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'May be custom mask programmed
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(OMay be custom mask programmed




MMay be eustom mask progra.mmed ®Also available as CRT800RA, B, C-001 Katekans
CRT800RA, B, C-003,-018 B x 7 dot matrix

VIDEO ATTRIBUTES CONTROLLERS

. @izt

-| Alphsnumeric, wide
RT{ and thin graphics;,
-eursor.modes, doubla
helght/width, 12 bi

"shift register: -

V'I‘10® and VTRR0® registered trademarks of Digital Equipment Corp.



SECTION 1



M Microprocessor Products

IBM®, AT® and PS/2® are registered trademarks of the I
'VAX® is a registered trademark of the Digital Equipment Corporation.
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Description

1BM® Comipatibie Floppy Disk Controller

SMC CROSS REFERENCE GUIDE-STORAGE IC’S

Hi-Speed Floppy Disk Controller

Sony Microfloppy Disk Controller

CMOS Floppy Disk Controller

CMOS Sony Microfioppy Disk Controller

ESDI Disk Controller

8T-506 Winchester Disk Controller

ST-506 Winchester Disk Controller

ST-506 Winchester/Floppy Disk Controller

CMOS Floppy Disk Data Separator

Floppy Disk Data Separator

Floppy Disk Controller

Floppy Disk Controller

Floppy Disk Controlier

Floppy Disk Controller

Floppy Disk Controller

Floppy Disk Controller

Floppy Disk Controller

Floppy Disk Controller

ST-506 Winchester Disk Controller

ST-506 Winchester Disk Controller

ST-506 Winchester Disk Controller

ST-506 Winchester Disk Controller

NEC vgﬁ;}?a"l" Slemens Fujitsu
wPD765A/B —_ - —_
wPD765A-2 — — -

WPD7265 — — —
wPD72065/B —_ - —_
wPD72065 — - —_
wPD7262 — —_ —
wPD7261A —_ — —
wPD72618 — — —
wPD7260 —_ —_ —_
—_ FD9216/B — -—
—_ FD9216/B - -

—_ FD1791-02 SAB-1791 MB8876

—_ FD1793-02 SAB-1793 MB8877
— FD1795-02 SAB-1795 _
— FD1797-02 SAB-1797 —

— FD1791-02 SAB-1791 MB8876

_ FD1793-02 SAB-1793 MB8877
—_ FD1795-02 SAB-1795 —_
— FD1797-02 SAB-1797 —_
— WD1100-01 — —
— WD1100-12 _ _
—_ WD1100-03 —_ —_
— WD1100-05 — —_
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SMC CROSS REFERENGE

General
Instrument

Description AMI AMD Fairchild Harris intel

$6850* - F6850* AY 3-1013/15 HM6402* —_
. AY 3-1013/15 HMB403* -

UART (n-Channel)**

UART (n-Channel)**
UART (n-Channel)*
Octal UART
ASTRO

PCI

EPCI

USART

51602* — — — — —_

— —_ - AY2661 — -

— 8251 — — — 8251A

F3846"

Multi-Protoce "
56852 — F3856* —

USYNRT

F68488* 8291/92*

IEEE-488 9615488

IBM 3270
COAX I/F Circuit

LAN Controller

IBM Twinax
Interface Controller

Dual Baud Rate Gen.

AY5-8116/36

Single Baud Rate Gen.

AY5-8126

HD4702*
HD6405*

90 Key KB Encoder

AY 5-3600"

CMOS Microprocessor

CMOS RAM-I/O-Timer

CMOS ROM-I/O

CMOS Input/Output

Ethernet Controller

82586

Ethernet Serial Interface

82501

Ethernet Transceiver

82502

SMC CROSS REFERENCE

Description

CRT Controller

Character Generator
Display Controller

Graphics Controller

General
AMI AMD Fairchild Instrument Harris Intel
— — — — — 8275
— — — — — 82720

Video Processor and
Controller

Video Attributes Controller

Video Terminal Logic
Controller

*Functional equivalent.

**Most UART’S are interchangeable; consult the factory for detailed information on interchangeability.
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GUIDE-DATA COMMUNICATIONS

Solld
Texas Western
Motorola National NEC Signetics Sc?;?u't?ﬂc DEC instruments Digital
MC6850* NSC858* — — SCR1854" — TMS6011* TR1602
— — - — — — — TR1983"
- — . 2536* — — — TR1863
— — — — — 78808 — —
— INS1671 —_ — — — — uc1671
— INS2651 —_ 2651 — — —— —_
MC2661* — — 2661 b . — —
— INS8251 wPD8251A — - — — TR1983"
2652* 6852* _— 2652 SND5025 — — SD1933*
MC68B488* —_ wPD7210 — — — TMS9914* WD9914*
. DP8340/41* _ _ _ _ _ _
DP8344*
— — — — — — — WD2840"
. DP8344* — — — — —_ -—
_ _ _ _ _ _ . WD1941
WD1943/5
MC14411* MM307* — — — — — —_
— MM5740* — — - — TMS5001 —
— NSC800 —_ — — — — —_
— NSC810A - — - — — —
— NSC830 —_ — — — — —_
— NSC831 — — — — — —
GUIDE-DISPLAY PRODUCTS
Solid
Texas Western
Motorola National NEC Signetics Sc?;:‘t?f o DEC Instruments Digital
MC6845* DP8350* - — — - TMS9927/37 -
UPD7220 _ _ _ _
- - UPD7220A -
— — - SCN2674* — — — —
— — - SCN2675¢ — — — —
. NS455" — —_ — — - —
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Innovation in Microelectronic
Technology is the Key to Growth at
Standard Microsystem:s.

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

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

COPLAMOS® utilizes a self-aligned, field-doped, locally oxidized structure 1o
eliminate parasitic currents and shunt capacitance. This allows the fight
packing of circuitry essential for VLS|, yet with performance rivaling that of
bipolar technologies.

In addition, on-chip generation of substrate bias, also pioneered by Standard
Microsystems, when added 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.

Engineelng, marketing and sales prsonnel ocpy SMCe’s 50,000 square foot facility at
300 Kennedy Drive

This 43,000 square foot building Is the center of SMC®’s research and development and
wafer fabrication operations.
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These innovations in both process and circuit technology have received
widespread industry recognition. In fact, many of the world’s most prominent
semiconductor 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, Hitachi, Fujitsu, National Semiconductor, Mitsubishi Electric, NEC,
AT&T, Data General, Oki Electric, Gould/AMI, Sprague Electric, Toshiba, NCR
and Intel.

Over the past few years, scientists and engineers at Standard Microsystems
have been developing a technology to significantly reduce the sheet
resisfivity of the gate material used in MOS, dramatically decreasing internal
time constants in MOS devices.

This technology replaces the polycrystalline silicon normally used in
n-channel MOS devices with an alternate material, titanium disilicide. This has
enabled Standard Microsystems to become the first semiconductor
manufacturer to market and sell MOS/VLSI circuits which employ a metal
silicide fo replace the conventional doped polycrystalline silicon layer.

Standard Microsystems has continued its technological leadership with the
introduction of new products utilizing an advanced low-power, high-speed
two micron n-well CMOS process. With its 1.6 micron effective channel
lengths and its double layer metal option, this process is ideally suited for
standard products, standard cells and full custom designs. Another
processing option which incorporates analog capacitors on the device
allows for efficient, high-speed analog applications.

In CMOS circuitry, an obvious reliability concern is latch up. To avoid the
problem with the two micron n-well CMOS process, Standard Microsystems’
design, processing and quality engineers have worked together to create
layout and processing specifications which assure latch-up-free design in
accordance with the proposed JEDEC 7A specification.

State-of-the-art wafer stepper projects MOS/VLSI circuit patterns onto silicon wafers.
16



We've Established a Position as the
Industry Leader in Microperipherals
with a Steady String of Industry “Firsts’”

Standard Microsystems Corporation has made significant contributions in
addressing the challenges inherently associated with connectivity: “That is
the creation of a path from one computer system to another, so that
information can be meaningfully exchanged between those systems.”

In local area networking (LANs), SMC® was the first to introduce a single-chip
local area network controller. This device (the COM9026) implements the
ARCNET® LAN protocol, and is now a de facto standard. This early
infroduction has placed Standard Microsystems” ARCNET® products very
high on the price/performance curve. Over 500,000 ARCNET® nodes are
currently installed, giving this mature, reliable LAN close to a 50% market
share, Standard Microsystems continues to maintain its position as premier
supplier of ARCNET® LAN products. The revolutionary High Impedance
Transceiver (HIT™) infroduced in 1986, which enabled the implementation of a
new bus topology for ARCNET® , has achieved strong market acceptance.
But SMC® is far from resting on its laurels and is readying several new
products to further increase ARCNET® performance while reducing its cost.
These include: the COM9OC62 (which infegrates the COMQOC26 LAN
Controller and the COM9OC32 LAN Transceiver) and the ELANC
COM9OOC56 (Enhanced LAN controller that doubles the data bit rate and
offers, among other features, LAN Management and LAN Diagnostics).

As a result of the second source agreement recently signed with Intel Corp.,
SMC® will also be able to offer the chip set required to implement Ethernet™
Local Area Networks. The chip set will include the industry standard
COMB82586 LANC as well as the COM82C501 transceiver and the
COMB8B2C502 seridl interface chip. Standard Microsystems Corporation thus
becomes the only supplier of components for the two LAN

implementations with the largest installed market base.

iy
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o
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SMC® ‘s ARCNET® LAN supports a star topology, bus topology or combination of both.
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Standard Microsystems Corporation is also at the forefront of the micro-to-
mainframe connectivity in an IBM® environment, No matter which IBM®
mainframe connection is considered, the IBM® 3270 or IBM® System/3X,
SMC® interface devices are the most cost-effective design approach
available in the market. SMC® was first to introduce 3270 COAX and 5250
TWINAX interface devices. The COM9064 and COM52C50 are unique
single-chip solutions that enable PC, terminal and printer manufacturers to
provide communication links within the IBM® mainframe environment at
reasonable cost.

Standard Microsystems Corporation, known worldwide for many industry
firsts in the field of UARTSs, is continuing its fradition with the introduction of two
new products that will definitely change the design implementation of
asynchronous data communications, The COMBS8ICT17, the only 20-pin CMOS
UART in the market, has a size which is overshadowed only by ifs speed. The
COMBICT7 features a TOOK bits-per-second transfer rate-a far cry from the
usual 19.2 Kbits per second offered by most UARTs currently available.

However, it is our new family of multiple UARTs, designated COM78C8OX, that
will bring the asynchronous data communication market to new heights.
These VLSI devices, which integrate 2, 4 or 8 complete channel interfaces in
one chip, revolutionize the distribution of data communication.

In another areq, 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 SMC® o develop the CRT5O27 VTAC, the first CRT
controller to provide all of these functions on a single chip. A second
generation CRT controller, the CRT9OO7 VPAC was then introduced, and
became an industry standard when it was designed into the DEC V1220
terminal. The CRT9OO7 is the heart of a complete high performance CRT
controller family, which includes single, double and quad row buffers, and a

variety of video attribute controllers. Various elements of the VPAC family

SMC® ‘s chip and board-level products offer definite space, cost and performance
advantages in a wide range of applications.
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can be selected to provide the optimal video control solution from low-end
to high-end systems.

For lower cost designs, a family of single-chip solutions exists which integrates
the entire timing, video and attribute control functions on a single VLSI circuit,
Two of the devices in this family are the CRT9028/9128 VTLC and the
CRT9053/9153 EVTLC which are mask programmable and, by also including
the character generator on the chip, provide the lowest cost solution. The
latest edition to this single-chip family Is the CRT92CO7 ATLC (Advanced
Terminal Logic Controller) which is fully register programmable and supports
all the features of higher performance ferminals, including the abllity to
emulate the DEC VTIOO and VT220 environments, A complete terminal can
be buiilt using these devices with just the inclusion of a RAM and
MICroprocessor.

One of the most popular features appearing In PC and terminail display
interfaces Is the capability of windowing. This feature Is now supported by a
third generation CRT controller, the CRT97C11 VIEW (Video Engine for
Windows). This device Is capable of generating up to 127 hardware windows
onh scresen and provides the ability to pan images behind windows in real
fime. The overhead associated with the management of windows on-screen
is highly simplified when compared to software techniques.

Standard Microsystems Corporation has also spearheaded many
developments in the areas of disk confrollers and data separators for both
Winchester and floppy disks. SMC® offers more industry standard floppy disk
ICs than any other source. These include the FDC765A controller, the CMOS
FDC72C65 and the FDC9216, FDC9229 and FDC9239 series of data
separators.

Only SMC® offers the licensed industry standard FDC765A and a patented
high resolution digital data separator in a single IC, Called FDC9268, this
single chip offers designers of personal home computers the lowest cost
floppy disk controller possible.

Extracting the actual stored data and clock signals from the distorted and
jittery signal provided by a disk drive, has historically required a tfrade off
between data integrity and the need fo use additional off-chip analog
components which sometimes required production line adjustments.
However, SMC® ‘s advanced Digital Floppy Disk Data Separators with built-in
write precompensation (like the one in the FDC9268) assure reliable data
transfers to and from disk, even when reading and writing high density floppy
disk on different disk drives.

SMC® also offers the most advanced self-tuning Analog Floppy Disk Data
Separator for the ultimate in data infegrity. The FDC92C81 CMOS Dual Gain
Analog Floppy Disk Data Separator adjusts its gain automatically when
attempting to lock to data, guaranteeing both optimal bit shift folerance
and quick locking fo data. This results in the greatest tolerance to bit shift in
the industry for IBM® PC/AT® compatible environments. These advances in
data separator technology should come as no surprise from the company
that invented the present-day digital data separator.

IBM® compatible hard disk controllers can be designed at a very low cost
using SMC® ‘s HDC9234 Winchester Controller IC. Used with the HDC92C26
Hard Disk Data Separator and the HDC9223 VCO, the HDC9234 may be used
on the motherboard of an AT® or XT™ type personal computer or on a
separate controller card. Combined with the HDC9234, the FDC9268 Floppy
Disk Controller adids floppy disk and tape backup capability to the controller
card.

19
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For space-conscious designs requiring a single controller for both
Winchester and floppy disks, the HDC9224 is ideal. When used with the
HDC9227, which performs data separation on data from both Winchester
and floppy disks, and with the HDC9223 VCO, the HDC9224 provides a
fruly optimal multi-media controller for Winchester, floppy and tape drives.

An embedded SCSI (Small Computer System Interface) disk drive, that
sustains a continuous 20 M bits per second disk transfer rate

simultaneously across both the SCSI bus and the mediag, is possible when the
disk controller is SMC®’s MSD95C0O2 and the SCSI bus controlier is SMC®’s
MSDP5CQOO. Individual data busses for processor, disk, and SCSI

information adllow 5 Mbyte per second SCSI bus transfers to continue
uninferrupted by processor bus accesses. Zero latency reads, multiple sector
read look-ahead, fully programmable disk format and error correction on-
the-fly all contribute to saving disk revolutions and decreasing the disk
access fime. The MSD95CO2 handles GCR formatted tape as well, and can
also be used in non-SCSI applications.

SMC®’'s MSD95CQO2 VLSI Storage Controller is built from a set of highly
advanced dedicated SuperCells™. Each SuperCel™ performs a specidlized
function (e.g. DMA, Microsequencer, disk encoder/decoder, microprocessor
interface, or error correction). By modifying a particular SuperCell™, or by
substituting a user defined cell, it is possible to build a peripheral controller for
specidlized applications with minimum modification. This technique results in
an optimal solution for each application and offers the advantage of
allowing design engineers to build in special features necessary for product
differentiation,

Standard Microsystems’ long list of successes in the microperipheral area has,
in many cases, allowed us to satisfy specific customer requirements by
modifying our standard products offerings accordingly. As illustrated in our
modular design approach 1o the MSD95CQO2, SMC® has gone a step beyond
the Standard Cell by defining and building Standard Products made up of
SuperCells™. These SuperCells™, which are highly complex pieces of logic in
their own right, can provide the customer with a set of high level building
blocks which have been defined specifically for end-user applications.

SMC® ‘s CUSTOMATION™ standard cell library and ASIC development tools are compatible
with virtually all industry-standard workstations.
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These cells may be combined with other SuperCells™, or user defined logic,
resulting in fast turnaround, highly area efficient ASIC circuits. This approach
offers the customer system level tools to which he can relate., It is now
possible for Standard Microsystems Corporation to tailor our systems
expertise, acquired over years of designing and fabricating standard
microperipherals, to the customer’s specific needs to add that additional
measure of assurance that the best possible solution is attained.

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

With the phenomenal growth of the electronics industry, processing
innovations are critical. But, if the products are to perform as designed, they
also have to be reliable.

At Standard Microsystems Corporation, we make every effort o ensure the
highest degree of quality and reliability in our products. Consequently, “state-
of-the-art” applies not only to our products, but to the manufacturing
processes as well.

Self-aligned, fully ion-implanted, short channel NMOS, p-well CMOS and
n-well CMOS technologies require the most modern wafer fabrication
equipment and facilities. Consequently, Standard Microsystems has
continued to upgrade its wafer fabrication facility with the latest state-of-
the-art technologies. Requirements for better incoming raw material quality
control have necessitated the purchase of the latest KLA and Leitz
inspection systems. The correct tolerances are achieved with the use of Perkin
Elmer’s scanning projection printers, ASET's 5X reduction steppers, and Tegal's

Latest computer-controlled furnaces automatically regulate several diffusion and oxidation
processes simultaneously.
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plasma efching systems. Improvements in the clean room atmosphere of
Standard Microsystems Corporation’s wafer fabrication facility and in the
gas distribution system have been achieved,

SMC® ‘s commitment to excellence is further demonstrated in the use of the
iatest Sentry, Gen Rad and Megatest test equipment. Our components fests
are derived from extensive logic simulations which ensure maximum fault
coverage on each circuit. These simulations are run on our variety of in-
house workstations as well as our VAX 11/785 computer cluster system. This
service capability allows us to make full use of the fechnologies we develop.
We can produce any quantity of semiconductors customers require. What's
more, we can provide our customers with the fast delivery times that they
demand in foday’s increasingly competitive environment,

Throughout its history, Standard Microsystems Corporation has been at the
forefront In the design, development and manufacturing of highly complex
integrated circuits for the computer, microperipheral and data
communlcations flelds. Breakthrough technologies such as those previously
outlined have certainly contributed to our success, but even more important
is our ability to safisfy our customers,

Quiality is our bottom line and the responsibility of each and every employee
at SMC® . We are constantly striving to make sure that our products’
performance meets your highest expectations. Our unprecedented growth
over the last decade is proof that we're doing the job.

With five modern buildings on Long Island alone, including state-of-the-art
design, test and wafer fabrication facilities, we have the people, resources
and dedication to fill your design needs quickly, at competitive prices and
with the highest degree of reliability.

Design the name Standard Microsystems Corporation into your next project.
Our leading edge could provide just the competitive edge you need when
you take your product to market.

o
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nalysis Laboratory helps isolate smalll sec‘rlon;o ‘

elose urin SM®’ Seicl A
complex circuitry for investigation.

SMC®and COPLAMOS® are registered trademarks of Standard Microsystems Corporation.
ARCNET®is a registered trademark of the Darapoint Corporation,

1BM® and AT® are registered trademarks of the Internationat Business Machines Corporation.
XT™ is a trademark of the International Business Machines Corporation.

HIT™ and SuperCells'™ are trademarks of Standard Microsystems Corporation.

ETHERNET™ is a trademark of Xerox Corporation.
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Your Semicustom Design Partner.

When your need is ASIC (application specific
integrated circuit), the right semicustom partner
is extremely important. The success of your
company’s program is dependent upon
selecting the ASIC vendor who can give you the
service, technology, flexibility and stability that
you need.

Standard Microsystems is that company.

Standard Microsystems has been designing
and building custom and semicustom
integrated circuits for major corporations
worldwide since 1971. Circuits designed by
Standard Microsystems are used all over the
world: in computers and computer peripheral
equipment, data communications,
telecommunications, over-the-air and cable TV
systems, business machines, avionics and a wide
range of consumer products.

Our experience has taught us that success in
the ASIC marketplace demands a strong
orientation towards advanced technology and,
just as important, quick cost-effective response
to our customers’ special needs.

As a company committed to serving the ASIC
marketplace, Standard Microsystems has all of
the essential resources: a top-flight staff,
state-of-the-art CAD, CAE and manufacturing
equipment as well as fried and proven
procedures and software. We can help you

define and specify all of your ASIC needs, then
design, fabricate, package, and test the circuits
which your company requires.

Qur semicustom design system combines the
technological advantages of full custom with
rapid turnaround, low cost and virtually
guaranteed first-time success.

Our system, CUSTOMATION™ combines a large,
proven and versatile family of standard cells with
a powerful set of procedures and software that
we call STANSURE™.

Unlike gate array approaches, CUSTOMATION™
provides an optimized design with little waste,
and guaranteed performance. Yet
CUSTOMATION™ offers turnaround and ease of
design that rivals the best gate arrays. In
addition, CUSTOMATION™ combines digital and
analog building blocks with macrocells and
SuperCells™ for microprocessor, micro-peripheral
equipment, memory and other applications.

Standard Microsystems has been at the
forefront of semiconductor technology since our
inception. We pioneered the micro-peripheral
market with innovative standard products and
leading-edge custom products. We've also
developed and licensed many of the world’s
most advanced semiconductor process
technologies. CUSTOMATION™ epitomizes our
forward thinking and strong service orientation.
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The CUSTOMATION™
Design System.

SMC"’s Leading-edge ASIC
Technology and
Microperipheral SuperCelis™
Combine to Make Your
Competitive-edge Circuits.

With CUSTOMATION; you can invent
the semicustom circutts you need
without reinventing the wheel.
Everything Standard Microsystems has
learned in over a decade of
developing innovative standard
products and high-performance
ASICs is at your disposal.
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Your Place or Ours.

The real beauty of our system is that it puts you
in total control of your design. You work at your
own pace—at your own facility, if you wish—
verifying logic through simulation every step of
theway.

This hands-on involvement can help reduce
production costs, speed up turnaround and
virtually guarantee that first silicon is working
silicon.

Standard Microsystems will provide everything
you need to perform the entire design function,
including a furnkey workstation complete with
our cell library and “industry-standard” software,
formal classroom training on how to use the
CUSTOMATION™ design system and ongoing
technical support.

Once you are totally satisfied with your design,
we will then use your netlist database for
automatic placement and routing, carrying the
process through masks, wafers and prototypes.

O, if you prefer, we can do the full job,
handling everything for you from start to finish. At
your request, we can do the job at Standard
Microsystems’ Hauppauge design and
manufacturing facility or at any of our worldwide
network of design centers.



ATypical Design Sequence.

A CUSTOMATION™ design sequence typically
involves the use of a progression of software
design tools, with the output of one serving as
the input for the next. (See flow chart.)

Although the designer is constantly monitoring
this process, he is not actually “in line.” Therefore,
problems due to human error are almost
completely eliminated, virtually assuring
first-time success.

ATYPICAL DESIGN SEQUENCE

| System Congégﬁ_ion |

[ Chip Definition |

[ Logic Design and Simulation |

| Autg})'\djfic Layout |

[ Mask & Water Fabrication |

| Test & i’dckaging ]

[ Finished Product |

Process Technology You Can Count On.

The cormnerstones of the CUSTOMATION™
technologies are our production-proven 1.6, 2
and 3 micron, silicon-gate CMOS processes that
are compatible with the design rules of severail
other major semiconductor manufacturers.

A Library of Best-sellers.
There are hundreds of cells in the CUSTOMATION™
cell library, including a complete array of 74LS SSI
and MSl logic functions, and a large and
growing number of analog cells, macrocells and
SuperCells™ The design system stores the cell
layouts, logical models and performance
characteristics of each cell in its database.
Because most of our standard cells emulate
74LS logic functions, many of your design
engineers should aiready be familiar with them.
We are always prepared to develop new cells
to meet your specific requirements. For digital
applications this might include special counter
cells or special I/O buffers. Analog applications
often require customized cells for your parficular
requirements.

SuperCelis™:

UART Tool-Kit
UART Building Cell-Set

Manchester SuperCeli™
Encoder/Decoder

RTC SuperCell™
Reaol Time Clock

PC-KBRD SuperCell™
PC Keyboard Interface Controller

SCSl SuperCell™
SCSI Interface Controller

IBM® 5250 TWINAX
5250 Interface Controller

8250 SuperCell™
UART

8259 SuperCell™
Programmabile Interrupt Controller

8254 SuperCell™
Programmable Interval Timer

6845 SuperCell™
CRT Controlier

8237 SuperCell™
DMA Controller

TIMER SuperCell™
Master Timer

FDDS SuperCell™
Data Separator

65CX02 SuperCell™
65C02 Core Microprocessor

RAM SuperCell™
Modular RAM (512 bits/block)

ROM SuperCell™
Modular ROM (512 bits/block)

VCO SuperCell™
Voltage Controller Oscillator

555 SuperCell™
555 Timer

DTMF SuperCell™
DTMF Tone Generator

ATOD SuperCell™
8-Bit Analog to Digital Converter

24




You can feel totally confident about the Ongoing Technical Support.
performance of the CUSTOMATION™ cells, too. As a CUSTOMATION™ user, you'll receive

They are thoroughly characterized and have confinuing technical support from Standard
been used successfully in numerous Microsystems. Our applications engineers are
dpplications. Before a cell can be addedtoour  seasoned professionals who can provide prompt,
library, it is completely modeled, characterized,  expert assistance from our home office or

tested and “certified.” regional sales offices. One such applications

. Standard Microsystems is also dedicated fo engineer will be personally assigned to your
incorporating more micro-peripheral program to assist you with any problems that
SuperCelis™ into the library. These currently may arise during the actual course of
encompass such functions as ROMs, RAMs, UART  development.

“Tool-Set,” 8250, 8259 BRG, Manchester Standard Microsystems has a particularly
Encoder/Decoder, 555 RC Oscillator, Real time strong applications expertise in data

clock, DTMF encoder, RLL decoder, SCSI communications, video displays, disk controllers
interface, floppy disk digital data separator, and small computer peripherals. Over the course
counter/timer, and A to D converter. of our history, we've introduced a number of

breakthroughs in the CRT, floppy disk, hard disk
and data communications areas.,

CUSTOMATION™ CELL
LIBRARY PERFORMANCE Fast Turnaround.

Nowhere is the adage, “fime is money”, more
applicable than in semicustom design. The

Voltage: 3Vto 10V faster you develop your ASICs, the faster you can

Temperature: -55°C to + 125°C get your products to market. In today’s fast
Speed: DC to 50 MHZ paced, highly competitive electronics industry,
Process: 2u DLM & 3u SLM Lhnod'r fccllln mean the difference between success
CMOS SIGATE ST -
) With CUSTOMATION,™ we can usually supply

I/O:TTL & CMOS Compatible working prototypes within eight weeks of receipt
Fanout: Capacitive Loading of your signed-off netlist. Of course, design fime

Restricted Only and logic simulation is dependent on how fast
Delay: <1.1 NSEC Typical you work.

With an experienced designer using
CUSTOMATION,™ front-end design should take
approximately 12 weeks. (Both design and
In addition fo the customized layout of cells,  profotype development cycles are based on a

we've also helped pioneer the use of “soft- 3000-gate equivalent chip design.)
macrocells,” which are the implementation of
large logic blocks through the sfored ) Firm Pricing.
inferconnection of more basic “core cells, Standard Microsystems will calculate and
By using standardized core cells and "soff- commit to both a development cost and a
macrocells,” digital desngn_s presently fabricated production price for your CUSTOMATION™ chip
in one technology are easily portable fo based on your design specifications. So you will
next-generation processes. This means your know your exact production costs before you
design will never become dated or obsolete. undertake the design. Furthermore, you will never
Industry-standard Software. pay for computer time or any other “uncapped”
CUSTOMATION™ utilizes software that providesa  charge.
well-proven package of design aids which your Unit cost, of course, depends on a variety of
engineers will be comfortable using. If you wish,  factors: gate count, complexity of interconnect,
the entire package can be licensed through package cost and performance requirements. A
Standard Microsystems. CUSTOMATION™ design, however, aimost always
We think you'll find our software to be results in a smaller die size than a comparabie
comprehensive, easy to use and incredibly gate array design.
powerful. Netlists developed on any workstations Our cell library also includes RAM, ROM,
supported by Standard Microsystems can be Microprocessor, UART and many other
transported quickly and easily to any other. Logic  SuperCells,™ as well as analog functions that are
can also be simulated on any workstation. not available on gate arrays. This can lower

Our software is designed to virtually guarantee  prices when you get info volume production.
that your chip will work the first time, every time.  Your system will have fewer ICs compared to MSI,

We not only provide schematic capture, but gate array or microprocessor-based designs,
logic simulation, timing analysis and automatic  resulting in lower assembly costs, lower power
test program generation as well. consumption and enhanced reliability.
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WHY STANDARD CELL?
Standard Cell vs. Full Custom vs. Gate Array
Design Design UnitCost Min
Method NRE Cycle Ratio  Qiy/Yr
Gate
Array $9K-$20K 6-15Wks 120 0.5K-45K
Standard
Cell $12-825K 8-15Wks 1.00  5K-10K
Full
Custom  $80K-$125K 6-18 Mths  0.80 100K

Guaranteed Success.

With CUSTOMATION,™ you're virtually guaranteed
first-time success. We've designed our system for
outstanding accuracy with a number of
strategic checkpoints to find and eliminate
problems before your circuit is fabricated.

We also offer the following guarantee:
Standard Microsystems will bear the cost of any
design iteration that is required as a result of any
errorin cells, utilities and design tools comprising
the CUSTOMATION™ system.

TRAINING OUTLINE

DAY 1 OVERVIEW
Infroduction and Goals
Workstation Operating System
Workstation Familiarity
Workstation Laboratory

DAY 2 SCHEMATIC ENTRY
Cell Library
Schematic Entry
Design for Ease of Test
Schematic Entry Laboratory

DAY 3 SIMULATION
Stimulus File Generation
STANSURE™
Tester Considerations
Simulations Laboratory |

DAY 4 SIMULATION
Test Vector Extraction
Advanced Simulation Language
Fault Analysis
Simulation Laboratory Il
DAY 5 REVIEW

Review of Procedures
Review of Results

Comprehensive Training.
If you elect to design your own ICs, Standard
Microsystems can quickly teach you to create

cell-based circuits using CUSTOMATION™
whether you've had previous semicustom design
experience or not.

At our plant in suburioan New York,
conveniently located just 8 miles from Long
Island’s MacArthur Airport, we conduct classes
for all skill levels, tailoring our instruction to your
particular needs and experience level. We cover
all phases of design, and you'll work on an
actual CUSTOMATION™ workstation to get hands-
on expetrience and sharpen your design
technigue.

Your instructors are Standard Microsystems’
engineers who are not only experts in IC design,
buf have a wealth of experience working with
customers o meet their custom and peripheral
controller needs.

We'll also assign a staff engineer who will
personally oversee your progress and provide
valuable insights that will ensure your design
success. You'll complete our training session
poised, confident and ready to produce useable
designs utilizing CUSTOMATION.™

ATotal Commitment.

In addition to the many capabilities already
tfouched on, Standard Microsystems offers many
others that clearly indicate our technical
prowess and commitment to the custom/
semi-custom marketplace.

For example, we provide MIL-STD-883B
screening. We have the ability to test circuits up
to 40 MHz using our GenRad™ and Seniry®
festers.

We noft only offer the industry-standard
Dual-In-Line Package (DIP), but can provide
J-Leaded chip carriers (28 to 84 pins) in both
plastic and ceramic. We can also supply pin-grid
arrays for higher pin count requirements.

Standard Microsystems also has been actively
involved in the development of a frue “Silicon
Compiler” Most so-called compilers are actually
silicon “assemblers” which simply optimize the
layouts of existing designs. At Standard
Microsystems, however, we are using systems to
compile the actual circuit design, not just the
layout.

We input circuit requirements to our compiler
in the form of equations or algorithms which
reflect the actual logical and arithmetic
functions. The compiler then outputs a
completfely minimized circuit netlist using our
standard cell functions.

Outstanding Checks and Balances.

The heart of the CUSTOMATION™ design system,
STANSURE™ is a system of interrelated
procedures, programs and data files that
convert your input data info a working
integrated circuit. The STANSURE™ system is
designed to maximize the probability that all
circuits designed using the CUSTOMATION™ cell
library will be “first fime” successes.




STANSURE™ provides not only schematic capture,
but logic simulation, timing analysis, fault
coverage, automatic fest program generation
and automated breadboarding.

The STANSURE™ system of procedures consists of
the following elements:

STANNET™: the STANNET™ family of programs works
with the workstation based schematic capture
tools fo convert the resulting netlists info a
common database format and verifies the
results. Also included in the STANNET™ family are
the STANROM™ and STANRAM™ ROM and RAM
memory generators.

STANSIM™: provides logic simulation, interfaces
between the workstations and back annotation.

STANTIME™: timing verification programs
calculate and display the propagation delays
(rise and fall times) of each circuit element. The
STANTIME™ programs maty be run before and
after layout. They will also calculate the
cumulative propagation delays of each path on
the design.

STANCOMP™: provides the chip layout and
design rule checking functions. Further, it
provides the capability of checking the netlist
extracted from the layout with the logical netlist
to assure the correctness of the layout data.

STANWIRE™: produces a wirewrap breadboard
from the logical netlist of any circuit designed
using the 74LS family of CUSTOMATION™ cells,

STANTEST™: produces Sentry® or GenRad™
compatible test files from the simulation vectors.

The STANFAULT™ system of fault grading ensures
that your simulation will completely check the
logic. The fest program is then automatically
generated from the proven simulation files. This
ensures that your custom design will be
adequate for fomorrow’s demanding quality
standards.

A Complete Turnkey Workstation.

Standard Microsystems offers a complete set of
design fools, everything you need to develop
your circuit from start to finish without ever
leaving your facility. Our tools combine high
performance and user-friendly operation. What's
more, our standard cell library and circuit
development tools are currently compatible with
virtually all industry-standard workstations,
including the IBM® PC (no hardware
modification required with the VIEWIogic®
Workview™ software), Daisy™ Mentor Graphics™
Valid™ Logic, and VAX.® (Note: VAX® hardware is
supported through the use of IBM®
PC/compatible-based VIEWIogic™ graphic
front-end systems.)

If one of these workstations is not your preferred
model, check with Standard Microsystems. We
are constantly enhancing our software to
support other workstations and mainframes.

Each CUSTOMATION™ design system includes:

» Symbols and Schematics

For Sfandard Microsystems’ advanced

standard celi library.
» Circuit Simulation

Detailed and proven simulation models for

each supported workstation.
» Timing Analysis Packq?e )

A supplement to workstation capabllities

which performs detailed analysis of

propagation delays for each circuit path and
node throughout the design.
» Automated Test Program Extraction

Standard Microsystems’ software rapidly

compiles IC test program files based on

simulation data.
» Complete “How To” Documentation

Design and Simulation Instruction Manual

dedicated to your specific workstation.

If you like, we'll even install the CUSTOMATION™
cell library and software on your workstation, at
your facility.

The Right Company For the Job.

Standard Microsystems is the right sized
company for all of your ASIC needs. With five
modern buildings housing 250,000 sa. ft. on our
30-acre Long Island, NV. site, we have the
resources, including state-of-the-art wafer
fabrication, assembly, design and test, to bring
your program in on time, within budget and with
remarkable results.

Yet we aren’t too large. We can work with you
in the way that you desire, to provide the results
that you need.

Our 16 years of ASIC experience has taught us
that service, support and communications are
the keys to successful ASIC development. So, we
open a direct pipeline to you and keep it open
throughout the entire development and
production program.

We've established an environment that
stimulates creativity while encouraging
adherence to pragmatic objectives. Our
infensive research and development efforts have
resulted in over 30 patents, and a list of licensees
that is virtually a “who's who" of the
semiconductor industry.

We monitor each project very carefully. Strict
scheduling via program management and
frequent customer contact has become the
hallmark of our CUSTOMATION™ program.

Just as important, we have a frack record of
success. Numerous testimonials from satisfied
customers are proof of our ability to perform.
Quiite simply, we make no promises we can’t
keep. .

For more information or to get starfed with
CUSTOMATION™ call your necrest Standard
Microsystems regional office. Or contact
Standard Microsystems Corporation, Custom
Marketing Department, 35 Marcus Boulevard,
Hauppauge, NY 11788. (516) 273-3100.
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SMC” CUSTOMATION ™ STANDARD CELL LIBRARY

CELL NAME DESCRIPTION

CELL NAME DESCRIPTION

CELL NAME DESCRIPTION

E_? I\? orp. EyQ is a registered trademark of Schlumber;
STANNE' N S ANSIM' STANTIME™ , STANCOMP™, STANWIRE™
is a trademark of Vlewloglc Corp.

and SuperCell ™ are

of Standard Micr
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LOGIC GATE CELLS LATCH CELLS ANALOG CELLS
LS00 2-Input NAND Gate LS75 Dual Transparent Latch ANSW Analog Switch
Ls02 2-Input NOR Gate LS77 Dual Transparent Latch CBGX Current Bias Generators
LS04 Inverter 15100 Quad Transparent Laich Ds1216 Schmitt Trigger (1.2-1.6V)
LS08 2-Input AND Gate 15116 Quad Transparent Latch with Ds1218 Schmitt Trigger (1.2-1.8V)
Ls10 3-Input NAND Gate Clear DS1238 Schmitt Trigger (1.2-3.8V)
LSi1 3-Input AND Gate 15375 Dual Transparent Latch DS1323 Schmitt Trigger (1.3-2.3V,
) Fiout AND Gate i Sehmit Tiaser (1730
npu Schmitt Trigger
(535 43npul NOR Gale with Sirobe MULTIPLEXER/SELECTOR CELLS 052028 Schmitt Trigger (2.028V)
LS27 3-Input NOR Gate LS151 8:1 Multiplexer with Strobe DS2232 Schmitt Trigger (2.2-3.2V)
L328 2-input NOR Gate with Buffer L5152 8:1 Multiplexer, Inverting 0scP General Purpose Oscillator
LS30 8-Input NAND Gate 15153 4:] Multiplexer b POR Power On Reset
LS32 2-Input OR Gate i LS157 Quad 2:1 Multiplexer PORLC Low Current Power On Reset
LS37 2-Input NAND Gate with Buffer L5158 Quad 2:1 Multiplexer, Inverting VCM1 Voltage Reference (50uA)
LS40 4-Input NAND Gate with Buffer 15253 4:1 Multiplexer, 3-State Output VCM2 Voltage Reference (100uA)
LS51A év:/lde, 2-Input AND-OR-Invert 15352 4:1 Multiplexer, Inverting ggmap Volldgel I})cferenceo(ZOOUA) \
ale L8353 4:1 Multiplexer, 3-State, Invertin; General Purpose Operational
LS51B 2-Wide, 3-Input AND-OR-Invert MUX2TOI 2:1 Mulllgh xer Cell 8 Amplifier b
Gate COMPO5 High Speed Low Power
LS54 4-Wide, 2-Input & 3-Input Comparator
AND-OR-Invert Gate COUNTER CELLS COMPG General Purpose Comparator
LS55 é;’(e'de- 4-Input AND-OR-Invert LS163 4-Bit Synchronous Binary
LS64 4-2:3-2 Input AND-OR-Invert L3169 E%?:“S?mhmnow Binary PAD CELLS
Gate Up/Down Counter INPD Input PAD
1586 2-Input Exclusive OR (XOR) 10DPD48 éBmA Input/Open-Drain Output
Gate
g}gg }gr{npul mﬁg Gate " DECODER/ENCODER CELLS :853;215 %mﬁ ISPlIl"/’ Oth‘anr:%l AIBO PAD
-[nput Gate wil 3 or wil A Inpul7Outpul
.~ Siate Output Lo 318 Docoder with Enable I0PD4S 4mA Split P-Channel /0 PAD
LS260 5-Input NOR Gate 15148 83 Priorily Encoder 10PD8 8mA Input/Output PAD
L5266 2-Input Exclusive NOR (XNOR) " I0PD16 16mA /O Pad
Gate {PoDA ot PAD s 400uA pull
nput with uA Pullup
COMPARATOR CF‘LL, < ~ 1PPD8 Input PAD with 800uA Pullup
1585 4-Bit Magnitude Comparator ODPD4 4mA 5V Open-Drain Output PAD
ODPD8 8mA 5V Open-Drain Output PAD
BUFFER CELLS . ARITHMETIC OPERATOR CELL ODPDIG 16mA 5V Spen-Drain Ourpin
LS125 Non-Inverting 3-State Buifer - Pad
15126 Non-Inverling 3-State Buffer L583 4.Bit F"": Adder 0DPD48 48mA 5V Open-Drain Output
L5240 Inverting 3-State Buffer LSZSg 4 B"A!::I‘.g Adder Pad
15242 Inverting Transceiver LS18 Full Adder ONPDA4 4mA 7V Open-Drain Output PAD
ggﬁ mon-}nvening él'rgmsceﬂnvel}' ONII;I‘)S gmA 6V Open-Drain Output PAD
lon-Inverting 3-State Buffer OP| mA Qutput PAD
15245 Octal Non-Inverting Transceiver PARITY GENERATOR CELL OPD8 8mA Ouu':ul PAD
LS265A 1-input, Dual Complimentary Ls180 9-Bit Odd/Even Parily Checker OPDI6 16mA Output Pad
Output Gate 0OPD24 24mA Output Pad
LS265B 2:-Input AND Gate GATE CELLS 0PPD4 4mA 3-State Output PAD
w/Complimentary Dual Output OPPD8 8mA 3-State Output PAD
L5365 Hex Non-Inverting 3-State Buffer AND3 8 Input AND Gate PU30 P-Channel Pullup
15366 Hex Inverting 3-State Buffer AOI211 2-1-1 AND OR-Invert PD30 N-Channel Pulldown
15367 Qu'a'd Non-Inverting 3-State Qg:g% % f ﬁmggg:merl
Buffer 3- -OR:Invert w,
L5368 Quad Inverting 3-Stale Buffer EXNOR Exclusive NOR Gate SUPERCELLS™;
EXOR Exclusive OR Gale UART Tool-Kit UART Building Cell-Set
HBUF High Drive Buffer. Manchester Encoder/Decoder
}'*WIESEL ﬁrgc High Dn\éc ﬁuﬂer R/I_SC\JISNYC@EI“'" Real Time Clock
ledium Drive Buffer uperCell™ eal Time Clocl
SHIFT REGISTER CELLS INBUF Input Buffer PC—KBR% PC Keyboard Interface
1595 4-Bit Parallel 170, Serial Input INV Inverter SuperCel]™ Controller
Left/Right SR INV3/OUTINY  High Drive INV/Output Buffer SCSt SuperCell™  SCSl Interface Controller
LS164 8-Bit Parallel Output, Serial OUTINVL Large Inverting High Drive TWINAX 5250 Interface Controller
Input SR Output Bulfer SuperCeli™
w/Clear I0OBUF nput/Output Bulfer 8250 SuperCell™  UART
LS166 8-Bit Parallel/Serial Input, 10BUFL Large /0 Buffer 8259 SuperCell™  Prog. Interrupt Controller
Serial Output SR Clear DLYCEL Delay Cell 8254 SuperCell™  Programmable Interval
L5178 4-Bit Universal Shift Register NAN2 2 [nput NAND Gate Timer
LS179 4-Bit Universal SR with Async NAN3 3 Input NAND Gate 6845 SuperCell™  CRT Controller
Clear NAN4 4 Input NAND Gate 8237 SuperCell™  DMA Controller
LS194 4-Bit Bidirectional Universal SR NANS5 5 Input NAND Gate TIMER SuperCell™  Master Timer
w/Clear NOR2 2 Input NOR Gate FDDS SuperCell™  Data Separator
LS195 4-Bil Paralle! Input/Output SR NOR3 3 Input NOR Gate 65CX02 65C02 Core
wiClear NOR4 4 Input NOR Gate SuperCell™ Microprocessor
LS198 8-Bit Bidirectional Universal SR OR8 8 Input OR Gate RAM SuperCell™  Modular RAM (512
wiClear OAI22 2-2 OR-AND-Invert bits/block)
15295 4-Bit Universal Shift Register OAI3I 3-1 OR-AND-Invert ROM SuperCell™  Modular ROM (512
L5395 4-Bit Universal SR w/Async, INVT Inverting 3-Stale Driver bits/block)
Clear, 3-State Outputs TBUF Non-Inverting 3-State Driver VCO SuperCell™ V;J’llal e Controlled
Oscillator
555 SuperCell™ 555 Timer
LATCH & FLIP-FLOP CELLS DTMF SuperCeI]”' DTMF Tone Generator
CCND Cross Coupled NAND Lalch ATOD SuperCell™  8-Bit Analog to Digital
FLIP-FLOP CELLS CCNR Cross Coupled NOR Latch Converter
1573 J-K Flip Flop with Clear DFF D Flip Flop
LS74A D Flip Flop with Set & Reset DFFR D Flip Flop with Reset
LS76A JK Flip Fl ?{;}\BS IJ))EIII‘JI) Flglp w/Set & Reset
L5174 Hex D Fllp Flop with Direct ip Flop
L5175 d D Flip-Fl ith Direct a%:BUF }ra;:;?::\]()?: 'Il:raalﬁzparenl Latch STANDARD MICROSYSTEMS
ua i op wil irect - e S AtC
8| priop LATR Transparent Lalch with Resel CORPORATION
15374 OCIdl D Flip-Flop with 3-State SRBN Shift Register
Ou . ubC Up/Down Counter
LS377 Oclal D Flip-Flop PCL2 Two Phase Clock 15 Marcus Boulevard. Hauppauge. NY 1178 (31612733100
IBM® is a Business M Corp., VIEWlogic™ is a registered trademark of Viewlogic Corp., DAISY™ is a registered trademark of Daisy Systems
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STANDARD MICROSYSTEMS

CORPORATION E

Quality Assurance
and Quality Control

Volume manufacturing of quality products requires a
rigorous commitment by Standard Microsystems and all
of its employees. Each phase of the operation from
design to shipping must conform to documented
procedures which have created a product of proven
reliability.

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

Manufacturing is monitored by Quality Control. They
insure that parameters meet specifications on incoming
material, within the line and at outgoing inspection. They
are responsible for monitoring clean room standards and
work methods.

The Quality Assurance Department is the customer
representative. They have the primary responsibility of
insuring that products meet current industry standards.
They also evaluate developmental processes and
products, and perform equipment calibration.

The following is a more detailed description of how SMC®
is organized to produce quality products.

1.0 Scope

The measures taken by SMC® to produce reliable
integfrated 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: documentation, package options,
screening, testand characterization, quality monitoring,
reliability assessments, and record keeping.

3.0 Applicable Documentation

SMC® internal specifications define every phase of
manufacturing from product development through
production and must be approved by the designated
representatives of Engineering, Manufacturing, Pro-
cessing, Quality Control and Quality Assurance
departments.

3.1 Design Rules

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

3.1.2 Electrical design rules define performance
criteria, measurement methods, device parameters, and
process parameters.

3.2 Procurement Specifications

All critical material is purchased to SMC® specifications
from qualified vendors.

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

3.4 Quality Control Procedures

QC procedures define the sampling techniques,
acgept/reject criteria and test methods used in quality
audits.
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3.5 AQuality Assurance Procedures

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

3.6 Military Standards and Specifications
Where applicable, SMC® specifications are based on the
following Military Standards:

MIL-C-45662
MIL-1-45208

MIL-M-38510
MIL-M-55565

Calibration System Requirements
Inspection System Requirements
General Specification for Microcircuits
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
MIL-Q-9858  Quality System Requirements

4.0 Package Options, Features

4.1 Ceramic

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

4.2 Cerdip

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

4.3 Plastic

The plastics used are SMC® approved low stress, low
mobile ion compounds. SMC® offers Plastic Dual Inline
(PDIP), Small Outline Integrated Circuit (SOIC), and
Plastic Leaded Chip Carrier (PLCC) Packages.
9
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5.0 Screening Options

5.1 High-Reliability Screening

The routing is as defined in MIL-STD-883 Method 5004
for Class B product. Periodic Quality Conformance data
(para. 9.2) is taken on generically similar parts. A sample
flow chart for high-reliability ceramic product is given at
the end of this section.

51.1 Internal Visual

Both die visual and preseal visual inspections are to the
criteria of Method 2010, Condition B of MIL-STD-883. An
AQL audit is performed on each lot by Quality Control.

51.2 Stabilization Bake
All parts are given the stabilization bake according to
Method 1008, Condition C of MIL-STD-883.

51.3 Temperature Cycling
All parts are subjected to 10 cycles of -65°C to + 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
orientation per Method 2001, Condition E.

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

5.1.6 Pre Burn-in Electrical Test.
Ordinarily this is the same as final electrical test.

5.1.7 Burn-in

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

5.1.8 Final Electrical Test
Verifies functional and parametric performance to the
device specifications.

5.1.9 Final Visual Inspection
All parts are inspected to Method 2009 of MIL-STD-883.

5.2 Standard Screening

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

5.2.1 Standard Die and Preseal Visual Inspections
88-3;, AC-08,AD-98, AD-90, AP-98, AP-92,QC-32,

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

5.22 Temperature Cycling (AC-15, AD-86)
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-85)
Constant Acceleration is performed to the MIL-STD-
883, equivalent of Method 2001, Condition E, 30,000 g in
the Y1 orientation.

524 Hermeticity (AC-11, AD-84)

This screen includes fine and gross leak testing to SMC®
qui\éalent of MIL-STD-883 Method 1014 Conditions A
and C.

5.2.5 Final Electrical Test )
This test verifies functional and parametric performance
to the device specifications.
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5.3 Custom Screening

Certain applications require special screening which can
be arranged upon request.

6.0 Electrical Test

Test areas for wafer probe and final test are equipped with
temperature, humidity and air-ionization control for ESD
protection and test repeatability.

6.1 Probe and Final Test

SMC® test programs are developed by Test Engineering
and verified by device characterization. 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®, and
GenRad™ test systems.

6.3 Product Engineering

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

7.0 Purchased Material

Manufacturing materials are purchased from quaiified
vendors to SMC® procurement specifications.

8.0 Quality Control

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

8.1 Incoming Inspection

Inspectors verify critical parameters on alt material used
in manufacturing. The department maintains an
a%)roved vendor list and interfaces directly with vendor
QC departments.

8.2 In-process Audits

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

8.3 Outgoing Audit

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

8.4 Document Control

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

8.5 Returned Material Processing

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

8.6 Certificates of Compliance

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

9.0 Quality Assurance

The Quality Assurance Department is the customer’s
representative and is independent of the product line and
manufacturing organizations. Quality Assurance is
responsible for reliability assessment of new and existing
processes, material analysis, failure analysis, calibration
and development of evaluation methods.



9.1 Process Qualification

All new processes and process revisions must equal or
exceed the reliabillg 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
provides 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 Analytical Capabilities include:
Complete functional and parametric test
Radiography

Decapsulation of ceramic cerdip and plastic packages
Chemical and plasma layer removal

High power optical inspection

Infrared and thermal imaging

Liquid crystal analysis

Laser circuit isolation

Multipoint probing

Precision cross-sectioning

Scanning electron microscope (SEM)

Energy dispersive X-ray (EDX)

Voltage contrast and specimen current imaging
Fast-fourier transform infrared (FTIR)

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

9.3.3 Failure Analysis is performed upon request by
sales, marketing or manufacturing organizations and is
also performed on reliability test failures. The analysis

SMC® is a registered trademark of Standard Microsystems Corporation.

Sentry® is a registered trademark of Schiumberger, Limited.

ACCUTEST® is a registered trademark of General Aircraft Corporation.
is a tri of Megatest Corporation.

GenRad™ is a trademark of GenRad, Incorporated.

activity supports 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
engineering development. This characterization is
performed on in-house facilities. Independent outside
analytical laboratories are used if and when required.

9.4 Calibration

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

10.0 Manufacturing 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 measurements
and inspection records.

10.2 Wafer Lot Acceptance (Mapping)

Device parameters are recorded using a high-speed
Accutest® 3600 system. Further evaluation is performed
using an HP 4145A semiconductor parametric analyzer.

10.3 Wafer Probe and Final Test Data

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

10.4 Assembly Records

Inspection results and screening throughput are
recorded with date and sign-off for each lot.

DATE CODE INTERPRETATION

A 88
optional traceability index — =
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TABLE 1—QA-01 QUALITY CONFORMANCE
ROUTINE MONITOR (REFERENCE MIL-STD-883, METHOD 5005, GROUP B)

parameters

applicable device
specification

SMC® Test MIL-STD-883 acceprt no. or Frequency
Test Method Method Condition LTPD Package Type
Subgroup 1
Physical dimensions 2016 2 devices every package
{no failures) lot
| Subgroup 2
Resistance to solvents QC-21 2015 Marking Permanence 4 devices every
shipment
Subgroup 3. Soldering t \ f
Solderability QC-15 2003 (N9 ormperalure 0 10 every
245°C£5°C shipment
Subgroup 4 , . .
tnternal Qc-33 2014 ggguggncg;ﬁgggggom design 1 device every
\raseljc%laangal requirements of applicable (no failures) shipment
i procurement document
Subgroup 5
Bond strength 2011 15
(1) Thermosonic QC-31 1) Test condition C or D every
(2) Ultrasonic or wedge 2) Test condition C or D shipment
Die shear strength QC-35 2019
Subgroup 6
Internal 1018 5,000 ppm maximum water 3 devices periodic
water-vapor content at 100°C (no failures) or conformance
content 5 devices all hermetic '
(1 failure)
Subgroup 7
Seal AC-11 1014 As applicable 5 every
(a) Fine shipment
(b) Gross all hermetic '
Subgroup 8
Electrical parameters Group A, subgroup 1 15 new device
Electrostatic discharge QA-11 3015 (no failures) types
sensitivity
Electrical parameters Group A, subgroup 1
DIE RELATED TESTS (REFERENCE MIL-STD-883, METHOD 5005, GROUP C)
SMC® Test MIL-STD-883 acceq_t no. or Package
Test Method Method Condition LTPD Type
Subgroup 1
Steady state life test QA-02 1005 Test condition to be 5 all
specified (typically
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, 10 cycles 15
Constant acceleration AC-16 2001 Test condition E min. all hermetic
Y4, 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
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PACKAGE RELATED (REFERENCE MIL-STD-883, METHOD 5005, GROUP D)

parameters

SMCe MIL-STD-883 accept no. or Package
Test Method Method Condition LQ'PD Type
Subgroup 1
Physical dimensions 2016 15 all |
Subgroup 2
Lead integrity QC-19 2004 Test condition B2 (lead 15 all
fatigue)
Seal AC-11 1014 As applicable
(a) Fine all hermetic’
(b) Gross !
Lid torque 2024 As applicable cerdip only
Subgroup 3
Thermal shock 1011 Test condition B, 15 cycles 15 2
Temperature cycling AC-15 1010 Teslt condition C, 100 all 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
Vibration, variable 2007 Test condition A minimum all hermetic
frequency
Constant acceleration AC-16 2001 Test condition E minimum,
Y. orientation only
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
Seal AC-11 1014 As applicable all hermetic'?
a) Fine
b) Gross
Visual examination Per visual criteria of
Method 1009
Subgroup 6
Internal water-vapor 1018 5,000 ppm maximum water 3 devices
content content at 100°C (no failures) all hermetic’
or 5 devices
(1 failure)
Subgroup 7
Adhesion of lead finish 2025 15 all
Subgroup 8_
Lid Torque 2024 5 devices
{no failures) cerdip |
Subgroup 9
Humid Environment QA-04 1000 hours 85°C/85% 15 plastic
Relative Humidity
End~point electrical Final test
parameters
Subgroup 10
Autoclave (Pressure QA-05 96 hours at 2 atm, 121°C 5 plastic
Cooker)
End-point electrical Final test
parameters
Subgroup 11
Temperature Cycling AC-15 1010 Test Condition C, 15 plastic
100 cycles
End-point electrical Final test

! Hermetic packages include ceramic and cerdip. )
Packages having gold plating thicknesses of 200 microinches oré%ss are not required to pass subgroups 3 and 5.

