last phase enable. At this 
point the Commutator is enabled 
and commutation is closed loop. 

The HCTL-1100 then automati­
cally switches from the Align 
mode to Position Controfmode. 

Control Modes 
Control flags FO, F3, and F5 in 
the Flag register (ROOH) deter­
mine which control mode is 
executed. Only one control flag 
can be set at a time. After one of 



these control flags is set, the 
control modes are entered either 
automatically from Align or from 
the InitializationJIdle mode by 
writing 03H to the Program 
Counter (R05H). 

Position Control Mode 
Flags: FO Cleared 

F3 Cleared 
F5 Cleared 

Registers Used: 
Register 

ROOH ROOD 
R12H R18D 

R13H R19D 

R14H R20D 

ROCH R12D 

RODH R13D 

ROEH R14D 

Function 
Flag Register 
Read Actual 
Position MSB 
Read Actual 
Position 
Read Actual 
Position LSB 
Command 
Position MSB 
Command 
Position 
Command 
Position LSB 

Position Control performs point­
to-point position moves with no 
velocity profiling. The user 
specifies a 24-bit position 

command, which the controller 
compares to the 24-bit actual 
position. The position error is 
calculated, the full digital lead 
compensation is applied and the 
motor command is output. 

The controller will remain 
position-locked at a destination 
until a new position command is 
given. 

The actual and command position 
data is 24-bit two's-complement 
data stored in six 8-bit registers. 
Position is measured in encoder 
quadrature counts. 

The command position resides in 
ROCH (MSB), RODH, ROEH 
(LSB). Writing to ROEH latches 
all 24 bits at once for the control 
algorithm. Therefore, the com­
mand position is written in the 
sequence ROCH, RODH and 
ROEH. The command registers 
can be read in any desired order. 

The actual position resides in 
R12H (MSB), R13H, and R14H 
(LSB). Reading R14H latches the 
upper two bytes into an internal 
buffer. Therefore, Actual Position 

Example Code to Program Position Moves 

Begin } 

registers are read in the order of 
R14H, R13H, and R12H for cor­
rect instantaneous position data. 

The largest position move possi­
ble in Position Control mode is 
7FFFFFH (8,388,607D) quadra­
ture encoder counts. 

Proportional Velocity Mode 
Flags: FO Cleared 

F3 Set 
F5 Cleared 

Registers Used: 
Register 

ROOH ROOD 
R23H R35D 

R24H R36D 

R34H R52D 

Function 
Flag Register 
Command 
Velocity LSB 
Command 
Velocity MSB 
Actual Velocity 
LSB 

R35H R53D Actual Velocity 
MSB 

Proportional Velocity Control 
performs control of motor speed 
using only the gain factor, K, for 
compensation. The dynamic pole 
and zero lead compensation are 
not used. (See the "Digital Filter" 
section of this data sheet.) 

Hard Reset { HCTL-II00 goes into INIT/IDLE Mode } 

Initialize Filter, Timer, Command position Registers 

Write 03H to Register R05H 
{ HCTL-II00 is now in position Mode } 

Write Desired Command position to Command position Registers 
{ Controller Moves to new position } 

Continue writing in new Command positions 
end } 
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The command and actual velocity 
are 16-bit two's-complement 
words. 

The command velocity resides in 
registers R24H (MSB) and R23H 
(LSB). These registers are 
unlatched which means that the 
command velocity will change to 
a new velocity as soon as the 
value in either R23H or R24H is 
changed. The registers can be 
read or written to in any order. 

R24H R23H 
III I IIII IIII FFFF 

COMMAND VELOCITY FORMAT 

The units of velocity are quadra­
ture counts/sample time. To 
convert from rpm to quadrature 
counts/sample time, use the 
formula shown below: 

Vq = (Vr)(N)(t)(O.01667/rpm-sec) [9] 

Where: 
Vq = velocity in quadrature 

counts/sample time 
Vr = velocity in rpm 
N = 4 times the number of slots 

in the codewheel (Le., 
quadrature counts). 

t = The HCTL-llOO sample time 
in seconds. (See the section on 
the HCTL-llOO's Sample Timer 
register). 

Because the Command Velocity 
registers (R24H and R23H) are 
internally interpreted by the 
HCTL-llOO as 12 bits of integer 
and 4 bits of fraction, the host 
processor must multiply the 
desired command velocity (in 
quadrature counts/sample time) 
by 16 before programming it into 
the HCTL-llOO's Command 
Velocity registers. 

The actual velocity is computed 
only in this algorithm and stored 
in scratch registers R35H (MSB) 
and R34H (LSB). There is no 
fractional component in the actual 
velocity registers and they can be 
read in any order. 

The controller tracks the com­
mand velocity continuously until 
new mode command is given. The 
system behavior after a new 
velocity command is governed 
only by the system dynamics until 
a steady state velocity is reached. 

Integral Velocity Mode 
Flags: FO Cleared 

F3 Cleared 
F5 Set to begin move 

Registers Used: 
Register 

ROOH ROOD 
R26H R38D 

Function 
Flag Register 
Acceleration 18B 

R27H R39D Acceleration MSB 
R3CH R60D Command 

Velocity 

Integral Velocity Control performs 
continuous velocity profiling 
which is specified by a command 
velocity and command accelera­
tion. Figure 13 shows the capabil­
ity of this control algorithm. 

The user can change velocity and 
acceleration any time to con­
tinuously profile velocity in time. 
Once the specified velocity is 
reached, the HCTL-ll 00 will 
maintain that velocity until a new 
command is specified. Changes 
between actual velocities occur at 
the presently specified linear 
acceleration. 

The command velocity is an 8-bit 
two's-complement word stored in 
R3CH. The units of velocity are 

Example Code for Programming Proportional Velocity Mode 
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Begin 
Hard Reset { HCTL-llOO goes into INIT/IDLE Mode } 

Initialize Filter, Timer, Command position Registers 

Write 03H to Register ROSH 
{ HCTL-llOO is now in position Mode } 

Write Desired Command Velocity (if needed) 

Set Flag F3 {Proportional Velocity Move Begins} 

{ System ramps to Command Velocity 

Continue writing new Command Velocities 
{end} 



quadrature counts/sample time. 

The conversion from rpm to 
quadrature counts/sample time is 
shown in equation 9. The 
Command Velocity register 
(R3CH) contains only integer data 
and has no fractional component. 

While the overall range of the 
velocity command is 8 bits, two's­
complement, the difference 
between any two sequential 
commands cannot be greater than 
7 bits in magnitude (Le., 127 
decimal). For example, when the 
HCTL-llOO is executing a 
command velocity of 40H 
(+64D), the next velocity com­
mand must fall in the range of 
7FH (+ 127D), the maximum 
command range, C1H (-63D), the 
largest allowed difference. 

The command acceleration is a 
16-bit scalar word stored in R27H 
and R26H. The upper byte 
(R27H) is the integer part and the 
lower byte (R26H) is the 
fractional part provided for 
resolution. The integer part has a 
range of OOH to 7FH. The 
contents of R26H are internally 
divided by 256 to produce the 

R27H R26H 
01111111 FFFFFFFF/256 

Command Acceleration Format 

fractional resolution. 

The units of acceleration are 
quadrature counts/sample time 
squared. 

To convert from rpm/sec to 
quadrature counts/[sample time)2, 
use the formula shown below: 

Where: 
Aq = Acceleration in quadrature 

counts/[sample time)2 
Ar = Acceleration in rpm/sec 
N = 4 times the number of slots 

in the codewheel (Le., 
quadrature counts) 

t = The HCTL-1100 sample time 
in seconds. (See the section on 
the HCTL-llOO's Sample Timer 
register). 

Because the Command Accelera­
tion registers (R27H and R26H) 
are internally interpreted by the 
HCTL-llOO as 8 bits of integer 
and 8 bits of fraction, the host 
processor must multiply the 
desired command acceleration (in 
quadrature counts/[sample time)2) 
by 256 before programming it 
into the HCTL-llOO's Command 
Acceleration registers. 

Internally, the controller performs 
velocity profIling through position 
control. 

Each sample time, the internal 
profile generator uses the 
information which the user has 
programmed into the Command 

Velocity register (R3CH) and the 
Command Acceleration registers 
(R27H and R26H) to determine 
the value which will be automat­
ically loaded into the Command 
Position registers (ROCH, RODH, 
and ROEH). Mer the new 
command position has been 
generated, the difference between 
the value in the Actual Position 
registers (R12-R13H, and R14H) 
and the new value in the 
Command Position registers is 
calculated as the new position 
error. This new position error is 
used by the full digital compensa­
tion filter to compute a new motor 
command output by this sample 
time. The register block in Figure 
3 further shows how the internal 
profIle generator works in 
Integral Velocity mode. In control 
theory terms, integral compensa­
tion has been added and there­
fore, this system has zero steady­
state error. 

Although Integral Velocity Control 
mode has the advantage over 
Proportional Velocity mode of 
zero steady state velocity error, 
its disadvantage is that the closed 

G) USER CHANGES ACCELERATION COMMAND o USER CHANGES VELOCITY COMMAND 

Aq = (Ar)(N)(t2)(O.01667/rpm-
sec) [10) Figure 13. Integral Velocity Modes. 
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loop stability is more difficult to 
achieve. In Integral Velocity 
Control mode the system is 
actually a position control system 
and therefore the complete 
dynamic compensation D(z) is 
used. 

If the external Stop flag F6 is set 
during this mode signalling an 
emergencY situation, the 
controller automatically 
decelerates to zero velocity at the 
presently specified acceleration 
factor and stays in this condition 
until the flag is cleared. The user 
then can specify new velocity 
profiling data. 

Trapezoid Profile Mode 
Flags: FO Set to begin move 

F3 Cleared 
F5 Cleared 

Registers Used: 
Register 

ROOH ROOD 
R07H R07D 
R12H R18D 

R13H R19D 

R14H R20D 

R29H R41D 

R2AH R42D 
R2BH R43D 

R26H R38D 
R27H R39D 
R28H R40D 

Function 
Flag Register 
Status Register 
Read Actual 
Position MSB 
Read Actual 
Position 
Read Actual 
Position LSB 
Final Position 
LSB 
Final Position 
Final Position 
MSB 
Acceleration LSB 
Acceleration MSB 
Maximum 
Velocity 

Trapezoid Profile Control 
performs point-to-point position 
moves and profIles the velocity 
trajectory to a trapezoid or 
triangle. The user specifies only 
the desired final position, 
acceleration and maximum 
velocity. The controller computes 
the necessary profile to conform 
to the command data. If 
maximum velocity is reached 
before the distance halfway point, 
the profIle will be trapezoidal, 
otherwise the profile will be 
triangular. Figure 14 shows the 
possible trajectories with 
Trapezoidal ProfIle Control. 

The command data for 
Trapezoidal ProfIle Control mode 
consists of a final position, a 
command acceleration, and a 
maximum velocity. The 24-bit, 

Example Code for Progranuning Integral Velocity Mode 
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(Begin) 
Hard Reset {HCTL-ll00 goes into INIT/IDLE Mode} 

Initialize Filter, Timer, Command position Registers 

Write 03H to Register R05H 
{HCTL-ll00 is now in Position Mode} 

Write Desired Acceleration (if needed) 

Write Desired Maximum Velocity (if needed) 

Set Flag F5 {Integral Velocity Move Begins} 

{System ramps to Maximum Velocity} 

Continue writing new Accelerations and Velocit.ies 
end } 



,_----,--MAXIMUM VELOCITY 

VELOCITY 

TRAPEZOIDAL 

-t---- MAXIMUM VELOCITY 

VELOCITY 

Figure 14. Trapezoidal Prome Mode. 

two's-complement final position is 
written to registers R2BH, (MSB), 
R2AH, and R29H (LSB). The 16-
bit command acceleration resides 
in registers R27H (MSB) and 
R26H (LSB). The command 
acceleration has the same integer 
and fraction format as discussed 
in the Integral Velocity Control 
mode section. The 7 -bit maximum 
velocity is a scalar value with the 
range of OOH to 7FH (OD to 
127D). The maximum velocity 
has the units of quadrature counts 
per sample time, and resides in 
register R28H. The command 
data registers may be read or 
written to in any order. 

The internal profile generator 
produces a position profile using 
the present Command Position 
(ROCH-ROEH) as the starting 
point and the Final Position 
(R2BH-R29H) as the end point. 

Once the desired data is entered, 
the user sets flag FO in the Flag 
register (ROOH) to commence 
motion (if the HCTL-llOO is 
already in Position Control 
mode). 

When the profile generator sends 
the last position command to the 
Command Position registers to 
complete the trapezoidal move, 
the controller clears flag FO. The 
HCTL-llOO then automatically 
goes to Position Control mode 
with the final position of the 
trapezoidal move as the command 
position. 

When the HCTL-11 00 clears flag 
FO it does NOT indicate that the 
motor and encoder are at the final 
position NOR that the motor and 
encoder have stopped. The flag 
indicates that the command 
profile has finished. The motor 
and encoder's true position can 
only be determined by reading the 
Actual Position registers. The only 
way to determine if the motor and 
encoder have stopped is to read 
the Actual Position registers at 
successive intervals. 

The status of the Profile flag can 
be monitored both in the Status 
register (R07) and at the external 
Profile pin at any time. While the 
Profile flag is high NO new 

command data should be sent to 
the controller. 

Each sample time, the internal 
profile generator uses the 
information which the user has 
programmed into the Maximum 
Velocity register (R28H), the 
Command Acceleration registers 
(R27H and R26H), and the Final 
Position registers (R2BH, R2AH, 
and R29H) to determine the value 
which will be automatically loaded 
into the Command Position 
registers (ROEH, RODH, and 
ROCH). After the new command 
position has been generated, the 
difference between the value in 
the Actual Position registers 
(R12H, R13H, and R14H) and the 
new value in the Command 
Position registers is calculated as 
the new position error. This new 
position error is used by the full 
digital compensation filter to 
compute a new motor command 
output for the sample time. (The 
register block diagram in Figure 3 
further shows how the internal 
profile generator works in 
Trapezoidal Profile mode.) 
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Example Code for Programming Trapezoid Moves 

Begin 
Hard Reset { HCTL-IIOO goes into INIT/IDLE Mode } 

Inititalize Filter, Timer, Command Position Registers 

Write 03H to Register ROSH 
{ HCTL-IIOO is now in position Mode 

Profile #l} 

Write Desired Acceleration 

Write Desired Maximum Velocity 

Write Final position 

Set Flag FO {Trapezoid Move Begins, PROF pin goes high} 

Poll PROF pin until it goes low (Move is complete) 

{ Profile #2} 

Write Desired Acceleration 

Write Desired Maximum Velocity 

Write Final Position 

Set Flag FO {Trapezoid Move Begins, PROF pin goes high} 

Poll PROF pin until it goes low (Move is complete) 

Repeat } 

end } 

Applications of the 
HCTL-UOO 
Interfacing the HCTL-UOO to 
Host Processors 
The HCTL-11 00 looks to the host 
microprocessor like a bank of 8-
bit registers to which the host 

2·174 

processor can read and write (i.e., 
the host processor treats the 
HCTL-llOO like RAM). The data 
in these registers controls the 
operation of the HCTL·llOO. The 
host processor communicates to 

the HCTL·llOO over a 
bidirectional multiplexed 8·bit 
data bus. The four I/O control 
lines. ALE, CS, OE, and RJW 
execute the data transfers (see 
Figure 15). 



There are three different timing 
configurations which can be used 
to give the user greater flexibility 
to interface the HCTL-llOO to 
most microprocessors (see 
Timing diagrams). They are 
differentiated from one another 
by the arrangement of the ALE 
signal with respect to the CS 
signal. The three timing 
configurations are listed below. 

1. ALE, CS non-overlapped 
2. ALE, CS overlapped 
3; ALE within CS 

Any I/O operation starts by 
asserting the ALE signal which 
starts sampling the external bus 
into an internal address latch. 
Rising ALE or falling CS during 
ALE stops the sampling into the 
address latch. 

CS low after rising ALE samples 
the external bus into the data 
latch. Rising CS stops the 
sampling into the data latch, and 
starts the internal synchronous 
process. 

In the case of a write, the data in 
the data latch is written into the 
addressed location. In the case of 
a read, the addressed location is 

Although extra clock cycles have 
been allotted in each sample time 
for I/O operations, the number of 
extra cycles is reduced as the 
value programmed into the 
Sample Timer register (ROFH) is 
reduced. 

Table 5 shows the maximum 
number of I/O operations allowed 
under the given conditions. 

The number of external clock 
cycles available for I/O operations 
in any of the four control modes 
can be increased by increasing 
the value in the Sample Timer 
register (ROFH). 

For every unit increase in the 
Sample Timer register (ROFH) 
above the minimums shown in 
Table 5 the user may perform 16 
additional I/O operations per 
sample time. 

Interfacing the HCTL-llOO to 
Amplifiers and Motors 

The Motor Command port is the 
ideal interface to an 8-bit DAC, 
configured for bipolar output. The 

data written to the 8-bit Motor 
Command port by the control 
algorithms is the internally 
computed 2's-complement motor 
command with an 80H offset 
added. This allows direct 
interfacing to a DAC. Figure 16 
shows a typical DAC interface to 
the HCTL-llOO. An inexpensive 
DAC, such as MC1408 or 
equivalent, has its digital inputs 
directly connected to the Motor 
Command port. The DAC pro­
duces an output current which is 
converted to a voltage by an 
operational amplifier. Ro and Ra 
control the analog offset and gain. 
The circuit is easily adjusted for 
+5 V to -5 V operation by first 
writing 80H to R08H and 
adjusting Ro for 0 V output. Then 
FFH is written to R08H and Ra is 
adjusted until the output is 5 V. 
Note that OOH in R08H 
corresponds to -5 V out. 

Figure 17 shows an example of 
how to interface the HCTL-llOO 
to an H"bridge amplifier. An H­
bridge amplifier allows bipolar 
motor operation with a unipolar 
power supply. 

written into an internal output 
latch. OE low enables the internal Table 5. Maximum Number of I/O Allowed 
output latch onto the external 
bus. The OE signal and the 
internal output latch allow the I/O 
port to be flexible and avoid bus 
conflicts during read operations. 

It is important that the host 
microprocessor does not attempt 
to perform too many I/O 
operations in a single sample time 
of the HCTL-llOO. Each 
I/O operation interrupts the 
execution of the HCTL-llOO's 
internal code for 1 clock cycle. 

Sample Timer 
Register Value 

07H (07D) 

OFH (15D) 

Operating Mode 

Position Control or 
Prop. Vel. Control 

Position Control or 
Prop. Vel. Control 

Trapezoidal Prof. 
or Integral 

Vel. Control 

Maximum Number 
of 1/0 Operations 

Allowed per Sample 

5 

133 

6 
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Figure 15. I/O Port Block Diagram. 
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Figure 16. Linear Amplifier Interface. 

o UDN2854W o 

SIGN o-7""--1'---------=c.:....--...l 
PULSE 

DC MOTOR 
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Additional Information 
From Hewlett-Packard 
Application notes and Application 
briefs regarding the HCTL-ll 00 
is are from the Hewlett-Packard 
Motion Control Factory. Please 
contact your local HP sales 
representative for more 
information. 

- M003 - Z80 Interface to the 
HCTL-ll00 

- M005 - Sample Timer and 
Digital Filter 

- MOOg - List of Board Level 
Vendors Using HCTL-llOO 

- MOIO - HCTL-ll00 Trouble 
Shooting Guide 

- M012 - Commutator Portinthe 
HCTL-llOO 

- M015 -Interfacing the HCTL-
11 00 to the 8051 

- M016 - 8051/HCTL-llOO Stand 
Alone Controller with RS232 
Port 

- M018 - The Effects of High­
Frequency Noise on the HCTL-
1100 

- M021 - Interfacing the HCTL-
1100 to 68HCll. 

- M024 - Using the HCTL-ll00 
with DC Brush Motors. 

- M025 - Using the HCTL-ll00 
with DC Brushless Motors. 

- M026 - Using the HCTL-ll00 
with Stepper Motors. 

Ordering Information 

HCTL-ll00: 40 Pin DIP 
Package 

HCTL-ll00#PLC: 44 Pin PLCC 
Package 
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Quadrature Decoder/Counter 
Interface ICs 

Technical Data 

Features 
• Interfaces Encoder to 

FliP'l HEWLETT~ 
~~PACKARD 

HCTL-2000 
HCTL-2016 
HCTL-2020 

Microprocessor HCTl-:-20XX 
8 MICROPROCESSOR/ 

HOST SYSTEM BUS 

• 14 MHz Clock Operation 
• Full 4X Decode 
• High Noise Immunity: DIGITAL MOTION ENCODING 

Schmitt Trigger Inputs Digital 
Noise Filter 

• 12 or 16-Bit Binary Up/ 
Down Counter 

• Latched Outputs 
• 8-Bit Tristate Interface 
• 8, 12, or 16-Bit Operating 

Modes 
• Quadrature Decoder Output 

Signals, Up/Down and Count 
• Cascade Output Signals, Up/ 

Down and Count 
• Substantially Reduced 

System Software 

Devices 

Part Number 

PINOUT A 

Applications 
• Interface Quadrature 

Incremental Encoders to 
Microprocessors 

• Interface Digital Potentiom­
eters to Digital Data Input 
Buses 

Description 
HCTL-2000 12-bit counter. 14 MHz clock operation. 
HCTL-2016 All features of the HCTL-2000. 16-bit counter. 

00 

ClK 

SEl 

Oil 

UID 
NC 

. iiSi' 

CHB 

CHA 

PINOUTS 

Description 

VOD 

D, 

02 

CNTocDR 

CNTcAS 

D. 

O. 

O. 

The HCTL-2000, 2016, 2020 are 
CMOS ICs that perform the . 
quadrature decoder, counter, and 
bus interfaCe function. The 
HCTL-20XX family is designed to 
improve system performance 

Package Drawing 
A 
A 

HCTL-2020 All features of the HCTL-20 16. Quadrature decoder output B 
signals. Cascade output signals. 

ESD WARNING: Standard CMOS handling precautions should be observed with the HCTL-20XX family 
ICs. 
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in digital closed loop motion 
control systems and digital data 
input systems. It does this by 
shifting time intensive quadrature 
decoder functions to a cost 
effective hardware solution. The 
entire HCTL-20XX family con­
sists of a 4x quadrature decoder, 
a binary up/down state counter, 

Package Dimensions 

and an 8-bit bus interface. The 
use of Schmitt-triggered CMOS 
inputs and input noise filters 
allows reliable operation in noisy 
environments. The HCTL-2000 
contains a 12-bit counter. The 
HCTL-2016 and 2020 contain a 
16-bit counter. The HCTL-2020 
also contains quadrature decoder 

output signals and cascade 
signals for use with many 
standard counter ICs. The HCTL-
20XX family provides LSTTL 
compatible tri-state output 
buffers. Operation is specified for 
a temperature range from -40 to 
+85"C at clock frequencies up to 
14 MHz. 

(O~~gC;:::::::] 
~ (~~O~~~~~g) ~(:~:~~TII 

(0.750 ± 0.01 0) ---l 
3.30' G.25 3.30 ± 0.25 

10.130 ± 0.010. 

~l;~""'~-----L-~-·-t!-(O-~"'~' ~~~i 
0.46. 0.00 

(0.018 • 0.0021 9.40 (0.370 

0.25 ± 0.00 

PIN' 19.05±0.25 ~-I (o~~!: .. ~0tJ 

+=M~30to.Ol~OI 3.30.0.25~ ~ 
:::: :.::'01 1--' JL. ! 0.51' 0.13 '-..f ~~ 

(0.030 • 0.0Il61 ~ [0.020 • 0.0Il61 
0.46 ± 0.06 9.14 (0.360) 

(0.018' 0.0021 MAX 
0.25 • 0.00 

2.54 (0.1001 TVP (0.010 • 0.1102) 

Dimensions are in millimeters (indJ8lJ 

PACKAGE A LEAD FINISH, SOLDER DIPPED 

PACKAGE A 

Operating Characteristics 
Table 1. Absolute Maximum Ratings 
(All voltages below are referenced to Vss) 

Parameter Symbol 

DC Supply Voltage VDD 

Input Voltage VIN 

Storage Temperature Ts 

Operating Temperature TA[l] 

Limits 

-0.3 to +5.5 

-0.3 to VDD +0.3 

-40 to +125 

-40 to +85 

Table 2. Recommended Operating Conditions 

Parameter Symbol Limits 

DC Supply Voltage VDD +4.5 to +5.5 

Ambient Temperature TA[l] -40 to +85 

2.51 (0.1001 TVP (0.010' 0.0021 

Dimensions are in miN_mrs (inches) 

PACKAGE B LEAD FINISH, SOLDER DIPPED 

PACKAGEB 

Units 

V 

V 

°C 

°C 

Units 

V 

°C 
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Table 3. DC Characteristics VDD = 5 V ± 5%; TA == -40 to 85°C 

Symbol Parameter Condition Min. Typ. Max. Unit 

VIL[21 Low-Level Input Voltage 1.5 V 
VIH[21 High-Level Input Voltage 3.5 V 

VT+ Schmitt-Trigger Positive- 3.5 4.0 V 
Going Threshold 

VT. Schmitt-Trigger Negative- 1.0 1.5 V 
Going Threshold 

VH Schmitt-Trigger Hysteresis 1.0 2.0 V 

lIN Input Current VIN = Vss or VDD -10 1 +10 IJA 
VOH[21 High-Level Output 10H -1.6 rnA 2.4 4.5 V 

Voltage 
VOL[21 Low-Level Output 10L = +4.8 rnA 0.2 0.4 V 

Voltage 

loz High-Z Output Leakage Vo = Vss or VDD -10 1 +10 IJA 
Current 

IDD Quiescent Supply Current VIN = Vss or VDD, Vo = HiZ 1 5 IJA 
CIN Input Capacitance Any Input[31 5 pF 

COUT Output Capacitance Any Output[31 6 pF 

Notes: 
1. Free air. 
2. In general, for any Voo between the allowable limits (+4.5 V to +5.5 V), VIL = .0.3 VOD and VIH = .0.7 Voo; typical values are 

VOH = Voo . .0.5 V@ IOH = -4.0 iJ.A and VOL = Vss + .0.2 V@IOL = 1.6 mAo 
3. Including package capacitance. 

Figure 1. Reset Waveform. 

eLK 

D ... , DATA NOT STABLE 

Figure 2. Waveform for Positive Clock Related Delays. 
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Functional Pin Description 
Table 4. Functional Pin Descriptions 

Pin Pin 
Symbol 2000/2016 2020 Description 

VDD 16 20 Power Supply 

Vss 8 10 Ground 

CLK 2 2 CLK is a Schmitt-trigger input for the external clock signal. 

CllA 7 9 CllA and CHB are Schmitt-trigger inputs which accept the outputs 
CHB 6 8 from a quadrature encoded source, such as incremental optical shaft 

encoder. Two channels, A and B, nominally 90 degrees out of phase, 
are required. 

RST 5 7 This active low Schmitt-trigger input clears the internal position 
counter and the position latch. It also resets the inhibit logic. RST is 
asynchronous with respect to any other input signals. 

OE 4 4 This CMOS active low input enables the tri-state output buffers. The 
OE and SEL inputs are sampled by the internal inhibit logic on the 
falling edge of the clock to control the loading of the internal position 
data latch. 

SEL 3 3 This CMOS input directly controls which data byte from the position 
latch is enabled into the 8-bit tri-state output buffer. As in OE above, 
SEL also controls the internal inhibit logic. 

SEL BYTE SELECTED 

0 High 

1 Low 

CNTDCDR 16 A pulse is presented on this LSTTL-compatible output when the 
quadrature decoder has detected a state transition. 

UID 5 This LSTTL-compatible output allows the user to determine whether 
the IC is counting up or down and is intended to be used with the. _ 
CNTDCDR and CNTcAS outputs. The proper signal U (high level) or D 
(low level) will be present before the rising edge ofthe CNTDCDR and 
CNT CAS outputs. 

CNTcAS 15 A pulse is presented on this LSTTL-compatible output when the 
HCTL-2020 internal counter overflows or underflows. The rising edge 
on this waveform may be used to trigger an external counter. 

DO 1 1 These LSTTL-compatible tri-state outputs form an 8-bit output port 

D1 15 19 through which the contents of the 12/1B-bit position latch may be read in 
2 sequential bytes. The high byte, containing bits 8-15, is read first (on the 

D2 14 18 HCTL-2000, the most significant 4 bits of this byte are set to 0 internally). 
D3 13 17 The lower byte, bits 0-7, is read second. 

D4 12 14 

D5 11 13 

D6 10 12 

D7 9 11 

NC 6 Not connected - this pin should be left floating. 
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Switching Characteristics 
Table 5. Switching Characteristics MinIMax specifications at VDD = 5~0 ± 5%, TA = -40 to + 85°C. 

Symbol Description Min. Max. Units 

1 tCLK Clock period 70 ns 

2 tCHH Pulse width, clock high 28 ns 

3 tCD[ll Delay time, rising edge of clock to valid, updated count 65 ns 
information oli DO-7 

4 tODE Delay time, OE fall to valid data 65 ns 

5 tODz Delay time, OE rise to Hi-Z state on DO-7 40 ns 

6 tSDv Delay time, SEL valid to stable, selected data byte 65 ns 
(delay to High Byte = delay to Low Byte) 

7 tCLH Pulse width, clock low 28 ns 

8 tsS[2] Setup time, SEL before clock fall 20 ns 

9 toS[2] Setup time, OE before clock fall 20 ns 

10 t sH[2] Hold time, SEL after clock fall 0 ns 

11 toH[2] Hold time, OE after clock fall 0 ns 

12 tRST Pulse width, RST low 28 ns 

13 tDCD Hold time, last position count stable on DO-7 after clock rise 10 ns 

14 tDSD Hold time, last data byte stable after next SEL state change 5 ns 

15 tDOD Hold time, data byte stable after OE rise 5 ns 

16 tUDD Delay time, UID valid after clock rise 45 ns 

17 tCHD Delay time, CNTDCDR or CNTcAS high after clock rise 45 ns 

18 tCLD Delay time, CNTDCDR or CNTcAS low after clock fall 45 ns 

19 tUDH Hold time, UID stable after clock rise 10 ns 

20 tUDCS Setup time, UID valid before CNTDCDR or CNTcAS rise tCLK-45 ns 

21 tUDCH Hold time, UID stable after CNTDCDR or CNTCAS rise tCLK-45 ns 

Notes: 
1. teD specification and waveform assume latch not inhibited. 
2. tss, tos, tSH, tOH only pertain to proper operation of the inhibit logic. In other cases, such as 8 bit read operations, these setup 

and hold times do not need to be observed. 

D0-1 HIGH-Z HIGH -Z 

Figure 3. Tri-State Output Timing. 
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eLK 

SEL 

INTERNAL 
INHIBIT ______________ -J 

D0-7 HIGH-Z HIGH-Z 
OR UNSTABLE DATA 

Figure 4. Bus Control Timing. 

eLK 

u/Il 

CNTOCDR 
ICNTCAsl 

~------------~~~----------~~-----------4 

Figure 5. Decoder, Cascade Output Timing (HCTL-2020 only). 

LOW DATA 
BVTESTABLE 
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Operation 
A block diagram of the HCTL-
20XX family is shown in Figure 6. 
The operation of each major 
function is described in the 
foll owing sections. 

CLK --!J> CK 

DIGITAL FILTER 

CH A 

CHB 

SEL 

DE 

h.. 
~ 

.... 
Jii'" 

.... .... 

CHANNEL A I--

CHANNEL B I--

L....-

I...-:--

Figure 6. Simplified Logic Diagram. 

Digital Noise Filter 
The digital noise filter section is 
responsible for rejecting noise on 
the incoming quadrature signals. 
The input section uses two 
techniques to implement 
improved noise rejection. 
Schmitt-trigger inputs and a 
three-clock-cycle delay filter 
combine to reject low level noise 
and large, short duration noise 
spikes that typically occur in 
motor system applications. Both 
common mode and differential 
mode noise are rejected. The user 
benefits from these techniques by 
improved integrity of the data in 
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HCTL-2020 ONLY 

r---------------------, l DECOOE OUTPUT i 
I 
I 
I 
I 
I CASCADE OUTPUT 

I 
I 
I 
I 

CNTocDR i 
I 

ulD I 
I 

CNTCAS : 

I 
I L_ -----1----------------I 

4X DECODE LOGIC 12/16 BIT 12116 BIT OCTAL 2 BIT 
BINARY CTR LATCH MUXIIIUFFER 

CNT CNT 00-0, I ~: BO-87 

UPIDN I- UPtI5lii Q8-o11,15 Ao-A7· ~ 00-07 

00-011.16 f-"- DO-Dt1.16 

~ CUi ..-- SEL 

1m 
INH DE 

INHIBIT LOGIC 

• A4-A7 GROUNDED ON HCTL-2000 

the counter. False counts 
triggered by noise are avoided. 

Figure 7 shows the simplified 
schematic of the input section. 
The signals are first passed 
through a Schmitt trigger buffer 
to address the problem of input 
signals with slow rise times and 
low level noise (approximately 
< 1 V). The cleaned up signals 
are then passed to a four-bit 
delay filter. The signals on each 
channel are sampled on rising 
clock edges. A time history of the 
signals is stored in the four-bit 
shift register. Any change on the 

i 

input is tested for a stable level 
being present for three 
consecutive rising clock edges. 
Therefore, the filtered output 
waveforms can change only after 
an input level has the same value 
for three consecutive rising clock 
edges. Refer to Figure 8 which 
shows the timing diagram. The 
result of this circuitry is that 
short noise spikes between rising 
clock edges are ignored and 
pulses shorter than two clock 
periods are rejected. 



1-------------------------, 
I : ~~ 
I 

CH A -li!>-l-I --t 

CHBFtLT 

CH B -lir>-t---t 

Figure 7. Simplified Digital Noise Filter Logic. 

1-----31CLK---.! 

CLK 

CHAJ I I I I 
I· t, ·1· t, ·1· tE. 'I' ~ES---..t4-- tES '1' tES--l 

CHB --.lU I I 
NOISE SPIKE I· .1. 'E 

CHAFILT I I 
CHBFILT I' 
Figure 8. Signal Propagation through Digital Noise Filter. 

Quadrature Decoder 
The quadrature decoder decodes 
the incoming filtered signals into 
count information. This circuitry 
multiplies the resolution of the 
input signals by a factor of four 
(4X decoding). When using an 
encoder for motion sensing, the 
user benefits from the increased 
resolution by being able to 
provide better system control. 

The quadrature decoder samples 
the outputs of the CRA and CRB 
filters. Based on the past binary 
state of the two signals and the 
present state, it outputs a count 
signal and a direction signal to 

the internal position counter. In 
the case of the RCTL-2020, the 
signals also go to external pins 5 
and 16 respectively. 

Figure 9 shows the quadrature 
states and the valid state transi­
tions. Channel A leading channel 
B results in counting up. Channel 
B leading channel A results in 
counting down. Illegal state 
transitions, caused by faulty 
encoders or noise severe enough 
to pass through the filter, will 
produce an erroneous count. 

1 
'E .1 

I L 

Design Considerations 
The designer should be aware 
that the operation of the digital 
filter places a timing constraint 
on the relationship between 
incorping quadrature signals and 
the external clock. Figure 8 
shows the timing waveform with 
an incremental encoder input. 
Since an input has to be stable 
for three rising clock edges, the 
encoder pulse width (tE -.low or 
high) has to be greater than three 
clock periods (3tCLK). This 
guarantees that the asynchronous 
input will be stable during three 
consecutive rising clock edges. A 
realistic design also has to take 
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into account finite rise times of 
the waveforms, asymmetry of the 
waveforms, and noise. In the 
presence of large amounts of 
noise, tE should be much greater 
than 3tCLK to allow for the 
interruption of the consecutive 
level sampling by the three-bit 
delay filter. It should be noted 
that a change on the inputs that 
is qualified by the filter will 
internally propagate in a maxi­
mum of seven clock periods. 

The quadrature decoder circuitry 
imposes a second timing con­
straint between the external clock 
and the input signals. There must 
be at least one clock period 
between consecutive quadrature 
states. As shown in Figure 9, a 
quadrature state is defined by 
consecutive edges on both 

CLK 

STATE 

3 

~ 

CHA CHS STATE 

1 0 1 

1 1 2 

0 1 3 

0 0 • 

channels. Therefore, tES (encoder 
state period) > tCLK. The 
designer must account for 
deviations from the nominal 90 
degree phasing of input signals to 
guarantee that tES > tCLK. 

Position Coullter 
This section consists of a 12-bit 
(HCTL-2000) or 16-bit (HCTL-
2016/2020) binary up/down 
counter which counts on rising 
clock edges as explained in the 
Quadrature Decoder Section. All 
12 or 16 bits of data are passed 
to the position data latch. The 
system can use this count data in 
several ways: 

A. System total range is :::; 12 or 
16 bits, so the count repre­
sents "absolute" position. 

B. The system is cyclic with :::; 
12 or 16 bits of count per 
cycle. RST is used to reset 
the counter every cycle and 
the system uses the data to 
interpolate within the cycle. 

C. System count is > 8, 12, or 16 
bits, so the count data is 
used as a relative or incre­
mental position input for a 
system software computation 
of absolute position. In this 
case counter rollover occurs. 
In order to prevent loss of 
position information, the 
processor must read the 
outputs of the IC before the 
count increments one-half of 
the maximum count capabil-

: ~W.=1,----..,.1 
Figure 9. 4x Quadrature Decoding. 
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ity (i.e. 127.2047, or 32,767 
quadrature counts). Two's­
complement arithmetic is 
normally used to compute 
position from these periodic 
position updates. Three 
modes can be used: 
1. The IC can be put in 8-bit 

mode by tying the SEL 
line high, thus simplify­
ing IGinterface. The 
outputs must then be 
read at least once every 
127 quadrature counts. 

2. The HCTL-2000 can be 
used in 12-bit mode and 
sampled at least once 
every 2047 quadrature 
counts. 

3. The HCTL-2016 or 2020 
can be used in 16-bit 
mode and sampled at 
least once every 32,767 
quadrature counts. 

D. The system count is > 16 bits 
so the HCTL-2020 can be 
cascaded with other stand­
ard counter ICs to give 
absolute position. 

Position Data Latch 
The position data latch is a 12/ 
16-bit latch which captures the 
position counter output data on 

. each rising clock edge, except 
when its inputs are disabled by 
the inhibit logic section during 
two-byte read operations. The 
output data is passed to the bus 
interface section. When active, a 
signal from the inhibit logic 
section prevents new data from 
being captured by the latch, 
keeping the data st;:tble while 
successive reads are made 
through the bus section. The 
latch is automatically reenabled 
at the end of these reads. The 
latch is cleared to 0 asynchron­
ously by the RST signal. 



Inhibit Logic 
The Inhibit L~ Section samples 
the DE and SEL signals on the 
falling edge of the clock and, in 
response to certain conditions 
(see Figure 10 below), inhibits 
the position data latch. The RST 
signal asynchronously clears the 
inhibit logic, enabling the latch. A 
simplified logic diagram of the 
inhibit circuitry is illustrated in 
Figure 11. 

Bus Interface 
The bus interface section consists 
of a 16 to 8 line multiplexer and 
an 8-bit, three-state output 
buffer. The multiplexer allows 
independent access to the low 
and high bytes of the position 
data latch. The SEL and DE 
signals determine which byte is 

Inhibit -
Step SEL OE eLK Signal 

1 L L 1 1 

2 H L 1 1 

3 X H 1 0 

Figure 10. Two Byte Bead Sequence. 

output and whether or not the 
output bus is in the high-Z state. 
In the case of the HCTL-2000 the 
data latch is only 12 bits wide 
and the upper four bits of the 
high byte are internally set to 
zero. 

Quadrature Decoder 
Output (HCTL-2020 
Only) 
The quadrature decoder output 
section consists of count and up/ 
down outputs derived from the 
4X decode logic of the HCTL-
2020. When the decoder has 
detected a count, a pulse, one­
half clock cycle long, will be 
output on the CNTDCDR pin. This 
output will occur during the clock 
cycle in which the internal 
counter is updated. The UID pin 

Action 

Set inhibit; read high byte 

Read low byte; starts reset 

Completes inhibit logic reset 

willbe set to the proper voltage 
level one clock cycle before the 
rising edge of the CNTDCDR 
pulse, and held one clock cycle 
after the rising edge of the 
CNTDCDR pulse. These outputs 
are not affected by the inhibit 
logic. See Figures 5 and 12 for 
detailed timing. 

Cascade Output (HCTL-
2020 Only) 
The cascade output also consists 
of count and up/down outputs. 
When the HCTL-2020 internal 
counter overflows or underflows, 
a pulse, one-half clock cycle long, 
will be output on the CNTcAS pin. 
This output will occur during the 
clock cycle in which the internal 
counter is updat~. TheUID pin 
will be set to the proper voltage 
level one clock cycle before the 
rising edge of the CNTcAS pulse, 
and held one clock cycle after the 
rising edge of the CNTcAS pulse. 
These outputs are not affected by 
the inhibit logic. See Figures 5 
and 12 for detailed timing. 

mff·~------------------~------------~ 
~L __________ ~--~~ 

OE----~----I-....... oL..J 

CLKl.. --------I--+---------'---+--+-------...J 

Figure 11. Simplified Inhibit·Logic. 

INTERNAL INHIBIT SIGNAL 
TO POSITION DATA LATCH 
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CLK 

CHAFILT* 

UID 

CNToCDR* 

CNTCAS 

COUNT FFFDH 

·CHAFIL T AND CHBFIL T ARE THE OUTPUTS 

FFFEH FFFFH 

INTERNAL COUNTER 
ROLLOVER 

START INHIBIT 

OOOOH 

OF THE DIGITAL NOISE FILTER (SEE FIGURES 7 AND 8). 

Figure 12. Decode and Cascade Output Diagram. 

Cascade Considerations 
(HCTL-2020 Only) 
The HCTL-2020's cascading 
system allows for position reads 
of more than two bytes. These 
reads can be accomplished by 
latching all of the bytes and then 
reading the bytes sequentially 
over the 8-bit bus. It is assumed 
here that, externally, a counter 
followed by a latch is used to 
count any count that exceeds 16 
bits. This configuration is 
compatible with the HCTL-2020 
internal counter/latch 
combination. 

Consider the sequence of events 
for a read cycle that starts as the 
HCTL-2020's internal counter 
rolls over. On the rising clock 
edge, count data is updated in the 
internal counter, rolling it over. A 
count-cascade pulse (CNTcAS) 
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will be generated with some delay 
after the rising clock edge (tCRO). 
There will be additional 
propagation delays through the 
external counters and registers. 
Meanwhile, with SEL and DE low 
to start the read, the internal 
latches are inhibited at the falling 
edge and do not update again till 
the inhibit is reset. If the CNTCAS 
pulse now toggles the external 
counter and this count gets 
latched a major count error will 
occur. The count error is because 
the external latches get updated 
when the internal latch is 
inhibited. 

Valid data can be ensured by 
latching the external counter data 
when the high byte read is started 
(SEL and OE low). This latched 
external byte corresponds to the 

FFFFH FFFDH 

count in the inhibited internal 
latch. The cascade pulse that 
occurs during the clock cycle 
when the read begins gets 
counted by the external counter 
and is not lost. 

For example, suppose the HCTL-
2020 count is at FFFFH and an 
external counter is at FOH, with 
the count going up. A count 
occurring in the HCTL-2020 will 
cause the counter to roll over and 
a cascade pulse will be generated. 
A read starting on this clock cycle 
will show FFFFH from the HCTL-
2020. The external latch should 
read FOH, but if the host latches 
the count after the cascade signal 
propagates through, the external 
latch will read FIH. 



General Interfacing 
The 12-bit (HCTL-2000) or 16-bit 
(HCTL-2016/2020) latch and 
inhibit logic allows access to 12 
or 16 bits of count with an 8-bit 
bus. When only 8-bits of count 
are required, a simple 8-bit (1-
byte) mode is available by 
holding SEL high continuously. 
This disables the inhibit logic. DE 
provides control of the tri-state 
bus, and read timing is shown in 
Figures 2 and 3. 

ClK 

I 
I 
I 

~ 
SEl Ii 

INTERNAL 
INHIBIT 

~ 

SIGNAL -.;...-...:..-.....!.-...... ND-..!J...J 

I i - I 
I I 

For proper operation of the 
inhibit logic during a two-byte 
read, OE and SEL must be 
synchronous with eLK due to 
the falling edge sampling of OE 
andSEL. 

The internal inhibit logic on the 
HCTL-20XX family inhibits the 
transfer of data from the counter 
to the position data latch during 
the time that the latch outputs are 
being read. The inhibit logic 
allows the microprocessor to first 

I 
I * 

~= 

I 
• DATA 

LINES 
lOo-D,1 

I 
I 

1 
TRI STATE r~ow I 

BVTE HIGH BYTE I 

POSiTIDN 
lATCH 

ACTIONS 

I 
I 1 

1 1 
I I 

I -
I 

I 

I 
II 
II 
I 

I NEW I NEW I NEW lyNEW 
1 DATA I DATA I DATA I DATA 

I I I 
I I 
I I 

I I 
I I 

cb cD 
1 J I I 
I r- I I 

...l I I I 

(9 00 1 

- I 

I I 
I 1 DATA UNCHANGED . 
I 
I I I 

" 1 
I I 

cbcb 

read the high order 4 or 8 bits 
from the latch and then read the 
low order 8 bits from the latch. 
Meanwhile, the counter can 
continue to keep track of the 
quadrature states from the CHA 
and CHB input signals. 

Figure 11 shows the simplified 
inhibit logic circuit. The 
operation of the circuitry is 
illustrated in the read timing 
shown in Figure 13. 

if 

.. I I I 

I I I 
1 I I 

LOW BVTE TRI STATE 

I I 1 
. .. I I 

1 
I I 1 
I I I NEW 
1 I 1 DATA 

I 1 .. i 
1 1 I I 
1 I 1 I 

~ 00 cb 
cD 'OE can consist 01 two short low pulses, as well as one long pulse, and still satiSfy 

the Inhibit logic sequence. During the time that OE Is high, the data lines are trl·seated. 

Figure 13. Typical Interface Timing. 
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Actions 
1. On the rising edge of the clock, 

counter data is transferred to 
the position data latch, 
provided the inhibit signal is 
low. 

2. When OE goes low, the 
outputs of the multiplexer are 
enabled onto the data lines. If 
SEL is low, then the high order 
data bytes are enabled onto the 
data lines. If SEL is high, then 
the low order data bytes are 
enabled onto the data lines. 
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3. When the IC detects a low on 
OE and SEL during a falling 
clock edge, the internal inhibit 
SIgnal is activated. This blocks 
new data from being 
tranSferred from the counter to 
the position data latch. 

4. When SEL goes high, the data 
outputs change from the high 
byte to the low byte. 

5. The first of two reset condi­
tions for the inhibit logic is 
met when the IC detects a 
logic high on SEL and a logic 

low on OE during a falling 
clock edge. 

6. When OE goes high, the data 
lines ch..!!,llge to a high imped­
ance state. 

7. The IC~tects a logic high on 
OE during a falling clock edge. 
This satisfies the second reset 
condition for the inhibit logic. 



Interfacing the HCTL·2020 to a Motorola 6802/8 and Cascading the Counter for 24 
Bits 
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Figure 14. A Circuit to Interface to the 6802/8. 
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In this circuit an interface to a 
Motorola 6802/8 and a cascading 
scheme for a 24-bit counter are 
shown. This circuit provides a 
minimum part count by: 1) using 
two 74L8697 UplDown counters 
with output registers and tri-state 
outputs and 2) using a Motorola 
6802/8 LDX instruction which 
stores 16 bits of data into the 
index registers in two consecutive 
clock cycles. 

The HCTL-2020 OE and the 
74L8697 G lines are decoded 
from Address lines AI5-AI3. This 
results in counter data being 
enabled onto the bus whenever 
an external memory access is 
made to locations 4XXX or 2XXX. 
Address line A12 and processor 
clock E enables the 74L8138. 
The processor clock E is also 

Address 

used to clock the HCTL-2020. 
Address AO is connected directly 
to the SEL pin on the HCTL-
2020. This line selects the low or 
high byte of data from the HCTL-
2020. 

Cascading is accomplished by 
connecting the CNTcAS output on 
the HCTL-2020 with the counter 
clock CCCK) input on both 
74L8697s. The UID pin on the 
HCTL-2020 and the UID pin on 
both 74L8697s are also directly 
connected for easy expansion. 
The RCa of the fIrst 4-bit 
74L8697 is connected to the ENT 
pin of the second 74L8697. This 
enables the second counter only 
when there is a RCa signal on the 
fIrst counter. 

This confIguration allows the 
6802 to read both data bytes with 

Function 

CXXX Reset Counters 

4XXX Enable High Byte on Data Lines 

2XXO Enable Mid Byte on Data Lines 

2XX1 Enable Low Byte on Data Lines 

Read Example 

LDX2000 Loads mid byte and then low byte into 
STX0100 memory locations 0100 and 0101 

LDAA4000 Loads the high byte into memory 
STAA0102 location 0102 

Figure 15. Memory Addresses and Read Example. 
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a Single double-byte fetch 
instruction CLDX 2XXO). This 
instruction is a five cycle 
instruction which reads external 
memory location 2XXO and stores 
the high order byte into the high 
byte of the index register. 
Memory location 2XXI is next 
read and stored in the low order 
byte of the index register. The 
high byte of counter data is 
clocked into the 74L8697 
registers when 8EL is low and 
OE goes low. This upper byte can 
be read at any time by pulling the 
74L8697 G low when reading 
address 4XXX. Figure 15 shows 
memory addresses and gives all 
example of reading the HCTL-
2020. Figure 16 shows the 
interface timing for the circuit. 



HCTl·2020 
INTERNAL CLOCK 

ClK 

SEl 

INTERNAL 

FFFF 0000 

INHIBIT ---+-----1-----*-...... 

CNTCAS 

RCK 

DATA 
BUS HIGHZ 

ACTIONS 

Figure 16. Interface Timing for the 6802/8. 

Actions 
1. The microprocessor clock 

output is E. If the internal 
HCTL-2020 inhibit is not 
active, new data is trans­
ferred from the internal 
counter to the position data 
latch. 

2. An even address output 
from the 6802 causes SEL to 
go low. When E goes high, 
the address decoder output 
for the HCTL-2020 OE 
signal goes low. This causes 
the HCTL-2020 to output 
the middle byte of the 
system counter (high byte of 
the HCTL-2020 counter). 
This middle byte, FFFFH is 
available at (2) through (4), 
the first time OE is low. In 
this example an overflow 

has occurred and OE has 
been pulled low to start a 
read cycle. SEL and OE are 
gated to give RCK which 
latches the external high 
byte, equal to OOH. The 
falling edge, of the CNTcAS 
signal counts up the 
external counter to 0001H. 

3. With the first negative edge 
of the clock after SEL and 
OE are low the internal 
latches are inhibited from 
counting and the 6802 reads 
the high byte in. 

4. OE goes high and the data 
bus goes into a high 
impedance state. 

5. OE is low and SEL is high 
and the low byte is enabled 
onto the data bus. The low 
byte is valid through (7). 

6. With the first negative edge 
after OE and SEL go high, 
the first of the two HCTL-
2020 inhibit reset conditions 
is met and the 6802 reads 
the low byte in. 

7. The data bus returns to the 
high impedance state, when 
OE goes high. 

8. With the first negative edge 
of the clock after OE goes 
high, inhibit reset is 
complete. 

9. With the positive going edge 
of the clock, G is asserted 
and the external high byte, 
OOH is available on the data 
bus from 9 through 10 and 
the 6802 reads the high byte 
in at (10). 
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Interfacing the HCTL-
20XX to an Intel 8748 
The cireuitshown in Figure 17 
shows the connections between 
an HCTL-20XX and an 8748. 
Data lines 00-07 are connected 
to the 8748 bus port. Bits 0 and 1 
of port 1 are used to control the 
OE and SEL inputs of the HCTL-
20XX respectively. TO is used to 
provide a clock signal to the 
HCTL-20XX. The frequency of TO 

To 
1 

. P11 
28 

p,. 27 

D., 18 

D •• 
18 

8748 17 
D .. 

18 
0 .. 

15 
Dn 

002 
14 

D., 
13 

0.0 
12 

2 

3 

4 

8 

10 

11 

12 

13 

is the crystal frequency divided 
by 3. TO must be enabled by 
executing the ENTO CLK 
instruction after each system 
reset, but prior to the first 
encoder position change. An 
8748 program which interfaces 
to the circuit in Figure 17 is 
given in Figure 18. The resulting 
interface timing is shown in 
Figure 19. 

CLK 

SEl 

DE 

D7 

D. 

D. HCTL-20XX 

D. 

D. 
14 02 
16 

0, 
1 

Do 

• NOTE: PIN NUMBERS ARE DIFFERENT FOR THE HCTL-2020. 

Figure 17. An BCTL-20XX-to-Inte18748 Interface. 

Object Source 
LOC Code St~tements Comments 

000 9900 ANLPl; OOH Enable output and higher order 
bits 

002 08 INSA,BUS Load higher order bits into ACC 

003 A8 MOVE RO,A Move data to register 0 

004 8902 ORLPl,02H Enable output and lower order 
bits 

006 08 INSA,BUS Load order bits into AC 

008 A9 MOVRl,A Move data to register 1 

009 8903 ORLPl,03H Disable outputs 

OOB 93 RETR Return 

Figure 18. A Typical Program for Reading HCTL·20XX with an 8748. 
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eLK 

E~~g~~: ANL Pl, OOH 

SEl 

!1 
I I 
I I 
I I 

1 
I 
I 

1 
I 
I 

RETR 

I! 
~----------------------~----------------------~ I 

I 

I ~--------------------~------------------------~I ~m i I 
I I 
I r-----BUSREAD----7-----, I 

~ .. -.;~~~ ~~~@5 ~ 
ACTIONS cb: ~ ~ ~ 0 o 

Figure 19. 8748 READ Cycle from Figure 18. 

Actions 
1. ANL PI, OOH has just been 

executed. The output of bits 0 
and 1 of Port 1 cause SEL and 
OE to be logic low. The data 
lines output the higher order 
byte. 

2. The HCTL-20XX detects that 
OE and SEL are low on the 
next falling edge of the CLK 
and asserts the internal inhibit 
signal. Data can be read 
without regard for the phase of 
the CLK. 

3. INS A, BUS has just been 
executed. Data is read into the 
8748. 

4. ORL PORT 1, 02H hasjust 
been executed. The program 
sets SEL high and leaves OE 
low by writing the correct 
values to port 1. The HCTL-

20XX detects OE is low and 
SEL is high on the next falling 
edge of the CLK, and thus the 
first inhibit reset condition is 
met. 

5. INS A, BUS has just been 
executed. Lower order data 
bits are read into the 8748. 

B. ORL PI, 03H has just been 
executed. The HCTL-20XX 
detects OE high on the next 
falling edge of CLK. The 
program sets OE and SEL high 
by writing the correct values to 
port 1. This causes the data 
lines to be tristated. This 
satisfies the second inhibit and 
reset condition. On the next 
rising CLK edge new data is 
transferred from the counter to 
the position data latch. 

Additional Information 
from Hewlett-Packard 
Application briefs are available 
from the factory. Please contact 
your local HP sales representative 
for the following. 
M027 Interfacing the HCTL-20XX 

to the 8051 
MOI9 Commonly Asked 

Questions about the HCTL-
2020 and Answers 

M020 A Simple Interface for the 
HCTL-2020 with alB-bit 
DAC without Using a 
Processor 

M023 Interfacing the MCB8HCII 
to the HCTL-2020 
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Surface Mount Quadrature 
Decoder/Counter Interface ICs 

Technical Data 

Features 
• 20 Pin PLCC Surface Mount 

Package 
• All Features of the HCTL-

2016 and HCTL-2020 PDIP 

Description 
The HCTL-2016 #PLC and HCTL-
2020 #PLC are quadrature 
decoder/counter interface ICs in a 
20 pin PLCC (plastic leaded chip 
carrier) surface mount package. 
These CMOS ICs interface 
incremental encoders to 
microprocessors by performing 
the quadrature decoder, counter, 
and bus transfer functions. 

Pinouts 

The HCTL-2016 #PLC and HCTL-
2020 #PLC have all of the same 
features, functions, and operating 
characteristics as the HCTL-2016 
and HCTL-2020 PDIP (plastic 
dual-in-line package). 

For further information on the 
operation and function of the 
HCTL-2016 #PLC and 2020 
#PLC, please refer to the HCTL-
2000/HCTL-2016/HCTL-2020 
data sheet. 

..J :s 0 8 ,.... 
~ U Q > C 

OE 

NC 

NC 

RST 

CHB 

OE 4 

u/ii 

FliP'l HEWLETT® 
a!~PACKARD 

HCTL-2016 #PLC 
HCTL-2020 #PLC 

Applications 
Typical applications include 
interfacing incremental encoders 
to microprocessors and 
interfacing digital potentiometers 
to digital data input buses. 

Lit ~ 0 8 ,... 
f/) U C > c 

3 2 1 20 19 

°2 
°3 
CNTOCDR 

CNT CAS 

°4 

HCTL-2016 #PLC HCTL-2020 #PLC 

ESD WARNING: NORMAL HANDLING PRECAUTIONS SHOULD BE TAKEN TO AVOID STATIC 
DISCHARGE. 
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Package Dimensions 

NOTES: 

1. LEAD FINISH: SOLDER COAT. 
2. DIMENSIONS ARE MM/INCHES. 

20 PIN PLASTIC LEADED CHIP CARRIER PACKAGE 

Devices 

Part No. Description 

HCTL-2016 #PLC 16-bit counter; 14 MHz clock operation; 
20 pin PLCC surface mount package. 

HCTL-2020 #PLC All features of HCTL-2016 #PLC plus 
quadrature decoder output signals and 
cascade output signals. 

± !!J.!L 
0.004 
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Introduction 
The objective ofthis application 
note is to explain the combina­
tion method and to show how it 
can be used for calculation ofthe 
HCTL-1000's digital compensa­
tion filter parameters to provide 
a stable, closed loop position 
control system. 

One of the primary advantages 
of digital closed loop control is 
that digital compensation can be 
added to the system to provide 
the desired closed loop response. 
Although the HCTL-1000 is a 
digital controller that employs a 
discrete sampling rate, the 
combination method allows the 
user to model all the system 
components as continuous (or 
analog) in the s-plane. This 
allows the designer to use the 
experience gained in s-plane, 
analog control theory to design 
with the HCTL-1000's digital 
compensation filter. This appli­
cation note shows the designer 
how the combination method can 
be used for digital compensation 
design with position control 
systems that employ a DC 
motor, an amplifier, an incre­
mental encoder, and the HCTL-
1000. The amplifier can be a 
current or voltage source ampli­
fier. The HCTL-1000 provides an 
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8 bit motor command port for a 
linear amplifier and a sign and 
pulse signal for a pulse width 
modulated amplifier. Digital 
compensation filter parameters 
for two example closed loop 
systems employing the HCTL-
1000 will be designed in appendi­
ces A and B of this application 
note to illustrate the use of the 
combination method. 

The Hewlett-Packard HCTL-
1000 is a high performance, 
general purpose, digital motion 
control IC which can be used in 
microprocessor based, digital 
closed loop systems. The HCTL-
1000 is designed to communicate 
with a host microprocessor 
through an 8 bit parallel 110 port 
as shown in Figure 1. Commands 
from the host processor are used 
by the HCTL-1000 to control an 
amplifier/motor combination. A 
motor with an incremental shaft 
encoder such as a Hewlett­
Packard HEDS-5500 encoder is 
connected to the amplifier. The 
encoder's quadrature output is 
then fed back into the HCTL-
1000 to "close the loop". 

Open Loop vs. Closed 
Loop (Feedback) 
Control Systems: 
A block diagram of an open loop 
control system is shown in 
Figure 2. The input to an open 
loop control system is indepen­
dent of the output of the system. 
Therefore, if the open loop 
system does not provide the 
desired response to an input, the 
error between the actual re­
sponse and the desired response 
of the system will not be de­
tected. Figure 1 shows the block 
diagram of a closed loop control 
system. Closed loop control 
systems compare their actual 
output with a desired command 
input and use the difference 
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HOST 
MICROPROCESSOR HCTL-l000 

-0 
IN~~~~~~~AL MOTOR 

LOAD 

(HEDS·5500) 

Figure 1. Block Diagram of a Closed Loop Motion Control System with the 
HCTL·I000. 

CONTROLLER 1----1[:;>>---0---0 
LOAD MOTOR 

Figure 2. Block Diagram of an Open Loop System. 

between them to regulate the 
system's output. Some of the 
advantages of closed loop control 
systems over open loop systems are: 

A Increased accuracy of the 
system's response to an input. 

B. Increased system bandwidth 
(speed). The bandwidth of a 
system is the range frequen­
cies over which a system will 
respond "satisfactorily" to an 
input. The system's band­
width is a measure of the 
speed of the system's re­
sponse. The terms ''band­
width" and "satisfactory 
response" are explained in 
more detail in the section of 
this application note ''Bode 
Plots: Gain Crossover 
Frequency, Phase Crossover 
Frequency, Gain Margin, Phase 
Margin, and System 
Bandwidth". 

The disadvantage of closed loop 
control systems is that they can 
become unstable and oscillate. The 
HCTL-1000 has a built in, pro­
grammable digital filter for com­
pensation to increase the stability 
of the system. In this application 
note, the combination method will 

be used to determine values for the 
HCTL-1000's digital filter that will 
make the closed system stable. 

Theory 
Component Transfer Functions 
and the Open Loop System 
Model: 
Each of the components in an open 
or closed loop system can be 
modeled mathematically by using 
the "transfer function" of the 
component. The transfer function 
models the dynamics of a compo­
nent by relating the component's 
output to its input. The transfer 
functions of commonly used compo­
nents can be found in most books on 
control systems. 

A block diagram represents the 
physical system mathematically 
by showing the transfer functions 
of each component in its block of 
the diagram. A typical block 
diagram with its transfer function 
is shown in Figure 3. The param­
eters in each transfer function 
must be determined to accurately 
model the system. The response of 
open loop system is then modeled 
with a Bode plot to determine the 
stability and performance of the 
system when the loop is closed. 
Based on the characteristics of 
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M(s) = s (0.01497s +1) 

Figure 3. Open Loop Block Diagram of the Example System with a Voltage Source Amplifier. 

the open loop system, the 
HCTL-I000's programmable 
digital filter parameters A, B, 
and K can be calculated using 
the combination method. When 
the properly calculated values 
of A, B, and K are programmed 
into the HCTL-lOOO, the closed 
loop system will respond in a 
stable fashion with the desired 
performance when the system 
is run in its linear region of 
operation. (i.e .. No component 
in the system is saturated during 
the step response.) 

This application note assumes 
that the reader has a general 
working knowledge of analog 
control design methods. 
Specifically, the reader should be 
familiar with Laplace transforms, 
the s domain, pole/zero concepts, 
and Bode plots. Working . 
knowledge of Bode plots is 
especially important for 
understanding the combination 
method for digital compensation 
filter design. It is for this reason 
that Bode plot design techniques 
are reviewed in the next section. 

Bode Plots: Gain Crossover 
Frequency, Phase Crossover 
Frequency. Gain Margin, Phase 

Margin, and System Band­
width: 
Bode plots are used to model the 
frequency characteristics and the 
relative stability of a system. A 
Bode plot consists of two graphs: 
the magnitude and the phase of 
a transfer function of a system 
plotted as a function of fre­
quency. The substitution s = jco 
transforms the s domain transfer 
function into a complex number 
whose magnitude and phase can 
be directly computed at any 
frequency (co). The Bode plot 
provides two values which are 
used to determine the stability 
and performance of a closed loop 
system from plots of the open 
loop system. These two values 
are known as the phase margin 
and the gain margin. 

Figure 4 shows a Bode plot ofthe 
transfer function representing 
the block diagram and transfer 
function shown in Figure 3. The 
frequency at which the open loop 
gain is 1 (0 db) is called the gain 
crossover frequency (roc). The 
frequency where the phase angle 
is -180 degrees is called the 
phase crossover frequency «cop). 
The gain margin (~) is defined 
as the magnitude of the open 
loop transfer function evaluated 
at the phase crossover frequency 
and referenced to the 0 db axis. 

The phase margin (PMU) is defined 
as the sum of the phase angle of the 
open loop transfer function evalu­
ated at the gain crossover frequency 
plus 180 degrees. In cases where 
both the phase and gain margins of 
the open loop transfer function are 
positive and there are no poles or 
zeros in the right half of the s-plane, 
the closed loop system will be stable. 

In this application note the 
phase of the system components 
and transfer functions will be 
calculated in radians. When a 
Bode plot is generated the phase 
and phase margin will be plotted 
in degrees. The conversion factor 
from radians to degrees is: 

1 radian = 57.296 degrees. (1) 

Similarly, the magnitude of the 
system components and transfer 
functions will be calculated as 
decimal quantities (i.e. XXXX) 
while the magnitude and gain 
margin will be plotted on a Bode 
plot in decibels (db). The conversion 
factor from decimal to db is: 

db = 20 log (decimal) (2) 

Use of these conversions is 
standard practice in motion 
control design. 

The phase margin of a system is 
a measure of the system's stabil-
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ity. The higher the phase margin 
of the open loop system, the more 
stable the closed loop system 
becomes. The designer selects a 
compensated phase margin (Pne) 
to provide the desired closed loop 
system response to a step input 
and then designs a compensator 
(digital filter) to provide the 
desired phase margin. A compen­
sated phase margin of 30 to 60 
degrees is generally recom­
mended for stable designs. 
Figure 5 shows the effect of 
different compensated phase 
margins on the step response of 
an actual closed loop system 
employing a small DC motor 
and a voltage source amplifi~r. 

Increasing the gain margin of 
the open loop system also in­
creases the stability of the closed 
loop system. The combination 
method does not directly assist 
the designer in easily computing 
a new gain margin for the 
compensated system. 

The system bandwidth is the 
range of frequencies over which a 
system will respond "satisfacto­
rily" to an input. "Satisfactory 
response" of the system is 
defined as the range offrequen­
cies over which the magnitude of 
the Bode plot does :flot differ from 
its DC value by more than -3db. 

In this application note, the 
closed loop bandwidth (BW) will 
be approximated as equal to the 
open loop gain crossover 
frequency (roc) for systems with 
a high phase margin:* 

roe=BW (3) 

For systems with a low phase 
margin, the bandwidth (BW) is 
greater than or equal to the gain 
crossover frequency (roc) ofthe 
system and a corresponding 
increase in overshoot occurs;* 
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BW;:::roe (4) 

*Note: These approximations are based 
on a two pole dominant closed loop 
system model. 

For more information on ap­
proximating the closed loop 
bandwidth by the desired open 
loop gain crossover frequency 
and other relationships in these 
systems involving bandwidth, 
gain crossover frequency, 
risetime, falltime, percent 
overshoot, etc. several references 
on motion control are listed in 

the bibliography at the end of 
this application note. 

Summary of the Design 
Procedure 
The HCTL-IOOO's Digital Filter 
Design Procedure Using the 
Combination Method: 
The procedure recommended in this 
application note for designing 
closed loop systems that employ the 
HCTL-IOOO's digital filteris as 
follows: 

A Choose a motor to drive the 
required load. One com-
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Figure 4. Bode Plot for the Open Loop System and Transfer Function Shown . 
Figure 3. m 
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mon criteria for choosing a D. 
motor is based on the ratio of 
the torque developed by the 
motor to the moment of 
inertia of the motor's annature 
and the load. It is desirable to 
choose a motor with a low 
armature inertia that can 
develop a high torque to quickly 
accelerate and decelerate the E. 
load (i.e. the motor has a high 
torque constant [KT]) 

B. Choose a digital incremental 
encoder with quadrature 
output to monitor the posi-
tion of the motor's shaft 
based on the encoder resolu-
tion and accuracy required F. 
for the application. 

C. Choose an amplifier to drive 
the motor. The amplifier 
must be capable of supplying 
the current and voltage 
required by the motor for the 
load conditions. 

INTERNAL TO THE HCTL·1000 

POSITION 1 
COMMAND 1 ...... H-C-TL-.10-00-'S.... ZERO 
INPUT 1 DIGITAL ORDER 
(COUNTS) 1 FILTER HOLD 1 

1- ______________ I 

Model the open loop transfer 
function of the system using 
s-plane transfer functions. A 
Bode plot showing the phase 
margin and gain margin of 
the open loop system can 
then be drawn from the open 
loop transfer function. 

Choose the desired closed 
loop response (step response 
and bandwidth). The desired 
phase margin and gain 
crossover frequency for the 
compensated system can 
then be determined from the 
desired closed loop response. 

Design the HCTL-IOOO's 
digital compensation filter 
based on the desired phase 
margin and gain crossover 
frequency for the compen-
sated system. 

DIGITAL 
TO ANALOG 
CONVERTER 

AMP 

System Modeling 
Modeling the System Compo-
nents in the S-Plane: The Open 
Loop Transfer Function 

Introduction to the open loop 
tr8llsfer function: 
Figures 6A and 6B show open 
loop block diagrams for systems 
which include a controller (the 
HCTL-IOOO's digital filter and 
the zero-order-hold representing 
the HCTL-IOOO's digital sam-
pling delay), an amplifier, a 
motor, a load, and an incremen-
tal encoder. The block diagram in 
Figure 6A shows an open loop 
motion control system that 
employs a voltage source ampli-
fier. The block diagram includes 
both the mechanical time con-
stant of the motor and the 
electrical time constant of the 
motor. The block diagram shown 
in Figure 6B is used for systems 
that employ a current source 

MOTOR 
(INCLUDES 

LOAD) 

SPEED POSITION 
(co) (9) 

POSITION INCREMENTAL 
ENCODER 

THE OPEN LOOP TRANSFER FUNCTION IS: M(s) = [fn] [ KO] [KA] rST m + ~~~TE + 1)] [ .; ] [ [;~J ] 
Figure 6a. The Open Loop Transfer Function of a System with a Voltage Source Amplifier. Note that the motor model 
includes the mechanical time constant (TnJ and the eleetrical time constant (1E) of the motor. 

INTERNAL TO THE HCTL·10DO 
SPEED POSITION 

(co) (9) 
r------, 

POSITION 1 
COMMAND 1 ..... H-C-TL-.10-00-'s-' ZERO 
INPUT 1 DIGITAL ORDER 
(COUNTS) I FILTER HOLD 1 

DIGITAL 
TO ANALOG 
CONVERTER 

AMP MOTOR 
(INCLUDES 

LOAD) 

POSITION INCREMENTAL 
ENCODER 

1- ______________ I 

THE OPEN LOOP TRANSFER FUNCTION IS: M(s) = [J T)] [ KO] [KA] [K~C] [ .; ] [ [4~~J ] 
Figure 6b. The Open Loop Transfer Function of a System with a Current Source Amplifier. 
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amplifier. This model does not 
use the electromechanical time 
constants of the motor, 

The open loop transfer function 
M(s) for these systems is det~r­
mined by multiplying all of the 
individual component transfer 
functions together. 

M(s) = [DAC gain (if used)] [Zero 
order hold] [Amp gain] 
[Motor transfer function] 
[encoder quadrature 
counts/(2 1t)] (5) 

The following sections describe the 
method for determining the transfer 
fimction of each component, deter­
mining the magnitude and phase 
contribution of each component, 
computing the open loop transfer 
fimction of the system, and then 
drawing a Bode plot of the open loop 
system. 

The Zero Order Hold (ZOH) 
transfer function: 

. The zero order hold (ZOH) models 
the delay of the discrete sampling 
time of the HCTIAOOO. The transfer 
fimction (z(s» of the zero order hold 
(ZOH) is: 

[00] [t] 
PZOH (00) = --- (radians) (7) 

2 

Where: 

00= 

t= 

the frequency of interest (in 
radians/sec) 
the sampling time of the 
HCTL-1000 (in seconds) 

Phase lag is added to the system 
by increasing· the time delay 
between successive samples of 
the ZOH. It is usually desirable 
therefore to choose the fastest 
sampling time possible so as to 
induce the least amount of phase 
lag. Generally, the sampling 
frequency (1 It) should exceed 
the system bandwidth (in hertz) 
at least tenfold: 

Sampling time (t) < [1/10 System 
bandwidth)] (8) 

The ZOH provides unity gain at 
all frequencies of the system. 

Z(s) = e-stl2 

The sampling time (t), can be 
programmed into the 
HCTL-1000 through register 
ROFH. The sampling time (t) 

(6) can be determined from the 

Where: 
t = the sampling time. (ie. time 
between successive samples) of 
the HCTL-1000 (in seconds). 

This transfer function of the 
ZOH allows the designer to 
model the time delay of the 
HCTL-1000 as a continuous 
element in the system. Analog, 
s-plan~ design techniques can 
therefore be used to analyze the 
system. 

The ZOH's contribution to the 
phase (PZOH(OO» of the open loop 
transfer function is: 
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equation: 

t = [16] [ROFH + I] [lIfCLK] 
(seconds) (9) 

where: 

t = sample time (in seconds) 

feLK = freq- of the HCTL-I000's 
external clock (1 or 2 
MHz) 

ROFH = sample timer register 

The limits of minimum values 
(ie. fastest sampling times) that 
can be programmed into register 
ROFHare: 

Mode: 
Position 
Control 
Proportional 
Velocity 

ROFH Contents 
Minimum Limit: 

7 (decimal) 

Control 
Trapezoidal 
Profile Control 
Integral 
Velocity Control 

7 (decimal) 

15 (decimal) 

15 (decimal) 

The Digital to Analog 
Converter (DAC) transfer 
function: 
Linear voltage source and 
current source amplifiers require 
a digital to analog converter to 
interface with the HCTL-I000. 

The DAC's transfer function is 
simply its gain (KD)' The digital 
to analog converter (DAC) 
transfer function can include an 
electrical time constant, but it is 
usually neglected because the 
bandwidth of the DAC is gener­
ally much higher than the 
desired bandwidth of the closed 
loop system. 

The gain (KD) is the DAC's 
contribution to the magnitude of 
the open loop transfer function. 
The formula for computing the 
gain (KD) of the DAC is: 

Gain (KD) = 

Voltage range (volts) (10) 

2N (bits or counts) 

Example: 
For an eight bit DAC with an 
output range of -5 to +5 volts 
the equation would be: 

5 - (-5) volts 10 
KD= = - = 

28 counts 256 

.039 volts/count 

Note that the units of the DAC 
gain is volts/count. This gives the 
combination of the linear voltage 



source amplifier and the DAC 
the units of volts/count, and the 
linear current source amplifier/ 
DAC the units of amps/count. 

The DAC does not contribute a 
phase shift to the open loop 
transfer function. 

The amplifier transfer function: 
The amplifier transfer function is 
its gain (KA)' The choice between 
using either a current or voltage 
amplifier affects the motor 
transfer function. The amplifier's 
transfer function can include an 
electrical time constant, but this 
is usually neglected as the 
amplifier's bandwidth is gener­
ally much higher than the 
desired bandwidth of the closed 
loop system. In general, if the 
desired bandwidth of the system 
is 10 times smaller than the 
amplifier's bandwidth, then the 
amplifier's electrical time con­
stant can be neglected. Note that 
the units of the gain (KA> vary 
with the type of amplifier chosen. 

There are four types of amplifi­
ers that can be used with the 
HCTL-1000: 
• Voltage source - pulse width 

modulated 
• Current source - pulse width 

modulated 
• Voltage source -linear 
• Current source - linear 

The HCTL-1000 provides an 8 bit 
binary word on its motor command 
port to drive a linear amplifier, and 
a pulse and sign signal to drive a 
pulse width modulated amplifier. 

The amplifier does not contribute a 
phase shift to the open loop transfer 
function when its electrical time 
constant is neglected. The gain (KA) 
is the amplifier's contribution to the 
magnitude of the open loop transfer 
function. 

The gain and bandwidth ofmost 
linear amplifiers can be obtained 
from the manufacturer's data sheet. 
If the user desires to measure the 
amplifier's gain, the DC-output for a 
given DC-input can be measured 
directly. The units for the gain (KA> 
of a linear voltage source amplifier 
are volts/volt. The units for the gain 
(KA) of a linear current source 
amplifier are amps/volt. 

A simplified formula that will be 
used in this application note for 
computing the gain of a pulse width 
modulated (PWM) amplifier is: 

KA= 

~~aximumJ ~. inimUJ (current 
SIgnal - sIgnal or 
output output voltage) 

~uty cycle J ~uty cycle J 
input to input to 

get maximum get minimum 

output output 

(11) 
The gain of a PWM amplifier is 
measured by inputting a wave­
form with a known duty cycle. If 
a voltage source PWM amplifier 
is being measured, the output 
voltage can be read with a DC 
voltmeter to average the output 
of the amplifier. If a current 
source PWM amplifier is being 
measured, the current can be 
dropped across a load of known 
value to produce a voltage and 
then that voltage can be read 
with a DC voltmeter to average 
the output of the amplifier. 

For the HCTL-1000, the duty 
cycle of the input to the PWM 
amplifier is regulated by register 
R09H. Register R09H has a 
range of64H to 9CH (-100 to 
+100 decimal). The units of the 
gain (KA) are for the HCTL-1000 
and PWM amplifier combination 

are therefore volts or current per 
count. 

The DC motor transfer 
function: 
The DC motor transfer function 
is calculated based on the total 
inertia of the system, the param­
eters used to describe the motor's 
dynamic response, and the type 
of amplifier used to drive the 
motor. Different transfer func­
tions are used for a motor driven 
by a voltage source amplifier 
than for a motor driven by a 
current source amplifier. The 
total inertia of the system and 
the parameters used to describe 
the system's dynamic response 
are the same for· both motor 
transfer functions. They are 
described in the next two sec­
tions. Following these two 
sections are two sections which 
describe the transfer functions 
for motors driven by current 
source amplifiers and motors driven 
by voltage source amplifiers. 

1. DC motor manufacturer's 
motor parameters: 
The DC motor parameters of 
interest that describe the electro­
mechanical characteristics of 
motor mathematically are: the 
torque constant (KT) [in N-mI 
amp], the moment of inertia of 
the armature (JM [in kg-m2], the 
terminal resistance (R) [in 
ohms], the voltage constant 
(KE) [in volt-sec/rad), and the 
armature inductance (L) [in 
henries). These motor param­
eters can all be obtained directly 
from the motor manufacturer's 
data sheet. 

2. Total system moment of 
inertia: 
The first step in determining the 
moment of inertia of the system 
is to determine the moment of 
inertia of the load (h). For many 
loads the moment of inertia of 
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the load (JL) can be read directly 
from the manufacturer's data 
sheet. The moment of inertia of 
the incrementatencoder's 
codewheel (JC) can also be read 
directly from the encoder 
manufacturer's data sheet. It is 
recommended that a book on 
mechanical design be consulted 
to find the moment of inertia of 
other loads. 

The total moment of inertia for 
the system (J) includes the 
motor's armature inertia (Jm), 
the load inertia (JL), and the 
encoder codewheel inertia (Jc) 
Therefore: 

(12) 

3. DC motors driven by voltage 
source amplifiers: 
The DC motor transfer function 
for a motor driven by a voltage 
source amplifier is: 

position output 9(s) 
G(s)= 

voltage input v(s) 

KMV 
S(STm + l)(STE + 1) (13) 

The term s in the denominator 
indicates integration due to the 
fact that position is the output. 
Note that the transfer function 
for a motor driven by a voltage 
source amplifier has three main 
components; a gain constant 
(KMV), a mechanical time con­
stant (TM) [in seconds] and an 
electrical time constant (TE) [in 
seconds). The gain constant 
(KMV) of the motor driven by a 
voltage source amplifier is 
defined as the velocity at which 
the motor's shaft will turn when 
1 volt is applied to the input 
terminals. The mechanical and 
electrical time constants of the 
motor describe the response time 
of the motor to an input. The 
mechanical time constant (TM) of 
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a motor is defined as the time 
required for the unloaded motor 
to reach 63:2% of its final veloc­
ity after the application of a DC 
step voltage to the motor's 
armature. The electrical time 
constant (TE) of a motor is 
defined as the ratio of the 
armature inductance to the 
armature resistance. 

The constants in the motor 
transfer functions TE, TM, and 
KMV are determined by the 
manufacturer's motor param­
eters and the total system 
inertial load that the motor is 
driving. 

KMV 

The phase contribution of a 
motor [PM(OO)l, driven at 
frequency (00) by a voltage 
source amplifier is: 

PM(OO) = - arctan ([OO)[TM)) -

- arctan ([OO][TE))-

(17) 

[ ; ] (radians)* (18) 

The magnitude contribution of a 
motor [MM(OO)l, driven at 
frequency (00) by a voltage 
source amplifier is: 

The equations for the mechanical 
(TM) and electrical (TE) time MM(OO) = 

KMV * constants are: 

(14) 
[R] [J1 

TM = (seconds) 
[KE) [KT] 

(15) 
L 

TE = - (seconds) 
R 

The equation to calculate the 
gain constant (KMV) is: 

(16) 1 
KMV = - (radlvolt-sec) 

KE 

Where: 
R= the terminal resistance 

of the motor (in ohms) 
the total system moment 
of inertia (in kg-m2) 
the voltage constant of 
the motor (volt-seclrad) 
the torque constant of 
the motor (in N-mlamp) 

The electrical time constant can 
be neglected if the mechanical 
time constant is greater than 10 
times the value of the electrical 
time constant. This reduces the 
motor transfer function to: 

position output 9(s) 
G(s) = I . vo tage mput v(s) 

00 )1 + ([00) [TM])2)1 + ([00] [Te))2 

(19) 

Where: 

(00) = 

TM= 

TE= 

KMV= 

the frequency of interest 
(in radians) 
the mechanical time 
constant of the motor (in 
seconds) 
the electrical time constant of 
the motor (in seconds) 
the gain constant of the 
motor (in radlvolt-sec) 

Note: For cases where the electrical time 
constant has been neglected let TE = O. 

4. DC motors driven by current 
source amplifiers: 
The DC motor transfer function 
for a motor driven by a current 
source is: 

G(s) = 
position output 

current input 

KMC 
S2 

9(s) 

1(s) 

(20) 

The gain constant (KMc) for 
systems employing a current 
source amplifier is computed as: 



KT 
KMC = -- (rad/amp sec2) (21) 

J 

Where: 
J = the total system moment of 

inertia (in kg-m2) 
KT = the torque constant of the 

motor (in N-m/amp) 

The phase contribution of a motor 
[1\1(co)] driven at frequency (co) by a 
current source amplifier is: 

PM(CO) = -n (radians) (22) 

The magnitude contribution of a 
motor [MMCco)], driven at frequency 
(co) by a current source amplifier is: 

KMC 
MM(CO) = (co)2 
Where: 

(23) 

co = the frequency of interest 
(in radians) 

KMC = the gain constant of the 
motor (in rad/amp-sec2) 

The encoder transfer func­
tion: 
The incremental encoder's 
transfer function (E) is: 

E = .2. = [4] [N] (counUrad) (24) 
2n 2n 

Where: 

C = quadrature counts per 
revolution of the encoder's 
codewheel 

N = the number of slits in the 
encoder's codewheel 

The 2n indicates the number of 
radians in one revolution of the 
codewheel. Because the HCTL-
1000 utilizes a four times 
quadrature decoder, the closed 
loop system has four times the 
resolution (C) as the number of 
slits in the codewheel (N). The 
number of slits in the codewheel 
(N) can be found from the en­
coder manufacturer's data sheet. 

The encoder's codewheel count does 
not contribute to the phase of the 
open loop transfer function. The 
magnitude contribution of the 
encoder's codewheel count (E) to the 
open loop transfer function is 
independent of frequency: 

C 
E = - (counUrad) (25) 

2n 

Where: 
C = quadrature counts per 

revolution of the encoder's 
codewheel 

The phase and magnitude 
contribution of the codewheel's 
inertia (Jc), has already been 
considered in the total system 
load on the motor. 

Determination of the Open 
Loop transfer function: 
Now that all of the individual 
transfer functions have been 
determined for each component 
of the open loop system, the open 
loop transfer function M(s) can 
be determined by multiplying 
the individual transfer functions 
together. 

For example, the open loop 
transfer function for the system 
with the current source amplifier 
shown in Figure 6B is: 

M(s) = [e-stJ2] [Kd] [Ka] 

Determination of the gain 
crossoverfrequeney, phase 
crossover frequeney, gain 
margin, and phase margin of the 
open loop transfer function 
using a Bode plot: 

A Bode plot can be created using 
the open loop transfer function 
generated in the last section. 

The purpose of creating the Bode 
plot is to show the characteri!?tics 
of the uncompensated system 
over frequency. The Bode plot 
also shows the designer how 
much compensation should be 
added to the system to achieve 
the desired system bandwidth 
and stability. 

The method for creating a Bode 
plot from the open loop transfer 
function is to plot the phase and 
magnitude of the open loop 
transfer function over frequency. 
In the following equations for the 
phase and magnitude the con­
stants are: 

E = the gain of the incremental 
encoder (counts/ radian) 

KA = the gain of the 
amplifier (volts/volt 
for linear voltage source 
amplifiers, amps/volt for 
linear current source 
amplifiers, volts/count for 
PWM voltage source 
amplifiers, amps/count 
for PWM current source 
amplifiers.) 

Kn = the gain of the DAC 
(volts/count) 

KMC = the gain constant of a 
motor driven by a cur­
rent source amplifier 
(rad/amp-sec2) 

KMV = the gain constant of a 
motor driven by a voltage 
source amplifier (rad/~ 
volt-sec) 

MM(CO) = the magnitude of the 
motor transfer function 

PM(CO) = the phase of the motor 
transfer function 
(radians) 

PZOH(CO) = the phase of the zero 
order hold transfer 
function (radians) 

t = the sampling time of the 
HCTL-1000 (seconds) 

TE = the electrical time con-
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stant of the motor (seconds) 
TM = the mechanical time 

constant ofthe motor 
(seconds) 

00 = the frequency of interest 
(radians) 

The phase [PHU(OO)] of the 
uncompensated open loop trans­
fer function over frequency (00) is 
determined by the equation: 

Pm;(oo) = PM(oo) + PZOH(OO) (radians) 
(27) 

For a system employing a voltage 
source amplifier, the following 
equation is used for calculation 
of the phase [PHU(OO)] of the open 

PHU(OO) = - arctan ([oo][TMD -

- arctan ([oo][TeD 

_[ ;] _[[OO~ [t]] (rad)* 

(28) 

For systems with a voltage 
source amplifier where the 
electrical time constant (TE) has 
been neglected, the equation 
becomes: 

PHU(OO) = - arctan ([OO][TMD 

-[ ;] -eoo~ [t]]<rad)* 

(29) 

For systems with a current 
source amplifier the eqation 
becomes: 

[ [00] [tll 
PHU(OO) = -It - -2-J (rad)* 

(30) 

*Note: Multiply PHU(OO) by 
57.296 (deglrad) to obtain 
the phase in degrees. , 

(31) 

The magnitude [Mu(oo)] of the 
uncompensated open loop 
transfer function over 
frequency (00) is: 
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Mu(oo) = [MM(<.o)] [KD] [KA] [E] 
(32) 

The magnitude [Mu(oo)] of the 
uncompensated open loop 
transfer function of a system 
with a voltage amplifier is: 

Mu(oo) = 

[KMV][KD][KA][(C/21t)] ** 

ro )[1 + ([ro] ITM])2] )[1 + ([ro] IT e])2] 

(33) 
For systems with a voltage 
source amplifier where the 
electrical time constant (TE) has 
been neglected, the uncompen­
sated magnitude [Mu(oo)] is: 

MU(oo) = 
[KMV] [KD] [KA] [C/(2lt)] ** 

(34) 

The uncompensated magnitude 
[Mu(oo)] for the loop transfer 
function of systems with a 
current source amplifier is: 

Mu(oo) = 
[KMcl [KD] [KA] [C/(2lt)] ** 

(ro)2 
(35) 

margins from the Bode plot. 
To find the phase crossover 
frequency (rop) let the phase 
[PHU(OO)] equal- It radians (i.e. 
-180 degrees) in the appropriatf) 
phase equation and solve for the 
frequency (00). This value of the 
frequency (00) is the phase 
crossover frequency (rop). 

(37) 
To find the gain crossover 
frequency (ooc) let the magnitude 
[Mu(oo)] equal 1 (0 db) in the 
appropriate magnitude equation 
and solve for the frequency (00). 
This value of the frequency (00) 
is the gain crossover frequency 
(ooc)· 

~ = __ 1_ (decimal) 
Mu(OOp) 

(38) 

= 20 log [ __ 1_, -] (db) 
Mu(OOp) (39) 

~ = -20 log Mu(oop) (40) 

Where: 
Mu(OOp) = the magnitude of 
the open loop system eval­
uated at the phase crossover 
frequency (00p). 

**Note: To express the magnitude 
in db, use: The phase margin (PH) is 

db = 20 log [Mu(oo)] (36) 

loop transfer function: 
When the equations for the 
phase [PHU(OO)] and gain [Mu(oo)] 
of the open loop transfer function 
have been determined in terms 
of component parameters and 
frequency (00), then different val­
ues of frequency (00) may be sub­
stituted into these equations to 
create a Bode plot of the phase 
and gain of the open loop system. 

The next step is to evaluate the 
phase and gain crossover fre­
quencies and the phase and gain 

(PH) = [180 deg + (57.296 
(deglrad) x PHU(OOc))] 
(degrees) (41) 

Where: 

PHU( ooc) = the phase of the 
open loop system eval­
uated at the gain crossover 
frequency (ooc). 

The gain margin (~) [in db] is: 
Figure 4 shows an example of a 
Bode plot drawn from the open 
loop transfer function of the 
block diagram shown in Figure 3. 
The Bode plot includes the phase 
crossover frequency, gain cross-



over frequency, phase margin, and 
gain margin of the uncompensated, 
open loop system. 

Once the Bode plot of the uncom­
pensated, open loop transfer func­
tion has been completed, the de­
signer can determine how much 
compensation should be added to 
the system to achieve the desired 
system bandwidth and stability. A 
method for determining how much 
compensation to add to the system 
is described in the next section. 

Modification of the Open 
Loop System Transfer 
Function Using 
Compensation to Achieve 
the Desired Closed Loop 
Characteristics 
Once the phase and gain mar­
gins of the open loop transfer 
function are known at the origi­
nal gain and phase crossover fre­
quencies, a new phase margin 
and gain crossover frequency can 
be chosen to achieve a stable 
closed loop system at a band­
width equal to or higher than the 
uncompensated bandwidth. 

The open loop transfer function 
can be modified with the HCTL-
1000's digital compensation filter 
to improve the bandwidth 
(speed) and stability of the sys­
tem when the loop is closed with 
the HCTL-1000. The stability of 
the closed loop system can be in­
creased by increasing the phase 
margin of the system. The band­
width and the gain crossover fre­
quency of the system can be in­
creased by increasing the gain of 
the system. 

Generation of new desired 
open loop characteristics using 
the desired closed loop band­
width: 
In this application note, the 

desired closed loop bandwidth 
(BW) will be approximated as 
equal to the desired open loop 
gain crossover frequency (OlC') for 
high phase margin systems. 

OlC' = BW [closed loop] (42) 

Based on the required step re­
sponse of the system, the user 
should choose a realistic closed 
loop bandwidth (BW), and com­
pensated phase margin (PHd. 
The digital compensation filter 
can contribute a maximum 
phase lead of approximately 80 
degrees to the uncompensated 
phase margin. The amount of band­
width that can be added by the digi­
tal filter depends on the type of sys­
tem being compensated. Both the 
gain of the amplifier CKAl and the 
gain of the digital filter (K) can be 
used to change the gain margin of 
the system. 

The desired gain crossover fre­
quency (roc') is now the fre­
quency of interest that will be 
substituted into both the phase 
and gain equations described in 
the next section. 

Detennination of the phase 
margin and gain of the open loop 
transfer function at the desired, 
open loop gain crossover fre­
quency: 
The next step is to calculate the 
phase margin (PMU) of the 
uncompensated system at the 
desired frequency (OlC') and the 
gain (KF) required to achieve the 
desired frequency (OlC'). 

The uncompensated phase 
margin (PMU) at the desired 
open loop gain crossover fre­
quency (Olc') can be calculated by 
substituting OlC' as the frequency 
of interest (00) in the appropriate 
equation for the phase [PHU(Ol)]: 

PMU = [180 deg + [PHU(OlC')] 
x 57.296(deg/rad)] degrees (43) 

Where: 

PHU(OlC') = the phase angle of 
the open loop system 
evaluated at the 
desired gain crossover 
frequency (roc'). 

The phase lead (PL) that the 
HCTL-1000's digital filter must 
provide to the closed loop system 
to make it stable can be found 
from the following equation: 

PL = PHC - PMU (degrees) (44) 

Where: 

PHC = the desired compensated 
margin at OlC' (degrees) 

PMU = the uncompensated phase 
margin at roc' (degrees) 

The gain (KF) required from the 
digital compensation filter to 
make the overall gain equal to 
one at the desired gain crossover 
frequency (Olc') is: 

1 
KF= -- (45) 

Mu(roc') 

Where: 

Mu(OlC') = the magnitude of the 
open loop system eval­
uated at the desired 
gain crossover 
frequency (OlC'). 

The HCTL-1000's digital com­
pensation filter, and a method for 
computing the values for the 
gain factor (K), the pole (B) and 
the zero (A) are discussed in the 
next section of this application 
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note. 
Use of the Combination 
Method to Design the 
HCTL-IOOO's Digital Com­
pensation Filter: 
Characteristics of the HCTL-
1000's digital filter: 
The digital compensation filter of 
the HCTL-IOOO is of the form: 
D(z) = [K] [z - A] = 

[4Hz + B] 

[~] [Z~A] [Z:B] (46) 

Both the pole term (B) and the 
zero term (A) contribute phase 
lead to the system. The K term is 
an independent gain factor that 
can be used to raise the system 
gain for higher bandwidth, and 
to compensate for the gain 
reduction associated with the 
digital filter's pole and zero term. 

The combination method and 
the phase and magnitude 
graphs: 
The combination method is a 
graphical analysis technique 
that can be used to design 
HCTL-IOOO's digital compensa­
tor filter. The four graphs shown 
in Figures 7, 8, 9, and 10 are 
employed by the combination 
method to show the phase of 
digital filter's pole [Pp(CON)], the 
phase of digital filter's zero 
[Pz(CON)]' the magnitude ofthe 
digital filter's pole [Mp(CON)]. and 
the magnitude of the digital 
filter's zero [MZ(OlN)] Note that 
the magnitude and phase for 
both the pole and zero terms are 
plotted on individual graphs. The 
combination method employs 
these plots to determine values 
for the pole (B), zero (A), and 
gain (K) that will provide the 
required phase lead and gain for 
the desired closed loop system 
response to a step input over a 
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specified bandwidth. 
Normalized frequencies are used 
in these graphs to allow digital 
compensation to be designed for 
systems with a wide range of 
bandwidths and sample times. 
The normalized frequency 
[0JN{0l)] is calculated as the 
frequency (01) multiplied by the 
sampling time (t) of the system: 

CON(Ol) = [01] [t] (radians) (47) 

OlNC' is the desired gain cross­
over frequency (roc'), normalized 
to the sampling time (t) of the 
HCTL-IOOO by equation (47): 

OlNC' = [roc] [t] (radians) (48) 

Where: 

OlC' = the desired gain crossover 
frequency (radians/sec) 

t = the sampling time of the 
HCTL-IOOO (seconds) 

The normalized desired gain 
crossover frequency (CONC') is 
used as the frequency at which 
the phase and magnitude contri­
butions of the digital filter's pole 
and zero term are evaluated. 

Figures 11, 12, 13, and 14 show 
expanded versions of the phase 
and magnitude graphs for the 
pole (B) and zero (A) term. These 
graphs have been expanded for 
values of the normalized fre­
quency [0JN{0l)] between 0.0 and 
0.65. This range of values is 
most often used due to the 
requirement that the sampling 
frequency (lIt) must be at least 
10 times the system bandwidth 
(in Hertz). 

CONc'S; Olc' X t (48) 
CONc' S; OlC' x (2 x It)I(lO x roc') 
CONc' S; (2 x It)IIO 

Therefore: 

CONC' S; .628 

Note that for all four graphs the 
value ofthe pole term (B) and 
the zero term (A) is always less 
than or equal to 1.0 for proper 
system design. Also note that 
when the phase lead from the 
HCTL-IOOO's compensator is 
increased the gain of the system 
is decreased by the pole and zero 
terms. 

The normalized frequency plots 
for the phase and magnitude of 
the pole and zero terms allow the 
designer to use analog design 
techniques to determine values 
for the HCTL-IOOO's digital 
compensation filter. This is 
accomplished by mapping from 
the digital z-plane to the analog 
s-plane through the equation 
z = est = eirot where t is the 
sampling time of the system, and 
OJN{0l) is the normalized frequency 
of the system. 

Generation of the phase and 
magnitude graphs: 
The following text describes the 
method and equations for gener­
ating the phase and magnitude 
graphs. This information is 
useful for designers who would 
like to implement the combina­
tion method in software, but it is 
not necessary to read this text for 
the designer to use the graphs 
for filter design. 

The graphs for the pole term are 
t S; 11(10 x BW) 
t S; (2 x It)I(lO x roc') 

Now: 

(8) generated from the zI(z + B) 
portion of equation (46). The plot 
for the phase of the pole term is 
derived by substituting z = eirot 
into zI(z + B) and then taking the 
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2.8 3.2 

argument ofthis term to get: 

Pp(WN) = arg r .eicot ]= 
LeJ cot + B 

t [ Bsinwt J arc an 
(B cos wt) + 1 

(49) 

The magnitude of the pole term 
is derived from: 

r eicot ] 
Leicot + B = 

1 

-J [(B cos ror) + 1]2 + [B sin ror]2 

(50) 

The graphs of the zero term are 
derived from the (z-A)/z portion 
of equation (46). The plot of the 
phase of the zero term is found 
by substituting z = eirot into (z-A)/ 
z and then taking the argument 

[ eicot -A] PZ(WN) = arg --. - = 
eJcot 

t [ Asinwt J arc an 
(-A cos wt) + 1 

(51) 

The plot of the magnitude of the 
zero term is derived from: 

Mz(WN) = [eico~ - A] = 
eJcot 

-J [(-A cos rot) + 1]2 + [A sin wt]2 

(52) 
of this term to get: 
Determination of the HCTL-
1000's Digital Filter Parameters: 
A, B, and K by the Combination 
Method: 
Three programmable components, 
the zero (A), the pole (B), and the 
gain (K.) are accessible to the user 
through registers 20H, 21H, and 
22H of the HCTL-1000 respectively. 
By changing these three numbers, 
the user can change the response of 
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Table 1: Effect of changing digital filter parameters A, B, or K on the 
response of the syStem to a step input. 
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3.2 

the system to an input. Table 1 
shows the effect of changing each of 
these parameters on the response of 
the system to a position step input. 
The combination method to find 
values for the pole (B), zero (A), 
and gain (K) is as follows: 

1. On Figure 11, choose a large 
value for the pole term 

2. 

3. 

(B) to contribute significant 
phase lead [Pp(OONC')] at the 
normalized desired gain 
crossover frequency of the 
system (OONc'). 
From Figure 12, read the 
value of the magnitude 
[Mp(OONC')] for the chosen 
value of B at the normalized 
desire gain crossover 
frequency (OONC'). 
Determine the remaining 
phase lead [PZ(CONc')] which 
must be provided by the zero 
term (A) of the digital filter. 
This can be done by use of 
the equation: 

PZ(ffiNc') = PI. - PP(ffiNc') (degrees) 
(53) 

Where: 
PL = the required phase lead 
from the HCTL-1000's digital 
compensation filter (degrees) 

Pp(OONC') = the phase lead 
contributed by the pole term 
(degrees) 

4. On Figure 13, find the point 
where the normalized, 
desired gain crossover fre­
quency (OONC') and the re­
maining phase lead [PZ(CONC')] 
intersect. Estimate the value 
of the term (A) at this point. 

5. From Figure 14, find the 
value of the zero term's 
magnitude [Mz(OONC')] by 
plotting the estimated value 
of the zero (A) from step 4 at 
the normalized desired gain 



crossover frequency (roNC') 
and reading from the zero 
magnitude (Mz) axis. 

6. Use the following equation to 
find the valYG of the gain (K): 

K= F 
[Mz(roNdl [Mp(roNdl 

(54) 

Where: 
KF = the gain required by the 
digital filter to provide the 
desired frequency (ffiNC') 

Mz(ffiNC') = the magnitude of 
the zero term 
Mp(ffiNC') = the magnitude of 
the pole term 

7. Program the HCTL-l000with: 
Register R20H = 256 x A (55) 
Register R21H = 256 x B (56) 
Register R22H = 4 x K (57) 

Note: The range of allowable values 
for registers 20H, 21 H, and 22H is 
integers between 0 and 255 decimal 
(0 to OFF Hex). If the required 
number for the gain that must be 
programmed into register R22H is 
greater that 255 decimal, then the 
gain of some other component in the 
system must be increased, or the 
desired gain crossover frequency 
(roc') must be decreased. 

Appendices 
Appendix A: Design Example of a 
System with a Voltage Source 
Amplifier: 
In this section the HCTL-l00O's 
digital filter parameters A, B, and K 
will be computed for an actual 
benchtop system with a voltage 
source amplifier. 

Open Loop System Model: 
The open loop system model for a 
system with a voltage source 
amplifier is shown in Figure 6A 
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Choosing a bandwidth and 
sampling time: 
The first step is to determine the 
desired bandwidth and sampling 
time of the system. For this 
example, a bandwidth of 60 Hz 
will be chosen. The sampling 
frequency of the HCTL-1000 
should be at least 10 times the 
bandwidth of the system. The 
HCTL-1000's default sample 
time (t) of .00052 sec will be 
chosen. This makes the sampling 
frequency = lit = 1923 Hz which 
is approximately 32 times the 
bandwidth of the system. See 
Equation 8. 

The Zero Order Hold (ZOH) 
transfer function: 
The transfer function of the zero 
order hold is: 

Z(s) = e-stl2 = e··00026s (6) 

Where the time between samples 
(sampling time) (t) ofthe HCTL-
1000 has been chosen as .52 
milliseconds. 

t = 0.00052 seconds 

The phase contribution of the 
zero order hold [PzoH(co)] to the 
system is: 

P (co) - [co] [t] (7) 
ZOH = 2 

Digital to Analog Converter 
(DAC) Parameters: 
A linear, voltage source amplifier 
has been chosen to drive the 
motor. This amplifier requires a 
digital to analog converter (DAC) 
to convert the 8 bit motor com­
mand word from the HCTL-1000 
into an analog voltage. The gain 
(Kn) ofthe example -5 to +5 volt 
DAC is as follows: 

Kn = 5 - (-5) volts 
256 - 0 counts 

Kn = .039 volts/count 
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(10) 

Amplifier Parameters: 
Next, the gain of the voltage 
source amplifier must be deter­
mined. The gain of a linear, 
voltage source amplifier is 
determined by measuring the 
output voltage of the amplifier 
for a known input voltage. For 
the example system, the linear, 
voltage source amplifier's gain 
(KA) is: 

2.00 - 0 volts-out (11) 
KA= 

1.00 - 0 volts-in 

KA = 2.00 volts-outlvolt-in. 

Motor Parameters: 
The motor parameters from the 
manufacturer's data sheet are: 

Motor torque constant (KT) = 
3.15 x 10-2 N-m/amp 
Motor moment of inertia (JM) = 
2.69 x 10-6 kg-m2 

Terminal resistance (R) = 5.44 
ohms 
Voltage constant (KE) = 3.15 x 
10-2 volt-sec!rad 
Armature inductance (L) = 9.80 
x 10-4 henries 

System Moment of Inertia: 
The total moment of inertia of 
the system (J) is determined by 
adding the moment of inertia of 
the motor's rotor (JM), the 
moment of inertia of the load 
(JL), and the moment of inertia 
of the encoder codewheel (Jc). 
For the example system there is 
no load external to the motor 
other than the encoder 
codewheel. The~efore, the total 
system moment of inertia (J) is: 

J = JM + h + JC = (2-69 x 10-6) + 
0+ (4 x 10-8) kg-m2 

= 2.73 X 10-6 kg-m2 (12) 

The DC Motor Transfer Func­
tion: 
The motor transfer function of a 
DC motor driven by a voltage 
source amplifier is: 

9(s) position output 
G{s) = - = ----,:-:----:---

v(s) voltage input 

KMV 
-----=.::::-'---- (13) 
S[STM + l][sTE + 1] 

Calculation of the Transfer 
Function of the DC Motor: 
The motor parameters and the total 
moment of inertia of the system are 
used to calculate the mechanical 
and electrical time constants and 
the gain constant of the motor. The 
equations for the mechanical time 
constant (TM) and the electrical 
time constant (TE) of the motor are: 

TM= [R] [J] (seconds) (14) 
[KE][KT] 

L 
TE= - (seconds) 

R 
(15) 

The gain constant (KMV) of the 
motor is computed as: 

1 
KMV = - (radlamp/-sec2) (16) 

KE 

For the example system: 

[5.44] [2.73 x 10-6] 
TM = [.0315] [.0315] (seconds) 

TM = .015 seconds 

9.8 x 10-4 
TE = 5.44 (seconds) 

TE = 0.18 milliseconds 

1 
KMV = .0315 radlsec!volt 

KMV= 31.75 radlsec!volt 

Because the mechanical time 
constant (TM) is more than 10 
times larger than the electrical 
time constant (TE) of the 
example, the DC motor transfer 
reduces to: 

G{s) = __ K..!!MV!..!....._ 
S(STM + 1) 

31.75 

s(0.15s+ 1) 

(17) 



The phase contribution [PM(OO)] of 
the motor driven at frequency (00) 
by a voltage source amplifier to 
the system is: 

PM(OO) = - arctan (OOTM) - ..2:. 
2 

(radians) 

PM(OO) = - arctan (00[.015]) -
1t '2 (radians) (18) 

Magnitude contribution [MM(OO)] 
of the motor driven at frequency 
(00) by a voltage source amplifier 
is: 
MM(OO) = KMV (19) 

00 "h + ([00] [TM])2 

31.75 

00 )1 + ([00] [.015])2 

Encoder Parameters: 
The parameters of the encoder 
must be determined. The param­
eters of the Hewlett-Packard 
HEDS-5000 encoder chosen for 
this example are: 

N = 256 slits in the codewheel 
C = 4N = 1024 quadrature 

encoder counts! 
codewheel revolution 

Jc = 4 X 10-8 kg-m2 

Therefore, the transfer function 
and magnitude contribution (E) 
of the encoder to the system is: 

C 1024 
E = - = -- (count/radians) 

21t 21t 
(24) 

Calculation of the Open Loop 
Transfer Function: 
The open loop transfer function 

. is calculated as: 

M(s) = [KD] [ZOH] [KA] [G(s)] 
[C/(2 x 1t)] (5) 

M(s) = [.039] [e-·00026s] [2.0] 

[ 31.75 ] [1024] 
s(.015s + 1) 21t 

M(s) = 403.56 e-·00026s 

s(.015s + 1) 

Determination of the Gain 
Crossover Frequency, Phase 
Crossover Frequency, Gain 
Margin, and Phase Margin of 
the Open Loop Transfer Func­
tion Using a Bode Plot: 
The equation which is used to 
find the phase [PHU(OO)] of the 
uncompensated, open loop 
transfer function is: 

PHU(OO) = PM(OO) + PZOH(OO) 
(radians) (27) 

PHuCOO) = - arctan (00 x TM)-

1t oot ( d' - - - ra lans) 
2 2 

(29) 

PHuCOO) = - arctan (00 x .015) -
1t 00[.00052] 

2 2 
(rad) 

The phase [PHU(OO)] can now be 
calculated for various values of 
frequency (00). To be graphed 
onto a Bode plot, the values for 
the phase [PHU(OO)] must be 
converted from radians to 
degrees using the equation: 

1 radian = 57.296 degrees (31) 

Some values for the phase 
[PHU(OO)] are shown in degrees 
for various values of frequency 
(00) in Table 2. 

The equation which is used to 
find the magnitude [MuCoo)] of 
the uncompensated, open loop 
transfer function is: 

(32) 
Mu(oo) = [Mu(oo)] [KD] [KAl [E] 

Mu(oo) = [KMV] [KD] [KAl [C/(21t)] 

00 )1 + ([TM][00])2 

Mu(oo) = 

[[31. 75] [.039] [2.0] [(10241(21t)] 

00 )1 + ([.015][00])2 

The magnitude [Mu(oo)] can now 
be calculated for various values 
offrequency (00). To be graphed 
onto a Bode plot, the values for 
the magnitude [Mu(oo)] must be 
converted from decimal to 
decibels using the equation: 

db = 20 log [Mu(oo)] (36) 

Some values for the magnitude 
[(Mu(oo)] are shown in decibel for 
various values of frequency (00) in 
Table 2. 

Figure 15 shows a Bode plot of 
the phase [PHU(OO)] and gain 
[Mu(oo)]. 

The next step is to find the gain 
and phase crossover frequencies 
of the uncompensated, open loop 
system. The gain crossover 
~(~oftheunoompensated 
open loop system can be com­
puted by setting the magnitude 
[Mu(oo)] in db equal to 0 db and 
solving the equation for (~. 

20 log [MuC~)] = 0 db (38) 

20 log 

[ 
[KMV] [KD] [KA] [C/(21t)]] 

=Odb 
ooc )1 + ([OOC][TM])2 

The difficulty in choosing this 
method is that the solution can 
involve a fourth order (quartic) 
equation. A simpler method is to 
read the gain crossover fre­
quency from the Bode plot 
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Table 2. Tbe magnitude (Mu) and phase (Pnu) of the open loop transfer 
function over frequency (00), for the system with a voltage source 
amplifier. 

Frequency (00) 

(radians/sec) 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 

Magnitude (Mu) 
(decibels) 

52.12 
46.09 
42.57 
40.06 
38.11 
36.52 
35.17 
33.99 
32.95 
32.02 
25.72 
21.78 
18.74 
16.21 
13.98 
12.00 
10.19 
8.54 
7.01 

-3.89 
-10.68 
-15.59 
-19.42 
-22.57 
-25.23 
-27.54 
-29.58 
-31.41 

Phase (PHU) 
(degrees) 

-90.87 
-91.75 
-92.62 
-93.49 
-94.36 
-95.22 
-96.09 
-96.95 
-97.81 
-98.66 

-106.97 
-114.63 
-121.51 
-127.56 
-132.82 
-137.38 
-141.33 
-144.76 
-147.75 
-164.51 
-171.92 
-176.48 
-179.84 
-182.59 
-184.98 
-187.15 
-189.16 
-191.08 

-80° 
(-1.05) 
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Figure 15. Bode Plot of the Open Loop System with the Voltage Source Before 
Compensation. 
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showri in Figure 15. From the 
Bode plot it can be seen that 
the. magnitude [Mu(co)] crosses 
the 0 db axis at approximately 
160 radians/sec. Therefore the 
gain crossover frequency (coc) 
of the uncompensated, open 
loop system is: 

COc = 160 radians/sec 
= 25.5 Hz 

The phase crossover frequency 
(cop) of the uncompensated, 
open loop system can be found 
by setting the phase [PHU(CO)] 
equal to -It radians (i.e. -180 
degrees) and solving for (cop): 

PHU( mp) = -It radians - arctan 

([mp][TM]) 

It [mp] ttl . 
- - - --= -It radIans 

2 2 
(37) 

As with the phase crossover 
frequency calculation, the 
simplest method to find the 
phase crossover frequency (cop) 
is to read it directly from the 
Bode plot. The phase crossover 
frequency (cop) is the point 
where the phase [PHU(CO)] 
crosses the -180 degree axis. 
From the Bode plot shown in 
Figure 15 it can be seen that 
the phase crossover frequency 
(cop)is approximately: 

cop = 500 radians/sec = 79.6 Hz 

The gain margin (GM) is 
computed at the phase cross­
over frequency (cop) as: 

~ = -20 log [Mu(mp)] db 

~=-20Iog 

(40) 

. [[KMV] [KD] [KAl [C/(2lt)]] db 

mp j1 + ([mp][TM])2 



=-W~ ~ [ 
[[31. 75] [.039] [2.0] [(1024/(21t)]] 

500 x VI + ([500] [.015])2 

~= 19.42 db 

The gain margin (GM) can also 
be read directly from the Bode 
plot as the difference between 
the 0 db axis and the magnitude 
[Mu(rop)] at the phase crossover 
frequency (rop). 

The phase margin (P:H) is computed 
as 180 degrees plus the phase 
[P:Hu(roc)] in degrees at the gain 
crossover frequency (roc). 

designed to provide the desired 
closed loop characteristics. 

For this system closed loop 
bandwidth (BW) of 60 Hertz [377 
radians/sec] is desired, and a 
compensated, desired phase 
margin (PHC) of 40 degrees has 
been chosen. 

The desired open loop gain 
crossover frequency (roc') can be 
approximated as the desired 
closed loop bandwidth (BW): 

([377][.015]) _ [3.~42 _ 

[377][~0052] ] 

PMU = 4.43 degrees 

The phase lead CPt) that the HCTL-
1000's digital filter must provide to 
achieve the desired closed loop 
performance is the difference 
between the desired, compensated 
phase margin (PHC) at the gain 
crossover frequency (roc') and the 
uncompensated phase margin 
(PMU) at frequency (roc'): 

PH = [180 deg. + [57.296(deglrad] 

[PHU(roC)]] degrees (41) 
(roc') = BW radians/sec (42) PL = PHC-I\ru degrees (44) 

= 180 + 57.296(-arctan ([roel 

[TM]) _..2:. _ [roel It]) deg 
2 2 

= 180 + 57.296(-arctan ([160] 

1t [160] [.00052]) 
[.015]) - -2- - --2--

= 20.27 degrees 

The phase margin (PH) can also 
be read directly from the Bode 
plot as the difference between 
the phase [PHU(ro)] at the gain 
crossover frequency (roc) and the 
-180 degree axis. 

