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PART NUMBER PAGE PART NUMBER PAGE
COM 1553A 27 CRT 9007 335
COM 1553B 43 CRT 9021 355
COM 1671 59 CRT 9028 367
COM 1863 75 CRT 9041 383
COM 2017 83 CRT 9128 367
COM 2449 91 CRT 9212 399
COM 2502 83 FDC 765A 407
COM 2601 107 FDC 1791 423
COM 2651 115 FDC 1792 423
COM 2661 : 127 FDC 1793 423
COM 5025 139 FDC 1794 423
COM 7210 151 FDC 1795 423
COM 8004 163 FDC 1797 423
COM 8017 169 FDC 7265 407
COM 8018 75 FDC 9216/B 439
COM 8251A 177 FDC 9229T/BT 443
COM 8502 169 FDC 9791 451
COM 9004 193 FDC 9793 451
COM 9026 201 FDC 9795 451
COM 9032 217 FDC 9797 451
COM 5016/T 225 HDC 1100-01 ‘ 467
COM 5026/T 227 HDC 1100-12 471
COM 5036/T 229 HDC 1100-03 475
COM 5046/T 231 HDC 1100-04 - 479
COM 8046/T 237 HDC 1100-05 483
COM 8116/T 239 HDC 7261 487
COM 8126/T 241 HDC 9224 489
COM 8136/T 243 KR 2376 527
COM 8146/T 245 KR 3600 531
CRT 5027 ’ 259 KR 9600 539
CRT 5037 259 KR 9601 539
CRT 5047 267 KR 9602 539
CRT 5057 259 SR 5015 553
CRT 7004 269 SR 5017 557
CRT 7220 275 SR 5018 557
CRT 8002 299 MPU 800 563
CRT 8002H 313 MPU 810A 587
CRT 8021 321 MPU 830/831 599
CRT 9006 329 SCF 9034 253
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SMC CROSS

Description Psal:'nt?# “ AMI Fairchild - Ingﬁ'ﬂ?'rl;glnt Harris Intel Inte
UART (1% SB)** - CoOM2017 S1883 — AY 5-1013A — — -
UART (1,2 SB)™ COM 2502 — — AY 5-1013 — — -
UART (n-Channel)** | COM 8017 S6850* F6850* AY3-1015 | HME402* | — IM6:
UART (n-Channel)* | cOM8502 | — — AY3-1015 | HM6403* | — IM6:
UART (n-Channel)* | COM 1863 S1602 — - — — -
USRT - COM 2601 §2350* — — — — -
ASTRO COM 1671 — — — — — -
PCI ~ COM 2651, — — - — — -
EPCI CcOM 2661 — — — — — -
USART - COM8251A° — — — — 8251A -
Multi-Protocc LAY & . F3846*
IEEE-488 _com7210 — — — - — -
COM 5016/36 ~

Dual Baud Rate Gen. COM8116/36 — — — — —

- COM 5026/46 . HD4702* | ]
Single Baud Rate Gen. COM 8126/46 — F4702 — HD6405"
90 Key KB Encoder | KR9600 — — AY 5-3600 — — -
CRT Controller - C\RTTS(‘)\E?‘ ' — — — — 8275* -
Character Generator CRT7004 | 58564 - — — — -
Character Generator! | ngm anns - o _ o _ _
Display Controller . CRTSOGQ
Graphics Controller |, CRT.7220 — — — — 82720 —
Hard Disk Controller | *HDC 7261 * — - — — — -
Shift Register S2182/3/5 — — — — -

CMOS Microprocessor

CMOS RAM-/O-Timer| - MPU 81

CMOS ROM-I/O

CMOS Input/Qutput

*Functional Equivalent

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

 MPUB3T




REFERENCE GUIDE

amodore Solid
'MOS Mostek | Motorola | National NEC |Signetics| State |Synertec mstTri"n?.gnts "%";gfte;{‘
nology) Scientific
— — —_ MM5303" — —_ — —_— TMS6011 TR1602
— — — — — 2536 — — — TR1402
— — MC6850" — — — |sCrissat| — — —
_ . — — — — — — — TR1983*
— — — - - — — — — TR1863
— — — INS1671 — — — — — uci1671
— — — INS2651 — 2651 — — — —
— —_ MC2661* —_ — 2661 — SY2661 — —
- — — INS8251 | uPD8251A|  — — —_ — TR1983*
— — 2652* 6852" — 2652* | SND5025 — — SD1933"
— — — — pPD7210 — — — — —
_ _ _ _ _ _ _ _ o BR1941
BR1943/45
— — MC14411* | MM5307* — — — — _ —
CS1009* — — MM5740* — — — — TMS5001 —
" " SND5027 N
— MK3807 MC6845 DP8350 — — SND5037 6545 TMS9927 —
MCM86700" . \
— — | MGes70+ | DM8678 — 2609 — — — -
— — — — — — SNDg002| — — —
— — — — nPD7220 — — — — —
— — — — wPD7261 — — — — —
i s I o e ) B T T
1
— — — NSC800 —_ | = — — — —
- — — NSC810A — — — — — —
- — — NSC830 — — — — — —
- — — NSC831 " — — — — — —

For Floppy Disk Controllers—See Next Page
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FLOPPY DISK CONTROLLERS

SMC

Western

Description Part # Fujitsu NEC Synertec Digital Intel | Siemens
Floppy Disk Controller FDC 1791-02 |MB8876 — SY1791-02 | FD 1791-02 — SAB-1791
Floppy Disk Controller FDC 1792-02 — - — FD1792-02 — —
Floppy Disk Controller FDC 1793-02 | M8877 — SY1793-02 | FD 1793-02 — SAB-1793
Floppy Disk Controller FDC 1794-02 — — — FD 1794-02 — —
Floppy Disk Controller FDC 1795-02 — — — FD1795-02 | — SAB-1795
Floppy Disk Controller FDC 1797-02 — — — FD1797-02 | — SAB-1797
Floppy Disk Data Separator FDC 9216 — — — FD 1691 — —
Floppy Disk Controller FDC765A — wPD765A — — 8272 —
Micro-Floppy Disk Controller FDC 7265 — nPD7265 — — — —

*Functional Equivalent

STANDARD MICROSYSTEMS
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(516) 273-3100 » TWX-510-227-8898
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Innouvation in microelectronic technology is the key to
growth at Standard Microsystems.

Since its inception, Standard Microsystems has been a leader in creating new tech-
nology for metal oxide semiconductor large scale integrated (MOS/LSI) circuits.

For example, while the first MOS/LSI processes were p-channel, it was recognized
very early that an n-channel process would greatly improve switching speeds and
circuit density. However, the fundamental problem of parasitic currents needed to
be solved. The research and development staff at Standard Microsystems recognized
this problem and directed its energy toward the development of its now-famous
COPLAMOS® technology. COPLAMOS® defines a self-aligned, field-doped, locally
oxidized structure which produces high-speed, high-density n-channel IC’s.

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

Again recognizing a need and utilizing its staff of qualified process experts, Stan-
dard Microsystems developed the CLASP® process. The need was for fast turna-
round, easily programmable semi-custom LSI technology. The development was
CLASP®, a process that utilizes ion implantation to define either an active or passive
device which allows for the presence of a logical 1 or 0 in the matrix of a memory or
logic array. This step is accomplished after all wafer manufacturing steps are
performed including metalization and final passiviation 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 and Fujitsu.

Over the past few years, scientists and engineers at Standard Microsystems have
been developing a technology to significantly reduce the sheet resistivity of
polycrystalline silicon and thereby dramatically decrease internal time constants in
MOS devices. Their work has culminated in the successful completion of a program
to replace polycrystalline silicon in n-channel MOS devices with an alternate mate-
rial, 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.
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Our engineering staff follows the principle that “necessity
is the mother of invention.”

This philosophy led Standard Microsystems Corporation to COPLAMOS®, CLASP®,
and Titanium Disilicide gate technology, as well as other innovative developments. It
also brings companies to us to solve tough problems that other suppliers can't.

But it's a philosophy that involves more than just developing the next generation of
MOS/LSI devices. »

Such exploration, for example, helped Standard Microsystems recognize the need
for communication controllers to handle the latest dafa communication protocols.
As aresult, Standard Microsystems was the first to introduce a one-chip LSI controller
for HDLC protocols—the COM 5025.

The COM 5025 is so versatile it can actually provide the receiver/transmitter func-
tions for all the standard bit and byte oriented synchronous protocols, including
SDLC, HDLC, ADCCP, bi-sync and DDCMP.

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 to develop the CRT 5027
Video Timer and Controller (VTAC®) that provides all these functions on a single
chip. This left the display, graphics and attributes control spread over another 20 or
30 SSI, MSI and LSI devices. Standard Microsystems combined all these functions in
the CRT 8002 Video Display Attributes Controller (VDAC™). The COPLAMOS® pro
ccess was used to achieve a 20 MHz video shift register, and CLASP® was used for
fast turnaround of character font changes through its last stage programmability.

So from 60 to 80 integrated circuits, Standard Microsystems reduced display and
timing to 2 devices, drastically reducing the cost and size of today’s CRT terminals.

Another major achievement was the development of the “next generation” Video
Processor And Controller (VPAC™), the CRT 9007. This chip replaces up to 80 SSI
and MSI TTL devices as well as providing a hardware solution to many of the
software problems of CRT Video Controller design.

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.

— "
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Improvements in processing and manufacturing keep
pace with advances in semiconductors.

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

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

In wafer fabrication, the latest equipment and techniques are-employed. In addi-
tion to conventional processing equipment, we use ion implantation technology
extensively. We also use plasma reactors for much of our etching and stripping oper-
ations to maintain tight tolerances on process parameters.

To make plastic packaging immune to moisture, we use a process that deposits a
protective (passivating) layer of silicon nitride on the device surface.

Standard Microsystems processes include high and low voltage p-channel metal
gate, n-channel silicon gate (COPLAMOS®), high-speed n-channel silicon gate with
depletion mode devices, CLASP® and titanium disilicide gate. In general, these
processes have been engineered so that they are also compatible with most
industry standard processes.

One obvious advantage our total capability gives customers, is that they can bring
us their project at any stage in the development process. For instance, they may
already have gone through system definition. Or they may have gone all the way to
prototype masks, and only want production runs.

It makes no difference to Standard Microsystems. We can enter the process at
any level.

Our full service capability lets us make full use of the technologies we develop. We
can produce any quantity of semiconductors customers may require. And we can
offer themn one of the fastest turnaround times in the industry.

13




Standard Microsystems’ Custom Capability.

Custom MOS. A Small
Revolution with a Large Impact.

Remarkable advances in semiconductor
technology, combined with the availability of
quality, low-cost electronics, continue 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, electrical
appliances, data communications, bank termi-
nals, telephones and a host of other signif-
icant applications.

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

Custom Commitment

Standard Microsystems is organized into three
separate Product Lines; Custom Products,
Standard Products and Systems Products. Cus-
tom Products has its own management, market-
ing, and engineering team that is fully dedicated
to developing and producing custom products.

Custom MOS/LSI is a major portion of our
business. Fully one-third of all our revenue is a
direct result of our custom MOS/LSI projects.

Over the years, Standard Microsystems has
developed custom circuits for a wide variety of
applications: Computers and computer periph-
erals, telecommunications and data communi-
cations, garage door openers and burglar
alarms, electronic toys and games, musical
instruments and more. Both over-the-air and
cable T.V. systems have made use of our cus-
tom circuits. One company’s line of word proc-
essing equipment makes almost exclusive use
of our customn LSI.

As a company committed to serve the custom
marketplace, Standard Microsystems has devel-
oped the resources and established procedures
for MOS/LSI circuit development that enables
the company to respond rapidly to growing cus-
tomer needs.

14

System Design—The Alternatives

The electronic system designer can select from
several alternatives in the implementation of the
system. The optimum selection for any system
will depend upon the relative significance of the
following factors—

* Costs—developmental, production and

maintenance;

* Performance—speed, power dissipation;

* Form factor—system size and weight;

* Uniqueness—proprietary features;

* Development time—product introduction;

* Reliability—mean time between failures

(MTBF).

No single alternative is best for all cases—
each respresents a combination of advantages
and disadvantages to be evaluated for the sys-
tem under consideration. The major alternatives
available are listed below.

Standard Circuits

The use of “off the shelf” small scale (SSI),
medium scale (MSI), or large scale (LSI) inte-
grated circuits is appropriate whenever develop-
ment costs and time must be kept to a
minimum, and system performance require-
ments can be met by interconnecting numbers
of such standard components. Standard Micro-
systems is a recognized industry leader in
standard LSI components for the data communi-
cations and computer peripheral markets.

Microprocessors

These programmable LSI standard circuits can
be the elements of choice for certain classes of
systems where there is a good fit between the
microprocessor capability and the system
performance requirements. The system parts
count is reduced at the expense of a longer
(software) development time.

Gate Arrays

A gate array is a semi-custom circuit containing
a pattern of elements which can be selectively
interconnected to form the desired logic. The
interconnections are typically accomplished by
a customized metal pattern.

For low to medium volume production, these
“hardware programmable” circuits can reduce
parts count and offer some degree of unique-
ness, at modest development cost and time.



The Custom Option

Standard Microsystems offers two custom
design alternatives: fully crafted custom 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
turnaround and reduction of engineering costs
are dominant factors then use of our cell library
design approach will be the better aiternative.

Regardless of the design approach, a custom
LSI will provide—

Lowest Overall Cost

The overall cost savings realized with custom
LSI can be substantial, especially when high-
volume production is encountered.

Savings are effected in several ways. Because
custom designed circuits contain only neces-
sary components, the cost of unused circuitry
on standard microprocessors or integrated cir-
cuits is eliminated. Costs for troubleshooting,
repair and warranty claims are reduced. In addi-
tion, custom MOS can be more economical over
SSIand MSI when purchase, inventory and
assembly costs are considered. Also, when a
system contains a large amount of SSI and MSI,
its custom counterpart can significantly reduce
power consumption.

Lowest Parts Count

There are many applications where a single-
package custom LSI circuit can out-perform a
microprocessor and its ROM and RAM circuits
while reducing costs. A custom LSI unit can rap-
idly 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 SSI and MSI. Fewer parts and solder
points reduce the failure rate and raise the relia-
bility. This means low MTTR (mean time to
repair), which translates into lower mainte-
nance costs and higher customer satisfaction.

Minimum Size, Weight, Power Dissipation

The size and complexity of printed circuit
boards are greatly reduced when using a cus-
tom circuit. The custom circuit results in a most
compact package, specifically designed to per-
form only the necessary tasks utlllzmg mini-
mum power and space.

15

Unique Proprietary Features

Proprietary design is another major benefit. It
protects your design from would-be copiers
because it makes testing and support difficult.
This, coupled with the complexity of custom
semiconductor fabrication, makes duplicating
your custom circuit far less probable.
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The Full Design Customn
Program

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

Evaluation

The customer’s system characteristics are care-
fully evaluated from the information provided
to determine the feasibility of the custom
approach, considering such factors as system
partitioning, functional performance, opera-
tional environment, operating speed, power
requirements, process selection, packag-

ing and testing.

" If the conclusion is positive, Standard Micro-
systems will quickly provide a Quotation to the
potential customer, which will include—

* afirm development schedule
» the non-recurring engineering charge (NRE)
« a production price schedule

- System Definition

Once the design is authorized, a thorough spec-
ification review takes place between Standard
Microsystems’ engineers and the customer’s
engineers. In this critical phase, Standard
Microsystems’ years of successful design expe-
rience are applied as an extension of the cus-
tomer’s design resource in a close working
relationship.

Circuit Design

Required functions are converted to detailed
MOS logic. The logic is verified via advanced
logic simulation routines, utilizing our in-house
computers VAX 11/780, 782, and/or breadboard
emulators. Circuit simulation is done using
SPICE, MOSAID, and Standard Microsystems
written 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 [I
color graphlcs systems, to achieve the optimum



composite drawing in terms of size and sched-
ule. Check plots are obtained on our Xynetics
and Versatec plotters, and advanced design rule
checks (DRC) and electrical rule checks (ERC)
provide comprehensive artwork verification.

Mask Fabrication

Production tooling is obtained from qualified
mask vendors to Standard Microsystems’ exact-
ing, 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 pro-
cesses, including a CMOS silicon-gate process,
and a range of n-channel silicon-gate proc-

esses. We will determine the appropriate proc-
ess 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 investments
in direct-step-on-wafer equipment, and
advanced ion-implantation, sputtering, deposi-
tion and plasma etch equipment.

Assembly

Standard Microsystems can provide a wide vari-
ety of industry-standard packages, including
ceramic, plastic and CERDIP dual-in-line types,
flat-packs and chip carriers. The latest in auto-
mated equipment, such as our automatic wire
bonders, insure high quality and high volume
throughput. '

SMC PROCESS CHARACTERISTICS
TYPICAL '
CHANNEL SUPPLY MAX. FEATURES/
PROCESS TYPE LENGTH VOLTAGES FREQ. COMMENTS
9000 n-MOS | 4p +5, +12 30MHz n-channel, si-gate
(optional) process, moderate
—5, (optional) to high performance.
10000 n-MOS | 3p +5 45MHz very high performance
n-channel process.
2400 CMOS | 2-3n 5 60MHz advanced si-gate
: CMOS process.

Customation™

CUSTOMATION™ is the name given to Standard
Microsystems’ cell library design system. It is
centered around the use of an engineering
workstation and software design tools supplied
with that workstation. We are installing our cell
library on most popular workstations. In cases
where customers do not have and prefer not to
acquire a workstation our software can be run
on a VAX computer.

Though Standard Microsystems can perform
the cell array design, most customers prefer to
take our training course and perform the design
themselves. The typical steps which are
involved are listed below:

(@) Logic Design and Schematic Capture—The
designer performs the logic design at the
workstation. He manipulates and inter-
connects logic symbols from our library
constructing the logic schematic of his
chip and forming a database called a net-
list as he goes. This netlist becomes the

basic input to the other software tools that
analyze, check and translate the design
as necessary.

(b) Timing Analysis—The circuit is analyzed
for speed and timing. Critical paths are
analyzed to verify that the final chip will
perform adequately to meet speed
requirements and that no race conditions
exist.

(¢) Logic Simulation-The circuit as a whole
or parts of the circuit are analyzed by a
logic simulation program to verify that the
circuit will perform logically as expected.

(d) Place-and-route-This program takes the
cells, interconnects them and places them
in rows to form the actual chip. The place-
ment is optimized to minimize the inter-
connect and chip size. This is usually run
by SMC.

(e) Verification—Programs are run to check
that the layout accurately represents the
original design.

(g) Fabrication—-SMC then has the masks
made and fabricates the prototype parts.



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 completed by
the customer or an outside design house.

Many customers find it desirable to develop
an in-house LSI design capability, for their inter-
nal circuit requirements. Standard Microsys-
tems can provide valuable assistance in
achieving this goal.

The customer then provides Standard Micro-
systems with either a completed composite
drawing, a data base tape (in suitable format),
or an actual processing mask set. Whatever the
entry level, Standard Microsystems 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 suita-
ble 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 variations to our
“standard” processing are required, they can
usually be accommodated at little or no expense.

Standard Microsystems has developed com-
prehensive test sites that are incorporated into
our masks for the purpose of parametric and
quality assurance measurements. Automated
equipment collects and stores measurements
from these test sites. If a customer purchases
wafers from us, these measurements are pro-
vided 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 prepared to
work with customers in establishing a suitable
test 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 partcipate in a
partnership that makes best use of our respec-
tive 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 capability”
company. We have the resources—an experi-
enced staff and state-of-the-art equipment—to
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 techni-
cal expertise to perform or participate in the
early design phases of a custom program. For
this reason, Standard Microsystems offers a var-
iety of customer interface possibilities to serve
the broadest possible market.

Communications: The Key to
Custom Development

On every Custom program, we establish com-
munications with our customers that last
throughout the development and production
phases. '

Our engineers work in an environment that
stimulates creativity while encouraging adher-
ence to pragmatic objectives. The status of each
program is closely monitored. Strict scheduling,
thorough program management and frequent
customer contact have become the hallmark of

. a Standard Microsystems Custom program.
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Numerous testimonials from satisfied cus-
tomers give evidence of our ability to perform—
to specification and on time.
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STANDARD MICROSYSTEMS
CORPORATION
:

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 productis 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)
All 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 Quality 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)

50 inches gold plating on external leads and die cavity,
gold eutectic die attach.

4.2 Tin-Plated Ceramic (Suffix “TC”)
Over 200p. inches tin plating on external leads, gold on
die cavity, gold 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. Gold eutectic die attach and gold bond



wires are used. Lead material is MIL-M-38510 para 3.5.6
type B (42 Alloy) with a solder lead finish.

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. 10.2) is taken on generically similar parts. A sam-
ple flow chart for ceramic product is given on page 6.

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

Ali parts are placed in 150°C storage for 24 hours per
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 stressis applied for 168 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-com-
mercial 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)

These inspections were developed from Method 2010 of
MIL-STD-883.The inspection criteria are specificto SMC's
pMOS and nMOS COPLAMOSE® 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)
Constant 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 Aand C.
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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
be arranged upon request.

6.0 Electrical Test
6.1 Probe and Final Test

SMC test programs are developed by the Test Engi-
neering Department and verified by device characteri-
zation. An approval procedure 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™ test sys-
tems.

6.3 Product Engineering

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

7.0 Purchased Material

All manufacturing materials are purchased from quali-
fied vendors to SMC procurement specification.

8.0 Quality Control

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.

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 Inspection

QC inspectors verify proper documentation and perform
an external mechanical/visual inspection on each lot 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

=
=]
=
Rz
W
7z




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, 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 Quality 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
electron microscope (SEM), an infrared microscope,
optical microscopes, an X-ray unit and electronic test
instruments.

9.3.2 Scanning electron 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.

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

84 4 M

the last two digits of the number of year j

the calendar week of the year

lot identification suffix

BI = BURN-IN (WHEN APPROPRIATE) BI

N o 3 s S s Bsbndndnmiieininintniini i W Y
DEVICE TYPE BI*
SMC

- DATE CODE
PIN 1
INDICATION—=e
| S N NN RPN IS ) N
'~ TOP MARKING
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10.2 Wafer Lot Acceptance (Mapping) 10.3 Wafer Probe and Final Test Data

These are correlated with mapping results to develop

Device parameters are recorded using a precision para- optimized process targets and yield improvement.

metric interface to a Digital Equipment Corporation PDP

11/23 computer. The data base at wafer map includes 10.4 Assembly Records

probe and wafer processing records (run sheets). Inspection results and screening throughput is recorded
) with date and sign-off for each lot.