SECTION I



PACKAGE ASSEMBLY FLOW DIAGRAMS

PLASTIC (NOTE 1) CERDIP (NOTE 1)

[ WAFER LOT ACCEPTANCE ] [ WAFER LOT ACCEPTANCE ]

[ WAFEFI! PROBE ] [ WAFER PROBE |

[ AP-99 SAW/FRiACTURE PLATE ] [ AD-99 SAW/FHA(I)TUF\EIDIE PLATE ]
AP-97 LEAD FRAME INSPEGTION ] — AD-97 LEAD FRAME INSPECTION |
[ AP-98 SECOND OPTICAL DIE VISUAL | R AD-36 BASE/CAP INSPECTION |

Sa— —
AP79 DIE ATTACH ] |_' AP-96 DIE ATTACH l | AD-98 SECOND OPTICAL DIE VISUAL |

[
[ AD-95 LEAD FRAME ATTACH

AP-95 DIE SHEAR TEST ] T
{ AD-94 DIE ATTACH ]
[ AP-94 GOLT Witz GOND/ o]
- AD-93 DIE SHEAR TEST ]
AP-93 WIRE FULL TEST 1

[ AD-92 ALUMINUM WIRE BOND ]

[ _AP-92 THIRD OPTICAL PRE-SEAL VISUAL |
AP-91 MOLD COMPOUND INSPECTION |

AD-91 WIRE PULL TEST ]

AD-90 THIRD OPTICAL PRE-SEAL VISUAL |

[ AP-QOIMOLD ] [

| AP-87 BAOKI-S|DE MARK ] L AD"Bg, SEAL I

[ AP-90 POST MOLD CURE ] 1 AD-67 MARK |
I

[ AD-86 TEMP CYCLE TEST ]

[ AP-89 TRIM/FORM | T
[ AP85 SOLDER DIFSOLDER PLATE l AD-85 CONSTANT AKCCELERATION TEST
I AD-84 HERMETICITY TEST
[ AP-87| MARK | : I I[
AD-88 TIN/SOLDER PLATE
[ OPEN/SHlC)RT TEST ] T
[ AP-86 EXTERNAL VISUAL 1 L AD'83| TRIM l
L1 P01 INCOMING INSPECTION ] L ADS82 EXTERNAL VISUAL 1
QG 21 MARKING PERMANENCE | b Pl-01 INCOMING INSPECTION ]
| FNAELEGTRIGALTEST ] 1 QC-15 SOLDERABILITY AUDIT ]
| PACK ] i QC-21 MARKING PERMANENCE |
I
[ PI-02 OUTGOING INSPECTION ] l FINAL ELECTH'CAL TEST I
PACK
— QC-22 QUALITY CONTROL AUDIT | l ¢ J
[ SHip | — QC-22 QUALITY CONTROL AUDIT
[ SHIP ]

Note 1—Plastic and cerdip assembly is sub-contracted
Assembly operations are controlled by SMC®
approved sub-contractor specifications.
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PACKAGE ASSEMBLY FLOW DIAGRAMS

CERAMIC
[ WAFER LOT ACCEPTANCE |

I
[ WAFER PROBE |

AC-01 WAFER LOT I

VISUAL AUDIT

( AC-14 SAW J
|

| AC-02 BREAK |
|

| AC-03 DIE PLATE ]
I

[ AC-04 STD DIE VISUAL |
[

[ acazpieNsPecTION AUDIT ]

| |

|
AC-05 DIE ATTACH

— QC-35 DIE SHEAR AUDIT |

i
| Ac-06-AL WIRE BOND || AC-07-AlEVIHE BOND |
| I 1

— QC-31 BOND STRENGTH AUDIT |

[ AC08PRE-SEALVISUALINSP |
I

| QC-33 PRE-SEAL AUDIT ]
I

L Il

AC-09 SEAL
i AC-10 MARK |

I QC-21 MARK PERM AUDIT |

["AC-15 TEMP CYGLE —65/+ 150°C 10CY |
[ Ac-16consT ACICEL Y¥1-30,000 G
[ AC-11 HEFI!METICITY
|
l
|
|

|

. |
AC-12 TRIM ]
|

|

|

I
FINAL TEST
[
PACK
I
PI-02 OUTGOING INSPECTION

—{ QC-22 QUALITY CONTROL AUDIT

| SHIP ]
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HI REL AVAILABLE

ON ALL HERMETIC PACKAGES

WAFER LOT ACCEPTANCE

]

l

WAFER PROBE

__I AC-01 WAFER LOT

=z
=)
fomy
[~
ud
w

VISUAL AUDIT
| AC-14 SAW |
I
[ AC-02 BREAK 1

AC-03 DIE PLATE

AC-18 HI REL VISUAL

METHOD 2010 COND. B
L

QC DIE VISUAL AUDIT
METHOD 2010 COND. B

AC-05 DIE ATTACH

METHOD 2019
DIE SHEAR STRENGTH

[ Ac-06-AL V:IIRE BOND | [AC-07-AU VIVIRE BOND)|
T T

METHOD 2011 BOND STRENGTH

I

I

AC-18 Hi REL VISUAL

METHOD 2010 COND. B
I

PRE-SEAL VISUAL AUDIT
METHOD 2010 COND. B

AC-09 SEAL

AC-10 MARK

— QC-21 MARK PE

AM AUDIT |

METHOD 1008 STABILIZATION BAKE

METHOD 1010 COND. C
TEMP CYCLE

|

METHOD 2001 COND. E
CONSTANT ACCELERATON

I

-‘METHOD 1014 SEAL
(HERMETICITY)

|

AC-12 TRIM

|

METHOD 20
PHYSICAL DIM

2016
ENSIONS

PRE-BURN-IN TEST

T

METHOD 1015 BURN-IN

1
FINAL TEST

PACK

l
|
|

L

METHOD 2009
EXTERNAL VISUAL

=

PI-02 OUTGOING INSPECTION

—' QUALITY CONTROL AUDIT

SHIP
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STANDARD MICROSYSTEMS

CORPORATION
J

COM 1553A

JLPC FAMILY

MIL-STD-1553A “SMART*”

FEATURES

[0 Support of MIL-STD-1553A

[J Operates as a: Remote Terminal Responding
Bus Controller Initiating

[ Performs Parallel to Serial Conversion when
Transmitting

[J Performs Serial to Parallel Conversion when
Receiving

[J Compatible with HD-15531 Manchester Encoder/
Decoder

O All Inputs and Outputs are TTL Compatible

[ Single +5 Volt Supply

[0 COPLAMOS® N Channel MOS Technology

[J Available in PC Board Form from Grumman
Aerospace Corporation

PIN CONFIGURATION

A\
0" MSG FLG 1 d 1 40GND
0" WRDFLG 2 (] M 39BDCST
IVWF 3 C :] 38Vcce
DTAAVL 4 [ O 37 AD1
RCVINT 5 (] 11 36AD2
TXINT 6 (] [0 s5AD3
CMDSYN 7 (] ] 34AD4
DTASYN 8 [] [1 33ADs
RCVNRZ 9 [ 0 32RDE
swe1o [ 0 3107
POR 11 (] (1 3006
A2 [] 2905
RCV CLK 13 ] 28 D4
vwi1d [ J 2703
SEND DATA 15 [ ] 26D2
DTARQST 16 [ 7 2501
MsGcompLT 17 (O [ 2400
TXENA1E (] [] 23 TOE
Txcik 19 I 22 TXMODE
xMiTNRz20 (] 0 218C
PACKAGE: 40-pin D.1.P.

GENERAL DESCRIPTION

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

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

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

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

word, and formats it into two parallel (8 bit) bytes for
presentation to the 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 1/O 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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For additional information, consult your 1986 SMC catalog or contact our product marketing department at (516) 273-3100.

AN CROSYSTE! Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor
ST DARD MI MS %gplications: consequently complete information sufficient for construction purposes is not necessarily given.

CORPORATION e information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
35 vams B Hawsae Ny 08 @SSUMed for inaccuracies. Furthermore, such information does not convey to the gurchaser of the
om0 xsw e 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

COM1553B

CORPORATIONF___—— \LPC FAMILY
PRELIMINARY
(11 77
MIL-STD-1553B “SMART®
FEATURES PIN CONFIGURATION
[J Support of MIL-STD-1553B
[ Operates as both Remote
Terminal and Bus Controlier
[ Manchester |l Serial Biphase -
Input/Output 8 % o [ D9 1 E D40 D8
: H <1n'DIE Qo= D10 2 39 GND
o ggmbg;\{lilbcllgprocessor ESEig8s8 '8 581z o1t 8 %aa MANOUT
[] Command/Data Sync S ﬁs 38 37 36 3534 3332 3130 29 _ i E g o s
Detection/Identification WMANGUT | 41 23 sg’v o14 6 (] 035 OTR
[ Automatic Command MANOUT | 42 26 | WE D15 7 034 cD
Response Generation GND | 43 25| v, TXMODE 8 E 333 RT/BC
] On-Chip Address Recognition D, |44 24| o, POR o 32 BGACK
[ Error Detection For: o vet 23| NC A0 D 33; vos
Sync Errors ' 12 221 Ds 12 o 2 gon
Parity Errors 3” : 211 D s 15 E 0 28 %
Word Count Errors ool s ey 0o 14 O Do e
Bit Count Errors Y 8l o o1 15 26
Invalid Manchester Code 78 9101112131415 1617 : b2 16 O 2 AW
Incorrect Address P ———— 03 17 [ 24 ve
incorrect Bus Response Time SABSESEEE TS D¢ 18 [ H 2 WE
1 TTL Compatible s 8 5% ol g 2 v
O Seco nizesC Mode Codes and .
roadcast Commands b - 40-0i
0 Provi clies DMA handshaking PACKAGE: 44-pin LCC PACKAGE: 40-pin D.J.P.
signals
[0 COPLAMOS® n-Channel
MOS Technology

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

appending the appropriate sync and parity.

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

The COM1553B is designed to work both as a Bus Con-
troller and Remote Terminal, making it universal within the
MIL-STD-1553B environment. The COM1553B automat-
ically loads and recognizes its own address. It determines
the type of transfer required in both the Bus Controller and
Remote-Terminal modes and generates the proper control
signals to complete the transfer. It automatically transmits
the status word and detects message errors and mode
commands. Furthermore, it generates the control signals
for DMA operation, therefore eliminating processor
intervention.
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| TRANSMIT NRZ 2’;}52 " ‘ﬁAéTGCH I
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DESCRIPTION OF PIN FUNCTIONS

=
2
—
[&]
[vY]
w

PIN NO. |NAME SYMBOL | FUNCTION
1-7, 14-21, | 16-bit Data Bus | DO0-D15 Three-state bidirectional data lines used to transfer Command, Data, Error and
40 Status Words between the COM1553B and external memory.
8 Transmit Mode | TXMODE | This output signal when high indicates that the COM1553B is transmitting infor-
mation on the 1553B bus.
9 Power On POR Input signal used to initialize or reset the Error registers. The RT address must be
Reset reloaded after POR is issued.
10 12 MHz Clock 120|\|fl}l<‘iz 12 MHz clock input.
11 Complementary | MANIN This input is low when there is no data on the bus. A high level indicates that the
Manchester In data is in its negative state (Refer to receive waveform, figure 3).
12 Manchester In MANIN This input is low when there is no data on the bus. A high level indicates that
the data is in its positive state (Refer to receive waveform, figure 3). .
13 Mode Code MCF Output signal that is active high when a mode command (all I's or all 0's in subad-
Flag dress) has been detected.
22 Power Supply vCC + 5 volts DC supply.
23 Write Enable WE Output signal. When low, WE indicates that the data on the 16 bit data bus is sta-
ble and can be written into the external memory.
24 Valid Command \1% Output signal that is pulsed high to signify the reception of a valid command.
25 Read/Write R/W Output signal that indicates whether a DMA transaction is a COM1553B read
(when high) or a write (when low) oparation. o
26 Invalid ™ Output signal which is pulsed low at the same time as MC to indicate that a mes-
Message sage error has occurred.
IM is also pulsed low while MC remains high if there are errors in the Command
word with matching address. o
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. N
30 Power Supply VBB — 5 volts DC supply voltage. B
31 Power Supply VDD + 12 volts DC supply. o
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 gata Transfer DTR Output signal that initiates a DMA transfer with the processor.
equest )
36 Command CSTRA This output pulse acknowledges the receipt of the command strobe and initiates
Strobe the Command Control Code (CB2-CBO) transfer.
Acknowledge B
37 Complementary | MANOUT | This output signal is high when the COM1553B is not transmitting.
Manchester Alow 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.
A low level indicates that output data is in a negative state (refer to driver
waveform, figure 4). |
39 Ground GND Ground
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FUNCTIONAL DESCRIPTION

The COM1553B is organized into the following five
sections:

Manchester Encoder/Decoder

This section performs the manchester encoder and
decoder functions and code error check. 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 overal
device operation.

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

Remote Terminal/Bus Controlier (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 mem-
ory. When the COM1553B acknowledges the CSTR signall,
it sets the CSTRA output low. The CSTR must be reset within
1.5 us after CSTRA. The COM1553B then initiates amem-
ory read cycle by setting R/W high, C/D low, and DATA
TRANSFER REQUEST (DTR) low. When the Command
Control Code bits are valid on the bidirectional data bus (D2-

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

WRITE ENABLE (WE){

DATA TRANSFER REQUEST (DTR) ————]_LOW UNTIL BGACK RECOGNIZED [

DTACK

SOME DELAY OF M5 INDICATES DATAVALID [
COMMAND STROBE (CSTR) /1 HOLD €STR UNTIL CSTRA I
MEMORY STROBE (MS) —_—
COMMAND STROBE HOLD DATA UNTIL LATCHED —
ACKNOWLEDGE (CSTRA) —_—1
BUS GRANT ACKNOWLEDGE (BGACK) e HOLD BUS UNTIL DMA COMPLETE —
DATA L L 2, CB1,

COMMAND/DATA (C/D) E— LOW UNTIL BITS LATCHED INTERNALLY —

FIGURE 1:
BUS CONTROLLER TIMING SEQUENCE
Loading the Command Control Code Bits into the COM1553B prior to
transmitting a Command or initiating a Diagnostic Sequence.
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Error Detection Logic
The error detection logic of the COM1553B detects the
following errors:

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

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

Information Field Greater Than 16 Bits
The decoder has detected a transition within one bit time
(1 ps.) 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 ps. after
the parity transition of the last Data Word, then this also will
cause an improper word count. In either case, the Message
Error bit of the Status Word is set and not transmitted and
the invalid message (IM) output pin pulsed at the same time
as the message complete (MC) signal output.

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

Remote Terminal should be less than 14 u.s. If the response
is greater than 14 ws. the response error bit is set in the
error register.

Address Mismatch

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

internal Register Description

Remote Terminal Address And Status Code Register

This register is loaded when the 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 | Dis| Dra] Drs | Dy | Dy | Do | Do | Do | D7 | Dg | Ds | D4 | D5 | D, [ D, [ D [FUNCTION |
XXX XX XXX x x| x| x| x| x| 1] 1| x | READ DATA
LOAD RT ADDRESS
XX [ | XX | x| x X x| x|x|x|x|x|1]o0]|x]|BEASTERAND
REGISTER
X [ X [ X[ X [ X[ X | X[ X[X|[X|X[X|X|[X]|0]0]|0 |READLAST CMD
READ ERROR AND
XXX X x| x| x x| x [ x| x| x|x|x]|o|o]|1|REMOTE TERMINAL
REGISTERS |
0 | X XX |X|X[x|x|x|x|[x]|x[x|x|o]1]|o]|BSCONTROLLER
N .‘
O | X X[ X | X[ X|X|x|x[x|x|x|x|x|o]|1|1]|BUSCONTHOLLER

RT TO RT 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) RTA Bit 4 (MSB) — RTA Bit 4 (MSB)
D14 RTABIt3 — RTABIt3
D13 RTABIt2 — RTABIt2
D12 RTA Bt 1 — RTA Bt 1
D11 RTABit0 (LSB) — RTA Bit 0 (LSB)
D10 Not used Any Error Message Error
D9 Instrumentation Bit —_ Instrumentation
D8 Service Request Bit — Service Request
D7 Reserved — Reserved
Dé Reserved — Reserved
D5 Reserved — Reserved
D4 Not Used Broadcast Flag Broadcast Flag
D3 Busy — Busy
D2 Subsystem Flag Bit — Subsystem Flag
D1 Dynamic Bus Control Dynamic.Bus Mode Code Dynamic Bus Control Bit
Acceptance Enable Bit command
(See Note)
DO (LSB) Terminal Flag Enable Inhibit Terminal Flag (set) Terminal Flag
Bit (See Note) or
Override Terminal
Flag (reset)
Mode Code command

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

Inhibit Terminal bit command is received.

Last Command Word Register

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

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

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

Error Register And RTA Register
(Error Register)

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

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

TABLE 2
The 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 I
D2 Parity Error
D1 Unused
DO Unused

*Unused bits are set high.
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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.

lllegal 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 All ones in 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
(8) 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 Controlier to Remote Terminal
8) Broadcast Remote Terminal to Remote Terminal
9) Broadcast Mode Code without data
10) Broadcast Mode Code with data

Bus Controlier 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 Controlier-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. Ifthe BC doesn't receive the Status Word
within the allowed response time the message error bit
is set.

vo

TIL

o DTR —I | B
(] c/b /

LOW UNTIL DTACK

P CAUSES DTR HIGH

LOW UNTIL C/D HIGH

| S

LOW UNTIL

N AFTER
LOW UNTIL DTACK %%

LQW UNTIL
CI% HIGH

COMMAND WRITE TO MEMORY

DATA WRITE TO MEMORY

LOW UNTIL
SOON AFTER
d DTACK
LOW UNTIL LOW UNTIL
[ I I WE HIGhl | WE HIGH |
COMMAND 4 DATA \ [/ DATA \
DATA BUS ‘—_—& WORD /Lﬁ {__woro__) \_WoRD )

DATA READ FROM MEMORY

FIGURE 2




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

34 DATA READ

dk
35 STATUS WRITE

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

Remote Terminal Transfer to Bus Controller

This message format covers transactions where the Bus
Controller sends a transmit command to a Remote Terminal
and requests data from it. Initialization of the BC for normal
memory cycles is the same as the previous transfer. The
difference between this transfer and the previous transfer
is that after the Command Word is transmitted, the BC waits
14 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)

COM1553B

MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION

1 XXX24 READ*

2 TRANSMIT READ

COMMAND
*k

3 STATUS WRITE

4 DATA WRITE

. DATA WRITE

. DATA WRITE

35 DATA WRITE

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

RT-to-RT Transfer

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

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

*reads command control code bits CB2-CBO0
** 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-CB0
**response time
X = don't care
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 XXX24 READ*
2 COMMAND READ
**
3 STATUS WRITE
4 DATA WRITE

*reads command control code bits CB2-CBO
*response time
X = don't care
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Mode Command with Data
(BC transmits a single word)

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

RT to RT Transfer (Broadcast)

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

TABLE 8 TABLE 10
COM1553B COM1553B
MEMORY MEMORY MEMORY MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION ADDRESS CONTENTS OPERATION
1 XXX2,4 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-CB0O 4 STATUS WRITE
**response time 5 DATA WRITE
X = don't care . 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.

TABLE 9
COM1553B

MEMORY MEMORY MEMORY
ADDRESS CONTENTS OPERATION

1 XXX2, READ*

2 RECEIVE READ

COMMAND

3 DATA READ

. DATA READ

. DATA READ

34 DATA READ

*reads command control code bits CB2-CB0O
**'response time
X = don't care

*reads command control code bits CB2-CB0O

- **response time

X = don'tcare

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

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

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

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

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

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

In this transfer the COM1553B designated as the RT
receives a command to receive data. As the Command
Word is completely shifted into the receive shift register, the
RT compares the Command Word address field with the
preloaded Remote Terminal address. This determines if the
message is addressed to the receiving RT. If the 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.

50

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.



TABLE 11

BC TO RT (RT receives data from BC)

COM1553B terminal first send its status to the controller before it trans-
MEMORY MEMORY MEMORY mits the data to the receiving terminal.
ADDRESS CONTENTS OPERATION
Mode Command with Data
; SS-M\MAND \xggg (RT recelves a Mode Code Command to transmit)
3 DATA WRITE In this transfer, after the Transmit Mode Command is
. . WRITE received, the RT transmits the Status and one Data Word.
. . WRITE =
34 DATA WRITE =
* % g
35 STATUS WRITE TABLE 13 5
36 LAST WRITE ]
COMMAND COM1553B
37 ERROR WRITE MEMORY MEMORY MEMORY
o gEgS\tER ADDRESS CONTENTS OPERATION
WRITE
REGISTER 1 COM*AQAND WRITE
2 STATUS WRITE
3 DATA READ*
Remote Terminal-to-Bus Controller Transfer 4 LAST WRITE
(RT transmits data to BC) COMMAND
The Remote Terminal receives a Transmit Command 5 ERROR WRITE
Word from the Bus Controller. The RT will then proceed to REGISTER
decode the Command Word, as in the previous case and 6 RECEIVE WRITE
within the response time transmits the Status Word. REGISTER

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

*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

T.ABLE 12 one Data Word.
Remote Terminal to Bus Controller
(RT Transmits Data to BC)
COM1553B
MEMORY MEMORY MEMORY TABLE 14
ADDRESS CONTENTS OPERATION COM1553B
1 COMMAND WRITE MEMORY MEMORY MEMORY
*k ADDRESS CONTENTS OPERATION
2 STATUS WRITE 1 COMMAND WRITE
3 DATA READ 2 DATA WRITE
. DATA READ *%*
. DATA READ 3 STATUS WRITE
34 DATA READ 4 LAST WRITE
35 LAST WRITE COMMAND
COMMAND 5 ERROR WRITE
36 ERROR WRITE REGISTER
REGISTER 6 RECEIVE WRITE
37 RECEIVE WRITE REGISTER
REGISTER

**‘rggponse time

Remote Terminal-to-Remote Terminal Transfers

** response time

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

From the Remote Terminal viewpoint, RT-to-RT trans-

If data received during a broadcast message is invalid, the
fers are similar to the RT to BC receive or transmit data

COM1553B will set the message error bit.
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TABLE 15

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

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

Broadcast Mode Code Command with Data
This Broadcast Mode Code command is detected if the
MSB of the word count field is a logical high.
Transmission of the Status Word is suppressed as in the

previous case but is loaded into external memory.

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

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

1553B bus.

52

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 memoty 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 TemMPEratlre RANGE ...\ ...\ ittt ettt i et et sttt et e e e et e et e et e et aa e einaaans
Storage Temperature Range ..................... .
Lead Temperature (soldering, 10 seconds)
Positive Voltage onany pin ...........o it
Negative Voltage on any pin except VBB, with respect to ground

*Stresses above those listed may cause permanent damage to the device. This is a 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, voitage 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.
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DC ELECTRICAL CHARACTERISTICS T, = —5510 125°C, Voo = 5.0V 5%, Vop = 12V £5%, Vgs = —5V +5%

PARAMETER MIN TYP MAX UNITS COMMENTS
V. Input Low Voitage -0.3 0.8 \
Vi Input High Voltage 3 Vee \Y
Voo Output Low Voltage 0.4 \ loo = —3.2mA
Vou  Output High Voitage 2.4 4 5 \ loy = .8MA
I, Input Leakage Current 10 wA
Cw  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
Ioo 40 mA
lee 100 mA
lea 5 mA

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, falltime 6 ns
t, DTRand WE 0.5 0.6 1 s
t BGACKto DTR 0.8 1.3 2 s
ts E to DATA 50 100 ns
t, DTACK to WE_ 1.5 2 ws
ts DTACK to R/W 1 1.5 ws
ts DTACK to C/D 1.5 25 ns
t, CSTRto CSTRA 673 ws
ts CSTRAto CSTR 1.5 ns
to CSTRA width 500 ns
t,  C/Dto DATA 0
t, CMDtoIM 3.25 s
t,  IMwidth 500 ns
ts  VCwidth 1 ns
tia VCtoIM 1.75 us
ts C/DtoMC 700 ns
te C/DtolM 2.25 ns
t, C/DtoMC 750 ns
te C/DtoMC 1.25 ns
te  CMD to MCF reset 3.75 s
t,, CMD to MCF set 4.75 us
ty CMDtoVC 2.75 us
te C/D to MCF reset 15 s
15 C/D to MCF set 1 s
t.s  POR width . 25 s
t,s  Receive CMDto DTR 4.25 [T
t.s  Transmit CMD to DTR 5.75 s
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FIGURE 5:
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FIGURE 4:
DRIVER LOGIC WAVEFORMS
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INVALID MESSAGE (IM) MESSAGE COMPLETE (MC)

AS A RT AS A RT
CASE 1 CASE1 AT THE COMPLETION OF AN ERROR FREE BROAD-
. CAST COMMAND TRANSACTION AFTER THE
cmowo [7] 1 [[w]?] ERROR REGISTER IS WRITTEN INTO MEMORY.
! le— (,,——l __—_I-—_—_
] 1 ¢ ke
- -’|| '-o— MC n
CASE 2 THE T/R BIT IN THE BROADCAST " = |-
CMD IS SET HIGH. ta
case2 8L SO O T 0 e
BROADCAST WD [1] . Jre]re] P ] o ISTER IS WRITTEN INTO MEMORY.
7 =t f=
ve I ) —_—
l ) |
M 11
ch...‘ MC n
CASE 3 :rg Egﬁgn &g_cunneo DURING AS ABC
CAST CMD CASE 3 WHEN THE BC ISSUES A RECEIVE COMMAND, THE
MC SIGNAL OCCURS AFTER THE STATUS WORD IS
- - WRITTEN INTO MEMORY.

| - 2
WHEN THE BC ISSUES A TRANSMIT COMMAND,

" M THE MC SIGNAL OCCURS AFTER THE LAST DATA
0 WORD IS WRITTEN INTO MEMORY.
Mc J_I-I B [_—_——
/|
_.It I.._ Cc/D ]
15 |
CASE 4 NON BROADCAST CMD mc Il ﬂ—l
te
cD l AS ABC ORRT
M h CASE4 AT THE COMPLETION OF LOADING THE RT
n ADDRESS REGISTER OR
Me READING THE DATA REGISTER.
AS ABC c/o I
CASE 5 A TRANSMIT OR RECEIVE BC TRANSFER M I
c/D ‘
CASE 5 AFTER READING THE ERROR REGISTER.
’ i
l-d— e
c/D |
MC L ——|

1y
MC l ‘__

NOTE: Message complete and invalid message outputs of
the COM 1553B are negative pulses i.e. MC and IM.

STANDARD MICROSYSTEMS
CORPORATION

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 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 COM1671

JLPC FAMILY

CORPORATION
—

Asynchronous/Synchronous Transmitter-Receiver
ASTRO

=<
FEATURES PIN CONFIGURATION g
O SYNCHRONOUS AND =
ASYNCHRONOUS veed T a0t voo
Full Duplex Operations ACKi] 2 30 b AE
0O SYNCHRONOUS MODE Gsg 3 38 [1 CA (ATS)
Selectable 5-8 Bit Characters __WEQ 4 37 fi BA (T80)
Two Successive. SYN Characters Sets s B * E gy
Synchronization iNTR{ 7 34 1 BD (TXRC)
Progéammable SYN and DLE Character %E s 32 ? g;
tripping DAL
Programmable SYN and DLE-SYN Fill ot 1 npre
0O ASYNCHRONOUS MODE DALar 12 29 [i CF (CARR)
Selectable 5-8 Bit Characters DALS{ 13 28 p CC (OSA)
Line Break Detection and Generation g—FE 14 57 g BB (hs))
1-, 1%»-, or 2-Stop Bit Selection o ood 1o i L
Start Bit Verification i57d 17 24 b D5
Automatic Serial Echo Mode (RING) CEQ 18 23 0 MR
O BAUD RATE—DC TO 1M BAUD MISC ;g §$ ; F
0O 8 SELECTABLE CLOCK RATES Vs GND o
Accepts 1X Clock and Up To 4 Different

32X Baud Rate Clock Inputs

O COPLAMOS® n-Channel Silicon

Up to 47% Distortion Allowance With 32X Gate Technology
Clock O Pin for Pin replacement for
0O SYSTEM COMPATIBILITY Western Digital UC1671 and
Double Buffering of Data National INS 1671

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

All Inputs and Outputs TTL Compatible

Up To 32 ASTROS Can Be Addressed
On Bus

On-Line Diagnostic Capability

O ERROR DETECTION
Parity, Overrun and Framing

O

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

APPLICATIONS

Synchronous Communications
Asynchronous Communications
Serial/Parallel Communications

General Description

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

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

The COM1671 provides the system communication designer with a software responsive device capable of handling
complex communication formats in a variety of system applications.
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For additional information, consult your 1986 SMC catalog or contact our product marketing department at (516) 273-3100.

CROSYSTE Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor
CSBARN DARD M MS _ril%pﬁcationg: consequentlg complgte information sufficient for construction pur esg isyrgot necessarily given.

PORATION e information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
Jsuanson e vy e SSUMed for inaccuracies. Furthermore, such information does not convey to the purchaser of the
. aemai - TSz ggmiconductor 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

COM 1863
comM 8018

MPC FAMILY

Universal Asynchronous Receiver/Transmitter

UART

FEATURES
[0 Compatibte with TR1863 timing

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

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

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

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

[ Fully Double Buffered—eliminates need for precise external
timing

O Improved Start Bit Verification—decreases error rate

[0 46.875% Receiver Distortion Immunity

O 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

voD (]
*HIACC [

@ N AW =

©

10
1
12
RPE [] 13
RFE []14
ROR [] 15
SWE (J 16
RCP [ 17
ROAR [] 18
RDA [ 19
RSt (20

S

40
39
38
37
36

TCP
POE
NDB1
NDB2
NSB
NPB
cs*
TD8
TO7
TD6
TDS
TD4
TD3
TD2
TD1
TSO
TEOC
TD3
TBMT

S0 | O D ) 0 00 O ) A 9

MR

PACKAGE: 40-Pin D.I.P.

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

[J 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 circuitthat performs atl 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-

TDS ¢

TCP|
cspt TT —
5
NES 6 STATUS
NDB2437_ | CONTROL WORD 4
NDBj b28 REGISTER BUFFER 5
POE 43 REGISTER
j L ﬁ T 18 |
Rcp 4
TIMING AND CONTROL RECEIVER ]
iy o]
20 RECEIVER
RS SHIFT 1
REGISTER 2
«
iy ,
ROE 42 RECEIVER BUFFER REGISTER

FUNCTIONAL BLOCK DIAGRAM
TD1 TD2 TD3 TD4 TD5 TD6 TD7 TD8

40 TIMING AND CONTROL TRANSMITTERJA‘

Lo o o [o [ [ e [

TRANSMITTER BUFFER REGISTER

Iy

TRANSMITTER | o
SHIFT
REGISTER

ﬁ

bbbl ol

RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1

TSO

TEOC
SWE
TBMT
RPE
RFE
ROR
RDA

RDAR

MR

Vbp

HIACC*

Gnd

nected on the COM 1863.
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For additional information, consult your 1986 SMC catalog or contact our product marketing department at (516) 273-3100.

CROSYSTE! Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor
%R% Ms applications: consequently complete information sufficient for construction purposes is not necessarily given.

A e information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
35 Mawus 8o vaosae Ny 8. @SSUMeEd for inaccuracies. Furthermore, such information does not convey to the purchaser of the
smzsTwesh-2ra - sgmiconductor devices described any license under the patent rights of SMC or others. SMC reserves the

right to make changes at any time in order to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS
==

COM 2651

JLPC FAMILY

Programmable Communication Interface
PCI

FEATURES

[J Synchronous and Asynchronous Full Duplex or
Half Duplex Operations
[J 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 Synchronijzation
— Transparent or Non-Transparent Mode
— Automatic SYNC or DLE-SYNC Insertion
—SYNC or DLE Stripping
— Qdd, Even, or No Parity
— Local or remote maintenance loop back mode
[J 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
-— Qdd, Even, or No Parity
— Parity, Overrun, and framing error detect
-— Local or remote maintenance loop back mode
— Automatic serial echo mode
[J Baud Rates
— DC to 1.0M Baud (Synchronous)
-—DC to 1.0M Baud (1X, Asynchronous)
—DC to 62.5K Baud (16X, Asynchronous)
—DC to 15.625K Baud (64X, Asynchronous)

[J Double Buffering of Data

PIN CONFIGURATION

D2 1 e 28 D1
D3 2 5 g 27 DO
RxD 3 [ 26 Vce
GND 4 g 25 BxC
D4 5 0 24DTR
D5 6 (] M 23RTS
D6 7 [ N 22 D3R
D7 8 D 21 RESET
TxC 9 [ 20 BRCLK
A110 [ 0 19TxD
CE1 [ 18 TXEMT/DSCHG
A012 [ M 17CTS
RW13 [ N 16 DCD
RxRDY 14 [ 0 15 TxRDY
Package: 28-pin D.I.P.

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

[J Single +5 voit Power Supply

0 TTL Compatible

[ No System Clock Required

[J 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/
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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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For additional information, consult your 1986 SMC catalog or contact our product marketing department at (516) 273-3100.

CROSYSTE Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor
C%%%RAD mi MS applications:; consequently complete information sufficient for construction purposes is not necessarily given.

TION e information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
s g w0 i 85SUMed for inaccuracies. Furthermore, such information does not convey to the gurchaser of the
e e - wsEe - 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.
62



STANDARD MICROSYSTEMS
CORPORATION
J_

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

MPC FAMILY

Enhanced Programmable
Communication Interface
EPCI

FEATURES

[ Synchronous and Asynchronous Full Duplex or
Half Duplex Operations
[J Re-programmable ROM on-chip baud
rate generator
[ 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
—Qdd, Even, or No Parity
—Local or remote maintenance loop back mode
[ Asynchronous Mode Capabilities
-—Selectable 5 to 8-Bit Characters plus parity
-—38 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
-—Parity, Overrun, and framing error detect
—Local or remote maintenance loop back mode
—Automatic serial echo mode (echoplex)
[J 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

p2 1~  Poso
D3 2 0 27D0
AxD 3 O 0 26 Vee
GND 4 1 25RxC/BKDET
D4 5 0 24DTR
D5 6 O 23RTS
D6 7 O 1 22DSR
D7 8 (] 0 21 RESET
TXC/XSYNC 9 [ ) 20BRCLK
A110 M 19TxD
CEN 18 TXEMT/DSCHG
A012 ] p 17CTs
RwW13 N 16DCD
RxRDY 14 [ 15 TxRDY
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)

[ 16 internal rates for each version

[ Single +5 volt Power Supply

O TTL Compatible

[0 No System Clock Required

[0 Compatible with EPCI 2661

GENERAL DESCRIPTION

The COM 2661 is an MOS/LSI device fabricated
using SMC’s patented COPLAMOS® technology.
It is an enhanced pin and register compatible
version of the COM 2651 that meets the majority of
asynchronous and synchronous data communica-
tion requirements, by interfacing parallel digital
systems to asynchronous and synchronous data
communication channels while requiring a mini-
mum of processor overhead. The COM2661
contains a baud rate generator which can be
programmed to either accept an external clock or
to generate internal transmit or receive clocks.
Sixteen different baud rates can be selected under
program control when operating in the internal
clock mode. Each version of the COM 2661 (-1,
-2, -3) has a different set of baud rates. Custom
baud rates can be ROM reprogrammed to accom-
modate different baud rates and different starting
frequencies.
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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 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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For additional information, consult your 1986 catalog or contact our product marketing department at (516) 273-3100.

ANDA CROSYSTE Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor
ST RD Mi MS 8 plipationg:_consequently complgte information sufficient for construction purposes is not necessarily given.
e information has been carefully checked and is believed to be entirely reliable. However, no responsnbullt¥ is
peaime we vy s @sSumed for inaccuracies. Furthermore, such information does riot convey to the purchaser of the
st - Tsewrs - semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the

right to make changes at any time inorder to improve design and supply the best product possible.
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STANDARD MICROSYSTEMS

CORPORATION E

COM 5025

JLPC FAMILY

Multi-Protocol

Universal Synchronous Receiver/Transmitter

FEATURES

O Selectable Protocol—Bit or Byte oriented

O Direct TTL Compatibility

O Three-state Input/Output BUS

O Processor Compatible—8 or 16 bit

O High Speed Operation—1.5 M Baud—typical

O Fully Double Buffered—Data, Status, and Control Registers
J Full or Half Duplex Operation—independent Transmitter and
Receiver Clocks
—individually selectable data
length for Receiver and

Transmitter

O Master Reset—resets all Data, Status, and Control Registers

O Maintenance Select—built-in self checking

USYNR/T =
=]
5
PIN CONFIGURATION &
Ay
voo (1 40{7] MSEL
RcP(]2 39[d Tee
rsi(]3 38[] 1s0
sFR(] 4 37 TXENA
RXACT(] 5 36[] TsA
RDA(] 6 35[] TBMT
rsall7z 34[] TXACT
RXENA (] 8 33[J MR
GND )9 32 vee
oegs [} 10 310 oBoe
pBgo (] M 30[] pBg1
oB18[]12 29 [] DBO2
pe11{}13 28 {] D83
o124 27 [ pBg4
peia[]1s 26 [] osps
os14[J16 25 [] oBge
osis[17 24 ] oBp7
wnR(s 23 [] DPENA
a2 (e 221 syTEOP
a1(]20 213 Ag
PACKAGE: 40-Pin D.I.P.

BIT ORIENTED PROTOCOLS—SDLC, HDLC, ADCCP

3 Automatic bit stuffing and stripping

0O Automatic frame character detection and generation

0 Valid message protection—a valid received message is

protected from overrun

[0 Residue Handling—for messages which terminate with a
partial data byte, the number of valid
data bits is available

SELECTABLE OPTIONS:

O Variable Length Data—1 to 8 bit bytes

0 Error Checking—CRC (CRC16, CCITT-0, or CCITT-1)
—None

O Primary or Secondary Station Address Mode

O All Parties Address—APA

O Extendable Address Field—to any number of bytes

O Extendable Control Field—to 2 bytes

O {dle Mode—idle FLAG characters or MARK the line

0O Point to Point, Multi-drop, or Loop Configuration

BYTE ORIENTED PROTOCOLS—BiSync, DDCMP
O Automatic detection and generation of SYNC characters

SELECTABLE OPTIONS:

O Variable Length Data—1 to 8 bit bytes

1 Variable SYNC character—5, 6, 7, or 8 bits

O Error Checking—CRC (CRC16, CCITT-0, or CCITT-1)
—VRC (odd/even parity)
—None

O Strip Sync—deletion of leading SYNC characters after

synchronization
O Idle Mode—idle SYNC characters or MARK the line

APPLICATIONS

[ Intelligent Terminals

[ Line Controllers

[J Network Processors

O Front End Communications
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[0 Remote Data Concentractors

O Communication Test Equipment
O Computer to Computer Links

(J Hard Disk Data Handler



General Description

The COM 5025 is a COPLAMOS® n channel silicon gate MOS/LSI device that meets the majority of
synchronous communications requirements, by interfacing parallei 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 orinitiated 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 Interfface—OEM Information, GA27-3098
202-632-1007 System Journal—Vol. 15, No. 1, 1976; G321-0044

Terminology

Term Definition Term Definition
BOP Bit.Oriented Protocols: SDLC, HDLC, ADCCP GA 01111111 (0 (LSB) followed by 7-1's)
CCP Control Character Protocols: BiSync, DDCMP LSB First transmitted bit, First received bit
TDB Transmitter Data Buffer MSB Last transmitted bit, Last received bit
RDB Receiver Data Buffer RDP Receiver Data Path
TDSR Transmitter Data Shift Register TDP Transmitter Data Path
FLAG 01111110 LM Loop Mode

ABORT 11111111 (7 or more contiguous 1's)
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Description of Pin Functions

PinNo. Symbo! Name 11O  Function

1 Voo Power Supply PS  +12 volit Power Supply.

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

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

4 SFR Sync/Flag O  This output is set high, for 1 clock time of the

Received RCP, each time a sync or flag character is received.

5 RXACT Receiver Active O  This output is asserted when the RDP presents the first data character of the
message to the controller. In the BOP mode the firstdata character is the first
non-flag character (address byte). In the' CCP mode: 1. if strip-sync s set; the
first non-sync character s 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
is neverreset, it can be cleared via RXENA.

6 RDA Receiver Data O  This output is set high when the RDP has assembled an entire character and

Available transferred it into the|[RDB. This output is reset by reading the RDB.
7 RSA Receiver Status O  Thisoutputis 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 | Ahighlevelinput allows 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.
11 DB@9 Data Bus /O Bidirectional Data Bus.
12 DB1g Data Bus /O Bidirectional Data Bus.
13 DB11 Data Bus I/O  Bidirectional Data Bus. | wire “OR” with DB@@-DB@7
14  DB12 Data Bus /O  Bidirectional Data Bus. [ For 8 bit data bus
15 DB13 Data Bus /O Bidirectional Data Bus.
16 DB14 Data Bus /0 Bidirectional Data Bus.
17 DB15 Data Bus /O Bidirectional Data Bus.
18 W/R Write/Read | Controls direction of data port. W/R=1, Write. W/R=0, Read.
19 A2 Address 2 | Address input—MSB.
20 Al Address 1 I Address input.
21 AZ Address 0 | Address input—LSB.
|

22 BYTE OP Byte Operation If asserted, byte operation (data port is 8 bits wide) is

selected. If BYTE OP=0, data port is 16 bits wide.

Strobe for data port. After address, byte op, W/R and data are set-up DPENA
may be strobed. if reading the port, DPENA may reset (depending on register
selected by address) RDA or RSA. If writing into the port, DPENA may reset

(depending on register selected by address) TBMT.

23 DPENA Data Port Enable

24 DBg7 Data Bus /O Bidirectional Data Bus—MSB.

25 DBg6 Data Bus /O  Bidirectional Data Bus.

26 DB@5 Data Bus I/0  Bidirectional Data Bus.

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

28 DB@3 Data Bus /0 Bidirectional Data Bus.

29 DBg@2 Data Bus /0 Bidirectional Data Bus.

30 DBg1 Data Bus /O Bidirectional Data Bus.

31 DBgg Data Bus /0 Bidirectional Data Bus—LSB,

32 Vee Power Supply PS  +5 volt Power Supply.

33 MR Master Reset | 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 initialized to all 1's.

34 TXACT  Transmitter Active O  This output indicates the status of the TDP. TXACT will go high atter asserting
TXENA and TSOM coinsidently with the first TSO bit. This output will reset one
half clock after the byte during which TXENA is dropped.

35 TBMT Transmitter Buffer O  This output Is at a high level when the TDB
Empty orthe TX Status and Control Register may be loaded with
the new data. TBMT =0 on any write access to TDB or TX Status and
Control Register. TBMT returns high when the TDSR is loaded.

36 TSA Transmitter Status O TERRbit, indicating transmitter underflow.
Avaiiable Reset by MR or assertion of TSOM.
37 TXENA Transmitter Enable t Ahigh level input allows the processing of transmitter
data.
38 TSO Transmitter Serial O  This output is the transmitted character.
Output
39 TCP Transmitter Clock | The positive going edge of this clock shifts data out of the
transmitter shift register.
40  MSEL Maintenance | Internally RSI becomes TSO and RCP becomes TCF.
Select Externally RS! is disabled and TSO=1.
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Definition of Terms
Register Bit Assignment Chart 1 and 2

Data Bu Term Definition
DI3@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.
DBg9 REOM Recsiver End of Message—read only bit. In BOP mode only, set high when last byte of data loaded into RDB, or
when an ABORT character is received. It is cleared on reading of Receiver Status Register or dropping of RXENA. 5
DB1¢ RAB/GA Received ABORT or GO AHEAD character, read only bit. In BOP mode only, if LM=0 this bit is set on receiving an 5
ABORT character; if LM=1 this bit is set on receiving a GO AHEAD character. This is cleared on reading of gs
Receiver Status Register or dropping of RXENA. o
DB1 ROR Receiver Over Run—read only bit. Set high when received data transferred into RDB and previous data has not E]
been read, indicating failure to service RDA within one character time. Cleared on reading of Receiver Status g
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 o
on stated boundary. ABC=XXX, message terminated (by FLAG or GA) on unstated boundary, binary value of ABC k]
= number of valid bits available in RDB (right hand justified). §
DB15 ERR CHK Error Check—read only bit. In BOP set high if CRC selected and received in error, examine when REOM=1. in
CCP mode: 1. set high if parity selected and received in error, 2. if CRC selected (tested at end of each byte) ERR
CHK = 1 if 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. 5
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. 58
IDLE=0, TEOM=1 send SYNC, if TXENA=1 and TEOM=1 continue to send SYNC's, if TXKENA=0 and TEOM=1 & T
MARK line. 2. IDLE=1, TEOM=1, MARK line. . g2
DB19 TXAB Transmitter Abort—W/R bit. In BOP mode only, TXAB=1 finish present character then: 1. IDLE=0, transmit ABORT £ g
2. IDLE=1, transmit FLAG. 53
DB11 TXGA Transmit Go Ahead—W/R bit. In BOP mode only, modifies character called for by TEOM. GA sent in place of FLAG. § 2
Allows loop termination—GA character. L]
DB15 TERR Transmitter Error—read only bit. Underflow, set high when TDB not loaded in time to maintain continuous
transmission. In BOP automatically transmit: 1. IDLE=0, ABORT 2. IDLE=1, FLAG. In CCP automatically transmit:
1.IDLE=0, SYNC 2, IDLE=1, MARK. Cleared by TSOM.
DB8-18  X.Y,Z z Y X —W(/R bits. These are the error control bits.
0 0 0 X164 X124 X5+ 1 CCITT—Initialize to “1"
0 0 1 X184 X124 X5+ 1 CCITT—Initlalize to “0"
0 1 0 Not used
0 1 1 X8+ X164 X2+ 1—CRC16
1 0 0 Odd Parity—CCP Only 5
1 0 1 Even Parity—CCP Only b
1 1 0 Not Used k=
1 1 1 Inhibit all error detection and transmission <4
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 transmissionand 3§
underfiow, 1" = transmit SYNC from TDB,, *' 0" =transmit SYNC from SYNC/ADDRESS register. @
DB12 SEC ADD Secondary Address Mode—W/R bit. In BOP mode only—after FLAG looks for address match prior to activating 3
RDP, if no match found, begin FLAG search again. SEC ADD bit should not be set if EXADD=1 or EXCON=1. 2
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.
DB14 PROTOCOL PROTOCOL—WI/R bit. BOP=0, CCP=1
DB15  "APA All Parties Address—W/R bit. If selected, modifies secondary mode so that the secondary address or 8-1's will
activate the RDP.
DB13-15 TXDL Transmitter Data Length—W/R bits.
TXDL3 TXDL2 TXDLt LENGTH
0 0 0  Elightbits per character
1 1 1 Sevenbits 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* 9]
0 1 0  Two bits per character* B
0 0 1 One bit per character* 54
*For data length only, not to be used for SYNC character (CCP mode). b
DB8-1g  RXDL Receiver Data Length—W/R bits. ]
RXDL3 RXDL2 RXDL1 LENGTH 3
0 0 0  Eightbits per character £
1 1 1 Seven bits per character 2
1 1 0  Six bits per-character g
1 0 1 Five bits per character 8
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
DB11 EXCON Extended Control Field—W)/R bit. In receiver only; if set, will recelve control field as two 8-bit bytes. Excon bit should
not be set if SEC ADD =1.
DB12 EXADD Extended Address Field—W/R bit. In receiver only; LSB of address byte tested for a “1", If NO—continue receiving

*Note: Product manufactured before 1Q72 may not have this feature.

address bytes, it YES go into control field. EXADD bit shouid not be set if SEC ADD =1.
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REGISTER

Receiver Data
Buffer
(Read Only-
Right Justified-
Unused Bits=0)
Transmitter Data
Register
(Read/Write-
Unused Inputs=X)

Sync/Secondary
Address
(Read/Write-
Right Justified-
Unused Inputs=X)

REGISTER

Receiver Status
(Read Only)

TX Status
and Control
(Read/Write)

Mode Control
(Read/Write)

Data Length
Select
(Read/Write)

Register Bit Assignment Chart 1

DP@7 DP@6 DP@5 DPg4 DP@3 DPg2

RD7 RD6 RD5 RD4 RD3 RD2
MSB
TD7 TD6 TD5 TD4 TO3 TD2
MSB

SSA7 SSA6 SSA5 SSA4 ~ SSA3 SSA2
MSB

Register Bit Assignment Chart 2

DP15 DP14 DP13 DP12 DP11 DP1g

ERR CHK c 8 A ROR RAB/GA
TERR 0 0 0 TXGA TXAB
(Read Only)
*APA PROTOCOL STRIP SECADD IDLE z
SYNC/
LOOP

TXDL3 TXDL2 TXDL1 EXADD  EXCON RXDL3

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

Register Address Selection

1) BYTE OP = 0, data port 16 bits wide

A2
0
0
1
1

X = don't care

Al

0

9
0
1

Register

X X X% &

Data Length Select Register

2) BYTE OP = 1, data port 8 bits wide

A2

4 - a0 0000

Al

0

[ e W = I Y o )

Register

Receiver Data Buffer
Receiver Status Register
Transmitter Data Buffer

SYNC/Address Register
Mode Control Register

~o-0-0=03%

Data Length Select Register
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Transmitter Status and Control Register

DP@1
RD1

TD1

SSA1

DPg@9
REOM

TEOM

RXDL2

Receiver Status Register and Receiver Data Buffer
Transmitter Status and Control Register and Transmitter Data Buffer
Mode Control Register and SYNC/Address Register

DPgg
RD@
LSB

TDY
LSB

SSAg
LSB

DPg8
RSOM

TSOM

RXDL1



BOP TRANSMITTER OPERATION CCP TRANSMITTER OPERATION

(PROCESSOR LOAD OR MASTER RESET)
INITIALIZE INITIALIZE
l (PROTOCOL = 1; XYZ = CRC 16)
MARK LINE
. SET MODE

©

NO =
. TXENA -
=19 A §
5
wuJ
YES 73
NO
TSOM
‘ =12 A
VES
SEND FLAG
TRANSMIT
SYNC FROM
SYNC REG
TSOM YES
212
NO
SEND
UNDERRUN SEND
? CHARACTER
] SEND SYNC
TRANSMIT
ABORT
CHARACTER SEND
T GO AHEAD
SERIALIZE
DATA
ACCUMULATE
CRE
SEND
CRC
NO RESET
UNDERRUN
RESET
UNDERRUN SEND 1 BYTE SEND
OF DATA FLAG > ves
I FROM TDB
- J TRANSMIT
CRC
STUFF ZERO,
ACCUMULATE
CRC

TRANSMIT
SYNC
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CCP RECEIVER TIMING

SR I P N P 1 B A P I T S

MR W/R=1 W/R=0 W/R=0 W/R=0 W/R=0

READ READ READ
NOTE 1

(not clock edge related) READ

ETX
RXENA —__I

|

|

|

] B I I |
l-(—-SVNC——->|<—sVNC—>| I

|

C I T i

| noTE 2
ROR —_— NOTE 3
ERR CHK —— _l———-l—

NOTE 1—Mode set for CCP with CRC selected
NOTE 2—It overrun had occured —no READ STX
NOTE 3-—-ERR CHK must be sampled before next byte or before RXENA brought low

CCP TRANSMITTER OPERATION

e UL, LS, I A A A

JL '
MR —_— |

I |

—_— 11 | — 1

TXENA _.I b |

[ | |

NOTE 1 | LOAD LOAD LOAD |
MODE SYNC TSOM=1 | TSOM=1 TSOM=0  STX DATA 1 ETX TEOM=1

R Y R N I M e—ee—st N 0 1
n d 1
{not elock edge retted) I | Firstswe | seconp svne |

|1 SENT SENT |
TBMT % l I I | 17/ /__I /,L‘_-I.__/ /L_]__

|

|

|

|

|

]
TXACT % —I—

50 % I I | ! STX l DATA 1 ETX jicnc _J MARK

|
l‘—-—— SVNC——’“———-SYNC—-—_—H
NOTE 1—Mode is CCP with CRC selected

NOTE 2—Trailing edge of DPENA must occur at least one-haif
clock pulse prior to TBMT=1 to avoid underrun
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BOP RECEIVER TIMING

e T, UL L UL L LTS

MR W/R=0 WR=0 W/R=0 WR=0 WIR=0 W/R=0 W/R=0 WR=0
WIR -1 Address Byte RoadStams Control Byle  DataByte #1 DataByte #2 Data Byte #3 DataByte #4 Read Status

| _ﬂ_ S | N | N | R | __FLIL

| ?
Z__W ﬂ Fias.. T riacl
- T T e Te Jwe TEe BEe JEe [ S I /2
- A gL JLIiJL JL
7 LI B
. I L
- .

- g

ERR,CHK, ABC, N S
ROR, RAB/GA P
, |NOTE 2 )

NOTE 1— required-but not done in ths example. —-—a _——— _———
NOTE 2—If no DPENA to read Data Byte #2

BOP TRANSMITTER OPERATION
. o 4 4 s
< mmﬂm’mﬂm UL, Junrt
TXENA

TSOM=1

DPENA
not clock edge related
'

el G —/,— L. J L _ I

T‘XACT% I
I——FLAGW ——l “—"-*G'“ i —‘—’{ MARK
s0 m 1 AddressByta | ControlByte Last Data Byte _lere SR |

Note 1—Trailing edge of DPENA must occur at least one-half clock
SECTION il

g
g
§
:

puise prior to TBMT = 1. To avoid underrun.



AC TIMING DIAGRAMS

RCP ‘
ee 300 ns
300 ns
U / RXACT
TBMT
300 ns
RDA, RSA
DPENA DPENA
W/R=1 W/R=0
to Transmitter to Receiver
Registers Registers
300 ns 300 ns
TBMT
\ RDA, RSA \
TCP

1150 ns
RXENA
300 ns, min
TSO

Resets: RDP-RDA, RSA,

300 ns RXACT, receiver
- into search
TXACT mode (for FLAG)

Note: Uniess otherwise specified all times are maximum.

><j

Data Port Timing
v /111X X
R

p e
oPENA ﬁ ‘_\

g/ (SR,
we /K M
e

7777
e/ X X
L

WRITE TO USYNR/T
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range .. .......ovuiruieiiiinint ittt sanseno 0°Cto + 70°C
Storage Temperature RaNge . ... ...co.u ittt i et irir i i —55°Cto +150°C
Lead Temperature (SOIdering, 10 S8C.) ... ..v ittt st cit s +325°C
Positive Voltage on any Pin, with respectto ground . . .........viui it e +18.0V
Negative Voltage on any Pin, with respectto ground . .. .........oouuiiiini ittt e eiaa e enanns -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

=
2
—
L]
[*¥)
w

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
AG 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 Vec \
OUTPUT VOLTAGE LEVELS
Low Level, VoL 0.4 \Y lo.=1.6ma
High Level, Von 24 loH=40ua
INPUT LEAKAGE
Data Bus 50 { 500 ua 0<Vin=<5v, DPENA=0 or W/R=]|
Ali others pa Vin=+5v
INPUT CAPACITANCE
Data Bus, Cin pf
Address Bus, Cin pf
Clock, Cin pf
All other, Cin pf
POWER SUPPLY CURRENT )
Icc 70 ma
loo 90 ma
A.C. Characteristics Ta=25°C
CLOCK-RCP, TCP
frequency bC 15 MHz
PWH 325 ns
PWL 325 ns
tr, t 10 ns
DPENA, TwopeNA 250 50 us ns
Set-up Time, Tas 0 ns
Byte Op, W/R
Az, A1, Ao
Hold Time, Tax 0 ns
Byte Op, WIR,
Az, A1, Ao
DATA BUS ACCESS, Tora 150 ns
DATA BUS DISABLE DELAY, Toro 100 ns
DATA BUS SET-UP TIME, Toss 0 ns
DATA BUS HOLD TIME, Toeu 100 ns
MASTER RESET, MR 350 ns
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Receiver Data

and

l Read RDA Z:?a%rsgt;:? toreading | Recei ver Statu s

Access Sequence

Preferred reading sequence of receiver RDA and RSA.

[READ RDB

[ READ RDB ]

READ READ
STATUS STATUS

EXIT
CCP RECEIVER OPERATION BOP RECEIVER OPERATION

INITIALIZE

SET MODE

ASSEMBLE CHARACTERS
ACCUMULATE CRC

RXACT
Aoa RDSR - RDB

YES STATUS NO

BITS
ha

%NDAIRD MICROSYSTEMS

35 Marcus Bvd . Hauppauge. N 11788
1516)273-3100  TWK-510-227-8898

PROTOGOL-1 PROCESSOR LOAD

XYZ-CRG 16 INITIALIZE OR MR

TEST MADE AFTER 8 RXCLK'S

TEST MADE

AFTER 8 CLKS
ASSEMBLE CHARACTERS 24 RXGLK'S
RIP ZERO (PIPELINE DELAY)
ACCUMULATE CRC
18 RXCLKS
DELAY

RXACT
RDA

YES

SET RSA

PROCESSOR MUST READ
ERR CHK 8IT 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
S

COM52C50

PRELIMINARY

TWINAX Interface Circuit (TIC)

FEATURES

[J Conforms to IBM® 5250 Standard used in IBM System
/36 and /38.

O Operates at 1Mbps Data Rate

O Transmits and Receives Manchester Il Encoded Data
O On Chip Odd or Even Parity Generation and Checking
O Programmable Interframe Zero Bit Insertion

O Handles Multi Byte and Single Byte Transfers

O Multiple Address Select Register Allows for Up to 7
Node Address Emulation

O Programmable Extended TX Enable

O Internal/External Loopback Capability for Self Test
Diagnostics

O On Board Predistortion Circuitry
O Low Power CMOS

J On Board Crystal Oscillator Simplifies Clock
Generation

(1 8 MHz Clock Output for General Use

O Incorporates a Three Level Receive FIFO to Simplify
Processor Interface

O Compatible with high speed microprocessor with no
wait state up to 10 MHz (80186, 68000 etc...)