Modification of the Open 
Loop System Transfer 
Function Using 
Compensation to Achieve 
the Desired Closed Loop 
Characteristics: 
Now that the uncompensated, 
open loop characteristics of the 
system are known and plotted on 
a Bode plot, the HCTL-1000's 
digital compensation filter can be 

(roc') = 377 radians/sec 

The normalized, desired gain 
crossover frequency (roNC') is: 

roNC' = [roc'] ttl radians (48) 
roNc' = [377 rad/sec] [.00052 sec] 

= .1960 radians 

Determination of the phase 
margin and gain of the open 
loop transfer function at the 
desired, open loop gain cross­
over frequency: 

. For the example system with the 
voltage source amplifier, where 
the electrical time constant has 
been neglected, the phase mar­
gin (PMU) of the uncompensated 
system at the desired gain cross­
over frequency (roc') is computed 
as: 

(43) 
PMU = [180 deg. + ([57.296 

(deg/rad)] [PHU(roc')]] degrees 

PMU = 180 + [57.296][-arctan 

([roC'][TM]) _ [: _ [roc~ It]] 

PMU = 180 + [57.296H-arctan 

PL = 40 - 4.43 = 35.57 degrees 

The magnitude [MuCroc')] of the 
uncompensated system at frequency 
(roc') with a voltage source amplifier 
where the electrical time constant 
has been neglected is: 

MuCroc') = 

Mu(roc') = 
[[31. 74) [.039] [2.0) [10241([2] [3.142))) 

377 )1 + ([.015][377])2 

Mu(roc') = .186 
(- 20 log .186 = 14.6 db) 

The gain (KF) required from the 
digital filter to make the overall 
gain of the system equal to 1 at 
the desired gain crossover 
frequency (roc') is defined as: 

KF= _1_ (45) 
MuCroc') 

1 
KF= ---

.186 

KF = 5.38 
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Use of the Combination 
Method to Design the 
HCTL-IOOO's Digital Com­
pensation Filter: 
On Figure 16 the plot ofB = 0.9 
is chosen to contribute 5.3 degrees 
of phase lead (PP«CONC'» at CONC' 
= 0.196. 

The plot of B = 0.9 in Figure 17 
at CONc' = 0.196 gives a gain 
[Mp(CONc')] of 0.53. 

The remaining phase lead at 
frequency (roc? which must be 
contributed by the zero term 
[PZ(CONC?] is: 

PZ(CONC') = PL-Pp(CONC') (53) 
= 35.57 - 5.3 = 30.27 degrees 

On Figure 18, the point where CONe' 
= .196 and PZ(CONC? = 30.27 inter­
sect is A = 0.76. 

The magnitude of the zero term 
where A = .76 at CONe' = 0.196 on 
Figure 19 is Mz(CONC? = 0.29. 
The gain (K) which must be con­
tributed by the digital filter is: 

KF 
K = ----=-----

[Mp(CONc')] [Mz(CONC')] 

__ 5_.3_8_ = 34.4 
[0.53] [.295] 

The values which should be 
programmed into the HCTL-
1000 are therefore: 

(54) 

A= [256][0.76] = 194.56= 195 (55) 

B = [256] [0.9] = 230.4 = 230 (56) 

K = [4] [34.4] = 137.6 = 138 (57) 

Figure 20 shows the actual re­
sponse of the closed loop system 
to a step input of 25 quadrature 
counts. (25 quadrature counts on 
a 256 count codewheel that is 
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Figure 16. Phase Lead Contribution of the Pole Term to the Closed Loop System 
Compensator. 
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multiplied by 4 equals 8.79 de­
grees of angular rotation). The 
amount of overshoot of the sys­
tem's response is roughly consis­
tent with a system with 40 de­
grees of phase margin. 

For high phase margin systems 
the relationship between the 
risetime (tc) and the bandwidth 
(BW) of a closed loop system can 
be approximated as: 

2.2 
tR = (58) 

BW (in radians/sec) 

For low phase margin systems 
which have some overshoot in 
the closed loop step response, the 
relationship between the 
risetime (tR) and the bandwidth 
(BW) of a closed loop system can 
be approximated as: 

0.6 t 2.2 
<R< -

BW BW 
(59) 

Figure 21 shows the actual rise 
time ofthe closed loop system to 
a step input of 25 quadrature 
counts. Note that the risetime is 
defined as the time required for 
the output to go from 10% to 90% 

ofits final value. Since this sys­
tem has some overshoot, equa­
tion (59) applies. The risetime 
(tR) should therefore be: 

0.6 2.2 d ------ <tR< secon s 
[60] [6.28] [60] [6.28] 

.00159 < tR < .0058 seconds 

The risetime measured from 
figure 21 is: 

tR = 0.0042 seconds 

Therefore the measured risetime 
falls within the expected range of 
values for a bandwidth of60 Hertz. 

Appendix B: Design Ex­
ample of a System with a 
Current Source Amplifier: 
In this section the HCTL-1000's 
digital filter parameters A, B, 
and K will be computed for an 
actual benchtop system with a 
current source amplifier. 

Open Loop System Model: 
The open loop system model for a 
system with a current source 
amplifier is shown in Figure 6B. 

Choosing a bandwidth and 
sampling time: 
The first step is to determine the 
desired bandwidth and sampling 
time of the system. For this 
example, a bandwidth of 60 Hz 
will be chosen. The sampling 
frequency of the HCTL-1000 
should be at least 10 times the 
bandwidth of the system. The 
HCTL-1000's default sample 
time of .00052 sec will be chosen. 
This makes the sampling fre­
quency = lIt = 1923 Hz which is 
approximately 32 times the 
bandwidth of the system. See 
Equation 8. 

The zero order hold (ZOH) 
transfer function: 
The transfer function of the zero 
order hold is: 

Z(s) = e-stl2 = e_·00026s (6) 

Where the time between samples 
(sampling time) (t) of the HCTL­

. 1000 has been chosen as .52 
milliseconds. 

t = 0.00052 seconds 

The phase contribution of the 
zero order hold (PZOH(OO» to the 
system is: 

[00] [t] (7) 
PZOH(OO) = - --

2 
Amplifier parameters: 
Next, the gain of the current 
source amplifier must be deter­
mined. For the example system, 
a pulse width modulated, current 
source amplifier with a gain (KA) 
= 0.02 amps-out!count has been 
chosen. No digital to analog 
converter (DAC) is used with a 
pulse width modulated amplifier. 

KA = 0.02amps-out!count (11) 

Motor parameters: 
The motor parameters from the 
manufacturer's data sheet are: 
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Motor torque constant (KT) = 
3.15 x 10-2 N-mlamp 

Motor moment of inertia (JM) = 
2.69 x 10-6kg-m2 

Terminal resistance (R) = 5.44 
ohms 

Voltage constant (KE) = 3.15 x 
10-2 volt-seclrad 

Armature inductance (L) = 9.8 
x 10-4 henries 
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System moment of inertia: 
The total moment of inertia of 
the system (J) is determined by 
adding the moment of inertia of 
the motor's rotor (JM), the mo­
ment of inertia of the load (h), 
and the moment of inertia of the 
encoder codewheel (JC)' For the 
example system there is no load 
external to the motor other than 
the encoder codewheel. There­
fore, the total system moment of 
inertia (J) is: 
J ,,; JM + h + Jc = (2.69 x 10-6) + 

o + (4 X 10-8) kg-m2 (12) 
= 2.73 x 10-6 kg-m2 

The DC motor transfer 
function: 
The motor transfer function of a 
DC motor driven by a current 
source amplifier is: 

9(s) position output 
G(s) = - = ----::------:---

v(s) voltage input 

KMC (20) 
S2 

Calculation of the gain constant 
and transfer function of the DC 
motor: 
The motor parameters and the 
total moment of inertia of the 
system including the motor are 
used to calculate the gain con­
stant of the motor. The gain 
constant (KMC) of the motor is 
computed as: 

KT KMC = - (rad/ampl-sec2) (21) 
J 

For the example system: 

.0315 N-mlamp 
KMC = __ -' --:---=:,----__=_::_ 

2.73 x 10-6kg-m2 

= 11,538.46 rad/amp-sec2 

Therefore the motor transfer 
function is: 

KMC 11,538.46 
G(s)= - = 

s2 s2 

The phase contribution (PM(OO» 
of the motor driven at frequency 
(00) by a current source amplifier 
to the system is: 

PM(OO) = - 1t (radians) (22) 

The magnitude contribution 
(MM(OO» of the motor driven at 
frequency (00) by a current source 
amplifier is: 

Mu(oo) = KMC 
(00)2 

M '(00) = 11,538.46 
u (00)2 

(23) 



Encoder parameters: 
The parameters of the encoder 
must be determined. The param­
eters of the Hewlett-Packard 
HEDS-5000 encoder chosen for 
this example are: 

N = 256 slits in the codewheel 
C = 4N = 1024 quadrature 

encoder counts/codewheel 
revolution 

Jc = 4 X 10-8 kg-m2 

Therefore, the transfer function 
and magnitude contribution (E) 
of the encoder to the system is: 

C 1024 . 
E = -.- = -- (counts/radIan) 

21t 21t (24) 

Calculation of the open loop 
tr8JlSfer function: 
The open loop transfer function 
is calculated as: 

M(s) = [ZOm [KAl [G(s)] [C/(21t)] 

PHU(ro) = -1t-

[ro] [.00052] (d' ) 
ra Ians 

2 

The phase [PHU(ro)] can now be 
calculated for various values of 
frequency (ro). To be graphed into 
a Bode plot, the values for the 
phase [PHU(ro)] must be con­
verted from radians to degrees 
using the equation: 

1 radian = 57.296 degrees (31) 

Some values for the phase [PmJ(ro)] 
are shown in degrees for various 
values of frequency (ro) in Table 3. 
The equation which is used to find 
the magnitude [Mu(ro)] of the 
uncompensated, open loop transfer 
function is: 

[KMcl [KAl [C/21t] 
Mu(ro) = 

(32) 

quency (roC) of the uncompensat­
ed open loop system can be com­
puted by setting the magnitude 
[Mu(ro)] in db equal to 0 db and 
solving the equation for (roC): 

(38) 
20 log [Mu(roc)] = 0 db 

20 log = 

[
[KMC][KA][(C/21t)]] = 0 db 

(roc)2 

roc = .j [KMcl [KAl [(C/(21t)] 

Another method is to read the 
gain crossover frequency from 
the Bode plot shown in Figure 
22. From the Bode plot it can be 
seen that the magnitude [Mu(ro)] 
crosses the 0 db axis at approxi­
mately 195 radians/sec. There­
fore gain crossover frequency 
(roc) of the uncompensated, open 
loop system is: 

M(s) = [e-·00026s] [0.02] (5) MU(ro) = roc = 195 radians/sec 
11,538.46 x 0.02 x (1024/(21t)) = 31.04 Hz 

[".";;846] [,~~] 

37,610[e-·00026s] 
M(s) = 

s2 
Determination of the gain 
crossover frequency, phase 
crossover frequency, gain 
margin, and phase margin of 
the open loop tr8JlSfer function 
using a Bode plot: 

ro2 

The magnitude [Mu(ro)] can now 
be calculated for various values 
offrequency (ro). To be graphed 
onto a Bode plot, the values for 
the magnitude [Mu(ro)] must be 
converted from decimal to 
decibels using the equation: 

db = 20 log [Mu(ro)] (36) 

Some values for the magnitude 
[Mu(ro)] are shown in decibel for 
various values of frequency (ro) 
in Table 3. 

The equation which is to be used 
to find the phase [PHU(ro)] of the 
uncompensated, open loop 
transfer function is: 

Figure 22 shows a Bode plot of 
the phase [PHU(ro)] and gain 

(27) [Mu(ro)]. 
+ PZOH(ro) (radians) 

[ro] [t] . ) 
PHU(ro) = -1t - -- (radIans 

2 (30) 

The next step is to find the gain 
and phase crossover frequencies 
of the uncompensated, open loop 
system. The gain crossover fre-

The phase crossover frequency 
(rop) of the uncompensated, open 
loop system can be found by 
setting the phase [PHU(ro)] equal 
to -1t radians (-180 degrees) and 
solving for (rop): 

PHU(rop) = -1t radians (37) 

_ 1t _ [ro] [t] = _ 1t radians 
2 

Another method to find the phase 
crossover frequency (rop) is to read it 
directly from the Bode plot. The 
phase crossover frequency (COp) is 
the point where the phase crosses 
the -180 degree axis. From the Bode 
plot shown in Figure 22 it can be 
seen that the phase crossover 
frequency (COp) is: 

(rop) = 0.0 radians/sec 
= 0.0 Hz 

2-221 



Table 3. The magnitude (Mu) and phase (PHU) of the open loop transfer 
function over frequency (00), for the system with a voltage source 
amplifier. 

Frequency (00) Magnitude (Mu) Phase (PHU) 
(radians/sec) (decibels) 

1 91.61 
2 79.57 
3 72.52 
4 67.53 
5 63.65 
6 60.48 
7 57.81 
8 55.49 
9 53.44 

10 51.61 
20 39.57 
30 32.52 
40 27.53 
50 23.65 
60 20.48 
70 17.81 
80 15.49 
90 13.44 

100 11.61 
200 -.43 
300 -7.48 
400 -12.47 
500 -16.35 
600 -19.52 
700 -22.19 
800 -24.51 
900 -26.56 

1000 -28.39 

The gain margin (~) is com­
puted at the phase crossover 
frequency (oop) as: 

GM = - 20 log [Mu(cop)] db (40) 

However, since the phase cross­
over frequency is zero, the 
system is unstable, and the gain 
margin is minus infinity. 

The phase margin (PH) can be 
computed as 180 degrees plus 
the phase [PHU(CO)] in degrees at 
the gain crossover frequency (roc). 

PH = [180 deg. + [57.296 (41) 

(deg/rad] [PHU(roc)]] degrees 

= 180 + [57.296] 
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(degrees) 

-180.02 
-180.03 
-180.05 
-180.06 
-180.08 
-180.09 
-180.10 
-180.12 
-180.13 
-180.15 
-180.30 
-180.45 
-180.60 
-180.75 
-180.89 
-181.04 
-181.19 
-181.34 
-181.49 
-182.98 
-184.47 
-185.96 
-187.45 
-188.94 
-190.43 
-191.92 
-193.41 
-194.90 

[ _. _ I"'~ It I ] d'gree' 

= [180 + 57.296] 

[ _. _ 119511;00521] 

= -2.9 degrees (ie. unstable!) 

The phase margin (PH) can also 
be read directly from the Bode 
plot as the difference between 
the phase [PHU(CO)] at the gain 
crossover frequency (roc) and the 
-180 degree axis. 

Modification of the Open 
Loop System Transfer 
Function Using 
Compensation to Achieve 
the Desired Closed Loop 
Characteristics 
Now that the uncompensated, 
open loop characteristics of the 
system are known and plotted on 
a Bode plot, the HCTL-1000's 
digital compensation filter can be 
designed to provide the desired 
closed loop characteristics. 

For this system closed loop 
bandwidth (BW) of 60 Hertz [377 
radians/sec] is desired, and a 
compensated, phase margin 
(PHe) of 40 degrees has been 
chosen. 

The desired open loop gain 
crossover frequency (roc') can be 
approximated as the desired 
closed loop bandwidth (BW): 
coe' = BW radians/sec (42) 

coe' = 377 radians/sec 

The normalized, desired gain 
crossover frequency (CONe') is: 

CONe' = [coe'] [t] radians (48) 
CONe' = [377 (radlsec)] [.00052 

(sec)] = .1960 radians 

Detennination of the phase 
margin and gain of the open 
loop transfer function at the 
desired gain crossover 
frequency: 
For the example system with the 
current source amplifier the 
phase margin (PMU) of the 
uncompensated system at the 
desired gain crossover frequency 
(coe') is computed as: 

PMU = [180 deg. + [57.296 (43) 

(deg/rad] [PHU(OOC')]] degrees 
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Use of the Combination 
Method to Design the 
HCTL-IOOO's Digital Com­
pensation Filter: 
On Figure 23 the plot ofB = 0.9 
is chosen to contribute 5.3 
degrees of phase lead [Pp(OONC')] 
at 
OONC' = 0.196. 

The plot ofB = 0.9 in Figure 24 
at CONC' = 0.196 gives a gain 
[MP(CONC')] of 0.53. 

The remaining phase lead at 
frequency (roc') which must be 
contributed by the zero term 
[PZ«OONC')] is: 

Ol - FREQUENCY - RADIANSISECOND PZ(OONC') = PL- Pp(OlNC') (53) 

Figure 22. Bode Plot of the Open Loop System with the Current Source Before 
Compensation. 

= 45.62 - 5.3 = 40.32 degrees 

On Figure 25, the point where 
OONC' = .196 and PZ(OONC') = 40.32 
intersect is A = 0.826. 

PMU = 180 + 57.296 

[ -x - I"'; I~] 
PMU = 180 + 57.296 

[ _x_ 137m;0052I] 

PMU = -5.62 degrees 

The phase lead (PL) that the 
HCTL-1000's digital filter must 
provide to achieve the desired 
closed loop performance is the 
difference between the desired, 
compensated phase margin (PHC) 
at the gain crossover frequency 
(roc') and the uncompensated 
phase margin (PMU) at frequency 
(roc'): 

PL = PHC - PMU degrees (44) 

PL = 40 - (-5.62) = 45.62 degrees 

The magnitude [Mu(ooc')] of the 
uncompensated system at 

frequency (roc') with a current 
source amplifier is: 

MU(oo) = 
[KM] [KAI [C/(21t)] 

(roc')2 

The magnitude of the zero term 
(35) where A = .826 at OONC' = 0.196 

on figure 26 is Mz(CONc') = 0.249. 
Mu(oo) = 

[11,538.46] x [0.02] x [10241(2 x 3.1416)] The ~ain (K) which ~~st be 
contnbuted by the dlg1tal filter 

(377)2 is: 

Mu(oo) = .265 

The gain (KF) required from the 
digital filter to make the overall 
gain of the system equal to 1 at 
the desired gain crossover 
frequency (ooc') is defined as: 

1 
KF= --­

Mu(ooc') 

1 

(45) 

3.77 = 28.57 (54) 
[.53] [.249] 

The values which should be 
programmed into the HCTL-1000 
are therefore: 

A = [256] [0.826] = 211.45;: 211(55) 
B = [256] [0.9] = 230.4 ;: 230 (56) 
K = [4] [28.57] = 114.3;: 114 (57) 

Figure 27 shows the actual re­
sponse of the closed loop system 
to a step input of 25 quadrature 
counts. (25 quadrature counts on 
a 256 count codewheel that is 
multiplied by 4 equals 8.79 de-
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grees of angular rotation). The 
amount of overshoot of the 
system's response is roughly con­
sistent with a system with 40 
degrees of phase margin. 

F or high phase margin systems 
the relationship between the 
risetime (tw and the bandwidth 
(BW) of a closed loop system can 
be approximated as: 

2.2 
tR = (58) 

BW (in radians/sec) 

For low phase margin systems 
which have some overshoot in 
the closed loop step response. the 
relationship between the 
rise time (tR) and the bandwidth 
(BW) of a closed loop system can 
be approximated as: 

0.6 

BW 
(59) 

Figure 28 shows the actual 
risetime of the closed loop system 
to a step input of 25 quadrature 
counts. Note that the rise time is 
defined as the time required for 
the output to go from 10% to 90% 
of its final value. Since this 
system has some overshoot, 
equation (59) applies. The 
risetime (tw should therefore be: 

0.6 2.2 
------- <tR< seconds 
[60] [6.28] [60] [6.28] 

.00159 < tR < .0058 seconds 
The risetime measured from 
figure 28 is: 

tR = 0.0050 seconds 

Therefore the measured risetime 
falls within the expected range of 
values for a bandwidth of 60 
Hertz. 



Appendix C: Symbols for Quantities 
and Their Units 

Quantity DefInition SI Units Quantity Definition SI Units 

A the HCTL-1000 digital M(s) the open loop transfer varies 
compensation filter's function 
programmable zero term Mu(ro) the magnitude of the 

B the HCTL-1000 digital uncompensated open loop 
compensation filter's transfer function 
programmable pole term N number of slits in the 

encoder's codewheel 

BW bandwidth {Hertz PH the phase margin of the degrees 
radians/sec uncompensated, open loop 

C quadrature counts per counts transfer function 
revolution of the encoder's PHC desired, compensated open degrees 
codewheel loop phase margin 

D(z) the transfer function of the PHU(ro) the phase of the uncompen- radians 
HCTL-1000's digital filter sated, open loop transfer 

E magnitude contribution of counts/radian function 
the encoder PL the phase lead required degrees 

fCLK frequency of the HCTL- hertz from the digital filter 
1000's external clock PM(ro) phase contribution of the radians 

G(s) motor transfer function varies motor 

~ the gain margin of the decibels (db) PMU the phase margin of the degrees 
uncompensated open loop uncompensated, open loop 

transfer function system at the desired gain 

J total system moment of kg-m2 crossover frequency (roc') 

inertia Pp(CON) the phase of the pole degrees 

Jc Moment of inertia of the en- kg-m2 term at CONc' 
coder's codewheel Pz(CON) the phase of the zero degrees 

h Moment of inertia of the kg-m2 term at CONc 
load PZOH(ro) phase of the zero order radians 

JM Moment of inertia of the kg-m2 hold 
motor's armature R terminal resistance of ohms 

K the programmable gain of the motor 
the HCTL-1000's digital the sampling time of the seconds 

compensation filter HCTL-1000 -r- TE electrical time constant seconds 
amps/volt of the motor 

KA gain of the amplifier volts!count TM mechanical time constant seconds 
amps/count of the motor 

Kn gain of the DAC volts! count tR closed loop system rise seconds 

KE motor voltage constant volt-seclrad time to a step response 

KF the gain required from the ro frequency radians/sec 
HCTL-1000's digital filter roc the open loop gain radians/sec 
to provide an overall gain crossover frequency 

equal to one at the desired roc' the desired open loop gain radians/sec 
gain crossover frequency (roc') crossover frequency 

KMC motor gain constant with rad/amp-sec2 CON(ro) normalized frequency radians 
a current source amp. CONc' the normalized desired radians 

KMV motor gain constant with rad/volt-sec gain crossover frequency (roc') 

a voltage source amp. rop the open loop phase radians/sec 

KT motor torque constant N-m1amp crossover frequency 

L motor armature inductance henries Z(s) zero order hold transfer 
function 

MM(ro) magnitude contribution 
of the motor 

MP(CON) the magnitude of the pole 
term at CONC' 

Mz(CON) the magnitude of the zero 
term at CONc' 
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Design and Performance 
Considerations with the 
HEDR-8000 

Application Note 1079 

Introduction 
The HEDR-8000 is Hewlett­
Packard's reflective optical 
encoder in a surface mount 
package. The HEDR-8000's two 
channel medium resolution 
encoding performance has been 
miniaturized into a super small 
80-8 (small outline 8 pin) clear 
plastic package. 

Because of the reflective technol­
ogy, the HEDR-8000 is inherently 
different from other HP encoder 
modules. f.UYs other standard 
encoder modules use transmis­
sive technology where light 
passes through a codewheel or 
codestrip. With the HEDR-8000, 
light reflects off the codewheel or 
codestrip. The properties of the 
reflective technology are signifi- . 
cantly different and must be 
considered when designing an 
encoder system with the HEDR-
8000. 

The objective of this application 
note is to give designers informa­
tion about the following: 

1. Intended performance of the 
HEDR-8000 

2. Performance characteristics 
as a function of operating 
parameters 

5965-5973E 

3. Codewheels and codestrips to 
be used with the HEDR-8000 

4. Notes about handling and 
usage of the HEDR-8000 

(For the sake of simplicity, 
references to "codewheels" should 
be taken to mean both 
codewheels and codestrips.) 

Basic Operating 
Principles 
The HEDR-8000 combines an 
emitter and a detector in a single 
surface mount 80-8 package. As 
seen in the block diagram below, 
the HEDR-8000 has three key 
parts: a single LED light source, 
a photo-detector IC, and a pair of 
lenses molded into the package. 

Vee 

CHA 

CHB 

GND 

SIGNAL 
PROCESSING 

CIRCUITRY 

Figure 1. HEDR-8000BlockDiagram. 

FliP'l HEWLETT® 
~~PACKARD 

The lens over the LED focuses 
light onto the codewheel, and the 
image of the codewheel is re­
flected back through the lens to 
the photodetector IC. 

As the codewheel rotates, an 
alternating pattern oflight and 
dark corresponding to the pattern 
of the codewheel falls upon the 
photodiodes. This light pattern is 
used to produce internal signals A 
and its complement N, and B 
and B'. As part of the "push-pull" 
detector system, these signals are 
fed through comparators to 
produce the final digital outputs 
for Channels A and B. 

NOTE: 

CODEWHEEL 
OR CODESTRIP 

CURRENT LIMITING 
RESISTOR R MUST BE 
SUPPLIED BY THE USER. 
SEE SECTION 4.3. 
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1.0. Intended Perfor­
mance of the HEDR-SOOO 
The HEDR-8000's encoding 
performance is characterized by 
the quality and consistency of the 
two encoding signals, Channel A 
and Channel B. These signals 
have a quadrature relationship 
such that as the codewheel passes 
in one direction Channel A leads 
Channel B, and as the codewheel 
passes in the other direction 
Channel B leads Channel A. 
Figure 2 shows the Output 
Waveforms. 

The reflective HEDR-8000 has 
lower encoding perfonnance than 
other HP transmissive-type 
encoders. Although the HEDR-
8000 does have 2 channels in 
quadrature, this device is in­
tended to be used such that 
Channel A gives infonnation 
about counts, and Channel B 
gives infonnation about direction. 

This means that counting can be 
accomplished by: 
• Counting every rising edge on 

Channel A (called "IX 
decoding" - number of rising 
edges per revolution on Ch. A 
equals the counts per 
revolution [CPR] of the 
codewheel). 

• Counting every rising and 
falling edge on Channel A 
(called "2X decoding" -
number of rising and falling 
edges per revolution on Ch. A 
is twice the CPR of the 
codewheel). 

The state of Channel B (logic high 
or low) when a rising or falling 
edge occurs on Channel A can be 
used to determine the direction of 
rotation. 

It is not recommended that full 
4X quadrature decoding be used 
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Figure 2. Output waveforms of the HEDR-SOOO. 

(every edge on both Channel A 
and B, or every logic state width). 
The relationship between Chan­
nels A and B is guaranteed to be 
in quadrature, but this relation­
ship is not tightly controlled 
enough to enable accurate 4X 
decoding. 

2.0. Performance and 
Operating Parameters 
The Recommended Operating 
Conditions table in the HEDR-
8000 data sheet gives conditions 
for. the. following parameters 
shown in Table 1. When the 
HEDR-8000 is used outside of 
these specified conditions, the 
perfonnance of the device de-

grades. The derating curves that 
follow can be used to determine 
how much performance degrades. 

2.1. Radial and Tangential 
Misalignment 
The radial direction is defined by 
the line connecting the shaft 
center and the nominal device 
center. The tangential direction 
is the direction perpendicular to 
the radial direction at the nominal 
device location. Mechanical 
misalignment of the HEDR-8000 
can be defined along these two 
axes. The radial and tangential 
directions are shown below in 
Figure 3 and apply only to rotary 
motion. 

Table 1. RecommendedOperatingConditions 

Parameter Symbol Min. Typ. Max. fJnits 

Radial ER ±0.38 mm 
Misalignment (±0.015) (in.) 

Tangential ET ±D.38 mm 
Misalignment (±0.015) (in.) 

Codewheel or G 1.52 2.03 2.54 mm 
Codestrip Gap (0.060) (0.080) (0.100) (in.) 

LED Current lLED 13 15 18 mA 



RADIAL 

Figure 3. Radial and tangential 
directions for misalignment. 

Figure 4 shows the derating curve 
for Radial Misalignment. It 
shows how much additional Ch. A 
pulse width error will on average 
be incurred if the radial position 
of the HEDR-8000 is changed. 

Here is an example how this 
graph can be used: 

Question: An HEDR-8000 is 
being used as a rotary encoder 
with an 11.00 mm optical radius 
codewheel. However, instead of 
being placed at 11.00 mm from 
the shaft center, it is located at 
11.50 mm from the shaft center. 
What will be the performance 
shift of the device? 

Answer: The radial misalignment 
is +0.50 mm, so Figure 4 shows 
that there will be on average -3.1 
°e of additional Ch. A pulse width 
error. So if the part at 0.00 mm 
radial misalignment has an 
average pulse width error of -lOoe, 
at +0.50 mm misalignment the 
error will (for an average part) 
most likely be -13.1°e. 

Note that if the user stays within 
the ±D.38 mm recommended 
operating condition, the maxi­
mum error as stated on the data 

~ .. 
r't h -... 

~ 

'" ~ f', .... 
"'" ~ 

~. 
~ _ ~ _ = ~ 0 ~ ~ ~ M ~ ~ 

RADIAL MISALIIGNMENT. mm 

Figure 4. Typical Additional Channel A Pulse Width Error vs. Radial 
Misalignment. 

sheet is ±55°e. By going outside 
the recommended condition to 
+0.50 mm, the maximum error 
will shift as well (in this case, the 
shift is very small). The calcula­
tion is shown in the table below. 
Figure 5 above shows the addi­
tional Ch. A pulse width error as 
a function of tangential misalign­
ment. It shows that the HEDR-
8000 Pulse Width error is insensi­
tive to tangential misalignment. 
However, while Pulse Width 
error is not affected significantly, 

Ch. A Pulse Width Error @+0.38 mm radial 
misalignment (from Figure 4) 

Ch. A PW Error @ +0.50 mm rad. misalignment 

-2.3°e 

-3.1°e 

Error to add to Max Data sheet Value -3.1°e - (-2.3°e) = -0.8°e 

Modified Max Ch. A PW Error (@ +0.50 mm) -55.8°e to +54.2°e 
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Figure 5. Typical Additional Channel A Pulse Width Error vs. Tangential Misalignment. 

it is possible that other encoding 
parameters may get affected (such 
as the quadrature relationship 
between Channels A and B). 

2.2 Gap and LED Current 
Gap refers to the distance be­
tween the top surface of the 
HEDR-8000 and the codewheel or 
codestrip. The gap and the LED 
current have a combined effect on 
the encoding signal performance. 

Figure 6 shows the typical addi­
tional Ch. A Pulse Width error as 
a function of gap and LED cur­
rent. It shows that at 15 rnA of 
LED current, the Ch. A pulse 
width is not affected significantly 
across a gap range of 1 to 3 mm. 
However, at other LED currents 
there will be some effect across 
the gap range. 
Here is an example of how this 
graph can be used: 

Question: An average HEDR-
8000 is being driven at 10 rnA of 
LED current at a gap of 2.5 mm. 
At these conditions, the device 
shows an average Ch. A pulse 
width error of 12°e. Ifthe LED 
current is increased to 20 rnA, 
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Figure 6. Typical Additional Ch. A 
Pulse Width Error vs. Gap at 
specified LED currents. 

what kind of performance shift 
can be expected in Ch. A pulse 
width? 

Answer: From the Figure 6, we 
see the following: 

Gap LED Add'ICh.A 
Current PWError 

2.5mm lOrnA +6°e 

2.5mm 20 rnA -3ce 

3.5 

By increasing the LED current, an 
average shift of 
(-3°e - 6°e) = -9°e. So the typical 
HEDR-8000, previously having 
an average Ch. A pulse width 
error of 12°e, will now have an 
average pulse width error of(12°e 
- 9°e) = 3°e . 



3.0. Codewheels and 
Codestrips 
The codewheel or codestrip 
surface must be both reflective 
and specular (mirror-like) so that 
the image of the pattern is 
reflected back onto the photo­
diodes of the HEDR-8000. In 
testing at HP, a handheld mea­
suring instrument was used to 
determine if a codewheel or 
codestrip will work with the 
reflective optical sensor. This 
device is called a scatterometer 
and is made by a company called 
TMA Technologies: 

Product: TMA ~can System 
Company: TMA Technologies, Inc. 

P. O. Box 3118 
Bozeman, Montana 
59715 
U.S.A. 
(406) 586-7684 
Fax (406) 587-1428 

Reflective surfaces with a specu­
lar reflectance of 60% or higher as 
measured by the ~Scan were 
compatible with the reflective 
encoder. The non-reflective areas 
should have a reflectance ofless 
than 10%. 

When testing for specular reflec­
tance, testing should be done such 
that reflective surfaces are tested 
separately from non-reflective 
surfaces. Test the reflective 
surface by itself, then test the 
non-reflective surface. Do not 
perform tests on the patterned 
surface as this will only give an 
average reflectance across the 
pattern. 

HP has not characterized any 
materials and, in general, does 
not plan to sell codewheels or 
codestrips to use with the reflec­
tive optical sensor. Potential 
reflective materials include metal 
and reflective film. One identi-

fied potential supplier of reflec­
tive codewheels is given below 
(HP does not endorse any suppli­
ers of codewheels and codestrips, 
but rather provides this only as 
information to customers): 

PWB Industrial Products GmbH 
Siegburger Strasse 30 
D-53757 Sankt Augustin 
Germany 

Phone: (49) 2241/9147-0 
Fax: (49) 2241/9147-19 

This document will be updated as 
HP identifies other potential 
vendors. 

4.0. Notes About Han­
dling and Usage 
Because of its reflective technol­
ogy and its surface mount pack­
age, the HEDR-8000 is inherently 
different than other HP transmis­
sive-type encoders in terms of its 
handling and usage. These 
differences include: 

• Pre-bake requirement 
• IR reflow soldering 
• User-provided current limiting 

resistor 
• Exposure to high intensity 

light sources 

These subjects are.all included in 
the HEDR-8000 data sheet. 
Notes about these subjects are 
included below. 

4.1. Pre-Bake Requirement 
The optical grade materials used 
in the HEDR-8000 can absorb 
moisture directly out of the air. 
Absorbed moisture in components 
that have already been reflow 
soldered to a pc board is generally 
not a concern. However, mois­
ture absorption prior to reflow 
soldering is of serious concern. If 
moisture is absorbed by the 

device prior to reflow soldering, 
the entrapped moisture turns to 
super-heated steam during the 
reflow solder process. The pres­
sure of this steam can lead to 
catastrophic failure. 

Therefore, a pre-bake prior to IR 
reflow soldering is required for the 
HEDR-8000. Remove the tube(s) 
of devices from the moisture 
barrier bag and remove the 
devices from the tubes. Place the 
individual devices on a tray and 
bake in an oven for 24 hours at 
100°C. Solder to printed circuit 
board(s) within 24 hours of 
baking. Storage of the devices 
should be in a container with a 
relative humidity ofless than 
30%. 
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4.2. IR Reflow Soldering 
The HEDR-8000 is the first HP 
encoder that is IR reflow 
solderable. The HEDR-8000 data 
sheet shows the recommended IR 
soldering profile. This profile 
meets the specifications of the 
Electronic Industries Association 
of Japan (EIAJ). 

Figure 7 shows an example pc 
board layout for an HEDR-8000 
and a resistor. This layout is for 
mounting an HEDR-8000 and 
codewheel on a motor at an 
optical radius of 11.00 mm (0.433 
in.). Pinout access is through a 5 
pin connector in a through-hole 
configuration. The pc board has a 
semi-circle feature for aligning to 
a motor boss. Pins 2 and 5 are 
electrically connected (GND), and 
Resistor Rl is connected in 
between Pin 8 and +5 V. 

4.3 Current Limiting Resistor 
Unlike other HP encoders, the 
HEDR-8000 does not have an 
integrated resistor to limit the 
current to the LED light source. 
This resistor must be provided by 
the user. The recommended vallie 
is 220 n (±10%) and should be 
placed in series between the 5 V 
supply and pin 8 of the device 
(VLED). This will result in an 
LED current of approximately 15 
mAo 

4.4 Exposure to High Inten­
sity Light Sources 
Exposure of the HEDR-8000 to a 
high intensity light source can 
damage the photodiodes on the 
detector IC. Such light sources 
include photographic flashes and 
spot lights. Normal fluorescent 
and incandescent lighting will not 
cause any damage to the device. 

T 
5.72 

~ 

_2.54 __ 

Figure 7. Example of a pc board layout for an HEDR-8000 and a resistor. 
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Sample Timer and 
Digital Filter 

Application Brief M -005 

Introduction 
This application brief describes 
the sample timer register and 
the digital filter as implemented 
in the HCTL-1100. The applica­
tion brief should be used in 
conjunction with the data sheets 
for the HCTL-1100. 

SampleTimer Register 
The sample timer register ROFH 
is a read/write register that sets 
the sample time of the HCTL-
1100. The HCTL-1100 calculates 
the position or velocity error, 
depending on the mode of opera­
tion, at the beginning of every 
sample time and outputs a con­
trol output to the amplifier. 

The sample timer sets the 
sample time based on the input 
clock frequency according to the 
equation shown in Figure 1. 

The minimum values listed in 
the table correspond to the time 
taken by the HCTL-1100 to 
compute the error and calculate 
the value of the control output 
to the amplifier every sample 
period. The sample timer should 
not be set to values smaller 
than those specified in the table 
for the different modes of opera­
tion. 

The sample timer of more than 
one HCTL-1100 can be synchro-

t= 
16 (ROFH +1) 

f EXTERNAL eLK 

Control Mode ROFH Contents Min. Sample Rate 
Minimum Limits 2 MHz 1 MHz 

• Position Control 7 64 J.ls 128 J.ls 

• Proportional 7 64 J.ls 128 J.ls 
Velocity Control 

• Trapezoidal 15 128 J.ls 256 J.ls 
Profile Control 

• Integral Velocity 15 128 J.ls 256 J.lS 
Control 

Figure 1. HCTL-IOOO Sample Timer. 

5965-3477E 

nized - be made to start the 
sample period at the same time, 
in the INIT/IDLE mode by hold­
ing the SYNC pin low on all the 
HCTL-1100 ICs that need to be 
synchronized, writing the com­
mands into each of the 
HCTL-1100s and then pulling 
the SYNC pin high. 

Digital Filter 
The HCTL-1100 uses a digital 
lead filter to provide compensa­
tion in the closed loop mode of 
operation. The filter is imple­
mented as shown in Figures 2 
and 3. 

The digital filter as shown in 

Max Sample Rate 
2 MHz 1 MHz 

2048 J.ls 4096 J.ls 

2048 J.ls 4096 J.lS 

2048 J.ls 4096 J.lS 

2048 J.ls 4096 J.ls 
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K Z-(Al256) 
D (Z) = 

4 Z+(B/256) 

A = Zero (R20H) 
B = Pole (R21H) 
K = Gain (R22H) 

Figure 2. Digital Compensation Filter 
Equation. 

Figure 2 is utilized only in Posi­
tion Control mode, Trapezoid 
Profile mode and Integral Veloc­
ity mode. In the Proportional 
Velocity mode only the gain term 
K in the digital filter is utilized 
to compute the control value out­
put by the HCTL-llOO based on 
the velocity error, as shown in 
Figure 4. 

Please refer to application note 
AN 1032 for an in-depth descrip­
tion of the effects of the various 
digital filter parameters on 
closed loop control performance. 
This application note also ex­
plains how to design a closed 
loop control system based on the 
HCTL-llOO. 
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MCn = K (Xn) _r ~ (MCn -1) + ~ (K) CXn-l)] 
4 ~56 256 4 

MCn Present motor command output 
Xn Present (command position - actual position) 

MCn - 1 = Previous motor command output [last sample time] 
Xn - 1 Previous (command position - actual position) 

[last sample time] 
Used in position control, trapezoidal profile control, and 
integral velocity control modes 

Figure 3. Digital Compensation Filter Implementation. 

K 
MCn= - (Yn) 

4 

MCn = Present motor command output 
Yn Present (command velocity - actual position) 

Figure 4. HCTL-IOOO Digital Filter Implementation. 
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Commutator Port in the 
HCTL-IIOO/IOOO 

Application BriefM-012 

Introduction 
This application brief describes 
the functioning of the commuta­
tor port in the HCTL-llOO/1000 
with examples. This application 
brief should be used in conjunc­
tion with the data sheet for the 
HCTL-llOO/1000 for a descrip­
tion of actual register addresses, 
reading and writing to the 
HCTL-llOO/lQOO, and "Align" 
mode operation. 

The commutator port in the 
HCTL-llOO is used for closed 
loop control of stepper and 
brushless motors that have a 2 
or 3 channel encoder attached to 
them. For programming pur­
poses the commutator is a set of 
6 registers that can be read or 
written to. The physical output 
interface provided by the com­
mutator consists of 4 signals -
PH A, PHB, PHC andPHD. 
These signals can be used to 
control motors with four phases 
or less. 

The 6 registers are: 
• Commutator Ring 
• X Register 
• YRegister 
• Offset Register 
• Maximum Phase Advance 

Register 
• Velocity Timer Register 

5965-3484E 

A Status Register is used to con­
trol whether the commutator 
works on the basis of quadrature 
counts or full cycles. 

PHase A through PHase D sig­
nals are TTL logic compatible 
signals and they can be decoded 
to drive the power switches used 
to drive the phases of a 
brushless or stepper motor. 

Programming the 
Commutator Registers 
Example 1: For a 4 phase, 3 
torque cycle motor with a 12 

DINDEX 

cycles per revolution (48 quadra­
ture counts per revolution), 3 
channel encoder, the diagram 
shown below illustrates how the 4 
signals PH A, PH B, PH C and 
PH D are generated. The values 
programmed into the registers 
are: 

Commutator Ring = 16 
X Register = 4 
Y Register = 0 
Offset Register = 0 
Maximum Phase Advance 

Register = 0 
Velocity Timer Register = 0 

4 PHASE 
3 TORQUE CYCLE MOTOR 

• RING REGISTER DETERMINES THE NUMBER OF· ENCODER 
COUNTS IN A TORQUE CYCLE 

• RING REGISTER VALUE MAY BE IN FULL OR QUADRATURE 
COUNTS 

• RING COUNTER CLEARED BY INDEX PULSE 

• RING = 16 

Figure 1. HCTL·I000 Ring Counter/Register. 
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The Status Register is pro­
grammed to enable the 
commutator to work in quadra­
ture. 

In example 1, the basic configu­
ration of the commutator is used 
and the advanced features that 
could reduce the torque ripple in 
the motor are not used. Example 
2, given below, illustrates how 
the torque ripple in the motor 
can be reduced. 

Example 2: For the same motor 
used in example 1, if the register 
values are programmed as: 

Commutator Ring = 16 
X Register = 2 
Y Register = 2 
Offset Register = 0 
Maximum Phase Advance 

Register = 0 . 
Velocity Timer Register = 0 

Status Register programmed to 
enable the commutator to work 
in quadrature, the PH A, PH B, 
PH C and PH D signals are as 
shown in Figure 4, 5, and 6. 

Example 2 shows how the torque 
ripple can be improved. 

The two additional features that 
can be used are the phase offset 
and phase advance. Phase offset 
is used to control the beginning 
of the sequence of PH A, PH B, 
PH C and PH D signals with re­
spect to the index signal, 
statically. Phase advance is used 
to further improve the torque 
ripple at different speeds. The 
start of the sequence of the four 
Phase signals can advanced, 
with respect to the index, pro­
portionally with velocity of 
operation of the motor. 
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• RING=16 

I I I 

INDEX W I I I 
I I I 

PHASE A I I I 

PHASE B I I I 

I I I 

PHASEC I I I 

: 

I I I PHASE D 

6 7 8 9 10 11 12 13 14 15 0 
ENCODER COUNTS 

Figure 2. Basic Commutator Output. 

POSITIVE DIRECTION 

TORQUE 

ANGULAR POSITION 

Figure 3. Torque Ripple of Step Motor with Basic Commutation. 

DINDEX 

• RING = 16 

• OVERLAP=2 

Figure 4. Phase Overlap Feature. 



• RING=16 

• X=2 

• Y=2 
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L ~ J , PHASED 
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Figure 5. Commutator Output with Overlap. 

POSITIVE DIRECTION 

TORQUE 

ANGULAR POSITION 

Figure 6. Torque Ripple with Phase Overlap Feature. 

Example 3: This example uses 
register settings used in ex­
ample 1 and illustrates the effect 
of programming the Phase Off­
set register to -3. The value of -3 
causes the four Phase signals to 
be generated in the fashion illus­
trated in Figures 7 and 8. 

Example 4: For the same regis­
ter settings as in example 1, if 
the Maximum Phase Advance 
register is programmed to 2 and 
the Velocity Timer register is 
programmed so as to give a 
given phase advance at a given • RING = 16 

velocity using the equation as • OFFSET = -3 

shown in the Figure 9, the PH A 
through PH D signals are gener- Figure 7. Phase Offset Feature. 

4 PHASE 
3 TORQUE CYCLE MOTOR 
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• RING=16 
OFFSET I 

. • OFFSET=-3 

I I I I 

INDEX W I I I I 
I I I I 

I L 
I 

: -.l PHASE A 

I I I I 
I I L I 
I PHASE B 

I I I I 
PHASEC I I J l-

I I I 1-I I I PHASED 

I I I I 
I I I I 

9 10 11 12 13 14 15 0 

Figure 8. Commutator Output with Phase Offset. 

ated in the fashion indicated in 
Figure 10. 

There are certain cDnstraints on 
the values that can be written 
into the commutator registers. 
These constraints are: 

• Full counts per revolution 
should be an integer multiple 
of the motor steps per revolu­
tion, or number of 
commutation steps per revolu­
tion. 

-128 d t ) ring + offset ± 
max. advance s; +127 • RING = 16 

• X register cannot have a value Figure 10. Phase Advance Feature. 
of zero. 
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ADVANCE = Nvl>1 

WHERE 1>1 = 16 (R19H +1) 
fextemalclk 

N = ENCODER COUNTS/REV 

V = VELOCITY (REV/SEC) 

ADVANCE .-__________ --, 

(COUNTS) 

MAX 
ADVANCE 

VELOCITY 
(REVOLUTIONs/SECOND) 

Figure 9. Phase Advance Equation and 
Graph. 

4 PHASE 
3 TORQUE CYCLE MOTOR 



Summary 
Choose an encoder that satisfies 
the counts per revolution re­
quirements for the motor and 
align the index pulse physically 
to the last phase torque detent of 
the motor. This is done during 
assembly of the encoder on the 
motor shaft as shown in Figure 
11. 

With the last phase of the motor 
energized, and the encoder mod­
ule powered, the code wheel is 
attached to the shaft in such a 
way that the index pulse is ac­
tive. An oscilloscope can be used 
to determine if the index is ac­
tive. Even if the index pulse is 
not exactly aligned with the last 
phase torque detent fine tuning 
can be done using the phase off­
set register at a later time. 
Figures 12 and 13 show the loca­
tion of the index pulse for a 4 
phase motor. 

INDEX PULSE 
OETECTOR 

CHANNEL A iii B DETECTORS 

Figure 11. Index Channel Alignment. 

+ 

POSITIVE DIRECTION 

MECHANICAL TECHNIQUE 
ALIGNS TO ONE OF THESE 

POSITIONS 

C 

01-1 

1-------- ONE MOTOR REVOLUTION --------/ 

• USE OFFSET FOR FINE ELECTRICAL ADJUSTMENT 

Figure 12. Index Channel Alignment - Motor Torque Cycle. 

POSITION 
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POSITIVE DIRECTION 

+ COMMUTATOR OUTPUT 
ALIGNS TO ONE OF THESE 

POSITIONS 

POSITION 

J-------- ONE MOTOR REVOLUTION --------l 

• ENABLES PHASE A, THEN LAST PHASE (C OR D) 

• ALIGNS COMMUTATOR OUTPUT WITH MOTOR TORQUE CURVES 

Figure 13. HCTL·1000 Align Mode. 

To program the commutator fol­
low these steps: 

• Choose commutation based on 
full counts or quadrature 
counts and set the Status reg­
ister. 

• Choose Ring Register value to 
correspond to number of 
counts in one commutation 
cycle; full counts or quadrature 
counts depending on the status 
register. 

• Choose X and Y register values 
to satisfy the firing sequence of 
the motor phases and such 
that, 

X+ Y = Ring/(number of phases) 

2-240 

• "Align" the motor and adjust 
the Offset Register for opti­
mum performance in both 
directions. Please refer to the 
data sheet for the HCTL-llOO 
for explanation of the "Align" 
mode. 

• Check commutator constraints 
equation and correct the regis­
ter programmed values if the 
constraints equation is not sat­
isfied. 
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Interfacing the HCTL-II00 
to the 8051 

Application Brief M -015 

HCTL-llOO/8051 
Interfaces 
This application brief offers two 
different approaches to 
interfacing the HCTL-llOO to 
the 8051 microcontroller family. 
The first approach uses the 
8051's address/data/control bus 
to communicate with the HCTL-
1100 and the second approach 
uses the 8051's I/O ports to 
communicate with the HCTL-
1100. 

The choice of which interface is 
most appropriate for your 
application should be based on 
whether or not your current 
design is utilizing the 8051's bus 
structure. If your 8051 design is 
utilizing the bus, it makes sense 
to use the HCTL-1100 bus 
interface circuit. This approach 
requires only two additional 
TTL chips. If your 8051 design 
is completely I/O based with no 
external memory, it makes 
sense to use the I/O port 
interface. The I/O interface 
requires no additional glue logic. 

The I/O routines are slightly 
more complicated for the I/O 
interface than for the bus 
interface. These routines can be 
seen in the software listings 
provided with this application 
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brief. There is only a marginal 
performance difference between 
the two approaches. The 
execution times for these 
routines are listed in Table 1. 

These execution times do not 
include stack operations and 
subroutine overhead. 

The HCTL-1100 bus interface 
circuit is capable of supporting 
four HCTL-llOOs with no 
additional logic. If an I/O port 
based design requires more than 
one HCTL-1100, the interface 

Table 1. Execution Times 

would require only two 
additional I/O port lines per 
chip. These lines would control 
OE (Output Enable) and CS 
(Chip Select) for each of the 
individual HCTL-llOOs. If there 
is an inadequate number of I/O 
port lines available for this 
purpose, a separate decoder chip 
could be used. One such chip is 
the 74LS138 3-to-8 decoder 
which is capable of handling 
four HCTL-1100s. 

Read Operation Write Operation 

I/O Port Interface 15 lIS at 12 MHz 13 I1S at 12 MHz 

180 Clock Per. 156 Clock Per. 

Bus Interface 12 I1s at 12 MHz 6 I1s at 12 MHz 

144 Clock Per. 72 Clock Per. 
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P2.0 
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~ 
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16 

RD P2.2 
24 

14 
WR P2.3 

25 
15 

TO P2.4 
26 

10l1F 
Tl P2.S 

10K 
39 
38 
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PO.2 

36 
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35 
PO.4 

34 
33 

PO.S 
PO.6 

32 
PO.7 

8051 

Figure 1. Interfacing the HCTL·1l00 to the 8051 Using I/O Ports. 

;****************************************************************************** 
;HCTL·llOO READIWRITE ROUTINES 
;THIS SOFTWARE IS USED IN CONJUNCTION WITH THE HCTL·llOO/B05l 110 
;PORT INTERFACE 
;****************************************************************************** 

.****************************************************************************** , 
;SUBROUTINE RDllOO 
;READS HCTL REG POINTED TO BY B AND RETURNS REG VALUE IN ACC 
;****************************************************************************** 
RD1100: SETB 

MOV 
CLR 
SETB 
MOV 

CLR 
SETB 
NOP 
NOP 
NOP 

CLR 
MOV 
SETB 

RET 
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P2.0 

Pl,B 
P2.3 
P2.3 
Pl,#OFFH 

P2.2 
P2.2 

; SET RIW LINE TO READ 

; LATCH ADDRESS 
; PULSE ALE 

; PULSE CS 

;DELAY4/lS 
; ALLOW ENOUGH TIME FOR lMHz 
; HCTL·ll00 OR FASTER 

P2.l ; SET OE=O 
A,PO ; GET DATA FROM 1100 
P2.l ; SET OE=l 

B 

SYNC 

ADO 
ADl 
AD2 
AD3 
AD4 
ADS 
AD6 
AD7 

RfW 
OE 
CS 
ALE 
RESET 

EXTCLK 

HCTL 1100 

2MHz 
OSC 

PHA 
PHB 
PHC 
PHD 

MCO 
MCl 
MC2 
MC3 
MC4 
MC5 
MCS 
MC7 

SIGN 
PULSE 

CHA 
CHB 

7 

(Continues) 

25 
27 
28 
29 

18 
19 
20 
21 
22 
23 
24 
25 

17 
16 

31 
30 



.****************************************************************************** , 
;SUBROUTINE WRllOO 
;LOADS HCTL-llOO REGISTER POINTED TO BY B WITH VALUE IN ACC 
.****************************************************************************** , 

WRllOO: MOV Pl,B ;LATCHADDR 
CLR P2.3 ; PULSE ALE 
SETB P2.3 
MOV Pl,#OFFH 

CLR P2.0 ; SET R/W LINE TO WRITE 
MOV Pl,A ; SEND DATA 
CLR P2.2 ; PULSE CS 
SETB P2.2 
SETB P2.0 ; RETURN R/W TO READ MODE 
MOV Pl,#OFFH 

RET 

.****************************************************************************** , 
;SUBROUTINE RSllOO 
;THIS SUBROUTINE RESETS THE HCTL-llOO WITH A 5!1S PULSE. THIS IS 
;ENOUGH TIME TO RESET A IMHz HCTL-llOO OR FASTER. 
;****************************************************************************** 

RSllOO: ORL 
MOV 

CLR 
NOP 
NOP 
NOP 
NOP 
SETB 

RET 

P2,#OFH 
PO,#OFFH 

P2.4 

P2.4 

; SET R/W TO READ, OE=l, CS=l, AE=l 
; SET Pl=HIGH 

; SET RESET LOW 
; PULSE FOR 5!1S 
; CAN REMOVE 2 NOP'S FOR 2MHz HCTL-llOO 

; BRING RESET LINE HIGH 
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----, 
DO 
01 
02 
03 

A 
A 
A 
A 
A 
A 
A 
A 

D4 
05 
06 
07 

., 
:< 
:~ 

A8 
A9 
A1 

R" W 
R 0 

AD DR DECI 

A LE' 

R ESET/ 

TO 8051 BUS 

I 

I 
I 

: 
I 
I 
I 
I 

: 
I 

4 6 

,.2..1 r 
1'74ISoo 

~ 2 74LSOO 

1 

2 
A YO 

3 
B Y1 
C Y2 

Y3 

13:G:!c 
Y4 

12 r-~ ~~A Y5 
Y6 

74LSOO t G2B Y7 

74LS138 

10 

9 
8 

74r§O{ 

1 ~F 

1 DENOTES AN ACTIVE LOW SIGNAL 

15 
14 

I':' 13 
12 
11 
10 
9 

1':'7 

Vee 

Figure 2. Interfacing the HCTL·llOO to the 8051 Using the Address/Data Bus. 
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~3 

38 
CS iNDEX 

38 
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OECHIP2I 
CS CHIP2I 

-4 
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OECHIP41 

7 

CSCHIP41 
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.****************************************************************************** , 
;HCTL-llOO READIWRITE ROUTINES 
;THIS SOFTWARE IS USED IN CONJUNCTION WITH THE HCTL-llOO 
;BUS INTERFACE 
.****************************************************************************** , 

; HCTL-llOO ADDRESS 
OEllOO EQU 060H 
CSllOO EQU 061H 

; BASE ADDRESS = 6000H 
; BASE ADDRESS = 6100H 

.****************************************************************************** , 
;SUBROUTINE RDllOO 
;READS HCTL REG POINTED TO BY B AND RETURNS REG VALUE IN ACC 
.****************************************************************************** , 

RDllOO: PUSH DPL ; SAVE DATA POINTER 
PUSH DPH 

MOV DPH,#CSllOO ; POINT TO BASE CS ADDRESS 
MOV DPL,B ; LOAD REG ADDRESS IN 

; LOWER 8 BITS OF DATA POINTER 
MOVX A,@DPTR ; LATCH HCTL-llOO REG ADDRESS 

NOP ; ALLOW ENOUGH TIME FOR IMHz CLK 
NOP ; (NOT REQUIRED FOR 2MHz HCTL-llOO CLK) 
MOV DPH,#OEllOO ; POINT TO BASE OE ADDRESS 
MOVX A,@DPTR ; READ BYTE FROM HCTL-llOO 

POP DPH ; RESTORE DATA POINTER 
POP DPL 
RET 

.****************************************************************************** , 
;SUBROUTINE WRllOO 
;LOADS HCTL-llOO REGISTER POINTED TO BY B WITH VALUE IN ACC 
.****************************************************************************** , 

WRllOO: PUSH DPL ; SAVE DATA POINTER 
PUSH DPH 

MOV DPTR,#CSllOO ; POINT TO BASE CS ADDRESS 
MOV DPL,B ; LOAD REG ADDRESS IN 

; LOWER 8 BITS OF DATA POINTER 
MOVX @DPTR,A ; WRITE BYTE TO HCTL-llOO 

POP DPH ; RESTORE DATA POINTER 
POP DPL 
RET 
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Introduction 
The HCTL-2000, 2016, and 2020 
are CMOS ICs that provide a 
noise filter, quadrature decoder, 
counter, and bus interface on a 
single chip. This family ofICs is 
designed to improve system per­
formance by removing the 
burden of quadrature decoding 
from the processor. The HCTL-
2000 has a 12-bit counter and 
the HCTL-2016 and HCTL-2020 
have 16-bit counters. 

This application brief discusses 
what is required to interface the 
HCTL-20XX family to an Intel 
8051 microcontroller bus. The 
hardware interface is shown in 
Figure 2. The address decoder in 
this circuit consists of a single 8-
input NAND gate which is used 
to decode the base address of 
OFEXXH. This address is purely 
arbitrary and the user could 
substitute their own address de­
coder circuitry to select any 
arbitrary address in the 8051's 
external address space. The SEL 
line can also be connected to any 
arbitrary address line. 

The decoded address signal is 
ANDed together with the pro­
cessor RD signal to form the 
HCTL-20XX OE signal. When 
this signal is active the HCTL-
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20XX places the selected count 
byte on the data bus. The timing 
for these signals is shown in 
Figure 1. 

The HCTL-20XX has internal 
inhibit logic circuitry and 
latches to guarantee that the 16 
bit count is held stable while 
both 8-bit halves of this count 
are read by the processor. For 
proper operation of this cir­
cuitry the processor should read 
the high byte first (SEL=O) and 

HCTL·20XX CLK 1-

then the low byte (sel=I). This 
sequence can be seen in the code 
listings provided with this appli­
cation brief. 

The interfaces for the HCTL-
2000,2016, and 2020 are 
identical. The HCTL-2020 also 
provides additional signal for 
cascading external counters. 
This is helpful for designs which 
require more than a 16-bit 
counter. For more information 
on these ICs please see the 
HCTL-20XX data sheet. 

1-1-, , 
OE = RD *ADDRDEC 

I! ,.------, .-+-I ---
_~-400n.* -L....J~4oon.* 

SEL=AB I: 203n.~ 1':'- : ----, , , 
_I =e=203 ns , 

READ H;GH BYTE ) j! 
INHIBIT LOGIC 

ACTIVATED READ LOW BYTE 
FIRST RESET CONDITION 

FOR INHIBIT LOGIC 

READ INHIBIT LOGIC 
SECOND RESET CONDITION 

FOR INHIBIT LOGIC 

'* MUST HAVE AT LEAST 1 COMPLETE HCTL·20XX CLOCK CYCLE 
DURING THE 400 ns RD PULSES 

Figure 1. HCTL-20XX/8061 Read Cycle TimJng. 
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HCTl-2000l2015 
8051 OR EQUIV. 

DO 1 CHA 7 

D1 15 DO 

02 14 
01 CHB 5 

03 13 02 

04 12 03 TOENCOO 

05 11 04 

06 10 05 
06 

J 07 9 
07 

3 16 
SEl W Vee 4 -
OE 8 

AS 1 5 RST 

~ A9 2 
2 ClK A10 3 74lS30 74lS32 

A11 

~~3 A12 
A13 
A14 11 

CHA 

CHB 

ER 

A15 12 

- (OPTIONAL) 
RO 
P1.0 
XTAl2 12 MHzOSC 
XTAl1 

-1 

Figure 2_ 80IH/HCTL-2000 Bus Interface_ 
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;****************************************************************************** 
;HCTL-20XX INTERFACE ROUTINES 
;THIS SOFTWARE ASSUMES THE FOLLOWING: 

;1) THE HCTL-20XX BASE ADDRESS IS OFEOOH 
;2) THE SEL LINE IS CONNECTED TO A8 
:3) THE RESET LINE IS CONNECTED TO P1.0 
;****************************************************************************** 

;****************************************************************************** 
;HCTL-2000 EQUATES 
;****************************************************************************** 

; INTERNAL MEMORY ALLOCATION 
COUNTH EQU 030H ; POSITION COUNT - HIGH BYTE 
COUNTL EQU 031H ; POSITION COUNT - LOW BYTE 

; HCTL-2000 110 ADDRESSES 
H2000H EQU OFFOOH 
H2000L EQU OFEOOH 

; HCTL-2000 PORT ADDRESS - HIGH BYTE 
; HCTL-2000 PORT ADDRESS - LOW BYTE 

.****************************************************************************** , 
;SUBROUTINE RD2000 
;THIS SUBROUTINE READS THE 16 BIT COUNT VALUE FROM THE 
;HCTL-2000 AND STORES IT IN INTERNAL MEMORY LOCATIONS 
;COUNTH AND COUNTL . 
. ****************************************************************************** , 

RD2000: MOV 
MOVX 
MOV 
MOV 
MOVX 
MOV 
RET 

DPTR,#H2000H 
A,@DPTR 
COUNTH,A 
DPTR,#H2000L 
A,@DPTR 
COUNTL,A 

; SELECT HIGH BYTE OF HCTL-2000 

; STORE IN INTERNAL RAM 
; SELECT LOW BYTE OF HCTL-2000 

; STORE IN INTERNAL RAM 

.****************************************************************************** , 
;SUBROUTINE RS2000 
;THIS SUBROUTINE RESETS THE HCTL-2000 
;THIS SUBROUTINE ASSUMES THAT THE HCTL-2000 RESET LINE IS ;CON­
NECTED TO P1.0 ON THE 8051 
;****************************************************************************** 

RS2000: 
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CLR 
SETB 
RET 

Pl.0 
P1.0 

; BRING HCTL-2000 RESET LINE LOW 
; BRING HCTL-2000 RESET LINE HIGH 



The Effects of 
High Frequency Noise 
on the HCTL-II00 
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Introduction NOISY SIGNAL AT HCTL·1000lHCTL-1100 INPUT 

In 1990 Hewlett-Packard obso­
leted the HCTL-1000 and 
replaced it with the HCTL-1100. 
The HCTL-1100 is a pin for pin 
compatible enhanced replacement 
for the HCTL-1000. Among the 
enhancements was the process 
change from low speed NMOS to 
a high-speed, low-power CMOS. 
The speed of this new process is 
on the order of 10 to 30 times 
faster than the old process. This 
speed difference makes the 
HCTL-1100 much more suscep­
tible to high speed noise glitches 
such as those generated by brush 
type motors. The HCTL-1000 was 
considerably less susceptible to 
this noise as a result of its low 
speed process. Figure 1 shows an 
example of the response of the 
HCTL-1000 and HCTL-1100 to 
this type of noise. 

This Application Note describes 
two different approaches to deal­
ing with HCTL-1100 noise 
problems. The first approach 
deals with how to reduce the 
noise susceptibility of the HCTL-
1100 and the second approach 
deals with common sources of 
high frequency noise and how to 
eliminate it at the source. 
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=10ns 

SIGNAL AFTER HCTL-1000 INPUT BUFFER 

Vh r-

V11o--------I 

SIGNAL AFTER HCTL-1100 INPUT BUFFER 

Vh f-

V1 

Figure 1. Effects of Noise ontheHCTL-IOOO andHCTL-llOO. 

Effects of Noise on the 
HCTL-llOO 
There are six inputs on the 
HCTL-1100 that are particularly 
susceptible to noise. These inputs 
are the edge triggered signals and 
bus control signals. They are 

CLK, RESET, OE, CS; ALE, and 
RIW. The typical effects of noise 
on each of these lines are de­
scribed below. 

CLK 
1) The HCTL-1100 intermittently 
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drops out of control mode back 
to initialization idle mode. 

2) The position counter freezes. 
3) The sample timer freezes. 
4) The HCTL-1100 completely 

fails and can only be revived 
with a hardware reset. 

RESET 
1) The HCTL-1100 completely 

fails and can only be revived 
with a proper hardware reset. 

2) The HCTL-1100 will intermit­
tently reset and return to ini­
tialization idle mode. 

OE 
1) The HCTL-1100 intermittently 

crashes the host processor as a 
result ofthe HCTL-1100's tri­
state data bus buffers being 
enabled at the wrong time. 

CS 
1) Intermittent read and write 

errors occur during HCTL-
1100 bus operations. 

ALE 
1) Intermittent read and write 

errors occur during HCTL-
1100 bus operations. This IS 
due to an invalid address being 
latched as a result of a noise 
spike. 

R/W 
1) Intermittent read and write 

errors occur during HCTL-
1100 bus operations. 

In extremely noisy environments, 
D7-DO, SYNC, LIMIT, and STOP 
may also be susceptible to noise; 
however, if the noise is severe 
enough to affect these lines, the 
host processor would more than 
likely be affected as well. In this 
situation it would be necessary to 
shield and isolate all of the control 
electronics from the source of 
noise. 
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Detecting high frequency noise 
glitches without the proper test 
equipment is very difficult. It is 
recommended that an oscilloscope 
having a bandwidth of 300 MHz 
or greater be used when tracing 
these types of problems. Ifan in­
adequate scope is used for this 
application, the sharp noise 
spikes will appear to be of a much 
lower amplitude and spread out 
in time. In many instances they 
will be invisible to a low speed os­
cilloscope. 

If a 300 MHz or greater oscillo­
scope is unavailable it is still 
possible to debug these types of 
problems. The best way to do this 
is to try each of the solutions of­
fered in this application note until 
the problem disappears. The most 
effective solution is to place filters 
in line with each sensitive input. 
The details of this solution are 
described in the next section. 

In addition to noise coupled from 
external sources, the HCTL-1100 
is also susceptible to other phe­
nomenon such as ringing on 

SIGNAL AT HCTL·1100 INPUT 

signals. The line which is most 
susceptible to ringing is the clock 
line .. Make certain that all ringing 
that occurs on sensitive signals 
such as the clock line remains out­
side the HCTL-1100 input 
threshold range (0.8 V to 2.0 V). 
Figure 2 shows an example of 
what the HCTL-1100 sees when 
unacceptable ringing crosses its 
input threshold. 

The HCTL-1000 was less suscep­
tible to this problem due to the 
slow response time of the old 
NMOS process. 

In many instances the ringing 
may be so fast that it would be un­
detectable by a low bandwidth 
oscilloscope. It is also recom­
mended for this test that an 
oscilloscope having a bandwidth of 
300 MHz or greater be used. 

Reducing the Noise 
Susceptibility of the 
HCTL-llOO 
The following is a list of solutions 
that help reduce the noise suscep­
tibility of the HCTL-1100. 

Vh ".~--~-----------

Vth 

V1 ------ - - - - - -f.lIY------

SIGNAL AFTER HCTL·1100 INPUT BUFFER 

II 
II 
II 
II 
II 
II 

Vh ---------,.---...,11 

V1~----------~ 

GUTCH CREATED AS A 
- RESULT OF RINGING 

Figure 2. TheHCTL-llOO'sResponsetoExcessiveRinging. 



1) Place Filters on Sensitive 
Inputs 
The most successful way to reduce 
the noise susceptibility of the 
HCTL-llOO is to protect the sensi­
tive inputs from high frequency 
noise glitches. The best way to 
protect these inputs is to place a 
low pass filter in line with each of 
the inputs. Figure 3 shows the 
connection of these filters. The 
filters should be placed as physi­
cally close as possible to the 
protected input to minimize the 
amount of noise coupled onto the 
line after the filter. It is also im-

HOST PROCESSOR AND 
SUPPORT CIRCUITRY 

portant to minimize the trace 
length between the filter's ground 
terminal and the system's ground 
plane. 

A variety of options are available 
in choosing a filter type. Some of 
these options are listed below in 
the order of most effective to least 
effective. 

a) Ferrite Bead/Ceramic Capaci­
tor EM! Filter Networks: These 
networks were originally designed 
for applications where it was nec­
essary to reduce the amount of 

-------

-+-l 
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---H 
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--i--l 

FILTER 

-b 
FILTER 

-b 
FILTER 

-=l=-

FILTER 

-=l=-
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.L 

NOISE 
FILTERS 

I 

I 

I 

Figure 3. NoiseFilterPlacementfortheHCTL-llOO. 

electromagnetic interference radi­
ated from a high speed circuit. 
However, these networks are also 
very effective at removing fast 
noise glitches and transients. 
These devices are third order low 
pass filters. The schematic for this 
network is shown in Figure 4. 

It is important when doing timing 
calculations to keep in mind that 
the additional capacitance will in­
troduce timing delays in the 
circuit. In isolated cases it may be 
necessary to use a network with a 
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EMI FILTER 

r----------·-----~ 
I ---- ----

I I 

: CERAMIC I 

~ -------1- ~A~~~I~~R_: 
GND 

RECOMMENDED CAPACITANCE VALUE = 100 pF 

RECOMMENDED TDK PART NUMBER = 
ZJSR 5101-101R (100 pF) 

RECOMMENDED MURATA PART NUMBER = 
DSS306-55Y5S101M (100 pF) 

Figure 4_ EMI Filter Network_ 

lower capacitance in order to re­
duce this delay_ To determine the 
additional delay due to the capaci­
tive loading consult the data book 
of the part driving the HCTL-
1100's inputs_ For an LS TTL 
output the additiDnallOO pF ca­
pacitance will contribute a delay 
that is on the order of 5-10 ms. 

b) RC Low Pass Filter Net-
. works: 
This filter type is a single pole fil­
ter which is fairly effective at 
reducing high frequency noise, 
but not as effective as the LC EMI 
suppressor described above. This 
network has a much slower roll­
off characteristic than the EM! 
suppressor; however, this network 
would introduce less ringing in 
the signal than the EM! suppres­
sor. Once again the delay 
introduced by this network should 
be taken into account when doing 
timing calculations. The diagram 
for this filter is shown in Figure 5. 

c) Ceramic Capacitors: 
This solution is the simplest and 
cheapest of all the solutions and 
in many applications this solution 
will suffice. The recommended ca­
pacitance value for most applica­
tions is on the order of 100 pF. 
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RC FILTER 
r---------------~ 
I I 
I 

INO: ....... I : 0 OUT 

: CERAMIC I 

~ ------ - - - - --- - -' 
I I CAPACITOR : 

GND 

RECOMMENDED RESISTANCE VALUE = 100 f.l 

RECOMMENDED CAPACITANCE VALUE = 100 pF 

Figure 5. RC Filter Network. 

r---------------~ 
I I 

INO: I : o OUT 

: CERAMIC I 

~ -------1-~A~~~I~O_R_: 
GND 

RECOMMENDED CAPACITANCE VALUE = 100 pF 

Figure 6. Capacitive Filter. 

The additional delay introduced 
by this method should be com­
puted the same way as described 
for the EM! filter. 

d) Ferrite Beads: 
This solution is the least effective 
of all for this application due to 
the high impedance nature of the 
HCTL-1100's inputs. A more ef­
fective solution would be to use a 
capacitor to ground after the fer­
rite bead. This would give the 
same level of protection as the 
EMI filter described in section 
(a). Ferrite beads are much more 
effective in applications such as 
power supply filtering where the 
input and output impedances are 
much lower. 

r---------------~ 
I I 

INO I ~ : o OUT 
I FERRITE 

I BEAD I 
1- _______________ .. 

RECOMMENDED TDK PART NUMBERS: 
ZBF503D-OQ (TA) 
ZBF504D-OQ (T A) 
ZBF506D-00 (T A) 

Figure 7. Ferrite Bead. 

The delay contribution for the 
ferrite bead is in most cases 
negligible. 



2) Power Supply Filtering 
a) Place a ceramic bypass capaci­

tor between VDD and GND. 
b) Use a ferrite bead on VDD in 

conjunction with a ceramic 
capacitor. Figure 8 shows the 
placement of these 
components. 

3) Resistive Termination of Long 
Traces 
Resistive termination gives the 
noise a much lower impedance 
path to be coupled onto and 
greatly reduces ringing. As men­
tioned earlier, ringing can also 
cause problems ifthe amplitude is 
sufficient enough to cross the 'TTL 
threshold. 

4) Shielding 
a) Use shielded cables to carry 

sensitive signals. Do not mix 
high power signals with sensi­
tive signals within the same 
shield. 

b) Shield the HCTL-llOO. In ex­
treme situations it may be nec­
essary to enclose the control 
electronics (including the 
HCTL-llOO) in a shielded 
metal enclosure. 

c) Use a multi-layer PC board 
with ground and power planes. 

5) Cabling Techniques 
a) Minimize cable lengths for sen­

sitive signals. 
b) Separate sensitive cables from 

cables carrying noisy signals or 
high power signals. 

c) Shield cables carrying 
sensitive signals. 

6) Isolation 
In extremely noisy environments 
it may be necessary to isolate the 
HCTL-llOO's encoder and motor 
control signals from the external 
world. An example of such an en­
vironment is in automatic welding 
machinery where very high levels 
of EM I are present. The most eco-

VDD 

'--_.J"~"""'--...... - ..... -""'-'...J VDD 
FERRITE 

BEAD 

0.1 ~F CERAMIC 
CAPACITOR 

Figure 8. Power Supply Filtering. 

CLOCK 
OSCILLATOR 

134 134 
AND DRIVER 

EXTCLK EXTCLK 

HCTL·1100 HCTL·1100 

HCTl·1100 

GND 10 

GND 32 

Vee 

4. 
RESISTOR VALUES 

DEPENDENT ON 
CLOCK DRIVER 

134 L4 
EXTCLK EXTCLK 

":& 

HCTL·1100 HCTL·1100 

Figure 9. Example of Resistive Tennination on the Clock Line. 

nomical way to isolate the encoder 
and motor control signals would 
be to use optocouplers. 
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Eliminating Noise at the 
Source 
This section describes the most 
common sources of noise in an 
HCTL-llOO based servo system 
and the most effective ways to 
deal with them. This section is 
divided into three parts: 

1) Motor Brush Noise 
2) PWM Switching Noise 
3) External Noise Sources 

1) Motor Brush Noise 
If a servo system is using a brush 
type motor and the system is suf­
fering from noise problems, the 
most likely cause is the motor 
brushes. A majority of the noise is 
generated from the breaking of 
the contact between the motor's 
brushes and the rotor contacts. 
This disconnection is done in se­
ries with the highly inductive 
rotor windings which causes a 
high voltagelhigh frequency noise 
spike to be generated every time 
the contact is broken. The radi­
ated energy from this spike is 
transmitted from both the rotor 
windings and the wires leading to 
the motor. The energy radiated 
from the rotor windings is very 
effectively blocked by the metal 
motor housing, however, the en­
ergy radiated from the motor 
terminals and the wires leading to 
the motor are not. It is very easy 
for this noise to couple onto sensi­
tive control signals such as those 
leading to the HCTL-llOO. The 
most effective way to reduce this 
noise is to block it right at the mo­
tor terminals. 

One effective way to block this 
high frequency noise is to place a 
capacitor across the motor termi­
nals. The capacitor looks like a 
short circuit to this noise. One 
problem with this method is that 
a resonant circuit is formed with 
the capacitor and the inductance 
of the motor lead wires. This ar-
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, 
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Figure 10. Application of an RC snubber Network to Reduce Motor Brush 
Noise. 

rangement can produce long peri­
ods of ringing at the resonant 
frequency of this high Q circuit 
causing strong RF emissions at 
that resonant frequency. A second 
problem with this solution occurs 
when it is used in conjunction 
with PWM motor driver circuits. 
The capacitor causes excessive 
current spikes during switching 
times and may cause the PWM 
driver circuit to eventually fail. 
These spikes may also cause noise 
problems just as severe as the mo­
tor brush noise was itself. 

A more effective way to eliminate 
motor brush noise is to place a 
series type RC snubber network 
across the motor terminals. Fig­
ure 10 shows the connection of 
this network. The resistor greatly 
reduces the level of current spikes 
and ringing that a capacitor alone 
would cause. It is recommended 
that a ceramic capacitor be used 
for this application. 

Where: 

Vp= ( 1 -T'VPWM 
l+e 2RC) 

In a DC drive system, component 
values are not critical. The larger 
the capacitor the more effective 
the snubber will be. The con­
straints are usually the cost and 
size of the capacitor and the effect 
it will have on system stability. 
The resistor may be optional in 
this application. This can be de­
termined by viewing the duration 
of ringing at the motor terminals. 
If the ringing is less than a couple 
of cycles the resistor may not be 
necessary. In many DC drive ap­
plications it is not required. 

In a PWM driven system there 
may be several constraints on 
component values and the series 
resistor will always be necessary. 
The two dominant constraints are 
the peak and average current 
through the snubber network. You 
can choose the optimal values 
based on these constraints using 
the equations below. 

T 

-

TIME 

Figure 11. Average Current Through the Network. 



Peak current through snubber 
network: 

The following three steps outline 
a procedure for determining the 
RC values for the network based 
on the peak and average current 
through the network. 

Step 1: 
Solve for R using the equation for 
peak current. This yields: 

VPWM 
R= 

I PEAK 

Step 2: 
The second step is to solve for C 
using the average current equa­
tions on the previous page. Since 
there is no way to derive a closed 
fonn solution for C from these 
equations, an iterative approach 
or an approximation would have 
to be used. In this application 
note, the approximation method is 
used. The following equation was 
derived using first order approxi­
mations for the average current 
equations. 

T 
C=-

2 1.53 VpWM - 2 RIAVG 

A correction factor was added to 
guarantee that the actual average 
current will never exceed the ini­
tially specified average current. 

Step 3: 
Calculate the power rating for the 
snubber resistor. This can be done 
by calculating the worst case aver­
age current using the equation 
below. This equation assumes the 
worst case duty ratio of 50%. 

-T 
CVp2 PAVG = __ (I-eRe) 

T 

The calculations described above 
assume a PWM driver which is 
low impedance during the off­
state. If the driver is open circuit 
during the off-state, the equations 
are no longer valid and the snub­
ber network may have adverse 
effects on system stability. This 
potential instability occurs as a 
result ofthe capacitor discharging 
into the motor during the off­
state. The additional charge 
stored in the capacitor can cause 
the motor and driver to have a 
non-linear transfer function with 
a much higher gain at lower duty 
ratios. 

2) PWM Switching Noise 
The second most likely source of 
noise in a PWM driven servo sys­
tem is the motor power driver. 
The noise originates from the 
high speed switching of voltage on 
the driver's output. Fast current 
transients are usually minimal 
due to the inductive nature of the 
motor. However, if there is suffi­
cient capacitive or parallel 
resistive loading, there may also 
be significant current transients 
as well. These high speed power 
signals are usually sent over 
lengthy cables to a motor. These 
cables can very effectively radiate 
this energy to the surrounding 
environment if precautions are 

PWM 
MOTOR 
DRIVER 

- LOW PASS-­
PWM FILTER 

not taken. One way to reduce this 
radiated energy is to route the 
motor wires as physically close 
together as possible. A grounded 
shield could be added to these 
wires as a second level of protec­
tion. 

Another effective way to reduce 
this noise is to place ferrite beads 
in line with the driver's outputs. 
The beads slow down the fast 
switching edges of the PWM's out­
put. The beads should be located 
as physically close to the driver as 
possible. A more effective but 
more expensive way to reduce this 
noise is to place a more complex 
low pass filter in line with the mo­
tor driver's outputs. Typically this 
filter would be an LC type filter. 
An example of this is shown in 
Figure 12. Keep in mind that this 
type of filter is only applicable for 
low impedance off-state drivers. 

It is important to design the filter 
such that the motor in combina­
tion with the filter does not exceed 
the driver's peak current or aver­
age current ratings. 

Using a motor driver which is 
high impedance in the off-state 
may also be a major source of 
noise in a servo control system. 
When the driver switches from 

MOTOR 

Figure 12. Example of a Low Pass PWM Filter. 
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the on-state to the off-state, a high 
voltage spike is generated as a 
result of the rapid interruption of 
current through the highly induc­
tive motor windings. This high 
voltage spike and rapid interrup­
tion of current is the primary 
source of noise. In almost all ap­
plications this type of driver is 
more noisy than the low imped­
ance off-state type driver. Where 
possible, it is highly recommended 
that a low impedance off-state 
driver be used. 

3) Other Sources of Noise 
In addition to the servo motor and 
driver, there may be other signifi­
cant sources of noise in your 
system. The following is a list of 
some common sources of noise 
that may affect your HCTL-llOO 
based servo control system. 

• Switching power supplies 
• High power electromechanical 

actuators 
• Noisy switches 
• Electrostatic discharge 
• Arcing of any sort 
• SCRs and TRIACs 
• Gas discharge tubes or displays 

In general, high power/high speed 
electrical devices are likely to be a 
source of noise. The best way to 
minimize the high frequency RF 
energy radiated from these de­
vices is to slow down any fast 
voltage or current transients cre­
ated by these devices. EMI 
shielding is also an effective way 
to reduce this radiated energy. 
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Answers to Commonly Asked 
Questions About the 
HCTL-2020 

Application BriefM-019 

Question 1. 
What is the maximum frequency 
on anyone channel (A or B) of 
pulses that will be counted by 
the HCTL-2020? 

Answer: 2.3 MHz. 
The maximum frequency ofthe 
clock that can be used is 14 MHz. 
Each input qualified by the chip 
input filter is considered to be a 
valid level if it remains for at 
least three consecutive rising 
edges (3/14 microseconds). There­
fore, for two valid levels (one cycle 
of the input) the minimum time 
should be 6114 microseconds. The 
maximum frequency is 1416 MHz. 
This maximum frequency will be 
reduced slightly in order to take 
into account the finite rise times, 
assymetry of the waveforms, and 
noise. 

Question 2. 
Is it possible to hold the SEL 
line LO and read the HI byte 
(a flow-through of the HI 
byte) like it is possible to hold 
the SEL line HI and read the 
LO byte (a flow-through of the 
LObyte)? 

Answer: No. 
With a negative clock edge the 
internal latch is inhibited and 
stops being updated. The HI byte 

5964-3765E 

value is not updated for subse­
quent reads. 

Question 3. 
If SEL and OE are LO but 
there is no negative clock 
edge during this time, does it 
mean that the inhibit will not 
be set? 

Answer: No. 
Internal to the chip SEL and OE 
being LO at the same time leads 
to an inhibit condition being 
satisfied. With the next negative 
clock edge the internal latch is 
inhibited from counting. In order 
to reset the inhibit two conditions 
should be satisfied in sequence: 

1) a negative clock edge 
should see SEL being HI 
and OE being LO. 

2) a negative clock edge 
should see the OE at HI. 
(SEL is a don't care for 
this.) 

Note that a total ofthree clock 
edges - one to set the inhibit, one 
to start the reset, and one to 
complete the reset of the inhibit, 
is needed for the whole process. 

rli~ HEWLETT® 
~r.JIII PACKARD 

Question 4. 
Can the index pulse from a 
three channel encoder be 
used to reset the latch in the 
HCTL-2020? 

Answer: Yes. 
HP three channel encoders give a 
HI level index pulse every revolu­
tion ofthe code wheel and this 
index pulse occurs when both . 
channel A and B are LO for a 
quarter period of a cycle. If this 
index pulse is inverted and con­
nected to the reset (Pin 7 on 
HCTL-2020) it will reset the in­
ternallatch to zero as long as this 
signal is LO for 28 ns. Note that a 
reset also resets the inhibit. 

Question 5. 
Can.the chip be reset at the 
end of every read? 

Answer: Yes. 
Since the chip was not designed 
with this purpose in mind, some 
timing constraints for doing this 
follow. It is assumed that the;! chip 
is being read at a negative going 
clock edge as explained in the 
data sheets. The chip can be reset 
if a delay can be introduced after 
the negative going clock edge at 
which the chip is read such that 
the data that is being read is 
stable in the internal latch (in 

2-257 



other words, it is not being reset 
to zero by the time it is read) and 
then a LO signal (duration = 28 
ns and occuring before the next 
rising clock edge after the read) is 
input to the reset pin. It is neces­
sary that the reset signal occur 
before the next rising clock edge 
after the read; otherwise a new 
count that could be coming in 
with the rising edge will be lost. 

Question 6. 
What is the quadrature rela­
tionship needed between 
signals on channel A and 
channelB? 

Answer: At least one positive 
clock edge between any two valid 
quadrature states, which will be 
ensured if there is at least one 
clock period between two succes­
sive quadrature states. A good 
design will take into account the 
finite rise times of signals. 

Question 7. 
Is the up/down signal a level? 
HI when counting up and LO 
when counting down? 

Answer: No. 
The signal is at the correct level 
one positive clock edge before a 
count and stays at the correct 
level until the next rising edge 
after the count. Therefore, ifthere 
are quadrature counts every four 
positive edges (which is the 
fastest possible rate), then the 
signal stays at the correct level at 
all times. At all other times the 
level on the signal is not defined. 
Therefore, to use the signal, 
combine it with the CNTDCDR 
signal. 
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A Simple Interface for the 
HCTL-2020 with a I6-bit DAC 
without Using a Processor 

Application Brief M -020 

Introduction 
In certain applications it becomes 
necessary to interface the HCTL-
2020 to a DAC (Digital Analog 
Converter) without having to use 
a processor or micro controller. A. 
typical block diagram is shown in 
Figure 1. 

A simple circuit with easily avail­
able components can be used. The 
Analog Devices AD 569 16-bit 
DAC is shown. It has an 8-bit in­
terface and signals to control the 
loading of the high and low bytes 
from the HCTL-2020 called HBE 
(High Byte Enable) and LBE 
(Low Byte Enable) respectively. 
These signals are active LO sig­
nals. The LDAC signal on the AD 
569 can be connected to ground or 
tied to LBE. The CS signal is tied 
to ground. Please refer to the data 
sheets for the DAC AD 569 for 
detailed timing diagrams. The 
different operations needed to 
achieve the interface can be de­
scribed as shown in Table 1. 

The last three states in Table 1 
simplify the design. They can be 
arbitrarily selected. For example, 
they can be used to reset the in­
hibit in the HCTL-2020 by 
dummy read. In order to simplify 
the design they have been chosen 

5964-3767E 

Table 1. 

SEL OE HEB LBE 

LO LO LO HI 

LO LO HI HI 

HI LO HI LO 

HI LO HI HI 

HI HI HI HI 

HI HI HI HI 
HI HI HI HI 
HI HI HI HI 

to be HI here. Note that LO on all 
cannot be used as it corresponds 
to enabling the HCTL-2020 and 
the AD 569. After this last state 
the circuit is made to start from 
the beginning and therefore re­
peat the read to the HCTL-2020, 
write to the DAC cycle. 

Note: If you are uSing a 16-bit 
DAC with no 8-bit interface, but 
only a 16-bit interface, consider 
using the signals HBE and LBE 

rr/i;;- HEWLETT"' 
~r...PACKARD 

Remarks 

;enable the HI byte from HCTL-2020, 
;load the byte into the DAC with the 
;HBE signal. 

;complete the loading process. 

;enable the LO byte from the HCTL-
;2020, load the byte into the DAC 
;with the LBE signal. 

;complete the loading process. 

;pull OE high to complete inhibit 
;reset of HCTL-2020. 

; 
, 
;The above three sets of states have 
;been added to get a total of 8 states. 

to enable external latches con­
nected to the HI and LO bytes of 
the DAC respectively as shown in 
. Figure 1. 

The design consists of dividing 
the main clock by 2, 4 and 8 using 
a 74LS193 counter, and combin­
ing the 8-states to give the 
sequence of steps described. above 
for each signal. The diagrams 
shown in "Sequencer and Control 
Signals Timing Diagram" and 
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"Truth Table" are descriptive of 
the process. The SEL signal can 
be realized with an OR gate. In a 
similar manner the other signals 
can be constructed also. A logic 
gate diagram of the sequencer 
and control signals is shown in 
Figure 2. 

The maximum rate at which the 
DAC is updated with a new count 
is equal to the main clock. rate 
into the HCTL-2020 divided by S. 

Troth Table 

M3 M2 Ml SEL 

0 0 0 0 

0 0 1 0 

0 1 0 1 

0 1 1 1 

1 0 0 1 

1 0 1 1 

1 1 0 1 

1 1 1 1 
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Figure 1. Interfacing the HCTL-2020 with the I6-bit DAC AD 569_ 

- --OE HBE 

0 0 

0 I 

0 1 

0 1 

1 1 

1 1 

1 1 

1 1 

--LBE 

1 

1 

0 

1 

1 

1 

1 

1 

Note: Ml = CLKl2 
M2 = CLKl4 
M3 = CLKlS 



Vee 

R1 
RESISTOR 

C1 ;r 
CAPACITOl 

U4A 

74LS14 

U4B 

74LS14 

Vee -= 

TO RESET OF HCTL·2020 

U1 

A 

B 
C 
D 

74LS193 

NOTE: CLK IS THE MAIN CLOCK THAT CLOCKS THE HCTL·2020 
R1 =4.7K 
C1=10~F 

Figure 2. Sequencer and Control Signals Logic Diagram. 
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Interfacing the HCTL-II00 
to the MC68HCll 

Application Brief M -021 

Introduction 
This application brief describes 
two interfaces to the HCTL-llOO 
with the MC68HCllE9. They are 
Port Interfacing and Bus 
Interfacing, respectively. Circuit 
diagrams for both cases are 
presented and code to read and 
write to the HCTL-llOO is 
supplied. A table showing the 
read and write cycle timing for 
both cases is presented for 
comparison purposes. 

For the purpose of the port 
interfacing the 68HCll is used in 
the single-chip mode. Port C is 
connected to the data/address 
pins ofthe HCTL-llOO and four 
pins on port B are used to control 
the reading and writing of data 
from and to the HCTL-llOO. The 
E clock of the 68HCll is 
connected to the clock input of the 
HCTL-llOO. The frequency of the 
E clock is 2 MHz (114 the crystal 
frequency ofthe 68HCll). This is 
the highest clock frequency at 
which the HCTL-llOO can be run. 

Port Interfacing 

Connections: 

E clock of the 68HCll is 
connected to HCTL-llOO 
EXTCLK 

Port C pins PCO-PC5 are 
connected to the ADO-AD5 
respectively. 

PC6toD6. 
PC7toD7. 
PBOtoOE. 
PB2to CS. 
PB4 to ALE. 

PB6 to RlW, as shown in the 
schematic diagram in Figure 1, 
"68HCll to HCTL-llOO Port 
Interface". 

Table 1. Execution Times 

Fli;;' HEWLETTIm 
~~PACKARD 

The table shown below compares 
the time taken by the read and 
write routines in the port and bus 
interfaces. 

Read Operation Write Operation 

Port Interface 30.511s 2611s 

Bus Interface 14.511s 12.511s 
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Figure 1. 68HCll to HCTL-llOO Port Interface. 

The following two subroutines to 
read and write to the HCTL-llOO 
assume that the non-overlapped 

mode of interfacing, as explained 
in the HCTL-llOO data sheet, is 
being used. 

;****************************************************************************** 
;THE FOLLOWING SUBROUTINE IS USED TO WRITE DATA TO THE HCTL-llOO. 
;THE SUBROUTINE IS CALLED WITH THE ADDRESS OF THE LOCATION TO BE 
;WRITTEN TO IN REGISTER B. THE DATA TO BE WRITTEN IS IN A MEMORY 
;LOCATION CALLED WRITEDTA 
;ADDRESS $1007 IS DATA DIRECTION CONTROL REGISTER FOR PORT C. 
;ADDRESS $1003 IS PORT C. 
;ADDRESS $1004 IS PORT B. 
;****************************************************************************** 

WRllOO: PSHA 
LDAA#OFF 
STAA$1007 
STAB$1003 
LDAA#OEF 
STAA$1004 

;SAVE THE ACCUMULATOR IN THE STACK.: 

;SET PORT C DIRECTION TO OUTPUT. 
;ADDRESS OUT. 

;ALE LOW 

(Continues) 
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LDAA#OBB 
STAA$1004 ;ALE HI, CS LO, RJW LOW 
LDAA WRITEDTA ;DATA TO BE WRITTEN LOADED IN REGISTER A. 
STAA$1003 ;OUTPUT DATA. 
LDAA#OBF 
STAA$1004 
LDAA#OFF 
STAA$1004 
PULA 

RTS 

;CSHI. 
, 
;RJWHI. 
;RETRIEVE THE VALUE OF ACCUMULATOR FROM 
;STACK. 

.********************************************************************************** , 
;THE FOLLOWING SUBROUTINE IS USED TO READ DATA FROM THE HCTL-llOO. 
;THE SUBROUTINE IS CALLED WITH THE ADDRESS OF THE LOCATION TO BE 
;READ IN REGISTER B. 
;THE SUBROUTINE RETURNS THE DATA BYTE READ IN REGISTER B. 
.********************************************************************************** , 

RDllOO: PSHA 
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LDAA#OFF 
STAA$lO07 
STAB$1003 
LDAA#OEF 
STAA$1004 
LDAA#OFB 
STAA$1004 
LDAA#OFF 
STAA$1004 
LDAA#OFE 
STAA$1004 
LDAA#OO 
STAA$lO07 
LDAB$lO03 
LDAA#OFF 
STAA$lO04 
PULA 

RTS 

;SAVE THE ACCUMULATOR ON STACK. 

;PORT C IS SET TO OUTPUT MODE. 
;ADDRESS OUT. 

;ALELO. 

;ALE HI, CS LO. 

;CSHI. 

;OELO. 

;PORT C IS SET TO INPUT TO READ THE DATA. 
;READ THE DATA INTO REGISTER B. 

;OEHI. 
;RETRIEVE THE VALUE OF THE ACCUMULATOR A 
;FROM THE STACK 
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Figure 2. 68HCll to HCTL-llOO Bus Interface. 

Bus Interfacing 

Connections: 

E clock of the 68HCll is 
connected to the HCTL-ll00 
EXTCLK. 

AS of the 68HC11 is inverted and 
connected to the ALE signal of the 
HCTL-ll00. 

RJW of the 68HC11 is connected 
to the RJW of the HCTL-1100. 

The rest of the connections are 
shown in the schematic diagram 
in Figure 2, "68HC11 to HCTL-
1100 Bus Interface". 

Note that all signals on this 
schematic with a "*,, sign are 
active low signals. 

For the bus interface, a 3-to-8 
decoder 74AC11138 and an 
inverter 74ACll004 are needed. 
With these two chips, four HCTL-
1100 ICs can be interfaced to the 
68HC11 bus. The "68HC11 to 
HCTL-1100 Bus Interface" 
schematic shows how connections 
to one ofthe four HCTL-1100s 
can be made. The CS and OE 
signals of the other three HCTL-
1100s can be connected to the 
outputs of the 74ACl1138 in a 
similar manner to the connections 
made to the HCTL-1100 shown in 
the diagram. 
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The following two subroutines are 
used to write and read while 
using the 68HCll bus to interface 
to the HCTL-llOO. 

Please note that all four routines 
assume that the clock frequency 
into the HCTL-llOO is equal to 2 
MHz. If the HCTL-llOO clock 

frequency is less than 2 MHz, and 
the processor clock is at 2 MHz, 
NOPs may be inserted where it is 
required to produce more delay in 
the read routine as shown, to 
satisfy timing requirements given 
in the data sheet. 

;****************************************************************************** 
;THIS SUBROUTINE IS USED TO WRITE DATA TO THE HCTL-ll00 FOR THE 
;BUS INTERFACE. 
;THE DATA TO BE WRITTEN IS IN MEMORY LOCATION CALLED WRITEDTA 
;REGISTER B CONTAINS THE ADDRESS OF THE LOCATION TO BE WRITTEN. 
;****************************************************************************** 

OEO EQU $OFOOO ;ADDRESS HI BYTE FOR OE* SIGNAL. 
CSO EQU $OFIOO ;ADDRESS HI BYTE FOR CS* SIGNAL. 

WRITEll00: PSHA ;SAVE THE ACCUMULATOR 
LDX#CSO 
ABX 

;HI BYTE ADDRESS IN INDEX REGISTER. 
;ADD THE ADDRESS OF LOCATION TO BE 
;WRITTEN TO FORM COMPLETE ADDRESS. 

LDAA WRITEDTA ;LOAD THE DATA TO WRITE IN THE 
;ACCUMULATOR. 

STAA O,X ;WRITE THE VALUE TO THE HCTL-llOO 
PULA 
RTS 

.****************************************************************************** , 
;THIS SUBROUTINE IS USED TO READ DATA FROM THE HCTL-llOO FOR THE 
;BUS INTERFACE. 
;THE ADDRESS OF THE LOCATION TO BE READ IS IN REGISTER B. 
;THE DATA READ IS RETURNED IN REGISTER B. 
;****************************************************************************** 

RDll00: PSHA 
LDX#CSO ;HI BYTE OF ADDRESS WHICH PULSES CS* 

;IN INDEX REGISTER 
ABX ;ADD REGISTER B TO FORM COMPLETE 

;ADDRESS. 
LDAAO,x ;LATCH THE ADDRESS IN HCTL-llOO, BY 

;PERFORMING A DUMMY READ. 
;NOP 
;NOP ;IF NEEDED.(SEE EXPLANATION ABOVE.) 

;NOT NEEDED IF HCTL-ll00 HAS 2 MHz 
;CLOCK. 

LDX#OEO ;LOAD THE HIGH BYTE OF THE ADDRESS 
;WHICH PULSES OE* IN INDEX REGISTER. 

LDABO,X ;READ THE HCTL-llOO. DATA IN REGISTER B. 
PULA 
RTS 
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Quasi-Absolute Encoding 

Application Brief M -022 

What is Quasi-Absolute 
Encoding? 
It is a method using Incremental 
encoders to determine absolute 
position after a small change in 
position. 

Applications: 
• Throttle Valve Positioning 
• Steering Angle Sensor 

Used in: 
- Power steering control 
- Suspension control 
- 4-wheel steering 
- Traction control 

A.) First, let us look at a typical 
3-Channel Incremental Encoder 
and Codewheel. 

There are two channels which 
produce digital signals that are 
90 degrees out of phase with each 
other, which provides direction 
information and allows 
discrimination into quadrature 
counts. See A and B in Figure 1. 
The third channel occurs once 
per revolution and is used as a 
reference to establish an absolute 
position. The index channel 
coincides with channels A and B 
both low. See I in Figure 1. 

5964-3769E 

Why use incremental encoding instead of absolute encoding? 

Encoder Type Advantages Disadvantages 

Optical Absolute Position known on power up Large size 
Easy interface to controller Expensive 
Various output codes 2N counts requires 

available N channels 
High resolution 

Optical Incremental Low cost Position unknown 
Small size on powerup* 
High resolution May require 
Index pulse for interface circuitry 

absolute reference 

* Quasi-Absolute addresses the issue of unknown position on power up for optical 
incremental encoders. 

I I 

Figure 1. 

B.) Now, let us look at the same 
3-Channel Incremental Encoder 
used with a Special Codewheel to 
achieve Quasi-Absolute encoding: 

A coding scheme can be used with 
multiple index channels in order 
to determine the absolute position 
without a large movement of the 
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codewheel. A very simple scheme 
might use 1 index at 0 degree, 2 
indexes at 90 degreees, 3 indexes 
at 180 degrees, and 4 indexes at 
270 degrees. This would provide 
absolute position information 
within 114 turn. See 11 in Figure 
2. 

Another method might use in­
dexes spaced such that a specific 
number of counts on channels A 
and B happen between adjacent 
indexes. See 12 in Figure 2. 

More complex coding schemes can 
be used to provide absolute posi­
tion detection in just a few 
mechanical degrees of movement. 

Codewheels: 
Quasi-Absolute codewheels may 
be developed in cooperation with 
Hewlett-Packard. 

Encoders: 
Special encoders may be required 
depending on desired resolution. 
For resolutions of 73 LPI or below, 
a standard 3-channel encoder may 
be used to provide up to 1 index 
pulse per electrical cycle. Higher 
resolutions using 1 index pulse 
per 10 or more cycles may also use 
a standard 3-channel encoder. 
High resolutions using 1.index 
pulse per 9 or less cycles requires 
a special encoder design and may 
be developed in cooperation with 
Hewlett-Packard. 

For more information concerning 
your particular application, you 
may contact the Optoelectronics 
Applications Hot Line, 408-435-
4444. 
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Interfacing the MC68HCll to the 
HCTL-2020 

Application Brief M-023 

Introduction 
This application brief describes 
two interfaces for the HCTL-2020 
to the MC68HCl1. One is a port 
interface and the other is a bus 
interface. 

Port Interface 
The connections are shown in 
Figure 1, the schematic titled 
''Port Interface". Port C is used to 
read the data in and 3 pins on 
port B are used for the control 
signals to the HCTL-2020. The E 
clock from the 68HCllE9 is used 
to clock the HCTL-2020. In this 
interface it is assumed that the 
68HCllE9 is in the single chip 
mode. 

The subroutines to read from the 
HCTL-2020 and to reset the 
HCTL-2020 follow. 

5964-3770E 

.****************************************************************************** , 
;THIS SUBROUTINE IS USED TO READ DATA FROM THE HCTL-2020 
;FOR THE PORT INTERFACE. 
;THE SUBROUTINE RETURNS THE 16 BIT DATA FROM THE HCTL­
;2020 IN REGISTER IX. 
;* DENOTES ACTIVE LOW SIGNALS. 
;****************************************************************************** 

RD2020: ;SA VE REG A ON STACK. 

;PUT PORT C IN INPUT MODE. 

;SEL LO AND OE* LO. 
;HIGH BYTE OF DATA IN REG. A. 

;SEL HI AND OE* LO. 
;LO BYTE IN REG. B. 

PSHA 
PSHB 
LDAA#OO 
STAA$1007 
LDAA#OFA 
STAA$1004 
LDAA$1003 
LDAB#OFB 
STAB$1004 
LDAB$1003 
XGDX ;REGISTER IX HAS THE 16 BIT VALUE FROM 

;THE HCTL-2020 
LDAA#OFF 
STAA$1004 
PULB 
PULA 
RTS 

;SEL HI AND OE* HI. 
;RESTORE REG B FROM STACK. 
;RESTORE REG A FROM STACK. 

.****************************************************************************** , 
;THIS SUBROUTINE IS USED TO RESET THE HCTL-2020 IN THE 
;PORT INTERFACE. 
.****************************************************************************** , 

RST2020: PSHA 
LDAA#OEF 
STAA$1004 ;RST*LO. 
LDAA#OFF 
STAA$1004 ;RST*HI. 
PULA 
RTS 
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Figure 1. Port Interface Schematic. 
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Bus Interface 
In applications where the ex­
panded-mode is already being 
used, it is convenient to use the 
bus interface to the HCTL-2020. 
Figure 2, "Bus Interface Control 
Signals", is the schematic dia­
gram to generate the control 
signals in the expanded mode. 

The subroutines to read and re­
set follow . 

. ****************************************************************************** , 
;THIS SUBROUTINE READS A VALUE FROM THE HCTL-2020. THE HIGH 
;BYTE OF DATA IS RETURNED IN REG IY IN THE CORRECT ORDER OF 
;HIGH AND LOW BYTES. 
;THE TWO BYTES ARE MAPPED AT THE MEMORY LOCATIONS AT OCFFOh 
;AND OCFFlh RESPECTIVELY . 
. ****************************************************************************** , 

H2020 EQU $OCOOO 

RD2020: LDY H2020 
RTS 

.****************************************************************************** , 
;THIS SUBROUTINE IS USED TO RESET THE HCTL-2020. THE RESET 
;SIGNAL IS MAPPED TO MEMORY LOCATION OCFF2h . 
. ****************************************************************************** , 

REST2020 EQU $OCFF2 

RST2020: PSHA 
LDAA REST2020 
PULA 
RTS 

;READ LOCATION $CFF2 TO CAUSE RESET 
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Using the HCTL-IIOO with 
DC Brush Motors 

Application Brief M -024 

Introduction 
The HCTL-llOO general pur­
pose motion control IC can be 
used for closed loop position and 
velocity control of DC Brush mo­
tors. A block diagram is shown 
in Figure 1. 

A linear or PWM amplifier, host 
computer/microcontroller and an 
incremental optical encoder are 
the only other components 
needed to design and implement 
the closed loop control system. 

Anyone of four operating modes 
(two for position control and two 
for velocity control) can be used 
with DC Brush motors. Please 
refer to the technical data 
sheets for the HCTL-llOO for 
detailed information on the dif­
ferent modes of operation. 

For more information on inter­
facing to a host please refer to 
Application Briefs M-015, 
M-016, M-021, and M-003. For 
more information on HP optical 
encoders please refer to Applica­
tion Briefs M-101 and M-109. 

Amplifiers compatible with the 
HCTL-llOOs can be built from 
discrete components, are avail­
able as integrated half and full 
bridges and, from various ven-

5965-3476E 

----------1 PWM/LINEAR 

HOSTI 
MICROPROCESSOR ~ CONTROLLER ~. ---v --~ 

HCTL-1100 : : 

~ ---- ______ 1 

Figure 1. Closed Loop Position and Velocity Control of DC Brush Motor. 

dors with special features. A list 
of some of the manufacturers of 
amplifiers follows: 

Name 
Allegro 
SGS-Thomson 
Unitrode 
Harris 
TI 
Motorola 
International 

Rectifier 
Siliconix 

Phone Number 
(508) 853-5000 
(602) 867-6100 
(603) 424-2410 
(407) 724-3000 
(800) 336-5236 
(708) 490-9500 

(310) 322-3331 
(408) 970-5700 

In many cases motor manufac­
turers supply amplifiers for 
their motors. A good reference 
for a list of amplifier vendors is 
the PCIM® (power Conversion 
and Intelligent Motion) magazine 
issue dated December 1995. 

PWM Interface 
Figure 2 shows the glue logic for 
a PWM amplifier interface to 
the HCTL-llOO for a DC Brush 
motor using the L6203 IC made 
by SGS-Thomson. 

Linear Amplifier 
Interface 
Figure 3 shows an example of a 
linear amplifier interface to the 
HCTL-llOO for a DC Brush mo­
tor using the L165 made by 
SGS-Thomson. The circuit 
makes use of a digital to analog 
converter DAC-OS. 

2-273 



PWM#162>t---~~~ir~~~ __________________________ ~~ 

SIGN #17 I 

I 
I 
I 
I 
I 

FROM I 
HCTL-11001 

I 
I 
I 
I 
I 
I 

CHA#31~T---------------------------------------------------------------------------------~ 

CHB#30~T-------------------------------------------------------------------------------~ 

Figure 2. 

CHA31;>~---------------------------------------------------------------------------------, 

CHBW~~----------------------------------------------------------------------------------~ 

FROM 
HCTL-1100 I 

I 

MC725 I 
MC624 

MC523 

MC422 

MC321 

MC220 

MC1 19 

MCO 18 

2 R1 2 
5.0K 1 

Figure S. 

2-274 

+15V 

B8 +V 

DAC08 

15 
-VR 

-V 

R2 C40.1~F3 
5.0K..,e1 

-= -= -15V 

+15V 

VIN 
VO 

REF-01 

GNDTRIM 

4 

-= 

U2 

lOUT 

lOUT 

16 
COMP 

VLC 

-= 
R5 

10K 

6 

+10V 

+15V 
C3 

t-________ ~--~1,~ 

-15V 

1 2 

R4 
10K 

0.1 ~F J.. 
2 *01 -= 

DIODE 
1 

2 *02 
DIODE 

1 
C2 

1~ 

0.1~ ~ 

*01,02: VFS 1.2 VAT I = 2A 
trrs 500 ns 

R3 
1 OHM 

2 

OPTICAL 
INCREMENTAL 
ENCODER 
SIGNALS 



Using the HCTL-IIOO with 
DC Brushless Motors 

Application Brief M -025 

Introduction 

F/iii'W HEWLETT~ 
~~PACKARD 

BRUSHLESS 
MOTOR 

The HCTL-llOO general purpose 
motion control IC can be used for 
closed loop position and velocity 
control of DC Brushless motors. 
A block diagram is shown in Fig­
ure 1. 

COMBINATION 
LOGIC 

, 

A linear or PWM amplifier, host 
computer/microcontroller and an 
incremental optical encoder are 
the only other components needed 
to design and implement the 
closed loop control system. 

Anyone of four operating modes 
(two for position control and two 
for velocity control) can be used 
with DC Brushless motors. Please 
refer to the technical data sheets 
for the HCTL-llOO for detailed 
information on the different 
modes of operation. 

For more information on interfac­
ing to a host please refer to 
application briefs MOI5, MOI6, 
M021 and M003. For more infor­
mation on HP optical encoders 
please refer to application briefs 
MI0l and MI09. 

Amplifiers compatible with the 
HCTL-llOO can be built from dis­
crete components, are available 
as integrated half and full bridges 
and, from various vendors with 

5965-2774E 

Figurel. 

special features. A list of some of 
the manufacturers of amplifiers 
is: 

Name 
Allegro 
SGS-Thomson 
Unitrode 
Harris 
TI 
Motorola 
International 

Rectifier 
Siliconix 

Phone Number 
(508) 853 5000 
(602) 867 6100 
(603) 424 2410 
(407) 7243000 
(800) 336 5236 
.(708) 490 9500 

(310) 322 3331 
(408) 970 5700 

In many cases motor manufac­
turers supply amplifiers for 
their motors. A good reference 
for a list of amplifier vendors is 
the PCIM® (Power Conversion 
and Intelligent Motion) magazine 
issue dated December 1995. 

I 
I 
I 
I 
I 

___ .J 

PWM Interface for DC 
Brushless motor without 
Hall effect sensors 
Shown in Figure 2 is an ex­
ample of a PWM amplifier 
interface to the HCTL-llOO for 
a 3 phase, 4 pole DC Brushless 
motor using the UC3657 IC 
made by Unitrode. This inter­
face does not require the DC 
Brushless motor to have Hall 
effect sensors for commutation. 
The HCTL-llOO provides com­
mutation signals based on the 
optical incremental encoder sig­
nals CH A, CH Band CH L 

A 192 CPR encoder is assumed 
to be installed on the DC 
Brushless motor and the HCTL-
1100 commutator is assumed to 
be counting in full counts. For a 
description of the HCTL-llOO 
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commutator please refer to ap­
plication brief MOI2. 

X Register is programmed to 
16D and Y to 16D. The Ring reg­
ister is programmed to 96D. All 
the other registers associated 
with the commutator are pro­
grammed to zero decimal. 

For the purposes of this applica­
tion brief it is assumed that the 
motor rotates in the clockwise 
direction when the currents in 
the three phases are commu­
tated in the following order -
AB, AC, BC, BA, CA, CB, 
AB ........ 
For the counter-clockwise direc­
tion of rotation, the currents are 
in the following order - BA, BC, 
AC, AB, CB, CA, BA ............ .. 

Table I is the truth table for the 
input signals needed for the 
UC3657 based on PH A, PH B 
and PH C signals and PWM sig­
nal from the HCTL-1100. 

Based on this truth table, Figure 
2 shows the schematic for the 
glue logic needed for interfacing 
the HCTL-1100 to the UC3657. 

Table!; 

PWM PHA PHD 
1 1 0 

1 1 1 
1 0 1 

1 0 1 

1 0 0 

1 1 0 

0 1 0 

0 1 1 

0 0 1 

0 0 1 

0 0 0 

0 1 0 
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PWM Interface for DC 
Brushless motor with Hall 
effect sensors 
Shown in Figure 3 is an example 
of a PWM amplifier interface to 
the HCTL-1100 for a 3 phase, 4 
pole DC Brushless motor using 
the UC3657 IC made by 
Unitrode. This interface requires 
the DC Brushless motor to have 
Hall effect sensors for commuta­
tion with 120 electrical degrees 
sep~ration. The PALl6L8 is. 
used to provide the control SIg­
nals for the driver UC3657. 

A 192 CPR encoder is assumed 
to be installed on the DC 
Brushless motor and the HCTL-
1100 commutator is assumed to 
be counting in full counts. For a 
description of the HCTL-1100 
commutator please refer to ap­
plication brief MOI2. 

X Register is programmed to 
16D and Y to 16D. The Ring reg­
ister is programmed to 96D. All 
the other registers associated 
with the commutator are pro­
grammed to zero decimal. 

For the purposes of this applica­
tion briefit is assumed that the 
motor rotates in the clockwise 
direction when the currents in 
the three phases are commu­
tated in the following order -
AB, AC, BC, BA, CA, CB, 
AB ........ 
For the counter-clockwise direc­
tion of rotation, the currents are 
in the following order - BA, BC, 
AC, AB, CB, CA, BA ............ .. 

Table 2 is the truth table for the 
input signals needed for the 
UC3657 based on HA, HB and 
HC Hall-effect sensor signals, 
and, SIGN and PWM signal from 
the HCTL-1100. 

Based on the truth table as 
given in Table 2, .the. sch~mat.ic 
for the interface IS given In FIg­
ure 3. 

PHC Al A2 DI D2 Cl C2 
0 0 0 I 1 1 0 

0 0 0 1 0 1 1 

0 1 0 0 0 1 1 

1 1 1 0 0 1 0 

1 1 1 1 0 0 0 

1 1 0 1 1 0 0 

0 0 0 1 0 1 0 

0 0 0 1 0 1 0 

0 1 0 0 0 1 0 

1 1 0 0 0 1 0 

1 1 0 1 0 0 0 

1 1 0 1 0 0 0 



Please note that the 16L8 has active low 
outputs, and therefore when programming 
the 16L8, the sum-of-product terms for pro­
gramming should be those corresponding to 
fAI (complement of AI). 
eg fAI = PWM*fSIGN*HA*fHB*JHC 

+ PWM*fSIGN*HA*HB*fHC 
+ PWM*SIGN*fHA*HB*HC 
+ PWM*SIGN*!HA*fHB*HC 
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Using the HCTL-IIOO 
with Stepper Motors 

Application Brief M -026 

Introduction 

W. 
HOST I 

I 
I CONTROLLER 

FlijjfJ HEWLETT® 
a:e.. PACKARD 

The HCTL-llOO general pur­
pose motion control IC can be 
used for closed loop position and 
velocity control of Stepper mo­
tors. A block diagram is shown 
in Figure 1. 

A linear or PWM amplifier, host 
computer/microcontroller and an 
incremental optical encoder are 
the only other components 
needed to design and implement 
the closed loop control system. 

i~ : _________ 1 

Anyone of four operating modes 
(two for position control and two 
for velocity control) can be used 
with stepper motors. Please re­
fer to the technical data sheets 
for the HCTL-llOO for detailed 
information on the different 
modes of operation. 

For more information on inter­
facing to a host please refer to 
application briefs MOI5, MOI6, 
M021 and M003. For more infor­
mation on HP optical encoders 
please refer to application briefs 
M101 and MI09. 

Amplifiers compatible with the 
HCTL-llOO can be built from 
discrete components, are avail­
able as integrated half and full 
bridges and, from various ven-

5965-4782E 

Figure 1. Step Motor Interface. 

dors with special features. A list 
of some of the manufacturers of 
amplifiers follows: 

Name Phone # 
Allegro (508) 853-5000 

SGS-Thomson (602) 867-6100 

Unitrode (603) 424-2410 

Harris (407) 724-3000 

TI (800) 336-5236 

Motorola (708) 490-9500 

International 
Rectifier (310) 322-3331 

Siliconix (408) 970-5700 

In many cases motor manufac­
turers supply amplifiers for 
their motors. A good reference 
for a list of amplifier vendors is 
the PCIM® (Power Conversion 
and Intelligent Motion) maga­
zine issue dated December 1995. 

This application brief describes 
an interface to a 200 full steps 
per revolution stepper motor. A 
description of how the commuta­
tor needs to be configured to 
obtain half-stepping is described 
at the end. 

