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PART NUMBER INDEX

PART NUMBER PAGE PART NUMBER PAGE £
COM 1553A 35 CRT 9021 339 “
COM 1553B 51 CRT 9028 351
COM 1671 67 CRT 9041 367
COM 1863 83 CRT 9128 351
COM 2017 91 CRT 9212 383
COM 2502 91 FDC 765A 391
COM 2601 ) 99 | FDC1791 407
COM 2651 107 FDC 1793 407
COM 2661 119 FDC 1795 407
COM 5016/T 217 FDC 1797 407
COM 5025 131 FDC 7265 391
COM 5026/T 219 FDC 9216/B 423
COM 5036/T 217 FDC 9229/BT 427
COM 5046/T 219 FDC 9239/B 435
COM 7210 143 FDC 9266 443
COM 8004 155 FDC 9791 459
COM 8017 161 FDC 9793 459
COM 8018 83 FDC 9795 459
COM 8046/T 225 FDC 9797 459
COM8116/T 227 HDC 1100-01 475
COM 8126/T 229 HDC 1100-12 479
COM 8136/T 227 HDC 1100-03 483
COM 8146/T 229 HDC 1100-04 487
COM 8156/T 237 HDC 1100-05 491
COM 8251A 169 HDC 7261 495
COM 8502 161 HDC 9224 497
COM 9004 185 HDC 9225 533
COM 9026 193 HDC 9226 545
COM 9032 209 KR 3600 555
CRT 5027 243 KR 9600 563
CRT 5037 243 KR 9601 563
CRT 5047 251 KR 9602 563
CRT 5057 243 MPU 800 587
CRT 7004 253 MPU 810A 611
CRT 7220 259 MPU 830/831 623
CRT 8002 283 SCF 9034 631
CRT 8002H 297 SR 5015 577
CRT 8021 305 SR5017 581
CRT 9006 313 SR 5018 581
CRT 9007 319
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Generator

CRT Display

TIMING CONTROLLERS

(1)May be custom mask programmed




)Als0 available as CRT8002A, B, C -001 Katakana
CRT8002A, B, C -003, -018 5 x 7 dot matrix
@Also available as CRT7004A,B,C—003 5X7 dot matrix
VT100 and VTRR0 are registered trademarks of Digital Equipment Corp.
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®For future release
®Discontinued product
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SMC CROSS

& | \ I Commodore
AMI AMD | Fairchild onera Harris | Intel | Intersil |__(MOS

Instrument e
TeennGIegYy)

$1883" — —_ AY 5-1013A —_ — — —
- — — AY 5-1013 — — . -
$6850* — F6850* AY 3-1015 HM6402* — IM6402* -_
— — — AY 3-1015 HM6403* — IM6403* .

ﬁescription

UART (1% SB)**
UART (1,2 SB)**
UART (n-Channel)*™
UART (n-Channei}**
UART (n-Channel)*
USRT

ASTRO

PCI

EPCI

USART

S1602* — — — — — — =
§2350" - — - — — — —

— - — AY2661 — — — —
— 8251 — — — 8251A |  — —

F3846~
F3856”

F68488” x
96L5488* 8291/92

Multi-Protocc
USYNRT

|EEE-488

COAX {/F Circuit
LAN Controller

Dual Baud Rate Gen. — — - AY5-8116/36 - - - -

—_ HD4702*

Single Baud Rate Gen — — Fa702" HD6405"

90 Key KB Encoder — —_ — AY 5-3600" - — — MCS1009*

CRT Controller

Character Generator

Character Generator/
Display Controller

Graphics Controller

i
|

Video Processor and
Controiler

Video Attributes
Controller

Video Terminal Logic
Controller

Hard Disk Controller
Hard Disk Controller

Universal Disk
Controller

Shift Register $2182/3/5 — — — — — - -

CMOS Microprocessor |
CMOS RAM-I/O-Timer

CMOS ROM-1/0 A
CMOS Input/Output

*Functional equivalent.
**Most UART'S are interchangeable; consult the factory for detailed information on interchangeability.

10



REFERENCE GUIDE

SECTION |

Solid

. . - . Texas Western
Mostek Motorola National NEC Signetics sc?;ztt?ﬁc Synertec Instruments Digital
— — MM5303* — — — — TMS6011 TR1602
-~ - — — 2536 — - — TR1402
- MC6850° | NSC858* — — SCR1854* - — —
- = - - == .y = TR1983"
— - - - - — — — TR1863
— - INS1671 — — — — — uc1671
— — INS2651 — 2651 — — - —
- MC2661 — - 2661 — SY2661 — —
-~ — INS8251 | WPD8251A — — — - TR1983"
— 2652" 6852 — 2652 SND5025 — — SD1933*
— | mceBBass® — uPD7210 — — — TMS9914* WD9914*
.

- — DP8340/41*|  — — - - — -
- — R — — — — — WD2840”
o _ _ R _ _ _ BR1941

1 | BR1943/4
— MC14411* | MM307* - = — - — -
- = Mms740t | — 1 — 1 — TMS5001 —
. " ; . SND5027 .
MK3807 | MC6845 DP8350 — — | S\psas7 6545 TMS9927 —
MCM66700* . ‘
— P DM8678 - 2609 - - — —
- - - - - SND8002 — — —
— - - 1PD7220 — — - - —
- — - wPD7220A - - — - —
- - — —  SCNze7a* - - — —
- - — — SCN2675* — — — —
- - NS455° - — - - - -
- - — | pPD7261A |  — - - | - -
L - — R - - - — | wD1100-
‘ ; . WD1010
- - - uPD7260°  SCN6854* - - - WD2010
‘ % WD3010
MK1007* | — 5024 | — 2532" - = s -
| = - ~ NSC800 - - - - - -
L= — - NSCB10A — — — _ _ _
Po— — NSC830 - — — — — —
- - NSC831 — — — — — -
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FLOPPY DISK CONTROLLERS

Description Fujitsu NEC Synertec V%?;}?arln Intel ! Siemens | Rockwell
Floppy Disk Controller MB8g76 — SY1791-02  FD1791-02 — SAB-1791 —
Floppy Disk Controller — — — ! FD1792-02 —_ — —
Floppy Disk Controller M8877 —_ SY1793-02 | FD1793-02 — SAB-1793 —_
Floppy Disk Controller — — — FD1794-02 — — _—
Fioppy Disk Controiler — — — FD1795-02 — SAB-1795 —
Floppy Disk Controller — — — FD1797-02 — SAB-1797 —_
Floppy Disk Controller MB8876* — SY1791-02* | FD1791-02* _ SAB-1791* —
Floppy Disk Controller m8g77* — 8Y1793-02* | FD1793-02* — SAB-1793* —
Floppy Disk Controller — — — FD1795-02* — SAB-1795* —
Floppy Disk Controller — — — FD1797-02* — SAB-1797* —_
Floppy Disk Controller — wPD765 — — 8272A — 765A
Microfloppy Disk Controller — wPD7265 — — — — —

*SMC part will replace cited device with no changes required.
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Innovation in Microelectronic
Technology is the Key to Growth at
Standard Microsystem:s.

Since its inception, Standard Microsystems has been a leader in creating new
technology for metal oxide semiconductor large scale integrated (MOS/LSI) and
very large scale infegrated (MOS/VLSI) circuits.

Standard Microsystems” COPLAMOS® silicon gate n-channel process, licensed to
over 15 prominent semiconductor companies, is the defacto standard for high
speed, high density infegrated circuits.

COPLAMOS® ufilizes a self-aligned, field-doped, locally oxidized structure fo elim-
inate parasitic currents and shunt capacitance, allowing the tight packing of cir-
cuitry essential for VLS|, yet with performance rivaling that of bipolar technologies.

In addition, on-chip generation of substrate bias, also pioneered by Standard
Microsystems, when added fo the COPLAMOS® technology, resutts in the ability
fo design dense, high-speed, low-power n-channel MOS integrated circuits
through the use of one external power supply voltage.

Another Standard Microsystems’ innovation is the CLASP® process. CLASP® pro-
vides a fast turnaround, easily programmable semi-custom LSl fechnology
through the use of ion implantation to define either an active or passive device
in the matrix of a memory or logic array. This step is accomplished after alt wafer
manufacturing steps are performed including metalization and final passivation
layer formation. Thus, the wafer can be tested and stored until customer needs
dictate the application, a huge saving in turnaround time and inventory costs.

These innovations in both process and circuit technology have received wide-
spread industry recognition. In fact, many of the world’s most prominent semicon-
ductor companies have been granted patent and patent/technology licenses
covering various aspects of these technologies. The companies include Texas
Instruments, IBM, General Motors, ITT, Western Electric, Mostek, Hitachi, Fujitsu,
National Semiconductor, Mitsubishi, NEC, AT&T, Data General, and Oki Electric,
among others,

Over the past few years, scientists and engineers at Standard Microsystems have
been developing a technology to significantly reduce the sheet resistivity of the
g%g material used in MOS, dramatically decreasing internal time constantsin
MOS devices.
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This technology replaces the polycrystalline silicon normally used in n-channel
MQOS devices with an alternate material, titanium disilicide. This has enabled
Standard Microsystems to become the first semiconductor manufacturer to
market and sell MOS/VLSI circuits which employ a metal silicide to replace the
conventional doped polycrystalline silicon layer.

Standard Microsystems is continuing its technological leadership with the intro-
duction of products utilizing the latest n-well and p-well CMOS processes.

We've Established a Position as the
Indusiry Leader in Microprocessor
Peripheral Products with a Steady String
of Industry “Firsts”.

Innovation at Standard Microsystems extends far beyond new processes.
Standard Microsystems has established a position as the industry leader in micro-
processor peripheral products with a steady string of industry “firsts”,

Standard Microsystems has continually recognized the need for communication
controllers 1o handle the latest data communication protocols. As a result,
Standard Microsystems has infroduced many new products in the area of data
communications. Among these are the COM2604, the first synchronous receiver/
fransmitter for bi-sync protocols, and the COMS025, the first multiprotocol
receiver/transmitter for all standard bit and byte oriented synchronous protocols,
including SDLC, HDLC, ADCCP, bi-sync, and DDCMP.

Recognizing the office automation requirement for distributed processing via
local area networks, SMC was the first to sell a monolithic VLSI circuit for Local
Area Network Control, the industry standard COM9026, a complete controller for
token-passing LAN systems. Another SMC device, the COMQ004, is the only single
chip receiver/transmitter for IBM 3274/3276 compatible control units and 3278/
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87/89 compdtible terminal units. Providing the so-called “micro-to-mainframe”
connection, the COM 9004 is the only single chip solution to the probiem of con-
necting personal computers and smail business computers to mainframes.

In another area, CRT display systems have traditionally required a great deal of
support circuitry for the complex timing, refresh and control functions.

This need led the engineers at Standard Microsystems fo develop the CRT5027
Video Timer and Controller (VTAC®), the first CRT controller to provide all of these
functions on a single chip. The display, graphics and attributes control functions
were then all combined for the first time in the CRT8002 Video Display Atfributes
Controller (VDACS®). C

Another major achievement has been the development of the “next generation”
Video Processor And Controller (VPAC®), the CRT9007. Besides replacing up to 80
SSIand MSI TTL devices, the VPAC® is the first CRT controller to provide a hardware
solution to many of the software problems of CRT Video Confroller design. The
CRT9007 is the basis of a complete high performance, low cost, CRT control fam-
ily, which includes single and double row buffers, and a variety of Video Attribute
Controllers utilizing the COPLAMOS® technology o run from 20 MHz to 33 MHz.
The various elements of the VPAC® family can be selected to provide the optimal
video control solution from low to high end systems.

Most recently, the CRT9028 VILC has integrated the entire video and affribute
control functions, as well as the character generator, all on one VLSI circuit. A
complete terminal can be built using the CRT9028 with just the inclusion of a RAM
and microprocessor.

The consideration of customer need is always foremaost in the mind of SMC per-
sonnel. Recognizing the market need for bit mapped display graphic products,
SMC identified the industry’s leading graphics display controller, the 7220A, and
obtained a license from Nippon Electric Corporation to second source this
device,
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Standard Microsystems has spearheaded many developments in the rofating
memory area as well, Exiracting the actual stored data and clock signals from
the distorted and jittery signal provided by a floppy disk drive has historically
required not only a large number of analog components, but finicky production
line adjustments. Both of these problems are solved by SMC products. The
FDC9216 Floppy Disk Data Separator provides a revolutionary single chip solution

to the data senaration problem in a single 8 nin mini-din nackage, Uilizing both
long-term and short-term timing correctors, the FDC9216 requires absolutely no
external components or adjustments. The FDC9229 Floppy Disk Inferface Circuit
provides, in addition to the digital data separator, a clock generator, precom-

pensation generator, and head load timer.

Along with these data separators, Standard Microsystems has the broadest line of
floppy disk controllers available today, including the FDC9266, which combines
the industry standard FDC765A Floppy Disk Controller with the FDC9229 Floppy
Disk Interface Circuit, all on one chip. The FDC9266 provides the most highly inte-
orated floppy disk and control system available today.

The HDC9224 Universal Disk Controller is the first IC to control not enly hard disks,
but floppy disks and the tape drives used to back up the disks. In addition, it offers
user transparent error detection and correction for up to four 16 head drives.

Hard disk drives suffer from the same signal distortion and jitter as floppy disk
drives. SMC provides the solution to this problem with the HDC9226 Hard Disk
Data Separator. The HDC9226 enhances the HDC9224 by providing hard disk
data separation with a soft error rate as low or lower than that of the drive ifself.

The HDC9225, when used with the HDC9224, greatly reduces the total number of
IC’s required by a hard disk control system, while permitting low cost RAMs to be
used in a dual-ported configuration to improve system performance.

Achievements like these help keep Standard Microsystems’ custom and standard
products in the forefront of technology, with increased speeds and densities and
a lower cost per function.

Improvements in Processing and
Manufacturing Keep Pace with
Advances in Semiconductors.

With the phenomenal growth of the electronics industry, innovation is, of course,
highiy desirable. But, if the products are to perform as designed, they also have fo
be reliable,

That's why at Standard Microsystems we take every means o insure the utmost
quality and dependability. Consequently, “state-of-the-art” applies not only fo
our products, but to the way we manufacture them, :

In wafer fabrication, the latest equipment and techniques are employed. In
addition o conventionai nrocessing equipment, we use ion implantation fech-
nology extensively. We also use plasma reactors for much of our etching and
stripping operations to maintain tight tolerances on process parameters. Perkin
Elmer scanning projection printers and TRE mask steppers assure that the critical
photolithographic requirements of the latest small geometry processes are met.

Standard Microsystermns’ commitment to excellence is further demonstrated in
the use of the latest Fairchild, Megatest and Genrad testers. Our full service
capability lets us make full use of the technologies we develop. We can preduce
any quantity of semiconductors customers may require. What's more, we can
provide our customers with the fast delivery times that they require in today’s
increasingly competitive environment.
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Standard Microsystems’ Custom Capability.

Custom MOS. A Small Revolution
with a Large Impact.

Remarkable advances in semiconductor
technology, combined with the availability of
quallity, low-cost electronics, contfinue to
open new markets for products incorporating
micro-electronic components.

Today, metal-oxide semiconductor/large
scale integrated (MOS/LSI) circuits are integral
components in computers and computer
peripherals, automobiles, televisions, electri-
cal appliances, data communications, bank
terminals, telephones and a host of other sig-
nificant applications.

With further applications for large scale
integrated and very large scale integrated
(VLSI) circuits being discovered every day,
one thing is certain. They will have a profound
effect on our lifestyle.

Custom Commitment.

Custom Products has its own management,
marketing, and engineering team that is fully
dedicated fo developing and producing
standard cell semicustom and full custom
products.

Custom MOS/LS! is a major portion of our
business. A sizable porfion of all our revenue is
a direct result of our custorn MOS/LSI projects.

Over the years, Standard Microsystems has
developed custom circuits for a wide variety
of applications: Computers and computer
peripherals, felecommunications and data
communications, garage door cpeners and
burglar alarms, electronic toys and games,
musical instruments and more. Both over-the-
air and cable TV. systems have made use of
our custom circuits. One company’s line of
word processing equipment makes almost
exclusive use of our custom LS.

As a company committed to serve the cus-
fom marketplace, Standard Microsystems has
developed the resources and established
procedures for MOS/LSI and MOS/VLSI circuit
development that enables the company to
respond rapidly to growing customer needs.

The Custom Option.

Standard Microsystems offers two custom
design alternatives: fully crafted custom

17

design and cell library based designs. Where
reduction of chip size for lowest production
pricing in high volume is the dominant factor,
the fully crafted design method will provide
the best solution. However, development
costs and development time will be greatest.
Where quick furnaround and reductionof
engineering costs are dominant factors then
use of our cell library design approach will be
the better alternative.

Regardless of the design approach, a cus-
tom circuit will provide—
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Lowest Overall Cost.

The overall cost savings realized with custom
MOSNLSI circuitry can be substantial, espe-
ciaily when high-volume production is
encountered.

Savings are effected in several ways.
Because custom designed circuits contain
only necessary components, the cost of
unused circuitry on standard microprocessors
or infegrated circuits is eliminated. Costs for
froubleshooting, repair and warranty claims
are reduced. In addition, custom MOS can be
more economical over SSI and MSI when pur-
chase, inventory and assembly costs are con-
sidered. Also, when a system contains a large
amount of SSI and MS|, its custom counterpart
can significantly reduce power consumption.

Lowest Parts Count.

There are many applications where a single-
package custom LS| or VLS| circuit can out-
perform a microprocessor and its ROM and
RAM circuits while reducing cosfs. A custom LS|
unit can rapidly execute repetitive functions
using high speed logic. A microprocessor
needs time-consuming algorithms to do the
same thing.

Highest Reliability.

Higher reliability is achieved, especially when
replacing circuits that contain significant
amounts of 58t and MSI. Fewer parts and sol-
der points reduce the failure rate and raise
the reliability. This means low MTTR (mean
time to repair), which franslates info lower
maintenance costs and higher custormer
satisfaction. :



Minimum Size, Weight, Power Dissipation.

The size and complexity of printed circuit
boards are greatly reduced when using o
custom circuit. The custom circuit results in a
most compact package, specifically
designed to perform only the necessary tasks
uiiiiZing minirmum power and space,

Unique Proprietary Features.

Proprietary design is another major benefit, It
profects your design from would-be copiers
because it makes testing and support difficutt.
This, coupled with the complexity of custom
semiconductor fabrication, makes duplicat-

ing your custom circuit far less probable.

A Complete Cell Library Design
System for Semicustom LSI/VLSI.

An idea whose time has come.

To prosper, if not survive, in today’s fast-paced
electronics industry, you must differentiate
your products from the competition.

This means designing in more features,
higher reliability and lower power consump-
tion, while reducing size to a minimum. Of
course, your next-generation products should
also cost less than their predecessors.

Full custorm CMOS LSI/VLS| is one way to
achieve these goals, but that approach has
definite limitations. For example, long devel-
opment times can upset scheduled product
introductions and high development costs
can significantly erode profit margins.

Fortunately, the availability of powerful
workstations and a new generation of CAD
software tools has created a viable alterna-
tive: Semicustom LSIAVLS,

Now, Standard Microsystems Corporation is
offering you a complete semicustom design
system that combines the advantages of full
custom CMOS with rapid turnaround, low cost
and virtually guaranteed first-time success.

We call our new system Customation™, It is
a “standard cell” design approach that uses
a database of proven building biocks and a
family of state-of-the-art software tools which
enable the engineer to both perform the
desigr) and verify it with the utmost speed and
precision.

Atypical Customation™ design sequence
involves the use of a progression of software
design tools, with the output of one serving as
the input for the next.

CUSTOMATION™ is a trademark of Standard Microsystems Corporation

Although the designer is constantly moni-
foring this process, he is not actually “in line”.
Therefore, problems due to human error are
virtually eliminated and you're assured that
first silicon is working silicon.

The result? You get the semicustom ICs you
N&ed GuiCKly and your deveiopimeni and
production costs are reduced.

Bringing Process, Software and
Hardware Together.

Process technology you can count on.

For over a decade, Standard Microsystems
has been at the leading edge of n-channel,
siicon-gate process technology. Our pat-
ented COPLAMOS® process is used through-
out the world and is one of the most widely
licensed processes in the semiconductor
industry.

Now we've channeled our expertise into a
production-proven 3-micron, silicon-gate
CMOS process that's compatible with the
design rules of several other major semicon-
ductor manufacturers, including NCR Corpo-
ration, our contractual alternate source. 1t's
the cornerstone of our Customation™ design
system,

Alarge, proven cell library.

The Customation™ cell library includes more
than 100 cells. Most emulate 74LS logic func-
tions, so your design engineers are already
familiar with them. The design system stores
the cell layouts, logical models and perfor-
mance characteristics of each cell in its data-
base. You can feel confident about the
performance of these cells, oo, They are
thoroughly characterized and have been
used successfully in numerous applications.

Standard Microsystems is dedicated to
incorporating more complex macrocells and
supercells into the library. These currently
encompass such functions as ROMs, RAMs,
and core microprocessors and, in the future,
will include data communications functions
as well as computer peripheral controllers
developed at SMC,

Industry-standard software.

Customation™ gives you a complete and
integrated set of software tools for design,
simulation, modeling, checking, and verifica-
fion test pattern generation.

COPLAMOS? is a registered trademark of Standard Microsystems Corporation.



Whenever possible, we've ufilized “industry-
standard” software that provides a well-
proven package of design aids which many
of your engineers may already be comfort-
able using. It can also be licensed through
Standard Microsystems.

A turnkey workstation.

Standard Microsystems offers a complete
turnkey workstation design system that you
can use at your own facility. This system, along
with SMC's utility soffware, is optimatly confi-
gured for semicustom design, combining
high performance and ease of operation.
We are also constantly enhancing our soft-
ware to support other workstations and main-
frames. Workstations can be acquired directly
from the manufacturer or through special
arrangement with SMC.

Much of our software already runs cn VAX
computers. We are currently porting our cell
library and software onto several other popu-
lar workstations. Please check with us on the
status support for your preferred workstation.

A Design Partnership.

Comprehensive training.

Even if you've never had IC design experi-
ence, Standard Microsystems can quickly
teach you to crecate cell-based ICs using
Customation™.

At our plant on Long Island, we conduct
classes for ail skill levels, tailoring our instruc-
tion to your particular needs and experience
level, We cover all phases of design, and
you'll work on an actual Customation™ work-
station to get hands-on experience and
sharpen your design technique. You'll com-
plete the training session ready fo produce
usable designs utilizing Customation™.

Do your design work at your place or ours.

A major benefit of Custornation™ is the con-
frol it gives you over your design. You work at
your own pace—at your own facility, if you
wish—uverifying the logic through simulation
ateach step of the way.

We provide everything you need to per-
form the design from schematic capture
through logic simulation and timing analysis.

Once you're satisfied with your design, we'll
perform automatic placement and routing
from your netlist. We then carry the process
through masks, wafers and prototypes.
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You also have the option of deing your
design work on a workstation located af one
of our convenient design centers or having
SMC engineers perform the entire design.

Technical support.

We offer continuing fechnical support for our
Customation™ users. Our application engi-
neers are experts in the use of the Customa-
fion™ design system and can provide prompt
assistance from our home office and our
regionatsates offices. An-apptications engi-
neer assigned to your program will be avail-
able fo assist you with any problems that may
arise during the course of the development.

Standard Microsystems has developed a
particularly strong applications expertise in
data communications, video displays, disk
controllers, and small computer peripherals
and can provide very extensive supportin
these arecs.
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Atypical design sequence.

If needed, you obtain a powerful CAD work-
station either from us or directly from the
workstation manufacturer.

We teach your design engineers all they
need to know about “front-end” design using
the Customation™ design system.

You design and verify logic on workstations
atyour own facility or at.our design centers,
performing the logic simulations and gener-
ating the input and output test vectors.

You submit the resulting netlist to us for lay-
out and post-layout timing parameter
extraction.

We perform the chip layout with our cell
place-and-route program and return actual
layout timing parameters for designer review.
You sign off the design only after you are
totally satisfied with the final simulations using
actual parameters.

We fabricate prototype circuits.

SMC's design engineers can also perform
the full design or assume responsibility at any
step in the design process.

Fast Turnaround, Low Cost,
Guaranteed Results.

Working silicon within 8 weeks.

Fast turnaround is another important benefit
of Customation™. We can supply working
profotypes within eight weeks of receipt of
your signed-off netlist,

Design fime and logic simulation is
dependent on you, the customer. With an



experienced designer using our Customa-
fion™ design system, frontend design should
take approximately 4 weeks,*

Cost-effective chips.

Unit cost depends on a variety of factors: gate
count. complexity of interconnect, nackage
cost and performance requirements. A Cus-
tomation™ design, however, almost always
results in a smaller die size than a compar-
able gate array design. This means lower
prices when you get into volume production.
Your system wili have fewer ICs compared to
MSI, gate array, or microprocessor-based
designs, resulting in lower assembly and test
costs, lower power consumption and
enhanced reliability.

SMC will calculate and commit to a pro-
duction price for your Customation™ chip
based on your design specifications. This
means that you will know your exact produc-
tion costs before you undertake the design.

Second source security.

Standard Microsystems has signed a world-
wide, comprehensive agreement with NCR
Corporation, providing for the mutual second
sourcing and joint development of our CMOS
standard cell libraries.

Not only does this agreement assure com-
patibility ot both the process and netlist level,
it merges together two of the most innovative
and weli-respected cell libraries in the semi-
conductor industry. The common library will
be supported on the four leading work-
stations: Daisy, Mentor, Valid Logic and
Metheus/CV,

The agreement also calls for ongoing tech-
nical cooperation. Both companies are com-
mitted to the enrichment of the cell library
through the addition of MSi cells and super-
cells. Our joint effort will continue with the
development of next-generation, fine-line
geometry process technologies.

Guaranteed resulis.

With Customation™, you're virtually guaran-
feed first fime success. We've designed our
system for outstanding accuracy with a num-
ber of strategic checkpoints to find and elimi-
nate problems before the circuit is fabricated.
In fact, we guarantee you'll get the results
you want by making the following commit-
ment: “Standard Microsystems will bear the
cost of any design iteration that is required as
aresult of an error in cells, utilities and design
tools making up the Customation™ system.”

The Full Designh Custom Program.

Typically in a custom program where
Standard Microsystems performs all of the
operations—from design through fo finished
product—the following sequence applies:

Evaluation.

The customer's system characteristics are
carefully evaluated from the information pro-
vided to defermine the feasibility of the cus-
tom approach, considering such factors as
system partitioning, functional performance,
operational environment, operating speed,
power requirements, process selection, pack-
aging and testing.

After concluding this evaluation, Standard
Microsystems will quickly provide a Quotation
to the potential customer, which will
include—

*a firm development schedule

*the non-recurring engineering charge (NRE)

* g production price schedule

System Definition.

Once the design is authorized, a thorough
specification review takes place between
Standard Microsystems’ engineers and the
customer’s engineers. In this critical phase,
Standard Microsystems’ years of successful
design experience are applied as an exten-
sion of the customer's design resource in a
close working relationship.

Circuit Design.

Required functions are converted to detailed
MQOS logic. The logic is verified via advanced
logic simulation routines, utilizing our in-house
computers, VAX 11/785 and/or breadboard
emulators. Circuit simulation is done using
SPICE, MOSAID, and Standard Microsystems
proprietary software,

Artwork Generation.

At Standard Microsystems, device layout is a
blend of custom “hand-crafting” and sophisti-
cated CAD, using our Calma GDS | and GDS II
color graphics systems, to achieve the opti-
mum composite drawing in terms of size and
schedule. Check plots are obtained on our
Xynetics and Versatec plotters, and
advanced design rule checks (DRC) and
electrical rule checks (ERC) provide compre-
hensive artwork verification.

“These design and prototype development cycles are based on a 1600 gate equivalent chip design.



Mask Fabrication.

Production tooling is obtained from qualified
mask vendors to Standard Microsystems'’
exacting, above-industry standards. Colored
overlays of each mask layer are typically
used as a final check point.

Wafer Fabrication.

Standard Microsystems offers a variety of
‘processes, including a CMOS silicon-gate
process, and a range of n-channel silicon-
gate processes. We will determine the appro-
priate process to satisfy each customer’s
cost/performance requirements.

All wafer processing is done in our facilities,
utilizing state-of-the art equipment. Standard
Microsystems has made substantial invest-
ments in projection alignment equipment,
direct-step-on-wafer equipment, and
advanced ion-implantation, sputtering, dep-
osition and plasma eich equipment.

Assembly.

Standard Microsystems can provide a wide
variety of industry-standard packages, includ-
ing ceramic, plastic and CERDIP duat-in-line
types, flat-packs and chip carriers. The latest
in automated equipment, such as our auto-
matic wire bonders, insure high quality and
high volume throughout,

SMC PROCESS CHARACTERISTICS
TYPICAL
CHANNEL  SUPPLY MAX. FEATURES/
PROCESS  TYPE LENGTH VOLTAGES FREQ. COMMENTS
2000 N-MOS | 4u +5, +12 30 MHz n-channel, si-gate process,
optional moderate to high
-5, (optional) performance.
10000 n-MOS | 3 +5 45MHz very high performance
n-channel process.
20000 CMOS | 2, +5 60MHZ advanced si-gate CMOS
process.
30000 CMOS | 3 +31t0 +6 45MHz si-gate CMOS process.

1 —

Customer Owned Tooling.

An area of continuing interest to Standard
Microsystems is that of Customer Owned Tool-
ing (COT) or Customer Supplied Tooling (CST).
In contrast to a full custom design program
where Standard Microsystems is responsible
for the MOS design, a COT/CST program is
one in which the design function will be com-
pleted by the customer or an outside design
house,

Many customers find it desirable to
develop an in-house LS| design capability, for
their internal circuit requirements. Standard
Microsystems can provide valuable ossist-
ance in achieving this goal.

The customer then provides Standard
Microsystems with either a completed com-
posite drawing, a data base tape (in suitable
format), or an actual processing mask set.
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Whatever the entry level, Standard Micro-
systems is prepared to carry the program
through to completion.

If the design is in the formative stages, the
requirements will be studied and the most
suitable set of design rules will be provided.

If the design is already completed,
Standard Microsystems will examine the
design rules used and recommend which of
our processes is most compatible. If small vari-
ations to our “standard” processing are
required, they can usually be accommo-
dated at little or no expense.

Standard Microsystems has developed
comprehensive test sites that are incorpo-
rated into our masks for the purpose of para-
metric and quality assurance measurements,
Automated equipment collects and stores



measurements from these test sites, If a cus-
tomer purchases wafers from us, these meas-
urements are provided with the wafers. If a
customer chooses to have masks fabricated
himself, our test site can be provided for
incorporation into the masks.

Standard Microsystems is also nrenared tn
work with customers in establishing a suitable
fest interface which will enable us to provide
the wafer probe and final test operations. Of
course, packaging and burn-in are also
available.

Whichever approach is taken, Standard
Microsystems wants to participate in a part-
nership that makes best use of our respective
areas of expertise. We'll work together to
bring the project to completion; on time and
on budget.

Customer Interface.

Standard Microsystems is a “full capaloility”
company. We have the resources—an expe-
rienced stoff and state-of-the-art equip-
ment—io design, process, package and test
our Custom MOS circuits,

Our customers are becoming increasingly
aware of the benefits of custom circuits in
their product lines. They know their products
and markets best, Some have developed the
technical expertise to perform or participate
in the early design phases of a custom pro-
gram. For this reason, Standard Microsystems
offers a variety of customer inferface possibili-
ties to serve the broadest possible market.

Communications: The Key to
Custom Development.

On every Custom program, we establish
communications with our customers that last
throughout the development and production
phases.

Our engineers work in an environment that
stimulates creativity while encouraging
adherence to pragmatic objectives. The sta-
tus of each program is closely monitored.
Strict scheduling, thorough program man-
agement and frequent customer contact
have become the hallmark of a Standard
Microsystems Custom program. Numerous
testimonials from satisfied customers give evi-
dence of our ability o perform—to specifica-
fion and on time,
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Standard Cell Library

Standard Microsystems Corporation

Cell Name

Logic Gate Cells

LS00
1LS02
LS04
LS08
LS10
LS11
1520
LS21
LS25
1LS27
LS28
LS30
1S32
LS37
1S40
LS51a
LS51b
LS54

LS55

LS64
LS86
LS133
L5134

L5260
L5266

Buffer Cells
LS425

LS126

L5240

15242

15243

LS244

LS245
LS265a

LS265b

LS365
LS366
L8367
LS368

Description

2-Input NAND Gate

2-Input NOR Gate

Inverter

2-input AND Gate

3-Input NAND Gate

3-Input AND Gate

A-Input NAND Gate

4-Input AND Gate

4-Input NOR Gate with Strobe
3-Input NOR Gate

2-Input NOR Gate with Buffer
8-Input NAND Gate

2-Input OR Gate

2-Input NAND Gate with Buffer
4-input NAND Gate with Buffer
2-Wide, 2-Input AND-OR-Invert Gate
2-Wide, 3-Input AND-OR-Invert Gate
4-Wide, 2-Input & 3-Input
AND-OR-invert Gate

2-Wide, 4-Input AND-OR-Invert
Gate

4-2-3-2 Input AND-OR-Invert Gate
2-Input Exclusive OR (XOR) Gate
13-Input NAND Gate

12-Input NAND Gate with

Tri-State Output

5-Input NOR Gate

2-Input Exclusive NOR (XNOR) Gate

Non-Inverting Tri-Stafe Buffer
Non-Inverting Tri-State Buffer
Inverting Tri-State Buffer
Inverting Transceiver
Non-inverting Transceiver
Non-Inverting Tri-State Buffer
Octal Non-inverting Transceiver
1-Input, Dual Complimentary
Output Gate

2-input AND Gate
w/Complimentary Dual Output
Hex Non-Inverting Tri-State Buffer
Hex inverting Tri-State Buffer
Quad Non-Inverting Tri-State Buffer
Quad Inverting Tri-State Buffer

Shift Register Cells

LS95

L5164
LS166
LS178
L5179
LS194
L3195
L5198

L5295
LS395

4-Bit Parallel /O, Serial Input
Left/Right SR

8-Bit Paraliel Outout, Serial Input SR
wiClear

8-Bit Parallel/Serial Input, Serial
Output SR wiClear

4-Bit Universal Shift Register

4-Bit Universal SR with Async. Clear
4-Bit Bidirectional Universal SR
wiClear

4-Bit Paraliel Input/Output SR
w/Clear

8-Bit Bidirectional Universal SR
w/Clear

4-Bit Universal Shift Register

4-Bit Universal SR w/Async. Clear,
Tri-State Ouiputs

Cell Name

Flip-Flop Cells

LS73
LS74
LS174
L5175
LS374
LS377

Laich Cells
LS75

LS77

LS100

LS16

LS375

Muttiplexer/
Selector Cells
L5151

LS152

L5153

LS157

15158

15253

L5352

LS353

Counter Cells
LS163a
LS169a

Decoder/
Encoder Cells
L5138

L5139

15148

Comparator Cell

LS85
Arithmetic
Operator Cell
1583

15283

15183

Parity Generator Cell

L5180

Input/Output Pads-
(Individual Gates)

LS04iP
LSa7IP
LS741p
LS14iP
LS040P
LSO50P
LSO70P
LS740P

LSBI

Description

J-K Flip-Flop with Clear

D Flip-Flop with Preset & Clear

Hex D Flip-Flop with Direct Clear
Quad D Flip-Flop with Direct Clear
Octal D Flip-Flop with Tri-State Output
Octal D Flip-Flop

Dual Transparent Latch

Dual Transparent Latch

Quad Transparent Latch

Quad Transparent Latch with Clear
Dual Transparent Latch

8:1 Multiplexer with Strobe

8:1 Multiplexer, Inverting

4:1 Multiplexer

Quad 2:1 Multiplexer

Quad 2:1 Multiplexer, inverting
4:1 Multiplexer, Tri-State Outpuf
4:4 Multiplexer, Inverting

4:1 Multiplexer, Tri-State, Inverting

4-Bit Syncronous Binary Counter
4-Bit Syncronous Binary Up/Down
Counter

3:8 Decoder with Enable
2.4 Decoder with Enable
8:3 Priority Encoder

4-Bit Magnitude Comparator

4-Bit Full Adder
4-Bit Full Adder
Full Adder

9-Bit Odd/Even Parity Checker

Inverting Input Pad Buffer
Non-Inverting Input Pad Buffer

D Flip-Flop Input Pad Buffer (D input only)

Schmitt Trigger Input Pad Buffer
Inverting Output Pad Buffer

Open Drain.Inverting Output Pad Buffer

Non-Inverting Output Pad Buffer
D Flip-Flop Output Pad Buffer
(@ output only)

Bi-Directional Pad Buffer

STANDARD MICROSYSTEMS

CORPORATION E

35 Marcus Bivd., Hauppauge, NY 11788 (516) 273-3100
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Gamma Cell Library
The SMC/NCR Second Source Partnership

Cell Name

Gate Cells

AND8
AOI214
AQI22
AOI34
EXNOR
EXOR

inoic

mpur
MBUF
INBUF
INV
INV3/OUTINV
IOBUF
DLYCEL
L5125
15240
L5242
NAN2
NAN3
NAN4
NANS
NOR2
NOR3
NOR4
OR8
OAI31
INVT
TBUF

Latch &
Flip-Flop Celis
CCND
CCNR
DFF
DFFR
DFFRS
JKFF

LAT
LATBUF
LATR
LS74A
LS76A
LS100
LS116
LS175
LS164

L5194
SRBN
ubc
PCL2

Multiplexer Cells
MUX2
LS154
LS153

Decoder/
Encoder Cells

LS138
LS139

Description

8 Input AND Gate

2-1-1 AND-OR-Invert

2-2 AND-OR-Invert

3-1 AND-OR-Invert

Exclusive NOR Gate
Exclusive OR Gate

High Drive Buffer

Medium Drive Buffer

Input Buffer

Inverter

High Drive INV/Output Buffer
Input/Output Buffer

Delay Cell

Non-Inverting Tri-State Buffer
Inverting Tri-State Buffer
Inverting Transceiver

2 Input NAND Gate

3 Input NAND Gate

4 Input NAND Gate

5 Input NAND Gate

2 Input NOR Gate

3 Input NOR Gate

4 Input NOR Gate

8 Input OR Gate

3-1 OR-AND-Invert

Inverting Tri-State Driver
Non-Inverting Tri-State Driver

Cross Coupled NAND Latch
Cross Coupled NOR Latch

D Flip Flop

D Flip Flop with Reset

D Hip Flop w/Set & Reset

J-K Flip Flop

Transparent Latch
Tri-Statable Transparent Latch
Transparent Latch with Reset
D Flip Flop with Set & Reset
J-K Flip Flop

Quad Transparent Latch

Quad Transparent Latch w/Clear

Quad D Flip-Flop w/Direct Clear
8-Bit Parallel Output, Serial Input
SR w/Clear

4-Bit Bidirectional Universal SR
w/Clear

Shiff Register

Up/Down Counter

Two Phase Clock

Multiplexer Cell
8:1 Multiplexer with Strobe
4:1 Multiplexer

3:8 Decoder with Enable
2:4 Decoder with Enable
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CellName

Counter Cells
LS163A
LS169A

Arithmetic Operator

LS83
LS85

Analog Cells
ANSW
DS1218
DS1238
DS1323
DS1527
DS1728
DS2028
DS2232
OSCP
POR
VCM1
VCM2
VCM3
OPAMP

COMPOS
COMPG

Pad Cells
INPD
IOPD2S
IOPD4
IOPD4S
10PD8
IPPD4
IPPD8
ODPD4
ODPD8
ONPD4
ONPD8
OPD4
OPD8
OPPD4
OPPD8
PU30
PD30

Supercells
ROM Supercell
RAM Supercel!
TIMER | Supercell

Description

4-Bit Syncronous Binary Counter
4-Bit Syncronous Binary Up/Down
Counter

4-Bit Full Adder
4-Bit Magnitude Comparator

Analog Switch
Schmitt Trigger (1.2V-
Schmitt Trigger (1.2-
Schmitt Trigger (1.3-
Schmitt Trigger (1.5-
Schmitt Trigger (1.7-
Schmitt Trigger (2.0-
Schmitt Trigger (2.2- 3 2V)
General Purpose Oscillator
Power On Reset

Voltage Reference (50uA)
Voltage Reference (100uA)
Votiage Reference (200uA)
General Purpose Operational
Amplifier

High Speed Low Power
Comparator

General Purpose
Comparator

Input PAD

2mA Split P-Channel /O PAD
AmA Input/Output PAD

4mA Split P-Channel 1/O PAD
8mA Input/Output PAD

Input PAD with 400uA Pullup
Input PAD with 800uA Pullup
4AmA 5V Open-Drain Output PAD
8mA 5V Open-Drain Output PAD
AmA 7V Open-Drain Output PAD
8mA 7V Open-Drain Output PAD
4mA Output PAD

8mA Output PAD

4AmATri-State Output PAD

8mA Tri-State Output PAD
P-Channel Pullup

N-Channel Pulldown

Modular ROM (512 bits)
Modular RAM (512 bits)
16 Bit Counter/Timer

65CX02 Supercell 8-Bit Core Microprocessor
ATOD Supercell 8-Bit Analog to Digital Converter
STANDARD MICROSYSTEMS

CORPORA IOE

35 Marcus Bivd., Hauppauge, NY 11788 (514) 273-3100



STANDARD MICROSYSTEMS
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Quality Assurance
and Quality Control

Volume manufacturing of quality products requires a rig-
orous commitment on behalf of STANDARD MICRO-
SYSTEMS and all of its employees. Each phase of the
operation from design to shipping must adhere strin-
gently to documented procedures which have produced
a product of proven reliability.