O Programmable DMA and Jump Vectoring Interface

O Independent RX DMA and TX DMA Request Signals
O Programmable Interrupt Selection

[1 28 Pin Plastic Dual In Line and Chip Carrier Packages
O Open Drain Output on Interrupt Pins

O TTL Compatible Inputs and Outputs

[0 Single +5v Supply

PIN CONFIGURATION

PACKAGE: 28-pin DIP

— N
BR2zvEE

2524 2322212019
1 RXDMA
[0 cLKoUT
0 b7

[ D6

1 GND

1 XTAL,

1 XTALz

PACKAGE: 28-pin PLCC

GENERAL DESCRIPTION

The COM52C50 TWINAX controller isa CMOS device that
performs the communications interface to the IBM 5250
TWINAXIAL bus. Itinterfaces to a general purpose micro-
processor on one side and to the IBM 5250 TWINAXIAL
bus on the other side. The COM52C50 handles the parallel
to serial and serial to parallet conversion of datato and from
the TWINAXIAL bus and the encoding and decoding of

IBM@ is a registered trademark of the International Business Machines
Corporation.

data in Manchester Il format. The COM52C50 consists of a
RECEIVE BLOCK, a TRANSMIT BLOCK, and CONTROL
circuitry. The Receive and Transmit sections of the
COM52C50 are separate and may be used independent of
one another. The COM52C50 generates and detects the bit
sync, frame sync, parity, and the fill zero bit patterns
according to the IBM 5250 standard.
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Fig. 2—TYPICAL COM52C50 INTERFACE

cs | RX
—L5 RECEIVE STATUS PARITY CHECK RECEIVE FRAME SYNC DIGITAL
ADDRESS | —
\%Q \DDRESS N—|  REGISTER FRAME CHECK CONTROL DETECT FILTER
—WR_,| "AND | | I
A0-A2 | CONTROL
RECEIVE ZERO STRIP || DIGITAL PLL
SHIFT REGISTER LOGIC AND CONTROL
BUFFER
:> MODE RECEIVE PRESENT
REGISTER FIFO XTAL1
REGISTER caveTaL AL
CONTROL OSGILLATOR |XTAL2,
REGISTER l
TX DMA CLKOUT
<«—— DMA CONTROL U LL U GE:I\JTEE/R%R —
«— LOGIC
AX DMA
ADDRESS SELECT ZERO FILL TRANSMIT 1
REGISTER REGISTER BUFFER
INTERRUPT l lr MANGHESTER
STATUS REGISTER ENCODER
ZERO FILL TRANSMIT
LoaIC > SHIFT REGISTER
I
NTE;!E%LIJSP_}'EI\QASK TRANSMIT |—1X 5
RETIMING | DTX |
TRANSMIT STATUS| | TRANSMIT PARITY & FRAME & TXEN
- REGISTER CONTROL GENERATION CONTROL [
——— INTERRUPT
N2 | "conTROL
~<«——RST
~«——vee
~«—— GND
Fig. 1— COM52C50 INTERNAL BLOCK DIAGRAM
AX DMA
TX DMA l
— TWINAXIAL
1P CABLE
DATA L, T
BUS <\ j?> DO-D7 ENABLE AA
N TXD I ,Z L
ADDRESS DECODE cs COM52C50 o
BUS l
V1 A0-A2 TwiNAX ™ AMA-
INTERFACE
WRITE WR CHIP
READ RD
INTT
INTERRUPT RX
REQUEST T3
RESET CLKOUT XTAL1 XTAL2
SYSTEM
RESET D
8 MHZ 16 MHZ
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TABLE 1 - COM52C50 TWINAX DESCRIPTION OF PIN FUNCTIONS

PIN NO. NAME SYMBOL DESCRIPTION

102 | Bidirectional Do-D; An 8 bit DATA BUS is used 1o interface the COM52C50 to the

oy Data Bus processor Data Bus.

26, 27

3 Write Data WR A low pulse on this input (when CS is low) enables the COM52C50

Strobe to accept the data or control information from the DATA BUS into
the COM52C50. )

4 TX Enable TXEN This output is active low when the transmit data is valid. It is used to
enable the externat TX driver circuitry.

5 Delayed TX DTX Delayed TX Manchester encoded.

6 TX Data TX Transmit data Manchester encoded.

7 TX Buffer "TX DMA The TX Buffer Empty signal is used as a transmit DMA request.

8 RX Data RX This input accepts the receive Manchester |l encoded bit stream.

11 Reset RST This pin resets the COM52C50 to a known state. In addition, it disables
the TX and puts an inactive state on the interrupt lines.

12 Crystal 2 XTAL2 An external 16 MHz crystal is connected to these two pins. If an external

13 Crystal 1 XTAL, 16 MHz TTL clock is used, it should be connected to XTAL with a
390 ohm pullup resistor; XTAL, must be left floating.

14 Ground GND Ground

17 Clock Out CLKOUT This is a divide by two of the XTAL4, 16 MHz input clock. it has a 50/50
duty cycle and can be used as a clock input to the host microprocessor.

18 RX Buffer RX DMA The RX Buffer Full signal is used as a receive DMA request.

19 Error Related INT, This active low, open drain output provides the interrupt signal for

Interrupt error related operations.
20 Data Related INT4 This active low, open drain output provides the interrupt signal for
Interrupt data related operations.

21 Register Az During processor to COM52C50 communications, these inputs are

22 Address Select Aq used to indicate which internal register will be selected for access by

23 Ao the processor.

24 Read Data RD A low pulse on this input {(when CS is low) enables the COM52C50 to

Strobe place the data or status information on the DATA BUS.

25 Chip Select Cs A low level on this input enables the COM52C50 for reading and
writing by the processor. When CS is high, the DATA BUS is in high
impedance and the WR and RD will have. no effect on the chip.

28 Power Supply Vee +5V Power Supply.

L R

FUNCTIONAL DESCRIPTION

RECEIVE BLOCK

The COM52C50 recovers frames that conform to the IBM
5250 protocol. It also checks the received frame for proper
sync, parity and trailing zeros. The RX inputis sampled at 8
times the bit rate. The receive logic is brought into
synchronization during bit and frame synchronization
patterns. The internal receive clock is adjustéd after each
RX transition to compensate for bitjitter and distortion in the
received data signal. In addition to the Receive Shift
Register, the Receive block incorporates a two level First-
in-First-out (FIFO) buffer. At the start of a message, the
host microprocessor is alerted by handshake signals like
Line Idle, Frame Sync Detect, Poll Command Detect, and
Address Match. Thereafter, the RX Buffer Full signal
informs the host microprocessor of the availability of
received data. The end of a receive message is marked by
either the detection of 1) End Of Message sequence 2) Line
Idle or 3) Receive Error.
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TRANSMIT BLOCK

The COM52C50 transmits data frames that conform to the
IBM 5250 protocol. The transmit block consists of an 8 bit
data buffer register, a present address register, .16 bit
parallel to serial shift register, and parity generation logic. A
transmit operation is initiated by loading the transmit buffer
register. The transmitted frame will consist of the sync bit,
the 8 bits loaded by the host microprocessor into the buffer
register, the present address from the PRESENT
ADDRESS REGISTER, or the {111) end of message code if
the last frame is being transmitted, followed by a parity and
three zero fill bits. After the host microprocessor loads the
transmit buffer register, the TRANSMIT BUFFER EMPTY
bit in the status register will become inactive. After a
transfer of a data frame from the buffer register to the shift,
register is accomplished, the TRANSMIT BUFFER EMPTY
bitinthe INTERRUPT AND TRANSMIT STATUS REGISTER
becomes active.



BIT STREAM

The bit stream is serially transmitted to (or received from)
the System Unit at a transmission bit rate of 1 Mbps (£2%).
Therefore, 1 microsecond is required for each bit, and 16
microseconds are required for each frame. All information
between a station and the System Unitis transmitted on the
twinaxial cable. The COM52C50 provides the transmitted
serial data in Manchester encoded format where a “1"
(one) bit is represented by a half bit cell of logical high
followed by a half bit cell of logical low, and a 0 (zero) bit is
represented by a half bit cell of logical low followed by a half
bit cell of logical high. In addition, the COM52C50 provides
a Delayed Transmit Data signal which is delayed by 1/4 of
a bit time to simplify the interface to the external driver
circuitry.

1us % 1us ~{

A message contains a bit sync pattern, a frame sync
pattern, and a frame. The bit sync and the frame sync
patterns establish synchronization between the station and
the SystemUnit,and are transmitted prior to transmission of
the first frame.

TABLE 2 - IBM 5250 FRAME FORMAT
The frame format for command and data to and from the IBM 5250 attachment is a fixed 16 bit frame. Only 13 bits

contain information. The general format is as follows:

Transmission start sequence

One 5250 frame (16 bits)

g e
r ~ -
bit station] = ~bi L
L Line idle | Bit synchronization JFrame syncJ(%E[ 8-bit data/command word 3 :Jétds;éagtsonl 8 | zgrc?lflill l Line idle (
10|10|10]10f10]11]10]00] S |DO|D1{D2| D3| D4{D5|D6]D7|A0 § A1|A2} P |01} 01] O1
V\\ S~
~ ~
// \\\ \\\\ \\\\\\
4 \ \\ \\‘ ~
If—)‘_1 us ~~ \\\~(—-3#S_)|
\\‘\~~ =~ ~
\ - S~
Bit synchronization \ ™ Frame synchronization ™
BIT DESCRIPTION

0-2 These bits are always 0.

3 This is designated as the parity bit and will be set to ensure even parity in each frame.

4-6 These are the physical station address. Valid addresses are 000 to 110, and 111 is the end of message
delimiter for the cable. A frame containing a 111 station address causes the station to ignore all following cable
activity until a bit and frame synchronization is detected following a line turnaround. In addition, if only one frame
is sent from the system unit, these bits represent the station address. If only one frame is sent from the work
station, these bits are'set to 111.

7-14 These bits contain command or data information. They represent a data byte or a status byte from the station, or
they represent a data byte or a command from the system unit.

15 This is'the sync bit. It is the first bit on the line and it is always set to 1.

e — R
RESETTING THE COM52C50 should write a “one” in bit 0 of the Control Register.

The COM52C50 must be reset on power up. This is
accomplished by either of two methods: Hardware Reset or
Software Reset.

Hardware Reset:

Onthe COM52C50 a RESET pin is dedicated to allow
resetting of the device by applying a low level on the
RST pin. The RESET signal should have a minimum
duration of 1us.

Software Reset:
The chip will also be reset when the Software Reset
bit in the Control Register is asserted. The host
microprocessor asserts Software Reset by writing a
“zero” in bit 0 of the Control Register. To take the
COMB52C50 out of reset, the host microprocessor

Writes to the Control Register bit 0 should be spaced
such that the Internal Reset signal has a minimum
duration of 1us.

Upon reset, all of the internal registers of the COM52C50
will be cleared. In addition, the COM52C50 enters an idle
state in which it can neither transmit nor receive data. To
disable undesired interrupts, the Interrupt Mask Register is
set to 00 and the Status Registers bits are all inactive.

INITIALIZING THE COM52C50

Foliowing RESET, the COM52C50 should be initialized by
writing a valid bit pattern to the Interrupt Mask Register, the
Mode Register, the Station Address Select Register. At this
point, the Control Register can be used to enable Receive
and Transmit.

80



TABLE 3 - REGISTER DECODE & TRUTH TABLE FOR INTERNAL REGISTER SELECT

ADDRESS A2 Al A0 RD WR
00 0 0 0 1 0 Mode Register w
0 0 0 0 1 Not Used R
01 0 0 1 1 (¢] Interrupt Mask Register W
0 0 1 0 1 Interrupt Status Register R
02 0 1 0 1 0 Address Select Register W
0 1 0 0 1 RX Status Register R
03 0 1 1 1 0 Control Register w
0 1 1 0 1 RX Buffer R
04 1 0 0 1 0 Zero Fill w
1 0 0 0 1 Not Used R
05 1 0 1 1 0 Present Address Register W
1 0 1 0 1 Present Address Register R
06 1 1 0 1 0 TX Buffer W
1 1 0 0 1 TX Status Register R
07 1 1 1 1 0 TX Buffer EOM W
1 1 1 0 1 TX Status Register R

REGISTER DESCRIPTIONS

RX BUFFER

This is the second level of a two byte deep Receive FIFO
where the COM52C50 Receive Block provides new data
and the microprocessor reads it. This register contains the
8 bit information field of an IBM5250 frame (bits 14-7). It is
read by the host microprocessor after each frame reception
which is indicated by the RX Buffer Full bit. This is an 8 bit
read only register.

TX BUFFER

This register contains the 8 bit information field of an
IBM5250 frame (bits 14-7). It is written to by the host
microprocessor and contains the information to be sent out
in the next frame. This is an 8 bit write only register.

ZERO FILL REGISTER

This eight bit register is loaded by the host microprocessor
and contains the number of zero bits that should be filled
between two frames. The host microprocessor would read
a Set Mode Command and find out how many zero bytes
must be padded on the nextreply and then convertitto bits
and write it to this register. The COM52C50 takes care of
inserting the programmed number of zero bits between two

frames. Up to 255 zero bits may be inserted in between

~ frames. If no zero bit fill is required, this register should be
cleared by writing a zero. The host microprocessor may not
write to this register during data transmission. This register
is cleared following RESET.

INTERRUPT MASK REGISTER
This is an 8 bit write only register which is loaded by the host
microprocessor. This reglster controls interrupt generation
onboththe TNTTand TNT g interrupt pins. The most significant
5 bits enable the generation of IFi T1, the least significant
3 bits enable the generation of INT2. ;

INT1

A logical one in a particular bit position will enable the
corresponding bit in the Interrupt Status Register (bits 7-3)
to cause an interrupt when it is set.

INT2
A logical one in a bits (2-1-0) will enable bits (7-6-5) in the
RX Status Register to cause an INT2 interrupt when itis set.

Upon Reset, this register is cleared to all zeros thereby
disabling interrupts. This is an 8 bit write only register.

ADDRESS SELECT REGISTER

This is an eight bit Write Only Register that controls address
bit recognition of any of the seven possible node
addresses. A node may emulate more than one address at

atime by programming a “one” in the corresponding bit of
the Address Register.

A*“one” in any one or more of the Address Select bits allows
the COM52C50 to respond to that group of addresses.

D7 D6 D5 D4 D3 D2 D1 DO
ONE ID6 ID5 D4 D3 D2 ID1 DO
Examples:
Emulate one address: (3) 1|{o0]JojoOo|1|0O]|O]|O
Emulate four addresses: (6-4-3-0) 1 1 0|1 1 0|0 |1
Emulate All Addresses: (6-5-4-3-2~1-0) T T T O A O I O O |
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TABLE 4 - REGISTER DIAGRAMS

READ REGISTERS WRITE REGISTERS
ADDRESS DESCRIPTION ADDRESS DESCRIPTION
[ Br7 [ eme | s | Bima [ Br3 [ Bm2 | BiT1 [ BiTo | [Brr7 | BrTe | BITS | BITa | BITS | BIT2 | BIT1 | BITO |
Mode Register
Test auto 25us Test TX RX internal loop
00 Not Used 00 mode EOM 16us mode parity parity | external /
111 TX en. loop norm
Interrupt Status Register Interrupt Mask Register
frame | address | poll RX > RX RX RX frame | address poll RX 1) RX line end of
0t sync maich [command| buffer buffer | overrun | biphase | parity o1 sync match |command| buffer buffer errors idle | message
detect detect full empty error efror error detect detect full empty detect detect
I«—generate interrupt 1 l«generate RX erron] I,— Interrupt 1 Mask ,I‘ — Interrupt 2 Mask ,I
RX Status Register Address Select Register
RX line end of RX
02 Errors idle |message | buffer A2 At A0 zero 02 one A6 A5 Ad A3 A2 At A0
detect detect full
|<-—generate interrupt 2 —->|
RX Buffer Control Register
03 RX7 RX6 RX5 RX4 RX3 RX2 RX1 RX0 03 reset zero | disable | enable | enable | enable | enable | software
errors biphase | TX DMA | RX DMA TX RX reset
Zero Fill Register
04 Not Used 04 D7 D6 D5 D4 D3 D2 D1 Do
Present Address Register Present Address Register
05 zero zero zero zero zero A2 Al A0 05 zero zero zero zero zero A2 At A0
TX Status Register TX Buffer
™ X
06 zero zero zero zero zero underrun buffer zero 06 X7 TX6 TX5 TX4 TX3 TX2 1 TXO0
empty
TX Status Register TX Buffer EOM
T ™
07 zero zero zero zero zero buffer zero 07 X7 X6 X5 TX4 TX3 TX2 X1 X0
underrun emply




PRESENT ADDRESS REGISTER

This register holds the present address information of the
first frame following frame sync. It is used to convey the
address information to the host microprocessor and has the
address field information on all outgoing frames. This
register is loaded by the Receive Block with the address
information from the first frame following frame sync detect.
This register can also be written to by the host

microprocessor prior to initiating a Transmit sequence. The
contents of this register are fed to the address compare
logic which compares the Present Address to the Address
Select Register. If a valid compare is detected, the Address
Match bit in the Interrupt Status Register is set.

During a receive session, the contents of this register are
valid only after the RX Buffer Full bit is set “one”.

This is an eight bit read/write register.

I -

TABLE 5—COM52C50 INTERRUPT STATUS REGISTER (BITS 0-7)

This is an eight bit register that can be read by the host

microprocessor. The Interrupt Status Register is cleared

following software or hardware reset. The bits in this
register are used to indicate the following information:

BIT DESCRIPTION

0 RX PARITY ERROR

This bit is cleared by:
a. clearing RX Enable in the Control Register.
b. setting Reset Errors in the Control Register.
c. asserting internal RESET.
d. asserting external hardware Reset.

Signals the microprocessor that the frame received contained an incorrect number of binary “1” bits. This bit is
set when the received frame has an incorrect parity bit and parity is enabled.

1 RX BIPHASE ERROR

frame.

This bit is cleared by:
a. clearing RX Enable in the Control Register.
b. setting Reset Errors in the Control Register.
c. asserting internal RESET.
d. asserting external hardware Reset.

Signals the microprocessor that a bit within a received frame has violated Biphase Manchester code (i.e. the two
half bit cells of a bit were not complements). This bit is set when a Biphase error occurs during bits 0-15 of a

2 RX OVERRUN ERROR

This bit is cleared by:
a. clearing RX Enable in the Control Register.
b. setting Reset Errors in the Control Register.
¢. asserting Internal RESET.
d. asserting External Hardware Reset.
e. Frame Sync Detect going active.

Signals the microprocessor that an Overrun condition has occured. This bit is set when a byte stored in the
Receive Holding Register is overwritten with a new byte from the Receive Shift Register before the
microprocessor has read the Receive Holding Register.

3 TX BUFFER EMPTY

to the Transmit Shift Register.
This bit is cleared by:
a. writing to the Transmit Buffer Register
b. clearing TX Enable in the Control Register
c. asserting internal RESET.
d. asserting external hardware Reset.

TX buffer empty is zero.

Signals the processor that the Transmit Character Buffer is empty and that the COM52C50 can accept a new
character for transmission. This bit is set when a character has been loaded from the Transmit Holding Register

This bit is initially set when the transmitter logic is enabled by setting the TXenable bit in the Control Register
(also TX BUFFER is empty because of reset). Data can be overwritten if a consecutive write is performed while

4 RX BUFFER FULL

Holding Register.

This bit is cleared by:

. reading the Receive Holding Register

. clearing RX Enable in the Control register
. Frame Sync Detect going active

. asserting internal RESET. -

. asserting external hardware Reset.

DPOoO0OTY

Signals the processor that a completed character is present in the Receive Buffer Register for transfer to the
processor. This bit is set when a character has been loaded from the receive deserialization logic to the Receive
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TABLE 5—COM52C50 INTERRUPT STATUS REGISTER (BITS 0-7) CONTINUED

BIT DESCRIPTION

5 POLL COMMAND DETECTED
Signals the microprocessor that the command in the Receive Holding Register is a POLL command.
(xxx10000) This bit is set when the first frame following Frame Sync has the binary 10000 pattern in the least
significant 5 bits of the data section.
This bit is cleared by:

a. reading the RX Buffer Register when RX Buffer Full is set.

b. Frame Sync Detect going active.

c. asserting internal RESET.

d. asserting external hardware Reset.

6 ADDRESS MATCH
Signals the microprocessor that a match has occured between the address field of the first frame following Frame
Sync and any bit within the Address Select Register. This bit is set after a valid compare has occured between
the address field of the first frame following frame sync and any bit of the Address Select Register.
This bit is cleared by:

a. reading the RX Buffer Register when RX Buffer Full is set.

b. Frame Sync Detect going active.

c. asserting internal RESET.

d. asserting external hardware Reset.

7 FRAME SYNC DETECTED
Signals the microprocessor that a Frame Sync has been detected on the RX pin of the COM52C50. The Frame
Sync detect circuitry checks for one “1" bit (10 half bit) followed by a three half bit times of ones followed by a
three half bit times of zeros (111000). This bit is set when a Valid Frame Sync pattern is detected.
This bit is cleared by:

a. reading the Interrupt Status Register.

b. Line Idle going active.

c. asserting internal RESET.

d. asserting external hardware Reset.

RESETTING OF INTERRUPTS

The INT1 and INT2 signals feature an automatic interrupt  action is taken by the processor. The following describes
acknowledge that will take interrupt away when the proper how each of the eight interrupting conditions get cleared.

When the interrupt is caused by: The interrupt is cleared by:

Frame Sync Detect Reading the interrupt Status Register twice
Line Idle going active

Internal Reset

External Reset

Address Match Frame Sync Detect

Reading the RX Buffer Register when the RX Buffer is full
Internal Reset

External Reset

Poll Command Detect Frame Sync Detect

Reading the RX Buffer Register when RX Buffer is full
Internal Reset

External Reset

RX Buffer Fuil Clearing the RX Enable bit

Reading the RX Buffer Register when the RX Buffer is full
Internal Reset

External Reset

TX Buffer Empty Writing to the TX Buffer Register
Clearing the TX ENable bit
Internal Reset

External Reset

RX Errors Asserting Reset Errots
Clearing RX Enable
Internal Reset
External Reset

Line Idle Detect Reading the RX Status Register twice
Internal Reset
External Reset

End of Message Reading the RX Status Register twice
(EOM) Detect Internal Reset
External Reset
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TABLE 6—COM52C50 RX STATUS REGISTER (BITS 0-7)

This is an eight bit register that can be read by the host
microprocessor. The bits in this register are used to
indicate the following information:

BIT DESCRIPTION
0 FIXED ZERO
1-3 PRESENT ADDRESS BIT 0-1-2
These three bits hold the value of the Present Address. They are the same as the bits 1, 2, 3, of the Present
Address Register.
4 RX BUFFER FULL
Signals the processor that a completed character is present in the Receive Buffer Register for transfer to the
processor. This bit is set when a character has been loaded from the receive deserialization logic to the Receive
Buffer Register.
This bit is cleared by:
a. reading the Receive Buffer Register d. asserting internal RESET
b. clearing RX Enable in the Control register e. asserting external hardware RESET
¢. Frame Sync Detect going active
5 LAST FRAME/End Of Message (EOM)
Signals the microprocessor that a “1 1 1" pattern has been detected in the address field of an incoming frame.
This bit is propagated through the RX FIFO logic and it corresponds to the data byte immediately available to the
processor. This bit is set when the 3 bit address field of a frame-gets a match with a constant “1 1 1" pattern.
This bit is cleared by:
a. Frame Sync Detect going active. ¢. asserting internal RESET.
b. clearing RX Enable in the Control Register. d. asserting external hardware RESET
6 LINE IDLE
Signals the microprocessor that the RX line has not seen a transition for the past 3us time interval. This can be
used by the microprocessor to learn that the RX line is idle. This bit is set when the RX line remains idle for a 3
microseconds duration.
This bit is cleared by:
a. activity on the RX line. c. asserting Internal RESET.
b. clearing RX Enable in the Control Register d. asserting External Hardware Reset.
7 RX ERRORS
Signals the microprocessor that a Receive Error condition has occured. This bit is set when any one or both of
the Interrupt Status Register bits 0 and 1 are set.
This bit is cleared by:
a. asserting Reset Errors in the Control Register c¢. asserting Internal Software RESET.
b. clearing RX Enable in the Control Register. d. asserting External Hardware RESET.
T P
TABLE 7—COMb52C50 TX STATUS REGISTER (BITS 0-7)
BIT DESCRIPTION
0 Fixed at Zero
1 TX BUFFER EMPTY
Signals the processor that the Transmit Buffer Register is empty and that the COM52C50 can accept a new
character for transmission. This bit is set when a character has been loaded from the Transmit Buffer Register to
the Transmit Shift Register.
This bit is cleared by:
a. writing to the Transmit Buffer Register c. asserting internal software RESET.
b. clearing TX Enable in the Control Register d. asserting external hardware RESET.
This bit is initially set when the transmitter logic is enabled by setting the TXenable bit in the Control Register. Data
can be overwritten if a consecutive write is performed while TX buffer empty is “zero”.
2 TX UNDERRUN ERROR
Signals the microprocessor that an Underrun condition has occured. This bit is set when, during a transmission
process, the microprocessor writes to the TX Holding Register after the TX Shift Register has already shifted its
last bit out.
This bit is cleared by:
a. clearing TX Enable in the Control Register. c. asserting Internal RESET.
b. setting Reset Errors in the Control Register. d. asserting External Hardware RESET.
3-7 These bits are fixed zeros.

The TX Status Register is cleared following software or hardware reset.
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TABLE 8—COM52C50 CONTROL REGISTER (BITS 0-7)

The Control Register is an eight bit write only register thatis  cleared to “zero” except for the Software Reset bit. Internal
used by the microprocessor to control the COM52C50. Reset does not affect any of the Control Register bits. The
Following External Reset all bits of the Control Registerare  bits of the Control Register are defined as follows:

BIT

0 SOFTWARE RESET
This bit is used by the microprocessor to reset the COM52C50 via a software command. When this bit is cleared,
Internal Reset is asserted and the COM52C50 is reset. This bit should be set to “one” during normal operations.

DESCRIPTION

1 ENABLE RECEIVE

This bit is used by the microprocessor to enable the Receive Logic in the COM52C50 to function. When this bit is
cleared, the RX BUFFER FULL bit in the Status Register will be disabled. This bit should be set to “one” during
normal operations.

2 ENABLE TRANSMIT )
Data transmission cannot take place via the COM52C50 unless this bit is set to logic “one”. When this bit is reset
(disabled), transmission will be disabled only after the previously written data has been transmitted. (This simply

disables loading of the TX Buffer Register).

3 ENABLE RX DMA
DMA signal on the COM52C50 is kept low.

This bit, when set, will enable the RX DMA handshake signal on the COM52C50. When this bit is cleared, the RX

4 ENABLE TX DMA
DMA signal is kept low.

This bit, when set, will enable the TX DMA handshake signal on the COM52C50. When this bit is cleared, the TX

5 DISABLE BIPHASE ERRORS

up and biphase error detection is enabled.

This bit, when set, will disable the detection of biphase errors in the receive block. This bit is cleared upon power

6 NOT USED—MUST BE ZERO

7 RESET ERRORS

of this bit; therefore there is no need for clearing it.

This bit, when set, will clear the Receive Error Status bits in the Interrupt Status Register (Parity, Biphase,
Overrun). As a result of this, the RX Error bit in the RX Status Register will be cleared. Reset Errors also resets the
TX Underrun status bit in the TX Status Register. No latch is provided in the Control Register for saving the state

THE COM52C50 ON CHIP CRYSTAL OSCILLATOR

The COM52C50 incorporates an on chip crystal osciliator.
A 16 MHZ parallel resonant crystal is connected to the
XTAL1 and the XTAL2 pins of the COM52C50 along with a
1.0 MOhm resistor across the crystal and two 22pf
capacitors from each node of the crystal to ground. {see
figure 18, CONNECTION DIAGRAM FOR PARALLEL
RESONANT CRYSTAL)

A TTL clock can also be used to supply the clock signal to
the COM52C50. This is done by supplyinga TTL level clock
to the XTAL1 pin of the COM52C50 along with a 390 ohm
resistor from the XTAL1 pin to Vcc. The XTAL2 pin should
not be connected when an external clock is supplied. (see
figure 19, RECOMMENDED EXTERNAL TTL CLOCK
CONNECTION)

DMA OPERATION

The COM52C50 features two independent DMA Request
signals. These signals are provided to allow the
COM52C50 to interface to one or two channels of a DMA
controller such as that of the 80188 and the 80186. Each of
the RX DMA and TX DMA request signals can be
individually enabled via software commands in the Control
Register. DMA interface is most useful when moving blocks
of data following an activate read or an activate write
command.
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RXDMA .

Following an active read command, the host microproces-
sor would initialize the RX DMA channel and enable RX
DMA by writing a one in the Control Register bit 3. The
COM52C50 will automatically generate the RX DMA
Request signal as soon as a received frame is moved from
the Receiver Shift Register to the Receiver FIFO. At this
time, the DMA channel will initiate a Read Receive Buffer
cycle which in turn will be used as an automatic DMA
Acknowledgment. When a new frame arrives and is ready
to be read by the DMA channel, the COM52C50 will assert
the RX DMA Request signal and inform the DMA channel of
the availability of the next word. The Receiver FIFO will be
in use during DMA operations. This gives the DMA channel
a maximum of three frame times for DMA latency. On the
average, however, the DMA channel must be able to keep
up with the COM52C50 byte rate.

TX DMA

When transmitting blocks of data, the host microprocessor
would initialize the TX DMA channel and enable TX DMA
by writing a one in the Control Register bit 4. The
COM52C50 will automatically generate the TX DMA
Request signal when the TX Buffer is empty. When the DMA
channel performs a write cycle to the COM52C50 TX
Buffer, the TX DMA Request signal will be inactive until the
TX Buffer becomes empty again. After writing the last data
frame to the TX Buffer, the host microprocessor can disable
the TX DMA Request signal by writing to the Control
Register.




TABLE 9—COM52C50 MODE REGISTER DESCRIPTION (BITS 0-7)

BIT DESCRIPTION
0 NORMAL/LOOPBACK MODE
This bit when set will put the COM52C50 in loopback mode. When in loopback mode, bit 1 of the Mode Register
specifies Internal or External loopback modes.
0 NORMAL OPERATION 1 LOOPBACK MODE
1 EXTERNAL/INTERNAL LOOPBACK
This bit specifies External or Internal loopback Modes. When bit 0 of the Mode Register specifies normal mode of
operation, this bit is a don't care.
0 EXTERNAL LOOPBACK 1 INTERNAL LOOPBACK
2 EVEN/ODD RX PARITY
This bit specifies Even or Odd parity for the receive section of the COM52C50.
0 EVEN RX PARITY 1 ODD RX PARITY
3 EVEN/ODD TX PARITY
This bit specifies Even or Odd parity for the transmit section of the COM52C50.
0 EVEN TX PARITY 1 ODD TX PARITY
4 NORMAL/TEST MODE
This bit when set puts the COM52C50 in a VLSI test mode. This bit is cleared upon Reset and should be cleared
for normal operation.
0 NORMAL OPERATION 1 TEST MODE
5 TX ENABLE 250ns/16us
This bit controls the amount of time the Transmit Enable Signal will remain active after the last TX bit is shifted out.
When set to “zero”, the TX Enable signal goes inactive after 250ns following the last TX data bit. When set to
“one”, the TX Enable signal goes inactive after 16us following the last TX data bit. This can be used to drive the
Twinax Cable after a transmission in order to reduce line reflection effect.
0 TX enable 250ns 1 TX enable 16us
6 EOM/Auto 111
This bit determines if Automatic 111 address should be inserted on a transmitted message upon transmitter
underrun. When this bit is a “zero”, the microprocessor has to write to TX Buffer EOM to force a 111 address on
the last frame of transmitted data.
0 EOM 111 1 Auto 111
7 NORMAL/TEST MODE

This bit when set puts the COM52C50 in a VLS| test mode. This bit is cleared upon Reset and should be cleared
for normal operation.

0 NORMAL OPERATION 1 TEST MODE

Following RESET, the mode register will be cleared to all “zero’s” and the default Mode Setting will be:

BITO- 0 NORMAL OPERATION
BIT1 - 0 EXTERNAL LOOPBACK
BIT2- 0 EVEN RX PARITY

BIT3 - 0 EVEN TX PARITY
BT4- 0O NORMAL OPERATION
BITS5 ~ 0 TX ENABLE .250
BIT6- 0 EOM 111

BIT7- 0 NORMAL OPERATION
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ELECTRICAL CHARACTERISTICS
MAXIMUM GUARANTEED RATINGS*

Operating Temperature RaNge .. ....ouuvrit ittt et ttee it at et enaernsrnannenes 0to 70°C
Storage TempPerature RaNGE .. ..vvit ittt ittt e et e e -55 to 150°C
Lead Temperature (soldering, 10 SEBCONAS) .. ... vuvuurr it eiert et et ienreneanenannes +325°C
POSItive VOREGE ON ANy PIN. ..ottt et ittt e e ettt s e et iiae e eienaas Vee + 0.3V
Negative Voltage on any pin, with respecttoground ...ttt iiinnines -0.3v
MaXIMUM Voo ottt ettt ittt ettt e et s s s et eee e eentseneansenasenneineennonnens +7.0V

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

NOTE: When powering this device from the 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.

TABLE 11-ELECTRICAL CHARACTERISTICS (Ta = 0°C to +70°C, Vcc = +5V £5%

FIG. NO. PARAMETER SYMBOL MIN TYP* MAX
DC CHARACTERISTICS
LOW INPUT VOLTAGE ViL 08 \ Except TLL Input
Clock
HIGH INPUT VOLTAGE ViH 1 20 \ Except TTL Input
Clock
LOW INPUT VOLTAGE ViLz 10 \ TTL Clock Input
HIGH INPUT VOLTAGE Vin 2 Vee-05V \ TTL Clock Input
LOW OUTPUT VOLTAGE VoL 1 04 \ loL = 3.5ma
HIGH OUTPUT VOLTAGE Vo 1 24 \" lon = 200ua
LOW OUTPUT VOLTAGE Vou 2 30 Vv For Clock Output
HIGH OUTPUT VOLTAGE Vo 2 3.0 \ For Clock Output
INPUT LEAKAGE CURRENT | I +10 HA
INPUT CAPACITANCE Cin 25 pF
POWER SUPPLY CURRENT | lec 20 30 mA
FIG. NO. PARAMETER SYMBOL MIN TYP* MAX UNITS COMMENTS
AC CHARACTERISTICS
WRITE CYCLE
Fig. 3 Address Setup Time t 50 ns
Fig. 3 Address Hold Time 2 0 ns
Fig. 3 WR Pulse Width ta 150 ns
Fig. 3 Data Setup Time ta 75 ns
Fig. 3 Data Hold Time ts 10 ns
READ CYCLE
Fig. 4 Address Setup Time te 50 ns
Fig. 4 Address Hold Time tz 0 ns
Fig. 4 RD Pulse Width ts 150 ns
Fig. 4 Tax ts 0 80 ns
Flg 4 Tez t1o 0 80 ns
Fig. 5 READ WRITE INTERVAL tis 100 ns
INTERRUPT
ACKNOWLEDGE TIMING
Fig. 6 Read Int. Status Reg. to
INT inactive tha 300 ns
DMA ACKNOWLEDGE
TIMING
Fig. 7 Read RX Buffer to
PXDMA inactive ts 200 ns
Fig. 8 Write TX Buffer to
L TXDMA inactive tie 200 ns
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FIG. NO.| SYMBOL PARAMETER SYMBOL MIN. TYP* MAX UNITS COMMENTS
TTL CLOCK INPUT TIMING
Fig. 9 Input Clock fall time teo 10 ns
Fig. 9 Input Clock rise time ta1 10 ns
Fig. 9 Input Clock high time tee 20 ns Vee-1.0V
Fig. 9 Input Clock low time tea 20 ns @0.6V
Fig. 9 Input Clock period 124 625 ns @15V
CLOCK OUT TIMING
Fig. 10| Clock Out fall time tas 10 ns @50pF max
Fig. 10| Clock Out rise time tos 10 ns @50pF max =
Fig. 10| Clock Out high time tor 55 ns @50pF max 3
Fig. 10| Clock Out low time tos 55 ns @50pF max 5
Fig. 10| Clock Out period tog 125 ns @50pf max a
TX DATA TIMING
Fig. 11| WRto tx Buffer
TX ENABLE tao 1500 ns
Fig. 11| TXENABLE active to
TX DELAY 131 250 ns
Fig. 11| DTXto TX ENABLE inactive | tsz 250 ns
Fig. 11| TX toDTX delay tas 250 ns
Fig. 11| TX, DTX half bit cell taa 500 ns
Fig. 11| TX,DTX full bit cell tas 1000 ns
Fig. 11| TX,DTX rise time 10 ns
TX, DTX fall time 10 ns
RX DATA TIMING
RX half bit cell pulse width 500 ns |{Jitter Tolerance £20%)
RX bit cell pulse width 1000 ns
RESET TIMING
Fig. 12| Internal Reset pulse width tao 1.0 us
Fig. 13| External Reset pulse width tar 1.0 us
Input Clock Frequency 16 MHZ

*ALL TYPICAL VALUES ARE AT 25°C AND Vec =5.0 V

A-IN X Y

|
I | ta '|

> >
«

—

| ta | 15 I
[ I i
D-IN Y )

|
! |

Fig. 3—PROCESSOR WRITE COM52C50 CYCLE
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A-IN
ts | tz I
l i ts _ {
| |
o \ /|
[ -
IJ_S,{ I tio
I l :
D-OUT { ‘\II
Fig.4—PROCESSOR READ COM52C50 CYCLE
| |
e
[ -
D | |
" A -/
I |
| |
Fig. 5—PROCESSOR ACCESS COM52C50 REPETITION
NTh |

RD INT
STATUS REG.

Fig. 6—INTERRUPT ACKNOWLEDGE TIMING
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RXDMA ——/

RD RX

]
BUFFER X

|

)

SECTION It

TXDMA —/7

-
WA TX
BUFFER k
I
I
Fig. 8—TX DMA ACKNOWLEDGE TIMING
l fe N
= |
|
|
CLK IN
ter | Itzol tes l
CLK OUT

Fig. 10—8 MHZ CLOCK OUT TIMING
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WRITE TO 7/
TX BUFFER _l___l |

tao
|
TX ENABLE /.
| | | ] 7/
H tar |r<—> toa > taz
o | |
|
" L BRI |
| |
: 4—’{ t3s ! ‘35
, ! | ya
TXC V4
XD } ] _L ]_/ I
{
TBMT g | Ig4
| J 77

l I
O /7Y
RESET j \__/—__

Fig. 12—INTERNAL RESET TIMING

external 1\____]—
RESET
| I

Fig. 13—EXTERNAL RESET TIMING

|-4~—————~——Bit Synchronization ———~————-|«~— Frame Synchronization—s|-« S?:‘:c >} D0—p-}¢—D1—

TXCLK | I l I | J l _J LJ ‘_' L—l LJ L—-I l——-l I—' '—j L"',
TX ENABLE |

f—1—>}— 7 —-}¢——1—>}4— 1 —»| 4———>| «—Frame Synchronization —»-|«—1—>»-l«—D0—|-€—D1—>

®x _ Mo M T 1T 713

Fig. 14—COMS52C50 TRANSMIT START TIMING
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|4—D5 —»-|«—D6—p| «—D7 —p|«———End of Message t—P | Fill Bits 000 {

>

TX ENABLE [

| €—D5 —>+|4—D 624D 7 —p| 1t | t— | — o} P — - |t O o} ) —| — O]

™ C I T T T 77 i 71T i

Fig. 15—COM52C50 TRANSMIT END TIMING

|1 | — | — | €— 1 —| 1 —»| 4— 1 —p-|&— Frame Synchronization —=|--—~ 1 —}4— D0 —I}€—D1 —>|

LINE IDLE GOES AWAY FSD VALID

RXDATA

Fig. 16—COM52C50 RECEIVE START TIMING

|4—D5 —ft— D6 >}t D7 = t— 1 o — 1 — o} t— | — | t— P — P | — > *— 0 —> | ¢— O —>}——— s —————

Axoata [ L T T T T T

PARITY VALID RX BUFFER FULL
POLL COMMAND DET DMmaTCcH  EOMDET

RX OVERN

Fig. 17—COM52C50 RECEIVE END TIMING

xtal2 xtalt
® 1r +5V

E - D | 74804 390 Ohm
22 pF IC CI22pF

—\NVNV—

10. Mohm Xtal2

No Connection -

Xtalt

C = 2 times Crystal Load Capacitance

Fig. 18B—CONNECTION DIAGRAM FOR PARALLEL Fig. 19—RECOMMENDED EXTERNAL TTL CLOCK
RESONANT CRYSTAL CONNECTION
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COM 7210

Intelligent GPIB Interface Controller

FEATURES .
[1 Al Functional Interface Capability Meeting IEEE
Standard 488-1978
—8H1 (Source Handshake)
—AH1 (Acceptor Handshake)
—T5 or TE5 (Talker or Extended Talker)
—L3 or LE3 (Listener or Extended Listener)
—SR1 (Service Request)
—RL1 (Remote Local)
—PP1 or PP2 (Parallel Poli) (Remote or Local
Configuration)
—DC1 (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
[J EOS Message Automatic Detection
[ Command (IEEE Standard 488-78) Automatic
Processing and Undefined Command Read Capability
] DMA Capability
[[1 Programmable Bus Transceiver I/O Specification
. (Works with T.l./Motorola/Intel)
[ 1 to 8 MHz Clock Range
[J TTL Compatible

PIN CONFIGURATION
TR1 14 ~ 40 Vo
TR2 21 gas EOT

CLOCK 30 gas NDAC
RESET 40 37 NRFD
T/R3 50 h 36 DAV
DMAREQ 6 (] h 35 DIOB
DMAATK 74 b 34 DIO7

TS s8( ESS DI0é

RD 9@ 32 D05
WR 10 b 31 DI04

INT 11 g h 30 DIO3

Do 129 gzg DIo?

D1 13 28 DIOT

D2 14 h 27 SAQ

D3 150 b 26 ATN

D4 160 h 25 REN

D5 17 h 24 TFC

D6 18 b 23 RS2

D7 194 b 22 RS1
GND 20 b 21 RSO

PACKAGE: 40-pin D.I.P.

1 COPLAMOS®n-Channel Silicon Gate Technology
1 +5V Single Power Supply

[140-Pin DIP

[[] 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 to implement any type
of GPIB interface.
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DMAREQ -wust—]

DUAATK —r]

t{y H

INT

REGISTERS

DATA IN

COMMAND PASS
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DESCRIPTION OF PIN FUNCTIONS

PIN SYMBOL 110 DESCRIPTION
1 T/R1 (0] Transmit/Receive Control—Input/Output Control Signal for the GPIB
Bus Transceivers.
2 T/R2 (o} 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 I Clock—(1-8 MHz) Reference Clock for generating the state change
prohibit times T1, T6, T7, T9 specified in IEEE Standard 488-1978.
4 RST | Reset—Resets 7210 to an idle state when high (active high).
5 T/R3 (0] Transmit/Receive Control—Function determined by TRM1 and TRMO of
address mode register (See T/R2).
6 DMAREQ (0] DMA Request—7210 requests data transfer to the computer system,
becomes low on input of DMA acknowledge signal DACK.
7 DMAACK I 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). o
9 RD | Read—(Active Low) Places contents of read register specified by 1
RS0-2—on D0-7 (Computer Bus).
10 WR | Write—(Active Low) writes data on DO-7 into the write register specified
by RS0-2.
11 INT ~ (0] 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 [l{e] 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 /0 Interface Clear—Control line used for clearing the interface functions.
25 REN /0 Remote Enable—Control line used to select remote or local control of
the devices.
26 ATN 110 Attention—Control line which indicates whether data on DIO lines is an
interface message or device dependent message.
27 SRQ [l{e] Service Request—Control line used to request the controller for service.
28-35 DIO1-8 110 %at% Ilngut/Output—B-bit bidirectional bus for transfer of message on
the IB.
36 DAV /0 Data Valid—Handshake line indicating that data on DIO lines is valid.
37 NRFD /0 Ready for Data—Handshake line indicating that device is ready for data.
38 NDAC /O Data Accepted—Handshake line indicating completion of message
_ reception.
39 EOI 1{e] End or Identify—Control line used to indicate the end of muitiple byte
transfer sequence or to execute a parallel polling in conjunction with ATN.
40 Voo +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.
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Data on the GPIB is transferred in a bit parallel, byte serial
fashion over 8 Data I/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 Ceontroller 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  use of a variety of different transceiver configurations for
nature and may be readily interfaced to most processor maximum flexibility.

lines.

In-addition to providing all control and data lines necessary .
for a complete GPIB implementation, the TLC also pro- Internal Registers ) )
vides a unique set of bus transceiver controls permittingthe  The TLC has 16 registers, 8 of which are read and 8 write.

REGISTER NAME ADDRESSING _ SPECIFICATION
RRRWRC
SSSRDS
210
Data In (OR) 000100 D17 [ DI6 [ DI5 | D14 | D138 | Di2 [ DI1 [ D10 |
Interrupt Status 1 (1R) 001100 cPT | APT | DET | END | DEC [ ERR [ DO | D1 |
Interrupt Status 2 (2R) 010100 INT [SRO1 ] LOK [ REM | CO [ LOKC [ REMC | ADSC |
Serial Poll Status (3R) 011100| 58 [PEND|] S6 | S5 [ sS4 [ s3 | s2 | s1 |
Address Status (4R) 1001 00| cic [ ATN [SPMS| LPAS [ TPAS| LA [ TA [ MIMN |
Command Pass Through(5R) |t 0 1 1 0 0|[ CPT7 [ CPT6 [ CPT5 | CPT4 | CPT3 | CPT2 [ CPT1 | CPTO |
Address 0 (6R) 1101 00( x [ DTo | Do [ AD5-0 | AD4-0 | AD3-0 | AD2-0 | AD1-0 |
Address 1 (7R) 1111 00| EO1 [ DT1 [ DLt | AD5-1 [ AD4-1 | AD3-1 | AD2-1 | AD1-1 |
Byte Out (OW) 00001 0|[BO7 [ BO6 | BO5 | BO4 | BO3 | BO2 | BO1 | BOO |
Interrupt Mask 1 (1W) 001 010|[ CPT | APT [ DET | END | DEC [ ERR | DO | DI_|
Interrupt Mask 2 (2W) 0100 10| 0 [SRQl |[DMAO] DMAl [ CO [ LOKC [ REMC | ADSC |
Serial Poll Mode (3W) 011010| s8 [ rsv | 56 | 6 | sS4 | S3 [ s2 [ st |
* Address Mode (4W) 1+ 00010 ton [ lon [TRMI[TRMO] 0 [ 0 | ADM1 | ADMO |
Auxiliary Mode (5W) 101 0 1 0| CNT2 [ CNT1 [ CNTO [ COM4 | COM3 | COM2 [ COM1 | COMO |
Address 0/1 (6W) 11001 0| ARS [ DT [ DL [ AD5 [ AD4 | AD3 | AD2 | AD1 |
End of String (7W) 11101 0| ECT | EC6 | ECs5 | EC4 | EC3 | EC2 | ECt | ECO |
—

Data Registers

The data registers are used for data and command trans-
fers between the GPIB and the microcomputer system.

DATA IN (OR)

[ oz [ pie [ bis [ piea [ D8 [ D2 [ bt [ pDio |

Holds data sent from the GPIB to the computer

BYTE OUT (0W)

[[BO7 [ BO6 [ BOS | 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.

INTERRUPT

READ

STATUS 1 (1R).

[CPT [ APT | DET | END | DEC | ERR [ DO [ DI |

INTERRUPT

STATUS 2 (2R)

[INT [ sRal [ LOK [ REM | CO | LOKC [ REMC [ ADSC |

INTERRUPT

WRITE

MASK 1 (1W)

[ cPT [ APT [ DET | END | DEC [ ERR [ DO [ DI |

INTERRUPT

MASK 2 (2W) [

] SRal [ DMAO | DMAI [ €O [ 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 COM 7210, 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 =
SRal Service Request Input Noninterrupt Related Bits =
LOKC Lockout Change LOK Lockout 5
REMC Remote Change REM Remote/Local b
ADSC Address Status Change DMAO Enable/Disable DMA Out
co Command Output DMAI Enable/Disable DMA In
L R

Serial Poll Registers

READ

SERIAL POLL

STATUS (3R) | s8 [PEND] s6 | s5 | s4 [ s3 | st | so |
WRITE

SERIAL POLL

MODE (3W) [ s8 [ rsv | s6 | s5 | s4 | s3 s2 [ st |

The Serial Poll Mode register holds the STB (status byte:
S8, S6-31) 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

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

ADDRESSMODE(4W) [ ton | lon [TRMI[TRMO [ o | o [ ADM1 [ ADMO |

The Address Mode register selects the address mode of CIC = CIDS + CADS

the device and also sets the mode for T/R3 and T/R2the  This denotes if the controller interface function is active or
transceiver control lines. not.

The functions of T/R2, T/R3 terminals (2 and 5) are deter- ang (1) ’% - %Lgﬁt“%c:omgm

mined as below by the TRM1, TRMO values of the address
mode register. N
PE = CIC + PPAS

TR T/R3 TRM1 TRMO This indicates the type of bus driver connected to DIO8 to
EOIGE TRIG 0 0 D101 and DAV lines.
cIC TRIG 0 1 When “1”: 3 state type
CIC EOIOE 3 0 When “0": Open collector type
CIiC PE 1 1 TRIG: When DTAS state is initiated or when a trigger aux-

iliary command is issued, a high pulse is generated.

EOIOE = TACS + SPAS + CIC-CSBS Upon RESET, TRMO and TRM1 become “0" (TRMO =

This denotes the input/output of EOl terminal. TRM1 = 0) and local message port is provided, so that T/
When “1”: Output R2 and T/R3 both become “LOW.
When “0”: Input
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Address Modes

CONTENTS OF CONTENTS OF
ADDRESS ADDRESS (0) ADDRESS &1)
ton lon | ADM1 | ADMO MODE REGISTER REGISTE
1 0 0 0 ;Fnaglégnly Address Identification Not Necessary
5 - (No controller on the GPIB)
1 0 0 Hgtgg only Not Used
0 0 0 1 Address mode 1 | Major talk address or Minor talk address or
& Major listen address Minor listen address
0 0 1 0 Address mode 2 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

CiCc Controller Active SPMS Serial Poll Mode State

LA Listener Addressed

Address Registers

ADDRESS 0 (6R) [ x

[ DTo [ DLO [ AD5-0 | AD4-0 | AD3-0 [ AD2-0 | AD1-0 |

ADDRESS 1 (7R)

[ eol [ pm1 [ DLt [ AD5-1 | AD4-1 [ AD3-1 [ AD2-1 | AD1-1 |

ADDRESS 0/1 (6W) ['ars | bt | bt

[ Aps | AD4 | AD3 | AD2 | AD1 |

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 0/1 Register Bit Selections

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

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 [ CPT6 [ CPT5 | CPT4 [ CPT3 | CPT2 [ CP1 [ CPTO |

The CPT register is used such that the CPU may read the
DIO lines in the cases of undefined command, secondary

End of String Register
END OF

address, or parallel poll response.

STRING (7W)

[ Ec7 [ Ece | Ecs | EC4 | EC3 | EC2 [ EC1 | ECO |

This register holds either a 7- or 8-bit EOS message byte
used in the GPIB system to detect the end of a data block.

Auxiliary Mode Register
AUXILIARY

Aux Mode Register A controls the specific use of this register.

MODE (5W)

[ CNT2 [ CNT1 | CNTO | cOM4 | coma | com2 [ com1 [ 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. Prohibit | Permits (prohibits) the setting of
CNT COM A, - the END bit by reception of the
210/43210 OPERATION 1| Permit | EOSmessage.
o Permits (prohibits) automatic
0 00|CC,C.CiC, Issps:ceifsiea&nb?UéLI!teg)é?mmand 0 | Prohibit | transmission of END message
The reference clock frequency is As 1 Permit f}'&%ﬁgg%ﬁ}; Vég‘sﬂ;?essage
0 0 1|0 F F,F F,| specifiedandT,, T, T,, T, are
determined as a result. 7bREOS | Makes the 8 bits/7 bits of EOS
i i aKkes the IS/ |
011|USP,P,P, yoﬂrfezggg‘: operation to the parallel Ac FITBbitEOS | register the valid EOS message.
10 0lAAAA A ?ﬁ\?‘ﬁggigg‘f operation o the aux. Auxiliary B Register 1 0 1 B, B, B, B, B,
= : The Auxiliary B Register is much like the A Register in that
10 1|/B,B;B;B, B, ?g?tg;iggf operation to the aux. it controls the special operating features of the device.
1 10/000EE ?é?'ﬁiga“sﬁ%tf operationto the aux. NAME FUNCTION
. Permits (prohibits) the detection
Auxiliary Commands 00 0 C, C;, C, C; G, , of undefined command. In other
COM g M Permit words, it permits (grohlprts)
43210 ° |o| Prohibit the setting ?f the deT bnd on
reception of an undefine!
00000 iepon — Immediate Execute pon— comremand.

Generate local pon Permits (prohibits) the

Message 1 Permit transmission of the END
00010 crst — Chip Resst—Same as B 0T Pronibit | message when in serial poll

» d Ex}ernal Ere:sbet active state (SPAS).
000 rr — Release 1 T T, (high speed) as T, of
00100 trig — Trigger (high-speed) hégdghakpe aftt)er transmission of
00101 il — Return to Local Message B: 15 T 2nd byte following data
00110 ) genglgg??w (low-speed) | transmission.
S€0i — Sen essage = " -
00111 nvid — Non Valid (OSA reception)— B, | INT Specifies the active level of

Hﬁlga?wes%c Holdoff P 0 INT INT pin.

01111 vid — Vali reception, , )

DEC (DET —R ’? DAC SRQS indicates the value of ist

\ )—Release )

Holdoff ist = SRQS | level local message (the value of
0X001 sppf — Set/Reset Parallel Poll Flag s | {he parallel poll flag s ignored).
10000 gts — Go To Standby 4 SRQS = 0. st = 0.

