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FUNCTIONAL INDEX 
<"S-; Data Oommunication Products 

I 



~ Data Communication ProductscollT. 



~~B......,.....aud Bate Generator co~......,.".,...,...,..,."....,...".....-,.,...........,...".....--.., I 

Display Products 
TIMING CONTltOLLEBS 

(l)May be custom mask programmed 7 



CRT9taCO.7 

···<·Pai1.< 
·3J1U4'bet 

J)e8cri;ption 

'.?~~ Display Products COll1T. 

TEBMINAL LOGIC CONTB.OLLEBS CONT. 

Feature8 
Double speed 
arohitecture and 
separate disple;v 
memory bus elimi
na.tes rpemory con
tention:Multlple 
smooth scroll 
regions on screen, 

Display 
Format 

Register pro
grammable, 
maximum 
12x16 
character 
cell. 

Tagged, 
embedded or 
parallel attri
butes; reverse 
video, blank, 
blink,un(ier
Une,DH/DW, 
protected 
field; intensi . 

VDACTII DISPLAY CONTROLLEBS 

(l)Maor be custom mask programmed (3)Also available as CRT8002A, B, C-001 Katakana 
CRT8002A, B, C-003, -018 6 x 7 dot matrix 

Prov'idesattributes 
tndgi'aphlos.·control 
~orORTvideo 
dis ·ls 
.:e~ov'id.es att~lbutes 
.a.n hies control 
for' deo 

. ~diSl s 

'·OltT9006+83 
'~d:aT9006:;i36 

VIDEO A!l"l'JlIBUTES CONTROLLEBS 

Alphanumeric, Wide 
graphiCS, thin graphiCS, 
on-chip curaox:double unlderUne, 
hei t double Width 
Alphanumeric, wide 
and thin graphiCS, 4 
cursor modes, double 
height/Width; 1~ bit 
shift re lster 

Reverse video, 
blink, blank,·. 
underline, 4 
inteI1.sitylevel~.r 

ROWBUFFEB 

VT100® and VT220® are registered trademarks of Digital. Equipment Corp. 
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~ Floppy Disk I 
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Microprocessor Products 

IBM®, AT® and PS/2® are registered trademarks of the International. Business Machines Corporation. 
VAX® is a registered trademark of the Digital. Equipment Corporation. 

; 81iiiUIH!h Shift Register 
J'eature 

Load, }l,eoh'Culate, 
Slim Oontrols 
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SMC CROSS REFERENCE GUIDE-STORAGE IC'S I 
Siemens Fujitsu 

11 



Description 

UART (n-Channel)** 

UART (n-Channel)** 

UART (n-Channel)* 

Octal UART 

ASTRO 

PCI 

EPCI 

USART 

Multi-Protocc 
USYNRT 

IEEE-488 

IBM 3270 
COAX IIF Circuit 

LAN Controller 

IBM Twinax 
Interface Controller 

Dual Baud Rate Gen. 

Single Baud Rate Gen. 

90 Key KB Encoder 

CMOS Microprocessor 

CMOS RAM-I/O-Timer 

CMOS ROM-I/O 

CMOS Input/Output 

Ethernet Controller 

. CClM1aaOs . 

Cpfy126S1·· .....• 

COM8251A 

.. COM72t6 .......... 

... .. 

COM9064 ........ 
·cbM9026 .... 

COM5016/36/ 
COM8116/36 

COMS026/46/· 
COM8126/46 

.. KR9600/01/02·· 

MPU600 

MPU810A 

MflU830 

MPU831. 

COMS2586 

Ethernet Serial Interface .• • .•.•... COM82C501 

AMI AMD 

S6850* 

S1602* 

8251 

S6852* 

SMC CROSS REFERENCE 
Fairchild 

F6850* 

F3846* 
F3856* 

F68488* 
96LS488' 

F4702* 

General 
Instrument 

AY 3-1013/15 

AY3-1013/15 

AY2661 

AY5-8116/36 

AY5-8126 

AY 5-3600' 

Harris 

HM6402* 

HM6403* 

HD4702' 
HD6405' 

Intel 

8251A 

8291/92' 

82586 

82501 

82502 ,--E_t_he_r_ne._t_li_ra_n_sc_e_iv_e_r __ --'-__ .C_O_M_8_2C_5~O~2_ . ...L .•• __ . ____ • ___ • ___ • _____ ~ ________ --'-____ --'-____ -' 

Description AMI AMD 

SMC CROSS REFERENCE 
Fairchild General 

Instrument Harris Intel 

CRT Controller CRTS037 8275 
~---------~~~~ ... ~ .. ~~-----~-'--4------+------+-----~------

Character Generator CRT8002 
Display Controller ..... 

Graphics Controller 

Video Processor and 
Controller 

CRT72201 
CRT7220A 82720 

Video Attributes Controller. ....... CR19041 . 
~-------'-~--~~~~~'-------~--'-~--------~----------r---------+------~ 

Video Terminal LogiciCfrTS026/9128! 
Controller :CRT90~!9t53 

'Functional equivalent. 
"Most UART'S are interchangeable; consult the factory for detailed information on interchangeability. 
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GUIDE-DATA COMMUNICATIONS I 
Solid Texas Western Motorola National NEC Signetlcs State DEC Instruments Digital Scientific ... -

MC6850* NSC858* - - SCR1854" - TMS6011* TR1602 

- - - - - - - TR1983" 

- - - 2536* - - - TR1863 

- - - - - 78808 - -
--

- INS1671 - - - - - UC1671 

- INS2651 - 2651 - - - -
MC2661* - - 2661 - - - -

- INS8251 J.LPD8251A - - - - TR1983" 

2652" 6852" - 2652 SND5025 - - SD1933* 

MC688488" - J.LPD7210 - - - 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 State DEC 

Scientific 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 Microsystems. 
Since its inception, Stqndard Microsystems has been a leader in creating 
new technology for metal oxide semiconductor large scale integrated 
(MOS/LSI) 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 integrated circuits. 
COPLAMOS® utilizes a self-aligned, field-doped, locally oxidized structure to 
eliminate parasitic currents and shunt capacitance. This allows the tight 
pocking of circuitry essential for VLSI, 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 voltage. 

Engineering, marketing and sales personnel occupy SMC®'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 Itechnology 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, Gouldl 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 
resistivity 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 to 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 9apacitors 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 7 A specification. 

State-of-the-art wafer stepper projects MOS/VLSI circuit patterns onto silicon wafers, 
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Wfive 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 
introduction 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 (HlpM) introduced 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 COM90C62 (which integrates the COM90C26 LAN 
Controller and the COM90C32 LAN Transceiver) and the ELANC 
COM90C56 (Enhanced LAN controller that doubles the data bit rate and 
offers, among other features, LAN Management and tAN 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 EthernefM 
Local Area Networks. The chip set will include the industry standard 
COM82586 LANC as well as the COM82C501 transceiver and the 
COM82C502 serial interface chip. Standard Microsystems Corporation thus 
becomes the only supplier of components for the two LAN 
implementations with the largest installed market base. 

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 mony industry 
firsts in the field of UARTs, is continuing its tradition with the introduction of two 
new products that will definitely change the design implementation of 
asynchronous data communications. The COM81C17, the only 20-pin CMOS 
UART in the market has a size which is overshadowed only by its speed. The 
COM81C17 features a lOOK 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 COM78C80X, 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 area, CRT di'splay 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® to develop the CRT5027 VT AC, the first CRT 
controller to provide all of these functions on a single chip. A second 
generation CRT controller, the CRT9007 VPAC was then introduced, and 
became an industry standard when it was designed into the DEC VT220 
terminal. The CRT9007 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 

SMO~/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, I 
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 CRT92C07 A TLC (Advanced 
Terminal Logic Controller) which is fully register programmable and supports 
all the features of higher performance terminals, including the ability to 
emulate the DEC VT100 and VT220 environments, A complete terminal can 
be built using these devices with Just the Inclusion of a RAM and 
microprocessor, 
One of the most popular features appearing in PC and terminal display 
interfaces Is the capability of windowing, This feature is now supported by a 
third generation CRT controller, the CRT97Cll VIEW (Video Engine for 
Windows). This device is capable of generating up to 127 hardware windows 
on screen and provides the ability to pan images behind windows In real 
time, 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 controllers 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 trade off 
between data integrity and the need to 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 integrity, 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 tolerance 
and quick locking to data, This results in the greatest tolerance to bit shift in 
the industry for IBM® PCI A T® 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 A T® or XpM type personal computer or on a 
separate controller card. Combined with the HDC9234, the FDC9268 Floppy 
Disk Controller adds floppy disk and tape backup capability to the controller 
card. 
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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 
truly 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 media, is possible when the 
disk controller is SMC®'s MSD95C02 and the SCSI bus controller is SMC®'s 
MSD95COO. Individual data busses for processor, disk, and SCSI 
information allow 5 Mbyte per second SCSI bus transfers to continue 
uninterrupted 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 time. The MSD95C02 handles GCR formatted tape as well, and can 
also be used in non-SCSI applications. 
SMC®'s MSD95C02 VLSI Storage Controller is built from a set of highly 
advanced dedicated SuperCells™. Each SuperCeWM performs a specialized 
function (e.g., DMA, Microsequencer, disk encoder / decoder, microprocessor 
interface, or error correction). By modifying a particular SuperCeWM, or by 
substituting a user defined cell, it is possible to build a peripheral controller for 
specialized 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 to the MSD95C02, 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 CUSTOMATIONTM 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 SuperCelis™, 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 to 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 

LCltest computer-controlled furnaces automatically regulate several diffusion and oxidation 
processes simultaneously. 
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plasma etching 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 tests 
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 technologies 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 today's increasingly competitive environment. 
Throughout its history, Standard Mlcrosystems Corporation has been at the 
forefront In the design, development and manufacturing of highly complex 
integrated circuits for the computer, microperipheral and data 
communications fields. Breakthrough technologies such as those previously 
outlined have certainly contributed to our success, but even more important 
is our ability to satisfy our customers. 
Quality 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. 

The laser cutter in SMC®'s Special Analysis Laboratory helps isolate small sections of 
complex circuitry for investigation. . 

SMC"'and COPLAMOS" are registered trademarks of Standard Mlcrosystems Corporation 
ARCNET'" is a registered trademark of the Darapoint Corporation. 
IBM" and AT"are registered trademarks of the International Business Machines Corporation. 
XP" is a trademark of the International Business Machines Corporation. 
HIP" and SuperCells'" are trademarks of Standard Microsystems Corporation. 
ETHERNEP" 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 
seNice, 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 1V 
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 seNing 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 tried and proven 
procedures and software. We can help you 

The CUSTOMATION™ 
Design System. 
SMC~)'s Leading-edge ASIC 
Technology and 
Microperipheral SuperCells™ 
Combine to Make Your 
Competitive-edge Circuits. 

With CUSTOMATION:M you can invent 
the semicustom circuits 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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define and specify all of your ASIC needs, then 
design, fabricate, package, and test the circuits 
which your company requires. 

Our 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 seNice orientation. 

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 
the way. 

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 turnkey 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. 

Or, 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. 



A Typical 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. 

A TYPICAL DESIGN SEQUENCE 

I System Conception I 

I Chip Definition 

I Logic Design and Simulation I 

I Automatic Layout I 

I Mask & Wafer Fabrication I 

... 

I Test & Packaging I 

Finished Product 

Process Technology You Can Count On. 
The cornerstones 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 several 
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 MSllogic functions, and a large and 
growing number of analog cells, macrocells and 
SuperCellsT~ 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 already 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 particular 
requirements. 
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UART Tool-Kit 
UART Building Cell-Set 

Manchester SuperCell™ 
Encoder/Decoder 

RTC SuperCell™ 
Real Time Clock 

PC-KBRD SuperCell™ 
PC Keyboard Interface Controller 

SCSI SuperCelPM 
SCSI Interface Controller 

IBM® 5250 TWINAX 
5250 Interface Controller 

8250 SuperCell™ 
UART 

8259 SuperCell™ 
Programmable Interrupt Controller 

8254 SuperCell'M 
Programmable Interval Timer 

6845 SuperCell'M 
CRT Controller 

8237 SuperCell™ 
DMA Controller 

TIMER SuperCell™ 
Master Ti mer 

FDDS SuperCell'M 
Data Separator 

65CX02 SuperCell'M 
65C02 Core Microprocessor 

RAM SuperCell™ 
Modular RAM (512 bits/block) 

ROM SuperCell'M 
Modular ROM (512 bits/block) 

VCO SuperCell™ 
Voltage Controller Oscillator 

555 SuperCell'M 
555 Timer 

DTMF SuperCell™ 
DTMF Tone Generator 

ATOD SuperCell™ 
8-Bit Analog to Digital Converter 



You can feel totally confident about the 
performance of the CUSTOMATION™ cells, too, 
They are thoroughly characterized and have 
been used successfully in numerous 
applications, Before a cell can be added to our 
library,. it is completely modeled, characterized, 
tested and "certified," 

Standard Microsystems is also dedicated to 
incorporating more micro-peripheral 
SuperCells™ into the library. These currently 
encompass such functions as ROMs, RAMs, UART 
"Tool-Set," 8250, 8259 BRG, Manchester 
Encoder/Decoder, 555 RC Oscillator, Real time 
clock, DTMF encoder, RLL decoder, SCSI 
interface, floppy disk digital data separator, 
counter/timer, and A to D converter, 

CUSTOMATION™ CELL 
LIBRARY PERFORMANCE 

Voltage: 3V to 10V 
Temperature: -55°C to + 125°C 
Speed: DC to 50 MHZ 
Process: 2/1 DLM & 3/1 SLM 

CMOSSIGATE 
I/O: TIL & CMOS Compatible 
Fanout: Capacitive Loading 

Restricted Only 
Delay: <1.1 NSEC Typical 

In addition to the customized layout of cells, 
we've also helped pioneer the use of "soft
macrocells," which are the implementation of 
large logic blocks through the stored 
interconnection of more basic "core cells." 

By using standardized core cells and "soft
macrocells;' digital designs presently fabricated 
in one technology are easily portable to 
next-generation processes. This means your 
design will never become dated or obsolete. 
Industry-standard Software. 
CUSTOMATION™ utilizes software that provides a 
well-proven package of design aids which your 
engineers will be comfortable using. If you wish, 
the entire package can be licensed through 
Standard Microsystems. 

We think you'll find our software to be 
comprehensive, easy to use and incredibly 
powerful. Netlists developed on any workstations 
supported by Standard Microsystems can be 
transported quickly and easily to any other. Logic 
can also be simulated on any workstation. 

Our software is designed to virtually guarantee 
that your chip will work the first time, every time. 
We not only provide schematic capture, but 
logic simulation, timing analysis and automatic 
test program generation as well. 
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Ongoing Technical Support. 
As a CUSTOMATION™ user, you'll receive 
continuing technical support from Standard 
Microsystems. Our applications engineers are 
seasoned professionals who can provide prompt, 
expert assistance from our home office or 
regional sales offices. One such applications 
engineer will be personally assigned to your 
program to assist you with any problems that 
may arise during the actual course of 
development. 

Standard Microsystems has a particularly 
strong applications expertise in data 
communications, video displays, disk controllers 
and small computer peripherals. Over the course 
of our history, we've introduced a number of 
breakthroughs in the CRT, floppy disk, hard disk 
and data communications areas. 

Fast Turnaround. 
Nowhere is the adage, "time is money", more 
applicable than in semicustom design. The 
faster you develop your ASICs, the faster you can 
get your products to market. In today's fast 
paced, highly competitive electronics industry, 
that can mean the difference between success 
and failure. 

With CUSTOMATION}M we can usually supply 
working prototypes within eight weeks of receipt 
of your signed-off netlist. Of course, design time 
and logic simulation is dependent on how fast 
you work. 

With an experienced designer using 
CUSTOMATION,TM front-end design should take 
approximately 12 weeks. (Both design and 
prototype development cycles are based on a 
3000-gate equivalent chip design.) 

Firm Pricing. 
Standard Microsystems will calculate and 
commit to both a development cost and a 
production price for your CUSTOMATION™ chip 
based on your design specifications. So you will 
know your exact production costs before you 
undertake the design. Furthermore, you will never 
pay for computer time or any other "uncapped" 
charge. 

Unit cost, of course, depends on a variety of 
factors: gate count. complexity of interconnect, 
package cost and performance requirements. A 
CUSTOMATION™ design, however, almost always 
results in a smaller die size than a comparable 
gate array design. 

Our cell library also includes RAM, ROM, 
Microprocessor, UART and many other 
SuperCells}M as well as analog functions that are 
not available on gate arrays. This can lower 
prices when you get into volume production. 
Your system will have fewer ICs compared to MSL 
gate array or microprocessor-based designs, 
resulting in lower assembly costs, lower power 
consumption and enhanced reliability. 



WHY STANDARD CELL? 
Standard Cell vs. Full Custom vs. Gate Array 
Design 
Method NRE 

Design Unit Cost Min 
Cycre Ratio Qty jYr 

Gate 
Array $9K-$20K 6-15 Wks 1.20 0.5K-45K 
Standard 
Cell $12-$25K 8-15Wks 1.00 5K-10K 
Full 
Custom $80K-$125K 6-18 Mths 0.80 100K 

Guaranteed Success. 
With CUSTOMATION}M 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 
error in cel/s, utilities and design tools comprising 
the CUSTOMATION™ system. 

TRAINING OUTLINE 

DAY 1 OVERVIEW 
Introduction 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 I 

DAY 4 SIMULATION 
Test Vector Extraction 
Advanced Simulation Language 
Fault Analysis 
Simulation Laboratory II 

DAY 5 REVIEW 
Review of Procedures 
Review of Resu Its 

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 suburban 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 experience and sharpen your design 
technique. 

Your instructors are Standard Microsystems' 
engineers who are not only experts in IC design, 
but have a wea Ith of experience worki ng with 
customers to 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.™ 

A Total Commitment. 
In addition to the many capabilities already 
touched 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 Sentry® 
testers. 

We not 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 true \\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 
completely minimized circuit netlist using our 
standard cell functions. 
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Outstanding Checks and Balances. 
The heart of the CUSTOMATION™ design system, 
STANSURET~ is a system of interrelated 
procedures, programs and data files that 
convert your input data into a working 
integrated circuit. The STANSURpM system is 
designed to maximize the probability that all 
circuits designed using the CUSTOMATIONTM cell 
library will be \\first time" successes. 



STANSURE'M provides not only schematic capture, 
but logic simulation, timing analysis, fault 
coverage, automatic test program generation 
and automated breadboarding. 
The STANSURE'M system of procedures consists of 
the following elements: 
STANNET'M: the STANNETTM family of programs works 
with the workstation based schematic capture 
tools to convert the resulting netlists into a 
common database format and verifies the 
results. Also included in the STANNErM family are 
the STANROM™ and STANRAM™ ROM and RAM 
memory generators. 
STANSIM'M: provides logic simulation, interfaces 
between the workstations and back annotation. 
STANTIME'M: timing verification programs 
calculate and display the propagation delays 
(rise and fall times) of each circuit element. The 
STANTIMETM programs may be run before and 
after layout. They will also calculate the 
cumulative propagation delays of each path on 
the design. 
STANCOMP'M: 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'M: produces a wirewrap breadboard 
from the logical netlist of any circuit designed 
using the 74LS family of CUSTOMATIONTM cells. 
STANTEST'M: produces Sentry® or GenRad™ 
compatible test files from the simulation vectors. 
The STANFAULT'M system of fault grading ensures 
that your simulation will completely check the 
logic. The test program Is then automatically 
generated from the proven simulation files. This 
ensures that your custom design will be 
adequate for tomorrow's demanding quality 
standards. 

A Complete Turnkey Workstation. 
Standard Mlcrosystems offers a complete set of 
design tools, 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 VIEWlogic® 
Workview™ software), Daisyr~ Mentor Graphics™ 
Valld™ Logic, and VAX. ® (Note: VAX® hardware Is 
supported through the use of IBM® 
PC/compatible-based VIEWlogic™ 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 Standard Microsystems' advanced 
standard cell library. 

~ Circuit Simulation 
Detailed and proven simulation models for 
each supported workstation. 

~ Timing Analysis Package 
A supplement to worksfation capabilities 
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 uHow To" Documentation 
Design and Simulation Instruction Manual 
dedicated to your specific workstation. 

If you like, we'll even install the CUSTOMATION'M 
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 sq. ft. on our 
30-acre Long Island, N.V. 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 seNice, 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 
intensive 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 track record of 
success. Numerous testimonials from satisfied 
customers are proof of our ability to perform. 
Quite simply, we make no promises we can't 
keep. . 

