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200 Series Products

SP200...... +5V High-Speed RS232 Transceiver with 0.1uF Capacitors (5 Drivers, 0 Receivers)
SP204 ...... +5V High-Speed RS232 Transceiver with 0.1uF Capacitors (4 Drivers, 0 Receivers) ......
SP205...... +5V High-Speed RS232 Transceiver with 0.1uF Capacitors (5 Drivers, 5 Receivers)
SP205B ... +5V High-Speed RS232 Transceiver with 0.1uF Capacitors (5 Drivers, 5 Receivers) ......
SP206 ...... +5V High-Speed RS232 Transceiver with 0.1uF Capacitors (4 Drivers, 3 Receivers) ..
SP206B ... +5V High-Speed RS232 Transceiver with 0.1uF Capacitors (4 Drivers, 3 Receivers)
SP207 ...... +5V High-Speed RS232 Transceiver with 0.1pF Capacitors (5 Drivers, 3 Receivers) ......
SP207B ... +5V High-Speed RS232 Transceiver with 0.1pF Capacitors (5 Drivers, 3 Receivers)
SP208...... +5V High-Speed RS232 Transceiver with 0.1uF Capacitors (4 Drivers, 4 Receivers) ......
SP211 ...... +5V High-Speed RS232 Transceiver with 0.1uF Capacitors (4 Drivers, 5 Receivers) ......
SP211B ... +5V High-Speed RS232 Transceiver with 0.1uF Capacitors (4 Drivers, 5 Receivers)
SP213...... +5V High-Speed RS232 Transceiver with 0.1uF Capacitors (4 Drivers, 5 Receivers)
SP230A ... +5V Powered RS232 Drivers/Receivers (5 Drivers, 0 Receivers)

SP231A ... +5V/+12V Powered, Enhanced RS232 Drivers/Receivers (2 Drivers, 2 Receivers)
SP232A ... Enhanced +5V RS232 Drivers/Receivers (2 Drivers, 2 Receivers)

SP233A ... Enhanced +5V RS232 Drivers/Receivers (2 Drivers, 2 Receivers) ...

SP234A ... +5V Powered RS232 Drivers/Receivers (4 Drivers, 0 Receivers) .

SP235A ... +5V Powered RS232 Drivers/Receivers (5 Drivers, 5 Receivers)

SP235B ... +5V Powered RS232 Drivers/Receivers (5 Drivers, 5 Receivers)

SP236A ... +5V Powered RS232 Drivers/Receivers (4 Drivers, 3 Receivers)

SP236B ... +5V Powered RS232 Drivers/Receivers (4 Drivers, 3 Receivers)

SP237A ... +5V Powered RS232 Drivers/Receivers (5 Drivers, 3 Receivers)

SP238A ... +5V Powered RS232 Drivers/Receivers (4 Drivers, 4 Receivers)

SP239A ... +5V Powered RS232 Drivers/Receivers (3 Drivers, 5 Receivers) .

SP240A ... +5V Powered RS232 Drivers/Receivers (5 Drivers, 5 Receivers)

SP240B ... +5V Powered RS232 Drivers/Receivers (5 Drivers, 5 Receivers)

SP241A ... +5V Powered RS232 Drivers/Receivers (4 Drivers, 5 Receivers)

SP241B ... +5V Powered RS232 Drivers/Receivers (4 Drivers, 5 Receivers)

SP241C ... Enhanced +5V RS232 Drivers/Receivers (3 Drivers, 5 Receivers)

SP310A ... Enhanced +5V RS232 Drivers/Recsivers (2 Drivers, 2 Receivers)

SP312A ... Enhanced +5V RS232 Drivers/Receivers (2 Drivers, 2 ReCeiVers) .........cccvervvrvierens
SP341 ...... +3.3V Powered Multi-Channel EIA/TIA 562 Drivers/Receivers (3 Drivers, 5 Receivers)
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For information on any of the following SIPEX Data Conversion Products, please contact the SIPEX Literature
Department at (508) 667-8700.

Model Description

Sampling Analog-to-Digital Converters

HS574A ... 12-Bit, 25ps

SP574B ... 12-Bit, 25ps; 20kHz Nyquist Frequency

SP674A ... 12-Bit, 15ps

SP674B ... 12-Bit, 15us; 33kHz Nyquist Frequency

SP774B ... 12-Bit, 8us; 62.5kHz Nyquist Frequency

SP1674B . 12-Bit, 10us; 50kHz Nyquist Frequency

SP7800A . 12-Bit, 3ps; Single +5V Supply

SP8503 .... 12-Bit, 3ps; Bipolar Input

SP8505 .... 12-Bit, 5ps; Bipolar Input

SP8510 .... 12-Bit, 10ps; Bipolar Input

SP8603 .... 12-Bit, 3ps; Unipolar Input

SP8605 .... 12-Bit, 5ps; Unipolar Input

SP8610 .... 12-Bit, 10ps; Unipolar Input

Digital-to-Analog Converters
HS3120 ... 12-Bit, 2us, Latched, 4-Quadrant Muitiplying, Current Output
HS3140 ... 14-Bit, 2ps, 4-Quadrant Multiplying, Current Output
HS3160 ... 16-Bit, 2ps, 4-Quadrant Multiplying, Current Output
SP7512.... 12-Bit, 2ps, Double-Buffered, 4-Quadrant Muiltiplying, Current Output
SP7514 .... 14-Bit, 2ps, 4-Quadrant Multiplying, Current Output
SP7516 .... 16-Bit, 2us, 4-Quadrant Multiplying, Current Output
HS7541A . 12-Bit, 2ps, 4-Quadrant Multtiplying, Current Output
SP7545 .... 12-Bit, 2ps, Buffered, 4-Quadrant Multiplying, Current Output
HS7584 ... 12-Bit, 2us, Quad, Double-Buffered, 4-Quadrant Multiplying, Current Output with Independent Reference Inputs
SP9316 .... 16-Bit, 2ps, Latched, 4-Quadrant Multiplying, Current Output
SP9502 .... 12-Bit, 4ps, Dual, 4-Quadrant Multiplying, Voltage Output
SP9504 .... 12-Bit, 4us, Quad, 4-Quadrant Multiplying, Voltage Output
SP9602 .... 12-Bit, 4ps, Low-Power; Dual, 4-Quadrant Multiplying, Voltage Output
SP9604 .... 12-Bit, 4ps, Low-Power; Quad, 4-Quadrant Multiplying, Voltage Output
SP9841 .... 8-Bit, 0.7us; Octal, 2-Quadrant Multiplying, Current Output with 8 Independent Reference Inputs
SP9842 ... 8-Bit, 0.7ys; Octal, Multiplying, Current Output with 4 pair of Reference Inputs

Data Acquisition Systems
SP8120 .... 8-Channel, 12-Bit, 100KHz, Parallel Out, Monolithic DAS
SP8121 .... 8-Channel, 12-Bit, 1T00KHz, Parallel Out, Monolithic DAS
SP8480 .... 8-Channel, 12-Bit, 100KHz, 8/4 Nibble Out, Monolithic DAS
SP8481 .... 8-Ch., 12-Bit, 100KHz, Latched MUX, Nibble Out, Monolithic DAS

Advanced Information
SP9840 .... 8-Bit, 1ps; Octal, Multiplying, Voltage Output with 3-Wire Serial Interface and 8 Independent Reference Inputs
SP9843 .... 8-Bit, 1ps; Octal, Multiplying, Voltage Output with 3-Wire Serial Interface and 4 Pair of Reference Inputs
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For information on any of the foliowing SIPEX ASIC (Custom) Monolithics Products, please contact the SIPEX

Literature Department at (508) 667-8700.

Model - Description
SP2000 Analog Array Products
General Information
Introduction
Array General Description
Array Structure
Tiles
SP2000 Array Selection Guide
SP2101 2x2 Analog Array
SP2103 4x2 Analog Array
SP2104 4x3 Analog Array
SP2105 4x4 Analog Array
SP2107 4x5 Analog Array
SP2000 Series Analog Array Components
20 Volt Process Specifications
35 Volt Process Specifications
General Process Specifications
Standard Package Options
SP2000 MacroCell Selection Guide
Amplifiers
OPAT ....... General Purpose OpAmp
OPA2....... General Purpose OpAmp
OPA3....... Precision OpAmp
OPAS ....... Clamped-Output OpAmp
OPAG ....... Video OpAmp
OPAS....... Low Voltage OpAmp
JOP27 ..... High Precision JFET OpAmp
JOP28 ..... Precision JFET OpAmp
JOP34 ... General Purpose JFET OpAmp
JOP35 ... Low Power JFET OpAmp
Multiplexing Amplifiers
MXA2 ...... 2-Channel Multiplexing Amplifier
Low Voltage OpAmps
LVAT ... Wide CMR, Low-Voitage OpAmp
LVA2 ... Low-Voltage OpAmp
Buffers
BUF1 ... Buffer/Operational Amplifier
JBF1 ... JFET Buffer
Sample-and—Hold Amplifiers
SHAT ... Sample—and—Hold Amplifier & Switch
Transimpedance Amplifiers
TZA1 ... Transimpedance Amplifier
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For information on any of the following SIPEX ASIC (Custom) Monolithics Products, please contact the SIPEX
Literature Department at (508) 667-8700.

Model Description
Comparators
CMP1 ...... Single—Supply TTL Comparator
CMP2 ...... Split-Supply TTL Comparator
CMP4 ...... Two—Input Window Comparator
Multipliers
MLTT ... Current Out, 4—Quadrant VCA
Current Out, 4—-Quadrant Multiplier
Voltage Out, 4-Quadrant Multiplier
Current Out, TTL In, 4-Quad. Multi.
Full-Wave Rectifiers
FWR1 ...... Current Source Out, F-W Rectifier
FWR2 ...... Current Sink Out, F-W Rectifier
Bias Generators
BAST ...... IP and IPT Cell Bias Source
Logic Gates
LBS1 ....... CML Logic Bias Source
LBF1 ....... CML Logic Input Buffer
NOR1 ...... NOR/OR Gate, CML
Function Blocks
CHP1 ....... Charge Pump, Bipolar Output
Voltage References
RBZ10 ..... 10V Buried—Zener Reference
RBG10 .... 10V Band-Gap Reference
Analog Switch
SWAZ2SP . Precision Single—Pole, Single-Throw Analog Switch

vii
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SIPEX... EXCELLENCE IN SIGNAL PROCESSING

Sipex Corporation designs and manufactures
Analog Signal Processing Circuits. Utilizing a
broad range of technologies including CMOS,
Bipolar and BiCMOS, Sipex has developed a
wide range of monolithic products. Sipex’s
Standard Products are focused primarily in two
areas: Data Converters and Interface Circuits.
The Interface Circuits consist of industry stan-
dard as well as proprietary products. Data Con-
verter products cover a full range of D/A’s,
A/D’s, and DAS’ with primary focus on high
speed, high resolution circuits. In addition to
Sipex’s broad standard product offering, the
company designs and manufactures custom cir-
cuits for unique signal processing needs.

This catalog covers our standard Interface Prod-
uct offering. If you would like our Data Conver-
sion Products catalog or our ASIC (Custom)
Monolithic Products catalog, please contact the
Sipex Literature Department at S08—-667-8700.

SIPEX INTERFACE PRODUCTS:

Single Interface

Sipex has been serving the +5V Only RS232
market since 1988. This product line does rep-
resent our core product offering and is enhanced
and improved as needed to keep pace with the
rigorous requirements of industry. In 1993 Sipex
released the first product in a family of RS485
transceivers. The SP485 which is a half duplex
RS485 transceiver was the first in a series of
RS485 transceivers.

Multi-Mode Interface

Sipex entered the multimode serial interface
market with the industry’s first programmable
RS232/422 transceiver in 1990. Based on this
technology the 300 series was expanded to
support RS232, RS422, and AppleTalk™.
Single-chip transceivers supporting two inter-
face modes gave us the entree into our newest
series — the 500 series supports up to eleven
(11) programmable interface standards inte-

grated into easy to use, space saving, single chip
solutions.

Whether it’s our multimode transceivers or one
of our many single interface products, Sipex is
delivering affordable, reliable solutions to the
market today.

RELIABILITY

Quality and reliability have long been inherent
to our company. While the majority of our sales
today are to Industrial customers, our roots were
in the military markets, including demanding
space applications.

The disciplines required to successfully service
these markets have been carried into all Sipex’s
products. Quality has always been a ‘way of
life’ at Sipex. Outgoing quality levels of our
monolithic products are better than 200ppm
with our more mature products better than
100ppm. We are proud of our outgoing quality
level and are continually striving to improve
upon it.

viii
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SALES, SHIPPING & SERVICE

Ordering Information

North America: Orders may be placed through
our North American Sales office located at 22
Linnell Circle, Billerica, MA 01821 USA by tele-
phone at 508—-667-8700 or by fax at 508—-670—
9001. Product information may be obtained, and
orders placed through Sipex's representatives or
distributors whose addresses and telephone num-
bers are listed in this catalog.

International: Customers outside North
America are served by Sipex direct sales offices
in France, Germany and Japan. Sipex is also
represented throughout the world by interna-
tional representatives and distributors whose
offices are listed in this catalog.

Terms and Conditions of Sale

Prices and delivery information of any item in
this catalog is available from our sales represen-
tatives or direct from the Company. Quotations
are F.O.B. factory of origin, and are subject to
change without notice. On all orders, payment is
net 30 days following date of shipment.

Applications Engineering

Sipex maintains a support staff of technical
sales engineers, both domestically and interna-
tionally, who are expert in specific areas of
analog, digital, and microelectronics technol-
ogy. Staff engineers provide further technical
support, as needed, on advanced circuit designs
or application problems.

Shipping Instruments

Shipping will be via United Parcel Service or
Parcel Post unless other instructions are indicated.
For rush service, we will ship by Air Freight, Air
Express or Air Parcel Post on request.

Warranty .

Sipex warrants its products to be free from
defects in material and workmanship for a pe-
riod of one year from the date of shipment. This

warranty shall not apply to any product which
has been abused or misused physically or elec-
trically or whose leads have been clipped or
soldered. Sipex’s sole liability and the
Purchaser’s sole remedy under this warranty is
limited to repairing or replacing defective com-
ponents. Sipex shall notbe liable for consequen-
tial damages under any circumstances.

Returns

When returning material for repair or replace-
ment, it is necessary first to contact Customer
Service. Upon acceptance of the request, a re-
turn material authorization (RMA#) will be is-
sued. We require a detailed description of the
reason for the return; the date and purchase
order number on which it was obtained, and the
date of receipt.

Specifications
Sipex reserves the right to discontinue items and
change specifications without notice.
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QUALITY AND RELIABILITY ASSURANCE PROGRAM

INTRODUCTION

Sipex Corporation recognizes that the quality
and reliability of our products are of primary
importance to our customers. Sipex’s Quality
Assurance System has been designed to meet
the needs of our customers and to evolve as new
requirements are defined.

Corporate Mission and Quality Policy
Sipex Corporation has a “World Class” Qual-
ity Assurance System, incorporating the highest
product and service standards in use today. In
addition, it is the Corporation’s policy to meet
or exceed each and every customer’s product
and service expectations.

Quality Commitment Statement
Maintaining Sipex’s Quality Assurance System
requires the commitment and participation of all
Sipexemployees. At Sipex, effective and timely
training, coupled with good communication,
fosters an environment where all employees
understand and are integral members of the
Quality Assurance System. To ensure contin-
ued focus on Quality, Sipex Senior manage-
ment has overall responsibility for Quality man-
agement.

Quality Assurance System

Sipex Corporation has in place a Quality As-
surance System that achieves product “fitness
for use” by performing three quality functions
simultaneously:

— Quality Planning
— Quality Control
— Quality Improvement

The functional implementation of Sipex’s Total
Quality Management (TQM) philosophy is in-
dicated in Figure 1.

A key element in Sipex’s TQM philosophy is
it’s Quality Improvement Council. The Sipex

Quality Council receives inputs from various
sources inside and outside the Corporation. In-
formation received from the Sipex Manufactur-
ers Representative Council, factory operations,
and endusers is used to direct, control, and
assess Sipex’s company wide efforts to manage
for quality.

Quality Planning

Planning For Quality at Sipex involves all as-
pects of developing processes and products that
meet the customer’s requirements. Sipex per-
forms the Quality Planning Function by ensur-
ing that the customer’s expectations are accu-
rately communicated to the design, develop-
ment and production departments. These re-
quirements are, in turn, relayed to Sipex ven-
dors to ensure a consistent quality standard from
raw material to finished product.

Quality and Reliability Assessment play an im-
portant role in the Quality Planning Function at
Sipex. Process and Product quahﬁcatlon flows
are indicated in Figure 2.

Sipex’s Reliability Assessment and monitoring
program relies on accelerated environmental
and stress tests to determine process/product
reliability.

Sipex has divided its Wafer Fabrication and
Assembly processes by Vendor and Process
Family. Units are randomly selected from each
process family on a periodic basis and exposed
to a full range of environmental and stress test-
ing. These tests include Temperature Cycle,
Thermal Shock, Pressure Pot, High Tempera-
ture Operational Life Tests, Biased Tempera-
ture/Humidity Testing, HAST, Power Cycling
and various mechanical integrity tests. In addi-
tion, Sipex performs Vapor Phase Stressing
prior to environmental stressing to assess the
integrity of the plastic molding compounds used
on non-hermetic packages.
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SEMICONDUCTOR PRODUCT
QUALITY AND RELIABILITY ASSURANCE PROGRAM
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Figure 1. Sipex Corporation Quality Assurance System
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QUALITY AND RELIABILITY ASSURANCE PROGRAM

Quality Management of Vendors

As part of the Sipex Vendor Partnership pro-
gram, this data is shared with Sipex vendors and
together, Process Improvement programs are
defined and executed. Further, Sipex performs
routine environmental stressing failure analysis
as a service to our vendors. This service is
provided for production processes as well as
process improvements still in development.

Quality Management of Design

Sipex uses various computerized design verifi-
cation tools to detect connection errors and
layout violations. Design rules have been de-
fined with sufficient margin so that even Class
“S” current densities can be met under worst
case process and manufacturing tolerances.
Sipex has also developed extensive transistor
level models, used to verify “worst case” perfor-
mance, during the design phase.

Quality Control

The Quality Control (QC) at Sipex continu-
ously assesses product and process performance
relative to process/product goals. Sipex’s Qual-
ity Control Function uses a “feedback” loop that
compares the actual performance to plan and
takes action to address deficiencies when they
occur. The Quality Control function extends to
many areas in Sipex and includes Sipex’s ven-
dors, manufacturing facilities, as well as cus-
tomers.

The QC Function is implemented in the follow-
ing main areas:

— QCI Monitoring

— In-Line Monitoring

— Quality/Reliability Assessment
— Statistical Quality Control

— Vendor/Source Control

QCI Monitoring

Sipex Corporation’s Quality Conformance
Inspection (QCI) data collection program fol-
lows the general practices and intent of MIL—
M-38510 and MIL-STD-883. This is done for
commercial (predominately non-hermetic pack-
ages) as well as military (presently limited to
hermetic packages) products.

Table I summarizes the Quality Control general
requirements/data collection performed by Sipex
for the various process classification in place at
Sipex. A comparison of corresponding Sipex
manufacturing flows, including QCI gates, can
be found in Figure 3.

In—-Line Monitoring

Sipex utilizes in-line monitoring in conjunction
with Statistical Process Control (SPC) Analysis
techniques to monitor key process parameters in
real time. This data allows the manufacturing
personnel to react to process variations quickly,
as well as serving as a database for process trend
analysis.

Additionally, Sipex performs numerous QC
checks in-line to ensure process consistency.
Process Control Charts are in use at virtually
every process operation.

Near real time monitoring techniques such as
X-Ray analysis (eutectic die attach process
monitoring), wire sweep (plastic packages), and
SEM Analysis for metallization step coverage

Upper Control
Limit (UCL)

VALUES

Center Line (i) /\\//\v

Lower Control L___________ . ...
Limit (LCL)

TIME

In~Line Process Control Chart
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SEMICONDUCTOR PRODUCT
QUALITY AND RELIABILITY ASSURANCE PROGRAM

No Failures

Determine Appropriate
Qualification Flow

’ Assemble Required Number of Units I

In Appropriate Package

]

Perform Pre-Manufacturing Bum—In
Electrical Testing (Optionat)

Perform Manufacturing
Bum—In (Optional)

Perform Manufacturing Pre-Conditioning I

Operations (Optional)
_———
Perform Pre-Quafification
Electrical Testing

Perform Qualification
Stress Tests

Engineering Qualification
Completed

1

L]

Release Prototypes For Sale
(I.E. Pre—Production Status)

Perform Post—Qualification I

Electrical Testing
¥ Failures Observed
Perform
Failure Analysis
L]
Implement
Corrective Action
[
QA Verification of
Qualification Results
Contingent Production
Qualification Completed
Released for
Contingent Production

Issue Reliability Qualification
Report

Issue Characterization
Report

L]

Review Report and Release
Product to Full Production

Figure 2. Generic Reliability Assessment and Product/Process Qualification Control Flow Chart
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MIL-}-38535 Appendix A Processing Level
Description MIL-M-38510, MIL-STD-883
of Requirements Requirements, Methods 883 883 Hermetic Non-Herm.
and Screens and Test Conditions Requirements | JANB (1) | SMD(1) Class S Class B Comm. Comm.
1. General MIL-M-38510: The manufacturer shall
A. Pre=Certification - establish and implement a
B. Qualification Test Plan product assurance plan and -— X X X X X X
C. Product Assurance submit to qualifying
Program Pian activity.
2. Certification A. DESC survey X N/A N/A NA NA N/A
B. Manufacturers Q.A. —_—
Survey N/A X X X X X
3. Traceability Traceability to wafer
production lots - X X X X X X
4. Country of Origin Devices must be manu-
factured, assembled and - X N/A X X N/A N/A
tested within U.S. or its
territories.
MIL-STD-883, Method 5004 Screening
5. Internat Visual Method 2010 cond. B 100% X X Method X X(2) X(2)
2010A {Comm.) (Comm.)
6. Stabilization Bake Method 1008 cond. B 100% X X X X X N/A
7. Temperature Cycle Method 1010 cond. C 100% X X X X X N/A
(10 Cycles,~65°C to +150°C)
8. Constant Acceleration Method 2001 cond. E 100% X X X X X N/A
Y1 (30 kg in Y1 axis)
9. Visual Inspection Method 2009 4th Optical 100% X X X X X(2) X (2)Criteria
(Comm.) (Comm.)
10. Hermeticity
A. Fine Leak A. Method 1014 cond A or B 100% X X X X X N/A
B. Gross Leak B. Method 1014 cond. C
11. Interim Electricals Per applicable slash sheet 100% X X X X NA N/A
(initial class test) for JAN of manufacturers
documented data sheet.
12. Bum-In Method 1015, condition as 100% X X 240 Hrs X NA N/A
specified. Minimum 160 hrs. minimum
at +125°C. at+125°C
13. Final Electrical Post 100% at +25°C with 5% PDA 100% X X X X N/A N/A
Burmn-In Test and in-line Group A. Also
100% at
14. Lead Finish Hot Solder dip, if necessary 100% X X X X X X
15. Mark Fungus inhibiting ink 100% X X X X X
includes ESD and Part JM38510/ 5962 JEDEC
Nomenclature XXXXXX XXXXXX [ 101B
16. Quality Conformance Method 5005 in-line Sub-Groups X X X X NA NA
inspection Group B Sub-Groups as B2,B3,B5
indicated
17. Lead Scan/Straighten -—— 100% X X X X X X
18. Post Mark/Final 100% at other temperature 100% X X X X X
Eiectrical Test extreme and in—line Group A 25°C. only 25°C. only
19. Lead Scan/Straighten -— 100% X X X X X X
20. 100% Hermeticity Test
A. Fine Leak A. Method 1014 cond. A or B
B. Gross Leak B. Method 1014 condition C 100% X X X X N/A NA

Table 1a. Comparison of Various Screening and Lot Conformance Requirements
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MIL-1-38535 Appendix A Processing Level
Description MIL-M-38510, MIL-STD-883
of Requirements Requirements, Methods 883 883 Hermetic Non-~Herm.
and Screens and Test C g JAN B(1) | SMD(1) Class S Class B Comm. Comm.
21. QA Hermeticity Test
A Fine Leak A. Method 1014 cond. A or B
B Gross Leak B. Method 1014 condition C -—— X X X X NA N/A
22. Visual/Mechanical 100% Method 2009
Paperwork review review sample - X X X X X X
in-line QA
23. Pack/Ship Verify P.O. Requirement 100% X X X X X X
Includes C of C * .
*No C of C issued
Quality Conformance Inspection per Method 5005 of MIL-STD--883 (attributes data only)
24. Group A% Electrical per slash sheet Each lot/sublot X In~line Each Lot In-line In-line In-Line
or manufacturer’s data 25°C only 25°C only
sheets; subgroups 1-11
as specified.
25. Group B* Packages functional and Each package3 Each Lot [Each Lot Each Lot Each N/A NA
constructional related test type on each lot Package®
26. Group [ Die related test (1,000 hrs Each microgircuit Every Generic Every Generic Reliability Reliability
Steady State Life) group Quaiter Every Quarter | Every52wks | Qualffication Qualification
52 per intemal per internat per intemat
Weeks Sipex spec. Sipex spec. Sipex spec.
27. Group p* Package related test Each package Every | Generic Every Generic Reliability Reliability
group Six Every Six Every Qualification Qualification
Months 52 Months 52 per intemal per intemal
weeks Weeks . | Sipexspec. Sipex spec.
Notes:
1. Sipex Comporation does not perform JAN Class B or SMD Processing. These are included in this table for comparison purposes only.
2. Commercial visual screening is performed per Method 5004, Condition B (Class B) with minor refaxations allowed.
8. This performed for each log, package type, date code and assembly plant.
4. Quality Conformance inspections are done prior to shipment.
5. _Per Seal-Week

Table 1b. Comparison of Various Screening and Lot Conformance Requirements

are employed on a periodic basis to monitor
process integrity. These can also provide early
detection of process variations that are not ob-
servable using conventional In-Line Monitor-
ing practices.

Statistical Quality Control
Sipex utilizes various Statistical Quality Con-
trol Methods, including:

— SPC Analysis

— Pereto Graphs

— Process/Defect

— Histograms

— Cause/Effect Analysis

— Design of Experiments (DOE)

— Failure Mode Analysis

to analyze process and product performance
data. Inaddition, Sipex hasestablished working
partnerships with each of its Vendors that in-
volves periodic exchanges of process control
data and Failure Analysis data.

Quality Improvement

Quality Improvement at Sipex involves im-
proving both fitness for use as well as reducing
process defects. Improvement is categorized as
attaining new levels of performance that are
consistently superior to all previous levels.

Sipex employs the technique of Continuous
Process Improvement (CPI) to execute the Qual-
ity Improvement function. Sipex’s Quality
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Improvement Council directs the CPI program. FRX10? = FIT

Product Reliability Assessment

Product Reliability Assessment is an effort
whereby statistical methods are employed to
ascertain, control, predict and ultimately im-
prove the failure rates of products.

The IC industry has evolved a method of reli-
ability assessment and prediction based on MIL~
HDBK-217 that considers both the chemical
and physical sources of the failure mechanisms,
as well as the inherently dynamic nature of the
failure rates. Sipex Corporation subscribes to,
supports, and aggressively utilizes these indus-
try accepted practices. .

Failure Rate and MTBF

The Mean Time Between Failures (MTBF) and
the Failure Rate (FR) are two parameters used
when Product Reliability Data is presented.
These two parameters are inverses of each other.
For example, if 200 units are tested for 1000
hours during which 4 failures occur, then

total device - hours ~ 200x1000
MIBF = total # of fallures =~ 4

= 50,000 hrs

1 total # of failures 5
= WITBF ™ Toral device hours ~ 0100002= 2X10
As manufacturing operations become more and
more reliable, the Failure Rates associated with
them begin to approach zero. This situation is
highly desirable but can cause problems; an
increasing number of leading zeroes (or, alter-
natively, larger negative powers of ten) are
required to express the FR value. Reliability
Engineers have developed a shorthand notation
called Failure In Time (FIT) that simplifies
writing the FR value. Failure In Time is related
to Failure Rate by the expression:

Essentially, 1 FIT = 1 Failure in one billion
device-hours of operation.

Continuing with the data in the above example:

FIT = FRx10?
=2x10%x10°
=2x10*

The calculated MTBF and FR are called point
estimates because they represent values ob-
tained from data collected from one test (in this
case, of 1000 hours in duration). If a second
group of 200 units were tested for 1000 hrs, it is
likely that the observed number of failures would
be different.

IC unit failures occur in discrete quantities (i.e.
0,1,2,—n failures per lot). Each lot tested will
have a number of failures that may or may not be
the same as previous (or future) lots tested (or to
be tested). This type of failure occurrence can
be modeled by a discrete Probability Distribu-
tion Function called a Binomial Probability
Function. When the number of observed fail-
ures is small, and the total number of units tested
is large, the Poisson Probability Function be-
comes a close approximation to the Binomial
Probability Function. The Poisson Probability
function is useful as a first order failure rate
model.

Continuous Probability Distribution Functions,
such as Log—Normal and Weibull Functions, -
have also been used by the IC industry to model
failures. The Poisson, Log—Normal and Weibull
Distribution Functions are all negative
exponentials. As such, these functions have
several unique and mathematically desirable
features that have been successfully exploited
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Incoming Inspection of all critical raw materials used in fabrication
(i.e. wafers, masks, dopant, chemicals)

Y

Die Fabrication

'

Scanning Electron Microscope, Oxide Profiles, Diffusion Profiles,
Metallization Integrity and PCM Electrical Data

Die Sort — Automated Electrical Test at Room Temperature
Die Preparation — Wafer Saw
Die Sort Visual
To Assembly
Hermetic Non-Hermetic
L] L]
Semi-Automatic Die Attach Automatic Die Attach
(Eutectic) (Epoxy)
Semi-Automatic Bonding Automatic Bonding
(Aluminum Wire) (Gold Wire)
Flows Pre-Mold
1 2 Visual
Plastic
Molding
L]
Post-Mold
Cure
Flow 1a and 1b Flow 2 Flow 3

Figure 3a. Standard Manufacturing Flows
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Flow 1b
Wafer Lot Acceptance
Wafer Fabrication Preseal Internal Visual
Device Assembly Method 2010 Cond. B
Methods 5004 & 5007
+‘1°‘ %5°C, -55°C &
AC Testing per Device
Non—Destructive Applicable Spec. 100% Assembly
Bond Pull !
Method 2023 100%
- - QA Sample
Inspection

Pre—Seal Visual -
Method 2010, Cond. A
100%

Fine Leak Test
Method 1014 Cond. A

Stabilization Bake
Method 1008, Cond. C

Temperature Cycling
Method 1010 Cond. C

100%
" Stabéhzatlonciake c ’ '
ethod 1008 Cond. C orati -
Gross LeakTest onstant Acceleration Electrical Test
100 Method 1014 Gond. C Method 2001 E Y1 Plane +25°C
100% [ 7
n}gﬁ&? r1a(t)l¥g chr?clin% L Seal Method 1014 Burn—In Test
100% X-Ray Condition A and C Method 1015, Cond. B
Method }88 4 Cond. I
o

Constant Acceleration
W‘B‘rﬁ? 2001 o‘%’g’dci Electricgls §6d Room
100% per Spec.

Particle Impact

Noise Detection (PIND) Grou
p A, Acceptance
Method 2020 Gond. A Method 5005, Table 1
Serialization 100%
Lot Qualification (QCI).

25°C Electrical Test - Method 5005
100% Groups B and D

Stock Inventory

xternal |sua|
Method 2009  100%

MIL-STD-883 METHOD 5004 CLASS B (See Note 1)

Burn—In Dynamic )
240 Hours @ 125°C
(or Equiv. per Spec.)

NOTES:

1. MIL-STD-883D product is assembleditested per the requirements

of MIL-M—-38510 and MIL-STD-883 Rev D (Class S and B), and

MIL-1-38535 Appendix A, as well as tested per SIPEX

electrical test programs.

Class S PDA=3%, Class B PDA=5% @ 25°C (Subgroup 1)

In-house test specifications are available upon request

2. Standard product is available with burn—in options.

3. Standard product is tested at maximum rated temperature with
appropriate guard—bands.

4., As required by detailed specification.

25°C Electrical Test
Read & Record 100%

Final Electrical Test
+25°C

Static Test
Min/Max Temperatures

Dynamic & Switching
Tests at +25°C

External Visual
Method 2009

Quality Conformance
Periodic Inspection

Stock Inventory

Figure 3b. Standard Manufacturing Flows
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Flow 2

Preseal Internal Visual
Method 2010 Cond. B

]
Device
Assembly

Y

QA Sample
Inspection

Stabilization Bake
Method 1008, Cond. C

'

Temperature Cycling
Method 1010 Cond. C

Constant Acceleration
Method 2001 E Y1 Plane:

Seal Method 1014
Condition A and C

¥

Electrical Test
25°C (Optional)

v

Bum—In Test
(Optional)

Final Electrical Test
Multi-Temp/ Optional)

Sample Test at -25°C
(Multi=Temp/Optional)

Extemnal Visual
Method 2009

Y

Stock Inventory

STANDARD HERMETIC DEVICES

NOTES:

1. MIL-STD-883D product is assembled/tested per the requirements
of MIL-M-38510 and MIL-STD-883 Rev D (Class S and B) and
MIL-1-38535 Appendix A, as well as tested per SIPEX
electrical test programs.
Class S PDA=3%, Class B PDA=5% @ 25°C (Subgroup 1)
In-house test specifications are available upon request

2. Standard product is available with bum~in options.

3. Standard product is tested at maximum rated temperature with
appropriate guard-bands.

4, As required by detailed specification.

Figure 3c. Standard Manufacturing Flows

Electrical Test
25°C {Optional)

Bum-in Test
(Optional)

Final Electrical Test
+25°C and +85°C

Sample Test
—25°C and +85°C

External Visual
SIPEX Standard -

Stock Inventory
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by Reliability Engineers.
most important are:

Among these, the

* The inverse relationship between MTBF and FR as
illustrated in the above example

» The Failure Rate is independent of time (due to the
exponential characteristic)

Reliability Distribution Theory

The” bathtub” distribution in Figure 4 has his-
torically been the most common failure rate
distribution observed in the IC industry. AsIC
manufacturing techniques have improved, how-
ever, the total number of failures observed in the
Infant Mortality and Random Failure regions
has steadily declined to levels that are often too
low to measure.

Consequently, much effort has been devoted to

developing methods for accelerating compo-

nent aging so that the failure rates associated

with latent defects in the Wearout Region of the
- failure rate curve can be determined.

As mentioned previously, the exponential Prob-
ability Distribution Functions chosen by the IC
Industry have the very convenient property of
being independent of time. This feature allows
reliability data to be collected in an almost
infinite combination of devices and hours. Con-
sequently, data collected using 5 devices for
10,000 hours is equivalent to data collected
using 500 devices for 100 hours, assuming all
other conditions of the tests are identical.

Taking this concept one step further, the Semi-
conductor Industry collects data representing
hundreds of years of device performance at
room temperature (25°C) by testing modest
sample sizes (50-500 vnits) for 1000 hours at
elevated temperatures (125-175°C). This is
accomplished by using a relationship called the
Arrhenius equation:

-Eg
Reaction Rate = Failure Rate = Ae( "’J

k = Boltzmans Constant, 8.61423 x 10-5 eV/°K
E, = Activation Energy of the Failure Mechanism
T = Temperature (°K)

A = Constant, independent of temperature

This relationship has been demonstrated to gov-
ern the failure rates of many mechanisms found
to be responsible for IC failures. Assuming Ea
is independent of Temperature, the Arrhenius
Relationship can be rewritten so as to define an
Acceleration Factor:

' Eof 1 1
';E—TZ = Acceleration Factor =a=e* (T‘ Tz]
T

In the above equation, the Acceleration Factor
acts as a multiplier that converts data collected
at temperature T, to its equivalent at tempera-
ture T,.

By way of example, using an Activation Energy of
0.8 eV, the conversion factors in Table 2 result when
datacollectedat 125°Cis““converted” toits equivalent

value at a lower temperature.

Three Regions of Failure Rates

Failure Rate

Random
Failures

|

<— Wearout

Time

Figure 4. ""Bathtub'’ Historical IC Failure Rate
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Arroutine application of the Acceleration Factor
is in the computation of equivalent device—
hours. This is necessary when FR or MTBF
values are required for a temperature other than
the temperature at which the actual data was
collected. Using the FR and MTBF relation-
ships previously defined, inclusion of the Ac-
celeration Factor results in the following modi-
fied expressions:

Fe (total device - hours)x(Acceleration Factor)

M
8 Total number of failures

1 Total number of failures

FRs——=
MIBF  (tfotal device -hours) x (Acceleration Factor)

On Accelerated Aging and Life Testing

Caution must be exercised when a specific stress
condition is chosen for an Accelerated Life
Test. The goal of the Accelerated Test is to

expose the latent defects that are in some way

responsible for failures in the Wearout Region
without inducing additional unrelated failures.

Accelerated Life Tests are specifically designed
to be of short duration, high stress. To be an
effective tool in identifying potential device
failure modes, these tests must produce failures
similar to those observed in the field. Acceler-
ated Life Testing can generate either unrelated
failures or cause minor failure mechanisms that
overwhelm the actual failure mechanisms.

An Accelerated Life Test considers the circuit
design, fabrication/manufacturing technology,
packaging methods and field failure rate histo-

Data Collected | Multiply By | Equivalent To
At Data At
-125°C 2479.81 25°C
125°C 133.13 55°C
125°C 41.88 |- 70°C

Table 2. Data Conversion to Equivalent Temperature

ries collected on devices produced with similar
manufacturing characteristics.

Activation Energy

The Arrhenius Activation Energy is the amount
of molecular energy required for a particular
failure mechanism to take place. This Activa-
tion Energy has no relationship to the semicon-
ductor Energy Band Theory.

Industry practice is to empirically determine the
Activation Energy of a particular failure mecha-
nism by using an Arrhenius Plot, as in Figure 5.
The Activation Energy associated with a spe-
cific failure mechanism is an average of the
observed activation energies attributed to that
particular failure mechanism. The slope of the
line is given as:

-E
Sl =—¢
ope = —

and the Activation Energy is given as:

E, =-k x (Slope)

The Activation Energy is then compared to
previous process history and industry published
Activation Energies to ascertain the associated
failure mechanism.

Typical Activation Energies associated with
common IC failure mechanisms are listed in
Table 3.

As can be seen from this table, Activation Ener-
gies associated with a specific failure mecha-
nism often overlap observed Ea ranges of other
failure mechanisms. In this case more than one
failure analysis is required to determine the
exact failure mechanism. By examining the
MTBEF equation and the Arrhenius Plot in Fig-
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ure 5,it can be seen that decreasing values of Ea
will predictdecreasing MTBFs with correspond-
ing increases in the FR. Stated another way, Ea
and FR are inversely related.

Sipex Corporation tracks both the Relative
Failure Rate and the Specific Failure Rate. Table
3 contains a typical Relative Failure Rate distri-
bution. Using an analysis method based on
Relative Failure Rates, Sipex has determined
that a weighted Activation Energy of 0.8eV is
representative of the failure mechanisms ob-
served to date on Sipex products. This activa-
tion energy provides a prediction of expected
failure rates.

What s A Failure?
Stresses including Accelerated Life Testing,
cause two types of Failures:

— Parametric or Soft Failures
— Catastrophic or Hard Failures

Device Parametric Failures are units that are
fully functional, but contain electrically mea-
sured failures to a published specification.

A Catastrophic Failure is categorized by Sipex
as any device that is incapable of performing all
of its specified functions.

Additionally, a Parametric Failure that exhibits
measured values that are either 2x the maximum
or 1/2x the minimum required value are classi-
fied as Catastrophic Failures by Sipex Corpo-
ration.

Sipex takes a conservative approach and con-
siders all failures (whether Parametric or Cata-
strophic) and includes both types of failures
when reporting Failure Rate, Failure In Time or
Mean Time Between Failure Data.

The Implications of Sampling On
Reliability Statistics

The statistics and examples discussed up to this
point have relied on determination of the Failure
Rates by direct measurements of all units within
the population. Physical environmental test
system size limits the number of devices thatcan
be exposed to an environmental stress at any one
time. Additionally, the use of Accelerated Test-
ing to generate failures “consumes” a portion of
the useful life of each device tested.

These and other practical constraints force the
use of random samples to determine Failure
Rates. This complicates the overall Failure Rate
Determination effort because the uncertainty
associated with the random sampling activity
must be accounted for in the Failure Rate calcu-
lations.

Several Different Activation Energies

107

1.2eV

108

105 Z

104 .
MTBF
{Hours)

103 .

102

of. 0.7eV

a

400 350 300 250 200 150 100 50 25

Temperature (°C)

Figure 5. Arrhenius Plot
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Based on historical knowledge of the distribu-
tions of IC failures and the relationship (or
correlation) of one failure to another, it is pos-
sible to quantify a level of certainty associated
with Failure Rates calculated from random
samples.

Using Chi—Squared statistics, device failure data
collected from random samples are used to
predict the worst—case field failure rates likely
to be experienced for the remainder of the de-
vices in that lot. As data is collected from
samples taken from independent lots (usually
three separate lots, as a minimum), a cumulative
Failure Rate can be calculated that represents
the anticipated field failure rates for all lots. The
Chi—Squared function is mathematically related
to the Binomial and Poisson Functions (and is a
special case of the Gamma Function). Graphi-

Failure Activation Primary Detection
Mode Energy Method
Oxide Defect - 0.3eV HTDB
Silicon Defect 0.3 HTDB
lonic Contamination
Bulk 1.0 HTSB
Surface (Bipolar) 1.0-1.1 HTSB
Surface ( MOS) 1.2-14 HTSB
Metallization
Electromigration 0.6-1.2 HTSB
Corrosion 0.7-1.0 HTSB, HH
Microcracks - TC
Contact Metal Migration 0.6 HTDB
Stress Voids 0.3-0.5 HTDB, HH, TC, TS
Surface Inversion 0.5-1.0 HTDB
Charge Injection/Loss 1.4 HTSB
Slow Trapping 1.0-1.3 HTSB
Bond Related
Intermetallic Growth 1.0-1.1 HTSB
Fatigue — TC, TS
Masking Defect
Metal To Poly 0.3 HTSB
Metal To Metal 0.3 HTSB, TC, TS
Diffusion 0.5 HTSB
Packaging Related — HTSB, TC, TS, HH
NOTES:
1. HTSB is High Temperature Static Burn-In
2. HTDB is High Temperature Dynamic Burn—In
3. TCis Temperature Cycling
4. HH is High Humidity
6. TS is Thermal Shock

cally, the Chi-Squared function is similar in
shape to the Normal or Gaussian distribution
when a sufficiently large sample size is chosen
(see Figure 6).

Failure Rate calculations incorporating the Chi—
Squared statistical function are given as:

( 2) %2 = Chi-Squared Value
FR = —/-DH =Device Hours
2DHa ,
o = Acceleration Factor

The Chi-Squared value is typically determined
by using mathematical tables where the indices
into the table are the parameters:

— Confidence Level, CL
— Degrees of Freedom, DF

The Confidence Level is a means of statistically
stating the possibility that the calculated Failure
Rate will not be exceeded. For example, a
Confidence Level of 0.60 means that in 60% of
the cases the observed Failure Rate will be less
than or equal to the predicated Failure Rate.

Failure Mode/ Relative Failure Weighted Avg.
Mechanism Rate Ea
Wire Bond/Assembly/
Packaging 45% 1.1eV
Metallization 25 0.8
lonic Contamination/

Surface Inversion 20 1.2
Oxide/Silicon Poly 5 0.3
Masking 8 0.4
Other 2 0.6
NOTE: Although reflective of Relative Failure Rate data collected by
Sipex, Table |l alsoincludes data presented by numerous Government
and Industry sources. As such, Table Il does not reflect the attributes
of any single Sipex Product or Productfamily, butshould be considered
an average for all Sipex Corporation Products.

Table 3. Common Silicon Integrated Circuit Failure Modes

Table 4. Typical Relative Failure Rate By Failure Mode
Mechanism
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Degtees of Freedom is a measure of the amount of
dependence a given failure has on all other failures.
The total number of observed failures also influences
the DF value. The Degrees of Freedom parameter is
calculated using the expression:

DF = 2r =Degrees of Freedom

r = total number of observed failures
during random sampling

Sample Calculations For Failure Rate
Using Random Samples

The concepts concerning Failure Rate calcula-
tions based on random sampling as described in
previous sections of this report are employed
below to demonstrate a typical application.

Assume the following data has been collected
forahypothetical Sipex Corporation part SP999—
CT:

- TEST 1
Number of units tested: 1250
Number of failures: 1

Test Temperature: 125°C
Number of Hours Tested: 3000 Hr

TEST 2
Number of units tested: . 775
Number of failures: 0
Test Temperature: 55°C

Number of Hours Tested: 5000 Hr

Increasing Degrees
of Freedom

Area under the curve
is the probability,
Q (%),

Figure 6. Chi-Squared Distribution

TEST 3
Number of units tested: 2753
Number of failures: 2
Test Temperature: 25°C

Number of Hours Tested: 462,504 Hr

Statement of Requirements: It is desired to cal-
culate the Failure Rate (expressed in FITs) using
a Confidence Level of 60% for an anticipated
component field application at 55°C.

Table I contains Acceleration Factors for con-
verting from 125°C to 75°C, 55°C or 25°C but
does not contain an Acceleration Factor for
converting from 25°C to 55°C. This factor is
calculated using:

E_o[l_LJ
K\Ty T
o = e 1 2

where:

E,=0.8V
T,=55°C+273°K =320°C
T, =25°C +273°C =298°K
K =8.63X10%eV/°K

Now, substituting these values back into the
expressionforou

086V (1 1 )
5v/K\328°K 298°K
o = ©86310°V/K\

for 25°C data conversion to 55°C data

- e-2.845

=0.0881
The Acceleration Factor appropriate for con-

verting the data collected in this example from
25°C to 55°C is a= 0.0581.

XXiv



Sipex

SIGNAL PROCESSING EXCELLENCE

SEMICONDUCTOR PRODUCT

QUALITY AND RELIABILITY ASSURANCE PROGRAM

Using this additional Acceleration Factor, it is
now possible to calculate the total number of
Device-Hours at 55°C:

DH =(Device-Hours Test 1)x (Acceleration Factor) +
(Device—Hours Test 2) x (Acceleration Factor)+
(Device-Hours Test 3) x (Acceleration Factor)

= (1250 x 3000) x 133.13 + (775x5000) x 1 +
(2753 x 462,504) x 0.0581

=4.992 x 108 + 3.875 x 10°+7.401 x 107
Device-Hours

= 5.809 x 108 Device-Hours @ 55°C

The total number of failures observed is given by:

r = (Number Failures Test 1 + Number Failures
Test 2 + Number Failures Test 3)
=1+0+2
=3

The Degrees of Freedom value is calculated using:

DF =2r
=2x3
=6

A Confidence Level of 60% must be restated as a fractional
value not greater than 1.0. This is given as:

CL(%)
cL= 100
_ 60%
~ 100
=06

Recalling the Failure Rate expression contain-
ing Chi-squared:

2

FR=4—
2D

Using DF=6, CL=0.6 (as required per this ex-
ample), x 2 = 7.68 is obtained from math-

ematical tables. Substituting back into the FR
expression:

7.8
~ 2x5.809x10°
=6.61x10°

Converting Failure Rate to FITs:

FIT = FRx10°

=6.61x107x10°
=6.61FITs

Therefore, in this example, a Failure Rate not to
exceed 6.61 FIT's at an operating temperature of
55°C is expected in 60% of all lots of Sipex
Corporation SP999-CT product.

SUMMARY OF TERMS

Accelerated Aging
Short duration environmental stresses specifically
designed to induce latent defects to manifest
themselves as device failures.

Accelerated Life Testing
Same as Accelerated Aging.

Acceleration Factor
The ratio of two Failure Rates involving the same
Failure Modes obtained from identical units
exposedto similar Environmental Stress conditions
but differing in only one or two variables (e.g.,
temperature or voltage).

Activation Energy
The molecular energy requiredfor aspecific failure
mechanism to take place.

AQL
Average Quality Level. This is ameasure of quality
that reflects the number of units rejecied at Incoming
Inspection.
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Catastrophic Failure
Anydevice that is incapable of performing all of its
specified functions.

Also known as a Hard Failure or a Functional
Failure.

Compliance
An affirmative indication or judgment that the
supplier of a product or service has met the
requirements of the relevant specifications,
contract, or regulation; also the state of meeting
the requirements.

Confidence Level ,
A statistical term that quantifies the probability
that a specified value, parameter, or attribute will
occur in a given population of units.

Conformance
Andffirmative indication or judgmentthat aproduct
or service has met the requirements of the relevant
specifications, contract, or regulation; also the
state of meeting the requirements.

Defect
An attribute that is judged to be noncompliant to
specification requirements.

Degrees Of Freedom
A statistical term that is used to quantify the
dependence of a specific failure occurrence to all
otherfailure occurrences. The Degrees of Freedom
value is related to the number of failures observed.

Environmental Stress
Any physical or chemical influence that a device is
exposed to and/or operated under.

Failure
The cessation of a device to perform a function (or
functions) as required or specified.

Failure In Time (FIT)
A shorthand method for expressing Failure Rate.
One FIT is defined as 1 failure in 1 09 device hours.

N

Failure Mechanism:
The chemical or physical cause of the failure.

Failure Rate
The Failure Rate at which device failures occur.

Failure Rate may be measured, calculated based
onrandom samples, or predicted based on previous
historical data/trends.

Parametric Failure
Any device that is fully functional, but fails one or
more parametric limits. Also known as a Soft
Failure.

Quality
The collective characteristics (physical, electrical,
mechanical, etc.) that make a device what it is.
Quality is inherent and is the summation of all
characteristics of the device.

Quality Assurance
All those planned or systematic actions necessary
to provide adequate confidence that a product or
service will satisfy given requirements for quality.

Quality Control
The operational techniques and the activities used
to fulfill requirements of quality.

Quality Management
That aspect of the overall management function
that determines and implements the quality policy.

Quality Measure
A quantitative measure of the features and
characteristics of a product or service.

Quality Plan
Adocument setting out the specific quality practices,
resources, and activities relevant to a particular
product, process, service, contract or project.

Quality Policy
The overall intentions and direction of an
organization as regards quality, as formally
expressed by top management.

Quality Surveillance
The continuing monitoring and verification of the
status of procedures; methods, conditions, products,
processes, and services, and analysis of records in
relation to stated references to ensure that
requirements for quality are being met.

Quality System

The organizational structure, responsibilities,
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procedures, processes, and resources for
implementing quality management.

Reliability
Reliability is the ability of a device to perform
stated functions over a specific period of time.

Specification
The document that prescribes the requirements
with which the product or service has to conform.

Statistical Process Control
The application of statistical techniques to the
control of processes.

Statistical Quality Control
The application of statistical techniques to the
control of quality.
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ALABAMA ILLINOIS MISSOURI
Huntsville Oak Brook Billerica, MA)
EMA ATI LTD. IPEX CORPORATION

Tel:  205-830—4030

800-633-2920(AL only)
Fax: 205-830-1947
ARIZONA

SOUTHWEST TECHNICAL SALES
Tel: 602-893-1209
Fax: 602-893-1312

ARKANSAS

(Dallas, TX)

MREP

Tel: 214-484-5711
Fax: 214-484-0634

CALIFORNIA

Milpitas

SIPEX CORPORATION
Tel: 408-945-9080
Fax: 408-946-6191

Riverside

SIPEX CORPORATION
Tel: 800-828-7818
FAX: 909-681-6754

COLORADO

Denver

SEALE & ASSOCIATES, INC.
Tel: 303-695-1980

Fax: 303-695-1984

CONNECTICUT

(Jericho, NY)

J-SQUARE MARKETING
Tel: 516-935-3200
Fax. 516-935-0029

DELAWARE

(Horsham, PA)

NEXUS TECHNOLOGY SALES
Tel: 215-675-9600

Fax: 215-675-9604

FLORIDA

Clearwater
ELECTRO-CRAFT, INC.
Tel: 813-530-3788
Fax: 813-530-9252

Longwood
ELECTRO-CRAFT, INC.
Tel: 407-682-7832
Fax: 407-682-7832

Boynton Beach
ELECTRO-CRAFT, INC.
Tel:  407-364-0933
Fax: 407-364-0935

GEORGIA

Roswell

EMA

Tel:  404-992-7240
800-647-3773 (GA only)

Fax. 404-993-3426

IDAHO

(Denver, CO;

SEALE & ASSOCIATES, INC.
Tel:  303-695-1980

Fax: 303-695-1984

Tel: 708-654-4954
Fax: 708-572-0907

INDIANA
Indianapolis

MOHRFIELD MARKETING, INC.

Tel:  317-546-6969
Fax: 317-545-4504

Leo
MOHRFIELD MARKETING, INC.

Tel: 219-627-5355
Fax: 219-627-2953

IOWA

(Billerica, MA)

SIPEX CORPORATION
Tel: 508-667—8700
Fax: 508-670-9001

KANSAS

(Billerica, MA)

SIPEX CORPORATION
Tel: 508-667-8700
Fax: 508-670-9001

KENTUCKY
Lexington

MOHRFIELD MARKETING, INC.

Tel: 606-223-5243
Fax: 606-224-4314

LOUISIANA

(Dallas, TX)

MREP

Tel: 214-484-5711
Fax: 214-484-0634

MAINE

Billerica, MA)

IPEX CORPORATION
Tel: 508-667-8700
Fax: 508-670-9001

MARYLAND
Pasadena

EES

Tel:  410-255-9686
Fax: 410-255-9688

MASSACHUSETTS

Billerica

SIPEX CORPORATION
Tel: 508-667-8700
Fax: 508-670-9001

MICHIGAN

Plymouth

JAY MARKETING ASSOC.
Tel:  313-459-1200
Fax: 313-459-1697

MINNESOTA
Excelsior

CBR ASSOCIATES
Tel: 612-470-2282
Fax: 612-470-2283

MISSISSIPPI
(Huntsville, AL)
EMA

Tel:  205-830-4030
Fax: 205-830-1947

Tel: 508-667-8700
Fax: 508-670-9001

MONTANA

(Denver, CO,

SEALE & ASSOCIATES, INC.
Tel:  303-695-1980

Fax: 303-695-1984

NEBRASKA
(Billerica, MA)

SIPEX CORPORATION
Tel:  508-667-8700
Fax: 508-670-9001

NEVADA

Milpitas, CA

IPEX CORPORATION
Tel:  408-945-9080

Fax: 408-946-6191

NEW HAMPSHIRE
(Billerica, MA)

SIPEX CORPORATION
Tel: 508-667-8700
Fax: 508-670-9001

NEW MEXICO

Phoenix, AZ)

OUTHWEST TECHNICAL SALES
Tel: 602-893-1209
Fax: 602-893-1312

NEW YORK/NEW JERSEY (METRO)
(Fort Lee, NJ)

NEXUS TECHNOLOGY SALES

Tel: 201-947-0151

Fax: 201-947-0163

Rochester

MICRO-TECH MARKETING
Tel:  716—426-0806
Fax: 716-426-5535

NORTH CAROLINA
Raleigh
EMA
Tel: 919-846-6888
Fax: 919-847-7360

Charlotte

EMA

Tel:  704-553-0110
Fax: 704-553-0690

NORTH DAKOTA
(Excelsior, MN)

CBR ASSOCIATES
Tel: 612-470-2282
Fax: 612-470-2283

OHIO

New Lebanon

J.N. BAILEY & ASSOC.
Tel: 513-687-1325
Fax: 513-687-2930

Columbus

J.N. BAILEY & ASSOC.
Tel: 614-262-7274
Fax: 614-262-0384
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Brunswick VERMONT
J.N. BAILEY & ASSOC. Billerica, MA)
Tel: 216-273-3798 IPEX CORPORATION

Fax: 216-225-1461

OKLAHOMA

Bixb

MREP

Tel: 918-369-6425
Fax: 918-369-5186

OREGON

(Milpitas, CA) -
SIPEX CORPORATION
Tel:  408-945-9080
Fax: 408-946-6191

PENNSYLVANIA (EASTERN)
Horsham

NEXUS TECHNOLOGY SALES
Tel: 215-675-9600

Fax: 215-675-9604

PENNSYLVANIA (WESTERN)
(New Lebanon, OH

J.N. BAILEY & ASSOC.

Tel: 513-687-1325

Fax: 513-687-2930

RHODE ISLAND
(Billerica, MA)

SIPEX CORPORATION
Tel:  508-667-8700
Fax: 508-670-9001

SOUTH CAROLINA
(Raleigh, NC)
EMA

Tel: 919-846-6888
Fax: 919-847-7360

SOUTH DAKOTA
(Excelsior, MN)

CBR ASSOCIATES
Tel: 612-470-2282
Fax: 612-470-2283

TENNESSEE (EASTERN)
(Roswell, GA)
EMA

Tel:  404-992-7240
Fax: 404-993-3426

TENNESSEE (WESTERN)
EHN;‘JRtsville, AL)

Tel: 205-830-4030
Fax: 205-830-1947

TEXAS

Austin

MREP

Tel: 512-250-0828
Fax: 512-250-8919

Dallas (Main Office)
MREP

Tel: 214-484-5711
Fax: 214-484-0634

UTAH

(Denver, CO)

SEALE & ASSOCIATES, INC.
Tel: 303-695-1980

Fax: 303-695-1984

Tel:  508-667-8700
Fax: 508-670-9001

VIRGINIA
(Pasadena, MD)
EES

Tel:  410-255-9686
Fax: 410-255-9688

WASHINGTON, DC
(Pasadena, MD)
EES

Tel:  410-255-9686
Fax: 410-255-9688

WASHINGTON
(Milpitas, CA)

SIPEX CORPORATION
Tel:  408-945-9080
Fax: 408-946-6191

WEST VIRGINIA
(Billerica, MA) :
SIPEX CORPORATION
Tel: 508-667-8700
Fax: 508-670-9001

WISCONSIN

(Oak Brook, IL)

ATI Ltd.

Tel:  708-654-4954
Fax: 708-572-0907

WYOMING

(Denver, CO)

SEALE & ASSOCIATES, INC.
Tel:  303-695-1980

Fax: 303-695-1984

CANADA
Mississauga, Ontario

SOURCE ELECTRONICS LTD.

Tel:  905-676-0830
Fax: 905-676-0844

Ottawa

SOURCE ELECTRONICS LTD.