10001 tca — Take Control The val 'f“h el ol f

Asynchronously 0 | ist = Parallel | is teaalzeanuaes%hte ?s’? %rgalem%%saag
10010 tcs — Take Control Synchronously Poll Flag ge:
11010 tcse — Take Control Synchronously

on End Auxiliary E Register 1 1 0 0 0 0 E, E,

10011 Itn — Listen This register controls the Data Acceptance Modes of the
11011 Itnc - Ih./ilstgn with Continuous TLC.

ode
11100 lun — LocalUnisten A .TUNCTION
11101 epp — Execute Parallel Po E if by initiation of DCA
X110 sifc — SetlResat IFC ° [0 | Disable | DACHoldoffbyinitiation of DGAS
1X111 sren — Set/Reset REN 1 Enable -
10100 dsc — Disable System Control E, 0 T Disabie DAC Holdoff by initiation of DTAS

InternalCounter 0 01 0 F; F, F, F,

The internal counter generates the state change prohibit
times (T,, Tq, T+, To) 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.

lof1T1Juls P[P [P ]
[S———

I._SPECIFYING STATUS BIT
OUTPUT LINE (D101 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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COM7210 MC3448AX4 GPIB

DATAA BUSA }———DIOg
DATAB BUSB DIOy
DATAC BUSC D1Og
DATAD BUSDp————DI0g

EEGE

S/Ra-p PEA.D
bios DATAA BUSA DI04
bi03| DATAB BUSB DIO3
D0y DATAC BUSC D102 =
5104 DATAD BUSD DIOq z
15/Ra-p  PEA.D [ g
TR e+ é
T/R3 (EOIOE) SIRA
or DATAA BUSA EOI
L{s/Rg
DAYV DATAB BUSB DAV
S/R¢
NRFD DATAC BUSC NRFD
S/Rp
WBAC DATAD BUSD NDAC
PEA-DYTY
T/R3 (CIC) S/RA
3101 DATAA BUSA sRQ
L Jsmg
ATV DATAB BUSB ATN
— S/RC
REN DATAC BUSC REN
—1 S/Rp
7T DATAD BUSD IFC
PEA-D

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

Di0g Dg Bgl———
6167 D7 Byf——
B10g Dg Bgp——
D105 Ds Bs|——
B1og Da gn75160 BAF—
D103 D3 83—
510, Dy 89—
Doy Dq 84

T/R3 (PE) PE
TE
COM7210 T/Rq GPIB
TE
T/Rz (CI0)———{>— bC

SRa SRQ

ATN ATN

EOT| EOl sn75161

DAV DAV
NRFD] NRFD
NDAC, NDAC

IFC -

REN| REN —

Note: In the case of low-speed data transfer (B, = 0), the T/R, C;)in 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~+70 \
Input Voltage Vi -05~+7.0 \
Output Voltage Vo -05~ +7.0 \Y
Operating Temperature Ton 0~ +70 °C
Storage Temperature Thg ~65~ +125 °C
DC CHARACTERISTICS (T, = 0to +70°C, Vo = 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 Vo +0.45 \ lo. = 2mA
(4 mA: T/R1 Pin)
High Level
Output Voltage Vo +2.4 \ low = —400 nA
(Except INT)
High Level +2.4 lon = —400 pA
Output Voltage Vo \
(INT Pin) +3.5 loy = —50 uA
Input Leakage
Current I -10 +10 pA Vi = 0V ~ Vo
Output Leakage
Current [ —10 +10 pA Vour = 0.45V ~ Ve
Supply Current bec +180 mA
CAPACITANCE (T, = 25°C, Vo = GND = 0V)
LIMITS
PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS
Input Capacitance Cw 10 pF = 1MHz
Output Capacitance Cour 15 pF All Pins Except Pin Under Test Tied to
I/0 Capacitance Co 20 pF Ground
CS,RS2~0 y
A K
e TAR ] IRA—]
| tRR
RD
A
tRvV 1
IRD ——= --| tDF
D7~0 /// /High |n"1ped’anc:3///)ji< Valid X//i—ligh ImpEd;nc; ///
- taD -
. 7.1 { b JE——
DMAACK \
e—1tAKRQ
DMAREQ / \

TIMING DIAGRAM
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AC CHARACTERISTICS, (T, = 0t0 70°C, Voo = 5V '+ 10%)

LIMITS UNIT
PARAMETER SYMBOL MIN MAX CONDITIONS
EOIl -»DIO teon 250 ns PPSS — PPAS, ATN = True
EOIL - T/R11 teorss 155 ns PPSS — PPAS, ATN = True
EOI'1 - T/RIL teore 200 ns PPAS — PPSS, ATN = False
ATN| -~ NDAC | tarmo 155 ns AIDS — ANRS, LIDS
ATN{ - T/R1 tarrs 155 ns TACS + SPAS — TADS, CIDS
ATN |- T/R2 | tarre 200 ns TACS + SPAS - TADS, CIDS
DAV | — DMAREQ tovea 600 | ns ACRS — ACDS, LACS =
DAV | -~ NFRD touneg 350 ns ACRS — ACDS =
DAV | - NDAC 1 tounor 650 ns ACRS — ACDS -~ AWNS E
DAV 1 - NDAC | tovnoz 350 ns AWNS — ANRS w
DAV 1 - DRFD © tounme 350 ns AWNS — ANRS > ACRS
=E L TEES ANRS - ACRS
RDI—~NRFDY tawn 500 ns LACS, DI reg. selected
NDAC 1 - DMAREQ 1 tuono 400 ns | SIBS ~ SWNS - SGNS,
NDAC 1 - DAV | tyooy 350 ns STRS —» SWNS —+ SGNS
WE 1 SIS SGNS - SDYS, BO
WR1 A-DIO twor 250 ns reg. selected
NRFD 1 - DAV | [ 350 ns SDYS - STRS, T, = True
SGNS — sIDsta F?ggs T
WR DAV 830 BO reg. selected, = True
WR 1 DAV | twov +one ns N: = fc = 8 MHz,
T, (High Speed)
TRIG
Pulse Width trrie 50 ns -
= 85 ns RSO ~ RS2
Address Setup to RD tan 0 s ror]
Address Hold from RD [ 0 ns
RD Pulse Width tag 170 ns
Data Delay from Address tao 250 ns
Data Delay from RD | tao 150 ns
Output Float Delay from RD tor 0 80 ns
RD Recovery Time tay 250 ns
Address Setup to WR taw 0 ns
Address Hold from WR [ 0 ns
WR Pulse Width tuw 170 ns
Data Setup to WR tow 150 ns
Data Hold from WR two 0 ns
WR Recovery Time tay 250 ns
DMAREQ { Delay from DMAACK tama 130 ns
Data Delay from DMAACK tano 200 ns
TS, RS2~ 0 X Y
[ AW ——md et — tY A —n]
1 tww -
WR
X ¥ -
tRV 1
I——— tDW =] _-twp-»'
D7~0 x X
TIMING DIAGRAM
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STANDARD MICROSYSTEM
E—

(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 MICR TEM
CORPORATION OSYSTEMS COPMIL%QR§O2
e

Two-channel Universal
Asynchronous Receiver/Transmitter
Dual UART

=
=]
=
=)
w
7]

FEATURES PIN CONFIGURATION
1 Two independent full duplex serial data lines
—_— A4 e
L BoD 40 P DSR
[0 Programmable baud rates individually selectable for nxo: ; 39 Txo:
each line's transmitter/receiver (50 to 19,200 baud) NiC g3 38 NIC
DLy [ 4 a7 i NiC
] Summary registers that allow a single read to detect a DLe g5 36 VSS,
data set change or to determine the cause of an inter- DLs O 6 35 p CLK
rupton any line DL g7 34 b MRST
ROV 0 & 33 h ADDs
" . RST (9 32 p ADD2
[ Triple buffers for each receiver vsSs ( 10 31 ADD1
CS q 11 30 b ADD#
(] Device scanner mechanism that reports interrupt WR g 12 29 p IRQ
request due transmitter/receiver interrupts : DS: g 13 28 p IRQTXRX
DLs ] 14 27 b NIC
. ) . DL 26 b IRQLN)
[ Independently programmabile lines for interrupt-driven ,3._12 E :2 25 ﬁVDD ’
operation DLy (] 17 24 b vSS2
N/IC 18 23 h NIC
1 Modem status change detection for Data Set Ready TXDe g 19 22 p RXDe
(DSR) and Data Carrier Detect (DCD) signals DSRg fj 20 21 p DCDe

) PACKAGE: 40- Pin DIP
[J Programmable interrupts for modem status changes

o g s
[ Synchronizes critical read-only registers X E 5544 8|g 'g Q §
O as<l=E22Z2=
. inizsliaflalalialalislalala
[[1 Single 5V Power Supply 39 38 37 36 35 34 33 32 31 30 29
vss 040 28 ] vDD
[ TTL Compatible TXDr 41 271 VSs
@l 042 26 0 N/IC
[] Compatible with SMC COM78C808 OCTAL UART ot o e
and COM78C804 QUART e 28 NG
Nic O 2 22 [1 RXDs
Ne O 3 211 DCDe
NIC O 4 201 DSRs
DL, O 5 19 A TXDg
DLe ] 6 18[1 Dlo
7 891011 121314151617

L IXNGFRIE W I ST
oog&’g‘-’lzigo aa

PACKAGE: 44 Pin PLCC

*Must be connected together

GENERAL DESCRIPTION

The COM78C802 Two-channel Asynchronous Receiver/ operations necessary for simultaneous reception and
Transmitter (Dual UART) is a VLSI device for new genera- transmission of asynchronous messages on two independ-
tions of asynchronous serial communication designs and ent lines. Figure 1 is a functional block diagram of the
for microcomputer systems. This device performs thebasic COM78C802 Dual UART.
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RDY [
D5 o]
WA ————nd )
170 INTERRUPT
CONTROL SUMMARY
LOGIC REGISTER
s —4 Ko
RESET ——o
I-R—(—l - }————— TxDO
- | INT le———— RxDO
! IRQLN<0.0> CONTROL b CHANNEL 0 DSRO
LOGIC T e DCDO
IRQTxRx 4———— DATA SET e TxD1
CHANGE CHANNE je———— RxD1
SUMMARY ANNELT 1y DSR1
55— REGISTER e DCD1
- C
ADD<3:0> LOGIC
BAUDE
RATE
GEN
I DATA BUS
CLK cLOCK CONTROL BUS
MRESET —— GEN | u7

FIGURE 1: COM78C802 DUAL UART FUNCTIONAL BLOCK DIAGRAM

TABLE 1-COM78C802 PIN AND SIGNAL SUMMARY

Pin-PLCC| Pin-Dip | Signal Input/Output Definition/Function

5-8,15-18 | 4-7,14-17 | DL<7:0> input/output Data lines <7:0>—Receives and transmits the parallel
data.

33-37 30-33 ADD<3:0> input Address<3:0>—Selects the internal registers in the Dual
UART. (Pins 36 and 37 must be connected in PLCC package.)

12 11 CS input Chip select—Activates the Dual UART to receive and trans-
mit data over the DL<7:0> lines.

14 13 DS input Data strobe—Receives timing information for data transfers.

13 12 WR input Write—Specifies direction of data transfer on the DL<7:0>
lines.

9 8 RDY output Ready—Indicates when the Dual UART is ready to partici-
pate in data transfer cycles.

10 9 RESET input Reset-Initializes the internal logic.

38 34 MRSIT input Manufacturing reset—For manufacturing use.

39 35 CLK input Clock—Clock input for timing.

20,42 20,40 DSR<1:0> inputs Data set ready—Monitor data set ready (DSR) signals from
modems.

21,43 1,21 DCD<1:0> inputs Data set carrier detect—Monitor data set carrier detect
(DCD) signals from modems.

32 29 IRQ output Interrupt request—Requests a processor interrupt.

29 26 IRQLN<C > output Interrupt request line number—Indicates the line number of
originating interrupt request.

31 28 IRQTXRx output Interrupt request transmit/receive—Indicates whether an
interrupt request is for transmitting or receiving data.

19,41 19,39 TxD<1:0> outputs Transmit data—Provides asynchronous bit-serial data out-
put streams.

22,44 2,22 RxD<1:0> input Receive data—Accepts asynchronous bit-serial data input
streams.

28 25 Voo input Voltage—Power supply voltage + 5 Vdc.

11,2740 [10,24,36 | Vg input Ground—Ground reference
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DATA AND ADDRESS

Data lines (DL<7:0>)-These lines are used for the par-
allel transmission and reception of data between the CPU
and the Dual UART. The receivers are active when the data
strobe (DS) signal is asserted. The output drivers are active
only when the chip select (CS) signal is asserted, the data
strobe (DS) signal is asserted, and the write (WR) signal is
deasserted. The drivers will become inactive (high-imped-
ance) within 50 nanoseconds when one or more of the fol-
lowing occurs: the chip select (CS) signal is deasserted,
the data strobe (DS) signal is deasserted, or the write (WR)
signal is asserted.

Address (ADD<3:0>)-These lines select which Dual
UART internal register is accessible through the data 1/0
lines (DL<7:0>) when the data strobe (DS) and chip select
(CS) signals are asserted. Table 2 lists the addresses cor-
responding to each register. The receiver buffer and trans-
mitter hol i%g_register for each line have the same address.
When the (WR) signalis deasserted, the address accesses
the receiver buffer register and when asserted, it accesses
the transmitter holding register.

TABLE 2—-COM78C802 REGISTERS ADDRESS SELECTION

) Read/Write Register
ADDLine"  _a. <2> <1> <0>
0 0 0 0 Read Line 0 Receiver Buffer
0 0 0 0 Write Line 0 Transmitter Holding
0 0 0 1 Read Line O Status
0 0 1 0 Read/Write Line 0 Mode Registers 1,2
0 0 1 1 Read/Write Line 0 Command
1 0 0 0 Read Line 1 Receiver Buffer
1 0 0 0 Write Line 1 Transmitter Holding
1 0 0 1 Read Line 1 Status
1 0 1 0 Read/Write Line 1 Mode Register 1,2
1 0 1 1 Read/Write Line 1 Command
X 1 0 0 Read Interrupt Summary
X 1 0 1 Read Data Set Change Summary
*X=EitherOor1.
IR |
BUS TRANSACTION CONTROL INTERRUPT REQUEST

Chip select (CS)-This signal is asserted to permit data
transfers through the DL<7:0> lines to or from the internal
registers. Datatransfer is controlled by the data strobe (DS)
signal and write (WR) signal.

Data strobe (DS)- This input receives timing information
for data transfers. During a write cycle, the CPU asserts the
data strobe signal when valid output data is available and
deasserts the data strobe signal before the data is removed.
Durinig aread cycle, the CPU asserts the data strobe signal
and the Dual UART transfers the valid data. When the data
strobe signal is deasserted, the DL<7:0> lines become a
high impedance.

Write (WR)—-The write (WR) signal specifies the direction
of data transfer on the DL<7:0> pins. If the WR signal is
asserted during a data transfer (the CS and DS signals
asserted), the Dual UART is receiving data from DL<7:0>.
If the WR signal is deasserted during a write data transfer,
the Dual UART is driving data onto the DL<7:0> lines.

Interrupt request TRQ-The TRQ pin is an open drain out-
put. The integral interrupt scanner asserts the IRQ signal
when it has detected an interrupt condition on one of the
two serial data lines.

Interrupt Request transmit/receive (IRQTxRx)—This
signal indicates when the interrupt scanner in the Dual
UART stops and asserts IRQ because of a transmitter
interrupt condition (the IRQTxRx signal is asserted) or
because of a receiver interrupt condition (the IRQTxRXx sig-
nal is deasserted). The signal is valid only while IRQ is
asserted. The state of IRQTxRx signal also appears as bit
0 of the interrupt summary register.

Interrupt request line number (IRQLN<0:0>>)-This line
indicates the line number at which the Dual UART interrupt
scanner stopped and asserted the interrupt request (ﬁ
signal. The number on this line is valid only while the IRQ
signal is asserted. The state of this signal also appears a
bit in the interrupt summary register: IRQLN<0> as bit 1.
Table 3 shows the line numbers corresponding to settings
of IRQLN.
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TABLE 3-COM78C802 INTERRUPT REQUEST

LINE ASSIGNMENTS
IRQ Line Line
0 0
1 1

SERIAL DATA

Transmlt data (TxD<1:0>)-These outputs transmit the
asynchronous bit-serial data streams. They remain at a high
level when no data is being transmitted and a low level when
theta TxBRK bit in the associated line’'s command register is
set.

Receive data (RxD<1:0>)-These lines accept asyn-
chronous bit-serial data streams. The input signals must
remain in the high state for at least one-half bit time before
a high-to-low transition is recognized. ( A high-to-low tran-
sition is required to signal the beginning of a “start” bit and
initiate data reception).

MODEM SIGNALS

Data set ready (DSR<1:0>)-These two input pins, one
for each serial data line on the COM78C802, are typically
connected via intervening level converters to the data set
ready outputs of modems. A TTL low at a DSR pin causes
the DSRbit (bit 7) in the corresponding line's status register
to be asserted. A TTL hi?h at a DSR pin causes the DSR
bit in the corresponding line’s status register to be deas-
serted. A change of this input from high-to-low, or low-to-
high, causes the assertion of the data set change
(DSCHNG) bit that corresponds to this line in the data set
change summary register. Changes from one state to the
other and back again that occur within one microsecond may
not be detected.

Carrier detect (DCD<1:0>)-These two input pins, one for
each serial data line of the Dual UART, are typically con-
nected through intervening level converters to the received
line signal detect (also_called carrier detect) outputs of
modems. A TTL low at a DCD pin causes the DCD bit of the
corresponding line’s status register to be deasserted. A
change of this input from-high-to-low, or low-to-high, causes
the assertion of the data set change (DSCHNG) bit corre-
sponding to this line in the data set change summary reg-
ister. Changes from one state to the other and back again
that occur within one microsecond may not be detected.

GENERAL CONTROL SIGNALS

Ready (RDY)-The RDY pin is an open drain output. Upon
detecting a negative transition of chip select (CS), the Dual
UART asserts the RDY signal to indicate readiness to take
partin data transfer z.%cles. The RDY signal deasserts after
the trailing edge of CS.1

Reset (RESET)-When the RESET input in asserted, the
TxD<1:0> lines are asserted and all internal status bits
listed in the “Architecture Summary” discussion are cleared.

Manufacturing reset (MRESET)—This signal is for man-
ufacturing use only and the input should be connected to
ground for normal operation.

MISCELLANEOUS SIGNALS

Clock in (CLK)-All baud rates and internal clocks are
derived from this input. Normal operating frequency is 4.9152
MHz +0.1 percent and duty cycle is 50 percent + 5 percent.

POWER AND GROUND
Voltage (V,0)—Power supply 5 Vdc
Ground (Vsg)—Ground reference

ARCHITECTURE SUMMARY

The Dual UART functions as a serial-to-parallel, parallel-to-
serial converter/controller. It can be programmed by a
microprocessor to provide different characteristics for each
of its two serial data lines (stop bits, parity, character iength,
split baud rates, etc.)

Each serial line functions the same as a one-line UART-
type device thereby reducing the number of chips and con-
serving space on communication devices that require mul-
tiple communications lines.

An integral interrupt scanner checks for device interrupt
conditions on the two lines. Its scanning algorithm gives
priority to receivers over transmitters. The scanner can also
check for interrupts resulting from changes in modem con-
trol signals DSR and DCD.

Line-specific Registers

Each of the two serial data lines in the Dual UART has a set
of registers for buffering data into and out of the line and for
external control of the line’s characteristics. These regis-
ters are selected for access by setting the appropriate
address on lines ADD<3:0>. Lines ADD<4:3> selectone
of the two data lines. Lines ADD<2:0>> selects the specific
register for that line. Refer to Table 2 for the register address
assignments.

Receiver buffer register—Each line’s receiver consists of
a character assembly register and a two-entry FIFO that is
the receiver buffer register. When the RxEN bit in a line’s
command register is set, received characters are moved
automatically into the line’s receiver buffer as soon as they
have been deserialized from the associated communica-
tions line. When there are characters in this FIFO, the
RxRDY bit is set in the status register for the line.

The assertion of the RxRDY signal for a line that already
has the RxIE bit of its command register set causes the
interrupt scanner logic to stop and generate an interrupt
condition (the IRQ signal is asserted). When the receiver
bufferis read, the interrupt conditionis cleared (the TRQ sig-
nal is deasserted) and the interrupt scanner resumes
operation.

If there is another entry in a line’s FIFO, the RxRDY bit
remains asserted. When the interrupt scanner reaches this
line again, the assertion of RxRDY causes the scanner to
halt and assert the IRQ again.

Asserting the RESET signal or clearing the RxEN bit ini-
tializes the receiver logic of Dual UART. The RxRDY flag is
cleared and the receiver buffer register outputs become
undefined. Any data in the FIFO at that time is lost.

Transmitter holding register—Each line has a writable
transmitter holding register. When the TxEN bit in the line’s
command register is set, characters are moved automati-
cally from the output of this register into the transmitter seri-
alization logic whenever the serialization logic becomes idle.
When this register is empty, the TxRDY bitin the line’s sta-
tus register is set. If the transmitter interrupt enable (TxIE)
bit in the line’s command register is also set, the interrupt
scanner logic halts and generates an interrupt condition. If
a character is then loaded into the register, the interrupt is
cleared and the scanner resumes operation.
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Assertion of the RESET signal initializes the transmitter logic
of the Dual UART. The TxRDY flag s cleared and the trans- 7

mitter holding register’s contents are lost. The transmitter e =
enable (TxEN) bit in the line’s command register is also
cleared by . If at the end of the reset process, the
TXEN is reasserted and TxRDY bit is reasserted. Software
clearing of TXEN alone produces results different from the o
full in that the transmitter holding register's con- FER
tents are not lost; they are transmitted when TxEN is set | orr
again. , PER
TXEMT
Status register~Each line has a read-only status register | a0y,

that provides information about the current state of the given
line. This register indicates a line’s readiness for transmis-
sion or reception of data and flags error conditionsinits bit | FIGURE 3: COM78C802 STATUS REGISTERS
fields. Figure 3 shows the format of the status register. Table | (LINE 0:1) FORMAT

3 lists the flag bits in each status register. .

=z
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TABLE 4-COM78C802 STATUS REGISTERS (LINES 0-1) DESCRIPTION

Bit Description
7 DSR (Data set ready)—This bit is the inverted state of the DSR line.
6 DCD (Data set carrier detect)—This bit is the inverted state of the DCD line.
5 FER (Frame error)—Set when the received character currently displayed in the receiver buffer register was not

framed by a stop bit. Only the first stop bit is checked to determine that a framing error exists. Subsequent
reading of the receiver buffer register that indicates all zeros (including the parity bit, if any) can be interpreted
as a Break condition. This bit is cleared by clearing RxEN (bit 2) of the command register, by asserting the
RESET input, or by setting the reset error RERR (bit 4) of the command register.

4 ORR (Overrun error)—-Set when the character in the receiver buffer register was not read before another char-
acter was received. Cleared by clearing RXEN (bit 2) of the command register, by asserting the RESET input,
or by setting reset error RERR (bit 4) of the command register.

3 PER (Parity error)—If parity is enabled and this bit is set, the received character in the receiver buffer register
has an incorrect parity bit. This bit is cleared by clearing RxEN (bit 2) of the command register, by asserting the
RESET input, by setting reset error RERR (bit 2) of the command register, or by reading the current character
in the receiver buffer register.

2 TxEMT (Transmitter empty)—Set when the transmitter serialization logic for the associated line has completed
transmission of a character, and no new character has been loaded into the transmitter holding register.
Cleared by loading the transmitter holding register, by clearing TXEN (0) of the command register, or by assert-
ing the RESET input.

1 RxRDY (Receiver buffer ready)—When set, a character has been loaded into the FIFO buffer from the deserial-
ization logic. Cleared by reading the receiver buffer register, by clearing RXEN (bit 2) in the command register,
or by asserting the RESET input.

0 TxRDY (Transmitter holding register ready)—When set, this bit indicates that the transmitter holding register is
empty. Cleared when the program has loaded a character into the transmitter holding register, when the trans-
mitter for this line is disabled by clearing TxEN (bit 0) in the command register, or by asserting the RESET
input. This bitis initially set when the transmitter logic is enabled by the setting of TXEN (bit 0) and the transmit-
ter holding register is empty. This bit is not set when the automatic echo or remote loopback modes are pro-
grammed. Data can be overwritten if a consecutive write is periormed while TxRDY is cleared.

Mode registers 1 and 2—These read/write registers con-
trol the attributes (including parity, character length, and line
speed) of the communications line.

Each of the two communications lines has two of these reg-
isters, both accessed by the same address on ADD<3:0>.
Successive access operations (either read or write, in any
combination) alternate between the two registers at that —_——
address by use of an internal pointer. The first operation

addresses mode register 1, the next address mode register STOP

2, and another after that would recycle the pointer to mode e
register 1. The pointer is reset to point to mode register 1 by RSAV
RESET or by a read of the command register for this line. MCIE

These registers should not be accessed by bit-oriented
instructions that do read/modify/write cycles.

. ' FIGURE 4-COM78C802 MODE
Figure 4 shows the format of mode registers 1 and Table 5 .
degscribes the function of the register information. REGISTERS 1 (LINE 0:1) FORMAT
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TABLE 5-COM78C802 MODE REGISTERS 1 (LINES 0-1) DESCRIPTION

Bit Description

7.6 STOP-These bits determine the number of stop bits that are appended to the transmitted characters as
follows. These bits are cleared by asserting the RESET input.
Bits Stop Bits
7 6
0 0 Invalid
0 1 1.0
1 0 1.5
1 1 2.0

|

54 PAR CTRL (Parity control)—These bits determine parity as follows and are cleared by asserting the RESET
input. X = either 1 or 0.
Bits Parity Type
5 4
1 1 Even
0 1 Odd
X 0 Disabled

3,2 CHAR LENGTH (Character length)-These bits determine the length (excluding start bit, parity, and stop
bits) of the characters received and sent. Received characters of less than 8 bits are “right aligned” in the
receiver buffer with unused high-order bits equal to zero. Parity bits are not shown in the receiver buffer. The
character length bits are cleared by asserting the RESET input. The character length bits are defined as
follows:
Bit Bit Length
3 2
0 0 5
0 1 6
1 0 7
1 1 8

1 RSRV (Reserved and cleared by asserting the RESET input.)

0 MCIE (Modem control interrupt enable)—When set and RxIE (bit 5) of the command register is set, the
modem control interrupts are enabled. Refer to the Interrupt Scanner and Interrupt Handling information.
Cleared by asserting the RESET input.

Figure 5 shows the format of mode registers 2 and Table
6 indicates the baud rate selections of the register. Bits 7
through 4 of the mode register 2 control the transmitter

Command register—These read/write registers control
various functions on the selected line. Figure 6 shows‘the
format of the command registers and Table 7 describes

baud rate and bits 3 through 0 control the receiver baud the function of the register information.

rate. These registers are cleared by asserting RESET input.

7 6 5 4 3 2 1 0
6 5 4 3 2 1 0 ]
OPER MODE —I
\ v I / RxIE
| Tesnk

e nen

TxEN
FIGURE 5-COM78C802 MODE FIGURE 6-COM78C802 COMMAND

REGISTERS 2 (LINE 0-1) FORMAT REGISTERS (LINE 0-1) FORMAT
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TABLE 6-COM78C802 MODE REGISTERS 2 (LINES 0-1) DESCRIPTION

Bit Description
7:0 XMIT RATE/RECV RATE (Transmitter/Receiver Rate)—-Selects the baud rate of the transmitter (bits 7:4) and
receiver (bits 3:0) as follows:
Transmitter Bits Recelver Bits Nominal Actual Error*
7 6 5 4 3 2 1 0 Rate Rate (percent)
0 0 0 0 0 0 0 0 50 same _
0 0 0 1 0 0 0 1 75 same —
0 0 1 0 0 0 1 0 110 109.08 0.826
0 0 1 1 0 0 1 1 134.5 133.33 0.867
0 1 0 0 0 1 0 0 150 same —
0 1 0 1 0 1 0 1 300 same — —
0 1 1 [o] 0 1 1 0 600 same — =
0 1 1 1 0 1 1 1 1200 same — E=3
1 0 0 0 1 0 0 0 1800 1745.45 3.03 =
1 0 0 1 1 0 0 1 2000 2021.05 1.05 S
1 0 1 0 1 0 1 0 2400 same — «»
1 0 1 1 1 0 1 1 3600 3490.91 3.03
1 1 0 0 1 1 0 0 4800 same —
1 1 0 1 1 1 0 1 7200 6981.81 3.03
1 1 1 0 1 1 1 0 9600 same —
1 1 1 1 1 1 1 1 19200 same —

*The frequency of the clock input (CLK) is 4.9152 MHz. The clock input may vary by 0.1 percent. This variance results in an error
that must be added to the error listed.

s
TABLE 7-COM78C802 COMMAND REGISTERS (LINES 0-1) DESCRIPTION

Bit Description

7.6 OPER MODE (Operating mode)—-These bits control the operating mode of the channel as follows. These
bits are cleared by asserting the RESET input.
Bit Operating Mode
7 6
0 0 Normal operation
0 1 Automatic echo
1 0 Local loopback
1 1 Remote loopback

5 RxIE (Receiver interrupt enable)-When set, the RxRDY flag (bit 1) of the status register for this line will
generate an interrupt.

4 RERR (Reset error)—When set, this bit clears the framing error, overrun error, and parity error of the status
register associated with this line. This bit is cleared by asserting the RESET input (not self-clearing). .

3 TxBRK (Transmit break)—When set, this bit forces the appropriate TxD<1:0> line to the spacing state at the

conclusion of the character presently being transmitted. When the program clears this bit, normal operation
is restored, and any character pending in the transmitter holding register is moved into the serialization logic
and transmitted. The minimum break tength obtainable is twice the character length plus 1 bit time. The
maximum break length depends on the amount of time between the program setting and clearing this bit,
but is an integral number of bit times. This bit is cleared by asserting the RESET input.

2 RxEN (Receiver enable)-When set, this bit enables the receiver logic. When cleared, it stops the assem-
bling of the received character, clears all receiver error bits and the RxRDY (bit 1) of the status register,
clears any receiver interrupt conditions associated with this line, and initializes all receiver logic. This bit is
cleared by asserting the RESET input.

1 TxIE (Transmit interrupt enable)—~When set, the state of the associated TxRDY flag (bit 0) of the status reg-
ister is made available to the interrupt scanner logic. When the interrupt scanner logic scans this line, it
determines if the TxRDY flag is asserted and generates an interrupt by asserting the IRQ signal.

0 TxEN (Transmitter enable)—When set, this bit enables the transmitter logic. When cleared, it inhibits the
serialization of the characters that follow but the serialization of the current character is completed. It also
clears the TxRDY flag (bit 0) of the status register, clears any transmitter interrupt conditions associated with
this line, and initializes all transmitter logic except that associatéd with the transmitter holding register. The
character in the transmitter holding register is retained so that XON/XOFF situations can be properly pro-
cessed. This bit is cleared by asserting the RESET input.

Bits 5 through 0 enable the line's receiver and transmitter, [ Normal operation—The serial data received is assem-

enable handling of interrupts, initiate the transmission of bled in the receiver logic and transferred in parallel to the
break characters, and reset error bits for the line. Refer to receiver buffer register. (The RXEN bit mustbe set.) Data
“Interrupt Scanner” and “Interrupt Handling” paragraphs to be transmitted is loaded in parallel into the transmitter
for detailed interrupt information. Bits 7 and 6 control the hdlding register, then automatically transferred into the
operating mode of the line. The four modes that can be transmitter logic and serialized for transmission. (The
set are: TxEN bit must be set.)
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[J Automatic echo—The serial data received is.assembled
into parallel in the receiver logic (the RXEN bit must be
set) and transferred to the receiver buffer register. Arriv-
ing serial data is also routed to the line's TxD<n> pin for
serial output. TXEN is ignored and the transmitter logic
is disabled. TxRDY flags and TXEMT indications are
cleared. No transmitter interrupts are generated.

[ Local loopback—The serial data from the RxD<n> input
is ignored and the receiver serial input receives data from
the transmitter serial output. The data is assembled into
parallel form in the receiver logic (the RXEN bit must be
set) and transferred to the receiver buffer register where
it can be read by the program. Data to be transmitted to
the receiver is loaded in parallel form into the transmitter
holding register from which itis automatically moved into
the transmitter logic and serialized for transmission. (The
TxEN bit must be set.) The transmission goes only to the
receiver serial input; the TxD<n> outputis held high. As
in normal operation, transmission and reception baud
rates are controlled by the transmitter speed and receiver
speed entries in mode register 2.

[J Remote loopback—The serial data received on the
RxD<n> line is returned to the TxD<n> line without
further action. No data is received or transmitted. The
RxRDY, TxRDY, and TxEMT flags are disabled. The
TxEN and RxEN bits of the command register are held
clearegc,j causing the transmitter and receiver logic to be
disabled.

SUMMARY REGISTERS

The Dual UART contains two registers that summarize the
current status of all two serial data lines, making it possible
to determine that a line’s status has changed with a single
read operation. These registers are selected for access by
setting the appropriate address on pins ADD <2:0>.
Because the registers are shared by two serial lines, the
line-selection bits (ADD <4:3>) are ignored when these

.registers are accessed. Refer to “Interrupt Scanner and

Interrupt Handling” for detailed interrupt information.

Interrupt summary register—This read-only register indi-
cates that a transmitter or receiver interrupt condition has
occurred, and indicates the line number that generated the
interrupt. Figure 7 shows the format of the interrupt sum-
mary register and Table 8 describes register information.

7 6 5 4 3 2 1 0

IRQ
RAZ
INT LINE NO
Tx/Rx

FIGURE 7- COM78C802
INTERRUPT SUMMARY REGISTER FORMAT

TABLE 8—COM78C802 INTERRUPT SUMMARY REGISTER DESCRIPTION

and is set when IRQTxRXx is asserted.

Bit Description

7 IRQ (Interrupt request)—-When set, this bit indicates that the interrupt scanner has found an interrupting con-
dition among the two serial lines of the Dual UART. These conditions also result in the Dual UART asserting
the IRQ signal.

6:2 RAZ (Read as zero)—Not used

1 INT LINE NO (Interrupting line number)—This bit indicates the line number upon which an interrupting condition
was found. Refer to Table 3.

0 Tx/Rx (Transmit/receive)—This bit indicates whether the interrupting condition was caused by a transmitter (Tx/

Rx equals 1) or a receiver (Tx/Rx equals 0). This bit corresponds to the IRQTxRx signal of the Dual UART

*Bits 1-0 above represent the outputs of a free-running counter and are valid only when bit 7 is set.

Data set change summary register—When the DSR or
DCD inputs that are associated with a line change state,
the bit corresponding to that line in this read-only register
is set. The current state of the DSR and DCD inputs can

DSCHNG 1-0

FIGURE 8-COM78C802 DATA SET CHANGE
SUMMARY REGISTER FORMAT

then be obtained from that line’s status register. If the state
of a line changes twice within one microsecond, the change
in state may not be detected. Figure 8 shows the format
of the data set change summary register.

When the MCIE bit in a line’s mode register 1 is set and
RxIE is also set, the modem control interrupts are enabled
forthat line. If DSCHNG for that line is then set, the interrupt
scanner will halt and assert the TRQ signal. The data set
change summary register bits are cleared by writinga 1 into
the bit position. A program that uses this register should read
and save a copy of its contents. The copy can then be writ-
ten back to the register to clear the bits that were set. The
system interrupts should be disabled and writeback should
directly follow the read operation.

Assertion of the RESET signal disables and initializes the
data set change logic. When the RESET signal is deas-
serted, future changes in DSR and DCD are reported as
they occur.
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INTERRUPT SCANNER AND INTERRUPT HANDLING

The interrupt scanner sequentially checks each line for a
receive interrupt and then checks each one in the same
order for a transmitter interrupt. If the scanner detects an
interrupt condition, it stops and the IRQ signal is asserted.
An interrupt must be serviced by software or no other inter-
rupt request can be posted.

The scanner determines that a line has a receiver interrupt
if the line's receiver buffer is ready and receiver interrupts
are enabled for that line (RXRDY and RxIE = 1) or either of
the line’s modem status signals has changed state and both
receiver and modem control interrupts are enabled for that
line (DSCHNG and RxIE and MCIE =1).

The scanner determines that a line has a transmitter inter-
ruptif the line’s transmitter holding the register is empty and
transmitter interrupts are enabled for that line (TxRDY and
TXIE=1).

When the scanner detects an interrupt, it reports the line
number on the IRQ<0> line. The IRQTxRx signal is
asserted for a transmitter interrupt and deasserted for a
receiver interrupt. The appropriate bits are also updated in
the interrupt summary register. The IRQ line is deasserted
and the scanner is restarted for each of the following three
types of interrupt conditions.

[ Reading the receiver buffer or resetting the RxIE bit of
the interrupting line for the first type of receiver interrupt
previously described.

[J Resetting the MCIE, RxIE, or DSCHNG bit of the inter-
rupting line for the second type of receiver interrupt pre-
viously described.

[J Loading the transmitter holding register or resetting the
TxIE bit of the interrupting line for transmitter interrupts.

If the scanner was originally stopped by a receiver interrupt
condition, the scanner resumes sequential operation from
where it stopped, thus providing receivers with equal prior-

ity. If the scanner was stopped by a transmitter conditjon,
the scanner restarts from position 0 (line O's receiver), thus
giving receivers priority over transmitters.

EDGE-TRIGGERED AND LEVEL-TRIGGERED INTER-
RUPT SYTSTEMS

If the interrupt system of the Dual UART is used only for
generating interrupts for the RxRDY and/or TxRDY flags,
the IRQ! line can be connected to a processor having either
edge-triggered or level-triggered interrupt capability. If the
modem control interrupts are being used (MCIE in mode
register 1 =1), the IRQ line can be connected only to a pro-
cessor that uses level-triggered interrupts.

MODEM HANDLING

The TXEMT (transmitter empty) bit of the status register is
typically used to indicate when a program can disable the
transmission medium, as when deasserting the request-to-
send line of a modem. A typical program will load the last
character for transmission and then monitor the TXEMT bit
of the status register.

The assertion of the TXEMT bit to indicate the transmission
is complete may occur a substantial time after the loading
of the last character. After the last character is loaded, one
character is in the transmitter holding register and one
character is in the serialization logic. Therefore, it will be
two character times before the transmission process is
completed. Waiting for the TxRDY signal to assert before
monitoring the TXEMT status shortens this by one charac-
ter time because the TxRDY status bit indicates that there
are no characters in the transmitter holding register. The
times involved are calculated by taking the reciprocal of the
baud rate being used, multiplying by the number of bits per
character (a starter bit—5,6,7, or 8 data bits; plus parity bit
if enabled; and 1,1.5, or 2 stop bits), and multiplying by either
two characters or one, depending on when TXEMT moni-
toring begins.

TEST

POINT Voo

Ik §2

FROM
OUTPUT <

LOAD A — STANDARD OUTPUTS

FIGURE 9—COM78C802 OUTPUT LOAD CIRCUITS

Vbb
TEST
POINT Tk §
\ﬁ S1
FROM e
OUTPUT
—=C $ikQ

1k

I}

lll—-/
w
N
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LOAD B — THREE-STATE OUTPUTS
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MAXIMUM GUARANTEED RATINGS*

Operating TemPerature Range ... .ovut ittt ittt et et e ettt e et et et e et e et e e 0°Cto +70°C
Storage Temperature Range ....................
Lead Temperature (soldering, 10S€C.) ..........covvvvvriieiennennns
Positive Voltage on any I/0O Pin, with respecttoground ..............
Negative Voltage on any I/0 Pin, with respect to ground .......... ... i e -0.3V
MAXIMUM Vg - ettt et et e et ettt et e et e et e e +7V

+300°C

*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 +5 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.

TABLE 9-COM78C802
DC ELECTRICAL CHARACTERISTICS

Symbol Parameter Test Condition Requirements Units
Min. Typ. Max.

Vi High-level input voltage 20 Vv

V. Low-level input voltage 0.8 \'

Vou High-level output voltage | Vg, =Min. 24 \

low=3.5 mA for DL<7:0>
low=2.0 mA for all .
remaining output except IRQ
and RDY

Voo ' Low-level output voitage | Vp,=Min. 0.4 Vv
lou=5.5 mA for DL<7:0>
lo. = 3.5 mA for all remaining

outputs

Ly Input current at maximum | Vp, =Max. 10 wA
input voltage V,=Vgo(Max.)

fo Input current at miminum | V= Max. -10 pA
input voltage V,=0.0V

los! Short-circuit output Vo = Max. -50 -180 mA
current for DL<7:0> all
remaining outputs except
IRQ and RDY -30 -110 mA

loz? Three-state output Voo = Max. 10 nA
current ©=0.4V

loz? Three-state output Voo =Max. 10 nA
current Vo=2.4V

loo Supply current Voo = Max. mA

W=0° 15
C. Input capacitance 4 pF
Co? Input/output capacitance 5 pF

No more than one ouput should be short circuited at a time, and the duration of the short should not exceed 1 second.
2All three-state output drivers are wired in an I/O configuration. The parameters include the driver and input receiver leakage currents.
3The parameters include the capacitive loads of the output driver and the input receiver.

TIMING PARAMETERS shows the signal timing for a write cycle to transfer infor-
Figure 10 shows the signal timing for aread cycle to transfer mation from the processor to the Dual UART. Table 11 lists
information from the Dual UART to the processor. Figure 11  the timing parameters for the read and write cycles.
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TABLE 10-COM78C802 BUS READ AND WRITE TIMING PARAMETERS

Symbol Definition Requirements (ns) Load
Min. Max. Clrcuit
taro Hold time of a valid ADD <3:0> to a valid high level of 0
DS. 1
tasu Setup time of a valid ADD <3:0> to the falling edge of
DS. 30
tono Hold time of a valid low level of CS to a valid high level of
DS. 10
tesu Setup time of a valid low level of CS to the falling edge of
DS. 30
too Propagation delay of a valid.low level on DS (if CS is low
and WR is high) to valid high or low data on DL <0>. 165 C.=150 pF
too.2? Propagation delay of a valid high level on DS (if CS is low
and WR is high) to DL <0> output drivers disabled.
ooz 50 C_=50pF
tooHz 50 C.=50pF
tooz 60 C.=100pF
toonz 60 L= 1 OOpF
tooiz 65 C.=150pF
toorz 65 C. = 150pF
tooz Propagation delay of a valid low level on DS (if CS is low
and WR is high) to DL <7:0> output driver enabled.
tooz 165 CL =1 50pF
toozm 0 165 C.=150pF
tor Hold time provided during a read cycle by Dual UART of
valid high or low data on DL <7:0> after the rising edge
of DS. 0
toro Hold time of a valid DL <7:0> to a valid high level of DS. 30
topwn Pulse width high of DS. 450
torwin Pulse width low of DS when WR is high (read operation).
Refer to timing parameter topww also. 180 10,000
tomww Pulse width low of DS when WR is low (write operation).
Refer to timing parameter topw.s also. 130 10,000
tosu Setup time of a valid DL <7:0> to the rising edge of DS. 50
to? Propagation delay of a valid low level on DS (if CS is low)
to a high level on IRQ. 635 C.=50pF
tron? Propagation delay of a valid high level of CS to a valid
high level on RDY. 210 C,.=50pF
taoL Propagation delay of a valid low level on CS to a valid
low level on RDY. 90 C,=50pF
twio Hold time of a valid high or low level of WR to a valid high
level of DS. 10
twsu Setup time of a valid high or low level of WR to the falling
edge of DS. 30

Refer to Figure 9 for the load circuits used with these measurements.

2The tpoiz @and toowz Parameters are measured with C, =150 pF. The values of typ z and topsz for G, = 50pF and C, =100 pF have been derived for user
convenience.

3Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The t,;, parameter can be calculated
by the following: tp, =500 + RC,_ where R = value of the resistor that connects to capacitor C_ in load A, Figure 9.

“Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The tr, parameter can be calculated
by the following: taon =75 + RC, where R = value of the resistor that connects to capacitor C, in load A, Figure 9.

Figure 12 shows the signal timing for the clock input, inter-  timing, and the transmit data output timing. Table 11 lists the
rupt timing, effect of the RESET input on data strobe, data  timing parameters for Figure 12.
set carrier detect (DCD) and data set ready (DSR) input
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FIGURE 12-COM78C802 MISCELLANEOUS SIGNAL TIMING

TABLE 11-MISCELLANEOUS WRITE TIMING PARAMETERS

Symbol Definition Requirements (ns)
Min. Load Circuit'
ter Period of CLK. 203.45 (4.9152 MHz)
topwn Pulse width hlgh of CLK. 95
topwe Pulse width low of CLK. 95
torro Hold time of a valid high level of DS to a valid high level | 1,000
of RESET.
torsu Setup time of a valid high level of DS to the rising edge of| 900
RESET.
tosew Pulse width high or low of DCD <1:0> and DSR <1:0>. | 1,000
tio Hold time provided by Dual UART from a valid IRQLN 100 C_ =50pF
and IRQTxRXx to a valid high level of IRQ.
sy Setup time provided by Dual UART from a valid IRQLN 100 C,=50pF
and IRQTxRx to a valid low level of IRQ.
taes Pulse width low of RESET. 1,000
trxsk Pulse width high or low provided by Dual UART on the 250 C, =50pF
TxD <1:0> lines. At each baud rate, the actual puise
widths provided vary by t;.s. This timing parameter
should be used to determine cumulative reception/trans-
mission errors.

*Refer to Figure 9 for the load circuits used with these measurements.
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Figure 13 shows the input and output voltage waveforms ments. Figure 14 shows the waveforms for the three-state
for the propagation delay and setup and hold measure- outputs measurement.
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FIGURE 13—-COM78C802 PROPAGATION DELAY
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OUTPUT Vg (NOTE 2)

NOTES:
1. INTERNAL CONDITIONS ARE SUCH THAT THE OUTPUT 1S LOW EXCEPT WHEN DISABLED BY
THE OUTPUT CONTROL.

. INTERNAL CONDITIONS ARE SUCH THAT THE OUTPUT IS HIGH EXCEPT WHEN DISABLED BY
THE OUTPUT CONTROL.

REFER TO FIGURE 9. A = 81 CLOSED, B = S2 CLOSED. C = S1 AND S2 CLOSED.

FIGURE 14—COM78C802 THREE-STATE OUTPUT VOLTAGE WAVEFORMS
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STANDARD MICROSYSTEMS

35MarcusBvd_ Hauppauge NY 11788
15161773 3100 TWK-510-727 8898

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor appli-
cations: 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 resgonsibnity is
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semicon-
ductor 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 COPMZN?N%'§04
e

Four-channel Universal
Asynchronous Receiver/Transmitter

[}
Quad UART =
o
[}
b
w
FEATURES PIN CONFIGURATION
[ Four independent full duplex serial data lines
oc: 1] V' has mxo.
[ Programmable baud rates individually selectable for ™o, o B oo
each line’s transmitter/receiver (50 to 19,200 baud) Voo 40] F4s Der
DL, 50 44 TXDs
[ Summary registers that allow a single read to detect a o o D o
data set change or to determine the cause of an inter- oL 8] P41 MAST
rupt on any line ADY 90 D40 ADD.
RST 100 39 ADDs
. . VsSg 110 Eaa ps*
[ Triple buffers for each receiver s 124 37 ADD;
WR 13[] {136 ADD:
. . . DS 140 {135 ADDg
[ Device scanner mechanism that reports interrupt DLs .15 gg; :ngXRX
. . . DL, 160
request due transmitter/receiver interrupts or 170 Epeiioved
DLy 180] D31 IRQLNg
H H i VDD 190 [ 30 vDD
(] Independently programmable lines for interrupt-driven e o0 Do ne
operation DSRg 210 D28 vss,
DCDy 22T P27 1XD.
[1 Modem status change detection for Data Set Ready P o i

(DSR) and Data Carrier Detect (DCD) signals
PACKAGE: 48-pin DIP
“must be connected together

[ Programmable interrupts for modem status changes

CLK
MRST
ADD,
ADD,
ADD,
ADD,
ADDy
iRQ
IRQTXRX
IRQLN,
IRQLN,

|

OO nNnoooonompn

L1 Synchronizes critical read-only registers

: 3938 3736 3534 3332313029

[ Single 5V Power Supply vss, §40 281 voD
TXD, O 41 27 VsSs,

[ TTL Compatible DSR, 042 26 [1 TXD,
DCD, 43 25 [1 DSR,
RXD, [ 44 24 1 DCD,
L] Low Power CMOS Technology XD, d 1 231 RXD.
DCD, O 2 22 [0 RXD,
[] Compatible with SMC’s COM78C808 DSR. O] 3 210 665:
and COM78C802 TXD, O 4 20 [1 D8R,
DL, O 5 19 [ TXDy

DLe[] 6 181 DLy

7 8910111213 14151617

I SRR 5 5T
omgggldzba ==}

PACKAGE: 44- pin PLCC

GENERAL DESCRIPTION

The COM78C804 Four-channel Asynchronous Receiver/ operations necessary for simultaneous reception and
Transmitter (Quad UART) is a VLSI device for new gener-  transmission of asynchronous messages on four inde-
ations of asynchronous serial communication designs and  pendent lines. Figure 1 is a functional block diagram of the
for microcomputer systems. This device performsthe basic COM78C804 Quad UART.
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FIGURE 1: COM78C804 QUAD UART FUNCTIONAL BLOCK DIAGRAM
TABLE 1-COM78C804 PIN AND SIGNAL SUMMARY
Pin-PLCC Pin-DIP Signal Input/Output | Definition/Function
5-8,15-18 5-8,15-18 DL<7:0> input/output Data lines <7:0>—Receives and transmits the parallei
data.
33-37 35-37,39,40 ADD<0:4> input Address<0:4>>—Selects the internal registers in the Quad
UART.
12 12 CS input Chip select—Activates the Quad UART to receive and trans-
mit data over the DL<7:0> lines.
14 14,38 DS input Data strobe—Receives timing information for data transfers.
13 13 WR input Write—Specifies direction of data transfer on the DL<7:0>
lines.
9 9 RDY output Ready-Indicates when the Quad UART is ready to partici-
pate in data transfer cycles.
10 10 RESET input Reset—Initializes the internal logic.
38 41 MRESET input Manufacturing reset—For manufacturing use.
39 42 CLK input Clock—Clock input for timing.
3,20,25,42 2,21,26,45 DSR<3:0> inputs Data set ready—Monitor data set ready (DSR) signals from
modems.
2,21,24,43 1,22,25,46 DCD<3:0> inputs Data set carrier detect—Monitor data set carrier detect
(DCD) signals from modems.
32 34 TRQ output Interrupt request—Requests a processor interrupt.
29,30 31,32 IRQLN<O0:1> | output Interrupt request line number—Indicates the line number of
originating interrupt request.
31 33 IRQTxRx output Interrupt request transmit/receive—Indicates whether an
interrupt request is for transmitting or receiving data.
4,19,26,41 3,20,27,44 TxD<3:0> outputs Transmit data—Provides asynchronous bit-serial data out-
put streams.
1,22,23,44 23,24,47,48 RxD<3:0> input Receive data—Accepts asynchronous bit-serial data input
streams.
28 4,19,30 Voo input Voltage—Power supply voltage +5 Vdc.
11,27,40 11,28,43 Ve input Ground—Ground reference
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DATA AND ADDRESS

Data lines (DL<7:0>)-These lines are used for the par-
allel transmission and reception of data between the CPU
and the Quad UART. The receivers are active when the data
strobe (DS) signal is asserted. The output drivers are active
only when the chip select (CS) signal is asserted, the data
strobe (DS) signal is asserted, and the write (WR) signal is
deasserted. The drivers will become inactive (high-imped-
ance) within 50 nanoseconds when one or more of the fol-
lowing occurs: the chip select (CS) signal is deasserted,
the data strobe (DS) signal is deasserted, or the write (WR)
signal is asserted.

Address (ADD<4:0>)-These lines select which Quad
UART internal register is accessible through the data I/O
lines (DL<7:0>) when the data strobe (DS) and chip select
(CS) signals are asserted. Table 2 lists the addresses cor-
responding to each register. The receiver buffer and trans-
mitter holding register for each line have the same address.
Whenthe (WR) signal is deasserted, the address accesses
the receiver buffer register and when asserted, it accesses
the transmitter holding register.

TABLE 2-COM78C804 REGISTERS ADDRESS SELECTION

ADD Line* Read/Write Register
<4> <3> <2> <1> <0>

0 0 0 0 0 Read Line 0 Receiver Buffer
0 0 0 0 0 Write Line 0 Transmitter Holding
0 0 0 0 1 Read Line O Status
0 0 0 1 0 Read/Write Line 0 Mode Registers 1,2
0 0 0 1 1 Read/Write Line 0 Command
0 1 0 0 0 Read Line 1 Receiver Buffer
0 1 0 0 0 Write Line 1 Transmitter Holding
0 1 0 0 1 Read Line 1 Status
0 1 0 1 0 Read/Write Line 1 Mode Register 1,2
0 1 0 1 1 Read/Write Line 1 Command
1 0 0 0 0 Read Line 2 Receiver Buffer
1 0 0 0 0 Write Line 2 Transmitter Holding
1 0 0 0 1 Read Line 2 Status
1 0 0 1 0 Read/Write Line 2 Mode Register 1,2
1 0 0 1 1 Read/Write Line 2 Command
1 1 0 0 0 Read Line 3 Receiver Buffer
1 1 0 0 0 Write Line 3 Transmitter Holding
1 1 0 0 1 Read Line 3 Status
1 1 0 1 0 Read/Write Line 3 Mode Register 1,2
1 1 0 1 1 Read/Write Line 3 Command
X X 1 0 0 Read Interrupt Summary
X X 1 0 1 Read Data Set Change Summary

*X:=EitherQor1.

L

BUS TRANSACTION CONTROL

Chip select (CS)-This signal is asserted to permit data
transfers through the DL<(7:0> lines to or from the internal
registers. Data transfer is controlled by the data strobe (DS)
signal and write (WR) signal.

Data strobe (DS)- This input receives timing information
for data transfers. During a write cycle, the CPU asserts the
data strobe signal when valid output data is available and
deasserts the data strobe signal before the data is removed.
During a read cycle, the CPU asserts the data strobe signal
and the Quad UART transfers the valid data. When the data
strobe signal is deasserted, the DL<7:0> lines become a
high impedance.

Write (WR)-The write (WR) signal specifies the direction
of data transfer on the DL<7:0> pins. If the WR signal is
asserted during a data transfer (the CS and DS signals
asserted), the Quad UART is receiving data from DL<7:0>,
If the WR signal is deasserted during a write data transfer,
the Quad UART is driving data onto the DL<7:0> lines.
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INTERRUPT REQUEST

Interrupt request IRQ-The TRQ pin is an open drain out-
put. The integral interrupt scanner asserts the IRQ signal
when it has detected an interrupt condition on one of the
four serial data lines.

Interrupt Request transmit/receive (IRQTxRx)—This
signal indicates when the interrupt scanner in the Quad
UART stops and asserts IRQ because of a transmitter
interrupt condition (the IRQTxRx signal is asserted) or
because of a receiver interrupt condition (the IRQTxRx sig-
nal is deasserted). The signal is valid only while IRQ is
asserted. The state of IRQTxRx signal also appears as bit
0 of the interrupt summary register.

Interrupt request line humber (IRQLN<1:0>)-These
lines indicate the line number at which the Quad UART
interrupt scanner stopped and asserted the interrupt request
(IRQ) signal. The number on these lines is valid only while
the IRQ signal is asserted. Line IRQLN<1> is the high-
order bit and the IRQLN<<0> line is the low-order bit. The
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state of these signals also appears as bits in the interrupt
summary register: IRQLN<1> as bit 2, and IRQLN<0> as
bit 1. Table 3 shows the line numbers corresponding to set-
tings of IRQLN<1:0>.

TABLE 3-COM78C804 INTERRUPT REQUEST

LINE ASSIGNMENTS
IRQ Line Line
<1> <0>
0 0 0
0 1 1
1 0 2
1 1 3
SERIAL DATA

Transmit data (TxD<3:0>)-These outputs transmit the
asynchronous bit-serial data streams. They remain at a high
level when no data is being transmitted and a low level when
the TxBRK bit in the associated line’s command register is
set.

Receive data (RxD<3:0>>)-These lines accept asyn-
chronous bit-serial data streams. The input signals must
remain in the high state for at least one-half bit time before
a high-to-low transition is recognized. ( A high-to-low tran-
sition is required to signal the beginning of a “start” bit and
initiate data reception).

MODEM SIGNALS

Data set ready (DSR<3:0>>)-These four input pins, one
for each serial data line on the COM78C804, are typically
connected via intervening level converters to the data set
ready outputs of modems. A TTL low at a DSR pin causes
the DSR bit (bit 7) in the corresponding line’s status reg-
ister to be asserted. A TTL high at a DSR pin causes the
DSR bit in the corresponding line’s status register to be
deasserted. A change of this input from high-to-low, or low-
to-high, causes the assertion of the data set change
(DSCHNG) bit that corresponds to this line in the data set
change summary register. Changes from one state to the
other and back again that occur within one microsecond
may not be detected.

Carrier detect (DCD<3:0>)-These four input pins, one
for each serial data line of the Quad UART, are typically
connected through intervening level converters to the
received line signal detect (also called carrier detect) out-
puts of modems. A TTL low at a DCD pin causes the DCD
bit of the corresponding line's status register to be deas-
serted. A change of this input from high-to-low, or low-to-
high, causes the assertion of the data set change
(DSCHNG) bit corresponding to this line in the data set
change summary register. Changes from one state to the
other and back again that occur within one microsecond may
not be detected.

GENERAL CONTROL SIGNALS

Ready (RDY)-The RDY pin is an open drain output. Upon
detecting a negative transition of chip select (CS), the Quad
UART asserts the RDY signal to indicate readiness to take
partin data transfer cycles. The RDY signal deasserts after
the trailing edge of CS.

Reset (RESET)-When the RESET input in asserted, the
TxD<3:0> lines are asserted and all internal status bits
listed in the “Architecture Summary” discussion are cleared.

Manufacturing reset (MRESET)-This signal is for man-
ufacturing use only and the input should be connected to
ground for normal operation.

MISCELLANEOUS SIGNALS

Clock in (CLK)—All baud rates and internal clocks are
derived from this input. Normal operating frequency is 4.9152
MHz =0.1 percent and duty cycle is 50 percent =5 percent.

POWER AND GROUND
Voltage (V,p)—Power supply 5 Vdc
Ground (Vgg)—Ground reference

ARCHITECTURE SUMMARY

The Quad UART functions as a serial-to-parallel, parallel-
to-serial converter/controller. It can be programmed by a
microprocessor to provide different characteristics for each
of its four serial data lines (stop bits, parity, character length,
split baud rates, etc.)

Each serial line functions the same as a one-line UART-
type device thereby reducing the number of chips and con-
serving space on communication devices that require mul-
tiple communications lines.

An integral interrupt scanner checks for device interrupt
conditions on the four lines. Its scanning algorithm gives
priority to receivers over transmitters. The scanner can also
check for interrupts resulting from changes in modem con-
trol signals DSR and DCD.

Line-specific Registers

Each of the four serial data lines in the Quad UART has a
set of registers for buffering data into and out of the line and
for external control of the line’s characteristics. These reg-
isters are selected for access by setting the appropriate
address on lines ADD<4:0>. Lines ADD<4:3> selectone
of the four data lines. Lines ADD<2:0> select the specific
register for that line. Refer to Table 2 for the register address
assignments.