For more Information or to get started with 
CUSTOMATIONT~ call your nearest Standard 
Microsystems regional office. Or contact 
Standard Mlcrosystems Corporation, Custom 
Marketing Department, 35 Marcus Boulevard, 
Hauppauge, NY 11788. (516) 273-3100. 
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SMC® CUSTOMADON'DI STANDARD CELL UBRARY 
CELL NAME DESCRIPTION CELL NAME DESCRIPTION CELL NAME DESCRIPTION 

LOGIC GATE CELLS LATCH CELLS ANALOG CEnS 
LSOO 2-lnput NAND Gate LS75 Dual Transparent Latch ANSW Analog Switch 
LS02 2-lnput NOR Gate I..S77 Dual Transparent Latch CBGX Current Bias Generators 
LS04 Inverter LSI 00 Quad Transparent Latch DSI216 Schmitt Trigger (1.2-1.6V) 
LS08 2-lnput AND Gate LSI 16 Quad Transparent Latch with DSI218 Schmitt Trigger O.2-1.8V) 
LSIO 3-lnput NAND Gate Clear DSI238 Schmitt Trigger (1.2 3.8V) 
LSII 3-lnput AND Gate I..S375 Dual Transparent Latch DSI323 Schmitt Trigger (1.3-2.3V) 
LS20 4-lnput NAND Gate DSI527 Schmitt Trigger (1.5-2.7V) 
LS21 4-lnput AND Gate D51728 Schmitt Trigger (1.7-2.BV) 
LS25 4-lnput NOR Gate with Strobe MULTIPLEXER/SELECTOR CELLS DS202B Schmitt Trigger (2.0-2.8V) 
LS27 3-lnput NOR Gate LSI51 8: I Multiplexer with Strube DS2232 Schmitt Trigger (2.2-3.2V) 
LS28 2-lnput NOR Gate with Buller LSI52 8: I Multiplexer, Inverting OSCP General Purpose Oscillator 
1..530 8-lnput NAND Gate LSI53 4: I Multiplexer POR Power On Reset 
LS32 2-lnput OR Gate 1..5157 Quad 2: I Multiplexer PORLC Low Current Power On Reset 
LS37 2-lnput NAND Gate with Buffer 1.5158 Quad 2: I Multiplexer, Inverting VCMI Voltage Reference (50uA) 
LS40 4-lnput NAND Gate with Buller LS253 4: I Multipi<'xer, 3-State Output VCM2 Voltage Reference (I00uA) 
LS51A 2-Wide, 2-lnput AND-OR-Invert LS352 4:1 Multipi<'xer, Inverting VCM3 Voltage Reference (200uA) 

Gate LS353 4:1 Multipi<,xer, 3-State, Inverting OPAMP General Purpose Operational 
LS51B 2-Wide, 3-lnput AND-OR-Invert MUX2TOI 2:1 Multipi<'xer Cell Amplifier 

Gate COMP05 High Speed Low Power 
LS54 4-Wide, 2-lnput & 3-lnput Comparator 

AND· OR-Invert Gate COUNTER CELLS COMPG General Purpose Comparator 
LS55 2-Wide, 4-lnput AND-OR-Invert LSI63 4-Bit Synchronous Binary 

Gate Counter PAD CELLS LS64 4-2-3-2 Input AND-OR-Invert LSI69 4·Bit Synchronous Binarv 
Gate Up'Down Counter - INPD Input PAD 

LS86 2-lnput Exclusive OR (XOR) IODPD48 48mA Input/Open-Drain Output 
Gate Pad 

LSI33 13-lnput NAND Gate DECODER/ENCODER CELLS IOPD2S 2mA Split PChannel I/O PAD 
LSI34 12-lnput NAND Gate with LSI38 3:8 Decod,'r with Enable 10£'D4 4mA Input/Output PAD 

3-State Output LSI39 2:4 Decod", with Enable IOPD4S 4mA Split P-Channel I/O PAD 
LS260 5-lnput NOR Gate LSI48 8:3 Priority Encoder 10PDB 8mA Input/Output PAD 
1..5266 2-lnput Exclusive NOR (XNOR) IOPDI6 16mA I/O Pad 

Gate IOPD24 24mA I/O Pad 
COMPARATOR CELL IPPD4 Input PAD with 400uA Pullup 

LS85 4-Bit Magnitude Comparator 
IPPD8 Input PAD with 800uA Pullup 
ODPD4 4mA 5V Open-Drain Output PAD 

BUFFER CELLS 
ODPD8 8mA 5V Open-Drain Output PAD 

ARITHMETIC OPERATOR CELL ODPDI6 16mA 5V Open-Drain Output 
LSI25 Non-Inverting 3-State Buller Pad 

1..583 4Bit Full Adder LSI26 Non-Inverting 3-State Buffer 
LS283 4Bit Full Adder 

ODPD48 48mA 5V Open-Drain Output 
LS240 Inverting 3-State Buller 

LSI83 Full Adder 
Pad 

LS242 Inverting Transceiver ONPD4 4mA 7V Open-Drain Output PAD 
LS243 Non-Inverting Transceiver ONPD8 8mA 7V Open-Drain Output PAD 
LS244 Non-Inverting 3-State Buffer PARITY GENERATOR CELL OPD4 4mA Output PAD 
LS245 Octal Non-Inverting Transceiver OPD8 8mA Output PAD 
LS265A I-Input, Dual Complimentary LSI80 9-Bit Odd/Even Paritv Checker OPDI6 16mA Output Pad 

Output Gate OPD24 24mA Output Pact 
LS265B 2-lnput AND Gate 

GATE CELLS OPPD4 4mA 3-State Output PAD 
w/Complimentary Dual Output OPPDB BmA 3-State Output PAD 

LS365 Hex Non-Inverting 3-State Buller ANDB 8 Input Af\iD Gate PU30 P-Channel Pullup 
LS366 Hex Invertin~ 3-State Buffer AOl211 2-1-1 AND OR-Invert PD30 N-Channel Pulldown 
LS367 Quad Non-Inverting 3-State AOl22 2·2 AND-OR-Invert 

Buffer AOl31 3-1 AND-OR-Invert 
SUPERCELLS "': LS368 Quad Inverting 3-State Buffer EXNOR Exclusive :-JOR Gate 

EXOR Exclusive OR Gate UART Tool-Kit UART Building Cell-Set 
HBUF High Drive Buffer Manchester EncoderiDecoder 
HBUFL Large Higll Drive Buffer SuperCell'" 
MBUF Medium Drive Buffer RTC SuperCell '" Real Time Clock 

SHIFT REGISTER CELLS INBUF Input Buffer PCKBRD PC Keyboard Interface 
LS95 4-Bit Parallel I/O, Serial Input INV Inverter SuperCell'" Controller 

Left/Right SR INV310UTINV High Drive INV/Output Buffer SCSI SuperCell '" SCSI Interface Controller 
LSI64 8-Bit Parallel Output. Serial OUTINVL Large Inverting High Drive TWINAX 5250 Interface Controller 

Input SR Output Buller SuperCell'" 
w/Clear 10BUF InpullOutput Buffer 8250 SuperCell ,,, UART 

l.S166 8-Bit Parallel/Serial Input. 10BUFL Large I/O Buffer 8259 SuperCell '" Prog. Interrupt Controller 
Serial Output SR Clear DLYCEL Delay Cell B254 SuperCell '" Programmable Interval 

LSI78 4-Bit Universal Shift Register NAN2 2 Input NAND Gate Timer 
LSI79 4-Bit Universal SR with Async. NAN3 3 Input NAND Gate 6815 SuperCell '" CRT Controller 

Clear NAN4 4 Input NAND Gate 8237 SuperCell '" DMA Controller 
LSI91 4-Bit Bidirectional Universal SR NAN5 5 Input NAND Gate TIMER SuperCell '" Master Timer 

w/Clear NOR2 2 Input NOR Gate FDDS SuperCell ,,, Data Separator 
LSI95 4-Bit Parallel Input/Output SR NOR3 3 Input NOR Gate 65CX02 65C02 Core 

w/Clear NOR4 4 Input NOR Gate SuperCell'" Microprocessor 
LSI98 8-Bit Bidirectional Universal SR ORB 8 Input OR Gate RAM SuperCell ,,, Modular RAM (512 

w/Clear 01(122 2-2 OR-AND-Invert bits/block) 
LS295 4-Bit Universal Shift Register OAI31 3-1 OR-AND-Invert ROM SuperCell'" Modular ROM (512 
LS395 4-Bit Universal SR w/Async. INVT Inverting 3-State Driver bits/block) 

Clear, 3-State Outputs TBUF Non-Inverting 3-State Driver VCO SuperCell ,,, Voltage Controlled 
Oscillator 

LATCH & FLIP-FLOP CELLS 555 SuperCell '" 555 Timer 
DTMF 5uperCeil '" DTMF Tone Generator 

CCND Cross Coupled NAND Latch ATOD SuperCell '" 8-Bit Analog to Digital 
FLIP-FLOP CELLS CCNR Cross Coupled NOR Latch Converter 
LS73 J-K Flip Flop with Clear DFF D Flip Flop 
LS74A D Flip Flop with Set & Reset DFFR D Flip Flop with Reset 
LS76A J-K Flip Flop DFFRS D Flip Flop w/Sct & Reset 
LSI74 Hex D Flip-Flop with Direct JKFF JK Flip Flop 

STANDARD MICROSYSTEMS Clear LAT Transparent Latch 
LSI75 Quad D Flip-Flop with Direct LATBUF 3- Stateable Transparent Latch CORPORATION Clear LATR Transparent Latch with Reset 
LS374 Octal D Flip-Flop with 3-State SRBN Shi ft Register 

Output UDC UpiDown Counter 
LS377 Octal D Flip Flop PCL2 Two Phase Clock (1 .\1,HCU'" Boull'\'ard. Il;UIPPdlJ!.W ,"iT" II/XX (;"i\(il:(i':{-:{100 

IBM'" is a registered trademark 01 the International Business Machines Corp., VIEW!~~iC ,. is a registered trademark of Viewlo~ic Corp., IJAISY'",Js a registered trademark of Daisy Systems 

~g~p~e';;;t~~%a~~~t~~~i~ ~r~~i~;:'~ t[~a~~';;,a;~k ~f ~~m~~~~~p~;,CtTbo:~Mi:~t a l:e~i~~:;~~e\~~d~~a~r~\ks?1nVt~~~ ~~~~sJ:t~;;';: t~~P:~AN~tr,~~I~~~~ig~d'~~ST~~8Nt\~~ 
STAN NET'" ,STANsIM'", STANTIME", sTANCOMP'", sTANWIRE'~ and superCell" are trademarks of Standard Microsystems Corp., GenRad" is a trademark of GenRad Inc., Workview'" 
is a trademark of Viewlogic Corp. 
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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. 

1.0 Scope 
The measures taken by SMC® to produce reliable 
integrated circuits and the assembly/screening options 
avanable 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. 
screen i ng, test and characterization, qual ity mon itori ng, 
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, 
accept/reject criteria and test methods used in quality 
audits. 

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. 

3.5 Quality 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: 

Calibration System Requirements 
Inspection System Requirements 
General Specification for Microcircuits 
Packa~ing of Microcircuits 
Sampling Procedures and Tables for 

Inspection by Attributes 
MIL-STD-883 Test Methods and Procedures for 

Microelectronics 

MIL-C-45662 
MIL-I-45208 
MIL-M-38510 
MIL-M-55565 
MIL-STD-105 

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 
(PDIPl, Small Outline Integrated Circuit (SOIC), and 
Plastic Leaded Chip Carrier (PLCC) Packages. 
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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. 

5.1.1 Internal Visual 
Both die visual and preseal visual inspections are to the 
criteria of Method 201 0, Condition B of MIL-STD-883. An 
AQL audit is performed on each lot by Quality Control. 

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

5.1 .3 Temperature Cycling 
All parts are subjected to 10 cycles of -65°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. 

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

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

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

5.1 .8 Final Electrical Test 
Verifies functional and parametric performance to the 
device specifications. 

5.1 .9 Final Visual Inspection 
All parts are inspected to Method 2009 of MIL-STD-883. 

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

5.2.1 Standard Die and Preseal Visual Inspections 
(AC-04, AC-08, AD-98, AD-90, AP-98, AP-92, QC-32, 
QC-33). 

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. 

5.2.2 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. 

5.2.4 Hermeticity (AC-11, AD-84) 
This screen includes fine and gross leak testing to SMC® 
equivalent 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 
GenRadn

• test systems. 

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

7.0 Purchased Material 
Manufacturing materials are purchased from qualified 
vendors to SMC® procurement 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 
in~pection, document control, processing returned ma
terial and certification of compliance to specification. 

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

8.2 In-process Audits 
QC performs an on-going monitoring of wafer 
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 desi9n, 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 reliability of existing processes on applicable 
sections of the SMC® Quality Conformance Test. 

9.2 Quality Conformance Test 
Samples of finished product are tested periodically to the 
criteria of QA-01 (see Table 1). This test sequence 
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 qnd 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 Scannin~ 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 mgistered trademark of Standard Microsystems Corporation. 
Sentry'" is a registered trademark of Schlumberger, limited. 
ACCUTESP' is a registered trademark of General Aircraft Corporation. 
Megatest'" is a trademark of Megatest Corporation. 
GenRad" is a trademark of GenRad, Incorporated. 

DATE CODE INTERPRETATION 

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 I 
integrated circuit and on packaging 10 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 usin~ 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. 

A 88 41 M 

optional traceability index ----'::T-' 'T J J 
the last two digits of the number of year -.J 

the calendar week of the year 

optional identification suffix 

PIN 1 
INDICATION 

(DEVICE TYPE) 
SMC (DATE CODE) 

TOP MARKING 

BI = BURN-IN (ADDED WHEN APPROPRIATE) 
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ASSEMBLY LOCATION 
(IF OTHER THAN U.S.A.) 

BOTTOM MARKING 



TABLE 1-QA-01 QUALITY CONFORMANCE 

ROUTINE MONITOR (REFERENCE MIL-STD-883, METHOD 5005, GROUP B) 
,.-----

SMC® Test MIL-STO-883 acce~t no. or Frequency 
Test Method Method Condition L PO Package Type 

~-

Subgrou~ 
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 temperature of Solderability QC-15 2003 10 every 245°C ± 5° C shipment 

~bgroup4 
Internal QC-33 2014 Failure criteria from design 

1 device every and construction visual and requirements of applicable (no failures) shipment 
mechanical 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 

(1 failure) 
Subgroup 7 

Seal AC-11 1014 As applicable 5 every 
(a) Fine shipment 

;---_ (b) Gross all hermetic 1 

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-STO-883 accept no. or Package 
Test Method Method Condition LTPO 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 

I--~-
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 1 

Y1, orientation only 
Seal 1014 As applicable 

(a) Fine AC-11 
(b) Gross 

Visual examination QC-22 
End-point electrical Final test As specified in the 

parameters applicable device 

'--------
specification 
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PACKAGE RELATED (REFERENCE MIL-STD-883, METHOD 5005, GROUP D) 

SMC® MIL-STO-883 acce~t no. or 
Test Method Method Condition L PO 

Subgro~ 
Physical dimensions 2016 15 

Subgroup 2 
Lead integrity Q.C-19 2004 Test condition B2 (lead 15 

Seal 
(a) Fine 
(b) Gross 

AC-11 1014 
fatigue) 
As applicable 

Lid torque 2024 As applicable 
Subgroup 3 

Thermal shock 1011 Test condition B, 15 cycles 15 
Temperature cycling AC-15 1010 Test condition C, 100 

Moisture resistance 1004 
cycles 

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 

frequency 
Constant acceleration AC-16 2001 Test condition E minimum, 

Y, orientation only 
Seal AC-11 

(a) Fine 
1014 As applicable 

(b) Gross 
Visual examination 
End-point electrical As specified in the 

parameters applicable device 
speCification 

Subgro~ 
Salt atmosphere 1009 Test condition A minimum 15 
Seal AC-11 1014 As applicable 

(al 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 100DC (no failures) 
or 5 devices 

(1 failure) 
Subgro':!£.2.. 

Adhesion of lead finish 2025 15 
Subgro~ 

Lid Torque 2024 5 devices 
(no failures) 

Subgrol!QJL 
Humid Environment QA-04 1000 hours 85DC/85% 15 

End-point electrical Final test 
Relative Humidity 

parameters 
--

Subgro~ 
Autoclave (Pressure QA-05 96 hours at 2 atm, 121 DC 5 

Cooker) 
End-point electrical Final test 

parameters 
SubgroldQJj 

Temperature Cycling AC-15 1010 Test Condition C, 15 

End-point electrical Final test 
100 cycles 

parameters --
1 Hermetic packages include ceramic and cerdip, 
2 Packages having gold plating thicknesses of 200 microinches or less are not required to pass subgroups 3 and 5, 
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Package 
Type 

-

all 
_ ... ---.----

all I 
all hermetic 1 

cerdip only 

all hermetic1
,2 

--

all hermetic 

--

all hermetic1
,2 

all hermetic 1 

all --

ce_r.QiQ..___ _ 

plastic 

--

plastic 

-~ ---- --

plastic 

-



PACKAGE ASSEMBLY FLOW DIAGRAMS 

PLASTIC (NOTE 1) 

WAFER LOT ACCEPTANCE 

WAFER PROBE 

.--___ A_P_-9_9_S_

A:ERE 

PLA::_97 LEAD FRAME INSPECTION 

AP-98 SECOND OPTICAL DIE VISUAL 

AP-79 DIE ATTACH AP-96 DIE ATTACH ~ 

AP-95 DIE SHEAR TEST 

AP-93 WIRE j-'ULL TEST 

AP-91 MOLD COMPOUND INSPECTION 

AP-90MOLD 

AP-87 BACK-SIDE MARK 

AP-90 POST MOLD CURE 

AP-89 TRIM/FORM 

AP-88 SOLDER DIP/SOLDER PLATE 

AP-87 MARK 

OPEN/SHORT TEST 

AP-86 EXTERNAL VISUAL 

PI-01 INCOMING INSPECTION ==oJ 
QC-21 MARKING PERMANENCE 

FINAL ELECTRICAL TEST---] 

PACK 

PI-02 OUTGOING INSPECTION 

QC-22 QUALITY CONTROL AUDIT 

SHIP J 

CERDIP (NOTE 1) 

WAFER LOT ACCEPTANCE 1 
WAFER PROBE ] 

AD-99 SAW/FRACTURE/DIE PLATE 1 
r----i AD-97 LEAD FRAME INSPECTION 

r----i AD-96 BASE/CAP INSPECTION 

AD-98 SECOND OPTICAL DIE VISUAL I 
AD-95 LEAD FRAME ATTACH I 

AD-94 DIE ATTACH 1 

f---1 AD-93 DIE SHEAR TEST 

AD-92 ALUMINUM WIRE BOND 1 
f---1 AD-91 WIRE PULL TEST 

AD-90 THIRD OPTICAL PRE-SEAL VISUAL I 

AD-89 SEAL 1 
AD-87 MARK I 

AD-86 TEMP CYCLE TEST I 

AD-85 CONSTANT ACCELERATION TEST 1 
AD-84 HERMETICITY TEST 1 
AD-88 TIN/SOLDER PLATE J 

AD-83 TRIM J 
AD-82 EXTERNAL VISUAL I 

I 

I 

I 

~~====P;I=-O=1=IN~C=O~M~IN~G~IN=S=PE=C=T=IO=N====~1 
~L-__ ~Q~C-~15~SO~L=D~E~R~A=B~IL~IT~Y~A~U=D~IT~ __ ~1 

~ QC-21 MARKING PERMANENCE I 
FINAL ELECTRICAL TEST ] 

PACK 1 
~L-_-=Q~C-~2~2~Q~U~A~LI~TY~C~O~N~TR~O~L~A~U~D~I~T __ ~1 

SHIP l 

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 

C WAFER LOT ACCEPTANCE 

C WAFER PROBE 

c== AC-14 SAW 

c== AC-02 BREAK 

c== AC-03 DIE PLATE 

c== AC-04 STD DIE VISUAL 

QC-32 01 E INSPECTION AUDIT 

c== AC-05 DIE ATTACH 

I AC-06-AL WIRE BOND AC-07-AU WIRE BOND 

~C-08 PRE-SEAL VISUAL INSP 

c== QC-33 PRE-SEAL AUDIT 

c== AC-09 SEAL 

c== AC-10 MARK 

I AC-15 TEMP CYCLE -65/+150°C 10CY 

~16 CONST ACCEL Y1-30,000 G 

c== AC-11 HERMETICITY 

c== AC-12 TRIM 

c== FINAL TEST 

c== PACK 

~-02 OUTGOING INSPECTION 

r--- SHIP 
~---------' 

35 

HI REL AVAILABLE 
ON ALL HERMETIC PACKAGES 

WAFER LOT ACCEPTANCE 

WAFER PROBE 

AC-14 SAW 

AC-02 BREAK 

AC-03 DIE PLATE 

AC-18 HI REL VISUAL 
METHOD 2010 CONDo 8 

QC DIE VISUAL AUDIT 
METHOD 2010 CONDo B 

AC-05 DIE ATTACH 

METHOD 2019 
DIE SHEAR STRENGTH 

AC·06·AL WIRE BOND AC-07-AU WIRE BOND 

METHOD 2011 BOND STRENGTH 

AC·18 HI REL VISUAL 
METHOD 2010 CONDo B 

PRE·SEAL VISUAL AUDIT 
METHOD 2010 CONDo B 

AC-09 SEAL 

AC·10 MARK 

METHOD 1008 STABILIZATION BAKE 

METHOD 1010 CONDo C 
TEMP CYCLE 

METHOD 2001 CONDo E 
CONSTANT ACCELERATON 

METHOD 1014 SEAL 
(HERMETICITY) 

AC-12 TRIM 

PRE·BURN·IN TEST 

METHOD 1015 BURN·IN 

FINAL TEST 

PACK 

METHOD 2009 
EXTERNAL VISUAL 

PI·02 OUTGOING INSPECTION 

SHIP 
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~ Data Communication Products 
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~ Data Oommunication ProductScoll1T. 

(2)For future release 

Hlghlmpeda,nce 'li'ansCeiverfor Looal 
Area,1{etworks for I) e~ation at 5MHz 
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STANDARD MICROSVSTEMS 
CORPORATION COM 1553A 

JLPC FAMILY 

MIL-STD-1553A "SMART®" 

FEATURES 
o Support of MIL-STD-1553A 
o Operates as a: Remote Terminal Responding 

Bus Controller Initiating 
o Performs Parallel to Serial Conversion when 

Transmitting . 
o Performs Serial to Parallel Conversion when 

Receiving 
o Compatible with HD-15531 Manchester Encoder/ 

Decoder 
o All Inputs and Outputs are TTL Compatible 
o Single +5 Volt Supply 
o COPLAMOS® N Channel MOS Technology 
o Available in PC Board Form from Grumman 

Aerospace Corporation 

PIN CONFIGURATION 

·0 MSG FLG 1 40 GNO 

o WRO FLG 2 39 SOCST 

IVWF 3 38Vcc 

OTA AVL 4 37 A01 

RCV INT 5 36 A02 

fXil\ft 6 35 A03 

CMO SYN 7 34 A04 

OTA SYN 8 33 ADS 

RCV NRZ 9 32 ROE 

SWE 10 3107 

paR 11 30 D6 

iii 12 2905 

RCV CLK 13 2804 

VW 14 2703 

SEND DATA 15 2602 

OTA RQST 16 2501 

MSG COMPLT 17 2400 

TX ENA 18 23 TOE 

TX CLK 19 22 TX MODE 

XMIT NRZ 20 21 Be 

PACKAGE: 40-pin D.I.P. 

GENERAL DESCRIPTION 

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

The COM 1553A 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 I/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 "I 553A, 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. 

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

CORPOR l\T11'\1U applications: consequently complete information sufficient for construction purposes is not necessarily given. 
1'\1 IVI" The information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 

35-.."" . .........,.."Y1I788 assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the 
15161273311)0· !WX 510 2278898 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 ana supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION COM15538 

J,LPC FAMILY 
PRELIMINARY 

MIL-STD-15538 "SMART®" 

FEATURES 

o Support of MIL-STD-1553B 
o Operates as both Remote 

Terminal and Bus Controller 

PIN CONFIGURATION 

o Manchester II Serial Biphase 
Input/Output 

o 16 bit Microprocessor 
compatible 

IU/B rl~ I~ Ie ~ (!j 8 Q ffi tJ ~ IUI:E ClUOCIll>Z>UCl::E_ 

09 40 08 

010 39 GNO 

011 3 38 MANOUT 

o Command/Data Sync 
Detection/Identification 

CSTRA 
MANOUT 
MANOUT 

GND 

D8 
N/C 

~9 38 373635343332 31 30 29 012 37 MANOUT 

RiW 013 36 CSTRA 

o Automatic Command 
Response Generation 

o On-Chip Address Recognition 
o Error Detection For: 

Sync Errors 
Parity Errors 
Word Count Errors 
Bit Count Errors 

40 
41 
42 
43 
44 

6 

28 
27 VC 
26 WE 
25 Vee 
24 D7 
23 N/C 
22 D6 
21 D5 
20 D. 
19 D3 
18 

014 6 35 ~ 

015 34 C/D 

TXMOOE 33 RT/BC 

POR 9 32 BGACK 

12MHzCLK 10 31 VOO 

MAN IN 11 30 VBB 

MANIN 12 29 CSTR 

MCF 13 28 OTACK 

00 14 27 Me 
01 15 26 iM 

Invalid Manchester Code 
Incorrect Address 

7 8 91011121314151617 
D2 

02 16 25 R/W 

03 17 24 VC 

Incorrect Bus Response Time 
o TTL Compatible 

;': :'? UJIOC N ulZ Z LL 0 - 04 18 23 WE ClCl8~~zZZ~ClCl 
~ ~ :§:§ 05 19 22 Vee 

06 20 21 07 
I-o Recognizes Mode Codes and 

Broadcast Commands 
o Provides DMA handshaking 

signals 

PACKAGE: 44-pin LCC PACKAGE: 40-pin D.I.P. 

o COPLAMOS® n-Channel 
MOS Technology 

GENERAL DESCRIPTION 

The COM1553B SMART® (Synchronous Mode Avionic 
Receiver-Transmitter) is a 40-pin COPLAMOS® n-Channel 
MOSIVLSI 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 II 
biphase encoded data from a 1553B bus receiver and con
verts it to 16 bit parallel data. When receiving Manchester 
II data, the COM 1553B 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 II 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 COM 1553B 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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~ 
I\) 

+5VDC~ Vee 

I 
t12VDC,Vdd 

- 5 VDC --..J Vbb 

I 
1 
I 
I 
1 
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TXMODE _I 

MANIN 

MANIN 

MANOUT 

MANOUT _I 

I 
I 
I 

MANCHESTER 
ENCODER 
DECODER 
& 
HIGH SPEED 
ERROR 
CHECKING 
LOGIC 

DATA -READY 

6 BIT 
COUNTER 
RESPONSE 
TIMER 

5 BIT 
WORD COUNTER 
& MODE 
DECODE 

16 BIT 
BIDIR 
BUFFER 

16 BIT 
DATA BUS 

I-......I.--,r---..... _ R iN 

~--+---I.~WE 

1---1t---~'~ CSTRA 

~~gJENCE I • INVALID MSG 
LOGIC 

~--+---I.~ C/O 

~---,--.... ~ VC 

I----I--.... ~ DTR 

~--+---I .. ~ Me 

I... RTBC 

1 • CSTR 

I _ ~ICLK 12MHz~ 

I POR, 
GND---1 

LOGIC 1 • BGACK 

'---_---'I • DTACK 

I __ _ L _______ _ 

FUNCTIONAL BLOCK DIAGRAM 



DESCRIPTION OF PIN FUNCTIONS 

-. ~ ----. _.-

PIN NO. NAME SYMBOL FUNCTION 
1-7,14-21, 16-bit Data Bus DO-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 12MHz 12 MHz clock input. 