Tel: 819-457-1121
Fax: 819-457-1126

Montreal

SOURCE ELECTRONICS LTD.

Tel: 514-484-6340
Fax: 514-484-7301
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ALABAMA:
Huntsville
Future Electronics
Tel: 205-830-2322
Fax: 205-830-6664

ARIZONA:
Phoenix
Future Electronics
Tel: 602-968-7140
Fax: 602-968-0334

Jan Devices
Tel: 602-870-1190
Fax: 602-870-8873

Scottsdale

A.V.E.D. Rocky Mountain, Inc.
Tel: 602-951-9788

Fax: - 602-951-4182

CALIFORNIA:
Agoura Hills

Future Electronics
Tel: 818-865-0040
Fax: 818-865-1340

Western Micro Technology, Inc.

Tel: 818-707-0731
Fax: 818-706-7651

Irvine

Future Electronics
Tel: 714-453-1515
Fax: 714-453-1226

Western Micro Technology, Inc.

Tel: 714-450-0300
Fax: 714-450-0227

Reseda

Jan Devices

Tel: 818-757-2000
Fax: 818-708-7436

San Diego

Future Electronics
Tel: 619-625-2800
Fax: 619-625-2810

Western Micro Technology, Inc.

Tel: 619-453-8430
Fax: 619-453-1465

San Jose

Future Electronics
Tel: - 408-434-1122
Fax: 408-433-0822

Saratoga

Western Micro Technology Inc.
Tel:  408-725-1660

Fax: 408-255-6491

COLORADO:
Lakewood

Future Electronics
Tel:  303-232-2008
Fax: 303-232-2009

Wheat Ridge

A.V.E.D. Rocky Mountain, Inc.
Tel: 303-422-1701

Fax: 303-422-2529

CONNECTICUT:
Cheshire

Future Electronics
Tel:  203-250-0083
Fax: 203-250-0081

Wallingford

Sager Electronics

Tel: . 1-800-SAGER-800
Fax: 203-265-6865

FLORIDA:
Altamonte Springs
Future Electronics
Tel:  407-865-7900
Fax: 407-865-7660

Deerfield Beach
Future Electronics
Tel:  305-426-4043
Fax: 305—426-3939

Largo

Future Electronics
Tel: 813-530-1222
Fax: 813-538-9598

Orlando

Sager Electronics

Tel:  1-800-SAGER-800 .
Fax: 407-354-1137

GEORGIA:

Norcross :
Future Electronics
Tel: 404-441-7676
Fax: 404-441-7580

Sager Electronics
Tel:  1-800-SAGER-800
Fax: 404-446-0430

ILLINOIS:
Schaumburg
Future Electronics
Tel: 708-882-1255
Fax: 708-490-9290

Marsh Electronics
Tel: 708-240-9290
Fax: 708-517-2508

Sager Electronics
Tel: 1-800-SAGER-800
Fax: 708-882-9776

INDIANA:

Indianapolis

Custom Service Electronics
Tel: 317-879-9119

Fax: 317-879-9136

Future Electronics
Tel: 317-469-0447
Fax: 317-469-0448

KANSAS:

Overland Park
Future Electronics
Tel: 913-649-1531
Fax: 913-649-1786

MARYLAND:

Berlin

Jan Devices

Tel:  410-208-0500
Fax: 410-641-7450

Columbia

Future Electronics
Tel:  410-290-0600
Fax: 410-290-0328

Sager Electronics
Tel: 1-800-SAGER-800
Fax: 410-381-9380

MASSACHUSETTS:
Bolton

Future Electronics
Tel:  508-779-3000
Fax: 508-779-3050

Burlington

Western Micro Technology, Inc.
Tel:  617-273-2800

Fax: 617-229-2815

Hingham

Sager Electronics

Tel:  1-800-SAGER-800
Fax:. 617-749-3842

Melrose

Jan Devices

Tel:  617-662-3901
Fax: 617-662—-0837

Norwood

Gerber Electronics
Tel:  617-769-6000
Fax: 617-762-8931

Wilmington

Sager Electronics

Tel:  1-800-SAGER-800
Fax: 508-657-6559

MICHIGAN:

Grand Rapids
Calder Electronics
Tel: 616-698-7400
Fax: 616-698-9216

Future Electronics
Tel: 616-698-6800
Fax: 616-698-6821

Kentwood

Custom Service Electronics
Tel:  616-285-1060

Fax: 616-285-1065

Livonia

Future Electronics

Tel: 313-261-5270

Fax: 313-261-8175

MINNESOTA:
Bloomington
Marsh Electronics
Tel: 612-948-0464
Fax: 612-948-0467

Eden Prairie

Future Electronics
Tel:  612-944-2200
Fax: 612-944-2520
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MISSOURI:
St. Louis
Future Electronics
Tel:  314-469-6805
Fax: 314-469-7226

NEW HAMPSHIRE:

Sager Electronics

Tel: 1-800-SAGER-800
Fax: 603-898-2741

NEW JERSEY:
Marlton

Future Electronics
Tel:  609-596—4080
Fax: 609-596-4266

Western Micro Technology, Inc.
Tel:  609-596-7775
Fax: 609-985-2797

Parsippany

Future Electronics
Tel:  201-299-0400
Fax: 201-299-1377

NEW YORK:
Hauppauge

Future Electronics
Tel: 516-234-4000
Fax: 516-234-6183

Sager Electronics
Tel: 1-800-SAGER-800
Fax: 516-348-1006

Rochester

Future Electronics
Tel: 716-387-9550
Fax: 716-387-9563

Syracuse

Future Electronics
Tel: 315-451-2371
Fax: 315-451-7258

NORTH CAROLINA:
Raleigh

Future Electronics
Tel:  919-790-7111
Fax: 919-790-9022

Sager Electronics
Tel:  1-800-SAGER-800
Fax: 919-850-9559

OHIO:

Akron

Sager Electronics

Tel:  1-800-SAGER-800
Tax: 216-864-4620

Beavercreek

Future Electronics
Tel:  513—-426-0090
Fax: 513-426-8490

Cincinnati

Schuster Electronics
Tel: 513-489-1400
Fax: 513-489-8686

Dayton

Sager Electronics

Tel:  1-800-SAGER-800
Fax: 513-298-3046

Mayfield Heights
Future Electronics
Tel: 216-449-6996
Fax: 216-449-8987

Twinsburg

Schuster Electronics
Tel: 216425-8134
Fax: 216-425-1863

OREGON:
Beaverton
Future Electronics
Tel: 503-645-9454
Fax: 503-645-1559

Western Micro Technology, Inc.

Tel: 503-629-2082
Fax: 503-629-8645

PENNSYLVANIA:
Langhorne

Sager Electronics

Tel: 1-800-SAGER-800
Fax: 215-750-8327

Pittsburgh (Cranberry Township)
Sager Electronics

Tel:  1-800-SAGER-800
Fax: 412-772-3845

PUERTO RICO:
Florida

Future Electronics
Tel: 800-305-2343
Fax: 305-426-3939

TEXAS:
Austin
Future Electronics
Tel:  512-502-0991
Fax: 512-502-0740

Omni Pro Electronics
Tel:  512-794-9200
Fax: 512-338-9576

Carrollton

Sager Electronics

Tel: 1-800-SAGER-800
Fax: 214-980-2997

Omni Pro Electronics
Tel:  214-233-0500
Fax: 214-732-8743

Houston

Future Electronics
Tel: 713-785-1155
Fax: 713-785-4558

Omni Pro Electronics
Tel:  713-270-1700
Fax: 713-270-8020

Richardson

Future Electronics
Tel: 214-437-2437
Fax: 214-669-2347

UTAH:

Midvale '

A.V.E.D. Rocky Mountain, Inc.
Tel:  801-565-8300

Fax: 801-565-9983

Sait Lake City
Future Electronics
Tel: 801—467-4448

_ Fax: 801-467-3604

WASHINGTON:
Bellevue

Western Micro Technology, Inc.

Tel: 206—453-1699
Fax: 206-453-1827

Bothell

Future Electronics
Tel:  206-489-3400
Fax: 206-489-3411

WISCONSIN:
Brookfield

Future Electronics
Tel:  414-879-0244
Fax: 414-879-0250

Milwaukee

Marsh Electronics
Tel:  414-475-6000
Fax: 414-771-2847

CANADA:

Pointe Claire, Quebec
Future Electronics
Tel:  514-694-7710
Fax: 514-695-3707

Quebec City, Quebec
Future Electronics

Tel: 418-877-6666
Fax: 418-877-6671

Mississauga, Ontario
Future Electronics

Tel:  905-612-9200
Fax: 905-612-9185

Ottawa, Ontario
Future Electronics
Tel: 613-820-8313
Fax: 613-820-3271

Calgary, Alberta
Future Electronics
Tel:  403-250-5551
Fax: 403-291-7054

Edmonton, Alberta
Future Electronics
Tel: 403-438-2858
Fax: 403-434-0812

Vancouver, British Columbia

Future Electronics
Tel:  604-294-1166
Fax: 604-294-1206
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AUSTRALIA: ISRAEL: SOUTH AFRICA:
R & D ELECTRONICS SEG TEC COMMUNICA LTD
4 Plane Tree Avenue 3 Hametsuda St., Industrial Park 29011 Sunnyside
Dingley, Victoria, 3172 Azur 58001, 0132 Pretoria

Tel: 61-3-558-0444
Fax: 61-3-558-0955

“Truganini House”
38-46 South Street
Rydalmere, NSW, 2116
Tel: 61-2-638-0077
Fax: 61-2-638-0122

AUSTRIA:

CODICO GES. MBH AND CO. KG

Muhlgasse 86-88

A-2380 Perchtoldsdorf
Tel: . 43-1-86305-0
Fax: 43-1-86305-98

BIH/KROATIEN:
ELATEC

Kucerina 5

HR-41000 Zagreb
Kroatien

Tel: 385-41-453-350
Fax: 385-41-453-356

BULGARIA:

ELATEC

Tzarigradsko shosse 7th KM
BG-1184 Sofia

Tel: 359-02-771-580
Fax: 359-02-772-188

DENMARK:
SUPPLY-TEAM
Handvaerkerbyen 18
DK-2670 Greve

Tel: 45-42-902333
Fax: 45-42-904890

FINLAND:

BEXAB FINLAND
Sinimaentie 10C, P.O. Box 51
FIN-02630, Espoo

Tel: 358-0-5023200

Fax: 358-0-5023294

EASTERN EUROPE
(HEADQUARTERS):
ELATEC VERTRIEBS GMBH
Bretonischer Ring .11
D-85630 Grasbrunn

Tel: 49-89-463018

Fax: 49-89-4602403

Twx: 528 192 ELTEC

HUNGARIA:

ELATEC

Peterdy u. 15

Alag Center Pest Ill-rd floor
H-1071 Budapest

Tel: 36-1-269-75-91
Fax: 36-1-269-75-90

INDIA:
VENTRONICS PVT. LTD

820, 8th Main, 4th Block, BEL Layout

Vidyaranyapura, Jalahalli,
Bangalore-560 013

Tel:  91-80-8396199
Fax:" 91-80-8396191

Tel: 972-3-556-7458
Fax: 972-3-556-9490

ITALY:

CELTE S.R.L.

V. le Lombardia 15
20131 Milano

Tel: 39-2-266-6295
Fax: 39-2-266-6960

JAPAN:

TOKYO MUSEN KIZAI CO. LTD.

3-7, Sotokanda 2-Chome, Chiyoda—ku
Tokyo 101

Tel: 81-3-3253-0545

Fax: 81-3-3255-2738

NIPPON SIPEX CORPORATION
Haibara Building, 2-3—7 Sotokanda
Chiyoda—ku Tokyo 101

Tel: 81-3-3254-5822

Fax: 81-3-3254-5824

KOREA:

SUNHO CORPORATION

Seoul Young Dong P.O. Box 1846
Seoul

Tel: 822-558-4415

Fax: 822-558-4412

NETHERLANDS & BELGIUM:
EURODIS TME BV
Helftheuvelpassage 14

5224 AP ‘s—-Hertogenbosch
The Netherlands

Tel: 31-73-281111

Fax: 31-73-220330

NORWAY:

BEXAB NORGE
Slynga 2 P.O.Box 3
N2001 Lillestrom
Tel: 47-63833800
Fax: 47-63832007

POLAND:

ELATEC

ul.T. Kantora 5/17
PL-31-445 Krakow
Tel:  48-12-121-359
Fax: 48-12—121-359

ROMANIA:

ELATEC

Peterdy u. 15 :

Alag Center Pest lll-rd floor
H-1071 Budapest
Hungaria

Tel:  36-1-269-75-91
Fax: 36-1-269-75-90

SINGAPORE:

SABRE TECHNOLOGIES PTE. LTD
104 Boon Keng Road

#07-07 Kallang Basin Industrial Estate
Singapore 1233

Tel:  65-2932003

Fax: 65-2930661

Tel: 27-12-3227613/3227621
Fax: 27-12-3223721

SPAIN & PORTUGAL:
ANATRONIC S.A.
Avda. Valladolid 27
28008 Madrid

SPAIN

Tel:  34-1-542-4455
Fax: 34-1-559-6975

SWEDEN:

LAC ELEKTRONIK

Box 5036

131-05 Nacka—Stockholm
Tel: 46-8-642-8300
Fax: 46-8-642-8303

TAIWAN:

KALTEC INT'L LTD

No. 18, Lane 46, Sec 2,
Shuang Shi Road
Panchiao

Taipei

Tel: 886-2-255-5711
Fax: 886-2-253-7636

TSCHECHIAN REPUBLIC:
ELATEC

Prazska 53/11

CZ-566 01 Vysoke Myto
Tel:  42-468-221-60
Fax: = 42-468-221-60

UNITED KINGDOM:

MB COMPONENTS LTD.

2 Linden House

Turk Street

ALTON, Hampshire GU34 1AN
ENGLAND

Tel:  44-420-542500

Fax: 44-420-542700
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BELGIUM & LUXEMBOURG:
FARNELL ELECTRONICS SERVICES
Belgicastraat 2

B 1930 ZAVENTEM

BELGIUM

Tel: 32-2-725-35-33

Fax: 32-2-725-41-35

FRANCE:

FARNELL ELECTRONIC SERVICES
ZA Courtaboeuf

BP 16

91941 LES ULIS Cedex A
Tel:  33-1-6446-0200
Fax: 33-1-6446-3898

GERMANY:

FUTURE ELECTRONICS
Munchner Strasse 18
85774 Unterfohring

Tel:  49-89-957-27-0
Fax: 49-89-957-27-140

KARL-HEINZ-DREYER
Albert-Schweitzer-Ring 36
D-22045 Hamburg, Germany
Tel:  49-40-6695227+28
Fax: 49-40-6684030

MEV ELEKTRONIK SERVICE GmbH
Heinrich-Hasemeier Str. 26

D-49076 Osnabruck

Tel:  49-541-13908-0

Fax: 49-541-13908-39

IRELAND:

FUTURE ELECTRONICS
Post Office Lane

Abbey Street

Ennis, County Clare

Tel:  353-65-41330

Fax: 353-65-40654

SINGAPORE:

FUTURE ELECTRONICS
#16-02 BP Tower

396 Alexandra Road
Singapore 0511

Tel:  65-479-1300

Fax: 65-479-3151

SWITZERLAND:
MILGRAY DISTRIBUTION
R. Knuchel Electronics
Weiherweg 45

CH-2562 Port

Tel:  41-32-512064
Fax: 41-32-511359

UNITED KINGDOM: .
FUTURE ELECTRONICS
Colnbrook

Future House

Poyle Road

Colnbrook

Berkshire SL30EZ

Tel:  44-753-687000
Fax: 44-753-689100

HERO ELECTRONICS LTD.

Bedfordshire

Dunstable Street
Ampthill

Bedfordshire MK45 2JS
England

Tel: 44-525-405015
Fax: 44-525-402383
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Sipex

SIGNAL PROCESSING EXCELLENCE

INTERFACE PRODUCT SELECTION TABLE

+5V High—-Speed RS232 Transceiver with 0.1uF Capacitors

Model ............ No. Drivers ........... No. Receivers............. Ext. Caps. ......... . Shutdown (No.*) ............ Wakeup ....ceeeureees TTL Tri-State ... Page
SP200.............. < [ L ST Yes (0) vovvreveennvenns NO vt |\ [o JRRO 1
SP204 4 0 4 No No No 1
SP205 5 5 None Yes(0) No Yes 1
SP205B 5 5.. None Yes (5) | RN Yes 1
SP206 4 3 Yes (0) No Yes 1
SP206B 4 3 4 Yes (3) Yes Yes 1
SP207 5 3 4 No No... No 1
SP207B 5. 3 4 Yes (3) e YES (e L G IR |
SP208 4 4 4 No No No 1
sP211 4 5 4 Yes (0) No Yes 1
SP211B 4 5 4 Yes (5) Yes Yes 1
SP213 4 5 4 Yes (2) coieeriieeninns YeS oo ) TR— |

+5V/+12V Powered, Enhanced RS232 Drivers/Receivers

Model ............ No. Drivers ........... No. Receivers ............ Ext. Caps. .......... Shu 1(No.*) Wakeup TTL Tri-State ... Page
SP231A 2 2 2 No No No 33
SP23%9A 3 5 2 No |\ Yes 17

+5V Powered, Enhanced RS232 Drivers/Receivers

Model ............ No. Drivers .......... No. Receivers ............ Ext. Caps. .....ce.. Shutdown (No.*) Wakeup TTL Tri-State ... Page
SP232A 2 2 4 No .. No No 33
SP233A 2 2 None No W NO No 33
SP310A 2 2 4 Yes (0) No No 33

+5V Powered, Enhanced RS232 Drivers/Receivers, with Receiver Enable, Shutdown and Wakeup

Model ............ No. Drivers ........... No. Receivers ............ Ext. Caps. ...c...... Shutdown (No.*) Wakeup TTL Tri~State ... Page
SP241C 3 5 4 Yes (0) Yes Yes M
SP312A. 2 2 4 Yes (2) Yes Yes 33

+5V Powered RS232 Drivers/Receivers

Model ............ No. Drivers ........... No. Receivers ............ Ext. Caps. ......... . Shutdown (No.*) Wakeup TTL Tri-State ... Page
SP230A 5 0 4 Yes (0) No...... No 17
SP234A . 4 .. 0 4 No No No 17
SP235A 5 5 None Yes (0) No 17
SP235B 5 5 None Yes (5) Yes .17
SP236A 4 3 4.. Yes (0) No 17
SP236B ............... 4 f I 4 Yes (3) Yes 17
SP237A ............... 5 3. 4 No No 17
SP238A 4 4 4 No No 17
SP240A . 5 5 4 Yes (0) No 17
SP240B 5 5.. 4 Yes (5) Yes 17
SP241A 4 5.. 4 Yes (0) No 17
SP24#1B 4 5 4 Yes (5) Yes 17

* Number of active receivers in Shutdown mode.
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SIGNAL PROCESSING EXCELLENCE

INTERFACE PRODUCT SELECTION TABLE

RS232/RS422 Line Drivers/Receivers

Model .......... No. RS232 Ch. ........ No. RS422 Ch. ......... Mode Select ......... Loopback Test Page
SP301 2 2 Software Yes 49
SP302 4 2 Software Yes ... 49

Model .......... No. RS232 Ch. ........ No. RS422 Ch. ......... Mode Select ......... Loopback Test . Page
SP304 .................. 4 2 Software Yes .......... 75
RS232/AppleTalk™ Serial Transceiver
Modei ...... No. RS232 Drivers. ......cousemrccmecccssssssassens No. RS232 Receivers Macintosh™ Port ....... Mode Select .... Page
SP303 4 4 1 Software ............. 67
RS422/RS423 Line Drivers/Receivers
Model .......... No. RS422 Ch. ........ No. RS423 Ch. ......... Mode Select ......... Loopback Test Page
SP306 2 2 Software Yes 87

+3.3V Powered EIA562 Line Drivers/Receivers
Model . .... No. Drivers, .......... No. Receivers ....... Sh (No.") WakeUp ...
SP341 3 5 Yes (0) Yes

RS485/RS422 Half-Duplex Interface Transceiver ‘
Model ......ccune. No. Drivers. .......... No. Receivers........ Shutdown (No.*) ......... Low Power ........... Driver Enable .......... Revr Enable ..... Page

SP481 1 1 Yes Yes Yes Yes 97
SP48S5 ....... 1 1 [N Yes Yes.... Yes .97

RS485/RS422 Line Drivers

Model ............ No. Drivers. Driver Enabl Page
SP486 4 Common 105
SP487 4 Independent 105

Model .......... No. Receivers. Recei Page
SP488 4 Common 11
SP489 4 Dual Pair 11

Multi—Protocol/Multi-Mode Serial Line Drivers/Receivers

Model Protocol Drivers R Page
SP501 1 6 A 117
SP502 6 6 [ 159
SP503 6 7 7 .189

CMOS Asynchronous to Synchronous Converter

Model . Page

MAS7838 217

* Number of active receivers in Shutdown mode.
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SIGNAL PROCESSING EXCELLENCE

EIA STANDARDS
Specification RS-232D RS-423A RS-422 RS-485 RS-562
Mode of Operation Single-Ended Single-Ended Differential | Differential | Single—Ended
Number of Drivers and Receivers 1 Driver 1 Driver 1 Driver 32 Drivers 1 Driver
Allowed on One Line 1 Receiver 10 Receivers 10 Receivers {32 Receivers | 1 Receiver
Maximum Cable Length 50 feet 4,000 feet 4,000 feet | 4,000 feet C<2500pF
@ <20kb/s
C<1000pF
@ >20kb/s
Maximum Data Rate 20kb/s 100kb/s 10Mb/s 10Mb/s 64kb/s
Driver Qutput Maximum Voltage +25V 6V -0.25V to +6V| -7V to +12V |-3.7 to +13.2V
Driver Output Signal Level Loaded 5V +3.6V +2V +1.5V 3.7V
Unloaded +15V +6V +5V +5V +13.2V
Driver Load Impedance’ 3kQ to 7kQ 450Q min. 100Q 54Q 3kQ to 7kQ
Maximum Driver Output Current |PowerOn| —= ——— —_— — — = +100pA _— =
(High_Impedance State) Power Off|  Vjay /300 100pA +100pA +100pA —_—
Slew Rate 30V/ps max. | Controls Provided| —— —— — —— | 30V/us max.
Receiver Input Voltage Range +15V +12V -7Vto+7V_| -7V to +12V +15V
Receiver Input Sensistivity +3V +200mV +200mV +200mV +3V
Receiver Input Resistance 3kQto 7kQ 4kQ min. 4kQ  min. 12kQ min. 3kQ to 7kQ
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SERIAL PROTOCOL REFERENCE TABLE

Commonly-Used Data Communications Interfacestt

RS-232 EIA-530 RS-449 EIA-561 EIA-574 V.35
Signal Name |Source|M, fc| Pin| Mi ic| Pin|Mi ic| Pin| M ic| Pin| Mi ic| Pin| M. ic| Pin
Shield — — 7 — 1 . q . . — — = A
Transmitted bTE BA 2 BA (A) 2 SD (A) 4 103 s 103 3 103 P
Data BA (B) 14 SD (B) 22 103 S
Received DCE . 3 BB (A) 3 RD (A) 6 104 5 108 A 104 R
Data BB (B) 16 RD (B) 24 104 T
RequestToSend | DTE cA s AW 4 RSW L7 | qosmast | s | 105133t | 7 105 c
CA (B) 19 RS (B) 25
Clear To Send DCE cs s |CBw |51 os@ |9 106 7 106 8 106 D
CB (B) 13 CS (B) 27
CC (A) 6 DM (A) 11
DGE Ready (DSR DCE cc 6 - — 107 [ 107 E
ady (DSR) cc®) |22| oM@ |29
DTE Ready (DTR) | DTE cp 20 D (A) 20 TR (A) 12 108 3 108 4 108 H*
CD (B) 23 TR (B) 30
Signal Ground — AB 7 AB 7 SG 19 102 4 102 5 102 B
Recv. Line CF (A) 8 RR (A) 13
) DCE CF 8 109 2 109 1 109 F
Sig. Det. (DCD}) CF(B) 10 RR (B) 31
Trans_.rSig. Elemt. DCE DB 15 DB (A) 15 ST (A) 5 . _ _ _ 114 Y
iming DB (B) 12 ST (B) 23 114 AA
Recv. Sig. Elemt. DD (A) 17 RT (A) 8 115 v
>'9 DCE DD 17 - - — -
Timing DD (B) 9 RT (B) 26 115 X
Local Loopback DTE LL 18 LL 18 LL 10 — — — — 141 L*
Remote Loopback DTE RL 21 AL 21 RL 14 — — — — 140 N*
Ring Indi DCE CE 22 — — — — 125 1 125 9 125 J*
Trans..rSig. Elemt. OTE DA 4 DA (A) 24 TT (A) 17 _ _ _ _ 113 'R
iming DA (B) 11 TT(8) 35 : 113 W
Test Mode DCE ™ 25 ™ 25 ™ 18 — — — — 142 NN *
Table ©Copyright 1992 METACOMP Incorporated; used with permission ' m

* Pins are specified in ISO 2593 but are not included in CCITT v.35

t When hardware flow control is required, Circuit 105 may take on the

S © 00 g g [ele] ©
functionality of Circuit 133. MY HHCC Y U B K E A
@ sT8ESEEE D
* Some less—commonly used signals are not shown. METACOMP and SIPEX V351502593 Connector
make no representation as to the accuracy or reliability of the information DTE Gonnector Face — 34 Pin Male
provided herein.
1 7 13
[eXeReNoNoNooNoNoNoNONON0]
Q00000000000
14 20 25
RS-232 & EIA-530 Connector
DTE Connector Face — DB-25 Pin Male
1 5 10 15 19
O000000000O0O0O0OOO0OOO0OO
000000000000 0QOO0OO0
20 25 30 33 37
RS-449 Connector
DTE Connector Face — DB-37 Pin Male
Interchange Voltage States T
Notation Negative Positive
BinaryState 1 0
Signal Corudmon Marking Spacing A SE Conmeae EIA74 Connector
Runotion o on ey B8 Rl