Receiver buffer register—Each line’s receiver consists of
a character assembly register and a two-entry FIFO that is
the receiver buffer register. When the RxEN bit in a line's
command register is set, received characters are moved
automatically into the line's receiver buffer as soon as they
have been deserialized from the associated communica-
tions line. When there are characters in this FIFO, the
RxRDY bit is set in the status register for the line.

The assertion of the RxRDY signal for a line that already
has the RxIE bit of its command register set causes the
interrupt scanner logic to stop and generate an interrupt
condition (the IRQ signal is asserted). When the receiver
bufferis read, the interrupt condition is cleared (the TRQ sig-
nal is deasserted) and the interrupt scanner resumes
operation.

If there is another entry in a line’s FIFO, the RxRDY bit
remains asserted. When the interrupt scanner reaches this
line again, the assertion of RxRDY causes the scanner to
halt and assert the IRQ again.

Asserting the RESET signal or clearing the RxEN bit ini-
tializes the receiver logic of Quad UART. The RxRDY flag
is cleared and the receiver buffer register outputs become
undefined. Any data in the FIFO at that time is lost.

Transmitter holding register—Each line has a writable
transmitter holding register. When the TXxEN bitin the line's
command register is set, characters are moved automati-
cally from the output of this register into the transmitter seri-
alization logic whenever the serialization logic becomesiidle.

When this register is empty, the TxRDY bit in the line’s sta-
tus register is set. If the transmitter interrupt enable (TxIE)
bit in the line’s command register is also set, the interrupt
scanner logic halts and generates an interrupt condition. If
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a character is then loaded into the register, the interrupt is
cleared and the scanner resumes operation.

Assertion of the RESET signal initializes the transmitter logic
of the Quad UART. The TxRDY flag is cleared and the 76 5

transmitter holding register’s contents are lost. The trans- l T J
mitter enable (TxEN} bit in the line's command register is L l l J

also cleared by RE . If at the end of the reset process,
the TxEN is reasserted and TxRDY bit is reasserted. Soft- DSR

ware clearing of TXEN alone produces results different from DCD -

the full RESET in that the transmitter holding register’s con- FER
tents are not lost; they are transmitted when TxEN is set .
again. TXEMT
Status register—Each line has a read-only status register i‘ 28:

that provides information about the current state of the given
line. This register indicates a line’s readiness for transmis-
sion or reception of data and flags error conditionsinits bit | FIGURE 3: COM78C804 STATUS REGISTERS
fields. Figure 3 shows the format of the status register. Tabie (LINE 0-3) FORMAT

3 lists the flag bits in each status register.

TABLE 4-COM78C804 STATUS REGISTERS (LINES 0-3) DESCRIPTION

-
o
—
w
d
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Bit Description
7 DSR (Data set ready)—This bit is the inverted state of the DSR line.
6 DCD (Data set carrier detect)—This bit is the inverted state of the DCD line.
5 FER (Frame error)—Set when the received character currently displayed in the receiver buffer register was not

framed by a stop bit. Only the first stop bit is checked to determine that a framing error exists. Subsequent
reading of the receiver buffer register that indicates all zeros (including the parity bit, if any) can be interpreted
as a Break condition. This bit is cleared by clearing RXEN (bit 2) of the command register, by asserting the
RESET input, or by setting the reset error RERR (bit 4) of the command register.

4 ORR (Overrun error)—Set when the character in the receiver buffer register was not read before another char-
acter was received. Cleared by clearing RXEN (bit 2) of the command register, by asserting the RESET input,
or by setting reset error RERR (bit 4) of the command register.

3 PER (Parity error)—If parity is enabled and this bit is set, the received character in the receiver buffer register
has an incorrect parity bit. This bit is cleared by clearing RXEN (bit 2) of the command register, by asserting the
RESET input, by setting reset error RERR (bit 2) of the command register, or by reading the current character
in the receiver buffer register.

2 TxEMT (Transmitter empty)—Set when the transmitter serialization logic for the associated line has completed
transmission of a character, and no new character has been loaded into the transmitter holding register.
Cleared by loading the transmitter holding register, by clearing TXxEN (0) of the command register, or by assert-
ing the RESET input.

1 RxRDY (Receiver buffer ready)—When set, a character has been loaded into the FIFO buffer from the deserial-
ization logic. Cleared by reading the receiver buffer register, by clearing RXEN (bit 2) in the command register,
or by asserting the RESET input.

0 TxRDY (Transmitter holding register ready)—When set, this bit indicates that the transmitter holding register is
empty. Cleared when the program has loaded a character into the transmitter holding register, when the trans-
mitter for this line is disabled by clearing TXEN (bit 0) in the command register, or by asserting the RESET
input. This bit is initially set when the transmitter logic is enabled by the setting of TXEN (bit 0) and the transmit-
ter holding register is empty. This bit is not set when the automatic echo or remote loopback modes are pro-
grammed. Data can be overwritten if a consecutive write is performed while TxRDY is cleared.

Mode registers 1 and 2—These read/write registers con-
trol the attributes (including parity, character length, and line
speed) of the communications line.

Each of the four communications lines has two of these reg- 7 6
isters, both accessed by the same address on ADD<4:0>.
Successive access operations (either read or write, in any

combination) alternate between the two registers at that —_——
address by use of an internal pointer. The first operation
addresses mode register 1, the next address mode register sToP

2, and another after that would recycle the pointer to mode PAR CTRL
register 1. The pointer is reset to point to mode register 1 by Chnn LENeTH
RESET or by a read of the command register for this line. MCIE

These registers should not be accessed by bit-oriented
instructions that do read/modify/write cycles such as the
PDP-11 BIS, BIC, and BIT instructions. FIGURE 4—-COM78C804 MODE

Figure 4 shows the format of mode registers 1 and Table 5 REGISTERS 1 (LINE 0-3) FORMAT
describes the function of the register information.
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TABLE 5—-COM78C804 MODE REGISTERS 1 (LINES 0-3) DESCRIPTION

Bit Description

7.6 STOP-These bits determine the number of stop bits that are appended to the transmitted characters as
follows. These bits are cleared by asserting the RESET input.
Bits Stop Bits
7 6
0 0 Invalid
0 1 1.0
1 0 1.5
1 1 2.0

5,4 PAR CTRL (Parity control)—These bits determine parity as follows and are cleared by asserting the RESET
input. X = either 1 or 0.
Bits Parity Type
5 4
1 1 Even
0 1 Odd
X 0 Disabled

3.2 CHAR LENGTH (Character length)—These bits determine the length (excluding start bit, parity, and stop
bits) of the characters received and sent. Received characters of less than 8 bits are “right aligned” in the
receiver buffer with unused high-order bits equal to zero. Parity bits are not shown in the receiver buffer. The
character length bits are cleared by asserting the RESET input. The character length bits are defined as
follows:
Bit Bit Length
3 2
0 0 5
0 1 6
1 0 7
1 1 8

1 RSRV (Reserved and cleared by asserting the RESET input.)

0 MCIE (Modem control interrupt enable)—When set and RxIE (bit 5) of the command register is set, the
modem control interrupts are enabled. Refer to the Interrupt Scanner and Interrupt Handling information.
Cleared by asserting the RESET input.

Figure 5 shows the format of mode registers 2 and Table
5 indicates the baud rate selections of the register. Bits 7
through 4 of the mode register 2 control the transmitter

Command register—These read/write registers control
various functions on the selected line. Figure 6 shows the
format of the command registers and Table 6 describes

baud rate and bits 3 through 0 control the receiver baud the function of the register information.

rate. These registers are cleared by asserting RESET input.

7 [ 5 4 3 2 1 0
6 5 4 3 2 1 0
OPER MODE __-I
e Y I Rx|E =—————eeeoeoo——
| Taan

e e

TxEN
FIGURE 5-COM78C804 MODE FIGURE 6-COM78C804 COMMAND

REGISTERS 2 (LINE 0-3) FORMAT REGISTERS (LINE 0-3) FORMAT
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TABLE 6—-COM78C804 MODE REGISTERS 2 (LINES 0-3) DESCRIPTION

Bit Description
7:0 XMIT RATE/RECV RATE (Transmitter/Receiver Rate)—Selects the baud rate of the transmitter (bits 7:4) and
receiver (bits 3:0) as follows:

Transmitter Bits Receiver Bits Nominal Actual Error*
7 6 5 4 3 2 1 0 Rate Rate (percent)
0 0 0 0 0 0 0 0 50 same —
0 0 0 1 0 0 0 1 75 same —_
0 0 1 0 0 0 1 0 110 109.09 0.826
0 0 1 1 0 0 1 1 134.5 133.33 0.867
0 1 0 0 0 1 0 0 150 same —
0 1 0 1 0 1 0 1 300 same —
0 1 1 0 0 1 1 0 600 same —
0 1 1 1 0 1 1 1 1200 same —
1 0 0 0 1 0 0 0 1800 1745.45 3.03
1 0 0 1 1 0 0 1 2000 2021.05 1.05
1 0 1 0 1 0 1 0 2400 same —
1 0 1 1 1 0 1 1 3600 3490.91 3.03
1 1 0 0 1 10 0 4800 same —_
1 1 0 1 1 1 0 1 7200 6981.81 3.03
1 1 1 0 1 1 1 0 9600 same —
1 1 1 1 1 1 1 1 19200 same —

*The frequency of the clock input (CLK) is 4.9152 MHz. The clock input may vary by 0.1 percent. This variance results in an error
that must be added to the error listed.

TABLE 7-COM78C804 COMMAND REGISTERS (LINES 0-3) DESCRIPTION

Bit

Description

7.6

OPER MODE (Operating mode)—These bits control the operating mode of the channel as follows. These
bits are cleared by asserting the RESET input.

Bit Operating Mode

7 6

0 0 Normal operation

0 1 Automatic echo

1 0 Local loopback

1 1 Remote loopback

RxIE (Receiver interrupt enable)-~When set, the RxRDY flag (bit 1) of the status register for this line will
generate an interrupt.

RERR (Reset error)—When set, this bit clears the framing error, overrun error, and parity error of the status
register associated with this line. This bit is cleared by asserting the RESET input (not self-clearing).

TxBRK (Transmit break)—When set, this bit forces the appropriate TxD<3:0> line to the spacing state at the
conclusion of the character presently being transmitted. When the program clears this bit, normal operation
is restored, and any character pending in the transmitter holding register is moved into the serialization logic
and transmitted. The minimum break length obtainable is twice the character length plus 1 bit time. The
maximum break length depends on the amount of time between the program setting and clearing this bit,
but is an integral number of bit times. This bit is cleared by asserting the RESET input.

RXEN (Receiver enable)-When set, this bit enables the receiver logic. When cleared, it stops the assem-
bling of the received character, clears all receiver error bits and the RxRDY (bit 1) of the status register,
clears any receiver interrupt conditions associated with this line, and initializes all receiver logic. This bit is
cleared by asserting the RESET input.

TxIE (Transmit interrupt enable)—When set, the state of the associated TXRDY flag (bit 0) of the status reg-
ister is made available to the interrupt scanner logic. When the interrupt scanner iogic scans this line, it
determines if the TXRDY flag is asserted and generates an interrupt by asserting the IRQ signal.

TXEN (Transmitter enable)—When set, this bit enables the transmitter logic. When cleared, it inhibits the
serialization of the characters that follow but the serialization of the current character is completed. It also
clears the TxRDY flag (bit 0) of the status register, clears any transmitter interrupt conditions associated with
this line, and initializes all transmitter logic except that associated with the transmitter holding register. The
character in the transmitter holding register is retained so that XON/XOFF situations can be properly pro-

cessed. This bit is cleared by asserting the RESET input.

Bits 5 through 0 enable the line's receiver and transmitter, [] Normal operation—The serial data received is assem-

enable handling of interrupts, initiate the transmission of bled in the receiver logic and transferred in parallel to the
break characters, and reset error bits for the line. Refer to receiver buffer register. (The RXEN bit mustbe set.) Data
“Interrupt Scanner” and “Interrupt Handling” paragraphs to be transmitted is loaded in parallel into the transmitter
for detailed interrupt information. Bits 7 and 6 control the holding register, then automatically transferred into the
operating mode of the line. The four modes that can be transmitter logic and serialized for transmission. (The
set are: TXEN bit must be set.)
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[J Automatic echo—The serial data received is assembled
into paraliel in the receiver logic (the RXEN bit must be
set) and transferred to the receiver buffer register. Arriv-
ing serial data is also routed to the line’'s TxD<n> pin for
serial output. TXEN is ignored and the transmitter logic
is disabled. TxRDY flags and TxEMT indications are
cleared. No transmitter interrupts are generated.

] Local loopback—The serial data from the RxD<n> input
is ignored and the receiver serial input receives data from
the transmitter serial output. The data is assembled into
parallel form in the receiver logic (the RXEN bit must be
set) and transferred to the receiver buffer register where
it can be read by the program. Data to be transmitted to
the receiver is loaded in parallel form into the transmitter
holding register from which itis automatically moved into
the transmitter logic and serialized for transmission. (The
TxEN bit must be set.) The transmission goes only to the
receiver serial input; the TxD<n> output is held high. As
in normal operation, transmission and reception baud
rates are controlied by the transmitter speed and receiver
speed entries in mode register 2.

[J Remote loopback—The serial data received on the
RxD<n> line is returned to the TxD<n> line without
further action. No data is received or transmitted. The
RxRDY, TxRDY, and TXxEMT flags are disabled. The
TxEN and RxEN bits of the command register are held
cleared, causing the transmitter and receiver logic to be
disabled.

SUMMARY REGISTERS

The Quad UART contains two registers that summarize the
current status of all four serial data lines, making it possible
to determine that a line's status has changed with a single
read operation. These registers are selected for access by
setting the appropriate address on pins ADD <2:0>.
Because the registers are shared by four serial lines, the
line-selection bits (ADD <4:3>) are ignored when these
registers are accessed. Refer to “Interrupt Scanner and
Interrupt Handling” for detailed interrupt information.

Interrupt summary register—This read-only register indi-
cates that a transmitter or receiver interrupt condition has
occurred, and indicates the line number that generated the
interrupt. Figure 7 shows the format of the interrupt sum-
mary register and Table 8 describes register information.

7 6 5 4 3 2 1 0

iRQ
RAZ
INT LINE NO
TxiRx

FIGURE 7- COM78C804
INTERRUPT SUMMARY REGISTER FORMAT

TABLE 8-COM78C804 INTERRUPT SUMMARY REGISTER DESCRIPTION

Bit Description

ing the IRQ signal.

7 IRQ (Interrupt request)—When set, this bit indicates that the interrupt scanner has found an interrupting con-
dition among the four serial lines of the Quad UART. These conditions also result in the Quad UART assert-

6:4 RAZ (Read as zero)—Not used

3:1*
Refer to Table 3.

INT LINE NO (interrupting line number)—These bits indicate the line number upon which an interrupting con-
dition was found. These bits correspond to the IRQLN < 1:0> signals—bit 2= IRQLN<1>, and bit 1 =IRQLN<0>.

and is set when IRQTxRx is asserted.

0 Tx/Rx (Transmit/receive)—This bit indicates whether the interrupting condition was caused by a transmitter (Tx/
Rx equals 1) or a receiver (Tx/Rx equals 0). This bit corresponds to the IRQTxRx signal of the Quad UART

*Bits 3-0 above represent the outputs of a free-running counter and are valid only when bit 7 is set.

Data set change summary register—When the DSR or
DCD inputs that are associated with a line change state,
the bit corresponding to that line in this read-only register
is set. The current state of the DSR and DCD inputs can

Ling  aamea. Frmmmmn 2
Number

1 mmmems 0----
vy v
76 0

5 4 3 2 1

B —

DSCHNG 3-0

FIGURE 8-COM78C804 DATA SET CHANGE
SUMMARY REGISTER FORMAT

then be obtained from that line’s status register. If the state
of a line changes twice within one microsecond, the change
in state may not be detected. Figure 8 shows the format
of the data set change summary register.

When the MCIE bit in a line’s mode register 1 is set and
RxIE is also set, the modem control interrupts are enabled
forthatline. If DSCHNG for that fine is then set, the interrupt
scanner will halt and assert the IRQ signal. The data set
change summary register bits are cleared by writing a 1 into
the'bit position. A program that uses this register should read
and save a copy of its contents. The copy can then be writ-
ten back to the register to clear the bits that were set. The
system interrupts should be disabled and writeback should
directly follow the read operation.

Assertion of the RESET signal disables and initializes the
data set change logic. When the RESET signal is deas-
serted, future changes in DSR and DCD are reported as
they occur.
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INTERRUPT SCANNER AND INTERRUPT HANDLING

The interrupt scanner sequentially checks each line for a
receive interrupt and then checks each one in the same
order for a transmitter interrupt. If the scanner detects an
interrupt condition, it stops and the IRQ signal is asserted.
An interrupt must be serviced by software or no other inter-
rupt request can be posted.

The scanner determines that a line has a receiver interrupt
if the line’s receiver buffer is ready and receiver interrupts
are enabled for that line (RxRDY and RxIE = 1) or either of
the line’'s modem status signals has changed state and both
receiver and modem control interrupts are enabled for that
line (DSCHNG and RxIE and MCIE = 1).

The scanner determines that a line has a transmitter inter-
ruptifthe line’s transmitter holding the register is empty and
transmitter interrupts are enabled for that line (TxRDY and
TXIE=1).

When the scanner detects an interrupt, it reports the line
number on the IRQ<1:0> lines. The IRQTxRx signal is
asserted for a transmitter interrupt and deasserted for a
receiver interrupt. The appropriate bits are also updated in
the interrupt summary register. The IRQ line is deasserted
and the scanner is restarted for each of the following three
types of interrupt conditions.

[] Reading the receiver buffer or resetting the RxIE bit of
the interrupting line for the first type of receiver interrupt
previously described.

[ Resetting the MCIE, RxIE, or DSCHNG bit of the inter-
rupting line for the second type of receiver interrupt pre-
viously described.

[ Loading the transmitter holding register or resetting the
TxIE bit of the interrupting line for transmitter interrupts.

If the scanner was originally stopped by a receiver interrupt
condition, the scanner resumes sequential operation from
where it stopped, thus providing receivers with equal prior-

ity. If the scanner was stopped by a transmitter condition,
the scanner restarts from position 0 (line O’s receiver), thus
giving receivers priority over transmitters.

EDGE-TRIGGERED AND LEVEL-TRIGGERED INTER-
RUPT SYTSTEMS

If the interrupt system of the Quad UART is used only for
generating interrupts for the RxRDY and/or TxRDY flags,
the IRQ line can be connected to a processor having either
edge-triggered or level-triggered interrupt capability. If the
modem control interrupts are being used (MCIE in mode
register 1= 1), the IRQ line can be connected only to a pro-
cessor that uses level-triggered interrupts.

MODEM HANDLING

The TXEMT (transmitter empty) bit of the status register is
typically used to indicate when a program can disable the
transmission medium, as when deasserting the request-to-
send line of a modem. A typical program will load the last
character for transmission and then monitor the TXEMT bit
of the status register.

The assertion of the TXEMT bit to indicate the transmission
is complete may occur a substantial time after the loading
of the last character. After the last character is loaded, one
character is in the transmitter holding register and one
character is in the serialization logic. Therefore, it will be
two character times before the transmission process is
completed. Waiting for the TxRDY signal to assert before
monitoring the TXEMT status shortens this by one charac-
ter time because the TxRDY status bit indicates that there
are no characters in the transmitter holding register. The
times involved are calculated by taking the reciprocal of the
baud rate being used, multiplying by the number of bits per
character (a starter bit—5,6,7, or 8 data bits; plus patity bit
if enabled; and 1,1.5, or 2 stop bits), and multiplying by either
two characters or one, depending on when TXEMT moni-
toring begins.

TEST
POINT Vpp Vbp
T’y 1k $
FROM
OUTPUT 2

LOAD A — STANDARD OUTPUTS

FIGURE 9—-COM78C804 OUTPUT LOAD CIRCUITS

VoD
TEST
POINT 1k §2
} S1
FROM i
OUTPUT
== C ¥ 1k Q2

S1 CLOSED: PULL UP
S2 CLOSED: PULL DOWN
S1 AND S2 CLOSED: DIVIDER

LOAD B — THREE-STATE OUTPUTS
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature RANGE . ........ouiuiir ettt ittt e e ettt e eaeens 0°Cto +70°C
Storage Temperature Range
Lead Temperature (Soldering, 10 S8C.) .. .uuvurir ittt eerir ettt eietearennnerennaans
Positive Voitage on any I/0 Pin, with respect to ground

Negative Voltage on any I/O Pin, with respect to ground
MaXimUM Ve o e et ce i eaee e

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

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not
be exceeded ordevice 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 + 5 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. )

TABLE 9-COM78C804
DC ELECTRICAL CHARACTERISTICS

Symbol Parameter Test Condition Requirements Units
Min. Typ. Max.

Vi High-level input voltage 2.0 "

Vi Low-level input voltage 0.8 \

Vou High-level output voltage | Vpo=Min. 24 \

low=23.5 mA for DL<7:0>
lon=2.0 mA for all .
remaining output except IRQ
and RDY

Voo Low-level output voltage | Voo, =Min. 0.4 \
lo.=5.5 mA for DL<7:0>
lo.=3.5 mA for all remaining

outputs
™ Input current at maximum| Vg, =Max. 10 nA
input voltage V.= Vpp(Max.)
he Input current at miminum | Vg, =Max. -10 nA
input voltage V,=0.0V
los' Short-circuit output Voo =Max. -50 -180 mA
current for DL<7:0> all
remaining outputs except
IRQ and RDY -30 -110 mA
loz 2 Three-state output Vo =Max. 10 wA
current Vo=0.4V
loz? Three-state output Voo = Max. 10 rA
current Vo=2.4V
loo Supply current Voo =Max. 20 mA
T,=0°
Ci Input capacitance 4 pF
Cyo® Input/output capacitance 5 pF

No more than one ouput should be short circuited at a time, and the duration of the short should not exceed 1 second.
2All three-state output drivers are wired in an I/O configuration. The parameters include the driver and input receiver leakage currents.
3The parameters include the capacitive loads of the output driver and the input receiver.

TIMING PARAMETERS 11 shows the signal timing for a write cycle to transfer infor-
Figure 10 shows the signal timing for aread cycle totransfer mation from the processor to the Quad UART. Table 11 lists
information from the Quad UART to the processor. Figure the timing parameters for the read and write cycles.
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FIGURE 10-COM78C804 BUS READ CYCLE TIMING
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FIGURE 11-COM78C804 BUS WRITE CYCLE TIMING
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TABLE 10-COM78C804 BUS READ AND WRITE TIMING PARAMETERS

Symbol Definition Requirements (ns) Load
Min. Max. Circuit'
tano Hold time of a valid ADD <4:0> to a valid high level of
DS. 10
tasu Setup time of a valid ADD <4:0> to the falling edge of
DS. 30
toro Hold time of a valid low level of CS to a valid high level of
DS. 10
tesu Setup time of a valid low level of CS to the falling edge of
DS. 30
too Propagation delay of a valid low level on DS (if CS is low
and WR is high) to valid high or low data on DL <7:0>. 165 C,.=150 pF
toors? Propagation delay of a valid high level on DS (if CS is low
and WR is high) to DL <7:0> output drivers disabled.
toouz 50 C.= 50pF
toowz 50 C,=50pF
tooLz 60 C.=100pF
toonz 60 C.=100pF
tooLz 65 . = 150pF
toore 65 C.=150pF
tonzt Propagation delay of a valid low level on DS (if CS is low
and WR is high) to DL <7:0> output driver enabled.
Yooz 165 C, =150pF
toozn 0 165 . =150pF
tor Hold time provided during a read cycle by Quad UART of
valid high or low data on DL <7:0> after the rising edge
of DS." 0
tono Hold time of a valid DL <7:0> to a valid high level of DS. 30
topwn Pulse width high of DS. 450
topwin Pulse width low of DS when WR is high (read operation).
Refer to timing parameter tyeww also. 180 10,000
[— Pulse width low of DS when WR is low (write operation).
Refer to timing parameter typw.q also. 130 10,000
tosu Setup time of a valid DL <7:0> to the rising edge of DS. 50
to° Propagation delay of a valid low level on DS (if CS is low)
to a high level on IRQ. 635 C,=50pF
 — Propagation delay of a valid high level of CS to a valid
high level on RDY. 210 C.=50pF
troL Propagation delay of a valid low level on CS to a valid
low level on RDY. 90 C, =50pF
tuwo Hold time of a valid high or low level of WR to a valid high
level of DS. 10
twsu Setup time of a valid high or low level of WR to the falling
edge of DS. 30

"Refer to Figure 9 for the load circuits used with these measurements.

2The ooz and toow; parameters are measured with C_ =150 pF. The values of ty, ; and topw; for C, = 50pF and C_ =100 pF have been derived for user
convenience.

3Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The t, parameter can be calculated
by the following: tp, =500 + RC_ where R =value of the resistor that connects to capacitor C, in load A, Figure 9.

“Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The tso, parameter can be calculated
by the following: tson =75 + RC, where' R =value of the resistor that connects to capacitor C, in load A, Figure 9.

Figure 12 shows the signal timing for the clock input, inter-  timing, and the transmit data output timing. Table 11 lists the
rupt timing, effect of the RESET input on data strobe, data  timing parameters for Figure 12.
set carrier detect (DCD) and data set ready (DSR) inpu: -



1
cLx N/ \___/__
tcpwi e CP ———ole 'CPWH

CLOCK

IRQLN < 1:0 > IRQTxRx

e ¢—l|su——>\1——/|-—‘u|o———l

INTERRUPT

=
=4
=
o
w
)

RESET \
! 'RES
DS /| |\
I ‘DRSU TDRHO {
EFFECT OF RESET ON DATA STROBE
CD DSR < 3.0 > VALID DCD.DSR DATA

‘pspw

DCD'DSR INPUT

TxsK 'TXSK

TRANSMIT DATA QUTPUT

FIGURE 12-COM78C804 MISCELLANEOUS SIGNAL TIMING

TABLE 11-MISCELLANEOUS WRITE TIMING PARAMETERS

Symbol Definition Requirements (ns)
Min. Load Circuit’
tor Period of CLK. 203.45 (4.9152 MHz)
topwn Pulse width high of CLK. 95
topwL Pulse width low of CLK. 95
torro Hold time of a valid high level of DS to a valid high level 1,000
of RESET.
tonsu Setup time of a valid high level of DS to the rising edge of, 900
RESET.
tospw Pulse width high or low of DCD «<3:0> and DSR <3:0>. | 1,000
tho Hold time provided by Quad UART from a valid IRQLN 100 C_=50pF
<1:0> and IRQTxRx to a valid high level of IRQ.
tisu Setup time provided by Quad UART from a valid IRQLN 100 C_=50pF
<1:0> and IRQTxRX to a valid low level of IRQ.
tres Pulse width low of RESET. 1,000
trxsk Pulse width high or low provided by Quad UART on the 250 C.=50pF
TxD <3:0> lines. At each baud rate, the actual pulse
widths provided vary by t.s. This timing parameter
should be used to determine cumulative reception/trans-
mission errors.

*Refer to Figure 9 for the load circuits used with these measurements.
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Figure 13 shows the input and output voltage waveforms ments. Figure 14 shows the waveforms for the three-state
for the propagation delay and setup and hold measure- outputs measurement.

ViH (2.4 V)
20V
INPUT STROBE gy

Vi (0.4 v)

Vig (2.0V)

INPUT

Vi (0.4 V)

Vo (2.0V]

INPUT DATA

ViL(0.8v)

> 'su OUT-OF-PHASE OUTPUT "
Vo ((08VE — —— + — = ===
e 4( )._ -
VO2OV) oo e

SET-UP AND HOLD IN-PHASE QUTPUT

FIGURE 13—-COM78C804 PROPAGATION DELAY
AND SETUP AND HOLD VOLTAGE WAVEFORMS

Vg (0.8 V)

PROPAGATION DELAY

3

OUTPUT (SEENOTE 1) 1.5V - — = —

OUTPUT V| {NOTE 2)

NOTES;
. INTERNAL CONDITIONS ARE SUCH THAT THE QUTPUT IS LOW EXCEPT WHEN DISABLED BY

. INTERNAL CONDITIONS ARE SUCH THAT THE OUTPUT IS HIGH EXCEPT WHEN DISABLED BY

FIGURE 14-COM78C804 THREE-STATE OUTPUT VOLTAGE WAVEFORMS

ViN(24V)
20V
QUTPUT CONTROL o

VL (0.4 V)

(zy (NOTE 3A) - fe—

tz —e~ (NOTE 3C)

VoH (4.5 V)

VoL 405 —-—— ~—" VoL+05V
VoUT (AS MEASURED) — — - —

tzH (NOTE 3B) — h—

VouT (AS MEASURED)
VoH -0.5V
15V

0.0V)

THREE-STATE QUTPUTS

THE OUTPUT CONTROL.

THE OUTPUT CONTROL.

REFER TO FIGURE 9. A = S1 CLOSED, B = $2 CLOSED. C = S1 AND S2 CLOSED.

STANDARD M'CROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor appli-
CORPOR

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

ATION information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
Ssmacune e 1y ps A5SUMed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semicon-

s - Tsezs® - ductor 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 E

COM78808

PRELIMINARY

Eight-channel Universal
Asynchronous Receiver/Transmitter
Octal UART

FEATURES
[ Eight independent full duplex serial data lines

[[J Programmable baud rates individually selectable for
each line’s transmitter/receiver (50 to 19,200 baud)

[J Summary registers that allow a single read to detect a
data set change or to determine the cause of an inter-
rupt on any line

[[] Triple buffers for each receiver

[] Device scanner mechanism that reports interrupt
request due transmitter/receiver interrupts

] Independently programmable lines for interrupt-driven
operation

[ Modem status change detection for Data Set Ready
(DSR) and Data Carrier Detect (DCD) signals

[] Programmable interrupts for modem status changes

[[1 Synchronizes critical read-only registers

PIN CONFIGURATION

Bosn aneg §228
0Bst888p888pegdes
2502 D<= EERT >
OoonNnNonoonoanononane
60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44

D7 [ 61 43 [ vssz
DSR7 [ 62 421 ™03
DCo7 O 63 417 DSR3
RxD7 [] 64 40 P DCD3
RxD6 [} 65 39 1 RxD3
DCDS L] 66 38 [1 RxD2
DSA6 [] 67 37 [1 5Co2
D6 [ 68 78808 36 éll DSR2
D5 { 1 35 [1 ™xD2
semed CAVITY DOWN CONNECTIONS 3B non
BCD5 3 33 I DSAT
RxD5 [} 4 32 A BCDT
RxD4 { 5 31 [ RxD1
DcD4 [ 6 30 {7 RxDO
DSRa 7 29 [1 BCDo
D4 [] 8 28 [ DSRO
voD O g 27 0 oo
10 11 12 13 14 15 16 17 18 19 20 21 22 2324 25 26
TOouU0000o0oo0oo 00000049

< - MmN - O
RE23zblEgBlEeeR2228

PACKAGES: 68-pin PLCC

GENERAL DESCRIPTION

The COM78808 Eight-channel Asynchronous Receiver/
Transmitter (Octal UART) is a VLSI device for new gener-
ations of asynchronoeus serial communication designs and
for microcomputer systems. This 68-pin device performs the
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basic operations necessary for simultaneous reception and
transmission of asynchronous messages on eight inde-
pendent lines. Figure 1 is a functional block diagram of the
COM78808 Octal UART. '
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For additional information, consult your 1986 catalog or contact our product marketing department at (516) 273-3100.

CROSYSTE Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor
g&%‘g%%%?m MS applications: consequently complete information sufficient for construction _urFoses is not necessarily given.
/ e information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
5/ e vy v assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the
e 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 Ml\I|CROSYSTEMS COM78C808

CORPORATIO! E PRELIMINARY

Eight-channel Universal
Asynchronous Receiver/Transmitter
Octal UART

=
=
=
=}
()
»

FEATURES PIN CONFIGURATION
[J Eight independent full duplex serial data lines
[J Programmable baud rates individually selectable for B
each line's transmitter/receiver (50 to 19,200 baud) m bwro aeo L2282
cB3EEE0RE00REEEES
) . > <0< <|ETTTEX >
(] Summary registers that allow a single read to detect a oNnpoNMmnOnnnAnAnnNan
data set change or to determine the cause of an inter- sord 6160 595657 56 55 54 53 52 51 50 49 48 47 46 45 4443 ) s
H X
rupton any line s O e 2P s
DCD7 { 63 41 [0 DSR3
[1] Triple buffers for each receiver RxD7 ] 64 40 J HCO3
RxD6 [| 65 39 0 RxD3
. . . DCDG (] 38 [0
[ Device scanner mechanism that reports interrupt wede pod i
request due transmitter/receiver interrupts D6 [ 68 36 [1 bsRz
T*D5 [ 1 COM78C808 35 0 D2
i H dri DSR5 O 2 34 0 D1
U Indep?ndently programmable lines for interrupt-driven i 35 [1 berr
operation RxDS5 0] 4 32 [1 5CoT
RxD4 [ 5 31 [ RxD1
] Modem status change detection for Data Set Ready ggg“ E 6 ‘;g 3 F*:%O
. . 4 7 DCDO
(DSR) and Data Carrier Detect (DCD) signals g 28 b1 557G
. voo [ 9 27 [1 Do
[ Programmable interrupts for modem status changes 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
|8 [ [ [ 6 0 D D J N W I o O
. . ) NOQWEH QT OOIn NN, QO
[J Synchronizes critical read-only registers 2333k # gl =z2 B352288
i
[J Low power CMOS technology
PACKAGE: 68-pin PLCC
[J +5V only power supply

[} Compatible with COM78C804 and COM78C802

GENERAL DESCRIPTION

The COM78C808 Eight-channel Asynchronous Receiver/ basic operations necessary for simultaneous reception and
Transmitter (Octal UART) is a VLS| device for new gener- transmission of asynchronous messages on eight inde-
ations of asynchronous serial communication designs and pendent lines. Figure 1 is a functional block diagram of the
for microcomputer systems. This 68-pin device performs the COM78C808 Octal UART.
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FIGURE 1 - COM78C808 OCTAL UART FUNCTIONAL BLOCK DIAGRAM

TABLE 1 - COM78C808 PIN AND SIGNAL SUMMARY

Pin Signal Input/Output Definition/Function

10-13,22-25 DL<7:0> input/output Data lines <7:0>—Receives and transmits the parallel
data.

50-52,64-56 ADD <0:5> input Address<0:5>-Selects the internal registers in the Octal
UART.

17 CS input Chip select—Activates the Octal UART to receive and trans-
mit data over the DL<7:0> lines.

21,53 DS1,DS2 input Data strobe 1 and 2—Receives timing information for data
transfers. The DS1 and DS2 inputs must be connected
together.

18 WR input Write—Specifies direction of data transfer on the DL<7:0>
lines.

14 RDY output Ready—Indicates when the Octal UART is ready to partici-
pate in data transfer cycles.

15 RESET input Reset—Initializes the internal logic.

57 MRESET input Manufacturing reset—For manufacturing use.

58 CLK input Clock—Clock input for timing.

62,67,2,7, DSR<7:0> inputs Data set ready—Monitor data set ready (DSR) signals from

41,36,33,28 modems.

63,66,3,6, DCD<7:0> inputs Data set carrier detect—Monitor data set carrier detect

40,37,32,29 (DCD) signals from modems.

49 RQ output Interrupt request—Requests a processor interrupt.

45-47 IRQLN <0:2> output Interrupt request line number—Indicates the line number of
originating interrupt request.

48 IRQTxRx output Interrupt request transmit/receive—Indicates whether an
interrupt request is for transmitting or receiving data.

61,68,1,8, TxD<7:0> outputs Transmit data—Provides asynchronous bit-serial data out-

42,35,34,27 put streams.

64,65,4,5, RxD<7:0> inputs Receive data—Accepts asynchronous bit-serial data input

39,38,31,30 streams.

44,26,9 Voo input Voltage—Power supply voltage +5 Vdc.

16,59,43 Vs input Ground—Ground reference
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DATA AND ADDRESS

Data lines (DL<7:0>)-These lines are used for the par-
allel transmission and reception of data between the CPU
and the Octal UART. The receivers are active whenthe data
strobe (DST, DS2) signal is asserted. The output drivers are
active only when the chip select (CS) signal is asserted, the
data strobe (DST, DS2) signal is asserted, and the write
(WR) signalis deasserted. The drivers will become inactive
(high-impedance) within 50 nanoseconds when one or more
of the following occurs: the chip select (CS) signal is deas-
serted, the data strobe (DST, DES§) signal is deasserted, or
the write (WR) signal is asserted.

Address (ADD<5:0>)-These lines select which Octal
UART internal register is accessible through the data /0
lines (DL<7:0>) when the data strobe (DS1, DS2) and chip
select (CS) signals are asserted. Table 2 lists the addresses
corresponding to each register. The receiver buffer and
transmitter holding register for each line have the same
address. When the (WR) signal is deasserted, the address
accesses the receiver buffer register and when asserted, it
accesses the transmitter holding register.

TABLE 2 - COM78C808 REGISTERS ADDRESS SELECTION

ADD Line* Read/Write Register
<5> <4> <3> <2> <1> <0>

0 0 0 0 0 0 Read Line 0 Receiver Buffer
0 0 0 0 0 0 Write Line 0 Transmitter Holding
0 0 0 0 0 1 Read Line 0 Status
0 0 0 0 1 0 Read/Write Line 0 Mode Registers 1,2
0 0 0 0 1 1 Read/Write Line 0 Command
0 0 1 0 0 0 Read Line 1 Receiver Buffer
0 0 1 0 0 0 Write Line 1 Transmitter Holding
0 0 1 0 0 1 Read Line 1 Status
0 0 1 0 1 0 Read/Write Line 1 Mode Register 1,2
0 0 1 0 1 1 Read/Write Line 1 Command
0 1 0 0 0 0 Read Line 2 Receiver Buffer
0 1 0 0 0 0 Write Line 2 Transmitter Holding
0 1 0 0 0 1 Read Line 2 Status
0 1 0 0 1 0 Read/Write Line 2 Mode Register 1,2
0 1 0 0 1 1 Read/Write Line 2 Command
0 1 1 0 0 0 Read Line 3 Receiver Buffer
0 1 1 0 0 0 Write Line 3 Transmitter Holding
0 1 1 0 0 1 Read Line 3 Status
0 1 1 0 1 0 Read/Write Line 3 Mode Register 1,2
0 1 1 ¢] 1 1 Read/Write Line 3 Command
1 0 0 0 0 0 Read Line 4 Receiver Buffer
1 0 0 0 0 0 Write Line 4 Transmitter Holding
1 0 0 0 0 1 Read Line 4 Status
1 0 0 0 1 0 Read/Write Line 4 Mode Register 1,2
1 0 0 0 1 1 Read/Write Line 4 Command
1 0 1 0 0 0 Read Line 5 Receiver Buffer
1 0 1 0 0 0 Write Line 5 Transmitter Holding
1 0 1 0 0 1 Read Line 5 Status
1 0 1 0 1 0 Read/Write Line 5 Mode Register 1,2
1 0 1 0 1 1 Read/Write Line 5 Command
1 1 0 0 0 0 Read Line 6 Receiver Buffer
1 1 0 0 0 0 Write Line 6 Transmitter Holding
1 1 0 0 0 1 Read Line 6 Status
1 1 0 0 1 0 Read Line 6 Mode Register 1,2
1 1 0 0 1 1 Read/Write Line 6 Command
1 1 1 0 0 0 Read Line 7 Receiver Buffer
1 1 1 0 0 0 Write Line 7 Transmitter Holding
1 1 1 o] 0 1 Read Line 7 Status
1 1 1 0 1 0 Read/Write Line 7 Mode Register 1,2
1 1 1 0 1 1 Read/Write Line 7 Command
X X X 1 0 0 Read Interrupt Summary
X X X 1 0 1 Read Data Set Change Summary

*X=Either0or 1.

BUS TRANSACTION CONTROL

Chip select (CS)-This signal is asserted to permit data
transfers through the DL<7:0>> lines to or from the internal
registers. Data transfer is controlled by the data strobe (DS,
DS2) signal and write (WR) signal.

Data strobe (DS1, DS2)- The data strobe inputs (DSt and
DS2) must be connected together. This input receives tim-

ing information for data transfers. During a write cycle, the
CPU asserts the data strobe-signal when valid output data
is available and deasserts the data strobe signal before the
data is removed. During a read cycle, the CPU asserts the
data strobe signal and the Octal UART transfers the valid
data. When the data strobe signal is deasserted, the
DL<7:0> lines become a high impedance.
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Write (WR)-The write (WR) signal specifies the direction
of data transfer on the DL<7:0> pins by controlling the
direction of their transceivers, If the WR signal is asserted
during a data transfer (the CS, DS1, and DS2 signals
asserted), the Octal UART is receiving data from DL<7:0>.
If the WR signal is deasserted during a write data transfer,
the Octal UART is driving data onto the DL<.7:0> lines.

INTERRUPT REQUEST

Interrupt request IRQ-The IRQ pin is an open drain out-
put. The integral interrupt scanner asserts the IRQ signal
when it has detected an interrupt condition on one of the
eight serial data lines.

Interrupt Request transmit/receive (IRQTxRx)—This
signal indicates when the interrupt scanner in the Octal
UART stops and asserts IRQ because of a transmitter
interrupt condition (the IRQTxRx signal is asserted) or
because of a receiver interrupt condition (the IRQTxRXx sig-
nal is deasserted). The signal is valid only while IRQ is
asserted. The state of IRQTxRx signal also appears as bit
0 of the interrupt summary register.

Interrupt request line number (IRQLN<2:0>)-These
lines indicate the line number at which the Octal UART
interrupt scanner stopped and asserted the interrupt request
(IRQ) signal. The number on these lines is valid only while
the IRQ signal is asserted. Line IRQLN<2> is the high-
order bit and the IRQLN<0> line is the low-order bit. The
state of these signals also appears as bits in the interrupt
summary register: IRQLN<2> as bit 3, IRQLN<1> as bit
2,and IRQLN<0> as bit 1. Table 3 shows the line numbers
corresponding to settings of IRQLN<2:0>.

TABLE 3 - COM78C808 INTERRUPT REQUEST

LINE ASSIGNMENTS
IRQ Line Line
<2> <1> <0>
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
SERIAL DATA

Transmit data (TxD<7:0>>)-These outputs transmit the
asynchronous bit-serial data streams. They remain at a high
level when no data is being transmitted and a low level when
the TxBRK bit in the associated line’s command register is
set.

Receive data (RxD<7:0>)~These lines accept asyn-
chronous bit-serial data streams. The input signals must
remain in the high state for at least one-half bit time before
a high-to-low transition is recognized. ( A high-to-low tran-
sition is required to signal the beginning of a “start” bitand
initiate data reception%.

MODEM SIGNALS

Data set ready (DSR<7:0>>)-These eight input pins, one
tor each serial data line on the COM78C808, are typically
connected via intervening level converters to the data set
ready outputs of modems. A TTL low at a DSR pin causes
the DSR bit (bit 7) in the corresponding line’s status register

to be asserted. A TTL higfh at a DSR pin causes the DSR
bit in the corresponding line's status register to be deas-
serted. A change of this input from high-to-low, or low-to-
high, causes the assertion of the data set change
(DSCHNG) bit that corresponds to this line in the data set
change summary register. Changes from one state to the
other and back again that occur within one microsecond may
not be detected.

Carrier detect (DCD<7:0>)-These eight input pins, one
for each serial data line of the Octal UART, are typically con-
nected through intervening level converters to the received
line signal detect (also _called carrier detect) outputs of
modems. A TTL low ata DCD pin causes the DCD bit of the
corresponding line's status register to be deasserted. A
change of this input from high-to-low, or low-to-high, causes
the assertion of the data set change (DSCHNG) bit corre-
sponding to this line in the data set change summary reg-
ister. Changes from one state to the other and back again
that occur within one microsecond may not be detected.

GENERAL CONTROL SIGNALS

Ready (RDY)-The RDY pin is an open drain output. Upon
detecting a negative transition of chip select (CS), the Octal
UART asserts the RDY signal to indicate readiness to take
partin data transfer Cc%cles. The RDY signal deasserts after
the trailing edge of CS.

Reset (RESET)-When the RESET input is asserted, the
TxD<7:0> lines are asserted and all internal status bits
listed in the “Architecture Summary” discussion are cleared.

Manufacturing reset (MRESET)-This signal is for man-
ufacturing use only and the input should be connected to
ground for normal operation.

MISCELLANEOUS SIGNALS

Clock in (CLK)-All baud rates and internal clocks are
derived from this input. Normal operating frequency is
4.9152 MHz =+ 0.1 percent and duty cycle is 50 percent =5
percent.

POWER AND GROUND
Voltage (Vpp)—Power supply 5 Vdc
Ground (Vsg)—-Ground reference

ARCHITECTURE SUMMARY

The Octal UART functions as a serial-to-parallel, parallel-
to-serial converter/controller. It can be programmed by a
microprocessor to provide different characteristics for each
of its eight serial data lines (stop bits, parity, character length,
split baud rates, etc.)

Each serial line functions the same as a one-line UART-
type device thereby reducing the number of chips and con-
serving space on communication devices that require mul-
tiple communications lines.

An integral interrupt scanner checks for device interrupt
conditions on the eight lines. Its scanning algorithm gives
priority to receivers over transmitters. The scanner can also
check for interrupts resulting from changes in modem con-
trol signals DSR and DCD.

Line-specific Registers

Each of the eight serial data lines in the Octal UART has a
set of registers for buffering data into and out of the line and
for external control of the line’s characteristics. These reg-
isters are selected for access by setting the appropriate
address on lines ADD<5:0>. Lines ADD<5:3> selectone
of the eight data lines. Lines ADD<2:0> select the specific
register for that line. Refer to Table 2 for the register address
assignments.
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Receiver buffer register—Each line's receiver consists of
a character assembly register and a two-entry FIFO that is
the receiver buffer register. When the RxEN bit in a line's
command register is set, received characters are moved
automatically into the line’s receiver buffer as soon as they
have been deserialized from the associated communica-
tions line. When there are characters in this FIFO, the
RxRDY bit is set in the status register for the line.

The assertion of the RxRDY signal for a line that already
has the RxIE bit of its command register set causes the
interrupt scanner logic to stop and generate an interrupt
condition (the IRQ signal is asserted). When the receiver
buffer is read, the interrupt condition is cleared (the IRQ
signal is deasserted) and the interrupt scanner resumes
operation.

If there is another entry in a line’s FIFO, the RxRDY bit

Assertion of the RESET signal initializes the transmitter logic
of the Octal UART. The TxRDY flagis cleared and the trans-
mitter holding register’s contents are lost. The transmitter
enable (TxXEN) bit in the line’s command register is also
cleared by R . If at the end of the reset process, the
TxEN is reasserted and TxRDY bit is reasserted. Software
clearing of TxEN alone produces results different from the
full RE%EI in that the transmitter holding register’s con-
tents are not lost; they are transmitted when TxEN is set
again.

Status register—Each line has a read-only status register
that provides information about the current state of the given
line. This register indicates a line’s readiness for transmis-
sion or reception of data and flags error conditions in its bit
fields. Figure 3 shows the format of the status register. Table
3 lists the flag bits in each status register.

=
=
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remains asserted. When the interrupt scanner reaches this
line again, the assertion of RxRDY causes the scanner to
halt and assert the IRQ again.

Asserting the RESET signal or clearing the RXEN bit ini- 7 8 5 4 s 2 0
tializes the receiver logic of Octal UART. The RxRDY flag is
cleared and the receiver buffer register outputs become

undefined. Any data in the FIFO at that time is lost.

Transmitter holding register—Each line has a writable 322
transmitter holding register. When the TXEN bit in the line’s FER
command register is set, characters are moved automati- ORR
cally from the output of this register into the transmitter seri- i
alization logic whenever the serialization logic becomes idle. A RDY
When this register is empty, the TxRDY bit in the line’s sta- TXRDY

tus register is set. If the transmitter interrupt enable (TxIE)
bit in the line's command register is also set, the interrupt
scanner logic halts and generates an interrupt condition. If
a character is then loaded into the register, the interrupt is
cleared and the scanner resumes operation.

FIGURE 3 — COM78C808 STATUS REGISTERS
(LINE 0-7) FORMAT

TABLE 4 — COM78C808 STATUS REGISTERS (LINES 0-7) DESCRIPTION

Bit Description |
7 DSR (Data set ready)—This bit is the inverted state of the DSR line. T
DCD (Data set carrier detect)-This bit is the inverted state of the DCD line.
5 FER (Frame error)—Set when the received character currently displayed in the receiver buffer register was not

framed by a stop bit. Only the first stop bit is checked to determine that a framing error exists. Subsequent
reading of the receiver buffer register that indicates all zeros (including the parity bit, if any) can be interpreted
as a Break condition. This bit is cleared by clearing RxEN (bit 2) of the command register, by asserting the
RESET input, or by setting the reset error RERR (bit 4) of the command register.

4 ORR (Overrun error)—Set when the character in the receiver buffer register was not read before another char-
acter was received. Cleared by clearing RXEN (bit 2) of the command register, by asserting the RESET input,
or by setting reset error RERR (bit 4) of the command register.

3 PER (Parity error)—If parity is enabled and this bit is set, the received character in the receiver buffer register
has an incorrect parity bit. This bit is cleared by clearing RXEN (bit 2) of the command register, by asserting the
RESET input, by setting reset error RERR (bit 2) of the command register, or by reading the current character
in the receiver buffer register.

2 TXEMT (Transmitter empty)—Set when the transmitter serialization logic for the associated line has completed
transmission of a character, and no new character has been loaded into the transmitter holding register.
Cleared by loading the transmitter holding register, by clearing TXEN (0) of the command register, or by assert-
ing the RESET input.

1 RxRDY (Receiver buffer ready)—When set, a character has been loaded into the FIFO buffer from the deserial-
ization logic. Cleared by reading the receiver buffer register, by clearing RXEN (bit 2) in the command register,
or by asserting the RESET input.

0 TxRDY (Transmitter holding register ready)—When set, this bit indicates that the transmitter holding register is
empty. Cleared when the program has loaded a character into the transmitter holding register, when the trans-
mitter for this line is disabled by clearing TXEN (bit 0) in the command register, or by asserting the RESET
input. This bit s initially set when the transmitter logic is enabled by the setting of TXEN (bit 0) and the transmit-
ter holding register is empty. This bit is not set when the automatic echo or remote loopback modes are pro-
grammed. Data can be overwritten if a consecutive write is performed while TXRDY is cleared.

141




Mode registers 1 and 2—These read/write registers con-  Figure 4 shows the format of mode registers 1 and Table 5
trol the attributes (including parity, character length, and line  describes the function of the register information.
speed) of the communications line.

Each of the eight communications lines has two of these
registers, both accessed by the same address on
ADD<5:0>. Successive access operations (either read or
write, in any combination) alternate between the two reg- —_———
isters at that address by use of an internal pointer. The first
operation addresses mode register 1, the next address §12FCTHL
mode register 2, and another after that would recycle the CHAR LENGTH
pointer to mode register 1. The pointer is reset to point to RSRV
mode register 1 by RESET or by a read of the command MCie
Legti)ster for thig line. These registers should noft be accessed FIGURE 4 - COM78C808 MODE
y bit-oriented instructions that do read/modify/write cycles -
such as the PDP-11 BIS, BIC, and BIT instructions. REGISTERS 1 (LINE 0-7) FORMAT

TABLE 5 - COM78C808 MODE REGISTERS 1 (LINES 0-7) DESCRIPTION

Bit Description
7.6 STOP-These bits determine the number of stop bits that are appended to the transmitted characters as
follows. These bits are cleared by asserting the RESET input.
Bits Stop Bits
7 6
0 0 Invalid
0 1 1.0
1 0 1.5
1 1 2.0
5,4 PAR CTRL (Parity control)-These bits determine parity as follows and are cleared by asserting the RESET
input. X = either 1 or 0.
Bits Parity Type
5 4
1 1 Even
0 1 Odd
X 0 Disabled
3,2 CHAR LENGTH (Character length)—These bits determine the length (excluding start bit, parity, and stop

bits) of the characters received and sent. Received characters of less than 8 bits are “right aligned” in the
receiver buffer with unused high-order bits equal to zero. Parity bits are not shown in the receiver buffer. The
character length bits are cleared by asserting the RESET input. The character length bits are defined as

follows:
Bit Bit Length
3 2
0 0 5
0 1 6
1 0 7
1 1 8
1 RSRV (Reserved and cleared by asserting the RESET input.)
0 MCIE (Modem control interrupt enable)—When set and RxIE (bit 5) of the command register is set, the

modem control interrupts are enabled. Refer to the Interrupt Scanner and Interrupt Handling information.
Cleared by asserting the RESET input.

Figure 5 shows the format of mode registers 2 and Table Command register—These read/write registers control
6 indicates the baud rate selections of the register. Bits 7 various functions on the selected line. Figure 6 shows the
through 4 of the mode register 2 control the transmitter format of the command registers and Table 6 describes
baud rate and bits 3 through O control the receiver baud the function of the register information.

rate. These registers are cleared by asserting RESET input.

7 6 5 4 3 2 1 0
76 5 4 3 2 1 0 b l
HEEEEEN N
- — g RxIE — ]
RERR
XMIT RATE ——I ;’;EZK

RECV RATE TxIE

TXEN
FIGURE 5 - COM78C808 MODE FIGURE 6 - COM78C808 COMMAND

REGISTERS 2 (LINE 0-7) FORMAT REGISTERS (LINE 0-7) FORMAT
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TABLE 6 — COM78C808 MODE REGISTERS 2 (LINES 0-7) DESCRIPTION

Bit Description
7:0 XMIT RATE/RECV RATE (Transmitter/Receiver Rate)—Selects the baud rate of the transmitter (bits 7:4) and
receiver (bits 3:0) as follows:
Transmitter Bits Receiver Bits " Nominal Actual Error*
7 6 5 4 3 2 1 0 Rate Rate (percent)
0 0 0 0 0 0 0 0 50 same —
0 0 0 1 0 0 0 1 75 same —
0 0 1 0 0 0 1 0 110 109.09 0.826
0 0 1 1 0 0 1 1 134.5 133.33 0.867
0 1 0 0 0 1 0 0 150 same —
0 1 0 1 0 1 0 1 300 same — —
0 1 1 0 0 1 1 0 600 same — -
0 1 1 1 0 1 1 1 1200 same — =
1 0 0 0 1 0 0 0 1800 1745.45 3.03 =
1 0 0 1 1 0 0 1 2000 2021.05 1.05 o]
1 0 1 0 1 0 1 0 2400 same — @
1 0 1 1 1 0 1 1 3600 3490.91 3.03
1 1 0 0 1 1 0 0 4800 same —
1 1 0 1 1 1 0 1 7200 6981.81 3.03
1 1 1 0 1 1 1 0 9600 same —
1 1 1 1 1 1 1 1 19200 same —

*The frequency of the clock input (CLK) is 4.9152 MHz. The clock input may vary by 0.1 percent. This variance results in an error
that must be added to the error listed.

TABLE 7 - COM78C808 COMMAND REGISTERS (LINES 0-7) DESCRIPTION

Bit Description

7.6 OPER MODE (Operating mode)—These bits controt the operating mode of the channel as follows. These
bits are cleared by asserting the RESET input.

Bit Operating Mode

7 6

0 0 Normal operation

0 1 Automatic echo

1 0 Local loopback

1 1 Remote loopback

5 RxIE (Receiver interrupt enable)—When set, the RxRDY flag (bit 1) of the status register for this line will
generate an interrupt.

4 RERR (Reset error)—When set, this bit clears the framing error, overrun error, and parity error of the status
register associated with this line. This bit is cleared by asserting the RESET input (not self-clearing).

3 TxBRK (Transmit break)—When set, this bit forces the appropriate TxD<7:0> line to the spacing state at
the conclusion of the character presently being transmitted. When the program clears this bit, normal opera-
tion is restored, and any character pending in the transmitter holding register is moved into the serialization
logic and transmitted. The minimum break length obtainable is twice the character length plus 1 bit time.
The maximum break length depends on the amount of time between the program setting and clearing this
bit, but is an integral number of bit times. This bit is cleared by asserting the RESET input.

2 RXEN (Receiver enable)-When set, this bit enables the receiver logic. When cleared, it stops the assem-
bling of the received character, clears all receiver error bits and the RxRDY (bit 1) of the status register,
clears any receiver interrupt conditions associated with this line, and initializes all receiver logic. This bit is
cleared by asserting the RESET input.

1 TxIE (Transmit interrupt enable)—When set, the state of the associated TxRDY flag (bit 0) of the status reg-
ister is made available to the interrupt scanner logic. When the interrupt scanner logic scans this line, it
determines if the TxRDY flag is asserted and generates an interrupt by asserting the IRQ signal.

0 TxEN (Transmitter enable)—When set, this bit enables the transmitter logic. When cleared, it inhibits the
serialization of the characters that follow but the serialization of the current character is completed. It also
clears the TxRDY flag (bit 0) of the status register, clears any transmitter interrupt conditions associated with
this line, and initializes all transmitter logic except that associated with the transmitter holding register. The
character in the transmitter holding register is retained so that XON/XOFF situations can be properly pro-
cessed. This bit is cleared by asserting the RESET input.