TABLE 1—QA-01 QUALITY CONFORMANCE

GROUP B TESTS
Mil Std Quantity/
SMC Test 883 acceptno. or
Test Method Method Condition LTPD Frequency

Subgroup 1

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
260 =10°C conformance

Subgroup 4
Internal visual and 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
(1) Thermocompression QC-31 (1) Test condition C or D conformance
(2)Ultrasonic or wedge (2) Test condition C or D

Die shear strength 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
(1 failure)

M X ) periodic
Seal AC-11 1014 As applicable 5 conformance
(a) Fine ‘ all hermetic
(b) Gross

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

GROUP C TESTS—DIE RELATED
Mil Std Quantity/
SMC Test 883 acceptno. or Package
Test Method Method Condition LTPD Type

Subgroup 1

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

End-point electrical Final test As specified in the

parameters applicable device
specification

Subgroup 2
Temperature cycling AC-15 1010 Test condition C 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 acceq_t no. or . Package
Test Method Method Condition LTPD Type
Subgroup 1
Physical dimensions 2016 15 all
Subgroup2
Lead integrity QC-19 2004 ;l'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*
(ag 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 24 hours at 2 atm 121°C 15 plastic
Cooker)
End-point electrical Final test
parameters

*packages having gold plating thicknesses of 50 microinches or less are not required to pass subgroups 3 and 5.
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AC-03 DIE PLATE

AC-04 STD DIE VISUAL

|

QC-32 DICE INSPECTION AUDIT

-
|
I

AC-05 DIE ATTACH

|
|
|
|
.
|
|
|

QC-35 DIE SHEAR AUDIT ]

HI REL AVAILABLE

AC-03 DIE PLATE

CERAMIC ON ALL HERMETIC PACKAGES*
| WAFER LOT ACCEPTANCE | WAFER LOT ACCEPTANCE j
1 I
| WAFER PROBE [ WAFER PROBE ]
| I
| AC-01 SAW | AC-01 SAW | =
I I S
| AC-02 BREAK [ AC-02 BREAK | =
| o | | | -

DIE VISUAL
METHOD 2010 COND. B

QC DIE VISUAL AUDIT
METHOD 2010 COND. B

|

AC-05 DIE ATTACH

|

METHOD 2019

{ 1
| AC-06-AL WIRE BOND || AC-07-AU WIRE BOND | DIE SHEAR STRENGTH
I T I

[ AC-06-AL V\SIRE BOND‘I |Ac-o7-Au vlva BONDI

— QC-31 BOND STRENGTH AUDIT | :

]
| METHOD 2011 BOND STRENGTH |
|

PRE-SEAL VISUAL
METHOD 2010 COND. B

PRE-SEAL VISUAL AUDIT
METHOD 2010 COND. B

T

[ AC-09 SEAL ; J

|
|
|
|
I I I
AC-16 CONST ACCEL Y1-30.000G | | AC-10 MARK |
|
|
]
|
|

AC-08 PRE-SEAL VISUAL INSP
|
QC-33 PRE-SEAL AUDIT
1

|
I
( AC-09 SEAL
|

AC-10 MARK

I
LAC-15 TEMP CYCLE —-65/+150°C 10 CY

| cC !
| AC-11 HERMETICITY r METHOD 1008 STABILIZATION BAKE J .
I I
. METHOD 1010 COND. C
I AC 121TR|M TEMP CYCLE
I
l FINAL TEST METHOD 2001 COND. E
1 CONSTANT ACCELERATON
| PACK T
] METHOD 1014 SEAL
[ OUTGOING INSPECTION (HERMETICITY)
]
AC-12 TRIM

H QUALITY ASSURANCE AUDIT

PRE-BURI{I-IN TEST
METHOD 10l15 BURN-IN
FINAL]TEST
PAICK
I

METHOD 2009
EXTERNAL VISUAL

I
OUTGOING INSPECTION |

| SHIP |

]

*This High Reliability flow chart applies to ceramic product. ——{ QUALITY ASSURANCE AUDIT
Similar flow charts exist for cerdip and TC packaging. All
SHIP j

ACXX, QCXX procedures are under SMC Document Control.
All Method XXXX procedures are MIL-STD-883 Test Methods.
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PLASTIC (NOTE 1) CERDIP

| WAFER LOT ACCEPTANCE | | WAFER LOT ACCEPTANCE |
| WAFERIPROBE ] | WAFERIPROBE [
| SAW/BIREAK | | AD-01I SAW |
[ DIE PLATE | | AD-02 :3F(EAK |
[ SECOND OPTICIAL DIE VISUAL | | AD-03 DIIE PLATE |
| DIE VISULL AUDIT | | AD-04 STANDA:RD DIEVISUAL |
| DIE A‘I!TACH | | Qc32DICE INSIPECTION AUDIT |
- DIEPUSHTEST | | AD-05 Dlé ATTACH ]

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

THIRD OPTICAL PRE-SEAL VISUAL
|
PRE-SEAL AUDIT
I

— QC-31 WIRE PULL AUDIT |

I AD-09 PRE-SEAL VISUAL INSPECTION
|

| |

| | |

| MOLD | [ Qc-33PRE-SEAL AUDIT |

| BACK-SI[])E MARK | [ AD-10 PFllE-BAKE |

| TRIM/::ORM | [ AD-11 |SEAL ]

| SOLDéR DIP | | AD-12 IMARK |

| MAIRK | | PS-10 TII\II PLATE |

[ OPEN/SH(I)RT TEST | | PS-10 VISUALIINSPECTION |

| EXTERN/’!L VISUAL | G015 SOLDERABILITY AUDIT

AD-13 TEMP CYCLE
1

MECHANICAL/VISUAL |
AD-14 CONST ACCELERATION ]
|
|
|
|
|

MARKING PERMANENCE

|
AD-15 HERMETICITY
I
AD-16 TRIM
I
FINAL ELECTRICAL TEST
1
PACK
|
OUTGOING INSPECTION

| FINAL ELECTRICAL TEST |
| :

| PACK v |
I

| OUTGOING INSPECTION |

—ﬂ QUALITY ASSURANCE AUDIT |

| SHIP |

— QUALITY ASSURANCE AUDIT

[ SHIP |

Note 1—Plastic assembly is sub-contracted. Assembly
operations are controlled by SMC approved
sub-contractor specifications.
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IL—STD~1655 (Manchester) Interface
Contro!ler :

Controuer

'Asynchronous/Synchroncus '
! ransrmcter/ﬂeceiver, Fall

ynchronous!
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Lodal, Area Networl;’l’r&n ce
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STANDARD MICROSYSTEMS
=—r—

COM 1553A

JLPC FAMILY

MIL-STD-1553A “SMART*®”

FEATURES

[0 Support of MIL-STD-1553A
0 Operates as a: Remote Terminal Responding
Bus Controller Initiating

O Performs Parallel to Serial Conversion when
Transmitting

O Performs Serial to Parallel Conversion when
Receiving

0 Compatible with HD-15531 Manchester Encoder/
Decoder

0 All Inputs and Outputs are TTL Compatible

[ Singte +5 Volt Supply

0 COPLAMOS® N Channel MOS Technology

O Available in PC Board Form from Grumman
Aerospace Corporation

PIN CONFIGURATION

"0"MSGFLG 1 [ B [J 40GND
“0"WRDFLG 2 (] [1 30BDCST .
w3 0 3svec
DTAAVL 4 (0 0 37AD1
RCVINT 5 (] 0 3sa02
TXINT 6 (] B} 35 AD3
CMDSYN 7 [ 34 AD4
DTASYN 8 [] 1 33ADS
RCVNRZ 9 [ N 32ROE
SWE10 (] 0 3107
POR11 [] 0 3006
A 0 205
RCV CLK13 [] [ 2804
Vw14 ] 2703
SEND DATA15 [ 0 26 b2
DTARQST16 [ ] 25 D1
MSGCoMPLT 17 (] ] 2400
TXENA18 (] g 23 TDE
TX CLK 19 E 22 TX MODE
XMIT NRZ 20 p 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/parailel 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 I/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 I/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

1 "0" MESSAGE FLAG OMF The ZERO MESSAGE FLAG outputis set when the 7th
through 11th bits of the NRZ serial input data in a command
envelope (see figure 1) are zero. @MF is an open drain output.

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

3 INVALID WORD IVWF The INVALID WORD FLAG output is set when the word just

FLAG received has aninvalid parity bit or invalid format. IVWF is an open
drain output.

4 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.

5 RECEIVE INTERRUPT RCVINT | RECEIVE INTERRUPT is set to zero when the 6th bit following a

. command syncis a zeroand thefirst5 bitsmatchAD1-AD5. RCV INT
is reset to one by IA or POR, orif the lineis not active for 32
receive clocks.

6 TRANSMIT INTERRUPT TX INT TRANSMIT INTERRUPT is set to zero when the 6th bit following a
command sync is aone, and thefirst5bitsmatchAD1-AD5. TXINT is
reset to one by IA or POR.

7 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.

8 DATA SYNC DTA SYN | DATA SYNC is aninput from the Manchester decoder and must be
high for 16 receive clocks enveloping the receive NRZ data of a
data word.

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

ENABLE GMF
OWF
IVWF
DTA AVL
DTA RQ
MSG CPLT

11 POWER ON RESET POR POWER ON RESET. Active low for reset.

12 INTERRUPT ACKNOWLEDGE A TA resets TX INT, REC INT, BMF, GWF 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 vWw 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

SEND DATA

SD

SEND DATA is a “handshake” signal received from the Manchester
encoder indicating that the encoder is ready for the COM 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 controller, MSG CMPLT will be
asserted low when 33 command status or data words have been
transmitted. MSG CMPLT is an open drain output.

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 pulse 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 will then be reset by either

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

B) a second TXMODE pulse.
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.
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TRANSMIT CLOCK

TXCLK

Transmitter shift clock.

20

TRANSMIT NRZ

XMIT NRZ

Serial data output to the Manchester Encoder.

21

BUS CONTROLLER

BC

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

22

TRANSMIT MODE

TXMODE

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

23

TAKE DATA ENABLE

|
Q)
m

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

De-D7

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

32

READ DATA ENABLE

=)
O
mi

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

33-37

ADDRESS

ADS5-AD1

AD1-ADS5 provide addressing to the COM 1553A. Eachinputhas 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 IA.

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
TXINT “0" WRD FLG
BRD CST

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.

S S S S S
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 controller to receive command, status or data words regardless 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:

MG 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.

vee TO OTHER SYSTEMS

10K
POR

2mfd
TRIGGER

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
0 0 0 1O 2
11 1 11 31
0 0 0 0O 32
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TRANSMIT TIMING FIGURE 1
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range. . ... ..co ittt et it e e et eenaennans -55°C to +125°C
Storage Temperature Range . .....oviiiit ittt e iii e ainnnans -55°C to +150°C
Lead Temperature (soldering, 10 S€C.) . ...ttt ittt iiiiee et ittt teranitetnnnnsenennns +325°C
Positive Voltage on any Pin, with respect to ground ..........cco ittt iiienasennns +8.0V
Negative Voltage on any Pin, with respecttoground ........... ... i it -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.

ELECTRICAL CHARACTERISTICS (Ta = -55°C to 125°C, Vec = +5 £5%, unless otherwise noted)

PARAMETER MIN | TYP | MAX | UNIT COMMENTS
DC CHARACTERISTICS
Input Voltage Levels
Low Level, Vi 0.8 \
High Level, Vi 3.0 \
Output Voltage Levels
Low Level VoL 0.4 V  |lo =-1.6 mA, except open drain
High Level Vou . 3.0 4.0 V  |lon =100 uA, except open drain
Low Level VoL 04 V |lo. =-1.6 mA, open drain output
Output Leakage, lo 10 HA
Input Current, AD1-AD5 60 HA [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, fa- 980 | 1000 | 1020 | KHz
Clock Duty Cycle 45 50 55 %
Rise and fall times, |

TX MODE, SWE, ﬁBE 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 tsn 85 ns figure 3B
receiver clock-VW delay trv 100 ns tigure 3B
VW reset delay tvs 500 ns figure 3C
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 tsr 140 ns figure 4C
transmit clock fall to NRZ trn 0 ns figure 4B
transmit clock rise to NRZ tnr 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 réset delay tsx 750 ns figure 5C
DATA SET-uptime to1 100 ns figure 6A
TDE pulse width to2 150 ns | figure6A
Data Hold time tos 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 Pulse width tor 150 ns | figure6B
receive cycle time tos 450 17000 ns figure 6B
Flag delay time tos 450 ns figure 68
Output disable time ~ toto 100 ns figure 6B
SEND DATA delay ton 25 35 us | figure6C
TDE off delay tor2 1.5 us figure 6C
TDE1 delay to1s 500 ns figure 6C
SYN to RDE to1s 500 ns | figure6D
RDE to SYN tos 25 us | figure6D
Status word Enable tse 100 ns figure 8A -
Status word Disable tso 100 ns [ figure8A
Flag delay time ter 1 s figure 8B
VW delay time tev 90 ns figure 8B
IVWF delay time ter 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 trs 2 us figure 8C
BRD CST pulse width tew 1 us figure 8D
flag resetdelay tis 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 resettime tem 450 ns figure 8F
DTA AVL reset delay tro 750 ns figure 8F
IVWF reset delay trv 750 ns figure 8F
MSG CMPLT turn-on delay tmr 15 us figure 9A, 9B
MSG CMPLT turn-on delay tmr 15 us figure9A,9C
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RECEIVE TIMING FIGURE 2

{
)

|’ §
CMD SYNC |
| - |

DATA SYNC

i
[ | T T o]

L
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RECEIVER INPUT TIMING FIGURE 3

RCV CLK ' \
COMMAND/
DATA SYNC

— F—t.g 2 CLOCK CYCLE

RNRZ

RCV CLK

CMD/DATA SYNC

yw

CMD/DATA SYNC

vw

- = s

4A

TXENA

4B

TXCLK ' ‘ j

o e
SEND DATA
et i
XNRZ

4C

SEND DATA
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TRANSMIT ENABLE (TX ENA) TIMING FIGURE 5

5A
BC Z
TX MODE "

|
| { —
TX ENA | L
tux->= r—
5B*
BC=1 )y 1
roveiT — ¢
Tves ([slef7]e[e]wo[n[wefwfulwle] [ [ [ [T (11
*CMD SYNC - lt—1 s min e
)

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

TX MODE ! i—_,—

|
-’{ [ 1 us min

—
— [«—0s
VALID WORD [« 08ustyp NS
—>J }_ t
TX ENA tvx —P‘—Iﬂ_— MX

LAST DATA —f 5_|
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 ) T L

({
DATASYNG —— ) L
(¢ (-

RCV BIT TIMES T2 s T |

~ — =

tox—= _>| b tex
|

i
TX ENA
Log—
{
}

SEND DATA

*¥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
6A
08-D7 BITS 0-7 BITS 8-15
™ | — —\ r
DTA RQST
| S
t tor—n|
fe—o f N
6B
D¢-07 ——— BITS 0-7 BITS 815
RDE
. ]
DTA AVL \
| S
vw
e tou] o (S
tos—re{ e tore—]
1 tor [ t
DATA BUS TIMING FIGURE 6 IA RESETS FIGURE 7
6C
TXENA F 1112131415161 71819110111112113114315116117118(191201
i REC CLK LN
. 0 | 11
to il | |11
SEND DATA CMD SYN i ! | b
|
BRD CST —WL_( i i i
TOE TDE2 STATE TDE1 STATE ! : {
“0" MSG FLG 1
)c—tn.x——><——~t,.,4—l -
[ “0" WRD FLG :
NOTE: SEND DATA RISING EDGE INITIALIZES TDE TO TDE1 STATE
INVW FLG 4a-—
(DATA SYNG = 1
6D ' XINT OR ﬁECAIN)T
i A B C
7 10 12 15 17
CMD SYN ——— —J_————‘ RISES FALLS RISES FALLS  FALLS
et U
TA OCCURRING DURING ZONE A RESETS: BRD CST. TX INT. REC INT.
ROE TA OCCURRING 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.
“0"WRD FLG.
[ tore tors ~=
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8A

8B

8C

8D

8E

8F

SWE

STATUS FLAGS FIGURE 8

7 /
STATUS BITS \j—
~ F
pa— tue -—x..-—l
fe—10—te— 11—ofat— 12 —>}a— 13 —}u— 14 —ola—15 ~}t— 16 ~2fa— 17 —nfa— 18 —]
REC CLK |
OMSG FLG
"— ter
ter
OWRO FLG 1
tov—]
]
- fo
IVWF
DTA AVL
— f+— tco
Notes: 1. SWE = 0
2. IVWF and DTA AVL reset by RDE2 or REC CLK 14 of the
next word
SEND DATA
DTA RQ -
t
le—t—sfe—s5—ofe—6—sle—7—s{e—8—sfe—09
REC CLK .
| .
BRD C3T l:—-_. e -——Jc: tow —>]
[t =
7y
0 MIN
tu
TXINT, RECINT —

DTA AVL

IVWF

RCV CLK

*ROE 2

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

13—t 14—} 15—t 16 ]

AN AR A

DTA AVL

IVWF

]

t—tav
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MESSAGE COMPLETE FIGURE 9
BUS CONTROLLER MODE
BC
_L«,L j—
—H———‘
MSG CMPLT
I

TX MODE l ’
9A — 3y |
SEND DATA ‘
xlm —

M tur Ic—» tun

*WORD COUNTER IS PRESET TO 33

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

REMOTE TERMINAL, RECEIVE COMMAND RECEIVED

¢ {¢
T =
BC

CMD SYNC

RCV CLK 16 ]
9B
DTA SYNC I

MSG CMPLT

L
T

U N

*WORD COUNTER PRESET TO COUNT IN COMMAND WORD

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

REMOTE TERMINAL, TRANSMIT COMMAND RECEIVED

. ¢
VT
8 __J

CMD SYNC
L0
L
ACV CLK l l
SEND DATA
9C _
|
* LR}
v T I

*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

OF
COMMAND
REC%IVED

NOT
EQUAL

SET
BROADCAST

‘COMPARE

FIRST FIVE BITS

WITH AD1-
ADS

SET
RECEIVE
INTERRUPT

EXAMINE
6th BIT

Si
TRANSMIT
INTERRUPT

PRESET TOE PRESET RDE
Tg TOET TO RDET
TATE STATE
‘ TO MPU TO MPU ‘
SET

EXAMINE
BITS 7-11

EXAMINE
BITS 12-16

EXAMINE
BITS 12-16

P
PRcseT reser
WORD
COUNTER COUNTER
* FROM MPU
FROM MPU

1.SENDTA*

2. SEND
TX MODE

FROM DECODER

TO MPU
NO
RECEIVE
DATA
WORD
1. JAM ADDRESS @
2.JAMNME =0

!

*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
LATCHTO
DET STATE

* TO MPU

SET
DATA
REQUEST

FROM MPU

SEND
DATA WORD
FROM
BUFFER

1. PRESENT
UPPER BYTE
2. PULSE TDE

SeT TBE
LATCH TO
TOEZ STATE
* FROM MPU
1. PRESENT TRANSFER
LOWER BYTE BUFFER
2. PULSE CONTENTS INTO
TOE XMIT SHIFT
REGISTER

TO ENCODER

TO MPU

PRESENT
UPPER BYTE
ON Dg-D7

FROM MPU

PRESENT
LOWER BYTE
ONDp-D7

RESET

ATA
AVAILABLE

JAM
ME=1

TO MPU

JAM
ADDRESS

* TO MPU

TO ENCODER

FROM ENCODER

TO ENCODER

TO ENCODER
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OPEN DRAIN OUTPUT
FIGURE 10

SWE D

INTERNAL LOGIC

D@-D7 INPUT/OUTPUT
FIGURE 11

Vee ——

INTERNAL LOGIC

RDE D_bﬂ

OTHER OUTPUTS
FIGURE 12

Vce
|
1
INTERNAL LOGIC <—$—D@—|

STANDARD MIQOSYSTEMS 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

CORPORATDN information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
25 Wartus B wrum a@ssumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
ez 00 ™ sio 27 8e8  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
—_—

COM1553B

MIL-STD-1553B “SMART®”

FEATURES

[J Support of MIL-STD-1553B
[J Operates as both Remote Terminal and
Bus Controller
3 Manchester 1l Serial Biphase Input/Output
(3 16 bit Microprocessor compatible
[0 Command/Data Sync Detection/Identification
O Automatic Command Response Generation
J On-Chip Address Recognition
[ Error Detection For:
Sync Errors
Parity Errors
Word Count Errors
Bit Count Errors
Invalid Manchester Code
Incorrect Address
Incorrect Bus Response Time
O TTL Compatible
(] Recognizes Mode Codes and Broadcast
Commands
[ Provides DMA handshaking signals
[J COPLAMOS® n-Channel MOS Technology

ILPC FAMILY
PRELIMINARY
PIN CONFIGURATION
ps 1(J ~ [J 40 D8
oo 2 [139 GND
o1 a3 [138 MANOUT
D12 4 (J [ 37 MANOUT
013 5 [1 36 CSTRA
D14 6 ( )35 BTR
b5 7 (]34 cD
TXMODE 8 ] [] 33 RT/BC
FOR 9 O ] 32 BGACK
12MHz CLK 10°(] 1 31 vDO
MANIN 11 [ 130 veB
MANIN 12 ] [] 29 T3TA
MCF 13 (] [] 28 DTACK
Do 14 27 MC
D1 15 (] [ 20 ik
p2 16 (J 025 nw
03 17 [ ]~ ve
p4 18 [ 17 »3 WE
05 19 [ 1122 v,
ps 20 (J N 21 o7
PACKAGE: 40-pin D.I.P.

GENERAL DESCRIPTION

The COM1553B 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-1553B
data bus.

The COM1553B is a double buffered serial to parallel,
parallel to serial converter. It receives serial Manchester Il
biphase encoded data from a 1553B bus receiver and con-
verts it to 16 bit parallel data. When receiving Manchester
It 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 |l data,
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appending the appropriate sync and parity.

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

The COM1553B is designed towork 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

PIN NO. |[NAME SYMBOL | FUNCTION
1-7,14-21, | 16-bit DataBus | DO0-D15 Three-state bidirectional data lines used to transfer Command, Data, Error and
40 Status Words between the COM1553B and external memory.
8 TransmitMode | 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(3!|\_/I}I(-|z 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 isin 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 VvC Qutput 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 this input is high the COM1553B operates as a Remote Terminal.
Terminal/Bus When RT/BC is low, the COM1553B operates as a Bus Controller.
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
Output waveform, figure 4).
38 Manchester MANOUT | This output signal is high when the COM1553B is not transmitting.
Alow 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. The 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 shall be capable of
performing either function at different times.

Command Control Code bits D2-D0 (CB2-CB0)

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 memory.
When the COM1553B acknowledges the CSTR signal, it
setsthe CSTRA output low. The CSTR must be reset within
1.5 us. The COM1553B then initiates a memory 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 accordance with Table A.
Timing associated with loading these control bits into the
COM1553B is shown in Figure 1.

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-
mission.

Broadcast

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

Word Count Zero

Input 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 setinthe error register
at the end of a message (Refer to Error register).

Contiguous Word

Set if there is a transition 2 us. 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)J

WRITE ENABLE (WE)J

DATA TRANSFER REQUEST (OTR) ———————— | o ynTIL BGACR RECOGNIZED [

DTACK | SOME DELAY OF MS INDICATES DATAVALID [
.COMMAND STROBE (CSTR) 1 oL CETH UNTIL T&T [
MEMORY STROBE (M5) _— —
COMMAND STROBE HOLD DATA ___ UNTIL LATCHED
ACKNOWLEDGE (CSTRA) —
BUS GRANT ACKNOWLEDGE (BGACK) — 1  HOLDBUS UNTIL DMA COMPLETE —

, CB1,

LOW UNTIL BITS LATCHED INTERNALLY I

FIGURE 1:

BUS CONTROLLER TIMING SEQUENCE
Loading the Command Contro! 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 ps. data and parity bit time.

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

Odd 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 j.s. after
the parity transition of the last Data Word, then this also will
cause animproper 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 lessthan 14 ps. Ifthe 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 Controller
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 processor issues a load
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.

TABLE A:
COMMAND CONTROL CODE BIT DEFINITION
CONTROL
BITS
DATA BITS CB2-CBO
RT/BC|Dys| D14 |Dy3|Di2|Dyy [ Dyo| Do | De | D, | Do | Ds | D, | D5 | D. | D, | D, | FUNCTION
READ DATA
XX | XXX | X[ XXX X|XIX|X|X]|1]1|X|REGISTER
LOAD RT ADDRESS
REGISTER AND
XX | XXX [ XX X[ X|X]|X[X|X|X|1]|0]|X|gTaATUS CODE
REGISTER
X | X[ X X[Xx[x|X][X[x|[x][x][x]|x]|x]o]o]|o]|READLASTCMD
REMOTE TERMINAL
REMOTE
XXX X[ XXX X[X|X[X|X]|X|X]|0]0|1|s5pRESS -
REGISTERS
BUS CONTROLLER
O [ XX [X[X|X|X[X|X|X[|X|X[X[|X]|0|1]0|TRANSMISSION
BUS CONTROLLER
O [ X|X|X[X|X[X|X|X[X|X[X|X]|X]|0]|1]|1|RTTORT TRANSFER
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) RTABit4 (MSB) — RTA Bit 4 (MSB)
D14 RTABIit3 — RTABIt3
D13 RTABIt2 — RTABIt2
D12 RTABit 1 — RTABit 1
D11 RTABIt0 (LSB) — RTA Bit0 (LSB)
D10 Not used Any Error Message Error
D9 Instrumentation Bit — Instrumentation
D8 Service Request Bit — Service Request
D7 Reserved — Reserved
D6 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 accepta 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
Terminalis 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 abus controller or remote terminal,
by issuing a Read Last Command Register command code.

Error Register And RTA Register
(Error Register)

A7-biterrorregister is providedin 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 (M) 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 register and
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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 16-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
D12 RT Address Bit 1
D11 RT Address Bit 0
D10 Unused
D9 Improper Sync
D8 Address Mismatch Error
D7 Improper Word Count
D6 Response Time Error
D5 Information Field > 16 Bits
D4 Unused
D3 Invalid Manchester Il
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 Controller 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.

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
(5) Transmit Word Count Status Word
Last Field = 10010 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
generates the proper control and timing signals to 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 Controller to Remote Terminal
8) Broadcast Remote Terminal to Remote Terminal
9) Broadcast Mode Code without data
0)

1 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 COM1553B
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
in the 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 ps.