ClK 
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 (alii's or all D's in subad-
Flag dress) has been detected. 

I 
--

22 Power Supply VCC + 5 volts DC supply. 
23 Write Enable WE Output signal. When low, WE indicates that the data on the 16 bit data bus is sta-

ble and can be written into the external memory. 
24 Valid Command VC Output signal that is pulsed high to signify the reception of a valid command. 
25 Read/Write R/W Output signal that indicates whether a DMA transaction is a COM1553B read 

(when high) or a write (when low) orsration. 
--------

26 Invalid 1M Output signal which is pulsed low at the same time as MC to indicate that a mes-
Message sage error has occurred. 

1M is also pulsed low while MC remains high if there are errors in the Command 
word with matching address. 

27 Message 
Complete 

MC Output signal used as either an interrupt or flag to the processor whenever a 
COM1553B transaction has been completed. 

?-8 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 ACknowled8e and initiates a memory read cycle to 
load the Command Control Code bits B2-CBO. 

----~ --
3D Power Supply VBB - 5 volts DC supply voltage. 

-------

31 Power Supply VDD + 12 volts DC supply. 
:32 Bus Grant BGACK This input signal, when low, indicates that the processor has acknowledged DTR 

Acknowledge and relinquished the data bus. 
- -

33 Remote RT/BC When thislnRut is high the COM1553B operates as a Remote Terminal. 
Terminal/Bus 
Controller 

When RT/BC is low, the COM1553B operates as a Bus 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 c;Q'!l.2!.Eltecj .. __ 

:35 Data Transfer 
Request 

DTR Output signal that initiates a DMA transfer with the processor. 

36 Command CSTRA This output pulse acknowledges the receipt of the command strobe and initiates 
Strobe the Command Control Code (CB2-CBO) transfer. 
Acknowledge 

.---- --"--

37 Complementary MANOUT This output signal is high when the COM1553B is not transmitting. 
Manchester A low level indicates that output data is in a positive state (refer to driver 
Output waveform, figure 4). 

38 Manchester MAN OUT 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 IDecoder 
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 1M 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 II and appends, depending on 
word type, the proper sync and parity. 

State Sequencer Logic 
The State Sequencer section generates the appropriate 

signals to various internal sections to control the overall 
device operation. 

Inputs'to the State Sequencer which establish its oper
ational modes are as follows: 
Remote Terminal/Bus Controller (RT/BC) 

Determines whether the data terminal is operating as 
a Remote Terminal or as a Bus Controller. As a result of 
Dynamic Bus Allocation, any terminal shall be capable of 
performing either function at different times. 
Command Control Code bits 02-00 (CB2-CBO) 

These Command Control Code bits determine the type 
of memory operation the COM1553B will execute. Transfer 
of these commands to the COM1553B are initiated by 
asserting Strobe Command (CSTR) low. This informs the 
COM1553B that a command is available in external mem
ory. When the COM1553B acknowledges the CSTR signal, 
it sets the CSTRA output low. The CSTR must be reset within 
1.5 /-LS after CSTRA. The COM1553B then initiates a mem
oryread cycle by setting R/W high, C/O low, and DATA 
TRANSFER REQUEST (bTR) low. When the Command 
Control Code bits are valid on the bidirectional data bus (02-

READ/WRITE (R/W).J 

WRITE ENABLE (WE)..J 

DO), 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 COM 1553B 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 set in the error register 
at the end of a message (Refer to Error register). 

Contiguous Word 
Set if there is a transition 2 /-Ls. 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). 

DATA TRANSFER REQUEST (OTR) ____ ....., 
LOW UNTIL !:mACK RECOGNIZED I 

DTACK 
SOME DELAY OF MS INDICATES DATA VALID 

COMMAND STROBE (CSTR) ----, ... _--:.:H,:,OL::.:D:.,.;CSfR=..:.T:..:.R .::.U:..:.NT:.:.:IL:..;C::.:S::...:.iF~RA~_~ 
MEMORY STROBE (MS) --------, r-- ----

COMMAND STROBE '--__ ~H~O~LD:..;D~A~T~A_~UN~T~IL~L~A~TC~H~E~D __ ~! 
ACKNOWLEDGE (CSTRA) 

BUS GRANT ACKNOWLEDGE (BGACK) 
HOLD BUS UNTIL DMA COMPLETE 

DATA < CONTROL BiTS CB2. CS1. cso 
COMMAND/DATA (C/O) 

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 II Code 
One or more words have been received with a missing 

transition during the 17 j.Ls. data and parity bit time. 

Information Field Greater Than 16 Bits 
The decoder has detected a transition within one bit time 

(1 j.Ls.) 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 Code-s 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, thEm the receive message is considered incomplete 
(e.g., fewer words were received than indicated by the word 
count in the Command word). If the contents of the word 
counter are zero and there is a transition detected 2 j.Ls. 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 (1M) ou~ 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 j.Ls. If the response 
is greater than 14 j.Ls. the response error bit is set in the 
error register. 

Address Mismatch 
An address mismatch occurs when a Bus Controller 

detects a mismatch between the address of the Status Word 
reply from a Remote Terminal and the Remote Terminal 
address of the Command. 

Internal Register Description 
Remote Terminal Address And Status Code Register 

This register is loaded when the processor issues a load I 
Remote Terminal Address (RTA) command. The word that 
is loaded in this register consists of 9 bits of status infor- -
mation (00-08) and the 5-bit address (011-015). 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 Termina\. 

Table 1 defines the data bus bits which correspond to the 
Remote Terminal Address and Status Code register and 
Status-Word that transmitted. Bits 00,02,03 and 08 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, 02, 03, and 05-09 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 0 15 0 14 0 13 0 12 0 11 0 10 0 9 Os 0 7 0 6 0 5 D4 0 3 O2 0 1 Do FUNCTION 
--- ---

x x x x x x x x x X 1 1 X READ DATA X X X X REGISTER 
--~----- ---

LOAD RT ADDRESS 

X X X X X X X X X 1 0 X REGISTER AND X X X X X STATUS CODE 
REGISTER 

--1----------- --

X X X X X X X X X X X X X X 0 0 0 READ LAST CMD 
-1------ ----- ----- -----------------

READ ERROR AND 

X X X X X X X X X X 0 0 1 REMOTE TERMINAL X X X X ADDRESS 
REGISTERS 

-------

X X X X X X X X X 0 1 0 BUS CONTROLLER 0 X X X X TRANSMISSION 
-""---

X X X X X X X X X 0 1 1 BUS CONTROLLER 0 X X X X 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 

015 (MSB) RTA Bit 4 (MSB) - RTA Bit 4 (MSB) 
014 RTA Bit 3 - RTABit3 
013 RTA Bit 2 - RTA Bit2 
012 RTA Bit 1 - RTA Bit 1 
011 RTA Bit 0 (LSB) - RTA Bit 0 (LSB) 
010 Not used Any Error Message Error 
09 Instrumentation Bit - Instrumentation 
08 Service Request Bit - Service Request 
07 Reserved - Reserved 
06 Reserved - Reserved 
05 Reserved - Reserved 
04 Not Used Broadcast Flag Broadcast Flag 
03 Busy - Busy 
02 Subsystem Flag Bit - Subsystem Flag 
01 Dynamic Bus Control Dynamic Bus Mode Code Dynamic Bus Control Bit 

Acceptance Enable Bit 
(See Note) 

command 

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-bit error register is provided in the COM1553Bto hold 
any errors associated with the previous message. If one 
or more of the 7 error types exists, the COM 1553B asserts 
the Invalid Message output pin (1M) 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 
LINE 

015 
014 
013 
012 
011 
010 
09 
08 
07 
06 
05 
04 
03 
02 
01 
00 

*Unused bits are set high. 
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ERROR BIT 
DEFINITION 

RT Address Bit 4 
RT Address Bit 3 
RT Address Bit 2 
RT Address Bit 1 
RT Address Bit 0 
Unused 
Improper Sync 
Address Mismatch Error 
Improper Word Count 
Response Time Error 
Information Field> 16 Bits 
Unused 
Invalid Manchester II 
Parity Error 
Unused 
Unused 



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 (05-09) 
and Data Word Count/Mode Code (00-04) 

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. 

Illegal Broadcast Commands are not acknowledged; the 
1M 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 
CMDWD but not transmitted ones as Broadcast 

Mode Codes All zeros or Mode Code MSB of Word Count Word Count 
ones in sub- Decode Logic o = No data Word is Decoded 
address field 1 = With Data Word as mode code 
ofCMD WD 

(1) Dynamic Word Count Dynamic Bus Accept 
Bus Field = 00000 Bit of Status word 
Control enabled for 

transmission 
(2) Transmit Word Count Status Word remains 

Last Field = 00010 unchanged 
Status 
Word 

(3) Inhibit Word Count Terminal Flag Bit of 
Terminal Field = 00110 Status word inhibited 
Flag Bit until overriden 

(4) Override Word Count Removes Inhibit from 
Inhibit Field = 00111 Terminal Flag Bit of 
Terminal Status Word 
Flag Bit 

(5) Transmit Word Count Status Word 
Last Field = 10010 Transmitted followed 
Command by Last Command 

Register. Status Word 
remains unchanged. 
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OPERATION 

When operating as either a Bus Controller or Remote 
Terminal, the COM1553B decodes the Command Word and 
determines the type of message transfer. Having deter
mined the type of message transfer, the COM1553B 
generates the proper control and timing signals to com
plete the transfer (refer to Figure 2). The types of messages 
are listed below: 

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

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

10) Broadcast Mode Code with data 

Bus Controller Transaction (RT/Be 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 M IL-STD-1553B serial bus activity is initi
ated by the Bus Controller. 

Bus Controller-to-Remote Terminal Transfer (BC to Rn 
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 

I/O 

o i5'fR 

o c/o - ___ -+ ________ ..... 

o RIW 

BGACK ----.I 

o WE 

DATA BUS 

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 j-Ls. 

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

LOW UNTIL ffiCR 

COMMAND WRITE TO MEMORY DATA WRITE TO MEMORY DATA READ FROM MEMORY 

FIGURE 2 
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TABLE 3 
BC to RT (The BC transmits a receive 

command to the RT) 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 XXX2H READ* 
2 RECEIVE READ 

COMMAND 
3 DATA READ 

DATA READ 

· DATA READ 
34 DATA READ 

** 
35 STATUS WRITE 

*reads command control code bits CB2-CBO 
** response time 

X = don't care 

Remote Terminal Transfer to Bus Controller 
This message format covers transactions where the Bus 

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

TABLE 4 
BC to RT (The BC transmits a Transmit 

Command to an RT) 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 XXX2H READ* 
2 TRANSMIT READ 

COMMAND 
** 

3 STATUS WRITE 
4 DATA WRITE 

· DATA WRITE 

· DATA WRITE 
35 DATA WRITE 

*reads command control code bits CB2-CBO 
**response time 

X = don't care 

RT-to-RT Transfer 
In this message format, the Bus Controller first issues a 

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

MEMORY 
ADDRESS 

1 
2 

3 

4 

5 . . 
36 

37 

TABLE 5 
RTto RT 

MEMORY 
CONTENTS 

XXX3H 

RECEIVE 
COMMAND 
TRANSMIT 
COMMAND 

STATUS 
(transmitting 
RT) 
DATA 
DATA 
DATA 
DATA 

** 
STATUS 
(receiving RT) 

COM1553B 
MEMORY 

OPERATION 
--

READ* 
READ 

READ 

WRITE 

WRITE 
WRITE 
WRITE 
WRITE 

WRITE 

._-----

*reads command control code bits CB2-CBO 
** response time 
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X = don'rcare 

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 XXX2H READ* 
2 COMMAND READ 

** 
3 STATUS WRITE -----..•. --.-

*reads command control code bits CB2-CBO 
**response time 

X = don't care 
Mode Command with Data 
(BC receives a singie 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 XXX2H READ* 
2 COMMAND READ 

** 
3 STATUS WRITE 
4 DATA WRITE 

*reads command control code bits CB2-CBO 
**response time 

X = don't care 

--

---



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. 

TABLE 8 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 XXX2H READ* 
2 COMMAND READ 
3 DATA READ 

** 
4 STATUS WRITE 

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

Bus Controller (Broadcast) to Remote Terminal Transfer 
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 XXX2H READ* 
2 RECEIVE READ 

COMMAND 
3 DATA READ . DATA READ . DATA READ 
34 DATA READ 

*reads command control code bits CB2-CBO 
**response time 

X = don't care 

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 10 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 XXX3H READ* 
2 RECEIVE READ 

COMMAND 
3 TRANSMIT READ 

COMMAND 
** 

4 STATUS WRITE 
5 DATA WRITE . DATA WRITE . DATA WRITE 
36 DATA WRITE 

*reads command control code bits CB2-CBO 
. **response time 

X = don't care 

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

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

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

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

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

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

In this transfer the COM1553B designated as the RT 
receives a command to receive data. As the Command 
Word is completely shifted into the receive shift register, the 
RT compares the Command Word address field with the 
preloaded Remote Terminal address. This determines if the 
message is addressed to the receiving RT. Ifthe Command 
Word is valid, the RT issues a Data Transfer Request (DTR) 
to initiate a memory cycle. Once the processor relinquishes 
control of the data bus, during the Bus Acknowledge 
(BGACK) time, the Command Word is placed on the data 
bus. 
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The Subaddress field is thereafter decoded by external 
logic and the Command word is written into external 
memory. The RT then receives a predetermined number of 
Data Words (specified by the word count field). As each Data 
Word is received it is written into external memory. After the 
reception of the last Data Word the RT transmits the Status 
Word, the Message Error, Broadcast Flag, Terminal Flag, 
Subsystem 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 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 COMMAND WRITE 
2 DATA WRITE 
3 DATA WRITE 

· . WRITE 

· . WRITE 
34 DATA WRITE 

** 
35 STATUS WRITE 
36 LAST WRITE 

COMMAND 
37 ERROR WRITE 

REGISTER 
38 RECEIVE WRITE 

REGISTER 

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

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

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

TABLE 12 
Remote Terminal to Bus Controller 

(RT Transmits Data to BC) 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 COMMAND WRITE 

** 
2 STATUS WRITE 
3 DATA READ 

· DATA READ 

· DATA READ 
34 DATA READ 
35 LAST WRITE 

COMMAND 
36 ERROR WRITE 

REGISTER 
37 RECEIVE WRITE 

REGISTER 

**'response time 

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

fers are similar to the RT to BC receive or transmit data 

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

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

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

TABLE 13 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 COMMAND WRITE 

** 
2 STATUS WRITE 
3 DATA READ* 
4 LAST WRITE 

COMMAND 
5 ERROR WRITE 

REGISTER 
6 RECEIVE WRITE 

REGISTER 

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

** response time 

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

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

TABLE 14 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 COMMAND WRITE 
2 DATA WRITE 

** 
3 STATUS WRITE 
4 LAST WRITE 

COMMAND 
5 ERROR WRITE 

REGISTER 
6 RECEIVE WRITE 

REGISTER 

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

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



MEMORY 
ADDRESS 

1 
2 . . 
32 
33 
34 

35 

TABLE 15 
RT RECEIVE 

MEMORY 
CONTENTS 

COMMAND 
DATA 
DATA 
DATA 
DATA 
STATUS 
LAST 
COMMAND 
ERROR 
REGISTER 

COM1553B 
MEMORY 

OPERATION 

WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE* 
WRITE 

WRITE 

*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. 

MEMORY 
ADDRESS 

1 
2 
3 
4 

5 

TABLE 16 
RT RECEIVE 

MEMORY 
CONTENTS 

COMMAND 
DATA 
STATUS 
LAST 
COMMAND 
ERROR 
REGISTER 

COM1553B 
MEMORY 

OPERATION 

WRITE 
WRITE 
WRITE* 
WRITE 

WRITE 

*In all broadcast transfers, a memory cycle is shown for 
the Status Word but the RT does not transmit it on the 
1553B bus. 
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Broadcast Mode Code Command Without Data 
This Mode Code command is detected if the MSB of 

the word count field is zero. This transaction is the same as 
the previous transfer except that there is no Data Word 
transfer. 

TABLE 17 

COM1553B 
MEMORY MEMORY MEMORY 
ADDRESS CONTENTS OPERATION 

1 COMMAND WRITE 
2 STATUS WRITE* 
3 LAST WRITE 

COMMAND 
4 ERROR WRITE 

REGISTER 

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

Broadcast RT to RT Transfer 
For this message transfer a Broadcast Command 

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

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

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



MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ................................................................................ - 55 to + 125°C 
Storage Temperature Range .................................................................................. - 55 to + 150°C 
Lead Temperature (soldering, 10 seconds) ............................................................................ + 325°C 
Positive Voltage on any pin ............................................................................................. + 15V 
Negative Voltage on any pin except VBB, with respect to ground .......................................................... - .3V 

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

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

DC ELECTRICAL CHARACTERISTICS TA = - 55 to 125°C, Vee = 5.0V ± 5%, VDD = 12V ± 5%, VBB = - 5V ± 5% 

PARAMETER 
VIL Input Low Voltage 
VIH Input High Voltage 
VOL Output Low Voltage 
VOH Output High Voltage 
IL Input Leakage Current 
CIN Input Capacitance 
Co Output CapaCitance 
CL Load CapaCitance 
Pw Power Dissipation 
IDD 

lee 
IBB 

AC ELECTRICAL CHARACTERISTICS 

PARAMETER 
clk clock frequency 
t, Clk, rise time 
tf Clk, fall time 
t, DTR and WE 
t2 BGACK to DTR 
t3 WEtoDATA 
t4 DTACK to WE 
t5 DTACK to R/IN 
t6 DTACK to C/O 
t7 CSTR to CSTRA 
ta CSTRA to CSTR 
t9 CSTRA width 
tlO C/O to DATA 
tll CMDtolM 
t'2 1M width 
t'3 VCwidth 
t'4 VCto 1M 
t'5 C/OtoMC 
t,o C/O to 1M 
t'7 C/Oto MC 
t,a C/Oto MC 
t'9 CMD to MCF reset 
t20 CMD to MCF set 
t2, CMDtoVC 
t22 C/O to MCF reset 
t23 C/O to MCF set 

MIN 
-0.3 

3 

2.4 

MIN 

0.5 
0.8 
50 

0 

t24 POR width 2.5 
t25 Receive CMD to DTR 
t26 Transmit CMD to om 

TYP 

4 

10 
10 

100 
0.8 

TYP 
12 
6 
6 
0.6 
1.3 

100 
1.5 
1 
1.5 

500 

MAX 
0.8 

Vee 
0.4 
5 

10 
25 
15 

150 

40 
100 

5 

MAX 

1 
2 

2 
1.5 
2.5 

673 
1.5 

3.25 
500 

1 
1.75 

700 
2.25 

750 
1.25 
3.75 
4.75 
2.75 
1.5 
1 

4.25 
5.75 
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UNITS 
V 
V 
V 
V 

ILA 
pf 
pf 
pf 
W 
mA 
mA 
mA 

UNITS 
MHz 
ns 
ns 
ILS 
ILs 
ns 
ILS 
ILs 
ILS 
ILs 
ILs 
ns 

ILS 
ns 
ILs 
ILs 
ns 
ILS 
ns 
ILS 
ILS 
ILs 
ILs 
ILs 
ILs 
ILS 
ILs 
ILs 

COMMENTS 

IOL = -3.2 mA 
IOH = .8mA 

COMMENTS 
50% duty cycle 



FIGURE 3: FIGURE 5: 
RECEIVER LOGIC WAVEFORMS CONTIGUOUS WORD 
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FIGURE 4: 
DRIVER LOGIC WAVEFORMS 
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I READ FROM MEMORY I 
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----------------------I~--_--__ -----~~ 

POR 
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AFTER POWER IS 
STABLE 



AC CHARACTERISTICS 
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I ~t,~ 
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!~----------~L.~t5-.J~1 
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I I 
I I 

CID~ r--

WRITE CYCLE 

A 

'r-

BGACK -----~ 

}.------
I I 
'-'t2~ 

DTR ______ I __ ...Jr---
DTACK - ______ """"' 

~'-----I 
I 
I I 

\-I'--';r--
I _ I I : -, t-t,,-

C )---

CIO 

DATA 

CSTR ____ ...... I I 
}.. t-t,..y-
I I 
t--t, -. I 

CSTRA ----~-~~r_----

~t9-l 
DTR --------,I~ _____ _ 

READ CYCLE 

" CONTROL 

~J " 

TRANSCEIVER! 
~ .~ DMA A .. M68000 

TRANSFORMER CONTROLLER 
~DR~ MICRO-.. " PROCESSOR 

COM1553B SYSTEM 

A II .. 
DATA .. 

~J " 
... DMA tL-

MEMORY 
" ... 

TYPICAL SYSTEM IMPLEMENTATION 
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CASE 1 

CASE 2 

1M 

INVALID MESSAGE (1M) 
ASART 

THE T/R BIT IN THE BROADCAST 
CMD IS SET HIGH. 

MESSAGE COMPLETE (MC) 
ASART 

CASE 1 AT THE COMPLETION OF AN ERROR FREE BROAD
CAST COMMAND TRANSACTION AFTER THE 
ERROR REGISTER IS WRITTEN INTO MEMORY. 

C/O 

MC 

--t 1,,1---______________ ~n~ __ _ 
-i l-

I" 

BROADCAST WD 11.-1...J11....-_+-__ --Lll_8.Lll_9.L1 p.,....1 I" 

1-1,,-\ I--

CASE 2 AT THE COMPLETION OF A TRANSMIT OR RECEIVE 
COMMAND TRANSACTION AFTER THE DATA REG
IStER IS WRITTEN INTO MEMORY. 

VC 

1M 

CASE 3 

C/O 

1M 

MC 

CASE 4 

C/O 

1M 

MC 

CASE 5 

C/O 

1M 

MC 

--------------~~ 
I 

I"l------------------~~~I .. ; 

AN ERROR OCCURRED DURING 
A BROADCAST CMD 

_________ -!I I" 

1-1 I-
I~ -------""""'11-, 

--_____ ~I~~ 

-ll-
I" 

NON BROADCAST CMD 

------------~~ 
----------~~ 

ASABC 

A TRANSMIT OR RECEIVE BC TRANSFER 

f1..-
--------------~~--I-"~--I 

----------------~~ 

C/O 

MC 

CASE 3 

C/O 

MC 

I _______ ~n~ ______ _ 
ASABC 

WHEN THE BC ISSUES A RECEIVE COMMAND, THE 
MC SIGNAL OCCURS AFTER THE STATUS WORD IS 
WRITTEN INTO MEMORY. 

OR 
WHEN THE BC ISSUES A TRANSMIT COMMAND, 
THE MC SIGNAL OCCURS AFTER THE LAST DATA 
WORD IS WRITTEN INTO MEMORY. 

I 

: ~ 
-------------------+I-.~.I 

I" 

AS A BC OR RT 

CASE 4 AT THE COMPLETION OF LOADING THE RT 
ADDRESS REGISTER OR 
READING THE DATA REGISTER. 

CIO 

MC --------------~ 

CASE 5 AFTER READING THE ERROR REGISTER. 

CID 

MC 
---i I" I---

---------------~~ 

NOTE: Message complete and invalid message outputsQ!. 
the COM 15538 are negative pulses i.e. MC and 1M. 