Bits 5 through 0 enable the line’s receiver and transmitter, [] Normal operation—The serial data received is assem-
enable handling of interrupts, initiate the transmission of bled in the receiver logic and transferred in parallel to the
break characters, and reset error bits for the line. Refer to receiver buffer register. (The RxEN bit mustbe set.) Data
“Interrupt Scanner” and “Interrupt Handling” paragraphs to be transmitted is loaded in parallel into the transmitter
for detailed interrupt information. Bits 7 and 6 control the holding register, then automatically transferred into the
operating mode of the line. The four modes that can be transmitter logic and serialized for transmission. (The
set are: 143 TxEN bit must be set.)



[] Automatic echo—The serial data received is assembled
into parallel in the receiver logic (the RXEN bit must be
set) and transferred to the receiver buffer register. Arriv-
ing serial data is also routed to the line’s TxD<n>> pin for
serial output. TXEN is ignored and the transmitter logic
is disabled. TxRDY flags and TXxEMT indications are
cleared. No transmitter interrupts are generated.

[J Local loopback—The serial data from the RxD<n> input
is ignored and the receiver serial input receives data from
the transmitter serial output. The data is assembled into
paraltel form in the receiver logic (the RxEN bit must be
set) and transferred to the receiver buffer register where
it can be read by the program. Data to be transmitted to
the receiver is loaded in parallel form into the transmitter
holding register from which itis automatically moved into
the transmitter logic and serialized for transmission. (The
TxEN bit must be set.) The transmission goes only to the
receiver serial input; the TxD<n> output is held high. As
in normal operation, transmission and reception baud
rates are controlled by the transmitter speed and receiver
speed-entries in mode register 2.

[T Remote loopback—The serial data received on the
RxD<n> line is returned to the TxD<n>> line without
further action. No data is received or transmitted. The
RxRDY, TxRDY, and TxEMT flags are disabled. The
TxEN and RxEN bits of the command register are held
cleared, causing the transmitter and receiver logic to be
disabled.

SUMMARY REGISTERS

The Octal UART contains two registers that summarize the
current status of all eight serial data lines, making it possi-
ble to determine that a line’s status has changed with a sin-
gle read operation. These registers are selected for access
by setting the appropriate address on pins ADD <2:0>.
Because the registers are shared by eight serial lines, the
line-selection bits (ADD «<5:3>) are ignored when these
registers are accessed. Refer to “Interrupt Scanner and
Interrupt Handling” for detailed interrupt information.

Interrupt summary register—This read-only register indi-
cates that a transmitter or receiver interrupt condition has
occured, and indicates the line number that generated the
interrupt. Figure 7 shows the format of the interrupt sum-
mary register and Table 8 describes register information.

7 6 5 a 3 2 1 0
[ 5 ]
v v
1RO I
RAZ
INT LINE NO
Tx Rx

FIGURE 7 - COM78C808
INTERRUPT SUMMARY REGISTER FORMAT

TABLE 8 — COM78C808 INTERRUPT SUMMARY REGISTER DESCRIPTION

Bit Description

ing the IRQ signal.

7 IRQ (Interrupt request)—When set, this bit indicates that the interrupt scanner has found an interrupting con-
dition among the eight serial lines of the Octal UART. These conditions also result in the Octal UART assert-

6:4 RAZ (Read as zero)~Not used

and bit 1 =IRQLN<0>. Refer to Table 3.

3:1* INT LINE NO (Interrupting line number)—These bits indicate the line number upon which an interrupting con-
dition was found. These bits correspond to the IRQLN <2:0> signals—(bit 3 = IRQLN<2>, bit2=IRQLN<1>,

and is set when IRQTxRXx is asserted.

0" Tx/Rx (Transmit/receive)—This bit indicates whether the interrupting condition was caused by a transmitter (Tx/
Rx equals 1) or a receiver (Tx/Rx equals 0). This bit corresponds to the IRQTxRx signal of the Octal UART

*Bits 3-0 above represent the outputs of a free-running counter and are valid only when bit 7 is set.

Data set change summary register—When the DSR or
DCD inputs that are associated with a line change state,

the bit corresponding to that line in this read-only register

is set. The current state of the DSR and DCD inputs can

p— J

DSCHNG 7 0 ————]

FIGURE 8 - COM78C808 DATA SET CHANGE
SUMMARY REGISTER FORMAT

then be obtained from that line’s status register. If the state
of a line changes twice within one microsecond, the change
in state may not be detected. Figure 8 shows the format
of the data set change summary register.

When the MCIE bit in a line’s mode register 1 is set and
RxIE is also set, the modem control interrupts are enabled
forthatline. If DSCHNG for that line is then set, the interrupt
scanner will halt and assert the TRQ signal. The data set
change summary register bits are cleared by writinga 1 into
the bit position. A program that uses this register should read
and save a copy of its contents. The copy can then be writ-
ten back to the register to clear the bits that were set. The
system interrupts should be disabled and writeback should
directly follow the read operation.

Assertion of the RESET signal disables and initializes the
data set change logic. When the RESET signal is deas-
serted, future changes in DSR and DCD are reported as
they occur.
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INTERRUPT SCANNER AND INTERRUPT HANDLING

The interrupt scanner is a four-bit counter that sequentially
checks lines 0 through 7 for a receiver interrupt (counter
positions (0-7) and then checks the lines in the same order
for a transmitter interrupt (counter positions 8-15). If the
scanner detects an interrupt condition, it stops and the IRQ
signal is asserted. An interrupt must be serviced by soft-
ware or no other interrupt request can be posted.

The scanner determines that a line has a receiver interrupt
if the line’s receiver buffer is ready and receiver interrupts
are enabled for that line (RxRDY and RxIE = 1) or either of
the line’s modem status signals has changed state and both
receiver and modem control interrupts are enabled for that
line (DSCHNG and RxIE and MCIE =1).

The scanner determines that a line has a transmitter inter-
ruptif the line’s transmitter holding the register is empty and
transmitter interrupts are enabled for that line (TxRDY and
TXIE = 1).

When the scanner detects an interrupt, it reports the line
number on the IRQ<2:0> lines. The IRQTxRx signal is
asserted for a transmitter interrupt and deasserted for a
receiver interrupt. The appropriate bits are also updated in
the interrupt summary register. The IRQ line is deasserted
and the scanner is restarted for each of the following three
types of interrupt conditions.

[ Reading the receiver buffer or resetting the RxIE bit of
the interrupting line for the first type of receiver interrupt
previously described.

O Resetting the MCIE, RxIE, or DSCHNG bit of the inter-
rupting line for the second type of receiver interrupt pre-
viously described.

[ Loading the transmitter holding register or resetting the
TxIE bit of the interrupting line for transmitter interrupts.

If the scanner was originally stopped by a receiver interrupt
condition, the scanner resumes sequential operation from

where it stopped, thus providing receivers with equal prior-
ity. If the scanner was stopped by a transmitter condition,
the scanner restarts from position 0 (line 0's receiver), thus
giving receivers priority over transmitters.

EDGE-TRIGGERED AND LEVEL-TRIGGERED INTER-
RUPT SYTSTEMS

If the interrupt system of the Octal UART is used only for
generating interrupts for the RxRDY and/or TxRDY flags,
the TRQ line can be connected to a processor having either
edge-triggered or level-triggered interrupt capability. If the
modem control interrupts are being used (MCIE in mode
register 1 = 1), the IRQ line can be connected only to a pro-
cessor that uses level-triggered interrupts.

MODEM HANDLING

The TXEMT (transmitter empty) bit of the status register is
typically used to indicate when a program can disable the
transmission medium, as when deasserting the request-to-
send line of a modem. A typical program will load the last
character for transmission and then monitor the TXEMT bit
of the status register.

The assertion of the TXEMT bit to indicate that transmission
is complete may occur a substantial time after the loading
of the last character. After the last character is loaded, one
character is in the transmitter holding register and one
character is in the serialization logic. Therefore, it will be
two character times before the transmission process is
completed. Waiting for the TxRDY signal to assert before
monitoring the TXEMT status shortens this by one charac-
ter time because the TxRDY status bit indicates that there
are no characters in the transmitter holding register. The
times involved are calculated by taking the reciprocal of the
baud rate being used, multiplying by the number of bits per
character (a starter bit—5,6,7, or 8 data bits; plus parity bit
if enabled; and 1,1.5, or 2 stop bits), and multiplying by either
two characters or one, depending on when TXEMT moni-
toring begins.
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FIGURE 9 — COM78C808 OUTPUT LOAD CIRCUITS

"qu:

S1 CLOSED: PULL UP
52 CLOSED: PULL DOWN
S1 AND S2 CLOSED: DIVIDER

LOAD B — THREE-STATE OUTPUTS
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MAXIMUM GUARANTEED RATINGS*

Operating TempPerature RANGE ... ...c..uiiui ettt ettt i et e e et e e e et ie et
Storage Temperature Range
Lead Temperature (SOIdering, 10 S8C.) .. ... uuit ittt ettt e et e e e e +300°C
Positive Voltage on any I/0 Pin, with respect to ground

Negative Voltage on any /O Pin, with respect to ground
Maximum Vce

*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 +5 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.

TABLE 9 - COM78C808

DC ELECTRICAL CHARACTERISTICS T, = 0°Ct0 70°C, Vi, = +5V 5%

Symbol Parameter Test Condition Requirements Units
Min. Max.

Vi High-level input voltage 20 Vv

Vi Low-level input voltage 0.8 \

Von High-level output voltage | Voo =Min. 24 \

lon=3.5 mA for DL<7:0>
lon=2.0 mA for all

remaining output except IRQ
and RDY

Voo Low-level output voltage | V,,=Min. 04 \
lo,=5.5 mA for DL<7:0>
lo.= 3.5 mA for all remaining

outputs
™ Input current at maximum| Vy,=Max. 10 pA
input voltage V,=Vys(Max.)
fe Input current at miminum |V, =Max. -10 rA
input voltage V,=0.0V
los' Short-circuit output Voo = Max. -50 -180 mA
current for DL<7:0> all
remaining outpuls except
IRQ and RDY -30 -110 mA
loz? Three-state output Vpp = Max. 10 RA
current Vo=0.4V
loz? Three-state output VDla =Max. 10 wA
current =24V
Ioo Supply current VOD Max. 25 mA
T.=0°
Cn. Input capacitance 4 pF
Co? I"nput/output capacitance 5 pF

‘No more than one ouput should be short circuited at a time, and the duration of the short should not exceed 1 second.
2All three-state output drivers are wired in an /O configuration. The parameters include the driver and input receiver leakage currents.
3The parameters include the capacitive loads of the output driver and the input receiver.

TIMING PARAMETERS 11 shows the signal timing for a write cycle to transfer infor-
Figure 10 shows the signal timing for aread cycle totransfer mation from the processor to the Octal UART. Table 11 lists
information from the Octal UART to the processor. Figure the timing parameters for the read and write cycles.
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TABLE 10 - COM78C808 BUS READ AND WRITE TIMING PARAMETERS

Symbol Definition Requirements (ns) Load
Min. Max. Circuit'
tano Hold time of a valid ADD <5:0> to a valid high level of
DS1 and DS2. 10
tasu Setup time of a valid ADD <5:0> to the falling edge of
DS1 and DS2. 30
teno Hold time _of a valid low level of CS to a valid high level of
DS1 and DS2. 10
tesu Setup time of a valid low level of CS to the falling édge of
DS1 and DS2. 30
too Propagation delay of a valid low level on DS1 and DS2 (if
CSis low and WR is high) to valid high or low data on DL
<7:.0>. 165 C, =150 pF
tooi? Propagation delay of a valid high level on DS1 and DS2
toonz (if CS is low and WR is high) to DL <7:0> output drivers
disabled.
tooz 50 C, =50pF
toomz 50 C.=50pF
tooz 60 C.=100pF
toorz 60 C =1 OOpF
tooz 65 C_=150pF
toouz 65 C_=150pF
toozt Propagation delay of a valid low level on DS1 and DS2 (if
CS is low and WR is high) to DL <7:0> output driver
enabled.
tonze 0 165 C.= 150pF
DOZH 0 165 C_=150pF
tor Hold time provided during a read cycle by Octal UART of
valid high or low data on DL <7:0>> after the rising edge
of DS1 and DS2. 0
toro Hold time of a valid DL <7:0> to a valid high level of
DS1 or DS2. 30
topwn Pulse width high of DS1 and DS2. 450
topwin Pulse width low of DST and DS2 when WR is high (read
operation). Refer to timing parameter typpy also. 180 10,000
topmew Pulse width low of DST and DS2 when WR is low (write
operation). Refer to timing parameter ty., 5 also. 130 10,000
tosu Setup time of a valid DL <7:0> to the rising edge of
DS1 and DS2. 50
“to? Propagation delay of a valid low level on DS1 and DS2 (if
CS is low) to a high level on IRQ. 635 C_=50pF
taon? Propagation delay of a valid high level of CS to a valid
high level on RDY. 210 C, =50pF
taoL Propagation delay of a valid low level on CS to a valid
low level on RDY. 90 C, =50pF
twno Hold time of a valid high or low level of WR to a valid high
level of DS1 and DS2. 10
twsy Setup time of a valid high or low level of WR to the falling
edge of DS1 or DS2. 30

'Refer to Figure 9 for the load circuits used with these measurements.

2The tppz and toonz parameters are measured with C, =150 pF. The values of top; and top.; for C.=50pF and C, =100 pF have been derived for
user convenience.

Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The t, parameter can be calculated
by the following: to = 500 + RC,_ where R = value of the resistor that connects to capacitor C_ in load A, Figure 9.

“Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The tgs, parameter can be calculated
by the following: tap, = 75 + RC_ where R = value of the resistor that connects to capacitor C, in load A, Figure 9.

Figure 12 shows the signal timing for the clock input, inter-  timing, and the transmit data output timing. Table 11 lists the

rupt timing, effect of the RESET input on data strobe, data  timing parameters for Figure 12.

set carrier detect (DCD) and data set ready (DSR) input
1
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CLK N\ / \ /
tepwL oo {OP ————pla- (CPWH

CLOCK

IROLN < 2:0 > IRQTxRx

iRQ /| =z
le—- tiSU—| fa— IHO -] =]
[
)
INTERRUP 7
uPT 5
RESET \
! 'RES
DS1/082 /L |\
i 'DRSU 'DRHO i

EFFECT OF RESET ON DATA STROBE

DCD/DSR < 7:0> VALID DCD/DSR DATA X
1

tpsew

DCD/DSR INPUT

TxD< 7:0> |
——ITXSK trXsK -

TRANSMIT DATA QUTPUT

FIGURE 12-COM78C808 MISCELLANEOUS SIGNAL TIMING

TABLE 11-MISCELLANEOUS WRITE TIMING PARAMETERS

Symbol Definition Requirements (ns)
in. Load Circuit!
tep Period of CLK. 203.45 (4.9152 MHz)
topwi Pulse width high of CLK. 95
| —y Puise width low of CLK. 95
torro Hold time of a valid high level of DS1 and DS2 to a valid | 1,000
high level of RESET.
tonsu Setup time of a valid high level of DS1 and DS2 to the 900
rising edge of RESET.
tosew Pulse width high or low of DCD <7:0> and DSR <7:0>.| 1,000
tho Hold time provided by Octal UART from a valid IRQLN 100 C,=50pF
<2:0> and IRQTxRXx to a valid high level of IRQ.
tieu Setup time provided by Octal UART from a valid IRQLN 100 C,=50pF
<2:0> and IRQTxRx to a valid low level of IRQ.
tres Pulse width low of RESET. 1,000
trxex Pulse width high or low provided by Octal UART on the 250 C_ =50pF
TxD <7:0> lines. At each baud rate, the actual puise
widths provided vary by ti«s«. This timing parameter
should be used to determine cumulative reception/trans-
mission errors.

*Refer to Figure 9 for the load circuits used with these measurements.



Figure 13 shows the input and output voltage waveforms
for the propagation delay and setup and hold measure-

ments. Figure 14 shows the waveforms for the three-state
outputs measurement.

ViH (2.4 V)
20V
INPUT STROBE g gy

VIL (0.4 V)

ViH (2.0 V)

INPUT DATA

ViL(0.8V)

SET-UP AND HOLD

FIGURE 13 - COM78C808 PROPAGATION DELAY
AND SETUP AND HOLD VOLTAGE WAVEFORMS

Vil (2.4 V)

INPUT

Vo (20V)

QUT-OF-PHASE OUTPUT

Vo ({08 Vk — = —
LM «-‘
Vo200V

IN-PHASE OUTPUT

Vo (0.8V)

PROPAGATION DELAY

Vin (2.4 V)

QUTPUT CONTROL
08v ——-—

VIL{04V) - -~~~

1z( (NOTE 3A) —*

VoH (4.5 V)

OUTPUT (SEE NOTE 1) 1.5V - — — —~
VoL +0.5 —-

VouT (AS MEASURED) — — - —

tz4 (NOTE 38) —a

VouT (AS MEASURED)
VOH -0.5V

OH ™35V

OUTPUT Vg (NOTE 2)

NOTES
THE QUTPUT CONTROL.

THE OUTPUT CONTROL.

- 7 1.5V
o.0v)

THREE-STATE QUTPUTS
1. INTERNAL CONDITIONS ARE SUCH THAT THE OUTPUT IS LOW EXCEPT WHEN DISABLED BY
2. INTERNAL CONDITIONS ARE SUCH THAT THE OUTPUT IS HIGH EXCEPT WHEN DISABLED BY

3. REFERTO FIGURE 9. A = S1 CLOSED, B = S2 CLOSED. C = S1 AND S2 CLOSED.

FIGURE 14 - COM78C808 THREE-STATE OUTPUT VOLTAGE WAVEFORMS

(NOTE 3C)

—— VoL +0.5V

{NOTE 3C)

STANDARD MICROSYSTEMS
\TION

35 Marcus B Hauopauge Y 1788
(516)273-3100  TWX-510-227.8898

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications; con-
sequently 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. Fur-
thermore, such information does not convey to the purchaser of the semiconductor devices described any license under
the patent rights of SMC ar 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 8004

[LPC FAMILY

CORPORATION
- S

Dual 32 Bit CRC SDLC Generator/Checker
CRC-32

=
o
FEATURES PIN CONFIGURATION E
] SDLC 32 bit CRC i
[0 COM 5025 USYNRT Companion MRA 10 \_/ ] 20Vce
[J Data Rate— 2MHz typical CLKINA 2 19 EFLGRB
O All Inputs and Outputs are TTL Compatible
[J 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. Itis a
companion device to SMC’s COM 5025 USYNRT. EFLGA 8 13 CLKOUTB
It operates at bit rates from DC to 2.0 MHz from a
single +5v supply and is housed in a 20 lead x 0.3 EFLGRA 9 12 GLKINB
inch DIP. Allinputs and outputs are TTL compatible GND 10 11 MRB
with full noise immunity. ] )
The COM 8004 is comprised of two independent PACKAGE: 20 pin D.L.P.

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

X32 4+ X26 + X23 + X224 X164 X124 X114 X104 X8+ X7 + X5+
X4+ 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 X154+ X 14+ X124 X114 X104+
X+ X84+ X5+ X4+ X3+ X +1.

Each half has a nine-bit serial data shift register.
Data moves on the positive edge of the clock,and all

BLOCK DIAGRAM
FOR ONE-HALF OF THE COM 8004

g 32 BIT CRC

NON-SIG
ZERO DET
STUFF/STRIPY

SEROUT

clocked inputs are designed for zero-hold-time MR

(e.g.7474). A“clock out” pin provides gated clocks CLKIN—»|  feemeeeesd

to the accompanying USYNRT (COM 5025). ENA-—»~|  CONTROLLOGIC  |——— CLKOUT
. AR MOOE — I - G

Inthe generate mode, computation isinitiated upon EFLGR —-

(é?::%ction of a flag character in the serial bit stream.
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 50 SERIN | semouT
is passed out; CLK OUT is then resumed, and the - o T: com I ' i
flag character is passed out. Nonsignificant zeros e oy CLKIN
are automatically stripped and stuffed, and shared ™
flags are supported. If the data between flags is less
than two full bytes, the CRC is discarded and the T EFLGR }
serial data stream remains unaltered. ¥ asi

SERIN COoM COM

In the check mode, computation is similarly o o
initiated upon detection of a flag. Detection of a oL ‘ ROP
second flag causes the conditional setting of the
error flag. A separate reset pin is provided for the
error flag. No error is flagged on messages of less

EFLG MR

EFLG MR
1 EFI;GR OR

SER OUT RSI

than two full bytes between flags. Detection of an seRiN—  om com
abort character (7 consecutive ones) in either mode OLKiN——=] 8004 [ RCe 5025
causes computation to be reset and a searchforan ROV

opening flag resumed.
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For additional information, consult your 1986 catalog or contact our product marketing department at (516) 273-3100.

%NDQRD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor
PORATION 4

77777777777 _argplipations:‘consequently complete information sufficient for construction purposes is not necessarily given.

- e information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
o wanoee vy 38 @SSUMed for inaccuracies. Furthermore, such information does not convey to the purchaser of the
oo Twisio 27888 - 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 8017
T —— COM 8502
:

Universal Asynchronous Receiver/Transmitter

UART Pin Configuration
FEATURES g = wh ter
[dSingle +5V Power Supply G'\rlwg [§ g gg % :Oo;
. o . . . . RDOE [] 4 37 ] NDB2
[J Direct TTL Compatibility — no interfacing circuits RD8 (] 5 36 {1 NSB
required RD7 (O 6 35 ] NPB
RD6 (] 7 340 cs
O Full or Half Duplex Operation— can receive and it g : » % i
transmit simultaneously at different baud rates RD3 E 10 31]] TD6
. RD2 [ 11 30 Tos
[0 Fully Double Buffered — eliminates need for precise rRD1 [ 12 29{] TD4
external timing Are E I 2 % 108
O Start Bit Verification — decreases error rate g bl 2 % oy
{JFully Programmable — data word length; parity mode; %; E :; 2‘; % ;%%C
number of stop bits: one, one and one-half, or two RDA [ 19 22 [J TBMT
RSl [ 20 21 ] MR
High (0] ion—40K b 200
[0 High Speed Operation— 40K baud, ns strobes PACKAGE: 40-Pin DI P

[J Master Reset — Resets all status outputs

[ Tri-State Outputs — bus structure oriented Functional Block Diagram
O Low Power— minimum power requirements TD1 TD2 TD3 TD4 TDS TD6 TD7 TD8
I Input Protected — eliminates handling problems 2 26 127 ].28 129 l3° 13‘ 132 L
TOS 4 ER BUFFER REGISTER
{J Ceramic or Plastic Dip Package— easy board insertion TRANSMITT
00 Compatible with COM 2017, COM 2502 : li
TRANSMITTER | o5
[J Compatible with COM 8116, COM 8126, COM 8136, S TER TSO
COM 8146, COM 8046 Baud Rate Generators ﬁ
TCP- TIMING AND CONTROL TRANSMITTER ]—40 TEOC
6| =—=
GENERAL DESCRIPTION S Lt
22
The Universal Asynchronous Receiver/Transmitter is &‘ES STATUS 3} mEMT
an MOS/LSI monolithic circuit that performs all the NDB2 135 RECISTeR BUFFER : 25%
receiving and transmitting functions associated with POE32 REGISTER [ 19 ppa
asynchronous data communications. This circuit is ll TT T | noAE
fabricated using SMC’s patented COPLAMOS® tech- 17
nology and employs depletion mode loads, allowing RCPY TIMING AND CONTROL RECEIVER
operation from a single +5V supply. The duplex mode, U
baud rate, data word length, parity mode, and number 2 R
of stop bits are independently programmable through s 420 gﬁﬁ:ET'VER e
the use of external controls. There may be 5,6,7 or 8 REGISTER «Zne
data bits, odd/even or no parity, and 1, or 2 stop bits. In u 44 Gnd
addition the COM 8017 will provide 1.5 stop bits when .
programmed for 5 data bits and 2 stop bits. The UART RDE *‘l RECEIVER BUFFER REGISTER
can operate in either the full or half duplex mode. These s 16 J] 18 lg ,l.1° l“ 112
programmable features provide the user with the ability Fn3 Rb7 RS Rbs Roi A3 REZ RoT
to interface with all asynchronous peripherals.
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DESCRIPTION OF OPERATION — TRANSMITTER

At start-up the power is turned on, a ciock 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 controi 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 register is empty, or whenitis
through transmitting the previous character, the
data in the buffer register is loaded immediately into
the transmitter shift register and data transmission

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

If new data is loaded into the databits bufferregister
atthis time, TBMT goes lowand remainsinthisstate
until the present transmission is completed. One
full character time is available for loading the next
character with no lossin speed 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

NO  NUMBER NUMBER OF
PARITY  STOP BITS DATA BITS

TRANSMITTER BLOCK DIAGRAM

DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB

Y S S S A S

Ll It
CONTROL

STROBE ——O[ CONTROL BITS HOLDING REGISTER J

DATA BITS HOLDING REGISTER
BUFFER

DATA STROBE

! !

1

TO
RECEIVER

STEERING LOGIC

]

I

+

TRANSMITTER
FIF BUFFER
S EMPTY

16xT LOAD
cLOGK —a[ TIMING GENERATOR I l :l o

» SERIAL
QUTPUT

TRANSMITTER SHIFT REGISTER h—.

OUTPUT
LoaGic

—_—( PARITY BIT GENERATION LOGIC I—O

END OF
T CHARACTER

DESCRIPTION OF OPERATION —RECEIVER

At start-up the power is turned .on, a clock whose
frequency is 16 times the desired baudrateis applied
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
RSI line remains spacing fora1/2 bittime,agenuine
start bit is verified. Should the line returntoa mark-
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ing condition priorto a 1/2 bittime, the start bit veri-
fication process begins again. A mark to space
transition must occur in order to initiate start bit
verification. Once a start bit has been verified, data
reception proceeds in an orderly manner: start bit
verified and received, data bits received, parity bit
received (if selected) and the stop bit(s) received.

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



status word buffer register is set high, indicating a
parity error. However, if the no parity mode is se-
lected, the parity error flip-flop is unconditionally
held low, inhibiting a parity error indication. If a
stop bitis notreceived, due to animproperlyframed
character, the framing error flip-flop is set high,
indicating a framing error.

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

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

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

RDB RD7 RD6 RD5 RD4 RD3 RD2 RD1

EN:B—L— ‘4;[

[ [ ]

RECEIVER BLOCK DIAGRAM

Ti T T T T T AVAILESI@ BUFFER EMPTY

FRAMING
ERROR

OVER RUN PARITY ERROR

TRANSMITTER

DATA BITS HOLDING REGISTEH

CONTROL

RESET DATA
AVAILABLE

STATUS WORD
HOLDING REGISTER

F

REGISTER

SERIAL START BIT PARITV BIT
INPUT VERIFICATION CHECKING LOGIC

RECEIVER SHIFT
JUSTIFV LOGlC cp REGISTER

16 xR !
oSxR —oi TIMING GENERATOFI —

DESCRIPTION OF PIN FUNCTIONS

=
o
—
[
it
(7]

PIN NO. SYMBOL NAME FUNCTION
1 Vce Power Supply +5 volt Supply
2 NC No Connection No Connection
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

PIN NO. 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 A low-level input strobe enters the data bits into the

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

25 TSO Transmitter This output serially provides the entire transmitted

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

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

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

34 CS 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 8017 or COM 8017/H.

37-38 NDB2, Number of Data These 2 inputs are internally decoded to select either 5,6, 7,
NDB1 Bits/Character or 8 data bits/character as per the following truth table:
NDB2 NDB1 data bits/character =
L L =z
L H 6 =
H L 7 v}
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) the
Clock desired transmitter baud rate.

TRANSMITTER TIMING —8 BIT, PARITY, 2 STOP BITS

s ]

TBMT || [
50 | s,TAiT)l [—E;BI(X'I;"_“ v IDETE B];_AEHSI JsTop1sToP2 | START
)
TRANSMITTER START-UP
Top e U
1/16
= T —T -
TS0 M -__"‘— __I______.
s

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

RECEIVER TIMING —8 BIT, PARITY, 2 STOP BITS

RSI | START rDATAﬂ: ----- IDATA BIFAF(ITYI STOP 1 STOP 2| START

Shmpie o | ||
RDA' e e e -: =—1/16 Bit time
RDA"" -

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

START BIT DETECT/VERIFY

" _\_’} _‘_r—}r_

M Begin verify Begin verify
RSI I '

S

I the RS line remains spacing for a 1/2 bit time, a genuine start bit is verified. Should the line returnto 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 . ....... ...ttt ittt i eiiaans 0°Cto+ 70°C
Storage Temperature RanNge .« .. ...e vttt riere et ennnanniiieneeneenes —55°C to +150°C
Lead Temperature (SOldering, 10 8€C.) . . oot vi ittt it ittt it it c it i ia e eans +325°C
Positive Voltage on.any Pin, withrespecttoground ....... ... ..ottt iiiiiinierinnennns +8.0V
Negative Voltage on any Pin. with respecttoground .......... ..o e, —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, 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°Ct070°C, Vcc=+5V £5%, unless otherwise noted)

Parameter Min. | Typ. | Max. | Unit Comments
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low-level, ViL 0 0.8 \
High-level, Vi 2.0 Vcc \
OUTPUT VOLTAGE LEVELS
Low-level, VoL 04 V |loL=16mA
High-level, Von 24 V  jlon=—100uA
INPUT CURRENT
Low-level, liL 300 uA {VIN = GnND
OUTPUT CURRENT L
Leakage, ILo %10 uA | SWE =RDE =ViH, 0 =Vour < +5V
Short circuit, los™* 30 mA |Vout =0V
INPUT CAPACITANCE
All inputs, Cin 5 10 pf
OUTPUT CAPACITANCE _____
All outputs, Cout 10 20 pf |SWE=RDE=Vi
POWER SUPPLY CURRENT
ce 25 mA | All outputs = Vo, All inputs = Vcc
A.C. CHARACTERISTICS Ta=+25°C
CLOCK FREQUENCY
COM8502, COM 8017 DC 640 KHz |RCP, TCP
PULSE WIDTH
Clock 0.7 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: Teo1, Troo
Status word enable 350 ns |SWE: Teo1, Troo
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) low impedance to Vcc 2) low impedance to GND 3) high impedance OFF =
10M ohms The “OFF” state is controlled by the SWE and inputs.
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DATA/CONTROL TIMING DIAGRAM

==a ViH
TDS
Vit 4
Trw*
TSET-UP %Li % THOLD
Tew-

cs ViH r
viL
TSET-UP THOLD
CONTROL INPUTS ‘\;‘“
L

DATA INPUTS \\;'”
tr=tf=20ns t
TSET-UP =0
THOLD =0

=
=]
=
=)
w
7]

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

OUTPUT TIMING DIAGRAM

o
Outputs Disabled
OUTPUTS - A Vor
(RD1-RDS8, RDA,
RPE, ROR, RFE, TBMT) _ Vou

l«—— TpPD1, TPDO

NOTE: Waveform drawings not to scale for clarity.

RDAR

——\+—— 200ns | TDS e
VL g o === =~==~~= M /

\ TMBT L
«— 400ns

RDA [e—— 300ns ————>
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FLOW CHART—TRANSMITTER FLOW CHART—RECEIVER

1 TURN POWER ON 1 TURN POWER ON

2 PULSE EXTERNAL RESET 2. PULSE EXTERNAL RESET

3. SELECT BAUD RATE — 16 x CLK 3. SELECT BAUD RATE —18 x CLK
a

I SET CONTROL BITS

TBMT :1
EOC -1
SO - 1(STOP BIT)

SET CONTROL BITS —PULSE CS —

SET DATA BITS

THE LINE
TRANSITIONED
FROM MARKING TO,
SPAElNE

iS
TRANSMITTER
SHIFT REGISTER
B

St
EMPTY
(EOC

1) HAS

1BIT TIME
ELAPSED 7
16-16 x CLK

1 LOAD TRANSMITTER SHIFT REGISTER
2. SO - 0(START BIT)
3 EOC -0

SHIFT AND LOAD DATA BIT INTO
RECEIVER SHIFT REGISTER

HAS
1 8IT TIME
ELAPSED ?
{16- 16 x CLK)

AS
1BIT TIME
ELA

PSED
3

SHIFT 1 BIT RIGHT IN THE
TRANSMITTER SHIFT REGISTER

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

HAS
THE LAST
STOP BIT BEEN ON THE
) BIT

LINE FOR 1
TIME

SET PARITY
ERROA REGISTER
TO1

HAS
THE PROPER
PARITY BIT BEEN
ﬁECE7IVED

SET PARITY
ERROR REGISTER
To0

SET FRAMING
ERROR REGISTER
TO1

SET FRAMING
ERROR REGISTER
To0
SET OVER-RUN
REGISTER
TOO0

TRANSFER DATA BITS FROM SHIF; REGISTER |

ARE
THERE NEW
CONTROL BITS

7

SET OVER.
REGISTER
TO

UN

TO DATA BITS HOLDING REGISTE!

{ EXAMINE OUTPUTS

1. STROBE STATUS WORD ENABLE
2. STROBE DATA ENABLE

[ RESET DATA AVAILABLE - DA =0 |

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

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

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

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

oz mesnzrses  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.

160



STANDARD MICROSYSTEMS
=

FEATURES

COMB81C17

[J Single Chip UART With Baud Rate Generator

1 Asynchronous Operation
—16 Selectable Baud Rate Clock Frequencies
(Internal)
—External 16x Clock (100 KBaud)
—Character Length: 7 or 8 Bits
—1 or 2 Stop Bit Selection

[J Small 20 Pin DIP (300 mil) or PLCC

1 Full or Half Duplex Operation

[J Double Buffering of Data

1 Programmable Interrupt Generation

[J Programmable Modem/Terminal Signals

PRELIMINARY
Twenty Pin UART (TPUART)
PIN CONFIGURATION

D, 0 1~ 200 Ve
D, O 2 190 CP,
haow S 4: mE e
5 D’ D, O 5 16 RX
s D, 06 151 RS
H GND D, O 7 140 WT

O Ds WR O 8 130 CLOCK
D, 09 120 D,
GND 10 11[3 D

[1 Odd or Even Parity Generate and Detect
[] Parity, Overrun and Framing Error Detection
(] TTL Compatible Inputs and Outputs

] High Speed Host Bus Operation
(with no wait state)

[J Low Power CMOS
[ Single +5V Power Supply

Package: 20-pin PLCC

Package 20-pin DIP

GENERAL DESCRIPTION

The COM81C17 TPUART is an asynchronous only recei-
ver/transmitter with a built in programmable baud rate gen-
erator housed in a twenty pin package. The TPUART
receives serial data streams and converts them into paral-
lel data characters for the processor. While receiving serial
data, the TPUART will also accept data characters from the
processor in parallel format and convert them into serial for-
mat along with start, stop and optional parity bits. The

TPUART will signal the processor via interrupt when it has

completely transmitted or received a character and requires
service. Complete status information is available to the pro-
cessor through the status register. The TPUART features
two general purpose control pins that can be individually
programmed to perform as terminal or modem control
handshake signals.

CP1

cP2
_.|
_‘
COM81C17 r
TWENTY P B D
PIN ¢
UART 8
»
[e)

RX

A
DBAE,Q ¢ ) DO-D7
ADDRESS DECODE b TS
BUS  |ag
RS
WRITE WR
READ RD
INTERRUPT 4 T
REQUEST ~
5.0688 MHZ _J
OSCILLATOR
OR
TTL CLOCK

FIG 1. TYPICAL TPUART INTERFACE
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Do-D7

2338

o I

vCC
GND

TRANSMIT
TRANS. TRANSMIT > Tx
= SHIFT REGISTER
3
s}
2 TRANSMIT CONTROL
Z |——-N wmooE
READ ———| REGISTER
WRITE 9
DECODE |
LOGIC
g BAUD
w
N RatE |— BAUDRATE LOoK
| SELECT — GENERATOR
REGISTER
MASK  [A— ]
REGISTER
&LOGIC N—
STATUS
REGISTER
RECEIVE CONTROL
— RECEIVE 3 RX
CONTROL SHIFT REGISTER
REGISTER RECEIVE
BUFFER

99
N FIG. 2. BLOCK DIAGRAM OF COMB1C17
1800 OHM 560 OHM
A AN
220 OHM
7404 7404 7404 7404

AAA |1 el
| | D [

220 OHM 30 pF 5.0688 MHz

FIG.2A. 5.0688 MHz CRYSTAL OSCILLATOR CIRCUIT
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TABLE 1 - DESCRIPTION OF PIN FUNCTIONS

DIP PIN NO. NAME SYMBOL DESCRIPTION
1,2,5-7 DATA BUS D,—D, An 8 bit bi-directional DATA BUS is used to interface the TPUART to the
9, 11-12 processor Data Bus.
3 CHIP SELECT CS A low level on this input enables the TPUART for reading and writing to
the processor. When CS is high, the DATA BUS is in high impedance
and the WR and RD will have no effect on the chip.
4 READ DATA RD Alow pulse on this input (when CS is low) enables the TPUART to place
STROBE the data or the status information on the DATA BUS.
8 WRITE DATA WR Alow pulse on this input (when CS is low) enables the TPUART to =
STROBE accept the data or control word from the DATA BUS into the TPUART. z
10 GROUND GND Power Supply Return 5
13 CLOCK CLK External TTL Clock Input (See Table 2) 7]
14 INTERRUPT INT An interrupt request is asserted by the TPUART when an enabled condi-
REQUEST tion has occurred in the Status Register. This is an active low, open drain
output. This pin has an internal pullup register.
15 REGISTER RS During processor to TPUART communications, this input is used to indi-
SELECT cate which internal register will be selected for access by the processor.
When this input is low, data can be written to the TX Holding Buffer or
data can be read from the RX Holding Register. When this input is high
control words can be written to the Contro! Register or status information
can be read from the Status Register.
16 RECEIVER RX This input is the receiver serial data. A high to low transition is required to
DATA initiate data reception.
17 TRANSMITTER S TX This output is the transmitted serial data from the TPUART. When a
DATA transmission is concluded, the TX line will always return to the mark
(High) state.
18 CONTROL CP1 This control pin is an input only pin. It can be programmed to perform the
PIN 1 functions of CTS or DSR/DCD.
19 CONTROL CcP2 This control pin can be programmed to be either an input or an output.
PIN2 When in input mode, this pin can perform the functions of DSR/DCD.
When in output mode this pin can perform the functions of DTR
or RTS.
20 POWER Vee +5V Supply Voltage
SUPPLY

FUNCTIONAL DESCRIPTION

RESETTING THE TPUART

The TPUART must be reset on power up. Since there is no
external pin allocated for hardware reset, this is accom-
plished by writing a One (HIGH) followed by writing a Zero
(LOW) to the Control Register bit 7. Following reset, the
TPUART enters an idle state in which it can neither transmit
nor receive data.

INITIALIZING THE TPUART

The TPUART is initialized by writing three control words from
the processor. Only a single address is set aside for Mode,
Baud Rate Select, Interrupt Mask and TX Buffer Registers.
For this to be possible, logic internal to the chip directs infor-
mation to its proper destination based on the sequence in
which it is written.

Following internal reset, the first write to address zero (i.e.
RS =0) is interpreted as a Mode Control word. The second
write is interpreted as Interrupt Mask word. The third write
is interpreted as Baud Rate Select. The fourth and all sub-
sequent writes are interpreted as writes to the TX Buffer
Register.

There is one way in which control logic may return to antic-
ipating a Mode, Interrupt Mask, and Baud Rate Select

words. This is following an internal reset. Following initiali-
zation, the TPUART is ready to communicate.

PROGRAMMABLE CONTROL PINS

The TPUART provides two programmable control pins that
can be configured to perform as modem or terminal control
handshake signals. If no handshake signal is required, these
pins canbe used as general purpose one bit Input or Output
ports.

CP1 —is an input only pin that can be programmed to act
as the CTS (Clear To Send) handshake signal, where it will
disable data transmission by the TPUART after the con-
tents of the Transmit Shift Register is completely flushed
out. When programmed as 1, CP1 will serve as a general
purpose 1 bit input port. The inverted state will be reflected
in Status Register bit 0 (when programmed as CTS or gen-
eral purpose input bit).

CP2 —is an Input/Output pin. When configured as Output,
its state is directly controlled by the host processor via writes
to the Control Register. This will serve the purpose of modem
and terminal handshake signals as RTS (Request To Send),
and DTR (Data Terminal Ready). When configured as Input,
its inverted state is reflected in the Status Register bit 1 and
read by the processor. This wili serve the purpose of hand-
shake signals as DCD (Data Carrier Detect) and DSR (Data
Set Ready).
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MODE REGISTER THE ON CHIP BAUD RATE GENERATOR
The TPUART incorporates an on chip Baud Rate Genera-
BIT 1 BIT 2 .
0 0 TP3is RTS outout tor that can be programmed to generate sixteen of the most
o &Ps 's a output  popular baud rates. The TPUART also allows the bypass-
] )1( %—2 isGPoutput  jhq of the Baud Rate Generator by programming Mode
1 5';2 is GP input Register bit 3 to accept a 16X external clock. The Baud Rate
X 2is GP input Generator will not assume any given baud rate upon power
up, therefore it must be programmed as desired. The fol-
lowing chart is based on a 5.0688 MHz CLOCK frequency.
TABLE 2 - 16X CLOCK
Clock Frequency =5.0688 MHz
Baud Rate Theoretical Actual Duty
Select Register Baud Frequency Frequency Percent Cycle
D, D, D, D, Rate 16X Clock 16X Clock Error % Divisor

0 0 0 0 50 0.8 KHz 0.8 KHz —_ 50/50 6336

0 0 0 1 110 1.76 1.76 — 50/50 2880

0 0 1 0 134.5 2.152 2.1523 0.016 50/50 2356

0 0 1 1 150 2.4 2.4 — 50/50 2112

0 1 0 0 300 4.8 4.8 s 50/50 1056

0 1 0 1 600 9.6 9.6 —_ 50/50 528

0 1 1 0 1200 19.2 19.2 - 50/50 264

0 1 1 1 1800 28.8 28.8 — 50/50 176

1 0 0 0 2000 32.0 32.081 0.253 50/50 158

1 0 (o] 1 2400 38.4 38.4 —_ 50/50 132

1 0 1 0 3600 57.6 57.6 -_ 50/50 88

1 0 1 1 4800 76.8 76.8 —_ 50/50 66

1 1 0 0 7200 115.2 115.2 — 50/50 44

1 1 0 1 9600 1563.6 153.6 — 48/52 33

1 1 1 0 19.200 307.2 316.8 3.125 50/50 16

1 1 1 1 38.400 614.4 633.6 3.125 50/50 8

REGISTER DESCRIPTIONS
TABLE 3 - COM81C17 MODE REGISTER
DESCRIPTION (BITS 0-7)

4 | PARITY ENABLE-The Mode Register bit 4 deter-
mines whether parity generation and checking will be
enabled.

0 = PARITY DISABLE 1 = PARITY ENABLE
5 | PARITY-The Mode Register bit 5 determines whether

BIT

DESCRIPTION

odd or even parity will be generated and checked.

CP1-The Mode Register bit 0 determines whether the
CP1 pin will be configured to provide the function of
CTS or will serve as a general purpose 1 bit input port.
In either case, its state will be reflected in Status Reg-
ister bit 0.

0-CP1 = CTS 15CP1 = GP INPUT

0 = EVEN PARITY 1 = ODD PARITY

6 | # OF DATA BITS-The Mode Register bit 6 deter-
mines the number of data bit that will be presented in
each data character (i.e. 7 or 8).
0 = 7BITSPERCHARACTER 1 = 8 BITS PER
CHARACTER

CP21/0-The Mode Register bit 1 determines whether
the CP2 pin will be configured as a general purpose 1
bit output port or will serve as a general purpose 1 bit
input port. When used as an input, its state is reflected
in the Status Register bit 1. When used as an output,
its state is controlled by the processor via the Control
Register bit 1.

0-CP2 = OUTPUT 15CP2 = INPUT

7 | STOP BITS-The Mode Register bit 7 determines how
many stop bits will trail each data unit (i.e. 1 or 2).

0 =1STOPBIT 1 = 2STOPBITS
A data frame will consist of a start bit, 7 or 8 data bits,
an optional parity bit, and 1 or 2 stop bits.

CP2-The mode register bit 2 determines whether the
CP2 pin will be configured to provide the function of
RTS or will serve as a general purpose 1 bit output
port.

0-CP2 = RTS 1-5CP2 = GP OUTPUT

TABLE 4 - COM81C17 STATUS REGISTERS
DESCRIPTION (BITS 0-7)

CLOCK SELECT-The Mode Register bit 3 deter-
mines whether the internal Baud Rate Generator will
supply the TX and RX clocks or the clock on the clock
pin will be used as a 16X clock. The Baud Rate Select
Register contents will be bypassed when an external
16X clock is used.

BIT | DESCRIPTION

0 | CP1-This reflects the inverted state of the controi
pin CP1.

1 CP2-This is active only when the CP2 pin is pro-
grammed to be an input. Itis set by its corresponding
input pin and reflects the inverted state of the con-
trol pin CP2. When the CP2 pin is programmed as an

0 = INTERNAL CLOCK 1 = EXTERNAL CLOCK
(16X)

output, this bit is forced to a zero.

164



2 | TXSHIFT REGISTER EMPTY-This signals the pro-
cessor that the Transmit Shift Register is empty. A
typical program will usually load the last character

of a transmission and then monitor the TX SHIFT
REGISTER EMPTY bit to determine when it is a safe
time for disabling transmission. This bit is set when the
Transmitter Shift Register has completed transmis-
sion of a character, and no new character has been
loaded in the Transmit Buffer Register. This bit is also
set by asserting internal reset. This bit is cleared by:

a. loading the TX Buffer Register

3 | PARITY ERROR-This signals the processor that the
character stored in the Receive Character Buffer was
received with an incorrect number of binary “1” bits.
This bit is set when the received character in the
Receiver Buffer Register has an incorrect parity bit
and parity has been enabled. This bit Is cleared by:

a. setting Reset Errors in the Control Register
b. asserting internal reset

4 | OVERRUN ERROR-This is set whenever a byte
stored in the Receive Character Buffer is overwritten
with a new byte from the Receive Shift Register
before being transferred to the processor. This bit is
cleared by:

a. setting Reset Errors in the Control Register
b. asserting internal reset

5 FRAMING ERROR-This is set whenever a byte in the
Receive Character Buffer was received with an incor-
rect bit format (0" stop bits). This bit is cleared by:

a. setting Reset Errors in the Control Register

b. asserting internal reset

6 | TX BUFFER EMPTY-This signals the processor that
the Transmit Buffer Register is empty and that the
TPUART can accept a new character for transmission.
This bit is set when:
a. a character has been loaded from the Transmit
Buffer Register to the Transmit Shift Register
b. asserting the TRANSMITTER RESET bit in the
Control Register
c. asserting internal reset
This bit is cleared by:
a. writing to the Transmit Buffer Register
This bitis initially set when the transmitter logic is
enabied by setting the TX Enabie bit in the Control
Register (also TX Buffer is empty because of reset).

Data can be overwritten if a consecutive write is per-
formed while TX Buffer Empty is zero.

TABLE 5— COM81C17 CONTROL REGISTER
DESCRIPTION (BITS 0-7)

BIT | DESCRIPTION
0 | Not Used (test mode bit, must be Zero)

1 CP2-This bit controls the CP2 output pin. Data at the
output is the logical complement of the register data.
When the CP2 bit is set, the CP2 pin is forced low.
When CP2is RTS, a 1 to 0 transition of the CP2 bit will
cause the CP2 pin to go high one TXc time after the
last serial bit has been transmitted.

2 RX ENABLE-This bit when reset will disable the set-
ting of the RX BUFFER FULL bit in the Status Register
which informs the processor of the availability of a
received character in the Receive Buffer Register. The
error bits in the Status Register will be cleared and will
remain cleared when RX is disabled.

3 | RXRESET-This will reset the receiver block only.
TX RESET-This will reset the transmitter block only.

5 TX ENABLE-Data transmission cannot take place by
the TPUART unless this bit is set. When this bit is reset
(disable), transmission will be disabled only after the
previously written data has been transmitted.

6 | RESET ERRORS-This bit when set will reset the par-
ity, overrun, and framing error bits in the Status Regis-
ter. No latch is provided in the Control Register for
saving this bit; therefore there is no need to clear it
(error reset = d6.RS. WR).

~

7 | INTERNAL RESET-This bit enables the resstting of
the internal circuitry and initializes access to address 0

to be sequential.

INTERRUPT MASK REGISTER DESCRIPTION
This is an eight bit write only register which is loaded by the
processor. These bits are used to enable interrupts from the
corresponding bits in the Status Register. This register is
reset with internal reset.

REGISTER DECODE & TRUTH TABLE

The TPUART provides unique decode capability to three of
the seven internal processor accessible register. These are
the RX Buffer Register (read only), the Status Register (read
only) and the Control Register (write only). The other four
registers (write only) are decoded in a sequential manner
following reset.

7 | RXBUFFER FULL-This signals the processor that a
completed character is present in the Receive Buffer
Register for transfer to the processor. This bit is set
when a character has been loaded from the receive
deserialization logic to the Receive Buffer Register.
This bitis cleared by:

a. reading the Receive Buffer Register

b. asserting the RECEIVER RESET bit in the
Control Register

c. asserting internal reset

DECODE TRUTH TABLE
RS RD WR CS
0 0 1 0 READRXBUFFERREGISTER
0 1 0 0 WRITETOTXBUFFERREGISTER
1 0 1 0 READSTATUSREGISTER
1 1 0 0 WRITETOCONTROLREGISTER
X X X 1 DATABUSINTRISTATE

The first write to address zero (RS = 0) will access the Mode
Register, the second will access the Interrupt Mask Regis-
ter, the third will access the Baud Rate Select Register, the
fourth and all subsequent writes will access the TX Buffer
Register.

INTERNAL REGISTER SELECT
Following reset, the decode sequence of writes to address
0Ois as follows:

RSO0 - selects the Mode Control Register
RS1 - selects the Interrupt Mask Register
RS2 - selects the Baud Rate Select Register
RS3 —selects the TX Buffer Register

R R R R

S § 8 §

01 2 3

o 1 1 1 AFTER RESET

1 0 1 1 AFTER FIRST WRITE

1 1 0 1 AFTER SECOND WRITE

1 1 1 0 AFTER THIRD WRITE

i 1 1 0 ALL SUBSEQUENT WRITES
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MAXIMUM GUARANTEED RATINGS*

Operating ToOMPOIAtUI® RANGE . .. .. v vt tettetttett et et ettt sttt e et e e te e et tn et testteerateataaiaeeeens 0to 70°C
Storage Temperature Range ........ive vttt ettt e et e e i - 5510 150°C
Lead Temperature (SOIAering, 10 SECONTS) ... vvuurtrs e ererte i et taeieinnana e e e e tiaria e tuanarastaniiasaes +325°C
Positive VORRagE 0N @ny PiN. . ....coiv i e Ve +0.3V
Negative Voltage on any pin, withrespectto ground. ..o -0.3V
MaximUuM Voo .ooov i F e e e e e e e +7V

*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 the 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,
itis suggested that a clamp circuit be used. .

TABLE 6 - ELECTRICAL CHARACTERISTICS
T =0°Cto +70°C V¢ = 5.0V + 5%

PARAMETER SYMBOL MIN TYP MAX
DC CHARACTERISTICS
LOW INPUT VOLTAGE Vo 0.8 \
HIGH INPUT VOLTAGE Vi 2.0 \
LOW QUTPUT VOLTAGE VoL 0.4 v lo. = 5.0ma D,-D,
lo. = 3.5ma
HIGH OUTPUT VOLTAGE Vou 2.4 v loy = 100 pa
INPUT LEAKAGE CURRENT I +10 nA
INPUT CAPACITANCE (o 10 pF
POWER SUPPLY CURRENT loo 15 ma
SYMBOL DESCRIPTION MIN TYP MAX UNITS
AC CHARACTERISTICS
WRITE CYCLE
t, CS, RSto WR | setup time 50 ns
t, CS, RS hold time to WR 1 0 ns
t, WR pulse width 100 ns
t, Data BUS in setup time to WR | 75 ns
t; Data BUS in hold time to WR 1 10 ns
READ CYCLE
te CS, RS to RD | setup time 50 ns
t, CS, RS hold time to RD 1 0 ns
ta RD pulse width 100 ns
ty Data access time from RD | 0 60 ns @50pf max
to Data hold time from RD 1 0 60 ns @50pf max
GENERAL TIMING
t., Reset Pulse Width 1.0 us
te CPT active to INT 300 ns @25pf
t WR rising edge to CP2 change 200 ns
. CP1, CP2 pulse width 1.0 us
ts Read Write Interval 100 ns
CP1, CP2 data
Rise Time 30 ns @25pf
Fall Time 30 ns @25pf
Clock Frequency
Rise Time 30 ns
Fall Time 30 ns
Internal Baud Rate Mode 11.0 MHz
External Baud Rate Mode 1.6 MHz
Duty Cycle 40/60 %
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FIG. 3. PROCESSOR TO TPUART WRITE CYCLE
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FIG. 4. PROCESSOR FROM TPUART READ CYCLE
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FIG. 8. CP1, CP2 INPUT TIMING
CROSYSTE Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor appli-
STANDARD Ml MS cations: consequently complete information sufficient for construction purposes is not necessatily given. The
% Eaeamms information has been carefully checked and is believed to be entirely reliable. However, no responsibility is

35 Marcus v _Haa
) 2733100 +

pavee oy 1i1se

X'510-221-8398

assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semicon-
ductor 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
e

COMs82C11

PRELIMINARY

Printer Adapter Interface (PAIl)

FEATURES

O Fits Popular Centronics Printer Interface

[0 Programmable parallel printer interface

O Completely TTL-compatible I/O

O Reduces system package count

0O User-controlled interrupt request

O Fully compatible with Z-80 and 8086 microprocessor
family

O High current, direct drive printer interface pins

[J On-chip oscillator can be used to generate 1.5 MHz to
20 MHz oscillation

[0 Baud rate generation for serial communication

O Single 5V supply

O Low power CMOS

PIN CONFIGURATION
xxd 1 7 aoh Ve
X ] 2 390 A
cikgd 8 380 Ao
DCLKﬁ 4 37h Po
RSTd 5 36p P
ow(g 6 35p P2
TOR(g 7 34p Ps
DR{ 8 33Q P,
Dot 9 32ph Ps
D g 10 31p Pe
p. d 11 30p P,
D, g 12 29 h ERROR
D, q 13 28 b SLCT
Ds { 14 27 h PE
Ds 0 15 26 p ACK
D, (] 16 25 b BUSY
IRQ g 17 24 h STROB
csiqis 23 ) AUTOFD
cs2 g9 22 INIT
Ves [] 20 21 b SICT
PACKAGE: 40-PIN D.I.P.

GENERAL DESCRIPTION

The COM82C11, Printer Adapter Interface (PAl),
fabricated with a silicon gate CMOS process, offers parallel
port interface between the CPU and the printer, and is
especially suitable to printer adapter for industry-standard
personal computers.

The COM82C11 can directly connect to a parallel printer
connector. Printer data bus pins can each source 2.6 mA
and sink 24 mA. Each of the four printer control pins can
source 500uA and sink 7mA. The COM82C11 fits the well-

known Centronics printer interface.

The PAl s also suitable for a personal computer interface
board which contains RS-232C interface or display
interface. The on-chip oscillator and <10 divider can be
used to offer the BAUD-rate clock with RS-232C interface
or the dot clock with monochrome displ t\j/WMterface.

__The user can use the Data Bus,I_OTR?I . IRQ, CST1 and
CS2 pins to interface the PAl with 8086 or Z-80
microprocessors.

C;K | o
00-07 (:7 [ 4')
FIGURE 1 — o R el
BLOCK DIAGRAM

cs1 —
READ
WRITE
CONTROL
LOGIC WRITE CONTROL |

Csz ~—1

iow —
or — READ CONTROL

[

OR <] READ STATU!

IRQ

DATA
————:“> ouTPUT
8 PORT Pa-P,
LATCH
8-BIT INTERNAL
DATA BUS I
A 3-STATE
BUFFER
N——————— "
)
CONTROL INIT
WORD )\ STROBE
[5> output 5 ) surren 4 ) AuToFD
PORT v v sLeT
LATCH RS
IRQEN
T 5
3-STATE
A BUFFER { A
5 en €
¥ Al
ERRO
3-STATE L S
BUFFER BUFFER 4 sLCT
EN PE
T
ACK
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TABLE 1 — COM82C11 PIN DESCRIPTION

PIN NO.

SYMBOL

NAME

/0

DESCRIPTION

1
2

X1
X2

Crystal In

X1, X2 are the pins to which a crystal (whose frequency is
between 1.5 MHz and 20 MHz) is attached. A TTL clock can be
used on Pin 2 (X2) through a pull up resistor. Pin 1 is left open.