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.

oTR LOW UNTIL
DTR —I [ T|BeACK | 1 I

: LOW UNTIL
c/b SOON AFTER

low UNTIL DTACK I | DTACK I

| LOW UNTIL DTACK l - I I

BGACK _ - LOW UNTIL
GAC CAUSES DTR HIGH LOW UNTIL WE HIGH WE HIGH
_ LOW UNTIL
WE SOON AFTER
] [ L otack |
LOW UNTIL Low uNTIL
DTACK 1 [ ! cD menl 1 C'D HIGH I
_{COMMANDN\__ / DATA \ / DATA \_
DATA BUS —{_woro_/ \__worD /) \_worp /
COMMAND WRITE DATA WRITE DATA READ
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TABLE 5

TABLE 3
BC to RT (The BC transmits a receive
command to the RT)
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 XXX2, READ*
2 RECEIVE READ
COMMAND
3 DATA READ
. DATA READ
. DATA READ
32 DATA READ
*%
33 STATUS WRITE
*reads command control code bits CB2-CB0
“* response time

X = don'tcare

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

RT to RT
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 XXX3, READ*
2 RECEIVE READ
COMMAND
3 TRANSMIT READ
COMMAND
4 STATUS WRITE
(transmitting
RT)
5 DATA WRITE
. DATA WRITE
. DATA WRITE
36 WRITE
*%k
37 STATUS WRITE
(receiving RT)

*reads command control code bits CB2-CB0
response time
X = don'tcare

Mode Code Command without Data

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

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

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 firstissues 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.

**response time
- 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 Controller with a Status Word and a single Data
Word.

TABLE 7
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 XXX2,, READ*
2 COMMAND READ
* %k
3 STATUS WRITE
4 DATA WRITE
*reads command control code bits CB2-CB0
*response time

X = don'tcare
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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-CB0 4 STATUS WRITE
*% response time 5 DATA WRITE
X = don'tcare . DATA WRITE
. DATA WRITE
Bus Controller (Broadcast) to Remote Terminal Transfer 36 DATA WRITE
In this 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 expect to receive a Status

Word back.

*reads command control code bits CB2-CB0

**response time
X = don't care

TABLE 9
COM1553B

MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION

1 XXX2y 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't care

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
messageis addressed to the receiving RT. Ifthe Command
Word is valid, the RT issues a Data Transfer Request (DTR)
toinitiate amemory 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.

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 itis 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 Flag, 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.
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TABLE 11
BC TO RT (RT receives a 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
a write 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.

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.

TABLE 13
COM1553B
MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION
1 COMMAND WRITE
*%
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.

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

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

** response time

Bus Controller Broadcast Transfer to RT

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

The RT receives a Broadcast Command to receive 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 inthe

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 cycle 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 . ... .u ittt ettt ettt ettt et e et e ~-55t0 +125°C
Storage TeMPErature RANGE ... veuuii ettt et ettt ettt et ettt ettt e e ettt ee e eaais —55to0 +150°C
Lead Temperature (SOldering, 10 SECONAS) . . ...t ettt ettt ettt et e e et ettt et et ey +325°C
POSItive VOItBGE OM @NY PIN ...ttt ettt ettt e et e e e et +15V
Negative Voltage on any pin except VBB, with respect to ground .............ooiiiiiiiiiiii i i, -.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 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%, Vgg = —5V £5%

PARAMETER MIN TYP MAX UNITS . COMMENTS
V. Input Low Voltage -0.3 0.8 \
Vi Input High Voltage 3 Vee \
Voo Output Low Voltage 0.4 \ loo = —3.2mA
Vo Output High Voltage 2.4 4 5 \ low = .8 MA
N Input Leakage Current 10 RA
Cn Input Capacitance 10 25 pf
C, Output Capacitance 10 15 pf
C. Load Capacitance 100 . 150 pf
P, Power Dissipation 0.8 w T, = 25°C

AC ELECTRICAL CHARACTERISTICS

PARAMETER MIN TYP MAX UNITS COMMENTS

clk clock frequency 12 MHz 50% duty cycle
t, CIk, rise time 6 ns
t Clk, fall time_ 6 ns
t, DTRand WE 0.5 0.6 1 us
t, BGACKto DTR 0.8 1.3 2 ns
t, WE to DATA 100 ns
t, DTACK to WE 1.5 2 us
ts DTACK to R/W 1 1.5 ns
t, DIACKtoC/D 1.5 25 1S
t; CSTR to CSTRA 673 us
t, CSTRAtoCSTR 1.5 us
t CSTRA width 500 ] ns
t, C/DtoDATA 0 ns
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AC CHARACTERISTICS
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STANDARD MICROSYSTEMS |

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

S

COMI1e71

JLPC FAMILY

Asynchronous/Synchronous Transmitter-Receiver
ASTRO

FEATURES PIN CONFIGURATION
TR
HRONOU <7
Full Duplex Operations ot b
O SYNCHRONOUS MODE c__sg 3 38 [ CA (ATS)
Selectable 5-8 Bit Characters __WED 4 37 [ BA (150)
Two Successive SYN Characters Sets e B o R,
Synchronization iNTR{ 7 34 o DD (1XAC)
Progéammable SYN and DLE Character %E 8 33 R4
trlpp|ng __1 9 32p R3
ASYRBEROROUS Mopg -5 ST Fi s B ELS
O DALa 12 29 I CF (CARR)
Selectable 5-8 Bit Characters DALSQ 13 28 p CC (OSR)
Line Break Detection and Generation Sf—f?é I 27p 28 e
1-, 1%2-, or 2-Stop Bit Selection T ood 16 P e
Start Bit Verification io7d 17 24 h D5
Automatic Serial Echo Mode- (RING) CEQ 18 23 ﬁ MR
0O BAUD RATE—DC TO 1M BAUD y "gi‘;ﬂ ot 2 y -
O 8 SELECTABLE CLOCK RATES (V) GNOL
Accepts 1X Clock and Up To 4 Different

0 COPLAMOS® n-Channel Silicon
Gate Technology

32X Baud Rate Clock Inputs
Up to 47% Distortion Allowance With 32X

Clock y ; O Pin for Pin replacement for
O 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

a

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

On Bus
On-Line Diagnostic Capability
0O ERROR DETECTION
Parity, Overrun and Framing

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. Its operation is programmed by a processor or controller via the bus and all paralle! 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 Contro!
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 afill 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 anidle 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 operahon 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.
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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.

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 a logic 1, the characteris
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 input is 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
Bufferis 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, datais 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, thisidle 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
Recelver

The Receiver Data inputis 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 alogic 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 interrupt is activated. Parity Error is set, if
encountered while the Receiver parity check is enabled in the Control Registers. Overrun Error is
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 flags 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 Transmitter is not enabled. Transmission of data occurs
only when the Request to Send bit is set to a logic 1 in 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 alogic 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 clock is 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
Bufferis 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.

62



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 to a Controller that an input operation is requested by the ASTRO.
Allinput/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 allow 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
000 Control Register 1
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 6t 6theér 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 Detector input goes low and the Data Terminal Ready (DTR) bit (CR10) is high.

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

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

Data Set Ready Off
Indicates the Data SetReady 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
Acknowledge Input (IACKI) to the ASTRO to a low state. On this transition all non-interrupting devices receiving
the IACKI signal set their Interrupt Acknowledge Output (IACKO) 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 1/0 Function
1 Vs 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 | The Control and Status Registers and other controls
are cleared when thisinputis 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 |

3 (o] 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 I 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 (o] 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 orin
affirming that it is the interrupting source.
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Description of Pin Functions

Pin No. Symbol Pin Name 1/0 Function

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

31 R2 1 data rate Transmit and Receive clocks. The input on

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

33 R4 1 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 outputis the transmitted serial data from the
ASTRO. This output is held in a Marking condition
when the transmitter section is not enabled.

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

38 CA REQUEST TO SEND O This outputis enabled by bit 1 of Control Register 1
and remains in a low state during transmitted data
from the ASTRO.

3% CB CLEARTO SEND ! This input, when low, enables the transmitter
section of the ASTRO.

28 CC DATA SET READY | 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 ¢} DATA TERMINAL (0] This output is generated by bit 0 in Control Register
READY 1 andindicates 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 | 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 1 This inputis 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

SYNC

0 — TRANSMITTER
NON TRANS-
PARENT MODE

1 — TRANSMITTER
TRANSPARENT
MODE

ASYNC (TRANS. DISABLED)
0 — MISC oUT =1

0 — DLE STRIPPING
NOT ENABLED

1 — DLE STRIPPING
ENABLED

1 —MISC ouT=0

SYNC (CR16=10) SYNC (CR12=0)

0 — NO PARITY 0 — MTSC oUT=1
1— MISC OUT=0

GENERATED
1 — TRANSMIT PARITY
ENABLED

SYNC (CR16=1)

0 — NO FORCE DLE
1 — FORCE DLE

PARITY GENERATION
ENABLED ON
TRANSMITTER

SYNC

0 — RECEIVER PARITY
CHECK IS DISABLED

1 — RECEIVER PARITY
CHECK IS ENABLED

BIT 7 6 5 4 3 2 1 0
SYNC/ASYNC | ASYNC ASYNC (TRANS. ENABLED) | ASYNC ASYNC SYNC/ASYNC SYNC/ASYNC SYNC/ASYNC
0 — LooP 0 — NONBREAK 0 —1Y% or 2 STOPBIT 0 — NON ECHO MODE 0~ NO PARITY ENABLED | 0 — RECEIVER | 0 — SETS RTS | 0 — SETS DTR

MODE MODE SELECTION 1 — AUTO ECHO MODE 1 — PARITY CHECK DISABLED 0UT=1 0UT=1_
1—NORMAL | 1 — BREAK MODE 1 — SINGLE STOP BIT ENABLED ON 1 — RECEIVER | 1 —SETS RTS { 1— SETS DIR
MODE i s SELECTION SYNC (CR12=1) RECEIVER AND ENABLED 0UT=0 0uUT=0

Bit0

Controls the Data Terminal Ready output on Pin 16 to control the CD circuit of the Data Set.
A logic 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.

Bit 1

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.

Bit 3

characters.

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

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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Bit 4 Asynchronous Mode

Alogic 1 enables the Automatic Echo mode when the receiver sectionis enabled. In this

mode the clocked regenerated data is presented to the Transmitter Data outputin 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
Transmitterisidle. 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, alogic

1 on this bit also causes the Receiver timing to synchronize on Mark-To-Space transitions.

Bit5 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
A loglc 1 combined with a logic 0 on Bit 6 of Control Register 1 enables Transmit parity; if CR15-0 or
CR16=1 no parity is generated. When set to a logic 1 with Bit6 also alogic 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 outputin 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 characterin the latter reglster 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.

c. 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 bitis 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.

A logic 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 Register 2, unlike Control Register 1, cannot be 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 — EVEN PARITY 0 — RECEIVER CLK= CLOCK SELECT
SELECT RATE 1
00=8BITS MODE 1 — 0DD PARITY 1 — RECEIVER CLOCK 000 — 1X CLOCK
01=7BITS 1 — SYNCHRONQUS SELECT DETERMINED BY 001 — RATE 1 CLOCK
10=6 BITS MODE BITS 2-0 010 — RATE 2 CLOCK
11=5BITS . 011 — RATE 3 CLOCK
SYNC (CR16=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 (Pin 32) *
100 Rate 4 32X clock (Pin33) * -
101 Rate4 32X clock (Pin33) (+ 2) *t
110 Rate 4 32X clock (Pin33) (=+ 4) *t
111 Rate 4 32X clock (Pin33) (+ 8) *t
NOTES:

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

tRate 4 is internally dividable so that the required 32X clock may be derived from an applied 64X, 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 a logic 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)
isalogic 1, orall 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.
Bit 4
Alogic 1 selects odd parity and a logic 0 selects even parity, when parity is enabled by CR13
and/or CR15.
Bit5 :
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.

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

Bit0

Alogic 1indicates that the Transmitter Buffer may be loaded with new data. Itis settoalogic 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.

Bit1
Alogic 1indicates 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 Receiveris disabled.

Bit2

Alogic 1indicates 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 bitis cleared when no Overrun condition is detected (the next character
transfer time) or when the Receiver is disabled.

Bit3
When the DLE Strip is enabled (CR14) the Receiver parity check is disabled and this bit is set to a logic 1
if the previous character to the presently assembled character matched the contents of the DLE
register; otherwise itis 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 bitindicates correct parity. This bitis cleared in both modes when
the Receiver is disabled.
Bit4

Asynchronous Mode
Alogic 1indicates 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
Alogic 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 bitis updated with the character received after the SYN character.

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

Bit5

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 bitis set to alogic 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, with DTR 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 ... ....oouuit it et 0°C to + 70°C
Storage Temperature Range ....... ..ot itiiit it iei i —55°C to +150°C
Lead Temperature (soldering, 10 S€C.) .. ...u ittt i ittt +325°C
Positive Voltage on any Pin, with respecttoground.......... ... ... . ... ... ... oL +18.0V
Negative Voltage on any Pin, with respecttoground.......... ... .. ..o, —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
(To=0°Ct0 70°C, Ve = +5V 5%, Vpp= +12V £5%, Vg =—5V £5%, V= 0V, unless otherwise noted)

Parameter Min Typ. Max. Unit Comments

D.C. Characteristics
INPUT VOLTAGE LEVELS

Low Level, V,. 0.8 \

High Level, Vi, 2.4 \

OUTPUT VOLTAGE LEVELS

Low Level, Vo, 0.4 \ lop=1.6ma

High Level, Vou 2.4 loy=100pa
INPUT LEAKAGE

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

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

lee 80.0 ma

lop 10.0 ma

lgs 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

Tesaie CS to Reply OFF Relay 0 250 ns R, =2.7KQ
Read .

Tare Address and RE Spacing 250 ns

Trecsh RE and CS Overlap 20 ns

Trecs RE to CS Spacing 250 ns

Treo RE to Data Out Delay 180 ns C.=20 pf
Write

Tawe Address to WE Spacing 250 ns

TwecsH WE and CS Overlap 20 ns

Twe WE Width 200 1000 ns

Tos Data Set-Up Time 150 ) ns

Tou Data Hold Time 100 ns

Twees WE to CS Spacing 250 ns
Interrupt

Tes CS to IACKI Delay 0 ns

Teske CStoRE E Delay 250 ns

Tesren CS and RE Overlap 20 ns

Trecs REtoCS Spacing 250 ns

Tpr IACKI Pulse Width 200 ns

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

Treo RE OFF to DAL Open Delay 180 ns

Tiare TACKI to RPLY Delay 250 ns See Note 1.

Tesaee CS to RPLY OFF Delay 0 250 ns R, =27Ka

Ty IACKI to IACKO Delay 200 ns

Trer RE OFF to TACKO OFF Delay 250 ns

Note 1: If RE goes low after TACKI 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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STANDARD MICROSYSTEMS
CORPORATION

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

=

COM 1863
COM 8018

MPC FAMILY

Universal Asynchronous Receiver/Transmitter

UART

FEATURES
[] Compatible with TR1863 timing

O-High accuracy 32X clock mode: 48.4375% Receiver Distortion
Immunity and improved RDA/ROR operation (COM 8018 only)

[ High Speed Operation—62.5K baud, 200ns strobes
[ Single +5V Power Supply
[ Direct TTL Compatibility— no interfacing circuits required

O tnput pull-up options: COM 8018 has low current pull-up
resistors; COM 1863 has no pull up resistors

3 Full or Half Duplex Operation—can receive and transmit
simultaneously at different baud rates

O Fully Double Buffered—eliminates need for precise external
timing

[J Improved Start Bit Verification—decreases error rate

[ 46.875% Receiver Distortion immunity

[ Fully Programmable—data word length; parity mode; number
of stop bits: one, one and one-half, or two

[0 Master Reset— Resets all status outputs and Receiver Buffer

PIN CONFIGURATION

Voo {j
*HIACC []
Gnd [
RDE (]
RD8 ]
RO7 []
RD6 (]
RD5 []
RD4 (]
RD3 [] 10
RD2 [] 11
RD1 [] 12
RPE [] 13
RFE [] 14
ROR [ 15
SWE [ 16
RCP [J17
RDAR [] 18
RDA [] 19
rsl [ 20

©ONO G D WN -

N4

a0 [y TCP
39 0 POE
38 [] NDB1
37 [J NDB2
36 {] NSB
35[] NPB
3a] cs
33[] TD8
32 To7
31[] TD6
30[] TDS
29[] TD4
28 (] TD3
27 ] TD2
26 ] TD1
250 Tso
24 ] TEOC
23[] TO3
220 TBMT
211 MR

PACKAGE: 40-Pin D.I.P.

Register
[ Three State Outputs—bus structure oriented
[0 Low Power—minimum power requirements
O Input Proteécted—eliminates handling problems
[J Ceramic or Plastic DIP Package—easy board insertion

[0 Baud Rates available from SMC’'s COM 8046, COM 8116,
COM 8126, COM 8136, COM 8146 baud rate generators

GENERAL DESCRIPTION

The Universal Asynchronous Receiver/Transmitter is an
MOS/LSI monolithic circuit that performs all the receiving and
transmitting functions associated with asynchronous data
communications. This circuit is fabricated using SMC's
patented COPLAMOS® technology and employs depletion
mode loads, allowing operation from a single +5V supply. The
duplex mode, baud rate, data word length, parity mode, and
number of stop bits are independently programmable through
the use of external controls. There may be 5, 6, 7, or 8 data
bits, odd/even or no parity, and 1 or 2 stop bits or 1.5 stop bits
when utilizing a 5-bit code. These programmable features
provide the user with the ability to interface with all
asynchronous peripherals.

*If pin 2 is taken to a logic 1 the COM 8018 will operate in a high
accuracy mode. If pin 2is connected to — 12V, GND, a valid logic
zero, or left unconnected, the high accuracy feature is disabled,
and the UART will operate in a 16X clock mode. Pin 2 is not con-

—=]23
TDS 4

TCP|
csla il 16
. 16/
NPBfoS 2
NSBIEE ConTROL WORD :
37 Wi 4
NoB2t38 M REGISTER BUFFER 5
(A K REGISTER [ 19
OE {32
J\ /L T 18
17 |
RCP{
TIMING AND CONTROL RECEIVER |
Iy o
20 RECEIVER
ASI$— SHIFT L
REGISTER NFD
J ¢ 3
L
ADE 2 RECEIVER BUFFER REGISTER

FUNCTIONAL BLOCK DIAGRAM
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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).

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 data 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 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 registeris loaded immediately 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
new data.

If new data is loaded into the databits bufferregister
atthis time, TBMT goes lowandremainsinthisstate
until the present transmission is completed. One
full character time is available for loading the next
character with nolossinspeedoftransmission. 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

NUMBER OF
DATA BITS

I

NO NUMBER
PARITY STOPBITS

TRANSMITTER BLOCK DIAGRAM

DB8 DB7 DB6 DBS DB4 DB3 DB2 DB1

4

°°NT“°'-—ol CONTROL BITS HOLDING REGISTER

DATA BITS HOLDING REGISTER
BUFFER

DATA STROBE

STROBE

i

TO
RECEIVER

STEERING LOGIC ]

+

R TRANSMITTER
s F/F BUFFER

EMPTY

16X or 32X ﬁ LOAD
CLOCK —'I TIMING GENERATOR ': SHIFT

» SERIAL
OUTPUT

TRANSMITTER SHIFT REGISTER g—‘

OUTPUT
LoGIC

*—i PARITY BIT GENERATION LOGIC |—D

HIACC

END OF
T CHARACTER

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 isunconditionally held low, inhibitinga parity
error indication. If a stop bit is not received, the
framing error flip-flopis set high, indicating a fra-
ming error.

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

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.

RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1

T111 11

RECEIVER BLOCK DIAGRAM

FRAMING
ERROR

OVER RUN PARITY ERROR

TRANSMITTER

DATA
AVAILABLE BUFFER EMPTY

SATA STATUS
ENABLE 3-STATE BUFFER WORD 3-STATE BUFFER
[ LTI T[] —
. —— L[]
AESET DATA
DATA BITS HOLDING REGISTER Hl‘— A Py STATUS WORD
BUFFER & F AV HOLDING REGISTER
CONTROL - T
BITS FROM
e
- ¥ I
SERIAL START BIT PARITY BIT RIGHT RECEIVER SHIFT
INPUT VERIFICATION CHECKING LOGIC JUSTIFY LOGIC cp REGISTER

L

|

16X or 32X

TIMING GENERATOR

CLOCK

HIACC

DESCRIPTION OF PIN FUNCTIONS

PIN NO| 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 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 eight 3-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 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
transferred into the receiver buffer register.
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 (16X) 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-level after power
turn-on. This sets TSO, TEOC, and TBMT to a high-level
and resets 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-level during the last half

24 TEOC l;%‘ﬁ;"rgggfnd 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 CS 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

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 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,
NDB1 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
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'tcare
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
e I N Y Wy WO o, OO

v | | J o3 [(TITTT]
o | [Pvioin § T*‘ﬂ———t——‘—l—_ TEQC P
TSO START EAI_A_LL ----- lD_I-ﬂzB_]E{\TT_Yj STOP 1 STOP 2| START

> Bt fe— TBMT

e e | |

RECEIVER TIMING — START BIT DETECT AND VERIFY
8 BIT, PARITY, 2 STOP BITS 8 9 18X
] 1 2 16 17 32X
e[ L[ L [ LI L [ 1
RSI ISTART :TDATA.‘I-I ----- IDATA B]:FARITY' STOP1 STOPZlSTART Rmmﬂ
- - - centhample

CENTER BIT I I ..... I I l ' l L

SAMPLE

Y
minimum continuous low
required for start-bit verification

RECEIVER TIMING DETAIL

7 8 9 10 - 16X
15 16 17 18 32X

o LT L 1 T

stop bit center sample

RDA ———— T
(HIACC = 0)
RDA
(HIACC = 1) ’ |
R[:O-SDB. X
RPE, RFE )(




MAXIMUM GUARANTEED RATINGS*
Operating Temperature RaNge .. .....oieirirt it iiiiiiiieeeereaannareerennnnnns 0°Cto+ 70°C

Storage Temperature Range .. .....viiiii ittt ittt it iieeeeerernenneennnnnas —556°C to +150°C
Lead Temperature (Soldering, 10 S€C.) .o vvut i iiiiiiiiiiiiiierisiaaianeseesionnnnanansnss +325°C
Positive Voltage on any Pin, withrespecttoground ..........cov ittt iiiiiiiiianeeens +8.0V
Negative Voltage on any Pin (except Pin 2), with respecttoground .......................... -0.3v
Negative Voltage on Pin 2, with respectto ground .......... .. ittt —-13.2V
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 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 appear on the
DC output. If this possibility exists it is suggested that at clamp circuit be used.
ELECTRICAL CHARACTERISTICS (TA=0°Cto70°C, Voo =45V £5%, unless otherwise noted)
Parameter Min. | Typ. | Max. | Unit | Comments
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low-level, ViL 0.8 Vv
High-level, ViH ) 2.0 \
OUTPUT VOLTAGE LEVELS
Low-level, VoL 0.4 V |loL=16mA
High-level, Vou 24 V  |lon =—100pA
INPUT CURRENT )
Low-level, liL 300 pA | Vin=GND, COM 8018 only
INPUT LEAKAGE +10 pA | COM 1863 only
OUTPUT CURRENT ) T
Leakage, ILo +10 uA | SWE =RDE =ViH, 0 =<Vout < +5V
Short circuit, los** 40 mA |Vout =0V
INPUT CAPACITANCE
Allinputs, Cin 5 10 pf
OUTPUT CAPACITANCE e
All outputs, Cout 10 20 pf |SWE=RDE=V
POWER SUPPLY CURRENT
lcc 25 mA | All outputs = VoHr, All inputs = Vob
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: Teo1, TPDo
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 isinactive (TEOC and TBMT are at a 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) lowimpedancetoVpp 2)lowimpedanceto GND 3) highimpedance OFF =
10M ohms The “OFF" state is controlled by the SWE and RDE inputs.
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DATA/CONTROL TIMING DIAGRAM

5% Viu
ViL
Tew:
TSET-uP THoLD
ViH
DATA INPUTS ViL
t.=t=20ns )
TseT-uP =0
THoto =0
Tew*
cs VIH
ViL
TSET-UP THoOLD
CONTROL INPUTS ‘\;‘“
i

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

OUTPUT TIMING DIAGRAM
RDE, SWE L Sc /
OUTPUTS ] A
(RD1-RDS, RDA, Vo
RPE, ROR, RFE, TBMT) _ Voo
r«——  Tep1, TPoo

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 pull-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 300ns
TCP
=500ns
TEOC
TCP
TBMT

IMPROVED RDA/ROR OPERATION
TIMING DIAGRAMS

RD1-RD8, and ROR determined

Stop bit center sample

e [ r

LRDAR at last possible moment
and not get ROR

RD1-RD8, and ROR determined
\ Stop-bit center sample

[ L [

RD1-RD8, and ROR determined

KSt\op»bil center sample

[N O

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
€T 3. SELECT BAUD RATE—16X OR 32X CLK
3 SELECT BAUD RATE— 16X or 32X CLK 4+ S CoNTROL TS

TBMT =1
TEOC =1
TSO =1{STOP BIT)

SET CONTROL BITS—PULSE CS
SET DATA BITS

ADA

;AS
LINE
NO TRANSITIONED
FROM MARKING TO,
SPACING
?