MotorlFeedback 
Configuration: 
1.8 degree per step, hybrid motOr 
with 4 windings. 8 leads acces­
sible to the user. 
A pair ofleads, as described in 
the motor data sheet, is con­
nected in parallel giving two 
sets of windings. One set is 
called AIA2 and the other is 
called BIB2 for purposes of this 
application brief. Figure 2 de­
scribes the windings and the 
connections. 
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Number ofstepsirev. = 
200 full steps. 

Encoder CPR = 400 CPR 
(1600 quadrature counts) 

Number of torque cycles /rev = 
50 

Number of quadrature counts 
per torque cycle = 
1600/50 = 32 

Phase Energizing Sequence: 

CWROTATION 
AIA2* BIB2 
A2Al BlB2 
A2Al B2Bl 
AIA2 B2Bl 

CCW ROTATION 
AIA2 BIB2 
AIA2 B2Bl 
A2Al B2Bl 
A2Al BlB2 

Based on the motor/feedback 
configuration described, the 
commutator can be programmed 
as: 

A1 --~~--------~------, 

~--------~----~------~ 

Figure 2. Motor Connections. 

Status Register (R07H) = XXXXOOllH 
Commutator Ring (RI8H) = 32 
X Register (RIAH) = 8 
Y Phase Overlap (RlBH) = 0 
Offset (RICH) = 0 

Max. Phase Advance (lilFH) = 0 
Velocity Timer (RI9H) = 0 

Application brief M012 describes 
the commutator operation in de­
tail. 

The hardware connections re­
quired for the stepper motor 
interface are shown in the sche­
matic in Figure 3. For details on 
mounting a 3 channel encoder on 
a stepper motor for closed loop 
control please refer to the data 
sheet for the HCTL-llOO. 
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.-------30~------_-----B1 

~------~----~-------B2 

* AIA2 means that positive direction of 
current flow is from the Al terminal to 
the A2 terminal. 
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Using the HCTL-IOOO/ 
1100 with Step Motors: 
The Half-Step Sequence 
The HCTL-1000 and HCTL-1100 
can be used to commutate a step 
motor in half-step mode. In the 
half-step movement, the rotor 
moves half of its normal angle 
per step. For example, a 200 step 
per revolution (1.8° per step) mo­
tor would become a 400 step per 
revolution (0.9° per step) motor. 
Besides providing twice as many 
detent positions per revolution, 
half stepping also provides 
smoother running torque. 

The commutator of the HCTL-
1000/1100 can be programmed to 
generate a half-step switching 
sequence. The phase overlap fea­
ture of the commutator is used 
to generate the necessary logic 
sequence. 

Example: 

Motor: PM Step Motor 
200 steps/rev, 1.8°/step 
50 torque cycles/rev 

(see Figure 4) 

Encoder: 
500 CPR 
2000 quad counts 

Full Step Sequence: 4 steps 

Half-Step Sequence: 
8 steps (see Figure 5) 

Programmingtbe 
HCTL-IOOO/llOO: 

Status Register: 
Bit #1 = 1 
Bit #2 = 0 

Ring: 

4 phase config. 
Rotor position 
measured in 
quad counts 

(2000 qd. cts.) / (50 torque 
cyc.) = 40 qd. cts./torque cyc. 
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SWI 

Figure 4. Pennanent Magnet (PM) Step Motor. 

Step SW1 8M SW3 SW4 

1 On Off On Off 
2 On Off Off Off 
3 On Off Off On 
4 Off Off Off On 
5 Off On Off On 
6 Off On Off Off 
7 Off On On Off 
8 Off Off On Off 
1 On Off On Off 

Note: To step in the opposite direction, 
the sequence is 1-8-7·6-5-4-3-2-l. 

Fignre 5. Eight-Step Switching 
Sequence for Half-Stepping. 

X,Y: 
Program for 50% overlap, 
X=Y 

x + Y = (Ring)/(# of phases) 
= 40/4 = 10 

X+Y= 10,X=Y 

SoX= 5, Y=5 

The resultant output from the 
HCTL-1000/1100 commutator is 
shown in Figure 6. By connect­
ing PH A to SW1, PH B to SW4, 
PH C to SW2, and PH D to swa, 
the eight-step half stepping se­
quence is achieved. 

RING = 
40 QUAO COUNTS 

I I 

PHA 

MOTOR 
PHASE 

SWI 

PHB ~~:::;"t- SW4 

PHCI-................. 

OVERLAP= 
SQUAD 
COUNTS 

SW2 

SW3 

Figure 6. HCTL-IOOO/llOO Commuta­
tor Output. 
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Encoder Questions and 
Answers 

Application BriefM-IOl 

Introduction 
This guide answers the most 
often-asked questions about 
encoders in general and Hewlett­
Packard encoders in particular. It 
is organized into the following 
sections: 
• General Encoding 
• Output Waveforms 
• Resolution 
• Mounting 
• Materials 
• Reliability 
• Electrical 
• Miscellaneous 

General Encoding 

Question 1. 
What is an encoder? 

Answer. An encoder is a sensor of 
mechanical motion. It translates 
motion (such as position, velocity, 
and acceleration) into electrical 
signals. 

Question 2. What kinds of 
encoders are available? 

Answer. The three basic types of 
encoders are contact (also called 
resistive or potentiometers), mag­
netic, and optical. Contact 
encoders use either a wiper which 
picks off a voltage corresponding 
to its position, or has a brush or 

5965-5974E 

series of brushes which wipe 
along a codewheel with an alter­
nating conductor/insulator 
pattern. The pattern of insulator 
and conductor corresponds to me­
chanical position. Magnetic 
encoders sense a magnetic field 
which changes according to me­
chanical position. Examples of 
magnetic encoders include syn­
chros, resolvers, and Hall effect 
sensors. Optical encoders have a 
light source which shines through 
or reflects off a codewheel or 
codestrip to a photodetector. The 
photodetector sees a pattern of 
light and dark which corresponds 
to the mechanical position. 

Encoders generate either analog 
or digital output signals. An ana­
log encoder may put out a voltage 
or a series of voltages correspond­
ing to position, velocity, etc. A 
digital encoder puts out signals 
which represent a binary 1 or 0 
(logic level high or low). The cod­
ing of the l's and O's determines 
the position. 

Question 3. 
What is the difference 
between an absolute and an 
incremental encoder? 

Answer. Absolute encoders have 
a unique value (voltage, binary 

rli~ HEWLETTI!l 
~r...PACKARD 

count) for each mechanical posi­
tion and thus the position is 
known "absolutely". At power up, 
the position of an absolute en­
coder is known. Incremental 
encoders have output signals 
which repeat over the range of 
motion and thus each mechanical 
position is not uniquely defined. 
The current position sensed is 
only incremental from the last 
position sensed. Thus at power 
up, the position of an incremental 
encoder is not known since the 
output signals are not unique to 
any singular position. Count and 
direction information can be ob­
tained from both absolute and 
incremental encoders. 

Question 4. 
What is a channel? 

Answer. A channel is an electrical 
output signal from an encoder. 
Typical high performance incre­
mental encoders have either two 
or three channels. 

Question 5. What is quadra­
ture? 

Answer. All HP encoders have 
channels A and B which output 
identical repeating square waves 
as motion occurs. Channel A is 
offset from channel B by half of a 
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high pulse of the square wave on 
either channel. Quadrature is the 
offset relationship between chan­
nel A and channel B. 

Question 6. What is meant by 
4X decoding? 

Answer. The rising edge to rising 
edge (called the Cycle) on either 
channel A or B signifies that one 
window and bar pair of the 
codewheel has rotated by the pho­
todetector array. Because A and B 
are in quadrature, four unique 
logic states are defined for each 
window and bar pair that me­
chanically passes. When these 
four unique logic states are de­
coded, the resolution obtained is 4 
times (4X) the resolution of the 
codewheel. Thus a codewheel with 
500 window and bar pairs can be 
decoded into 2000 quadrature 
states. See Figure 1 for more de­
tails. 

ROTATION 

C = CYCLE (1 WINDOW AND BAR PAIR, 360"8) 

Question 7. What is an index 
pulse? 

Answer. An index pulse occurs on 
a third channel called channell. 
A pulse occurs on this channel 
once for each full revolution of the 
codewheel. Essentially, this pulse 
marks a singular position ofthe 
codewheel. This is an absolute ref­
erence added to an incremental 
encoder. 

Question 8. Of Cycle, Pulse 
Width, and State Width, which 
is the most consistent? 

Answer. Cycle is the most consis­
tent. If you are trying to measure 
velocity by timing between edges, 
use the rising to rising (or falling 
to falling) on either channel A or 
B. Pulse width and state width 
are not as consistent. 

Question 9. What other terms 
are used within the industry to 

- 2.4 V 

~-, 0.4 V 
CH.A 

-' 2.4V 

2.4 V 

_______ 0.4~H.1 

S1 ••• S4 = LOGIC STATE WIDTH (4 STATES PER WINDOW AND BAR PAIR, EACH STATE IS 90"e) 

P = PULSE WIDTH (RISING TO FALLING ON CH. A OR B, 1800 e) 

CH. I = INDEX CHANNEL (ONE PULSE PER FULL CODEWHEEL REVOLUTION) 

Figure 1. OutputWavefonns. 
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describe output waveforms? 
Answer. Other terms in the indus­
try include: 
Phase: rising edge on A to rising 
edge on B. (This is equivalent to 
HP's State 1 width. HP defines 
phase as the center of the high 
state on A to the center of the high 
state on B.) 
Flutter: variation from cycle to ad­
jacent cycle. 
Duty Jitter, Waterfall: variation 
from pulse width to adjacent pulse 
width. 
Symmetry: ratio between pulse 
high and pulse low (nominally 
unity). 
Edge to Edge Variation, Edge 
Separation, Phase Error: equiva­
lent to State Width Error. 
Phase Jitter: variation from rising 
edge on A to rising edge on B. 

Question 10. Do HP encoders 
provide analog outputs (sinU" 
soldal or quasi-sinusoidal 
signals)? 

Answer. No. HP encoders' provide 
only digital incremental output 
waveforms. 

Resolution 

Question 11. How does HP 
def'me resolution? 

Answer. We typically talk in 
terms ofline density, which is the 
number of window and bar pairs 
per unit length. Line density is 
expressed either as lines per inch 
(LPin) or lines per mm (LPmm). 
For a rotary encoder, the line den­
sity is given by: 

LPin (LPmm) = 
Counts per 
Revolution 

(2 7t) (Rop) 

This gives the number of window 
and bar pairs per unit arc length 
at a given optical radius (Rop). 



For linear encoder modules, the 
resolution is the number of win­
dow and bar pairs per unit of 
linear length. 

Alternative to line density is the 
counts per revolution (CPR) with 
a specified optical radius (for ro­
tary encoders). 

Question 12. What are the mini­
mum and maximum resolutions 
available with HP encoder mod­
ules? 

Answer. HP can make encoder 
modules with resolutions from 
30 LPin to 360 LPin (1.18 LPmm 
to 14.17 LPmm). 

Question 13. How can I get a ro­
tary encoder resolution that is 
not one of the standard resolu­
tions? 

Answer. Custom resolutions can 
be obtained by one of two ways. 
One way is to use a standard en­
coder module and design a custom 
codewheel. The line density of the 
module and the codewheel must 
match, but the optical radius can 
be varied to make a larger or 
smaller diameter codewheel 
which has a custom number of 
window and bar pairs. 

Example: Customer wants 220 
CPR encoder, which is between 
HEDS-9100 standard resolutions 
of 200 CPR and 256 CPR. 

Steps: 

aJ Use HEDS-9100 #EOO (200 
CPR at 11.00 nun Rop, 
LPmm = 2.89 lines/mm). 

b.) Match the LPmm of the 
module with the LPmm ofthe 
new codewheel and solve for a 
new optical radius: 

LPmm= 
CPR 

(2 1t) (Rop) 

CPR 
--.. Rop= 

(2 1t) (LPmm) 

220 CPR 
Rop = --------

(2 1t) (2.89 lines/nun) 
= 12.1 mm 

Thus the custom codewheel will 
be slightly larger than the stan­
dard codewheel to accommodate 
20 extra window and bar pairs 
(Rop = 12.1 nun vs. Rop = 11.00 
nun) but have the same line den­
sity. The modules are robust 
enough to handle the difference in 
optical radius. 

The other way to get a custom 
resolution is to have lIP make a 
custom photodetector IC with the 
desired custom resolution. A cus­
tom codewheel is still required to 
work with the custom !C. Contact 
your local HP sales representative 
for more information. 

curs. 

Question 16. Can I nse an 
encoder module to detect the 
presence or absence of an 
object? 

Answer. No. The module is look­
ing for a certain light/dark 
pattern. The passing of an opaque 
or transparent material past the 
photodetector array mayor may 
not cause a transition on either 
channel. The result is not predict­
able. 

Question 14. Will any codewheel 
work with any Mounting 
encoder module? 

Answer. No. The line densities of 
the module and codewheel must 
match. Thus a 200 LPin module 
will not work with a 120 LPin 
module. 

Question 15. How closeJy does 
the line density of the 
codewheel or codestrip have to 
match the line density of the 
module? 

Answer. For modules with less 
than 200 LPI resolution, a gen­
eral rule of thumb is that the line 
densities must match ~ithin 5 
lines/inch for the module to func­
tion (0.2lines/mm). Encoding 
performance degrades with mis­
match and thus lIP cannot 
guarantee encoding specifications 
when significant mismatch oc-

Question 17. How are the 
encoder module mounting 
tolerances referenced? 

Answer. For the HEDS-9000, 
9100, and 9200 series encoder 
modules, the tolerances are refer­
enced from the centers of the 
aligning recesses. For the HEDS-
9700 series modules, the 
tolerances are referenced from the 
aligning post on the underside of 
the module. 

Question 18. Three channel 
encoders and modules require 
use of an alignment tool or other 
aligning aid. Do you need an 
alignment tool for two channel 
encoders and modules? 
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Answer. With the exception of the 
HEDS-9000/9100 Extended Reso­
lution Series, alignment aids are 
not required. However, using 
alignment aids will result in bet­
ter performance and are 
recommended. The Extended 
Resolution modules, which are the 
HEDS-9000 Options T and U and 
the HEDS-9100 Options B and J, 
do require the use of alignment 
aids. In some cases, alignment 
aids can also improve assembly 
times. 

Question 19. Can adhesives be 
used instead of screws? 

Answer. Yes. A common adhesive 
used is RTV, made by GE or Dow 
Corning (GE 162, Dow Corning 
3145) among others. 

Question 20. What is meant by 
"artwork side of codewheel?" 

Answer. The artwork side only 
refers to codewheels that are 
made of glass or mylar (plastic). 
On these codewheels, the "art" or 
windowlbar pattern appears only 
on one side. Generally, it is better 
to have the artwork side closer to 
the photodetector array to cast a 
cleaner, sharper shadow. With 
metal codewheels, both sides are 
equivalent since the window is an 
absence of material. The artwork 
side does not apply here. 

Question 21. How will the gap 
between the codewheel and 
the detector side of the en­
coder module affect the 
output? 

Answer. In general, HP encoders 
are not that sensitive to the 
codewheel gap. This is because 
the lens collimates the LED light 
into a parallel beam and keeps 
the light/dark pattern fairly uni-
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form. However, as the codewheel 
gets closer to the detector, the 
shadows cast by the codewheel 
get cleaner and sharper. This re­
sults in better light/dark contrast 
and subsequently somewhat bet­
ter performance. 

Question 22. Does HP provide 
mounting screws? 

Answer. No. 

Question 23. What is TIR? 

Answer. TIR stands for Total In­
dicated Runout and is the total 
movement that the codewheel 
windowlbar pattern will have in a 
radial direction. Thus it is the to­
tal eccentricity of the codewheel. 
The factors which contribute to 
TIRare: 
• Shaft eccentricity 
• Shaft undersize relative to hub 
• Off-center placement of hub 

relative to codewheel 
• Shaft radial play due to bearing 

tolerance and uneven loading 

TIR contributes directly to the 
cycle error and position error of 
the encoder. 

Question 24. Can HP bend the 
leads of the encoder modules? 

Answer. Yes. The standard part 
numbers are HEDS-9001 (an 
HEDS-9000 with bent leads), 
HEDS-9101, HEDS-9041, HEDS-
9141, HEDS-9701, and 
HEDS-9721. 

Question 25. How do you re­
move an HEDS-5500 series 
encoder? 

Answer. The HEDS-5500 series 
encoders were not designed to be 
removed. However, it is possible 
to do so if done carefully. The pro­
cedure to remove one is 

essentially the assembly proce­
dure in reverse. The steps are as 
follows: 

a.) Turn the encoder cap from the 
two-dot position to the one-,dot 
position. 

b.) Insert hex wrench into side 
hole by the one-dot mark. 

c.) Push down on the hex wrench, 
and rotate the shaft slowly 
until you feel the setscrew. 
Insert wrench into hole and 
loosen setscrew. (This may 
take more than one attempt.) 

d.) Carefully unsnap the encoder 
housing from the encoder 
baseplate. Gently lift the en­
coder housing up off the shaft. 
If the housing is pulled off too 
quickly, the codewheel may be 
damaged. 

e.) Remove baseplate screws. 

Question 26. In the IlEDS-5500 
series assembly procedure, 
Step 4 calls for using the 
screwdriver slot to turn the en­
coder cap from the one-dot 
position to the two-dot posi­
tion. If the encoder has an 
optional through-hole with no 
screwdriver slot, how do you 
turn from the one-dot to the 
two-dot positon? 

Answer. Insert the hex wrench 
into one of the two side slots on 
the top of the encoder housing and 
rotate clockwise from the one-dot 
to the two-dot positon. 

Materials 

Question 27. What is the mate­
rial of the encoder module 
housing? 

Answer. For the HEDS-90XXl 
91XX192XX, the material is Ryton 
R-4, a polyphenylene sulfide 
which contains 40% glass fiber. 
For the HEDS-9700 series, the 
housing material is a 30% glass-



filled polyester with the trade 
name of Val ox. 

Question 28. What is the mate­
rial of the HEDS-5500 series 
housing? 

Answer. The HEDS-5500 series 
housing is also made of Val ox. 

Question 29. What is the lens 
made of? 

Answer. The lens is polycarbon­
ate. 

Question 30. What are the 
codewheels made of? 

Answer. Codewheels are made 
either of nickel, nickel-plated cop­
per, or stainless steel. The hubs 
are made of aluminum. The 
codewheel setscrew is made of 
black anodized high-carbon steel. 

Reliability 

Question 31. Is there a 
reliability data sheet for 
HP encoders? 

Answer. Yes, reliability data 
sheets are available for the 
HEDS-9000, HEDS-9100, HEDS-
9200, HEDS-5500, HEDS-5000, 
and HEDS-6000 series encoders 
and encoder modules. 

Question 32. Will HP encoders 
work in a vacuum? 

Answer. Our encoders are not 
characterized nor were they in­
tended to work in a vacuum. 
Customers have tried with vary­
ing amounts of success. 

Question 33. Will HP encoders 
work in a radioactive environ­
ment? 

Answer. Again, they were not 

characterized or intended for such 
conditions. Customers have tried 
this also, again with different 
amounts of success. 

Question 34. Will UP encoders 
work in a fluid? 

Answer. No. Fluids ruin the op­
tics, potentially cause electrical 
problems, and, depending on the 
fluid, may destroy the materials 
of the encoder. 

Question 35. How well do HP 
encoders work in a dusty 
environment? 

Answer. HP encoders are fairly 
robust to dusty environments. 
The encoders look at multiple sets 
of window and bar pairs. Thus a 
speck of dust at anyone window 
will be averaged out by the other 
sets of windows and bars. Because 
of this averaging effect, a number 
of windows can be covered com­
pletely and the module will still 
not lose a count. 

Question 36. What solvents can 
be used to clean in the 
vicinity of the encoder 
modules? 

Answer. HP has found that al­
most all solvents (besides water) 
will attack some part of the en­
coder module. This includes 
alcohols and freon-based cleaners. 
HP has not qualified any solvent 
to be compatible with the encoder 
modules. 

Electrical 

Question 37. What kind of out­
put drives do HP encoders 
have? 

Answer. HP encoders have a cur­
rent source output of 125 
microamps typical, 40 microamps 

minimum in the high state. The 
outputs can sink up to 3.2 rnA un­
der Recommended Operating 
Conditions (3.86 rnA for three 
channel HEDS-9040/9140, HEDS-
5540/5640). 

Question 38. I am trying to 
drive a fairly long length of 
cable. What kind of additional 
circuitry should I consider? 

Answer. For cable in the 6 to 10 
foot range, pull-up resistors to +5 
Volts on each output channel may 
suffice (3.3 K for two channel, 
2.7 K for three channel). For 
longer lengths of cable, either a 
buffer or a line driver may be nec­
essary. 

Question 39. I am having some 
problems with noise affecting 
my encoder signals. What 
should I do? 

Answer. There are several ways to 
improve noise immunity. Be care­
ful to separate motor driver wires 
from encoder wires, and be sure to 
separate encoder channels from 
each other (i.e., do not twist CH A 
with CH B or CH I). Shielded 
twisted pair cable is recommended 
for encoder lines. Also, be sure to 
separate the ground lines of the 
motor/amplifier and the encoder 
since high current switching in 
the motor can cause noise in the 
encoder output lines. 

Pull-up resistors help somewhat 
with noise rejection. Additional 
circuitry, such as line drivers! 
receivers and optocouplers, is 
much more effective in rejecting 
noise. In really noisy 
environments, additional circuitry 
may be the only way to totally 
eliminate a noise problem. 

2-287 



Question 40 .. Does HP provide 
line driver outputs? 

Answer. Yes. HP has made avail­
able the HEDL-55XX/56XX 
encoders, which are HEDS-55XX/ 
56XX encoders with a line driver 
board. This board uses an indus­
try standard 26LS31 line driver 
IC. The line driver outputs are 
RS-422 compatible and provide 
complementary outputs on a 19 
inch twisted pair ribbon cable; 
Both two and three channel en­
coders are available with the line 
driver option. Contact your local 
HP representative for further in­
formation. 

Question 41. What is meant by 
"push-pull" circuitry? 

Answer. In determining the out­
put for Channel A, the encoder 
photodetector is looking for sig­
nals for A and its complement A'. 
These signals are sent to a com­
parator such that when A receives 
more light than A', Ch. A is high. 
If N receives more light than A, 
Ch. A is low. This arrangement is 
called "push-pull" circuitry. 

The advantage is that the Ch. A 
output is insensitive to variation 
in the LED light level since A and 
A' are affected equally by the light 
source. Channels B and I are con­
figured similarly. 

Question 42. Typically, how 
much current do the LED and 
photodetector IC draw? 

Answer. In the two channel mod­
ules and encoders, the LED 
typically draws about 15 rnA and 
the IC draws about 2 rnA In the 
three channel modules and encod­
ers, the LED draws about 45 rnA 
and the IC draws about 10 to 
12 rnA. 
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Miscellaneous 

Question 43. Does HP provide 
codestrips? 

Answer. Only as samples. HP 
does not sell codestrips, but we 
can provide a list of codestrip and 
codewheel vendors. 

Question 44. How thick is an 
HP codewheel? 

Answer. Codewheels are between 
0.0007 inches (0.018 mm) and 
0.003 inches (0.076 mm) in thick­
ness. 

Question 45. On the HEDS-
9000/9100/9200 encoder 
modules, there are two metal 
straps on either side of the five 
pinouts. What are they for? 
Can they be cut or removed? 

Answer. These are the Ground 
and Vee lines which carry current 
to the LED light source. The 
pinouts, where the user connects 
Ground and Vee, are on the de­
tector side of the module. The 
"straps" carry current to the emit­
ter side of the module. If these 
lines are cut, the LED will not 
light up and the module will obvi­
ously not function. 

Question 46. What does 
"HEDS" stand for? 

Answer.llewlett-fackard 
Emitter Detector System 
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Incremental Encoder Errors: 
Causes and Methods to 
Reduce Them 

Application Brief M-I09 

Introduction 
Optical incremental encoders are 
an inexpensive, reliable, and ac­
curate way to sense position or 
velocity. However, the acuracy of 
these devices depends on the me­
chanical, electrical, and optical 
properties of the fully assembled 
encoder. This paper examines the 
individual causes of error and 
ways that error can be reduced. 
Examples of actual encoder per­
formance are provided. The 
methods for reducing error in­
volve either features built into the 
encoder or correct assembly of the 
device. A list of performance fea­
tures is provided for use when 
selecting an optical incremental 
encoder, as well as key consider­
ations to be aware of when 
designing the device into the end 
system. 

Optical incremental encoders are 
used to sense position and veloc­
ity in applications ranging from 
computer peripherals to indus­
trial robotics to medical 
equipment. What makes these 
devices appealing to all industries 
are their high accuracy, low cost, 
high reliability, and ease of use. 

The major considerations when 
using an optical incremental en­
coder are resolution and accuracy. 
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The resolution is determined by 
the codewheel used with the en­
coder and by the method of 
decoding. The accuracy depends 
on a number of mechanical, opti­
cal, and electrical considerations. 
If the encoder design accounts for 
these considerations, high accu­
racy, repeatability, and small 
variation from encoder to encoder 
can be obtained. 

Optical Encoder Basics 
The basic components of an opti­
cal incremental encoder are a 
light source, a codewheel or 
codestrip, and a photodetector. 
(A codewheel is used to sense 
rotational movement while a 
codestrip is used to measure lin­
ear movement.) The codewheel 
has a pattern of windows and 
bars which either blocks light or 
allows light to pass through. In a 
slot interrupter configuration, the 
light source (typically an LED) 
shines through the codewheel 
and, as the codewheel rotates, an 
alternating pattern of light and 
dark is seen by the photodetector. 
In a reflective configuration, the 
light source reflects off the 
codewheel and is received by the 
photodetector. An alternating 
light/dark pattern is developed as 
light is reflected or not reflected 
by the codewheel. 

F/i;- HEWLETT® 
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Circuitry attached to the photode­
tector turns the light/dark pattern 
into electrical output signals. 
These signals repeat many times 
for each revolution of the 
codewheel. If the outputs are digi­
tal, the signals are square waves 
with logic high and logic low levels 
corresponding to light detected or 
not detected. The number of high 
or low pulses gives position infor­
mation, and the rate of the pulses 
gives velocity information. If the 
outputs are analog, the signals are 
sinusoidal or quasi-sinusoidal 
waves corresponding to the 
amount of light detected. 

Output Waveforms 
Typical high performance encoders 
have two output signals (called 
"channels") which produce identi­
cal periodic waveforms. These 
signals are offset from each other 
in an arrangement called quadra­
ture. In one direction of rotation, 
channel A leads channel Bj in the 
other direction of rotation, channel 
B leads channel A. Quadrature 
provides direction information in 
addition to positional count infor­
mation. 

For digital outputs, these wave­
forms are identical repeating 
square waves. Because of the 
quadrature relationship, four 
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unique logic states are generated 
per window and bar pair. If each 
of these logic states is decoded 
and counted, the final resolution 
to the user is four times the 
resolution of the codewheel 
(called "4X" decoding). If the 
codewheel has 360 window and 
bar pairs, the signals can be de­
coded to 1440 quadrature states. 
This gives a final resolution of 

. 1/4 of a mechanical degree. The 
user has a choice of whether to 
decode once, twice, or four times 
the codewheel resolution. 

Figure 1 shows the typical two 
channel incremental encoder 
output waveforms. Below are 
some definitions associated with 
these waveforms. 

Counts Per Revolution (CPR): 
The number of window and bar 
pairs per revolution. 

Cycle (C): Lengthoftime from ris­
ing edge to adjacent rising edge on 
either Channel A or Channel B, 
denoted as 360 electrical degrees 
(De). This corresponds to the pass­
ing of one window and bar pair 
past the photodetector. 

Pulse Width (P1,P2):Number of 
electrical degrees that a channel 
is high during a cycle. This is 
nominally 180 electrical degrees, 
or half of the cycle. 

8tate Width (81, 82, 83, 84): 
Number of electrical degrees be­
tween a transition on Channel A 
and the neighboring transition 
on Channel B. There are four 
states per cycle, each nominally 
90 electrical degrees. 

Phase (r/J): Number of electrical 
degrees between the center of 
the high state on Channel A to 
the center of the high state on 
Channel B. The phase is typi­
cally 90 electrical degrees. 

Position Error ( .18): The angular 
difference between the actual 
shaft position and the position 
indicated by the encoder cycle 
count. The position error is nor­
malized about zero. 

Optical Radius (Rop): The dis­
tance from the codewheel's 
center of rotation to the optical 
center of the encoder. 

Cycle error, pulse width error, 
state width error, and phase error 
are simply the deviation of each 
parameter from their nominal 
value. 

The accuracy ofthe encoder is a 
direct function ofthe waveform 
errors. Foremost is the position 
error, which is the difference bee 
tween the actual shaft location 
and the location as determined 
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Figure 1. Digital Incremental Output Waveforms. 
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by the encoder. Position error 
shows up in the waveforms as an 
integration qfthe cycle error. As 
the cycle error accumulates, the 
position error increases. 

If decoding is done according to 
the state width (4X decoding), 
then state width error will also 
affect the accuracy. The three con­
tributors to state width error are 
cycle error, phase error, and pulse 
width error. Cycle error results in 
state error because the rising 
edges on both channels are off of 
the nominal locations. Phase error 
results in state width error be­
cause the relationship between the 
two channels is off. Pulse width 
error results in state width error 
because the length of the high 
state is not equal to the length of 
the low state and thus the rising 
and falling edges are inconsistent 
with each other. 

Causes of Encoder Error 
and Ways to Reduce Error 
The accuracy of the waveforms 
depends on the optical, mechani­
cal, and electrical design of the 
encoder. The design of the enc 

coder and, at times, the system, 
can be optimized to provide more 
accurate and reliable perf or-

. mance. The factors that affect 
the output waveforms are: 
• Vanation in Light Level 
• Codewheel Point Defects 
• Mounting Misalignment 
• Eccentricity 
• Axial Play 
• Frequency 
• Mechanical Linkage Errors 

Each of the individual causes is 
listed and described below. 

Variation in Light Level: 
The simplest way to implement an 
optical encoder is to have a thresh­
old level asssociated with the 
photodetector current. The current 



is proportional to the amount of 
light received at the photodetec­
tor, and switching from logic low 
to high (or vice versa) occurs when 
the current crosses over the 
threshold. If there is some varia­
tion in the amount oflight 
received, then the crossing points 
on the threshold level are going to 
vary as well. This leads to non­
uniformity in the output 
waveforms, most notably in the 
pulse width and the state width. 

The light level may vary in a 
single part over time and tem­
perature. LED light sources 
degrade over years of use and ex­
perience reduced light output. 
LED light output is also affected 
by increases or decreases in tem­
perature. In addition, the amount 
oflight seen by the photodetector 
is affected by the opacity and 
transmissivity of the codewheel. 
Codewheels constructed from 
mylar or glass may not have per­
fectly opaque bars or perfectly 
transparent windows. 

It is also difficult to maintain uni­
formity over a large number of 
LEDs. LEDs vary in intensity 
even with tight production con­
trols. Thus it is difficult to set a 
photocurrent threshold that will 
provide consistent waveforms 
from part to part Some atljust­
ment in the final assembly 
process, such as determining the 
resistance of a current-limiting 
potentiometer, may be required. 

Figure 2 demonstrates the effect 
oflight level variation. It shows 
the square wave outputs from a 
slot interrupter with an open-col­
lector threshold circuit. (When the 
phototransistor is exposed to light, 
the output is low). In Figure 2(a), 
the LED light source is driven at 
8.1 rnA and the resulting pulse 
width error is All = +12°e. In Fig-

ure 2(b), the LED light source was 
driven at 17 rnA with a pulse 
width error of dP = _54°e. The 
threshold circuit shows a large 
change in pulse width for the 
change in LED current. 

(a) 

(b) 

Figure 2. Waveforms of slot inter­
rupter with threshold circuitry: 
(a) LED current is 8.1 mAo 
(b) LED current is 17.0 mAo 

"Push-pull" or differential cir­
cuitry eliminates the sensitivity to 
variations of light level [11. In a 
push-pull system, Channel A is 
determined from two separate sig­
nals, A and its complement, A'. 
When the detector generating the 
A signal is exposed to the light 
source by a codewheel window, A' 
is blocked by a codewheel bar and 
vice versa. The switching from 
logic low to high occurs when the 
A signal goes above A'; high to low 
occurs when A' goes above A. 

If the light level varies for any of 
the reasons mentioned above, both 
A and A' are affected equally (as­
suming close proximity of the 
separate detectors) and the 
switching points remain the same. 
The same technique is used to 
generate the Channel B output. In 
actual tests, an HP HEDS-9100 
series module with the LED 
driven at 15 rnA and at 30 rnA had 
a pulse width difference of less 
than 1 °e. 

Codewheel Point Defects: 
The quality of thecodewheel is a 
critical factor in an encoder's per­
formance. Seemingly small 
imperfections in a codewheel's 
windowlbar pattern can signifi-

cantly degrade the performance of 
a high resolution encoder. Imper­
fections may arise from defects in 
production or simply from the ap­
pearance of dust or dirt at a 
codewheel window. It is typical to 
see a housing around an encoder 
to protect it from particles and 
other potential harm. 

If the encoder is designed with 
only a single photodiode per out­
put channel, then a defect at any 
window or bar will cause an error 
at the output. If, for example, a 
window is completely covered with 
dust, a pulse will be missed alto­
gether. An encoder with multiple 
photodiodes per output channel 
will average out the effects at any 
one window or bar. Ifthere are ten 
photodetectors that contribute to 
Channel A, then an imperfection 
at anyone window or bar consti­
tutes only 10% of the overall 
signal. Error will result, but the 
pulse train will be maintained. 

Figure 3(a) shows the output from 
a slot interrupter encoder with a 
single phototransistor looking at 
one window or bar. A single win­
dow was covered with opaque 
material resulting in a missed 
count. Figure 3(b) shows the cycle 
error over the full rotation of a 500 
CPR encoder which looks 9,t 13 
window and bar pairs simulta­
neously. A section of five 
consecutive codewheel windows 
were covered with opaque mate­
rial. Although there was a 
discontinuity when the opaque 
material passed by the detectors, 
all electrical cycles were main­
tained. The cycle error increased 
in the covered section from 
dC = 2°e to dC = 6°e. A small 
error resulted, but the quadrature 
relationship was not lost. Even 
though the codewheel had only 
495 windows, 500 cycles were 
counted. 

2-291 



(a) 

~~--+---~--~---+---+----~~~--~---+--~ 

4°~--+---i---~---+~-+----~--~~~~-+--~ ': 
~2°~ __ +-__ ~ __ -+ ____ ~ __ +-__ -+ __ ~~.-4.~~~~ 
~ , • • :.:~ ··'D:-:'~':·I· • 
a: ••• •• •• • ••• ,. • ,. .. .. • - ."'40..,:. a:oo .. . - ................ . 
W .L ,. • "-M •.• ~~. ••• . .. .. w ,.~ :0 .,-:" -'- ... .JIu..:J. "-- -;. ..... • • 
d •• : • .'~ •• ~~~~ .... ;"A ... e.,: • • 
~~ I 

" . 
~o~--+----r---+----~--+----+~'--~--+-~-+----I 

.60 ~--+-~~--+---+---+----j---+---~---+--~ 

ANGULAR POSITION, MECH. DEG. 

(b) 

Figure 3. (a) Output of Slot Interrupter with Single Phototransistor and 1 
Codewheel Window Covered. (b) HEDS·9100 Plot of Cycle Error vs. Angular 
Position. Detector Array Looks at 13 Sets of Windows and Bars. Five Codewheel 
Windows Were Covered. 

Mounting Misalignment 
Consider two detectors, one for 
channel A and one for channel B, 
separated by a distance S. These 
detectors are centered on the opti· 
cal radius (Rop) and offset by (N + 
114) cycles where N is an integer. 
Assuming perfect alignment and a 
good codewheel, channels A and B 
will nominally be 90 electrical de­
grees out of phase. 

Now consider a misalignment d 
between the codewheel and the 
detectors in the radial direction 
from the shaft center as shown in 
Figure 4. As the codewheel rotates 
in the direction shown, the chan­
nel A detector sees each window! 
bar edge earlier than if at the de­
sired location. Likewise, the 
channel B detector sees each win­
dowlbar edge later than if at the 
desired location. This results ina 
phase error in the offset relation­
ship between the two channels. 
The phase error is given by the 
following equation[21; 
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(d) (S).(CPR) 
8<1> = 

(Rop) 2 

elec. deg. 

(360) 
(21t) 

(1) 

The dependency ofthe error on 
the separation distance between 
the detectors is evident here. Thus 
it is better to design an encoder 
with a smaller distance S between 
the detectors so that the encoder 
will be more tolerant to the mis­
alignment d. 

DESIRED 
DETECTOR ROTATION 
LOCATION--

ROp 
__ S __ 

Figure 4. Radial Misalignment of 
Channel A and B Detectors. 

Figures 5(a) and 5(b) show the 
misalignment effect on an HP 
HEDS-5000 series encoder with 
500 CPR at Rop = 11.00 mm. In 
Figure 5(a), the encoder is placed 
at its nominal location with an av­
erage phase error 8<1> = 0.4 De. In 
Figure 5(b), the encoder is mis­
aligned in the radial direction by 
d = 0.076 mm (0.003 in.). An aver­
age phase error of 8<1> = 38.7°e 
resulted. With the separation of 
the channel A and B detectors 
S = 2.1 mm, the predicted phase 
error from equation (1) is 37.9 De. 

Figures 6(a) and 6(b) show the 
misalignment insensitivity of an 
HP HEDS-9100 encoder module 
used with the same 500 CPR 
codewheel at Rop = 11.00 mm. 
The separation ofthe·channel A 
and B detectors is 0.034 mm. In 
Figure 6(a), the encoder module 
is placed at its nominal location 
with an average phase error of 
8<1> = -2.8 De. In Figure 6(b), the en­
coder module is misaligned in the 
radial direction by d = 0.076 mm 
(0.003 in.) as in the previous ex­
ample. The resulting phase error 
was 8<1> = -2.7 De, virtually no dif­
ferent than in Figure 6(a). The 
predicted phase error from equa­
tion (1) is 8$ = 0.6 De. 

A misalignment in the direction 
tangential to the shaft center will 
not result in any phase error. 
Transitions on channel A may be 
early or late, but the transitions 
on channel B will be identical. The 
only restriction on tangential mis­
alignment is to not be so great so 
as to actually lose the output 
waveforms. 

Eccentricity 
Eccentricity is the total cyclic off­
axis motion of the codewheel. 
Several factors contribute to 
eccentricity: 
• Shaft eccentricity 
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Figure 5. HEDS-5000 ch. A and B wavefonns. (a) Nominal Radial Alignment, ,:\<1> 
= 0.4 De. (b) Radial Misalignment of 0.076 mm (0.003 in.),.:\<I> = 38.7 De. 

A ~ 
B j CJ b-C ~j---l:::::r-' 9: 

, I I I I I I I I I I I I 

(a) (b) 

Figure 6. HEDS-9100 ch. A and B wavefonns. (a) Nominal Radial Alignment, ,:\<1> = 
-2.8 De. (b) Radial Misalignment of 0.076 mm (0.003 in.), ,:\<1> = -2.7 'e. 
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Figure 7. Position error as a function of angular position over one full 
codewheel rotation. 

• Radial play (from bearing toler­
ances or uneven loading) 

• Shaft undersize tolerance 
(relative to codewheel) 

• Codewheellhub assembly 
misalignment 

The eccentricity is a function of 
the rotational angle O. Some 
amount of eccentricity e (q) at the 
detectors looks like a radial mis­
alignment. Thus eccentricity will 
cause a phase error described in 
equation (1) with the value e (0) 
substituted for d. In addition, a 
cycle error AC will result and is 
calculated as: 

AC = e (3600 e), 
max.Rop 

for e «Rop (2) 

The accuracy of the encoder in terms 
of detecting the true shaft position is 
affected by the cycle error. 

Position error is the accumulation 
of the cycle error, so as the cycle 
error builds up, the error between 
the detected and actual shaft posi­
tion increases. FigUre 7 shows a 
graph of position error vs: rotation 
for a full revolution of the 
codewheel. The position error is 

shown to be sinusoidal ~ith re­
spect to the angular position. 

Frequency 
Every transition in state has an 
associated rise or fall time. Rise 
and fall times are characteristic of 
the electronic circuitry used to 
produce these outputs. Rise times 
mayor may not be equal to fall 
times, and the difference between 
the two becomes accentuated as 
the frequency of the channel A and 
B square waves increases. This 
may lead to significant error in the 
output. 

At a frequency fwith a logic level 
switching rise time tr and a fall 
time tf, a pulse width error AP 
results and is given by: 

AP = (tr - tf) (f) (3600 e) (3) 

For instance, if f = 10 kHz, tr = 
300 ns and tf = 50 ns, the pulse 
width error is 0.9 electrical de­
grees. Given the same tr and tf at 
a frequency of 100 kHz, the pulse 
width error is 9 electrical degrees. 
At very high frequency, the 
quadrature relationship between 
Channel A and B can be lost. Fig­
ure 8 shows a channel A encoder 
output at 60 kHz with significant 
pulse width error due to a rise 
time which is substantially longer 
than the fall time. 

~v 
V 

/ 
~ go / 

-11.6 fUI ·1.6 fUI 8.4~. 

TIME, 2 ~s/DIVISION 

Figure 8. 60 kHz Channel A encoder 
Waveform with no Pull-up Resistor. 
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Rise times can be improved with 
additional circuitry. Pull-up resis­
tors on the outputs can help 
significantly (the encoder in Fig­
ure 8 had no pull-up resistors). 
Where long cables are being used, 
a line driver/receiver pair such as 
the 26LS31/32 may be required 
which has fast andnearly uniform 
rise and fall times. 

Axial Positioning and Play. 
The codewheel rotates in the gap 
between the light source and the 
photodetector circuitry. The posi­
tion of the codewheel in this gap 
can potentially affect the output 
waveforms. This positioning is in 
the axial direction of the shaft. 

With just a single photodetector 
per output channel and an 
unlensed light source, the 
codewheel gap greatly affects the 
output. The closer the codewheel 
is positioned to the light source, 
the greater the spread of light is 
on the detector. Thus the "on" 
time of the detector lengthens as 
the codewheel gets closer to the 
light source. This leads to errors 
in pulse width. 

A lens placed over the light source 
can collimate the light into a par­
allel beam. The dependence of the 
geometric spread of light is elimi­
nated. Hence, the codewheel gap 
is)essened as a contribution to 
error. 

Even with a lens, it is still more 
desirable to have the codewheel 
closer to the detector. Shadows are 
not as well-defined the further 
away the codewheel is from the 
detector. A clean, sharp-contrast 
shadow results in more uniform 
output waveforms. 

Mechanical Linkage Errors. 
A common use of a motor is to 
drive an object or platform in a 
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linear direction. Some common 
examples are industrial X-V 
stages, printer head movement, 
and conveyor belts. This necessi­
tates a transmission from the 
rotary motion of the motor to the 
end linear motion. Belts, gears, 
and ballscrews are common appa­
ratus for such applications. 

If the optical encoder is placed at 
the motor, then any positioning 
errors due to mechanical linkages 
will not get detected. Gears and 
ballscrews have backlash, and 
belts stretch and slip. The encoder 
senses the rotational position of 
the motor, not the linear end 
movement. This is a situation 
where it may be wise to use a lin­
ear encoder at the output. Sensing 
the true end motion is important 
for maintaining good closed-loop 
control. 

If the transmission from rotary to 
linear motion is precise, then plac­
ing the encoder at the motor may 
provide a significant advantage in 
resolution. For instance, a pre­
loaded ballscrew with a pitch of 
0.197 in.lrevolution (5 mmlrev) 
and a 1000 CPR encoder provides 
5080 counts per inch (counts per 
25.4 mm). With 4X decode from 
quadrature, the resolution is 
20,320 logic states per inch oflin­
ear travel. A linear encoder with 
the same line density (number of 
windowlbar pairs per unit length) 
as the 1000 CPR encoder may 
have a resolution an order of mag­
nitude less. Thus a tradeoff exists 
between a higher resolution with 
transmission error or lower reso­
lution with direct measurement of 
the position. If the transmission 
error is significant relative to the 
resolution, then no advantage is 
gained by using a rotary encoder 
at the motor. . 

Summary 
This paper has shown that the ac­
curacy of lin optical incremental 
encoder depends on the mechani­
cal, optical, and electrical design. 
A well-designed encoder has some 
or all of the following attributes: 
• Push-pull detector circuitry 
• Multiple sets of photodiodes per 

channel 
• Small separation between 

channel A and B detectors 
• Collimating lens 

The effects that are outside the 
design of the encoder's light source 
and detector are: 
• The total eccentricity of the 

codewheel 
• External electronic circuitry 

(pull-up resistors, line drivers) 
• Errors in the mechanical linkage 
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Applications 
The following abstracts represent application notes that are 
not published in this catalog. These application notes can be 
obtained from your local Hewlett-Packard sales office or 
authorized HP distributor or representative (see section 5). 

ANIOll 
nesign and Operational 
Considerations for the HEDS-
5000 Incremental Shaft 
Encoder 
This application note is directed 
toward the system designer using 
the HEDS-5000 and HEDS-6000 
modular incremental shaft 
encoders. First the note briefly 
analyzes the theory of design and 
operation of the HEDS-5000 and 
HEDS-6000. A practical approach 
to design considerations and an 
error analysis provide an in depth 
treatment of the relationship 
between motor mechanical 
parameter and encoding error 
accumulation. Several design 

examples demonstrate the 
analysis techniques presented. 
Operation considerations for 
assembly, test, trouble shooting 
and repair are presented. Finally, 
some circuits and software 
concepts are introduced which 
will be useful in interfacing the 
shaft encoder to a digital or 
microprocessor based system. 
Appendix A summarizes the uses 
and advantages of various 
encoder technologies while 
Appendix B provides guidance 
for selecting DC motors suitable 
for use with the HEDS-5000 and 
HEDS-6000 
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Fiber Optics 

Introduction 
Optical fiber as a transmission 
medium is gaining acceptance in 
many areas of technology 
because of its inherent benefits 
over copper media, and continu­
ing efforts to reduce the cost of 
fiber optic links are making them 
cost competitive with wire 
assemblies. 

In the market for factory automa­
tion and industrial control, fiber­
optic link assemblies have been 
found to be cost-comparative 
with typical grades of twisted pair 
and coax cable. 

Furthermore, fiber provides other 
advantages to wire such as voltage 
isolation and electromagnetic 
immunity, which are common 

_ problems in industrial 
environments. 

Benefits of Optical Fiber 
over Copper Wire 
For industrial applications, many 
problems arise when using 
copper wire assemblies which 
can be eliminated with fiber-optic 
cable. The following is a list of 
benefits a fiber optic link 
assembly will provide: 
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Electromagnetic Immunity/ 
Transmission 
Copper transmission media are 
susceptible to electromagnetic 
fields and emit EM noise (which 
may interfere with other instru­
mentation.) Fiber optic links 
neither emit nor receive these 
signals. Because there is no 
crosstalk between lines, the 
signal is clearer and bit error rate 
(BER) is reduced. 

Voltage Isolation 
While optocouplers will often 
isolate high voltage interfaces 
from delicate CMOS circuitry up 
to 600 Volts, fiber is needed for 
higher voltages. Fiber also is 
used for isolation in longer 
distance links between equipment 
where ground loop problems may 
occur due to differences in 
potential. Furthermore, fiber 
provides voltage isolation to the 
operator and eliminates the risk 
of I/O board destruction due to a 
lightning strike or power surge. 

Data RatelDistance 
While copper links perform well 
at low data rates for industrial 
applications, some control 
applications may require higher 
data rates and longer distances. 

rli~ HEWLETT® 
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For instance, a factory PLC might 
run on an ethernet LAN (20 MBd). 
At this data rate, category 5 UTP 
limits the distance obtainable to 
185 meters, but with Spectran's 
HCS® (hard clad silica) fiber and 
650 nm LED technology, the link 
can run up to 1 kilometer. If you 
need even longer distance, 62.5 
11m core, graded-index glass fiber 
and low-cost 820 nm LED 
technology will run the link up to 
2.7 kilometers. 

Ease of Handling 
Many people have the misconcep­
tion that fiber is a lot harder to 
use than wire. In reality, fiber is 
actually easier to handle. First of 
all, fiber is a lot lighter than wire, 
that's a big deal to the workers 
doing the installation. Also, the 
bend radius of fiber is tighter 
than that of wire, giving more 
flexiblity. These benefits, along 
with the distance you can achieve 
with fiber, give the installer a lot 
of choices. Different rooms, 
different floors, even different 
buildings can easily be linked 
with fiber- optic cable. 

Details of Industrial Fiber 
A fiber-optic link assembly. 
consists of an LED transmitter, a 



PIN photodiode receiver, fiber 
optic cable and connectors, and 
related circuitry, integrated or 
discrete. The LED transmitter has 
a lens designed to efficiently 
couple light into the specific fiber 
you are using. The wavelength of 
the LED also is optimized for the 
fiber. Different fibers may give 
you different data rates and 
distances, so it is important to 
choose carefully which fiber to 
use in order to achieve required 
performance, while minimizing 
cost. 

Fortunately, for the industrial 
market, data rates and distances 
tend to be low compared to the 
LAN market. Therefore, industrial 
customers are able to use the 
lowest cost fiber link available to 
meet their specifications. The 
fiber-optic links typically used in 
these applications fall in the 650 
to 665 nm wavelength spectrum, 
and operate over plastic, 1 mm 
diameter fiber. 

The technology, design, and 
manufacturing techniques imple­
mented by Hewlett Packard make 

their fiber-optic products 
efficient, durable and low cost. 
HP has been in the forefront of 
fiber-optic communications from 
the very beginning as the largest 
independent supplier of com­
munication products in the world. 
We are committed to using our 
unique combination of in-house, 
high-technology development 
along with our high-volume 
manufacturing processes to meet 
all of your fiber-optic datacom 
and telecom needs for data rates 
from DC to gigabit speeds and 
distances from 0 to Long-haul 
telecommunications. * 

*Please contact your local sales office for further information on HP's high-performance fiber-optic data 
communications and telecommunications products to meet any standard. 
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Fiber Optic Link Selection Guide 
de to 10 MBd 
(data taken from 0 to 70"C unless specified.) 

Signal Distance 
Rate 25"C Distance Transmitter Receiver Fiber Type 

40kBd 120 m 110m HFBR-1523 HFBR-2523 Plastic 
1 MBd 20m 10m HFBR-1524 HFBR-2524 Plastic 

1 MBd 55m 45m HFBR-1522 HFBR-2522 Plastic 
1 MBd 75m 70m HFBR-1528 HFBR-2522 Plastic 

1 MBd 650m 550m HFBR-1528 HFBR-2522 HCS 
2MBd 35m 32m HFBR-1602 HFBR-2602 Plastic 
2MBd 45m 42m HFBR-1604 HFBR-2602 Plastic 
5MBd 30m 20m HFBR-1521 HFBR-2521 Plastic 

5MBd 1400m 1100 m HFBR-14X2 HFBR-24X2 HCS 

5MBd 2400m 1700m HFBR-14X4 HFBR-24X2 62.5/125 
Glass 

lOMBd 60m 55m HFBR-1528 HFBR-2528 Plastic 
10MBd 500m 300m HFBR-1528 HFBR-2528 HCS 

10 MBd to 175 MBd 
(data taken from 0 to 70°C unless specified.) 

Data Rate Distance Transmitter Receiver Fiber Type 

20MBd 2700m HFBR-14X4 HFBR-24X6 62.5/125 Glass 

20MBd 5000m HFBR-1312T HFBR-2316T 62.5/125 Glass 
20MBd 1000m HFBR-1527 HFBR-2526 HCS 
20MBd 14Km HFBR-1315TM HFBR-2315T 9/125 Glass 
32MBd 75m HFBR-1527 HFBR-2526 Plastic 
32MBd 700m HFBR-1527 HFBR-2526 HCS 

32MBd 2200m HFBR-14X4 HFBR-24X6 62.5/125 Glass 

32MBd 3200m HFBR-1312T HFBR-2316T 62.5/125 Glass 
51 MBd 1400m HFBR-14X4 HFBR-24X6 62.5/125 Glass 
51 MBd 3200m HFBR-1312T HFBR-2316T 62.5/125 Glass 
51 MBd 60m HFBR-1527 HFBR-2526 Plastic 

51 MBd 240m HFBR-1527 HFBR-2526 HCS 
125 MBd 50m HFBR-1527 HFBR-2526 Plastic 
125 MBd 100m HFBR-1527 HFBR-2526 HCS 

125 MBd 700m HFBR-14X4 HFBR-24X6 62.5/125 Glass 
125 MBd 2800m HFBR-1312T HFBR-2316T 62.5/125 Glass 
155MBd 50m HFBR-1527 HFBR-2526 Plastic 

155 MBd 600m HFBR-14X4 HFBR-24X6 62.5/125 Glass 
155 MBd 2700m HFBR-1312T HFBR-2316T 62.5/125 Glass 

175 MBd 500m HFBR-14X4 HFBR-24X6, 62.5/125 Glass 

175 MBd 2000m HFBR-1312T HFBR-2316T 62.5/125 Glass 

Wavelength 
(nm) Eval. Kit 

660 
660 HFBR-0501 

660 
650 
650 
660 
660 
660 
820 

820 HFBR-04XO 

650 HFBR-0528 
650 

Wavelength Evaluation 
(nm) Kit 
820 HFBR-0414, 

HFBR-0463 

1300 HFBR-0310 

650 HFBR-0527H 

1300 -
650 HFBR-0527P 

650 HFBR-0527H 

820 HFBR-0414 

1300 HFBR-0310 
820 HFBR-0414 
1300 HFBR-0310 

650 HFBR-0527P 

650 HFBR-0527H 
650 HFBR·0527P 
650 HFBR-0527H 

820 HFBR-0416 
1300 HFBR-0310 

650 HFBR-0527P 

820 HFBR-0416 
1300 HFBR-0310 
820 HFBR-0416 

1300 HFBR-0310 

HFBR-RXXYYY Plastic Optical Fiber/HCS,Fiber Cable and Connectors for Versatile Link 
HFBR-4531/4532 Crimpless Connectors for POF and Versatile Link 

Page 
No. 
3-6 
3-6 
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3-6,3-36 
3-43 
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3-85 
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3-24 
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3-68 
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Versatile Link 
The Versatile Fiber Optic 
Connection 

Technical Data 

Features 
• Low Cost Fiber Optic 

Components 
• Enhanced Digital Links 

dc-Ii MBd 
• Extended Distance Links up 

to 120 m at 40 kBd 
• Low Current Link: 6 rnA 

Peak Supply Current 
• Horizontal and Vertical 

Mounting 
• Interlocking Feature 
• High Noise Immunity 
• Easy Connectoring 

Simplex, Duplex, and 
Latching Connectors 

• Flame Retardant 
• Transmitters Incorporate a 

660 nm Red LED for Easy 
Visibility 

_ • Compatible with Standard 
TTL Circuitry 

Applications 
• Reduction of Lightning/V olt­

age Transient Susceptibility 
• Motor Controller Triggering 
• Data Communications and 

Local Area Networks 
• Electromagnetic 

Compatibility (EMC) for 
Regulated Systems: FCC, 
VDE, CSA, etc. 

• Tempest-Secure Data 
Processing Equipment 
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• Isolation in Test and 
Measureinent InstruIilents 

• Error Free Signalling for 
Industrial and Manufactur­
ing Equipment 

• Automotive Communications 
and Control Networks 

• Noise Immune Communica­
tion in Audio and Video 
Equipment 

Description 
The Versatile Link series is a 
complete family of fiber optic link 
components for applications 
requiring a low cost solution. The 
HFBR-0501 series includes trans­
mitters, receivers, connectors and 
cable specified for easy design. 
This series of components is ideal 
for solving problems with voltage 
isolation/insulation, EMI/RFI 
immunity or data security. The 
optical link design is simplified 
by the logic compatible receivers 
and complete specifications for 
each component. The key optical 
and electrical parameters of links 
configured with the HFBR-0501 
family are fully guaranteed from 
0° to 70°C. 

A wide variety of package config­
urations and connectors provide 
the designer with numerous 
mechanical solutions to meet 
application requirements. The 
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HFBR-050 1 Series 

transmitter and receiver compo­
nents have been designed for use 
in high volume/low cost assembly 
processes such as auto insertion 
and wave soldering. 

Transmitters incorporate a 660 
nm LED. Receivers include a 
monolithic dc coupled, digital IC 
receiver with open collector 
Schottky output transistor. An 
internal pullup resistor is avail­
able for use in the HFBR-25Xl/2/ 
4 receivers. A shield has been 
integrated into the receiver IC to 
provide additional, localized noise 
immunity. 

Internal optics have been optim­
ized for use with 1 mm diameter 
plastic optical fiber. Versatile 
Link specificationS incorporate 
all connector interface losses. 
Therefore, optical calculations for 
common link applications are 
simplified. 
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HFBR-0501 Series Part Number Guide 

HFBRX5XX 

1 = Transmitter 
2 = Receiver 

5 = 600 run Transmitter and __ --' 
Receiver Products 1 = 5 MBd High Performance Link 

2 = 1 MBd High Performance Link 

2 = Horizontal Package 
3 = 40 kBd Low Current/Extended Distance Link 
4 = 1 MBd Standard Link 

3 = Vertical Package ------' 6 = 155 MBd Receiver 
7 = 155 MBd Transmitter 
8 = 10 MBd High Performance Link 

Link Selection Guide 
(Links specified from 0 to 70°C, for plastic optical fiber unless specified.) 

Signal Rate Distance em) 25"C Distance em) Transmitter Receiver 
40kBd 120 110 HFBR-1523 HFBR-2523 
1 MBd 20 10 HFBR-1524 HFBR-2524 
1 MBd 55 45 HFBR-1522 HFBR-2522 
5Mbd· 30 20 HFBR-1521 HFBR-2521 

Evaluation Kit 
HFBR-05011 MBd Versatile Link: 
This kit contains: HFBR-1524 Tx, HFBR-2524 Rx, polishing kit, 3 styles of plastic connectors, Bulkhead 
feedthrough, 5 meters of 1 mm diameter plastic cable, lapping film and grit paper, and HFBR-0501 data 
sheet. 

Application Literature 
Application Note 1035 (Versatile Link) 

Package and Handling 
Information 
The compact Versatilie Link 
package is made of a flame 
retardant VALOX® UL V-O 
material (UL file # E121562) 
material and uses the same pad 
layout as a standard, eight pin 
dual-in-line package. Vertical and 
horizontal mountable parts are 
available. These low profIle 
Versatile Link packages are 

stackable and are enclosed to 
provide a dust resistant seal. 
Snap action simplex, simplex 
latching, duplex, and duplex 
latching connectors are offered 
with simplex or duplex cables. 

Package Orientation 
Performance and pinouts for the 
vertical and horizontal packages 
are identical. To provide addi­
tional attachment support for the 

VALoxill> is a registered trademark of the General Electric Corporation. 

vertical Versatile Link housing, 
the designer has the option of 
using a self-tapping screw 
through a printed circuit board 
into a mounting hole at the 
bottom of the package. For most 
applications this is not necessary. 

Package Housing Color 
Versatile Link components and 
simplex connectors are color 
coded to eliminate confusion 
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when making connections. 
Receivers are blue and transmit­
ters are gray, except for the 
HFBR-15X3 transmitter, which is 
black. 

All of the above transmitters and 
receivers are also available in 
black versions for applications 
where improved housing opacity . 
is required due to very bright 
ambient light or bright flashes of 
light. 

Handling 
Versatile Link components are 
auto-insertable. When wave 
soldering is performed with 

Mechanical Dimensions 
Horizontal Modules 

2.8 .1 1 ::j. ~ 1.85 
(0.109) --I I-- (0.073) 
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Versatile Link components, the 
optical port plug should be left in 
to prevent contamination of the 
port. Water soluble fluxes, not 
rosin based fluxes, are recom­
mended for use with Versatile 
Link components. 

Versatile Link components are 
moisture sensitive devices and 
are shipped in a moisture sealed 
bag. If the components are 
exposed to air for an extended 
period of time, they may require 
a baking step before the solder­
ing process. Refer to the special 
labeling on the shipping tube for 
details. 

Reconunended Chemicals for 
Cleamdngnlegreasing 
Alcohols: methyl, isopropyl, 
isobutyl. Aliphatics: hexane, 
heptane, Other.~ soap solution, 
naphtha. 

Do not use partially halogenated 
hydrocarbons such as 1,1.1 
trichloroethane, ketones such as 
MEK, acetone, chloroform, ethyl 
acetate, methylene dichloride, 
phenol, methylene chloride, or N­
methylpyrolldone. Also, HP does 
not recommend the use of 
cleaners that use halogenated 
hydrocarbons because of their 
potential environmental harm. 

Vertical Modules 

1.021-j ~.66 
(D.040) 1 r-! (0~140) 

t:!.I:,e~~~~ 10.2 (0.200) 
(0.400) 

OPTIONAL MOUNTING HOLE 
FOR 02IELf. TAPPING SCREW 

IMETAIC EQUIVALENT M2.h 0.46) 
3.81 I l...-

iO.1501--1 , 

3.81 
{D. ISO) 



Versatile Link Printed Board Layout Dimensions 
Horizontal Module 

r ~1(ri.3%) 
(0.100) ~ 2.54 ._- r 

TOP VIEW 

1.01 (0.040) DIA. 

t 
7.62 

(0.300) 

2.54 
IO,l00~ 

1.01 
IO' ... OIDIA• 

3.81 
10.ISOI 

7.62 

10.300) 

Vertical Module 

2.25 CD.O!:IOI CLEARANCE 
HOLE FOR OPTIONAL 
VERTICAL MOUNT 
SELF- TAPPING SCREW #2. 

-$-_1_1 
6 "---r-- -- PCB EDGE --t.:t=-=-==te::j:::!J:-=-=-~.:.:=--- PCB EDGE ---

r ~ 10~h1MIN (~.:3)MIN. 

DIMENSIONS IN MILLIMETERS (INCHES). 

Interlocked (Stacked) 
Assemblies (refer to 
Figure 1) 
Horizontal packages may be 
stacked by placing units with pins 
facing upward. Initially engage 
the interlocking mechanism by 
sliding the L bracket body from 
above into the L slot body of the 
lower package. Use a straight 

Stacking Horizontal Modules 

! 
THIN, RECTANGULAR EDGE 
ASSEMBLY TOOL 

3.81 
!0.15O) 

edge, such as a ruler, to bring all 
stacked units into uniform 
alignment. This technique 
prevents potential harm that 
could occur to fingers and hands 
of assemblers from the package 
pins. Stacked horizontal packages 
can be disengaged if necessary. 
Repeated stacking and unstack­
ing causes no damage to 
individual units. 

DIMENSIONS IN MILLIMETRES AND (INCHES) 

To stack vertical packages, hold 
one unit in each hand, with the 
pins facing away and the optical 
ports on the bottom. Slide the L 
bracket unit into the L slot unit. 
The straight edge used for 
horizontal package alignment is 
not needed. 

Stacking Vertical Modules 

Figure 1. Interlocked (Stacked) Horizontal or Vertical Packages. 
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5 MBd Link (HFBR-15Xl/25Xl) 
System PerfOJ:mance 0 to 70"C unless otherwise specified. 

Parameter Symbol Min. Typ. Max. Units Conditions Ref. 
High Data Rate dc 5 MBd BER:5; 1O-9,PRBS:2Q 
Perfonnance Link Distance ,e 19 m IFdc = 60 rnA Fig. 3 
5MBd (Standard Cable) 27 48 m IFdc = 60 rnA, 25"C Note 3 

Link Distance ,e 22 m IFdc = 60 rnA Fig. 4 
(Improved Cable) 27 53 m IFdc = 60 rnA, 25°C Note 3 
Propagation tPLH 80 140 ns RL = 560 il, CL = 30 pF Fig. 5, 8 
Delay tPHL 50 140 ns fiber length = 0.5 m Notes 1,2 

-21.6:5; PR :5; -9.5 dBm 
Pulse Width tD 30 ns PR = -15 dBm Fig. 5,7 
Distortion tpLH-tPHL RL = 560 il, CL = 30 pF 

Notes: 
1. The propagation delay for one metre of cable is typically 5 ns. 
2. Typical propagation delay is measured at PH = -15 dBm. 
3. Estimated typicaiJink life expectancy at 40°C exceeds 10 years at 60 mAo 

ElATA 

. Figure 2. Typical I) MBd Interface Circuit. 
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Figure 3. Guaranteed System Performance with Standard 
Cable (HFBR-lDXl/2DXl). 
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Figure 5. I> MBd Propagation Delay Test Circuit. 
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Figure 6. Propagation Delay Test Waveforms. 
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Figure 7. Typical Link Pulse Width Distortion vs. 
Optical Power. 
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HFBR-15Xl Transmitter 

ANODE ----'----F.'==::;-

CATHODE 

N.C. 

N.C. -'-_---' 

Absolute Maximum Ratings 
Parameter 

Storage Temperature 
Operating Temperature 
Lead Soldering Cycle I Temp. 

I Time 
Forward Input Current 

Reverse Input Voltage 

Notes: 
1. 1.6 mm below seating plane. 

Symbol 
Ts 
TA 

IFPK 
IFdc 

VBR 

2. Recommended operating range between 10 and 750 mAo 
3. 1 J.1s pulse, 20 J.1s period. 

Min. 
-40 

0 

Pin # Function 
1 Anode 
2 Cathode 
3 Open 
4 Open 

5 Do not connect 
8 Do not' connect 

Note: Pins 5 and 8 are for mounting and 
retaining purposes only. Do not 
electrically connect these pins. 

Max. Units Reference 
+75 "C 

+70 °C 
260 °C Note 1 
10 sec 

1000 rnA Note 2,3 
80 
5 V 

All HFBR-15XX LED transmitters are classified as IEC 825-1 Accessible 
Emission Limit (AEL) Class 1 based upon the current proposed draft scheduled 
to go into effect on January 1, 1997. AEL Class 1 LED devices are considered 
eye safe. Contact your local Hewlett-Packard sales representative for more 
information. 
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Transmitter Electrical/Optical Characteristics O°C to 70°C unless otherwise specified 

Parameter Symbol Min. Typ.l5] Max. Units Conditions Ref. 

Transmitter Output PT -16.5 -7.6 dBm IFdc = 60 rnA Notes 1, 2 
Optical Power -14.3 -8.0 dBm IFdc = 60 rnA, 25°C 

Output Optical Power ilPT/ilT -0.85 %/oC 
Temperature Coefficient 
Peak Emission ApK 660 nm 
Wavelength 

Forward Voltage VF 1.45 1.67 2.02 V IFdc = 60 rnA 
Forward Voltage ilVF/ilT -1.37 mV;oC Fig. 9 
Temperature Coefficient 
Effective Diameter D 1 mm 

Numerical Aperture NA 0.5 
Reverse Input Breakdown VBR 5.0 11.0 V IFdc = 10 J.lA, 
Voltage TA = 25°C 
Diode Capacitance Co 86 pF VF = 0, f = MHz 
Rise Time tr 80 ns lQ%to 90%, Note 3 
Fall Time tr 40 ns IF = 60 rnA 

Notes: 
1. Measured at the end of 0.5 m standard fiber optic cable with large area detector. 
2. Optical power, P (dBm) = 10 Log [P(JlW)/1000 JlW]. 
3. Rise and fall times are measured with a voltage pulse driving the transmitter and a series connected 50 Q load. A wide bandwidth 

optical to electrical waveform analyzer, terminated to a 50 Q input of a wide bandwidth oscilloscope, is used for this response time 
measurement. 
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HFBR-25Xl Receiver 

4 RL 

,-------1-~frl.---.3'VCC 
2 GROUND 

1 Vo 

Absolute Maximum Ratings 
Parameter 

Storage Temperature 
Operating Temperature 
Lead Soldering Cycle I Temp. 

I Time 
Supply Voltage 
Output Collector Current 
Output Collector Power Dissipation 
Output Voltage 
Pull-up Voltage 
Fan Out (TTL) 

Notes: 
I. 1.6 mm below seating plane. 

Symbol Min. 

Ts -40 

TA 0 

Vee -0.5 

IOAV 
POD 
Vo -0.5 
Vp -5 
N 

Pin # Function 
1 Vo 
2 Ground 

3 Vee 
4 RL 
5 Do not connect 

8 Do not connect 

Note: Pins 5 and 8 are for mounting and 
retaining purposes only. Do not 
electrically connect these pins. 

Max. Units Reference 
+75 DC 

+70 DC 

260 DC Note 1 
10 sec 
7 V Note 2 

25 rnA 
40 mW 
18 V 

Vee V 
5 

2. It is essential that a bypass capacitor 0.01 ~ be connected from pin 2 to pin 3 of the receiver. Total lead length between both ends 
of the capacitor and the pins should not exceed 20 mm. 

Receiver Electrical/Optical Characteristics 
ODC to 70°C, 4.75 v:o; Vcc:O; 5.25 V unless otherwise specified 

Parameter Symbol Min. TypJ5) Max. Units Conditions Ref. 
Input Optical Power PR(L) -21.6 -9.5 dBm VOL = 0.5 V Notes 1, 
Level for Logic "0" IOL = 8 rnA 2,4 

-21.6 -8.7 VOL = 0.5 V 
IOL = 8 rnA, 25DC 

Input Optical Power PR(H) -43 dBm VOL = 5.25 V Note 1 
Level for Logic "1" IoR:O; 250 IlA 
High Level Output Current lOR 5 250 IlA Vo = 18 V, PR = 0 Note 3 
Low Level Output Current VOL 0.4 0.5 V IOL = 8 rnA, Note 3 

PR = PR(L)MIN 
High Level Supply IccR 3.5 6.3 rnA Vcc = 5.25 V, Note 3 
Current PR= 0 
Low Level Supply Current IccL 6.2 10 rnA Vcc = 5.25 V Note 3 

PR = -12.5 dBm 
Effective Diameter D 1 mm 
Numerical Aperture NA 0.5 
Internal Pull-up Resistor RL 680 1000 1700 Q 

Notes: 
I. Optical flux, P (dBm) = 10 Log [P (1lW)/1000 IlWj. 
2. Measured at the end of the fiber optic cable with large area detector. 
3. RL is open. 
4. Pulsed LED operation at IF > 80 rnA will cause increased link tpLR propagation delay time. This extended tpLR time contributes to 

increased pulse width distortion of the receiver output signal. 
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1 MBdLink 
(High Performance HFBR-15X2/25X2, Standard HFBR-15X4/25X4) 
System Performance Under recommended operating conditions unless otherwise specified. 

Parameter Symbol Min. Typ. Max. Units Conditions Ref. 
High Data Rate dc 1 MBd BER S; 10.9, PRBS:27-1 
Performance Link Distance .e 39 m IFdc = 60 rnA Fig. 14 
1 MBd (Standard Cable) 47 70 m IFdc = 60 rnA, 25°C Notes 1, 

3,4 
Link Distance .e 45 m IFdc = 60 rnA Fig. 15 
(Improved Cable) 56 78 m IFdc = 60 rnA, 25°C Notes 1, 

3,4 
Propagation tpLH 180 250 ns RL = 560 0, CL = 30 pF Fig. 16, 18 
Delay tpHL 100 140 ns 1= 0.5 metre Notes 2,4 

PR = -24 dBm 
Pulse Width tD 80 ns PR = -24 dBm Fig. 16, 17 
Distortion tpLwtpHL RL = 560 0, CL = 30 pF Note 4 

Parameter Symbol Min. Typ. Max. Units Conditions Ref. 
Standard Data Rate dc 1 MBd BER S; 10.9, PRBS:27-1 
1 MBd Link Distance .e 8 m IFdc = 60 rnA Fig. 12 

(Standard Cable) 17 43 m IFdc = 60 rnA, 25°C Notes 1, 
3,4 

Link Distance .e 10 m IFdc = 60 rnA Fig. 13 
(Improved Cable) 19 48 m IFdc = 60 rnA, 25°C Notes 1, 

3,4 
Propagation tpLH 180 250 ns RL = 560 0, CL = 30 pF Fig. 16, 18 
Delay tpHL 100 140 ns 1= 0.5 metre Notes 2,4 

PR = -20 dBm 
Pulse Width tD 80 ns PR = ·20 dBm Fig. 16, 17 
Distortion tpLH-tpHL RL = 560 0, CL = 30 pF Note 4 

Notes: 
1. For IFPK > 80 rnA, the duty factor must be such as to keep IFdc ,;; 80 rnA. In addition, for IFPK > 80 rnA, the following rules for 

pulse width apply: 
IFPK ,;; 160 rnA: Pulse width,;; 1 ms 
IFPK > 160 rnA: Pulse width,;; 1 1-18, period;:: 20 i-LS. 

2. The propagation delay for one meter of cable is typically 5 ns. 
3. Estimated typicalllnk life expectancy at 40"C exceeds 10 years at 60 rnA. 
4. Pulsed LED operation at IFPK > 80 rnA will cause increased link tpLH propagation delay time. This extended tpLH time contributes 

to increased pulse width distortion of the receiver output signal. 
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Figure 16. 1 MBd Propagation Delay Test Circuit. 
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HFBR-15X2/15X4 Transmitters 

ANODE ----'--E=i;:=;­

CATHODE 

N.C. 

N.C.-'1......_.....I 

Absolute Maximum Ratings 
Parameter 

Storage Temperature 
Operating Temperature 
Lead Soldering Cycle I Temp. 

I Time 
Forward Input Current 

Reverse Input Voltage 

Notes: 
1. 1.6 mm below seating plane. 

Symbol 

Ts 
TA 

IFPK 
IFdc 
VBR 

2. Recommended operating range between 10 and 750 mAo 
(1. 1 ~s pulse, 20 ~s period. 

Min. 
-40 
0 

Pin # Function 
1 Anode 
2 Cathode 

3 Open 
4 Open 

5 Do not connect 
8 Do not connect 

Note: Pins 5 and 8 are for mounting and 
retaming purposes only. Do not 
electrically connect these pins. 

Max. Units Reference 
+75 °C 
+70 °C 
260 OC Note 1 
10 sec 

1000 rnA Note 2, 3 
80 
5 V 

All HFBR-15XX LED transmitters are classified as IEC 825-1 Accessible 
Emission Limit (AEL) Class 1 based upon the current proposed draft scheduled 
to go Into effect on January 1, 1997. AEL Class 1 LED devices are considered 
eye safe. Contact your Hewlett-Packard sales representative for more 
Information. 

Transmitter Electrical/Optical Characteristics O°C to 70°C unless otherwise specified 
FOR FORWARD VOLTAGE AND OUTPUT POWER VS. DRIVE CURRENT GRAPHS. 

Parameter Symbol Min. Typ,l5l Max. Units Conditions Ref. 
Transmitter HFBR-15X2 PT -13.6 -4.5 dBm IFdc = 60 rnA 
Output -11.2 -5.1 IFdc = 60 rnA, 25°C 
Optical HFBR-15X4 PT -17.8 -4.5 dBm IFdc = 60 rnA 
Power -15.5 -5.1 IFdc = 60 rnA, 25°C 
Output Optical Power .6.PT/.6.T -0.85 %/oC 
Temperature Coefficient 

Peak Emission Wavelength A.PK 660 nm 
Forward Voltage VF 1.45 1.67 2.02 V IFdc = 60 rnA 
Forward Voltage .6.VF/.6.T -1.37 mV/oC Fig. 11 
Temperature Coefficient 
Effective Diameter DT 1 mm 
Numerical Aperture NA 0.5 
Reverse Input Breakdown VBR 5.0 11.0 V IFdc = 10 1lA, 
Voltage TA = 250C 
Diode Capacitance Co 86 pF VF = 0, f = 1 MHz 
Rise Time t,- 80 ns 10% to 90%, Note 1 
Fall Time tf 40 ns IF = 60 rnA 

Note: 
1. Rise and fall times are measured with a voltage pulse driving the transmitter and a series connected 50 0 load. A wide bandwidth 

optical to electrical waveform analyzer, terminated to a 50 0 input of a wide bandwidth oscilloscope, is used for this response time 
measurement. 
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HFBR-25X2/25X4 Receivers 

RL 

~_~i-t-.. vcc 

GROUND 

Absolute Maximum Ratings 
Parameter 

Storage Temperature 
Operating Temperature 
Lead Soldering Cycle I Temp. 

I Time 
Supply Voltage 
Output Collector Current 
Output Collector Power Dissipation 
Output Voltage 
Pull-up Voltage 
Fan Out (TTL) 

Notes: 
1. 1. 6 mm below seating plane. 

Symbol Min. 
Ts -40 
TA 0 

Vee -0.5 
IOAV 
POD 
Vo -0.5 
Vp -5 
N 

Pin # Function 
1 Vo 
2 Ground 
3 Vee 
4 RL 
5 Do not connect 
8 Do not connect 

Note: Pins 5 and 8 are for mounting and 
retaining purposes only. Do not 
electrically connect these pins. 

Max. Units Reference 
+75 °C 
+70 °C 
260 °C Note 1 
10 sec 
7 V Note 2 

25 mA 
40 mW 
18 V 

Vee V 
5 

2. It is essential that a bypass capacitor 0.01 !iF' be connected from pin 2 to pin 3 of the receiver. Total lead length between both ends 
of the capacitor and the pins should not exceed 20 mm. 

Receiver Electrical/Optical Characteristics O°C to 70°C, 4.75 V:s; Vcc :s; 5.25 V unless otherwise 
specified 

Parameter Symbol Min. Typ,l51 Max. Units Conditions Ref. 
Receiver HFBR-2522 PRCL) -24 dBm VOL = OV Notes 1,2,3 
Optical Input IOL=8mA 
Power Level HFBR-2524 -20 Note 4 
Logic 0 

Optical Input Power PR(H) -43 dBm VOH = 5.25 V 
Level Logic 1 IOH = :s; 250 lJ.A. 
High Level Output Current IOH 5 250 lJ.A. Vo = 18 V, PR = 0 Note 5 
Low Level Output Voltage VOL 0.4 0.5 V IOL = 8mA Note 5 

PR = PRCL)MIN 
High Level Supply Current ICCH 3.5 6.3 mA Vcc = 5.25 V, Note 5 

PR = 0 
Low Level Supply Current IccL 6.2 10 mA Vcc = 5.25 V, Note 5 

PR = -12.5 dBm 
Effective Diameter D 1 mm 
Numerical Aperture NA 0.5 
Internal Pull-up Resistor RL 680 1000 1700 n 

Notes: 
1. Measured at the end of the fiber optic cable with large area detector. 
2. Pulsed LED operation at IF > 80 rnA will cause increased link tpLH propagation delay time. This extended tPLH time contributes to 

increased pulse width distortion of the receiver output signal. 
3. The LED drive circuit of FIgure 11 is required for 1 MBd operation of the HFBR-25X2/25X4. 
4. Optical flux, P (dBm) = 10 Log [P(J.1W)/lOOO J.1Wl. 
5. RL is open. 

3-19 



40kBdLlnk 
System Performance Under recommended operating conditions unless otherwise specified 

Parameter Symbol Min. Typ. Max. Units Conditions Ref. 

Data Rate dc 40 kBd BER::> 10-9, PRBS: 27 - 1 

Link Distance ~ 13 41 m IFdc = 2 rnA Fig. 21 
(Standard Cable) 94 138 m IFdc = 60 rnA Note 1 
Link Distance ~ 15 45 m IFdc = 2 rnA Fig. 22 
(Improved Cable) III 154 m IFdc = 60 rnA Note 1 
Propagation tPLH 4 J.1s RL = 3.3 kO, CL =30 pF Fig. 22, 25 
Delay tpHL 2.5 J.1s PR = -25 dBm, 1 m fiber Note 2 

Pulse Width tD 7 J.1s -39::> PR::> - 14 dBm Fig. 23, 24 
Distortion tpLH-tpHL RL = 3.3 kO, CL = 30 pF 

Notes: 
1. Estimated typical link life expectancy at 40'C exceeds 10 years at 60 mAo 
2. The propagation delay for one metre of cable is typically 5 ns. 
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Figure 20. Typical 40 kBd Interface Circuit. 
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HFBR-15X3 Transmitter 

ANODE -'-~.==:;­

CATHODE 

N.C. 

N.C. -"""L-_--' 

Absolute Maximum Ratings 
Parameter 

Storage Temperature 

Operating Temperature 

Lead Soldering Cycle I Temp. 

I Time 
Forward Input Current 

Reverse Input Voltage 

Notes: 
1. 1.6 mm below seating plane. 

Symbol 

Ts 

TA 

IFPK 

IFdc 

VBR 

2. Recommended operating range between 10 and 750 rnA. 
3. 1 liS pulse, 20 I!S period. 

Min. 
-40 

0 

Pin # Function 

1 Anode 

2 Cathode 

3 Open 

4 Open 

5 Do not connect 

8 Do not connect 

Note: Pins 5 and 8 are for mounting and 
retaining purposes only. Do not 
electrically connect these pins. 

Max. Units Reference 

+75 °C 

+70 OC 
260 °C Note 1 

10 sec 

1000 rnA Note 2,3 

80 

5 V 

All HFBR-15XX LED transmitters are classified as IEC 825-1 Accessible 
Emission Limit (AEL) Class 1 based upon the current proposed draft scheduled 
to go into effect on January 1, 1997. AEL Class 1 LED devices are considered 
eye safe. Contact your Hewlett-Packard sales representative for more 
information. 

Transmitter Electrical/Optical Characteristics O°C to 70°C unless otherwise specified. 

FOR FORWARD VOLTAGE AND OUTPUT POWER VS. DRIVE CURRENT GRAPHS. 

Parameter Symbol Min. Typ.!5l Max. Units Conditions Ref. 

Transmitter Output PT -11.2 -5.1 dBm IFdc = 60 rnA, 25°C Notes 3, 4 
Optical Power -13.6 -4.5 IFdc = 60 rnA 

-35.5 IFdc = 2 rnA, 0-70°C Fig. 9,10 

Output Optical Power APT/AT -0.85 %;oC 
Temperature Coefficient 

Peak Emission A.PK 660 nm 
Wavelength 

Forward Voltage VF 1.45 1.67 2.02 V IFdc = 60 rnA 
Forward Voltage AVF/AT -1.37 . mV/oC Fig. 18 
Temperature Coefficient 

Effective Diameter D 1 mm 

Numerical Aperture NA 0.5 

Reverse Input Breakdown VBR 5.0 11.0 V IFdc = 10~, 
Voltage TA = 25°C 

Diode Capacitance Co 86 pF VF = 0, f = 1 MHz 

Rise Time tr 80 ns 10% to 90%, Note 1 

Fall Time t f 40 IF = 60 rnA 

Notes: 
1. Rise and fall times are measured with a voltage pulse driving the transmitter and a series connected 50 Q load. A wide bandwidth 

optical to electrical waveform analyzer, terminated to a 50 Q input of a wide bandwidth oscilloscope, is used for this response time 
measurement. 
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HFBR-25X3 Receiver 

,;==11-----.4- Vee 

OPEN 

GROUND 

Absolute Maximum Ratings 
Parameter 

Storage Temperature 
Operating Temperature 
Lead Soldering Cycle I Temp. 

I Time 
Supply Voltage 
Average Output Collector Current 
Output Collector Power Dissipation 
Output Voltage 

Notes: 
1. 1.6 mm below seating plane. 

Symbol Min. 
Ts -40 

TA 0 

Vee -0.5 
10 -1 

POD 
Vo -0.5 

Pin # Function 
1 Vo 
2 Ground 
3 Open 

4 Vee 
5 Do not connect 

8 Do not connect 

Note: Pins 5 and 8 are for mounting and 
retaining purposes only. Do not 
electrically connect these pins. 

Max. Units Reference 
+75 "C 

+70 °C 
260 "C Note 1 
10 sec 
7 V Note 2 
5 rnA 

25 mW 
7 V 

2. It is essential that a bypass capacitor 0.01 IlF be connected from pin 2 to pin 3 of the receiver. 

Receiver Electrical/Optical Characteristics O°C to 70°C, 4.5 V ::; vcc ::; 5.5 V unless otherwise 
specified 

Parameter Symbol Min. Typ. Max. Units Conditions Ref. 
Input Optical Power PRCLl -39 -13.7 dBm Vo = VOL, IOL = 3.2 rnA Notes 1, 
Level Logic 0 -39 -13.3 Vo = VOL, 2,3 

IOH = 8 rnA, 25°C 
Input Optical Power PR(Hl -53 dBm VOH = 5.5V Note 3 
Level Logic 1 IOH = ::; 40 !lA 
High Level Output Voltage VOH 2.4 V 10 = -40 !lA, PR = 0 IlW 
Low Level Output Voltage VOL 0.4 V IoL = 3.2 rnA Note 4 

PR = PR(LlMIN 
High Level Supply Current ICCR 1.2 1.9 rnA Vcc = 5.5 V, PR = 0 IlW 
Low Level Supply Current IccL 2.9 3.7 rnA Vcc = 5.5 V, Note 4 

PR = PRL (MIN) 

Effective Diameter D 1 mm 
Numerical Aperture NA 0.5 

Notes: 
1. Measured at the end of the fiber optic cable with large area detector. 
2. Optical flux, P (dBm) = 10 Log P(IlW)/lOOO 1lW. 
3. Because of the very high sensitivity of the HFBR-25X3, the digital output may switch in response to ambient light levels when a 
cable is not occupying the receiver optical port. The designer should take care to filter out signals from this source if they pose a 
hazard to the system. 
4. Including current in 3.3 k pull-up resistor. 
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125 Megabaud Versatile Link 
The Versatile Fiber Optic 
Connection 

Technical Data 

Features 
• Data Transmission at Signal 

Rates of 1 to 125 MBd over 
Distances of 100 Meters 

• Compatible with Inexpen­
sive, Easily Terminated 
Plastic Optical Fiber, and 
with Large Core Silica Fiber 

• High Voltage Isolation 
• Transmitter and Receiver 

Application Circuit Sche­
matics and Recommended 
Board Layouts Available 

• Interlocking Feature for 
Single Channel or Duplex 
Links, in a Vertical or 
Horizontal Mount 
Configuration 

Applications 
• Intra-System Links: Board-

_ to-Board, Rack-to-Rack 

• Telecommunications 
Switching Systems 

• Computer-to-Peripheral 
Data Links, PC Bus 
Extension 

• Industrial Control 
• Proprietary LANs 
• Digitized Video 
• Medical Instruments 

• Reduction of Lightning and 
Voltage Transient 
Susceptibility 

Description 
The 125 MBd Versatile Link 
(HFBR-0507 Series) is the most 
cost-effective fiber-optic solution 
for transmission of 125 MBd data 
over 100 meters. The data link 
consists of a 650 nm LED 
transmitter, HFBR-15X7, and a 
PIN/preamp receiver, HFBR-
25X6. These can be used with 
low-cost plastic or silica fiber. 
One mm diameter plastic fiber 
provides the lowest cost solution 
for distances under 25 meters. 
The lower attenuation of silica 
fiber allows data transmission 
over longer distance, for a small 
difference in cost. These compo­
nents can be used for high speed 
data links without the problems 
common with copper wire 
solutions, at a competitive cost. 

The HFBR-15X7 transmitter is a 
high power 650 nm LED in a low 
cost plastic housing designed to 
efficiently couple power into 1 
mm diameter plastic optical fiber 

HCS® is a registered trademark of Spectran Corporation. 
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HFBR-0507 Series 
HFBR-15X7 Transmitters 
HFBR-25X6 Receivers 

and 200 flm Hard Clad Silica 
(HCS®) fiber. With the recom­
mended drive circuit, the LED 
operates at speeds from 1-125 
MBd. The HFBR-25X6 is a high 
bandwidth analog receiver con­
taining a PIN photodiode and 
internal transimpedance amplifier. 
With the recommended applica­
tion circuit for 125 MBd 
operation, the performance of the 
complete data link is specified for 
of 0-25 meters with plastic fiber 
and 0-100 meters with 200 f..lill 
HCS® fiber. A wide variety of 
other digitizing circuits can be 
combined with the HFBR-0507 
Series to optimize performance 
and cost at higher and lower data 
rates. 
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HFBR-0507 Series 
125 MBd Data Link 
Data link operating conditions 
and performance are specified for 
the HFBR-15X7 transmitter and 
HFBR-25X6 receiver in the 

recommended applications 
circuits shown in Figure 1. This 
circuit has been optimized for 125 
MBd operation. The Applications 
Engineering Department in the 
Hewlett-Packard Optical 

Communication Division is 
available to assist in optimizing 
link performance for higher or 
lower speed operation. 

Recommended Operating Conditions for the Circuits in Figures 1 and 2. 
Parameter Symbol Min. Max. Unit Reference 

Ambient Temperature TA 0 70 "C 
Supply Voltage Vee +4.75 +5.25 V 

Data Input Voltage - Low V1L Vee -1.89 Vee -1.62 V 

Data Input Voltage - High ~H Vee -1.06 Vee-0.7O V 

Data Output Load RL 45 55 Q 

Signaling Rate fs 1 125 MBd 

Duty Cycle D.C. 40 60 0/0 

Link Performance: 1-125 MBd, BER::; 10-9 , under recommended operating conditions with 
recommended transmit and receive application circuits. 

Note 1 

Note 2 

Parameter Symbol MinJ3] TypJ4] Max. Unit Condition Reference 

Optical Power Budget, 1 m POF OPBpOF 11 16 dB Note 5,6,7 

Optical Power Margin, OPMpOF,20 3 6 dB Note 5,6,7 
20 m Standard POF 

Link Distance With I 20 27 m 
Standard 1 mm POF 

Optical Power Margin, OPMpOF,25 3 6 dB Note 5,6,7 
25 m Low Loss POF 

Link Distance with Extra I 25 32 m 
Low Loss 1 mm POF 

Optical Power Budget, 1 m HCS OPBHes 7 12 dB Note 5,6,7 

Optical Power Margin, OPMHes,IOO 3 6 dB Note 5,6,7 
100mHCS 

Link Distance with HCS Cable I 100 125 m 

Notes: 
1. If the output of U4C in Figure 1, page 4 is transmitted via coaxial cable, terminate with a 50 Q resistor to Vee - 2 V. 
2. Run length limited code with maximum run length of 10 lIS. 
3. Minimum link performance is projected based on the worst case specifications of the HFBR-15X7 transmitter, HFBR-25X6 receiver, 

and POF cable, and the typical performance of other components (e.g. logic gates, transistors, resistors, capacitors, quantizer, 
HCScable). 

4. Typical performance is at 25"C, 125 MBd, and is measured with typical values of all circuit components. 
5. Standard cable is HFBR-RXXYYY plastic optical fiber, with a maximum attenuation of 0.24 dB/m at 650 nm and NA = 0.5. 

Extm low loss cable is HFBR-EXXYYY plastic optical fiber, with a maximum attenuation of 0.19 dB/m at 650 nm and NA = 0.5. 
HCS cable is HFBR-H/VXXYYY glass optical fiber, with a maximum attenuation of 10 dB/km at 650 nm and NA = 0.37. 

6. Optical Power Budget is the difference between the transmitter output power and the receiver sensitivity, measured after 
1 meter of fiber. The minimum OPB is based on the limits of optical component perfoITjlance over tempemture, process, and 
recommended power supply variation. 

7. The Optical Power Margin is the available OPB after including the effects of attenuation and modal dispersion for the minimum 
link distance: OPM = OPB - (attenuation power loss + modal dispersion power penalty). The minimum OPM is the margin 
available for longterm LED LOP degmdation and additional fixed passive losses (such as in-line connectors) in addition to the 
minimum specified distance. 
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Plastic Optical Fiber (1 mm POF) Transmitter Application Circuit: 
Performance of the HFBR-15X7 transmitter in the recommended application circuit (Figure 1) for POF; 1-
125 MBd, 25°C. 

Parameter Symbol Typical Unit Condition Note 

Average Optical Power 1 mm POF Pavg -9.7 dBm 50% Duty Note 1, Fig 3 
Cycle 

Average Modulated Power 1 mm POF Pmod -11.3 dBm Note 2, Fig 3 

Optical Rise Time (10% to 90%) t,. 2.1 ns 5 MHz 

Optical Fall Time (90% to 10%) tr 2.8 ns 5 MHz 

High Level LED Current (On) IF,R 19 rnA Note 3 

Low Level LED Current (Off) IF,L 3 rnA Note 3 

Optical Overshoot - 1 mm POF 45 % 

Transmitter Application Circuit Icc 110 rnA Figure 1 
Current Consumption - 1 mm POF 

Hard Clad Silica Fiber (200 /llll HCS) Transmitter Application Circuit: Performance of 
the HFBR-15X7 transmitter in the recommended application circuit (Figure 1) for HCS; 1-125 MBd, 25OC. 

Parameter Symbol Typical Unit Condition Note 
Average Optical Power 200 J.IIU HCS Pavg -14.6 dBm 50% Duty Note 1, Fig 3 

Cycle 

Average Modulated Power 200 11m HCS Pmod -16.2 dBm Note 2, Fig 3 

Optical Rise Time (10% to 90%) tr 3.1 ns 5 MHz 

Optical Fall Time (90% to 10%) tr 3.4 ns 5 MHz 

High Level LED Current (On) IF,R 60 rnA Note 3 

Low Level LED Current (Off) IF,L 6 rnA Note 3 

Optical Overshoot - 200 11m HCS 30 % 

Transmitter Application Circuit Icc 130 rnA Figure 1 
Current Consumption - 200 11m HCS 

Notes: 
1. Average optical power is measured with an average power meter at 50% duty cycle, after 1 meter of fiber. 
2. To allow the LED to switch at high speeds, the recommended drive circuit modulates LED light output between two non-zero power 

levels. The modulated (useful) power is the difference between the high and low level of light output power (transmitted) or input 
power (received), which can be measured with an average power meter as a function of duty cycle (see Figure 3). Average Modulated 
Power is defined as one half the slope of the average power versus duty cycle: 

Average Modulated Power = [P.vg @ 80% duty cycle - Pavg @ 20% duty cycle] 
(2) [0.80 - 0.20] 

3. High and low level LED currents refer to the current through the HFBR-15X7 LED. The low level LED "off" current, sometimes 
referred to as "hold-on" current, is prebias supplied to the LED during the off state to facilitate fast switching speeds. 
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Plastic and Hard Clad Silica Optical Fiber Receiver Application Circuit: 
PeIformancel4] of the HFBR-25X6 receiver in the recommended application circuit (Figure 1); 1-125 MBd, 
25°C unless otherwise stated. 

Parameter Symbol Typical Unit Condition Note 
Data Output Voltage - Low VOL Vee -1. 7 V RL = 50n Note 5 
Data Output Voltage - High VOH Vee-O.g V RL = 50n Note 5 
Receiver Sensitivity to Average Pmin -27.5 dBm 50% eye opening Note 2 
Modulated Optical Power 1 mm POF 

Receiver Sensitivity to Average Pmin -28.5 dBm 50% eye opening Note 2 
Modulated Optical Power 200 Ilm HCS 
Receiver Overdrive Level of Average Pmax -7.5 dBm 50% eye opening Note 2 
Modulated Optical Power 1 mm POF 

Receiver Overdrive Level of Average Pmax -10.5 dBm 50% eye opening Note 2 
Modulated Optical Power 200 Ilm HCS 

Receiver Application Circuit Current Icc 85 rnA RL = 00 Figure 1 
Consumption 

Notes: 
4. Perfonnance in response to a signal from the HFBR·15X7 transmitter driven with the recommended circuit at 1·125 MBd over 1 meter 

of HFBR·RjEXXYYY plastic optical fiber or 1 meter of HFBR·H/VXXYYY hard clad silica optical fiber. 
5. Terminated through a 50 Q resistor to Vee' 2 V. 
6. If there is no input optical power to the receiver, electrical noise can result in false triggering of the receiver. In typical applications, 

data encoding and error detection prevent random triggering from being interpreted as valid data. Refer to Applications Note 1066 for 
design guidelines. 

Vee 

v •• 

C13 
0.1 

ca' 

FIgure 1. Transmitter and Receiver Application Circuit with + 5 V ECL Inputs and Outputs. 

Rl0 
15 R11* 

ALL CAPACITOR VALUES 
ARE IN MICRO FARADS. 
WITH 10% TOLERANCE 
(UNLESS OTHERWISE NOTED). 

ALL RESISTANCES ARE IN 
OHMS WITH 5% TOLERANCE 
(UNLESS OTHERWISE NOTED). 

TOLE NCE 
1% 

1% 
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125 Megabaud Versatile Link 
Transmitter 

HFBR-15X7 Series 

Description 
The HFBR-15X7 transmitters 
incorporate a 650 nanometer LED 
in a horizontal (HFBR-1527) or 
vertical (HFBR-1537) gray 
housing. The HFBR-15X7 
transmitters are suitable for use 
with current peaking to decrease 
response time and can be used 

Absolute Maximum Ratings 
Parameter 

Storage Temperature 

Operating Temperature 

Lead Soldering Temperature 

Cycle Time 

with HFBR-25X6 receivers in data 
links operating at signal rates 
from 1 to 125 megabaud over 1 
mm diameter plastic optical fiber 
or 200 11m diameter hard clad 
silica glass optical fiber. Refer to 
Application Note 1066 for details 
for recommended interface 
circuits. 

Symbol Min. 

Ts -40 

To -40 

ANODE --'--E'=:::;­
CATHODE 

GROUND 

GROUND -"""L-_---' 

SEE NDTE6 

Max. Unit Reference 

85 °C 

70 °C 

260 °C Note 1 

10 s 

Transmitter High Level FOIWard IF,H 120 rnA 50% Duty Cycle 
input Current .<: 1 lVll1Z 

Transmitter Average FOIWard Input Current IF,Av 60 rnA 
Reverse Input Voltage VR 3 V 

CAUTION: The smaUjunction sizes inherent to the design qfthis component increase the component's suscepti­
bility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be taken in 
handling and assembly qf this component to prevent damage and/or degradation which may be induced by 
ESD. 

WARNING: WHEN VIEWED UNDER SOME CONDITIONS, THE OPTICAL PORT MAY 
EXPOSE THE EYE BEYOND THE MAXIMUM PERMISSIBLE EXPOSURE RECOMMENDED 
IN ANSI ZI36.2, 1993. UNDER MOST VIEWING CONDITIONS THERE IS NO EYE HAZARD. 
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Electrical/Optical Characteristics 0 to 70"C, unless otherwise stated. 

Parameter Symbol Min. Typ,[21 Max. Unit Condition Note. 

Transmitter Output PT -9.5 -7.0 -4.8 dBm IF,de = 20 mA, 25"C Note 3 
Optical Power, 1 mm POF -lOA -4.3 0-70"C 

Transmitter Output PT -6.0 -3.0 -0.5 dBm IF,de = 60 mA, 25"C Note 3 
Optical Power, 1 mm POF -6.9 -0.0 0-70"C 

Transmitter Output PT -14.6 -13.0 -10.5 dBm IF,de = 60 mA, 25"C Note 3 
Optical Power, -15.5 -10.0 0-70°C 
200 IlmHCS® 

Output Optical Power ~PT -0.02 dB/"C 
Temperature Coefficient ~T 

Peak Emission Wavelength A.PK 640 650 660 nm 
Peak Wavelength ~A. 0.12 nrn/"C 
Temperature Coefficient ~T 

Spectral Width FWHM 21 nm Full Width, 
Half MaKimum 

Forward Voltage VF 1.8 2.1 2.4 V IF = 60mA 

Forward Voltage ~VF -1.8 mV/"C 
Temperature Coefficient ~T 

Transmitter Numerical NA 0.5 
Aperture 

Thermal Resistance, Sje 140 "C/W Note 4 
Junction to Case 

Reverse Input Breakdown VBR 3.0 13 V IF,de = -10 JlA 
Voltage 

Diode Capacitance Co 60 pF VF = OV, 
f=lMHz 

Unpeaked Optical Rise t,. 12 ns IF =60mA Figure 1 
Time, 10% - 90% f = 100 kHz Note 5 

Unpeaked Optical Fall tr 9 ns IF = 60 mA Figure 1 
Time, 90% - 10% f= 100kHz Note 5 

Notes: 
1. 1.6 mm below seating plane. 
2. Typical data is at 25"0. 
3. Optical Power measured at the end of 0.5 meter of 1 mm diameter plastic or 200 lUll diameter hard clad silica optical fiber with a large 

area detector. 
4, Typical value measured from junction to PC board solder joint for horizontal mount package, HFBR-1527. Oje is approximately 30"O/W 

higher for vertical mount package, HFBR·1537. 
5. Optical rise and fall times can be reduced with the appropriate driver circuit; refer to Application Note 1066. 
6. Pins 5 and 8 are primarily for mounting and retaining purposes, but are electrically connected; pins 3 and 4 are electrically 

unconnected. It is recommended that pins 3, 4, 5, and 8 all be connected to ground to reduce coupling of electrical noise. 
7. Refer to the Versatile Link Family Fiber Optic Cable and Connectors Techirlcal Data Sheet for cable connector options for 1 Inm 

plastic optical fiber and 200 Ilm HCS fiber. 
8. The LED current peaking necessary for high frequency circuit design contributes to electromagnetic interference (EM!). Care must be 

taken in circuit board layout to minimize emissions for compliance with governmental EM! emissions regulations. Refer· to Application 
Note 1066 for design guidelines. 
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125 Megabaud Versatile Link 
Receiver 

HFBR-25X6 Series 

Description 
The HFBR-25X6 receivers contain 
a PIN photodiode and 
transimpedance pre-amplifier 
circuit in a horizontal (HFBR-
2526) or vertical (HFBR-2536) 
blue housing, and are designed to 
interface to Imm diameter plastic 
optical fiber or 200 !Lm hard clad 
silica glass optical fiber. The 
receivers convert a received 
optical signal to an analog output 

Absolute Maximum Ratings 
Parameter 

Storage Temperature 

Operating Temperature 

Lead Soldering Temperature 
Cycle Time 

Signal Pin Voltage 
Supply Voltage 

Output Current 

voltage. Follow-on circuitry can 
optimize link performance for a 
variety of distance and data rate 
requirements. Electrical 
bandwidth greater than 65 MHz 
allows design of high speed data 
links with plastic or hard clad 
silica optical fiber. Refer to 
Application Note 1066 for details 
for recommended interface 
circuits. 

Symbol Min. Max. 

Ts -40 +75 

TA 0 +70 

260 

10 

Va -0.5 Vee 

Vee -0.5 6.0 

10 25 

Unit 

"C 

"C 

"C 

s 

V 

V 

rnA 

rr==3-----'--4 Vee 

3 GROUND 

--,..'L....~1---:-2 GROUND 

_---=::::r----.-- SIGNAL 

SEE NOTES 2. 4, 9 

Reference 

Note 1 

CAUTION: The smaUjunction sizes inherent to the design ojthis component increase the component's suscepti­
bility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be taken in 
handling and assembly ojthis component to prevent damage and/or degradation which may be induced by 
ESD. 
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Electrical/Optical Characteristics 0 to 70"C; 5.25 V ~ Vee ~ 4.75 V; power supply must be fIltered 
(see Figure 1, Note 2). 

Parameter Symbol Min. Typ. Max. Unit Test Condition Note 

AC Responsivity 1 mm POF Rp,APF 1.7 3.9 6.5 mV/JlW 650nm Note 4 

AC Responsivity 200 Jlffi HCS Rp,Hes 4.5 7.9 11.5 mV/JlW 

RMS Output Noise VNO 0.46 0.69 mVRMS Note 5 

Equivalent Optical Noise Input PN,RMS - 39 -36 dBm Note 5 
Power, RMS - 1 mm POF 

Equivalent Optical Noise Input PN,RMS -42 -40 dBm Note 5 
Power, RMS - 200 Jlm HCS 

Peak Input Optical Power - PR -5.8 dBm 5nsPWD Note 6 
1 mmPOF 

-6.4 dBm 2nsPWD 

Peak Input Optical Power - PR -8.8 dBm 5nsPWD Note 6 
200 Jlm HCS . 

-9.4 dBm 2nsPWD 

Output Impedance Zo 30 n 50 MHz Note 4 

DC Output Voltage Vo 0.8 1.8 2.6 V PR = 0 JlW 

Supply Current lee 9 15 rnA 

Electrical Bandwidth BWE 65 125 MHz -3 dB electrical 

Bandwidth * Rise Time 0.41 Hz * s 

Electrical Rise Time, 10-90% t,. 3.3 6.3 ns PR = -10 dBm 
peak 

Electrical Fall Time, 90-10% 11 3.3 6.3 ns PR = -10 dBm 
peak 

Pulse Width Distortion PWD 0.4 1.0 ns PR = -10 dBm Note 7 
peak 

Overshoot 4 % PR = -10 dBm Note 8 
peak 

Notes: 
1. 1.6 mm below seating plane. 
2. The signal output is an emitter follower, which does not reject noise in the power supply. The power supply must be filtered as in 

Figure!. 
3. Typical data are at 250(; and Vee = +5 Vdc. 
4. Pin 1 should be ac coupled to a load" 510 n with load capacitance less than 5 pF. 
5. Measured with a 3 pole Bessel filter with a 75 MHz, -3dB bandwidth. 
6. The maximum Peak Input Optical Power is the level at which the Pulse Width Distortion is guaranteed to be less than the PWD listed 

under Test Condition. PR Max is given for PWD = 5 ns for designing links at s; 50 MBd operation, and also for PWD = 2 ns for 
designing links up to 125 MBd (for both POF and HCS input conditions). 

7. 10 ns pulse width, 50% duty cycle, at the 50% amplitude point of the waveform. 
8. Percent overshoot is defined at: 

(VPK - VIOO%J x 100% 

VIOO% 

9. Pins 5 and 8 are primarily for mounting and retaining purposes, but are electrically connected. It is recommended that these pins be 
connected to ground to reduce coupling of electrical noise. 

10. If there is no input optical power to the receiver (no transmitted signal) electrical noise can result in false triggering of the receiver. 
In typical applications, data encoding and error detection prevent random triggering from being interpreted as valid data. Refer to 
Application Note 1066 for design guidelines. 
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Versatile Link Mechanical Dimensions 

HORIZONTAL MODULES 
HFBR-1527 
HFBR-2526 

ALL DIMENStONS IN MM (INCHES]. 
ALL DIMENSIONS .0.25 mm UNLESS 
OTHERWISE SPECIFIED 

HORIZONTAL MODULES 1}1) 
HFBR-1537 

(0.0401 I 10.1401 
HFBR-2526 1. 02 1 3.56 

f.!.:!.: i1F,~~~*l 10.2 (0.2001 , 
(0.4001 

OPTIONAL MOUNTING HOLE 
FOR #2 SELF- TAPPING SCREW 

fMEnUC EQUIVALENT M2.2 x 0.46) 
3.81 I 

10.1501-1 

Versatile Link Printed Circuit Board Layout Dimensions 
HORIZONTAL MODULE 

2.54 -----+ 
10.1001 

TOP VIEWS 

~ 
(0.3001 

1.01 10.0401 DIA. 

TOPYIEWS 
VERTICAL MODULE 

7.62 

10.300) 

2.54 
(0.100 ....... 

1.01 
10.040)DIA. II I _._._ •. ~..c---. 

3 2 
7 2 

10.3001 

2.25 (o.oYOl CLEARANCE 
HOLE FOR OPTIONAL 
VERTICAL MOUNT 
SELF- TAPPING SCREW #2. 

0.64 
(0.0251 

3.81 
fO.150J 

l 
-~l-M-I-N ------- 4===:t~~I:.::!!I:-=-:,~r~3=~=~:N~--- PCB EDGE ---

10.0731 . 10.0681 

ELECTRICAL PIN FUNCTIONS DIMENSIONS IN MILLIMETRES AND (INCHES) 

rRANSMITTERS RECEIVERS 
~~'?'. _ HFBR-15X7 HFBR-25X6 

1 ANODE SIGNAL 

2 I CATHODE 
GROUND 

3 GROUND" GROUND 
4 GROUND" Vee (_5 V) 
5 GROUND"" GROUND"" 
8 GROUND"" GROUND"" "NO INTERNAL CONNECTION. 

""PINS 5 AND B CONNECTED INTERNALLY TO EACH OTHER ONLY. 
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10 Megabaud Versatile Link 
Fiber Optic Transmitter 
and Receiver for 1 mm POF and 
200 f.lm HCS® 

Technical Data 

Features 
• Data Transmission at Signal 

Rates of dc to 10 MBd 
• Up to 50 Meters Distances 

with 1 mm Plastic Optical 
Fiber (POF) 

• Up to 500 Meters Distances 
with 200 JllIl Hard Clad 
Silica (HCS®) 

• Wide Dynamic Range 
Receiver Allows Operation 
from Zero to Maximum Link 
Distance with a Single 
Transmitter Drive Current 

• Link Distances Specified for 
Variations in Temperature, 
Power Supply, and Fiber 
Attenuation 

• DC Coupled Receiver with 
CMOS/TTL Output for Easy 
Designs: No Data Encodiug 
or Digitizing Circuitry 
Required 

• Pulse Width Distortion 
Controlled to Limit 
Distortion from Low Duty 
Cycle or Burst Mode Data 

• High Noise Immunity 
• Compatible with HP's 

Versatile Link Family of 
Connectors, for Easy 
Termination of Fiber 

Applications 
• Industrial Control and 

Factory Automation 

• Serial Field Buses 
• Intra-System Links; Board-

to-Board, Rack-to-Rack 
• Extension of RS-232, RS-485 
• Elimination of Ground Loops 
• High Voltage Isolation 
• Reduces Voltage Transient 

Susceptibility 

Description 
The RFBR-0508 Series consists of 
a fiber-optic transmitter and 
receiver operating at a 650 nm 
wavelength (red). The HFBR-
1528 transmitter is an LED in a 
low cost plastic housing designed 
to efficiently couple power into 
200 11m diameter RCS and 1 mm 
diameter PDF. The RFBR-2528 
receiver incorporates a PIN detec­
tor and digital output IC compat­
ible with CMDS and TTL logic 
families. 

RFBR-0508 links operate from 
DC to 10 MBd at distances up to 
50 meters with 1 mm PDF and up 

HCS" is a registered trademark of SpecTran Corporation. 

F/iprlj HEWLETT® 
a:~PACKARD 

HFBR-0508 Series 
HFBR-1528 Transmitter 
HFBR-2528 Receiver 

to 500 meters with 200 Ilffi RCS®. 
No minimum link distances are 
required when using recom­
mended circuits, simplifying 
design. 

Versatile Link components can be 
interlocked (N-plexed together) to 
minimize space and to provide 
dual connections with the duplex 
connectors. Up to eight packages 
can be interlocked and inserted 
into a printed circuit board. 

PDF and RCS are available in pre­
connectored lengths or can be 
easily field-terminated. A single 
transmitter drive current for PDF 
and RCS allows both fibers to be 
used with a single design. 

CAUTION:. It is advised that rwrmal static precamions be taken in handling and assembly of these components 
to prevent damage and/or degradation which may be induced by ESD. 
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HFBR-0508 Series 10 MBd Data Link 
Typical Link Performance, T,A = +25°C 

Parameter 
Signaling Rate 

Link Distance with Extra Low Loss POF Cable 
Link Distance with 200 /.tm RCS Cable 

Symbol 

fs 
,e 
,e 

Typ.lll Unit Condition 
15 Mbls NRZ 

100 m 10MEd 
900 m 10MEd 

Specified Link Performance, TA = -200 to +85°C, DC to 10 MBd, unless otherwise noted 

Parameter Symbol Min. Max. Unit Condition 

Signaling Rate fs DC 10 Mb/s NRZ 

Link Distance with Extra Low ,e 0.1 50 m +25DC 
Loss POF Cable 0.1 40 o to +70DC 

0.1 30 -20 to +85DC 
Link Distance with 200 /.tm ,e 0.1 500 m +25DC 
RCS Cable 0.1 300 o to +70DC 

0.1 100 -20 to +85DC 
Pulse Width Distortion PWD -30 +30 ns 25 - 75% Duty Cycle 

-50 +50 ns Arbitrary Duty Cycle 

Absolute Maximum Ratings 

Parameter Symbol Min. Max. Unit 

Storage and Operating Temperature, Transmitter Ts,o -40 +85 DC 

Storage and Operating Temperature, Receiver Tso -20 +85 DC 

Receiver Supply Voltage Vcc -0.5 +5.5 V 
Receiver Average Output Current IOAVG -16 +16 rnA 
Receiver Output Power Dissipation POD 80 mW 
Transmitter Peak Forward Input Current IFPK 90 rnA 
Transmitter Average Forward Input Current IFAVG 60 rnA 
Transmitter Reverse Input Voltage VR 3 V 
Lead Soldering Cycle I Temp TsoL +260 DC 

I Time 10 sec 

Recommended Operating Conditions 

Parameter Symbol Min. Max. Unit Condition 
Ambient Temperature TA -20 +85 OC 

Power Supply Voltage Vce 4.75 5.25 V <100mYp.p Noise 
Transmitter Peak Forward Current IFPK 20 90 rnA 
Transmitter Average Forward Current IF,AV 60 rnA 
Fanout (7400 Series TTL) N 1 

Notes: 
1. Typical data at 25'C, Vee = 5 V. 
2. With recommended transmitter and receiver application circuits (60 rnA nominal drive current). 

Note 
2 

2,3,5 
2,4,5 

Note 
2 

2,3,5 

2,4,5 

2 

Note 

6 

7 
7 

Note 

6 

3. POF is HFBR-R/EXXYYY plastic (l mm) optical fiber. Worst case attenuation used (0.23 dB/m from -40'C to +85'C at 660 nm). 
4. HCS is HFBR-H/VXXYYY hard clad silica (200/230 J.UIl) fiber. Worst case attenuation is used (10 dB/km from O'C to +70'C and 

12 dB/km from -40'C to +85'C at 650 nm). 
5. BER" 10.9, 223 -I PRBS NRZ 10 MBd. 
6. For IFPK > 60 rnA, the duty factor must maintain IFAv " 60 rnA and pulse with" IIJS. 
7. 1.6 ~ below seating plane. ' 3-37 



HFBR-1528 Transmitter 
The HFBR-1528 transmitter 

. incorporates a 650 nm LED in a 
light gray, nonconductive plastic 
housing. The high light output 
power enables the use of both 

ANODE ---'--E=:::;-­
CATHODE 

GROUND 

GROUND -'--__ --' 

SEE NOTE 5 

plastic optical fiber (POF) and 
Hard Clad Silica (HCS) fiber. This 
transmitter can be operated up to 
10 MBd using a simple driver 
circuit. The HFBR-1528 is com­
patible with all Versatile Link 
connectors. HFBR-1528 Transmitter, Top View 

Electrical and Optical Characteristics: TA = -400 to +85°C unless otherwise noted. 