3

CLK

Clock Out

A buffer oscillating clock output whose frequency is the same as
the crystal.

DCLK

Divided Clock

A buffer clock output whose frequency is one-tenth that of Pin 3.

RST

Reset

An active high RESET pin.
When activated, printer control outputs STROB, AUTOFD, SLCT
are inactive, INIT is active, and IRO is disabled remaining high
impedence.

IOW

1/0 Write

A “Low” on this pin permits the CPU to write data or control words
to the “PAI".

IOR

1/0 Read

A “Low" on this pin permits the “PAI" to send data, control words
or printer status to the CPU. It allows the CPU to read from
the PAI.

DIR

Direction

This output pin is active high only when CS1, CS2 and IOR are
activated. It is low for all other cases.

It indicates the direction of data transfer between CPU data bus
and the PAI.

When activated the PAl sends data, control words or printer status
to CPU.

9~16

D0 ~D7

System Data Bus

/0

These bidirectional 8-bit data bus pins are connected to the
system data bus.

Data or control words are transmitted or received upon execution
of input or output instructions by the CPU. Status information of
the printer is also received through the data bus.

17

Interrupt
Request

Z/0

This is an interrupt request output pin, which is generated when
ACK is activated low.

This pin is enabled by writing D4 = 1 in the control word, and is
high impedance when D4 = 0.

When RST is activated, this pin is put into a high impedance state.

18
19

Chip Select

When CS1 = 0 and CS2 = 0, it enables the communication
between the CPU and the PAI.

20

Ground

Power ground pin.

21

{ Printer Select

When activated low, the printer is selected.
This pin is programmable in bit D3 by writing a control command.
Writing a one to D3 outputs a low on the SLCT pin.

22

Initiate

When activated low, the printer buffer is cleared. This pin is
programmable in bit D2 by writing a control command and the PAI
outputs D2 signal to this pin.

The pulse width of the INIT must be more than 50 us for initiation
of the printer.

23

AUTOFD

Auto Feed

When this pin is low, the printer is fed automatically, one line after
printing. _

This pin is programmable in D1 by writing a control command.
Writing a one to D1 outputs allow on the pin.

24

STROB

Data Strob

When activated low, the printer reads in the data on printer data
bus PO ~ P7.

It syncronizes data strobe between PAI and printer. This pin is
programmable in bit DO by writing a control command, and writing
a one to DO outputs a low on the SLCT pin. Read-in of data is
performed at the low level of this signal.

25

BUSY

Busy State

This is an output from the printer.

A “High” indicates that the printer can’t receive data “During Data
Entry”, “During Part of Paper Feed"”, “During Printer Error Status”,
“During Printing” or “In Off-Line State”. The CPU can read this
status in D7 by “Reading Status”.

26

Acknowledge

This is an output from the printer.

A “Low” indicates that data bus has been received and that the
printer is ready to accept other data. The CPU can read this status
in D6 by a “Read Status” command.
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TABLE 1 — COM82C11 PIN DESCRIPTION
PINNO. | SYMBOL NAME 1o DESCRIPTION

27 PE Paper End [ This is an output from the printer. A “High" indicates that the
printer is out of paper. The CPU can read this status in D5 by a
“Read Status” command.

28 SLCT Printer Selected | This is always “High" unless the printer power is down. The CPU
Status can read this status in D4 by a “Read Status” command.
29 ERROR Error Status This is an output from the printer.

It is “Low" only when the printer is in error status as shown below:
(1) Paper end status.

(2) Abnormal motor operation.

() Off-line state.

The CPU can read this status in D3 by a “Read Status” S
command. 5
3037 PO~ P7 Printer Data Bus o} These output pins send out the data to the printer as specified by ]

the CPU in a “Write Data” command. They are compatible with
TTL logic level. The CPU can also “Read Back” the data which
the CPU last wrote by a “Read Data” command.

38 A0 Address | These input addresses in conjunction with TOR, TOW, CS1 and
39 Al CS2 control the selection of one of the five commands.
40 Voo Power Supply +5V.

Note: The CPU can “Read Back” the control command it last wrote by reading the control word. There are STROB, AUTOFD INIT,
SLCT and IRQEN on the data bus DO ~ D7.
FUNCTIONAL DESCRIPTION

When reset is activated (RST=1), STROBE=1, AUTOFD=1, PAl offers five kinds of commands selected by A0, A1, IOW,
INIT=0, SLCT=1, and Interrupt Request “IRQ” is disabled. IOR and CS1, CS2 as shown below:

Input Output
cs1 | cs2 | A1 A0 iOR | IOW | DR Operation
1 X X X X X 0"
x 1 M X x x o PAI not activated.
0 0 0 0 1 0 0 Write data to the printer.
0 0 0 0 0 1 1 Read data on printer data bus.
0 0 0 1 0 1 1 Read status from the printer.
0 0 1 0 1 0 0 Write control word to the printer.
0 0 1 0 0 1 1 Read control word on printer control bus.
0 0 Others (No operation.**)

Notes: *When CS1 =1 or C32 = 1, DIR = 0, indicates that DO ~ D7 remain “I/O Write” state even though intennal data bus is not used.
** 1t is illegal to read anything when chip select is active and A0 = A1 = 1.

WRITE DATA to the PRINTER READ DATA on PRINTER DATA BUS

Dataon DO~ D7 are presentonthe PO ~P7busand sentto At the falling edge of IOR, data latched on PO ~ P7 is set
the printer. At the rising edge of IOW, data is latched onthe  back to the CPU through DO~ D7. The CPU reads back the

PO ~ P7 bus until the next falling edge of IOW. printer data.
READ STATUS from the PRINTER CPU reads the real-time status of the printer. The states are:
Data D7 D6 D5 D4 D3 D2 D1 DO
STATE ' BUSY ACK PE SLCT | ERROR — — —

Note: The BUSY state is inverted on D7.

WRITE CONTROL WORD to the PRINTER
CPU writes the control word to the printer. The control signals are:

Data Bus D7 D6 D5 D4 D3 D2 D1 DO
CONTROL Signal - - - IRQEN SLCT INIT AUTOFD | STROB

The control signals are latched on printer control bus at the rising edge of TOW.

Note: “Interrupt Request Enable (IRQEN)" is not present on any output pin, but enables the output pin IRQ when D4 = 1, and disables IRQ (high
impedance) when D4 = 0. SLCT, AUTOFD and STROB are inverted on D3, D1 and DO individually.

READ CONTROL WORD on PRINTER CONTROL BUS

At the falling edge of IOR, IRQEN control bit SLCT pin, INIT pin, AUTOFD pin and STROB pin-are sent back to the CPU on
D4, D3, D2, D1 and DO individually.

(1) When writing control words D4 = 0 ————— |RQ pin floating.

(2) When writing control words D4 = 1 ————— |RQ = ACK.
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MAXIMUM GUARANTEED RATINGS*

Operating Temperature Range ...........ooieiiiiiiiiiniiiianesss F 0°C to + 70°C
Storage Temperature RaNGe .. ....... oottt -65°C -150°C
Lead Temperature (SOldering 10 S8C.) ... .ottt it e e e e +300°C
Positive Voltage on any 1/0 Pin, with respectto ground. ...ttt ittt iiie e reeees Vee + 0.3V
Negative Voltage on any I/O Pin, with respect o ground . ...... ...ttt it -0.3V
MAXIMUM Vo . ottt ittt ettt e et ettt ettt ettt ettt et e s s aa s in s +7V

* 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 onthe DC

output. For example, the bench power supply programmed to deliver +5 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.

TABLE 2 — ELECTRICAL CHARACTERISTICS (T, = C° -70°C, Ve = +5V + 5%, C; = 50pF)
D.C. Characteristics

SYMBOL PARAMETER MIN. TYP. MAX. UNITS COMMENTS
Vi Input Low Voltage - 04 0.8 \
Vi Input High Voltage 20 24 — v
VoL Output Low Voltage 04 0.5 \ loL = Max
VoH Output High Voltage 24 - — \ lon = Max
Iin Max. Input Current - - +10 uv Vin = Vec or GND
loLp Output Sink Current
Printer Data Bus = 0 20 24 — ma VoL = 0.45V
loro Output Source Current
Printer Data Bus = 1 20 26 — ma Von = 3.0V
lote Output Sink Current
Printer Control Bus = 0 70 - - ma VoL = 0.45V
lore Output Source Current
Printer Control Bus = 1 - 05 15 ma Von = 3.0V
IrL Floating Pin Leakage — — 110 pa VeL = Vec or GND
lop Operation Current — 10 30 ma
A.C. Characteristics
sYMBOL | PARAMETER [ miN MAX. UNIT
WRITE
Tww Write Pulse Width 200 - ns
Taw Address to IOW Set-up Time 0 — ns
Twa Address Hold Time after IOW 20 - ns
Tow Data to IOW Set-up Time 70 —_ ns
Two Data Hold Time after IOW 30 — ns
TwoL IOW = 1 to Data Laiched —_ 90 ns
READ
Trr Read Pulse Width 300 - ns
Too DIR Delay after IOR — 35 ns
Tar Address to IOR Set-up Time 0 - ns
Tra Address Hold Time after IOR 20 — ns
Ter Printer Bus to IOR Set-up Time 0 — ns
Tre Printer Bus Hold Time after IOR 0 - ns
Tros IOR to DO — D7 Output — 70 ns
Tror D0 — D7 Released after IOR — 30 ns
*Note: When CPU reads the printer's status, it is real-time state.
OTHERS
Tasw Reset Pulse Width 40 - ns
Trscr Reset to Control Bus = 1 (STROB, AUTOFD, SLCT) Propagation Delay — 150 ns
TrsiN 1 Reset to Control Bus INIT = 0 Propagation Delay — 60 ns
TrsIR 2 IRQ MIGH -z after RST — 50 ns
\D ACK to IRQ Propagation Delay — 45 ns
Tiz IRQ Disable Time — 50 ns
Te IRQ Enable Time — 50 ns
Thsiz IRQ High-z after RST — 50 ns
Tockp CLK to OCLK Propagation Delay — 10 ns
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TYPICAL APPLICATIONS

PRINTER 25-PIN

D SHELL
A31 —{ AO CONNECTOR
A30 At . 2 ) DATAO
o) o1 3 ) DATA1
ADDRESS D{DECODER o= P2 i oame
P4 6 DATA4
P5 7 ) DATAS
PG —{ 8 ) DATA6 =
oR p7 9 ) DATA7 z
Do I: DIR A1 DO 5
A9 o181 a2 D1 PAIl §
8 25— B2 STROB > 1) STROB
PSLOT A7 » B3 A3 —( D2
AT o AUTOED 14 ) AUTOFD
A5 D4 gs M D3 _INIT 16 J INIT_
A = a5 o4 3ot 17_)| Stct
o B6
A3 o B7 A6 D5
A2 B8 A7 D6 ACK 10 ) ACK
OE A8 D7 BUSY 11 BUSY
= [S245 PE 12 ) PE
8o RESET RST SLCT e 13 )} SLCT
OW — ERROR |« 15 )| ERROR
B13 = iow
B4 iOR
B21 IRQ

FIGURE 7—PAI ON PRINTER CARD

— ADDRESS

T CS 4260 RS232C
m— T :D_ r » UART SERIAL CONNECTION
1.8432 MHz]
Tot DOLKI
A0 20 CLK #—NC
Al a X1
=]
| 19 X2
D
= Bl G Al — 0o
B2 A2 D1 2200PF
sLot Dg B3 A3 D2 l -
4 Ad PO D,
D4 el 83 P1 - DATA1
245 P2 — DATA2
5 B he DS P3 > DATA3
B7 A7 D6
D7 P4 DATA4
—= ® o5 B
o8 - R STHGE RalAL
oW ow  ADTOB
RESET SLCT 7
RST N SLCT
IRQ7 SLCT 3
IRQ BUSY |+ Ty BUSY
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L% emics :

PRINTER 25-PIN
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FIGURE 8—PAI ON MULTIFUNCTION CARD
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mldlalalalalalhlalaldlalalalalaldialala)

PACKAGE INFORMATION - MILLIMETER (INCH)
40 LEAD PLASTIC DIP

D

1

40 39 38 37 36 35 34 33 32 31 30 2928 27 26 25 24 23 22 21

O O 14.22 (0.560)
13.72 (0.540)

2 3 45 6 7 89 1011121314 1516 17 18 19 20

WL LI L LI LT LI LTI TG LI LI LI

51.5 (2.080) | 15.49 (0.610)
51.0 (2.050) l‘_ 14.99 (0.590) I

3.43 (0.135)
3.05 (0.120)

4
_§ 55(0218) max

0.38 (0.015)
0.25 (0.010)

0.51 (0.20) min.

SR R L
216(0.085) 1.65(0.065)  2.79(0.110) 053 (0.021) et B

165 (0.065) 1.14 (0.045)  2.29 (0.090) 0.36 (0.015)

STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications: conse-
N quently complete information sufficient for construction purposes is not necessarily given. The information has been carefull

CORPORATIO checked and is believed to be entirely reliable. However, no responsibility is assumed for inaccuracies. Furthermore, sucl
35 wacos By, Hauppasge Ky 1gs  INfOrMation does not convey to the purchaser of the semiconductor devices described any license under the patent rights of
se 27300 wxsi 22788 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 E

COM 8251A

JLPC FAMILY

Universal Synchronous /Asynchronous
Receiver/Transmitter

FEATURES

[0 Asynchronous or Synchronous Operation
— Asynchronous:
5-8 Bit Characters
Clock Rate—1, 16 or 64 X Baud Rate
Break Character Generation
1, 1%2 or 2 Stop Bits
False Start Bit Detection
Automatic Break Detect and Handling
— Synchronous:
5-8 Bit Characters
Internal or External Character Synchronization
Automatic Sync Insertion
Single or Double Sync Characters
Programmable Sync Character(s)
(O Baud Rate — Synchronous — DC to 64K Baud
—Asynchronous—DC to 19.2K Baud
[J Baud Rates available from SMC's COM 8116,
CcOM 8126, COM 8136, COM 8146, and COM 8046
[ Full Duplex, Double Buffered Transmitter and
Receiver
[0 Odd parity, even parity or no parity bit
[J Parity, Overrun and Framing Error Flags
[0 Modem Interface Controlled by Processor
[ All Inputs and Outputs are TTL Compatible

GENERAL DESCRIPTION

The COM 8251A 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 asynchronous and
synchronous data communication channels while
requiring a minimum of processor overhead. The
COM 8251A is an enhanced version of the 8251.

The COM 8251A is a Universal Synchronous/
Asynchronous Receiver/Transmitter (USART)
designed for microcomputer system data
communications. The USART is used as a peripheral
and is programmed by the processorto communicate
in commonly used asychronous 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 signal the processor when it
has completely received or transmitted a character
and requires service. Complete USART status,
including data format errors and control signals such
as TxE and SYNDET, is available to the processor at
any time. 177

USART

PIN CONFIGURATION

D2 1 g = PN

D3 2 [ 27 DO

RxD 3 [ 1 26 Vce
GND 4 [ ) 25 RxC

D4 5 [ [ 24 DTR

D5 6 [ ) 23 RTS

D6 7 [ ) 22 DSR

D7 8 ] ) 21 RESET
™C 9 320 CLK

WR 10 O [ 19 TxD

Cs 11 [ 18 TXEMPTY
c/b 12 [ 17 CTS

RD 13 [ ) 16 SYNDET/BD

RXRDY 14 ] [ 15 TXRDY

[J Compatable with Intel 8251A, NEC uPD8251A
[ Single +5 Volt Supply

[ Separate Receive and Transmit TTL Clocks
(J Enhanced version of 8251

[ 28 Pin Plastic or Ceramic DIP Package

[0 COPLAMOS® N-Channel MOS Technology

BLOCK DIAGRAM

DATA TRANSMIT
D7-DO BUS BUFFER —* 7xD
BUFFER (P -S)

RESET ——] <:>
| TxRDY
CLK =" READ/WRITE ,{, TRANSMIT
/D ——e] CoNTROL N CONTROL [~ TXEMPTY
e LOGIC £ e
B —q . e~ T*C
WH ——O) z
A
o L
[
[}
A
SR N
B7R «—d) L] Recewe
MODEM B fe—
CONTROL u C— B(%F»FFF)R Fxo
TTS —=) . s
RTs «—(
|— RxRDY
L RECEIVE el

CoNTROL [P+ AxC
s SYNOET/
BRKDET

=
=
=)
b
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DESCRIPTION OF PIN FUNCTIONS

PIN NO.

SYMBOL

NAME

INPUT/
OUTPUT

FUNCTION

1,2,27,
28,5-8

D2, D3, DO
D1, D4-D7

DATA BUS

1/0

An 8-bit, 3-state bi-directional DATA BUS usedto interface the
COM 8251A to the processor data bus. Data is transmitted or
received by the bus in response to input/output or Read/Write
instructions from the processor. The DATA BUS also transfers
Control words, Command words, and Status.

RxD

RECEIVER DATA

This input receives serial data into the USART.

GND

GROUND

GND

Ground

TxC

TRANSMITTER
CLOCKR

The TRANSMITTER CLOCK controls the serial character trans-
mission rate. In the Asynchronous mode, the TxC frequency is
a multiple of the actual Baud Rate. Two bits of the ModeiInstruc-
tion selectthe multiple to be 1X, 16X, or64X the Baud Rate. Inthe
Synchronous mode, the TxC frequency is automatically se-
lected to equal the actual Baud Rate.

Note that for both Synchronous and Asynchronous modes,
serial data is shifted out of the USART by the fallingedge of TxC.

10

WRITE DATA

A “zero” on this input instructs the COM 8251A to accept the
data or control word which the processor is writing out to the
USART via the DATA BUS.

1

CHIP SELECT

A*“zero” on this input enables the USART for reading and writing
to the pmﬁ%ssor. When CS is high, the DATA BUS is in the float
state and RD and WR will have no effect on the chip.

12

c/D

CONTROL/DATA

The Controi/Data input, in conjunction with the WR and RD
inputs, informs the USART to accept or provide either a data
character, control word or status information viathe DATA BUS.
0= Data; 1 = Control/Status

13

A*“zero" on this input instructs the COM 8251A to place thedata
or status information onto the DATA BUS for the processor
toread.

14

RxRDY

RECEIVER READY

The RECEIVER READY output indicates that the Receiver
Buffer is ready with an “assembled” character for input to the
processor. For polled operation, the processor can check
RxRDY using a Status Read or RxRDY can be connected to the
processor interrupt structure. Note that reading the character
to the processor automatically resets RxRDY.

15

TxRDY

TRANSMITTER READY

TRANSMITTER READY signals the processor that the trans-
mitter is ready to accept a data character. TxRDY can be used
as an interrupt or may be tested through the Status information
polled operaton. TxRDY is automatically reset by the leading
edge of when a data character is loaded fromthe processor.

16

SYNDET/
BRKDET

SYNC DETECT/
BREAK DETECT

170

The SYNDET feature is only used in the Synchronous mode.
The USART may be programmed throughthe Mode Instruction
to operate in either the internal or external Sync mode and
SYNDET then functions as an output or input respectively. In
the internal SYNC mode, the SYNDET output willgotoa “one”
when the COM 8251A has located the SYNC character in the
Receive mode. tf double SYNC character (bi-sync) operation
has been programmed, SYNDET will go to “one” in the middie
of the last bit of the second contiguously detected SYNC char-
acter. SYNDET is automatically reset to “zero” upon a Status
Read or RESET. In the external SYNC mode, a “zero” to “one”
transition on the SYNDET input is sampled during the negative
half cycle of RxC and will cause the COM 8251A to start as-
sembling data character on the next rising edge of RxC. The
length of the SYNDET input should be at least one RxC period,
but may be removed once the COM 8251A is in SYNC. When
external SYNC DETECT is programmed, the internal SYNC
DETECT is disabled.
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PIN NO.

SYMBOL

NAME

INPUT/
OUTPUT

FUNCTION

16
(cont.)

The SYNDET/BRKDET pin is used in both Synchronous and
Asynchronous modes. When in SYNC mode the features for
the SYNDET pin described above apply. Whenin Asynchronous
mode, the BREAK DETECT output will go highwhenanallzero
word of the programmed length is received. This word consists
of: start bit, data bit, parity bitand one stop bit.Resetonlyoccurs
when Rx Data returns to a logic one state or upon chip RESET.
The state of BREAK DETECT can also be read as a status bit.

o
b
[©2]

CLEARTO SEND

A “zero” onthe CLEAR TO SEND input enables the USART to
transmit serial data if the TxEN bit in the Command Instruction
register is enabled (one).

If either a TXEN off or CTS off condition occurs while the Tx is
in operation, the Tx will transmit all thedatain the USART written
prior to the Tx Disable command before shutting down.

18

TRANSMITTER EMPTY

The TRANSMITTER EMPTY output signals the processor that
the USART has no further characters to transmit. TxE is auto-
matically reset upon receiving adatacharacterfromtheproces-
sor. In half-duplex, TXE can be used to signal end of a trans-
mission and request the processor to “turn the line around”.
The TxEN bit in the command instruction does not effect TxE.

In the Synchronous mode, a “one” on this output indicates that
a SYNC character or characters are about to be automatically
transmitted as “fillers” because the next data character has not
been loaded; an underflow condition. If the USART is operat-
ing in the two SYNC character mode, both SYNC characters will
be transmitted before the message can resume. TXE does not
go low when the SYNC characters are being shifted out. TxE
goes low upon the processor writing a character tothe USART.

19

TRANSMITTER DATA

This output is the transmitted serial datafromthe USART. When
a transmission is concluded the TxD line will always return to
the marking state unless SBRK is programmed.

20

CLOCK PULSE

The CLK input provides for internal device timing. External
inputs and outputs are not referenced to CLK, but the CLK
frequency must be greater than 30 times the RECEIVER or
TRANSMITTER CLOCKS in the 1X mode and greater than 4.5
times for the 16X and 64X modes.

21

RESET

RESET

A “one” on this input forces the USART into the “idle” mode
where it will remain until reinitialized with a new set of control
words. RESET causes;RXRDY =TxRDY =TxEmpty =SYNDET/
BRKDET = 0; TxD = DTR = RST = 1. Minimum RESET pulse
width is 6 tev, CLK must be running during RESET.

22

lw
[
|

DATA SET READY

The DATA SET READY input can be tested by the processor
via Status information. The input is normally used to test
Modem Data Set Ready condition.

23

v
wi

REQUEST TO SEND

The REQUEST TO SEND output is controlled viathe Command
word. The RTS output is normally used to drive the Modem
Request to Send line.

24

w
o
|

DATA TERMINAL
READY

The DATA TERMINAL READY output is controlled via the
Command word. The output is normally used to drive
Modem Data Terminal Ready or Rate Select lines.

25

By
x
O

RECEIVER CLOCK

The RECEIVER CLOCK is the rate at which the incoming char-
acter is received. In the Asynchronous mode, the RxC frequency
may be 1, 16 or 64 times the actual Baud Rate but in the Syn-
chronous mode the RxC frequency must equal the Baud Rate.
Two bits in the mode instruction select Asynchronous at 1X,
16X or 64X or Synchronous operation at 1X the Baud Rate.

Data is sampled into the USART on the rising edge of RxC.

26

Vee SUPPLY VOLTAGE

PS

+5 volt supply
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DESCRIPTION OF OPERATION —ASYNCHRONOUS

Transmission—

When a data character is written into the USART, it auto-
matically adds a START bit {low level or “space”) and the
number of STOP bits (high level or “mark”) specified by
the Mode Instruction. If Parity has been enabled, an odd
or even Parity bit is inserted just before the STOP bit(s),

as specified by the Mode Instruction. Then, depending
on CTS and TxEN, the character may be transmitted as a
serial data stream at the TxD output. Datais shifted out by
the falling_edge of TxC at a transmission rate of TxC,

TxC/16 or TxC/64, as defined by the Mode Instruction.

If no data characters have been loaded into the USART, or
if all available characters have been transmitted, the TxD
output remains “high” (marking) in preparation for send-
ing the START bit of the next character provided by the
processor. TxD may be forced to send a BREAK (con-
tinuously low) by setting the correct bit in the Command
Instruction.

Receive—

The RxD input line is normally held “high” (marking) by
the transmitting device. A falling edge (high to low transi-
tion) at RxD signals the possible beginning of a START bit
and a new character. The receiver is thus prevented from
starting in a “BREAK” state. The START bit is verified by
testing for a “low” at its nominal center as specified by the
BAUD RATE. If a“low” is detected, it is considered valid,
and the bit assembling counter starts counting. The bit
counter locates the approximate center of the data, parity
(if specified), and STOP bits. The parity error flag (PE) is
set, if a parity error occurs. Input bits are sampled at the
RxD pin with the rising edge of RxC. If a high is not de-
tected for the STOP bit, which normally signals the end
of an input character, a framing error (FE) will be set. After
the STOP bit time, the input character is loaded into the
paralled Data Bus Buffer of the USART and the RxRDY
signal is raised to indicate to the processor that a character
is ready to be fetched. If the processor has failed to fetch
the previous character, the new character replaces the old
and overrun flag (OE) is set. All the error flags can bereset
by setting a bit in the Command Instruction. Error flag
conditions will not stop subsequent USART operation.

DESCRIPTION OF OPERATION —SYNCHRONOUS

Transmission—

As in Asynchronous transmission, the TxD output re-
mains “high” (marking) until the USART receives the first
character (usually a SYNC character) from the processor.
After a Command Instruction has set TxEN and after
Clear to Send (CTS) goes low, the firstcharacter is serially
transmitted. Data is shifted out on the falling edge of TxC
at the same rate as TxC.

Once transmission has started, Synchronous Data Pro-
tocols require that the serial data stream at TxD continue
at the TxC rate or SYNC will be lost. If a data character is
not provided by the processor beforethe USART Transmit
Buffer becomes empty, the SYNC character(s) loaded
directly following the Mode Instruction will be automat-
ically inserted in the TxD data stream. The SYNC char-
acter(s) are inserted to fill the line and maintainsynchron-
ization until the new data characters are available for
transmission. If the USART becomes empty, and must
send the SYNC character(s), the TXEMPTY output is
raised to signal the processor that the Transmitter Buffer
is empty and SYNC characters are being transmitted.
TxEMPTY is automatically reset by the next character
from the processor.

Receive—

In Synchronous receive, character synchronization can
be either external or internal. if the internal SYNC mode

has been selected, the ENTER HUNT (EH) bit has been
set by a Command Instruction, the receiver goes into the
HUNT mode.

Incoming data on the RxD input is sampled on the rising
edge of RxC, and the contents of the Receive Buffer are
compared with the first SYNC character after each bit has
been loaded until a match is found. Iftwo SYNC characters
have been programmed, the next received character is
also compared. When the (two contiguous) SYNC char-
acter(s) programmed have been detected, the USART
leaves the HUNT mode and is in character synchroniza-
tion. At this time, the SYNDET (output) issethigh. SYNDET
is automatically reset by a STATUS READ.

If external SYNC has been specified in the Mode Instruc-
tion, a “one” applied to the SYNDET (input) for at least
one RxC cycle will synchronize the USART.

Parity and Overrun Errors are treated the same in the
Synchronous as in the Asynchronous Mode. If not in
HUNT, parity will continue to be checked even if the re-
ceiver is not enabled. Framing errors do not apply in the
Synchronous format.

The processor may command the receiver to enter the
HUNT mode with a Command Instruction which sets
Enter HUNT (EH) if synchronization is lost. Under this
condition the Rx register will be cleared to all “ones”.
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OPERATION AND PROGRAMMING

The microprocessor program controlling the COM 8251A
performs these tasks:

¢ Outputs control codes

* [nputs status

¢ Outputs data to be transmitted

¢ Inputs data which has been received

Control codes determine the mode in which the COM
8251A will operate and are used to set or reset control
signals output by the COM 8251A.

The Status register contents will be read by the program
monitoring this device’s operation in order to determine
error conditions,when and how to read data, write data or
output control codes. Program logic may be based on
reading status bit levels, or control signals may be used
to request interrupts.

INITIALIZING THE COM 8251A

mope controL || |
C/o=1 SEQUENCE
COMMAND
DATA
c/b=0 -
:
.
:
c/b=1 COMMAND
DATA
c/b=0
"
:
:
ASYNCHRONOUS OPERATION

Figure 1. Control Word Sequences for initialization

MODE CONTROL
SYNG# INITIALING
c/O=1
SYNC #2 SEQUENCE
(OPTIONAL)
COMMAND
DATA
c/b=0 <
H
H
H
c/D=1 COMMAND
DATA
c/D=0
L3
.
.
SYNCHRONOUS OPERATION

The COM 8251A may be initialized following a system
RESET or prior to starting a new seral |/O sequehce. The
USART must be RESET (external or internal) following
power up and subsequently may be reset at any time
following completion of one activity and preceding a
new set of operations. Following a reset, the COM 8251A
enters an idle state in which it can neither transmit nor
receive data.

The COM 8251A is initialized with two, three or four con-
trol words from the processor. Figure 1 showsthe sequence
of control words needed to initialize the COM 8251A, for
synchronous or for asynchronous operation. Note that
in asynchronous operation a mode control is output to
the device followed by a command. For synchronous
operation, the mode control is followed by one or two
SYNC characters, and then a command.

Only a single address is set aside for mode control bytes,
command bytes and SYNC character bytes. For this to be
possible, logic internal to the chip directs controlinforma-
tion to its proper destination based on the sequence in
which itis received. Following a RESET (external or inter-
nal), the first control code outputis interpreted as a mode
control. If the mode control specifies synchronous opera-
tion, then the next one or two bytes (as determined by the
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mode byte) output as control codes will be interpreted as
SYNC characters. For either asynchronous or synchro-
nous operation, the next byte output as a control code is
interpreted as a command. All subsequent bytes output
as control codes are interpreted as commands. There are
two ways in which control logic may return to anticipating
amode control input; following aRESET input or following
an internal reset command. A reset operation (internal via
IR or external via RESET) will cause the USART to inter-
pret the next “control write”, which should immediately
follow the reset, as a Mode Instruction.

After receiving the control words the USART is ready to
communicate. TXRDY is raised to signal the processor
that the USART is ready to receive a character for trans-
mission. Concurrently, the USART is ready to receive
serial data.

c/b_RD WR__C8

0 0 1 0 USART — DataBus
0 1 0 0 DataBus — USART

1 0 1 0 Status — DataBus

1 1 0 0 Data Bus — Control

X X X 1 Data Bus — 3-State

X 1 1 0

<
=
—_
(&)
[vy]
[Ze]




MODE CONTROL CODES

The COM 8251A interprets mode control codes as illus-
trated in Figures 2 and 3.

Control code bits Gand 1 determine whethersynchronous
or asynchronous operation is specified. A non-zero value
in bits 0 and 1 specifies asynchronous operation and de-
fines the relationship between data transfer baud rate and
receiver or transmitter clock rate. Asynchronous serial
data may be received or transmitted on every clock pulse,
on every 16th clock pulse, or on every 64th clock pulse,
as programmed. A zero in both bits 0 and 1 defines the
mode of operation as synchronous.

For synchronous and asynchronous modes, control bits
2 and 3 determine the number of data bits which will be
present in each data character. In the case ofaprogrammed
character length of less than 8 bits, the least significant
DATA BUS unused bits are “don’t care” when writing data
to the USART and will be “zeros” when reading data. Rx
data will be right justified onto DO and the LSB for Tx data
is DO.

For synchronous and asynchronous modes, bits 4 and 5

determine whether there will be a parity bit in each char-
acter, and if so, whether odd oreven parity will be adopted.
Thus in synchronous mode a character will consistoffive,
six, seven or eight data bits, plus an optional parity bit. In
asynchronous mode, the data unit will consist of five, six,
seven or eight data bits, an optional parity bit, apreceeding
start bit, plus 1, 1'%z or 2 trailing stop bits. Interpretation of
subsequent bits differs for synchronous or asynchronous
modes.

Control code bits 6 and 7 in asynchronous mode determine
how many stop bits will trail each data unit. 1% stop bits
can only be specified with a 16X or 64X baud rate factor.
In these two cases, the half stop bit will be equivanlent to
8 or 32 clock pulses, respectively.

tn synchronous mode, control bits 6 and 7 determine
how character synchronization will be achieved. When
SYNDET is an output, internal synchronization is specified;
one or two SYNC characters, as specified by control bit7,
must be detected at the head of a data stream in order to
establish synchronization.

|
COMMAND WORDS

Command words are used to initiate specific functions
within the COM 8251A such as, “reset all error flags” or
“start searching for sync”. Consequently, Command
Words may be issued by the processor to the COM 8251A
at any time during the execution of a program in which

specific functions are to be initialized within the com-
munication circuit.

Figure 4 shows the format for the Command Word.

Figure 4. COM 8251A Control Command

0 -¢—— Bit No.

3

‘———— 1 = Enable transmission

TXEN

0 = Disable transmission

O

1 TR output is forced to 0

il

RxE
1= Enable RxRDY
0 = Disable RxRDY

SBRK
1=TxD is forced low
0= Normal operation

ER

1 =Resets all error flags in
Status register (PE, OE, FE)

A

1=RTS output is forced to 0

IR

1=Reset format

EH

1= Enter HUNT mode
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Figure 2. Synchronous Mode Control Code.

A A A A ‘=~
A

11

s o/
f— Sync mode

00 5 bits per character

01 6 bits per character

10 7 bits per character

8 bits per character

0 =Parity disable, 1= Parity enable
0=0dd parity, 1 = Even parity

0=SYNDET output
1=8YNDET input

0=2SYNC characters

1=1SYNC character

Figure 3. Asynchronous Mode Control Code.

Laadil B S Y g
A 1

t 00

01
10
1

00
01
10
"

00
01
10
1

0=

0=

Invalid (SYNC mode)

Async mode, 1X Baud rate factor
Async mode, 16X Baud rate factor
Async mode, 64X Baud rate factor

5 bits per character
6 bits per character
7 bits per character
8 bits per character

Parity disable, 1 = Parity enable
Odd parity, 1 = Even parity
Invalid
1 stop bit.

12 stop bits
2 stop bits
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Bit 0 of the Command Word is the Transmit Enable bit
(TxEN). Data transmission for the COM 8251A cannot
take place unless TxEN is set (assuming CTS =0) in the
command register. The TX Disable command is prevented
from halting transmission by the Tx Enable logic until all
data previously written has been transmitted. Figure 5
defines the way in which TXEN, TxE and TxRDY combines
to control transmitter operations.

Bit 1 is the Data Terminal Ready (DTR) bit. When the DTR
command bit is set, the DTR output connection is active
(low). DTR is used to advise amodemthatthedataterminal
is prepared to accept or transmit data.

Bit 2 is the Receiver Enable Command bit (RxE). RxE is
used to enable the RxRDY output signal. RXE, when zero,
prevents the RxRDY signal from being generated to notify
the processor that a complete character is framed in the
Receive Character Buffer. It does not inhibit the assembly
of data characters at the input, however. Consequently,
if communication circuits are active, characters will be
assembled by the receiver and transferred to the Receiver
Buffer. If RxE is disabled, the overrun error (OE) will prob-
ably be set; to insure proper operation, the overrun error
is usually reset with the same command that enables RxE.

Operation of the Transmitter Section as a Function of TxE, TxRDY and TxEN

Transmit Output Register and Transmit Character Buffer empty.
TxD continues to mark if COM 8251A is in the asynchronous mode.
TxD will send SYNC pattern if COM 8251A is in the Synchronous
Mode. Data can be entered into Buffer.

Transmit Output Register is shifting a character. Transmit Character
Buffer is available to receive a new byte from the processor.

Transmit Register has finished sending. A new character is waiting
for transmission. This is a transient condition.

Transmit Register is currently sending and an additional character
is stored in the Transmit Character Buffer for transmission.

Figure 5.
TxEN TxE  TxRDY
1 1 1
1 0 1
1 1 0
1 0 0
0 0/1 0/1  Transmitter is disabled.

Bit3 is the Send Break Command bit (SBRK). When SBRK
is set, the transmitter output (TxD) is interrupted and a
continuous binary “0” level, (spacing) isapplied to the TxD
output signal. The.break will continue until a subsequent
Command Word is sent to the COM 8251A toremove SBRK.

Bit 4 is the Error Reset bit (ER). When a Command Word
is transferred with the ER bit set, all three error flags (PE,
OE, FE) in the Status Register are reset. Error Reset occurs
when the Command Word is loaded into the COM 8251A.
No latch is provided in the Command Register to save the
ER command bit.

Bit 5, the Request To Send Command bit (RTS), sets a
latch to reflect the RTS signal level. The output of this
latch is created independently of other signals in the
COM 8251A. As a result, data transfers may be made by
the processor to the Transmit Register, and data may be
actively transmitted to the communication line through
TxD regardless of the status of RTS.

Bit 6, the Internal Reset (IR), causes the COM 8251A to

return to the Idle mode. All functions within the COM
8251A cease and no new operation can be resumed until
the circuit is reinitialized. If the operating mode is to be
altered during the execution of a processor program, the
COM 8251A must first be reset. Either the RESET input
can be activated, or the Internal Reset Command can be
sent to the COM 8251A. Internal Reset is a momentary
function performed only when the command is issued.

Bit 7 is the Enter Hunt command bit (EH). The Enter Hunt
mode command is only effective for the COM8251Awhen
it is operating in the Synchronous mode. EH causes the
receiver to stop assembling characters at the RxD input,
clear the Rx register to all “ones”, and start searching for
the prescribed sync pattern. Once the “Enter Hunt” mode
has been initiated, the search for the sync pattern will
continue indefinitely until EH is reset when a subsequent
Command Word is sent, when the IR command is sent to
the COM 8251A, or when SYNC characters arerecognized.
Parity is not checked in the EH mode.

L _____________________________________________________________|
STATUS REGISTER

The Status Register maintains information-about the
current operational status of the COM 8251A. Status can
be read at any time, however, the status update will be
inhibited during status read. Figure 6 shows the format of
the Status Register.

TxRDY signals the processor that the Transmit Character
Buffer is empty and that the COM 8251A can accept a new
character for transmission. The TxRDY status bit is not
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totally equivalent to the TXRDY output pin, the relationship
is as follows:

TxRDY (status bit) = Tx Character Buffer Empty

TxRDY (pin 15) = Tx Character Buffer Empty « CTS » TXEN

RxRDY signals the processor that a completed character
is holding in the Receive Character Buffer Register for
transfer to the processor.



5 4 38 2

1

Figure 6. The COM 8251A Status Register

0 <¢———BitNo.

I
[

1
I

TxRDY

RxRDY

TxE

PE

Parity error

OE

Overrun error
FE

Framing error

SYNDET/BRKDET

DSR

TxE signals the processor that the Transmit Register
is empty.

PE is the Parity Error signal indicating to the CPU that the
character stored in the Receive Character Buffer was
received with an incorrect number of binary “1" bits. PE
does not inhibit USART operation. PE is reset by the ER bit.

OE isthe receiver Overrun Error. OE is setwheneverabyte
stored in the Receiver Character Register is overwritten
with a new byte before being transferred to the processor.
OE does not inhibit USART operation. OE is reset by the
ER bit.

FE (Async only) is the character framing error which in-
dicates that the asynchronous mode byte stored in the
Receiver Character Buffer was received with incorrect bit
format (“0" stop bit), as specified by the current mode. FE
does notinhibit USART operaton. FE isreset by the ER bit.

SYNDET is the synchronous mode status bit associated
with internal or external sync detection.

DSR is the status bit set by the external Data Set Ready
signal to indicate that the communication Data Set is
operational.

All status bits are set by the functions described for
them. SYNDET is reset whenever the processor reads the
Status Register. OE, FE, PE are reset by the error reset
command or the internal reset command or the RESET
input. OE, FE, or PE being set does not inhibit USART
operation.

Many of the bits in the status register are copies of external
pins. This dual status arrangement allows the USART to
be used in both Polled and Interrupt driven environments.
Status update can have a maximum delay of 16 tcv periods.

Note:

1. While operating the receiver it is important to realize
that the RxE bit of the Command Instruction only in-
hibits the assertion of RxRDY; it does not inhibit the
actual reception of characters. As the receiver is con-
stantly running, it is possible for it to contain extraneous
data when it is enabled. To avoid problems this data
should be read from the USART and discarded. This
read should be done immediately following the setting
of the RxE bit inthe asynchronous mode, and following
the setting of EH in the synchronous mode. It is not
necessary to wait for RxRDY before executing the
dummy read.

2. ER should be performed whenever RXE of EH are pro-
grammed. ER resets all error flags, even if RxE =0.
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3. The USART may provide faulty RxRDY for the first read
after power-on or for the first read after the receiveris
re-enabled by a command instruction (RxE). Adummy
read is recommended to clear faulty RxRDY. This is not
the case for the first read after hardware or software
reset after the device opration has been established.

4. Internal Sync Detect is disabled when External Sync
Detect is programmed. An External Sync Detect Status
is provided through an internal flip-flop which clears
itself, assuming the External Sync Detect assertion has
removed, upon a status read. As long as External Sync
Detect is asserted, External Sync Detect Status will
remain high.
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MAX

IMUM GUARANTEED RATINGS*

Operating Temperature RaNge . . . ......oititiiiirii ittt it iteiareeessreananeneraeeennnen 0°Cto+70°C
Storage Temperature RANGE ... ...ttt ittt ittt ieteaiee s s ssaeannneneanes —55°C to +150°C
Lead Temperature (Soldering, 10 S8C) .. ...t it ittt ettt ittt et eeeiiiieienesesssiaannnnnes +325°C
Positive Voltage on any Pin, with respectto ground . ........ooiiiiiiiiiiiiiiiiinineiiiiiineneneene +8.0V
Negative Voltage on any Pin, with respecttoground .........ovviiiiiiiiiiinieiteiiiiiiinneeenennns —-0.3Vv

“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 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. If this

possibility exists it is suggested that as clamp circuit be used.

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

SYMBOL| PARAMETER [MIN.| MAX. | UNIT] TEST CONDITIONS

D.C. Characteristics

Vi Input Low Voltage —0.3 08 \

ViH Input High Voltage 2.0 Vee \

Vou Output Low Voltage 0.45 \ loo=2.2 mA

Von Output High Voltage 24 V | lon =—400 uA

loFL Output Float Leakage +10 MA | Vour =Vec TO 0.45V

i Input Leakage +10 MA [ ViNn=Vcc TO 0.45V

lec Power Supply Current 100 mA | All Outputs = High
Capacitance Ta=25°C, Vcc = GND

Cin Input Capacitance 10 pF {fc=1MHz

Cuo 1/0 Capacitance 20 pF | Unmeasured pins returned to GND
A.C. Characteristics

Bus Parameters (Note 1)

Read Cycle:

tan Address Stable Before READ (CS, C/D) 0 ns |Note2

tra Address Hold Time for READ (CS, C/D) 0 ns |Note2

tRR READ Pulse Width 250 ns

tap Data Delay from READ 200 ns | Note3, C.=150 pF

tor READ to Data Floating 10 100 ns

Write Cycle:

taw Address Stable Before WRITE 0 ns

twa Address Hold Time for WRITE 0 ns

tww WRITE Pulse Width 250 ns

tow Data Set Up Time for WRITE 150 ns

two Data Hold Time for WRITE 0 ns

trv Recovery Time Between WRITES 6 ter | Note 4

Other Timings:

tev Ciock Period .320 1.35 us |Notes5, 6

ts Clock High Pulse Width 120 | tev—90| ns

tz Clock Low Pulse Width 90 ns
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SYMBOL PARAMETER MIN.| MAX. | UNIT TEST CONDITIONS
tr, tr Clock Rise and Fall Time 5 20 ns
toTx TxD Delay from Falling Edge of TxC 1 us
tshx Rx Data Set-Up Time to Sampling Pulse 2 us
tHRx Rx Data Hold Time to Sampling Pulse 2 us
frx Transmitter Input Clock Frequency
1X Baud Rate DC 64 kHz
16X Baud Rate DC 310 kHz —
64X Baud Rate DC 615 kHz >
trew Transmitter Input Clock Width 2
1X Baud Rate 12 tev v
16X and 64X Baud Rate 1 tey v
treo Transmitter Input Clock Pulse Delay
1X Baud Rate 15 tey
16X and 64X Baud Rate 3 tey
fax Receiver Input Clock Frequency
1X Baud Rate DC 64 kHz
16X Baud Rate DC 310 kHz
64X Baud Rate DC 615 kHz
trew Receiver Input Clock Pulse Width
1X Baud Rate 12 tov
16X and 64X Baud Rate 1 tey
treo Receiver Input Clock Pulse Delay
1X Baud Rate 15 tev
16X and 64X Baud Rate 3 tov
tTxRDY TxRDY Pin Delay from Center of last Bit 8 tcy |Note7
traroy cLear | TXRDY | from Leading Edge of WR 150 ns |Note7
trxRDY RxRDY Pin Delay from Center of last Bit 24 tevy [Note7
trxrov cLear |RXRDY | from Leading Edge of RD 150 ns |Note7
tis Internal SYNDET Delay from Rising
Edge of BxC 24 tcy |Note7
tes External SYNDET Set-Up Time Before
Falling Edge of RXC 16 | tor [Note7
trxempTy TXEMPTY Delay from Center of Data Bit 20 tcv  |Note7
twe Control Delay from Rising Edge of
WRITE (TxEn, DTR, RTS) 8 | ftor |Note7
ter Control to READ Set-Up Time (DSR, CTS) 20 tev  |Note7

NOTES: 1. AC timings megasured Von = 2.0, VoL= 0.8, and with load circuit of Figure 1.
Chip Select (CS) and Command/Data (C/D) are considered as Addresses.
Assumes that Address is valid before Rol.
This recovery time is for RESET and Mode Initialization. Write Data is allowed only when TxRDY = 1. Recovery Time between
Writes for Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 tcy.
The TxC and RxC frequencies have the following limitations with respect to CLK.
For 1X Baud Rats, frx or fax < 1/(30 tcy)
For 16X and 64X Baud Rate, frx or fax < 1/(4.5 tcv)

L

6. Reset Pulse Width =6 tcy minimum; System Clock must be running during RESET.
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status.
2v +20
1200 Typical A Output /
Delay Versus  *1°
IN914 A Capacitance (pF)
D.UT 0
~
SPEC
ICL e —10 4
Figure 1. —20l /

—100 -50 0 +50 +100

TEST LOAD CIRCUIT A CAPACITANCE (pF)
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WAVEFORMS

System Clock Input

CLOCK ¢ JM 1

Transmitter Clock & Data

TTPW tTPD
xC (1x MODE)

_'1 "" torx torx "'. |‘—
Tx DATA X 1 X

TxC (16xMODE)

Receiver Clock & Data

(Rx BAUD COUNTER STARTS HERE)
Rx DATA | START BIT I/ DATA BIT X DATABIT

¥ -« tppp L
— tapw ——
RXC (1x MODE} \ \
8 57& RO s --~16 AXC PERIODS (16 MODE] ————————
AxC (16xmooe) \ [\
| PP ) tey . — ol 3 tey
INT SAMPLING
PULSE
—l ety
- 18RX g tHRX
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Write Data Cycle (CPU — USART)

TxRDY

| thRDv CLEAR
tww
WA

47 tDw —] twD

DON'T E /“J——— ON'T CARE
DATA IN (D.8) ONT cAR { DatastABlE p———OWTCARE

]
t t
¢/ AW WA /_“——"

[o3 taw WA

=
o
—
[&]
L
7]

Read Data Cycle (CPU < USART)

RxRDY

| -—»l tRxRDY CLEAR

—~lnn——

———| t«'RD — «:DF
DATA OUT (D.B.) OATAFLOAT { DATAOUT AcTivE -DATAFLOAT

' —
——————— tAR 'RA
[o5]
I
— 1
53 \ AR

Write Control or Output Port Cycle (CPU — USART)

DTR, RTS
(NOTE =1) Z}L
twe
. - *["_
WR \ b
|
‘4—-1DW—»<—~1 wp
-
DATA IN (D.B.) ad
|¢7 - taw <—>‘ wa
c/b 2"l ’f\
e taw 4—-»‘ twA

s N 7

NOTE #1: Ty INCLUDES THE RESPONSE TIMING OF A CONTROL BYTE.
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Read Control or Input Port (CPU < USART)

DSR, CTS N
q
(NOTE =1)
e —.u(_—/__
«——— tRR —»‘
™ |
—44 |<— tRD —» |« tpF
DATA OUT /-_“‘“"“‘_}
©8) | S—
) —.l tAR je— —» tRA !<—
c/d / n
—_— e —| tRA

/|‘:_

NOTE =1: TCﬁ INCLUDES THE EFFECT OF CTS ON THE TXENBL CIRCUITRY.

Transmitter Control & Flag Timing (ASYNC Mode)

ers ~ \ \ /
tTXEMPTY ——I-—-
Tx EMPTY {
Tx AEADY
(STATUS BIT) A I [
1TxRDY = +—
Tx READY X I \ /
PIN I
! ) Wr DATA't Wr DATA 2 Wr DATA3 Wr DATA 4
o5 [ \ |/ \ [/ 7\
Wr TXEn Wr SBRK
.
" 94 AN
TxDATA ROOR__4
V= NMT DO
DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 . DATACHAR S
o5 s
25 3
EXAMPLE FORMAT =7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 54 &
Receiver Control & Flag Timing (ASYNC Mode)
BREAK DETECT
OVERRUN ERROR DATA R
(STATUS BIT) 4.“‘__“‘“‘0\/ 1 CroAsR“Z
o
Rx RDY . 5
|
RdDATA
cib T\ I ]
Wr RxEn ! Wr ERR | Ryt We RxEn . | | Wr RxEn "
wm S VARV
ﬂ‘o L S !
Rx DATA
DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 .~ : - "E‘;‘EZ:’ © -
35 e
Eg 39
EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. : g g §
5 5
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Transmitter Control & Flag Timing (SYNC Mode)

[543

Tx EMPTY N ___._‘F

Tx READY
STATUS BIT) (

e — Y / \

Wr COMMAND
SBRK .
b A/ \ | [ A \J o
WiDATA Wr DATA Wr DATA Wr DATA Wr COMMAND Wr DATA
CHAR1  CHAR2 CHAR 3 CHAR 4 BRK CHARS
WR
ATA DATA SYNC ATA DATA MARKING | SPACING | MARKING DATA SYNC
MARKING STATE GHAR 1 CHAR 2 CHAR1 __SYNG CHAR2 CHAR 3 CHAR 4 STATE y STATE STATE CHARS CHAR (31
Tx DATA 30000800000 00000800000800000800000 5000080006008 0@E
oxR ) Lo ) ) A L (A

EXAMPLE FORMAT = 5 BIT CHARACTER WITH PARITY, 2 SYNC CHARACTERS,

Receiver Control & Flag Timing (SYNC Mode)

SYNDET | — E—
{PIN] NOTE =1 \_NOTE "_zj* F&
tE

us — S
-
SYNDET 15,8) \ \
OVERRUN —
ERROR ($,8) DaTA CHAR 2 f\
Rx ROV (PIN) 2 { —
Rd STATUS Wi ERR Ret 4 STATUS
c/d Rd STATUS
—Jwen \ I L] ey
RxEn * Rd DATA RADATA RISYNC RADATA
CHAR 1 CHAR 3 CHAR 1

m ‘ i W
1 \ﬁ_\ DATA DAT A\_M

DON'T SYNC SYNC DATA DATA DATA SYNC
CARE CHAR 1 CHAR 2 CHAR 1 CHAR 2 CHAR 3 CHAR1 | SYNCCHAR2|  DON'T CARE CHAR 1 CHAR 2 308
Y \ \S Y \
R DATA xxxxxxol1:ngoxlan‘o|zst.u|z:‘<a|z:4<ol714(011)A<xx!KXlﬂln‘13‘(""“(
CHAR ASSY

' CHAR ASSY BEGINS / BEGINS
RXTLOTK I _ﬂﬂ
()

A__ExiT HUNT MODE
EXIT HUNT MODE
SET SYNC DET SET SYN DET (STATUS BIT) SET SYNDET (STATUS BIT)

NOTE =1: INTERNAL SYNC, 2 SYNC CHARACTERS, 5 BITS, WITH PARITY
NOTE 2. EXTERNAL SYNC, 6 BITS, WITH PARITY

1N



APPLICATION OF THE COM8251A

Asynchronous Serial interface to CRT Terminal ;
y DC to 9600 Bcaud al, Synchronous Interface to Terminal or Peripheral Device
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1 |
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T
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COMB251A

STANDARD MICROSYSTEMS
CORPORATION

35 Macus BIva. Hauppauge. N
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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
lnformauon 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
=

COM82586

PRELIMINARY

Ethernet™Local Area Network
Coprocessor

FEATURES PIN CONFIGURATION
[ Performs Complete CSMA/CD Medium .
Access Control Functions SEERECRER S N
Independently of CPU e d 3;4 33 32 313029 2827 26 25 24 23 22 21 20 19 18 . An]3 46 ) A2(AD:
—High Level Command Interface Aved 3 wEN Al s 451 A2l
s [ NG A-s? 5 441 BRE
[0 Supports Established LAN Standards g S o S apnr6 431 HLD
—IEEE 802.3/Ethernet™ (10BASE5) ADs ] 39 18y RSt Jn Pl Ef v
—I|EEE 802.3/Cheapernet (10BASE2) ’\‘/Z:g o v ?, o Aowa 9 40P ?D(WN)
—IBM PC Network vss{ 42 10 vee AD. ] 10 39 0 RDY (ALE)
{ ADw{ 11 380 INT
—I|EEE 802.3/StarLAN (1BASE5) zzsg :3 s [3 xz: Vs:c 12 a7 b ARDYISRDY
—Proprietary CSMA/CD Networks up apod 45 Y S ‘;g:g I PP e
NC O 46 8 INT
to 10 Mbps ned 47 5 RO ey 2?,’5 b g‘;g:ﬁm
O On-Chip Memory Management Aong 48 ‘P Yt B 325 CLK
—Automatic Buffer Chaining aped 50 2 A~ 18 np e
—Buifer Reclaim After Receipt of Bad | noqst  esesessseseres S ADz 0] 20 251 ET8
Frames B T o T T By By e —PIN NO. 1 AD: g 21 25;57_5
. Qe enre Q 8 8 Srlw o<
—Save Bad Frames, Optionally 29giEIAILBERSS e I P
O Interfaces to 8-bit and 16-bit 43 Vst 24 2 P Rxp

Microprocessors

NOTE: Symbols in

PACKAGE: 68-pin PLCC

PACKAGE: 48- pin DIP

parenthesis correspond to minimum mode.

0 Supports Minimum Component
Systems
—Shared Bus Configuration
—Interface to IAPX 186 and 188
Microprocessors without Glue
[J Supports High Performance Systems
—Bus Master, with On-Chip DMA
—5 MBytes/Sec Bus Bandwidth
—Compatible with Dual Port Memory
—Back to Back Frame Reception at 10
Mbps
O 48 Pin DIP and 68 Pin PLCC

O Network Management
—CRC Error Tally
—Alignment Error Tally
—Location of Cable Fauits

O SelfTest Diagnostics
—Internal Loopback
—External Loopback
—internal Register Dump
—Backoff Timer Check

7 Single +5 volt supply

[0 Direct replacement for Intel’s 82586

GENERAL DESCRIPTION

The COMB82586 is an intelligent, high performance Local
Area Network coprocessor, implementing the CSMA/CD
access method (Carrier Sense Multiple Access with
Collision Detection). It performs all time-crystal functions
independently of the host processor, which maximizes
performance and network efficiency.

The COM82586 performs the full set of IEEE 802.3
CSMA/CD media access control and channel interface
functions including: framing, preamble generation and
stripping, source address generation, destination address
checking, CRC generation and checking, short frame
detection. Any data rate up to 10 Mb/s can be used.

The COM82586 features a powerful host system interface.
It automatically manages memory structures with
command chaining and bidirectional data chaining. An on-
chip DMA controller manages 4 channels transparently
to the user. Buffers containing errored or collided frames
can be automatically recovered. The 82586 can be
configured for 8-bit or 16-bit data path, with maximum burst
transfer rate of 2 or 4 Mbyte/sec. respectively. Memory
address space is 16 Mbyte maximum.

The COMB82586 provides two independent 16 byte FIFOs,
Ethernet™ is a trademark of the Xerox Corporation.

one for receiving and one for transmitting. The threshold
for block transfer to/from memory is programmable,
enabling the user to optimize bus overhead for a given
worst case bus latency.

The COM82586 provides a rich set of diagnostic and
network management functions including: internal and
external loopbacks, exception condition tallies, channel
activity indicators, optional capture of all frames regardiess
of destination address, optional capture of errored or
collided frames, and time domain reflectometry for locating
faults in the cable.

The COMB82586 can be used in either baseband or
broadband networks. It can be configured for maximum
network efficiency (minimum contention overhead) for any
length network operating at any data rate up to 10 Mb/s.
The controller supports address field lengths of 1, 2, 3,
4, 5, or 6 bytes. It can be configured for either the IEEE
802.3/Ethernet™ or HDLG method of frame delineation.
Both 16-bit and 32-bit CRC are supported.