XXXiX



Cirmav
el A

SIGNAL PROCESSING EXCELLENCE

THIS PAGE LEFT INTENTIONALLY BLANK

xl



Cirmav

=/ SP200/204/205/206/207/208/211/213

+5V High-Speed RS232 Transceivers with 0. 1|.IF c pacﬂers

~~~~~~~~~~~~~~

B 0.1pF External Charge Pump Capacitors
M 120Kbps Data Rate

B Standard SOIC and SSOP Packages

B Multiple Drivers and Receivers

B Single 5V Supply Operation

M 1pA Shutdown Mode

B WakeUp Feature in Shutdown Mode

W Tri-State Receiver Outputs

B Meets All RS232 and V.28 Specifications

B Improved Driver Output Capacity for
Mouse Applications

DESCRIPTION..

The SP200 Serles are multi-channel R8232 Ilrk\transcewers in a variety of configurations to fit
most communication needs. All monZln{hls“Sefleg feature low—power CMOS constructionand
Sipex—patented (5,306,954) on- anFd charge P mp circuitry to generate the +10V RS232
voltage levels, using 0.1uF charge pump c‘apacitqrs‘to save board space and reduce circuit cost.

The SP200, SP205, SP206, SP207& SP211 ‘anBP213 modelsfeaturea low—powershutdown
mode, which reduces power supply dramto uA A WakeUp function keeps the receivers active
in the shutdown mode. . N

s ‘N’\.\ \\\ f / 7 ’
i ™~ 4
Number of B$232 | No ofR |vers No. of External
Model |Drivers Becgfver; ,Actwe,m% utdown | 0.1pF Capacitors | Shutdown | WakeUp |TTL Tri—State
SP200 5 [%_ 0V, 0 4 Yes No No
SP204 4 1. e Y/ S0 4 No No No
SP205 5 | 35 N /0 None Yes No Yes
SP2058B| /5 / |} FEw | 5 None Yes Yes Yes
SP206 | 4~ [ 3 [V 0 4 Yes No Yes
SP206B| ™4 |/ 3 3 4 Yes Yes Yes
SP207 | 6 .| 3 0 4 No No No
SP207B [, 5! 8 3 4 Yes Yes Yes
/SP208 |/ 4 4 0 4 No No No
Sp211 7| /4 5 0 4 Yes No Yes
SP211B| % 5 5 4 Yes Yes Yes
SP213 | ¢/ 5 2 4 Yes Yes Yes

Table 1. Model Selection Table

Sipe;
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ABSOLUTE MAXIMUM RATINGS

These are stress ratings only and functional operation of the device
at these or any other above those indicated in the operation
sections of the specifications below is not implied. Exposure to
absolute maximum rating conditions for extended periods of time

may affect reliability.

Ve +6V

v+ (Voo —0.3V) to +13.2V

V- 13.2v

Input Voltages

Tn -0.3Vto (V +0.3V)
" +20V

Output Voltages

Tour (V+, +0.3V) to (V-, -0.3V)
Ut -0.3V to (V, +0.3V)

Short Circuit DUration on Ty wveecursrmmmsssmserssssssenies Continuous

Power Dissipation

Plastic DIP 375mW

(derate 7mW/°C above +70°C)

Small Outline 375mW

(derate 7mW/°C above +70°C)

SPECIFICATIONS

V¢ at nominal ratings; 0.1uF charge pump capacitors; T,,,, to

T

, unless otherwi é’?b'f"d““w-w

)
E

PARAMETER MIN. TYP. ng\ T CONDITIONS
TTL INPUTS ™~ T, EN, SD
Logic Threshold /\\
Vi .8 olts
" 20 olts
Logic Pullup Current Ty=0V
Data Rate /S\ 120\ Kope C'= 2,500pF, R = 3KQ
TTL OUTPUTS s )
Compatibility TTL/CMOS
Vg, 4 \\‘\q\ Volts | Iyr=3.2MA; V,, = +5V
o 35 \05\ Volts | 1w =—1.0mA
Leakage Current 0. 10 pA EN=V_;O0V<R, SV
~ . T,=+25°C
RS232 OUTPUT 4 ™ >
Output Voltage Swing 5N % Volts All transmitter outputs loaded
with 3KQ to ground
Output Resistance 300 Ohms Ve =0V; Vg p =32V
Output Short Circuit €urgént /\> 5 mA Infinite duration
RS232 INPUT Q
Voltage Range V / -1 > +15 Volts
Voltage Thres \\
Low 0. 1.2 Volts Ve =5V, T, =+25°C
High 1.7 24 Volts V=5V, T, =+25°C
Hysteres 0.2 0.5 1.0 Volts Vo =+5V
Resistafce N 5 7 Ko | +7Bv;T,=+25°C
DYNAMIC'€EHARACTERISTICS
Pr qua%\ 15 us RS232—to-TTL
ous Sle 30 V/us C, =50pF, R =3-7KQ;
T,=+25°C
gion Slew Rate 5 Vius C_=2,500pF, R, =3KQ;
measured from +3V to -3V
or ~3V to +3V
ableyTime 400 ns
Qutput Disable Time 250 ns

Sipex
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SPECIFICATIONS

V., at nominal ratings; 0.1uF charge pump capacitors; T, to T,,,,, unless otherwise noted.

7
PARAMETER MIN. TYP. MAX. UNIT CONDITIQﬂS\
POWER REQUIREMENTS y
Vco Pl W:}g‘) \
SP200, SP205, SP207 and SP207B < . .
4.75 5.00 5.25 Volts T, )
All other parts 4.50 5.00 5.50 Volts \\;}’
loc +25°c \
4 10 mA ugéd m?zt z‘*\w%
20 mA AII e
Shutdown Current 1 10 HA \T = +@5"Q’
ENVIRONMENTAL AND MECHANICAL G
Operating Temperature . '“‘«\ \ .
Commercial, -C 0 +70 PR N Jf
Extended, -E —40 +85 52C .. pa
Storage Temperature -65 +125 % \ Ty s
Package NN ST
-A Shrink (SSOP) small outline /™. L/
-T Wide[ (soIC) sT1aII outlinle N \\ \\
Y&

Transmitter Output\“’

R,=3KQ, C, -5000)>F

Transmitter Output
R,=3KQ, CL=2,500pF

-Iﬂﬂlill.u.ﬂ.
]

Receiver Output




PINOUT

TL0UT [ U 204 TOUT  TH0UT [ U TOUT  T,0uT (]
TouT [Z] TN T20UT [Z] TLOUT TOUT (2]
T0UT i8] Nc TN 3] ° sp_ 4N TouT [
TN 7} S0 TN (2] 3 ‘s T TaN T,0UT
TN 2 iy TOUT  GND (& 3 v- PN
GND [&] § 54 TN Voo (5] * 1y G- ROUT [B]
Vee [Z] < 2§ TalN cr [ 2] Cot T2N (2]
ot [ : &y V- v - /’;T,Tﬁ‘"[I
v+ g 12} O \Q:our@«gq;
S (gl i} Gt BN
ol
SN Ve @
N ™ \i\
“n\y %\\ Ny
", ~
A N \'“««
4
S, s g
AN N T
. -
VAN \\‘ \\\\
%, S, .
™ N, \“’\ b
/
T4OUT [ U 243 AsIN Ts OUT [ U 72y TOMT  HOUT [ U 2§ TOUT
TL0UT 2 1233 ROUT - Ti0UT = *Biltl‘n'\\ ToUT (2] ReN
T,0UT [z 22% TN T20UT 353 R0 T20UT [I 22 ) R0UT
TL0UT [ 77y SO RiiN 21] 8., RiN (2] 71} D
RN (] &N oy ROUT (] w & RIOUT (5] 20y EN
w - j o L} ' ) mmmn
ROUT [ 3 53 TsouT szg 1] TN TN [ 3 TN
. 8 8
TN [ Z] g R4N P S TaN TN (2] § TaIN
TN [E] < {ono = [4 RiOUT a0 (3] 4 RiOUT
TRIOUT [ A RgIN Vee (2] RgIN
RN (g 5y V- o+ [Ig v-
GND [T Zy Cr v+ (31 Zy O
Voo [12] i3] Co* G~ [12] Co*
A . S
N
T3 0UT (] U = \POGN( ./ Ta0uT (1] T4 0UT T20UT [ U 24 TeOUT
TOUT [Z] Z5) RN TI0UT (2] NG TIOUT [Z] 233 RN
T:0UT (3] 25 \gzof T20UT (3] TeiN RaIN (3] 22 RsOUT
RiN [ Z7y ToN RaN (2] SHUTDOWN (SD)  ReOUT [ 20} TaN
RiOUT [ sﬁ 20 TsOUT R0UT [ N TN (E] 59_ 204 T.OUT
T 1] Ty TaN TN [ Ts0UT RIOUT [5] e TaN
/r.lN, § TalN TN [ NC RiIN (] § TN
/e ¢ RLOUT ROUT (] TaN GND [ * ReOUT
“*\*Vcc\TI 6] RaiN RN ] TaIN Vee (2] RN
Crt, @ (353 v- GND [3g] RsOUT ot (3 v-
v+ [ iy G Vee (3T RglN v+ ({1 iy O
¢ [3z] 3} Cot C+ 32 V= o [ =4 Ct
v+ 33 Gz
G L Ce*

s S
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PINOUT

T OUT
TOUT
T0UT

RaIN
R20UT
TaIN
T4IN
RiOUT
RyIN
GND

T4 0UT
RaIN
R0UT
SHUTDOWN (SD)
EN
R4IN
RsOUT
TaN
TaiN
RsOUT
RsIN
V-

G~
[

Ct+

Ta0UT [ U
T0UT E
T20UT E
RaN [
R20UT [ ]
TN (]
TiN E
ROUT (g
RyN (g
GND [3g]

Voo
Ci+

23

€ieds

,

v

/’s
SN
£
Y
NN
U N\
T3 0UT [ TLOUT %
TouT [ BN, Q\; Ay
4 N,
T20UT [ BsQUT w"\\
RN (] SHUTDOWN (S5 S
RZOUT (] \\/
TIN 5] (4 Ryl
(¢ mms y 8«-—«\“
TN 2] ° JROUT T
N "o
mouT (@ 3 T 7
RN [ © 03 TN
GND (3] “RsOUT
Vee [31] FI5IN\r\
[ 7YV S
1+ E c}/
v+ 223G
o (14 ot
. 5, s
£ 4
AN “ x\ AN \“
N NS
T4 QUT S Y
7Y/ RalN — ::3"
WOUT %::«»»mw-ww%M%wdr

SAUTROWN (5B),_

. .
EN\\\ \\ o
RqIN s ?

",
wa NN
|\‘(4IN o /
TalN™, g
Ig) ReQUT Ty
i \asw\/
ki v:\
o
Ca*

7

v+
Cr %
-

/ ./
FEATURES... N N
The SP200 Series mult;;ch‘annel“RSZ%/ lisie

transceivers provide a ty Of\éanl au’éns
to fit most commug ca {ﬁe;ds eélally
those apphcatlons where “1s n/;n» vailable.

All models in thlé«\Sen atu/r,e 19 —power
CMOS construction ai rietary on-
board charge/ﬁli)\?rsgﬁm to/’}g?gnerate the
+10V RS232 vdltay egevel\ The ability to use
0.1pF cha{ge ﬁump‘c itorysaves board space
and reducese ircuit cost. Différent models within
theS sproWQgﬁJfo:rent driver/receiver com-

bi t10n&\0§‘1gatc "aQy;a*pphcatlon requirement.

The §R200/ SP205, SP206, SP207B, SP211
an&‘S}\’Zl&\models feature a low—power shut-
down mede, ?;}‘llch reduces power supply drain
to 1pA. T\é~ akeUp function keeps the receiv-

ersactive in the shutdown mode, unless disabled
by the EN pin. Models with -B suffix are
equipped with the WakeUp function.

Models in the Series are available in 28—pin SO
(wide) and SSOP (shrink) small outline pack-
ages. Devices can be specified for commercial
(0°C to +70°C) and industrial/extended (—40°C
to +85°C) operating temperatures.

THEORY OF OPERATION
Charge-Pump

The charge pump is a Sipex—patented design
(5,306,954) and uses a unique approach com-
pared to older less—efficient designs. The charge
pump still requires four external capacitors, but
uses a four—phase voltage shifting technique to

SIGNAL PROCESSING EXCELLENCE



VCC +5V

Figure 1. Charge Pump — Phase 1

attain symmetrical 10V power supplies. Figure
3a shows the waveform found on the positive
side of capcitor C,, and Figure 3b shows the
negative side of capcitor C,. There is a free—
running oscillator that controls the four phases
of the voltage shifting. A description of each
phase follows.

Phase 1
— V charge storage —During this phase of the .
clock cycle, the positive side of capac1tors C/

and C, are initially charged to +5V. C* is thei\x SWHCh
is \
transferred to C,~. Since C,* is connegte o™

+5V, the voltage potentlal across capaci{t&(xC Iﬂ:\
\ “from V

sw1tched to ground and the charge 1n 9

now 10V. NN
RN

\*»

Phase 2 .

\ /f o
7
\"a,
S, M,
transferred i C rod“‘uees% 5V-irf the negative

terminal of C jwhichis ap he to the negative
side of capac1t61; \/’Sl +is at +5V, the

voltagMnal agros§ C is lOV
Phase . 4 ~ \\ \/

£V trans! for— TBE fourth phase of the clock
cdimgcts« he negative terminal of C, to ground,
ahQuﬁnsfe he generated 10V across C,toC,,
\h SpSto ageéapa(:ltor Again, 51multaneously
thls, he”positive side of capa01tor C, is
to’+5V and the negative side is con-
ectedto ground and the cycle begins again.
\ S
”@mb;%oth V* and V- are separately generated
oo in ano-load condition V* and V- will
symmetrical. Older charge pump approaches

. that generate V- from V* will show a decrease in

— V, transfer — Phase two of the clock cbn- \, the magnitude of V- compared to V* due to the

nects the negative termma} f\bC to the Y

storage capacitor and the po§iuve férqunal of c;
to ground, and transfers{\e generated“a—,ﬁ)Vfto
C. Slmultaneously posnwe side ca,pam—

tor C | is switched tg 45V a ppé negative side
4 N

is connected to groilgd v/ /‘i

P ‘ ‘*«‘A L\\ é ;/

Phase 3 /7 .

charg/é storage MIhe Thlf{i phase of the
clock is 1dei1t1gﬂ t hcﬁrst p%;ase —the charge

inherent inefficiencies in the design.

The clock rate for the charge pump typically
operates at 15kHz. The external capacitors can
be as low as 0.1uF with a 16V breakdown
voltage rating.

The SP200 Series devices are made up of three
basic circuit blocks — 1) transmitter/driver, 2)
receiver and 3) the SIPEX—proprietary charge

/f \\ \-,,\/ ‘\} VCC =45V
ST N l
\\ / LO Cy
*\ S
SO S Ci== 2
N - - Q——|‘
-10V O% Cs

O—+| ~_|Vpp Storage Capacitor

Vgs Storage Capacitor

Figure 2. Charge Pump — Phase 2
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+10V
a) Cr
GND

GND
b) C;
-10v

Figure 3. Charge Pump Waveforms

pump. Each model within the Series incorpo-
rates variations of these circuits to achieve the
desired configuration and performance.

Transmitter/Driver
The drivers are inverting transmitters, which af

cept either TTL or CMOS inputs and output the ™

RS232 signals with an inverted sense relag%we to\
the input loglc levels. Typically, the RS232 outpruuw

~ tmg the m;tput t0d low state. The slew rate of the

tr srrmter bugput is internally limited to a maxi-
um © 3bV(u§1n order tomeet the EIA standards
RS2~3\2D 2.1.7, Paragraph 5). The transition
of*t];ge”lea\d,ed output from high to low also meets

“ﬂ\\the m\bnotommty requirements of the standard.

>‘

Voltage swing is 9V with no load, §nd +SV Y{e‘cewers

minimum with full load. The transnuffen\gulﬁuts .
are protected against infinite shoﬁc\lrcﬁn%:\b\
ground without degradation in reliability,
drivers of the SP200, SP205, SP205B, SPZQ§
SP206B, SP207B, SP211, SP211B and SP2;13*
can be tri-stated by using memUmgmﬁnc-
tion. S \\ N

In the “power off” staté, }heo uflmpg&&nce will
remain greater thanéOO ohms, /agan;,sat;sfymg the

RS232 spe01ﬁcat10ns \Sl;oufld\ jpi/;fput of the

““Thé receivers convert RS232 input sxgnals to
“jnverted TTL signals. Since the input is usually

“/from a transmission line where long cable lengths

and system interference can degrade the signal,
the inputs have a typical hysteresis margin of
500mYV. This ensures that the receiver is virtu-
ally immune to noisy transmission lines. Should
aninput be leftunconnected, a 5SKohm pulldown
resistor to ground will commit the output of the
receiver to a high state.

e
/ \ \% . \\\ /7
/< \/ /\ oo e

O—+| - |Vpp Storage Capacitor
o—| [+

=

C4

Vgg Storage Capacitor

Figure 4. Charge Pump — Phase 3
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W - |Vpp Storage Capacitor £ .
' o “‘“"M“wk ™,
O—_l 1 Vgs Storage Capacitor """ W
P
G /Y
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AV a4
4"
Figure 5. Charge Pump — Phase 4 Ts N
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g R \f
\, "Q;'w,,,%
i, f
SHUTDOWN MODE SP213: N

The SP200, SP205, SP205B, SP206, SP206B,
SP207B,SP211,SP211B and SP213 all feature
acontrol input which will disable the device and
reduce the power supply current to less than
10pA, making the parts ideal for battery—pow-
ered systems. In the “shutdown” mode the re-

ceivers and transmitters will both be tri—stated. -, _ N

N

The V* output of the charge pump will dlscharg,é

to V. and the V- output will discharge to. \:«» -

ground. Products with the WakeUp function can

enable or disable the receivers during shuf'dqw“ﬂ o \

For complete shutdown to occur andffhc IOMA
power drain to be realized, the follovizmg ci‘mgh-
tions must be met: ~

",

=, S

“,

SP200, SP205/B, SP206/B, SBZIWB and SP211,!11 7
¢ +5V must be applied tothe SD pin »/ /
* ENABLE must be e’i?hEr Ox\\"vsl;S OW og,not
connected f' ,f N
* the transmltter,lhp;fts Xnus;fbe e;lzther +5 oV
or not connected ™
* V. must be- +~5N . f
. Recelvgr 19puts fnust waX and <+5V

/
f;
/

S
g

v i
£ Y. /| sP2130nly| Power Receiver
“’S\B\ EN|/'SD | EN | Up/Down | Outputs
0 ™o ™. | 1 Up Enable
0 1t | o Up Tri-state
1 [¢] 0 1 Down Enable
1 1 0 0 Down Tri-state

Table 2. Wake-Up Truth Table

. Ofm‘u% be épphe(gl to the SD pin

. ENABLEmust\be gither OV, +5.0V or not
(, wonnectgd h

\\M\
“oe thﬁtransmatt@&ﬁputs must be either +5.0V
‘of ndt\connected

0\\( must‘*be +5V
e ReCewé‘i‘ 1nputs must be >0V and <+5V

fl
e‘

AN

\

s,
\w

",
\\&

\ER} BLE

"‘*Th@’ SP205/B, SP206/B, SP207/B, SP211 and

; “SP213 all feature an enable input, which allows

~the receiver outputs to be either tri-stated or

7 enabled. This can be espemally useful when the

receiver is tied directly to a microprocessor data
bus. For the SP205/B, SP206/B, SP207/B and
SP211, enable is active low; that is, OV applied
to the ENABLE pin will enable the receiver
outputs. For the SP213, enable is active high;
that is, +5V applied to the ENABLE pin will
enable the receiver outputs.

WAKEUP FUNCTION

The SP205B, SP206B, SP207B, SP211B and
SP213 have a wake—up feature that keeps two or
more receivers in an enabled state when the
device is in the shutdown mode. The SP213 has
two receivers active (R, and R,), while the
SP205B, SP207B and SP211B have all receiv-
ers active during shutdown. With only the re-
ceivers active during shutdown, the devices
draw 5-10pA of supply current.

Sipex
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A typical application of this function would be
where a modem is interfaced to a computer in a
power—-down mode. The ring indicator signal
from the modem could be passed through an
active receiver in the SP2XXB/SP213 that is
itself in the shutdown mode. The ring indicator
signal would propagate through the SP2XXB/
SP213 to the power management circuitry of the

computer to power up the microprocessor and
the SP2XXB/SP213 drivers. After the supply
voltage to the SP2XXB/SP213 reaches +5.0V,
the SHUTDOWN pin can be dlsabigd taking
the SP2XXB/SP213 out of the shufdown mode.

All receivers that are actlve(“durf’ng shthown
maintain 500mV (typ.) of hysteresis-.—. ™

+5V

RouTt

ENABLE
SD
DISABLE

to (POWERUP)

POWER UP WITH SD DISAB,LED (Charge pump in active mode)
¢ x

+5V - - -
ROUT >< DATA

4 — »IteﬂABLE
ENABLE ’
SD

|
|
DISABLE —

Aop o,v‘v‘g RUP

EXERCISING WAKE UP FEATURE

o s V I
pIsABLE X ENABLE X  DISABLE

f/ ™, 4““‘:»4“_1: -—=b
VA - ~/ WAIT

L) J Vec = +5V £10%; T = 25°C

AAAAAA

~. :"" twaiT = 2ms typical, 3ms maximum
S “JENABLE = 1ms typical, 2ms maximum
(\b

Figure 6. Wake-Up Timing

Cirmawv
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Specification RS-2320 RS-423A RS-422 RS-485 Re 562

Mode of Operation Single—Ended Single—Ended Differential Differential Single—%nde}{
No. of Drivers and Receivers 1 Driver 1 Driver 1 Driver 32 Drivers 1 Driver
Allowed on One Line 1 Receiver 10 Receivers 10 Receivers 32 Receivers 1-Recgiver
Maximum Cable Length 50 feet 4,000 feet 4,000 feet 4,000 feet £C<2 500pF @ &Mps,
<1 <T,G00pF-@-=20Kbp:
Maximum Data Rate 20Kb/s 100Kb/s 10Mb/s 10Mb/s ~~1~G4Kb/s
Driver output Maximum Voltage|  +25V 16V -0.25V to +6V -7Vto +12‘(7 -3.\-7«y 10 +13.2V
Driver Output Signal Level ,fl \) b W‘H\N
Loaded +5V +3.6V 2V +1.5 S| AS ey
Unloaded +15V +6V +5V 15 SV oEevs,
Driver Load Impedance 3 —7Kohm 450 ohm 100 ohm 54 ohm ™ @i7Kohm
Max. Driver Output Current - N \"\
(High Impedance State) ! e \
Power On A st00iE e | N
Power Off Vpax/300 100pA HO0RA N\ t:!@OpA Ty
Slew Rate 30V/us max. Controls Provided X‘x S ~,,§0V/us max.
Receiver Input Voltage Range +15V +12v =7V o7V '7V to +1,éV +15V
Receiver Input Sensitivity +3V +200mV izoémy i iéﬁOmV %, +3V
Receiver Input Resistance 3-7Kohm 4Kohm min. 4Kohm r?fi’n:\m ™ 12Kc;hr{1 Pﬁ)n 3-7Kohm

N

Table 3. EIA Standard Definitions . /' . 7
. ., Y
. .
. o
/’A"\ e
K\ Q\ \‘\M \“\,
EIA STANDARDS \ ~

The Electronic Industry Association (EIA) dev \ﬁ’hq\ 3 /is a relatively slow data exchange
veloped several standards of data transmission %{ to‘oo\l Wwith a maximum baud rate of only
which are revised and updated in order ¢n Iffé@ K’o@yﬁ which can be transmitted over amaxi-
the requirements of the industry. In data p ) -m copper wire cable length of 50 feet. The
cessing, there are two basic means o atg1‘1\mg - 0 through SP213 Series of data communi-
cating between systems and components:. “\ ations interface products have been designed
RS232 standard was first introduced m\l “.fo meet both the EIA protocol standards, and the
and, since that time, has become an 1ndust1;y . needs of the industry.

standard. A L
<~/

m\\‘\\/ ‘\"’*«!/
p ff\\ \\
/ . \ ry
// /P H \\\‘». Vf
AN
(<))
™~ {0
“ S
N

10 ’ Sipex
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TYPICAL APPLICATION CIRCUITS

+5V INPUT
R 7] 1 o
0.1yF S T 63V
oav Lonrr |OF  Veo ve J
L
63V Thole, 0.1uF
13 3116V
11,0 -
onrfe | SP200 =
0 T,
400KOHM
TN -2 Z—'r( ouT
400KQHM
n
E [ nn -4 127,00t
z 400KOHM
0 { Tan 4 - 0ur
e 400KOHM
Q
5 T 3 120 7, our
E OHM
TN 2 S 1 out
e 8 HZ sp
3
GND
+5V INPUT
12
0.1pF
6av | Vee
SP205
400KOHM
TN
» 400KOHM
5 7
E T2 IN —
z “400KOHM
B { T
= 400KOHM
[&]
I el
= 20K0HM
P
7, *
/ .,
° -q 2 AN
2] ’ £
'5 sKoHM = ]
z i -Q 2 R, 1IN
5
3. i som = oy
wl 3
J®
{*2 skonm = .o
@g H -q RqIN
S SR ] B
o . oo =g
[T Fs
N
- skonm = 4
sD
T
GND

RS232 OUTPUTS

}burﬁ’u

R6232

“

RS232 INPUTS

+5V INPUT
0.1pF e,
oav | oar e 11"
= 63V
Tsle,-
10
Co+
0v1uFJ1_. ?
o T,
T Com
s
» [T 4 L our
= 400KOHM N
2 2,
z 3 .
Z | TN — T, 0UT
2 400KOHM
g ji‘k‘;f,mrr
I{?‘
e 490KOHM V.
E LS 1, our
SP2058
400KOHM
TN =2 12 1, out
49QKOHM
4
ToN = - Tour

TTL/CMOS INPUTS

TTL/CMOS QUTPUTS

SKOHM

*Receivers active during shutdown 11
=
GND

RS232 OUTPUTS

RS232 OUTPUTS

RS232 INPUTS
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TYPICAL APPLICATION CIRCUITS

+5V INPUT +5V INPUT
© o L o i A
0.1pF C, + B 0.1pF
83V IO.WFF " Voo V+ J 6.3V 0.1pF, Ci+ Vee
6.3V 12 cy- g)g\yp 6.3V ‘E‘z -
15
g i TR sle,.
O1pF_t SP206 = XA SP206B
16V T4 v e,
o Thelo,- N
OHM 400KOHM
o (TN -4 27, 0ut o [TIN -4 2‘Awkom'
5 o0M 2 5 s OHM /= ®
z & 2 2 g 6 £ 2
2IN = — T2 TAN = uT
FRAN Tour | & Z | o 2
8 400KOHM 8 1) 400KOHM 7 8
o]
AL 28] H-Toour | g g | hLl o | o
3 S 400KOHM S
: o
F (E\ 24t our) &
5 5
=) . -
T 2 P RN @
5 g /5 5
o z < P
0 b "\, 12 > 2
[e] & . R o
8 b /NN &
o ] 4 AN 18 o] @
E & \\ . E o
- 21
/\\\ \“ “ue, sD
4 \'\ .
"\, AN \\gFlsceiv acliv}eﬁ:ring shutdown 8]
AN - “\M o GND
N
"MM‘M \ \“%\ },
o \ NN
&S “"\"{;“:’@, N“"\«@. N
= e, S
I
’ ™ S, S BV INPUT —
ey \\\\ \%\ * _L » ul 1 o1
: 0.1pF T 63V
S‘QV o1pF_lx o \/7 6.3V Io,mF Ci+ Voo Ve 13'
o3 h ™. 8V Tasfe, - 0.F
\\ ™y v \1' 16V
N /) 1 + - 3
VA s 0Pt SP2078B
o T,
/7
- £ 7 40QKOHM
\\\\0/ f/ 7 \2_
7 Ty IN — T, 0UT
A // @ OHM
'(2 ? -~ h ) '5 TaIN =2 T,0UT ﬂ
2IN = [ 2
2 | et o | £ 2 " g
£ R / g » 20 1 5
> 18 7 E 8 { T —Tour > 3
84 - 1/0uT ) 3 s HM o
" 400KOHM & 3 &
5 // { g 3 | w2y |28 rour | &
I /a2 24t 00t | & E HM 2
E A/ 400KOHM o
20
12 1500 g
g 2
5
7 5 2
5 o z
T @ Z
2 o 3
o (&) 1]
2 E
o
*Receivers active during shutdown “4.

GND
The SP207B is offered in a 28-pin SOIC or 28—pin

SSOP package.
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TYPICAL APPLICATION CIRCUITS

+5V INPUT +5V INPUT
o] 1 o
0.1yF 10fc,+ v _‘,T 63V 0.1yF 12fe
63V IOJsF_r o YA ki sav | onpr e
63V Tie|g, - 0.1yF 83V Tale
15|16V
13 V- —)I—_L
Co+ +. 15]¢,
| oo ' ek
e, & e
490KOHM
5 2
P A |27, out TN =
5 400KOHM o 2"
S [nnae L rour | B g 6
Z | TeIN— 2 [ FRIRAES
@ 49QKOHM 5 ™
[e] (]
3 o 22 |22 75 0ur 8 g TaiN 2%
3 400KOHM 8 L:)
E 2] 20 o
TN T,0UT E ?‘ our
&2 (rour & -q 17 aN o
5 @ RyIN
g RpoUT 2 41 ML 2 4
2 - [ Me 'R
® 2 — RaIN 'tg
[7)] =+ 2
22 skoHM = | 5, o
g RyouT 2 -@ 22 RN ﬁ 127 N 2
[&]
= 0© o
L:: R,ouT 44 -Q SO T 116 g, S 2 3
4 * / B v | 2
™~
SKOHM = N
5] (/ \\ “‘\ 118 poiN
GND AW T .
p g ™, 25
/ ™, uy 125 5p
<; ‘:\\\\ x.,\%
N - o
", T,
W, AN A ~/>
\\ \\:‘“w , “
+5V INPUT —9 N
: B uf L g;;fsf ™ \\\‘r‘t\syﬁpm T 1 1
0.1yF S T 6. e, 1 0.1F
o Lonrle |9 Voo Ve o [f R, % 0.14F 12fe T o
=88V Taa y “ e, 6av | o.1$F + Veo v
" vl R N 83V Thalg, 0.1pF
—rcw _‘L ., \\ S 5 V- i' ev
OyF_s SP211B NN N "L
® Tslg, & o A= SP213
Sy Tl Cao-
“ S
NN\ /? OHM
® /
e » f“”*\ o [T 121 our
z g’ /7 g OHM
Z -y a 6 3
@ 5/ FARRATES |- 1,00t
g 4 o OHM
A o]
S ’ ’g AR 2] N Ta0UT
e s E 490KOHM
o 24 128 1, out
@ g,
5 »
z 2 5
5 =) 7 SR
s/ g 5
5 : -
.., 2
// 3 g 128 g e
e
E 18
HE ryin-
; sworm = fas
S, ; =
b”\;Recelve’if',sg;cli\/e during shutdown 1°_=|__
\\» S GND *Receivers active during shutdown “ﬂ.
o, S, o
Y GND
g

RS232 OUTPUTS

RS232 OUTPUTS

RS232 INPUTS
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ORDERING INFORMATION A\

RS232 Transceivers: NN
Model .......... Drivers .......cceceeees Receivers .........ceeuvreraens Temperature Range ................. lggpkaég
SP207CA .......... 5 e B, 0°C 10 +70°C ...cvvvirririiiinny x,... 24—p|n SS
SP207CP........... LR B e 0°C 10 +70°C ..o 24—-p|n Pla“T@QIP )
SP207CT -224-pin soie”
SP207EA 3 24— -pin SSOP
SP207EP —40°C to +85°C ........ Cornrionge 24 m«R\ast@DlP
SP207ET 0°C to +85°C ) 4—p|ﬁ 'solc
SP208CA 0°C to +70°C .. - 24—pin SSOP
SP208CP 0°Cto +70°@ ........... Fovaagasees 2¢4~eryPlastic DIP
SP208CT ........... TN . ST 0°Cto +70°Q ...&.:m% “i’."::.;; 24-pin SOIC
SP208EA............ 4o 4o —40°C to +85°C 3, Y \*x/ %.. 24—pin SSOP
SP208EP ........... 4 e G —40°C tg)”:p*&§°c ..... x%.. A 24—p|n Plastic DIP
SP208ET ........... SO S —-40°C to‘+85°& ......... RN — 24—pin SOIC
e
RS232 Transmitters:
Model .......... Drivers .. ... Receivers ..................s. Temperature Range ................. Package Type
SP204CP........... L . 16—pin Plastic DIP
SP204CT ........... TN Q .............................. 16-pin SOIC
SP204EP............ 4o :M\oamp +B§°C ..................... 16-pin Plastic DIP
SP204ET ........... R TOORRION L ST .\ ..?;ii.r40“€z to %85°C .............................. 16—pin SOIC
\
................. Package Type
.. 20—pin Plastic DIP
........... 20-pin SOIC
20-pin Plastic DIP
.............................. 20-pin SOIC

RS232 Transcewér;* wﬂhLoW—Péwer Shutdown and Tri—state Enable:

Model .......... Drlvers ..... sirenens ya Hecelvet:s/f .................... Temperature Range .........cceuese. Package Type
SP205CP B e 0°C to +70°C .. 24-pin Plastic Double-Width DIP
SP205EP B/ eeeeeeeeeeeseeeeennanene —40°C to +85°C .. 24—pin Plastic Double-Width DIP
SP206CA ... 4 B T 0°C 10 470°C eeoereerereeererrerenene 24—pin SSOP
T TR 0°C 10 +70°C oooevereeererronne 24-pin Plastic DIP

SP206CT/ ; e B 0°C 10 +70°C ..vrverevcrieeereeeees 24-pin SOIC
SP206EA. A —40°C 10 +85°C .ereerrerrereereeriennas 24-pin SSOP
SP%Q,BEIL, —40°C t0 +85°C ...ccvvevrereenne 24—pin Plastic DIP
SI}QO}EI\. —40°C 10 +85°C ovvirreeeereeneenen 24—pin SOIC
/S’ngﬁ CA; B e B 0°C 10 +70°C ..o 28-pin SSOP
”\s‘,‘tzi‘mf S S - SO 0°C to +70°C 28-pin SOIC
SP21;1EE : —-40°C to +85°C ... 28—pin SSOP
SP211ET...... .. —40°C to +85°C 28-pin SOIC

14 Sipex
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ORDERING INFORMATION

RS232 Transceivers with Low-Power Shutdown, Tri-state Enable, ;1 d
Wake-Up Function:

g, 24-PINSOIC
Z.\f..../%—pﬂ) SOP

Model .......... Drivers ....c.ccceeunees Receivers ......ceiininnnes Temperature Range .........ccccee.e Pack\age
SP205BCP ........ 5. 5, with 5 active in Shutdown........... 0°C to +70°C ... 24-pin PIastlg;E?oﬂbi&Wld&QlP
SP205BEP ........ 5. 5, with 5 active in Shutdown....... -40°C to +85°C .. 24-pin Plasti¢ Doublte-Width DI
SP206BCA ........ 4 ... 3, with 3 active in Shutdown 0°C t0 +70°C ....ecuvenreen 7T 24—pin Sé(;;}
SP206BCP ........ 4 ... 3, with 3 active in Shutdown........... 0°C to +70°C ... /..f@%—%ﬂsstlc DIP
SP206BCT ........ 4 ... 3, with 3 active in Shutdown 0°C to +70°C ...

SP206BEA ........ 4 ... 3, with 3 active in Shutdown....... —40°C to +85°C ...
SP206BEP ........ 4 ... 3, with 3 active in Shutdown.......—40°C to +85°C .............. \ . 24~rpln Plastic DIP
SP206BET ......... 4 ... 3, with 3 active in Shutdown........ —40°C 10 +85°Crmnsa e S ~pin SOIC
SP207BCA ........ 5. 3, with 3 active in Shutdown........... 0°C to +70°C M%:N‘” ‘2/8—pm SSOP
SP207BCT ........ 5. 3, with 3 active in Shutdown........... 0°C to +70°é\...... N S 28—pm SOIC
SP207BEA ........ 5. 3, with 3 active in Shutdown....... —-40°C 10\+85°C .? ........................
SP207BET ......... 5 ...... 3, with 3 active in Shutdown.......~40°C 85\0 ..... N 9
SP211BCA ........ 4 ... 5, with 5 active in Shutdown............ 0°C to + C\?:» Nt
SP211BCT ........ 4 ..... 5, with 5 active in Shutdown ... /f 6°CH to““qﬂe%‘ I ST 28—pin SOIC
SP211BEA ........ 4. 5, with 5 active in Shutdown 28-pin SSOP
SP211BET......... 4 ... 5, with 5 active in Shutdown (f *4\ tg\ +8§°\Ci .............................. 28-pin SOIC
SP213CA........... 4 ... 5, with 2 active in Shutdovg& \"\. 0}’6\33 NQ“C\ ............................. 28—pin SSOP
SP213CT ........... 4 ... 5, with 2 active in Shutdo\'fvn .............................. 28—pin SOIC
SP213EA........... 4. 5, with 2 active in Shutdo\y\n e —ZQ\C to. +8/5°C ............................. 28-pin SSOP
SP213ET ........... 4 .. 5, with 2 active in §}»utdowﬁx,\ é40°C 19 +85°C oo 28-pin SOIC
Na\\ \‘\\f
0™
~ -
/“\1\ N
\\\ :\‘t\w’; ’
\K)}\:§>
A‘» g
< "‘\&L /r’\‘w,‘
. 47
A, \“\ S, / /
J.f’ 3 = S, /
7/ / ‘ \\"\ /
/ /' /”‘\;) \\ /
P A . v
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Giryay  SP230A/234A/235A/236A/237A/238A/239A/241A
A SP235B/236B/240A/240B/241A/241B

SIGNAL PROCESSING EXCELLENCE

+5V Powered Multi-Channel RS232 Drivers/Receivers

W Operates from Single +5V Power Supply
(+5Vand +12V—SP239A)

B Meets All RS232D and V.28 Specifications

B +9V Output Swing with +5V Supply

M Improved Driver Output Capacity for
Mouse Applications

M Low Power Shutdown — 1pA

B Wake Up Feature in Shutdown Mode

B 3-State TTL/CMOS Receiver Outputs
M +30V Receiver Input Levels

M Low Power CMOS — 5mA Operation

B Wide Charge Pump Capacitor Value
Range — 1—10uF

DESCRIPTION...

The SP230A Series are multi—channel RS232 line drivers/receivers that provide a variety of
configurations to fit most communication needs, especially where +12V is not available. Some models
feature a shutdown mode to conserve power in battery—powered systems. Some require no extemnal
components. All, except one model, feature a buili—n charge pump voltage converter, allowing them
to operate from a single +5V power supply. All drivers and receivers meet all EIA RS232D and CCITT
V.28 requirements. The Series is available in plastic and ceramic DIP and SOIC packages.

SELECTION TABLE
No. of | No. of

Power RS232 | RS232 External Low Power| TTL |Wake-| No. of
Model Supplies Drivers | Revrs |Components | Shutdown |3-State] Up Pins
SP230A | +5V 5 0 4 Capacitors Yes No No 20
SP234A | +5V 4 0 4 Capacitors No No No 16
SP235A | +5V 5 5 None Yes Yes No 24
SP235B | +5V - 5 5 None Yes Yes | Yes 24
SP236A | +5V 4 3 4 Capacitors Yes Yes No 24
SP236B +5V 4 3 4 Capacitors Yes Yes Yes 24
SP237A | +5V 5 3 4 Capacitors No No No 24
SP238A | +5V 4 4 4 Capacitors No No No 24
SP239A | +5V/+85t0+132V 3 5 2 Capacitors No Yes No 24
SP240A | +5V 5 5 4 Capacitors Yes Yes No 44
SP240B +5V 5 5 4 Capacitors Yes Yes Yes 44
SP241A | +5V 4 5 4 Capacitors Yes Yes No 28
SP241B | +5V 4 5 4 Capacitors Yes Yes | Yes 28

Sivex ‘ 17
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ABSOLUTE MAXIMUM RATINGS

This is a stress rating only and functional operation of the device at
these or any other conditions above those indicated in the operation

Output Voltages:

(V+, +0.3V) to (V—, —0.3V)

out

~0.3V to (Vg +0.3V)

ouT
Short Circuit Duration:

sections of this specification is not implied. Exposure to absolute Continuous
maximum rating conditions for extended periods of time may affect P%uvTver Dissipation:
reliability. GERDIP 675mW
(derate 9.5mW/°C above +70°C)
Veo oV Corato AW above ¥70°C) srom
zﬁ (Voo-0.3V) to +1 gg\\; (Small Outline 375mw
Input Voltages: i (derate 7mW/°C above +70°C)
T -0.3 to (Ve +0.3V)
Ry +30V
SPECIFICATIONS ‘
All units Vee=+5V+10%; except SP235A/B, Vee=+5V+5%; SP239A only, V+ = +8.5 to +13.2V; All specifications T, to T,,,, unless.otherwise noted.
PARAMETERS MIN. TYP. MAX. UNITS CONDITIONS
POWER REQUIREMENTS
Vcc Power Supply Current 5 10 mA No load, T,= +25°C
SP239A only 0.4 1.0 mA )
V+ Power Supply Current
SP239A only 8 156 mA No load, V* =12V
Shutdown Supply Current 1 10 uA T, =+25°C
LOGIC INPUTS
Input Logic Threshold
Low 0.8 Volts T EN, 8D
High 2.0 Volts T EN,SD
Logic Pullup Current 15 200 uA Ty=0V
RS232 INPUTS
RS232 Input Voltage Range -30 +30 Volts
RS232 Input Threshold
Low 0.8 1.2 Volts Vee =5V, T, = +25°C
High 1.7 2.4 Volts Vee =5V, T, = +25°C
RS232 Input Hysteresis 0.2 0.5 1.0 Volts Vee =5V
-R8232 Input Resistance 3 5 7 Kohms T,=+25°C
LOGIC OUTPUTS ’
Output Voltage
Low 0.4 Volts lour = 3.2MA
High 3.5 Volts lour = 1.0mA
Output Leakage Current 0.05 +10 A EN =V, OV<R,
<Vce
RS232 OUTPUTS
Output Enable Time 400 nS SP235A/B, SP236A/B,
SP239A & SP241A/B
Output Disable Time 250 nS SP235A/B, SP236A/B,
SP239A & SP241A/B
Propagation Delay 1.5 us RS232 to TTL
Instantaneous Slew Rate 30 ViuS C,_=10pF, R = 3—7KQ;
T,=+25°C
RS232 OUTPUTS
Transition Region Slew Rate 3 Vius C_=2500pF, R = 3KQ;
measured from +3V to -3V or|
-3V to +3V
Output Voltage Swing 5 19 Volts All transmitter outputs loaded
with 3KQ to Ground
Output Resistance 300 Ohms Vo= OV, Vg = 22V
RS232 Output Short Circuit Current +10 mA Infinite duration
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Transmitter Output Waveforms

32 4 oLy 1 9 1‘5;4;

Icam———

R, =3KQ, C, =2,500pF

Transmitter Propagation Delay

Rise Time
R, =3KQ; C, =2,500pF
All inputs = 20KHz

Fall Time
R, = 3KQ; C, = 2,500pF

Receiver Output Waveform

we 200 K

Shutdown to V+, V- Rise Time
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Receiver Propagation Delay
R
sV S S ———
R : e
our
Fall Time
PINOUT
T,0UT 1] U 20] T,0UT T,0UT [T U 16] Ts0uT TouT 1] U [24] RyIN
T,0uT 2] 19] TsIN T,0UT [Z] 15] T40UT TsouT 2] [23] RyouT
T.0UT 3] 18] NC TN 3] o ¢ 14] TN T,0uT 3] [22] TN
TN A g ep S TN 4] Sy PN T0uT [4] [21] sp
N [ 9 ';' 36] Ts0UT ano (B gg 2] v RN 5] (20 EN
GND 6] §Z< 15 ] T,N Voo 8] > 1] G RoOUT [[&] :-é--- [19] TsouT
Voo 7] 14] TaN o+ [Z] 10] Co+ TN 7] 33 [18] RN
i+ [8] a3]v- v+ [E] 9]¢ wwoE] 2 $ [ reour
v+ 2] 2] C» R,OUT [ (16 ] T,IN
¢-  [a9] 1] Co+ RN 0] [15] TN
‘ GND 1] [14] RsOUT
Voo 22 13 ] RgIN
TouT 1] U 24 RN T,0UT 1] U [24] 7, our Teour (1] U 2] 7,007
TouT [Z] 23] RyoUT Tiout [Z] [23] R,N TouT [ 2] 23] R, N
T0uT 3] 25 T5IN T,0uT [Z] [55] Ry0UT TpouT 3] 22 ] R,0UT
T0uT [Z] [21] so RIN & 21] sp LS le_')
RN [E] 20]) EN RyOUT [E] N ror o) e P
R0UT [E] % == [59] Ts0uT TN [E] 2 £ KN AN TN [E] oS [19] TN
N T § 25 A nN o [T § B 78] 75N TN T § ZE Lie] TN
w3 @ [17] myout ew [ Z 2 [@neour ano - [2] A1 R,0UT
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Receiver Output Enable/Disable Times

ENIN

ov

5V
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FEATURES...

The multi-channel RS232 line drivers/receivers pro-
vides avariety of configurations to fit most communi-
cation needs, especially those applications where
412V is not available. The SP230A, SP235A/B,
SP236A/B, SP240A/B, and SP241A/B feature a
shutdown mode which reduces device power dissipa-
tion to less than SUW. All feature low power CMOS
operation, which is particularly beneficial in battery—
powered systems. The SP235A/B use no external
components and are ideally suited where printed
circuit board space is limited.

Allproductsinthe Series, exceptthe SP239A, include
two charge pump voltage converters which allow
them to operate from a single +5V supply. These
converters convert the +5V input power to the
+10V needed to generate the RS232 output levels.
The SP239A is designed to operate from +5V and
+12V supplies. Aninternal charge pump converter
produces the necessary —12V supply. All drivers
and receivers meet all EIA RS232D and CCITT
V.28 specifications.

The Series are available for use over the commer-
cial, industrial and military temperature ranges.
They are packaged in plastic and ceramic DIP, and
SOIC packages. For product processed and
screened to MIL-M-38510 and MIL-STD-883C
requirements, please consult the factory.

THEORY OF OPERATION

The SP230A/B-241A/B series devices are made up
of three basic circuit blocks — 1) transmitter, 2)
receiver and 3) charge pump. Each model within the
seriesincorporates variationsofthesecircuitstoachieve
the desired configuration and performance.

Driver/Transmitter

The drivers are inverting transmitters, which accept
TTL or CMOS inputs and output the RS232 signals
withaninverted senserelative totheinputlogiclevels.
Typically the RS232 output voltage swing is 9V.
Evenunder worst-case loading conditions of 3k and
2500pF, the output is guaranteed to be +5V, which is
consistent with the RS232 standard specifications.
The transmitter outputs are protected against infi-
nite short-circuits to ground without degradation
in reliability.

The drivers of the SP230A, SP235A/B, SP236A/B,
SP240A/B and SP241A/B can be tri-stated by using
the SHUTDOWN function. In this “‘power—oft’ state,
the output impedance will remain greater than 300
ohms, again satisfying the RS232 specifications.
Should the input of the driver be left open, an intermal
400K<2 pull-up resistor to V. forces the input high,
thus committing the output to a low state.

The slew rate of the transmitter output is internally
limited to a maximum of 30V/s in order to meet the

Table 1. EIA Standards Definition

Specification RS-232D RS-423A RS-422 RS-485 RS-562
Mode of Operation Single-Ended Single-Ended Differential | Differential | Single-Ended
Number of Drivers and Receivers 1 Driver 1 Driver 1 Driver 32 Drivers 1 Driver
Allowed on One Line 1 Receiver 10 Receivers 10 Receivers |32 Receivers | 1 Receiver
Maximum Cable Length 50 feet 4,000 feet 4,000 feet 4,000 feet C<2500pF
@ <20kb/s
C<1000pF
@ >20kb/s
Maximum Data Rate 20kb/s 100kb/s 10Mb/s 10Mb/s 64kb/s
Driver Output Maximum Voltage +25V +6V -0.25V to +6V| -7V to +12V |-3.7 to +13.2V
Driver Output Signal Level Loaded +5V +3.6V +2V +1.5V +3.7V
Unloaded +15V +6V +5V +5V +13.2V
Driver Load Impedance 3kQ to 7kQ 450Q min. 100Q 54Q 3kQ to 7kQ
Maximum Driver Output Current |PowerOn| — — — e —_— +100pA —
(High Impedance State) Power Off| Vyax /300 100pA +100pA +100pA —
Slew Rate 30V/us max. | Controls Provided]| — —— — — | 30V/ps max.
Receiver Input Voltage Range +15V +12V -7V 1o +7V | -7V to +12V +15V
Receiver Input Sensistivity +3V +200mV +200mV +200mV +3V
Receiver Input Resistance 3kQto 7kQ 4kQ min. 4kQ min. | 12kQ min. 3kQ to 7kQ
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standards {EIA 232-D 2.1.7, Paragraph (5)]. The
transition of the loaded output from Vi to Vo
clearly meets the monotonicity requirements of the
standard [EIA 232-D 2.1.7, Paragraphs (1) & (2)].

Receivers

Thereceivers convert RS232 input signals to inverted
TTL signals. Since the input is usually from a trans-
mission line, where long cable lengths and system
interference can degrade the signal, the inputs have a
typical hysteresis margin of 500mV. This ensures
that the receiver is virtnally immune to noisy
transmission lines.

The input thresholds are 0.8V minimum and 2.4V
maximum, again well within the+3V RS232 require-
ments. The receiver inputs are also protected against
voltages up to £30V. Should an input be left uncon-
nected, a 5k€2 pulldown resistor to ground will com-
mit the output of the receiver to a high state.

In actual system applications, it is quite possible for
signals to be applied to the receiver inputs before
power is applied to the receiver circuitry. This occurs
for example when a PC user attempts to print only to
realize the printer wasn’t turned on. In this case an
RS232 signal from the PC will appear on the receiver
input at the printer. When the printer power is turned
on, the receiver will operate normally. All series
devices are fully protected. Again to facilitate use in
“real-world” applications, the receiver outputs can be
tri-stated by bringing the ENABLE (EN) pin high,
with the driver remaining full active.

Charge Pump
Thecharge pump section of the SP230A series allows
the circuit to operate from asingle +5V, +10% power

s1 s3
Vec O fo o — OV+ = 2Vge
+ +
= Ct /= C8
GND O o o— 0 Yoo

73
__N———

@
P Y T

Y

INTERNAL
OSCILLATOR

Figure 1. Charge Pump Voltage Doubler

supply by generating the required operating voltages
internal to the devices. The charge pump consists of
two sections — 1) a voltage doubler and 2) a voltage
inverter. :

As shown in Figure I, an internal oscillator
triggers the charge accumulation and voltage
inversion. The voltage doubler momentarily
stores a charge on capacitor C, equal to V.,
referenced to ground. During the next transition
of the oscillator this charge is boot—strapped to
transfer charge to capacitor C,. The voltage
across C, is now from V. to V*.

In the inverter section (Figure 2), the voltage
across C, is transferred to C, forcing a range of
0V to V* across C,. Boot—strapping of C, will
then transfer charge to C, to generate V.

The values of the capacitors are somewhat
non-critical and can be varied, however the
performance will be affected. As C, and C, are
reduced, higher levels of ripple will appear.
Lower values of C, and C, will increase the
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o Power Receiver

SD | EN Up/Down Outputs
0 0 Up Enable

0 1 Up Tri—state
1 0 Down Enable

1 1 Down Tri-state

Table 2. Wake-Up Truth Table

output impedance of V* and V-, which will
degrade V,,, and V,; . Capacitor values can be
as low as 1.0yF.

Shutdown (SD)

The SP230A, SP235A/B, SP236A/B,
SP240A/B and SP241A/B all feature a control
input which will disable the part and reduce V .
current typically to less than SuA, which is
especially useful to designers of battery—pow-
ered systems. In the “power—off” mode the
receiver and transmitter will both be tri-stated.
V* will discharge to V., and V- will discharge
to ground.

For complete shutdown to occur and the 10pA
current drain to be realized, the following con-
ditions must be met:

* +5.00V must be applied to the SD pin;
« ENABLE must either OV, +5.0V or not connected;

* the transmitter inputs must be either +5.0V or not
connected; and

* Vi must be +5V

* Receiver inputs must be >0V and <+5V

Please note that for proper operation, the SD
input pin must never be left floating.

ENABLE Input (EN)

The SP235A/B, SP236A/B, SP239A, SP240A/
B, and SP241A/B all feature an enable input
(EN), which allows the receiver outputs to be
either tri-stated or enabled. The enable input is
active low; OV applied to EN will enable the
receiver outputs. This can be especially useful
when the receiver is tied directly to a micropro-
cessor data bus.

Protection From Shorts to >+15V

The driver outputs are protected against shorts
to ground, other driver outputs, and V* or V.
For protection against voltages exceeding 15V,
two back-to-back zener diodes connected to
clamp the outputs to an acceptable voltage level
are recommended. (Refer to Figure 3.)

Improved Drive Capability for Mouse
Applications

Each of the devices in this data sheet have
improved drive capability for non-standard ap-
plications. Although the EIA RS232D stan-
dards specify the maximum loading to be 3k
and 2500pF, the SP230A, SP234A, SP235A/B,
SP236A/B,SP237A,SP238A,SP239,SP240A/
B, and SP241A/B can typically drive loads as
low as 1k and still maintain +5V outputs. This
feature is especially useful when the serial port
is intended to be used for a “self-powered”
mouse. In this case the voltage necessary to
operate the circuits in the mouse can be derived
from the RS232 driver output as long as the
loading is 21k€Q (refer to Figure 4). For applica-
tions which even exceed this requirement, driv-
ers can be connected in parallel, increasing the
drive capability to 750€2, while maintaining the
5V V,, and V levels (refer to Figure 5).

s1 s3
V+0- o oo O GND
FROM s R
VOLTAGE DOUBLER s /~ C2 sd' T~ C4
GND O [o Cf.’ [ O V-=-(V+)

--N--

INTERNAL
OSCILLATOR Q

TN T,0UT

15V ZENER

TN >)— _ T,0UT
A e

15V ZENER

Figure 2. Charge Pump Voltage Inverter

Figure 3. High Voltage Short Circuit Protection
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Figure 4. Mouse Application Drive Capability

Wake-Up Feature

The SP235B, SP236B, SP240B and SP241B
have a wake-up feature that keeps all receivers
in an enabled state when the device is in the
shutdown mode. Table 2 defines the truth table
for the wake-up function. Timing for the wake-up
function is shown in Figure 6.

Figure 5. Parallel Drivers

If the SP235B, SP236B, SP240B and SP241B
are powered up in the shutdown state (SD driven
high during V . power up), the part must remain
in a powered on state for a minimum of 3ms
before the wake-up function can be used. After
the 3ms wait time, there is a 2ms delay time
before data is valid for both enable and disable

to (power up)

POWER-UP WITH SD HIGH (charge pump section in shutdown state)

BV [———m - - - |
OV|——— = = .

DATA
VALID

+5V .
SD
ov

to (power up)

POWER-UP WITH SD LOW (charge pump section in active mode)

vk VALID

!
<> tenpBLE

+5V
sD

ov

EXERCISING WAKE-UP FEATURE
to (power up)

Rout T }C © para’ W
vl VALID . .

<> tENABLE

: |
‘4> tenaBLE

DATA j ./ DATA
VALID \ 'N\\VALID
hane tENABLE

oo "V |[e——twar —)
ov

SPECIFICATIONS:

(Vog =+5V£10%, Ta=25°C)

PARAMETER | MIN. | TYP. | MAX.
twarr 2ms | 3ms
tENABLE ims | 2ms

" Figure 6, Wake-Up and Shutdown Timing
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of the charge pump. If the SP2XXB is powered
up with SD low, then only the 2ms delay time
will apply (refer to Figure 6). Under normal
operation, both the wait time and delay time
should be transparent to the user.

With only the receivers activated, the device
typically draws less than SpA (10pA max) sup-
ply current. In the case of amodem interfaced to
a computer in power-down mode, the RI (ring
indicator) signal from the modem would be used
to “wake up” the computer, allowing it to accept
the data transmission.

After the ring indicator signal has propagated
through the SP2XXB receiver, it can be used to
trigger the power management circuitry of the
computer to power up the microprocessor and
bring the SD pin to the SP2XXB low, taking it
out of shutdown. The receiver propagation de-
lay is typically 1us. The enable time for V+ and
V- is typically 2ms. After V+ and V- have
settled to their final values, a signal can be sent
back to the modem on the DTR (Data Terminal
Ready) pin signifying that the computer is ready
to accept and transmit data.

All receivers that are active during shutdown
maintain 500m V (typ.) of hystersis.

Varying Capacitor Values

As stated earlier, the capacitor values are some-
what non-critical. Since they are an actual compo-
nent of the charge pump circuitry, their value will
affect its performance, which in turn affects the
Vopand V; levels. There is no upper limit for the
value of any of the four capacitors; lower values
will impact performance. C, and C, are respon-
sible for the charge accumulation and can be
reduced to 1pF; this will increase the output im-
pedance of V* and V~. Reducing these capacitor
values will limit the ability of the SP2XXA/B to
maintain the dc voltages needed to generate the
RS232 output levels. Capacitors C; and C, can
also be reduced to 1uF; doing so will increase the
ripple on V* and V-,

Typically each driver will require 1pF of capaci-
tance as a minimum to operate within all specified
parameters; if five drivers are active in the circuit,
then C; and C, should be SpF. In order to operate

at these minimum values, the supply voltage must
be maintained at +5.0V +5%. Also, the ambient
operating temperature must be less than 60°C.

The capacitor values must be chosen to suit the
particular application. The designer must bal-

- ance board space, cost and performance to maxi-

mize the design. The capacitors can be polarized
ornon—polarized, axial-leaded or surface-mount.
As the size and value decrease, so does the cost;
however, the value should be chosen to accom-
modate worst-case load conditions.

INTERFACE EXAMPLE — A MODEM
ON THE IBM PC SERIAL PORT

The RS232 standard defines 22 serial interface
signals. These signals consist of ground lines,
timing, data, control and test signals, plus a set
of signals rarely used for a second data channel.
Many of these signal lines are not used in typical
RS232 applications; in fact, the IBM® PC serial
port is implemented using only nine pins.

Forexample, consider the case of a PC using this
nine pin port to communicate with a peripheral
device such as a modem. We see the following
activity on each of the RS232 lines as the com-
puter and modem are activated and communi-
cate with each other as well as the remote
modem at the other end of the phone line.

Signal Ground (GND)

The Signal Ground pin acts as areference for all
the other signals. This pin is simply maintained
ata0V level to serve as alevel to which all other
signals are referenced. Both the PC and the
modem will have this line connected to their
respective internal ground lines.

Ring Indicator 22, ‘@l-v— Ring Indicator
Data Terminal Ready 20, {>0— Data Terminal Ready
Data Carrler Detect 8 c@l—-—— Data Carrier Detect

Signal Ground L= L L -Signal Ground

Data Set Ready = ‘Q]ﬂ— Data Set Ready
Gloar To Send s e@l—— Clear To Send

Ready To Send 4 DO— Ready To Send
Recelved Data 2 ol:i— Received Data
Data —i 2 {>o»_.. Received Data

(To Be Printed) (To Be Printed)

IBM Modem Port Inter: ti
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Data Terminal Ready (DTR)

This is the pin the computer uses to tell periph-
eral devices that it is on-line and ready to
communicate.

Data Set Ready (DSR)

Peripheral devices use this line to tell the com-
puter that they are on—line and ready to commu-
nicate, When the modem is turned on and has
completed its self—test routine (assuming it does
one), it will send a signal to the PC by asserting
this lirle.

Request To Send (RTS)

The computer activates this line to notify the
peripheral device that it is ready to send data. In
this example, the computer notifies the modem
that it is ready to send data to be transmitted by
the modem.

Clear To Send (CTS)

This is the line on which the peripheral device
tells the computer that it is ready to receive data
from the computer. If the modem was not ready,
i.e. it was performing a loop—back self—test, for
example, it would not assert this line. Once the
modem was ready to receive data from the PC,
it would assert this line. When it receives the
CTS signal from the modem, the PC knows that
a data transmission path has been established
between itself and the modem.

Transmitted Data (TD or TX)

This is the pin on which the computer sends the
actual data signal to be transmitted, i.e. a posi-
tive voltage (+3V to +15V) to represent a logic
“0”, and a negative voltage (-3V to —15V) to
represent a logic “1”. The PC would send the
data on this line to be transmitted by the modem.

Ring Indicator (RI)

This line is used by the peripheral device to tell
the computer that aremote device wants to start
communicating. The modem would activate the
RI line to tell the computer that the remote
modem was calling, i.e. the phone is ringing.

Data Carrier Detect (DCD)
This line is used by the modem to tell the
computer that it has completed a transmission

path with the remote modem, and to expect to
start receiving data at any time.

Received Data (RD or RX)

This is the pin on which the modem sends the
computer the incoming data signal, i.e. a posi-
tive voltage (+3V to +15V) to represent a logic
“0”, and a negative voltage (-3V to -15V) to
represent a logic “1”.

INTERFACE EXAMPLE — A PRINTER
ON THE IBM PC SERIAL PORT

The RS232 standard defines 22 serial interface
signals. These signals consist of ground lines,
timing, data, control and test signals, plus a set of
signals rarely used for a second data channel.
Many of these signal lines are not used in typical
RS232 applications; in fact, the IBM® PC serial
port is implemented using only nine pins.

For example, consider the case of a PC using this
nine pin port to communicate with a peripheral
device such as a printe. We see the following
activity on each of the RS232 lines as the computer
and printer are activated and communicate.

Signal Ground (GND)

The Signal Ground pinacts as areference forall the
other signals. This pin is simply maintained ataQV
level to serve as a level to which all other signals
are referenced. Both the PC and the printer will
have this line connected to their respective internal
ground lines.

Data Terminal Ready (DTR)
This is the pin the computer uses to tell peripheral
devices that it is on-line and ready to communi-

L Signal Ground

o@]—— Data Set Ready

Signal Ground .-

Data Set Ready —.—o<‘l

L ENU (T T - W N

Clear To Send —-0<( nI DIH— Clear To Send
Ready To Send —g—|>c R>0-+— Ready To Send

Transmitted Data | R0l Received Data
(To Be Printed) (To Be Printed)

IBM Printer Port Interconnections
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cate: Once the comuter is powered—up and ready,
it will send out a signal on the DTR to inform the
printer that it is powered—up and ready to go. The
printerreally doesn’tcare, since it will simply print
data as it is received. Accordingly, this pin is not
needed at the printer.

Data Set Ready (DSR)

Peripheral devices use this line to tell the computer
that they are on—line and ready to communicate.
Whenthe printeris turned on and has completed its
self—testroutine (assuming it does one), it will send
a signal to the PC by asserting this line.

Request To Send (RTS)

The computer activates this line to notify the
peripheral device thatitisready to send data. In this
example, the computer notifies the printer that it is
ready to send data to be printed by the printer.

Clear To Send (CTS)

This is the line on which the peripheral device tells
the computer that it is ready to receive data from
the computer. If the printer was not ready, i.e. it
was out of paper, for example, it would not assert
this line. Once the printer was ready to receive data
from the PC, it would assert this line. When it
receives the CTS signal from the printer, the PC
knows that a data transmission path has been
established between itself and the printer.

Transmitted Data (TD or TX)

This is the pin on which the computer sends the
actual data signal representing the actual informa-
tion to be printed, i.e. a positive voltage (+3V to
+15V) to represent a logic “0”, and a negative
voltage (-3V to -15V) to represent a logic “1”.

Ring Indicator (RI)

This line is used by the peripheral device to tell the
computer that a remote device wants to start com-
municating. A modem would activate the RI line
to tell the computer that a remote modem was
calling, i.e. the phone is ringing. In the case of a
printer, this line is unused.

Data Carrier Detect (DCD)

This line is used by a peripheral device to tell the
computer to expect to start receiving data at any
time. Since the printer would not be sending data
to the PC in this case this line is not needed.

Received Data (RD or RX)

This is the pin on which the computer receives the
incoming data signal, i.e. a positive voltage (+3V
to +15V) to represent a logic “0”, and a negative
voltage (-3V to -15V) to represent a logic “1”.
Again, in this instance, since the printer will not be
sending the PC any data, this line is not needed.
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TYPICAL CIRCUITS

+5V INPUT
¥
L
= . 1-10uF
-104
1-opel | G Voo 1]+ 63V
8. Svu +5Vto +10V Vi
- 12 G4~ Voltage Doubler
13
Cot
1-100F 4 2 Liovie-1ov 15 8\ £ 1-100F
18V el ¢, volage tnverter )_‘GV
TN 1| 400KS 2 TouT
o
5 TziN—>i 400Ke2 3—>—T20UT
2
8
2 18| 400Kd 1
