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Hewlett-Packard:

A Leader in Components

A Brief Sketch

Founded in 1961, and
headquartered in San Jose,
California, the Hewlett-Packard
Company’s Components Group is
the world’s largest independent
supplier of communications
components. Today the group has
approximately 9500 employees,
and had fiscal 1995 revenues of
$856 million.

The Components Group
incorporates three major
divisions-Optoelectronics,
Optical Communication and
Communications Components—
and serves six major markets:
communications, computer/
office, industrial, transportation,
consumer and government/
military. Included in the Compo-
nents Group’s extensive line of
more than 9,000 components are
visible and infrared LED lamps;
visible LED displays, light bars
and arrays; Infrared Data
Association (IrDA)-compliant
infrared transceiver modules;
fiber-optic transceivers,
transmitters and receivers
meeting most of today’s industry
standards; motion control
devices; optocouplers and related
optically-isolated control compo-
nents; bar-code components; RF
and microwave semiconductors;
and communications amplifiers
and assemblies. HP offers the

world’s brightest LEDs and is a
technical leader for visible III-V
products.

The Components Group markets
products through a sales force of
300 technically-educated sales
professionals located in about 40
countries. HP components are
also sold through a worldwide
distributor network with more
than 150 locations. Altogether,
95 percent of sales revenues are
from customers external to HP.

The Components Group
maintains five marketing centers
worldwide in San Jose, California;
Boeblingen, Germany; Tokyo,
Japan; Frimley, UK; and
Singapore. Each is fully staffed
with product application and
support engineers and each is
responsible for regional decision
making. A design center in
Tokyo is specifically chartered to
develop products for the
Japanese market.

Local decision-making is central
to HP’s transnational business
strategy which focuses on
customer satisfaction. In addition
to providing the right product
with superior quality and
reliability, the Components
Group strives to ensure world-
wide product availability,
accurate on-time delivery and up-

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

Information

¢ 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, call 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.

For Additional
Information

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. Ask for 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 telecommunications
products

¢ LED Lamps and Displays

* Infrared Products

* RF & Microwave Products
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5962-8957101PC
5962-8957101PX........
5962-8957101XA

5962-8957101YA ..., 1-524
5962-8957101YC ........ccoovviiiiiiiiiiiinenen, 1-524
5962-895T1022A .....ouvivininiiiceieieciciee 1-524
5962-89571022X ...
5962-8957201EA ..........ccooviviiiiiiiiinnns 1-548

5962-8957201EC
5962-8957201EX

5962-8957201XA
5962-8957201YA
5962-8957201YC



5962-8978501PA .............ocvvviiiiiiiiiiien
5962-8978501PC ....

5962-8978501PX......ccvnvirierienieriiiiieneene
5962-8978501YA ........coovvvvinririiieniinieienine 1-571
5962-8978501YC ..........cc.coovvrniiiiiiniiinne 1-571
5962-8978501ZA

5962-89785022A ......

5962-89785022X
5962-8981001PA ..............coevvrriiiiieninne 1-571
5962-8981001PC .............ccoevvvniiiirnens 1-571
5962-8981001PX ......ccoiviiiiiniiiiniiiieienes 1-571
5962-8981001XA .........cooviiiiiiiiie, 1-671
5962-8981001YA ..o 1-571
5962-8981001YC
5962-9085401HPA ... 1-659
5962-9085401HPC ...........cooevvvviiniiiiininns 1-659
5962-9085401HPX
5962-9085401HXA ............ccooceiiiiiiiiiiinne 1-559
5962-9085401HYA ...........coovviiiiiiiiinins 1-559
5962-9085401HYC ...........coovviiiiiiiiinnns 1-559
5962-9085501HPA ....... e 1-5636
5962-9085501HPC .. 1-5636
5962-9085501HPX ....... ... 1-636
5962-9085501HXA ............cooovinviiiiiieen 1-536
5962-9085501HYA ..o 1-636
5962-9085501HYC

5962-9314001HPA

5962-9314001HPC

5962-9314001HPX

5962-9314001HXA

5962-9314001HYA ..o, 1-593
5962-9314001HYC .
5962-9314001HZA ................ccoovriiiiiinnn, 1-593
5962-9314001HZC.................covevviiiiinnne 1-593
5962-9685201HPA ...............ccocovviniiinnnnne. 1-498
5962-9685201HPC

5962-9685201HPX

5962-9685201 HXA

5962-9685201HYA
5962-9685201HYC

Bold type = new product

X

OBN140A/883B ......ccovvvuriririiiiieniiioniesiecinennes 1-571
8102801EA ............coovviiieien 1-5636

8102801EC
8102801EX

8102801TA
8102801UA
8102801UC

8102802PA .............coiiiie 1-5636
8102802PC
8102802PX .....uoviiiiiiiinieiicieiice e
8102802YA
8102802YC

8102802ZA .............convveviiriieeieere 1-636
81028032A
8102804FC............cccoveviiiiiiiiinieiiceen 1-636
8102804FX .........cooiiiiiiiiiiiiiciies 1-5636
81028032X ......ccooovviiiiiiiiiie 1-5636

8302401EA ..o
8302401EC .....
8302401EX ......
8402401FC...................

8302401FX ..ot

8302401YA ... 1-671
8302401YC ... 1-671
8302401XA ... 1-5671
8302401ZA
8302401ZC

Optocoupler Options
Option 020
Option 060
Option 100
Option 200
Option 300

Option 500....cccceiiriiiieeeeiieeecree e 1-485
OpPtion 600 .......ccuveiireeeiiiircerireeeeeeeeeeeeeeeeee e *

*See Hermetic and Hi-Rel Data Sheets.



Isolation Amplifiers
_* Solid State Relays
* Hermetic Optocouplers

Data Sheet IndeX......cc..oivviviviaiiiveviininnsiies 129
Product Selection Guide..........c.occocveeni 1410
Hermetic and Hi-Rel Optocouplers....... 1-489
Applications . iR 14806
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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 A/D 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/us can be achieved
using HP’s high performance
optocouplers. Look in the
selection guide for a wide array
of performance choices.

Regulatory

To meet the regulatory needs of
our customers, HP has expanded
several families with 400 mil
dual in line packages providing
Viorm=1414 Vpgak and VDE
approval. Look in the selection
guide for these parts prefixed
“HCNW?”. In addition, many
products are now available with
an optional 630 Vpgag 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 A drive
current, the lowest in the
industry.

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 V/100 A or

1200 V/50 A respectively, each

optocoupler provides the

following application critical

performance:

¢ 2.0'A and 0.5 A, respectively,
Minimum Peak Output Currents

* 15 kV/us 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 Ve Operating
Range

* Low Level Output Voltage

¢ 5 mA 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 (Widebody 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
15-bit Programmable A/D 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 us signal delay

* 14-bit effective resolution with
95 us signal delay

* Fast 3 us 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/us 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-
ture (e.g., safety, electromagnetic
interference reduction, protecting
the environment).
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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 European 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 data sheet provides the design
engineer with 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



Testing Level Country Standard/Specification Agency
Component Germany VDE 0884 Verband Deutscher
(June 1992 revision) Elektrotechniker (VDE)
United States UL 1577 Underwriters Laboratories (UL)
Canada CSA Component Canadian Standards
Acceptance Notice No. 5 Association (CSA)
System/ United Kingdom BS 415 British Standards
Equipment BS EN60950 Institute (BSI)
BS 7002
BS EN41003

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
Definitions

Comparative Tracking Index
(CTI)

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 Creep-
age and maximum allowable '
Working Voltage, where higher

1-4

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 (CTI)
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 Illa

175 < CTI < 400
Material Group IIIb

100 < CTI < 175

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

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 (CTI) determine the
maximum allowable Working
Voltage applied to an
optocoupler.

External Creepage




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 t)e 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 determirted
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 Vyys 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.
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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.

1-5



Common Optocoupler Parameters
Equipment Installation Requirements

Dielectric
i Withstand Country
Product External | External | Internal | Material | Pollution | Voltage, Regulatory
Family Creepage | Clearance | Clearance | Group Degree |Vrms, 1 min. Approvals
HCNW/HCNR 10.0 9.6 mm 1.0 JIEY 2 (Typical)| 5,000V United States-UL
Series “Wide CTI = 200 Canada-CSA
Body” Germany-VDE
8-pin DIP or United Kingdom-BSI
Surface Mount .
HCPL-7XXX 8.0 mm 7.4 mm 0.5 mm Illa 2 (Typical)| 3,750V United States-UL
Series CTI =175 Canada-CSA
8-pin DIP or Germany-VDE
Surface Mount
HCPL-XXXX 7.4 mm 7.1 mm 0.08 mm Illa 2 (Typical) | 2,500 V and | United States-UL
Series CTI - 200 5,000 V Canada-CSA
8-pin DIP or (See specific | Germany-VDE
Surface Mount data sheet)
HCPL-0XXX 4.8 mm 4.9 mm 0.08 mm Ila 2 (Typical) | 2,500V United States-UL
Series CTI = 200 Canada-CSA
8-pin SO8
Surface Mount
HCPL-MXXX 5.0 mm 5.5 mm 0.08 mm Illa 2 (Typical) | 2,500V United States-UL
Series CTI = 200 Canada-CSA
5-pin Miniflat
Surface Mount
Optocouplers for Safe equipment mains voltage, the insulation of an optocoupler.

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.

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

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 VDE 0884:



PROCEDURE A:

(FOR TYPE AND
SAMPLING TESTS,
DESTRUCTIVE TESTS)

ty, t2 =1to10s
t3, tg =18

tm (MEASURING TIME
FOR PARTIAL
DISCHARGE) =608

tst =628
tini =10s

PROCEDURE B: v

(FOR 100%
PRODUCTION TESTING)

t3, tg =018

tm (MEASURING TIME
FOR PARTIAL
DISCHARGE) =18

tat =128

VINITIAL

VpR

1)
o
i}
-
o
=
o
o
o

=
o

Ne)

Viorm

g

t2

]

tini

VPR

Viorm

o

tg |e——

tgt
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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. ViNrTiaL also equals Viorm (transient
overvoltage) which is listed in the applicable VDE insulated related characteristics
sections of this catalog. Preferred values for ViniTiaL are shown in Table 1 below (from
Table 2 of VDE 0884, June 1992 revision).

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

ViorMm 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 ViNITIAL test voltage and equals 10 seconds.
t1, tg, 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, ty,.

Table 1. (from VDE 0884-June 1992, Table 2)

Preferred Insulation Test Voltages for Service Class (V Initial)
Rated Mains Voltage up to 1 1I m v
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

1-8
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] b Single Channel 1 MBd Transistor Output Optocoupler (6N135/6 Type)
Package Prop CTR CMR - Vlus (V, VDE Insulation
300 |40 Delay be (Vou) Viorm UL = 1 min,
mil mil | I |tpHL tpLn| Min.| Max.| 1000 | 10000 | 15000 Page
Part Number | DIP| SO8|DIP [mA | us (max.)| % | % |(10V) |(1.5kV)|(1.5kV)| 630 Vp |1414 Vp|2500 V |5000 V| No.
6N135 v 16 |20 (20| 7 | 50 v v B 1-16
HCPL-0500 v 16 {20 |20] 7 | 50| v v
HCNW135 v 116 120 (20| 7 | 150 V v v
6N136 v/ 16 (10| 10] 19| 50 | v B
HCPL-0501 v 16 |1.0 [ 1.0 19 | 50 v v
HCNW136 v/ |16 |10 [ 10| 19 150 v/ v v
HCPL-4502l11 | v 16 (1.0 [ 1.0 19 | 50 v v B
HCPL-0452[1] v 16 (10 |10] 19| 50 | v v
HCNW4502[1] v/ |16 (1010 19150 ¢ v v
HCPL-4503[1 | v 16 [1.0 { 1.0 19| 50 v A v B
HCPL-0453(] v 16 |1.0 [ 10| 19| 50 v v
HCNW4503(1] v |16 [1.0 | 10| 19| 150 v v v
HCPL-4504(11 | « 12 110 [ 14| 26 | 65 v A v B 1-33
HCPL-045411] v 12 |10 | 14| 26 | 65 v v
HCNW4504("] v |12 110 | 14| 25| 65 v | v v
HCPL-450602] | « 10 [ 0.4 | 055 44 | >90 v A v B |1-49
HCPL-04662] v 10 (0.4 [0.55| 44 | >90 v v
HCNW4506/2] v/ |10 |04 |0.55| 44 [ >90 v v v
Notes:
1. Pin 7 not connected.
2. Pin 7 connected to internal 20 K pull-up resistor.
HCPL2s30  HCPL-0S60
0.0 %E
0 ul al
Gl P Dual Channel 1 MBd Transistor Output Optocoupler (6N135/6 Type)
Package Prop | c1R CMR = V/| VDE Insulation
()
300 400 Delay b (Vou) Viorm UL =1 min.
mil mil | I |tpuL tpLn| Min. [ Max.| 1000 | 10000 | 15000 Page
Part Number | DIP | SO8(DIP [ mA | us(max.)| % | % . |(10V)|(1.5kV) |(1.5kV)| 630 Vp (1414 Vp|2500 V| 5000 V| No.
HCPL-2530 v 16 120 | 20| 7 | 50 v v B |1-63
HCPL-0530 v 16120 |20 7 | 50 | v v
HCPL-2531 v 16 {10 | 1.0 19 | 50 v v B
HCPL-0531 4 16 (1.0 | 1.0 19 | 50 v v
HCPL-4534 v 16 (1.0 | 1.0] 19| 50 v v B
HCPL-0534 v 16 (1.0 | 1.0 19 | 50 4 v
HCPL-0560* v 16 (1.0 | 10| 19 | 50 v v B |1-74
HCPL-0561* v 16 1.0 | 1.0| 19 | 50 v 4
= A = Option 060
Bold Type = New Product B = Option 020
*coming soon
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o
Single Channel 100 KBd High Gain Transistor Output Optocoupler (6N138/9 Type) o
Package I-min CTR VDE Insulation 3
300 mil 400 mil Viorm UL=1min. | Page 8
PartNumber | DIP |SO8 | DIP |40 pA |0.5mA 1.6 mA | Min. % | 630 Vp |1414 Vp 2500V | 5000V | No. =
BN138 7 7 | 300 7 B | 177 °
HCPL-0700 v/ v/ 300 v/
HCNW138 v/ v/ 300 v v/
6N139 v v/ 400 v B
HCPL-0701 v v/ 400 v/
HCNW139 v v/ 400 v v/
HCPL-4701 v v/ 800 A v/ B [ 192
HCPL-070A v/ v/ 800 v
e
4 il
# b pual Channel 100 KBd High Gain Transistor Output Optocoupler (6N138/9 Type)
Package lg-min CTR VDE Insulation
300 mil 400 mil Viorm UL =1 min. Page
PartNumber| DIP |SO8| DIP |40 A | 05mA |1.6mA | Min.% | 630 Vp|1414Vp|2500V | 5000V| No.
HCPL-2730 v/ v/ 300 v/ B | 1-108
HCPL-0730 v/ v/ 300 v/
HCPL-2731 v/ v/ 400 v/ B
HCPL-0731 v v/ 400 v/
HCPL-4731 v v 800 v B | 192
HCPL-073A v v 800 v/
. p
Eiad Y _
q4_—Ph Single Channel 5 MBd Logic Gate Optocoupler (HCPL-2200 Type)
Package l-min CMR-V/us (Vcm) VDE Insulation
300 mil 400 mil 1000 | 2500 | 5000 Viorm UL=1min. |Page
PartNumber | DIP |SO8| DIP |1.6mA|1.8mA |(50V)|(400 V)| (1kV) | 630 Vp|1414 Vp|2500 V [5000 V| No.
HCPL-2200 v/ v/ v/ v/ 1-120
HCPL-2219 v/ v/ v/ A v/
HCPL-2201(3] v/ v/ v/ v/ 1-131
HCPL-2202B341| v v v/ v
HCPL-020183] v v v v
HCNW22013] v v/ v/ v/ v
HCPL-221181 | v v | A v
HCPL-2212B41 | v v v A v
HCPL-0211(3] v/ v/ v/ v
HCNW221103] v/ v/ v/ v/ v

Notes:
3. Pin 6 not connected. .
4. Pins 6 and 7 reversed. A = Option 060

Bold Type = New Product B = Option 020
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0y

“Zh  Dual Channe ogic Gate Optocoupler - ype
® b I Ch I 5 MBd Logic Gate Opt ler (HCPL-2200 T
Package lt-min CMR-V/us (Vcm) VDE Insulation
300 mil 400 mil 1000 | 2500 | 5000 Viorm UL=1min. | Page
Part Number DIP |SO8| DIP |1.6mA|1.8mA|(50V)|(400V)| (1kV)| 630 Vp|1414Vp]|2500V|5000V| No.
HCPL-2231 v/ | v v/ 1-131
HCPL-2232 v v/ v v
ok
o P Single Channel 10 MBd Logic Gate Optocoupler (6N137 Type)
Package l¢-min CMR-V/us (Vcm) VDE Insulation
300 mil 400 mil 100 | 5000 | 10000 Viorm UL=1min. | Page
PartNumber | DIP |SO8| DIP |2mA |5mA |(50V)| (50 V)| (1KkV)|630Vp |1414 Vp|2500V|5000V| No.
6N137 v VN 4 v B | 1-146
HCPL-0600 v/ | v v
HCNW137 v/ v v v/
HCPL-2601 v v v B
HCPL-0601 v v v v
HCNW2601 v v v v
HCPL-2611 v v/ A v/ B
HCPL-0611 v/ v/ v v
HCNW2611 v/ v/ v v
HCPL-261A v v v A v B 1-166
HCPL-061A v v v v
HCPL-261N v/ v/ v A v B
HCPL-061N v/ v v v
REIE
.E. i
& —wi1  Dual Channel 10 MBd Logic Gate Optocoupler (6N137 Type)
Package l-min CMR-V/us (Vcm) VDE Insulation
300 mil 400 mil 100 | 5000 | 10000 Viorm UL=1min. | Page
PartNumber | DIP [SO8| DIP [2mA |5mA [(50V)|(50V)|(1kV)|630Vp 1414 Vp (2500 V|5000V| No.
HCPL-2630 v/ | v v |" B | 1148
HCPL-0630 v v v v
HCPL-2631 v v/ v/ v/ B
HCPL-0631 v v v v
HCPL-4661 v/ v/ v v B
HCPL-0661 v v v v
HCPL-263A v v v v B 1-166
HCPL-063A v/ v v/ v
HCPL-263N v v v v B
HCPL-063N v v v v
Bold Type = New Product A = Option 060
B = Option 020
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Integrated Gate Drive Optocouplers

OPTOCOUPLERS

lout Prop Delay PWD Vee

It (on) A tpHL tpLH us v Page
Part Number mA (min.) Ms (max.) (max.) | (max.) CMR-V/us No.
HCPL-3000 8 0.6 2.0 5.0 - 13 1.5 kV/us @ Vgm = 600 V 1-329
HCPL-3100 12 0.1 2.0 - 24 1.5 kV/us @ Vgm = 600 V 1-338
HCPL-3101 16 0.1 0.5 - 24 1.5 kV/pus @ Vgy = 600 V
HCPL-3120 7 2 0.5 05 0.3 30 15kV/us @ Vgm=1500V | 1-182
HCPL-3150 7 05 05 05 0.3 30 15kV/ius @ Vem=1500V | 1-197
HCPL-3160 2.0 A with Integrated Over-Current Protection and Fault Feedback 1-212

]}
]}
]}
P Miniature Isolation Amplifiers
CMR-V/us (Vcm) VDE
Gain Tolerance | Non-Linearity | Prop Delay 10000 20000 Viorm Page
Part Number (max. %) (max. %) s (max.) (1000) (1000) 600 V No.
HCPL-7800 5 0.35 9.9 v v 1-216
HCPL-7800A/B 1 0.35 9.9 v v
HCPL-7820 3 0.15 4.1 v v 1-233
HCPL-7825 5 0.15 4.1 v v
HCPL-7840 5 0.2 9.9 4 1-248
HCPL-X870
HCPL-7860
(==
)
]
P Isolated Analog-to-Digital (A/D) Converters
Integral Effective | Signal Signal
Gain Tolerance | Non-Linearity | SNR | Radiation | Delay | Bandwidth | CMR V/us (Vcm) | Page
Part Number (max. %) (max. %) (dB) (bits) (us) (kHz) 15000 (1000) No.
HCPL-7860 1% 0.15 83 12 19 22 v 1-260
HCPL-7870
HCPL-0870
Bold Type = New Product
A = Option 060
B = Option 020
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HCPL-7100/101 HCPL-0710

HCPL-2300 HCPL2400 HCPL2430 i H ]
B [E Beeb § i P
Db gtk [}‘,@j g 0 - . .
—p 4= gf—p 0 i H  Other High Speed Logic Gate Optocouplers
VDE Insulation
lf- mA Prop Delay CMR Viorm UL = 1-min.
Part Number | max. | min. max. ViusiVem VpEAK Vac Page No.
HCPL-2300 0.5 200 ns 1000 V/us@\Vom = 50 V 630011 2500 1-288
HCPL-2400 4 60 ns 1000 V/us@Vowm = 300 V 630111 2500 1-300
HCPL-2430 4 60 ns 1000 V/us@\Vem = 50 V 2500
HCPL-7100 0.001 2 70 ns 2000 V/ps@Veum = 200 V 848 3750 1-402
HCPL-7101 0.001 2 40 ns 2000 V/us@Veum = 200 V 848 3750
HCPL-0710 0.001 2 40 ns 10,000 V/us@Vey = 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.

HCPL-4562 HCPL-4100 HCPL-4200 HCPL-3700/60 HCPL-2602/12

- - 4N45/46
HONR200/01 HONW4562 HSSR-8200 HSSR-8060 HSSR-8400

e : %ﬁ 18, L5 ] 2% a% P BE RE
E}{§E iE&’ %E %E % —h q b b O h ZI
Other Application Specific Optocouplers
Description Part Number Page No.
High Linearity Analog HCNR200/01 1-418
Wide Analog/Video 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/DC to Logic Interface HCPL-3700/60 1-348
Line Receiver HCPL-2602/12 1-314
200 V, 160 Q Solid State Relays HSSR-8200 1-454
60V, 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




Optocoupler & Solid State Relay Options

Iﬁ:l:nﬂggr 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 630V, VDE 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 s 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-261A, HCPL-261N,
HCPL-2400, HCPL-3120, HCPL-2300, HCPL-3150.

Hermetlc and Hi-Rel Optocouplers Selection Gulde

Page No.
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(”ﬁ HEWLETT®

PACKARD

Single Channel, High Speed

Optocouplers
Technical Data 6N135/6
HCNW135/6
HCNW4502/3
HCPL-0452/3
HCPL-0500/1
HCPL-4502/3
Features Applications Description
* 15 kV/us Minimum Common ¢ High Voltage Insulation These diode-transistor optocoup-
Mode Transient Immunity at  + Video Signal Isolation lers use an insulating layer
Vom = 1500V (4503/0453) * Power Transistor Isolation between a LED and an integrated
« High Speed: 1 Mb/s in Motor Drives pl}otOFiete;:tc?r to provide 'elec-
+ TTL Compatible  Line Receiver trical insulation between mpu.t
' ine Keceivers and output. Separate connections
¢ Available in 8-Pin DIP, SO-S, ¢ Feedback Element in for the photodiode bias and
Widebody Packages Switched Mode Power output-transistor collector
* Open Collector Output Supplies increase the speed up to a
* Guaranteed Performance * High Speed Logic Ground hundred times that of a conven-
from Temperature: 0°C Isolation - TTL/TTL, TTL/ tional phototransistor coupler by
to 70°C CMOS, TTL/LSTTL reducing the base-collector
* Safety Approval * Replaces Pulse Transformers capacitance. )
UL Recognized - 2500 V rms ¢ Replaces Slow
for 1 minute (5000 V rms for Phototransistor Isolators
1 minute for HCNW and . A.nalog Signal Ground
Option 020 devices) per Isolation
UL1577
CSA Approved
VDE 0884 Approved Functional Diagram
~Viorm = 630 V peak for
HCPL-4503#060 nelt

—Viorm = 1414 V peak for

El Vee
. TRUTH TABLE
HCNW devices ANODE E % ﬂ Vg (l:_osmve LOGIC)
BSI Certified 32 :: L‘g‘ﬂﬂ
(HCNW devices only) CATHODE 3| \:s] Vo OFF | RiGH

¢ Dual Channel Version
Available (253X/4534/053X/ Nel4] 5] ano
0534) _

+ MIL-STD-1772 Version * NOTE: FOR 4502/3, 045213,

PIN 7 1S NOT CONNECTED.
Available (55XX/65XX/4N55)

A 0.1 uF 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.

1-16 5965-3605E



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 TTL/
CMOS, TTL/LSTTL or wide
bandwidth analog applications.
Current transfer ratio (CTR) for
these devices is 7% minimum at
IF = 16 mA.

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 kQ pull-
up resistor. CTR for these devices
is 19% minimum at Ip = 16 mA.

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 kV/us
minimum at Vg = 1500V
guaranteed.

Selection Guide
Widebody
Minimum CMR 8-Pin DIP (300 Mil) Small-Outline SO-8 (400 Mil) Hermetic
Current Single Dual Single Dual Single Single and
dv/dt | Vom | Transfer Channel Channel Channel Channel Channel | Dual Channel
(V/us) (V) |Ratio (%) | Package Package* Package Package* Package Packages*
1,000 10 7 6N135 HCPL-2530 | HCPL-0500 | HCPL-0530 | HCNW135
19 6N136 HCPL-2531 | HCPL-0501 | HCPL-0531 | HCNW136
HCPL-4502} HCPL-04521 HCNW4502+
15,000 | 1500 19 HCPL-45031 | HCPL-4534 | HCPL-04531 | HCPL-0534 | HCNW4503%
1,000 10 9 HCPL-55XX
HCPL-65XX
4N55

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

1Pin 7, transistor base, is not connected.

OPTOCOUPLERS




Ordering Information
Specify Part Number followed by Option Number (if desired).
Example:
HCPL-4503#XXX
+——— 020 = UL 5000 V rms/1 Minute Option*
060 = VDE 0884 Vipry = 630 V peak Option**

! 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
lec
<S¢ 8
————————0 Vc¢
1 :
ANODE =
* SAN
v SzF ,
) 0o 6
- - Vo
CATHODE ° :
Loy
e L 5 anp
HCPL-4503/0453
HCNW4503 A
L]
70+
Vs

* NOTE: FOR HCPL-4502/-3, HCPL-0452/3,
HCNW4502/3, PIN 7 IS NOT CONNECTED.
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Package Outline Drawings
8-Pin DIP Package (6N135/6, HCPL-4502/3)

9.65+0.25 7.62+0.25
~(0.380 = 0.010) ™ 0.300 = 0.010)
oo WOV oo — 388
Hp XXXXZ |~ DATE CODE
Yyww AU
uL
1 7] [3] 4]  RECOGNITION
1.19 (0.047) MAX. ——} '-— ‘J 1‘" 78 (0.070) MAX.
+0.076
AJ 5° TYP. JL“ 0254 _ 9,051
) 0.010* 3993
L. 4.70 (0.185) MAX. (0.010. 0,002)
]
1051 (0.020) MIN.
2.92 (0.116) MIN.
JoU U U DIMENSIONS IN MILLIMETERS AND (INCHES).
1.080£0320 | ‘« |l 0.65 (0.025) MAX. * MARKING CODE LETTER FOR OPTION NUMBERS.
(0.043 £ 0.013) L"= OPTION 020
254025 “V" = OPTION 06
(0.100 = 0.010) OPTION NUMBERS 300 AND 500 NOT MARKED.

8-Pin DIP Package with Gull Wing Surface Mount Option 300 (6N135/6, HCPL-4502/3)

- 9652025 |
(0.380 £ 0.010) |

Elwalixnlis

6.350 = 0.25
(0.250 = 0.010)

o
F¥EEFEY

1.780
i 5
(0047) ””

| )
(:11:5)MAX
s

1 1.016 (0.040)
. " " 1,194 (0.047) ‘

g |

: 1.194 (0.047)
' 1.778(0.070)

9.65  0.25
(0.380 = 0.010)

7.62 £ 0.25 )
(0.300 = 0.010; +0.076
0.254 051
(001 °+ 0. 003))

J

i I
1.080 = 0.320 .‘ | L_— 0.635 £ 025 {
(00432 0013) , ™ 10.025 £ 0.010) .
2.54 0.635 = 0.130 =—12° NOM.
(0.100) (0.025 + 0.005)
BSC

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

n
o
wi
-
o
>
o
o
(o]
=
o
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Small Outline SO-8 Package (HCPL-0500/1, HCPL-0452/3)

-~ 5.842:0.203
(0.236 £ 0.008)
3,937 £ 0.127 TYPE NUMBER
(0.155  0.005) (LAST 3 DIGITS)
DATE CODE
L
0.381 2 0,076 —>| [~—
(0.016 + 0.003) —J L-(; g;g)ase

5.080 = 0.127

080 0. 7 .y 0432
(0.200:0.005)“ » /‘ %5 X 0.017)

34752 0.127 . oo eous
(0.125 = 0.005) 1524 *

(0.060) (00092 0.001)

.J R
0. 152 £0.051
(0.006 = 0.002)

DIMENSIONS IN MILLIMETERS (INCHES). 0.305 MIN.
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). (0.012)

8-Pin Widebody DIP Package (HCNW135/6, HCNW4502/3)

« 11152015 11.00 pax.
(0.442 £ 0.006) (0.433)
& h B R 9.00 0, 15
8llz H *(0.354 £ 0008
TYPE NUMBER
HP -

HeNwxxxx <~ |- DATE cope
YYww

o
R

10.16 (0.400) —»
. TVP.
— -
* (0.061) . TvP
. +0.076
) MAX. 0254 ¢,0051
+0.003)
W I -+ (0.010% 0003)
5.10
(o.:m)"“

3.10(0.122 ?
B—HW 0.154) 051 (0.021) MIN.

2.54 (0.100) — -—
TYP.

1782015 __ ’ 0.40 (0.016
(0.070 = 0.006) - 0.56 (0.022 DIMENSIONS IN MILLIMETERS (INCHES).
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8-Pin Widebody DIP Package with Gull Wing Surface Mount Option 300 (HCNW135/6,
HCNW4502/3)

)
o
w
-
o
>
(o]
O
o
=
o
o

e 11152015
(0.432  0.006) ’1 PAD LOCATION (FOR REFERENCE ONLY)
r‘l“ ,Jl|7 rDﬂ |‘|5L| S o o | ?
: 6.15
: (0.242)TYP-
9.00£015 | i
(0354x0006) | | - .2
| 12304030 |
o o ; (0.484 £ 0.012) |
R R O e s il _*_L
R
0.9
©0.051) (0.035)
_ 155 12302030
™™ (0061) l« (0.484 = 0.012)
MAX.
1.0 gax
. | [. (a9 MAX-
400
&8 max. ’
v v J |
[ — PE—
1782015 __ .
(0.070 = 0.006) " ' T _.j LT01632=8';§6) \ T
0.7520.25 .039 £ 0.006) +0.076
’ ‘ (0%55640) (0.030 = 0.010) 0.254 ' gg51
+0.003
BSC 0.010* 0_002))
DIMENSIONS iN MILLIMETERS (INCHES).
7° NOM.

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
160
140
120 £
100
80
60 -
40
20

0

AT TN\ l__]
P \ | AT = 145°C, 1°C/SEC
AT = 115°C, 0.3°C/SEC N

p! N\

Jfr+—— AT =100°C, 1.5°CISEC

TEMPERATURE - °C

AL R A A A R LA R AR
—
N\
7

O T T T ST T W A O A

L] I Ll
0 1 2 3 4 5 6 7 8 9 10 1 12
TIME - MINUTES

Note: Use of Non-Chlorine Activated Fluxes is 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 E565361.

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

BSI :

Certification according to
BS451:1994,

(BS EN60065:1994);

BS EN60950:1992
(BS7002:1992) and
EN41003:1993 for Class II
applications (HCNW devices
only).

8-Pin DIP Widebody
(300 Mil) | SO-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 CTI 200 200 200 Volts | DIN IEC 112/VDE 0303 Part 1
(Comparative
Tracking Index)
Isolation Group la la Ia 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)

[42]
oc
w
-
o
o]
o
(&)
(o]
—
Q.
(o]

Description Symbol Characteristic | Units
Installation classification per DIN VDE 0110/1.89, Table 1
for rated mains voltage < 300 V rms -V
for rated mains voltage < 450 V rms I-III
Climatic Classification 55/100/21
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 = Vpg, 100% Production Test with t,, = 1 sec, Ver 1181 V peak
Partial Discharge < 5 pC
Input to Output Test Voltage, Method a*
Viorm X 1.6 = Vpg, Type and sample test, Ver 945 V peak
tn = 60 sec, Partial Discharge < 5 pC
Highest Allowable Overvoltage*
(Transient Overvoltage, t;,; = 10 sec) Viotm 6000 V peak
Safety Limiting Values
(Maximum values allowed in the event of a failure,
also see Figure 9, Thermal Derating curve.)
Case Temperature Ty 175 °C
Input Current Is wpur 230 mA
Output Power Ps ourput 600 mW
Insulation Resistance at Tg, Vio = 500 V Rg >10° Q

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 = Vpg, 100% Production Test with t, = 1 sec, Ver 2652 V peak
Partial Discharge < 5 pC
Input to Output Test Voltage, Method a*
Viorm X 1.5 = Vpg, Type and sample test, Ver 2121 V peak
tn = 60 sec, Partial Discharge < 5 pC
Highest Allowable Overvoltage*
(Transient Overvoltage, t;,; = 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 ivpuT 400 mA
Output Power PS,OUTPUT 700 mW
Insulation Resistance at Tg, Vio = 500 V Rg > 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

Parameter Symbol Device | Min. | Max. | Units | Note
Storage Temperature* Ts -65 125 °C
Operating Temperature* Ta 8-Pin DIP | -55 100 °C
SO-8
Widebody | -55 85
Average Forward Input Current* Irava) 25 mA 1
Peak Forward Input Current* Ir(PEAK) 8-Pin DIP 2
(50% duty cycle, 1 ms pulse width) SO-8 - 50 mA
(50% duty cycle, 1 ms pulse width) Widebody 40
Peak Transient Input Current*® IF(TRANS) | 8-Pin DIP 1 A
(< 1 ps 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* PN 8-Pin DIP 45 mW 3
SO-8
Widebody 40
Average Output Current* (Pin 6) Ioava) 8 mA
Peak Output Current* Io(PEAK) 16 mA
Emitter-Base Reverse Voltage* VEBR 5 \%
(Pin 5-7, except 4502/3, 0452/3)
Supply Voltage (Pin 8-5) Voe -0.5 30 \%
Output Voltage (Pin 6-5) Vo -0.5 20 \%
Supply Voltage* (Pin 8-5) Vee -0.5 15 \%
Output Voltage* (Pin 6-5) Vo -0.5 15 v
Base Current* (Pin 7, except 4502/3, 0452/3) I 5 mA
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 Profile Trp SO-8 and | See Package Outline
Option 300 Drawings section

*Data has been registered with JEDEC for the 6N135/6N136.
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Electrical Specifications (DC)
Over recommended temperature (T, = 0°C to 70°C) unless otherwise specified. See note 13.

Parameter Symbol Device Min. | Typ.** | Max. | Units Test Conditions Fig. | Note
Current CTR* 6N135 7 18 50 % |[Ty=25°C|Vy=04V Ir=16mA, | 1,2,] 5,11
Transfer Ratio HCPL-0500 5 19 Vo=05V Vec =456V 4

HCNW135
6N136 19 24 50 Ty = 25°C | Vo =0.4V
HCPL-4502/3
HCPL-0501
HCPL-0452/3| 15 25 Vo=05V
HCNW136
HCNW4502/3
Logic Low Vou 6N135 0.1 0.4 V |Ty=25°C|Ip=11mA Ir = 16 mA,
Output Voltage HCPL-0500 0.1 0.5 Ip = 0.8 mA Vec =456V
HCNW135
6N136 0.1 0.4 Ty, = 25°C | I = 3.0 mA
HCPL-4502/3 0.1 0.5 Ip =2.4mA
HCPL-0501
HCPL-0452/3
HCNW136
HCNW4502/3
Logic High Tou* 0.003 0.5 MA [Ty =25°C|Vo=Vec=55V]|I[F=0mA 7
Output Current 0.01 1 Ty =25°C|{Vog=Vec =15V
50
Logic Low IccL 50 200 MA |Ip = 16 mA, Vo = Open, Voc = 15V 13
Supply Current
Logic High Icop™ 0.02 1 MA | T, = 25°C |IF = 0mA, Vo = Open, 13
Supply Current 2 Vec =156V
Input Forward N 8-Pin DIP 1.5 1.7 V. |T, =25 [Ir = 16 mA 3
Voltage SO-8 1.8
Widebody | 1.45 | 1.68 1.85 Ty, = 25°C IIF‘ =16 mA
1.35 1.95
Input Reverse BV* 8-Pin DIP 5 V |Ig=10pA
Breakdown SO-8
Voltage ‘Widebody 3 Iz = 100 pA
Temperature AVg 8-Pin DIP -1.6 mV/°C [ Ip = 16 mA
Coefficient of AT, SO-8
Forward Voltage Widebody -1.9
Input Cn 8-Pin DIP 60 pF |f=1MHz, V=0V
Capacitance SO-8
‘Widebody 90
Transistor DC hpg 8-Pin DIP 150 Vo=5V,Ip =3 mA
Current SO-8 130 Vo =04V, Iz =20pA
Gain Widebody 180 Vo=5V,Ip =3mA
160 Vo=0.4V, Iz =20 pA
*For JEDEC registered parts.

**All typicals at T, = 25°C.
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Switching Specifications (AC)
Over recommended temperature (T, = 0°C to 70°C), Voc = 5 V, Iy = 16 mA unless otherwise specified.

Parameter Sym. Device Min. | Typ.** | Max. | Units Test Conditions Fig. | Note
Propagation tpaL* 6N135 0.2 1.5 us | Ty = 25°C } Ry = 4.1kQ 5,6, 89
! Delay Time HCPL-0500 2.0 11
: to Logic Low HCNW135
at Output 6N136 0.2 0.8 Ty =25°C | R, =19kQ
HCPL-4502/3
HCPL-0501
HCPL-0452/3 1.0
HCNW136
HCNW4502/3
Propagation tpLu® 6N135 1.3 1.5 pus | Ty = 25°C T R, = 4.1kQ 5,6, 1 89
Delay Time to HCPL-0500 2.0 . 11
Logic High at HCNW135
Output 6N136 0.6 0.8 Ty =25°C | Ry = 1.9kQ
HCPL-4502/3
HCPL-0501
HCPL-0452/3 1.0
HCNW136
HCNW4502/3
Common Mode | |CMy]| 6N135 1 kV/us | Ry, = 4.1 kQ [ Iy = 0 mA, Ty = 25°C, 12 7,8,
Transient HCPL-0500 Vem =10 Vpp 9
Immunity at HCNW135 Cp = 15 pF
Logic High 6N136 1 Ry, = 1.9kQ
Level Output HCPL-4502
HCPL-0501
HCPL-0452
HCNW4502 |.
HCPL-4503 | 15 30 R, =19kQ |Ip = 0mA, Ty, = 25°C,
HCPL-0453 Vem = 1500 V.,
HCNW4503 ] Cp, = 15 pF
Common Mode | [CMy,| 6N135 1 kVius [Rp =4.1kQ | Ip = 16 mA, Ty = 25°C, | 12 7,8,
Transient HCPL-0500 Vem = 10V, 9
Immunity at HCNW135 ; Cy,= 15 pF
Logic Low 6N136 1 Ry = 1.9kQ
Level Output HCPL-4502
HCPL-0501
HCPL-0452
HCNW4502
HCPL-4503 | 15 30 Ry =1.9kQ | Ir = 16 mA, Ty = 25°C,
HCPL-0453 Vom = 1500 V.,
HCNW4503 Cp = 15 pF
Bandwidth BW 6N135/6 9 MHz | See Test Circuit 8,10 10
HCPL-0500/1 :
HCNW135/6 11

*For JEDEC registered parts.
**All typicals at Ty = 25°C.
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Package Characteristics
Over recommended temperature (T, = 0°C to 70°C) unless otherwise specified.
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Parameter Sym. Device Min. | Typ.* | Max. | Units | Test Conditions | Fig. | Note
Input-Output Viso 8-Pin DIP 2500 Vrms | RH < 50%, 6,14
Momentary SO-8 t = 1 min.,

Withstand Widebody | 5000 Ty = 25°C 6,15
Voltage**
8-Pin DIP 5000 6, 12,
(Option 020) 15
Io 8-Pin DIP 1 HA | 45% RH,t=5s, 6, 16
V5o = 3 kVdc,
Ty, = 256°C
Input-Output Rio 8-Pin DIP 1012 Q Vio = 500 Vdc 6
Resistance SO-8
Widebody 1012 | 1018 Ty = 25°C
1011 T, = 100°C
Input-Output Cro 8-Pin DIP 0.6 pF |f=1MHz 6
Capacitance SO-8
Widebody 0.5 0.6

*All typicals at Ty = 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 mA/°C (8-Pin DIP).

Derate linearly above 85°C free-air temperature at a rate of 0.5 mA/°C (SO-8).

2. Derate linearly above 70°C free-air temperature at a rate of 1.6 mA/°C (8-Pin DIP).
Derate linearly above 85°C free-air temperature at a rate of 1.0 mA/°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 defined as the ratio of output collector current, Ip, to the forward LED input current, If,
times 100.

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

7. Common mode transient immunity in a Logic High level is the maximum tolerable (positive) dVgy/dt on the leading edge of the
common mode pulse signal, Vo, 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) dVgy/dt on the trailing edge of the common mode pulse
signal, Voy, to assure that the output will remain in a Logic Low state (i.e., V5 < 0.8 V).

8. The 1.9 kQ load represents 1 TTL unit load of 1.6 mA and the 5.6 kQ pull-up resistor.

9. The 4.1 kQ load represents 1 LSTTL unit load of 0.36 mA and 6.1 kQ 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 uf 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 2 3000 V rms for 1 second
(leakage detection current limit, I; o £ 5 pA). 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 2 6000 V rms for 1 second
(leakage detection current limit, I.o < 5 pA). 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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Figure 11. Switching Test Circuit.
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High CMR, High Speed

Optocouplers

Technical Data

Features
* Short Propagation Delays
for TTL and IPM
Applications
¢ 15 kV/us Minimum Common
Mode Transient Immunity at
Vem = 1500 V for TTL/Load
Drive
* High CTR at T, = 25°C
>25% for HCPL-4504/0454
>23% for HCNW4504
¢ Electrical Specifications for
Common IPM Applications
¢ TTL Compatible
¢ Guaranteed Performance
from 0°C to 70°C
* Open Collector Output
¢ Safety Approval
UL Recognized - 2500 V rms
for 1 minute (56000 V rms for
1 minute for
HCPL-4504#020 and
HCNW4504)per UL1577
CSA Approved
VDE 0884 Approved
-VIORM =630V peak for
HCPL-4504#060
'VIORM = 1414V 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/us for an
IPM load/ drive) and (tPLH - tPHL)
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

Ne 1] El Vee
ANODE [2] % E| NC
CATHODE 3] } 6] vo
Nc[4] 5] aND

OPTOCOUPLERS

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
(tpry - tpur)- These features make
these optocouplers an excellent
solution to IPM inverter dead time
and other switching problems.

TRUTH TABLE
LED Vo

ON | Low
OFF | HIGH

A 0.1 pF bypass capacitor 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.

5965-3604E
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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-Pin DIP Small Qutline 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

020 = UL 5000 V rms/1 Minute Option*
060 = VDE 0884 Viopm = 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

1
|
2 |
Ve 2
CATHODE o
3

|
|
SHIELD el

1-34

1
<CC 8

Vee



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

9652025 7622025 _
™ (0380 0.010) ™ (0.300 = 0.010)
TvpeNumeer . |81 [71 [61 (8 6.35+0.25
. __ OPTION CODE* (0550 = 00%0)
-

HP X002 4 '| - paTE cone

-~
YYww HU\

]
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+0.076
, J — 5° TYP. J\« 0.254 _ g 051

+0.003)
(0.010. 9 002)

4.70 (0.185) MAX.

v

0.51 (0.020) MIN.

32 (0.115) MIN.
. v ’ DIMENSIONS IN MILLIMETERS AND (INCHES).
1.080£0.320 ‘__ — o/« 0.5 (0.025 max. * MARKING CODE LETTER FOR OPTION NUMBERS.
(0.043 + 0.013) “L" = OPTION 020
| 2,54 £ 0.25 “V* = OPTION 060
(0.100 + 0.010) OPTION NUMBERS 300 AND 500 NOT MARKED.

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

9.65 £ 0.25 : .016 (0.040)
(0380 £ 0.010) *” r‘*}.gg(g.on)
[ isalinalo! o e e W

6.350 £ 0.25
(0.250 = 0.010)

o l '
& g O e R
&Y ’ 4>| L-— 0.381(0.015)

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

9.398 (0.370)
9.906 (0.390)

1.780 9.65 + 0.25
" (0.070) (0380 0.010)
119 MAX.
(0.047) l 7.62+0.25
MAX. (0.300 = 0.010) +0.076
111 ! 0254 -0.051
4.19
(o—.;js)MAx' ©.010° 0 003y
v o AL —r
1.080 + 0.320 _,' - J L_
0.635 2 0.25
(0.043 + 0.013) o o) )
™l o54 0.635 = 0.130 12° NOM.
(0.100) (0.025 + 0.005)
BSC

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

- 5.842 = 0.203
(0.236 + 0.008)
3.937 £ 0.127 TYPE NUMBER
(0.155 = 0.005)

(LAST 3 DIGITS)
DATE CODE

L]
0.381 2 0.076 —~| —
(0.016 = 0.003) J I-— 1.270 goa
(0.050)

5.080 + 0.127 ™~ s x 0.432
(0 200 = 0. 005) (0.017)

3175+ o 127 ‘
(0.125 + 0. oos) 1524 0.228 + 0.025
J:(o (S)so) _f (0.009 = 0.001)

I
0.152 + 0.051

(0.006 = 0.002)
DIMENSIONS IN MILLIMETERS (INCHES). 0.305 \un.
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). (0.012)

8-Pin Widebody DIP Package (HCNW4504)

« 11152015 1100 oy
(0.442 = 0.006) (0.433)
O g
TYPE NUMBER

HP
HCNWXXXX e DATE CODE

www " |
(o]
R
/ 10.16 (0.400)
) TYP.
1.55
(o.0en . 7°TYP.

— 0.254 000%?:

+ 0.003]
I (00107, ooz))
5.10
Pl
3.10 (0.1
3.90 (0.154)  0.51(0.021) MIN.
2.54 (0.100) —
TYP.
1.78£0.15 > 0.40 (0.016)
(0.070 = 0.006) 0.56 (0 022) DIMENSIONS IN MILLIMETERS (INCHES).
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8-Pin Widebody DIP Package with Gull Wing Surface Mount Option 300 (HCNW4504)

e 11152045 |

© (0.442£0.006) PAD LOCATION (FOR REFERENCE ONLY)

S Dooo p v

: 6.15

‘ (0.2a2)TYP-

9.00 £ 0.15 H
(0.354+0006) @ f

H 12.30 + 0.30
(e} o ; (0.484 £ 0.012) !
L | s s s e B |

o 1
0.9
(0.051) (0.035)
1.55 12.30:0.30
"™ 0081 (0.484 £ 0.012)
MAX.
11.00 .
. 433)wu\x. !
4.00
(o.158)MAx'
' J |

T i I E=——-
(0670 0:008) r l T ol le_ 1002015 | T
—

0.75 + 0.25 (0.039 x 0.006) +0.076
(‘f"%‘;) (0.030 + 0.010) | 0.254 4 0051
BSC +0.003)

00102 505
DIMENSIONS IN MILLIMETERS (INCHES).

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

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

o — T\
220 | ~ \/AT = 145°C, 1°C/SEC
200 AT =115°C, 0.3°C/SEC \
180
160
140
120
100
80
60

AT =100°C, 1.5°C/SEC

TEMPERATURE - °C

20
0 Il Ll L Il\li\\IILL\\ALl\J_ILJ_LI T B

0 1 2 3 4 5 6 7 8 9 10 " 12
TIME - MINUTES

LA AL AR A A A LA AU
i —
AN

Note: Use of nonchlorine activated fluxes is highly recommended.

OPTOCOUPLERS
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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

BSI

Certification according to
BS451:1994,

(BS EN60065:1994);

BS EN60950:1992
(BS7002:1992) and
EN41003:1993 for Class II
applications (HCNW4504 only).