YES

HAS
A START
NO BIT BEEN VERIFIED?
8-16X CLK
or
16-32X CLK
YES

LOAD START BIT INTO
RECEIVER SHIFT REGISTER

TRANSMITTER
SHIFT REGISTER
EMPTY ?

{Teoc=1) NO 18T TvE
ELAPSED ?
1. LOAD TRANSMITTER SHIFT REGISTER : ves

2. TEOC =0
3. 7SO =0 {START 8IT)

HAS
1BIT TIME

ELAPSED ?

SHIFT AND LOAD DATA BIT INTO
RECEIVER SHIFT REGISTER

HAS THE
SELECTED NUMBER

YES
SHIFT 1 BIT RIGHT IN THE
TRANSMITTER SHIFT REGISTER

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

HAS
THE LAST
TIME

LA
STOP BIT BEEN ON THE
LINE FOR 1 BIT
RESET RDA

TRANSFER DATA TO RD1-RD8

sro
CENTER

SAMPLE?

THERE NEW
CONTROL BITS _PYgg
?

SET/RESET RFE
SET/RESET RPE

1 ADAR = 17 !

YES

SET RDA

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

tions; consequently complete information sufficient for construction purposes is not necessarily given. The
CORPORATION 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 COM2502
- CORPORATION COM2017

Universal Asynchronous Receiver/Transmitter

UART Pin Configuration
FEATURES verd1 =~ wp Tee
Vi 2 39
[ Direct TTL Compatibility— no interfacing circuits Gng E 3 38 % :?,21
required RDE [] 4 37 ) NpB2
: RD8 ] 5 36[] NsB
[ Full or Half Duplex Operation—can receive and 207 ge 351 NP8
o . os 7 34[] cs
transmit simultaneously at different baud rates ADs [ & 1f Tos
- . RD4 [ 9 32 TD7
O Fully Double Buffered — eliminates need for precise ‘ RD3 [] 10 3t[] To6
external timing RD2 [} 11 30[] Tos
RD1 [ 12 290 TD4
. g RPE [] 13 28[]) TD3
[ Start Bit Verification — decreases error rate AFE 0 14 | 102
O Fully Programmable — data word length, parity mode, el E . ® % oy
number of stop bits; one, one and one-half, or two rRcp [ 17 24[] Teoc
RDAR [] 18 23] 705
OHigh Speed Operation—40K baud, 200ns strobes RDA [J19 22[] TBMT
RSl (20 210 MR
[0 Master Reset— Resets all status outputs PACKAGE: 40.Pin DLP.

[ 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
O Ceramic or Plastic Dip Package— easy board insertion 126 127 I?" 129 ].30 13‘ ].32 133
TDS ¢ TRANSMITTER BUFFER REGISTER
TRANSMITTER | o5
SHIFT TSO
REGISTER
Tcp40 | TIMING AND CONTROL TRANSMWTER—I—Z‘L TEOC
cs i34 ﬁ u _ 16 swE
GENERAL DESCRIPTION npatSE status 5 TeMT
. ) e NSBr37— conTROL WORD 43| REE
The Universal Asynchronous Receiver/Transmitter is NoB2I3s ¥ REGISTER BUFFER 5 SS%
an MOS/LSI monolothic circuit that performs all the POE &.‘ REGISTER 9! RoA
receiving and transmitting functions associated with il TT T 18 | noAR
asynchronous data communications. This circuit is 17
fabricated using SMC'’s P-channel low voltage oxide- RCP1 TIMING AND CONTROL RECEIVER I
nitride technology. The duplex mode, baud rate, data J\L I
word length, parity mode, and number of stop bits are PRV
independently programmable through the use of exter- rs) +20] gﬁfﬁVE" 3
nal controls. There may be 5, 6, 7 or 8 data bits, odd/even ‘ REGISTER Ervee
or no parity, and 1, or 2 stop bits or 1.5 stop bits when J\,L +246nd
utilizing a 5-bit code from the COM 2017. .
The UART can operate in either the full or half duplex RDE{ RECEIVER BUFFER REGISTER
wfg(taﬁThz;ﬁtprtogr?mﬁmable f&atnres pror\‘nde the user ls J." JJ 18 19 .I.‘° J'“ 112
'th the ability to interlace with all asynchronous RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1
peripherals. i
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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 loaded data the TBMT signal remains low.
If the transmitter shift registeris empty, or whenitis
through transmitting the previous character, the
data inthe buffer registeris loadedimmediatelyinto
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 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 priorto the
next data transmission.

ODD/EVEN
PARITY SELECT

NUMBER OF
DATA BITS

It

NO  NUMBER
PARITY STOP BITS

TRANSMITTER BLOCK DIAGRAM

DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1

DATA BITS HOLDING REGISTER
BUFFER

DATA STROBE

CONTROL
STROBE ——MTROL BITS HOLDING REGISTERJ

T0
RECEIVER

STEERING LOGIC

I
|

TRANSMITTER

BUFFER

FIF
s

EMPTY

1BxT
CLOCK

LOAD
TIMING GENERATOR I:_l_: SHIFT

SERIAL
TRANSMITTER SHIFT REGISTER r‘ QUTPUT
OUTPUT
LOGIC
END OF
44 PARITY BIT GENERATION LOGIC j—ﬁ CHARACTER

DESCRIPTION OF OPERATION —RECEIVER

At start-up the power-is turned on, a clock whose
frequency is 16 times the desired baudrateisapplied
and master reset is 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 fora1/2 bittime, agenuine
start bit is verified. Should the line return toa mark-

84

ing condition priortoa 1/2 bit time, 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 bitis notreceived, duetoanimproperlyframed
character, the frammg error flip-flop is set hlgh
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

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.

assumes that the previously received character has

RECEIVER BLOCK DIAGRAM

FRAMING
ERROR

OVER RUN

PARITY ERROR

TRANSMITTER
BUFFER EMPTY

RD8 RD? RD6 RD5 RD4 RD3 RD2 RD1

11111117

[ ] L[ 1

[ [ 1

DATA BITS HOLDING REGISTER
BUFFER

START BIT

¥
PARITY BIT
VERIFICATION CHECKING LOGIC
—+ TIMING GENERATOR t

DATA
AVAILABLE

r
FIF

RESET DATA
AVAILABLE

STATUS WORD
HOLDING REGISTER

)

CONTROL
BITS FROM
HOLDING
REGISTER

|

RECEIVER SHIFT
cp REGISTER

L.

P

RIGHT
JUSTIFY LOGIC

SERIAL
INPUT

1B xR
CLOCK

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

PINNO. SYMBOL NAME 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 reset) before the present character is transferred into
the receiver buffer register.
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 (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 Alow-level input strobe enters the data bits into the

Data Strobe transmitter buffer register.
24 TEOC Transmitter End This output appears as ahigh-leveleachtimeafullcharacter
of Character is transmitted. It remains at this level until the start of
transmission of the next character or for one-haif 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 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 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 toselecteither5, 6, 7,
NDB1 Bits/Character or 8 data bits/character as per the following truth table:
NDB2 NDBH1 data bits/character
L L
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
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'tcare
40 TCP Transmitter This inputis a clock whose frequency is 16 times (16X) the
Clock desired transmitter baud rate.

TRANSMITTER TIMING —8 BIT, PARITY, 2 STOP BITS

= I I

TBMT ” |
50 START [DATA 1] evo ID:T:B];A;(T—VJ STOP1 smpzl START
TEOC —] time I
TRANSMITTER START-UP
e LT L L
1116
S — T ~EE
0. M I
s

Upon data transmission initiation, or when not trar i at 100% line utilization, the startbit will be placed
onthe 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.

RSI : |START :TJATAJ:[ ----- IDATA BIPAHITV‘ STOP1 STOP2ISTART

CENTER BIT I | | | | |

SAMPLE

—>{ le— 1/16 Bit time
=

ADA' e e =
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 | I I I l

M Begin verify. L Begin verify
RSI l

S

If the RSI line remains spacing for a 1/2 bit time, 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.
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range ... ....iitiiiiiiieitieiinensieseresrrenrennisnssranns 0°Cto+70°C
Storage Temperature RaNGe . ....oviiiiiiiiniieretrrnreiessseeeesersensanasennss —55°C to +150°C
Lead Temperature (soldering, 10S€C.) « vt v vt iiiiririreteianeneresereceseeennnnsasonnssanss +325°C
Positive Voltage on any Pin, VCC . ...oiiiiiii ittt ittt ittt iaeeanaanes +0.3V
Negative Voltage onany Pin, Ve ... .ottt et iie i iii it iiieaanaas —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 atany other conditionabovethoseindicated inthe 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 Vop 0.8 Vv
High-level, Vi1 Vce-1.5 Vce \
OUTPUT VOLTAGE LEVELS ’
Low-level, Vou ) 0.2 0.4 V  loo=1.6mA
High-level, Von 24 4.0 V  lon=100uA
INPUT CURRENT
Low-level, liL 1.6 mA seenoted
OUTPUT CURRENT o
Leakage, Lo -1 uA SWE=RDE=ViH,0<Vour<+5V
Short circuit, los** 10 mA Vour =0V
INPUT CAPACITANCE
Allinputs, CIN 5 10 pf Vin=Vcc, f=1MHz
OUTPUT CAPACITANCE .
All outputs, Cour 10 20 pf SWE =RDE =V, f=1MHz
POWER SUPPLY CURRENT
lcc 28 mA  All outputs = VoH, All inputs = Vcc
loo 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: Tro1, Troo
Status word enable 350 ns SWE: Teoy, 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 inputs.

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

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
inforrration has been carefully checked and is believed to be entirely reliable. However, no responsibility is
assun ~d for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
device ; described any license under the patent rights of SMC or others. SMC reserves the right to make changes
at any { me in order to improve design and supply the best product possible.
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STANDARD IVIICROSYSTEIVIS
CORPORAT ION

-;,munmmwxm,u m'mnwm

COM 2449-1
COM 2449-2
COM 2449-3

PC FAMILY

-~ RS-449
Programmable Communications
Interface

FEATURES

[0 RS-449 compatible inputs and outputs
[0 Maskable Interrupts for RS-449 inputs
[J Synchronous and Asynchronous Full Duplex or
Half Duplex Operations
[ 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
—Odd, Even, or No Parity
— Local or remote maintenance loop back mode
[0 Asynchronous Mode Capabilities
—Selectable 5 to 8-Bit Characters plus parity
—3 Selectdble 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)
[0 Baud Rates
—DC to 1.0M Baud (Synchronous)
—DC to 1.0M Baud (1X, Asynchronous)

PIN CONFIGURATION

J —
oo, 40718
D1 (2 391] §F/SR
RxD [ 3 38 Ss
GND ] 4 37 ARC
D25 s
D36 35 NS
pa(7 34[1RR
Ds (s 33 é Vee
D6 [ 9 32 [] RxC/BRKDET
p7 (] 10 31[J7R
cgn 300 RS
™[ 12 29 ] DM
sa[]s 28 [J RESET
A2 14 27 [] BRCLK
TxC/xSYNC [] 15 26 [] TxD
CE(] 16 25 [] TxEMT/DSCHG
a1 g7 24[)Cs
SBQ 18 23 [] TxRDY
sig 1 22 [] RxRDY
A0 (] 20 21 Rw
PACKAGE: 40-Pin D.I.P

—DC to 62.5K Baud (16X, Asynchronous)
—DC to 15.625K Baud (64X, Asynchronous)

[0 Double Buffering of Data

[0 RxC and TxC pins are short circuit protected
J Internal or External Baud Rate Clock

(03 baud rate sets (2449-1, -2, -3)

[ 16 internal rates for each version

[ Single +5 volt Power Supply

OTTL Compatible

[0 No System Clock Required

GENERAL DESCRIPTION

The COM 2449 is an MOS/LSI device fabricated
using SMC'’s patented COPLAMOS® technology.
It is equivalent to the COM 2661 with the addi-
tional features required to create the interface to
an RS-449 compatible modem. Six new outputs
are added to implement the RS-449 signals sent
to the Data Communications Equipment (DCE)
and five new signals are added to receive the
RS-449 status signals from the DCE. A second
status register and an output register have been
added to allow a processor full control of the addi-
tional I/0 pins. The COM 2449 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 2449 (-1, -2, -3) has a different set of
baud rates. Custom baud rates can be ROM repro-
grammed to accommodate different baud rates
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and different starting frequencies.

The COM 2449 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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COM 2449 ORGANIZATION

The COM 2449 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 2449. The COM 2449 is a COM 2661 with 5 new
inputs (readable by the processor from STATUS
REGISTER 2) and 6 new outputs (written by the pro-
cessor via the OUTPUT REGISTER). Each of the 5 new
inputs can cause an interrupt condition on the COM
2449. The ability to enable these conditions for inter-
rupt handling is provided. Table 1 outlines the dif-
ferences between the COM 2661 and the COM 2449.
It should be noted that the COM 2449 can be viewed as
a general purpose communications interface device
with general purpose 1/O pins to allow setting output
controls and interrogation of input status. This addi-
tional 1/0 capability, although added to allow RS-449
compatibility, can ease the interface to any com-
munications discipline.

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, the two Status Registers, and the
Output Register. Details of register addressing and
protocol are presented in the COM 2449 program-
ming section of this specification.
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Timing

The COM 2449 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
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 2449 and a modem.
Five signals to and from the modem control are given
names that are in accordance with the RS-449 specifica-
tion. The signals, however, have an identical function
to the corresponding COM 2661 RS-232 compatible
signals and this correspondence is shown in Table 1.




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 2449 interface signals can be grouped into
two types: the processor-related signals (shown in Table
3) which interface the COM 2449 to the processor, and
the device-related signals (shown in Table 4), which are
used to interface to the communications equipment.

DESCRIPTION OF PIN FUNCTIONS
TABLE 3—PROCESSOR RELATED SIGNALS

PIN NO.

NAME

SYMBOL

FUNCTION

1,2,5,6,
789,10

Data

D7-D0

Bidirectional; 8 bit, three state data bus used to transfer commands, data and status
between the COM 2449 and a processor. DO is the least significant bit; D7 is the most
significant bit.

14,17,20

Address

A2, A1, A0

Input; Address lines used to select COM 2449 registers.

16

Chip Enable

CE

Input; when this signal is low, the operation specified by the R/W, A2, A1 and AQ will
be performed. When this input is high, D7-0 are in the high impedance state.

21

Read/Write

R/W

Input; Processor read/write direction control. This signal defines the direction of the
data bus D7-0 when the COM 2449 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.

22

Receiver Ready

RxRDY

Output; This signal is the complement of Status Register 1, bit 1 (SR11). When low, it
indicates that the Receive Data Holding Register (RHR) has a character ready forinput
to the processor. It goes high when the RHR is read by the processor, and also when
the receiveris disabled. It is an open drain output which can be used as an interrupt
to the processor.

23

Transmitter
Ready

TxRDY

Output; This signal is the complement of Status Register 1, bit 0 (SR10). When low, it
indicates that the Transmit Data Holding Register (THR) is ready to accept a data
character from the processor. Itgoes high whenthe datacharacteris 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.

25

Transmitter
empty/data
setchange

Output; This signal is the complement of Status Register 1, bit2 (SR12). 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 DM or RR inputs has occurred. This
signal also goes low if the SI, SB, SQ, TM or IC experience a change of state if the
corresponding input is enable for interrupt. Interrupt enable bits are located in the 3
most significant bits of Status Register 2 (SR2). This output goes high when Status
Register 1 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.

28

Reset

RESET

Input; A high on this input performs a master reset on the COM 2449. 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 contro! words.

33

Supply Voltage

Vee

+5 volt supply.

Ground

GND

Ground.

TABLE 4—DEVICE RELATED SIGNALS

PIN NO.

NAME

SYMBOL

FUNCTION

Receive Data

RxD

Input: Serial data to the receiver. “Mark” is high, “space” is low.

1

Incoming Call

ic

Input: This general purpose signal can be used for “incoming call” status from the
DCE. Its complement appears in Status Register 2 bit 0 (SR20). When this input is
enabled for interrupt via Status Register 2 bit 5 (SR25), a change in its state will
cause a low output on TXEMT/DSCHG.

12

Test Mode

Input: This general purpose signal can be used for “test mode” status from the DCE.
Its complement appears in Status Register 2 bit 1 (SR21). When this input is enabled
for interrupt via Status Register 2, bit 6 (SR26) a change in its state will cause a low
output on TXEMT/D .

13

Signal Quality

Input: This general purpose signal can be used for “signal quality” status from the DCE.
Its complement appears in Status Register 2 bit 2 (SR22). When this input is enabled
for interrupt via Status Register 2 bit 7 (SR27) a change in its state will cause a low out-
put on TXEMT/DSCHG.

93




TABLE 4—DEVICE RELATED SIGNALS (Cont’d)

PIN NO. NAME SYMBOL FUNCTION
15 Transmitter TxC/ | Inputor Output: If the external transmitter clock is programmed, this input controls
Clock/External XSYNC | the rate at which the character is transmitted. lts frequency is 1X, 16X, or 64X the
Sync 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 can
be a TX/16X clock output or an external jam synchronization input.

18 Standby SB Input: This general purpose signal can be used for “standby indicator” status from

Indicator the DCE. Its complement appears in Status Register 2 bit 3 (SR23). When this input is
enabled for interrupt via Status Register 2 bit 7 (SR27), a change in its state will cause
alow output on TXEMT/DSCHG.

19 Signalling Rate Si Input: This general purpose signal can be used for “signalling rate indicator” status

Indicator from the DCE. Its complement appears in Status Register 2 bit 4 (SR24). When this
input is enabled for interrupt via Status Register 2 bit 7 (SR27), a change in its state
will cause a low output on TXEMT/DSCHG.

24 Clear to Send Cs 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.

26 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.

27 | BaudRateClock | 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.

29 Data Mode DM Input: This general purpose signal can be used for Data Mode, Data Set Ready or Ring
Indicator condition. Its complement appears as Status Register 1 bit 7 (SR17). DM
causes a low output on TXEMT/DSCHG when its state changes if CR2 or CR0=1.

30 Request to Send RS Output: This general purpose signal is the complement of the Command Register
bit5 (CR5). Itis normally used to indicate Request to Send. If the Transmit Shift
Register is not empty when CR5 is reset (1 to 0), then RS will go high on TxC time
after the last serial bit is transmitted.

31 Terminal Ready TR Output: This general purpose signal is the complement of the Command Register
bit 1 (CR1). It is normally used to indicate Terminal Ready.

32 Receive Clock/ RxC/ | Input or 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 or a
break detect output.

34 Receiver Ready RR Input: This signal must be low in order for_the receiver to function. The complement
appears in Status Register 1 bit 6 (SR16). RRB causes a low output on TXEMT/DSCHG
when its state changes if CR2 or CRO=1. If RR goes high while receiving, the RxCis
internally inhibited.

35 New Signal NS Output: This signal is used to tell the DCE that a new line signal at the DTE
has occurred. This output will go to its low active state when the Output Register,
bit 0 (ORO) is set to a logic 1. This output will go to its high inactive state when the
Output Register bit 0 (ORQ) is set to a logic 0 and the RR input goes high.

36 Local Loopback [N Output: This general purpose signal can be used to inform the DCE of a “local
loopback” test condition. It is the complement of Output Register bit 1 (OR1)
which has direct control over the state of this output.

37 Remote RL Output: This general purpose signal can be used to inform the DCE of a “remote

Loopback loopback” test condition. it is the complement of Output Register bit 2 (OR2)
which has direct control over the state of this output.
38 Select Standby 5S Output: This general purpose signal can be used to select the normal or standby
communication facilities of the DCE. It is the complement of Output Register bit 3
(OR3) which has direct control over the state of this output.
39 Select SF/SR | Output: This general purpose signal can be used as a combined “Select Frequency”
Frequency/ and “Signal Rate Select”. It is the complement of Output Register bit 4 (OR4)
Signal Rate which has direct control over the state of this output.
Select

40 Terminalin s Output: This general purpose signal can be used to inform the DCE of a
Service “Terminal in Service” condition. It is the complement of Output Register bit 5

(OR5) which has direct control over the state of this output.
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Table 1 COM 2449 vs. COM 2661

Table 2a BAUD RATE GENERATOR CHARACTERISTICS
2449-1 (BRCLK=4.9152MHz)

1/0 SIGNAL NAME ACTUAL
NEW INPUTS NEW OUTPUTS EQUIVALENTS BAUD FREQUENCY PERCENT
Symbol|  Name |Symbol Name COM 2443 COM 2661 MR23-20 RATE 16X CLOCK ERROR DIVISOR
TC | incoming call NS newsignal DM DSR g%? ?g 0'23'(;1 — %gg
5Q | signal quality 1S terminalin service RR DCD 0010 110 1.7598 —-0.01 2793
T™M | testmode SF/SR  select frequency/ cs CTS g%; 113 ;65 2‘21 32 - ggig
_ signal rate select 0101 200 32 _ 1536
SI signaling rate [ local loopback TR DTR 0110 300 48 — 1024
indicator 0111 600 96 — 512
SB |standbyselect | RL  remoteloopback RS RTS 1000 1050 16.8329 0.196 292
— 1001 1200 19.2 - 256
SS  standby select 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 153.6 - 32
1111 19200 307.2 — 16
Table2b BAUD RATE GENERATOR CHARACTERISTICS Table 2c BAUD RATE CHARACTERISTICS
2449-2 (BRCLK =4.9152MHz) 2449-3 (BRCLK=5.0688MHz)
ACTUAL ACTUAL
BAUD FREQUENCY PERCENT BAUD FREQUENCY PERCENT
MR23-20 RATE 16X CLOCK ERROR DIVISOR MR23-20 RATE 16X CLOCK * ERROR DIVISOR
0000 455 0.7279kHz 0.005 ) 6752 0000 50 0.8kHz — 6336
0001 50 08 — 6144 0001 75 1.2 — 4224
Qo010 75 1.2 — 4096 0010 110 176 — 2880
0011 110 1.7598 —0.01 2793 0011 1345 2.1523 0.016 2355
0100 1345 2.152 - 2284 0100 150 24 — 2112
0101 150 24 — 2048 0101 300 48 — 1056
0110 300 4.8 -— 1024 0110 600 9.6 — 528
0111 600 9.6 - 512 o1 1200 19.2 — 264
1000 1200 19.2 — 256 1000 1800 28.8 — 176
1001 1800 28.7438 -0.19 171 1001 2000 32.081 0.253 158
1010 2000 31.9168 —0.26 154 1010 2400 38.4 — 132
1011 2400 38.4 — 128 1011 ‘ 3600 576 - 88
1100 4800 76.8 — 64 1100 4800 76.8 - 66
1101 9600 153.6 — 32 1101 7200 115.2 — 44
1110 19200 307.2 — 16 1110 9600 153.6 — 33
1111 38400 614.4 —_ 8 1111 19200 316.8 3.125 16
NOTE: '
16X clock is used in asynchronous mode. in synchronous mode, clock multiplier is 1X and
BRG can be used only for TxC.
COM 2449 OPERATION

The functional operation of the COM 2449 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 2448 Programming section of this data sheet.

After programming, the COM 2449 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.

Recelver

The COM 2449 is conditioned to receive data when the
RR 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 (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 aftera 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 one stop bit have
been assembled. The data is then transferred to the
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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 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 one RxC time, pin 25 will go low. Refer to the
break detection timing diagram.

When the COM 2449 is initialized into the synchronous
mode, the receiver first enters the hunt modeon a0 to 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
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 characterassem-
bled after SYN1 must be SYN2 in order for the SYN
DETECT bit to be set. Otherwise, the COM 2449 returns
to the hunt mode. (Note that the sequence SYN1-SYN1-
SYN2 will not achieve synchronization). When syn-
chronization has been achieved, the COM 2449 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 characteris 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 15
by appropriate setting of MR27-MR24. When pin 15 is 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 2448 is conditioned to transmit data when the
CS input is low and the TXEN command register bit is
set. The COM 2449 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
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 sentfirst. 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 2449 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 2449 unless the
processor fails to send a new character to the COM 2449
by the time the transmitter has completed sending the
previous character. Since synchronous communication
does not allow gaps between characters, the COM 2449
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 2449 PROGRAMMING

Prior to initiating data communications, the COM 2449
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 2449 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 2449 are accessed by
applying specific signals to the CE, R/W, A2, A1 and AD
inputs. The conditions necessary to address each register
are shown in Table 5.