E ToIN——2 | 7,00t
19]  400Kg 24
Ty IN =1 »- ———»—T,0UT
5 4
@ | ROUT—e— OQ RN
z ko Lo
2
o 12 RN
<]
8
£ 16
E HE RN
|20
46V INPUT
10 £ opF
1-104
e Vee
~t0uF & 1 11|+ 6.3V
16‘83':1 4EVIo+10V V4] 11 ]
i 12 C1 Voltage Doubler
[
“‘“"Fir-J 2" ovie-tov 15 ) 4 1-100F
vy
18V Ty c,  Voltage Inverter eV
7| 400Ks 2
TyIN = H—»-T,0UT
o | TaN— S 3 »—7,0uT
5
2
@ KQ 1
R -——T;0uUT
g
E 19 400KO 2
TN T 0UT
21| 400Ret 20
ToIN—-— 120y 70T
5 4
@ [ ROUT—a— .q [--—e—R,IN
; L
5
° “20‘”—432‘ |22 RN
g
3 L
g 17 16
E | RsouT—a—H «—RyN
’ sk —L
GND
IR

RS232 INPUTS

RS232 QUTPUTS

RS232 INPUTS

RS232 OUTPUTS

TTL/CMOS INPUTS

TTL/CMOS OUTPUTS

TTL/CMOS OUTPUTS

TTL/CMOS INPUTS

+5V INPUT
Y
10 1
_touF H o 1]+
oo wvionoy  wfl
: 12] Gy~ vottage Doubler
1-10uF ' foVie-1ov 15y + 1-104F
v
16V 14f c Voltage Inverter ll_ﬂiv
TN 2| AOKQ |-2— 1,007
p 2
ToN 2 |2—»—1,0ur | 2
5
3
400K 1 .
TIN— 2] 400 F-——Ts0uT §
@
19| 400K 2
TN »- 24— 1, 00T
2
2
2
F
b
8
b2
+5V INPUT
v 1-104F
» +| cc 11 |+ 83V
TuE +SVlo4tv V4 UMk
- Voltage Doubler
[
1-104F 4 L ovio-1ov 15 \( 4 1-104F
vy
% “T4f ¢, Voltage Inverter Eﬁv
TN B S00KQ 12y 1007
18| 400Kd 1 2
ToIN—2 H—»—T,0ut | 5
5
3
Ton—p 3] A0KE 24 ;00T %
['4
20
-7, 0UT
v
|7 «—R,N
13 o RN| £
2 =)
2
2
8
23
|==——RyIN g
16
e e, N

30

Sipex

SIGNAL PROCESSING EXCELLENCE



TYPICAL CIRCU

ITS
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ORDERING INFORMATION
Model Temp Range Packag
SP230ACP 0°C to +70°C 20-pin Plastic DIP
SP230ACT 0°C to +70°C 20—pin SOIC
SP230ACX 0°C to +70°C Dice
SP230AEP —40°C to +85°C 20-pin Plastic DIP
SP230AET —40°C to +85°C 20-pin SOIC
SP234ACP 0°C to +70°C 16-pin Plastic DIP
SP234ACT 0°C to +70°C 16-pin SOIC
SP234ACX 0°C to +70°C Dice
SP234AEP —40°C to +85°C 16—-pin Plastic DIP
SP234AET -40°C to +85°C 16—pin SOIC
SP235ACP 0°C to +70°C 24-pin Plastic Double—width DIP
SP235AEP —40°C 10 +85°C ... 24-pin Plastic Double—width DIP
SP235BCP 0°C to +70°C 24-pin Plastic Double~width DIP
SP235BEP —40°C 10 +85°C ..ol ricrcsnen e 24-pin Plastic Double—width DIP
SP236ACS 0°C to +70°C 24-pin Plastic DIP
SP236ACT 0°C to +70°C 24-pin SOIC
SP236ACX 0°C to +70°C Dice
SP236AES -40°C to +85°C 24-pin Plastic DIP
SP236AET —40°C to +85°C 24-pin SOIC
SP236BCS 0°C to +70°C. 24-pin Plastic DIP
SP236BCT 0°C to +70°C.. 24-pin SCIC
SP236BCX 0°C to +70°C. . Dice
SP236BES —40°C to +85°C 24—pin Plastic DIP
SP236BET —40°C to +85°C .. 24-pin SCIC
SP237ACS 0°C to +70°C 24-pin Plastic DIP
SP237ACT 0°C to +70°C 24-pin SOIC
SP237ACX 0°C to +70°C Dice
SP237AES ~40°C to +85°C . 24—pin Plastic DIP
SP237AET —40°C 0 +85°C ...t e 24-pin SOIC
SP238ACS 0°C to +70°C 24—pin Plastic DIP
SP238ACT 0°C to +70°C 24-pin SOIC
SP238ACX 0°C to +70°C Dice
SP238AES —40°C to +85°C 24—pin Plastic DIP
SP238AET —40°C to +85°C 24-pin SOIC
SP239ACS 0°C to +70°C 24--pin Plastic DIP
SP239ACT 0°C to +70°C ... 24—pin SOIC
SP239ACX 0°C to +70°C Dice
SP239AES . —40°C to +85°C . 24—pin Plastic DIP
SP239AET —40°C 0 4+85°C ... e e 24-pin SOIC
SP240ACF . 0°C to +70°C 44-pin Quad Flatpack
SP240BCF 0°C to +70°C 44-pin Quad Flatpack
SP241ACT 0°C to +70°C ........... 28-pin SOIC
SP2M1AET -40°C to +85°C 28-pin SOIC
SP241BCT 0°C to +70°C ........... .. 28-pin SOIC
SP241BET —40°C to +85°C 28-pin SOIC
Some —CT and —ET packages available Tape~on—Reel; please consult the factory.
Simv
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Sipex SP231A/232A/233A/310A/312A

SIGNAL PROCESSING EXCELLENCE

i Enhanced RS232 Line Drivers/Receivers

B Operates from Single 5V Power Supply

W Meets All RS232D and V.28 Specifica-
tions

B Multiple Drivers and Receivers
B Small Charge Pump Capacitors —

0.1pF

B Operates with 0.1uF and 100uF
Capacitors

B High Data Rate — 120Kbps Under
Load

B High Output Slew Rate —
10V/us Under Load
B Low Power Shutdown <1pA
B 3-State TTL/CMOS Receiver Outputs
B £30V Receiver Input Levels
B Low Power CMOS — 15mA Operation

DESCRIPTION...

The Sipex SP231A, SP232A and SP233A are enhanced versions of the Sipex SP231, SP232
| and SP233 RS232 line drivers/receivers. They are pin-for-pin replacements for these earlier
‘ versions and will operate in their sockets. Performance enhancements include 10V/us slew rate,
| 120K bits per second guaranteed transmission rate, and increased drive current for longer and
‘ more flexible cable configurations. Ease of use enhancements include smaller, 0.1uF charge
pump capacitors, enhanced ESD protection, low power dissipation and overall ruggedized
construction forcommercial environments. The Series is available in plastic and ceramic DIP and
SOIC packages operating over the commercial, industrial and military temperature ranges.

RS232 OUTPUTS  RS232 INPUTS

i W

TTL/CMOS INPUTS TTL/CMOS OUTPUTS

"
2
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ABSOLUTE MAXIMUM RATINGS

Output Voltages
(V+, +0.3V) to (V-, -0.3V)

This is a stress rating only and functional operation of the device at B -0.3V to (Vee +0.3V)
these or any other conditions above those indicated in the operation Sﬁlérrt Circuit Duration
sections of this specification is not implied. Exposure to absolute T Continuous
maximum rating conditions for extended periods of time may affect Power Dissipation
reliabity. CERDIP 675mwW
(derate 9.5mW/°C above +70°C}
Voo +6V Plastic DIP 375mwW
v (Vec-0.3V) to +13.2V (derate 7mW/°C above +70°C)
v 13.2v Small Outline 375mwW
Input Voltages (derate 7mW/°C above +70°C)
T -0.3 to (Ve +0.3V)
Ry +30V
SPECIFICATIONS
Veo=+5V110%; V+=+8.5V to +13.2V (SP231A only) 0.1uF charge pump capacitors; T, to T, unless otherwise noted.
PARAMETERS MIN. TYP. MAX. UNITS CONDITIONS
TTLINPUT
Logic Threshold
Low 0.8 Volts T, EN, SD
High 20 Volts T, EN, SD
Logic Pullup Current 15 200 nA Ty=0V
Data Rate 120 Kbps C, = 2500pF, R = 3KQ
TTL OUTPUT
TTL/CMOS Output
Voltage, Low 0.4 Voits loyr = 3.2MA; Vce = +5V
Voltage, High 3.5 Volts I =-1.0mA
Leakage Current **; T, = +25° 0.05 +10 HA BN = Vo OVERr SV
RS232 OUTPUT
Output Voltage Swing +5 19 Volts All transmitter outputs loaded
with 3KQ to Ground
Output Resistance 300 . Ohms Vo =0V; Vg = 12V
Output Short Circuit Current +18 mA Infinite duration
RS232 INPUT
Voltage Range -30 +30 Volts
Voltage Threshold
Low 0.8 1.2 Volts Voo =56V, T, =+25°C
High 1.7 24 Volts Ve =5V, T, =+25°C
Hysteresis 0.2 0.5 1.0 Volts Ve =56V, T, =+25°C
Resistance 3 5 7 KQ
DYNAMIC CHARACTERISTICS
Propagation Delay, RS232 to TTL 1.5 us
Instantaneous Slew Rate 30 V/ius C, =10pF, R =3-7KQ;
T, =+25°C
Transition Region Slew Rate 10 Vius C_ =2500pF, R = 3KQ;
measured from +3V to -3V
or -3V to +3V
Output Enable Time ** 400 ns SP310A and SP312A only
Output Disable Time ** 250 ns SP310A and SP312A only
POWER REQUIREMENTS
V.. Power Supply Current 10 15 mA No load, T,= +25°C; V. = 5V
25 mA All transmitters R_= 3KQ;
T, =+25°C
V+ Power Supply Current *** 5 10 mA No load, V+ = 12V
Shutdown Supply Current ** 1 10 pA Ve =5V, T, =+25°C
**$P310A and SP312A only; *** SP231A only
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FEATURES...

The Sipex SP231A, SP232A and SP233A are en-
hanced versions of the Sipex SP231, SP232 and
SP233 RS232 line drivers/receivers. They are pin-
for-pin replacements for these earlier versions, will
operate in their sockets with capacitors ranging from
0.1 to 100yF, either polarized or non—polarized, and
feature several improvements in both performance
and ease of use. Performance enhancements include
10V/us slew rate, 120K bits per second guaranteed
transmission rate, and increased drive current for
longerand more flexible cable configurations. Ease of
useenhancementsincludesmaller, 0.1pFcharge pump
capacitors, enhanced ESD protection, low power
dissipation and overall ruggedized construction for
commercial environments.

The SP232A, SP233A, SP310A and SP312A in-
clude charge pump voltage converters which allow
them to operate from a single +5V supply. These
converters convert the +5V input power to the 10V
needed to generate the RS232 output levels. Both
meet all EIA RS232D and CCITT V.28 specifica-
tions. The SP231A has provisions for external V+
supplies. With this power supplied externally, the
current drain due to charge pump operation is consid-
erably reduced, typically to 400pA.

The SP310A provides identical features as the
SP232A. The SP310A has a single control line
which simultaneously shuts down the internal DC/
DC converter and puts all transmitter and receiver
outputs into a high impedance state. The SP312A
is identical to the SP310A with separate tri-state
and shutdown control lines.

The SP231A is available in 14-pin plastic DIP,
CERDIP and 16-pin SOIC packages for opera-
tion over commercial, industrial and military
temperature ranges. The SP232A is available in
16-pin plastic DIP, SOIC and CERDIP pack-

ages, operating over the commercial, industrial
and military temperature ranges. The SP233A is
available in a 20-pin plastic DIP and 20-pin
SOIC package for operation over the commer-
cial and industrial temperature ranges. The
SP310A and SP312A are available in 18-pin
plastic, CERDIP and SOIC packages for opera-
tion over the commercial and industrial tem-
perature ranges. Please consult the factory for
DIP and surface-mount packaged parts supplied
on tape-on-reel, as well as parts screened to
MIL-M-38510.

THEORY OF OPERATION

The SP231A, SP232A, SP233A, SP310A and
SP312A devices are made up of three basic circuit
blocks — 1) a driver/transmitter, 2) a receiver and
3) acharge pump. Each block is described below.

Driver/Transmitter

The drivers are inverting transmitters, which ac-
cept TTL or CMOS inputs and output the RS232
signals with an inverted sense relative to the input
logic levels. Typically the RS232 output voltage
swing is +9V. Even under worst case loading
conditions of 3kohms and 2500pF, the output is
guaranteed to be +5V, which is consistent with the
RS232 standard specifications. The transmitter
outputs are protected against infinite short-circuits
to ground without degradation in reliability.

The instantaneous slew rate of the transmitter
output is internally limited to a maximum of 30V/
psinorder tomeetthe standards [EIA232-D2.1.7,
Paragraph (5)]. However, the transition region
slew rate of these enhanced products is typically
10V/ps. The smooth transition of the loaded output
from V,; to V,; clearly meets the monotonicity
requirements of the standard [EIA 232-D 2.1.7,
Paragraphs (1) & (2)].

st s3
v, V4 =2y, s1 s8
O \© © OV+=2%c V4O o :r:/c O GND
t + )
7R C1 = C3 FROM : + :
s2, T s o T v VOLTAGEDOUBLER gyt 7NC2 g 7N C4
o (o O “cc o
GND O ! ' GNDO o o O V-=-(V4)
L} 1
L} 1 : :
L} 1 1 N
INTERNAL ! X INTERNAL : .
OSCILLATOR OSCILLATOR Q
Figure 1. Charge Pump Voltage Doubler Figure 2. Charge Pump Voltage Inverter
Cinav
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Receivers

The receivers convert RS232 input signals to
inverted TTL signals. Since the input is usually
from a transmission line, where long cable lengths
and system interference can degrade the signal, the
inputs have a typical hysteresis margin of 500mV.
This ensures that the receiver is virtually immune
to noisy transmission lines.

The input thresholds are 0.8V minimum and 2.4V
maximum, again well within the 3V RS232
requirments. The receiver inputs are also protected
against voltages up to +30V. Should an input be
left unconnected, a Skohm pulldown resistor to
ground will commit the output of the receiver to a
high state.

In actual system applications; it is quite possible
for signals to be applied to the receiver inputs
before power is applied to the receiver circuitry.
This occurs for example when a PC user attempts
to print only to realize the printer wasn’t turned on.
In this case an RS232 signal from the PC will
appear on the receiver input at the printer. When
the printer power is turned on, the receiver will
operate normally. All of these enhanced devices
are fully protected.

Charge Pump

The charge pump section of the these devices
allows the circuit to operate from a single +5V
+10% power supply by generating the required
operating voltages internal to the devices. The
charge pump consists of two sections — 1) a
voltage doubler and 2) a voltage inverter.

As shown in Figure 1, an interna! oscillator trig-
gers the charge accumulation and voltage inver-
sion. The voltage doubler momentarily stores a
charge on capacitor C, equal to V_, referenced to
ground. During the next transition of the oscillator
this charge is boot-strapped to transfer charge to
capacitor C,. The voltage across C, is now from
Vo V"

In the inverter section (Figure 2), the voltage
across C, is transferred to C, forcing arange of OV
to V* across C,. Boot-strapping of C, will then
transfer charge to C, to genrate V-.

One of the significant enhancements over previ-
ous products of this type is that the values of the
capacitors are no longer critical and have been
decreased in size considerably to 0.1pF. Because
the charge pump runs at a much higher frequency,
the 0.1uF capacitors are sufficient to transfer and
sustain charges to the two transmitters.

APPLICATION HINTS

Protection From Shorts to 15V

The driver outputs are protected against shorts to
ground, other driver outputs, and V* or V-. If the
possibility exists that the outputs could be inad-
vertently connected to voltages higher than +15V,
then itis recommended thatexternal protection be
provided. For protection against voltages exceed-
ing £15V, two back-to-back zener diodes con-
nected from each output to ground will clamp the
outputs to an acceptable voltage level.
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“The negative terminal of the V+ storage capacitor can be tied
1o either Vg or GND. Connecting the capacitor to Vg (+5V)
is recommended.

F igﬁre 3. Typical Circuits using the SP231A and 232A.
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Figure 4. Typical Circuits using the SP233ACP and SP233ACT

Shutdown (SD) and Enable (EN) —
SP310A/SP312A Only

Both the SP310A and SP312A have a shut-down/
standby mode to conserve power in battery-pow-
ered systems. To activate the shutdown mode,
which stops the operation of the charge pump, a
logic “0” is applied to the appropriate control line.
For the SP310A, this control line is ON/OFF (pin
18). Activating the shutdown mode also puts the
SP310A transmitter and receiver outputs in a high
impedance condition (tri-stated). The shutdown
mode is controlled on the SP312A by a logic “0”
onthe SHUTDOWN control line (pin 18); this also
puts the transmitter outputs in a tri—state mode.
The receiver outputs can be tri-stated separately
during normal operation or shutdown by a logic
“1” on the ENABLE line (pin 1).

Wake-Up Feature (SP312A Only)

The SP312A has a wake—up feature that keeps
all the receivers in an enabled state when the
device is in the shutdown mode. Table I defines
the truth table for the wake—up function.

With only the receivers activated, the SP312A
typically draws less than SuA supply current
(10yA maximum). In the case of a modem
interfaced to a computer in power down mode,
the Ring Indicator (RI) signal from the modem
would be used to "wake up" the computer,
allowing it to accept data transmission.

After the ring indicator signal has propagated
through the SP312A receiver, it can be used to

trigger the power management circuitry of the
computer to power up the microprocessor, and
bring the SD pin of the SP312A to a logic high,
taking it out of the shutdown mode. The receiver
propagation delay is typically 1us. The enable
time for V* and V~is typically 2ms. After V*and
V~have settled to their final values, a signal can
be sent back to the modem on the data terminal
ready (DTR) pin signifing that the computer is
ready to accept and transmit data.

Pin Strapping — SP233ACT Only

The SP233A packaged in the 20—pin SOIC pack-
age (SP233ACT) has a slightly different pinout
than the SP233A in other package configurations..
To operate properly, the following pairs of pins
must be externally wired together:

the two V- pins (pins 10 and 17)
the two C,+ pins (pins 12 and 15)
the two C,— pins (pins 11 and 16)

All other connections, features, functions and per-
formance are identical to the SP233A as specified
elsewhere in this data sheet.

R Power Receiver
SD | E Up/Down Outputs
1 0 Down Enable
1 1 Down Tri-state
0 0 Up Enable
0 1 Up Tri-state

Table 1. Wake-up Function Truth Table.
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“The negative terminal of the V+ storage capacitor can be tied
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is recommended.

Figure 5. Typical Circuits using the SP310A and SP312A

ORDERING INFORMATION
Model p e Range Pacl
SP231ACP 0°C to +70°C 14-pin Plastic DIP
SP231ACT 0°C to +70°C 16-pin SOIC
SP231ACX 0°C to +70°C Dice
SP231AEP —40°C to +85°C 14-pin Plastic DIP
SP231AET —40°C to +85°C 16—pin SOIC
' SP232ACN 0°C to +70°C 16—pin N-SOIC
; SP232ACP 0°C to +70°C 16—pin Plastic DIP
“ SP232ACT 0°C to +70°C 16—pin SOIC
SP232ACX 0°C to +70°C Dice
‘ SP232AEP —40°C to +85°C 16—pin Plastic DIP
‘ SP232AET —40°C 0 +85°C ..t 16—pin SOIC
SP233ACP 0°C to +70°C 20-pin Plastic DIP
SP233ACT 0°C to +70°C 20-pin SCIC
SP233AEP —40°C to +85°C 20—pin Plastic DIP
‘ SP233AET —40°C to +85°C 20-pin SOIC
SP310ACP... 0°C to +70°C 18—pin Plastic DIP
: SP310ACT 0°C to +70°C 18—pin SOIC
i SP310ACX 0°C to +70°C Dice
' SP310AEP -40°C to +85°C 18-pin Plastic DIP
‘ SP310AET -40°C to +85°C 18-pin SOIC
SP312ACP 0°C to +70°C 18-pin Plastic DIP
SP312ACT 0°C to +70°C 18~pin SOIC
SP312ACX 0°C to +70°C Dice
SP312AEP —40°C to +85°C 18—pin Plastic DIP
SP312AET —40°C to +85°C 18-pin SOIC
CT and ET packages available Tape-on—Reel. Please consult the factory for pricing and availability for this option, and for parts screened to
MIL-STD-883.
-
Cinav
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SP241C
Enhanced +5V Powered

Multi-Channel RS232 Drivers/Receivers

B Operate From Single +5V Power Supply

B Meets all RS232D and V.28 Specifications
B 3 Drivers and 5 Receivers
W High Data Rate:
120 Kbits/sec @ 2,500 pF Load
B Small Charge Pump Capacitors; 0.1uF
B +30V Receiver Input Levels

H 3-State TTL/CMOS Receiver Outputs with
Wake-up Feature

B Power Management Circuit to Optimize
Power Consumption/Performance

B Low Power CMOS: 4 mA Operation
B Low Power Shutdown Current: <1pA

DESCRIPTION...

The Sipex SP241C is an enhanced version of Sipex SP241 line drivers/receivers which operate
at +5V. The SP241C is pin—compatible with the.older SP241 except that operation has been
optimized by incorporating only three (3) drivers. Performance enhancements include 120 Kbits/
secguaranteed transmission rate, 10V/uS slew rate, and long cable drive capability. The SP241C
includes charge pump voltage converters which allow it to operate from a single +5V power
supply, with charge pump and decoupling capacitors of 0.1pF minimum.
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RS232 INPUTS
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ABSOLUTE MAXIMUM RATINGS

This is a stress rating only and functional operation of the device at
these or any other. above those indicated in the operation sections
of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods of time may affect reliability.

Ve +6V

V+ (Vee-0.3V) to +13.2V

V- . 13.2v

Input Voltages

Tw ~0.3V to (Vec +0.3V)
N +30V

Output Voltages

Tour (V+, +0.3V) to (V—, -0.3V)
our 0.3V to (Vee +0.3V)

Short Circuit Duration

Tour N Continuous

Power Dissipation

CERDIP 675mwW

(derate 9.5mW/°C above +70°C)

Plastic Dip . 375mwW

(derate 7mW/"C above +70°C)

Small Outline 375mwW

(derate 7mW/°C above +70°C)

SPECIFICATIONS
Voo = 8Y £ 10%, 0.1uF charge pump capacitors; T,,, to T,,, unless otherwise noted.
PARAMETERS MIN. TYP. MAX. UNITS CONDITIONS
TTL INPUT )
Logic Threshold .
Low 0.8 Volts T EN, SD
High 2.0 Volts T EN, SD
Logic Pullup Current : 15 200 HA Tn=0V
Data Rate 120 Kbits/sec C, = 2500pF, R, = 3KQ,
TTL OUTPUT
TTL CMOS Output Voltage
Low 0.4 Volts lout = 8-2MA; Vo = +5V
High 3.5 Volts lour =—1.0mA
Leakage Current 0.05 +10 MA EN=V, OVSRo 1<V
: T,=+25°C
RS232 OUTPUT
Output Voltage Swing 5 +7 Volts All transmitter outputs loaded
with 3KQ to Ground
Output Resistance 300 Ohms Ve =0V, Vour = £2V
Output Short Circuit Current 125 mA Infinite duration
RS232 INPUT
Voltage Range -30 +30 Volts
Voltage Threshold
Low 0.8 1.2 Volts Voo =5V, Ty = +25°C
High 1.7 24 Volts Voo =5V, Ty =+25°C
Hysteresis 0.2 0.5 1.0 Volts Vee =5V
Resistance 3 5 7 KQ Tp=+25°C
DYNAMIC CHARACTERISTICS :
Propagation Delay 1.5 us RS232 to TTL
Instantaneous Slew Rate 30 Vius C_=10pF, R_=3-7KQ;
Tp=+25°C
Transition Region Slew Rate 10 Vius C, =2500pF, R =3KQ;
| 'measured
from +3V to -3V or -3V to
} +3V
Output Enable Time 400 ns
Qutput Disable Time 250 ns
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SPECIFICATIONS

oo = 5V £ 10%, 0.1uF charge pump capacitors; T,,,, to T, unless otherwise noted.

PARAMETERS MIN. TYP. MAX. UNITS CONDITIONS
POWER REQUIREMENTS
Vce Power Supply Current 4 10 mA No load, T, = +25°C;
Voo =+5V
20 mA All transmitters R =3KQ;
Tp=+25°C
Shutdown Supply Current 1 10 HA T =+25°C
ENVIRONMENTAL AND MECHANICAL
Operating Temperature Range
Commercial; —_C . 0 +70 °C
Industrial; —_E -40 +85 °C
Storage Temperature Range | -55 +125 °C
Package
- T 28-pin SOIC
-_A 2l8—pin SSQP
SP241C PINOUT

T,0UT [1 U 28] NC.

T,0UT [Z2] [27 ] RyIN
T,0uT [[3 [26 ] RgoUT
RN ] 25 ] SHUTDOWN (SD)

R,OUT [E] 24] EN
LN 5] SEMX 55 ] RN

nwN [Z] gpagic [l R.ouT

R,0UT [B] [21] NG
RN ] [20] T5IN
GND  [9] [19] RsoUT
Voo 1] 18 ] RsIN
¢+ [32] 17} v-

v+ 33 6] Cc,-
c- [ [15] Cp+

EIA RS232 STANDARDS

The Electronic Industry Association (ELA) developed
several standards of data transmission which are
revised and updated in order to meet the requirements
of the industry. In data processing, there are two basic
means of communicating between systems and com-
ponents. The RS232 standard defines a single-ended
communication method, while the RS422 standard
defines a differential method. The RS232 standard
was first introduced in 1962, and since that time has
become an industry standard.

RS232 is a relatively slow data exchange protocol,
with a maximum baud rate of only 20kbaud, which
canbetransmitted overamaximumcopper wire cable
length of 50 feet. The SP241C has been designed to
meetboth the EIA protocol standards and the needs of
the industry.

THEORY OF OPERATION

The SP241C is made up of three basic circuit blocks
— 1)adriver/transmitter, 2) areceiverand 3) acharge
pump. All three circuit blocks have been designed
with enhanced performance of earlier designs.

Driver/Transmitter

The drivers are inverting transmitters, which accept
TTL or CMOS inputs and output the RS232 signals
withaninverted senserelative totheinputlogiclevels.
Typically the RS232 output voltage swing is Z9V.
Even under worst case loading conditions of 3kohms

‘and 2500pF, the output is guaranteed to be +5V,

which is consistent with the RS232 standard
specificaitons. The transmitter outputs are protected
against infinite short-circuits to ground without deg-
radation in reliability.

The drivers of the SP241C can be tri-stated by using
the SHUTDOWN function. In the “power-off”’ state,
the output impedance will remain greater than 300
ohms, again satisfying the RS232 specifications.

Sipex
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Should the input of the driver be left open, an internal
400kohm pull-upresistor to Ve forces the input high,
thus committing the output to a low state.

The slew rate of the transmitter output is internally
limited to a maximum of 30V/us in order to meet the
standards [EIA 232-D 2.1.7, Paragraph (5)]. The
smoothtransitionof theloaded outputfromV  toV
clearly meets the monotonicity requirements of the

standard [EIA 232-D 2.1.7, Paragraphs (1) & (2)].

Enhanced Driver Performance

Enhancements to the standard requirements of the
RS232 drivers include high datarate, and high current
drive. Becausethe driverscantypically achievea 10V/
LS slew rate, the data rate is guaranteed to 120 Kbits/
sec even under full load conditions of 3KQ and
2500pF. For applications that exceed the EIA RS232
standards for loading, the SP241C can maintain +5V
swings at loads as low as 750€2, see Figure 1.

Receivers

The receivers convert RS232 input signals to in-
verted TTL signals. Since the input is usually from
a transmission line, where long cable lengths and
system interference can degrade the signal, the
inputs have a typical hysteresis margin of 500mV.
This ensures that the receiver is virtually immune
to noisy transmission lines.

lon (MA)
0 2 4 6 8 10 12
o §
s Vouyslon k\
g . =
3,
. Vg =5V, using 0.1F, 1uF and 4.74F CAPS
0 0.1UF — 1.0pF ..... ATYF
-
-2
7z =
S .
3
> 5 L vetor
Al e e
N
-9
o -2 -4 -6 -8 -10 -12
loL (mA)

Figure 1. Enhanced Driver Performance

The input thresholds are 0.8V minimum and 2.4V
maximum, again well within the£3V RS232 require-
ments. The receiver inputs are also protected against
voltages up to £30V. Should an input be left uncon-
nected, a Skohm pulldown resistor to ground will
commit the output of the receiver to a high state.

In actual system applications, it is quite possible for
signals to be applied to the receiver inputs before
power is applied to the receiver circuitry. This occurs
for example when a PC user attempts to print only to
realize the printer wasn’t turned on. In this case an
RS232 signal from the PC will appear on the receiver
input at the printer. When the printer power is turned
on, thereceiver will operate normally. The SP241C is
fully protected. Again tofacilitate use in “real-world”’
applications, the receiver outputs can be tri-stated by
bringing the ENABLE (EN) pin low, with the drivers
remaining full active.

Enhanced Receiver Performance

The receivers also have been designed to surpass the
EIARS232 standard datarequirements. Althoughthe
standard RS232 data rate is 20Kbaud, the SP241C
can accept data up to a guaranteed rate of 120 Kbits/
sec. ,

Thereceivers have been designed to operate with very
low power. This allows all the receivers to remain
active while the part is in shutdown mode, and still
keep Icc<10pA. This feature is called “wake-up” and
is explained in detail under Key Features on page 4.

Charge Pump

The charge pump section of the SP241C allows the
circuit to operate from a single +5V £10% power
supply by generating the required operating voltages
internal to the devices. The charge pump consists of
two sections — 1) a voltage doubler and 2) a voltage
inverter. .

As shown in Figure 2, an internal oscillator triggers
the charge accumulation and voltage inversion. The
voltage doubler momentarily stores a charge on ca-
pacitor C, equal to V., referenced to ground. During
the next transition of the oscillator this charge is boot-
strapped totransferchargetocapacitor C,. The voltage

across C, is now from Vcc to V+.

In the inverter section Figure 3, the voltage across C,
is transferred to C, forcing a range of OV to V* across
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Figure 2. Charge Pump Voltage Doubler

C,.Boot-strapping of C, will then transferchargetoC,
to generate V-.

The values of the capacitors are somewhat non-
critical and can be varied, however the performance
will be affected. As C, and C, are reduced, higher
levels of ripple will appear. Lower values of C, and C,
will increase the output impedance of V*+ and V-,
which will degrade V, and V.

Enhanced Charge Pump Performance

The charge pump of the SP241C is an improved
version of the original design. Although the basic
operation is similar the capacitor requirements have
been reduced to 0.1uF for both the charging and
storage capacitors, and the current drive has been
greatly increased; Icc however is still a guaranteed
10mA.

The SP241C is final tested at all appropriate tempera-
tures using four 0.1uF ceramic capacitors. This guar-
anteed performance with the small capacitors mini-
mizes board space while maximizing performance.
Even with the small caps the drivers can typicaly drive
loads aslow as 750€2. Figure 1, shows VopandV,, vs
load current.

KEY FEATURES

Shutdown (SD)

The SP241C features a control input which will
disablethe partandreduce Vec current typically toless

than 10uA, which is especially useful to designers of
battery-powered systems. In the “power-off” mode
the receiver and transmitter will both be tri-stated. V*
will dischargeto V., and V-will discharge to ground.

Forcomplete shutdown to occur and the 10pA current
drain to be realized, the following conditions must be
met:

* +5.00V must be applied to the SD pin;

* ENABLE must either 0V, +5.0V or not con-
nected;

» the receiver inputs must be either OV or +5V

« the transmitter inputs must be either +5.0V ornot
connected; and

* Vce must be +5V

For proper operation, the SD input pin must not
be left floating.

New Feature: Wake-up

The SP241C has a wake-up feature that keeps all
receivers inan ENABLED state when the deviceisin
the shutdown (power down) mode; Table I defines
the truth table for the wake-up function. With only the
receivers activated, the device typically draws less
than 5pA, (10pA max) supply current. In the case of
a modem interfaced to a computer in power down
mode, the RI (ring indicator) signal from the modem
would be used to “wake-up’ the computer allowing it
to accept the data transmission.

Afterthering indicator signal has propagated through
the SP241C receiver, it can be used to trigger the
power managementciruitry of the computer to power
up the the microprocessor and bring the SD pin low,
taking it out of shutdown mode. The receiver propa-
gation time for the SP241C is typically 1us. The
enable time for V* and V- is typically 2ms. At this
point a signal can be sent to the modem on the DTR
(data terminal ready) pin signifying that the computer
is ready to accept and transmit data.

2
o«
4

V+O- O GND

o
o

NI
ot
8

FROM
VOLTAGE DOUBLER  gp'
GND O

o o O V-=-(V4+)

R N,
®
P A,

INTERNAL .
OSCILLATOR =

Figure 3. Charge Pump Voltage inverter

- Power Receiver

SD | EN Up/Down Outputs
0 0 Up Enable

0 1 Up Tri—state
1 0 Down Enable

1 1 Down Tri—state

Table 1. Wake-Up Function Truth Table
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New Feature: Power Management

The SP241C has internal circuitry that constantly
monitors driver loading and Icc. Under no load con-
ditions the power management circuitry slows the
charge pump oscillator, minimizing the Icc current
drain to typically 4mA (10mA maximum). While
under full load conditions, the charge pump operates
atthe full speed oscillator frequency, and I, increases
to around 20mA.

ENABLE Input (EN) _
TheSP241Cfeaturesan ENABLE input (EN), which
allows the receiver outputs to be either tri-stated or
enabled. The enable inputis active low; 0V applied to
EN will enable the receiver outputs. This can be
especially useful when the receiver is tied directly to
amicroprocessor data bus. The EN function remains
fully active during shutdown (see Table I).

APPLICATION HINTS

Over-Voltage Protection

The driver outputs are protected against shorts
to ground, other driver outputs, and V*or V-. If
the possibility exists that the outputs could be

inadvertently connected to voltages greater than
+15V, then it is recommended that external
protection be provided. Back to back Zener
diodes or transient voltage surpressors can be
used to clamp the driver outputs to safe levels.
Receiver inputs are protected to +30V signal
levels, and should not require external voltage
clamps, unless transient situations may produce
signals greater than +30V.

Enhanced Drive Capability for Mouse
Applications ‘

The SP241C has been designed with improved
drive capability for non-standard applications.
Although the EIA RS232D standards specify
the maximum loading to be 3KQ and 2500pF,
the SP241C can typically drive loads as low as
750€2 and still maintain +5V outputs. This fea-
ture is especially useful when the serial port is
intended to be used for a “self-powered” mouse.
In this case the voltage necessary to operate the
circuits in the mouse can be derived from the
RS232 driver output as long as the loading is >
750%2. For applications which even exceed this
requirement, drivers can be paralleled, increas-
ing the drive capability to S00€2, again keeping
the 25V V andV  levels (Figure I).

tg (power up)

POWER-UP WITH SD HIGH (charge pump section in shutdown state)

45V |————— =~ - - '
on D¢
OV |——— = - - \

DATA
VALID

+5V
SD

ov

1o (power up)

POWER-UP WITH SD LOW (charge pump section In active mode)

foor T :>< DATA
ovhk VALID

4> teNABLE
+5V '
SD

o

EXERCISING WAKE-UP FEATURE
to (power up)

+5V

ov

.

vk  — mmmm— .
DATA

Rout .

ol :><: _VAlD__.

sD e AT by

'
DATA '
VALID '

.
o/ DATA
\\VALID

:4—*: ENABLE :4'-51 tENABLE
SPECIFICATIONS:
(Voo =+5V£10%, Ty=25°C)
PARAMETER | MIN. | TYP. [ MAX.

twAIT 2ms [ 3ms

tENABLE ims | 2ms

Figure 4. Wake-Up Tiim'ng
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ORDERING INFORMATION
Model Packag
0°C to +70°C:
SP241CCT 28-pin SOIC
SP241CCA 28-pin (Shrink Small Outline) SSOP
—40°C to +85°C
SP241CET 28-pin SOIC
SP241CEA 28-pin (Shrink Small Outline) SSOP

CT, CA, ET and EA packages available Tape—on—Reel; please consult the factory
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Sipex SP301/302

Corporatio
SIGNAL PROCESSING EXCELLENCE

RS232/RS422 Line Drivers/Receivers

B RS232 and RS422 on One Chip
B Multiple Drivers and Receivers
B Software-selectable Modes

W Loopback for Self-Testing

B Short-circuit Protected

W 24-pin Single-width DIP or SOIC
Package

DESCRIPTION...

The SP301 and SP302 are proprietary single-chip devices that contain both RS232 and RS422
protocol line drivers and receivers. Their configuration may be changed at any time by logic levels
on two control lines. In any configuration, both the SP301 and SP302 fully meet the requirements
of the EIA RS232D and RS422 data communication standards. A loopback test mode is
provided.The SP301 and SP302 are available in 24-pin single width plastic, and 28-pin SOIC
packages for commercial and industrial temperature range operation.

TOB; TOB, TOA{TOA, RIB; RIB, RIA RIA,
o

I

O— VDD

O— Vee

O Ve

o GND SELECT LOOP-
A B BACK

TIB;  TIB, TIA, ROB; ROB,  ROA;
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SPECIFICATIONS

(T < T, < T, and nominal supply voltages unless otherwise noted)
PARAMETER MIN. TYP. MAX. UNITS CONDITIONS
RS232 DRIVER
TTL Input Level
v, 0 08 \
Vi 20 v
High Level Output +5.0 \ R, =3kQ, V) =08V
Low Level Output -5.0 \ R, =3kQ, V=20V
Short Circuit Current +30 mA Vour=0V
Loopback Output Voltage -15 \ R_=3KQ, Vg =-12.0V; Note 1
Slew rate 30 Vius C,_=50pF, R =3k T,=25°C
Transition Time 3 us Vour from +3V to -3V or
-3Vto +3V
Transmission Rate 200 kbps )
RS232 RECEIVER
Input Voltage Range -15 +15 \ Note 6
Input High Threshold +1.75 +2.5 v Positive-going
Input Low Threshold +0.75 +1.35 \' Negative-going
Input Impedance 3 7 kQ Vgg = Viy<Vpp
TTL Qutput Level
Voo 0.4 Vo =+4.75V, lgyp = +1.6mA
Vou 24 Voo =+4.75Y, Iy =-0.5mA
Receiving Rate 200 kbps
RS422 DRIVER
TTL Input Level
V. 0 0.8 \
V.., 20 \
High Level Output 2.75 6.0 \ l,, = -20mA
Low Level Output 1.0 \ 1, = +20mA
Differential Qutput +2 \' R. = 100Q
16 \ R =
Short Circuit Current +100 mA Note 2
Output Current +500 uA -0.25V < V, < 6V; power off
Transition Time 400 ns R =100Q, C = 15pF; Note 3
Transmission Rate 1,000 Kbps
RS422 RECEIVER
Common Mode Range +7 \" Note 4
Differential Input 15 \ Note 4 and 6
Differential Input Threshold -0.2 +0.2 \% T,=25°C
Input Voltage Hysteresis 30 mV V., =0V; T, =25C
Input Resistance 3 kQ IV <V, <+7V
TTL Output Level
Vv, 0.4 v V,, = +4.75V, |, = +1.6mA
on 24 v Vo = +4.75V, |, = -0.5mA
Receiving Rate 1,000 Kbps
Short Circuit Output Current +120 mA Voir = 0V
POWER REQUIREMENTS
V,, = +12V, +10% 7 15 mA Note 5
V. = +5V; +10% 5 7 mA Note 5
V. =-12V, £10% 11 20 mA Note 5
ENVIRONMENTAL
Operating Temperature
-CS, -CT 0 +70 °C
-MR -55 +125 °C
Storage Temperature -65 +150 °C
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Notes:

(R

In Loop-back mode

Only one output drive pin per package will be shorted at any time

From 10% to 90% of steady-state

This is an absolute maximum rating; normal operating levels are V,, < 5V
Outputs unloaded; Inputs tied to GND; T, = +25°C; V, = 0V; LB=0

Typical SP302 current drains under fuli load are:

18mA (+12V), 10mA (-12V) and 7mA (+5V) in RS232 mode only;

SmA (+12V), 7mA (-12V) and 56mA (+5V) in RS422 mode only;

12mA (+12V), 14mA (-12V) and 31mA (+5V) in RS232 and RS422 modes;
RS232 loads 3K, 2500pF, 20kHz; RS422 outputs across 1009, 500kHz.
In Loopback mode, the external voltage input to the receiver must not exceed 10V, otherwise
the loopback test may be adversely affected.

TYPICAL PERFORMANCE CURVES

RS232 Driver

RS232 Receiver

RS422 Driver

RS422 Receiver

500kHz ' 500kHz

Cirnmav
DI
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PIN ASSIGNMENTS

Vpp (+12W) [1] N24] Vee (+5V)
23] N.C
[22] ROA
® 21] nC.
3 TA
SELECT A [ 4] 2 [19] 18
SELECT B 8 18] N.C.
2
os]

10108dS
=]
4
(2]

[15] Ve ¢-12v)

Vpp (+12V) [T} [24] Ve (+5V)

HW/SI20€dS

Vpp (+12V) [T} [28] Ve (+5V)

27] ROA,

26] ROA,
3 [25] N.C.

TOA, [§] [24] 1A,
TOA, " 23] TiA,

SELECTA[7] 3 [22] 18

SELECTB[3] 5 21] n.c
TOB, = [20] T8,
TOB, 19] 118,
NC. T} 18] N.C.
RIB, 17] rOB,

15} Vee -12v)

FEATURES...

The SP301 and SP302 are proprietary single-
chip devices that contain both RS232 and RS$422
protocol line drivers and receivers. They differ
only in the total number of line drivers and
receivers of each protocol that may be active at
any given time. Their configuration may be
changed at any time by logic levels on two
control lines. In any configuration, both the
SP301 and SP302 fully meet the requirements
of the EIA RS232D and RS422 data communi-
cation standards.

The RS232 line driver circuits convert TTL
logic level inputs into inverted RS232 output
signals. The RS422 line drivers convert TTL
logic levels into RS422 differential output sig-
nals. The RS422 line driver outputs feature high
source and sink current capability. All line driv-
ers are internally protected against short circuits
on their outputs.

The RS232 receivers convert the EIA RS232
input signals to inverted TTL output logic lev-

els. The RS422 receivers convertthe EIA RS422
differential input signals into non-inverted TTL
output logic levels. Receiver input filtering pro-
vides excellent high frequency noise immunity.
Input pulses with widths less than 1ps are com-
pletely ignored. The RS232 receivers have the
additional feature of voltage hysteresis, which
helps eliminate spurious output transitions that
might result from low amplitude noise voltages
during slower-speed signal transitions.

A loopback test mode is provided that puts the
driver outputs to a high impedance tri-state
level, and routes the driver outputs to their
associated receiver inputs. In this configuration,
the signal path is non-inverting from the TTL
driver input to the receiver TTL output. This
operating mode allows the controlling system to
perform diagnostic self-test of the RS232/RS422
driver/receiver circuitry at speeds up to 3,000
bits per second.

The SP301 and SP302 are available in 24-pin
single-width (0.300") plastic DIP and 28-pin
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Voo Vee

SP301/302

GND  Vee

a)

b) Yoo

Voo Vee Voo

SP301/302

3
3K
3

SP301/302

=
33K F GND Vee

2N2222,
3

Figure 1. Isolating SP301/302 From Ground;
a) Single SP301/302; b) Multiple SP301/302

SOIC packages for operation over the commercial
temperature range.

USING THE SP301/302

POWER SUPPLIES

The SP301/SP302 require +12V and +5V for
full RS232 and RS422 operation. The +12V
supplies set up the RS232 19V voltage swings,
and the +5V is used for the interal logic that
formats the communications mode and controls
the loopback function. The supply voltages can
be decreased to as low as £7V for V, and VEE,
and 4.0V for V.. Under these supply condi-
tions, derated performance can be expected.

POWER SUPPLY SEQUENCING

There are two requirements for power supply
sequencing for the SP301/302. The first is that
Vpp is always greater than V... The second is
that when the part is powered up, V,, must be
applied 20ms before V.

GENERAL USAGE

RS232 Operation

The SP301 and SP302 are fully compliant RS232
devices. Their outputs are fully protected against
shorts to £20V with no external circuitry. If the

potential exists for momentary shorts to volt-
ages greater than 20V, it is recommended that
a 220Q resistor be wired in series with each
driver output. This will limit any damage from
the higher short-circuit current from these higher
voltage potentials. Voltage clamps such as back-
to- back Zener diodes can be used to clamp the
driver outputs to “safe” levels. Short circuit
current to ground is internally limited, and can
therefore be sustained infinitely. Under normal
operating conditions, the drivers can typically
source 7mA at £5V output, which exceeds the
minimum RS232 standards requirement.

If an SP301/302 transmitter output occupies a
data transmission line with other RS232 devices
which are not powered by the same power
supplies, it is possible that a device that is not
powered will have a low impedance path to
ground at its driver output. The RS232 stan-
dards require that with no power applied to the
device, the impedance from a transmitter output
to ground must be greater than 300€2. This can
be easily achieved as shown in Figure 1a, where
an external transistor is used as a switch to
isolate an SP301/302 from ground in the power

Voo Voc f— Vee
Vee f— Vee

—— SELECTA=1

GND
3.3Kka 1 spaoz [ SELECTB=0
Qs Q |—— LooPBACK =1

TIBy — |— ToB,

TIB; — — TOB,

|— TOA;
[~ TOA,

— >
— >
—
—H
—

TIA;
ROB;

ROB, [~ RiB;

- Ria,

ROA; =
RIA,

Figure 2. Typical Circuit
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off condition. With V,, turned on, the transistor
switch is on, connecting ground (GND) for the
device to the circuit ground. In a power off
condition, this transistor is switched off, thus
isolating the unit from circuit ground, and thereby
leaving the driver in a high impedance state.
Multiple SP301/302s can be connected as shown
in Figure 1b.

RS422 OPERATION

The SP301 and SP302 are fully compliant RS422
devices when operating in the RS422 mode.
Baud rate and drive capability have been bal-
anced to provide as much versatility as possible.
The SP301 and SP302 are both guaranteed for a
1Mbps data rate, supplying £2V minimum into
a 100Q2 load. Short circuit protection for the
RS422 operating mode is the same as in the
RS232 mode. The driver outputs can be shorted
to ground for an infinite duration, with a maxi-
mum current of £100mA.

The RS422 receivers accept differential signals
at a IMbps rate, and translate them to a non-
inverted TTL output. The receivers are speci-
fied with a 15V differential input voltage,
which means that to operate normally, the dif-
ference betweeen the voltages at the inputs

cannot exceed £15V. The common mode volt-
age is specified as £7V. This identifies the
midpoint of the range about which the differen-
tial input must lie so that the receiver can detect
a change of state. Within this £7V range, the
receivers will recognize a change in state with a
+200mV differential threshold voltage. Since
the RS232 and RS422 inputs are shared, all
receiver inputs are protected to £30V to guard
against inadvertently applying an RS232 signal
to an input that is configured for RS422.
Figure 2 shows a typical circuit for the SP301/
302. In this case the SP302 is shown configured
for one (1) duplex RS422 and two (2) duplex
RS232 communication paths.

CONFIGURING THE SP301/302

The Figures on pages 7 and 8 show the various
combinations of simultaneous RS232 and RS422
operation that can be achieved with the SP301.
Similarly, the figures on pages 9 and 10 show
the various combinations for the SP302. Each of
these configurations are software selectable by
logic level on the SELECT A and SELECT B
control lines. Configuration can be changed
“on-the-fly”.
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SP301 CONTROL LOGIC CONFIGURATION

| SELECTION | LOGIC VALUE LOGIC VALUE LOGIC VALUE LOGIC VALUE
SELECT A: 0 0 1 1
SELECT B: 0 1 0 1
NON-
LOOPBACK RIA RIA
(LB =1) RIA, > ROA | RIA, > ROA mwo“ RIAf:»—ROA
TOA TIA TOA TIA TOA TOA
o_ o< TOAE—TIA TOAEJA
|
|
RIB RIB
RIB: [ RO RlBiC>—R°B RIBs I, RoB Rle’—ROB
TOB, TIB TOB TOB, TIB TOB
\ LOOPBACK
‘ (LB=0) RIA, RIA,
‘ RIA, ROA | RIA, ROA | RIA, ROA| gia, ROA
|
l 3 3 TOA%, TOA*,
TIA . TIA
TOA*, TIA | TOAY, TIA |TOA% TOA*,
} RIB RIB
2 2
1 RIB, ROB | RIB, ROB|  pig, ROB | RIB, [w%
| TOB", TOB*,
| . TIB . TIB
108", TiB |TOB* TOB", TIB  |[TOB*: %‘
RS232 DRIVER RS232 RECEIVER  RS422 RECEIVER  RS422 DRIVER
* Tri-state Output
Sivex
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SP302 CONTROL LOGIC CONFIGURATION:

SELECTION | LOGIC VALUE LOGIC VALUE LOGIC VALUE LOGIC VALUE
SELECT A: 0 0 1 1
SELECT B: 0 1 0 1
NON— RIA, ROA, | RIA, ROA,
LOOPBACK [> RIA RIA
(LB=1) RIA, D ROA, | RIA, D ROA, RlAi}-RON RIA, ROA,
TOA, 1 TIA, | TOA, Q TAT | 1oa ToA
TOAZ-EA1 TOA TIA,
TOA, Q TIA, | TOA, <] TIA,
RIB, D ROB, RIB, D ROB,
RIS ROB AIB ROB
RIB, D ROB, R'B} '| miB, D ROB, R'Bf__c»— !
TOB TIB, TOB TOB TIB, TOB
o TOE TIB, TOB 1184
TOB, <] TIB, TOB TIB,
LOOPBACK | RiA, ROA,| RIA, ROA,
(LB=0) —{>0— RIA, roa.| RlA2 ROA
RIA, ROA,| RIA, ROA,| RIA 1) RIA 1
TOA™, [ol><]O£A1 TOA* TiA, |TOA", TOA*,
TOA*, TIA1 | ToA®, TIA,
TOA*, ﬂ TIA, [TOA%, TIA,
RIB ROB RIB ROB
2 4[>o— 2| piB, 2 2| RiB,
RIB ROB, RIB ROB,
RIB, ROB,| "1 RIB, ROB, | ™1
TOB, [ 3 TIB, |TOB*, TOB, TIB, |TOB*,
TOB*, TIB, TOB*, TIB,
TOB, q TIB, TOB, TIB,
RS232 DRIVER RS232 RECEIVER  RS422 RECEIVER  RS422 DRIVER
* Tri-state Output
Cinav
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SP301 CONFIGURATIONS

|
Two-Channel Full Duplex RS232

Two independent channels of RS232 line driver
and two channels of RS232 receiver.

TA —>)—TOA,

TIB ——>)— 108,
RS232LINEDRIVERS _ _ _ _ _ _ _ _ _ _
R$S232 RECEIVERS

SELECTA=0
SELECTB =0
LB =1

One-Channel Full Duplex RS232 &
One-Channel Full Duplex RS422

A single RS232 line driver and receiver, and a
single RS422 line driver and receiver.

ROA

—}-

RS422 LINE DRIVER & RECEIVER
TOB,

TIB
TOB,
RIB,

ROB
RIB,

SELECTA =0

SELECTB=1
LB=1

SIGNAL PROCESSING EXCELLENCE
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SP301 CONFIGURATIONS
U

One-Channel Full Duplex RS232 & Two-Channel Full Duplex RS422
One-Channel Full Duplex RS422
Opposite Drivers Two RS422 line drivers and two RS422 receiv-
ers.

A single RS232 line driver and receiver, and a
single RS422 line driver and receiver. At first
glance, this is the same configuration as that in
the figure immediately to the left. Note however
that functions are activated on the opposite
channels as that of those in Figure 1b.

TOA, TOA,
TIA TOA, TIA T0A,
RIA, . _‘{X TOB,
ROA B
RIA, 0B,
_RS422 UNEDRIVER&RECEIVER _ _ _ _  _ RSA22LINEDRIVERS  _ _ _ _ _ _ _ _
RS232 LINE DRIVER & RECEIVER RS422 RECEIVERS
RIA;
B —D}—— TOB, ROA
RIA,
RIB
ROB —0<I_ RIB; ROB '
RIB,

SELECTA =1 SELECTA =1
SELECTB =0 SELECTB =1
LB=1 LB=1

- | | Sioex "
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SP302 CONFIGURATIONS

|
Four-Channel Duplex RS232

Four independent channels of RS232 line driver
and four channels of RS232 receiver.

TOA;

TOA,

::‘
»>

TOB,

VY

TOl
RS232LINEDRIVERS _ _ _
RS232 RECEIVERS RIA,
ROA,
RIA,
ROA,
RIB,
RIB,
SELECTA=0
SELECTB =0
B=1

Two-Channel Duplex RS232 &
One-Channel Duplex RS422

Two RS232 line drivers and receivers, and a
single RS422 line driver and receiver.

RS422 RECEIVER RIB,

-}
w
IN

ROB,

SELECTA =0
SELECTB =1
LB=1

SIGNAL PROCESSING EXCELLENCE
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SP302 CONFIGURATIONS

|
Two-Channel Duplex RS232 &
One-Channel Duplex RS422
Opposite Drivers

Two RS232 line drivers and receivers, and a
single RS422 line driver and receiver. At first
glance, this is the same configuration as that
immediately to the left. Note however that func-
tions are activated on the opposite channels.

B, : TOB,
T8, > TOB,

ROB, RIB;

RS4Z2RECEVER o\
ROA,

RIA,

SELECTA =1

SELECTB =0
| B=1"

|
Two-Channel Duplex RS422

Two RS422 line drivers and two RS422 receiv-
ers. :

A TOA,
— E TOA,
. T0B;
— 2 108,

RS422 LINE DRIVERS

RS$422 RECEIVERS RIA;

ROA,

ROB,
RIB,

SELECTA =1
SELECTB =1
B=1
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LOOPBACK

Both the SP301 and SP302 have a function called
loopback, which is essentially a chip self-test. How-
ever, by connecting system test loops with the inputs
and outputs of the SP301/302, a system-level diag-
nostic can be run on power-up or on command. The

test loops can be enabled and disabled allowing both
system test and operation with the same components.
A maximum data rate for loopback of 3Kbps is
recommended. Loopbackisapin-programmable func-
tion, activated by a logic low on the LB pin (19). As

SP301 CONFIGURATIONS IN LOOPBACK MODE

One-Channel Full Duplex RS232 &
One-Channel Full Duplex RS422

|
Two -Channel Full Duplex RS232

TIA —

>)—
na _>o_m,

RS232 LINE DRIVERS

SELECTA=0
SELECTB =0
B=1

RS422 RECEIVER RIB,
ROB
Ri
SELECTA =0
SELECTB =1

LB = 0 (ACTIVE)

SIGNAL PROCESSING EXCELLENCE
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shown in these figures, the loopback function
internally connects the driver outputs to the
corresponding receiver inputs, and switches the
output pin to a resistive divider of 10KQ nomi-
nal impedance from Vgg to ground. Receiver
outputs are left active for signal verification.

During loopback, the receiver inputs are tied to

ground via a 5kQ pulldown resistor. To mini-
mize loopback errors, the receiver inputs must
be limited to £10V swings.

SP301 CONFIGURATIONS IN LOOPBACK MODE

One-Channel Full Duplex RS232 &
One-Channel Full Duplex RS422
Opposite Drivers

|
Two-Channel Full Duplex RS422

10K
VEE 100 :::: é VEE 10
= TOA = i TOB|
TIA :%—-O 2 TIB R—O
TOA, TOB,
o—=0 ey
10K 0K
" K Ve
Vee = _RS422LINEDRIVER | _ | _ _ 07
_RS422LINEDRIVER| | RS422 RECEIVER B
2
RS422 RECEIVER ROB .
ROA RIB,
RIA,
10K
Vee
L 10K ) Q TOA,
TIA ?
TOB, TOA,
o——oO0 o—0
K 0K
VEE = X VEE"
RS422 LINE DRIVER
R$232 LINE DRIVER ow o S S e - -----
———————————————— RS422 RECEIVER
RS232 RECEIVER RIA,
ROA v
RIA,
SELECTA =1 SELECTA =1
SELECTB =0 SELECTB =1
LB = 0 (ACTIVE) LB = 0 acnvp)
Cimnav
62 i

SIGNAL PROCESSING EXCELLENCE



SP302 CONFIGURATIONS IN LOOPBACK MODE

Two-Channel Duplex RS232 &
One-Channel Duplex RS422

Four-Channel Duplex RS232

RS232 LINE DRIVER

RS232 RECEIVER

ROA, ' RIA,

TIAy TOA,
577 10)
10K VEE =
_ RS232LINEDRIVER | _ _ __
RS232 RECEIVER
10K VEE =
_ RS232LINEDRIVER | __ _ __ _
RS232 RECEIVER
ROB, RIB,
TOB,
Ve =

RS232 LINE DRIVER

RS232 RECEIVER

SELECTA=0
SELECTB=0

LB = 0 (ACTIVE)

RS422 RECEIVER
ROB,

TIA

RS232 LINE DRIVER

RS232 RECEIVER

TIA,

RS232 LINE DRIVER

SELECTA=0
SELECTB =1
LB = 0 (ACTIVE)

SEM\I

Comporation’
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SP302 CONFIGURATIONS IN LOOPBACK MODE

Two-Channel Duplex RS232 & Two-Channel Duplex R§422
One-Channel Duplex RS422
Opposite Drivers
“52 % T°B2 VEE AAAA
S g L 108
K - - - 2
@:ﬁ o, (o5
W TOB,
TIB, TOB, o—0
VEe = 10K
RS232 LINE DRIVERS 10k _RS422LINEDRIVERS | __ | _ _ __ _.
RS232 RECEIVERS RS422 RECEIVERS RIB,
ROB, RIB, ROB, ®
: RIB,
ROB, RIB, 10K
MWW
L VVVK'
= - OA2
__________________ 3
T
Vee -
= 10l
TlA] : VEE =
_RS422LINEDRIVERS _ | _ _ |_ _ _ %
RS422 RECEIVERS RIA,
ROA, *
RIA,
_RS422 LINE DRIVER |
RS422 RECEIVER
ROA, SELECTA =1
SELECTB =1
g LB = 0 (ACTIVE)
SELECTA =1
SELECTB =0
LB = 0 (ACTIVE)
|
- Qinav |
64 i
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ORDERING INFORMATION

Max # of Duplex Channels

Modet RS232 RS422 Temperature Package
SP301CS 2 2 0°C to +70°C 24-pin single~width plastic DIP
SP301CT 2 2 0°C to +70°C 28-pin SOIC
SP301ES 2 2 -40°C to +85°C 24-pin single-width plastic DIP
SP301ET 2 2 -40°C to +85°C 28-pin SOIC
SP302CS 4 2 0°C to +70°C 24-pin single-width plastic DIP
SP302CT 4 2 0°C to +70°C 28-pin SOIC
SP302ES 4 2 -40°C to +85°C 24-pin single-width plastic DIP
SP302ET 4 2 -40°C to +85°C 28-pin SOIC
|
I
|
I
I
t
n
Cinav
i 65
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Sicex SP303

SIGNAL PROCESSING EXCELLENCE

RS232/AppleTalk™ Serial Transceiver

B Single chip serial transceiver supports
AppleTalk™ or RS232 interface

B Programmabile Selection of Interface

M 4 RS232 Drivers and 4 RS232
Receivers

B Provides Macintosh™ type interface
B +30V Receiver Input Levels
B Surface Mount Packaging

DESCRIPTION...

The SP303 is a single chip device that offers both RS232 and Apple—Talk interfaces. When
configured for RS232 mode the SP303 has 4 drivers and 4 receivers. When the part is
programmed for Apple—Talk mode, the SP303 supports Macintosh—type ports. All drivers and
receivers can operate at data rates up to 1 Mbps. The differential driver used for transmitting data
signals is equipped with a tri-state function. The SP303 is available in a 28-pin SOIC package
for operation over the commercial temperature range.

ToutB1 ToutB2 ToytA1 TouTA2 RiNAT RinA2 RnB1 RiyB2

\ Yy
+5V INPUT -=—1YCC a 4o
L GND
+12V INPUT »>—PDD Ry v v V L
T4X /To\ /Ta\ /Ta 4 Y 4