The design of a reliable product is assured by adherence
to tested and proven design rules. Any change in design
rules must be evaluated using a design-rule test vehicle.
Each new product is evaluated first by prototype wafer
runs and thorough preliminary production and device
characterization.

Manufacturing flow is monitored by Quality Control to
insure that parameters meet specifications on incoming
material, within the line and at outgoing inspection. Clean
room standards, calibration and work methods are also
monitored.

The Quality Assurance Department is the customer rep-
resentative with the primary responsibility of evaluating
product to current industry standards and related
responsibilities of evaluating developmental processes,
product and the standards themselves.

The following is a more detailed description of the types
of screening performed and how SMC is organized to
produce quality products.

1.0 Scope

The measures taken by SMC to produce reliable inte-
grated circuits and the assembly/screening options
available to the customer are given in this section.

2.0 Approach

Factors relating to quality and reliability are discussed in
the following order: package options, screening, pro-
cess control, test and characterization, quality conform-
ance/reliability testing, and failure analysis.

3.0 Applicable Documentation

SMC internal specifications define every phase of pro-
duction and must be approved by the designated rep-
resentatives of Engineering, Manufacturing, Processing,
Quality Control and Quality Assurance departments.

3.1 Design Rules (DR-XXXX)

3.1.1 Geometric design rules define layout consider-
ations, alignment structures, critical-dimension targets,
and input-protection networks.

3.1.2 Electrical design rules define performance cri-
teria, measurement methods, device parameters, and
process parameters.

3.2 Purchase Specifications (PS-XX)
Al critical material is purchased to SMC specifications
from qualified vendors.

3.3 Process Specifications (WX-XX, AX-XX)

3.3.1 The procedures used for wafer processing and
assembly of microcircuits are fully documented.

3.4 Quality Control Procedures (QC-XX)

QC procedures define the sampling techniques, accept/
reject criteria and test methods used in quality audits.
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3.5 AQuality Assurance Procedures (QA-XX)

QA procedures define methods for product/process
qualification, reliability testing and failure analysis.

3.6 Military Standards and Specifications

MIL-C-45662 Calibration System

Requirements

MIL-1-45208 Inspection System
‘ Requirements

MIL-M-38510 General Specification for Micro-
circuits

MIL-M-55565 Packaging of Microcircuits

MIL-STD-105 Sampling Procedures and Tables
for Inspection by Attributes

MIL-STD-883 Test Methods and Procedures for
Microelectronics

MIL-STD-1331 Microelectronics Terms and

Definitions
4.0 Package Options, Features

4.1 Ceramic (no suffix)
Gold plating on external leads and die cavity, gold eutec-
tic die attach.

4.2 Tin-Plated Ceramic (Suffix “TC”)
Tin plating on external leads, gold on die cavity, goid
eutectic die attach.

4.3 Cerdip (Suffix “CD”)

Meets MIL-STD-883 internal moisture content require-
ments of Method 5005. Substrate connections are made
through jumper chips, gold eutectic die attach.

4.4 Plastic (Suffix “P”)

The plastic used is a B-type epoxy or an approved
advanced type having a better resistance to a humid
environment.

=
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5.0 Screening Options

5.1 High-Reliability Screening

The routing is as defined in MIL-STD-883 Method 5004
for Class B product. Periodic Quality Conformance data
(para. 9.2) is taken on generically similar parts. A sample
flow chart for ceramic product is given on page 23.
5.1.1 Internal Visual

Both Die and Preseal Visual inspections are to the cri-
teria of Method 2010, Condition B of MIL-STD-883. An
AQL audit is performed on each lot by Quality Control.
5.1.2 Stabilization Bake

Aii parts are given the stabiiization bake according to
Method 1008, Condition C of MIL-STD-883.

5.1.3 Temperature Cycling

All parts are subjected to 10 cycles of —65°Cto + 150°C
per Method 1010, Condition C of MIL-STD-883.

5.1.4 Constant Acceleration

All parts are subjected to a 30,000 g force in the Y1 ori-
entation per Method 2001, Condition E.

5.1.5 Seal

Hermeticity testing is performed to conditions A and C
of MIL-STD-883 Method 1014.

5.1.6 Pre burn-in Electrical Test.

Ordinarily this is the same as final electrical test.

5.1.7 Burn-in

Condition A and Condition D of MIL-STD-883 Method
1015 are available. The stress is applied for 160 hours at
125°C or at other temperatures according to the time-
temperature regression.

5.1.8 Final Electrical Test

Verifies functional and parametric performance to the
device specifications.

5.1.9 Final Visual Inspection

All parts are inspected to Method 2009 of MIL-STD-883.

5.2 Standard Screening

Standard Screening is designed for the industrial-
commercial customer and is available in all package
types. For hermetic packages, temperature cycling,
centrifuge and hermeticity are specified as well as die,
preseal, and final visual inspection.

5.2.1 Standard Die and Preseal Visual Inspections (AC-
04, AC-08, QC-32, QC-33)

These inspections were developed from Method 2010 of
MIL-STD-883. The inspection criteria are specific to
SMC’s pMOS and nMOS COPLAMOS® technologies.

5.2.2 Temperature Cycling (AC-15, AD-13)

Temperature cycling is performed to the MIL-STD-883,
equivalent of Method 1010, Condition C, —65°C/ +150°C,
ten cycles.

5.2.3 Constant Acceleration (centrifuge)(AC-16, AD-14)

Coristant Acceleration is performed to the MIL-STD-883,
equivalent of Method 2001, Condition E, 30,000 g in the
Y1 orientation.

5.2.4 Hermeticity (AC-11, AD-15)

Includes fine and gross leak testing to SMC equivalent
of MIL-STD-883 Method 1014 Conditions A and C.

26

5.2.5 Final Electrical Test

Verifies functional and parametric performance to the
device specifications.

5.3 Custom Screening

Certain applications require special screening which can
he arranged unon reanest

6.0 Electrical Test
6.1 Probe and Final Test

SMC test programs are developed by Test Engineering
and verified by device characterization. An approval pro-
cedure is required for the transfer of a new test program
or a revised test program from engineering to production.

6.2 Characterization/correlation

Characterization of parts and correlation of test results
with customer incoming testing performed on SMC test
equipment, including Megatest and Sentry™, and Geh
Rad test systems.

6.3 Product Engineering

SMC product engineers characterize parts to improve
processing target parameters and test correlation with
customers.

7.0 Purchased Material

Manufacturing materials are purchased from qualified
vendors to SMC procurement specification.

8.0 Quality Control

The Quality Control Department reports to the Vice
President of Quality Assurance. QC is responsible for
incoming inspection, in-process audits, out-going
inspection, document control, processing returned
material and certification of compliance to specification.

8.1 Incoming Inspection

Inspectors verify critical parameters on all material used
in manufacturing. The department maintains an
approved vendor list and interfaces directly with vendor
QC departments.

8.2 In-process Audits

QC performs an on-going monitoring of wafer process-
ing, test and assembly functions.

8.3 Outgoing Audit

QC inspectors verify proper documentation and perform
an external mechanical/visual inspection prior to
shipment.

8.4 Document Control

All procedures for design, wafer processing, assembly,
quality control and quality assurance are maintained by
document control.

8.5 Returned Material Processing

Returned material, whether for device performance or
clerical reasons, is processed through visual and elec-
trical testing.

8.6 Certificates of Compliance

Certificates of Compliance are available for specified
screening and/or for products ordered under a customer
part number/specification.

9.0 Quality Assurance
The Quality Assurance Department is the customer’s



representative and is independent of the product line and
manufacturing organizations. Quality Assurance is
responsible for reliability assessment of new and exist-
ing processes, material analysis, failure analysis, cali-
bration and development of evaluation methods.

9.1 Process Qualification

All new processes and process revisions must equal or
exceed the reliability of existing processes on applicable
sections of the SMC Quiality Conformance Test.

9.2 Quality Conformance Test

Samples of finished product are tested periodically to the
criteria of QA-01 (see table 1). This test sequence pro-
vides historical data which is also used for qualification
of new products and processes. The various subgroups
contain tests referenced in Method 5005 of MIL-STD-883
as well as tests designed around industry requirements
not yet incorporated in military standards.

9.3 Analysis

9.3.1 The analytical facilities include a scanning elec-
tron microscope equipped with energy dispersive X-ray
(EDX), an infrared microscope, optical microscopes, a
laser cutter, metallurgical equipment, an X-ray unit and
electronic test instruments.

9.3.2 Scanning electronic microscopy is used in the
periodic evaluation of workmanship in wafer processing
and assembly, to support engineering efforts at process
development and improvement, and in failure analysis.

9.3.3 Failure Analysis is performed upon request by
sales, marketing or manufacturing organizations and is
also performed on reliability test failures. The failure
analysis procedures support the development of new
product, process improvements, and the evaluation of
screening methods.

9.3.4 Material analysis is performed on layers of the
integrated circuit and on packaging to support the engi-
neering development. This characterization is per-
formed on in-house facilities. Independent outside
analytical laboratories are used to supplement SMC
facilities if and when required.

9.4 Calibration

The Quality Assurance Calibration Laboratory specifies
calibration intervals, performs calibration and maintains
calibration records. The laboratory is traceable to the
National Bureau of Standards.

10.0 Lot Traceability

SMC maintains traceability on all product types in all
packaging options (including plastic). The information
available includes:

10.1 Wafer Processing Records

Sign-off and date on all operations, critical measure-
ments and inspection records.

DATE CODE INTERPRETATION

4
T
the last two digits of the number of year

the calendar week of the year

84

12

lot identification suffix

BI = BURN-IN (WHEN APPROPRIATE) BI

i B s e Btk [ W |
DEVICETYPE
SMC
PIN 1 DATE CODE
INDICATION—
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TOP MARKING

27

) oo 2 e I o | o N e |

ASSEMBLY LOCATION
(IF OTHER THAN U.S.A)

BOTTOM MARKING

=
=3
=
(&)
w
w




10.2 Wafer Lot Acceptance (Mapping)

Device parameters are recorded using a high-speed
Accutest™ 3600 system. Further evaluation is per-
formed using an HP 4145A semiconductor parametric
anaiyzer,

10.3 Wafer Probe and Final Test Data

These are correlated with mapping results to develop
optimized process targets and yield improvement.

10.4 Assembly Records

Inspection results and screening throughput is recorded
wiln date ana sign-om for eacn iol.

TABLE 1—QA-01 QUALITY CONFORMANCE

GROUP B TESTS
Mil Std Quantity/
SMC Test 883 acceq_t no. or Frequency
Test Method Method Condition LTPD Package Type

Subgroup 1 i

Physical dimensions QC-22 2016 2 devices every package
(no failures) lot

Subgroup 2

Resistance to solvents Qc-21 2015 Marking Permanence 4 devices every
(no failures) shipment

Subgroup 3

Solderability QA-10 2003 Soldering temperature of 15 periodic
245 + 5°C conformance

Subgroup 4
Internal visual and QC-33 2014 Failure criteria from design 1 device periodic
mechanical and construction (no failures) conformance

requirements of applicable
procurement document

Subgroup 5
Bond strength 2011 15 periodic
51 ) Thermocompression QC-31 (1) Test condition C or D conformance
2)Ultrasonic or wedge (2) Test condition Cor D
Die shear strength QC-35 2019

Subgroup 6
Internal water-vapor 1018 5,000 ppm maximum water 3 devices periodic
content content at 100°C (no failures) or conformance

5 devices all hermetic
(1 failure)

Subgroup 7 periodic
Seal . AC-11 1014 As applicable 5 conformance
ga) Fine all hermetic
b) Gross

Subgroup 8
Electrical parameters Group A, subgroup 1 15 new device
Electrostatic discharge QA-11 3015 Test condition A or B types
sensitivity
Electrical parameters Group A, subgroup 1

GROUP C TESTS—DIE RELATED
Mil Std Quantity/
SMC Test 883 accept no. or Package
Test Method Method Condition LTPD Type

Subgroup 1

Steady state life test QA-02 1005 Test condition to be 5 all
specified (typicaily
1,000 hours at 125°C)

End-point electrical Final test As specified in the

parameters applicable device
specification

Subgroup 2
Temperature crclin.g AC-15 1010 Test condition C, 10 cycles 15 all
Constant acceleration AC-16 2001 Test condition E min. hermetic

Y, orientation only
Seal 1014 As applicable
a) Fine AC-11
b) Gross
Visual examination QC-22
End-point electrical Final test As specified in the
parameters applicable device
specification
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GROUP D—PACKAGE RELATED

Mil Std Quantity/
SMC Test 883 accept no. or Package
Test Method Method Condition LTPD Type
Subgroup 1
Physical dimensions QC-22 2016 15 all
Subgroup2
Lead integrity QC-19 2004 ;I'est condition B2 (lead 15 all
atigue
Seal AC-11 1014 As applicable all
(a) Fine hermetic
(b) Gross
Lid torque 2024 As applicable cerdip only
Subgroup 3 '
Thermal shock 1011 Test condition B, 15 cycles 15 all
Temperature cycling AC-15 1010 Teslt condition C, 100 hermetic*
cycles
Moisture resistance 1004
Seal AC-11 1014 As applicable
(a) Fine
(b) Gross
Visual examination Per visual criteria of
Method 1004 and 1010
End-point electrical As specified in the
parameters applicable device
specification
Subgroup 4
Mechanical shock 2002 Test condition B minimum 15 all
Vibration, variable 2007 Test condition A minimum hermetic
frequency
Constant acceleration AC-16 2001 Test condition E minimum,
Y, orientation
Seal AC-11 1014 As applicable
(a) Fine
(b) Gross
Visual examination
End-point electrical As specified in the
parameters applicable device
specification
Subgroup 5
Salt atmosphere 1009 Test condition A minimum 15 all
Seal AC-11 1014 As applicable hermetic*
(a) Fine
(b) Gross
Visual examination Per visual criteria of
Method 1009
Subgroup 6
Internal water-vapor 1018 5,000 ppm maximum water 3 devices all
content content at 100°C (no failures) hermetic
or 5 devices
(1 failure)
Subgroup 7
Adhesion of lead finish 2025 15 all
Subgroup 8
Humid Environment QA-04 1000 hours 85°C/85% 15 plastic
Relative Humidity
End-point electrical Final test
parameters
Subgroup 9
Autoclave (Pressure QA-05 48 hours at 2 atm 121°C 15 plastic
Cooker)
End-point electrical Final test
parameters

*packages having gold plating thicknesses of 200 microinches or less are not required to pass subgroups 3 and 5.
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CERAMIC

WAFER LOT ACCEPTANCE

WAFER PROBE

AC-01 SAW

AC-02 BREAK

AC-03 DIE PLATE

I
AC-04 STD DIE VISUAL

QC-32 DICE INSPECTION AUDIT

|

[

[

[
-
=
l

l

I
AC-05 DIE ATTACH

|
|
j
|
|
]
]
|

— QC-35 DIE SHEAR AUDIT |

3
| AC-06-AL WIRE BOND || AC-07-AU WIRE BOND |
1 T

QC-31 BOND STRENGTH AUDIT

| AC-08 PRE-SEAL VISUAL INSP |

QC-33 PRE-SEAL AUDIT

l

AC-09 SEAL

]

| QC-21 MARK PERM AUDIT |

I

AC-10 MARK

]

I
| AC-15 TEMP CYCLE -65/+150°C 10CY |

AC-16 CONST ACCEL Y1-30,000 G
1

AC-11 HERMETICITY

AC-12 TRIM

FINAL TEST

T

PACK

I
L
l
l
I
L

OUTGOING INSPECTION

|
|
]
|
|

—'{ QUALITY CONTROL AUDIT J

L

SHIP

]

The Quality Control Department reports at the same level
as the manufacturing, test and process engineering
departments. QC is responsible for incoming inspec-
tion, in-process audits, out-going inspection, document
control, processing returned material and certification of

compliance to specification.
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HI REL AVAILABLE

ON ALL HERMETIC PACKAGES*

I

WAFER LOT ACCEPTANCE l

I

WAFER PROBE |

AC-01 SAW |

AC-02 BREAK ]

AC-03 DIE PLATE |

DIE VISUAL
METHOD 2010 COND. B

QC DIE VISUAL AUDIT
METHOD 2010 COND. B

I

AC-05 DIE ATTACH |

METHOD 2019
DIE SHEAR STRENGTH

I 1
[ AC-06-AL WIRE BOND |{AC-07-AU WIRE BOND|
L ]

METHOD 2011 BOND STRENGTH ]
|

PRE-SEAL VISUAL
METHOD 2010 COND. B

T

PRE-SEAL VISUAL AUDIT
METHOD 2010 COND. B

AC-09 SEAL |

AC-10 MARK |

—{ ac-21 MARK PERM AUDIT |

[ METHOD 1008 STABILIZATION BAKE |

-

METHOD 1010  GOND. C
TEMP CYCLE

METHOD 2001 COND. E
CONSTANT ACCELERATON

METHOD 1014 SEAL
(HERMETICITY)

I

AC-12 TRIM |

METHOD 2016
PHYSICAL DIMENSIONS

PRE-BURN-IN TEST |

I
FINAL TEST

1

BIRIRR

PACK

S [ SEEN R B

METHOD 2009
EXTERNAL VISUAL

1

OUTGOING INSPECTION |

< QUALITY CONTROL AUDIT

SHIP *|




PLASTIC (NOTE 1) CERDIP

WAFER LOT ACCEPTANCE
|

WAFER LOT ACCEPTANCE
I
WAFER PROBE
I

I | L ]

[ | | WAFER PROBE |

[ SAW/BREAK | | AD-01 SAW ]

[ DIE PlLATE | B AD-02 IBREAK |

|  sEconp OPTICLAL DIEVISUAL | [ AD-03 DllE PLATE |

| e VISJA; AUDT | [ Do STANDA{RD DIE VISUAL |

| DIE A'I!TACH | | aca2pice INSIPECTION A |
—  DIEPUSHTEST | [ AD-05 Dlé ATTACH |

| WIRE BOND ] — QC-35 DIE SHEAR AUDIT |
—{ BOND STRENGTH AUDIT | | AD-07 WIRE BOND |

THIRD OPTICAL PRE-SEAL VISUAL
I
PRE-SEAL AUDIT
I
MOLD
]

— Qc-31 WIRE PULL AUDIT |

L AD-09 PRE-SEAL VISUAL INSPECTION |
I

QC-33 PRE-SEAL AUDIT B
I

AD-10 PRE-BAKE |
AD-11 ISEAL |
AD-12 IMARK |

PS-10 Tll\ll PLATE |

|

|

|

|

BACK-SIDE MARK |
|

TRIM/FORM

r
|

I

l

r

[ SOLDER DIP
r

I

I

|
MARK |
]

iininininin

OPEN/SHORT TEST PS-10 VISUAL INSPECTION
[
EXTERNAL VISUAL ] —{ QC-15 SOLDERABILITY AUDIT |
[ pEoracavisua L AD-‘ISTEI\?P CYCLE |
MARKIN NENCE
| AD-14 CONST ACCELERATION |
| FINAL ELECTRICAL TEST | '
: | AD-15 HEH]METICITY |
PACK
L : | [ AD-16 TRIM |
1
UTGOING INSPECTION
[ o | [ FINAL ELECTRICAL TEST ]
— QuauITY conTROL AUDIT | r '
PACK |
[ SHIP ] I
[ OoutGOING INSPECTION |

L] QUALITY CONTROL AUDIT

i SHIP |

Note 1—Plastic assembly is sub-contracted. Assembly
operations are controlled by SMC approved
sub-contractor specifications.
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STANDARD MICROSYSTEMS
CORPORATION
—_—

COM 1553A

JLPC FAMILY

MIL-STD-1553A “SMART*”

FEATURES

[ Support of MIL-STD-1553A
{J Operates as a: Remote Terminal Responding
Bus Centroller Initiating

[0 Performs Paralle! to Serial Conversion when
Transmitting

O Performs Serial to Parallel Conversion when
Receiving

O Compatible with HD-15531 Manchester Encoder/
Decoder

O All Inputs and Outputs are TTL Compatible

O Single +5 Volt Supply

0 COPLAMOS® N Channel MOS Technology

O Available in PC Board Form from Grumman
Aerospace Corporation

PIN CONFIGURATION

"0"MSGFLG 1 [ 40 GND
“0"WRDFLG 2 [] 39 BDCST
Wwwr 3 [ 38Vee
DTAAVL 4 (] 37 ADY
RCVINT 5 (] 36 AD2
TXINT 6 [] 35 AD3
CMDSYN 7 [] 34 AD4
DTASYN 8 [] 33AD5
RCVNRZ 9 (J 32RDE
SWE10 (] 3107
FOR11 0 3006
A1z [ 2905
RcvcLk13 [ 28 D4
vwi4 2703
SEND DATA15 [ 7 2602
DTARQST16 [ 7 2501
MSG compLT 17 [] 1 2a0e
TXENA 18 B 23 TOE
TXCLK 19 E 22 TXMODE
XMITNRZ20 [ f 218C
PACKAGE: 40-pin D.I.P.

GENERAL DESCRIPTION

The COM 1553A SMART® (Synchronous Mode Avionics
Receiver/Transmitter) is a special purpose COPLAMOS
N-Channel MOS/LSI device designed to provide the
interface between a parallel 8-bit bus and a MIL-STD-
1553A serial bit stream.

The COM1553A is a double buffered serial/ parallel and
parallel/serial converter providing all of the “hand
shaking” required between a Manchester decoder/
encoder and a microprocessor as well as the protocol
handling for both a MIL-STD-1553 bus controller and
remote terminal.

The COM 1553A performs the following functions in
response to a 16 bit Command Word. It provides address
detection for the first five bits of the serial data input.
If all 1’s appear in the address field, a broadcast signal
is generated. The sixth bit is decoded as mode: transmit
or receive. The next five bits are decoded for zero
message flag and special flags in the subaddress/mode
field. The last five bits (word-count field) are decoded
determining the number of words to be received or
transmitted.

When receiving data sync the COM 1553A performs a
serial to parallel conversion, buffers the 16 bit message

word, and formats it into two parallel (8 bit) bytes for
presentation to the 1/O bus under processor or hard
wired logic control.

In the transmit mode the COM 1553A takes two parallel
8 bit data words from the 1/0O bus and serially transmits
the resultant 16 bit word to the Manchester encoder.
This is done under the control of Send Data. To facilitate
data transfer the COM 1553A provides all necessary
buffering and storage for transmitted and received data.
It also provides all necessary hand shaking, control
flags and interrupts to a processor or hard wired logic
terminal. See block diagram 1.

The COM 1553A can be set up as either a remote termi-
nal or a bus controller interface.

The COM 1553A is compatible with Harris’ HD-15531
CMOS Manchester Encoder-Decoder chip and inter-
faces directly with it. A 3 device kit consisting of: SMC’s
COM 1553A, Harris’ HD-15531 and Circuit Technology's
CT1231 forms a complete system interface for the
message structure of MIL-STD-1553A. See block
diagram 2.

Note: All terminology utilized in this data sheet is
consistent with MIL-STD-1553.
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DESCRIPTION OF PIN FUNCTIONS

PIN NO.

NAME

SYMBOL

FUNCTION

“@" MESSAGE FLAG

OMF

The ZERO MESSAGE FLAG output is set when the 7th
through 11th bits of the NRZ serial input data in a command
envelope (see figure 1) are zero. 8MF is an open drain output.

“g” WORD FLAG

OWF

The ZERO WORD FLAG output is set whenthe 12ththrough
16th bits of the NRZ serial input data in a command envelope (see
figure 1) are zero. GWF is an open drain output.

INVALID WORD
FLAG

IVWF

The INVALID WORD FLAG output is set when the word just
received has an invalid parity bit or invalid format. IVWF is an open
drain output.

DATA AVAILABLE

DTA AVL

DATA AVAILABLE is set when a word received is ready to be read.
When the COM 1553A is the bus controller, DTA AVL occurs on
command, status or data words. When the COM 1553A is a remote
terminal, DTA AVL is set only on data words. DTA AVL is an open
drain output.

RECEIVE INTERRUPT

RCV INT

RECEIVE INTERRUPT is set to zero when the 6th bit following a
command sync is a zero and thefirst5 bitsmatch AD1-ADS5. RCV IN
is reset to one by IA or POR, orif the line is not active for 32

receive clocks.

TRANSMIT INTERRUPT

TXINT

TRANSMIT INTERRUPT is set to zero when the 6th bit following a
command sync is aone, and thefirstSbitsmatchAD1-ADS5. TXINT is
reset to one by IA or POR.

COMMAND SYNC

CMD SYN

COMMAND SYNC is an input from the Manchester decoder and
must be high for 16 receive clocks enveloping the receive NRZ data
of a command word.

DATA SYNC

DTA SYN

DATA SYNC is an input from the Manchester decoder and must be
high for 16 receive clocks enveloping the receive NRZ data of a
data word.

RECEIVER NRZ

RCV NRZ

Receiver serial input from Manchester decoder. Data must be stable
during the rising edge of the receive clock.

10

STATUS WORD
ENABLE

SWE

SWE is the output enable for the following open drain outputs:
OMF

OWF

IVWF

DTA AVL

DTA RQ

MSG CPLT

11

POWER ON RESET

9
i

POWER ON RESET. Active low for reset.

12

INTERRUPT ACKNOWLEDGE

TA resets TX INT, REC INT, @MF, @WF and BRD CST. IA may occur
between the trailing edges of receive clocks 6 and 10, orbetweenthe
leading edge of receive clock 12 and the falling edge of receive clock
15, or after the falling edge of clock 17.

13

RECEIVE CLOCK

RCV CLK

The RECEIVE CLOCK is synchronous with the Receiver NRZ input
during the command sync or data sync envelopes.

14

VALID WORD

VW

This input is driven by the VALID WORD output of the Manchester
Decoder. VW should occur immediately after the rise of the first
RCV CLK following the fall DATA SYNC or COMMAND SYNC.
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DESCRIPTION OF PIN FUNCTIONS

PIN NO.

NAME

SYMBOL

FUNCTION

15

SEND DATA

SD

SEND DATA is a “handshake” signal received from the Manchester
encoder ingicating that the encoder is ready tor the CUM 1553A to
transmit data. SD will bracket 16 transmit data clocks. The contents
of the transmitter buffer will be transferred into the transmit register
when SD is low.

16

DATA REQUEST

DTA RQST

DATA REQUEST is an open drain output which is set high when
the transmitter holding register is ready to accept more data.

17

MESSAGE COMPLETE

MSG CMPLT

In the receive mode the MESSAGE COMPLETE output is set low
when the appropriate number of data words have been received. In
the transmit mode, MSG CMPLT indicates that the appropriate
number of command, status or data words have been transmitted.
When the COM 1553A is a bus controlier, MSG CMPLT will be
asserted low when 33 command status or data words have been
transmitted. MSG CMPLT is an open drain output.

18

TRANSMIT ENABLE

TXENA

A TRANSMIT ENABLE signal will be sent to the Manchester
Encoder to initiate transmission of a word. TXENA is generated
under the following conditions:
1) COM 1553A is a bus controller: A TXMODE pulse will set TXENA.,
A second TXMODE puise will reset TXENA.
2) COM 1553A is a remote terminal. A Transmit Command from the
Controller will cause a TRANSMIT INTERRUPT (see pin 6). When
this is acknowledged by a TXMODE pulse from the system, TXENA
will be set.
TXENA wili then be reset by either

A) Send Data Command associated with the last data word.

B) a second TXMODE puise.
3) COM 1553A is a remote terminal. The falling edge of a DATA
SYNC associated with the last data word of a message while in the
receive mode. TXENA will be reset during the next SEND DATA
envelope.

18

TRANSMIT CLOCK

TXCLK

Transmitter shift clock.

20

TRANSMIT NRZ

XMIT NRZ

Serial data output to the Manchester Encoder.

21

BU NTROLLER

BC

BC determines whether the COM 1553A is acting as bus controller
(BC =0) or as a remote terminal (BC = 1).

22

TRANSMIT MODE

TXMODE

TXMODE is a system input controlling transmission. See TXENA
{pin 18).

23

TAKE DATA ENABLE

—
mi

TDE is an input from the system initiating transmission. Two TDE
pulses are required for each 16 bit data word, one for each 8 data
bits placed on D@-D7.

24-31

DATA BUS

Bidirectional 8 bit Data Bus to the system. D@ is the LSB. D@-D7
present open drain outputs.

32

READ DATA ENABLE

RDE isan input from the system instructing the COM 1553Ato place
the received data onto D@-D7. Two RDE pulses are required per 16
bit data word, one for each 8 bits.

33-37

ADDRESS

ADS-AD1

AD1-ADS provide addressing to the COM 1553A. Each inputhas a
pull-up resister allowing simple switching to ground to select the
user address.

38

POWER SUPPLY

+5 Volt supply.

39

BROADCAST

BDCST is set low when a “broadcast” command word (the address
bits all set to “one”) is being received. BDCST is reset by 1A.

40

GROUND

Ground
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OPERATION...RECEIVE MODE

The COM 1553A is considered in the receive mode when
TXENA = 0. The most significant bit of both command
and data words is received first.

Message reception is initiated when CMD SYN goes
high. The next 16 receive clocks are used to shift serial
data into RCV NRZ.

The first 5 bits of a command word designate a remote
terminal address. These 5 bits are compared with AD1-5.

Should the address bits compare, the sixth bit'is

examined. If it is a zero, a RECEIVE INTERRUPT is gen-
erated. If it is a one, a TRANSMIT INTERRUPT is
generated.

Bit fields 7-11 and 12-16 are examined for all zeros. All
zeros in bit field 7-11 denotes a “ZERO MESSAGE” and all
zeros in bit field 12-16 denotes a “ZERO WORD.”

Receipt of a data word is indicated when DTA SYN
goes high.

When DTA SYN or CMD SYN goes low, the contents of
the 16 bit receive register are loaded into the receive
buffer. The buffer is organized into two groups of 8 bits
each. The most significant 8 bits (byte 1) will be enabled
onto the 8 bit data bus on receipt of the first RDE pulse
(RDET). The second byte will be enabled on receipt
of the second RDE pulse (RDE2).

A DATA AVAILABLE is generated for data words only.
However, data will be available on D@-D7 for both com-
mand and data words.

If 32 clocks are received after the rising edge of CMD
SYN or DTA SYN an “Idle Line Reset” condition exists.
This implies that a new CMD SYN or DTA SYN has not
yet been received within 16 clocks of the fall of the
previous sync signal. The “Idle Line Reset”will reset the
following signals:

REC INT “0” MSG FLG
TX INT “0” WRD FLG

When the commanded number of data words have been
received, a MESSAGE COMPLETE signal is generated.

As the transmitter and receiver registers operate
independently, the COM 1553A will receive its own
transmission. The following signals are inhibited during
transmission:

BC =0 BC =1
REC INT DAT AVL
XMT INT IVWF
BRD CST REC INT
OWF XMT INT
OMF MG
JAM MESSAGE ERROR* OWF
BRD CST

JAM MESSAGE ERROR”

*JAM MESSAGE ERROR is an internal signal. See
OPERATION... TRANSMIT MODE.

L
OPERATION...TRANSMIT MODE

The COM 1553A is considered in the transmit mode
when TXENA = 1. This is caused by a TXMODE pulse
(see description of pin functions, pin 18). The TXMODE
pulse in turn is a system response to a transmit
command from the receiver.

When the Manchester Encoder receives TXENA = 1, it
will respond with SEND DATA = 1. The COM 1553A will
then send the system a DATA REQUEST.

Data.is loaded into the transmitter data buffer from the
8 bit data bus by pulsing TDE. The 8 most significant
bits are loaded in by the first TDE pulse (TDE1), the 8
least significant bits by the second TDE pulse (TDE2).

When SEND DATA (pin 15) is low, the transmitter shift
register inputs will follow either the transmit buffer
output, JAM ADDRESS or JAM MESSAGE ERROR sig-
nals. When SEND DATA is high, the shift register parallel
inputs are disabled and the shift register contents are
shifted out in NRZ form using the 16 negative edges in
the send data envelope.

To facilitate transmission of the status word from a
remote terminal, the COM 1553A will “jam” the first
(most significant) 6 bits of the status word into the
transmit register when BC is high. These bits will
automatically be sent at the first SEND DATA pulse. In
general for MIL-STD-1553A the remaining 10 bits will
normally be all zeros and will automatically be sent out
as such. If it is desired to send additional status
information (for MIL-STD-1553B), a TDE1 pulse will load
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the least significant 2 bits of the first 8 bit byte, and a
TDE2 will load all 8 bits of the second byte. Note that
these TDE pulses must be sent (and data presented)
before the first SD = 1 response from the Manchester
Encoder.

A JAM ADDRESS occurs when 1) a transmit command
is addressed to the COM 1553A 2) A TXMODE pulse is
received and 3) a valid word signal is received. Upon a
JAM ADDRESS the COM 1553A will load its address into
the first 5 bits of the transmit register.

Alternatively, a JAM ADDRESS will also occur at the
fall of the last data sync after valid receive command
has been detected.

The JAM ADDRESS function will be inhibited if a “0”
word and “0" message condition exists in the command
word. The JAM ADDRESS will be reset by the leading
edge of SEND DATA.

The JAM MESSAGE ERROR function occurs when, in
the receive mode, a data word is not followed by a
VALID WORD signal. JAM MESSAGE ERROR consists
of loading a one in the sixth bit location of the transmit
shift register (the message error location).

JAM MESSAGE ERROR is inhibited when the transmit
command word contains “0” Message and “0” Word
fields.

When the commanded number of data words has been
transmitted a MESSAGE COMPLETE signal will be
generated.
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GENERAL OPERATION NOTES

1. BUS CONTROLLER. When BC =0, signifying that the COM 1553A is the bus controller the following is true:
A. DTA AVL is generated on the rising edge of the 17th receive clock following a Command Sync or Data Sync. This
allows the bus contreller to receive command, status or data weords rogard!iess of their address.

B. TXENA is contingent only on TXMODE. A bus controller can therefore transmit whenever it desires.
C. The jam functions are inhibited.

2. INVALID WORD FLAG: When BC = 0, IVWF will be set if the Valid Word input (from the Manchester decorder) does
not go high following receipt of all words. This includes words received from the same device’s transmitter. (This
provides a validity test of the controller transmission).

When BC = 1, IVWF will be set if Valid Word does not go high following receipt of all command and address words
addressed to the terminal.

IVWF will be set for the following conditions:

Message type Word Terminal is IVWF generated
Transit Group Transmit command receiving yes
Status word transmitting no
Data word transmitting no
Receive Group Receive command receiving yes
Data word receiving yes
Status word transmitting no
Receive/Transmit Receive command receiving yes
Group (this Transmit command receiving no
terminal addressed Status word receiving no
to receive) Data word receiving yes
Status word transmitting no
Receive/Transmit Receive command receiving no
group (this terminal Transmit command receiving yes
addressed to Status word transmitting no
transmit) Data word transmitting no
Status word receiving no

3. POWER ON RESET. During power-up, POR is a low to high exponential with a minimum low time, after the
supply is within specified limits, of 10 microseconds. POR may also occur asynchronously anytime after power
has stabilized.

POR initializes the following outputs:

OMG REC INT TDE
OWF MSG CMPLT DTA AVL
BRD CST VW TXENA
XMT INT RDE DTA RQ

The following circuit may be used to implement POR.

Vec TO OTHER SYSTEMS
10K ?
B

2mfd

TRIGGER

1

IN914 or equiv.

4. WORD COUNT: Word count is decoded as follows:
D1 D2 D3 D4 D5 Word Count

0 0 0 0 1 1
00 0 10 2
1 1 1 1 31
0 0 0 00 32

40



TRANSMIT TIMING FIGURE 1

f— 1t 2 — o}t 3 e 4 —] jt— 18 —>}a—19—>}a—20—]

T

Y

(¢
)T
SEND DATA J:—-16 transmit clocksL

{C
)T

=z
[=]
g
(&)
wi
o

XMIT NRZ W//////////////////////////M MSB I ‘ 0 | LsB I
MAXIMUM GUARANTEED RATINGS*
Operating Temperature Range. ... ..ottt e ittt eenens -55°C to +125°C
Storage Temperature RaNge . ......vvvuii ittt ittt i -55°C to +150°C
Lead Temperature (SOldering, 10 SEC.) ... uvvuut ittt ettt et eaieaannns +325°C
Positive Voltage on any Pin, with respecttoground ............ it +8.0V
Negative Voltage on any Pin, with respecttoground ....... ... ..o i i -0.3V

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operational
sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes
or “glitches” on their outputs when the AC power is switched on and off. In addition, voltage transients on the
AC power line may appear on the DC output. Ifthis possibility exists itis suggested that a clamp circuit be used.

ELECTRI&AL CHARACTERISTICS (Ta = -55°C to 125°C, Vec = +5 15%, unless otherwise noted)

PARAMETER MIN | TYP | MAX | UNIT COMMENTS
DC CHARACTERISTICS
Input Voltage Levels
Low Level, Vi 0.8 \
High Level, Vi 3.0 \Y
Output Voltage Levels
Low Level Vo 04 V  llo. = -1.6 mA, except open drain
High Level Vou 3.0 4.0 V |[lon =100 pA, except open drain
Low Level Vo 0.4 V |lor = -1.6 mA, open drain output
Output Leakage, lo 10 LA
Input Current, AD1-AD5 60 pA [Vin =0V
Output Capacitance 5 10 pf
Input Capacitance 10 25 pf
Power Dissipation 500 mwW
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PARAMETER SYMBOL |MIN | TYP | MAX | UNIT| COMMENTS

AC CHARACTERISTICS
Clock Frequency fr, fr 980 | 1000 | 1020 | KHz
ClockDuty Cycle 45 50 55 %
Rise and fall times 1A TDE

TXMODE, SWE, RDE tr, tt 20 | ns
rise and fall times, all

other inputs tr, tf 50 ns
receiver clock-NRZ tan 65 ns figure 3B
receiver clock-sync delay tsr 85 ns figure 3B
feceiver clock-VW delay trv 100 s figure 3B
VW reset delay tvs 500 ns figure3C
transmit clock-TX ENA delay trx 25 ns figure 4A
TX ENA pulse width txw 60 ns figure 4A
transmit clock-send data set-up trs 40 ns figure 4B
transmit clock-send data hold time tst 140 ns figure 4C
transmit clock fall to NRZ trn 0 ns figure 4B
transmit clock rise to NRZ Nt 95 ns figure 4B
TXMODE pulse width taw 150 ns figure 5A
TXMODE to TX ENA delay tmx 750 ns figure 5B
VALID word to TX ENA delay tvx 750 ns figure 5B
Data sync to TX ENA delay tox 750 ns figure 5C
TX ENA reset delay tsx 750 ns figure 5C
DATA SET-uptime tor 100 ns figure 6A
TDE pulse width toz 150 ns | figure6A
Data Hold time toa 100 ns figure 6A
Cycle time toa 450 16000 | ns figure 6A
DTA RQST Delay tos 450 ns figure 6A
Output Enable time tos 100 ns figure 6B
RDE Puise width tor 150 ns | figure6B
receive cycle time tos 450 17000 ns figure 6B
Flag delay time toe 450 ns figure 6B
Output disable time toto 100 ns figure 6B
SEND DATA delay ton 25 35 us figure 6C
TDE off delay to12 15 us figure6C
TDET delay to1s 500 ns figure6C
SYN to RDE tos 500 ns | figure6D
RDE to SYN to1s 25 us figure 6D
Status word Enable tse 100 ns figure 8A
Status word Disable tso 100 ns figure 8A
Flag delay time ter 1 us figure 8B
VW delay time tev 90 ns figure 8B
IVWF delay time tar 450 ns figure 8B
DTA AVL delay time teo 500 ns figure 8B
DTA RQST delay time tsr 450 ns figure 8C
BRD CST delay time tre 2 us figure 8C
BRD CST pulse width taw 1 us figure 8D
flag reset delay tie 750 ns figure 8D, 8E
Interrupt delay tri 15 us figure 8D
IA pulse width tia 150 ns figure 8D
Interrupt pulse width tiw 1 us figure 8D
Flag reset time ten 450 ns figure 8F
DTA AVL reset delay tro 750 ns figure 8F
IVWF reset delay tav 750 ns figure 8F
MSG CMPLT turn-on delay tmR 15 us figure 9A, 9B
MSG CMPLT turn-on delay tme 15 us figure 9A, 9C

42




RECEIVE TIMING FIGURE 2
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TRANSMIT ENABLE (TX ENA) TIMING FIGURE 5

5A
BC 7
| i 1
=
5B*
BC=1 ) ¥

=
>
|

P =

-~
—

L
Rov e 2 [s[e]7]8] e 0] 1]r2]13]1a]1s

*¥CMD SYNC )
| |1 4s min

TX MODE, NEGATIVE TRANSITION WILL
OCCUR IN CROSS-HATCHED AREA.