TABLE 5—COM 2449 REGISTER ADDRESSING

RIW FUNCTION

Q
m
>
[X]
>
-
p-d
=l

Tri-state data bus

Read receive holding register
Write transmit holding register
Read status register 1

Write SYN1/SYN2/DLE registers
Read mode registers 1 and 2
Write mode registers 1 and 2
Read command register

Write command register

Read output register

Write output register

Read status register2

Write status register 2
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~“00~+4004—200X
O 40 -0~ 0=20=0X

NOTE
See AC Characteristics section for timing requirements.




The SYN1, SYN2, and DLE registers are accessed by
performing write operations with the conditions A2=0,
A1=0, A0=1, and R/W=1, The first operation loads the
SYNT1 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 subsequent operation addresses Mode Register 2.
If more 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 2449 register formats are summarized in
Tables 6, 7, 8, 9, 10 and 11. Mode Registers 1 and 2 define
the general operational characteristics of the COM 2449,
while the Command Register controls the operation
within this basic framework. The COM 2449 indicates its
status in the two Status Registers. The status registers are
cleared when a RESET input is applied.

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 filland 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.

TABLE 6—MODE REGISTER 1 (MR1)

MR17 MR16 MR15

MR14

MR13 MR12 MR11 MR10

SYNCH: NUMBER SYNCH: TRANS-

OF SYN CHAR PARENCY CONTROL
0=DOUBLE SYN 0=NORMAL
1=SINGLE SYN 1=TRANSPARENT

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=1 STOP BIT 1=EVEN 1=ENABLED 01=6 BITS 01=ASYNCHRONOUS 1X RATE
10=1Y%; 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 15X if

internal clock is selected. Mode must be selected (MR11, MR10) in any case.

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 2449 version (-1, -2, -3). Version 1 and 2 speci-
fy a 49152 MHz TTL input at BRCLK (pin 20); version
3 specifies a 5.0688 MHz input which is identical to the

COM 2651 and COM 2661-3. MR23-20 are don't cares if
external clocks are selected (MR25-24=0). The indi-
vidual 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
atpins 15 and 32. Refer to table 7.

TABLE 7—MODE REGISTER 2 (MR2)

MR-27-MR24 MR23-MR20
TxC RxC Pin15 Pin32 TxC RxC Pin 15 Pin 32 Mode Baud Rate Selection

0000 E E TxC RxC 1000 E E XSYNC' RxC/TxC sync

0001 E I TxC 1X 1001 E | TxC BKDET async

0010 | E 1X RxC 1010 ! E XSYNC! RxC sync

0011 | 1 1X 1X 1011 I | 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 1 TxC BKDET async

0110 | E 16X RxC 1110 | E XSYNC! RxC sync

0111 | | 16X 16X 111 | | 16X BKDET async

NOTES E=External clock

1. When pin 15 is programmed as XSYNC input, SYN1, SYN1-SYN2, and DLE-SYN1 detection is disabled.
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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). If the receiver is disabled, it will termi-
nate operation immediately. Any character being assem-
bled will be neglected. Bits CR1 (TR) and CR5 (RS)
control the TR and RS 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 this is
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 1
(SR13, SR14, and SR15) to be cleared. This is a one time
command. There is no internal latch for this bit. When
CRS5 (RS) is set, the RS pin is forced low and the trans-
mit serial logic is enabled. A 1 to 0 transition of CR5 will
cause RS 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 2449 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
2449 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
2449 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
SYN1, 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
(SR13 and SR15).

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. TR is connected to RR and RS is connected to CS.

3. The receiver is clocked by the transmit clock.

4. The TR, RS and TxD outputs are held high.

5. The CS, RR, DM and RxD inputs are ignored.

Additional requirements to operate in the Local Loop
Back mode are that CRO (TxEN), CR1 (TR), and CR5
(RS) must be set to 1. CR2 (RxEN) is ignored by the
COM 2449.

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.

6. All other signals operate normally.

e b WN

CR7 J CRé CRS CR4 CR3 CR2 CR1 CRO
Requestto Receive Terminal Transmit
Operating Mode Send Reset Error Sync/Async Control (RXEN) Ready Control (TXEN)
_ ASYNCH:
00=NORMAL OPERATION 0=FORCE RS 0=NORMAL FORCE BREAK
01=ASYNCH: AUTOMATIC OUTPUT HIGH | 1=RESET O=NORMAL 0=DISABLE 0=FORCE TR 0=DISABLE
ECHO MODE ONE CLOCK ERROR FLAG 1=FORCE 1=ENABLE OUTPUT HIGH | 1=ENABLE
SYNCH: SYN AND/OR TIME AFTER IN STATUS BREAK 1=FORCE TR
DLE STRIPPING MODE TxSR SERIAL- | (FE, OE, OUTPUT LOW
1ZATION SYNCH:
10=LOCAL LOOP BACK 1=FORCE RS PE/DLE DETECT) | SEND DLE
REMOTE LOOP BACK OUTPUT LOW 0=NORMAL
1=SEND DLE

TABLE 8—~ COMMAND REGISTER (CR)




STATUS REGISTER 1 (SR1)

The data contained in the Status Register 1 (as shown in
Table 9) indicate receiver and transmitter conditions and
modem/data set status.

SR10 is the Transmitter Ready (TxRDY) status bit. 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.

SR11, 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, SR12, when set, indicates a
change of state of the DM or RR inputs (when CR2 or
CR0O = 1), the SI, SB, SQ, TM or IC inputs (when
SR25, SR26, or SR27=1) 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 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 status register 1 is read by the
processor. If status register 1 is read twice and SR12=1
while SR16 and SR17 remain unchanged, then a TXEMT
condition exists. When SR12 is set, the TXEMT/DSCHG
output is low.

SR13, 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
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, SR14, indicates that the
previous character loaded into the Receive Holding
Register was not read by the processor at the timea 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 SR15 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 SR15=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
Status Register 1 is read by the processor in the syn-
chronous mode.

SR16 and SR17 reflect the conditions of the RR and DM
inputs respectively. A low input sets the corresponding
status bit and a high input clears it.

SR17

SR16

SR15

SR14

SR13

SR12

SR11

SR10

Data Mode

Receiver Ready

FE/SYN Detect

Overrun

PE/DLE Detect

TXxEMT/DSCHG

RxRDY

TxRDY

e | TRwen [ Asvwen S=oveRmUN
IS HIGH HI - .
1=DM INPUT 1=RR INPUT 0=NORMAL ERROR
IS LOW 1S LOW 1=FRAMING
ERROR
SYNCH:
0=NORMAL

1=8SYN CHAR
DETECTED

1=PARITY
ERROR
OR
DLE CHAR
RECEIVED

EMPTY

ASYNCH: 0=NORMAL 0=RECEIVE 0=TRANSMIT
1=CHANGE HOLDING REG | HOLDING
?;':f;w" IN DSR OR EMPTY REG BUSY
ERROR DCD, OR 1=RECEIVE 1=TRANSMIT
TRANSMIT HOLDING REG | HOLDING
SYNCH: SHIFT REGIS- HAS DATA REG EMPTY
0=NORMAL TER IS

TABLE 9—STATUS REGISTER 1 (SR1)
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STATUS REGISTER 2 (SR2)

The Data contained in the 5 least significant bits (SR20
to SR24) reflect the conditions of the IC, TM, 8Q, SB
and S| inputs respectively. A low input sets the corre-
sponding status bit high and a high input clears the
corresponding status bit low. These 5 bits or read only.

The three most significant bits (SR25 to SR27) allow
interrupts to be enabled on the 5 inputs reflected in
SR20 to SR24.

Setting SR25 enables an interrupt to occur when the iC

input signal experiences a change of state. Setting SR26
enables an interrupt to occur when the TM input signal
experiences a change of state. Setting SR27 enables an
interrupt to occur when the SQ, SI, or SB input signals
experience a change of state. All interrupts enabled in
these 3 bits will be reflected in the DSCHG/TXEMT output
signal and its corresponding status bit (SR12). These 3
bits can be read as well as written according to Table
5. Table 10illustrates bit assignments of Status Register 2.

SR27 SR26 SR25 SR24 SR23 SR22 SR21 SR20
Interrupt Interrupt Interrupt Signal Rate Standby Signal Test Incoming
Enable 1 Enable 2 Enable 3 Quality Mode Call

1=INTERRUPT 1=INTERRUPT 1=INTERRUPT 0=SI INPUT 0=S8 INPUT 0=5Q INPUT 0=TM INPUT 0=1C INPUT
ONSQ, SI, SB ON TM STATE ON IC STATE 1S HIGH IS HIGH IS HIGH IS HIGH IS HIGH
STATE CHANGE CHANGE 1=51 INPUT 1=8B INPUT 1=5Q INPUT 1=TM INPUT 1=TC INPUT
CHANGE 1S LOW IS LOW IS LOW IS LOW IS LOW

TABLE 10—STATUS REGISTER 2 (SR2)

OUTPUT REGISTER (OR)

This 6 bit read write register (OR5-OR0) controls the 6
new output signals added to the_COM2449. OR5-1
directly control the state of the IS, SF/SR, SS, RL, and
LL respectively.

ORO when set to a logic 1 will cause the NS output to
become low. When ORQO is set to a logic 0 the NS output
will not change until the RR input goes high.

Table 11 illustrates bit positions of the Output Register.

OR? ORS ORS OR4 OR3 OR2 OR1 OR0
Select
Terminal Frequency/ Select Remote Local New
in service Signal rate y Loopback Loopback Signal
select
DON'T DON'T 0=IS OUTPUT 0=5F/SROUTPUT | 0=55 OUTPUT 0=RL OUTPUT o=LL OUTPUT 0=NS OUTPUT GOES
CARE CARE GOES HIGH HIGH HIGH GOES HIGH GOES HIGH HIGH ONLY WHEN
1= OUTPUT 1=8F/SR OUTPUT | 1=85 OUTPUT 1=RL OUTPUT 1=LL OUTPUT RRINPUT GOES HIGH
GOES LOW LOowW Low GOES LOW GOES LOW 1=NS OUTPUT GOES
LOW

TABLE 11—OQUTPUT REGISTER (OR)
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TIMING DIAGRAMS (Cont'd)
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MAXIMUM GUARANTEED RATINGS*

Operating TeMPErature RANGE . .. .. .o .ttt ittt ettt a s aaas 0°Cto +70°C
Storage TemMperature RaNGE .. ... ...ttt e —55°Cto +150°C
Lead Temperature (Soldering, 10 SEC.) ... ..ottt e e e +325°C
Positive Voltage on any Pin, withrespecttoground ......... ... i +18.0V
Negative Voltage on any Pin, with respecttoground ... -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.

DC ELECTRICAL CHARACTERISTICS Ta=0°C to +70°C, Vcc=5.0V£5%

PARAMETER MIN TYP MAX UNIT TEST CONDITIONS
Input voltage
Vi Low 08 \Y
Vin High 2.0
Output voltage
Vou Low 04 \Y lo.=2.2mA
Von High 2.4 lon=—400uA
e Input leakage current 10 uA Vin=0 to 5.5V
Output leakage current
Iy Data bus high 10 HA Vo=4.0V
I Data bus low 10 uA Vo=0.45V
lce Power supply current 150 mA
Capacitance
Cin Input 20 pF fc=1MHz
Cour Qutput 20 pF Unmeasured pins tied
Cijo Input/Output 20 pF to ground
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
tee Chip enable 250 ns
Setup and hold time
tas Address setup 10 ns
tan Address hold 10 ns
tes R/W control setup 10 ns
tem R/W control hold 10 ns
tos Data setup for write 150 ns
tou Data hold for write 0 ' ns
trxs Rx data setup 300 - ns
taxu Rx data hold 350 ns
too Data delay time for read 200 ns C.=150pF
tor Data bus floating time
_ for read 100 ns C.=150pF
tcen CE to CE delay 600 ns
Input clock frequency
fera Baud rate generator 1.0 4.9152 4.9202 MHz
(2449-1, -2)
fera Baud rate generator 1.0 5.0688 5.0738 MHz
__(2449-3)
frr' TxC or RxC dc 1.0 MHz
Clock width
teru Baud rate high 75 fsnc=4.915MHz; measured
(2449-1, -2) at Vin
terH Baud rate high 70 fene=5.0688MHz; measured
(24 - at Vin
teaL Baud rate low 75 fera=4.915MHz; measured
(2449-1, -2) at Vi
teaL Baud rate low 70 ) fere=5.0688MHz; measured
—(2449-3) at Vi
trrH TxC or RxC high 480 ns
trrL TxC or RxC iow 480 ns
txo TxD delay_from falling
edge of TxC 650 ns C.=150pF
tres Skew between TxD
changing and falling
edge of TxC output 0 ns C.=150pF

NOTE:

1. frr and trr Shown all modes except Local Loopback. For Local Loopback mode
far=0.7MHz and tgm=700ns min.
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TYPICAL APPLICATIONS

SYNCHRONOUS INTERFACE

ASYNCHRONOUS INTERFACE TO TERMINAL OR

TO CRT TERMINAL

PERIPHERAL DEVICE

\ ADDRESS BUS

] \ ADDRESS BUS ‘s

L

CONTROL BUS

CONTROL BUS

L

L

DATA BUS

DATA BUS 1

1l
J5¢;

1]
U

| A |
RxD 4—'——1 EIATOTTL ReD [
. CONNERT 1 D -
0 [——l e | SYNCHRONOUS
COM 2449 Lo—oemd COM 2449 _; - OR PERIPHERAL
e |- DEVICE
ASYNCHRONOUS |NTERFACE SYNCHRONOUS INTERFACE
TO TELEPHONE LINES TO TELEPHONE LINES

ADDRESS BUS

1 Y ADDRESS BUS 1 ‘

1L

1

L| | | Icournou.aus
{

\ )‘I CONTROL BUS \
[ [
C

DATA BUS 1 OATA BUS ]
RxD [ RaD |-
TxD -t ™o o -
Ol [Ot— N Axe PHONE
E ASYNC INTER . )
TR O MODEM FACI i€ et INTER,
COM 2449 & pe—] COM 2449 Mp=—oi e,
Rs o—» T P.—]
7R p—— RS o—>
m [ot—
BRCLK [ 5.0688 MHz TR fo—
OSCILLATOR
TELEPHONE TELEPHONE
LINE LINE

STANDARD MICROSYSTEMS

35 Marcus 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 forinaccuracies. 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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TANDARD MICROSYSTEMS '
EORPORATDN o COM2601
e

Universal Synchronous Receiver/ Transmitter
USRT

FEATURES PIN CONFIGURATION
[1STR, BSC— Bi-sync and interleaved bi-sync <
modes of operation vee ] 1 4[] POE
. TBMT ] 2 39[] cs
0 Fully Programmable — data word length, parity tso j 3 38 [] NDB1
mode, receiver sync character, transmitter Gnd 1 4 37 ] NP8
scT (s 36 [] NDB2
sync character veo [ & 35 [ RO
O Full or Half Duplex Operation —can receive and ooz o s ol S
transmit simultaneously at different baud rates oe3 ] o 323 ro4
P DB4 [] 10 31 [] RDS
0 Fully Double Buffered —eliminates need for os [ 11 30[] RDs
precise external timing 086 [} 12 20 ] RD7
oB7 [} 13 28 [J RD8
[ Directly TTL Compatible— no interface DB8 E 14 27 g ROR
. RR 15 26 RDA
components required are e 2oH moe
(0 Tri-State Data Outputs— bus structure oriented SCR [ 17 24 ] RDAR
T8s [ 18 23] ree
0 1BM Compatible—internally generated SCR ) TcP 19 221 Rsi
and SCT signals 708 [ 20 21J Rss
O High Speed Operation—250K baud, 200ns PACKAGE: 40-Pin D.I.P.
strobes

[J Low Power—300mwW
O Input Protected — eliminates handling problems

FUNCTIONAL BLOCK DIAGRAM

(J Dip Package—easy board insertion DB8 DB7 DB6 DBS DB4 DB3 DB2 DB1
1‘4 1‘3 |'2 111 1‘0 ; g ;
APPLICATIONS U“’””“S 10
[ Bi-Sync Communications : 20 TRANSMITTER| | TRANSMITTER 18
TDS t—y DATA SYNC Tss
D Cassette |/O REGISTER REGISTER
O Floppy Disk I/0
MULTIPLEXER
’ Top 12y AND"C
GENERAL DESCRIPTION . oMt k2 Sonact
) ) scT ji—| MITTER TRANSMITTER 3y 150
The Universal Synchronous Receiver/Transmitter Bl SHIFT REGISTER
is an MOS/LSI monolithic circuit that performs all cs 1
the receiving and transmitting functions NDB1 1354 2
_ b . NDB2 W CONTROL
associated with synchronous (STR, BSC, Bi-sync, ROE [o77| REGISTER RECEVER | 21] oo
and interleaved bi-sync) data communications. REGISTER
This circuit is fabricated using SMC’s P-channel . l
low voltage oxide-nitride technology, allowing a2 1
allinputs and outputs to be directly TTL SCR | AND o1 COMPARATOR
compatible. The duplex mode, baud rate, data ROR (¢£5-] RECEIVER T
word length, parity mode, receiver sync character, "
and transmitter sync character are independently ros e
programmable through the use of external
controls. The USR/T is fully double buffered and ,
internally generates the sync character received 25 o] Vee
. . RDE RECEIVER BUFFER REGISTER +—— Voo
and sync character transmitted signals. These TR — O

programmable features provide the user with the
ability tointerface with all synchronous peripherals.

107

RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1




DESCRIPTION OF PIN FUNCTIONS

PIN NO.

SYMBOL

NAME

FUNCTION

Vee

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.

TS8O

Transmitter
Serial Output

This output serially provides the entire transmitted
character. This character is extracted from the transmitter
data buffer register provided that a 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.

Vobp

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, intothetransmitter
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 bitby bit basis untilasynccharacter
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

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 either 5,6, 7,
NDB1 Bits 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
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DESCRIPTION OF PIN FUNCTIONS

PINNO. SYMBOL NAME FUNCTION

37 NPB 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.

39 CS 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.

40 POE Odd/Even Parity The logic level on this input, in conjunction with the NPB
Select input, determines the parity mode for both the reciever and
transmitter, as per the following table:

NPB POE MODE
L L odd parity
L H even parity
H X no parity

X =don'tcare

ADDITIONAL TIMING INFORMATION
(Typical Propagation Delays)

Transmitter
ViH—pf
TCP——j
OUTPUT Troo Tepi UNITS
I [ TBMT NA 20 us
|mE|smTmEEETEEN e scT 10 15 s
OUTPUT N, OH TSO 1.0 10 s

v
~ e — -

te————TroO

Receiver

RCP sy,
Vi N

OUTPUT Teoo Tepy UNITS
L RDA NA 1.0 us
S e P—— ROR 2,0 25 us
OUTPUT ~ / VoH RPE 2.0 25 us
VoL SCR 20 25 us
A - - RD1-RD8 " 25 25 3
TpDO
F———————TPM———'
s 2us y
RCP
@ 250KHz
1548
DATA
S/ 58 W




MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range . ....o.iiiiiiiiiiiiiiiiiiiiieiinieeenenennnnes 0°Cto +70°C
Storage Temperature Range ........civiiiiiiiiiiiiierinneinnenenian, —55°C to +150°C
Lead Temperature (soldering, 10 S€C.) ... vt in it ittt eeenne +325°C
Positive Voltage onany Pin, VCC v v vt ittt iiieiiiiseo s rotainsiassssaannas +0.3V
Negative Voltage onany Pin,VCC . ...uiiiii ittt et iiiaiaanas —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 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, ViH Vce-1.5 Vece

OUTPUT VOLTAGE LEVELS

<< <<

Low-level, VoL 0.2 0.4 loL=1.6mA

High-level, Vox 2.4 4.0 lon = —100uA
INPUT CURRENT

Low-level, liL 1.6 mA ' see note 1
OUTPUT CURRENT

Leakage, ILo -1 uMA  RDE =V, O <Vout < +5V

Short circuit, los** 10 mA Vout =0V
INPUT CAPACITANCE

All inputs, Cin 5 10 pf  Vin=Vcc, f=1MHz
OUTPUT CAPACITANCE

All outputs, Cout 10 20 pf Rpoe=Vi, f=1MHz
POWER SUPPLY CURRENT ,

jcc 28 mﬁ} All outputs = Vor
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 TSS

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: Tpo1, 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) highimpedance OFF = 10M ohms
The OFF state is controlled by the RDE input.

111



DESCRIPTION OF OPERATION —RECEIVER/TRANSMITTER

The input clock frequency for the receiver is set at
the desired receiver baud rate and the desired
receiver sync character (synchronous idle charac-
ter) is loaded into the receiver sync register. When
the Receiver Reset input transitions from a high-
level 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 characterisfound. 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
register. Internal logic decides if the character to be
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 set to ahighlevel. Fulldouble buffer-
ing eliminates the needfor 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 levels 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

o

TRANSMIT 1 BIT

LOAD TRANSMITTER SHIFT
REGISTER FROM TRANSMITTER
DATA REGISTER

1

TBMT =1

A FULL CHARACTER
BEEN TRANSMITTED
?

DATA BUS —PULSE TDS

SET DATA BITS ONTO
TBMT =0

SET SYNC CHARACTER
ONTO DATA BUS— —
PULSE TSS

LOAD TRANSMITTER SHIFT
REGISTER FROM TRANSMITTER
SYNC REGISTER

1




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

L 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=1

LOAD THE RECEIVED CHARACTER INTO THE RECEIVER BUFFER REGISTER —RDA = 1
EXAMINE OUTPUTS, PULSE RDAR, RDA =
IF DESIRED, SET NEW RECEIVER SYNC CHARACTER ONTO DATA BUS —PULSE RSS

SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER l

HAS
A COMPLETE CHARACTER
BEEN RECEIVED
?

DO THE
CONTENTS OF THE
RECEIVER SHIFT REGISTER
COMPARE TO THE CONTENTS
OF THE RECEIVER
SYNC R?GISTER

SETSCR=1 SETSCR=0

HAS
THE PROPER
PARITY BIT
BEEN RECEIVED

SETRPE=0 SETRPE=1
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USRT TIMING DIAGRAM

I
I
i
TBMT : |
L ,L]Note1 L.|.]
|
scT — |
L : I
|
e
tso L _ L 1o _ L T e

!
[
|
ar 1 ] 1 i ! : ] ! :
ro | | [
1 . ) |
ADAR | : : ]‘IuNoteIE \ : :
RDA P P 1|
L L — JNotes A [
| |
ROR [ I |
1 ! : :L I i ‘I’h
|
I
RPE -1 | J' Note3 : ;_ l” |
T T ] [
SCR ! | b |
—L “ _I Note 3 |] H
! I

RD1-8 — ——  _ - . . - X _
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 indication the leading edge of RD8 outputs are set to their
at the positive clock transition the RDAR pulse should occur correct levels approximately
corresponding to the leading at least one microsecond prior two microseconds after the
edge of the last bit of the to the negative clock transition negative clock transition
current character on the TSO corresponding to the center corresponding to the center of
output. TBMT is set high of the first bit after the last data the first bit after the last data
approximately two microsec- biton the RSI input. biton the RSl input. The RDA
onds after this clock transition. output is set high at the next
Ifitis desired that the next . negative clock transition.

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.

The solid waveforms corre-
spond to a control register
setting of 5 data bits and a
parity bit. The dashed wave-
forms are for a setting of 6 data
bits and no parity bit.

STANDARD MICROSYSTEMS 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
CORPORATION information has been carefully checked and is believed to be entirely reliable. However, no responsibility is

Bivd., Hauppauge. N, 11788

assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor

fss‘;a{?ﬁ:m Twx.si-227-88  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.

114



STANDARD MICROSYSTEMS
_r

COM 2651

JLPC FAMILY

Programmable Communication Interface
PCl

FEATURES

[0 Synchronous and Asynchronous Full Duplex or
Half Duplex Operations
01 Re-programmable ROM on-chip baud
rate generator
[ 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
—Odd, Even, or No Parity
— Local or remote maintenance loop back mode
[ 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
[ 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)

O Pouble Buffering of Data

PIN CONFIGURATION

D2 1 e ) 28 D1
D3 2 N 2700
RxD 3 N 26 Vec
GND 4 ] N 25RxC
D4 5 (] [} 24DTR
D5 6 (] ) 23RTS
D6 7 N 22 53R
D7 8 ) 21 RESET
TxC 9 1) 20 BRCLK
A110 O N 19 TxD
CE11 (] [} 18 TXEMT/DSCHG
A012 0 17CTsS
R/w13 [ N 16 DCD
RxRDY 14 O ) 15TxRDY
Package: 28-pin D.I.P.