Parameter Symbol Min. TypJiI Max. Units TACC) Conditions Note 

Peak Output Power PT -6.0 -3.5 0.0 dBm +25 IF, de = 60 rnA 2,3 
ImmPOF,60rnA -6.9 +0.5 Oto +70 Fig. 2 

-7.2 +1.3 -40 to +85 

Peak Output Power PT -15.6 -9.0 -2.0 dBm +25 IF,de = 20 rnA 2,3 
1 mm POF, 20 rnA -16.5 -1.5 o to +70 Fig. 2 

-16.8 -0.7 -40 to +85 

Peak Output Power PT -16.1 -12.5 -8.5 dBm +25 IF,de = 60 rnA 2,3 
200 Iilll RCS, 60 rnA -17.0 -8.0 o to' +70 Fig. 2 

-17.3 -7.2 -40 to +85 

Optical Power Tem- ~PT/~T -0040 %1°C 
perature Coefficient -0.02 dB/OC 

Peak Emission Ap 640 650 660 nm o to +70 Fig. 3 
Wavelength 635 662 -40 to +85 

Peak Wavelength ~N~T 0.12 nmfDC 
Temperature 
Coefficient 

Spectral Width FWHM 21 nm Fig. 3 

Forward Voltage VF 1.8 2.1 2.65 V IF, de = 60 rnA Fig. 1 

Forward Voltage Tem- ~VF/~T -1.8 mVrC Fig. 1 
perature Coefficierit 

Reverse Input Break- VBR 3.0 13 V IF,de = -10 IlA 
down Voltage 

Diode Capacitance Co 60 pF VF '" OV, 
f=IMRz 

Transmitter NA 0.5 
Numerical Aperture 

Thermal Resistance, Sje 140 °C/W 4 
Junction to Case 

50 n Optical Rise Time IT 13 ns 10% to 90%, 
IF = 60 rnA 

50 n Optical Fall Time If 10 ns 

Notes: 
1. Typical data are at 25"C. 
2, Optical power measured at the end of 0.5 meters of I mm diameter plastic or 200 JlIll diameter hard clad silica fiber with a large area 

detector. 
3. Minimum and maximum values for PT over temperature are based on a fixed drive current. The recommended drive circuit has 

temperature compensation which reduces the variation in PT over temperature; refer to Figures 4 and 6. 
4. Typical value measured from junction to PC board solder joint for horizontal mount package, HFBR-1528, 
5. Pins 5 and 8 are for mounting and retaining purposes, but are electrically connected; pins 3 and 4 are electrically isolated, It is 

recommended that pins 3, 4, 5 and 8 all be connected to ground to reduce coupling of electrical noise. 
6. Refer to the "Plastic Optical Fiber and HCS Fiber Cable and Connectors for Versatile Link" Technical Data Sheet for cable connector 

options for 1 mm plastic and 200 Ilm HCS optical fiber. 
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Figure 6. Recommended Transmitter Drive Circuit 
(IF,on = 60 rnA Nominal at TA = 25"C). 

TOLERANCE 

5% 

1% 

20% 

20% 

WARNING: WHEN VIEWED UNDER SOME CONDITIONS, THE OPTICAL PORT MAY EXPOSE 
THE EYE BEYOND THE MAXIMUM PERMISSIBLE EXPOSURE RECOMMENDED IN ANSI 
ZI36.2, 1993. UNDER MOST VIEWING CONDITIONS THERE IS NO EYE HAZARD. 

3-39 



HFBR-2528 Receiver 
The HFBR-2528 receiver consists 
of a silicon PIN photodiode and 
digitizing IC to produce a logic 
compatible output. The IC 
includes a unique circuit to 
correct the pulse width distortion 
of the first bit after a long idle 
period. This enables operation 

from DC to 10 MBd with low 
PWD for arbitrary data patterns. ,r===:I---''--- NO CONNECT 

Vee 

The receiver output is a "push­
pull" stage compatible with TTL 
and CMOS logic. The receiver 
housing is a dark, conductive 
plastic, compatible with all 
Versatile Link connectors. 

GROUND 

_-'===3f-'-- Vo 

SEE NOTES 5,7 

HFBR-2528 Receiver, Top View 

Electrical and Optical Characteristics: TA = -200to +85"C, 4.75 v < Vee < 5.25 V, unless 
otherwise noted. 

Parameter Symbol Min. Typ.!l] Max. Unit TA ("C) Condition Note Fig. 
Peak POF Sensitivity: PRL,min -23.0 -21.0 dBm +25 1 mmPOF, 2,6 2,4 
Minimum Input for -20.0 o to +70 IPWDI < 30 ns 
Logic "0" -19.5 -20 to +85 
Peak POF Overdrive PRL,max +1.0 +5.0 dBm +25 1 mmPOF, 2,3, 1,2, 
Limit: Maximum +0.0 o to +70 IPWDI < 30 ns 6 3 
Input for Logic "0" -1.0 -20 to +85 
Peak POF Off State PRH,max -42 dBm 1 mmPOF 2,6, 
Limit: Maximum 8 
Input for Logic "1" 
Peak HCS PRL,min -25.0 -23.0 dBm +25 200 JlmHCS, 2,6 
Sensitivity: Minimum -22.0 o to +70 IPWDI < 30 ns 
Input for Logic "0" -21.5 -20 to +85 
Peak HCS Overdrive PRL,max -1.0 +3.0 dBm +25 200 Jlill HCS, 2,3, 
Limit: Maximum -2.0 o to +70 IPWDI < 30ns 6 
Input for Logic "0" -3.0 -20 to +85 
Peak HCS Off State PRH,max -44 dBm 200 Jlill HCS 2,6, 
Limit: Maximum 8 
Input for Logic" 1" 
Supply Current lex: 27 45 rnA Vo = Open 
High Level Output VOH 4.2 4.7 V 10 = -40 JlA 
Voltage 
Low Level Output VOL 0.22 0.4 V 10 = +1.6 rnA 
Voltage 
Output RiseTime t,. 12 30 ns C" = 10 pF 6 
Output Fall Time tr 10 30 ns CL = 10pF 6 
Thermal Resistance, Sjc 200 °C/W 4 
Junction to Case 
Electric Field EMAX 8 kWm Near Field, 5 
Immunity Electrical 

Field Source 
Power Supply PSNI 0.1 0.4 V Sine Wave 6 
Noise Immunity 

pp 
DC -10 MHz 

Notes: 
1. Typical data are at 25°C, Vee = 5.0 V. 
2. Input power levels are for peak (not average) optical input levels. For 50% duty cycle data, peak optical power is twice the average 

optical power. 
3. Receiver overdrive (PRL,maJ is specified as the limit where I PWDI will not exceed 30 ns. The receiver will be in the correct state 

(logic "0") for optical powers above PRL,max' However, it may not meet a 30% symbol period PWD if the overdrive limit is exceeded. 
Refer to Figure 2 for PWD performance at high received optical powers. 

4. Typical value measured from junction to PC board solder joint for horizontal mount package, HFBR-2528. 
5. Pins 5 and 8 are electrically connected to the conductive housing and are also used for mounting and retaining purposes. It is required 

that pins 5 and 8 be connected to ground to maintain conductive housing shield effectiveness. 
6. In recommended receiver circuit, with an optical signal from the recommended transmitter circuit. 
7. Pin 4 is electrically isolated internally. Pin 4 may be externally connected to pin 1 for board layout compatibility with HFBR-25Xl, 

HFBR-25X2 and HFBR-25X4. Otherwise it is recommended pin 4 be grounded as in Figure 5. 
8. BER"; IOE-9, includes a 10.8 dB margin below the receiver switching threshold level (signal to noise ratio = 12). 
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Figure 6. HFBR-2528 Receiver Block Diagram. 

Versatile Link Mechanical Dimensions Versatile Link Printed Circuit Board 
Layout Dimensions 

L_ 
r-

2.0 
(0.080) 

PIN NO.1 INDICATOR 

L-19.6 
I (0.770) 

(O'r) (0.305) 

10.2 
(0.400) 

o~. 771 

* 
4.06(0.160IMAX.L L 

7.62 H 3.56 (0.140) MIN. II Jt 1.27 
(0.300) 0.51 .-I _ (0.050) 

(0.020) 2.5 0- (0.100) 

0.64 (0.025) DIA. 

j l- .l i I NOTE: ALL DIMENSIONS IN MM (INCHES). 
2.& --I I-- 1.85 ALL DIMENSIONS", 0.25 mm UNLESS 

(0.109) (0.073) OTHERWISE SPECIFIED. 

ELECTRICAL PIN FUNCTIONS 

TRANSMmER RECEIVER 
PIN NO. HFBR-1528 HFBR-2528 

1 ANODE SIGNAL, Vo 
2 CATHODE GROUND 
3 GROUND' VCC (+5 V) 
4 GROUND' GROUND' 
5 GROUND" GROUND" 
8 GROUND" GROUND" 

, NO INTERNAL CONNECTION, 
GROUND CONNECTION RECOMMENDED . 

.. PINS 5 AND 8 CONNECTED INTERNALLY 
TO EACH OTHER. 
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SERCOS Fiber Optic 
Transmitters and Receiver 

Technical Data 

Features 
• Fully Compliant to SERCOS 

Optical Specifications 
• Optimized for 1 mm Plastic 

Optical Fiber 
• Compatible with SMA 

Connectors 
• Auto-Insertable and Wave 

Solderable 
• Data Transmission at 

Symbol Rates from DC to 
over 2 MBd for Distances 
from 0 to over 20 Metres 

Applications 
• Industrial Control Data 

Links 
• Reduction of Lightning and 

Voltage Transient Suscepti­
bility 

• Tempest-Secure Data 
Processing Equipment 

• Isolation in Test and 
Measurement Instruments 

• Robotics Communication 

SERCOS 
SERCOS is a SErial Realtime 
COmmunication System, a 
standard digital interface for 
communication between controls 
and drives for numerically 

controlled machines. The SERCOS 
interface specification was written 
by a joint working group of the 
VDW (German Machine Tool 
Builders Association) and ZVEI 
(German Electrical and Electronic 
Manufacturer's Association) to 
allow data exchange between NC 
controls and drives via fiber optic 
rings, with isolation and noise 
immunity. The HFBR-0600 family 
of fiber optic transmitters and 
receivers comply to the SERCOS 
specifications for transmitter and 
receiver optical characteristics 
and connector style (SMA). 

Description 
The HFBR-0600 components are 
capable of operation at symbol 
rates from DC to over 2 MBd and 
distances from 0 to over 20 
metres. The HFBR-1602 and 
HFBR-1604 transmitters contain 
a 655-nm AlGaAs emitter capable 
of efficiently launching optical 
power into 1000 Ilm plastic 
optical fiber. The optical output is 
specified at the end of 0.5 m of 
plastic optical fiber. 

The HFBR-1604 is a selected 
version of the HFBR-1602, with 
power specified to meet the 

rliiiW HEWLETT® 
a:~PACKARD 

HFBR-0600 Series 

SERCOS high attenuation 
specifications. 

The HFBR-2602 receiver incor­
porates an integrated photo IC 
containing a photodetector and dc 
amplifier driving an open­
collector Schottky output 
transistor. The HFBR-2602 is 
designed for direct interfacing to 
popular logic families. The 
absence of an internal pull-up 
resistor allows the open-collector 
output to be used with logic 
families such as CMOS requiring 
voltage excursions higher than 
Vee. The HFBR-2602 has a 
dynamic range of 15 dB. 

CAUTION: The smaUjunction sizes inherent to the design oJthis component increase the companent's 
susceptibility to damage.from electrostatic discharge (ESD). It is advised that normal static precautions be 
taken in handling and assembly' oj this component to prevent damage and/or degradation which may be 
induced by ESD. 
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HFBR-160X Transmitters 

ANODE 

CATHODE 

Pin Function 
1· N.C. 
2 ANODE 
3 ... CATIfODE 
4" N.C. 
5" N.C. 
6 N.C. 7·· CATIfODE 
S· N.C 

HFBR-2602 Receiver 

Pin 
1· 
2 
3 
4· 
5· 
6 
7 
S· 

Function 
N.C. 
Vcc<5V) 
COMMON 
N.C. 
N.C. 
DATA 
COMMON 
N.C. 

Vee 

DATA 

COMMON 

HFBR-0600 SMA Series 
Mechanical Dimensions 

(0.50) 

1/4·36 UNS 2A 
THREAD 

1

_ 12.7 1 

~
---1. 

6A 
(0.25) DIA 

J . ---r 
, , 

3.81 --tl-(0.15) 2.54 
(0.10) DIA 

PlN5I.4,s.a 
0.51 X 0.38 

(0.020 X 0.015) _i=liI1:::iD-, 

PINS 2,3,6.7 
0;0& 
(0.01~ DIA. 

PIN NO.1 
INDICATOR 

*Pins 1, 4, 5, and 8 are isolated from the intemal circuitry, but electrically connected to 
one another. j

~:~)-
**Transmitter Pin 7 may be left unconnected if necessary. 

In the receiver, both the open­
collector "Data" output Pin 6 and 
Vee Pin 2 are referenced to 
"Common" Pin 3 and 7. It is 
essential that a bypass capacitor 
(0.1 flF ceramic) be connected 
from Pin 2 (Vee) to Pin 3 (circuit 
common) of the receiver. 

3-44 

SMA is an industry staridard fiber 
optic connector, available from 
many fiber optic connector 
suppliers. HFBR-4401 is a kit 
consisting of 100 nuts and 100 
washers for panel mounting the 
HFBR-0600 components. 

, 
3.8 : ::. " ----*- 10.2 

1(0.14) '",: 5.1 (0.40) 

~J. tL ~ ';'----' 
2.54 

(0.10) 



HFBR-1602/1604 Transmitters 

Absolute Maximum Ratings 

Parameter Symbol Min. Max. Unit Reference 

Storage Temperature Ts -55 85 °c 

Operating Temperature TA -40 85 °C 

Lead Soldering Cycle I Temp. 260 °c Note 1 

I Time 10 s Note 1 

Forward Input Current Peak IFPK 120 rnA 

Forward Input Current Average IFavg 60 rnA 

Reverse Input Voltage VBR -5 V 

ElectricallOptical Characteristics 0 to 55°C, unless otherwise stated 

Parameter Symbol Min. Typ.l2] Max. Unit Condition Reference 

Forward Voltage VF 1.5 1.9 2.2 V IF = 35 rnA 

Forward Voltage f.Vr/f.T -1.2 mVrC IF = 35 rnA 
Temp. Coefficient 

Reverse Input Voltage VBR -5.0 -18 V IR = 100 ItA 
Peak Emission Ap 640 655 675 nm 
Wavelength 

Full Width Half l'WHM 20 30 nm 25°C 
Maximum 

Diode Capacitance CT 30 pF VF = 0 
f=lMHz 

Optical Power Temp. t.PT/f.T - 0.01 dBm/OC IF = 35 rnA 
Coefficient 

Thermal Resistance 8JA 330 °C/W Notes 3,4 

Peak Optical Output PT1602 -10.5 -5.5 dBm IF = 35 rnA Notes 5, 6, 
Power of HFBR-1602 11 

Peak Optical Output PT1604 -7.5 -3.5 dBm IF = 60 rnA Notes 5,6, 
Power of HFBR-1604 -10.5 -5.5 dBm IF = 35 rnA 11 

Rise Time (10% to 90%) 4: 57 ns IF = 60 rnA 
50 ns IF = 35 rnA 

Fall Time (90% to 10%) tf 40 ns IF = 60 rnA 
27 ns IF = 35 rnA 

3-45 



HFBR-2602 Receiver 
Absolute Maximum Ratings 

Parameter 

Storage Temperature 

Operating Temperature 

Lead Soldering Cycle I Temp. 

I Time 

Supply Voltage 

Output Current 

Output Voltage 

Output Collector Power Dissipation 

Fan Out (TTL) 

Symbol 

Ts 

TA 

Vcc 

Io 

Vo 

POAVG 

N 

Electrical/Optical Characteristics 0 to 55°C; 

Min. Max. Unit 

-55 S5 OC 

-40 S5 OC 

260 °C 

10 s 

-0.5 7.0 V 

25 mA 

-0.5 lS.0 V 

40 mW 

5 

Fiber core diameter:S; 1.0 mm, fiber N.A.:S; 0.5, 4.75 V:S; V cc:S; 5.25 V 

Parameter Symbol Min. Typ,l21 Max. Unit Condition 

High Level Output IOH 5 250 J.LA VoH =lSV 
Current PR < -31.2 dBm 

Low Level Output VOL 0.4 0.5 V IoL=SmA 
Voltage PR > -20.0 dBm 

High Level Supply ICCH 3.5 6.3 mA Vcc = 5.25 V 
Current PR < -31.2 dBm 

Low Level Supply ICCL 6.2 10 mA Vcc = 5.25 V 
Current PR > -20.0 dBm 

Reference 

Note 1 

Note 1 

NoteS 

Reference 

Dynamic Characteristics 0 to 550C unless otherwise specified; 4.75 V:S; Vcc:S; 5.25 V; BER:S; 10.9 

Parameter Symbol Min. Typ.[21 Max. Unit Condition Reference 

Peak Input Power PRH -31.2 dBm A.p = 655 nm Note 7 
Level Logic HIGH 

Peak Input Power PRL -20.0 -5.0 dBm IOL = SmA Note 7 
Level Logic LOW 

Propagation Delay tpLH 60 ns PR = -20 dBm Note S, 9 
LOW to HIGH 2MBd 

Propagation Delay tpHL 110 ns PR = -20 dBm NoteS, 9 
HIGH to LOW 2MBd 

Pulse Width PWD 50 ns PR = -5 dBm Note 10 
Distortion, Figure 6 
tPLH - tPHL -50 ns PR = -20 dBm 
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Notes: 
I. 2.0 mm from where leads enter case. 
2. Typical data at TA = 25"0. 
3. Thermal resistance is measured with 

the transmitter coupled to a connector 
assembly and fiber, and mounted on a 
printed circuit board. 

4. Pins 2, 6, and 7 are welded to the 
cathode header connection to minimize 
the thermal resistance from junction to 
ambient. To further reduce the thermal 
resistance, the cathode trace should be 
made as large as is consistent with 
good RF circuit design. 

5. PT is measured with a large area 
detector at the end of 0.5 metre of 
plastic optical fiber with 1 mm 
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Figure 1. Forward Voltage and 
Current Characteristics. 
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diameter and numerical aperture of 
0.5. 

6. When changing I1W to dBm, the optical 
power is referenced to 1 m W (1000 
11W). Optical Power P(dBm) = 10 log 
IP (11W)/I000 I1WJ. 

7. Measured at the end of 1 mm plastic 
fiber optic cable with a large area 
detector. 

8. 8 mA load (5 x 1.6 mA), RL = 560 n. 
9. Propagation delay through the system 

is the result of several sequentially 
occurring phenomena. Consequently it 
is a combination of data-rate-limiting 
effects and of transmission-time 
effects. Because of this, the data-rate 
limit of the system must be described 

3 
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Figure 2. Typical Transmitter Output 
vs. Forward Current. 
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" V 
_P'<: V 
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II 

in terms of time differentials between 
delays imposed on falling and rising 
edges. As the cable length is increased, 
the propagation delays increase. Data­
rate, as limited by pulse width distor­
tion, is not affected by increasing cable 
length if the optical power level at the 
receiver is maintained. 

10. Pulse width distortion is the difference 
between the delay of the rising and 
falling edges. 

11. Both HFBR-1602 and HFBR-1604 
meet the SERCOS "low attenuation" 
specifications when operated at 35 mA; 
only HFBR-1604 meets the SERCOS 
"high attenuation" limits when operated 
at 60mA. 
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Figure 3. Transmitter Spectrum 
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Plastic Optical Fiber and 
HCS® Fiber Cable and 
Connectors for Versatile Link 

Technical Data 

Features 
• Compatible with HP Versatile 

Link Family of Connectors 
and Fiber Optic Components 

• 1 mm Diameter Plastic 
Optical Fiber (POF) in Two 
Grades: Low Cost Standard 
POF with 0.22 dB/m Typical 
Attenuation, or High 
Performance Extra Low Loss 
POF with 0.19 dB/m Typical 
Attenuation 

• 200 ~ Diameter Hard Clad 
Silica (lICS@)Fiber with 
8 dB/km Typical Attenua­
tion, Riser or Plenum Rated 
Jackets, Superior 
Mechanical Strength 

Applications 
• Industrial Data Links for 

Factory Automation and 
Plant Control 

• Intra-System Links; Board­
to-Board, Rack-to-Rack 

• Telecommunications 
Switching Systems 

• Computer-to-Peripheral Data 
Links, PC Bus Extension 

• Proprietary LANs 
• Digitized Video 
• Medicallnstrum:ents 

• Reduction of Lightning and 
Voltage Transient 
Susceptibility 

• High Voltage Isolation 

Cable Description 
The RFBR-R/EXXYYY series of 
plastic fiber optic cables are 
constructed of a single step-index 
fiber sheathed in a black poly­
ethylene jacket. The duplex fiber 
consists of two simplex fibers 
joined with a zipcord web. 

Standard attenuation and extra 
low loss POF cables are identical 
except for attenuation 
specifications. 

The RFBR-H/VXXYYYY series of 
hard clad silica fiber optic cables 
are constructed of a single step 
index pure silica RCS" fiber 
sheathed in a blue polyvinyl 
chloride jacket. The duplex fiber 
consists of two simplex fibers 
joined with a zipcord web. Riser 
and Plenum rated RCS" fiber 
cables are identical except for 
jacket materials. 

Polyethylene jackets on all plastic 
fiber cables comply with UL VW-l 
flame retardant specifications. 

HCS@ is a registered trademark of SpecTran Corporation. 

5963-3711E 

rliP'W HEWLETT$ a!r... PACKARD 

HFBR-RXXYYY Series (POF) 
HFBR-EXXYYY Series (POF) 
HFBR-HXXYYY Series (lICS) 
HFBR-VXXYYY Series (lICS) 

1000 

100 

10 

1 
620 

- r-- POF 

L Bes 

640 660 660 700 

WAVELENGTH - nm 

Typical POF and Res Attenuation 

PVC jackets on RCS" cables are 
either UL Riser rated or UL 
Plenum rated. 

All series of cables are available in 
unconnectored or connectored 
options. Refer to the Ordering 
Guide for part number 
information. 
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Plastic Optical Fiber Specifications: HFBR-R/EXXYYY 
Absolute Maximum Ratings 

Parameter Symbol Min. 

Storage and Operating Temperature Tso ·55 
Recommended Operating Temperature To ·40 
Installation Temperature TJ ·20 
Short Term Tensile I Single Channel FT 
Force I Dual Channel FT 
Short Term Bend Radius r 25 
Long Term Bend Radius r 35 
Long Term Tensile Load FT 
Flexing 

Max. Unit Note. 

+85 "C 

+85 °C 
+70 "C 1 
50 N 2 
100 N 

mm 3,4 
mm 

1 N 
1000 Cycles 4 

Mechanical/Optical Characteristics, TA = ·40 to +85"C unless otherwise specified 

Parameter Symbol Min. Typ.[5l Max. 
Cable Standard Cable, Oto 0.15 0.22 0.27 
Attenuation Type "R" 

Extra Low Loss, 0.15 0.19 0.23 
Type"E" 

Reference Standard Cable, OtR 0.12 0.19 0.24 
Attenuation Type "R" 

Extra Low Loss, 0.12 0.16 0.19 
Type"E" 

Numerical Aperture NA 0.46 0.47 0.50 
Diameter, Core and Cladding Dc 0.94 1.00 1.06 
Diameter, Jacket DJ 2.13 2.20 2.27 
Propagation Delay Constant l/V 5.0 
Mass per Unit Length/Channel 5.3 
Cable Leakage Current IL 12 
Refractive Index Core n 1.492 

Cladding 1.417 

Notes: 
1. Installation temperature is the range over which the cable can be bent and pulled 

without damage. Below ·20"C the cable becomes brittle and should not be subjected to 
mechanical stress. 

2. Short Tenn Tensile Force is for less thim 30 minutes. 
3. Short Tenn Bend Radius is for less than 1 hour nonoperating. 
4. 90' bend on 25 mm radius mandrel. Bend radius is the radius of the mandrel around 

w):lich the cable is bent. 
5. Typical data are at 25"C. 
6. Propagation deia¥ constant is the reciprocal of the group velocity for propagation deia¥ 

of optical power. Group velocity is v=c/n where c is the velocity of light in free space 
(3x108 m/s) and n is the effective core index of refraction. 

7. Note that (XR rises at the rate of about 0.0067 dB/"C, where the thennal rise refers to 
the LED temperature changes above 25'0. Please refer to Figure 1 which shows the 
typical plastic optical fiber attenuation versus wavelength at 25'0. 
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Unit Condition 
dB/m Source is HFBR·15XX 

(660 mm LED, 0.5 NA) 
R, = 50 meters 

dB/m Source is 650 nm, 
0.5 NA monochrometer, 
R, = 50 meters 
Note 7, Figure 1 
>2 meters 

mm 
mm Simplex Cable 
ns/m Note 6 
glm Without Connectors 
nA 50 kV, R, = 0.3 meters 

14001--\--1---+--+--+1 
I 

Z 

~ 3001--\+--+-.... ""'1'----\ 

! 
8=200 

10082=o---:e':::40~--:eeo::---:6:::60:----='7OO 

I. - WAVELENGTH - nm 

Figure 1. Typical POF Attenuation vs. 
Wavelength. 



Plastic Fiber Connector 
Styles 
Connector Description 
Four connector styles are available 
for termination of plastic optical 
fiber: simplex, simplex latching, 
duplex and duplex latching. All 
connectors provide a snap-in 
action when mated to Versatile 
Link components. Simplex 
connectors are color coded to 
facilitate identification of trans­
mitter and receiver connections. 
Duplex connectors are keyed so 
that proper orientation is ensured 
during insertion. If the POF cable/ 
connector will be used at extreme 
operating temperatures or 
experience frequent and wide 
temperature cycling effects, the 
cable/connector attachment can 
be strengthened with an RTV 
adhesive (see Plastic Connector­
ing Instructions for more detail). 

SIMPLEX CONNECTOR STYLES 
HFBR-4501/4511/4501B - Simplex 

SIMPLEX CRIMP RING, HFBR-4525 

The simplex connector provides a 
quick and stable connection for 
applications that require a 
component-to-connector retention 
force of 8 Newtons (1.8 lb.). 
These connectors are available in 
gray (HFBR-4501), blue (HFBR-
4511), or black (HFBR-450lB). 

HFBR-4503/4513/4503B - Simplex 

Latching 
SIMPlEX 
CAIMPRING, 
HFBR-4525 

The simplex latching connector is 
designed for rugged applications 
requiring a greater retention force 
- 80 Newtons ( 18 lb.) - than 
provided by a simplex nonlatching 
connector. When inserting the 
simplex latching connector into a 
module, the connector latch 
mechanism should be aligned 
with the top surface of the 
horizontal modules, or with the 
tall vertical side of the vertical 
modules. Misalignment of an 
inserted latching connector into 
either module will not result in a 
positive latch. The connector is 
released by depressing the rear 
section of the connector lever, 
and then pulling the connector 
assembly away from the module 
housing. 

The simplex latching connector is 
available in gray (HFBR-4503), 
blue (HFBR-4513), or black 
(HFBR-4503B). 

DUPLEX CONNECTOR STYLES 

HFBR-4506/4506B - Duplex 

HFBR-4516/4516B - Duplex Latching 

The duplex latching connector is 
designed for rugged applications 
requiring greater retention force 
than the nonlatching duplex con­
nector. When inserting the duplex 
latching connector into a module, 
the connector latch mechanism 
should be aligned with the top 
surface of the dual combination of 
horizontal or vertical Versatile 
Link components. The duplex 
latching connector is available in 
gray (HFBR-4516) or black 
(HFBR-4516B). 

Feedthrougb/Splice 

HFBR-4505/4515/4506B Bulkhead 

DUPLEX Adapter 
CAIMPAING, 
HFBR-4526 

Duplex connectors provide con­
venient duplex cable termination 
and are keyed to prevent incorrect . 
insertion into duplex configured 
modules. The duplex connector is 
compatible with dual combina­
tions of horizontal or vertical 
Versatile Link components (e.g., 
two horizontal transmitters, two 
vertical receivers, a horizontal 
transmitter with a horizontal 
receiver, etc.). The duplex non­
latching connector is available in 
parchment, off-white (HFBR-
4506) or black (HFBR-4506B). 

The HFBR-4505/4515 adapter 
mates two simplex connectors for 
paneVbulkhead feedthrough of 
HFBR-4501!4511 terminated 
plastic fiber cable. Maximum 
panel thickness is 4.1 mm (0.16 
inch). This adapter can serve as a 
cable in-line splice using two 
simplex connectors. The adapters 
are available in gray (HFBR-
4505), blue (HFBR-4515), and 
black (HFBR-4505B). This 
adapter is currently not compat­
ible with POF duplex, POF 
simplex latching, or HCS 
connectors. 
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Plastic Optical Fiber Connector Absolute Maximum Ratings 
Parameter Symbol Min. Max. Unit Note 

Storage and Operatirtg Temperature Tso -40 85 °C 1 
Recommended Operating Temperature To -40 85 °C 1 
Installation Temperature TI 0 70 °C 1 
Nut Torque TN 0.7 N-m 2 
HFBR-4505/4515 Adapter 100 OzF-in. 

Notes: 
1. Storage and Operating Temperatures refer to the ranges over which the connectors can be used when not subjected to mechanical 

stress. Installation TemperatUre refers to the ranges over which connectors inay be installed onto the fiber and over which connectors 
can be connected and disconnected from transmitter and receiver modules. 

2. Recommended nut torque is 0.57 N-m. 

Plastic Optical Fiber Connector Mechanical/Optical Characteristics 
TA = -40 to +85°C, Unless Otherwise Specified 

Parameter Part Number Symbol Min. Typ,lll Max. Units 
Retention Force, Simplex, FR-C 7 8 N 
Connector to HFBR-4501/4511 3 
Versatile Link Simplex Latching, 47 80 
Transmitters and HFBR-4503/4513 11 
Receivers Duplex, 7 12 

HFBR-4506 4 
Duplex Latchirtg, 50 80 
HFBR-4516 15 

Tensile Force, Simplex, FT 8.5 22 N 
Connector to Cable HFBR-450l/4511 

Simplex Latching, 8.5 22 
HFBR-4503/4513 
Duplex, HFBR-4506 14 35 
Duplex Latching, 14 35 
HFBR-4516 

Adapter Connector HFBR-4505/4515 with ace 0.7 1.5 2.8 dB 
to Connector Loss HFBR-450l/4511 
Retention Force HFBR-4505/4515 with FR_B 7 8 N 
Connector to Adapter HFBR-4501/4511 
Insertion Force, Simplex, FI 8 30 N 
Connector to HFBR-450l/4511 
Versatile Link Simplex Latching, 16 35 
Transmitters and HFBR-4503/4513 
Receivers Duplex, HFBR-4506 13 46 

Duplex Latching 22 51 
HFBR-4516 

Notes: 
1. Typical data are at +25"C. 

Temp. "C Note 
+25 2 

-40 to +85 
+25 

-40 to +85 
+25 

-40 to +85 
+25 

-40 to +85 
3 

25 4,5 

6 

2. No perceivable reduction in retention force was observed after 2000 insertions. Retention force of non-latching connectors is lower at 
elevated temperatures. Latching connectors are recommended for applications where a high retention force at high temperatures is 
desired. 

3. For applications where frequent temperature cycling over temperature extremes is expected, please contact Hewlett-Packard for 
alternate connectoring techniques. 

4. Minimum and maximum limit for <Xcc for O"C to + 70°C temperature range. Typical value of !lee is at +25"C. 
5. Factory polish or field polish per recommended procedure. 
6. Destructive insertion force was typically at 178 N (40 lb.). 
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Step-by-Step Plastic 
Cable Connectoring 
Instructions 
The following step-by-step guide 
describes how to terminate plastic 
fiber optic cable. It is ideal for 
both field and factory installation. 
Connectors can be easily installed 
on cable ends with wire strippers, 
cutters and a crimping tool. 

Finishing the cable is accom­
plished with the Hewlett-Packard 
HFBR-4593 Polishing Kit, consist­
ing of a Polishing Fixture, 600 
grit abrasive paper and 3 11m pink 
lapping film (3M Company, OC3-
14). The connector can be used 
immediately after polishing. 

Materials needed for plastic fiber 
termination are: 
1. Hewlett-Packard Plastic Optical 

Fiber Cable (Example: HFBR­
RUS500, HFBR-RUD500, 
HFBR-EUS500, or HFBR­
EUD500) 

2. Industrial Razor Blade or Wire 
Cutters 

3. 16 Gauge Latching Wire 
Strippers (Example: Ideal 
Stripmaster™ type 45-092). 

4. HFBR-4597 Crimping Tool 
5. HFBR-4593 Polishing Kit 
6. One of the following 

connectors: 
a) HFBR-450l/4503 Gray 

Simplex/Simplex Latching 
Connector and HFBR-4525 
Simplex Crimp Ring 

b) HFBR-4511/4513 Blue 
Simplex/Simplex Latching 
Connector and HFBR-4525 
Simplex Crimp Ring 

c) HFBR-4506 Parchment (off­
white) Duplex Connector 
and HFBR-4526 Duplex 
Crimp Ring 

d) HFBR-4516 Gray Latching 
Duplex Connector and 
HFBR-4526 Duplex Crimp 
Ring 

Step 1 
The zip cord structure of the 
duplex cable permits easy 
separation of the channels. The 
channels should be separated 
approximately 50 mm (2.0 in) 
back from the ends to permit 
connectoring and polishing. 

After cutting the cable to the 
desired length, strip off approxi­
mately 7 mm (0.3 in.) of the outer 
jacket with the 16 gauge wire 
strippers. Excess webbing on the 
duplex cable may have to be 
trimmed to allow the simplex or 
simplex latching connector to 
slide over the cable. 

When using the duplex connector 
and duplex cable, the separated 
duplex cable must be stripped to 
equal lengths on each cable. This 
allows easy and proper seating of 
the cable into the duplex 
connector. 

7mm 

Step·2 
Place the crimp ring and connec­
tor over the end of the cable; the 
fiber should protrude about 3 mm 
(0.12 in.) through the end of the 
connector. Carefully position the 
ring so that it is entirely on the 
connector with the rim of the 
crimp ring flush with the connec­
tor, leaving a small space between 
the crimp ring and the flange. 
Then crimp the ring in place with 
the crimping tool. One crimp tool 
is used for all POF connector 
crimping requirements. 

For applications with extreme 
temperature operation or frequent 
temperature cycling, improved 
connector to cable attachment 
can be achieved with the use of an 
RTV (GE Company, RTV-128 or 
Dow Corning 3145-RTV) 
adhesive. The RTV is placed into 
the connector prior to insertion of 
the fiber and the fiber is crimped 
normally. The connector can be 
polished after the RTV has cured 
and is then ready for use. 

Note: By conventian, place the 
gray connector on the trans­
mitter cable end and the blue 
connector on the receiver cable 
end to maintain color coding 
(different color connectors are 
mechanicaUy identical). 

Simplex connector crimp rings 
cannot be used with duplex con­
nectors and duplex connector 
crimp rings cannot be used 
with simplex connectors because 
of size differences. The simplex 
crimp has a duU luster appear­
ance; the duplex ring is glossy 
and has a thinner waU. 
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Step 3 
Any excess fiber protruding from 
the connector end may be cut off; 
however, the trimmed fiber 
should extend at least 1.5 mm 
(0.06 in) from the connector end. 

Insert the connector fully into the 

dot is no longer visible. 
Typically, the polishing fixture 
can be used 10 times; 10 duplex 
connectors or 20 simplex 
connectors, two at a time. 

Place the 600 grit abrasive paper 
on a flat smooth surface, pressing 
down on the connector, polish the 
fiber and the connector using a 
figure eight pattern of strokes 
until the connector is flu.sh with 
the bottom of the polishing 
fixture. Wipe the connector and 
fixture with a clean cloth or 
tissue. 

Step 4 
Place the flush connector and 
polishing fixture on the dull side 
of the 3 11m pink lapping fIlm and 
continue to polish the fiber and 
connector for approximately 25 
strokes. The fiber end should be 
flat, smooth and clean. 

polishing fixture with the trinuned This cable is now ready for use. 
fiber protruding from the bottom 
of the fixture. This plastic polish­
ing fixture can be used to polish 
two simplex connectors or simplex 
latching connectors simultane­
ously, or one duplex connector. 

FIBER END 

Note: The four dots on the 
bottom of the polishing j'lXture 
are wear indicators. Replace 
the polishing fixture when any 
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Note: Use of the pink lapping 
film fine polishing step results 
in approximately 2 dB 
improvement in coupling 
performance of either a 
transmitter-receiver link or a 
bulkhead/splice over a 600 grit 
polish alone. Thisfine polish is 
comparable to the Hewlett­
Packard factcrry polish. The fine 
polishing step may be omitted 
where an extra 2 dB of optical 
power is not essential, as with 
short link lengths. Proper 
polishing of the tip of the fiber / 
connector face results in a tip 
diameter between 2.5 mm 
(0.098 in.) minimum and 3.2 
mm (0.126 in.) maximum .. 

HFBR-4593 Polishing Kit 

(USEO WITH ALL CONNECTOR TYPESI 



Hard Clad Silica Fiber Specifications: HFBR-H/VXXYYY 
Absolute Maximum Ratings 

Parameter Symbol 

Storage/Operating Temperature Tso 
Recommended Operating Temperature To 
Installation Temperature TI 
Short Term Tensile Force I Single Channel FT 

I Dual Channel FT 
Short Term Bend Radius r 
Long Term Bend Radius r 
Long Term Tensile Load FT 
Flexing 

Mechanical/Optical Characteristics, TA = -40 to +S5OC 

Parameter Symbol Min. Typ.l51 

Cable Attenuation HCS® Cable IXo 5 7 

Cable Attenuation HCS® Cable ao 5 7 
Reference Attenuation HCS® Cable aR 6.0 8.0 

Numerical Aperture NA 0.35 0.37 
Diameter, Core DcoRE 196 200 
Diameter, Cladding DCLAD 220 230 
Diameter, Buffer DBUFF 470 500 
Diameter, Jacket DJ 2.1 2.2 
Propagation Delay Constant I/v 4.8 
Mass per Unit Length/Channel 6.1 
Refractive Index Core n 1.457 

Cladding 1.407 

Notes: 
I . Insta\lation temperature is the range over which the cable can be bent and 

pulled without damage. Below -20"C the cable becomes brittle and should not 
be subjected to mechanical stress. 

2. Less than I hour. 
3. Less than I hour, non-operating. 
4. 90° bend on 9 mm radius. 
5. Typical data are at +25"C. 
6. Propagation delay constant is the reciprocal of the group velocity for 

propagation delay of optical power. Group velocity is v = c/n, where c is the 
velocity oflight in free space (3x1OS mls) and n is the effeciive core index of 
refraction. 

Min. 

-40 
~40 

-20 

9 
15 

Max. 

10 

12 
10.0 

0.39 
204 
230 
530 
2.3 

Max. Unit Note 

85 °C 

85 OC 
85 OC 1 
101 N 2 
202 N 2 

mm 3,4 
mm 

21 N 
50,000 Cycles 4 

Unit Condition 

dB/km Source is HFBR-15X7 

dB/km 
dB/km 

I. 
14 

• 

f.l.IIl 
f.l.IIl 
~m 

mm 

ns/m 
glm 

i""-

(650 nm LED, 0.5 NA) 
o to +70OC 

-40 to +85OC 
Source is 650 nm, 
0.37 NA monochrometer 
-40 to +85OC 
-€ = 2.meters 

Simplex Cable 
Note.6 
Without Connectors 

r-.... 

620 630 640 650 660 670 680 690 700 

A. - WAVELENGTH - nm 

Figure 1. Typical ReS Attenuation vs. 
Wavelength. 
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· Hard Clad Silica Optical 
Fiber Connector Styles 
Simplex Connector Style, 
HFBR-4521 
The simplex connector provides a 
quick and stable connection for 
applications that require a com­
ponent to provide a retention 
force of 8 Newtons (1.8 lb.). This 
connector is available only in 
black. 

Hard Clad Silica Glass Optical Fiber Connector 
Absolute Maximuin Ratings 

Parameter Symbol 

Storage and Operating Temperature Ts,o 
Recommended Operating Temperature To 
installation Temperature TA 

Note: 

Min. Max. Unit Note 

-40 85 "C 1 

-40 85 "C 

0 85 "C 

1. Storage and Operating Temperatures refer to the ranges over which the connectors can be Used when not subjected to mechanical 
stress. Installation Temperature refers to the ranges over which connectors may be installed onto the fiber and over which connectors 
can be connected and disconnected from transmitter and receiver modules. 

Hard Clad Silica Glass Optical Fiber Connector 
Mechanical/Optical Characteristics; TA = -40 to +85 °C 

Parameter Part Number 
Retention Force Connector to Simplex HFBR-452I 
Versatile Link Transmitters 
and Receivers 

Tensile Force Connector to Cable Simplex HFBR-452I 
Insertion Force Connector to Simplex HFBR-4521 
Versatile Link Transmitters 
and Receivers 

Notes: 
1. Typical data are at 25OC. 

Sym. 

FR-c 

FT 
FJ 

2. No perceivable reduction in retention force was observed after 2000 insertions. 
3. Destructive insertion forces was typically at 178 N (40 lb.). 
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3 8 N 2 

40 45. N 
8 30 N 3 



Instructions for Step-by-Step 
Connector Installation for 
HCS® Cable 

The following step-by-step guide 
describes how to terminate hard 
clad silica fiber optic cable. It is 
ideal for both field and factory 
installation. Connectoring the 
cable is accomplished with the 
Hewlett-Packard HFBR-4521 
Crimp and Cleave Kit consisting 
of a Cable Stripper Tool, Fiber 
Stripper Tool, Crimp Tool, and 
Diamond Cleave Tool. No 
adhesive material is needed to 
secure the cable in the connector, 
and the connector can be used 
immediately after cleaving. Con­
nectors may be easily installed on 
the cable ends with the Crimp 
and Cleave Kit. 

Materials needed for the 
terminating procedure are: 
1. Hewlett-Packard HCS@ Fiber 

Optic Cable: (Example: HFBR­
HUS500, HFBR-HUD500, 
HFBR-VVS500) 

2. HFBR-4584 Crimp and Cleave 
Kit 

3. HFBR-4521 Black Simplex 
Connector and Crimp Ring 
(HFBR-4527) 

Step 1 - Strip Outer Jacket 

The zip cord structure of the 
duplex cable permits easy separa­
tion of the channels. The 
channels should be separated 
approximately 75 mm (3.0 in) 
back from the ends to permit 
connectoring and cleaving. After 
cutting the cable to the desired 
length, strip off approximately 75 
mm (3 in) of the outer jacket with 
the cable stripper tool, selecting 
the 1.6 cutting hole labeled on 
the cable stripper tool. This is 
done by applying a quick 
squeezing action to cut the cable 
jacket. Remove the cut cable 
jacket portion. 

Step 2 - Install Crimp Ring 
(HFBR-4527) to Fiber 

Place the crimp ring over the end 
of the cable and rest the larger 
end against the unstripped cable 
jacket. Selecting the smaller 
crimp hole (front die nest), align 
the crimp ring in the crimp tool 
jaws and fully squeeze the tool 
handles together and release. 
This crimps the crimp ring to the 
fiber buffer. 

Step 3 - Strip Buffer 

Insert the stripped cable through 
the guide hole of the fiber 
stripper tool, inserting the crimp 
ring until it is fully seated in the 

guide tube. Holding the 
unstripped cable securely, 
squeeze the handles of the fiber 
stripper to cut the fiber buffer 
and pull straight to slightly 
separate the buffer. 

Release the fiber stripper 
handles, remove the tool and 
carefully slide the buffer off the 
fiber by hand. Inspect the fiber 
for cladding damage (Le., white 
dusty appearance). If damage has 
occurred, cut the damaged 
portion of the fiber and repeat 
the Strip Outer Jacket procedure. 
If the fiber stripper tool blade is 
worn, replace the tool 
immediately. 

Step 4 - Install Ferrule 
(Connector) 

Slide the ferrule onto the fiber 
and into the crimp ring, carefully 
aligning the ferrule fully within 
the crimp ring. The fiber should 
protrude at least 35 mm (1.4 in) 
through the end of the ferrule. 
Selecting the large hole on the 
crimp tool (rear die nest), crimp 
the ring to the ferrule by fully 
squeezing the crimp tool handles 
together and releasing. 

Step 5 - Cleave Fiber 
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Carefully insert the ferrule into 
the slot on the diamond cleave 
tool until the ferrule rests 
securely in the cleave tool 
connector adapter. 

Check to see that the fiber is 
positioned between the two fiber 
clamps and that the connector 
face is in proximity to the cleav­
ing blade. If the ferrule or the 
fiber is not positioned correctly, 
remove the cable assembly and 
reinsert the ferrule. 

Holding the cleave tool horizon­
tally, grip the handle, leaving the 
index finger free. Release the 
ferrule, and, using the index 
finger, slowly depress the cleave 

tool trigger until the trigger is 
completely down. This motion 
activates the fiber clamp and the 
diamond cleave blade to complete 
the fiber termination; the ferrule 
will snap back slightly after the 
cleave process. Remove the 
cleaved ferrule (connector 
assembly) from the adapter slot 

and release the cleave tool 
trigger. Remove the fiber 
remnant from the cleave tool 
fiber clamps and dispose of 
properly. The fiber end should be 
flat, smooth and clean. Repeat 
this process for the other end of 
the cable, and the cable is now 
ready for use. 

Ordering Guide for POF and HCS Connectors and Accessories 
Plastic Optical Fiber Connectors 
HFBR-4501 Gray Simplex Connector/Crimp Ring 
HFBR-4511 Blue Simplex Connector/Crimp Ring 
HFBR-4501B Black Simplex Connector/Crimp Ring 
HFBR-4503 Gray Simplex Latching Connector with Crimp Ring 
HFBR-4513 Blue Simplex Latching Connector with Crimp Ring 
HFBR-4503B Black Simplex Latching Connector with Crimp Ring 
HFBR-4506 Parchment Duplex Connector with Crimp Ring 
HFBR-4506B Black Duplex Connector with Crimp Ring 
HFBR-4516 Gray Duplex Latching Connector with Crimp Ring 
HFBR·4516B Black Duplex Latching Connector with Crimp Ring 
HFBR-4505 Gray Adapter (Bulkhead/Feedthrough) 
HFBR-4515 Blue Adapter (Bulkhead/Feedthrough) 
HFBR-4505B Black Adapter (Bulkhead/Feedthrough) 

Plastic Optical Fiber Accessories 
HFBR·4525 1000 Simplex Crimp Rings 
HFBR-4526 500 Duplex Crimp Rings 
HFBR-4593 Polishing Kit (one polishing tool, tWo pieces 600 grit 

abrasive paper, and two pieces 3 iJm pink lapping film) 
HFBR-4597 Plastic Fiber Crimping Tool 

HCS@ Fiber Connectors 
HFBR-4521 Black Simplex Connector/Crimp Ring 

HCS@ Fiber Accessories 
HFBR-4527 100 Simplex Crimp Rings 
HFBR-4584 Crimp and Cleave Termination Kit (one Fiber Strip tool, 

one Cable Strip tool, one Crimp tool, one Scissors and 
one Diamond Cleave Tool) 
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Ordering Guide for POF 
and HCS Cable 
Four steps are required to 
determine the proper part 
number for a desired cable. 

Step 1 
Select the cable type. 
POF: Standard (R) or Extra Low 
Loss (E) Attenuation Cable. 

HCS: Riser (H) or Plenum (V) 
rated cable. . 

Step 2 
Select the co~ector style. 
POF: Simplex, Simplex Latching, 
Duplex, or Duplex Latching. 

HCS: Simplex only (non­
latching). 

Step 3 
Select Simplex or Duplex 
cable. 

Step 4 
Determine the cable length. 
To determine the appropriate 
part number, select the letter 
corresponding to your selection 
and fIll in the appropriate 

information, as in the chart 
below. 

For Example: 
HFBR-RUD500 is a Standard 
Attenuation, Unconnectored, 
Duplex, 500 meter cable. 

HFBR-ELSOOI is an Extra Low 
Loss Attenuation, Latching 
Simplex Connectored, Simplex, 1 
meter cable. 

HFBR-RMDOI0 is a Standard 
Attenuation, Standard Duplex 
Connectored, Duplex, 10 meter 
cable. 

HFBR-RNDlOO is a Standard 
Attenuation, Standard Simplex 
Connectored, Duplex, 100 meter 
cable. 

Cable Length Tolerances: 
The plastic cable length 
tolerances are: + 10%/-0%. 

Note: 0.1 meter Standard 
Attenuation Simplex lengths are 
available: 0.5 meter Standard 
Attenuation Simplex and Duplex 
lengths are also available. The 

HFBR· 000000 

lengths are ordered as HFBR­
xxxlDM or HFBR-xxx5DM. 
Cables of 1 to 10 meter lengths in 
1 decimeter increments are also 
available. This cable is ordered as 
HFBR-xxxyyD where "yy" is the 
length of the cable. For example, 
a 1.5 meter Standard Attenuation, 
Standard Simplex Connectored, 
Simplex cable would be ordered 
as HFBR-RNSI5D. 

NOTE: By convention, pre­
connectored simplex POF cables 
have gray and blue colored 
connectors on the opposite ends 
of the same fiber; although 
oppositely colored, the 
connectors are mechanically 
identical. For duplex POF cables 
with simplex connectors, the 
same rule applies to each fiber 
and adjacent terminations use 
complimentary colored 
connectors. For duplex POF 
cables with duplex connectors 
similar rules apply using color 
coded markings on the duplex 
fiber cable. Pre-connectored 
simplex HCS cables have 
identically colored BLACK 
connectors on both ends of the 
fiber. 

Cable Code ___________ ..JJ L Length Code (m ........ d from tip of 

R = Standard Attenuation POF connector to tip of connector) 
E = Extra Low Loss POF 1-500 meters in 1 meter increments 
H = Riser Rated HCS e.g. 015 = 15 meters 
V = Plenum Rated HCS 1-10 meters in 1 decimeter increments 

Connector Code ___________ .J 

U = Unconnectored 
N = Standard Simplex Connectors 
L = Latching Simplex Connectors 
M = Standard Duplex Connectors 
T = Latching Duplex Connectors 

e.g. 15D = 1.5 meters 

'------- Channel Code 
S = Simplex Cable 
D = Duplex Zipcord Cable 
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Connector Applications 
Attachment to Hewlett-Packard Versatile Link Fiber Optic Components 

SIMPLEX 
LATCHING 

CONNECTOR 

HORIZONTAL 
PACKAGE 

HORIZONTAL 
PACKAGE 

DIMENSIONS IN MILLIMETAES IINCHESI 

DIMENSIONS IN MILLIMETRES IINCHESI 

VERTICAL 
PACKAGE 

TWO STACKED 
VERTICAL 
PACKAGES 

TWOITACKED 
VEllnCAL 
MCKAIIES 

Bulkhead Feedthrough or Panel Mounting for HFBR-4501/4511/4IiOlB Simplex Connectors 

ADAPTER ~~ ..... x""I __ D : i~'"~·-':;: 
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Versatile Link Mechanical Dimensions 
All dimensions in mm (inches). 
All dimensions ± 0.25 mm unless otherwise specified. 

Fiber Optic Cable Dimensions 

HFBR-4505 (Gray)/4515 (Blue)/4505B (Black) 
Adapters 

(O'~il~ , 
9.1 . lot 

L 11.0 
(0.4201 

Bulkhead Feedthrough with Two HFBR-4501/ 
4511/4501B Connectors 

---I ~ MAX. WALL THICKNESS, 4.1 {O.lBOI 

Panel Mounting - Bulkhead Feedthrough 

THREE TYPES OF PANELIBULKHEAD HOLES CAN BE USED. 

DIMENSIONS IN mm !lNCHESI 
ALl DIMENliIONS ·0.2 mm 

~' .. 
f 

DOUBLE 'D' '0' HOLE 
7.9 (0.3121 DIA. MIN. 7.9 (0.3121 DIA. MIN. 

7.9 (0.3121 
HOLE MIN. 
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Versatile Link Mechanical Dimensions, continued 

HFBR-4516 (Parchment)/4516B (Black) Duplex 
Latching Connector 

HFBR-4503 (Gray)/4513 (Blue/4503 (Black) 
Simplex Latching Connector 

5.110.2001 

~rO ~1--tJJJJ.]~~w~~ ~a+3501 
1---33.0(1.3001---1 

CRIMP RING 
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HFBR-4506 (Parchment)/4506B (Black) Duplex 
Connector 

f~--Irn 'or Iw----1...J.J 

: :.,,:. 
&.B 10.2301 

CRIMP RING 

HFBR-4501 (Gray)/4511 (Blue)/4501 (Black) 
Simplex Connector 

CONNECTORS DIFFER 
DNLV IN COLOR 



Crimpless Connectors for Plastic 
Optical Fiber and Versatile Link 

Technical Data 

Features 
• Requires No Crimp Ring or 

Crimping Tool 
• Durable UL TEM® Plastic 

Material (UL File #E121562) 

• Same Low Cost as 
HFBR-450l/4503 Series 
Connectors 

• Excellent Retention Force 
• Symmetry in Nonlatching 

Connector Gives 
Simplex/Duplex 
Functionality with the Same 
Part 

Applications 
These connectors can be used for 
any application in which plastic 
optical fiber is used including: 
• Industrial Control and 

Voltage Isolation 
• Automotive Networks 
• Proprietary System 

Interconnects 
• Gaming Equipment 
• Medical Equipment 
• Telecommunications 
• Datacommunications 

Description 
The HFBR-453X series connec­
tors are an enhanced version of 
the HFBR-450 1 and HFBR-4503 
low-cost connectors for plastic 
optical fiber, which are compat­
ible with HP's versatile link series 
transmitters and receivers. The 
innovative design uses a simple, 
snap-together concept which 
eliminates the need for crimping. 
This connector not only saves the 
user labor and tool cost, but 
reduces the yield loss due to 
installation error. 

The HFBR-453X series connectors 
are available in two styles: 
latching and non-latching. For a 
duplex connector, two nonlatch­
ing simplex connectors can be 
snapped together. The connec­
tors are made of a rugged, flame 
retardant plastic which is good 
for industrial and other harsh 
environments. The HFBR-453X 
series connectors are for use with 
Plastic Optical Fiber only. 

UL TEM® is a registered trademark of the General Electric Corporation. 

5965-1659E 

rll~ HEWLETT® 
~~PACKARD 

HFBR-4531 
HFBR-4532 
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Termination Guide 
Step-by-Step Plastic Cable 
Connectoring Instructions 
The following step-by-step guide 
describes how to terminate plastic 
fiber optic cable. It is ideal for 
both field .and factory installa­
tions. Connectors can be easily 
installed on cable ends with 
standard tools such as wire 
strippers and cutters. 

Finishing the cable is accom­
plished with the Hewlett-Packard 
HFBR-4593 Polishing Kit, 
consisting of a polishing fixture, 
600 grid abrasive paper and 3 11m 
pink lapping film (3M Company, 
OC3-14). The connector can be 
used immediately after polishing. 

The following materials are 
needed for plastic fiber 
termination: 
1. Plastic optical fiber cable 

(Example: HFBR-RUD500) 
2. Wire cutters or scissors 
3. 16 gauge wire stripper 

(Example: Ideal Stripmaster 
type 45-092) 

4. HFBR-4593 polishing kit 
(optional) 

5. Crimpless connectors 

Step 1: Stripping the Fiber 
The zip cord structure of the 
duplex cable permits easy 
separation of the channels. The 
channels should be separated a 
minimum of 100 mm (4 in) to a 
maximum of 150 mm (6 in) back 
from the ends to permit connec­
toring, polishing and cable end 
flexibility. 

Mter cutting the cable to the 
desired length, strip off 
approximately 7 mm (0.3 in) of 
the outer jacket with the 16 
gauge wire strippers. 
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When using the duplex connector 
arrangement, the separated 
duplex cable should be stripped 
to roughly equal lengths on each 
cable end. 

For the non-latching version 
(HFBR-4531), the same 
connector is used for simplex and 
duplex arrangement. No crimping 
is necessary. The top half of the 
connector will snap into the 
ferrule half to secure the fiber. 

Step 2: Putting on the 
Connector 
Place the connector on each end 
of the fiber, and slide the 
connector down until the fiber 
jacket stops it. The fiber should 
protrude no less than 1.5 mm 
(0.06 in) from the end of the 
connector. 

To install simplex connectors flip 
the top half of the connector over 
aIld snap it into the ferrule half 
(with your fingers). When the top 
half latches inside the body of the 
ferrule half, proper connector-to­
cable attachment is achieved. 

For duplex connector installation 
place one connector on top of the 
other, so that the top half of each 
connector is over the ferrule half 
of the opposite connector. 

Manually press connectors 
together in the center of the 
arrangement. Then latch by 
pressing on the sides of each 
connector. As with the simplex 
version, connectors are secured 
when top halves latch into the 
ferrule halves. 

Step 3: Trimming and 
Polishing 
Any fiber in excess of 1.5 mm 
(0.06 in) protruding from the 
connector end should be cut off 
with wire cutters or scissors. 

Insert the connector fully into the 
polishing fixture with the 
trimmed fiber protruding from 
the bottom of the fixture. This 
plastic polishing fixture can be 
used to polish two simplex . 
connectors simultaneously or one 
duplex connector. 



Note: The four dots on the 
bottom of the polishing fixture 
are wear indicators. Replace 
the polishing fixture when any 
dot is no longer visible. 

Press the polishing tool down on 
the 600 grit abrasive paper. 
Polish the fiber using a figure 
eight pattern until the connector 
is flush with the bottom of the 
polishing fixture. Wipe the 
connector and fixture with a 
clean cloth or tissue. 

Step 4: Finishing 
Place the flush connector and 
polishing fixture on the dull side 
of the 3 !lm pink lapping film and 
continue to polish the fiber in the 
same figure eight pattern for 
approximately 25 strokes. The 
fiber end should be flat, smooth 
and clean. 

BFBR-4593 Polishing Kit 

Note: Use of the pink lapping 
filmfine polishing step results 
in approximately 2 dB 
improvement in coupling 
performance of either a 
transmitter~eceiver link or a 
bulkhead/splice over a 600 grit 
polish alone. This fine polish is 
comparable to the Hewlett­
Packardfactory polish. The 
fine polishing step may be 
omittedfor short link lengths. 
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HFBR-4531/4532 
Absolute Maximum Ratings 

Parameter Symbol Min. Max. Unit Note 
Storage Temperature Ts -40 85 "C 1 
Operating Temperature To -40 85 "C 1 
Installation Temperature TI 0 70 "C 1 

Connector Mechanical Characteristics 
Parameter Part Number Symbol Min. Typ. Units Temp. ("C) 

Retention Force to HFBR-0501 Series HFBR-4531 FR-c 3 8 N +25 
HFBR-4532 47 80 

Retention Force to HFBR-0508 Series HFBR-4531 8 12 
Tensile Force, Connector to Cable HFBR-4531 fT 40 50 -40 to +85 

HFBR-4532 

Note: 
1. Storage and operating temperatures refer to the ranges over which the connectors Can be used when not subjected to mechanical 

stress. Installation temperature refers to the ranges over which connectors may be installed onto the fiber and over which 
connectors can be connected and disconnected from the transmitter and receiver modules. 

Mechanical Dimensions 
All dimensions are in inches and (millimeters) 

HFBR-4531 (Nonlatching): 

-----1.18 (29.97)---------i 

I' 0.72 (18.29) 

=r P'------I[ ~! ~ IP.J.-------.->I ~ 

~-~ BEPI ~ 
O'0874~prr-----1 : ;...I _____ --"IJ 00.15(3.81) 

--r 
0.24(6.10) 
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HFBR-4532 (Latching): 

1 0.97 (24.71) 

0.29 (7.32) 

~--------'-:=:;::::::;::=:.::~Ir----J 00.15 (3.81) 

0.09($c·p~ ----II W ~:t '~r ~i 
~ _______ L-_-l __ ~ 

0.24 (6.10) 

HFBR-4531 in Duplex Configuration 

1+-------1.18(29.97)-------

~I'--- 0.72 (18.29)---­

.---.-------7--~~=_--~ 

0.357r07) 

0.758 (19.25) 

r 
0.357r07) 
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1300 nm Fiber Optic 
Transmitter and Receiver 

Technical Data 

Features 
• Low Cost Fiber Optic Link 
• Signal Rates over 155 

Megabaud 
• 1300 run Wavelength 
• Link Distances over 5 km 

• Dual-in-line Package Panel­
Mountable ST* and SC 
Connector Receptacles 

• Auto-Insertable and Wave­
Solderable 

• Specified with 62.5/125 f.lIIl 
and 50/125 f.lIIl Fiber 

• Compatible with HFBR-0400 
Series 

Applications 
• Desktop Links for High 

SpeedLANs 
• Distance Extension Links 

_ • Telecom Switch Systems 

• TAXlchip® Compatible 

Description 
The HFBR-0300 Series is 
designed to provide the most 
cost-effective 1300 nm fiber optic 
links for a wide variety of data 

communication applications from 
low-speed distance extenders up 
to SONET OC-3 signal rates. 
Pinouts identical to Hewlett­
Packard HFBR-0400 Series allow 
designers to easily upgrade their 
820 nm links for farther distance. 
The transmitter and receiver are 
compatible with two popular 
optical fiber sizes: 50/125 11m and 
62.5/125 11m diameter. This 
allows flexibility in choosing a 
fiber size. The 1300 nm wave­
length is in the lower dispersion 
and attenuation region of fiber, 
and provides longer distance 
capabilities than 820 nm LED 
technology. Typical distance 
capabilities are 2 km at 125 MBd 
and 5 km at 32 MBd. 

Transmitter 
The HFBR-1312T fiber optic 
transmitter contains a 1300 nm 
InGaAsP light emitting diode 
capable of efficiently launching 
optical power into 50/125 j.UTt and 
62.5/125 11m diameter fiber. 
Converting the interface circuit 
from a HFBR-14XX 820 nm 
transmitter to the HFBR-1312T 

'ST is a registered trademark of AT&T Lightguide Cable Connectors 
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HFBR-0300 Series: 
HFBR-1312T Transmitter 
HFBR-2316T Receiver 

requires only the removal of a few 
passive components. 

Receiver 
The HFBR-2316T receiver con­
tains an InGaAs PIN photodiode 
and a low-noise transimpedance 
preamplifier that operate in the 
1300 nm wavelength region. The 
HFBR-2316T receives an optical 
signal and converts it to an analog 
voltage. The buffered output is an 
emitter-follower, with frequency 
response from DC to typically 125 
MHz. Low-cost external compo­
nents can be used to convert the 
analog output to logic compatible 
signal levels for a variety of data 
formats and data rates. The 
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HFBR-1312T Transmitter 

~::-t~u 1 ... ----... 

PIN 
1t 
2 
3 
4t 

• • 7' 
at 

PIN NO. 1 
INDICATOR 

FUNCTION 
N.C. 
ANODE 
CATHODE 
N.C. 
N.C • 
ANODE 
N.C. 
N.C. 

'" PIN 7 IS ELECTRICALLY ISOLATED FROM 
PINS " 4, 5, AND a, BUT IS CONNECTED 
TO THE HEADER. 

t PINS " 4, 5, AND a ARE ISOLATED FROM 
THE INTERNAL CIRCUITRY, BUT ARE 
ELECTRICALLY CONNECTED TO EACH OTHER. 

HFBR-2316T is pin compatible 
with HFBR-24X6 receivers and 
can be used to extend the 
distance of an existing application 
by substituting the HFBR-2316T 
for the HFBR-2416. 

Package Information 
HFBR-0300 Series transmitters 
and receivers are housed is a 
dual-in-line package made of high 
strength, heat resistant, chem­
ically resistant, and UL V-O flame 
retardant plastic. Transmitters are 
identified by the brown port 
color; receivers have black ports. 
The package is auto-insertable 
and wave solderable for high 
volume production applications. 

HFBR-2316T Receiver 

~~: :::LOG 
_ SIGNAL 

L-___ -I 3 7 VEE 

BOTTOMV1EW 

PIN 

1t 
2 
3' 
4t 

• • 7' 
at 

PINNO.1 
INDICATOR 

FUNCTION 
N.C. 
SIGNAL 
V •• 
N.C. 
N.C • 

I Vee 
VEE 
N.C. 

, PINS 3 AND 7 ARE ELECTRICALLY 
CONNECTED TO THE HEADER. 

t PINS " 4,', AND a ARE ISOLATED FROM 
THE INTERNAL CIRCUITRY, BUT ARE 
ELECTRICALLY CONNECTED TO EACH OTHER. 

Note: The "T" in the product 
numbers indicates a Threaded ST 
connector (panel mountable), for 
both transmitter and receiver. 

Handling and Design 
Information 
When soldering, it is advisable to 
leave the protective cap on the 
unit to keep the optics clean. 
Good system performance 
requires clean port optics and 
cable ferrules to avoid obstructing 
the optical path. Clean com­
pressed air is often sufficient to 
remove particles of dirt; methanol 
on a cotton swab also works well. 

HFBR-0300 Series 
Mechanical Dimensions 

PART NUMBER 
DATE CODE h 5.os I (0.199) 

,r ~ ~ 
(0.495) ""'"" II: 

1 - t I--~---,;;......-! 
_~_...J 

I· 

1
-3.81~ 

(0.1'0) 

PINS 1,4,5,8 

o 

2.5~ 3/80032 UNEF·2A 

(0.100) 

O'51XO'38~", 
(0.020 X 0.015) d''''' :l 
PINS 2,3,6,7 or-. ~ ~_ 

(g.~~a) DIA 1--._-' 

PIN NO. 1 
INDICATOR 
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Panel Mounting 
Hardware 
The HFBR-4411 kit consists of 
100 nuts and 100 washers with 
dimensions as shown in Figure 1. 
These kits are available from HP 
or any authorized distributor. Any 
standard size nut and washer will 
work, provided the total thickness 
of the wall, nut, and washer does 
not exceed 0.2 inch (5.1mm). 

When preparing the chassis wall 
for panel mounting, use the 

~
318_32UNEF' 

.-:.~ :; R 
12.70 CIA ~ 

"- ,.50) • -I ~ 1.65 

HEX.NUT"'-.( (0.065) 

OJ 
10Al MAX. 

WASHIR (0.410) DIA. 

mounting template in Figure 2. 
When tightening the nut, torque 
should not exceed 0.8 N-m (8.0 
in-Ib). 

Recommended Chemicals 
for CleaningJDegreasing 
HFBR·0300 Products 
Alcohols (methyl, isopropyl, 
isobutyl) 
Aliphatics (hexane, heptane) 
Other (soap solution, naphtha) 

NOTE' ALL DIMENSIONS IN MILLIMETAES AND (INCHES). 

INTERNAL TOOTH LOCK WASHER 

Figure 1. HFBR-4411 Mechanical 
Dimensions. 

Figure 2. Recommended Cut-out for 
Panel Mounting. 

HFBR·1312T Transmitter Absolute Maximum Ratings 

Parameter Symbol Min. Max. Unit 

Storage Temperature Ts -55 85 OC 

Operating Temperature "I:A -40 85 OC 

Lead Soldering Cycle 260 OC 
Temperature 

Lead Soldering Cycle Time 10 sec 

Forward Input Current DC IFDc 100 rnA 

Reverse Input Voltage VR 1 V 

Do not use partially halogenated 
hydrocarbons (such as 1.1.1 tri­
chloroethane), ketones (such as 
MEK), acetone, chloroform, ethyl 
acetate, methylene dichloride, 
phenol, methylene chloride, or N­
methylpyrolldone. Also, HP does 
not recommend the use of 
cleaners that use halogenated 
hydrocarbons because of their 
potential environmental harm. 

Reference 

Note 8 

CAUTION: The small junction sizes inherent to the design ojthis bipolar component increase the component's 
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be 
taken in handling and assembly ojthis component to prevent damage and/or degradation which maybe 
induced by ESD. 
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HFBR-1312T Transmitter Electrical/Optical Characteristics 
o to 70"C unless otherwise specified 

Parameter Symbol Min. Typ,ll] Max. Unit Condition 

Forward Voltage VF 1.1 1.4 1.7 V IF = 75 mA 

1.5 IF = 100 mA 

Forward Voltage I:NF/!:J.T -1.5 mV;oC IF = 75 - 100 mA 
Temperature Coefficient 

Reverse Input Voltage VR 1 4 V IR = 100 IlA 
Center Emission AC 1270 1300 1370 nm 
Wavelength 

Full Width Half Maximum FWHM 130 185 nm 

Diode Capacitance CT 16 pF VF = OV, f = 1 MHz 

Optical Power Temperature !:J.PT/!:J.T -0.03 dB/"C IF = 75 -100 mADC 
Coefficient 

Thermal Resistance ElJA 260 "C/W 

Ref. 

Fig. 1 

Note 2 

HFBR-1312T Transmitter Output Optical Power and Dynamic Characteristics 

Condition 

Parameter Symbol Min. Typ.]l] Max. Unit TA IF, peak Ref. 

Peak Power -16.0 -14.0 -12.5 dBm 25"C 75mA Notes 
62.5/125 J.1m -17.5 -11.5 0-70"C 75mA 3,4,5 
NA = 0.275 PT62 -15.5 -13.5 -12.0 25"C 100mA Fig. 2 

-17.0 -11.0 0-70"C 100mA 

Peak Power -19.5 -17.0 -14.5 dBm 25"C 75mA Notes 
50/125 J.1m -21.0 -13.5 0-70°C 75mA 3,4,5 
NA = 0.20 PT50 -19.0 -16.5 -14.0 25"C 100mA Fig. 2 

-20.5 -13.0 0-70"C 100mA 

Optical Overshoot OS 5 10 % 0-70°C 75mA Note 6 
Fig. 3 

Rise Time tr 1.8 4.0 ns 0-70"C 75mA Note 7 
Fig. 3 

Fall Time tr 2.2 4.0 ns 0-70°C 75mA Note 7 
Fig. 3 
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Notes: 
1. Typical data are at TA = 25"C. 
2. Thennal resistance is measured with the transmitter coupled to a connector assembly and mounted on a printed circuit board; 
~<~ . 

3. Optical power is measured with a large area detector at the end of 1 meter of mode stripped cable, with an ST" precision ceramic 
ferrule (MIL-STD-83522/13), which approximates a standard test connector. Average power measurements are made at 12.5 MH~ 
with a 50% duty cycle drive current of 0 to IF,peak; IF,average = IF,peakl2. Peak optical power is 3 dB higher than average optical 
power. 

4. When changing from ~W to dBm, the optical power is referenced to 1 mW (1000 ~W). 
Optical power P(dBm) = 10·log[P(~W)/1000~WJ. 

5. Fiber NA is measured at the end of 2 meters of mode stripped fiber using the far-field pattern. NA Is defined as the sine of the half 
angle, determined at 5% of the peak intensity point. When using other manufacturer's fiber cable, results will vary due to differing 
NA values and test methods. 

6. Overshoot is measured as a percentage of the peak amplitude of the optical waveform to the 100% amplitude level. The 100% 
amplitude level Is determined at the end of a 40 ns pulse, 50% duty cycle. This will ensure that ringing and other noise sources have 
been eliminated. 

7. Optical rise and fall times are measured from 10% to 90% with 62.5/125 ~ fiber. LED response time with recommended test 
circuit (FIgure 3) at 25 MHz, 50% duty cycle. 

8. 2.0 mm from where leads enter case. 

100 

10 

80 

70 

10 

80 

40 

/ 
30 

20 
1.1 

j 

L 
'I' 

/ 
'I' 

/ 
/ 

1.3 1.4 1.1 

Vp- FORWARD VDLTAQE-V 

Figure 1. Typical Forward Voltage and Current 
Characteristics. 

[! 
HPBfI.za1n 8 

�-------� 

~II ~~IV~O~~--_r--[J~~~~:J " 1 QHz FET PROBE 
1 12 
1 ____ - _I 

5000 

100 

8000 
100 PF

J 
JO.1111' 

100pF I Io.1 111' VEE=-8V VEEII"&V 

...,. -=-

FIgure S. Recommended Transmitter Drive and Test Circuit. 
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BFBR-2316T Receiver Absolute Maximum Ratings 

Parameter Symbol Min. Max. Unit Reference 

Storage Temperature Ts -55 85 "C 

Operating Temperature TA -40 +85 "C 

Lead Soldering Temperature 260 "C Note 1 
Cycle Time 10 s 

Signal Pin Voltage Vo -0.5 Vee V 

Supply Voltage Vee - VEE -0.5 6.0 V Note 2 

Ouptut Current 10 25 rnA 

CAUTION: The smaUjunction sizes inherent to the design of this bipolar camponent increase the component's 
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be 
taJcen in handling and assembly of this camponent to prevent damage and/or degradation which may be 
induced by ESD. 

BFBR-2316T Receiver Electrical/Optical and Dynamic Characteristics 
o to 70"C; 4.75 V < Vee - VEE < 5.25 V; power supply must be filtered (see note 2). 

Parameter Symbol Min. Typ.(3) Max. Unit Condition 

Responsitivity Rp 6.5 13 19 mV/J.tW Ap = 1300 nm, 50 MHz 

RMS Output Noise VNO 0.4 0.59 mVRMS 100 MHz bandwidth, 
Voltage PR ;= 0 IlW 

1.0 mVRMS Unfiltered Bandwidth 
PR =0 IlW 

Equivalent Optical PN,RMS -45 -41.5 dBm @ 100 MHz, PR = 0 IlW 
Noise Input Power 0.032 0.071 IlW 
(RMS) 

Peak Input Optical PR -11.0 dBm 50 MHz, 1 ns PWD 
Power 

_. -.. -~----~- ---

80 IlW 

Output Resistance Ro 30 Ohm f= 50 MHz 

DC Output Voltage VO,De 0.8 1.8 2.6 V Vee = 5 V, VEE = OV 
PR = 0 IlW 

Supply Current Icc 9 15 rnA RLOAD = 00 

Electrical Bandwidth BWE 75 125 MHz -3 dB electrical 

Bandwidth * Rise 0.41 Hz "'s 
Time Product 

Electrical Rise, Fall t,.,4 3.3 5.3 ns PR = -15 dBm peak, 
Times, 10-90% @50MHz 

Pulse-Width PWD 0.4 1.0 ns PR = -11 dBm, peak 
Distortion 

Overshoot 2 % PR = -15 dBm, peak 

Ref. 

Note 4 
Fig. 1,5 

Note 5 
Fig. 2 

Note 5 

Note 6 
Fig.-a -

Note 7 

Note 8 
Fig. 4 

Note 6,9 
Fig. 3 

Note 10 
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Notes: 
1. 2.0 mm from where leads enter case. 
2. The signal output is referred to Vee, and does not r~ect noise from the Vee power supply. Consequently, the Vee power supply must 

be filtered. The recommended power supply is +5 V on Vee for typical usage with +5 V ECL logic. A -5 V power supply on VEE is 
used for test purposes to minimize power supply noise. 

3. Typical specifications are for operation at TA = 25'0 and Vee = +5 Voe. 
4. The test circuit layout should be in accordance with good high frequency circuit design techniques. 
5. Measured with a 9-pole "brick wall" low-pass filter [Minl-CircuitsTM, BLP-lOO*j with -3 dB bandwidth of 100 MHz. 
6. -11.0 dBm is the maximum peak input optical power for which pulse-width distortion is less than 1 ns. 
7. Electrical bandwidth is the frequency where the responsivity is -3 dB (electrical) below the responsivity measured at 50 MHz. 
8. The specified rise and fall times are referenced to a fast square wave optical source. Rise and fall times measured using an LED 

optical source with a 2.0 ns rise and fall time (such as the HFBR-1312T) will be approximately 0.6 ns longer than the specified rise 
and fall times. E.g.: measured tr,f'= [(specified 1;"f)2 + (test source optical 1;,,1)2]112. 

9. IOns pulse width, 50% duty cycle, at the 50% amplitude point of the waveform. 
10. Percent overshoot is defined as: «(VPK - VlOo~NlOO~ x 100%. The overshoot is typically 2% with an input optical rise time S 1.5 ns. 
11. The bandwidth*risetime product is typically 0.41 because the HFBR-2316T has a second-order bandwidth limiting characteristic. 

NOTES: 
1. ALL RESISTORS ARE 8% TOLERANCE. 
2. BEST PERFORMANCE WITH SURFACE MOUNT COMPONENTS. 
3. DIP MOTOROLA MC10H118IS SHOWN, PLCC MAY ALSO BE US!D. 

Figure 1. HFBR-2316T Receiver Test Circuit. 
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1300 nm E-LED Transmitter 
and PIN/Preamp Receiver for 
Single-Mode Fiber 

Technical Data 

Features 
• Distances Up to 14 Inn at 

Signal Rates of 20 MBd 
• Performance Specified With 

Single-Mode Fiber Cables 
• Wave Solder and Aqueous 

Wash Process Compatible 
• Panel Mount ST Connectors 
• Pinout Compatible With 

HFBR-0400 Series Parts 

Applications 
• Single-Mode Extensions to 

Ethernet (10Base-F) Links 
• Proprietary Links Using 

Single-Mode Fiber 

Description 
The HFBR-0305 Series is 
designed to provide the most 
cost-effective single-mode 
solution, and is pin-compatible 
with HP's HFBR-0400 and HFBR-
0300 families of 820 and 1300 
nm fiber optic links for multi-

Transmitter 
The HFBR-1315TM/1315M 
single-mode fiber-optic trans­
mitter contains a 1300 nm edge­
emitting LED (E-LED) capable of 
efficiently launching optical 
power into single-mode fiber. 
Because it is an LED, and not a 
laser, the drive circuit is simple 
and compatible with drive circuits 
for multimode LED transmitters. 

Receiver 
The HFBR-2315T/2315M receiver 
contains an InGaAs PIN 
photodiode and a low-noise 
transimpedance preamplifier 
operating in the 1300 nm 
wavelength region. The HFBR-
2315T/2315M receives an optical 
signal and converts it to an 
analog voltage. The buffered 
output is an emitter-follower, 
with a frequency response from 
dc to typically 125 MHz. 

HFBR-0305 Series 

Package 
HFBR-0305 Series transmitters 
and receivers are housed in a 
dual-in-line package made of high 
strength, heat resistant, chemical 
resistant, and UL V-O flame 
retardant plastic. The HFBR-
1315TM/1315M is a stainless 
steel, threaded ST port (panel 
mountable); the HFBR-1315M is 
a stainless steel, unthreaded ST 
port. The HFBR-2315T is a black, 
non-conductive plastic threaded 
ST port (panel mountable); the 
HFBR-2315M is a stainless steel, 
unthreaded ST port. 

mode fiber. This allows designers Package Options 
to use a single circuit and board 
layout for 820 nm multimode 
fiber links, 1300 nm multimode 
fiber links, and 1300 nm single­
mode fiber links. Upgrading a 
multimode solution to single-mode 
fiber is as simple as switching 
components on a board. 

Metal Port Plastic Port 
Transmitter: 

Threaded HFBR-1315TM N/A 
Unthreaded HFBR-1315M N/A 

Receiver: 
Threaded N/A HFBR-2315T 
Unthreaded HFBR-2315M N/A 

5964-3544E 3-75 



ESD Handling 
Precautions 
The HFBR-0305 Series products 
are MIL-STD 883C Method 
3015.4 Class 1 devices. Normal 
static precautions should be 
taken in handling and assembly 
of this component to prevent 
damage and/or degradation which 
may be induced by electrostatic 
discharge (ESD) 

Solder Processing 
The HFBR-0305 Series products 
are compatible with either hand 
or wave solder processes. When 
soldering, it is advisable to leave 
the protective cap on the port to 
keep the optics clean. Good 
system performance requires 
clean port optics and cable 
ferrules to avoid obstructing the 
optical path. Clean compressed 
air is often sufficient to remove 
particles of dirt; methanol on a 
cotton swab also works well. 

Wash Processing -
Chemical Resistance 
The HFBR-0305 Series package 
is compatible with the following 
chemicals for cleaning and 
degreasing: 

- Aqueous Wash 
- Naptha 
- Alcohol (methyl, isopropyl, 
isobutyl) 

- Aliphatics (hexane, heptane) 

The following chemicals are not 
recommended as they will 
damage the package: Partially 
halogenated hydrocarbons such 
as 1,1,1 Trichloroethane, Ketones 
such as MEK, Acetone, Chloro­
'form, EthYl Acetate, Methylene 
Dichloride and N-methylpyroldone. 
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Panel Mounting of 
Threaded ST Package 
Style 
Any standard 3/8 - 32 UNEF-2B 
threaded nut and washer can be 
used to secure the threaded ST 
receptacle to the chassis wall, 
provided the overall thickness of 
the chassis wall, washer and nut 
are less than 5.1 mm (0.2 inch). 
Hewlett-Packard supplies the 
HFBR-4411 kit which consists of 
100 each, nuts and washers per 
the figure below. 

tRn ~ -:r TYP. 

~ ~:rDIA. 
10A1 MAX. 'L 

WASHER (OAi0) CIA. --.j 0.46 

(0.018) 

NOTE: ALL DIMENSIONS IN MILLIMETRES AND (INCHES). 

When preparing the chassis wall 
for panel mounting, use the 
mounting template in the figure 
below. When tightening the nut, 
torque should not exceed 0.8 N-m 
(8.0 in-Ib). Note that the maxi­
mum nut dimension exceeds the 
width of the port package, so 
approximately 2 mm of space 
between device packages is 
required to allow nuts to be 
mounted on adjacent ports. 

Flame Resistance 
The HFBR-0305 Series package 
is made with UL V-O flame 
retardant plastic material. 

Electrostatic Discharge 
(ESD) 
Static discharges can occur to the 
exterior of the equipment chassis 
containing the HFBR-0305 Series 
parts. To the extent that their 
connector receptacles are 
exposed to the outside of the 
equipment chassis, they may be 
subject to whatever ESD system 
level test criteria that the 
equipment is intended to meet. 

Radiated Susceptibility 
Equipment utilizing these 
products will be subject to EMI 
fields in some environments. 
These HFBR-0305 Series prod­
ucts are expected to withstand 
fields of up to 10 volts per meter, 
when tested on a circuit card in 
free space without an equipment 
chassis, with no measurable 
effect on their performance. A 
suggested test method is based 
on the equipment procedure 
specified in IEC 801-3. 



Pinout Description 
HFBR-1315TMl1315M 
Transmitters 

:P13· 
ANODE 

CATHOD: ," ___ ...J 

PIN 

It 
2· 
0 
4t 

• 7 
~ 

PIN 1 INDICATOR 

BOTTOM VIEW 

FUNCTION 

N.C. 
N.C. 

CAlHODE 
N.C. 
N.C. 

ANODE 
N.C. 
N.C. 

• THERE IS NO PIN 2. I.E., IN THE NUMBER 2 
PIN POSITION, THERE IS NO PHYSICAL PIN. 

t PINS 1, 4, 5, AND 8 ARE ISOLATED FROM 
THE INTERNAL CIRCUITRY, BUT ARE 
ELECTRICALLY CONNECTED TO EACH OTHER 
AND TO THE METAL PORT. 

HFBR-2315T/2315M Receivers 

~~: ::LOG 
SIGNAL 

'-___ ... 3 7 VEE 

PIN 1 INDICATOR 

BOTTOM VIEW 

PIN FUNCTION 

It N.C. 
2 SIGNAL 
o· VEE 

• N.C. 
5t N.C. 

• V 
r V 
lit N.C • 

* PINS 3 AND 7 ARE ELECTRICALLY 
CONNECTED TO THE HEADER. 

t PINS 1, 4, 5, AND 8 ARE ISOLATED FROM 
THE INTERNAL CIRCUITRY, BUT ARE 
ELECTRICALLY CONNECTED TO EACH OTHER 
(AND TO THE PORT IF METAL). 

Mechanical Dimensions 
All dimensions are in millimeters 
and (inches) 