—f

-

TX MODE { 1—‘_J—

]

= 1 us min
'
—| |0,
VALID WORD 084 typ NS
,_
TX ENA —» Ftvx —H_!:tux

LAST DATA { ,_l
SEND )

*THIS IS A CMD WORD BEING RECEIVED, iT IS ADDRESSED TO THIS BUFFER AND THE
T/R BIT =1. TX ENA IS RESET BY 2ND TX MODE NEGATIVE TRANSITION OR BY
LAST SEND DATA (MESSAGE COMPLETE FUNCTION).

sc**
BC=1 1{ l‘ 1
-+
DATA SYNC 1 L
¢ {,(_
RCV BIT TIMES [T 21> T 1w
{5 §

TX ENA _‘ s_—‘—

tox—pi e > et

SEND DATA { }J

#*THIS IS THE LAST DATA WORD BRING RECEIVED. THIS TERMINAL PREVIOUSLY
HAD RECEIVED A REC CMD WORD WITH OUR ADDRESS AND A REC/XMIT BIT =0
DURING THIS MESSAGE SEQUENCE. TX ENABLE IS SET BY MSG CMPLT
FUNCTION AND RESET BY RECEIPT OF SEND DATA.
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DATA BUS TIMING FIGURE 6
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DTA SYN ;

TA OCCURRING DURING ZONE A RESETS: BRD CST. TX INT. REC INT.

AoE W TA OGCURRING DURING ZONE B RESETS: BRD CST. TX INT. REC INT. "0" MSG FLG.
!

| TA OCCURRING DURING ZONE C RESETS: BRD CST. TX INT. REC INT. “0" MSG FLG.
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8A

8B
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8D

8E
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STATUS BITS

SWE

STATUS FLAGS FIGURE 8
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] [
@MSG FLG i A.I
l4— ter
e—tor
@WRD FLG I
tov]
w
-] o
WWF
DTA AVL
— et
Notes: 1. SWE =0
2. IVWF and DTA AVL reset by RDEZ or REC CLK 14 of the
next word
SEND DATA
DTARQ
P
et 5 e 75—
REC CLK
BRBTST - SR
"- ]
7y
0 MIN
t
XINT, REC IN PR —
> — /
(ot o~
"g" WRD FLG,
"@" MSG FLG \_—.—_
PR
& /
DTA AVL L
VWF
RDE
tm—

DTA AVL

"RDE 2

If RDE is not used to reset IVWF and RDE, then they are
reset by RCV CLK 14 as shown below.

13— 14t 15— 16—

e W W W o W W e

—
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MESSAGE COMPLETE FIGURE 9
BUS CONTROLLER MODE
BC .
—
Seyering B ]
| £

TX MODE .
—-41—’ R
SEND DATA
—A

<
A
I""Ilﬂr ld-——»tm

“WORD COUNTER IS PRESET TO 33

“*MSG CMPLT SET tw MAX AFTER RISE OF 33RD SEND
DATA PULSE

REMOTE TERMINAL, RECEIVE COMMAND RECEIVED

¢ {¢
T T
B ,_’_‘

CMD SYNC

RCV CLK 16
9B
DTA SYNC
—

e

J

MSG CMPLT

*WORD COUNTER PRESET TO COUNT IN COMMAND WORD

“*MSG CMPLT GENERATED BY LAST DATA SYNC OF
THE MESSAGE GROUP

REMOTE TERMINAL, TRANSMIT COMMAND RECEIVED

4

{
&c o

CMD SYNC
—
1T
RCV CLK I -
SEND DATA
9C - 4 ‘,_J
(o
* 1
MSG CMPLT ]

“WORD COUNTER PRESET TO TRANSMIT COMMAND WORD FIELD
PLUS 1. THIS ALLOWS FOR THE STATUS WORD.

“MSG CMPLT GENERATED BY THE LAST SEND DATA OF
THE TRANSMIT MESSAGE GROUP.
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TYPICAL SYSTEM OPERATION

B6=1
INITIALIZE oo
Q)*’

STC?FHT

No COMMAND
SYNC

RECE\VED

TO MPU

NOT

N e AL

| e FimST EvE BITS NNNES SET
BROADCAST

WITH AD1-
ADS

SET

EXAMIN SET
TRANSMIT e RECEIVE
INTERRUPT INTERRUPT

PRESET TDE PRESET RDE
TO TOET TO RDET
STATE STATE
* TO MPU TO MPU L

EXAMINE
BITS 7-11

EXAMINE
BITS 7-11

EXAMINE
BITS 12-16

SET SET
BWF oWF

EXAMINE
BITS 12-16

ey PRESET
WORD
COUNTER COUNTER
* FROM MPU
FROM MPU
1. SENDTR*
2. SEND

TXMODE

TO MPU YES

FROM DECODER

RECEIVE
DATA
WORD

1. JAM ADDRESS @
2. JAMME = ¢

“SEE FIGURE 7 FOR ALLOWABLE TIMES TO SEND TA
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TO ENCODER

FROM ENCODER

TO ENCODER
SEND

STATUS WORD
FROM

BUFFER

PRESET TDE
LATCH TO
TDET STATE

‘ TO MPU

SET
DATA
REQUEST

FROM MPU

1. PRESENT
UPPER BYTE
2. PULSE TBE

SET TDE
LATCH TO
TDE2 STATE

+ FROM MPU

SEND
DATA WORD
FROM
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!

1. PRESENT
LOWER BYTE

2. PULSE
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TRANSFER
BUFFER
CONTENTS INTO
XMIT SHIFT
REGISTER

TO ENCODER

TO MPU

JAM
ME =1

{ TO MPU

PRESENT
UPPER BYTE
ON D@-D7

FROM MPU

TO MPU

PRESENT
LOWER BYTE
ONDp-D7

RESET

__DATA _
AVAILABLE

JAM
ADDRESS

‘ TO MPU

| TO ENCODER
l FROM ENCODER

TO ENCODER

| TO ENCODER
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OPEN DRAIN OUTPUT
FIGURE 10

Sl ] S

M ‘ _

INTERNAL LOGIC

D@-D7 INPUT/OUTPUT
FIGURE 11
Vee

INTERNAL LOGIC

OTHER OUTPUTS
FIGURE 12

Vee

n 1

INTERNAL LOGIC 4—$—|>0—-|

tions. consequently complete information sufficient for construction purposes is not necessarily given. The

information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
5 Matus B v assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
563 e sk v % devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes

at any time in order to improve design and supply the best product possible

STANDARD MlGQOSYSrEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
CORPORATION
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STANDARD MICROSYSTEMS

S

COM1553B

MIL-STD-1553B “SMART®”

FEATURES

[ Support of MIL-STD-1553B
[ Operates as both Remote Terminal and
Bus Controller
[ Manchester Il Serial Biphase Input/Output
[ 16 bit Microprocessor compatible
[] Command/Data Sync Detection/Identification
[ Automatic Command Response Generation
[] On-Chip Address Recognition
{7 Error Detection For:
Sync Errors
Parity Errors
Word Count Errors
Bit Count Errors
Invalid Manchester Code
Incorrect Address
Incorrect Bus Response Time
I TTL Compatible
[ Recognizes Mode Codes and Broadcast
Commands
[ Provides DMA handshaking signals
J COPLAMOS® n-Channei MOS Technology

ILPC FAMILY
PRELIMINARY
PIN CONFIGURATION
———
pe 1[ )40 D8
pto 2 (] 39 GND
p11 3 (] 38 MANOUT
D12 4 (4 [ 37 MANOUT
D13 5 (] (] 36 CSTRA
D14 6 [ 135 DIR
p1s 7 4 034 cD
TXMODE 8 [] (]33 RTBC
POR 9 (] [ 32 BGACK
12MHz CLK 10 (] 0 31 voD
MANIN 11 (] 30 vBB
MANIN 12 [J 1 29 TSTR
merF 13 ] [] 28 BTACK
Do 14 [ . 027 mC
ot 15 . Qo2 ™
p2 16 [ 0 25 RW
o3 17 [ ] 24 vC
b4 18 ] 23 We
s 19 O 022 vee
ps 20 [ [ 21 o7
PACKAGE: 40-pin D.1.P.

GENERAL DESCRIPTION

The COM15538 SMART® (Synchronous Mode Avionic
Receiver-Transmitter) is a 40-pin COPLAMOS®n-Channel
MOS/VLSI circuit designed to simplify the interface of
a microprocessor or buffer to the serial MIL-STD-1 553B
data bus.

The COM1553B is a double buffered serial to parallel,
paralle! to serial converter. It receives serial Manchester 1!
biphase encoded data from a 1553B bus receiver and con-
verts it to 16 bit parallel data. When receiving Manchester
Il data, the COM1553B detects and identifies sync polarity,
reconstructs the clock, detects zero crossing, checks for the
proper number of bits and performs a parity check on the
incoming data. In addition to parity check, the COM1553B
also checks for sync errors, invalid Manchester code,
improper word count, incorrect address and incorrect bus
response time. The transmitter in turn, accepts 16 bits par-
allel data and serially transmits it as Manchester Il data,

appending the appropriate sync and parity.

The COM1553B recognizes protocol commands, and
automatically generates the proper response, thereby off-
loading what otherwise would be microprocessor tasks. This
feature eliminates critical software timing requirements.

The COM1553B is designed to work both as a Bus Con-
troller and Remote Terminal, making it universal within the
MIL-STD-1553B environment. The COM1553B automat-
ically loads and recognizes its own address. It determines
the type of transfer required in both the Bus Controller and
Remote-Terminal modes and generates the proper control
signals to complete the transfer. it automatically transmits
the status word and detects message errors and mode
commands. Furthermore, it generates the control signals
for DMA operation, therefore eliminating processor
intervention.
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DESCRIPTION OF PIN FUNCTIONS

PINNO. [NAME SYMBOL | FUNCTION
1-7,14-21, | 16-bit Data Bus | DO0-D15 Three-state bidirectional data lines used to transfer Command, Data, Error and
40 Status Words between the COM1553B and external memory.
8 Transmit Mode | TXMODE | This output signal when high indicates that the COM1553B is transmitting infor-
mation on the 1553B bus.
9 Power On POR Input signal used to initialize or reset the Error registers. The RT address must be
Reset reloaded after POR is issued.
10 12 MHz Clock 12 MHz 12 MHz clock input.
11 ! Complementary | MANIN This input is low when there is no data on the bus. A high level indicates that the
Manchester in data is in its negative state (Refer to receive waveform, figure 3).
12 Manchester In MANIN This input is low when there is no data on the bus. A high level indicates that
the data is in its positive state (Refer to receive waveform, figure 3).
13 Mode Code MCF Output signal that is active high when a mode command (all I's or all 0’s in subad-
Flag dress) has been detected.
22 Power Supply VCC +5 volts DC supply.
23 Write Enable WE Output signal. When low, WE indicates that the data on the 16 bit data bus is sta-
ble and can be written into the external memory.
24 Valid Command VC Output signal that is pulsed high to signify the reception of a valid command.
25 Read/Write RW Output signal that indicates whether a DMA transaction is a COM1553B read
_ (when high) or a write (when low) operation.
26 Invalid IM Output signal which is pulsed low at the same time as MC to indicate that a mes-
Message sage error has occurred.
IMis also pulsed low while MC remains high if there are errors in the Command
word with matching address.
27 Message MC Output signal used as either an interrupt or flag to the processor whenever a
Complete COM1553B transaction has been completed.
28 Data Transfer DTACK This input signal when low indicates that the Data Transfer Request
Acknowledge (DTR) and BGACK has been acknowledged and data is on the data bus.
29 Command CSTR This input signal when low is used to inform the COM1553B that a Command
Strobe Control Code is available in external memory. When the COM1553B is ready, it
issues a Command Strobe Acknowledge and initiates a memory read cycle to
load the Command Control Code bits CB2-CBO.
30 Power Supply VBB — 5 volts DC supply voltage.
31 Power Supply VDD + 12 volts DC supply.
32 Bus Grant BGACK This input signal, when low;, indicates that the processor has acknowledged DTR
Acknowledge and relinquished the data bus.
33 Remote RT/BC When thisi%ut is high the COM1553B operates as a Remote Terminal.
Terminal/Bus When RT/BC is low, the COM1553B operates as a Bus Controlier.
Controller
34 Command/Data C/D This output signal during memory write operations indicates either a Command
or Data Word transfer. A low level indicates that the COM1553B is writing a Data
Word, Status Word, the contents of the Error Register, or the contents of the Last
Command Register into external memory. )
A high level indicates that the transferred word is a Command Word. During
memory read operations this output is low. It goes high to indicate that data has
been latched internally and the read operation is completed.
35 Data Transfer DTR Output signal that initiates a DMA transfer with the processor.
Request
36 Command CSTRA This output pulse acknowledges the receipt of the command strobe and initiates
! Strobe the Command Control Code (CB2-CBO) transfer.
Acknowledge
37 Complementary | MANOUT | This output signal is high when the COM1553B is not transmitting.
Manchester A low level indicates that output data is in a positive state (refer to driver
Qutput waveform, figure 4).
38 Manchester MANOUT | This output signal is high when the COM1553B is not transmitting.
A low level indicates that output data is in a negative state (refer to driver
waveform, figure 4).
39 Ground GND Ground
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FUNCTIONAL DESCRIPTION

The COM1553B is organized into the following five
sections:

Manchester Encoder/Decoder

This section performs the manchester encoder and
decoder functions and code error check. | he receiver con-
tinuously monitors the MANIN and the MANIN input lines
for a valid sync. After the reception of the 3 bit sync, the
receiver is in full synchronization. It then checks for transi-
tion errors and correct (odd) parity. If an error is detected in
the Command Word the receiver resets itself, pulses IM and
waits for another valid sync. If any errors are detected in
Data and Status Words, the appropriate error bits in the
Status and Error register are set.

The transmitter section encodes the NRZ data from the
data bus into Manchester Il and appends, depending on
word type, the proper sync and parity.

State Sequencer Logic

The State Sequencer section generates the appropriate
signals to various internal sections to control the overall
device operation.

Inputs to the State Sequencer which establish its oper-
ational modes are as follows:

Remote Terminal/Bus Controller (RT/BC)

Determines whether the data terminal is operating as
a Remote Terminal or as a Bus Controller. As a result of
Dynamic Bus Allocation, any terminal shail be capable of
performing either function at different times.

Command Control Code bits D2-D0 (CB2-CBO0)

These Command Control Code bits determine the type
of memory operation the COM1553B will execute. Transfer
of these commands to the COM1553B are initiated by
asserting Strobe Command (CSTR) low. This informs the
COM1553B that a command is available in external mem-
ory. When the COM1553B acknowledges the CSTR signal,
it sets the CSTRA output low. The CSTR must be reset within
1.5 ps after CSTRA. The COM1553B then initiates a mem-
ory read cycle by setting R/W high, C/D low, and DATA
TRANSFER REQUEST (DTR) low. When the Command
Control Code bits are valid on the bidirectional data bus (D2-

D0), DTACK and BGACK are generated by the processor
and these bits are loaded into the COM1553B 3-bit latch
decode register. The command is then decoded in accor-
dance with Table A. Timing associated with loading these

I hida imdm dhom ONORAICEAD T clean I i 2
sontrol Bils into the COMISECR s showinin & IGUie .

Transmit Last Command

Allows the State Sequencer to bypass a memory read
cycle to external memory and transmit the Last Command
from the TRLC register following the Status Word trans-

Broadcast

When the address field of the Command Word is ali ones
(11111), the State Sequencer is informed that a Bus Con-
troller or a Remote Terminal is transmitting a Broadcast
Command.

Word Count Zero

fnput from the 5-bit counter and count decode logic
informing the State Sequencer that all Data Word memory
cycles are complete.

Sync Input
Indicates the type of sync word just strobed into the
receive register.

Address Compare

When programmed as a Remote Terminal, the
COM1553B compares the contents of the address register
with the address field of the received Command Word. If
the addresses compare, the State Sequencer will respond
to the received command.

Any Error

This input to the State Sequencer indicates that one of
the seven possible errors have been setin the error register
atthe end of a message (Refer to Error register).

Contiguous Word

Set if there is a transition 2 s. after the parity transition
of the last word, this signifies that a contiguous word fol-
lows the word presently in the receive register (Refer to
figure 5).

READ/WRITE (R'W)d

WRITE ENABLE (WE)J

DATA TRANSFER REQUEST (OTR) ——————— | ow UNTIL BGACK RECOGNIZED [

DTATK

COMMAND STROBE (CSTR) —_—

L
(]
=
(e}
C
%

l SOME DELAY OF MS INDICATES DATA VALID

i TSTR UNTIL T3TRA j

—

HOLD DATA

——

UNTIL LATCHED

MEMORY STROBE (MS) _—
COMMAND STROBE

ACKNOWLEDGE (CSTRA) __|——]

HOLD BUS UNTIL DMA COMPLETE

—

oaTA < CoNmoLEmSCEZGELGR >

LOW UNTIL BITS LATCHED INTERNALLY

—

FIGURE 1:
BUS CONTROLLER TIMING SEQUENCE
Loading the Command Control Code Bits into the COM1553B prior to
transmitting a Command or initiating a Diagnostic Sequence.
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Error Detection Logic

The error detection logic of the COM1553B detects the
following errors:
Improper Sync

One or more words have been received with incorrect
sync polarity (For example a Status Word with Data Sync).

Invalid Manchester Il Code
One or more words have been received with a missing
transition during the 17 us. data and parity bit time.

Information Field Greater Than 16 Bits
The decoderhas detected a transition within-one bittime
(1 ws.) following the parity bit in one or more words.

0Odd Parity Error
One or more words have been received with a parity error.

Improper Word Count

An improper word count error occurs when the number
of Data Words received is not equal to the number of words
indicated in the word count field of the Command Word. In
the case of a Mode Code without data, no Data Words
should follow the Mode command. Mode Codes with data
should consist of only one Data Word. If the contents of the
word counter are not zero, and there is no contiguous Data
Word, then the receive message is considered incomplete
(e.g., fewer words were received than indicated by the word
count in the Command word). If the contents of the word
counter are zero and there is a transition detected 2 us. after
the parity transition of the last Data Word, then this also will
cause an improper word count. In either case, the Message
Error bit of the Status Word is set and not transmitted and
the invalid message (IM) output pin pulsed at the same time
as the message complete (MC) signal output.

Response Time
The amount of time between the end of transmission of
a Command or Data Word and the Status Word reply by a

Remote Terminal should be less than 14 us. If the response
is greater than 14 ps. the response error bit is set in the
error register.

Address Mismatch

An address mismatch occurs when a Bus Controlier
detects a mismatch between the address of the Status Word
reply from a Remote Terminal and the Remote Terminal
address of the Command.

Internal Register Description

Remote Terminal Address And Status Code Register

This register is loaded when the processer issues-aload
Remote Terminal Address (RTA) command. The word that
is loaded in this register consists of 9 bits of status infor-
mation (D0-D8) and the 5-bit address (D11-D15). The
Remote Terminal Address may be checked any time by
reading out the Error register. The RTA and Status Code
register must be loaded before the COM1553B may respond
as a Remote Terminal.

Table 1 defines the data bus bits which correspond to the
Remote Terminal Address and Status Code register and
Status Word that transmitted. Bits DO, D2, D3 and D8 are
double buffered to allow the RT to retain this information
after the Status Code register is updated. For all legal com-
mands, other than Transmit Last Status and Transmit Last
Command Mode command, the Status Word register is
updated with these four bits, Any Error and the Broadcast
flag. The Dynamic Bus Control and Terminal Flag bits are
modified by the appropriate Mode Code commands
whereas, the Broadcast Flag and Any Error bits are set by
the COM1553B internal logic. The Reserved Bits and the
RT address bits are transferred directly into the Status Word
register during the RTA and Status Code command.

Bits DO, D2, D3, and D5-D9 are cleared after transmis-
sion for all commands except Transmit Last Status and
Transmit Last Command Mode Code.

i 4 1

TABLE A:
COMMAND CONTROL CODE BIT DEFINITION
CONTROL
BITS
DATA BITS CB2-CBO
RT/BC|D..| Dy Dy Dia| Do | Do | Dy 1 D, | D, | D [ D, | D, | D, | D, | D, [ D, | FUNCTION
xxxxxxxxxxxxxx11x§§é?s$é£‘\
LOAD RT ADDRESS
xxxxxxxxxxxxxx1OXSEET'?JTSE(?O%"ED
REGISTER
X X X XX X X X X X X[X|X X 0|0 0|READLASTCMD
READ ERROR AND
X xxxxyxxxxxxxxxoo125“5'3§SESTERM'NAL
| [ REGISTERS
0 Ix|x x| x!x x x x x x x| x|xiol 1] o BeSCONAINE"
0 X X X X X X X/ X_X|x x x x|o 1 1 BISCONTROLER

X—DON'T CARE
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TABLE 1

RTA and Status Internal Logic Status Word
Data Bus Bit Code Reg. Bits Signals Transmitted
D15 (MSB) RTA Bit 4 (MSB) — RTA Bit 4 (MSB)
D14 RTABIt3 — RTABit3
Cid ATADBIL 2 — RTADBIt2
D12 RTABit 1 — RTA Bit 1
D11 RTABIit0 (LSB) — RTA Bit 0 (LSB)
D10 Not used Any Error Message Error
D9 Instrumentation Bit — Instrumentation
D8 Service Request Bit — Service Request
D7 Reserved — Reserved
Dé Reserved — Reserved
D5 Reserved — Reserved
D4 Not Used Broadcast Flag Broadcast Flag
D3 Busy — Busy
D2 Subsystem Flag Bit — Subsystem Flag
D1 Dynamic Bus Control Dynamic Bus Mode Code Dynamic Bus Control Bit
Acceptance Enable Bit command
(See Note)
DO (LSB) Terminal Flag Enable Inhibit Terminal Flag (set) Terminal Flag
Bit (See Note) or
Override Terminal
Flag (reset)
Mode Code command

Note: When the Dynamic Bus Control Acceptance Enable bit is set, the RT will accept a Dynamic Bus Mode code
request. If this bit is reset the RT will reject a Dynamic Bus Mode Code command request. The Terminal Flag
Bit (if enabled) is only set high if no Inhibit Terminal Mode Code command has been received, or if an Override

Inhibit Terminal bit command is received.

Last Command Word Register

The last valid Command Word received by a Remote
Terminal is stored in an internal 16 bit Last Command Reg-
ister. This makes it readily available for transmission onto
the data bus whenever the Remote Terminal receives a
Mode Command to transmit the last Command Word. The
Last Command Register contents are automatically writ-
ten into external memory following a receive or a transmit
message.

As a bus controller (BC), the Last Command Register is
used to hold the command transmitted before the present
command. In RT-RT transfers this register of the BC holds
the receive command while the transmit command is being
transmitted.

The processor has the option of reading the Last Com-
mand Register of either a bus controller or remote terminal,
by issuing a Read Last Command Register command code.

Error Register And RTA Register
(Error Register)

A7-biterror register is provided in the COM1553B to hold
any errors associated with the previous message. If one
or more of the 7 error types exists, the COM1553B asserts
the Invalid Message output pin (IM) at the same time that
Message Complete (MC) is asserted, cueing either a Re-
mote Terminal or a Bus Controller that an error occurred in
the previous message. If desired, the processor may read
out the 16-bit error word by issuing a read error register
command code. When operating as a Remote Terminal, the
COM1553B will write the Receive register, Error registet and

Last Command register automatically into external memory
at the end of each command message because these reg-
isters may change before the processor has determined
the necessity of reading them. The Error register may be
read anytime during a message except during message
transfers.

TABLE 2
The 18-bit error word is defined as follows:
DATA BUS ERROR BIT
LINE DEFINITION
D15 RT Address Bit 4
D14 RT Address Bit 3
D13 RT Address Bit 2
Diz RT Address Bit 1
D11 RT Address Bit 0
D10 Unused
D9 Improper Sync
D8 Address Mismatch Error
D7 Improper Word Count
Dé Response Time Error
D5 Information Field > 16 Bits
D4 Unused
D3 Invalid Manchester II
D2 Parity Error
D1 Unused
Do Unused

“Unused bits are set high.



Mode Detection Logic

Both receive and transmit Command Words for a Remote
Terminal and Bus Controlier are decoded by the Mode
Detection Logic. The Mode Detection Logic examines the
following Command Word field to establish the correct
operating mode for the COM1553B (Refer to TABLE B).

Subaddress/Mode Code Field (D5-D9)
and Data Word Count/Mode Code (D0-D4)

This field Determines if the command is a normal com-
mand or a Mode command. A subaddress field of 00000 or
11111 implies a-Mode command. All.other codes are inter-
preted as a subaddress. Once a Mode Command is
detected the most significant bit of the Data Word Count/
Mode Code field is decoded. A most significant bit of “zero”
implies no associated data with the Code Command. A
“one” in this position implies that a Data Word will follow.

The COM1553B recognizes five Mode Code commands
(Refer to TABLE B). Transmit Last Command or Transmit
Last Status word Mode Code commands, when received
by the COM1553B, will automatically transfer the contents
of the Transmit Last Command or Transmit Last Status reg-
ister onto the 1553B serial bus. i

The Override/Inhibit Terminal Flag and Dynamic Bus
Control Mode Code commands, when received by the
COM1553B, may change the state of the Terminal Flag and
Dynamic Bus Control bits of the Status Word register. The
Inhibit Terminal Flag Bit Mode Code command resets the
Terminal Flag bit.

The Override Inhibit Terminal Flag Mode Code com-
mand enables the Terminal Flag bit if it was previously dis-
abled. Finally, Dynamic Bus Control Mode Code command
sets the Dynamic Bus Control bit in the Status Word if the
Dynamic Bus Control Enable bit is high. If the enable bit is
low, the Dynamic Bus Control bit in the Status Word remains
low when a Dynamic Bus Control Mode Code command is
received.

Broadcast Mode Code

Broadcast Mode Code Commands are acknowledged if
the T/R bit is low. If the T/R bit is high all Broadcast Mode
Code commands without associated Data words are
acknowledged except Dynamic Bus Control and Transmit
Last Status Word. .

llegal Broadcast Commands are not acknowledged: the
IM output pin is, however, pulsed low.

TABLE B
MODE CODE DEFINITION
DETECT DETECTED SPECIAL
FUNCTION CONDITION BY CONDITIONS COMMENTS
Broadcast Allonesin RT Broadcast Status word is Address compare
address field of | Decode Logic written into Memory must recognize all
CMD WD but not transmitted ones as Broadcast
Mode Codes All zeros or Mode Code MSB of Word Count Word Count
ones in sub- Decode Logic 0 = No data Word is Decoded
address field 1 = With Data Word as mode code
of CMD WD
(1) Dynamic Word Count Dynamic Bus Accept
Bus Field = 00000 Bit of Status word
Control enabled for
transmission
(2) Transmit Word Count Status Word remains
Last Field = 00010 unchanged
Status
Word
(3) Inhibit Word Count Terminal Flag Bit of
Terminal | Field = 00110 Status word inhibited
Flag Bit : until overriden
(4) Override - Word Count - Removes Inhibit from
Inhibit Field = 00111 Terminal Flag Bit of
Terminal Status Word
Flag Bit 1
| (5) Transmit Word Count Status Word
! Last Field = 10010 i Transmitted followed
. Command . by Last Command
. Register. Status Word
' remains unchanged.
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OPERATION

When operating as either a Bus Controller or Remote
Terminal, the COM1553B decodes the Command Word and
determines the type of message transfer. Having deter-
mined the type of message transfer, the COM1553B
geneiaiss ihe piopei Contion and timiny signais iv com-
plete the transfer (refer to Figure 2). The types of messages
are listed below:

1) Bus Controller to Remote Terminal
2) Remote Terminal to Bus Controller

3) Remote Terminal to Remote Terminal
4) Mode Code without Data Word
5) Mode Code with Data Word (transmit)
6) Mode Code with Data Word (receive)
7) Broadcast Bus Controiier 10 Remote ierminai
8) Broadcast Remote Terminal to Remote Terminal
9) Broadcast Mode Code without data
10) Broadcast Mode Code with data

Bus Controller Transaction (RT/BC of the COM1553B set low)

The following section describes each 1553B information
transfer format from the Bus Controller viewpoint. A table
showing external memory operation is also provided for
each message format.

Note that all MIL-STD-1553B serial bus activity is initi-
ated by the Bus Controller.

Bus Controller-to-Remote Terminal Transfer (BC to RT)

This message format covers transactions where the Bus
Controller transmits a receive Command and Data Words
to a Remote Terminal. Initializing the COM1553B is accom-
plished by the processor loading an external memory
address counter with the starting address of the COM15538
memory control block (address where the Command Con-
trol Code CB2-CBO resides). The Bus Controller processor
next issues a Command Strobe (CSTR) and holds it
low until the COM1553B issues a Command Strobe Ack-
nowledge (CSTRA). The COM1553B then responds with a
Data Transfer Request (DTR) which initiates a normal
memory cycle. :

Refer to figure 1 for timing associated with loading the
Command Control Codes (CB2-CBO) into the COM1553B

prior to transmitting the Command Word.

The first memory cycle loads the Command Control Code
bits CB2-CBO from external memory into the COM1553B
functioning as Bus Controller (BC). The BC decodes this
command to determine the type of memory transaction to
perform (refer to TABLE A). The next read cycle loads the
Command Word into the BC command register and then
transmits it onto the 1553B bus. This Command Word, while
inthe command register, determines the BC mode of oper-
ation. The BC then completes this BC to RT transaction by
issuing a predetermined number of read cycles (deter-
mined by the value in the word count field of the Command
Word) and transmitting the data onto the 1553B bus. After
transmission of the last Data word, the BC initializes its
response timer, expecting a Status Word from the remote
terminal within 14 us.

After the reception of the Status Word, the BC initiates a
memory write cycle which writes the Status Word into the
external memory. If the BC doesn’t receive the Status Word
within the allowed response time the message error bit
is set.

1o
° 5 LOW UNTIL
BeacK [ I l
5 \ Lo
N
o c/o / LOW UNTIL DTACK SRR
o RIW
LOW UNTIL BTACK
1 BGACK — _ LOW UNTIL
@\ CAUSES DTR HIGH LOW UNTIL C/D HIGH | C/D HIGH |
o wE s%)ow UNTIL
N AFTER
1 %c—n K J
LOW UNTIL LOW UNTIL
b L I st
DATA BUS 'COMMAND [ DATA  \ / DOATA \
\ WORD [ \ WORD / \ WORD /
COMMAND WRITE TO MEMORY DATA WRITE TO MEMORY DATA READ FROM MEMORY
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TABLE 3

BC to RT (The BC transmits a receive
command to the RT)

COM1553B

MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION

1 XXX24 READ*

2 RECEIVE READ

COMMAND

3 DATA READ

. -+ DATA 1 READ

. DATA READ

32 DATA READ

*%
33 STATUS WRITE

*reads command control code bits CB2-CBO
** response time
X = don't care

Remote Terminal Transfer to Bus Controller

This message format covers transactions where the Bus
Controller sends a transmit command to a Remote Terminal
and requests data from it. Initialization of the BC for normal
memory cycles is the same as the previous transfer. The
difference between this transfer and the previous transfer
is that after the Command Word is transmitted, the BC waits
14 s for the Status Word and the requested number of Data
Words. The Status and Data Words are written into external
memory via write cycles as they are received by the BC.

TABLE 4

TABLE 5
RT to RT
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 XXX3y READ*
2 RECEIVE READ
COMMAND
3 TRANSMIT READ
COMMAND
4 | STATUS | WRITE =
(transmitting z
RT) 5
5 DATA WRITE w
. DATA WRITE
. DATA WRITE
36 DATA WRITE
* %
37 STATUS WRITE
(receiving RT)

*reads command control code bits CB2-CBO
**response time
X = don’t care

Mode Code Command without Data

The Bus Controller transmits a specific Mode Command
and expects a Status Word back from the addressed
Remote Terminal.

BC to RT (The BC transmits a Transmit
Command to an RT)

TABLE 6
COM1553B

MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION

1 XXX2, READ*

2 COMMAND READ

*%k
3 STATUS WRITE

*reads command control code bits CB2-CBO

**response time

COM1553B

MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION

1 XXX2, READ*

2 TRANSMIT READ

COMMAND
*%

3 STATUS WRITE

4 DATA WRITE

. DATA WRITE

. DATA WRITE

36 DATA WRITE

*reads command control code bits CB2-CB0
response time
X = don’t care

RT-to-RT Transfer

in this message format, the Bus Controller first issues a
receive Command Word to the receiving Remote Terminal,
followed by a transmit Command Word to the transmitting
terminal. Next, the transmitting RT responds with a Status
Word and the requested number of Data Words to both the
receiving RT and BC. The receiving RT at the end of the
message sends a Status Word to the BC. As Status and
Data Words are received by the BC they are written into
external memory.

X = don'tcare
Mode Command with Data
(BC receives a single word)

in this mode the Bus Controller issues a transmit Mode
Command to an RT. The addressed Terminal responds to
the Bus Controlier with a Status Word and a single Data
Word.

TABLE 7
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 XXX24 READ*
2 COMMAND READ
* %
3 STATUS WRITE
4 DATA WRITE
*reads command control code bits CB2-CBO
response time

X = don’t care
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Mode Command with Data
(BC transmits a single word)

The Bus Controller issues a receive Mode Command and
one Data Word to a Remote Terminal. A Status Word is
returned by the Remote Terminal to the Bus Controller.

RT to RT Transfer (Broadcast)

This transfer is similar to the normal RT to RT transfer
with the exception that the Status Word is not returned by
the receiving RT.

TABLE 8 TABLE 10
COM1553B COM1553B
MEMORY MEMORY MEMORY MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION ADDRESS CONTENTS OPERATION
1 XXX2, READ* 1 XXX3, READ*
2 COMMAND READ 2 RECEIVE READ
3 DATA READ COMMAND
** 3 TRANSMIT READ
4 STATUS WRITE COMMAND
* %
“reads command control code bits CB2-CBO 4 STATUS WRITE
** response time 5 DATA WRITE
X = dor't care . DATA WRITE
. DATA WRITE
Bus Controller (Broadcast) to Remote Terminal Transfer 36 DATA WRITE
Inthis mode the Bus Controller issues a Broadcast Com-

mand followed by a number of Data Words. In all Broadcast
Command transfers a BC will not expectto receive a Status
Word back.

TABLE 9
' COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 XXX2, READ*
2 RECEIVE READ
COMMAND
3 DATA READ
. DATA READ
. DATA READ
34 DATA READ
*reads command control code bits CB2-CB0
*%*response time

X = don'tcare

*reads command control code bits CB2-CB0

**response time

X = don’tcare

THE FOLLOWING NOTE APPLIES TO THE CURRENT
VERSION OF THE COM 1553B:

When operating as a Bus Controller in a RT (Remote
Terminal) to RT transfer, the COM1553B may incorrectly set
the Invalid Sync Bit in the Error Register if the status word
response from the receiving RT occurs between 4 and 7
microseconds.

The Bus Controller (BC) may confirm that an error free
message transmission occurred by requesting that the
receiving RT transmit the last status word. If this status word
matches the previous status word, then an error-free trans-
mission occurred.

Remote Terminal Transaction (RT/BC input of the COM1553B set high)

The following section addresses each COM1553B
information transfer format from the Remote Terminal
viewpoint.

Bus Controller to Remote Terminal Transfer
(BC to RT, where RT receives data)

In this transfer the COM1553B designated as the RT
receives a command to receive data. As the Command
Word is completely shifted into the receive shift register, the
RT compares the Command Word address field with the
preloaded Remote Terminal address. This determines if the
message is addressed to the receiving RT. Ifthe Command
Word is valid, the RT issues a Data Transfer Request (DTR)
to initiate a memory cycle. Once the processor relinquishes
control of the data bus, during the Bus Acknowledge
(BGACK) time, the Command Word is placed on the data
bus.
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The Subaddress field is thereafter decoded by external
logic and the Command word is written into external
memory. The RT then receives a predetermined number of
Data Words (specified by the word count field). As each Data
Word is received it is written into external memory. After the
reception of the last Data Word the RT transmits the Status
Word, the Message Error, Broadcast Flag, Terminal Flag,
Subsystem Fiag, Busy, and Service Request bits are
updated for all commands except for the Transmit Status
Word and Transmit Last Command Code commands. While
transmitting the Status, the RT writes it into memory. The
RT also writes the Last Command Register, Error Register
and Receive Register into memory and then asserts Mes-
sage complete.

Note that the receive register of the RT will contain the
transmitted Status Word.



TABLE 11
BC TO RT (RT receives data from BC)

COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
2 DATA WRITE
3 DATA WRITE
. . WRITE
. . . WRITE
32 DATA WRITE
*%
33 STATUS WRITE
34 LAST WRITE
COMMAND
35 ERROR WRITE
REGISTER
36 RECEIVE WRITE
REGISTER

Remote Terminal-to-Bus Controller Transfer
(RT transmits data to BC)

The Remote Terminal receives a Transmit Command
Word from the Bus Controller. The RT will then proceed to
decode the Command Word, as in the previous case and
within the response time transmits the Status Word.

While the Status Word is being transmitted the RT issues
awrite memory cycle to write the Status Word into external
memory. Thereafter, the Data words are read from memory
and transmitted. After the last word is transmitted the RT
writes the contents of the Last Command Register, Error
Register and the Receive Register into memory.

TABLE 12
Remote Terminal to Bus Controller
(RT Transmits Data to BC)

transfers. The only exception is that the receiving terminal
waits for the first Data Word from the transmitting terminal.
This satisfies the protocol requirement that the transmitting
terminal first send its status to the controller before it trans-
mits the data to the receiving terminal.

Mode Command with Data
(RT receives a Mode Code Command to transmit)

In this transfer, after the Transmit Mode Command is
received, the RT transmits the Status and one Data Word.

=z
TABLE 13 =
COM1553B @
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
*k
2 STATUS WRITE
3 DATA READ*
4 LAST WRITE
COMMAND
5 ERROR WRITE
REGISTER
6 RECEIVE WRITE
REGISTER

*For a Transmit Last command Mode Code, Data is not
read from memory but transmitted from the internal Last
Command register.

*% response time

Mode Code Command with Data
(RT receives a Mode Command to receive)

This transfer is similar to a Receive Command having only
one Data Word.

| COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
* %
2 STATUS WRITE
3 DATA READ
. DATA READ
. DATA READ
32 DATA READ
33 LAST WRITE
COMMAND
34 ERROR WRITE
REGISTER
35 RECEIVE WRITE
REGISTER
** response time

Remote Terminal-to-Remote Terminal Transfers

TABLE 14
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
2 DATA WRITE
ok
3 STATUS WRITE
4 LAST WRITE
COMMAND
5 ERROR WRITE
REGISTER
6 RECEIVE WRITE
REGISTER

** response time

Bus Controller Broadcast Transfer to RT
The RT receives a Broadcast Command to receive data.

From the Remote Terminal viewpoint, RT-to-RT trans-
. fers are similar to the RT to BC receive or transmit data

If data received during a broadcast message is invalid, the
COM1553B will set the message error bit.
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TABLE 15

RT RECEIVE
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND- WRITE
2 DATA WRITE
. DATA WRITE
. DATA WRITE
32 DATA WRITE
33 STATUS WRITE*
34 LAST WRITE
COMMAND
35 ERROR WRITE
REGISTER

*In all broadcast transfers, a memory cycle is shown for the
Status Word but the RT does not transmit it on the 1553B

bus.

Broadcast Mode Code Command with Data

This Broadcast Mode Code command is detected if the

MSB of the word count field is a logical high.

Transmission of the Status Word is suppressed as in the

previous case but is loaded into external memory.

TABLE 16
RT RECEIVE
COM1553B
MEMORY MEMORY MEMORY
ADDRESS | CONTENTS | OPERATION
1 COMMAND WRITE
2 DATA WRITE
3 STATUS WRITE*
4 LAST WRITE
COMMAND
5 ERROR WRITE
REGISTER

*In all broadcast transfers, a memory cycie is shown for
the Status Word but the RT does not transmit it on the

1553B bus.
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Broadcast Mode Code Command Without Data

This Mode Code command is detected if the MSB of
the word count field is zero. This transaction is the same as
the previous transfer except that there is no Data Word
transfer.

TABLE 17
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
2 STATUS WRITE"
3 LAST WRITE
COMMAND
4 ERROR WRITE
REGISTER

*In all broadcast transfers, a memory cycle is shown for
the Status Word but the RT does not transmit it on the
1553B bus.

Broadcast RT to RT Transfer :

For this message transfer a Broadcast Command
to receive is issued by the Bus Controller. This is followed
by a normal Transmit Command to the transmitting Re-
mote Terminal. The Remote Terminal responds with a nor-
mal transmit message format of Status Word and Data
Word(s). The receiving terminals do not transmit a Status
Word after receiving the data. However, they do go through
a memory cycle to load the Status Word into their respec-
tive memories.

For the Remote Terminal receive transfer refer to Table
15. The only difference in this transfer is that there is a gap
time between the Command and Data word.

For the Remote Terminal transmit transfer refer to Table
12. The only difference in this transfer is that the Receive
Register is not written into memory.



MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range —55t0 +125°C
Storage Temperature Range ................oooein. —5510 +150°C
Lead Temperature (soldering, 10 seconds)
Positive Voltage on any pin ........coviiiiiiiiiiii
Negative Voltage on any.pin except VBB, with respect to ground

*Stresses above those listed may cause permanent damage to the device. This is a siress rating only and functional operation of the
device at these or any other condition above those indicated in the operational sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists, it is
suggested that a clamp circuit be used.