8-Pin DIP Widebody
(300 Mil) | SO-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 CTI 200 200 200 Volts | DIN IEC 112/VDE 0303 Part 1
(Comparative
Tracking Index)
Isolation Group Ila IIla IIla 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 Symbol Characteristic | Units
Installation classification per DIN VDE 0110/1.89, Table 1
for rated mains voltage < 300 V rms IV
for rated mains voltage < 450 V rms I-IIT
Climatic Classification 55/100/21
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 = Vpg, 100% Production Test with t,, = 1 sec, Ver 1181 V peak
Partial Discharge < 5 pC
Input to Output Test Voltage, Method a*
Viorm X 1.5 = Vpg, Type and sample test, Ver 945 V peak
tm = 60 sec, Partial Discharge < 5 pC
Highest Allowable Overvoltage*
(Transient Overvoltage, t;,; = 10 sec) Viorm 6000 V peak
Safety Limiting Values
(Maximum values allowed in the event of a failure,
also see Figure 15, Thermal Derating curve.)
Case Temperature Tg 175 °C
Input Current Is wput 230 mA
Output Power S,0UTPUT 600 mwW
Insulation Resistance at Tg, Vjo = 500 V Rg >10° Q
VDE 0884 Insulation Related Characteristics (HCNW4504 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 = Vpg, 100% Production Test with t,, = 1 sec, Ver 2652 V peak
Partial Discharge < 5 pC
Input to Output Test Voltage, Method a*
Viorm X 1.5 = Vpg, Type and sample test, Vpr 2121 V peak
tn = 60 sec, Partial Discharge < 5 pC
Highest Allowable Overvoltage*
(Transient Overvoltage, t;;; = 10 sec) Viotm 8000 V peak
Safety Limiting Values
(Maximum values allowed in the event of a failure,
also see Figure 15, Thermal Derating curve.)
Case Temperature Ts 150 °C
Input Current Is npuT 400 mA
Output Power Ps outpur 700 mW
Insulation Resistance at Tg, 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

Parameter Symbol Device | Min. | Max. | Units | Note
Storage Temperature Ts -565 125 °C
Operating Temperature Ta HCPL-4504 | -55 100 °C
HCPL-0454
HCNW4504| -55 85
Average Forward Input Current Irave) 25 mA 1
Peak Forward Input Current IrpEAK) | HCPL-4504
(560% duty cycle, 1 ms pulse width) HCPL-0454 50 mA 2
(560% duty cycle, 1 ms pulse width) HCNW4504 40
Peak Transient Input Current Ir(trANS) | HCPL-4504 1 A
(£ 1 ps pulse width, 300 pps) HCPL-0454 :
HCNW4504 0.1
Reverse LED Input Voltage (Pin 3-2) VR HCPL-4504 5 \%
HCPL-0454
HCNW4504 3
Input Power Dissipation PN HCPL-4504 45 mwW 3
HCPL-0454
HCNW4504 40
Average Output Current (Pin 6) loave) 8 mA
Peak Output Current IoPEAK) 16 mA
Supply Voltage (Pin 8-5) Vee -0.5 30 \%
Output Voltage (Pin 6-5) Vo -0.5 20 \%
Output Power Dissipation Po 100 mW 4
Lead Solder Temperature
(Through-Hole Parts Only)
1.6 mm below seating plane, TLs HCPL-4504 260 °C
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 (T, = 0°C to 70°C) unless otherwise specified. See note 12.

OPTOCOUPLERS

Parameter Symbol Device Min. | Typ.* | Max. | Units Test Conditions Fig. | Note
Current CTR HCPL-4504 | 25 32 60 % |Ty=25°C|Vp =04V Ir=16mA, | 1,2, 5
Transfer Ratio HCPL-0454 | 21 34 Vo=05V Ve =45V 4

HCNW4504 | 23 29 60 Ty =25°C|Vp =04V
19 31 63 Vo =05V
Current CTR HCPL-4504 | 26 35 65 % |Ty=25°C|Vp =04V Ir=12mA, | 1,2, 5
Transfer Ratio HCPL-0454 | 22 37 Vo=05V Vee =45V 4
HCNW4504 | 25 33 65 Ty =25°C[Vp =04V
21 35 68 Vo=05V
Logic Low VoL HCPL-4504 0.2 0.4 V [Ty =25°C|Ip = 4.0 mA Ip = 16 mA,
Output Voltage HCPL-0454 0.5 Ip =33 mA Vec =456V
HCNW4504 0.2 0.4 T, = 25°C| Iy = 3.6 mA
0.5 Io =3.0mA
Logic High Ton 0.003 | 0.5 pA  |Ty = 25°C| Vg =Voc = 5.5V|Ip = 0mA 5
Output Current 0.01 1 Ty =25°C| Vo=V =15V
50
Logic Low TocL 50 200 pA  |Ip = 16 mA, Vo = Open, Vgc = 15V 12
Supply Current
Logic High Iccn 0.02 1 pA [T, = 25°C [Ir = 0 mA, V, = Open, 12
Supply Current 2 Vec =156V
Input Forward Vp HCPL-4504 1.5 1.7 vV [T, =25°C |lp = 16 mA 3
Voltage HCPL-0454 1.8
HCNW4504 | 1.45 | 1.59 1.85 T, = 25°C |I,.- =16 mA
1.35 1.95
Input Reverse BVg HCPL-4504 5 v I =10 pA
Breakdown HCPL-0454
Voltage HCNW4504 3 Iz = 100 pA, T, = 25°C
Temperature AVp HCPL-4504 -1.6 mV/°C |Ip = 16 mA
Coefficient of ‘AT, | HCPL-0454
Forward Voltage HCNW4504 -1.4
Input Ciy HCPL-4504 60 pF |f=1MHz, V=0V
Capacitance HCPL-0454
HCNW4504 70

*All typicals at Ty = 25°C.
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AC Switching Specifications
Over recommended temperature (T, = 0°C to 70°C) unless otherwise specified.

Parameter | Symbol | Min.| Typ. | Max. | Units Test Conditions Fig. | Note
Propagation 0.2 0.3 Ty = 25°C | Pulse: f = 20 kHz, 6,
Delay Time tpHL us Duty Cycle = 10%, 8,9 9
to Logic Low 0.2 0.5 Ip =16 mA, Voc = 5.0V,
at Output Ry, = 1.9kQ, C,, = 15 pF,
. VTHHL =15V
02 | 05 0.7 Ty = 25°C | Pulse: f = 10 kHz, 6,
Duty Cycle = 50%, 10-14 | 10
01| 056 1.0 Ip=12mA, Vg = 150V,
Ry = 20 kQ, C;, = 100 pF,
VTHHL =15V
Propagation 0.3 0.5 T, = 25°C | Pulse: f = 20 kHz, 6,
Delay Time tpLu us Duty Cycle = 10%, 8,9 9
to Logic 0.3 0.7 Ip =16 mA, Voo = 5.0V,
High at Ry, = 1.9 kQ, C;, = 15 pF,
Output Vrgg = 1.6V
03| 0.8 1.1 Ty = 25°C | Pulse: f = 10 kHz, 6,
Duty Cycle = 50%, 10-14 | 10
02| 0.8 1.4 Ip=12mA, Vgc = 15.0V,
Ry, = 20 kQ, C;, = 100 pF,
VTHLH =20V
Propagation 0.4 03 0.9 Ty = 25°C | Pulse: f = 10 kHz, 6,
Delay tpLa-tpHL us Duty Cycle = 50%, 10-14 | 15
Difference -0.71 0.3 1.3 Ir = 12 mA, Vgc = 15.0V,
Between Ry = 20 kQ, C;, = 100 pF,
Any 2 Parts VTHHL =15 V, VTHLH =2.0V
Common VCC = 5.0 vV, RL =1.9 kQ,
Mode 15 30 Cp, = 15 pF, Iy = 0 mA 7 7,9
Transient |CMg | kV/us | Ty = 25°C
Immunity at 15 30 Vee = 156.0 V, R, = 20 kQ,
Logic ngh VCM = CL = 100 pF‘, Ip = 0 mA 7 8, 10
Level Output 1500 Vpp
Common Vee = 5.0V, Ry, = 1.9 kQ,
Mode 15 30 Cp, = 15 pF, Ip = 16 mA 7 7,9
Transient |CM,| kV/us | Ty = 25°C
Immunity at 10 30 Vee = 16.0 V, Ry, = 20 kQ,
Logic Low Vem = C, = 100 pF, Iz = 12 mA 7 8,10
Level Output 1500 Vpp
15 30 Vee = 15.0 VR, = 20 kQ, 7 8 10
Cp, = 100 pF, Ip = 16 mA !

*All typicals at Ty, = 25°C.
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Package Characteristics
Over recommended temperature (Ty = 0°C to 25°C) unless otherwise specified.

OPTOCOUPLERS

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 Ty = 25°C 6,14
Voltaget HCPL-4504 | 5000 6,11,

(Option 020) 14
Input-Output Rio | HCPL-4504 1012 Q Vio = 500 Vdc 6
Resistance HCPL-0454

HCNW4504 | 102 | 1013 Ty, = 25°C

o1 T, = 100°C

Input-Output CLo | HCPL-4504 0.6 pF f=1MHz 6
Capacitance HCPL-0454

HCNW4504 0.5 0.6

*All typicals at T, = 25°C..

1The 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
1
1
1

1

15.

1. Derate linearly above 70°C free-air temperature at a rate of 0.8 mA/°C (8-Pin DIP).
Derate linearly above 85°C free-air temperature at a rate of 0.5 mA/°C (SO-8).

2. Derate linearly above 70°C free-air temperature at a rate of 1.6 mA/°C (8-Pin DIP).
Derate linearly above 85°C free-air temperature at a rate of 1.0 mA/°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).
. 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).

. CURRENT TRANSFER RATIO in percent is defined as the ratio of output collector current, Iy, to the forward LED input current,

If, times 100.

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

Under TTL load and drive conditions: Common mode transient immunity in a Logic High level is the maximum tolerable (positive)

dVcy/dt on the leading edge of the common mode pulse, Vgy, to assure that the output will remain in a Logic High state

(i.e., Vg > 2.0 V). Common mode transient immunity in a Logic Low level is the maximum tolerable (negative) dV¢y/dt on the

trailing edge of the common mode pulse signal, V¢y, 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 dV¢y/dt on the leading edge of the common mode pulse, Voy, to assure that the output will remain in a
Logic High state (i.e., Vo > 3.0 V). Common mode transient immunity in a Logic Low level is the maximum tolerable dVcy/dt on
the trailing edge of the common mode pulse signal, Vcy, to assure that the output will remain in a Logic Low state
(ie., Vo < 1.OV).

9. The 1.9 kQ load represents 1 TTL unit load of 1.6 mA and the 5.6 kQ pull-up resistor.

0. The Ry, = 20 kQ, C, = 100 pF load represents an IPM (Intelligent Power Module) load.

1. See Option 020 data sheet for more information.

2. Use of a 0.1 pF bypass capacitor connected between pins 5 and 8 is recommended.

3. 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, I; , <5 pA). This test is performed before the 100% Production test shown in the VDE 0884
Insulation Related Characteristics Table, if applicable.

4. 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, I, , < 5 pA). This test is performed before the 100% Production test shown in the VDE 0884

Insulation Related Characteristics Table, if applicable.

The difference between tpry and tpy;, between any two devices (same part number) under the same test condition. (See Power

Inverter Dead Time and Propagation Delay Specifications section.)

o -

N o

o
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HCPL-4504/0454 HCNW4504
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Figure 1. DC and Pulsed Transfer Characteristics.
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Figure 2. Current Transfer Ratio vs. Input Current.
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Figure 3. Input Current vs. Forward Voltage.
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Figure 4. Current Transfer Ratio vs. Temperature.

Figure 6. Switching Test Circuit.

Vo o Vee
SWITCH AT A: Ip=0mA
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Figure 5. Logic High Output Current
vs. Temperature.
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Figure 7. Test Circuit for Transient Immunity and Typical Waveforms.

1-45

OPTOCOUPLERS




HCPL-4504/0454 HCNW4504
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Figure 8. Propagation Delay Time vs. Temperature. Figure 9. Propagation Delay Time vs.
: Load Resistance.
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s HCPL-4504 OPTION 060
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Figure 15. Thermal Derating Curve,
Dependence of Safety Limiting Valve
with Case Temperature per VDE 0884.

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 (tpyy - tpyy) 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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Figure 16. Typical Power Inverter.
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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 (Q1) 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 “LED1”,
“LED2”, “OUT1”, and “OUT2"” are
the input and output voltages of
the optocoupler circuits driving
Q1 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 delayed 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 delay
(tpLumax) turns off. To ensure this,
the turn-on of the optocoupler
should be delayed by an amount
no less than (tprmax - tPHLmI)»
which also happens to be the
maximum data sheet value for the
propagation delay difference
specification, (tpyg - tpay). The
HCPL-4504/0454 and
HCNW4504 specify a maximum
(tpLy - tpup) Of 1.3 us over an
operating temperature range

of 0-70°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 (tpLy - trar)max;
the minimum dead time is zero
(i.e., 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

(tpLu - tpHL)max, it can be seen in
Figure 17 that the maximum dead

time is the sum of the maximum
difference in turn-on delay plus
the maximum difference in turn-
off delay,

[ (tpLHmax-tPLHMID + (tPHLmax-tPHLMin) |-

This expression can be
rearranged to obtain

[ (tPLAMax"tPHLmin)"(tPHLmMin"tPHLMax) |

and further rearranged to obtain

[(tpLa-teHL) max-(tPLa-tPHL) min]

which is the maximum minus the
minimum data sheet values of
(tpLy-tpur). 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 us
over an operating temperature
range of 0-70°C, resulting in a
maximum dead time of 2.0 us
when the LED turn-on delay is

equal to (tpLg-tprr)max or 1.3 ps.

It is important to maintain
accurate LED turn-on delays
because delays shorter than

(tpLE - tpHL)mMax May allow shoot-
through currents, while longer
delays will increase the worst-case
dead time.



HEWLETT®
PACKARD
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Intelligent Power Module and
Gate Drive Interface Optocouplers

Technical Data

Features

* Performance Specified for
Common IPM Applications
over Industrial Temperature
Range: -40°C to 100°C

* Fast Maximum Propagation
Delays
tpuL = 400 ns
tpLy = 550 ns

* Minimized Pulse Width
Distortion (PWD = 450 ns)

* 15 kV/us Minimum Common
Mode Transient Immunity at

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

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 kQ 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

Voum = 1600V LED. The LED is optically are given for typical IPM
* CTR > 44% at Iy = 10 mA coupled to an integrated high gain  applications.
+ Safety Approval photo detector. Minimized propa-
UL Recognized - 2500 V rms
for 1 minute (5000 Vrms for  Functional Diagram Truth Table
1 minute for HCNW4506 and LED - v
HCPL-4506 Option 020) per o
UL1577 ne [1] [¢] veo ON L
CSA Approved 20ko OFF H
VDE 0884 Approved anooe [2]— 7]
'VIORM = 630 V peak for % !
HCPL-4506 Option 060 caTHopE [ 3| E, (6] vo
-Viorm = 1414 V peak for !
HCNW4506
BSI Certified (HONW4506) ve (4] g [5] ano
Selection Guide
Operating Temperature
Ty [°C] Single Channel Packages
8-Pin DIP Small Outline Widebody
Min. Max. (300 Mil) SO-8 (400 Mil) 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 uF bypass capacitor between pins 5 and 8 is recommended.

CAUTION: 1t 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.

5965-3603E
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Ordering Information
Specify Part Number followed by Option Number (if desired).
Example:

HCPL-4506#XXX

020 = UL 5000 V rms/1 Minute Option*

060 = VDE 0884 VIORM =630V peak Option"‘ *For HCPL‘-4596 only. Combination of Option 020 and
[ 300 = Gull Wing Surface Mount Optiont Option 060 Is not available.

N R +Gull wing surface mount option applies to through
500 = Tape and Reel Packaging Option hole parts only.

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

Package Outline Drawings

65 = 0.25 7.62 £ 0.25
‘_(o.ssgg 105 0 | (0.300 = 0.010)
TYPE NUMBER —_| [0 [71 6] cE] . 6.35 £ 0,25
. |~ OPTION CODE (0.250 # 0.010)
HP XXXxz <~ |- DATE CODE

YYWW AU |

uL
LH 2] RECOGNITION
119 (0.047) MAX.‘—J L— L“ 78 (0.070) MAX.

—

_,I P -—\L— 0.254 * 3978

©010*2: oo:?
4.70 (0.185) MAX.
1
0.51 (0.020) MIN.
292 (0.115) MIN.
4 DIMENSIONS IN MILLIMETERS AND (INCHES).
1,080 = 0.320 “_ —4 0.65 (0 025) MAX. * MARKING CODE LETTER FOR OPTION NUMBERS.
(0.043 = 0.013) “L" = OPTION 020
o 204x by o1o) V" = OPTION 060

OPTION NUMBERS 300 AND 500 NOT MARKED.
Figure 1. HCPL-4506 Outline Drawing (Standard DIP Package).

PAD LOCATION (FOR REFERENCE ONLY)

9.65 £ 0.25 1.016 (0.040)
" (0.380 = 0.010)"‘ ™ I"1.194 (0.047,
B A Do o
(0.190)TYP-
(os 250 *: bzfo)
.250 0. 9,398 (0.370)
o 506 (0.390)
PE T g oo
— 0.381 (0.015
1.194 (0.047) 0,635 {o.ois;
1.778 (0.07
1,780 9.65 £ 0.25
119 ™ (0.070) [*(0.380 £ 0.010) |
(0.047) —»| MAX. L | 7622025
MAX. {0.300 = 0.010)
19 max. ~ 0254 * 0076
(0.165) 10008
gigiy ©010* onzg
\ 1
1.080 £ 0.320 i T 0.635 x 0.25
(0.043 £ 0.01 3)_" ~ L ™ =70.025 £ 0.010) | |
254 0,635 = 0.130 - l=—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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5.842 £ 0.203
(0.236 + 0.008)

3.937 £ 0.127 TYPE NUMBER
(0155 = 0.005) (LAST 3 DIGITS)
DATE CODE

0.381 £ 0.076 __| L._ J L
0.016 + 0.003) 1.270
( * ) (0080)2C

5.080 £ 0.127 7~ /45, 0432

10200 + o.oos)“ /‘ (0.017)

3.175£0.127
PRt 1524 0.228 = 0.025
jL(o.oso) _[(o.oos 0,001)

——j 52 £0.051
(o 006 + 0.002)
DIMENSIONS IN MILLIMETERS (INCHES).

LEAD COPLANARITY = 0.10 mm (0.004 INCHES). (0 012)
Figure 3. HCPL-0466 Outline Drawing (8-Pin Small Outline Package).

Pin Location (for reference only)

11.15£0.15 11.00
~{0.442 1 0.006) (0.433) A%
o o 20
TYPE NUMBER
HP
HCNWXXXX |- DATE CODE
YYww
(o)
B R L R
10.16 (0.400) —»|
‘ TYP.
] o 315551) 7°TYP.
‘ PM-AX . 0.254 22078
I X (. 010’3&‘,’23))
(0.201) MAX-
l a00122) |
W{m_s-t% 0.51 (0.021) MIN.
2,54 (0.100) -]
TYP.
1.78 + 0.15 . .01
(0670 = 0.006) > 2_%232%23 DIMENSIONS IN MILLIMETERS (INCHES).
Figure 4a. HCNW4506 Outline Drawing (8-Pin Widebody Package).
‘“(01.121125 Ny gi;oss)"} PAD LOCATION (FOR REFERENCE ONLY)
9002015 |
(0.354 £ 0.006) | :
H 2.30 £ 0.3
o i (o 484 £ 0.01 z)
T ; j;i ]
5 1.3 .
; (©.051) (0.035)
(° °°‘) (om:omz)
.00
(o 433)”“ j
©isp™
1.78+0.15 __, ._' L_1ooz015 ?
0.070 = 0.006
(870 200067 0.75 £ 0.25 (0.039 £ 0.006) +0.076
(owo) (0.030 = 0,010) 0.254 "9,0051
©010* 5003
DIMENSIONS IN MILLIMETERS (INCHES).
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 7° NOM.

Figure 4b. HCNW4506 Outline Drawing (8-Pin Widebody Package with Gull Wing Surface Mount Option 300).
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Solder Reflow Temperature Profile

260

7 N\ |
7 \/AT = 145°C, 1°C/SEC
AT =115°C, 0.3°C/SEC N\

ﬂ: AT = 100°C, 1.5°C/SEC
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Note: Use of nonchlorine activated fluxes is recommended.

Regulatory Information

The devices contained in this data
sheet have been approved by the

CSA

Approved under CSA Component
Acceptance Notice #5, File CA

following organizations: 88324.
UL VDE
Recognized under UL 1577, Approved according to VDE

Component Recognition
Program, File E55361.

0884/06.92 (HCNW4506 and
HCPL-4506 Option 060 only).

Insulation and Safety Related Specifications

BSI

Certification according to
BS451:1994

(BS EN60065:1994);

BS EN60950:1992
(BS7002:1992) and
EN41003:1993 for Class I
applications (HCNW4506 only).

8-Pin DIP Widebody
(300 Mil) | SO-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 CTI 200 200 200 Volts | DIN IEC 112/VDE 0303 Part 1
(Comparative
Tracking Index)
Isolation Group Ia IITa IMa 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-4506 OPTION 060 ONLY)

wn
Description Symbol Characteristic | Units §
Installation classification per DIN VDE 0110/1.89, Table 1 g
for rated mains voltage < 300 V rms I-IvV 3]
for rated mains voltage < 450 V rms I-I1I E
Climatic Classification 55/100/21 ©
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 = Vpg, 100% Production Test with t, = 1 sec, Ver 1181 V peak

Partial Discharge < 5 pC
Input to Output Test Voltage, Method a*
Viorm X 1.5 = Vg, Type and sample test, Ver 945 V peak
tm = 60 sec, Partial Discharge < 5 pC
Highest Allowable Overvoltage*
(Transient Overvoltage, t;,; = 10 sec) Vior™m 6000 V peak
Safety Limiting Values
(Maximum values allowed in the event of a failure,
also see Figure 18, Thermal Derating curve.)

Case Temperature Tg 175 °C

Input Current s ivpur 230 mA

Output Power P outpuT 600 mW
Insulation Resistance at Tg, Vio = 500 V Rq > 109 Q

VDE 0884 Insulation Related Characteristics (HCNW4506 ONLY)

Description Symbol | Characteristic | Units

Installation classification per DIN VDE 0110/1.89, Table 1

for rated mains voltage < 600 V rms I-IvV

for rated mains voltage < 1000 V rms I-IIT
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 = Vpg, 100% Production Test with t,, = 1 sec, Ver 2652 V peak

Partial Discharge < 5 pC
Input to Output Test Voltage, Method a*
Viorm X 1.5 = Vpg, Type and sample test, Ver 2121 V peak
tm = 60 sec, Partial Discharge < 5 pC
Highest Allowable Overvoltage*
(Transient Overvoltage, t;,; = 10 sec) Viorm 8000 V peak
Safety Limiting Values
(Maximum values allowed in the event of a failure,
also see Figure 18, Thermal Derating curve.)

Case Temperature Ts 150 °C

Input Current Is,vputT 400 mA

Output Power PS,OUTPUT 700 mwW
Insulation Resistance at Tg, Vio = 500 V Rg >10° 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 . Min Max. Units
Storage Temperature Ts: -66 125 °C
Operating Temperature Ta -40 100 °C
Average Input Current!!] Ir@vg) 25 mA
Peak Input Current!2] (50% duty cycle, < 1 ms pulse width) Ir(peato 50 mA
Peak Transient Input Current (<1 ps pulse width, 300 pps) IF(tran) 1.0 A
Reverse Input Voltage (Pin 3-2) HCPL-4506, HCPL-0466 Vr 5 Volts

HCNW4506 3

Average Output Current (Pin 6) Ioave) 15 mA
Resistor Voltage (Pin 7) V7 -0.5 Vee Volts
Output Voltage (Pin 6-5) Vo -0.5 30 Volts
Supply Voltage (Pin 8-5) Veo -0.5 30 Volts
Output Power Dissipation!3] Po 100 - mW
Total Power Dissipation!4] Pr 145 mwW
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 Vee 4.5 30 Volts
Output Voltage Vo 0 30 Volts
Input Current (ON) Ir(on) 10 20 mA
Input Voltage (OFF) Vrom™ -5 0.8 \4
Operating Temperature Ty -40 100 °C

*Recommended Vgopr) = -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 t0 30 V, Ireon) = 10 mA to 20 mA, Vretr = -6 V to 0.8 V¥

Parameter Symbol | Min. | Typ.*| Max.| Units Test Conditions Fig.| Note
Current Transfer Ratio CTR 44 90 % Ir=10mA, Vo =06V 5
Low Level Output Current ToL 44| 9.0 mA |Ir=10mA, Vo =06V 5,6
Low Level Output Voltage VoL 0.3 0.6 A\ Io=24mA
Input Threshold Current Itn 1.5 50| mA |Vo=08V,Io=0.76mA | 5 14
High Level Output Current Ton 5 50 MPA | VF=0.8V 7
High Level Supply Current Iccn 0.6 1.3 | mA | Vv =0.8V, Vo= Open 14
Low Level Supply Current IcoL 0.6 1.3 | mA |Ir= 10 mA, Vo = Open 1 14
Input Forward Voltage Vr 1.5 1.8 \% HCPL-4506 | Ir=10mA | 8

HCPL-0466 .
1.6 | 1.85 HCNW4506 9
Temperature Coefficient AVr/ATy -1.6 mV/°C | HCPL-4506 | Ir = 10 mA
of Forward Voltage HCPL-0466
, 1.3 HCNW4506
Input Reverse Breakdown BWr 5 \Y% HCPL-4506 | Iz = 100 pA
Voltage HCPL-0466 .
3 HCNW4506
Input Capacitance CiN 60 pF | HCPL-4506 | f = 1 MHz,
HCPL-0466 | W=0V
72 HCNW4506
Internal Pull-up Resistor RL 14 | 20 25 | kQ | Ta = 25°C 10,11
Internal Pull-up Resistor ARL/AT) 0.014; = | kQ/IC
Temperature Coefficient

*All typical values at 25°C, Voc = 15 V.
FTVreoty = -3 V to 0.8 V for HCNW4506.
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Switching Specifications (R;,= 20 kQ External)

Over recommended operating conditions unless otherwise specified:

(2]
TA = -40°C to +100°C, VCC = +4.5Vto 30 ‘7, IF(on) = 10 mA to 20 mA, VF(off) =-5Vto 0.8 Vi E
Parameter | Symbol |Min. | Typ.*|Max. | Units Test Conditions Fig. | Note 3
Propagation Delay tpHL 30 200 | 400 ns Cy = 100 pF Ifony = 10 mA, 10, 9, 8
Time to Low Vi = 0.8V, 12, | 12, &
Output Level 100 ns CL =10pF |y —150v [14-17| 14 ©
Propagation Delay tpLy _ Vg = 2.0V,
Time to High 270 | 400 | 550 ns Cy, = 100 pF Viers, = 15V
Output Level 130 CL = 10 pF
Pulse Width PWD 200 | 450 ns C,, = 100 pF 18
Distortion
Propagation Delay | tppg-tpyr, {-150 | 200 | 450 ns 15
Difference Between
Any 2 Parts
Output High Level |CMy| | 15 30 kVius | Ir = 0m4a, |Vgc=15.0V, 11 16
Common Mode Vo>3.0V |C, =100 pF,
Transient Immunity Vem = 1500 Vpp
Output Low Level |CM.| | 156 | 30 kVs | Ip=10mA | T, =25°C 17
Common Mode Vo<10V
Transient Immunity
Switching Specifications (R;, = Internal Pull-up)
Over recommended operating conditions unless otherwise specified:
Ty = -40°C to +100°C, VCC = +4.5Vto 30 v, Ip(on) = 10 mA to 20 mA, VF(oft) =-5Vto 0.8V}
Parameter Symbol |Min. | Typ.*|Max. | Units Test Conditions Fig. | Note
Propagation Delay tpHL 20 | 200 | 400 ns Ipony = 10 MA, Vo) = 0.8V, 10, | 9-12,
Time to Low Vee = 15.0V, Cp, = 100 pF, 13 14
Output Level Vray = 2.0V, Vogg, = 1.5V
Propagation Delay tpLH 220 | 450 | 650 ns
Time to High
Output Level
Pulse Width PWD 250 | 500 ns 18
Distortion
Propagation Delay |tpry-tpyy, |-150 | 250 | 500 ns 15
Difference Between
Any 2 Parts
Output High Level |CMg| 30 kVius | Ir =0mA, | Vgc = 15.0V, 11 16
Common Mode Vo >3.0V | C, =100 pF,
Transient Immunity Vem = 1500 Vo p,
Output Low Level |CM,| 30 kV/ius | [p=16mA, | T, = 25°C 17
Common Mode Vo<1.0V
Transient Immunity
Power Supply PSR 1.0 Vpp | Square Wave, tpep, trary, 14
Rejection > b ns, no bypass capacitors

*All typical values at 256°C, Voo = 15 V.
Viotp = -3 V'to 0.8 V for HCNW4506.
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Package Characteristics
Over recommended temperature (T, = -

40°C to 100°C) unless otherwise specified.

Parameter Sym. | Min. | Typ.* | Max. | Units Test Conditions Fig. | Note
Input-Output Momentary | Vigo | 2500 Vrms | HCPL-4506 | RH < 50%, 6,78
Withstand Voltage® HCPL-0466 |t = 1 min.

5000 HCNW4506 | Ta = 25°C 6,8,13
Option 020
5000 HCNW4506 6,8
Resistance Rio 1012 Q |HCPL-4506 | Vio = 500 Vdc 6
(Input-Output) HCPL-0466
1012 | 1013 HCNW4506
Capacitance Cro 0.6 pF |HCPL-4506 |f=1MHz 6
(Input-Output) HCPL-0466
0.5 HCNW4506

*All typical values at 25°C, Voo = 156 V.
7The 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.

2.

3.

Derate linearly above 90°C free-air
temperature at a rate of 0.8 mA/°C.
Derate linearly above 90°C free-air
temperature at a rate of 1.6 mA/°C.
Derate linearly above 90°C free-air
temperature at a rate of 3.0 mW/°C.

. Derate linearly above 90°C free-air

temperature at a rate of 4.2 mW/°C.

. CURRENT TRANSFER RATIO in

percent is defined as the ratio of
output collector current (Ip) to the
forward LED input current (Ir) times
100.

. Device considered a two-terminal

device: Pins 1, 2, 3, and 4 shorted
together and Pins 5, 6, 7, and 8
shorted together.

. In accordance with UL 1577, each

optocoupler is proof tested by
applying an insulation test voltage
23000 V rms for 1 second (leakage
detection current limit, I o < 5 pA).
This test is performed before the
100% Production test shown in the
VDE 0884 Insulation Related
Characteristics Table, if applicable.
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8.

1

—

12.

13.

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, I.o

< 5 pA). 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.

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

used by shorting pins 6 and 7
together.

. 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 kQ 1% load
resistor. For more information on
how propagation delay varies with
load resistance, see Figure 12.

The Ry, = 20 kQ, C;, = 100 pF load
represents a typical IPM (Intelligent
Power Module) load.

See Option 020 data sheet for more
information.

14.

15.

16.

17.

18.

Use of a 0.1 uF bypass capacitor
connected between pins 5 and 8 can
improve performance by filtering
power supply line noise.

The difference between tpyy and tpyy,
between any two devices under the
same test condition. (See IPM Dead
Time and Propagation Delay
Specifications section.)

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

Common mode transient immunity in
a Logic Low level is the maximum
tolerable dVcy/dt of the common
mode pulse, Vgy, to assure that the
output will remain in a Logic Low
state (i.e., Vo < 1.0 V).

Pulse Width Distortion (PWD) is
defined as |tpyy, - tpuy| for any given
device.
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Ta - TEMPERATURE - °C

Figure 13. Propagation Delay with
Internal 20 kQ RL vs. Temperature.
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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 opto-
coupler, through the package, to
the detector IC as shown in
Figure 20. The HCPL-4508,
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 off) during common mode
transients. For example, the
recommended application circuit

MAXIMUM DEAD TIME (DUE TO OPTOCOUPLER)

= (tpLH MAX. - tPLH MIN.) + (PPHL MAX. - tPHL MIN.)
= (tPLH MAX. - tPHL MIN.) = 'PLH MIN. - tPHL MAX.)
= PDD* MAX. - PDD* MIN.

*PDD = PROPAGATION DELAY DIFFERENCE

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

Figure 30. Waveforms for Dead Time Calculation.

(Figure 19), can achieve 15 kV/us
CMR while minimizing 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 Cpgpo; and
Crepog 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 (Cy).

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
(CMRy)

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 mA
provides adequate margin over
the maximum Iy of 5.0 mA (see
Figure 5) to achieve 15 kV/us
CMR. Capacitive coupling is
higher when the internal load
resistor is used (due to Cygpos)
and an Ip = 16 mA is required to
obtain 10 kV/us 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 example,
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 +dVem/dt in
Figure 23, the current available at
the LED anode (Itotal) is limited by
the series resistor. The LED current
(Ip) is reduced from its DC value by
an amount equal to the current that
flows through Cygpp and Crgpo;-
The situation is made worse
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because the current through Crgpo;
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 +dVem/dt tran-
sient because the current flowing
through the package capacitance is
supplied by the power supply.
During a -dVem/dt transient, how-
ever, the LED current is reduced by
the amount of current flowing
through Cpgpy. But, better CMR
performance is achieved since the
current flowing in Cpgpo; 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
(CMRy)

A high CMR LED drive circuit must
keep the LED off (Vg < Vpcom)
during common mode transients.
For example, during a +dVem/dt
transient in Figure 24, the current
flowing through Cygpy is supplied
by the parallel combination of the
LED and series resistor. As long as
the voltage developed across the
resistor is less than Vgopy) 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 kV/us transient with
Vou = 1500 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 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
CMRy performance. Figure 26 is
the AC equivalent circuit for Figure
25 during common mode
transients. Essentially all the
current flowing through Crgpy
during a +dVem/dt transient must
be supplied by the LED. CMRy
failures can occur at dV/dt rates
where the current through the LED
and Crgpy 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 rails.

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 way) it is
important to know the minimum
and maximum turn-on (tpyr) and
turn-off (tpry) 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 LED1 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
delayed by (tpLy max - tPHL min) 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, tpry max a0d tpyL min

in the previous equation are not the
same as the tpry max and tpuL miny
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 100°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 tppy and another
with the slowest tpyy, are in the
same inverter leg. The maximum
dead time in this case becomes the
sum of the spread in the tp  and
tpyy, propagation delays 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.
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Dual Channel, High Speed

Optocouplers

Technical Data

Features
* 15 kV/us Minimum Common
Mode Transient Immunity at
(HCPL-4534/0534)
* High Speed: 1 Mb/s
¢ TTL Compatible
e 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 0°C to 70°C
¢ Safety Approval
UL Recognized — 2500 V rms
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/us) and
Low Input-Output Capacitance
(0.6 pF)

* High Speed Logic Ground
Isolation — TTL/TTL, 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 Thermal Tracking

Functional Diagram

ANODE 4 [1] 8] vee
=
" (POSITIVE LOGIC)
CATHODE 4 [2] 7] Vo1 0 | Vo
ON | Low
CATHODE , [3 6] voa OFF | HIGH
%&
ANODE 5 [4 5] anp

HCPL-2530 HCPL-0530
HCPL-2531 HCPL-0531
HCPL-4534 HCPL-0534

Description

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.

TRUTH TABLE

A 0.1 pF bypass capacitor 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.

5965-3600E
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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.

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-2531/0531 is 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 kQ pull-up resistor. CTR of
the HCPL-2531/0531 is 19%
minimum at Ip = 16 mA.

SO-8 The HCPL-2530/0530 is for use in
8 Pin DIP Package TTL/CMOS, TTL/LSTTL or wide The HCPL-4534/0534 is an
HCPL-2530  HCPL-0530 bandwidth analog applications. HCPL-2531/0531 with increased
HCPL-2531 HCPL-0531 Current transfer ratio (CTR) for common mode transient immunity
HCPL-4534  HCPL-0534 the HCPL-2530/0530 is 7% of 15,000 V/us minimum at
minimum at I = 16 mA. Vem = 1500 V guaranteed.
Selection Guide
‘Widebody
Minimum CMR 8-pin DIP (300 Mil) Small-Outline SO-8 (400 Mil) Hermetic
Current Dual Sihgle Dual Single Single Single and
dv/dt | Vgy | Transfer Channel Channel Channel Channel Channel | Dual Channel
(V/us) | (V) | Ratio (%) | Package Package* Package Package* Package* Packages*
1,000 10 7 “HCPL-2530 6N135 HCPL-0530 | HCPL-0500 HCNW135
19 HCPL-2531 | 6N136 HCPL-0531 | HCPL-0501 | HCNWI136
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

OPTOCOUPLERS

020 = UL 5000 V rms/1 Minute Option*
300 = Gull Wing Surface Mount Optionf
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
1 If—w | —
v
b | 8
i
VE1 QF .
_ : - 101 Voi
| 7
2 |
|
3 Ip2—» |
= |
|

lo2
—o0 Vo2
i S
. s

0 GND
5

HCPL-4534/0534 SHIELD

USE OF A 0.1 uF BYPASS CAPACITOR CONNECTED
BETWEEN PINS 5 AND 8 IS RECOMMENDED.

1-65



Package Outline Drawings
8-Pin DIP Package (HCPL-2530/2531/4534)

9.65 £ 0.25 7.62£0.25
* T (0.3800.010) | (0.300 = 0.010)

TYPE NUMBER (o1 (71 1 5 OPTION CODE* 6,362 025

(0.250 + 0:010)
HP XXXXZ 4~ | — DATE CODE

YYWW AU~ |

O
UJ |_\3_| LE'_IT\ﬂ g'ECOGNITION
119 (0.047) M AX.-—»] L J 1«-1.73 (0.070) MAX.

_»\ +0.076
-J 5° TYP. 0.254 _ ¢ 051

} ©.010" 2093
4.70 (0.185) MAX. 0.002)

0.51 (0.020) MIN.
2.92 (0.115) MIN.

1.080 £ 0.320 —»l|l«— 0.65 (0.025) max.
0.043 £ 0.013)
(0.043  0.013) 254+025 DIMENSIONS IN MILLIMETERS AND (INCHES).
(0.100 £ 0.010) * 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)

9.65 + 0.25 : 1.016 (0.040)
" (0.380 = 0.010) P ‘ 1.194 (0.047)

Exalrslio OO o

6.350  0.25 !
(0.250 = 0.010) 9.398 (0.370)
9.906 (0.390)

o) ?
1 v
[N ¢ A i I Y s |
%I % | a} l<— 0.381 (0.015)

: 1.194 (0.047) 0.635 (0.025)
1 1.778 (0.070)

> 1.780 9.65 + 0.25

(0.070) *"(0.380 £ 0.010)

1.19 . .

(0.047) ™ MAX 7.62+0.25
MAX. (0.300 + 0.010)

] ] ) 0254 ¥ goar
4.9
(0.165)AX- 0010 0. 003)
g

&mmJTL IR

0.025 £ 0.010) )
™5 0.635 + 0.130 12° NOM.
(0.100) (0.025 = 0.005)
BSC

DIMENSIONS IN MILLIMETERS (INCHES).
LEAD COPLANARITY = 0.10 mm (0.004 INCHES).
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Small Outline SO-8 Package (HCPL-0530/0531/0534)

5.842 £ 0.203
(0.236 = 0.008)

OPTOCOUPLERS

3.937 £ 0.127 L vvPE NUMBER
(0.155 £ 0.005) (LAST 3 DIGITS)
DATE CODE
< I
| n T . N
0.381 £ 0.076 —~| —
(0.016 = 0.003) -—J L— 1.270 goe
(0.050)
5.080 £ 0.127 TN gex 0432
(0.200 = o.oos)"] (0.017)

317520127 }
(0.125 = 0.005) 0.228 + 0.025
(:)::23) Jj \ ‘ ‘\L | 0009 0.001)
B
0.152 = 0.051

(0.006  0.002)

0.305
©.012)"™N:

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

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

. ) \ ]
220 | pl \ /AT = 145°C, 1°C/SEC
AT = 115°C, 0.3°C/SEC N\
200 \
180
160
140
120
100
80
60
40
20
0

T

TEMPERATURE - °C

[f=—— AT =100°C, 1.5°CISEC

AU
—

T N T O W S W A A I

0 1 2 3 4 5 6 7 8 9 10 11 12
TIME - MINUTES

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-Pin DIP
(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 IITa JIIED 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 -65 125 °C
Operating Temperature Ta -55 100 °C
Average Forward Input Current Irave) 25 mA
(each channel)
Peak Forward Input Current (each channel) IF(PEAK) 50 mA

(560% duty cycle, 1 ms pulse width)
Peak Transient Input Current (each channel) IF(TRANS) 1 A

(£ 1 ps pulse width, 300 pps)
Reverse LED Input Voltage (each channel) VR 5 \'%
Input Power Dissipation (each channel) PN 45 mW
Average Output Current (each channel) Ioave) 8 mA
Peak Output Current loPEAK) 16 mA
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 °C
Reflow Temperature Profile Trp SO-8 and | See Package Outline

Option 300 | Drawings section
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Electrical Specifications (DC)

Over recommended temperature (T, = 0°C to 70°C) unless otherwise specified. See note 9.

Parameter | Sym. Device Min. | Typ.* | Max. |Units Test Conditions Fig. | Note
Current CTR | HCPL-2530/ | 7 18 50 % Ty = 25°C Ir=16mA,| 1,2 | 1,2
Transfer 0530 Vec =45V 4
Ratio 5 Vo=05V
HCPL-2531/ | 19 24 50 % Ty = 25°C
0531
HCPL-4534/ | 15
0534
Logic Low VoL | HCPL-2530/ 0.1 | 0.5 V |Ty=25Cflg = 1.1mA|I[p=16mA,| 1 1
Output 0530 Vec =46V
Voltage 0.5 Io = 0.8 mA
HCPL-25631/ 0.1 | 0.5 V | Ty =25°C|Iy = 3.0 mA
0531
HCPL-4534/ 0.5 Ip = 2.4mA
0534
Logic High Ion 0.003| 05 | pA [Ty =25°C|Vo=Open [([r=0mA | 6 1
Output Vec =55V
Current
50 Vo = Open
VCC =150V
Logic Low IocL 100 | 400 | pA [Ip= 16 mA, Vo = Open,
Supply Vec =16V
Current
Logic High | Ioch 0.05 4 HA [Ir = 0 mA, Vo = Open,
Supply Vg =16V
Current
Input A\ 1.5 | 1.7 V | Ty =25°C 3 1
Forward Ir = 16 mA
Voltage 1.8
Input BVg 5 V |Iz=10pA 1
Reverse
Breakdown
Voltage
Temperature| AVp -1.6 mV/ | Ip = 16 mA
Coefficient AT, °C
of Forward
Voltage
Input Ciy 60 pF |f=1MHz, Vy =0V 1
Capacitance

*All typicals at Ty = 25°C.
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Switching Specifications (AC)
Over recommended temperature (T, = 0°C to 70°C), Vo = 5 V, Ir = 16 mA unless otherwise specified.

Device
Parameter Sym.| HCPL- Min. | Typ.*| Max. | Units Test Conditions Fig. |Note|
Propagation tpyr, | 2630/0530 02 | 15 s [Ty=25°C [R,=4.1kQ [5,9,(6,7
Delay Time 2.0 11
to Logic Low 2531/0531/ 0.2 | 0.8 T, =25°C |[Ry = 1.9kQ
at Output 4534/0534 1.0
Propagation teLy | 2530/0530 1.3 |15 s [Ty =25°C [RL=41kQ [59,]6,7
Delay Time 2.0 11
High to Logic 2531/0531/ 0.6 | 0.8 Ty =25°C  |R,=1.9kQ
at Output 4534/0534 1.0
Cormumon [CMy[| 2530/0630 | 1 | 10 KV/is | Ry = 4.1 kQ [Ty = O mA, 10 |5, 6,
Mode Transient 2531/0531 1 10 RL = 1.9kQ | T, = 25°C, 7
Immunity at 4534/0534 | 15 30 Ry = L9KQ | Vou = 10 V.
Logic High
Level Output
Common |CML|| 2580/0530 | 1 10 kV/us [Rp = 4.1 kQ [Ip = 0 mA, 10 | 5,86,
Mode Transient 2531/0531 1 10 Ry = 1.9kQ | T, = 25°C, 7
Immunity at 4534/0534 | 156 | 30 Ry = 1.9kQ |Vom = 10 V.
Logic Low
Level Output
Bandwidth BW 3 MHz |Rg = 100 kQ 7,8
*All typicals at Ty = 25°C.
Package Characteristics
Parameter Sym. Device Min. | Typ.* | Max. | Units | Test Conditions | Fig. | Note

Input-Output Viso 2500 Vrms| RH < 50%, 3,10
Momentary With- HCPL-2530/ | 5000 t = 1 min,, 3,11
stand Voltage** 2531/4534

Option 020
Resistance Rio 1012 Q RH < 45% 3
(Input-Output) Vio = 500 Vdc,

t=5s

Capacitance Cro 0.6 pF f = 1 MHz, 12
(Input-Output) T, = 256°C
Input-Input I 0.005 HA RH < 45%, 4
Insulation t=5s,
Leakage Current Vi1 = 500 Vde
Resistance Ry 101 Q 4
(Input-Input)
Capacitance C.; | HCPL-2530/ 0.03 pF f=1MHz 4
(Input-Input) 2531/4534

HCPL-0530/ 0.25

0531/0534

*All typicals at T, = 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 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, I, to the forward
LED input current, Ip, 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.

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) dVgy/dt on the
rising edge of the common mode
pulse, Ve, to assure that the output

will remain in a Logic High state (i.e.,

Ta'=25°C | o=l 40mA
10|Vge =5.0 Yog==r= i —t
-
I P )
i 1 a=="T —al= 30mA
4
z L ——25maA
2 sl [ ]
3 20 mA
) -l |

5 15mA
2 | 1
°| 10 mA
|

o Ig=5mAl
0 1 |

0 10 20

Vo - OUTPUT VOLTAGE -V

Figure 1. DC and Pulsed Transfer
Characteristics.

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

. The 1.9 kQ load represents 1 TTL
unit load of 1.6 mA and the 5.6 kQ
pull-up resistor.

. The 4.1 kQ load represents 1 LSTTL
unit load of 0.36 mA and the 6.1 kQ
pull-up resistor.

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

9. Use of a 0.1 uF bypass capacitor
connected between pins 5 and 8 is

=3}

3

recommended.
o)
E 15 T T
3 = === HCPL-2530/0530
= ——— HCPL-2531/0531/4534/0534
™
]
g
1.0 N
£ 28
-
4
g
g K7
g o8 f NORMALIZED
o IF=16 mA
y Vo=0.5V
< - vec =5V
g o1 Ta=25°C
2 o 1 10 100

Ip - INPUT CURRENT - mA

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 rms for 1 second (leakage
detection current limit, I o £ 5 pA).

. In accordance with UL 1577, each
optocoupler is proof tested by
applying an insulation test voltage
2 6000 V rms for 1 second (leakage
detection current limit, I;. o £ 5 uA).

12. Measured between the LED anode and

cathode shorted together and pins 5
through 8 shorted together.

13. Derate linearly above 90°C free-air

temperature at a rate of 3.0 mW/°C
for the SOIC-8 package.

OPTOCOUPLERS

1

-

1000

T

100

T T

o= mesc/
R
) yd
v

/
0.01 e

0.001 /

1.2 13 14 1.5 1.6

T T

T 1T

T T

Ir — FORWARD CURRENT - mA
-
o

o

Vg - FORWARD VOLTAGE - VOLTS

Figure 3. Input Current vs. Forward
Voltage.
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Qe

5 1.4

[:4 oy

10— B

s |7

= 09

£ NORMALIZED y

w IF=16 mA .
& o8l _Vo=05V NS
S Vec =5V \
o Ta =25°C

Q

N 07— ‘

Y | ===="HcpL-2530/0530

3 —— HCPL-2531/0531/4534/0534
g o6 O

S .60 -40 20 0 20 40 60 80 100

Ta - TEMPERATURE - °C

Figure 4. Current Transfer Ratio vs.
Temperature.

0.30 T T T T T
Ta=25°C,R_ =100Q,Vee=5V

/

0.20

0.10 /

0
0 4 8 12 16 20 24

~SMALL SIGNAL CURRENT TRANSFER RATIO

Alo
Al

IF = QUIESCENT INPUT CURRENT -~ mA

Figure 7. Small-Signal Current Transfer
Ratio vs. Quiescent Input Current.
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c
2000 |F=",1e mA, vgc =50V 'l 104 IF=0 |
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> 1500 " — s
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a - 2 /
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§ 500 — A 5 -
- G 101
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2 |
0 r 102
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Figure 5. Propagation Delay vs. Figure 6. Logic High Output Current vs.
Temperature. Temperature.
0 TAa=25°C
5 IF=16 mA
RL=100Q
10 RL=2200Q
RL=470 Q

Retia - \\!

\\
\

NORMALIZED RESPONSE -dB
@

Ll Lt Ll Ll

0.01
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SETIF S 20k
>
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1 8] —o0 +5 V
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7

<AL
-——0
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Figure 8. Frequency Response.



puLse | IF
GEN. > [ 8] 045V
20 =500 P |
tr=5ns 4 9
2 7 <RL
10% DUTY CYCLE 71— 3
1/f <100 ps
g o
/f( = 0.1pF _L
IF MONITOR
4 5 CL=1.5pF
Rm = =

Figure 9. Switching Test Circuit.