PAATNUMBE 

DATE CODE 

I-- 12"--1 I (OA95) I 

~~~~~::.~.. ~. 
(0.020 X 0.1)15) "".= 
PINS 2,3,6,7 01"-

(:':8)DIA 

PIN NO. 1 
INDICATOR 

Recommended Operating Conditions for BFBR-0305 Series Products 
Parameter Symbol Min. Typ. Max. Unit Reference 

Operating Temperature - Ambient TA 0 70 °C 
Supply Voltage Vee 4.75 5.25 V Note 1 

Note: 
1. The HFBR-2315T/2315M signal output is referenced to Vee. and does not reject noise from the Vee power supply. Consequently, 

the Vee power supply must be filtered. 

Link Performance: At Data Rates 1-20 MBd 
Parameter Symbol Min. Typ. Max. Unit Conditions Reference 

Optical Power Budget with OPB 9 18 dB o to 700C Note 1 
Single-Mode Fiber Cables 
Link Distance with Single- ..e 14 km o to 70°C Note 2 
Mode Fiber Cables 

Notes: 
1. Optical Power Budget applies to HFBR-1315TMl1315M and HFBR-2315T/2315M in the recommended application circuit (Figures 

1 and 2). Worst case transmitter coupled power cPT) is -27 dBm peak, -30 dBm average. Worst case receiver sensitivity is -36 dBm 
peak, -39 dBm average. Refer to Application Note 1082 for details. 

2. Link distance is based on fiber with 0.5 dB/km attenuation, and assumes 1 dB for loss of in-line splices or connectors, and 1 dB 
margin for LED aging: (9 dB OPB - 1 dB in-line splice loss - 1 dB aging margin)/(0.5 dB/km) = 14 km. 
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Figure 1. Recommended Tr8Jlsmitter Circuit. 
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Rl 
100 

Dl Cl HLMP-4700 
0.1 mF 

~ 
R2 

Ul 1.2KO 

HFBR-2315T12315M 

C4 

~mF) 

NOTES: 
1. C12, C13, R3, AND R4 ARE REQUIRED IF 

THE TTL AND ECL OUTPUTS ARE USED 
SIMULTANEOUSLY. 

C5 
4.7pF 

2. R3 AND R4 SHOULD NOT BE SMALLER -= 
THAN 270 OHMS. 

3. ALL RESISTORS ±5%. 
4. ALL CAPACITORS ±10% UNLESS OTHERWISE SHOWN. 

Figure 2_ Recommended Receiver Circuit_ 
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HFBR-1315TM/1315M - Transmitter Absolute Maximum Ratings 
Parameter Symbol Min. Max. Unit Condition 

Storage Temperature Ts -40 85 "C 
Operating Temperature TA -40 85 °C 
Lead Soldering Cycle Temperature 260 °C Note 1 
Lead Soldering Cycle Time 10 sec 
Forward Input Current dc Irnc 100 rnA 
Forward Input Current, Peak IFPK 175 rnA 1 sec pulse 
Reverse Input Voltage VR 2 V 

Notes: 
1. 2.0 nun from where leads enter case. 

CAUTION: It is advised that normal static precautions be taken in handling or assembly of these components to 
prevent damage and/or degradation which may be induced by ESD. 

HFBR-1315TM/1315M - Transmitter Electrical/Optical Characteristics 
(T A = 0"C to 70°C, IF = 100 rnA unless otherwise specified) 

Parameter Symbol Mfn. Typ.lll Max. Unit Condition 
Forward Voltage VF 1.1 1.5 1.9 V TA = 25°C 

1.0 2.0 
Forward Voltage Temperature f,.VF/f,.T -3.4 .mV;oC 
Coefficient 
Center Emission Wavelength A.c 1265 1310 1380 urn 
Spectral Width - FWHM f,.A. 95 125 urn TA = 25°C 

140 
Optical Power Temperature f,.PT/f,.T -0.07 dB;oC 
Coefficient 
Reverse Leakage Current IR 200 j!A. TA = 25°C, 

VR = -2 V 
Thermal Resistance SJA 105 "C/W 

Notes: 
1. Typical data are at TA = 25°C. 

Reference 
Figure 3 

Note 2 

2. Thermal resistance is measured with the transmitter coupled to a connector assembly and mounted on a printed circuit board; 
e,JC < e,JA-
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HFBR-1315TM/1315M - Transmitter Optical Output Power and Dynamic 
Characteristics 

Conditions 
Parameter Symbol Min. Typ.ll] Max. Unit TA IF,peak 

Peak Power PT -23 -21 -17 dBm 25"C 100mA 
Single-mode ·27 -15 0-70°C 100mA 
Rise, Fall Time t., 4 4.5 ns 0-70°C 100mA, 
(10% to 90%) No Pre-bias 
Rise, Fall Time t., 4 2.6 ns 0-70°C 100mA, 
(10% to 90%) 1.6 With Pre-bias 

Notes: 
1. Typical data are at TA = 25°C. 

Reference 

Note 2 
Figure 4 

Note 4 
Figure 5 
Note 4 

Figure 1 

2. Optical power is measured with a large area detector at the end of 1 meter of single-mode cable, with an ST* precision ceramic 
ferrule (MIL-STD-83522/13), which approximates a standard test connector. 

3. When changing from IlW to dBm, the optical power is referenced to 1 mW (1000 1lW). Optical power 
P(dBm) = 10*log[P(IlW)/1000IlWj. 

4. Optical rise and fall times are measured from 10% to 90% with single-mode fiber. The "No Pre-bias" response time is measured in 
the recommended test circuit (50 ohm load, Figure 5) at 25 MHz, 50% duty cycle. The response time ''With Pre-bias" is measured in 
the recommended application circuit (Figure 1). 

180 

160 .. 
E 
I 140 

0-z 

/ 
V 

w 
120 a: 

a: 

" 0 100 
0 
a: 

~ 80 

~ 60 

.1-
40 

V 
/ 

./ 
.. ;",' 

,/ 
20 

1.1 1.2 1.3 1.4 1.5 

VF - FORWARD VOLTAGE- V 

Figure 3. Typical Forward Voltage 
and Current Characteristics, 25"C. 

1.6 

1.6 

1.' -
e 

1.2 
~ 
a: 1.0 
w 

~ 0.8 .. 
w 
i!: 0.6 

/' 
/ 

/ 
/ ---

~ 0.' L 
a: 

0.2 / 
o 
20 40 60 80 100 120 140 160 180 

IF - FORWARD CURRENT - mA 

Figure 4. Normalized Transmitter 
Output Power vs. Forward Current, 
25"C. 
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HFBR-2315TM/2315M - Receiver Absolute Maximum Ratings 
Parameter Symbol Min. Max. Unit Condition 

Storage Temperature Ts -55 85 °C 
Operating Temperature TA -40 +85 °C 
Lead Soldering Cycle Temperature 260 °C Note 1 
Lead Soldering Cycle Time 10 sec 
Signal Pin Voltage Vo -0.5 Vee V 
Supply Voltage (Vee - VEE) -0.5 6.0 V Note 2 
Output Current 10 25 rnA 

CAUTION: It is advised that normal static precautions be taken in handling or assembly oj these components to 
prevent damage and/or degradation which may be induced by ESD. 

HFBR-2315T/2315M - Electrical/Optical and Dynamic Characteristics 
(TA = OOC to 70OC; 4.75 V < (Vee - VEE) < 5.25 V; power supply must be filtered per note 2) 

Parameter Symbol Min. Typ,[Sl Max. Unit Condition 
Responsivity, Single- Rp 8.5 17 24 mV/IlW t" = 1300 nm, 
Mode Fiber 50 MHz 
RMS Output Noise VNO 0.4 0.59 mVRMS @100MHz, 
Voltage PR = OmW 

1.0 mVRMS Unfiltered Bandwidth 
PR = OmW 

Equivalent Optical Noise PN,RMS -45 -41.5 dBm @100MHz, 
Input Power (RMS) PR=OmW 

0.032 0.071 IlW 
Peak Input Optical PR -14 dBm 50 MHz, 1 ns PWD 
Power, Single-Mode 40 IlW 
Output Impedance Zo 30 n f= 50 MHz 
DC Output Voltage Vo,De 0.8 1.8 2.6 V Vee = 5 V, VEE = 0 V 

PR = OmW 
Supply Current Icc 9 15 rnA RLOAD = 00 

Electrical Bandwidth BWE 75 125 MHz -3 dB electrical 
Bandwidth * Rise Time 0.41 Hz*s 
Electrical Rise, Fall tr,f 3.3 5.3 ns PR = -21 dBm Peak, 
Times, 10-90% @50MHz 
Pulse-Width Distortion PWD 0.4. 1.0 ns PR = -14 dBm, Peak, 

Single-Mode Fiber 
Overshoot 2 % PR = -21 dBm, Peak 
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Reference 
Note 4, 
Figures 6, 10 
Note 5 
Figure 7 

Note 5 

Note 6 
Figure 8 

Note 7 
Note 8 
Note 9 
Figure 9 
Note 10 
Figure 8 
Note 11 



Notes: 
1. 2.0 mm from where leads enter case. 
2. The signal output is an emitter 

follower, which does not reject noise 
from Vee. Consequently, the power 
supply must be filtered. The recom­
mended supply is +5 V on Vee for 
typical usage with +5 V ECL logic. A 
-5 V supply on VEE is used for test 
purposes to minimize supply noise. 

3. Typical specifications are for 
operation at TA = 25"C, Vee = +5 
VDe, VEE = 0 V. 

4. The test circuit layout should be in 
accordance with good high frequency 
circuit design techniques. 

HFBR-2315T 
[----

~: 
[ 

[-----

10<> 

100pF I Io.11lF 

... <> 

VeE =-5 V 

... <> 

5. Measured with a Mini-Circuits 9-pole 
"brick wall" low-pass filter, BLP-lOO, 
with -3 dB bandwidth of 100 MHz. 

6. -14 dBm is the maximum peak input 
optical power from single-mode fiber 
for which pulse-width distortion is 
less than 1 ns. 

7. Electrical bandwidth is the frequency 
where the responsivity is -3 dB 
(electrical) below the responsivity 
measured at 50 MHz. 

8. The bandwidth • risetime product is 
typically 0.41 because the HFBR-
23l5T/2315M has a second-order 
bandwidth limiting characteristic. 

9. The specified rise and fall times are 
referenced to a fast square wave 

1 GHz FET PROBE 

Figure 6. HFBR-2315T/2315M Receiver Test Circuit. 
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Figure 9. Typical Rise and Fall Times 
vs. Temperature. 

optical source. Rise and fall times 
measured using an LED optical 
source with a 2.0 ns rise and fall tinte 
(such as the HFBR-1315TM1l315M) 
will be approximately 0.6 ns longer 
than the specified rise and fall times. 
E.g.: measured t",r= [(specified t",r)2 
+ (test source optical t",r)2]1i2 

10. 10 ns pulse width, 50% duty cycle, at 
the 50% amplitude' point of the 
waveform. 

11. Percent overshoot is defined as: 
(cYPK -VlOo%)IVIOO%) x 100%. The 
overshoot is typically 2% with an 
input optical rise time:':: 1.5 ns. 
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Figure 11. HFBR·2311ST SimpUfied Schematic Diagram. 
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Low Cost, Miniature Fiber 
Optic Components with ST®, 
SMA, SC and Fe Ports 

Technical Data 

Features 
• Meets IEEE 802.3 Ethernet 

and 802.5 Token Ring 
Standards 

• Low Cost Transmitters and 
Receivers 

• Choice of ST@, SMA, SC or 
FC Ports 

• 820 nm Wavelength 
Technology 

• Signal Rates up to 175 
Megabaud 

• Link Distances Up to 4 kIn 

• Specified with 50/125 ~, 
62.5/125 ~, 1001140 ~, 
and 200 ~ HCS@ Fiber 

• Repeatable ST Connections 
within 0.2 dB Typical 

• Unique Optical Port Design 
for Efficient Coupling 

• Auto·lnsertable and Wave 
Solderable 

• No Board Mounting Hard­
ware Required 

• Wide Operating 
Temperature Range 
-40°C to 85°C 

• AlGaAs Emitters 100% 
Burn-In Ensures High 
Reliability 

• Conductive Port Option with 
the SMA and ST Threaded 
Port Styles 

ST@ is a registered trademark of AT&T. 

Applications 
• Local Area Networks 
• Computer to Peripheral 

Links 
• Computer Monitor Links 

• Digital Cross Connect Links 
• Central Office Switch/PBX 

Links 
• Video Links 
• Modems and Multiplexers 
• Suitable for Tempest 

Systems 
• Industrial Control Links 

Description 
The HFBR·0400 Series of compo­
nents is designed to provide cost 
effective, high performance fiber 
optic communication links for 
information systems and 
industrial applications with link 
distances of up to 4 kilometers. 
With the HFBR·24X6, the 125 
MHz analog receiver, data rates 
of up to 175 megabaud are 
attainable. 

HCS@ is a registered trademark of the SpecTran Corporation. 

5965-1655E 

Fli;;- HEWLETT" a:r... PACKARD 

HFBR-0400 Series 

Transmitters and receivers are 
directly compatible with popular 
"industry-standard" connectors: 
ST, SMA, SC and FC. They are 
completely specified with 
multiple fiber sizes; including 
50/125 lUll, 62.5/125 lUll, 100/ 
140 lUll, and 200 Ilm. 

Complete evaluation kits are 
available for ST and SMA product 
offerings; including transmitter, 
receiver, connectored cable, and 
technical literature. In addition, 
ST and SMA connectored cables 
are available for evaluation. 

3-85 



,,:',. , 

HFBR-0400 Series Part Number Guide 

HFBRX4XXaa 

1 = Transmitter ==J 
2 = Receiver -

4 = 820 nm Transmitter and 

L Option T (Threaded Port Option) 
Option C (C~ni:Iuctive Port Receiver Option) 
Option M (Metal Port Option) 
Option K (Kinked Lead Option) 

Receiver Products 

o = SMA, Housed 
1 = ST, Housed 
2 = FC, Housed 
E = SC, Housed 
3 = SMA Port, 90 deg. Bent Leads 
4 = ST Port, 90 deg. Bent Leads 
5 = SMA Port, Straight Leads 
6 = ST Port, Straight Leads 

LINK SELECTION GUIDE 
Data Rate (MBd) Distance (m) 

5 1500 
5 2000 

20 '2700 

32 2200 
55 1400 
125 700 
155 600 
175 500 

TA = Square pinout/straight lead 
TB = Square pinout/bent leads 
HA = Diamond pinout/straight leads 
HB = Diamond pinout/bent leads 

2 = Tx, Standard Power 
4 = Tx, High Power 

L...-__ 2 = Rx, 5 MBd, TTL Output 
6 = Rx, 125 MHz, Analog Output 

Transmitter Receiver Fiber Size (f.un) Evaluation Kit 
HFBR-14X2 HFBR-24X2 200 HCS N/A 
HFBR·14X4 HFBR·24X2 62.5/125 HFBR·04XO 
HFBR·14X4 HFBR·24X6 62.5/125 HFBR·0414, 

HFBR·0463 
HFBR·14X4 HFBR·24X6 62.5/125 HFBR·0414 
HFBR·14X4 HFBR·24X6 62.5/125 HFBR·0414 
HFBR·14X4 HFBR·24X6 62.5/125 HFBR·0416 
HFBR·14X4 HFBR·24X6' 62.5/125 HFBR·0416 
HFBR·14X4 HFBR·24X6 62.5/125 HFBR·0416 

For additional information on specific links see the following individual link descriptions. Distances measured over temperature range 
from 0 to 70°C. 

Applications Support 
Guide 
This section gives the designer 
information necessary to use the 
HFBR·0400 series components to 

make a functional tiber·optic 
transceiver. HP offers a wide 
selection of evaluation kits for 
hands·on experience with fiber· 
optic products as well as a wide 

range of application notes com· 
plete with circuit diagrams and 
board layouts. Furthermore, HP's 
application support group is 
always ready to assist with any 
design consideration. 

Application Literature 
Title Description 

HFBR·0400 Series Transmitter & Receiver Reliability Data 
Reliability Data 
Application Bulletin 73 Low Cost Fiber Optic Transmitter & Receiver Interface Circuits 
Application Bulletin 78 Low Cost Fiber Optic Links for Digital Applications up to 155 MBd 
Application Note 1038 Complete Fiber Solutions for IEEE 802.3 FOIRL, 10Base·FB and 10 Base·FL 
Application Note 1065 Complete Solutions for IEEE 802.5J Fiber·Optic Token Ring 
Application Note 1073 HFBR·0319 Test Fixture for 1X9 Fiber Optic Transceivers 
Application Note 1086 Optical Fiber Interconnections in Telecommunication Products 
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HFBR-0400 Series 
Evaluation Kits 
HFBR-0410 ST Evaluation Kit 
Contains the following : 
• One HFBR-1412 transmitter 
• One HFBR-2412 five megabaud 

TTL receiver 
• Three meters of ST connec­

tored 62.5/125 (Jlffi fiber optic 
cable with low cost plastic 
ferrules. 

• Related literature 

HFBR-0414 ST Evaluation Kit 
Includes additional components 
to interface to the transmitter and 
receiver as well as the PCB to 
reduce design time. 
Contains the following: 
• One HFBR-1414 T transmitter 
• One HFBR-2416T receiver 
• Three meters of ST connec­

tored 62.5/125 J.lm fiber optic 
cable 

• Printed circuit board 
• ML-4622 CP Data Quantizer 
• 74ACTllOOON LED Driver 
• LT1016CN8 Comparator 
• 4.7 J.lH Inductor 
• Related literature 

HFBR-0400 SMA Evaluation 
Kit 
Contains the following : 
• One HFBR-1402 transmitter 
• One HFBR-2402 five megabaud 

TTL receiver 
• Two meters of SMA 

connectored 1000 J.lm plastic 
optical fiber 

• Related literature 

HFBR-0416 Evaluation Kit 
Contains the following: 
• One fully assembled 1x9 

transceiver board for 155 MBd 
evaluation including: 
-HFBR-1414 transmitter 
-HFBR-2416 receiver 
-circuitry 

• Related literature 

HFBR-0463 Ethernet MAU 
Evaluation Kit 
Contains the following: 
• One fully assembled Media 

Attachment Unit (MAU) board 
which includes: 
-HFBR-1414 transmitter 
-HFBR-2416 receiver 
-HFBR-4663 IC 

• Related literature 
Note: Cable not included. Order 
HFBR-BXSOlO seperately (2 
pieces) 

Package and Handling 
Information 
Package Information 
All HFBR-0400 Series 
transmitters and receivers are 
housed in a low-cost, dual-inline 
package that is made of high 
strength, heat resistant, chem­
ically resistant, and UL 94V-O 
flame retardant UL TEM® (plastic 
(UL File #E121562). The 
transmitters are easily identified 
by the light grey color connector 
port. The receivers are easily 
identified by the dark grey color 
connector port. (Black color for 
conductive port.) The package is 
designed for auto-insertion and 
wave soldering so it is ideal for 

Ultemilll is a registered Trademark of the GE corporation. 

high volume production 
applications. 
Handling and Design 
Information 
Each part comes with a protective 
port cap or plug covering the 
optics. These caps/plugs will vary 
by port style. When soldering, it 
is advisable to leave the protec­
tive cap on the unit to keep the 
optics clean. Good system 
performance requires clean port 
optics and cable ferrules to avoid 
obstructing the optical path. 
Clean compressed air often is 
sufficient to remove particles of 
dirt; methanol on a cotton swab 
also works well. 

Recommended Chemicals for 
Cleaning/Degreasing 
HFBR-0400 Products 
Alcohols: methyl, isopropyl, 
isobutyl. Aliphatics: hexane, 
heptane, Other: soap solution, 
naphtha. 

Do not use partially halogenated 
hydrocarbons such as 1,1.1 
trichloroethane, ketones such as 
MEK, acetone, chloroform, ethyl 
acetate, methylene dichloride, 
phenol, methylene chloride, or 
N-methylpyrolldone. Also, HP 
does not recommend the use of 
cleaners that use halogenated 
hydrocarbons because of their 
potential environmental harm. 
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Mechanical Dimensions 
HFBR-0400 SMA Series 
HFBR-X40X 

HFBR-X43X 

HFBR-X45X 

NOTE 2 

NOTE: 

3-88 
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Mechanical Dimensions 
HFBR·0400 ST Series 
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Mechanical Dimensions 
HFBR-0400T Threaded 
ST Series 

HFBR-X41XT 

HFBR-X44XT 

HFBR-X46XT 

NOTE. 
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Mechanical Dimensions 
HFBR-0400FC Series 

Mechanical Dimensions 
HFBR-0400 SC Series 
HFBR-X4EX 
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LED OR DETECTOR Ie 

PORT GROUNDING PATH INSERT 

Figure 1. HFBR-0400 ST Series Cross-Sectional View. 

Panel Mount Hardware 

HFBR-4401: for SMA Ports HFBR-4411: for ST Ports 

PART 

6=::-R 
V (0."0) ~ 
~ --I ~ 1.65 

6:;8 V (O.SO) 8 
HEX-NUT (0.065) ~ -II.- (~.:5) 

HEX-NUT 

14 
7.87 TYP 

~O)DIA 

_II 0.14 
I-- (0.005) OJ 

WASHER 

WASHER 

10A1 MAX 
(0.410) DIA 

(Each HFBR-4401 and HFBR-4411 kit consists of 100 nuts and 100 washers.) 

Port Cap Hardware 
HFBR-4402: 500 SMA Port Caps 
HFBR-4120: 500 ST Port Plugs (120 psi) 
HFBR-4412: 500 FC Port Caps 
HFBR-4417: 500 SC Port Plugs 

DATE CODE 

3f8 - 32 UNEF - 2A THREADING 

. WALL NUT 

WASHER 



Options 
In addition to the various port 
styles available for the HFBR-
0400 series products, there are 
also several extra options that 
can be ordered. To order an 
option, simply place the corre­
sponding option number at the 
end of the part number. For 
instance, a metal-port option SMA 
receiver would be HFBR-2406M. 
You can add any number of 
options in series at the end of a 
part number. Please contact your 
local sales office for further 
information or browse HP's fiber 
optics home page at http:// 
www.hp.com/go/fiber 

Option T (Threaded Port 
Option) 
• Allows ST style port com­

ponents to be panel mounted. 
• Compatible with all current 

makes of ST multimode 
connectors 

• Mechanical dimensions are 
compliant with MIL-STD-
83522/13 

• Maximum wall thickness when 
using nuts and washers from 
the HFBR-4411 hardware kit is 
2.8 mm (0.11 inch) 

• Available on all ST ports 

Option C (Conductive Port 
Receiver Option) 
• Designed to withstand electro­

static discharge (ESD) of 25kV 
to the port 

• Significantly reduces effect of 
electromagnetic interference 
(EMI) on receiver sensitivity 

• Allows designer to separate the 
signal and conductive port 
grounds 

• Recommended for use in noisy 
environments 

• Available on SMA and threaded 
ST port style receivers only 

Option M (Metal Port Option) 
• Nickel plated aluminum con­

nector receptacle 
• Designed to withstand electro­

static discharge (ESD) of 15kV 
to the port 

• Significantly reduces effect of 
electromagnetic interference 
(EMI) on receiver sensitivity 

• Allows designer to separate the 
signal and metal port grounds 

• Recommended for use in very 
noisy environments 

• Available' on SMA, FC, ST, and 
threaded ST ports 

Option K (Kinked Lead 
Option) 
• Grounded outside 4 leads are 

"kinked" 
• Allows components to stay 

anchored in the PCB during 
wave solder and aqueous wash 
processes 

Options TA, TB, HA, HB 
(Active Device Mount 
Options) 
(These options are unrelated to 
the threaded port option T.) 
• All metal, panel mountable 

package with a 3 or 4 pin 
receptacle end 

• Available for HFBR-14X4, 24X2 
and 24X6 components 

• Choose from diamond or 
square pinout, straight or bent 
leads ADM Picture 

• TA = Square pinout/straight 
leads 

TB = Square pinout/bent leads 
HA = Diamond pinout/straight 

leads 
HB = Diamond pinout/bent 

leads 

Duplex Option 
In addition to the standard 
options, some HFBR-0400 series 
products come in a duplex con­
figuration with the transmitter on 
the left and the receiver on the 
right. This option was designed 
for ergonomic and efficient 
manufacturing. The following 
part numbers are available in the 
duplex option: 
HFBR-5414 (Duplex ST) 
HFBR-5414T (Duplex Threaded 

ST) 
HFBR-54E4 (Duplex SC) 
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Typical Link Data 

HFBR-0400 Series 

Description 
The following technical data is 
taken from 4 popular links using 
the HFBR-0400 series: the 5 MBd 
link, Ethernet 20 MBd link, 
Token Ring 32 MBd link, and the 
155 MBd link. The data given 

corresponds to transceiver solu­
tions combining the HFBR-0400 
series components and various 
recommended transceiver design 
circuits using off-the-shelf 
electrical components. This data 
is meant to be regarded as an 

5 MBd Link (HFBR-14XX/24X2) 
Link Performance -40°C to +85°C unless otherwise specified 

Parameter Symbol Min. Typ. Max; Units 
Optical Power Budget OPB50 4.2 9.6 dB 
with 50/125 11m fiber 
Optical Power Budget OPB62.5 8.0 15 dB 
with 62.5/125 11m fiber 
Optical Power Budget OPBlOO 8.0 15 dB 
with 100/140 11m fiber 
Optical Power Budget OPB200 12 20 dB 
with 200 11m fiber 
Date Rate Synchronous dc 5 MBd 
Asynchronous dc 2.5 MBd 

Propagation Delay tpLH 72 ns 
LOW to HIGH 
Propagation Delay tpHL 46 ns 
HIGH to LOW 
System Pulse Width tpLH-tpHL 26 ns 
Distortion 
Bit Error Rate BER 10-9 

Notes: 
1. OPB at TA = -40 to 85OC, Vee = 5.0 V dc, IF ON = 60 rnA. PR = -24 dBm peak. 

example of typical link perform­
ance for a given design and does 
not call out any link limitations. 
Please refer to the appropriate 
application note given for each 
link to obtain more information. 

Conditions Reference 
HFBR-14X4/24X2 Note 1 
NA = 0.2 

HFBR-14X4/24X2 Note 1 
NA= 0.27 

HFBR-14X2/24X2 Note 1 
NA = 0.30 
HFBR-14X2/24X2 Note 1 
NA = 0.37 

Note 2 

Note 3, 
Fig. 7 

TA = 25OC, Figs. 6,7,8 
PR = -21 dBm Peak 

Fiber cable 
length = 1 m 

Data Rate < 5 Bd 
PR > -24 dBm Peak 

2. Synchronous data rate limit is based on these assumptions: a) 50% duty factor modulation, e.g., Manchester I or BiPhase 
Manchester II; b) continuous data; c) PLL Phase Lock Loop demodulation; d) TTL threshold. 

3. Asynchronous data rate limit is based on these assumptions: a) NRZ data; b) arbitrary timing-no duty factor restriction; c) TTL 
threshold. 
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5 MBd Logic Link Design 
If resistor R1 in Figure 2 is 
70.4 il, a forward current IF of 
48 rnA is applied to the HFBR-
14X4 LED transmitter. With IF = 
48 rnA the HFBR-14X4/24X2 
logic link is guaranteed to work 
with 62.5/125 !.lm fiber optic 
cable over the entire range of 0 
to 1750 meters at a data rate of 
dc to 5 MBd, with arbitrary data 
format and pulse width distortion 
typically less than 25%. By 
setting R1 = 115 il, the transmit­
ter can be driven with IF = 30 rnA, 
if it is desired to economize on 
power or achieve lower pulse 
distortion. 

<5V 

NOTE, 

SELECT R, TO SET If HFBR-14XX 
TRANSMITTER 

The following example will illus­
trate the technique for selecting 
the appropriate value of IF and R 1. 

Maximum distance required 
= 400 meters. From Figure 3 the 
drive current should be 15 rnA. 
From the transmitter data 
VF = 1.5 V (max.) at IF = 15 rnA 
as shown in Figure 9. 

R - Vee - VF _ 5 V - 1.5 V 
1 - -I-F- - 15 rnA 

R1 = 233 il 

TRANSMISSION 
OISTANCE - 2 

IT 1$ ESSENTIAL THAT A BVPA$SCAPACITOR IO.oI.F TO O.I.F 
CERAMICI BE CONNECTED FROM PIN 2 TO PIN 7 OF THE RECEIVER. 
TOTAL LEAD LENGTH BETWEEN BOTH ENDS OF THE CAPACITOR 
AND THE PINS SHOULD NOT EXCEED 20 mm. 

Figure 2. Typical Circuit Configuration. 

The curves in Figures 3,4, and 5 
are constructed assuming no in­
line splice or any additional 
system loss. Should the link 
consists of any in-line splices, 
these curves can still be used to 
calculate link limits provided they 
are shifted by the additional 
system loss expressed in dB. For 
example, Figure 3 indicates that 
with 48 rnA of transmitter drive 
current, a 1. 75 km link distance 
is achievable with 62.5/125 !.lm 
fiber which has a maximum 
attenuation of 4 dB/km. With 
2 dB of additional system loss, a 
1.25 km link distance is still 
achievable. 
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Ethernet 20 MBd Link (HFBR-14X4/24X6) 
(refer to Application Note 1038 for details) 

Typical Link Performance 

Parameter Symbol Typ.ll,21 

Receiver Sensitivity -34.4 

Link Jitter 7.56 
7.03 

Transmitter Jitter 0.763 
Optical Power PT -15.2 

LED rise time tr 1.30 
LED fall time tf 3.08 
Mean difference I tr - trl 1.77 
Bit Error Rate BER 10-10 

Output Eye Opening 36_7 
Data Format 50% Duty Factor 20 

Notes: 
1. Typical data at TA = 25OC, Vee = 5.0 V dc. 

Units Conditions 
dBm 20 MBd D2D2 Hexadecimal Data 

average 2 kIn 62.5/125 IlIn fiber 
nspk-pk ECL Out Receiver 
ns pk-pk TIL Out Receiver 
ns pk-pk 20 MBd D2D2 Hexadecimal Data 

dBm 20 MBd D2D2 Hexadecimal Data 
average Peak IF,ON = 60 rnA 

ns 1 MHz Square Wave Input 
ns 
ns 

ns At AUI Receiver Output 
MBd 

2. Typical performance of circuits shown in Figure 1 and Figure 3 of AN-103S (see applications support section). 

Token Ring 32 MBd Link (HFBR-14X4/24X6) 
(refer to Application Note 1065 for details) 

Typical Link Performance 

Parameter Symbol Typ.ll,21 

Receiver Sensitivity -34.1 

Link Jitter 6.91 
5.52 

Transmitter Jitter 0.823 
Optical Power Logic Level "0" PTON -12.2 
Optical Power Logic Level "1" PTOFF -82.2 
LED Rise Time tr 1.3 
LED Fall Time tr 3.08 
Mean Difference Itr-tfl 1.77 
Bit Error Rate BER 10-10 

Data Format 50% Duty Factor 32 

Notes: 
1. Typical data at TA = 25OC, Vee = 5.0 V dc. 

Units Conditions 
dBm 32 MBd D2D2 Hexadecimal Data 

average 2 kIn 62.5/125 11m fiber 
ns pk-pk ECL Out Receiver 
ns pk-pk TIL Out Receiver 
ns pk-pk 32 MBd D2D2 Hexadecimal Data 

dBmpeak Transmitter TTL in IF ON = 60 rnA, 
IF OFF = 1 rnA 

nsec 1 MHz Square Wave Input 
nsec 
nsec 

MBd 

2. Typical performance of circuits shown in Figure 1 and Figure 3 of AN-1065 (see applications support section) 
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155 MBd Link (HFBR-14X4/24X6) 
(refer to Application Bulletin 78 for details) 

Typical Link Performance 

Parameter Symbol Typ.ll,21 

Optical Power Budget OPB50 7.9 
with 50/125 /lm fiber 
Optical Power Budget OPB62 11.7 
with 62.5/125 /lm fiber 
Optical Power Budget OPB100 11.7 
with 100/140 j.Lm fiber 
Optical Power Budget OPB200 16.0 
with 200 /lm HCStFiber 
Data Format 20% to 1 
80% Duty Factor 
System Pulse Width I tpLH - tpHL I 
Distortion 
Bit Error Rate BER 

Notes: 

Units 
13.9 

17.7 

17.7 

22.0 

1 

10-9 

1. Typical data at TA = 25"C, Vee = 5.0 V dc, PEeL serial interface. 

Max. Units Conditions Ref. 
dB NA = 0.2 Note 2 

dB NA = 0.27 

dB NA = 0.30 

dB NA = 0.35 

175 MBd 

ns PR = -7 dBm Peak 
1 meter 62.5/125 j.Lffi fiber 
Data Rate < 100 MBaud 
PR >-31 dBm Peak Note 2 

2. Typical OPB was determined at a probability of error (BER) of 10-9. Lower probabilities of error can be achieved with short fibers 
that have less optical loss. 
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HFBR-14X2/14X4 Low­
Cost High-Speed 
Transmitters 
Description 
The HFBR-14XX fiber optic 
transmitter contains an 820 nm 
AlGaAs emitter capable of 
efficiently launching optical 
power into four different optical 
fiber sizes: 50/125 11m, 62.5/125 
1lID, 100/140 1lID, and 200 IlID 
HCS®. This allows the designer 
flexibility in choosing the fiber 
size. The HFBR-14XX is designed 
to operate with the Hewlett­
Packard HFBR-24XX fiber optic 
receivers. 

The HFBR-14XX transmitter's 
high coupling efficiency allows 
the emitter to be driven at low 
current levels resulting in low 
power consumption and increased 
reliability of the transmitter. The 
HFBR-14X4 high power transmit­
ter is optimized for small size 

Absolute Maximum Ratings 
Parameter 

Storage Temperature 
Operating Temperature 
Lead Soldering Cycle Temp. 

Time 
Forward Input Current Peak 

dc 
Reverse Input Voltage 

fiber and typically can launch 
-15.8 dBm optical power at 
60 rnA into 50/125 IlID fiber and 
-12 dBm into 62.5/125 11m fiber. 
The HFBR-14X2 standard 
transmitter typically can launch 
-12 dBm of optical power at 
60 rnA into 100/140 IlID fiber 
cable. It is ideal for large size 
fiber such as 100/140 11m. The 
high launched optical power level 
is useful for systems where star 
couplers, taps, or inline connec­
tors create large fixed losses. 

Consistent coupling efficiency is 
assured by the double-lens optical 
system (Figure 1). Power coupled 
into any of the three fiber types 
varies less than 5 dB from part to 
part at a given drive current and 
temperature. Consistent coupling 
efficiency reduces receiver 
dynamic range requirements 
which allows for longer link 
lengths. 

Symbol Min. 
Ts -55 
TA -40 

IFPK 
IFdc 
VBR 

Housed Product 

-~,~ CATHODE 3 .., 

PIN FUNCTION 

1t N.C . 

• ANODE 
3· CATHODE 
4t N.C. 
Ot N.C. 

• ANODE 
7· ANODE 
at N.C. 

-PINS 2,8 AND 7 ARE 
02 01 ELECTRICALLY 

HEADER ~08 CONNECTED TO' 

BOTTOM VIEW ptN11NDlCATOA tPINS1.4.IS.AND8 
ARE ELECTRICALLY 

CONNECTED 

Unhoused Product 

PIN FUNCTION , ANODE 
2 CATHODE 
3 ANODE 
4 ANODE 

BOTTOM VIEW 

Max. Units Reference 
+85 °C 
+85 °C 

+260 °C 
10 sec 

200 rnA Note 1 
100 rnA 
1.8 V 
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Electrical/Optical Specifications -40°C to +85°C unless otherwise specified. 

Parameter Symbol Min. Typ,!2J MaX. Units Conditions Reference 
Forward Voltage VF 1.48 1.70 2.09 V IF = 60 rnA de Figure 9 

1.84 IF = 100 rnA de 
Forward Voltage f1VF/f1T -0.22 mVrC IF = 60 rnA de Figure 9 
Temperature Coefficient -0.18 IF = 100 rnA de 
Reverse Input Voltage VBR 1.8 3.8 V IF = 100 IIA de 
Peak Emission Wavelength Ap 792 820 865 nm 
Diode Capacitance CT 55 pF V = O,! == 1 MHz 
Optical Power Temperature f1J>.r/f1T -0.006 dBrc 1= 60 rnA de 
Coefficient -0.010 1= 100 rnA de 
Thermal Resistance 9JA 260 °C/W Notes 3,8 
14X2 Numerical Aperture NA 0.49 
14X4 Numerical Aperture NA 0.31 
14X2 Optical Port Diameter D 290 J.1m Note 4 
14X4 Optical Port Diameter D 150 J.1m Note 4 

HFBR-14X2 Output Power Measured Out of 1 Meter of Cable 
Parameter Symbol Min. Typ,l2J Max. Unit Conditions Reference 

50/125 J.1m PT50 -21.8 -18.8 -16.8 dBm TA = 25°C IF = 60 rnA dc Notes 5, 6, 9 
Fiber Cable -22.8 -15.8 peak 
NA = 0.2 -20.3 -16.8 -14.4 TA = 25°C IF = 100 rnA dc 

-21.9 -13.8 
62.5/125 J.1m PT62 -19.0 -16.0 -14.0 dBm TA = 25°C IF = 60 rnA dc 
Fiber Cable -20.0 -13.0 peak 
NA = 0.275 -17.5 -14.0 -11.6 TA = 25°C IF = 100 rnA de 

-19.1 -11.0 
100/140 J.1ffi PTlOO -15.0 -12.0 -10.0 dBm TA = 25°C IF = 60 rnA de 
Fiber Cable 16.0 -9.0 peak 
NA = 0.3 -13.5 -10.0 -7.6 TA = 25°C IF = 100 rnA de 

-15.1 -7.0 
200 J.1m HCS PT200 -10.7 -7.1 -4.7 dBm TA = 25°C IF = 60 rnA de 
Fiber Cable -11.7 -3.7 peak 
NA = 0.37 -9.2 -5.2 -2.3 TA = 25°C IF = 100 rnA de 

-10.8 -1.7 

CAUTION: The small junction sizes inherent to the design ojthese camponents increase the components' 
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be 
taken in handling and assembly ojthese components to prevent damage and/or degradation which may be 
induced by ESD. 
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HFBR-14X4 Output Power Measured Out of 1 Meter of Cable 
Parameter Symbol Min. Typ.l2] Max. Unit Conditions Reference 

50/125 J.l.m PT50 -18.8 -15.8 -13.8 dBm TA = 25°C IF = 60 mAde Notes 5, 6, 9 
Fiber Cable -19.8 -12.8 peak 
NA= 0.2 -17.3 -13.8 -11.4 TA = 25°C IF = 100 mAde 

-18.9 -10.8 
62.5/125 J.l.m PT62 -15.0 -12.0 -10.0 dBm TA = 25°C IF = 60 mAde 
Fiber Cable -16.0 -9.0 peak 
NA = 0.275 -13.5 -10.0 -7.6 TA = 25°C IF = 100 mAde 

-15.1 -7.0 
100/140 J.I.ffi PT100 -9.5 -6.5 -4.5 dBm TA = 25°C IF = 60 mAde 
Fiber Cable -10.5 -3.5 peak 
NA = 0.3 -8.0 ~4.5 -2.1 TA = 25°C IF = 100 mAde 

-9.6 -1.5 
200 J.l.mHCS PT200 -5.2 -3.7 +0.8 dBm TA = 25°C IF = 60 mAde 
Fiber Cable -6.2 +1.8 peak 
NA = 0.37 -3.7 -I. 7 +3.2 TA = 25°C IF = 100 mAde 

-5.3 +3.8 

14X2/14X4 Dynamic Characteristics 
Parameter Symbol Min. Typ.l2] Max. Units Conditions Reference 

Rise Time, Fall Time tr, tr 4.0 6.5 nsee IF = BOmA Note 7, 
(10% to 90%) No Pre-bias Figure 12 
Rise Time, Fall Time tr, tr 3.0 nsee IF = 10 to Note 7, 
(10% to 90%) 100mA Figure 11 
Pulse Width Distortion PWD 0.5 nsee Figure 11 

Notes: 
1. For IFPK > 100 mA, the time duration should not exceed 2 ns. 
2. Typical data at TA = 25°C. 
3. Thermal resistance is measured with the transmitter coupled to a connector assembly and mounted on a printed circuit board. 
4. D is measured at the plane of the fiber face and defines a diameter where the optical power density is within 10 dB of the 

maximum. 
5. PT is measured with a large area detector at the end of 1 meter of mode stripped cable, with an ST® precision ceramic ferrule (MIL-

STD-83522/13) for HFBR-1412/1414, and with an SMA 905 precision ceramic ferrule for HFBR-1402/1404. 
6. When changing !tWto dBm, the optical power is referenced to 1 mW (1000 !tW). Optical Power P (dBm) = 10 log P WW)/1000!tW. 
7. Pre-bias is recommended if signal rate> 10 MBd, see recommended drive circuit in Figure 11. 
8. Pins 2, 6 and 7 are welded to the anode header connection to minimize the thermal resistance from junction to ambient. To further 

reduce the thermal resistance, the anode trace should be made as large as is consistent with good RF circuit design. 
9. Fiber NA is measured at the end of 2 meters of mode stripped fiber, using the far-field pattern. NA is defined as the sine of the half 

angle,determined at 5% of the peak intensity point. When using other manufacturer's fiber cable, results will vary due to differing 
NA values and specification methods. 

All HFBR-14XX LED transmitters are classified as IEC 825-1 Accessible Emission Limit (AEL) 
Class 1 based upon the current proposed draft scheduled to go in to effect on January 1,1997. 
AEL Class 1 LED devices are considered eye safe. Contact your Hewlett-Packard sales 
representative for more information. 

CAUTION: The small junction sizes inherent to the design of these components increase the components' 
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be 
taken in handling and assembly qfthese components to prevent damage and/or degradation which may be 
induced by ESD. 
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Recommended Drive 
Circuits 
The circuit used to supply current 
to the LED transmitter can 
significantly influence the optical 
switching characteristics of the 
LED. The optical rise/fall times 
and propagation delays can be 
improved by using the appro­
priate circuit techniques. The 
LED drive circuit shown in 

Figure 11 uses frequencY' com­
pensation to reduce the typical 
rise/fall times of the LED. and a 
small pre-bias voltage to minimize 
propagation delay differences 
that cause pulse-width distortion. 
The circuit will typically produce 
rise/fall times of 3 ns, and a total 
jitter including pulse-width dis­
tortion of less than 1 ns. This. 
circuit is recommended for appli­
cations requiring low edge jitter 

or high-speed data transmission 
at signal rates of up to 155 MBd. 
Component values for this circuit 
can be calculated for different 
LED drive currents using the 
equations shown below. For 

. additional details about LED 
drive circuits, the reader is 
encouraged to read Hewlett­
Packard Application Bulletin 78 
and Application Note 1038. 

Ry = (Vee - VF) + 3.97 (Vee - VF - 1.6 V) 

IF ON (A) 

R _ (5 - 1.84) + 3.97 (5 - 1.84 - 1.6) 
y - 0.100 . 
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RXI = ~(~) 
2 3.97 

RX2 = RX3 = RX4 = 3(REQ2) 

C(pF) = 2000(ps) 
RXl(n) 

Example jor IF ON = 100 rnA: VF can be 
obtainedjromFigure 9 (= 1.84 V). 

R = 3.16 + 6.19 = 93.5 n 
y 0.100 

RXI = ! (93.5) = 11.8 n 
2 3.97 

REQ2 = 11.8 - 1 = 10.8 n 

RX2 = RX3 = RX4 = 3(10.8) = 32.4 n 

C = 2000 ps = 169 F 
11.8 n p 



IDa ,..---r--"'T'"---".,..---,r---.. 

1 .~-+~~~r--+--~ I ~ 1--+--hfII,--+-:--:-+---1 .. I c~-+--~--+--+--~ 
Ii! 
.b 20 f--+-HI-t--t--+---t 

1,~~r-~~--~--~~~~~--~~2 

v,- FORWARD VOLTAGE - V 

Figure 9. Forward Voltage and 
Current Characteristics. 

~ 2.0 
II: 1.8 

11.6 
1.4 w 

~ 1.2 
oJ 1.0 
II! I 0.8 

C 0.8 
E 

/ 
/ 

1/ 
i"'" 

V 

~ 
3.0 I 

~ 
2.0 II: 

1.4 ~ ... 
1.0 
0.8 w 
o ~ 
-1.0 ~ 
-2.0 ~ 
-3.0 C f 0.4 :3:8 E 

0.2 -7.0 ~ 

,., ,., 
~ 0 ~ 
it" 0 10 20 30 40 SO 60 70 80 90 100 I 

IF - FORWARD CURRENT - mA ~ 

/ 

Figure 10. Normalized Transmitter 
Output VS. Forward Current. 

~---~-~~-~-----------~~~~y 
0.1 .... 

114 
I 74_ It.13~ 

c 

~HFa~14XI/X4 

Figure 11. Recommended Drive Circuit. 

Figure 12. Test Circuit for Measuring 1:.. t,. 
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IIFBR-24X2 Low-Cost 
5MBd Receiver 
Description 
The HFBR-24X2 fiber optic 
receiver is designed to operate 
with the Hewlett-Packard HFBR-
14XX fiber optic transmitter and 
50/125 JlIl1, 62.5/125 11m, 100/ 
140 JlIl1, and 200 11m HCS® fiber 
optic cable. Consistent coupling 
into the receiver is assured by the 
lensed optical system (Figure 1). 
Response does not vary with fiber 
size S; 0.100 11m. 

The HFBR-24X2 receiver incor­
porates an integrated photo IC 
containing a photodetector and 
dc amplifier driving an open­
collector Schottky output 
transistor. The HFBR-24X2 is 

Absolute Maximum Ratings 
Parameter 

Storage Temperature 
Operating Temperature 
Lead Soldering Cycle I Temp. 

I Time 
Supply Voltage 
Output Current 
Output Voltage 

designed for direct interfacing to 
popular logic families. The 
absence of an internal pull-up 
resistor allows the open-collector 
output to be used with logic 
families such as CMOS requiring 
voltage excursions much higher 
than Vee. 

Both the open-collector "Data" 
output Pin 6 and Vee Pin 2 are 
referenced to "Com~' Pin 3, 7. The 
"Data" output allows busing, 
strobing and wired "OR" circuit 
configurations. The transmitter is 
designed to operate from a single 
+ 5 V supply. It is essential that a 
bypass capacitor (O.lI1F 
ceramic) be connected from 
Pin 2 (Vee) to Pin 3 (circuit 
common) of the receiver. 

Symbol Min. 
Ts -55 
TA -40 

Vee -0.5 
10 
Vo -0.5 

Output Collector Power Dissipation POAV 
Fan Out (TIL) N 
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Housed Product 

PIN FUNCTION 

1+ N.C. 
2 Vcc{SV) 
3' COMMON 
4t N.C. 
Sf N.C. 
6 DATA 
7' COMMON 
8t N.C. 

'PINS 3 AND 7 ARE ELECTRICALLV 
CONNECTEO TO HEAOER 
tPiNS 1, 4, 6, AND 8 ARE ELECTRICALLY 
CONNECTEO 

Unhoused Product 

aOTTOMVIEW 

Max. Units Reference 
+85 °C 
+85 °C 

+260 °C Note 1 
10 sec 
7.0 V 
25 rnA 

18.0 V 
40 mW 
5 Note 2 



Electrical/Optical Characteristics -40°C to + 850C unless otherwise specified 
Fiber sizes with core diameter::; 100 11m and NA::; 0.35, 4.75 V ::; Vcc ::; 5.25 V 

Parameter Symbol Min. Typ.(3) Max. Units Conditions 
High Level Output Current lOR 5 250 IlA Vo = 18 

PR < -40 dBm 
Low Level Output Voltage VOL 0.4 0.5 V 10 = 8mA 

PR> -24 dBm 
High Level Supply Current ICCR 3.5 6.3 mA Vcc = 5.25 V 

PR < -40 dBm 
Low Level Supply Current ICCL 6.2 10 mA Vcc = 5.25 V 

PR> -24 dBm 
Equivalent N.A. NA 0.50 
Optical Port Diameter D 400 11m 

Dynamic Characteristics 
-40°C to +85°C unless otherwise specified; 4.75 V::; Vcc ::; 5.25 V; BER ::; 10-9 

Parameter Symbol Min. TypJ3) Max. Units Conditions 
Peak Optical Input Power PRR -40 dBmpk A,P = 820 nm 
Logic Level HIGH 0.1 I1Wpk 
Peak Optical Input Power PRL -25.4 -9.2 dBmpk TA = +25°C, 
Logic Level LOW 2.9 120 I1Wpk IOL = 8mA 

-24.0 -10.0 dBmpk IOL = 8 mA 
4.0 100 I1Wpk 

Propagation Delay LOW tpLRR 65 ns TA = 25°C, 
to HIGH PR = -21 dBm, 
Propagation Delay HIGH tpRLR 49 ns Data Rate = 
to LOW 5MBd 

Notes: 
1. 2.0 rnm from where leads enter case. 
2. 8 rnA load (5 x 1.6 rnA), RL = 560 n. 
3. Typical data at TA = 25°C, Vee = 5.0 Vdc. 

Reference 

Note 4 

Reference 
Note 5 

Note 5 

Note 6 

4. D is the effective diameter of the detector image on the plane of the fiber face. The numerical value is the product of the actual 
detector diameter and the lens magnification. 

5. Measured at the end of 100(140 11m fiber optic cable with large area detector. 
6. Propagation delay through the system is the result of several sequentially-occurring phenomena. Consequently it is a combination 

of data-rate-limiting effects and of transmission-time effects. Because of this, the data-rate limit of the system must be described in 
terms of time differentials between delays imposed on faIling and rising edges. 

7. As the cable length is increased, the propagation delays increase at 5 n8per meter ofiength. Data rate, as limited by pulse width 
distortion, is not affected by increasing cable length if the optical power level at the receiver is maintained. 

CAUTION: The small junction sizes inherent to the design of these components increase the components' 
susceptibility to darrw,ge from electrostatic discharge (ESD). It is advised that normal static precautions be 
taken in handling and assembly of these components to prevent damage and/or degradation which may be 
induced by ESD. 
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HFBR-24X6 Low-Cost 
125 MHz Receiver 
Description 
The HFBR-24X6 fiber optic 
receiver is designed to operate 
with the Hewlett-Packard HFBR-
14XX fiber optic transmitters and 
50/125 11m, 62.5/125 11m, 100/ 
140 11m and 200 11m HCS@ fiber 
optic cable. Consistent coupling 
into the receiver is assured by the 
lensed optical system (Figure 1). 
Response does not vary with fiber 
size for core diameters of 100 11m 
or less. 

The receiver output is an analog 
signal which allows follow-on 
circuitry to be optimized for a 
variety of distance/data rate 
requirements. Low-cost external 
components can be used to convert 
the analog output to logic 
compatible signal levels for various 
data formats and data rates up to 
175 MBd. This distance/data rate 
tradeoff results in increased optical 
power budget at lower data rates 
which can be used for additional 
distance or splices. 

The HFBR-24X6 receiver contains 
a PIN photodiode and low noise 
transimpedance pre-amplifier 

integrated circuit. The HFBR-24X6 
receives an optical signal and 
converts it to an analog voltage. 
The output is a buffered emitter­
follower. Because the signal 
amplitude from the HFBR-24X6 
receiver is much larger than from a 
simple PIN photodiode, it is less 
susceptible to EMI, especially at 
high signaling rates. For very noisy 
environments, the condUctive or 
metal port option is recommended. 
A receiver dynamic range of 23 dB 
over temperature is achievable 
(assuming 10.9 BER). 

The frequency response is typically 
dc to 125 MHz. Although the 
HFBR-24X6 is an analog receiver, 
it is compatible with digital 
systems. Please refer to 
Application Bulletin 78 for simple 
and inexpensive circuits that 
operate at'155 MBd or higher. 

The recommended ac coupled 
receiver circuit is shown in Figure 
12. It is essential that a 10 ohm 
resistor be connected between pin 
6 and the power supply, and a 0.1 
!1F ceramic bypass capacitor be 
connected between the power 
supply and ground. In addition, pin 
6 should be filtered to protect the 

~ __ ~~-t----~----------~-----4~----~V~ ~~E 

300pF 

+------+-------1 VOUT =~ 

3,7 

'-------+------4-----4-------~----_I VeE :~~VE 

Figure 11. Simplified Schematic Diagram. 

receiver from noisy host systems. 
. Refer to AN 1038, 1065, or AB 78 
for details. 

Housed Product 

PIN FUNCTION 
1 N.C. 

• SIGNAL 
S' 

• N.C. 
N.C. 

• 
7' .. 
at N.C. 

• PINS 3 AND 7 ARE ELECTRtCALLY 
CONNECTED TO THE HEADER. 

t PINS 1, 4, 5, AND 8 ARE ISOLATED FROM 
THE INTERNAL CIRCUITRY, BUT ARE 
ELECTRICALLY CONNECTED TO EACH OTHER. 

Unhoused Product 

aonoMvlEW 

CAUTIo.N;· roo smaUjunction sizes inherent to the design of these components increase the components' 
SUZcep~~bdity t? damage from electrostatic discharge (ESD). It is advised that normal static precautions be 
~a en ~n handlzng and assembly of these components to prevent damage andlor degradation which rrw,y be 
mduced by ESD. 
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Absolute Maximum Ratings 
Parameter Symbol Min. Max. Units Reference 

Storage Temperature Ts -55 +85 °C 
Operating Temperature TA -40 +85 °C 
Lead Soldering Cycle I Temp. +260 °C Note 1 

I Time 10 s 
Supply Voltage Vee -0.5 6.0 V 
Output Current 10 25 rnA 
Signal Pin Voltage VSIG -0.5 Vee V 

Electrical/Optical Characteristics -40°C to +85°C; 4.75 V :5 Supply Voltage :5 5.25 V, 
RLOAD = 511 n, Fiber sizes with core diameter:5 100 ~m, and N.A. :5 -0.35 unless otherwise specified 

Parameter Symbol Min. Typ.l2] Max. Units Conditions Reference 
Responsivity Rp 5.3 7 9.6 mV/~W TA= 25°C Note 3, 4 

@ 820 nm, 50 MHz Figure 16 
4.5 11.5 mV/~W @ 820 nm, 50 MHz 

RMS Output Noise VNO 0.40 0.59 mV Bandwidth Filtered Note 5 
Voltage @75MHz 

PR = O~W 
0.70 mV Unfiltered Bandwidth Figure 13 

PR = O~W 
Equivalent Input PN -43.0 -41.4 dBm Bandwidth Filtered 
Optical Noise Power @75MHz 
(RMS) 0.050 0.065 ~W 

Optical Input Power PR -7.6 dBmpk TA = 250C Figure 14 
(Overdrive) 175 ~Wpk Note 6 

-8.2 dBmpk 
150 ~Wpk 

Output Impedance Zo 30 n Test Frequency = 
50 MHz 

dc Output Voltage Vode -4.2 -3.1 -2.4 V PR = O~W 
Power Supply Current lEE 9 15 rnA RLOAD = 510 n 

. Equivalent N.A. NA 0.35 
Equivalent Diameter D 324 ~ Note 7 

CAUTION: The smaUjunctian sizes inherent to the design ojthese components increase the components' 
susceptibility to damage from electrostatic discharge (ESD J. It is advised that normal static precautions be 
taken in handling and assembly ojthese components to prevent damage and/or degradation which may be 
induced by ESD. 
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Dynamic Characteristics -40°C to +85°C; 4.75 V :,; Supply Voltage:'; 5.25 V; RLOAD = 511 n, CLOAD 

= 5 pF unless otherwise specified 

Parameter Symbol Min. Typ.l2] Max. Units Conditions Reference 

RiselFall Time t r , tr 3.3 6.3 ns PR = 100 IlW peak Figure 15 

10% to 90% 

Pulse Width Distortion PWD 0.4 2.5 ns PR = 150 IlW peak Note 8, 

Figure 14 

Overshoot 2 % PR = 5 IlW peak, Note 9 

tr = 1.5 ns 
Bandwidth (Electrical) BW 125 MHz -3 dB Electrical 

Bandwidth - Rise 0.41 Hz's Note 10 

Time Product 

Notes: 
1. 2.0 mm from where leads enter case. 
2. Typical specifications are for operation at TA = 25"C and Vee = +5 V dc. 
3. For 200 lIDl ReS fibers, typical responsivity will be 6 mVl~W. Other parameters will change as well. 
4. Pin #2 should be ac coupled to a load ~ 510 ohm. Load capacitance must be less than 5 pF. 
5. Measured with a 3 pole Bessel filter with a 75 MHz, -3 dB bandwidth. Recommended receiver filters for various bandwidths are 

provided in Application Bulletin 78. 
6. Overdrive is defmed at PWD = 2.5 ns. 
7. D is the effective diameter of the detector image on·the plane of the fiber face. The numerical value is the product of the actual 

detector diameter and the lens magnification. 
8. Measured with a 10 ns pulse width, 50% duty cycle, at the 50% amplitude point of the waveform. 
9. Percent overshoot is defmed as: 

( VPK - VlOO'J?\ x 100% 
VlOO% J 

10. The conversion factor for the rise tiJ.ne to·bandwidth is 0.41 since the RFBR-24X6 has a second order bandwidth lilniting 
characteristic. 

~I-~F_"""' ___ --<i~ ____ ~_-< +5 V 

10n 

Figure 12. Recommended ac Coupled Receiver Circuit. (See AB 78 and AN 1038 for more information.) 

CAUTION: The small junction sizes inherent to the design of these components increase the components' 
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be 
taken in handling and assembly of these components to prevent damage andlor degradation which may be 
induced by ESD. 

3-108 



\! ~ 125 f----- -_._- --

I 

i 
w 

~ 

I 
!l; 

1001--

75 1---"...._ ............ --r----

50 ~--+-----t---+-~~ 
25r--r--t--i---r-· --

50 100 150 200 250 300 

FREQUENCY - MHz 

Figure 13. Typical Spectral Noise 
Distortion vs. Peak Input Power. 

1.25 

w 1.00 
VI z 
~ 
m 0.75 
a: 
Q 

ill 
0.50 ... 

:Ii a: 
0 z 0.25 

1/ 
V \ 

/ \ 
V ~ 

o 
400 480 580 640 720 800 880 960 1040 

A - WAVELENGTH - nm 

Figure 16. Receiver Spectral 
Response Nonnalized to 820 nm. 

3.0 

! 
I 
z 2.5 
0 

~ 

~ 2.0 -1-- . 
Q 

:I: 
1.5 I:; 

i 
I 

II 
w 1.0 !l 
:> .. 
I 0.5 
~ 

-
V 

", .. 
PR -INPUT OPTICAL POWER - lAW 

Figure 14. Typical Pulse Width 
Density vs. Frequency. 

6.0 

! 5.0 
I 

W 

~ 4.0 
w 
!l! 
~ 

3.0 m a: 

..!!... /' V 

.. _._-r--
I 
or 
of 2.0 

1.0 
~ ~ ~ 0 ~ ~ 50 00 ~ 

TEMPERATURE - ~c 

Figure 15. Typical Rise and Fall 
Times vs. Temperature. 

3-109 



-

Applications 
The following application information is either published in . 
this catalog or available from your local Hewlett-Packard 
sales office, authorized distributor or representative. 

Application Notes 

FliHW HEWLETT® 
~~PACKARD 

AB 78 - Low-Cost Fiber-Optic Links for Digital Applications up to 155 MBd ........................... 3-111 

ANI035 - Versatile Link .......................................................................................................... 3-135 

AN 1038 - Complete Fiber-Optic Solutions for IEEE 802.3 FOIRL, 
10Base-FB and 10 Base-FL .................................................................................................. 3-152 

AN 1066 - Fiber-Optic Solutions for 125 MBd Data Communication Applications 
at Copper WIre Prices .......................................................................................................... 3-168 

AN1080 - DC to 10 MBd Versatile Link with Plastic Optical Fiber or 
Hard Clad Silica Fiber (HCS) for Factory Automation and 
Industrial Control Applications ............................................................................................. 3-184 

Abstracts* 
AN 1057 - Conductive Port Receiver ....................................................................................... 3-200 

AN 1073 - HFBR-0319 Test Fixture for 1 x 9 Fiber-Optic Transceivers .................................. 3-200 

*Complete Application Note is available from your HP sales office. 



Low Cost Fiber-Optic Links 
for Digital Applications 
up to 155 MBd 

Application Bulletin 78 

The HFBR-2406/16 
High Performance 
Component 
The HFBR-2406 and HFBR-2416 
are high-speed, low-cost, linear, 
light-to-voltage converters with 
typical bandwidths of 125 MHz. 
These components can be used to 
make fiber-optic links for both 
analog and digital applications. 
Since the range of possible uses is 
so varied, this Application Bulle­
tin concentrates on a specific digi­
tal application. The application is 
one of the most prevalent for the 
HFBR-24X6: the transmission of 
encoded digital signals, otherwise 
known as run-length limited* 
data. 

_ The HFBR-0400 component 
family's inexpensive, one-piece 
plastic package allows engineers 
to construct low-cost high-perfor­
mance fiber-optic links. All de­
vices in the HFBR-0400 product 
family, including the HFBR-
24X6, are available with optical 
ports that are compatible with 
the industry standard SMA and 
ST** fiber-optic connectors. Com-

* Run length limited means a limit on 
the number of consecutive symbols in 
the same state. .* ST is a trademark of AT&T 
Technologies. 

5965-6005E 

ponents that are compatible with 
the SMA connector are denoted 
by a "zero" in the third digit of 
their part numbers. If the ST con­
nector is to be used, the compo­
nent part number should contain 
a "one" in the third digit. For ex­
ample, the equivalent of the high­
performance HFBR-2406 
SMA-compatible receiver with 
the ST connector option is the 
HFBR-2416. 

The addition of the HFBR-24X6 
receiver to the low-cost 0400 com­
ponent family opens new avenues 
for designers. They can now de­
velop fiber-optic links that meet 
tough cost and performance objec­
tives. The wide bandwidth of the 
HFBR-24X6 allows high-speed, 
fiber-optic links to be built at 
lower prices than was formerly 
possible. Engineers can exploit 
the high performance of the 
HFBR-24X6 in other ways as 
well. For instance, the wide band­
width of the linear light-to-volt­
age converter can be reduced by a 
low-pass filter to improve the sen­
sitivity of the fiber-optic receiver 
in lower-speed applications. The 
HFBR-24X6 accommodates a 
larger optical signal than other 
HFBR-0400 fiber-optic receivers 
before it begins to overload. This 
improvement in the overload 
characteristics of the 24X6 was 

rli~ HEWLETTGil 
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achieved with no significant re­
duction in the ultimate sensitivity 
when compared to the existing 
HFBR-24X4 receiver. The in­
creased optical input power toler­
ated by the HFBR-24X6 allows it 
to function at short fiber lengths 
with large values oflaunched op­
tical power. When the receiver 
can tolerate higher optical power, 
a longer cable is possible before 
attenuation reduces the light to 
the sensitivity limit of the re­
ceiver. The increased dynamic 
range of the HFBR-24X6 will 
thus permit greater optical link 
length for any given fiber attenu­
ation. 

Applications For 820 nm 
LED Based Fiber Optic 
Links 
The 820-nm LED technology used 
in the HFBR-0400 family of com­
ponents can be used in conjunc­
tion with the HFBR-24X6 
receiver to construct digital fiber­
optic links that transmit data at 
speeds up to 155 MBd. The length 
of the fiber cable that can be used 
with the HFBR-24X6 is restricted 
by the receiver sensitivity at low 
data rates. As the data rate is in­
creased a phenomenon known as 
chromatic dispersion begins to 
limit the maximum distance. 
Chromatic dispersion results 
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from the interaction of the 60 nm­
wide spectrum emitted by the 
LED and the propagation veloci­
ties of light in silica. Since the ve­
locities of light at various 
wavelengths near 820 nm are dif­
ferent, the optical pulses sent by 
the LED are dispersed or spread 
out in time as they travel down 
the light guide. A chromatic dis­
persion null exists at a wave­
length of 1300 nm in silica glass. 
If an LED were operated at the 
chromatic dispersion null the 
pulses would experience the mini­
mum broadening as they traveled 
through the fiber. This is due to 
the nearly eq).lal propagation ve­
locity for all the wavelengths 
transmitted through the silica 
light guide by the long-wave­
length emitter. Figure 1 illus­
trates the effect of the LED center 
wavelength and spectral width on 
the chromatic dispersion. An 820 
nm LED with a 60 nm emission 
spectrum is shown to produce a 
larger change in the arrival time 
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of the light pulses thiin a 1300 nm 
LED with a ioo nm spectral 
width. When selecting a fiber the 
designer should be aware of how 
the bandwidth-length product, 
expressed in MHzIkm, was deter­
mined. The bandwidth of a fiber 
measured using a narrow spec­
trum emitter, such as a laser di­
ode, is related to the various 
possible modes of light propaga­
tion that can exist in a fiber. This 
is referred to as the fiber's modal 
bandwidth. The modal bandwidth 
will be greater than the chromatic 
bandwidth which dominates 
when an LED is used. To deter­
mine the overall optical band­
width of a fiber, the modal and 
chromatic bandwidths must be 
combined as an rms sum as 
shown in Equation 1. In LED­
based systems the wavelength, 
spectral width and response time 
of the emitter used as the fiber­
optic transmitter will affect the 
final system bandwidth. Thus, to 
understand how a fiber will work 
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Figure 1. Group Delay vs. Wavelength. 
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B.W. = 1 2 1 2 
(B.W. mOdal) + (B.w. chromatiC)· 

Equation 1. 
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with an LED, one must know the 
type of optical source used to mea­
sure the manufactUrer's stated 
bandwidth. HP HFBR-AWSyyy 
100/140 ~m fiber-optic cable has a 
typical optical bandwidth-length 
product of 40 MHzIkm. This value 
represents the performance of the 
HP fiber with an 820 nm LED 
emitter that has a 60 nm spectral 
width. The 40 MHzIkm typical 
bandwidth-length product ofHP 
fiber results from the combination 
of the modal and chromatic band­
widths. 

The typical distances and data 
rates possible with 820 nm LED 
emitters and the HFBR-2406/2416 
receiver are shown in Figure 2. 
Note that the data rate versus dis­
tance for 100/140 and 62.5/125 ~ 
graded-index fibers are both 
shown in the figure,[l, 2, 3, 41 

If greater distances or higher 
speeds are required, other options 
such as 1300 nm LEDs or laser 
diodes can meet these objectives. 
If the system requirements fall to 
the left of the curves shown in 
Figure 2 the design goals can be 
achieved using an 820 nm LED 
and the HFBR-24X6 for a sub­
stantially lower cost than possible 
with these other technologies. The 
inexpensive 820 nm LED technol­
ogy offers the designer a cost­
effective solution sufficient for 
many short-distance applications 
at data rates in excess of 100 
megabaud. 

Applications for 820 nni LED 
Based Systems Using 
HFBR-2406/2416 Include: 
• CPU to disc interface. 
• CPU to monitor interface 
• CPU to peripheral interface 
• Optical data bus applications. 
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Figure 2. Typical Data Rate and Distance Possible with HFBR-2406/2416, 

• Graphics workstation to host 
computer interface. 

• Wide dynamic range, long dis­
tance, medium speed LAN 
applications. 

• High-speed, point-to-point data 
links. 

• Security, voltage isolation. 

Advantages of Run 
Limited Code 
Data is coded to prevent the digi­
tal information from remaining in 
one of the two possible logic states 
for an indefinite period of time. 
The coded data allows the fiber­
optic receiver to be ac coupled. 
Without encoding, the fiber-optic 
receiver would have to detect dc 
levels to determine the proper 
logic state during long periods of 
inactivity, as when there is no 
change in the transmitted data. 
AC-coupled fiber-optic receivers 
tend to be lower in cost, are much 
easier to design, and contain 

fewer components than their dc­
coupled counterparts_ 

Direct coupling decreases the sen­
sitivity of a fiber-optic receiver 
since it allows the low-frequency 
flicker noise from the transistor 
amplifiers to be presented to the 
comparator input. Any undesired 
signals coupled to the comparator 
will reduce the signal-to-noise ra­
tio at this critical point in the cir­
cuit, and reduce sensitivity of the 
fiber-optic receiver. 

Another problem associated with 
direct-coupled receivers is mini­
mizing the accumulation of dc off­
set. With direct coupling, the gain 
stages multiply the effects of un­
desirable amplifier offsets and 
voltage drifts due to temperature 
changes, and apply them to the 
comparator. Increases in the dc 
offset applied to the comparator 
result in reduced sensitivity of the 
fiber-optic receiver. The dc offset 
at the comparator can be referred 

to the optical input of the receiver 
by dividing by the receiver gain. 
This division refers the dc offset at 
the comparator to the receiver in­
put where it appears as a change 
in optical power that must be ex­
ceeded before the receiver will 
switch states . 

Another advantage of run-limited 
coding is related to timing recov­
ery. IfNRZ data were transmitted 
over a serial fiber-optic link the 
data could be in the logic "1" or 
logic "0" state for an indefinite pe­
riod of time. When NRZ data re­
mains in a particular state no 
transitions occur and the funda­
mental frequency of the data is dc. 
This lack of power at the funda­
mental frequency of the data 
eliminates the reference signal 
needed by the timing recovery cir­
cuits required to clock the received 
information. If an optical link is to 
transmit NRZ data, a clock signal 
must be sent on a separate fiber­
optic link to synchronously detect 
the incoming serial data. 

The particular run-length-limited 
code chosen must be considered 
carefully since it will affect the 
bandwidth required by the serial 
communication channel. A com­
plete discussion of all run-limited 
codes is beyond the scope of this 
publication. If you desire addi­
tional information regarding vari­
ous coding schemes, there are 
numerous technical papers de­
voted to this specific topicJ5J 
Without becoming too involved in 
the complexity of encoding selec­
tion, a quick comparison will now 
be made between two commonly 
recognized approaches to this 
problem. 

One of the most familiar run­
limited codes is Manchester. 
Manchester is very popular since 
it can be encoded and decoded 
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with relatively simple circuits. 
Manchester works well inac­
coupled systems since if has a 
50% duty factOr and two pulses or 
symbols for each bit transmitted. 
This simplifies the design and 
implementation of the timing re­
covery function since Manchester 
code has only two consecutive 
symbols without a transition, or a 
run limit of two. A drawback of 
Manchester is that two symbols 
must be sent for each data bit en­
coded, thus doubling the funda­
mental frequency that must pass 
through the information channel. 
Substitution codes have recently 
been made available in very large 
scale integrated (VLSI) circuits. 
These VLSIcircuits function as a 
general purpose interface between 
the parallel architecture found in 
computer-based systems and the 
serial format required by fiber­
optic communication links. The 
two different substitution codes 
available in the AMD TAXIchipTM 
parallel-to-serial encoder are .. . 
4B5B and 5B6B. These two codes 
have an efficiency of 4/5 and 5/6 
respectively which compares to an 
efficiency of 112 for Man,chester 
code. The significance of coding 
efficiency can be illustrated by an 
example. If an applIcation calls for 
the transmission of 100 M bits! 
second, Manchester code requires 
that the infonnation channel 
must pass 200 M symbols/second 
or 200 MBd. If the more efficient 
4B5B code were used, 100 M bits! 
secorid could be sent at a speed of 
(5/4)(100 M bit/sec) = 125 MBd. 
Sillrilarly, use of5B6B would al­
low transmission of this data at a 
speed of(6I5)(100 M bit/sec) = 
120MBd. 

Regardless of the particular cod­
ing scheme used there will always 
be two .symbols per cYcle. This is 
true because each half cycle of the 
maximum fundam~ntal frequency 
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that the communications channel 
must pass is equivalent to a sym­
bol in a binary transmission sys­
tem. 

Designing With Fiber 
Optic Components 

Transmitter Design 
Now that the basic issues related 
to fiber-optic link design have 
been covered, some specifics re­
lated to the design of the optical 
transmitters and receivers will be 
discussed in greater detail. To 
achieve the wide bandwidth per­
formance potential of the fiber­
optic medium requires a fast LED 
and current modulator. The 
transmitter's pulse-width distor­
tion and optical rise and fall times 
can be heavily influenced by the 
driver selected. Readily available 
off-the-shelfintegrated circuit 
current drivers can be configured 
with theHFBR-l4XX 820 nm 
LEDs to build high-performance 
fiber-optic transmitters with a 
typical pulse-width distortion of 
800 psec. 

To obtain the best performance 
from any LED and driver combi­
nation, two simple techniques 
known as prebias and drive cur­
rent peaking should be employed. 
Prebias, as its name implies, is a 
small forward current applied to 
the LED in the "off" or "low" light 
state. The prebias current pre­
vents the junction and parasitic 
capacitances from discharging 
completely when the LED is in 
the "off" state, thus reducing the 
amount of charge that the driver 
must transfer to turn the emitter 
back on. Peaking is a momentary 
increase in LED forward current 
that is provided by the driver dur­
ing the rising and falling edges of 
the current pulses that are used 
to modulate the emitter. If the 

time constant of the peaking cir­
cuit is approximately equal to the 
minority carrier lifetime ofthe 
emitter, the momentary increase 
in LED current will transfer 
charge at a rate that improves the 
rise or fall time of the light output 
without causing excessive over­
shoot of the optical pulses. Prob­
lems that can result when 
excessive peaking is applied to the 
LED are illustrated in Figure 3. 
The narrow optical overshoot due 
to excessive peaking of the trans­
mitter causes a narrow electrical 
output pulse from the fiber-optic 
receiver that must now be 
damped. Even if the receiver am­
plifiers were critically damped the 
electrical undershoot resulting 
from excessive peaking of the 
emitter can reduce the sensitivity 
of the fiber-optic link. This electri­
cal undershoot can combine with 
noise from the amplifiers so that 
the sum of these two voltages ex­
ceeds the decision threshold of the 
comparator, which converts the 
low-level analog output of the fi­
ber-optic receiver back to logic­
compatible digital signals. 
Excessive peaking during the 
turn-off of the emitter can cause 
additional problems. Too much 
reverse current dUring the turn­
off transition will reverse-bias the 
LED, seriously degrading the 
turn-on time. 

A circuit with a low source imped­
ance should be used to drive the 
LED. This is important because 
the light output of an LED is pro­
portional to the number of elec­
tron hole pairs present in the 
LED'sjunction. Ifhigh speed op­
eration of the transmitter is de­
sired, a driver with a low source 
impedance should be used to pro­
vide the sudden changes in cur­
rent required to quickly create 
and annihilate charge carriers in 



the LED junction. LEDs are char­
acteristically harder to turn off 
than to turn on. This difficulty 
manifests itself as a phenomenon 
commonly referred to as the long­

. tailed response. An example of 
long-tailed response is shown in 
Figure 4. The long-tailed response 
is most evident when a simple se­
ries switch is used to control the 
LED drive current as shown in 
Figure 5. A shunt drive configura­
tion, which turns the LED off 
when the driver transistor satu-

rates, significantly improves the 
performance of the LED transmit­
ter. Shunt drive reduces pulse­
width distortion and the 
magnitude of the slow tail by pro­
viding a low impedance path for 
charge stored in the LED junc­
tion. Without this low-impedance 
path the emitter would turn off 
slowly since the LED would con­
tinue to produce light until the 
diode junction discharges. 

Figure 3a. Optical Overshoot Due to Excessive Peaking of the LED 
Drive Current. 

11<0 .. 1----- NOISE FREE CONDITIONS ----i4--

Figure ab. Response of Optical Receiver to an Excessively Peaked LED 
Transmitter. 
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Figure 4. Example of Long-Tailed Response. 
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Figure II. Series Switch LED Driver. 

Readily available 74ACT logic 
gates can be used to implement a 
shunt drive configuration to cur­
rent-modulate the LED. A current 
of 60 rnA is typically required to 
drive the HFBR-14X214. Ordinary 
bipolar TTL gates generally do not 
have sufficient capability to sink 
and source 60 rnA. A simple high­
speed LED driver can be con­
structed by connecting the active 
output of 74ACT logic to the 
HFBR-14X214 as shown in Figure 
6. In this configuration the pull-up 
transistor turns the LED off, and 
the pull-down transistor turns the 
LED on. The low impedance and 
high current rating of the 
MOSFET transistors used in 
74ACT output stages allows these 
gates to quickly inject and remove 
charge from the LED. The ability 
of 74ACT gates to quickly move 
charge is very important as the 
LED turns off. The dynamic im­
pedance of the LED increases rap­
idly as forward current decreases 
at turn off. The LED will continue 
to emit light as long as the junc­
tion contains. minority charge car­
riers. The pull-up transistor of the 
74ACT LED driver provides the 
low impedance discharge path 
needed to sweep charge from the 
junction and rapidly quench the 
light emitted by the LED. The 
low impedance of the pull"down 
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Figure 6. Simple High-Speed Transmitter Clreuit. 
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Figure 7. Improved Optical Output Waveform. 

transistor ensures that the LED 
turns on quickly by providing the 
current needed to rapidly charge 
the junction during the less diffi­
cult turn-on transition. When the 
74ACT gate and LED are config­
ured as shown by the schematic in 
Figure 6, the improvement inthe 
optical output waveform is as 
shown in Figure 7. The high speed 
capability of 74ACT logic mini~ 
mizes the difference between 
high-to-low and low-to-high 
propagation delays. The variance 
between tpm.. and tPLH of the gate 
used to drive the LED will affect 
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the pulse-width distortion present 
in the transmitter's optical wave­
form. When ~and inverters from, 
the same die are connected as c 

shown in Figure 8 the distortion 
due to gate propagation delay dif­
ferences is minimized. The trans­
mitter circuit shown in Figure 8 
typically has an optical jitter of 
800 ps; this excellent transmitter 
performance can be achieved 
when an undistorted TTL signal 
is applied to the 74ACTQOO quad 
nand gate used to current modu­
late the HFBR-14X214 LED. 

Equation 2. 

N = The number of 74ACT gates 
connected in parallel. 

B = Is an empirically determined 
constant which establishes an 
optimum relationship between 
prebias and LED forward current. 

2.5 ns 
c= -, -'-

RXl 

The transmitter shown in Figure 
8 is compatible with TTL logic and 
is suited for data with a maximum 
fundamental frequency of 78 
MHz, which implies a symbol rate 
of 155 MBd. The design rules for 
the LED driver shown in Figure 8 
are shown in Equation 2. This 
simple TTL-compatible fiber-optic 
transmitter has a typical rise/fall 
timeof3 ns. 



+5 V Vee TTL Transmitter 
Performance 

Figure 8. TTL Compatible LED Driver Implemented with 74ACT or 74ACTQ nand 
Logic. 

The performance of the circuit 
shown in Figure 8 was tested us­
ing a 223-1 PRBS data pattern to 
demonstrate the typical perfor­
mance of this TTL transmitter. 
Jitter in the data edges results 
due to the DDJ induced by the 
pseudo random bit sequence. The 
eye pattern shown in Figure 9 re­
veals that the HFBR-14X2114X4 
LED transmitter had a total data­
dependent edge jitter of 800 ps 
when driven by the 74ACTQOO 
gate at a rate of 155 MBd. This 
data was taken at an ambient 
temperature of 25°C and repre­
sents the typical performance pos­
sible with this simple fiber-optic 
transmitter. The total pulse-width 
distortion can be further reduced 
by using a limited-range potenti­
ometer in place of fixed values of 
Ry for system applications that 
are extremely intolerant of sym­
bol-width variations. But for most 
data communications applica­
tions, this transmitter performs 
adequately at speeds up to 155 
MBd using fixed component 
values. 

Testing Fiber Optic 
Systems 
Pseudo-random-bit-sequence 
(PRES) generators are very useful 
for testing the performance offi­
ber-optic systems. The pseudo­
random data pattern contains 
long periods of inactivity related 
to the length of the shift register 
used to build the PRES generator. 
A PRES generator made up of a 
23-bit-Iong shift register could at 
any given clock time contain one 
of 8,388,610 possible data pat­
terns. The number of data pat­
terns possible can be calculated as 
223-1 since the state where all 
shift register stages contain logic 
zeros is not allowed. These long 
periods of inactivity in the data 
pattern produced by the PRBS 
generator allow time for parasitic 
capacitances in the transmitter 
and receiver to charge. The time 
required to charge and discharge 
undesired capacitances in the 
transmitter and receiver result in 
pulse-width distortion related to 
the instantaneous duty factor of 
the data. This phenomenon is 
known as data dependent jitter or 
DDJ. If an oscilloscope is clock 

triggered on the PRBS generator 
it asynchronously samples the 
data due to the lack of correlation 
between the PRES clock and the 
time base that generates the hori­
zontal sweep of the scope. When 
triggered on the PRES generator's 
clock the scope will display a sig­
nal known as the "eye pattern". 
The "eye pattern" can be very use­
fulsince the width and height of 
the opening between the data 
edges defines the time period dur­
. ing which the data is in a valid 
logic state. 

• DATA RATE 155 MBd • TYPICAL PEAK·TO-PEAK JITTER = 800 ps 

• DATA PATTERN 223_1 PRBS • TIME SCALE IS 2.0 nsJDIV. 

Figure 9. Optical Output of the TTL Transmitter. 
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EeL Transmitter 
Performance 
If an ECL-compatible fiber-optic 
transmitter is needed it can be 
easily built using the circuit 
shown in Figure 10. The design 
rules for this high-performance 
fiber-optic transmitter are given 
in Equation 3. This particular 
transmitter uses a simple ECL to 
TTL converter and 74ACTQ nand 

+5 V Vee 

ECL(+) 

ECL(-) 

R1 
82!l 

R2 
82 !l 

R5 
22!l 

logic in conjunction with the 
HFBR-14X2IX4 LED emitter. It is 
capable of typical optical rise/fall 
times of 3 nsec. The performance 
of the ECL transmitter was mea­
s~ed with a BCP Model 300 Op­
tlcal Waveform Receiver. Figure 
11 shows the optical "eye" pattern 
when a 155 MBd pseudo-random­
bit-sequence of 223-1 is applied to 
the ECL transmitter. 

C1 Io.1 flF 

Figure 10. Transmitter with +5 V ECL Interface. 

" • TYPICAL PEAK·TO-PEAK JITTER;" 760 ps 
: :. DATA ,PATTERN 223_1 PRBS • TIME SCALE IS 2.0 nsiDIV. --;. .. " .•.•... ,_ •.• _, 

; j ~ j ~ 'r ! I :. 
Figure 11. Optical Output of the +5 V ECL Transmitter. 
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Equation 3. Design Rules for 
74ACTQOO LED Driver Circuits. 

N = Number of gates connected in 
parallel. 

B = Empirically determined constant 
for optimUm relationship between 
prebias and LED forward current. 

RIO 
R8=-

2B 

R9= 
RIO 3 

2B N 

C4 = 2.5 x 10·9 

R8 

Recommend B = 3.97 

C~ ~ 

+ 

I 
C3 
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HFBR-14X2!4 
2,6,7 



Receiver Design 
Now that the techniques required 
to build high-speed fiber-optic 
transmitters have been explained, 
emphasis must be placed on the 
methods necessary for design and 
construction of the fiber-optic re­
ceiver. Figure 12 shows the nmc­
tional blocks required to interface 
the HFBR-24X6 light-to-voltage 
converter to digital logic. The 
HFBR-24X6 has a low-level ana­
log output related to the incoming 
optical power by the 7 m VI/l W 
conversion gain of the light-to­
voltage transducer. The HFBR-
24X6 needs additional external 
gain stages to increase the ampli­
tude of its output before it can in­
terface to any of the standard 
logics like TTL or ECL. The out­
put voltage of the HFBR-24X6 is 
proportional to the received opti­
cal flux. Since the received optical 
power changes as a ftmction of the 
fixed optical losses and as a ftmc­
tion of fiber-optic link length, 
some provision must be made to 
accommodate the change in the 
output voltage of the light-to-volt­
age transducer. An amplifier with 
AGe or a limiting amplifier is 
needed to accommodate the wide 
range of output voltages that are 
possible under various fiber link 
operating conditions. In the fol­
lowing example, calculations show 
that the output voltage of the 
HFBR-24X6 could range from a 
minimum of2.9 mV pp to a maxi­
mum of 1. 74 V pp. This output 
voltage range is for worst-case 
conditions at a BER less than or 
equal to 1 x 10-9 when the compo­
nent operates between -40 to 
+85°C. 

Calculation of HFBR-24X6 Output Voltage Range 

The peak-to-peak signal to rms noise ratio needed at the comparator 
input for a BER of 1 x 10-9 = 12: 1. 

This implies an extinction-to-peak (peak-to-peak) change in the 
received optical flux of (12) (rms noise) will be required. Thus, the 
peak-to-peak-to-rms-noise·ratio required by the fiber-optic receiver 
for a BER of 1 x 10-9 becomes (Signalpp) / (noistlrms) = 12:1. 

The noise floor of the HFBR-24X6 is -43 dBm rms typical. 

-43.0 dBm + [10 log (1211)] = -43.0 dBm + 10.8 dB = -32.2 dBm pk. 
Thus -32.2 dBm pk is the minimum received optical power that will 
yield a BER better than or equal to 1 x 10-9. 

-32.2 dBm implies [antilog (-32.2110)](1,000) = 0.603 /lW minimum 
received optical power for BER better than or equal to 1 x 10-9. 

This minimum power ofO.603/lW implies a change in the receiver 
input from approximately 0 /lW to 0.603/lW or a peak-to-peak 
change of approximately 0.603 /l W pp. The minimum output of the 
HFBR-24X6 thus becomes (0.603/lW pp)(4.5 mVl/lW) = 2.71 mV pp. 

The HFBR-24X6 overloads at -8.2 dBm worst-case minimum. 
Overload is specified as Pr maximum on the data sheet. Overload is 
defined as the received optical power at which the output pulses 
from the HFBR-24X6 are distorted 2.5 ns due to saturation of the 
transimpedance amplifier that converts photo-current to voltage. 

-8.2 dBm implies [antilog (-8.2110)](1,000) = 151/lW. Thus the 
maximum allowed power of 151 /l W implies a change in the receiver 
input from approximately 0 /lW to 151/lW or a peak-to-peak change 
of approximately 151/lW pp. Thus a maximum received optical 
power of 151 /l W implies a maximum output voltage of 
(151/lW pp) (11.5 mVl/lW) = 1.74 V pp. 

LOGIC COMPATIBLE 
OUTPUT 

HFBR-2406 LIGHT TO LIMITING AMP OR LOGIC COMPATIBLE 
VOLTAGE AGCAMP COMPARATOR 

TRANSDUCER 

Figure 12. Fiber-Optic Receiver Block Diagram. 
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Error Rate Versus 
Signal-to-noise Ratio 
The bit error rate (BER) possible 
with a fiber-optic link is a function 
of the difference between the 
peak-to-peak signal andthe RMS 
noise voltages present at the com­
parator input. A linear relation­
ship exists between optical power 
entering the HFBR-24X6 and the 
voltage output ofthe fiber-optic 
recei~er, provided that interstage 
couplmg and post amplifiers do 
not introduce significant distor­
tion. This linear relationship im­
plies that if a peak-to-peak signal 
voltage 12 times larger than the 
RMS noise voltage is needed at 
the comparator to ensure a BER 
of 1 x 10-9, then the same ratio 
will be required at the receiver 
input. Thus the difference be­
tween the peak-to-peak optical 
input oflight pulses applied to the 
HFBR-24X6 and the RMS equiva­
lent noise power referred to the 
optical input must also be 12 to l. 
Some confusion exists because 
changes in the emitter output 
from extinction to maximum 
power are often referred to as 
peak excursions of the transmitter 
launched power. This confusion 
results since the transmitter out­
put is varying from zero light to a 
maximum or peak light output. 
The extinction-to-on excursion in 
the optical output of an emitter is 
actually a peak-to-peak change in 
intensity. Figure 13 is a graph of 
receiver signal-to-noise ratio ver­
~us ~ER. The relationship shown 
m Figure 13 was obtained from 
extensive reduction of statistical 
theory that relates the probability 
of an error to the receiver's signal­
to-noise ratio. 
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Low-pass Filtering to 
Enhance Receiver 
Sensitivity 
The importance of filtering to 
eliminate unnecessary receiver 
bandwidth becomes apparent by 
studying Figure 14, which shows 
the relationship between fre-
quency and the spectral noise den­
sity of the HFBR-2406l2416. If the 

1()-4 10-6 10-8 10-10 
SIT ERROR RATIO (SER) 

Figure 13. Signal-to-Noise Ratio vs. 
Probability of Error. 

10-12 fiber-optic link under consider­
ation were intended for operation 
at 50 MBd (which implies a funda­
mental data frequency of 25 MHz) 
a substantial increase in receiver 
sensitivity can be realized. This 
increase in sensitivity is obtained Advantages of Hysteresis 

~e us~ of hysteresis in the digi­
tIzer Wlll not change the signal-to­
noise ratio required at the 
comparator for a particular BER. 
Hysteresis will, however, intro­
duce a discontinuous response in 

. the receiver that alters the ratio 
between peak signal level and the 
RMS noise in stages prior to the 
comparator. When dual-threshold 
detection is used, the signal-to­
noise ratio required at the deci­
sion circuit for a particular error 
rate is unaffected but the change 
in the received power level re­
quired to switch the state of the 
c?mparator is increased in propor­
tion to the amount of the hyster­
esis. Dual-threshold receivers 
experience a reduction in sensitiv­
ity proportional to the amount of 
hysteresis used;·however, this 
type of digitizer offers some inter­
esting advantages. Hysteresis is 
used in all the receivers shown in 
this Application Bulletin. Use of 
hysteresis insures that the logic 
output of the fiber-optic receiver 
will not toggle in response to the 
rms output noise voltage of the 
HFBR-24X6 when no fiber is con­
nected. 

by filtering out the noise peak 
that occurs in the HFBR-24X6 at 
higher frequencies than required 
for this application. 

The selection of the low-pass filter 
corner frequency should be care­
fully considered since it is affected 
by the response of the transmitter 
fiber, and receiver. To prevent ' 
problems that will cause interfer­
ence between adjacent pulses of 
data transmitted over the fiber­
optic communications channel 
the bandwidth of the entire sy~­
tem from transmitter to receiver 
must be properly specified. A 
problem known as intersymbol 
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/" 
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Figure 14. Frequency vs. Spectral Noise 
Density of the HFBR-2406/2416. 



interference develops when the 
channel bandwidth is not cor­
rectly related to the minimum 
pulse width of the data that is to 
be transmitted over the communi­
cations system. Insufficient sys­
tem bandwidth manifests itself as 
distortion in the receiver output 
signal at time intervals adjacent 
to the edges of each symbol. This 
distortion results in interference 
between adjacent pulses, which 
can combine with system noise to 
create errors. Noise is also di­
rectly related to bandwidth. 
Thus, fiber link performance and 
BER will degrade if system com­
ponents are excessively fast. For 
optimum performance that mini­
mizes the amount of optical power 
required at the receiver for a 
given BER, the system bandwidth 
should ideally be constrained to 

It 
oj 
iii 

~ 
8 
~ 
a: 

... ~ MIN. OPTICAL 
POWER FOR A 

:;;l SPECIFIC B.E.R. 

range between 0.6 to 0.8 times the 
signaling rate in baud, as shown 
in Figure 15a. If the bandwidth of 
the fiber-optic communications 
channel is excessive, a low-pass 
filter that restricts the system 
bandwidth to the amount shown 
in Figure 15a should be con­
structed in the fiber-optic re­
ceiver, at a point ahead of the 
decision circuit or comparator. 
For best results the low-pass filter 
chosen to limit the bandwidth 
should be a high-order, linear­
phase type whenever practical. 
As the frequency increases, the 
cost and complexity of a linear­
phase high-order filter may be­
come excessive. These 
higher-speed applications will 
continue to benefit from a simple 
first-order or second-order RC 
low-pass filter that will still be 
practical to implement. 

~ ____ i _______ ~ __ ...... -.._-
~ 
a: 

B.W. 

I 
(0.6 TO 0.8) x (1fT.) 

~t n ____ _ 
~T.~ t 

T .IS THE MINIMUM PULSE WIDTH OF THE INFORMATION SENT OVER THE 
COMMUNICATION CHANNEL. 

B.W.OPTIMUM = [0.6 TO 0.8) (Hz! baud) x [1fT sl (SYMBOLS/sec) 

B.W.OPTIMUM = [0.6 TO 0.8) (Hz! baud) x [1fT sl (baud) 

Figure 15a. Optimal Relationship Between Fiber-Optic Link Bandwidth and 
MaxImum Receiver Sensitivity. 

Compromises Associated 
With High Speed 820 run 
Links 
Systems with bandwidths less 
than (0.6 to 0.8) x (baud) will con­
tinue to function since cata­
strophic failure does not result if 
these recommendations are vio­
lated. Fiber-optic links with band­
widths less than (0.6 to 0.8) x 
(baud) will have a smaller optical 
power budget (OPB) than compa­
rable optical links which operate 
in the flat portion of Figure 15b. 
This reduction in the OPB is 
sometimes called the chromatic 
dispersion power penalty. A de­
crease in the OPB due to chro­
matic dispersion is most apparent 
as an increase in the received 
power needed to assure a specific 
BER. The chromatic dispersion 
power penalty caD be directly 
measured by testing the same 
transmitter and receiver with 
both long and short fibers. A fiber­
optic link operated beyond the flat 
portion of Figure 15b requires 
more received optical power to off­
set the reduction in signal ampli­
tude due to chromatic bandwidth 
limitations. Chromatic bandwidth 
limitations can be overcome if suf­
ficient power is available at the 
receiver to provide the signal-to­
noise ratio necessary for the BER 
required. The -32 dBm average 
sensitivity typically obtained 
when HFBR-24X6 is operated 

I!: 
~ OdB=20LOG 1 

:!i 

oS.OdB ----------

If-Hz 
100 MBd ..., (50 MHz) 

Figure 15b. Optical Link with Normal­
ized Mid-Band Amplitude Response. 
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with short fibers will allow longer 
fiber-optic links to operate at fre­
quencies beyond the flat portion of 
the system's amplitude response. 
Figure 15b is an example of an 
optical link whose mid-band am­
plitude response has been ~ormal­
ized to one. If this hypothetical 
link were operated at a frequency 
that reduced the total system out­
put to 6 dB below mid-band am­
plitude, excess optical power 
margin (OPM) can still be shown 
to exist. This excess OPM, as cal­
culated in Equation 4, is sufficient 
for low-error transmission of 100 
MBd data over a 1 km length of 
62.51125 graded index fiber. The 
HFBR-24X6 receiver has typically 
demonstrated a BER less than or 
equal to 1 x 10-9 at received opti­
cal powers of -32 dBm average 
(-29 dBm peak) at 100 MBd with 
a short 1 m length of fiber. In this 
somewhat pessimistic example, 
the link sensitivity was assumed 
to decrease by 6 dB, due to chro­
matic dispersion of a 1 km length 
of62.51125 J.UIl fiber. The follow­
ing calculation shows that an 
ample 3.25 dB OPM remains to 
assure that the BER is better 
than 1 x 10-9 when 100 MBd data 
is transmitted over a 1 km length 
of 62.5/125 J.UIl fiber. 

Equation 4. 

OPM (dB) = Optical power margin. 

ffigh-frequency Circuit 
Design 
The HFBR-24X6 and each of the 
amplifiers used in the 10H116 are 
stable gain blocks that have no 
tendency to oscillate. Although 
each of these components is indi­
vidually stable, the combined 
phase shift and gain that results 
when they are cascaded might 
produce oscillation unless proper 
circuit construction techniques 
are used. The effect of all the am­
plifier poles that accumulate. a~ 
the signal is amplified and dIgJ.- . 
tized by the various gain blocks In 
the receiver results in a very 
steep high-order roll-off for the 
overall input-to-output open-loop 
receiver gain. In essence, the fi­
ber-optic receiver relies on the 
fact that it is an open-loop system. 
It has sufficient gain and phase 
shift to meet the criteria for oscil­
lation if the loop were to be closed. 
To assure stability the loop gain 
must be kept to less than unity; to 
prevent oscillation the atten"?-a­
tion of parasitic and conductIve 
feedback paths must be greater 
than the gain ofthe receiver .. 
Parasitic feedback from the hIgh­
level logic-compatible output 
must be kept to a minimum by 
layouts that physically separate 
the receiver inputs and outputs. 

. . ed t HFBR-24X6 receiver for BER:S; 1 x 10-9. PR (dBm) = OptICal power reqUlr a 

l'r (dBm) = Transmitter launched power 

Filtering must be used to ensure 
that power supply busses d? not 
provide a metallic feedback path 
that will degrade the stability of 
the receiver, and a ground pl~e is 
recommended to minimize the In­
ductance of supply commons. 

When good layout practices are 
employed, fiber-optic receivers 
with 155 MBd data rates can be 
easily constructed using co~­
monly available breadboarding 
techniques. A sound breadbo~ 
technique suitable for prototypIng 
the HFBR-2406/2416 can be 
implemented using perfora~d PC 
boards with holes on tenth-Inch 
centers and a copper-clad ground 
plane on one side only. Use a 
small hand-held twist drill holder 
(pin vise) and a number 32 drill to 
clear copper away from holes 
through which the component 
leads will pass. Do not clear all 
the copper away between these 
holes. This copper provides 
ground connections between each 
IC lead, thus reducing ground­
loop size and increasing circuit 
performance. Install the compo­
nents on the copper foil side using 
the component leads for point-to­
point wiring interconnections on 
the insulated side of the board. 
Production fiber-optic systems can 

al d t fib r bandwidth response time CDP (dB) = The chromatic dispersion power pen ty ue 0 . e , 
of the transmitter, and response time of the receIver. 

no (I) (dB) = fiber loss. 

OPM = - (PR) + PT - no(l) + CDP 

OPM = -(-29 dBM) + (-16 dBm) - (3.75 dBIkm) (1 km) - 6 dB 

OPM 3.25dB 
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be implemented on ordinary 
double-sided G-10 printed circuit 
material or multi-layer boards as 
long as the layout practices dis­
cussed here are observed. 

The importance of good construc­
tion and layout practices cannot 
be over-stressed: poor circuit de­
sign will seriously degrade system 
performance. Circuit designs that 
result in excessive amounts of 
parasitic inductance or capaci­
tance will degrade the stability 
and bandwidth of the fiber-optic 

NOTES: 

1. ALL RESISTORS ARE ±5% TOLERANCE. 

receiver. Any unintended reduc­
tion in the bandwidth or stability 
of the receiver will result in loss of 
receiver sensitivity or, in the case 
where received optical power is 
held constant, could degrade the 
BER. It is generally acknowl­
edged that the receiver is the 
most critical portion of the fiber­
optic link electronics. Despite this 
tendency to focus on the receiver, 
careful attention must be paid to 
the transmitter. Care should be 
taken to keep traces short in the 
transmitter to minimize induc-

2. ALL ELECTROLYTIC CAPACITORS ARE ±20% TOLERANCE. 
ALL OTHER CAPACITORS SHOULD BE RADIAL LEAD 
MONOLITHIC CERAMIC TYPES WITH ±10% TOLERANCE. 

3. L1 AND L2 SHOULD HAVE A ±10% TOLERANCE, SERIES RESISTANCE 
OF ROUGHLY 0.5 0, AND A SELF RESONANT FREQUENCY~ 100 MHz. 

4. Vee IS A BIAS VOLTAGE GENERATED INTERNALLY BY THE 
10H116 ECL LINE RECEIVER. ·2 V 

5. THE Vcc·2V POWER IS GENERATED BY THE TL431·CLP SHUNT \ 

REGULATOR. 

c10.1 
0.1)1FT 

tance of conductors that must 
carry fast current pulses which 
can reach momentary peak values 
as large as 140 rnA. 

EMIIssues 
If a fiber-optic transceiver is to be 
constructed, additional attention 
must be paid to minimize 
crosstalk between a transmitter 
that is switching hundreds of 
milliamps and a receiver whose 
optical detector will have photo­
currents as small as hundreds of 
nanoamps. Individual ground 
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TYPICAL RECEIVER PERFORMANCE WITH 1 m 
OF FIBER-OPTIC CABLE 

AMBIENT TEMPERATURE 25'C 

DATA FORMAT 223·1 PRSS 

DATA RATE (MBd) 155 125 100 50 

RECEIVER SENSIVIVITY ·26 ·27 ·29 ·30 
AT BER OF 1 x 10-9 
(dBm pk) 

TYPICAL DYNAMIC RANGE 14 15 17 1B 
WITH 62.5/125 ~m CABLE 

Figure 16a. 155 MBd Fiber-Optic Receiver for -5.2 V EeL Interface. 
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planes are recommended for the 
transmitter and the receiver if 
they are to be laid out next to one 
another as is typically done ill 
transceivers. The receiver designs 
shown in Figures 16a, 17a& 18a 
use a balanced power supply filter 
that eliminates noise conducted 
by both the power and common 
sides of the voltage source used to 
power the circuit. This filter 
should be located between the fi­
ber-optic receiver and the noisy 
voltage source that powers the 
digital logic to which the fiber-op­
tic receiver must interface. The 
fiber-optic transmitter can be di­
rectly connected to the noisy logic 
power supply. The transmitter is 
a large signal device that is not 
particularly sensitive to digital 
system noise. Note that when us-

ing the balanced power filter a 
differential interface between the 
receiver's digital output and the 
host systems is required. 

Another factor that could degrade 
the performance of a fiber-optic 
receiver is environmental noise. 
The HFBR-2406l2416 combines 
the PIN diode optical detector and 
the current-to-voltage converter 
in a small hybrid package. This 
miniature hybrid package reduces 
the size of the antenna at the 
high-impedance input of the 
transimpedance amplifier that 
converts the photo-current to a 
voltage. The small geometry of 
this hybrid circuit allows the 
light-to-voltage converter to 
achieve excellent electro-magnetic 
interference immunity. Caution 

must be exercised, however, to en­
sure that the metal ferrule of the 
fiber-optic connector does not act 
as an EMI source by contacting 
electrically noisy parts of the sys­
tem in which it is used. Electro­
static shielding should be applied 
to the receiver if the system using 
the fiber-optic link is extremely 
noisy. For nOIsy system applica­
tions the HFBR-2406C or HFBR-
2416TC receivers should be 
specified. The HFBR-2406C and 
HFBR-2416TC utilize a conduc­
tive plastic housing which pro­
vides the shielding needed for 
electrically noisy environments. 
The conductive plastic receivers 
can be used in systems that have 
EMI fields as large as 10 volts! 
meter (see AN-1057). Another 
method that improves the EMI 

TYPICAL PEAK POWER COUPLED INTO A 1 m LENGTH 

FIBER CABLE 

1001140 ~m 

62.51125 ~m 

501125 ~m 

ECL(+) 

ECL(-) 

R1 
820 

OF FIBER·OPTIC CABLE 
IF = 60 mA TA = 25°C 
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NOTES: 

1. ALL RESISTORS ARE ,,5% TOLERANCE. 

2. ALL ELECTROLYTIC CAPACITORS ARE ,,20% TOLERANCE. 
ALL OTHER CAPACITORS SHOULD BE RADIAL LEAD 
MONOLITHIC CERAMIC TYPES WITH ,,10% TOLERANCE. 
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Figure I6b. 165 MBd Fiber-Optic Transmitter for -5.2 V EeL Interface. 
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NOTES: 

1. ALL RESISTORS ARE 05% TOLERANCE. 

2. ALL ELECTROLYTIC CAPACITORS ARE 020% TOLERANCE. 
ALL OTHER CAPACITORS SHOULD BE RADIAL LEAD 
MONOLITHIC CERAMIC TYPES WITH 010% TOLERANCE. 

3. L 1 AND L2 SHOULD HAVE A 010% TOLERANCE, SERIES RESISTANCE 
OF ROUGHLY 0.5 0, AND A SELF RESONANT FREQUENCY ~ 100 MHz. 

4. Vaa IS A BIAS VOLTAGE GENERATED INTERNALLY BY THE 
10H116 ECL LINE RECEIVER. 

5. THE VCC-2V POWER IS GENERATED BY THE TL431-CLP SHUNT 

REGULATOR. 
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Figure 17a. 155 MBd Fiber-Optic Receiver for +5 V EeL Interface to Am 7969. 

TYPICAL RECEIVER PERFORMANCE WITH 1 m 
OF FIBER·OPTIC CABLE 

AMBIENT TEMPERATURE 

DATA FORMAT 

DATA RATE (MBd) 

RECEIVER SENSIVIVITY 
AT BER OF 1 x 10'. 
(dBm pk) 

TYPICAL DYNAMIC RANGE 
WITH 62.51125 11m CABLE 
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immunity of the receiver is to use 
a connector with a non-conductive 
plastic or ceramic ferrule. In ex­
tremely noisy applications the fi­
ber-optic receiver can be enclosed 
in a metal box. This.box elimi­
nates noise that would otherwise 
be coupled into the fiber-optic re­
ceiver from the system in which it 
is installed. Systems that require 
metal shielding have proved to be 
unusual. Thus, in the majority of 
applications, the inherent noise 
immunity of the components com­
bined with the shielding provided 
by the receiver ground plane have 
provided sufficient noise immunity. 

Applications Support 
Some complete designs that allow 
the use ofHFBR-2406l2416 for 
run-length-limited data applica-

tions will now be discussed. Vari­
ous transceivers have been de­
signed which permit the 
HFBR-2406/2416 to be interfaced 
with: 

(1) ECL logic operating on -5.2V. 
(Figure 16) 

(2) The AMD TAXIchipTM +5V 
lOOK ECL interface. 
(Figure 17) 

(3) TTL logic operated on +5V. 
(Figure 18) 

At an ambient temperature of 
25°C all three interface circuits 
provided a typical receiver sensi­
tivity of -29 dBm average with a 
BER of 1 x 10-9 at a data rate of 
155 MBd. Sensitivity at 125 MBd 
is typically -30 dBm average at a 
BER of 1 x 10-9. Figure 19 shows 

the typical performance of the 
ECL transmitter/receiver at 25°C. 
Note that in this test a 223-1 
PRBS pattern at 155 MBd was 
transmitted over 500 m of 62.5/ 
125 J.I.IIl graded-index fiber at a 
BER less than 1 x 10-9. If the low­
cost, lrigh-performance fiber-optic 
links possible with the HFBR-
240612416 interest you, contact 
your local HP Field Sales Engi­
neer for additional assistance. 
Your local HP sales representative 
can simplify your prototyping task 
by providing complete artwork for 
the fiber-optic transmitters and 
receivers discussed in thisAppli­
cation Bulletin. 

*T AXIchip is a registered trademark of 
Advanced Micro Devices Inc. 

TYPICAL PEAK POWER COUPLEO INTO A 1 m LENGTH 
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NOTES: 

1. ALL RESISTORS ARE .5% TOLERANCE. 

2. ALL ELECTROLYTIC CAPACITORS ARE .20% TOLERANCE. 
ALL OTHER CAPACITORS SHOULD BE RADIAL LEAD 
MONOLITHIC CERAMIC TYPES WITH .10% TOLERANCE. 
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Figure 17b. 155 MBd Transmitter for +5 V EeL Interface to Am 7968. 
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1. ALL RESISTORS ARE ±5% TOLERANCE. 

2. ALL ELECTROLYTIC CAPACITORS ARE ±2O% VBB 

TOLERANCE. ALL OTHER CAPACITORS SHOULD 
BE RADIAL LEAD MONOLITHIC CERAMIC TYPES 
WITH ±10% TOLERANCE. 

3. L1 AND L2 SHOULD HAVE A ±10% TOLERANCE, 
SERIES RESISTANCE OF ROUGHLY 0.5 0, AND A 
SELF RESONANT FREQUENCY ~ 100 MHz. 

4. VBB IS A BIAS VOLTAGE GENERATED INTERNALLY 

BY THE 10Hl16 ECl LINE RECEIVER. 

5. THE Vcc·2V POWER IS GENERATED BY THE 

TL431-CLP SHUNT REGULATOR. 

TYPICAL RECEIVER PERFORMANCE WITH 1m 
OF FIBER-OPTIC CABLE 

AMBIENT TEMPERATURE 25°C 

DATA FORMAT 223-1 PRBS 

DATA RATE (MBd) 155 50 

RECEIVER SENSIVIVITY -26 -30 
AT BER OF 1 x 10--
(dBmpk) 

TYPICAL DYNAMIC RANGE I 14 I 15 117118 
WITH 62.51125 11m CABLE 
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~ Figure 18a. 155 MBd Fiber-Optic Receiver for TrL Interface. 
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TYPICAL PEAK POWER COUPLED INTO A 1 m LENGTH 
OF FIBER-OPTIC CABLE 

IF = 60 mA TA = 25'C 
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Figure 19 .. EeL Output of tbe Transceiver Shown in Figures 17a and 17b. 



Complete Transceiver 
Solution 
Figure 21 shows the schematic 
for a complete fiber-optic trans­
ceiver. This transceiver is 
constructed on a printed circuit, 
which is 1" wide by 1.78" long, 
using surface mount compo­
nents. The transceiver in Figure 
21 has an industry standard 
+5 V ECL (PECL) electrical 
interface. The transceiver shown 
in Figure 21 can be populated 
with HP's HFBR-14X4I24X6 
820 nm components or HP's 
HFBR-1312T/2316T pin compat­
ible 1300 nm components. When 
the transceiver shown in Figure 
21 is populated with 820 nm 
components, and tested at a data 
rate of 155.5 MBd, using a 500 m 
length of 62.5/125 J.UIl fiber, it 
provides a typical eye opening of 
5.2 ns at a BER of 1 x 10-9 , as 
shown in Figure 20. 

The power supply filter and ECL 
terminations shown in Figure 22 
are recommended for use with 
the transceiver shown in Figure 
21. The printed circuit artwork 
for the surface mount transceiver 
is shown in Figure 23. A com­
plete parts list for the 820 nm 
transceiver is shown in Table 1, 
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and a complete parts list for the 
1300 nm transceiver is shown in 
Table 2. 

Designers interested in inexpen­
sive solutions are encouraged to 
embed the complete fiber-optic 
transceiver described in this 
Application Note into the next 
generation of their new data 
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the transceiver shown in Figure 
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electronic bulletin board at 408-
435-6733. Just call the bulletin 
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electronic copies of the 
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Table 1. Bill of Materials for Multi-Mode 820 nm Fiber-Optic Transceiver 

Designator Part Type Description Footprint Material Part Number Quantity Vendor 1 

Cl 0.001 Capacitor B05 NPO/COG COB05NP0500102JNE 3 Venkel 

C4 0.001 Capac~or 

C7 0.001 Capacitor 

Cl0 0.1 Capacitor B05 X7R or better COB05X7R500104KNE 12 Venkel 

Cll 0.1 Capac~or 

C 12 0.1 Capacitor 

C 13 0.1 Capacitor 

C 15 0.1 Capac~or 

C 16 0.1 Capacitor 

C17 0.1 Capacitor 

C lB 0.1 Capac~or 

C 19 0.1 Capae~or 

C2 0.1 Capacitor 

C3 0.1 Capacitor 

C6 01 Capae~or 

C9 0.47 Capacitor lB12 X7R or better C lB12X7R500474KNE 1 Venkel 

C14 10 Capac~or B Tantalum, lOv TA010TCM106MBN 3 Venkel 

C20 10 Capaettor 

C5 10 Capaettor 

CB 75 pF Capaettor B05 NPO/COG COB05COG500750JNE 1 Venkel 

Ul I.C. Nand Gate SOB 74ACTOOO 1 National 

U2 Fioer-Optic Transmitter HFBR-1414 1 HP 

U3 Fiber-Optic Receiver HFBR-2416 1 HP 

U4 MC10H116FN IC, ECl line receiver PlCC20 MC10Hl16FN 1 Motorola 

U5 Tl431CO IC, Voltage Regulator SO-B Tl431CO 1 T.I. 

L1 CB70-1B12 Inductor 1812 HF30ACB453215 1 TOK 

R12 4.7 Resistor B05 5% CR08051 OW4R7 JT 2 Venkel 

R 13 4.7 Resistor 

R20 12 Resistor 805 5% CR080510W120JT 1 Venkel 

R9 33 Resistor 805 5% CR080510W330JT 1 Venkel 

R10 33 Resistor B05 5% CR080510W330JT 1 Venkel 

R11 270 Resistor 805 5% CR08051 0W271 JT 1 Venkel 

R5 22 Resistor 805 5% CR080510W220JT 1 Venkel 

R16 51 Resistor B05 5% CR080510W510JT 4 Venkel 

R17 51 Resistor 

R1B 51 Resistor 

R19 51 Resistor 

R21 62 Resistor 805 5% CROB0510W620JT 1 Venkel 

R6 91 Resistor 805 5% CROB051 OW91 OJT 2 Venkel 

R7 91 Resistor 

R14 lK Resistor 805 5% CR080510Wl02JT 6 Venkel 

R15 1 K Resistor 

R22 1 K Resistor 

R23 1 K Resistor 

R24 1 K Resistor 

R25 1 K Resistor 

01 BFf92 Transistor SOT-23 BFf92 2 Philips 

02 BFf92 Transistor 

J1 Pins 343B 9 McKenzie 
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Table 2. Bill of Materials for Multi-Mode 1300 nm Fiber-Optic Transceiver 

Designator Part Type Description Footprint Material Part Numbar Quantity Vendor 1 

Cl 0:001 Capacitor 805 NPO/COG C0805NP0500102JNE 3 Venkel 
C4 0.001 Capacrror 

Cl 0.001 Capacrror 

Cl0 0.1 Capacrror 805 XlR or better C0805XlR500104KNE 12 Venkel 

C 11 0.1 Capacitor 

C 12 0.1 Capacrror 

C 13 0.1 Capacitor 

CIS 0.1 Capacitor 

C16 0.1 Capacrror 

Cll 0.1 Capacrror 

C18 0:1 Capacrror 
C19 0.1 Capacrror 
C2 0.1 Capacrror 

C3 0.1 Capacitor 

C6 01 Capacitor 

C9 0.47 Capacitor 1812 X7R or better C 1812X7R500474KNE 1 Venkel 

C14 10 Capacitor B Tantalum, IOv TA010TCM106MBN 3 Vonkel 
C20 10 Capacitor 

C5 10 Capacrror 

C8 150 pF Capacitor 805 NPO/COG C0805COG500151JNE 1 Vonkel 
Ul I.C. Nand Gate S08 74ACTOOO 1 National 

U2 Fioer-Optic Transmitter HFBR-1312T 1 HP 
U3 Fiber-Optic Receiver HFBR-2316T 1 HP 
U4 MC10H116FN IC, ECl line receiver PlCC20 MC10H116FN 1 Motorola 

US Tl431CO IC, Voltage Regulator SO-8 Tl431CO 1 T.I. 

L1 CB70-1812 Inductor 1812 HF30ACB453215 1 TOK 

R12 4.7 Resistor 805 5% CR080510W4R7JT 2 Vonkel 
R13 4.7 Resistor 

R20 12 Resistor 805 5% CR080510W120JT 1 Venkel 
R9 22 Resistor 805 5% CR080510W220JT 1 Venkel 
RIO 27 Resistor 805 5% CR080510W270JT 1 Venkel 

R5 22 Resistor 805 5% CR080510W220JT 1 Venkel 
R16 51 Resistor 805 5% CR080510W51OJT 4 Venkel 
R17 51 Resistor 
R18 51 Resistor 
R19 51 Resistor 
R21 62 Resistor 805 5% CR080510W620JT 1 Venkel 
R6 91 Resistor 805 5% CR08051 OW91 OJT 2 Venkel 
R7 91 Resistor 
R14 1 K Resistor 805 5% CR080510Wl02JT 6 Venkel 

R15 1 K Resistor 
R22 1 K Resistor 
R23 1 K Resistor 

R24 1 K Resistor 
R25 1 K Resistor 
01 BFT92 Transistor SOT-23 BFT92 2 Philips 

02 BFT92 Transistor 
Jl Pins 343B 9 McKenzie 
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Versatile Link 

Application Note 1035 

Introduction 
This application note describes 
how fiber optics can be used to 
solve many different types of ap­
plication problems, introduces 
Hewlett-Packard's Versatile 
Link plastic fiber optics, and 
shows how to design a fiber-op­
tic link using the Versatile Link. 
Below is an outline of this appli­
cation note. 

I. Introduction 
II. Example Applications 

III. Versatile Link Description 
IV. System Specifications and 

Link Design 
V. Pulse-Width Distortion 

VI. Additional Circuit 
Recommendations 

VII. Appendix 

Optical fiber is typically made 
from either plastic or glass. Be­
cause both plastic and glass are 
electrical insulators, there is no 
direct electrical connection be­
tween the transmitter and the 
receiver of a fiber-optic link. 
This helps to alleviate ground­
loop and common-mode noise 
problems, as well as to isolate 
large common-mode voltages. 
Another useful property of opti­
cal fiber is that it does not emit 
radiation and is not susceptible 
to electromagnetic interference 
(EM!). This prevents an optical 
fiber from interfering with 
neighboring wires and also 

5964-4027E 

gives it inherent immunity to 
induced or coupled noise from 
adjacent wires. 

Fiber optics can protect equip­
ment from excessive voltages, 
reduce EMI, increase safety by 
eliminating the hazard of gener­
ating sparks, and ensure data 
integrity in environments with 
large amounts of noise or with 
high common-mode voltages. 

Example Applications 
Different applications have dif­
ferent requirements and, there­
fore, different reasons for using 
fiber optics. The following para­
graphs discuss some examples 
of common fiber-optic applica­
tions and why fiber optics are 
used in those applications. 

The first type of application uti­
lizes the EMI immunity of fiber­
optics for data transmission in 
electrically noisy environments. 
A good example is data trans­
mission between a program­
mable logic controller (PLC) and 
the computer that is directing it, 
illustrated in Figure la. The 
two computers might be in a 
factory containing machinery 
that generates large amounts of 
electrical noise. Data transmis­
sion lines commonly run along­
side lines that supply power to 
the machinery. There may be 

Flin-HEWLETT® 
a!J:JIII PACKARD 

large amounts of electrical noise 
present on the power lines 
caused by the machinery. This 
noise can couple electromagneti­
cally into any adjacent lines. If 
one of those adjacent lines is a 
twisted-pair or coax line carry­
ing data, the coupled electrical 
noise may significantly interfere 
with the data transmission. The 
noise may cause only periodic 
errors, or it might completely 
corrupt all of the data being 
sent. Because optical fiber is not 
susceptible to EMI, it can elimi­
nate the undesirable coupling of 
noise from the power lines onto 
the data lines and ensure error­
free data transmission. 

Figures lb, lc and ld illustrate 
other applications which utilize 
the EMI immunity of fiber op­
tics. Figure lb shows how fiber can 
connect a robot controller with 
the cell controller and the robot. 
The fiber eliminates the large 
amounts of noise generated by the 
motors, solenoids, etc. that are part 
of the robot. Figure lc illustrates 
how fiber is used to network point­
of-sales terminals (cash registers) 
in a retail store. Fiber optics en­
sures that sales information is 
not corrupted or lost due to 
noise generated inside the build­
ing. Figure ld shows fiber optics 
connecting two HPIB (IEEE-488) 
data buses. The HPIB data bus 
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is commonly used to connect test 
instruments in manufacturing 
automated test systems. Again, 
fiber optics eliminates the noise 
that is commonly present in a 
factory and ensures that correct 
test data is transferred to the 
test system controller. 

The second type of application 
uses fiber-optics for voltage iso­
lation. A digital voltmeter, illus­
trated in Figure 2a, is a good 
example. There is typically some 
circuitry at the input ofthe volt­
meter that converts the 
analog voltage across the input 
terminals into a digital signal; 
this circuitry is called an analog­
to-digital converter (ADC). The 
output of the ADC is then sent to 
processing circuitry that dis­
plays the information on the 
front panel or, perhaps, sends 
the information to an external 
computer. A problem arises, 
however, when the signal to be 
measured has a very high com­
mon-mode voltage component. 
An example of this is measuring 
the difference between two very 
high voltages. The ADC will also 
be at the saine common-mode 
voltage, causing a problem in 
safely sending information from 
the ADC to the digital control 
circuitry at ground potential. Be­
cause of its insulating proper­
ties, an optical fiber is not 
affected by such high voltages 
and does not conduct any cur­
rent that might interfere 
with or damage the circuitry to 
which it is connected. Fiber 
optics allow data to be transmit­
ted and still maintain a high 
degree of voltage isolation. 

Figures 2b, 2c and 2d also illus­
trate the use of fiber in voltage­
isolation applications. Figure 2b 
is a simple block diagram of an 
electrocardiograph, which is 
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Figure 2a. Digital Voltmeter. 
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Figure 2b. Medical Equipment - Heart Mouitor. 
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used to monitor a patient's 
heart. If the heart were to stop 
beating, a defibrillator might be 
used to restart it. The fiber pro­
tects the electrocardiograph from 
the very high voltages that are 
generated by the defibrillator. 
Figure 2c shows the use of fiber 
in a clinical X-ray machine. The 
fiber isolates the high voltages 
used to power the X-ray tube and 
provides EMI immunity from the 
noise generated by switching 
high voltages and currents. Fig­
ure 2d illustrates how fiber can 
protect electronic equipment 
from the high voltages generated 
by nearby lightning strikes. 

Another type of application 
reduces the amount of unwanted 
electromagnetic radiation emit­
ted by a transmission line. This 
type of application is the con­
verse of the first type; the idea is 
to minimize the amount of EMI 
that is radiated from the trans­
mission line itself, rather than 
being concerned with the suscep­
tibility of the transmission line 
to external interference. An ex­
ample is high speed video trans­
mission from a workstation 
computer to a high resolution 
video monitor, shown in Figure 
3a. As the resolution of 
a video monitor increases, the 
number of pixels (dots) on the 
screen also increases. If the com­
puter is updating the screen 
with the same number of frames 
per second, the computer must 
send more pixels per second as 
the resolution increases. There­
fore, the bandwidth of the video 
transmission link must increase 
as well. If a coaxial cable is used 
to transmit the video informa­
tion, it becomes more and more 
difficult (and expensive) to shield 
the cable and reduce unwanted 
radiation as the frequency of the 
transmitted information 
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Figure 3c. Tempest Applications. 
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increases. Because an optical fi- helps to minimize the amount of 
ber does not emit radiation, it unwanted radiation generated 
can significantly reduce the by the large number of inter con-
amount of EMI generated in nects in the network. Figure 3c 
transmitting information at very illustrates how fiber might be 
high data rates or when there .. used in Tempest applications. 
are many transmission lines. Tempest is a federal government 

Figures 3b and 3c show two ad­
ditional applications that use 
fiber optics to reduce the amount 
of unwanted emissions. Figure 
3b illustrates the use of fiber in 
the telephone switching network 
of a central office switch. Fiber 

specification that restricts the 
amount of radiation that can be 
emitted by "secure" electronic 
equipment. Because fiber does 
not emit any radiation, it is well 
suited for Tempest applications. 
Figure 3c shows how fiber is 
used to connect a secure personal 

Table 1. Distance and Data Rate Summary 

Guaranteed Minimum Link Length Typical Link Length 
Metres Metres 

O°C _ 70°C 25°C 25°C 

Versatile Link Standard Improved Standard Improved Standard Improved 
Cable Cable Cable Cable Cable Cable 

High Performance 5MBd 12 17 17 24 35 40 

High Perform,mce IMBd 24 34 30 41 50 65 
Low Current Link 40kBd 8 11 - - 30 35 
Extended Distance 40kBd 60 82 65 90 100 125 

Link 

Standard IMBd 5 7 11 15 30 40 
Photo Interrupter 500 kHz N.A. N.A. N.A. N.A. N.A. N.A. 

Evaluation Kit IMBd Contents: Horizontal transmitter, horizontal receiver packages; 5 metres of 
(Standard) simplex cable with simplex and simplex latching connectors installed; 

individual connectors: simplex, duplex, simplex latching, bulkhead adapter; 
polishing tool, abrasive paper, literature. 
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computer (i.e., a computer con­
structed to limit the amount of 
emissions) with a secure central 
computer. The fiber also con­
nects the secure central com­
puter with a non-secure personal 
computer, located inside of a se­
cure room (i.e., a room specifi­
cally designed to limit unwanted 
emissions). 

The above examples illustrate 
how the features of fiber optics 
can be used to solve problems 
found in many different types of 
applications. 

Versatile Link 
Description 
The Hewlett-Packard HFBR-0501 
series low-cost fiber-optic sys­
tem, the Versatile Link, was de­
signed for ease of use, versatility, 
and reliability. Table 1 summa­
rizes the data rate and distance 
capabilities of the Versatile Link 
family. Typical distances at 
room temperature are also 
shown. The maximum data rates 
for Versatile Link components 
range from 40 kBd to 5 MBd 
with even higher data rates ' 
available in the future. 

Hewlett-Packard guarantees 
minimum and maximum specifi­
cations of its components both at 
room temperature and over the 
full operating temperature range 
(0 to 70°C). These guaranteed 
specifications were obtained 
from extensive characterizations 
of the Versatile Link components 
and cover the full range of 
manufacturing process varia­
tions. This ensures reliable cir­
cuit operation and allows HP to 
guarantee minimum link dis­
tances. 

The Versatile Link family, 
shown in Figure 4, is intended 

Figure 4. Versatile Link Family. 

for use with 1 mm plastic optical 
fiber. No optical design is re­
quired because the specifications 
include any connector losses at 
the transmitter and at the re­
ceiver. The compact, low-profile 
package is color coded to distin­
guish transmitters from receiv­
ers; connectors are also color 
coded. Both horizontal and verti­
cal package styles are available 
with standard 8-pin DIP pinouts. 
The packages can also be inter­
locked or stacked ("n-plexed") to 
decrease the required amount of 
PC-board space. 

Figure 5 shows an exploded view 
of the Versatile Link horizontal 
style package. The package was 
designed for improved perfor­
mance and ease ofmanufactur­
ing. The active components are 
attached to a lead frame which 
is then transfer molded with 
clear plastic to form the insert. 
A precision lens is molded into 
the insert to optimize the optical 
coupling from the package to the 
fiber. The insert is held in the 
main part ofthe housing by a 
snap-on cap on the back of the 
package. 

The Versatile Link package uses 
an active optical alignment sys­
tem to ensure proper coupling 
between the connector and the 
package. Figure 6 illustrates 

rStn 
~~ 

Figure 5. Exploded View. 

how the alignment system oper­
ates. The precision-molded lens 
on the insert is located at the 
bottom of a depression in the 
shape of a truncated cone. When 
the connector is inserted into the 
package, the jaws of the housing 
force the beveled end ofthe con­
nector into the cone-shaped de­
pression. This accurately centers 
the fiber directly above the 
molded lens on the insert and 
ensures reliable and repeatable 
connections. 

The gray transmitter modules 
contain 660 nm large-area LEDs 
that can be easily interfaced to 
all standard logic families. The 
blue receiver modules contain 
monolithic integrated optical de­
tectors with TTUCMOS-compat­
ible outputs. 

Four connector options are avail­
able for use with the Versatile 
Link: 
1. Simplex connector, which is 

compatible with our previous 
Snap-In Link family, 

2. Latching simplex connector, 
for applications that require 
increased connector pullout 
force, 

3. Duplex connector, which in­
corporates a lockout feature 
that ensures correct orienta­
tion of the connector when 
used with interlocked packages, 

4. Latching duplex connector. 
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Figure 6. Connector Alignment. 

Hewlett-Packard offers simplex 
and duplex cables with two 
grades of attenuation, ~tandard 
and improved. Cable wIth con­
nectors is offered in one meter 
increments of length; 
unconnectored cable is avail­
able in lengths of 25, 100, and 
500 meters. These cables are 
UL-recognized and pass UL 
VW-1 flame-retardancy specifi­
cations. 

An evaluation kit is available 
which contains a standard 1 MBd 
transmitter and receiver, 5 m of 
connectored cable, individual 
simplex, simplex latching, and 
duplex connectors, a bulkhea? 
adapter, polishing tools and ht­
erature. 

The data sheet for the Versatile 
Link family contains complete 
guaranteed specifications for 
entire links and individual com­
ponents, electrical pinout~, in­
terface circuits, connectonng 
information, mechanical dimen­
sions, part number and order­
ing information. 

Reliability Data Sheets are 
available which provide com­
plete reliability information for 
all Versatile Link components. 
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. System Specifications and 
Link Design 
To obtain optimum performance 
under a variety of different con­
ditions, it is helpful to under­
stand some of the basic 
specifications of the Versatile 
Link and hbw to use them in de­
signing a fiber optic link. This 
section will first discuss how 
Hewlett-Packard specifies its 
transmitters, receivers, and 
plastic fiber-optic cable, th~n ex­
plain how to use those specIfica­
tions in determining proper 
operating conditions. This sec~ 
tion will also explain what a hnk 
operating diagram is an.d how to 
use it to quickly determme 
transmitter drive current or link 
length. 

A basic fiber-optic system is very 
simple: an LED transmitter 
couples light into a fiber, the 
light travels down the fiber to an 
optical detector, a~d the d.et.ector 
converts the light mto a dIgItal 
output signal. The important. 
specifications of the fiber-optIc 
data link are: 

1. How much light is coupled into 
the fiber by the transmitter, 

2. How much light the receiver 
needs to function properly, 

3. How much light is lost on the 
way to the receiver. 

For a brief explanation of how 
optical power is specified in "dB" 
and "dBm", see the Appendix. 

Transmitter Specifications 
The primary transmitter speci?­
cation is PT, the amount of optI­
cal power coupled into the fiber 
at a specified LED drive curre.nt. 
PT specifies how much power IS 
actually coupled into the fiber; 
this eliminates the need to calcu­
late the loss in coupling light 
from the LED to the fiber. Due 
to normal process variations, HP 
specifies a range of coupled . 
power for each type of transmIt­
ter. Figure 7 shows the coupled 
power specifications for ea.ch.of 
the Versatile Link transmItters. 
Guaranteed specifications over 
the full operating range are 
shown in Figure 7 because these 
values typically are used in 
"worst~case" designs and are also 
used in our examples. 

The amount of coupled power 
can be easily adjusted by chang­
ing the LED forward drive cur­
rent IF as indicated in Figure 8. 
Notice that the coupled power is 
normalized to the value at 
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Figure 7. Transmitter Specifications. 

IF= 60 mAo The graph, therefore, 
represents the CHANGE in out­
put power for different drive cur­
rents. For example, operating 
the transmitter at a drive cur­
rent of 20 mA will drop the out­
put power by about 5 dB. There 
is an approximately linear rela­
tionship between drive current 
and output power; therefore, the 
output power will drop approxi­
mately in half (i.e., about 3 dB) 
when the drive current is cut in 
half. 

Figure 9 shows thc recom­
mended transmitter drive cir­
cuits. You should note that for 
the 5 MBd and 40 kBd drive cir­
cuits, an input-high level turns 

5 MBd AND 40kBd TRANSMITTERS 

HFBR-1SX1, -15X3 

Figure 9. Transmitter Drive Circuits. 
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Figure 8. NonnaJized Typical Output 
Power vs. Drive Current. 

the LED on; for the 1 MBd cir­
cuit, an input-high level turns 
the LED off. The capacitor in the 
1 MBd circuit slows the falling 
edge of the optical waveform and 
allows the receiver to operate up 
to the maximum output power of 
the 1 MBd transmitter. The 
value of R1 can be determined 
from the equations.in the figure. 
Typical values for the forward 
voltage ofthc LED,VF, and the 
output low voltage of the gate, 
VOL, are 1.6 V and 0.25 V re­
spectively. 

Additional transmitter drive cir­
cuits will be covered later in the 
application note. 

Receiver Specifications 
The Versatile Link receivers 
function somewhat as optical in­
verters: high input power causes 
a low output voltage, and low in­
put power causes a high output 
voltage. 

There are two primary receiver 
specifications: 
1. PR(L) specifies the input power 

required for a LOW output 
voltage, 

2. PR(H) specifies the input 
power required for a HIGH 
output voltage. 

Figure 10 shows the ranges of 
PR(L) and PR(H) for each of the 
receivers over the full operating 
temperature range. 

Typically, both a minimum and a 
maximum are specified for PR(L). 
For proper operation, the re­
ceived optical power must be be­
tween the minimum and the 
maximum PR(L). If no maximum 
is specified, the corresponding 
transmitter (i.e., the HFBR-15X2 
transmitter for the HFBR-25X2 
receiver) is not capable of 
overdriving the receiver for drive 
currents up to the recommended 
maximum value of 60 mA, and 

1 MBd TRANSMITTERS 

A1 "VCC-Vf -VOL(75~1. 

'F 
Rlel 2:15 ns 

HfBR-15X2. -15X4 
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Figure 10. Receiver Specifications. 

you need ensure only that the 
input power is greater than the 
minimum PR(L). If the maximum 
PR(L) is exceeded, the receiver 
may exhibit excessive pulse­
width distortion (discussed later) 
or multiple edge transitions. 

Only a maximum PR(H) is speci­
fied for each receiver. When the 
transmitter LED is in the off 
state, the received optical power 

5 MBd AND 1 MBd RECEIVERS 

HFBR-25Xl, -25X2. -2SX4 

Figure 11. Receiver Interface Circuits. 
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must be less than the maximum 
PR(H) for proper receiver opera­
tion. 

The minimum PR(L) is called the 
sensitivity of the receiver. A re­
ceiver with good sensitivity 
(lower minimum PR(L» will al­
low longer link lengths or lower 
transmitter drive current. The 
difference between the minimum 
and maximum PR(L) is called the 
dynamic range of the receiver. A 
receiver with a large dynamic 
range can handle a wider varia­
tion in received power and 
therefore more variation in the 
length of the link. Note that the 
40 kBd receiver has very good 
sensitivity and a large dynamic 
range. The 40 kBd link can 
therefore handle long link 
lengths and large variations in 
the length of the link. Also note 
that the maximum PR(L) for the 
1 MBd receivers is determined 
by the maximum coupled power 
of the 1 MBd transmitters. 

Because the receiver switching 
threshold is between the mini­
mum PR(L) and the maximum 
PR(H). the receiver input power 
should be within this region on:ly 
very briefly during signal transi-

tions. Very slow rise or fall times 
of the input optical waveform 
may cause multiple transitions 
on the output of the receiver. 

Figure 11 shows how simple the 
receiver interface circuits are, 
requiring only one or two exter­
nal components. The O.IIlF by­
pass capacitor is mandatory and 
must be located close to the re­
ceiver; the total lead length be­
tween the ends of the capacitor 
and the receiver power supply 
pins should not exceed 20 mm. 
The external pull-up resistor is 
optional. The 1 MBd and 5 MBd 
receivers have an internal lK 
ohm pull-up resistor, and the 
40 kBd receiver has an internal 
150 ItA pull-up current source. 
All data sheet specifications for 
propagation delay and rise/fall 
time use an external pull-up re­
sistor, a 560 ohm resistor for the 
1 MBd and 5 MBd receivers, 
and a 3.3K ohm resistor for the 
40 kBd receiver. 

40kBd RECEIVER 

HFBR -25X3 



Optical Losses 
There are two primary causes of 
optical loss in a fiber-optic link: 
losses due to cable attenuation 
and connector coupling 
efficiency. 

Attenuation is defined as loss 
per unit length of fiber, ex­
pressed in dB/m. To obtain the 
optical loss in a fiber, simply 
multiply the length of the fiber 
by the attenuation. Figure 12 
shows the range of attenuation 
for the two grades of fiber, stan­
dard and improved, that 
Hewlett-Packard offers. 

For a given length and type of 
fiber, there will be a range of op­
tical loss due to the range of at­
tenuation of the fiber. For our 
standard fiber, Figure 13 illus­
trates how the range of loss, as 
well as the magnitude of the 
loss, increases as the length of 
the fiber increases. You can see 
that for a 40 m length of fiber, 

0.5,..------------, 

: :.:r:~:1 • 
~ TYP. 
~ 
~ 0.2 MIN 

I STANDARD IMPROVED 

e 0.1 

Figure 12. Cable Attenuation. 

the losses due to attenuation 
will be between 7.6 dB and 17.2 
dB, a range of almost 10 dB. A 
fiber optic receiver must be able 
to handle the range of loss as 
well as the magnitude of the 
loss. Therefore, receivers with 
both large dynamic range and 
good sensitivity are required for 
long link lengths. 

Connector losses at the trans­
mitter and receiver are already 
included in the transmitter and 
receiver specifications. However, 
connector losses due to connec­
tions through bulkhead adaptors 
need to be determined. There 
should be a minimum and a 
maximum loss specified for the 
bulkhead connection. Hewlett­
Packard specifies the loss of a 
bulkhead connection as a mini­
mum of 0.7 dB and a maximum 
of 2.8 dB. As you increase the 
number of bulkhead connections, 
the range of loss increases as 
does the magnitude of the losses. 

It is important to remember that 
the range ofloss is just as impor­
tant as the magnitude ofthe 
loss. 

The total loss in a system is the 
sum of the individual losses due 
to attenuation and connectors. It 
is important to calculate both 
the minimum and the maximum 
losses of the system due to at­
tenuation and connectors. A 
wide range oflosses results in a 
wide range of input power at the 
receiver. This places greater re­
quirements on the dynamic 
range of the receiver. 

ro~----------------. 
STANDARD CABLE 

., 

." 
I 

§ 
w .... 
5 

1/ _ LINK lENGTH - m 

Figure 13. Possible Range of .Cable Loss vs. Cable Length. 
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Table 2. Example Loss 
Calculation 

Attenuation Loss - dB 
min. max. 

loss/meter 0.19 0.43 
total 0.95 2.15 

Bulkhead Connection 
Loss - dB 

min. max. 
losslbulkhead 0.7 2.8 
total 1.4 5.6 

System Loss - dB 
min. max. 

total 2.35 7.75 

= Umin =CXmax 

Table 2 shows the results of cal­
culating the minimum and maxi­
mum losses for a 5 m link of 
standard cable with two bulk­
head connections. 

You can see that even for this 
relatively short link, there is 
over 5 dB difference between the 
minimum and maximum losses. 

Link Design 
The fundamental requirement in 
the design of a fiber-optic link is 
to ensure that the receiver gets 
the proper amount of light. As 
mentioned earlier, this actually 
places three requirements on the 
design: 

For a high output voltage, 
1. input power must be LESS 

than the maximum PR(H). 

For a low output voltage, 
2. input power must be GREATER 

than the minimum PR(L), 

3. input power must be LESS 
than the maximum PR(L). 
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The first requirement is usually 
easy to meet: just ensure that 
the LED drive current is below 
about 20 J.1,A, or that the forward 
voltage drop of the LED is less 
than about 1.0 V. 

The second requirement defines 
the underdrive, or sensitivity, 
limit of the receiver. You must 
ensure that the receiver has 
enough input power. This re­
quires that the minimum trans­
mitter coupled power minus the 
maximum system losses be 
GREATER than the minimum 
PR(L). In equation form: 

PTmin - Umax > PR(L)min' 

You should start your design 
with the transmitter drive cur­
rent at the maximum recom­
mended current of 60 mA, and 
decrease it later on in the design 
if required. Remember to use the 
maximum link length when cal­
culating the maximum system 
losses. 

Another way of looking at the 
same requirement is in terms of 
an optical power budget (OPB). 
The optical power budget is how 
much optical power you can 
"spend" on losses in your system; 
it is defined as the difference be­
tween the minimum transmitted 
power and the minimum PR(L): 

OPB = PTmin - PR(L)min 

Your total system losses must 
then be less than the optical 
power budget: 

Umax < OPB. 

You may want to include a 
safety or power margin (PM) in 
your design. This margin is in­
cluded to account for any de­
creases in the received optical 
power over the lifetime of the 
link. The received power may 
decrease over time due to in­
creases in attenuation of the 
fiber, due to optical contamina­
tion of the connectors or active 
components, or due to a drop in 
the output power of the trans­
mitter. If you include a power 
margin in your calculations, 
your system losses plus the 
power margin must be less than 
the optical power budget: 

Umax + PM < OPB. 

A typical power margin is 
around 3 dB; choose a larger 
margin for harsh environments 
and a smaller margin for more 
benign environments. For ex­
ample, if your maximum system 
losses are 12 dB and you wanta 
power margin of 3 dB, then you 
must have an optical power bud­
get of greater than 15 dB. As an­
other example, if you have an 
optical power budget of 10 dB 
and you want a power margin 
of 3 dB, then your maximum 
system losses must be less than 
7 dB. 

To calculate the minimum allow­
able transmitter drive current, 
determine if there is any budget 
left over after subtracting sys­
tem losses and the power mar­
gin. This is the amount that you 
can decrease the transmitter 
output power by decreasing the 
drive current: 

Remaining budget = 
OPB - (umax + PM). 



As an example, let's assume we 
have a 40 kBd 5 m link with 
standard cable, 2 bulkhead con­
nections, and a power margin of 
3 dB. We have already calcu­
lated the maximum losses for 
this system: 

Maximum system losses: 
amax = 7.75 dB. 

With a power margin of 3 dB, 
the optical power budget, OPB, 
must be greater than 7.75 dB + 
3 dB = 10.75 dB, or 

10.75 dB < OPB. 

The 40 kBd transmitter can 
couple a mini.mum power of -13.6 
dBm over temperature at 60 rnA, 
and the receiver has a minimum 
PR(L) of -39 dBm. Therefore the 
optical power budget is given by: 

OPB = -13.6 dBm - (-39 dBm) = 
25.4 dB. 

There is plenty of power budget 
to cover the system losses and 
power margin. To determine the 
minimum transmitter drive cur­
rent, determine the remaining 
budget: 

Remaining budget = 25.4 dB -
(7.75 dB + 3 dB) = 14.65 dB. 

This is how much we can de­
crease the transmitter output 
power and still guarantee that 
we will not underdrive the re­
ceiver. According to Figure 8, de· 
creasing the drive current to 
about 4 mA will drop the output 
power by about the right 
amount. You can see why we call 
the 40 kBd link a "low-current" 
link! 

requirement defines the over­
drive limit of the receiver; you 
must ensure that the receiver 
does not get too much power. In 
other words, the maximum pos­
sible received optical power, 
which equals the maximum 
transmitter power minus the 
minimum system losses, must be 
LESS than the maximum PR(L). 
In equation form: 

PTmax - amin < PR(L)max 

Remember to use the shortest 
link length for calculating the 
minimum system losses. 

If the received optical power is 
too high, then the transmitter 
coupled power must be de­
creased by decreasing the drive 
current. To calculate the maxi­
mum allowable transmitter 
drive current, first determine 
how far above PR(L)max the re­
ceived power is, and then de­
crease the transmitter output 
power by that much: 

Amount of decrease = 
(PTmax - amin) - PR(L)max 

Let's use our previous example 
to illustrate. We have already 
calculated the minimum system 
losses: 

Minimum system losses: 
amin = 2.35 dB. 

The 40 kBd transmitter can 
couple a maximum power of -4.5 
dBm at 60 rnA, and the receiver 
has a maximum PR(L) of -13.7 
dBm. First determine the maxi­
mum possible received power: 

-4.5 dBm - 2.35 dB = -6.85 dBm. 

So far, we've covered the first This is above the overdrive limit, 
two requirements for designing a PR(L)max, of -13. 7 dBm. There-
fiber-optic link. The third fore, we must decrease the 

transmitter drive current to de­
crease the transmitter coupled 
power: 

Amount of decrease = 
-6.85 dBm - (13.7 dBm) 
= 6.85 dB. 

According to Figure 8, decreas­
ing the transmitter drive current 
to about 14 mA will ensure that 
the receiver is not overdriven. 
For the example link discussed 
above, the minimum transmitter 
drive current is about 4 rnA, and 
the maximum current is about 
14 mA. Choosing a current be­
tween the minimum and maxi­
mum currents will provide 
additional safety or power mar­
gin. 

After you have determined the 
minimum transmitter drive cur­
rent from underdrive consider­
ations and the maximum current 
from overdrive considerations, it 
might turn out that the maxi­
mum is less than the minimum 
(this did not happen, however, in 
the above examples). This occurs 
when the maximum possible 
range, or variation, of received 
power is greater than the dy­
namic range of the receiver. If 
this does occur, you can reduce 
the possible range of received 
power by doing any or all of the 
following: 
1. Use improved cable. Improved 

cable has a smaller range of 
attenuation than standard 
cable and will therefore reduce 
the possible range ofloss in 
the link. 

2. Reduce the maximum link 
length. 

3. Restrict the allowable varia­
tion in the length of the link. 
A link that is designed to oper­
ate from 0 m to 10 m will have 
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Figure 14. Link Operating Diagram. 

more possible variation in the 
received power than a link de­
signed to operate from 8 m to 
10 m (the above examples 
dealt with a fixed link length 
of5 m). 

4. Reduce the number of bulk­
head connections. There is a 
possible connection loss varia­
tion of(2.8 dB - 0.7dB) = 2.1 
dB per bulkhead connection. 

Link Operating Diagram 
A link operating diagram, shown 
in Figure 14, can simplify the 
design of a simple point-to-po~nt 
fiber-optic link, defined as a hnk 
with no bulkhead connections 
and a single length of fiber be­
tween the transmitter and the 
receiver. It illustrates the allow­
able combinations of link length 
and transmittffdrive current. 

The two primary features of the 
diagram are the overdrive and 
underdrive lines. If you operate 
a link in the region above the 
overdrive line (i.e., a combina­
tion of transmitter drive current 
and link length that lies above 
the overdrive line), then it is 
possible that you might over-
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Figure 16. Pulse-Width Dist9rtion. 

drive the receiver. Conversely, if 
you operate the link b~l~w the 
underdrive line, then It IS pos­
sible that you might underdrive 
the receiver. Therefore, the re­
gion between the two !ines . 
defines the valid operating region. 

As shown in Figure 14, operat­
ing the transmitter at a flXed 
drive current OfI1 allows link 
lengths from Xl to X2. For ~ 
fixed link length of Xl, a dnve 
current of between 11 and 12 is 
required for proper operation. 

As an example, Figure 15 shows 
the link operating diagram for 
the 40 kBd link with standard 
cable. Operating the transmitter 
at 40 rnA allows link lengths 
from about 40 m to 55 m. Or, for 
a flXed link length of 20 m, a 
transmitter drive current be­
tween about 4 rnA and 17 rnA is 
required. 
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Figure Hi. 40 kBd Link Operating 
Diagram. 
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Pulse-Width Distortion 
Pulse-width distortion (PWD) is 
often the limiting factor that de­
tennines the maximum data rate 
of a fiber-optic link. Pulse-width 
distortion is caused by unequal 
propagation delays and is 
defined as the difference be­
tween the propagation delays, as 
shown in Figure 16: 

PWD = tpLH - tpHL 

The term tpHL refers to the 
propagation delay from ~~e input 
to the high-to-low transItIOn of 
the OUTPUT, as shown in Fig­
ure 16. Pulse-width distortion 
lengthens or shortens the dura­
tion of transmitted pulses, de­
pending on the polarity of the 
pulse. 
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Figure 20. Pre-Correction Timing Diagrams. 

Figure 17 shows the pulse-width 
distortion specifications for the 1 
MBd and 5 MBd Versatile Links. 
Note that the 5 MBd link has 
significantly less distortion than 
the 1 MBd link and much less 
variation in distortion over the 
full input optical power range. 
Figure 18 shows the distortion 
for the 40 kBd link. Notice that 
the PWD is always positive for 
all three receiver types (i.e., tpLH 
is always longer than tpHL). We 
can utilize this fact to correct or 
compensate for the PWD by se­
lectively delaying one of the 
transmitted edges. 

Figure 19 illustrates how to 
implement a "pre-correction" cir­
cuit, which corrects for distortion 
at the transmitter. The circuit is 
almost the same as our recom­
mended 5 Mbd transmitter cir­
cuit, except for the RC network 
at the input of the gate. The RC 
network delays the turn-on of 
the LED, but not the turn-off. 
Both inputs must be high for 
the LED to turn on; the RC 
network delays one of the inputs 
and, therefore, delays the turn­