12V INPUT »—pVEe SELECT SP303

11 1 f ]
TinB1 TiNB2 TiNAT TiNA2 TXEN  RoytA1 RoutA2 RoytB1 RoytB2
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SPECIFICATIONS

(Tyy ST, <Tyax@nd nominal supply voltages unless otherwise noted)

PARAMETER - MiN. TYP. MAX. UNIT CONDITIONS
RS232 DRIVER Note 1
TTL Input Level
Vo 0 0.8 \'
Viu 20 | %
High Level Output +5.0 V | R =3KQ,V, =08V
Low Level Output -5.0 V | R =8KQ, V) =2.0V
Short Circuit Current +30 mA | Vour=0V
Slew Rate 30 Vius | C_ =50pF, R =3kQ; T,=25°C
- Transition Time 3 us | Note2
Transmission Rate 200 Kbps
RS232 RECEIVER o Note 1
Input Voltage Range Ty ~15 +15 v
Input High Threshold +1.75 : +2.5 V | Positive-going
Input Low Threshold +0.75 +1.35 V | Negative-going
Input Impedance 3 7 KQ | C_ <2500pF; Vgg < Vi<V,
TTL Output Level
VoL 0.4 V| Vo=t4.75Y, lgyp=+1.6mA
Vou 24" v | Vee=+4.75V, lo,;r=-0.5mA
Receiving Rate 200 Kbps
DIFFERENTIAL DRIVER Note 3
TTL Input Level
ViL : 0 0.8 v
Viy 2.0 v
High Level Output +3.6 +6 V | lgy=8mA
Low Level Output -3.6 -6 V | g =—8mA
Differential Qutput +3.6 ) V | R =450Q
Veet0.7V (Vpp—0.7V) V | RL=c
Short Circuit Current 40 mA
Output Current +500 MA | -0.25V < V< 6V; Power off
Leakage Current 0.05 +10 MA | TXEN=V_. 0<TxDOs6V, Note 4
Transition Time 720 ns | R =450Q, C =50pF; Note 5
Transmission Rate 1000 Kbps )
DIFFERENTIAL RECEIVER Note 3
Common Mode Range +7 V | Note 6
Differential Input 115 V | Note 6
Differential Input Threshold -0.2 +0.2 V | Ty=25°C
Input Voltage Hysteresis 30 mV [ Vg,=0V;T,=25°C
Input Resistance 3 KQ | —7V<Vy<+7V
TTL Qutput Level
\ 0.4 V | Vo=+4.75V, o ;r=+1.6mA
Vou 24 V | Vee=+4.75V, | ,=—0.5mA
Receiving Rate 1000 Kbps
Short Circuit Output Current +120 mA | Vg, =0V
SINGLE-ENDED RECEIVER Note 3
Input Threshold -200 +200 mV | T,=25°C
Input Voltage Hysteresis 30 mvV | Vg,=0V; T,=25°C
Input Impedance 3 7 KQ
TTL Output Level
VoL 0.4 V| Voo t4.75; lgyr=+1.6mA
Vou 24 V| Ve=+4.75; | r.~0.5mA
Transmission Rate 1000 Kbps
POWER REQUIREMENTS
Vpp=+12V, £10% 7 15 mA | All Transmitter outputs R, =co
Voo =+5Y, £10% ) 5 7 mA | T,=25°C
Ve =-12V, +10% 11 20 mA
Cirmawv
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SPECIFICATIONS

(Tyun <T,, <T,x@nd nominal supply voltages unless otherwise noted)

PARAMETER MIN. | TYP. MAX. UNIT CONDITIONS
ENVIRONMENTAL AND MECHANICAL

Operating Temperature 0 °C

Storage Temperature —65 +150 °C

Package 28-pin SOIC

Note: )

1. RS232 Mode, SELA = SELB = GND.

V. from +3V to =3V or -3V to +3V.

ouT

Macintosh™ AppleTalk™ Mode, SELA = SELB = +5V.

From 10% to 90% of steady state.

This is an absolute maximum rating. Normal operating levels are V,

PINOUT

Vop 1]
RinA2 E
RinA1 [E]

N.C. [Z]

TourA2 (24
ToutAl [&]
SELECTA [ SP303
SELECTB II
ToutB1 [
ToutB2 [1Q]

N.C. [
RinB1 [12]
RinB2 (3]
GND [IF]

PIN ASSIGNMENTS - RS232 MODE
Pin 1 — V|, — +12V Power Supply.
Pin 2 — R A2 — DSR; RS232 input.
Pin 3 — Ry Al — RXD; RS232 input.
Pin 4 — N.C. — No Connection.

Pin 5 — Ty;1A2 — RTS; RS232 output.
Pin 6 — T ;;Al — TXD; RS232 output.

Pin 7 — SEL A — Select A; used with Select B
(pin 8) to select operating mode. Logic “0” on
both SEL A and SEL B selects RS232 mode;
logic “1” on both SEL A and SEL B selects
AppleTalk™ mode.

2
3.
4. Leakage current specification applies to both TxDO- and TxDO+; T,=+25°C only.
5
6

<5V.

IN—

Pin 8 — SEL B — Select B; used with Select A
(pin 7) to select operating mode. Logic “0” on
both SEL A and SEL B selects RS232 mode;
logic “1” on both SEL A and SEL B selects
AppleTalk™ mode.

Pin 9— T;;B1— DTR; RS232 output.

Pin 10 — T;{B2 — RI; RS232 output.

Pin 11 — N.C. — No Connection.

Pin 12— R, B1— CTS; RS232 input.

Pin 13 — N.C. — No Connection.

Pin 14 — GND — Signal ground. Connected to
logic and chasis ground.

Pin 15 — V — —12V Power Supply.
Pin 16 — N.C. — No Connection.

Pin 17 — R,;;B1 — CTS; TTL Output to
UART.

Pin 18 — N.C. — No Connection.

Pin 19 — T,;;B2 —Rl; TTL input from
UART.

Pin 20 — T, B1 —DTR; TTL input from
UART.

Pin 21 — N.C. — No Connection.

Pin 22 — TXxEN — Transmit Enable; Only
functional in Mac Mode.

Pin 23 — TAl1 —— TXD; TTL input from
UART.

Pin 24 — N.C. — No Connection.
Pin 25 — N.C. — No Connection.
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Pin 26 — R,,;Al — RXD; TTL output to
UART.

Pin 27 — N.C. — No Connection.
Pin 28 — V.. — +5V Power Supply.

PIN ASSIGNMENTS — MACINTOSH™
APPLETALK™ MODE

Pin 1 — V;, — +12V Power Supply.

Pin 2 — RINAZ — Receive data; received at
UART’s RxD (non-inverted); V; = 0.2V;
VL =-0.2V; RIN =3KW minimum.

Pin 3 — RINAI — Receive data; received at
UART’s RxD (inverted); V; = 0.2V;
V. =-0.2V; Ry =3KQ minimum.

Pin 4 — N.C. — No Connection.

Pin 5 — T, A2 — Transmit data; driven from
UART’s TxD (non—inverted); tri—stated when
UART’s RTS is not asserted; V ;= 3.6V min;
Voo =-3.6V min; R; =450Q.

Pin 6 — T ;,;Al — Transmit data; driven from
UART’s TxD (inverted); tri—stated when RTS
is not asserted; Vo = 3.6V min; V; =-3.6V
min; R; =450€

Pin 7 — SEL A — Select A; used with Select B
(pin 8) to select operating mode. Logic “0” on
both SEL. A and SEL B selects RS232 mode;
logic “1” on both SEL A and SEL B selects
AppleTalk™ mode.

Pin 8 — SEL B — Select B; used with Select A
(pin 7) to select operating mode. Logic “0” on
both SEL A and SEL B selects RS232 mode;
logic “1” on both SEL A and SEL B selects
AppleTalk™ mode.

Pin 9— T ,;B1— Handshake output; driven
from UART s DTR (inverted) ;V ;= 3.6V min;
VoL =-3.6V min; R| =450Q

Pin 10 — T ;B2 — Handshake output; driven
from UART’s DTR (non—inverted); V,;,=3.6V
min; Voo =-3.6V min; R =450Q

Pin 11 — N.C. — No Connection.

Pin 12— R B1— Handshake input or extemal
clock; received non—inverted at UART’s CTS
and TRxC; V,;=0.2V; V =-0.2V; R =3KQ
minimum.

Pin 13 — N.C. — No Connection.

Pin 14 — GND — Signal ground. Connected to

logic and chasis ground.
Pin 15 — Vg —~12V Power Supply.

~ Pin 16 — N.C. — No Connection.

Pin 17 — R ;;B1 — Receive handshake out-
put; connects to UART’s CTS and TRxC.

Pin 18 — N.C. — No Connection.

Pin 19 — T;;B2 — Not used in AppleTalk™
mode.

Pin 20 — T (B1 — Transmit handshake input;
connects to UART’s DTR output.

Pin 21 — N.C. — No Connection.

Pin 22 — TXEN — Transmit data driver enable;
connects to UART’s RTS; transmit data driver
is enabled when this pin is low.

Pin 23 — Ty Al — Transmit data input; con-
nects to UART’s TxD output.

Pin 24 — N.C. — No Connection.
Pin 25 — N.C. — No Connection.

Pin 26 — R ;;Al — Receive data output:
connects to UART’s RxD input.

Pin 27 — N.C. — No Connection.
Pin 28 — V. — +5V Power Supply.

FEATURES...

The SP303 is a single chip device that offers
both RS232 and Apple-Talk interfaces. When
configured for RS232 mode the SP303 provides
4 drivers and 4 receivers. When the part is
programmed for Apple-Talk mode, the SP303
supports Macintosh—type ports. The mode can
be changed at any time by bringing both the SEL
A and the SEL B pins high for Mac mode, or low
for RS232 mode.

The RS232 line driver circuits convert TTL—
logic level inputs into inverted RS232 output
signals. The RS232 receivers convert the EIA
RS232 input signals to inverted TTL output
logic levels. The receivers have voltage hyster-
esis, which helps eliminate spurious output tran-
sitions that might result from low-amplitude
noise voltages during slower-speed signal tran-
sitions. ‘

When the SP303 is programmed for Mac mode,
the transmit data and receive data signals are
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SUPPLY
+5V +12v —12v

AR

Vec Vob Vee
TiNAT —ﬁ—v & TouTAl
TINA2 —»21—{?;— 5 TourA2
TiNB1 —»2—0——E: S S 1Bt
TiNB2 -Jﬂ_b,_lf’» TourB2

ROUTA1<2—6%— e RiNAT
RoutA2 "42—7 5 RiNA2
RoutB1 -<—7 3- Ri\B1
ROUT32<—6 3

2 GND SELECT

7 8

Figure 1. RS232 Operating Mode

differential, while the handshake out and hand-
shake.in signals are single—ended. The SP303
does not have the extra GPI (general purpose
input). All drivers and receivers can operate at
data rates up to 1 Mbps. The differential driver
used for transmitting data signals is equipped
with a tri-state function. When the TXEN pin is
brought low the differential driver is enabled;
when it is high, the driver outputs are tri—stated.
The tri-state function does not affect any other
driver in either mode of operation.

One SP303 can significantly reduce the board
space necessary for a similar discrete solution
offering both RS232 and Apple-Talk interfaces.
Dueto the space savings, the SP303 can provide
multi-mode interfacing to equipment such as
printers or modems without sacrificing addi-
tional board space, or cost. This allows the OEM

to offer more flexible interface capabilities with-
out additional material costs.

The SP303 is available in a 28-pin SOIC pack-
age for operation over the commercial tempera-
ture range.

APPLICATION EXAMPLE

RS232 MODE SERIAL INTERFACE
Figure 3 shows the SP303CT used in a dual
serial port application which allows both RS232
and Macintosh™ AppleTalk™ Mode interfaces.
With SEL A and SEL B low, the port can be
configured forRS232. In thismode, the SP303CT
is set up for 4 drivers and 4 receivers. The
transmitter enable pin (pin22) has no effect in
this mode.

The RFI filters shown are optional depending
upon the FCC requirements of the system. The
SP303CT has internal slew rate limiting, which
keeps the RS232 slew rate <30V/uS. Since the

SUPPLY
+5V +12V —-12V

v
28| 1 15

4| Vee Voo Vee
SELECT A
8
SELECTB
5
23 —» ToyuTA2
T|NA1 Lt T1 6 out
> TouTAl
TxEN 22
20 9 o ToyTB1
T|NB1 > 'T2 10
— > ToutB2

26 2 o RA2
RouTA1 —e oq 3
* -+ RnAT

N | 2o RinB1
Q
ouTB1— ‘a. 13
14] oND =

Figure 2. Macintosh™ AppleTalk™ Operating Mode
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SP303CT is usually connected to the outside
world, it is suggested that the user place tran-
sient voltage suppression devices on each of the
I/Olines to ensure up to 25KV ESD protection.

While the part is programmed for RS232 mode,
the drivers and receivers can operate up to
200Kbps. The RS232 receiver inputs. are ca-
pable of receiving signals up to +30V. The
Macintosh™ AppleTalk™ mode inputs and
outputs are protected to guard against the situa-
tion where an RS232 cable is connected to the
port while it is configured for Macintosh™
AppleTalk™ mode.

APPLICATION EXAMPLE
MACINTOSH™ APPLETALK™ SERIAL
INTERFACE

The schematic below (Figure 4) shows the
SP303CT programmed for Macintosh™
AppleTalk™ operating mode. In this mode the
SP303CT offers one differential driver used for
transmitting data, one differential receiver used
for receiving data, one single-ended, non-in-
verting receiver used to receive a handshake
signal, and one single—ended inverting driver
used to transmit a handshake signal.

The differential driver used for transmitting
data can be put into tri—state mode by bringing
the TXEN line high; a low on this pin will enable

SUPPLY
+5V +12V 12V

N
=]

1l 15
3 Vcc VDD VEE

™ }—=2

RTS 24
e |18
psR |—27
RxD |28

cts |—37
DTR

TYARNY

—

4 SELECT
GND A 8

24
718

Sl
+5V +12V -12V

28] 1] 15
D |—2

] -

bcb 18

psk |—27

RXD |—328

s ¥

DTR

Vb v

14 SELECT
£Henp SELECT

1

—6>( RFI FILTER)

XD

2. (RFTFILTER
3 (RECFILTER
12 (RFTFILTER

XD

—Q-( RFI FILTER)

2. (RETFILTER
3. (RETFICTER

12 (RETFILTER)
S (RFTFILIER

Figure 3. RS232 Interface.
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the driver output. This function only applies to
the transmit data driver in ApppleTalk™ mode.
Both differential drivers have output signals on
each pin that typically swing +6V. The peak to
peak differential voltage swing is typically +12V.

The second driver is used for transmitting the
handshake output signal and can be used as
either a differential driver or single ended. This
particular application required a single—-ended
inverting signal for the handshake output signal.

Some Macintosh equipment requires an extra
single—ended inverting receiver which is called
a general purpose input. The GPI receiver is
normally connected to pin 7 on the external 8 pin

connector. This receiver is not available on the
SP303CT.

Since the SP303CT is usually connected to the
outside world, it is suggested that the user place
transient voltage suppression devices on each of
the 1/0 lines to ensure up to+25KV ESD protec-
tion.

POWER SUPPLY SEQUENCING

There are two requirements for power supply
sequencing for the SP303. The first is that V)
is always greater than V.. The second is that
when the part is powered up, V, must be
applied 20ms before V..

SUPPLY
+5V +12V 12V

SELECT A

SELECTB

TXDA-

8
5o 22
RTS 6
D 23]

(RFIFILTER)
TXDA+

RXD _2.6___q<l:

N

SUPPLY
+5V  +12V —12V

SELECTA

SELECT B

ATS

{(RFI FILTER)

TXDA-

No Connect

TXD p——

RXD—2<6-|—¢
s <F'2
o —S—{o |

o

4anp

(RFI FILTER)

No Connect

Figure 4. Macintosh™ AppleTalk™ Interface.
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ORDERING INFORMATION
Model Temperature Range Package
SP303CT 0°C to +70°C 28-pin SOIC
SP303CT/TR 0°C to +70°C 28—pin SOIC/Tape-on-reel
»
S| v
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Sivex SP304

SIGNAL PROCESSING EXCELLENCE

RS232/RS422 Line Drivers/Receivers

B RS232 and RS422 on One Chip
B Multiple Drivers and Receivers
W Software-selectable Modes

W' Loopback for Self-Testing

8 Short-circuit Protected

B Single-width 24-pin DIP and 28—pin
SOIC Packages

DESCRIPTION...

The SP304is an enhanced-performance version of the Sipex SP302 RS232 and RS422 protocol
line drivers and receivers. It is pin-for-pin compatible with the SP302, and in any configuration,
fully meets the requirements of the EIA RS232D and RS422 data communication standards. A
loopback test mode is provided. The SP304 is available in 24-pin single width plastic DIP, and 28-
pin SOIC packages for commercial and industrial temperature range operation.

TOB, TOB, TOATOA,  RIB; RIB, RIA; RIA
» O

: 5

O— Vo

O— Vec

O— Ve

O——| GND  SELECT  LOOP-
A B BACK .

TIB TIB TIA ROB ROB, ROA
1 2 1 1 2 1
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SPECIFICATIONS

Ty £ T, < Ty, @nd nominal supply voltages uniess otherwise noted)
PARAMETER MIN. TYP. MAX. UNITS CONDITIONS
RS232 DRIVER
TTL Input Level
v, 0 0.8 \"
" 2.0 \}
High Level Output +5.0 \ R, =3kQ, V,=0.8V
Low Level Output -5.0 Vv R =3kQ, V,=2.0V
Short Circuit Current +30 mA V., =0V
Loopback Output Voltage -1.5 \" R, =3kQ, V. =-12.0V; Note 1
Slew rate 30 Vl/us C.=50pF, R =3kQ; T, =
25°C
Transition Time 3 us V., from +3V to -3V or -3V to
+3V
Transmission Rate 200 kbps
RS232 RECEIVER
Input Voltage Range -15 +15 \' Note 6
Input High Threshold +1.75 +2.5 Vv Positive-going
Input Low Threshold +0.75 +1.35 Vv Negative-going
Input Impedance 3 7 kQ
TTL Output Level
' 0.4 \" V., =+4.75V, |, = +1.6mA
. 24 v V,.=+4.75V, |, = -0.5mA
Receiving Rate 200 kbps
RS422 DRIVER
TTL Input Level
. 0 0.8 \"
Vv, 20 \"
High Level Output 2.75 6.0 \ I, =-20mA
Low Level Output 1.0 \ I, = +20mA
Differential Output +2 Y R =100Q
+6 \Y R =
Short Circuit Current +100 mA Note 2
Output Current +500 A -0.25V <V, < 6V; power off
Transition Time 400 ns R, =100Q, C = 15pF; Note 3
Transmission Rate 1,000 Kbps
RS422 RECEIVER
Common Mode Range +7 \ Note 4
Differential Input +15 \ Note 4
Differential Input Threshold -0.2 +0.2 \ T,=25°C
Input Voltage Hysteresis 30 mV V,=0V; T, =25°C
Input Resistance 3 kQ IV <V, <+7V
TTL Qutput Level
V. 0.4 \ V,=+4.75V, |, = +1.6mA
o 24 v V., =+4.75V, |, =-0.5mA
Receiving Rate 1,000 Kbps
Short Circuit Output Current +120 mA V,,. =0V
POWER REQUIREMENTS
V,=+12V, +10% 7 15 mA Note 5
V.= +5V, +10% 5 7 mA Note 5
V. =-12V, £10% 11 20 mA Note 5
ENVIRONMENTAL
Operating Temperature
-CS 0 +70 °C
-MR -55 +125 °C
Storage Temperature -65 +150 °C

76

Cirmav
ipAw

Corporation’
SIGNAL PROCESSING EXCELLENCE




Notes:

LN~

TYPICAL PERFORMANCE CURVES

In Loopback mode

Only one output drive pin per package will be shorted at any time

From 10% to 90% of steady-state

This is an absolute maximum rating; normal operating levels are V,, < 5V
Outputs unloaded; Inputs tied to GND; T, = +25°C; V, = 0V; LB=0

Typical SP304 current drains under full load are:

18mA (+12V), 10mA (-12V) and 7mA (+5V) in RS232 mode only;
5mA (+12V), 7mA (-12V) and 56mA (+5V) in RS422 mode only;
12mA (+12V), 14mA (-12V) and 31mA (+5V) in RS232 and RS422 modes;
RS232 loads 3KQ, 2500pF, 20kHz; RS422 outputs across 100, 500kHz.

RS232 Driver

RS232 Receiver

500kHz

S00ns

RS422 Receiver

Sipex

SIGNAL PROCESSING EXCELLENCE

77



PIN ASSIGNMENTS

Vpp (+12V) Veg (+5V)
23] ROA,
ROA,

21] TIA,

20] TIA,

[19] LB

[18] N.C.

TIBy

[16] TIB,

15] ROB,

14] ROB,
[13] Veg (-12v)

[}
el
0
o
&
(9]
w

Vpp (+12V) 28] Vi (+5V)

10t0edS

Vg (-12V)

FEATURES...

The SP304 is a proprietary single-chip device
that contain both RS232 and RS422 protocol
line drivers and receivers. It is pin—for—pin com-
patible with the Sipex SP302. Like the SP302,
its configuration may be changed at any time by
logic levels on two control lines. In any configu-
. ration, the SP304 fully meets the requirements
of both the EIA RS232D and RS422 data com-
munication standards. The SP304 enhancements
include improved isolation from external sig-
nals and a true high—-impedance driver output in
the loopback test mode, and no power—up se-
quence requirements.

The RS232 line driver circuits convert TTL
logic level inputs into inverted RS232 output
signals. The RS422 line drivers convert TTL
logic levels into RS422 differential output sig-
nals. The RS422 line driver outputs feature high
source and sink current capability. All line driv-
ers are internally protected against short circuits
on their outputs:

The RS232 receivers convert the EIA RS232
input signals to inverted TTL output logic lev-
els. TheRS422 receivers convert the EIA RS422
differential input signals into non-inverted TTL
output logic levels. Receiver input filtering pro-
vides excellent high frequency noise immunity.
Input pulses with widths less than 1ys are com-
pletely ignored. The RS232 receivers have the
additional feature of voltage hysteresis, which
helps eliminate spurious output transitions that

might result from low amplitude noise voltages
during slower-speed signal transitions.

A loopback test mode is provided that puts the
driver outputs to a high impedance tri-state
level, and routes the driver outputs to their
associated receiver inputs. In this configuration,
the signal path is non-inverting from the TTL
driver input to the receiver TTL output. This
operating mode allows the controlling system to
perform diagnostic self-test of the RS232/RS422
driver/receiver circuitry at speeds up to 3,000
bits per second. In the loopback mode,a +13.2V
inputrange may be applied to the receiver inputs
with no interference to the loopback test. In
addition, the driver outputs are in a true high—
impedance state during loopback.

The SP304 is available in 24-pin singlewidth
(0.300") plastic DIP and 28-pin SOIC packages,
for operation over the commercial and indus-
trial temperature ranges.

USING THE SP304

POWER SUPPLIES

The SP304 requires +12V and +5V for full
RS232 and RS422 operation. The 12V sup-
plies set up the RS232 +9V voltage swings, and
the +5V is used for the internal logic that for-
mats the communications mode and controls the
loopback function. The supply voltages can be

decreased to aslow as 7V for Vi and Vi, and
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a) Single SP304
b) Multiple SP304 vy
Voo Vec Vee
3.3K EE SP304
3
GND Ve Vee
=1 Voo VeclF

Figure 1. Isolating the SP304 from Ground.

4.0V for V. Under these supply conditions,
derated performance can be expected.

POWER SUPPLY SEQUENCING
There are no special power—up sequencing re-
quirements for the SP304.

GENERAL USAGE

RS232 Operation

The SP304 is a fully compliant RS232 device.
Its outputs are fully protected against shorts to
120V with no external circuitry. If the potential
exists for momentary shorts to voltages greater
than +20V, it is recommended that a 220Q
resistor be wired in series with each driver
output. This will limit any damage from the
higher short-circuit current from these higher
voltage potentials. Voltage clamps such as back-
to- back Zener diodes can be used to clamp the
driver outputs to “safe” levels. Short circuit
current to ground is internally limited, and can
therefore be sustained infinitely. Under normal
operating conditions, the drivers can typically
source 7mA at £5V output, which exceeds the
minimum RS232 standards requirement.

If an SP304 transmitter output occupies a data

transmission line with other RS232 devices
which are not powered by the same power
supplies, it is possible that a device that is not
powered will have a low impedance path to
ground at its driver output. The RS232 stan-
dards require that with no power applied to the
device, the impedance from a transmitter output
to ground must be greater than 3002. This can
be easily achieved as shown in Figure 1a, where
an external transistor is used as a switch to
isolate an SP304 from ground in the power off
condition. With V turned on, the transistor
switch is on, connecting ground (GND) for the
device to the circuit ground. In a power off
condition, this transistor is switched off, thus
isolating the unit from circuit ground, and thereby
leaving the driver in a high impedance state.
Multiple SP304s can be connected as shown in
Figure 1b.

RS422 OPERATION

The SP304 is fully compliant RS422 devices
when operating in the RS422 mode. Baud rate
and drive capability have been balanced to pro-
vide as much versatility as possible. The SP304
are both guaranteed for a 1Mbps data rate,

Voo
Voo Vec— Vee
Vep — Ve
GND — SELECTA=1
3.3K _—
1 P30 SELECTB=0
Qs Qg —— LOOPBACK =1
TIB ——D)— — ToB,
TIB, ———| 0 To8,
TIA, ___k — TOA
[~ Toa,
ROB; ‘_°<]_ - RIBy
ROB, QK l—— - RiB,
- RiA,
ROA; —
[~ RiA
“em———

Figure 2. Typical Circuit
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supplying +2V minimum into a 1009 load.
Short circuit protection for the RS422 operating
mode is the same as in the RS232 mode. The
driver outputs can be shorted to ground for an
infinite duration, with a maximum current of
+100mA.

The RS422 receivers accept differential signals
at'a 1Mbps rate, and translate them to a non-
inverted TTL output. The receivers are speci-
fied with a £15V differential input voltage,
which means that to operate normally, the dif-
ference betweeen the voltages at the inputs
cannot exceed +15V. The common mode volt-
age is specified as £7V. This identifies the
midpoint of the range about which the differen-
tial input must lie so that the receiver can detect
a change of state. Within this +7V range, the
receivers will recognize a change in state with a
+200mV differential threshold voltage. Since
the RS232 and RS422 inputs are shared, all
receiver inputs are protected.to =30V to guard
against inadvertently applying an RS232 signal
to an input that is configured for RS422.

Figure 2 shows a typical circuit for the SP304.
In this case the SP304 is shown configured for
one (1) duplex RS422 and two (2) duplex RS232
communication paths.

CONFIGURING THE SP304

The Figures on pages 7 and 8 show the various
combinations of simultaneous RS232 and RS422
operation that can be achieved with the SP304.
Each of these configurations are software se-
lectable by logic level on the SELECT A and
SELECT B control lines. Configuration can be
changed “on-the-fly”.
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SP304 CONTROL LOGIC CONFIGURATION

:

SELECTION |  LOGIC VALUE LOGIC VALUE LOGIC VALUE LOGIC VALUE
SELECT A: 0 0 1 1
SELECT B: 0 1 0 1
NON_ R|A2 ROA2 RIALD._WAz
LOOPBACK [: ' RIA RIA
(LB =1) RIA, > ROA, | RIA, > ROA, leo”“ Rl/\i}—ao’“
TOA, <I TIA; | TOA TAT | 1oa. - TOA
TOAZ—JA1 TOA A
TOA, 1 TiA, | TOA TIA,
RIB, ROB, |:u|32_|>oioes2
—| So— RIB RIB
ROB ROB
RIB, D ROB, R'B} "| R D: ROB, R'Bily 1
TOB TIB, TOB TOB TIB; TOB
J Tos, o To8, -1
TOB, 1 TIB, TOB TIB,
LOOPBACK | RIA, ROA;| RIA, ROA,
(LB=0) !_| >o— RIA, Ro.| FlAe oA
R|A1 ROA1 F“A1 ROA1 R|A1 1 R|A1 1
TOA*, ﬁ }:—T'A1 TOA* TIA; | TOA, TIA TOAY TIA
TOA*, 1| TOA%, !
TOA*2 —OQ'—T—I'AZ TOA*Q T|A2
RIB ROB RIB ROB
’ —|>0—- 2| RIB, 2 2| RIB,
RIB ROB1 RIB ROB1
RIB, ROB, | o1 RIB, ROB, | 1
TOB [ 3 TIB, |TOB* TOB TIB, |TOB*
1 1 TOB*; TIB, 1 1 TOB*; TIB,
TOB, TIB, TOB, TIB,

A

RS232 DRIVER
* Tri-state Output

—>o—

RS232 RECEIVER

“p—

RS422 RECEIVER

s

RS422 DRIVER
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SP304 CONFIGURATIONS

|
Four-Channel Duplex RS232

Four independent channels of RS232 line driver
and four channels of RS232 receiver.
Ay
T |
TIBy

TIB,

] — — -
@ [++] > >
N iy I =

RS232 LINE DRIVERS

R8232 RECEIVER RIA;

i) b o o
[} e} [o] o]
o @ > b3
N - [ ey

P P =z

(S @ >

n -- N

SELECTA=
SELECTB=
LB=1

Two-Channel Duplex RS232 &
One-Channel Duplex RS422

Two RS232 line drivers and receivers, and a
single RS422 line driver and receiver.

TIA, TOA,

=
|s>
¥Y
>
N

TOB,
TIB
TOB,

SELECT A = (]
SELECTB=1
LB =1
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SP304 CONFIGURATIONS

|
Two-Channel Duplex RS232 &
One-Channel Duplex RS422
Opposite Drivers

Two RS232 line drivers and receivers, and a
single RS422 line driver and receiver. At first
glance, this is the same configuration as that

immediately to the left. Note however that func-

tions are activated on the opposite channels.

TIB, TOB,

TIB, : TOB,

ROB, RIB,
ROB, RIB,
TOA
TIA,
TOA,

SELECTA=1
SELECT B =0
LB=1

|
Two-Channel Duplex RS422

Two RS422 line drivers and two RS422 receiv-
ers.

TOA,
TOA,

F
B

. TOB,
—— TOB,

B

R8422 LINE DRIVERS

SELECTA=1
SELECTB=1
LB=1
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LOOPBACK

The SP304 has a function called loopback, which is
essentially a chip self-test. However, by connecting
system test loops with the inputs and outputs of the
SP304, a system-level diagnostic can be run on
power-up or on command. The test loops can be

enabled and disabled allowing both system test and
operation with the same components. A maximum
data rate for loopback of 3Kbps is recommended.
Loopback is a pin-programmable function, activated
byalogiclow onthe LB pin (19). As shown in these
figures, the loopback function internally con-

SP304 CONFIGURATIONS IN LOOPBACK MODE

I
Two -Channel Full Duplex R$232

RS232 LINE DRIVER

RS232 RECEIVER

RS232 LINE DRIVER

RS232 RECEIVER

RS232 LINE DRIVER

RS232 RECEIVER

RS232 LINE DRIVER

SELECTA=0
SELECT B =0

LB = 0 (ACTIVE)

One-Channel Full Duplex RS232 &
One-Channel Full Duplex RS422

RS422 RECEIVER
ROB,

TIA,

RS232 LINE DRIVER

RS232 RECEIVE]

= {>3 Tg‘;’?&

RS232 LINE DRIVER

RS232 RECEIVER

SELECTB =1

LB = 0 (ACTIVE)
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nects the driver outputs to the corresponding
receiver inputs, and switches the output pin to a
high impedance from Vg to ground. Receiver
outputs are left active for signal verification.

During loopback, the receiver inputs are tied to :
ground via a 5k pulldown resistor. The re- .
ceiver inputs can accept the full £15V swings !

with no interference to the loopback function.

SP304 CONFIGURATIONS IN LOOPBACK MODE

One-Channel Full Duplex RS232 &
One-Channel Full Duplex RS422
Opposite Drivers

ﬂ?;>}%ww s

RS232 LINE DRIVERS

RS232 RECEIVERS

ROB, RIB,
—.——_.—

RS422 LINE DRIVER

RS422 RECEIVER
ROA, < E
}_

SELECTA=1
SELECT B =0

LB = 0 (ACTIVE)

v

Two-Channel Full Duplex RS422

4

&{y?”%
e _%,0"

RS422 LINE DRIVERS

RS422 RECEIVERS
RIB
ROB,
)| RIB,
_ _STOA
- D el
o IOQ%-
_RsszzUNEDRVERS |
RS422 RECEIVERS RIA,
ROA,
RIA,
SELECTA=1
SELECTB =1
LB = 0 (ACTIVE)

Sipex
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ORDERING INFORMATION
Max # of Duplex Channels

Model RS232 RS422 Temperature Package
SP304CS 4 2 0°C t0 +70°C ...overercuincnne 24-pin Single-Width Plastic DIP
SP304CT 4 2 0°C to +70°C 28-pin SOIC
SP304ES 4 2 -40°C t0 +85°C ....ccvueurccres 24-pin Single~Width Plastic DIP
SP304ET 4 2 -40°C to +85°C 28-pin SOIC
Cinav
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SIGNAL PROCESSING EXCELLENCE

Sivex SP306

RS422/RS423 Line Drivers/Receivers

Bl Single chip serial transceiver supports
RS422 or RS423 interfaces

B Programmable Selection of Interface

B Two Full-Duplex Channels of Either
Interface

B Software—Selectable Mode
B Loopback for Self-Testing
B Short—Circuit Protected

B Surface Mount Packaging

DESCRIPTION...

The SP306 is a single chip device that offers both RS422 and RS423-type serial interfaces. The
device can be programmed to provide two full-duplex channels of either RS422 or RS423 via two
mode control pins. The SP306 also features a loopback function that can be activated in any
operating mode. The SP306 is available in a 28-pin SOIC package for operation over the
commercial temperature range.

SUPPLY
+5V +12V 12V

J ]

Vee Voo Vee
— seLecT A
—81seLECTB
—22 | ooPBACK
23 LI e
ouT
ST fs T
ouT/
20| L9 o 7B
= Db
45| SP308 2 L pe
RoutA —e—

3w RyAT

13 ¢ B2
L2 RyB1

]

g

}

RoutB

GND

I“—I:
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SPECIFICATIONS

Toun =T, <T,..x @nd nominal supply voltages unless otherwise noted)
MIN A MAX

PARAMETER MIN. TYP. MAX. UNIT CONDITIONS
RS423 DRIVER
TTL Input Level
Vi 0 0.8 \
Viu 2.0 \
High Level Output +3.0 +6.0 V | R =450Q,V,=0.8V; Note 6
(Vpp —0.7V) Vv R =
Low Level Output -3.0 | -6.0 | V | R =450Q,V,=2.0V; Note 6
(Ve +0.7V) V | R =
Short Circuit Current +40 mMA | Vour=0V; Note 2
Transition Time 720 ns | R_=450Q, C = 50pF; Note 3
Transmission Rate 100 Kbps
RS423 RECEIVER
Input Threshold —200 +200 mV | Common-mode = £7V; Note 1
Input Impedance 4 KQ | Ry=zx10V
TTL Output Level
VoL 04 V| Ve =+4.75V, | =+1.6mA
Vo 2.4 V| Vgo=+4.75V, lg r =-0.5mA
Receiving Rate 100 Kbps
RS422 DRIVER Note 3
TTL Input Level
V. 0 0.8 \
Vi 2.0 \
High Level Output +2.75 +6 V| lgy=—20mA
Low Level Output +1.0 V| 1o =20mA
Differential Output 2.0 VvV | R =100Q
6.0 V | RL=w
Short Circuit Current +100 mA
Output Current +500 MA | —0.25V <V, < 8V; Power off
~ Transition Time 400 ns R, =450Q, C,=15pF; Note 3
Transmission Rate 500 Kbps
RS422 RECEIVER
Common Mode Range +7 V | Note 4
Differential Input +15 V | Note 4
Differential Input Threshold -0.2 +0.2 V | T,=25°C
Input Voltage Hysteresis 30 mV | V,=0V;T,=25°C
Input Resistance 3 KQ | —7V<Vy<+7V
TTL Output Level
Voo 04 V| Vge=+4.75V, g 7=+1.6mA
Vou 2.4 V | Vge=+4.75V, lq ;7=—0.5mA
Receiving Rate 500 Kbps
Short Circuit Qutput Current +120 mA | Vou=0V
POWER REQUIREIMENTS
Vpp = +12V 7 15 mA | All Transmitter outputs R =
Ve = +5V 5 7 mA | T,=25°C
Vg =-12V 11 20 mA
ENVIRONMENTAL AND MECHANICAL
Operating Temperature
-C 0 +70 °C
-M -55 +125 °C
Storage Temperature -65 +150 °C
Package
-C 28—-pin SOIC
-F ' 28-pin Geramic Flatpack
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Note:

=y

The common mode voitage is defined as the algebraic mean of the two voltages appearing at the

receiver input terminals with respect to the receiver circuit ground.

Pin 13 — R B2— RS§422 input
Pin 14 — GND — Signal ground. Connected to

Pin 15 — V. — —12V Power Supply.
Pin 16 — N.C. — No Connection.

Pin 17 — R ;B — TTL output.

Pin 18 — N.C. — No Connection.

Pin 19 — N.C. — No Connection.

Pin 20 — T\, B — TTL input.

Pin 21 — N.C. — No Connection.

Pin 22— LOOPBACK — Active low; logic “1”
selects operating mode controlled by SELECT
A and SELECT B; logic “0” selects loopback
configuration for whatever operating mode is
selected by states of SELECT A and

2. Only one output drive pin per package will be shorted at any time.
3. From 10% to 90% of steady state.
4. This is an absolute maximum rating. Normal operating levels are V, < 5V.
5. Outputs unloaded. Inputs tied to GND; T,=+25°C; V, = 0V; LB = 0.
6. Vo Vo, will typically be +3V over —55°C to +125°C with 450Q loads.
PINOUT
Voo [ Vee
AnA2 (2] N.C. logic and chasis ground.
R|NA1 E ROUTA
NC. [ N.C.
ToutA2 (2] N.C.
TourAt [g] TinA
SELECTA [Z] SP306 LOOPBACK
SELECTB [§] N.C.
TOUTB1 E T|NB
TourB2 [I7] N.C.
N.C. []] N.C.
RinB1 E RoutB
RinB2 [3] N.C.
GND [{Z] Vee
SELECT B.
PIN ASSIGNMENTS

Pin 1 — V, — +12V Power Supply.

Pin 2 — R A2 — RS422 input.

Pin 3 — R, Al — RS422/RS423 input.
Pin 4 — N.C. — No Connection.

Pin 5 — T;;A2 —RS422 output.

Pin 6 — T ;;A1 — RS422/RS423 output.

Pin 7— SEL A — Select A; used with Select B
(pin 8) to select operating mode; please refer to
SP306 Control Logic Configuration section for
truth table.

Pin 8 — SEL B — Select B; used with Select A
(pin 7) to select operating mode; please refer to
SP306 Control Logic Configuration section for
truth table.

Pin 9— T, ;:B1— RS422/RS423 output.
Pin 10 — T;;B2 — RS422 output.

Pin 11 — N.C. — No Connection.

Pin 12— R, B1— RS422/RS423 input.

Pin 23 — T;yA — TTL input.

Pin 24 — N.C. — No Connection.
Pin 25 — N.C. — No Connection.
Pin 26 — R ,;;A — TTL output.

Pin 27 — N.C. — No Connection.
Pin 28 — V. — +5V Power Supply.

FEATURES...

The SP306 is a single chip device that offers
both RS422 and RS423 serial interfaces. The
device can be programmed via two control mode
pins (7 and 8). In either operating mode, the
SP306 provides two full-duplex channels. A
loopback function is also provided for chip self—
test, which connects driver outputs to receiver
inputs with no external circuitry.

The RS422 drivers convert TTL logic levels
into RS422 differential output signals. The
RS422 line driver outputs feature high source
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and sink current capability. The RS423 line
drivers convert TTL logic levels into inverted
RS423 output signals. All line drivers are inter-
nally protected against short circuits on their
outputs.

The RS422 receivers convert the RS422 differ-
entialinput signals into non~inverted TTL logic
levels. Receiver input thresholds are +200mV.
The RS422 receivers can receive input data up
to 1Mbps. The RS423 receivers convert the
RS423 input signals into inverted TTL output
logiclevels. The RS423 receivers have an input
threshold of £200mV, and can receive data up to
100Kbps.

A loopback test mode is provided that puts the
driver outputs into a high impedance tri—state
level, and routes the driver outputs to their
associated receiver inputs. In this configuration,

the signal path is non—inverting from the TTL
driver inputs to the receiver TTL outputs. This
operating mode allows the controlling system to
perform diagnostic self-test of the RS422/423
transceiver circuitry at speeds up to 3Kbps.

APPLICATION INFORMATION

Control Logic Configuration

Software control of the SP306 is via two select
pins (7 and 8) and a loopback control pin (22).
SELECT A and SELECT B allow the user to
program the SP306 for four different interface
modes. Loopback mode can be selected in any
of these interface modes. The figures that follow
outline the various operating modes that are
supported by the SP306.

SUPPLY
+5V +12V 12V

J

Vee Voo Vee

SELECTA=0 —

SELECTB=0 —&

LOOPBACK =1 22|

RiNAT >

RinB1 >

TourB1 —e—1—-g< '—4 TinB

SELECTA
SELECTB
LOOPBACK

ToutAl ——1——Q< I—-- TivA

=~ RoytA

>~ RoyrB

GND
SP306

14
< |

RS423 DRIVER

e

RS423 RECEIVER

* Tri-state output

SELECTA=0 - SELECT A
SELECTB =0 —& SELECTB
LOOPBACK =0 —22| | nopBACK

. SUPPLY
+5V +12V ~12V

J 1

Vee Voo Vee

8

TourA™ —e— < TNA
RiyAT > RoutA
<l—‘—‘ TinB
{>.—-> RoutB

TourB*1

RinB1

RS422 RECEIVER RS422 DRIVER

* Tri~state output

Figure 1. Control Input Configuration — SELECT A = 0, SELECTB =0
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SUPPLY SUPPLY
+5V +12V -12v +5V +12V ~12V
281 1T 15‘ 28T 11 15
Vee Voo Vee Vec Voo Ve
SELECTA=0 7 SELECT A SELECTA=0 -7 SELECT A
SELECTB =1 —2] SELECTB SELECTB =1 —2 SELECTB
LOOPBACK =1 22| LOOPBACK LOOPBACK =0 ﬂ,‘ LOOPBACK
ToutAl—— [+ TwA  TourA™t <I__‘ TinA

RNAT —>—

> RoutA  RiNAt {>§— - RoutA

2y vy

RNB2 —— hog P2 S
RNB1 —— out RAB1 our
TourB1 — ToyurB'1

our! " our! L 1.8
TourB2 —— TourB*2
14 14
L |0 spaos L P spaee
RS423 DRIVER RS423 RECEIVER RS422 RECEIVER RS422 DRIVER
* Tri-state output * Tri-state output

Figure 2. Control Input Configuration — SELECT A =0, SELECT B =1

SUPPLY SUPPLY
45V 412V —12v +5V 412V 12V
asT 1t 15T 231 1T 1sT
Vee Vop Vee Vee Voo Vee
SELECTA=1 —X{ SELECT A SELECT A=1 —L{ SELECT A
SELECTB=0 —2{ SELECTB SELECTB =0 —2{ SELECTB
LOOPBACK =1 —22|| 5opBACK LOOPBACK =0 —22 | 6OPBACK
RinA2 — RinA2
— RoutA > RoutA
RiyAT _j>— ouT/ RiAT 1>— ouT!
ToutAl — © TourAt
ouT L our |« T4
ToutA2— ToutA*2
TourB 1 _4——<]— L« TWB  TourB ™ —e—| < T8
RinB1 -———(>w— - RourB RiNB1 —— >~ RoutB
14 14
ND ND
L |° SP306 L | SP306
RS423 DRIVER RS423 RECEIVER RS422 RECEIVER RS422 DRIVER
* Tri-state output * Tri-state output

Figure 3. Control Input Configuration — SELECT A =1, SELECT B =0

Sipex
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SUPPLY SUPPLY

4BV +12V 12V 45V +12V 12V
2BT 11 15T 28T 1T 15T
Vee Voo Vee Vee Vop Vee
7
SELECTA=1 —| SELECTA SELECTA =1 ——| SELECTA
SELECTB =1 —2|{ SELECTB SELECTB=1 —2{ SELECTB
LOOPBACK =1 —22| LOOPBACK LOOPBACK =0 —22 LOOPBACK

RiNA2Z —— RinA2
— RoutA — RoutA
RinAT —j>_ U Ryt >_ ouT

ToutA*1

K]—‘ Tivd ToutA™2 _TINA
RinB2 — RiNB2
— RoutB — RoutB
RnB1 —j>_ R WY D_ ot

ToutA1—

TourA2—

ToutB1— ToutB'1
ourt L 1.8 our® g | | 1.8
TourB2— ToutB2
14 14
D
L | gpaos e

RS423 DRIVER RS423 RECEIVER RS422 RECEIVER RS422 DRIVER
* Tri-state output * Tri—state output

Figure 4. Control Input Configuration — SELECT A =1, SELECT B =1

ORDERING INFORMATION
Model Temperature Range Package
Two full-duplex channels RS422/423
SP306CT 0°C to +70°C 28-pin SOIC
SP306MF -55°C to +125°C 28—pin Ceramic Flatpack
Cinav
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Cirmav

= A SP341

+3.3V Powered
Multi-Channel EIA/TIA 562 Drivers/Receivers

FEATURES

Operate From Single +3.3V Power
Supply

Meet all EIA/TIA 562 Specifications
3 Drivers and 5 Receivers

+30V Receiver Input Levels

3-State TTL/CMOS Receiver Outputs
with Wake-up Feature

Power Management Circuit to Opti-
mize Power Consumption/Perfor-
mance

Low Power CMOS: 4 mA Operation
Low Power Shutdown Current: <1pA

Output Over—Voltage Protection:
+15V

DESCRIPTION

The Sipex SP341 is an enhanced version of Sipex SP241 line drivers/receivers which operates at
+3.3V. The SP341 is pin compatible with SP241 except one driver has been removed to provide two
pins necessary for +3.3V operation. The SP341 meets EIA/TIA 562 specifications, which guarantees
inter—operability with RS232 interfaces. The SP341 includes a Sipex patent—pending voltage—tripler
charge pump, which allows the SP341 to operate from a single +3.3V power supply. A 1uF capacitor
should be connected between the “2 V" pin and ground. The other charge pump and decoupling
capacitors should be at least 1uF. The charge pump capacitors can be either polarized or non—
polarized.

RS232 OUTPUTS RS232 INPUTS

\ y Yy Yy T
/\/\ ?h 5" ?h 5“ ?h
omeel NAAN FEE
CHARGE > ; b
PUMP E Pg smu%\%\% v \F%
!

-
-

y

TTL/CMOS INPUTS TTL/CMOS QUTPUTS

Sipex 03
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ABSOLUTE MAXIMUM RATINGS Output Voltages

L ) ) ) . Tour (V+, +0.3V) to (V-, -0.3V)
* Thisis a stress rating only and functional operation of the device our 0.3V to (Ve +0.3V)
at these or any other above those indicated in the operation Short Circuit Duration T, Contiriuous
sections of this specification is not implied. Exposure to absolute Power Dissipation T
maximum rating conditions for extended periods of time may affect CERDIP 875mW
reliabilty. (derate 9.5mW/°C above +70°C)
Plastic Dip 375mW
Ve 6V (derate 7mW/°C above +70°C)
Vi (Vec-0.3V) to +13.2V Small Outline 375mwW
V- 13.2v (derate 7mW/"C above +70°C)
Input Voltages
T ~0.3V to (Vee +0.3V)
Ry erevee ‘ +30V
SPECI FICATIONS
= +3.3V £ 10%, 1yF charge pump capacitors; T, to T, .. unless otherwise noted.
PARAMETERS MIN. TYP. MAX. UNITS CONDITIONS
TTLINPUT
Logic Threshold
Low 0.8 Volts T
High 2,0 Volts T
Logic Pullup Current 15 200 MA Tn=0V
Data Rate 20 Kbits/sec C, = 2500pF, R, = 3KQ
120 Kbits/sec C, = 1000pF, R = 3KQ
TTL OUTPUT
TTL CMOS Output Voltage i
Low . 0.4 Volts loyr =3.2mMA; V. = +3.3V
High 2.8 Volts lour = —40pA; V= +3.3V
Leakage Current 0.05 +10 pA EN Veer 0V<ROUTSVCC,
T,=+25°C
RS232 OUTPUT
Output Voltage Swing 3.7 4.2 Volts All transmitter outputs loaded
with 3KQ to Ground
Output Resistance 300 Ohms Ve =0V, Vi =22V
Output Short Circuit Current +10 : mA Infinite duration
RS232 INPUT
Voltage Range -30 +30 Volts
Voltage Threshold
Low 0.7 1.2 Volts Ve =83V, T, =+256°C
High 1.7 2.4 Volts Ve = 3.3V, T, =+25°C
Hysteresis 0.2 0.5 1.0 Volts Vee = 3.3V
Resistance 3 5 7 KQ T,=+25°C
DYNAMIC CHARACTERISTICS
Propagation Delay 1.5 us RS232 to TTL
Instantaneous Slew Rate 30 Vius C=10pF, R =3-7KQ;
T,=+25°C
Transition Region Slew Rate 4 Vius C, = 2500pF, R =3KQ;
measured from +2V to -2V
or -2V to +2V
Output Enable Time 400 ns
QOutput Disable Time 250 ns
POWER REQUIREMENTS
Vcc Power Supply Current 4 10 mA No load, T, = +25°C
13 mA All transmitters R =3KQ;
T,=+25°C
Shutdown Supply Current 1 10 uA T,=+25°C
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SP341 PINOUT

SP341 TYPICAL CIRCUIT

T0uT [T U N.C.
T0uT 2] 27 ] RgIN
T,0UT [3] 26 ] R;0UT
RyIN 2] [25 ] SHUTDOWN (SD)
R,OUT [ 5] 24] EN
TN  [(E] 23 ] RyIN
TN [Z] % L R,OUT
R,0UT [&] g B [21] 2V
RN 9] LI P A
GND [0 [ 19] RsOUT
Voo [ 18 ] RgIN
Ci+ 2] 7] v
ve o[O3 e ] c.-
c- [ [75] C,+
SHUTDOWN FEATURE (SD)

Since power consumption is critical, especially in
+3.3V battery operation, the SP341 has a built-in
intelligent power management circuit which con-
stantly optimizesits power-consumption/performance.
To further save power, the SP341 can be shut-down
by applying V. tothe SD pin to stop the charge pump
andreducel .. toaround 1uA. In shutdown mode, all
receivers are in a high impedance three-state mode.

WAKE-UP FEATURE

The SP341 has a wake-up feature that keeps all the
receivers in an enabled state when the device is in the
shutdown mode, unless explicitly disabled by the EN
pin. With only the receivers activated, the SP341
typically draws less than 1pA supply current (10pnA
maximum). In the case of a modem interfaced to a
computer in power down mode, the Ring Indicator
(RI) signal from the modem would be used to “wake
up’” the computer, allowing it to accept data transmis-
sion.

Aftertheringindicator signal had propagated through
the SP341 receiver, it can be used to trigger the power
managementcircuitry ofthe computertopowerupthe
microprocessor and bring the SD pin of the SP341 to
alogic low, taking it out of the shutdown mode. The
receiverpropagationdelayistypically 1us. Theenable
time for V+and V- is typically 2ms. After V+and V-
have settled to their final values, a signal can be sent
back to the modem on the data terminal ready (DTR)

+3.3V INPUT
y

, &
2

v
1ouF 2L | Cr* cc

16V { +3V to +9V
15,

IC

=
PN
o
g

Cy- Voltage Tripler

g
1.0pF 4 Z sveev v |azys toF
% Tl ¢ »~  Voltage Inverter 1ev

AR
Ay F_| 16V

2T, 0UT

¥

&
T, IN— 7 OOKQ'

—

L T,0UT

-

RS232 OUTPUTS

TTL/CMOS INPUTS
8
?
.
fol
L

400KS2 o At

21 28

SP341 NG,

9
Flﬂﬂ

t PN

TTL/CMOS OUTPUTS
A >
[e] [e]
S S
1
AVAYAVAYA
5 b b
5 5
i i
A A
=
RS232 INPUTS

4

g
i

27

RgIN

2 RN

L. RSIU

| 25 ¢ sp

4

8
1l

4

8
|

o

=)

=

pinsignifying that the computer is ready toaccept and
transmit data.

o Power Receiver

SD | EN Up/Down Outputs
0 0 Up Enable

0 1 Up Tri—state
1 0 Down Enable

1 1 Down Tri-state

Table 1. Wake-Up Function Truth Table
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ORDERING INFORMATION
Model Temperature Range Package
SP341CT 0°C to +70°C 28-pin SOIC
SP3HET —40°C to +85°C 28-pin SOIC
CT and ET packages available Tape—-on-Reel; please consult the factory
Cimnav
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Sivex SP481/485

SIGNAL PROCESSING EXCELLENCE )

Low-Power RS485/RS422 Interface Transceiver

B Low Power: |, = 300pA Typical
M Single +5V Supply

B Power Up/Down Glitch-Free Driver
Outputs - Permit Live Insertion or
Removal of Transceiver

B Driver Maintains High Impedance in
Three-State or With the Power Off

B Combined Impedance of a Driver
Output and Receiver Allows Up to 32
Transceivers on the Bus

H SP481 Provides SHUTDOWN mode

B Pin Compatible with the MAX481,
MAX485 and LTC485

DESCRIPTION... i
The Sipex SP481/485 are low power half-duplex transceivers designed for RS485 and RS422
applications with extended common mode range (+12V to -7V). The driver and receiver feature
three-state outputs, with the driver outputs maintaining high impedance over the entire common:
mode range. The SP481 features a SHUTDOWN mode for <1pA standby power consumption.:
The SP481/485 are fully specified over the commercial and industrial temperature ranges.

RO |1 8]V
ﬂ. -

RE [2 718

DE |3 —6]A

DI [4 B 5] GND

Cinav : o7
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ABSOLUTE MAXIMUM RATINGS:

Supply Voltage (V) +12V
Control Input Voltages . -0.5Vto V, +0.5V
Driver Input Voltage 0.5V to V, +0.5V
Driver Input Voltage +14V
Receiver Input Voltages. +14V
Receiver Output VOItage ..........cccoceeerereereninunn -0.5Vto V., +0.5V

* This is a stress rating only and functional operation of the device
at these or any other above those indicated in the operation
sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of time may affect

reliability.
SPECIFICATIONS
Voo =8V £ 5%, T, £ T, < T, unless otherwise noted.
PARAMETERS MIN. TYP. MAX. UNITS CONDITIONS
DIFFERENTIAL DRIVER
Output Voltage 5 Volts Unloaded; R =
2 Volts with load; R = 50Q; (RS422)
15 5 Volts with load; R =27Q; (RS485); Fig. 1
Magnitude Change of Output] 0.2 Volts R =27Q of R =50Q; Fig. 1
Voltage for Compiementary
Output States
Common Mode Output 3 Volts R=27Qor R=50Q; Fig. 1
Magnitude Change of Driver 0.2 Volts R=27Qor R=50Q; Fig. 1
Common Mode Output Voltage for Complementary
Output States
Input High Voltage 20 Volts DE, DI, RE
Input Low Voltage 0.8 Volts DE, DI, RE
Input Current +2 LA DE, DI, RE
Input Current (A, B) DE =0, Vi =0V or 5.25V
+1.0 mA V=12V
: -0.8 mA Vin=-7V
Driver Short-Circuit Current -7V Vo < +10V
Voyr = HIGH 35 250 mA :
Vour = LOW 35 250 mA
Driver Data Rate 5 Mbps
Driver Input to Output 20 30 60 ns Rpyer = 54Q, G, = C, = 100pf;
Driver Input to Output 20 30 60 ns Figures 3 and 5
Driver Output to Output 5 10 ns
Driver Rise or Fall Time 3 15 40 ns
Driver Enable to Output High 40 70 ns C_=100pF; Fig. 4 & 7, S, closed
Driver Enable to Output Low 40 70 ns C_=100pF; Fig. 4& 7; S, closed
Driver Disable Time from Low 40 70 ns C,_ =15pF; Fig. 4 & 7. S, closed
Driver Disable Time from High 40 70 ns C, =15pF; Fig.4& 7, S, closed
RECEIVER
Diff. Input Threshold Voltage| -0.2 +0.2 Volts -7V SV +12V
Input Hysteresis 70 mV Ven =0V
Output High Voltage 3.5 Volts lo = -4mA, Vg = +200mV
Output Low Voltage 0.4 Volts lg = +4mA, V|, = -200mV
Three-State (High Impedance) +1 pA Voo =Max. 0.4V <V,y<2.4V
Output Current
Input Resistance 12 kQ 7V V< +12V
Short-circuit Current 7 85 mA 0V<Vo<Vee
Receiver Data Rate 5 Mbps
Receiver Input to Output 60 90 200 ns Rper = 54Q, C, = C, = 100pf
Receiver Input to Output 60 90 200 ns Figures 3& 8
Diff. Revr Skew ltg, - toyy | 13 ns
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SPECIFICATIONS (continued)

Vo =5V £ 5%, 0°C<T ,<70°C unless otherwise noted.

Vop

B

D
|||<—§+

PARAMETERS MIN. TYP. MAX. UNITS CONDITIONS
RECEIVER
Receiver Enable to Output Low 20 50 ns CrL = 15pF; Fig. 2& 9; S, closed
Receiver Enable to Output High 20 50 ns Cr=15pF; Fig. 2& 9, S, closed
Receiver Disable from Low 20 50 ns Cp = 15pF; Fig. 2& 9, S, closed
Receiver Disable from High 20 50 ns Cg, = 15pF; Fig. 24 9, S, closed
POWER REQUIREMENTS
Supply Voltage +4.5 +5.5 Volts Ve
Supply Current lec
SP485 —
No load 500 900 HA RE, DI =0V or V; DE=5V
300 500 HA RE, DI =0V or V.; DE=0V
SP481
No load 500 900 uA RE, DI=0V or5V; DE=5V
300 500 HA RE=0V, Dl =0V or 5V;
DE=0V __
Shutdown Mode 0.1 10 HA DE =0V, RE=V
ENVIRONMENTAL AND MECHANICAL
Operating Temperature
Commercial (-C_) 0 +70 °C
Industrial (-E_) -40 +85 °C
Storage Temperature —65 +150 °C
Package
-CS, -ES 8—pin plastic DIP
—CN, -EN 8—pin narrow body SOIC
A
: Test Point 1K
Receiver
T R Output s?_/v\/\/\/_ Vee

CRLI

-

Figure 1. Driver DC Test Load Circuit

Figure 2. Receiver Timing Test Load Circuit

3V

DE Cu1 L

ST

DI A ZRore 4{ A RO
B = B

T 15pF

I

s Vec
1
Output 500
Under
Test ¢
1 ©

— 2 r—

Figure 3. Driver/Receiver Timing Test Circuit

Figure 4. Driver Timing Test Load #2 Circuit

Sipex
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PIN FUNCTION... ;
PIN# NAME DESCRIPTION

1

[eBEN e W) )

RO

DE

DI

o > Z

<

Receiver Output. If the re-
ceiver output is enabled (RE
low), then if A>B by 200mYV,
RO will be high. If A<B by
200mV, then RO will be low.
Receiver Output Enable. A
low enables the receiver out-
put,RO. Ahighinput forces
the receiver output into a high
impedance state.

Driver Outputs Enable. A high
on DE enables the driver out-
put. A andB, and the chip will
function as a line driver. A
low input will force the driver
outputs into a high impedance
state and the chip will func-
tion as a line receiver.
Driver Input. If the driver
outputs are enabled (DE high),
then a low on DI forces the
outputs A low and B high. A
high on DI with the driver
outputs enabled will force A
high and B low.

Ground Connection.

Driver Output/Receiver Input.
Driver Output/Receiver Input.
Positive Supply;

4.75V < V<525V

N4
i 7|8
L

— 6 A

SP485 [°] &P

Top View

Figure 5. SP485/481 Pinout

FEATURES...

The Sipex SP481 and SP485 are half-duplex
transceivers designed for RS485 and RS422
applications. BiCMOS design offers significant
power savings over their bipolar counterparts
without sacrificing ruggedness against overload
of ESD damage or other performance param-
eters.

The SP481 and SP485 are pin—for—pin replace-
ments for each other and the MAX481 and
MAX485 products. The SP485 has an operating
current of only 300pA, making it ideal as a
replacement for older bipolar products. The
SP481features a shutdown mode that reduces
standby operating current to less than 1nA maxi-
mum.

The driver and receiver feature three-state out-
puts, with the driver outputs maintaining high
impedance over the entire common mode range.
Excessive power dissipation caused by bus con-
tention or faults is prevented by a current limit-
ing circuit at the driver outputs. The receiver has
afail safe feature which guarantees a high output
state when the inputs are left open.

The SP481 and SP485 are fully specified over
the commercial temperature range.

SHUTDOWN MODE...

The SHUTDOWN mode is accessed simply by
disabling both the DE and RE control lines
simultaneously. In the SHUTDOWN mode,
standby power dissipation is reduced to <1pA.

100
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INPUTS OUTPUTS INPUTS OUTPUTS
L LINE RE DE A-B R
RE | DE | DI{CONDITION| B A 0 0 +02V 1

X1 1 No Fault 0 1 0 0 02V 0
X 1 0 No Fault 1 0 0 0 Inputs Open 1
X 0 X X y4 Z 1 0 X 7
X 1 X Fault V4 Z )
Table 2. Receive Function Truth Table
Table 1. Transmit Function Truth Table
f=1MHz; tg < 10ns; tp< 10ns
+3V """""
1.5V 15
* <+ tpLH tPHL—> tPLH
DRIVER 1/2V 1/2Vo
OUTPUT
| |<—tSKEw —P 4— tSKEW
DIFFERENTIAL Vgt = =~~~ —— ~ — 5
OUTPUT OV--—-—-—-—-——-
- Vo~
Va-Vs Yo —-| |etg —»I —

Figure 6. Driver Propagation Delays

av f=1MHz; tg < 10ns; tp < 10ns
4BV ———————
DE 711 .5V XQSV
ov
—| |tz > |tz
A B o \ 2.3V o
' N Output normally LOW 0.5V
VoL-————- --
VOH —————— R
A B //2_3\, Output normally HIGH 0.5V
ov ———
—»>| |4 tz4 > [ tyz

Figure 7. Driver Enable and Disable Times

Sig»fx 101
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Vopz2t T\ /
A-B ov ov
' INPUT
Vopg© - - - - -~ N\ /
VoH
R 1.5V OUTPUT 1.5V
V ______ —_
oL tPHL—> <+ tppL > <+
f=1MHz; tr < 10ns; tp < 10ns

Figure 8. Receiver Propagation Delays

43V ﬁ /
RE v N5V 1= 1MHz; ta < 10ns; te < 10ns 715V
> |z —>| €tz
R o N 1.5V e~
Vi = = = — — — _ X Output normally LOW 0.5V
Vi __ _l-
R //1 BV Output normally HIGH | 0.5V
oV —— N ,
—»>| |tz —»| |4tyz

Figure 9. Receiver Enable and Disable Times

SEMV :
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ORDERING INFORMATION

Model Temperature Range Package

SP481CN 0°C to +70°C 8-pin narrow SOIC
SP481CS 0°C to +70°C 8-pin Plastic DIP
SP485CN 0°C to +70°C 8-pin narrow SOIC
SP485CS 0°C to +70°C 8-pin Plastic DIP
SP481EN -40°C to +85°C 8-pin narrow SOIC
SP481ES -40°C to +85°C 8-pin Plastic DIP
SP485EN -40°C to +85°C 8-pin narrow SOIC
SP485ES -40°C to +85°C 8-pin Plastic DIP

Sipex 103
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Sivex SP486 and SP487

SIGNAL PROCESSING EXCELLENCE

\\

Quad RS485/422 Lmé«Drlve\rs

B RS485 or RS422 Applications
B Quad Differential Line Drivers
B Tri—state Output Control

B 40ns Typical Driver Propagation
Delays

M 5ns Skew

B -7V to +12V Common Mode Output
Range

B 100pA Supply Current

B Single +5V Supply Operation

B Pin Compatible with SN75172,
SN75174, LTC486 and LTC487

DESCRIPTION..

dent driver enable controls for eabh pau' of r‘Versr Both feature tri-state outputs and wide
common—mode input range. Both: -are avallable“m 16—pin plastic DIP and SOIC packages.

Diy 1 SP487 16 Ve
DOA 2 15 DIy
DOB 3 14 DO

ENJ/EN, 4 —|>—- 13 DO,B
DOB & ->—<]—12 EN/EN,
DOA 6 11 DOgB

Dl 7 10 DOsA

GND 8 9 Dl

n
Cirmawv
i
ol
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ABSOLUTE MAXIMUM RATINGS

These are stress ratings only and functional

operation of the device

at these or any other above those indicated in the operation