_WOB
v 1 P 8 p——0+5V
AQ
‘4 o
>—E 7 1: RL
Vem - -~ )
10% ] 90% 90%\ 10% ——O Vo
ov E 6
tr t r ,)(, 01 yF
Vo 5V 4 5
SWITCH AT A: Ip=0mA
| — v,
v
SWITCHATB: Ip=16mA O~ fc{
-
S

2

5

m

]

=
i—

Figure 10. Test Circuit for Transient Immunity and Typical Waveforms.

3.0 === lg =10 mA B
% 20 IF =16 mA > :
Veg =50V r
5 TA=25°C {7
8 L‘g 27 tpLH . |
2
§ 0.6 ’
3 /
g o4 ’ PHL
-9 ™ - ~ ’L
2 Srmmeall VL L
a 0.2 + L
1 I
& /]
0.1 y)
1 2 3 4 5678910
Ry ~ LOAD RESISTANCE - kQ

Figure 11. Propagation Delay Time vs. Load Resistance.
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Bi-Directional

High Speed Optocouplers

Preliminary Technical Data

Features

* SOIC-8 Package

* Available in
Voc Common: HCPL-0560
GND Common: HCPL-0561

* High Speed: 1 Mbd

¢ TTL Compatible

* Open Collector Output

* 0°C to 70°C Performance
Guaranteed

* Safety Approval
UL Recognized per UL 1577 for
2500 Vrms/1min.
CSA Approved

Applications
¢ Full Duplex Communication

* Data Communication
Transmit/Receive

* Bi-directional
Communication

* PLC I/O Interface

* Industrial Standard Data
Interface: RS232C

* Industrial Controls
* Remote/Isolation Sensing

SIDE 1

Description

These bidirectional dual channel
optocouplers, packaged in the
industry standard SOIC-8 package,
provide full bidirectional isolated
communication in a compact,
surface mount footprint.

Functional Diagram
HCPL-0560
=—CH.A
Ic LEDA
GN GND
-~
-~
Voa Veez
SIDE 2
Veet Vos
e
a4
LEDg | I
GN GND
CH.B —=
TRUTH TABLE
LED Vo
ON Low
OFF HIGH

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

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-0561
~—CH.A

LED

{ Veca

s

-~
Voa Veez

SIDE 1 SIDE 2
Veet { Vos

-~
&
LED

Vees

GND4

GND;

CH.B ——

TRUTH TABLE
LED Vo

ON LowW
OFF HIGH

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 Vg
common configuration, with the
anodes of the LEDs connected
to Vcc.

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 psec. Minimum common mode
transient immunity of 1kV/us

is also guaranteed at a Vgy of

10 Vp-p at room temperature.

%)
o
wi
-
a.
=
o
o
o
-
o
o

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

Selection Guide

Small-Outline SO-8 | Data | Recommended Iy | Minimum | Electrical Equivalent
Common Bi-Directional Rate On-Current CTR 8-pin DIP Single
Type Channel (baud) (mA) (%) Channel
Ve Common HCPL-0560 M 16 15 HCPL-4502
GND Common HCPL-0561

Ordering Information

Specify Part Number followed by Option Number (if desired)

Example

HCPL-05604XXX

No Option = 100 per tube.
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
<«—CH.A

SHIELD
Y

SIDE 1 SIDE 2
<—CH.A

SHIELD 7

<
. ; llFA
oA -
S : ——'—‘; Veez
loB
V, O V
cc1 g ZL {—g oB
O GND:
° 2

OV
8 INA

2y

Ve ; Vos
&
il
V) o - o V [
INB /smELD iNe 7 SHIELD
CH.B—» CH.B—+
HCPL-0560 Vo COMMON HCPL-0561 GND COMMON
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Preliminary Electrical Specifications

Over recommended temperature (T, = 0°C to 70°C) unless otherwise specified. All typiéal values at
TA = 25°C.

Parameter Symbol | Min. | Typ. | Max. | Units Test Conditions
Current Transfer Ratio CTR 19 | 24 55 % ‘ Ty = 25°C| Ip = 16 mA, Vo = 4.5
15 Vo=05V
Logic Low Output VoL 0.1 0.5 \% Ty =25°C,Ip = 3mA |Ip =16 mA
Voltage : 0.5 [p=24mA |V, c =45V
Logic High Output Current Ion 0.003 | 0.5 PA | Ty =25°C, V=55V |[p=0mA
50 : Voc =15V Vg = Open
Logic Low Supply Current Lo 100 400 MA | g =16 mA, Vo = Open,Voc = 15V
Logic High Supply Current Iecn 0.05 4 MA | Ir=0mA, Vp =Open,Vec= 15V
Input Forward Voltage A\ 15 1.7 \% Ty = 25°C I Ir =16 mA
1.8
Input Reverse BVg 5 A% R=10pA
Breakdown Voltage
Temperature Coefficient of AVy -1.6 mV/C | [r = 16 mA
Forward Voltage ) AT,
Input Capacitance Cy 60 pF |f=1MHz Vp=0V

Preliminary Switching Specifications (AC)
Over recommended operating conditions (T, = 0 to 70°C), Voc = 5 V, Ir = 16 mA unless otherwise
specified. All typical values at T, = 25°C.

Parameter Symbol | Min. | Typ. | Max. | Units Test Conditions
Propagation Delay Time tpHL 0.2 0.85 us T, = 25°C l Ry = 1.9kQ
to Logic Low at Output 1
Propagation Delay Time tpLy 0.6 0.85 us Ta = 25°C I Ry = 1.9kQ
to Logic High at Output 1.0
Common Mode Transient |CMg| 1 10 kVius | Ig =0mA, Ty = 256°C
Immunity at Logic High A R, =1.9KkQ,

Output VCM =10 Vp-p
Common Mode Transient |CM | 1 10 kVius | Ip = 16 mA, T, = 25°C
Immunity at Logic Low R, = 1.9KkQ,

Output VCM =10 Vp-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 HCNW139/138)

¢ Low Input Current
Requirements — 0.5 mA

¢ TTL Compatible Output —
0.1V VOL Typical

¢ Performance Guaranteed
over Temperature 0°C
to 70°C

* Base Access Allows Gain
Bandwidth Adjustment

* High Output Current —

60 mA
* 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
VIORM = 1414V 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-5700/1)

Applications

¢ Ground Isolate Most Logic
Families - TTL/TTL, CMOS/
TTL, CMOS/CMOS, LSTTL/
TTL, CMOS/LSTTL

* Low Input Current Line
Receiver

* High Voltage Insulation
(HCNW139/138)

* 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

Ne [1]
ANODE [2|— 4 7| vg
CATHODE Egz g Vo
N [4]

OPTOCOUPLERS

6N139 6N138
HCPL-0701 HCPL-0700
HCNW139 HCNW138
Description

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 V¢ and Vp terminals may be
tied together to achieve conven-
tional photodarlington operation.
A base access terminal allows a
gain bandwidth adjustment to be

made.
TRUTH TABLE
LED Vo
ON LOW
OFF | HIGH

*5000 V rms/1 minute rating is for HCNW139/138 and Option 020 (6N139/138) products only.
A 0.1 uF 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.

5965-3599E
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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

0 to 70°C operating range for only
0.5 mA 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 mA

(1 TTL Unit load ). A 300%
minimum CTR enables operation
with 1 TTL Load using a 2.2 kQ
pull-up resistor.

Selection for lower input current
down to 250 A is available upon
request.

The HCPL-0701 and HCPL-0700
are surface mount devices
packaged in an industry standard
SOIC-8 footprint.

- 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.

Selection Guide
‘Widebody
8-Pin DIP Package Hermetic
(300 Mil) Small Outline SO-8 | (400 mil) Single and
Dual Single Dual Minimum Absolute Dual
Single Channel | Channel | Channel Single Input ON Maxi- Channel
Channel Package | Package | Package | Channel Current | Minimum mum Packages
Package HCPL- HCPL- HCPL- Package dp CTR Vee. HCPL-
6N139 2731011 0701 0731 HCNW139 0.5 mA 400% 18V
6N138 273011 0700 0730 HCNW138 1.6 mA 300% (A%
HCPL-47010111 | 473101 070Al1] 073Al1] 40 pA 800% 18V
0.5 mA 300% 20V 5701111
5700111
5731011
5730011
Note:

1. Technical data are on separate HP publications.
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Ordering Information
Specify Part Number followed by Option Number (if desired).
Example:
6N139#XXX

[72)
oc
w
-l
o
]
o
O
(@)
[l
o
o

020 = 5000 V rms/1 Minute UL Rating Option*
300 = Gull Wing Surface Mount Optionf
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.
TGull wing surface mount option applies to through hole parts only.
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Package Outline Drawings
8-Pin DIP Package (6N139/6N138)**

9.65 + 0.25 7.62£0.25
(0.380 = 0.010) (0.300 =+ 0.010)
TYPE NUMBER Fﬁ\l [z]1 (e I)S_‘ . 6.35 £ 0.25
— OPTION CODE (0350 = 0.010)
HP XXXXZ 4| paTE cope
YYWW AU~_|
O uL
U/l 2] [3 kﬂ RECOGNITION

1.19 (0.047) MAX. —»\ L" 78 (0.070) MAX.

J 5° TYP. J\# 0.254

+0.076
-0.051
[} (©.010* 3993
470 (0.185) MAX. -0.002)
1 a3
0.51 (0.020) MIN.
2.92 (0.115) MIN.
) I B
1.080 £ 0.320 ‘<_ —w/le— 065 (0.025) max.
(0,043 £ 0.013)
. 2541025 DIMENSIONS IN MILLIMETERS AND (INCHES).
(0.100 = 0.010)

*MARKING CODE LETTER FOR OPTION NUMBERS
"L" = OPTION 020

*+JEDEC Registered Data. OPTION NUMBERS 300 AND 500 NOT MARKED.

8-Pin DIP Package with Gull Wing Surface Mount Option 300 (6N139/6N138)

< 9.65 x 0.25

. 1.016 (0.040) |
(0.380 = 0.010) ‘: ‘ ~ 1194 (0.047) |
B 4 T OO0 ;
6.350+0.25 | :
(0.250 + 0.010) ‘ 9.398 (0.370) !
o | 9.906 (0.390) |
; |y |
FPE g  ODooo :
5 ———k ‘<— 0.381(0.015) |

' 1194 (0.047) 0.635 (0.025)

1.778 (0.070)
: 1.780 9.6520.25
"™ oo (0.380 £ 0.010)
Py ;,1:7)4‘ .4— MAX. 7.6220.25
MAX. (0.300 = 0.010) +0.076
T T 0254 _ g 051
419
(0.165) A% (©.010° gfggg))
- .
1.080 + 0.320 _,‘ . LOM5=025 ¥
(0043 = 0.013) o o) )
254 0.635 £ 0.130 12° NOm.
(0.100) (0.025 + 0.005)
BSC

DIMENSIONS IN MILLIMETERS (INCHES).
LEAD COPLANARITY = 0.10 mm (0.004 INCHES).
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Small Outline SO-8 Package (HCPL-0701/HCPL-0700)

5.842 £ 0.203
(0.236 = 0.008)

3.937 20127 TYPE NUMBER
(0.155 = 0.005) (LAST 3 DIGITS)
DATE CODE
L -
L] I n L]
0.381 £ 0.076 —>| +—
(0.016 = 0.003) —J L~ 1.270 go
(0.050)

5.080 £ 0.127 _ 7o 250 x 0432
F(o.zw £0.005) '] (0.017)

3175+ 0.127
(0.125 = 0.005) 1524 0.228 + 0.025
(0.060) (0.009 + 0.001)
=¥
0.152 £ 0.051
(0.006 + 0.002)
DIMENSIONS IN MILLIMETERS (INCHES). 0305 0
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 0.012) "
8-Pin Widebody DIP Package (HCNW139/HCNW138)
11152015 - 11.00 pax—
™ (0.442 = 0.006) ’1 (0.433)
. .1
B o -, -
TYPE NUMBER
HP
L DATE CODE
Yyww
(@]
Tz 31 [a]
e—— 10.16 (0.400)
155 TYP.
— -
(0.061) . 7o TYP
X. - +0.076
‘ { MA 0.254 19,0051
+0.003)
T (00107 5'009)
5.10
(©.201)M1AX-

3.10(0.122)
La.so (0.153) 0.51 (0.021) MIN.
2.54 (0.100) — [-—
TYP.
1.78 2 0.15 - 0.40 (0.016)
(0.070 = 0.006) - ™ 0,56 (0.022) DIMENSIONS IN MILLIMETERS (INCHES).
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8-Pin Widebody DIP Package with Gull Wing Surface Mount Option 300 (HCNW139/HCNW138)

e 1116 £ 0.15
(0.442 = 0.006) PAD LOCATION (FOR REFERENCEONLY)

i oo og

6.15
(0.242)TYP-
9.00 £ 0.15
(0.354 = 0.008)
‘ 1230030 |
o) ' 0o (0.484 £ 0.012) :

(0.051) (0.035)
1.55 12.30 + 0.30
> (0.061) " (0.484 + 0.012)
MAX.
11.00
00 max.
I
4.00
@38, max. (
= -t o
1782015 _
0,070 = 0006 1,00 £ 0.15
(0.070.+0.009 o.7s=o.25_.l l'_(tb-oaho-oos) +0,076
2.54 0
a1o0) (0.030 = 0.010) 254 * 0078
3 : 0.003)
BSC ©0.010¢ 0003)
DIMENSIONS IN MILLIMETERS (INCHES).
7° NOM.

LEAD COPLANARITY = 0.10 mm (0.004 INCHES).

Solder Reflow Temperature Profile (HCPL-07XX and Gull Wing Surface Mount
Option 300 Parts)
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Note: Use of nonchlorine activated fluxes is highly recommended.
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Regulatory Information
The 6N139/138, HCNW139/138,
and HCPL-0701/0700 have been
approved by the following
organizations:

UL

CSA

BSI

Approved under CSA Component

Acceptance Notice #5, File CA
88324.

VDE

Certification according to

BS415:1994,

(BS EN60065:1994);

BS EN60950:1992

Approved according to VDE 0884/

(BS7002:1992) and .
EN41003:1993 for Class II

Recognized under UL 1577, 06.92 (HCNW139/138 only). applications (HCNW139/
Component Recognition HCNW138 only.)
Program, File E55361.
Insulation and Safety Related Specifications

8-Pin DIP ‘Widebody

(300 Mil) | SO-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 CTI 200 200 200 Volts | DIN IEC 112/VDE 0303 Part 1
(Comparative
Tracking Index)
Isolation Group IIla Illa IIla 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 < 600 V rms LIV

for rated mains voltage < 1000 V rms [II1
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* ) '

Vpr = 1.875 x Viorm, 100% Production Test with tp = 1 sec, Ver 2652 V peak

Partial Discharge < 5 pC

Input to Output Test Voltage, Method a*
Vpgr = 1.5 X Viorm, Type and Sample Test, Ver 2121 V peak
tp = 60 sec, Partial Discharge < 5 pC

Highest Allowable Overvoltage*
(Transient Overvoltage, ty,; = 10 sec) Viorm 8000 V peak

Safety Limiting Values
(Maximum values allowed in the event of a failure,
also see Figure 11, Thermal Derating curve.)

Case Temperature Ty 175 °C

Current (Input Current I, Ps = 0) Is wpur 400 mA

Output Power Ps ourpur 700 mW
Insulation Resistance at Tg, Vi = 500 V Rg > 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 85°C)

OPTOCOUPLERS

Parameter Symbol Min. Max. Units
Storage Temperature Ty -55 125 °C
Operating Temperature** Ty -40 85 °C
Average Forward Input Current Irave) 20 mA
Peak Forward Input Current Irpk 40 mA
(560% Duty Cycle, 1 ms Pulse Width)
Peak Transient Input Current Ir(rrAN) 1.0 A
(<1 ps Pulse Width, 300 pps)

Reverse Input Voltage Vr 5 v

| HCNW139/138 3 v
Input Power Dissipation Py 35 mW
Output Current (Pin 6) Io 60 mA
Emitter Base Reverse Voltage (Pin 5-7) Vg 0.5 \%
Supply Voltage and Output Voltage Vee -0.5 18 \%
(6N139, HCPL-0701, HCNW139)
Supply Voltage and Output Voltage Vee -0.5 7 A"
(6N138, HCPL-0700, HCNW138)
Output Power Dissipation Py 100 mwW
Total Power Dissipation Pr 135 mwW
Lead Solder Temperature (for Through Hole Devices) 260°C for 10 sec., 1.6 mm below seating plane

LHCNW139/138 260°C for 10 sec., up to seating plane
Reflow Temperature Profile See Package Outline Drawings section
(for SOIC-8 and Option #300)

*JEDEC Registered Data for 6N139 and 6N138.
**0°C to 70°C on JEDEC Registration.

Recommended Operating Conditions

Parameter ) Symbol Min. Max. Units
Power Supply Voltage Vee 4.5 18 v
Forward Input Current (ON) Ircony 0.5 12.0 mA .
Forward Input Voltage (OFF) Vrorm 0 0.8 v
Operating Temperature Ty 0 70 °C
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Electrical Specifications

0°C < Ty £ 70°C, 4.5 V< Voo < 18 V, 0.5 mA < Iro) < 12 mA, 0 V < Virorr) < 0.8 V, unless otherwise

specified. All Typicals at Ty = 25°C. See Note 7.

Parameter Sym.| Device | Min,| Typ.**|Max. | Units Test Conditions Fig. |Note
Current Transfer | CTR 6N139 400*| 2000 |5000| % |Ip=05mA (Vec=45 (2,3 | 1,2,
Ratio HCPL-0701 Vo=04V 4

HCNW139 | 400 | 4500
6N139 500* 1600 |2600 Ir=16mA
HCPL-0701
HCNW139 | 500 | 3000
300 | 1600 Ip=5.0mA
200 | 850 Ip =12 mA
6N138 300*| 1600 |2600 Ir=16mA
HCPL-0700
HCNW138 1500
Logic Low Output | VoL 6N139 0.1 | 0.4 V |Ip=05mA, |Vgc=4.5 1 2
Voltage HCPL-0701 Io=2mA
HCNW139
Ip = 1.6 mA,
Ip = 8 mA
Ir = 5.0 mA,
Io =15 mA
0.2 Ir = 12 mA,
Io =24 mA
6N138 0.1 Ir = 1.6 mA,
HCPL-0700 Io =48mA
HCNW138
Logic High Ion 6N139 0.05 | 100 | pA |Vo=Voc=18V|lp =0 mA 2
Output Current HCPL-0701
HCNW139
6N138 0.1 |250 Vo=Vec=T7V
HCPL-0700
HCNW138
Logic Low Supply | IocL | 6N138/139 0.4 |15 | mA |Ir= 1.6 mA, Vo= Open, 10 2
Current HCPL-0701/ Vec= 18V
0700
HCNW139 0.5 2
HCNW138
Logic High Iccn | 6N138/139 0.01 | 10 | pA |Ir=0mA, Vo =Open, 2
Supply Current HCPL-0701/ Voc= 18V
0700
HCNW139 1
HCNW138
‘Input Forward Ve 6N138 1.25| 140 [1.7*| V |Ty=25°C |[I[r=16mA |[4,8
Voltage 6N139
HCPL-0701 1.75
HCPL-0700
HCNW139 | 1.0| 1.45 |1.85 Ta = 25°C
HCNW138
: 0.95 1.95
Input Reverse BVR 5.0* V |Izg=10pA T, = 25°C
Breakdown HCNW139 | 3.0 Iz = 100 pA, Ty = 25°C
Voltage HCNW138
Temperature AV -1.8 mV/°C | Ir = 1.6 mA 8
Coefficient of K’Ff
Forward Voltage
Input Civ 60 pF |[f=1MHz, Vy=0V
Capacitance HCNW139 90
HCNW138

*JEDEC Registered Data for 6N139 and 6N138.
**All typical values at Ty = 25°C and Vc¢ = 5 V, unless otherwise noted.
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Switching Specifications (AC)
Over recommended operating conditions (T, = 0 to 70°C), Vo¢ = 5V, unless otherwise specified.

[72]
oc
i
—
o
=
o
O
o
-
o
o

Parameter Sym. | Device Min. | Typ.** | Max. | Units | Test Conditions |Fig. | Note
Propagation Delay teyL 6N139 5 25% | ps [T, = 25°C | 5,6, |24
Time to Logic Low at HCPL-0701 30 Ir = 0.5 mA, 7,9,
Output HCNW139 Rl = 4.7kQ 12

6N139 0.2 1* ps | T, = 25°C |
HCPL-0701 2 Ip = 12 mA,
Rl=270Q
HCNW139 1.1
6N138 1.6 10* | us | T, =25°C
HCPL-0700 T:Tﬁ‘n‘ﬁ}
HCNW138 15 Rl = 2.2 kQ
HCNW138 11
Propagation Delay teLH 6N139 18 60* | ps | T, =25°C | 5,6, |24
Time to Logic High HCPL-0701 90 Ir = 0.5 mA, %9,
at Output HCNW139 Rl = 4.7kQ 12
HCNW139 115
6N139 2 T* us [T, = 25°C |
HCPL-0701 10 I = 12 mA,
HCNW139 Rl=270Q
HCNW139 1.1
6N138 10 35%* T, = 25°C
HCPL-0700 w .—Im:
HCNW138 Rl = 2.2 kQ
6N138 50
HCPL-0700
HCNW139 70
Common Mode |CMy| 1000 | 10000 Vius | Iz = 0 mA, 13 | 5,6
Transient Immunity T, = 25°C
at Logic High Output Rl = 2.2 kQ
[Vom| = 10 Vp-p
Common Mode |CMy | 1000 | 10000 Vius | Iy = 1.6 mA, 13 15,6
Transient Immunity Ty = 25°C
at Logic Low Output Rl = 2.2 kQ
|Vou| = 10 Vp-p

*JEDEC Registered Data for 6N139 and 6N138.
**All typical values at Ty = 25°C and Vg = 5 V, unless otherwise noted.
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Package Characteristics

Note

Parameter Sym. | Min. | Typ.** | Max.| Units Test Conditions | Fig.
Input-Output Momentary Viso | 2500 Vrms | RH < 50%, t = 1 min,, 3,8
Withstand Voltaget Ty, = 25°C

Option 020 5000 3,9
HCNW139
HCNW138
Resistance (Input-Output) Rio 1012 Q | Vo =500 Vde 3
RH < 45%
Capacitance (Input-Output) Cro 0.6 pF | f=1MHz 3

**All typicals at T, = 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 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, I, to the forward
LED input current, I, 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 kQ. For more information, please

contact your local HP Components

representative.

Common mode transient immunity in a

Logic High level is the maximum toler-

o
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able (positive) dVqy/dt of the common
mode pulse, Vg, 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)
dVgy/dt of the common mode pulse,
Voms to assure that the output will |
remain in a Logic Low state (i.e.,

Vo <0.8V).

. In applications where dV/dt may exceed

50,000 V/us (such as static discharge) a
series resistor, R, should be included
to protect the detector IC from
destructively high surge currents. The
recommended value is Reo = 220 Q.

. Use of a 0.1 uF bypass capacitor

connected between pins 8 and 5
adjacent 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, I g < 5 pA). 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, I g < 5 pA). 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 10. Logic Low Supply Current
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Figure 12. Switching Test Circuit.
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Figure 11. Thermal Derating Curve,
Dependence of Safety Limiting Value
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Figure 13. Test Circuit for Transient Immunity and Typical Waveforms.
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HEWLETT®
PACKARD

(D]

Very Low Power Consumption
High Gain Optocouplers

Technical Data

Features

¢ Ultra Low Input Current
Capability - 40 HA
¢ Specified for 3 V Operation
Typical Power Consumption:
<1 mW
Input Power: <50 uW
Output Power: <500 uyW
* Will Operate with V¢ as
Lowas 1.6V
* High Current Transfer
Ratio - 3500% at Iy = 40 UA
¢ TTL and CMOS Compatible
Output
¢ Specified AC and DC
Performance over
Temperature: 0°C to 70°C
* 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
\IIORM =630V 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

*5000 V rms/1 Minute rating is for Option 020 (HCPL-4701 and HCPL-4731) products only.

Applications

* Battery Operated
Applications

¢ ISDN Telephone Interface

* Ground Isolation between
Logic Families — TTL,
LSTTL, CMOS, HCMOS,
HL-CMOS, LV-HCMOS

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

* Low Input Current Line Interface
Receiver
Functional Diagram
HCPL-4701/070A HCPL-4731/073A
nelt] 8] vee ANODE 4 E?' 8] vee
I )
1 1
ANODE [2 7 CATHODE ; [2|— | 7| v
D%/; 7] ve 1 2] | 7] vor
1 I
CATHODE [3|— | \E' Vo CATHODE , E%é’ 6] Voo
1 )
1 1
Ne [4] 5] an ANODE , [4] 5] GND
TRUTH TABLE
LEb | Vo
ON | Low
OFF | HIGH

A 0.1 pF 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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Description

These devices are very low power
consumption, high gain single
and dual channel optocouplers.
The HCPL-4701 represents the
single channel 8-Pin DIP configu-
ration and is pin compatible with
the industry standard 6N139. The
HCPL-4731 represents the dual
channel 8-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 pA and has a typical
current transfer ratio of 3500%.

Selection Guide

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 V¢ and Vg terminals may be
tied together to achieve conven-
tional Darlington operation
(single channel package only).

These devices are designed for
use in CMOS, LSTTL or other low
power applications. They are

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 0°C to 70°C
operating temperature range at
40 pA of LED current and
Veg23V.

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.

Widebody
8-Pin DIP Package Hermetic
(300 Mil) Small Outline SO-8 (400 mil) Single and
Dual Single Dual Minimum Absolute Dual
Single Channel | Channel | Channel Single Input ON Maxi- Channel
Channel | Package | Package | Package Channel Current | Minimum mum Packages
Package HCPL- HCPL- HCPL- Package Ip) CTR Vee HCPL-
6N139011 27311011 07011011 073111 HCNW139U!] 0.5 mA 400% 18V
6N138!1] 2730111 0700111 0730111 HCNW138[11 1.6 mA 300% vV
HCPL-4701 4731 070A 0730A 40 pA 800% 18V
0.5 mA 300% 20V 57011011
5700111
5731111
5730011

Notes:

1. Technical data are on separate HP publication.

Ordering Information

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

Example:
HCPL-4701#XXX

*Gull wing surface mount option applies to through hole parts only.
**For HCPL-4701 and HCPL-4731 (8-Pin DIP products) only.
fFor HCPL-4701 only. Combination of Option 020 and Option 060 is not available.

020 = 5000 V rms/1 minute UL Rating Option.**
060 = VDE 0884 Viggry = 630 V peak Optiont
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.
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Schematic
HCPL-4701 and HCPL-070A
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USE OF A 0.1 uF BYPASS CAPACITOR CONNECTED
BETWEEN PINS 5 AND 8 IS RECOMMENDED (SEE NOTE 8)
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Package Outline Drawings
8-Pin DIP Package (HCPL-4701, HCPL-4731)

(/2]
oc
w
-
o
2
o
o
o
=
o
o

9.65 + 0.25 7.62 +0.25
™ (0.380 £ 0.010) | (0.300 + 0.010)
TYPE NUMBER rs‘l\l z 6 OPTION CODE B 6.35 £ 0.25
(0.250 + 0.010)
HP xxxxz/ DATE CODE
Yyww
O

[EREAREARY]
1.19 (0.047) MAX.——J L‘J L—‘-73(0-070) MAX.

+\ +0.076
»j 5° TYP. \‘— 0.254 _g.051

A (©.010* 30%3)
4.70 (0.185) MAX. -0.002)
]
0.51 (0.020) MIN.
2.92 (0.115) MIN.
‘ Y — DIMENSIONS IN MILLIMETERS AND (INCHES).
1.080 = 0.320 l« —ol|le— 065 (0.025) MAX. :»fﬁgl;ﬁ &032% LETTER FOR OPTION NUMBERS
(0.043 £ 0.013) il
| '« 2542025 V" = OPTION 060
(0.100 £ 0.010) OPTION NUMBERS 300 AND 500 NOT MARKED.

8-Pin DIP Package with Gull Wing Surface Mount Option 300 (HCPL-4701, HCPL-4731)

9.65 + 0.25 P 1.016 (0.040) :
(0.380 £ 0.,010) ; ’\ 1.194 (0.047) :
i salualic T S s e 5
6.350 £ 0.25
(0.250 = 0.010) 9.398 (0.370)

o ! 9.906 (0.390)

grIgEn gy DO Ooo
—-4 ‘4~ 0381 (0.015) |
‘ 1,194 (0.047) 0.635 (0.025) |
1.778 (0.070) :
9.650.25
< (0380 £ 0.010)
(01_ 3&—* 762025
VA, (0.300 + 0.010) +0.076
0.254 _¢ 051
+0.003)
‘ (0.010" 0_002))
| | p—
1.080 + 0.320 _.| . | L‘oeasgozs §
(0.043 £ 0.013) ! 0025 2 0.090) )
P 0.635 £ 0.130 12" Nom.
0.100) (0.025 + 0.005)
BSC

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)

5.842 £ 0.203
(0.236  0.008)

TYPE NUMBER
(LAST 3 DIGITS)

DATE CODE

3.937 £ 0.127
(0.155 = 0.005)

Ol
0.381 £ 0.076 —| F—
(0.016 = 0.003) —-I L- 1.270 poe
(0.050)
5.080 = 0.127 T~ pge x 0432
(o 200 = 0. 005) (0.017)
3175 o 127 l
(0.125 £ 0. oos) 1524 0.228 = 0.025
(0.060) (0.009 + 0.001)
J T -
0.152 2 0.051
(0.006 = 0.002)
DIMENSIONS IN MILLIMETERS (INCHES). 0.305 \un.
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). (0.012)

Solder Reflow Temperature Profile

260
240
220
200

I P ANl
|| 7 AT = 145°C, 1°CISEC

AT=115°C, 0.3°C/SEC
N\

&——AT = 100°C, 1.56°C/SEC

LR L LN LN LR L LY LN L LA LA LA

I T T A T Y

0 1 2 3 4 5 6 7 8 9 10 11 12
TIME — MINUTES

=]

Note: Use of nonchlorine activated fluxes is highly recommended.

Figure 1. Solder Reflow Thermal Profile (HCPL-070A, HCPL-073A, and Gull Wing
Surface Mount Option 300 Parts).
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Regulatory Information = CSA

The HCPL-4701/4731 and HCPL-  Approved under CSA Component
070A/073A have been approved Acceptance Notice #5, File CA

OPTOCOUPLERS

by the following organizations: 88324.

UL VDE

Recognized under UL 1577, Approved according to VDE
Component Recognition 0884/06.92 (Option 060 only).

Program, File E55361.

Insulation Related Specifications

8-Pin DIP
(300 Mil) | SO-8
Parameter Symbol Value |Value | Units Conditions
Minimum External Air L(101D) 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 IIla Ila 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 ~ Symbeol Characteristic | Units

Installation classification per DIN VDE 0110/1.89, Table 1

for rated mains voltage < 300 V rms I-IvV

for rated mains voltage < 450 V rms I-1II
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 = Vpg, 100% Production Test with t,, = 1 sec, Ver 1181 V peak

Partial Discharge < 5 pC

Input to Output Test Voltage, Method a*
VXORM x 1.6 = VPR7 Type and Sample test, VPR 945 V peak
tn = 60 sec, Partial Discharge < 5 pC

Highest Allowable Overvoltage*
(Transient Overvoltage, t;; = 10 sec) Viorm 6000 V peak

Safety Limiting Values
(Maximum values allowed in the event of a failure,
also see Figure 16, Thermal Derating curve.)

Case Temperature Ty 175 °C

Input Current Is vpur 230 mA

Output Power PS,OUTPUT 600 mwW
Insulation Resistance at Tg, Vio = 500 V Rg >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 Symbol Minimum | Maximum | Units
Storage Temperature Ty -65 125 °C
Operating Temperature Ty -40 85 °C
Average Forward Input Current (HCPL-4701/4731) Irave) 10
Average Forward Input Current (HCPL-070A/073A) Irava) 5 mA
Peak Transient Input Current (HCPL-4701/4731) Ippx 20 mA
(50% Duty Cycle, 1 ms Pulse Width)
Peak Transient Input Current (HCPL-070A/073A) Iepk 10 mA
(560% Duty Cycle, 1 ms Pulse Width)
Reverse Input Voltage A 2.5 A%
Input Power Dissipation (Each Channel) 154 15 mW
Output Current (Each Channel) I 60 mA
Emitter Base Reverse Voltage (HCPL-4701/070A) Vg 0.5 \%
Output Transistor Base Current (HCPL-4701/070A) Iy 5 mA
Supply Voltage Veo -0.5 18 \%
Output Voltage Vo -0.5 18 A
Output Power Dissipation (Each Channel) Py 100 mW
Total Power Dissipation (Each Channel) Pp 115 mW

Lead Solder Temperature (for Through Hole Devices)

260°C for 10 sec., 1.6 mm below seating plane

Reflow Temperature Profile
(for SOIC-8 and Option #300)

See Package Outline Drawings section

Recommended Operating Conditions

Parameter Symbol Min. Max. Units
Power Supply Voltage Vec* 1.6 18 \%
Forward Input Current (ON) Ircony 40 5000 HA
Forward Input Voltage (OFF) Vrorr) 0 0.8 v
Operating Temperature Ty 0 70 °C

*See Note 1.
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Electrical Specifications
0°C <TA< 7000 4.5 V<VCC < 20V 1. 6mA<IF(ON) <5 mA OV<VF'(0FF) <0. 8V unless Othervnse

specified. All Typicals at Ty, = 25°C. See note 8.

Device :

Parameter Symbol| HCPL- | Min. | Typ.* | Max. | Units Test Conditions Fig. | Note
Current CTR 800 | 3500 | 25k % [Ip=40pA, |Vp=04V | 4,5 2
Transfer Vec =45V )

Ratio 600 | 3000 | 8k Ir = 0.5 mA,
‘ VCC =45V
700 | 3200 | 25k Ip = 40 pA
500 | 2700 | 8k = 0.5 mA
Logic Low VoL 0.06 | 0.4 V |Ig=40pA Io=280pA | 2,3
Output Voltage 004 | 0.4 Ir=05mA, Ip = 2.5 mA
Logic High Ton 0.01 5 HA [Vo=Vec =38t TV,
Output Current Ir=0mA
0.02 | 80 Vo = Vec =18V,
Ip=0mA
Logic Low IccL  [4701/070A 0.02 | 0.2 mA [Ip=40pA |Vo=Open
Supply Current 01 | 1 Ip = 0.5 mA
4731/073A 0.04 | 0.4 Ip = 40 A
02 | 2.0 Ir = 0.5 mA
Logic High Iccu | 4701/070A <0.01| 10 MA [Ip=0mA |Vg=Open
Supply Current 4731/073A <0.01| 20
Input Forward Vr 1.1 | 1256 | 1.4 \% Ir = 40 to 500 pA, 6
Voltage Ty = 25°C
! 0.95 1.5 Ir = 40 to 500 pA
Input Reverse BVg 30 | 5.0 V | Ig =100 pA, Ty = 25°C
32;’;1;%0“ 2.5 I = 100 pA
Temperature AVr/ATy -2.0 mV/°C | Iy = 40 pA
Coefficient of
Forward Voltage -1.6 Ir = 0.5 mA
Input Capacitance| Cpy 18 pF |f=1MHz, Vg =0V

*All typical values at Ty = 25°C and Vg = 5 V, unless otherwise noted.
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Switching Specifications (AC)
Over Recommended Operating Conditions Ty = 0°C to 70°C, V¢ = 3 V to 18 V, unless otherwise specified.

OPTOCOUPLERS

Device
Parameter Symbol| HCPL- | Min. | Typ.* | Max.| Units Test Conditions Fig. | Note
Propagation tPHL 65 [ 500| us | Ip=40pA, Ry = 11to 16 kQ, 7,919, 10
Delay Time Voc =33t0bV
to Logic Low 3 25 T,=25°C [ Ir=0.5mA,
at Output 30 Ry = 4.7kQ
Propagation tpLH 70 | 500 | us | Ip=40pA, Ry = 11to 16 kQ, 7,919, 10
Delay Time Vec=33t05V
to Logic High 34 | 60 T,=25°C | Ir=0.5mA,
Output 4701/4731 90 RL = 4.7TkQ
070A/073A 130
Common Mode| |CMy| 1,000 {10,000 Vius | Ip = 0mA, R, = 4.7to 11 kQ, 8 16,7
Transient Vem = 10 Vg,
Immunity at T, = 25°C,
Logic High
Output
Common Mode| |CMy| 1,000 {10,000 Vius | Ip = 0.5 mA, Ry, = 4.7 to 11 kQ, 8167
Transient [Vom| = 10 Vg,
Immunity at T, = 25°C
Logic Low 2,000 Ir = 40 pA, Ry, = 11 to 16 kQ,
Output [Vem| = 10V
VCC =33t05 V, TA = 25°C

*All typical values at T, = 25°C and V¢ = 5V, 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,,

Option 020 4701 | 5000 Ty = 25°C 3, 4a
4731

Resistance Rio 1012 Q | Vo =500 VDC 3
(Input-Output) RH < 45%
Capacitance Cro 0.6 pF | f=1MHz 3
(Input-Output)
Insulation Leakage Iy 4731 0.005 MA | RH<45%,t=5s, 5
Current (Input-Input) 073A Vi1 = 500 VDC
Resistance (Input-Input) Rix 1011 Q
Capacitance Cr1 4731 0.03 | pF | f=1MHz 5
(Input-Input) 073A 0.25

*All typical values at T, = 25°C and V,, =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.

. DC CURRENT TRANSFER RATIO is
defined as the ratio of output
collector current, Iy, to the forward
LED input current, Iy, times 100%.

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

. In accordance with UL 1577, each
optocoupler is proof tested by
applying an insulation test voltage
2 3000 Vs for 1 second (leakage
detection current limit, Ir.o < 5 pA.

4a. In accordance with UL 1577, each

optocoupler is proof tested by
applying an insulation test voltage
2> 6000 Vgys for 1 second (leakage
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Figure 2. DC Transfer Characteristics
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lo — OUTPUT CURRENT - mA

detection current limit, Iy < 5 pA.
This test is performed before the
100% production test for partial
discharge (Method b) shown in the
VDE 0884 Insulation Characteristics
Table.

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

. Common transient immunity in a
Logic High level is the maximum
tolerable (positive) dVgy/dt on the
leading edge of the common mode
pulse, Vg, 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)
dVgy/dt on the trailing edge of the
common mode pulse, Vg, to assure
that the output will remain in a Logic
Low state (i.e., Vo < 0.8 V).
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Figure 3. DC Transfer Characteristics

(Ir = 50 A to 250 pA).
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. In applications where dV/dt may
exceed 50,000 V/ps (such as static
discharge) a series resistor, Rgg,
should be included to protect the
detector IC form destructiveiy high
surge currents. The recommended
value is Roe = 220 Q.

8. Use of a 0.1 uF bypass capacitor con-
nected between pins 8 and 5 adjacent
to the device is recornmended.

9. Pin 7 open for single channel product.

. Use of resistor between pins & and 7
will decrease gain and delay time.
Significant reduction in overall gain
can occur when using resistor values
below 47 k& for single channel
product.

. The Applications Information section
of this data sheet references the
HCPL-47XX part family, but applies
equally to the HCPL-070A and HCPL-

1

—

073A parts.
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Vem 80% %
oV 10% 10%
tr L— t
Vo ~ 5V
SWITCH AT A: Ip=0mA
Vo S S—— VoL

SWITCHATB: [ =0.5mA

Rgc (SEE NOTE 7)
»——O+5V

Figure 8. Test Circuit for Transient Immunity and Typical Waveforms.
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RESPONSE)

tpHL

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

|.=¢ [ )
2200
oB _—_I o
<—o—-| 2 A 7| ==0.1pF SRL
o 3 E_l] oVo
T Ver
[4] B
Vem
)=
PULSE GEN. €1
PULSE | IF E 045V

Zo= 56 Q
tr=5ns
r 2 /f(
10% DUTY CYCLE SIZ
1/f <100 pus 3
IF MONITOR E
4

o] To] ST [
g

*CL=15pF

*C IS APPROXIMATELY 15 pF, WHICH INCLUDES
PROBE AND STRAY WIRING CAPACITANCE.

optocoupler (generally less than
500 pA). This level of input
forward current conducting
through the LED can control a
worst-case total output (I;) and
power supply current (I..) of two
and a half milliamperes. Typically,
the HCPL-47XX can control a
total output and supply current of
15 mA. The output current, I is
determined by the LED forward
current multiplied by the current
gain of the optocoupler,

Io = Ip(CTR)/100%. In particular
with the HCPL-47XX opto-
couplers, the LED can be driven
with a very small Ir of 40 pA to
control a maximum I, of 320 A

with a worst case design Current
Transfer Ratio (CTR) of 800%.
Typically, the CTR and the
corresponding I, 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 Voo 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 5 V Applications

Power Dissipation Vec = 3.3 Vde Voc = 5 Vde
©w) Ir = 40 pA Iz = 500 pA Ip = 40 A Ir = 500 A
Piop 50 625 50 625
Pycc 65 330 100 500
Po.oll 20 10 25 20
PropaLl?! 135 uW 965 uW 175 yW 1,145 pyW

Notes:

1. Ry, of 11 kQ 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 Pygryy, approximately 80 uyW for 40 pA
(1,025 pW for 500 pA) LED current-limiting resistor, and 960 uW for the 11 kQ pull-up resistor power dissipations. Similarly, for 5
Vdc applications, add to Ppgyay, approximately 150 uW for 40 pA (1,875 pW for 500 pA) LED current-limiting resistor and 2,230
uW for the 11 kQ 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 us
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 us, this
optocoupler needs to operate at
higher Ir (= 500 pA) and I,

(= 1 mA) 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 Vdec CMOS logic
family of devices to provide logic-
signal isolation between similar or
different logic circuit families.

Telephone Line Interfaces
Applications where the HCPL-
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
particular, 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.
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NOTE: THE CIRCUITS SHOWN IN THIS FIGURE REPRESENT POSSIBLE, FUNCTIONAL APPLICATION OF THE HCPL-47XX
OPTOCOQUPLER 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
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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.
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Figure 12. Recommended Power Supply Filter for HCPL-47XX Optocouplers. 110
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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
HA) 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 Vg power supply to this
optocoupler should be minimized.
A recommended Vg 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 V¢ 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 only
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 inject 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 diode capaci-
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 V¢ 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 Vg
(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 pA.
‘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.
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Figure 15. Series LED Driver Circuit for HCPL-4701/-4731.
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HEWLETT®
PACKARD

(D

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 - 0.1V

* High Density Packaging

* Performance Guaranteed
over Temperature
0°C to 70°C

* LSTTL Compatible

* High Output Current -
60 mA

* Safety Approval
UL Recognized - 2500 V rms

for 1 Minute and
5000 V rms* for 1 minute

CSA 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

ANODE 4 E§§ ] vee
CATHODE { [2] 7] vor e | Vo
ON | Low
CATHODE » E%/; 6] vor OFF | HIGH
ANODE 5 [4] 5] ano

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 common mode transient
immunity. A separate pin for the
photodiodes and first gain stages
(Vce) permits lower output satura-
tion voltage and higher speed
operation than possible with
conventional photodarlington
type optocouplers. In addition,
Vcc may be aslow as 1.6 V

TRUTH TABLE

*5000 V rms/1 minute withstand voltage rating is for Option 020 (HCPL-2730, HCLP-2731) products only.
A 0.1 uF 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

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 mA 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

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 V¢ and V,, specifica-
tions and by testing output high
leakage (Ioy) at 18 V.

OPTOCOUPLERS

The HCPL-2730/0730 are speci-
fied at an input current of 1.6 mA
and have a 7V Vg and Vj, 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 0°C to 70°C temperature
range to allow trouble-free system
operation. Selection for lower
input currents down to 250 pA is
available upon request.

Widebody
8-Pin DIP Package Hermetic
(300 Mil) Small Outline SO-8| (400 mil) Single and
Dual Single Dual Minimum Absolute Dual
Single Channel | Channel | Channel Single Input ON Maxi- Channel
Channel Package | Package | Package | Channel Current | Minimum mum Packages
Package HCPL- HCPL- HCPL- Package dp) CTR Voo HCPL-
6N13911) 2731 0701011 0731 HCNW139(11 [ 0.5 mA 400% 18V
6N138l11 2730 0700111 0730 HCNW138(11 1.6 mA 300% v
HCPL-4701111 | 473111 070Al 073Al1 40 pA 800% 18V
0.5 mA 300% 20V 5701111
5700011
5731011
5730111

Note:

1. Technical data are on separate HP publications.
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Ordering Information

Specify Part Number followed by Option Number (if desired).
Example:
HCPL-2731#XXX

020 = 5000 V rms/1 Minute UL Rating Option.*
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 sales 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 o - lecc
O i ’ 0 Vee
+ . 8
1
v |
F1 \
=
° : lo1
2 ' Vo1
7
I
1
1
[}
KR p— !
- : lo2
P —————0 Vo2
oo
i
+ 1
— ]
—
‘\ 0 GND
5

HCPL-2731/0731 SHIELD

USE OF A 0.1 uF BYPASS CAPACITOR CONNECTED
BETWEEN PINS 5 AND 8 IS RECOMMENDED (SEE NOTE 8)
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Package Outline Drawings
8-Pin DIP Package (HCPL-2731/HCPL-2730)

. 9.65£0.25 7.62 £ 0.25
(0.380 + 0.010) (0.300 £ 0.010)
TYPE NUMBER l-h VAN ﬁ"-l OPTION CODE* } 6.35 = 0.25

OPTOCOUPLERS

(0.250 + 0.010)
HP XXXXZ e |~ DATE CODE

—
Yyww HU\

L) |_u_] LuJ k‘_l .EH"EOOGNlTION
149 (0047)MAX——J L 4-1 |<—1 78 (0.070) MAX.

\ +0.076
»J 5° TYP. "\‘“"54 - 0.051

+0.003
470 (40 185) MAX. 001075563
J_1
0.51 (0.020) MIN,
201 UM,
DIMENSIONS IN MILLIMETERS AND (INCHES).

1.080£0.320 —>l i<— 0.65 (0.025) MAX. "MARKING CODE LETTER FOR OPTION NUMBERS
(00432 0013 o 2582025 OPTION NUMBERS 300 AND 500 NOT MARKED.
0:100 = 0.010)

8-Pin DIP Package with Gull Wing Surface Mount Option 300 (HCPL-2731/HCPL-2730)

9,652 0.25 | 1.016 (0.040) :
(o.seo:o.om) ”"" "‘T.Tﬁ‘{bﬁﬁ)) :
e 4 f DO o
63504025
(0280 %0.010) 9.398 (0.370) |
o) : 9.906 (0.390) !
FE &Y  Tooo |
SN - 0.381(0.015) |
1.194 (0.047) 0.635(0.025) !
e TP T e i
1,780 9.65+0.25 _
™ (0.070) (0380 o 010)
(01.61:7)“” r“‘ MAX. 7.62£0.25
MAX. : .

(0300 = 0.010) +0.076

T T 8o i r nest -oost
(0.165) " (0.010_ 02

_x v )

1.080 + 0.320 ___,| i
0.635 + 0.25
(00430013 r =1 0025 = 0.010) \<_

0.635 = 0.130 12° NOM.
(0 100) (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-0731/HCPL-0730)

5.842 + 0.203
(0.236 = 0.008)

3.937 £ 0.127 TYPE NUMBER
(0.155 £ 0.005) (LAST 3 DIGITS)
DATE CODE

u
0.381 £ 0.076 —> l-—
(0.016 = 0.003) »‘ L‘ 1.270 gog

(0.050)
5.080 £ 0.127 7o~
(o 200 + 0. 005) [‘ %5 X (0. 017)

3175+ 0 127
(012520 005) 0.228 = 0.025
1(;3::, . /\L o
-—l ? R
0.152 + 0.051
(0.006 + 0.002)

DIMENSIONS IN MILLIMETERS (INCHES). 0.305 pun.
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). (0.012)

Solder Reflow Temperature Profile (HCPL-073X and Gull Wing Surface Mount Option 300 Parts).