STANDARD MICROSYSTEMS 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However. no responsibility is 
assumed for inaccuracies. Furthermore. such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION COM1671 

J.L PC FAMILY 

Asynchronous/Synch ronous Transmitter-Receiver 

ASTRO 
FEATURES 
o SYNCHRONOUS AND 

ASYNCHRONOUS 
Full Duplex Operations 

o SYNCHRONOUS MODE 
Selectable 5-8 Bit Characters 
Two Successive. SYN Characters Sets 

Synchronization 
Programmable SYN and DLE Character 

Stripping 
Programmable SYN and DLE-SYN Fill 

o ASYNCHRONOUS MODE 
Selectable 5-8 Bit Characters 
Line Break Detection and Generation 
1-, 1 V2-, or 2-Stop Bit Selection 
Start Bit Verification 
Automatic Serial Echo Mode 

o BAUD RATE-DC TO 1 M BAUD 
o 8 SELECTABLE CLOCK RATES 

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

Up to 47% Distortion Allowance With 32X 
Clock 

o SYSTEM COMPATIBILITY 
Double Buffering of Data 
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 

PIN CONFIGURATION 

Voo 
RE 
CA (RTS) 

BA (TSO) 
CB (CTS) 

58 (1XTC) 

DO (1XRC) 

R4 
R3 
R2 
R1 
CF (CARR) 
CC(~ 
BB (RSI) 

OAL7 103 
("[5'i'1f) CD 104 

im 105 
(RT"fffi) BE MR 

Mise 106 
Vee 

o COPLAMOS® n-Channel Silicon 
Gate Technology 

o Pin for Pin replacement for 
Western Digital UC1671 and 
National INS 1671 

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 controller via the bus and all parallel data transfers with these 
machines are accomplished over the bus lines. 

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

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

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

CORPOR A'TIt'V.1 applications: consequently complete information sufficient for construction purposes is not necessarily giveh. 
1'"'\11\.11.. The information has been carefully checked and is believed to be entirely reliable. However, no responsibility is '.111111 ".,,,d,. H""".,." "78' assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the 

iii . ,"" 273"00 • TWX'" 117 "" 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 ana supply the best product possible. 
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COM 1863 
COM 8018 

J.1PC FAMILY 

Universal Asynchronous Receiver/Transmitter 
UART 

FEATURES 
D Compatible with TR1863 timing 

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

o High Speed Operation-62.5K baud, 200ns strobes 

o Single +5V Power Supply 
o Direct TTL Compatibility-no interfacing circuits required 

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

o Full or Half Duplex Operation-can receive and transmit 
simultaneously at different baud rates 

o Fully Double Buffered-eliminates need for precise external 
timing 

D Improved Start Bit Verification-decreases error rate 

D 46.875% Receiver Distortion Immunity 
D Fully Programmable-data word length; parity mode; number 

of stop bits: one, one and one-half, or two 
D Master R.eset-Resets all status outputs and Receiver Buffer 

Register 
I;] Three State Outputs-bus structure oriented 

D Low Power-minimum power requirements 
o Input Protected-eliminates handling problems 
o Ceramic or Plastic DIP Package-easy board insertion 
o 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 
MaS/LSI monol ithic circuit that performs all the receiving and 
transmitting functions associated with asynchronous data 
communications. This circuit is fabricated using SMC's 
patented COPLAMOS@ technology and employs depletion 
mode loads, allowing operation from a single +5V supply. The 
duplex mode, baud rate, data word length, parity mode, and 
number of stop bits are independently programmable through 
the use of external controls. There may be 5,6,7, or 8 data 
bits, odd/even or no parity, and 1 or 2 stop bits or 1.5 stop bits 
when utilizing a 5-bit code. These programmable features 
provide the user with the ability to interface with all 
asynchronous peripherals. 

23 
TOS 

TCP 

CS 

NPB 
NSB 

NOB2 
NOB1 

POE 

*If pin 2 is taken to a logic 1 the COM 8018 will operate in a high ROE 
accuracy mode. If pin 2 is 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-
nected on tile COM 1863. 
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PIN CONFIGURATION 

voo 
'HIACC 

Gnd 
~ 
R06 
R07 
R06 
R05 
R04 
R03 
R02 
R01 
RPE 
RFE 
ROR 
sm 
RCP 

ROAR 
ROA 
RSI 

1 
'-../ 

40 P 
2 39 Q 
3 36 Q 
4 37 ] 
5 36 
6 35 
7 34 
8 33 

;oD:~ 
11 30 
12 29 
13 26 
14 27 
15 26 
16 25 
17 24 
18 23 
19 22 
20 21 ] 

TCP 
POE 
NOB1 
NOB2 
NSB 
NPB 
CS· 
T06 
T07 
T06 
T05 
T04 
T03 
T02 
T01 
TSO 
TEOC 
iDS 
TBMT 
MR 

PACKAGE: 40-Pin D.I.P. 

FUNCTIONAL BLOCK DIAGRAM 
T01 T02 T03 T04 T05 T06 TO? T06 

TSO 

TEOC 

TBMT 
RPE 
RFE 
ROR 
ROA 

ROAR 

MR 

voo 
1--.......... --';<-1 HIACC' 

Gnd 

I 



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

STANDARD MICROSYSTEMS CORPORATION .. __ 
35 Mil'cusBlYd. HaJWauoe. NV 11788 
(516)273·3100·rwx·510·2278898 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 
applications: 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 ana supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION 

COM 2651 
JLPc FAMILY 

Programmable Communication Interface 
pel 

FEATURES 
o Synchronous and Asynchronous Full Duplex or 

Half Duplex Operations 
ORe-programmable ROM on-chip baud 

rate generator 
o ,Synchronous Mode Capabilities 

- Selectable 5 to 8-Bit Characters 
-Selectable 1 or 2 SYNC Characters 
·-Internal Character Synchronization 
.- Transparent or Non-Transparent Mode 
·-Automatic SYNC or OLE-SYNC Insertion 
.- SYNC or OLE Stripping 
.- Odd, Even, or No Parity 
-- Local or remote maintenance loop back mode 

o Asynchronous Mode Capabilities 
-- Selectable 5 to 8-Bit Characters 
--3 Selectable Clock Rates (1X, 16X, 64X the 

Baud Rate) 
-- Line Break Detection and Generation 
--1, 1 %, or 2-Stop Bit Detection and Generation 
-- False Start Bit Detection 
-- Odd, Even, or No Parity 
-- Parity, Overrun, and framing error detect 
-- Local or remote maintenance loop back mode 
-- Automatic serial echo mode 

o Baud Rates 
-- DC to 1.0M Baud (Synchronous) 
-- DC to 1,OM Baud (1X, Asynchronous) 
-- DC to 62.5K Baud (16X, Asynchronous) 
-- DC to 15.625K Baud (64X, Asynchronous) 

o Double Buffering of Data 

PIN CONFIGURATION 

D2 1 

D3 2 

RxD 3 

GND 4 

D4 5 

D5 6 

D6 7 

D7 8 

TxC 9 

A110 

CE11 

A012 

R/W13 

RxRDY 14 

28 D1 

27 DO 

26 Vee 

25 RxC 

24 DTR 

23 RTS 

22~ 

21 RESET 

20 BRCLK 

19TxD 

18 TxEMT/DSCHG 

17 CTS 

16 DCD 

15 TxRDY 

Package: 28-pin D.I.P. 

o Internal or External Baud Rate Clock 
-'16 Internal Rates:50 to 19,200 Baud 

o Single +5 volt Power Supply 
o TTL Compatible 
o No System Clock Required 
o Compatible with 2651, INS2651 

GENERAL DESCRIPTION 
The COM 2651 is an MaS/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. 



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 
1!~~~!J~~iii •• iiii applications: 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 ana supply the best product possible. 
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COM 2661-1 
COM 2661-2 
COM 2661-3 

J.1PC FAMILY 

Enhanced Programmable 
Communication Interface 

EPCI 
FEATURES 
o Synchronous and Asynchronous Full Duplex or 

Half Duplex Operations 
ORe-programmable ROM on-chip baud 

rate generator 
o Synchronous Mode Capabilities 

--Selectable 5 to 8-Bit Characters 
--Selectable 1 or 2 SYNC Characters 
--Internal or External Character Synchronization 
-- Transparent or Non-Transparent Mode 
--Transparent mode DLE stuffing (Tx) 

and detection (Rx) 
--Automatic SYNC or DLE-SYNC Insertion 
--SYNC, DLE and DLE-SYNC stripping 
--Odd, Even, or No Parity 
- Local or remote maintenance loop back mode 

o Asynchronous Mode Capabilities 
--Selectable 5 to 8-Bit Characters plus parity 
--3 Selectable Clock Rates (1X, 16X, 64X the 

Baud Rate) 
-- Line Break Detection and Generation 
--1, 1%, or 2-Stop Bit Detection and Generation 
-- False Start Bit Detection 
--Odd, Even, or No Parity 
-- Parity, Overrun, and framing error detect 
-- Local or remote maintenance loop back mode 
--Automatic serial echo mode (echoplex) 

o Baud Rates 
-- DC to lOM 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 

02 2801 

03 2 2700 

RxO 3 26 Vee 

GNO 4 25 RxC/BKOET 

04 5 240TR 

05 6 23RTS 

06 7 220SR 

07 8 21 RESET 

TxC/XSYNC 9 20BRCLK 

A110 19TxO 

CE11 18 TxEMT/OSCHG 

A012 17CTS 

R/W13 160CO 

RxROY 14 15 TxROY 

Package: 28-pin O,I.P, 

o Double Buffering of Data 
o RxC and TxC pins are short circuit protected 
o Internal or External Baud Rate Clock 
03 baud rate sets (2661-1, -2, -3) 
o 16 internal rates for each version 
o Single +5 volt Power Supply 
o TTL Compatible 
o No System Clock Required 
o Compatible with EPCI 2661 

GENERAL DESCRIPTION 

The COM 2661 is an MaS/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 differ'ent 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 Synch ronous/ 
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 s~reams 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. 

I 



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

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

CORPOR J\TVV.I applications: consequently complete information sufficient for construction purposes is not necessarily given. 
1"\1 !VI" The information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 

~?'~,''W3Bi~~OH.'"!&::'t"N'~7';l!: 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 ana supply the best product possible. 
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COM 5025 
JLPC FAMILY 

Multi-Protocol 
Universal Synchronous Receiver/Transmitter 

USYNR/T 

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 

PIN CONFIGURATION 

RXACT 

RSA 

MSEL 

TCP 

TSO 

TXENA 

TSA 

o Fully Double Buffered-Data, Status, and Control Registers RXENA 

GNO 

OB"8 

OB"9 

OB11/J 

TBMT 

TXACT 

MR 

Vee 

o Fulll or Half Duplex Operation-independent Transmitter and 
Receiver Clocks 

-individually selectable data 
length for Receiver and 
Transmitter 

OBI/J~ 

OB¢1 

OB02 

OBt)3 

OB04 

OB05 

OB06 

OBj\7 

OPENA 

BYTE OP 

Alii 

o Master Reset-resets all Data, Status, and Control Registers 
OB15 

WR 

o Maintenance Select-built-in self checking 

BIT ORIENTED PROTOCOLS-SOLC, HOLC, AOCCP 
o Automatic bit stuffing and stripping 
o Automatic frame character detection and generation 
o Valid message protection-a valid received message is 

protected from overrun 
o Residue Handling-for messages which terminate with a 

partial data byte, the number of valid 
data bits is available 

SELECTABLE OPTIONS: 
o Variable Length Oata-1 to 8 bit bytes 
o Error Checking-CRC (CRC16, CCITI-O, or CCITT-1) 

-None 
o Primary or Secondary Station Address Mode 
o All Parties Address-APA 
o Extendable Address Field-to any number of bytes 
o Extendable Control Field-to 2 bytes 
o Idle Mode-idle FLAG characters or MARK the line 
o Point to Point, Multi-drop, or Loop Configuration 

PACKAGE: 40-Pin D.I.P. 

BYTE ORIENTED PROTOCOLS-BiSync, OOCMP 
o Automatic detection and generation of SYNC characters 

SELECTABLE OPTIONS: 
o Variable Length Oata-1 to 8 bit bytes 
o Variable SYNC character-5, 6, 7, or 8 bits 
o Error Checking-CRC (CRC16, CCITI-O, or CCITI-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 

o Intelligent Terminals o Remote Data Concentractors 
o Line Controllers o Communication Test Equipment 
o Network Processors o Computer to Computer Links 
o Front End Communications o Hard Disk Data Handler 
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General Description 

The COM 5025 is a COPlAMOS$ n channel silicon gate MOS/lSI device that meets the majority of 
synchronous communications requirements, by interfacing parallel digital systems to synchronous serial 
data communication channels while requiring a minimum of controller overhead. 

The COM 5025 is well suited for applications such as computer to modem interfaces, computer to computer 
serial links and in terminal applications. Since higher level decisions and responses are made or initiated by the 
controller, some degree of intelligence in each controller of the device is necessary. 

Newly emerging protocols such as SOlC, HOlC, and AOCCP 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 OOCMP 
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 
X353, XS34/589 
202-466-2299 

2. CCITT -Consultative Committee for International 
Telephone and Telegraph 
X.25 
202-632-1007 

3. EIA-Electronic Industries Association 
TR30, RS334 
202-659-2200 

4. IBM 
General Information Brochure, GA27-3093 
loop Interface-OEM Information, GA27-3098 
System Journal-Vol. 15, No.1, 1976; G321-0044 

Terminology 
Term 

BOP 

CCP 

TDB 

ROB 

TDSR 

FLAG 

ABORT 

Definition 

BitOriented Protocols: SDLC, HDLC, ADCCP 

Control Character Protocols: BiSync, DDCMP 

Transmitter Data Buffer 

Receiver Data Buffer 

Transmitter Data Shift Register 

01111110 

11111111 (7 or more contiguous 1 's) 
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Term 

GA 

LSB 

MSB 

RDP 

TOP 

LM 

Definition 

01111111 (0 (LSB) fOllowed by 7-1 's) 

First transmitted bit, First received bit 

Last transmitted bit, Last received bit 

Receiver Data Path 

Transmitter Data Path 

Loop Mode 



~ 

RCP 

RXENA 

RXACT 

RDA 

RSA 

BLOCK DIAGRAM 

MASTER 
RESET 

t h :1 ""~G'~ffiO' J ;i~ 
TX SERIAl DATA OUT TBMT 

SFR 0 ..... --+--------1 

RSI 

MAINT 
SEl 

DBIS DB14 DB13 DB12 DBl1 DBl' oe;9 [)8jJI8 

TSO 

"" AI A. WR DPENA BYTE OP DBIJ7 DBII6 OBjl5 OBjJ4 0B413 ~ Dep'1 oeH 



Description of Pin Functions 
PinNa. Symbol Name 1/0 Function 

1 Voo Power Supply PS + 12 volt Power Supply. 
2 RCP Receiver Clock I The positive-going edge of this clock shifts data into the receiver shift register. 
3 RSI Receiver Serial Input I This input accepts the serial bit input stream. 
4 SFR Sync/Flag 0 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 0 This output is asserted when the RDP presents the first data character of the 

message to the controller. In the BOP mode the first data character is the first 
non-flag character (address byte). In the'CCP mode: 1. if strip-sync is set; the 
first non-sync character is the first data character 2. if strip-sync is not set; the 
first data character is the character following the second sync. In the BOP 
mode the trailing (next) FLAG resets RXACT. In the CCP mode RXACT 
is never reset, it can be cleared via RXENA. 

6 RDA Receiver Data 0 This output is set high when the RDP has assembled an entire character and 
Available transferred it into theiRDB. This output is reset by reading the ROB. 

7 RSA Receiver Status 0 This output is set high: 1. CCP-in the event of receiver over run (ROR) 
Available or parity error (if selected), 2. BOP-in the event of ROR, CRC error (if selected) 

receiving REOM or RAB/GA. This output is reset by reading the 
receiver status register or dropping of RXENA. 

8 RXENA Receiver Enable A high level input allows the processing of RSI data, A low 
level disables the RDP and resets RDA, RSA and RXACT. 

9 GND Ground GND Ground 
10 DB~8 Data Bus I/O Bidirectional Data Bus, 
11 DB(W9 Data Bus I/O Bidirectional Data Bus. 
12 DB1~ Data Bus I/O Bidirectional Data Bus, 
13 DB11 Data Bus I/O Bidirectional Data Bus, Wire "OR" with DB@@-DB{lJ7 
14 DB12 Data Bus I/O Bidirectional Data Bus, For 8 bit data bus 
15 DB13 Data Bus I/O Bidirectional Data Bus. 
16 DB14 Data Bus I/O Bidirectional Data Bus. 
17 DB15 Data Bus I/O Bidirectional Data Bus. 
18 WIR Write/Read Controls direction of data port. W/R= 1, Write. W/R=O, Read. 
19 A2 Address 2 Address input-MSB. 
20 A1 Address 1 Address input. 
21 A~ Address 0 Address input-LSB. 
22 BYTEOP Byte Operation If asserted, byte operation (data port is 8 bits wide) is 

selected, If BYTE OP=O, data port is 16 bits wide. 
23 DPENA Data Port Enable Strobe for data port. After address, byte op, WIR and data are set-up DPENA 

may be strobed. If reading the port, DPENA may reset (depending on register 
selected by address) RDA or RSA. If writing into the port, DPENA may reset 
(depending on register selected by address) TBMT. 

24 DB07 Data Bus 1/0 Bidirectional Data Bus-MSB, 
25 DB~6 Data Bus I/O Bidirectional Data Bus. 
26 DB(15 Data Bus 1/0 Bidirectional Data Bus. 
27 DB(14 Data Bus I/O Bidirectional Data Bus. 
28 DB¢3 Data Bus I/O Bidirectional Data Bus. 
29 DB~2 Data Bus I/O Bidirectional Data Bus. 
30 DB~1 Data Bus 1/0 Bidirectional Data Bus. 
31 DB~~ Data Bus I/O Bidirectional Data Bus-LSB, 
32 Vee Power Supply PS + 5 volt Power Supply. 
33 MR Master Reset This input 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 0 This output indicates the status of the TOP. TXACT will go high after asserting 
TXENA and TSOM coinsidently with the first TSO bit. This output will reset one 
half clock after the byte during which TXENA is dropped. 

35 TBMT Transmitter Buffer 0 This output Is at a high level when the TDB 
Empty or the 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 0 TERR bit, indicating transmitter underflow. 
Available Reset by MR or assertion of TSOM. 

37 TXENA Transmitter Enable A high level input allows the processing of transmitter 
data. 

38 TSO Transmitter Serial 0 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 fCiS. 
Select Externally RSI is disabled and TSO= 1. 
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Da.taBu 

D1308 

D1309 

D810 

DB11 

DB'12-14 

D815 

DB8 

DB9 

DB10 

DB11 

DB15 

D88-10 

DB11 

DB12 

DB13 

DB14 
DB15 

DB13-15 

D88-1'" 

OB11 

DB12 

Term 

RSOM 

REOM 

RAB/GA 

ROR 

A,B,C 

ERRCHK 

TSOM 

TEOM 

TXAB 

TXGA 

TERR 

X,Y,Z 

IDLE 

SEC ADD 

STRIP SYNC/LOOP 

PROTOCOL 
'APA 

TXDL 

RXDL 

EXCON 

EXADD 

Definition 

Definition of Terms 
Register Bit Assignment Chart 1 and 2 

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. 
Receiver End of Message-read only bit. In BOP mode only, set high when last byte of data loaded into RDB, or 
when an ABORT character is received. It is cleared on reading of Receiver Status Register or dropping of RXENA. 
Received ABORT or GO AHEAD character, read only bit. In BOP mode only, if LM=O this bit is set on receiving an 
ABORT character; if LM= 1 this bit Is set on receiving a GO AHEAD character. This Is cleared on reading of 
Receiver Status Register or dropping of RXENA. 
Receiver Over Run-read only bit. Set high when received data transferred into RDB and previous data has not 
been read, indicating failure to service RDA within one character time. Cleared on reading of Receiver Status 
Register or dropping of RXENA. 
Assembled Bit Count-read only bits. In BOP mode only, examine when REOM=1. ABC=O, message·terminated 
on stated boundary. ABC=XXX, message terminated (by FLAG or GA) on unstated boundary, binary value of ABC 
= number of valid bits available in ROB (right hand justified). 
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. 

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=O, then begin data. In CCP: 1.IDLE=0, transmit out of 
SYNC register, continue until TSOM=O, then begin data. 2.IDLE=1 transmit out ofTDB.In BOP mode there is also 
a Special Space Sequence of 16-0's initiated by TSOM='I and TEOM=1. SSS is followed by FLAG. 
Transmit End of Message-W/R bit. Used to terminate a message. In BOP mode, TEOM= 1 sends CRC, then 
FLAG; ifTXENA=1 and TEOM=1 continue to send FLAG's, if TXENA=O and TEOM=1 MARK line. In CCP: 1. 
IDLE=O, TEOM= 1 send SYNC, if TXENA= 1 and TEOM= 1 cOntinue to send SYNC's, if TXENA=O and TEOM= 1 
MARK line. 2.IDLE=1, TEOM=1, MARK line. . 
Transmitter Abort-W/R bit. In BOP mode only, TXAB = 1 finish present character then: 1. IDLE =0, transmit ABORT 
2.IDLE=1, transmit FLAG. 
Transmit Go Ahead-W/R bit. In BOP mode only, modifies character called for by TEOM. GA sent in place of FLAG. 
Allows loop termination-GA character. 
Transmitter Error-read only bit. Underflow, set high when TDB not loaded in time to maintain continuous 
transmission. In BOP automatically transmit: 1. IDLE=O, ABORT 2. IDLE= 1, FLAG. In CCP automatically transmit: 
1. IDLE=O, SYNC 2. IDLE= 1, MARK. Cleared by TSOM. 
z Y X -W/R bits. These are the error control bits. 
o 0 0 X16+ X12+ X5+ 1 CCITI-lnitializeto"1" 
o 0 1 X16+X12+X5+ 1 CCITI-lnitlalizeto"O" 
o 1 0 Not used 
o 1 1 X18+ X15+ X2+ 1-CRC16 
1 0 0 Odd Parity-CCP Only 
1 0 1 Even Parlty-CCP Only 
1 1 0 Not Used 
1 1 1 Inhibit all error detection and transmission 
Note: Do not modify XYZ until both data paths are idle 
IDLE mode select-W/R bit. Affects transmitter only. In BOP-control the type of character sent when TXAB 
asserted or in the event of data underflow. In CCP-controls the method of initial SYNC character transmission and 
underflow, "1" = transmit SYNC from TDB, " 0" =transmit SYNC from SYNC/ADDRESS register. 
Secondary Address Mode-W/R bit. In BOP mode only-after FLAG looks for address match prior to activating 
RDP, if no match found, begin FLAG search again. SEC ADD bit should not be set if EXADD=1 or EXCON=1. 
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. 
PROTOCOL-W/R bit. BOP=O, CCP= 1 
All Parties Address-W/R bit. If selected, modifies secondary mode so that the secondary address or 8-1 's will 
activate the RDP. 

Transmitter Data Length-W/R bits. 
TXDL3 TXDL2 TXDL 1 LENGTH 

o 0 0 Eight bits per character 
1 1 1 Seven bits per character 
1 1 0 Six bits per character 
1 0 1 Five bits per character 
1 0 0 Four bits per character· 
o 1 1 Three bits per character" 
o 1 0 Two bits per character" 
o 0 1 One bit per character" 

"For data length only, not to be used for SYNC character (CCP mode). 
Receiver Data Length-W/R bits. 
RXDL3 RXDL2 RXDL 1 LENGTH 

o 0 0 Eight bits per character 
1 1 1 Seven bits per character 
1 1 0 Six bits per character 
1 0 1 Five bits per character 
1 0 0 Four bits per character 
o 1 1 Three bits per character 
o 1 0 Two bits per character 
o 0 1 One bit per character 

Extended Control Field-W/R bit. In receiver only; If set, will receive control field as two 8-bit bytes. Excon bit should 
not be set if SEC ADD = 1. 
Extended Address Field-W/R bit. In receiver only; LSB of address byte tested for a "1 ". If NO-contlnue receiving 
address bytes, if YES go Into control field. EXADD bit should not be set if SEC ADD = 1. 