DC ELECTRICAL CHARACTERISTICS T, = —5510 125°C, V¢ = 5.0V £5%, Vpp = 12V 5%, Vg = —5V £5%

PARAMETER MIN TYP MAX UNITS COMMENTS
V. Input Low Voltage -0.3 0.8 \
V,,  Input High Voltage 3 Vee \
Vo.  Output Low Voltage 0.4 \" lo, = —3.2mA
Vou  Output High Voltage 24 4 5 \ low = .8 MA
I Input Leakage Current 10 nA
Cn Input Capacitance 10 25 pf
C,  Output Capacitance 10 15 pf
C. Load Capacitance 100 150 pf
Pw  Power Dissipation 0.8 w T, = 25°C
|DD 40 mA
lec 100 mA
ls 5 mA

AC ELECTRICAL CHARACTERISTICS

PARAMETER MIN TYP MAX UNITS COMMENTS
clk clock frequency 12 MHz 50% duty cycle
t Clk, rise time 6 ns
t CIk, fall time 6 ns
t, DTRand WE 0.5 0.6 1 ws
t, BGACK to DTR 0.8 1.3 2 WS
t, WE to DATA 100 ns
t, DTACK to WE 1.5 2 ws
ts DTACK to R/W 1 1.5 us
t DTACK to C/D 15 25 ©s
t, CSTR to CSTRA 673 us
ts CSTRAto CSTR 1.5 ws
to CSTRA width 500 ns
t,  C/DtoDATA 0
t, CMDtoIM 3.25 ns
t, [IMwidth 500 ns
t,,  VCwidth 1 s
t, VCtoIM 1.75 ns
ts C/DtoMC 700 ns
te C/DtolM 2.25 s
t, C/DtoMC 750 ns
te C/DtoMC 1.25 us
t, CMD to MCF reset 3.75 ws
t,, CMD to MCF set 4.75 ©s
tn, CMDtoVC 2.75 ns
t,  C/Dto MCF reset 15 s
t,,  C/Dto MCF set 1 us
t,, ~PORwidth o 25 us
t,,  Receive CMD1oDTR 425 us
t, TransmitCMDto DTR 5.75 us
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FIGURE 3:
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FIGURE 5:
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AC CHARACTERISTICS
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INVALID MESSAGE (IM)
AS ART

CASE 1

MESSAGE COMPLETE (MC)
AS ART

CASE 1 ﬂT THE COMPLETION OF AN ERROR FREE BROAD-

ACT ANARIALALIN TDAMCAATIAM ACTED TUC

ERROR REGISTER IS WRITTEN INTO MEMORY.

cmpwp [+]

e[l
4 l-c—t"——

i S
|~ e hl

THE T/R BIT IN THE BROADCAST "1’ [

CMD iS SET HiGH. ta

CASE 2 AT THE COMPLETION OF A TRANSMIT OR RECEIVE
COMMAND TRANSACTION AFTER THE DATA REG-

BROADCAST WD [ 1] [re]o] | te ISTER IS WRITTEN INTO MEMORY.
-t —-—| |<-
ve M .
| cD JI
" - .
l.t,,-‘ MC
CASE 3 AN ERROR OCCURRED DURING ASABC
A BROADCAST C CASE3 WHEN THE BC ISSUES A RECEIVE COMMAND, THE
MC SIGNAL OCCURS AFTER THE STATUS WORD IS
— [ WRITTEN INTO MEMORY.
c/d b OR
L= WHEN THE BC ISSUES A TRANSMIT COMMAND,
™ i THE MC SIGNAL OCCURS AFTER THE LAST DATA
N WORD IS WRITTEN INTO MEMORY.
mc LI B
_.l i._ C/D !
s I
1
CASE 4 NON BROADCAST CMD MC i J_]—l
te
ciD | AS A BC ORRT
|
™M i CASE4 AT THE COMPLETION OF LOADING THE RT
m ADDRESS REGISTER OR
MC READING THE DATA REGISTER.
AS ABC cD I
CASE 5 A TRANSMIT OR RECEIVE BC TRANSFER MC 1
c/b I
CASE5 AFTER READING THE ERROR REGISTER.
M L
|‘- J -
cb 4|
MC 1 ]t b
Mc 1
NOTE: Message complete and invalid message outputs of
the COM 1553B are negative pulses i.e. MC and |

STANDARD MICROSYSTEMS

CORPORATION s

larcus Bivd., Hauppauge, N.Y. 11788
(516) 273-3100 - TWX-510-227-8898

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS

CORPORATION o
—

JLPC FAMILY

Asynchronous/Synchronous Transmitter-Receiver
ASTRO

FEATURES PIN CONFIGURATION =
= RENCHRONOUS :
<~ o
o SRR HORE i i
6sg s 38 [ CA (ATS)
Selectable 5-8 Bit Characters __WEQ 4 37 1 BA (150)
Two Successive SYN Characters Sets PSR o =)
Synchronization iNTR( 7 34 b O (1XFC)
Programmable SYN and DLE Character DAL( 8 330 R4
Stripping DALTY s2p R
Programmable SYN and DLE-SYN Fill art npre
O ASYNCHRONOUS MODE BALAL 12 29 i CF (CARR)
felethabli 50-8 Bit Charactgrs gggg 13 28 p g’c (O5R)
ine Break Detection and Generation 14 27 1 BB (RS))
1-, 1%-, or 2-Stop Bit Selection 4
Start Bit Verification 1574 17 24p D5
Automatic Serial Echo Mode "INE)_CEd 18 23) VR
O BAUD RATE—DC TO 1M BAUD S mpm®
O 8 SELECTABLE CLOCK RATES el

Accepts 1X Clock and Up To 4 Different
32X Baud Rate Clock Inputs

0O COPLAMOS® n-Channel Silicon

Up to 47% Distortion Allowance With 32X

Gate Technology

Clock O Pin for Pin replacement for
0 SYSTEM COMPATIBILITY Western Digital UC1671 and
Double Buffering of Data National INS 1671

8-Bit Bi-Directional Bus For Data, Status,
and Control Words

All Inputs and Outputs TTL Compatible

Up To 32 ASTROS Can Be Addressed
On Bus .

On-Line Diagnostic Capability

O ERROR DETECTION
Parity, Overrun and Framing

O

Baud Rate Clocks Generated by
COM5036 @ 1X and
COM5016-6 @ 32X

APPLICATIONS

Synchronous Communications
Asynchronous Communications

Serial/Parallel Communications

General Description

The COM1671 (ASTRO) is a MOS/LSI device which performs the functions of interfacing a serial data communication
channel to a parallel digital system. The device is capable of full duplex communications (receiving and transmitting) with
synchronous or asynchronous systems. The ASTRO is designed to operate on a multiplexed bus with other bus-oriented
devices. lts operation is programmed by a processor or controller via the bus and all parallel data transfers with these
machines are accomplished over the bus lines.

The ASTRO contains several “handshaking” signals to insure easy interfacing with modems or other peripheral devices
such as display terminals. In addition, a programmable diagnostic mode allows the selection of an internal looping feature
which allows the device to be internally connected for processor testing.

The COM1671 provides the system communication designer with a software responsive device capable of handling
complex communication formats in a variety of system applications.
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Organization

Data Access Lines — The DAL bus is an 8-bit bi-directional port over which all address, data, control, and status
transfers occur. In addition to transferring data and control words the DAL bus also transfers information
related to addressing of the device, reading and writing requests, and interrupting information.

Receiver Buffer — This 8-bit parallel register presents assembled received characters to the DAL bus when
requested through a Read operation.

Receiver Register — This 8-bit shift register inputs the received data at a clock rate determined by Control
Register 2. The incoming data is assembled to the selected character length and then transferred to the
Receiver Buffer with logic zeroes filling out any unused high-order bit positions.

Syn Register — This 8-bit register is loaded from the DAL bus by a Write operation and holds the synchronization
code used for receiver character synchronization. It serves as a fill character when no new data is available

in the Transmitter Buffer during transmission. This register cannot be read onto the DAL bus. It must be loaded
with logic zeroes in all unused high-order bits.

Comparator — The 8-bit comparator is used in the Synchronous mode to compare the assembled contents of
the Receiver Register and the SYN register or the DLE register. A match between the registers sets up

stripping of the received character, when programmed, by preventing the data from being loaded into the
Receiver Buffer. A bit in the Status Register is set when stripping is effected. The comparator output also enables
character synchronization of the Receiver on two successive matches with the SYN register.

DLE Register — This 8-bit register is loaded from the DAL bus by a Write operation and holds the DLE character
used in the Transparent mode of operation in which an idle transmit period is filled with the combination
DLE-SYN pair of characters rather than a single SYN character. In addition the ASTRO may be programmed to
force a single DLE character prior to any data character transmission while in the transmitter transparent mode.

Status Register — This 8-bit register holds information on communication errors, interface data register status,
match character conditions, and communication equipment status. This register may be read onto the DAL bus
by a Read operation.

Control Registers — There are two 8-bit Control Registers which hold device programming signals such as mode
selection, clock selection, interface signal control, and data format. Each of the Control Registers can be
loaded from the DAL bus by a Write operation or read onto the DAL bus by a Read operation. The registers are
cleared by a Master Reset.

Transmitter Buffer — This 8-bit parallel register holds data transferred from the DAL bus by a Write operation.
This data is transferred to the Transmitter Register when the transmitter section is enabled and the Transmitter
Register is ready to send new data.

Transmitter Register — This 8-bit shift register is loaded from the Transmitter Buffer, SYN register, or DLE
register. The purpose of this register is to serialize data and present it to the serial data output.

68



Astro Operation

Asynchronous Mode
Framing of asynchronous characters is provided by a Start bit (logic 0) at the beginning of a character
and a Stop bit(s) (logic 1) at the end of a character. Reception of a character is initiated on recognition

of the first Start bit by a positive transition of the receiver clock, after a preceding Stop bit(s). The Start
and Stop bits are stripped off while assembling the serial inputinto a parallel character.
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The character assembly is completed by the reception of the Stop bit(s) after reception of the last
character bit (including the parity bit, if selected). If the Stop bit(s) is alogic 1, the character is
determined to have correct framing and the ASTRO is prepared to receive the next character. If the Stop
bit(s) is a logic 0, the Framing Error Status flag is set and the Receiver assumes this bit to be the Start
bit of the next character. Character assembly continues from this point if the input is still a logic 0 when
sampled at the theoretical center of the assumed Start bit. As long as the Receiver inputis spacing, all
zero characters are assembled and error flags and data received interrupts are generated so that line
breaks can be determined. After a character of all zeroes is assembled along with a zero in the Stop
bit(s) location, the first sampled logic one is determined as a Stop bit and this resets the Receiver
circuit to a Ready state for assembly of the next character.

In the Asynchronous mode the character transmission occurs when information contained in the
Transmitter Buffer is transferred to the Transmitter Register. Transmission is initiated by the insertion
of a Start bit, followed by the serial output of the character (including the parity bit, if selected), then the
insertion of a 1, 1.5, or 2 bit length Stop condition. If the Transmitter Buffer is full, the next character
transmission starts after the transmission of the Stop bit(s) of the present character in the Transmitter
Register. Otherwise, the Mark (logic 1) condition is continually transmitted until the Transmitter
Buffer is loaded.

Synchronous Mode

Framing of characters is carried out by a special Synchronization Character Code (SYN) transmitted

at the beginning of a block of characters. The Receiver, when enabled, searches for two contiguous
characters matching the bit pattern contained in the SYN register. During the time the Receiver is
searching, data is not transferred to the Receiver Buffer, status bits are not updated, and the Receiver
interruptis not activated. After the detection of the first SYN character, the Receiver assembles
subsequent bits into characters whose length is determined by the contents of Control Register 2. If,
after the first SYN character detection, a second SYN character is present, the Receiver enters the
Synchronization mode until the Receiver Enable Bit is turned off. If a second successive SYN character
is not found, the Receiver reverts back to the Search mode.

In the Synchronous mode a continuous stream of characters are transmitted once the Transmitter
is enabled. If the Transmitter Buffer is not loaded at the time the Transmitter Register has completed
transmission of a character, this idle time will be filled by a transmission of the character contained in
the SYN register in the Non-transparent mode, or the characters contained in the DLE and SYN registers
respectively while in the Transparent mode of operation.
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Astro Operation
Receiver

The Receiver Data input is clocked into the Receiver Register by a 1X Receiver Clock from a modem
Data Set, or by a local 32X bit rate clock selected from one of four externally supplied clock-inputs.
When using the 1X clock, the Receiver Data is sampled on the positive transition of the clock in both
the Asynchronous and Synchronous modes. When using a 32X clock in the Asynchronous mode, the
Receiver Sampling Clock is phased to the Mark-To-Space transition of the Received Data Start bit and
defines, through clock counts, the center of each received Data bit with + 0%, —3% at the positive
transition 16 clock periods later.

In the Synchronous mode the Sampling Clock is phased to all Mark-To-Space transitions of the
Received Data inputs when using a 32X clock. Each transition of the data causes an incremental
correction of the Sampling Check by 1/32nd of a bit period. The Sampling clock can be immediately
phased to every Mark-To-Space Data transition by setting Bit 4 of Control Register 1 to a logic one,
while the Receiver is disabled.

When the complete character has been shifted into the Receiver Register it is transferred to the
Receiver Buffer; the unused, higher order bits are filled with logic zero's. At this time the Receiver
Status bits (Framing Error/ Sync Detect, Parity Error/DLE Detect, Overrun Error, and Data Received)
are updated in the Status Register and the Data Received interruptis activated. Parity Error is set, if
encountered while the Receiver parity check is enabled in the Control Registers. Overrun Erroris
set if the Data Received status bitis not cleared through a Read operation by an external device when
anew character is transferred to the Receiver Buffer. This error flag indicates that a character has
been lost; new data is lost while the old data and its status filags are saved.

The characters assembled in the Receiver Register that match the content of the SYN or the
DLE register are not loaded into the Receiver Buffer, and the DR interrupt is not generated, if Bit 3 of
Control Register 2 (CR23) or Bit 4 of Control Register 1 (CR14) are set respectively, and SYN Detect and
DLE Detect are set with the next non SYN or non DLE character. When both CR23 and CR14 are set
(Transparent mode), the DLE-SYN combination is stripped. The SYN comparison occurs only with the
character received after the DLE character. If two successive DLE characters are received only the
first DLE character is stripped. No parity check is made while in this mode.

Transmitter

Information is transferred to the Transmitter Buffer by a Write operation. Information can be loaded
into this register at any time, even when the Transmitteris not enabled. Transmission of data occurs
only when the Request to Send bitis set to a logic 1in Control Register 1 and the Clear To Send input is
logic 0. Information is normally transferred from the Transmitter Buffer to the Transmitter Register
when the latter has completed transmission of a character. However, information in the DLE register
may be transferred prior to the information contained in the Transmitter Buffer if the Force DLE signal
condition is enabled (Bits 5 and 6 of Control Register 1 set to a logic 1). The control bit CR15 must be
set prior to loading of a new character in the Transmitter Buffer to insure forcing the DLE character
prior to transmission of the data character. The Transmitter Register output passes through a flip-flop
which delays the output by one clock period. When using the 1X clock generated by the Modem Data
Set, the output data changes state on the negative clock transition and the delay is one bit period.
When using a local 32X clock the the transmitter section selects one of the four selected rate inputs and
divides the clock down to the baud rate. This clockis phased to the Transmitter Buffer Empty Flag
such that transmission of characters occurs within two clock times of the loading of the Transmitter
Buffer, when the Transmitter Register is empty. )

When the Transmitter is enabled, a Transmitter interrupt is generated each time the Transmitter
Buffer is empty. If the Transmitter Buffer is empty, when the Transmitter Register is ready for a new
character, the Transmitter enters an idle state. During this idle time a logic 1 will be presented to the
Transmitted Data output in the Asynchronous mode or the contents of the SYN register will be
presented in the Synchronous Non-transparent mode (CR16 =0). In the Synchronous Transmit
Transparent mode (CR16 =1), the idle state will be filled by DLE-SYN character transmission in that
order. When entering the Transparent mode DLE must precede the contents of the Transmitter Buffer.
This is accomplished by setting of Bit 5 of Control Register 1.

If the transmitter section is disabled by a reset of the Request to Send, any partially transmitted
character is completed before the transmitter section of the ASTRO is disabled. As soon as the Clear
To Send goes high the transmitted data output will go high.

When the Transmitter parity is enabled, the selected Odd or Even parity bit is inserted into the last
data bit of the character in place of the last bit of the Transmitter Register. This limits transfer of
character information to a maximum of seven bits plus parity or eight bits without parity. Parity cannot
be enabled in the Synchronous Transparency mode.
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input/Output Operations

All Data, Control, and Status words are transferred over the Data Access Lines (DAL 0-7). Additional input
lines provide controls for addressing a particular ASTRO, and regulating all input and output operations. Other
lines provide interrupt capability to indicate toa Controller that an input operation is requested by the ASTRO.
All input/output terminology below is referenced to the Controller so that a Read or input takes data from the
ASTRO and places it on the DAL bus, while a Write or Output places data from the DAL bus into the ASTRO.

A Read or Write operation is initiated by the placement of an eight-bit address on the DAL bus by the
Controller. When the Chip Select signal goes to a logic 0 state, the ASTRO compares Bits 7-3 of the DAL bus
with its hard-wired ID code (Pins 17, 22, 24, 25, and 26) and becomes selected on a Match condition. The ASTRO
then sets its RPLY line low to acknowledge its readiness to transfer data. Bit 0 must be a logic O in Read or
Write operation. A setup time must exist between CS and the RE or WE signals to aliow chip selection prior to
read/write operations. :

Read =
Bits 2-0 of the address are used to select ASTRO registers to read from as follows: =
Bits 2-0 Selected Register g
000 Control Register 1 i
010 Control Register 2 »
100 Status Register
110 Receiver Buffer

When the Read Enable (RE) line is set to a logic 0 condition by the Controlier the ASTRO gates the contents
of the addressed register onto the DAL bus. The Read operation terminates, and the device becomes unselected,
when both the Chip Select and Read Enable return to a logic 1 condition. Reading of the Receiver Buffer clears
the Data Received Status bit. The data is removed from the DAL bus when the RE signal returns to the logic
high state.

Write
Bits 2-0 of the address are used to select ASTRO registers to be written into as follows:
Bits 2-0 Selected Register
000 Control Register 1
010 Control Register 2
100 SYN and DLE Register
110 Transmitter Buffer

When the Write Enable (WE) line is set to a logic 0 condition by the Controller the ASTRO gates the data
from the DAL bus into the addressed register. If data is written into the Transmitter Buffer, the TBMT Status bit
is cleared to a logic zero.

The 100 address loads both the SYN and DLE registers. After writing into the SYN register the device is
conditioned to write into the DLE if followed by another Write pulse with the 100 address. Any intervening
Read or Write operation with other addresses or other ASTROs resets this condition such that the next 100 will
address the SYN register.

Interrupts
The following conditions generate interrupts:

Data Received (DR)

Indicates transfer of a new character to the Receiver Buffer while the Receiver is enabled.

Transmitter Buffer Empty (TBMT)

Indicates that the Transmitter Buffer is empty while the Transmitter is enabled. The first interrupt occurs when
the Transmitter becomes enabled if there is an empty Transmitter Buffer, or after the character is transferred
to the Transmitter Register making the Transmitter Buffer empty.

Carrier On
Indicates Carrier Detecior input goes low and the Data Terminal Ready (DTR) bit (CR10) is high.

Carrier Off
Indicates Carrier Detecior input goes high and the Data Terminal Ready (DTR) bit (CR10) is high.

Data Set Ready On
Indicates the Data Set Ready input goes low and the Data Terminal Ready (DTR) bit (CR10) is high.

Data Set Ready Off
Indicates the Data Set Ready input goes high and the Data Terminal Ready (DTR) bit (CR10) is high.

Ring On
indicates the Ring Indicator input goes low and the Data Terminal Ready (DTR) bit (CR10) is low.

Each time an interrupt condition exists the INTR output from the ASTRO is made a logic low. The following
interrupt procedure is then carried out even if the interrupt condition is removed.

The Controller acknowledges the Interrupt request by setting the Chip Select (CS) and the Interrupt
Acknowlecge Input (IACKI) to the ASTRO to a low state. On this transition all non-interrupting devices receiving
the TACKI signal set their interrupt Acknowledge Cutput (TACKDO) low, enabling lower priority daisy-chained
devices to respond to the interrupt request. The highest priority device that is interrupting will then set its RPLY
line low. This device will place its ID code on Bit Positions 7-3 of the DAL bus when a low RE signal is received.
The data is removed from the DAL bus when the Read Enable (RE) signal returns to the logic one state. To reset

the Interrupt condition (INTR) Chip Select {CS) and IACKI must be received by the ASTRO.
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Description of Pin Functions

Pin No. Symbol Pin Name I70 Function
1 Vis POWER SUPPLY PS — 5Volts

21 Vee POWER SUPPLY PS + 5Volts

40 Voo POWER SUPPLY PS + 12 Volts

20 Vss GROUND GND Ground

23 MR MASTER RESET i The Controi and Status Registers and other controis
are cleared when this input is low.

8- DALO- DATA ACCESS LINES 1/0 Eight-bit bi-directional bus used for transfer of data,

15 DAL7 control status, and address information.

17 D7 SELECT CODE | Five input pins which when hard-wired assign the

22 1D6 | device a unique identification code used to select

24 ID5 | the device when addressing and used as an

25 1D4 | identification when responding to interrupts.

26 ID3 I

3 Cs CHIP SELECT [ The low logic transition of CS identifies a valid
address on the DAL bus during Read and Write
operations.

39 RE READ ENABLE | This input, when low, gates the contents of the
addressed register from a selected ASTRO onto
the DAL bus.

4 WE WRITE ENABLE | This input, when low, gates the contents of the DAL
bus into the addressed register of a selected
ASTRO.
7 INTR  INTERRUPT 0 This open drain output, to facilitate WIRE-ORing,
goes low when any interrupt conditions
occur.
2 IACKI INTERRUPT ! When the Controller (determining the interrupting
ACKNOWLEDGE IN ASTRO) makes this input low, the ASTRO places
its ID code on the DAL bus and sets reply low ifitis
interrupting, otherwise it makes IACKO a low.
5 IACKO INTERRUPT [e] This output goes low in response to a low IACKI if
ACKNOWLEDGE OUT the ASTRO is not the interrupting device.
6 RPLY REPLY (0] This open drain output, to facilitate WIRE-ORing,

goes low when the ASTRO is responding to being
selected by an address on the DAL bus or in
affirming that it is the interrupting source.
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Description of Pin Functions

Pin No. Symbol Pin Name /0 Function

30 R1 CLOCK RATES | These four inputs accept four different local 32X

31 R2 | data rate Transmit and Receive clocks. The input on

32 R3 | R4 may be divided down into a 32X clock from a

33 R4 ! 32X, 64X, 128X, or 256X clock input. The clock used
in the ASTRO is selected by bits 0-2 of Control
Register 2.

37 BA TRANSMITTED DATA O This output is the transmitted serial data from the
ASTRO. This output is held in a Marking condition
when the transmitter section is not enabled.

=
o
-
XY
(%)
7]

27 BB RECEIVED DATA | This input receives serial datainto the ASTRO.

38 CA REQUESTTOSEND O This output is enabled by bit 1 of Control Register 1
and remains in a low state during transmitted data

from the ASTRO.

36 CB CLEAR TO SEND I This input, when low, enables the transmitter
section of the ASTRO.

28 CC DATA SET READY I This input generates an interrupt when going ON or

OFF while the Data Terminal Ready signal is ON.
It appears as bit 6 in the Status Register.

16 Cb DATA TERMINAL o} This output is generated by bit 0in Control Register
READY 1 and indicates Controller readiness.
18 CE RING INDICATOR | This input from the Data Set generates an interrupt

when made low with Data Terminal Ready in the
OFF condition.

29 CF CARRIER DETECTOR | This input from the Data Set generates an interrupt
when going ON or OFF if Data Terminal Ready is
ON. It appears as bit 5 in the Status Register.

35 DB TRANSMITTER 1 This input is the Transmitter 1X Data Rate Clock.

) TIMING Its use is selected by bits 0-2 of Control Register 2.
The transmitted data changes on the negative
transition of this signal.

34 DD RECEIVER TIMING | Thisinput is the Receiver 1X Data Rate Clock. Its
use is selected by bits 0-2 of Control Register 2. The
Received Data is sampled by the ASTRO on the
positive transition of this signal.

19 MISC MISCELLANEOUS (o} This outputis controlled by bits 4 and 5 of Control
Register 1 and is used as an extra programmable
signal.
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Device Programming

The two 8-bit Control Registers of the ASTRO determine the operative conditions of the ASTRO chip.

Control Register 1

1

SYNC

0 — TRANSMITTER
NON TRANS-
PARENT MODE

1 — TRANSMITTER
TRANSPARENT
MODE

ASYNC (TRANS. DISABLED)

0 — MISE OUT=1
1 — MISC 0UT=0

SYNC (CR16=0)

0 — NO PARITY
GENERATED

1 — TRANSMIT PARITY
ENABLED

SYNC (CR16=1)

0 — NO FORCE DLE
1 — FORCE DLE

SYNC (CR12=1)

0 - DLE STRIPPING
NOT ENABLED

1 — DLE STRIPPING
ENABLED

SYNC (CR12=0)

0 — MISC OUT=1
1 — MISC 0UT=0

R AND
PARITY GENERATION
ENABLED ON
TRANSMITTER

SYNC

0 — RECEJVER PARITY
CHECK 1S DISABLED

1 — RECEIVER PARITY
CHECK IS ENABLED

BIT 7 ] 5 4 3 2 0
SYNC/ASYNC | ASYNC ASYNC (TRANS. ENABLED) | ASYNC ASYNG | SYNC/ASYNG SYNC/ASYNC SYNC/ASYNC
0 — LOoP 0 — NONBREAK 0 — 1%z or 2 STOP BIT 0 — NON ECHO MODE 0 — NO PARITY ENABLED | 0 — RECEIVER | 0 — SETSRTS | 0 — SETS DTR

MODE MODE SELECTION 1 — AUTO ECHO MODE 1 — PARITY CHECK DISABLED ouT=1__ oUT=1_
1—NORMAL | 1 — BREAK MOOE 1 — SINGLE STOP BIT NABLED 1~ RECEIVER | 1 — SETSRTS | 1 — SETS DTR
MODE ™ SELECTION RECEIVE ENABLED ouT=0 ouT=0

Bit0

Controls the Data Terminal Ready output on Pin 16 to control the CD circuit of the Data Set.
Alogic 1 enables the Carrier and Data Set Ready interrupts. A logic 0 enables only the telephone line
Ring interrupt. The DTR output is inverted from the state of CR10.

Bit1

Controls the Request to Send output on Pin 38 to control the CA circuit of the Data Set. The RTS output
is inverted from the state of CR11. A logic 1 combined with a low logic Clear to Send input enables

the Transmitter and allows TBMT interrupts to be generated. A logic 0 disables the Transmitter and
turns off the external Request to Send signal. Any character in the Transmitter Register will be
completely transmitted before the Transmitter is turned off. The Request to Send output may be used

for other functions such as Make Busy on 103 Data Sets.

Bit 2

A logic 1 enables the ASTRO to receive data into the Receiver Buffer, update Receiver Status
Bits 1, 2, 3, and 4, and to generate Data Received interrupts. A logic 0 disables the Receiver and clears

the Receiver Status bits.

Bit3

Alogic 1 enables check of parity on received characters and generation of parity for transmitted

characters.

Asynchronous Mode

Synchronous Mode

Alogic 1 bit enables check of parity on received characters only. Note: Transmitter parity enable is
controlled by CR15.
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Bit4 Asynchronous Mode

A logic 1 enables the Automatic Echo mode when the receiver section is enabled. In this

mode the clocked regenerated data is presented to the Transmitter Data output in place of normal
transmission through the Transmitter Register. This serial method of echoing does not present any
abnormal restrictions on the transmit speed of the terminal. Only the first character of a Break

condition of all zeroes {null character) is echoed when a Line Break condition is detected. For all
subsequent null characters, with logic zero Stop bits, a steady Marking condition is transmitted until
normal character reception resumes. Echoing does not start until a character has been received and the
Transmitter is idle. The Transmitter does not have to be enabled during the Echo mode.

Synchronous Mode
Alogic 1, with the Receiver enabled does not allow assembled Receiver data matching the DLE
register contents to be transferred to the Receiver Buffer; also, parity checking is disabled.

When the Receiver is not enabled this bit controls the Miscellaneous output on Pin 19, which may be
used for New Sync on a 201 Data Set. When operating with a 32X clock and a disabled Receiver, a logic
1 on this bit also causes the Receiver timing to synchronize on Mark-To-Space transitions.

Bit5
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Asynchronous Mode
Alogic 1, with the Transmitter enabled, causes a single Stop bit to be transmitted. A logic 0 causes
transmission of 2 stop bits for character lengths of 6, 7, or 8 bits and one-and-a-half Stop bits fora
character length of 5 bits.
With the Transmitter disabled this bit controls the Miscellaneous output on Pin 19, which may be used
for Make Busy on 103 Data Sets, Secondary Transmit on 202 Data Sets, or dialing on CBS Data Couplers.

Synchronous Mode
Alogic 1 combined with a logic 0 on Bit 6 of Control Register 1 enables Transmit parity; if CR15=0 or
CR186=1 no parity is generated. When set to a logic 1 with Bit 6 also a logic 1, the contents of the DLE
register are transmitted prior to the next character loaded in the Transmitter Buffer as part of the
Transmitter Transparent mode.

Bit 6 Asynchronous Mode

Alogic 1 holds the Transmitted Data output in a Spacing (Logic 0) condition, starting at the end of any
current transmitted character, when the Transmitter is enabled. Normal Transmitter timing continues

so that this Break condition can be timed out after the loading of new characters into the Transmitter Buffer.

Synchronous Mode
Alogic 1 conditions the Transmitter to a transparent transmission which implies that idle transmitter
time will be filled by DLE-SYN character transmission and a DLE character can be forced ahead of any
character in the Transmitter Buffer (Bit 5 above). When forcing DLE transmission, Bit 5 should be set to
alogic 1 prior to loading the Transmitter Buffer, otherwise the character in the latter register may be
transferred to the Transmitter Register prior to sending the DLE character.

Bit7

A logic 0 configures the ASTRO into an Internal Data and Control Loop mode and disables the
Ring interrupt. In this diagnostic mode the following loops are connected internally:

a. The Transmit Data is connected to the Receive Data with the BA pin held in a Mark condition and
the input to the BB pin disregarded.

b. With a 1X clock selected, the Transmitter Clock also becomes the Receive Clock.

¢. The Data Terminal Ready (DTR) Control bit is connected to the Data Set Ready (DSR) input, with
the Data Terminal Ready {DSR) output pin held in an OFF condition (logic high), and the DSR input
pinis disregarded. .

d. The Request to Send Control bit is connected to the Clear To Send (CTS) and Carrier Detector (CF)
inputs, with the Request To Send (RTS) output pin held in an OFF condition (logic high), and the CTS
_and Carrier Detector input pins are disregarded.

e. The Miscellaneous pin is held in an OFF (logic high) condition.

Alogic 1 on Bit 7 enables the Ring interrupt and returns the ASTRO to the normal full duplex
configuration.
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Control Register 2

Control Ragistar 2 unlika Contral Register 1 nannot ha changed at any time. This register should be
changed only while both the receiver and transmitter sections of the ASTRO are in the idle state.

BIT 7 6 5 4 3 2 1 0
SYNC/ASYNC MODE SELECT SYNC/ASYNC ASYNC SYNC/ASYNC
CHARACTER LENGTH SELECT 0 — ASYNCHRONOUS 0- E!ENF:_AHITY 0 §E$E|¥EH CLK= CLOCK SELECT
00=8 BITS MODE 1 0DD PARITY 1 — REGEIVER CLOCK 000 - 1X CLOCK
01=7BITS 1 — SYNCHRONOUS SELECT DETERMINED BY 001 ~ RATE 1 CLOCK
10=8 BITS MODE B ¥ 010 ~ RATE 2 CLOCK
11=5BITS 011 — RATE 3 CLOCK
SYNC (CR16 m= 0) 100 — RATE 4 CLOCK
—_— 101 — RATE 4 CLOCK + 2
0 — NO SYN STRIP 110 — RATE 4 CLOCK =+ 4
1 — SYN STRIP 111 — RATE 4 CLOCK ~ 8
SYNC (CR16=1)
0 — NO DLE-SYN STRIP
1 — DLE-SYN STRIP
Bits 0-2
These bits select the Transmit and Receive clocks.
Bits Clock Source
210 Tx Rx
000 1X Clock (Pin 35) 1X Clock (Pin 34)
001 Rate 1 32X clock (Pin 30)
010 Rate 2 32X clock (Pin31) *
011 Rate 3 32X clock (Pin32) *
100 Rate 4 32X clock (Pin33) * -
101 Rate4 32X clock (Pin33) (+ 2) *t
110 Rate 4 32X clock (Pin33) (= 4) *f
111 Rate 4 32X clock (Pin33) (+ 8) *t
NOTES:

*Rx clock is modified by bit 3 in the asynchronous mode.

‘tRate 4 is internally dividable so that the required 32X clock may be derived from an applied 84X, 128X, or 256X clock
which may be available.

Bits 3
Asynchronous Mode

Alogic 0 selects the Rate 1 32X clock input (Pin 30) as the Receiver clock rate and a logic 1 selects the
same clock rate for the Receiver as selected by Bits 2-0 for the Transmitter. This bit must be alogic 1
for the 1X clock selection by Bits 2-0.

Synchronous Mode
Alogic 1 causes all DLE-SYN combination characters in the Transparent mode when DLE strip (CR14)
is alogic 1, or all SYN characters in the Non-transparent mode to be stripped out and no Data Received
interrupt to be generated. The SYN Detect status bit is set with reception of the next assembled
character as is transferred to the Receiver Buffer.
Bit4
Alogic 1 selects odd parity and a logic O selects even parity, when parity is enabled by CR13
and/or CR15.
Bit 5
Alogic 1 selects the Synchronous Character mode. A logic 0 selects the Asynchronous Character mode.
Bits 6-7
These bits select the full character length (including parity, if selected) as shown above. When parity is
enabled it must be considered as a bit when making character length selection (5 bits plus parity =6 bits).
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Status Register

The data contained in the Status Register define Receiver and Transmitter data conditions and
status of the Data Set.

Alogic 1 indicates that the Transmitter Buffer may be loaded with new data. It is set to a logic 1
when the contents of the Transmitter Buffer is transferred to the Transmitter Register. It is cleared when
the Transmitter Buffer is loaded from the DAL bus, or when the Transmitter is disabled.

Bit 1
Alogic 1 indicates that an entire character has been received and transferred into the Receiver
Buffer. It is cleared when the Receiver Buffer is read onto the DAL bus, or the Receiver is disabled.

Bit 2

Alogic 1 indicates an Overrun error which occurs if the previous character in the Receiver

Buffer has not been read and Data Received is not reset, at the time a new character is to be transferred
to the Receiver Buffer. This bit is cleared when no Overrun condition is detected (the next character
transfer time) or when the Receiver is disabled.

Bit 3

When the DLE Strip is enabled (CR14) the Receiver parity check is disabled and this bitis set to a logic 1
if the previous character to the presently assembled character matched the contents of the DLE
register; otherwise it is cleared. The DLE DET remains for one character time and is reset on the next
character transfer or on a Status Register Read. If DLE Strip is not enabled this bit is set to a logic 1
when the Receiver is enabled, Receiver parity (CR13) is also enabled, and the last received character
has a Parity error. A logic 0 on this bit indicates correct parity. This bit is cleared in both modes when
the Receiver is disabled.

Bit4

7 6 5 4 3 2 1 0
¢ Data e Data | ¢ Carrier | * Framing | * DLE o Overrun | ¢ Data o Transmitter
Set Set Detector Error Detect| Error Received  Buffer
Change | Ready ® Syn ¢ Parity (DR) Empty
(DSR) Detect Error (TBMT) _
=z
Bit0 g

Asynchronous Mode
A logic 1 indicates that the received data did not have a valid stop bit, while the Receiver was enabled,
which indicates a Framing error. This bit is set to a logic 0 if the stop bit (logic 1) was detected.

Synchronous Mode
A logic 1 indicates that the contents of the Receiver Register matches the contents of the SYN Register.
The condition of this bit remains for a full character assembly time. If SYN strip (CR23) is enabled this
status bit is updated with the character received after the SYN character.

In both modes the bit is cleared when the Receiver is disabled.

Bit5 R

This bit is the logic complement of the Carrier Detector input on Pin 29.

Bit6 .

This bit is the logic complement of the Data Set Ready input on Pin 28. With 202-type Data Sets
it can be used for Secondary Receive.

Bit7
This bit is set to a logic 1 whenever there is a change in state of the Data Set Ready or Carrier Detector

inputs while Data Terminal Ready (CR10) is a logic 1 or the Ring Indicator is turned ON, withDTR a
logic 0. This bit is cleared when the Status Register is read onto the DAL bus.
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Flow Chart Receiver Operations
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature RANGE ... ... . viuaretn e 0°Cto + 70°C
Storage Temperature RANGe . .........c.iirtiiiii i —55°C to +150°C
Lead Temperature (Soldering, 10 SEC.) .. ...uuert it +325°C
Positive Voltage on any Pin, with respecttoground. . ...... ..ot +18.0V
Negative Voltage on any Pin, with respecttoground. ... ...t —0.3V

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or at any other condition above those indicated in
the operational sections of this specification is not implied.
ELECTRICAL CHARACTERISTICS
(TA,=0°C 10 70°C, Ve = +5V 5%, Vpp= +12V £5%, Vg = —5V +5%, Vss= 0V, unless otherwise noted)

Parameter Min Typ. Max. Unit Comments =

D.C. Characteristics 3
INPUT VOLTAGE LEVELS 5

Low Level, V,_ 0.8 Vv -

High Level, Vi 2.4 Vv

OUTPUT VOLTAGE LEVELS

Low Level, Vo, 0.4 \ lo,=1.6ma

High Level, Vou 2.4 low=100pa
INPUT LEAKAGE

Data Bus 5.0 10.0 pa 0=V\=5v

All others 5.0 10.0 pa Vin=t+12v
POWER SUPPLY CURRENT

lee 80.0 ma

Ioo 10.0 ma

lgg 1.0 ma
A.C. Characteristics T.=25°C
CLOCK-RCP, TCP

frequency 1.0 MHz
DAL Bus

Tas Address Set-Up Time 0 ns

Tan Address Hold Time 150 ns

Tare Address to RPLY Delay 400 ns

Tes CS Width 250 ns

Tesrer CS to Reply OFF Relay 9] 250 ns R.=2.7KQ
Read _

Tare Address and RE Spacing 250 ns

TrecsH RE and CS Overlap 20 ns

Trees RE to CS Spacing 250 ns

Trep RE to Data Out Delay 180 ns C, =20 pf
Write _

T awe Address to WE Spacing 250 ns

Twecsh WE and CS Overlap 20 ns

Twe WE Width 200 1000 ns

Tps Data Set-Up Time 150 ns

Tou Data Hold Time 100 ns

Twecs WE to CS Spacing 250 ns
Interrupt o

Test CS to IACKI Delay 0 ns

Tesre CS to RE Delay 250 ns

Tesren CS and RE Overlap 20 ns

Trecs RE to CS Spacing 250 » ns

T IACKI Pulse Width 200 ns

Tiap IACKI to Valid ID Code Delay 250 ns See Note 1.

Trep RE OFF to DAL Open Delay 180 ns

Tiare IACKI to RPLY Delay 250 ns See Note 1.