260
240
220
200
180
160
140
120
100
80
60
40
20
0

P \[AT = 145°C, 1°CISEC

TEMPERATURE - °C

J[=—AT = 100°C, 1.5°CISEC

A A LA A L AU U L AU A L LA AR

[ L\\(\\LI\L'J\VLLLAJ I O O A T A

0 1 2 3 4 5 6 7 8 9 10 M1 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 CSA

Recognized under UL 1577, Approved under CSA Component
Component Recognition Acceptance Notice #5, File CA
Program, File E565361. 88324.
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Insulation Related Specifications (HCPL-2731/2730/0731/0730)

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 IIla IIla Material Group DIN VDE 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 Irave 20 mA
Peak Forward Input Current Ippx 40 mA

(50% Duty Cycle, 1 ms Pulse Width)
Reverse Input Voltage (Each Channel) Vr 5 v
Input Power Dissipation (Each Channel) Py 35 mw
Output Current (Each Channel) Io 60 mA
Supply Voltage and Output Voltage Vee -0.5 18 \%
(HCPL-2731, HCPL-0731)
(Voc - Pin 8-5, Vp - Pin 7,6-5) -Note 1
Supply Voltage and Output Voltage Vee -0.6 7 \%
(HCPL-2730, HCPL-0730)
(Ve - Pin 8-5, Vg - Pin 7,6-5) -Note 1
Output Power Dissipation (Each Channel) -Note 12 Po 100 mwW
Total Power Dissipation (Each Channel) Pr 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)
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Recommended Operating Conditions

Parameter Symbol Min Max. | Units
Power Supply Voltage (HCPL-2731/HCPL-0731), Ve 4.5 18 A%
Power Supply Voltage (HCPL-2730/HCPL-0730) Vee 4.5 7 v
Forward Input Current (ON) Ircony 0.5 12 mA
Forward Input Voltage (OFF) VroFm 0 0.8 v
Operating Temperature Ta 0 70 °C
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Electrical Specifications
0°C < T, £70°C, 4.5 V< Vo £18V, 0.5 mA < Iy £ 12 mA, 0 V < Vo) < 0.8 V, unless otherwise
specified. All Typicals at T, = 25°C. (See note 8.)

OPTOCOUPLERS

Device
Parameter | Sym.| HCPL- | Min. |Typ.* | Max. |Units | Test Conditions Fig. |Note
Current CTR 2731 400 | 1800 | 5000 | % |I[r=05mA |Vgc=4.5b 2,3 | 2
Transfer 0731 Vo=04V
Ratio 500 | 1600 | 2600 Ir = 1.6 mA
2730/0730| 300 | 1600 | 2600 Ir=16mA
Logic Low VoL 2731 0.1 0.4 V |r=16mA, |Vc=45V] 1
Output 0731 Ip=8mA
Voltage 0.1 0.4 Ir = 5.0 mA,
Ip = 15 mA
0.2 0.4 Ir = 12 mA,
Ip =24mA
2730/0730 0.1 0.4 Ir = 1.6 mA,
. |Ip=4.8mA
Logic High Iog |2731/0731 0.05 | 100 | pA |Vo=Vgc=18V| [r=0mA 2
Output
Current 2730/0731 0.1 250 Vo=Vec=T7V
Logic Low IccL |2731/0731 1.2 3 mA |Voc=18V|lp=Ip=16mA| 5
Supply Vo1 = Voz = Open
Current 2730/0730 0.9 V=TV
Logic High Iccu 2731/0731 0.005 20 HA Voc =18V |l = Ipg= OmA,| 5
Supply Vo1 = Voz = Open
Current - 12730/0730 0.004 Vee =7V
Input Ve 14 1.7 V |Ty =25° 4
Forward
Voltage 1.75 Ir=16mA
Input BVy 5.0 V |l = 10 pA, T, = 25°C 2
Reverse
Breakdown
Voltage
Temperature | AVp -1.8 mV/°C |Ip = 1.6 mA
Coefficient AT,
of Forward
Voltage
Input Ciy 60 pF [f=1MHz Vp=0 2
Capacitance

*All typical values at T, = 25°C and V= 5 V, unless otherwise noted.
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Switching Specifications (AC)
Over recommended operating conditions (T, = 0°C to 70°C), Vcc = 5 V, unless otherwise specified.

(See note 8.)

Device . |-
Parameter Sym. | HCPL- | Min, | Typ.* | Max. | Units Test Conditions Fig. | Note
Propagation Delay tpHL 2731 25 100 us Tp = 25°C 6, 7, 2
Time to Logic | 0731 - 8,9
Low at Output 120 Ir = 0.5 mA
Rl = 4.7 kQ
2730 5 20 Ty = 25°C
2731
0730
0731
25 = 1.6 mA, Rl = 2.2 kQ
0.5 2 Ty = 25°C
. 3 = 12 mA, Rl = 270 Q
Propagation Delay tpLH 2731 10 60 us Tp = 25°C 7,8, 2
Time to Logic 0731 9
High at Output 90 Ir = 0.5 mA, Rl = 4.7 kQ
2730 10 35 Ty = 25°C
2731
0730
0731
50 Ir = 1.6 mA, Rl = 2.2 kQ
1 10 | Ty = 25°C
15 Ip =12 mA, Rl = 270 Q
Common Mode |CMy| 1000 | 10000 Vius | Ir = 0mA, Ty = 25°C, 10 | 2,6,
Transient Immunity =2.2kQ 7
at Logic High [Vou| = 10 Vpp
Output
Common Mode |CcML 1000 | 10000 Vius | I = 1.6 mA, Ty = 25°C,
Transient Immunity Rl = 2.2 kQ
at Logic Low Level [Vou| = 10 Vpp
Output

*All typical values at Ty = 25°C and V¢ = 5 V, unless otherwise noted.
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Package Characteristics
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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.,
Option 020 2730 | 5000 Ta=25°C 4,10
2731
Resistance RrLo 1012 Q | Vio =500 VDC 4
(Input-Output) RH < 45%
Capacitance CrLo 0.6 pF | f=1MHz 11
(Input-Output)
Input-Input Insulation Iy 0.005 uA | RH<45% 5
Leakage Current Vi1 = 500 VDC
Input-Input Insulation Ry 1011 Q 5
Leakage Current
Capacitance Cry 2730 0.03 pF 5
(Input-Input) 2731
0730 0.25
0731

*All Typical values at T, = 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.

. Each channel.

. DC CURRENT TRANSFER RATIO
(CTR) is defined as the ratio of output
collector current, I, to the forward
LED input current, I, times 100%.

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

. 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) dVgy/dt of the

> W DN

ot

common mode pulse, Vgy, 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) dVgy/dt of the common
mode pulse, Vg, to assure that the
output will remain in a Logic Low state
(ie., Vo <0.8V).

7. In applications where dV/dt may
exceed 50,000 V/us (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 Roe = 110 Q.

8. Use of a 0.1 uF bypass capacitor
connected between pins 5 and 8
adjacent to the device is
recommended.

10.

11.

9. 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, I o < 5 pA).
In accordance with UL 1577, each
optocoupler is proof tested by
applying an insulation test voltage
> 6000 Vrms for 1 second (leakage
detection current limit, I o < 5 pA).
Measured between the LED anode and
cathode shorted together and pins 5
through 8 shorted together.
. 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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lp = OUTPUT CURRENT - mA

Vo - OUTPUT VOLTAGE - V

Figure 1. DC Transfer Characteristics.
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Figure 4. Input Diode Forward
Current vs. Forward Voltage.
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25001 o= 0.4 v Ta=0°C
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Figure 2. Current Transfer Ratio vs.
Forward Current.
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() Pty

Low Input Current Logic Gate

Optocouplers

Technical Data

Features
* 2.5 kV/us Minimum Common
Mode Rejection (CMR) at
Vem = 400 V (HCPL-2219)
¢ Compatible with LSTTL,
TTL, and CMOS Logic
* Wide V¢ Range (4.5 to 20V)
¢ 2.5 Mbd Guaranteed over
Temperature
* Low Input Current (1.6 mA)
* Three State Output (No
Pullup Resistor Required)
* Guaranteed Performance
from 0°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

NC E EI Vee
ANODE |2 ; 7| v

1¥# Pk

CATHODE 3] 6] ve

N [4] e

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

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 immunity of

2.5 kV/us at a common mode
voltage of 400 volts.

TRUTH TABLE
(POSITIVE LOGIC)

LED | ENABLE | OUTPUT

ON

OFF

ON

OFF

rrIIxT
FINN

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 Electrical and Switching
Characteristics of the HCPL-
2200/2219 are guaranteed over
the temperature range of 0°C to
85°C and a V¢ range of 4.5 volts
to 20 volts. Low Ir and wide Vcc
range allow compatibility with

TTL, LSTTL, and CMOS logic and
result in lower power consump-
tion compared to other high
speed optocouplers. Logic signals

The HCPL-2200/2219 are useful
for isolating high speed logic
interfaces, buffering of input and
output lines, and implementing

are transmitted with a typical
propagation delay of 160 nsec.

isolated line receivers in high
noise environments.

Selection Guide
Small-Outline | Widebody
Minimum CMR 8-Pin DIP (300 Mil) SO-8 (400 Mil) Hermetic
Input On- Single Dual Single Single | Single and Dual
dv/dt Vem Current Channel Channel Channel Channel Channel
(V/us) ™ (mA) Package Package Package Package Packages
1,000 50 1.6 HCPL-2200I(11 HCPL-0201 | HCNW2201
HCPL-2201
HCPL-2202
1.8 HCPL-2231
2,500 400 1.6 HCPL-2219111
5,000(21 | 30012] 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 include output enable/disable functionality.
2. Minimum CMR of 10 kV/us with Vo = 1000 V can be achieved with input current, I, of 5 mA.

Ordering Information

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

Example:

HCPL-2219#XXX

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

information.

*For HCPL-2219 only.

Schematic

IF |

02 |
v :};

1

-3 i

lcc
—g Vee

o

Vo
[

VE

6

SHIELD

0 GND
5

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

060 = VDE 0884 Vijgry = 630 Vpeak Option*
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Package Outline Drawings
8-Pin DIP Package

0.650.25
(0.380 £ 0.010)

[ [71 (6] (5]

\wfxxxz/
]

YYWW AU~ |

O

RN AR

119.(0.047) MAX_‘J L J Lf1.7s(o.o7o)MAx.

TYPE NUMBER —__|

OPTION CODE*
DATE CODE

uL
RECOGNITION

1

g

92 (0.115) MIN.

1.080£0.320 |

_>| \<— 0.65 (0.025) MAX.
(0.043 £ 0.013) "

4,] 2.54 £ 0.25
(0 100 = 0.010)

4.70 (0.185) MAX.

7.62£0.25
(0.300  0.010)

6.35 + 0.25
(0.250 + 0.010)

—J 5° ﬁP. —JL—

+0.076
0.254 _ g 051

+0.003)
(00107 5 02

0.51 (0.020) MIN.

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

9.65 = 0.25
(0.380 = 0.010)

—-

1.016 (0.040)
1.194 (0.047)

g g o |

| 4.826 |
| 190" !
6.350+0.25 | v ;
(0.250 £ 0.010) 0958 (0.570
o S50 G250 (0:390)
B Y OO !
—>‘ ‘4— ' 0.381 (0.015)
1.194 (0.047) 0.635(0.025)
1.778 (0.070) ;
1.780 9,652 0.25
> (0.070) ™"7(0.380 = 0.010)
1.19
0047 " l - MAX. 7.6220.25
MAX. (0.300 = 0,010) Y o76
[ ] I -0.051
419 max +0.003)
(0.165)"A% ‘ 00107 5'009)
1.080 0320 |
(0.043:0013) I‘ ‘ T A L( 0536 2 &2150) \
* 0.635 £ 0.130 =—12° NOM.
(o 100) (0.025 £ 0.005)
BSC

DIMENSIONS IN MILLIMETERS (INCHES).
LEAD COPLANARITY = 0.10 mm (0.004 INCHES).
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Maximum Solder Reflow Thermal Profile

260

OPTOCOUPLERS

20 E l / AN [
220 | P \[ AT = 145°C, 1°C/SEC
E AT = 115°C, 0.3°C/SEC \
200 £ o= \C
© 180
, 3
W 160 | )
140 | \)
E 120 £ Za
100 F
80 £
g _E AT = 100°C, 1.5°C/SEC
B eof 7
of- A
20F
0: \IJ\\\\V]\II\\II\{\\\II\'I}\IIII\\\\Il
o 1 2 3 4 5 6 7 8 98 10 11 12
TIME - MINUTES

Note: Use of nonchlorine activated fluxes is highly recommended.

Regulatory Information

The HCPL-2200/2219 have been =~ CSA

approved by the following Approved under CSA Component

organizations: Acceptance Notice #5, File CA
88324.

UL

Recognized under UL 1577, VDE

Component Recognition Approved according to VDE

Program, File E55361. 0884/06.92. (HCPL-2219 Option
060 Only)

Insulation and Safety Related Specifications

Parameter Symbol | Value | Units Conditions
Min. External Air Gap| L(IO1) 7.1 mm Measured from input terminals to output terminals,
(External Clearance) shortest distance through air.
Min. External L(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 CTL 200 \% DIN IEC 112/VDE 0303 Part 1
(Comparative .
Tracking Index)
Isolation Group 1Ila 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 (HHCPL-2219 OPTION 060 ONLY)

Description Symbol | Characteristic | Units

Installation classification per DIN VDE 0110/1.89, Table 1

for rated mains voltage < 300 V rms LIV

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 ViorMm 630 V peak
Input to Output Test Voltage, Method b*

ViorMm % 1.875 = Vpg, 100% Production Test with t,, = 1 sec, VPR 1181 V peak

Partial Discharge < 5 pC

Input to Output Test Voltage, Method a*
ViorMm X 1.5 = Vpg, Type and sample test, Vpr 945 V peak
tm = 60 sec, Partial Discharge < 5 pC

Highest Allowable Overvoltage*
(Transient Overvoltage, ti,; = 10 sec) Viot™m 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 mA

Output Power Ps outpuT 600 mW
Insulation Resistance at Tg, Vio = 500 V- Rg > 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)

" OPTOCOUPLERS

Parameter Symbol Min. Max. Units Note
Storage Temperature Ts -55 125 °C
Operating Temperature Ta -40 85 °C 1
Average Forward Input Current Irava) 10 mA
Peak Transient Input Current IF(TRAN) 1.0 A
(£ 1 ps Pulse Width, 300 pps)
Reverse Input Voltage Vr 5 v
Average Output Current Io 25 mA
Supply Voltage Vee 0 20 A%
Three State Enable Voltage Ve -0.5 20 \%
Output Voltage Vo -0.5 20 \%
Total Package Power Dissipation Pr 210 mwW 1
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 \%
Enable Voltage High Ven 2.0 20 \%
Enable Voltage Low Ve 0 0.8 \4
Forward Input Current Ircony 1.6* 5 mA
Forward Input Current Ircorm - 0.1 mA
Operating Temperature Ta 0 85011 °C
Fan Out N 4 TTL Loads

*The initial switching threshold is 1.6 mA or less. It is recommended that 2.2 mA be
used to permit at least a 20% CTR degradation guardband.
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Electrical Specifications

FOI‘0°C<TA[1]<85°C 45V<VCC<20V 16mASIF(ON) 5rn.A 20V<VEH520V
OOV<VEL< 08VOmA<IF(0FF)£01mAAllTyplcalsatTA=25C Vcc—SVXF(ON)—smAuI\leSg

otherwise specified. See Note 7.

Parameter Sym. | Min. | Typ. | Max. |Units Test Conditions Fig. | Note
Logic Low VoL 0.5 V | IoL = 6.4 mA (4 TTL Loads) 1
Output Voltage
Logic High Vou 2.4 * V | Ipg=-26mA *Vog=V-21V | 2
Output Voltage
Output Leakage Toun 100 | pA | Vo =556V Ir=5mA
Current (Vour > Vec) 500 | pA | Vo =20V Vec =45V
Logic High Enable Ven 2.0 \%

Voltage
Logic Low Enable VeL 0.8 \%
Voltage
Logic High Enable Ign 20 | pA |V =2.TV
Current 100 | pA [ Vgy=5.5V

0.004| 250 | pA | Vgx =20V
Logic Low Enable Igy, -032| mA | Vgy =04V
Current
Logic Low Supply IO 45 | 6.0 | mA | V=55V Ir=0mA
Current Io = Open

525 | 7.5 | mA | V=20V Vg = Don't Care
Logic High Supply | Iocn 2.7 | 45 | mA | Vgo=5.5V p = 5mA
Current Io = Open
3.1 6.0 | mA | V=20V Vg = Don’t Care
High Impedance Toz 20 | pA | Vo =04V Ven =2V,
State Output Ip=5mA
Current IOZH 20 ]JA VO =24V VEN =2 \7,
100 | pA [Vo=5.5V Ip=5mA
500 | pA (Vo =20V

Logic Low Short Ios. | 25 mA | Vo=Vec=5.5V |l = 0mA 2
Circuit Output
Current 40 mA | Vo=V =20V
Logic High Short Iosy | -10 mA | Vee=5.5V Ir = 5 mA, 2
Circuit Output Vo = GND
Current -25 mA VCC =20V
Input Current Thys 0.12 mA | Voc=5V 3
Hysteresis
Input Forward Vr 1.5 | 1.7 V | Ty =25C Ip = 5mA 4
Voltage 1.75
Input Reverse BV 5 V [=10pA
Breakdown Voltage
Input Diode AVp -1.7 mV/°C| Ip = b mA
Temperature AT,
Coefficient
Input Capacitance Ciy 60 pF | f=1MHz Vy =0V, Pins 2 and 3
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Switching Specifications (AC)
For 0°C < {11 < 85°C, 4.5 V < V0 <20 V, 1.6 mA < Iy o) < 5 mA, 0.0 mA < Ipcopp) < 0.1 mA.
All Typicals at Ty = 25°C, Vo¢ = 5V, Iggny = 3 mA unless otherwise specified.

OPTOCOUPLERS

Parameter Sym. | Min. | Typ. |Max. | Units Test Conditions Fig. | Note
Propagation Delay Time to tpuL 210 ns | Without Peaking Capacitor | 5,6 | 4,5
Logic Low Output Level 160 | 300 With Peaking Capacitor
Propagation Delay Time to tpLH 170 ns | Without Peaking Capacitor | 5.6 | 4.5
Logic High Output Level 115 | 300 With Peaking Capacitor
Output Enable Time to tpzn 25 ns 7.9
Logic High
Output Enable Time to tezL, 28 ns 7,8
Logic Low
Output Disable Time from tprz 105 ns 79
Logic High
Output Disable Time from tprz 60 ns 7,8
Logic Low
Output Rise Time (10-90%) t, 55 ns 5,10
Output Fall Time (90-10%) te 15 ns 5,10

Parameter Sym. Device Min. Units Test Conditions Fig. | Note
gziﬁnlgﬁ ode | M| HCPL-2200 | 1,000 | V/us | |Vom| =50V i’,‘; C____l g\r’nA 1 6
m‘suﬁ‘t‘; HOPL-2210 | 2,500 | Vius | |Vew| = 00V | A= 20°C
Logic Low |CMy,| Vr=0V 11 6
Common Mode HCPL-2200 | 1,000 | Vs ||Vem]| =50V Vec =5V
Transient : Ty = 25°C
Immunity HCPL-2219 | 2,500 | Vius | |Vom| =400V

Package Characteristics
Parameter Sym. | Min. | Typ. | Max. | Units Test Conditions Fig. | Note
Input-Output Momentary Viso | 2500 Vrms | RH<50%,t = 1min., 3,8
Withstand Voltage* T, = 25°C
Input-Output Resistance Rio 1012 Q V1o = 500 VDC 3
Input-Output Capacitance | Cio 0.6 pF f =1MHz, Vio = 0VDC ]

*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:

. Derate total package power dissipa-
tion, Py, linearly above 70°C free air
temperature at a rate of 4.5 mW/°C.
Duration of output short circuit time
should not exceed 10 ms.

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

The tpyy 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

—

~

[

~

1.0 T

Vee=45V__|
09 Ip=0mA
0.8 Vo = 6.4 mA—
0.7

0.6
0.5
0.4
0.3
0.2
0.1 .

VoL - LOW LEVEL OUTPUT VOLTAGE -V

0
-60 -40 -20 0 20 40 60 80 100
Ta - TEMPERATURE - °C

Figure 1. Typical Logic Low Output
Voltage vs. Temperature.
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TTTTI T T TPy T Ty T T T T T 7T,
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1.2 1.3 14 15
Vg - FORWARD VOLTAGE -V
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Figure 4. Typical Input Diode Forward
Characteristic.
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output pulse. The tpy;, 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.

. When the peaking capacitor is omitted,
propagation delay times may increase
by 100 ns.

. CM, is the maximum rate of rise of the
common mode voltage that can be
sustained with the output voltage in the
logic low state (Vg < 0.8 V). CMy is
the maximum rate of fall of the
common mode voltage that can be

ot

(=2

£

= 0 T
5 a4 Veec=45V
g AN IF=5mA
[ A

£ -2 *

3 \Vo=27V

= 3 N

=2 Ay

E A\

E 4
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o4 -5

4 s Vo=24V

[T ~.

-l ~n

T

S 7
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]

S 60 -40 20 0 20 40 60 80 100

Ta - TEMPERATURE ~ °C

Figure 2. Typical Logic High Output
Current vs. Temperature.

PULSE GEN.
tr=tt=5ns
=100 kHz
10 % DUTY
CYCLE HCPL-2200
Vo=5V
1 Vee
o
g |
INPUT Ll g
MONITORING !
NODE \
]
! _GND

sustained with the output voltage in the
logic high state (Vo > 2.0 V).

7. Use of a 0.1 uF bypass capacitor
connected 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 (leakage detection
current limit, I £ 5 pA). This test is
performed before the 100% production
test for partial discharge (Method b)
shown in the VDE 0884 Insulation
Characteristics Table, if applicable.
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Figure 3. Output Voltage vs. Forward
Input Current.
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Figure 5. Test Circuit for tpLh, tpHL, tr, and tr.
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Figure 11. Test Circuit for Common Mode Transient Immunity and Typical
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Figure 13. Recommended LSTTL to LSTTL Circuit.
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Figure 15. Recommended LED Drive Circuit.
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Figure 14. LSTTL to CMOS Interface Circuit.
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Figure 16. Series LED Drive with Open Collector Gate
(4.7 kQ Resistor Shunts Iog from the LED).

*The 120 pF capacitor may be omitted in applications where 500 ns propagation delay is sufficient.
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(D

Very High CMR, Wide Vcc Logic
Gate Optocouplers

Technical Data

Features
* 10 kV/us Minimum Common
Mode Rejection (CMR) at
(HCPL-2211/2212/0211/
2232, HCNW2211)
* Wide Operating V¢ 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 mA
to 1.8 mA)
* 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)

e 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

HCPL-2201/11
HCPL-0201/11
HCNW2201/11

ne [1] ! }ﬂ Vee
ANODE ESZ ’:‘ﬁ @-ﬂ Vo

CATHODE [3] E[ NC

ne [4] E GND

— ]
SHIELD

HCPL-2231/32

ANODE 1 EEZ | 8] vec
CATHODE 1 [2] ?‘s @- 7] Vor
D

5] anp

CATHODE 2 [3] %
.

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

HEWLETT®

PACKARD

(7]
o
w
&
=2
8
o
b
o

HCPL-2201 HCPL-2202

HCPL-2211 HCPL-2212

HCPL-2231 HCPL-2232

HCPL-0201 HCPL-0211

HCNW2201 HCNWwW2211

Description

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,

HCPL-2202/12

ne [1]
ANODE @}
CATHODE E

[FE—
NC E SHIELD

8| Vee
7| NC

D~
5] anD

W

TRUTH TABLE

(POSITIVE LOGIC)
LED Vo
ON | HIGH
OFF | Low

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.

5965-3595E
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HCPL-2232 and HCNW2211
guarantees common mode
transient immunity of 10 kV/us at
a common mode voltage of 1000
volts.

The electrical and switching
characteristics of the HCPL-
22XX, HCPL-02XX and
HCONW22XX are guaranteed from
-40°C to +85°C and a V¢ from
4.5 volts to 20 volts. Low I and

wide Vg 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

Selection Guide propagation delay of 150 ns.
Small- Widebody
Minimum CMR Input 8-Pin DIP (300 Mil) Outline SO-8 | (400 Mil) Hermetic
On- Single Dual Single Single Single and
dv/dt Current Channel Channel Channel Channel | Dual Channel
Vius) [ Vem (V) | (mA) Package Package Package Package Packages
1,000 50 1.6 HCPL-220011.2] HCPL-0201 | HCNW2201
HCPL-2201
HCPL-2202
1.8 HCPL-2231
2,500 400 1.6 HCPL-221911.2
5,000181 | 30013 1.6 HCPL-2211 HCPL-0211 | HCNW2211
HCPL-2212
1.8 HCPL-2232
1,000 50 2.0 HCPL-52XXI2]
HCPL-62XX!2]
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 kV/us with Vg = 1000 V can be achieved with input current, I, of 5 mA.

Ordering Information

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

Example:
HCPL-2211#XXX
2

060 = VDE 0884 Vigry = 630 V peak Option*
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-2211/2212 only.

**Gull wing surface mount option applies to through hole parts only.

Schematic

lcc

lcc

-~

oV,
8 cC

! lo1
s 3 B e

B/
8 cC

I
— 0 3 |
SHIELD 5 &NP - P
Vi2 P4
HCPL-2201/02/11/12 ro—J
HCPL-0201/11 4 g H
HCNW2201/11
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Package Outline Drawings
8-Pin DIP Package (HCPL-2201/02/11/12/31/32)

OPTOCOUPLERS

9.65+0.25 7.6220.25
T (0.380 £ 0.010) | (0.300 + 0.010)

TYPE NUMBER __ [ [71 (6] (3] " 6.35£0.25
S _ OPTION CODE (0250 2 0.010)

HP XXXz 4~ | DATE CODE

YYWW AU~
O T
PRRAREN I{| RECOGNITION
1.19 (0.047) MAX.——j L‘ —’} L1.7s(0.o70) MAX.

+0.076
AJ - 5° TYP. *\\“ 0.254 _ g 051

) (0.010° 999

470 (0.185) MAX. 0.002)
X
0.51 (0.020) MIN.
2.92 (0.115) MIN. DIMENSIONS IN MILLIMETERS AND (INCHES).
i v — *MARKING CODE LETTER FOR OPTION NUMBERS
l[le "V* = OPTION 060
«1, -g:g * g-gfg)_. '4_ ’ — ’ 0.65 (0.025) MAX. OPTION NUMBERS 300 AND 500 NOT MARKED.
A %= 0.
2.54 £ 0.25
™ ™(0100 £ 0.010)

8-Pin DIP Package with Gull Wing Surface Mount Option 300 (HCPL-2201/02/11/12/31/32)

9.65+0.25 : 1.016 (0.040) :
T (0:380 = 0.010) *’} 1.194 (0.047) ;
B 4 S s s !
: 4.826 :
0190 ">
6.350 £ 0.25 ;
(0.250 2 0.010) 9.398 (0.370) |
o : 9.906 (0.390) :
B l%l l% ¢ S v i Y Y
: ——l L— 0.381(0.015)
1194 (0.047) 0.635 (0.025)
.. ATsor)
1780 9.65 £ 0.25
10 —’{ “' (0.070) (0380 2 0.010) "
1. . MAX.
0.047) 7.62£0.25
ax ] (0.300 = 0.010) +0.076
[

T ‘41 . 0.254 _ ¢ 051
119 max. +0.003)
(0.165) 00107 9002

_v |

I ]
1.080 = 0.320 ,‘ . |

T | r
0.635 + 0.25
(0.043 + 0.013) L — )“(0.025 £0.010) \\ )
2.54 0.635 + 0.130 <—12° NOM.
(0.100) (0.025 =+ 0.005)
BSC

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

1-133



Small-Outline SO-8 Package (HCPL-0201/11)

5.842  0.203
(0.236 = 0.008)

TYPE NUMBER
(LAST 3 DIGITS)

DATE CODE

0.381 = 0.076 —=| ~— J
(0.016 = 0.003) L 1.270 peg
(0.050)

5.080 £ 0.127 Tm ey 0432
(o 200 = 0. oos) (0.017)

3175:0127
(0125 % 0. 005) 0.228 + 0.025
L;ggg) N ’ { (0.009 = 0.001)

"} L—l 0.152 £ 0.051

(0.006 = 0.002)
DIMENSIONS IN MILLIMETERS (INCHES). 0.305 puN.
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). (0.012)

3.937 £ 0.127
(0.155 = 0.005)

8-Pin Widebody DIP Package (HCNW2201/11)

11.15£0.15 | 11.00 oy
(0.442 = 0.006) (0.433)
lﬂi . 9.00 + 0.15 .
8 (0.354 =+ 0.006)
TYPE NUMBER
HP
HONWXXXX 4+ |~ DATE cODE
YYWwW
o
1 2 3] E
+—— 10.16 (0.400) ——>|
TYP. }
—
(o 061) 7 TYP.
. +0.076
( MAX. < 0.254_¢ o051
+ 0.003,
(0.0107 ¢ 002)’
5.10
(0.201)MAX
3.10 (0.122)
3.90(0.154)  0.51(0.021) MIN.
2.54 (0.100) >
TYP.
1.78£0.15 0.40 (0.016)
(0.070 + 0.006) o 56 (o 022) DIMENSIONS IN MILLIMETERS (INCHES).
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8-Pin Widebody DIP Package with Gull Wing Surface Mount Option 300 (HCNW2201/11)

11452015
b (0.442 = 0.006) |

1 01 0

PAD LOCATION (FOR REFERENCE ONLY)
Do s

OPTOCOUPLERS

6.15
(0.2a2)TYP-
9.00£0.15
(0.354 + 0.006)
: 12302030 |
o o 4 (0.484 £ 0.012) |
L TR e s
13 0.9
(0.051) (0.035)
155  12.30:0.30
" e (0.484 = 0.012)
MAX
1100 gax.
(0.433)
| ! 4.+oo
(0.153)"'“' '
! ! N L_.—_JJ 4_&
1.7820.15
(0.070 + 0.006) "' ’ . L701 1002048 \
075 0.25 .039 2 0. +0.076
(‘;‘fﬂ‘t’) (0.030 = 0.010) 0254 " 4051

+ 0.003)
(0.010% 5 093)

DIMENSIONS IN MILLIMETERS (INCHES).

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

Solder Reflow Temperature Profile (HCPL-02XX and Gull Wing Surface Mount Option 300 Parts)

260
240 | T N\

I ~ N\ AT = 145°C, 1°C/SEC
AT =115°C, 0.3°C/SEC

=— AT = 100°C, 1.5°C/SEC

TEMPERATURE - °C
N
o

-
[}
=3

AL L L A A A L L A

o

TN T T T T N N T 5 O I A O O A

0 1 2 3 4 5 6 7 8 9 10 1 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:

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-2211/2212
Option 060 and HCNW22XX only)

Insulation and Safety Related Specifications

8-pin DIP Package

" BSI

Certification according to
BS415:1994,

(BS EN60065:1994);

BS EN60950:1992
(BS7002:1992) and
EN41003:1993 for Class II
applications. (HCNW22XX only)

8-Pin DIP Widebody
(300 Mil) | SO-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 CTI 200 200 200 Volts | DIN IEC 112/VDE 0303 Part 1
(Comparative
Tracking Index)
Isolation Group Illa 1IEY IIa 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 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 = Vpg, 100% Production Test with t,, = 1 sec, Ver 1181 V peak
Partial Discharge < 5 pC
Input to Output Test Voltage, Method a*
Viorm X 1.5 = Vpg, Type and sample test, Vpr 945 V peak
tn = 60 sec, Partial Discharge < 5 pC
Highest Allowable Overvoltage* .
(Transient Overvoltage, t;;; = 10 sec) Viorm 6000 V peak
Safety Limiting Values
(Maximum values allowed in the event of a failure,
also see Figure 12, Thermal Derating curve.)
Case Temperature Tg 175 °C
Input Current Is ourpUT 230 mA
Output Power PS,OUTPUT 600 mwW
Insulation Resistance at Tg, V;o = 500 V Rg >10° 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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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 = Vpg, 100% Production Test with t,, = 1 sec, Ver 2652 V peak

Partial Discharge < 5 pC

Input to Output Test Voltage, Method a* )
VIORM x15 = VPRy Type and sample test, VpR 2121 V peak
tm = 60 sec, Partial Discharge < 5 pC

Highest Allowable Overvoltage* ‘
(Transient Overvoltage, t;; = 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 1 °C

Current (Input Current Iy, Pg = 0) Is wpur 400 mA

Output Power Ps ourpur 700 mW
Insulation Resistance at Tg, Viop = 5600 V Rg > 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. '

Absolute Maximum Ratings

Parameter Symbol Min. Max. Units Note

Storage Temperature Tg -55 125 °C
Operating Temperature Ty -40 85 °C
Average Forward Input Current Irave) 10 mA 1
Peak Transient Input Current

(£ 1 ps Pulse Width, 300 pps) IrctraN) 1.0 A 1

(< 200 ps Pulse Width, HCNW22XX 40 mA

< 1% Duty Cycle)
Reverse Input Voltage Vr 5 v 1
HCNW22XX 3
Average Output Current Io 25 mA 1
Supply Voltage Vee 0 20 v
Output Voltage Vo -0.5 20 v 1
Total Package Power Dissipation Py 210 mW 2
HCPL-223X 294
Output Power Dissipation Py See Figure 7 1
Lead Solder Temperature (Through Hole Parts 260°C for 10 sec.,
Only) 1.6 mm below seating plane
| 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 g
Power Supply Voltage Voo 4.5 20 A% 8
Forward Input Current (ON) Iron) 1.6* 5 mA E
HCPL-223X 1.8% o
Forward Input Voltage (OFF) VroFr) - 0.8 \%
Operating Temperature Ty -40 85 °C
Junction Temperature Ty -40 125 °C
Fan Out N 4 TTL Loads

*The initial switching threshold is 1.6 mA or less. It is recommended that 2.2 mA be used to permit at least a 20% LED degradation

guardband.

FThe initial switching threshold is 1.8 mA or less. It is recommended that 2.5 mA be used to permit at least a 20% LED degradation

guardband.

Electrical Specifications

-40°C < TA < 8500, 45V< VCC < 20 V, 1.6 mA< IF(ON)* <5 mA, ov< VF(OFF) < 0.8 V, unless otherwise
specified. All Typicals at T, = 25°C. See Note 7.

Parameter Sym. | Min. | Typ. | Max. |Units Test Conditions Fig. | Note
Logic Low Output Voltage VoL 0.5 V | Iop =6.4mA (4 TTL Loads) | 1,3 1
Logic High Output Voltage | Voug | 2.4 | ** V | Ipg =-2.6 mA 2,3, 1
2.7 Iog = -0.4 mA 8
Output Leakage Current Toun 100 | pA | Vo =55V Ir=5mA 1
(Vour > Voe) 500 Vo=20V
Logic Low Supply IooL 37 | 60 | mA | Vopc=55V V=0V
Current 43 | 7.0 Vee=20V Io = Open
HCPL-223X 74 |12.0 Voc =55V
8.6 | 14.0 Voc =20V
Logic High Supply Iccn 24 | 40 | mA | Vog=55V Ir = 5 mA
Current 2.7 | 5.0 Voc =20V Io = Open
HCPL-223X 48 | 8.0 Voc =55V
54 |10.0 Voc=20V
Logic Low Short Circuit TosL 15 mA | Vo=Vgc=55V| V=0V 1,3
Output Current 20 Vo=Voc=20V
Logic High Short Circuit Iosu -10 | mA | Vgc=55V Ir=5mA 1,3
Output Current 20 Voc =20V Vo = GND
Input Forward Voltage Vr 15 | 1.7 V | T, =25C Ip=5mA | 4 1
1.85
HONW22XX 15 [1.82 T, = 25°C |
1.95
Input Reverse Breakdown BW 5 V | =10pA 1
Voltage HCNW22XX 3 Iy = 100 pA
Input Diode Temperature AVp -1.7 mV/°C| Ir = 5 mA
Coefficient [ HCNW22XX | AT, 14
Input Capacitance Ciy 60 pF [ f=1MHz, Vy =0V 1,4
HCNW22XX 70

*For HCPL-223X, 1.8 mA < Ipony < 5 mA.
**Typical Vog = Vg - 2.1 V.
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Switching Specifications (AC) ,
-40°C < TA < 8500, 45V< VCC < 20 V, 1.6 mA < IF(ON)* <5 mA, ov< VF(OFF) < 0.8V
All Typicals at Ty = 25°C, Voc = 5V, Igony = 3 mA unless otherwise specified.

Parameter Sym. | Min. | Typ. | Max. | Units Test Conditions Fig. | Note
Propagation Delay Time tpHL 150 ns | Without Peaking Capacitor [ 5,6 | 1,6
to Logic Low 160 HCNW22XX
Output Level 150 | 300 With Peaking Capacitor
Propagation Delay Time tpLu 110 ns | Without Peaking Capacitor | 5,6 | 1,6
to Logic High 180 HCNW22XX
Output Level 90 | 300 With Peaking Capacitor
Output Rise Time (10-90%) tr 30 ns 59 1
Output Fall Time (90-10%) te 7 ns 59 1

Parameter Sym. Device Min. | Units Test Conditions Fig. | Note
Logic High |CMy| | HCPL-2201/02 | 1,000 | V/us [Vem| =50V | Vog=5V | 10 | 1,7
Common Mode HCPL-0201 Ir = 1.6 mAf Ty = 25°C
Transient HCPL-2231
Immunity HCNW2201

HCPL-2211/12 | 5,000 | V/us |Vem| = 300V

HCPL-0211 Ir = 1.6 mA*f

HCPL-2232 10,000 | Vius | |Voum| = 1kV

HCNW2211 Ip = 5.0 mA
Logic Low |CML| | HCPL-2201/02 | 1,000 | V/us |Vem| =50V | =0V 10 | 1,7
Common Mode HCPL-0201 Voc =5V
Transient HCPL-2231 Ty = 25°C
Immunity HCNW2201

HCPL-2211/12 | 10,000 { V/us [Vem| = 1kV

HCPL-0211

HCPL-2232

HCNW2211

*For HCPL-223X, 1.8 mA < Ipoy) S 5 mA.

fIp = 1.8 mA for HCPL-2231.
$Ip = 1.8 mA for HCPL-2232.
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Package Characteristics

Parameter Sym. | Min.| Typ. | Max.| Units Test Conditions Fig. | Note
Input-Output Momentary Viso | 2500 Vrms | RH < 50%, t = 1 min. 5,10
Withstand | HCNW22XX 5000 Ty, = 25°C 5,11
Voltage®
Input-Output Resistance Rio 1012 Q Vio = 500 Vdc 5

HCNW22XX 1012 1013 Ty, = 256°C
1011 T, = 100°C
Input-Output Capacitance Cro 0.6 pF f = 1 MHz, 5
| HONW22XX 0.5 | 0.6 T, = 25°C | Vio = 0Vde
Input-Input Insulation Iy 0.005 UA | Relative Humidity = 45%, 12
Leakage Current t=5s, ;=500 V
Resistance (Input-Input) Rix 1011 Q |V =500V 12
Capacitance (Input-Input) Cr1 0.25 pF |f=1MHz 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:

. Each channel.

. Derate total package power dissipation, Py, linearly above 70°C free-air temperature at a rate of 4.5 mW/°C.

. Duration of output short circuit time should not exceed 10 ms.

. For single devices, input capacitance is measured between pin 2 and pin 3.

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

. The tppy 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 tpy;, 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. CMy 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. CMy, 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.

. For HCPL-2202/12, Vg is on pin 6.

. Use of a 0.1 uF bypass capacitor connected between pins 5 and 8 is recommended.

. 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, I; o < 5 pA). This test is performed before the 100% production test for partial discharge (Method
b) shown in the VDE 0884 Insulation Characteristics Table, if applicable.

. 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, I o < 5 pA). 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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Figure 1.

Ta = TEMPERATURE - °C

Typical Logic Low Output

Voltage vs. Temperature.

Figure 2. Typical Logic High Output
Current vs. Temperature.
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Figure 8. Typical Output Voltage vs.
Forward Input Current.

5V

INPUT Ip

OUTPUT Vo

Figure 5. Circuit for tpLy, tPHL, tr, te.
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*0.1 yF BYPASS — SEE NOTE 9.

IF (ON)
50 % I (ON)
0mA

ALL DIODES ARE 1N916 OR 1N3064.

HCPL-22XX
1000 HCPL-02XX \ 1000 HCNW22XX -
E Ta=25°C Ta=25°C
£ 100 7 g 100 ;
EI E F. K | F.
o + * + .
§ 10k E} 7 E 10 E} =
3 E 5 / 3 5 /
3 10k 3 1 0
a E / 2 : /
g & / < /
2 01k £ 01
[+ = / 4 /
2 ootk pd 2 oot /
Iy &
0.001 C 0.001
11 12 13 14 15 14 12 13 14 15 18
Vg - FORWARD VOLTAGE - V Vg - FORWARD VOLTAGE - V
Figure 4. Typical Input Diode Forward Characteristic.
PULSE GEN. Vee PULSE GEN.
t',--tf=5;‘|a F t=ty=5ns
=100 kHz f = 100 kHz
HCPL-2201/11 OUTPUT Vo
10 % DUTY HCPL-02XX MONITORING 10 % DUTY Vee
CYCLE HCNW22XX NODE 5V CYCLE OUTPUTV.
‘;g;i;’ 0 " Voo a— ‘;%:553' MONITORING
! 1. b, $e190 HCPL-223X NODE
, =
MONITORING : EZ{( n = MONITORI : D1
MONITORING
| Ca= Dy [y
DE i 6] eer | NODE o 2]
._GND > 3 Co=
A -1 - 35k B 125F
120 pF Dy L
. RS o= [ 5k
= T 120 pF
= THE PROBE AND JIG CAPACITANCES
ARE INCLUDED IN C1 AND Cj. _
= THE PROBE AND JIG CAPACITANCES
Ry [215kQ|1.10kQ | 6810
ARE INCLUDED IN C1 AND Cy.
F(ON)|1.6mA | 3mA | 5mA CLUDED IN C1 AND G,
ALL DIODES ARE 1N916 OR 1N3064. Ry [1.96kQ|1.10kQ | 681Q
IFON)[1.8mA| 3mA |5mA
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[7)]
o
HCPL-22XX ]
HCPL-02XX HCNW22XX a.
250 250 - 80 2
Vec=50V,20V | Vec=50V,20V | | | [ S
@ €1 (120 pF) PEAKING ] C1 (120 pF) PEAKING CAPACITOR « ‘ 3
| CAPACITOR IS usslo, Ir (mA) | IS USED. SEE FIGURE 5. H Ta=75°C =
> SEE FIGURE 5. 75 > \ ° A= a
< 200141°_ .8 mA FOR ACPL-223X |7 3 g 200 i (m: ) ag e “ Ta= ©
iy DEVICES. / i 4 SE *,80°C
o 2.6 a 1 [ ®,
F4 / L~ 3 T 3 5o .
2 150 5 iy oy B 180 r 36 oZ 40 N~
paa? K B < o
s tPHL=—T"___—~ / 5 s PHL — EX .
2 Ve g 16, 0 Ta=g8cc
2 100 - 2 100 5 4 5
o a EI
! : teLH r
& ten /V & ©
50 50 )]
-60 -40 -20 0 20 40 60 80 100 -60 -40 -20 0 20 40 60 80 100 0 5 10 15 20
Ta - TEMPERATURE - °C Ta - TEMPERATURE - °C Vgg - SUPPLY VOLTAGE -V
Figure 6. Typical Propagation Delays vs. Temperature. Figure 7. Maximum Output Power per
Channel vs. Supply Voltage.
>
T 20 - 100 T T
4 TYPICAL Vec=5V
= Vo vs. Vce 2
'g 15| ATlo=-26mA T 80
8 Tp=25°C w
5 4 F
o / - 60
5 3
o 10 / w
- u 40
o / a t
r} T
i s '
g / i
I‘ / - ] L
5 o 0
kS 0 5 10 15 20 -60 -40 20 O 20 40 60 80 100
Vcc - SUPPLY VOLTAGE -V Ta - TEMPERATURE - °C
Figure 8. Typical Logic High Output Figure 9. Typical Rise, Fall Time vs.
Voltage vs. Supply Voltage. Temperature.
HCPL-2201/11
HCPL-02XX Vee R Vee
HCNW22XX . HCPL-2231/32
| Q_I_ OUTPUT Vo /°_E | _a']_I_ OUTPUT Vo
| MONITORING EZ | MONITORING
| NODE BO 2N
—— 4 [
] 324( [DH——+ . —E— D
IN To Vg = -
1 0.1 yF FF = | @_ ry 0.1 pF
! g BYPASS B }4}’ o] BYPASS
+ | i
VEr = n L 3 4 — E]__
Oﬂ J\JDV&L
PULSE GENERATOR + - 1 PULSE GENERATOR + - _
Wenl --Vem (PEAK)
SWITCH AT A: Ig = 1.6 mA**
N Vo (MIN.)*
OUTPUT Vg SWITCHATB: VE=0V
-~ Vo (MAX.)*
VoL —-/\ /\
*SEENOTE 7, 9. .
**|g = 1.8 mA FOR HCPL-2231/32 DEVICES.
Figure 10. Test Circuit for Co: Mode Transient Immunity and Typical Waveforms.
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HCPL-22XX

HCPL-02XX HCNW22XX
< T T 7 10—
< — Ve =50V / g — Vo =50V
\ serer Vee=20V 2 \ senes Vge =20V ,
q os % q 09
g & o o
[ . é Py
4 o8 A 4 oos 77
£ A : e
= Ir (ON) —| .’ = IE (ON) Pt
& 0.7z (OFF) g o7 ~
£ Z & IF (O L
3 06|~ B 0.6 IF ON)dee”
5 kN 5 lr©FR
£ Ir (OFF) g
F4 0.5 | £ 0.5
60 -40 20 0 20 40 60 80 100 60 40 -20 0 20 40 60 80 100
Tp - TEMPERATURE - °C Ta - TEMPERATURE - °C

Figure 11, Typical Input Threshold Current vs. Temperature.

2 200 —HCPL-2211/2212 OPTION 060 2 1000 HCNW22XX
E 700 ==xs Pg (MW) E 900 | === Pg (mW)

T — — Ig (MA]
£ Is (mA) g 800 s (mA)
g o0 ‘v, S 700 S

. .
§ 500 - E 600 ol
= e £ .
5 400 o8 » 500 o8
a *, 2 400 s,
o 300 s &
w — KN = 300 ™
3 200 . N T
5 ™ g 200 NG
100 S 5 100 N
5 NN, E o o
0 L]
E 0 25 50 75 100 125 150 175 200 © 0 25 50 75 100 125 150 175
Tg - CASE TEMPERATURE - °C Tg - CASE TEMPERATURE - °C

Figure 12. Thermal Derating Curve, Dependence of Safety Limiting Value with
Case Temperature per VDE 0884,

HCPL-2201/11
22XX
— Veca (+5V)
Vee1 (#5V) 1 8
11kQ |
I
2 3 @— 7 DATA OUTPUT
Eiid .
DATA INPUT 3 ! 6] "=
TTLORLSTTL i
- ! 5 UP TO 16 LSTTL LOADS
OR 4 TTL LOADS

*0.1 uF BYPASS

N

Figure 13a. Recommended LSTTL to LSTTL Circuit where 500 ns Propagation
Delay is Sufficient.
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oc
HCPL-2201/11 |
HCPL-02XX a
HCNW22XX
80 0 0 Veez (+5 V) 3
Vce (#5 V) o— 1 8 'c_)
1.1 kQ! 120 pF | o
} o
2 ; @— 7 DATA OUTPUT
EZd 1
DATA INPUT 3 i o] =i
TTL ORLSTTL
s 7 I = $94 ~>--0 UP TO 16 LSTTL LOADS
111+ OR4TTL LOADS
NN E
sk
[
\V4 *0.1 4F BYPASS .
11

Figure 13b. Recommended LSTTL to LSTTL Circuit for Applications Requiring
a Maximum Allowable Propagation Delay of 300 ns.