O Internal or External Baud Rate Clock
—16 Internal Rates:50 to 19,200 Baud

[ Single +5 volt Power Supply

O TTL Compatible

[0 No System Clock Required

O Compatible with 2651, INS2651

GENERAL DESCRIPTION

The COM 2651 is an MOS/LSI 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 parailel data
characters for the processor. While receiving serial
data, the USART will also accept data characters
from the processor in paralle! 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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. 1/
DATA BUS DATA BUS SYNIDLECONTROL
00-07 BUFFER ) ;
SYN 1 REGISTER
f SYN 2 REGISTER
o DLEREGISTER
OPERATION CONTROL
RESET —
A0 _—— MODE REGISTER 1 }
a1 SV — | MODE REGISTER 2 T+REY
a TRANSMITTER j>———— TXRDY
AW ——  »] | COMMANDREGISTER
e TUS REGIST TRANSMIT DATA
—q STATUS REGISTER HOLDING REGISTER
TRANSMIT I
SHIFT REGISTER
BRCLK  — ]
ROM
RE-PROGRAMMABLE
= BAUD RATE }
B — GENERATOR
AND
__ CLOCK CONTROL - RECEIVER jo———— RXRDY
RxC ——— ————|
RECEIVE DATA
HOLDING REGISTER
RECEIVE <“—— RxD
5= d m— SHIFT REGISTER
pco EE—— '<
CcTS —_—— MODEM
_ . CONTROL
ATS -—
57R ~—— —— VecC
XEMT/ e .. GND
DSCHG

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. i
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

PIN NO.

NAME

SYMBOL

FUNCTION

1,2,5,6,
7.8,27,28

Data

D7-D@

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.

10,12

Address

A1, AD

Input; Address lines used to select COM 2651 registers.

n

Chip Enable

CE

Input; when this signal is low, the operation specified by the R/W, A1 and AQ will be
performed. When this input is high, D7-0 are in the high impedance state.

13

Read/Write

RW

Input; Processor read/write direction control. This signal defines the direction of the
data bus D7-0 when the COM 2651 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 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.

15

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 (THRY) is ready to accept a data
character from the processor. It goes high when the data character is [oaded. 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 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 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.
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Supply Voltage

+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

TC

Input or Output; If the external transmitter clock is programmed, this input controls
the rate at which the character is transmitted. its 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.

16

Data Carrier
Detect

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.

Clear to Send

(@]
[/

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; The standard device requires a 5.0688MHz clock to the internal Baud rate
generator allowing for Baud rate shown in Table 6. 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. Its complement appears as Status Register bit 7 (SR7). When this input
changes state, a low output on TXEMT/DSCHG occurs.

23

Request to Send

Qutput; 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). It is normally used to indicate Data Terminal Ready.
25 Receive Clock RxC Input or Output; If the external receiver clock is programmed, this input 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.

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
DCD 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) 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.

When the COM 2651 is initialized into the synchronous

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 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
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-

mode, the receiver first enters the hunt modeonaOto1.

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
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 2651 returns

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

118



asserts TXxEMT and automatically “fills” the gap by
transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN?1
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
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-
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
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
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 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.

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 notbe programmed if external
clocks are used.

NOTE

SYN1 Register must be written
before SYN2 can be written, and
SYN2 before DLE can be written.

LOAD
DLE REGISTER

A

| OPERATE |

[ T e |

Y
DISABLE RECEIVER
AND TRANSMITTER

Figure 1

CE A1 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
0o 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 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 not include 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 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 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-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 | SYNCH: TRANS-

OF SYN CHAR | PARENCY CONTROL
0=DOUBLE SYN 0=NORMAL
1=SINGLE SYN 1=TRANSPARENT

MR17 MR16 MR15 MR14 MR13 T MR12 MR11 I MR10
Sync/Async Parity Type Parity Control Character Length Mode and Baud Rate Factor
ASYNCH: STOP BIT LENGTH
00=INVALID 0=000D 0=DISABLED 00=5BITS 00=SYNCHRONOUS 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 5—MODE REGISTER 1(MR1)

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 J 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

0=EXTERNAL | O=EXTERNAL 0000 50 0.8KHz 0.8KHz - 6336

NOT USED 1=INTERNAL 1=INTERNAL 0001 75 12 1.2 — 4224
0010 110 1.76 1.76 - 2880

0011 1345 2.152 21523 0.016 2355

0100 150 24 24 —_ 2112

0101 300 48 438 - 1056

0110 600 96 9.6 - 528

o111 1200 19.2 19.2 - 264

1000 1800 28.8 28.8 - 176

1001 2000 320 32.081 0.253 158

1010 2400 384 384 — 132

1011 3600 57.6 57.6 — 88

1100 4800 76.8 76.8 - 66

1101 7200 1152 115.2 - 44

1110 9600 153.6 1536 - 33

1111 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)

Table7 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 RxC rising edge. Disabling the receiver
causes RxRDY to go high (inactive). If the transmitter is
disabled, it will complete thetransmission 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 TXxEMT 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 orasynchronous).
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.

2. The transmitter is clocked by the receive clock.

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
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).

. In the non-transparent, double SYN mode (MR17-
MR16=00), characters in the data stream matching,
SYNT1, or SYN2 if immediately preceded by SYNH, are
not transferred to the RHR. However, only the first
SYN1 of an SYN1-SYN1 pair is stripped.

. 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, 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 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.

. 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.

oo h WN

3. TXRDYoutput=1. . CRO (TXEN) is ignored.
4. The Tx /DSCHG pin will reflect only the data set . All other Signa]s operate normally.
change condition.
CR7 | CR6 CRS CR4 CR3 CR2 CR1 CRO
Request to Receive Data Terminal Transmit
Operating Mode gend Reset Error Sync/Async Control (RxEN) Ready Control (TXEN)
ASYNCH:
00=NORMAL OPERATION 0=NORMAL FORCE BREAK
01=ASYNCH: AUTOMATIC 0=FORCERTS | 1=RESET 0=NORMAL 0=DISABLE | 0=FORCEDTR | 0=DISABLE
ECHO MODE OUTPUT HIGH | ERROR FLAG 1 =FORCE 1=ENABLE OUTPUTHIGH | 1=ENABLE
SYNCH: SYN AND/OR 1=FORCE RTS | INSTATUS BREAK 1=FORCE DTR
DLE STRIPPING MODE OUTPUT LOW (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.

SRO is the Transmitter Ready (TxRDY) status bit. 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 RXEN = 1. It is cleared when the Status Reg-
isteris read by the processor. When SR2is 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 hasbeenreceived.
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 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.

Ih 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. o
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.

SRT SR6 SR5 SR4 SR3 SR2 SA1 SRO
Data :;' Dats 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
IS HIGH ISHIGH 0=NORMAL 1=OVERRUN | ASYNCH: 1=CHANGE HOLDING REG | HOLDING
1=DSRINPUT | 1=BCDINPUT | _ paiie 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: SHIFTREGIS- | 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

TxRDY, TXEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode])
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NOTES
A =Start bit
B =Stop bit 1
C =Stop bit 2

D = TxD marking condition
TxEMT goes low at 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])
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NOTES
A =Startbit
B =Stopbit 1
C =Stopbit2

D = TxDmarking condition
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TIMING DIAGRAMS (Cont'd)

RESET CLOCK

[ tBRH —>~—-'sng—ﬁ

. _f} f<t— 10/ TH =t e— /7L — ]
RESET r_-\ /—_\_
aEs BRCLK, TxC, AxC —J N_/

Vigra
oy
TRANSMIT RECEIVE
18IT TIME .
(1,16, OR 64 CLOCK PERIODS)
TxC
(INPUT)
——— pp—
o 'Rxs } ‘AXH ||

R e Rpuu S |
— .~ . m
Yres

TxC
(OUTPUT)

READ AND WRITE

tce ceo

PP = e e e o o

tas - tay—e—]

Ph o - e o e e oy
Riw
—— e e e o e s
tes — toy ==
Du-D, po—— e d,
(WRITE) _ Ve e o o e e

tpg =1 bH

NOT
X VALID DATA VALID X BUS FLOATING

[~+—op =1 or l‘—

neesm—
Do-D7 BUS
(READ) FLOATING

124




MAXIMUM GUARANTEED RATINGS*

Operating Temperature RanNge ... ...uuiiiut ittt ittt it ieiii it rineraaananas 0°C to + 70°C
Storage Temperature RANGE .. ....euetntneettn ittt et iieeereeraasnnaroneanos —55°C to +150°C
Lead Temperature (SOIering, 10 SEC.) v ..vuiuuuttiiut ittt titesiaaetennaeeoinesensonenennnees +325°C
Positive Voltage on any Pin, with respect to ground . ...ttt ittt it ia et iaiens +18.0V
Negative Voltage on any Pin, with respect 1o ground ... ...ttt i ittt riaees —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. 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°C to +70°C, Vec=5.0V 5%

PARAMETER MIN TYP MAX UNIT TEST CONDITIONS
Input voltage
Vi Low 0.8 \
Viy High 2.0
Output voltage
Voo Low 0.4 Y lo.=1.6mA
Von High 24 lon=—100A
I Input leakage current 10 LA Vin=0105.25V
Output leakage current
[ Data bus high 10 LA Vo=4.0V
I8 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
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
Puise width
tres Reset 1000 ns
tee 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
ton Data hold for write 0 ns
trxs Rx data setup 300 ns
taxu Rx data hold 350 ns
too Data delay time for read 250 ns CL=100pF
tor Data bus floating time’
__forread 150 ns CL=100pF
tceo CE to CE delay 700 ns
Input clock frequency
fgnq Baud rate generator 1.0 5.0688 5.0738 MHz
frr TxC or Rx ) dc 1.0 MHz
Clock width
terH Baud rate high 70 ns fara =5.0688MHz
terL _ Baud rate low 70 ns fara =5.0688MHz
tr/H TxC or BxC high 500 ns
taa' TxC or RxC low 500 ns
trxo TxD delay from falling
edge of TxC 650 ns CL.=100pF
tres Skew between TxD
. changing and falling
edge of TxC output 0 ns C.=100pF

NOTE:

1. far and tar 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
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STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typica semiconductor applica-

CORPORA 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
35 Marcs Bd auopage Ny 788 @SSUMed for inaccuracies. Furthermore, such information does notconvey to the purchaser of the semiconductor

516)273-3100  TWX-S10-227-8898

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

COivi 2661-1
COM 2661-2
COM 2661-3

UPC FAMILY

Enhanced Programmable
Communication Interface
EPCI

FEATURES

[J Synchronous and Asynchronous Full Duplex or
Half Duplex Operations

[J 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
—0Odd, Even, or No Parity
—Local or remote maintenance loop back mode

0J 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
—QOdd, Even, or No Parity
—Panty Overrun, and framing érror detect
— Local or remote maintenance loop back mode
—Automatic serial echo mode (echoplex)

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)

PIN CONFIGURATION

o2 Y Poesps
D3 2 (] ] 27D0
RxD 3 (] D 26 Vce
GND 4 (] ] 25 RXxC/BKDET
D4 5 ) 24DTR
D5 6 (] O 23RTS
D6 7 0 22DSR
D7 8 5 0 21 RESET
TxC/XSYNG 9 ] 20BRCLK
A110 0 19TxD
CEN 18 TXEMT/DSCHG
A012 [ 0 17CTS
R/W13 0 16DCD
RxRDY 14 5 N 15TxRDY
Package: 28;pin D.I.P.

[J Double Buffering of Data

[JRxC and TxC pins are short circuit protected
[ Internal or External Baud Rate Clock

(03 baud rate sets (2661-1, -2, -3)

[J 16 internal rates for each version

[J Single +5 volt Power Supply

CITTL Compatible

[J No System Clock Required

O 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
including 1IBM 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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DATABUS OATABUS SYN/DLE CONTROL .
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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 Mode 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
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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-DP | 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, D7-9 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 D7-0 when the COM 2661 is selected. D7-@ 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 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 forinput
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 xRD 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 goeshighwhen thedata characterisloaded. 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 TxEMT/ | 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 loaded
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 Output; 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 outputon 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 c); 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. |ts 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.

28 Request to Send RTS Output; This general purpose signal is the complement of the Command Register bit 5
(CR5). Itis normally used toindicate Reguestto Send. If the Transmit Shift Registeris not
empty when CR5 is reset (1 to 0), then RTS 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/ RxC/ | 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.
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Table 1 COM 2661 vs. COM 2651
EPCI

Control pin 9, 25

SR3=0 for DLE-DLE,

DLE-SYNC1

Second character after
DLE: or receiver
disable, or CR4 =1

One time command

FEATURE
1. MR2Bit6,7
2. DLE detect-SR3

ect
Not used

SR3=11or DLE-DLE,
DLE-SYNC1

Receiver disable, or
CR4=

3. Reset of SR3, DLE
detect

4. Send DLE-CR3 Reset via CR3 on next

TxRDY

5. DLE stuffingin
transparent mode

Automatic DLE stuffing |None

when DLE is loaded

exceptif CR3=1
6. SYNC1 stripping AISYNC1 First SYNC1 of pair
in double sync
non-transparent
mode
7. Baud rate versions | Three One

8. Terminate ASYNC
transmission

Reset CR5 in response tof Reset CRO when TxEMT
TxRDY changing from  [goesfrom 1to 0. Then

(drop RTS) Oto? reset CRS when TxEMT
goesfromOto1
9. Break detect Pin25' FE and null character
10. Stop bit searched One Two
11. External jamsync | Pin9’ No
12. Data bus timing Improved over 2651 -
13. Data bus drivers Sink 2.2mA Sink 1.6mA
Source 400uA Source 100uA

1. Internal BRG used tor AxC.

2. Internal BRG used for TxC

Table 2a BAUD RATE GENERATOR CHARACTERISTICS
2661-1 (BRCLK=4.9152MHz)

_ ACTUAL
BAUD FREQUENCY  PERCENT

MR23-20 RATE 18X CLOCK ERROR __ DIVISOR
0000 50 08KkHz — 6144
0001 75 12 — 4096
0010 1o 1.7598 -001 2793
0011 1345 2152 - 2284
0100 150 24 - 2048
0101 200 32 - 1536
0110 300 48 - 1024
o1 600 96 e 512
1000 1050 16.8329 0.196 262
1001 1200 19.2 - 256
1010 1800 28.7438 -0.19 171
1011 2000 319168 -0.26 154
1100 2400 384 - 128
1101 4800 768 - 64
1110 9600 1536 - 32
11 19200 3072 - 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 0.7279kHz 0.005 6752
0001 50 08 - 6144
0010 75 12 — 4096
0011 110 1.7598 -0.01 2793
0100 1345 2152 - 2284
0101 150 24 2048
0110 300 48 - 1024
0111 600 96 - 512
1000 1200 192 - 256
1001 1800 28,7438 -0.19 7
1010 .2000 31.9168 -0.26 154
1011 2400 384 - 128
1100 4800 768 - 64
1101 9600 1536 - 32
110 19200 307.2 - 16
111 38400 6144 - 8

Table 2c BAUD RATE CHARACTERISTICS

2661 -3 (BRCLK=5.0688MHz)

BAUD FREQUENCY  PERCENT
MR23-20 RATE 16X CLOCK ERROR DIVISOR

0000 50 0.8kHz - 6336
0001 75 12 - 4224
0010 110 176 - 2880
0011 1345 2.1523 0016 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 0.253 158
1010 2400 384 = 132
1011 3600 576 — 88
1100 4800 76.8 - 66
1101 7200 152 - 44
110 9600 1536 - 33
1 19200 316.8 3125 18

NOTE
16X clock is used in asynchronous mode. In synchronous mode, clock multipher is 1X and
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 low 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 inputline. 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 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 one 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 modeonaQto 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 thetwo
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 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 9is 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 TxRDY 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 TXxEMT 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 registeris
true, the DLE character is automatically transmitted
prior to transmission of the message character in the
transmit holding register.
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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
I
-

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.

DOUBLE
SYNC?

vy |

LOAD
SYN 2 REGISTER

TRANSPARENT
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TRANSPARENT

Y

LOAD
DLE REGISTER

| y <
Pt «¢
=== >
| LOAD
I COMMAND REGISTER
| = ———1
| OPERATE |
| ey s

Y
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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 operational characteristics of the COM 2661,
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 mput is apphed

CE Al AD 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 [¢] 1 1 Write SYN1/SYN2/DLE registers
0 1 0 0 Read mode registers 1and 2

0 1 0 1 Write mode registers 1and 2

0 1 1 0 Read command register

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 (CR83) 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 | SYNCH: TRANS-

OF SYN CHAR | PARENCY CONTROL
0=DOUBLE SYN 0=NORMAL
1=SINGLE SYN

1=TRANSPARENT

MR17 I MR16 MR15 MR14 MR13 I MR12 MR11 | 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=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.

v

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 4.9152 MHz TTL input at BRCLK (pin 20); version
3 specifies a 5.0688 MHz input which is identical to the

TABLE 6—MODE REGISTER 1 (MR1)

MODE REGISTER 2 (MR2)

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 Pin 25 TxC  RxC Pin 9 Pin 25 Mode Baud Rate Selection
0000 E E TxC = RxC 1000 E E XSYNC! RxC/TxC sync
0001 E t TxC 1X 1001 E I TxC BKDET async
0010 | E 1X RxC 1010 | E XSYNC! RxC sync
001 | t 1X 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 | | 16X 16X 1 | | 16X BKDET async
NOTES E=External clock

1. When pin 9 is programmed as XSYNC input, SYN1, SYN1-SYN2, and DLE-SYN1 detection is disabied.

|=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 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). If 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 this is
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
(SRS, 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 CR5 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 |ndependently 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

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 TXxEN 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
SYN1 are not transferred to the Receive Data Holding
Register (RHR).

. 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.

. 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 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:

received data are automatically directed to the TxD line ~ 1. Data assembled by the receiver is automatically
while normal receiver operation continues. The receiver placed in the Transmit Holding Register and retrans-
must be enabled (CR2=1), but the transmitter need not mitted by the transmitter on the TxD output.
be enabled. Processor to receiver communications con- 2. The transmitter is clocked by the receive clock.
tinue normally, but the processor to transmitter link 3. No data are sent to the local processor, but the error
is disabled. Only the first character of a break condi- status conditions (PE, OE, FE) are set. _
tion is echoed. The TxD output will go high until the 4. The RxRDY, TxRDY, and TXEMT/DSCHG outputs are
next valid start is detected. The following conditions held high.
are true while in Automatic Echo mode: 5. CR1 (TXEN) is ignored.
1. Data assembled by the receiver are automatically ~ ©6- All other signals operate normally.
CR7 CR§ CRS CR4 CR3 CR2 CR1 CRO
Request to Receive Data Terminal Transmit
Operating Mode Send Reset Error Sync/Asyne Control (RXEN) Ready ConlrrorI](TxlEN)
ASYNCH:
00=NORMAL OPERATION 0 FORCE RTS 0=NORMAL FORCE BREAK
01=ASYNCH: AUTOMATIC OUTPUT HIGH| 1=RESET 0=NORMAL 0=DISABLE [0=FORCE DTR [ 0=DISABLE
ECHO MODE ONE CLOCK - =
SYNCH: SYN AND/OR TIME AFTER |$uR§%F;S;AG 1=FORCE e by | | TEVARE
: TxSR SERIAL- BREAK 1 =FORCE DTH
DLE STRIPPING MODE (FE, OE,
|IZATION SYNCH: OUTPUT LOW
10=LOCAL LOOP BACK 1 FORCE RTS- PE/DLE DETECT) N
11=REMOTE LOOP BACK OUTPUT LOW SEND DLE
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
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 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. Itis 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 SR2is
set, the TXEMT/DSCHG output is low.

SRS, 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
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 SR6 SRS SR4 SR3 SR2 SR1 SRO
Data :y" Data Carrler | FE/SYN Detect Overrun PE/DLE Detect | TXEMT/DSCHG RxRDY TXRDY
0=DSRINPUT | 0=DCDINPUT | ASYNCH: 0=NORMAL 0=NORMAL 0=RECEIVE | O0=TRANSMIT
IS HIGH ISHIGH 0=NORMAL 1=OVERRUN | ASYNCH: 1=CHANGE HOLDINGREG | HOLDING
1=D5RINPUT | 1=DCDINPUT | [_coivic ERROR 0=NORMAL INDSROR EMPTY REG BUSY
ISLOW ISLOW ERROR 1=PARITY DCD, 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)
- p 1229314959 1924394)5¢1)243)4,5¢1,2)3,4)5)149233,4151
™o I DATA 1 ' DATA 2 I DATA 3 I SYN 1 l DATA4 l
t
u | | | ! |
8 [ men | | | [ |
3 | | 1 |
H | | | 1
g '\—| | n
TYRDY [}
g < TRDY l
z
]
z H
Pl T
TREMT ) ( } ) \_P‘
CEFOR
N 4 17
OF THR .
- DATA 1 DATA 2 DATA 3 DATA 4
r ——D—Pp A 1 ,2,3,4,5,B C Ay 1,2,3,4,5,8B C A 1,2,3,4,5,8 C ageeD—paji2
™D I l DATA 1 J I I DATA 2 l I I oataa | l
t
w ! | | 1 !
© | TxEN ] | | []
3 _I | | |
@
2 | | |
-]
& < wmov |
AR
&
g |
£
[ [——
< | wEmT \ ) ) .
iy N
17 17
\ OF THR
DATA 1 DATA 2 DATA3 DATA4
NOTES
A =Start bit
B =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])

= LU LU UL UL UL U LU L

111234 S5yt 12) 3, 43591293, 4,45)1 23,4541 42,09, 445;132,3,)445) 4

(rxp | SYN1 | DATA 1 | DATA 2 | DATA 3 | oaas | DATA § |
L

RXEN J

SYNDET
STATUS BIT

¢ {
" N Bl B |
U o T Fan =

READ READ READ READ READ READ
\ STATUS STATUS RHR RHR RHR RHR
{DATA 1) (DATA 2) (DATA 3) {DATA 3)

SYNCHRONOUS MODE
Al

( o
P~ A1y 2,314 5 B C A1,2344,;5)B)Cy— 1 Dj— A 1,213,145/ B)C A[112)3]
RxD DATA 1 | | DATA 2 | L DATA 3 | 1 DATA &

RXEN I

Y st :
S , \ H—L
L \, ./ .