Tesaie CS to RPLY OFF Delay 0 250 ns R .=27KQ

Tu IACKI to IACKO Delay 200 ns

Trer RE OFF to IACKO OFF Delay 250 ns

Note 1: If RE goes low after IACKI goes low, the delay will be from the falling edge of RE.
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Multiple ASTRO System in Daisy-Chain Configuration
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35 Marcus Bivd, Haupoauge, N Y 11788
(5161273-3100 TWX-5¥0-227-8898

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions; consequently complete information suff purposes is not necessarily gi The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights.of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.
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COM 1863
cOM 8018

UPC FAMILY

STANDARDIBIII\IICROSYSTEMS

Universal Asynchronous Receiver/Transmitter
UART

_PIN CONFIGURATION
FEATURES vwooHd1 = 4 L ree i
O Compatible with TR1863 timing .HIAG(ZS 5 5 gg % :g; 2
O High accuracy 32X clock mode: 48.4375% Receiver Distortion ROE [J 4 37 ] nNDB2 é
Immunity and improved RDA/ROR operation (COM 8018 only) RD8 (] 5 36 [] NsB
[ High Speed Operation—62.5K baud, 200ns strobes RD7 (] 8 35[] NPB
. RD6 [] 7 34 : CS
[ Single +5V Power Supply RDs [] 8 3] TDs
[ Direct TTL Compatibility—no interfacing circuits required *;‘;‘; g 90 32(] TD7
1
O Input pull-up options: COM 8018 has low current pull-up RD2 E 8! g:) % 132
resistors; COM 1863 has no pull up resistors rD1 (] 12 29 [] TD4
[ Full or Half Duplex Operation—can receive and transmit RPE [] 13 28] TD3
simultaneously at different baud rates :gg E 1‘; Z % 133
O Fully Double Buffered—eliminates need for precise external SWE [] 16 25 ] TSO
timing Rcep [ 17 24 ] TEOC
O Improved Start Bit Verification—decreases error rate ADAR [] 18 23] TOS
. . i . RDA [ 19 22 [ TBMT
[ 46.875% Receiver Distortion Immunity Rsi [0 20 2 B MR
O Fully Programmable—data word length; parity mode; number -
of stop bits: one, one and one-haif, or two PACKAGE: 40-Pin D.L.P.
O Master Reset— Resets all status outputs and Receiver Buffer
Register
[ Three State Outputs—bus structure oriented FUNCTIONAL BLOCK DIAGRAM
O Low Power—minimum power requirements TD1 TD2 TD3 TD4 TD5 TD6 TD7 TD8
O Input Protected —eliminates handling problems lzs 127 128 129 ].30 131 132 133
1 Ceramic or Plastic DIP Package—easy board insertion e TRANSMITTER BUFFER REGISTER
[ Baud Rates available from SMC’'s COM 8046, COM 8116,
COM 8126, COM 8136, COM 8146 baud rate generators lL
TRANSMITTER | 25
SHIFT TSO
REGISTER
40 | TIMING AND CONTROL TRANSMITTER }‘—024 TEOC
GENERAL DESCRIPTION TCPY
The Universal Asynchronous Receiver/Transmitter is an csb3 j r l/L 16| SwE
MOS/LSI monolithic circuit that performs all the receiving and 35 s + 2
transmitting functions associated with asynchronous data NPB4== sTaTus  [T3" TBMT
communications. This circuit is fabricated using SMC'’s N"E‘gg 37 CONTROL WORD 4| RPE
patented COPLAMOS® technology and employs depletion NDB1 38 1 )| REGISTER BUFFER 5 ROR
mode loads, allowing operation from a single +5V supply. The POE2 REGISTER RDA
duplex mode, baud rate, data word length, parity mode, and ¥ 18| ——
number of stop bits are independently programmable through lL } RDAR
the use of external controls. There may be 5, 6, 7, or 8 data rep S
bits, odd/even or no parity, and 1 or 2 stop bits or 1.5 stop bits TIMING AND CONTROL RECEIVER I
when utilizing a 5-bit code. These programmable features
provide the user with the ability to interface with all u 21
asynchronous peripherals. | MR
rs1+2 SE%ETWER 1
! REGISTER ‘_g‘ M v
LL =24 Gnd
*If pin 2 i taken to a logic 1 the COM 8018 will operate in a high RBE+—  RECEIVER BUFFER REGISTER
accuracy mode. If pin 2is connected to — 12V, GND, a valid logic
zero, or left unconnected, the high accuracy feature is disabled, 5 ls 17 ls lg 110 J'n bz
and the UART will operate in a 16X clock mode. Pin 2is not con- RD8 RD7 RDG RD5 RD4 RD3 RD2 RD1
nected on the COM 1863.
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DESCRIPTION OF OPERATION — TRANSMITTER

At start-up the power is turned on, a clock whose
frequency is 16 or 32 times the desired baud rate is
applied, and master reset is pulsed. Under these
conditions TBMT, TEOC, and TSO are all at a high
level (the line is marking).

VWi TewT. and 1o0C are figil, lhe coniroi pits
may be set. After this has been done the data bits
may be set. Normally, the control bits are strobed
into the transmitter prior to the data bits. However,
as long as minimum pulse width specifications
are not violated, TDS and CS may occur simulta-
neously. Once the data strobe ) has been
pulsed, the TBMT signal goes low, indicating that
the data bits buffer register is full and unavailable to
receive new data.

If the transmitter shift register is transmitting pre-
viously loaded data the TBMT signal remains low.
If the transmitter shift register is empty, or whenitis
through transmitting the previous character, the
datain the buffer register is loadedimmediately into
the transmitter shift register and data transmission

commences. TEOC goes low, TSO goes low (the
start bit), and TBMT goes high indicating that the
data in the data bits buffer register has been loaded
into the transmitter shift register and that the data
bits buffer register is available to be loaded with
If new data is loaded into the data bits buffer register
atthis time, TBMT goes lowand remainsinthisstate
until the present transmission is completed. One
full character time is available for loading the next
character with nolossinspeed of transmission. This
is an advantage of double buffering.

Data transmission proceeds in an orderly manner:
start bit, data bits, parity bit (if selected), and the
stop bit(s). When the last stop bit has been on the
line for one bit time TEOC goes high. If TBMT is
low, transmission begins immediately. If TBMT is
high the transmitter is completely at rest and, if
desired, new control bits may be loaded prior to the
next data transmission.

ODD/EVEN
PARITY SELECT

NO NUMBER NUMBER OF
PARITY STOP BITS DATA BITS

! i 4

CONTROL
STROBE —-i{ CONTROL BITS HOLDING REGISTER

TRANSMITTER BLOCK DIAGRAM

DB8 DB7 DB6 DBS DB4 DB3 DB2 DBt

DATA BITS HOLDING REGISTER
BUFFER

DATA STROBE

! 1

<

TO
RECEIVER

STEERING LOGIC

F TRANSMITTER
s F/F BUFFER

1 EMPTY

16X or 32X —i—q LOAD SERIAL

cLOoE TIMING GENERATOH—L: SHiEy  TRANSMITTER SHIFT REGISTER — 25t

ouTPUT
LoGic

END OF

*-yi PARITY BIT GENERATION LOGIC j—a —rb CHARAGTER
HIACC

DESCRIPTION OF OPERATION—RECEIVER

At start-up the power is turned on, a clock whose
frequency is 16 or 32 times the desired baud rate is
applied and master reset is pulsed. The data
available (RDA) signal is now low. There is one set
of control bits for both the receiver and transmitter.

Data reception begins when the serial input line
transitions for mark (high) to space (low). If the
RSI line remains spacing for 15/32 to 17/32 bit
times (in the 16X mode, HIACC = 0) or 31/64 to
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33/64 bit times (in the 32X mode, HIACC = 1), a
genuine start bit is verified. Should the line return
to a marking condition prior to a 1/2 bit time, the
start bit verification process begins again. A mark
to space transition must occur in order to initiate
start bit verification. Once a start bit has been

. verified, data reception proceeds in an orderly

manner: start bit verified and received, data bits
received, parity bit received (if selected) and the
stop bit(s) received.



If the received parity bit is incorrect, the parity
error flip-flop of the status word buffer register is
set high, indicating a parity error. However, if the
no parity mode is selected, the parity error flip-
flop is unconditionally held low, inhibitinga parity
error indication. If a stop bit is not received, the
framing error flip-flop is set high, indicating a fra-
ming errot.

On the negative RCP edge preceding the stop-bit

center sample, internal logic looks at the data
available (RDA) signal. If, at this instant, the RDA

receiver assumes that the previously received
character has not been read out and the over-run
flip-flop is set high. The only way the receiver is
aware that data has been read out is by having the
data available reset low.

Subsequently the RDA output goes high indicating
that all outputs are available to be examined. The
receiver shift register is now available to begin re-
ceiving the next character. Due to the double buf-
fered receiver, a full character time is available to
remove the received character.

signal is high, or the RDAR signal is low, the

=
o
-
o
w
7]

RECEIVER BLOCK DIAGRAM

FRAMING
ERROR

OVER RUN PARITY ERROR
TRANSMITTER

BUFFER EMPTY

RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1

1111
R —
o

DATA
AVAILABLE

STATUS
. 3-STATE BUFFER

ENABLE

3-STATE BUFFER

[ TTTT T L C

DATA BITS HOLDING REGISTER
BUFFER

Al RESET DAIA
AVAILABLE

STATUS WORD
HOLDING REGISTER

‘I‘ T

F/F

CONTROL
BITS FROM
HOLDING

REGISTER I
- v
SERIAL START BIT PARITY BIT RIGHT RECEIVER SHIFT
INPUT VERIFICATION GHECKING LOGIC JUSTIFY LOGIC cp REGISTER

TIMING GENERATOR

16X or 32X
CLOCK

HIACC

DESCRIPTION OF PIN FUNCTIONS

PINNO.| SYMBOL NAME FUNCTION
1 Voo Power Supply +5 volt Supply
2 HIACC High Accuracy Enables 32X clock and improved RDA/ROR operation.
Mode See NOTE on high accuracy mode.
3 GND Ground Ground
4 RD Received Data A low-level input enables the outputs (RD8-RD1) of the
Enable receiver buffer register.
5-12 | RD8-RD1 Receiver Data These are the eight 3-state data outputs enabled by RDE.
OQutputs Unused data output lines, as selected by NDB1 and NDB2,
have a low-level output, and received characters are right
justified, i.e. the LSB always appears on the RD1 output.
13 RPE Receiver Parity This 3-state output (enabled by SWE) is at a high-level if
Error the received character parity bit does not agree with the
selected parity.
14 RFE Receiver Framing This 3-state output (enabled by SWE) is at a high-level if
Error the received character has no valid stop bit.
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DESCRIPTION OF PIN FUNCTIONS

PIN NO.| SYMBOL NAME FUNCTION
15 ROR Receiver Over This 3-state output (enabled by SWE) is at a high-level if
Run the previously received character is not read (RDA output
reset not completed) before the present character is
transfarred inta the receiver butfer regisior,
16 SWE Status Word A low-level input enables the outputs (RPE, RFE, ROR,
Enable RDA, and TBMT) of the status word buffer register.

17 RCP Receiver Clock This input is a clock whose frequency is 16 times {18X) or
32 times (32X) the desired receiver baud rate.

18 RDAR Receiver Data A low-level input resets the RDA output to a low-level.

Available Reset RDAR must have gone low and come high again before
ROR is sampled to avoid overrun indication.
19 RDA Receiver Data This 3-state output (enabled by SWE) is at a high-level
Available when an entire character has been received and transferred
into the receiver buffer register.

20 RSI Receiver Serial This input accepts the serial bit input stream. A high-level

Input (mark) to low-level (space) transition is required to initiate
data reception.

21 MR Master Reset This input should be pulsed to a high-ievel after power
turn-on. This sets TSO, TEOC, and TBMT to a high-level
andresets RDA,RPE,RFE,ROR and RD1-RD8 to a low-level.

22 TBMT Transmitter This 3-state output (enabled by SWE) is at a high-level

Buffer Empty when the transmitter buffer register may be loaded with
new data.

23 TDS Transmitter A low-level input strobe enters the data bits into the

Data Strobe transmitter buffer register.
; This output appears as a high-ievel during the last half

24 TEOC I{%‘ﬁﬂé‘t’gfnd clock cycle of the last stop bit. It remains at this level
until the start of transmission of the next character or
for one-half of a TCP period in the case of continuous
transmission.

25 TSO Transmitter This output serially provides the entire transmitted

Serial Output character. TSO remains at a high-level when no data is
being transmitted.

26-33 TD1-TD8 Transmitter There are 8 data input lines (strobed by TDS) available.

Data inputs Unused data input lines, as selected by NDB1 and NDB2,
may be in either logic state. The LSB should always be
placed on TD1,

34 CSs Control Strobe A high-level input enters the control bits (NDB1,NDB2,
NSB, POE and NPB) into the control bits holding register.
This line may be strobed or hard wired to a high-level.

35 NPB No Parity Bit A high-level input eliminates the parity bit from being
transmitted: the stop bit(s) immediately follow the last data
bit. In addition, the receiver requires the stop bit(s) to follow
immediately after the last data bit. Also, the RPE output is
forced to a low-level. See pin 39, POE.
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DESCRIPTION OF PIN FUNCTION

PINNO.| SYMBOL NAME FUNCTION
36 NSB Number of This input selects the number of stop bits. A low-level input
Stop Bits selects 1 stop bit; a high-level input selects 2 stop bits.

Selection of two stop bits when programming a 5 data bit
word generates 1.5 stop bits.

37-38 NDB2, Number of Data These 2 inputs are internally decoded to select either5,6,7,
NDBt1 Bits/Character or 8 data bits/character as per the following truth table:
NDB2 NDB1 data bits/character
L L 5
L H 6
H L : 7
H H 8 -
39 POE Odd/Even Parity The logic level on this input, in conjunction with the NPB =z
Select input, determines the parity mode for both the receiver and =
transmitter, as per the following truth table: Q2
NPB POE MODE *
L L odd parity
L H even parity
H X no parity
X =don'’t care
40 TCP Transmitter This input is a clock whose frequency is 16 times (16X) or
Clock 32 times (32X) the desired transmitter baud rate.

TRANSMITTER TIMING —
8 BIT, PARITY, 2 STOP BITS TRANSMITTER START-UP

o | ! e L L L L1
w1 B (L

et e —— TEOC i 1
TS0 START [DATA 11 ..... IDATA s]PAmTvJ STOP 1 STOP zl START !

> Bit e I TBMT ] |
TEOC_ I time | 55 |
RECEIVER TIMING — START BIT DETECT AND VERIFY
8 BIT, PARITY, 2 STOP BITS 8 9 «16X
[} 1 2 16 17 32X
e[ L L L LT L

T

—_-T hpuipeiy fgnins —l I
RSI START| EAIA_‘LL ----- _LD.A_Ti 8 JPiREY STOP 1 STOP 2| START RSl_ﬂ—l—[m

gﬁu‘;{g BIT l I ..... I | I | I

center sample

minimum continuous low
required for start-bit verification

RECEIVER TIMING DETAIL

5 6 7 8 9 10 - 16X
13 14 15 16 17 18 32X

stop bit center sample

RDA - - —— -
(HIACC = 0), I
RDA -
(HIACC = 1), ! I
RD1-RDS, f
ROR
RPE, RFE x




MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range ........cvviuniiun it eee e 0°Cto+ 70°C
Storage Temperature Range ..........c.ovevneiniiinniineenoniinsiin —55°Cto +150°C
Lead Temperature (soldering, 10 S8C.) .« ..« vvvvuu vt eeiieeae i T T +325°C
Positive Voltage on any Pin, with respect to ground . ...........cccovoevneonnnn +8.0V
Negative Voltage on any Pin (except Pin 2), with respect to ground ...l e —-0.3v
Negative Voltage on Pin 2, with respect to ground ................................000 -13.2V

Stresses abeve those lstad may causs permaneiit daimaye iv lite device. This is a stress
rating only and functional operation of the device at these or at any other condition above
those indicated in the operational sections of this specification is not implied.

NOTE: When powering this device from laboratory or system powersupplies, itisimportant
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some
power supplies exhibit voltage spikes or “glitches” on their outputs when the AC power is
switched on and off. In addition, voltage transients on the AC power line may appearonthe
DC output. If this possibility exists it is suggested that at clamp circuit be used.

ELECTRICAL CHARACTERISTICS (Ta=0°Ct070°C, Voo=+5V +5%, unless otherwise noted)

Parameter Min. | Typ. | Max. | Unit | Comments
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low-level, ViL 0.8 \
High-level, Vit 2.0 v
OUTPUT VOLTAGE LEVELS
Low-level, VoL 04 V  |loL=16mA
High-level, Vox 24 V  |lon=—100uA
INPUT CURRENT
Low-level, IiL 300 HA | Vin=GND, COM 8018 only
INPUT LEAKAGE +10 uA | COM 1863 only
OUTPUT CURRENT - ____
Leakage, ILo +10 uA |SWE=RDE =Vin, 0 <Vour <+5V
Short circuit, los** 40 mA |Vour =0V
INPUT CAPACITANCE
Allinputs, Cin 5 10 pf
QUTPUT CAPACITANCE o
All outputs, Cout 10 20 pf |SWE=RDE =V
POWER SUPPLY CURRENT
lcc 25 mA | All outputs = VoH, All inputs = Vop
A.C. CHARACTERISTICS Ta = +25°C, See Timing Diagrams
CLOCK FREQUENCY DC 1.0 | MHz |RCP, TCP
PULSE WIDTH
Clock 0.45 us |RCP, TCP
Master reset 500 ns (MR
Control strobe 200 ns | CS
Transmitter data strobe 200 ns |TDS
Receiver data available reset 200 ns |RDAR
INPUT SET-UP TIME
Data bits 0 ns |TD1-TD8
Control bits 0 ns |NPB, NSB, NDB2, NDB1, POE
INPUT HOLD TIME
Data bits 0 ns |TD1-TD8
Control bits 0 ns |NPB, NSB, NDB2, NDB1, POE
ENABLE TO OUTPUT DELAY Load =20pf +1 TTL input
Receive data enable 250 ns |RDE: Tpp1, Troo
Status word enable 250 ns |SWE: Teo1, Troo
OUTPUT DISABLE DELAY 250 ns |RDE, SWE

**Not more than one output should be shorted at a time.

NOTES: 1. If the transmitter is inactive (TEOC and TBMT are ata high-level) the start bit will appear on the TSO line within
1% clock period (TCP) after the trailing edge of TDS.

2. The start bit (mark to space transition) will always be detected within one RCP clock period, guaranteeing
a maximum start bit slippage of +1/32 or +1/64 of a bit time.

3. The 3-state output has 3 states: 1) low impedance to Vop 2) lowimpedance to GND 3) high impedance OFF =
10M ohms The “OFF” state is controlled by the SWE and RDE inputs.
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DATA/CONTROL TIMING DIAGRAM

— VIH
TDS d
e TPw - s I
TseT-UP —>~ fe— —>  le—Thowo
DATA INPUTS Ve - &
N
t.=1t,=20ns V'L:V ‘
TseT-UuP =0
THolp =0
cs Vie
ViL
TseT-UP
CONTROL INPUTS ‘\j‘”
It

*Input information (Data/Control) need only be valid during
the last Tew, min time of the input strobes (TDS, CS).

OUTPUT TIMING DIAGRAM

RDE, SWE Vil /

OUTPUTS —— === A Vor
(RD1-RD8, RDA, | ‘
RPE, ROR, RFE, TBMT) | __ Vou

NOTE: Waveform drawings not to scale for clarity.

NOTES ON COM 8018 AND COM 1863
HIGH-ACCURACY AND IMPROVED
RDA/ROR MODE

The HIACC mode is enabled by applying a logic
“one” to pin 2. If this pin is left unconnected, or
connected to GND, —12V, or a logic “zero,"” the
HIACC mode is disabled. The HIACC input has an
internal puli-down resistor.

When the HIACC mode is selected, the TX and RX
halves both operate on 32X instead of 16X clocks.
Also, RDA is notched during the one half receiver
clock cycle preceding the stop bit center sample
when RD1-RD8 and ROR are changing.

Whether or not the HIACC mode is selected, RDA
must be low and RDAR must have returned high to
avoid setting ROR. if RDAR is held low past the
stop-bit center sample, RDA will go high after RDAR
returns high.

The maximum current HIACC will supply if con-
nected to —13.2V is 3.5mA.

ADDITIONAL TIMING INFORMATION

RDA I 300ns
i l
TCP !
Vin
ViL
| TCP ~=500ns
+500ns
TEOC - | TS0
Voo Vou

TBMT

IMPROVED RDA/ROR OPERATION
TIMING DIAGRAMS

RD1-RD8, and ROR determined

Stop bit center sample

ree [ ] [

I— RDAR at last possible moment
and not get ROR

RD1-RD8, and ROR determined

Stop-bit center sample

Is

e

RCP —I

RDA

]

RDAR

ROR

w

RD1-RD8, and ROR determined

Xst:p-bit center sample

Protection against missing the ROR flag
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FLOW CHART—TRANSMITTER FLOW CHART— RECEIVER

1. TURN POWER ON

1. TURN POWER ON 2. PULSE MASTER RESET
2. PULSE MASTER RESET 3. SELECT BAUD RATE—16X OR 32X CLK
3. SELECT BAUD RATE—16X or 32X CLK 4. SET CONTROL 8I1TS

I

TEOC =
TSO =1(STOP 8IT)

'—‘L‘.—*
el |

TBMT =

SET CONTROL BITS— PULSE CS
SET DATA BITS

HAS
THE LINE
TRANSITIONED
FROM MARKING TO,
SPASING

LOAD START BIT INTO
AECEIVER SHIFT REGISTER

s
MITTER
SHIFT REGISTER
EMPTY ?

{TEOC = 1},

1BIT TIME
ELAPSED ?

1 LOAD TRANSMITTER SHIFT REGISTER

2 TEOC=0
3. TSO =0ISTART BIT) SHIFT AND LOAD DATA BIT INTO
RECEIVER SHIFT REGISTER

HAS
1 BIT TIME
ELAPSED ?

SHIFT 1 BIT RIGHT IN THE
TRANSMITTER SHIFT REGISTER

TRANSMIT START BIT. DATA
BITS, SELECTED PARITY MODE,
AND STOP BIT{S)

THE LAST
STOP BIT BEEN ON THE
LINE FOR 1 BIT
TIME ? RESET RDA

TRANSFER DATA TO RD1-ADE

sTo
CENTER

SAMPLE?

ARE
THERE NEW
CONTROL BITS ~ygs

?

SET/RESET RFE
SET/RESET RPE

SET RDA

STANDARD M|CROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-

tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any iicense under the patent rights of SMC or others. SMC reserves ihe right to make changes
at any time in order to improve design and supply the best product possible.
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R NCROSYSTEME GOM2902
_—

Universal Asynchronous Receiver/Transmitter

UART : Pin Configuration
FEATURES . vegdt o 4 b ree i
VI 2
O Direct TTL Compatibility — no interfacing circuits ind E 3 3 g :°D§1 2
required RBE [ 4 & g NDB2 bre}
v RD8 [ & 38 [] NsB «*
O Full or Half Duplex Operation—can receive and :g; ge 35 [] NP8
o . gr xp cs
transmit simultaneously at different baud rates ADs [ 8 wf) Tos
- . RD4 [ 9 32(] TDO7
O Fully Double Buffered — eliminates need for precise RD3 E 10 31 Tos
P RD2 [ 11 30[] TDs
external timing Aol E I 2B T
. P RPE ] 13 28] TD3
(0 Start Bit Verification—decreases error rate RFE [] 14 270 TD2
O Fully Programmable — data word length, parity mode, i) E b ® % -
number of stop bits; one, one and one-half, or two RCP [J17 24 (] TEOC
ROAR (] 18 23[] 105
O High Speed Operation —40K baud, 200ns strobes RDA [J19 22 (] TBMT
. rsl 20 210 MR
[ Master Reset— Resets all status outputs PACKAGE: 40-Pin DP.

[ Tri-State Outputs— bus structure oriented

O Low Power— minimum power requirements Functional Block Diagram

O Input Protected — eliminates handling problems TD1 TD2 TD3 TD4 TDS TD6 TD7 TD8

[ Ceramic or Plastic Dip Package— easy board insertion Lzs 127 125 129 l“" 13’ 132 133
TDS ¢ TRANSMITTER BUFFER REGISTER

Iy

TRANSMITTER | o5
Hi
REGISTER

N

140 | TIMING AND CONTROL TRANSMITTER liﬁ TEOC

ostPt oy U 18} swe
35

TSO

GENERAL DESCRIPTION NPBYSE STATUS 224 TeMT

The Uni . e NSBH=7— conTROL worD [ 147 RPE
e Universal Asynchronous Receiver/Transmitter is sggf .&.'_: REGISTER BUFFER E :Si

an MOS/LSI monolothic circuit that performs all the POE+3% ) REGISTER [ 19 ppa

receiving and transmitting functions associated with l L TT T 8lroAR

asynchronous data communications. This circuit is 17

fabricated using SMC's P-channel low voltage oxide- RCey TIMING AND CONTROL RECEIVER I

nitride technology. The duplex mode, baud rate, data J\L [

word length, parity mode, and number of stop bits are 24 MR

independently programmable through the use of exter- Rsi 420 gE&ET'VER 4

nal controls. There may be 5, 8, 7 or 8 data bits, odd/even v REGISTER v

or no parity, and 1, or 2 stop bits or 1.5 stop bits when u 34 Gnd

utilizing a 5-bit code from the COM 2017 . .

The UART can operate in either the full or half duplex RDE RECEIVER BUFFER REGISTER

mode. These programmable features provide the user 15 ls 17 ls lg J."’ l" l""

with the ability to interface with all asynchronous S AbT Ale s Rod Ae3 AL ADI

peripherals.
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DESCRIPTION OF OPERATION — TRANSMITTER

At start-up the power is turned on, a clock whose
frequency is 16 times the desired baud rate is
applied and master reset is pulsed. Under these
conditions TBMT, TEOC, and TSO are all at a high
level (the line is marking).

When TBMT and TEOC are high, the control bits
may be set. After this has been done the data bits
may be set. Normally, the control bits are strobed
into the transmitter prior to the data bits. However,
as long as minimum pulse width specifications
are not violated, TDS and CS may occur simulta-
neously. Once the date strobe (TDS) has been
pulsed the TBMT signal goes low, indicating that
the data bits buffer register is full and unavailable to
receive new data.

If the transmitter shift register is transmitting pre-
viously ioaded data the TBMT signal remains low.
If the transmitter shift register is empty, or whenitis
through transmitting the previous character, the
datain the buffer register is loaded immediately into
the transmitter shift register and data transmission

commences. TSO goes low (the start bit), TEOC
goes low, the TBMT goes high indicating that the
data in the data bits buffer register has been loaded
into the transmitter shift register and that the data
bits buffer register is available to be loaded with
new data.

If new data is loaded into the data bits bufferregister
at this time, TBMT goes lowand remainsinthis state
until the present transmission is completed. One
full character time is available for loading the next
character with no lossinspeed of transmission. This
is an advantage of double buffering.

Data transmission proceeds in an orderly manner:
start bit, data bits, parity bit (if selected), and the
stop bit(s). When the last stop bit has been on the
line for one bit time TEOC goes high. If TBMT is
low, transmission begins immediately. If TBMT is
high the transmitter is completely at rest and, if
desired, new control bits may be loaded prior to the
next data transmission.

ODD/EVEN
PARITY SELECT

TRANSMITTER BLOCK DIAGRAM

NO NUMBER NUMBER OF
PARITY STOP BITS ‘]. DATA BITS Dj"a Di’ DEG Dis DI“ Df Diz DE'
CONTROL DATA BITS HOLDING REGISTER SraTEes
pUT —o[ CONTROL BITS HOLDING REGISTER ] ILOING SATASTROBE
T0
REGOVER I STEERING LOGIC J

I

F
F/F
s

TRANSMITTER
BUFFER

by

EMPTY

16xT i:l LOAD
cloek —cl TIMING GENERATOR r_‘ o

N SERIAL
OUTPUT

TRANSMITTER SHIFT REGISTER g—l

OUTPUT
LOGIC

e

PARITY BIT GENERATION LOGIC

END CF
? CHARACTER

DESCRIPTION OF OPERATION— RECEIVER

At start-up the power-is turned on, a clock whose
frequency is 16 times the desired baud rateis applied
and master resetis pulsed. Thedataavailable (RDA)
signal is now low. There is one set of control bits for
both the receiver and transmitter.

Data reception begins when the serial input line
transitions from mark (high) to space (low). If the
RSl line remains spacing for a1/2 bittime, agenuine
start bit is verified. Should the line return to a mark-
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ing condition priortoa 1/2 bittime, the start bit veri-
fication process begins again. A mark to space
transition must occur in order to initiate start bit
verification. Once a start bit has been verified, data
reception proceeds in an orderly manner: start bit
verified and received, data bits received, parity bit
received (if selected) and the stop bit(s) received.

If the transmitted parity bit does not agree with the
received parity bit, the parity error flip-flop of the



status word buffer register is set high, indicating a
parity error. However, if the no parity mode is se-
lected, the parity error flip-flop is unconditionally
held low, inhibiting a parity error indication. If a
stop bit is not received, due to animproperly framed
character, the framing error flip-flop is set high,
indicating a framing error. :

Once a full character has been received internal
logic looks at the data available (RDA) signal. If, at
this instant, the RDA signal is high the receiver
assumes that the previously received character has

not been read out and the over-run flip-flop is set
high. The only way the receiver is aware that data
has been read out is by having the data available
reset low.

At this time the RDA output goes high indicating
that all outputs are available to be examined. The
receiver shift register is now available to begin re-
ceiving the next character. Due to the double buf-
fered receiver, a full character time is available to
remove the received character.

RECEIVER BLOCK DIAGRAM

=z
(=
—
(%]
w
]

RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1

R S N S N A A
F.NE%"H AND GATE

[T T LT

FRAMING
ERROR

OVER RUN

DATA
AND GATE

PARITY ERROR

TRANSMITTER

AVAILABLE BUFFER EMPTY

STATUS
WORD
ENABLE

P
AESET DATA
DATA BITS HOLDING REGISTER R STATUS WORD
BUFFER s F/E AVAILABLE HOLDING REGISTER
CONTROL *
BITS FROM
Lot
I
v v |
SERIAL START BIT PARITY BIT RIGHT RECEIVER SHIFT
INPUT VERIFICATION CHECKING LOGIC JUSTIFY LOGIC cp REGISTER

16 xR TIMIN
A —u[ G GENERATOR

DESCRIPTION OF PIN FUNCTIONS

PINNO. SYMBOL NAME FUNCTION
1 Vce Power Supply +5 volt Supply
2 NC No Connection —12 volt Supply
3 GND Ground Ground
4 RDE Received Data A low-level input enables the outputs (RD8-RD1) of the
Enable receiver buffer register.
5-12 RD8-RD1 Receiver Data These are the 8 tri-state data outputs enabled by RDE.
Outputs Unused data output lines, as selected by NDB1 and NDB2,
have a low-level output, and received characters are right
justified, i.e. the LSB always appears on the RD1 output.
13 RPE Receiver Parity This tri-state output (enabled by SWE) is at a high-level if
Error the received character parity bit does not agree with the
selected parity.
14 RFE Receiver Framing This tri-state output (enabled by SWE) is at a high-level if

Error

the received character has no valid stop bit.
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DESCRIPTION OF PIN FUNCTIONS

NAME

PINNO. SYMBOL FUNCTION
15 ROR Receiver Over This tri-state output (enabled by SWE) is at a high-level if
Run the previously received character is not read (RDA output
not Tesel) LEIGIE L present Ghiaradier is Lransierred inio
the receiver buffer register.
16 SWE Status Word A low-ievel input enables the outputs (RPE, RFE, ROR,
Enable RDA, and TBMT) of the status word buffer register.

17 RCP Receiver Clock This input is a clock whose frequency is 16 times (16X) the
desired receiver baud rate.

18 RDAR Receiver Data A low-level input resets the RDA output to a low-level.

Available Reset
19 RDA Receiver Data This tri-state output (enabled by SWE) is at a high-level
Available when an entire character has been received and transferred
into the receiver buffer register.

20 RSI Receiver Serial This input accepts the serial bit input stream. A high-level

Input (mark) to low-level (space) transition is required to initiate
data reception.

21 MR Master Reset This input should be pulsed to a high-level after power
turn-on. This sets TSO, TEOC, and TBMT to a high-level
and resets RDA, RPE, RFE and ROR to a low-level.

22 TBMT Transmitter This tri-state output (enabled by SWE).is at a high-level

Buffer Empty when the transmitter buffer register may be loaded with
new data.

23 TDS Transmitter A low-level input strobe enters the data bits into the

Data Strobe transmitter buffer register.
24 TEOC Transmitter End This output appears as ahigh-leveleachtimeafull character
of Character is transmitted. It remains at this level until the start of
transmission of the next character or for one-half of a TCP
period in the case of continuous transmission.

25 TSO Transmitter This output serially provides the entire transmitted

Serial Output character. TSO remains at a high-level when no data is
being transmitted.

26-33 TD1-TD8 Transmitter There are 8 data input lines (strobed by TDS) available.

Data Inputs Unused data input lines, as selected by NDB1 and NDB2,
may be in either logic state. The LSB should always be
placed on TD1.

34 Cs Controi Strobe A high-level input enters the control bits (NDB1, NDB2,
NSB, POE and NPB) into the control bits holding register.
This line may be strobed or hard wired to a high-level.

35 NPB No Parity Bit A high-level input eliminates the parity bit from being

transmitted; the stop bit(s) immediately follow the last data
bit. In addition, the receiver requires the stop bit(s) to follow
immediately after the last data bit. Also, the RPE output is
forced to a low-level. See pin 39, POE.
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DESCRIPTION OF PIN FUNCTION

PIN NO. SYMBOL NAME FUNCTION
36 NSB Number of This input selects the number of stop bits. A low-level input
Stop Bits selects 1 stop bit; a high-level input selects 2 stop bits.

Selection of 2 stop bits when programming a 5 data bit word
generates 1.5 stop bits from the COM 2017.

37-38 NDB2, Number of Data These 2 inputs are internally decoded to selecteither5,6,7,
- - NDB1 Bits/Character or 8 data bits/character as per the following truth table:
NDB2 NDB1 data bits/character =
L L . =
L H 6 : =
H L 7 S
H H 8 &
39 POE Odd/Even Parity The logic level on this input, in conjunction with the NPB
Select input, determines the parity mode for both the receiver and
transmitter, as per the following truth table:
NPB POE MODE
L L odd parity
L H even parity
H X no parity
X =don't care
40 TCP Transmitter This input is a clock whose frequency is 16 times (16X) the
Clock desired transmitter baud rate.

TRANSMITTER TIMING —8 BIT, PARITY, 2 STOP BITS

ieS) [ |
. |——
TSO START FD;T:{ ..... ID:T_A aEAE'FYJ STOP 1 STOP 2| START
TEOC —I time l
TRANSMITTER START-UP
TCP I l
1/18

I B — T HE-

M

s

Upon data transmission initiation, or when not transmitting at 100% line utilization, the start bitwill be placed
on the TSO line at the high to low transition of the TCP clock following the trailing edge of TDS.

RECEIVER TIMING —8 BIT, PARITY, 2 STOP BITS.

RS! I START {BATAi sane -IDATA BIPARITY STOP 1 STOP 2{START

Shwrce | || |

RDA* e e —>je—1/16 Bit time

RDA*"

*The RDA line was previously not reset (ROR = high-level)
**The RDA line was previously reset (ROR = low-level)

START BIT DETECT/VERIFY

RCP l I

M Begin verify L Begin verify
RSI

S

If the RS! fine remains spacing for a 1/2 bit time, a genuine start bit is verified. Shouid the line return to a
marking condition prior to a 1/2 bit time, the start bit verification process begins again.
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature RaNge . ........viiiii it iii it irie st ieanrannens 0°Cto+70°C
Storage Temperature Range ........covetiineiiiie ittt et eaarranneans —55°C to +150°C
Lead Temperature (SOIAering, 10 S€C.) ... voiu ettt ittt ettt ittt s e e s s saannnareees +325°C
Positive Voltage on any Pin, VoC ... oiiiiiiiii ittt e e s e ettt s +0.3V
Negative VOIage 0N any Pin, VeC . uu ittt it ettt et ittt eeaeeenns —25V

*Stresses above those listed may cause permanent damage to the device. 1 his is a stress rating only and
functional operation of the device at these or atany other conditionabovethoseindicated in the operational
sections of this specification is not implied.

ELECTRICAL CHARACTERISTICS (TA =0°C to 70°C Vcc = +5V £5%, Voo = —12V £5%, unless otherwise noted)

Parameter Min. Typ. Max. Unit Conditions

D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS

Low-level, ViL Voo 0.8 "
High-level, Vit Vee-1.5 Vee \
OUTPUT VOLTAGE LEVELS
Low-level, VoL 0.2 04 V  lor=16mA
High-level, Vox 24 4.0 V. loH=100uA
INPUT CURRENT
Low-level, IiL 16 mA seenote 4
OUTPUT CURRENT -
Leakage, Lo —1 #A  SWE =RDE =V, 0<Vout < +5V
Short circuit, los™™ 10 mA Voutr =0V
INPUT CAPACITANCE
Allinputs, Cin 5 10 pf Vin=Vcc, f=1MHz
OUTPUT CAPACITANCE -
All outputs, Cout 10 20 pf SWE=RDE=Vmh, f=1MHz
POWER SUPPLY CURRENT
lec 28 mA  All outputs = VoH, All inputs = Vcc
(o) 28 mA
A.C. CHARACTERISTICS Ta=+25°C
CLOCK FREQUENCY
(COM2502, COM2017) DC 400 KHz RCP, TCP
PULSE WIDTH
Clock 1 us RCP,TCP
Master reset 500 ns MR
Control strobe 200 ns CS
Transmitter data strobe 200 ns TDS
Receiver data available reset 200 ns RDAR
INPUT SET-UP TIME
Data bits >0 ns TD1-TD8
Control bits =0 ns NPB, NSB, NDB2, NDB1, POE
INPUT HOLD TIME
Data bits =0 ns TD1-TD8
Control bits =0 ns NPB, NSB, NDB2, NDB1, POE
STROBE TO OUTPUT DELAY Load =20pf +1 TTL input
Receive data enable 350 ns RDE: Tept, Tene
Status word enable 350 ns SWE: Teo1, Teoo
OUTPUT DISABLE DELAY 350 ns RDE, SWE

**Not more than one output should be shorted at a time.

NOTES: 1. If the transmitter is inactive (TEOC and TBMT are at a high-level) the start bit will appear on the TSO line within
one clock period (TCP) after the trailing edge of TDS.

2. The start bit (mark to space transition) will always be detected within one clock period of RCP, guaranteeing
a maximum start bit slippage of 1/16th of a bit time.

3. The tri-state output has 3 states: 1) lowimpedancetoVcc  2) lowimpedancetoGND  3)highimpedance OFF =
10M ohms. The “OFF” state is controlled by the SWE and RDE inputs.

4. Under steady state conditions no current flows for TTL or MOS interfacing. (COM 2502)
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DATA/CONTROL TIMING DIAGRAM

Vir
ViL - y
TPw*
THOLD
|

-
O
(7]

TseT-UP ‘(— Jg
ViH
DATA INPUTS ViL .

tr=tf=20ns
TseT-uP =0
THoLD =0

Tew*
cs ViH A
ViL
TseT-UP THOLD
CONTROL INPUTS x'“
L

=z
o
—=
(=)
w
7

*Input information (Data/Control) need only be valid during
the last Tew, min time of the input strobes (TDS, CS).

OUTPUT TIMING DIAGRAM

RDE, SWE ViL Sk

RDE, SWE
Qutputs Disabled
OUTPUTS - ——— A
(RD1-RDS, RDA, Vou
RPE, ROR, RFE, TBMT) _ Vo
le—— TPD1, TPDO

NOTE: Waveform drawings not to scale for clarity.

RDAR
\ 200ns / TDS g™
N[ ettt 7 /
\ TMBT Vou
VoL ke— 400ns
RDA 300ns
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FLOW CHART—TRANSMITTER FLOW CHART—RECEIVER

1. TURN POWER ON

2. PULSE EXTERNAL RESET 2. PULSE EXTERNAL RE!
3. SELECT BAUD RATE—16 x CLK

1. TURN POWER ON et
3. SELECT BAUD RATE —16 x CLK

IS
TRANSMITTER
SHIFT REGISTER

EMPTY ?
(EOC = 1)

4. SET CONTROL BITS

THE LINE
TRANSITIONED
FROM MARKING TQ,

SPAEING

HAS
18IT TIME
ELAPSED ?
16-16 x CLK

2. SO =0(START BIT
3. EOC=0

1. LOAD TRANSMITT)EF! SHIFT REGISTER

SHIFT AND LOAD DATA BIT INTO
RECEIVER SHIFT REGISTER

AND STOP BIT(S)

TRANSMIT START BIT, DATA
BITS, SELECTED PARITY MODE,

HAS
SET PARITY THE PROPER YES | SET PARITY
ERROR REGISTER PARITY BIT BEEN ERROR REGISTER
TO1 RECEIVED T00
2

YES | SET FRAMING

SET FRAMING
ERROR REGISTER ERROR REGISTER
TO1 To0
SET OVER-RUN SET OVER-RUN
REGISTER REGISTER
TO1 T00

I TRANSFER DATA BITS FROM SHIFT REGISTER l

ARE
THERE NEW
CONTROL BITS

9

TO DATA BITS HOLDING REGISTER

=

EXAMINE OUTPUTS
1. STROBE STATUS WORD ENABLE
2. STROBE DATA ENABLE

LRESET DATA AVAILABLE — DA

STANDARD MICROSYSTEMS
CORPORATION s

Bid Haupgauge. NY 11788
300 TWX-510-227-88%8

35 Marous |
1516)273-

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS COM2601

=y

Universal Synchronous Receiver/Transmitter
USRT

FEATURES PIN CONFIGURATION =
o
0 STR, BSC—Bi-sync and interleaved bi-sync - 5
modes of operation vee ] 1 0[] POE o
. TBMT ] 2 39 cs
[0 Fully Programmable — data word length, parity TS0 E 3 38 [ NDB1
mode, receiver sync character, transmitter gg: 0 ; 873 NP8
sync character Ve 6 ol Svee
O Full or Half Duplex Operation— can receive and oo 3 & ol -5
transmit simultaneously at different baud rates b3 [] o 323 RD4
O Fuily Double Buffered —eliminates need for g:; E :? 2:: ] :gg
precise external timing oB6 [ 12 2 é RD7
. D87 []13 28 [] RD8
[ Directly TTL Compatible— no interface DB8 E 14 27 g ROR
N RR 15 26 ] RDA
components required are O 16 b moe
(] Tri-State Data Outputs — bus structure oriented STg: :; # % RoAR
[0 1BM Compatible—internally generated SCR TP 19 221 Rs)
and SCT signals Tos Q2 21 Rss
O High Speed Operation— 250K baud, 200ns PACKAGE: 40-Pin D.L.P.
strobes

1 Low Power—300mwW
O Input Protected — eliminates handling problems

FUNCTIONAL BLOCK DIAGRAM

(] Dip Package —easy board insertion DBS DB7 DB6 DBS DB4 DB3 DE2 DB
T T T T T 1 1 T
14 13 122 11 10 9 8 7
APPLICATIONS {LD”A Eus
[0 Bi-Sync Communications 20 TRANSMITTER| | TRANSMITTER 18
DS DATA SYNC TSS
D Cassette l/o REGISTER REGISTER
O Floppy Disk 1/0
: MULTIPLEXER
Tor 2y AND

GENERAL DESCRIPTION Tamr 2 FoMe

i scT ‘5__ MITTER TRANSMITTER 3 TS8O
The Universal Synchronous Receiver/Transmitter E SHIFT REGISTER
is an MOS/LSI monolithic circuit that performs all e L
the receiving and transmitting functions NDB2 438 conraoL z
associated with synchronous (STR, BSC, Bi-sync, FOE 37y REGISTER RECEVER 121 nes
andinterleavedbi-sync) data communications. REGISTER
This circuit is fabricated using SMC’s P-channel I
low voltage oxide-nitride technology, allowing aon ;253 TMING
allinputs and outputs to be directly TTL ScRgEHAND
compatible. The duplex mode, baud rate, data ROR +27-| RECEIVER
word length, parity mode, receiver sync character, ™

i i RDAR ‘—1

and transmitter sync character are independently 2

programmable through the use of external
controls. The USR/T is fully double buffered and

internally generates the sync character received roE Lo EOEER BUER PRI ':; yee
. . oD
and sync character transmitted signals. These I’_WFPL 4 Gna
programmable features provide the user with the RDS RD7 RDS RLS Ao4 R0 Rb2 RO1
ability to interface with ali synchronous peripherals.
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DESCRIPTION OF PIN FUNCTIONS

PIN NO.