Veea
HCPL-2201/11 457T020V)
HCPL-02XX ?
Veet 80 0 HCNW22XX
*5V)° 1
1.1 < _:120 1 Veels 3RL
kQ3 T PF* | I\J HCPL-2201/11
| DATA HCPL-02XX
2 ) 7 MOS>—o0
,Iq/ @_ I/ OUTPUT Veer (45 V)o HCNW22XX
DATA % ! —tt 11KkQs
3 6] =~ A1kQS
INPUT TTLORLSTTL i K Vee[s
I___GND )
4 — 15 DATA |
INPUT >°_|4_D 2 EZ ; @_ 7
1 I
TTLor 1
TOTEM 4 3 6
POLE v R v LSTTL :
OUTPUT V ~cc2 L 2 i GND
GATE 5V  11kQ *120 pF PEAKING CAPACITOR — ]
10V 237k MAY BE OMITTED AND 80
15V 3.83kQ RESISTOR MAY BE SHORTED
WHERE 500 ns PROPAGATION
20V 511k D1 (1N4150) REQUIRED FOR
DELAY IS SUFFICIENT. \V4 oA Lpatio R stis iy
0.1 yF BYPASS
Figure 14. LSTTL to CMOS Interface Circuit. Figure 15. Alternative LED Drive
Circuit.
HCPL-2201/11
HCPL-02XX .
HCNW22XX
80 Q*
Vec (+5V) - 1 Veel s
=120 pF* !
1
9 2 | @-— 7
T4
DATA INPUT 3 ! 6
TTL OR LSTTL ' and
4 e
OPEN
COLLECTOR *120 pF PEAKING CAPACITOR
GATE MAY BE OMITTED AND 80 Q
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 Iox from the LED).
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() Pty

High CMR, High Speed TTL
Compatible Optocouplers

Technical Data

Features

* 5 kV/us Minimum Common
Mode Rejection (CMR) at
Vem = 50 V for HCPL-X601/
X631, HCNW2601 and
10 kV/us Minimum CMR at
Vem = 1000 V for HCPL-
X611/X661, HCNW2611

* High Speed: 10 MBd Typical

* LSTTL/TTL Compatible

* Low Input Current
Capability: 5 mA

* Guaranteed ac and dc
Performance over Temper-
ature: -40°C to +85°C

¢ Available in 8-Pin DIP,
SOIC-8, Widebody Packages
* Strobable OQutput (Single
Channel Products Only)
* 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
VIQRM = 630 V peax for
HCPL-2611 Option 060 and
VIORM = 1414V peak for
HCNW137/26X1
BSI Certified
(HCNW137/26X1 Only)
* MIL-STD-1772 Version
Available (HCPL-56XX/
66XX)

Applications
* Isolated Line Receiver

* Computer-Peripheral
Interfaces

* Microprocessor System
Interfaces

¢ Digital Isolation for A/D,
D/A Conversion

¢ Switching Power Supply

* Instrument Input/Output
Isolation

* Ground Loop Elimination

* Pulse Transformer
Replacement

Functional Diagram

6N137, HCPL-2601/2611
HCPL-0600/0601/0611
HCNW137/2601/2611

ne [T 8] vee
ANODE [2 ] | (7] Ve
CATHODE [3 | §? B_TJ Vo
Ne [4] ' 5] aNp

| S—
SHIELD

TRUTH TABLE
(POSITIVE LOGIC)

LED | ENABLE | OUTPUT
ON H
OFF | H
ON L
OFF | L
ON | NC
OFF | NC

I|riT|T|Tir

6N137

HCNW137 HCPL-0631
HCNW2601 HCPL-0661
HCNW2611 HCPL-2601
HCPL-0600 HCPL-2611
HCPL-0601 HCPL-2630
HCPL-0611 HCPL-2631
HCPL-0630 HCPL-4661

* Power Transistor Isolation
in Motor Drives

¢ Isolation of High Speed
Logic Systems

Description

The 6N137, HCPL-26XX/06XX/
4661, HCNW137/26X1 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

HCPL-2630/2631/4661
HCPL-0630/0631/0661

ANODE [’1_'§ . 8] vee
CATHODE 1 [2 ] ? [>o—z] Vo1
L Do—_?_| Vo2

5] GND

CATHODE ; [3 ]

ANODE ; [4 rra—
(4] SHIELD

TRUTH TABLE
(POSITIVE LOGIC)
LED | OUTPUT
ON L
OFF| H

*5000 V rms/1 Minute rating is for HCNW137/26X1 and Option 020 (6N137, HCPL-2601/11/30/31, HCPL-4661) products only.
A 0.1 uF 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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an open collector Schottky-
clamped transistor. The internal
shield provides a guaranteed
common mode transient
immunity specification of 5,000
V/us for the HCPL-X601/X631
and HCNW2601, and 10,000 V/us
for the HCPL-X611/X661 and
HCNW2611.

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 HCNW26X1 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.
/
Selection Guide
Widebody
Minimum CMR 8-Pin DIP (300 Mil) Small-Outline SO-8 (400 Mil) Hermetic
Input Single
On- Single Dual Single Dual Single and Dual
dv/dt Vcm | Current | Output Channel Ch | Ch. 1 Ch 1 Ch 1 Ch 1
(Vius) (4%) (mA) | Enable Package Package Package Package Package Packages
NA NA 5 YES 6N137 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-2612[11
1,000 50 3 YES HCPL-261Al1] HCPL-061A[1]
NO HCPL-263Al11 HCPL-063Al1]
1,000121 | 1,000 YES HCPL-261N(1] HCPL-061NI1]
NO HCPL-263NI11 HCPL-063NI11
1,000 50 12.5 131 HCPL-193XI1]
HCPL-56XX!1]
HCPL-66XX[1]
Notes:

1. Technical data are on separate HP publications.
2. 15 kV/us with Vg = 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 Information
Specify Part Number followed by Option Number (if desired).

Example:
HCPL-2611#XXX

020 = 5000 V rms/1 minute UL Rating Option*
060 = VDE 0884 Viggry = 630 Vpeak Option**
300 = Gull Wing Surface Mount Optionf

500 = Tape and Reel Packaging Option

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

*For 6N137, HCPL-2601/11/30/31 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
HCPL-2630/2631/4661
6N137, HCPL-2601/2611 HePL-o 110661 -
HCPL-0600/0601/0611 e 5y,
I HCNW137, HCNW2601/2611 lec 1 Iy . 8
— -— —
=101
2+ + lo ? Vo1
VF1 !
o
~3
5 [
2 L
Ve SHIELD
3 3 I -}
° 02 g Vo2
Vg2 \1
USE OF A 0.1 yF BYPASS CAPACITOR CONNECTED Y
BETWEEN PINS 5 AND 8 IS RECOMMENDED (SEE NOTE 5). b4 1
L -0 GND
SHIELD 5



Package Outline Drawings
8-pin DIP Package** (6N137, HCPL-2601/11/30/31, HCPL-4661)

e 9652025 | 7622025 _
(0.380 £ 0.010) (0.300 = 0.010)

TYPE NUMBER - FB\’ r';—‘ ]_‘;L‘ K’ﬂ 6.35 + 0.25

_- OPTION CODE* (0.250 + 0.010)
HP XXXxz 4~ | - DATE CODE

-
YYww HU\

O
2T 3] RECOGNITION
1.19 (0.047) MAX. ,_J L 77—' L~1.7a(o.o7o) MAX.

+0.076
»/ 5° TYP. *\\“ 0.254 _g.051

X 0.003
4.70 (0.185) MAX. ©.010° o.'ooz))
)
T £ 0.51 (0.020) MIN.
2.92 (0.115) MIN.
W I A
1.080+ 0320 | l“ —»l|l<— 0.65 (0.025) maX. DIMENSIONS IN MILLIMETERS AND (INCHES).
(0.043 £ 0.013) *MARKING CODE LETTER FOR OPTION NUMBERS
. «_ 2542025 “L" = OPTION 020
(0.100 = 0.010) "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)

PAD LOCATION (FOR REFERENCE ONLY)

9.65 1 0.25 : _1.016 (0.040)
(0.380 = 0.010) T ’ 1.194 (0.047)
Bamd o
63502025 |
(0.250 £0.010) | 9.398 (0.370)

9.906 (0.390)

o :
CLgengEngry S e
—»' }_, 0.381(0.015

1.194 (0.047) 0.635 (0.025)
1.778 (0.070)
1.780 965 0.25
. (0.070) ™ (0.380£0.010) |
1 >
(01.0497) ’ o MAX 7.62£0.25
MAX. l (0.300 = 0.010) 0076
[l | ) 0.254 _ g 051
419
(0.165) A% 0.010* &3323))
o ! i J
1.080 + 0.320 ; i | 5352025 —T
(0.043:0.013) 0.635 = 0.2
(0.025 = 0.010) :
T "lass 0.635 + 0.130 12° NOM.
(0.100) (0.025 £ 0.005)

BSC
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)

5.842 = 0.203
(0.236 = 0.008)

3.937 £ 0.127 TYPE NUMBER
(0.155 + 0.005) (LAST 3 DIGITS)
DATE CODE
Bl 1]
O 0O O o
0.381 £ 0.076 —=| t~—
(0.016 = 0.003) ~—. L— 1270 gs
(0.050)
5.080 = 0.127 7 o x 0.432
(0.200 + o.oos)‘} (0.017)
3.175 £ 0.127 )
(0.125 £ 0.005) 1524 0.228 + 0.025
\ | | ©060) » (0.009 + 0.001)
L
0.152 £ 0.051
(0.006 x 0.002)
DIMENSIONS IN MILLIMETERS (INCHES). 0.305 N
LEAD COPLANARITY = 0.10 mm (0.004 INCHES). 0.012)

8-Pin Widebody DIP Package (HCNW137, HCNW2601/11)

1152015 ! 11.00 yax |
(0.442 = 0.006) (0.433)

L‘D'I ['D‘l rl:l_| . 9.00:0.15
s 117 s1.15 (0.354 + 0.006)
TYPE NUMBER

HP
HoNwIxx 4+~ | DATE coDE

Yyww

(6]
T

10.16 (0.400)
iss TP
.
T (0.061) . 7 TYP.
. oA
40.003)
B ¥ (0.010% 5,007
5.10
(0.201)M1AX-
3.10 (0.122)
3.90(0.154)  0.51(0.021) MIN.
2.54(0.100) >
TYP.
178+0.15 0.40 (0.016)
(0.070 = 0.006) - > I~ 0356 (0.022) DIMENSIONS IN MILLIMETERS (INCHES).
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8-Pin Widebody DIP Package with Gull Wing Surface Mount Option 300
(HCNW137, HCNW2601/11)

OPTOCOUPLERS

,,,,, 11.15£0.15
(0.442 = 0.006) PAD LOCATION (FOR REFERENCE ONLY)

s & R o o s [

6.15
(0.242)TYP-
9.00£015 !
(03s4x0006) @ } .. |
: 12.30£0.30 |
e) : o (0.484:20.012) -
el el  Oooog
: : .} ' _
: 0.9
(0.051) (0.035)
12.30 = 0.30
(0.061) (0.484 £ 0.012)
MAX.

I

[f (11).14'33) MAX'T
] :
(;_-10503)MAX.

Y

‘ * ' o

.‘ — —_
(070 s 0008 I" ‘ i ol 1002015 \ {
-~ 254

0.75 + 0.25 (0.039 + 0.006) +0.076
’ ©.100) (0.030 x 0.010) 0.254 g 9051
BSC 001" 3008
DIMENSIONS IN MILLIMETERS (INCHES). ’
7° NOM.

LEAD COPLANARITY = 0.10 mm (0.004 INCHES).

Solder Reflow Temperature Profile (HCPL-06XX and
Gull Wing Surface Mount Option 300 Parts)

260 i
240
220
200
180
160
140
120
100
80
60
40
20
0

P N\
[ P "\ /AT = 145°C, 1°CISEC
AT = 115°C, 0.3°C/SEC N\

N\

FRRRI AR RIR R AR IR RN A AR AR SR RARI RAR]

TEMPERATURE - °C

Jf=—aT =100°C, 1.5°CISEC

u
N

-
-

T O T T A S L A A

1 2 3 4 5 6 7 8 9 10 11 12
TIME - MINUTES

LLILRLIRR)
) x

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 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-2611 Option
060 and HCNW137/26X1 only)

Insulation and Safety Related Specifications

BSI

Certification according to
BS415:1994

(BS EN60065:1994),
BS7002:1992

(BS EN60950:1992) and
EN41003:1993 for Class II
applications. (HCNW137/26X1
only)

8-pin DIP Widebody
(300 Mil) | SO-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 CTI 200 200 200 Volts | DIN IEC 112/VDE 0303 Part 1
(Comparative
Tracking Index)
Isolation Group Ila Illa Ila Material Group

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

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

1-152




VDE 0884 Insulation Related Characteristics
(HCPL-2611 Option 060 Only)

Description Symbol | Characteristic | Units
Installation classification per DIN VDE 0110/1.89, Table 1
for rated mains voltage < 300 V rms IV
for rated mains voltage < 450 V rms I-11
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 = Vpg, 100% Production Test with t,, = 1 sec, Vpr 1181 V peak
Partial Discharge < 5 pC
Input to Output Test Voltage, Method a*
Viorm X 1.5 = Vpg, Type and sample test, Ver 945 V peak
ta = 60 sec, Partial Discharge < 5 pC
Highest Allowable Overvoltage*
(Transient Overvoltage, t;,; = 10 sec) Viorm 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 I ivpor 230 mA
Output Power Ps oureur 600 mwW
Insulation Resistance at Tg, Vi = 500 V Rg 2109 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.

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 < 600 V rms I-IV
for rated mains voltage < 1000 V rms I-1I1
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 = Vpg, 100% Production Test with t,, = 1 sec, Ver 2651 V peak
Partial Discharge < 5 pC
Input to Output Test Voltage, Method a*
Viorm X 1.5 = Vpg, Type and sample test, Vir 2121 Vpeak
t, = 60 sec, Partial Discharge < 5 pC
Highest Allowable Overvoltage*
(Transient Overvoltage, t;; = 10 sec) Viorm 8000 Vpeak
Safety Limiting Values
(Maximum values allowed in the event of a failure,
also see Figure 16, Thermal Derating curve.)
Case Temperature Ty 150 °C
Input Current Is ivput 400 mA
Output Power PS,OUTPUT 700 mwW
Insulation Resistance at Tg, Vi = 500 V Rg =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 85°C)

Parameter Symbol Package** Min. Max. Units | Note
Storage Temperature Ts : -55 125 °C
Operating Temperaturet Ta -40 85 °C
Average Forward Input Current Ir Single 8-Pin DIP 20 - mA 2
Single SO-8
Widebody
Dual 8-Pin DIP 15 1,3
Dual SO-8
Reverse Input Voltage Vr 8-Pin DIP, SO-8 5 \% 1
‘Widebody 3
Input Power Dissipation Pr ‘Widebody 40 nW
Supply Voltage Voe 7 v
(1 Minute Maximum)
Enable Input Voltage (Not to Ve Single 8-Pin DIP Vee + 0.5 A%
Exceed Vcc by more than Single SO-8
500 mV) ‘Widebody
Enable Input Current Ig 5 mA
Output Collector Current Io 50 mA 1
Output Collector Voltage ‘ Vo 7 v 1
(Selection for Higher Output
Voltages up to 20 V is Available.)
Output Collector Power Po Single 8-Pin DIP 85 mwW
Dissipation Single SO-8
‘Widebody
Dual 8-Pin DIP 60 1,4
Dual SO-8
Lead Solder Temperature TLs - 8-Pin DIP 260°C for 10 sec.,
(Through Hole Parts Only) 1.6 mm below seating plane
Widebody 260°C for 10 sec.,
up to seating plane
Solder Reflow Temperature SO-8 and See Package Outline
Profile (Surface Mount Parts Only) Option 300 Drawings section

*JEDEC Registered Data (for 6N137 only).
**Ratings apply to all devices except otherwise noted in the Package column.
F0°C to 70°C on JEDEC Registration.

Recommended Operating Conditions

Parameter Symbol Min, Max. Units

Input Current, Low Level I * 0 250 HA
Input Current, High Levellll Tpy** 5 15 mA
Power Supply Voltage Vee 4.5 5.5 \4
Low Level Enable Voltaget ViL 0 0.8 v
High Level Enable Voltaget Ven 2.0 Voo \4
Operating Temperature Ty -40 85 °C
Fan Out (at Ry, = 1 kQ)I1] N 5 TTL Loads
Output Pull-up Resistor Ry 330 4k ) Q

*The off condition can also be guaranteed by ensuring that Vg, < 0.8 volts.

**The initial switching threshold is 5 mA or less. It is recommended that 6.3 mA to 10 mA 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 (T, = -40°C to +85°C) unless otherwise specified. All Typicals at Voo = 5V,
T, = 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 | Iox* All 5.5 100 PA | Vec =55V, Vg =2.0V, 1 1,6,
Current Vo = 5.5V, Ip = 250 pA 19
Input Threshold Ity | Single Channel 2.0 5.0 mA | Voc =55V, Vg =20V, | 2,3 19
Current Widebody Vo=06V,

Dual Channel 2.5 Iop (Sinking) = 13 mA
Low Level Output | Vo* 8-Pin DIP 0.35 0.6 \% Voc =b65V,g=20V, | 2,3,] 1,19
Voltage SO-8 Ir = 5 mA, 4,5
Widebody 0.4 IoL, (Sinking) = 13 mA
High Level Supply | Iccy | Single Channel 70 [10.0*| mA | V=05V | V=55V 7
Current 6.5 Vg=Vec | [r=0mA
Dual Channel 10 15 Both
Channels
Low Level Supply | Igcp | Single Channel 9.0 [13.0%*| mA | V=05V | V=55V 8
Current 8.5 Ve=Vee | Ip=10mA
Dual Channel 13 21 Both
Channels
High Level Enable | Igg | Single Channel -0.7 -1.6 mA | Vo =55V, Vg =20V
Current
Low Level Enable | Ig* -0.9 -1.6 mA | Vo =565V, Vg=05V 9
Current
High Level Enable | Vgy 2.0 A% 19
Voltage
Low Level Enable | Vg, 0.8 \%
Voltage
Irput Forward Vr 8-Pin DIP 1.4 1.5 | 1.76% \% Ty = 25°C | Ir=10mA | 6,7 1
Voltage SO-8 1.3 1.80
‘Widebody 125 1.64 | 1.85 Ty = 25°CJ
1.2 2.05
Input Reverse BW* 8-Pin DIP 5 \4 Ig=10pA 1
Breakdown S0O-8
Voltage ‘Widebody 3 Iz = 100 pA, Ty = 25°C
Input Diode AVR/ 8-Pin DIP -1.6 mV/°C| I = 10mA 7 1
Temperature ATy SO-8
Coefficient ‘Widebody -1.9
Input Capacitance | Cpy 8-Pin DIP 60 pF | f=1MHz, V=0V 1
SO-8
‘Widebody 70

*JEDEC registered data for the 6N137. The JEDEC Registration specifies 0°C to +70°C. HP specifies -40°C to +85°C.
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Switching Specifications (AC)
Over Recommended Temperature (T, = -40°C to +85°C), Vee = 5V, In = 7.5 mA unless otherwise specified.

All Typicals at Ty = 25°C, Voo =5 V.

Parameter Sym. - Package** | Min. | Typ. | Max. | Units Test Conditions Fig. | Note
Propagation Delay tpLu 20 | 48 5% ns |T, = 25°C rRL =350Q| 8,9, 1, 10,
Time to High 100 C,=15pF| 10 19
Output Level
Propagation Delay |  tpyy, 25 | 50 | 75* | ns |T, =25°C] 1,11,
Time to Low 100 19
Output Level
Pulse Width |tPHL - tpml 8-Pin DIP 3.5 35 ns 8, 9, 13, 19
Distortion SO-8 10,

Widebody 40 11
| Propagation Delay tpsk 40 ns 12,13,
Skew 19
Output Rise ty 24 ns 12 | 1,19
Time (10-90%)
Output Fall t; 10 ns 12 | 1,19
Time (90-10%)
Propagation Delay teLy Single Channel 30 ns |Ry =350Q, 13, 14
Time of Enable Cp = 15 pF, 14
from VEH to VEL VEL =0 V, VEH =3V
Propagation Delay tEHL Single Channel 20 ns 15
Time of Enable
from Vg, 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 Fig. | Note
Logic High | |CMy| | 6N137 10,000 { V/ius | |Vou| =10V | Vee=56V,Ir =0mA, 15 | 1,186,
Cormmon HCPL-2630 Yooy = 2V, 18,19
Mode HCPL-0600/0630 R, =350Q, T, = 25°C
Transient HCNW137
Immunity HCPL-2601/2631 | 5,000 | 10,000 |Vou| =50V
HCPL-0601/0631
HCNW2601
HCPL-2611/4661 | 10,000 | 15,000 |[Veml = 1 kV
HCPL-0611/0661
HCNW2611
LogicLow | |CMp|| 6N137 10,000 | Vius | |Vom| =10V | Voo =5V, Ip = 7.5 mA, 15 | 1,17,
Common HCPL-2630 Voouuxy = 0.8V, 18,19
Mode HCPL-0600/0630 R, =360Q, T = 25°C
Transient | HCNW137
Immunity HCPL-2601/2631 | 5,000 | 10,000 |Veml =60V
HCPL-0601/0631
HCNW2601
HCPL-2611/4661 | 10,000 15,000 [Voml = 1kV
HCPL-0611/0661
HCNW2611
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Package Characteristics
All Typicals at T, = 25°C.

[72]
o
w
P §
o
=]
o
o
o
—
o
o

Parameter Sym. Package Min. | Typ. | Max. | Units Test Conditions Fig. | Note
Input-Output I.0o* | Single 8-Pin DIP 1 A 45% RH,t =5 s, 20, 21
Insulation Single SO-8 Vio = 3kVde, Ty = 25°C
Input-Output Viso | 8-Pin DIP, SO-8 | 2500 Vrms | RH< 50%, t = 1 min, 20, 21
Momentary With- ‘Widebody 5000 Ty, = 25°C 20, 22
stand Voltage** OPT 0207 5000
Input-Output RLo | 8-Pin DIP, SO-8 1012 Q Vio = 500 Vdc 1, 20,
Resistance Widebody 10127 1013 Ty = 25°C 23

1011 T, = 100°C
Input-Output CLo | 8-Pin DIP, SO-8 0.6 pF | f=1MHz, T, = 25°C 1, 20,
Capacitance Widebody 0.5 0.6 23
Input-Input Ig Dual Channel 0.005 pA | RH< 45%,t=5s, 24
Insulation Vi1 =500V
Leakage Current
Resistance Ry Dual Channel 101! Q 24
(Input-Input)
Capacitance Cyy Dual 8-Pin DIP 0.03 pF | f=1MHz 24
(Input-Input) Dual SO-8 0.25

*JEDEC registered data for the 6N137. The JEDEC Registration specifies 0°C to 70°C. HP specifies -40°C to 85°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 Characteristics Table (if applicable),
your equipment level safety specification or HP Application Note 1074 entitled “Optocoupler Input-Output Endurance Voltage.”
tFor 6N137, HCPL-2601/2611/2630/2631/4661 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 mA.
3. Peaking circuits may produce transient input currents up to 50 mA, 50 ns maximum pulse width, provided average current does
not exceed 15 mA.
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 puF 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 Ioy of 250 pA. HP guarantees a maximum Iy of 100 uA.
7. The JEDEC registration for the 6N137 specifies a maximum Igcy of 15 mA. HP guarantees a maximum Igcp of 10 mA.
8. The JEDEC registration for the 6N137 specifies a maximum Igq, of 18 mA. HP guarantees a maximum Iy, of 13 mA.
9. The JEDEC registration for the 6N137 specifies a maximum Ig;, of 2.0 mA. HP guarantees a maximum Ig;, of -1.6 mA.
0. The tpyy 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 tpy;, 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. tpgk is equal to the worst case difference in tpy; and/or tppy that will be seen between units at any given temperature and specified
test conditions.
13. See application section titled “Propagation Delay, Pulse-Width Distortion and Propagation Delay Skew” for more information.
14. The tg i enable propagation delay is measured from the 1.5 V point on the falling edge of the enable input pulse to the 1.5V
point on the rising edge of the output pulse.
15. The tgy;, 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. CMy is the maximum tolerable rate of rise of the common mode voltage to assure that the output will remain in a high logic state
(e, Vo >2.0V).
17. CMy, 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 <0.8V).
18. For sinusoidal voltages, (|dVey | / dt)pmay = TfopVeom(p-p)-
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19.

20

22.

23.

24.

No external pull up is required for a high logic state on the enable input. If the Vg pin is not used, tying Vg to Vg will result in
improved CMR performance. For single channel products only.

. 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 accordance with UL1577, each optocoupler is proof tested by applying an insulation test voltage 2 3000 V rms for one second
(leakage detection current limit, I;.o < 5 uA). This test is performed before the 100% production test for partial discharge
(Method b) shown in the VDE 0884 Insulation Characteristics Table, if applicable.

In accordance with UL 1577, each optocoupler is proof tested by applying an insulation test voltage 2 6000 V rms for one second
(leakage detection current limit, Ir.o < 5 pA). This test is performed before the 100% production test for partial discharge
(Method b) shown in the VDE 0884 Insulation Characteristics Table, if applicable.

Measured between the LED anode and cathode shorted together and pins 5 through 8 shorted together. For dual channel products
only.

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 High Level Output Figure 2. Typical Output Voltage vs. Forward Input Current.
Current vs. Temperature.
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Figure 4. Typical Low Level Output Voltage vs. Temperature. Figure 5. Typical Low Level Output

Current vs. Temperature.
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Figure 11. Typical Pulse Width
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HCPL-2611 OPTION 060
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Figure 16. Thermal Derating Curve, Dependence of Safety Limiting Value with
Case Temperature per VDE 0884.
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Figure 17. Recommended Printed Circuit Board Layout.

1-162



SINGLE CHANNEL DEVICE

OPTOCOUPLERS

Veez

*DIODE D1 (1N916 OR EQUIVALENT) IS NOT REQUIRED FOR UNITS WITH OPEN COLLECTOR OUTPUT.

DUAL CHANNEL DEVICE
CHANNEL 1 SHOWN

5V
‘;‘s Veez
I |ss0a ‘
| Iud So—
! |
= | ==0.1 yF
: Tavass
5
SHELD — ° { GND 2

Figure 18. Recommended TTL/LSTTL to TTL/LSTTL 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 (tpyg)
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 (tpyy) 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 tppy and tpy, differ in
value. PWD is defined as the
difference between tppy and tpyy,
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, T4, etc.).

Propagation delay skew, tpgy, 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
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 tp3; or
tpyL, 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, tpgy is the
difference between the shortest
propagation delay, either tpyy or
tpuL, and the longest propagation
delay, either tPLH or tPHL'

As mentioned earlier, tpgg 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 repre-
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 tpgg. 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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| () Predity

HCMOS Compatible, High CMR,
10 MBd Optocouplers

Technical Data

Features
¢« HCMOS/LSTTL/TTL
Performance Compatible
* 1000 V/us Minimum
Common Mode Rejection
(CMR) at Vg = 50 V (HCPL-
261A Family) and 15 kV/us
Minimum CMR at VCM =
1000 V (HCPL-261N Family)
¢ High Speed: 10 MBd Typical
¢ AC and DC Performance
Specified over Industrial
Temperature Range -40°C to
+85°C
* Available in 8 Pin DIP,
SOIC-8 Packages
» Safety Approval
UL Recognized per UL1577
2500 V rms for 1 minute and
5000 Vrms for 1 minute
(Option 020)
CSA Approved
VDE 0884 Approved with
VIORM =630V peak for
HCPL-261A/261N
Option 060

Applications

* Low Input Current (3.0 mA)
HCMOS Compatible Version
of 6N137 Optocoupler

* Isolated Line Receiver

¢ Simplex/Multiplex Data
Transmission

¢ Computer-Peripheral
Interface

* Digital Isolation for A/D,
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-261A/261N
HCPL-061A/061N

Ne [1] [8] vee

ANODE E—}r: (7] ve

CATHODE [3 | ?BE Vo
|

Ne [4] SWE GND

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

CATHODE 4 |Z§ :* [>0-:7:| Vot

CATHODE ; [3 |

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 1000 V/us for the HCPL-261A
family and 15000 V/us for the
HCPL-261N family.

HCPL-263A/263N
HCPL-063A/063N

ANODE 4 lf 8] vee

?L [>°*_6—_—| Vo2

ANODE » [4]- L_——] 5] GND

TRUTH TABLE
(POSITIVE LOGIC)
LED | OUTPUT
ON L
OFF H

The connection of a 0.1 uF bypass capacitor between pins 5 and 8 is required.

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

Widebody %
Minimum CMR Input 8-Pin DIP (300 Mil) Small-Outline SO-8 (400 Mil) Hermetic g
On- Single Dual Single Dual Single Single and o
dV/dt Vo | Cuwrrent | Output | Channel Channel | Channel | Channel Channel (Dual Channel 8
(Viis) (V) | (mA) | Enable | Package Package Packag Packag Packag Pacl e
NA NA 5 YES 6N137i11 HCPL-0600!1! HCNW13711) ©
NO HCPL-263011] HCPL-0630(1)
5,000 50 YES HCPL-260111} HCPL-060111] HCNW2601(11
NO HCPL-2631[11 HCPL-0631(!1
10,000 1,000 YES HCPL-2611111 HCPL-061111] HCNW261111]
NO HCPL-4661111 HCPL-0661(11
1,000 50 YES HCPL-2602!1]
3,500 300 YES HCPL-2612(1]
1,000 50 3 YES HCPL-261A HCPL-061A
NO HCPL-263A HCPL-063A
1,000121 1,000 YES HCPL-261N HCPL-061N
NO HCPL-263N HCPL-063N
1,000 50 12.5 3] HCPL-193X11!
HCPL-56XX(!
HCPL-66XX!1]
Notes:

1. Technical data are on separate HP publications.
2. 15 kV/us with V¢py = 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-26 1A#XXX

~——020 = 5000 V rms/1 minute UL Rating Option*
060 = VDE 0884 Viogy = 630 Vpeak Option**
+———— 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-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. :g:tﬁggﬁgg“
: , T lc .y
Schematic 3 Vee
HCPL-261A/261N 1 dp -
HCPL-061A/061N N 1 o5 vy
F— <—lcc 7
-0 Voo VE4 |
2+ 8 S
-—Ilp - ™
Vo |
| 6 2 L
| SHIELD
- | 2 925y,
o o GND 6
3 SHIELD f(l, 5 Ve |
lelo7 NS
VE \T
USE OF A 0.1 uyF BYPASS CAPACITOR CONNECTED L —O GND
BETWEEN PINS 5 AND 8 IS RECOMMENDED (SEE NOTE 16). SHIELD 5
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HCPL-261A/261N/263A/263N Outline Drawing

Pin Location (for reference only)
940 (0.370
“‘”9_f_.so o.aso;—"
HEARANA

o0

i .
=
as

TYPE NUMBER —_| | OPTION CODE*
T /
HP  XXXXZ |- DATE CODE
YYyww 7.36 (0.290)
7.88 (0.310) 5° TYP.

PIN ONE G) )3y
L—*] !«1.73(0.070) MAX. j

1.19 (0.047) MAX.

I DIMENSIONS IN MILLIMETERS AND (INCHES).
470 (0.185) MAX. *MARKING CODE LETTER FOR OPTION NUMBERS.

¥ "L" = OPTION 020
"V" = OPTION 060
T 0.51 (0.020) MIN. OPTION NUMBERS 300 AND 500 NOT MARKED.

2.92 (0.115) MIN.

T

-—->l |<—— 0.65 (0.025) MAX.

2.28 (0.090)
2.80 (0.110)

0.76 (0.030)
1.40 (0.056) ™

Figure 1. 8-Pin Dual In-Line Package Device Outline Drawing.

9.650.25 : 1.02 (0.040) :
(0.380 + 0.010) P 1.19(0.047) :
N salizaliol f ?
' 4.83 :
5 ©150)7YP- ;
6.350%0.25 | 1y i
(0250 £ 0.010) | 0652025 |
o i : (0.380 2 0.010).
Epespezpc  Tooo 1
I S 0.38 (0.015) |
': 1.19 (0.05) 0.64(0.025) |
[ £ X X ;
. « . 9652025
hytrd (0.380 = 0.010)
e 7622025
(0.300 = 0.010)

0.20 (0.008;
0.33 (0.013)

e

] PR
1.080 £ 0,320 __, ' I T 0.635 £ 0.25 )
(0.043 = 0.013) ~ 063520 13;’ r(o.ozs £0.010)
A 0.
12,5401 12° NOM.
ated (0.025 = 0.005)
BSC

DIMENSIONS IN MILLIMETERS (INCHES).
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

5.842 £ 0.203
(0.236 £ 0.008)
3.937 £ 0.127

(0.155 = 0.005)
TYPE NUMBER (LAST 3 DIGITS)

DATE CODE

T2 3
.
038120076 >
(0.016 £ 0.003) l‘_ "I (“) :;g) BSG

5.080 £ 0.005 7 % o x 0432
10.200 = 0.005) r (0.017)

3,175 £ 0.127
0.228 £ 0.025
(0.125 = 0.005) 1526 f‘“'m 2002
(0.060) 3
0.152 £ 0.051
(0.006 = 0.002)
0.305
DIMENSIONS IN MILLIMETERS AND (INCHES). (©.012)MN-

LEAD COPLANARITY = 0.10 mm (0.004 INCHES).

Figure 3. 8-Pin Small Outline Package Device Drawing.

Solder Reflow Temperature Profile (HCPL-OGXX and Gull Wing Surface Mount
Option 300 Parts)

260 \

240
220
200
180
160
140
120
100
80
60
40
20
0

!
7 \\/ AT = 145°C, 1°C/SEC

AT = 115°C, 0.3°C/SEC N

/

/7 N

«— AT = 100°C, 1.5°C/SEC

TEMPERATURE - °C

LU LN L L R LA L N AL A L L

I T A T A O A

TIME - MINUTES

Note: Use of Nonchlorine Activated Fluxes is Recommended.

Regulatory Information CSA

The HCPL-261A and HCPL-261N  Approved under CSA Component
families have been approved by Acceptance Notice #5, File CA

the following organizations: 88324.

UL VDE

Recognized under UL 1577, Approved according to VDE
Component Recognition 0884/06.92. (HCPL-261A/261N
Program, File E55361. Option 060 only)

»
o
w
-t
a
=2
o
O
o
=
o
o
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Insulation and Safety 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 | DINIEC 112/ VDE 0303 Part 1
(Comparative Tracking
Index)
Isolation Group IIIa Illa 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 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 [-IIT
Climatic Classification 55/85/21
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 = Vpg, 100% Production Test with t,, = 1 sec, Ver 1181 V peak
Partial Discharge < 5 pC
Input to Output Test Voltage, Method a*
Viorm X 1.5 = Vpg, Type and sample test, t,, = 60 sec, Ver 945 V peak
Partial Discharge < 5 pC
Highest Allowable Overvoltage*
(Transient Overvoltage, t;,; = 10 sec) Viotm 6000 V peak
Safety Limiting Values
(Maximum values allowed in the event of a failure,
also see Figure 18, Thermal Derating curve.)
Case Temperature T 175 °C
Input Current Is weur 230 mA
Output Power Ps ourpur 600 W
Insulation Resistance at Tg, Vio = 500 V Rg =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

[72]
o
i
)
a.
2
o
[S]
(o]
—
o
o

Parameter Symbol Min. Max. Units Note
Storage Temperature Tg -55 125 °C
Operating Temperature : Ty -40 +85 °C
Average Input Current Irave) 10 mA 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) Io 50 mA
Output Power Dissipation (Each Channel) Py 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 VrL -3 0.8 \%
Input Current, High Level Iry 3.0 10 mA
Power Supply Voltage Vee 4.5 5.5 Volts
High Level Enable Voltage Ven 2.0 Vee Volts
Low Level Enable Voltage VL 0 0.8 Volts
Fan Out (at Ry, = 1 kQ) N 5 TTL Loads
Output Pull-up Resistor Ry, 330 4k Q
Operating Temperature Ty -40 85 °C
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Electrical Specifications

Over recommended operating temperature (T, = -40°C to +85°C) unless otherwise specified.

Parameter Symbol | Min. | Typ.* | Max. | Units Test Conditions Fig. | Note
High Level Output Ion 3.1 100 WA | Vec =55V, Vo =55V, 4 18
Current V=08V V=20V
Low Level Output VoL 0.4 0.6 V Ve =55V, IoL =13 mA 584,18
Voltage (sinking), Ir = 3.0 mA,

V=20V
High Level Supply Iocu 7 10 mA | Vg = 0.5 V** VCC =55V 4
Current 9 15 Dual Channel | Ir=0mA
Products***
Low Level Supply oo 8 13 mA | Vg = 0.5 V** Voc =55V
Current 12 21 Dual Channel Ip=3.0mA
Products*** :
High Level Enable Iy -06 | -1.6 mA [Voc =55V, Vg=20
Current**
Low Level Enable Ig -09 | -16 mA |Vec=55V,Vg=05V
Current**
Input Forward Vr 1.0 1.3 1.6 V |IF=4mA (¢ 4
Voltage
Temperature Co- AVp/AT, -1.25 mV/°C |Ip = 4 mA 4
efficient of Forward :
Voltage
Input Reverse BW 3 5 V |Ig=100pA 4
Breakdown Voltage
Input Capacitance Ciy 60 pF =1MHz, Vp =0V

*All typical values at Ty = 25°C, Voo =5V
**Single Channel Products only (HCPL-261A/261N/061A/061N)
**+*Dual Channel Products only (HCPL-263A/263N/063A/063N)

1-172




Switching Specifications
Over recommended operating temperature (T, = -40°C to +85°C) unless otherwise specified

OPTOCOUPLERS

Parameter Symbol |Min.| Typ.* | Max. | Units Test Conditions Fig. | Note
Input Current Threshold Ity 1.5 30 | mA |Vgc=55V, V=06V, 7,10 18
High to Low Io >13 mA (Sinking)
Propagation Delay teLu 52 100 ns |(Ip=35mA 9,11,] 4,9,
Time to High Output Vee = 5.0, 12 18
Level Vg = Open,
Propagation Delay tpmL 53 | 100 | ns |CL=15pF, 9,11, 4, 10,
Time to Low Output Ry = 350 Q 12 | 18
Level
Pulse Width Distortion PWD 11 45 ns 9,13117,18

I tpuL - teuul

Propagation Delay Skew tpsk 60 ns 24 111,18
Output Rise Time tr 42 ns 9,141 4,18
Output Fall Time tp 12 ns 9,14 4,18
Propagation Delay tEHL 19 ns |Ip=3.5mA 15, 12
Time of Enable Voe = 5.0V, 16
from Vg to Vi, VeL =0V, Vgg =3V,
Propagation Dela; t 30 ns | CL=15pF 15 12
TimIf)e ff Enable Y o Ry =350 Q 16
from VEL to VEH

*All typical values at Ty = 25°C, Vo = 5 V.

Common Mode Transient Immunity Specifications, All values at Ty = 25°C

Parameter Device Symbol | Min.| Typ.| Max.| Units Test Conditions Fig.| Note
Output High | HCPL-261A | [CMy| | 1 5 kV/us| Voy =50V | Veg = 5.0V, 17 | 4,13,
Level Common | HCPL-061A Ry, = 350 Q, 15,18
Mode Transient | HCPL-263A Ip = OmA,

Immunity HCPL-063A T, = 25°C

HCPL-261N 1 5 kV/us | Vou = 1000 V| Yooy = 2V

HCPL-061N

HCPL-263N 15 | 25 kV/us Using HPApp | 20 | 4, 13,

HCPL-063N Circuit 15
Output Low HCPL-261A | |CM| | 1 5 kV/us| Voy =50V | Voo =5.0V, 17 | 4, 14,
Level Common | HCPL-061A Ry, = 350 Q, 15, 18
Mode Transient | HCPL-263A I = 3.5 mA,
Immunity HCPL-063A _ Voaax) = 0.8V

HCPL-261N 1 5 KkV/us | Vo = 1000 V| Ty = 25°C

HCPL-061N

HCPL-263N 15| 25 kV/us Using HP App | 20 | 4, 14,

HCPL-063N Circuit 15
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Package Characteristics
All Typicals at T = 25°C

Parameter Sym. | Package* Min. | Typ.| Max. | Units | Test Conditions | Fig. | Note
Input-Output Viso 2500 Vrms | RH < 50%, 5,6
ﬁf‘f.’lﬂe{}ggng? OPT020f | 5000 tTA o 5,7
Input-Output Rro 1012 Q | Vio =500 Vde ‘ 4,8
Resistance
Input-Output Cio 0.6 pF | f=1MHz, 4,8
Capacitance Ty = 25°C
Input-Input I;; | Dual Channel 0.005 MA | RH < 45%, 19
Insulation t=5s,

Leakage Current Vi =500V

Resistance Ry | Dual Channel 101 Q 19
(Input-Input) .

Capacitance Cyg | Dual 8-pin DIP 0.03 pF | f=1MHz 19
(Input-Input) Dual SO-8 0.25 ~ ‘

*Ratings apply to all devices except otherwise noted in the Package column.
**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.”
fFor 8-pin DIP package devices (HCPL-261A/261N/263A/263N) only.

Notes:

1. 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 mA.

. 1 minute maximum.

3. Derate linearly above 80°C free-air
temperature at a rate of 2.7 mW/°C
for the SOIC-8 package.

4. Each channel.

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

no

10.

Measured between the LED anode and
cathode shorted together and pins 5
through 8 shorted together.

. The tpy 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.

The tpy;, 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.

14.

15.

16.

Common mode transient immunity in
a Logic Low level is the maximum
tolerable |dVgy/dt| of the common
mode pulse, Vg, to assure that the
output will remain in a Logic Low
state (i.e., Vg < 0.8 V).

For sinusoidal voltages
(|dVem/dt|max = nfoy Vomep.py-
Bypassing of the power supply line is
required with a 0.1 uF ceramic disc
capacitor adjacent to each optocoup-
ler as shown in Figure 19. Total lead
length between both ends of the

shorted together. 11. Propagation delay skew (tpgk) is capacitor and the isolator pins should
6. In accordance with UL1577, each equal to the worst case difference in not exceed 10 mm.

optocoupler is proof tested by tpLy and/or tpyy, that will be seen 17. Pulse Width Distortion (PWD) is

applying an insulation test voltage between any two units under the defined as the difference between

2 3000 Vgys for 1 second (leakage same test conditions and operating tppy and tpy, for any given device.

detection current limit, I o < 5 pA). temperature. 18. No external pull up is required for a

This test is performed before the 12. Single channel products only (HCPL- high logic state on the enable input of

100% production test for partial 261A/261N/061A/061N). a single channel product. If the Vg pin

discharge (method b) shown in the 13. Common mode transient immunity in is not used, tying Vg to Vg will result

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 Vgys for 1 second (leakage
detection current limit, I o < 5 pA).
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a Logic High level is the maximum
tolerable |dVqy/dt| of the common
mode pulse, Vo, to assure that the
output will remain in a Logic High
state (i.e., Vo > 2.0 V).

19.

in improved CMR performance.
Measured between pins 1 and 2
shorted together, and pins 3 and 4
shorted together. For dual channel
parts only.
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Voltage vs. Temperature.
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Figure 15. Test Circuit for tgyy and tgpy.
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Figure 16. Typical Enable Propaga-
tion Delay vs. Temperature. HCPL-
261A/-261N/-061A/-061N Only.
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Figure 18. Thermal Derating Curve,
Dependence of Safety Limiting Value
with Case Temperature per

VDE 0884.
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Figure 19. Recommended Printed Circuit Board Layout.

(=

ENABLE
(IF USED)

OUTPUT 1

ENABLE
(IF USED)

OUTPUT 2

10 mm MAX. (SEE NOTE 16)

> OUTPUT 1

- :":_ > outPuT2

-
L~
—_— 10 mm MAX. (SEE NOTE 16)

* [ HCPL261A/261N
3570 | ;gm uF
MAX.) | X
—(awyl—é—-{z [ 7 200
oA J: }i —0
l : (MAX,)
L I—
> A [3 | —i-l—{ Vo
H I .
74LS04 : '
OR ANY TOTEM-POLE ¢ ---cocnnunev &[4 ! 5] 0 GND
OUTPUT LOGIC GATE SHIELD —
.

GND1

GND2

* HIGHER CMR MAY BE OBTAINABLE BY CONNECTING PINS 1, 4 TO INPUT GROUND (GND1).

Figure 20. Recommended Drive Circuit for HCPL-261A/-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 Vg
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 I gp
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 V¢ or logic-level high
for best common-mode
performance with the output low
(CMRy). This failure mechanism
is only present in single-channel
parts (HCPL-261N, -261A4,
-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 injected into the
LED (bad if the LED is meant to
be off). Figure 21 shows the
parasitic capacitances which
exists between LED



anode/cathode and output ground
(Cra and Cy). Also shown in
Figure 21 on the input side is an
AC-equivalent circuit. Table 1
indicates the directions of I;p and
Iy flow depending on the
direction of the common-mode
transient.

For transients occurring when the
LED is on, common-mode rejec-
tion (CMRy, since the output is in
the “low” state) depends upon the
amount of LED current drive (Ig).
For conditions where Iy is close
to the switching threshold (Igg),
CMRy, also depends on the extent
which I} p and Iy balance each
other. In other words, any
condition where common-mode
transients cause a momentary
decrease in Iy (i.e. when
dVCM/dt>O and IIF‘PI > “FN'7
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 (i.e. CMRy, since the
output is “high”), if an imbalance
between I} p and I;y results in a
transient Iy 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 CMRy 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/us is guaranteed
using this circuit.) The balanced
I ep-setting resistors help equalize
Ip and Iy to reduce the amount
by which I gp is modulated from
transient coupling through Cy,
and Cyc.

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
CMRy.

2. Use of Iy > 3.5 mA. This is
good for high CMR;..

Using any one of the drive
circuits in Figures 22-24 with

Ir = 10 mA will result in a typical
CMR of 8 kV/us 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/
LSTTL/HCMOS 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.

on
o
w
-
o
o]
o
[&]
(e}
—
a.
o

‘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 Ry gp speeds the turn-off

L‘"_Ilf[l

of the optocoupler LED.
E ’ O Veeo+
_loo1yr}
7 -~ <350 Q

b3

O Vo

N

15 pF =7

O GND

[Z SHIELD

L
+ Mr -
Vem

Figure 21. AC Equivalent Circuit for HCPL-261X.

Vee

—I 2
74L504
(ANY

(
TTLCMOS
GATE)

Figure 22. TTL Interface Circuit for the HCPL-261A/-

261N Families.
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Vee e Vee

HCPL-261X HCPL-261A/261N
1
Se200 |:
$

L7

74HCO00' 74HCO04
(OR ANY E«: LED (OR ANY 3‘«\ LED
OPEN-COLLECTOR/ 3 TOTEM-POLE 3

OPEN-DRAIN OUTPUT LOGIC
LOGIC GATE) GATE)

Figure 238. 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 I g

I |Ip| < |Linly | I |Lpe| > |Tanl,
LED I Current LED Iy Current
If dVoy/dt Is: | then Ipp Flows: and Ipy Flows: Is Momentarily: | Is Momentarily:
positive (>0) away from LED away from LED increased decreased
anode through Cp, | cathode through Cig
negative (<0) | toward LED toward LED decreased increased
anode through C;, | cathode through Cpg

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 (tpry)
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 (tpyy) 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 tpyy and tpy;, differ
in value. PWD is defined as the
difference between tp y and tpyy,
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-1, etc.).

Propagation delay skew, tpgg, 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 tpyy or tpyy, 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, tpgx is the difference
between the shortest propagation
delay, either tpyy or tpyy, and the
longest propagation delay, either
tpLy OF tppL.

As mentioned earlier, tpgx can
determine the maximum parallel



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
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-
tions, the absolute minimum
pulse width that can be sent
through optocouplers in a parallel
application is twice tpgg. 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 tpgk 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.

If 7!! 50%

Vo \\ 15V
I 50%

TPLH
Vo 15 v%)?}ZZZZE?

t,
PSK

OPTOCOUPLERS

Figure 25. Illustration of Propagation Delay Skew - tpgyk.

o T L7

INPUTS

o TR

OUTPUTS

tpsk
CLOCK

-

tpsk

Figure 26. Parallel Data Transmission Example.
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HEWLETT®
PACKARD

K

2.0 Amp Output Current IGBT
Gate Drive Optocoupler

Technical Data

Features

¢ 2.0 A Minimum Peak Output
Current

* 15 kV/us Minimum Common

Mode Rejection (CMR) at
VCM = 1500V
¢ 0.5 V Maximum Low Level
Output Voltage (Vor)
Eliminates Need for
Negative Gate Drive
* Icc = 5 mA Maximum Supply
Current
* Under Voltage Lock-Out
Protection (UVLO) with
Hysteresis
* Wide Operating Vgc Range:
15 to 30 Volts
* 500 ns Maximum Switching
Speeds
* Industrial Temperature
Range: -40°C to 100°C
* Safety Approval
UL Recognized - 2500 V rms
for 1 minute per UL1577
CSA Approval
VDE 0884 Approved with
‘]IORM = 630 V peak
(Option 060 only)

Applications
* Isolated IGBT/MOSFET
Gate Drive

¢ AC and Brushless DC Motor
Drives

* Industrial Inverters

¢ Switch Mode Power Supplies
(SMPS)

‘Description

The HCPL-3120 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 MOSFETSs used in

Functional Diagram

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/100 A.
For IGBTSs with higher ratings,
the HCPL-3120 can be used to
drive a discrete power stage
which drives the IGBT gate.

ne [1]
ANODE E

CATHODE [3]

e [4]

TRUTH TABLE
Ve - Vee Vec - Vee
“POSITIVE GOING” | “NEGATIVE GOING”

LED | (ie., TURN-ON) | (i.e, TURN-OFF) Vo

OFF 0-30V 0-30V LOW
ON 0-11V 0-95V LOW
ON 11-13.5V 95-12V TRANSITION
ON 13.5-30V 12-30V HIGH

A 0.1 uF 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
9.8

———— No Option = Standard DIP Package, 50 per tube.
———— 060 = VDE 0884 Vigpy = 630 Vpeak Option, 50 per tube.
——— 300 = Gull Wing Surface Mount Option, 50 per tube.
L——— 500 = Tape and Reel Packaging Option, 1000 per reel.

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

Package Outline Drawings ~—3g0370—

Standard DIP Package N o
8 (1) (o) (sl =%
. = 0.20 (0.008)
HP 31202 - OPTION CODE* 6.10 (0.240) 0.33(0.013)
6.60 (0.260)

-«———— DATE CODE
Yyww 7.36 (0.290)
o) 7.88 (0.310) 5°TYP.

PINONE [T (2J (3] ] i_‘__%i\{
119 (0.047) MAX. J L 178 0.070) max.