sections of the specifications below is not implied. Exposure to
absolute maximum rating conditions for extended periods of time

may affect reliability.

Vee +12V
Input Voltages
Logic ~0.5V to (V,, +0.5V)
Drivers -0.5V to (V, +0.5V)
Driver Output Voltage +14V
Input Currents
Logic +25mA
Driver +25mA
Storage Temp Ire —65°C to +150°C
Power Dissipation
Plastic DIP 375mwW
(derate 7mW/°C above +70°C)
Small Outline 3756mwW
(derate 7mW/°C above +70°C)
Lead Temperature (soldering, 10 S€C) .......coccvmevemrerennerrnnenes 300°C

SPECIFICATIONS

Vo = 5V15%; typicals at 25°C; T, S T, < T,

unless otherwise noted.

PARAMETER MIN. | TYP. n(A‘)‘c.\

CONDITIONS

DC CHARACTERISTICS

Digital Inputs DI, EN, EN, EN/EN,, EN/EN,
Voltage < N \v} 4
Vi : S Volts
Vi 2.0 *  Volts
Input Current /\ e\ [N/ pA
DRIVER OUTPUTS \\;;
Differential Voltage 4 Volts Ip, = 0; unloaded
2 \\ Volts R_= 50 ohms (RS422)
1.5 \\\2 Volts ‘R, =27 ohms (RS485); Fig. 1
Change in Output Magnitude . ‘\\0.2 Volts for complementary output state
N \/ R_=27 ohms or 50 ohms; Fig. 1
Common Mode Output Voltagé™ 2. 3 Volts R_=27 ohms or 50 ohms; Fig. 1
Change in Common Mode Output gnltud © 0.2 Volts for complementary output state
/ R =27 ohms or 50 ohms; Fig. 1
Driver Data Rate /> \\ I / 5 Mbps -
Short—cnrcwt Curren;t / \x\/ .
\/ ¥ 250° mA =7V &V, < +12V
250 mA =7V sV < +12V
High Impedance Ouipgt Current +2 +200 A V,==7Vio +12V
POWER R NTS
Supply V s, 'g \,4'4; 5.00 5.25 Volts
Supply 100 200 uA No load, output enabled
100 200 pA No load, output disabled
ENVIR EN‘I‘ AND WI‘ECHANICAL
re
\> 0 +70 °C
—-40 +85 °C
rag perature —65 +150 °C
Pac «a’ge
16—pin Plastic DIP
_ 16-pin SOIC
“w
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PINOUT — SP486

ol [ U SP4ge  [16] Voo
DOA [Z _ 15 § Dly
D08 IZ 14 | DOA
EN Ea 13 ) DO,B
DOsB E EN
DOA IE _ 11 § DOsB

Dy [: 10 § DOsA

GND [—s_— 9 J Dl

SP486 PINOUT

Pin 1—DI, — Driver 1 Input— If Driver 1 output is
enabled, logicOon DI forces driveroutputDOlAlow
and DO B high. Alogic 1 on DI, with Driver 1 output
enabled forces driver DO, A high and DO B low.

‘\\‘ S /
Figure 3. Driver Timing Teng\Load(\
s ~
. Y

M"w\ G

\\N

Pin 8 — GND\— Dlgi?l Ground

row
/’ T

g

Pm9—<;DT\—Dn r3{§put—1f Driver 3 outputis
enabled, togic Oop D orées dnveroutputDO Alow
and DO,B hiph A logic' Yon DI, with Driver 3 output
enabmfg;ces river DO,A high and DO,B low.

\\Pukl(j «‘,—;‘l\j@ ;‘; Driver 3 output A.

Pin2—DO A — Driver 1 output A. //'\
~Pin 1 B Driver 3 output B.
Pin 3— DO B — Driver 1 output B. \ N
\\Fm 12\-r EN Dnver Output Disable. Please refer
Pin 4— EN— Driver Output Enable. Pleasére rﬁ>~ }n SP486 Truth Table (1).
SP486 Truth Table (1). N ;
NN ““Pni13—DOB — Driver 4 output B.
Pin 5 — DO2B — Diriver 2 output B. ™. .. \
™~ SNV Pin 14 — DO,A — Driver 4 output A.
Pin 6 —DO,A — Driver 2 output A \‘x\ / .
N Pin 15 — DI, — Driver 4 Input — If Driver 4 output

Pin 7—DI, —Driver 2 IngutalfDﬁvgr 2 oufputis
enabled, logicOonDL forees dnver?)umut A’low
and DO,B high. Aloglcfl orf IzmthDI‘w r% utput

is enabled, logic 0 on DI, forces driver output DO A
low and DO,B high. A logic 1 on DI, with Driver 3
output enabled forces driver DO,A high and DO,B

enabled forces dnve;:«DQ"' A hlgh@nd PQ B low. low.
EN
Cr1
A
DI —{DRIVER RoiFr
5
i Co—
EN

Figure 1. Driver DC Test Load

Figure 2. Driver Timing Test

Sipex
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PINOUT — SP487

INPUT ENABLES OUTPUTS
DI EN EN OUTA 4| OUTB
on [ 1] U spar [m)ve H H X H { L
0o [2] 15 J DIy L H X L \ \ H
008 [3] —14] DOA H X L A-J:LM \1\\
EN/EN, IZ—|> 13 DO,B L X L T7™L \ﬂ/
DO,B |_T_ <I— 12 ]| ENyEN, X L yl/ / ’\’-ll-)Z‘\ Hi-Z
00zA E:Zg* : 1] pose Table 1. SP486 Truth 1e<\/ / Ny f
Dl E ‘Z&g 10 J DOsA
GND E 9 J Diy - “
Pin 11 —DO %Wer ugput B.
Pin 12 iver 3 and 4 Output Enable.
Please refer, to SB48 h Table (2).
Pin 16 — Supply Voltage V., — 475V <V < e )

cCc —

5.25V.

SP487 PINOUT

and DO B high. A logic 1 on DI, with Driver }
enabled forces driver DO A high and DO B I
Pin 2—DO,A — Driver 1 output A.

Pin 3—DO,B — Driver 1 output B. Qs

Pin 4 — EN,/EN, — Driver {and Output E
Please refer to SP487 Truth Table (2).

enabled, logic 0on D}, force
and DO B'high, A logi DIywith Driver 2 output
enabled forees dif eggo A'high and DO_B low.

f\\
Pin 1 — DI, —Driver 1 Input—If Driver 1 outpugis i
enabled, logicOon DI, forces driveroutputDO,Alo N\ is

ut

B

1
4 — Driver 4 output A.
— B, — Driver 4 Input— If Driver 4 output
bl ogic 0 on DI, forces driver output DO,A

and DO,B high. A logic 1 on DI, with Driver 3
O enabled forces driver DO,A high and DO,B
0

16 — Supply Voltage V. — 475V <V . <
5.25V.

FEATURES...

The SP486 and SP487 are low—power quad differ-
ential line drivers meeting RS485 and RS422
standards. The SP486 features active high and
active low common driver enable controls; the
SP487 provides independent, active high driver
enable controls for each pair of drivers. The driver
outputs are short—circuit limited to 200mA. Data
rates up to SMbps are supported. Both are avail-
able in 16—pin plastic DIP and SOIC packages.

— Ground INPUT ENABLES OUTPUTS
DI EN1/EN2 or EN3/EN4 | OUTA |OUTB
Driver 3 Input— If Driver 3 output is H H H L
logic 0 on DI, forces driver output DO, A low
"B high: A logic 1 on DL, with Driver 3 output L H L H
enabled forcesdriver DO, A high and DO,B low. L Hi—z | Hiz
Pin 10— DO,A — Driver 3 output A. Table 2. SP487 Truth Table
Cinawv
108 Vi
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3V F=1MHZ:t, < 10ns: ; < 10ns
DI /
oV 1.5V 1.5V /\
tPLH — — tPHL —
o 1 |
A Vo 0 .
t 1y —| f— 1y
20 tgeew 2/0 Nty
v Vpier = V(A) -
o 50%
Vo — |1
r

Figure 4. Driver Propagation Delays

SIDEX
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x/\\ ™
A SO
.,
\ \Q\\ \\ \/
o S \\ \w
Y \..\.
’m\ \ \>\
AC PARAMETERS / \ NS
V¢ = 5V+5%; typicals at 25°C; 0°C < T, < +70°C unless ottggmns n:t:§\ >
- PARAMETER MIN. TYP. JMAX. UNIT CONDITIONS
PROPAGATION DELAY “ ./
Driver Input to Output <] ™, /\"‘ Ry = 54 ohms, C,=C, =
y . N / 100pF; Figure 2
Low to High (t,,,) 407 60 ns
High to Low (t,,,), ./ |~ _20™] 40 60 ns
Driver Output to 0u({>upztSK yr o s 15 ns
Driver Rise Time<\ ) 4 4 / 10% to 90%
SP486 ; 20 ns
SP487 ~. N S 20 ns
Driver Fall Tifne (tj\ NG / 90% to 10%
SP486/ - | 20 ns
SP4 . 20 ns
DRIVER ENABLE /" ™
To Output Hrg 35 70 ns C, = 100pF; Figures 3 and 5
(S, closed)
t Lo‘w 44 75 ns C, = 100pF; Figures 3 and 5
(S, closed)
' D*Rly SABLE
\\EQﬁ Oufput Low 55 92 ns C_ = 15pF; Figures 3 and 5
(S, closed)
From Outpu 45 75 ns C, = 15pF; Figures 3 and 5
(S, closed)
Cinav
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th — e iz —

F = 1MHZ: t, < 10ns: t; < 10ns
1.5V R

1.5V \\

o
7

i, o
™, »
e %,

N

/M““”“‘”\& 3

XMM

|
A B V5V Vo \T 2.3V /;
oL f Output normally low \

. Output normallyhd‘ﬁ' s

Vou /
oV 23V N 0.5V
_ S— \ \\_. ;
— by
tzn / N /9-12
"
N o
e ™
Figure 5. Driver Enable/Disable Timing V' \%\“ N
4 ", ‘«\}
R
" A ~,
%,
.
N
N ORDERING INFORMATION
~ o~ 7

Quad RS485 Drivers: iy N N/

Model ’f f V,anhlP/Dl le Temperature Range ... Package
SP486CS ... / C9mmo az’;ﬁe Low and‘ﬁ(ctlve High .... .0°Cto+70°C.......... 16-pin Plastic DIP
SP486CT GQ\mrr}an getive Low §1}d Active High . 0°C to +70°C 16-pin SOIC
SP486ES iy Comfnon(acnve ow {ahd Active High . —40°C to +85°C ... . 16—pin Plastic DIP

SP486ET.

SP487CS

Gommoﬁ= Qctlv Low and Active High .
per dfiver pair; active High ..

... 16—pin SOIC
. 16-pin Plastic DIP

SP487CT O Q(\drlv,ef' pair; active High .. 0°C to +70°C 16-pin SOIC
SP487ES <One per Ariver pair; active High .. .—40°C to +85°C ... . 16—pin Plastic DIP
SP487ET;? Nozé\pe>drlver pair; active High .. .—40°C to +85°C ... <ereeenne 16~pin SOIC
7
-
Sipex
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Sivex ~ SP488 and SP489

SIGNAL PROCESSING EXCELLENCE
/ o, 1\\\

Quad RS485/422 Lme/Becelv“éFSf
/

W RS485 or RS422 Applications
M Quad Differential Line Receivers
B Tri-state Output Control

B 120ns Typical Receiver Propagation
Delays

W -7V to +12V Common Mode Input
Range

B 1mA Supply Current
M Single +5V Supply Operation

B Pin Compatible with SN75173,
SN75175, LTC488 and LTC489

. N
DESCRIPTION.. <\{\ \E\\ /

The SP488 and SP489 are low—power ua“dwdlj'[é‘rent{\ﬂmef receivers meeting RS485 and RS422
standards. The SP488 features a commqn control the SP489 provides independent
receiver enable controls for each pa ive ature tri—state outputs and wide common—
mode input range. The receivers have a i!—sa (%ture which forces a logic “1” output when receiver
inputs are left floating. Both are availab quEIﬁ“pléS’th DIP and SOIC packages.

/ K
\ X
1é\f V, RLB 1 SP489 16 Ve
/\ cc
- 15 RI4B RHA 2 15 RI,B
14 RIA ROy 3 [ 14 RI,A

13 RO, ENy/ENy, 4

12 BN RO, 5 >——<]— 12 ENg/EN,

i

RO4

11 RO; RI,A 6 11 ROz
10  RIzA RIB 7 10  RIA
9 RIgB GND 8 9 RIB

Sipex 111
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ABSOLUTE MAXIMUM RATINGS

These are stress ratings only and functional operation of the device //\
at these or any other above those indicated in the operation
sections of the specifications below is not implied. Exposure to 3
absolute max!mqm rating conditions for extended periods of time \\ \
may affect reliability. / %M& &%\
Ve +12v [MW .
Input Voltages ) WMN\\ \}
Logi —0.5V to (V, +0.5 -
Roe%:iver o Ve +¢1l<)/ y yd m\‘»% 7
Receiver Output Voltage ............cooeceeerivirnnes -0.5V to (V, +0.5V) o
Input Currents oc / / ) e
Logic .. +25mA Faw4 . oy
Storage TeMPEratUre ...........cccveeeerererevereessrnereses —65°C to +150°C < ”’x\} & “\»\ /
Power Dissipation S / b
Plastic DIP 375mW . 4
(derate 7mW/°C above +70°C) \\ \\
Small Outline 375mwW A, \ ¥
(derate ZmW/°C above +70°C) / e, \»/
Lead Temperature (soldering, 10 S€C) .......ccccevnevrerrrvnscrinnnes 300°C (*»\ Y:’Mm /AMW‘T
' %, :\\// s ‘"‘w/
[’\ \ é{f’
< \\x \
““’\\ \,\ \ p
SPECIFICATIONS ; e NV
Vo = BV25%; typicals at 25°C; T, < T, < T, unless otherwise noted. ““““ﬁ“\::mw«-« _— _/’
™
PARAMETER MIN. UNIT- CONDITIONS
DC CHARACTERISTICS o \\ 4 .
Digital Inputs C N Y EN, EN, EN/EN,, EN/EN,
Voltage R
\A Volts
Vi 20 Volts
Input Current pA Lyt
RECEIVER INPUTS
Input Resistance 12 Kohm =7V <V, 12V
Differential Input Threshold -0.2 Volts -7V < VCM <12v
input Current (A, B) /‘\ Voo =0Vor5.25V; 1,
4™ / +1.0 mA V= +12V
-0.8 mA V,, ==7V
| V4
‘Receiver Data Rate / > \\V\ ~ 5 Mbps "
RECEIVER OUTPUT, s .. w"/
Output Voltage j A,
35/ |7 V| 1, =-4mA; V= +0.2V
V 0.4 \' I, =+4mA; VID =-0.2V
ngh Impedar}ee”@utgut rredt’ /S +1 pA V. = maximum; 0.4V <V, < 2.4V
POWER REQUIREMENTS .. 'h/
Supply Voitagé | %7s 5.00 5.25 Volts
Supply Eurrént Py 1 mA No load
ENVIRONMENTAL/AND MECHANICAL
Operating Temperature
/ :mg\m(“ 5 0 +70 °C
: -40 +85 °C
Stér g e'[;aperature —65 +150 °C
ac
16-pin Plastic DIP .
16—pin SOJC

112 ViGN
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100pF
:_E pF EN

54Q RCVR

RON

1 BN

1/4 SP486 1/4 SP488
Figure 1. Timing Test Circuit Figure 2. Enable/Disable Ttmmg Tei?*(ltrcmt
s \ 4
SP488 PINOUT
Pin 1 — RI,B — Receiver 1 input B. Pin 6 — RI A 3\ é«ewér 2"~mput A.
Pin 2 — RI A _Receiver 1 input A. Pin 7 ‘RI REQCI r 2 input B.
-~~M v’
Pin 3 — RO, — Receiver 1 Output — If Re- GND— D%ltal Ground.
ceiver 1 output is enabled, if RLA> RIB by \ T

200mV, Receiver output is high. It RCCCIVCI' 1 /\1511@,9 —X\T‘B Receiver 3 input B.

outputisenabled, and if RI, A<RI B by 200mV, \\ \

Receiver 1 output is low. /\\Eln L\Q\— I A Receiver 3 input A.

Pin 4 — EN — Receiver Output Enable. Please\\ Ti\— RO, — Receiver 3 Output — If

refer to SP488 Truth Table (1). %u@e’r 3 output is enabled, if RLA >RLB by
\ \\W V, Receiver 3 outputis high. If Recelver 3

Pin 5 — RO, — Receiver 2 Outpyt >~ If Re- t\‘bu ut is enabled, and if RLA < RLB by

ceiver 2 output is enabled, if RI AB\RI\B\ 0mV, Receiver 3 output is Tow.

200mV, Receiver 2 output is high. If Recei cr

output is enabled, and if RLA < RLB Pin 12— EN— Receiver OutputEnable. Please
200mV, Receiver 2 output gs’“ kxw »,»» refer to SP488 Truth Table (1).

S \\ ./ S
4 " ™, 7
PINOUT SN
£ S s T
P 7 !\ / /x’ N v
RI;B |I U SP4gs |16 ] Vec RIB 1 U SP489 |16 Ve
RiA [2] 15 j§ RI,B RIhA I_T_ 15 J RisB
RO, |: ! 14 J RIA RO, l_s__ 14§ RiA
EN :—&' 13 § RO, EN//EN, [Z—{>—< 13§ RO,
/Roz I: —12§ EN RO, E >——<l—— 12 J| EN3/EN,
é\zA I; , 11 | RO; RI,A E 11 J RO3
\
ﬁj,gle: 10§ RisA RI,B E 10 J AlA
GND E 9§ RIB anp (3] 9 ] RI;B
Cirmawv :
Vi 113

SIGNAL PROCESSING EXCELLENCE



Pin 13 — RO, — Receiver 4 Output — If
Receiver 4 output is enabled, if RI A>RLB by
200mV, Receiver 4 output is high. If Receiver 4
output is enabled, and if R[LA < RIB by
200mV, Receiver 4 output is low.

Pin 14 — RI A — Receiver 4 input A.

Pin 15— RI B — Receiver 4 input B.

Pin 16— Supply Voltage V,.,—4.75V V
5.25V.
SP489 PINOUT

Pin 1 — RI,B — Receiver 1 input B.
Pin 2 — RI A —Receiver 1 input A.
Pin 3 — RO, —Receiver 1 Output — If Re-

ceiver 1 output is enabled, if RI,, > RI B by
200mV, Receiver output is high. If Receiver 1

outputisenabled, andif R[, A<RI,B by 200mV N b

Receiver 1 output is low.

“\
Pin 5 — RO, — Receiver 2 Outpu/ ”*»{f ﬁa

s
EA
o

Pin 9 — RI,B — Receiver 3 input B

Pin 10 — R, A —Receiver 3 1npu‘g A%

Pin 11 — RO, — Receiver/ 3‘”@u&put — If
Receiver 3 output is enabled 4RI, ;A>RI, B‘\%
200mV, Receiver 3 output,as lna}l If Recewgr
output is enabled, and/if RLA < RLB by
200mV, Receiver 3 optp}ﬁ is ﬁow ~~~~~~

/ P fa

Pin 12 — EN3/EN4 —ARecelver 3 and’zl Output
Enable. Please refer to SP489 Tfuth Table (2).

o \ /

Pin 13 — RO e ReceWen 4 Output — If
Receiver 4 output is egébleddf RLA>R], B by

Plf'I 15 —%RI B

RLB, Receiver 4 input B,

«—4T5V V o

FEATURES...
N Thé SP488 and SP489 arc low—power quad differen-

ceiver 2 output is enabled, if RL,A > RI, B' ~by .. fal line receivers meeting RS485 and RS422 stan-

200mV, Receiver 2 output is hlgh If Recemer 2 .

"dards. The SP488 features active high and active low

output is enabled, and if RLA < RI,B by.. / common receiver enable controls; the SP489 pro-
200mV, Receiver 2 output {s ldw x > vides independent, active high receiver enable con-
. x trols for each pair of receivers. Both feature tri-state
Pin 6 — RLA — RecewepQ 1nputA outputs and a =7V to +12V common-mode input
VAN /‘ range permitting a +7V ground difference between
Pin 7 —RLB — Re/celyer i 1}1put B devices on the communications bus. The SP488/489
yd are equiped with a fail-safe feature which forces a
Pin 8§ — GND mglfal Gr(‘my’/ logic high at the receiver output when the input is left
Y . 7 floating. Data rates up to SMbps are supported. Both
/ ,f N e are available in 16-pin plastic DIP and SOIC pack-
ra
DIFFERENTIAL 7 7 ‘ENA g OUTPUT ages.
A- B\\ /EN RO
4"/ . 2v\ o o y - DIFFERENTIAL ENABLES OUTPUT
02 y 3 »\xj} A H A-B EN/EN2 or EN3/EN4 RO

{v\g\.z\‘/‘w{i ;*5.2v H X ? Vio 02V H A

S < X L ? —0.2V < Vp < +0.2V H ?

Vi %0‘-”%\,{%\;? ;‘ )lf t Vip 0.2V H L

X L H Hi-Z X - Hi-Z
Table 1. SP488 Truth Table Table 2. SP489 Truth Table
Cimawv
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AC PARAMETERS

A\

Vo = 5V15%; typicals at 25°C; 0°C < T, <+70°C unless otherwise noted. (. \
AN
PARAMETER MIN. TYP. MAX. UNIT COND}J@NS\ \
PROPAGATION DELAY . .
Receiver Input to Output C, = 15pF; Figuré 1,3, \>
Low to High (tPLH) 120 ns TN S
High to Low (tPH,) 120 ns / I
Differential Receiver Skew (i) 13 ns /S \\
Receiver Rise Time (t.) /{ 0%/ to 9 . /
SP488 20 ns / .
SP48g 20 ns \ <
Receiver Fall Time (tF) . 90% t0~1.0% ~
SPa8s 20 I
SP489 20 Qs "“\\\
RECEIVER ENABLE /
To Output High 20 N ns \é =/1EEF Figures 2 and 4
Iosed)
To Output Low 20 <‘\\ \ns 15pF Figures 2 and 4
S N closed)
RECEIVER DISABLE Y
From Output Low 20 A WS _~/>CL = 15pF; Figures 2 and 4
. \\ S (81 closed)
From Output High 20 < M S RS CL = 15pF; Figures 2 and 4
A \\ \\ \\ / (S2 closed)
S
\\\ S \\/ /
/*m
Wop <M”Fp:<~1n$‘1~ons t < 10ns
Input A-B \«\ \\ ~ ov
_VOD \‘\
S
oy — > toiy —|  |—
Von I - N
RO AN N 5V 1.5V
Voo 7 7 Y7
~—
- Figure 3. Receiver Propaé:m ffz}p ~
pa
i
\ \//#_ 1MHZ: t, < 10ns: t; < 10ns
A/ sy N5V
O< \f tZL —_— tLZ —— -—
O Rp, 1.5V L osv
Y, O" Output normally low
tzH— tz —| |—
Vou Output normally high! |
RO . 3= 0.5V
ov A 15V —

Figure 4. Receiver Enable/Disable Timing

Sipex
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rd
S
SN
AN \\w;‘ // N\\ /
*\w ; #
- .
ORDERING INFORMATION ... O
Quad RS485 Receivers: < Y.
. Enable/Disable Temperature 5 o Package
. Common; active Low and Active High 0°C to +70°C &,......1 ....A,,.,.%.;AZ“ 16~pin Plastic DIP
. Common; active Low and Active High ... T 16-pin SOIC
. Common,; active Low and Active High 16-pin Plastic DIP
. Common; active Low and Active High 16-pin SOIC
. One per driver pair; active High. ... 16—pin Plastic DIP
. One per driver pair; active High. ... 0°C to +7\(\)'°Qﬁ 16—pin SOIC
. . One per driver pair; active High.... £ AN 4855 ... 16-pin Plastic DIP
SP489ET .. . One per driver pair; active High.... 16—pin SOIC
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Sivex SP501

SIGNAL PROCESSING EXCELLENCE

flexiPORT™ Multi-Mode Serial Transceiver

B Supports Industry Standard Software—
Selectable Protocols:

* RS232 (V.28)

* RS422A (V.11, X.27)

* RS423A (V.10, X.26)

* RS449

* RS485

V.35

* MIL-STD-188C

¢ MIL-STD-188-114A, Unbalanced
* MIL-STD-188-114A, Balanced, Type Il
* EIA-562

* EIA-530

B Six Outputs/Seven Inputs Provide
Complete Communication Interface

DESCRIPTION...

The SP501 provides programmable support for a variety of serial digital interface standards in two, 80-pin
QFP packages. It features a host of operating modes including local and remote loopback modes, supports
DTE and DCE transmit clock, multi—drop operation, maskable interrupt control line and status change
detection. A Sipex—patented charge pump (5,306,954) internal to the SP501 allows for +5V-only
operation. The SP501 can be used as a stand—alone multi—protocol interface, or with the METACOMP
flexiPORT™ cabling system, which allows software deterrmnatlon of the protocol required for the
equipment to which it is connected.

SP501D
ADDRESS MODE CONTROL ! 1" orivERs
DECODE REGISTERS
SP501A
cLocK
" CIRCUITS
| SEVEN
‘ RECEIVERS
CHARGE
PUMP
SP501 Block Diagram
Cimav
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ABSOLUTE MAXIMUM RATINGS

Ve 6.5V
Receiver Inputs +25V
TTL inputs Vg #0.3V; -0.3V
SPECIFICATIONS
(Typical @ 25°C and nominal supply voltages unless otherwise noted)
PARAMETER MIN. TYP. MAX. UNITS CONDITIONS
LOGIC INPUTS/OUTPUTS :
DCD, RxC, R, RxD, DSR, CTS, TxC, INT
Voo 0.4 Volts loyr = 3.2MA
Vou 35 Volts loyr = -1.00mA
D,-D,
Voo 0.4 Volts lour = 6.0mA
Vou 3.5 Volts lour = -4.00mA
loz 10.0 MA Vyorv,
I 1.0 pA Ve or GND
DRIVER OUTPUTS
RS-485
TTL Input Levels
\ 0 0.8 Volts
Vi 2.0 Volts
Output(s)
High Level Output +6.0 Volts
Low Level Output -6.0 Volts
Differential Output 1.5 5.0 Volts R, =54Q, C_= 50pF
Open Circuit Voltage,V, 16.0 Volts
Output Current 28 mA R =54Q
Short Circuit Current +250 mA Terminated in -7V to +12V
Transition Time 120 ns Rise/Fall time; 10-90%
Transmission Rate 25 Mbps
V.35
TTL Input Levels
N 0 0.8 Volts
Vi 2.0 Volts
Output(s)
Differential Output 20 Volts R, = 100Q; Note 4
Transition Time 40 ns Rise/Fall time; 10~90%
Transmission Rate 25 Mbps
MIL-STD-188C
TTL Input Levels
N 0 0.8 Volts
Vi 2.0 Volts
Output(s)
High Level Output +5.0 +7.0 Volts R, =6kQ, V, = 0.8V
Low Level Output -7.0 -5.0 Volts R, =6kQ, V =2.0V
Short Circuit Current +250 mA
Output Impedance 100 Q loyr 2 1T0MA
Transition Time 0.75 us Rise/Fall time; 10-90%
Transmission Rate 200 kbps
Ci V4
118 SICeX
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SPECIFICATIONS (continued)

(Typical @ 25°C and nominal supply voltages unless otherwise noted)

PARAMETER MIN. TYP. MAX. UNITS CONDITIONS
DRIVER OUTPUTS
RS-422
TTL Input Levels
' 0 0.8 Volts
Vi 2.0 Volts
Output(s)
Differential Output +2.0 +5.0 Volts R, =100Q, 250% V,
Open Circuit Voltage,V,, +6.0 Volts
Balance 0.4 Volts Vi -V,
Offset +3.0 Volts
Short Circuit Current +150 mA
Power Off Current +100 HA
Transition Time 60 ns Rise/Fall time; 10-90%
Transmission Rate 2.5 Mbps
RS-423
TTL Input Levels
Vi 0 0.8 Volts
Viu 2.0 Volts
Output(s)
High Level Output +3.6 +9.0 Volts R, = 450Q (3 drivers)
Low Level Output -9.0 -3.6 Volts R_=450Q (3 drivers)
Open Circuit Voltage,V,, +4.0 +9.0 Volts
Short Circuit Current +150 mA
Power Off Current +100 pA
Transition Time 40 ns Riseffall time, 10—90%
Transmission Rate 100 kbps
RS-232E
TTL Input Levels
Vi 0 0.8 Volts
Vi 2.0 Volts
Output(s)
High Level Output +5.0 +15.0 Volts R, =3kQ, V) =08V
Low Level Output -15.0 -5.0 Volts R =3kQ, V =2.0V
Open Circuit Voltage,V,, -15.0 +15.0 Volts
Short Circuit Current +100 mA
Power Off impedance 300 Q Ve = 0V; V= £2V
Slew Rate 30 Vius R, =3kQ, C = 15pF
Transition Time 2 us Rise/Fall time; 10-90%
Transmission Rate 120 kbps
EIA-562
TTL Input Levels
Vi 0 08 Volts
Vi 2.0 Volts
Output(s)
High Level Output +3.7 +13.2 Volts Stnd unit load™, V, = 0.8V
Low Level Output -13.2 -3.7 Volts Stnd unit load*, V|, = 2.0V
Open Circuit Voltage,V,, -13.2 +13.2 Volts
Short Circuit Current +60 mA
Power Off Impedance 300 Q Ve =0V, Vg =+2V
Slew Rate 4.0 30 Vius
Transition Time 0.22 3.1 us From -3.3V to +3.3V; stnd unit load
Transmission Rate 64.0 kbps
*Standard unit loads: R, = 3kQ, C,_= 2,500 pF; 0 to 20kbps; R, = 3kQ, C, = 1,000 pF; > 20kbps

Cirmawv
ol
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SPECIFICATIONS (continued)

(Typical @ 25°C and nominal supply voltages unless otherwise noted)

PARAMETER MIN. TYP. MAX. UNITS CONDITIONS
RECEIVER INPUTS
RS-485
TTL Output Levels
Voo 0 0.4 Volts
Vou 24 Volts
Input
High Threshold +0.2 +12.0 Volts (a) - (b)
Low Threshold -7.0 -0.2 Volts (a) - (b)
Common Mode Range -7.0 +12.0 Volts
High Input Current Refer to graph
Low Input Current Refer to graph -
Receiver Sensitivity 0.2 Volts Note 3
Input Impedance 1 Unit load Refer to graph
V.35
TTL Output Levels
Voo 0 0.4 Volts
Vou 24 Volts
Input
High Threshold +0.2 +12.0 Volts (a) - (b)
Low Threshold -7.0 -0.2 Volts (a) - (b)
Common Mode Range -7.0 +12.0 Volts
High Input Current Refer to graph
Low Input Current Refer to graph
Receiver Sensitivity 0.2 Volts Note 3
Input Impedance 1 Unit load Note 4
MIL-STD-188C
TTL Output Levels
M 0 0.4 Volts
Vou 2.4 Volts
Input
High Input Current +0.1 mA At minimum 6k< input resistance
Low Input Current -0.1 mA At minimum 6k input resistance
Input Impedance 6 kQ
RS-422
TTL Output Levels
Voo 0 0.4 Volts
Vou 2.4 Volts
Input
High Threshold +0.2 +6.0 Volts (a) - (b)
Low Threshold -6.0 -0.2 Volts (a) - (b)
Common Mode Range -7.0 +7.0 Volts
High Input Current Refer to graph
Low Input Current Refer to graph
Receiver Sensitivity ) +0.2 Volts
Input Impedance 4 kQ
RS-423
TTL Output Levels
\ 0 0.4 Volts
Vou 24 Volts
Input
High Threshold +0.2 +6.0 Volts (a) - (b)
Low Threshold -6.0 -0.2 Volts (a) - (b)
Common Mode Range -7.0 +7.0 Volts :
High Input Current Refer to graph
Cirnawv
120 vipw
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SPECIFICATIONS (continued)

(Typical @ 25°C and nominal supply voltages unless otherwise noted)

with a 100Q load.

PARAMETER MIN. TYP. MAX. UNITS CONDITIONS
RECEIVER INPUTS
RS-423
Low Input Current Refer to graph
Receiver Sensitivity +0.2 Volts
Input Impedance 4 kQ
RS-232E
TTL Output Levels
1 0 0.4 Volts
Vou 24 Volts
Input
High Threshold +3.0 +15.0 Volts
" Low Threshold -15.0 -3.0 Volts
Receiver Open Circuit Bial 0 +2.0 Volts
Input Impedance 3 7 kQ
EIA-562
TTL Output Levels
N 0 0.4 Volts
Vo 24 Voits
Input
High Threshold +3.0 +15.0 Volts
Low Threshold -15.0 -3.0 Volts
Input Impedance 3 7 kQ Over -15V to +15V range
POWER REQUIREMENTS
Vee 4.5 5.0 55 Volts
lc 30 mA No load; all driver and TTL outputs
ENVIRONMENTAL AND MECHANICAL
Operating Temperature Range 0 70 °C Commercial
-40 +85 °C Industrial
Storage Temperature -65 +150 °C
Package
SP501A and SP501D 80-pin QFP
Notes:
1. Both V,, and V are generated interally by the on-chip charge pump and are not cortrolled by the user.
2. Vg, will be programmed to -5.0V in the RS423 mode, and -10.0V in all other operating modes.
3. Over -7.0V to +12.0V common mode range
4. The termination network shown in the Typical Operating Circuit must be implemented when the SP501

is to be used with V.35. With the termination network in place, V, and V,, levels will be 0.55V £20%

RS—-485 RECEIVER

+1.0mA

+6V 12V
1 Unit Load
—0.6mA Maximum Input Gurrent
versus Voltage

RS—422 RECEIVER

+3.25mA

+3V +10v

versus Voltage

Maximum Input Current

V.35 RECEIVER

+3.25mA

+3V +10v

Maximum Input Current
versus Voltage

RS-423 RECEIVER

+3.26mA

+3V +10V

Maximum input Current
versus Voltage

Sipex
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PIN ASSIGNMENTS

8 H
SOERIBE S e $209290068
BRRRCRIRNIR38L883885

_NC1={ O T 60 [CRXD
RESET 2 —— T 59 ICRDEC,
PCLK 3 =] [-= 58 ICRDEC,
ipp== = 57 ICRDEC,
== FT=0 56 ICRDEC,
TXD 6 =] = 55 1CSTATT
DTR 7] k= 54 SWOVRTS
RTS 8 1] = 58 SWCLK
RxD 9 I3 52 ICTDEC,
RxC 10 =] SP501D 51ICTDEC,
CTS 11 0= [T 50 ICTDEC,
DSR 127 49 ICTDEC,
DCD 18] Fr— 48 I1CDTR
R4 =0 47 1CTXD
INT 15 == T 46 ICTXC
TXC 16 =] [-C1 45 ICRTS
D, 17 ] T 44 1CAL
D, 18 ] T 43NC
NC 19 =1y 42 CDCD
NC 20 c—1 T 41ICRXC
IR G
TESINRNRRRISIIILSESERQ
SRR EE L FEEERE L
=g

PEE | S eEEEEaac =
Exo o QfE¥L88T50E 8
Qx g FRE2E 8y
8EB0g S 850P228E5F 43
SRERNRRINNRRIBLEBIBES
ICRXD 1 —H O LI:J 80 GND
JCRDEC, 2 | = 59 8D(b)
ICRDEC, 3 =1 [ 58 TR(a)
iCRDEC, 4 T I 57 GND
ICRDEC, § £~ =) 56 TR(b)
ICSTATT 6 — T 55 Vg
SWDVRTS 7 1] X0 54 RS(a)
SWCLK 8 T 53 GND
ICTDEC, 9 =} [ 52 RS(b)
ICTDEC, 10 —T| SP501A = 511i(a)
ICTDEC, 11 -1 . == s0GND
ICTDEC, 12 =] [ 49 LL(b)
ICDTR 13 =T [ 48V
ICTXD 14 =17 [FT=3 47 RL(a)
ICTXC 15 I 46 GND
ICRTS 16 .= [ 45 RL(b)
ICRL 17 ] =1 44 ST(b)
FPDIN 18 [ 43GND
1COCD 19 =1 428T(a)
ICRXC 20 = 41V
GREIEENERAEYATIELEES
§Fé§>6>856é>>5%§9333
EE gz

PIN DESCRIPTIONS

Please refer to other sections of this data sheet and to
the separate SPS01 Technical Reference document to
seehow each of the paired signals described below are
interconnected for each protocol. Only pins con-
nected to external signals are described. Pins that
provide interconnections between the SPS01A and
SP501D are not described, but should be connected
per the Typical Operating Circuit diagram.

CLOCK AND DATA GROUP

TxD (Pin 6, SP501D) — TTL Input — Transmit
Data; source for SD(a) and SD(b) outputs.

SD(a) (Pin 61, SP501A) — Analog Out — Send
Data; inverted; sourced from TxD.

SD(b) (Pin 59, SP501A) — Analog Out — Send
Data; non-inverted; sourced from TxD.

TxC (Pin 16, SP501D) — TTL — Transmit Clock;
bi-directional; sourced to or from TT(a) and TT(b), bi-
directional, or ST(a) and ST(b) [outputs only].

TT(a) (Pin 63, SP501A) — Analog In or Out —
Terminal Timing, inverted; sourced to or from TxC
output or input, respectively.

TT(b) (Pin 65, SP501A) — Analog In or Out —
Terminal Timing, non-inverted; sourced to or from
TxC output or input, respectively.

ST(a)/FPCLK (Pin42,SP501A)— Analog Out—
Send Timing, inverted; sourced from TxC; FPCLK
Output supplies flexiPORT™ output configuration
signal.

ST(b)/FPDIN (Pin 44, SP501A) — Analog In or
Out—Send Timing Output, non-inverted; sourced
from TxC; FPDIN inputs data from flexiPORT™
adapter.

RxD (Pin 9, SPS01D) — TTL Output — Receive
Data; sourced from RD(a) and RD(b) inputs.

RD(a) (Pin 70, SP501A) — Analog In — Receive
Data, inverted; source for RxD.

RD(b) (Pin 71, SPS01A) — Analog In — Receive
Data, non-inverted; source for RxD.

RxC (Pin 10, SP501D) — TTL Output — Receive
Clock; sourced from RT(a) and RT(b) inputs.

RT(a) (Pin 37, SP501A) — Analog In — Receive
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Timing, inverted; source for RxC.

RT(b) (Pin 38, SP501A) — Analog In —
Receive Timing, non-inverted; source for RxC.
CONTROL LINE GROUP

RS, TR, RL, LL(a) and (b) are sourced from a
TTL input pin or an internal register.

RTS (Pin 8, SP501D) — TTL Input — Request To
Send; source for RS(a) and RS(b) outputs.

RS(a) (Pin 54, SP501A) — Analog Out— Request
to Send, inverted; sourced from RTS.

RS(b) (Pin 52, SP501A) — Analog Out — Request
to Send, non-inverted; sourced from RTS.

DTR (Pin7, SP501D)— TTL Input — Data Termi-
nal Ready; source for TR(a) and TR(b) outputs.

TR(a) Pin58, SP501A)— Analog Out — Terminal
Ready, inverted; sourced from DTR.

TR(b) (Pin56, SP501A)— Analog Out — Terminal
Ready, non-inverted; sourced from DTR.

RL (Pin 5, SP501D) — TTL Input — Remote
Loop-back; source for RL(a) and RL(b) outputs.

RL(a) Pin 47, SP501A) — Analog Out— Remote
Loopback, inverted; sourced from RL.

RL(b) (Pin45,SP501A)— Analog Out —Remote
Loopback, non-inverted; sourced from RL.

LL(Pin4,SP501D)—TTL Input—Local Loopback;
source for LI(a) and L1(b) outputs.

LL(a) (Pin 51, SP501A) — Analog Out — Local
Loopback, inverted; sourced from LL.

LL(b) (Pin 49, SP501A) — Analog Out — Local
Loop-back, non-inverted; sourced from LL.

CTS (Pin 11, SP501D) — TTL Output — Clear To
Send; sourced from CS(a) and CS(b) inputs.

CS(a) (Pin 66, SP501A) — Analog In — Clear to
Send, inverted; source for CTS. )

CS(b) (Pin 67, SP501A) — Analog In — Clear to
Send, non-inverted; source for CTS.

DSR (Pin 12, SP501D) — TTL Output — Data Set
Ready; sourced from DM(a), DM(b) inputs.

DM(a) (Pin 68, SPS01A) — Analog In — Data
Mode, inverted; source for DSR.

DM(b) (Pin 69, SP501A) — Analog In — Data
Mode, non-inverted; source for DSR.

DCD (Pin 13, SP501D) — TTL Output — Data
Carrier Detect; sourced fromRR(a) and RR(b) inputs.

RR(a) (Pin 35, SP501A) — Analog In — Receiver
Ready, inverted; source for DCD.

RR(D) (Pin 36, SP501A) — Analog In — Receiver
Ready, non-inverted; source for DCD.

RI (Pin 14, SP501D) — TTL Output — Ring In;
sourced from IC(a) and IC(b) inputs.

IC(a) (Pin 39, SPS01A) — Analog In — Incoming
Call, inverted; source for RI.

IC(b) (Pin 40, SPS01A) — Analog In — Incoming
Call, non-inverted; source for RL.

MICROCESSOR INTERFACE
D,D, (Pins 17, 18, 24, 26, 27, 29, 30, 31; SP501D)

— TIL — Data lines for RD/WT registers; Bi-
directional.

A0-A3(Pins71,72,73,74; SP501D)—TTL Input—
Address lines for RD/WT registers.

RD (Pin 77, SP501D) — TTL Input— Read strobe,
low true, with CS, reads data from registers.

WT (Pin75,SP501D)— TTL Input— Write strobe,
low true, with CS, writes data to registers.

CS (Pin 76, SP501D) — TTL Input — Chip Select
enables registers for RD or WT operation. Low true.

RESET (Pin 2, SPS01D) — TTL Input — Resets
SP501 to known configuration, with all outputs
disabled and resets control line status change inter-

SEM" '
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rupt. Low true.

INT (Pin 15, SP501D) — TTL Output — Interrupt
request indicating control line status change. Low
true.

PCLK (Pin 3, SP501D) — TTL Input— 1 MHz to
5 MHz clock input to drive internal logic.

WIRED (Pin 78, SP501D) — TTL Input— Selects
internalregisters orexternal control of Line Driverand
Receiver operating modes.

POWER SUPPLIES

Vo (Pin70,SPS01D; Pins 25, 33,41, 48, 55, 62,73,
74, SPS501A) — + 5V — Operating voltage for all
modes; all V. pins can be tied together on pc board;
Vo must be bypassed with a 22uF capacitor to
ground. ‘

DIGITAL GROUND (Pin 25, SP501D; Pins 29,
34,43,46,53,57,60,64,72,75,SP501A) — Voltage
common for all circuitry.

V,,, (Pin 27, SPS01A) — +10V Charge Storage
Capacitor — External charge storage capacitor to
Voo DONOT APPLY VOLTAGE TO THIS PIN.

V¢ (Pin 32, SPS01A) — -10V Charge Storage
Capacitor — External charge storage capacitor to
ground. DO NOT APPLY VOLTAGE TO THIS
PIN.

C,* and C,~ (Pins 26 and 30, SP501A) — Pins for
floating capacitor for charge pump power sup-
plies. Capacitor values of 22uF will provide proper
operation.

C,* and C,” (Pins 28 and 31, SP501A) — Pins for
floating capacitor for charge pump power sup-
plies. Capacitor values of 22uF will provide proper
operation.

FEATURES...

The SP501 is a highly integrated monolithic line
transceiver and controller that provides program-
mable support for a variety of serial digital interface
standards. The SP501 can be integrated into systems
as a stand-alone multi-protocol! interface, or can be
used with the METACOMP flexiPORT™ cable

systemasacomplete multi-protocol interface system.
When used with the METACOMP flexi-Port™
cabling system, the SP501 can determine the type of
interface towhichitis connected, and can be program-
matically configured to transmit and receive in the
appropriate protocol. The ability to both support
multiple interface protocols and to determine the
protocol required by the equipment that is connected
to it, eliminates the manual setting of jumpers and
switches, and the potential damage that results from
errors inimproperly configuring the communications
port. Because the SP501 integrates all the necessary
circuitry to support multiple protocols, with no exter-
nal jumpers or switches, all of the protocols can often
be implemented in less space than a single RS232
interface.

Each of the line driver elements can output signals
which conform with three different electrical voltage
level specifications: RS-232, RS-422/RS-485, and
RS-423. Using these three modes, the SP501 supports
each of the protocols listed in the Features list on the
first page of this data sheet, as well as others which are
equivalent. Different standards require various com-
binations of these outputs. Forexample, V.35 requires
V.11 voltages on the transmit and receive clock and
data lines, but all control lines are RS-232. Similarly,
the RS-449 specificationrequires RS-422 voltageson
clock and data, and most control lines, but RL and LL
control lines are RS-423. The EIA-530 specification
has the same RS-422 and RS-423 signal requirements
as RS-449, butuses a DB-25 connector instead of the
DB-37 required by RS-449. Thus selecting RS-449
protocol means selecting certain drivers as RS-422
outputs and others as RS-423. Programming the
SP501 to one of the interface standards (i.e. EIA 562,
RS449, etc) will automatically select the correct un-
derlying standards as required for each pin.

The protocol and operating mode programming of the
SP501 is done via a set of internal registers. The
registers are equipped with datareadback to allow the
user to query the SPS01 and determine the current
operating mode. Operating modes include normal
communications using the selected protocol, local
and remote loopback for local- or remote-initiated
diagnostics and flexiPORT™ cable/connector inter-
rogation. Additional featuresinclude the generationof
an interrupt on mask—programmable status line state
changes, selectable internal or external control of line
drivers/receivers,and selectable inversion of the sense
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Vcc =+5V

C4
O—i| =_1Vpp Storage Capacitor

oA
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Vgg Storage Capacitor

Figure 1. Charge Pump — Phase 1

of any individual output or input signal. The SP501
also contains circuitry to detect unused or floating
inputs as false.

The SP501 is implemented as a two—chip, custom
ASIC, incorporating mixed analog and digital pro-
cesses. The two—chip set incorporates SIPEX line
driver and receiver technology and METACOMP
flexiPORT™ technology. The SP501 provides a
complete, totally integrated multi-protocol interface
solution. The SP501 is packaged in two 80-pin QFP
packages. It requires a single +5V power supply; all
internal positive and negative operating voltages are
generated by a proprietary’ internal charge pump
circuit. Units are available for operation over the
commercial (0°C to +70°C) and industrial (-40°C to
+85°C)temperatureranges. Please consultthe factory
for product screened to MIL-STD-883C.

#* flexiPORT™ is a proprietary, patent-pending technology of METACOMP
Inc., 10989 Via Frontera, San Diego, CA 92127. The SP501 is ajoint development
effort between METACOMP and SIPEX CORPORATION. For the
flexiPORT™ circuitry to determine the interface protocol, the remote equipment
must be interconnected to the host serial port supported by the SP501 with a
flexiPORT™ “smart” adapter. The term flexiPortis atrademark of METACOMP,
Inc.

* Patented (5,306,954)

! Strictly speaking, level 1 standards are not "protocols”; correctly used, the term
refers to open systems interconnect (OSI) level 2 and higher standards. However,
it has become common practice within the industry to apply the term "protocol”
within the context of discussions regarding level 1 standards. When used in this
data sheet, the terms "protocol” or "industry standard interface" are used inter-
changeably and should be taken to mean the OSI level 1, physical level, interface
standards (e.g. EIA-530, V.35, etc.).

CHARGE-PUMP

The charge pump is a Sipex—patented design
(5,306,954) and uses a unique approach com-
pared to older less—efficient designs. The charge
pump still requires four external capacitors, but
uses a four—phase voltage shifting technique to
attain symmetrical 10V power supplies. Figure
3a shows the waveform found on the positive
side of capcitor C,, and Figure 3b shows the
negative side of capcitor C,. There is a free—
running oscillator that controls the four phases of
the voltage shifting. A description of each phase
follows.

Phase 1

— V charge storage —During this phase of the
clock cycle, the positive side of capacitors C, and
C, are initially charged to +5V. C* is then
switched to ground and charge in C,~ is trans-
ferred to C,". Since C," is connected to +5V, the
voltage potential across capacitor C,isnow 10V.

Phase 2

— V, transfer — Phase two of the clock con-
nects the negative terminal of C, to the Vg
storage capacitor and the positive terminal of C,
to ground, and transfers the generated 10V to

e

-10v

g)—{' % Vgg Storage Capacitor
OQ Cs

O_+1 - |Vpp Storage Capacitor

Figure 2. Charge Pump — Phase 2
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+10V

a) Ct
GND
GND

b ¢y
-10V

Figure 3. Charge Pump Waveforms

C,. Simultaneously, the positive side of capaci-
tor C | is switched to +5V and the negative side
is connected to ground.

Phase 3

— V,p charge storage — The third phase of the
clock is identical to the first phase — the charge
transferred in C, produces -5V in the negative
terminal of C,, which is applied to the negative
side of capacitor C,. Since C,* is at +5V, the
voltage potential across C, is 10V.

Phase 4

-V, transfer — The fourth phase of the clock
connects the negative terminal of C, to ground
and transfers the generated 10V across C, to C,,
the V|, storage capacitor. Again, simultaneously
with this, the positive side of capacitor C1 is
switched to +5V and the negative side is con-
nected to ground, and the cycle begins again.

Since both V* and V- are separately generated

from V. in a no-load condition, V* and V- will
be symmetrical. Older charge pump approaches
that generate V- from V* will show a decrease in
the magnitude of V- compared to V* due to the
inherent inefficiencies in the design.

The clock rate for the charge pump typically
operates at 15kHz. The external capacitors must
be 22uF with a 16V breakdown voltage rating.
Two external Schottky diodes are required for
high rate of rise power supplies, as shown in the
Typical Operating Circuit elsewhere in this data
sheet.

USING THE SP501...

PROGRAMMING

Programming of the SP501 is done via a group
of 8-bit read/write registers, which allow for
data readback and verification of current regis-
ter status. The various contro] registers are ad-
dressed as shown in Table 1, SP501 Register
Address Map.

VCC =+5V

+5V CT_I
Wl .
iy O—{ Vpp Storage Capacitor
2

O—_‘ | * Vgg Storage Capacitor
OQ Cs

Figure 4. Charge Pump — Phase 3
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Voo = +5V

L—O +10V

+
- }—ivss Storage Capacitor
@]

o G4
+ ~ | Vpp Storage Capacitor

Figure 5. Charge Pump — Phase 4

Output Mode Register (R,)

The Output Mode Register (R,) is used to
select the protocol to be used on all transmitted
dataas shown in Table 2, Output Mode Register.
With this register addressed, data is written into
the register to set the drivers to the selected
protocol.

D, of the Output Mode Register selects CON-
TINUOUS or MULTIDROP mode within the
selected protocol. If CONTINUOUS is set

. (D;=1), the output drivers are always enabled. If

MULTIDROP is set (D,=0), the output drivers
are enabled or tri-stated under the control of the
DTR TTL input control line. The source of the

DTR control line is determined by the Control
Line Configuration Register (R,), and is either
the TTL input pin DTR, or Register 6. General
output enable is controlled by the Interface Con-
figuration Register (R,).

The current state of the Output Mode Register
can be read back at any time by the microproces-
sor. Bits D - D, will be read back as undefined
(as either 1's or 0's), and bits D, and D, - D, will
reflect the current programmed state. Itis impor-
tant that when the operating mode is changed, or
the outputs are enabled (viaR,), the start of data
transmission must be delayed by one second to
allow the internal charge pump to stabilize so

REGISTER ADDRESS MAP

ADDRESS MODE REGISTER

0 RD/WT Register 0 - Output Mode Register

1 RD/WT Input Mode Register

2 RD/WT Configuration Register

3 RD Receive Control Line Status Register

4 RD Status Change Interrupt Cause Register

4 WT Reset Interrupt Cause Register - Set Interrupt Mask

5 RD/WT Control Line Configuration Register

6 RD/WT DTR Control Register

7 RD/WT RTS Control Register

8 RD/WT RL Control Register

9 RD/WT LL Control Register

A WT flexiPort Control Register

A RD flexiPort Status Register

B — Not Used

C RD flexiPort Data Register

D RD/WT Output Sense Register

E RD/WT Input Sense Register

F — Not Used

Table 1. SP501 Register Address Map
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R,— OUTPUT MODE REGISTER (RD/WT)
D, D, D, D, D,—D, PROTOCOL

If =0, Multi—drop N/A 0000 All outpus tri-stated

If = 1, Continuous
0001 MIL-STD-118C
0010 RS-232
0011 EIA-562
0100 RS-422
0101 RS-485
0110 MIL-STD-188-114A (Balanced)
0111 Not Used
1000 RS-423
1001 MIL-STD-188-114A (Unbalanced)
1010 Not Used
1011 Not Used
1100 RS-449
1101 EIA-530
1110 V.35
1111 Not Used

Table 2. R, Output Mode Register

that the full output voltage is available. Follow-
ing a reset, all output drivers remain disabled
until after R, has been programmed.

Input Mode Register (R,)

The Input Mode Register (R,) isusedtoselectthe
protocol to be used on all received data as shown
in Table 3, Input Mode Register. With this register
addressed, 4-bit data is written into the register to
set the receivers to the appropriate single-ended or
differential configuration and threshold levels re-
quired by the selected protocol. In a manner simi-
lar to the Output Mode Register, the SP501 takes
care of programming the data, clock and control
lines to the levels necessary for proper operation as
the selected protocol interface.

Line receivers have three different configura-
tions. Configuration 0 is svitable for receiving
RS-232 signals. It is single-ended, with a com-
parator threshold between 1.0Vand 1.5V, so that
a floating input signal always registers as false.
Configuration 1 receivers are differential inputs,
with a sufficent sensitivity, and narrow enough
hysteresis window to detect V.35 signals. These
also provide detection of floating signals as
false. Configuration 2 is single-ended, with a
comparator threshold near OV for detecting

lower-level incoming signals such as RS-423.
Configuration 2 inputs are also biased so that
they detect floating inputs as false. Like the
Output Mode Register (R,), RS-449, EIA 530
and V.35 modes indicate certain arrangements
of line receivers set to configuration 0, 1, or 2.

Some users of RS-423 will use Configuration 2
referenced to local signal common.Others will
choose touse the Configuration 1 differential input
receivers and connect the (b) input lead to signal
common at the driving point. This is done by
programming the drivers to RS-423, and the re-
ceivers to RS-422.

The Input Mode Register may be read back at
any time to determine it’s current state. Bits D, -
D, are undefined, and bits D, - D, will reflect the
current programmed states.

Interface Configuration Register (R,)

The Interface Configuration Register (R,) is a
register that enables the driver outputs, and con-
trols the normal, local and remote loop-back
modes, and the direction and interconnection of
the TxC, TT(a), TT(b), ST(a) and ST(b) pins.
Please refer to the separate SP501 Technical
Reference document for a diagram of the actual
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R, — INPUT MODE REGISTER (RD/WT)
D, D, D; D, D,—D, PROTOCOL
N/A 0000 Disables receivers; all receiver outputs are undefined

0001 MIL-STD-118C

0010 RS-232

0011 EIA-562

0100 RS-422

0101 RS-485

0110 MIL-STD-188-114A (Balanced)

0111 Not Used

1000 RS-423

1001 MIL-STD-188-114A (Unbalanced)

1010 Not Used ’

1011 Not Used

1100 RS-449

1101 EIA-530

1110 V.35

1111 Not Used

Table 3. R, Input Mode Register

configuration of these pins for the various oper-
ating modes that affect them.

Both D, and D, control the loopback mode of the
SP501. When set to 0, the NORMAL mode is
selected; signals flow from the TTL pins to or
from the Analog pins. When D) is programmed
with a 1, LOCAL LOOPBACK mode is se-
lected. The signals to be transmitted are fed back
internally to the receiver side of the SP501, and
the input pins normally connected to the receiv-
ers are disabled. The output signals continue to
be transmitted in order to allow them to be
observed with an oscilloscope for test purposes.

If D, is programmed with a 1, REMOTE
LOOPBACK mode is selected. The signals re-
ceived from the remote end of the link are fed
back to the line driver side of the SP501, en-
abling diagnostics to be run from the far end of
the link. The incoming signals can still be re-
ceived locally. If both local and remote loopback
are selected at the same time, both sides would be
independently looped back.

If D, is programmed to 0, TxC is sourced from
the TT(a) and TT(b) pins. If programmed toa 1,
TxC is the source for the TT(a) and TT(b) pins or

ST(a) and ST(b) pins, as controlled by Register
A, bit D,

A reset clears all bits of R, and disables all
outputs (D,=0). Enabling the flexiPORT™ cir-
cuitry will also disable the driver outputs by

‘resetting bit D,; after flextiPORT™ operations

are complete, R, must be written again to enable
the driver outputs by setting D, =1. When either
the Local or Remote Loopback mode is selected,
TxD is connected to RxD, TxC is connected to
RxC, RTS is connected to CTS, DTR is con-
nected to DSR, LL is connected with RI and RL
is connected to DCD.

Receive Control Line Status Register
(R;) [Read Only]

The Receive Control Line Register (R,) (see
Table 5) is aregister that reads the current status
of the incoming control lines. These control lines
are also available on output pins for use by
external circuitry. Reading a 1 in bits D,-D,
indicates a FALSE condition of the control line;
a 0 indicates a TRUE condition.

Status Change Interrupt Cause and
Reset Register (R,) [Read Only]
TheSP501 hasalatched Status Holding Registerand

Sipex
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R, - INTERFACE CONFIGURATION REGISTER [RD/WT]

D, D, D, D,
0=Outputs Off 0=TxC In 0=Normal mode 0 = Normal mode
1=Outputs On 1=TxC Out 1=Remote Loopback 1 = Local Loopback

** with respect to the SP501; with D,=0, TxC is an input to the SP501; with D,=1, TxC is output from the
SP501, coming from TT(a) and TT(b) or ST(a) and ST(b), depending on the configuration chosen.

Table 4. R, Interface Configuration Register

circuitry to continuously compare the latched status
with the currentcontrol line status. Should one ormore
of the control lines change state, it will, if it is so
enabled by the Interrupt Mask Register, generate an
interrupt to the host microprocessor.

‘The Status Change Interrupt Cause and Re-
set Register (R, ) (see Table 6) is a register that
contains the present state of the RI, DCD, DSR
and CT'S control lines inbits D, -D, respectively,
whicharethe same asR,. Bits D, - D contain bits
set to 1 for each of these control lines that have
changed state since their status was last latched
into the Latched Status Holding Register due to
a prior read operation to R,,. Whenever any bit
in this register is set, the interrupt output line is
asserted. Once a bit is set, it remains set until the
R, register status is read, so that an interrupt is
generated even if the control line returns to it’s
original status. Each bit is set independently so
that all status line changes are stored. Reading a
1inbits D7——D - the present state status, indicates
the applicable control line has changed state
since the last read; a 0 means the control line has
not changed state.

Interrupt Mask Register (R,,) [WT]

When R, is written it enables each control line
whose corresponding bitis set to 1 to generate an
interrupt under the conditions described above.

Interrupts will only be generated in response to
changes in the status of lines which have a 1
stored in their bit position, thus control line

interrupts can be selectively enabled. The cur-
rent control line status is stored into the Latched
Status Holding Register whenever the interrupt
isreset as aresult of reading register R ; thus the
next interrupt will be generated by a control line
change from the state at the time the Interrupt
Cause and Reset Register was last read.

Control Line Source Register (R;)
[RD/WT]

The Control Line Source Register (R,) (see
Table 8) is a register that independently deter-
mines the line driver source for each of the DTR,
RTS, RL and LL control lines. Each can be
selected to be received from either an internal
register (R, through R, repectively) or the TTL
level input pin from external circuitry.

Writing a 0 to D, programs the input source of
the DTR Line Driver to be the DTR TTL input
(pin 7, SPS01D). Writing a 1 to D programs the
DTR Line Driver source to be R, the DTR
Control Register. ’

Writing a 0 to D, programs the input source of
the RTS Line Driver to be the RTS TTL input
(pin 8, SP501D). Writing a 1 to D, programs the
RTS Line Driver source to be R,, the RTS
Control Register.

Writing a0 to D, programs the input source of the
RL Line Driver to be the RL TTL input (pin 5,
SP501D). Writing a 1 to D, programs the RL

R, - RECEIVE CONTROL LINE STATUS REGISTER [Read Only]

Dy b,

D, D,

RI DCD

DSR CTS

Table 5. R, Receive Control Line Status Register
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R,, - STATUS CHANGE INTERRUPT CAUSE AND RESET REGISTER [Read Only]

PRESENT STATE INTERRUPT CAUSE
D, D, D, D, D, D, D, D,
RI DCD DSR CTS RI DCD DSR CTS

Table 6. R, Status Change Interrupt Cause and Reset Register

R,, - INTERRUPT MASK REGISTER [WT]

D. D D D

6 5 4

D D

3 2

7
N/A N/A N/A N/A

RI DCD DSR CTS

Table 7. R, Interrupt Mask Register

Line Driver source to be Ry, the RL Control
Register.

Writing a 0 to D, programs the input source of the
LL Line Driver to be the LL TTL input (pin 4,
SP501D). Writing a 1 to D, programs the LL
Line Driver source to be Ry, the LL Control
Register.

DTR Control Register (R;) [RD/WT]
When the DTR source is programmed as internal
by R, writing a0 to R, outputs a DTR False, and
writing a 1 outputs a DTR True, as reflected on
the TR(a) and TR(b) pins. When R, is pro-
grammed as EXTERNAL, this register has no
effect.

This register may be read back at any time to
determine it’s current state. D will reflect the
current programmed state of the DTR control
register.

RTS Control Register (R,) [RD/WT]
When the RTS source is programmed as internal
by R, writing a0 to R, outputs a RTS False, and
writing a 1 outputs aRTS True as reflected on the
RS(a) and RS(b) pins. When R is programmed
as EXTERNAL, this register has no effect.

This register may be read back at any time to deter-
mine it’s current state. D, will reflect the current
programmed state of the RTS control register.

RL Control Register (R;) [RD/WT]

When the RL source is programmed as internal
by R, writing a 0 to R; outputs a RL False, and
writing a 1 outputs a RL True as reflected on the
RL(a) and RL(b) pins. When R, is programmed
as EXTERNAL, this register has no effect.

This register may be read back at any time to
determine it’s current state. D, will reflect the
current programmed state of the RL control
register.

LL Control Register (R,) [RD/WT]

When the LL source is programmed as internal
by R, writing a 0 to R9 outputs a LL False, and
writing a 1 outputs a LL True as reflected on the
LL(a) and LL(b) pins. When R, is programmed
as EXTERNAL, this register has no effect.

This register may be read back at any time to
determine it’s current state. D, will reflect the
current programmed state of the LL control
register. ‘

flexiPORT™ Control Register (R,)

[WT only]

flexiPORT™ is a METACOMP proprietary,
patent-pending technique for determining the
interface type of an attached interface adapter.
Programming D, to a 1 enables the flexiPORT™
circuitry; a O disables it. Enabling the

R, - CONTROL LINE SOURCE REGISTER [RD/WT]
D, D, D, D,
LL RL RTS DTR
0 = EXTERNAL 1= INTERNAL

Table 8. R, Control Line Source Register
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CONTROL REGISTERS [RD/WT]
D, D, D, D, D, D, D, D,
R,-DTR NA | NA | NA | NA | NA | NA | NA | DIR