SYMBOL

NAME

FUNCTION

Vce

Power Supply

+5 volt Supply

TBMT

Transmitter
Buffer Empty

This output is at a high-level when the transmitter data
buffer register may be loaded with new data.

TSO

Transmitter
Serial Output

This output serially provides the entire transmitted
character. This character is extracted from the transmitter
data buffer register provided thata TDS pulse occursduring
the presently transmitted character. If TDS is not pulsed,
the next transmitted character will be extracted from the
transmitter sync register.

GND

Ground

Ground

SCT

Sync Character
Transmitted

This output is set high when the character loaded into the
transmitter shift register is extracted from the transmitter
sync register, indicating that the TDS was not pulsed during
the previously transmitted character. This output is reset
low when the character to be transmitted is extracted from
the transmitter data buffer register. This can only occur if
TDS is pulsed.

Voo

Power Supply

—12 volt Supply

7-14

DB1-DB8

Data Bus Inputs

This 8 bit bus inputs information into the receiver sync
register under control of the RSS strobe, into thetransmitter
sync register under control of the TSS strobe, and into the
transmitter data buffer register under control of the TDS
strobe. The strobes operate independently of each other.
Unused bus inputs may be in either logic state. The LSB
should always be placed on DB1.

15

RR

Receiver Reset

This input should be pulsed to a high-level after power
turn-on. This resets the RDA, SCR, ROR, and RPE outputs
to a low-level. The transition of the RR input from a high-
level to a low-level sets the receiver into the search mode
(bit phase). In the search mode the serially received data bit
stream is examined on a bit by bit basis untilasync character
is found. A sync character is found, by definition, when the
contents of the receiver sync register and the receiver

shift register are identical. When this occurs the SCR output
is set high. This character is then loaded into the receiver
buffer register and the receiver is set into the character
mode. In this mode each character received is loaded into
the receiver buffer register.

16

RPE

Receiver
Parity Error

This output is a high-level if the received character parity
bit does not agree with the selected parity.
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DESCRIPTION OF PIN FUNCTIONS

=z
o
i~
o
w
7]

PIN NO. SYMBOL NAME FUNCTION
17 SCR Sync Character This output is set high each time the character loaded into
Received the receiver buffer register is identical to the character in
the receiver sync register. This output is reset low the next
time the receiver buffer register is loaded with a character
which is not a sync character.
18 TSS Transmitter Sync A high-level input strobe loads the character on the DB1-
Strobe DB8 lines into the transmitter sync register.

19 TCP Transmitter Clock The positive going edge of this clock shifts data out of
the transmitter shift register, at a baud rate equal to the
TCP clock frequency.

20 TDS Transmitter Data A high-level input strobe loads the character on the DB1-

Buffer Strobe DB8 lines into the transmitter data buffer register.
21 RSS Receiver Sync A high-level input strobe loads the character on the DB1-
Strobe DB8 lines into the receiver sync register.

22 RSI Receiver Serial Input  This input accepts the serial bit input stream.

23 RCP Receiver Clock The negative-going edge of this clock shifts data into the
receiver shift register, at a baud rate equal to the RCP
clock frequency.

24 RDAR Receiver Data A high-level input resets the RDA output to a low-level.

Available Reset
25 RDE Received Data A high-level input enables the outputs (RD8-RD1) of the
Enable receiver buffer register
26 RDA Receiver Data This output is at a high-level when an entire character has
Available been received and transferred into the receiver buffer
register.
27 ROR Receiver Over- This output is at a high-level if the previously received
Run character is not read (RDA not reset) before the present
character is transferred into the receiver buffer register.
28-35 RD8-RD1 Receiver Data These are the 8 tri-state data outputs enabled by RDE.
Output Unused data output lines, as selected by NDB1 and NDB2,
have a low level output, and received characters are right
justified, i.e. the LSB always appears on the RD1 output.
36,38 NDB2, Number of Data These 2 inputs are internally decoded to select either5,6,7,
NDB1 Bits or 8 data bits/character as per the following truth table:

NDB2 NI:')_B1 data bits/character
L
L H 6
H L 7
H H 8
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DESCRIPTION OF PIN FUNCTIONS

PIN NO. SYMBOL

NAME

FUNCTION

No Parity Bit

A high-level input eliminates the parity bit from being
transmitted. In addition, it is necessary that the received
character contain no parity bit. Also, the RPE output is
forced to a low-level. See pin 40, POE.

Control Strobe

A high-level input enters the control bits (NDB1, NDB2,
POE, and NPB) into the control bits register. This line may
be strobed or hard wired to a high-level.

37 NPB
39 cs
40 POE

Odd/Even Parity
Select

The logic level on this input, in conjunction with the NPB
input, determines the parity mode for both the reciever and
transmitter, as per the following table:

NPB POE
L L
L H
H X

MODE

odd parity
even parity
no parity

X =don'tcare

ADDITIONAL TIMING INFORMATION
(Typical Propagation Delays)

Transmitter
.,
Tcp—/
QUTPUT Tepp Tepy  UNITS
e s o [P ngr‘r r;n; fg i
OUTPUT N, zOE TS0 10 10 s
b Y 1;-0 —-—
te————TPDO:
[= Tro
Receiver
RCP
ViL &t
OUTPUT Tepo Tep1 UNITS
RDA NA 1.0 s
o e e e s T, ROR 20 25 us
OUTPUT ~ = RPE 20 25 s
L voL SCR 2.0 25 s
- RD1-RD8 25 25 us
pe———TPDO —-‘
TeD
2us 2uS
RCP
@ 250KHz I |
1.5
S
DATA
RSI // VALID /
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range ...........c.oiiiiiiiiiiiiiiiiiiiiiieeeenannnns 0°Cto+70°C
Storage Temperature Range .............coiiiiiiiiiiiiiiiiiiiiiieiennns —55°C to +150°C
Lead Temperature (soldering, 10S€C.) . ....oiit it it iai e aenn +325°C
Positive Voltage onany Pin, VCC .. .vvviiii it it +0.3V
Negative Voltage onany Pin,VCC ..ottt c i e =25V

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operational

sections of this specification is not implied.

ELECTRICAL CHARACTERISTICS (Ta =0°C 10 70°C, Vcc = +5V +5%, Vop = —12V 15%, unless otherwise noted)

Parameter Min Typ Max Unit Conditions =
o
—
(&)
D.C. CHARACTERISTICS w
INPUT VOLTAGE LEVELS
Low-level, ViL Vbbp 0.8 \
High-level, ViH Vce-1.5 Vce \
OUTPUT VOLTAGE LEVELS
Low-level, VoL 0.2 0.4 V  lo=16mA
High-level, Von 24 4.0 V  lon=-—100uA
INPUT CURRENT
Low-level, I 1.6 mA seenote1
OUTPUT CURRENT
Leakage, lLo -1 uA  RDE =V, O =Vour < +5V
Short circuit, los™* 10 mA Voutr =0V
INPUT CAPACITANCE
Allinputs, CiN 5 10 pf ViNn=Vcc, f=1MHz
OUTPUT CAPACITANCE
All outputs, Cout 10 20 pf Rpoe=Vi, f=1MHz
POWER SUPPLY CURRENT
:gg gg mﬁ} All outputs = Von
A.C. CHARACTERISTICS Ta=+25°C
CLOCK FREQUENCY DC 250 KHz RCP, TCP
PULSE WIDTH
Clock 1 us RCP,TCP
Receiver reset 1 us RR
Control strobe 200 ns CS
Transmitter data strobe 200 ns TDS
Transmitter sync strobe 200 ns T8S
Receiver sync strobe 200 ns RSS
Receiver data available
reset 200 ns RDAR
INPUT SET-UP TIME
Data bits >0 ns DB1-DB8
Control bits >0 ns NPB,NDB2,NDB1, POE
INPUT HOLD TIME
Data bits >0 ns DB1-DB8
Control bits >0 ns NPB,NDB2, NDB1, POE
STROBE TO OUTPUT DELAY Load =20pf +1 TTL input
Receive data enable 180 250 ns RDE: Tep1, Troo
OUTPUT DISABLE DELAY 100 250 ns RDE

**Not more than one output should be shorted at a time.

NOTES:

1. Under steady state condition no current flows for TTL or MOS interfacing. A switching current of 1.6 mA

maximum flows during a transition of the input.

2. The three-state output has 3 states:
1) low impedance to Vcc
2) low impedance to GND
3) high impedance OFF = 10M ohms
The OFF state is controlled by the RDE input.
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DESCRIPTION OF OPERATION —RECEIVER/TRANSMITTER

The input clock frequency for the receiver is set at
the desired receiver baud rate and the desired
receiver SyiiG Giiaracier (Synciionous idie Charac-
ter) is loaded into the receiver sync register. When
the Receiver Reset input transitions from a high-
levei to a low-level the receiver is set into the search
mode (bit phase). In the search mode the serially
received data bit stream is examined on a bit by bit
basis until a sync character is found. A sync charac-
ter is found, by definition, when the contents of the
receiver sync register and the receiver shift register
are identical. When this occurs the Sync Character
Received output is set high. This character is then
loaded into the receiver buffer register and the
receiver is set into the character mode. In this mode
each character received is loaded into the receiver
buffer register. The receiver provides flags for Re-
ceiver Data Available, Receiver Over Run, Receiver
Parity Error, and Sync Character Received. Full
double buffering eliminates the need for precise
external timing by allowing one full character time
for received data to be read out.

The input clock frequency for the transmitter is set

at the desired baud rate and the desired transmitter
sync character is loaded into the transmitter sync
reyisier. inernial ivyiv UCLIUES Il LI Cliaraciel o e
transmitted out of the transmitter shift register is
extracted from the transmitter data register or the
transmitter sync register. The next character trans-
mitted is extracted from the transmitter data register
provided that a Transmitter Data Strobe pulse
occurs during the presently transmitted character.
If the Transmitter Data Strobe is not pulsed, the next
transmitted character is extracted from the trans-
mitter sync register and the Sync Character Trans-
mitted output is setto ahighlevel. Fulldouble buffer-
ing eliminates the need for precise external timing by
allowing one full character time to load the next
character to be transmitted.

There may be 5, 6, 7, or 8 data bits and odd/even
or no parity bit. All inputs and outputs are directly
TTL compatible. Tri-state data output leveis are
provided for the bus structure oriented signals.
Input strobe widths of 200ns, output propagation
delays of 250ns, and receiver/transmitter rates of
250K baud are achieved.

FLOW CHART—TRANSMITTER

TURN POWER ON
SET CONTROL BITS—PULSE CS

SELECT BAUD RATE—TCP

SET SYNC CHARACTER ONTO THE DATA BUS —PULSE TSS

__.l

TRANSMIT 1 BIT

LOAD TRANSMITTER SHIFT
REGISTER FROM TRANSMITTER
Dé;A ROEGISTEH

SCT =
TBMT =1
<

HAS
A FULL CHARACTER
BEEN TRAqNSMITTED

SET DATA BITS ONTO
DATA BUS—PULSE TDS [
TBMT =0

SET SYNC CHARACTER
ONTO DATA BUS — —
PULSE TSS

LOAD TRANSMITTER SHIFT
REGISTER FROM TRANSMITTER
gYNC REGISTER

!
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FLOW CHART—RECEIVER

TURN POWER ON

SELECT CONTROL BITS—PULSE CS

SET RECEIVER SYNC CHARACTER ONTO DATA BUS —PULSE RSS

PULSE RR—SETS RECEIVER INTO SEARCH MODE, RDA = ROR=RPE =SCR=0

{ -SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER ]

DO THE
CONTENTS OF THE
RECEIVER SHIFT REGISTER
COMPARE TO THE CONTENTS

OF THE RECEIVER
SYNC REGISTER

SET THE RECEIVER INTO THE CHARACTER MODE
SCR =

LOAD THE RECEIVED CHARACTER INTO THE RECEIVER BUFFER REGISTER—RDA =1
EXAMINE OUTPUTS, PULSE RDAR, RDA =0
IF DESIRED, SET NEW RECEIVER SYNC CHARACTER ONTO DATA BUS —PULSE RSS

SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER J

HAS
A COMPLETE CHARACTER
BEEN RECEIVED
?

DOTHE
CONTENTS OF THE
RECEIVER SHIFT REGISTER
COMPARE TO THE CONTENTS
OF THE RECEIVER
SYNC REGISTER

2

SETSCR=1 SETSCR=0

HAS
THE PROPER
SETRPE=0 PARITY BIT SETRPE=1
BEEN RECEIVED
2

SETROR=0 SETROR=1
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USRT TIMING DIAGRAM

TDS

|
|
! |
TBMT : |
L glNote1 |_1J
|
scT : |
P : |
|
O U
ot L _ L+ ot e
le——— SyncCharacter ————— Data Character ——»l¢——— Data Character ——»]
ncpmmwﬂmmjm
_J ! R I | I I
st _I_ 1 _E:IZI:EIJI}ZEIIIIZEZqu]I:E:CIiE'
{«——— Sync Character ———:—*—I——ll Data Character ————‘—*—|——1 Data Character —#! :
RR | L | L | )
oy !‘ ol P!
1 ! |
RDAR ] ! ! ﬂlNote? | ! f
. ) )
RDA I i |
T T
- { [; — I Noted \_:_l;___: | :
ROR | !
|
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- [ L
! |
SCR }
! n— -
1 L Thotes I L
] ! | |
____________ N S L
RD1-8_ _ _ _ _ e __ _ I _n-_ - __—_"° 1 _5
NOTE 1 NOTE 2 NOTE 3

The transmitter shift register is In order to avoid an ROR The ROR. RPE, SCR and RD1-

loaded with the next character
at the positive clock transition
corresponding to the leading
edge of the last bit of the
current character on the TSO
output. TBMT is set high
approximately two microsec-
onds after this clock transition.
Ifitis desired that the next
character be extracted from
the transmitter data register
the leading edge of the TDS
should occur at least one
microsecond prior to this
clock transition.

indication the leading edge of
the RDAR pulse should occur
at least one microsecond prior
to the negative clock transition
corresponding to the center

of the first bit after the last data
bit on the RSl input.

RD8 outputs are set to their
correct levels approximately
two microseconds after the
negative clock transition
corresponding to the center of
the first bit after the last data
bit on the RSl input. The RDA
output is set high at the next
negative clock transition.

The solid waveforms corre-
spond to a control register
setting of 5 data bitsand a
parity bit. The dashed wave-
forms are for a setting of 6 data
bits and no parity bit.

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor apptica-
tions; consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible. ~
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STANDARD MICROSYSTEMS
_—

COM 2651

JLPC FAMILY

Programmable Communication Interface
-~ PCI

FEATURES

O Synchronous and Asynchronous Full Duplex or
Half Duplex Operations
(J Re-programmable ROM on-chip baud
rate generator
[0 Synchronous Mode Capabilities
— Selectable 5 to 8-Bit Characters
—Selectable 1 or 2 SYNC Characters
— Internal Character Synchronization
— Transparent or Non-Transparent Mode
— Automatic SYNC or DLE-SYNC Insertion
—SYNC or DLE Stripping
— 0Odd, Even, or No Parity
— Local or remote maintenance loop back mode
0O Asynchronous Mode Capabilities
— Selectable 5 to 8-Bit Characters
—3 Selectable Clock Rates (1X, 16X, 64X the
Baud Rate)
— Line Break Detection and Generation
—1, 1%, or 2-Stop Bit Detection and Generation
— False Start Bit Detection
— Odd, Even, or No Parity
— Parity, Overrun, and framing error detect
— Local or remote maintenance loop back mode
— Automatic serial echo mode
[0 Baud Rates
— DC to 1.0M Baud (Synchronous)
— DC to 1.0M Baud (1X, Asynchronous)
—DC to 62.5K Baud (16X, Asynchronous)
—DC to 15.625K Baud (64X, Asynchronous)

(J Double Buffering of Data

~

PIN CONFIGURATION

D2 1 ~ 28 D1
D3 2 g 27 DO
RxD 3 QO M 26 Vce
GND 4 c 0 25RxC
D4 5 ] 0 24DTR
D5 6 (] 0 23RTS
D6 7 O N 22 B8R
D7 8 ( D 21 RESET
TxC 9 g [ 20 BRCLK
A110 J 19TxD
CE11 ( 1 18 TxEMT/DSCHG
A0 12 N 17CTS
RW13 N 16 DCD
RxRDY 14 [ 1 15 TxRDY
Package: 28-pin D.I.P.

O Internal or External Baud Rate Clock
—16 Internal Rates:50 to 19,200 Baud

(0 Single +5 volt Power Supply

O TTL Compatible

O No System Clock Required

O Compatible with 2651, INS2651

GENERAL DESCRIPTION

The COM 2651 is an MOS/LS! device fabricated
using SMC’s patented COPLAMOS® technology
that meets the majority of asynchronous and
synchronous data communication requirements,
by interfacing parallel digital systems to asyn-
chronous and synchronous data communication
channels while requiring a minimum of processor
overhead. The COM 2651 contains a baud rate
generator which can be programmed to either
accept an external clock or to generate internal
transmit or receive clocks. Sixteen different baud
rates can be selected under program control when
operating in the internal clock mode. The on-chip
baud rate generator can be ROM reprogrammed to
accommodate different baud rates and different
starting frequencies.

The COM 2651 is a Universal Synchronous/

Asynchronous Receiver/Transmitter (USART)
designed for microcomputer system data com-
munications. The USART is used as a peripheral
and is programmed by the processor to com-
municate in commonly used asynchronous and
synchronous serial data transmission techniques
including IBM Bi-Sync. The USART receives serial
data streams and converts them into parallel data
characters for the processor. While receiving serial
data, the USART will also accept data characters
from the processor in parallel format, convert them
to serial format and transmit. The USART will sig-
nal the processor when it has completely received
or transmitted a character and requires service.
Complete USART status including data format
errors and control signals is available to the
processor at any time.
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SYN/I ROL
DATA BUS DATA BUS pLeconT!
00-D7 BUFFER )
SYN 1 REGISTER
t SYN2REGISTER
DLE REGISTER
OPERATION CONTROL
RESET e
A0 ——p MODE REGISTER 1
a1 ——— MODE REGISTER 2 o]
- TRANSMITTER O
Rw | | commaND REGISTER
CE —_—— TRANSMIT DATA
g STATUS REGISTER HOLDING PEGISTER
TRANSMIT |, TxD
SHIFT REGISTER
— >
BRCLK ———————
ROM
RE-PROGRAMMABLE
T*C BAUD RATE ¥
- GENERATOR
AND e
_ CLOCK CONTROL —1 RECEIVER jo————» FxRDY
RxC - ——]
RECEIVE DATA
HOLDING REGISTER
RECEIVE € RXD
DSR P— —— SHIFT REGISTER
ocD ——————ip- <
CTs —_q M%?EM
- CONTROL
BTR . - — VCC
<«——— GND
HG

COM 2651 ORGANIZATION

The COM 2651 is organized into 6 major sections.
Communication between each section is achieved via
an internal data and control bus. The data bus buffer
allows a processor access to all internal registers on the
COM 2651.

Operation Control

This functional block stores configuration and opera-
tion commands from the processor and generates appro-
priate signals to various internal sections to control the
overall device operation. It contains read and write cir-
cuits to permit communications with a processor via the
data bus and contains Mode Registers 1 and 2, the
Command Register, and the Status Register. Details of
register addressing and protocol are presented in the
COM 2651 programming section of this specification.
Timing

The COM 2651 contains a Baud Rate Generator (BRG)
which is programmable to accept external transmit or
receive clocks or to divide an external clock to perform
data communications. The unit can generate 16 com-
monly used baud rates, any one of which can be selected
for full duplex operation. Table 6 illustrates all available
baud rates.

Receiver

The Receiver accepts serial data on the RxD pin, con-
verts this serial input to parallel format, checks for bits
or characters that are unique to the communication
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technique and stores the “assembled” character in the
receive data holding register until read by the processor.

Transmitter

The Transmitter accepts parallel data from the processor,
converts it to a serial bit stream, inserts the appropriate
characters or bits (based on the communication tech-
nique) and outputs a composite serial stream of data on
the TxD output pin.

Modem Control

The modem control provides three output signals and
accepts three input signals used for “handshaking” and
status indication between the COM 2651 and a modem.

SYN/DLE Control

This section contains control circuitry and three 8-bit
registers storing the SYN1, SYN2, and DLE characters
provided by the processor. These registers are used in
the synchronous mode of operation to provide the
characters required for synchronization, idle fill and
data transparency.

Interface Signals

The COM 2651 interface signals can be grouped into two
types: the processor-related signals (shown in Table 2) which
interface the COM 2651 to the processor, and the device-
related signals (shown in Table 3), which are used to inter-
face to the communications equipment.



TABLE 2—PROCESSOR RELATED SIGNALS

NAME

SYMBOL

FUNCTION

Data

D7-DD

Bidirectional; 8 bit, three state data bus used to transfer commands, data and status
between the COM 2651 and a processor. D@ is the least significant bit; D7 is the most
significant bit.

Address

Input; Address lines used to select COM 2651 registers.

ChipEnable

Input; when this signal is low, the operation specified by the R/W, A1 and A@ will be
performed. When this input is high, D7-@ are in the high impedance state.

Read/Write

Input; Processor read/write direction control. This signal defines the direction of the
3 2651 is selected. D7-0 ari A .

| data bus D7-@ when the COM'

R out(
low and accepts data input when this signal is high. The input only has meaning when
the chip enable input is active.

14

Receiver Ready

RxRDY

Output; This signal is the complement of Status Register bit 1 (SR1). When low, it
indicates that the Receive Data Holding Register (RHR) has a character ready for input
to the processor. It goes high when the RHR is read by the processor, and also when
the receiver is disabled. It is an open drain output which can be used as an interrupt

to the processor.

Transmitter
Ready

TxRDY

Output; This signal is the complement of Status Register bit 0(SR0). When low, it
indicates that the Transmit Data Holding Register (THR) is ready to accept a data
character from the processor. It goes high when the data character is loaded. This output
is valid only when the transmitter is enabled. it is an open drain output which can be
used as an interrupt to the processor.

18

Transmitter
empty/data
set change

Output; This signal is the complement of Status Register bit 2 (SR2). When low, it
indicates that the transmitter has completed serialization of the last character loaded
by the processor, or that a change of state of the DSR or inputs has occurred.
This output goes high when the Status Register is read by the processor, if the

TxEMT condition does not exist. Otherwise, the THR must be loaded by the processor
for this line to go high. It is an open drain output which can be used as an interrupt

to the processor.

21

Reset

Reset

Input; A high on this input performs a master reset on the COM 2651, This signal
asynchronously terminates any device activity and clears the Mode, Command and
Status registers. The device assumes the idle state and remains there until initialized
with the appropriate control words.

26

Supply Voltage

Ve

+5 volts supply.

Ground

Ground.

TABLE 3—DEVICE RELATED SIGNALS

PIN NO.

NAME

SYMBOL

FUNCTION

Receive Data

RxD

Input; Serial data to the receiver. “Mark” is high “space” is low.

Transmitter
Clock

Input or Output; If the external transmitter clock is programmed, this input controls
the rate at which the character is transmitted. lts frequency is 1X, 16X or 64X, the Baud
rate as programmed by Mode Register 1. The transmitted data changes on the falling
edge of the clock. If the internal transmitter clock is programmed, this pin becomes

an output at 1X the programmed Baud rate. S

16

Data Carrier
Detect

Q
O

Input; This signal must be low in order for the receiver to function. The complement
appears in the Status Register bit 6 (SR6). When this input changes state a low output
on TXEMT/DSCHG occurs.

17

Clear to Send

O
|
i

Input; This signal must be low in order for the transmitter to function. If it goes high
during transmission, the character in the Transmit Shift Register will be transmitted
before termination.

Transmit Data

Output; Serial data from the transmitter. “Mark” is high, “Space” is low. This signal is
held in the “Mark” condition when the transmitter is disabled.

20

, Baud Rate Clock

BRCLK

Input; The standard device requires a 5.0688MHz clock to the internal Baud rate
generator allowing for Baud rate shown in Table6. The reprogrammable ROM on chip
allows for user specificed Baud rates and input frequency. Consult the factory for
details. This input is not required if external receive and transmit clocks are used.

22

Data Set Ready

Input; This general purpose signal can be used for Data Set Ready or Ring Indicator
condition. lts complement appears as Status Register bit 7 (SR7). When this input
changes state, a low output on TXEMT/DSCHG occurs.

23

Request to Send

Output; This general purpose signal is the complement of the Command Register bit 5
(CR5). It is normally used to indicate Request to Send.
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TABLE 3—DEVICE RELATED SIGNALS

PIN NO. NAME SYMBOL FUNCTION
24 Data Terminal DTR Output; This general purpose signal is the complement of the Command Register
bit 1 (CR1). Itis normally used to indicate Data Terminal Ready.
25 Receive Clock RxC Input or Output; If the external receiver clock is broarammed. this inout controls the

rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud
rate, as programmed by Mode Register 1. Data are sampled on the rising edge of the

clock. If internal receiver clock is programmed, this pin becomes an output at 1X the
programmed Baud rate.

T —
COM 2651 OPERATION

The functional operation of the COM 2651 is programmed
by a set of control words supplied by the processor.
These control words specify items such as synchronous
or asynchronous mode, baud rate, number of bits per
character, etc. The programming procedure is described
in the COM 2651 Programming section of this data sheet.

After programming, the COM 2651 is ready to perform
the desired communications functions. The receiver
performs serial to parallel conversion of data received
from a modem or equivalent device. The transmitter
converts parallel data received from the processor to a
serial bit stream. These actions are accomplished within
the framework specificed by the control words.

Receiver
The COM 2651 is conditioned to receive data when the
input is low and the RxEN bit in the command
register is true. In the asynchronous mode, the receiver
looks for a high to low transition on the RxD input line
indicating the start bit. If a transition is detected, the
state of the RxD line is sampled again after a delay of
one-half of a bit time. If RxD is now high, the search for
a valid start bit is begun again. If RxD is still low, a valid
start bit is assumed and the receiver continues to sample
the input line at one bit time intervals until the proper
number of data bits, the parity bit, and the stop bit(s)
have been assembled. The data is then transferred to the
Receive Data Holding Register, the RxRDY bit in the
status register is set, and the RxRDY output is asserted.
If the character length is less than 8 bits, the high order
unused bits in the Holding Register are set to zero. The
Parity Error, Framing Error, and Overrun Error status
bits are strobed into the status register on the positive
going edge of RxC corresponding to the received char-
acter boundary. If a break condition is detected (RxD is
low for the entire character as well as the stop bit[s]),
only one character consisting of all zeros (with the
Framing error status bit set) wiil be transferred to the
Holding Register. The RxD input must return to a high
condition before a search for the next start bit begins.

When the COM 2651 is initialized into the synchronous
mode, the receiver first enters the hunt mode on a0 to 1
transition of RXEN (CR2). In this mode, as data is shifted
into the Reciver Shift Register a bit at a time, the con-
tents of the register are compared to the contents of the
SYN1 register. If the two are not equal, the next bit is
shifted in and the comparison is repeated. When the two
registers match, the hunt mode is terminated and char-
acter assembly begins. If the single SYN operation is
programmed, the SYN DETECT status bitis set. If double
SYN operation is programmed, the first character assem-
bled after SYN1 must be SYN2 in order for the SYN
DETECT bit to be set. Otherwise, the COM 2651 returns
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to the hunt mode. (Note that the sequence SYN1-SYN1-
SYN2 will not achieve synchronization). When syn-
chronization has been achieved, the COM 2651 con-
tinues to assembie characters and transfers them to the
Holding Register. The RXRDY status bit is set and the
RxRDY output is asserted each time a character is assem-
bled and transferred to the Holding Register. The Overrun
error (OE) and Parity error (PE) status bits are set as
appropriate. Further receipt of the proper SYN
sequence sets the SYN DETECT status bit. If the SYN
stripping mode is commanded, SYN characters are not
transferred to the Holding Register. Note that the SYN
characters used to establish initial synchronization are
not transferred to the Holding Register in any case.

Transmitter
The COM 2651 is conditioned to transmit data when the
CTS input is low and the TxEN command register bit is
set. The COM 2651 indicates to the processor that it can
accept a character for transmission by setting the
TxRDY status bit and asserting the TXRDY output. When
the processor writes a character into the Transmit Data
Holding Register, the TxRDY status bit is reset and the
X output is returned to a high (false) state. Data
is transferred from the Holding Register to the Transmit
Shift Register when it is idle or has completed trans-
mission of the previous character. The TxRDY condi-
tions are then asserted again. Thus, one full character
time of buffering is provided.

In the asynchronous mode, the transmitter automatically
sends a start bit followed by the programmed number
of data bits, the least significant bit being sent first. It then
appends an optional odd or even parity bit and the pro-
grammed number of stop bits. If, following transmission
of the data bits, a new character is not available in the
Transmit Holding Register, the TxD output remains ir.
the marking (high) condition and the TxEMT/D3CHG
output and its corresponding status bit are asserted.
Transmission resumes when the processor loads a new
character into the Holding Register. The transmitter can
be forced to output a continuous low (BREAK) condi-
tion by setting the Send Break command bit high.

In the synchronous mode, when the COM 2651 is initially
conditioned to transmit, the TxD output remains high and
the TxRDY condition is asserted until the first character to
be transmitted (usually a SYN character) is loaded by the
processor. Subsequent to this, a continuous stream of
characters is transmitted. No extra bits (other than parity,
if commanded) are generated by the COM 2651 unlessthe
processor fails to send a new character to the COM 2651
by the time the transmitter has completed sending the
previous character. Since synchronous communication
does not allow gaps between characters, the COM 2651



asserts TXEMT and automatically “fills” the gap by
transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1
doublets, depending on the state of MR16 and MR17.
Normal transmission of the message resumeswhenanew
character is available in the Transmit Data Holding
Register. If the SEND DLE bit in the command register is
true, the DLE character is automatically transmitted prior
to transmission of the message character in the transmit
holding register.

COM 2651 PROGRAMMING
Prior to initiating data communications, the COM 2651
operational mode must be programmed by performing

COM 2651 INITIALIZATION FLOW CHART

INITIAL RESET

LOAD
MODE REGISTER 1

LOAD
MODE REGISTER 2

NOTE

Mode Register 1 must be written

before 2 can be written. Mode Register 2
need not be programmed if external
clocks are used.

write operations to the mode and command registers.
In addition, if synchronous operation is programmed,
the appropriate SYN/DLE registers must be loaded. The
COM 2651 can be reconfigured at any time during pro-

NOTE

SYN1 Register must be written
before SYN2 can be written, and
SYN2 before DLE can be written.

=
o
-
[&)
w
o

gram execution. However, if the change has an effect on
the reception of a character the receiver should be dis-
abled. Alternatively if the change is made 1%2RxC periods
after RxRDY goes active it will affect the next character
assembly. A flowchart of the initialization process
appears in Figure 1.

The internal registers of the COM 2651 are accessed by
applying specific signals to the CE, R/W, A1 and A0
inputs. The conditions necessary to address eachregister
are shown in Table 4.

The SYN1, SYN2, and DLE registers are accessed by
performing write operations with the conditions A1=0,
A0=1, and R/W=1. The firat operation loads the SYN1

register. The next loads the SYN2 register, and the third s <
loads the DLE register. Reading or loading the mode r——————>
registers is done in a similar manner. The first write (or | —
read) operation addresses Mode Register 1, and a sub- | COMMAND REGISTER
sequent operation addresses Mode Register 2. If more |
than the required number of accesses are made, the r—- --—--i
OPERATE

internal sequencer recycles to point at the first register.
The pointers are reset to SYN1 Register and Mode
Register 1 by a RESET input or by performing a “Read
Command Register” operation, but are unaffected by any
other read or write operation.

The COM 2651 register formats are summarized in
Tables 5, 6, 7 and 8. Mode Registers 1 and 2 define the
general operational characteristics of the COM 2651,
while the Command Register controls the operation
within this basic framework. The COM 2651 indicates
its status in the Status Register. These registers are
cleared when a RESET input is applied.

e e e ol

DISABLE RECEIVER
AND TRANSMITTER

Figure 1

CE Al A0 R/W FUNCTION
1 X X X Tri-state data bus
0 0 0 0 Read receive holding register
0 0 0 1 Write transmit holding register
0 0 1 0 Read status register
0 0 1 1 Write SYN1/SYN2/DLE registers
0 1 0 0 Read mode registers 1 and 2
0 1 0 1 Write mode registers 1 and 2
0 1 1 0 Read command register
0 1 1 1 Write command register
NOTE
See AC Characteristics section for timing requirements.
Table 4—COM 2651 REGISTER ADDRESSING
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MODE REGISTER 1 (MR1)

Table 5 iliustrates Mode Register 1. Bits MR11 and MR10
select the communication format and Baud rate multi-
plier. 00 specifies synchronous mode and 1X mulitiplier.
1X, 16X, and 64X multipliers are programmable for
asynchronous format. However, the multiplier in asyn-
chronous format applies only if the external clock input
option is selected by MR24 or MR25,

MR13 and MR12 select a character length of 5, 6, 7, or 8
bits. The character length does not include the parity bit,
if programmed, and does not incliude the start and stop
bits in asynchronous mode.

MR14 controls parity generation. If enabled, a parity bit
is added to the transmitted character and the receiver

performs a parity check on incoming data. MR15 selects
odd or even parity when parity is enabled by MR14.

In asychronous mode, MR17 and MR16 select character
framing of 1, 1.5, or 2 stop bits. (if 1X baud rate is pro-
grammed, 1.5, stop bits defaults to 1 stop bits on trans-
mit). In synchroncus mods, MN17 controls the numbsi
of SYN characters used to establish synchronization
and for character fill when the transmitter is idle. SYN1
alone is used if MR17=1, and SYN1-SYN2 is used when
MR17=0. If the transparent mode is specified by MR16,
DLE-SYN1 is used for character fill and SYN Detect, but
the normal synchronization sequence is used. Also DLE
stripping and DLE Detect (with MR14=0) are enabled.

SYNCH: NUMBER
OF SYN CHAR
0=DOUBLE SYN
1=SINGLE SYN

SYNCH: TRANS-
PARENCY CONTROL

0=NORMAL

1=TRANSPARENT

MR17 MR18 MR15 MR14 MR13 MR12 MR11 I MR10
Sync/Async Parity Type Parity Control Character Length Mode and Baud Rate Factor
ASYNCH: STOP BIT LENGTH
00=INVALID 0=0DD 0=DISABLED 00=5BITS 00=SYNCHRONOUS 1X RATE
01=1STOP BIT 1=EVEN 1=ENABLED 01=6 BITS 01=ASYNCHRONOUS 1X RATE
10=1% STOP BITS 10=7 BITS 10=ASYNCHRONOUS 16X RATE
11=2 STOP BITS 11=8 BITS 11=ASYNCHRONOUS 64X RATE

NOTE Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if

internal clock is selected. Mode must be selected (MR11, MR10} in any case.

TABLE 5—MODE REGISTER 1(MR1)

e e
MODE REGISTER 2 (MR2)

Table 6 illustrates Mode Register 2. MR23, MR22, MR21,
and MR20 control the frequency of the internal Baud
rate generator (BRG). Sixteen rates are selectable. When
driven by a 5.0688 MHz input at the BRCLK input (pin 20),
the BRG output has zero error except at 134.5, 2000, and
19,200 Baud, which have errors of -+0.016% +0.253%,
and +3.125% respectively.

MR25 and MR24 select either the BRG or the external

inputs TxC and RxC as the clock source for the trans-
mitter and receiver, respectively. If the BRG clock is
selected, the Baud rate factor in asynchronous mode is
16X regardless of the factor selected by MR11 and MR10.
In addition, the corresponding clock pin provides an
output at 1X the Baud rate. Custom Baud rates other
than the ones provided by the standard part are avail-
able. Contact the factory for details.

[

MR27 MR26 MR25 MR24 MR23-MR20
Theoretical Actual
Transmitter Receiver Baud Freq y Freq Y Percent
Clock Clock Code Rate 16X Clock 16X Clock Error Divisor

O0=EXTERNAL | O=EXTERNAL 0000 50 0.8 KHz 0.8 KHz — 6336

NOT USED 1=INTERNAL 1=INTERNAL 0001 75 12 1.2 — 4224
0010 110 176 1.76 - 2880

0011 1345 2162 21523 0.016 2355

0100 150 24 24 — 2112

0101 300 48 4.8 — 1056

0110 600 96 96 - 528

0111 1200 19.2 19.2 — 264

1000 1800 28.8 28.8 — 176

1001 2000 32.0 32.081 0.253 158

1010 2400 384 384 — 132

1011 3600 576 57.6 —_ 88

1100 4800 76.8 76.8 — 66

1101 7200 1152 115.2 —_ 44

1110 9600 1536 153.6 — 33

111 19200* 307.2 316.8 3.125 16

NOTE Error at 19200 can be reduced to zero by using crystal frequency 4.9152MHz
16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1X.

Baud rates are valid for crystal frequency = 5.0688MHz

TABLE 6 —MODE REGISTER 2 (MR2)
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COMMAND REGISTER (CR)

Table 7 illustrates the CommandRegister. Bits CRO (TXEN)
and CR2 (RxEN) enable or disable the transmitter and

receiver respectively. A 0 to 1 transition of CR2 forces

start bit search (async mode) or hunt mode (sync mode)
on the second Rx
causes RxRDY
disabled, it will complete thetransmission ofthecharacter

rising edge. Disabling the receiver
to go high (inactive). If the transmitter is

in the Transmit Shift Register (if any) prior to terminat-
ing operation. The TxD output will then remain in the
marking state (high) while the TxRDY and TX will

go high (inactive). If the receiver is disabled, it will termi-

nate operation immediately. Any character being assem-
bled will be neglected.

In asynchronous mode, setting CR3 will force and hold

the TXD output low (spacing condition) at the end of the
current transmitted character. Normal operation resumes
when CR3 is cleared. The TxD line will go high for at least
one bit time before beginning transmission of the next
character in the Transmit Data Holding Register. In syn-
chronous mode, setting CR3 causes the transmission
of the DLE register contents prior to sending the char-
acter in the Transmit Data Holding Register. CR3 should

be reset in response to the next TxRDY.

Setting CR4 causes the error flags in the Status Register

(SR3, SR4, and SR5 ) to be cleared. This is a one time

command. There is no internal latch for this bit.

The COM 2651 can operate in one of four sub-modes
within each major mode (synchronous or asynchronous).
The operational sub-mode is determined by CR7 and
CR6. CR7-CR6=00 is the normal mode, with the trans-

mitter and receiver operating independently in accor-
dance with the Mode and Status Register instructions.

In asynchronous mode, CR7-CR6=01 places the COM
2651 in the Automatic Echo mode. Clocked, regenerated
received data is automatically directed to the TxD line
while normal receiver operation continues. The receiver
must be enabled (CR2=1), but the transmitter need not
be enabled. Processor to receiver communications con-
tinues normally, but the processor to transmitter link
is disabled. Only the first character of a break condi-
tion is echoed. The TxD output will go high until the
next valid start is detected. The following conditions
are true while in Automatic Echo mode:

1. Data assembled by the receiver are automatically
placed in the Transmit Holding Register and retrans-
mitted by the transmitter on the TxD output.