‘L? B

ASYNCHRONOUS MODE

CEFOR
READ
READ READ
RHR RHA
(DATA 1) (DATAY)
NOTES
A =Startbit

D = TxD marking condition
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TIMING DIAGRAMS (Contd)

RESET

RESET

tres

CLOCK

=t tgpH —-}e— tgRL ~—o=
t— 1R/ TH —o- et R/TL —=]

) y— \
BRCLK, TxC, AxC —/ \_/

11gRG
tprr

TRANSMIT

1BIT TIME
(1, 16, OR 64 CLOCK PERIODS) -

RECEIVE

TxC
(INPUT)
——— —_—
_——— RxD - *’-
—— —————— ———— ——v—— o ol
e e ) Axs I Rxn 1
‘1xp RxC (1X)
|~ trcs
™C
(OUTPUT)
EXTERNAL SYNCHRONIZATION WITH XSYNC
RE wme J LTULTLLTLIL
AD AND WRITE t., | I‘— t.s - XSYNC SETUP TIME - 300ns
_l'_- t, - XSYNC HOLD TIME. ONE RxC

_ XSYNC oy

B —— —> b e

N /
Ao e mo X x X o X X2 X3 X))
Ac A, x\_ L |
——— - e e V
tas  — A —-] lq— CHARACTER ASSEMBLY
P

P - —
R/w

Vs o - —

| oy =
DeD; f—— e X_—
WRITE) b e S
tpg = oy
(gé‘:’,;) FLOMTING e DATA VALID BUS FLOATING
[~—1op — top |

BREAK DETECTION TIMING

Rx CHARACTER -5 BITS, NO PARITY

RxC- 16 r
or 64 =l
} i} Look For sTaRT BIT - LOW(IF RxD IS HIGH|
| LOOK FOR HIGH TO LOW TRANSITION)
R T
xD e I ! FFALSE. START BIT CHECK MADE (RxD LOW)
Mls%lg%gg; BT —24
1ST DATA BIT
SET FE BIT* MISSING STOP BIT DETECTED,
SAMPLED SET FE BIT.
0 -RHR, ACTIVATE RxRDY.
SET BKDET PIN,
NOTE RxD INPUT -RxSR UNTIL A MARK
*If the :lop bit is present, the start bit TO SPACE TRANSITION OCCURS.
search will i
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature RaNGE .. ....iuittiie et et it eanet i eeentenireenrenneeaneennenns .. 0°Cto + 70°C
Storage Temperature Range ............ P e —55°C to +150°C
Lead Temperature (soldering, 10 sec) PPN e [N e civee.... 1325°C
Positive Voltage on any Pin, with respect to ground ....................................................... +18.0V
Negative Voltage on any Pin, with respect to ground . ..... ..ottt ittt ieaii e ninaannns —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. 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 08 \
Vin High 2.0
Output voltage
VoL Low 0.4 \ lo,=2.2mA
Vou High 2.4 lon=—400uA
he Input leakage current 10 HA Vin=0t0 5.5V
Output leakage current
i Data bus high 10 LA Vo=4.0V
I Data bus low 10 HA Vo=0.45V
lec 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 Ta=0°Cto+70°C, Vcc=5.0V£5%
PARAMETER MIN TYP MAX UNIT TEST CONDITIONS
Pulse width
tres Reset 1000 ns
tce Chip enable 250 ns
Setup and hold time
tas Address setup 10 ns
tan Address hold 10 ns
tes R/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
taxH Rx data hold 350 ns
too Data delay time for read 200 ns C.=150pF
tor Data bus floating time
__forread 100 ns L=150pF
tceo CE to CE delay 600 ns
Input clock frequency
fera Baud rate generator 1.0 4.9152 4.9202 MHz
(2661-1, -2)
fera Baud rate generator 1.0 5.0688 5.0738 MHz
(2661-3)
far' TxC or RxC dc 1.0 MHz
Clock width
tern Baud rate high 75 ns farc=4.915MHz; measured
(2661-1, -2) atViu
tern Baud rate high 70 ns fera=5.0688MHz; measured
(2661-3) atViy
terL Baud rate low 75 ns terc=4.915MHz; measured
(2661-1, -2) at Vie
terL Baud rate low 70 ns tsra=5.0688MHz; measured
—(2661-3) atVi
ta e TIxC or RxC high 480 ns
trTL TxC or RxC low 480 ns
txo TxD delay from falling
edge of TxC 650 ns C.=150pF
tres Skew between TxD
changing and falling
edge of TxC output 0 ns CL=150pF

NOTE:
1. frrand ta e shown all modes except Local Loopback. For Local Loopback mode
fr1=0.7MHz and ts 1.=700ns min.
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TYPICAL APPLICATIONS

SYNCHRONOUS INTERFACE

ASYNCHRONOUS INTERFACE
TO TERMINAL OR
TO CRT TERMINAL : PERIPHERAL DEVICE
T 'ADDRESS BUS ) 1 'ADDRESS BUS - 1

CONTROL BUS ) CONTROL BuS \

L

10
1 DATA BUS ] DATA BUS —

3 15l

Ty TxD

o f——{ © = |e
COM 2661 b 4 COM 2661 : ~ O“Y":EEE':’E‘E;“-
BRCLK CSCILLATER reSia
ASYNCHRONOUS INTERFACE SYNCHRONOUS INTERFACE
TO TELEPHONE LINES TO TELEPHONE LINES
{ ADDRESS BUS { e ADDRESS BUS [}
CONTROL BUS \ LI CONTROLBUS )
( DATA BUS ‘ ¢ DATA BUS {
RxD RxD [
s T -t ™0 f——p -
o e e«
TR o] »235'&?4 "F‘If:: 7iC = lrrcz‘!::
comagst  CTE p=t—] comaser OBPe—] e -
AT o——>] T8 [ot—
1] r)<— 75 p—p]
111 Nﬁ
BRCLK 50888 Mz BTR o—
OSCILLATOR
TELEPHONE TELEPHONE
LINE LINE

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

35 Marcus Bivd, Hauppauge N Y 11788 assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor
(5161273-3100 Twx.510-227-8898  devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes

We keep ahead 0f Our COMpetItion so you can keep ahead of yours,  at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMIS M
CORPORATION e C,LRC F?n%s

Multi-Protocol
Universal Synchronous Receiver/Transmitter

USYNR/T
FEATURES . PIN CONFIGURATION
A\
O Selectable Protocol—Bit or Byte oriented R\gg ' wbuse
O Direct TTL Compatibility S 38 150
O Three-state Input/Output BUS sFRO4 Zg e
O Processor Compatible—8 or 16 bit Rregs fod s
O High Speed Operation—1.5 M Baud—typical ey u % mxacr
0O Fully Double Buffered—Data, Status, and Control Registers GNDEﬁ 120 vee
O Full or Half Duplex Operation—independent Transmitter and pazs [J10 31 oeee
. osga]n 30[] osp1
Receiver Clocks por ot 20 o822
—individually selectable data os11]1a 2 g ot
length for Receiver and o o oot
i os14[J16 25 [] oegs
Transmitter ' porehe 25 1 oode
O Master Reset—resets all Data, Status, and Control Registers walhs 231 orena
0O Maintenance Select—built-in self checking n2Qw 227 BvTeOP
A1]20 21 [J Ag
PACKAGE: 40-Pin D.I.P.
BIT ORIENTED PROTOCOLS—SDLC, HDLC, ADCCP BYTE ORIENTED PROTOCOLS—BISync, DDCMP
O Automatic bit stuffing and stripping O Automatic detection and generation of SYNC characters

0 Automatic frame character detection and generation
0 Valid message protection—a valid received message is SELECTABLE OPTIONS:
protected from overrun 0O Variable Length Data—1 to 8 bit bytes
O Residue Handling—for messages which terminate witha | O Variable SYNC character—5, 6, 7, or 8 bits
partial data byte, the number of valid O Error Checking—CRC (CRC16, CCITT-0, or CCITT-1)

data bits is available —VRC (odd/even parity)
—None
SELECTABLE OPTIONS: O Strip Sync—deletion of leading SYNC characters after
0O Variable Length Data—1 to 8 bit bytes ‘synchronizatlon
O Error Checking—CRC (CRC16, CCITT-0, or CCITT-1) O Idle Mode—idle SYNC characters or MARK the line
—None

O Primary or Secondary Station Address Mode

O All Parties Address—APA

0O Extendable Address Field—to any number of bytes
0O 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

APPLICATIONS
[J Intelligent Terminals [0 Remote Data Concentractors
[ Line Controllers (J Communication Test Equipment
(0 Network Processors [J Computer to Computer Links

O Front End Communications  [J Hard Disk Data Handler
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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 channels while requiring a minimum of controller overhead.

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)
CcCP 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 1'5)
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Description of Pin Functions

PinNo. Symbol Name /O  Function

1 Voo Power Supply PS  +12volt Power Supply.

2 RCP Receiver Clock I The positive-going edge of this clock shifts data into the receiver shift register.

3 RSI Receiver Serial lnput | This input accepts the serial bitinput stream.

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  Thisoutputis asserted when the RDP presents the first data character of the
message to the controller. in the BOP mode the firstdata characteristhe first
non-flag character (address byte). Inthe CCP mode: 1. if strip-sync s 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 s 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 | Ahighlevelinputallows the processing of RS| 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 /0 Bidirectional Data Bus.

12 DBig Data Bus /O Bidirectional Data Bus.

13 DB11 Data Bus /O Bidirectional Data Bus. | wire “OR” with DB@@-DBg@7

14  DB12 Data Bus I/0  Bidirectional Data Bus. { For 8 bit data bus

15 DB13 Data Bus I/O  Bidirectional Data Bus.

16 DB14 Data Bus /0 Bidirectional Data Bus.

17 DB15 Data Bus I/0  Bidirectional Data Bus.

18 W/R Write/Read I Controls direction of data port. W/R=1, Write. W/R=0, Read.

19 A2 Address 2 | Address input—MSB.

20 At Address 1 | Addressinput.

21 A Address 0 | Address input—LSB.

22 BYTE OP Byte Operation | It asserted, byte operation (data port is 8 bits wide) is
selected. It BYTE OP=0, data port is 16 bits wide.

23 DPENA  Data Port Enable | 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.

24 DBp7 Data Bus /O Bidirectional Data Bus—MSB.

25 DBg6 Data Bus /0 Bidirectional Data Bus.

26 DBg5 Data Bus /O Bidirectional Data Bus.

27  DB@4 Data Bus /O Bidirectional Data Bus.

28 DB#3 Data Bus /O Bidirectional Data Bus.

29 DBg2 Data Bus /0O Bidirectional Data Bus.

30 DBg1 Data Bus 1/0  Bidirectional Data Bus.

31 DBgg Data Bus 1/0  Bidirectional Data Bus—LSB.

32 Vee Power Supply PS  +5 volt Power Supply.

33 MR Master Reset I Thisinput should be pulsed 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 initializedto 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 Contro! 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  TERRDbit, 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 s the transmitted character.

Output

39 TCP Transmitter Clock I The positive going edge of this clock shifts data out of the
transmitter shift register.

40 MSEL Maintenance | Internally RSI becomes TSO and RCP becomes TCP.

Select Externally RSl 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 dataloaded into RDB, or
when an ABORT character is received. Itis cleared on reading of Receiver Status Register or dropping of RXENA.
DB19 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
Receiver Status Register or dropping of RXENA.
DB11 ROR Receiver Over Run—read only bit. Set high when received data transterred 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 A,B,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 receivedin 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, it TXENA=0 and TEOM=1
MARK ine. 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. Underfiow, 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 —WI/R bits. These are the error control bits.
X164+ X124+ X5+ 1 CCITT—lInitialize to “1”
X6+ X124+ X5+ 1 CCITT—Initialize to “0”
Not used
X1+ X185+ X2+ 1—CRC16
Odd 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

DB11 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

Transmitter Status
and Control Register

DB8-19  X\Y,Z

2 aaa000O0ON
200200

-~ O =0~0=20

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 8-1s 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 0 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* .g
0 0 1 One bit per character* e
*For data length only, not to be used for SYNC character (CCP mode). -
DB8-19  RXDL Receiver Data Length—W/R bits. 3
RXDL3 RXDL2 RXDL1 LENGTH 3
0 0 0  Eight bits per character £
1 1 1 Seven bits per character 2
1 1 0  Six bits per character 3
1 0 1 Five bits per character h]
1 0 0  Four bits per character 8
0 1 1 Three bits per character
0 1 0  Two bits per character
0 0 1 One bit per character
DBM 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 setif 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. 143



Register Bit Assignment Chart 1

REGISTER DPB7 DPg6 DPE5 DPB4 DP@3 DPg2 DP#1 DPgQ

Regj}fveif Data RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDg

(Read Only- MSB ' LSB
Right Justified-
Unused Bits=0)

T’;"S".""e' Data TD7 TD6 TD5 TD4 D3 TD2 ™1 TDg

egister

(Read/Write- MSB LSB
Unused Inputs=X)*

Sync/Secondary SSA7 SSA6 SSA5 SSA4  SSA3 SSA2 SSA1 SSAg
Address

(Read/Write- msB Lse
Right Justified-

"Unused Inputs=X)

Register Bit Assignment Chart 2

REGISTER DP15 DP14 DP13 DP12 DP11 DP1g DP@9 DPg8
Receiver Status ERR CHK C B A ROR RAB/GA REOM RSOM
(Read Only)
TX Status TERR. 0 0 0 TXGA TXAB TEOM TSOM
and Control (Read Only)
(Read/Write)
Mode Control *APA PROTOCOL STRIP SECADD IDLE 4 Y X
(Read/Write) SYNC/
LOOP
Data Length TXDL3 TXDL2 TXDL1 EXADD EXCON: RXDL3 RXDL2 RXDL1
Select
(Read/Write)

* Note: Product manufactured before 1Q79 may not have this feature.

Register Address Selection

1) BYTE OP = 0, data port 16 bits wide
A2 Al Ad 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 AQ 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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BOP TRANSMITTER OPERATION CCP TRANSMITTER OPERATION

(PROCESSCR LOAD OR MASTER RESET}
INITIALIZE INITIALIZE
i (PROTOCOL = 1; XYZ = CRC 16}
MARK LINE
SET MODE

—©

=
e
=
o
w
7]

SEND FLAG
TRANSMIT
SYNC FROM
) SYNC REG
YES TSOM
17
NO
SEND
UNDERRUN SEND.
= CHARACTER
YES
UNOERRUN SEND SYNC
TRANOSMIT
CHARACTER SEND NO
GO AHEAD
SERIALIZE O
ATA TSOM
ACCUMULATE 34
SEND YES
CRC
RESET
UNDERRUN
RESET
UNDERRUN SEND 1 BYTE SEND
OF DATA FLAG
FROM TDB
l : TRANSMIT
CRC
STUFF ZERO,
ACCUMULATE
CRC
TRANSMIT
SYNC
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AC TIMING DIAGRAMS

RCP

ce 300 ns
300 ns
X
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into search
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Note: Unless otherwise specified all times are maximum.
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range ............ouiitiiiiiiiiiiii ittt e 0°Cto+ 70°C
Storage Temperature RaNGe . . ....vouuvn vt iit ittt cir ettt rieeasaaeneenns —55°Cto +150°C
Lead Temperature (SOIdering, 10 S8C.) .. .. uu e in ittt ittt a e +325°C
Positive Voltage on any Pin, withrespecttoground. ........ ... ittt e +18.0V
Negative Voltage on any Pin, withrespecttoground . ........ ... 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. 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.

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +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, ViH 2.0 Vce \")
QUTPUT VOLTAGE LEVELS
Low Level, VoL 0.4 \ loL=1.6ma
High Level, Von 24 lon=40ua
INPUT LEAKAGE
Data Bus 50 500 pa 0<Vin<5v, DPENA=0 or W/R=I
All others pa ViN=+5v
INPUT CAPACITANCE
Data Bus, Cin pf
Address Bus, Cin pf
Clock, Cin pf
All other, Cin pf
POWER SUPPLY CURRENT
lec 70 ma
loo 90 ma
A.C. Characteristics Ta=25°C
CLOCK-RCP, TCP
frequency DC 1.5 MHz
PWh 325 ns
PWL 325 ns
tr, tt 10 ns
DPENA, Tworena 250 50 us ns
Set-up Time, Tas 0 ns
Byte Op, W/R
Az, A1, Ao
Hold Time, TaH 0 ns
Byte Op, WIR,
Az, As, Ao
DATABUS ACCESS, Tora 150 ns
DATA BUS DISABLE DELAY, Toro 100 ns
DATA BUS SET-UP TIME, Toss 0 ns
DATA BUS HOLD TIME, Tosn 100 ns
MASTER RESET, MR 350 ns
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Receiver Data

and

I Read RDA 32& ;:rs:l ;’{JZ’ to reading | Receiver Status

Access Sequence

Preferred reading sequence of receiver RDA and RSA.

READ RDB ] READ RD8
READ READ
STATUS STATUS

CCP RECEIVER OPERATION _ BOP RECEIVER OPERATION

INITIALIZE
SET MODE

ASSEMBLE CHARACTERS
ACCUMULATE CRC

RUACT e RDSA — RDB

STATUS
BITS NO

) s

YES

SET RSA

STANDARD MICROSYSTEMS
CORPORATION

35 Marcus B . Hauppauge, N Y 1788
(516)273-3100  TWX-510-227- 8898

PROTOCOL-1 PROCESSOR LOAD
XYZ-CRC 16 INITIALIZE ” GRMA
TEST MADE AFTER 8 RXCLK'S
TEST MADE
AFTER 8 CLKS
ASSEMBTLREIEEEESCTERS 24 RXCLK'S
PIPELINE DELAY)
ACCUMULATE CRC ! € DELAY)
16 RXCLKS
DELAY

RXACT
RDA

YES

SET RSA

PROCESSOR MUST READ
ERR CHK BIT BEFORE
RXENA=0

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

COWNi 7210

Intelligent GPIB Interface Controller

FEATURES
O All Functional Interface Capability Meeting IEEE
Standard 488-1978
—SH1 (Source Handshake)
—AH1 (Acceptor Handshake)
—T5 or TES5 (Talker or Extended Talker)
—L3 or LE3 (Listener or Extended Listener)
—SR1 (Service Request)
—RL1 (Remote Local)
—PP1 or PP2 (Parallel Poll) (Remote or Local
Configuration)
—DCH1 (Device Clear)
—DT1 (Device Trigger)
—C1-5 ((Controller) (All Functions))
[J Programmable Data Transfer Rate
[J 16 MPU Accessible Registers—8 Read/8 Write
[ 2 Address Registers
—Detection of MTA, MLA, MSA (My Talk/Listen/
Secondary Address)
—2 Device Addresses
[] EOS Message Automatic Detection
[J Command (IEEE Standard 488-78) Automatic
Processing and Undefined Command Read Capability
[J DMA Capability
[ Programmable Bus Transceiver I/O Specification
_ (Works with T../Motorola/Intel)
{J 1 to 8 MHz Clock Range
[0 TTL Compatible

PIN CONFIGURATION
TR1 14 ~ 40 Vee
TR2 24 h3s EOT

CLOCK 3( h 38 NDAC
RESET 41 h 37 NRFD
TR3 50 h 36 DAV
DMAREQ 6 (] p 35 DIO8
MAACK 70 p 34 DIO7

TS 8( h 33 DIO6

RD 9d p 32 DIO5
WR 10 Q p 31 DI04

INT 11 g p 30 DIO3

Do 12( h 29 DIO2

D1 134 h 28 DIOT

D2 14 h 27 5RQ

D3 154 h.26 ATN

D4 164 h 25 REN

D5 170 h 24 TFC

D6 18 D23 RS2

p7 194 b 22 RS1
GND 20 {] b 21 RSO

PACKAGE: 40-pin D.LP.

[J COPLAMOS®n-Channel Silicon Gate Technology
O +5V Single Power Supply

[J 40-Pin DIP

[0 8080/85/86 Compatible

GENERAL DESCRIPTION

The COM7210 TLC is an intelligent GPIB Interface Con-
troller designed to meet all of the functional requirements
for Talkers, Listeners, and Controllers as specified by the
IEEE Standard 488-1978. Connected between a processor
bus and the GPIB, the TLC provides high level manage-
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ment of the GPIB to unburden the processor and to simplify
both hardware and software design. Fully compatible with
most processor architectures, Bus Driver/Receivers are the
only additional components required toimplement any type
of GPIB interface.
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DECODER

BLOCK DIAGRAM
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DESCRIPTION OF PIN FUNCTIONS

PIN SYMBOL 1/0 DESCRIPTION
1 T/R1 Transmit/Receive Control—Input/Output Contro! Signal for the GPIB
Bus Transceivers. )
2 T/R2 Transmit/Receive Control—The functions of T/R2, T/R3 are determined
by the values of TRM1, TRMO of the address mode register.
3 CLK | Clock—(1-8 MHz) Reference Clock for generating the state change
prohibit times T1, T8, T7, T9 specified in IEEE Standard 488-1978.
4 RST | Reset—Resets 7210 to an idle state when high (active high).
5 T/R3 o} Transmit/Receive Control-—Function determined by TRM1 and TRMO of
address mode register (See T/R2).
6 DMAREQ (o} DMA Request—7210 requests data transfer to the computer system,
becomes low on input of DMA acknowledge signal DACK.
7 DMAACK | DMA Acknowledge—(Active Low) Signal connects the computer system
data bus to the data register of the 7210.
8 CS | Chip Select—(Active Low) Enables access to the register selected by
_ RS0-2 (read or write operation).
9 RD | Read—(Active Low) Places contents of read register specified by
_ RS0-2—on DO-7 (Computer Bus).
10 WR | \é\/ri*tqes—o(é\ctive Low) writes data on DO-7 into the write register specified
y -2.
11 INT — (o} Interrupt Request—(Active High/Low) Becomes active due to any 1 of 13
INT internal interrupt factors (unmasked) active state software configurable,
active high on chip reset.
12-19 DO-7 /10 Data Bus—8-bit bidirectional data bus, for interface to computer system.
20 GND Ground. -
21-23 RS0-2 | Register Select—These lines select one of eight read (write) registers
__ during a read (write) operation.
24 IFC /10 Interface Clear—Control line used for clearing the interface functions.
25 REN [l{e} Remote Enable—Control line used to select remote or local control of
the devices.
26 ATN 176) Attention—Control line which indicates whether data on DIO lines is an
interface message or device dependent message.
27 SRQ /0 Service Request—Control line used to request the controller for service.
28-35 DIO1-8 [/{e] Dhati_1 IFr,1|pBut/Output—8-bit bidirectional bus for transfer of message on
the .
36 DAV I/0 Data Valid—Handshake line indicating that data on DIO lines is valid.
37 NRFD 110 Ready for Data—Handshake line indicating that device is ready for data.
38 NDAC l{e} Data Accepted—Handshake line indicating completion of message
_ reception.
39 EOI 110 End or Identify—Control line used to indicate the end of multiple byte
transfer sequence or to execute a parallel polling in conjunction with ATN.
40 Vee +5V DC

FUNCTIONAL DESCRIPTION

Introduction

The IEEE Standard 488 describes a “'Standard Digital
Interface for Programmable Instrumentation” which, since
its introduction in 1975, has become the most popular means
of interconnecting instruments and controllers in labora-
tory, automatic test and even industrial applications. Refined
over several years, the 488-1978 Standard, also known as
the General Purpose Interface Bus (GPIB), is a highly
sophisticated standard providing a high degree of flexibility
to meet virtually most all instrumentation requirements. The
COM7210 TLC implements all of the functions that are
required to interface to the GPIB. While it is beyond the
scope of this document to provide a complete explanation
of the IEEE 488 Standard, a basic description follows:

The GPIB interconnects up to 15 devices over a common
set of data control lines. Three types of devices are defined
by the standard: Talkers, Listeners, and Controllers,
although some devices may combine functions such as
Talker/Listener or Talker/Controller.

Data on the GPIB is transferred in a bit parallel, byte serial
fashion over 8 Data /O lines (D101-D108). A 3 wire hand-
shake is used to ensure synchronization of transmission and
reception. In order to permit more than one device to receive
data at the same time, these control lines are “Open Col-
lector” so that the slowest device controls the data rate. A
number of other control lines perform a variety of functions
such as device addressing, interrupt generation, etc.

The COM7210 TLC implements all functional aspects of
Talker, Listener and Controller functions as defined by the
488-1978 Standard, and on a single chip.

The COM7210 TLC is an intelligent controller designed to
provide high level protocol management of the GPIB, freeing
the host processor for other tasks. Control of the TLC is
accomplished via 16 internal registers. Data may be trans-
ferred either under program control or via DMA using the
TLC's DMA control facilities to further reduce processor
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overhead. The processor interface of the TLC is general in
nature and may be readily interfaced to most processor
lines.

In addition to providing all control and data lines necessary
for a complete GPIB implementation, the TLC also pro-
vides aunique set of bus transceiver controls permitting the

use of a variety of different transceiver configurations for
maximum flexibility.

Internal Registers
The TLC has 16 registers, 8 of which are read and 8 write.