[}
4.70 (0.185) MAX.
i DIMENSIONS IN MILLIMETERS AND (INCHES).
PIN ONE T *MARKING CODE LETTER FOR OPTION NUMBERS.
0.51 (0.020) MIN. "' = OPTION 060
2.92 (0.115) MIN. OPTION NUMBERS 300 AND 500 NOT MARKED.

0.76 (0.030) | ‘ | ’ ——‘ ’ L— 0.65 (0.025) MAX.
]

1.40'(0.055) 228.0050)
~2.80(0.110)
Gull Wing Surface Mount Option 300
,,,,,,,, PAD LOCATION (FOR REFERENCE ONLY)
9,65+ 0.25 [ 1,016 (0.040) |
~{03802 0.010) " 3 ’ r—mu (0.:047)
R ) (3 S o o o o g
e — e e T
| ©.190)7 "
6.350£0.25 | B B !
(0.250 £ 0.010) ¢ 9.398 (0.370) |
: 9,906 (0.390) |
MOLDED ;
; 0.381(0.016) |
; 0.635 (0.025) |
9.65 £ 0.25
‘“‘(o.aao:o.ow) ™

7.62£0.25 .
(0.300 = 0.010)
0.20 (0.008
0.33 (0.013

Y J

f 0.635 £ 0.25 i
- 0635 20 13;’ r‘m.ozs:o.ow) \
A =0, .
2,840 (0.025 = 0.005) —12° NOM.

(0.100)
BSC

1,080 = 0.320 b,‘
(0.043 £ 0.013)

—

DIMENSIONS IN MILLIMETERS (INCHES).
TOLERANCES (UNLESS OTHERWISE SPECIFIED): xx.xx = 0.01

XX.XXxx = 0.005
LEAD COPLANARITY
MAXIMUM: 0.102 (0.004)
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Reflow Temperature Profile Regulatory Information

250 — The HCPL-3120 has been
N d by the followi

200 AT = 115°C, 0.3°C/SEC \ - 8 .

180 N\ UL

160

Recognized under UL 1577,
Component Recognition

TEMPERATURE - °C
8

-
UL I R

a0 )/ Program, File E55361.
60 fle—— AT = 100°C, 1.5°CISEC
20 4l CSA
zg L 1l 1l L 111 Ll 111 L1 Ll Ll Ll 11l L)l Ll It - . Approved under CSA Component
o 1 2 3 -4 5 6 7 8 9 10 11 12 Acceptance Notice #5, File CA
TIME - MINUTES 88324.
MAXIMUM SOLDER REFLOW THERMAL PROFILE VDE (Option 060 Only)
(NOTE: USE OF NON-CHLORINE ACTIVATED FLUXES IS RECOMMENDED.) Approved under VDE 0884/06.92

with VIORM =630V peak.

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 < 300 V rms I-IvV

for rated mains voltage < 450 V rms I-11T
Climatic Classification 55/100/21
Pollution Degree (DIN VDE 0110/1.89) 2
Maximum Working Insulation Voltage ViorMm 630 Vpeak
Input to Output Test Voltage, Method b* '

ViorMm X 1.875 = Vpg, 100% Production Test with ty, = 1 sec, Vpr 1181 Vpeak

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

ViorMm x 1.5 = Vpg, Type and Sample Test, t, = 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 mA

Output Power . Ps, outpuT 600 mwW
Insulation Resistance at Ts, Vip = 500V Rs ; >109 Q

*Refer to the front of fhe‘ 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

OPTOCOUPLERS

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 112/VDE 0303 Part 1
(Comparative Tracking
Index)
Isolation Group IIla 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
Operating Temperature Ty -40 100 °C
Average Input Current Irava 25 mA 1
Peak Transient Input Current
(<1 ps pulse width, 300 pps) Ipcrran) 1.0 A
Reverse Input Voltage Vr 5 Volts
“High” Peak Output Current Ionprak) 2.5 A 2
“Low” Peak Output Current oL prak) 2.5 A 2
Supply Voltage (Vee - Ver) 0 35 Volts
Output Voltage Vo 0 Vee Volts
Output Power Dissipation Po 250 mW 3
Total Power Dissipation Pr 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 (Voc - Veg) 15 30 Volts
Input Current (ON) Ircon 7 16 mA
Input Voltage (OFF) Vrorm -3.0 0.8 \%
Operating Temperature Ty -40 100 °C
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Electrical Specifications (DC)

Over recommended operating conditions (T, = -40 to 100°C, Ipon) = 7 to 16 mA, Vyorr = -3.0t0 0.8V,
Voe = 15 to 30 V, Vgg = Ground) unless otherwise specified. -

Parameter Symbol | Min. Typ.* | Max. | Units | Test Conditions Fig. | Note
High Level Ton 0.5 1.5 A Vo= (Vec-4V) 2,3, 5
Output Current 2.0 A [Vo=0{c-15V) 17 9
Low Level IOL 0.5 2.0 A Vo = (VEE + 2.5 V) 5, 6, 5
Output Current 2.0 A [ Vo= (Vg + 15V) 18 2
High Level Output Vou Vee-4) | (Vee-3) \% Ip = -100 mA 1,8, | 6,7
Voltage 19
Low Level Output VoL 0.1 0.5 A% = 100 mA 4, 6,
Voltage 20
High Level Supply Iccy 2.0 5.0 | mA | Output Open, 78
Current = 7to 16 mA
Low Level Supply TcoL 2.0 5.0 | mA | Output Open,

Current Vr =-3.0to +0.8V

Threshold Input IpLy 2.3 5.0 mA | I =0mA, 9, 15,

Current Low to High Vo>5V 21

Threshold Input

Voltage High to Low | Vpyy 0.8 \%

Input Forward Vr 1.2 1.5 1.8 A% Ir =10 mA 16

Voltage

Temperature AVp/AT, -1.6 mV/°C =10 mA

Coefficient

of Forward Voltage

Input Reverse BV 5 v Ir=10pA

Breakdown Voltage

Input Capacitance C 60 pF |f=1MHz, V=0V

UVLO Threshold VuvLo+ 11.0 12.3 13.5 \% Vo>5V,Ip=10mA | 22, 36
Vovro- 9.5 10.7 12.0

UVLO Hysteresis UVLOyys 1.6

* All typical values at Ty =
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25°C and Vg¢ - Vgg = 30 V, unless othervmse noted.




Switching Specifications (AC)

Over recommended operating conditions (T, = -40 to 100°C, Iony = 7 to 16 mA, Vgopr = -3.0t0 0.8 V,
Vee = 156 to 30V, Vgg = Ground) unless otherwise specified.

OPTOCOUPLERS

Parameter Symbol | Min. | Typ.* | Max. | Units | Test Conditions Fig. | Note
Propagation Delay tpLy 0.10 | 0.30 0.50 us | Rg=10Q, 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 | 050 | ps |Duty Cycle = 50%

Time to Low
Output Level
Pulse Width PWD 0.3 us 15
Distortion
Propagation Delay | (tpyy - tpry) |-0.35 0.35 us 34,35 10
Difference Between PDD
Any Two Parts
Rise Time ty 0.1 us 23
Fall Time te 0.1 us
UVLO Turn On tuvLo oN 0.8 us 22
Delay Vo>5V,Ip=10mA
UVLO Turn Off tuvLo oFF 0.6 Vo <5V, Ip=10 mA
Delay
Output High Level |CMy| 15 30 kV/us | Ty = 25°C, 24 11, 12
Common Mode Ir = 10 to 16 mA,
Transient Veu = 1500V,
Immunity VCC =30V
Output Low Level |CM,| 15 30 kV/us | Ty = 25°C, 11,13
Common Mode : Vou = 1500V,
Transient Vr=0YV,
Immunity Vee = 30V
*All typical values at Ty = 25°C and V¢ - Vgg = 30 V, unless otherwise noted.
Package Characteristics

Parameter Symbol | Min. | Typ. | Max. | Units | Test Conditions Fig. Note
Input-Output Viso 2500 Vrws | RH < 50%, 8,9
Momentary t = 1 min.,

Withstand Voltage** Ty = 256°C

Resistance Rio 1012 Q | Vo =500 Vg 9
(Input - Output)

Capacitance Cro 0.6 pF |f=1MHz

(Input - Output)

LED-to-Case Oc 467 °C/W | Thermocoupler 28
Thermal Resistance located at center
LED-to-Detector 6 442 °C/W | underside of

Thermal Resistance package

Detector-to-Case Opc 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 mA/°C.
2. Maximum pulse width = 10 us,
maximum duty cycle = 0.2%. This
value is intended to allow for
component tolerances for designs
with I peak minimum = 2.0 A. See
Applications section for additional
details on limiting Iy peak.

. Derate linearly above 70°C free-air
temperature at a rate of 4.8 mW/°C.

. 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.

. Maximum pulse width = 50 us,
maximum duty cycle = 0.5%.

. In this test Vyy is measured with a dc
load current. When driving capacitive

w
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w louT = -100 mA
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Figure 1. Vo vs. Temperature.
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Figure 4. Vo, vs. Temperature.
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loads Voy will approach V¢ as Iog

approaches zero amps.

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, I o < 5 pA).
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

N

shorted together.
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10. The difference between tpy;, and tppy
between any two HCPL-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 dVgy/dt of the common
mode pulse, V), to assure that the
output will remain in the high state
(i.e., Vo > 15.0V).

13. Common mode transient immunity in
a low state is the maximum tolerable
dVgy/dt of the common mode pulse,
Vo, to assure that the output will
remain in a low state (i.e., 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 |tpy-tp | for any given
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Figure 21. Ippy Test Circuit.
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Applications Information

Eliminating Negative IGBT

Gate Drive

To keep the IGBT firmly off, the
HCPL-3120 has a very low
maximum Vg, specification of

0.5 V. The HCPL-3120 realizes

this very low Vg, 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

CONTROL
INPUT

74XXX
OPEN
COLLECTOR

s |
|~ |
=< 01 pF
V 7
1 ¥
} Vo -
h s Vee=30V
1
:
i
. 5]
| ° |
G
/
Vem = 1500 V
JL

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

b

Y -

OPTOCOUPLERS

JEREER RN I A

- tpyL ~—

= v
Vo N OH
SWITCH AT A: Ip = 10 mA

Vo TN\ VoL

SWITCHATB: [ =0 mA

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
o]
01 iFES é>vcc=18v 0 + HVDC
3 . A'RA';"I -I g} -l <}
a1 +> 3-PHASE
6 > AC
—
o A I %A
Q2 -HVDC

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 Iy, 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> (Vec = Vee - Vor)
Torpeax
_ (Vec=Vee-2V)
Torpeax
A5V +5V-2V)
25A

7.202=8Q

The Vg, value of 2 V in the pre-
vious equation is a conservative
value of Vg, 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 Vgg 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 (Pp) is equal to the sum of
the emitter power (Pg) and the
output power (Pg):

PT = PE‘ + PO
Py = Ip*Vz*Duty Cycle
Py = Poesas) + Po swircrine)
= Icc*(Vee - Ver)
+ Esw(Rg, Qa)f

For the circuit in Figure 26 with I
(worst case) = 16 mA, Rg = 8 Q,

Max Duty Cycle = 80%, Qg = 500
nC, f = 20 kHz and T, max = 85C:

Pp = 16 mA+*1.8 V-0.8 = 23 mW

Py =4.25mA20V
+ 5.2 uJ-20 kHz
= 8 mW + 104 mW
= 189 mW
> 178 mW (Poaaxy @ 85C

= 250 mW-15C*4.8 mW/C)

HCPL-3120
+5V E
01 WA (¥ Vec=15V -0 + HVDC
; 3 | A!RA'A' I { H} 4 g}
3
CONTROL * . at b5 3-PHASE
INPUT QVEE =5V AC
1 +
74XXX :
OPEN -- E — L L
COLLECTOR
Q2 -0 - HVDC
Figure 26. HCPL-3120 Typical Application Circuit with Negative IGBT Gate Drive.
Pg Po Parameter Description
Parameter Description ) Icc Supply Current
Ip LED Current Vee Positive Supply Voltage
Vr LED On Voltage Veg Negative Supply Voltage
Duty Cycle | Maximum LED Esw(Rg,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 mA for I in
the previous equation was
obtained by derating the Icc max
of 5 mA (which occurs at -40°C)
to Ioc max at 85C (see Figure 7).

Since Py, for this case is greater
than Pomax), Rg must be
increased to reduce the HCPL-
3120 power dissipation.

Poswircrine max
=F O(MAX) ~ P, O(BIAS)
= 178 mW - 85 mW

=93 mW
E _ Poswircrivemax)
SW(MAX) ¥i
=93mW _ 4 65 uw
20 kHz

For Qg = 500 nC, from Figure
27, a value of Egy = 4.65 pW
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 0.4 which raises
the case temperature Tg
accordingly. The value of 6c,
depends on the conditions of the
board design and is, therefore,
determined by the designer. The
value of 8¢, = 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 Op,value of 83°C/W.

From the thermal mode in Figure
28 the LED and detector IC
junction temperatures can be
expressed as:

Tie = Pz (Bcl|(OLp + 8pc) + Oca)

o(_Oc*Oc
+ B (9L0+9Dc+9w +OCA)+7A
—p (8O
ED—PE(9M+9DC+9M+GCA)

+ By*(Bpc| 1O + 80) + 6c) + Ty

Inserting the values for 6; g and
Opc shown in Figure 28 gives:

TIE = PE'(256°C/W + GCA)

+ PD'(57°C/W + GCA) + 7:4
Tip = Pgr(B7°C/W + 6¢,)

+ Ppr(111°C/W + 6¢y) + Ty

For example, given P = 45 mW,
Po = 250 mW, TA = 70°C and eCA
= 83°C/W:

TJE = PE.339°C/W + PD'140°C/W+ TA
= 45 mW*339°C/W + 250 mW
*140°C/W + 70°C = 120°C

Typ = Pg*140°C/W + Py 194°C/W + T,
= 45 mMW*140C/W + 250 mW
*194°C/W + 70°C = 125°C

Tjg and T)p should be limited to
125C based on the board layout
and part placement (0¢,) 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

shown in Figure 29. The HCPL-
3120 improves CMR performance
by using a detector IC with an
optically transparent Faraday
shield, which diverts the capaci-
tively coupled current away from
the sensitive IC circuitry. How
ever, this shield does not
eliminate the capacitive coupling
between the LED and optocoup-
ler pins 5-8 as shown in

Figure 30. 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 25), can achieve
15 kV/us CMR while minimizing
component complexity.

OPTOCOUPLERS

Techniques to keep the LED in
the proper state are discussed in
the next two sections.

3
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Figure 27. Energy Dissipated in the
HCPL-3120 for Each IGBT Switching
Cycle.
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6Lp = 442 °CIW

ToE Tip
oLc = 467 °c/$171\ /r"\:pc =126 °C/W
Tc
6ca =83 °C/W* -
— Ta

Figure 28. Thermal Model.

CMR with the LED On
(CMRp).

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 mA provides adequate
margin over the maximum Ip g of
5 mA to achieve 15 kV/us CMR.

CMR with the LED Off
(CMRy).

A high CMR LED drive circuit
must keep the LED off (Vg <
Vrorr) during common mode
transients. For example, during a
-dV,,/dt transient in Figure 31,
the current flowing through C;gpp
also flows through the Rgyr and
Vsar of the logic gate. As long as
the low state voltage developed
across the logic gate is less than
Vr(oFr), the LED will remain off
and no common mode failure will
occur.

1-194

Tjr = LED junction temperature

Tp = detector IC junction temperature
Tc = case temperature measured at the center of the package bottom
0;c = LED-to-case thermal resistance
O.p = LED-to-detector thermal resistance
Opc = detector-to-case thermal resistance
Oca = case-to-ambient thermal resistance
*0c, 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 +dVem/dt
transient, since all the current
flowing through Cyppy must be
supplied by the LED, and it is not
recommended for applications
requiring ultra high CMR,
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 Vyyi0- threshold

(9.5 < Vyyro- < 12.0) the opto-

coupler output will go into the
low state with a typical delay,
UVLO Turn Off Delay, of 0.6 ps.

When the HCPL-3120 output is in
the low state and the supply
voltage rises above the HCPL-
3120 Vyyro+ threshold (11.0 <
Vuveo+ < 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 ps.

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.




B
L=]

cLED;’
Hgiide

n
N

L&
(4] 5]

=] 1]

Figure 29. Optocoupler Input to Output
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Figure 33. Recommended LED Drive
Circuit for Ultra-High CMR.

To minimize dead time in a given
design, the turn on of LED2
should be delayed (relative to the
turn off of LED1) so that under
worst-case conditions, transistor
Q1 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, PDDy,x,

Capacitance Model for Shielded Optocouplers.

] =] [ [

Figure 32. Not Recommended Open
Collector Drive Circuit.

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
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.

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.
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“PDD = PROPAGATION DELAY DIFFERENCE '
NOTE: FOR PDD CALCULATIONS THE PROPAGATION DELAYS
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Figure 34. Minimum LED Skew for Zero Dead Time. Figure 36. Under Voltage Lock Out.
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Figure 35. Waveforms for Dead Time.
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() Pty

0.5 Amp Output Current IGBT
Gate Drive Optocoupler

Technical Data

Features
¢ 0.5 A Minimum Peak Output
Current
* 15 kV/us Minimum Common
Mode Rejection (CMR) at
VCM = 1500 Vv
¢ 1.0 V Maximum Low Level
Output Voltage (Vor)
Eliminates Need for
Negative Gate Drive
¢ Icc = 5 mA Maximum Supply
Current
* Under Voltage Lock-Out
Protection (UVLO) with
Hysteresis
* Wide Operating Voc Range:
15 to 30 Volts
* 500 ns Maximum Switching
Speeds
¢ Industrial Temperature
Range:
-40°C 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

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

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

Functional Diagram

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 IGBTs
with ratings up to 1200 V/50 A.
For IGBTs with higher ratings,
the HCPL-3120 can be used to
drive a discrete power stage
which drives the IGBT gate.

e [1]
ANODE [2]
CATHODE [3]
nic [4]
Truth Table
Vee - Ve Vee - Ve
“Positive Going” “Negative-Going”
LED (i.e., Turn-On) (i.e., Turn-Off) Yo
OFF 0-30V 0-30V. LOW
ON 0-11V 0-95V LOW
ON 11-185V 95-12V TRANSITION
ON 135-30V 12-30V HIGH

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.

5965-4780E
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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
9.40 (0.370)
PRAYANe %
OPTION CODE* ! 0.20(6.008
(0.240) 0.33 (0.013
WP 3150z «~ |  DATE CODE ' &0 (g-gg) (0.013)
Yyww 7.36 (0.200)
o 7.88(0.310) 5°TYP.
pinone (1) (2] (3] 14 y T s\{
| 1 |
1.19 (0.047) MAX. —» l__——l l«—1.78 (0.070) MAX.
[}
4.70 (0.185) MAX.
_1

PIN ONE )
| —0.51(0.020) MIN.

2,92 (0.115) MIN.
4 DIMENSIONS IN MILLIMETERS AND (INCHES).

0.76(0.080) |__ \—-M-—o.es (0.025) MAX.

1.40 (0.055) * MARKING CODE LETTER FOR OPTION NUMBERS.

| «—2.28 (0.090) "V" = OPTION 060.
2.80 (0.110) OPTION NUMBERS 300 AND 500 NOT MARKED.

Gull-Wing Surface-Mount Option 300

9.65 £ 0.25 : ‘ 1.016 (0.040)
(0.380 : 0.010) _“‘ ~ 1,194 (0.047)
sl N o I s I s
i : 4.826 ryp,
HP 31502 i ‘; (@1%0)
6.350£025 |
YYWW (0.250 £ 0.010) ; 9.398 (0.370)
o ! : 9.906 (0.390)
S : | :
MOLDED gy ! DI:!I:!D i
— - 0.381(0.015) |
1.194 (0.047) 0.635 (0.025) |
........ 178 070) )
9652 0.25 |
(0.380 £ 0.010)

7622025

"_(o.:wo 1001 0)

' 0.20 (0.008)
0.33 (0.013)

= Y |
1.060:0.320_,] "$ L T_—, |- 0.635£0.25 ‘\\ )

0,
{0.025 = 0.010)

(0.043 = 0.013) 0.635 = 0.130 ‘
.635 « 0. \ °
__7‘2),,:,403) (0.025 = 0.005) T =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)
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Reflow Temperature Profile v Regulatory Information

260 The HCPL-3150 has been

/' N\ ] ;
;:z F 7 \( &7 = 125°C, T°G/8EC approved by the following

200 AT =115°C, 0.3°C/SEC N organizations:

180
160
140
120
100
80
60
40
20
0

OPTOCOUPLERS

UL
W A) Recognized under UL 1577,

Component Recognition

// - Program, File E55361.
T =106, 15°

TEMPERATURE - °C

CSA

T S Y Y N N A Approved under CSA Component

o 1 2 3 4 5 6 7 8 9 10 1 12 Acceptance Notice #5, File CA
TIME - MINUTES 88324.

LN L L L A AL L L L A LRI

MAXIMUM SOLDER REFLOW THERMAL PROFILE

(NOTE: USE OF NON-CHLORINE ACTIVATED FLUXES IS RECOMMENDED.) VDE (Option 060 only)

Approved under VDE 0884/06.92
with Viopy = 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 < 300 Vrms LIV

for rated mains voltage < 600 Vrms I-IIT
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*

ViorMm X 1.875 = Vpg, 100% Production Test with t;, = 1 sec, VPR 1181 Vpeak

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

ViorMm x 1.5 = Vpg, Type and Sample Test, ty, = 60 sec, VPR 945 Vpeak
Partial discharge < 5 pC
Highest Allowable Overvoltage* VioTM 6000 Vpeak

(Transient Overvoltage tin; = 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 mA

Output Power Ps, outpuT 600 mW
Insulation Resistance at Ts, Vip = 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 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.

1-199



Insulation ahd 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 112/VDE 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 wtih CECC 00802.

Absolute Maximum Ratings

Parameter Symbol Min. Max Units Note
Storage Temperature Ts -55 125 °C
Operating Temperature Ty -40 100 °C
Average Input Current IF(AVG) 25 mA 1
Peak Transient Input Current Ircrran) 1.0 A
(<1 ps pulse width, 300 pps) )
Reverse Input Voltage Vr 5 Volts
“High” Peak Output Current IOH(PEAK) 0.6 A 2
“Low” Peak Output Current IoLpEAK) 0.6 A 2
Supply Voltage (Vee - Ver) 0 35 Volts
Output Voltage VO(PEAK) 0 Vee Volts
Output Power Dissipation Po 250 mW 3
Total Power Dissipation Pr 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 (Ve - Veg) 15 30 Volts
Input Current (ON) Ircony 7 16 mA
Input VOltage (OFF) VF(OF'F) -3.0 0.8 A%
Operating Temperature Ty -40 100 °C
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Electrical Specifications (DC)

Over recommended operating conditions (Ta = -40 to 100°C, Irion) = 7 to 16 mA, VrorF) = -3.0t0 0.8 V,
Vce = 15 to 30 V, Vgg = Ground) unless otherwise specified.

OPTOCOUPLERS

Parameter Symbol Min. Typ.* | Max. | Units | Test Conditions Fig. | Note
High Level lon 0.1 0.4 A Vo=MNMcc-4V) 2,3, 5
Output Current 0.5 Vo = (Vec- 15 V) 17 2
Low Level IoL 0.1 0.6 A Vo=(Vgg +25V) | 5,6 5
Output Current 0.5 Vo = (VEg + 15V) 18 2
High Level Output Vo (Vec-4) | (Vee - 3) A% Io = -100 mA 1,31 6,7
Voltage 19
Low Level Output VoL 0.4 1.0 \% Io = 100 mA 4,6
Voltage 20
High Level IccH 2.5 5.0 mA | Output Open, 7,8
Supply Current Ir=T7to 16 mA
Low Level IccL 2.7 5.0 mA | Output Open,

Supply Current VF=-3.0to +0.8V

Threshold Input IFLH 2.2 50 | mA | Ip=0mA, 9, 15,

Current Low to High Vo>5V 21

Threshold Input VFHL 0.8 \%

Voltage High to Low

Input Forward Voltage Vr 1.2 1.5 1.8 \% Ir=10mA 16

Temperature AVE/ATy -1.6 mV/°C | Ir = 10 mA

Coefficient of

Forward Voltage

Input Reverse BVr 5 A% I =10 pA

Breakdown Voltage

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

UVLO Threshold VuvLo+ 11.0 12.3 135 A% Vo>5YV, 22,
VuvLo- 9.5 10.7 | 12.0 I =10mA 36

UVLO Hysteresis UVLOH#ys 1.6 \%

*All typical values at Ty = 25°C and V¢ - VEg = 30 V, unless otherwise noted.
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Switching Specifications (AC)
Over recommended operating conditions (T, = -40 to 100°C, Igoy) = 7 to 16 mA, Vyorr) = -3.0t0 0.8V,

Vee = 15 to 30 V, Vgg = Ground) unless otherwise specified.

Parameter Symbol | Min. | Typ.* | Max. | Units | Test Conditions Fig. Note
Propagation Delay teLH 0.10 0.30 0.50 us Rg =47 Q, 10, 11, 14
Time to High Cg = 3 nF, 12, 13
Output Level f = 10 kHz, 14, 23

Duty Cycle = 50%
Propagation Delay tpHL 0.10 0.27 0.50 us
Time to Low
Output Level
Pulse Width PWD 0.3 us 15
Distortion
Propagation Delay PDD -0.35 0.35 us 34,35 10
Difference Between |(tpgr, - tpLy)
Any Two Parts
Rise Time ty 0.1 us 23
Fall Time te 0.1 us
UVLO Turn On tuvLo oN 0.8 us Vo>5V, 22
Delay Ir =10 mA
UVLO Turn Off tUVLO OFF 0.6 us VO <5 V,
Delay Ir =10 mA
Output High Level |CMg| 15 30 kV/us | Ty = 25°C, 24 11,12
Common Mode Ir = 10 to 16 mA,
Transient Vem = 1500V,
Immunity Vec =30V
Output Low Level |CM | 15 30 kV/us | Ty = 25°C, 11,13
Common Mode Vem = 1500 V,
Transient Vr=0YV,
Immumty VCC =30V
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** Ty, = 25°C

Resistance Rl-O 1012 Q VI-O = 500 VDC 9
(Input - Output)

Capacitance Cro 0.6 pF |[f=1MHz

(Input - Output)

LED-to-Case O1c 391 °C/W | Thermocouple 28
Thermal Resistance located at center
LED-to-Detector OLp 439 °C/W | underside of

Thermal Resistance package

Detector-to-Case Opc 119 °C/W

Thermal Resistance

*All typical values at Ty = 25°C and V¢ - Vgg = 30 V, 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 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 mA/°C.

2. Maximum pulse width = 10 ps,
maximum duty cycle = 0.2%. This
value is intended to allow for
component tolerances for designs
with Iy peak minimum = 0.5 A. See
Applications section for additional
details on limiting Igy 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 ps,
maximum duty cycle = 0.5%.

6. In this test Vo is measured with a dc
load current. When driving capacitive

>
1
o
o 0 T T
E IF=7to 16 mA
w loyT =-100 mA
(<J Vec=15t030V
5 “1|——VEg=0V
o
>
5
a -2
5 —
C] L —
:
F 3
1
Q
o
> 4
I 4020 0 20 40 60 80 100
o
= Ta - TEMPERATURE - °C

Figure 1. Vo vs. Temperature.

1.0 -
> VE(OFF) =-3.010 0.8V
1 loyTt = 100 mA
% o8l Vcc=15t030V
= VEE=0V
3
; 0.6
g 1
[ -
5 0.4 e
5 T
© o2
o
o
> 0
40 20 0 20 40 60 80 100

Ta - TEMPERATURE - °C

Figure 4. Vo, vs. Temperature.

loads Vi will approach Vg as Iy
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
> 3000 Vrms for 1 second (leakage
detection current limit, I o < 5 pA).
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 tpy;, and tpy
between any two HCPL-3150 parts

under the same test condition.
. Pins 1 and 4 need to be connected to
LED common.

12. Common mode transient immunity in
the high state is the maximum
tolerable |dVgy/dt| of the common
mode pulse, Vg, to assure that the
output will remain in the high state
(ie., Vo> 15.0V).

13. Common mode transient immunity in
a low state is the maximum tolerable
|dVgw/dt| of the common mode
pulse, Vg, 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 |tpy;-tp | for any given
device.

1
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1
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< lp=7to 16 mA g
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= 045\ Vee=15t030 v g 2
£ EE = g
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O 0.40 z -
X
o} | g
I —
_ = -
= 035 — > 4
2 — g
E 3 IF=7t0 16 mA \
© 030 ) .5|—Vgc=15t030V -
! -~ VEg=0V
s Q
o o |
~ 025 > 6
40 20 0 20 40 60 80 10 L O 02 04 06 08 10
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Figure 2. Igy vs. Temperature.
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Figure 5. Iy, vs. Temperature.

Figure 3. Vog vs. Igg.
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Figure 6. Vo, vs. Igp.
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Figure 10. Propagation Delay vs. Vgc.
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Figure 13. Propagation Delay vs. Rg.
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Figure 22. UVLO Test Circuit.
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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 Vg, specification of
1.0 V. The HCPL-3150 realizes
this very low Vg, 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,

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

CONTROL
INPUT

74XXX

ceemee e

OPEN
COLLECTOR

HCPL-3150

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.)

e le]
5
\l
il
@
g
n
>
<

[~T s
>

3

—t

0 + HVDC

o Q-PHASE
> AC

L]

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 Io;, 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-3150.

Rg> (Voo = Vg - Vor)
ToLprax
= (Vec—~Ver-1.7V)
Torpeak

(15V+5V-1.7V)

I

The Vo, value of 2 V in the pre-
vious equation is a conservative
value of Vg, 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 Vgg 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-

PT = PE + PO
Py = Ip*Ve*Duty Cycle
Po = Pous) + Po swircring
= Ioc*(Voc - Ve
+ Esw(Re, Qa)f

For the circuit in Figure 26 with Ip

(worst case) = 16 mA, Rg =
30.5 Q, Max Duty Cycle = 80%,
Qg = 500 nC, f = 20 kHz and T,
max = 90°C:

Py =16 mA*1.8 V*0.8 = 23 mW

Py =4.25mA20V
+ 4.0 uwJ*20 kHz
= 85 mW + 80 mW
= 165 mW

> 1564 mW a)O(M.'AX) @ 90°C
= 250 mW-20C*4.8 mW/C)

06A -

tion (Py) is equal to the sum of
= 30.5 Q2 the emitter power (Pg) and the

output power (Pp):

HCPL-3150
+5V E
0N IR (¥ Vee =18V
3 .

CONTROL . a

INPUT

R -

74XXX
OPEN
COLLECTOR

O + HVDC
| K‘} K)}

Veg=-5V

®

L]

> 3-PHASE
> AC

4 1»(&4

Figure 26. HCPL-3150 Typical Application Circuit with Negative IGBT Gate Drive.

P
Paranl:eter Description
Ir LED Current -
Vr LED On Voltage
Duty Cycle | Maximum LED
Duty Cycle

Py Parameter Description
Icc Supply Current
Vee Positive Supply Voltage
Veg Negative Supply Voltage
Esw(Rg,Qg) Energy Dissipated in the HCPL-3150 for each
IGBT Switching Cycle (See Figure 27)
f Switching Frequency
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The value of 4.25 mA for Ic in
the previous equation was
obtained by derating the I;c max-
of 5 mA (which occurs at -40°C)
to Icc max at 90°C (see Figure 7).

Since Py for this case is greater
than Poaxy, Rg must be
increased to reduce the HCPL-
3150 power dissipation.

PoswircHinG max

= Poaax) - Posias)
= 154 mW - 86 mW

=69 mW
E - PoswircHivemax)
SW(MAX) f
_O9mW _ s
20 kHz

For Qg = 500 nC, from Figure
27, a value of Egw = 3.45 uJ
gives a Rg = 41 Q.

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. As shown by
~ the model, all heat generated
flows through 6, which raises
the case temperature Tg
accordingly. The value of 0,
depends on the conditions of the
board design and is, therefore,
determined by the designer. The
value of 8y = 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 Og,value of 83°C/W.
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From the thermal mode in Figure
28 the LED and detector IC
junction températures can be
expressed as:

Tig = Pg*(Brcl|6rp + Opc) + 6ca)

o(—Ocbpc
+5p (eLC+eDc+ew

=p (B ®c ¢
T =P (9L0+6DC+ %10 + eCA)

+ By*(pc||(Orp + 020) + 0cw) + Ty

Inserting the valueséfor Oc and.
Opc shown in Figure 28 gives:

Ty = Pg*(230°C/W + 8¢,)

+ PD‘(49°C/W + GCA) + 7:4
TJD = PE'(49°C/W + OCA)

+ Ppr(104°C/W + 0c4) + Ty

For example, given Pg = 45 mW,
Po = 250 mVV, TA = 70°C and OCA
= 83°C/W:

Tjp = Pg*313°C/W + Pp*132°C/W + T

= 45 mW*313°C/W + 250 mW
*132°C/W + 70°C = 117°C

Typ = Pg*132°C/W + Pp* 187°C/W + T

= 45 mW*132C/W + 250 mW
*187°C/W + 70°C = 123°C

Tjg and T;p should be limited to
125°C based on the board layout
and part placement (6¢,) 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

F00) + Ty

shown in Figure 29. The HCPL-
3150 improves CMR performance
by using a detector IC with an
optically transparent Faraday
shield, which diverts the capaci-
tively coupled current away from
the sensitive IC circuitry. How
ever, this shield does not
eliminate the capacitive coupling
between the LED and optocoup-
ler pins 5-8 as shown in

Figure 30. 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 25), can achieve
15 kV/us CMR while minimizing
component complexity.

Techniques to keep the LED in
the proper state are discussed in
the next two sections.

\ ===« Qg =100 NC
6 == Qg=250nC
- Qg =500 nC

N Veomts
. Vec=19V__|

N VEg=-9V

0 20 40 60 80 100
Rg - GATE RESISTANCE -Q

Esw — ENERGY PER SWITCHING CYCLE - pJ

Figure 27. Energy Dissipated in the
HCPL-3150 for Each IGBT Switching
Cycle.
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Figure 28. Thermal Model.

CMR with the LED On
(CMRy)

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 mA provides adequate
margin over the maximum Igy of
5 mA to achieve 15 kV/us CMR.

CMR with the LED Off
(CMRp)

A high CMR LED drive circuit
must keep the LED off

(Vr £ Vp(orr) during common
mode transients. For example,
during a -dVg/dt transient in
Figure 31, the current flowing
through Crgpp also flows through
the Rgar and Vgar of the logic
gate. As long as the low state
voltage developed across the
logic gate is less than Vr(opr), the
LED will remain off and no
common mode failure will occur.

Tjg = LED junction temperature

Typ = detector IC junction temperature
case temperature measured at the center of the package bottom
LED-to-case thermal resistance
O.p = LED-to-detector thermal resistance
Opc = detector-to-case thermal resistance
Oca = case-to-ambient thermal resistance
*0c, will depend on the board design and the placement of the part.

Te
OLc
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The open collector drive circuit,
shown in Figure 32, cannot keep
the LED off during a +dVgy/dt
transient, since all the current
flowing through C;gpy must be
supplied by the LED, and it is not
recommended for applications
requiring ultra high CMR;,
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 Vyyo. threshold

(95 <VUVLO- <120), the

optocoupler output will go into
the low state with a typical delay,
UVLO Turn Off Delay, of 0.6 us.
‘When the HCPL-3150 output is in
the low state and the supply
voltage rises above the HCPL-
3150 VUVL0+ threshold

(11.0 < Vyyro+ < 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 ps.

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 30. Optocoupler Input to Output
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Figure 31. Equivalent Circuit for Figure 25 During
C ient

Mode Tr:

8T/ T8
L] [ Il

L=

SHIELD

Figure 33. Recommended LED Drive
Circuit for Ultra-High CMR.
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turn off of LED1) so that under
worst-case conditions, transistor
Q1 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, PDDysx,
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

Capacitance Model for Shielded Optocouplers.

L=]

+5V

[+

L]

Q1

L]

—
E SHIELD

Figure 32. 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.
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Figure 34. Minimum LED Skew for Zero Dead Time.
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Figure 35. Waveforms for Dead Time.
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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

Qoonnnng
HP 3160

Actual Size

¢ Small Printed Circuit Board
Footprint (SO-16 Package)

¢ -40°C to'100°C Operating
Temperature

* Suitable for Integration in
Power Modules

* 2.0 A Minimum Peak Output
Current

¢ 15 kV/us Minimum Common
Mode Rejection (CMR) at
VCM = 1500V

* Viorm = 890 Vppax

- HCPL-3160

Description

The HCPL-3160 provides low cost,
area efficient IGBT gate drive
that includes desaturation or over
current detection and local IGBT
shutdown. The integrated fault
feedback optocoupler notifies

the controller when the IGBT is
shutdown due to a desaturation
or over current condition.

Functional Diagram

1] . 16

2H 323(‘ 115
1

3 H i H 114

aH i 113

5] H L 112
SHIELD

s []H J, 111

== 10

sf---mn-- ; o

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 Dpggar-
When the IGPT is on and Vpggar
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 Vin on the circuit
board. In this case, the FAULT
output will be reset on the next
PWM cycle that Vin 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.

Cprank disables the fault
detection circuitry for a time
period sufficient for normal IGBT
turn-on. Cgpank is held low by

Q1 when the IGBT is off.

HCPL-3160

GND | ! BUFFER IC

LIGHTGUIDE1

LED1- | =
LED1+
Veet |

[

ENABLE | |
ViN

-
m
o
=

RESET | :

LUGHTGUIDE2 | [T

FAULT | |

! DETECTOR IC

L CBLANK
1 mll

Ve | T N

DpesAT

VuviLo
12VA1V

IM<—-TVO

IpscHG ¢
v

[*}]

TRIPLE
DARLINGTON

Ra
(OPTIONAL)

GND

E] LED2
v DRIVER

Figure 1. IGBT Gate Drive with Desaturation Protection and Fault Feedback.
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Preliminary Electrical Specifications (DC)
Over recommended operating conditions (T, = -40 to 100°C) unless otherwise specified.

Parameter Symbol | Min. | Typ.* | Max. | Units Conditions
Logic Low ’ INPUT 0.8 \4
Voltages RESET
FAULT
ENABLE
Logic High INPUT 2.0 v
Voltages RESET
FAULT
ENABLE
ngh Level IOH 0.5 1.5 A Vo = VCCZ -4V
Output Current 2.0 A Vo = Voez 15V
Low Level Tow 0.5 2.0 A Vo=Vg +25V
Output Current 2.0 A VO = VEE + 15
High Level Vou Veeo-4 Vccz-3 \% Io = -100 mA
Output Voltage
Low Level VoL 0.1 0.5 v Io = 100 mA
Output Voltage
High Level Supply ICCIH 12 mA Vin =5V, VCCI =5V
Current
High Level  — 2 mMA |[Vin=0V, Vg, =5V
Supply Current
High Level Icoon 3 7 mA | output open
Supply Current :
Low Level TccoL 3 7 mA | output open
Supply Current
Blanking Capacitor Ichg 02 [032 | 045 | mA |Vdesat=0V
Charging Current
Blanking Capacitor Ipscug 60 mA | Vdesat =7V
Discharge Current
UVLO Threshold VuvLo+ 13.0 | 134 v Vece = 1.0 ms ramp,
(10.9) | (12.5) Vo>5V
VUVLO- 11.2 11.6 v Vccg = 1.0ms ramp,
8.7 | (9.5) Vo>56V
UVLO Hysteresis Vuvro+ - 1.4 A
Vuvro-
Desaturation Trip VDESAT 6.0 7.0 8.0 \%
Voltage

*All typical values at T, = 25°C and Vggy - Vgg = 30 V, unless otherwise noted.
D Vyyro+ and Vyyro. are specified as the Viop at which Vi exceeds 5 V. The approximate output voltage just prior/after the UVLO
transition is given in parenthesis.
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Preliminary Switching Specifications (AC)

Over recommended operating conditions (T, = -40 to 100°C) unless otherwise specified.

Common Mode
Transient Immunity

Parameter Symbol | Min. | Typ.*| Max. | Units Conditions
Propagation Delay Time tpLH 0.10 | 0.30 | 0.50 us Rg =10 Q,
to High Output Level Cg = 10 nF,
Propagation Delay Time tpHL 0.10 0.50 us f = 10 kHz, Duty Cycle = 50%
to Low Output Level
Pulse Width Distortion pwd -0.1 0.1 us
Propagation Delay tpuL - tpLy  -0.4 0.4 us
Difference Between
Any Two Parts
Rise Time t, 0.1 us
Fall Time t 0.1 us
Propagation Delay tpps) 1.6 us Rg =10 Q,
Time from Desat to CG = 10 nF
Low Level Output
Propagation Delay tpr(Ds) 10 us RG =10 Q,
Time from Desat to CG = 10 nF
Low Level FAULT Signal
Minimum FAULT AtFAULT 2.0 us
Signal Pulse Width
UVLO Turn Off Delay tuvLo OFF 0.6 us
Output High Level |CMy]| 15 30 kV/us | Ty = 256°C, INPUT =5V,
Common Mode Vem = 1500V, Ve =30V
Transient Immunity
Output Low Level |CM, | 15 30 kV/us | Ty = 25°C, Vo = 1500V,

INPUT =0 V, VCCZ =30V

*All typical values at T, = 25°C and Vo - Vgg = 30 V, unless otherwise noted.
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HEWLETT®
PACKARD

(D

High CMR Isolation Amplifiers

Technical Data

Features

* 15 kV/us Common-Mode
Rejection at Vg, = 1000 V*

* Compact, Auto-Insertable
Standard 8-pin DIP Package

* 4.6 uV/°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/1 min),
VDE 0884 and CSA

* Advanced Sigma-Delta (ZA)
A/D Converter Technology

* Fully Differential Circuit
Topology '

¢ 1 um 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
monitor 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

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 (£A) analog-to-digital
converter technology, chopper
stabilized amplifiers, and a fully
differential circuit topology
fabricated using HP’s 1 um
CMOS IC process. The part also
couples our high-efficiency, high-
speed AlGaAs LED to a high-
speed, noise-shielded detector

Functional Diagram

1 lopt lpp2 ¢
Voot O O Vpp2
|
2 I lo 7
ViNe O== NS VouTs
3 ! [
Vin- 1| Vour.
|
|
4 | 5
GND1 O O GND2

CMR SHIELD

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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using our patented “light-pipe”
optocoupler packaging
technology.

Together, these features deliver
unequaled isolation-mode noise

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).

OPTOCOUPLERS

Ordering Information:

HCPL-7800x
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

Option yyy

300 = Gull Wing 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
9.40 (0.37
890 (0. 390; T\
(o (N (6) ol x
TYPE NUMBER" i 020 (0.008)
DATE CODE 6.10 (0.240) 033 (0.013)
HP 7800 L 6.60 (0.260)
: 7.36 (0.290
YYww e l 5 TYP.
PIN ONE L,l V ku) — j‘
1.19 (0.047) MAX. 4 L A—l L—1 78 (0.070) MAX.
3
4.70 (0.185) MAX. PIN DIAGRAM
PIN ONE — l _ G Qvoor  Voo2 E
i ¥ .51 (0.020) min. v vour. [7]
2.92 (0.115) MIN. N+ YOUT+
v H [B]vn- Vvour-[&]
0.76 (0.030) —=| | l=— 0.65 (0.025) MAX.
1.24.(0. 049; P ' ‘ - o(oso)) [a]eND1 GND2[5]
~ 2580 (0.110)

DIMENSIONS IN MILLIMETERS AND (INCHES). * TYPE NUMBER FOR: HCPL-7800 = 7800
HCPL-7800A = 7800A

HCPL-7800B = 7800B
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Gull Wing Surface Mount Option 300*

PIN LOCATION (FOR REFERENCE ONLY)

9,65 + 0.25 _ 1.02 (0.040)
(0.380 = 0.010) - ' ~ T 119(0.047)
B & o e e e B S
4.83
©.190)T P
HP 7800 6.350 = 0.25 1 v
rww (0.250 = 0.010) 9,65 0.25
o (0.380 + 0.010)
MOLDED/E@%' &Y OO O .
—+‘ 1< — _ 0.380(0.015)
1.19 (0.047) 0.635 (0.025)
1.78 (0.070)
1780  965x025
> (0.070) ™" (0.380 + 0.010)
(01 3437) =t AX 7.62+0.25 __
MAX. ‘ (0.300 = 0.010)
T T 0.20 (0.008)
419 0.33 (0.013)
(0 ragyMAX.
LIPS 4 e,
1.080 x 0.320 I ? ol 06355025
(0.043 = 0.013) ’ ™ ™7 (0.025 = 0.010)
>2.540 =~ e - 12°NOM
: Y 005 -
(0:100) (0.020 = 0.005)
BSC
DIMENSIONS IN MILLIMETERS (INCHES).
TOLERANCES (UNLESS OTHERWISE SPECIFIED): xx.xx = 0.01 LEAD COPLANARITY

XX.Xxx = 0.005

* REFER TO OPTION 300 DATA SHEET FOR MORE INFORMATION.

Maximum Solder Reflow Thermal Profile

260
240
220
200 |-
180 |
160
140
120

\
|

0.3°C/SEC

45°C, 1°C/SEC

AT =

°C,

T=11

T

TITTTT T 77T

TEMPERATURE - °C

- AT =100°C, 1.5°C/SEC

6
TIME ~ MINUTES

(NOTE: USE OF NON-CHLORINE ACTIVATED FLUXES IS RECOMMENDED.)
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Regulatory Information @

The HCPL-7800 has been ‘é‘

approved by the following 2

organizations: 8
2
o

UL CSA VDE o

Recognized under UL 1577, Approved under CSA Component Approved according to VDE

Component Recognition Acceptance Notice #5, File CA 0884/06.92.

Program, File E55361. 88324.

Insulation and Safety Related Specifications

Parameter Symbol | Value | Units Conditions

Min. External Air Gap
(External Clearance)
Min. External Tracking
Path (External Creepage)
Min. Internal Plastic Gap 0.5 | mm
(Internal Clearance)

- Lo 7.4 | mm | 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

L(I02) | 8.0 | mm

Tracking Resistance CTI 175 A% DIN IEC 112/VDE 0303 Part 1

(Comparative Tracking

Index)

Isolation Group Il a 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 LIV
for rated mains voltage < 600 V rms I-I1I
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** Ver 1591 V peak
Vpr = 1.875 x ViorM, Production test with t, = 1 sec,
Partial discharge < 5. pC
Input to Output Test Voltage, Method a** Ver 1273 V peak
Ver = 1.5 X ViorM, Type and sample test with t, = 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 °C
Input Power Ps,Input 80 mw
Output Power Ps,output 250 mw
Insulation Resistance at Ts, Vio = 500 V Rs > 1x1012 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.

1-219



Absolute Maximum Ratings

Parameter Symbol Min. Max. - Unit | Note
Storage Temperature Ts -55 125 °C
Ambient Operating Temperature Ty -40 100 °C
Supply Voltages Vb1, Vbpe 0.0 5.5 \4
Steady-State Input Voltage Vine Vin. -2.0 Vpp: +0.5 A%
Two Second Transient Input Voltage -6.0
Output Voltages Vour+, Your- -0.5 Vppg +0.5 \4
Lead Solder Temperature Tis 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 Vbp1, Vb2 4.5 5.5 \4 3
Input Voltage Viner Vine -200 200 mV 4
Output Current |To] 1 mA 5

1-220




DC Electrical Specifications
All specifications and figures are at the nominal operating condition of Viy, = 0V, Viy. = 0V, T, = 25°C, Vpp, =
5.0V, and Vpp, = 5.0 V, unless otherwise noted.