. The transmitter is clocked by the receive clock.

. TxRDY outgut=1.

. The Tx /DSCHG pin will reflect only the data set
change condition.

5. The TXEN command (CRO) is ignored.

In synchronous mode, CR7-CR6=01 places the COM
2651 in the Automatic SYN/DLE Stripping mode. The
exzc’:ﬁ aRctéon taken depends on the setting of bits MR17
an 16:

1. In the non-transparent, singie SYN mode (MR17-
MR16=10), characters in the data stream matching
SYN?1 are not transferred to the Receive Data Holding
Register (RHR).

2. In the non-transparent, double SYN mode (MR17-
MR16=00), characters in the data stream matching,
SYN1, or SYN2 if immediately preceded by SYN1, are
not transferred to the RHR. However, only the first
SYN1 of an SYN1-SYN1 pair is stripped.

3. In transparent mode (MR16=1), characters in the
data stream matching DLE, or SYN1 if immediately
preceded by DLE, are not transferred to the RHR.
However, only the first DLE of a DLE-DLE pair is
stripped.

Note that Automatic Stripping mode does not affect the
setting of the DLE Detect and SYN Detect status bits
(SR3 and SR5).

Two diagnostic sub-modes can also be configured. In
Local Loop Back mode (CR7-CR6=10), the following
loops are connected internally:

1. The transmitter output is connected to the receiver
input.

2. DTR is connected to DCD and RTS is connected to
CTS.

3. The receiver is clocked by the transmit clock.

4. The DTR, RTS and TxD outputs are held high.

5. The CTS, DCD, D3R and RxD inputs are ignored.

Additional requirements to operate in the Local Loop
Back mode are that CRO (TXEN), CR1 (DTR), and CR5
(RTS) must be set to 1. CR2 (RxEN) is ignored by the
COM 2651.

The second diagnostic mode is the Remote Loop Back
mode (CR7-CR6=11). In this mode:

1. Data assembled by the receiver is automatically
placed in the Transmit Holding Register and retrans-
mitted by the transmitter on the TxD output.

2. The transmitter is clocked by the receive clock.

3. No data are sent to the local processor, but the error
status conditions (PE, OE, FE) are set.

4. The RxRDY, TXRDY, and TXEMT/DSCHG outputs are
held high.

5. CRO (TxEN) is ignored.

6. All other signals operate normally.

CR? l cre CRS CRe CR3 CR2 CR1 CRO
Request to Receive Data Terminal Transmit
Operating Mode Sond Reset Error Sync/Async | control (RKEN) Ready Control (TXEN)
ASYNCH:
00=NORMAL OPERATION 0=NORMAL FORCE BREAK
! 01=ASYNCH: AUTOMATIC 0=FORCERTS | 1=RESET 0=NORMAL 0=DISABLE | 0=FORCE DTR | 0=DISABLE
1 ECHO MODE OUTPUT HIGH | ERROR FLAG 1—FORCE 1=ENABLE | OUTPUTHIGH | 1=ENABLE
' SYNCH: SYN AND/OR | 1=FORCERTS | INSTATUS BREAK 1=FORCE DTR
DLE STRIPPING MODE | OUTPUTLOW | (FE, OE, - OUTPUT LOW
10=LOCAL LOOP BACK | PE/DLE DETECT) | SYNCH:
11=REMOTE LOOP BACK SEND DLE
0=NORMAL
1=SEND DLE

TABLE 7—COMMAND REGISTER (CR)
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STATUS REGISTER (SR)

The data contained in the Status Register (as shown in
Table 8) indicate receiver and transmitter conditions and
modem/data set status.

SRN i tha Tranemittar Qondu ITanV\ ctatue hit It and

its corresponding output, are valid only when the trans-
mitter is enabled. If equal to 0, it indicates that the
Transmit Data Holding Register has been loaded by the
processor and the data has not been transferred to the
Transmit Shift Register. If set equal to 1, it indicates that
the Holding Register is ready to accept data from the
processor. This bit is initially set when the Transmitter
is enabled by CRO, unless a character has previously
been loaded into the Holding Register. It is not set when
the Automatic Echo or Remote Loop Back modes are
programmed. When this bit is set, the TXRDY output pin
is low. In the Automatic Echo and Remote Loop Back
modes, the output is held high.

SR1, the Receiver Ready (RxRDY) status bit, indicates
the condition of the Receive DataHolding Register. If set, it
indicates that a character has been loaded into the
Holding Register from the Receive Shift Register and is
ready to be read by the processor. If equal to zero. there
is no new character in the Holding Register. This bit is
cleared when the processor reads the Receive Data
Holding Register or when the receiver is disabled by CR2.
When set, the RxRDY output is low.

The TXEMT/DSCHG bit, SR2, when set, indicates either
a change of state of the DSR or DCD inputs or that the
Transmit Shift Register has completed transmission of a
character and no new character has been loaded into
the Transmit Data Holding Register. Note that in syn-
chronous mode this bit will be set even though the
appropriate “fill" character is transmitted. TXEMT will not
go active until at least one character has been trans-
mitted. It is cleared by loading the Transmit Data Hold-

ing Register. The DSCHG condition is enabled when
TXEN =1 or RXxEN = 1. It is cleared when the Status Reg-
ister is read by the processor. When SR2 is set, the TXEMT/
DSCHG output is low.

SR3, when set, indicates a received parity error when
parity is enabled by MR14. In synchronous transparent
mode (MR16=1), with parity disabled, it indicates that
acharacter matching the DLE Register has beenreceived.
However, only the first DLE of two successive DLEs will
set SR3. This bit is cleared when the receiver is dis-
abled and by the Reset Error comimand, CR4.

The Overrun Error status bit, SR4, indicates that the
previous character loaded into the Receive Holding
Register was not read by the processor at the time a new
received character was transferred into it. This bit is
cleared when the receiver is disabled and by the Reset
Error command, CR4.

In asynchronous mode, bit SR5 signifies that the re-
ceived character was not framed by the programmed
number of stop bits. (if 1.5 stop bits are programmed,
only the first stop bit is checked.) If the RHR contains all
0’'s when SR5=1, a break condition is present. In syn-
chronous non-transparent mode (MR16=0), it indicates
receipt of the SYN1 character in single SYN mode or the
SYN1-SYN2 pair in double SYN mode. In synchronous
transparent mode (MR16=1), this bit is set upon detec-
tion of the initial synchronizing characters (SYN1 or
SYN1-SYN2) and, after synchronization has been
achieved, when a DLE-SYN1 pair is received. The bit is
reset when the receiver is disabled, when the Reset Error
command is given in asynchronous mode, or when the
Status Register is read by the processor in the syn-
chronous mode. L

SR6 and SR7 reflect the conditions of the DCD and DSR
inputs respectively. A low input sets the corresponding
status bit and a high input clears it.

SR7 SR6 SRS SR4 SR3 SR2 SR1 SRo
D;e".j;' Dala Carrier | FE/SYN Detect Overrun PE/DLE Detect | TxEMT/DSCHG RxRDY TXRDY
0=DSRINPUT | 0=DCDINPUT | ASYNCH: 0=NORMAL 0=NORMAL 0=RECEIVE 0=TRANSMIT
IS HIGH ISHIGH 0=NORMAL 1=OVERRUN | ASYNCH: 1=CHANGE HOLDINGREG | HOLDING
1=D0SRINPUT | 1=DCDINPUT | |_rosMiNG ERROR 0=NORMAL INDSROR EMPTY REG BUSY
iSLOW ISLOW ERROR 1=PARITY DCD, OR 1=RECEIVE 1=TRANSMIT
ERROR TRANSMIT HOLDING REG | HOLDING
SYNCH: SYNCH: SHIFT REGIS- | HASDATA REG EMPTY
0=NORMAL TERIS
1=SYN CHAR O=NORMAL EMPTY
DETECTED 1=PARITY
ERROR
OR
DLE CHAR
RECEIVED

TABLE 8—STATUS REGISTER (SR)
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TIMING DIAGRAMS
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TIMING DIAGRAMS (Cont'd)
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MAXIMUM GUARANTEED RATINGS*
Operating Temperature RANGE ....oovrveeeeeeeereettttiettiiiiiattratttiataaaaaateetteteaaeaiees 0°Cto + 70°C
Storage Temperature RANGE ... .oovvereeereeeeerititiianeiiitiaaeaaitaraeaateeettetccaetaane —55°C to +150°C
Lead Temperature (soldering, 10 sec.) +325°C
Positive Voltage on any Pin, with respect to ground +18.0V
Negative Voltage on any Pin, with respect to ground .............eviiiiiieiniiiiiiiiiiiiiiiiieian. —0.3v

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or at any other condition above those indicated in the operational sections of this
specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it it important that the Absolute Maximum
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their
outputs when the AC power is switched on and off. in addition, voltage transients on the AC power line may appear on the
DC output. Forexample, the bench power supply programmed to deliver +12 volts may have large voltage transients when
the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used.

DC ELECTRICAL CHARACTERISTICS Ta=0°C to +70°C, Vec=5.0V 5%

PARAMETER MIN TYP MAX UNIT TEST CONDITIONS
Input voltage
Vi Low 0.8 Vv
Vin High 2.0
Output voltage
VoL Low 0.4 \" lo.=1.6mA
Vou High 2.4 lon=—100pA
I Input leakage current 10 LA Vin=0to 5.25V
Output leakage current
ln Data bus high 10 LA Vo=4.0V
|l Data bus low 10 LA Vo=0.45V
lec Power supply current 150 mA
Capacitance
Cin Input 20 pF
fc=1MHz
Cour Output 20 pF Unmeasured pins tied
to ground
Cio Input/Output 20 pF

AC ELECTRICAL CHARACTERISTICS TA=0°C to +70°C, Vcc=5.0V £5%

PARAMETER MIN TYP MAX UNIT TEST CONDITIONS
Pulse width
tres Reset 1000 ns
tce Chip enable 300 ns
Setup and hold time
tas Address setup 20 ns
tan Address hold 20 ns
tes R/W control setup 20 ns
ten R/W control hold 20 ns
tos Data setup for write 225 ns
tou Data hold for write 0 ns
taxs Rx data setup 300 ns
tRxH Rx data hold 350 ns
too Data delay time for read 250 ns - C.=100pF
tor Data bus floating time
__forread 150 ns CL=100pF
tcen CE to CE delay 700 ns
Input clock frequency
fan Baud rate generator 1.0 5.0688 5.0738 MHz
far TxC or RX dc 1.0 MHz
Clock width
tern Baud rate high 70 ns fara =5.0688MHz
ter Baud rate low 70 ns fare=5.0688MHz
tamH TxC or BxC high 500 ns
tra TxC or RxC low 500 ns
trxo TxD delay from falling
edge of TXC 650 ns C.=100pF
tres Skew between TxD
changing_acnd falling
edge of TxC output 0 ns C.=100pF
NOTE:

1. far and tam. shown for all modes except Local Loopback. For Local Loopback mode
far=0.7 MHz and tar. =700ns min.
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TYPICAL APPLICATIONS

ASYNCHRONOUS

SYRCTHNONOUS iNTERFAGE
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ASYNCHRONOUS INTERFACE
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SYNCHRONOUS INTERFACE
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TELEPHONE TELEPHONE
LINE LINE

STANDARD MICROSYSTE
CORPORATION g

35 Marcus Bivd._ Hauppauge. NY 11788
(516273-300  Twx crc 227 3608

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions, consequently complete information sufficient for construction purposes is not necessarily given. The
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does notconvey to the purchaser of the semiconductor
devices describea any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS
=

COM 2661-1
COM 2661-2
COM 2661-3

PC FAMILY

Enhanced Programmable
Communication Interface
EPCI

FEATURES

O Synchronous and Asynchronous Full Duplex or
Half Duplex Operations
O Re-programmable ROM on-chip baud
rate generator
J Synchronous Mode Capabilities
—Selectable 5 to 8-Bit Characters
—Selectable 1 or 2 SYNC Characters
— Internal or External Character Synchronization
—Transparent or Non-Transparent Mode
—Transparent mode DLE stuffing (Tx)
and detection (Rx)
—Automatic SYNC or DLE-SYNC Insertion
—SYNC, DLE and DLE-SYNC stripping
—QOdd, Even, or No Parity
—Local or remote maintenance loop back mode
O Asynchronous Mode Capabilities
— Selectable 5 to 8-Bit Characters plus parity
—3 Selectable Clock Rates (1X, 16X, 64X the
Baud Rate)
—Line Break Detection and Generation
—1, 1'%, or 2-Stop Bit Detection and Generation
—False Start Bit Detection
—Odd, Even, or No Parity
— Parity, Overrun, and framing error detect
—Local or remote maintenance loop back mode
— Automatic serial echo mode (echoplex)
[JBaud Rates
—DC to 1.0M Baud (Synchronous)
—DC to 1.0M Baud (1X, Asynchronous)
—DC to 62.5K Baud (16X, Asynchronous)
—DC to 15.625K Baud (64X, Asynchronous)

PIN CONFIGURATION

p2 1C d 1 28 D1

D3 2 [ 0 27D0
RxD 3 [ ] 26 Vce
GND 4 [ 25RxC/BKDET
D4 5 7 24DTR
D5 6 ( 0 23RTS
D6 7 (1 0 22DSR
D7 8 0 21 RESET
TxC/XSYNC 9 M 20BRCLK
A110 1 19TxD
CE1 QO 0 18 TXEMT/DSCHG
A012  17CTsS
RW13 N 16DCD
RxRDY 14 (] 15TXRDY

Package: 28-pin D.I.P.

J Double Buffering of Data

O RxC and TxC pins are short circuit protected
O Internal or External Baud Rate Clock

[0 3 baud rate sets (2661-1, -2, -3)

[J 16 internal rates for each version

O Single +5 volt Power Supply

O TTL Compatible

(0 No System Clock Required

0 Compatible with EPCI 2661

GENERAL DESCRIPTION

The COM 2661 is an MOS/LSI device fabricated
using SMC'’s patented COPLAMOS® technology.
It is an enhanced pin and register compatible
version of the COM 2651 that meets the majority of
asynchronous and synchronous data communica-
tion requirements, by interfacing parallel digital
systems to asynchronous and synchronous data
communication channels while requiring a mini-
mum of processor overhead. The COM2661
contains a baud rate generator which can be
programmed to either accept an external clock or
to generate internal transmit or receive clocks.
Sixteen different baud rates can be selected under
program control when operating in the internal
clock mode. Each version of the COM 2661 (-1,
-2, -3) has a different set of baud rates. Custom
baud rates can be ROM reprogrammed to accom-
modate different baud rates and different starting
frequencies.

The COM 2661 is a Universal Synchronous/
Asynchronous Receiver/Transmitter (USART)
designed for microcomputer system data com-
munications. The USART is used as a peripheral
and is programmed by the processor to com-
municate in commonly used asynchronous and
synchronous serial data transmission techniques
inctuding IBM Bi-Sync. The USART receives serial
data streams and converts them into parallel data
characters for the processor. While receiving serial
data, the USART will also accept data characters
from the processor in parallel format, convert them
to serial format and transmit. The USART will sig-
nal the processor when it has completely received
or transmitted a character and requires service.
Complete USART status including data format
errors and control signals is available to the
processor at any time.
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COM 2661 ORGANIZATION

The COM 2661 is organized into 6 major sections.
Communication between each section is achieved via
an internal data and control bus. The data bus buffer
allows a processor access to all internal registers on the
COM 2661. The differences between the COM 2661 and
COM 2651 are outlined in table 1.

Operation Control

This functional block stores configuration and opera-
tion commands from the processor and generates appro-
priate signals to various internal sections to control the
overall device operation. It contains read and write cir-
cuits to permit communications with a processor via the
data bus and contains Mcde Registers 1 and 2, the
Command Register, and the Status Register. Details of
register addressing and protocol are presented in the
COM 2661 programming section of this specification.
Timing

The COM 2661 contains a Baud Rate Generator (BRG)
which is programmable to accept external transmit or
receive clocks or to divide an external clock to perform
data communications. The unit can generate 16 com-
monly used baud rates, any one of which can be selected
for full duplex operation. Tables 2a, b, and c illustrate all
available baud rates.

Receiver

The Receiver accepts serial data on the RxD pin, con-
verts this serial input to parallel format, checks for bits

120

or characters that are unique to the communication
technique and stores the “assembled” character in the
receive data holding register until read by the processor.

Transmitter

The Transmitter accepts parallel data from the processor,
converts it to a serial bit stream, inserts the appropriate
characters or bits (based on the communication tech-
nique) and outputs a composite serial stream of data on
the TxD output pin.

Modem Control
The modem control provides three output signals and

accepts three input signals used for “handshaking” and
status indication between the COM 2661 and a modem.

SYN/DLE Control

This section contains control circuitry and three 8-bit
registers storing the SYN1, SYN2, and DLE characters
provided by the processor. These registers are used in
the synchronous mode of operation to provide the
characters required for synchronization, idle fill and
data transparency.

Interface Signals

The COM 2661 interface signals can be grouped into
two types: the processor-related signals (shown in Table
3) which interface the COM 2661 to the processor, and
the device-related signals (shown in Table 4), which are
used to interface to the communications equipment.




TABLE 3—PROCESSOR RELATED SIGNALS

PIN NO. NAME SYMBOL FUNCTION
1,2,5,6, | Data D7-D@ | Bidirectional; 8 bit, three state data bus used to transfer commands, data and status
7.8,27,28 between the COM 2661 and a processor. D is the least significant bit; D7 is the most
significant bit.
10,12 | Address A1,AD | Input; Address lines used to select COM 2661 registers.

1 Chip Enable CE Input; when this signal is low, the operation specified by the R/W, A1 and A® will be
performed. When this input is high, D7-0-are in the high impedance state.

13 Read/Write R/w Input; Processor read/write direction control. This signal defines the direction of the
data bus D7-0when the COM 2661 is selected. D7-0 drives out (read) when this signal is|
low and accepts data input when this signal is high. The input only has meaning when
the CE input is active.

14 ReceiverReady  |--RxRDY- Output; This signalisthe of Status Register bit 1 (SR1). When tow, it
indicates that the Receive Data Holding Register (RHR) has a character ready for input
to the processor. It goes high when the RHR is read by the processor, and also when
the receiver is disabled. It is an open drain output which can be used as an interrupt
to the processor.

15 Transmitter TXRDY | Output; This signal is the complement of Status Register bit 0 (SR0). When low, it

Ready indicates that the Transmit Data Holding Register (THR) is ready to accept a data
character from the processor. It goes highwhen thedata characterisloaded. Thisoutput]
is valid only when the transmitter is enabled. It is an open drain output which can be
used as an interrupt to the processor.

18 Transmitter IXEMT/ | Output; This signal is the complement of Status Register bit 2 (SR2). When low, it
empty/data DSCHG | indicates that the transmitter has completed serialization of the last character Ioaded
set change by the processor, or that a change of state of the DSR or DCD inputs has occurred.

This output goes high when the Status Register is read by the processor, if the

TXEMT condition does not exist. Otherwise, the THR must be loaded by the processor]
for this line to go high. It is an open drain output which can be used as an interrupt

to the processor.

21 Reset Reset | Input; A high on this input performs a master reset on the COM 2661. This signal
asynchronously terminates any device activity and clears the Mode, Command and
Status registers. The device assumes the idle state and remains there until initialized
with the appropriate control words.

26 Supply Voltage Vee +5 volts supply.

4 Ground GND | Ground.

TABLE 4—DEVICE RELATED SIGNALS
PIN NO. NAME SYMBOL FUNCTION

Receive Date RxD Input; Serial data to the receiver. “Mark” is high “space” is low.

Transmitter TxC/ Input or Qutput; If the external transmitter clock is programmed, this input controls

Clock/External XSYNC | the rate at which the character is transmitted. Its frequency is 1X, 16X or 64X, the Baud

Sync rate as programmed by Mode Register 1. The transmitted data changes on the falling
edge of the clock. If the internal transmitter clock is programmed, this pin can be a
1X/16X clock output or an external jam synchronization input.

16 Data Carrier DCD | Input; This signal must be low in order for the receiver to function. The complement
Detect appears in the Status Register bit 6 (SR6). DCD causes a low output on TXEMT/DSCHG

when its state changes if CR2 or CRO=1. If DCD goes high while receiving, the RxC
is internally inhibited. '

17 Clear to Send CTS | Input; This signal must be low in order for the transmitter to function. If it goes high
during transmission, the character in the Transmit Shift Register will be transmitted
before termination.

19 Transmit Data TxD Output; Serial data from the transmitter. “Mark” is high, “Space” is low. This signal is
held in the “Mark” condition when the transmitter is disabled.

20 Baud Rate Clock | BRCLK | input; Clock input to the internal baud rate generator (See Tables 2a, b and ¢); not
required if the external receiver and transmitter clocks are used.

22 Data Set Ready DSR Input; This general purpose signal can be used for Data Set Ready or Ring Indicator
condition. Jts complement appears as Status Register bit 7 (SR7). DSR causes a low
output on TXEMT/DSCHG when its state changes if CR2 or CRO=1.

23 Request to Send RTS | Output; This general purpose signal is the complement of the Command Register bit 5
(CRS5). Itis normally used toindicate Reguest to Send. |fthe Transmit Shift Register is not,
empty when CR5 is reset (1 to 0), then will go high on TxC time after the last serial
bit is transmitted.

24 Data Terminal DTR Output; This general purpose signal is the complement of the Command Register

Ready bit 1 (CR1). It is normally used to indicate Data Terminal Ready.

25 Receive Clock/ BxC/ | Inputor Output; If the external receiver clock is programmed, this input controls the

Break Detect BKDET | rate at which the character is to be received. Its frequency is 1X, 16X, or 64X the Baud

rate, as programmed by Mode Register 1. Data are sampled on the rising edge of the
clock. If internal receiver clock is programmed, this pin can be a 1X/16X clock ora

break detect output.

121

z
o
[
(=)
w
73




Table 1 COM 2661 vs. COM 2651
EPCt

Control pin 9. 25

SR3=0 for DLE-DLE,

DLE-SYNC1

Second character after

DLE; or receiver

disable, or CR4=1

FEATURE
1.MR2 Bit6,7
2. DLE detect-SR3

ect
Not used

SR3=1{or DLE-DLE,
DLE-SYNC1

Receiver disable, or
CRé4=1

3. Reset of SR3, DLE
detect

TxRDY
None

“. Se1 DLE-Ond

5. DLE stuffing in
transparent mode

Automatic DLE stuffing

when DLE is loaded

except if CR3=1

6. SYNC1 stripping AlISYNC1
in double sync
non-transparent
mode

7. Baud rate versions

8, Terminate
transmission

First SYNC1 of pair

Three One
Reset GRS in regponse tol Reset CRO when TxEMT

TXRDY changing from | goes from 110 0. Then
tot

(drop RTS) reset CRS when TXxEMT
goesfromOto1
9. Break detect Pin 25 FE and null character
10. Stop bitsearched | One Two
11, External jamsync | Pin® No
12. Data bus timing improved over 2651 —
13. Data bus drivers Sink 2.2mA Sink 1.6mA
Source 400uA Source 100uA

NOTES
1. Internal BRG used for RxC.
2. Internal BRG used for TxC.

Table 2a BAUD RATE GENERATOR CHARACTERISTICS
2661-1 (BRCLK =4.9152MHz)

ACTUAL
BAUD FREQUENCY  PERCENT
MR23-20 RATE 16X CLOCK ERROR DIVISOR
0000 50 0.8kHz — 6144
0001 75 1.2 - 4096
0010 110 1.7598 -0.01 2793
0011 1345 2152 - 2284
0100 150 24 - 2048
at01 200 32 - 1536
0110 300 48 - 1024
o 600 96 - 512
1000 1050 16.8329 0.19 292
1001 1200 192 — 256
1010 1800 28.7438 -0.19 171
1011 2000 31.9168 -0.26 154
1100 2400 384 - 128
1101 4800 76.8 64
1110 9600 1536 - 32
111 19200 072 — 16

Table 2b BAUD RATE GENERATOR CHARACTERISTICS
2661 -2 (BRCLK=4.9152MHz)

ACTUAL
BAUD FREQUENCY PERCENT
MR23-20 RATE 16X CLOCK ERROR DIVISOR
0000 455 0.7278kHz 0.005 6752
0001 50 08 - 6144
0010 75 12 — 4096
0011 110 1.7598 -0.01 2793
0101 150 24 - 2048
0110 300 48 - 1024
o111 600 96 - 512
1000 1200 192 - 256
1001 1800 28.7438 0.19 171
1010 2000 319168 ~0.26 154
1011 2400 384 - 128
1100 4800 768 — 64
1101 9600 1536 el 32
1110 19200 307.2 - 16
1111 38400 6144 — 8
Table 2c BAUD RATE CHARACTERISTICS
2661 -3 (BRCLK=5.0688MH2)
ACTUAL
BAUD FREQUENCY PERCENT
MR23-20 RATE 16X CLOCK ERROR DIVISOR
0000 50 0.8kHz - 6336
0001 7% 1.2 - 4224
0010 110 176 — 2880
0011 1345 21523 0.016 2355
0100 150 24 - 2112
0101 300 48 - 1056
0110 600 96 - 528
0111 1200 192 - 264
1000 1800 288 - 176
1001 2000 32.081 0253 158
1010 2400 384 - 132
1011 3600 576 — 88
1100 4800 76.8 - 66
1101 7200 115.2 - 44
1m0 9600 1536 - 33
111 19200 316.8 3.125 16

NOTE
16X clock 1s used i asynchronous mode. In synchronous mode. clock multiphier is 1X ang
BRG can be used only for TxC

COM 2661 OPERATION

The functional operation of the COM 2661 is programmed
by a set of control words supplied by the processor.
These control words specify items such as synchronous
or asynchronous mode, baud rate, number of bits per
character, etc. The programming procedure is described
in the COM 2661 Programming section of this data sheet.

After programming, the COM 2661 is ready to perform
the desired communications functions. The receiver
performs serial to parallel conversion of data received
from a modem or equivalent device. The transmitter
converts parallel data received from the processor to a
serial bit stream. These actions are accomplished within
the framework specified by the control words. |
Receiver

The COM 2661 is conditioned to receive data when the
DCD input is iow and the RXEN bit in the command
register is true. In the asynchronous mode, the receiver
looks for a high to low (mark to space) transition of the
start bit on the RxD input line. If a transition is detected,
the state of the RxD line is sampled again after adelay of
one-half of a bit time. if RxD is now high, the search for
a valid start bit is begun again. If RxD is still low, a valid
start bit is assumed and the receiver continues to sample
the input line at one bit time intervals until the proper
number of data bits, the parity bit, and one stop bit have
been assembled. The data is then transferred to the
Receive Data Holding Register, the RxRDY bit in the
status register is set, and the RxRDY output is asserted.
If the character length is less than 8 bits, the high order
unused bits in the Holding Register are set to zero. The
Parity Error, Framing Error, and Overrun Error status
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bits are strobed into the status register on the positive
going edge of RxC corresponding to the received char-
acter boundary. If the stop bit is present, the receiver will
immediately begin its search for the next start bit. If the
stop bit is absent (framing error), the receiver will inter-
pret a space as a start bit if it persists into the next bit
time interval. If a break condition is detected (RxD is
low for the entire character as well as the stop bit), only
one character consisting of all zeros (with the Framing
error status bit set) will be transferred to the Holding
Register. The RxD input must return to a high condition
before a search for the next start bit begins.

Pin 25 can be programmed to be a break detect output
by appropriate setting of MR27-MR24. If so, a detected
break will cause that pin to go high. When RxD returns to
mark for gne RxC time, pin 25 will go low. Refer to the
break detection timing diagram.

When the COM 2661 is initialized into the synchronous
mode, the receiver first enters the hunt modeona0to 1
transition of RxEN (CR2). In this mode, as data is shifted
into the Receiver Shift Register a bit at a time, the con-
tents of the register are compared to the contents of the
SYNT1 register. If the two are not equal, the next bit is
shifted in and the comparison is repeated. When the two
registers match, the hunt mode is terminated and char-
acter assembly begins. If the single SYN operation is
programmed, the SYN DETECT status bit is set. If double
SYN operation is programmed, the first character assem-
bled after SYN1 must be SYN2 in order for the SYN
DETECT bit to be set. Otherwise, the COM 2661 returns
to the hunt mode. (Note that the sequence SYN1-SYN1-




SYN2 will not achieve synchronization). When syn-
chronization has been achieved, the COM 2661 con-
tinues to assemble characters and transfers them to the
Holding Register. The RxRDY status bit is set and the
RxRDY output is asserted each time a character is assem-
bled and transferred to the Holding Register. The Overrun
error (OE) and Parity error (PE) status bits are set as
appropriate. Further receipt of the proper SYN sequence
sets the SYN DETECT status bit. If the SYN stripping
mode is commanded, SYN characters are not trans-
ferred to the Holding Register. Note that the SYN char-
acters used to establish initial synchronization are not
transferred to the Holding Register in any case.

External jam synchronization can be achieved via pin 9
by appropriate setting of MR27-MR24. When pin Qis an
XSYNC input, the internal SYN1, SYN1-SYN2, and DLE-
SYN1 detection is disabled. Each positive going signal
on XSYNC will cause the receiver to establish synchro-
nization on the rising edge of the next RxC pulse.
Character assembly will start with the RxD input at this
edge. XSYNC may be lowered on the next rising edge of
RxC. This external synchronization will cause the SYN
DETECT status bit to be set until the status register is
read. Refer to XSYNC timing diagram.

Transmitter

The COM 2661 is conditioned to transmit data when the
CTS input is low and the TXEN command register bit is
set. The COM 2661 indicates to the processor that it can
accept a character for transmission by setting the
TxRDY status bit and asserting the TxRDY output. When
the processor writes a character into the Transmit Data
Holding Register, the TXxRDY status bit is reset and the
TXRDY output is returned to a high (false) state. Data
is transferred from the Holding Register to the Transmit
Shift Register when it is idle or has completed trans-
mission of the previous character. The TxRDY condi-
tions are then asserted again. Thus, one full character
time of buffering is provided.

In the asynchronous mode, the transmitter automatically
sends a start bit followed by the programmed number
of data bits, the least significant bit being sent first. It then
appends an optional odd or even parity bit and the pro-
grammed number of stop bits. If, following transmission
of the data bits, a new character is not available in the
Transmit Holding Register, the TxD output remains in
the marking (high) condition and the TXEMT/DSCHG
output and its corresponding status bit are asserted.
Transmission resumes when the processor loads a new
character into the Holding Register. The transmitter can
be forced to output a continuous low (BREAK) condi-
tion by setting the Send Break command bit high.

In the synchronous mode, when the COM 2661 is initially
conditioned to transmit, the TxD output remains high and
the TxRDY condition is asserted until the first character to
be transmitted (usually a SYN character) is loaded by the
processor. Subsequent to this; a continuous stream of
characters is transmitted. No extra bits (other than parity,
if commanded) are generated by the COM 2661 unless the
processor fails to send a new character to the COM 2661
by the time the transmitter has completed sending the
previous character. Since synchronous communication
does not allow gaps between characters, the COM 2661
asserts TXEMT and automatically “fills” the gap by
transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1
doublets, depending on the state of MR16 and MR17.
Normal transmission of the message resumes when a new
character is available in the Transmit Data Holding
Register. If the SEND DLE bit in the command register is
true, the DLE character is automatically transmitted
prior to transmission of the message character in the
transmit holding register.

COM 2661 PROGRAMMING

Prior to initiating data communications, the COM 2661
operational mode must be programmed by performing
write operations to the mode and command registers.
In addition, if synchronous operation is programmed,
the appropriate SYN/DLE registers must be loaded. The
COM 2661 can be reconfigured at any time during pro-
gram execution. A flow chart of the initialization process
appears in Figure 1.

The internal registers of the COM 2661 are accessed by
applying specific signals to the CE, R/W, A1 and A0
inputs. The conditions necessary to address each register
are shown in Table 5.

The SYN1, SYN2, and DLE registers are accessed by
performing write operations with the conditions A1=0,
A0=1, and R/W=1. The first operation loads the SYN1
register. The next loads the SYN2 register, and the third
loads the DLE register. Reading or loading the mode
registers is done in a similar manner. The first write (or
read) operation addresses Mode Register 1, and a sub-
sequent operation addresses Mode Register 2. If more

COM 2661 INITIALIZATION FLOW CHART

INITIAL RESET
]

LOAD
MODE REGISTER 1
LOAD
MODE REGISTER 2

NOTE

Mode Register 1 must be written

before 2 can be written. Mode Register 2
need not be programmed if external
clocks are used.

NOTE

SYN1 Register must be written
before SYN2 can be written, and
SYN2 before DLE can be written.

Y
LOAD
SYN 1 REGISTER

TRANSPARENT

LOAD
DLE REGISTER

ol Y -
o —t
=————p
| LOAD
: COMMAND REGISTER
——— ———
| OPERATE ]

| S L |

Figure 1

Y
DISABLE RECEIVER
AND TRANSMITTER
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than the required number of accesses are made, the
internal sequencer recycles to point at the first register.
The pointers are reset to SYN1 Register and Mode
Register 1 by a RESET input or by performing a “Read
Command Register” operation, but are unaffected by any
other read or write operation.

The COM 2661 register formats are summarized in
Tables 6, 7, 8 and 9. Mode Registers 1 and 2 define the
general operationai characteristics ot the CUM 2o6b1,
while the Command Register controls the operation
within this basic framework. The COM 2661 indicates
its status in the Status Register. These registers are
cleared when a RESET input is applied.

3 At a0 | Rw_| FUNCTION

1 X X X ? Tri-state data bus

0 0 0 0 | Read receive holding register

0 0 0 1 | Write transmit holding register

0 0 1 3} ! Read status register

0 0 1 1 t Write SYN1/SYN2/DLE registers

0 1 0 0 i Read mode registers 1 and 2

0 1 0 1 1 Write mode registers 1 and 2

0 1 1 0 | Read command reaister

0 1 1] 1 |  Write command register
NOTE

See AC Characteristics section for timing requirements.

Table 5—COM 2661 REGISTER ADDRESSING

MODE REGISTER 1 (MR1)

Table 6 illustrates Mode Register 1. Bits MR11 and MR10
select the communication format and Baud rate multi-
plier. 00 specifies synchronous mode and 1X multiplier.
1X, 16X, and 64X multipliers are programmable for
asynchronous format. However, the multiplier in asyn-
chronous format applies only if the external clock input
option is selected by MR24 -or MR25.

MR13 and MR12 select a character length of 5,6, 7, or 8
bits. The character length does notinclude the parity bit,
if programmed, and does not include the start and stop
bits in asynchronous mode.

MR14 controls parity generation. If enabled, a parity bit
is added to the transmitted character and the receiver
performs a parity check on incoming data. MR15 selects
odd or even parity when parity is enabled by MR14.

In asynchronous mode, MR17 and MR16 select character
framing of 1, 1.5, or 2 stop bits (if 1X baud rate is pro-
grammed, 1.5, stop bits defaults to 1 stop bits on trans-
mit). In synchronous mode, MR17 controls the number
of SYN characters used to establish synchronization
and for character fill when the transmitter is idle. SYN1
alone is used if MR17=1, and SYN1-SYN2 is used when
MR17=0. If the transparent mode is specified by MR16,
DLE-SYNT1 is used for character fill and SYN Detect, but
the normal synchronization sequence is used. When
transmitting, a DLE character.in the transmit holding
register will cause a second DLE character to be trans-
mitted. This DLE stuffing eliminates the software DLE
compare and stuff on each transparent mode data char-
acter. If the send DLE command (CR3) is active when a
DLE is loaded into THR, only one additional DLE will be
transmitted. Also DLE stripping and DLE Detect (with
MR14=0) are enabled.

SYNCH: NUMBER
OF SYN CHAR

0=DOUBLE SYN

1=SINGLE SYN

SYNCH: TRANS-
PARENCY CONTROL

0=NORMAL

1=TRANSPARENT

MR17 MR16 MR15 MR14 MR13 I MR12 MR I MR10
Sync/Async Parity Type Parity Controf Character Length Mode and Baud Rate Factor
ASYNCH: STOP BIT LENGTH
00=INVALID 0=0DD 0=DISABLED 00=5BITS 00=SYNCHRONOQUS 1X RATE
01=1 STOP BIT 1=EVEN 1=ENABLED 01=6 BITS 01=ASYNCHRONOUS 1X RATE
10=1% STOP BITS 10=7 BITS 10=ASYNCHRONOUS 16X RATE
11=2 STOP BITS 11=8 BITS 11=ASYNCHRONOUS 64X RATE

NOTE  Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if

internal clock is selected. Mode must be selected (MR11, MR10) in any case.

TABLE 6—~MODE REGISTER 1 (MR?)

MODE REGISTER 2 (MR2)

Table 7 illustrates mode register 2 (MR23, MR22, MR21
and MR20 control the frequency of the internal baud rate
generator (BRG). Sixteen rates are selectable for each
COM 2661 version (-1, -2, -3). Version 1 and 2 speci-
fy a 49152 Mz TTL input at BRCLK (pin 20); version
3 specifies a 5.0688 MHz input which is identical to the

COM 2651. MR23-20 are don't cares if external clocks
are selected (MR25-24=0). The individual rates are
given in table 2a, b and c.

MR24-MR27 select the receive and transmit clock source
(either the BRG or an external input) and the function
at pins 9 and 25. Refer to table 7.

MR-27-MR24 MR23-MR20
TxC RxC Pin9 Pin25 TxC RxC Pin 9 Pin 25 Mode Baud Rate Selection
0000 E E TxC RxC 1000 E E XSYNC' RxC/TxC sync
0001 E 1 TxC 1X 1001 E | TxC BKDET async
0010 | E X RxC 1010 1 E XSYNC' RxC sync
0011 [ t X 1X 1011 | | 1x BKDET async See baud rates in table 2
0100 E E TxC RxC 1100 E E XSYNC! RxC/TxC sync
0101 E | TxC 16X 1101 E | TxC BKDET async
0110 | E 16X RxC 1110 | E XSYNC' RxC sync
0111 1 1 16X 16X 111 | | 16X BKDET async
NOTES

1. When pin 9 is programmed as XSYNC input, SYN1, SYN1-SYN2, and DLE-SYN1 detection is disabled.

E=Exiernal clock I=Internal clock (BRG)
1X and 16X are clock outputs

TABLE 7—MODE REGISTER 2 (MR2)
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COMMAND REGISTER (CR)

Table 8 illustrates the Command Register. Bits CRO (TXEN)
and CR2 (RxEN) enable or disable the transmitter and
receiver respectively. A 0 to 1 transition of CR2 forces
start bit search (async mode) or hunt mode (sync mode)
on the second RxC rising edge. Disabling the receiver
causes RxRDY to go high (inactive). If the transmitter is
disabled, it will complete the transmission of the character
in the Transmit Shift Register (if any) prior to terminat-
ing operation. The TxD output will then remain_in the
marking state (high while the TxRDY and TxEMT will
go high (inactive). I the receiver is disabled, it will termi-
nate operation immediately. Any character being assem-
bled will be neglected. Bits' CR1 (DTR) and CR5 (RTS)
control the DTR and RTS outputs. Data at the outputs
are the logical complement of the register data.

In asynchronous mode, setting CR3 will force and hold
the TxD output low (spacing condition) at the end of the
current transmitted character. Normal operation resumes
when CR3 is cleared. The TxD line will go high for at least
one bit time before beginning transmission of the next
character in the Transmit Data Holding Register. In syn-
chronous mode, setting CR3 causes the transmission
of the DLE register contents prior to sending the char-
acter in the Transmit Data Holding Register. Since thisis
a one time command, CR3 does not have to be reset by
software. CR3 should be set when entering and exiting
transparent mode and for all DLE—non-DLE char-
acter sequences.

Setting CR4 causes the error flags in the Status Register
(SR3, SR4, and SR5) to be cleared. This is a one time
command. There is no internal latch for this bit. When
CR5 (RTS) is set, the RTS pin is forced low and the trans-
mit serial logic is enabled. A 1 to 0 transition of CRS will
cause RTS to go high (inactive) one TxC time after the
last serial bit has been transmitted (if the transmit shift
register was not empty).

The COM 2661 can operate in one of four sub-modes
within each major mode (synchronous or asynchronous).
The operational sub-mode is determined by CR7 and
CR6. CR7-CR6=00 is the normal mode, with the trans-
mitter and receiver operating independently in accor-
dance with the Mode and Status Register instructions.

in asynchronous mode, CR7-CR6=01 places the COM
2661 in the Automatic Echo mode. Clocked, regenerated
received data are automatically directed to the TxD line
while normal receiver operation continues. The receiver
must be enabled {(CR2=1), but the transmitter need not
be enabled. Processor to receiver communications con-
tinue normally, but the processor to transmitter link
is disabled. Only the first character of a break condi-
tion is echoed. The TxD output will go high until the
next valid start is detected. The following conditions
are true while in Automatic Echo mode:

1. Data assembled by the receiver are automatically

placed in the Transmit Holding Register and retrans-
mitted by the transmitter on the TxD output.