R, RTS NA | NA | NA | NA | NA | NA | NA | RIS
Ry~ RL NA | NA | NA | NA | NA | NA | NA RL
Ry~ LL NA | NA | NA | NA | NA| NA | NA LL

Table 9. R, , DTR, RTS, RL and LL Control Registers

flexiPORT™ circuitry clears the Interface Con-
figuration Register (R,) , bit D,, which disables
all line drivers except FPCLK. After
flexiPORT™ operations are completed, the de-
sired line driver and receiver types must be
programmed and enabled by writing to R, R,
and then R,. It is important to note that for
normal operations, D, must be set to 0. For a
complete description of how the flexiPORT™
control registers and associated circuitry func-
tion, please refer to the separate SP501 Techni-
cal Reference document.

The flexiPORT™ Control Register D is used
to control TXC pin usage. If D=0, its reset state,
pins TT(a) and TT(b) are used for TxC out or in,
depending on the state of R,—D, , which con-
trols the direction of TxC. With D, of the
flexiPORT™ Control Register (R,) set to 0,
pins ST(a)/FPCLK and ST(b)/FPDIN are used
for flexiPORT™ operations. If D, = 1, pins
ST(a)and ST(b) are sourced from the TxC input.
This permits easily conforming to standard RS-
232 or EIA-530 pinouts for users not using
flexiPORT™ adapters.

flexiPORT™ Status Register (R,)

[RD only]

Register R, can be read at any time to determine
the status of the flexiPORT™ operations (see
Table 11). For acomplete description of how the
flexiPORT™ control registers and associated
circuitry function, please refer to the separate
SP501 Technical Reference document.

flexiPORT™ Data Register (R;) [RD only]
For a complete description of how the
flexiPORT™ control registers and associated
circuitry function, please refer to the separate
SP501 Technical Reference document.

Output Sense Register (R,) [RD/WT]
Register Ry, is used to change the sense of any
output driver. This register is cleared by a RE-
SET. Writing a 1 to any bit position reverses the
output polarity of that signal. This and the fol-
lowing register are used mainly to conform to
MIL-STD 188C, which has certain signals in-
verted in polarity from the RS-232 standards.
This register may be read back at any time to
determine it’s current state. Bits D, and D, will
be read back as undefined, and bits D, through
D, will reflect the current programmed states.

Input Sense Register (R.) [RD/WT]
Register Ry is used to change the sense of any
input receiver. This register is cleared by a RE-
SET. Writing a 1 to any bit position reverses the
input polarity of that signal. This register may be
read back at any time to determine it’s current
state. Bits D, and D will be read back as unde-
fined, and bits D, through D, will reflect the
current programmed states.

R, — FLEXIPORT™ CONTROL REGISTER [WT only]

D, D, D, D, D, D, D, D,
N/A N/A- N/A N/A flexiPort 3 CLOCK | CLOCK
' ENABLE | OUT ouT PIN

Table 10. R, flexi-Port™ Control Register
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e"!
’ R, — FLEXIPORT™ STATUS REGISTER [RD only]
! ‘ D7 DG Ds D4 Da Dz D1 Do
‘ RDY N/A N/A N/A flexiPort Vee CLOCK CLOCK
ENABLE ouT ouT PIN
Table 11. R, flexiPORT™ Status Register
i
w |
s
| 5
{
|
|
l R, — FLEXIPORT™ DATA REGISTER [RD only] |
D, D, D, D, D, D, D, D, |
8-BIT FLEXIPORT DATA !
| Table 12. R flexiPORT™ Data Register E
\
|
!
\
\
I
|
| R, — OUTPUT SENSE REGISTER [RD/WT] i
| D, D, D, D, D, D, D, D, ||
[ N/A N/A TxC TxD LL RL RTS DTR
‘3 Table 13. R,, Output Sense Register
|
| i
‘ i
I |
| |
‘ 4
i |
R, — INPUT SENSE REGISTER [RD/WT]
D, D, D, D, D, D, D, D,
N/A N/A RxC RxD RI DCD DSR CTS
J Table 14. R, Input Sense Register
Sipex 133
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RESET -
The RESET control line clears all registers tothe
following state:

* Register R, D,,D,-D,=0

* Register R}, D3 -D,= 0

* Register R, D3 — D0 =0

* Register R;, D, — D = Present Status

* Register R, ,D, — D, = Present Status

D,—D,=0
* Register R, ,D, — D =0
* Register R, D,—D,= 0
* Register R,, D, =0
* Register R, D, =0
* Register Ry, D, =0
* Register R, D, = 0
* RegisterR,,D, —D,=0

* Register R, D, —D; =0
* Register R, D,-D,= 0
* Register R, D, - D =0

HARD-WIRED OPERATING MODE

In those applications not controlled by a micropro-
cessor, the SPS01 has an operating mode whereby
all controls can be provided via jumpers tied to
logic “1” or “0”. With pin 78 (SP501D) (WIRED)
tied low, the entire control register interface is
replaced with direct access to the Line Driver and
Receiver mode control bits. When controlled in
this manner, each pin provides the functions as
described below.

Input pins D,-D; (27, 29-31; SP501D) supply
the Output Driver control bits normally pro-
vided by the Output Mode Register (R)) D,-D,.
Input pins D.-D, (17, 18, 24 and 26; SP501D)
supply the Input Receiver control bits normally
provided by the Input Register (R,), D,-D. The
address bus inputs A -A, (pins 71-75, SP501D)
provide the Interface Configuration Register
(R,) lines. A (pin 71, SP501D) provides the
LOCAL LOOPBACK function normally pro-
vided by R, D;. A,(pin 72, SPS01D) provides
the REMOTE LOOPBACK function normally
provided by R,, D,. A, (pin 73, SP501D) pro-
videsthe TxC clock direction function normally
provided by R,, D,. The output driver tri-state
function normally provided by R,, D, is pro-
vided by A, (pin 74, SP501D).
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HARD-WIRED CONTROL

SP501D PIN CONNECTIONS:

OUTPUT MODE D, — D, (31) D

\

Y

OUTPUT MODE D, — D, (30) E

OUTPUT MODE D, — D, (29) [}

Y

OUTPUT MODE D, — D, (27) I:l‘-

INPUT MODE D, — D, (26) [:

\ 4

INPUT MODE D, — D, (24) [}

Y

INPUT MODE D, — D;; (18) E

Y

INPUT MODE D, — D, (17) [}

Y

LOCAL LOOPBACK — A, (71) [:i

Y

Y

REMOTE LOOPBACK — A, (72) G

TXC DIRECTION — A, (73) [}

\

OUTPUT DRIVER ENABLE — A, (74) |:|"

Y

RD (77)
NO CONNECT
‘ WT (75)
| NO CONNECT
i NO CONNECT Cs 5
‘ WIRED (78)
£ 9
PCLK (3) 0
RESET (2)
L =
|
|
Cirnav
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OPERATING MODE BLOCK DIAGRAMS

The following pages describe the individual driver and receiver configura-
tions for each operating mode of the SP501. User—specific programming,
such as TxC direction or DTR signal source, are not shown specifically, but
are indicated by control register bit and corresponding controlled switch
positions.

The operating protocols that share comon configurations are grouped to-
gether. There are four groups of protocols:

Group 1 — RS232/RS423/EIA562/MIL~-188C/MIL~114AUB
Group 2 — RS449/EIAS30

Group 3 — RS422/RS485/MIL~114A-B-2

Group4—V.35

Separate drawings are shown for the CLOCK AND DATA LINES and the
CONTROL LINES for each Group. In addition to the protocol groupings, the
local and remote loopback operating modes are shown, as is the flexi—Port™
operating mode.

Sipex
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CLOCK AND DATA LINE CONFIGURATION — GROUP 1 :
RS—-232, RS—423, EIA-562, MIL-STD- 188C AND MIL-STD-188-114A UNBALANCED PROTOCOLS

REGISTER OR SIGNAL:

Signal (Pin - A=SP501A
D=SP501D)

OUTPUT MODE REGISTER (Ro)

Dy

Dg
N/A

Ds | D4 | Ds | Dy | Dy
NA|nwal x| x| x

Do

INPUT MODE REGISTER (R1)

Dy

N/A

D¢

N/A

Ds | D4 | D3| D2 | D4

NA|NA| X X | X

A

{J TxD (6-D)

Y

{ 1SD(a) (61-A)

—> »—[J RxC (10-D)
< {:. RT(a) (37-A)
|—> > RxD (9-D)
< ::' RD(a) (70-A)

1=ST

INTERFACE CONFIGURATION REGISTER (Ry)

Driver

Receiver

ST(a)/FPCLK (42-A

ST(b)/FPDIN (44-A)

TT(a) (63-A)
TT(b) (65-A)

- TXC (16-D)

138
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PROTOCOL

MIL-188C

81
1XXX 0001

1XXX 1000

01
XXXX 0001

08
XXXX 1000

RS-232

RS-232

RS-232

RS-232

SIGNAL PROCESSING EXCELLENCE
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- CONTROL LINE CONFIGURATION — GROUP 1
RS—232, RS—423, EIA-562, MIL-STD- 188C AND MIL-STD-188-114A UNBALANCED PROTOCOLS

REGISTER OR SIGNAL:

Signal (Pin - A=SP501A __>___,_|:| DCD (13-D)
D=SP501D)

<« JRR() (35-A)
—>————>-|:| DSR (12-D)

<] DM(a) (68-A)
—>—>—{:| CTS (11-D)

«+{JCS(a) (66-A)
__>——->-|:| RI (14-D)

<«JC(a) (39-A)

DTR CONTROL REGISTER (Rg) CONTROL LINE CONFIG. REGISTER (Rs)

D; | Dg | Ds| Dy | D3 | D, | Dy | Do

N/A|N/A | N/A] N/A| N/A | N/A | N/A|DTR

BTS CONTROL REGISTER (R7) < D DTR (7-D)

D; | Ds | Ds| Dy | D3 | D2 | Dy | Dg

N/A

'
N E—D—D-b—DTR(a) (58-A)

RL CONTROL REGISTER (Rg) L[ i < D RTS (8-D)
Lyl RS(a) (54-A)
it . < RL (5-D)
[ -
L E—»—[>—>—-|:. RL(a) (47-A)

N/A|N/A | N/A| N/A| N/A | N/A | N/A

""" : < l,:. LL (4-D)

E->—I>->—|:| LL(a) (51-A)
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PROTOCOL

e GE

RS-232
RS-232
RS-232

MIL-188C
RS-232
RS-232
RS-232
RS-232
RS-232

RS-423
RS-423
RS-423
RS-423
RS—-423
RS-423
RS—-423
RS-423

141

SIGNAL PROCESSING EXCELLENCE

Sipex




CLOCK AND DATA LINE CONFIGURATION — GROUP 2
RS—-449 AND EIA-530 PROTOCOLS

Signal (Pin - A=SP501A
D=SP501D)

REGISTER OR SIGNAL:

OUTPUT MODE REGISTER (Rg)

Dy

Dg

N/A

Ds
N/A

ps | D3 | D2 | Dy | Do
wal x| x| x| x

INPUT MODE REGISTER (R{)
D;| Ds | Ds| Dy | D3 | D2 | Dy | Do
NA|wA [wA|NA] X | x| x| X

> SD(a) (61-A)

<«{J TxD (6-D)

»—{] SD(b) (59-A)

[JRT(a) (37-A)

A

[ RxC (10-D)

\ 4

[J RT(b) (38-A)

{_JRD(a) (70-A)

<] RxD (9-D)

> JRD(b) (71-A)

INTERFACE CONFIGURATION REGISTER (R,)

D7
N/A

Dg
N/A

Ds
N/A

D,
N/A

D3

D2

D,

Do

Driver

Receiver

ST(a)/FPCLK (42-A)

ST(b)/FPDIN (44-A)

TT(a) (63-A)
TT(b) (65-A)

[ TxC (16-D)
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{l
|
I
{ PROTOCOL.:
J EIA-530
{ 8D
| 1XXX 1101
|
oD
XXXX 1101
RS-422
|
il
; RS-422
r
RS-422
RS-422

SEMV

Corporation
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CONTROL LINE CONFIGURATION — GROUP 2
RS-449 AND EIA-530 PROTOCOLS

REGISTER OR SIGNAL.:

Signal (Pin - A=SP501A RI (14-D)
D=SP501D)

<] Ic(a) (39-A)

DM(a) (68-A)

<{_} DM(b) (69-A)

<{J CS(a) (66-A)

>—>—|:| CTS (11-D)

<] CS(b) (67-A)

<]
I|:>—\>—I:| DSR (12-D)
L
[

: RR(a) (37-A)
DCD (13-D)
RR(b) (36-A)

DTR CONTROL REGISTER E v .
D; | Dg | Ds | D4 | D3 | D2 | Dy | Do : : i : < DDTR (7-D)
1
NA|NA | N/A x I_ :
i -o;o TR(a) (58-A)
RTS CONTROL REGISTER (R7) : " : -0 TR(b) (56'A)
D7 | Dg | Ds | Ds | D3 | D2 | Dy | Do :::
na[wa | wa| valwa | va | na[RTs E i t — <«—{_JRTS (8-D)
: '’ ! -
¥ - |:| RS(a) (54-A)
RL CONTROL REGISTER (Rg) ' pto :I > D RS(b) (52-A)
D; | Dg | Ds | D4 | D3 | D2 | Dy | Do ::
NA|NA | Al A na | Na [ va ] RL E "L--: < DRL (5-D)
: §->—>—>—|:| RL(a) (47-A)
LL CONTROL REGISTER (Rg) . Lo '
D; | Dg | Ds| Ds | Dy | D2 | Dy | Dy i pupngeg
NA|NA | WAl nalwa | wa | naf [ : <« _JLL 4-D)
B._>->——|:| LL(a) (51-A)
Cinav
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PROTOCOL.:

RS-423

RS-422

RS-422

RS-422

RS-422

RS-422

RS-423

RS-423

Corporatien
SIGNAL PROCESSING EXCELLENCE
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CLOCK AND DATA LINE CONFIGURATION — GROUP 3
RS—422, RS—-485 AND MIL-STD-188-114A BALANCED PROTOCOLS

REGISTER OR SIGNAL:
Signal (Pin - A=SP501A OUTPUT MODE REGISTER (Ry)
D=SP501D)

D; | Dg | Ds| Ds | D3 | D2 | D; | Do
X [najwalwal x| xf x| x

INPUT MODE REGISTER (R,)

D7 | Dg | Ds| Dg { D3 | D2 | Dy | Do
N/A|N/A |[NJA|NA]| X X X X

»—{_] SD(a) (61-A)
< TxD (6-D)
»—J SD(b) (59-A)

A

\ 4

\ 4

] RD(a) (70-A)
] RxD (9-D)
»—{_J RD(b) (71-A)

A

> RT(a) (37-A)
Kl [ RxC (10-D)
[ RT() (38-A)

ST(a)/FPCLK (42-A)

Driver
ST(b)/FPDIN (44-A)
TT(a) (63-A)
Receiver TT(b) (65-A)
:: TxC (16-D)
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PROTOCOL.:

RS-485

5**

1XXX 0101

05
XXXX 0101

RS-422

RS-422

RS—422

RS-422

**RS—-485 protocol often
operates in a multi-drop
mode; in this case Ry
would be 05, not 85

SEM\I
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CONTROL LINE CONFIGURATION — GROUP 3
RS—-422, RS—-485 AND MIL-STD~-188-114A BALANCED PROTOCOLS

REGISTER OR SIGNAL.: [ 1] I1C@a) (39-A)
Signal (Pin - A=SP501A >——>-L_.I RI (14-D)
D=SP501D) [ [ 1) @0
[ <] DM(a) (68-A)
>——>—E| DSR (12-D)
r_ <] DM(b) (69-A)
[ <] CS(a)(66-A)
>—>—|:] CTS (11-D)
[— <{] CS(b) (67-A)
RR(a) (37-A)
E DCD (13-D)
RR(b) (36-A)
DTR CONTROL REGISTER T —g }:. DTR (7-D)
Dy Dg Ds | Dg | D3 | Do D1 | Do :-|:- ;--
NA 5 TR(a) (58-A)
T TR(b) (56-A)
RTS CONTROL REGISTER (R;) , ' '
Ds | Ds | Dy | D3 | D2 :::_ — < {:I RTS (8-D)
E: L_ ' [J Rs(a) (54-A)
r—10 [ Rs(b) (52-A)
RL CONTROL REGISTER (Rg) : '
D; | Dg | Ds | Dg | D3 | D2 | Dy | Do VT o . < D RL (5-D)
N/A N/A — : BRL(a) (47-A)
, m RL(b) (45-A)
LL CONTROL REGISTER (Rg) :
D; | Dg | Ds | Da|Ds D2 |Dy (D0 B ~ 0 T— : < D LL (4-D)
NA|N/A | NNA| NA| NA | NA | N/A | LL L_E ' LL(a) (51-A)
] Z;EI LL(b) (49-A)
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PROTOCOL:

RS-485

RS—422

RS-422

RS-422

RS-422

RS-422

RS-422

RS—422

RS-422

Sipex
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CLOCK AND DATA LINE CONFIGURATION — GROUP 4

V.35 PROTOCOL

Signal (Pin - A=SP501A
' D=SP501D)

REGISTER OR SIGNAL:

OUTPUT MODE REGISTER (Ro)

D7 | De

X | NA

Ds
N/A

Dy
N/A

D;
X

D
X

D,
X

INPUT MODE REGISTER (Ry)
D;| Dg| Ds| Ds| D3 | D2 | Dy | Do
wA[NA [nawal x | x| x| x

Y

A

.
]

\ 4

i

SD(a) (61-A)
TxD (6-D)
SD(b) (59-A)

y

am® |
"

.

RT(a) (37-A)
RxC (10-D)
RT(b) (38-A)

Y

il

«

\ 4

1]

i

RD(a) (70-A)
RxD (9-D)
RD(b) (71-A)

Driver

Receiver

T

ST(a)/FPCLK (42-A)

ST(b)/FPDIN (44-A)

TT(a) (63-A)
TT(b) (65-A)

TxC (16-D)
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PROTOCOL.:

V.35

8E
1XXX 1110

OE
XXXX 1110

RS—422 (or V.35 with external attenuator)

RS-422 (or V.35 with external attenuator)

RS—-422 (or V.35 with external attenuator)

RS-422 (or V.35 with external attenuator)

Sipex 151
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CONTROL LINE CONFIGURATION — GROUP 4

V.35 PROTOCOL

Signal (Pin - A=SP501A
D=SP501D)

REGISTER OR SIGNAL.:

—I>——>—|:| DCD (13-D

)

—<«—{J RR(a) (35-A)

—l>——>—l:| DSR (12-D)

< DM(a) (68-A)

—[>——>-Q CTS (11-D)

—[>—>L'.I RI (14-D)

<]} CS(a) (66-A)

—<{J IC(a) (39-A)

DTR CONTROL REGISTER (Rg)

CONTROL LINE CONFIG. REGISTER (Rs

]

DTR (7-D)

L=t |
> _:“H >>——D TR(a) (58-A)

: -

G

] RTS(8-D)
RS(a) (54-A)

N/A|N/A | N/A| N/A| N/A | N/A | N/A

<«—_] RL(5-D)

RL(a) (47-A)

<«—_} LL@4-D)

LL(a) (51-A)
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| PROTOCOL:
i} V.35
|

RS-232

‘ RS-232

RS-232

RS-232

RS-232

RS-232

RS-232

RS-232

Sipex 153
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LOCAL LOOPBACK MODE

V.35 T—V""‘*—u RXD (9-D)
(V.35 PROTOCOL SHOWN)  RECEIVER | | y [y RD(a) (70-A)

Signal (Pin - A=SP501A ]
D=SP501D) o RD(b) (71-A)

OUTPUT MODE REGISTER (Rq TxD (6-D
V.35 Kl_ ) X0 D)
DRIVER > SD(a) (61-A)

> SD(b) (59-A)

V.35 "—‘>"—‘—u RxC (10-D)
RECEIVER - 0] RT(a) (37-A)
INTERFACE CONFIGURATION RE_G#STER (R,

[J RT(b) (38-A)
D;| Dg | Ds| Dsa | D3 | D2 | Dy | Do

NAINA {NA[NA] 1 | oo |1 —<—J TxC (16-D
4 V.35 g-_‘ ¢ )
DRIVER > TT(a) (63-A)

>} TT(b) (65-A)

RS232 DCD (13-D)
RECEIVER —*o] RR(a) (37-A)

RS232 |—<]—7—<-El RL (5-D)
DRIVER > {3 RL(a) (47-A)

RS232 DSR (12-D)
RECEIVER ") DM(a) (68-A)

RS232 E<I7-<—u DTR (7-D)
DRIVER > {3 TR(a) (58-A)

RS232 CTS (11-D)
RECEIVER —"oJ CS(a) (66-A)

——{J RTS (8-D)
[ RS(a) (54-A)

|

|

|

RS232
DRIVER

o

RS232 RI (14-D)
RECEIVER —*] 1C(a) (39-A)

RS232 —<+{J LL (4-D)
DRIVER >} LL(a) (51-A)

T

T
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REMOTE LOOPBACK MODE

| "_[>k——u RxD (9-D)
| V.35
| (V.35 PROTOCOL SHOWN) ~ RECEIVER < O RD(a) (70-A)
Signal (Pin - A=SP501A . [J RD(b) (71-A)
=SP501D)
‘ V.35 ?]—‘\—«D TxD (6-D)
OUTPUT MODE REGISTER (Rg) DRIVER
} D7 | Dg | Ds | Ds | D3 | D2 | Dy | Do 3 SD(@) (&1-4)
5 1 Inafwalwal 1t |1 [1]o »{] SD(b) (59-A)
—{ RxC (10-D
INPUT MODE REGISTER (R) I RECEIxi':?s x (10. )
‘ D;| Dg | Ds| Dy | D3 | D | Dy | Do < {3 RT(a) (37-A)
N/A|N/A [NJA{NA| 1 1 1 0
| < 3 RT(b) (38-A)
‘ INTERFACE CONFIGURATION REGISTER (R. V.35 ¢ TxC (1 G-D)
| DRIVER ~ 0 TT(a) (63-4)
; »{J TT(b) (65-A)
REC:ﬁlzg: li>__—._|:| DCD (13-D)
< 1 RR(a) (37-A)
i RS232 I;<l-—<—f°-l:| RL (5-D)
| DRIVER > I RL(a) (47-A)
~ RS232 |>___—>—r_-| DSR (12-D)
_ RECEIVER < D owe) 68-8)
| Rszas '—<]——<—«“°-l:| DTR (7-D)
DRIVES 0 TR(e) (58-A)
“ RS232 [?——*—D CTS (11-D)
| RECEIVER > 1 cs(a) (66-A)
RS232 |—<l—<—°"’°-l:l RTS (6-D)
DRIVER > ] RS(a) (54-A)
j RS232 d >—— RI(14-D)
RECEIVER < 1 IC(a) (39-A)
RS232 |—<l—‘—°”°°-l:| LL (4-D)
DRIVER ] LL(a) (51-A)
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ADDRESS

ADDRESS VALID

«— taAp — <« tRAH »>
«tcy
cs
tecs—| |«
RD «— tRw —
—»| bR [«— «—tRD —»I
DATA DATA VALID x
MIN. TYP. | MAX. UNITS CONDITIONS
READ TIMNG
Address Valid to CS Low 50 ns ton
CS Lowto RD Low Setup | 0 ns tes
Address Valid to RD Low 50 ns tan
Data Valid after RD 300 ns tor
RD Low Pulse Width 200 ns taw
Data Hold after RD 50 ns tao
Address Hold after RD 50 ns taan
ADDRESS ADDRESS VALID
«— taw —> —twaH >
<+« tcH>
cs
tecs—| |«
WT e— tww—>
«—tpw—ple—t —>I
DATA DATAVALID X
MIN. TYP. | MAX. UNITS CONDITIONS
WRITE TIMNG
Address Valid to CS Low 50 ns ton
CS Low to WT Low Setup| 0 ns tes
Address Valid to WT Low 50 ns | ty
Data Setup before WT 225 ns tow
WT Low Pulse Width 200 ns tw
Data Hold after WT 100 ns two
Address Hold after WT 50 ns twan
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ORDERING INFORMATION

flexiPORT™ Multi-Mode SerialTransceiver

Model Temp e Range P g\
SP501ACF 0°C to +70°C 80-pin QFP
SP501DCF 0°C to +70°C 80-pin QFP
Cirnex
uuwx 157
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FINTENTIONALLY BLANK
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Sivex SP502

SIGNAL PROCESSING EXCELLENCE

Multi-Mode Serial Transceiver

@ Single—Chip Serial Transceiver Supports
Industry—Standard

B Software—Selectable Protocols:
—RS232 (v.28)
— RS422A (V.11, X.27)
— RS449
— RS485
—V.35
— EIA-530
B Programmable Selection of Interface
B +5V-Only Operation
B Six (6) Drivers and Seven (7) Receivers
B Surface Mount Packaging

DESCRIPTION...

The SP502 is a highly integrated serial transceiver that allows software control of its interface
modes. It offers hardware interface modes for RS232 (V.28), RS422A (V.11), RS449, R$485,
V.35, and EIA530. The SP502 is fabricated using low—power BICMOS process technology, and
incorporates a Sipex—patented (5,306,954) charge pump allowing +5V only operation. Each
device is packaged in an 80—pin Quad FlatPack package.

AN ANAD yyyyyyy|

Drivers Receivers
——
SP502
?uar:l%e . Driver Receiver
Decode Decode
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SPECIFICATIONS

(Typical @ 25°C and nominal supply voltages unless otherwise noted)

PARAMETERS MIN. TYP. MAX. UNITS CONDITIONS
LOGIC INPUTS
Vi 0.8 Volts
Viy 2.0 Volts
LOGIC OUTPUTS
VoL 0.4 Volts loyr= 3-2mA
Vou 35 - Volts loyr=1-0mA
RS485 DRIVER
TTL Input Levels
Vi 0.8 Volts
Viu 2.0 Volts
Outputs .
High Level Output +6.0 Volts
Low level Output -0.3 Volts
Differential Output *+1.5 +5.0 Volts R =54Q, C =50pF
Open Circuit Voltage +6.0 Volts
Output Current 28 mA R, =54Q
Short Circuit Current +250 mA Terminated in ~7V to.+12V
Transition Time 120 nS Rise/fall time, 10%—90%
Transmission Rate 5 Mbps
RS485 RECEIVER
TTL Output Levels
VoL 0 0.4 Volts
Vou 24 Volts
Input
High Threshold +0.2 +12 Volts (a)-(b)
Low Threshold ~7.0 -0.2 Volts (a)-(b)
Common Mode Range -7.0 +12.0 Volts
High Input Current Refer to graph
Low Input Current Refer to graph
Receiver Sensitivity 0.2 Volts Over —7V to +12V common
mode range
Receiver Open Circuit Bias
Input Impedance 1 Unit load Refer to graph
V.35 DRIVER
TTL Input Levels
ViL 0 0.8 Volts
Viu 2.0 Volts
Outputs
Differential Output +0.44 +0.66 Volts With termination network;
R =100Q
Output Impedance 50 150 Q wiLth termination network
Transition Time 40 nS .
Transmission Rate 5 Mbps
V.35 RECEIVER
TTL Output Levels
VoL 0 0.4 Volits
Vou 24 Volts
Input
High Threshold +0.2 +12.0 Volts (a)-(b)
Low Threshold -7.0 -0.2 Volts (a)-(b)
Common Mode Range -7.0 +12.0 Volts
Receiver Sensitivity 0.2 Volts Over -7V to +12V common
mode range
Input Impedance 50 150 Q with termination network
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SPECIFICATIONS (continued)

(Typical @ 25°C and nominal supply voltages unless otherwise noted)

PARAMETER MIN. TYP. MAX. UNIT CONDITIONS
RS422 DRIVER
TTL Input Levels
Vi 0 0.8 Volts
Viu 2.0 Volts
Outputs
Differential Output 2.0 +5.0 Volts R =100Q
Open Circuit Voltage,VO +6.0 Volts .
Balance 0.4 Volts Vil = IV
Offset +3.0 Volts
Short Circuit Current +150 mA
Power Off Current +100 pA
Transition Time 60 ns Rise/fall time, 10%-90%
Transmission Rate 5 Mbps
RS422 RECEIVER
TTL Output Levels
VoL 0 0.4 Volts
Vou 24 Volts
Input
High Threshold +0.2 +6.0 Volts (a)-(b)
Low Threshold -6.0 -0.2 Volts (a)-(b)
Common Mode Range -7.0 +7.0 Volts
High Input Current Refer to graph
Low Input Current Refer to graph
Receiver Sensitivity +0.2 Volts
Input Impedance 4 KQ
RS232 DRIVER
TTL Input Level
Vi 0 0.8 Volts
Vi 2.0 Volts
Outputs
High Level Output +5.0 +15 Volts RL=3KQ, VIN=0.8V
Low Level Output -15.0 -5 Volts RL=3KQ, VIN=2.0V
Open Circuit Voltage -15 +15 Volts
Short Circuit Current +100 mA
Power Off Impedance 300 Q
Slew Rate 30 Vius RL=3KQ, CL=15pF
Transition Time 2 us
Transmission Rate 120 Kbps
RS232 RECEIVER
TTL Output Levels
Voo 0 0.4 Volts
Vo 24 Volts
Input
High Threshold 1.7 2.4 Volts
Low Threshold 0.8 1.2 Volts
Receiver Open Circuit Bias 0 +2.0 Volts
Input Impedance 3 5 7 KQ
RS423 DRIVER
TTL Input Levels
Vi 0 0.8 Volts
Viu 2.0 Volts
Output
High Level Output +3.6 +6.0 Volts RL=450Q
Low Level Output -6.0 --3.6 Volts RL=450Q

Cirmawv
10 >y ¢
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SPECIFICATIONS (continued)

(Typical @ 25°C and nominal supply voltages unless otherwise noted)

PARAMETER MIN. TYP. MAX. UNIT CONDITIONS
RS423 DRIVER
Open Circuit Voltage +4.0 +9.0 Volts
Short Circuit Current -+150 mA
Power Off Current +100 pA
Transition Time 40 ns Rise/fall time, 10-90%
Transmission Rate 120 Kbps
RS423 RECEIVER
TTL Output Levels

Voo 0 0.4 Volts

Vou 24 Volts
Input
High Threshold +0.2 +12.0 Volts
Low Threshold —6.0 -0.2 Volts
Common Mode Range —7.0 +12.0 Volts
High Input Current Refer to graph
Low Input Current Refer to graph
Receiver Sensitivity +0.2 Volts
Input Impedance 4 KQ
POWER REQUIREMENTS

Vee 4.75 525 Volts

lee 20 30 mA V=5V, no interface selected
ENVIRONMENTAL AND MECHANICAL
Operating Temperature Range 0 +70 °C
Storage Temperature Range | -65 +150 °C
Package 80—pin QFP

RS422 RECEIVER RS423 RECEIVER

+3.25mA

+3V +10V

+3.25mA

+3V

+10V

Maximum Input Current Maximum Input Current
versus Voltage : versus Voltage
-3.25mA -3.25mA
RS485 RECEIVER
+1.0mA
+6V  +12V
1 Unit Load
—0.6mA Maximum Input Current
versus Voltage
Cirmaw
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AC CHARACTERISTICS

(Typical @ 25°C and nominal supply voltages unless otherwise noted)

PARAMETERS MIN. TYP. MAX. UNITS CONDITIONS
: SINGLE-ENDED MODE
! RS232
| Driver Propagation Delay Input = 0.8V to 2.0V; 60kHz
tonL 17 us ‘Unloaded
tory 1.1 us Unloaded
i torL 21 us Loaded with 3KQ2 and
2,500pF
toin 1.7 us Loaded with 3KQ2 and
2,500pF
Receiver Propagation Delay Input = OV to 5.0V; 60kHz;
note 1
tou 69 ns
to 4 60 ns
! RS423
‘ Driver Propagation Delay Input = 0.8V to 2.0V; 60kHz
tonL 2.0 us Loaded with 450Q
tory 1.3 us Loaded with 450Q
Receiver Propagation Delay Input = -0.2V to 2.0V;
60kHz; note 2
topL 625 ns
‘ by 88.0 ns
i DIFFERENTIAL MODE
| RS485
[ Driver Propagation Delay Input = OV to 3.0V; 100kHz;
note 3
tone 76.0 ns Loaded with 54Q
torn 62.0 ns Loaded with 54Q
Receiver Propagation Delay Input = A to GND;
B=-200mV to +200mV;
‘ 100kHz, note 4
i oL 150 ns
: - 213 ns
\ RS422
‘ Driver Propagation Delay Input = OV to 3.0V; 100kHz;
note 3
tonL 78 ns Loaded with 100Q
torn 65 ns Loaded with 100Q
Receiver Propagation Delay Input = A to GND;
B=-200mV to +200mV;
100kHz, note 4
tonL 149 ns
PLH 213 ns V.35
| Driver Propagation Delay Input = OV to 3.0V; 100kHz;
note 3
torL 79 ns R = 100Q with termination
network
torn 65 ns R =100 with termination
network
Receiver Propagation Delay Input = A to GND;
‘ B=~200mV to +200mV;
: 100kHz, note 4
‘ tonL 246 ns
i PLH 143 ns
|
Cirmawv
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AC CHARACTERISTICS (continued)

(Typical @ 25°C and nominal supply voltages unless otherwise noted)

PARAMETER TMIN. TYP. MAX. | UNITS CONDITIONS
DELAY TIME FROM ENABLE MODE TO TRI-STATE MODE
RS232 (SINGLE-ENDED MODE)
oz Enable to Qutput low 186.8 ns 3KQ pull-up to output
1z Enable to Output high 127.0 ns 3KQ pull-down to output
to z Disable from Output low 264.0 ns 5V to input
toz: Disable from Output high 392.5 ns GND to input
RS422 (DIFFERENTIAL MODE)
toz; Enable to Output low 94.2 ns 3KQ pull-up to output
tozs Enable to Output high 101.0 ns 3KQ puli-down to output
to 2z Disable from Output low 124.5 ns 5V to input
toz: Disable from Output high 135.5 ns GND to input
Notes:
1. Measured from 2.5V of R t0 2.5V of R ..
2, Measured from one-half of R, to 2.5V of R, ..
3. Measured from 1.5V of T to one-half of T ..
4. Measured from 2.5V of R, to OV of A and B.
POWER MATRIX
(Typical @ 25°C and nominal supply voltages unless otherwise noted)
AC Signal | 5V to Input GND to Input AC Signal Conditions
Mode | Open Input| Input to 5V | Inputto GND | to Input with Load with Load with Load
V35 |2071mA | 21.5mA 20.74mA 2832mA | 58.19mA 55.64mA 7308mA | With extemal driver output
1110 termination network;
input =0.8V to 2V, 60KHz;
Load =3K(, 2500pF for
RS232; load =100Q2 for V.35
RS232 [ 2253mA | 2241mA" | 23.15mA 31.54mA | 43.74mA 40.96mA 62.47mA Input = 0.8V to 2V, 60KHz;
0010 Load = 3KQ, 2500pF
RS422 | 17.98mA | 17.83mA | 14.13mA 3292mA | 14347mA | 140.65mA 14655mA | Input=0.8V to 2V, 25MHz;
0100 Load = 100Q
RS485 | 17.62mA | 17.74mA [ 14.07mA 3285mA | 18293mA | 180.71mA 18365mA | Input=0.8V to 2V, 2.5MHz;
0101 Load = 54Q
RS449 | 19.93mA [ 1987mA | 17.84mA 2857mA | 13490mA | 131.35mA 131.94mA | Input=0.8V to 2V, 60KHz;
1100 Load = 450Q for RS423;
Load =100Q for RS422
EIA530] 19.85mA | 1983mA | 17.82mA. 2354mA | 13490mA | 131.25mA 131.78mA | Input=0.8V to 2V, 60KHz;

1101

Load = 450Q for RS423;
Load =100Q for RS422

*All Driver Input Common V=5V
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PINOUT...

oL cBEEF8E88038 48

BeBoof 88858330 aFEF 89

BRRRRRIRNIRBILEBIBYGS

I OOAAAEAA

[l aooonodan
Ao 1 O T 60 GND
RDEC, 20T = 59 sow)
RDEC; 3T T s8 TR(a)
RDEC; 4CT] I3 57 GND
RDEC; 50T [T 56 TR(b)
STAT 8] - 55 Ve
GND 7T - 54 Rs(a)
Veo 80T = 53 GND
TDEC; 9T [T 52 RSp)
TDEC, 100 SP502 ET3 51 L)
TOEC, 11T T 50 GND
TDEC, 12I—] = 48wy
OTR 13T T 48 Vo
T 140 = 47 AL
T*C 15T T 46 GnD
ATS 16T T3 45 RL(H)
AL 171 [T 44 ST(o)
Ne 180T T3 43 GND
00D 19 FT 42 ST(a)
Rxc 20T T 41 Voo

SYRILLRRRBZEBIBEERRS

& 9t 94,0t 990 EEEEEE

EFTEREY R ISUNTE F 212

Note: NG (No Connection) pins should be left floeting.
Internal signals may be present.

PIN ASSIGNMENT...

CLOCK AND DATA GROUP

Pin 1 — RxD — Receive Data; TTL output,
sourced from RD(a) and RD(b) inputs.

Pin 14 — TxD — TTL input ; transmit data
source for SD(a) and SD(b) outputs.

Pin 15 — TxC — Transmit Clock; common
TTL input for both ST and TT driver outputs.
Pin 20 — RxC — Receive Clock; TTL output
sourced from RT(a) and RT(b) inputs.

Pin 37 — RT(a) — Receive Timing; analog
input, inverted; source for RxC.

Pin 38 — RT(b) — Receive Timing; analog
input, non-inverted; source for RxC.

Pin 42 — ST(a) — Send Timing; analog output,
inverted; sourced from TxC.

Pin 44 — ST(b) — Send Timing; analog output,
non-inverted; sourced from TxC.

Pin 59 — SD(b) — Analog Out — Send data,
non-inverted; sourced from TxD.

Pin 61 — SD(a) — Analog Out — Send data,
inverted; sourced from TxD.

Pin 63 — TT(a) — Analog In or Out —
Terminal Timing, inverted; sourced to TxC or
RxT.

Pin 65 — TT(b) — Analog In or Out —
Terminal Timing, non—inverted; sourced to TxC
or RxT,

Pin 70 —RD(a) — Receive Data, analog input;
inverted; source for RxD.

Pin 71 — RD(b) — Receive Data; analog input;
non-inverted; source for RxD.

CONTROL LINE GROUP

Pin 13 — DTR — Data Terminal Ready; TTL
input; source for TR(a) and TR(b) outputs.

Pin 16 — RTS — Ready To Send; TTL input;
source for RS(a) and RS(b) outputs.

Pin 17— RL — Remote Loopback; TTL input;
source for RL(a) and RL(b) outputs.

Pin 19 — DCD— Data Carrier Detect; TTL
output; sourced from RR(a) and RR(b) inputs.

Pin 21 — RI — Ring In; TTL output; sourced
from IC(a) and IC(b) inputs.

Pin 24 — LL — Local Loopback; TTL input;
source for LL(a) and LL(b) outputs.

Pin 35 — RR(a)— Receiver Ready; analog
input, inverted; source for DCD.

Pin 36 — RR(b)— Receiver Ready; analog
input, non-inverted; source for DCD.

Pin 39 — IC(a)— Incoming Call; analog input,
inverted; source for RI.

Pin 40 — IC(b)— Incoming Call; analog
input,non-inverted; source for RIL

Pin 45 — RL(b) — Remote Loopback; analog
output, non-inverted; sourced from RL.

Pin 47 — RI(a) — Remote Loopback; analog
output inverted; sourced from RL.

Pin 49— LIL(b) — Local Loopback; analog
output, non-inverted; sourced from LL.

Pin 51 — LL(a) — Local Loopback; analog
output, inverted; sourced from LL.

Pin 52 — RS(b) — Ready To Send; analog
output, non-inverted; sourced from RTS.

Pin 54 — RS(a) — Ready To Send; analog
output, inverted; sourced from RTS.

Pin 56 — TR(b) — Terminal Ready; analog
output, non-inverted; sourced from DTR.

Pin 58 — TR(a) — Terminal Ready; analog
output, inverted; sourced from DTR.

Pin 66 — CS(a)— Clear To Send; analog input,
inverted; source for CTS.

Pin 67 — CS(b)— Clear To Send; analog input,
non-inverted; source for CTS.

Pin 68 — DM(a)— Data Mode; analog input,
inverted; source for DSR.

Pin 69 — DM(b)— Data Mode; analog input,
non-inverted; source for DSR
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Pin 78 — DSR— Data Set Ready; TTL output;
sourced from DM(a), DM(b) inputs. »
Pin 80 — CTS— Clear To Send; TTL output;
sourced from CS(a) and CS(b) inputs.

CONTROL REGISTERS
Pins 2-5 — RDECO — RDEC3 — Receiver
decoderegister; configures receiver modes; TTL

inputs, _
Pin 6 — ST/TT — Enables ST or TT drivers;
TTL input.

Pins 12-9 — TDECO - TDEC3 — Transmitter
decode register; configures transmitter modes;
TTL inputs.

POWER SUPPLIES

Pins 8,25, 33,41,48,55,62,73,74 —V —
+5V input.

Pins 7,29, 34, 43, 46, 50, 53, 57, 60, 64, 72,75
— GND — Ground.

Pin 27 — VDD +10V Charge Pump Capacitor
— Connects from VDD to VCC. Suggested
capacitor size is 22pF, 16V.

Pin 32— VSS-10V Charge Pump Capacitor —
Connects from ground to VSS. Suggested ca-
pacitor size is 22uF, 16V.

Pins 26 and 30— C1+ and C1~ — Charge Pump
Capacitor — Connects from C1+to C1~. Sug-
gested capacitor size is 22uF, 16V.

Pins 28 and 31 — C2+ and C2~ — Charge Pump
Capacitor — Connects from C2+ to C2~. Sug-
gested capacitor size is 22uF, 16V.

NOTE: NC pins should be left floating; internal
signals may be present.

FEATURES...

The SP502 is a highly integrated serial trans-
ceiver that allows software control of its inter-
face modes. The SP502 offers hardware inter-
face modes for RS232 (V.28), RS422A (V.11),
RS449, RS485, V.35, and EIAS530. The inter-
face mode selection is done via an 8-bit switch;
four (4) bits control the drivers and four (4) bits
control the receivers. The SP502 is fabricated
usinglow—power BiICMOS process technology,
and incorporates a Sipex—patented (5,306,954)
charge pump allowing +5V only operation. Each

device is packaged in an 80—pin Quad FlatPack
package.

The SP502 is ideally suited for wide area net-
work connectivity based on the interface modes
offered and the driver and receiver configura-
tions. The SP502 has five (5) independent driv-
ers and six (6) independent receivers and one
half-duplex transceiver channel, which allows
a maximum of six (6) drivers and seven (7)
receivers. The driver and receiver configuration
for the SP502 is ideal for DTE applications. The
SP502 is made up of four separate circuit blocks
— the charge pump, drivers, receivers, and
decoder. Each of these circuit blocks is de-
scribed in detail below. ‘

THEORY OF OPERATION
Charge~Pump

The charge pump is a Sipex—patented design
(5,306,954) and uses a unique approach com-
pared to older less—efficient designs. The charge
pump still requires four external capacitors, but
uses a four—phase voltage shifting technique to
attain symmetrical 10V power supplies. Figure
3a shows the waveform found on the positive
side of capacitor C,, and Figure 3b shows the
negative side of capacitor C,. There is a free-
running oscillator that controls the four phases
of the voltage shifting. A description of each
phase follows.

Phase 1

— VSS charge storage —During this phase of
the clock cycle, the positive side of capacitors
C, and C, are initially charged to +5V. C/" is
then switched to ground and charge in C,~ is
transferred to C,~. Since C,* is connected to
+5V, the voltage potential across capacitor C, is
now 10V.

Phase 2

— VSS transfer — Phase two of the clock
connects the negative terminal of C, to the VSS
storage capacitorand the positive terminal of C,
to ground, and transfers the generated -10V to
C;. Simultaneously, the positive side of capaci-
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/,

VCC +5V

L%—I‘O/g_w }J Vpp Storage Capacitor

Vgg Storage Capacitor

ojvm

-5V

Vee = +5V

4
}:JVDD Storage Capacitor

Vgg Storage Capacitor

o] ;\ —10v O%Ca

Figure 1. Charge Pump Phase 1.

tor C , is switched to +5V and the negative side
is connected to ground.

Phase 3

— Vp charge storage — The third phase of the
clock is identical to the first phase — the trans-
ferred in C, produces ~5V in the negative termi-
nal of C,, which s applied to the negative side of
capacitor C,. Since C,* is at +5V, the voltage
potential across C, is 10V.

Phase 4

— Vpp, transfer — The fourth phase of the clock
connects the negative terminal of C, to ground
and transfers the generated 10V across C,to C,,
the V, storage capacitor. Again, simultaneously
with this, the positive side of capacitor C, is
switched to +5V and the negative side is con-
nected to ground, and the cycle begins again.

Since both V+ and V™ are separately generated
from V. in a no-load condition, V+ and V-
will be symmetrical. Older charge pump ap-

Figure 2. Charge Pump Phase 2.

proaches that generate V- from V+ will show a
decrease in the magnitude of V- compared to
V+ due to the inherent inefficiencies in the
design.

The clock rate for the charge pump typically
operates at 1 SKHz. The external capacitors must
be 22uF with a 16V breakdown rating. Two
external Schottky diodes connected as in Figure
6 are required for high rate of rise power sup-
plies.

External Power Supplies

For applications that do not require +5V only,

external supplies can be applied at the V+ and

V- pins. The value of the external supply volt-

ages must be no greater than +10V. The current
drain for the £10V supplies is used for RS232,
and RS423 drivers. For the RS232 driver the

current requirement will be 3.5mA per driver,

and for the RS423 driver the worst case current
drain will be 11mA per driver. It is critical that

+10V
ct

GND

GND
(o

-10v

a)

b)

Figure 3. Charge Pump Waveforms
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Voo = +5V

Lo a

4
. }JVDD Storage Capacitor
Cy

- O—| Vsg Storage Capacitor
-5V 0%03
\%

Vg =+5V

Lo +10V o Ca
N * = | Vpp Storage Capacitor
Cy
- )-vas Storage Capacitor
o —O\

Figure 4. Charge Pump Phase 3.

the external power supplies provide a power
supply sequence of :+10V, then +5V, followed
by -10V.

Drivers

The SP502 has six (6) drivers which can be
programmed in six different modes of opera-
tion. One of the drivers for the SP502 is inter-
nally connected to an internal receiver input to
make up a half-duplex configuration. As shown
in the Mode Diagrams the driver input of the
half-duplex channel is shared with an adjacent
driver such that when one is active the other is
disabled.

Control for the mode selection is done via a
four-bit control word. The SP502 does not have
a latch; the control word must be externally
latched either high or low to write the appropri-
ate code into the SP502. The drivers are pre-

Figure 5. Charge Pump Phase 4.

arranged such that for each mode of operation
the relative position and functionality of the
drivers are set up to accomodate the selected
interface mode. As the mode of the drivers is
changed, theelectrical characteristics will change
to support the requirements of clock, data, and
control line signal levels. Table I shows a sum-
mary of the electrical characteristics of the driv-
ers in the different interface modes. Unused
driver inputs can be left floating; however, to
ensure a desired state with no input signal, pull-
up resistors to +5V or pull-down resistors to
ground are suggested. Since the driver inputs
are both TTL or CMOS compatible, any value
resistor less than 100K<2 will suffice.

There are three basic types of driver circuits —
RS232, RS423, and RS485. The RS232 drivers
output a minimum of +5V level single—ended
signals (with 3KQ and 2500pF loading), and

Pin Label Mode: RS232 V.35 RS422 RS485 RS449 EIA530
TDEC,-TDEC, 0000 0010 1110 0100 0101 1100 1101
SD(a) tri-state RS232 V.35~ RS422- RS485- RS422- RS422-
SD(b) tri-state tri-state V.35+ RS422+ RS485+ RS422+ RS422+
TR(a) tri-state RS232 RS232 RS422- RS485- RS422- RS422-
TR(b) tri-state tri-state tri-state RS422+ RS485+ RS422+ RS422+
RS(a) tri-state RS232 RS232 RS422- RS485- RS422- RS422-
RS(b) tri-state tri~state tri-state RS422+ RS485+ RS422+ RS422+
RL(a) tri-state RS232 RS232 RS422- RS485~ RS423 RS423
RL(b) tri-state tri-state tri-state RS422+ RS485+ tri-state tri-state
LL(a) tri-state RS232 RS232 - RS422~ RS485- RS423 RS423
LL(b) tri-state tri-state tri-state RS422+ RS485+ tri-state tri-state
ST(a)* tri-state RS232 V.35- RS422- RS485- RS422— RS422-
ST(b)* tri-state tri-state V.35+ RS422+ RS485+ RS422+ RS422+
TT(a)* tri-state RS232 V.35- RS422- RS485- RS422- RS422-
TT(b)* tri-state 15KQ to GND V.35+ RS422+ . RS485+ RS422+ RS422+

*The ST and TT driver outputs cannot be enabled simultaneously.

Table 1. SP502 Drivers
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D, and D, are Schottky diodes. They
are necessary to guard against Ve
rates of rise greater than 1V/us, which

27

+5V, 5%
1N5819
Do

220F, 16V | ¢

can cause start-up problems.

26
22uF ;"J_
16VT 30

28

22uF il—

16VT 31

1N5819
Dy

Vop Vee

Cyt

C1'
Charge
Pump
Cot

Cz_

L 1 spso2
1
1 Driver
° Decode
5 1
=
°0
g Ext
8 Latch
[a)
g
o 1
«
>
Receiver|
1 Decode
0

S

5
§

For NET?2 certified circuits, please contact the factory.

22uF (V¢ decoupling)

All V¢ connections can be tied
‘together. Charge pump capacitors must
be placed as close to the package as
possible.

196Q

V.35 External
Driver Output
Termination Resistors

V.35 External
Receiver Input
Termination Resistors

Figure 6. Typical Operating Circuit
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can operate up to 120Kbps. The RS232 drivers
are used in RS232 mode for all signals, and also
in V.35 mode where they are used as the control
line signals.

The RS423 drivers output a minimum of 3.6V
level single—ended signals (with 450Q loading)
and can operate up to 120Kbps. Open circuit
Voo and V, measurements may exceed the
+6V limitation of RS423. The RS423 drivers
are used in RS449 and EIA530 modes as RL and
LL outputs.

The third type of driver supports RS485, which
is a differential signal that can maintain 1.5V
differential output levels with a worst case load
of 54Q. The signal levels and drive capability of
the RS485 drivers allow them to also support
RS422 requirements of £2V differential output
levels with 100€2 loads. The RS422 drivers are
used in RS449 and EIA530 modes as clock, data
and some control line signals.

The RS485—type drivers are also used in the
V.35 mode. V.35 levels require £0.55V signals
with aload of 100Q. In order to meet the voltage
requirements of V.35, external series resistors
with source impedance termination resistors
must be implemented to voltage divide the driver
outputs from O to +5V to 0 to +0.55V. Figure 6
shows the values of the resistor network and
how to connect them. The termination network
also achieves the 50Q to 150Q source imped-

ance for V.35. For applications that require
V.11 signals for clock and data instead of V.35
levels, omit the external termination networks.
All of the differntial drivers, RS485, RS422,
and V.35 can operate up to SMbps.

Receivers

The SP502 is equipped with seven (7) receivers
which can be programmed in six (6) different
modes of operation. One of the seven (7) receiv-
ers (RxT) is part of a half-duplex channel,
which means its inputs are shared with a driver
output, as shown in the Mode Diagrams. The
RxT receiver has its inputs internally connected
to the TT(a) and TT(b) pins. The select pin
labeled ST/TT enables either the TT—driver or
the ST—driver, but it does not disable the re-
ceiver. The RxT receiver is always connected to
the TT(a) and TT(b) pins. Any signal that is
received or transmitted on TT(a) and TT(b) will
trigger a TTL—output at the RxT pin.

Control for the mode selection is done via a 4—
bit control word that is independant from the
driver control word. The coding for the drivers
andreceivers isidentical. Therefore, ifthe modes
for the drivers and receivers are supposed to be
identical in the application, the control lines can
be tied together.

Like the drivers, the receivers are pre-arranged
for the specific requirements of the interface. As
the operating mode of the receivers is changed,

Pin Label Mode: RS232 V.35 RS422 RS485 RS449 EIA530
RDEC-RDEC, 0000 0010 1110 0100 0101 1100 1101
RD(a) Undefined RS232 V.35- RS422- RS485— RS422- RS422-
RD(b) Undefined 15KQ to GND V.35+ RS422+ RS485+ RS422+ RS422+
RT(a) Undefined RS232 V.35- RS422- RS485~ RS422- RS422-
RT(b) Undefined 15KQ to GND V.35+ RS422+ RS485+ RS422+ RS422+
CS(a) Undefined RS232 RS232 RS422- RS485- RS422- RS422-
CS(b) Undefined 15KQ to GND | 15KQ to GND RS422+ RS485+ RS422+ RS422+
DM(a) Undefined RS232 RS232 RS422- RS485- RS422- RS422-
DM(b) Undefined 15KQ to GND | 15KQ to GND RS422+ RS485+ RS422+ RS422+
RR(a) Undefined RS232 RS232 RAS422- RS485- RS422- RS422-
RR(b) Undefined 15KQ to GND | 15KQ to GND RS422+ RS485+ RS422+ RS422+
IC(a) Undefined RS232 RS232 RS422- RS485— RS423 RS423
IC(b) Undefined 15KQ to GND | 15KQ to GND RS422+ RS485+ 15KQ to GND [ 15KQ to GND
TT(a)* Undefined RS232 V.35- RS422- RS485— RS422- RS422—
TT(b)* Undefined 15KQ to GND V.35+ RS422+ RS485+ RS422+ RS422+
*TT(a) and TT(b) can be programmed as driver outputs or receiver inputs.
Table 2. SP502 Receivers
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the electrical characteristics will change to sup-
port the requirements of clock, data, and control
line receivers. Table 2 shows a summary of the
electrical characteristics of the receivers in the
different interface modes. Unused receiver in-
puts can be left floating without causing oscilla-
tion. To ensure a desired state of the receiver

output, a pull-up resistor of 100KQ to +5V .

should be connected to the inverting input for a
logic low, or the non—inverting input for a logic
high. For single-ended receivers, a pull-down
resistor to ground of SKQ is internally con-
nected, which will ensure a logic high output.

There are three basic types of receivers —
RS232,RS423,and RS485. The RS232 receiver
is a single—ended input with a threshold of 0.8V
to 2.4V. The RS232 receiver has an operating
voltage range of £15V and can receive signals
up to 120Kbps. RS232 receivers are used in
RS232 mode for all signal types, and in V.35
mode for control line signals.

The RS423 receivers are also single-ended but
have an input threshold as low as +200mV. The
input imedance is guaranteed to be greater than
4KQ, with an operating voltage range of +7V.
The RS423 receivers can operate up to 120Kbps.
RS423 receivers are used for the IC signal in
RS449 and EIA530 modes, as shown in Table 2.

The third type of receiver supports RS485, whichis a
differential interface mode. The RS485 receiver has
aninputimpedance of 15KQand adifferential thresh-
old of 200mV. Since the characteristics of an RS422

receiver are actually subsets of RS485, the receivers
for RS422 requirements are identical to the RS485
receivers. RS422 receivers are used in RS449 and
EIA530 for receiving clcok, data, and some control
line signals. The RS485 receivers arealsoused forthe
V.35 mode. In order to meet the V.35 input
impedance of 100, the external termination
network of Figure 6 mustbe applied. The thresh-
old of the V.35 receiver is £200mV. The V.35
receivers can operate up to SMbps. All of the
differential receivers can receive data up to
SMbps.

Decoder

The SP502 has the ability to change the inter-
face mode of the drivers orreceivers viaan 8-bit
switch. The decoder for the drivers and receiv-
ers is not latched; it is merely a combinational
logic switch. The codes shown in Tables 1 and
2 are the only specified, valid modes for the
SP502. Undefined codes may represent other
interface modes not specified or random out-
puts, (consult the factory for more information).
The drivers are controlled with the data bits
labeled TDEC,-TDEC,,. The drivers can be put
into tri-state mode by writing 0000 to the driver
decode switch. Thereceivers are controlled with
databits RDEC3—RDEC0; the code 0000 written
to the receivers will place the outputs in an
undetermined state. The receivers do not have
tri-state capability, the outputs will either be
high or low depending upon the state of the
receiver input.
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MODE: RS232
DRIVER RECEIVER
TDECj3 [TDEC, [TDEC, | TDECy| RDEC3 |RDEC, |RDEC4 |RDEC
0 0 1 0 0 0 1 0
RD(a) 70 ' : 14 TXD
RxD 1——q<~— —{>a—— 61 SD(a)
RT(a) 37 ' 13 DTR
RxC 20 ——<~—— ——{>)—— 58 TR(a)
CS(a) 66 16 RTS
CTS 80 ——<——— —{>—— 54 RS(a)
DM(a) 68 17 RL
DSR 78 ——<<— [—!>—— 47 RL(a)
RR(a) 35 24 LL
DCD 19—%— —>—— 51 LL(a)
IC(a) 39 15 TxC
RI 21 ——<— =N
— 63 TT(a)
ST/TT ST TT RxT*
1 Enabled Disabled Active
0 Disabled Enabled Inactive

* TT driver must be disabled to allow TT(a) and TT(b)
to serve as receiver inputs.

* When the RxT receiver is active, TT(a) and TT(b) act
as receiver inputs. When the RxT receiver is inactive,
it cannot serve as a receiver since its inputs are internally
connected to the TT(a) and TT(b) driver outputs.

Figure 7. Mode Diagram — RS232
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MODE: V.35

DRIVER RECEIVER

TDEC3 [TDEC, [TDEC | TDECy| RDEC3 |RDEC, |[RDEC4 |RDEC
1 1 0 1 1 1 0
RD(a) 70 14 TxD
RyD 1 __X_ 61 SD(a)
— 59 SD(b)
RD(b) 71 —|
RT(a) 37 — 13 DTR
RT(b) 38 — 16 RTS
CS(a) 66 ——>Q-— 54 RS(a)
CTS 80 ——q<— 7 AL
DM(a) 68 _> 47 RLG@)
DSR 78 —-<<—
24 LL
RR(a) 35 | 51 L)
DCD 19—4<<—
15 TxC
IC(a) 39 = | 42 ST(a)
Rl 21 _<_ L 44 ST(b)
— 6 ST/TT
83 TT(a)
85 TT(b)
ST/TT ST T RxT*

1 Enabled Disabled Active
Disabled Enabled Inactive

* TT driver must be disabled to allow TT(a) and TT(b)
to serve as receiver inputs.

* When the RxT receiver is active, TT(a) and TT(b) act
as receiver inputs. When the RxT receiver is inactive,
it cannot serve as a receiver since its inputs are internally
connected to the TT(a) and TT(b) driver outputs.

Figure 8. Mode Diagram — V.35

Sipex

SIGNAL PROCESSING EXCELLENCE

173



MODE: RS422

DRIVER RECEIVER
TDEC3 [TDEC, |TDEC4| TDECy| RDEC5; |RDEC, |RDEC | RDECy
0 1 0 0 0 1 0 0
RD(a) 70 14 TxD
RxD 1 L | 61 SD(a)
o< L
RD(b) 71 —
RT(a) 37 13 DTR
RxG 20 — I_X_ 58 TR(a)
— 56 TR(b)
Sia) 66— 16 ATS
a) 66 — I
CTS 80— I:X" 54 RS(a).
— 52 RS(b)
CS(b) 67 — oL
DM(a) 68 —| 17
X— 47 RL(a)
DSR 78 — — 45 RL(b)
DM (b) 69 —| —
RR(a) 35 — X_ 51 LL(e)
DCD 19 — 49 LL(b)
RR(b) 36 —|
IC(a) 39 15 TxC
L 44 ST(b)
IC(b) 40 — — 6 STAT
63 TT(a)
65 TT(b)
RXT 79 ———«
ST/TT ST 1T RxT*
1 Enabled Disabled Active
0] Disabled Enabled | Inactive

* TT driver must be disabled to allow TT(a) and TT(b)

to serve as receiver inputs.

* When the RxT receiver is active, TT(a) and TT(b) act
as receiver inputs. When the RxT receiver is inactive,
it cannot serve as a receiver since its inputs are internally
connected to the TT(a) and TT(b) driver outputs.

Figure 9. Mode Diagram — RS422
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MODE: RS449
DRIVER RECEIVER
TDEC3 |TDEC, |TDEC, | TDEC,| RDEC3 |RDEC, |RDEC4 | RDEC,
1 1 0 0 1 1 0 0
RD(a) 70 14 TxD
RxD 1_ﬁ_lj L_k_ 61 SD(a)
— 59 SD(b)
RD(b) 71 —|
RT(a) 37 13 DTR
RxC 20 _ﬁ L&— 58 TR(a)
— 56 TR(b)
RT(b) 38 —
CS(a) 66 — — 16 RTS
— 52 RS(b)
CS(b) 67 — 17 AL
DM(a) 68 —| L
DSR 78 ———
DM (b) 69 — 24 LL
RR(a) 35 — —| A1 51 LL(@)
RR(b) 36 — ‘ | 42 ST(a)
iC(a) 39 — — 44 ST(b)
Rl 21 _@ 6 STT
63 TT(a)
65 TT(b)
ST/TT ST 1T RxT*
1 Enabled Disabled Active
0 Disabled Enabled Inactive

* TT driver must be disabled to allow TT(a) and TT(b)
to serve as receiver inputs.

* When the RxT receiver is active, TT(a) and TT(b) act
as receiver inputs. When the RxT receiver is inactive,

it cannot serve as a receiver since its inputs are internally

connected to the TT(a) and TT(b) driver outputs.

Figure 10. Mode Diagram — RS449
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MODE: RS485

DRIVER RECEIVER -

TDEC5 |TDEC, |TDEC4 | TDEC,| RDEC3 |RDEC, |RDEC4 | RDEC,
0 1 0 1 0 1 0 1
RD(a) 70 14 TxD
| 61 SD(a)
RxD 1 —|
o< Fim
RD(b) 71 — R
RT(a) 37 13
RXC 20 — I—X‘ 58 TR(a)
— 56 TR(b)
hon) o] - 16 RTS
CS(a) 66 —f —
CTS 80— I: > S R
— 52 RS(b)
CS(b) 67 — AL
DM(a) 68 — 17
2— 47 RL(a)
DSR 78 ™ 45 RL(b)
DM (b) 69 — -
RR(a) 35 —f I z_ 51 LLa)
DCD 19 — 49 LL(b)
RR(b) 36 —
IC(a) 39 15 TxC
| 42 ST(a)
IC(b) 40 | — 6 STAT
63 TT(a)
65 TT(b)
ST/TT ST 1T RxT*
1 Enabled Disabled Active
0 Disabled Enabled | Inactive

* TT driver must be disabled to allow TT(a) and TT(b)
to serve as receiver inputs.

* When the RxT receiver is active, TT(a) and TT(b) act
as receiver inputs. When the RxT receiver is inactive,

it cannot serve as a receiver since its inputs are internally

connected to the TT(a) and TT(b) driver outputs.

Figure 11. Mode Diagram — RS485
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\
: MODE: EIA 530
DRIVER RECEIVER
| TDEC4 |TDEC, | TDEC4| TDEC,| RDEC3 |RDEC, |RDEC4 | RDEC
! 1 1 0 1 1 1 0 1
} RD(a) 70 » 14 TxD
! — L&_ 61 SD(a)
— 59 SD(b)
RD(b) 71 —|
RT(a) 37 13 DTR
RxC 20 —| l—-&_ 58 TR(a)
| — 56 TR(b)
i RT(b) 38 — '
1 CS(a) 66 — l____— 16 RTS
‘ CTS 80 —| 2_ 54 RSG@)
! — 52 RS(b)
CS(b) 67 —| 17 RL
‘ DM(a) 68 —
‘ bSR 78 _E ~>_ 47 RL(a)
I
\ DM (b) 69 — 24 LL
RR(a) 35 — —>—— 51 LL(a)
| RR(b) 36 — | 42 ST(a)
IC(a) 39 — W 44 STE)
! RI 21 _z Q — 6 ST/TT
‘ 63 TT(a)
65 TT(b)
RxT 79 ——¢
\ —
| STAT | ST 1T RxT*
‘ 1 Enabled Disabled Active
} 0 Disabled Enabled | Inactive

* TT driver must be disabled to allow TT(a) and TT(b)
to serve as receiver inputs.

* When the RxT receiver is active, TT(a) and TT(b) act
as receiver inputs. When the RxT receiver is inactive,
it cannot serve as a receiver since its inputs are internally
connected to the TT(a) and TT(b) driver outputs.

Figure 12. Mode Diagarm — EIA530
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APPLICATION EXAMPLE
The example application that follows is a fully
configured serial I/O channel in a DTE configura-
tion. The example is comprised of the following
functional elements:

* Processor

*SCC

* SP502

* Mode Select Register (RO[WR])

*RL & LL Control Bit Register (R1[WR])

* RI Status Bit Register (R1[RD])

* Address Decode Logic '

* Baud Rate Clock Source

* I/0 Connector Interface

Each of the elements of the application example
are described below. Please refer to Figurel3.

Processor

The example schematic shows a generic 8-bit
processor connected toa generic SCC. The proces-
sor is also connected to three registers. The regis-
ters are described in further detail below.

Address Decode Logic

The address decode logic is connected to the
Processor control and address busses and provides
thelogic necessary todecode the /O read and write
-operations for the SCC, Mode Select Register, RL
and LL Control Bit Register and the RI Status Bit
Register.

SCC

The SCC provides the I/O functions for a single
serial channel. The SCC is connected to the Pro-
cessor I/O bus and is programmed by the user
software. The SCC’s TTL-level serial I/O pins are
connected to the corresponding TTL-level serial
1/0 pins on the SP502.

SP502

The SP502 provides buffering and translation
from TTL levels to the selected physical level
interface standard, such as RS-232, V.35, etc. The
physical level interface pins are connected to a
standard 25 pin D-sub miniature connector wired
in a DTE configuration with the pin assignments
corresponding to the EIA—530 specification. This
choice was purely arbitrary. However, it provides
all the necessary signals to support standards other
than EIA-530, such as V.35, RS-232, RS—449,

etc. with an appropriate cable adapter.

The SP502 driver and receiver modes are indepen-
dently configured by programming the SP502’s
RDEC and TDEC input pins. In the example, the
pins are driven by the Mode Select Register with a
programmed value stored by the user’s software.

Since the SP502 is shown in a DTE configuration,
the example assumes that any synchronous inter-
face clocking will be provided by the attached
DCE device. Consequently, the ST/TT pin is tied
to +5V, thus causing the SP502 to receive the
transmit clock on the TT(a) and TT(b) input pins
and output the transmit clock to the SCC on the
RxT output pin. The receive clock is input to the
SP502 on the RT(a) and RT(b) pins and output to
the SCC on the RxC pin.