OPTOCOUPLERS

Parameter Symbol Min. | Typ. | Max. Unit Test Conditions Fig. | Note
Input Offset Voltage Vos -1.8 | -09 | 0.0 mV 1
Input Offset Drift vs. dVpg/dT -2.1 uv/°C 1,2 6
Temperature
Abs. Value of Input |dVps/dT| 4.6 uv/°C 1 7
Offset Drift vs. Temperature
Input Offset Drift vs. Vpp, dVos/dVpp,; 30 uvv 1,3 8
Input Offset Drift vs. Vpp, dVps/dVpps -40 uvv 1,4 9
Gain (£ 5% Tol.) G 7.61 | 8.00 | 8.40 -200mV < Vi, <200mV| 1,5 10
Gain - A Version (+ 1% Tol.) Gy, 7.85 | 7.93 | 8.01
Gain - B Version (£ 1% Tol.) Gg 799 | 8.07 | 815
Gain Drift vs. Temperature dG/dT 0.001 %/°C 5,6 11
Abs. Value of Gain Drift vs. | dG/dT| 0.001 %/°C 5 12
Temperature
Gain Drift vs. Vpp, dG/dVpp, 0.21 %V 5,7 13
Gain Drift vs. Vpp, dG/dVyps -0.06 %/V 5,8 14
200 mV Nonlinearity NLygo 0.2 | 0.35 % 5,9 15
200 mV Nonlinearity Drift dNLyq/dT -0.001 % pts/°C 5,10 | 16
vs. Temperature
200 mV Nonlinearity Drift dNLy/dVpp, -0.005 % pts/V 5,11 | 17
vs. Vpp;
200 mV Nonlinearity Drift dNLyy/dVpps -0.007 % pts/V 5,12 | 18
vs. Vppa
100 mV Nonlinearity NL; o 0.1 | 0.25 % -100 mV< Vi, <100mV | 5,13 [ 19
Maximum Input Voltage [Vin+ | max 300 mvV 14
Before Output Clipping
Average Input Bias Current Iy -670 nA 15,16 20
Input Bias Current dl;/dT 3 nA/°C
Temperature Coefficient
Average Input Resistance Ry 530 kQ 15 20
Input Resistance dRpy/dT 0.38 %/°C
Temperature Coefficient
Input DC Common-Mode CMRRpy 72 dB 21
Rejection Ratio
Output Resistance Ry 11 Q 5
Output Resistance dRy/dT 0.6 %/°C
Temperature Coefficient
Output Low Voltage Vou 1.18 A |[Vin+| = 500 mV 14 22
Output High Voltage Vou 3.61 \ Iour+ = 0A, Ioyr. = 0A
Output Common-Mode Voom 2.20 | 239 | 2.60 \4 -40°C < T, < 85°C 14
Voltage 45V <Vpp <55V
Input Supply Current Ipp; 10.7 | 1565 mA 17 23
Output Supply Current Ipps 11.6 | 145 mA Vin+ = 200 mV, 18 24
-40°C < T, < 85°C
45V <Vpp <55V
Output Short-Circuit | Toscl 9.3 mA Vour = 0 Vor Vpp, 25
Current
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AC Electrical Specifications

All specifications and figures are at the nominal operating condition of Viy, = 0V, V. = 0V, Ty = 25°C,
Vpp:1 = 5.0V, and Vppy = 5.0 V, unless otherwise noted.

Parameter Symbol | Min. | Typ. | Max. | Unit Test Conditions Fig. | Note
Rising Edge Isolation IMRg 10 25 kVius [ Viy = 1 kV 19,20 [ 26
Mode Rejection
Falling Edge Isolation IMRp 10 15 kV/us
Mode Rejection
Isolation Mode Rejection IMRR >140 dB 19 27
Ratio at 60 Hz
Propagation Delay to 10% tpp10 2.0 3.3 us -40°C < Ty < 85°C 21,22
Propagation Delay to 50% tpps0 3.4 5.6 us
Propagation Delay to 90% ) 6.3 9.9 us
Rise/Fall Time (10%-90%) trp 43 | 6.6 s
Bandwidth (-3 dB) faB 50 85 kHz 23,24
Bandwidth (-45°) ) f 450 35 kHz
RMS Input-Referred W 300 uVrms | Bandwidth = 100 kHz | 25,26 | 28
Noise '

Power Supply Rejection PSR 5 V., 29

Package Characteristics

All specifications and figures are at the nominal operating condition of Viy, =0V, Viy. = 0V, T, = 25°C, Vpp;
= 5.0V, and Vpps = 5.0V, 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 Voltage*

Input-Output Resistance Rro 1012 | 1013 Q | Ty,=25°C | Vio=500Vde 30
1011 T, = 100°C

Input-Output Capacitance Cro 0.7 pF | f=1MHz 30

Input IC Junction-to- 6jci 96 °C/W 32

Case Thermal Resistance

Output IC Junction-to-Case 6ico 114 °C'wW

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.”

1-222



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.

. The HCPL-7800 will operate properly

at ambient temperatures up to 100°C

but may not meet published specifi-
cations under these conditions.

DC performance can be best

maintained by keeping Vpp; and Vppo

as close as possible to 5 V. See
application section for circuit
recommendations.

HP recommends operation with Viy.
= 0V (tied to GND1). Limiting Vix+

to 100 mV will improve DC

nonlinearity and nonlinearity drift. If

Vin. 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 Q
due to normal process variations.
Consequently, keeping the output
current below 1 mA will ensure the
best offset performance.

6. Data sheet value is the average change
in offset voltage versus temperature at
T, = 25°C, with all other parameters
held constant. This value is expressed
as the change in offset voltage per °C
change in temperature.

. Data sheet value is the average
magnitude of the change in offset
voltage versus temperature at
T, = 25°C, with all other parameters
held constant. This value is expressed

[\

o

>
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10.

11.

12.

13.

1

>

15.

as the change in magnitude per °C
change in temperature. '

. Data sheet value is the average change

in offset voltage versus input supply
voltage at Vpp; = 5V, with all other
parameters held constant. This value
is expressed as the change in offset
voltage per volt change of the input
supply voltage.

. Data sheet value is the average change

in offset voltage versus output supply
voltage at Vppy = 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.

Gain is defined as the slope of the
best-fit line of differential output
voltage (Voyr+ - Vour.) versus
differential input voltage (Viy . -Vin.)
over the specified input range.

Data sheet value is the average change
in gain versus temperature at

T, = 25°C, with all other parameters
held constant. This value is expressed
as the percentage change in gain per
°C change in temperature.

Data sheet value is the average
magnitude of the change in gain
versus temperature at Ty = 25°C, with
all other parameters held constant.
This value is expressed as the
percentage change in magnitude per
°C change in temperature.

Data sheet value is the average change
in gain versus input supply voltage at
Vpp1 = 5V, with all other parameters
held constant. This value is expressed
as the percentage change in gain per
volt change of the input supply
voltage.

. Data sheet value is the average change

in gain versus output supply voltage at
Vbpz = 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.

Nonlinearity is defined 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
mV would therefore correspond to a
nonlinearity of 0.2%.

16. Data sheet value is the average change
in nonlinearity versus temperature at
T, = 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 (10°C times
-0.001 % pts/°C) from 0.2% to 0.19%.

17. Data sheet value is the average change
in nonlinearity versus input supply
voltage at Vpp) = 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 Vppy = 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. NL, ¢ is the nonlinearity specified over
an input voltage range of £ 100 mV.

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 mV, the
outputs will limit at the typical values
shown.

23. The maximum specified input supply
current occurs when the differential
input voltage (Vx4 - Vin.) = 0 V. The
input supply current decreases
approximately 1.3 mA per 1V
decrease in Vpp,.

24. The maximum specified output supply
current occurs when the differential
input voltage (Vx4 - Viy.) = 200 mV,
the maximum recommended operating
input voltage. However, the output
supply current will continue to rise for
differential input voltages up to
approximately 300 mV, 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 Vppy or ground.

26. IMR (also known as CMR or Common
Mode Rejection) 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

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

AD624CD

+5V +5V
0.1 yF HCPL-7800 0.1 yF
| ==
10K
2 z AN
3 6
A 5 10K

=  033pF 33 uF

GAIN = 1000

15V

Figure 1. 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 Vpipis -1 MHz square wave with 5 ns
rise and fall times is applied to both
Vpp; and Vppp.

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 Vjgq specified at
8750 Vs, €ach optocoupler is proof-
tested by applying an insulation test
voltage greater-than-or-equal-to 4500
Vims for one second (leak current
detection limit, Iy < 5 pA). 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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Figure 2. I.nput-Referred Offset Drift
vs. Temperature.
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Bandwidths vs. Temperature.
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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

o
0 20 40 60 80 100120 140 160 180

tion Circuit.

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 falling) of

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 uF
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 (Vjy,) is bypassed with
a 0.01 pF 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 (Vi) 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 (Viy, and Vy) 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
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UF 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 Instrumerits),
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),
TLO32A, TLO52A, 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
-b 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.

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 mV 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

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.

OPTOCOUPLERS

For more information, refer to
Application Note 1059.

VOLTAGE cLocK VOLTAGE
REGULATOR GENERATOR REGULATOR
ISOLATION
BOUNDARY
)
1
1SO-AMP A l LED DRIVE DETECTOR ( DECODER 1SO-AMP
INPUT g:(M_ODULATOR ENCODER CIRCUIT ].Z[ CIRCUIT AND D/A J:i FILTER J:gouTPUT

Figure 28. HCPL-7800 Block Diagram.

m|m+5 Volts

+ Rsense B e = ® oC4o [ ] ® | 6round

- Rsanse 8.08. oo R2 o o o ®m+15 volrs
._,.g [ ] ® o R1 © o o - vVout

+ Supply m (] g. ® eCE50 eCB8e ¢ L] m~-15 VolTrs

® R4 ® ©® R3 o

oCcSe

Figure 29. PC Board Trace Pattern and Loading Diagram Example.
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Figure 32. Application Circuit Overload Recovery Waveform.
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HEWLETT®
PACKARD

(D

High CMR Analog Isolation

Amplifiers

Technical Data

Features

* Fast Propagation Delays for
Over-Current and Fault
Detection Sensing

¢ High Common Mode
Rejection (CMR): 30 kV/us at
Vem = 1000 V*

* 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/1 Min),
VDE 0884 and CSA

¢ Compact Auto-Insertable
Standard 8-Pin DIP Package

¢ Advanced Sigma-Delta (ZA)
A/D Converter Technology

* 1 um 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

OPTOCOUPLERS

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

Ipp1 Iop2 4
Vbp1 © 0 VpD2
2 | 7
ViNe O—— + | VouT+
3 % 6
ViN-o——] - { Vout-
i
4 ! 5
GND1 O /‘—— S GND2
/
CMR SHIELD

A 0.1 uF 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 of this component to
prevent damage and/or degradation which may be induced by ESD.

5965-3591E
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this device to be used in hostile 8-pin DIP package that meets ensure that your equipment can
industrial environments. This major worldwide regulatory and be certified in many geographic
performance is delivered in an safety approval ratings to help areas.

auto-insertable, industry standard

Ordering Information
HCPL-782x

% Gain Tolerance
% Gain Tolerance

g W

Option yyy

300 = Gull Wing 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
9.40(0.370) |
= 990(0.390) v
(81 (7 (&) ra - — =
TYPE NUMBER N 0.20 (0.008)
0 (0.240 0.33(0.013)
HP 7820 DATE CODE 6.10 (0.240)|
] | 6.60(0.260)
Yyww 7.36 (0.290)
7.88(0.310) 5° TYP.
PIN ONE U,I 12) Lu) Q] j_
119 (0.047) MAX. ﬂ f" — L«1 .78 (0.070) MAX.
i
4.70 (0.185) MAX. PIN DIAGRAM
PIN ONE [}voor Voo2[&]
T L 051 (0.020 min.
2.92 (o 115) MIN. [2]vm. Vvour.[7]
‘ [E]vin- Vour-[e]
0.76 (0.030 0. MAX.
1.24 (0.049; H T 4_22:50(2:;5) [4]enD1 GND2[5]
2.80 (0.110)

DIMENSIONS IN MILLIMETERS AND (INCHES).
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Gull Wing Surface Mount Option 300*

PIN LOCATION (FOR REFERENCE ONLY)

9652025 | . 1.02 (0.040
" (0.380 = 0.010) ‘ ‘ 1.19(0.047)
[3) o o [ o ey
83
T ©.190) "
6.350 + 0.25 v
(0.250 = 0.010) .65+ 0.25
(0.380 = 0.010)
MOLDED o
——»{ ’4— ‘Li 0.380 (0.015)
1.19 (0.047) 0.635 (0.025)
1.78 (0.070)
1.780  965£025
™ (0.070) "~ (0.380£0.010) |
119
©oany ™ MAX 7.62£0.25 _
MAX. (0.300 = 0.010)
T T 0.20 (0.008)
419 0.33(0.013)
(o.l 65)MAX
T T i*:,"‘ — —
1.080+0.320 ‘ T i  0.635£0.25
(0.043 + 0.013) 05120 130’ (0.025 = 0.010) \
R =0,
—»[2.540=— 0.020 + 0.005) r=—12° NOM.
(0.100) (0.020 £ 0.005)
BSC
DIMENSIONS IN MILLIMETERS (INCHES).
TOLERANCES (UNLESS OTHERWISE SPECIFIED): Xx.xx = 0.01 LEAD COPLANARITY

*Refer to Option 300 Data Sheet for more information.

Maximum Solder Reflow Thermal Profile

xx.xxx = 0.005

260

240
220

45°C, 1°C/SEC

AT = 115°C, 0.3°C/SEC N

200
180

160
140

120 |
100

80

+~«—— AT =100°C, 1.5°C/SEC

TEMPERATURE - °C

60

40

20

AN

T

0
o 1 2 3 4 5 6 7 8 9

TIME - MINUTES

10 11 12

(NOTE: USE OF NON-CHLORINE ACTIVATED FLUXES IS RECOMMENDED.)

MAXIMUM: 0.102 (0.004)
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Regulatory Information
The HCPL-7820/7825 has been

approved by the following
organizations:
UL CSA VDE
Recognized under UL 1577, Approved under CSA Component Approved according to VDE
Component Recognition Program,  Acceptance Notice #5, File CA 0884/06.92.
FILE E55361. 88324.
Insulation and Safety Related Specifications
Parameter Symbol | Value | Units Conditions
Min. External Air Gap L(IO1) 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 \4 DIN IEC 112/VDE 0303 Part 1
(Comparative Tracking
Index)
Isolation Group IITa Material Group (DIN VDE 0110, 1/89,
Table 1)

VDE 0884 (06.92) Insulation Characteristics

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

Description Symbol Characteristic Unit
Installation classification per DIN VDE 0110, Table 1
for rated mains voltage < 300 V rms |G\
for rated mains voltage < 600 V rms I-1I
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** Ver 1591 V peak
Vpr = 1.875 x Viggy, Production test with t, = 1 sec,
Partial discharge < 5 pC
Input to Output Test Voltage, Method a** Vpr 1273 V peak
Ver = 1.5 x Viggy, Type and sample test with t, = 60 sec,
Partial discharge < 5 pC
Highest Allowable Overvoltage** Vrr 6000 V peak
(Transient Overvoltage trg = 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 P input 80 mwW
Output Power Ps output 250 mwW
Insulation Resistance at Tg, V;, = 500 V Ry > 1x10'2 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.

1-236




Absolute Maximum Ratings

Parameter Symbol Min. Max. Unit Note
Storage Temperature Ty -5b 125 °C
Ambient Operating Temperature Ty -40 100 °C
Supply Voltages Vo1, Vope 0.0 5.5 \'
Steady-State Input Voltage Vin+, VIN- -2.0 Vop1 +0.5 A%
Two Second Transient Input Voltage -6.0
Output Voltages Vour+; Vour.- -0.5 Vppz +0.5 \%
Lead Solder Temperature Ts 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 T -40 100 °C
Supply Voltages Vbb1, Vope 4.5 5.5 \4
Input Voltage Viner Vin -200 200 mV 2
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DC Electrical Specifications
All specifications are at the nominal (typical) operating conditions of Viy, = 0V, Viy. = 0V, T, = 25°C,
Vop: = 5 Vand Vppe = 5 V, unless otherwise noted.

Parameter Symbol | Min. | Typ. |Max.| Unit Test Conditions Fig. | Note
Input Offset Voltage Vos -0.8 | 0.45 | 1.7 mV 1 3
-2.0 | 0.45 | 2.9 -40°C £ Ty £ 100°C 1,2,3
4.5V < (Vppr, Vppo) < 5.5V
Absolute Value of Input | AVos/AT | 7.8 uv/°C ‘ 1,2 | 3,4
Offset Change vs. :
Temperature
Gain: HCPL-7820 G 7.76 | 8.00 |8.24 | V/V | -200mV < V4 £ 200 mV 5

7.60 | 8.00 |8.40 -200 MV < Vigy < 200 mV 5,6,7
: -40°C < T4 < 100°C
4.5V (Vopy, Vop) € 5.5V

Gain: HCPL-7825 G 7.60 | 8.00 |8.40 | V/V |-200mV < Vi £ 200 mV 5

744 | 8.00 [8.56 | 200mV < Vigy € 200mV’ | 5,6,7
-40°C < Ty < 100°C
4.5V < (Vop1, Vope) € 5.5V

200 mV Nonlinearity NLggo 0.06 |0.15| % |-200mV < Vit £ 200 mV 5,8 5
0.3 -200 mV £ Vg £ 200 mV 5,8,
-40°C £ T, < 100°C 9,10,
4.5V< (Vppy, Vppe) € 5.5V 12
100 mV Nonlinearity NLjgo 0.03 | 0.08 -100 mV £ Vi, £ 100 mV 5,8
0.1 -100 mV £ Vi, € 100 mv’ 5,8,
-40°C £ T, < 100°C 9,11,
4.5V< (Vppy, Vope) € 5.5V 12
Maximum Input Voltage | Vin+ |max 320 mvV 4
Before Output Clipping
Average Input Bias In ) -1 MHA 13 6
Current
Average Input Resistance Ry 280 kQ
Input DC Common-Mode CMRRy 52 dB
Rejection Ratio
Output Resistance Ro 1.2 Q
Output Low Voltage VoL 1.30 \4 Vin+ = 400 mV 4 7
Output High Voltage Vou 3.90 V | Vin+ =-400 mV
Output Common- Vocum 2.30 | 2.60 |2.90 v -400 mV < Viyy < 400 mV
Mode Voltage -40°C £ T, < 100°C
Input Supply Current Ipp: 11.1 |17.0 | mA | 4.5V< (Vbpy, Vpp2) € 55V 14
Output Supply Current Inpg 10.0 | 14.0 | mA 15
Output Short-Circuit ool 12 mA | Vour = 0Vor Vyy, 8
Current
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AC Electrical Specifications .
All specifications and figures are at the nominal (typical) operating conditions of Viy; =0V, V. = 0V,

Ty, = 25°C, Vpp; = 5 Vand Vpps = 5 V, unless otherwise noted.

Parameter Symbol |Min. | Typ. | Max.| Unit Test Conditions Fig. |Note
Isolation Mode Rejection IMR 20 30 kVius | Vip = 1kV 16 9
-40°C < T, £ 100°C
4.5V< (Vopi, Vop2) £ 5.5V
Isolation Mode Rejection | IMRR >140 dB 10
Ratio at 60 Hz
Propagation Delay to 50%| tppsg |1.20 | 1.85| 2.85 us Vine = 0to 100 mV step 17,18
Propagation Delay to 90%| tppgy |1.60 | 2.75| 4.10 -40°C < Ty < 100°C
Rise/Fall Time (10-90%) | tgr |0.85 | 1.50 | 2.25 4.5V< (Vpps, Vop) < 5.5V
Small-Signal Bandwidth f348 150 | 200 | 380 | kHz | -40°C< T, < 100°C 17,19,
(-3 dB) 4.5V< (Vpp1, Vop2) < 5.5V | 20
Small-Signal Bandwidth f 450 85
(-45%)
RMS Input-Referred Noise W 1.4 mVrms | In recommended 21,24 11
application circuit
Power Supply Rejection PSR 150 mV p-p 12
Package Characteristics
All specifications and figures are at the nominal (typical) operating conditions of Vi, =0V, V. =0,
Ty, = 25°C, Vpp; = 5 Vand Vppy = 5V, unless otherwise noted.

Parameter Symbol | Min. | Typ. | Max.| Unit Test Conditions Fig. |Note
Input-Output Momentary| Vigo |3750 Vrms | t = 1 min., RH < 50% 13,14
Withstand Voltage*

Input-Output Rio 1012 | 1013 Q Ty, = 25°C | V.o = 500 Vdc 13
Resistance 1011 T, = 100°C

Input-Output CrLo 0.7 pF | f=1MHz

Capacitance

Input IC Junction-to- Ojci 96 °C/W | Thermocouple located at

Case Thermal center underside of

Resistance package

Output IC Junction-to- 8ico 114 °C/W

Case 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:

1.

[\]

W

IS}

HP recommends the use of non-
chlorine activated fluxes.

. If V. is brought above Vpp,-2 V with

respect to GND1 an internal test mode
may be activated. This test mode is not
intended for customer use.

. 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).

Data sheet value is the average
magnitude of the difference in offset
voltage from T, = 25°C to T, = 100°C,
expressed in microvolts per °C.

. Nonlinearity is defined 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.

. Because of the switched-capacitor

nature of the input sigma-delta A/D
converter, time-averaged values are
shown.

. 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 Vppy or ground.
IMR (also known as CMR or Common
Mode Rejection) 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 mV at the output of the recom-
mended application circuit (Figure
24). See applications section for more
information on CMR.

0. IMRR is defined 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.

. 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

©

o=

12.

13.

14,

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.

Data sheet value is the amplitude of
the transient at the differential output
of the HCPL-7820/7825 when a 1 V,.,,
1 MHz square wave with 200 ns rise
and fall times (measured at pins 1 and
8) is applied to both Vpp; and Vpp,.
This is a two-terminal measurement:
pins 1-4 are shorted together and pins
5-8 are shorted together.

In accordance with UL 1577, for
devices with minimum Vigq 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 I 5 < 5 pA). 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 5. Gain and Nonlinearity Test Circuit.
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Applications Information

300 Functional Description
250 Figure 23 shows the primary
s — oot \ functional blocks of the HCPL-
E 2004 _ P INPUT \ 7.820/7825. In operation, the
o l [ \ sigma-delta modulator converts
3 150 MAX. OPERATING \ the analog input signal into a
T 10| TEMP-1S 100°C high-speed serial bit stream. The
O i el ———= \ time average of this bit stream is
50 N, directly proportional to the input
o \\\ signal. This stream of digital data
) 50 100 150 200

is encoded and optically trans-
mitted to the detector circuit. The
detected signal is decoded and
converted back into an analog

Ta - TEMPERATURE - °C

Figure 22. Dependence of Safety-
Limiting Values on Temperature.

VOLTAGE CLOCK
REGULATOR GENERATOR

ISOLATION
BOUNIDARY

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
(U1). The voltage from the cur-
rent sensing resistor, or shunt
(Rsgnsk), is applied to the input of

VOLTAGE
REGULATOR

I 1
1
ISO-AMP A LED DRIVE DETECTOR
INPUT :(MODULATOR ENCODER CIRCUIT JZ[ CIRCUIT
|

DECODER

1SO-AMP
)::{ FILTER j-_—g OUTPUT

AND D/A

Figure 23. HCPL-7820/7825 Block Diagram.

FLOATING
HV+ SUPPLY
.o
FLOATING
SUPPLY
U1 45V
78L05
IN OuUT|
o T L
To1 "t(: He : o4
WF as WF 0.1 yF
AVAVAV 2 7
390 c3
—Lo 01 vz
uF 3] (]
MOTOR
e _@ LY. . ! 4 5
RsENSE
HCPL-7820/7825
HV-

Figure 24. Recommended Application Circuit.
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the HCPL-7820/7825 through an
RC anti-aliasing filter (R5, C3).
And finally, 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 uF
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 pF
bypass capacitor (C3) is also rec-
ommended at the input pin(s) due
to the switched-capacitor nature
of the input circuit. The input
bypass capacitor 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,
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 Isolation
Amplifiers.

Shunt Resistor Selection

The current-sensing shunt resistor
should have low resistance (to
minimize power dissipation), low
inductance (to minimize di/dt

Table 1. Current Shunt Summary

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 Isolation
Amplifiers contains additional
information on designing with
current shunts.

OPTOCOUPLERS

The recommended method for
connecting the isolation amplifier
to the shunt resistor is shown in

Shunt Resistor Shunt Maximum Maximum Maximum
Part Number Resistance Power Dissipation RMS Current Horsepower Range
LVR-3.05-1% 50 mQ 3w 3A ' 0.8-3.0 hp
LVR-3.02-1% 20 mQ 3w 8A 2.2-8.0 hp
LVR-3.01-1% 10 mQ 3w 15 A 4.1-15 hp
LVR-5.005-1% 5 mQ bW 35 A 9.6-35 hp
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Figure 24. Pin 2 (Vpyy) is con-
nected to the positive terminal of
the shunt resistor, while pin 3
(Vino) is shorted to pin 4 (GND1),
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

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

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

+5V
o
RAA <
20.0KQ S
LI I 81 |ca
Toapr
R1
2 7 AAA
— A\AM
10.0 KQ
u2 a2
3 6 AA
] \AA
10.0 KQ
4] 5
ool Lnae
HCPL-7820/7825 75 pF'I: $20.0KQ

Figure 26. Top Layer of Printed Circuit Board Layout.
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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
Heuwlett-Packard Isolation
Amplifiers for more information
on PCB layout considerations.

L
o
3
5
g

Figure 27. Bottom Layer of Printed Circuit Board Layout.



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 mV.

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
adjusted 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
2.6 us and delay to 90% of

4.2 ps.

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.

OPTOCOUPLERS

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 kQ2) and
input bias current (1 pA) 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 Data

Features

* High Common Mode
Rejection (CMR): 15 kV/us
at Vo = 1000V

5% Gain Tolerance

0.1% Nonlinearity

Low Offset Voltage and Off-
set Temperature Coefficient
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/us makes the HCPL-7840
suitable for noisy electrical

HCPL-7840

environments such as those
generated by the high switching
rates of power IGBTs.

Low offset voltage together with
a low offset voltage temperature
coefficient permits accurate use
of auto-calibration techniques.

Gain tolerance of 5% with 0.1%
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

IpD1 Ipp2
Voo1 [1 == ! -— E Vbp2
1
Vine [ 2] ~ 7] vour.
A
ViN- E \:hA —_G—I Vout-
1
GND1 [4] sHEp——2] ano2

A 0.1 F bypass capacitor must be connected between pins 1 and 4 and between pins 5 and 8.

CAUTION: 1t 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
HCPL-7840#xxx
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.

OPTOCOUPLERS

Package Outline Drawings

Standard DIP Package 0,651 0.25
{0.380 £ 0.010)
[ (D)
HP 7840 DATE CODE
Yyww |
7.62:025 |
U o, L-._) q LTo.aoo +0.010)
6.35 = 0.25
o = 0. |
1.19 (0.047) MAX. — > ~— —>  =—178(0070) MAX. | |(0.250 = 0-010)i
[
: |
4.70 (0.185) MAX.
L] n J
L o.51 (0.020) min. |
292 (0.115) MIN.
I A ‘. il
PH i
‘ il - || <_ 020 (0.008)
1.080 0320 | ‘ | —> |~ 0.65 (0.025) MAX. T -STYP. e 533 (0.013)
(0043 £ 0,013) | | 2ses0z
| .54 = 0.
> 01002 0.010)
Gull Wing Surface Mount Option 300 PADLOCATION (FORREFERENCE ONLY)
9.65 £ 0.25 | i 1.016 (0.040)
“ T (0380£0010) | ; > = I Tea(0.047)
| | oo
il M i R N e s
: 4.826
| ‘ ©:190) 7" |
HP 7840 6.350 £ 0.25 Y :
YYWW (0-250 + 0.010) 9.398 (0.370)
o : 9.960 (0.390)
. { 1
T Tg I I s ‘A_4
—>| F— | 0.381(0.015)
1.194 (0.047) 0.635 (0.025)
L ATTROT0) ]
. 1780 9.6520.25
™ [~ (o0 ™7(0.380 = 0.010)

1.19 >
(0.047) 7.62£0.25
MAX. (0.300 = 0.010) ‘

|| || e . | SBGs
(©0.165MAX- [ w
—1 | N .

1.080 £ 0.320 .I | [N ’__o.sssgozs o1

(0.043 £ 0.013) 0,635 2 010 {0.025 £ 0.010) | |
a =0, |\
—»{254 y y —»| l=—12° NOM.
10:100) (0.025 2 0.005)
BSC
DIMENSIONS IN MILLIMETERS (INCHES). LEAD COPLANARITY
TOLERANCES (UNLESS OTHERWISE SPECIFIED): xx.xx = 0.01 MAXIMUM: 0.102 (0.004)

XX.xxx = 0.005
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Maximum Solder Reflow Thermal Profile Regulatory Information
The HCPL-7840 has been

260 — N ‘ T approved by the following
g = 7 (4T = 145°C, 1°CISEC organizations:
700 | AT=116°C, 0.3°C/SEC \
© 180F : N\ UL Recognized under UL 1577,
W 160 E Component Recognition
- 4 N Program, File E55361.
o =
N T CSA Approved under CSA
F oeof 7/ AT = 100°C, 1.5°CISEC Component Acceptance Notice
0 #b5, File CA 88324,
20f
o L Ll Ll Ll Ll Ll Ll bl Lol Ll Ll Lol Ll L

o
-
N
«@
»

5 6 7 8 9 10 11 12
TIME - MINUTES

(NOTE: USE OF NON-CHLORINE ACTIVATED FLUXES IS RECOMMENDED.)

Insulation and Safety Related Specifications

Parameter Symbol | Value | Units Conditions
Min. External Air Gap L({I01) 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 Illa 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 Ty -40 85 °C
Supply Voltages Vb1, Vbpe 0.0 5.5 \4
Steady-State Input Voltage Vin+s Vin -2.0 Vop1 +0.5 |V 1
2 Second Transient Input Voltage -6.0 )
Output Voltages Vour+, Vour- -0.5 Vbpz +0.5 v
Lead Solder Temperature Tis 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

OPTOCOUPLERS

Parameter Symbol Min. Max. Unit Note
Ambient Operating Temperature Ty -40 85 °C
Supply Voltages Vo1, Vbpe 4.5 5.5 \4 N
Input Voltage Vin+, VIN- -200 200 mV 1
DC Electrical Specifications

All specifications, typicals and figures are at the nominal operating conditions of Viy+ =0V, Vix. =0V,
Ty = 25°C, Vpp; = 5 Vand Vppy = 5V, unless otherwise noted.

Parameter Symbol | Min.| Typ. |Max.| Unit Test Conditions Fig. |Note
Input Offset Voltage Vos -1.2 1 -02 | 1.0 | mV 1 2
3.0 -02 | 2.0 -40°C < Ty < 85°C 1,2,3
4.5< (Vppi, Vop2) £ 55V
Gain G 7.60 | 8.00 | 8.40| V/V | -200 < Vin4+ £ 200 mV 5
7.44| 8.00 | 8.56 -200 £ Vin+ £ 200 mV 5,6,7

-40°C < Ty < 85°C
4.5< (Vbp1, Vop2) € 5.5V

200 mV Nonlinearity NLggo 0.1 [ 0.2 % |-200< Vit < 200 mV 5,8 3
0.4 -200 £ Vin+ £ 200 mV 5,8,9

-40°C< Tp < 85°C 10,12
4.5< (Vpp1, Vop2) £ 55V

100 mV Nonlinearity NLj00 0.05 | 0.1 -100 £ Vin+ £ 100 mV 5,8

0.2 -100 £ Vin+ £ 100 mV 5,8,9

-40°C < Ty < 85°C 11,12
4.5< (Vbpi, Vop2) £ 5.6V

Maximum Input Voltage | Vin+ | 320 mV 4

Before Output Clipping MAX

Average Input Bias Current IN -0.567 PA 13 4

Average Input Resistance Ry 480 kQ

Input DC Common-Mode CMRRy 69 dB 5

Rejection Ratio

Output Resistance Ro 1 Q

Output Low Voltage VoL 1.28 V | Viny =400 mV 4 6

Output High Voltage Vou 3.84 V | Viny =-400 mV

Output Common-Mode Vocm 2.20| 2.66 | 2.80| V |-400 < Viy+ < 400 mV

Voltage -40°C < Ty < 85°C

Input Supply Current Ipp1 8.7 |155| mA |4.5< (Vpp1, Vpp2) £ 5.5V| 14

Output Supply Current Ippe 8.8 | 14.5| mA 15

Output Short-Circuit Current| |Iosc| 11 mA | Vour = 0V or Vppo 7
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AC Electrical Specifications

All specifications, typicals and figures are at the nominal operating conditions of Vix+ =0V, Vix. =0V,
Ty = 25°C, Vpp; = 5 Vand Vppg = 5 V, unless otherwise noted.

Parameter Symbol | Min. | Typ. | Max. | Unit Test Conditions Fig. | Note
Common Mode CMR 10 15 kV/ius | Vou = 1 kV 16 8
Rejection 45< (VDDI’ VDDZ) <55V
Common Mode CMRR >140 dB 9
Rejection Ratio
at 60 Hz
Propagation Delay | tppsg 3.7 6.5 us Vin+. = 0 to 100 mV step 17,18
to 50% -40°C < T, < 85°C

4.5< (Vpp1, Vop2) < 5.5V
Propagation Delay | tppgg 5.7 9.9
to 90%
Rise/Fall Time trr 34 | 6.6
(10-90%)
Small-Signal faas 50 100 kHz | -40°C< T, < 85°C 17,19,
Bandwidth 45< (VDDly VDDZ) <55V 20
(-3 dB)
Small-Signal f 450 33
Bandwidth (-45°)
RMS Input- W 0.6 mVyy,s | In recommended 21, 23| 10
Referred Noise application circuit
Power Supply PSR 570 mVp.p 11
Rejection

Package Characteristics
All specifications, typicals and figures are at the nominal operating conditions of Vix+ = 0V, V. = 0V,
TA = 2500, VDDl =5Vand VDD2 =5 V, unless otherwise noted.

Parameter Symbol | Min. | Typ. | Max. | Unit Test Conditions Fig. | Note
Input-Output Momentary Viso 2500 Vims | t = 1 min.,, RH< 50% 12,13
‘Withstand Voltage*

Input-Output Resistance Rro 1012 Q | Vo =500 Vde 13
Input-Output Capacitance Cro 0.6 pF | f=1MHz
’ VI-O = (0 Vdc

*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 Viy. is brought above Vpp, -2 V

with respect to GND1 an internal test

mode may be activated. This test
mode is not intended for customer
use.

. 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 A/D
converter, time-averaged values are
shown.

5. CMRRyy 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 mV, the

outputs will limit at the typical values

7. Short-circuit current is the amount of
output current generated when either
output is shorted to Vppg 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 mV 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.

shown. 10. Output noise comes from two primary
sources: chopper noise and sigma-
Vop1 Vo2 15V
0.1 pyF
1 8
== 0.1 yF L
10K
2 7 MWy +\
L . HCPL-7840 >———oVour
01 WF T= 3 6 10K |- ADs24D
vy GAIN =100
4 : 5 047 _|oar | O1WF
WF uF
L —
—_— — -15V
Figure 1. Input Offset Voltage Test Circuit.
E0.6 ‘ E0.3 T v‘ v. Iv
' oa Vopi =5V L : == vs. Vpp1 (VpD2=5V)
8 Vpp2=5V v o 02 == vs. Vpp2 (Vpp1 =5 V) ,
H / z 0.
< 02 < : I /
5 // 5 Tp=25°C
5 o 7 &
o » 01
w 'S
£ // : /
§ -0.4 7 2 0 N _ .
S / Z =
| 1
8 -0.6 g 8
Z 08 2 .01 '
40 20 0 20 40 60 80 100 44 46 48 50 52 54 56

Ta - TEMPERATURE - °C

Figure 2. Input Offset Change vs.
Temperature.

Vpp - SUPPLY VOLTAGE - V

Figure 3. Input Offset Change vs.
Vpp: and Vppo.

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 Vpp,

1 MHz square wave with 100 ns rise
and fall times (measured at pins 1
and 8) is applied to both Vpp; and
Vbpe-

12. In accordance with UL1577, each
isolation amplifer is proof tested by
applying an insulation test voltage
2 3000 Vgys for 1 second (leakage
current detection limit Iy o < 5 pA).

13. Device considered a two terminal
device: Pins 1, 2, 3 and 4 connected
together; pins 5, 6, 7 and 8
connected together.

OPTOCOUPLERS

4.0

> 35
M NEGATIVE -] A-posiive
o} OUTPUT /| output
< 30 7
2 W%
> 25 7 4
§ / \
’=°', 20 T \
/
1 / \
o) 4 Vpp1=5V
218 =’ |Vpp2=5V| ol
Ta=25°C

04 02 0 02 04 06
Vin - INPUT VOLTAGE - V

1.0
-0.6

Figure 4. Output Voltages vs. Input
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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
(U1). 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 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 23, 0.1 pF
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

. =
ﬁ,-ﬂ-’/
Looes
0

VN - RMS INPUT-REFERRED NOISE - mV

50 100 500
f- FREQUENCY — KHz

Figure 21. RMS Input-Referred Noise
vs. Recommended Application Circuit
Bandwidth.

required because of the high-
speed digital nature of the signals
inside the isolation amplifier. A
0.01 uF bypass capacitor (C3) is
also recommended at the input
pin(s) 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 (Viy4) is con-
nected to the positive terminal of
the shunt resistor, while pin 3
(Vin.) is shorted to pin 4 (GND1),
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 mV.

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 b, the
op-amp should have a gain-
bandwidth greater than 1 MHz.
The post-amplifier circuit
includes a pair of capacitors (Cb
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 ps and delay to 90%
of 8.5 us.

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

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 KQ 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 Maximum
Shunt Power Average Horsepower
Shunt Resistor Part Number Resistance Dissipation Current Range
LVR-3.05-1% 50 mQ 3W 3A 0.8-3.0 hp
LVR-3.02-1% 20 mQ 3w 8A 2.2-8.0 hp
LVR-3.01-1% 10 mQ 3w 15A 4.1-15 hp
LVR-5.005-1% 5 mQ 5W 35A 9.6-35 hp
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() Pty

Isolated 15-bit A/D 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 18 us Signal Delay
(14-bit with 94 us)

* Fast 3 us 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

HCPL-7860
HCPL-0870, -7870

* Offset Calibration

¢ -40°C to +85°C Operating
Temperature Range

¢ 15 kV/us Isolation Transient
Immunity

¢ Regulatory Approvals; UL,
CSA, VDE

INPUT
CURRENT

MODULATOR

DIGITAL CURRENT SENSOR

ISOLATION bS

BOUNDARY

ISOLATED DIGITAL
INTERFACE IC

OUTPUT
DATA

S

Hewlett-Packard’s Isolated A/D 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 handling 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 A/D converter to
sense current can be as simple as

shunt resistance, any range of
current can be monitored, from
less than 1 A to more than 100 A.

Even better performance can be

than 1 ps, the fast over-range
detector for quickly detecting
short circuits, different conversion
modes giving various resolution/
speed trade-offs, offset calibra-

OPTOCOUPLERS

achieved by fully utilizing the
more advanced features of the
Isolated A/D converter, such as
the pre-trigger circuit which can
reduce conversion time to less

tion mode to eliminate initial
offset from measurements, and
an adjustable threshold detector
for detecting non-short circuit
overload conditions.

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

NON-ISOLATED

+5V
ISOLATED
5V CCLK Vpp
t— CLAT CHAN [—
Vobi1  Vop2 +—| CDAT SCLK SWIRE
ViN+  MCLK MCLK1  SDAT SERIAL
VIN- MDAT MDAT1 cs INTERFACE
|GND1  GND2 —=C2 ¢—|MCLK2 THR1}— [+
01WF ¢ lupar2  ovRif— TN&3e
HCPL-7860 M
GND RESET
HCPL-x870

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 Vryms dielectric with-
stand voltage rating) converts a

low-bandwidth analog input into
a high-speed one-bit data stream
by means of a sigma-delta (£A)
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

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
S0-16 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 HCPL-x870 Digital Interface IC

addi?ional hardware.. Because the Feature Channel #1 Channel #2
two inputs are multiplexed, only C ion Mod 7 7
one conversion at a time can be onversm.n 0_ ad
made and not all features are Offset Calibration v v
available for the second channel. Pre-Trigger Mode v
The available features for both Over-Range Detection v
channels are shown in the table Adjustable Threshold Detection v
at right. ;
Functional Diagrams
ISOLATION
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HCPL-7860 Isolated Modulator

Pin Description, Isolated Modulator

HCPL-x870 Digital Interface IC

Symbol Description

Symbol Description

Vbb1 Supply voltage input (4.5 Vto 5.5 V)

Vbp2 Supply voltage input (4.5 V to 5.5 V)

VIN+ Positive input (+ 200 mV
recommended)

MCLK Clock output (10 MHz typical)

VIN- Negative input
(normally connected to GND1)

MDAT Serial data output

GND1 Input ground

GND2 Output ground
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Pin Description, Digital Interface IC

Symbol Description Symbol Description

CCLK | Clock input for the Serial Configuration Vbp | Supply voltage (4.5 Vto 5.5 V).
Interface (SCI). Serial Configuration
data is clocked in on the rising edge
of CCLK.

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 CDAT by CCLK are data is used during the next conversion
latched into the appropriate cycle. An input low selects channel 1,
configuration register on the rising a high selects channel 2.
edge of CLAT.

CDAT | Data input for the Serial Configuration SCLK | Serial clock input. Serial data is clocked
Interface (SCI). Serial configuration out of SDAT on the falling edge of SCLK.
data is clocked in MSB first.

MCLK1 | Channel 1 Isolated Modulator clock SDAT | Serial data output. SDAT changes from
input. Input Data on MDAT1 is clocked high impedance to a logic low output
in on the rising edge of MCLK1. at the start of a conversion cycle.

SDAT then goes high to indicate that
data is ready to be clocked out. SDAT
returns to a high-impedance state after
all data has been clocked out and CS
has been brought high.

MDATI1 [ 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 THR1 | Continuous, programmable-threshold
input. Input Data on MDAT?2 is clocked detection for channel 1 input data. A
in on the rising edge of MCLK2. high level output on THR1 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.

MDAT2 | Channel 2 Isolated Modulator data OVR1 |High speed continuous over-range

input. detection for channel 1 input data. A
high level output on OVR1 indicates
that the magnitude of the channel 1
input is beyond full-scale. This signal
continuously monitors channel 1
independent of the CHAN signal.

GND | 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 A/D Converter Performance

Electrical Specifications

Unless otherwise noted, all specifications are at Vin+ = -200 mV to +200 mV and Viy. = 0 V; all Typical
specifications are at Ty = 25°C and Vpp; = Vpp2 = Vpp = 5 V; all Minimum/Maximum specifications are at
Ta = -40°C to +85°C, Vpp1 = Vpp2 = Vpp = 4.5t0 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

0.025| 0.14 % 4
Differential Nonlinearity DNL 1 LSB 3
Uncalibrated Input Offset Vos -1 1 2.5 mV [Viny =0V 5
Offset Drift vs. Temperature | dVos/dTa 4 uv/°C 4
Offset drift vs. Vpp1 dVos/dVpp1 0.7 mV/V
Internal Reference Voltage VREF 326 mV
Absolute Reference Voltage -4 4 % 6 5
Tolerance
Reference Voltage -1 1 % Ta = 25°C.
Matching See Note 5
VREF Drift vs. Temperature | dVrgr/dTa 190 pp/°C
VReF Drift vs. Vpp1 dVrRer/dVDD1 0.9 %
Full Scale Input Range -VREF +VRgr | mV 6
Recommended Input -200 +200
Voltage Range
DYNAMIC CONVERTER CHARACTERISTICS
(Digital Interface IC 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 mVyps) sine
+ Distortion) wave.
Effective Number of Bits ENOB 10 12 bits 8 7
Conversion Time tco 0.7 1.0 us Pre-Trigger Mode 2 | 7, 8

tol 18 22 Pre-Trigger Mode 1 | 14
tco 37 44 Pre-Trigger Mode 0

Signal Delay tDSIG 18 22 10 9
Over-Range Detect Time tovR1 2.0 2.7 4.2 Vin+ =0to400mV | 12 | 10
Threshold Detect Time tTHR1 10 step waveform 11
Signal Bandwidth BW 18 22 kHz 11 | 12
Isolation Transient CMR 15 20 kV/us |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 A/D 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 Viy, = -200 mV to
+200 mV, expressed either as the
number of LSBs or as a percent of
measured input range (400 mV).

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 T, = 25°C to
T, = -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

75.0

«s=+Vppy =45V
745} == Vpp1 =50V
= \Vpp1 =55V

/A

74.0 yare

SNR

/
’
735 _,/ -
_/ ,I
’
730 "= - T
725
-40 -20 0 20 40 60 85
TEMPERATURE ~ °C

Figure 2. SNR vs. Temperature.

©

INL-LSB

equation ENOB = (SNR-1.76)/6.02
and represents the resolution of an
ideal, quantization-noise limited A/D
converter with the same SNR.

. 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 data 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 A/D
converter for closed-loop phase
margin calculations, the signal delay
specification should be used.

. Signal delay is defined as the effec-

tive delay of the input signal through
the Isolated A/D converter. It can be
measured by applying a -200 mV to
+ 200 mV 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 A/D converter

o

14~—{-=--Vppy =45V 0
== Vpp1=5.0V .
== Vpp1 =55V + 7|

12—

P

o
P

10 N » o ™

40 20 0 20 40 60 85
TEMPERATURE - °C

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

INL-%

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.

0.08 I ! l
0.07——{=:--Vppy =45 V 4
== Vpp1=5.0V ‘."
0.06 | == Vppy =55V 57
’
0.05 £
0.04 "
0.03 B L
,-"“— -
0.02|:% .
0.01
0
40 20 0 20 40 60 85

TEMPERATURE - °C

Figure 4. INL (%) vs. Temperature.
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2 us/DIV.

Figure 12. Over-Range and Threshold
Detect Times.
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Isolated Modulator
Ordering Information
Specify Part Number followed by Option Number (if desired).

OPTOCOUPLERS

Example:

HCPL-7860#XXX

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

9.40 (0.370)
9.90 (0.390)

rh (‘;\ (‘,;\ é’-‘ REFERENCE VOLTAGE

e

e

TYPE NUMBER _~ MATCHING SUFFIX* 4 e
N HP 7860X “ DATE CODE 6.10(0.240) | ’
6.60 (0.260)
ww < | 7.36 (0.290)
7,88 (0.310) 5 TYP.

o
pivone T (2] T3) 4]

1.19(0.047)MAX.~‘>1 l« *’ l«1.7s(o.o1o)mx_ o

'y
470 (0.185) MAX. PIN DIAGRAM
PIN ONE _ﬁj_ [}voor  Voo2[8]
0.51 (0.020) MIN.
2,92 (0.115) MIN. Z{vm. wmewk|7]
CooT H — [3]vin- mpaT|6]
0.76 (0.030 : .65 (0. .
1340019~ l‘;l - } = 0ss 0029 MAX [a}cnp1 aND2|5]
|« 2.28 (0.090)
2.80 (0.110)

DIMENSIONS IN MILLIMETERS AND (INCHES).

*ALL UNITS WITHIN EACH HCPL-7860 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)

9652025 1.02 (0.040)
(0.380 = 0.010) > ’ 1.19(0.047)
B oo
6.350 £ 0.25
(0.250 = 0.010) 0.65+0.25
o (0.380 £ 0,010)
mooen - & & &Y O340
e 0.380 (0.015)
1.19 (0.047) 0.635 (0.025)
178 (0.070)
. 1.780  9.65:0.25
" (0.070) ™ (0380 0.010) "
(01&)14?7)_—> - MAX. 7.62+0.25
MAX. | (0.300 = 0.010)
T T 0.255 (0.075)
419 0.010 (0.003)
o ;js)MAX
T = ‘— 1
1.080 = 0.320 l | ‘f 0635+ 0.25 [}
(0,043 £0.013) {0.025 = 0.010)
| 0.51 = 0.130 .
— 12 540/« (0.020 = 0.005) <—12 NOM.
(0.100)
BSC
DIMENSIONS IN MILLIMETERS (INCHES).
TOLERANCES (UNLESS OTHERWISE SPECIFIED): Xx.xx = 0.01 LEAD COPLANARITY

XX.XxX = 0.005

Package Characteristics
Unless otherwise noted, all specifications are at Ty = +25°C.

MAXIMUM: 0.102 (0.004)

Parameter Symbol | Min. | Typ. | Max.| Units Test Conditions Note
Input-Output Momentary Viso 3750 Vims | RH <50%,t = 1 min. 14,15
‘Withstand Voltage
(See note ** below)

Resistance (Input - Output) Rro |.1012 | 1013 Q Vi.o = 500 Vdc 15
1011 Ta = 100°C

Capacitance Cro 0.7 pF |f=1MHz

(Input - Output)

Input IC Junction-to-Case Bjci 96 °C/W | Thermocouple located at

Thermal Resistance center underside of

Output IC Junction-to-Case |  6jco 114 °C/W |package

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, Optocoupler Input-Output Endurance Voltage.
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Maximum Solder Reflow Thermal Profile

OPTOCOUPLERS

260
2 1 ZE ]
AT = 145°C, 1°C/SEC
220 L . <A _.m\\_ = 145°C, 1°CISEC
200 |° AT = 115°C, 0.3°C/SEC I
© 180 [ N\ |
1 .
w 160
5 140 -~
F 120 | T+ —
S 100 | £
2 sof — ———
o oeof R -
40 |- S SR - B
20 7
orwmlv\\\v I I B S S N Y A I T O A

0 1 2 3 4 5 6 7 8 9 10 1 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, Approved under VDE 0884/06.92  Approved under CSA Component
Component Recognition with Viopy = 848 Vppak. Acceptance Notice #5, File CA
Program, File E55361. 88324.