'Note: Product manufactured before 1Q79 may not have this feature. 
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Register Bit Assignment Chart 1 
REGISTER OP87 Ope6 OPe'S OP84 OP83 OP.82 OP.81 o PilI' 
Receiver Data RD7 RD6 RD5 RD4 RD3 RD2 RD1 RD~ 

Buffer 
(Read Only- MSB LSB 

Right Justified-
Unused Bits= 0) 

Transmitter Data TD7 TD6 TD5 TD4 TD3 TD2 TD1 TD¢ 
Register 

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

Sync/Secondary SSA7 SSA6 SSA5 SSA4 SSA3 SSA2 SSA1 SSA{6 
Address 

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

Register Bit Assignment Chart 2 
REGISTER OP1S OP14 OP13 OP12 OP11 OP1e' OP89 Ope8 

Receiver Status ERRCHK C B A ROR RAB/GA REOM RSOM 
(Read Only) 

TXStatus TERR 0 0 0 TXGA TXAB TEOM TSOM 
and Control (Read Only) 
(Read/Write) 

Mode Control *APA PROTOCOL STRIP SECADD IDLE Z Y X 
(Read/Write) SYNC/ 

LOOP 

Data Length TXDL3 TXDL2 TXDL1 EXADD EXCON RXDL3 RXDL2 RXDL1 
Select 
(Read/Write) 

• Note: Product manufactured before 1079 may not have this feature. 

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

A2 A1 A0 Register 
o 0 X Receiver Status Register and Receiver Data Buffer 
o X 

o X 
X 

Trar;tsmitter Status and Control Register and Transmitter Data Buffer 
Mode Control Register and SYNC/Address Register 

X = don't care 

2) BYTE OP = 1, data port 8 bits wide 
A2 A1 A0 
000 
o 
o 
o 

o 

1 
o 
o 

1 
o 
1 
o 
1 
o 

Data Length Select Register 

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

Data Length Select Register 

70 



BOP TRANSMITTER OPERATION 

(PROCESSOR LOAD OR MASTER RE~ET) 

INITIALIZE 
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~ANSMIT 
LSYNC 

CCP TRANSMITTER OPERATION 

(PROTOCOL = 1; XYZ = CRC 16) 



RCP 

MR 

n NOTE 1 
OPENA --...JC 
(not clock edge related) 

RXENA ~ 

SFR 

CCP RECEIVER TIMING 

WfR=O 

n ~EAD 
.J L.:TX 

I 
I 
I 
I 
I 
I I-+---SYNC---I·~I""----SYNC--.J 

---, [l l ["STC 
flSI :=I:: DATA ,:=r= ETX =r I 
RDA ~ 

RSA L-
RXACT ~ 
ROR 

ERR CHK 

NOTE l-Mode set for CCP with CRG selected 
NOTE 2-1t overrun had occured-noAEAD STX 
NOTE 3-ERA CHK must be sampled before next byte or before RXENA brought low 

-s-L 

CCP TRANSMITTER OPERATION 

TCP 

MR 

TXENA 

~ 
ll___ I I 
--_---0,---

NOTE 1 
MODE SYNC TSOM=1 

I I 
I I 
I I 
I I 
I I LOAD LOAD 

DATA 1 

V,.v 

LOAD 
ETX 

CRC 

W/R:::O 

n~EAD .J ~ATA 1 

j;orr2 

W/R::O W/R::O 

READ 
ETX 

L 
I 
I 
I 

=r= 
SL 

I 
I 

L 

---~ 

TEOM:1 

DPENA -..flJ1--.-fl 
(not clock edge related) 

TSOM:1 I TSOM=O STX 

I, n n ~ -----..J • L. ___ ---:.1 __ 1 L-.J l..2....-.. NOTE 2--------, n nL--__ f"L 
I FIRST SYNC I SECOND SYNC I 
I; SENT l)f SENT I 

~~n~~!1~ ____ ~~/~/ TBMT ~ 

TXACT 

TSO 

NOTE 1-Mode IS CCP with CRG selected 

I 
I 

LJ 
~SYNC 

NOTE 2-Trailing edge of DPENA must occur at least one-half 
clock pulse pnor to TBMT=1 to avoid underrun 

~ DATA 

I 
• I .. SYNC----.... ·--li 

J 

L 
ETX CRC -=oJ MARK 



BOP RECEIVER TIMING 

RCP 
JULn~ ULJ4 U~ u#LJ~ U~ LJLj#L,f' L~U-Y'LJLJLf 

lolA L 

~E~ __________ ~~ 

SFR JL 
--rTCrTTl'TT1'7"Tl'TTT"''- -- FLAG. • . • •. FLAG -i 

~ I l r;f I~~~ RS' 

RDA ~ 

RSA 

~T ~~L-________ _ 

RSOM 

REOM 

ERR,CHK,ABC, 
ROR,RABlGA 

NOTE 1-tf required-but not done In thIS examp:e. 
NOTE 2-H no DPE~ to read Data Byte /I 2 

~ 
~ 
~ 
~ 

W/R=O W!R=O W/R=O W/R=O W/R=O W/R=O W/R=O W!R=O 
Address Byte Read Status Control Byte Data Byte # 1 Data Byte #2 Data Byte #3 Data Byte #4 Read SIaIus -rL JL __ Jt ~L ~ ~ _--,rUL 

1=:#3 1=#4 
i--FLAG ••. ~ 

EEL l ~ 
sL J L SlnIl ~ 

_JNOTE2 ~ 

~ 

1------. 
: : 

BOP TRANSMITTER OPERATION 

TCP ~JLJLJ~ ~4---u-LJL JU//lS1JL ~ 
, , Ij I // // 

MR ~_.: : 

TXENA 
~ ... , , 

I I I 
I I Load I Load Load 

TSOM = 1 I I TSOM = 0 Address, ConIroI Data Length 

DPENA ~otel--l fL.-JL 
not dock edge related : ; I ~-------' 

I I 

TBMT~ ~-----,---,r----L 

TXACT '-'-'-'~'-l---__ --.JI·· 
!--FLAG" 

TSO~ 

Note 1-Trai~ng edge 01 DPENA must occur alleasl one-hall dock 
pulse prior 10 TBMT = I. To avoid underrun. 

Load 
Data Byte 

~ 

J 

. .. ~ 

L J 

llaslData Byte 



AC TIMING DIAGRAMS 

TCP~ 

~ 
TBMT~ 

RCP \'-__ _ 

__ I~o~r 
RXACT ~ 

~r-
RDA,RSA ~ 

DPENA I 
W/R=1 
to Transmitter '-__ _ 

DPENA 
W/R=O 
to Receiver 
Registers \'----

Registers ~ 

~' 
TBMT ~ ~ RDA'RSA~ 

TCP 

TSO 

TXACT 

=!=300 ns, min 

Resets: RDP-RDA, RSA, 
RXACT, receiver 
into search 
mode (for FLAG) 

Note: Unless otherwise specified all times are maximum. 

Data Port Timing 

READ FROM USYNR/T 

~~l~XWA"T I!/l~ =xzl!g 
~ TA. .+. TWDP-E-:------+=~-TA" _I 

__ ~~L--__ 

[-_TO' -., ~ To" I 
~f:,,7Z·~:~ ~& 

WRITE TO USYNR/T 
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MAXIMUM GUARANTEED RATINGS'" 
Operating Temperature Range ..................................... , .......................... O°C to + 70°C 
Storage Temperature Range ............................................................... - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) ............................................................... +325°C 
Positive Voltage on any Pin, with respect to ground ..................................................... + 18.0V 
Negative Voltage on any Pin, wlth respect to ground ..................................................... -0.3V 
"'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. For example, the 
bench power supply programmed to deliver + 12 volts may have large voltage transients when the 
AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA=O°C to 70°C, Vee= +5V±5'Yo, Voo= + 12V±5%, unless otherwise noted) 

Parameter 

Characteristics D.C. 
INPU 

Lo 
Hi 
o 
Lo 
Hi 

T VOLTAGE LEVELS 
wLevel, VIL 
gh Level, VIH 
UTPUT VOLTAGE LEVELS 
w Level, VOL 
gh Level, VOH 
TLEAKAGE INPU 

Da 
AI 

taBus 
I others 

INPU 
Da 
Ad 
CI 
AI 

T CAPACITANCE 
ta Bus, CIN 
dress Bus, CIN 

ock, CIN 
I other, CIN 

POW 
Icc 
101 

ER SUPPL Y CURRENT 

) 

Characteristics A.C. 
CLO 

fre 
PW 
PW 

CK-RCP, TCP 
quency 
H 
L 

tr, tf 
NA, TwoPENA DPE 

Se 
By 
A2 
Ho 
By 
A2 

t-up Time, TAs 
teOp, W/R 
,A1,Ao 
IdTime, TAH 
teOp, WIR, 
,A1,Ao 
A BUS ACCESS, TOPA DAT 

DAT 
DAT 
DAT 
MAS 

A BUS DISABLE DELAY, Topo 
A BUS SET-UP TIME, Toss 
A BUS HOLD TIME, TosH 
TER RESET, MR 

Min. Typ. Max. Unit Comments 

0.8 V 
2.0 yee V 

0.4 V IOL=1.6ma 
2.4 IOH=40JLa 

5.0 50.0 JLa 0~VIN~5v, DPENA=·O or 
JLa VIN= +5v 

pf 
pf 
pf 
pf 

70 ma 
90 ma 

TA=25°C 

DC 1.5 MHz 
325 ns 
325 ns 

10 ns 
250 50 JLS ns 

0 ns 

0 ns 

150 ns 
100 ns 

0 ns 
100 ns 
350 ns 
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Receiver Data 
and 

Receiver Status 
Access Sequence 

Preferred reading sequence of receiver RDA and RSA, 

YES 

CCP RECEIVER OPERATION BOP RECEIVER OPERATION 

STANDARD MICROSYSTEMS CORPORATION .. __ 
35Ma1cusBlvd,Hauppauge.NV1I788 
i516)273·3100 TWX-51O·22H898 

PROTOCOL-1 
XYZ·CRC 16 

TEST MADE 
AFTER 8 elKS 

16 RXCLKS 
DELAY 

PROCESSOR MUST REAO 
ERR CHK BIT BEFORE 

RXENA =0 

PROCESSOR LOAD 
OR M.R 

TEST MADE AFTER 8 AXCLK'S 

24 RXCLK'S 
(PIPELINE DELAY) 

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

COM52C50 
PRELIMINARY 

TWINAX Interface Circuit (TIC) 

FEATURES 
D Conforms to IBM® 5250 Standard used in IBM System 

/36 and /38. 

D Operates at 1 Mbps Data Rate 

D Transmits and Receives Manchester II Encoded Data 

D On Chip Odd or Even Parity Generation and Checking 

D Programmable Interframe Zero Bit Insertion 

D Handles Multi Byte and Single Byte Transfers 

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

D Programmable Extended TX Enable 

D Internal/External Loopback Capability for Self Test 
Diagnostics 

D On Board Predistortion Circuitry 

D Low Power CMOS 

D On Board Crystal Oscillator Simplifies Clock 
Generation 

D 8 MHz Clock Output for General Use 

D Incorporates a Three Level Receive FIFO to Simplify 
Processor Interface 

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

D Programmable DMA and Jump Vectoring Interface 

D Independent RX DMA and TX DMA Request Signals 

D Programmable Interrupt Selection 

D 28 Pin Plastic Dual In Line and Chip Carrier Packages 

D Opem Drain Output on Interrupt Pins 

D TTL. Compatible Inputs and Outputs 

D Single +5v Supply 

PIN CONFIGURATION 

O2 Vee 
0 3 0, 

WR Do 

TXEN cs 
DTX RD 

TX Ao 
TXDMA A, 

RX A2 

D. INT, 
0 5 INT2 

RESET RXDMA 
XTAL2 CLKOUT 
XTAL, 0 7 

GND 0 6 

PACKAGE: 28-pin DIP 

IUl 1
0 0 ~ ~ I~ I~ oa:<t<t __ 

Do RXDMA 
0, 27 17 CLKOUT 

Vee 28 16 07 
O2 15 06 
0 3 14 GND 

WR 13 XTAL, 
TXEN 4 12 XTAL2 

5 6 7 8 91011 

IX X <t X ~ l{) ltu 1-1-:2;a:00 
o 0 Ul X lJ.J 

I- a: 

PACKAGE: 28-pin PLCC 

GENERAL DESCRIPTION 

The COM52C50 TWINAX controller is a CMOS device that 
performs the communications interface to the IBM 5250 
TWINAXIAL bus. It interfaces 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 parallel conversion of data to and from 
the TWINAXIAL bus and the encoding and decoding of 

IBM® is a registered trademark of the International Business Machines 
Corporation. 
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data in Manchester II format. The COM52C50 consists of a 
RECEIVE BLOCK, a TRANSMIT BLOCK, and CONTROL 
circuitry. The Receive and Transmit sections of the 
CO M52C50 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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cs 
RD 
WR 

AO - A2 

DATA 
BUS 

. . 

ADDRESS 
BUS-

WRITE 

READ 

INTERRUPT 
REQUEST 

SYSTEM 

RESET 

8 MHZ 

ADDRESS 
DECODE 

AND 
CONTROL 

A 

\ , 
r---vlI DECODE 

I 

Fig. 1-COM52C50 INTERNAL BLOCK DIAGRAM 

RX DMA 
TX DMA 

I I 
~ TX 

DO-D7 ENABLE Ir<-V TXD 

L# CS COM52C50 
... 

AO-A2 TWINAX .-
INTERFACE 

TX 12 
• WR CHIP 

.,. 
--
RD 
---

INT1 

r -_._- RX 
INT2 

---~~ 

RESET CLKOUT XTAL1 XTAL2 

i ~D~ 
16 MHZ 

Fig. 2-TYPICAL COM52C50 INTERFACE 
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TABLE 1- COM52C50 TWINAX DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME 
1,2,9, Bidirectional 10, 15, 16, Data Bus 26,2"1 

3 Write Data 
Strobe 

4 TX Enable 

S Delayed TX 

6 TX Data 

7 TX Buffer 

8 RX Data 

11 Reset 

12 Crystal 2 
13 Crystal 1 

14 Ground 

17 Clock Out 

18 RX Buffer 

19 Error Related 
Interrupt 

20 Data Related 
Interrupt 

21 Register 
22 Address Select 
23 

24 Read Data 
Strobe 

2S Chip Select 

28 Power Supply 

FUNCTIONAL DESCRIPTION 
RECEIVE BLOCK 

SYMBOL DESCRIPTION 

Do-D7 An 8 bit DATA BUS is used to interface the COMS2CSO to the 
processor Data Bus. 

WR A low pulse on this input (when CS is low) enables the COM52C50 
to accept the data or control information from the DATA BUS into 
the COMS2CSO. 

TX EN This output is active low when the transmit data is valid. It is used to 
enable the external TX driver circuitry. 

DTX Delayed TX Manchester encoded. 

TX Transmit data Manchester encoded. 

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

RX This· input accepts the receive Manchester II encoded bit stream. 

RST This pin resets the COM52CSO to a known state. In addition, it disables 
the TX and puts an inactive state on the interrupt lines. 

XTAL2 An external 16 MHz crystal is connected to these two pins. If an external 
XTAL, 16 MHz TTL clock is used, it should be connected to XTAL, with a 

390 ohm pullup resistor; XTAL2 must be left floating. 

GND Ground 

CLKOUT This is a divide by two of the XTAL" 16 MHz input clock. It has a SO/SO 
duty cycle and can be used as a clock input to the host microprocessor. 

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

INT2 This active low, open drain output provides the interrupt signal for 
error related operations. 

INT, This active low, open drain output provides the interrupt signal for 
data related operations. 

A2 During processor to COMS2C50 communications, these inputs are 
A, used to indicate which internal register will be selected for access by 
Ao the processor. 

RD A low pulse on this input (when CS is low) enables the COMS2CSO to 
place the data or status information on the DATA BUS. 

CS A low level on this input enables the COMS2CSO for reading and 
writing by the processor. When CS is high, the DATA BUS is in high 
impedance and the WR and AD will have. no effect on the chip. 

Vcc +SV Power Supply. 
."-"-~ ---

TRANSMIT 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 input is 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 adjustE!d after each 
RX transition to compensate for bit jitter 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. 

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, orthe (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 
bit in the INTERRUPT AND TRANSMIT STATUS REGISTER 
becomes active. 
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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 Unit is 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 bya half 
bit cell of logical high. In addition, the COM52C50 provides 
a Delayed Transmit Data signal which is delayed by 114 of 
a bit time to simplify the interface to the external driver 
circuitry. 

I--- 1 ---J,+I-tl---- ----+~I~-----o~ 

1---1ps----~,~I-~---1pS----~I+I~-----1pS~ 

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 System Unit, 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) 

---------~,--------~---------------------'~~--------------~ 

8-bit data/command word 

I
I ,--_ 

I , ----:-.. 
~ --------

Bit synchronization , 

BIT DESCRIPTION 
0-2 These bits are always O. 

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. 

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

On the COM52C50 a RE$ET 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 1 ps. 

should write a "one" in bit 0 of the Control Register. 
Writes to the Control Register bit 0 should be spaced 
such that the Internal Reset signal has a minimum 
duration of 1 ps. 

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. 

Software Reset: INITIALIZING THE COM52C50 
The chip will also be reset when the Software Reset Following RESET, the COM52C50 should be initialized by 
bit in the Control Register is asserted. The host writing a valid bit pattern to the Interrupt Mask Register, the 
microprocessor asserts Software Reset by writing a Mode Register, the Station Address Select Register. At this 
"zero" in bit 0 of the Control Register. To take the point, the Control Register can be used to enable Receive 
COM52C50 out of reset, the host microprocessor and Transmit. 
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TABLE 3 - REGISTER DECODE & TRUTH TABLE FOR INTERNAL REGISTER SELECT 

ADDRESS A2 A1 

00 0 0 
0 0 

01 0 0 
0 0 

02 0 1 
0 1 

03 0 1 
0 1 

04 1 0 
1 0 

05 1 0 
1 0 

06 1 1 
1 1 

07 1 1 
1 1 

REGISTER DESCRIPTIONS 
RX BUFFER 

AO RD WR 

0 1 0 
0 0 1 

1 1 0 
1 0 1 

0 1 0 
0 0 1 

1 1 0 
1 0 1 

0 1 0 
0 0 1 

1 1 0 
1 0 1 

0 1 0 
0 0 1 

1 1 0 
1 0 1 

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 next reply and then convert it to bits 
and write it to this register. The COM52C50 takes care of 
inserting the programmed number of zero bits between two 

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 

07 06 05 04 

105 104 

Examples' 

Emulate one address: (3) 

Emulate four addresses: (6-4-3-0) 

Emulate All Addresses: (6-5-4-3-2-1-0) 

Mode Register W 
Not Used R 

Interrupt Mask Register W 
Interrupt Status Register R 

Address Select Register W 
RX Status Register R 

Control Register W 
RX Buffer R 

Zero Fill W 
Not Used R 

Present Address Register W 
Present Address Register R 

TX Buffer W 
TX Status Register R 

TX Buffer EOM W 
TX Status Register R 

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. ThifNf~'ster controls interrupt generation 
on both the Tf\JTf and interru~wrs, The most significant 
5 bits enable the generation of 1, the least significant 
3 bits enable the generation of TNT2. " 

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 TNT2 interrupt when it is set. 

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

a time by programming a "one" in the corresponding bit of 
the Address Register. 
A "one" in anyone or more ofthe Address Select bits allows 
the COM52C50 to respond to that group of addresses. 

03 02 01 00 

103 102 101 100 

1 0 0 0 1 0 0 0 

l' 1 0 1 1 0 0 1 

1 1 1 1 1 1 1 1 
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TABLE 4 - REGISTER DIAGRAM.S 

READ REGISTERS WRITE· REGISTERS 

ADDRESS DESCRIPTION ADDRESS DESCRIPTION 

BIT 7 I BIT 6 I BIT 5 BIT4 BIT 3 BIT 2 BIT 1 BIT 0 BIT 7 I BIT 6 I BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 

00 Not Used 00 

01 01 

generate interrupt 1 I· Interrupt 1 Mask -1"-- Interrupt 2 Mask ----+I 
Address Select Register 

02 02 

I 
one 

I 
A6 I A5 A4 A3 A2 A1 AO 

OJ 
r--generate interrupt 2 --1 I\) 

RX Buffer 

03 RX7 RX6 RX5 RX4 RX3 RX2 RX1 RXO 03 

Zero Fill Register 

04 Not Used 04 

I 
D7 

I 
D6 D5 D4 D3 D2 D1 DO 

Present Address Register Present Address Register 

05 

I 
zero 

I 
zero 

i 

zero zero zero A2 A1 AO 05 

I 
zero 

I 
zero 

! zero zero zero A2 A1 AO 

TX Buffer 

06 06 TX7 TX6 TX5 TX4 TX3 TX2 TX1 TXO 

TX Buffer EOM 

07 07 TX7 TX6 TX5 TX4 TX3 TX2 TX1 TXO 



PRESENT ADDRESS REGISTER 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. 

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 

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. 

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 

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. 
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. 

1 RX BIPHASE ERROR 
Signals the microprocessor that a bit within a received frame has violated Biphase Manchester code (Le. 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 
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. 

2 RX OVERRUN ERROR 
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. 
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. 
e. Frame Sync Detect going active. 

3 TX BUFFER EMPTY 
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 
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. 

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 
TX buffer empty is zero. 

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 
Holding Register. 
This bit is cleared by: 

a. reading the Receive Holding Register 
b. clearing RX Enable in the Control register 
c. Frame Sync Detect going active 
d. asserting internal RESET. 
e. asserting external hardware Reset. 
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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 Full 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 

84 



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 
c. 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. c. 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 3J.ls 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 anyone 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. 

TABLE 7-COM52C50 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 that is 
used by the microprocessor to control the COM52C50. 
Following External Reset all bits ofthe Control Register are 

cleared to "zero" except for the Software Reset bit. Internal 
Reset does not affect any of the Control Register bits. The 
bits of the Control Register are defined as follows: 

BIT DESCRIPTION 
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. 

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

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

5 DISABLE BIPHASE ERRORS 
This bit, when set, will disable the detection of biphase errors in the receive block. This bit is cleared upon power 
up and biphase error detection is enabled. 

6 NOT USED-MUST BE ZERO 
7 RESET ERRORS 

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

THE COM52C50 ON CHIP CRYSTAL OSCILLATOR 
The COM52C50 incorporates an on chip crystal oscillator. 
A 16 MHZ parallel resonant crystal is connected to the 
XTAL 1 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 supplying a TTL level clock 
to the XTAL 1 pin of the COM52C50 along with a 390 ohm 
resistor from the XTAL 1 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. 