REGISTER NAME ADDRESSING SPECIFICATION
RRRWREC
SSSRDS
210
Data In (OR) 000100 D17 [ D16 | D15 [ D14 [ D13 | D12 | D11 | D10 |
Interrupt Status 1 (1R) 001100|[CPT [ APT [ DET [ END [ DEC [ ERR [ DO | D1 |
Interrupt Status 2 (2R) 010100 INT [SRQ1] LOK | REM | CO [ LOKC [ REMC [ ADSC |
Serial Poll Status (3R) 011100/ s8 [PEND|] s6 [ s5 | s4 | s3 [ s2 | s |
Address Status (4R) 100100 cic | ATIN [SPMS]LPAS [TPAS| LA [ TA [MJMN |
Command Pass Through (5R) |1 0 1 1 0 0| CPT7 | CPT6 | CPT5 | CPT4 | CPT3 [ CPT2 [ CPT1 | CPTO |
Address 0 (6R) 110100 X | DTo | DLO | AD5-0 | AD4-0 | AD3-0 [ AD2-0 [ AD1-0 |
Address 1 (7R) 11 1.1 0 0| EO1 | DT1 [ DL1 [AD5-1 | AD4-1 [ AD3-1 | AD2-1 [ AD1-1 |
Byte Out (OW) 000010 BO7 | BOs | BOs | BO4 | BO3 | BO2 [ BO1 [ BOO |
Interrupt Mask 1 (1W) 00101 0f CPT | APT [ DET [ END [ DEC [ ERR [ DO [ DI |
Interrupt Mask 2 (2W) 010010| 0o ] SRl [DMAO] DMAI [ CO [ LOKC | REMC [ ADSC |
Serial Poll Mode (3W) 011010 s8 [ rsv | S6 | S5 | S4 | 83 [ s2 [ st |
Address Mode (4W) 1000 10| ton [ ton [TRMI[TRMO] 0 | 0 [ ADM1 | ADMO |
Auxiliary Mode (5W) 10101 0| CNT2 [ CNT1 [ CNTO | COM4 [ COM3 [ COM2 | COM1 | COMO |
Address 0/1 (6W) 1170010|[ARS | DT [ DL [ AD5 | AD4 | AD3 | AD2 | AD1 |
End of String (7W) 11101 0| EC7 | EC6 [ EC5 [ EC4 | EC3 | EC2 | EC1 | ECO |
DR
Data Registers
The data registers are used for data and command trans-
fers between the GPIB and the microcomputer system.
DATA IN (OR) | iz [ pie [ pis | D4 | DB | pi2 [ b1 | pio |
Holds data sent from the GPIB to the computer
BYTE OUT (0W) [ BO7 | BOs | BO5 | Bo4 | BO3 | BO2 | BO1 | BOO |
Holds information written into it for transfer to the GPIB
Interrupt Registers
The interrupt registers are composed of interrupt status bits,
interrupt mask bits, and some other noninterrupt related bits.
READ
INTERRUPT .
STATUS 1 (1R). [ cPT | APT [ DET [ END [ DEC [ ERR [ DO [ DI |
INTERRUPT '
STATUS 2 (2R) [ INT [ srat [ LOK | REM | €O [ LOKC [ REMC [ ADSC |
WRITE
INTERRUPT
MASK 1 (1W) [cPT ] APT [ DET [ END | DEC [ ERR [ DO [ DI |
INTERRUPT
MASK 2 (2W) [ 0o [ sral TDMAO] DMAI | CO [ LOKC [ REMC | ADSC |
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Interrupt Status Bits

There are thirteen factors which can generate an inter-

INT OR of All Unmasked Interrupt Status Bits rupt from the COM7210, each with their own status bit and
CPT Command Pass Through mask bit.
APT Address Pass Through The interrupt status bits are always set to one if the interrupt
DET Device Trigger condition is met. The interrupt mask bits decide whether the
END End (END or EOS Message Received) INT bit and the interrupt pin will be active for that condition.
DEC Device Clear
ERR Error
DO Data Out
DI Data In . )
SRQI Service Request Input Noninterrupt Related Bits
LOKC Lockout Change LOK Lockout
REMC Remote Change REM Remote/Local
ADSC Address Status Change DMAO Enable/Disable DMA Out
co Command Qutput DMAI Enable/Disable DMA In
L
Serial Poll Registers
READ
SERIAL POLL
STATUS (3R). [ s8 JPEND] S6 | s5 | s4 | s3 [ s1 | so |
WRITE
SERIAL POLL
MODE (3W) [ s8 [ rsv | 86 | s5 | s4 | s3 [ s2 | s1 |

The Serial Poll Mode register holds the STB (status byte:
S8, S6-S1) sent over the GPIB and the local message rsv
(request service). The Serial Poll Mode register may be read
through the Serial Poll Status register. The PEND is set by
rsv = 1,and cleared by NPRS +Tsv = 1 (NPRS = Negative
Poll Response State).

Address Mode/Status Registers

ADDRESSSTATUS(4R) | CIC | ATN [SPMS | LPAS [ TPAS | LA [ TA [ MJMN |

ADDRESSMODE(4W) [ ton [ lon [TRMIJTRMO] o0 [ o [ADM1 [ ADMo |

CIC = CIDS + CADS
This denotes if the controller interface function is active or
not.
When “1”: ATN = output, SRQ = input
When “0”: ATN = input, SRQ = output

The Address Mode register selects the address made of
the device and also sets the mode for T/R3 and T/R2 the
transceiver control lines.

The functions of T/R2, T/R3 terminals (2 and 5) are deter-
mined as below by the TRM1, TRMO values of the address
mode register. S
PE = CIC + PPAS

This indicates the type of bus driver connected to DI08 to

T/R2 T/R3 TRM1 TRMO .
EOIOE TRIG 0 ) DIO1 and DAV lines.
CIC TRIG 0 1 When “1”: 3 state type
ciC EOIOE 1 0 When “0"”: Open collector type
Cic PE 1 1 TRIG: When DTAS state is initiated or when a trigger aux-

iliary command is issued, a high pulse is generated.

Upon RESET, TRMO and TRM1 become “0” (TRMO =
TRM1 = 0) and local message port is provided, so that T/
R2 and T/R3 both become “LOW."

EOIOE = TACS + SPAS + CIC+CSBS

This denotes the input/output of EOI terminal.

When “1”: Output
When “0”: Input
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Address Modes

CONTENTS OF CONTENTS OF
ADDRESS ADDRESS (0) ADDRESS (1)
ton lon | ADM1 | ADMO MODE REGISTER REGISTER
1 0 0 0 E{I}Zgnly Address Identification Not Necessary
0 3 o o List : (No controller on the GPIB)
isten only
mode Not Used
0 0 0 1 Address mode 1 Major talk address or Minor talk address or
[3) Major listen address Minor listen address
0 0 1 0 Address mode2 | Primary address Secondary address
@ (talk or listen) (talk or listen)
0 0 1 1 Address mode 3 | Primary address (major | Primary address (minor
® talk or major listen) talk or minor listen)
Combinations other than above indicated Prohibited.

Notes: —Either MTA or MLA reception is indicated by coinci-
dence of either address with the received address.
Interface function T or L.

—Address register 0 = primary, Address register 1 =
secondary, interface function TE or LE.

—CPU must read secondary address via Command
Pass Through Register interface function (TE or LE).

Address Status Bits

ATN Data Transfer Cycle (device in CSBS) TA Talker Addressed

LPAS Listener Primary Addressed State MJMN Sets minor T/L address Reset = Major T/L
TPAS Talker Primary Addressed State address

CiC Controller Active SPMS Serial Poll Mode State

LA Listener Addressed

Address Registers
ADDRESS 0 (6R) [
ADDRESS 1 (7R) [

I

X | DTO | DLO ] AD5-0 [ AD4-0 | AD3-0 [ AD2-0 [ AD1-0 |
EOl | DT1 | DL1 | AD5-1 | AD4-1 [ AD3-1 [ AD2-1 | AD1-1 |
ARS [ DT | DL | AD5 | AD4 | AD3 | AD2 | AD1 |

ADDRESS 0/1 (6W)

The TLC is able to automatically detect two types of
addresses which are held in address registers 0 and 1. The
addressing modes are outlined below.

Address settings are made by writing into the address 0/1
register. The function of each bit is described below.

Address 0/1 Register Bit Selections -

ARS —Selects which address register, 0 or 1 AD5-AD1 —Device address value

DT —Permits or Prohibits address to be detected EOI —Holds the value of EOI line when data is
as Talk received

DL —Permits or Prohibits address to be detected
as Listen

Command Pass Through Register

COMMAND PASS
THROUGH (5R)

[cpt7 [ cpTe [ cPTs [ cPT4 [ cPT3 [ cPT2 [ cP1 [ CPTO |

The CPT register is used such that the CPU may read the

) s address, or parallel poll response.
DIO lines in the cases of undefined command, secondary

End of String Register

END OF
STRING (7W)

[ EC7 [ ECs | EC5 | EC4 | EC3 | EC2 | EC1 [ ECO |

This register holds either a 7- or 8-bit EOS message byte  Aux Mode Register A controls the specific use of this register.
used in the GPIB system to detect the end of a data block.

Auxiliary Mode Register

AUXILIARY
MODE (5W)

[ CNT2 [ CcNT1 [ CNTO [ com4 | coma | comz [ comt | como |
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This is a multipurpose register. A write to this register gen- BIT
erates one of the following operations according to the val- NAME FUNCTION
ues of the CNT bits. . Permit ibi i
0 | Prohibit ermits (prohibits) the setting of
CNT COM A, - the END bit by reception of the
210/4a3210 OPERATION 1| Permit | EOSmessage.
il Permits (prohibits) automatic
0 0 0|C.C,C,C,C,| 'Ssuesanauxiiary command ibit | transmission of END message
specified by C, to C,. A 0 | Prohibit simultaneously with the
The reference clock frequency is ° 1 Permit tr'ansmission o% EOS message
00 1]0FFF F| specifiedandT,, Te, T,, Ty are
determined as a result. 0 | 7bHEOS | Makes the 8 bits/7 bits of EOS
" - akes the 8 bits/7 bits o
011{USP,P,P, ;’\)Ao?lkfesgmgﬁ operation to the parallel Ac I T8bitEOs | register the valid EOS message.
1.0 0|AA A A A| faakeslio operationtothe aux Auxiliary B Register 1 0 1 B, B, B, B, B,
— n The Auxiliary B Register is much like the A Register in that
10 1|B,B;B,B, B, ?g?‘:g;i:'tgtf operation o the aux. it controls the special operating features of the device.
110/000EE (hga)“ﬁgzlvsvgf operationtothe aux. NAME FUNCTION
. Permits (prohibits) the detection
Auxiliary Commands 000 C, C; C, C, G, ) of undefined command. In other
0 1 Permit words, it permits (prohibits)
COM B, — ; )
0 Prohibit the setting of the CPT bit on
43210 ) ) reception of an undefined
00000 iepon — Immediate Execute pon— command.
Generate local pon ] Permits (prohibits) the
Message B 1 Permit transmission of the END
00010 crst — Chip Reset—Same as ' ol Prohibit message when in serial poll
00 d Extlernal II;l’(-isDet active state (SPAS).
011 rr — Release 1 T )
00100 trig — Trigger (high-speed) gé%gﬂ:f:gﬁéf tsr;rﬁgrfnission of
00101 rtl — Return to Local Message B, 0 T 2nd byte following data
. Generation low-speed) | transmission.
00110 seoi — Send EOl Message 1 { W"i—ﬁ. ed) Soedifies the active level of
00111 nvid — Non Valid (OSA reception)— B, spectiies ine active level o
: - Release DAC Holdoff 0 INT INT pin.
01111 vid — Valid (MSA reception, CPT, o )
DEC, DET)—Release DAC ) SRQS indicates the value of ist
Holdoff : ist = SRQS | level local message (the value of
0X001 sppf — Set/Reset Parallel Poll Flag B 1 g‘ggg’i"ﬁ' p"igtﬂig{s ignored).
10000 gts — Go To Standby 4 —0 list=0
SRQS = 0...ist = 0.
10001 tca — Take Control
Asynchronously i The value of the parallel poli flag
10010 tcs " — Take Control Synchronously 0 |stpz"P';’a[raa:;llel is taken as the ist local message.
11010 tcse — Take Control Synchronously
on End Auxiliary E Register 1 1 000 0 E, E,
10011 Itn — Listen This register controls the Data Acceptance Modes of the
11011 Itnc — Listen with Continuous TLC.
Mode .
11100 lun — Local Unlisten BIT = FUNCTION
11101 epp -— Execute Parallel Poll E - AC Holdoff by initiation of DCAS
1X110 sifc — Set/Reset IFC ° [0 | Disable | DACHoldoffbyinitiation o
1X111 sren — Set/Reset REN 1 | Enable A
10100 dsc — Disable System Contro! E, 0 | Disable DAG Holdoff by initiation of DTAS

Internal Counter 0 0 1 0 F; F, F, F,

The internal counter generates the state change prohibit
times (T,, Te, T+, T,) specified in the IEEE std 488-1978 with
reference to the clock frequency.

Auxiliary ARegister 1 0 0 A, A; A; A A,
Of the 5 bits that may be specified as part of its access word,

2 bits control the GPIB data receiving modes of the 7210
and 3 bits control how the EOS message is used.

A, A, DATA RECEIVING MODE
0 0 Normal Handshake Mode

0 1 RFD Holdoff on all Data Modes

1 0 RFD Holdoff on End Mode

1 1 Continuous Mode

"Parallel Poll Register

The Parallel Poll Register defines the parallel poll response
of the COM7210.

lof+1T1JuTlsTprJP.]P]

——

LSPECIFYING STATUS BIT
OUTPUT LINE (DI01 TO DI08)

SPECIFYING STATUS BIT
POLARITY

S = 1:IN PHASE

S = 0: REVERSE PHASE

{U = 1: NO RESPONSE TO PARALLEL POLL
U = 0: RESPONSE TO PARALLEL POLL
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rlm-l EIDECODER
X1 X2
A188
oref
10/M ﬁ\ -
RD -
8085 u
WR -—1 —
ALE - ||
RESET OUT ﬁ B
CLK - -
RST 7.5
Rz S 211 Rz
D O JFH IO O IR EEEEEE > )6:"5)30
,é;" > o|:vl§§w Silolnlft:‘%ﬁm 3 S §|o§|5§;
RST 6.5 fet——INT ] & m g & & IR
CcOoM7210 TIMER OUT s 8355 -
RST 5.5 La——DMAREQ DMAACK e "H" - 8155 PA7.0,PBy.g IOR[=e~
T/R34 PA7g PB7g PCrg

RESET IN ! @ U ] TT ! |
BUS TRANSCEIVERS II ﬂ SWITCHES DISPLAY

DEVICE CONTROL

a.d9<;>

MINIMUM 8085 SYSTEM
WITH COM7210




COM7210 MC3448AX4 GPIB

Di0g| DATAA BUS A |————DIOg
DI07 DATAB BUS B ————DIOy
BIo DATAC BUSC DIOg
b‘lb'g DATAD BUSD DIOg
SIRap PEAD T
DI04 DATAA BUSA DI04
Di03 DATAB BUSB DIO3
D10, DATAC BUSC DIoz
50, DATAD BUSD DI0y
S/RA.D PEA-D [
T/Ry r—{ »——{ e
T/Ra ‘E°'€§r' SD/:'?A A BUSA EOI
L] s/rg -
BAV DATAB BUSB DAV
S/R¢
NRFO DATAC BUSC NRFD
S/Rp
NDAC DATAD BUSD NDAC
PEA.D
T/Rz (CIC) _TD""T SIRA
E3:Te] DATAA BUSA SRQ
L JsiRg
ATN DATAB BUSB ATN
— S/R¢
REN DATAC BUSC REN
M S/Rp
134 DATAD BUSD IFC
PEA.D |
L e g

Note: In this example, high-speed data transfer cannot be made since the bus
transceiver is of the open collector type (Set B, = 0

biog Dg Bg|——")

107 D7 Byf—
bBiGg Dg Bg p———
510z Ds 85—
DI04 D4~ gn75160 B4

b10; D3 B3f—
D10, 02 By f—
D10y D4 S p—

T/R3 (PE) PE
TE .
COM7210  T/Rq g GPIB
TE
T/Ra (Cic) ———>—— bc

SRA SRQ

ATN ATN

EOI| EOl sN75161

DAV DAV o p—_—
NRFD{ NRFD I
NDAC NDAC N

IFC T

REN REN —

Note: In the case of low-speed data transfer (B, = 0), the T/R, pin can be used as a
TRIG output. The PE input of SN75160 should be cleared to “0."

MINIMUM 8085 SYSTEM
WITH COM7210 (CONT,)
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ELECTRICAL CHARACTERISTICS
MAXIMUM GUARANTEED RATINGS (T, = 25°C)

PARAMETER SYMBOL RATINGS UNIT
Supply Voltage Vee -05~+7.0 \
Input Voltage Vi -05~+7.0 \4
Output Voltage Vo -05~+7.0 \
Operating Temperature Topt 0~ +70 °C
Storage Temperature Toq —65~ +125 °C
DC CHARACTERISTICS (T, = 0to +70°C, V¢c = 5V = 10%)
LIMITS
PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS
Input Low Voltage Vi -0.5 +0.8 \
Input High Voltage Vi +2.0 Vee + 0.5 \
Low Level
Output Voltage Voo +0.45 -V loo = 2mMA
(4 mA: T/R1 Pin)
High Level
Output Voltage Vors +2.4 v low = —400 pA
(Except INT)
High Level +24 lon = —400 pA
utput Voltage Vorz v
(INT Pin) +3.5 low = —50 pA
Input Leakage
Current I -10 +10 pA Vi = 0V ~ Ve
Output Leakage
Current lov -10 +10 rA Vour = 0.45V ~ V¢
Supply Current lec +180 mA
CAPACITANCE (T, = 25°C, V.. = GND = 0V)
LIMITS
PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS
Input Capacitance Cuw 10 pF = 1MHz
Output Capacitance Cour 15 pF All Pins Except Pin Under Test Tied to
I/0 Capacitance Cio 20 pF AC Ground
CS,RS2~0 N
A K_
e tAR — tRA—»~]
! tRR
RD
, | -
tRV -1
tRD —p -.I tDE Ia—
D7~0 "/ /' N/ / High impedance 7/ /K vaid W/ High Impedance / /
tAD -
}——tAKD ——{
DMAACK _—\
—1tAKRQ
DMAREQ / }
TIMING DIAGRAM
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AC CHARACTERISTICS, (T, = 010 70°C, Ve = 5V ' 10%)

LIMITS UNIT
PARAMETER SYMBOL MIN MAX CONDITIONS
EOIL - DIO teon 250 ns PPSS - PPAS, ATN = True
EOlL—~T/R11 teors 155 ns PPSS — PPAS, ATN = True
EOIt - T/RIL teorie 200 ns PPAS - PPSS, ATN = False
ATN | - NDAC | [ 155 ns AIDS — ANRS, LIDS
ATNL - T/R1 L tarrs 155 ns TACS + SPAS - TADS, CIDS
ATNLl-T/R2) turr 200 ns TACS + SPAS — TADS, CIDS
DAV | - DMAREQ tovra 600 ns ACRS — ACDS, LACS
DAV | - NFRD ! tounar 350 ns ACRS — ACDS
DAV | - NDAC 1 tounon 650 ns ACRS — ACDS — AWNS
DAV 1 —~ NDAC | tovnos 350 ns AWNS — ANRS
DAV 1 - DRFD 1 tovme 350 ns AWNS - ANRS - ACRS
w5 NEER ANRS - ACRS
RD|—NRFDT o 500 ns LACS, D reg. selected
NDAC 1 - DMAREQ 1 tuono 400 ns | Si0S~ SWNS-SGNS,
NDAC 1 - DAV 1 tuooy 350 ns STRS —» SWNS — SGNS
T SGNS — SDYS, BO
WR - DIO twor 250 ns reg. selected
NRFD 1 - DAV | turo 350 ns SDYS - STRS, T, = True
B0 rog, selocied, RAD > T
WR * - DAV 830 reg. selected, = True
WR1-DAV! twoy Flame ns N: = fc = 8 MHz,
T, (High Speed)
TRIG
Pulse Width trmia 50 ns
— 85 ns RSO ~ RS2
Address Setup to RD tan 0 s TS
Address Hold from RD [N 0 ns
RD Pulse Width ton 170 ns
Data Delay from Address o 250 ns
Data Delay from RD | [ 150 ns
Qutput Float Delay from RD 1 tor 0 80 ns
RD Recovery Time tav 250 ns
Address Setup to WR taw 0 ns
Address Hold from WR ta 0 ns
WR Pulse Width tow 170 ns
Data Setup to WR tow 150 ns
Data Hold from WR [ 0 ns
WR Recovery Time tay 250 ns
DMAREQ | Delay from DMAACK taxao 130 ns
Data Delay from DMAACK taxo 200 ns
CS,RS2~0 L R
F— AW —=] . t— tWA —
' e tww ‘
WR :
Y ¥ R
. RV —
|t— tpy —— -.-two-—l
D7~0 D:

o

TIMING DIAGRAM
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~ STANDARD MICROSYSTEMS
CORPORATION

35Marcus 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 MICROSYSTEMIS COMN 8004
% JLPC FAMILY

Dual 32 Bit CRC SDLC Generator/Checker
CRC-32

FEATURES PIN CONFIGURATION
(] SDLC32bitCRC
0 COM 5025 USYNRT Companion MRA 1 20 Vee
[J Data Rate—2MHz typical CLKINA 2 19 EFLGRB
0 All Inputs and Outputs are TTL Compatible
(0 Single +5 Volt Supply CLKOUTA 3 18 EFLGB
0 COPLAMOS® N-Channel MOS Technology SERINA 4 17 MODEB

. SEROUTA 5 16 ENAB
GENERAL DESCRIPTION ENAA 6 15 SEROUTB
SMC'’s COM 8004 is a dual 32-bit CRC Generator/ MODEA 7 14 SERINB
Checker for use with SDLC protocols. Itisa
companion device to SMC's COM 5025 USYNRT. EFLGA 8 13 CLKOUTB
It operates at bit rates from DC t0 2.0 MHz from a
single+5v supply and is housed in a 20 lead x 0.3 EFLGRA 9 12 CLKINB
inch DIP. Allinputs and outputs are TTL compatible GND 10 11 MRB
with full noise immunity. .

PACKAGE: 20 D.LP.

The COM 8004 is comprised of two independent CKAGE: 20 pin

halves, and each half may be operated in the check
or generate mode. The polynominal used in

computations is: BLOCK DIAGRAM

X2 + X26 + X23 + X2 + X164+ X124 X114 X10+ X8+ X7+ X5+ FOR ONE-HALF OF THE COM 8004
Xt+ X2+ X +1.

The CRC register is initialized to all ones and the

result is inverted before being appended to the - $

message. The expected remainder is: ;
X314 X304 X26 4 X25 + X24 + X184+ X115+ X1+ X124+ X1 + X104 BIT SEROUT
X8+ X0+ X5+ X4+ X3+ X+1, SERIN FLAG/ABORT DET !

Each half has a nine-bit serial data shift register. : NON-SIG
Data moves on the positive edge of the clock, andall A
clocked inputs are designed for zero-hold-time MR —] H

(e.g. 7474). A “clock out” pin provides gated clocks CLK IN~—]

to the accompanying USYNRT (COM 5025). . Mgg;:j CONTROLLOGIC  [——— CLKOUT

In the generate mode, computation is initiated upon EFLGR —»] Ere

detection of a flag character in the serial bit stream.
CRC computation proceeds upon the serial data

until a second flag is detected. CLK OUT to the TYPICAL SYSTEM

SDLC transmitter is then halted, and the 32-bit CRC 150 SERIN L senour

is passed out; CLK OUT is then resumed, and the oM | e cour | oM

flag character is passed out. Nonsignificant zeros j+— CLKIN

are automatically stripped and stuffed, and shared ™

flags are supported. If the data between flagsis less T

than two full bytes, the CRC is discarded and the f EFLGA }

serial data stream remains unaltered. b as

In the check mode, computation is similarly SERIN com com
_initiated upon detection of a flag. Detection of a OLKIN RGP

second flag causes the conditional setting of the -

error flag. A separate reset pin is provided for the o ner'™  OR

error flag. No error is flagged on messages of less t =y

than two full bytes between flags. Detection of an Y N L L

abort character (7 consecutive ones) in either mode CLKIN——s1 8004 | T Py s

causes computation to be reset and a search foran

opening flag resumed. i
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DESCRIPTION OF PIN FUNCTIONS

PIN NO. NAME SYMBOL FUNCTION

1 MASTER RESET-A MRA MRA presets the CRC calculation in Section A of the COM 8004
to all ones and forces the “pipeline” (8 shift register bits and the
output flip-flop) to alogic “1” (Mark). The COM 8004 will only exit
the reset state when MRA has been released and all 8 bits of a
FLAG (01111110) have been received.

2 CLOCKINPUT-A CLKINA Baud Rate Clock for Section A.

3 CLOCK OUTPUT-A CKLOUTA Clock output from Section A. This is used to provide the clock for
the USYNRT. CLKOUTA will normally track CLKINA. Inthegenerate
mode, when the last flag bit has been shifted into the shift register
of the COM 8004, CLKOUTA will be held high until the CRC
check character has been sent out. After the last bit of the CRC
character is transmitted, CLKOUTA will resume tracking CLKINA.

4 SERIAL INPUT-A SERINA Serial input to the COM 8004 Section A. For transmission, SERINA
is connected to the transmitter serial output of the USYNRT.

For receiving, SERINA is connected to the received data output
of the modem.

5 SERIAL OUTPUT-A SERQUTA | Serial output from Section A of the COM 8004. For transmission,
SEROUTA is connected to the transmit data input of the modem. For
receiving, SEROUTA may be connected to the serial data input of
the USYNRT.

6 ENABLE-A ENAA When ENAA is low, section A of the COM 8004 will pass data from
SERINA to SEROUTA after a nine bit delay without alteration
and without checking or generating CRC. If ENAA is high, CRC
generation or checking will be enabled. ENAA is gated into the
COM 8004 by the rising edge of CLKINA.

7 MODE SELECT-A MODEA MODEA determines wheth