Mode Select Register

The mode select register is an 8-bit latch attached
to the Processor data bus. The Processor, under
user—software control, can program the Mode
Select Register with the appropriate values to
select the SP502’s driver and receiver modes.

The table shown on the schematic below the
register lists the values for programming the regis-
ter to drive the RDEC and TDEC pins on the
SP502 for the desired physical level interface. The
receivers and drivers can be programmed indepen-
dently, but in this example the Mode Select Reg-
ister must be programmed with both the RDEC
and TDEC values at the same time. This is because
the RDEC and TDEC pins are driven from the
same 8-bit latch.

Note that selecting modes for TDEC that are
shown in the table as undefined will result in the
drivers operating in an undefined mode and should
not be used. Likewise, selecting modes for RDEC
that are shown in the table as undefined will result
in indeterminate logic levels present on the TTL
outputs of the SP502. Undefined RDEC or TDEC
values should never be programmed.

Several other approaches for driving the RDEC
and TDEC signals are possible. One approach
would use twoindependent 4-bit latches, one each
to drive the RDEC and TDEC pins as separate
groups. Another approach would use one 4-bit latch,
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JONITT30X3 ONISSIVOHA TVNDIS

jouuvy?) suoyvaunwuo) as LJ ‘€1 24nSig

61

gzyup:;ssv
% =5 25 Pin D-Sub
in D-Sul
D5 oz o7 I DR G Connector In DTE.
R4 26 |ps Config.
22— D5_1ps XD 4 4o D | g e
of R4__1p4 RxD Tep ) Do |-2————————13> BAB)
22 __1p3 RTS o] ATS RD(a [ 7 > BB(A)
20— L2__1p> cTS =51CTS RD(p |—————1i6> BB(8)
Processor g:) D1 DS DSR RS 22— > cAm)
o Data Bus Do DT DTR RS(p ee 119> CA®)
o ——— DCD DCD CS@ T—_—‘D CB(A)
a O e N o CSp f2I—————13 B
& —]A3 QO R 1 <5 Rxc DMaf£o————6 > CC(A)
o —jA2 T RxT DM@)lzg——————2> cc@)
—A1 wn Rl Al JRe s> oo
QO Processor - 4 56
A0 =4 LL TR P22—————P3> CD(B)
o Address Bus o 35
— ~— RL 0 RR(a ———E36 > CF(A)
o RD/ p o RR@p 39_—@@:(3)
WT/ b Qo r,__| (a8 :g(a) 70 ™
INT/p w e T —N =
RESETp- 7 9 LL(b) =N
D Q| o TDEC3 RL(a) 45_—@) RL
D Q TDEC2 RL(b) —42—_N
D _ Q TDEC1 ST(a) fa5———&> DAW)
D ¢ Q TDECO ST(p) 63_—@ DA(B)
D & 9 >-1RDEC3 TT(a) 65—@ DB(A)
- - D 1 Q = RDEC2 TT(b) 37—@ DB(B)
o R1 [RD] B g 2 gggg; :ga 38 DDAy
(=) RTIWR G [(] DD(B)
29 o +5V ——{ ST-TT/ 7 > AB
£ o cLi GND >
38 7,29,34,43,46, <C
Baud Rate <g e s B 50,53,57,60, 4
Clesk Soaree 8 Mode Select Reglst 64.72.75
RO [WR] 3,2,1,013,2,1, 0 -

N — A ——
Driver Mods Select  Receiver Mode Select
0000 — Tri-Stated — Undefined
0001 - Undefined 0001 — Undefined
0010 RS-232 0010- RS-232

0110- Undefined 0110 Undefined
0111~ Undefined 0111 — Undefined
1000 - 1000 - L

1010~ Undefined 1010 Undefined
1011 — Undefined 1011 — Undefined
100 -449 100~ RS-449

1110- V.35 1110- V.35
1111 - Undefined 1111 - Undefined




each output of the latch would drive a corresponding
pair of RDEC/TDEC signals. For instance, RDEC,
and TDEC couldbe tied togetherand be drivenby the
low order bit of the 4-bit latch.

RL & LL Control Bit Registers
A2-bitlatchisused toallow the Processorto program
thestatesof the RL and LL interface signals. This latch
is necessary since most SCCs do not support RL and
LL control signals.

RI Status Bit Register

A 1-bit read register is implemented using a tri-state
buffer. This will allow the Processor to read the state
of the RI (Ring Indicator) interface signal. This is
necessary since most SCCs do not support the RI
interface signal.

The example interface shows the SP502A’s IC(a)
input tied to the EIA530 signal TM (Test Mode).
EIAS530 does not specify an RI signal. If EIA530
operation is required, the RI Status Bit Register could
be used to monitor the condition of the TM signal or
it could be ignored. For other interface standards, the
connector pin 25 on the schematic could be tied to the
RI signal through a cable adapter arrangement. For
instance, if RS232 operation is used, pin 25 of the
connector could be tied to pin 22 of the RS232 adapter
(circuit CE) and the RI Status Bit Register then used
to monitor the RS232 signal for ring indicator.

Baud Rate Clock Source

Most SCCs require an external clock source for
operation in asynchronous and self-clocking applica-
tions.

VO Connector Interface ‘
The/Oconnectoriswired tothe SPS02A suchthatthe
interface represents a DTE device. As shown, the
connector is wired in an EIA-530 configuration with
EIA530signal mnemonics. A 25-pinconnector wired
to the EIA-530 specification provides pins for all
interface signals supported by the SP502. If the SP502
is programmed for other physical interfaces, such as

V.35, thenan adapter cable will provide the necessary
conversion from the EIA530 pin—outs to those re-
quiredby the V.35 standard together with its ISO2593
connector.

Notes Regarding V.35 Operation

The user will have to provide additional resistor
networks if correct V.35 signal levels and termination
impedances are required. This is necessary because
the SP502 does not provide V.35 signal terminations
when programmed for V.35 operation. Two ap-
proaches are possible. First, if the SP502 is perma-
nently programmed to operate as V.35 only, with no
other interface standard required, then the appropriate
resistors can be mounted on the PCB near the SP502.
Second, if the SP502 will be programmed fora variety
of standards, then a better approach might be to
provide the resistors as part of the cable adapter
assembly used to convert from the standard EIAS530
connector pin—outs shown in the example tothe V.35/
ISO-2593 connector and pin—outs.
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SP502/SP503 EVALUATION BOARD

The SP502/SP503 Evaluation Board (EB) Is
designed to offer as much flexibility to the user as
possible. Each board comes equipped with an 80—
pin QFP Zero—Insertion socket to allow for testing
of multiple devices. The control lines and inputs
and outputs of the device can be controlled either
manually or via a data bus under software control.
There is a 50-pin connector to allow for easy
connection to an existing system via a ribbon
cable. There are also open areas on the PC board to
add additional circuitry to support application—
specific requirements.

Manual Control

The SP502/SP5S03EB will support both the SP502
or SP503 multi-mode serial transceivers. When
used for the SP502, disregard all notation on the
board that is in [brackets] . The SP502 has a half—
duplex connection between the RxT receiver and
the TT driver. Due to this internal connection, the
RxT receiver inputs can be accessed via the TT(a)
and TT(b) pins. If the user needs separate receiver
inputtest pins, jumpers JP1 and JP2 can be inserted
to allow for separate receiver inputs located at
SCT(a) and SCT(b). The corresponding TTL out-
put for this receiver is labeled as SCT. This test
point is tied to pin 79 of the SPS02 or SP503. Pin
7 of the evaluation board is connected to the DIP
switch, and is labeled as (SCTEN). When used
with the SP502, this pin should be switched to a
low state. When the evaluation board is used with
the SP503, pin 7 is a tri-state control pin for the
SCT receiver.

The transceiver 1/O lines are brought out to test
pins arranged in the same configuration as shown
elsewhere in this data sheet. A top layer silk—
screen shows the drivers and receivers to allow
direct correlation to the data sheet. The transmitter
and receiver decode bits are tied together and are
brought out to a DIP switch for manual control of
both the driver and receiver interface modes. Since
the coding for the drivers and receivers is identical,
the bits have been tied together. The DIP switch
has 7 positions, four of which are reserved for the
TDEC/RDEC control and the other three are used
as tri-state control pins. The labels that are in
[brackets] apply only to the SP503, If a logic one
is asserted the corresponding red LED will be lit;

Ifazeroisasserted the corresponding red LED will
not be lit.

Software Control

A 50-pin connector brings all the analog and
digital I/O lines, VCC, and GND to the edge of the
card. This can be wired to the user’s existing
design via a ribbon cable, The pinout for the
connector is described in the following section.
When the evaluation board is operated under soft-
ware control, the DIP switch should be set up so
that all bits are low (all LEDs off). This will tie
pulldown resistors from the inputs to ground and
let the external system control the state of the
control inputs.

Power and Ground Requirements

The evaluation board layout has been optimized
for performance by using basic analog circuit
techniques, The four charge—pump capacitors must
be 22uF (16V) and be placed as close to the unit as
possible; tantalum capacitors are suggested. The
decoupling capacitor must be a minimum of 1uF;
depending upon the operating environment, 10uF
should be enough for worst case situations. The
ground plane for the part must be solid, extending
completely under the package, The power supplies
for the device should be as accurate as possible; for
rated performance +5% is necessary. The power
supply current will vary depending upon the se-
lected mode, the amount of loading and the data
rate. As a maximum, the user should reserve
200mA for I ... The worst—case operating mode is
RS485 under full load of six (6) drivers supplying
1.6V to 54Q loads. The power and ground inputs
can be supplied through either the banana jacks on
the evaluation board (Red = V. = +5V£5%;
Black = GND) or through the connector.

For reference, the 80—pin QFP Socket is a TESCO
part number FPQ-80-65-09A. The 50-pin con-
nector is an AMP part number 749075-5.
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Figure 16. SP502/503 Evaluation Board Schematic
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EDGE DUT PIN
CONNECTOR DESCRIPTIONS
01 TxD (pin 14) -TTL Input — Transmit

02

03

05

06

07

08

09

10

11

12

data; source for SD(a) and SD(b) out-
puts.

DTR (pin 13) — TTL Input — Data
terminal ready: source for TR(a) and
TR(b) outputs.

ST/TT (pin 6) TTL Input — ST/TT
select pin; enables ST drivers and dis-
ables TT drivers when high. Disables
ST driversand enables TT drivers when
low. :

TDEC,/RDEC, (pin 5) — TTL Input

Transmitter/Receiver decode register.

TDEC,/RDEC, (pin 4) — TTL Input -
Transmitter/Receiver decode register.

TDEC,/RDEC, (pin 3) — TTL Input -
Transmitter/Receiver decode register.

TDEC /RDEC, (pin 2) — TTL Input —
Transmitter/Receiver decode register.

RxD (pin 1 ) — TTL Output — Receive
data; sourced from RD(a) and RD)b)
inputs.

CTS (pin 80) — TTL Output — Clear to
send; sourced from CS(a) and CS(b)
inputs.

RxT (pin 79) — TTL Output — RxT;
sourced from TT(a), TT(b) inputs.

DSR (pin 78) — TTL Output — Data set
ready; sourced from DM(a) and DM(b)
inputs.

RD(b) (pin 71) —~ Analog In — Receive
data, non—inverted; source for RxD.

EDGE DUT PIN
CONNECTOR DESCRIPTIONS

13 RD(a) (pin 70) — Analog In — Receive
data, inverted: source for RxD.

14 DM(b) (pin 69) — Analog In — Data
mode, non—inverted; source for DSR.

15 DM(a) (pin 68) — Analog In — Data
mode, inverted; source for DSR.

16 CS(b) (pin 67) — Analog In - Clear to
send; non—inverted; source for CTS.

17 CS(a) (pin 66) — Analog In — Clear to
send, inverted; source for CTS.

18 TT(b) (pin 65) — Analog In or Out —
Terminal timing, non-inverted:
sourced to RxT or from TxC input.

19 TT(a) (pin 63) — Analog In or Out —
Terminal timing; inverted: sourced to
RxT or from TxC input.

20 TR(a) (pin 58) — Analog Out — Termi-
nal ready, inverted; sourced from DTR.

21  TR(b) (pin 56) — Analog Out — Termi-
nal ready; non—inverted; sourced from
DTR.

22 SD(a) (pin 61) — Analog Out — Send
data, inverted; sourced from TxD.

23 SD(b) (pin 59) — Analog Out — Send
data; non—inverted; sourced from TxD.

24 RS(a)(pin54)—Analog Out—Readyto
send; inverted; sourced from RTS.

25 RS(b) (pin 52) — Analog Out — Ready

to send, non—inverted; sourced from
RTS.
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! EDGE DUT PIN
‘ CONNECTOR DESCRIPTIONS
26 ST (pin 22) — TTL Input ~ Send Tim-

‘ 27
28
| 29

! 30
31
! 32

33

| 34

35
/
| 36
|

37

38

ing; source for ST(a) and ST(b) out-
puts. SP503 only.

[STEN] (pin23)-TTL Input — Driver
enable control pin; active low; SP503
only.

[SCT(a)] (pin 76) — Analog Input —
Inverting; input for SCT receiver;
SP503 only.

[SCT(b)] (pin 77) — Analog Input —
Non-inverting; input for SCT receiver.
SP503 only.

Ve — +5V for all circuitry.
GND — signal and power ground.

LL(a) (pin 51) — Analog Out — Local
loopback, inverted; sourced from LL..

LL(b) (pin 49) — Analog Out — Local
loopback, non—inverted sourced from
LL.

RL(a) (pin 47) — Analog Out — Remote
loopback; inverted; sourced from RL.

RL(b) (pin 45) — Analog Out — Remote
loopback; non—inverted; sourced from
RL.

ST(b) (pin 44) — Analog Out — Send
timing, non—inverted; sourced from
TxC.

ST(a) (pin 42) —- Analog Output ~Send
timing, inverted; sourced from TxC.

IC(b) (pin 40) — Analog In — Incoming
call; non—inverted; source for Rl.

EDGE DUT PIN
CONNECTOR DESCRIPTIONS

39 IC(a) (pin 39) — Analog In — Incoming
call; inverted; source for Rl.

40 RT(b) (pin 38) — Analog In — Receive
timing, non—inverted; source for RxC.

41 RT(a) (pin 37) — Analog In — Receive
timing; inverted; source from RxC.

42 RR(b) (pin 36) ~ Analog In — Receiver
ready; non—inverted; source for DCD.

43 RR(a) (pin 35) — Analog In — Receiver
ready; inverted; source for DCD.

44 LL (pin 24) — TTL Input — Local
loopback; source for LL(a) and LL(b)
outputs.

45 Rl (pin 21) — Output — Ring indicator;
sourced from IC(a) and IC(b) inputs.

46 RxC (pin 20) — TTL Output — Receive
clock; sourced from RT(a) and RT(b)
inputs.

47 DCD (pin 19) — TTL Output — Data
carrier detect; sourced from RR(a) and
RR(b) inputs.

48 RL (pin 17) — Analog Out — Remote
loopback; source for RL(a) and RL(b)
outputs.

49 RTS (pin 16) — TTL Input — Ready to
send; source for RS(a) and RS(b) out-
puts.

50 TxC (pin 15) — TTL Input — Transmit

clock; common TTL input for both ST
and TT driver outputs.
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ORDERING INFORMATION

Model Temperature Range Package Types
SP502CF 0°C to +70°C 80-pin QFP
Qi Ve
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Sivex SP503

SIGNAL PROCESSING EXCELLENCE

Multi-Mode Serial Transceiver

B Single-Chip Serial Transceiver Sup-
ports Industry-Standard

M Software-Selectable Protocols:

— RS232 (v.28)

— RS422A (V.11, X.27)

— RS449

— RS485

— V.35

— EIA-530
M Programmable Selection of Interface
B +5V-Only Operation

B Seven (7) Drivers and Seven (7)
Receivers

W Surface Mount Packaging

DESCRIPTION...

The SP503 is a highly integrated serial transceiver that allows software control of its interface
modes. It offers hardware interface modes for RS232 (V.28), RS422A (V.11), RS449, RS485,
V.35, and EIA530. The SP503 is fabricated using low—power BiICMOS process technology, and
incorporates a Sipex—patented (5,306,954) charge pump allowing +5V only operation. Each
device is packaged in an 80-pin Quad FiatPack package.

vvivvivivy] | vviviviviviy|

Drivers Receivers
B —
SP503
CIIDI'Lan%e Driver Receiver
Decode Decode
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SPECIFICATIONS

Typical at 25°C and nominal supply voltages unless otherwise noted.

MIN. TYP. MAX. UNITS CONDITIONS
LOGIC INPUTS
Vi 0.8 Volts
Viy 2.0 Volts
LOGIC OUTPUTS
Voo 0.4 Volts loyr=3.2mA
Vou 3.5 Volts loyr=1.0mA
RS485 DRIVER .
TTL Input Levels
Vi ' 0.8 Volts
Viu 2.0 Volts
Outputs
High Level Output +6.0 Volts
Low level Output -0.3 Volts
Differential Output +1.5 +5.0 Volts R =54Q, C =50pF
Open Circuit Voltage 6.0 Volts
Output Current 28 ‘mA R, =54Q
Short Circuit Current 1250 mA Terminated in -7V to +12V
Transition Time . 120 nS Rise/fall time, 10%—90%
Transmission Rate 5 Mbps
RS485 RECEIVER
TTL Output Levels
Voo 0 0.4 Volts
Vou 24 Voits
Input
High Threshold +0.2 +12 Volts (a)-(b)
Low Threshold -7.0 -0.2 Volts (a)-(b)
Common Mode Range -7.0 +12.0 Volts
High Input Current Refer to graph
Low Input Current Refer to graph
Receiver Sensitivity ) 0.2 Volts Over —7V to +12V common
mode range
Receiver Open Circuit Bias )
Input Impedance 1 Unit load Refer to graph
V.35 DRIVER .
TTL Input Levels
Vi 0 0.8 Volts
Viu 2.0 Volts
Outputs
Differential Qutput +0.44 +0.66 Volts With termination network;
R, =100Q
Output Impedance 50 150 Q wilih termination network
Transition Time . 40 nS
Transmission Rate . 5 ] Mbps
V.35 RECEIVER
TTL Output Levels
VoL 0 0.4 Volts
Von 24 Volts
Input .
High Threshold +0.2 +12.0 Volts (a)-(b)
Low Threshold ) -7.0 -0.2 Volts (a)-(b)
Common Mode Range -7.0 +12.0 Volts
Receiver Sensitivity 0.2 Volts Over -7V to +12V common
mode range
Input Impedance 50 150 Q With termination network
Cimav
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SPECIFICATIONS (Continued)

Typical at 25°C and nominal supply voltages uniess otherwise noted.

\
“ MIN. MAX. UNITS CONDITIONS
i RS422 DRIVER
TTL Input Levels
| Vi 0 0.8 Volts
Viy 2.0 Volts
‘ Outputs
! Differential Output +2.0 5.0 Volts R =100Q
‘ Open Circuit Voltage,V, +6.0 Volts .
Balance 0.4 Volts Vol - V4l
‘ Offset +3.0 Volts
! Short Circuit Current +150 mA
‘ Power Off Current +100 HA
\ Transition Time 60 ns Rise/fall time, 10%-90%
I Transmission Rate 5 Mbps
\ RS422 RECEIVER
TTL Output Levels
Voo 0 0.4 Volts
Vou 24 Volts
Input
High Threshold +0.2 +6.0 Volts (a)-(b)
Low Threshold -6.0 -0.2 Volts (a)-(b)
Common Mode Range -7.0 +7.0 Volts
i High Input Current Refer to graph
Low Input Current Refer to graph
Receiver Sensitivity +0.2 Volts
\ Input Impedance 4 KQ
RS232 DRIVER
‘ TTL Input Level
! 1 0 0.8 Volts
Vi 20 Volts
Outputs
! High Level Output +5.0 +15 Volts R, =3KQ, V,=0.8V
| Low Level Output -15.0 -5 Volts R, =3KQ, V,=2.0V
Open Circuit Voltage -15 +15 Volts
Short Circuit Current +100 mA
} Power Off Impedance 300 Q
; Slew Rate 30 ~ Vius R =3KQ, C =15pF
Transition Time 2
Transmission Rate 120 Kbps
RS232 RECEIVER
TTL Output Levels
Voo ) 0 0.4 Volts
Vou 24 Volts
Input
High Threshold 1.7 2.4 Volts
Low Threshold 0.8 1.2 Volts
! Receiver Open Circuit Bias 0 +2.0 Volts
| Input Impedance 3 5 7 KQ
RS423 DRIVER
TTL Input Levels
Vi 0 0.8 Volts
Viy 20 Volts
Output
High Level Output +3.6 +6.0 Voits R, =450Q
Low Level Output -6.0 —3.6 Volts R, =450Q
Open Circuit Voltage +4.0 +9.0 Volts
Short Circuit Current +150 mA
Power Off Current +100 A
1P NEN
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SPECIFICATIONS (Continued)

Typical at 25°C and nominal supply voltages unless otherwise noted.

CONDITIONS

MIN. TYP. MAX. UNITS

RS423 DRIVER
Transition Time 40 ns Rise/fall time, 10-90%
Transmission Rate 120 Kbps
RS423 RECEIVER
TTL Output Levels

Voo 0 0.4 Volts

Vo 24 Volts
Input

High Threshold +0.2 +12.0 Volts

Low Threshold -6.0 -0.2 Volts
Common Mode Range —7.0 +12.0 Volts
High Input Current Refer to graph
Low Input Current Refer to graph
Receiver Sensitivity +0.2 Volts
Input Impedance 4 KQ
POWER REQUIREMENTS
Vee 4.75 6.25 Volts
lec 20 30 mA Ve =5V, no interface selected
ENVIRONMENTAL AND MECHANICAL
Operating Temperature Range 0 +70 °C
Storage Temperature Range | —65 +150 °C
Package 80-pin QFP

RS422 RECEIVER RS423 RECEIVER
+3.25mA +3.25mA
TV 410V ¥V 40V
Maximum Input Current Maximum Input Current

, versus Voltage versus Voltage

-3.256mA —3.25mA
RS485 RECEIVER
+1.0mA
-7v =3V
+6V  +12V
1 Unit Load
—0.6mA Maximum Input Current
versus Voltage
Sipe
192

Comoraton’
SIGNAL PROCESSING EXCELLENCE



|

|
I

|

AC CHARACTERISTICS
(Typical @ 25°C and nominal supply voltages unless otherwise noted)
PARAMETERS MIN. | TYP. | MAX. UNITS CONDITIONS
SINGLE-ENDED MODE
' RS232
i Driver Propagation Delay Input = 0.8V to 2.0V; 60kHz
‘ o 1.7 us Unloaded
PLH 1.1 us Unloaded
torL 2.1 us Loaded with 3KQ and
2,500pF
toiH 1.7 us Loaded with 3KQ and
2,500pF
Receiver Propagation Delay Input = OV to 5.0V; 60kHz;
note 1
tonL 69 ns
PLH 60 ns
‘ RS423
| Driver Propagation Delay Input = 0.8V to 2.0V; 60kHz
! oL 2.0 us Loaded with 450Q
; PLH 1.3 us Loaded with 450Q
‘ Receiver Propagation Delay Input =-0.2V to 2.0V;
; 60kHz; note 2
towL 625 ns
to 1 88.0 ns
: DIFFERENTIAL MODE
1 RS485
‘ Driver Propagation Delay Input = OV to 3.0V; 100kHz;
note 3
| tom, 76 ns Loaded with 54Q
| PLH 62 ns Loaded with 54Q
Receiver Propagation Delay Input = A to GND;
B=—200mV to +200mV;
| 100kHz, note 4
\ tonL 149 ns
oy 213 ns
| RS422 .
J Driver Propagation Delay Input = OV to 3.0V; 100kHz;
: note 3
oL 78 ns Loaded with 100Q
BLH 65 ns Loaded with 100Q2
Receiver Propagation Delay Input = A to GND;
=—200mV to +200mV;
100kHz, note 4
ton 149 ns
PLH 213 ns V.35
Driver Propagation Delay Input = OV to 3.0V; 100kHz;
note 3
to 79 ns R = 100Q with termination
network
toLn 65 ns R = 100Q with termination
network
Receiver Propagation Delay Input = A to GND;
) =—200mV to +200mV;
100kHz, note 4
ton 246 ns
oLy 143 ns
[ \'é
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AC CHARACTERISTICS (continued)

(Typical @ 25°C and nominal supply voltages unless otherwise noted)

PARAMETER | MIN. | TYP. | ‘MAX. UNITS CONDITIONS
DELAY TIME FROM ENABLEI MODE TO TRI-STATE MODE
RS232 (SINGLE-ENDED MODE)
toz.; Enable to Output low 186.8 ns 3KQ pull-up to output
tpzys Enable to Output high 127.0 ns 3KQ pull—down to output
tp 2 Disable from Output low 264.0 ns 5V to input
toyzs Disable from Output high 392.5 ns GND to input
RS422 (DIFFERENTIAL MODE) .
to ; Enable to Output low 94.2 ns 3KQ pull-up to output
tozy> Enable to Output high ) 101.0 ns 3KQ pull-down to output
tn 7 Disable from Output low 124.5 ns 5V to input
tozs Disable from Output hig 135.5 ns GND to input
Notes:
1. Measured from 2.5V of R to 2.5V of R ;-
2. Measured from one—half of R to 2.5V of R ..
3. Measured from 1.5V of T, to one-half of T ..
4. Measured from 2.5V of R, to OV of A and B.
PINOUT...
e R Pin 20 — RxC — Receive Clock; TTL output
BhERG2 5858552 88P88 8% sourced from RT(a) and RT(b) inputs.
BRRRERREIRNIRB85883385
AR nAAAA AN Pin22 — ST — Send Timing; TTL input; source
o 1] L 6o oo for ST(a) and ST(b) outputs.
RDEC, 2T [T 59 SD(b)
oty 1] =P Pin 37 — RT(a) — Receive Timing; analog
RDEC; 5T = 56 TR®) . .
TN o E o vee input, inverted; source for RxC.
SCTEN 7013 T3 54 AS(a}
Voo 80T T 53 GND . . ..
ook =t Pin 38 — RT(b) — Receive Timing; analog
0 1 =g input, non-inverted; source for RxC.
DTR 18— T 48 Voo
ToucT] B Pin 42 — ST(a) — Send Timing; analog output,
i e inverted; sourced from ST.
ftee Sy Pin 44 — ST(b) — Send Timing; analog output,
i iHELELL non-inverted; sourced from ST.
SIRILRLNEBAIBSIBIBELRBS®
CHEISsENE oS8 FEERER Pin 59 — SD(b) — Analog Out — Send data,
non-inverted; sourced from TxD.
Pin 61 — SD(a) — Analog Out — Send data,
PIN ASSIGNMENTS... inverted; sourced from TxD.
CLOCK AND DATA GROUP

Pin 1 — RxD — Receive Data; TTL output,
sourced from RD(a) and RD(b) inputs.

Pin 14 — TxD — TTL input ; transmit data
source for SD(a) and SD(b) outputs.

Pin 15— TxC — Transmit Clock; TTL input for
TT driver outputs. ‘

Pin 63 — TT(a) — Analog Out — Terminal
Timing, inverted; sourced from TxC

Pin 65 — TT(b) — Analog Out — Terminal
Timing, non—inverted; sourced from TxC.

Pin 70— RD(a) — Receive Data, analog input;
inverted; source for RxD.
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Pin 71 — RD(b) — Receive Data; analog input;
non-inverted; source for RxD.

Pin 76 — SCT(a) — Serial Clock Transmit;
analog input, inverted; source for SCT.

Pin 77 — SCT(b) — Serial Clock Transmit:
analog input, non—inverted; source for SCT

Pin 79 — SCT — Serial Clock Transmit; TTL
output; sources from SCT(a) and SCT(b) inputs.

CONTROL LINE GROUP
Pin 13 — DTR — Data Terminal Ready; TTL
input; source for TR(a) and TR(b) outputs.

Pin 16 — RTS — Ready To Send; TTL input;
source for RS(a) and RS(b) outputs.

Pin 17 — RL — Remote Loopback; TTL input;
source for RL(a) and RL(b) outputs.

Pin 19 — DCD— Data Carrier Detect; TTL
output; sourced from RR(a) and RR(b) inputs.

Pin 21 — RI — Ring In; TTL output; sourced
from IC(a) and IC(b) inputs.

Pin 24 — LL — Local Loopback; TTL input;
source for LL(a) and LL(b) outputs.

Pin 35 — RR(a)— Receiver Ready; analog
input, inverted; source for DCD.

Pin 36 — RR(b)— Receiver Ready; analog
input, non-inverted; source for DCD.

Pin 39 — IC(a)— Incoming Call; analog input,
inverted; source for RI.

Pin 40 — IC(b)— Incoming Call; analog
input,non-inverted; source for RI.

Pin 45 — RL(b) — Remote Loopback; analog
output, non-inverted; sourced from RL.

Pin 47 — RL(a) — Remote Loopback; analog
output inverted; sourced from RL.

Pin 49— LL(b) — Local Loopback; analog
output, non-inverted; sourced from LL.

Pin 51 — LL(a) — Local Loopback; analog
output, inverted; sourced from LL.

Pin 52 — RS(b) — Ready To Send; analog
output, non-inverted; sourced from RTS.

Pin 54 — RS(a) — Ready To Send; analog
output, inverted; sourced from RTS.

Pin 56 — TR(b) — Terminal Ready; analog
output, non-inverted; sourced from DTR.

Pin 58 — TR(a) — Terminal Ready; analog
output, inverted; sourced from DTR.

Pin 66 — CS(a)— Clear To Send; analog input,
inverted; source for CTS.

Pin 67 — CS(b)— Clear To Send; analog input,
non-inverted; source for CTS.

Pin 68 — DM(a)— Data Mode; analog input,
inverted; source for DSR.

Pin 69 — DM(b)— Data Mode; analog input,
non-inverted; source for DSR

Pin 78 — DSR— Data Set Ready; TTL output;
sourced from DM(a), DM(b) inputs.

Pin 80 — CTS— Clear To Send; TTL output;
sourced from CS(a) and CS(b) inputs.

CONTROL REGISTERS

Pins 2-5 — RDEC, — RDEC, — Receiver
decoderegister; configures receiver modes; TTL
inputs.

Pin 6 — TTEN — Enables TT driver, active
low; TTL input.

Pin 7 — SCTEN — Enables SCT receiver;
active high; TTL input.

Pins 12-9 — TDEC ~ TDEC3 — Transmitter
decode register; configures transmitter modes;
TTL inputs.

Pin 23 — STEN — Enables ST driver; active
low; TTL input.

POWER SUPPLIES
Pins 8, 25, 33,41,48,55,62,73,74 —V —
+5V input.

Pins 29, 34, 43, 46, 50, 53,57,60,64,72,75 —
GND — Ground.

Pin27—Vp, +10V Charge Pump Capacitor —
Connects from Vp, to V.. Suggested capaci-
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tor size is 22uF, 16V.

Pin 32 — V¢ —10V Charge Pump Capacitor —
Connects from ground to V. Suggested ca-
pacitor size is 22pF, 16V,

Pins 26 and 30 — C,* and C,~ — Charge Pump
Capacitor — Connects from C,* to C;~. Sug-
gested capacitor size is 22uF, 16V.

Pins 28 and 31 — C,* and C, — Charge Pump
Capacitor — Connects from C,* to C,". Sug-
gested capacitor size is 22uF, 16V.

NOTE: NC pins should be left floating; internal
signals may be present.

FEATURES...

The SP503 is a highly integrated serial trans-
ceiver that allows software control of its inter-
face modes. The SP503 offers hardware inter-
face modes for RS232 (V.28), RS422A (V.11),
RS449, RS485, V.35, and EIAS30. The inter-
face mode selection is done via an 8-bit switch;
four (4) bits control the drivers and four (4) bits
control the receivers. The SP503 is fabricated
using low—power BiCMOS process technology,
and incorporates a Sipex—patented (5,306,954)
charge pump allowing +5V only operation. Each
device is packaged in an 80—pin Quad FlatPack
package.

The SP503 is ideally suited for wide area
network connectivity based on the interface
modes offered and the driver and receiver con-
figurations. The SP503 has seven (7) indepen-
dent drivers and seven (7) independent receiv-
ers. The seventh driver of the SP503 allows the
it to support applications which require two
separate clock outputs making it ideal for DCE
applications.

THEORY OF OPERATION

The SP503 is made up of four separate circuit
blocks — the charge pump, drivers, receivers,
and decoder. Each of these circuit blocks is
described in more detail below.

Charge—Pump
The charge pump is a Sipex—patented design
(5,306,954) and uses a unique approach com-

pared to older less—efficient designs. The charge
pump still requires four external capacitors, but
uses a four—phase voltage shifting technique to
attain symmetrical 10V power supplies. Figure
la shows the waveform found on the positive
side of capcitor C2, and figure 1b shows the
negative side of capcitor C2. There is a free—
running oscillator that controls the four phases
of the voltage shifting. A description of each
phase follows.

Phase 1

— Vg, charge storage —During this phase of
the clock cycle, the positive side of capacitors
C, and C, are initially charged to +5V. C" is
then switched to ground and charge on C,~ is
transferred to C,. Since C,* is connected to
+5V, the voltage potential across capacitor C,
is now 10V.

Phase 2

— V¢ transfer — Phase two of the clock con-
nects the negative terminal of C, to the Vg
storage capacitor and the positive terminal of C,
to ground, and transfers the generated —10V to
C,. Simultaneously, the positive side of capaci-
tor C | is switched to +5V and the negative side
is connected to ground.

Phase 3

— Vp charge storage — The third phase of the
clock is identical to the first phase — the charge
transferred in C, produces —5V in the negative
terminal of C,, which is applied to the negative
side of capacitor C,. Since C,* is at +5V, the
voltage potential across C, is 10V.

Phase 4

— V, transfer — The fourth phase of the
clock connects the negative terminal of C, to
ground and transfers the generated 10V across
C, to C,, the V, storage capacitor. Again,

Vep =+5V

l—O 4
}JVDD Storage Capacitor

*

Ciz
c -5V

jvss Storage Capacitor
%

Figure 1. Charge Pump Phase 1.
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C4
0_+‘ =i Vpp Storage Capacitor

Vgg Storage Capacitor
-10vV O% Ca

Figure 2. Charge Pump Phase 2.

simultaneously with this, the positive side of
capacitorC, is switched to +5V and the negative
side is connected to ground, and the cycle begins
again.

Since both V+ and V™ are separately generated
from V .in ano-load condition, V+and V- will
be symmetrical. Older charge pump approaches
that generate V- from V+ will show a decrease
in the magnitude of V- compared to V+ due to
the inherent inefficiencies in the design.

The clock rate for the charge pump typically
operates at 1 5kHz. The external capacitors must
be 22pF with a 16V breakdown rating.

External Power Supplies

For applications that do not require +5V only,
external supplies can be applied at the V+ and
V- pins. The value of the external supply volt-
ages must be no greater than +10V. The current
drain for the +10V supplies is used for RS232,

and RS423 drivers. For the RS232 driver the
current requirement will be 3.5mA per driver,
and for the RS423 driver the worst case current
drain will be 11mA per driver. It is critical that
the external power supplies provide a power
supply sequence of :+10V, then +5V, followed
by -10V.

Drivers .

The SP503 has seven (7) independant drivers,
two of which have separate active—low tri—state
controls. If a half-duplex channel is required,
this can be achieved with external connections.

Control for the mode selection is done via a
four-bit control word. The SP503 does not have
a latch; the control word must be externally
latched either high or low to write the appropri-
ate code into the SP503. The drivers are pre-
arranged such that for each mode of operation
the relative position and functionality of the
drivers are set up to accomodate the selected
interface mode. As the mode of the drivers is
changed, the electrical characteristics will change
to support the requirements of clock, data, and
control line signal levels. Table 1 shows a sum-
mary of the electrical characteristics of the driv-
ers in the different interface modes. Unused
driver inputs can be left floating; however, to
ensure a desired state with no input signal, pull-
up resistors to +5V or pull-down resistors to
ground are suggested. Since the driver inputs
are both TTL or CMOS compatible, any value

a)

b)

Figure 3. Charge Pump Waveforms
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vcc Py

4
LO\OTO/O ‘JVDD Storage Capacitor

Vgg Storage Capacitor
Oq Ce

Voo =45V

I—o +10V o Ca
A + = |Vpp Storage Capacitor

G

- ‘—lvss Storage Capacitor
[¢]

Figure 4. Charge Pump Phase 3.

resistor less than 100KQ will suffice.

There are three basic types of driver circuits —
RS232,RS423, and RS485. The RS232 drivers
output a minimum of +5V level single—ended
signals (with 3K€Q and 2500pF loading), and
can operate up to 120Kbps. The RS232 drivers
are used in RS232 mode for all signals, and also
in V.35 mode where they are used as the control
line signals.

The RS423 drivers output a minimum of 3.6V
level single—ended signals (with 450Q loading)
and can operate up to 120Kbps. Open circuit
Vo and V,,, measurements may exceed the
+6V limitation of RS423. The RS423 drivers
are used in RS449 and EA1530 modes as RL and
LL outputs.

The third type of driver supports RS485, which
is a differential signal that can maintain 1.5V
differential output levels with a worst case load

Figure 5. Charge Pump Phase 4.

of 54Q. The signal levels and drive capability of
the RS485 drivers allow the drivers to also
support RS422 requirements of +2V differential
output levels with 100€2 loads. The RS422 driv-
ers are used in RS449 and EIA530 modes as
clock, data and some control line signals.

The RS485-type drivers are also used in the
V.35 mode. V.35 levels require £0.55V signals
with aload of 100£2. In order to meet the voltage
requirements of V.35, external series resistors
with source impedance termination resistors
must be implemented to voltage divide the driver
outputs from 0 to +5V t0 0 to +0.55V. Figure 6
shows the values of the resistor network and
how to connect them. The termination network
also achieves the 50Q to 150€2 source imped-
ance for V.35. For applications that require
V.11 signals for clock and data instead of V.35
levels, omit the external termination networks.
All of the differntial drivers, RS485, RS422,

Pin Label Mode: RS232 V.35 RS422 RS485 RS449 EIA530
TDEC,-TDEC, 0000 0010 1110 0100 01071 1100 1101

SD(a) tri-state RS§232 V.35- RS422- RS485- RS422- RS422-
SD(b) tri-state tri-state V.35+ RS422+ RS485+ RS422+ RS422+
TR(a) tri-state RS232 RS232 RS422- RS485- RS422- RS422—-
TR(b) tri-state tri-state tri-state RS422+ RS485+ RS422+ RS422+
RS(a) tri-state RS232 RS232 RS422- RS485- - RS422- RS422~
RS(b) tri-state tri-state tri-state RS422+ RS485+ RS422+ RS422+
RL(a) tri-state RS232 RS232 RS422- RS485- RS423 RS423
RL(b) tri-state tri-state tri-state RS422+ RS485+ tri-state tri-state
LL(a) tri-state RS232 RS232 RS422- RS485- RS423 RS423
LL(b) tri-state tri-state tri-state RS422+ RS485+ tri-state tri-state
ST(a) tri-state RS232 V.35— RS422- RS485- RS422— RS422-
ST(b) tri-state tri-state V.35+ " RS422+ RS485+ RS422+ AS422+
TT(a) tri-state RS232 V.35— RS422—- RS485- RS422- RS422-
TT(b) tri-state tri-state V.35+ RS422+ RS485+ RS422+ RS422+

Table 1. SP503 Drivers

198

Sipex

SIGNAL PROCESSING EXCELLENCE



+5V, 5%

i
o7 | 220F, 16V 55

22uF (Vg decoupling)

All V¢ connections can be tied
together. Charge pump capacitors must
be placed as close to the package as
possible.

26
22pF_+.L
16VT 30

28

22uF J—

16VT 31

+|]

Voo Ve
C*

C1 -
Charge
Pump

Cot

Cg"

I{
= 22F, 16V 2

— SP503

1 ——

1 Driver
© Decode
s 1
=
F —

5 Ext

XU.
© Latch
a
S
Yo} 1T —
@
L p—

Receiver,
1 Decode
0 —

V.35 External
Driver Qutput
Termination Resistors

V.35 External
Receiver Input
Termination Resistors

[TITTTT

g
g

For NET2 certified circuits, please contact the factory.

Figure 6. Typical Operating Circuit
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and V.35 can operate up to SMbps.

Receivers

The SP503 has seven (7) independant receivers
~ which can be programmed for six (6) different

interface modes. One of the seven (7) receivers

(SCT) has an active-high enable control, as

shown in the Mode Diagrams.

Control for the mode selection is done via a 4—
bit control word that is independant from the
driver control word. The coding for the drivers
andreceiversisidentical. Therefore, if the modes
for the drivers and receivers are supposed to be
identical in the application, the control lines can
be tied together.

Like the drivers, the receivers are pre-arranged
for the specific requirements of the interface. As
the operating mode of the receivers is changed,
the electrical characteristics will change to sup-
port the requirements of clock, data, and control
line receivers. Table 2 shows a summary of the
electrical characteristics of the receivers in the
different interface modes. Unused receiver in-
puts can be left floating without causing oscilla-
tion. To ensure a desired state of the receiver
output, a pull-up resistor of 100KQ to +5V
should be connected to the inverting input for a
logic low, or the non—inverting input for a logic
high. For single-ended receivers, a pull-down
resistor to ground of SKQ is internally con-
nected, which will ensure a logic high output.

There are three basic types of receivers —
RS232,RS423,and RS485. The RS232 receiver
is a single—ended input with a threshold of 0.8V
to 2.4V. The RS232 receiver has an operating
voltage range of £15V and can receive signals
up to 120Kbps. RS232 receivers are used in
RS232 mode for all signal types, and in V.35
mode for control line signals.

The RS423 receivers are also single—ended but
have an input threshold as low as £200mV. The
inputimpedance is guaranteed to be greater than
4KQ, with an operating voltage range of £7V.
The RS423 receivers can operate up to 120Kbps.
RS423 receivers are used for the IC signal in
RS449 and EIA530 modes, as shown in Table 2.

The third type of receiver supports RS485, which

“is a differential interface mode. The RS485

receiver has an input impedance of 15KQ and a
differential threshold of +200mV. Since the
characteristics of an RS422 receiver are actually
subsets of RS485, the receivers for RS422 re-
quirements are identical to the RS485 receivers.
RS422 receivers are used in RS449 and EIA530
for receiving clcok, data, and some control line
signals. The RS48S5 receivers are also used for
the V.35 mode. V.35 levels require the £0.55V
signals with a load of 100Q. In order to meet the
V.35 input impedance of 100, the external
termination network of Figure 6 must be ap-
plied. The threshold of the V.35 receiver is

Pin Label Mode: RS232 V.35 Rs422 RS485 RS449 EIAS530
RDEC,-RDEC, 0000 0010 1110 0100 0101 1100 101
RD(a) Undefined RS232 V.35~ RS422~ RS485~ RS422— RS422—
RD(b) Undefined 15KQ to GND V.35+ RS422+ RS485+ RS422+ RS422+
RT(a) Undefined RS232 V.35- RS422- RS485-~ RS422— RS422-
RT(b) Undefined 15KQ to GND V.35+ RS422+ RS485+ RS422+ RS422+
CS(a) Undefined RS232 RS232 RS422- RS485- RS422— RS422—
CS(b) Undefined 15KQ to GND | 15KQ to GND RS422+ RS485+ RS422+ RS422+
DM(a) Undefined RS232 RS232 RS422- RS485- RS422- RS422—-
DM(b) Undefined 15KQ to GND | 15KQ to GND RS422+ RS485+ RS422+ RS422+
RR(a) Undefined RS232 RS232 RS422- RS485- RS422- RS422—
RR(b) Undefined 15KQ to GND | 15KQ to GND RS422+ RS485+ RS422+ RS422+
IC(a) Undefined RS232 RS232 RS422~ RS485- RS423 RS423
IC(b) Undefined 15KQ to GND | 15KQ to GND RS422+ RS485+ 15KQ to GND | 15KQ to GND
SCT(a) Undefined RS232 V.35- RS422— RS485- RS422- RS422-
SCT(b) Undefined 15KQ to GND V.35+ RS422+ RS485+ RS422+ RS422+

Table 2. SP503 Receivers
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+200mV. The V.35 receivers can operate up to
S5Mbps. All of the differential receivers can
receive data up to SMbps. '

Decoder

The SP503 has the ability to change the inter-
face mode of the drivers or receivers via an 8-bit
switch. The decoder for the drivers and receiv-
ers is not latched; it is merely a combinational
logic switch. The codes shown in Tables 1 and
2 are the only specified, valid modes for the
SP503. Undefined codes may represent other
interface modes not specified or random out-
puts, (consult the factory for more information).
The drivers are controlled with the data bits
labeled TDEC,~TDEC,,. The drivers can be put
into tri-state mode by writing 0000 to the driver
decode switch. Thereceivers are controlled with
databits RDEC,—RDEC,; the code 0000 written
to the receivers will place the outputs in an
undetermined state. All receivers, with the ex-
ception of SCT, do not have tri-state capability;
the outputs will either be high or low depending
upon the state of the receiver input.

SEM\I
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MODE: RS232
DRIVER RECEIVER
TDEC5 |TDEC, |[TDEC4| TDECj| RDEC3 |[RDEC, |RDEC4 | RDEC
0 1 0 0 0 1 0
RD(a) 70 : 14 TxD
RxD 1 < | > 61 SD(a)
RT(a) 37 ' 13 DTR
RxC 20 < : >)—— 58 TR(a)
CS(a) 66 | 16 RTS
CTS 80 < I > 54 RS(a)
DM(a) 68 ' 17 RL
oon 78— |- | et o7 A
RR(a) 35 | 24 LL
DCD 19 < ' >—— 51 LL(a)
IC(a) 39 : 22 ST
RI 21 < | %— 42 ST(a)
SCT(a) 76 | — 23 STEN
SCT 79 j I 15 TxC
SCTEN 7 — : %—- 63 TT(a)
| - 6 TTEN
RECEIVERS | DRIVERS
STEN ST |TTEN| TT |SCTEN| SCT
1 Disabled 1 Disabled 1 Enabled
0 Enabled 0 Enabled 0 Disabled

Figure 7. Mode Diagram — RS232
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‘SIGNAL PROCESSING EXCELLENCE

} MODE: V.35
| DRIVER RECEIVER
| TDEC3 |TDEC, [TDEC | TDEC,| RDEC5 |RDEC, |[RDEC+ | RDEC,
\ 1 1 1 0 1 1 1 0
| RD(a) 70 — | 14 TxD
‘ RxD 1 | _IX_ 61 SD(a)
g | — 59 SD(b)
RD(b) 71 —|
; RT(a) 37 — ' 13 DTR
| RXC 20 _E : > 58 TR(@)
‘ RT(b) 38 — | 16 RTS
‘ CS(a) 66 | > 54 RS(a)
i CTS 80 < | —
\ DM(a) 68 | >_ 47 RL@)
! |
| DSR 78 —~< | ~ ot LL
| RR() 35 I >; 51 LL(a)
| DCD 19 < | 22 ST
{ IC(a) 39 ' | 42 ST(a)
1 RI 21 ﬁ4< ! E— 44 ST(b)
; | — 23 STEN
: SCT(a) 76 — |
15 TxC
\ SCT 79 —ﬁ I 63 TT(a)
|
; SCTEN 7 — ' ‘%— 65 TT(b)
SCT(b) 77 I — 6 TTEN
F RECEIVERS| DRIVERS
1
} STEN ST TTEN TT SCTEN | SCT
| 1 Disabled 1 Disabled 1 Enabled
‘ 0 Enabled 0 Enabled 0 Disabled
|
Figure 8. Mode Diagram — V.35
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MODE: RS422
DRIVER . RECEIVER
TDEC5 |TDEC, |TDEC4| TDEC,| RDEC3 |RDEC, |RDEC+ | RDEC
0 1 0 0 0 1 0 0
RD(a) 70 — | 14 TxD
| — 59 SD(b)
RD(b) 71 —
RT(a) 37 — ' 13 DTR
RxC 20 —E | __ik— 58 TR(a)
I — 56 TR(b)
RT(b) 38 — |
CS(a) 66 — | 16 RTS
CTS 80 —E | _Q— 54 RS(a)
— 52 RS(b)
CS(b) 67 — |
DM(a) 68 — | 17 RL
| z— 47 RL(a)
DSR 78 — | L 45 RL®)
DM (b) 69 —]}
| 24 LL
RR(a) 35 —
| 2 51 LL(a)
DCD 19 —E I ™ 49 LL(b)
RR(b) 36 —| I -
ICla) 39 — ' | 42 ST(a)
Rl 21 — | E—— 44 ST(b)
IC(b) 40 — : — 23 STEN
SCT(a) 76 — | 15 TxC
SCT 79 — | | 63 TT(a)
SCTEN 7 — , %— 65 le)
SCT(b) 77 | — 6 TTEN
RECEIVERS DRIVERS
STEN ST TTEN TT SCTEN | SCT
1 Disabled 1 Disabled 1 Enabled
0 Enabled 0 Enabled 0 Disabled

Figure 9. Mode Diagram — RS422
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MODE: RS449
DRIVER RECEIVER
TDEC3 |TDEC, |TDEC4 | TDECy| RDEC5 [RDEC, |[RDEC4 | RDEC
1 1 0 0 1 1 0 0
RD(a) 70 — I 14 TxD
RxD 1-% I _&— 61 SD(a)
| — 59 SD(b)
RD(b) 71 —
RT(a) 37 — ' 13 DTR
RxC 20 _E ' _{z— 58 TR(a)
I — 56 TR(b)
RT(b) 38 — |
CS(a) 66 — | 16 RTS
52 RS(b)
CS(b) 67 — | 17 AL
DM(a) 68 — |
DSR 78 —| I
DM (b) 69 — | 24 LL
RR(a) 35 — | >o-— 51 LL(a)
RR(b) 36 — : 22 ST
IC(a) 39 | 4%_ 42 ST@)
; L 44 ST(b)
RI 21 ——~c<l— I — 23 STEN
|
SCT(a) 76 — l 15 TxC
SCT 79 — : | 63 TT(a)
SCTEN 7 — | %— 65 Tﬂﬂ
SCT(b) 77 | — 6 TTEN
RECEIVERS DRIVERS
STEN ST TTEN TT SCTEN | SCT
1 Disabled 1 Disabled 1 Enabled
0 Enabled 0 Enabled 0 Disabled

Figure 10. Mode Diagram — RS449
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MODE: RS485
" DRIVER RECEIVER
TDEC, |TDEC, [TDEC, [ TDEC,| RDEC; |RDEC, |RDEC, | RDEC,
0 1 0 1 0 1 0 1
RD(a) 70 —i | 14 TxD
— | X— 61 SD(a)
| — 59 SD(b)
RD(b) 71 —|
RT(a) 37 — | 13 DTR
RxC 20 —| ! X’“ 58 TR(a)
I — 56 TR(b)
RT(b) 38 ] |
CS(a) 66 — | 16 RTS
CTS 80 — X_ 54 RS()
' — 52 RS(b)
CS(b) 67 — |
DM(a) 68 | 17 RL
| X— 47 RL(a)
DSR 78 — | — 45 RL(b)
DM (b) 69 —|
| 24 LL
RR(a) 35 —]
| y— 51 LL(a)
DCD 19—% | 49 LL(b)
RR(b) 36 — |
22 ST
IC(a) 39 — ' | 42 ST(a)
Rl 21 — I —lx_ 44 ST(b)
IC(b) 40 — : - 23 STEN
SCT(a) 76 — | 15 TxC
SCT 79 — | |63 TT(a)
SCTEN 7 — | %— 65 Tﬂ
SCT(b) 77 | — 6 TTEN
RECEIVERS  DRIVERS
STEN ST TTEN T SCTEN | SCT
1 Disabled 1 Disabled 1 Enabled
0 Enabled 0 Enabled 0 Disabled

Figure 11. Mode Diagram — RS485
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MODE: EIA 530
DRIVER RECEIVER
TDEC5 |TDEC, |TDEC4| TDEC,| RDEC3 |RDEC, |RDEC, | RDEC,
1 1 0 1 1 1 0 1
RD(a) 70 [ 14 TxD
RxD 1_$ | _{X— 61 SD(a)
| — 59 SD(b)
RD(b) 71 —|
RT(a) 37 — ' 13 DTR
I — 56 TR(b)
RT(b) 38 — |
CS(a) 66 — | 16 RTS
52 RS(b)
CS(b) 67 — [ 17 BL
DM(a) 68 — |
DSR 78 —| |
DM (b) 69 —| | 24 LL
RR(a) 35 — | —[>3—J— 51 LL(a)
RR(b) 36 — : 22 ST
IC(a) 39 — | ' _{E_ 42 ST(a)
—— 44 ST(b)
RI 21 _ﬂi | | 23 STEN
|
SCT(a) 76 — I 15 TxG
SCT 79 — | | 63 TT(a)
SCTEN 7 — | %— 65 T_T@
SCT(b) 77 | — 6 TTEN
RECEIVERS DRIVERS
STEN ST TTEN TT SCTEN | SCT
1 Disabled 1 Disabled 1 Enabled
0 Enabled 0 Enabled 0 Disabled

Figure 12. Mode Diagarm — EIA530
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SP502/SP503 EVALUATION BOARD
The SP502/SP503 Evaluation Board (EB) Is
designed to offer as much flexibility to the user
as possible. Each board comes equipped with an
80-pin QFP Zero- Insertion socket to allow for
testing of multiple devices. The control lines
and Inputs and outputs of the device can be
controlled either manually or via a data bus
under software control. There is a 50-pin con-
nector to allow for easy connection to an exist-
ing system via a ribbon cable. There are also
open areas on the PC board to add additional
clrcuitry to support application-specific require-
ments.

Manual Control

The SP502/SP503EB will support both the
SP502 or SP503 multi-mode serial transceiv-
ers. When used for the SP502, disregard all
notation on the board that Is In (brackets) . The
SP502 has a half-duplex connection between
the RxT receiver and the TT driver. Due to this
internal connection, the RxT receiver inputs can
be accessed via the TT(a) and TT(b) pins. If the
user needs separate receiver input test pins,
jumpers JP1 and JP2 can be inserted to allow for
separate receiver inputs located at SCT(a) and
SCT(b). The corresponding TTL output for this
receiver Is labeled as SCT. This test point I's tied
to pin 79 of the SP502 or SP503. Pin 7 of the
evaluation board is connected to the DIP switch,
and is labeled as (SCTEN). When used with the
SP502, this pin should be switched to a low
state. When the evaluation board is used with
the SP503, pin 7 Is a tri-state control pin for the
SCT receiver.

The transceiver 1/O lines are brought out to test
pinsarranged in the same configuration as shown
elsewhere in this data sheet. A top layer
silk-screen shows the drivers and receivers to
allow direct correlation to the data sheet. The
transmitter and receiver decode bits are tied
together and are brought out to a DIP switch for
manual control of both the driver and receiver
interface modes. Since the coding for the drivers
and receivers is identical, the bits have been tied
together. The DIP switch has 7 positions, four of
which are reserved for the TDEC/RDEC control
and the other three are used as tri-state control
pins. The labels that are in [brackets] apply only

to the SP503, If a logic one Is asserted the
corresponding red LED will be lit; If a zero is
asserted the corresponding red LED will not be
lit,

Software Control

A 50-pin connector brings all the analog and
digital I/Olines, V., and GND to the edge of the
card. This can be wired to the user’s existing
design via a ribbon cable, The pinout for the
connector is described in the following section.
When the evaluation board is operated under
software control, the DIP switch should be set
up so that all bits are low (all LEDs off). This
will tie 20KQ pulldown resistors from the in-
puts to ground and let the external system con-
trol the state of the control inputs.

Power and Ground Requirements

The evaluation board layout has been optimized
for performance by using basic analog circuit
techniques, The four charge-pump capacitors
mustbe 22uF (16 V) and be placed as close to the
unit as possible; tantalum capacitors are sug-
gested. The decoupling capacitor must be a
minimum of 1yF; depending upon the operating
environment, 10uF should be enough for worst
case situations. The ground plane for the part
must be solid, extending completely under the
package, The power supplies for the device
should be as accurate as possible; for rated
performance +5% is necessary. The power sup-
ply current will vary depending upon the se-
lected mode, the amount of loading and the data
rate. As a maximum, the user should reserve
200mA for I .. The worst-case operating mode
is RS485 under full load of six (6) drivers
supplying 1.6V to 54€ loads. The power and
ground inputs can be supplied through either the
banana jacks on the evaluation board (Red =V
= +5V15%; Black = GND) or through the con-
nector.

Forreference, the 80-pin QFP Socketisa TESCO
part number FPQ-80-65-09A. The 50-pin con-
nector is an AMP part number 749075-5.
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Figure 13. SP502/503 Evaluation Board Schematic
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EDGE DUT PIN
CONNECTOR DESCRIPTIONS
01 TxD (pin 14) -TTL Input — Transmit

02

03

04

05

06

07

08

09

10

11

12

data; source for SD(a) and SD(b) out-
puts.

DTR (pin 13) — TTL Input — Data
terminal ready: source for TR(a) and
TR(b) outputs.

ST/TT (pin 6) ~TTL Input — ST/TT
select pin; enables ST drivers and dis-
ables TT drivers when high. Disables
ST drivers and enables TT drivers when
low.

DEC,/RDEC, (pin 5) — TTL Input -
Transmitter/Receiver decode register.

TDEC,/RDEC, (pin 4) — TTL Input —
Transmitter/Receiver decode register.

TDEC,/RDEC, (pin 3) — TTL Input —
Transmitter/Receiver decode register.

TDEC/RDEC,, (pin 2) — TTL Input —
Transmitter/Receiver decode register.

RxD (pin 1 ) — TTL Output — Receive
data; sourced from RD(a) and RD)b)
inputs.

CTS (pin 80) — TTL Output — Clear to
send; sourced from CS(a) and CS(b)
inputs.

RxT (pin 79) — TTL Output — RxT;
sourced from TT(a), TT(b) inputs.

DSR (pin 78) — TTL Output — Data set
ready; sourced from DM(a) and DM(b)
inputs.

RD(b) (pin 71) — Analog In — Receive
data, non—inverted; source for RxD.

EDGE DUT PIN
CONNECTOR DESCRIPTIONS
13 RD(a) (pin 70) — Analog In — Receive

14

15

16

17

18

19

20

21

22

23

24

25

data, inverted: source for RxD.

DM(b) (pin 69) — Analog In — Data
mode, non—-inverted; source for DSR.

DM(a) (pin 68) — Analog In — Data
mode, inverted; source for DSR.

CS(b) (pin 67) — Analog In ~ Clear to
send; non—inverted; source for CTS.

CS(a) (pin 66) — Analog In — Clear to
send, inverted; source for CTS.

TT(b) (pin 65) — Analog In or Out —
Terminal timing, non-inverted:
sourced to RxT or from TxC input.

TT(a) (pin 63) — Analog In or Out -
Terminal timing; inverted: sourced to
RxT or from TxC input.

TR(a) (pin 58) — Analog Out — Termi-
nalready, inverted; sourced from DTR.

TR(b) (pin 56) — Analog Out — Termi-
nal ready; non—inverted; sourced from
DTR.

SD(a) (pin 61) — Analog Out — Send
data, inverted; sourced from TxD.

SD(b) (pin 59) — Analog Out — Send
data; non—inverted; sourced from TxD.

RS(a) (pin 54) — Analog Out—Ready to
send; inverted; sourced from RTS.

RS(b) (pin 52) — Analog Out — Ready
to send, non—inverted; sourced from
RTS.

Cinav
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EDGE DUT PIN
CONNECTOR DESCRIPTIONS
26 ST (pin 22) — TTL Input — Send Tim-

27

28

29

30
31
32

33

34

35

36

37

38

ing; source for ST(a) and ST(b) out-
puts. SP503 only.

STEN (pin 23) — TTL Input — Driver
enable control pin; active low. SP503
only,

SCT(a) (pin 76) — Analog Input — In-
verting; input for SCT receiver; SP503
only.

SCT(b) (pin 77)— Analog Input—Non-
inverting; input for SCT receiver.
SP503 only.

Vee — +5V for all circuitry.
GND — signal and power ground.

LL(a) (pin 51) — Analog Out — Local
loopback, inverted; sourced from LL.

LL(b) (pin 49) — Analog Out — Local
loopback, non~inverted sourced from
LL.

RL(a) (pin 47) — Analog Out — Remote
loopback; inverted; sourced from RL.

RL(b) (pin 45) — Analog Out — Remote
loopback; non-inverted; sourced from
RL.

ST(b) (pin 44) — Analog Out — Send
timing, non—inverted; sourced from
TxC.

ST(a) (pin 42) — Analog Output —Send
timing, inverted; sourced from TxC.

IC(b) (pin 40) — Analog In — Incoming
call; non—inverted; source for Rl.

EDGE DUT PIN
CONNECTOR DESCRIPTIONS
39 IC(a) (pin 39) — Analog In — Incoming

40

41

42

43

44

45

46

47

43

49

50

call; inverted; source for Rl.

RT(b) (pin 38) — Analog In — Receive
timing, non—inverted; source for RxC.

RT(a) (pin 37) — Analog In — Receive
timing; inverted; source from RxC.

RR(b) (pin 36) — Analog In — Receiver
ready; non—inverted; source for DCD.

RR(a) (pin 35) — Analog In — Receiver
ready; inverted; source for DCD.

LL (pin 24) — TTL Input — Local
loopback; source for LL(a) and LL(b)
outputs.

Rl (pin 21) — Output — Ring indicator;
sourced from IC(a) and IC(b) inputs.

RxC (pin 20) — TTL Output — Receive
clock; sourced from RT(a) and RT(b)
inputs.

DCD (pin 19) — TTL Output — Data
carrier detect; sourced from RR(a) and
RR(b) inputs.

RL (pin 17) — Analog Out — Remote
loopback; source for RL(a) and RL(b)
outputs.

RTS (pin 16) — TTL Input — Ready to
send; source for RS(a) and RS(b) out-
puts.

TxC (pin 15) — TTL Input — Transmit
clock; commo