on ofthe LED. However, only 
one of the inputs needs to go low 
for the LED to turn off. Figure 
20 is a timing diagram which il­
lustrates the operation of the 
correction circuit. Note how the 
turn-on of the LED is delayed 
and how the distortion is re­
duced. It is possible to calculate 
the required values for Rand C 
to achieve the desired amount of 
correction; however, it is usually 
just as easy to experimentally 
determine their values. For the 5 
MBd link, start with R = 100 
ohms and C = 390 pF and adjust 
the values to obtain the desired 
amount of correction. 
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Figure 22. Post-Correction Timing Diagramii. 

It is also possible to correct the 
distortion at the receiver using 
"post-correction". Figure 21 
shows a post-correction circuit. 
It works on the same principle of 
delaying one of the edges. Again, 
it is similar to the recommended 
circuit, except for the addition of 
a delay circuit on the output of 
the receiver. The RC network 
delays the falling edge of the re­
ceiver output. Both of the inputs 
to the OR gate must go low for 
the output to go low; the RC net­
work delays one ofthe inputs 
and, therefore, delays the falling 
edge. Connecting the capacitor 
to the output provides positive 
feedback to ensure rapid switch­
ing of the output. Only one of the 
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OR gate inputs needs to go high 
for the output to go high; there­
fore, there is no delay of the ris­
ingedge. 

Figure 22 is a timing diagram 
illustrating the operation of the 
circuit. Notice the distortion of 
the receiver output and how the 
post-correction circuit delays the 
falling edge to reduce the 
amount of distortion. Again, it is 
easiest to experimentally deter­
mine the values of Rand C to 
achieve the desired amount of 
correction. For the 5 MBd link, 
start with R = 330 ohms and 
C = 39 pF and adjust the values 
to get the desired amount of 
correction. 
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Figure 23. Simple I) MBd PNP Transmit­
ter Clrcnit. 

Although it is possible to use 
pre-correction and post-correc­
tion in the same link, there is no 
need to incorporate both, and we 
recommend using only one type 
of correction. The choice of which 
circuit to use depends on exter­
nal system constraints, such as a 
limit on the total number of sys­
tem components, or other con­
straints on the transmitter or 
receiver circuitry. 

A4ditional Circuit 
Recommendations 
This section presents several ad­
ditional circuits that can be used 
with the Versatile Link. The 
transmitter circuits discussed 
below should be used only with 
the 5 MBd and 40 kBd links; the 
1 MBd link requires the trans­
mitter circuit shown in Figure 9 
for proper operation. 

The first circuit, shown in Figure 
23, is a simple PNP transmitter 
circuit. The primary feature of 
the circuit is its simplicity: only 
two components are required 
other than the'transmitter. It 
uses an inexpensive PNP tran­
sistor in a shunt drive configura­
tion; when the input (Le. the 
base of the transistor) is high, 
the transistor is cut off and the 
LED is on. 
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Figure 24. Low-Current CMOS Transmitter Circuit. 

When the input is low, the tran­
sistor turns on and shunts cur­
rent away from the LED, 
turning the LED off. 

Thc circuit is very fast for sev­
eral reasons. The transistor 
allemates between the cutoff 
and active regions of operation 
and, therefore, never saturates. 
The circuit presents a very low 
impedance during tum-off of the 
LED, which helps to tum off the 
LED more rapidly. And finally, 
the emitter base junction voltage 
of the transistor "pre-charges" 
the junction capacitance of the 
LED to about 700 mY, which 
helps to tum on the LED more 
rapidly. The "pre-charge" elimi­
nates the time that would other­
wise be required to charge the 
LED capacitance from 0 V to the 
pre-charge voltage of 700 m V 
during tum-on ofthe LED. 

The circuit has a high input im­
pedance because the input 
source need supply only the base 
current of the transistor; the 
large LED drive current is 
handled by the transistor. This 
allows the circuit to be driven 
directly from low-current out­
puts, such as CMOS. Choose the 
value ofRl according to the 
equation in Figure 23. 

Figure 24 is the schematic of a 
low-current CMOS-compatible 
transmitter circuit. The circuit 
operation is straightforward. 
The outputs off our CMOS buff­
ers are arranged in parallel to 
ensure adequate drive capability 
for large LED currents. For 
smaller LED currents, fewer 
buffers can be used. The circuit 
has a very high input imped­
ance, is CMOS compatible, and 
draws essentially no quiescent 
current when the LED is off. 
The diode helps to speed up the 
circuit. The capacitance of the 
diode provides additional cur­
rent during the turn-on transi­
tion to help tum on the LED 
more rapidly. It also provides a 
low impedance during tum-off, 
which helps to turn the LED off 
more quickly. Choose the value 
of Rl according to the equation 
in Figure 24. Iffewer buffers are 
used, divide Ro by the number 
of buffers in the circuit, instead 
of the four shown in the figure. 

If an open-collector output is 
used to drive the LED, a shunt 
resistor in parallel with the 
LED, shown in Figure 25, can 
improve the performance of the 
transmitter. The shunt resistor 
R2 serves two purposes: 

+5V 

Rl 

!ISHUNT 

HFBR-15XX R2 

I_ILEAKAGE 

I 
I 1) R2< ':~ILEAKAGE 

i 21 R2' VF I ISHUNT 

I Rl= Vcc-V,-VOL 
IF +VF/R2 

Figure 25. LED Shunt Resistor for Open 
Collector Drive. 

1. It shunts any output leakage 
current around the LED, en­
suring that the LED is off 
when it is supposed to be off. 
The leakage current will cause 
a voltage drop across R2; as 
long as the voltage drop is less 
than about 1 V, the LED will 
not tum on. Equation No. 1 in 
the figure can be used to de­
termine the value ofR2 in this 
case. 

2. It also helps tum the LED off 
more quickly by discharging 
the stored charge in the junc­
tion of the LED. Smaller resis­
tors will shunt more current 
and will tum the LED off 
more rapidly, at the expense of 
more overall drive current_ 
Equation No.2 in the figure 
can be used to determine the 
value of R2 in this case. 

In either case, select Rl accord­
ing to the equation in Figure 25. 
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+5V Summary 

+5V 

HFBR-15X3 ~ 

HFBR-25X3 

Rl 

A2 

Vee -VF 
Al,,-­

If 
HVSTEAESIS" 10 LOG (1 + Al/A2l 
R2 ~ R1!LOG-1 (HYSTERESISl10) - 1 

The Versatile Link low-cost fiber 
optic 'components were designed 
and specified for easy design. 
Guaranterd electrical and optical 
parameters ensure reliable sys­
tem performance. The wide vari­
ety of package configurations 
and connector types allow maxi­
mum flexibility to meet applica­
tion requirements. The 
Hewlett-Packard HFBR-0501 
series of fiber optic components 
offer guaranteed performance, 
quality, and reliability. 

Figure 26. Photo Interrupter Hysteresis Circuit. 

The final application circuit is 
used in photo-interrupter appli­
cations. A photo-interrupter is 
comprised of a transmitter and a 
receiver connected by two 
lengths of fiber. The ends of the 
fibers are not connected directly 
together, but have a small sepa­
ration between them. This al­
lows small objects to pass 
between them and interrupt the 
light from the transmitter. The 
Versatile Link data sheet dis­
cusses how to use Versatile Link 
components in photo-interrupter 
applications. The circuit shown 
in Figure 26 illustrates how to 
add hysteresis to the recoin­
mended photo-interrupter circuit 
shown in the data sheet. Hyster­
esis may be required because it 
is possible that the received opti­
cal power inay occasionally be at 
the threshold ofthe receiver. 
This could cause multiple transi­
tions on the output and lead to 
improper circuit operation. It-is 
common in this application for 
the transmitter and the receiver 
to be located next to each other. 
This allows a small amount of 
positive feedback to be applied 
from the receiver to the trans­
mitter, resulting in hysteresis. 

3-150 

The hysteresis will rapidly 
switch the output and eliminate 
the problem mentioned above. 
The amount of hysteresis is de­
termined by the values ofRI 
and R2. Choose Rl to achieve 
the desired drive current accord­
ing to the'equation in Figure 26. 
The amount of hysteresis, ex­
pressed in dB, is given approxi­
mately by the following 
equation: 

Hysteresis = 10 log (1 + R1IR2). 

For more information, please call 
your local Hewlett-Packard Com­
ponents Sales Office or'autho­
rized HP Components 
Distributor. 

Appendix 
We quantifY the amount of light 
by measuring its power. Optical 
power is measured in watts or, 
more commonly in fiber optics, in 
microwatts (IlW). Optical power 
is also commonly expressed in 
dBm. dBm isa logarithmic mea­
sure of power relative to 1 milli­
watt (mW), as explained below. 

Solving for the value ofR2 
yields: The ratio of two powers, PI and 

P2, can be expressed in dB as 
R2 = Rl/[log-l (Hysteresis/l0)-I] follows: 

Values of hysteresis from 0.25 to dB = 10 log (P1IP2). 
1 dB should be sufficient for 
most applications. As an ex­
ample, for hysteresis of 0.25 dB, 
R2 should be about 17 times the 
value ofRl. 

For additional information re­
garding the photo-interrupter 
application, please refer to the 
Versatile Link data sheet. 

A positive number indicates that 
PI is greater than P2, and a 
negative number indicates that 
PI is less than P2. Remember, 
dB is a relative measure of two 
powers. 

The ratio of a power, PI, to 
1 m W is expressed in dBm as 
follows: 

dBm = 10 log (PlIl m W)or 
10 log (Pl/I000 IlW)~ 



Negative numbers do not indi­
cate negative power, only power 
less than 1 mW. Remember, 
dBm is an absolute measure of 
power because it references the 
measured power to 1 m W. 

To convert from dBm to m W or 
IlW, use the following equations: 

mW = log-l (dBml10), or, 
IlW = 1000 log·l (dBml10). 

As an example, to convert 150 
IlWtodBm: 

dBm = 10 log-l (150 IlW/ 
lOOOIlW) 

= -8.24. 

To convert -24 dBm to IlW: 

IlW = 1000 log-l (-24/10) 
= 3.98. 

If optical power is lost in the 
fiber, the loss can be expressed 
in dB as the ratio of output 
power to input power as follows: 

loss (dB) = 10 log (PoutPin). 

Expressing power loss in dB al­
lows the different losses in a sys­
tem to be added together to 
determine the total loss. There­
fore, the output power can be 
determined simply by subtract­
ing the total system losses, ex­
pressed in dB, from the input 
power, expressed in dBm: 

Pout (dBm) = Pin (dBm) -losses 
(dB). 

As an example, if the input 
power to the system is -10 dBm 
and the total system losses are 
12 dB, then the output power is: 

Pout (dBm) = -10 dBm - 12 dB 
= -22 dBm. 
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for IEEE 802.3 FOIRL, 10Base-FB, 
and 10Base-FL 

Application Note 1038 

Introduction 
Hewlett-Packard's HFBR-0400 
fiber-optic components are 
widely used in Ethernet LAN 
systems. These 820 nm wave­
length components were first 
used in 802.3 FOIRL applica­
tions. The same low-cost 
HFBR-0400 components have 
subsequently been used in sys­
tems which comply with the 
IEEE 802.3 lOBase-FB, and 
10Base-FL standards. Several 
integrated circuits are now 
available which make it easier 
to use HFBR-0400 components 
in fiber-optic Ethernet applica­
tions. This Application Note 
shows how easy it is to build 
high-performance Ethernet 
transceivers using inexpensive, 
off· the-shelf, integrated circuits 
and HP's low-cost HFBR-14X4 
and HFBR-24X6 short-wave­
length fiber-optic components. 

Two categories of fiber-optic 
Ethernet applications will be 
discussed in this Application 
Note. The first category ad­
dresses fiber-optic transmitters 
and receivers suited for use in 
LAN equipment such as hubs, 
bridges, routers, and repeaters. 
The second category addresses 
Medium Attachment Unit 
(MAU) applications that convert 
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standard Attachment Unit In­
terface (AU!) Ethernet 
connections to optical fiber. The 
MAU circuits recommended in 
this Application Note use the 
HFBR-4663 transceiver IC with 
low-cost HFBR-0400 fiber-optic 
components. The HFBR-4663 
allows fiber-optic MAU trans­
ceivers which meet IEEE 
standards to be implemented 
with a single integrated circuit. 

mEE 802.3 System 
Specifications 
Tables 1 and 2 provide a brief 
listing of some key parameters 
specified in the 802.3 FOIRL, 
lOBase-FB, and 10Base-FL 
standards. 

Capabilities of HFBR-0400 
Components 
The transmitter and receiver 
circuits recommended in this 
Application Note characteristi­
cally exceed the limits called for 
in IEEE 802.3 by a comfortable 
margin. The optical power 
launched into 62.5/125 !lm fiber 
by the HFBR-14X4 LED is typi­
cally -12 dBm peak at a dc 
forward current of 60 mAo 
When Manchester encoded data 
with a 50% duty factor is ap­
plied to the LED transmitter 
the HFBR-14X4 LED can typi-

cally launch -15 dBm average 
into the core of a 1m length of 
62.5/125 !lm fiber with Ii nu­
merical-aperture of 0~275. This 
3 dB difference between peak 
and average power is due to the 
50% duty factor of Manchester 
data and the averaging response 
of most optical-power meters. 
The HFBR-24X6 is a simple hy­
brid component that contains a 
silicon PIN detector and a 
transimpedance amplifier. The 
HFBR-24X6 can be combined 
with simple inexpensive inte­
grated circuits to build digital 
receivers that have an optical 
dynamic range and sensitivity 
greater than called for in the 
IEEE 802.3 specifications. 

Recommended Transmitters 
for Hub, Bridge, Router., and 
Repeater Applications. 
Two different techniques have 
commonly been used to drive the 
HFBR-1414 LED in Ethernet 
applications. Both of the LED 
drivers recommended in this Ap­
plication Note will address the 
requirements called out in the 
IEEE 802.3 LAN specifications. 
The HFBR-14X4 LED has typi­
cal rise/fall times of less than 
4 ns when used in the circuits 
recommended in Figure 1 or 
Figure 2. Transmitter jitter and 

5965-6001E 



Table 1. Key IEEE 802.3 LED Transmitter Specifications 

Parameter Symbol 802.3 802.3 802.3 Units 
FOIRL 10Base-FB 10Base-FL 
Limits Limits Limits 

Launched Optical PTon -12 to -20 -12 to -20 -12 to -20 dBmavg 
Power Over Life 

Extinction PT off 13 dB less 13 dB less 13 dB less -
thanPTon than Pr on than PT on 

Maximum Optical t,. 10 10 10 ns 
Rise Time 

Maximum Optical tf 10 10 10 ns 
Fall Time 

Maximum Difference I trot[ I 3 3 3 ns 
Between 0rical 
Rise & Fal Times 
Maximum Jitter - ±2 ±2 ±4 ns 
at Optical Output 
Maximum Duty - Not ±2.5 ±2.5 ns 
Cycle Distortion Specified 
Min. Eye Opening - 46 41 37 ns 

Table 2. Key IEEE 802.3 Fiber-Optic Link Specifications 

Receiver Input Conditions Reauired Link Perfonnance 
IEEE 802.3 Maximum Rise/Fall Received 802.3 802.3 802.3 
STANDARD Time of Received Optical Power FOIRL 10Base-FB 10Base-FL 

Optical Pulse Cns) CdBmavg) Maximum Maximum Maximum 
Jitter (ns) Jitter (ns) Jitter Cns) 

FOIRL 10 with 1 mof -12 max. ±6 ±6.5 ±15 

IOBase-FB 62.5/125 J.1m fiber 
IOBase-FL 

IOBase-FB 31.5 with 2 krn of -32.5 min. - ±6.5 ±15 

10Base-FL 62.5/125 J.1m fiber 

FOIRL Not Specified -30.0 min. ±6 - -

IEEE 802;3 Maximum Rise/FaU Received 802.3 802.3 802.3 
STANDARD Time of Received Optical Power FOIRL 10Base-FB 10Base-FL 

Optical Pulse Cns) CdBmavg) Minimum Minimum Minimum 
Eye Eye Eye 

Opening Cns) Opening Cns) Opening Cns) 

FOIRL 10 with 1m of -12 max. 38 37 20 

IOBase-FB 62.51125 J.1m fiber 
IOBase-FL 

IOBase-FB 31.5 with 2 krn of -32.5 min. - 37 20 

10Base-FL 62.5/125 J.1m fiber 

FOIRL Not Specified -30.0 min. 38 - -
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duty-cycle distortion are nor­
mally less than 1 ns when using 
either of the recommended LED 
drivers. The cost complexity and 
performance tradeoffs associated 
with these two different LED 
drivers will now be discussed in 
greater detail. 

The LED forward current (IF) 
supplied by the simple voltage­
source driver shown in Figure 1 

+5 V Vee 
Jl00 

will change with variations in 
Vee and LED forward voltage 
(VF). The tolerance of resistors 
R7, R8, and R9 will also effect 
the magnitude of IF. Deviations 
in IF due to the 74ACTllOOO 
nand-gate voltage-source are in­
significant. The typical output 
impedance of the three parallel 
connected nand gates is only 
1 ohm and the external resistors 
R7 and R8 which limit the LED 

current total to 66 ohms: This 
large difference between the 
source-impedance of the nand­
gate voltage-source and the sum 
ofR7 and R8 makes it improb­
able that changes in LED IF will 
result due to process variations 
in the 74ACTllOOO. 
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Figure 1. Voltage Source Tr8JlSmitter for Bub, Bridge, Router, and Repeater Applications. 

3-154 



A voltage-source drive-circuit 
suited for 802.3 applications is 
shown in Figure 1. This simple 
drive-circuit has an LED for­
ward current (IF) that varies 
from the nominal 60 rnA peak 
value desired for fiber-optic 
Ethernet applications. This 
variation in IF causes a small 
decrease in the power coupled 
into 62.5/125 !lm fiber. When us­
ing the circuit shown in Figure 
1, the launched power will be 1 
dB less than specified in the 
HFBR-14X4 data sheet, under 
worst-case conditions. The 
worst-case occurs when Vee is 
low and LED forward voltage 
(VF) and resistor tolerance are 
high. The HFBR-1414 data sheet 
specifies launched power at IF = 
60 rnA, and assumes that LED 
forward current is constant. 
Normal tolerances of the volt­
age-source LED driver will cause 
variations in LED IF that lower 
the minimum power launched 
into the fiber. This reduction in 
launched power relative to the 
Pt62 specification given in the 
HFBR-I4X4 data sheet is ex­
pected. Voltage-source 
drive-circuit tolerances will 
lower LED forward current and 
the amount of light coupled into 
the fiber-optic cable is directly 
proportional to IF. 

For applications that require 
tighter control over LED IF, and 
less variation in launched opti­
cal power, the current-source 
transmitter shown in Figure 2 is 
recommended. Figure 2 shows 
an LED drive-circuit which pro­
vides a forward current that is 
independent of Vee and LED 
forward voltage. The LED cur­
rent provided by this driver is 
primarily determined by the tol­
erance of the bandgap reference 
U3, and the tolerance of res is­
tors R5 and R6. The -2 mV/oC 

temperature coefficient of the 
base-emitter junction of Q3 or 
Q4 increases the voltage applied 
to R5 and R6 as ambient tem­
perature rises. The temperature 
coefficient of NPN transistor 
base-emitter voltage is thus 
used to increase the magnitude 
of the current applied to the 
LED as temperature rises. This 
technique prevents LED light 
output from decreasing as tem­
perature rises by compensating 
for changes in the LED quantum 
efficiency. 

Either of the LED drivers shown 
in this Application Note will ad­
dress the requirements called 
out in the IEEE 802.3 specifica­
tions. The design rules for the 
LED driver shown in Figure 1 
are given in Equation 1 and the 
design rules for the LED driver 
shown in Figure 2 are provided 
in Equation 2. 

When choosing the driver the 
designer should consider the fol-

Equation 2 

Equation 1 
Design rules for voltage 
source LED driver circuits. 

N = Number of gates 
connected in parallel. 

B = Empirically determined 
constant for optimum 
relationship between 
prebias and LED forward 
current. 

R9 = (Vcc - VF) (1 + B) 

IFoN 

R8= R9 
2B 

R7= R9_~ 
2B N 

C = 2.0 X 10-9 

R8 

Recommend B = 3.97 

Design rules for temperature compensated current 
source LED driver circuit. 

1.24 - 0.7 1.24 - 0.7 
----+----

R5 R6 

IF = (1.24 - 0.7) ( ~ + ~) 
R5 R6 

R3 
VOH - VOL 5V 

IF IF 

2.0ns 
C4 =---

R3 
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lowing factors. The LED driver 
shown in Figure 1 is simple but 
has a larger variation in the 
power coupled from the LED to 
the fiber. The circuit shown in 
Figure 2 is more complex, but 
offers tighter control over varia­
tions in launched optical power. 
System designers are encour­
aged to choose the LED driver 
which best meets their require­
ments. If cost and board space 
are of greater concern than 
variations in launched optical 
power then the voltage-source 
transmitter circuit shown in Fig­
ure 1 makes the most sense. If 
the designer desires to maximize 
the optical power budget of the 
fiber-optic link then the trans­
mitter circuit shown in Figure 2 
is a better choice. 

R1 
10U 

Recommended Receiver 
for Hub, Bridge, Router, 
and Repeater 
Applications. 
A simple receiver which com­
plies with IEEE 802.3 
specifications is shown in Figure 
3. The post-amplifier comparator 
function used to convert the ana­
log output of the HFBR-24X6 to 
digital data is generally referred 
to as a quantizer. The ML-4622 
quantizer shown in Figure 3 also 
contains a link-monitor which 
inhibits the data output when 
the optical power drops below 
the minimum level needed to en­
sure that the receiver's output is 
error free. 

The receiver recommended in 
Figure 3 has a typical sensitivity 
of -36 dBm average at a Bit-

Error-Rate (BER) of lx10-10 
when receiving 20 MBd 
Manchester encoded data. This 
receiver performance was mea­
sured using 2 km of 62.5/125 ~m 
fiber with the BER tester's clock 
centered in the middle of the re­
ceived 20 MBd Manchester 
symbols. The link-monitor func­
tion must be disabled by 
grounding pin 15 of the ML-4622 
quantizer in order to measure 
the ultimate sensitivity of the 
receiver. In normal operating 
mode the ML-4622's link moni­
tor disables the data output of 
the fiber-optic receiver before the 
probability of an error exceeds 1 
in 1010 bits. 

When receiving a repetitive 20 
MBd D2D2 hexadecimal word 
the total peak-to-peak jitter at 
the data output of the circuit 
shown in Figure 3 is typically 
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less than 10 ns. A D2D2 Hexa­
decimal pattern was used to test 
the complete fiber-optic link be­
cause it emulates the worst 
stress possible with Manchester 
encoding. The excellent perfor­
mance of the circuits 
recommended in this Application 
Note allows low jitter to be 
achieved when data is transmit­
ted over a 2 km segment of 62.5/ 
125 J.lm fiber with a received op­
tical power of -32.5 dBm 
average. The low jitter attained 
at the receiver's output corre­
sponds to a 40 ns clear 
eye-opening between the edges 
ofthe data symbols. A wide eye­
opening is desirable because this 
minimizes the accumulation of 
jitter when active star hubs are 
cascaded. 

Demo Kit For 
Fiber-Ethernet 
The transceiver circuits shown 
in Figures 1,2, and 3 are suited 
for use in fiber-optic hubs, 
bridges, routers, and repeaters. 
This recommended transceiver 
can easily be compared to the 
IEEE specifications listed in 
Tables 1 and 2 by ordering the 
HFBR-0414 demo kit. The 
HFBR-0414 kit contains a small 
23/4 by 13/4 inch through-hole 
printed circuit board and all of 

the active devices needed to 
build the circuits shown in Fig-· 
ures 1 and 3. This inexpensive 
kit can be completed using 
readily-available passive compo­
nents such as radial-lead 
monolithic ceramic capacitors, 
radial-lead epoxy-dipped tanta­
lum capacitors, and axial-lead 
1/4 W resistors. The passive 
components needed to assemble 
this fiber-optic demo are avail­
able in most engineering stock 
rooms. The HFBR-0414 demo kit 
minimizes the engineering cost 
of building the fiber-optic trans­
ceiver recommended in this 
Application Note, reduces time­
to-market by minimizing the 
effort required to construct 
working prototypes, and enables 
designers to quickly determine 
that Hewlett-Packard's HFBR-
0400 fiber-optic components can 
meet Ethernet LAN require­
ments. The measured 
performance of the circuits used 
in the HFBR-0414 demo can be 
found in Tables 3 and 4. Table 3 
shows the measured perfor­
mance of the transmitter 
recommended in Figure 1. Table 
4 shows the measured perfor­
mance of an entire fiber-optic 
link which uses the circuits rec­
ommended in Figures 1 and 3. 

Table 3. Measured Performance of the Transmitter shown in Figure 1 
Mean Performance of Five Transmitters Tested at Room Temperature 

Parameter Measured Typical 
Performance 

PtOn -12.2 dBm pk. 

PtOff -82.2 dBm pk. 

LEDtr 1.30 ns 
LEDtf 3.08ns 
I t,...tri 1.77 ns 
Txjitter 0.763 ns pp 
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Recommended Circuit for 
Ethernet Fiber-Optic MAU 
Applications 
Circuits recommended for use in 
Medium-Attachment-Unit 
(MAU) applications will now be 
discussed. Figure 4 shows a 
MAU transceiver using the 
HFBR-4663 single-chip trans­
ceiver!C. The HFBR-4663 
provides all of the circuit ele­
ments needed to build a 
complete fiber-optic transmitter 
and receiver which complies 
with the 802.3 10Base-FL stan­
dards. The HFBR-4663 provides 
every function needed to make 
HFBR-0400 fiber-optic compo­
nents compatible with a 
standard Ethernet AU interface. 
This single IC also provides all 
necessary network and status 
indicators needed by a fiber-optic 
MAU. The HFBR-4663 replaces 
two-chip solutions that were for­
merly needed to construct 
fiber-optic MAUs. A highly effi­
cient switching power-supply 
that allows the MAU transceiver 
to operate from the + 12 V power 
available at the AUI is also in­
cluded in Figure 4. The 
measured performance of the 
transmitter portion of the MAU 
is shown in Table 5. 

Test Conditions 

Logic "0" at Transmitter 
TTL Input, If de = 60 rnA 

Logic "1" at 
Transmitter TTL In 

1 MHz Square Wave Input 
1 MHz Square Wave Input 
1 MHz Square Wave Input 

20 MBdD2D2 
Hexadecimal Input 
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Table 4. Measured Performance of the Transceiver Shown in Figures 1 and 3 

Mean Jitter of 5 Transceivers at Maximum Received Optical Power at Room Temperature 
Parameter Measured Typical Test Conditions 

Performance 

1 m Link Jitter at Rx ECL 3.07 ns pp Pr = -11.4 dBm avg. with 
Output 20 MBd D2D2 Hexadecimal Data 
1 m Link Jitter at Rx TTL 2.73ns pp Pr = -11.7 dBm avg. with 
Output 20 MBd D2D2 Hexadecimal Data 

Mean Performance of 5 Receivers with 1 m of 62.5/125 mm fiber at Room Temperature 

Parameter Measured Typical Test Conditions 
Performance 

Mid Bit Rx Sensitivity -36.5 dBm avg. at 20 MBd D2D2 Hexadecimal 
BER of lxlO-1O Data 

Link Monitor Assert -35.4 dBm avg. 20 MBd D2D2 Hexadecimal 
Threshold Data 

Mean Performance of 5 Links with 2 kIn of 62.5/125 mm Fiber at Room Temperature 
Parameter 

Mid Bit Rx Sensitivity 

Link Jitter at 
RxECLout 
Link Jitter at 
RxTTLout 

The complete performance of a 
fiber-optic link which uses the 
HFBR-4663 is shown in Table 6. 
A long length of 62.5/125 JlID fi­
ber was used to slow the 
response time of the light pulses 
applied to the receiver. The test 
results shown in Table 6 were 
obtained by adjusting the length 
of the optical cable until the 90% 
to 10% fall-time of the light 
pulses exiting the fiber slowed to 
31 ns. The 10% to 90% optical 
rise-time at the end of the 2.5 
km fiber was 28 ns. The disper­
sion in the 2.5 km test fiber 
approaches the maximum 31.5 
ns exit response time limit given 
in the IEEE 802.3 specifications. 
Table 6 shows how well the 
MAU transceiver recommended 
in this Application Note func­
tions as fiber dispersion 
approaches the maximum limits 
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Measured Typical Test Conditions 
Performance 

-34.4 dBm avg. at 20 MBd D2D2 Hexadecimal 
BER of lx10-10 Data 

7.56 ns pp Pr = -32.5 dBm avg. with 
20 MBd D2D2 Hexadecimal Data 

7.03 ns pp Pr = -32.5 dBm avg. with 
20 MBd D2D2 Hexadecimal Data 

allowed in the lOBase-FB and 
10Base-FL specifications. 

Table 7 shows how to select the 
functions listed in the HFBR-
4663 data sheet. The MAU 
implemented with the HFBR-
4663 can be connected directly. 
to data terminal equipment 
(DTE) through an Ethernet 
adapter card with an AUI con­
nection. The SQEN, JABD, 
LBDIS, and COLL functions 
should be enabled when the 
MAU shown in Figure 4 is con­
nected to DTE. When the 
fiber-optic MAU is connected to 
an Ethernet hub the SQEN, 
LBDIS, and COLL functions 
should be disabled. 

The HFBR-4663 data sheet can 
be used in conjunction with 
Table 7 to determine if functions 

should be enabled or disabled 
when evaluating fiber-optic 
MAU performance. When mea­
suring the performance of the 
MAU it is usually necessary to 
disable JABD so that the fiber­
optic transmitter will remain 
active for more than the 1024 
byte limit allowed by Ethernet 
protocol. When JABD is disabled 
the rise/fall time, jitter, and 
launched power of the fiber-optic 
transmitter can easily be mea­
sured. 

The JABD function should also 
be disabled when determining 
the bit error rate (BER) versus 
receiver sensitivity ofMAUs 
constructed with the HFBR-
4663. A D2D2 hexadecimal test 
pattern should be used to mea­
sure the BER of fiber-optic 
transceivers used in Ethernet 



Table 5. Measured Performance of the MAU Transceiver Shown in Figure 4 

Mean Performance of 14 Transmitters. All Tests done at Room Temperature. 

Parameter Measured Typical Test Conditions 
Performance 

Ptavg -17.1 dBm avg. 5 MHz Square Wave Input 

Irpk = 56 rnA 
LEDtr 2.88 ns 5 MHz Square Wave Input 

LEDtr 3.34 ns 5 MHz Square Wave Input 

I tr-trl 0.46 ns 5 MHz Square Wave Input 

Txjitter 1.64 ns pp 20MBdD2D2 

Hexadecimal Input 

Table 6. Typical Performance of a Complete Fiber-Optic Link Which Uses the MAU 
Transceiver Shown in Figure 4 

** All results measured at a received power of -32.5 dBm avg. with fiber dispersion ;: to max. limits called out in the 
IEEE 802.3 Specifications. 

Eye Opening at the AUI Vee Temperature 
output of the Receiver 

32.8 ns 4.75 V O°C 

36.9 ns 5.00 V O°C 

32.2 ns 5.25 V O°C 

33.7 ns 4.75 V 25°C 

36.7 ris 5.00 V 25°C 

33.5 ns 5.25 V 25°C 
37.2 ns 4.75 V 70°C 

36.7 ns 5.00 V 70°C 

36.7 ns 5.25V 70°C 

**Measured Results for a Solitary MAU Transceiver. 

Table 6. HFBR-4663 Functions vs. Input Conditions 

Input Conditions Status of HFBR-4663 Functions 
HFBR-4663 Voltage SQEN JABD LBDIS COLL 

Pin # at Pin 
5 +5V EN EN - -

5 Vcc-2 DIS DIS - -

5 OVGND DIS EN - -

8 +5V - - DIS DIS 

8 OVGND - - EN EN 

Notes: 
1. DIS = Disabled 
2. EN = Enabled 
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applications. The D2D2 test pat­
tern is equivalent to the worst 
data induced stress that will oc­
cur when sending Manchester 
encoded data. The JABD func­
tion must be disabled when 
measuring BER because this 
test is certain to exceed the 1024 
byte limit allowed for normal 
Ethernet traffic. 

Printed Circuit 
Layout Techniques 
The circuits given in this Appli­
cation Note are recommended 
for use in any system which ad­
dresses the requirements 
specified in the IEEE 802.3 draft 
standard. HP encourages cus­
tomers that want to use 
HFBR-0400 components in fiber­
optic Ethernet applications to 
utilize these circuits in their 
products. The performance of the 
fiber-optic transceivers shown in 
this publication is partially de­
pendent on the layout ofthe 
printed circuit board on which 
these recommended circuits are 
c()nstructed. 

The following simple rules 
should be followed if you desire 
to layout a unique printed cir­
cuit (PC) board for the 
fiber-optic transceivers recom­
mended in this publication. 

1) Design the PC board with a 
>ground plane. Use a ground and 
a power plane if possible. This 
minimizes the inductance of the 
ground and power leads con­
nected to the transceiver. 

2) Minimize the size of cuts or 
openings in the ground and 
power planes. This minimizes 
the parasitic inductance and im­
proves the dampening of both 
the transmitter and receiver cir­
cuits. 
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3) The two circuit traces con­
nected between the H;FBR-24X6 
and the differential input of the 
receiver's quantizer should be of 
equal length, and the compo­
nents in both traces should be 
placed to achieve symmetry. 
This minimizes the cross-talk 
between the fiber-optic trans­
mitter and receiver and" 
improves the receiver's immu­
nity to environmental noise. 

4) Connections between the 
drive circuit and the LED should 
be of minimum length. This 
minimizes the noise emitted by 
the transmitter and improves 
the optical rise/fall time of the 
LED. 

5) A large 10 J.lF electrolytic ca­
pacitor and a 0.1 J.lF monolithic­
ceramic capacitor should be 
located as close to the signal 
source which drives (current­
modulates) the LED. This 
minimizes the noise emitted by 
the transmitter and improves 
the optical response time of the 
LED. 

6) The low-pass filters shown on 
the recommended schematics 
must be used to protect the fi­
ber-optic receiver from noise 
that is present in the Vee power 
supply. »> 

7) If an inductor is used in series 
with the receiver's Vee and Vee 
connections the receiver should 
be referenced to Vee and Vee is­
lands that are isolated from the 
remainder of the transceiver's 

Printed Circuit Artwork > > 

Variations in transceiver perfor­
mance due to circuit layoutcan 
be avoided by using the artwork 
shown in Figures 5 through 7. 
Designers that would like to use 
the artwork provided by HP are 
encouraged to embed the PC art­
work shown in this Application 
Note into their systems. The PC 
art shown here is available from 
an electronic bulletin board that 
can be down loaded using a 2.4 
kBd telephone modem. If you de­
sire an electronic copy of this PC 
art call 408-435-6733 in the con­
tinental USA and Canada. The 
Orcad file for the through-hole 
transceiver shown in Figures 1 
and 3 is 802KITP.EXE. The 
through-hole transceiver is also 
available as a Gerber file under 
the file name 802KITG.EXE. 
The file name for the current­
source LED driver shown in 
Figure 2 is IDRIVE.EXE. The 
artwork for the surface-mount 
MAU transceiver shown in Fig­
ure 4 is available in the file 
called 802MAU.EXE. 

Designers should note that 
printed circuits for the fiber-op­
tic solutions recommended in 
this Application Note are not dif­
ficult to create. If your product 
requires a. unique printed circuit 
this can easily be accomplished 
by following the 7 layout rules 
previously discussed. The 
printed circuit art provided in 
this Application Note was devel­
oped in one design cycle using 
these PC design rules. 

power planes. A differential in- System designers that want to 
terface at the receiver's output is quickly evaluate the transceiver 
required if inductors are used in recommended for hub, bridge, 
series with Vee and Vee. This router, and repeater applications 
dual-inductor filter is recom- should order the HFBR-0414 
mended ifthe receiver is demo kit. The HFBR-0414 con-
connected to an AUI interface or tains a printed circuit board and 
operated in a noisy environment. 
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all of the active devices needed 
to build the transceiver shown in 
Figures 1 and 3 of this Applica­
tion Note. A list of the 
components needed to construct 
the transceiver shown in Figures 
1 and 3 is shown in Table 8. De­
signers can also quickly 
determine how well the HFBR-
4663 works with HFBR-0400 
components in fiber-optic MAU 
applications by ordering the 
HFBR-0463. The HFBR-0463 is 
a fully assembled surface-mount 
fiber-optic MAU that is imple­
mented using the circuit shown 
in Figure 4 of this Application 
Note. A list of the components 
needed to construct the MAU in 
Figure 4 is shown in Table 9. 

The HFBR-0414 and HFBR-
0463 evaluation kits minimize 
the design effort needed to 
implement fiber-optic systems 
that comply with IEEE 802.3 
standards and reduce the time 
needed to bring these new 
Ethernet LAN products to the 
market. 

Conclusion 
The transmitters and receivers 
shown in this Application Note 
are an excellent starting point 
for engineers interested in fiber­
optic Ethernet applications. 
Designers that are planning to 
build products which address the 
specifications called for in IEEE 
802.3 are encouraged to evaluate 
these recommendations and de­
termine how well HP's 
HFBR-0400 fiber-optic compo­
nents can address their Ethernet 
LAN application. 

Note: The data sheet for the HFBR-4663 
(Publication #5091-7391E 4/93) contains 
errors that have subsequently been cor­
rected in Figure 4 of this Application 
Note. 

Table 8. Bill of Materials for Circuits in Figures 1 and 3. 

Item # Ref. Deslg. Qly. Description Vendor Vendor 
Each Pari Number 

1 Rl 1 Axial lead reSistor 10n:l:5% 1/8W 

2 R2 1 Axial lead reSistor 1.2K n:l:5% 1/8W 

3 R3, R4, R5, R6 4 Axial lead resistor 510 n:l:5% 1/8W 

4 R7 1 Axial lead resistor 34.0 n ±1% 1/8W 

5 R8 1 Axial lead resistor 34.7 n ±1% 1/8W 

6 R9 1 Axial lead resistor 280 n ±1 % 1/8W 

7 Cl, C4, C8, C9, Cll 9 Monolithic ceramic radial lead capacitor O.II1F ±10% 50V X7R 
C12, C13, C14, C15 

8 C2, C3 2 Monolithic ceramic radial lead capacitor O.OII1F ±10% 50V X7R 

9 C5 1 MonolithiC ceramic radial lead capaCitor 4.7pF ±10% 50V COG 

10 Cl0 1 MonolithiC ceramic radial lead capacitor 0.04711F ±10% 50V X7R 

11 'C17 1 MonolithiC ceramic radial lead capacitor 56pF ±10% 50V COG 

12 C6, C7, C16 3 Tantalum radial lead capaCitor 1 OI1F ±20% 10V 

13 Ll 1 Axial lead molded inductor 4.711H ±10%, Resonant Freq. 75MHz, Delevan 1025-36K 
1.2 n DC res. 

14 Ul 1 125 MHz low cost miniature fiber-optic PIN-amplifier receiver HP HFBR-2416 

15 U2 1 Integrated post amplifier/comparator (quantizer) Micro Linear ML-4622 

16 U3 1 Comparator Linear Tech. LT-l016 

17 U4 1 Quad two input NAND gate NI barrier, SN or SN/PB plated Texas Instr. 74ACT11000 

18 U5 1 820 nm LED transmitter HP HFBR-1414 

19 01 1 Low current LED lamp HP HLMP-4700 



Table 9. Bill of Materials for the Circuit in Figure 4 

Ilem# Ref. Desig. Oly. Description Vendor Vendor 
Each Pari Number 

1 Rl 1 Res, 080510 n ±5% ni barrier, sn or sn/pb plated Venkel GR0805·1 OW· 1 OOJT 

2 R2, R3, R6, R7 4 Res, 0805 360 n ±5'10 ni barrier, sn or sn/pb plated Venkel GR0805·1 OW·361 JT 

3 R4, R5 2 Res, 0805 39.2 n ±1 % ni barrier, sn or sn/pb plated Venkel GR0805·10W·390FT 

4 R8 1 Res, 0805 100 n ±1 % ni barrier, sn or sn/pb plated Venkel GR0805·1 OW· 1 OOOFT 

5 R9 1 Res, 0805 61.9K n ±1 % ni barrier, sn or sn/pb plated Venkel GR0805·10W·6192FT 

6 RIO 1 Res, 0805 3K n ±5% ni barrier, sn or sn/pb plated Venkel GR0805·10W·302JT 

7 Rll 1 Res, 0805 SK n ±5% ni barrier, sn or snlpb plated Venkel GR080S·10W·202JT 

8 R12 1 Res, 080S 0 n ±5% ni barrier, sn or sn/pb plated Venkel GR0805·10W·000JT 

9 R13 1 Res, 080S select n ±5% ni barrier, sn or sn/pb plated Venkel GR080S·10W·XXXJT 

10 R14 1 Res, 0805 1 K n ±5% ni barrier, sn or sn/pb plated Venkel GR080S·1 OW· 1 02JT 

11 R15, R16, R17 6 Res, 0805 1.5K n ±5% ni barrier, sn or snlpb plated Venkel GR080S·1 OW· 1 S2JT 
R18, R19, R20 

12 Gl,G5,G9 6 Gap 0805, .1 ~F, Z5U, 25V, +80/·20% ni barrier, sn or sn/pb plated Venkel G080SZSU250·104ZNE 
Gl0, GIl, G12 

13 G2, C3 2 Gap, 0805, .D1~F,X7R, 2SV, ±20% ni barrier, sn or sn/pb plated Venkel G080SX7R2S0·103MNE 

14 G4 1 Cap 080S, .047~F, Z5U,25V, ±20% ni barrier, sn or sn/pb plated Venkel G080SZSU2S0-473MNE 

15 G6 1 Gap case size G (.236" x .126'), 22~F, tant, 16V, ±20% ni barner, AVX TAJC226M016R 
sn or sn/pb plated 

16 C7 1 Gap aluminum, radial lead, 470~F (.31S' dia x .450" long), 10V :±-20% Sprague 51S0477M010BB6A 

17 G8 1 Gap case size B (.138" x .110"),1O~F, tant, 10V, ±20% ni barner, AVX TAJB106M010R 
sn or sn/pb plated 

18 Ll 1 Inductor, OT series, (.SI 0' x .36S'), S60 ~H ±20% molybdenuml Gollcralt OT3316-S54XM3G 
manganese base metal, sn or snlpb plated 

19 L2, L3 2 Inductor, OT series, (.260' x .17S"), 4.7 ~H ±20% molybdenuml Gollcralt 0T1608·472XMBC 
manganese base metal, sn or sn/pb plated 

20 01 1 Schottky power rectifier, surface mount MBRSI20T3, case 403A·Ol, Motorola MBRS120T3 
(.213" x .140') 

21 Ul 1 125 MHz low cost miniature fiber optic PIN·amplifier Receiver HP HFBR·2416(ST) 

22 U2 1 Simple switcher, 0.5A step·down·vokage regulator LM2S74, 14 lead surface, National LM2574M·5.0 
(.3S4" x .406') 

23 U3 1 12S MHz low cost miniature fiber optic transmitter HP HFBR·1414(ST) 

24 U4 1 10base·t transformer, 16 pin, (.SOO" x .370") Pulse PE·6S728 

2S US 1 Ethernet transceiver, package: Q28, 28 pin molded leaded PCC, .490"" sq HP HFBR·4663 

26 02,03,06 3 LED green Tl HP HLMp·1790 

27 04,07 2 LED red T1 HP HLMp·1700 

28 05 1 LED yellow T1 HP HLMp·1719 

30 N/A Solder paste, SN63 

31 N/A SN63 RMA core solder 

32 U12 IS pin right·angle posted 0 connector, 318 mount AMP 747841·4 
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Fiber-Optic Solutions for 
125 MBd Data Communication 
Applications at 
Copper Wire Prices 

Application Note 1066 

bttroduction 
Fiber-optic cables have histori­
cally been used when the dis­
tance is too long, or the data rate 
is too high, for the limited band­
width of wire. Optical communi­
cation links are also favored when 
the environment through which 
the data will pass is elec-tricaHy 
noisy, or when electro-magnetic 
radiation from wire cables is a 
concern. Optical fibers have nu­
merous technical advantages over 
conventional wire alternatives, 
but the cost of fiber-optic solu­
tions has always been higher un­
til now. 

The htherent 
Disadvantages Of Wire 
Systems which must communi­
cate are often connected to differ­
ent reference potentials which are 
not necessarily zero volts, or in 
other situations ground refer­
ences that are thought to be 0 V 
are electrically noisy. Metallic 
connections between systems 
with different ground potentials 
can be implemented by using the 
proper isolation and grounding 
techniques, but if these tech­
niques are not strictly adhered to 
conductive cables will introduce 
conflicts between systems operat­
ing at different ground poten­
tials. Data communication system 
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designers must exercise caution 
to ensure that conductive cables 
do not exceed radiated noise lim­
its established by the FCC, and 
cable installers need to route wire 
cables away from other power 
conductors that might couple 
electrical noise into the data by 
magnetic induction. Conventional 
wire transmission lines must also 
be terminated using a load resis­
tor equal to the characteristic im­
pedance of the metallic cable. 
This termination resistor must 
always be connect-ed to the re­
ceiving end of every wire cable to 
ensure that pulses are not re­
flected back toward the data 
source causing interference with 
the transmitted data. 

Fundamental 
Advantages Of Optical 
Communication 
Non-conductive optical cables 
have none of the traditional prob­
lems associated with wire. When 
using a fiber-optic solution, sys­
tem designers do not need to be 
concerned about environmental 
noise coupling into cables, or 
worry about whether there is a 
termination resistor at the end of 
the cable. Conflicts between sys­
tems with different reference po­
tentials do not happen when us­
ing insulating fiber-optic media 

FfJjiI HEWLETT® 
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because optical cables do not have 
conductors or shields that can be 
improperly grounded when the 
cables are installed or main­
tained. The fiber-optic receiver is 
the only portion of the optical link 
which is sensitive to nOIse, and it 
can easily be protected because it 
is contained within the host sys­
tem which is receiving the data. A 
simple power supply filter is usu­
ally sufficient to protect the fiber­
optic receiver from the host 
system's electrical noise. Electro­
static shielding can be applied to 
the receiver if the host system is 
particularly noisy, but electro­
static shields are not needed in 
most applications if the circuit 
techniques recommended in this 
application note are used. 

A Fiber-Optic Solution At 
Wire Prices 
The traditional argument for us­
ing copper wire has always been 
that fiber-optic solutions cost 
more, but Hewlett-Packard's Ver­
satile Link components nOW en­
able system designers to over­
come cost barriers that have his­
torically prevented the use offi­
ber-optic cables in short distance 
applications. The HFBR-15X7 
LED transmitter, and the 
HFBR-25X6 receiver, can be used 
with large diameter 1 mm plastic, 
or 200 IJlll Hard Clad Silica 



(HCSTM) step index fibers to build 
unusually low cost data communi­
cation equipment. The fiber-optic 
solution described in this applica­
tion note can transmit data at 
rates up to 125 MBd for the same 
price as shielded twisted pair 
wire, but this unusually low cost 
optical data link has none of the 
disadvantages that are inherent 
to wire cables. 

Distances and Data 
Rate Capabilities of 
HFBlt-15X7/25X6 
Various distances and data rates 
are possible when the HFBR-
15X7 and HFBR-25X6 compo­
nents are used with large core 
step index fibers. At low data 
rates, the distances achievable are 
determined by the sensitivity of 
the receiver, cable attenuation, 
and the amount of light which the 
LED can launch into the fiber 
core. As data rate increases, fiber 
bandwidth will begin to influence 
how long the optical data link can 
be, and how fast the data can be 
transmitted. A plastic fiber with 
a 1 mm core diameter will couple 
more light from the LED than a 
composite fiber with a 200 IJ.IIl di­
ameter silica glass core and plas­
tic cladding, but greater distances 
are achievable with the composite 
fiber since it has significantly 
lower attenuation than possible 
with an all-plastic fiber. 

The distance data rate curves shown 
in Figures 1 and 2 are provided to al­
low designers to quickly determine if 
HFBR-15X7 and HFBR-25X6 can be 
used with large core optical fibers to 
meet their system requirements. 
Figure 1 shows the distances and 
data rates that can be achieved with 
BPs 1 mm plastic fibers and Figure 
2 shows what can be accomplished 
when using BPs 200 IJ.IIl hard clad 
silica fibers. IT designers utilize the 

Figure 1. Distances and Data Rates Possible with 1 nun Plastic Fiber. 

100~rwM:~~------------~------------~------' 

u 
~ 60 

o 
~ 40 

ui 
!C 
0: 

~ 20 
~ 

1,000 

Figure 2. Distances and Data Rates Possible with 200 DeS Fiber. 

circuits recommended in this applica­
tion note, digital fiber-optic links can 
normally be implemented at dis­
tances and data rates within the 
shaded portions of Figure 1 and Fig­
ure 2 . The fiber-optic transceiver 
shown. in this publication was opti­
mized for operation at 125 MBd. 
Greater distances can be achieved at 
data rates less than 125 MBd by op­
~thetransmi~randreceiver 
circuits for operation at lower speeds. 

Figure 1 shows the performance 
possible with 1 mm diameter 
plastic fiber. The HFBR-15X7/ 
25X6 components can be used 
with standard 1 mm plastic cables 

to build 20 meter links which are 
capable of transmitting data at a 
rate of 125 MBd. When low loss 
plastic fiber is used, distances of 
25 meters are possible at 125 
MBd. As data rate decreases, the 
distance achievable with 1 mm fi­
ber increases. Figure 1 shows that 
a distance oflOO meters is typi­
cally possible at rates as low as 33 
MBd when using low loss 1 mm 
plastic fiber. 

Composite fiber with a silica glass 
core and plastic cladding can 
achieve greater distances than 
possible with an all plastic fiber. 
Figure 2 shows what can be ac-
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complished when HFBR-15X7 
and HFBR-25X6 components are 
used with 200 !ffi1 diameter hard 
clad silica (HCS) 
fiber. Substantial increases in 
cable length are possible when us­
ing 200 !ffi1 HCSTM fiber since it 
has a much lower optical attenua­
tion than 1 mm plastic fiber. Fig­
ure 2 indicates that 125 MBd data 
rates are typically possible with 
125 meter lengths of 200 !ffi1 
HCSTM fiber when using the 
transceiver recommended in this 
publication. Distances of 1 km can 
typically be achieved at data rates 
as low as 20 MBd due to the much 
lower optical losses of 200 !ffi1 
HCSTM cable. 

Advantages of Encoded 
Run Limited Data 
Fiber-optic transceivers are com­
monly used in systems that use 
some form of encoding. When data 
is encoded the original data bits 
are replaced with a different 
group of bits known as a symbol. 
Data is encoded to prevent the 
digital information from remain­
ing in one of the two possible logic 
states for an indefinite period of 
time. When data is encoded, a 
characteristic known as the ''run 
limit" is established. If data is not 
changing, .the run limit defines 
how much time may pass before 
the encoder inserts a transition 
from one logic state to another. 
The run length, or run limit of the 
encoder, is the number of symbol 
periods that are allowed to pass 
before the encoder changes logic 
state. Encoders also force the en­
coded data to have a 50 % duty 
factor, or they restrict the duty 
factor to a limited range, such as 
40 to 60%. When data is encoded, 
the fiber-optic receiver can be ac 
coupled as shown in Figure 3. 

HCS is a registered trademark of 
SpecTran Corporation. 
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Without encoding, the fiber-optic 
receiver would need to detect dc 
levels to determine the proper 
logic state during long periods of 
inactivity, as when there is no 
change in the transmitted data. 
AC-coupled fiber-optic receivers 
tend to be lower in cost, are much 
easier to design, and contain 
fewer components than their dc­
coupled counterparts. 

The output of the HFBR-25X6 
should not be direct coupled to 
the amplifier and comparator 
shown in Figure 3. Direct cou­
pling decreases the sensitivity of 
a digital fiber-optic receiver, since 
it allows low-frequency flicker 
noise from transistor amplifiers 
to be presented to the receiver's 
comparator input. Any ilndesired 
signals coupled to the comparator 
will reduce the signal-to-noise ra­
tio at this critical point in the cir­
cuit, and reduce the sensitivity of 
the fiber-optic receiver. 

Another problem associated with 
direct-coupled receivers is the ac­
cumulation of dc offset. With di­
rect coupling, the receiver's gain 
stages amplify the effects of unde-
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SYSTEM 
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sirable offsets and voltage drifts 
due to temperature changes. 
These amplified dc offsets will 
eventually be applied to the com­
parator and result in reduced sen­
sitivity ofthe fiber-optic receiver. 
The dc offset at the comparator 
can be referred to the optical in­
put of the receiver by dividing by 
the receiver gain. This division 
refers the dc offset at the com­
parator to the receiver input 
where it appears as a change in 
optical power that must be ex­
ceeded before the receiver will 
switch logic states. Problems with 
dc drift can be avoided by con­
structing the receiver as shown in 
Figure 3. 

Encoding has other advantages. 
Encoding merges the data and 
clock signals in a manner that al­
lows a timing-recovery circuit to 
reconstruct the clock at the re­
ceiver end of the digital data link. 
This is essential because fiber-op­
tic links can send data at such 
high rates that asynchronous tim­
ing-recovery techniques, such as 
over-sampling, are not very practi­
cal. Without encoding, the clock 
signal required to synchronously 
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Figure 3. Fiber-Optic Receiver Block Diagram. 



detect the data would need to be 
sent via a second fiber-optic link. 
Separate transmission channels 
for data and clock signals are usu­
ally avoided due to cost, but prob­
lems with time skew between the 
data and clock can also arise if 
separate fibers are used to trans­
mit these signals. 

Characteristics of 
Encoders 
A Manchester encoder replaces 
each bit with two symbols, for in­
stance, a logic "1" is replaced by a 
("1","0") symbol, and a logic "0" is 
replaced by a ("0", "I") symbol. 
Manchester code is not very effi­
cient since it doubles the funda­
mental frequency of the data by 
substituting 2 symbols for each bit 
transmitted. Block substitution 
codes such as 4B5B replace 4 bit 
groups of data with a 5 bit sym­
bol. Another popular block substi­
tution code is 5B6B, which re­
places each group of 5 bits with a 
6 bit symbol. Substitution codes 
encode the data more efficiently. 
If a Manchester code is used to 
transmit data at 100 Mbits/second 
the fiber-optic channel must be ca­
pable of passing 200 M symbols/ 
second. Baud (Bd) is expressed in 
units of symbols/second, thus the 
Manchester encoder in this ex­
ample requires a serial data link 
that can work at 200 MBd. If the 
Manchester encoder is replaced by 
a 4B5B encoder, the 100 M bit/ 
second data can be sent at a sig­
naling rate of 125 MBd. In binary 
transmission systems the maxi­
mum fundamental frequency of 
the data is halfthe symbol rate 
expressed in Bd. When a 
Manchester encoder is used to 
send 100 M bit/second data, at a 
symbol rate of 200 MBd, the 
maximum fundamental frequency 
of the data is 100 MHz. By using a 
4B5B encoder, the same 100 M 

bit/second data can be transmit­
ted at 125 MBd, at a maximum 
fundamental frequency of 
62.5 MHz. 

The minimum fundamental fre­
quency that the fiber-optic link 
must pass is determined by the 
encoding rule chosen. The run 
limit of the encoder determines 
the maximum number of symbol 
periods that the encoder will al­
low before it forces a transition, 
thus the encoder's run limit deter­
mines the minimum fundamental 
frequency of the encoded data. 
Manchester code will allow only 
two symbol periods to pass with­
out a transition. As many as 3 
symbol times without a transition 
will be allowed by the 4B5B en­
coder used in the AMD 
TAXIchipTM. 

Figure 4 illustrates the attributes 
of various encoding techniques. 
Figure 4 shows that as encoder ef­
ficiency improves the bandwidth 
needed in the fiber-optic commu­
nication channel is reduced, or 
conversely, for a fixed communi­
cation channel bandwidth the 
number of bits/second that can be 
transmitted will go up as encoder 
efficiency improves. 

Total Solution Cost 
125 Mbd Link Costs 
The cost of a 125 MBd link con­
sists of the cost ofthe data trans­
ceiver, and the cost of the media 
(cable and connectors). For the 
recommended +ECL transceiver 
discussed in this application note, 
the material costs in low volume 
are approximately $28. 

The total material cost for a 
logic-to-light transceiver is 
under $30 in moderate volume, 
which compares favorably with 
the cost of a wire transceiver 
solution capable of 125 MBd 
performance over 100 meter 
spans, but the big advantage of 
this low cost fiber-optic technology 
is its ability to provide better data 
integrity than comparably priced 
wire alternatives. 

Cable costs 
The price per meter ofHCS cable 
from HP and SpecTran is compa­
rable to the cost of shielded 
twisted pair wire in similar vol­
umes. Connectors cost approxi­
matelya dollar, similar to typical 
twisted pair RJ jack connectors for 
data communications. Connec-

TAXIchip is a registered trademark of 
Advanced Micro Devices, Inc .. 

0% TO 100% DUTY FACTOR (D. F.) 100 MBd 
NRZ DATA 
fo= 50 MHz 

50% D.F. 

40% TO 60% D.F. 

=50% D.F. 

Figure 4. Attributes of Encoding. 
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Versatile Link Receiver with Simplex Connector for 
HCS® fiber attached. 

Stacked Versatile Link Transmitter/Receiver pair with Latching 
Duplex Connector for plastic fiber atta.clted. 

tor installation requires no epoxy 
or polishing, and can be completed 
in less than a ririnute per connec­
tor. Therefore the installed cost of 
HCS cable is similar to the in­
stalled cost of Wire links of compa­
rable performance. 

For shorter distance links, pre­
connectored plastic fiber cable 
assemblies are available from 
Hewlett-Packard Distributors at 
attractive prices. For example, a 
1 meter, duplex, pre-connectored 
plastic fiber cable has a suggested 
list price of approximately $13 for 
a quantity of more than 50 units. 
Again, these costs compare 
favorably With the cost of data 
grade wire cable assemblies at 
similar volumes. 

The costs of the 125 MBd 
Versatile Link electronics, cable, 
and connectors are all competitive 
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With Wire s()lutions. However, 
wire solutions frequently incur 
additional costs in use due to 
unanticipated trouble-shooting of 
electrical interference due to poor 
terminations or adjacent sources 
of electrical noise. The inherent 
electrical isolation of optical fiber 
results in a more robust solution 
and lower cost to the end user. 

Circuits Reconunended for 
use with HFBR-15X7 and 
HFBR-25X6 
The HFBR-15X7/25X6 
components can be used in a 
diverse range of applications. Not 
all applications can be addressed 
with the circuits shown in this 
publication, however, the 
transceiver recommendation 
which follows is useful in a Wide 
range of systems which transmit 
encoded data at rates up to 

125 MBd. If the design 
suggestions given in this 
publication do not meet your 
needs, please feel free to contact 
your Hewlett-Packard 
Components representative for 
more information. 

Recommended Transmitter 
The transmitter shown in Figure 
5 is recommended for use With 
1 IIUIl plastic fiber. The 
transmitter in Figure 5 applies a 
forward current of 20 rnA to the 
HFBR-15X7 LED. If 200 I1ID 
HCSTM fiber is to be used the 
LED forward current must be 
increased to 60 rnA and the drive 
circuit shown in Figure 6 is 
recommended. The forward 
current applied to the HFBR-
15X7 was chosen so that the LED 
will couple the maximum amount 
of light into the core of the fiber 
Without overdriving the HFBR-
25X6 receiver when short optical 
cables are used. 

The transmitters shown in 
Figures 5 and 6 use the following 
techniques to improve LED 
performance. When the output of 
U1 is a logic "1", resistor Rll 
applies a small residual prebias 
current to the LED. This small 
prebias current minimizes the 
propagation delay distortion of the 
LED. Prebias also improves LED 
linearity sufficiently to permit the 
use of a frequency compensation 
circuit, which reduces the optical 
rise/fall time of the fiber-optic 
transmitter. 

This frequency compensation 
technique is often called drive 
current peaking, because it adds 
brief current spikes to the LED 
drive current pulses. When 
prebiased, theHFBR~15X7 LED 
has an amplitude versus 
frequency response which is 
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Figure 5. +5 V ECL Through Hole Transmitter for 1 mm Plastic Optical Fiber (pOF). 
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roughly equivalent to a first order 
low pass filter, Without prebias 
and peaking, the HFBR-15X7 
LED has a typical 10% to 90% 
optical rise time of 12 ns, When 
prebias is provided by Rll, and 
frequency compensation (peaking) 
is provided by RIO, and CS, the 
10% to 90% optical rise time of the 
HFBR-15X7 LED decreases to a 
typical value of 3 ns, when using 
1 mm plastic fiber. Optical rise 
times of 3.5 ns are typical when 
the peaked LED driver is used 
with 200HCS fiber. The LED's on­
state current is primarily 
determined by the values of 
resistors RS and R9, but 
Equation 1 shows that some on­
state current is also provided by 
R11. Transistor Q3 is connected to 
form a low cost high speed diode. 
This diode allows LED prebias 
current to be set independent of 
the resistance chosen for R8 and 
R9. The LED's prebias current 
can be calculated as shown in 
Equation 2. Capacitance between 
the emitter and collector of Q3 
changes as a function of the diode 
connected transistor's forward 
current. Current dependent 
changes in the capacitance ofQ3 
ensure that the current peak 
which turns the LED offwill have 
a larger amplitude than the 
current peak applied when the 
LED is switched on. LEDs are 
characteristically harder to turn 
off than on. The difference 
between the amplitude of the 
peak" current applied at turn on, 
and turn off, helps to reduce the 
optical pulse width distortion of 
the fiber-optic transmitter. One of 
the best features ofthis 
recommended LED driver circuit 
is that all of the active and 
passive components needed to 
build 10,000 of the transmitters 
shown in Figures 5 or 6 can be 
purchased for about $10.00 per 
circuit. 
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Equation 1: 

(Vcc - VFON) 
1FON = + 

Rll 

[V cc - (VFON + V CEQ3 + VOLUl)] 

[(RS)(R9)/(RS + R9)] 

Equation 2: 

Reconunended Receiver 
The recommended receiver is 
shown in Figure 7. The HFBR-
25X6 component used in this 
receiver linearly converts changes 
in received optical power to a cor­
responding change in voltage. 
The output ofthe HFBR-25X6 is 
an analog signal which can easily 
be converted to logic by a post am­
plifier and comparator. This post 
amplifier comparator function is 
often called a quantizer. A very 
inexpensive quantizer can be 
implemented using an 

" MClOH1l6 ECL line receiver. 
The MC10H1l6 provides three 
low cost differential amplifiers in 
a single package. The MC10H1l6 
can accommodate a large range of 
input voltages. The large dy­
namic range of the MC10H116 is 
very important! The quantizer 
must have a large dynamic range 
because the output of the HFBR-
25X6 can change from a few 
millivolts to hundreds of millivolts 

" when fiber length and attenuation 
are varied. 

Several subtle techniques are 
used to maximize the receiver's 
sensitivity to optical pulses, while 
minimizing the receiver suscepti­
bility to electromagnetic interfer­
ence (EMI). In most systems, the 
same +5 V dc supply which pow­
ers the fiber-optic receiver is also 

used to power micro processors 
and digital logic. The receiver 
must be isolated from noisy de 
power supplies! Thisisolation is 
provided by low pass filters that 
prevent noise injection into the 
HFBR-25X6, and quantizer, 
through the +5 V power connec­
tions. The HFBR-25X6 is a minia­
ture hybrid circuit that, due to its 
small physical size, is relatively 
immune to environmental noise. 
In most applications, the HFBR-
25X6 has sufficient noise immu­
nity to operate without any addi­
tional electrostatic shielding, but 
the connection between the 
HFBR-25X6 and the non-invert­
ing input ofthe MC10H1l6 forms 
a loop antenna with sufficient 
area to receive significant 
amounts of EM I. The receiver's 
susceptihility to EMI is minimized 
by connecting a second loop an­
tenna with equal area to the in­
verting inputofthe MC10H1l6 
quantizer. When connections to 
the quantizer's input are symmet­
ric, and have equal loop areas, the 
common mode rejection of the 
MC10H1l6's difference amplifiers 
will assure that the fiber-optic re­
ceiver provides good EM! immu­
nity. 
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Figure 7. +5 V EeL Receiver with Through Hole Pin Out. 

Design techniques which improve 
the EMI immunity of the receiver 
help to minimize crosstalk be­
tween the transmitter and the re­
ceiver. Crosstalk will also be re­
duced when the printed circuit for 
the fiber optic transceiver is de­
signed so that pin 4 of the HFBR-
15X7 LED transmitter is next to 
pin 1 of the HFBR-25X6 receiver. 
This arrangement maximizes the 
distance between pin 2 ofthe 
HFBR-15X7 LED and the power 
supply lead (pin 4) of the HFBR-
25X6. When the distance between 
pin 4 of the HFBR-25X6 and pin 2 
of the LED is maximized, the 
crosstalk between the LED trans­
mitter and the HFBR-25X6 

ing the printed circuit shown in 
this application note is equivalent 
to a 0.5 dB reduction in receiver 
sensitivity. The effect of trans­
ceiver crosstalk has already been 
factored into the recommended 
distances and data rates shown in 
Figures 1 and 2. 

The 125 MBd receiver shown in 
Figure 7 typically provides a sen­
sitivity of -28 dBm average modu­
lated when used with 1 mm plas­
tic fibers. The same receiver can 
be used with 200 11m HCSTM 
fibers and will provide a typical 
sensitivity of -29 dBm average 
modulated at a data rate of 
125 MBd. Overload characteris-

receiver's power pin is reduced. tics of the receiver are not influ-
The typical transmitter to receiver enced by characteristics of the 
crosstalk which occurs when us- MC10H1l6 quantizer. The maxi-
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mum power which can be applied 
to the receiver shown in Figure 7 
is determined by the saturation 
characteristics of the 
transimpedance amplifier used in 
the HFBR-25X6. The HFBR-25X6 
is guaranteed to provide pulse 
width distortion which is less than 
2 ns when received optical power 
is less than -9.4 dBm peak. Many 
features have been incorporated 
into the receiver recommended in 
this publication, but one of the 
most prominent characteristics of 
the circuit shown in Figure 7 is 
that all of the active and passive 
components needed to build 
10,000 fiber-optic receivers can be 
purchased for about $15.00 per 
circuit. 
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A Complete Fiber-Optic 
Transceiver Solution 
Figure 8 shows the schematic for 
a complete fiber-optic transceiver. 
This transceiver is constructed on 
a printed circuit, which is 1" wide 
by 1.6" long, using surface mount 
components. When the trans­
ceiver shown in Figure 8 is tested 
at a data rate of 125 MBd, using 
100 m of200 f.Ull HCSTM fiber, it 
provides a typical eye opeuing of 
5.4 ns at a BER of lx10-9. The 
power supply filter and ECL ter­
minations shown in Figure 9 are 
recommended for use with the 
transceiver shown in Figure 8. 

NOTES; 

BFT92 

RS 
22 

R6 R7 
91 91 

R24 
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The artwork for the surface 
mount transceiver is shown in 
Figure 10, and a complete parts 
list is shown in Table 1. Designers 
interested in inexpensive solu­
tions are encouraged to embed the 
complete fiber-optic transceiver 
described in this Application Note 
into the next generation of new 
data communication products. 

Local Area Network Links 
High speed LANs such as FDDI 
and ATM have adopted a common 
footprint +5 V ECL transceiver, 
often referred to as a "lX9 
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Figure 8. Fiber-Optic Transceiver Using Surface Mount Components. 
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transceiver". The circuit in Figure 
8 matches the electrical functions 
of these industry standard 
transceivers, with the exception 
that there is no signal detect 
function in the Figure 8 circuit 
(pin 4 is nonfunctional). 
Therefore, the recommended 
circuit can be directly inserted 
into boards designed for 1X9 
transceivers and used 'as a lower­
cost alternative to the industry 
standard 1300 nm transceivers. If 
the MC10H1l6 comparator is 
replaced with a Signetics NE5224 
IC, the signal detect function can 
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also be implemented, at a total 
transceiver cost that is slightly 
higher than the MC10H116 
circuit, but still significantly less 
than half the cost of an integrated 
1300 nm 1X9 transceiver. 
Lower speed LANs such as 
Ethernet and Token Ring typi­
cally use TTL ICs. The circuit of 
Figure 8 can easily be modified for 
TTL I/O for such networks. Also 
note that the HFBR-25X6 receiver 
will work well with the Micro Lin­
ear ML462214624 quantizer ICs 
designed specifically for Ethernet 
and Token Ring. 

The fiber-optic data links 
described in this note will not be 
interoperable with the available 
industry standard transceivers, 

~ 
I--
I--

AM 7968 

5vi 

• 

>----

, 
• 

CONVENTIONAL 
TTL DATA BUS 

l 0.1 
~F 

~ 
820 

AM 7969 

1200 

-

Figure 11. Byte·to.Light Transceiver. 
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and do not conform to the 
specifications of IEEE or ANSI 
LAN standards as currently 
defined. However, these fiber­
optic links can be used in 
proprietary systems where a 
lower-cost, fiber-optic solution 
is desired. 

Byte-to-Light 
Data Communication 
The fibel'-optic transceiver shown 
in Figure 8 has a +5 V ECL inter­
face that is compatible with the 
AMD TAXlchip. This transceiver 
can be combined with the 
TAXlchip to build complete data 
communication systems that 
bridge the gap between the serial 
architecture of optical fibers and 
the parallel architecture used in 

1200 

+5V SERIAL ECL DATA 

820 

G.1 I ~F 820 

4.7~H 

computing, peripheral, and 
telecom systems. TAXlchip pro­
vides all of the MUX, DEMUX, 
encode, decode, and timing recov­
ery functions needed to interface a 
serial fiber-optic communication 
channel to a parallel processor. 
The transceiver shown in Figure 8 
provides all of the circuitry needed 
to interface the HFBR-15X7 and 
HFBR-25X6 components to the 
Am79681Am7969 TAXlchips. 
Figure 11 shows how the fiber­
optic transceiver should be 
connected to the Am7968 and 
Am7969. 

TAXIchip is a registered trademark of 
Advanced Micro Devices, Inc. 
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Testing Digital Fiber­
Optic Links 
The overall performance of a 
complete digital fiber-optic link 
can be determined by stimulating 
the transmitter with a pseudo 
random bit sequence (PRBS) data 
source while observing the 
response at the receiver's output. 
A PRBS data source is a shift 
register where data bits from two 
or more shift register stages are 
combined using an exclusive-or 
gate. When a clock signal is 
applied to the CLK input of the 
shift register, and the output of 
the exclusive-or gate is applied to 
the Ds input ofthe shift register, 
the PRBS generator produces a 
serial bit stream which appears to 
be random, but is actually 
periodic and reproducible. If the 
PRBS generator is constructed 
using a 23 bit long shift register, 
the exclusive-or feedback can be 
configured so that the shift 
register will be in one of 223-1 
possible states at any given clock 
time. The 223-1 PRBS data 
generator appears to be a source 
of random serial data, but it is 
actually the output of a shift 
register which is in one of 
8,388,610 precisely repeatable 
states. PRBS generators send an 
exactly repeating serial data 
pattern that can be checked bit­
by-bit to determine if the fiber­
optic link made errors while 
transporting the data. A bit-error­
ratio test set is an instrument 
which contains a PRBS generator, 
a bit-by-bit error detector, and an 
error counter. Bit-error-ratio test 
sets measure the probability that 

the fiber-optic link will make an 
error. Probability of error is 
commonly expressed as a bit­
error-ratio or BER. The BER is 
simply the number of errors 
which occurred divided by the 
number of bits transmitted 
through the fiber-optic link in 
some arbitrary time interval. 

The +5 V ECL interface ofthe 
transceiver shown in Figure 8 is 
convenient for use with off-the­
shelfVLSI chips like the 
TAXIchip, but it is not compatible 
with the majority of the test 
equipment used to measure the 
performance of fiber-optic links. 
Most bit error rate (BER) test sets 
have conventional-5 V ECL in­
puts and outputs. The test fixture 
shown in Figure 12 provides a 
convenient way to convert +5 V 
ECL to -5 V ECL. This test fixture 
allows the transceiver in Figure 8 
to be used with any BER test set 
(BER machine) with a conven­
tional -5V ECL interface. The test 
fixture in Figure 12 was used to 
collect the performance data 
shown in this application note. 

The waveforms shown in Figures 
13 and 14 are known as eye dia­
grams. These eye diagrams were 
measured by connecting a Digitiz­
ing Oscilloscope, with a 1 GHz 
bandwidth, to the receiver's +5 V 
ECL output. The HP 54100A os­
cilloscope used for these measure­
ments was triggered from the 
PRBS generator's clock. The lack 
of correlation between the 
oscilloscope's time base, and the 
PRBS generator's clock, assures 

that the oscilloscope will ran­
domly sample the PRBS data. 
The infinite persistence mode of 
the HP 54100A Digitizing Oscillo­
scope was used, and the electrical 
output of the receiver was mea­
sured for roughly 1 hour, to deter­
mine the eye opening. As eye 
opening, or eye width, increases, 
the probability that the fiber-optic 
link will make an error decreases. 
A wide eye opening makes it 
easier to extract the clock signal 
which is normally encoded with 
the data passing through the se­
rial communication channel. Fi­
ber-optic links are less likely to 
make errors when the eye is wide 
open, because there is more time 
for the clock to synchronously de­
tect the data while it is stable and 
unchanging. 

The results measured in Figure 
13 were obtained at room 
temperature when 125 MBd 
PRBS data was transmitted 
through a plastic fiber-optic link. 
Figure 13 shows that the eye 
opening is typically 5.52 ns when 
the recommended transceiver in 
Figure 8 is used with 20 meters of 
1 mm plastic fiber. Excellent 
performance can also be achieved 
by using the transceiver in Figure 
8 with HP's 200 Iffil. HCSTM fiber. 
Figure 14 indicates that the eye 
opening is typically 5.56 ns wide 
when 125 MBd data is 
transmitted through 100 meters 
of 200 Iffil. HCSTM fiber. 

3-179 



R682 
C171.0 '--~--1~-------------1>--'lVY--+"" 

·5V ECL • r-J:::7--...... -t----:L 
OUT BNC 

J11 

GND1NA 
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Figure 14. Typical Eye Opening with 100 m of 200 ~ RGSTA. Fiber. 

A better method for measuring 
the performance of a complete 
optical data link is to use a 
computer controlled delay line 
and a BER test set. This 
technique vses a computer to 
adjust the delay ofthe BER test 
set's clock relative to the PRES 
data. At a data rate of 125 MBd 
the clock delay was changed in 
100 ps increments. The test 
system then measures and stores 
the probability of error at each 
100 ps delay step until the clock 
has been swept through the entire 
8.0 ns period of every 125 MBd 
symbol transmitted through the 

fiber-optic link. The results in 
Figure 15 were obtained when the 
BER test set applied 223-1 PRBS 
data to the transmitter portion of 
the transceiver under evaluation. 
Figure 15 shows that when using 
the transceiver recommended 
in Figure 8 BER is typically 
~ 1 x 10-10 for 5.8 ns of each 
pseudo random symbol 
transmitted through a 20 m 
length of 1 mm plastic fiber. The 
optical power applied to the 
receiver was Pr = -16.4 dBm 
average for the measured results 
shown in Figure 15. Figure 16 
shows the performance that can 

START. 21.28 n. 
STOP = 26.84 ns 

be achieved at 125 MBd with 
200 !lm HCSTM fiber. Figure 16 
shows that when using the 
transceiver recommended in 
Figure 8, BER will be typically 
~ 1 x 10-10 for 5.3 ns of each 
pseudo random symbol 
transmitted through a 100 m 
length of 200 JlID HCSTM fiber. 
The optical power applied to the 
receiver was Pr = -18.0 dBm 
average for the measured results 
shown in Figure 16. 
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ceiver shown in Figure 8. When 
using plastic fiber order the 
HFBR-0527P, and when using 
200lllll HCSTM fibers specify the 
HFBR-0527H. The test fixture in 
Figure 12 is also available as the 
HFBR-0319. The HFBR-0319 is a 
fully assembled test fixture. This 
test fixture adapts any fiber-optic 
transceiver With a 1x9 footprint to 
test equipment with -5 V ECL in-
puts and outputs. The HFBR-
0527 and the HFBR-0319 mini­
mize the effort needed to design 

______________________________________________ ."_-'-_----' new products which use fiber-op-
o 4 8 tic data links. The HFBR-0527 

CLOCK DEL.A VI ns 

Figure 15. Typical HER vs. Clock Delay at 125 MHd with 20 m of 1 mm 
Plastic Fiber. 
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and the HFBR-0319 provide a 
high level of technical support. 
This high level of technical assis­
tance drasticaily reduces the time 
needed to develop and market 
new products which utilize the 
fundamental advantages of opti­
cally isolated data communica­
tion. 

Conclusion 
The HFBR-15X7 and HFBR-25X6 
components can be used with 
large core fibers and inexpensive 
optical connectors to build excep-
tionally low cost digital fiber-optic 
links. When these Versatile Link 

0'---
__________________________________________ .!' __ --' __ -' components are used with 1 mm 

1 CLOCK D~u\Y, ne 8 plastic, or 200 Illll HCSTM fibers, 
digital data links that are compa­
rable with the cost of shielded 
twisted pair wire can easily be 

Figure 16. Typical BER vs. Clock Delay at 125 MBd with 100 m of 
200 J.UtI HCSTM Fiber. 

Applications Support 
Variations in performance due to 
circuit layout can be avoided by 
using the artwork shown in Fig­
ure 10. Designers that would like 
to use the printed circuit layout 
developed by HP are encouraged 
to embed the PC artwork shown 
in this Application Note into their 
systems. The PC art shown here 
is available from an electronic bul­
letin board that can be down 
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loaded using a 2.4 kBd telephone 
modem. If you desire an electronic 
copy of this PC art call your 
Hewlett-Packard Components 
representative. 

System designers can quickly de­
termine if the HFBR-15X7 and 
HFBR-25X6 will meet their needs 
by ordering the HFBR-0527. The 
HFBR-0527 is a completely as­
sembled demo board for the trans-

implemented. The HFBR-15X7 
and HFBR-25X6 provide design­
ers with a short haul data commu­
nication solution that costs the 
same as shielded twisted pair 
wire, but this low cost fiber-optic 
solution has none of the grounding 
and electromagnetic compatibility 
problems inherent in metallic 
cables. 



Table 1. Parts List for Circuit Shown in Figure 8. 
Designator Part Type Description Footprint Material Part Number Quantity Vendor 1 

Cl 0.001 Capacitor BOS NPO/COG COBOSNPOS00102JNE 3 Venkel 
C4 0.001 Capacitor 
C7 0.001 Caoacitor 
Cl0 0.1 Capacitor BOS X7R or better COBOSX7RS00104KNE 12 Venkel 
Cl1 0.1 Capacitor 
C12 0.1 Capacitor 
C13 0.1 Capacitor 
C1S 0.1 Capacitor 
C16 0.1 Capacitor 
C17 0.1 Capacitor 
C1B 0.1 Capacitor 
C19 0.1 Capacitor 
C2 0.1 Capacitor 
C3 0.1 Capacitor 
C6 0.1 Caoacitor 
C9 0.47 Caoacitor 1B12 X7Rorbetter C1B12X7RS00474KNE 1 Venkel 
C14 10 Capacitor B Tantalum, 10v TA016TCM106KBN 3 Venkel 
C20 10 Capacitor 
CS 10 Caoacitor 

CB 1 mm Plastic 43pF Capacitor 80S NPO/COG COBOSCOGS0047OJNE 1 Venkel 
C8200HCS 120pF Caoacitor 80S NPO/COG COBOSCOGS00121 JNE 1 Venkel 

U4 MC10H116FN IC ECl line receiver PlCC20 MC10H116FN 1 Motorola 
US Tl431CD IC Voltage Regulator SO-B Tl431CD 1 T.I. 
L1 CB70-1812 Inductor lB12 HF30ACB453215 1 TDK 

R12 4.7 Resistor B05 S% CROBOS10W4R7JT 2 Venkel 
R13 4.7 Resistor 
R20 12 Resistor BOS 5% CROBOS10W120JT 1 Venkel 
Rl0 15 Resistor B05 5% CROB0510W15OJT 1 Venkel 
R5 22 Resistor B05 S% CROB0510W220JT 1 Venkel 
R16 SI Resistor B05 S% CROBOS10WS10JT 4 Venkel 
R17 SI Resistor 
RIB Sl Resistor 
R19 SI Resistor 
R21 62 Resistor BOS S% CROBOS10W620JT 1 Venkel 

RB 1 mm Plastic 301 Resistor 80S 1% CR080S10W3010FT 2 Venkel 
R9 1 mm Plastic 301 Resistor 

RB200HCS B2.S Resistor BOS 1% CROB0510WB2R5FT 2 Venkel 
R9200HCS B2.5 Resistor 

R6 91 Resistor B05 5% CROB0510W91OJT 2 Venkel 
R7 91 Resistor 

Rll 1 mm Plastic lK Resistor 805 1% CR080510Wl001FT 1 Venkel 
R11200HCS 475 Raslstor 805 1% CR080510W4750FT 1 Venkel 

R14 lK Resistor 805 5% CR080510Wl02JT 8 Venkel 
R15 lK Resistor 
R22 lK Resistor 
R23 lK Resistor 
R24 lK Resistor 
R25 lK Resistor 
01 BFT92 Transistor SOT·23 BFT92 2 Philips 
02 BFT92 Transistor 
03 MMBT3904lTI Transistor SOT·23 MMBT3904l Tl 1 Motorola 
Ul 74ACTOOO IC 74ACTQOO 1 National 
U2 HFBR·1527 Transmitter HFBR·1527 1 HP 
U3 HFBR·2526 Receiver HFBR·2526 1 HP 
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I. Introduction 
This application note discusses 
the functions and features of the 
New 10 MBd HFBR-0508 Fiber 
Optic Versatile Link, which is 
designed for a variety of indus­
trial applications. These include 
serial data interfaces in robots, 
machine tools, assembly an9. 
printing machines, and gate­
drive circuits in frequency 
inverters. Circuit design hints 
and other subjects not found in 
the product data sheet will also 
be presented. The reader can use 
this information to design 
reliable fiber-optic links based 
on plastic optical fibers (POF) .. 
for distances below 50 m and 
hard clad. silica (HCS®) fibers for 
distances up to 500 m. 

Further information about fiber­
optic link design can be found in 
Application Briefs AB 73 and AB 
78, and Application Notes AN 
1035 and AN 1066, which are 
listed in appendix VII. Hewlett­
Packard applications engineers 
or your local certified distribu­
tion application engineers are 
available for further design 
assistance. 
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1. Interconnects without 
Crosstalk 
Fiber-optic technology is com­
pletely changing data communi­
cations, particularly in industrial 
environments, where data must 
be transferred between machines 
more quickly than ever before. 
HP believes that fiber optics is 
replacing copper cabling in many 
of these applications because of 
the wide range of advantages 
inherent to fiber cable. Glass.and 
plastic fibers, being dielectric 
materials, are completely im­
mune to stray electromagnetic 
fields, which are common in 
industrial applications that use 
motors and power switches. 
These fibers can be placed in a 
duct alongside high-voltage 
metal cables without being 
susceptible to crosstalk. This 
feature simplifies system instal­
lation. Twisted-pair copper 
cables require a minimum 
distance from power lines to 
guarantee error-free data trans­
fer. 

2. International EMC Regula­
tions 
Due to increasingly stricter 
international control over elec-

tromagnetic compatibility of 
electronic equipment, manu­
facturers often cannot legally sell 
their products in many countries 
unless specific immunity and 
emission limits are met. These 
limits are based on standards 
such as FCC, VCCI, EN, CISPR, 
IEC, VDE, and so forth. For 
example, beginning January 1, 
1996, all equipment and systems 
that will be sold into the Euro­
pean Union have to meet Euro­
pean EMC standards, otherwise 
they can be excluded from the 
market. The generic standards 
for the industrial field are EN 
50081-2 (emission) and EN 
50082-2 (immunity). In many 
applications design engineers do 
not have a cost-effective alterna­
tive to fiber optics iftheir sys­
tems must meet the national or 
international regulations for 
electromagnetic compatibility. 

3. Fiber Optic Connectors vs. 
Electrical Connectors 
In the past, many design engi­
neers were reluctant to design 
with fiber optics. Terminating 
fiber cable was more time 
consuming than connecting 
twisted-pair wire because fibers 

Figure 1. Comparison of Shielded Twisted Palr VB. Fiber Optic Snap-In Connector. 

required epoxy and their ends 
needed to be polished. Large­
core polymer optical fiber [POF] 
and the new crimp and cleave 
technology for the Versatile Link 
Snap-in connector (V-System) 
allow fiber optic cables to be 
terminated more easily than 
shielded twisted-pair cables, 
while offering an electromag­
netic-compatible communication 
link. This is a very strong reason 
for using fiber optic cables, a 
reason that the installation and 
service divisions of a company 
should also accept. 

4. Galvanic Insulation 
Ground-loop currents due to 
different ground potentials are a 
common problem in industrial 
communication networks. 
Ground loops and their associ­
ated noise problems are totally 
eliminated by the insulation 
characteristics of fiber, allowing 
a straightforward and fast 
system integration. In addition, 
the insulating property of glass 
and plastic fibers is ideal for 
many monitor and control 
functions needed in high-voltage 
applications. For intrinsically 
safe applications, which are 

FIBER OPTIC 
SNAP-IN 

CONNECTOR 
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common in the chemical indus­
try, fiber optics is easy to qualify 
and is also the best medium for 
connecting one electrical device 
to another through an isolation 
barrier. 

II. Product Description 

1. Housing and optical port 
The Versatile Link family has 
been used successfully in many 
different industrial applications 
based on plastic fibers. Users 
have the benefit of a reliable 
system that is easy to install in 
the field. The compact package is 
made of a flame retardant (UL 
V-O) material in a standard, six-
pin DIP. Transmitters or receivers Figure 2. Package Construction. 

can be stacked together, creating 
duplex optical ports that save 
printed circuit board space and 
avoid fault connections. The 
conductive housing of the HFBR-
2528 receiver provides an excel­
lent EMI shield. The color-coded 
packages eliminate confusion 
between transmitters and 
receivers. A plug protects the 
optical port during auto-insertion 
and soldering. 

LEAD FRAME 

LENS 

ICDIE 

The Versatile Link package uses 
an active alignment system to 
ensure proper coupling between 
the fiber and the optoelectronic 
converter. Figure 3 illustrates 
how the alignment system 
operates. The precision-molded 
lens on the insert is located at 
the bottom of a depression in the 
shape of a truncated cone. The 
connector is inserted into the 
package; the jaws of the housing 
force the bevelled end of the 
connector into the cone-shaped 
depression. This accurately 
centers the fiber directly above 
the molded lens on the insert 
and ensures efficient, reliable 
and repeatable connections. 

Figure 3. Connector Alignment to Tr8J\Smitter LED or Receiver IC. 
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2. Transmitter Technology 
The new HFBR-1528 transmitter 
uses a high quantum efficiency 
LED based on a new HP 
AllnGaP technology. Ata 60 rnA 
drive current, the coupled power 
into a 1 mm POF is typically -3 
dBm, a 6 dB improvement over 
previously used transmitters. 
With a center wavelength of 650 
nm at room temperature, the 
transmitter is in the minimum 
attenuation window of the POF. 
Typical link distances of 100 m 
with low-cost plastic fibers are 
now a reality. When using the 
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200 I-Lm HCS fiber link, 500 m 
distances are possible. In addi­
tion to the higher coupled power, 
the optical rise and fall times 
have become much faster, 
allowing much simpler LED 
drive circuits without the need 
for peaking and pre-biasing for 
data rates of 10 MBd. 

3. Receiver Technology 
The new HFBR-2528 receiver 
with its TTIlCMOS-compatible 
output is specified for data rates 
from dc to 10 MBd NRZ (non­
return to zero). It has a sens­
itivity of -21 dBm peak with 
1 mm POF, or a sensitivity of 
-23 dBm peak with 200 HCS@ 
fiber. Propagation delay times 
tpLH (output low to high) and 
tPHL (output high to low) are 
equally distributed to achieve 
pulse-width distortion (PWD) of 
less than ±30 ns over a large 
input power range. As a result, 
LED drive current adjustments 
for different link lengths and 
fiber types are unnecessary. 

A patented first-bit PWD correc­
tion circuit makes the HFBR-
2528 the ideal product for 
arbitrary duty-cycle links or for 
the use in frequency inverters 
such as gate-drive applications. 

Other products on the market 
with similar optical and elec­
trical specifications require the 
transmission of overhead bits 
prior to the data because of 
heavily distorted first bits. 
Therefore, the user has to add 
additional circuitry to transmit a 
preamble prior to the data bits, 
making the transmit and receive 
circuit more complex and costly. 
For better electromagnetic 
compatability, a conductive 
housing material has been 
chosen for shielding the receiver 
in electromagnetically polluted 
industrial environments. 

4. Types of Fiber OptIc Cables 
Historically, glass fibers have 
been used in long-haul telecom­
munication links and local-area 
networks because oflow attenua­
tion and large bandwidth. 
Ethernet and FDDI (Fiber 
Distributed Data Inter-face) 
standards, for example, have 
specified multimode 62.5/125 Illll 
glass fibers. These small-core 
fibers need high-precision 
connectors to minimize the 
coupling loss. For industrial 
application, fibers with lower­
cost connectors, which are easier 
to install and less sensitive to 
dirty environments, are re-

quired. For these applications, 
1 mm POF (Polymer Optical 
Fibers) and 200 I-Lm HCS (Hard 
Clad Silica) fibers are the best 
media. 

While there are many types of 
fiber-optic cables (a cable is 
composed of a fiber and a jacket), 
only two types, 1 mm POF and 
200 HCS, are specified for use 
with Versatile Link POF and 
HCS Snap-In Connectors. These 
step-index fibers are made from 
silica (HCS) or a polymer (POF) 
in which the core has a higher 
refractive index than the clad­
ding. A 2.2 mmjacket around 
the fiber protects against me­
chanical or thermal damage and 
increases the strength of the 
cable. 

4.1. Pob'mer 0ptIml FJber (POP) 
The large-core diameter (980/ 
1000 Illll) and numerical aper­
ture of the POF (Polymer Optical 
Fiber) are well matched to the 
large effective diameter and 
numerical aperture of the optical 
ports, allowing the power 
launched into the core to be as 
high as 0 dBm with the HFBR-
1528 transmitter. The POF also 
offers comparably low-cost 
termination, which can be done 

r---------------------.---.--voc 

DATA 
OUTPUT 

~-------------------4--4--GROUND 

Figure II. Receiver Block Diagram. 
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1 mm POF 200l'mHCS 

PARAMETER POF HCS 
lmm 2001230 ~m 

TENSION (60 min) SON lOON 
TENSION (10 YEAR) lN 25N 

BEND RADIUS (1 H) 25mm 10mm 

FLEX 1,000 X 50,000 X 

ATIENUATION 200 dBlkm 6 dBlkm 
(660 nm) 

NA 0.47 6.37 

INSTALLATION ·20'0 TO ·20'0 TO 
TEMPERATURE +70'0 +85'0 

FLAMMABILITY VWl RISER 
PLENUM 

LSZH 

Figure ~. Polymer vs. uard Clad Silica 
Cables. 

"in the field" in less than a 
minute using a simple and 
inexpensive crimping and cutting 
procedure. The attenuation 
minimum is at 650 nm and is 
typically about 0.2 dB/m. It 
should be noted that the spec­
trum ofthe new transmitter has 
a center wavelength at 650 nm. 
at the.minimum attenuation of 
thePOF. 

4.2. Bard Clad SBicaFiber (lIes) 
Step-index silica fibers, such as 
PCS (Plastic Clad Silica) or 
HCS® (Hard Clad Silica) fibers 
with a large-core (200 /lm dia­
meter compared to glass fibers 
with 62.5/lm core diameter) 
permit the use oflow-cost trans­
mitter/receiver lensing systems. 
Because of the high attenuation 
in the visible red wavelength 
range, PCS fibers are commonly 
used in a lower attenuation 
window with higher-cost infrared 
LEDs. The fiber with the lowest 
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attenuation in the visible red 
wavelength range is the HCS. 
fiber. At 650 nm the attenuation 
is typically 8 dBlkm. 

The core of the HCS fiber is 
silfcaand the cladding is a 
proprietary hard polymer that 
also acts as a strength enhancer 
and makes it impervious to 
moisture and impurities. High 
temperature specifications for 
extended industrial temperature 
ranges, and UL ratings for 
plenum and riser applications 
are also available. 

The snap-in V-System connec­
tors canbecrimped directly onto 
the HCS fiber because the 
proprietary hard cladding bonds 
to the silica core material, thus 
elhninating the need for messy 
epoxies. A patented cleaving tool 
cuts the excess fiber protruding 
from the connector end. Due to 
the simplicity of the termination 
process, the Versatile Link 
Snap-In connector can be 
mounted in less than 45 seconds. 

III. Fiber Optic Link Design 
The HFBR-0508 family is 
designed and characterized for 
data rates from dc to 10MBd; 
Hewlett-Packard specifies link 
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\ 
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Figure 8. Typical Attenuation vs. 
Wavelength of HCS Fibers. 

length for 1 mm POF fibers 
(0 to 60 m) and 200 /lm HCS 
fibers (0 to 500 m). Power supply 
variations, connector coupling 
loss and temperature drift effects 
are part of the guaranteed data 
sheet specifications. In addition, 
a 3 dB margin flikes aging into 
account. HP specifies the link 
performance using the trans­
mitter and receiver interface 
circuits described in the product 
data sheet, which gives HP 
customers the maximum avail­
able design security. The follow­
ing considerations will help the 
design engineer to become more 
familiar with low-cost,fiber-optic 
link design and gives guidelines 
to optimize the link performance 
for particular applications. 

1. Link Length Considerations 
A fiber-optic system basically 
consists of an LED, a length of 
fiber, and an optical detector. 
The LED transmitter/modulated 
by the electrical input signal, 
couples light into the fiber. The 
light travels along the fiber to an 
optical detector, which converts 
the light into an electrical signal 
again. The important spec­
ifications for fiber-optic links are 
how much light is coupled into 
the fiber, how much light the 



TRANSMITTER (HFBR-152B) RECEIVER (HFBR-Z52B) 2.7 OHM 

Vee 

.nn PIN 5 & 8 SHOULD 
BE CONNECTED 

TO GROUND 

-= .nn 
OUTPUT 

INPUT 

1/275451 

Figure 9. VerllAtIle LInk Set·Up. 

receiver needs to function 
properly, and how much light is 
lost in the fiber between the 
transmitter and the receiver. 

Depending upon the fiber length 
and wavelength of the signal 
source, if data rates are very 
high (125 MBd or greater), the 
optical signal is distorted. This 
effect, called dispersion[Sl, limits 
the bandwidth of the fiber-optic 
system. Fortunately, in most 
industrial communication 
systems the data rate is less 
than 10 MBd and the dispersion 
effect contributes only if the link 
length exceeds 100 m with POF 
or 1000 m with HCS Fibers. 
Below these values the links are 
limited by attenuation, so a 
straightforward optical power 
budget calculation is the only 
consideration. 

1.1 Optical Power Budgeting 
Computation 
The optical power budget is the 
difference between the output 
power of the transmitter and the 
sensitivity of the receiver. The 
maximum length of the optical 
fiber is determined by the 
attenuation of the fiber, addi­
tionallosses due to feed-through 
connections and a "safety factor" 
called optical power margin (see 

IUUl ~ ~~.) 'C:1 ~~ JUUl 
DATA : I 

RATE I LINK SPAN : 

HFBR·1528 

,,.. -, 
I I 

TRANSMITTER : : 
OUTPUT I INPUT COUPLING I 

PI COUPLED 
POWER 
SPECIFICATION 

POWER LOSS : 

~~R:U~:I:: _. - _. - T _. _ .. _ .. -I~~;;~ -.... 
HFBR·2528 
Pr COUPLED (dB/m) : 
POWER ____________________ -.~ 

SPECIFICATION • ·o·uTPuT COUPLiNG LOSS· .• 
POWER INTO RECEIVER 

LINK DISTANCE 

F1sure 10. Fiber Optic LInk Main ParameteJ'8. 

chapter IIII!.4). Formula IIIIl 
gives the maximum link length 
for worst-case conditions: 

Equation IIIIl: 
l(max) = l'T(min)' PRL, min -IL • OPM (m) 

a(max) 

PT(min) : 
PRL,min : 
IL: 
OPM: 

a(max): 

Minimlim coupled power of transmitter (dBm) 
Sensitivity of the receiver (dBm) 
Sum of insertion loss offee!i-throughs (dB) 
Optical power margin, which accounts for LED 
degradation, supply voltage variation, etc. (dB) 
Maximum attenuation of fiber (dB/m) 
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Versatile Link transmitter and 
receiver specifications account 
for coupling losses to and from 1 
mm POF or 200 Ilm HCS fiber. 

1.2. Dynamic Range 
An important link design con­
sideration is the receiver's optical 
dynamic range, the difference be­
tween sensitivity ( Pru" min ) and 
overdrive conditions ( PRL, max ) : in 
other words, the dynamic range 
specifies the minimum-to-maxi­
mum link length. Exceeding the 
dynamic range of the receiver may 
lead to an increase in PWD. The 
maximum allowed power level of 
the receiver specifies the minimum 
link length needed to avoid over­
drive condition. The maximum 
optical power that the HFBRr 1528 
can launch, however, is well matched 
to the HFBR-2528 receiver's over­
drive characteristics. If the LED 
drive circuit recommended in the 
HFBRr 1528 data sheet is used, the 
transmitter cannot over-drive the 
HFBRr2528 receiver even when the 
length of the fiber-optic cable is vir­
tually zero meters. 

Equation IIIl2: 
l( . ) - PT(max)· PRL, max (in m) 

mm - a(min) 

PT(max): Maximum coupled 
power of transmitter 
(dBm) 

PRL, (max): Maximum optical 
power level of 
receiver (dBm) 

a(min): Minimum atten­
uation of fiber 
(dB/m) 

The extremely large dynamic 
range of the HFBR-2528 receiver 
typically allows room-temp­
erature distances from 0 to 100 
meters when using 1 mm plastic 
fibers. Typically, LED current 
adjustments are not needed as 
the length of the plastic fiber can 
vary from 0 to 100 meters at 
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room temperature, and the 
maximum adjustment-free 
distances possible over the 
temperature range are specified 
in the HFBR-0508 series data 
sheet. 

1.3 Temperature Drift Consid­
erations 
The data sheet includes the 
transmitter output power range 
for ambient temperatures at 
TA = 25°C, TA = 0 to +70°C, and 
TA = -20°C to +85°C, in addition 
to the guaranteed link length 
specifications. But by knowing 
and understanding all different 
temperature drift effects that the 
link depends on, the design 
engineer will be able to optimize 
the link performance, particularly, 
the maximum fiber length. 

The output power of the trans­
mitter is inversely proportional 
to the junction temperature, 
resulting in a lower output 
power at high temperatures 
(LlPT/LlT). 

Equation IIIl3: 

LlPT 
PT (T) = PT (25) - LlT • (T - 25) 

PT(T): Output power at 
desired temperature 
(dBm) 
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Figure 12. Typical Normalized Optical 
Spectra to Peak at 26"C. 

PT(25): Output power at 
room temperature 
specified in the data 
sheet (dBm) 

LlPTILlT: Output power 
temperature 
coefficient (dB/OC) 

The forward voltage (LlVF!LlT) of 
the LED will drop with an 
increase in temperature, causing 
an increase of drive current, 
which partially compensates for 
the decreasing output power. 

Equation IIIl4: 

VF(T): Forward Voltage at 
desired temperature 
(V) 

VF(25): Forward Voltage at 
room temperature, 
specified in the data 
sheet (V) 

LlPTiLlT: Forward Voltage 
temperature 
coefficient (Ll VI Ll °C) 

The center wavelength of the 
LED transmitter, typically 650nm 
at room temperature, changes 
wavelength as the temperature 
changes. In the POF data sheet, 
attenuation is specified at 660 nm 



because of compatibility with the 
older type, lower output power 
660 nm GaAsP transmitters. At 
room temperature the center 
wavelength of the new AlInGaP 
transmitter is exactly in the 
minimum attenuation window of 
the POF. Therefore, the optical 
power budget allows a longer 
link distance at 25°C than 
specified in the data sheet. 
Attenuation at 650 nm is about 
0.05 dB/m less than at 660 nm, 
which permits a 65 m link. 
(Please see note 3 in the HFBR-
0508 Series data sheet. [5]) 
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lifetimes. POFs are estimated for 
up to 20-year lifetimes. Short­
term and long-term bend radius, 
tensile load, flexing, as well as 
the mechanical properties of the 
connectors are specified in the 
cable data sheet [81. A detailed 
discussion about fiber [11,12] and 
connector [8] reliability is beyond 
the scope of this application note. 

More of a concern is the useful 
lifetime of short-wavelength 
LED transmitters, which must 
be taken into account in power 
budget calculations. It can be 
assumed that the receiver 
sensitivity will not change over 
time. The transmitter light 
output reduction is a function of 
junction temperature, drive 
current, and endurance time. 
The useful lifetime of the LED 
transmitter is typically defined 
when the initial light output is 
reduced by 3 dB. Reliability tests 
of the HFBR-1528 transmitter 
project a median useful life of 9 

680 years at -3dB, 85°C, 50 % duty 840 860 650 670 
WAVELENGTH (nm) cycle, and forward current equal 

Figure 13. Typical Normalized Spectral to 60 mAo Therefore, the optical 
Attenuation of 1 mm POF. power budget must be decreased 

Because of the complexity of the 
receiver circuit IC, a detailed 
discussion about sensitivity 
temperature drift is beyond the 
scope of this application note. 
Drift effects are specified in the 
product data sheet and one 
should not be concerned about 
them. 

1.4. Reliability Considerations 
The service lifetime of the fiber­
optic link is, however, quite often 
a concern. One can separate link 
reliability into transmitter, 
receiver, connector and fiber 
reliability. HCS fibers are 
known to be very stable under 
harsh ambient conditions and 
have been qualified for 30-year 

by the expected reduction in 
light output at the end-of-life 
specification. More detailed 
information can be found in the 
reliability data sheet [61. 

Table Ill/I: Projected useful Ufe 
for various temperatures, where 
end oflife is defined as a 50% 
drop (-3dB) in light output •. 

IF[mA] TA Median 90% 
50% [CC] Useful S1l1'vival 
DC Life [y] Life [y] 
60 85 9 4 
60 70 17 8 
60 55 33 15 
60 40 68 32 

1.S. Connector Loss 
Connector coupling losses at the 
transmitter and receiver are 
already included in the data 
sheet specifications. Connector 
coupling losses due to connections 
through bulkhead adapters need 
to be determined. The following 
table shows the minimum and 
maximum insertion loss spec­
ifications for HP's Imm POF 
bulkhead connections. As the 
number of bulkhead connections 
increases, the range of losses 
increases, as does the magnitude 
of the losses. Coupling loss char­
acterization of special bulkhead 
connectors for the 200!lm HCS 
fiber was not completed when 
this application note was printed. 

Table 1ll/2. Feed Through Loss 
Specifications. 

Part Fiber Min. Typ. Max. 
No. Size Loss Loss Loss 

HFBR- Imm 0.7 1.5 2.8 
45X5 PDF dB dB dB 

1.6. Coupling Loss 
Iflight from a larger-core fiber is 
coupled into a smaller-core fiber, 
a significant loss of optical power 
can be measured. The loss is a 
function of the difference in area 
(d) and the numerical aperture 
(NA), and is expressed by the 
following formula: 

Equation 11115: 

dl NAl 
IL(dB) = 20 - 10g'd2 + 20-10g NA2 

d1: Emitting fiber diameter 
d2: Receiving fiber diameter 
NA1: Numerical Aperture 

emitting fiber 
NA2: Numerical Aperture 

receiving fiber 

Light from a smaller core fiber 
will be coupled into a larger core 
fiber without area and NA losses. 
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2. Transmitter Drive Circuits 
LED-based transmitters are easy 
and simple to drive because the 
current through the LED is 
proportional to the optical output 
power. The current can be 
amplitude modulated using only 
a switching transistor and a 
single resistor in series with the 
LED. Because of the simpli~ity of 
the drive circuit, the design 
engineer has many options to 
realize this function. As men­
tioned previously, the HFBR-
0508 link performance is guaran­
teed when using the drive circuit 
in the data sheet (see also 2.2), 
as it meets most application 
requirements. The pros and cons 
of a few other approaches that 
will help design engineers to 
optimize their link performance 
for specific applications are dis­
cussed in the following section. 

2.1. Pros and Cons of Parallel 
and Series Transmitter Drive 
Circuits 
Basically, two methods exist for 
driving LEDs. One uses a series 
driver (Figure 9), the other is 
based on a parallel driving scheme 
(Figure 14). Series driving 
circuits consume only half the 
power but generate higher tran­
sient noise in the power supply 
line when the LED current is 
switching. The parallel driver 
uses a constant current from the 
power supply rail, thus minimiz­
ing power supply noise, which 
could couple into the receiver 
and degrade sensitivity. The 
parallel drive circuit also pre­
sents a very low impedance to 
the LED junction during tum 
off. This low impedance rapidly 
discharges the junction and 
quickly extinguishes the optical 
output of the LED. 

One should keep in niind that 
the transmitter drive circuit 
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Figure 14. PNP Shunt Drive Circuit. 

topology contributes to the 
overall pulse-width distortion 
(PWD) of the fiber optic link. 
Therefore, it is important that 
the optical rise and fall times are 
fast compared to the symbol 
time. The transmitter propaga­
tion delay times, tPLH and tPHL, 
should also be equally balanced 
for the PWD of the entire link to 
be low. Fortunately, the HFBR-
1528 transmitter has rise and 
fall times that are fast enough to 
be switched without peaking and 
prebias[Sl for data rates as high 

The low-impedance path R1 
quickly discharges the LED, 
decreasing the optical fall time. 
A 2 kOhm resistor was empiri­
cally found to be an optimum 
value for best PWD. It is impor­
tant to note that capacitors C1 
and C2 near the LED anode filter 
the noise in the power supply 
line during switching periods. 

I~. eo mA, TA. 21'0, 1 m HC8 
8.1 4 

RI8~TIM~ 
18 

48.0 g 14 

as 10 MBd. This keeps the drive il 
circuit as simple as possible. iii 

2 
/" 

rPWD 47.11 

Drive circuits for rise and fall ~ 1 0 47.0 

times on the order of 3 ns are i 
discussed in AN1066[Sl, I 

2.2. Series Driver Circuit using 
Standard'ITL Buffer lOs 
Data sheet Drive Circuit 
The driver circuit, Figure 9, is 
designed in such a way that the 
LED is in series with the open­
collector output of the driving 
gate. Resistor R2 sets the drive 
current through the LED, and 
resistor R1 provides a discharge 
path when the LED forward 
current is turned off. 

Equation 11112: 

. Vcc·Vce·VF 
Rl = IF . 

8/ PALL TIME 

IV 
V 

4 

48~ i 
48.0; 
41.1 

2 41.0 
0.1 0.2 0.1 1 2 I 10 20 eo 100 
PARALLEL RESISTOR Rp (OHM) THOUSANDS 

Figure U5: Typical Optical SWItching 
Speed va. Parallel Resistor R1. 

Figure 16 shows how LED 
forward current deviates from 
the intended or nominal room 
temperature design value when 
using a series drive circuit, due 
to the following factors: 

a. part-to-part variations in LED 
forward voltage, 



b. current-limiting resistor 
tolerance, 

c. power supply tolerance, and 
d. variations in the V ce 

saturation potential of the 
75451 peripheral driver. 

Figure 16 also shows that as Vcc 
increases, the total variation in 
LED forward current, due to 
other circuit tolerances, is 
minimized. 

The recommended LED driver 
shown in Figure 9 takes advan­
tage of the negative temperature 
coefficient of the HFBR-1528 
LED forward voltage. When 
temperature rises, the forward 
voltage of the LED decreases and 
a greater percentage of the 
supply potential must be 
dropped across resistor R2. Ai; 
temperature increases and LED 
forward voltage declines, the 
potential difference across R2 
increases· and Ohm's law dictates 
that the current through R2 and 
the HFBR-1528 will increase. 
This increase in the drive cur­
rent partially equalizes the 
reduced light output due to the 
negative output-power tempera­
ture coefficient. 

1.2 

1.1 

0.9 
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o 

TOLERANCES 
VI: ±15%; Vee: ±75%, R: ±1% 
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Figure 16. Output Power Variation VB. 

Supply Voltage and Components 
Tolerances. 

The coupled power into 1 mm 
POF and 200 ~m HCS is speci­
fied for minimum and maximum 
values versus the temperature 
range for 20 mA and 60 mAo 
Intermediate power levels can be 
calculated based on Figure 2 in 
the HFBR-1528 data sheet. At 
drive currents less than specified 
in the data sheet, the part-to­
part variation of the output 
power increases. 

2.3. The Simplest LED Trans­
mitter Shunt Drive Circuit 
The circuit shown in Figure 14 is 
a simple-shunt drive transmitter 
circuit that uses a pnp tran­
sistor. The primary feature is its 
simplicity: only two components 
are required and the circuit can 
be interfaced to TTL or CMOS 
gates without additional compo­
nents. The circuit is also fast for 
several reasons: 

• the transistor never saturates, 
• it presents a very low 

impedance during turn off of 
the LED, and 

• the emitter base junction 
voltage "prebiases" the LED 
junction resulting in a faster 
optical rise time 

20 so 
1 mm POF 40 m, DC = 49.7%, f = 7.5 MHz 

I 
1(,)(n8) 

kk: 
10-
r-

1(1) (n8) 
10--

o 40 
20 30 40 so 80 70 

I .... ORWARD CURRENT THROUGH LED (mA) 

Figure 17. Switching Speed VB. Drive 
Current. 

In addition, the pnp drive circuit 
generates low power-supply 
ripple because of the constant 
load during LED switching. The 
drawback is increased power 
consumption due to the constant 
current flow through the bias 
resistor. 

3. Receiver Interface Circuit 
Design 
The HFBR-2528 receiver has a 
push/pull digital output. It is 
capable of sourcing and sinking 
current as high as ±6 mA (re­
ceivers HFBR-25X1,2,3,4 need 
pull-up resistors) and can drive 
CMOS and TTL logic families 
without external resistors. HP 
recommends that an RC first­
order, low-pass filter (see Figure 
9) be used to minimize the 
power-supply noise between the 
ground and power supply termi­
nals of the receiver. This ar­
rangement will meet the power­
supply rejection specification. 
The bypass capacitor should be 
connected as close as possible to 
the power supply terminals of 
the HFBR-2528 receiver. A 
ground plane underneath the 
conductive receiver housing and 
connected to pins 5 and 8 pro­
vides an excellent shield against 
electric fields as high as 8 kV/m, 
which could otherwise interfere 
with the receiver !C. 

3.1. Sensitivity . 
DC-coupled receivers, such as 
the HFBR-2528, are specified for 
sensitivity at different conditions 
than ac-coupled receivers[3] in 
which the bit-error ratio (BER) is 
an importantcriterion. For the 
HFBR-2528, sensitivity is the 
minimUIX). optical power level for 
a PWD of less than 130 Ins, 
measured with a 50 percent duty 
cycle, square-wave signal. 
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3.2. Qff·State·Limit 
HP recommends that no light be 
coupled to the receiver when it 
should remain in the logic-high 
state. In some instances, it might 
not be possible to turn the trans· 
mitter totally off. But the power de· 
livered to the receiver should be al· 
ways less than -42 dBm for 1 mm 
POF or -44 dBm for 200 J.Ill1 HCS 
fibers to ensure that the output does 
not randomly change state. 

3.3. Overdrive Limit 
The overdrive limit is specified 
where the PWD exceeds 130 I ns. 
For example, at low temperatures, 
power levels can be above 
Pm. ,max> +1 dBm and PWD may 
exceed 30 ns, when using a driver 
circuit topology other than specified 
in the data sheet. Th.etransmittsr 
appli.catian circuit, recommended in 
the product data sheet,decreases 
the LED drive current at low tem· 
peratures because of the higher 
voltage drop across the LED trans· 
mitter. 

IV. Manufactwing 
Consideration 

1. BandliIi.g and Assembly 
Guidelines 
Non-stacked Versatile Link parts' 
do not require special handling dur­
ing assembly onto printed circuit 
boards. HP advises, however, that 
nonnalstatic precautions be taken 
in handling and assemb1y of these 
components to preVent damage and! 
or degradation, which may be in· 
duced by electrostatic discharge 
(ESD). 

HFBR·1528 Class 3 
HFBR-2528 Class 1 

ESD Human Body Model 
Mil. Std. 883 Method 3015 

All transmitters and receivers 
are delivered to customers in 
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standard tubes for dual in-line 
packaged components and can be 
easily picked and placed with auto­
insertion machines. During solder­
ing, an optical port plug is 
recommended to prevent contami­
nation of the port. Solderability is 
specified under Mil. Std. 883 
Method 2003. Please follow the 
maximum time and temperature 
guidelines given in the product and 
reliability data sheet. Water-soluble 
fluxes, not rosin-based fluxes, are 
recommended. 

2 •. Connectoring Guidelines 

2.1. Plastic Fiber 
Plastic optical cables can be ter­
minated in less than 30 seconds 
by using Versatile Link Snap-in 
connectors and standard 
tools[271, After cutting the cable 
to the desired length, 7 mm of 
the fiber jacket should be re­
moved with a 16-gauge wire 
stripper. The crimp ring and 
connector are positioned then 
crimped over the end of the 
cable. Any excess fiber protruding 
from the connector end may be 
cut off. For better light coupling 
the fiber end must be polished 
by using 600-grit abrasive pa­
per. See the detailed connecting 
instruction in the appendix of 
the fiber-optic cable data sheet [81. 

2.2. 200 Ilm BCS Crimp and 
Cleave Tennination 
The 200 J.Ill1 HCS fiber can be 
easily terminated by using the 
Snap-in V-System connector 
and the HFBR-4584 termination 
kit [281, which contains one fiber 
buffer strip tool, one cable strip 
tool, one pair of scissors and a 
diamond cleaving tool. The 
entire process does not need 
either epoxy or polishing and so can 
be completed in less than a minute. 
The following is an abstract from 
the detailed Crimp and Cleave 

Connectorlng manual: 
1. Remove cable jacket 
2. Remove fiber buffer 
3. Apply first crimp ring to fiber 

buffer 
4. Crimp connector to jacket 
5. Cleave the fiber end 

2.3. Optical Port Protection 
During equipment manufacture 
HP recommends using the 
optical port plug inserted into 
the transmitter and receiver 
when delivered to prevent 
contamination of the port. 
During the operational life of the 
communication equipment the 
port plug may be misplaced or 
lost. Therefore, a very simple 
"optical short circuit" between 
the transmitter and receiver can 
be constructed of a short length 
of 1 mm POF and a duplex 
connector (Figure 18). A small 
ring and chain can be fed 
through the cable opening and 
screwed to the front or back 
panel of the system so that the 
port plug can always be located. 

Whenever the connector is 
inserted the station will receive 
its own signal and the function 
of the optical serial interface can 
be tested. In addition, a warning 
message telling the user that the 
serial port is not connected 
might be displayed on a system 
monitor. 

1 mmSIMPLEX 
PLASTic OPTICAL CABLE 

Figure 18. In wie Optical Port Protee· . 
don Connector. 



v. Application Examples 

1. Introduction to Industrial 
Communication Networks 
Compared to 10 years ago, today's 
industrial control equipment has 
changed dramatically. No longer 
are many single twisted-paired 
lines from sensors and actuators 
bundled into one huge and heavy 
cable and connected to a pro­
grammable logic controller. 
Today, the intelligence is distrib-. 
uted in the network; the actua­
tors and sensors are connected 
via a bus, star or ring topology to 
a master unit. Standards 
committees and user groups 
have defined serial data rates 
from several kBd to more than 2 
MBd for twisted pair and fiber­
optic media interfaces. But these 
open-system standards do not 
always meet the application 
requirements because of speed, 
noise immunity, and distance 
specifications. Proprietary 
networks for critical, real-time 
applications, for example, must 
have faster response times than 
today's standards are specified 
for. These applications need 

serial noiseless communication 
channels with data rates as high 
as 10 MBd to achieve the desired 
performance of the control 
system. At these conditions, it is 
worth considering the de-facto 
industry standard HFBR-0508, 
fiber-optic link for isolated and 
reliable optical interconnects. 

1.1. Interface to RS 422 and RS 
485 
Many networks are based on an 
RS-485/422 physical media 
interface, which are based on a 
bus topology. Different ground 
potentials and noise sources may 
not allow a non-isolated bus 
structure. Therefore, active star 
couplers with fiber-optic ports 
are preferred. Quite often, a 
mixed topology consisting of fiber 
cable and twisted-pair wire is 
desired. In this case, the Versa­
tile Link family is the most cost­
effective line of products for 
fiber-optic inter-repeater links. 
The Versatile Link's small 
package allows HP's parts to be 
assembled into an adapter 
housing for an electrical-optical 
converter. One side of the 

FIBER 
OPTIC 
LINK 

EJ DATA 
DTE TERMINAL 

EQUIPMENT 0REPEATER 0ACTIVESTAR 
_BUS 

_TERMINAL 

Figure 19. Network Overview with RS 485 TP Bus and Fiber Optic Active Star 

housing holds the electrical 
subminiture connector to inter­
face with the twisted-pair bus, 
the opposite side has the duplex, 
snap-in, fiber-optic connection. 
Standard "off-the-shelf" line 
drivers and receivers for RS- 422 
and RS-485 [15,16,201 interface 
between the twisted-pair bus and 
the TTL receiver output and 
transmitter input. 

While the majority of industrial 
communication applications are 
specified for data rates of 2 MBd 
and below (much lower than the 
speed of the HFBR-0508link), 
the large dynamic range of the 
HFBR-2528 receiver allows a 
fiber-optic link to be designed 
without transmitter optical 
output power adjustment. This 
factor makes the installation 
instruction much simpler and 
avoids trouble-shooting exercises 
due to receiver overdrive conditions. 
Whether the link is anywhere 
from zero meters up to the 
maxiIpum length specified in the 
data sheet or whether the fiber is 
HCS or POF, the link will work 
reliably the moment that the 
power is turned on. 
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Figure 20. Basic RS 485 Fiber Optic Interface Adapter to Data Terminal. 

Table VII. Link Length Overview of HFBR-0508 for POF 
and HCS Fibers. 

Fiber Guaranteed Link Temperature Conditions 
Type Distance Range 

ImmPOF 0.1 to 50m TA= 25°C IF =60mA, 
0.1 to 40m O°C< TA<+70°C 10MBd 
0.1 to 30m -20°C< TA<+85°C 

200HCS 0.1 to 500m TA= 25°C IF =60mA, 
0.1 to 300 m O°C< TA<+70°C 10MBd 
0.1 to 100 m -20°C< TA<+85°C 

For more details please see product data sheet! 

1.2. Controller Area Network 
(CAN) 
A special controller-area network 
(CAN), which meets the strin­
gent reliability requirements of 
automobile manufacturers, has 
been developed for low-cost, real­
time applications in cars. CAN 
can be found in field buses 
because of its open-system 
interface and high noise immu­
nity. Semiconductor manufac­
turers [18,19,21] offer integrated 
circuits for ISO layer 1 (Physical) 

3-196 

and 2 (Data Link). When using 
fiber optics the best network 
configuration is a passive star 
coupler. The passive star coupler 
[23, 24, 25 ,29] divides the optical 
signal from one source into 
multiple optical signals of nearly 
equal amplitude. Therefore, all 
devices connected to the coupler 
receive the transmitted data at 
the same time. 

In the past, the high insertion 
loss of the passive star couplers 

RS485 

for 1 mm POF (see Table V/2) 
reduced the optical power budget 
to nearly 0 dB, making the use of 
fiber optics impossible. The new 
transmitter technology, with 6 dB­
higher output power, allows 
expanded networks based on 
passive star couplers. Because 
the coding is NRZ, a dc-coupled 
receiver with TTL output should 
be used. Design engineers have 
two choices for the receiver inter­
face. For data rates of 125 kBitls 



PROCESS 
CONTROLLER 

~ ___ ~I ~ PASSIVESTAR 
PROCESS 

CONTROLLER 

Figure 21. CAN with Passive Star Coupler. 

(ISOmIS 11519-1), they can use 
the HFBR-25X2 receiver. Ifthe 
serial bit rate is 1 MBitls (ISOI 
DIS 11898), they should consider 
the HFBR-2528 receiver because 
of its lower pulse-width distortion 
(PWD) specification and large 
dynamic range. The large dy­
namic range will compensate for 
the spread of insertion loss by 
the coupler. 

Table V/2: Typical Insertion Loss at 
660 run for 1 rom POF Star cou­
pler. 

Ports Insertion Loss 
2-2 4dB 
3-3 7dB 
4-4 7dB 
5-5 10 dB 
7-7 11 dB 

For detailed specifications, please 
contact suppliers [23 ,24, 251. 

The following equation (Vl2) 
should be used to calculate the 
maximum possible link length. 

The maximum link length is the 
sum of the distance from the 
transmitter to the bulkhead 
connector and from the bulkhead 
connector to the receiver. 

Equation Vl2: 

1 = PT(min) - PRL, min - IL(max) - OPM 

a/max) 

PT(min): Minimum coupled 
power of transmitter 
in (dBm) 

PRL ,(min): Sensitivity of the 
receiver [coupled 
power] (dBm) 

IL: Insertion loss 
measured from 
input port to 
output port (dB) of 
the passive star 
coupler 

OPM: Optical power 
margin in (dB) 

a(max): Maximum 
attenuation of 
fiber in (dB/m) 

PROCESS 
CONTROLLER 

PROCESS· 
CONTRpLLER 

The :maxiInum data rate is also a 
function of the maximum distance 
between two nodes, because the 
propagation delay time must be less 
than half the bit time. The prop.. 
agation delay constant for optical 
signals is 4.8 ns'm in fiber-optic 
links because the signal speed is 
equal tothe speed oflight 
divided by the refractive index. 
The propagation delay of the 
transmitter and receiver are 
listed in Table V/3. Transmitter 
and receiver delays must be 
added to the propagation delay of 
the fiber to determine the total 
delay of the fiber-optic link. 

2. Gate Driving Using Fiber­
Optic Interfaces 
With the improvements in the 
development of power switches 
such as GTOs and IGBTs, fre­
quency inverters can be operated 
at higher speed and higher power 
levels. On one hand, the circuit 
needed to drive the gates of 
IGBTs and GTOs has to be fast. 
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On the other hand, the gate­
drives must reliably reject the 
higher and faster switching 
transient voltages caused by the 
large variations in current in the 
power rails. 

Traditional techniques based on 
transformers for galvanic isolation 
and shielded cables require very .. 
experienced engineers to design a 
"trouble free" interfuce. Even so, mini­
mum distance requirements be­
tween the signal lines and power 
units and good ground contacts can 
make the system larger and more 
costly than it would be if the fea­
tures inherent to fiber optics are 
taken advantage of. In these appli­
cations, transformers will become 
redundant because of the dielectric 
property of the fiber and the fact 
that it will easily meet any regula­
tory requirements oflEC, UL, CSA, 
CENELEC, VDE, etc. In addition, 
the fiber is immune to any kind of 
electromagnetic fields and can be 
placed alongside power lines with­
out affecting the transmission qual­
ity. The result is a simplified 
design with higher reliability and 
less sensitivity to system failures 
during installation and mainte­
nance. 

The following aspects should be 
considered when taking advantage 
of the many features the new Ver­
satile Link offers for gate-drive ap­
plications. These include shielded 
housing, high-temperature HCS 
fiber, low PWD, and the fact that 
the receiver can accept arbitrary 
duty-cycle. HP recommends one of 
the transmitter drive circuits from 
chapter ill because the switching 
speed is a major design issue. Be­
cause the link distance is very short 
in such applications, the drive current 
can be set to a val1,le as low as 20 rnA 
The output power at 20 rnA is 
specified in the data sheet and the 
power budget calculation from 
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chapter ill should be followed. The 
receiver and its conductive housing 
should be grounded and a good 
power-supply filter should be used 
because the isolated power supply 
is known to be very noisy. 

The dead-time specification is one 
of the most important design pa­
rameters. A worst-case propaga­
tion delay from the controller to the 
gate of the power switch has to be 
computed. For the fiber-optic link, 
the overall propagation delay time 
is the sum of transmitter, receiver 
and fiber delay times. Typical fiber 
optic link delay times are listed in 
Table Vl3. The PWD is specified in 
the HFBR-2528 data sheet. Since 
the speed oflight is limited to about 
2.99E-8 mls in a vacuum, photons 
will travel at a lower speed in dense 
media such as glass or plastic 
fibers. 

Equation Vl2: 
c 

. vp = n inmls 

c: Speed of light in vacuum 
c = 2.99E-8 mls 

n: Refractive index of the 
media n =1.5 for PMMA 

Table VIS: Typical Propagation 
Delay Times at 25"C for HFBR-
0508 Link with 1m POF 

Parameters Tx(in) Units 
to Rx(out) 

with 
lmmPOF 

tpLH 140 ns 
tpHL 158 ns 

To avoid fault connections, which 
can cause shoot-through con­
ditions in a half bridge, HP rec­
ommend$ that the transmitters 
for a single half bridge be 
latched in pairs. Duplexconnec­
tors have a key function and will 
fit into the latched pair in only 
one position. Therefore, human 

error, such as mixing the cables, 
can.cali~e only a fail function and 
. will n'otdestroy the power 
switches. 

VI. Introduction to 
Optical Power and Loss 
Measurements 
The theoretical methods used to 
specifY optical parameters were 
discussed in chapter III. Theo­
retical values must be verified, 
however, not only by empirical 
functional tests but also by 
optical power and loss measure­
ments. The relevant standard for 
loss measurements on cables and 
connectors is IEC 874-1. A 
detailed discussion of all the 
different methods described in 
the standard is beyond the scope 
of this application note. Only the 
most important methods will be 
briefly described. The recommenda­
tions in this application note for 
measurement equipment and 
accessories will help the newcomer 
to fiber optics, even one with 
financial constraints, to quickly 
implement a system. 

1. Recommended Equipment 
and Accessories 
The following items are needed: 
connectors, several meters of 
cable, transmitters and receivers, 
and tools to terminate the plastic 
or HCS cable. The lowest-cost 
approach is the POF termination 
kit [271. For details, please see 
fiber-optic cable data sheet [81. 
One of the Versatile Link 
transmitters can be used as an 
optical reference source. Power 
meters with a large-area Si 
detector, LED sources for 1 mm 
POF and 200 Ilm HCS, and 
adapter accessories are available 
from several manufacturers 
listed in the appendix [26]. 



1.1. Transmitter Output Mea­
surement 
A reference cable of 50 cm should 
be terminated with a carefully 
polished connector on each end. 
The cable is connected to the 
transmitter and the optical 
power meter. The coupled power 
into a 1 nun POF can be read in 
the display in power (m W) or 
reference power (dBm). 

Equation VIII: 
P(mW) 

P (dBm) = 10 -log ImW 

P(m W): Powerin m W 
P(dBm): Power in decibels 

referenced to 1 m W 

If the detector area is larger than 
the fiber's cross-sectional area, 
the coupling loss between con­
nector and detector can be 
neglected. HP also recommends 
repeating the measurement with 
the connections reversed. A 
different power-level reading will 
indicate coupling loss variation. 

It is also possible to measure the 
output power of a pulsed trans­
mitter. A 50% duty-cycle pulse 
gives an average power-level 
(Pavg) reading. The actual peak 
amplitude (PPk) is twice as high 
(3 dB in referenced power) as the 
average. 

Example: Pavg = -21 dBm 
Ppk = -18dBm 

1.2. Receiver Sensitivity Mea­
surement 
The transmitter and receiver are 
linked by a fiber-optic cable and 
pulsed with the desired data rate 
at a 50% duty cycle. An optical 
attenuator or different fiber 
length is used to lower the power 
at the receiver while monitoring 
the pulse-width distortion 
(PWD). Using a simple vise, one 
can also construct a gap attenua-

tor by increasing the Z-axis 
spacing ofthe two fibers. When 
the PWD is 30 ns, the fiber is 
disconnected from the receiver 
and inserted into the optical 
power meter. The optical power 
meter shows the average re­
ceived power. To calculate the 
receiver peak-power sensitivity, 
PRL,min, add 3 dB to the reading. 

1.3. Cable Attenuation Mea­
surement 
First the reference cable is con­
nected to the transmitter and the 
power meter is set to zero (0 dB). 
Then the attenuation of the fiber 
being tested is measured. The 
power meter displays the incre­
mental change in attenuation. 
This value is divided by the 
length of the fiber to calculate the 
optical loss per meter in dB/m. 
Typically, longer cables are 
measured; and so, the attenua­
tion of the reference cable (about 
0.1 dB to 0.2 dB) can be neglected. 
lIP recommends repeating the 
measurement with the connec­
tions reversed. A different power 
reading will indicate coupling 
loss variation due to connector­
port dimension tolerances and/or 
uneven polished fiber surfaces. 

VII. Appendix 

1. Literature Reference 
[1] Application Bulletin 73; Low Cost 
Fiber Optic Transmitter and Receiver 
Interface Circuits 
[2] Application Bulletin 78; Low Cost 
Fiber Optic Links for Digital Applica­
tions up to 155 MBd 
[3] Application Note 1066; Fiber Optic 
Solutions for 125 MBd Communication 
Applications at Copper Wire Prices 
[4] Application Note 1035; Versatile 
Link 
[5] Data sheet HFBR-0508 Series; 10 
MBd Versatile Link Fiber Optic Trans­
mitter and Receiver for 1 mm POF and 
200~HCS 
[6] Reliability Data sheet HFBR-152718 
[7] Reliability Data sheet HFBR-2528 

[8] Data sheet; Plastic Optical Fiber 
and HCS Fiber Cable and Connectors 
for Versatile Link 
[9] Fiber Optic Handbook, Hewlett­
Packard, Christian Hentschel 
[10] IEC 874-1 
[11] POF Data book, MRC Techno 
Research 
[12] High Strength, Reliable, Hard 
Clad Silica HCS® Fibers, Ensign­
Bickford Industries 
[13] Elektronik Plus, Automati­
sierungstechnik 1, 
[14] EMV Storfestigkeitspriifung, 
Fischer,Balzer,Lutz, Fran;!:is Verlag 

2. Supplier Reference 
[15] Texas Instruments 
[16] Motorola 
[17] SGS Thomson 
[18] Siemens 
[19] Philips 
[20] Maxim 
[21] Intel 
[22] Spectran 
[23] Kabelwerke Rheinshagen GmbH 
[24] MicroParts 
[25] Nichimen 
[26] a. RIFOCS "V-Kit Measurement 
Instruments" 557B Power Meter, 253B 
LED Source; b. Photodyne, Model 
18XTA; c. Mitsubishi, Rayon, EMT 
100-205 
[27] Plastic Fiber Termination 
Accessories, HFBR -4593 Polishing 
Kit, HFBR-4597 Plastic Fiber Crimp­
ingTool 
[28] HCS Termination Kit, HFBR-4584 
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Applications 
The following abstracts represent application notes that are 
not puhlishedin this catalog. These application notes can be 
obtainedjrom your local Hewlett-Packard sales office or 
authorized HP distributor or representative (see section 5). 

In the US/Canada, technical literature is availablejromthe 
Hewlett-Packard Components Group fax-back service at: 
1-800-450-9455, or jrom the Components Sales Response 
Center at 1-800-235-0312. 

AN 1057 
Conductive Port Receiver 
This application note compares 
the performance of fiber-optic 
receivers with conductive ports to 
fiber-optic receivers with noncon­
ductive ports. It explains how 
conductive port receivers solve 
specific problems encountered in 
some applications and how they 
help to improve the electromag­
netic immunity of part number 
HFBR-24X6XC, required by such 
standards as MIL 461 and IEC 
801-3. This application note also 
presents test data that shows why 
HP's low-resistance conductive 
port has an advantage over the 
higher-resistance conductive 
ports of other manufacturers. 
Test methods are also included. 

_ Publication No. 5091-6001E 
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ANI073 
HFBR-0319 Test Fixture for 
lx9 Fiber-optic Transceivers 
This application note focuses on 
testing fiber-optic transceivers 
with a lx9 footprint, and how 
HP's HFBR-0319 evaluation kit 
test fixture makes it easy. 
Attributes of the HFBR-0319 test 
fixture are discussed including 
calibration procedures. An 
example test system circuit 
diagram for lx9 fiber-optic 
transceivers is presented along 
with PCB artwork, recommended 
component values, and example 
results. 

Publication No. 5963-2202E 
Document ID #11086* 

"Application Notes referencing document 
ID number are available from Fax·Back 
service. 
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Bar Code Components 

Bar Codes are used in a wide 
range of data entry applications 
where the combination of speed, 
simple operation and accuracy 
are critical. 

HP's family of bar code products 
is designed for ease of use, 
flexibility, integrity of design, 
and ruggedness. 
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HP offers a wide range of 
products for both OEMs and end 
users, ranging from optical 
reflective sensors, tips and 
encoder ICs, to slot readers, 
digital wands, and intelligent 
scanners. 
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Bar Code Components 
Data Sheet Index 

FliPfJ HEWLETT'" 
~r.JI PACKARD 

• Optical Reflective Sensors ......................................... ; .................................................. 4-7 

• High Resolution Optical Reflective Sensor ................................................................. 4-15 

• Optical Reflective Sensors .......................................................................................... 4-22 

• Bar Code Reader Tips and Optical Nest Assembly ...................................................... 4-30 

• Low Current Bar Code Digitizer IC ............................................................................ 4-33 

• Single Chip Bar Code Decode IC ................................................................................ 4-37 

• Programmable Bar Code Decode IC ........................................................................... 4-47 

• KeyWand Bar Code Reader ........................................................................................ 4-62 

• SmartWand Bar Code Reader ..................................................................................... 4-66 

• Low Current Digital Bar Code Wand .......................................................................... 4-71 

• Industrial Digital Bar Code Slot Reader ...................................................................... 4-75 
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Optical Reflective Sensors 
Part Wave· LED DC Pulsed Page 

Part Number Resolution length Fwd Current Mode Mode Comments No. 

~ 
HBCC·1570 0.330 mm (0.013 in.) 655nm 125 rnA Peak · o Focused emitter and 4·7 

HBCC·1580 0.185 mm (0.007 in.) 655nm 100 rnA Peak detector in a TO-5 
• sealed metal 

HBCC·1590 0.130 mm (0.005 in.) 820nm 40 rnA Peak · package 
HBCS-ll00 0.190 mm (0.0075 in.) 700nm 50 mAAvg . o Photodiode output 4-15 

HEDS-1300 0.190 mm (0.0075 in.) 700nm 50 mAAvg . 4-22 

Tips 
Poly· 

Part ESD Thread carbonate Metal Page 
Part Number Isolation Overall Length Engagement Enclosure Enclosure Comments No. 

HBCS-A998 15kV 18.4 mm (0.725 in.) 2.5 mm (0.098 in.) " o Compatible 4-30 

9 HBCS-A999 15kV 18.3 mm (0.721 in.) 4.4 mm (0.172 in.) . with HPBar 
Code 

HBCS·2999 N/A 15.9 mm (0.625 in.) 2.5 mm (0.098 in.) · Sensors 
HBCS-4999 N/A 15.7 mm (0.620 in.) 4.4 mm (0.172 in.) · o HBCS-T998 
HBCS·T998 N/A 14.6 mm (0.576 in.) 3.8 mm (0.151 in.) • for HBCS-

HBCS·T999 N/A 14.6 mm (0.576 in.) 3.8 mm (0.151 in.) · T5XXonly. 

Digitizer IC 

Part Page 
Part Number Current Draw Package Comments No. 

D 
HBCC·0500 4.0 rnA w/Sensor SOIC 24 o Compatible with HP Bar Code Sensors 4-33 

HBCC-15XX Series. 
o Used in all HP Bar Code Wands 

DecodelCs 
Package Input 

Part Supply 40 Pin 44 Pin 44 Pin Laser Wand/Slot Page 
Part Number Voltage (V) Supply Current (mA) DIP PLCC QFP Scanner Reader No. 

D 
HBCR-1610 4.5-5.5 18 (max) @ 11 MHz 1610 1611 1612 . 4-37 

Series 24 (Max) @ 16 MHz 

HBCR-2210 4.0-6.0 18 (Max) @5.0V 2210 2211 • 4-37 
Series 

Bold Type = New Product 
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Digital Wands 

Part Numbers Connector Replacement 
for Medium S·Pin g·Pin Parts Page 

Part Resolution Case Switched DIN D·Sub Case/Tip Comments No. 

HBCS·A300 Polycarbonate • HBCS-A991 • Medium Resolution: 4-71 
0.15 mm (0.006 in.) 

• LED Wavelength: 
HBCS-A308 Polycarbonate • HBCS-A991 655nm 

~ 
• High and Low 

Resolution and 

HBCS-A200 Polycarbonate • • HBCS-A992 Strip and Tin also 
I available as built to 

order product. 

Slot Readers 

Part Connector Page 
Part Numbers Infrared S·Pin DIN g·Pln D·Sub Comments No. 

...,- HBCS-7100 880nm • • Resolution: 0.19 mm (0.0075 in.) 4-75 

I) 
• Case: Metal (Environmentally 

Sealed) 
HBCS-7108 880nm • • HBCS-7X50 is the module only 

• Strip and Tin also available as 
built to order 

HBCS-7150 880nm • " 

Smart Wands 

Part Numbers 
Replacement Parts for Medium Page 

Part Resolution Case Tip Case/Tip Comments No. 
HBSW-8200 Polycarbonate HBSW-8991 • Medium Resolution: 0.19 mm 4-66 

(0.0075 in.); LED 
Wavelength: 655 nm 

HBSW-8205 (Kit) Polycarbonate HBSW-8991 • High and Low Resolutions are also 

~ 
available as built to order product 

• Kit Includes: Wand, User's 
HBSW-8300 Metal HBCS-4999 Manual, and Black Wand Holder 

I • SmartWand Accessory Part 

HBSW-8305 (Kit) Metal HBCS-4999 
Numbers: 

User's Manual: HBSW-8997 
Wand Holder: HBCS-2998 
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Keywands 
Part Numbers Connector 
for Medium SPin 6Pin Replacement Page 

Part Resolution DIN Mini Din Tip/Case Comments No. 

HBKW·1210 • HBKW·8991 • Medium Resolution: 0.19 mm 4·62 
(0.0075 in.); LED 
Wavelength: 655 nm 

• High and Low Resolutions available 

~ 
HBKW·1220 • HBKW·1991 as built to order product 

• Kit Includes: Wand, User's Manual, 
Wand Holder, Interface Adapters, 

I and Quick Start Instructions 
• KeyWand Accessory Part Numbers: 

HBKW·1240 (Kit) • • HBKW·1991 User's Guide: HBKW·1910 
Wand Holder: HBKW·1920 
Interface Adapters: 

HBKW·1925 

4·6 
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Optical Reflective Sensors 

Technical Data 

Features 
• Focused Emitter and 

Detector in a Single 
Package 

• TO-5 Miniature Sealed 
Package 

• Photodiode Output 
• Choice of Resolutions 

(0.13 nun, 0.178 nun, 0.33 nun) 

Description 

FliP'W HEWLETTI!) 
a:~PACKARD 

HBCC-1570 
HBCC-1580 
HBCC-1590 

Applications 
• Two Wavelengths 

Available; 655 run, 820 run 
(see selection guide) 

The HBCC-15XX series sensors 
are fully integrated modules 
designed for applications requir­
ing optical reflective sensing. The 
modules contain a 655 nm (or 820 
nm) LED emitter and a photo­
diode. A bifurcated aspheric lens 
is used to image the active areas 
of the emitter and detector to a 
single spot 4.27 rom (0.168 in.) in 
front of the package. The output 
signal is a current generated by 
the photodiode. 

The HBCC-15XX sensors are 
intended for use with the Hewlett­
Packard HBCC-0500 and HBCC-
0600 low current digitizer ICs, or 

Selection Guide 

Sensor Part Number HBCC-1570 

LED Resolution 0.33 mm (0.013 in.) 

LED Wavelength 655nm 

Package Dimensions 

MAXIMUM SIGNAL POI~ - MSj 

HBCC-1580 

0.185 mm (0.007 in.) 

655nm 

9.40 (0.370) 
1..---+l--S.51 (0.335) 

HBCC-1590 

0.13 rom (0.005 in.) 

820nm 

S~ 12.0~P. 

:s~':~r-L ~ ~ .. ~IJ --5- (0.16S)±(0.010)~Z 

1111- (Q.473) I 0.0. 