2. The transmitter is clocked by the receive clock.

3. TxRDY output=1.

4. The TXEMT/DSCHG pin will reflect only the data set
change condition.

5. The TXEN command (CRO) is ignored.

In synchronous mode, CR7-CR6=01 places the COM
2661 in the Automatic SYN/DLE Stripping mode. The
exact action taken depends on the setting of bits MR17
and MR16:

1. In the non-transparent, single SYN mode (MR17-
MR16=10), characters in the data stream matching
'SYNT1 are not transferred to the Receive Data Holding
Register (RHR).

2. In the non-transparent, double SYN mode (MR17-
MR16=00), characters in the data stream matching
SYNT1, or SYN2 if immediately preceded by SYN1, are
not transferred to the RHR.

3. In transparent mode (MR16=1), characters in the
data stream matching DLE, or SYN1 if immediately
preceded by DLE, are not transferred to the RHR.
However, only the first DLE of a DLE-DLE pair is
stripped. - .

Note that Automatic Stripping mode does not affect the
setting of the' DLE Detect and SYN Detect status bits
(SR3 and SR5).

Two diagnostic sub-modes can also be configured. In

Local Loop Back mode (CR7-CR6=10), the following

loops are connected internally:

1. The transmitter output is connected to the receiver
input. N —

2. DTR,is connected to DCD and RTS is connected to
CTS.

3. The receiver is clocked by the transmit clock.

4. The DTR, RTS and TxD outputs are held high.

5. The CTS, DCD, DSR and RxD inputs are ignored.

Additional requirements to operate in the Local Loop

Back mode are that CRO (TxEN), CR1 (DTR), and CR5

(RTS) must be set to 1. CR2 (RxEN) is ignored by the

COM 2661.

The second diagnostic mode is the Remote Loop Back
mode (CR7-CR6=11). In this mode: :

1. Data assembled by the receiver is automatically
placed in the Transmit Holding Register and retrans-
mitted by the transmitter on the TxD output.

. The transmitter is clocked by the receive clock.

. No data are sent to the local processor, but the error
status conditions (PE, OE, FE) are set.

. The RxRDY, TxRDY, and TXEMT/DSCHG outputs are
held high.

. CR1 (TXEN}) is ignored.

. All other signals operate normally.

U A WN

CR? CR6 CRS5 CR4 CR3 CR2 CR1 CRO
. Request to Receive Data Terminal T i
Operating Mode Re na ransmit
P ng Send i Sync/Async Control (RXEN) Ready Control (TxEN)
. ASYNCH:
00=NORMAL OPERATION 0 FORCERTS | 0=NORMAL FORCE BREAK
01=ASYNCH: AUTOMATIC OUTPUT HIGH| 1=RESET 0=NORMAL 0=DISABLE | 0=FORCEDTR| 0=DISABLE
ECHO MODE ?NE CLOCK ERROR FLAG 1 =FORCE 1=ENABLE OUTPUTHIGH | 1=ENABLE
SYNCH: SYN AND/OR IME AFTER | |y gTATUS BREAK 1=FORCE DR
DLE STRIPPING MODE DSRSERIAL | (Fe. o€, OUTPUT LOW
10=LOCAL LOOP BACK | FORCE ATS. | PE/DLEDETECT) | SYNOH:
11=REMOTE LOOP BACK OUTPUT LOW
0=NORMAL
1=SEND DLE

TABLE 8—COMMAND REGISTER (CR)
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STATUS REGISTER (SR)

The data contained in the Status Register (as shown in
Table 9) indicate receiver and transmitter conditions and
modem/data set status.

SRO is the Transmitter Ready (TxRDY) status bit. It, and
ite corresnonding ouinut are valid only when the trans-
mitter is enabled. If equal to O, it indicates that the
Transmit Data Holding Register has been loaded by the
processor and the data has not been transferred to the
Transmit Shift Register. If set equal to 1, itindicates that
the Holding Register is ready to accept data from the
processor. This bit is initially set when the Transmitter
is enabied by CRO, uniess a character has previously
been loaded into the Holding Register. It is not set when
the Automatic Echo or Remote Loop Back modes are
programmed. When this bit is set, the TXRDY output pin
is low. In the Automatic Echo and Remote Loop Back
modes, the output is held high.

SR1, the Receiver Ready (RxRDY) status bit, indicates
the condition of the Receive Data Holding Register. If set;it
indicates that a character has been loaded into the
Holding Register from the Receive Shift Register and is
ready to be read by the processor. If equal to zero, there
is no new character in, the Holding Register. This bit is
cleared when the processor reads the Receive Data
Holding Register or when the receiver is disabled by CR2.
When set, the RXRDY output is low.

The TXEMT/DSCHG bit, SR2, when set, indicates either
a change of state of the DSR or DCD inputs (when CR2
or CRO=1) or that the Transmit Shift Register has com-
pleted transmission of a character and no new character
has been loaded into the Transmit Data Holding Register.
Note that in synchronous mode this bit will be set even
though the appropriate “fill” character is transmitted.
TXEMT will not go active until at least one character has
been transmitted. It is cleared by loading the Transmit
Data Holding Register. The DSCHG condition is enabled
when TXEN=1 or RXEN=1. it is cleared when the status

register is read by the processor. If the status register is
read twice and SR2=1 while SR6 and SR7 remain
unchanged, then a TXEMT condition exists. When SR2 is
set, the TXEMT/DSCHG output is low.

SR3 when set indicates a raceiver parify error when
parity is enabled by MR14, In synchronous transparent
mode (MR16=1), with parity disabled, it indicates that
a character matching the DLE Register has been received,
and the present character is neither SYN1 nor DLE. This
bit is cleared when the next character following the
above sequence is loaded into the Receive Data Holding
Register, when the receiver is disabled, or by a reset
error command, CR4.

The Overrun Error status bit, SR4, indicates that the
previous character loaded into the Receive Holding
Register was not read by the processor at the time a new
received character was transferred into it. This bit is
cleared when the receiver is disabled and by the Reset
Error command, CR4.

In asynchronous mode, bit SR5 signifies that the re-
ceived character was not framed by a stop bit, i.e., only
the first stop bit is checked. If the RHR contains all
0's when SR5=1, a break condition is present. In syn-
chronous non-transparent mode (MR16=0), it indicates
receipt of the SYN1 character in single SYN mode or the
SYN1-SYN2 pair in double SYN mode. In synchronous
transparent mode (MR16=1), this bit is set upon detec-
tion of the initial synchronizing characters (SYN1 or
SYN1-SYN2) and, after synchronization has been
achieved, when a DLE-SYNT1 pair is received. The bit is
reset when the receiver is disabled, when the Reset Error
command is given in asynchronous mode, or when the
Status Register is read by the processor in the syn-
chronous mode.

SR6 and SR7 reflect the conditions of the DCD and DSR
inputs respectively. A low input sets the corresponding
status bit and a high input clears it.

SR7 SRS SR5 SRa SR3 SR2 SR1 SRo
°;;‘::y°‘ Data Cartier | FE/SYN Detect Overrun PE/DLE Detect | TxEMT/DSCHG RxRDY TXRDY
0=DSRINPUT 0=DCD INPUT ASYNCH: 0=NORMAL 0=NORMAL 0=RECEIVE 0=TRANSMIT
ISHIGH ISHIGH 0=NORMAL 1=OVERRUN | ASYNCH: 1=CHANGE HOLDING REG | HOLDING
1=DSRINPUT | 1=DCBINPUT | |_ouinne ERROR 0=NORMAL INDSROR EMPTY REG BUSY
ISLOW iSLOW ERROR 1=PARITY 5CB. OR 1=RECEIVE 1=TRANSMIT
ERROR TRANSMIT HOLDINGREG | HOLDING
SYNCH: SYNCH: SHIFTREGIS- | HASDATA REG EMPTY
0=NORMAL . TERIS
1=SYN CHAR 0=NORMAL EMPTY
DETECTED 1=PARITY
ERROR
OR
DLE CHAR
RECEIVED

TABLE 9—STATUS REGISTER (SR)
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TIMING DIAGRAMS

TxRDY, TXEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode])

TxC (1X)
. y 1924354151 142y3 34,51 12)3,4)59152;3)4;51112331415¢4
TxD I DATA1 I DATA 2 l DATA 3 I SYN1 l DATA 4 ]
|
v | I ! I ,
8 | men | [ | | |
2 | | | | T
3 | ! | [ ]
ésnauv | t
L] t
& |
z H
H
13

] )

CE FOR 1 F
WRITE
OF THR.

U

DATA 1 DATA 2 DATA 3 DATA 4

- ~4—D—3p- A 1,2,3,4,5;B C A 1,2,3,4,5,B¢C

DATA1 J I I DATA 2 l
|

TXEN _]

iR |
=) )

R i L
WRITE
OF THR

——n | — —

ASYNCHRONOUS MODE

=

DATA 1 DATA 2 DATA 3 DATA4
NOTES

A =Start bit

8 =Stop bit 1

C =Stop bit 2

D = TxD marking condition
TXEMT goes low 1t the beginning of the last data bit. or, if parity is enabled, at the beginning of the parity bit.

RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode])

RAxC
P 12080438y 1 3253, 4)5y132,3)¢;5.412)93,4)541,2,3)455,13253,4,5)
("hxo 1 SYN1 l DATA ¢ l DATA 2 ] DATA3 | DATA4 I DATAS I
S —————
| 1GNORED

RAXEN _]

SYNDET r_?
STATUS BIT

[7.% U NY e A ¥ R

SYNCHRONOUS MODE
A

g N

READ READ READ READ READ READ
STATUS STATUS RHR RHRA RHR RHR
(DATA 1) (DATA 2} (DATA 3) (DATA 3)
r o :
P~ A 12,34 5;B)C A1 2,34 51B|C—)Dj— Ap1;2)3,4,5)8 3
w | P® I | DATA 1 J | | DATA 2 1 | DATA 3 I I DATA 4
8 H
o
H
2 1 RxEN |
3 .
z
o<
|-
o RxRDY
z : 3
£
@
<
OVERRUN
STATUS BIT 3 \

READ READ
RHR RHR
(DATA 1) {DATA 3)
NOTES
A =Startbit
B =Stopobit 1
C =Stopbit2

D = TxD marking condition
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TIMING DIAGRAMS (Cont'd)

RESET

RESET

CLOCK

~t— tgRH —|e— lgRL —
|t— tR/TH =l e— tR/TL =]

— % \
BRCLK, TxC, FxC — N/

'8rG

————— Vg ————]

TRANSMIT

1 BIT TIME
(1, 16, OR 64 CLOCK PERIODS) -

TxC
(INPUT)

™
(OUTPUT)

RECEIVE

AxC (1X)

READ AND WRITE

ET

K 7

- tce #-|— tcEp

P = e - ——— g,
Ao Ay
- ad Ny o ot o o e
tas - taH —)

PP e e —————

- - .- e -
s o b

e - am

AW 3
— o ad [\

ics g

De-D-
(WRITE)

- e - - - ol

(R X

|-—tpp —r pf |—

1ps—-1 toH

DATA VALID BUS FLOATING

————
Do-D7 BUS
(READ) FLOATING
—

EXTERNAL SYNCHRONIZATION WITH XSYNC

1X RxC

1
L R ! t.s - XSYNC SETUP TIME - 300ns
N 1, -XSYNC HOLD TIME ONE RxC
i
—»I ty |e—

RxD nnnnnn
)

CHARACTER ASSEMBLY

XSYNC

Rx CHARACTER 5 BITS, NO PARITY

RxC ' 16
or 64 1 .
LQOK FOR START BIT - LOW(IF RxD IS HIGH,
i LOOK FOR HIGH TO LOW TRANSITION)
R
X0 = | | FALSE START BIT CHECK MADE (RxD LOW)
MISSING STOP BIT - )
1ST DATA BIT
SET FE BIT' T AMBLED

MISSING STOP BIT DETECTED,
SET FE BIT.

0 -RHR, ACTIVATE RxRDY.
SET BKDET PIN.
NOTE RxD INPUT -RxSR UNTIL A MARK

*If the stop bit is present, the start bit TO SPACE TRANSITION OCCURS.
search will i




MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range ..............ccooiiiiiiiiiniiiinan, e e 0°C to + 70°C
Storage Temperature Range ................... e, e e —55°C to +150°C
Lead Temperature (soldering, 10 sec.) .......... e e e +325°C
Positive Voltage on any Pin, with respect to ground ................. e, P +18.0v

Negative Voltage on any Pin, with respecttoground .........................ooo..e. e

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or at any other condition above those indicated in the operational sections of this
specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it it important that the Absolute Maximum
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or “glitches” on their
outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the
DC output. For example, the bench power supply programmed to deliver +12 volts may have large voltage transients when
the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used.

DC ELECTRICAL CHARACTERISTICS Ta=0°Cto+70°C, Vcc=5.0V+5%

PARAMETER MIN TYP MAX UNIT TEST CONDITIONS
Input voltage
Vi Low 0.8 \
Vin High 2.0
Output voltage
Vou Low 0.4 \ lor=2.2mA
Von High 2.4 lon=—400uA
e Input leakage current 10 UA Vin=01t0 5.5V
Output leakage current
[ Data bus high 10 HA Vo=4.0V
I Data bus low 10 LA Vo=0.45V
lee Power supply current 150 mA
Capacitance
Cin Input 20 pF fc=1MHz
Cour Output 20 pF Unmeasured pins tied
Cio Input/Output 20 pF to ground
AC ELECTRICAL CHARACTERISTICS TAa=0°Cto+70°C, Vcc=5.0V+5%
PARAMETER MIN TYP MAX UNIT TEST CONDITIONS
Pulse width
tres Reset 1000 ns
tee Chip enable 250 ns
Setup and hold time
tas Address setup 10 ns
tan Address hold 10 ns
tes B/W control setup 10 ns
ten R/W control hold 10 ns
tos Data setup for write 150 ns
ton Data hold for write 0 ns
trxs Rx data setup 300 ns
taxe Rx data hold 350 ns
too Data delay time for read 200 ns C.=150pF
tor Data bus floating time
__forread 100 ns C.=150pF
tcep CE to CE delay 600 ns
Input clock frequency
fera Baud rate generator 10 49152 4.9202 MHz
(2661-1,-2)
fere Baud rate generator 10 5.0688 5.0738 MHz
(2661-3)
fas' TxC or RxC dc 1.0 MHz
Clock width
tern Baud rate high 75 ns fera=4.915MHz; measured
(2661-1, -2) at Vin
terH Baud rate high 70 ns fsra=5.0688MHz; measured
(2661-3) atViy
teaL Baud rate low 75 ns feac=4.915MHz; measured
(2661-1, -2) at Vi,
taaL Baud rate low 70 ns fara=5.0688MHz; measured
(2661-3) | atVi
tR TH TxC or BxC high ‘ 480 ns
tam TxC or RxC low 480 ns
trxo TxD delay from falling
edge of TxC 650 ns CL=150pF
tres Skew between TxD
changing and failing
- edge of TxC output 0 ns C.=150pF

NOTE:

1. frrand ts 7. shown all modes except Local Loopback. For Local Loopback mode
far=0.7MHz and ta r.=700ns min.
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TYPICAL APPLICATIONS

SYNCHRONOUS INTERFACE
el il TO TERMINAL OR
Y VAl renmnAe PERIPHERAL DEVICE
\ ADDRESS BUS — ) ¢ 'ADDRESS 8US I
\’I ] i I[ CONTROL BUS ) [l I T"T(’L BUS \
i DATA BUS ] { DATA BUS S
. : [--—--= 1 U -
R0 f—  gatoTn -
1 convert | *0 -
™o ——--—->|L e e SYNCHRONOUS
comaes1r | 00l 4 COM 2661 i "“%E‘:’:’:’E‘Ek“
ASYNCHRONOUS INTERFACE SYNCHRONOUS INTERFACE
TO TELEPHONE LINES TO TELEPHONE LINES
] l ADDRESS BUS { ¢ | l ADDRESS BUS S
Ll l | I CONTROL BUS \ Lli I l l CONTROL BUS 3\
{ DATA BUS B § DATA BUS §
AxD XD}
™o > - ™0 > -
L SO ity Lo PN
b s i e e
com2es1 T Pt com2ee1 TRPpe—  sme
ATS o— TTS poi—
DEA JO-t——
BRCLK 5.0888 MHz 5TR p—
OSCILLATOR TELEPHONE TELEPHONE
LINE LINE

STANDARD MICROSYSTEMS
S e—

35 Marcus Bivd . Hauppauge NY 11788

58273 2100 YW 227 8898

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica-
tions, consequently complete information sufficient for construction purposes is not necessarity given. The
information has been carefully checked and is believed 1o be entirely reliable. However, no responsibility is
assumed for inaccuracies. Furthermore, such information does notconvey to the purchaser of the semiconductor
devices described any license under the patent rights of SMC or others SMC reserves the right to make changes
at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS

=

COM 5025

JLPC FAMILY

Multi-Protocol

Universal Synchron&t\x'gmljeceiverl'l' ransmitter

FEATURES
O Selectable Protocol—Bit or Byte oriented

PIN CONFIGURATION

=
o
_
(&)
w
o

Vont

1

0O Direct TTL Compatibility ot Tor
O Three-state Input/Output BUS sFRC4 TXENA
O Processor Compatible—8 or 16 bit it T
O High Speed Operation—1.5 M Baud—typical rsaQ7 TXACT
O Fully Double Buffered—Data, Status, and Control Registers eogs -
O Full or Half Duplex Operation—independent Transmitter and osss (w0 oeap

Receiver Clocks ot} ol

—individually selectable data ost1 [z o83

length for Receiver and o= I oo

Transmitter o814 16 0Bg6
O Master Reset—resets all Data, Status, and Control Registers i o
O Maintenance Select—built-in self checking 2 E » srreor

BIT ORIENTED PROTOCOLS—SDLC, HDLC, ADCCP

0O Automatic bit stuffing and stripping

O Automatic frame character detection and generation

O Valid message protection—a valid received message is

protected from overrun

0O Residue Handling—for messages which terminate with a
partial data byte, the number of valid
data bits is available

SELECTABLE OPTIONS:

0O Variable Length Data—1 to 8 bit bytes

O Error Checking—CRC (CRC16, CCITT-0, or CCITT-1)
—None

O Primary or Secondary Station Address Mode

O All Parties Address—APA

O Extendable Address Field—to any number of bytes

O Extendable Control Field—to 2 bytes

O Idle Mode—idle FLAG characters or MARK the line

O Point to Point, Multi-drop, or Loop Configuration

PACKAGE: 40-Pin D.I.P.

BYTE ORIENTED PROTOCOLS—BIiSync, DDCMP
0 Automatic detection and generation of SYNC characters

SELECTABLE OPTIONS:

O Variable Length Data—1 to 8 bit bytes

O Variable SYNC character—5, 6, 7, or 8 bits

O Error Checking—CRC (CRC16, CCITT-0, or CCITT-1)
—VRC (odd/even parity)
—None

0O Strip Sync—deletion of leading SYNC characters after

synchronization
O Idle Mode—idle SYNC characters or MARK the line

APPLICATIONS

[0 Intelligent Terminals

[J Line Controllers

(J Network Processors

[ Front End Communications
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(0 Remote Data Concentractors

(0 Communication Test Equipment
(J Computer to Computer Links

(J Hard Disk Data Handler



General Description

The COM 5025 is a COPLAMOS?® n channel silicon gate MOS/LSI device that meets the majority of
synchronous communications requirements, by interfacing parallel digital systems to synchronous serial

data communication channele whila raquiring 2 minimum of controller avarhead,

The COM 5025 is well suited for applications such as computer to modem interfaces, computer to computer
serial links and in terminal applications. Since higher level decisions and responses are made or initiated by the
controller, some degree of intelligence in each controller of the device is necessary.

Newly emerging protocols such as SDLC, HDLC, and ADCCP will be able to utilize the COM 5025 with a
high degree of efficiency as zero insertion for transmission and zero deletion for reception are done
automatically. These protocols will be referred to as Bit Oriented Protocols (BOP). Any differences between
them will be discussed in their respective sections. Conventional synchronous protocols that are control
character oriented such as BISYNC can also utilize this device. Control Character oriented protocols will be
referred to as CCP protocols. Other types of protocols that operate on a byte or character count basis can
also utilize the COM 5025 with a high degree of efficiency in most cases. These protocols, such as DDCMP
will also be referred to as CCP protocols.

The COM 5025 is designed to operate in a synchronous communications system where some external
source is expected to provide the necessary received serial data, and all clock signals properly
synchronized according to EIA standard RS334. The external controller of the chip will provide the
necessary control signals, intelligence in interpreting control signals from the device and data to be
transmitted in accord with RS334.

The receiver and transmitter are as symmetrical as possible without loss of efficiency. The controller of the
device will be responsible for all higher level decisions and interpretation of some fields within message
frames. The degree to which this occurs is dependent on the protocol being implemented. The receiver and
transmitter logic operate as two totally independent sections with a minimum of common logic.

References:

1. ANSI—American National Standards Institute 3. EIA—Electronic Industries Association
X353, XS34/589 TR30, RS334
202-466-2299 202-659-2200

2. CCITT—Consultative Committee for International 4. IBM
Telephone and Telegraph General information Brochure, GA27-3093
X.25 Loop Interface—OEM information, GA27-3098
202-632-1007 System Journal—Vol. 15, No. 1, 1976; G321-0044
Term Definition Term Definition
BOP Bit Oriented Protocols: SDLC, HDLC, ADCCP GA 01111111 (0 (LSB) followed by 7-1's)
CCP Control Character Protocols: BiSync, DDCMP LsB First transmitted bit, First received bit
TDB Transmitter Data Buffer MSB Last transmitted bit, Last received bit
RDB Receiver Data Buffer RDP Receiver Data Path
TDSR Transmitter Data Shift Register TDP Transmitter Data Path
FLAG 01111110 LM Loop Mode

ABORT 11111111 (7 or more contiguous 1's)
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BLOCK DIAGRAM

MASTER
RESET
RcP O —oO TCP
RXENA O
A
FXACT Owmss TIMING & CONTROL ‘ ? Iiig,
ADA  O- - Q) TSA
RSA Qe -0 TBMT
TX SERIAL DATA OUT |
‘
L) TX PARITY GEN
SYNC/ADDR
SFR Oe COMPARE
DATA STRIP
ASI STEEF zer0 heml  PEEUNE FoRMaT TX CAC GEN
(RCVR SERIAL INPUT) LOGIC LOGIC DATA
TAP
uant o——F | Lo setter
FRAME RCVR RCVA
! CHAR CRC DATA TX DATA REG PysGEy B
REG GEN REGISTER
+12v O—= ﬂ —==0 TS0
+6v Ot (TX SERIAL OUTPUT)
PARITY
GND O~ petecT| Lam PARTTY DETECT TX DATA CONTROL C Spec | |sTurezero |
LB
LriGankr on panirYennon cacehnon
Vv
TO TIMING & CONTROL
< —
RCVR MODE DATA @ RCVR SYNC/ X
STATUS CONTROL LENGTH SEL STATUS & DATA ADDRESS DATA
REG REG REG CNTRLREG BUFFER REG BUFFER
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TRI STATE /O BUS
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Description of Pin Functions

PinNo. Symbol Name VO Function

1 Voo Power Supply PS  +12volt Power Supply.

2 RCP Receiver Clock | The positive-going edge of this clock shifts data into the receiver shift register.

<] RSl necaiver Senal input | This input accepis the seiial it inpul stieaiii.

4 SFR Sync/Flag O This output s set high, for 1 clock time of the

Received RCP, each time a sync or flag character is received.

5 RXACT  Receiver Active O This output is asserted when the RDP presents the first data character of the
message to the controller. in the BOP mode the first data character is the first
non-flag character (address byte). In the CCP mode: 1. if strip-syncis set; the
first non-sync character is the first data character 2. if strip-sync is not set; the
first data character is the character following the second sync, In the BOP
mode the trailing (next) FLAG resets RXACT. Inthe CCP mode RXACT
isneverreset, it can be cleared via RXENA.

6 RDA Receiver Data O This output is set high when the RDP has assembled an entire character and

Available transferréd it into the|[RDB. This output is reset by reading the RDB.
7 RSA Receiver Status O  This output is set high: 1. CCP—in the event of receiver over run (ROR)
Available or parity error (if selected), 2. BOP—in the event of ROR, CRC error (if selected)
receiving REOM or RAB/GA. This output is reset by reading the
receiver status register or dropping of RXENA.

8 RXENA  Receiver Enable I Ahighlevel input allows the processing of RSI data. A low
level disables the RDP and resets RDA, RSA and RXACT.

9 GND Ground GND Ground

10 DBg8 Data Bus /O  Bidirectional Data Bus.
1 DBg9 Data Bus /O  Bidirectional Data Bus.
12 DBig Data Bus /O Bidirectional Data Bus.
13 DB11 Data Bus I/O  Bidirectional Data Bus. | wire “OR" with DB#G-DB37
14 DBi12 Data Bus /O Bidirectional Data Bus. [ For 8 bit data bus
15 DB13 Data Bus /O Bidirectional Data Bus.
16 DB14 Data Bus I/0  Bidirectional Data Bus.
17 DB15 Data Bus /O . Bidirectional Data Bus.
18 W/R Write/Read | Controls direction of data port. W/R=1, Write. W/R=0, Read.
19 A2 Address 2 | Address input—MSB.
20 Al Address 1 | Address input.
21 Ag Address 0 | Address input—LSB.
1

22 BYTEOP Byte Operation If asserted, byte operation (data port is 8 bits wide) is

selected. If BYTE OP=0, data portis 16 bits wide.

Strobe for data port. After address, byte op, W/R and data are set-up DPENA
may be strobed. If reading the port, DPENA may reset (depending on register
selected by address) RDA or RSA. If writing into the port, DPENA may reset
(depending on register selected by address) TBMT.

23 DPENA  Data Port Enable

24 DBg7 Data Bus /0 Bidirectional Data Bus—MSB.

25 DBgeé Data Bus /0 Bidirectional Data Bus.

26 DBgs Data Bus /O  Bidirectional Data Bus.

27  DB@4 Data Bus /O  Bidirectional Data Bus.

28  DBg3 Data Bus /O  Bidirectional Data Bus.

29 DBg2 Data Bus /O Bidirectional Data Bus.

30 DBg1t Data Bus /O  Bidirectional Data Bus.

31 DBgg Data Bus /O Bidirectional Data Bus—LSB.

32 Vce Power Supply PS  +5 volt Power Supply.

33 MR Master Reset ! Thisinput should be puised high after power turn on. This will: clear all flags, and

status conditions, set TBMT=1, TSO=1 and place the device in the primary
BOP mode with 8 bit TX/RX data length, CRC CCITT initialized to all 1's.

34  TXACT  Transmitter Active O  This outputindicates the status of the TDP. TXACT will go high after asserting
TXENA and TSOM coinsidently with the first TSO bit. This output will reset one
half clock after the byte during which TXENA is dropped.

35 TBMT Transmitter Buffer O  This output is at a high level when the TDB
Empty orthe TX Status and Control Register may be loaded with
the new data. TBMT =0 on any write access to TDB or TX Status and
Control Register. TBMT returns high when the TDSR is loaded.

36 TSA Transmitter Status O  TERR bit, indicating transmitter underflow.
Available Reset by MR or assertion of TSOM.
37 TXENA  Transmitter Enable I Ahigh level input allows the processing of transmitter
data.
38 TSO Transmitter Serial O  This output is the transmitted character.
Output
39 TCP Transmitter Clock | The positive going edge of this clock shifts data out of the
transmitter shift register.
40 MSEL Maintenance I Intemally RSI becomes TSO and RCP becomes TCP.
Select Externally RS| is disabled and TSO=1.
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Definition of Terms
Register Bit Assignment Chart 1 and 2
Data Bu Term Definition .

DB@8 RSOM Receiver Start of Message—read only bit. In BOP mode only, goes high when first non-flag (address byte)
character loaded into RDB. It is cleared when the second byte is loaded into the RDB.
DB@9 REOM Receiver End of Message-—read only bit. In BOP mode only, set high when last byte of data loaded into RDB, or
when an ABORT character is received. It is cleared on reading of Receiver Status Register or dropping of RXENA.
DB1§ RAB/GA Received ABORT or GO AHEAD character, read only bit. In BOP mode only, if LM=0 this bit is set on receiving an
ABORT character; if LM=1 this bit is set on receiving a GO AHEAD character. This is cleared on reading of
Recsiver Status Register or dropping of RXENA.
DB11 ROR Receiver Over Run—read only bit. Set high when received data transferred into RDB and previous data has not
been read, indicating failure to service RDA within one character time. Cleared on reading of Receiver Status
Register or dropping of RXENA.
DB12-14  AB.C_ Assembled Bit Count—read only bits. In BOP mode only, examine when REOM=1. ABC=0, message terminated
on stated boundary. ABC=XXX, message terminated (by FLAG or GA) on unstated boundary, binary value of ABC
= number of valid bits available in RDB (right hand justified).
DB15 ERR CHK Error Check—read only bit. In BOP set high if CRC selected and received in error, examine when REOM=1. In
CCP mode: 1. set high if parity selected and received in error, 2. if CRC selected (tested at end of each byte) ERR
CHK = 1if CRC GOOD, ERR CHK = 0 if CRC NOT GOOD. Controller must determine the last byte of the
message.
DB8 TSOM Transmitter Start of Message—W/R bit. Provided TXENA=1, TSOM initiates start of message. In BOP, TSOM=1
generates FLAG and continues to send FLAG’s until TSOM=0, then begin data. In CCP: 1. IDLE=0, transmit out of
SYNC register, continue until TSOM=0, then begin data. 2. IDLE =1 transmit out of TDB. in BOP mode there is also
a Special Space Sequence of 16-0's initiated by TSOM=1 and TEOM=1. SSS is followed by FLAG.
DB9 TEOM Transmit End of Message—W/R bit. Used to terminate a message. In BOP mode, TEOM=1 sends CRC, then
FLAG; if TXENA=1 and TEOM=1 continue to send FLAG’s, if TXENA=0 and TEOM=1 MARK line. In CCP: 1.
IDLE=0, TEOM=1 send SYNC, if TXENA=1 and TEOM=1 continue to send SYNC's, if TXENA=0 and TEOM=1
MARK line. 2. IDLE=1, TEOM=1, MARK line.
DB19 TXAB Transmitter Abort—W/R bit. In BOP mode only, TXAB=1 finish present character then: 1. IDLE=0, transmit ABORT
2. IDLE=1, transmit FLAG.
DB11 TXGA Transmit Go Ahead—W/R bit. In BOP mode only, modifies character called for by TEOM. GA sent in place of FLAG.
Allows loop termination—GA character.
DB15 TERR Transmitter Error—read only bit. Underflow, set high when TDB not loaded in time to maintain continuous
transmission. in BOP automatically transmit: 1. IDLE=0, ABORT 2. IDLE=1, FLAG. In CCP automatically transmit:
1.IDLE=0, SYNC 2. IDLE=1, MARK. Cleared by TSOM.
X —W(/R bits. These are the error control bits.
X1+ X12+ X5+ 1 CCITT—Initialize to “1”
X+ X124+ X5+ 1 CCITT—Initialize to “0”
Notused
X6+ X154+ X2+ 1—CRC16
0Odd Parity—CCP Only
Even Parity—CCP Only
Not Used
Inhibit all error detection and transmission
Note: Do not modify XYZ until both data paths are idle

D811 IDLE IDLE mode select—W/R bit. Affects transmitter only. In BOP—control the type of character sent when TXAB
asserted or in the event of data underflow. In CCP—controls the method of initial SYNC character transmission and
underflow, “1” = transmit SYNC from TDB, “ 0" =transmit SYNC from SYNC/ADDRESS register.

DB12 SECADD Secondary Address Mode-—~W/R bit. In BOP mode only—after FLAG looks for address match prior to activating

RDP, if no match found, begin FLAG search again. SEC ADD bit should not be set if EXADD=1 or EXCON=1.

DB13 STRIP SYNC/LOOP Strip Sync or Loop Mode—W/R bit. Effects receiver only. In BOP mode—allows recognition of a GA character. In

CCP-—after second SYNC, strip SYNC; when first data character detected, set RXACT=1, stop stripping.

Receiver Status Register

=z
[=]
=
[}
wi
o

Transmitter Status
and Control Register

DB8-19 XY, Z

4244 0000ON
2200« —-00<

-0 —=-20-2-0-=0

Mode Control Register

DB14 PROTOCOL PROTOCOL—W/R bit. BOP=0, CCP=1
DB15 *APA All Parties Address—W/R bit. If selected, modifies secondary mode so that the secondary address or 8-1's will
activate the RDP.
DB13-15 TXDL Transmitter Data Length—W/R bits.
TXDL3 TXDL2 TXDL1 LENGTH
0 0 0  Eight bits per character
1 1 1 Seven bits per character
1 1 0  Six bits per character
1 [ 1 Five bits per character
1 0 0 Four bits per character*
0 1 1 Three bits per character* 3
0 1 0  Two bits per character* 2
0 0 1 One bit per character* e
*For data length only, not to be used for SYNC character (CCP mode). 5
DB8-1§  RXDL Receiver Data Length—W/R bits. 2
RXDL3 RXDL2 RXDL1 LENGTH 3
0 [¢] 0  Eight bits per character £
1 1 1 Seven bits per character 2
1 1 0  Six bits per character 3
1 ] 1 Five bits per character s
1 s 0  Four bits per character 8
0 1 1 Three bits per character
[¢] 1 0  Two bits per character
0 0 1 One bit per character
DB11 EXCON Extended Control Field—W/R bit. In receiver only; if set, will receive control field as two 8-bit bytes. Excon bit should
not be set if SEC ADD =1.
DB12 EXADD Extended Address Field—W)/R bit. In receiver only; LSB of address byte tested for a “1". if NO—continue receiving

address bytes, if YES go into control field. EXADD bit should not be set if SEC ADD =1.
*Note: Product manufactured before 1Q79 may not have this feature. 135



REGISTER

Receiver Data
Buiter
(Read Only-
Right Justified-
Unused Bits=0)
Transmitter Data
Register
(Read/Write-
Unused Inputs=X)

Sync/Secondary
Address
(Read/Write-
Right Justified-
Unused Inputs=X)

REGISTER

Receiver Status
(Read Only)

TX Status
and Control
(Read/Write)

Mode Control
(Read/Write)

Data Length
Select
(Read/Write)

Register Bit Assignment Chart 1

DPB7 DPg6 DPg5 DP@4 DP@3 DPg2

RD7 RD6 RD5 RD4 RD3 RD2
MsB
TD7 TD6 TD5 TD4 TD3 TD2
MSB

'

SSA7 SSA6 SSAS SSA4 SSA3 SSA2
MSB

Register Bit Assignment Chart 2

DP15 DP14 DP13 DP12 DP11 DP1g

ERR CHK C B A ROR RAB/GA
TERR 0 0 0 TXGA TXAB
(Read Only)
*APA PROTOCOL STRIP SECADD IDLE r4
SYNC/
LOOP

TXDL3 TXDL2 TXDL1 EXADD  EXCON RXDL3

* Note: Product manufactured before 1Q79 may not have this feature.

Register Address Selection

1) BYTE OP = 0, data port 16 bits wide

A2 At Ag Register
0 0 X Receiver Status Register and Receiver Data Buffer
0 1 X Transmitter Status and Control Register and Transmitter Data Buffer
1 0 X Mode Control Register and SYNC/Address Register
1 1 X Data Length Select Register
X = don't care
2) BYTE OP = 1, data port 8 bits wide
A2 Al Ad Register
0 0 0 Receiver Data Buffer
0 0 1 Receiver Status Register
0 1 0 Transmitter Data Buffer
0 1 1 Transmitter Status and Control Register
1 0 0 SYNC/Address Register
1 0 1 Mode Control Register
1 1 0 _
1 1 1 Data Length Select Register
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DPg1
RD1

™1

SSA1

DP@9
REOM

TEOM

RXDL2

DpPgg
RDZ
LsB

TDg
LSB

SSAg
LSB

DPg8
RSOM

TSOM

RXDL1



BOP TRANSMITTER OPERATION

INITIALIZE

/O

MARK LINE

SEND FLAG

UNDERRUN
=1?

TRANSMIT
ABORT
CHARACTER

(PROCESSOR LOAD OR MASTER RESET)

SEND
ABORT
CHARACTER

SEND
GO AHEAD

SEND
CRC

SEND
FLAG

RESET
UNDERRUN SEND 1 BYTE
OF DATA
FROM TDB
STUFF ZERQ,
ACCUMULATE
CRC
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CCP TRANSMITTER OPERATION

INITIALIZE

l

SET MODE

(PROTOCOL =1; XYZ = CRC 16)

=
o
[
©
w
o

TRANSMIT
SYNC

NO

SERIALIZE
DATA
ACCU%U LATE

CRC
NO
YES

TRANSMIT
CRC

SEND SYNC

RESET
UNDERRUN
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w LTI 1L

w AL

DPENA
(not clock edge related}

RXENA — __|

W/R=1
NOTE 1

CCP RECEIVER TIMING

”_‘—ﬂ ”_L/r /_L—ﬂ ”_L

W/R=0 W/R=0 W/R=0 W/R=0
READ READ READ
8TX DATA 1
READ
ETX

ERR CHK

NOTE 1--Mode set for CCP with CRC selected
NOTE 2—If overrun had occured —no READ STX
NOTE 3—ERR CHK must be samplec before next byte or before RXENA brought low

—_— |--— NOTE 3

P |
1
TXENA I

NOTE 1 LOAD LoAD LoAD
MODE  SYNC TSOM=1 TSOM=1 i TSOM:0  STX DATA 1 ETX TEOM=1
H n_ﬂ<——— NOTE 2—— ] ] I n |

DPENA _.l—[__l'—l ” n

CCP TRANSMITTER OPERATION

L A A 1w UL

I S

(not clock edge reiated) |
FIRST SYNC
SENT

SECOND SYNC I
SENT

T I D A e I

|
|

TBMT % -—] ! I_-—l
|

TSO % |———l—'

"————- SYNC
NOTE 1—Mode is CCP with CRC selected

NOTE 2—Trailing edge of DPENA must occur at least one-half
clock pulse prior to TBMT=1 1o avoid underrun
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BOP RECEIVER TIMING

i elnininlaiixainda il aEaEnN)

ma i
WR=1
INOTE 1
DPENA
not clock edge related

RXENA —I
SFR L___—

W/R=0 W/R=0 W/R=0
Address Byte mm Status. Control Byte

T

W/R=0 WIR=0
Data Byts #1 Data Byte #2 DMIM#S

IR=0 WR=0
Dnsvlon Read Status

I

-l
Address. Control
l Byte Byte

Wiy

:
!g:: ” Ig;“:»z ]3;,‘:.: Ia o

= = 17

=1

'
[ -

V.

ERR,CHK, ABC,
ROR, RAB/GA

NOTE 1—if required-but not done in this example.
NOTE 2-—If no DPENA to read Data Byte #2.

JL L JLuIist

e
I

INote2
1

L

TXENA —_l—

Load Load
TSOM=1 TSOM=0 Address | Control
DPENA I | l tNm - "

not clock edge related |
1

TXACT ZZZ I

R p—
TSO ZZZZ _—J_ _L

' BOP TRANSMITTER OPERATION

Load
Data Byte TEOM=1

I L

—

oo -

| Last Data Byte

Note 1—Trailing edge of DPENA must occur at least one-half clock
pulse prior to TBMT = 1. To avoid underrun.

CAC
| CRC (g5 wl I

SECTION I

I
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AC TIMING DIAGRAMS

RCP
TCP 300 ns
SN i - I
300 ns
b / RXACT
TBMT
300ns
RDA, RSA
SE——
DPENA DPENA
W/R=1 W/R=0
to Transmitter to Receiver
Registers Registers
300 ns 300ns
TBMT
\ RDA, RSA \

TCP

——3150 ns
RXENA
300 ns, min
TS0 X

. Resets: RDP-RDA, RSA,
RXACT, receiver

300ns into search
TXACT mode (for FLAG)

Note: Uniess otherwise specified all times are maximum.

Data Port Timing
S YT
. 1 w1
- T l— =

7777
US FLOA

= /15 /Z/{///////X XU

L Twopena | Tan _j
D r

|
- Tos Ton
w8 /X X

WRITE TO USYNR/T
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature RaNge ............ooeiierieneenirin it aaad 0°Cto + 70°C
Storage TeMPerature RANGE ... ......cuuuusierrrire sttt e st eetiia ittt ~55°Cto +150°C
Lead Temperature (SOIABrNG, TO SBC.) « ..t uuurrneeer e et tstttra ettt aeeans +325°C
Positive Voltage on any Pin, with respect to ground. ........ooeeieeiiiiiiiiiii +18.0V
Negative Voltage on any Pin, withrespectto ground ...t -0.3V

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operational
sections of this specification is not implied.

NOTE: When powering this device from laboratory or system power supplies, it is important that
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies
exhibit voltage spikes or ““glitches” on their outputs when the AC power is switched on and off.

In addition, voltage transients on the AC power line may appear on the DC output. For example, the
bench power supply programmed to deliver + 12 volts may have large voltage transients when the
AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used.
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ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vce=+5V£5%, Voo=+12V+5%, unless otherwise noted)

Parameter Min. Typ. Max. Unit Comments
D.C. Characteristics
INPUT VOLTAGE LEVELS
Low Level, ViL 0.8 \
High Level, Vi 2.0 Vee v
OUTPUT VOLTAGE LEVELS
Low Level, VoL 0.4 Vv loL=1.6ma
High Level, Vox 24 lon=40pa
IN