TXDMA 
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. YVhen 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-COMS2CSO MODE REGISTER DESCRIPTION (BITS 0-7) 
BIT DESCRIPTION 

o NORMALILOOPBACK 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 Externalloopback modes. 

o NORMAL OPERATION LOOPBACK MODE 

1 EXTERNALIINTERNAL LOOPBACK 

2 

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. 

o EXTERNAL LOOPBACK INTERNAL LOOPBACK 

EVEN/ODD RX PARITY 

This bit specifies Even or Odd parity for the receive section of the COM52C50. 

o EVEN RX PARITY ODD RX PARITY 

3 EVEN/ODD TX PARITY 

This bit specifies Even or Odd parity for the transmit section of the COM52C50. 

o EVEN TX PARITY ODD TX PARITY 

4 NORMALITEST 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. 

o NORMAL OPERATION TEST MODE 

5 TX ENABLE 250ns/16jls 

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 16jls 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. 

o TX enable 250ns TX enable 16jls 

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. 

o EOM 111 1 Auto 111 

? NORMALITEST 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. 

o NORMAL OPERATION 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 

BIT 1 - 0 E~TERNAL LOOPBACK 

BIT 2- 0 EVEN RX PARITY 

BIT 3- 0 EVEN TX PARITY 

BIT4 - 0 NORMAL OPERATION 

BIT5 - 0 TX ENABLE .250 

BIT6 - 0 EOM 111 

BIT? - 0 NORMAL OPERATION 

87 

I 



ELECTRICAL CHARACTERISTICS 
MAXIMUM GUARANTEED RATINGS· 

Operating Temperature Range .....................................•....................... 0 to 70°C 
Storage Temperature Range ............................................................... -55 to 150°C 
Lead Temperature (soldering, 10 seconds) ................................................... +325°C 
Positive Voltage on any pin ............•.•............................•...................... Vee + O.3V 
Negative Voltage on any pin, with respect to ground ............................................ -O.3V 
Maximum Vee ............................................................................. + 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 (T A = O°C to + 70°C, Vcc = +5V ±5%.) "; P 
FIG. NO. PARAMETER SYMBOL MIN TYp· MAX 

DC CHARACTERISTICS 
LOW INPUT VOLTAGE VIL 1 0.8 V Except TLL Input 

Clock 
HIGH INPUT VOLTAGE VIH 1 2.0 V Except TTL Input 

Clock 
LOW INPUT VOLTAGE VIL 2 1.0 V TTL Clock Input 
HIGH INPUT VOLTAGE VIH 2 Vcc-0.5V V TTL Clock Input 
LOW OUTPUT VOLTAGE VOL 1 0.4 V IOL = 3.5ma 
HIGH OUTPUT VOLTAGE VOH 1 2.4 V IOH = 200pa 
LOW OUTPUT VOLTAGE VOL 2 3.0 V For Clock Output 
HIGH OUTPUT VOLTAGE VOH 2 3.0 V For Clock Output 
INPUT LEAKAGE CURRENT IL ±10 pA 
INPUT CAPACITANCE CIN 25 pF 
POWER SUPPLY CURRENT Icc 20 30 mA 

FIG. NO. PARAMETER SYMBOL MIN TYp· MAX UNITS COMMENTS 

AC CHARACTERISTICS 

WRITE CYCLE 
Fig. 3 Address Setup Time t1 50 ns 
Fig. 3 Address Hold Time t2 0 ns 
Fig. 3 WR Pulse Width b 150 ns 
Fig. 3 Data Setup Time 4 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 h 0 ns 
Fig. 4 RD Pulse Width te 150 ns 
Fig. 4 Tzx te 0 80 ns 
Fig. 4 Txz t10 0 80 ns 

Fig. 5 READ WRITE INTERVAL t13 100 ns 

INTERRUPT 
ACKNOWLEDGE TIMING 

Fig. 6 Read Int. Status Reg. to 
INT inactive t14 300 ns 

DMA ACKNOWLEDGE 
TIMING 

Fig. 7 Read RX Buffer to 
RXDMA inactive t15 200 ns 

Fig. 8 Write TX Buffer to 
TXDMA inactive t,e 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 t20 10 ns 
Fig. 9 Input Clock rise time t21 10 ns 
Fig. 9 Input Clock high time t22 20 ns Vcc-1.0V 
Fig. 9 Input Clock low time t23 20 ns @0.6V 
Fig. 9 Input Clock period t24 62.5 ns @1.5V 

CLOCK OUT TIMING 

Fig. '10 Clock Out fall time t25 10 ns @50pFmax 

Fig. 10 Clock Out rise time t26 10 ns @50pF max 

Fig. 10 Clock Out high time t27 55 ns @50pF max 

Fig. 10 Clock Out low time t28 55 ns @50pF max 

Fig. 10 Clock Out period t29 125 ns @50pfmax I 
TX DATA TIMING 

Fig. 11 WR to tx Buffer 
TX ENABLE bo 1500 ns 

Fig. 11 TX ENABLE active to 
TX DELAY hi 250 ns 

Fig. 11 DTX to TX ENABLE inactive b2 250 ns 

Fig.11 TX to DTX delay h3 250 ns 

Fig. 11 TX, DTX half bit cell b4 500 ns 

Fig. 11 TX, DTX full bit cell b5 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 t40 1.0 IlS 

Fig. 13 External Reset pulse width t41 1.0 IlS 
Input Clock Frequency 16 MH~ 

*ALL TYPICAL VALUES ARE AT 25°C AND Vee = 5.0 V 
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89 



\~---~/ 
I I 

------~*~----------------~¥~--------
1 t6 b 1 I h I 
I· .. ~I ~1. ______ tB ____ ~~1 I 

--------------~I I~------------
~ { I 

~ d 

A-IN 

1 1 I I 

D-OUT ---------(~ _______ ___I)~: ------

INTn 

RDINT 
STATUS REG. 

Fig.4-PROCESSOR READ COM52C50 CYCLE 

I 1 

\~_l~-\ / 
I I~ __ --J 

1 1 

Fig. 5-PROCESSOR ACCESS COM52C50 REPETITION 

I I 
I 

" 
I 
I 
I.,. t14 I 
I -I 

\'---------+----1 
I I 

'\ I / 1 

I I 
1 

Fig. 6-INTERRUPT ACKNOWLEDGE TIMING 

90 



RXDMA 

RD RX 
BUFFER 

TXDMA 

WRTX 
BUFFER 

I 

/ 
I 
I 
I 
I h5 , .... 
I 

l 
1 
I 

Fig. 7-RX DMA ACKNOWLEDGE TIMING 

I 
I 

/ I 
I 
I 
I t16 

I .... 
I 

~ 
I 

Fig. 8-TX DMA ACKNOWLEDGE TIMING 

~1. ________ t24 ______ -1 
I. ~2 1 

I I 

I 

~ 
1 

.1 
I 
1 
I 
I 
I 

1 
I 

~ 
I 

.1 
1 

I 
1 
I 
I 

1-----"""'\ 1,----_ 

ClKIN 
I I 1 

-- -r----t-
I I II~----' 
I t21 I t20 I t23 

M .... 1·· ... 1 ...... ---~ 

Fig. 9-TTL INPUT CLOCK TIMING 

ClKOUT 
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Fig. 14-COM52C50 TRANSMIT START TIMING 
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TX ClK 
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TX 

RXDATA 

RXDATA 
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Fig. 15-COM52C50 TRANSMIT END TIMING 

T 
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Fig.,16-COM52C50 RECEIVE START TIMING 
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Fig. 17-COM52C50 RECEIVE END TIMING 
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+5 V 

390 Ohm ~DI----fH--------
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I
C C

I
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10. Mohm 

C = 2 times Crystal load Capacitance 

Fig. 18-CONNECTION DIAGRAM FOR PARALLEL 
RESONANT CRYSTAL 
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Xtal2 
No Connection --£) 

Fig. 19-RECOMMENDED EXTERNAL TTL CLOCK 
CONNECTION 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical applications; 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 products 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 7210 

Intelligent GPIB Interface Controller 

FEATURES 
o All Functional Interface Capability Meeting IEEE 

Standard 488-1978 
-SH1 (Source Handshake) 
-AH1 (Acceptor Handshake) 
- T5 or TE5 (Talker or Extended Talker) 
-L3 or LE3 (Listener or Extended Listener) 
-SR1 (Service Request) 
-RL 1 (Remote Local) 
-PP1 or PP2 (Parallel Poll) (Remote or Local 

Configuration) 
-DC1 (Device Clear) 
-DT1 (Device Trigger) 
-C1-5 ((Controller) (All Functions)) 

o Programmable Data Transfer Rate 
o 16 MPU Accessible Registers-8 Read/8 Write 
02 Address Registers 

-Detection of MTA, MLA, MSA (My Talk/Listen/ 
Secondary Address) 

-2 Device Addresses 
o EOS Message Automatic Detection 
o Command (IEEE Standard 488-78) Automatic 

Processing and Undefined Command Read Capability 
o DMA Capability 
o Programmable Bus Transceiver I/O Specification 

(Works with T.1.lMotorola/lntel) 
b 1 to 8 MHz Clock Range 
o TTL Compatible 

PIN CONFIGURATION 

T/R1 1 ( 
'-./ 

J 40 Vee 
T/R2 2 [ 39 'I:OT 

CLOCK 3 [ 38 l'J'I:iAC 
RESET 4 [ 37 fiJl1I![5 

T/R3 5 [ 36 r5A\l 
DMAREQ 6 [ J 35 rn<J8 
~ 7 ( J 34 rm:>7 

C'S 8 ( J 33 rn<J8 
1m 9 [ 

D 
32 l5I05 

W1i 10 [ 31 rmY4 
INT 11 [ 30 0ID3 
DO 12 [ 29 rn<:52 
D1 13 C 28 rnm 
D2 14 C 27 SIm 
D3 15 C 26 ATfJ 
D4 16 ( 25 R'rn 
D5 17 ( 24 ~ 
D6 18 C 23 RS2 
D7 19 ( 22 RS1 

GND 20 [ P 21 RSO 

PACKAGE: 40-pin D.I.P. 

[] COPLAMOS®n-Channel Silicon Gate Technology 
[] + 5V Single Power Supply 
o 40-Pin DIP 
o 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 int~rface. 
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REGISTERS 

15TOs - '5'iOi 
DATA IN 

07-00 

MESSAGE 
COMMAND PASS DECODER 

CS THROUGH 

RS2-RSO 

AD 

INTERFACE 
WR FUNCTIONS 

ADDRESS STATUS 
DMAREQ SH 1 

DMAACK AH 1 

ADDRESS MODE 

T5/TE5 

ADDRESS 011 L3/LE3 GPIB CONTROL 

SR 1 

END OF STRING 

RLl 

PP1/PP2 

INT DC 1 
T/R 3-T/R 1 

DT 1 

SERIAL POLL 
Cl 

C2 
PARALLE L POLL 

C3 

AUX.IA)/IB)/IE) 

C4 

INTERNAL C6 

CLOCK 
COUNTER 

AUX. COMMAND 
DECODER 

RESET 

BLOCK DIAGRAM 
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DESCRIPTION OF PIN FUNCTIONS 

PIN SYMBOL 
1 T/R1 

2 T/R2 

3 ClK 

4 RST 
5 T/R3 

6 DMAREO 

7 DMAACK 

8 CS 

9 RD 

10 WR 

11 

~ INT 

12-19 00-7 
20 GND 

21-23 RSO-2 

24 IFC 
25 REN 

26 ATN 

27 SRO 
28-35 0101-8 

36 DAV 
37 NRFD 
38 NDAC 

39 EOI 

40 Vee 

FUNCTIONAL DESCRIPTION 
Introduction 

I/O 
0 

0 

I 

I 
0 

0 

I 

I 

I 

I 

0 

I/O 

I 

110 
110 

I/O 

110 
I/O 

I/O 
I/O 
110 

I/O 

--
DESCRIPTION --

Transmit/Receive Control-Input/Output Control Signal for the GPIB 
Bus Transceivers. ---
Transmit/Receive Control-The functions of TlR2, T/R3 are determined 
by the values of TRM1, TRMO of the address mode register. 
Clock-(1-8 MHz) Reference Clock for generating the state change 
prohibit times T1, T6, T7, T9 specified in IEEE Standard 488-1978. 
Reset-Resets 7210 to an idle state when high (active high). 
Transmit/Receive Control-Function determined by TRM1 and TRMO of 
address mode register (See T/R2). ---
DMA Request-7210 requests data transfer to the computer system, 
becomes Iowan input of DMA acknowledge signal DACK.. ______ 
DMA Acknowledge-(Active low) Signal connects the computer system 
data bus to the data register of the 7210. 
Chip Select-(Active low) Enables access to the register selected by 
RSO-2 (read or write operation). .-

Read-(Active low) Places contents of read register specified by 
RSO-2-on 00-7 (Computer Bus). 
Write-(Active low) writes data on 00-7 into the write register specified 
by RSO-2. 
Interrupt Request-(Active High/low) Becomes active due to any 1 of 13 
internal interrupt factors (unmasked) active state software configurable, 
active high on chip reset. 
Data Bus-8-bit bidirectional data bus, for interface to computer system. --

Ground. 
Register Select-These lines select one of eight read (write) registers 
during a read (write) operation. 
Interface Clear-Control line used for clearing the interface functions. 
Remote Enable-Control line used to select remote or local control of 
the devices. 
Attention-Control line which indicates whether data on 010 lines is an 
interface message or device dependent message. 
Service Request-Control line used to request the controller for service. 
Data Input/Output-8-bit bidirectional bus for transfer of message on 
the GPIB. 
Data Valid-Handshake line indicating that data on 010 lines is valid. 
Ready for Data-Handshake line indicating that device is ready for data. 
Data Accepted-Handshake line indicating completion of message 
reception. 
End or Identify-Control line used to indicate the end of multiple byte 
transfer sequence or to execute a parallel polling in conjunction with ATN. 
+5V DC 

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 
COM 7210 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: 

Data on the GPIB is transferred in a bit parallel, byte serial 
fashion over 8 Data I/O lines (0101-0108). 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 COM 721 0 TLC implements all functional aspects of 
Talker, Listener and Ccmtroller functions as defined by the 
488-1978 Standard, and on a single chip. 

The COM 721 0 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 

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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overhead. The processor interface of the TLC is general in 
nature and may be readily interfaced to most processor 
lines. 
In addition to providing all control and data lines necessary 
for a complete GPIB implementation, the TLC also pro
vides a unique set of bus transceiver controls permitting the 

REGISTER NAME ADDRESSING 
R R R W R C 
S S S R D S 
2 1 0 

Data In (OR) 0 0 0 1 0 o I D17 

I nterru pt Status 1 (1 R) 0 0 1 1 0 0 I CPT 

Interrupt Status 2 (2R) 0 1 0 1 0 0 I INT 

Serial Poll Status (3R) 0 1 1 1 0 0 I S8 

Address Status (4R) 1 0 0 1 0 0 I CIC 

Command Pass Through (5R) 1 0 1 1 0 0 I CPT7 

Address 0 (6R) 1 1 0 1 0 o I X 

Address 1 (7R) 1 1 1 1 0 o I E01 

Byte Out (OW) 0 0 0 0 1 o I B07 

Interrupt Mask 1 (1W) 0 0 1 0 1 o I CPT 

Interrupt Mask 2 (2W) 0 1 0 0 1 0 I 0 

Serial Poll Mode (3W) 0 1 1 0 1 0 I S8 

Address Mode (4W) 1 0 0 0 1 o I ton 

Auxiliary Mode (5W) 1 0 1 0 1 0 I CNT2 

Address 0/1 (6W) 1 1 0 0 1 0 I ARS 

End of String (7W) 1 1 1 0 1 o I EC7 

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

DATA IN (OR) I DI7 I DI6 I DI5 DI4 

Holds data sent from the GPIB to the computer 

I 

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

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

SPECIFICATION 

D16 D15 I D14 I D13 I D12 I D11 I D10 I 
APT DET I END I DEC I ERR I DO I D1 I 

SR01 LOK I REM I CO I LOKC I REMC I ADSC I 
PEND S6 I S5 I S4 I S3 I S2 I S1 I 
ATN SPMS I LPAS I TPAS I LA I TA I MJMN I 

CPT6 CPT5 I CPT 4 I CPT3 I CPT2 I CPT1 I CPTO I 
DTO I DLO I AD5-0 I AD4-0 I AD3-0 I AD2-0 I AD1-0 I 
DT1 I DL1 I AD5-1 I AD4-1 I AD3-1 I AD2-1 I AD1-1 I 
B06 I B05 I B04 I B03 I B02 I B01 I BOO I 
APT I DET I END I DEC I ERR I DO I DI I 
SROI I DMAO I DMAI I CO I LOKC I REMC I ADSC I 

rsv I S6 I S5 I S4 I S3 I S2 I S1 I 
Ion I TRM1 I TRMO I 0 I 0 I ADM1 I ADMO I 

CNT1 I CNTO I COM4 I COM3 I COM2 I COM1 I COMO I 
DT I DL I AD5 I AD4 I AD3 I AD2 I AD1 I 

EC6 I EC5 I EC4 I EC3 I EC2 I EC1 I ECO I 

DI3 DI2 DI1 DIO 

BYTE OUT (OW) I B07 I B06 I B05 B04 B03 B02 B01 BOO I 

Holds information written into it for transfer to the GPIB 

Interrupt Registers 
The interrupt registers are composed of interrupt status bits, 
interrupt mask bits, and some other noninterrupt related bits. 

READ 
INTERRUPT 
STATUS 1 (1 R). CPT APT DET END DEC 

INTERRUPT 
STATUS 2 (2R) INT SROI LOK REM CO 

WRITE 
INTERRUPT 
MASK 1 (1W) CPT APT DET END DEC 

INTERRUPT 
MASK 2 (2W) 0 SROI I DMAO I DMAI CO 
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ERR DO DI 

I LOKC I REMC I ADSC I 

ERR DO DI 

I LOKC I REMC I ADSC I 



Interrupt Status Bits 

INT OR of All Unmasked Interrupt Status Bits 
CPT Command Pass Through 
APT Address Pass Through 
DET Device Trigaer 
END End (END or EOS Message Received) 
DEC Device Clear 
ERR Error 
DO Data Out 
01 Data In 
SRQI Service Request Input 
LOKC Lockout Change 
REMC Remote Change 
ADSC Address Status Change 
CO Command Output 

Serial Poll Registers 

There are thirteen factors which can generate an inter
rupt from the COM 721 0, each with their own status bit and 
mask bit. 

The interrupt status bits are always set to one if the interrupt 
condition is met. The interrupt mask bits decide whether the 
INT bit and the interrupt pin will be active for that condition. 

Noninterrupt Related Bits 

LOK Lockout 
REM Remote/Local 
DMAO Enable/Disable DMA Out 

DMAI Enable/Disable DMA In 

READ 
SERIAL POLL 

1 PEND 1 ~I STATUS (3R) S8 S6 S5 S4 S1 SO 

WRITE 
SERIAL POLL 
MODE (3W) S8 rsv S6 S5 

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

Address Mode/Status Registers 

S4 S3 S2 S1 

ADDRESS STATUS (4R) CIC ATN 1 SPMS 1 LPAS TPAS LA TA 1 MJMN I 

ADDRESS MODE (4W) ton Ion I TRM1 I TRMO I 0 o I ADM1 I ADMO -I 

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

The functions of T/R2, T/R3 terminals (2 and 5) are deter
mined as below by the TRM 1, TRMO values of the address 
mode register. 

T/R2 T/R3 TRM1 
EOIOE TRIG 0 
CIC TRIG 0 
CIC EOIOE 1 
CIC PE 1 

EOIOE = TACS + SPAS + CIC· CSBS 

This denotes the input/output of EOI terminal. 

When "1": Output 
When "0": Input 

TRMO 

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

PE = CIC + PPAS 
This indicates the type of bus driver connected to DI08 to 
DI01 and DAV lines. 

When" 1 ": 3 state type 
When "0": Open collector type 

TRIG: When DTAS state is initiated or when a trigger aux
iliary command is issued, a high pulse is generated. 

Upon RESET, TRMO and TRM1 become "0" (TRMO = 
TRM1 = 0) and local message port is provided, so that TI 
R2 and T/R3 both become "LOW:' 

I 



Address Modes 
CONTENTS OF CONTENTS OF 

ADDRESS ADDRESS (0) ADDRESS (1) 
REGISTER ton Ion ADM1 ADMO MODE REGISTER 

1 0 0 0 Talk only Address Identification Not Necessary mode (No controller on the GPIB) 
0 1 0 0 Listen only Not Used mode 
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 Status Bits 
ATN Data Transfer Cycle (device in CSBS) 
LPAS Listener Primary Addressed State 
TPAS Talker Primary Addressed State 
CIC Controller Active 
LA Listener Addressed 

Address Registers 

@ -Address re~ister 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). 

TA 
MJMN 

SPMS 

Talker Addressed 
Sets minor TIL address Reset = Major TIL 
address 
Serial Poll Mode State 

ADDRESS 0 (6R) [ X DTO DLO I AD5-0 I AD4-0 I AD3-0 I AD2-0 I AD1-0 I 
ADDRESS 1 (7R) [ EOI DT1 DL1 I AD5-1 I AD4-1 I AD3-1 I AD2-1 I AD1-1 

ADDRESS 0/1 (6W) [ ARS DT DL I AD5 

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 
ARS -Selects which address register, 0 or 1 
DT -Permits or Prohibits address to be detected 

as Talk 
DL -Permits or Prohibits address to be detected 

as Listen 

Command Pass Through Register 

I AD4 I AD3 I AD2 I AD1 

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

ADS-AD1 -Device address value 
EOI .,-Holds tlie value of EOI line when data is 

received 

COMMAND PASS 
THROUGH (5R) [ CPT? I CPT6 I CPT5 I CPT4 CPT3 CPT2 CP1 I CPTO I 

The CPT register is used such that the CPU may read the address, or parallel poll response. 
010 lines in the cases of undefined command, secondary 

End of String Register 
ENDOF 
STRING (7W) I EC7 EC6 EC5 EC4 EC3 I EC2 I EC1 I ECO I 

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

Auxiliary Mode Register 
AUXILIARY 
MODE (5W) [ CNT2 I CNT1 CNTO I COM4 I COM3 I COM2 I COM1 I COMO I 
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This is a multipurpose register. A write to this register gen
erates one of the following operations according to the val
ues of ttle CNT bits. 

CNT COM 
2 1 0 4 3 2 1 0 OPERATION 

0 0 0 C. C3 C2 C, Co 
Issues an auxiliary command 
specified by C. to Co. 

0 0 1 o F3 F2 F, Fa 
The reference clock fre~enCy is 
specified and T

" 
T6 , T7 , 9 are 

determined as a result. 

0 1 1 U S P3 P2 P, Makes write operation to the parallel 
poll register. 

1 0 0 A. A3 A2 A, Ao Makes write operation to the aux. 
(A) register. 

1 0 1 B. B3 B2 B, Bo 
Makes write operation to the aux. 
(B) register. 

1 1 0 0 o 0 E, Eo Makes write operation to the aux. 
(E) register. 

Auxiliary Commands o 0 0 C4 C3 C2 C1 Co 
COM 
43210 
00000 iepon - Immediate Execute pon-

Generate local pon 

00010 crst 
Message 

- Chip Reset-Same as 
External Reset 

00011 rrfd - Release RFD 
00100 trig - Trigger 
00101 rtl - Return to Local Message 

Generation 
00110 seoi - Send EOI Message 
00111 nvid - Non Valid (OSA reception)-

Release DAC Holdoff 
01111 vid - Valid (MSA reception, CPT, 

DEC, DET)-Release DAC 
Holdoff 

OX001 sppf - Set/Reset Parallel Poll Flag 
10000 gts - Go To Standby 
10001 tca - Take Control 

Asynchronously 
10010 tcs - Take Control Synchronously 
11010 tcse - Take Control Synchronously 

on End 
10011 Itn - Listen 
11011 Itnc - Listen with Continuous 

Mode 
11100 lun - Local Unlisten 
11101 epp - Execute Parallel Poll 
1X110 sifc - Set/Reset I FC 
1 X111 sren - Set/Reset REN 
10100 dsc - Disable System Control 

Internal Counter 0 0 1 0 F3 F2 F1 Fo 
The internal counter generates the state change prohibit 
times (T1' Ta, T7 , Tg) specified in the IEEE std 488-1978 with 
reference to the clock frequency. 

Auxiliary A Register 1 0 0 A4 A3 A2 A1 Ao 
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. 