~~~~III -:::To.328) E ~.320) 
1.14 (0.045) 

0.73 (0.029). J L 
0.S6 (0.034) 
0.73 (0.029) 

115.24 (0'~~.1+1J-11-.5-0-(0-.4-53-)JJ r 12. 70 (0.500) 11.22 (0.442) l 
NOTES: 

A. ALL DIMENSIONS IN MILLIMETERS AND (INCHES). E. S.P. = SEATING PLANE. 

B. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY. F. THE LEAD DIAMETER IS 0.45 mm (0.0181n.) TVP. 

C. THE REFERENCE PLANE (R.P.) IS THE TOP SURFACE OF THE PACKAGE. 

O. NICKEL CAN AND GOLD PLATED LEADS. 

G. 0.0. = OUTSIDE DIAMETER OF CAN MEASURED IN REGION ABOVE 

WELD FLANGE TO MIDWAY OF CAN LENGTH. 
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with suitable PCB assemblies 
provided by HP for use with these 
sensors. The HBCC-15XX sensors 
have been characterized for use 
only with Hewlett-Packard's 
digitizer IC technology. Use of 
these sensors in designs or appli­
cations other than those stated is 
at the customer's risk. 

Mechanical 
Considerations 
The HBCC-15XX series are 
packaged in a high profIle 8 pin 
TO-5 metal can with a glass 
window. The LED and photodiode 
are mounted on a header at the 

HBCC-1570, 1580 Optical System 

EMITTER 

base of the package. Positioned HBCC-1590 Optical System 
above these active elements is a 
bifurcated aspheric acrylic lens 
that focuses them to the same 
point. 

The sensor can be rigidly secured 
by commercially available TO-5 
style heat sinks or 8 pin 0.200 inch 
diameter pin circle sockets. These 
fixtures provide a stable reference 
platform for affIxing the HBCC-
15XX sensors to a circuit board. 

In applications requiring contact 
scanning (such as bar code 
reading), protective focusing tips 
are available. Focusing tips are 
available in either metal or poly­
carbonate packages using a 
sapphire ball as the contact 
surface. The Hewlett-Packard part 
numbers are HBCS-2999, HBCS-
4999, HBCS-A998, and 
HBCS-A999. 

Electrical Operation 
The sensor detector is a pn 
photodiode. The LED cathode is 
physically and electrically con­
nected to the case-substrate of the 
sensor. 

4-8 

SILICON 
BAFFLE 

0.406 mm SQUARE 

The HBCC-15XX sensors are 
characterized for use with Hewlett­
Packard's low current digitizer 
ICs. The digitizer IC part numbers 
are HBCC-0500 and HBCC-0600. 
Data Sheets including circuit 
diagrams are available. 

EPOXY SEAL 

..... 
.......... 

.......... 

GLASS 

SENSING 
AREA 

SENSING 
AREA 



Absolute Maximum Ratings 
TA = 25"C unless specified otherwise (unless specified separately, data applies to all sensors) 

Parameter Symbol Min. Max. Units Notes 

Storage Temperature Ts -40 +75 "C 

Operating Temperature TA -20 +75 "C 

Lead Soldering Temperature 260 "C 1 
(1.6 mm from Seating Plane) (for 10 seconds) 

Average LED Forward Current If 2 

Peak LED Forward Current Ifp 125 rnA 3 (HBCC-1570) 
100 rnA 3 (HBCC-1580) 
40 rnA 4 (HBCC-1590) 

Reverse LED Input Voltage Vr 5.0 V 
2.5 V HBCC-1590 Only 

Photodiode Bias Vd -0.3 6.0 V 5 

Notes: 
1. CAUTION: The thennal constraints of the acrylic lens will not permit conventional wave soldering procedures. The typical 

preheat and post-soldering cleaning procedures and dwell times can subject lens to thermal stresses beyond the absolute 
maximum ratings and can cause it to defocus. 

2. These sensors are specified for use with the drive conditions provided by the HBCC-0500 and HBCC-0600 Digitizer IC ONLY. 

3. When used with HBCC-0500 or HBCC-0600 digitizer ICs. 

4. At all combinations of pulse width and duty cycle. 

5. Voltage differential between Pin 1 and Pin 8 with Pin 8 taken as reference. Exceeding maximum conditions may cause permanent 
damage to photodiode or to chip metallization. 

REFLECTOR 
12222222222222) -t­

REFERENCE I \ 
PLANE \.. l 
C:::=>' 

... 1 I ~I 
LED Dps 

+------<> 
Rs 

8 

CASE. SUBSTRATE 
TOP VIEW 

Rs = CHARACTERISTIC NOT DEFINED 

SCHEMATIC DIAGRAM CONNECTION DIAGRAM 

PIN# 

6 

FUNCTION 

PHOTODIODE CATHODE 

HEADER GROUND 

LED ANODE 

PHOTODIODE ANODE 
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HBCC-1570 and HBCC-1580: Electrical and Optical Characteristics 
TA = 25"C 

Parameter Symbol Min. Typ. Max. Units· Conditions 

Reflected Ipr (see Bin Table) nA If = 70mA 
Photocurrent peak 

Quality Factor <Q> 0.82 0.95 1.0 - If = 70mA 
peak 

Maximum Signal Z 4.11 4.27 4.42 mm If = 70mA 
Point (MSP) (0.162) (0.168) (0.174) (in.) peak 

LED Forward Vf 1.5 1.75 2.0 V If = 70 mA 
Voltage 

LED Reverse BVR 5.0 - - V Ir = 100!lA 
Breakdown Voltage 

Photodiode Id - 60 1000 pA Vd= 5V 
Dark Current 

Photodiode Cd - 100 - pF Vd= OV 
Capacitance 60 - pF Vd = 1 V 

LED Peak A - 650 670 run If = 35 mADC 
Wavelength 

Ipr Temperature Ke - -0.006 - 1I"C If = 35 mADC 
Coefficient 

System Optical d - 0.268 - mm 4.27mm 
Step Response (0.0106) (in.) (Target from 
(OSR) sensor) 
HBCC-1570 

(OSR) d - 0.154 - mm 4.27mm 
HBCC-1580 (0.0061) (in.) (Target from 

sensor) 

Notes: 

Note Figure 

6,7 1,2A, 
4A, 4B, 5 

6,8 

6,9 1, 4A, 4B 

3 

6A 

10 

11 7A 

11 7B 

6. Measured from a reflector coated with 99% diffuse reflective white pamt (Kodak 6080) positioned 4.27 mm (0.168 in.) from the 
reference plane. Measured physically is the total photocurrent, Ipt, which consists of a signal (reflected from target) component, 
Ipr, and a component induced by reflections internal to the sensor (stray), Ips. Ipt = Ipr + Ips. Specified is the reflected signal 
component, Ipr. 

7. See Bin Table 

8. <Q> = Ipr/lpt 

9. Measured from reference plane CR.P.) of sensor. 

10. Photocurrent variation with temperature varies with LED output which follows a natural exponential law: 
Ip(T) = Ip(To)*exp[Ke(T-To)] 

11. OSR is defmed as the distance for a 10%-90% "step" response ofIpr as the sensor moves over an abrupt black-white edge, or from 
opaque white to free space (no reflection). 
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HBCC-1590: Electrical and Optical Characteristics 
TA = 2500 

Parameter 

Reflected 
Photocurrent 

Quality Factor 

Maximum Signal 
Point (MSP) 

LED Forward 
Voltage 

LED Reverse 
Breakdown Voltage 

Photodiode 
Dark Current 

Photodiode 
Capacitance 

LED Peak 
Wavelength 

Ipr Temperature 
Coefficient 

System Optical 
Step Response 
(OSR) 

Symbol 

Ipr 

<Q> 

Z 

Vf 

BVR 

Id 

Cd 

A. 

Ke 

d 

If 

Min. Typ. Ma.x. Units 

(see Bin Table) nA 

0.82 0.95 1.0 -

4.01 4.27 4.62 mm 
(0.158) (0.168) (0.182) (in.) 

1.3 1.45 1.8 V 

2.5 - - V 

- 60 1000 pA 

- 100 - pF 
60 pF 

805 820 835 nm 

- -0.005 - 1/"C 

- 0.140 - mm 
- (0.0055) - (in.) 

REFLECTOR 

REFEREN~: 2 22 liZ 2 2\ZZ 22 Zl T 
PLANE \0.. ..L 

6 

~I 

LED I 
t--~ 

Rs 

2 CASE, SUBSTRATE 

Figure 1. Photocurrent Test Circuit. 

Conditions Note Figure 

If= 30mA 6,7 l,2B, 
peak 4C,5 

If = 30mA 6,8 
peak 

If= 30mA 6,9 l,4C 
peak 

If= 30mA 3 

Ir = 100!lA 

Vd= 5V 

Vd=OV 
Vd= 1 V 

If= 35mADC 6B 

If= 35mADC 10 

4.27mm 11 7C 
(Target from 

sensor) 

"A·METER 

4-11 



Bin Table 

Ipr Limits (nA) 

Bin# Min. Max. 
1 160 225 
2 215 270 
3 255 313 
4 300 375 
5 360 440 
6 430 555 

Product Marking 
The photocurrent binning of the 
sensor is incorporated as part of 
the product marking format. The 
Bin # is represented as the last 
number (N) on the last line of 
marking. 

HP 
HBCC·15XX 
XXXXXXXN 

N = bin number 

Bin Availability 
The entire available distribution of 
parts, appropriately marked, will 
be shipped. Requests for indi­
vidual bin selections cannot be 
honored. 

Binning and 
Temperature Effects 
Test algorithm bins units to the 
lower bin number if a unit is in the 
bin overlap region. Such units can 
cross bin boundaries as tempera­
ture changes. (Ambient tempera­
ture affects LED efficiency slightly 
and may cause several percentage 
changes in Ipr.) Bin numbers are 
for "reference only" and do not 
constitute an absolute guarantee. 
The output of all LEDs degrades 
with time, depending on drive 

4-12 

conditions and temperature. LED 
degradation is minimized by the 
drive conditions generated by both 
the HBCC-0500 and HBCC-0600, 
(when used as specified). 

Warranty and Service 
HP Optical Reflective Sensors are 
warranted for a period of one year 
after purchase covering defects in 
material and workmanship. 
Hewlett-Packard will repair or, at 
its option, replace products that 
prove to be defective in material or 
workmanship under proper use 
during the warranty period. 

NO OTHER WARRANTIES ARE 
EXPRESSED OR IMPLIED, 
INCLUDING BUT NOT LIMITED 
TO THE IMPLIED WARRANTIES 
OF MERCHANT ABILITY AND 
FITNESS FOR A PARTICULAR 
PURPOSE. HEWLETT-PACKARD 
IS NOT LIABLE FOR CONSE­
QUENTIAL DAMAGES. 

For additional warranty or service 
information please contact your 
local Hewlett-Packard sales 
representative or authorized 
distributor. 
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Preferred Orientation 

I ~ I . .. 
At maximum signal point (MSP) 
when the sensor is in focus, the 
orientation of the sensor is unim­
portant. However, as one moves 
away from MSP (either by distance 
or angle), the preferred orientation 
indicated above is recommended to 
maintain a higher resolution spot 
size. 
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High Resolution Optical 
Reflective Sensor 

Technical Data 

Features 
• Focused Emitter and 

Detector in a Single Package 
• High Resolution-O.190 mm 

Spot Size 
• 700 nm Visible Emitter 
• Lens Filtered to Reject 

Ambient Light 
• TO-5 Miniature Sealed 

Package 
• Photodiode and Transistor 

Output 
• Solid State Reliability 

Description 
The HBCS-ll 00 is a fully inte­
grated module designed for 
optical reflective sensing. The 
module contains a 0.178 mm 
(0.007 in.) diameter 700 nm 
visible LED emitter and a 

Package Dimensions 

matched I.C. photodetector. A 
bifurcated aspheric lens is used 
to image the active areas of the 
emitter and the detector to a 
single spot 4.27 mm (0.168 in.) 
in front of the package. The 
reflected signal can be sensed 
directly from the photodiode or 
through an internal transistor 
that can be configured as a high 
gain amplifier. 

Applications 
Applications include pattern 
recognition and verification, 
object sizing, optical limit 
switching, tachometry, textile 
thread counting and defect 
detection, dimensional monitor­
ing, line locating, mark, and bar 
code scanning, and paper edge 
detection. 

9.40 (0.370) 
8.51 (0.335)-+o---~ 

0.86 (0.034) 

rli~ HEWLETTI!> 
II!I!.I PACKARD 

HBCS-llOO 

Mechanical 
Considerations 
The HBCS-llOO is packaged in a 
high profile 8 pin TO-5 metal can 
with a glass window. The emitter 
and photodetector chips are 
mounted on the header at the 
base of the package. Positioned 
above these active elements is a 
bifurcated aspheric acrylic lens 
that focuses them to the same 
point. 

S.P. 12.0~R.P. 

(0'473~L, 

«CD] 
U_5.0B 

(0.200) 

MAXIMUM~ 
SIGNAL POINT + ~ -t 
~-S=-TJ~ 4.11 

REFERENC~ (0.162) 
PLANE 

l 
4.27 ",0.25 

(0.16&" 0.010) 

0.73 (0.029) L 

1.14(0.045)~ 
0.73 (0.029) 

5.08 
(0.200) 

8.33 (0.328) 

L15.24 (0.600LL
7

•
79 

(0.307) 

12.70 (0.500) 11.50 10:~) 
1.22 0 ) 

NOTES: 
1. ALL DIMENSIONS IN MILUMETERS AND (INCHES). 
2. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY. 
3. THE REFERENCE PLANE IS THE TOP SURFACE OF THE PACKAGE. 
4. NICKEL CAN AND GOLD PLATED LEADS. 
5. S.P. SEAnNG PLANE. 
6. THE LEAD DIAMETER IS OA5 mm (0.018 IN.) TYP. 
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The sensor can be rigidly secured 
by commercially available two 
piece TO-5 style heat sinks, such 
as Thermalloy 2205, or Aavid 
Engineering 3215. These fIxtures 
provide a stable reference plat­
form and their tapped mounting 
holes allow for ease of affixing 
this assembly to the circuit board. 

Electrical Operation 
The detector seCtion of the 
sensor can be connected as a 
single photodiode or as a 
photodiode transistor amplifIer. 
When photodiode operation is 
desired, it is recommended that 
the substrate diodes be defeated 
by connecting the collector of the 

Schematic Diagram 

VD 

3 
REFLECTOR 

REFERENCE~ I \. ! 
PLANE ~ ;V 'J\ j 

~~ I 
~ 

AN:]"', ~ 
DSI 

CATHODE 4 . _______ ~-
SUBSTRATE, CASE 

Os - SUBSTRATE DIODES 2 

transistor to the positive potential 
of the power supply and shorting 
the base-emitter junction of the 
transistor. Figure 15 shows 
photocurrent being supplied from 
the anode of the photodiode to an 
inverting input of the operational 
amplifier. The circuit is recom­
mended to improve the reflected 
photocurrent to stray photocur­
rent ratio by keeping the 
substrate diodes from acting as 
photodiodes. 

The cathode of the 700 nm 
emitter is physically and 
electrically connected to the case­
substrate of the device. Applica­
tions that require modulation or 

switching of the LEI:> should be 
designed to have the cathode 
connected to the electrical 
ground of the system. This 
insures minimum capacitive 
coupling of the switching 
transients through the substrate 
diodes to the detector amplifIer 
section. 

The HBCS-llOO detector also 
includes an NPN transistor which 
can be used to increase the 
output current of the sensor. A 
current feedback amplifIer as 
shown in Figure 6 provides 
moderate current gain and bias 
point stability. 

Connection Diagram 

Vc 

----I 

I 
I 
I 

~ 
IDs 
I 
I 

____ J 

8 

PIN 

1 
2 
3 
4 
5 
6 
7 
8 

TOP VIEW 

FUNCTION 

TRANSISTOR COLLECTOR 
TRANSISTOR BASE PHOTODIODE ANODE 
PHOTODIODE CATHODE 
LED CATHODE SUBSTRATE CASE 
NC 
LED ANODE 
NC 
TRANSISTOR EMITIER 

CAUTION: The smaUjunction sizes inherent to the design ojthis bipolar camponent increase the component's 
susceptibility to damage from electrostatic discharge (ESD). It is advised that normal static precautions be 
taken in handling and assembly ojthis component to prevent damage and/or degradation which may be 
introduced by ESD. 
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Absolute Maximum Ratings at TA = 25°C 
Parameter Symbol Min. Max. Units Fig. Notes 

Storage Temperature Ts -40 +75 °C 
Operating Temperature TA -20 +70 °C 
Lead Soldering Temperature 260 for 10 sec. °C 11 
1.6 mm from Seating Plane 
Average LED Forward Current IF 50 rnA 2 
Peak LED Forward Current IFPK 75 rnA 1 1 
Reverse LED Input Voltage VR 5 V 
Package Power Dissipation Pp 120 mW 3 
Collector Output Current 10 8 rnA 
Supply and Output Voltage VD, Vc, VE -0.5 20 V 10 
Transistor Base Current IB 5 rnA 
Transistor Emitter Base Voltage VEB 0.5 V 

System Electrical/Optical Characteristics at TA = 25°C 
Parameter Symbol Min. Typ. Max. Units Conditions Fig. Note 

Total Photocurrent Ip 575 nA TA = 20°C IF = 35 rnA, 2,3 4 
(IPR + Ips) 150 250 375 TA = 250C VD = Vc = 5 V 15 

80 TA = 70°C 
Reflected Photocurrent IpR 4 8.5 IF = 35 rnA, 3 
(IPR) to Internal Stray IPs Vc = VD = 5V 
Photocurrent (Ips) 
Transistor DC Static hFE 50 TA = 20°C VCE = 5V, 4,5 
Current Transfer Ratio 100 200 TA = 25°C Ic = 10 IJA 
Slew Rate 0.08 V/IJS RL = 100 K, IpK = 50 rnA, 6 

RF = 10 M, tON = 100 IJS, 
Rate = 1 kHz 

Image Diameter d 0.17 mm IF = 35 rnA, 8, 10 8,9 
R. = 4.27 mm (0.168 in.) 

Maximum Signal Point R. 4.01 4.27 4.52 mm Measured from Reference 9 
Plane 

50% Modulation MTF 2.5 Inpr/mm IF = 35 rnA, 10, 5,7 
Transfer Function R. =4.27 mm 11 

Depth of Focus M 1.2 mm 50% ofIp at R. = 4.27 mm 9 5 
FWHM 

Effective Numerical N.A. 0.3 
Aperture 
Image Location D 0.51 mm Diameter Reference to 6 

Centerline 
R. = 4.27 mm 

Thermal Resistance 8JC 85 °elW 
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Detector Electrical/Optical Characteristics at TA = 25°C 
Parameter Symbol Min. Typ. Max. Units Conditions Fig. Note 

Dark Current IpD 5 200 pA TA = 25°C I IF = 0, VD = 5 V; 
10 nA TA = 70°C I Reflection = 0% 

Capacitance CD 45 pF VD = 0 V, Ip = 0, f = 1 MHz 
Flux Responsivity R<I> 0.22 A/W Ie = 700 run, VD = 5 V 12 
Detector Area AD 0.160 mm2 Square, with 

Length = 0.4 mm/Side 

Emitter Electrical/Optical Characteristics at TA = 25°C 
Parameter Symbol Min. Typ. Max. Units Conditions Fig. 

Forward Voltage VF 1.6 1.8 V IF = 35 rnA 13 
Reverse Breakdown Voltage BVR 5 V IR = 100 J.IA 
Radiant Flux <l>E 5 9.0 IlW IF = 35 rnA, 14 

Ie = 700 run 
Peak Wavelength Ap 680 700 720 nm IF = 35 rnA 14 
Thermal Resistance eJC 150 °C/W 
Temperature Coefficient of VF f,.VF/f,.T -1.2 mV/oC IF = 35 rnA 

Transistor Electrical Characteristics at TA = 25°C 
Parameter Symbol Min. Typ. Max. Units Conditions Fig. 

Collector-Emitter Leakage ICEO 1 nA VCE = 5V 
Base-Emitter Voltage VBE 0.6 V Ic = 10 J.IA, IB = 70 nA 
Collector-Emitter Saturation VCECSAT) 0.4 V IB = 1 J.IA, IE = 10 J.IA 
Voltage 
Collector-Base Capacitance CCB 0.3 pF f = 1 MHz, VCB = 5 V 
Base-Emitter Capacitance CBE 0.4 pF f = 1 MHz, VBE = 0 V 
Thermal Resistance eJC 200 °C/W 

Notes: 
1. 300 J.IS pulse width, 1 kHz pulse rate. 
2. Derate Maximum Average Current linearly from 65'C by 6 mN'C. 
3. Without heat sinking from TA = 65'C, derate Maximum Average Power linearly by 12 mW/'C. 
4. Measured from a reflector coated with a 99% reflective white paint (Kodak 6080) positioned 4.27 mm (0.168 in.) from the 

reference plane. 
5. Peak-to-Peak response to black and white bar patterns. 

Note 

Note 

6. Center of maximum signal point image lies within a circle of diameter D relative to the center line of the package. A second 
emitter image (through the detector lens) is also visible. This image does not affect normal. operation. 

7. This measurement is made with the lens cusp parallel to the black-white transition. 
8. Image size is defined as the distance for the 10%-90% response as the sensor moves over an abrupt black-white edge. 
9. (+) indicates an increase in the distance from the reflector to the reference plane. 

10. All voltages referenced to Pin 4. 
11. CAUTION: The thermal constraints of the acrylic lens will not permit the use of conventional wave soldering procedures. The 

typical preheat and post cleaning temperatures and dwell times can subject the lens to thermal stresses beyond the absolute 
maximum ratings and can cause it to defocus. 
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Ip = IpR + Ips 

1. Ip MEASUREMENT CONDITIONS ARE: ~ = 4.34 mm, 
KODAK 6080 PAINT REFLECTOR. 

2. Ips MEASUREMENT CONDITIONS ARE: ~ = OC> 

A CAVITY WHOSE DEPTH IS MUCH GREATER THAN 
THE HBC8-1100 DEPTH OF FIELD. 

Figure 3. Ip Test Circuit. 
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Optical Reflective Sensors 

Technical Data 

Features 
• Focused Emitter and 

Detector in a Single Package 
• T05 Package 
• Binuing of Sensors by 

Photocurrent (Ipr) 

Applications 
• Bar Code Scanning 
• Pattern Recognition and 

Verification 
• Object Sizing 
• Optical Limit Switching 
• Optical/Surface Inspection 
• Tachometry 
• EdgelLine Sensing 
• Dimensional Monitoring 

Description 
Both the HEDS-1200 and HEDS-
1300 sensor are fully integrated 
modules designed for applications 
requiring optical reflective 
sensing. The modules contain an 
LED emitter (at the appropriate 
wavelengths) and a matched I.e. 
photodetector. A bifurcated 
aspheric lens is used to image the 
active areas of the emitter and the 
detector to a single spot that 
defmes the resolution of the 
sensor. The output signal is a cur­
rent generated by the photodiode. 

Selection Guide 

Sensor 

Fli;;- HEWLETT® 
a:a111 PACKARD 

BEDS-1200 High 
Resolution Infrared 
Sensor 

HEDS-1300 Precision 
Resolution Sensor 

Part Number HEDS-1200 HEDS-1300 

Resolution 0.13 mm (0.005 in.) 0.19 rom (0.0075 in.) 

Package Dimensions LED Wavelength 820nm 700nm 

(8) 
n_S.08 

(0.200) 
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MAXIMUM SIGNAL POINT - MS7 

REFERENCEPLANEj7 

~--S=+ .. ~-
4.27 ~ 0.25 Lz-I 

(0.168 ~ 0.010) 

NOTES: 

9.40 (0.370) 
8.S1 (0.335) -+~----I 

(:'2O:0)-H~-I 

1.14 (0.045) .L....--"' ... -.,. 

0.73(0.029)r-J L 
0.86 (0.034) 
0.73 (0.029) 

1. ALL DIMENSIONS IN MILLIMETERS AND (INCHES). 

S.P. 

~=h 
~~~~~~~==~ 8.33 (0.328) 

L,~_~''''" 
12.70(0.Soo~~.w0(0.4S3) 

11.22 (0.442) 

2. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY. 
3. THE REFERENCE PLANE (R.P.) IS THE TOP SURFACE OF THE PACKAGE. 
4. NICKEL CAN AND GOLD PLATED LEADS. 
5. S.P. = SEATING PLANE. 
6. THE LEAD DIAMETER IS 0.45 mm (0.018 IN.) TYP. 

5965-5947E 



Mechanical 
Considerations 
The HEDS-1200 and HEDS-1300 
sensors are packaged in a high 
profile 8 pin T05 metal can with a 
~svnndow.Theemitterand 
photodetector chips are mounted 
on the header at the base of the 
package. Positioned above these 
active elements is a bifurcated 
aspheric acrylic lens that focuses 
them to the same point. 

The sensors can be rigidly 
secured by commercially available 
T05 style heat sinks, or 8 pin 
0.200 inch diameter pin circle 
sockets. These fixtures provide a 
stable reference platform for 
affixing the sensors to a circuit 
board. 

In applications requiring contact 
scanning, protective focusing tips 
are available. Focusing tips are 
available in either metal (HBCS-
2999 or HBCS-4999) or 
polycarbonate (HBCS-A998 or 
HBCS-A999) packages using a 
rugged sapphire ball as the 
contact surface. 

Electrical Operations 
Both the HEDS-1200 and HEDS-
1300 sensors have the following 
in common. The detector of the 
sensor is a single photodiode. The 
cathode of the emitter is physically 
and electrically connected to the 
case-substrate of the device. 
Applications that require modula­
tion or switching of the LED 
should be designed to have the 
cathode connected to the electri­
cal ground of the system. Refer to 
the Schematic and Connection 
Diagrams that follow. 

HEDS-1200 Optical System 

SCHEMATIC DIAGRAM CONNECTION DIAGRAM 

6 3 

LED 
I 
I 

{>/-D~J 
2 

4 -
CASE, SUBSTRATE TOP VIEW 

PIN # FUNCTION (HEDS·1200) 

2 PHOTODIODE ANODE SUBSTRATE CASE 
3 PHOTODIODE CATHODE 
4 LED CATHODE SUBSTRATE CASE 
6 LED ANODE 

HEDS-1300 Optical System 

SCHEMATIC DIAGRAM CONNECTION DIAGRAM 

TRANSISTOR 

REFLECTOR 

-NO CONNECTION TO BE MADE TO PIN 1 AND PIN 8 
TOP VIEW 

PIN # FUNCTION (HEDS·1300) 

2 PHOTODIODE ANODE 
3 PHOTODIODE CATHODE 
4 LEO CATHODE SUBSTRATE CASE 
6 LED ANODE 
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Absolute Maximum Ratings @ TA = 25"C 

Parameter Symbol HEDS- Min. Max. Units Fig. Notes 

Storage Temperature Ts 1200 -40 +75 "C 
1300 -40 +75 "C 

Operating Temperature TA 1200 -20 +70 "C 
1300 -20 +70 "C 

Lead Soldering Temperature 1200 260"C 1 
1.6 mm from Seating Plane 1300 for 10 sec. 1 

Average LED Forward If 1200 10 40 rnA 3 
Current 1300 50 rnA 2 

Peak LED Forward Current Ifpk 1200 40 rnA 7 4 
1300 75 rnA 7 4 

Reverse LED Input Voltage Vr 1200 2.5 V 
1300 5.0 V 

Photodiode Bias Vd 1200 -0.3 20 V 5 
(ld = 100 IJAmax) .. .. 1300 -0.3 20 V 5 

Notes: 
1. Caution: The thermal constraints of the acrylic lens will not permit the use of conventional wave soldering procedures. The typical 

preheat and post-cleaning temperatures and dwell times can subject the lens to thermal stresses beyond the absolute maximum ratings 
and can cause it to defocus. 

2. Derate Maximum Average Current linearly from 65°C by 6 mN°C [HEDS-1300 only]. 
3. Non-linear effects make op~ration of the HEDS-1200 below 10 rnA not advisable. 
4. 1 KHz pulse rate, 300 mS pulse width. 
5. All voltages referenced to Pin 4. 

System Electrical/Optical Characteristics @ TA = 25"C 

Parameter Symbol HEDS- Min. Typ. Max. Units Conditions Fig. Notes 

Reflected Ipr 1200 150 280 650 nA If = 35 rnA, Vd = 0 lA, 2, 6 6 
Photocurrent 1300 150 280 650 nA See Biniting Table IB,2,6 6 

Quality Factor <Q> 1200 0.82 0.95 1.0 If= 35 rnA lA 6, 7 
1300 0.82 0.95 1.0 1B 6,7 

Ipr Temperature Ke 1200 -0.005 Ire If= 35 rnA 
Coefficient 1300 -0.01 Ire 
System Optical Step d 1200 0.13 mm 9A 
Response Size (OSR) 1300 0.19 mm 9B 

Maximum Signal Zm 1200 4.01 4.27 4.62 mm Measured from 4 
Point (MSP) 1300 4.01 4.27 4.52 mm Reference Plane 4 

Effective Numerical N.A. 1200 0.3 
Aperture of 1300 0.3 
Detector Lens 

Notes: 
6. Measured from a reflector coated with 99% diffuse reflective white paint (Kodak 6080) positioned 4.27 mm (0.168 in.) from the 

sensor's reference plane. Measured physically is the total photocurrent, Ipt, which consists of a signal (reflected from target) 
component, Ipr, and a component induced by reflections internal to the sensor (stray), Ips. Ipr = Ipt - Ips. 

7. <Q> = Ipr/lpt 
8. Photocurrent varistion with temperature follows a natural exponential law: Ip(T) = Ip(To)*exp[Ke(T-To)] 
9. OSR size is defmed as the distance for the 10%-90% ·step· response of Ipr as the sensor moves over an abrupt black-white edge, 

or from opaque white to free space (no reflection). 
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Detector Electrical/Optical Characteristics @ TA = 25"C 

Parameter Symbol HEDS- Min. Typ. Max. Units Conditions Fig. Notes 

Dark Current Id 1200 50 1000 pA Vd = 5 V, If = 0 
1300 50 1000 pA Reflection = 00/0 

Capacitance Cd 1200 100 pF Vd = OV, If = 0 
1300 100 pF f=IMHz 

Detector Area Ad 1200 0.16 sq-mm Square,vnthlength 
1300 0.16 sq-mm = 0.4 mm per side 

Emitter Electrical/Optical Characteristics @ TA = 25"C 

Parameter Symbol HEDS-

Forward Vf 1200 
Voltage 1300 

Reverse Break- BVR 1200 
down Voltage 1300 

Thenna! Co- AVf/AT 1200 
efficient of Vf 1300 

Peak A. 1200 
Wavelength 1300 

Emitting Area Ae 1200 

1300 

Bin Table 

Ipr Limits (nA) 

Bin # Min. Max. 

2 150 200 
3 195 245 
4 240 293 
5 288 355 
6 350 430 
7 425 520 
8 515 650 

Min. Typ. Max. Units 

1.48 1.7 V 
1.6 1.8 V 

2.5 V 
5.0 V 

-0.91 mV/"C 
-1.2 mV/"C 

805 820 835 nm 
680 700 720 nm 

0.0062 sq-cm 

0.0285 sq-cm 

Product Marking 
The photocurrent binning of the 
sensor is included in the 8-digit 
code printed on the sensor can. 
The last digit in the code repre­
sents the bin number. 

See Figure 8 for suggestions in 
the application of photocurrent 
bins. 

Test algorithm bins units to the 
lowest bin number if a unit is in 
the overlap region. Such units can 
cross bin boundaries as tempera­
ture changes. (Ambient temper-

Conditions Fig. Notes 

If = 35 rnA 3 
3 

Ir = 100!lA 

If = 35 rnA 

If = 35 rnA 5 
5 

0.0889 mm diameter 
junction (0.0035 in.) 

0.185 mm diameter 
junction (0.0073 in.) 

ature affects LED efficiency 
slightly and may cause several 
percent changes in Ipr). Bin 
numbers are for "reference only" 
and do not constitute an absolute 
guarantee. 

The output of all LEDs degrades 
vnth time, depending on drive 
conditions and temperature. 

The entire available distribution 
of parts, appropriately marked, 
will be shipped. Single bin orders 
cannot be supplied. 
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HEDS-1200 Optical System 

OPTICAL 
EMITTER APERTURE 

0.089 mm DIA. JUNCTION BAFFLE 

4 

SILICON 
BAFFLE 

DETECTOR 
0.406 mm SQUARE 

REFLECTOR 

CASE, SUBSTRATE 

LENS 

2 

Figure lAo HEDS·1200 Photoeurrent Test Circuit. 
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EPOXY 
SEAL 

nA·METER 

HEDS~1300 Optical System 

EMITTER 
0.185 mm DIA. JUNCTION BAFFLE 

DETECTOR 
0.406 mm SQUARE 

REFLECTOR 

I 
I 

L...---4----~------.--­
SUBSTRATE, CASE 

LENS 

nA-METER 

IPT= IpR+ Ips 
IpS: MEASURED IN THE DARK 
IpR: WITH Z = 4.27 mm 

nA-METER: KEITHLEY MODEL 480 
(OR EQUIVALENT) 

Figure lB. HEDS·1300 Photoeurrent Test Circuit. 
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Figure 7. Sensor Pulse Drive 
Considerations. Max Tolerable Peak 
Pulse Current vs. Pulse Duration. 

NOTE: FOR Vo (APPROX.) 1.9 -2.4 VOLTS 

SENSOR RECOMMENDED VALUE 

IPT BIN NUMBER ORRF(OHMS) 

2 15M 
3 12M 

Vo 4 10M 
5 8.2M 
6 6.8M 
7 5.6M 
8 4.7M 

Figure 8. Sensor with Transirnpedance Ampllfler. 
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Preferred Orientation 

I ~ I 
At maximum signal point (MSP) 
and/or when the sensor is in 
focus, the orientation of the 
sensor is unimportant. However, 
as one moves away from MSP 
and/or moves out of focus (either 
by distance or angle), the pre­
ferred orientation indicated above 
is recommended to maintain a 
higher resolution spot size. 
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Figure 9A. HEDS-1200 System Optical Step Response Variation with Distance. 
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Warranty and Service 
HP Optical Reflective Sensor is 
warranted for a period of one year 
after purchase covering defects in 
material and workmanship. 
Hewlett-Packard will repair or, at 
its option, replace products that 
prove to be defective in material 
or workmanship under proper use 
during the warranty period. 

NO OTHER WARRANTIES ARE 
EXPRESSED OR IMPLIED, 
INCLUDING BUT NOT LIMITED 
TO THE IMPLIED WARRANTIES 
OF MERCHANTABILITY AND 
FITNESS FOR A PARTICULAR 
PURPOSE. HEWLETT-PACKARD 
IS NOT LIABLE FOR 
CONSEQUENTIAL DAMAGES. 

For additional warranty or service 
information please contact your 
local Hewlett-Packard sales 
representative or authorized 
distributor. 
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Bar Code Reader Tips and 
Optical Nest Assembly 

Technical Data 

Features 
• Rugged Sapphire Front End 
• Enclosure Options: 

Polycarbonate, Anodized 
Aluminum, or Stainless Steel 

• 15 kV ESD Isolation for 
Polycarbonate Tips 

• Compatible with HP Bar 
Code Wands and Sensors 

• Self Cleaning 
• Long Service Life 
• External Threads 

Bar Code Reader Tips 
Description 
Hewlett-Packard offers a range of 
tips to be used in conjunction 
with HP optical reflective sensors 
and as replacement tips for the 
HP family of wand products. This 
combination results in a high 
performance optical system, 

_ which is unique in its size and 
precision. In addition to their 
optical performance, the tips 
protect the sensors and act as 
mechanical holders. With a 
rugged sapphire front end, these 
tips are generally self cleaning 
and should last for many years 
under normal use. 

All tips have an internal reference 
ledge that positions the sensors 
so that the maximum signal point 
(MSP) occurs at the correct 
position, making the tips suitable 
for contact scanning. 
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HBCS-A995 Bar Code 
Reader Optical Nest 
Assembly 
HP also offers the HBCS-A995 
bar code reader optical nest 
assembly for custom applications. 
This device consists of a rugged 
sapphire ball bonded to a trans­
parent polycarbonate assembly. 
The HBCS-A995 optical assembly 
is an integral part of the HBCS­
A998/A999 tip and HBCS-AXXX 
wand construction. The HBCS­
A995 can be bonded to a tip or a 
case by either press fitting or 
using a suitable adhesive. 
Ultrasonic bonding is not 
recommended. The HBCS-A995 
polycarbonate assembly is UV 
opaque and is made of Lexan 
303-11103. 

HBCS-A998 Tip 

Fli;W HEWLETT® 
a:~PACKARD 

HBCS-A998 HBCS-4999 
HBCS-A999 HBCS-T999 
HBCS-2999 HBCS-A995 

HBCS-2999 Tip 

HBCS-4999 Tip 

HBCS-T999 Tip 
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Tip Selection Guide and Specifications 

Polycarbonate Tips Metal Tips 

HBCS-A998 HBCS-A999 HBCS-2999 HBCS-4999 HBCS-T999* 

ESD Isolation 15kV Not Applicable 

Overall Length 18.4 mm 18.3 mm 15.9 mm 15.7mm 14.6 mm 
(0.725 in.) (0.721 in.) (0.625 in.) (0.620 in.) (0.576 in.) 

Thread Engagement 2.5mm 4.4mm 2.5mm 4.4mm 3.8mm 
(0.098 in.) (0.172 in.) (0.098 in.) (0.172 in) (0.151 in.) 

Thread 7/16-28 UNEF 12 mmx 1.0 

Outer Diameter 12.3 mm 13.2 mm 12.3 mm 13.2mm 12.7mm 
(0.486 in.) (0.518 in.) (0.485 in.) (0.520 in.) (0.500 in.) 

Compatible HP HBCC-0500/0600/060 1 HBCC-0500 
Digitizer ICs 

Compatible HP Bar Custom Applications** HBCS-2XXX HBCS-6XXX HBCS-TXXX 
Code Wands HBCS-8XXX 

Compatible HP Bar HBCS-llOO, HEDS-1200/1300/1500, HBCC-1570/1580/1590 
Code Sensors 

*HBCS-T999 has a stainless steel outer covering with plastic on the inside. The threads on this tip have a flat top. 
"The HBCS-A998/A999. tip is an integral part of the case design of the HBCS-AXXX har code wands. 
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HBCS-A998 Tip 

18.42 

:1:0.13 

PT" 
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Low Current Bar Code 
Digitizer IC 

Technical Data 

Features 
• Compatible with HP Bar 

Code Sensors 
- HBCC-1570 - 0.013 in. 

0.33mm 
- HBCC-1580 - 0.007 in. 

0.185 mm 
- HBCC-1590 - 0.005 in. 

0.13mm 
• Ambient Light Rejection 

> lOOK Lux 
• Accurate Digitizing of a 

Wide Range of Bar Code 
Labels 

Description 
The Hewlett-Packard Low Curre~t 
Bar Code Digitizer IC allows 
designers to incorporate the high 
ambient light rejection and low 
power consumption features of 
the HBCS-AXXXtrXXX wands 
into their own bar code circuitry. 
The HBCC-0500 is packaged in a 
24 pin SOIC plastic package. 

Theory of Operation 
The digitizer IC uses the tech­
niques in US Patent 4,682,015 to 
reduce power consumption and 
sensitivity to ambient light. 
Power is reduced by pulsing the 
LED every 33 microseconds with 
a 1 microsecond pulse. The 

5964-1563E 

output of different sensor "bins" 
is equalized by varying the 
amplitude of the LED drive 
current. 

The sensor output has two com­
ponents; DC due to ambient light, 
and AC from the bar code label. 
Photocurrent from the sensor is 
amplified and high pass fIltered 
to remove the ambient light 
signal. The AC component is 
amplified and sent to an AM 
detector to recover the bar code 
information. The recovered bar 
code signal is low pass fIltered to 
eliminate the 30 kHz carrier. The 
signal is input to a digitizer 
consisting of positive and negative 

Block Diagram 

rli~ HEWLETT® 
~e.PACKARD 

HBCC-0500 

peak detectors and a comparator. 
The comparator threshold is 
generated from the peak 
detectors using a resistor ladder. 
This threshold, along with the 
current bar code signal, is input 
to a comparator. The output of 
the comparator drives an external 
output transistor. 

OUTPUT 
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Pinout Sensor Pinout 

RPER LEDD 

RPWD GND 

CTIM LPFO 

Vce LPFI 

AGND IWSR 

EMIN CMPO 

PREO CTHR 

VeeA CMPI 
TOP VIEW 

PPKD NPKD 

PRBP PSTI Function Pin # 
PSTB CMPA LED Anode 6 

ACMP AMDT LED Cathode 2 
Detector Anode 8 
Detector Cathode 1 

Pin Description 
Mnemonic Description 

RPER Timer Period 
RPWD Timer Pulse Width 
CTIM Timer Capacitor 

Vce Filtered Power 
AGND Analog Ground 
EMIN Preamp Emitter Input 
PREO Preamp Output 

VecA Analog Power 
PPKD Positive Peak Detector 
PRBP Preamp Bias Point 
PSTB Postamp Bypass 
ACMP Compensation Cap 
AMDT AM Detector 
CMPA Compensation Cap 
PSTI Postamp Input 
NPKD Negative Peak Detector 
CMPI Comparator Input 
CTHR Comparator Threshold 
CMPO Comparator Output 
IWSR White State Return Current 
LPF1 Low Pass Filter Input 
LPFO Low Pass Filter Output 
GND Ground 
LEDD LED Drive 

Bin Table 
Bin # 1570, 1580 Rb n 1590 Rb n 

1 8.2 22 
2 11 27 
3 15 36 
4 18 47 
5 24 56 
6 30 75 
7 36 91 

4-34 

Sensor Marking 
Sensors are marked with an eight 
digit code, the last digit being the 
"bin" number. The bin number is 
used to determine the bin 
resistor, Rb, using the Bin Table. 

Parts List 
Quantity Part 

1 Sensor 
1 HBCC-0500 
1 1N4148 
1 2N3904 
1 2N4403 
1 2N5088 
2 39n 
1 9.1 kn 
2 20kn 
2 56kn 
1 390kn 
2 470kn 
1 680kn 
1 1.3Mn 
1 2.0Mn 
2 6.8Mn 
1 Bin resistor Rb 

1 12 pF 
1 75 pF 
1 330pF 
1 680pF 
2 l.0 nF 
1 2.2 nF 
1 8.2 nF 
4 0.1 ~F 
3 0.22 ~F 
1 0.47 ~ 

Optional Parts List 
Quantity Part 

1 1N4148 
1 2N5088 
1 2N3904 
2 10kQ 
1 220kn 
1 l.OMn 
1 2.0Mn 
1 3.3nF 
1 1.0 ~F 



Recommended Schematic 
Shown is the recommended 
schematic for the HBCC-0500. 
Here are some construction tips. 
1. Place the sensor, 2N4403, bin 

resistor, and the 0.4 7 IJF cap 
close to each other to minimize 
loop area. 

2. If the 0.47 IJF cap is tantalum, 
its ESR must be used in series 
with Rb to determine the 
correct value for Rb. 

Schematic 

D~!~~:~l~ __ -=~~-t2MroiIll 
DETECTOR !-'S'------------+.-----"l 

3. A 1.0 IJF ceramic cap may be 
used in place of the 0.4 7 IJF 
cap. 

4. Place the 0.22 IJF cap attached 
to pins 4 and 23 close to the 
IC. 

5. Use a single point ground close 
to pin 23. . 

Options 
There are four options on the 
recommended schematic. 
1. Output pull up resistor 
2. Inverted output 
3. Black state return 
4. Threshold adjust 

Pull Up Resistor 
The 10 kQ pull up resistor on the 
standard or inverted output 
transistor is optional. If the 
transistor is driving a cable, the 
resistor should be on the far end 
of the cable. 

+5V 

10 Kn (OPTIONAL) 
r-+-----.--OUTPUT 

CMPO~1~9 ____ ~ ______ ~r-20~Kn~2N3004 

CMPI ~1.L7 ____ ~ 

LPFOI-'22~----1 

l2.2 nF 330 pFl 
HBCC- LPFII1'2,,1------------' 

0500 CMPA 14 

i-----------~~-~-----------l 

1 (OPTIONAL) 1 

, INVERTED, 

i _______________ ~_~~= __ .! 
INVERTEO OUTPUT 

(OPTIONAL) 

ANODE 
r-4~7WO~Kn=---1~RPER SENSOR 

,--- ---------:;:5-y--------------------------1 
1 3.3nF , 

i :: I 

9.1 Kn 

, : 
~----~----------------------------------- .-- ... 

BLACK STATE RETURN 
(OPTIONAL) 
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Inverted Output 
The standard output of the 
HBCC-0500 is high when the 
sensor is looking at black bars, 
and low when the sensor is look­
ing at white spaces. If inverted 
output is needed, add the extra 
circuitry in the inverted output 
block. Make sure that the 10 kQ 
pull up resistor on the normal 
output transistor is loaded. 

Black State Return 
The HBCC-0500 normally returns 
to the white state 100 millisec­
onds after the last transition. The 
extra circuitry forces the black 
state after a time out period set 
by the 1.0 J.1F cap. The normal 
time out period is about 1.5 sec­
onds. If a longer time is needed, 

increase the values of the 1.0 J.1F 
and the 3.3 nF caps. The ratio of 
values should be no more than 
300:1. 

Threshold Adjustment 
The standard circuit uses a 
threshold designed for most bar 
codes. If the bar codes to be read 
consistently have narrow bars 
that are lighter than the wide 
bars, then the 470 kU and the 
390 kU resistors attached to pin 
18 should be swapped. 

Warranty and Service 
HP Digitizer ICs are warranted 
for a period of one year after 
purchase covering defects in 
material and workmanship. 
Hewlett-Packard will repair or, at 

Recommended Operating Conditions 
Parameter Min. Max. Units Notes 

Scan Velocity 7.6 (3) 76 (30) cm/sec (in/sec) 1 
Edge Contrast 40 % 2 

Vee 4.5 6.0 V 3 
Ambient Temperature -20 +65 °C 
Ambient Light 100,000 Lux 

Notes: 
1. Narrow element width = 0.19 mm (0.0075 in.). 
2. Contrast is defined as Rw - Rb, where Rw is the reflectance of the spaces in Rb is the 

reflectance of the bars, measured at the sensor wavelength (655 or 820 nm). 100% 
reflectance is barium sulfate. 

3. Power supply ripple and noise should be less than 100 mV peak to peak. 

Electrical Characteristics 
Parameter Symbol Typical Max. Units Notes 

Supply Current, IC and Sensor Icc 2.7 4.0 rnA 

High Level Output Current IOH 1.0 j.LA 
Low Level Output Voltage VOL 0.4 V 
Output Rise Time tr 4.5 20 J.1s 4 
Output Fall Time tr 0.3 20 J.1s 4 
Wake UpTime tw 50 200 ms 5 

Notes: 
4. Rise and fall time will be dependent upon the capacitance of the cable. 
5. Wake up time is defined as the time from initial power tum on until the circuit is 

digitizing bar codes within data sheet limits. 

4-36 

its option,replace products that 
prove to be defective in material 
or workmanship under proper 
use during the warranty period. 

NO OTHER WARRANTIES ARE 
EXPRESSED OR IMPLIED, 
INCLUDING BUT NOT LIMITED 
TO THE IMPLIED WARRANTIES 
OF MERCHANTABILITY AND 
FITNESS FOR A PARTICULAR 
PURPOSE. HEWLETT-PACKARD 
IS NOT LIABLE FOR 
CONSEQUENTIAL DAMAGES. 

For additional warranty or service 
information, please contact your 
local Hewlett-Packard sales 
representative or authorized 
distributor. 
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Single Chip Bar Code Decode IC 

Technical Data 

Features 
• Supports Five Industry 

Standard Bar Code 
Symbologies 

• Automatic Code Recognition 
• Choice of Parallel or Full 

Duplex Serial ASCII 
Interface 

• Programmable via Escape 
Sequences or Pin Strapping 

• CMOS 
• Through Hole and Surface 

Mount Packages 
• Audio and Visual Feedback 

Control 

Description 
The Hewlett-Packard Single Chip 
Bar Code Decoder IC offers 
flexible bar code decoding that is 
designed to give OEMs the ability 
to address a growing number of 
industry segments and applica­
tions. Flexibility is made possible 
through firmware that allows the 
IC to automatically recognize and 
decode the most popular bar 
code symbologies. User imple­
mentation is easy since only a few 
supporting components are 
required. 

The HBCR-161O series decodes 
the most popular bar code 
symbologies used in applications 
in government, retail, industrial 
and medical markets. The IC 

5965-5950E 

automatically discriminates and 
decodes the following 
symbologies: 

• Code 39 (Standard or 
Extended) 

• Interleaved 2 of 5 
• UPCA, EO, El 
• EAN/JAN 8, 13 
• Codabar 
• Code 128 

All bar codes may be scanned 
bidirectionally except for UPC/ 
EAN/JAN bar codes with supple­
mental digits, which must be 
scanned so that the supplemental 
digits are scanned last. 

Scanner Input 
The HBCR-1610 decode ICs are 
designed to accept input from 
hand held digital scanners and 
slot readers. The maximum scan 
speed is 30 ips (73 cm/s). 

Data Communications 
The serial port supports a variety 
of baud rates, parity, and stop 
bits as described in Table 5. The 
IC has a "Single Read Mode" 
which allows the. application 
program to stop data input until a 
"Next Read" command has been 
received. This allows the host 
computer to process data 
transmissions before enabling 

rli~ HEWLETT® 
~t:.. PACKARD 

HBCR-1610 
HBCR-1611 
HBCR-1612 

subsequent reads. Control of data 
transmission is available using 
the standard XON/XOFF (D1/D3) 
handshake. 

The parallel port is accomplished 
via an external 74HCT646 (octal 
bus transceiver) or two 
74HCT574s (octal latches). 
There are handshake lines for 
both data and commands. 

Feedback Features . 
Both audible and visual feedback 
are possible with the HBCR-1610 
series. In both cases, the 
feedback outputs from the IC 
should be buffered before driving 
the transducer. An LED or beeper 
connected to the IC is either 
controlled directly by the IC, with 
signals generated by successful 
decodes, or controlled by the 
host system. The tone of the 
beeper can be configured to one 
of 16 tones, or can be silenced. 
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Power Requirements 
The decoder IC is operated from 
a +5 volt DC power supply. The 
maximum current draw is 24 rnA. 
The maximum power supply 
ripple voltage should be less than 
100 mV, peak-to-peak. 

Idle Mode 
The IC automatically reduces 
power consumption whenever 
there is no scanning or decoding 
activity, or when there is no 
activity on the I/O port. See 
Table 4. 

Manual 
The HBCR-161O Series Users 
Manual (HBCR-1697) covers the 
following topics: 

• Specifications and Timing 
Diagrams 

• Pin Definitions and Schematics 
• General Scanning Tips 
• Configuration and Operation 
• Escape Sequence Programming 
• Data Output Formats 
• Sample Bar Codes 
• I/O and Pacing Characteristics 

IC Configuration 
The default configuration is set 
when the IC powers up or when a 
Hard Reset command is received. 
Default configuration of many of 
the options is dependent on the 
logic states of IC pins, as shown 
in Table 5. A complete descrip­
tion of the pins and all possible 
configurations is in the Users 
Manual. More complete and 
flexible configuration is achieved 
using escape sequence 
commands. 

There are two pins that cause 
significant changes in the IC 
operation. 
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Table 1. Recommended Operating Conditions 
Parameter Symbol Minimum Maximum Units Notes 

Supply Voltage Vee 4.5 5.5 V 1 
Ambient TA 0 +70 °C 
Temperature 
Oscillator Fose DC 16.000 MHz 2 
Frequency 

Notes: 
1. Maximum power supply ripple of 100 mV peak-to-peak. 
2. The Ie can use either an 11.059 or a 16.000 MHz crystal or ceramic resonator. The 

FRQ pin selects the frequency that matches the oscillator. 

Table 2. Absolute Maximum Ratings 
Parameter Symbol Minimum Maximum Units Notes 

Storage Ts -65 +150 °C 
Temperature 
Supply Voltage Vee -0.5 +7.0 V 
Pin Voltage VIN -0.5 Vee + 0.5 V 3 

Note: 
3. Voltage on any pin with respect to ground. 

Table 3. Ordering Information 
Part Number Description 
HBCR-1610 CMOS, 40 pin DIP, bulk shipment, no manual 
HBCR-1611 CMOS, 44 pin PLCC, bulk shipment, no manual 
HBCR"1612 CMOS, 40 pinQFP, bulk shipment, no manual 
HBCR-1697 HBCR-161O Series Users Manual 
OptionAOI IC individually bagged, no manual 
Option BOI IC individually boxed with manual and data sheet 

FRQ Pin 
The FRO pin is used to tell the IC 
what frequency oscillator is 
attached to the IC. Using the 
higher frequency allows greater 
maximum scan speeds, but 
causes the IC to draw slightly 
more supply current. If the state 
of the FRO pin does not match 
the actual oscillator, beeper 
tones, LED flash length, parallel 
port timing, and serial port baud 
rates are adversely affected. 

FRQ Oscillator Frequency 
0 16.000 MHz 
1 11.059 MHz 

10M Pin 
The 10M pin selects between the 
serial and parallel I/O mode of the 
IC. Depending on the state of the 
10M pin~ definitions of several 
configuration pins change or 
move to new positions. 

10M IIOMode 
0 Parallel 
1 Serial 



Escape Sequences 
The following set of escape 
sequences is used to control the 
IC and change its default configu­
ration. Note that all configuration 
changes will be lost after a Hard 
Reset, or after power up. Detailed 
information on how to formulate 
and use escape sequences is 
given in the Users Manual. 

Table 4. DC Characteristics 

Table 7. Escape Sequences 
Escape Sequence 

EC-y<n>b 
Ec -y<n> d 
ECE 
EC-y<n>f 
Ec -y<n>g 
EC-y<n>h 
EC-y<n>j 
Ec -y<n>k 
EC-y<n>1 
Ec -y <n> m 
EC - y <n> 0 <n characters> 
Ec -y<n>q 
Ec -y<n>s 
EC-y<n>t 
EC-y<n>w 

Function 
Good Read Beep Tone 
Serial Intercharacter Delay 
Hard Reset 
Bar Code Symbology Selection 
Check Character Options 
Decoding Options 
Single Read Mode 
Single Read Control 
LED Control 
Interleaved 2 of 5 Length 
Trailer Selection 
Code ID Characters 
Status Request 
Sound Tone 
Scanner Enable 

HBCR-1610, 1611, 1612 (TA = O°C to +70°C, Vee = 4.5 V to 5.5 V, Vss = 0 V) 

Test 
Symbol Parameter 1610 Pins 161,lPins 1612 Pins Min. Max. Units Conditions 

VIL Input Low all all all -0.5 0.2 Vee V 
Voltage - 0.1 

VIH Input High except except except 0.2 Vee Vee V 
Voltage 9, 19 10,21 4, 15 + 0.9 + 0.5 

VIHI Input High 9, 19 10,21 4, 15 0.7 Vee Vee V 
Voltage + 0.5 

VOL Output Low 1-8, 10-17, 2-9, 11, 1-3,5, 7-13 0.45 V IOL = 1.6 rnA 
Voltage 21-28 13-19, 24-31 18-25, 40, 44 

VOLI Output Low 32-39 36-43 30-37 0.45 V IOL = 3.2 rnA 
Voltage 

VOH Output High 1-8, 10-17, 2-9, 11, 1-3,5,7-13 2.4 V IOH = -60~ 
Voltage 21-28 13-19, 24-31 18-25, 40-44 0.75 Vee V IOH = -25~ 

0.9 Vee V IOH = -10 ~ 
VOHI Output High 32-39 36-43 30-37 2.4 V IoH = -400~ 

Voltage 0.75 Vee V IOH = -150~ 
0.9 Vee V IOH = -40~ 

IlL Input Low 1-8, 10-17, 2-9, 11, 1-3, 5, 7-13, -50 ~ VIN = 0.45 V 
Current 21-28 13-19,24-31 18-25,40-44 

ILl Input 32-39 36-43 30-37 ±1O ~ Vss :s; \liN :s; Vee 
Leakage 
Current 

RRST Pulldown 9 10 4 50 150 Jill 
Resistor 

Icc Supply 40 44 38 18 rnA Scanning 
Current 
11.059 MHz 4 rnA Idle 

Icc Supply 40 44 38 24 rnA Scanning 
Current 
16.000 MHz 6 rnA Idle 
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Table 5. Summary of Features and Configurations - HBCR-1610 Series 
Default Setting 

Feature Function or Value Serial Mode Parallel Mode 
Bar Code When a symbology is enabled, bar Depends on pins: 
Symbology codes of that type can be read, C39, 125, UPC All codes enabled 

assuming other decoding options are COB andC28. 
satisfied. 

Interleaved 2 of 5 Length variable from 4 to 32, or Variable, 4-32 Variable, 4-32 
Label Length specific lengths from 2 to 32, or 6 

or 14 only 
Check Character For Code 39 Depends on pin C3C Depends on pin C3C 
Verification For Interleaved 2 of 5 Depends on pin 12C Depends on pin 12C 

For Code 128t Enabled Enabled 
For UPC/EANt Enabled Enabled 

Check Character For Code 39 and Interleaved 2 of 5 Depends on pin CST Depends on pin CST 
Transmission ForUPC/EAN Enabled Enabled 

For Code 128t Enabled Enabled 
Extended Code 39 Converts paired Code 39 data Depends on pin EX3 Depends on pin EX3 
Enable characters to Full ASCII characters 
UPC/EAN UPC vs. UPC/EAN . UPC/EAN UPC/EAN 
Decoding Options UPC E expansion to UPC A Depends on pin UEE Depends on pin UEE 

UPC EVersion 1 autodiscrimination Depends on pin U E 1 Depends on pin UE1 
UPC/EAN supplemental digits Depends on pins US2 Disabled 

and US5 
UPC/EAN check digit Transmitted Transmitted 
UPC/EAN output fonnat Standard Standard 

Codabar Start! Transmits or suppresses Codabar Depends on pin CSS Depends on pin CSS 
Stop Transmission start/stop characters 
Baud Rates 1200,2400,4800,9600 Depends on pins BRO -

and BR1 
Parity Os, Is, even, odd Depends on pins PTO Os 

and PT1 
Stop Bits lor 2 Depends on pin STB -
XON/XOFF Pacingt Controls data flow on either port Enabled Enabled 
Transmitted Controls 10 millisecond intercharacter Depends on pin ICD -
Character Delay delay on the serial port 
Enable 
Trailer Selection String of characters appended CR, cR LF, HT, or none cR 

to the decoded message (4 maximum) Depends on pins TRO 
and TR1 

Single Read Mode Controls when labels can be read Disabled Disabled 
Code ID Character Controls the transmission of the Code Disabled Disabled 
Enable ID characters before decoded data 
Good Read Beep Controls the tone sounded when High or low pitch High or low pitch 
Tone Selection a bar code label is read Depends on pin GRB Depends on pin GRB 
LED Control Controls LED function: flash or Auto Flash Mode Auto Flash Mode 

turn off after a label is read 

tNot configurable. 
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Table 6. Summary of Commands - HBCR-1610 Series 
Feature Description 

Scanner Enable When enabled, scans from a wand or a slot reader are decoded; otherwise, they 
are ignored. 

Hard Reset Resets the IC as though it were just powered up. 
Self Test Failure An error message is transmitted over the serial port at 9600 baud at power up if the 
Message IC self test fails. 
Status Request Returns the version number of the software. 
Sound Tone Causes the IC to sound a tone of the selected pitch for 120 milliseconds. 

Stand Alone Decoder 
(Serial Mode) 

+5V 

8x10 KO 

j C39 
125 

~UPC 
~+-~-+~----,CDB 
~+-~--+------,C28 
~+-H-------,U2S 
~+-6---------,~ 
~+-----------,CSS 

BRO 
BR1 

Vce 
EA 

10M 

RST 

+5V 

+5V 

STB 
EX3 
cae 
i2C 
CST 
GRB 
iCii 
UEE 
0E1 
FRQ 
PTO 
PT1 
TRO 
TR1 

BPR 1--,fIN'---i. 

1500 

l--'VI/Ir------1 LED 

---~--_ISDI 
,-----.--_IXTAL 1 

XTAL2 GND 

HBCR-161X 

10Kn 

1N4148 

NOTES: 
1. USE THE CORRECT CAPACITOR FOR 

EITHER A CRYSTAL OR A CERAMIC 
RESONATOR. SEE USERS MANUAL, PAGE 2-16. 

2. SEE THE PIN DIAGRAMS FOR THE PINOUT 
OF THE DECODE IC. PIN NUMBERS VARY 
WITH PACKAGE. 

3. VOLUME OF THE BEEPER CIRCUIT IS 
ADJUSTABLE BY VARYING THE VALUE 
OF THE 500 Q POT. 

4. THE EIGHT PULL UP RESISTORS SHOWN 
IN THE SCHEMATIC ARE ONLY NEEDED 
IF A DIP SWITCH IS USED. IF THE PINS 
ARE STRAPPED DIRECTLY TO GROUND 
OR Vee, THE RESISTORS ARE NOT NEEDED. 

5. THE LOGIC LEVELS OF THE SDI SCANNER 
INPUT IS AS FOLLOWS: BLACK = HIGH, 
WHITE = LOW. 

MAX232 
LT10810r 
LT1181 
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Surface Mount Ie Drying 
Whenever Vapor Phase or Infra­
red Reflow technologies are used 
to mount either of the surface 
mount packages, there is a possi­
bility that previously absorbed 
moisture, heated very rapidly to 
the reflow temperatures, may 
cause the package to crack from 
internal stresses. There is a 
reliability concern that moisture 
may then enter the package over 
a period of time, and metal 
corrosion may take place, 
degrading the IC performance. 

Stand Alone Decoder 
(parallel Mode) 

EX3 
C3C 
12C 
CST 
UEE 
iJE'i 
FRQ 
CSS 
GRB 
IJ5S 
OR 

+5V 

;v' 
47 KU 

LED 

+5V 

SOl 
XTAL1 

XTAL2 

Vee 
EA 

RST 

BPR 

CiID 
COY 
iiWIi 
OOY 
RTS 

WR 
Rii 

POR 
PGB 

PP7 
PP6 
PP5 
PP4 
PP3 
PP2 
PP1 
PPO 

10M 
GNO 

~ 
HBCR·161X 

4-42 

To reduce the amount of 
absorbed moisture and prevent 
cracking, all of the surface mount 
ICs should undergo one of the 
following baking cycles. The 
parts MUST then be mounted 
within 48 hours. If the parts are 
not mounted within 48 hours, 
they must be rebaked. 

The total number of baking cycles 
must not exceed two (2). If the 
ICs are baked more than twice, 
Hewlett-Packard cannot guaran­
tee the performance and 
reliability of the parts. 

+5V 
+5V 

1N4148 

101m 

PIEZO 

~BEEPER 

CRO 
Cli'l 
OWR 
DlW 
RTS 

23 
CAB +5V 
CBA 

21 
OIR 
G 

11 A8 08 
10 A7 07 

9 A6 06 
8 A5 05 
7 A4 04 

5 
A3 03 
A2 02 

4 A1 20 01 

74HCT646 

Neither bake cycle can be per­
formed in the standard shipping 
tubes. The ICs must be baked in 
an ESD safe, mechanically stable 
container, such as an aluminum 
tube or pan. 

Temper-
Cycle ature Time 

A 125°C 24 Hours 
B 60°C 96 Hours 

Note: Cycle B must be done in an 
atmosphere of < 5% relative humidity air 
or nitrogen. 

NOTES: 

1. USE THE CORRECT CAPACITOR FOR 
EITHER A CRYSTAL OR A CERAMIC 
RESONATOR. SEE THE USERS MANUAL. 

2. SEE PIN DIAGRAMS FOR THE PINOUT 
OF THE DECODE IC. PIN NUMBERS VARY 
WITH PACKAGE. 

3. VOLUME OF THE BEEPER CIRCUIT IS 
ADJUSTABLE BY VARYING THE VALUE 
OF THE 500 U POT. 

4. AN ALTERNATIVE CIRCUIT USING TWO 
74HCT574 OCTAL LATCHES INSTEAD OF 
THE 74HCT646 IS IN THE USERS MANUAL. 

5. THE LOGIC LEVELS OF THE SOl SCANNER 
INPUT IS AS FOLLOWS: BLACK = HIGH, 
WHITE = LOW. 



Parallel I/O Handshake 

COMMANDS RECEIVED BY THE IC 

CRD ---..,.~ r:--
2 ,'-_____ .....J/6 

3\ .... ___ 5 ___ ....117 

DATA TRANSMITIED FROM THE IC 

RTS~~ ____________________________ _ 

DDY~'-____ ....I15 

DWR ---------..4\ .... _~/6 

PROTOCOL 

1. THE HOST INDICATES THAT A COMMAND 
IS PENDING BY LOWERING CDY. 

2. THE IC INDICATES THAT IT IS READY FOR 
A COMMAND BY LOWERING CRD. 

3. THE HOST OUTPUTS THE COMMAND 
ONTO THE DATA BUS. 

4. THE HOSTINDICATES THAT THE DATA 
IS STABLE BY RAISING CDY. 

5. THE IC READS THE COMMAND FROM 
THE BUS. 

6. THE IC INDICATES THAT THE COMMAND 
WAS ACCEPTED BY RAISING CRD. 

7. THE HOST REMOVES THE DATA FROM 
THE DATA BUS. 

PROTOCOL 

1. THE IC INDICATES DATA IS READY 
TO BE TRANSMmED BY LOWERING 
RTS; RTS STAYS LOW UNTIL THE LAST 
BYTE HAS BEEN TRANSMITIED. 

2. THE HOST SIGNALS THE IC THAT IT IS 
READY FOR DATA BY LOWERING DDY. 

3. THE IC OUTPUTS DATA ONTO THE BUS. 
4. THE IC INDICATES THAT THE DATA 

IS STABLE BY LOWERING DWR. 

5. THE HOST ACKNOWLEDGES THAT THE 
DATA IS RECEIVED BY RAISING DDY. 

6. THE IC INDICATES THE END OF THE 
OUTPUT CYCLE BY RAISING DWR. 

7. THE IC REMOVES DATA FROM THE BUS. 
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Serial Pinout 

BRO Vcc 

BRl C39 

STB 125 

CTS UPC 

RTS COB 

EX3 C28 

C3C U2S 

i2C USS 

RST CSS 

RxO EA+SV 

TxO NC 

SOl NC 

CST IOM+SV 

LEO TRl 

BPR TRO 

GRB PT1 

ICO PTO 

XTAL2 FRQ 

XTALl UEE 

Vss UE1 

I~ I~ 
III ii: a! <.> .. ... 0 <.> .. '" til III III Z > 0 !l! 

44 43 42 41 40 39 38 37 36 

0 
EX3 

C3C 

12C 

RST 

RxO 

TxO 1612 

NC 

SOl 

CST 

LEO 

BPR 

III I~ 
N :; (/) 0 

I~ I~ 
a 

0: .... ~ z IE CI ~ >! 
>< 
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EX3 

C3C 

12C 

RST 

RxO 

TxO 

NC 

SOl 

CST 

LEO 

BPR 

0 III ... C 
::l 0 

35 34 

33 

32 

31 

30 

29 

28 

27 

25 

~ ~ 

C28 

U2S 

USS 

CSS 

EA+SV 

NC 

NC 

NC 

IOM+SV 

TRl 

TRO 

RxO 
TxD 

BRO-BRl 
PTO-PT1 
TRO-TRl 

CTS 
RTS 
C39 
EX3 

125 
UPC 
COB 
C28 
UEE 
UEl 
U2S 
U5S 
CSS 
STB 
C3C 
12C 

CST 
SOl 
10M 
RST 

EA 
GRB 
FRQ 
LED 
BPR 
ICD 

XTALl 
XTAL2 

VCC 
Vss 

PIN MNEMONICS 

RECEIVED DATA 
TRANSMITTED DATA 
BAUD RATE SELECT 
PARITY SELECT 

C28 

U2S 

USS 

CSS 

EA+SV 

NC 

NC 

NC 

IOM+SV 

TRl 

TRO 

TRAILER CHARACTERS SELECT 
CLEAR TO SEND 
REQUEST TO SEND 
CODE 39 ENABLE 
EXTENDED CODE 39 ENABLE 
INTERLEAVED 2 OF 5 ENABLE 
UPCIEAN ENABLE 
CODABAR ENABLE 
CODE 128 ENABLE 
UPC E EXPANSION ENABLE 
UPC EVERSION 1 ENABLE 
UPC 2 DIGIT SUPPLEMENTALS ENABLE 
UPC 5 DIGIT SUPPLEMENTALS ENABLE 
CODABAR STARTISTOP CHAR. ENABLE 
STOP BITS SELECT 
CODE 39 CHECKSUM ENABLE 
INTERLEAVED 2 OF 5 CHECKSUM ENABLE 
CHECKSUM TRANSMIT ENABLE 
SCANNER DIGITAL INPUT 
VO MOOE SELECT 
ICRESET 
EXTERNAL PROGRAM MEMORY ENABLE 
GOOD READ BEEP TONE SELECT 
OSCILLATOR FREQUENCY SELECT 
LEO CONTROL LINE 
BEEPER CONTROL LINE 
INTERCHARACTER DELAY ENABLE 
OSCILLATOR INPUT 
OSCILLATOR INPUT 
POWER 
GROUND 



Parallel Pinout 

CRD Vee 

eDY I~ 18 I~ 18 I~ (,) 
() 0 a: N ~ PPO () 11. 11. 

Z > 11. 11. 11. 11. 

DWR PP1 

DDY PP2 

RTS PP3 EX3 39 PP4 

EX3 PP4 C3C 38 PP5 

C3C PP5 i2C 37 PP6 

12C PP6 RST 36 PP7 

RST PP7 PGB 35 EA+5V 

PGB EA+5V PDR 34 NC 

PDR NC NC 33 NC 

SDI NC SDI 32 NC 

CST IOM+OV CST 31 IOM+OV 

LED U5S LED 30 U5S 

BPR U2S BPR 29 U2S 

WR GRB 

jffi CSS 
I~ Iii! N :; '" (,) 

I~ I~ 
a '" III ... ., z rr '" rr 

XTAL2 FRO ~ i:! > u. (,) c:J 
>< 

XTAL1 UEE 

Vss UE1 

PIN MNEMONICS 

PPo-PP7 PARALLEL PORT BUS 

I~ 18 I~ 18 I~ 
DWR DATA WRITE HANDSHAKE 

(,) ~ 
0 a: N ~ DDY READY FOR DATA HANDSHAKE 11. 11. 

Z 11. 11. 11. 11. 
CRD COMMAND READ HANDSHAKE 
COY COMMAND READY HANDSHAKE 

44 43 42 41 40 39 38 37 36 35 34 RTS REQUEST TO SEND 

0 
C3C CODE 39 CHECKSUM ENABLE 

EX3 PP4 12C INTERLEAVED 2 OF 5 CHECKSUM ENABLE 
CST CHECKSUM TRANSMIT ENABLE 

C3C 32 PP5 EX3 EXTENDED CODE 39 ENABLE 

12C 31 PP6 WR DATA WRITE 
RD DATA READ 

RST PP7 U2S UPC 2 DIGIT SUPPLEMENTALS ENABLE 

PGB EA+5V U5S UPC 5 DIGIT SUPPLEMENTALS ENABLE 

1612 CSS CODABAR STARTISTOP CHAR. ENABLE 
PDR 28 NC PGB TRANSCEIVER DRIVE ENABLE 

NC NC PDR TRANSCEIVER DIRECTION CONTROL 

SDI NC 
UEE UPC E EXPANSION ENABLE 
UE1 UPC EVERSION 1 ENABLE 

CST 25 IOM+OV SOl SCANNER DIGITAL INPUT 

LED U5S 
10M I/O MODE SELECT 
RST ICRESET 

BPR 23 U2S EA EXTERNAL PROGRAM MEMORY ENABLE 
FRQ OSCILLATOR FREQUENCY SELECT 
GRB GOOD READ BEEP TONE SELECT 
LED LED CONTROL LINE 

I~ Iii! N ~ til (,) 

I~ I~ 
a ::! III BPR BEEPER CONTROL LINE ... ... til Z rr rr 

~ ~ 
> u. () c:J XTAL1 OSCILLATOR INPUT 

XTAL2 OSCILLATOR INPUT 

VCC POWER 
VSS GROUND 
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Mechanical Specifications - Units Cmm) 

I' 52.8 'I 51.9 

[:::::::::::::::] J] 
1 ~ 

0.3 5.1 
MIN. MAX. 

~rl! B~,.~ 
MIN. 

SEATING PLANE 

HBCR-1610 

16.7 
I---g:~~ 

17 

~~ 4.57 
4.20 ~ 

~~L-~ .I----r~-0.33 

16.0 
15.0 

, I 
0.15 ~ ~ 2.45.0.15 L DDDDDdDDDd ~ r L :: __ ~ ___ ~~W:: T =t----T 

j w ~-~ I . 
O· -10· 

HBCR-1611 HBCR-1612 
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Programmable 
Bar Code Decode ICs 

Technical Data 

Features 
• Ideal for Hand Scanning and 

Non-contact Laser Scanning 
Applications 

• Supports 7 Industry 
Standard Bar Code 
Symbologies 

• Automatic Code Recognition 
• Choice of Parallel or Serial 

Interface 
• Full Duplex ASCII Interface 
• Extensive Configuration 

Control 
• Optical and Escape 

Sequence Configuration 
• Input and Output Buffering 
• Low Current (18 rnA) CMOS 

Technology 
• 40 Pin DIP and 44 Pin PLCC 

Packages 
• Audio and Visual Feedback 

Control 
• EEPROM Support for 

Nonvolatile Configuration 
• Single +5 Volt Supply 

5965-5937E 

Description 
Hewlett-Packard's Bar Code 
Decoder ICs offer flexible bar 
code decoding capability that is 
designed to give OEMs the ability 
to address a growing number of 
industry segments and applica­
tions. Flexibility is made possible 
through sophisticated firmware 
which allows the ICs to accept 
data from a wide variety of 
scanners and to automatically 
recognize and decode the most 
popular bar code symbologies. 
User implementation of the 
decoder ICs is easy since it 
requires only a few supporting 
components and provides a 
standard I/O interface. 

Manufacturers of data collection 
terminals, point of sale terminals, 
keyboards, weighing scales, 
medical equipment, test instru­
mentation, material handling 
equipment, and other systems 
having data collection needs are 
finding a growing demand for bar 
code reading capability in their 
products. The HBCR-2210 series 
decode ICs make it easy to add 
this capability without the need to 

FliiiW HEWLETT® 
.:~ PACKARD 

HBCR-2210 
HBCR-2211 

invest in the development of bar 
code decoding software. 

The bar code decoder ICs are 
compatible with most hand held 
scanners and some medium 
speed machine mounted laser 
heads. The HBCR-2210 series is 
compatible with fixed beam non­
contact scanners, digital wands, 
and slot readers. In addition, the 
decoder is optimized for use with 
the Symbol Technologies moving 
beam laser scanners, but is also 
compatible with many other 
moving beam non-contact laser 
scanners with a similar interface 
protocol. 

The HBCR-2210 series decoder 
ICs are excellent decoding solu 
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tions for a number of stationary 
scanning applications found in 
automated systems. The scan rate 
for moving beam applications 
should be similar to the scan 
rates for hand held laser scanners 
(35 to 45 scans per second). The 
scan speed for fixed beam 
applications should be similar to 
the scan speeds typical of wands 
and slot readers. For moving 
beam applications, it is necessary 
for the scanner to utilize the three 
laser control lines. 

The HBCR-221O series decodes 
the most popular bar code sym­
bologies now in use in applica­
tions in the industrial, retail, 
government and medical markets: 
• Code 39 (Standard or 

Extended) 

• Interleaved 2 of 5 

• UPCA,E 
• EAN/JAN 8, 13 
• Codabar 
• Code 128 
• Code 11 
• MSI Code 

When more than one symbology 
is enabled, the bar code being 
scanned will automatically be 
recognized and decoded, except 
for Standard versus Extended 
Code 39, which are mutually 
exclusive. Bi-directional scanning 
is allowed for all bar codes 
except UPC/EAN/JAN with sup­
plemental digits, which must be 
scanned with the supplemental 
digits last. 

The I/O for the decode IC is full 
duplex, 7 bit ASCII. Both serial 
and parallel interfacing are 
available. The serial interface can 
be converted to an RS232C 
interface or connected directly to 
another microprocessor for data 
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processing. The parallel interface 
can be connected to a 74HC646 
octal bus transceiver chip (or an 
equivalent part). Feedback to the 
operator is accomplished by 
signals for an LED and a beeper. 
In addition, there are many 
programmable functions that 
cover such items as code 
selection, good read beep tone, 
Header and Trailer buffers, laser 
scanning control, beeper tone, 
etc. See Table 2 for a complete 
list. 

Performance Features 
Bar Codes Supported 
Code 39 is an alphanumeric code, 
while Extended Code 39 encodes 
the full 128 ASCII character set 
by pairing Code 39 characters. 
Both can be read bi-directionally 
with message lengths of up to 32 
characters. An optional checksum 
character can be used with these 
codes, and the ICs can be config­
ured to verify this character prior 
to data transmission. 

Interleaved 2 of 5 code, a com­
pact numeric only bar code, can 
also be read bi-directionally with 
message lengths from 4 to 32 
characters. To enhance data 
accuracy, optional checksum 
character verification and/or 
message length checking can be 
enabled. 

The following versions of UPC, 
EAN and JAN bar codes can be 
read bi-directionally: UPC-A, 
UPC-E, EAN-8, EAN-13, JAN-8, 
and JAN-13. All versions can be 
enabled simultaneously or 
decoding can be restricted to 
only the UPC codes. UPC, EAN, 
and JAN codes printed with 
complementary two or five digit 
supplemental encodations can be 
read in two different ways. If the 

codes are enabled without the 
supplemental encodations, then 
only the main part of symbols 
printed with supplemental 
encodations will be read. If the 
reading of supplemental 
encodations is enabled, then only 
symbols with these supplements 
will be read. When supplemental 
encodations are enabled, the bar 
code symbols must be read in a 
direction which results in the 
supplements being scanned last. 

Codabar, a numeric only bar code 
with special characters, can be 
read bi-directionally for message 
lengths up to 32 characters. The 
decode IC can be configured to 
transmit or suppress the Codabar 
start/stop characters. 

Code 128, a full ASCII 
symbology, can be scanned bi­
directionally with message 
lengths of up to 32 characters. 

Code 11 is a numeric, high 
density code with one special 
character, the hyphen (-). 
Verification of one or two check 
characters must be enabled, and 
the check character(s) are always 
transmitted. This code can be 
scanned bi-directionally. 

MSI Code is a numeric, continu­
ous code, with message lengths 
up to 32 characters. The check 
digit, a modulo 10 checksum, is 
always verified and transmitted. 
This code can be scanned bi­
directionally. 

Scanner Input 
The HBCR-2210 decode IC is 
designed to accept data from 
hand held digital scanners or slot 
readers with the following logic 
state: black = high, white = low. 
The same decode IC also accepts 



data from hand held laser 
scanners with the opposite logic 
states: black = low, white = 
high. The scanner type pin (SCT) 
on the HBCR-2210 series must be 
driven prior to power up or hard 
reset to identify the type of 
scanner connected. 

In the HBCR-221O series ICs, the 
automatic laser shutoff feature 
delay time is adjustable as a con­
figuration option. Applications 
which require increased accuracy 
may need the redundancy check 
feature. 

Scanner input can be disabled by 
software command. This allows 
an application program to control 
when an operator can enter data, 
preventing inadvertent data entry. 
It also allows the program to 
verify each scan before enabling 
subsequent scans. The HBCR-
2210 series also offers two Single 
Read Modes which allow the 
application program to stop bar 
code data entry until a "Next 
Read" command is received, 
allowing the host computer to 
process data transmissions before 
enabling subsequent reads. 

Configuration Control and 
Non-volatile Storage 
Configuration of the decoder IC 
is done by any of three methods. 
A minimal subset of key options 
can be "hardwired" - controlled 
by electrically strapping specified 
pins on the decoder IC itself. 
Which pins affect configuration 
depends on the selection of serial 
or parallel interface. Alternatively, 
ASCII characters in the form of 
HP Escape Sequences (a format 
common to HP decoder ICs) can 
be sent to the serial or parallel 
I/O port; these commands can be 
used to control all configurable 

options. A third method is optical 
configuration, which makes use 
of special bar code menus sup­
plied by HP. Menu labels can be 
created to modify any configur­
able options. A summary of the 
decoder Ie features and 
applicable configuration methods 
for each is presented in Tables 2 
and 3. 

Once configuration has been set, 
it can be stored in an optional 
non-volatile memory, if included 
in the decoder circuit. When the 
EEP pin is tied high, the decoder 
IC drives I/O lines compatible 
with the widely available 9346/ 
93C46 family of serial EEPROMS. 
The configuration is thereby 
saved during power down of the 
system and automatically 
reloaded at power up. Escape 
sequence commands allow 
explicit storage and recall of 
configuration settings. When 
using optical configuration, 
storage is automatic. If the EEP 
pin is tied low, the EEPROM is 
not used, so only hardwired 
configuration options are saved 
through powerdown; all others 
are set to default values at 
powerup. Table 2 shows default 
values of all features. 

Data Communications 
The serial port supports a wide 
range of baud rates, parities, and 
stop bits as described in Table 2. 
Software control of data trans­
mission can be accomplished 
with a standard XonIXoff (DCl! 
DC3) handshake. The decode IC 
also supports an RTS/CTS 
hardware handshake. 

The parallel port data has config­
urable parity. When the SMD pin 
is tied low, several pins pertain­
ing to the serial port change 

function to control a parallel port 
instead. Pins 1 through 5 on DIP 
packages assume the function of 
handshake lines for the parallel 
port. The port itself is an external 
'646 family octal bus transceiver. 
Processor pins 10 and 11 (TXD 
and RXD in serial mode) now 
control the transceiver chip along 
with pins 16 and 17, RD and WR. 
Alternative circuits using SSI 
latch chips can be substituted for 
the '646 implementation to 
customize the function of the 
parallel port to a particular bus 
configuration. 

Feedback Features 
Both audio and visual feedback 
are possible with the HBCR-2210 
series. In both cases, the outputs 
from the ICs should be buffered 
before driving the actual feed­
back transducer. An LED or 
beeper connected to the decoder 
IC can be controlled directly by 
the IC, with signals generated by 
successful decodes, or can be 
controlled by the host system. In 
addition, the tone of the beeper 
can be configured to be one of 16 
different frequencies, or can be 
silenced. 

Power Requirements 
The decoder IC operates from a 
+ 5 volt DC power supply. The 
maximum current draw is 18 rnA. 
The maximum power supply 
ripple voltage should be less than 
100 mY, peak-to-peak. 

Handling 
Precautions 
The decoder ICs are extremely 
sensitive to electrostatic 
discharge (ESD). It is important 
that proper anti-static procedures 
be observed when handling the 
ICs. The package should not be 
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opened except in a static free 
environment. 

Manuals 
The decode IC Users Manual 
covers the following topics: 
• Data output fonnats 

• Escape sequence syntax and 
functionality 

• Example schematics 
• All configurable options 
• Bar code menus 
• Scanner positioning and tilt 
• Sample bar code symbols 

• VO interfaces 
• Laser input timing diagrams 

• Appendices describing bar code 
symbologies 

Table 1. Ordering Information 
Part Number Description 
HBCR-2210 CMOS, 40 pin DIP, bulk ship, no manual 
HBCR-2211 CMOS, 44 pin PLCC, bulk ship, no manual 
OPT AOI IC individually boxed with manual and data sheet 
HBCR-2297 HBCR-2210 Series Users Manual 

Recommended Operating Conditions 
Parameter Symbol Minimum Maximum 

Supply Voltage Vcc 4.0 6.0 
Ambient Temperature TA -40 +85 
Crystal Frequency XTAL o (DC) 11.059 
Element Time Interval ETIM 13 555 
(Moving Beam) 
Element Time Interval ETIc 50 71000 
(Contact Scanner) 

Notes: 
1. Maximum power supply ripple of 100 mV peak to peak. 

Units Notes 
V 1 
°C 

MHz 2 

J.IS 2,3,4 

I1s 3,4 

2. The HBCR-2210 series uses a 11.059 MHz crystal. For different crystal frequencies. multiply the specified baud rate and beeper 
frequencies by (crystal frequency/11.059 MHz) and multiply the element time interval ranges by (11.059 MHz/crystal frequency). 

3. At the specified crystal frequency. 
4. Corresponds to a scan rate of 35 to 45 scans per second. 

Absolute Maximum Ratings 
Parameter Symbol Minimum Maximum Units Notes 

Storage Temperature Ts -55 +150 °C 
Supply Voltage Vcc -0.5 +7.0 V 5 
Pin Voltage VIN -0.5 Vcc + 0.5 V 5,6 

Notes: 
5. TA = 25°C. 
6. Voltage on any pin with respect to ground. 
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DC Characteristics 
HBCR-2210, 2211 (TA = 40°C to +85°C, Vcc = 4.5 V to 5.5 V, Vss = 0 V) 

Symbol Parameter HBCR-22I0 Pins HBCR-22ll Pins Min. Max. Units Test Conditions 

VIL Input Low Voltage all all -0.5 0.2 Vee V 
- 0.1 

VIR Input High Voltage except 9, 18 except 10, 20 0.2 Vee Vee + 0.5 V 
+ 0.9 

VIRI Input High Voltage 9,18 10,20 0.7 Vee Vee + 0.5 V 

VOL Output Low Voltage 1-8, 10-17, 21-28 2-9,11,13-19,24-31 0.45 V IOL = 1.6 rnA 

VOLI Output Low Voltage 30,32-39 33,36-43 0.45 V IOL = 3.2 rnA 

VOH Output High Voltage 1-8, 10-17, 21-28 2-9,11,13-19,24-31 2.4 V IOH = -60 J.lA. 
0.75 Vee V IOH = -30 J.lA. 
0.9 Vee V IOH = -10 J.lA. 

VOH Output High Voltage 30,32-39 33,36-43 2.4 V IOH = -400 J.lA. 
0.75 Vee V IOH = -150 J.lA. 
0.9 Vee V IOH = -40 J.lA. 

hL Input Low Current 1-8, 10-17,21-28 2-9, 11, 13-19,24-31 -10 -200 J.lA. VIN = 0.45 V 

IIL2 Input Low Current 18 20 -3.2 rnA VIN = 0.45 V 

ILl Input Leakage Current 32-39 36-43 ±1O J.lA. 0.45 !> VIN !> Vee 

RRST Pulldown Resistor 9 10 20 125 Kn 

Icc Power Supply - - 18 rnA All Outputs 
Current disconnected 

Icc Idle Mode Power - - 9 rnA Note 7. 
Supply Current 

Note: 

7. Applies only to HBCR-2210 and -2211 in Wand Mode or Laser Mode with Laser Idling enabled with no scanning or I/O operation in 
progress. 

Table 2. Summary of Features and Configurations - HBCR-2210 Series 
In the table below, the column entitled Selection is either: 

Software 
Hardwire 
Both 

Escape Sequence and Optical Menu Programmability 
Control of a feature by electrically strapping specified pins on the decoder IC itself 
Both Software and Hardwire 

Feature Function or Value Selection Default Setting 
Code Selection When a symbology is enabled, Both Decoding of all 

bar codes of that type can be codes is enabled 
read, assuming that other de-
coding options are satisfied. 

Minimurn/Maximum Code 39, Codabar, Code 128, Software Min. = 1 
Label Length Code 11, and MSI Code Max. = 32 
Selection 

Interleaved 2 of 5 Software Min. = 4 
Max. = 32 

Interleaved 2 of 5 Length variable from 4 to 32, Software 4 to 32 
Specific Label or a specific even length be-
Length Selection tween 2 and 32, or lengths 6 

and 14 only 

(continued) 
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Feature Function or Value Selection Default Setting 
Check Character For Code 39 Software Disabled 
Verification Enable For Interleaved 2 of 5 Software Disabled 

When enabled, the check character 
, 

at the end of the bar code data 
is verified by the decoder 

Check Character For both Code 39 and Interleaved Software Disabled 
Transmission 2 of 5, the check characters 
Enable verified by the reader are 

included at the end of the 
decoded message 

Code 39 Full ASCII Extended Code 39 data will be Software Disabled 
Conversion Enable converted to ASCII characters 
UPC/EAN/JAN UPC/EAN/JAN vs. UPC only Software UPC/EAN/JAN 
Decoding Options Enable 2 or 5 digit supplements Enabled 
Selection Supplements 

Disabled 

Autodiscrimination of tags with Software Disabled 
and without supplements 

Codabar Data Transmit or suppress start/stop Software Transmit 
Start/Stop characters 
Transmission Enable 
Code 11 Check Digit Selection of 1 or 2 check digits Software 1 check digit 
Verification Selection 
Baud Rates 150,300,600,1200,2400, Both Depends on pins 

4800,9600,19200 BRl, BRO, and SMD 
Parity Os, Is, Odd, Even Both Depends on pins 

EEP, PTI and PTO 
Stop Bits lor 2 Both Depends on 

pins SMD and STB 
RTS/CTS Pacing Request-To-Send/Clear-To-Send Software Enabled 
Enable Pacing controls serial port 

data transmission 
XonIXoff Pacing Controls data transmission on Software Disabled 
Enable serial or parallel port by means 

of control characters sent to 
decoder IC 

Transmitted Char- Specifies whether a delay is Software Disabled 
acter Delay Enable inserted between characters 

transmitted on the serial port 
Transmitted Char- Specifies the number of milli- Software 20 msec 
acter Delay seconds to insert between 
Selection completion of transmission of 

one character and beginning of 
transmission of the next 
(1 to 250ms) 

(continued) 
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Feature Function or Value Selection Default Setting 
Header Selection A string of characters pre- Software none 

pended to the decoded message 
(10 characters, maximum) 

Trailer Selection A string of characters appended Software CRLF 
to the decoded message 
(10 characters, maximum) 

Reader Address Reader Address is transmitted at Software none 
Selection the beginning of decoded and No-

Read messages for polling 
purposes. (1 character) 

Message Ready/Not The Message Ready/Not Ready re- Software ACK/NAK 
Ready Response sponse is transmitted after the 
Selection reader receives a status request 

type 3 and is used with Single 
Read Mode 2. (1 character each) 

No-Read Message The No-Read Message configured Software none 
Selection is transmitted each time there 

is an unsuccessful read 
(10 characters, maximum) 

No-Read Controls whether the decoder Software Disabled 
Recognition detects unsuccessful reads 
Enable and sends the No-Read Message 
Single Read Mode 1 Controls reading and automatic Software Disabled 
Enable transmission of decoded 

messages 
Single Read Mode 2 Controls separate reading of Software Disabled 
Enable bar codes and triggering decoded 

message transmL'lsion 
Output Buffering Characters to be transmitted Software Disabled 
Enable are entered into a 256 character 

queue for use with a pacing 
protocol 

Scanner Type Determines whether a wand or Hardwire Depends on pin 
Selection laser is to be used SCT 
Laser Shutoff Defines laser on time prior to Software 3 seconds 
Delay Selection automatic shutoff, from 0 to 10 

seconds in 100 ms steps 
Laser Redundancy Enables requirement for two Software Disabled 
Check Enable consecutive, identical decodes 

for a good read 
Continuous Laser When enabled, the laser is turned Software Disabled 
Read Mode Enable on permanently instead of waiting 

for the trigger to be pulled 

(continued) 
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Feature Function or Value Selection Default Setting 
Laser Connection When enabled, the scanner type Software Disabled 
Detection Enable pin is ignored at powerup. 

Instead, the decoder tests for 
a laser scanner to determine 
scanner type 

Laser Trigger When enabled, the laser scanner Software Disabled 
Latch Mode Enable continues to scan after the 

trigger has been released until 
either the laser shutoff delay 
period elapses or a read occurs 

Laser Idling Enable When enabled, the processor idles Software Disabled 
while waiting for the trigger to 
be pulled, reducing current draw 

Code ID Character Code ID character serves to Software Code 39 = a 
Selection identify the symbology of the Int 2/5 = b 

decoded message UPC/EAN = c 
Codabar = d 
Code 128 = e 
Code 11 = f 
MSICode = g 

Code ID Character Code ID character can be added Software Disabled 
Transmission to the beginning of each decoded 
Enable message 
Bar Code Menu Verification of individual Software Disabled 
Scan Response configuration menu scans via 
Enable transmission of response message 
Hard Reset "Ready 12.4" CR LF will be Software Disabled 
Message Enable transmitted to host upon hard reset 
ROM, RAM Self When enabled, ROM and RAM are Software Enabled 
Test Enable tested after a Hard Reset 
Good Read Beep Selects Good Read Beep Software Tone 12 
Tone Selection tones (1 to 16) 
LED Control Controls the LED function: 
Selection Automatic Flash Mode Enabled 

Automatic Feedback Mode Disabled 
LED Active Defines logic level of LED ON Software Active High 
Level Selection state 
LED, Beeper Feed- Suppresses LED and Beeper Software Not Suppressed 
back Suppression operation for systems without 
Enable those annunciators 
Wand Input Data from wand scans is collected Software Disabled 
Buffering Enable continuously in an input buffer 

to increase throughput 
Quiescent State of The quiescent state of the pro- Software High 
Address Line cessor memory bus address lines 
Selection A8, A9, A10 can be defined for 

additional I/O interfacing 
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Table 3. Summary of Commands - HBCR-2210 Series 
Features Description 

Scanner Enable When enabled, scans with the wand or laser are decoded; otherwise, they are 
ignored 

Hard Reset Resets decoder IC as though it were just powered up 
Soft Reset Clears pacing conditions, errors 

LED Control Selection Controls the LED On/Off function 
Status Requests Cause the decoder to generate a status message 

• General status message showing symbology of last message read, error 
conditions, etc. 

• Message Ready/Not Ready response (for Single Read Mode 2) 
Sound Tone This command causes the reader to sound a tone at the selected pitch for 

approximately 100 milliseconds 

Configuration Control There are three operations that manipulate the decoder configuration as a block. 
• Set default configuration 
• Save configuration in non-volatile memory 
• Recall non-volatile configuration 

Execute Pending For use with laser scanning, this command causes immediate execution of 
Command previous commands that would otherwise be postponed until the laser scan 

finishes 

Table 4. Summary of Other Features - HBCR-2210 Series 
Power Idle Mode Reduces current draw of processor from approximately 20 rnA to 4 rnA in 

wand mode when the wand is inactive 
Laser Failure Timeout Turns off the laser if the Scan Sync signal is missing after approximately 

1 second, and sets the laser failure status bit 
Self Test Failure Message An appropriate message is transmitted at power up if the decoder Self Test 

fails. 

• ROM SELF TEST FAILED 
• EEPROM SELF TEST FAILED 
• RAM SELF TEST FAILED 

EEPROM Fault An appropriate message is transmitted at power up if the EEPROM 
Recognition checksum is incorrect. 

• EEPROM FAULT 
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Parallel Mode Handshake Timing 
Handshake and Data Lines 

CDY 

I-teR-I-ICB-I-tes 

CRD 

PPo-PP7 

ICA 

Figure 1. Host Commands Received by Decode IC (Reader). 

Handshake Timing 

'" 
tec 

I 
I 

/ 

tCR = Falling edge of command ready to falling edge of command read. Max. = 30 !1S for the fIrst byte 
of transmission from host. 
Falling edge of command read to command valid. Min. = 0 !1S 
Command valid set up to rising edge of command ready. Min. = 0 ~s 

tCB = 
tcs = 
tCA = 
tcc = 

Rising edge of command ready to rising edge of command read. Max. = 8 ~s 
Rising edge of command read to falling edge of command ready. Min. = 0 !1S 

Handshake and Data Lines 

~~~----------------------------------------------------
1----100-

DDY 

'--
I-IDF- ~IDD-

PPo-PP7 

_IDA Iow-I--IDH- . 