The COMB82586 is available in a 48 pin DIP or 68 pin PLCC
package.
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SYSTEM INTERFACE A

2
BUS COMMAND 0] MICROINSTRUCTION
UNIT ROM
INTERFACE <_—_>

SYSTEM CLOCK UNIT
AND CONTROL SIGNALS

RECEIVE
8 DMA @ UNIT
<I coNTROL K .
(4 CHANNELS)
MOST SIGNIFICANT
ADDRESS (A16-A23)
SERIAL INTERFACE
18 Vv
RECEIVE 8 [— COT.
8 FIFO <I RECEVER [T GRS
16 16 DATA (16 BYTES) te—— RXC
<Z> MUX <I> INTERFACE s
UNIT |0
MULTIPLEXED TR;::\’I%MIT ia> Y el
ADDRESS AND DATA (16 BYTES) TRANSMITTER |, AT
—CTS
FUNCTIONAL BLOCK DIAGRAM 2312461
DESCRIPTION OF PIN FUNCTIONS
48 PIN DIP |68 PIN PLCC
PIN NO. PIN NO. NAME SYMBOL FUNCTION
48, 36 8,9,10,11, | Power Supply Vee, Vee +5V Power Supply.
61, 62
12,24 26,27,41, | Ground Vss, Vss System Ground.
42,43, 44
34 13 Reset RST RST is an active HIGH internally synchronized signal,

causing the 82586 to terminate present activity immediately.
The signal must be HIGH for at least four clock cycles. The
82586 will execute RST within ten system clock cycles
starting from RST HIGH. When RST returns LOW, the 82586
waits for the first CA to begin the initialization sequence.

27 22 Transmitted Serial TxD Output signal. This signal is HIGH when not transmitting.
Data .
26 23 Transmit Data Clock | TxC This-signal provides timing information to the internal serial

logic, depending upon the mode of data transfer. For NRZ
mode of operation, data is transferred to the TxD pin on the

HIGH to LOW clock transition.
25 24 Received Data RxD Received Data Input Signal.
23 28 Received Data Clock | RxC This signal provides timing information to the internal shifting

logic depending upon the mode of data transfer. For NRZ
data, the state of the RxD pin is sampled on the HIGH to
LOW clock transition.

28 21 Request To Send RTS . | When LOW, this signal notifies an external interface that the
82586 has data to transmit. It is forced HIGH after a Reset
and while the Transmit Serial Unit is not sending data.

29 20 Clear To Send CTS Active LOW Clear To Send input enables the 82586
transmitter to actually send data. It is normally used as an
interface handshake to RTS. This signal going inactive stops
transmission. It is internally synchronized. If goes
inactive, meeting the setup time to TxC negative edge,
transmission is stopped and RTS goes inactive within, at
most, two TxC cycles.
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48 PIN DIP
PIN NO.

68 PIN PLCC
PIN NO.

NAME

SYMBOL

FUNCTION

31

18

Carrier Sense

CRS

Active LOW Carrier Sense input used to notify the 82586 that
there is traffic on the serial fink. It is used only if the 82586 is
configured for external Carrier Sense. When so configured,
external circuitry is required for detecting serial link traffic. It is
internally synchronized. To be accepted, the signal must stay
active for at least two serial clock cycles.

30

19

Collision Detect

Active LOW Collision Detect input is used to notify the 82586
that a collision has occurred. It is used only if the 82586 is
configured for external Collision Detect. External circuitry is
required for detecting the collision. It is internally
synchronized. To be accepted, the signal must stay active for
at least two serial clock cycles. During transmission, the
82586 is able to recognize a collision one bit time after
preamble transmission has begun.

38

Interrupt

INT

Active HIGH interrupt request signal.

32

Clock

CLK

The system clock input from the 80186 or another symmetric
clock generator.

33

Minimum Mode/
Maximum Mode

MN/MX

When HIGH, MN/MX selects RD, WR, ALE DEN, DT/R
(Minimum Mode). When LOW, MN/W selects A22, A23,
READY, 30, 57 (Maximum Mode). Note: This pin should be
static during 82586 operation.

6-11,
13-22

29-33, 36-
40, 45, 48,
49, 50, 53, 54

Address and Data Bus

ADO-
AD15

These lines from the time multiplexed memory address (t1)
and data (12, t3, tW, 14) bus. When operating with an 8-bit
bus, the high byte will output the address during the entire
cycle. ADO-AD15 are floated after a RESET or when the bus
is not acquired.

1,3-5
45-47

55-57, 59,
63-65

Address Bus

A16-A18
A20-A23

These lines constitute 7 out of 8 most significant address bits
for memory operation. They switch during t1 and stay valid
during the entire memory cycle. The lines are floated after
RST or when the bus is not acquired. Address lines A22 and
A23 are not available for use in minimum mode.

n

58

Address 19 or
Status 6

A19/S6

During t1 this signal it forms line 19 of the memory address.
During t2 through t4 it is used as a status indicating that this
is a Master peripheral cycle, and is HIGH. Its timing is
identical to that of ADO-AD15 during write operation.

43

67

Hold

HLD

HLD is an active HIGH signal used by the 82586 to request
local bus mastership at the end of the current CPU bus
transfer cycle, or at the end of the current DMA burst transfer
cycle. In normal operation, HLD goes inactive before HLDA.
The 82586 can be forced off the bus by HLDA going inactive.
In this case, HLD goes inactive within four clock cycles in
word mode and eight clock cycles in byte mode.

42

68

Hold Acknowledge

HLDA

HLDA is an active HIGH Hold Acknowledge signal indicating
that the CPU has received the HLD request and that bus
control has been relinquished to the 82586. It is internally
synchronized. After HLD is detected as LOW, the processor
drives HLDA LOW. Note, CONNECTING V¢c TO HLDA IS
NOT ALLOWED because it will cause a deadlock. Users
wanting to give permanent bus access to the 82586 should
connect HLDA with HLD.

Channel Attention

The CA pin is a Channel Attention input used by the CPU to
initiate the 82586 execution of memory resident Command
Blocks. The CA signal is synchronized internally. The signal
must be HIGH for at least one system clock period. Itis
latched internally on HIGH to LOW edge and then detected
by the 82586.

44

66

Bus High Enable

©
X
m

The Bus High Enable signal (BHE) is used to enable data
onto the most significant half of the data bus. Its timing is
identical to that of A16-A23. With a 16-bit bus it is LOW and
with an 8-bit bus it is HIGH. Note: after RST, the 82586 is
configured to 8-bit bus.
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48 PIN DIP
PIN NO.

68 PIN PLCC
PIN NO.

NAME

SYMBOL

FUNCTION

39

5

Ready

RDY

This active HIGH signal is the acknowledgement from the
addressed memory that the transfer cycle can be completed.
While LOW, it causes walit states to be inserted. This signal
must be externally synchronized with the system clock. The
Ready signal internal to the 82586 is a logical OR between
RDY and SRDY/ARDY.

37

Synch/Asynch Ready | ARDY/

SRDY

This active HIGH signal performs the same function as RDY.
If it is programmed at configure time to SRDY, it is identical to
RDY. If it is programmed to ARDY, the positive edge of the
Ready signal is internally synchronized. Note, the negative
edge must still meet setup and hold time specifications, when
in ARDY mode. The ARDY signal must be active for at least
one system clock HIGH period for proper strobing. The
Ready signal internal to the 82586 is a logical OR between
RDY (in Maximum Mode only) and SRDY/ARDY. Note that
following RST, this pin assumes ARDY mode.

40, 41

4,3

Status 0, 1

a3
e
o

Maximum mode only. These status pins define the type of
DMA transfer during the current memory cycle. They are
encoded as follows:

5 S0

0 Not Used

1 Read Memory

0 Write Memory

1 Passive

Status is active from the middle of t4 to the end of t2. They
return to the passive state during t3 or during tW when RDY
or ARDY is HIGH. These signals can be used by the 8288
Bus Controller to generate all memory control and timing
signals. Any change from the passive state signals the 8288
to start the next t1 to t4 bus cycle. These pins are pulled
HIGH and floated after a system RST and when the bus is
not acquired.

00

46

64

Read

Used in minimum mode only. The read strobe indicates that
the 82586 is performing a memory read cycle. RD is active
LOW during t2, t3 and tW of any read cycle. This signal is
pulled HIGH and floated after a RST and when the bus is
not acquired.

45

65

Write

Used in minimum mode only. The write strobe indicates that
the 82586 is performing a write memory cycle. WR is active
LOW during t2, t3 and tW of any write cycle. It is pulled HIGH
and floats after RST and when the bus is not acquired.

39

Address Latch Enable | ALE

Used in minimum mode only. Address Latch Enable is
provided by the 82586 to latch the address into the
8282/8283 address latch. It is a HIGH pulse, during t1 (‘clock
low') of any bus cycle. Not that ALE is never floated.

40

Data Enable

Used in minimum mode only. Data ENable is provided as
output enable for the 8286/8287 transceivers in a stand-
alone (no 8288) system. DEN is active LOW during each
memory access. For a read cycle, it is active from the middle
of t2 until the beginning of t4. For a write cycle, it is active
from the beginning of t2 until the middle of t4. It is pulled
HIGH and floats after a system RST or when the bus is

not acquired.

M

Data I/O Control

DT/R

Used i minimum mode only. DT/R is used in non-8288
systems using an 8286/8287 data bus transceiver. It controls
the direction of data flow through the Transceiver. Logically,
DT/Ris equivalent to S1. It becomes valid in the t4 preceding
a bus cycle and remains valid until the final 14 of the cycle.
This signal is pulled HIGH and floated after a RST or when
the bus is not acquired.

NOTE: For an updated data sheet please fill out the reply card in
the back of this catalog or call SMC at (516) 273-3100.
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STANDARD MICROSYSTEMS
CORPORATION ]
:

COM82C501

PRELIMINARY

Ethernet™ Serial Interface

FEATURES
O Direct Replacement for Intel 82501
and 82C501, or SEEQ 8023A

[0 Compatible with IEEE 802.3 10BASE5S
Ethernet™) and 10BASE2 (Cheapernet)
pecifications

10 Mbps Operation

Replaces 8 to 12 MSI Components
Manchester Encoding/Decoding and
Receive Clock Recovery

10 MHz Transmit Clock Generator
Drives/Receives |IEEE 802.3
Transceiver Cable (AUI)

Defeatable Watchdog Timer Circuit to
Prevent Continuous Transmissions
Diagnostic Loopback for Network Node
Fault Detection and Isolation

Direct Interface to the COM82586 LAN
Coprocessor and COM82C502 Transceiver
Low Power CMOS

+5 Volt Only Operation

o0 o 0o 0 oo goo

PIN CONFIGURATION

ENETVI (]
NOOR (]
LPBRK/WDTD (]
RCvV
AoV
RS L
corg
AXCO

RXD
GNDj

Package: 20-pin DIP

GENERAL DESCRIPTION

The COM82C501 Ethernet™ Serial interface (ESI) chip is
designed to work directly with the COMB82586 LAN
Coprocessor in IEEE 802.3 (10BASE5 and 10BASE?2), 10
Mbps, Local Area Network applications. The major
functions of the COM82C501 are to generate the 10 MHz
transmit clock for the COM82586, perform Manchester
encoding/decoding of the transmitted/received frames,
and provide the electrical interface to the Ethernet™
transceiver cable (AUI). Diagnostic loopback control
enables the COMB82C501 to route the signal to be

Ethernet™ is a trademark of the Xerox Corporation.

transmitted from the COM82586 through its Manchester
encoding and decoding circuitry and back to the
COM82586. The combined loopback capabilities of the
COMB2586 and COMB82C501 result in efficient fault
detection and isolation by providing sequential testing of
the communications interface. An on-chip watchdog timer
circuit (defeatable) prevents the station from.locking up in
a continuous transmit mode. The COM82C501 is socket
compatiblé with the bipolar Intel 82501, the Seeq 8023A,
and the CMOS Intel 82C501.
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82586 Vee GND TRANSCEIVER CABLE
INTERFACE INTERFACE
£ CLSN
COLLISION- XCVR CABLE I/ \\
ot PRESENCE INTERFACE & 1 i
GENERATION NOISE FILTER \ /
«—— CLSN
CRS <—————-—{ CARRIER-PRESENCE GENERATION J—<— NOOR
AXC -« g
MANCHESTER XCVR CABLE <+— RCV
XD DECODER AND INTERFACE AND t }
- CLOCK NOISE FILTER +—— ACV
RECOVERY N
X1
@< +2 COUNTER GENERRON 85 CRYSTAL
Xz
TXD /./AX‘\‘ TRMT
MANCHESTER TRANSCEIVER i \
ENCODER CABLE DRIVER \ |
TEN = | \ A TRwT
WAﬁMHgF?G «——LPBK/WDTD
FUNCTIONAL BLOCK DIAGRAM ENETVT

DESCRIPTION OF PIN FUNCTIONS

PIN NO.

NAME

SYMBOL

FUNCTION

Ethernet
Version 1.0

ENETV1

An active low, MOS-level input. When ENETV1 is asserted, the
TRMT/TRMT pair remains at high differential voltage at the end of
transmission. This operation is compatible with the Ethernet Version
1.0 specification. If the ENETV1 pin is left floating, an internal pull-
up resistor biases the input inactive high.

Carrier Sense Option

NOCR

An active low, MOS-level input. When NOOR is asserted a valid

signal on the collision-presence pair (CLSN/CLSN) will not force
active low. With NOOR active can only be asserted b!

the presence of valid data bits on the RCV/RCV pair. If the WGOYQ

pin is floating, an internal pull-up resistor biases the input

inactive high.

Loopback/Watchdog
Timer Disable

LPBK/
WDTD

An active low, TTL-level control signal enables the loopback mode.
In loopback mode serial data on the TXD input is routed through
the 82C501 internal circuits and back to the RXD output without
driving the TRMT/TRMT output pair to the transceiver cable. During
loopback CDT is asserted at the end of each transmission to
simulate the SQE test.

An input voltage of 12V + 10% through a 4 KQQ resistor will disable
the on-chip watchdog timer.

Receiver Pair

ARGV
RCV

A differentially driven input pair which is tied to the receive pair of
the Ethernet transceiver cable. The first transition on RCV will be
negative-going to indicate the beginning of a frame. The last
transition should be positive-going to indicate the end of the frame.
The received bit stream is assumed to be Manchester encoded.
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PIN NO.

NAME

SYMBOL

FUNCTION

Carrier Sense

CRS

An active low, MOS-level output to notify the COM82586 that there
is activity on the coaxial cable. The signal is asserted when valid
data or a collision-presence signal from the transceiver is present.
It is deasserted at the end of a frame; or when the end of the
collision-presence signal is detected, synchronous with RXC. After
transmission, once deasserted, CRS will not be reasserted again
for a period of 5 s minimum or 7 us maximum, regardless of any
activity on the collision-presence signal (CLSN/CLSN) and

RCV/RCV inputs.

Collision Detect

An active-low, MOS-level signal which drives the CDT input of the
COM82586 controller. It is asserted as long as there is activity on
the collision pair (CLSN/CLSN), and during SQE (heartbeat) test

in loopback.

Receive Clock

A 10 MHz MOS level clock output with 5 ns rise and fall times. This
output is connected to the COM82586 receive clock input RXC.
There is a maximum 1.2 us delay at the beginning of a frame
reception before the clock recovery circuit gains lock. During idle
(no incoming frames) RXC is forced low.

Receive Data

RXD

A MOS-level output tied directly to the RXD input of the COM82586
controller and sampled by the COM82586 at the negative edge of
RXC. The bit stream received from the transceiver cable is
Manchester decoded prior to being transferred to the controller.
This output remains high during idle.

10

Ground

Reference.

12
11

Collision Pair

A differentially driven input pair tied to the collision-presence pair of
the Ethernet transceiver cable. The collision-presence signal is a
10 MHz square wave. The first transition at CLSN is negative~
going to indicate the beginning of the signal; the last transition is
positive-going to indicate the end of the signal.

14
13

Clock Crystal

20 MHz crystal inputs. When X: is floated, X1 can be used as an
external MOS level input clock.

15

Transmit Enable

An active low, TTL level signal synchronous to TXC that enables
data transmission to the transceiver cable and starts the watchdog
timer. TEN can be driven by the RTS from the COM82586.

Transmit Clock

A 10 MHz MOS level clock output with 5 ns rise and fall times. This
clock is connected directly to the TXC input of the COM82586.

Transmit Data

A TTL-level input signal that is directly connected to the serial data
output, TXD, of the COM82586.

19
18

Transmit Pair

A differential output driver pair that drives the transmit pair of the
transceiver cable. The output bit stream is Manchester encoded.
Following the last transmission, which is always positive at TRMT,
the differential voltage is slowly reduced to zero volts in a series of
steps. If ENETV1 is asserted this voltage stepping is disabled.

20

Power Supply

Vee

+5V + 10%.
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NOTE: For an updated data sheet please fill out the reply card in
the back of this catalog or call SMC at (516) 273-3100.

STANDARD MICROSYSTEMS

35 Marcus Bvd Hauppauge WY 11788
(5161273-3100  TWX-510-227-8898

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications: conse-
quently complete information sufficient for construction purposes is not necessarily given. The information has been caretully
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.
200



STANDARD MICROSYSTEMS
CORPORATION
e

COM82C502

PRELIMINARY

Ethernet™ Transceiver Chip

FEATURES

O Conforms to the Following Standards:
—IEEE 802.3, 10BASES (Ethernet™)
—I|EEE 802.3, 10BASE2 (Cheapernet)
—Ethernet™ Version 2.0

O Jabber Function

O Receive Based Collision Detection

[ Defeatable Signal Quality Error
(Heartbeat) Test

[J Requires Minimum Board Space
—On-Chip Voltage Reference
—16 Pin DIP

O No External Adjustments Required

O Low Power CMOS

[J Direct Replacement for Intel’'s 82502

PIN CONFIGURATION

J

REXT (] 1 16 [J Vee
TRMT ] 2 15 [] CXTD
TRAMT [ 3 14 [J Voo
Rev [ 4 13 g RTSQ
rReVOs 12 8 cxrD
ceN [ 6 11 [J HBD
csN [ 7 10 B AVee

Vss D 8 9 AVss

Package: 16-pin DIP

GENERAL DESCRIPTION

The COM82C502 Ethernet™ Transceiver Chip is a CMOS
LS| device that provides the complete set of transmit,
receive and collision detection functions specified by the
IEEE 802.3, 10 BASE5 (Ethernet™) and 10BASE2
(Cheapernet) 10 Mbps baseband standards for the Media
Attachment Unit (MAU). The COM82C502 teams up the
COM82586 CSMA/CD LAN Coprocessor and the
COMB82C501 Ethernet™ Serial Interface enabling the
designer to implement highly integrated IEEE 802.3
systems.

Three basic functional blocks make up the COM82C502:
transmit, receive and collision detection. The transmit and
receive sections transfer data from the transceiver drop

(Access Unit Interface or AUI) cable to the coaxial cable
of the network and vice-versa. The collision detection
section senses simultaneous transmissions by two or more
network stations (collisions) on the coaxial cable and
reacts by sending a 10 MHz signal across the transceiver
drop cable to the station that it front ends.

When used in an Ethernet™ application, the COM82C502
can drive a transceiver cable up to 50 meters in length
(for Cheapernet, there is no transceiver cable). The
COMB82C502 provides all active communications circuitry
for the transceiver function in the Ethernet™ Cheapernet
environment, It is an ideal companion to the COM82C501.
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TRANSCEIVER

CABLE ’ COAX CABLE
INTERFACE INTERFACE
TRANSMIT SECTION
TRMT —E)--}-{ XCVR CABLE WAVE- COAX
= INTERFACE — CABLE cXTD
TRMT -5 AND FILTER ‘l SHAPING DRIVER
[}
HBD—© COLLISION WATCHDOG TS
HEARTBEAT TIMER
[Piii— "™~ coLLision DETECTION |
10 MHz SECTION
| OSCILLATOR
CLSN -+ COLLISION COLLISION
SN 5 PAIR THRESHOLD
DRIVER SENSOR -| CORX
RECEIVE SECTION N CXRD
ROV <+ RECEIVE
A PAR [— FLTER
RV O DRIVER
FUNCTIONAL BLOCK DIAGRAM
DESCRIPTION OF PIN FUNCTIONS
PIN NO. NAME SYMBOL FUNCTION
2 Transmit Data TRMT, A differentially driven input tied to the transmit pair of the transceiver
3 Pair TRMT cable. The transmit pair of the transceiver cable is driven with 10
Mbps Manchester encoded data from the serial interface of the
data link (82501). TRMT/TRMT must be isolated from the
transceiver cable by a pulse transformer. The last transition is
expected to be positive indicating end of packet.
4 Receive Data RCV, An output driver pair that generates an ECL AC signal level to drive
5 Pair RCV the transceiver cable receive pair with the, 10 Mbps Manchester
encoded data received from the coaxial cable of the network.
RCV/RCV must be isolated from the transceiver cable by a pulse
transformer. The last transition is always positive indicating the end
of the packet. The current from the RCV pin is incrementally
decreased after the last transition.
7 Collision CLSN, An output driver pair that generates a 10 MHz ECL AC signal level
6 Presence Pair CLSN square wave on the collision presence pair of the transceiver cable
when: a collision is detected oh the coaxial cable of the network,
during self-test as the collision circuit heartbeat indication, or after
the watchdog timer has expired to indicate that the coaxial cable
transmitter is disabled.
15 Coaxial Cable CXTD An output pin that transmits data onto the coaxial cable of the
Transmit Data network by sinking current from the center conductor of the coaxial
cable. The last data transition at the end of a packet is always low
to high.
12 Coaxial Cable CXRD An input pin that receives data from the coaxial cable of the
Receive Data network. Typical signal levels (referenced to Vop) received on
CXRD are -200 mV for high, -1.8V for a low and 0V during idle.
The last data transition received is expected to be positive
indicating the end of packet.
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DESCRIPTION OF PIN FUNCTIONS

PIN NO. NAME SYMBOL FUNCTION

11 Heartbeat Disable HBD A strapping option that when tied low (Vss), allows the transceiver to
generate a collision detect heartbeat signal after each packet. A
high (Veg) on this pin disables the heartbeat circuitry as well as the
6.4 us transmit inhibit timer but keeps the collision circuit enabled
for use in repeater applications.

1 External Resistor REXT A 2430 0.5% resistor is attached between REXT and ground (Vss)
to provide precision internal current levels. _

13 Redundant Transmit RTSQ An open drain output that indicates the operational state of the =

Squelch 82502 transmitter. The output can be used to provide a redundant =]

method of disabling the transceiver (MAU) fransmitter for greater 5
network reliability. b7

16 Power Supply Vec* +5 £ 10% volts.

8 Ground Vss* GROUND

14 Power Coax Shield Voo* +10 + 10% volts.

10 Analog Power AVec* +5 £ 10% volts. Included to reduce the effects of the current
fluctuations in the Vee pin.

9 Analog Ground AVss™ Included to reduce the effects of current fluctuations in the Vss pin.

*NOTE:

These voltages are referenced to Vss. The shield of the coaxial cable of the Ethernet™ channel (Voo) is connected to earth ground.

Design Example

POWER PAIR
" /‘\ 10V
12 ISOLATED 5v
POWER T
ov | SuPPLY
001uF YA
T [ "o o.o:.:F
é jl { I 500
TRANSCEIVER CABLE SHIELD  001uF, 2kv ¥ g| of 16| 10 EngF/:QET '
TRAW PAIR Vss AVss Voo AVco f-u-m
2 14
> TRMT Vop
X ®) é ® $7ma . 0.22uF ==
b .
o> TRMT ;
-/ 5V 15
01uF comazcsoz  SXTP i< =
RECEIVE PAIR 3
O—@—“ | ROV 2
b cxmo F AV
1009
G———-@——j po RCV FUSIBLE
; 118 W
COL;S_IQI PAIR ’-% 43.20 sa
7
< oo Lm.r
° ) 11
H z g 5543.2:1 6 HBD |
< CLSN
-/ REXT
2430
05%
NOTES:

1. Pulse transformer inductance =50 uH, typically 75 uH
2. Isolated power supply: Pulse Engineering Inc. part no. PE-64369

Reliability Inc. part nos. 2E12R10-5, 2VA12U10-5, and 2VA5U10-5.
3. Isolated power supply may require additional decoupling on its inputs and outputs.

Typical 10BASE5 (Ethernet™) Transceiver Implementation Using the COM82C502.
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COMB82C501
ETHERNET SYSTEM OR LOCAL BUS
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¥
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INT, COMB82586
IAPX 186 CSMA/CD LAN
CHANNEL COPROCESSOR
ATTENTION l T
COMB2C501
THERNE
SERIAL INTERFACE
TRANSCEIVER CABLE L\.O.QQ/J L\QQ.OJJ
ISOLATED COM82C502
POWER ETHERNET
L — SUPPLY TRANSCEIVER CHIP /
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ISOLATED COMB2C502 TCOMNECTOR
POWER ETHERNET
SUPPLY . TRANSCEIVER CHIP

I IEEE 802.3 10 Base 2 (Cheapernet):
This configuration supports 30 users per
segment, each segment being 185 meters long.

NETWORK COAXIAL CABLE

|IEEE 802.3 10 Base 5 (Ethernet):
This configuration supports 100 users per
segment, each segment being .500 meters long.

NOTE: For an updated data sheet please fill out the reply card in
the back of this catalog or call SMC at (516) 273-3100.

Ethernetw is a trademark of Xerox Corporation.

STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor appli-
CORPOR TDN cations: consequently comrlete 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
sraeae e by assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semicon-
ductor 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 MICROSYSTEM
CORPORATION S
e

Local Area Network Controller

LANC™

COM 9026

FEATURES PIN CONFIGURATION
[12.5M bit data rate
[ ARCNET® local area network controller
[1 Modified token passing protocol EID o, er2 41 w0 h FOR
[1 Self-reconfiguring as nodes are added A LR CA Q2 39 Ve
or deleted from network Annnsnnnnno reore 4o pod i
[ Handles variable length data packets 5EVRG 4039 3837363534 33 32 31 30 2929 b e TEST1 5 36 i BSVNC
. . NC DWR Q6 35p A8
(116 bit CRC c.heck and generation ™ d 41 27 [ AD, ww d7 34 b 1DoAT
[ System efficiency increases with RX O 42 26 O AD, IOREG [ 8 33 DD
network Ioading Vee [0 43 25 [1 ADs MREQ O 9 32p A9
- . _N/C [ 44 24 [1 AD, As 10 31p A0
[1 Standard microprocessor interface POR L 1 23 [T AD, REQ g 11 30 ECHO
[J Supports up to 255 nodes per network E. Q 2 22 1 GND waIT g 12 290 INTR
segment CA 3 21 { CLK _AIE Q13 28 h ADO
J . ET, 4 20 0 ILE ADIE 14 270 AD1
(] Ability to interrupt processor at TEST. ] 5 10 B WE T g1s 26 P~ AD2
conciusion of commands TEST, [ 6 18 [1 DE x E }3 ii 3 ADs
[J Interfaces to an external 1K or 2K e TE d18 28p aps
RAM buffer ‘ § 29| g Wi ck g 19 22p Aps
(] Arbitrates buffer accesses between Z[& ‘ ‘ - oo 02 Zp sor
processor and COM 9026
| Replaces over 100 MSI/SSI parts PACKAGE: 44-pin PLCC PACKAGE: 40-pin DIP
[J Ability to transmit broadcast messages
[ Compatible with broadband or baseband
systems, [ Arbitrary network configurations can be used
[ Compatible with any interconnect media (star, tree, etc.)
(twisted pair, coax, etc.) [ Single + 5 volt supply
GENERAL DESCRIPTION

The COM 90C26 is a special purpose communications
adapter for interconnecting processors and intelligent
peripherals using the ARCNET local area network. The
ARCNET local area network is a self-polling “modified token
passing” network operating ata 2.5 M bit data rate. A “mod-
ified token passing” scheme is one in which all token passes
are acknowledged by the node accepting the token. The
token passing network scheme avoids the fluctuating chan-
nel access times caused by data collisions in so-called
CSMA/CD schemes such as Ethernet.

The Com 90C26 circuit contains a microprogrammed se-
quencer and all the logic necessary to control the token
passing mechanism on the network and send and receive
data packets at the appropriate time. A maximum of 255
nodes may be connected to the network with each node
being assigned a unique ID.
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The COM 90C26 establishes the network configuration, and
automatically re-configures the network as new nodes are
added or deleted from the network. The COM 90C26 per-
forms address decode, CRC checking and generation, and
packet acknowledgement, as well as other network man-
agement functions. The COM 90C26 interfaces directly to
the host processor through a standard multiplexed address/
data bus.

An external RAM buffer of up to 2K locations is used to hold
up to four data packets with a maximum length of 508 bytes
per message. The RAM buffer is accessed both by the pro-
cessor and the COM 90C26. The processor can write com-
mands to the COM 90C26 and also read COM 90C26 status.
The COM 90C26 will provide all signals necessary to allow
smooth arbitration of all RAM buffer operations.

ARCNET® is aregistered trademark of the Datapoint Corporation.



For additional information, consult your 1986 SMC catalog or contact our product marketing department at (516) 273-3100.
Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor
%%%%CROSYSTEMS 8 plicationg: consequentlg' complg!e information _sufficient for construction pur, seé:J isyrgot necessarily given.

e information has been carefully checked and is believed to be entirely reliable. However, no responsibility is
e e vy e ASSUMed for inaccuracies. Furthermore, such information does not convey to the purchaser of the
ae i - w2 e samiconductor 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 90C26

PRELIMINARY

Local Area Network Controller
LANC™

FEATURES PIN CONFIGURATION
[12.5 M bit data rate
[1ARCNET® local area network controller
[J Modified token passing protocol % Qu ez 1 o] FoR
(1 Self-reconfiguring as nodes are added Slé' <iR2999¢2 i bod St
or deleted from network nAanonNnnannn TEST2 04 37p TX
. 30 38 37 36 35 34 3332 31 30 29 TesT ds 36 h psvRe
0 Handles variable length data packets BEVNG (40 25 1 e o de ol
[J 16 bit CRC check and generation TX O 41 27 {1 AD, RW g 7 34 0 1DDAT
[ System efficiency increases with Ax g 42 26 1 AD, 'OREQ 4 8 33 IDLD
network loading Voo B 43 25 [ AD; MREQ 00 32h A
_NC [ 44 24 [1 AD, As 10 31p A10
(] Standard microprocessor interface POR{ 1 23 [1 AD, REQ g 11 gg p ECHO
ET, WAIT 012 b INTR
[1 Supports up to 255 nodes per network cA E § zf 3 2[';’ aE 413 28] ADO
segment ET, O 4 20 0 ILE ADE ( 14 27 P AD1
[ Ability to interrupt processor at TEST. O 5 19 1 WE o d1e ol
conciusion of commands iadis (LSRR 121314151617‘BF £ we g7 24h apa
0O Interfaces to an external 1K or 2K \u-u'l:rm:rnvn'n-u-u—* Cﬁ g5 2 g ADs
U)
RAM buffer 2'; 0 g '§= %E onp [ 20 215 ap7
[ Arbitrates buffer accesses between
processor and COM 90C26

[J Replaces over 100 MSI/SS! parts

PACKAGE: 44-pin PLCC

PACKAGE: 40-pin DIP

[ Ability to transmit broadcast messages

[ Compatible with broadband or baseband
systems

(1 Compatible with any interconnect media
(twisted pair, coax, etc.)

[J Low power CMOS technology

(71 Arbitrary network configurations can be used
(star, tree, etc.)

[ Single + 5 volt supply

[J Compatible with HYC9058 (HITI) and
HYC9068 (LAND)

GENERAL DESCRIPTION

The COM 90C26 is a special purpose communications
adapter for interconnecting processors and intelligent
peripherals using the ARCNET local area network. The
ARCNET local area network is a self-polling “modified token
passing” network operating ata 2.5 M bitdata rate. A “mod-
ified token passing” scheme is one in which all token passes
are acknowledged by the node accepting the token. The
token passing network scheme avoids the fluctuating chan-
nel access times caused by data collisions in so-called
CSMA/CD schemes such as Ethernet.

The Com 90C26 circuit contains a microprogrammed se-
quencer and all the logic necessary to control the token
passing mechanism on the network and send and receive
data packets at the appropriate time. A maximum of 255
nodes may be connected to the network with each node
being assigned a unique ID.
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The COM 90C26 establishes the network configuration, and
automatically re-configures the network as new nodes are
added or deleted from the network. The COM 90C26 per-
forms address decode, CRC checking and generation, and
packet acknowledgement, as well as other network man-
agement functions. The COM 90C26 intetfaces directly to
the host processorthrough a standard multiplexed address/
data bus.

An external RAM buffer of up to 2K locations is used to hold
up to four data packets with a maximum length of 508 bytes
per message. The RAM buffer is accessed both by the pro-
cessor and the COM 90C26. The processor can write com-
mands to the COM 90C26 and also read COM 90C26 status.
The COM 90C26 will provide all signals necessary to aliow
smooth arbitration of all RAM buffer operations.

ARCNET @ is a registered trademark of the Datapoint Corporation.
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FIGURE 2—TYPICAL COM 90C26 INTERFACE
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DESCRIPTION OF PIN FUNCTIONS (refer to figure 2)

DIP PINNO. | NAME SYMBOL FUNCTION
31,32,35 |ADDRESS 10, | A10, A9, A8 | These three output signals are the three most significant bits of the RAM buffer
9,8 address. These signals are in their high impedance state except during COM

90C26 access cycles to the RAM buffer. A10 and A9 will take on the value nn as
specified in the ENABLE RECEIVE or ENABLE TRANSMIT commands to or
from page nn and shouid be viewed as page select bits. For packets less than
256 bytes a 1K buffer can be used with A8 unconnected. For packets greater than
256 bytes, a 2K buffer is needed with A8 connected.

21,22,23, |ADDRESS/ AD7-ADO | These 8 bidirectional signals are the lower 8 bits of the RAM buffer address and

24, 25,26, |DATA7-0 the 8 bit data path in and out of the COM 90C26. ADO is also used for /O com-

27,28 mand decoding of the processor control or status commands to the COM 90C26.

8 /0 REQUEST IOREQ This input signal indicates that the processor is requesting the use of the data bus
to receive status information or to issue a command to the COM 90C26. This sig-
nal is sampled internally on the falling edge of AS.

9 MEMORY MREQ This input signal indicates that the processor is requesting the use of the data bus
REQUEST to transfer data to or from the RAM buffer. This signal is sampled internally on the

falling edge of AS.

7 READ/WRITE R/W A high level on this input signal indicates that the processor's access cycle to the
COM 90C26 or the RAM buffer will be a read cycle. A low level indicates that a
write cycle will be performed to either the RAM buffer or the COM 90C26. The
write cycle will not completed, however, until the DWR input is asserted. This sig-
nal is sampled internally on falling edge of AS.

10 ADDRESS AS This input signil is used by the COM 90C26 to sample the state of the IOREQ,

STROBE MREQ and R/W inputs. The COM 90C26 bus arbitration is initiated on the falling
edge of this signal.

11 REQUEST REQ This output signal acknowledges the fact that the processor’s /O or memory
cycle has been sampled. The signal is equal to MREQ or IOREQ passed through
an internal transparent latch gated with AS.

12 WAIT WAIT This output signal is asserted by the COM 90C26 at the start of a processor ac-
cess cycle to indicate that it is not ready to transfer data. WAIT returns to its inac-
tive state when the COM 90C26 is ready for the processor to complete its cycle.

6 DELAYED DWR This input signal informs the COM 90C26 that valid data is present on the proces-
WRITE sor's data bus for write cycles. The COM 90C26 will remain in the WAIT state until

this signal is asserted. DWR has no effect on read cycles. If the processor is able
to satisfy the write data setup time, it is recommended that this signal be
grounded.

29 INTERRUPT INTR This output signal is asserted when an enabled interrupt condition has occured.
REQUEST INTR returns to its inactive state by resetting the interrupting status condition or

the corresponding interrupt mask bit.

18 INTERFACE ILE This output signal, in conjunction with ADIE, gates the processor’s address/data
LATCH bus (PAD7-PADO) onto the interface address/data bus (IAD7-1ADO) during the
ENABLE data valid portion of a Processor Write RAM or Processor Write COM 90C26

operations.

14 ADDRESS/ ADIE This output signal enables the processor’s address/data bus (PAD7-PADO) cap-
gﬁ';g Ll\llzPUT tured by AS or ILE onto the interface address/data bus (IAD7-1ADO).

13 ADDRESS AIE This output signal enables the processor’s upper 3 address bits (PA10-PA8) onto
INPUT the interface address bus (IA10:1A8).

ENABLE _

15 LATCH L This output signal latches the interface address/data bus (IAD7-IADO) into a latch
which feeds the lower 8 address bits of the RAM buffer during address valid time
of all RAM buffer access cycles.

17 WRITE WE This output signal is used as a write pulse to the external RAM buffer. Data is ref-
ENABLE erenced to the trailing edge of WE.

16 OUTPUT OE This output signal enables the RAM buffer output data onto the interface
ENABLE address/data bus (IAD7-IADO) during the data valid portion of all RAM buffer

read operations.

33 ID LOAD IDLD This output signal synchronously loads the value selected by the ID switches into
an external shift register in preparation for shifting the 1D into the COM 90C26.
The shift register is clocked with the same signal that feeds the COM 90C26 on
pin 19 (CLK). The timing associated with this signal and IDDAT (pin 34) is illus-
trated in figure 19. )

34 ID DATA IN IDDAT This input signal is the serialized output from the external ID shift register. The ID
is shifted in most significant bit first. A high level is defined as a logic “1”".

1,3 EXTENDED ET2, ET1 The levels on these two input pins specify the timeout durations used by the COM
TIMEOUT 90C26 in its network protocol. Refer to the section entitled “Extended Timeout
1FUNCTION 2, Function” for detalls.

37 TRANSMIT TX This output signal contains the serial transmit data to the CABLE
DATA TRANSCEIVER.

38 RECEIVE RX This input signal contains the serial receive data from the CABLE
DATA TRANSCEIVER.
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DESCRIPTION OF PIN FUNCTIONS (Continued)

PIN NO. NAME SYMBOL . FUNCTION

4,5 TESTPIN2 TEST2 These input pins are grounded for normal chip operation. These pins are used in
TESTPIN1 TESTH conjunction with ET2 and ET1 to enable various internal diagnostic functions

when performing chip level testing.

30 ECHO . ECHO When this input signal is low, the COM 90C26 will re-transmit all messages of
DIAGNOSTIC length less than 254 bytes. This input should be tied high for normal chip opera-
ENABLE tion and is only utilized when performing chip level testing.

19 CLOCK CLK A continuous 5 MHz clock input used for timing of the COM 90C26 bus cycles,

bus arbitration, serial ID input, and the internal timers.

2 CA CA This input signal is a 5 MHz clock used to control the operation of the COM
90C26 microcoded sequencer. This input is periodically halted in the high state
by the DSYNC output.

36 DELAYED DSYNC This output signal is asserted by the COM 90C26 to cause the external clock
SYNC generator logic to halt the CA clock. Refer to figure 9.

40 POWER ON POR This input signal clears the COM 90C26 microcoded sequencer program counter
RESET to zero and initializes various internal control flags and status bits. The POR sta-

tus bit is also set which causes the INTR output to be asserted. Repeated asser-
tion of this signal will degrade the performance of the network.

39 +5 VOLT Vee Power Supply
SUPPLY

20 GROUND GND Ground

L __________________________________________________________|
PROTOCOL DESCRIPTION

LINE PROTOCOL DESCRIPTION

The line protocol can be described as isochronous because
each byte is preceded by a start interval and ended with a
stop interval. Unlike asynchronous protocols, there is a con-
stant amount of time separating each data byte. Each byte
will take up exactly 11 clock intervals with a single clock inter-
val being 400 nanoseconds in duration. As a result, 1 byte is
transmitted every 4.4 microseconds and the time to transmit
a message can be exactly determined. The line idles in a
spacing (logic 0) condition. A logic ‘0’ is defined as no line
activity and alogic 1 is defined as a pulse of 200 nanoseconds
duration. A transmission starts with an ALERT BURST con-
sisting of 6 unit intervals of mark (logic 1). Eight bit data char-
acters are then sent with each character preceded by 2 unit
intervals of mark and one unit interval of space. Five types of
transmission can be sent as described below:

Invitations To Transmit

An ALERT BURST followed by three characters; an EOT
(end of transmission—ASCII code 04 HEX) and two
(repeated) DID (Destination IDentification) characters. This
message is used to pass the token from one node to another.

Free Buffer Enquiries

An ALERT BURST followed by three characters; an
ENQ (ENQuiry—ASCII code 85 HEX) and two (repeated)
DID (Destination IDentification) characters. This message
is used to ask another node if it is able to accept a packet
of data.

Data Packets

An ALERT BURST followed by the following characters:

— an SOH (start of header-ASCll code 01 HEX)

—a SID (Source IDentification) character

—two (repeated) DID (destination IDentification)
characters. )

—a single COUNT character which is the 2's comple-
ment of the number of data bytes to follow if a “short
packet” is being sent or 00 HEX followed by a COUNT
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character which is the 2's complement of the number
of data bytes to follow if a “long packet” is being sent.
—N data bytes where COUNT = 256-N (512-N for a
“long packet”)
—two CRC (Cyclic Redundancy Check) characters. The
CRC polynomial used is X'¢ + X5 + X2+ 1,

Acknowledgements

An ALERT BURST followed by one character; an ACK
(ACKnowledgement—ASCII code 86 HEX) character. This
message is used to acknowledge reception of a packet
or as an affirmative response to FREE BUFFER
ENQUIRIES.

Negative Acknowledgements

An ALERT BURST followed by one character; a NAK (Neg-
ative AcKnowledgement—ASCII code 15 HEX). This mes-
sage is used as a negative response to FREE BUFFER
ENQUIRIES.

NETWORK PROTOCOL DESCRIPTION

Communication on the network is based on a “modified
token passing” protocol. A “modified token passing”
scheme is one in which all token passes are acknowledged
by the node receiving the token. Establishment of the net-
work configuration and management of the network proto-
col are handled entirely by the COM 90C26's internal
microcoded sequencer. A processor or intelligent periph-
eral transmits data by simply loading a data packet and its
destination ID into the RAM buffer, and issuing a command
to enable the transmitter. When the COM 90C26 next
receives the token, it verifies that the receiving node is ready
by first transmitting a FREE BUFFER ENQUIRY message.
If the receiving node transmits an ACKnowledge message,
the data packet is transmitted followed by a 16 bit CRC. If
the receiving node cannot accept the packet (typically its
receiver is inhibited), it transmits a Negative Acknowledge
message and the transmitter passes the token. Once it has
been established that the receiving node can accept the
packet and transmission is complete, the receiving node will



verify the packet. If the packet is received successfully, the
receiving node transmits an acknowledge message (or
nothing if it is received unsuccessfully) allowing the trans-
mitter to set the appropriate status bits to indicating suc-
cessful or unsucessful delivery of the packet. An interrupt
mask permits the COM 90C26 to generate an interrupt to
the processor when selected status bits become true. Fig-
ure 4 is a flow chart illustrating the internal operation of the
COM 90C26.

NETWORK RECONFIGURATION

A significant advantage of the COM 90C26 is its ability to
adapt to changes on the network. Whenever a new node is
activated or deactivated a NETWORK RECONFIGURA-
TION is performed. When a new COM 90C26 is turned on
(creating a new active node on the network), or if the COM
90C26 has notreceived an INVITATION TO TRANSMIT for
840 milliseconds, it causes a NETWORK RECONFIGUR-
ATION by sending a RECONFIGURE BURST consisting of
eight marks and one space repeated 765 times. The pur-
pose of this burst is to terminate all activity on the network.
Since this burst is longer than any other type of transmis-
sion, the burst will interfere with the next INVITATION TO
TRANSMIT, destroy the token and keep any other node from
assuming control of the line. It also provides line activity
which allows the COM 90C26 sending the INVITATION TO
TRANSMIT to release control of the line.

When any COM 90C26 sees an idle line for greater than
78.2 microseconds, which will only occur when the token is
lost, each COM 90C26 starts an internal time out equal to
146 microseconds times the quantity 255 minus its own ID.
It also sets the internally stored NID (next ID representing
the next possible ID node) equal to its own ID. if the timeout
expires with no line activity, the COM 90C26 starts sending
INVITATIONS TO TRANSMIT with the DID equal to the cur-
rently stored NID. Within a given network, only one COM
90C26 will timeout (the one with the highest ID number).
After sending the INVITATION TO TRANSMIT, the COM
90C26 waits for activity on the line. If there is no activity for

74.7 microseconds, the COM 90C26 increments the NID
value and transmits another INVITATION TO TRANSMIT
using the new NID equal to the DID. If activity appears before
the 74.7 microsecond timeout expires, the COM 90C26
releases control of the line. During NETWORK RECON-
FIGURATION, INVITATIONS TO TRANSMIT will be sentto
all 256 possible ID’s. Each COM 90C26 on the network will
finally have saved a NID value equal to the ID of the COM
90C26 that assumed control from it. From then until the next
NETWORK RECONFIGURATION, control is passed
directly from one node to the next with no wasted INVITA-
TIONS TO TRANSMIT sent to ID’s not on the network.
When a node is powered off, the previous node will attempt
to pass it the token by issuing an INVITATION TO TRANS-
MIT. Since this node will not respond, the previous node will
time out and transmit another INVITATION TO TRANSMIT
to an incremented ID and eventually a response will be
received.

The time required to do a NETWORK RECONFIGURA-
TION depends on the number of nodes in the network, the
propogation delay between nodes and the highest ID
number on network but will be in the range of 24 to 61
milliseconds.

BROADCAST MESSAGES

Broadcasting gives a particular node the ability to transmit
a data packet to all nodes on the network simultaneously.
ID zero is reserved for this feature and no node on the net-
work can be assigned ID zero. To broadcast amessage, the
transmitting node’s processor simply loads the RAM buffer
with the data packet and sets the destination ID (DID) equal
to zero. Figure 3 illustrates the position of each byte in the
packet with the DID residing at address 01 HEX of the cur-
rent page selected in the TRANSMIT command. Eachindi-
vidual node has the ability to ignore broadcast messages
by setting the most signficant bit of the ENABLE RECEIVE
TO PAGE nn command (see “WRITE COM 90C26 COM-
MANDS") to a logic zero.

.. ________________________________________________________________|
COM 90C26 OPERATION

BUFFER CONFIGURATION

During a transmit sequence, the COM 90C26 fetches data
from the Transmit Buffer, a 256 (or 512) byte segment of the
RAM buffer. The appropriate buffer size is specified in the
DEFINE CONFIGURATION command. When long pack-
ets are enabled, the COM 90C26 will interpret the packet
as a long or short packet depending on whether the con-

tents of buffer location 002 is zero or non zero. During a
receive sequence, the COM 90C26 stores data in the
receive buffer, also a 256 (or 512) byte segment of the RAM
buffer. The processor I/O command which enables either
the COM 90C26 receiver or the COM 90C26 transmitter also
initializes the respective buffer page register. The formats
of the buffers (both 256 and 512) byte are shown below.

FIGURE 3— ADDRESS
RAM BUFFER o

PACKET 2
CONFIGURATION

~ FORMAT
SID
COUNT =256 -N |
NOT |
USED ]
DATA BYTE 1 |
DATA BYTE 2
L]

COUNT

|
i |
| . |
| . |
| DATA BYTE N-1 |

DATABYTEN |

NOT |
USED |

255

|

511

SHORT PACKET
(256 OR 512 BYTE PAGE)

ADDRESS _ FORMAT
0 b so
1 oo ]
2 L. o
3 | _COUNT-512-N___ |
‘ NOT I
USED |
(- ]
COUNT | DATA BYTE 1 | N = DATA PACKET LENGTH
i DATA BYTE 2 | SID = SOURCE ID
| o i DID ~ DESTINATION ID
| . I (0 FOR BROADCASTS)
R S
_DATABYTEN-1
511 DATABYTEN
LONG PACKET

(512 BYTE PAGE)

211

=z
o
—
w
L
wd



RECONFIGURE
TIMER HAS
TIMED QUT

POWER ON

READ D
FROM
SWITCHES

WRITE ID
TO RAM BUFFER

SETNID -ID

START
RECONFIGURATION |

TIMER [ B40ms)

THIS ID

Y

Y o N

ACK

l TRANSMIT I
FREE BUFFER
| ENQUIRY l

NO
ACTIVITY'
FOR 78,

)

FOR 74.7 Y

SETNID - ID

‘oroa0cAST
ENABLED,

ART TIVER
(255 ID)+146ps

—

TRANSMIT
INVITATION TO
4 TRANSMIT
PASS THE TOKEN))

NO
ACTIVITY
FOR 74.7,

s,

SET TMA

INCREMENT
NID

* The ID set by the external switches is continually sampled during COM 90C26 operation.
- ID refers to t%e identification number of the ID assigned to this node.

- NID refers to the next identification number that receives the token after this ID passes it.
- SID = source identification

- DID =destination identification

- SOH = start of header character; preceeds all data packets SEND ACK

FIGURE 4—90C26 OPERATION
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PROCESSOR INTERFACE i
Figure 2illustrates a typical COM 90C26 to processor inter-
face. The signals on the left side of this figure represent typ-
ical processor signals with a 16 bit address bus and an 8 bit
data bus with the data bus multiplexed onto the lower 8
address lines (PAD7-PADO). The processor sees a network
node (a node consists of a COM 90C26, RAM buffer, cable
transceiver, etc. as shown in figure 2) as 2K memory loca-
tions and 4 /O locations within the COM 90C26.

The RAM buffer is used to hold data packets temporarily
prior to transmission on the network and as temporary stor-
age of all received data packets directed to the particular
node. The size of the buffer can be as large as 2K byte loca-
tions providing four pages at a maximum of 512 bytes per
page. For packet lengths smaller than 256 bytes, a 1K RAM
buffer can be used to provide four pages of storage. In this
case address line IA8 (sourced from either the COM 90C26
or the processor) should be left unconnected. Since four
pages of RAM buffer are provided, both transmit and receive
operations can be double buffered with respect to the pro-
cessor. For instance, after one data packet has been loaded
into a particular page within the RAM buffer and a transmit
command for that page has been issued, the processor can
startloading another page with the next message in a multi-
message transmission sequence. Similarly, after one mes-
sage is received and completely loaded into one page of
the RAM buffer by the COM 90C26, another receive com-
mand can be issued to allow reception of the next packet
while the first packet is read by the processor. In general,
the four pages in the RAM buffer can be used for transmit
or receive in any combination. In addition, the processor will
also use the interface bus (IA10-1A8, IAD7-IADO) when

performing |/O access cycles (status reads from the COM
90C26 or command writes to the COM 90C26).

To accomplish this double buffering scheme, the RAM buffer
must behave as a dual port memory. To allow this RAM to
be a standard component, arbitration and control on the
interface bus (IA10-1A8, IAD7-1ADO) is required to permit
both the COM 90C26 and the processor access to the RAM
buffer and, at the same time, permit all processor I/O oper-
ations to or from the COM 90C26.

Processor access cycle requests begin on the trailing edge
of AS if either IOREQ or MREQ is asserted. These access
cycles run completely asynchronous with respect to the
COM 90C26. Because of this, upon processor access cycle
requests, the COM 90C26 immediately puts the processor
into a wait state by asserting the WAIT output. This gives
the COM 90C26 the ability to synchronize and control the
processor access cycle. When the processor access cycle
is synchronized by the COM 90C26, the WAIT signal is
eventually removed allowing the processor to compiete
its cycle.

For processor RAM buffer access cycles, AIE and ADIE
enable the processor address captured during AS time onto
the interface address bus (IA10-1A8, IAD7-1ADO). The sig-
nal L will capture the 8 least significant bits of this address
(appearing on IAD7-lADO0) before the data is multiplexed
onto it. At the falling edge of L, a stable address is pre-
sented to the RAM buffer. For read cycles, OE allows the
addressed RAM buffer data to source the interface address/
data bus (IAD7-IADO). In figure 2, this information is passed
into a transparent latch gated with WAIT. At the falling edge
of WAIT, the data accessed by the processor is captured
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and driven out via the logic function RD ended with REQ.
For procéssor I/0 read cycles from the COM 90C26, ADIE
and AIE are used to enable the processor address into the
COM 90C26. Data out of the COM 90C26 is gated through
the transparent latch and appears on the processor's data
bus with the same control signals used for RAM read cycles.

For processor write cycles, after the falling edge of T, the
COM 90C26 produces a WE (write enable) output to the
RAM buffer, and the ILE output from the COM 90C26 allows
the processor data to source the interface address/data bus
(IAD7-1ADO). At this time the COM 90C26 waits for DWR
before concluding the cycle by removing the WAIT output.
DWR should only be used if the processor cannot deliver
the data to be written in enough time to satisfy the write setup
time requirements of the RAM buffer. By delaying the acti-
vation of DWR, the period of the write cycle will be extended
until the write data is valid. Since the architecture and oper-
ation of the COM 90C26 requires periodic reading and writ-
ing of the RAM buffer in a timely manner, holding the DWR
input off for a long period of time, or likewise by running the
processor at a slow speed, can result in a data overflow
condition. Itis therefore recommended that if the processor
write data setup time to the RAM buffer is met, then the DWR
input should be grounded. -

For processor 1/O write cycles to the COM 90C26, ADIE and
AIE are used to enable the processor’s address onto the
interface data bus. ILE is used to enable the processor's
write data into the COM 90C26. Delaying the activation of
DWR will hold up the COM 90C26 cycle requiring the same
precautions as stated for Processor RAM Write cycles.

As stated previously, processor requests occur at the falling
edge of AS if either IOREQ or MREQ are active. COM 90C26
requests occur when the transmitter or receiver need to read
or write the RAM buffer in the course of executing the com-
mand. If the COM 90C26 requests a bus cycle at the same
time as the processor, or shortly after the processor, the
COM 90C26 cycle will follow immediately after the proces-
sor cycle. Figure 5 illustrates the timing relationship of a
Processor RAM Read cycle followed by a COM 90C26 RAM
read cycle. Once the AS signal captures the processor
address to the RAM buffer and requests a bus cycle, it takes
4 CLK periods for the processor cycle to end. Figure 5.breaks
up these 4 CLK periods into 8 half clock interval labeled 1P
through 8P. A COM 90C26 access cycle will take 5 CLK
periods to end. Figure 5 breaks up these 5 CLK periodsinto
10 half intervals labeled 1C through 10C.

If a processor cycle request occurs after a COM 90C26
request has already been granted, the GOM 90C26 cycle
will occur first, as shown in figure 5. Figure 6 illustrates the
timing relationship of a COM 90C26 RAM Write cycle fol-
lowed by a Processor RAM Write cycle. Due to the asyn-
chronous nature of the bus requests (AS and CLK), the
transition from the end of the COM 90C26 cycle to the
beginning of the processor cycle might have some dead
time. Refering to figure 6, if AS falling edge occurs after the
start of half CLK interval 9C, no real contention exists and
it will take between 200 and 500 nanoseconds before the
processor cycle can start. The start of the processor cycie
is defined as the time when the COM 90C26 produces a
leading edge on both ADIE and AIE. If the processor request
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occurs before the end of half CLK interval 5C (figure 6 illus-
trates this situation), then the processor cycle will always
start at half CLK interval 1P. The uncertainty is introduced
when the processor request occurs during half CLK inter-
vals 6C, 7C or 8C. In this case, the processor cycle will start
between 200 and 500 nanoseconds later depending on the
particular timing relation between AS and CLK. The maxi-
mum time between processor request and processor cycle
start, which occurs when the processor request comes just
after a COM 90C26 request, is 1300 nanoseconds. It should
be noted that all times specified above assume a nominal
CLK period of 200 nanoseconds.

Figures 7 and 8 illustrate timing for Processor Read COM
90C26 and Processor Write COM 90C26 respectively.
These cycles are also shown divided into 8 half clock inter-
vals (1P through 8P) and can be inserted within figures 5
and 6 if these processor cycles occur.

POWER UP AND INITIALIZATION
The COM 90C26 has the following power up requirements:

1—The POR input must be active for at least 100
milliseconds.

2—The CLK input must run for at least 10 clock cycles before
the POR input is removed.

3—While POR is asserted, the CA input may be running or
held high. If the CA input is running, POR may be
released asynchronously with respect to CA. If the CA
input is held high, POR may be released before CA
begins running.

During POR the status register will assume the following
state:

BIT 7 (RI) set to a logic “1”.
BIT 6 (ETS2) not affected

BIT 5 (ETS1) not affected

BIT 4 (POR) set to a logic “1".
BIT 3 (TEST) set to a logic “0".

BIT 2 (RECON) set to a logic “0”.
BIT 1 (TMA) set to a logic “0”.
BIT O (TA) set to a logic “1”.

In addition the DSYNC output is reset inactive high and the
interrupt mask register is reset (no maskable interrupts
enabled). Page 00 is selected for both the receive and the
transmit RAM buffer. After the POR signal is removed, the
COM 90C26 will generate an interrupt from the nonmask-
able Power On 