~ 
Ao DATA RECEIVING MODE 
0 Normal Handshake Mode 
1 RFD Holdoff on all Data Modes 
0 RFD Holdoff on End Mode 
1 Continuous Mode 

BIT 
NAME FUNCTION - .,- -- ~ ~~ 

0 Prohibit Permits (prohibits) the setting of 
A2 

1 Permit 
the END bit by reception of the 
EOS message. 
Permits (prohibits) automatic 

0 Prohibit transmission of END message 
A3 

1 Permit 
simultaneously with the 
transmission of EOS message 
TACS. 

A. 
0 ?bit EOS Makes the 8 bits!? bits of EOS 
1 8bit EOS register the valid EOS message. 

Auxiliary B Register 1 0 1 B4 B3 B2 B1 Bo I 
The Auxiliary B Register is much like the A Register in that 
it controls the special operating features of the device. 

BIT 
NAME FUNCTION 

Permits (prohibits) the detection 
of undefined command. In other 

Bo J Permit words, it permits ~rohibitS) 
0 Prohibit the setting of the PT bit on 

reception of an undefined 
command. 

1 Permit 
Permits (prohibits) the 

B, transmission of the END 
0 Prohibit message when in serial poll 

active state (SPAS). 
1 T, T, (high speed) as T, of 

B2 
(high-speed) handshake after transmission of 

0 T, 2nd byte following data 
(low-speed) transmission. 

B3 
1 INT ~cifies the active level of 
0 INT INTpin. 

--

SRQS indicates the value of ist 
ist = SRQS level local message (the value of 

1 the 8ar~lel p~1I fl~g is ignored). 
B. SR S - 1 ... lst - 1. 

SRQS = O ... ist = O. 
The value of the parallel poll flag 

0 ist = Parallel is taken as the ist local message. 
Poll Flag 

Auxiliary E Register 1 1 0 0 0 0 E1 Eo 
This register controls the Data Acceptance Modes of the 
TLC. 

BIT FUNCTION 

Eo 
1 Enable 

DAC Holdoff by initiation of DCAS 
0 Disable 

E, 
1 Enable 

DAC Holdoff by initiation of DTAS 
0 Disable 

Parallel Poll Register 
The Parallel Poll Register defines the parallel poll response 
of the C0tV17210. 

[:9:D I 1 I u I i I P'~~~~il~~Esr6ib~~gI61081 
SPECIFYING STATUS BIT 
POLARITY 
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S = 1: IN PHASE 
S = 0: REVERSE PHASE 

{ 
U = 1: NO RESPONSE TO PARALLEL POLL 
U = 0: RESPONSE TO PARALLEL POLL 



rD~ ---~DECODER~ 
Xl X2 

A18-8 

lit AD7-8 

~ I~ 101M t-

RD t-
8085 

WR l-

ALE t-

RESET OUT l-

ClK t-

RST 7.5 I-

'I >~ ~ i ~ 

:Il 0 ~I~I ~ ~ ~I en -..I 
I\l 6 eno 

INT
6 m(") 

RST6.5 --- --17\ 
COM7210 

RST5.5 -- DMAREQ DMAACK 

T/ R3_1 
RESET IN I 

~ 1 f 
BUS TRANSCEIVERS 

~ 

~ 

"Vi i t I • 
l> 0:Il1 :Ell> :Il --I (") 

o ...... O:Ilrm ~ m 
-;oJ:;:1 m ~ m 
(Xl --I :Il 

L- TIMER OUT Z 
I--"H" 8155 

PA7-8 PB7-8 PC5-6 

llUU 
DEVICE CONTROL 

MINIMUM 8085 SYSTEM 
WITH COM7210 

I~ 
t-

I-

t-

I-

I-

l-

I '7~ t . ~ 
~ l> - :Ill -Il> :Il (") ~ 

0 .eo~rmr m 
0 -..I :;:1 m en 7\ 
cD cD ~ CE r-- "H" 

8355 

PA7-D. PB7-D 
lOR f-- "H" 

r - ---\ 

~ 
SWITCHES I DISPLAY 



COM7210 

~ 
~ 
~ 

riiJ54 
ISiOa 
i5i'02' 
010, 

T/R1 

T/R3 (EOIOEl 
mr 

l5A\7 

'f:J1frn 

NDAC 

T/R2 (CICl 

mm 
Am' 

~ 

~ 

MC344SAX4 GPIB 

1----01 °8 
1----01°7 
1----0106 
1----0105 

DATA A 
DATA B 
OATAC 
DATA D 

r- S/RA_D 

DATA A 
DATA B 
OATAC 
DATA 0 

~ S/RA-D 

--i>--rf> 
S/RA 
DATA A 

"- S/RB 
DATA B 

I--- S/RC 
DATAC 

'--- S/Ro 
DATA D 

-{>-- S/RA 

DATA A 
L--- S/RB 

DATA B 
r- SIRe 

OATAC ,.... SIRo 
DATA D 

T T 
"H''''L'' 

BUSA 
BUS B 
BUS C 
BUS D 

PEA-O I-

BUSA 
BUS B 
BUSC 
BUS D 

t-t---0104 
t-t---DI03 
t-f---0102 
t-f---Dl01 

PEA-D I-

BUSA 

BUS B 

BUS C 

BUS D 

H---EOI 

H---OAV 

t-I---NRFD 

H---NOAC 

PEA-O f-

BUS A 

BUS B 

BUS C 

BUS 0 

H---SRQ 

H---ATN 

H---REN 

H---IFC 

PEA-O I-

"L" 

Note: In this example, high-speed data transfer cannot be made since the bus 
transceiver is of the open collector type (Set 8 2 = 0). 

DIOS DS BSr-----

~ 07 B7-

l5i'O'6 DS BS-

~ 05 B5-

l5TI54 D4 SN751S0 B4-

DI03 03 B3-
DI02 D2 B2-

5i01 D1 B1-

T/R3 (PEl PE 
TE 

COM7210 T/R1 ~ >GPIB , 
~ 

TE 
T/R2 (CICl DC 

SRQ SRQ r---
A'fN ATN r---
rni EOI SN75161 r---

i5AV DAV r---
Nl=fFl5 NRFD I---
'Ni5'AC NDAC r---,.,...,. 

IFC r---
RE'N REN r---_ 

Note: In the case of low-speed data transfer (82 = 0), the T/R3 pin can be used as a 
TRIG output. The PE input of SN75160 should be cleared to "0." 

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

PARAMETER 
Supply Voltage 

Input Voltage 

Output Voltage 
Operating Temperature 
Storage Temperature 

SYMBOL 

Vee 
V, 

Vo 

Too, 

1'.'9 

DC CHARACTERISTICS (Ta = 0 to + 70°C, Vee = 5V ± 10%) 

LIMITS 
PARAMETER SYMBOL MIN TYP 

Input Low Voltage V'L -0.5 
Input High Voltage V'H +2.0 
Low Level 

Output Voltage VOL 

High Level 
Output Voltage VOH1 +2.4 

High Level +2.4 
Output Voltage VOH2 

(INTPin) +3.5 
Input Leakage 

Current I'L -10 
Output Leakage 

Current IOL -10 
Supply Current Icc 

CAPACITANCE (Ta = 25°C, Vee = GND = OV) 

LIMITS 
PARAMETER SYMBOL MIN TYP 

Input Capacitance C'N 
Output Capacitance COUT 
1/0 Capacitance C"o 

CS, RS2 ~ 0 

RATINGS UNIT 
-0.5~+7.0 V 

-0.5~+7.0 V 
-0.5 ~ +7.0 V 

o ~ +70 °C 
-65 ~ + 125 °C 

MAX UNIT TEST CONDITIONS 
+0.8 V 

Vee + 0.5 V 

+0.45 V IOL = 2 mA 
(4 mA: T/R1 Pin) 

V IOH = -400 f.lA 
(Except INT) 

IOH = -400 f.lA 
V 

IOH = -50 f.lA 

+10 f.lA V'N = OV ~ Vee 

+10 f.lA VOUT = 0.45V ~ Vee 

+180 mA 

MAX UNIT TEST CONDITIONS 
10 pF f = 1 MHz 

15 pF All Pins Except Pin Under Test Tied to 
20 pF ACGround 

______ +-________ ~~.-----tRR------~Ir_----------------~ . 

.--------- tRV ------.-! 

07 ~ 0 

OMAREQ 

\l tAKO 

~KRQ~~ ________________________________ __ 

TIMING DIAGRAM 
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AC CHARACTERISTICS, ~Ta = 0 to 70°C, Vcc = 5V'± 10%) 

EOI! ---> 
EOI1---> 
EOI i--> 
ATN! ---> 
ATN! ---> 
ATN! ---> 
DAV 1---> 
DAV 1---> 
DAV! ---> 
DAVi ---> 
QAVi---> 

PARAMETER 
010 
T/R1 i 
T/RI1 
NDACl 

T/R11 
T/R21 
DMAREQ 
NFRD1 
NDACi 
NDAC1 
DRFD i 

RD1---> NRFD i 

NDACi 

NDACi 

WRi---> 

NRFD i 

---> DMAREQi 

--->DAVi 

010 

--->DAV 1 

DAV 1 

TRIG 
PulseW idth 

Setup to RD 

Hold from RD 
eWidth 

Address 

Address 
RD Puis 
Data De 
Data De 
Output F 
RD Rec 
Address 
Address 
WR Puis 
DataSe 
Data Ho 
WRRec 
DMARE 
Data De 

lay from Address 
lay from RD 1 
loat Delay from RD i 

overy Time 
SetuptoWR 
Hold from WR 
eWidth 

tuptoWR 
IdfromWR 
overy Time 
Q ! Delay from DMAACK 
I,ay from DMAACK 

cs~ RS2 - 0 

WFi 

07 - 0 

LIMITS 
SYMBOL MIN MAX 
tEOOI 250 
tEOT11 155 

tEOT12 200 
tATNO 155 
tATTl 155 
tATT2 200 
tOVRQ 600 
tovNR1 350 
tOVN01 650 
tOVN02 350 
tOVNR2 350 

tRNR 500 

tNORQ 400 

tNOOV 350 

tW01 250 

tNROV 350 

twov 
830 

+tSYNC 

tTR1G 50 

tAR 
85 

0 
tRA 0 
tRR 170 
tAO 250 
tRO 150 
tOF 0 80 
tRV 250 
tAW 0 
tWA 0 
tww 170 
tow 150 
two 0 
tRv 250 
tAKRQ 130 
tAKo 200 

TIMING DIAGRAM 
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UNIT 
CONDITIONS 

ns PPSS ---> PPAS, ATN _,.lrue 
ns PPSS ---> PPAS, ATN = True 
ns PPAS ---> PPSS, AT~ =_£~~ 
ns AIDS ---> ANRS, LIDS 
ns TACS + SPAS ---> TAOS, CIDS 
ns TACS + SPAS-. TAOS, CIDS 
ns ACRS ---> ACDS, LA9§ ___ ,_ 
ns ACRS--->ACDS --------
ns ACRS ---> ACDS -> AWNS 
ns AWNS--->ANRS 
ns AWNS ---> ANRS .. ACRS 

ns ANRS--->ACRS 
LACS, 01 reg. selected ---

ns STRS ---> SWNS ---> SGNS, 
TACS 

-"------
ns STRS ---> SWNS ---> SGNS 

---

ns SGNS ---> SDYS, 80 
reg. selected 

ns SDYS ---> STRS, T, = True 
SGNS ---> SDYS ---> STRS 

ns 80 reg. selected, RFD = True 
NF = fc = 8 MHz, 
T, (High Speed) 

--~- --

ns 
--- -- , 

ns RSO ~ RS2 
- ---

ns CS 
ns 
ns 
ns -.-- -_._-- -
ns ----
ns 
ns 
ns 
ns 

'-
ns --
ns 
ns 
ns 
ns 
ns 



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

COM78C802 
PRELIMINARY 

Two-channel Universal 
Asynchronous Receiver/Transmitter 

Dual UART 

FEATURES 
o Two independent full duplex serial data lines 

o Programmable baud rates individually selectable for 
each line's transmitter/receiver (50 to 19,200 baud) 

o 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 

o Triple buffers for each receiver 

o Device scanner mechanism that reports interrupt 
request due transmitter/receiver interrupts 

o Independently programmable lines for interrupt-driven 
operation 

o Modem status change detection for Data Set Ready 
(DSR) and Data Carrier Detect (DCD) signals 

o Programmable interrupts for modem status changes 

o Synchronizes critical read-only registers 

o Single 5V Power Supply 

o TTL Compatible 

o Compatible with SMC COM78C808 OCTAL UART 
and COM78C804 QUART 

VSS, 
TXD, 
DSR, 
DCD, 
RXD, 

N/C 
N/C 
N/C 
N/C 
Dl7 

Dl6 

GENERAL DESCRIPTION 

PIN CONFIGURATION 

DCD, DSR, 

RXD, TXD, 

N/C N/C 
N/C 
vss, 

Dls ClK 
Dl4 MRST 

ROY ADD3 

RSi' ADD2 
VSS0 ADD, 

cs ADD.0 

WR IRO 
OS, I ROTXRX 

Dl3 N/C 
Dl2 IROlN0 
Dl, VDD 

DLo VSS2 
N/C N/C 

TXDe RXD.0 
DSR.0 DCD.0 

PACKAGE: 40- Pin DIP 

x 
a: ... 

I-MMN,-O X 3 
:.:: ~ 0 0 0 0 0 10 0 () ° 
d::d~S!S!S!S!~~z~ 

393837363534333231 3029 
40 28 

JJI61~1~'~I~'w 3 SJ 00a:a:~ 0000 

PACKAGE: 44 Pin PLCC 
-Must be connected together 

VDD 

VSS2 
N/C 
N/C 
N/C 
N/C 

RXD0 
,DCD0 

DSR.0 
TXD.0 
DL0 

. 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 the basic COM78C802 Dual UART. 
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Pln-PlCC 

5-8,15-18 

33-37 

12 

14 

13 

9 

10 

38 

39 

20,42 

21,43 

32 

29 

31 

19,41 

22,,44 

28 

11,27,40 

INTERRUPT 
SUMMARY 
REGISTER 

DATA SET 
CHANGE 

SUMMARY 
REGISTER 

TxoO 
AxoO 
oSAO 
OCOO 

Txol 
Axol 
oSAl 
oCol 

FIGURE 1: COM78C802 DUAL UART FUNCTIONAL BLOCK DIAGRAM 

TABLE 1-COM78C802 PIN AND SIGNAL SUMMARY 
Pin-Dip Signal Input/Output Definition/Function 

4-7,14-17 DL<7:0> input/output Data lines <7:0>-Receives and transmits the parallel 
data. 

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

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

13 OS input Data strobe-Receives timing information for data transfers. 

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

8 ROY output Ready-Indicates when the Dual UART is ready to partiCi-
pate in data transfer cycles. 

9 RESET input Reset-Initializes the internal logic. 

34 MRSiT input Manufacturing reset-For manufacturing use. 

35 ClK input Clock-Clock input for timing. 

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

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

29 IRQ output Interrupt request-Requests a processor interrupt. 

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

28 IRQTxRx output Interrupt request transmit/receive-Indicates whether an 
interrupt request is for transmitting or receiving data. 

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

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

25 Voo input Voltage-Power supply voltage + 5 Vdc. 

10,24,36 Vss input Ground-Ground reference 
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DATA AND ADDRESS 
Data lines (DL<7:0»-These lines are used for the par- Address (ADD<3:0»-These lines select which Dual 
aile I transmission and reception of data between the CPU UART internal register is accessible through the data I/O 
and the Dual UART. The receivers are active when the data lines (DL <7:0» when the data strobe (OS) and chip select 
strobe (DS) signal is asserted. The output drivers are active (CS) signals are asserted. Table 2 lists the addresses cor
only when the chip select (CS) signal is asserted, the data responding to each register. The receiver buffer and trans
strobe (DS) signal is asserted, and the write (WR) signal is miUer holdlD.9Jegister for each line have the same address. 
deasserted. The drivers will become inactive (high,imped- When the (WR) signal is deasserted, the address accesses 
ance) within 50 nanoseconds when one or more of the fol- the receiver buffer register and when asserted, it accesses 
lowing occurs: the chip select (CS) signal is deasserted, the transmitter holding register. 
the data strobe (OS) signal is deasserted, or the write (WR) 
signal is asserted. 

TABLE 2-COM78C802 REGISTERS ADDRESS SELECTION 

ADD Line'" <3> <2> <1> <0> 

0 0 0 0 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 

1 0 0 0 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 

X 1 0 0 
X 1 0 1 

*X = Either 0 or 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 
reg isters. Data transfer is controlled by the data strobe (OS) 
signal and write (WR) signal. 

Data strobe (05)- 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 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.J!Jhe WR signal is 
asserted during a data transfer (the CS and OS signals 
asser~, 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. 

Read/Write Register 

Read Line 0 Receiver Buffer 
Write Line 0 Transmitter Holding 
Read Line 0 Status 
Read/Write Line 0 Mode Registers 1,2 
Read/Write Line 0 Command 

Read Line 1 Receiver Buffer 
Write Line 1 Transmitter Holding 
Read Line 1 Status 
Read/Write Line 1 Mode Register 1,2 
Read/Write Line 1 Command 

Read Interrupt Summary 
Read Data Set Change Summary 

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 
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 IRQTxRx sig
nal is deasserted). The signal is valid only while IRQ is 
asserted. The state of IRQTxRx signal also appears as bit 
o of the interrupt summary register. 

Interrupt request line number (IRQLN<O:O»-This line 
indicates the line number at which the Dual UART inte!.!:.\:!2t 
scanner stopped and asserted the interrupt request (IBill 
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<O> as bit 1. 
Table 3 shows the line numbers corresponding to settings 
of IRQLN. 

109 

I 



TABLE 3-COM78C802 INTERRUPT REQUEST 
LINE ASSIGNMENTS 

IRQ Line 
o 
1 

SERIAL DATA 

Line 
o 
1 

Transmit 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 
the 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 si~nals must 
remain in the high state for at least one-half bit time before 
a high-to-Iow transition is recognized. ( A high-to-Iow 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 DSR bit (bit 7) in the corresponding line's status register 
to be asserted. A TTL high 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-Iow, 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-Iow, 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 
part in data transfergcles. The RDY signal deasserts after 
the trailing edge of CS.I 

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)-AII 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. 
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POWER AND GROUND 
Voltage (Voo)-Power supply 5 Vdc 

Ground (Vss)-Ground reference 

ARCHITECTURE SUMMARY 
The Dual UARTfunctions 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 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 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-spec.ific 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 a~ess by setting the appropriate 
address on lines ADD<3:0>. Lines ADD<4:3> select one 
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, recei\{ed 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 RxlE bit of its command register set causes the 
interrupt scanner logic to stop and generate an inter~upt 
condition (the IRQ signal is asserted). When the receiver 
buffer is read, the interrupt condition is cleared (the IRQ 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 fRO 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 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 
a character is then loaded into the register, the interrupt is 
cleared and the scanner resumes operation. 



Assertion of the REm signal initializes the transmitter logic 
of the Dual UART. The TxRDY flag is cleared and the trans
mitter holding register's contents are lost. The transmitter 
enable (TX~~~t 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 
clea~~ of TxEN alone produces results different from the 
full ET 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. 

DSR 
DCD-----' 
FER------..... 
ORR--------""" 
PER -----------' 
TxEMT __________ -1 

RxRDY---------------' 
TxRDY·-----------------' 

FIGURE 3: COM78C802 STATUS REGISTERS 
(LINE 0:1) FORMAT 

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. 
S 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 thEi 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 r~gister. 
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 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 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 
2, and another after that would recycle the pointer to mode 
re ister 1 . The pointer is reset to point to mode register 1 by 
RE ET or by a read of the command register for this line. 
These registers should not be accessed by bit-oriented 
instructions thq,t do read/modify/write cycles. 

Figure 4 shows the format of mode registers 1 and Table 5 
describes the function of the register information. 
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STOP-----' 
PAR CTRL-------' 

CHAR LENGTH -----------' 
RSRV-------------~ 
MCIE ______________ -1 

FIGURE 4-COM78C802 MODE 
REGISTERS 1 (LINE 0:1) FORMAT 



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 

5,4 PAR CTRL (Parity control)-These bits determine parity as follows and are cleared by asserting the RESET 
input. X = either 1 or O. 
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 RxlE (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 
baud rate and bits 3 through 0 control the receiver baud 
rate. These registers are cleared by asserting RESET input. 

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 
the function of the register information. 

I I ,. ., 
I XMIT RATE 

RECV RATE 

FIGURE 5-COM78C802 MODE 
REGISTERS 2 (LINE 0-1) FORMAT 
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RERR 
T.BR 
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FIGURE 6-COM78C802 COMMAND 
REGISTERS (LINE 0-1) FORMAT 



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 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 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-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 RxlE (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 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 inpu~. 

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 TxlE (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, 
enable handling of interrupts, initiate the transmission of 
break characters, and reset error bits for the line. Refer to 
"Interrupt Scanner" and "Interrupt Handling" paragraphs 
for detailed interrupt information. Bits 7 and 6 control the 
operating mode of the line. The four modes that can be 
set are: 

o Normal operation-The serial data received is assem
bled in the receiver logic and transferred in parallel to the 
receiver buffer register. (The RxEN bit must be set.) Data 
to be transmitted is loaded in parallel into the transmitter 
hdlding register, then automatically transferred into the 
transmitter logic and serialized for transmission. (The 
TxEN bit must be set.) 
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o 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. 

o Localloopback-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 it is 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. 

o Remote loop back-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 Dual UART contains two register!? 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. 

"QJ ! I I 
; I I RAZ 

INT LINE NO 
Tx/Rx 

FIGURE 7- COM78C802 
INTERRUPT SUMMARY REGISTER FORMAT 

TABLE 8-COM78C802 INTERRUPT SUMMARY REGISTER OESCRIPTION 
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* TxlRx (Transmitlreceive)-This bit indicates whether the interrupting condition was caused by a transmitter (TxI 
Rx equals 1) or a receiver (TxlRx equals 0). This bit corresponds to the IRQTxRx signal of the Dual UART 
and is set when IRQTxRx is asserted. 

*Sits 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 __ - _________ ....... 1 

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 
RxlE is also set, the modem control interrupts are enabled 
for that line. If DSCHNG for that line is then set, the interrupt 
scanner will halt and assert the TAO 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 DeD 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 RxlE = 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 RxlE and MCIE = 1). 
The scanner determines that a line has a transmitter inter
rupt if 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<O> 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. 

o Reading the receiver buffer or resetting the RxlE 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. 

o Loading the transmitter holding register or resetting the 
TxlE 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-
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ity. If the scanner was stopped by a transmitter condition, 
the scanner restarts from position 0 (line D'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. 
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FIGURE 9- COM78C802 OUTPUT LOAD CIRCUITS 
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MAXIMUM GUARANTEED RATINGS· 

Operating Temperature Range .................................................................................. O°C to + 70°C 
Storage Temperature Range ................................................................................. - 55° to + 125°C 
Lead Temperature (soldering, 10 sec.) ................................................................................ + 300°C 
Positive Voltage on any liD Pin, with respectto ground .............................................................. Vee + 0.3V 
Negative Voltage on any liD Pin, with respect to ground ................................................................. - 0.3V 
Maximum Vee ............................................................................................................ + 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 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 

Min. Typ. Max. 
V1H High-level input voltage 2.0 

V'L Low-level input voltage 0.8 

VOH High-level output voltage Voo=Min. 2.4 
10H = 3.5 mA for OL <7:0> 
IOH = 2.0 mA for all 
remaining output except IRQ 
and ROY 

VOL Low-level output voltage Voo=Min. 0.4 
10L =5.5 mA for OL<7:0> 
10L = 3.5 mA for all remaining 
outputs 

I'H' Input current at maximum Voo=Max. 10 
input voltage V, = Voo(Max.) 