DWR 

Figure 2. Decoder IC Data Sent to Host. 

Handshake Timing 
too = Falling edge of data ready to data output to bus. Min. = 6 ~s Typical Max. = 7 4 ~s 

Note: The maximum can be infInite if there is no data to be transmitted. RTS can be used to 
determine when there is data. If the scanner is active or escape sequence commands 
are being processed, (too = tOF) can extend by an indefinite amount. 

tOF = Data output to bus to falling edge of data write. Max. = 6 ~s 
tOA = Falling edge of data write to rising edge of data ready. Min. = 0 ~s 
tow = Rising edge of data ready to rising edge of data write. Max. = 8 ~s 
tOH = Data hold after rising edge of data write. Max. = 4 !1S 
too = Rising edge of data write to falling edge of data ready. Min. = 0 !1S 
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PLCC Drying 
Whenever Vapor Phase or Infra­
red Reflow Technologies are used 
to mount the PLCC packages, 
there is a possibility that 
previously absorbed moisture, 
heated very rapidly to the reflow 
temperatures, may cause the 
package to crack from the 
internal stresses. There is a 
reliability concern that moisture 
may then enter the package over 
a period of time, and metal 
corrosion may take place, 
degrading the IC performance. 

To reduce the amount of 
absorbed moisture and prevent 
cracking, all of the PLCC ICs 
should undergo one of the 

Pin Definitions 

BRO VCC 

BRl ADO 

STB ADl 

CTS AD2 

RTS AD3 

LSE AD4 

SCT AD5 

TRG AD6 

RST AD7 

RxD EA+5V 

TxD ALE 

SDI NC 

following baking cycles. The 
parts must then be mounted 
within 48 hours. 

If the parts are not mounted with­
in 48 hours, they must be re­
baked. 

The total number of baking cycles 
must not exceed two. If the ICs 
are baked more than twice, 

Cycle Temperature Time 
A 125°C 24 hrs 
B 600C 96 hrs 

Note: 

Hewlett-Packard cannot guaran­
tee the performance and 
reliability of the parts. 

Neither bake cycle can be per­
formed in the standard shipping 
tubes. The ICs must be baked in 
an ESD safe, mechanically stable 
container, such as an aluminum 
tube or pan. 

Notes 

8 

8. Cycle B must be done in atmosphere of < 5% relative 
humidity air or nitrogen. 

PIN MNEMONICS 

ADD-AD7 ADDRESS/DATA BUS 
RxD RECEIVED DATA 
TxD TRANSMITTED DATA 

BRD-SRl BAUD RATE 
PTO·PTl PARITY 

STB STOP BITS 
LSE LASER SCAN ENABLE 
SCT SCANNER TYPE 
SDI SCANNER DIGITAL INPUT 

LED LED CONTROL LINE 
BPR BEEPER CONTROL LINE 
WR DATA MEMORY WRITE 
RD DATA MEMORY READ 

XTALl CRYSTAL INPUT 
XTAL2 CRYSTAL INPUT 

SMD SERIAL MODE SELECT 
RTS REQUEST TO SEND 
CTS CLEAR TO SEND 
RST ICRESET 
EEP EEPROM SELECT 

SSY SMD+5V EPC EEPROM CLOCK 

LED EEP 
ECE EEPROM CHIP ENABLE 
EIO EEPROMVO 

BPR EPC TRG LASER TRIGGER LINE 

WR ECEIPTl 
SSY SCANNER SYNCHRONIZATION 

A8 ADDRESS LINE #8 

RD EIOIPTO A9 ADDRESS LINE #9 
Al0 ADDRESS LINE #10 

XTAL2 Al0 EA EXTERNAL PROGRAM ENABLE 

XTALl A9 ALE ADDRESS LATCH ENABLE 

VCC POWER 
VSS AS Vss GROUND 

Figure 3. HBCR-2210 Serial Pinout. 
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I~ I~ ~ ii: ~ 0 o '8 0 III § ID ID Z ~ C C C 

LSE 0 
SCT 

TRG 

RST 

RxD 

NC 

TxD 

SDI 

SSY 

LED 

BPR 

I~ Iii! N ~ IS 0 :l '" 
., 

~ 
w .... .... > Z C C 0 

~ ~ II! 
~ 

Figure 4. HBCR-2211 Serial Pinout. 

CRD Vce 

CDY ADO 

DWR AD1 

DDY AD2 

RTS AD3 

LSE AD4 

SCT ADS 

TRG ADG 

RST AD7 

PGB EA+5V 

PDR ALE 

SDI NC 

SSY SMD OV 

LED EEP 

BPR EPC 

WR ECElPT1 

Rii EIOJPTO 

XTAL2 A10 

XTAL1 A9 

Vss A8 

Figure D. HBCR·2210 Parallel Pinout. 
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PIN MNEMONICS 

ADo-AD7 ADDRESSIDATA BUS 
RxD RECEIVED DATA 
TxD TRANSMiTTED DATA 

BRD-BR1 BAUD RATE 
PTD-PT1 PARITY 

39 AD4 STB STOPBrrs 

38 ADS 
LSE LASER SCAN ENABLE 
SCT SCANNER TYPE 

:f1 ADG SDI SCANNER DIGITAL INPUT 

36 AD7 
LED LED CONTROL UNE 
BPR BEEPER CONTROL UNE 

35 EA+5V WR DATA MEMORY WRITE 

34 NC 
iii) DATA MEMORY READ 

XTAL1 CRYSTAL INPUT 
33 ALE XTAL2 CRYSTAL INPUT 

32 NC 
SMD SERIAL MODE SELECT 
RTS REQUEST TO SEND 

31 SMD+5V CTS CLEAR TO SEND 

30 EEP 
RST IC RESET 
EEP EEPROM SELECT 

29 EPC EPC EEPROM CLOCK 
ECE EEPROM CHIP ENABLE 
EIO EEPROM 110 

TRG LASER TRIGGER LINE 
SSY SCANNER SYNCHRONIZATION 

AS ADDRESS LINE #8 
A9 ADDRESS LINE #8 

A10 ADDRESS LINE #10 
EA EXTERNAL PROGRAM ENABLE 

ALE ADDRESS LATCH ENABLE 

VCC POWER 

VSS GROUND 

PIN MNEMONICS 

ADD-AD7 ADDRESSIDATA BUS 
DWR 
DDY 
CRD 
CDY 

PTD-PT1 
LSE 
SCT 
SDI 

LED 
BPR 
WR 
liD 

XTAL1 
XTAL2 

SMD 
POB 
PDR 
RST 
EEP 
EPC 
ECE 
EIO 

TRG 
SSY 

A8 
A9 

A10 
EA 

ALE 
RTS 
VCC 
VSS 

DATA WRITE HANDSHAKE 
READY FOR DATA HANDSHAKE 
COMMAND READ HANDSHAKE 
COMMAND READY HANDSHAKE 
PARITY 
LASER SCAN ENABLE 
SCANNER TYPE 
SCANNER DIGITAL INPUT 
LED CONTROL LINE 
BEEPER CONTROL LINE 
DATA MEMORY WRITE 
DATA MEMORY READ 
CRYSTAL INPUT 
CR .... STAL INPUT 
SERIAL MODE SELECT 
TRANSCEIVER DRIVE ENABLE 
TRANSCEIVER DIRECTION CONTROL 
ICRESET 
EEPROM SELECT 
EEPROM CLOCK 
EEPROM CHIP ENABLE 
EEPROM 110 
LASER TRIGGER LINE 
SCANNER SYNCHRONIZATION 
ADDRESS LINE #8 
ADDRESS LINE #9 
ADDRESS LINE #10 
EXTERNAL PROGRAM ENABLE 
ADDRESS LATCH ENABLE 
REQUEST TO SEND 
POWER 
GROUND 



PIN MNEMONICS 

I~ 18 I~ 18 15 0 
u .. C '" .. ADO·AD7 ADDRESS/DATA BUS 

~ c c c 
DWR DATA WRITE HANDSHAKE z <C <C <C <C 
DDY READY FOR DATA HANDSHAKE 
CRD COMMAND READ HANDSHAKE 
CDY COMMAND READY HANDSHAKE 

LSE 0 AD4 
PTO·PTI PARITY 

LSE LASER SCAN ENABLE 

SCT ADS SCT SCANNER TYPE 
SDI SCANNER DIGITAL INPUT 

TRG AD6 LED LED CONTROL LINE 

RST AD7 BPR BEEPER CONTROL LINE 
WR DATA MEMORY WRITE 

PGB EA+5V jjjj DATA MEMORY READ 

NC NC XTALI CRYSTAL INPUT 
XTAL2 CRYSTAL INPUT 

PRD ALE SMD SERIAL MODE SELECT 

SDI NC PGB TRANSCEIVER DRIVE ENABLE 
PDR TRANSCEIVER DIRECTION CONTROL 

SSY 31 SMD+OV RST IC RESET 

LED EEP EEP EEPROM SELECT 
EPC EEPROM CLOCK 

BPR EPC ECE EEPROM CHIP ENABLE 
EIO EEPROM VO 

TRG LASER TRIGGER LINE 

I~ Iii! '" '" 0 
GO 0> .. 

~ w SSY SCANNER SYNCHRONIZATION 

--' --' -if Z <C <C :;: 0 A8 ADDRESS LINE #8 
<C <C C! ~ t- t- A9 ADDRESS LINE #9 
>< >< t- t:: "- "- Al0 ADDRESS LINE #10 

EA EXTERNAL PROGRAM ENABLE 
ALE ADDRESS LATCH ENABLE 
RTS REQUEST TO SEND 

VCC POWER 

Figure 6. HBCR·2211 Parallel Pinout. VSS GROUND 

I" 52.8 'I 51.9 

~ ~ 

~:::::::::::::::: :Hl: 
20 

0.3 5.1 
MIN. MAX. 

~~ E.J"-M.~ ~l~:~· .. 
UNITS (mm) SEATING PLANE 

Figure 7. HBCR-2210 Mechanical Specifications. 
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Figure 8. HBCR-2211 Mechanical Specifications. 

(OPT) 
CONTROL 

EE r- CONTROL 
PROM 

ADDRESS 

HBCR-2210 

B~:~.?rDE_ 
SERIES 

ADDRESS! 
DATA 

LATCH 
ADDRESS 
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DATA 

Figure 9. System Block Diagram. 
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Warranty and Service 
The HP Bar Code Decode IC is 
warranted for a period of one 
year after purchase covering 
defects in material and workman­
ship. Hewlett-Packard will repair 
or, at its option, replace products 
that prove to be defective in 
material or workmanship under 
proper use during the warranty 
period. 

NO OTHER WARRANTIES ARE 
EXPRESSED OR IMPLIED, 
INCLUDING BUT NOT LIMITED 
TO THE IMPLIED WARRANTIES 
OF MERCHANTABILITY AND 
FITNESS FOR A PARTICULAR 
PURPOSE. HEWLETT-PACKARD 
IS NOT LIABLE FOR CONSE­
QUENTIAL DAMAGES. 

For additional warranty or service 
information please contact your 
local Hewlett-Packard sales 
representative or authorized 
distributor. 
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Hewlett-Packard 
KeyWand Bar Code Reader 

Technical Data 

Features 
• Works with mM Compatible 

Computers 
• Automatically Recognizes 

Mode and Code Set for Most 
PC Models 

• Operates with or without a 
Keyboard Attached 

• Powered from the PC 
• Low Current Draw 
• Automatically Discriminates 

9 Bar Code Symbologies 
• International Language 

Support 
• Visual/Audible Feedback 
• Programmable via Bar Code 

Menus 
• Message Editing 
• Rugged Polycarbonate Case 
• Sapphire Tip 
• 15 KV ESD Case Isolation 
• 25 KV ESD Immunity 
• Manufacturing - ISO 9002 

Certified 
• One Year Warranty 

Description 
The Hewlett-Packard Program­
mable KeyWand Reader is an 
intelligent peripheral designed to 
easily add bar code reading 
capability to personal computers 
via the keyboard port. Power is 
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provided by the PC, and the 
KeyWand Reader can operate 
with or without the keyboard 
attached. The KeyWand Reader is 
transparent to the application 
since data appears as keyboard 
input. Installing a KeyWand 
Reader does not require hardware 
or software modifications. The 
KeyWand Reader is also compat­
ible with 17 keyboard languages. 

All scanning, decoding, and I/O 
electronics are self-contained 
within the compact KeyWand 

FliP'W HEWLETT$ a:r... PACKARD 

HBKW-IOOO Series 

Reader. The HBKW-IOOO Series 
acknowledges a good scan with a 
flashing LED and/or by accessing 
the PC's internal beeper. 

The KeyWand Reader automat­
ically discriminates 9 standard bar 
code symbologies. A Message 
Editing feature allows the scanned 
data to be edited or reformatted 
prior to transmitting to the host. 
Bar code type identification, label 
length checking, and a check 
character verification are options 
that, when enabled, ensure a high 
level of data integrity. 
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Configuration parameters are 
stored in non-volatile memory so 
the KeyWand Reader retains the 
conflguration when power is 
turned off. The KeyWand Reader 
autodiscriminates the PC type to 
which it is connected and whether 
or not Caps Lock is enabled. 

IBM Compatible 
Computers 

HPVectra 
mM PC and Compatibles 

Bar Code Symbologies 
Code 39 Standard or Extended 
Int. 2 of 5 Code 128 
UPC A, E EAN 8, 13 
Codabar Code 11 
MSI Code Code 93 

International Language 
Support 
The HP KeyWand Reader is menu 
programmable for 17 languages. 
US English Finnish 
UK English French Canadian 
French 
German 
Italian 
Spanish 
Dutch 
Belgian 

(Flemish) 

Latin American 
Norwegian 
Portuguese 
Swedish 
Swiss French 
Swiss German 
Danish 

Visual/Audible Feedback 
The HP KeyWand Reader employs 
the most flexible, programmable 
acknowledgment of a good scan 
to the user. The Visual Feedback 
LED is positioned close to the tip 
of the wand which makes it easy 
for the user to see. This is useful 
in noisy environments or where 
silence is required. For situations 
that require an audible 
acknowledgment, a TSR program 
stored and uploaded from the 
KeyWand Reader allows the user 
to program the pitch and duration 
of the PC beeper tone. 

keyboard language, and other 
options to be tailored to a speciflc 
application. The reader can 
display its current configuration 
on the computer screen. See 
sample (below). 

Programming via Bar 
Code Menus 
The KeyWand Reader can be 
conflgured by scanning special 
bar code labels. This allows 
decoding, message editing, 

Configuration Display 

Applications 
• Manufacturing 

Work-in-Process 
Inventory Control 
Shipping and Receiving 
Warehousing and 
Distribution 

• Retail POS 
• Library Circulation 
• Office Automation 

Document Tracking 
• Health Industry 

Medication Dispensation 
Blood banks 

• Transportation 
Waybill Tracking 

COIIflGURIUION DISPLAY 
••• Version 14.3 --.- •• - •• -- •• - •••• - ••••• -. (e) Hewlett-Packard 1986-1992 

talE IREAD ICllECIC CIWI I LENGTH I talE ID I OTHER CONfIG. SETTINGS 
___ I __ lwrif_ .. it_IOi" __ I ... it: (off! I·· •••• -.••••• -•••• -•• -•• --
Code 39 I (yesl Ilno) I yes I (1J (32) I [a) IExtended: [no) 
Int. 2I511yes) Ilnol I yes 1[41 (32) I (b) ILength: [variablel 
Codaboor llyesl lnol I no 1111 (32) I [d1 Ilnclude start/stop: [yesl 
Code 12SlIyesl I yes I no 1111 (32) I [el I 
Code 11 llyesl I (1J I yes 1[21 l32J I [fl I 
MSI Code I (yes) yes I yes 1131 (321 I [g) I 
Code 93 llyes) I yes I no I (1J l32J I [hI I 
IK/EAII llyesll yes yes fixed I [el 1[+ nonel 

E: (OJ I I I I I lEAN: (yes) 10 chars: (off! 
••••• IESSAGE aJIIQIENTS .-••••• - •••••••••••••••• - •••••••••••• -•••••••• -. 

Ctrt c:Mr8Ct ... = • + lett... «m» = Extended Key Index 
1IadIr: [«61 ») 
Trolter:("II) 
IIo-relld: (<<61 »«61 »1 
•• - kETCXIDES """-"-CFElATOR fEEDIJACIC··········· MISCELlANEWS ••••••• 
Key Det.,:(1J. IRudy SIgnal: [on) IPIedgeJ ( .. ing k.,a.rd) 
!U.S. Engllshl Meru Scan RespaNeS: (on) IlIo-reed recognl tion: (offl 
Code SeUlautol"2IGood Reed LED:(fI ..... ' I'Mllly:(lUtol"PC/AT.PS/2 
ALT __ :[offJl lentl Chars:IASCIIJ 
-_ .. ----------------------- .. -.. --_.- .............. _ .. _ .. -~ .......... --_ .... _ .. -_ ...... _ ........ -...... .. 

All items within the square brackets [ I are configurable. 
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Specifications 
Scan Speed ........... 7.6 - 127 cm/s 

(3 to 50 in/s) 
Tilt Angle ........................ 5 to 40° 
Minimum Contrast ............... 450/0 
Light Wavelength: 

HBKW-1OXX 
HBKW-12XX 
HBKW-14XX 

Resolution: 
HBKW-I0XX 

HBKW-12XX 

HBKW-14XX 

655 nm 
655nm 
820nm 

0.33mm 
(0.013 in) 

0.19mm 
(0.0075 in) 

0.13mm 
(0.005 in) 

Wand Diameter ... 23 mm (0.9 in) 
Wand length ...... 160 mm (6.3 in) 
Weight .................. 165 g (5.9 oz) 
Color .................................... Gray 
Case ...................... Polycarbonate 
Tip ................................ Sapphire 

D 
PC 

KEYBOARD 
ATIACHUENT 
OPTIONAL 

Figure 1. Systems Configuration. 
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Environmental 
Temperature: 
Operating: 
-20°C to + 70°C (_4°F to 
+ 1580fij 

Storage: 
-40"C to + 70°C (-40°F to 
+ 1580fij 

Humidity (Non-condensing): 
95% at + 40"C ( + 104 Ofij max 
(non-condensing) 

Ambient Light: 
100 K lux (max) 

Rain: 
MIL-STD-810, Method 506, 
Procedure II 

Dust: 
MIL-STD-810, Method 510 

Shock: 
Ten drops to sealed concrete 
(random orientation) from 
1.2 m (4 ft) 

Model 

HBKW-I000 Series 

o 

Typical Current Draw 
Idle ................................... 10 rnA 
Operating .......................... 20 rnA 
LED Enable .................... + 11 rnA 

FCC Certification 
This equipment has been tested 
and found to comply with the 
limits for a Class B digital device, 
pursuant to Part 15 of the FCC 
Rules. Operation is subject to the 
following two conditions: (1) This 
device may not cause harmful 
interference, and (2) this device 
must accept any interference 
received, including interference 
that may cause undesired 
operation. 

23.0 (0.9)--

FCC Identification 

FCC ID: B94KDRZ 

1+- 35.6 ---+1 
I (1.4) I 

11_' -~159(6'3)-~.1 
00000 

T-CONNECTOR 

~.l 
--------841 (33.1)-------_· 

NOMINAL DIMENSIONS IN MILLIMETERS (INCHES) 

HBKW-1010/1210/1410 (1) MALE S-PIN DIN CONNECTOR 
(2) FEMALE 5-PIN DIN SOCKET 

HBKW-1020/122011420 (1) MALE 6-PIN MINI DIN CONNECTOR 
(2) FEMALE 6-PIN MINI DIN SOCKET 

Figure 2. Wand Contlguration. 



Ordering Information 
Low Resolution Medium Resolution 

0.33 mm (0.013 in) 0.19 mm (0.0075 in) 

LED Wavelength 655 nm (Visible Red) 655 nm (Visible Red) 

5 PIN DIN Connector HBKW-lOlO* HBKW-121O 

6 PIN Mini-DIN Connector HBKW-I020* HBKW-1220 

'Lowand High Resolution KeyWand Readers are built to order devices. 

Universal KeyWand Kit 
HBKW-1240 Will work with either 5-pin DIN or 6-pin Mini-DIN 

keyboard interlaces. 
Kit includes: HBKW-1220 KeyWand Reader 

HBKW-1910 Installation and 
Operation Guide 

HBKW-1920 Wand Holder 
HBKW-1925 Interlace Adapters and 

Quick Start Instructions. 

KeyWand Accessory Part Numbers 
HBKW-191O Installation and Operation Guide 
HBKW-1920 Wand Holder 
HBKW-1925 Interlace Adapters (2) (5 pin DIN to 6 pin Mini-DIN) 
HBKW-1991 Replacement Tip/Case 
HBCS-A990 Case Replacement Tool 

Warranty and Service 
The Hewlett-Packard KeyWand 
Bar Code Reader is warranted for 
a period of one year from date of 
purchase covering defects in 
material and workmanship. 
Hewlett-Packard will repair or, at 
its option, replace products that 
prove to be defective in material 
or workmanship under proper use 
during the warranty period. 

HEWLETT-PACKARD MAKES NO 
WARRANTY OF ANY KIND WITH 
REGARD TO THIS MATERIAL, 
INCLUDING, BUT NOT LIMITED 
TO, THE IMPLIED WARRANTIES 
OF MERCHANTABILITY AND 
FITNESS FOR A PARTICULAR 
PURPOSE. 

Note: The shell of the connector 
must be tied to ground for proper 
operation of the HP KeyWand 
Reader. 

The CE Mark demonstrates 
compliance with EC directives on 
EMC. 

High Resolution 
0.13 mm(0.005 in) 

820 nm (Infra Red) 

HBKW-141O* 

HBKW-1420* 
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Hewlett-Packard SmartWand 
Bar Code Reader 

Technical Data 

Features 
• Automatically Decodes 9 Bar 

Code Symbologies 
- Code 39 - Standard or 

Extended 
-Int.2of5 
-UPCA,E 
- Codabar 
-MSI Code 

• LED Feedback 

Code 128 
EAN 8,13 
Code 11 
Code 93 

• Low Current Draw 
• Programmable Either by Bar 

Code Labels or by Escape 
Sequences 

• Configuration Stored in Non­
Volatile Memory 

• CMOStrTL Interface 
- Output 0 to 5 volts 
- Input up to ± 15 volts 

• Manufacturing - ISO 9002 
Certified 

• Full One Year Warranty 

Description 
The Hewlett-Packard Smart Wand 
Bar Code Reader is a bar code 
scanning wand with an integrated 
decoder. It transmits data to a 
computer via an asynchronous 
serial port, using CMOS level 
signals, at user defmable baud 
rates. The SmartWand Reader's 
configuration may be changed by 
scanning special bar code menus, 
or by sending escape sequences 
to the wand from the host. The 

4-66 

configuration is stored in non­
volatile memory, allowing the 
SmartWand Reader to retain the 
configuration when the power is 
turned off. A Configuration 
Display option sends a summary 
of the configured options to the 
screen. 

In its default configuration, the 
SmartWand Reader can 
automatically recognize and 
decode 9 standard bar code 
symbologies. Configurable 
options include: symbology 
selection, checksum verification, 
length checking, message editing, 
LED feedback control, Code 39 

rli~ HEWLETT$ 
~I!JIIII PACKARD 

HBSW-8000 Series 
Polycarbonate or Metal 
Housing 

digital wand emulation mode, 
serial port configuration, and 
various I/O protocols such as 
single read modes, XonIXoff 
pacing and no-read recognition. 

The polycarbonate-cased 
SmartWand Readers (HBSW-
8000,8200,8400) have an LED 
near the tip that flashes after a 
good read. The LED also flashes 
during bar code menu 
programming and to signal any 
self-test failures after power-up. 

All Smart Wand Readers have an 
enhanced software version of 
Hewlett-Packard's proven 
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decoding algorithm. The 
Smart Wands are also very 
suitable for portable computer or 
terminal applications due to its 
low current draw. 

Visual Feedback LED 
The SmartWand Readers with 
polycarbonate-cases have an easy­
to-see Feedback LED near the 
scanner tip that acknowledges a. 
good read. This is useful in a 
noisy environment or where 
silence is required. Since the 
state of the LED can be controlled 
by escape sequences, the host 
processor can turn the LED on or 
off at any time. 

SmartWand Reader 
Configuration 
The SmartWand Reader can be 
configured by scanning special 
bar code labels or by receiving 
escape sequence commands from 
the host. This allows decoding 
options and interface protocols to 
be tailored to a specific applica­
tion. Configuration labels and a 
list of escape sequences are 
printed in the SmartWand User's 
Manual (PIN: HBSW-8997). The 
SmartWand Reader can display 
its current configuration on the 
host's screen. See sample. 

.Programmable Features 
Bar code selection and 

decoding options 
Check character verification 

and transmission 
Serial port parameters and I/O 

protocols 
Message editing 
Header and terminators 
LED operator feedback 
Label length checking 
No Read recognition 
. Digital wand Code 39 emulation 

Wand Specifications 
Scan Speed ......... 7.6 to 127 cm/s 

(3 to 50 in/s) 
Tilt Angle ....................... 5° to 40° 
Minimum Contrast ............... 45% 
Color ................................... Black 
Wand Diameter ... 23 mm (0.9 in) 
Wand Length .... 160 mm (6.3 in) 
Weight: 

Aluminum .......... 153 g (5.4 oz) 
Polycarbonate ... 140 g (4.9 oz) 

Tip ................................ Sapphire 

Configuration Display 

Environmental 
Temperature: 
Operating: 
-20°C to 700C (_4°F to 158"F) 

Storage: 
-40°C to 700C (-40°F to 158"F) 

Humidity (Non-condensing): 
95% at 400C (104"F) max. 

Ambient Light: 
100,000 lux (maximum) 

Rain: 
MIL-STD-810, Method 506, 
Procedure II (polycarbonate) 

Dust: 
MIL-STD-81O, Method 510 

Shock: 
Ten drops to sealed concrete 
(random orientation) from 
1.2 m (4 ft) 

IXlIIFlCUtATlCJI DISPLAY 
--- Version 12.5 - •• ----- •• ----.------ •• --- (c) Hewlett-PlICkard 1986-1992 

I CXI)E IREAD ICHECK CHAR I LENGTH I cmE ID I OTHER IXlIIFlG. SETTINGS I 
1 ___ I __ lverif_lIIIit_lllin_nulllllit: [offll--···---···-·--···---···--I 
ICode 39 I [yes] I [no] I yes 1[1] [32] I [al I Extended: [no] I 
lint. 2J51[yes] I [no] I yes 1[4] [32]1 [b] I Length: [variable] I 
ICodabIIr I [yes] I [no] I no I [1] [32] I [dJ I Include start/stop: [yes] I 
ICode 1281 [yes] I yes I no 1[1] [32] I [e] I I 
I Code 11 I [yes] I [1] I yes I [2] [32] I [1] I I 
IIISI Codel [yes] I yes I yes 1[3] [32] I [g] I I 
I Code 93 I [yes]1 yes I no I [1] [32] I [h] I I 
IUPC/EAN I [yes] I yes I yes I fixed I [c] I [+ none] I 
I E: [0] I I I I I lEAN: [yes] ID chars: [off] I 
1--- MESSAGE C'M'OHENTS (control charllCter" A + letter) -·-·---····-····-1 
IlIeIIder: C I INo-read: [] I 
ITrai ler: ["M"Jl IMessage Ready: [AF] I 
IReader Address: 0 IMessage Not Ready: ["U] I 
1-- SERIAL PORT --------- PACING -----.---- •• --- •• -- MISCELLANE<IJS -·-·---1 
IBaud Ritte: [96l'O] IXOII/XOFF Protocol: [off] INo-React Racognl tlon: [off] I 
IPari ty: [O's] ISlngle Read Mode: [off] Iscanner: [enabled] I 
IStop Bits: [1] , •• _.- FEEDBACK: [an] ·~-···'Buffering:[None] I 
I [2Qns]Delay: [off] ILED: [flashes] Active: [high] IIIOVRAM Salf Test: [off] I 
............................................................................. -..... --_ .... -............. --- -_ ...... _ ..... -_ ........ -_ ...... .. 

All it.ems within the oqua ... _ [ 1 are conllprable. 
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Electrical Interface 

Vee Limits (V) Min. Max:. 

Operating 4.5 6.0 

Absolute Rating -0.3 6.0 

Supply Ripple 100 mV peak to peak 

FCC Certification 
HP's Smart Wand Readers have 
received FCC certification for 
their standard configuration only. 
Any customer purchasing the 
product with stripped and tinned 
leads or a connector without 
adequate shielding has the 
responsibility to comply with FCC 
regulations. Moreover, if the HP 
SmartWand Reader is purchased 
without a connector, the product 
becomes defined as a sub­
assembly and the FCC Identifica­
tion number no longer applies. 
HP assumes no responsibility or 
liability for users of the HP 
SmartWand Readers without 
connectors that fail to comply 
with FCC regulations. 

This equipment has been tested 
and found to comply with the 
limits for a Class B digital device, 
pursuant to Part 15 of the FCC 
Rules. Operation is subject to the 
following two conditions: (1) This 
device may not cause harmful 
interference, and (2) this device 
must accept any interference 
received, including interference 
that may cause undesired 
operation. 

Model FCC Identification 

HBSW-8XXX FCC ID: B94KDRZ 
Series 
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Typical Current Draw - Icc (rnA) 

Vee 

Mode 4.5 5.0 6.0 

Idle 8 9 12 

Scanning 16 18 24 

With LED on 25 29 38 

General Mechanical Specifications 
SAPHIRETIP 

I LED 

~CI i ~~~ 
m HEWLETTPACKA!II ~ 

I: 160(6.3) 'I 
~ 

«I I~ 
ITC~ f a ~ 24~ J! 
(13)(0.98) D . 23~ ~+.j f- ~8.1 (1.5)- ::J~ 1f 1

80m 

15.2 (0.6) ~ I I-- 66 (2.6) ---I 

<III 

300 (12) 
200(8) 

1M HEWLETT PACKARD 111111c:::?= 21(0.94) 

.y1::=======_160_(6_.2):::::::::~;·I11IFFS·:l~7::.6-;:-= .. (0=7=)-'---.---~-\ 
t + -~) 

(~F'1 D ~sF~ ~~ 160m 

7.6(0.3)+.j f- 38.1(1.5)-
15.2(0.6)~ I I-- -66(2.6) 

I----::W~) 

DIMENSIONS IN MILUMETERS (INCHES) 

The CE Mark demonstrates 
compliance with EC directives on 
EMC. 



Connector 
The standard connector is a 9 pin male D 
connector. There is also an option for the cable 
to have stripped and tinned wires. 

Pin Diagram 

Wll'e 
Pin # Color Function 

1 - N/C 

2 White TxD Transmitted Data 
(from the Reader) 

3 Green RxD Received Data 
(to the Reader) 

4,5,6 - N/C 

7 Black Ground 

8 - N/C 

9 Red Vee 

Shell Braid Shield 

Shield and ground are tied together in the 
connector. 

o 
1 

o 
2 

o 
3 

o 
4 

o 0 0 0 
6 7 8 9 

o 
5 

MALE 9 PIN SUBMINIATURE D CONNECTOR 

Pin Description 
Pin 2 TxD - The data output signal TxD obeys 
standard serial asynchronous data formats, but 
uses zero to five volts CMOS logic levels. It can 
be described as CMOS level RS-232. The TxD 
output circuit is shown in the figure below. It 
will drive TTL, LSTTL, CMOS, HC, and HCT 
inputs. 

TxD Output Specifications 
(Vee = 4.5 V, TA = 25"C) 

Min. 

VOH 4.4 V@ 20~ 
3.8V@6rnA 

VOL 

IOL 

TxD Circuit 

-{::>o-- TxD 

74HCT240 

Max. 

O.lOV@ -20 ~ 
0.33 V@-6rnA 

35 rnA 

Pin 3 RxD - The received data signal RxD 
expects the standard asynchronous serial data 
format. It will accept either CMOS level or true 
RS-232 level signals. The figure below shows the 
equivalent input circuit. 

RxD Input Specifications 
(Vee =5.0 V, TA = 2.5"C) 

I :: I 
2.0V500~ 

0.8.V@ l~ 

RxD Circuit 

~
OOkQ 

RxD 

4.7 kQ 74HCT240 

Note: If the part is purchased with stripped and 
tinned wires, or if the connector is removed, the 
ground and shield wires must be connected 
together for proper operation. 
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Ordering Information 

LED 
Part Number Housing Resolution Wavelength 

HBSW-8000* Polycarbonate Low- 655nm 

HBSW-8100* Metal 0.33 rom (O.oI3 in) 

HBSW-8200 Polycarbonate Medium- 655nm 

HBSW-8300 Metal 0.19 rom (0.0075 in) 

HBSW-8400* Polycarbonate High- 820nm 

HBSW-8500* Metal 0.13 rom (0.005 in) 

* Low and High Resolution SmartWand Readers are built to order devices. 

SmartWand Kits 

HBSW-8205 - Polycarbonate SmartWand Kit 
Includes: HBSW-8200 General Purpose Reader 

HBSW-8997 User's Manual 
HBCS-299B Black Wand Holder 

HBSW-8305 . Metal SmartWand Kit 
Includes: HBSW·B300 General Purpose Reader 

HBSW-B997 User's Manual 
HBCS-299B Black Wand Holder 

SMartWand Accessory Part Numbers 
HBSW-B997 User's Manual 
HBCS-299B Wand Holder (black polycarbonate ) 
HBSW-B991 Replacement Polycarbonate Case with LED Wmdow 

and Tip 
HBCS-4999 Replacement Tip for Metal Case 
HBCS-A990 Plastic Case Replacement Tool 
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Warranty and Service 
The Hewlett-Packard SmartWand 
Bar Code Reader is warranted for 
a period of one year from date of 
purchase covering defects in 
material and workmanship. 
Hewlett-Packard will repair or, at 
its option, replace products that 
prove to be defective in material 
or workmanship under proper use 
during the warranty period. 

HEWLETT-PACKARD MAKES NO 
WARRANTY OF ANY KIND WITH 
REGARD TO THIS MATERIAL, 
INCLUDING, BUT NOT LIMITED 
TO, THE IMPLIED WARRANTIES 
OF MERCHANTABILITY AND 
FITNESS FOR A PARTICULAR 
PURPOSE. 
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F/i;;W HEWLETT® 
~I:.. PACKARD 

Low Current Digital 
Bar Code Wand 

Technical Data 

Features 
• Rugged Polycarbonate Case, 

Switched or Unswitched 
• Ultra Low Continuous 

Current Draw 
• Available in 3 Resolutions to 

Meet a Variety of Scanning 
Needs 

• High Ambient Light 
Rejection-Operates in 
Direct Sunlight 

• Visible Red (655 nm) and 
Infrared (820 nm) Versions 
Available 

• Scan Angle: 0° to 45° Typical 
• Manufacturing: ISO 9002 

Certified 

Selection Guide 
Wand Type 

Typical Resolution 0.33mm 
(0.Q13 in.) 

Description 
The HBCS-AOOO series low 
current digital wands are hand 
held scanners optimized to 
provide excellent scanning of all 
common bar code formats. The 
patented low current, high 
ambient light rejection circuitry is 
packaged in a rugged 
polycarbonate case. 

Available in three resolutions, 
these wands are capable of 
reading a wide range of bar code 
printing. Visible red and infrared 
versions are available for reading 
a wide range of print types and 
colors. 

The wands are available with or 
without a switch to control the 
wand operation. 

Switched 

HBCS-AOOO Series 

Applications 
The HBCS-AOOO series wands are 
highly effective alternatives to 
keyboard data entry. These 
devices are especially designed 
for battery powered applications 
where low power drain is a 
primary concern. In addition to 
their low current draw, these 
wands are also designed to work 
in high ambient light, such as 
outdoors or near windows. 

Unswitched 
0.19mm 0.13 mm 0.33mm 0.19mm 0.13mm 

(0.0075 in.) (0.005 in.) (0.013 in.) (0.0075 in.) (0.005 in.) 

LED Wavelength 655nm 820nm 655nm 820nm 

5-PinDIN HBCS-AOOO* HBCS-A200 HBCS-A400* HBCS-AlOO* HBCS-A300 HBCS-A500* 
Connector 
9-PinD-Sub HBCS-A008* HBCS-A208* HBCS-A408* HBCS-A108* HBCS-A308* HBCS-A508* 
Connector 
No connector: HBCS-A007* HBCS-A207* HBCS-A407* HBCS-A107* HBCS-A307* HBCS-A507* 
Strip and Tin Leads 
Individually Boxed Order Option #A01 with the above referenced part number. The wand is shipped in a 
Wand "kraft" box, including an HBCS-AOOO series data sheet. 

*Note: Build to order product only. Minimum stock is available for engineering evaluation purchases. 
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Specifications (TA = 25"C Typical) 

Parameter Minimum Maximum Units Notes 
Scan Velocity 7.6 (3) 127 (50) cm/sec (in/sec) 
Edge Contrast 45 % 1 
Supply Voltage (Vce) 4.5 5.5 V 
Supply Ripple 100 mVpp 
Temperature -20 +65 °C 
Ambient Light 100,000 lux 

Absolute Maximum Ratings 
Parameter Minimum Maximum Units 

Storage Temperature -40 +75 "C 
Operating Temperature -20 +65 "C 
Supply Voltage -0.5 +6 V 
Output Transistor Power 150 mW 
Output Collector Voltage -0.5 +20 V 

Electrical Characteristics (TA = 25°C) 

Parameter Min. Typ. Max. Units Conditions Notes 
Supply Current 2.5 3.5 5.0 rnA Vs = 5.0V 2 
High Level Output Current 1.0 A VOH = 2.4 V 
Low Level Output Voltage 0.4 V IOL = 16 rnA 
Output Rise Time 3.4 20 I1s 3 
Output Fall Time 1.2 20 I1s 3 
Switch Bounce 0.5 5.0 ms 4 
ESD Immunity 25 kV 5 
ESD Isolation Unswitched Wands 15 kV 5 
ESD Isolation-Switched Wands 8 kV 5 
Wake-Up Time 50 200 ms 6 

Notes: 
1. Contrast is defined as Rw' RB where Rw is the reflectance of the white spaces and RB is the reflectance of the black bars, measured 

at the emitter wavelength (655 nm or 820 nm). Contrast is related to PCS by PCS = (Rw' RB)/Rw or Rw' RB = PCS • Rw. 
2. Not including the pull-up resistor current. 
3. 10% to 90% transitions. 
4. Switch bounce causes a series of sub millisecond pulses to appear on the output. 
5. Shield must be properly terminated. The human body is modelled by discharging a 300 pF capacitor through a 500 Q resistor. No 

damage to the wand will occur at the specified discharge level. The energy will be passed through the shield to the host device. 
6. After this time, the wand is operational. 
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Electrical Operation 
The HBCS-AOOO series digital bar 
code wands consist of a precision 
optical sensor and an electronic 
circuit that creates a digital 
output of the bar code pattern. 
The open collector transistor 
requires only a pull-up resistor to 
provide a TTL compatible output. 

A non-reflecting black bar results 
in a logic high (1) level output, 
while a reflecting white space will 
cause a logic low (0) level output. 
The initial state will be indeter­
minate. However, if no bar code 
is scanned, after a short period, 
(typically less than 1 second), the 
wand will assume a logic low 
state. 

The wands provide a case, cable 
and connector shield which must 
be terminated to logic ground, or 
preferably, to both logic ground 
and earth ground. The shield is 
connected to the metal housing of 
the 5 pin DIN connector. 

Certification 
FCC Certification (US Only) 
Hewlett-Packard products have 
received FCC certification for its 
standard configuration only. Any 
customer purchasing the product 
with stripped and tinned leads or 
a connector without adequate 
shielding has the responsibility to 
comply with FCC regulations. 
Moreover, if the Hewlett-Packard 
Low Current Bar Code Wands are 
purchased without a connector, 
the product becomes defined as a 

subassembly and the FCC identi­
fication number no longer applies. 
Hewlett-Packard assumes no 
responsibility or liability for users 
of the Hewlett Packard Low 
Current Digital Bar Code Wands 
without connectors that fail to 
comply with FCC regulations. 

This equipment complies with 
Part 15, Class B, of the FCC 
Rules. Operation is subject to the 
following two conditions: 

1) This equipment may not cause 
harmful interference, 

2) This equipment must accept 
any interference that may 
cause undesired operation. 

Model 
HBCS-AOOO through -A099 

HBCS-A100 through -A199 

HBCS-A200 through -A299 

HBCS-A300 through -A399 

HBCS-A400 through -A499 

HBCS-A500 through -A599 

The CE Mark demonstrates 
compliance with EC directives 
onEMC. 

VCCI Registration: Pending 

Warranty and Service 
Hewlett-Packard Low Current 
Digital Bar Code Wands are 
warranted for a period of one 
year after purchase covering 
defects in material and 
workmanship. Hewlett-Packard 
will repair, or at its option, 
replace products that prove to be 
defective in material or 
workmanship under proper use 
during the warranty period. 

NO OTHER WARRANTIES ARE 
EXPRESSED OR IMPLIED, 
INCLUDING BUT NOT LIMITED 
TO THE IMPLIED WARRANTIES 
OF MERCHANTABILITY AND 
FITNESS FOR A PARTICULAR 
PURPOSE. HEWLETT-PACKARD 

FCC Identification 
FCC ID: B948JAHBCS-AOOO 
HEWLETT-PACKARD 
FCC ID: B948JAHBCS-AOOO 
HEWLETT-PACKARD 
FCC ID: B948JAHBCS-A200 
HEWLETT-PACKARD 
FCC ID: B948JAHBCS-A300 
HEWLETT-PACKARD 
FCC ID: B948JAHBCS-A400 
HEWLETT-PACKARD 
FCC ID: B948JAHBCS-A500 
HEWLETT-PACKARD 

IS NOT LIABLE FOR CONSE­
QUENTIAL DAMAGES. 

For additional warranty or service 
information please contact your 
local Hewlett-Packard sales 
representative or authorized 
distributor. 
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Wand Dimensions and Connector Configurations 

SWITCH C 23 (0.9) 

<c..i..=---:I~=;;=§=W'::J::~ =:T/~ 

19 (0.8) =t (0~i~5) 

f~' --------~I~ 

~--1-80-(~6.3;)~~:1I!311!001l!(1I!12!iil) !iM1iI!C===.=1 =' 3 ~;r--".J 
HBCS 
AX08 

3 
HBCS 4~2 
AXOO 51!yV1 o 0 

ALL DIMENSIONS IN MILLIMETERS (INCHES) 

Preferred . Orientation 
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TILT ANGLE 
10· TO 30· 

PRODUCT 
IDENTIFICATION 
LABEL Function 

Vee 
Output 
Ground 
Shield 

HBCS-AXOO HBCS-AX08 Wire Color 
1 9 Red 
2 2 White 
3 7 Black 

Shell 8 Braid 
All other pins are N/C 

Shield and ground are tied together in the connector. 

Note: If the part is purchased with stripped and tinned wires, or if the 
connector is removed, the ground and shield wires must be connected 
together for proper operation. 

Preferred Electrical 
Connection 

Vee 
>---------~------~------Vee 

4.71<0 10 \IF 

OUTPUT 
>----------+------t------- OUTPUT 

GROUND 
>-----------------~~----GROUND 

SHIELD 
) 

1 
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Industrial Digital Bar Code Slot 
Reader 

Technical Data 

Features 
• Multi Resolution 

Compatible with virtually all bar 
code resolutions 

• Large Slot Width 
Allows reading thickly 
laminated cards 

• Sealed Metal Case (IP 66/67) 
Can be installed outdoors or in 
wet environments 

• Tamper Proof Design 
Ideal for security applications 

• Minimal First Bar Distortion 

• 880 nm Light 
• Wide Operating Temperature 

Range 
-40"C to + 70"C 

• Wide Scan Speed Range 
• Black Textured Epoxy Finish 
• Digital Output 

Open collector output compat­
ible with TTL and CMOS logic 

• Single +5 Volt Supply 

Description 
Hewlett-Packard's Industrial 
Digital Slot Reader is designed to 
provide excellent scanning 
performance on a wide variety of 
bar coded cards and badges. It 
contains a unique optical! 
electrical system that integrates 
over a large vertical area of the 
bar/space pattern, providing a 

5965-3007E 

greatly improved first read rate 
even on poorly printed bar codes. 

The HBCS-7100 Series uses an 
infrared (880 nm) light with 0.19 
mm (0.0075 in.) resolution. 

The extra large depth of field 
allows the slot reader to have a 
slot width of 3.2 mm (0.125 in.), 
thus making it possible to read 
even thickly laminated cards and 
badges. When used as a stand 
alone optics module, the 
maximum depth of field is 
dependent upon resolution. 

The optics and electronics are 
housed in a rugged metal case. 
The case is fully gasketed and 
sealed, making it suitable for use 
in outdoor or wet environments. 
The black epoxy coating adds a 
durable, finished look to the 
Digital Slot Reader. When 
installed using the rear screw 
holes, the units become tamper 
proof, making an excellent choice 
for security access control. 

The optical system is centered in 
the slot track, allowing the user to 
easily scan from either direction. 
The wide slot width makes it easy 
to insert and slide the cards. The 
optical system is covered with a 

r/i~ HEWLETT® 
~r.JIII PACKARD 

HBCS-7100 Series 

recessed window to prevent 
contamination and reduce the 
wear on the cards. 

The standard slot reader comes 
with the optics module mounted 
on a base plate with an opposite 
rail and 122 cm (48 in.) straight 
cord. Two standard connectors 
are available: a male 5 pin, 240°, 
locking DIN (HBCS-7100); or a 
female, 9 pin D-sub squeeze to 
release, (HBCS-7l08). 

The optics module (HBCS-7150) 
is available which can be 
integrated into other equipment 
or used as a stand alone sensor 
assembly. 

Applications 
The digital bar code slot reader is 
a highly effective alternative to 
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keyboard data entry. Bar code 
scanning is faster and more 
accurate than key entry and 
provides far greater throughput. 
In addition, bar code scanning 
typically has a higher first read 
rate and greater data accuracy 
than optical character recogni­
tion. When compared to magnetic 
stripe encoding, bar code offers 
significant advantages in flexibil­
ity of media, symbol placement 
and immunity to electromagnetic 
fields. 

Hewlett-Packard's Industrial 
Digital Slot Reader is designed for 
applications where high first read 
rate and durability are important 
factors. The epoxy coated metal 
case with its tamper proof 
mounting system, makes these 
slot readers ideal choices for 
security access control, time and 
attendance recording and other 
bar coded badge and card reading 
applications. 

Electrical Operation 
The HBCS-71XX family of digital 
slot readers consists of a pre­
cision optical system, an analog 
amplifier, a digitizing circuit, and 
an output transistor. These 
elements provide a TTL compat­
ible output from a single 4.5 V to 
5.5 V DC power supply. The open 
collector transistor requires a 
pull-up resistor for proper 
operation. 

A non-reflecting black bar results 
in a logic high (1) level output, 
while a reflecting white space will 
cause a logic low (0) level output. 
After power up, the slot reader 
will be fully operational afier 
approximately 6 seconds. During 
operation, the slot reader will 
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assume a logic low state afier a 
short. period (typically 1 second) 
if no bar code is scanned. This 
feature allows multiple scanners 
(slot readers and wands) to be 
connected together with a simple 
OR gate. 

The slot reader connector pro­
vides a shield which is connected 
to signal ground. The shield is 
connected either to the metal 
housing of the 5 pin DIN 
connector, or to pin 8 of the 9 pin 
D-sub connector. A good 
connection to earth ground is 
recommended. 

The maximum recommended 
cable length is 7.6 m (25 ft.). 

WARNING: 
OBSERVING THE INFRARED 
LIGHT SOURCE IN THE HBCS-
7150 AT CLOSE DISTANCES 
FOR PROLONGED PERIODS OF 
TIME MAY CAUSE INJURY TO 
THE EYE. When mounted with 
the rail in place, the infrared 
output flux is radiologically safe. 
With the rail removed, precau­
tions should be taken to avoid 
prolonged visual observation. 

Mounting Considerations 
Slot Reader 
The slot reader (HBCS-71 00/ 
7108) is designed to be virtually 
tamper proof when mounted 
using the two rear mounting 
holes. In this case, the cable must 
be routed from the rear of the slot 
reader through the mounting 
surface (wall, door, etc.). 

When mounting the slot reader, 
the cable may be routed through 
the mounting surface (see above), 

or it may be routed along grooves 
. in the base and exit the side of the 
slot reader at any of four points. 
This allows flexibility in the 
mounting orientation. 

Optics Module 
The optics/electronics module 
(HBCS-7150) is designed for 
applications which require a 
different slot width, integration 
into a larger housing, or a fixed 
beam stationary scanner. When 
using the optics module, the 
operating distance from the front 
surface of the module to the 
symbol will vary depending on the 
symbol resolution. Figure 1 shows 
the relationship between operat­
ing range and minimum symbol 
resolution for a typical optics 
module. 

This relationship was applied in 
the design of the slot reader, 
where a slot width of 3.2 mm 
(0.125 in.) insures excellent 
performance reading bar code 
symbols which have a nominal 
resolution of 0.19 mm (0.0075 
in.) and include normal printing 
errors. 

Ui" 
W 
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U 
Z 
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I 
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MINIMUM SYMBOL RESOLUTION - mm (INCHES) 

Figure 1. 



Recommended Operating Conditions 
Parameter Symbol Min. Max. Units Notes 

Nominal Narrow Element Width 0.19 (0.0075) mm(in.) 

Scan Velocity Vscan 20 (8) 254 (100) mm(in.) 1 
Contrast RWRB 45 % 2 
Supply Voltage Vs 4.5 5.5 V 3 
Ambient Temperature TA -40 +70 °C 4 
Ambient Light Ev 100,000 lux 5 

Absolute Maximum Ratings TA = 250C (unless specified otherwise) 

Parameter Symbol Min. Max. Units Notes 

Storage Temperature Ts -40 +80 OC 
Supply Voltage Vs -0.3 +7.0 V 
Output Transistor Power PT 200 mW 
Output Collector Voltage Vo -0.3 +20 V 

Electrical Characteristics 
TA = 25OC, Vs = 4.5 V to 5.5 V (unless specified otherwise) 

Parameter Symbol Typ. Max. Units Conditions Notes 
Supply Current Is 56 100 rnA Vs = 5.0V 
High Level Output Current IOH 1.0 J.lA. VOH = 2.4 V 
Low Level Output Voltage VOL 0.4 V IOL = 16 rnA 
Output Rise Time t,. 0.9 5.0 llS 10% - 90% transition 
Output Fall Time tr 0.Q7 5.0 ~s 

RL=lkn 

Electrostatic Discharge Immunity ESD 25 kV 

Notes: 
1. Measured scanning a symbol with 0.19 mm narrow elements. For larger narrow element widths, the maximum scan speed will 

increase proportionally. 

6 

2. Contrast is defmed as RWRB where Rw is the reflectance of the white spaces and RB is the reflectance of the black bars, measured at 
880nm. 

3. Allowable power supply ripple and noise is frequency dependent. See Figure 5. 
4. Non-condensing. If there is frost or dew over the optics window, it should be removed. for optimal scanning performance. 
5. Direct sunlight at any illumination angle. 
6. The shield must be properly terminated (See Figure 2). The human body is modeled by discharging a 300 pF capacitor through a 

500 n resistor. No damage to the slot reader will occur at the specified level. 
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Vs 
Vs 

Interface Specifications 
The slot reader has two different 
standard connectors: a 5 pin, 240 
metal locking DIN; or a 9 pin 
female D-sub squeeze to release. 
The recommended interface is 
shown in Figure 2. The mechani­
cal specifications for the 5 pin 
DIN are shown in Figure 3. The 
mechanical specifications for the 
9 pin D-sub are shown in 

Vo t 10 ItO 10~F 

~ GND 

I )SHIELD OJ,.-& 

Vo 

GND 

Figure 2. Recommended Interface. 

Figure 4. 

Pinout 
Spin . 9 pin 

Function DIN D-sub 

Vs 1 9 
Output 2 2 
Ground 4 7 Figure 3. Connector Configuration for BBCS-71XO. 

Shield Case 8 
No Connect 3,5 1,3,4,5,6 

Shield and ground are tied together in the connector. 

Note: If the part is purchased with stripped and tinned wires, or if the connector is removed, 
the ground and shield wires must be connected together for proper operation. 

Wire Color 
Function Color 

Vs Red 
Output Yellow/White 

PI~N5 

~ 
Ground Black PIN 6 PIN 1 

Shield Braid Figure 4. Connector Configuration for BBCS-71X8. 

PSRR Performance 

> 10000 
E 
I 
~ 

~ 1000 
~ 
:i ... 

10 

1 

..... 

r--. I' 

40 so 100 200 500 SOO 100 200 SOO SOO 100 200 SOO SOO 1 E+ 2E+ SE+ SE+ 1 E+ 
o 0 0 00000 00 00 ~ ~ ~ ~ ~ 

FREQUENCY - KHz 

Figure 5. Ripple Noise Needed to Switch Output. 
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The CE Mark demonstrates 
compliance with EC directives on 
EMC. 



Dimensions 

1.27 (O·50)'tLL::LEI ~J=l~~1 ITJ~+~I ~[Ju I 2.03:0.80) 

0.25 (0.10)S-U ~ 

Notes: 

CABLE @ 

11.43 
(4.50) 

[ (0.65) 
2.79 0.69 

(1.10) (0.35) 

#8-32 TAPPED 
HOLE (2) 

0.475 (0.187) DIA. 
LOCATING PIN (2) 

2.03 (0.80) DIA. 
MAlt 

2.79(1.10) 2·03t 80) t + ~ 

* 1.90(0.75)-t--l~ I 
I--,~.~!~CABLE EXITS (2) 

(2.05) 

SLOT READER 
(HBCS-71 00171 08) 

OPllCS MODULE 
(HBCS·7150) 

7. Mounting holes on the HBCS·7100/7108 are suitable for either #10·32 or M5·0.80 screws. 
8. Mounting holes on the HBCS· 7150 are for #8·32 screws. 
9. Slot readers and optics modules have a black textured epoxy fInish. 

10. All dimensions are nominal and are stated in millimeters and (inches). 

Selection Guide 
HBCS-7100 

5 pin DIN Connector Standard 
9 pin D-Sub Connector HBCS-7108 
No Connector Strip HBCS-7104* 
and Tin Leads 

HBCS-7150 
Standard· 

NA 
HBCS-7154* 

Individually Boxed Order Option #AOI with the above referenced part-number. The slot reader 
Slot Reader is shipped in a "kraft" box, including an HBCS-7100 series data sheet. 

'Build to order product only. Minimum stock available for engineering evaluation purchases. 
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Symbol Placement 
The center of the slot reader's 
optical system is located 12.7 rom 
(0.50 in.) from the bottom of the 
slot. Consequently, bar code 
symbols to be read by the slot 
reader must be positioned on the 
card(s) or document(s) at a 
height which insures that all bars 
and spaces will cross a line located 
12.7 mm from the bottom edge of 
the card(s) or document(s). For 
optimal performance, all bars and 
spaces should cross the area 
between 1.14 mm (0.45 in.) and 
1.40 mm (0.55 in.) from the 
bottom edge. 

The bars and spaces should be 
perpendicular to the bottom edge, 
however, a skew of ± 4 degrees 
from the perpendicular is 
acceptable. 
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Maintenance 
Considerations 
The slot reader and optics module 
include a window which is slightly 
recessed in order to prevent 
direct contact with the bar code 
symbol. This reduces the wear on 
both the window and the symbol. 
The window may become dirty 
over a period of time. If this 
occurs, clean the window with a 
commercial glass cleaner. 

Testing 
All Hewlett-Packard slot readers 
are 100% tested for performance 
and digitizing accuracy after 
manufacture. This insures a 
consistent quality product. More 
information about Hewlett­
Packard.'s test procedures, test set 
up, and test limits are available on 
request. 

Optional Features 
For options such as special cables 
or connectors, contact your 
nearest Hewlett-Packard sales 
office or authorized 
representative. 

Warranty and Service 
Hewlett Packard Slot Readers are 
warranted for a period of one year 
after purchase covering defects in 
material and workmanship. 
Hewlett-Packard will repair or, at 
its option, replace products that 
prove to be defective in material 
or workmanship under proper use 
during the warranty period. 

NO OTHER WARRANTIES ARE 
EXPRESSED OR IMPLIED, 
INCLUDING BUT NOT LIMITED 
TOTHEIMPLIEDWAR~S 

OF MERCHANTABILITY AND 
FITNESS FOR A PARTICULAR 
PURPOSE. HEWLETT-PACKARD 
IS NOT LIABLE FOR 
CONSEQUENTIAL DAMAGES. 

For additional warranty or service 
information, please contact your 
local Hewlett-Packard sales 
representative or authorized 
distributor. 
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Applications 
The following abstracts represent application notes that are 
not published in this catalog. These application notes can be 
obtained from your local Hewlett-Packard sales office or 
authorized HP distributor or representative (see section 5). 

Application Bulletin 75 
ESD Control in Portable Bar 
Code Readers 
This AB, which is applicable to 
the HBCS-AXXX series wands, 
provides information to help the 
designer of portable bar code 
decoders to harden their system 
to electrostatic discharge (ESD). 

Ordering No. 5954-2170 

AN 1008 
Optical Sensing with the 
HBCS-llOO 
This AN gives the basic optical 
flux coupling design for discrete 
emitters and detectors. It presents 
the concepts of modulation 
transfer function, depth of field, 
and reflective sensor design. It 
also discusses the optical and 
electrical operation of the HBCS-
1100 High-Resolution optical 
sensor. Finally, it presents 
electrical design techniques that 
allow the HBCS-ll 00 to interface 
with popular logic families. 

Ordering No. 5091-7363E 

AN 1013 
Elements of a Bar Code 
System 
This AN, which is applicable to all 
HP digital wands, describes in 
detail the elements that make up 
most bar code systems. Included 
is a discussion of the fundamental 
system design, detailed discussion 
of seven popular code 
symbologies, a section on symbol 
generation, and methods of data 
entry. A glossary of terms and a 
reference section are also 
included. This is an excellent 
publication for people who are 
just learning about bar code or for 
those who need a more 
comprehensive understanding of 
the subject. 

Ordering No. 5953-9387 

rl~ HEWLETT$ 
~~PACKARD 

AN 1040 
Ambient Light Rejection 
Circuit for the HEDS-lIiOO 
Bright ambient light causes the 
resolution of the HEDS-1500 
sensor to degrade when the 
sensor is dc driven. This AN 
presents a circuit schematic that 
allows full resolution in bright 
ambient light. Included are graphs 
showing limits of current and 
voltage, and frequency responses 
under specific conditions. 

Ordering No. 5952-2228 

4-81 







-

Ordering and Service 
Information 

How to Order 
To order any component in this 
catalog, call your nearest HP 
authorized distributor or HP sales 
office. 

A complete listing of HP 
authorized distributors is located 
on page 5-3. These distributors 
can offer off-the-shelf delivery for 
most HP components. 

Service and Support 
For technical assistance or the 
location of your nearest HP 
sales office, distributor or 
representative call (US and 
Canada only): 1-800-235-0312 or 
408-654-8675. Elsewhere in the 
world, call your local HP sales 
office. Ask for a Components 
representative. 

For Additional 
Information 
For additional technical literature 
not available in this catalog, try 
our fax-back service (US and 
Canada only) at: 1-800-450-9455. 

Information regarding Hewlett­
Packard Components Group 
products is available on the 
World Wide Web via the 
Components Group home page 
at: http://www.hp.com/go/ 
components 
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Warranty 
a) HP warrants hardware 

Products against defects in 
materials and workmanship (in 
relation to HP's published 
minimum/maximum specifica­
tions or Customer's specifications 
expressly accepted in writing by 
HP) for one year from shipment. 
This warranty extends only to 
Customer and not to indirect 
purchasers or users. If HP 
receives notice of such defects 
during the warranty period, HP 
will, at its option, either repair or 
replace Products which prove to 
be defective. If HP is unable, 
within a reasonable time, to 
repair or replace any Product to a 
condition as warranted, Customer 
will be entitled to a refund of the 
purchase price upon prompt 
authorized return of the Product 
toHP. 

b) Customer will prepay 
shipping charges (and will pay all 
duties and taxes) for Products 
returned to HP for warranty 
service. For valid warranty 
claims, HP will reimburse 
Customer for prepaid freight 
charges and return Products to 
Customer at HP's expense. 

FliP'W HEWLETTIID 
~~PACKARD 

c) Unless HP agrees in writing 
that Customer has configuration 
control, HP may make process or 
materials changes affecting the 
performance or other characteris­
tics of Products. Products 
supplied after such a change will 
continue to meet HP's published 
minimum/maximum specifica­
tions, but may not be identical to 
Products supplied as samples or 
under prior orders. 

d) The foregoing warranty will 
not apply to defects resulting 
from: improper or inadequate 
maintenance; non-HP software or 
interfacing; unauthorized 
modification or misuse; or, 
operation outside HP's published 
specifications for the Product. 

e) THE ABOVE WARRANTIES 
ARE EXCLUSIVE AND NO 
OTHER WARRANTY, WHETHER 
WRITTEN OR ORAL, IS 
EXPRESSED OR IMPLIED. HP 
SPECIFICALLY DISCLAIMS THE 
IMPLIED WARRANTIES OF 
MERCHANTABILITY AND 
FITNESS FOR A PARTICULAR 
PURPOSE. 
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HP Components 
Authorized Distributor 

FliPfJ HEWLETT'" a:r... PACKARD 

and Representative Directory 

Alabama California Future Electronics Penstock, Inc. 
Allied Electronics Allied Electronics 2220 O'Toole Ave. 5850 Oberlin Dr. 
1-800-433-5700 1-800-433-5700 San Jose 95131 Suite 208 

(408) 434-1122 San Diego 92121 
Arrow Electronics Arrow Electronics (619) 535-3015 
1015 Henderson Rd. 26677 W. Agoura Rd. Hamilton Hallmark 
Huntsville 35816 Calabassas 91302 (Corporate Office) Penstock, Inc. 
(205) 837-6955 (818) 880-9686 10950 W. Washington Blvd. (Corporate Office) 

Culver City 90230 520 Mercury Dr. 
Future Electronics Arrow Electronics (310) 558-2000 Sunnyvale 94086 
4825 University Ave. 6 Cromwell St. (408) 730-0300 
Suite 12 Suite 100 Hamilton Hallmark 
Huntsville 35816 Irvine 92718 140 Technology Dr. Zeus Electronics 
(205) 830-2322 (714) 454-4300 Suite 400 6 Cromwell St. 

Irvine 92718 Suite 100 
Hamilton Halhnark Arrow Electrouics (714) 641-4100 Irvine 92718 
4890 University Sq. 167 W. Poplar (714) 581-4622 
Suite 1 Porterville 93257 Hamilton Hallmark 
Huntsville 35816 (209) 781-4335 580 Menlo Dr. Zeus Electronics 
(205) 837-8700 Suite 2 6276 San Ignacio Ave. 

Arrow Electronics Rocklin 95765 San Jose 95119 
Newark Electronics 9511 Ridgehaven Ct. (916) 624-9781 (408) 629-4789 
1-800-367-3573 San Diego 92123 

(619) 565-4800 Hamilton Halhnark Colorado 
Penstock, Inc. 4545 Viewridge Ave. Allied Electronics 
1-800-PENSTOC Arrow Electronics San Diego 92123 1-800-433-5700 

1180 Murphy Ave. (619) 571-7540 
Arizona San Jose 95131 Arrow Electronics 
Allied Electronics (408) 441-9700 Hamilton Hallmark 101 Invernes Dr. East 
1-800-433-5700 2105 Lundy Ave. Englewood 80112 

Future Electronics San Jose 95131 (303) 799-0258 
Arrow Electronics 27489 West Agoura Rd. (408) 435-3500 

2415 W. Erie Dr. Suite 300 Future Electronics 
Tempe 85282 Agoura Hills 91301 Hamilton Hallmark 12600 West Colfax Ave. 
(602) 431-0030 (818) 865-0040 21150 Califa St. SuiteBllO 

Woodland Hills 91327 Lakewood 80215 
Future Electronics Future Electronics (818) 594-0404 (303) 232-2008 
4636 E. University Dr. 25B Technology 
Suite 245 Suite 200 Newark Electronics Hamilton Hallmark 
Phoenix 85034 Irvine 92718 1-800-367-3573 12503 East Euclid Dr. 
(602) 968-7140 (714) 453-1515 Suite 20 

Penstock, Inc. Englewood 80111 
Hamilton Hallmark Future Electronics 1401 HighlandAve. (303) 790-1662 
3011 South 52nd St. 755 Sunrise Ave. Suite 200 

Tempe, AZ 85282 Suite 105 Manhattan Beach 90266 Newark Electronics 
(602) 414-7500 Roseville 95661 (310) 546-8953 1-800-367-3573 

(916) 783-7877 
Newark Electronics Penstock-Sertek, Inc. Penstock-Sertek, Inc. 
1-800-367-3573 Future Electronics (Corporate Office) 12503 E. Euclid Ave. 

5151 Shoreham PI. 3481 Old Conejo Rd. Suite 20 
Penstock, Inc. Suite 220 Newbury Park, CA 91320 Englewood 80111 
213 I East Broadway San Diego 92122 (805) 375-6680 (303) 421-7161 
Tempe, AZ 85282 (619) 625-2800 
(602) 967-1620 

5-3 



Connecticut Hamilton Hallmark Future Electronics Arrow Electronics 
Arrow Electronics 10491 72nd St. North 3150 W. Higgins Rd. 9801 Legler Rd. 
860 N. Main St. Largo 34647 Suite 160 Lenexa 66219 
Wallingford 06492 (813) 541-7440 Hoffman Estates 60195 (913) 451-9542 
(203) 265-7741 (708) 882-1255 

Hamilton Hallmark Future Electronics 
Future Electronics 7079 University Blvd. Hamilton Hallmark 8826 Santa Fe Dr. 
Westgate Office Center Winter Park 32792 3030 Salt Creek Ln. Suite 150 
700 West Johnson Ave. 1-800-332-8638 Suite 300 Overland Park 66212 
Cheshire 06410 Arlington Heights, 60005 (913) 649-1531 
(203) 250-0083 Newark Electronics (708) 797-7300 

1-800-367-3573 Hamilton Hallmark 
Hamilton Hallmark Newark Electronics 9200 Indian Cr. Pkwy. 
1157 Highland Ave. Penstock, Inc. (Corporate Office) Overland Park 66204 
Suite 207 1726 E. 7th Ave. 4801 N. Ravenswood Ave. (913) 663-7900 
Cheshire 06410 Suite 8 Chicago 60640 
(203) 271-5700 Tampa 33605 1-800-367-3573 Newark Electronics 

(813) 247-7556 1-800-367-3573 
Newark Electronics Penstock, Inc. 
1-800-367-3573 Penstock, Inc. 1250 West Northwest Hwy Penstock, Inc. 

2431 Aloma Ave. Suite 509 300 S. Clairborne, Suite #A2 
Penstock, Inc. Wroter Park, FL 32792 Palatine 60067 Olathe 66062 
1-800-PENSTOC (407) 672-1114 (708) 934-3700 (913) 829-9330 

Florida Zeus Electronics Indiana Kentucky 

Allied Electronics 37 Skyline Dr. Allied Electronics Allied Electronics 
1-800-433-5700 Suite 3101 1-800-433-5700 1-800-433-5700 

Lake Mary 32746 

Arrow Electronics (407) 333-3055 Arrow Electronics Arrow Electronics 
400 Fairway Dr. Suite 201 

Georgia 
7108 Lake View Pkwy W Dr. (317) 299-2071 

Deerfield Beach 33441 Indianapolis 46268 
(305) 429-8200 Allied Electronics (317) 299-2071 Hamilton Hallmark 

1-800-433-5700 1847 Mercer Rd. 
Arrow Electronics Future Electronics Suite G 
37 Skyline Dr. Arrow Electronics 8425 Woodfield Crossing Lexington 40511 
Suite 3101 4250 E. River Green Pkwy. Suite 175 1-800-235-6039 
Lake Mary 32746 Duluth 30136 Indianapolis 46240 
(407) 333-9300 (404) 497-1300 (317) 469-0447 Newark Electronics 

1-800-367-3573 
Future Electronics Future Electronics Hamilton Hallmark 
237 S. Westmonte Dr. 3150 Holcomb Bridge Rd. 655 W. Carmel Dr. Penstock, Inc. 
Suite 307 Suite 130 Suite 160 1-800-PENSTOC 
Altamonte Springs 32714 Norcross 30071 Carmel 46032 
(407) 865-7900 (404) 441-7676 (317) 575-3535 Maryland 

Allied Electronics 
Future Electronics Hamilton Hallmark Newark Electronics 1-800-433-5700 
1400 E. Newport Center Dr. 3425 Corporate Wy. 1-800-367-3573 
Suite 200 Suite A Arrow Electronics 
Deerfield Beach 33442 Duluth 30136 Penstock, Inc. 9800 Patuxent Woods Dr. 
(305) 426-4043 (404) 623-4400 1-800-PENSTOC Suite J 

Columbia 21046 
Future Electronics Newark Electronics Iowa (301) 596-7800 
2200 Tall Pines Dr. 1-800-367-3573 Allied Electronics 
Suite 108 1-800-433-5700 Future Electronics 
Largo 34641 Penstock, Inc. 6716 Alexander Bell Dr. 
(813) 530-1222 6825 Jimmy Carter Blvd. Hamilton Halimark Suite 101 

Suite 1590 1-800-254-2847 Columbia 21046 
Future Electronics Norcross 30071 (410) 290-0600 
1435 Market St. (404) 951-0300 Newark Electronics 
Tallahassee 32312 1-800-367-3573 Hamilton Hallmark 
1-800-288-10 19 minois 7134 Columbia Gateway Dr. 

Allied Electronics Penstock, Inc. Columbia 21046 
Hamilton Hallmark 1-800-433-5700 1-800-PENSTOC (410) 720-3400 
3350 NW. 53rd St. 
Suite 105-107 Arrow Electronics Kansas Newark Electronics 
Ft. Lauderdale 33309 1140 West Thorndale Ave. Allied Electronics 1-800-367-3573 
(305) 484-5482 Itasca 60143 1-800-433-5700 

(708) 250-0500 
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Penstock, Inc. Minnesota Arrow Electronics Future Electronics 
9881 Broken Land Pkwy. Allied Electronics 43 Route 46 East 801 Motor Pkwy. 
Suite 105 1-800-433-5700 Pine Brook 07058 Hauppauge 11 788 
Columbia 21046 (201) 227-7880 (516) 234-4000 
(410) 290-3746 Arrow Advantage 

10120A West 76th Future Electronics Future Electronics 
Massachusetts Eden Prairie, MN 55344 1259 Route 46 East 300 Linden Oaks 
Allied Electronics (612) 946-4820 Parsippany 07054 Rochester 14625 
1-800-433-5700 (201) 299-0400 (716) 387-9550 

Arrow Electronics 
Arrow Electronics 10100 Viking Dr. Hamilton Hallmark Future Electronics 
25 Upton Dr. Suite 100 One Keystone Ave. 200 Salina Meadows Pkwy. 
WIlmington 01887 Eden Prairie 55344 Bldg. 36 Suite 130 
(508) 658-0900 (612) 828-7140 Cherry Hill 08003 Syracuse 13212 

(609) 424-0110 (315) 451-2371 
Future Electronics Future Electronics 
41 Main St. 10025 Valley View Rd. Hamilton Hallmark Hamilton HaIImark 
Bolton 01740 Suite 196 10 Lanidex Plaza West 390 Rabro Dr. 
(508) 779-3000 Eden Prairie 55344 Parisippany 07054-2715 Hauppaugue 11 788 

(612) 944-2200 (201) 515-5370 (516) 434-7400 
Hamilton Hallmark 
10D Centennial Dr. Hamilton Hallmark Newark Electronics Hamilton Hallmark 
Peabody 01960 9401 James Ave., South 1-800-367-3573 1057 East Henrietta Rd. 
(508) 532-9893 Suite 140 Rochester 14623 

Bloomington 55431 Penstock, Inc. (716) 475-9130 
Newark Electronics (612) 881-2600 160 Littleton Rd. 
1-800-367-3573 Suite 201 Newark Electronics 

Newark Electronics Parsippany 07054 1-800-367-3573 
Penstock 1-800-367-3573 (201) 299-0323 
60 Burlington Mall Rd. 

New Mexico 
Penstock, Inc. 

Suite 310 Penstock, Inc. 527 Townline Rd. 
(617) 229-9100 1-800-PENSTOC Allied Electronics Suite 200 

1-800-433-5700 Hauppage,07054 
Zeus Electronics Missouri (516) 724-9580 
25 Upton Dr. Allied Electronics Arrow Electronics 
Wilmington 01876 1-800-433-5700 12700 Indian School #103 Zeus Electronics 
(508) 658-4776 Albuquerque, NM 87112 100 Midland Ave. 

Arrow Electronics (602) 431-0030 Port Chester 10573 
Michigan 2380 Schuetz Rd. (914) 937-7400 

Allied Electronics St. Louis, MO 63146 Newark Electronics 
1-800-433-5700 (314) 567-6888 1-800-367-3573 North Carolina 

Allied Electronics 
Arrow Electronics Future Electronics Penstock-Sertek, Inc. 1-800-433-5700 
44720 Helm St. 12125 Woodcrest (602) 894-9405 
Plymouth 48170 Executive Dr. Arrow Electronics 
(313) 455-0850 Suite 220 Hamilton Hallmark 5240 Green Dairy Rd. 

St. Louis 63141 2601 Wyoming Blvd. NE Raleigh 27604 
Future Electronics (314) 469-6805 Albuquerque 87109 (919) 876-3132 
4505 Broadmoor SE (505) 293-5119 
Grand Rapids 49512 Hamilton Hallmark Future Electronics 
(616) 698-6800 3783 Rider Trail South New York 5225 Capital Blvd. 

Earth City 63045 Allied Electronics 1 North Commerce Center 
Future Electronics (314) 291-5350 1-800-433-5700 Raleigh 27604 
35200 Schoolcraft Rd. (919) 790-7111 
Suite 106 Newark Electronics Arrow Electronics 
Livonia 48150 1-800-367-3573 (Corporate Office) Hamilton Hallmark 
(313) 261-5270 25 Hub Dr. 5234 Greens Dairy Rd. 

Penstock, Inc. Melville 11 747 Raleigh 27604 
Hamilton Hallmark 1-800-PENSTOC (516) 391-1300 (919) 872-0712 
44191 Plymouth Oaks Blvd. (Military) 
Plymouth 48170 New Jersey Newark Electronics 
(313) 416-5800 Allied Electronics Arrow Electronics 1-800-367-3573 

Newark Electronics 
1-800-433-5700 3375 Brighton-Henrietta 

Townline Rd. Penstock, Inc. 
1-800-367-3573 Arrow Electronics Rochester 14609 1-800-PENSTOC 

4 East Stow Rd. (716) 427-0300 
Penstock, Inc. Unit 11 Ohio 
1-800-PENSTOC Marlton 08053 Allied Electronics 

(609) 596-8000 1-800-433-5700 

5-5 



Arrow Electronics Almac/Arrow Electronics Future Electronics Hamilton Hallmark 
8200 Washington Village Dr. 9500 SW Nimbus Ave. 9020 II Capital of Texas 11 00 East 6600 South 
Suite A Bldg. E Highway North Suite 120 
Centerville 45458 Beaverton 97008 Suite 610 Salt Lake City 84121 
(513) 435-5563 (503) 629-8090 Austin 78759 (801) 266-2022 

(512) 502-0991 
Arrow Electronics Future Electronics Newark Electronics 
6573E Cochran Rd. Cornell Oaks Corp. Center Future Electronics 1-800-367-3573 
Solon 44139 15236 NW Greenbrier Pkwy. 10333 Richmond Ave. 
(216) 248-3990 Beaverton 97006 Suite 970 Penstock-Sertek, Inc. 

(503) 645-9454 Houston 77042 1-800-PENSTOC 
Future Electronics (713) 785-1155 
1430 Oak Ct. Hamilton Hallmark Washington 
Suite 203 9750 W. S.W. Nimbus Ave. Future Electronics Allied Electronics 
Beavercreek 45430 Beaverton 97005 800 E. Campbell 1-800-433-5700 
(513) 426-0090 (503) 526-6200 Suite 130 

Richardson 75081 Almac/Arrow Electronics 
Future Electronics Newark Electronics (214) 437-2437 14360 S.E. Eastgate Wy. 
6009 E Landerhaven Dr. 1-800-367-3573 Bellevue 98007-6458 
Mayfield Heights 44124 Hamilton Hallmark (206) 643-9992 
(216) 449-6996 Penstock, Inc. 12211 Technology Blvd. 

1-800-PENSTOC Austin 78727 Future Electronics 
Hamilton Hallmark (512) 258-8848 19102 North Creek Pkwy. 
30775 Bainbridge Rd. Pennsylvania Suite 118 
Solon 44139 Allied Electronics Hamilton Hallmark Bothell 98011 
(216) 498-1100 1-800-433-5700 11420 Pagemill Rd. (206) 489-3400 

Dallas 75243 
Hamilton Hallmark Arrow Electronics (214) 553-4300 Hamilton Hallmark 
777 Dearborn Park Ln. 2681 Mosside Blvd. 8214154thAve. 
Suite L Monroeville, PA 15146 Hamilton Hallmark Redmond 98052 
Worthington 43085 (412) 856-9490 1406 North 28th (206) 882-7000 
(614) 888-3313 Suite 105 

Hamilton Hallmark Harlington 78550 Newark Electronics 
Newark Electronics 1-800-254-2847 (210) 412-2047 1-800-367-3573 
1-800-367-3573 

Newark Electronics Hamilton Hallmark Penstock, Inc. 
Penstock, Inc. 1-800-367-3573 10500 Richmond Ave. 10800 N.E. 8th St. 
1-800-PENSTOC Suite 112 Suite 805 

Penstock, Inc. Houston 77042 Bellevue 98004 
Oklahoma 40 Croce Ln. (713) 781-6100 (206) 454-2371 
Allied Electronics Coatesville 19320 
1-800-433-5700 (215) 383-9536 Newark Electronics Wisconsin 

1-800-367-3573 Allied Electronics 
Arrow Electronics Texas 1-800-433-5700 
12111 E. 51st St. Allied Electronics Penstock, Inc. 
Suite 101 1-800-433-5700 1411 E. Campbell Rd. Arrow Electronics 
Tulsa 74146 Suite 400 200 North Patrick Blvd. 
(918) 252-7537 Allied Electronics Dallas, 75081 Suite 100 

7410 Pebble Dr. (214) 479-9215 Brookfield 53045 
Hamilton Hallmark Fort Worth 76118 (414) 792-0150 
12206 E. 51st St. (817) 595-6487 Zeus Electronics 
Suite 103 3220 Commander Dr. Future Electronics 
Tulsa 74146 Arrow Electronics Carrollton 75006 250 N. Patrick Blvd. 
(918) 459-6000 11500 Metric Blvd. (214) 783-7010 Suite 170 

Suite 160 
Utah 

Brookfield 53045 
Newark Electronics Austin 78758 (414) 879-0244 
1-800-367-3573 (512) 835-4180 Allied Electronics 

1-800-433-5700 Hamilton Hallmark 
Penstock, Inc. Arrow Electronics 2440 South 179th St. 
1-800-PENSTOC 3220 Commander Dr. Arrow Electronics New Berlin 53146 

Carrollton 75006 1946 W. Parkway Blvd. (414) 797-7844 
Oregon (214) 380-6464 Salt Lake City 84119 
Allied Electronics (801) 973-6913 Newark Electronics 
1-800-433-5700 Arrow Electronics 1-800-367-3573 

19416 Park Row Future Electronics 
Suite 190 3450 So. Highland Dr. Penstock, Inc. 
Houston 77084 Suite 301 1-800-PENSTOC 
(713) 647-6868 Salt Lake City 84106 

(801) 467-4448 
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International Austria Bulgaria Hamilton/Hallmark!I,2] 
Argentina BFI mEXSA Elektronik MACRO Sofla!I,2) 8610 Commerce Court 

Reycom Electronica S.A. GmbH)2,3) 116 Geo Millev Str. Burnaby, BC V5A 4N6 

Bernardo de Irigoyen 972 Korbinianstr. 6 BL57 AP70 (604) 420-4101 

Ventas: Piso 6toA 85386 Eching (Miinchen) 1574 SOFIA 
Adm.y Servicio Tecnico: Piso (49) 89 3195135 (359) 2 708140 Hamilton/HaJlmark) 1,2] 

2do.B 151 Superior BlVd. 

1304 Buenos Aires-Argentina EBV Elektronikll ,2] Canada Unit 1-6 

1-011-541-300-2010 Diefenbachgasse 35/6 Arrowll ,2) Mississauga, 
1150 Vienna 8544 Baxter Place Ontario L5T 2Ll 

Australia (43) 1 894 1774 Burnaby, B.C. (905) 564-6060 

Avnet Pacific V5A4T4 
(Australia) Pty Ltd ELBATEX GmbH!I,2) (604) 421-2333 Hamilton/Hallmark!I,2] 

Unit C, 6-8 Lyon Eitnergasse 6 190 Colonnade Road 

Park Road 1231 Vienna Arrow Nepean, Ontario K2E 7J5 

POBox 888 (43) 1 86642-0 1000 St. Regis (613) 226-1700 

North Ryde NSW 2113 EURODIS Electronicsll ,2) 
Dorval, Quebec H9P 2T5 

Australia (514) 421-7411 Hamilton/Hallmark!I,2) 

61-2-878 1299 Lamezanstrasse 10 7575 Trans Canada Highway 
1232 Vienna Arrow!I,2] Suite 600 

Avnet VSI Electronics Pty (43) 1 61062-0 1093 Meyerside Drive Ville St. Laurent, Quebec 

Ltdl l,2,3,4] Mississauga, Ontario H4T IV6 

Unit 8, 27 College Road Belarus L5T IM4 (514) 335-1000 

Kent Town SA 5067 BelHard (905) 670-7769 
Adelaide MeJnicayte str. 2-709 Penstock 

61-8 362 0944 220004 Minsk Arrowl1 ,2) RF/Microwave Distribution 

(0172) 239010 36 Antares Drive 10800 N.E. 8th St. 

Avnet VSI Electronics Pty Unit 100 Suite 805 

Ltdll ,2,3,4) Belgium Nepean, Ontario Bellevue, WA 98004 

Unit 12 Business Park Drive BFI lBEXSA BV12,3] K2E 7W5 
Monash Business Park PO Box 3019 (613) 226-6903 Penstock 

Notting Hill VIC 3168 2130 KA Hoofddorp 
RF/Microwave Distribution 

Melbourne Netherlands Future Electronicsll ,2) 313 - 260 Hearst Way 

61-3 558 9333 (31) 020 65 31 350 2015 32nd N.E., Unit #1 Kanata, Onto K2L 3Hl 

Calgary, Alberta (613) 592-6088 

Avnet VSI Electronics Pty EBV Elektronik!I,2) T2E 6Z3 
Ltdll ,2,3,4) Excelsiorlaan 35 (403) 250 5551 Penstock Inc. 12,3) 

Unit C, 6-8 Lyon Park Road Avenue Excelsior 35 
1296 Ludbrook Court 

PO Box 888 1930 Zaventem Future Electronicsll ,2) Mississauga, Ontario 

North Ryde NSW 2113 (32) 02 71600 10 5935 Airport Road, Suite 200 L5J 3N9 

61-2- 878 1299 Mississauga, Ontario (905) 403-0724 

SEI Rodelco N.V.IS.A.II,2) L4V lW5 
Avnet VSI Electronics Pty Limburg Strium 243 (905) 612 9200 Penstock 

Ltdll ,2,3,4) 1780Wemmel 
RF/Microwave Distribution 

69 Walters Drive (32) 02 460 05 60 Future Electronicsll ,2) • 500 - 7575 Transcanada Hwy 

Osborne Park WA 6017 1050 Baxter Road St. Laurent, Quebec H4T IV6 

Perth Brazil Ottawa, Ontario (514) 333-8837 

61-92424266 Avibras Fibras Oticas e K2C 3P2 

Telecomunicacoes, S.A. (613) 820 8313 China 

Avnet VSI Electronics Pty Rua Ricardo Hausen, 100 
Beijing !ncel Components 

Ltdll ,2,3,4) CX. Postal 229 Future Electronicsll ,2) Group 

Suite 9, Argyle Place Sao Jose Dos Campos-SP 237 Hymus Blvd. A24, Baishiqiao Road 

Cnr. Sandgate Road & Argyle CEP 12227-820-BRASIL Pointe Claire, Quebec Haidian District 

Street H9R 5C7 Beijing 100081 

Breakfast Creek QLD 4010 HiTech E. Ind. Com. Ltda. (514) 694-7710 86-10 6217 1624 

Queensland Rua Branco de Moraes 489 
61-72625200 04718-010 Sao Paolo-SP Future Electronique Inc Chengdu Eleccom Electron 

1-011-55-11-882-4140 1000 Avenue St. Jean Baptiste Co Ltd 
Suite 100 Rm. 401, Electronic Foreign 

Intertek Compo Eletr. Ltda. Quebec, Quebec G2E 5G5 Trade Bnilding 

Rua Miguel Casagrande, 200 (418) 877-6671 48 Dong Er Duan Yi Huan 

02714-000-Sao Paolo-SP, 
Road 

Brasil Future Electrouicsll ,2) Chengdu 610051 

1-011-55-11-266-2922 1695 Boundary Road 86-28 445 5081 

Notes: Vancouver, B.C. 
1. Optoelectronics V5K4X7 
2. RF Diodes/Transistors (604) 294-1166 
3. Microwave and Avantek 

Products 
4. Fiber Optic Components 
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Shenzhen Secom Telecom Co Estonia BFI IBEXSA Elektronik MACRO Budapest Kft)l,2r 
Ltd Arrow-Field Eesti AS!!,2] GmbH!2,3,4] Etele ut 68 
Rm. 403, 3 ZhongyangRoad, (tuba 301) Korbinianstrasse 2 1115 Budapest 
Narliing 210008 Akadeemiatee 19 85386 Eching (36) 1 2030277 
86-253225712 ee 0026 Tallinn 089 / 3 19 76 70 

(372) 6 50 32 88 India 
Shenzhen Secom Telecom Co EBV-Electronik GmbH!!,2,3] Hinditron Services Pvt Ltd 
Ltd Finland Ammerthalstrasse 28 33/44A 8th Main Road 
Rm. 444, Guangfa Building, Arrow-Field Oy!!,2J 85551 HeinIstetten Raj Malial Vilas Extension 
Dongmennan Road, Niittyliintie 5 089/991140 Bangalore 560 080 
Shenzhen 518001 00620 Helsinki 91-803345734/8266 
86-755 222 8499 (358) 0 777571 Farnell GmbH!!·2J 

Griinwalderweg 30 Hinditron Services Pvt Ltd 
Xi'an Incel Analog Device Ltd. Avnet Nortec Oy[!.2J 82041 Deisenhofen Industry House, 23-B 
Xi' an Branch Office Itiilahdenkatu 18 A 089/61393939 Mahal Industrial Estate 
2/F, A-7 Building, 00210 Helsinki Mahakali Caves Road 
GaoxinRoad (358) 0 613181 Ing.-Biiro K.-H. Dreyer[!,2J Andheri (East) 
Xi'an City, Shanxi Albert-Schweitzer-Ring 36 Bombay 400093 
Province 710068 France 22045 Hamburg 91-228364560 
86-29 822 5266 

Arrow Electronique SA[!,2J 
040 /6695 227 

Hinditron Services Pvt Ltd 
Czech Republic 73/79 rue des Solets Jermyn GmbH[!,2] 201-206 Hemkunt Tower 
Elbatex GmbH Silic 585 1m Dachsstiick 9 98 Nehru Place 
Novodvorska 994 

94663 Rungis Cedex 65549 Limburg New Delhi 110019 
14000 Praha 4 

(1) 49 78 49 78 06431 / 508-0 91-11 6443272 
(42) 2 476 3707 AVNET-EMG[!,2J 91-11 641 0380 

SASCO[!,2J 

GM Electronic S.R.O. 
79, rue Pierre Semard Hermann-Oberth-Str. 16 Hinditron Services Pvt Ltd 

Karlinske nam 6 BP90 85640 Putzbrunn b. Miinchen 5th Floor, Emerald House 92329 CHATILLON CEDEX 
160-00 Praha 6 (1) 49 65 25 00 

089/4611-0 114 Sarojini Devi Road 
(42) 2 232 2606 Secunderabad 500003 

Greece 91-40844033/7007 
MACRO Weil s.r.o.[!·2J BFI-IBEXSA Electronique Micronics Ltd.[!,2,sJ 
Bechynova 3 

SA[2,3J Division Scie-Dimes 
46, Kritis Street Skag India Pvt Ltd 1, rue Lavoisier ZI 

160-00 Praha 6 91430 Igny 16451 Argyroupolis 15 Church Road 
(42) 2 3112 182 (1) 69 33 74 00 Athens Basvanagudi 

(30) 1 9914 786 Bangalore 560004 
Denmark EBV Elektronik[2] 91-80 660 5366/5344 
Arrow-Exatec NS[i,2,4J Parc Club de la Haute Maison Hong Kong 
Mileparken 20E 16, rue Galilee CETLtd. Skag India Pvt Ltd 
DK-2740 Skovlunde Cite Descartes 4205-4207 Metroplaza 812 Technology Apartments 
+45 (44) 92 70 00 77436 Champs sur Marne Tower 2 24 Patpargwij 

(1) 64 68 86 00 223 Hing Fong Road New Delhi 110092 
Avnet Nortec A/S[i,2J Kwai Fong N.T. 91-11 243 3677 
Transformervej 17 Elexience!2,3J 852-2485 3899 91-11 245 6532 
DK-2730 Herlev 9, rue des Petits Ruisseaux 
+45 (44) 88 08 00 91370 Verriere Ie Buisson Semicon Products & Systems Israel 

(1) 60 11 94 71 Co Ltd Gallium[!,4J 
BFI-IBEXSA DANMARK NS Flat 1,2 & 3 17/F Entrepot 11 Hasadna Street 
Langebjergsvaenget 8A, l.TH RADIO SPARES Centre POB2552 
DK-4000 Roskilde Composants[!,2J 117 How Ming Street RA'ANANA 43650 
+45 (46) 75 31 31 Rue Norman King Kwun Tong, Kowloon (09) 982182 

BP453 852-2 763 7788 
60031 Beauvais Cedex OPCOM[2,S] 

(1) 69 33 74 00 Hungary POB3352 
Elbatex GmbH Petach - Tikva 49130 

S.C.A.I.B.!!,2J Szigetvari U.5 (09) 921 1730 
6 rue Ambroise Croizat HU-I083 Budapest 
ZI des Glaises (36) 1 269 90 93 Telsys Ltd.[i,2J 

BP58 Atidim, Industrial Park, 
91127 Palaiseau Cedex EURODIS Electronics[!,2J Bldg 3 
(1) 69 198900 Lamezanstrasse 10 Dvora Hanevia Street, Neve 

1232 Vienna Sharet 
Germany Austria 61431 Tel-Aviv 

Notes: AVNET E2000[!,2J (43) 1 61062 131 (03) 49 20 01 
1. Optoelectronics Stahlgruberring 12 
2. RF Diodes/Transistors 81829 Miinchen 
3. Microwave and Avantek 089 / 45 11 0-01 

Products 
4. Fiber Optic Components 
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Italy 
Avnet EMG[!,2[ 
Via Novara 570 
20153 Milano 
(02) 38 1901 

BFI IBEXSA S.p.A[2,a,4) 
Via Massena 18 
20145 Milano 
(02) 33 10 05 35 

Lasi Elettronica S.p.A.!'·2) 
Viole Fulvio Testi 280 
20126 Milano 
(02) 661431 

Silverstar Ltd.l1,2[ 
Viale Fulvio Testi 280 
20126 Milano 
(02) 661251 

Japan 
. Ryoyo Electro 

Corporation [!,2,a,4) 
KonwaBldg. 
1-12-22, Tsukiji 
Chuo-ku, Tokyo 104 
(81) 3-3546-5011 

Ryoyo Electro 
Corporation[!,2,a,4) 

Nagoya AT Bldg. 
1-18-22, Nishiki, Naka-ku, 
Nagoya-shi, Aichi 460 
(81) 52-203-0277 

Ryoyo Electro 
Corporation [!,2,a,4 [ 

Nisshin Shokuhin Bldg, 
4-1-1, Nishi-Nakajinla 
Yodogawa-ku, Osaka 532 
(81) 6-302-5371 

Tokyo Electron Limited[!,2,a,4) 
TBS Broadcasting Center, 
5-3-6, Akasaka, 
Minato-Ku, Tokyo 107 
(81) 3-5561-7229 

Tokyo Electron Limited[ 1,2,3,4) 
Sumitomoseimei Shin-Osaka­
Kita Bldg. 
4-1-14, Miyahara, 
Yodogawa-ku, 
Osaka-shi, Osaka 532 
(81) 6-399-0260 

Notes: 
1. Optoelectronics 
2. RF Diodes/Transistors 
3. Microwave and Avantek 

Producta 
4, Fiber Optic Components 

Ryoden Trading Co., 
Limited[!,2,3,4) 

Shin-Osaka Center Bldg. 
4-1-4 Miyahara 
Yodogawa-Ku 
Osaka-shi, Osaka 532 
(81) 6-399-3436 

Ryoden Trading Co., 
Limited[!,2,3,4j 

3-15-15, Higashi Ikebukuro, 
Toshima-ku, Tokyo 170 
(81) 3-5396-6206 

Yamada Corporation[!,2,3,4) 
Shin-Aoyama Bldg. East 
1-1-1 Minami-Aoyama 
Minato-Ku, Tokyo 107 
(81) 3-3475-1121 

Yamada Corporation[!,2,3,4) 
Nagoya Kokusai-Center 

Bldg. 
1-47-1, Nakono, 

Nakamura-Ku 
N agoya-shi, Aichi 450 
(81) 52-563-6661 

Yamada Corporation[!,2,a,4) 
Higobashi Shimizu Bldg. 
1-3-7 Tosabori, Nishi-Ku 
Osaka-shi, Osaka 550 
(81) 6-449-1101 

Korea 
Panwest Corporation[!,2) 
Songnam Building 
Room 213 
1358-6 Seocho-Dong 
Seocho-ku 
Seoul 137-070 
82-23474 0345 

Sang Soo Company Ltd.[2,3) 
Suite 303, Kyungho Building 
25-2 Yoido-dong 
Youngdeungpo-ku 
Seoul 150-010 
82-2 780 5360/5362 

G5 Corporation 
753-5, Bangbae-dong 
Seocho-gu 
Seoul 
82-2-593-2931 

Latin America-all others 
Etek Electronics 
6353 West Rogers Circle 
Suite #3 
Boca Raton, FL 33487 
407-997-6277 

Malaysia 
DCP (M) SDN BHD[!,2,a,4) 
6th Floor Wisma Denko 
41 Aboo Sittee Lane 
10400 Penang 
60-4 228 1860 

ER (Malaysia) Sdn Bhd[1,2,a,4) 
6 Jolan SS 26/6 Taman 
MayangJaya 
47301 Petoling Jaya 
Selangor Darul Ehsan 
60-3 703 8498/2961 

ER (Malaysia) Sdn Bhd[!,2,a,4j 
17L 2nd Floor 
Lebuhraya Batu Lanchang 
Taman Seri Damai 
11600 Penang 
(604) 6562895 

Mexico 
Future Electronics de Mexico 
S.A. de C.V. 
Chimalhuacan 3569 
Club de Golf Mexico 
5toPiso, Suite 2, Ciudad del 
Sol . 
Zapopan, Jolisco 45050-
MEXICO 
1-011-523-122-0043 

Netherlands 
BFI ffiEXSA BV[2,aj 
PO Box 3019 
2130 KA Hoofddorp 
(31) 020 6531 350 

EBV ELEKTRONIK[!,2) 
Planetenbaan 2 
3606 AK Maarssenbroek 
(31) 03465 830 10 

SEI Rodelco B.V.[1,2) 
Takkebi,isters 2 
4817HL Breda 
(31) 76 5 784911 

New Zealand 
Avnet VSI (NZ) Ltd[1,2,a,4j 
295 Cashel Street 
Christchurch 
(64) 3-3660191 

Avnet VSI (NZ) Ltd[I,2,a,4) 
274 Church Street 
Penrose, Auckland 
Postal Address: 
Private Bag 92821 
Penrose, Auckland 
64-9 636-7801 

Avnet VSl (NZ) Ltd. 
c/o Davison's Books 
Silverstream Shops 
Silverstream, Upper Hutt 
Wellington 
64-9 527 3023 

Norway 
Arrow - Tahonic AS [1,2) 
PO Box 4554, Torshov 
M-0404 Oslo 
+47 (22) 37 84 40 

Avnet Nortec AJS[!,2) 

P.O. Box 123 
N-1364 Hvolstad 
+4 7 (66) 84 62 10 

BFI-ffiEXSA Nordic AB[2,3j 
Box 7093 
S-191 07 Sollentuna 
Sweden 
+46 (8) 626 99 00 

Farnell Electronic Services[1,2) 
P.O. Box 120 
N-10010s10 
+47 (22) 32 12 70 

Poland 
Elbatex GmbHl!,2) 
Ul. Wilcza 50/52 
00-697 Warszawa 
(48) 2 6217122 

Macropol Ltd.!',2) 
UI. Bitwy Warszawsk~ 11 
02-366 Warszawa 
(48) 22 224 337 

Semiconel S.C.I!,2) 
u. Noleczowska 62 
02 922 Warszawa 
(48) 65 19 827 

Portugal 
ATD-ARROW 
Quinta Grande, Lote 20 
ric DTO. Alfragide Norte 
2700 Amadora, LISBOA 
(351) 1 47 14 182 

Corsisa Electronica 
LIMITADA 
C/Estrada Nacional107, No. 
743 
Ardegas, Aguasantos 
(351) 2 973 69 57 

Russia 
DESAGENT[!,2) 
Bodepa Square 2 
19000 St. Petersburg 
(7) 812 196 143 

NEKLUSOVA[1,2) 
ul Zamshina 15 
St. Petersburg 
(7) 812 545 0723 
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OPTONIKA!I,2,3) Slovenia BFI-lBEXSA Nordic AB!2,3) ER Thailand!I,2,3,4) 
PO Box 69 EBV Electronik GmbHl',2) Box 7093 32 Grand Village 
109542 Moscow Diefenbachgasse 35/6 S-191 07 Sollentuna Lardprao Road 
(7) 095 305 7738 1150 Vienna +46 (8) 626 99 00 Bangkapi, Bangkok 10310 

Austria (66) 2-9337565 
RADIS/MTUCI!2,3) (43) 1 894 1774 Farnell Electronics 
Aviamotornaya 8a Services!l,2) Turkey 
105855 Moscow Elbatex[l,2) Box 1330 EMPAAS!I,2,3) 
(7) 095 273 8879 Stegne 25 S-171 26 Solna Elektronik Mamulleri 

61000 I.iubljana +46 (8) 83 00 20 pazarlama A.S. 
Singapore (386) 61159 7198 Florya Is Merkezi 
Dynamar Singapore Computer Switzerland Besyol Londra Asfalti 
Products Pte Ltd!!,2,3,4) IR Electronic!!,2) BasixAG!I,2) 34630 Sefakoy - Istanbul 
5 Loyang Drive Ziherlova ulica 2 Hardturmstr. 181 (90) 212 599 30 50 
Singapore 508936 61000 I.iubjana Postfach 
(65) 5421878 (386) 61 222 007 8010 Zurich United Kingdom 

(41) 01 276 11 11 Arrow-Jermyn 
Electronic Resources Ltd So. Africa St. Martins Business Centre 
205 Kallang Bahru Advanced Semiconductor BFI lBEXSA Elektronik Cambridge Road 
#04-00 Devices (PTY) Ltd.!!,2,3,4) GmbH[2,3) Bedford MK42 OLF 
Singapore 339341 P.O. Box 3853 Korbinianstr. 6 +44 (01234) 27 00 27 
65-298-0888 SA-2128 Rivonia 85386 Eching (Miinchen) 

(27) 011 4442333 (49) 89 319 51 35 Avnet Access Ltd.[I,2) 
Hi-Tech Business Jubilee House 
Associates!!,2,3,4) Spain EBV Elektronik AG!I,2) Jubilee Road 
48 Hillview Terrace ATD-ARROW Vorstadtstrasse 37 Letchworth 
#05-05 Hillview Building C/ ALBASANZ 75 8958 Dietikon Herts SG6 1 QH 
Singapore 669269 Madrid, 28037 (41) 1 7456161 +44 (01462) 4808 88 
(65) 7661995 (34) 1 3041534 Elbatex AG!!,2) BFI lBEXSA Electronics 
Ryosho Techno (S) Pte BFI lBEXSA(3) Hardstrasse 72 Ltd.!2,3,4) 
Ltd!!,2,3,4) 

Isabel Colbrand SIN 5430 Wettingen Burnt Ash Road 
396 Alexandra Road Edificio Alpha ill Nave 83 (41) 56 43751 11 Quarry Wood Industrial Estate 
# 14-02 BP Tower Poligono Industrial Fuencarral Aylesford 
Singapore 119954 28049 Madrid Taiwan (Republic of China) Kent 
(65) 4737118 (34) 1 358 8516 Epco Technology Co. Ltd. ME207NA 

Ryoyo Electro S'pore Pte 
IO/F, 268 Sec 2, Fu Hsing S. +44 (01622) 88 24 67 

Diode!!,2) Road 
Ltd!!,2,3,4) 

C/ Orense 34 Taipei Farnell Electronic Services!!,2) 
396 Alexandra Road 28020 Madrid 886-2 737 3507 Edinburg Way 
#14-02 BP Tower (34) 1 555 3686 Harlow, 
Singapore 119954 Morrihan International Essex DM20 2DF 
65-2769636 Sociedad de Electronica Corporation!!,2) +44 (01279) 44 11 44 

Slovak Republic Y Componentes SA 8F-5 No. 57 Fu-Hsing North 
Selco Road Farnell Electronic 

Elbatex GmbH!!,2) Crts. N-V!, KM 18,2 Taipei Components!!,2) 
Svrcia ul. 3 Via servicio, direcc. Billalba 886-2 752 2200 Canal Road 
83259 Bratislava Las Rozas Leeds 
(42) 7 722 137 Madrid 28230 TECO Enterprise Co., Ltd. West Yorkshire LS12 2QQ 

(34) 1 359 4346 10F, No. 292, Min-Sheng +44 (01532) 63 63 11 
MACRO Components s.r.o.[I,2) West Road 
Vysokoskolakov 6 Sweden Taipei MACRO Group 
01 0-01 Zilina Arrow - TH : s AB!!,2) 886-2 555 9676 Brunham Lane 
(42) 89 45041/34181 Box 3027 Slough SLI 6LN 

S-163 03 Spanga Thailand +44 (01628) 60 60 40 

=46 (8) 36 29 70 DCP Thailand!!,2,3,4) 
2991/19 Visuthanee, 

Avnet Nortec AB!!,2) 6th Floor Ladprao Road, 
Box 1830 SOl 101-103 Klongchan, 
S-171 27 Solna Bangkapi 
+46 (8) 629 14 00 Bangkok 10240 

(66) 2-3760312 
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Sales & Support 

United States/Canada: Italy/Israel 
1-800-235-0312 or Hewlett-Packard ltaliana SpA 
408-654-8675 Via G. Di Vittorio 9 

20063 Cernusco SIN (MI) 
Europe Italy 

Austria and Eastern Region Tel. 0039 2 92121 

Hewlett-Packard 
In der Luberzen 29 Netherlands 

8902 UrdoIf Hewlett-Packard B.V. 
Switzerland Startbaan 16 
Tel. 0041 7357940 1187 XRAmstelveen 

Netherlands 
Belgium/Luxemburg Tel. 0031205477296 

Hewlett-Packard B.V. 
Startbaan 16 Spain/Portugal 

1187 XRAmstelveen Hewlett-Packard Espanola SA 
Netherlands Corta de la Coruna km 16500 
Tel. 0031205477296 Madrid 

28230 Las Rozas 

Finland Spain 

Hewlett-Packard OY Tel. 34 1 626 1600 

Piispankalliontie 17 
SF-02200 Espoo Svvede~enmar~orvvay 

Finland Hewlett-Packard AB 
Tel. 358 08 8721 Skalholtsgatan 9, Kista 

Box 19 
France 16493 Kista 

Hewlett-Packard Sweden - Z.A. de Courtaboeuf Tel. 004687 5020 00 

91947 Les VIis Cedex 
France Svvitzeriand/South Africa 

Tel. 0033 1 69 826060 Hewlett-Packard 
In der Luberzen 29 

Germany 8902 UrdoIf 

Hewlett-Packard GmbH Switzerland 

Hewlett-Packard Str. Tel. 0044 735 7940 

61352 Bad Homburg 
United Kingdom Germany 

Tel. 0049 6172 161867 Cain Road-Bracknell 
Berkshire RG 12 IHN 

Greece/Turkey United Kingdom 

Hewlett-Packard S.A: Tel. 44 1 344 362277 

150, Route-du Nant-d'Avril Fax. 44 1 344 362289 

CH-1217 Meyrin 2 
Switzerland 
Tel. 0041227808111 

FliDW HEWLETT~ 
':~PACKARD 

Far East/Australasia: 

China 
Hewlett-Packard Co., Ltd. 
5-6/F West Wing Office 
China World Trade Center 
No.1 Jian Guo Men Wai Ave. 
Beijing, 100004, PRC 
Tel. 861-6505-3888 

Korea 
Samsung Hewlett-Packard 
Samsung Life Bldg. 
36-1 Yeoeui Do-Dong 
Youngdeungpo-Ku 
Seoul, 150-010, Korea 
Tel. 82-2-769-0114 

Singapore 
Hewlett-Packard S'pore (Sales) Pte Ltd. 
450 Alexandra Road 
Singapore 119960 
Tel. 65-275-3888 

Taivvan 
Hewlett-Packard Taiwan Ltd. 
Hewlett-Packard Building 8/F 
337 Fu Hsing North Road 
Taipei, 10483, Taiwan 
Tel. 886-2-712-0404 

Japan 

Hevvlett-Packard Japan, Inc. 
29-21 Takaido-Higashi 3 Chome 
Sugimani-Ku, Tokyo 168 
Japan 
Tel. 81-3-3331-8153 

Latin America 

ArgentbruanSrazUVftlexico 
Hewlett-Packard 
WateIford Building, 9th Floor 
5200 Blue Lagoon 
Miami, FL 33126 
Tel. 305-267-4220 
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Information about HP Components 
Group and its products can be 
found on the World Wide Web at: 

http://www.hp.com/go/components 
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