VDE 0884 Insulation Characteristics

Description Symbol Characteristic Unit

Installation classification per DIN VDE 0110/1.89, Table 1

for rated mains voltage < 300 Vipg I-1IV

for rated mains voltage < 600 V¢ I-1II
Climatic Classification 40/85/21
Pollution Degree (DIN VDE 0110/1.89) 2
Maximum Working Insulation Voltage Viorm 848 VprAK
Input to Output Test Voltage, Method b*

Viorm X 1.875 = Vpg, 100% Production Test with t,, = 1 Ver 1590 V PEAK

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

Viorm X 1.5 = Vpg, Type and Sample Test, t,, = 60 sec, Ver 1273 V pEAK

Partial Discharge < 5 pC
Highest Allowable Overvoltage

(Transient Overvoltage tj,; = 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, npUT 80 mwW

Output Power Ps, outpuT 250 mW
Insulation Resistance at Tgp, Vig = 500 V Rg > 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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Figure 13. Dependence of Safety-
Limiting Values on Temperature.

Insulation and Safety Related Specifications

Parameter Symbol | Value | Units Conditions
Minimum External Air Gap L{01) 7.4 mm | Measured from input terminals to output
(Clearance) terminals, shortest distance through air.
Minimum External Tracking L{do2) | 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 112/VDE 0303 Part 1
(Comparative Tracking Index)
Isolation Group Ila 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 Vpp1, VDD2 0 5.5 Volts
Steady-State Input Voltage Vin+, VIN- -2.0 Vpp1 + 0.5 Volts 16
Two Second Transient Input Voltage -6.0
Output Voltages MCLK, MDAT -0.5 Vppz +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 Vbp1, VDD2 4.5 5.5 A\
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. = 0V, all Typical specifications are at
Ta = 25°C and Vpp;1 = Vppz = 5 V, and all Minimum and Maximum specifications apply over the following
ranges: Ty = -40°C to +85°C, Vpp1 = 4.5 to 5.5 Vand Vpp2 = 4.5t0 5.5 V.

Parameter Symbol | Min. | Typ. | Max. | Units Test Conditions Fig. | Note
Average Input Bias Current Iv -1.0 MHA 14 18
Average Input Resistance RN 270 kQ
Input DC Common-Mode CMRRIn 55 dB 19
Rejection Ratio
Output Logic High Voltage Vo 39 | 49 V  |Ioyur = -100 pA
Output Logic Low Voltage VoL 03] 0.6 A% Iour = 1.6 mA
Output Short Circuit Current |Tosc| 10 mA | Vout = Vpp2 or GND2 20
Input Supply Current Ipp1 9.5 15 mA | ViNn+ = -3560 mV 15
Output Supply Current Ipp2 8.8 15 mA |to +350 mV 16
Output Clock Frequency foLx 9 11 14 | MHz 17
Data Hold Time tHDDAT 15 ns 21

Notes:

14. In accordance with UL1577, for devices with minimum Vjgo specified at 3750 Vs, each isolated modulator (optocoupler) is
proof-tested by applying an insulation test voltage greater than 4500 Vrms for one second (leakage current detection limit
I1-0 < 5 pa). 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. If Vin- (pin 3) is brought above Vpp; - 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. CMRR|y is defined as the ratio of the gain for differential inputs applied between Viy4 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 Vppg 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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Figure 14. IyN vs. ViN.
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Figure 16. Ipp2 vs. VIN.
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Digital Interface IC

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

OPTOCOUPLERS

Example
HCPL-7870 Standard 16-pin DIP package, 25 per tube.

HCPL-0870#XXX

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 1" 10 9
R T s S s e s SR

— R 0.030 x 0.030 DP /———— | —— TYPE NUMBER
HP 7870 /——-— DATE CODE
YYyww

[
I Y T T
1 2 3 4 5 6 7 8
l~—0.310 £ 0.010—>
(OUTER TO OUTER)
0.754
[—0.258 —|
o 70

] [__ 70J

! T
i 0.150 £ 0.010 0.060 f
0.130 :
R l 0.060 [ \ ! ]
;7__ :
0.130 £ 0.010 ~——0.260
N 0.010 £ 0.002
| -—‘ l—— 0.018 + 0.003
| 0.060

0.310/0.380
(CENTER TO CENTER)
— 0.100 = 0.010

DIMENSIONS IN INCHES.

TOLERANCES (UNLESS OTHERWISE SPECIFIED): xx.xx =% 0.01
XX.XXX = + 0.002
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Standard 16-pin SO Package

@ 1.27 (0.050)
TOP VIEW BOTTOM VIEW x 0.075 (0.003)
PIN NO. 1 IDENTIFIER 190 1.90 DEPTH
@ 1.27 (0.050) x 0.075 (0.003) DEPTH 0.075) ©0.075) (2x) EJECTOR PIN
0.33 x 45° SHINY SURFACE 20, - SHINY SURFACE
(o.o13lx45°) 16 15 14 13/12 11 10 9 _
' il il HAAAAAAR
7.544 £ 0.05 HP 0870 10.00-10.65
(0.297  0.002) (0.394-0.419) @ X
Yyww (TIP TO TIP)
t (¥
! HHHHHHHHW- EEEHHEEH
1.27 1(2 3 7 8
(0.050)
—»!  «—1.27(0.050)
SIDE VIEW R 0.18 (R 0.007) END VIEW
1.27 B 33-0.51 ALL CORNERS
1,016 £ 0.025 (0_02_ 0 B‘?c) (of},i?:ggz,,, AND EDGES
(0.040 £ 0.001) —» - pad L 010030
7 (0.004-0.0118) .

i il P PARTING
2.286 i (/ LINE
0.090,

( T ) D [=[0.07 (0:004)] \\ %
A
’\—— SEATING PLANE A / 023032
1021 £0.10 . (0.0091-0.0125)
(0.402 + 0.002) 2.386-2.586
(0.094-0.1018) 1016 REF
"(0.040)
DIMENSIONS IN MILLIMETERS (INCHES),
TOLERANCES au
(UNLESS OTHERWISE SPECIFIED): XX.XX = # 0.010
XX.XXX = = 0.002
0.40-1 27 DETAIL A
(0.016 ~ 0.050)
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Maximum Solder Reflow Thermal Profile
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(NOTE: USE OF NON-CHLORINE ACTIVATED FLUXES IS RECOMMENDED.)

Absolute Maximum Ratings

Parameter Symbol Min. Max. Units Note
Storage Temperature Ts -55 +125 °C
Ambient Operating Temperature Ta -40 +85 °C
Supply Voltage Vbp 0 5.5 A%
Input Voltage All Inputs -0.5 Vpp + 0.5 A%
Output Voltage All Outputs -0.5 Vobp + 0.5 A%
Lead Solder Temperature 260°C for 10 seconds, 1.6 mm below seating plane 17
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 Note
Ambient Operating Temperature Ta -40 +85 °C
Supply Voltage Vbp 4.5 5.5 A%
Input Voltage All Inputs 0 Vpp \Y
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Electrical Specifications, Digital Interface IC

Unless otherwise noted, all Typical specifications are at Ty = 25°C and Vpp = 5 V, and all Minimum and
Maximum specifications apply over the following ranges: Ty = -40°C to +85°C and Vpp = 4.5t0 5.5 V.

Parameter Symbol | Min. | Typ. | Max. | Units | Test Conditions | Fig. | Note
Supply Current Ipp 20 35 mA foug = 10 MHz
DC Input Current In 0.001 10 HA
Input Logic Low Voltage ViL 0.8 v
Input Logic High Voltage Vi 2.0 \4
Output Logic Low Voltage VoL 0.15 0.4 A% Iour = 4 mA
Output Logic High Voltage Vou 4.3 5.0 A% Iour = -400 pA
Clock Frequency (CCLK, fork 20 MHz
MCLK and SCLK) )
Clock Period (CCLK, tPER 50 ns 18,
MCLK and SCLK) 19
Clock High Level Pulse tpwH 20 ns
‘Width (CCLK, MCLK
and SCLK)
Clock Low Level Pulse tpPwL 20
Width (CCLK, MCLK
and SCLK)
Setup Time from DAT to tSUCLK 10 18
Rising Edge of CLK
(CDAT, CCLK, MDAT
and MCLK)
DAT Hold Time after tHDCLK 10
Rising Edge of CLK
(CDAT, CCLK, MDAT
and MCLK)
Setup Time from Falling tsuCL1 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 of SCLK
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 IC
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 640 mV 32768 LSBs
Minimum Step Size 20 uv 1 LSB
+Full Scale +320 mV 111111111111111
Zero 0mV 100000000000000
-Full Scale -320 mV 000000000000000

effective sampling time or reduce
conversion time to less than 1 us,
a fast over-range detection circuit
that rapidly indicates when the
magnitude of the input signal is
beyond full-scale, an adjustable
threshold detection circuit that
indicates when the magnitude of
the input signal is above a user-
adjustable 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 A/D 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 A/D Converter Typical Performance Characteristics.

Signal-to- | Effective | conversionTime (us) | g Signal
Conversion Noise Ratio | Resolution Pre-Trigger Mode Delay Bandwidth
Mode (dB) (bits) 0 1 2 (us) (kHz)
1 83 1356 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.
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Digital Interface
Timing

Power Up/Reset

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 uF capacitor
between the RESET pin and Vpp
(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 us 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 Vpp 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 (OVR1) or the
adjustable threshold detection
circuit (THR1). Both OVR1 and
THR1 continuously monitor
channel 1 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.

OPTOCOUPLERS

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.

Note: Bold italic type indicates default values. Reserved bits should be set low.

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

Conversion Mode

The conversion mode determines
the speed/resolution trade-off for
the Isolated A/D converter. The
four MSBs of registers 0 and 1

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
4 High High Low Low
5 High Low High Low

Note: Bold italic type indicates default values.
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) Configuration Data Bits Address ﬁits i
Register | Bit7 | Bit6 | Bit5 | Bit4 Bit 3 Bit1 | Bit0
Channel 1 Conversion Mode Channel 1
0 Offset Cal
High High Low Low Low Low Low
Channel 2 Conversion Mode Channel 2
1 Offset Cal
High High Low Low Low Low High
Threshold Threshold Level
9 Detection Time
High Low Low Low High Low
Pre-Trigger Mode
3
Low Low High High

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 A/D 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 ps). A brief
description of how the A/D 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

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 (i.e., 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
IC 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

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 A/D 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 A/D
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

CONVERT START - CS

DATA READY - SDAT

A) PRE-TRIGGER MODE 0

B) PRE-TRIGGER MODE 1

Figure 20. Pre-Trigger Modes 0, 1, and 2.

—

C) PRE-TRIGGER MODE 2
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periodic, then the pre-trigger
circuit should be disabled by
selecting pre-trigger mode 0. 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 channel 1; 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 achieve the highest resolution
equal to the measured offset, . measurement of the offset.
which will then be subtracted 4. Perform one complete conver-
from all subsequent conversions. sion cycle by bringing CS low
A hardware reset (bringing the until SDAT goes high, indicat-
RESET pin high for at least ing completion of the conver-
100 ns) is required to reset the sion cycle. Because bit 3 of the
offset calibration registers to configuration has been set
Zero. high, the uncalibrated output
data from the conversion will
be stored in the appropriate
offset calibration register and

the selected channel (register
0 for channel 1, 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

The following sequence is
recommended for performing an
offset calibration:

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 turn the offset calibration
mode on or off using bit 3 of
configuration registers O and 1.

will be subtracted from all Table 6. Offset Calibration

1. Select the appropriate channel subsequent conversions on Configuration.
using the CHAN pin (low = that channel. If multiple Off: Configuration
channel 1, high = channel 2). conversion cycles are Calib set Data Bits
2. Force zero volts at the input of performed while the offset M::gon Bit 3
the selected isolated calibration mode is enabled,
modulator. the uncalibrated data from the o Low
3. Send a configuration data byte last conversion cycle will be On High

to the appropriate register for
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stored in the offset calibration
register.

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 OVR1 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 ps.

The over-range circuit actually
begins to indicate an over-range
condition when the magnitude of
the input signal exceeds approxi-
mately 250 mV; it starts to
generate periodic short pulses on
OVRI1 which get longer and more
frequent as the input signal
approaches full scale. The OVR1
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 THR1 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 mV. 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
2-6us Low Low
3-10us Low High
5-20 Uus High Low
10-35 us 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
+160 mV Low Low Low Low
+ 170 mV Low Low Low High
+180 mV 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
290 mV 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

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, 0.1 pF
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 0.01 uF bypass

capacitor (C2) is also recom-
mended at the input due to the -
switched-capacitor 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

FLOATING
POSITIVE
SUPPLY + g v
HV+
GATE DRIVE
T:I CIRCUIT oo
R1 L
CCLK Vpp H
D1 c1
51V 0.1 uF CLAT CHAN [——
R2 39Q Vop1  Vbp2 CDAT SCLK ——
MV T ViNe  MCLK MCLK1  SDAT |
MOTOR T —]ViN-  MDAT MDAT1 cs —
coe A GND1 GND2 —=cs3 MCLK2  THR1 |——
RSENSE 001 uF T 01 uF MDAT2  OVR1|——
GND RESET f—
}_... 10
HCPL-X870 CONTROL
CIRCUIT
HV-

Figure 21. Recommended Application Circuit.
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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 di/dt 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
(=10x1.414x1.5). Assuming a
maximum input voltage of

200 mV, the maximum value of
shunt resistance in this case
would be about 10 mQ.

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.

OPTOCOUPLERS

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 A, ;s (71 hp or

53 kW) are shown in Table 9; the
maximum current and motor
power range for each of the PBV-
series shunts are indicated. For
shunt resistances from 50 mQ
down to 10 mQ, the maximum
current is limited by the input
voltage range of the isolated
modulator. For the 5 mQ and

2 mQQ 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. Viy+ (pin 2 of the
HPCL-7860) is connected to the
positive terminal of the shunt
resistor, while Viy. (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 Voc-440 Vy

Part Number mQ % 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
Vin+ and Vi 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
HV+ Q

CIRCUIT

GATE DRIVE I

The 39 Q resistor in series with
the input lead (R2) forms a low-
pass anti-aliasing filter with the
0.01 pF 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.

ok
51V (4]

“To.1 puF
R2a 39 Q
v “—Vobp1  Vbp2|—
R2b 39 Q ViNe  MCLK|—
MOTOR v L L Ldvy wmoat|—
': - ;‘1; ;5, GND1  GND2 |—
SENSE 0.01 yF  0.01 pF HCPL-7860

J):_”_...

Figure 23. Schematic for Three Cond

tor Shunt C tion.

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 kQ)
so that the input resistance

(280 k) and input bias current
(1 pA) 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
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.

OPTOCOUPLERS
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() Pty

8 MBd Low Input Current

Optocoupler
Technical Data

Features

¢ Guaranteed Low Thresholds:

Ir=05mA, Vg <15V
¢ High Speed: Guaranteed
5 MBd over Temperature
¢ Versatile: Compatible with
TTL, LSTTL and CMOS
« Efficient 820 nm 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 A/D,
D/A Conversion

* RS-232-C Interface

* High Speed, Long Distance
Isolated Line Receiver

Description

The HCPL-2300 optocoupler
combines an 820 nm AlGaAs
photon emitting diode with an
integrated high gain photon
detector. This combination of

Functional Diagram

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

ne [1]

] vee

ANODE E} )
I
i
~
CATHODE |3 | T ZED
I
I

ne [4]

7| R

E‘ Vour
El GND

A 0.1 pF 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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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 I and
Vr 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/us. The
output circuit includes an
optional integrated 1000 Q 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.

[%2]
o
w
I
a
>
o
[S4
o
—
o
o

- 060 = VDE 0884 Viopy = 630 V peak Option
——— 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

lcc
2 Vee
1000 Q
R
SR
v,
[ eVo

I3
"
2 .
Ve
"3

1
|
i
1
i
° GND
SHIELD-” 5
A 0.1 yuF CAPACITOR MUST
BE CONNECTED BETWEEN TRUTH TABLE
PINS 8 AND 5 (SEENOTE 1).  (POSITIVE LOGIC)
LED [OUTPUT
ON L
OFF H
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Package Outline Drawings
8-Pin DIP Package (HCPL-2300)

9,65 £ 0.25
~ T (0.38020.010)

[6) [71 (61 (5]
\

TYPE NUMBER-—_|

OPTION CODE*
DATE CODE

UL
RECOGNITION

O
. 1
1.19 (0.047) MAX.—»’

—1.78 (0.070) MAX.

4.70 (0.185) MAX.

oy

0.51 (0.020) MIN.

292(0 115) MIN.

1.080 £0.320 | ‘<_ —»’ «— 0.65 (0.025) MAX.
2.54 £ 0.25 .
(0.100 = 0.010)

(0.043 £ 0.013) |

7.62 £ 0.25
(0.300 = 0.010)

6.35 + 0.25
(0.250 = 0.010)

+0.076
+/ 5°TYP. *\\k 0.254 _ ¢ 051

+0.003)
0.010% 'g09)

_ 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)

9.65 = 0.25
(0.380 = 0.010)

: » 1 « 1.016 (0.040)

1.194(0.047)
o o

6.350 + 0.25
(0250 = 0.010) 9.398 (0.370) '
9.906 (0.390) |
FEFE i o s :
———‘ ‘4— 0.381 (0.015) |
1.194 (0.047) 0.635 (0.025) 3
1.778(0.070) :
. 1.780 9,65+ 0.25
(0.070) ™ (0.380 = 0. 010)4’*
1.19 MAX.
(0.0a7) ] - 7622025 _
MAX (0.300 + 0.010) 0076
T 1] ) 0254 g g1
419
©.165) WA | ©010° 3, ggg))
1.080 £0.320 \ i
(0.043 = 0.013) . L_ 0.635 £ 0.25
{0.025 x 0.010) R
0.635 = 0.130 =—12° NOM.
(o wo) (0.025 = 0.005)

DIMENSIONS IN MILLIMETERS (INCHES).
LEAD COPLANARITY = 0.10 mm (0.004 INCHES).
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Thermal Profile (Option #300)

260

OPTOCOUPLERS

240 | — \ . ‘a
220 A \ /AT = 145°C, 1°C/SEC
200 F AT = 115°C, 0.3°CISEC N
c AN
© 180
) 160 F
w =
140 A4
=] = N
120 F ya
gwo; ]
= 80 f
& E fle— AT = 100°C, 1.5°CISEC
- 60 /
40;4
20
o:\ 111 I L1 | Ll L1 Ll L L1l Ll il Ll Ll Ll
o 1 2 3 4 5 6 7 8 9 10 1 12

TIME - MINUTES

Figure 1. Maximum Solder Reflow Thermal Profile.
(Note: Use of non-chlorine activated fluxes is recommended.)

Regulatory Information CSA

The HCPL-2300 has been Approved under CSA Component
approved by the following Acceptance Notice #5, File CA
organizations: 88324.

UL VDE

Recognized under UL 1577, Approved according to VDE
Component Recognition 0884/06.92 (Option 060 only)

Program, File E55361.

Insulation and Safety Related Specifications

Parameter Symbol | Value | Units Conditions
Min. External Air Gap L(IO01) 7.1 mm | Measured from input terminals to output
(External Clearance) terminals, shortest distance through air
Min. External Tracking Path L(I02) 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 IIla 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-IIT
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 = Vpg, 100% Production Test with t,, = 1 sec, Ver 1181 Vpeak
Partial Discharge < 5 pC
Input to Output Test Voltage, Method a*
Viorm X 1.5 = Vpg, Type and sample test, t,, = 60 sec, Ver 945 Vpeak
Partial Discharge < 5 pC
Highest Allowable Overvoltage*
(Transient Overvoltage, t;,; = 10 sec) Viorm 6000 V peak
Safety Limiting Values
(Maximum values allowed in the event of a failure,
also see Figure 11, Thermal Derating curve.)
Case Temperature Ty 175 °C
Input Current Is wpur 230 mA
Output Power P ourpur 600 mW
Insulation Resistance at Tg, Vi = 500 V Rg 2109 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.

Absolute Maximum Ratings
(No Derating Required up to 55°C)

Storage Temperature, Tg.......cccoevvreriieeerinneeeennniieennn. -55°C to +125°C
Operating Temperature, Ty ..... ..-40°C to +85°C
Lead Solder Temperature, MaxX .........ccccceeeeeerrevereeereeeeneeennn 260°C for 10 s
. (1.6 mm below seating plane)
Average Forward Input Current - Ip.........ccoveveveererrenereereenereennes 5 mAl2]
Reverse Input Voltage, VR ..cccvvcveerrieriennieenecereesieeeieeesiree e 30V
Supply Voltage, Vo . vvevveeeeiiriiiiniiiniieneeenitesiinecennesesvecnnes OVto 7.0V
Pull-Up Resistor Voltage, Vgy, .. e =0.6 V1o Vo
Output Collector Current, Iy .....ccocvevveerveerieernieerninvennnes -25 to 25 mA
Input Power Dissipation, Pp.......cccceeviiiniieiiniveiniiieniieennieennineennnns 10 mW
Output Collector Power Dissipation, Pg .....c.cccovvervieerieenieenieenenn 40 mW
Output Collector Voltage, Vo ..ccccoevevvreirieeineeinieeniieennnne -05Vto18V
Infrared and Vapor Phase Reflow Temperature
(Option #300) ..cvveeeiriiiieriiirieeeireeesninnns see Fig. 1, Thermal Profile
Recommended Operating Conditions
Parameter Symbol Min. Max. Units
Input Voltage, Low Level Vi -2.5 0.8 A%
Input Current High Level 0°C to 85°C Irg 0.5 1.0 mA
-40°C to 85°C 0.5 0.75
Supply Voltage, Output Vee 4.75 5.25 \%
Fan Out (TTL Load) N 5
Operating Temperature Ta -40 85 °C
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DC Electrical Specifications
For -40°C < T, < 85°C, 4.75 V <V £5.25 V, Vg, < 0.8 V, unless otherwise specified.
All typicals at Ty = 25°C and V¢ = 5 V, unless otherwise specified. See note 1.

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

High Level Output Ion 0.05| 250 | pA |Vp=0.8V, V5 =18V 4

Current

Low Level Output VoL 0.4 | 05 V |Ip=05mA 3

Voltage Ioy, (Sinking) = 8 mA

High Level Supply Iccn 40| 6.3 | mA [I[r=0mA, Voc =525V

Current

Low Level Supply Current | Igcp 6.2 | 10.0| mA [Ip=10mA, Vgpc =525V

Input Forward Voltage Vg 10| 1.3 | 1.5 V |T, =25°C | Irp=10mA | 2
0.85 1.65 '

Input Diode Temperature AVg -1.6 mV/°C| Iz = 1.0 mA

Coefficient ATy,

Input Reverse BVy 3.0 V |Ig=10pA

Breakdown Voltage

Input Capacitance Ciy 18 pF |Vy=0V,f=1MHz

Internal Pull-up Resistor Ry 680 | 1000|1700 Q [T, = 25°C

Switching Specifications
For -40°C < Tj £ 85°C, 0.5 mA < Ipy £ 0.75 mA;
For 0°C < T, < 85°C, 0.5 mA < Ipy < 1.0 mA; With 4.756 V< Vg < 5.25 V, Vg, £ 0.8 V, unless otherwise

specified. All typicals at Ty = 25°C and Vgc = 5V, Ipg = 0.625 mA, unless otherwise specified. See note 1.

Parameter Symbol | Min. | Typ. | Max. |Units | Test Conditions | Fig. | Note
Propagation Delay Time tpLH 95 ns Cp =0 pF 56,8| 4,8
to Logic High Output Level 85 160 Cp = 20 pF 5,8
Propagation Delay Time tpHL 110 ns Cp =0pF 56,8| 5,8
to Logic Low Output Level 35 200 Cp = 20 pF 5,8
Output Rise Time (10-90%) ty 40 ns Cp = 20 pF 7,8 8
Output Fall Time (90-10%) te 20 ns
Common Mode Transient |CMy| 100 400 Vius | Vom = 50 V (peak), | 9,10 | 6
Immunity at High Vo (min.) = 2V,

Output Level Ry, = 560 Q,
IF' =0mA
Common Mode Transient |CM | 100 400 Vius | Vom = 50V (peak), | 9, 10 7
Immunity at Low Vo (max.) = 0.8V,
Output Level Ry, = 560 Q,
Ip = 0.5 mA
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Package Characteristics

For -40°C < Ty < 85°C, unless otherwise specified. All typicals at T, = 25°C.

Parameter Symbol | Min. | Typ. | Max. | Units Test Conditions Fig. | Notes
Input-Output Momentaly Viso 2500 Vrms | RH< 50%, t = 1 min, 3,9
Withstand Voltage* Ty, = 25°C
Resistance, Input-Output Rio 1012 Q [ V=500V 3
Capacitance, Input-Output| Cig 0.6 pF | f=1MHz 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.”

7.

loy — LOGIC HIGH OUTPUT CURRENT — A

Notes:

1. Bypassing the power supply line is 3. Device considered a two terminal
required with a 0.1 uF ceramic disc device: pins 1, 2, 3, and 4 shorted
capacitor adjacent to each optocoupler together, and pins 5, 6, 7, and 8
as illustrated in Figure 19. The power shorted together.
supply bus for the optocoupler(s) 4. The tpyy propagation delay is
should be separate from the bus for measured from the 50% point on the
any active loads, otherwise a larger trailing edge of the input pulse to the
value of bypass capacitor (up to 1.5 V point on the trailing edge of the
0.5 uF) may be needed to suppress output pulse.
regenerative feedback via the power 5. The tpy;, propagation delay is
supply. measured from the 50% point on the

2. Peaking circuits may produce transient leading edge of the input pulse to the
input currents up to 100 mA, 500 ns 1.5 V point on the leading edge of the
maximum pulse width, provided output pulse.
average current does not exceed 5 mA. 6. CMy, 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., Voyr > 2.0 V).
10.0
l, s T
e
.Ié e X > 4
E 10 2¢ Ta=25°C 1 Ta = -40°C
& Ve 8 - Ta=0°C
g g [ Ta-85C
% :
3 0.1 3'
. / L] .
0.01 - Lt i1 | S 0
11 1.2 13 1.4 100 200 300 400

Vg —~ FORWARD VOLTAGE - VOLTS

Figure 2. Typical Input Diode
Forward Characteristics.
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Ir — FORWARD INPUT CURRENT — sA

Figure 3. Typical Output Voltage vs.
Forward Input Current vs.
Temperature.

CMy, 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., Voyr < 0.8 V).

Cp is the peaking capacitance. Refer to
test circuit in Figure 8.

. In accordance with UL 1577, each

optocoupler is momentary withstand
proof tested by applying an insulation
test voltage 2 3000 Vrms for 1 second
(leakage detection current limit,

I.o < 5 pA). 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.

1000 T
Vee =6V
Vo =18V
100 VFL=08V_|
100
4
1.0
01
0.01
-80 40 -20 0 20 40 60 80 100

Ta — TEMPERATURE —°C

Figure 4. Typical Logic High Output
Current vs. Temperature.
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Ta — TEMPERATURE - °C Ir — FORWARD INPUT CURRENT — mA Ta — TEMPERATURE - °C
A 0.5 mA TO 1.0 mA, Cp = 20 pF
o = =0.5mA TO 0.76 mA, Cp = 20 pF
B ~==05mA,Cp=0pF Figure 6. Typical Propagation Delay Figure 7. Typical Rise, Fall Time vs.
C ==10mA,Cp =0pF vs. Forward Current. Temperature.
o [==05mATO1.0mA, cp ~20pF
" = «0.5 mA TO 0,76 mA, Cp = 20 pF
“"1E a05mA, G =0pF
F ===10mA,Cp = 0pF
Figure 5. Typical Propagation Delay
vs. Temperature and Forward
Current with and without Application
of a Peaking Capacitor.
E
°:'_‘:':‘::" R | 75k2 | 59k | 348kn
2100 KHz Iy | 0O5mA | 0626mA | 1.0 mA
Vo=6V .
HCPL-2300 Ce = 20pF
Ce < 1 8 Y
= gh ® Q
< P, e
2 | 7 3.1 uF 4: 660 Q 5 1000
meut 0 o A BYPASS | OUTPUT Vo U Vee = 5 V
MONITOR 3 ‘@ 6 {————g——O MONITOR t Ikw = 0.5 mA
NODES [ c* NODE H H }/'FL =0V
. 4 6 Py S 800 Vou = 20 V —
“T"*CL IS APPROXIMATELY 3 H VoL = 08 V
15 pF, WHICH INCLUDES = H R = 660 Q
PROBE AND STRAY s H Ta = 26°C
= WIRING CAPACITANCE. 2 600
E —l
&€ |
INPUT I § 400 \
-
CMu, CM_
E | [ ——
g 2001~
OUTPUT Vo § N
[ 9 S Y Y G Y A
£ 0 200 400 600 800 1000
S

Vem — COMMON MODE TRANSIENT AMPLITUDE - V

Figure 8. Test Circuit for tpyy, tpry, t,, and tg Figure 9. Typical Common Mode
Transient Immunity vs. Common
Mode Transient Amplitude.
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HCPL-2300
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T

(L)Vem
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PULSE GENERATOR

5V

/g
V,
™ ov

560 Q
OUTPUT Vo 5!

v SWITCH AT A: Vg =0 V

MONITORING Vo
NODE

9

cm,
— — — — Vg (MIN.J*

SWITCH AT B: Ig = 05 mA

Vo osv

A— — Vg (MAX)*

*SEE NOTES 6, 7.

oM,

Figure 10. Test Circuit for Common Mode Transient Immunity and Typical Waveforms.
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| 800 ————
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» 400 .
a. ‘Q.
1 300 S
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0
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Tg - CASE TEMPERATURE - °C

Figure 11. Thermal Derating Curve,
Dependence of Safety Limiting Value
with Case Temperature per

VDE 0884.

Applications

The HCPL-2300 optocoupler has
the unique combination of low
0.5 mA LED operating drive
current at a 5 MBd speed
performance. Low power supply
current requirement of 10 mA
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

1-296

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°C to 85°C operating
temperature range, a mid-range
LED forward current (Ir) of

~ 0.625 mA is recommended in

order to prevent overdriving the
integrated circuit detector due to
increased LED efficiency at
temperatures between 0°C and
-40°C. For narrower temperature
range of 0°C to 85°C, a suggested
operating LED current of

0.75 mA 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 tpyy, by approximately
33% and tpyy by 13%. Maintain-
ing LED forward voltage (Vr)
below 0.8 V will guarantee that
the HCPL-2300 output is off.

The recommended shunt drive
technique for TTL/LSTTL/CMOS
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 HA has been compensated by
the 3.16 KQ resistor (Figure 14)
at the expense of twice the
operating forward current.

An application of the HCPL-2300
as an unbalanced line receiver for
use in long line twisted wire pair
communication links is shown in
Figure 15. Low LED Ir and Vg
allow longer line length, higher
speed and multiple stations on
the line in comparison to higher
I, Vr 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 HCPL-
2300 in Figure 16, but with a
typical 400 V/us 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/us while maintaining the
2:1 dynamic range of Ip.

A recommended layout for use
with an internal 1000 Q resistor

or an external pull-up resistor
and required Vi¢ bypass capaci-
tor is given in Figure 19. V¢, 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

optional Vgc 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.q).

OUTPUT HCPL-2300 INPUT
F=-=-=- -==="
Veey ? ' s sV Ve,
RS H t -~
S =xr20pF : K Q H 0.1 uF AL
-9
2 1 s + Vo
) e d |
1
! :
3 L N
' s GND 2
| U U G s )
GND 1

VIN Veer Ry RL Veez

Voc kS kQ Voc

5 5 6.19 1 5

(INTERNAL)
10 10 14.7 237 10
15 15 215 3.6 15

*SCHOTTKY DIODE (HP 5082-2800, OR EQUIVALENT) AND 20 pF CAPACITOR-
ARE NOT REQUIRED FOR UNITS WITH OPEN COLLECTOR OUTPUT,

Figure 12. Recommended Shunt Drive Circuit for Interfacing between TTL/LSTTL/CMOS Logic Systems.

OUTPUT HCPL-2300 5V INPUT
Vec
Voo
Vin Vo
QUTPUT
GND 1
: 5V
GND 2
| S Vin
Vin Voo R Ry Vee
Voc Voc kQ k2 Voc
5 5 5.11 1 5 GND 1
{INTERNAL)
10 10 13.3 2.37 10
15 15 19.6 3.16 15

Figure 13. Active CMOS Series Drive Circuit.

Units.

HCPL-2300 INPUT
- ———

GND 2

Figure 14. Series Drive from Open Collector TTL/LSTTL
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VAVAV
I /3{__ HCPL-2300
/ / ! HCPL-2300
DRIVER / | HCPL-2300 INPUT
/ | Fo-=s==s oo
2V ] —— 5V
] b
1 01 uF R
R : K Q i
5V
]
Vin ov 6 P>_ "
(]
\ h
GND 1 15
< GND 2
O LU B T becm e naad
12 v LINE
*OTHER DEVICES: MC3488A/B
. TI-uA9636A.
**MAY BE REQUIRED ON OLDER VERSIONS OF uA9636A.
*++ SCHOTTKY DIODE (HP 5082-2800, OR EQUIVALENT).
REFERENCE FIGURE 17 FOR DATA RATE vs. LINE DISTANCE L.
Figure 15. Application of HCPL-2300 as Isolated, Unbalanced Line Receiver(s).
DRIVER HCPL-2300 INPUT
== =======
1 & 5V
by T A e 0.1 uF
5V | K Q < 01 4
" ] '7 gse0 of T
1A9638* 162k | | ,
AA .
5V MA ] | 03
8 > Vo
Vin ov 10 @ 1+ I f o
2| 7 t .'
1 t
3 L
\ / | \(
| E e U g |
GND 1 LINE
F=s=======7"
' It
H 8 LAY
' ' Lo
' 560 23 _
1 ) Vo
—— |
*OTHER DEVICE: TI-uA9638A W,
! LSTTL EXCLUSIVE-OR
REFERENCE FIGURE 17 FOR DATA RATE vs. LINE DISTANCE L. L 5 FLIP FLOP
FOR LESS SEVERE COMMON MODE INTERFERENCE ENVIRONMENTS, [ | <27
ONE HCPL-2300 OPTOCOUPLER WITH NO EXCLUSIVE -OR FLIP FLOP HCPL-2300

CIRCUIT CAN BE USED FOR BALANCED LINE RECEIVER APPLICATIONS.

Vo = Vin.

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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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.

o
. HCPL-2300
RS-232-C r -
SIGNAL
3V-25V
-3V--25V
S
715K Q2 $
o VWA~

Figure 18. RS-232-C Interface Circuit with HCPL-2300.
0°C < T, < 85°C.

GND BUS (BACK)
_»/_ (OPTIONAL)

Ve BUS (FRONT) .
(OPTIONAL)
N.C. .

Y —
— T

Vee, (Vor 2 Vee)

EXTERNAL
PULL-UP
RESISTOR

N.C. Vor
ne (T«
C:I Vi INTERNAL
¢ 1 puLL-up
F— RESISTOR
ne ([ Vo

*SEE NOTE 1

Figure 19. Recommended Printed Circuit Board Layout.
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(D [ty

20 MBd High CMR Logic Gate

Optocouplers

Technical Data

Features

* High Speed: 40 MBd Typical
Data Rate

¢ High Common Mode
Rejection:

HCPL-2400: 10 kV/us at
Vem = 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 A/D,
D/A Conversion

* Pulse Transformer
Replacement

Functional Diagram

HCPL-2400

e =

ANODE [2] | 7] ve
CATHODE [3| }TZEEH:E 6] vo
[ve ——awl

TRUTH TABLE
(POSITIVE LOGIC)
LED | ENABLE | OUTPUT

ON L L

OFF L H
ON H Y4
OFF H r4

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

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.

HCPL-2430

oo
7] vor
6] Voo
5] anp

el

NTTH T

TRUTH TABLE
(POSITIVE LOGIC)

LED |OUTPUT
ON L
OFF H

CAUTION: 1t 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 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
0°C to 70°C.

These optocouplers are
compatible with TTL, STTL,
LSTTL, and HCMOS logic

families. When Schottky type TTL
devices (STTL) are used, a data
rate performance of 20 MBd over
temperature is guaranteed when
using the application circuit of
Figure 13. Typical data rates are
40 MBd.

8-Pin DIP (300 Mil) Minimum CMR
Single Dual Minimum Input Maximum
Channel Channel dv/dt Vem On Current Propagation Delay Hermetic
Package Package (V/ps) o~ (mA) (ms) 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 Hermetic 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

*For HCPL-2400 only.

Schematic

060 = VDE 0884 Vigry = 630 V peak Option*
300 = Gull Wing Surface Mount Option
500 = Tape and Reel Packaging Option

lcc

L
- D

== oV,
8CC

L=

5 ! lo
5 GND 3 ] H. =LV,
- 1 02
et G gl
1
+O0— '
41k i s
© GND
TRUTH TABLE SHIELD
(POSITIVE LOGIC)
LED | ENABLE | OUTPUT TRUTH TABLE
ON L L (POSITIVE LOGIC)
OFF L H LED |OUTPUT
ON H z ON
OFF H z OFF H
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Package Outline Drawings _
8-Pin DIP Package (HCPL-2400, HCPL-2430)

9.65 + 0.25
*(0.380 £0.010)

'I'YPENUMBER\l—é\| r,;‘-l m ])5—|
\

WP xxz «~ | DATE cope

O
[PAEAREART] RECOGNITION
1.19(0.047)MAX.4J L“’l Lq.n(omo)mx.

oy

2.92 (0.115) MIN.

1.080 = 0.320 ‘ —»l < 0.5 (0.025) max.
G I
0.043 0.013
( ) J - 2542025
(0.100 = 0.010)

OPTION CODE*

T
4.70 (0.185) MAX.

7.62£0.25
(0.300 = 0.010)

6.35 £ 0.25
(0.250 + 0.010)

+0.076
»/ 5° TYP. *\\‘“ 0.254 _¢ 051

+0.003)
00107 g g05)

0.51 (0.020) MIN.

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-2400, HCPL-2430)

9.65 £ 0.25 : 1.016 (0.040)
- e .
(0.380  0.010) : ‘ “ 1.194 (0.047)

lalixslo

6.350 + 0.25
(0.250  0.010)

(6]
FEFY

9.398 (0.370) |
9.906 (0.390)

I I

4‘ F— 0.381 (0.015)

" ((1)'39/8)
(01 01 497 ) > ‘ ‘ - MAX.
MAX. .

|| [

4.19
©. ; es)MAX.
i | 7$
1.0800.320 __ ‘ |
(0.043 + 0.013)
254 0.635 = 0.130
(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)

OPTOCOUPLERS

260 -
20 [ | P N\ |
220 F | - \/AT = 145°C, 1°C/SEC
200 AT = 115°C, 0.3°C/SEC N\
© 180 | N\
) 3
160
w = ~
E /
S 1o Z N
E 120 |
& 100 |
2 s0f ]
& E [[=— AT = 100°C, 1.5°C/SEC
= 60 [
wf /) -
20 - ~
o’\\\\\\l\l?\\v\\ll\\\\l\\\\ll\\\[\\llll

0 1 2 3 4 5 6 7 8 9 10 N 12
TIME - MINUTES

Note: Use of nonchlorine activated fluxes is highly recommended.

Regulatory Information UL

The HCPL-24XX has been Recognized under UL 1577,

approved by the following Component Recognition

organizations: Program, File E55361.

VDE CSA

Approved according to VDE Approved under CSA Component

0884/06.92 (Option 060 only). 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 CTI 200 Volts DIN IEC 112/VDE 0303 Part 1
(Comparative
Tracking Index)
Isolation Group la 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 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 = Vpg, 100% Production Test with t,, = 1 sec, Ver 1181 V peak
Partial Discharge < 5 pC
Input to Output Test Voltage, Method a*
“Viorm X 1.5 = Vpg, Type and sample test, Ver 945 V peak
tm = 60 sec, Partial Discharge < 5 pC
Highest Allowable Overvoltage*
(Transient Overvoltage, t;,; = 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 Ty 175 °C
Input Current Is wpur 230 mA
Output Power Pg ourpur 600 mwW
Insulation Resistance at Tg, Vio = 500 V Rg 2109 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 ben ensured by protective circuits

in application.
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Absolute Maximum Ratings
(No derating required up to 70°C)

Parameter Symbol Minimum Maximum Units Note
Storage Temperature Ty -55 125 °C
Operating Temperature T, -40 85 °C
Average Forward Input Current Trave) 10 mA
Peak Forward Input Current Ippx 20 mA 12
Reverse Input Voltage Ve 2 \
Three State Enable Voltage Ve -0.5 10 \4
(HCPL-2400 Only)
Supply Voltage Ve 0 7 \'%
Average Output Collector Current Iy -25 25 mA
Output Collector Voltage Vo -0.5 10 v
Output Voltage Vo -0.5 18 v
Output Collector Power Dissipation Py 40 mW
(Each Channel)
Total Package Power Dissipation Pr 350 mw
(Each Channel)
Lead Solder Temperature 260°C for 10 sec., 1.6 mm below seating plane
(for Through Hole Devices)
Reflow Temperature Profile See Package Outline Drawings section
(Option #300)
Recommended Operating Conditions
Parameter Symbol Minimum Maximum Units
Power Supply Voltage Vee 4.75 5.25 A%
Forward Input Current (ON) Ircony 4 8 mA
Forward Input Voltage (OFF) Vicorm) 0.8 \%
Fan Out N 5 TTL Loads
Enable Voltage (Low) VeL 0 0.8 A
HCPL-2400 Only)
Enable Voltage (High) Ven 2 Vee A
HCPL-2400 Only)
Operating Temperature Ty 0 70 °C
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Electrical Specifications
0°C<T, <70°C, 4.75 V< V5 £5.25 V, 4 mA < Ipon) £ 8 mA, 0 V < Vorr < 0.8 V. All typicals at T, = 25°C,
Vee =5V, Ipony = 6.0 mA, Vrorr = 0V, 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 Io, = 8.0 mA (5 TTL Loads) | 1
Logic High Output Von 2.4 v Iog = -4.0 mA 2
Voltage 2.7 Iog = -0.4 mA
Output Leakage Current Toun 100 | pA | Vo =525V, Vy =08V
Logic High Enable Current | Vgy 2400 | 2.0 v
Logic Low Enable Voltage VeL 2400 0.8 v
Logic High Enable Igy 2400 20 | pA | Vg =24V
Current 100 V=525V
Logic Low Enable Current Iy 2400 -0.28| -04| mA [VE=04V
Logic Low Supply Current IcaL 2400 19 26 | mA | Vgc =525V, Vg=0V,
Io = Open
2430 34 46 Vec = 5.25V, Iy = Open
Logic High Supply Iccu 2400 17 26 | mA | Voc =525V, Vg=0V,
Current Io = Open
2430 32 42 Ve = 5.25V, I = Open
High Impedance State Iccz 2400 22 28 | mA | Vgc =525V, Vg=5256V
Supply Current
High Impedance State Toz 2400 20 | HA [ V=04V |[V=2V
Output Current Tozn 20 | pA [Vo=24V
Toza 100 | pA | Vo=5.256V
Logic Low Short Circuit TosL 52 mA | Vo=Vec=5.25V, 2
Output Current Ir=8mA
Logic High Short Circuit Tos . -45 mA | Vg =5.25V,Ip=0mA, 2
Output Current Vo = GND
Input Current Hysteresis Tnys 0.25 mA | Vgc=5V 3
Input Forward Voltage Vr 1.1 1.3 1.5 Ty, = 25°C I I =8mA
1.0 1.55 4
Input Reverse Breakdown BVg 3.0 | 5.0 v Ty, = 25°C Ig =10 pA
Voltage 2.0 )
Temperature AVp -1.44 mV/°C | Ir = 6 mA 4
Coefficient of AT,
Forward Voltage
Input Capacitance C 20 pF |f=1MHz, Vgy=0V

*All typical values at Ty = 25°C and V¢ = 5 V, unless otherwise noted.
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Switching Specifications

0°C<Ty<70°C, 4.75 V<V £5.25 V, 4 mA < Tpgny < 8 mA, 0 V < Vyopry < 0.8 V. All typicals at Ty = 25°C,
Vee =5V, Inon) = 6.0 mA, Vyopry = 0V, except where noted. See Note 11.

Device

Parameter Symbol | HCPL- | Min. | Typ.* | Max. | Units Test Conditions Figure | Note
Propagation Delay tpuL, 55 ns Irony = 7TmA ‘ 5,6,7| 1,4,
Time to Logic Low 5,6
Output Level 15 33 60
Propagation Delay tor 55 | ns | Ipoyy = 7mA | 5,6,7| 1,4,
Time to Logic High 5,6
Output Level 15 30 60
Pulse Width | tpr-tpLi 2 15 | ns | Ipoy = 7mA | 58 | 6
Distortion

5 25

Propagation Delay tpsk 35 ns Per Notes & Text 15,16 7
Skew
Output Rise Time t, 20 ns
Output Fall Time te 10 ns
Output Enable Time tpzn 2400 15 ns 9,10
to Logic High
Output Enable Time tpgr, 2400 30 ns 9,10
to Logic Low
Output Disable Time tpyz 2400 20 ns 9,10
from Logic High
Output Disable Time tprz 2400 15 ns 9,10
from Logic Low
Logic High Common |CMy| 1000 {10,000 Vius | Vom = 300V, T, = 25°C, 11 9
Mode Transient I =0mA
Immunity
Logic Low Common |CM | 1000 {10,000 Vius | Vou =300V, T, = 25°C, 11 9
Mode Transient Ir=4mA
Immunity
Power Supply Noise PSNI 0.5 Voo Vec=56.0V, 10
Immunity 48 Hz< = F,; <50 MHz

*All typical values at Ty = 25°C and Vi = 5V, unless otherwise noted.
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Package Characteristics

Parameter Sym. | Device | Min. | Typ.* | Max. | Units | Test Conditions | Fig. | Note
Input-Output Viso 2500 Vrms | RH < 50%, 3,13
Momentary t = 1 min.,

Withstand Voltage** T, = 25°C

Input-Output Rio 1012 Q Vio = 500 Vdc 3
Resistance

Input-Output Cro 0.6 pF f=1MHz

Capacitance Vio = 0 Vde

Input-Input I 2430 0.005 HA RH < 45% 8
Insulation Leakage ) t=5s,

Current Vi1 = 500 Vdc

Resistance Ry 2430 101 Q Vi1 = 500 Vde 8
(Input-Input)

Capacitance Cr1 2430 0.25 pF f=1MHz 8
(Input-Input)

*All typical values are at Ty, = 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. tpy;, 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 tp 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.

The typical data shown is indicative of
what can be expected using the
application circuit in Figure 13.

ot
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6. This specification simulates the worst
case operating conditions of the
HCPL-2400 over the recommended
operating temperature and Vi range
with the suggested application circuit
of Figure 13.

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) dVqy/dt of the
common mode pulse, Vg, 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) dV/dt of the common
mode pulse, Vg, to assure that the
output will remain in a Logic Low state
(e, Vo <08V).

=N

1

1

1

1

0. Power Supply Noise Immunity is the
peak to peak amplitude of the ac ripple
voltage on the V¢ line that the device
will withstand and still remain in the
desired logic state. For desired logic
high state, Vogym) > 2.0V, and for
desired logic low state,

Vorouax < 0.8 V.

. Use of a 0.1 uF bypass capacitor
connected between pins 8 and 5
adjacent to the device is required.

2. Peak Forward Input Current pulse
width < 50 us at 1 KHz maximum
repetition rate.

3. 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, I o < 5 pA). 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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Figure 5. Test Circuit for tpyy, tpyy, t,, and t;.
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Figure 7. Typical Propagation Delay
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Figure 10. Typical Enable Propagation

Figure 9. Test Circuit for tpyy, tozm, tpz and tpy. Delay vs. Ambient Temperature.
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*MUST BE LOCATED < 1cm FROM DEVICE UNDER TEST.

Pty PPRGXIMATELY 16 pF, WHICH INCLUDES PROBE AND Figure 12. Thermal Derating Curve,
STRAY WIRING CAPACITANCE. Dependence of Safety Limiting Value
with Case Temperature per VDE 0884.
Figure 11. Test Diagram for C Mode Transient Immunity
and Typical Waveforms.
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Applications

HCPL-2400

OPTOCOUPLERS

Figure 13. Recommended 20 MBd HCPL-2400/30 Interface Circuit.
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Interface Circuit.
Vo
g 50%

AN
Vo 15V W _ DATA K X X

f~—tpsk —> INPUTS

CLOCK \ ’

-
o
<

Figure 15. Illustration of Propagation Delay Skew - tpgg.
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Figure 17. Modulation Co(ie Selections.

Figure 18. Typical HCPL-2400/30 Output Schematic.
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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 (tpy)
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 (tpyy) 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 tpy i and tpy, differ in
value. PWD is defined as the
difference between tp; i and tpy;,
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, tpgy, 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 tp;y or tpy;, 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, tpg is the difference
between the shortest propagation
delay, either tpyy or tpy;, and the
longest propagation delay, either

tpLy OF tphr-

As mentioned earlier, tpgx 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 tpy;.
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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HEWLETT®
PACKARD
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High CMR Line Receiver

Optocouplers

Technical Data

Features

* 1000 V/us Minimum Common
Mode Rejection (CMR) at
Vem = 50V for HCPL-2602
and 3.5 kV/us Minimum
CMR at V¢ = 300 V for
HCPL-2612

¢ Line Termination Included -
No Extra Circuitry Required

* Accepts a Broad Range of
Drive Conditions

* LED Protection Minimizes
LED Ef