I'L Input current at miminum Voo=Max. -10 
input voltage V,=O.OV 

los' Short-circuit output Voo=Max. -50 -180 
current for OL<7:0> all 
remainin9..Q!:!!puts except 
IRQ and ROY -30 -110 

lozL2 Three-state output Voo=Max. 10 
current Vo=O.4V 

lozH2 Three-state output Voo=Max. 10 
current Vo=2.4V 

100 Supply current Voo= Max. 
TA=O° 15 

C;n Input capacitance 4 

C'03 Inputloutput capacitance 5 

'No more than one ouput should be short circuited at a time, and the duration of the short should not exceed 1 second, 
2AII three-state output drivers are wired in an liD 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, 

Units 

V 

V 

V 

V 

IJ.A 

IJ.A 

mA 

mA 

IJ.A 

IJ.A 

mA 

pF 

pF 

TIMING PARAMETERS shows the signal timing for a write cycle to transfer infor
Figure 10 shows the signal timing for a read 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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FIGURE 10-COM78C802 BUS READ CYCLE TIMING 
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FIGURE 11-COM78C802 BUS WRITE CYCLE TIMING 
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TABLE 10-COM78C802 BUS READ AND WRITE TIMING PARAMETERS 
Symbol Definition Requirements (n8) Load 

Min. Max. Clrcuit1 

lAHO Hold time of a valid ADD <3:0> to a valid high level of 
DS. 10 

tABU Setup time of a valid ADD <3:0> to the falling edge of 
DS. 30 

tCHO Hold time of a valid low level of CS to a valid high level of 
DS. 10 

tCBU Setup time of a valid low level of CS to the falling edge of 
DS. 30 

too ProP.ruIEtion delay of a valid .Iow level on DS (if CS is low 
and WR is high) to valid high or low data on DL <0>. 165 CL=150 pF 

tOOLZ2 ProP.ruIEtion delay of a valid high level on DS (if CS is low 
and WR is high) to DL <0> output drivers disabled. 

tODl.z 50 CL =50pF 
tOOHZ 50 CL =50pF 
tOOLZ 60 CL = 100pF 
tOOHZ 60 CL = 100pF 
tOOLZ 65 CL = 150pF 
tOOHZ 65 CL = 150pF 

tOOZL ProP.ruIEtion delay of a valid low level on DS (if CS is low 
and WR is high) to DL <7:0> output driver enabled. 

tOOZL 165 CL = 150pF 
toozH 0 165 CL = 150pF 

tOF Hold time provided during a read cycle by Dual UART of 
valkLhigh or low data on DL <7:0> after the rising edge 
of DS. 0 

tOHO Hold time of a valid DL <7:0> to a valid high level of DS. 30 
tOPWH Pulse width high of DS. 450 

tOPWLR Pulse width low of DS when WR is high (read operation). 
Refer to timing parameter tOPWLW also. 180 10,000 

tOPWLW Pulse width low of DS when WR is low (write operation). 
Refer to timing parameter tOPwLR also. 130 10,000 

tosu Setup time of a valid DL <7:0> to the rising edge of DS. 50 
tl0

3 Propagation delay~a valid low level on DS (if CS is low) 
to a high level on IRQ. 635 CL =50pF 

tROH4 Propagation ~ of a valid high level of CS to a valid 
high level on RDY. 210 CL=50pF 

tRDL Propagation delay of a valid low level on CS to a valid 
low level on RDY. 90 CL =50pF 

tWHO 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 tOOLZ and tOOHZ parameters are measured with CL = 150 pF. The values of tooLZ and tODHZ for CL = 50pF and CL = 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 tiD parameter can be calculated 
by the following: tiD = 500 + RCL where R = value of the resistor that connects to capacitor CL in load A, Figure 9. 

4Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The tRDH parameter can be calculated 
by the following: tROH = 75 + RCL where R = value of the resistor that connects to capacitor CL in load A, Figure 9. 

Figure 12 shows the signal timing for the clock input, inter
rupt timing, effect of the RESET input on data strobe, data 
set carner detect (OeD) and data set ready (DSR) input 
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timing, and the transmit data output timing. Table 11 lists the 
timing parameters for Figure 12. 



Symbol 

tcp 

tCPWH 

tcPWL 
tORHO 

tORSU 

tospw 

tlHO 

tlSU 

tRES 
tTXSK 

ClK 

CLOCK 

IAOlN/IAOTxAx 

IRQ 

INTERRUPT 

RESET l't---. -tRES -.(1 
DS -----'J,..I. ____ tDRSU----+l:~--tDRHO---~'------

EFFECT OF RESET ON DATA STROBE 

OCO/OSA<1:0 > ______ XJ VALID DCD/DSR DATA =:J'--__________ _ 
1~.----tDSPW---~ 

DCD/DSR INPUT 

TxO< 1:0 > 

TRANSMIT DATA OUTPUT 

FIGURE 12-COM78C802 MISCELLANEOUS SIGNAL TIMING 

TABLE 11-MISCELLANEOUS WRITE TIMING PARAMETERS 
Definition Requirements (ns) 

Min. 

Period of ClK. 203.45 (4.9152 MHz) 

Pulse width high of ClK. 95 

Pulse width low of ClK. 95 

Hold time of a valid high level of OS to a valid high level 1,000 
of RESET. 

Setup time of a valid high level of OS to the rising edge of 900 
RESET. 

Pulse width high or low of DCD <1 :0> and DSR <1 :0>. 1,000 

Hold time provided by Dual UART from a valid IRQlN 100 
and IRQTxRx to a valid high level of IRQ. 

Setup time provided by Dual UART from a valid IRQlN 100 
and IRQTxRx to a valid low level of IRQ. 

Pulse width low of RESET. 1,000 

Pulse width high or low provided by Dual UART on the 250 
TxD <1 :0> lines. At each baud rate, the actual pulse 
widths provided vary by tTXSK' 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 
for the propagation delay and setup and hold measure-

ments. Figure 14 shows the waveforms for the three-state 
outputs measurement. 

SET-UP AND HOLD 

PROPAGATION DELAY 

FIGURE 13-COM78C802 PROPAGATION DELAY 
AND SETUP AND HOLD VOLTAGE WAVEFORMS 

VIN (2.4 V) 
2.OV 

OUTPUT CONTROL 
0.8 V 

VOUT (AS MEASURED) 
VOH -0.5 V 

1.5 V 
OUTPUT VOL (NOTE 2) 

(0.0 V) 

NOTES 

(NOTE 3C) 

- --- VOL+0:5V 
"----~ 

'''' ~ r 'NO" '" 
-- - VOH -0.5 V 

1.5 V 

THREE-STATE OUTPUTS 

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

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

3. REFER TO FIGURE 9. A = 51 CLOSED. B = S2 CLOSED. C = SI AND S2 CLOSED. 

FIGURE 14-COM78C802 THREE-STATE OUTPUT VOLTAGE WAVEFORMS 

STANDARD MICROSYSTEMS 
CORPORATION 

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 responsibility 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 ofSMC 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 ._ 

COM78C804 
PRELIMINARY 

Four-channel Universal 
Asynchronous Receiver/Transmitter 

Quad UART 

FEATURES 

o Four independent full duplex serial data lines 

o Programmable baud rates individually selectable for 
each line's transmitter/receiver (50 to 19,200 baud) 

o 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 

o Triple buffers for each receiver 

o Device scanner mechanism that reports interrupt 
request due transmitter/receiver interrupts 

o Independently programmable lines for interrupt-driven 
operation 

o Modem status change detection for Data Set Ready 
(DSR) and Data Carrier Detect (DCD) signals 

o Programmable interrupts for modem status changes 

o Synchronizes critical read-only registers 

o Single 5V Power Supply 

o TTL Compatible 

o Low Power CMOS Technology 

o Compatible with SMC's COM78C808 
and COM78C802 

PIN CONFIGURATION 

DCD, 
DSR, 47 RXD, 
TXD, 3 46 DCD, 
VDD 4 45 DSR, 
DL, 44 TXD, 
DL. 43 VSS, 
DL, 7 42 CLK 
DL, 41 MRST 

ROY 40 ADD, 
RST 10 39 ADD, 

VSS", 11 38 Os" 
Cs 12 37 ADD, 
WR 13 36 ADD, 
OS' 14 35 ADD", 
DL3 15 34 IRQ 
DL, 16 33 IRQTXRX 
DL, 17 32 IRQLN, 

DL", 18 31 IRQLN", 
VDD 19 30 VDD 

TXD", 20 29 N/C 
DSR", 21 28 VSS, 

DCD", 22 27 TXD, 

RXD", 23 26 DSR, 
RXD, 24 25 DCD, 

PACKAGE: 48-pin DIP 
x ·must be connected together 

~MN~lS\ ~35 
~ ~ B B B B BIO boo 
() :2 « « « « « !f !f !f !f 

393837363534333231 3029 
VSS, 40 28 VDD 

VSS2 

TXD, 
DSR, 
DCD, 
RXD, 

RXDe 
DCDm 
DSRm 
TXDe 
DLm 

TXD3 

DSR3 

DCD3 

RXD3 

RXD2 

DCD2 

DSR2 

TXD2 

DL7 
DL6 

~JI~lr ~I~I~I~ 3 3J ClCl~~g2()S:ClClClCl 

PACKAGE: 44- pin PLCC 

GENERAL DESCRIPTION 

The COM78C804 Four-channel Asynchronous Receiver/ 
Transmitter (Quad UART) is a VLSI device for new gener
ations of asynchronous serial communication designs and 
for microcomputer systems. This device performs the basic 

operations necessary for simultaneous reception and 
transmission of asynchronous messages on four inde
pendent lines. Figure 1 is a functional block diagram of the 
COM78C804 Quad UART. 
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T)(OO 

RxOO 
OSRO 
OCOO 

INTERRUPT 
Tx01 SUMMARY 

REGISTER RxD1 
DSR1 
DCD1 

TxD2 
RxD2 
DSR2 
DCD2 

TxD3 
RxD3 
DSR3 

DATA SET 
DCD3 

CHANGE 
SUMMARY 
REGISTER 

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 parallel 
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 IRQ output Interrupt request-Requests a processor interrupt. 

29,30 31,32 lRQlN<0:1> 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 Vss input Ground-Ground reference 
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DATA AND ADDRESS 
Data lines (DL<7:0»-These lines are used for the par- Address (ADD<4:0»-These lines select which Quad 
allel transmission and reception of data between the CPU UART internal register is accessible through the data I/O 
and the Quad UART. The receivers are active when the data lines (OL <7:0» when the data strobe (oS) and chip select 
strobe (OS) signal is asserted. The output drivers are active (CS) signals are asserted. Table 2 lists the addresses cor
only wh~n the chip select (CS) signal is asserted, the data responding to each register. The receiver buffer and trans
strobe (DS) signal is asserted, and the write (WR) signal is mitter hold[QgJegister for each line have the same address. 
deasserted. The drivers will become inactive (high-imped- When the (WR) signal is deasserted, the address accesses 
ance) within 50 nanoseconds when one or more of the fol- the receiver buffer register and when asserted, it accesses 
lowing occurs: the chip select (CS) signal is deasserted, the transmitter holding register. 
the data strobe (OS) signal is deasserted, or the write (WR) 
signal is asserted. 

TABLE 2-COM78C804 REGISTERS ADDRESS SELECTION 
ADD Line* ReadlWrite 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 0 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 ,= Either 0 or 1 . 

BUS TRANSACTION CONTROL INTERRUPT REQUEST 

Chip select (CS)-This signal is asserted to permit data Interrupt request IRQ-The "fRO pin is an open drain out
transfers through the OL <7:0> lines to or from the internal put. The integral interrupt scanner asserts the IRQ signal 
registers. Data transfer is controlled by the data strobe (OS) when it has detected an interrupt condition on one of the 
signal and write (WR) signal. four serial data lines. 

Data strobe (DS)- This input receives timing information 
for data transfers. During a write cycle, the CPU asserts the 
data strobe signal when valid o.utput 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 OL<7:0> lines become a 
high impedance. 

Write (WR)-The write (WR) signal specifies the direction 
of data transfer on the OL<7:0> pins.Jtthe ~signal is 
asserted during a data transfer (the CS and OS signals 
assert~, the Quad UART is receiving data from OL <7:0>. 
If the WFt signal is deasserted during a write data transfer, 
the Quad UART is driving data onto the OL <7:0> lines. 
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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 "fRO is 
asserted. The state of IRQTxRx signal also appears as bit 
o of the interrupt summary register. 

Interrupt request line number (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<O> line is the low-order bit. The 



state of these signals also appears as bits in the interrupt MISCELLANEOUS SIGNALS 
summary register: IRQLN<1 > as bit2, and IRQLN<O> as Clock in (CLK)-AII baud rates and internal clocks are 
bit 1. Table 3 shows the line numbers corresponding to set- derived from this input. Normal operating frequency is 4.9152 
tings of IRQLN<1 :0>. MHz ±0.1 percent and duty cycle is 50 percent ±5 percent. 

TABLE 3-COM78C804 INTERRUPT REQUEST POWER AND GROUND 
LINE ASSIGNMENTS Voltage (Voo)-Power supply 5 Vdc 

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-Iow transition is recognized. ( A high-to-Iow 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 
OSR bit in the corresponding line's status register to be 
deasserted. A change of this input from high-to-Iow, or low
to-high, causes the assertion of the data set change 
(OSCHNG) bit that corresponds to this line in the data set 
change summa,ry 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-Iow, 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 ROY pin is an open drain output. Upon 
detecting a negative transition of chip select (CS), the Quad 
UART asserts the ROY signal to indicate readiness to take 
part in data transfergcles. The ROY 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. 

Ground (Vss)-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> select one 
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 RxROY signal for a line that already 
has the RxlE bit of its command register set causes the 
interrupt scan~ogic 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 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 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 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 
transmitter holding register's contents are lost. The trans
mitter enable (TxEN) bit in the line's command register is 
also cleared by RESET. If at the end of the reset process, 
the TxEN is reasserted and TxRDY bit is reasserted. Soft
ware clearin of TxEN alone produces results differentfrom 
the full RE ET 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. 

ORR----------------~ 

PER--------------------~ 

TxE MT ---------------------' 
RxROy-----------------------' 
TxROy--------------------------~ 

FIGURE 3: COM78C804 STATUS REGISTERS 
(LINE 0-3) FORMAT 

TABLE 4-COM78C804 STATUS REGISTERS (LINES 0-3) DESCRIPTION 
BDt 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 l~xEN (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 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 loop back 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 ofthese reg
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 
2, and another after that would recycle the pOinter to mode 
register 1 . The pointer is reset to point to mode register 1 by 
RESET or by a read of the command register for this line. 
These registers should not be accessed by bit-oriented 
instructions that do read/modify/write cycles such as the 
PDP-11 B~S, BIC, and BIT instructions. 
Figure 4 shows the format of mode registers 1 and Table 5 
describes the function of the register information. 
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STOP----' 
PAR CTRL-------' 

CH A R L E til G T H ----------------' 
RSRV-------------------------~ 
MCI E __________________________ --.J 

FIGURE 4-COM78C804 MODE 
REGISTERS 1 (LINE 0-3) FORMAT 



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 O. 
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 RxlE (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 
baud rate and bits 3 through 0 control the receiver baud 
rate. These registers are cleared by asserting RESET input. 

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 
the function of the register information. 

XMIT RATE ---~ 
RECV RATE ----------~ 

FIGURE 5-COM78C804 MODE 
REGISTERS 2 (LINE 0-3) FORMAT 

126 

R x I E ---------' 
RERR -----------' TxBRK _________ .....J 

RxEN-------------J 
TxlE ------------~ 
TxEN---------------~ 

FIGURE 6-COM78C804 COMMAND 
REGISTERS (LINE 0-3) FORMAT 



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 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-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 

5 RxlE (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 (Transmh 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. 

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 TxlE (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, 
enable handling of interrupts, initiate the transmission of 
break characters, and reset error bits for the line. Refer to 
"Interrupt Scanner" and "Interrupt Handling" paragraphs 
for detailed interrupt information. Bits 7 and 6 control the 
operating mode of the line. The four modes that can be 
set are: 

o Normal operation-The serial data received is assem
bled in the receiver logic and transferred in parallel to the 
receiver buffer register. (The RxEN bit must be set.) Data 
to be transmitted is loaded in parallel into the transmitter 
holding register, then automatically transferred into the 
transmitter logic and serialized for transmission. (The 
TxEN bit must be set.) 
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o 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. 

o Localloopback-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 it is 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. 

[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 
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. 

'"0 J~!--==-"'::::=-~I'-y--l---L.....-II ~I 
RAZ ---------' 
INT LINE NO _________ --1 

1 xfRx ______________ ---' 

FIGURE 7- COM78C804 
INTERRUPT SUMMARY REGISTER FORMAT 

TABLE 8-COM78C804 INTERRUPT SUMMARY REGISTER DESCRIPTION 
Bit Description 

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-
ingthe IRQ signal. 

6:4 RAZ (Read as zero)-Not used 

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 <1 :0> signals-bit 2= IRQLN<1 >, and bit 1 = IRQLN<O>. 
Refer to Table 3. 

r--
O' Tx/Rx (Transmitlreceive)-This bit indicates whether the interrupting condition was caused by a transmitter (Txl 

Rx equals 1) or a receiver (TxlRx equals 0). This bit corresponds to the IRQTxRx signal of the Quad UART 
and is set when IRQTxRx is asserted. 

'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 

Line ------3 ·-----·2 -----------------------------------1 -----·0----
Number 

t t 
7 6 

~----~- ~ 
DSCHNG3-0 ~ 

FIGURE 8-COM78C804 DATA SET CHANGE 
SUMMARY REGISTER FORMAT 
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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 
RxlE is also set, the modem control interrupts are enabled 
for that line. If DSCHNG for that line 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. 



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 RxlE = 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 RxlFand MCIE = 1). 
The scanner determines that a line has a transmitter inter
rupt if 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<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. 

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

D Resetting the MCIE, RxlE, or DSCHNG bit of the inter
rupting line for the second type of receiver interrupt pre
viously described. 

D Loading the transmitter holding register or resetting the 
TxlE 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-

TEST 
V DD POINT V DD 
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LOAD A - STANDARD OUTPUTS 

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 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 

( 

FROM , 
OUTPUT 

ICL 
IU2 

Sl CLOSED: PULL UP 
S2 CLOSED PULL DOWN 
Sl AND S2 CLOSED DIVIDEH 

LOAD B - THREE-STATE OUTPUTS 

FIGURE 9-COM78C804 OUTPUT LOAD CIRCUITS 
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MAXIMUM GUARANTEED RATINGS· 

Operating Temperature Range .................................................................................. O°C to + 70°C 
Storage Temperature Range ................................................................................. - 55° to + 125°C 
Lead Temperature (soldering, 10 sec.) ................................................................................ + 300°C 
Positive Voltage on any I/O Pin, with respect to ground .............................................................. Vee + 0.3V 
Negative Voltage on any I/O Pin, with respect to ground ................................................................. - 0.3V 
Maximum Vee ........................................................................................................... + 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 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 

Min. Typ. Max. 

V'H High-level input voltage 2.0 

V'L Low-level input voltage 0.8 

VOH High-level output voltage Voo=Min. 2.4 
IOH=3.5 mA for DL<7:0> 
IOH = 2.0 mA for all 
remaining output except IRO 
and RDY 

VOL Low-level output voltage Voo=Min. 0.4 
10L =5.5 mA for DL<7:0> 
10L = 3.5 mA for all remaining 
outputs 

I'H Input current at maximum Voo=Max. 10 

t-----. 
input voltage V, = V oo(Max.) 

I'L Input current at miminum Voo=Max. -10 
input voltage V,=O.OV 

los' Short-circuit output Voo=Max. -50 -180 
current for DL <7:0> all 
remainin9..Q!!!puts except 
IROandRDY -30 -110 

lozL2 Three-state output Voo= Max. 10 
current Vo=0.4V 

lozH2 Three-state output Voo=Max. 10 
current Vo=2.4V 

100 Supply current Voo=Max. 20 
TA=O° 

Cin Input capacitance 4 

C'03 Input/output capacitance 5 

'No more than one ouput should be short circuited at a time. and the duration of the short should not exceed 1 second. 
2AII 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. 

Units 

V 

V 

V 

V 

IloA 

IloA 

mA 

mA 

IloA 

IloA 

mA 

pF 

pF 

TIMING PARAMETERS 11 shows the signal timing for a write cycle to transfer infor
Figure 10 shows the signal timing for a read cycle to transfer 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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I+-____ ~ tDDLZ, t,DDHZ 

FIGURE 10-COM78C804 BUS READ CYCLE TIMING 
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f-tWSU - tWHO 

J -- r- tcsu ~ -tCHO 

_ tRDL\.- r- .tRDj 

DL<7:0> VALID DATA IN V 

I--tDSU--ll-tDHO_1 

I+-tID~ 

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' 
IAHO Hold lime of a valid AOO <4:0> 10 a valid high level of 

OS. 10 

tAsu Setup time of a valid AOO <4:0> 10 Ihe falling edge of 
OS. 30 

tCHO Hold lime of a valid low level of CS to a valid high level of 
OS. 10 

tcsu Setup lime of a valid low level of CS to the falling edge of 
OS. 30 

tOD PropEf@lion delay of a valid low level on OS (if CS is low 
and WR is high) 10 valid high or low data on OL <7:0>. 165 CL =150 pF 

tom22 PropEf@tion delay of a valid high level on OS (if CS is low 
and WR is high) to OL <7:0> output drivers disabled. 

10m2 50 CL =50pF 
100HZ 50 CL=50pF 
tOOLZ 60 CL= 100pF 
tDOHZ 60 CL = 100pF 
toOLZ 65 CL = 150pF 
too HZ 65 CL = 150pF 

100ZL PropEf@tion delay of a valid low level on OS (if CS is low 
and WR is high) 10 OL <7:0> output driver enabled. 

toozL 165 CL = 150pF 
tOOZH 0 165 CL = 150pF 

tOF Hold time provided during a read cycle by Quad UART of 
va~high or low data on OL <7:0> after the rising edge 
of OS.' 0 

tOHO Hold time of a valid OL <7:0> to a valid high level of OS. 30 

tOPWH Pulse width high of OS. 450 

tOPWLR Pulse width low of OS when WR is high (read operation). 
Refer to timing parameter tOPWLW also. 180 10,000 

tOPWLW Pulse width low of OS when WR is low (write operation). 
Refer to timing parameter tOPWLR also. 130 10,000 

tosu Setup time of a valid OL <7:0> to the rising edge of OS. 50 
t,03 Propagation delay~a valid low level on OS (if CS is low) 

to a high level on IRQ. 635 CL=50pF 

tROH4 Propagation ~ of a valid high level of CS to a valid 
high level on ROY. 210 CL=50pF 

tROL Propagation delay of a valid low level on CS to a valid 
low level on ROY. 90 CL =50pF 

tWHO Hold time of a valid high or low level of WR to a valid high 
level of OS. 10 

twsu Setup time of a valid high or low level of WR to the falling 
edge of OS. 30 

'Refer to Figure 9 for the load circuits used with these measurements. 
2The tOOLZ and tOOHZ parameters are measured with CL = 150 pF. The values of tOOLZ and tOOHZ for CL = 50pF and CL = 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,o parameter can be calculated 
by the following: t'D = 500 + RCL where R = value of the resistor that connects to capacitor CL in load A, Figure 9. 

4Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The tAOH parameter can be calculated 
by the following: tADH = 75 + RCL where R = value of the resistor that connects to capacitor CL in load A, Figure 9. 

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



ClK 

CLOCK 

'~" <" , """" -----:..j.[--tl-sU-_--~~---------JI"""~-'t-II-,d--llXf------
INTERRUPT 

RESET 1'1---: -'RES --~ 

DS ----J!t-I. --'DRSU--+l:~_'DRHO-~\'----
EFFECT OF RESET ON DATA STROBE 

oeD DSR<30> ____ ....J>L VALID DCD·DSR DATA ---=:JX ___________ _ 
~----'DSPW---~ 

DCD'DSR INPUT 

TxD < 3:0 > 

TRANSMIT DATA OUTPUT 

FIGURE 12-COM78C804 MISCELLANEOUS SIGNAL TIMING 

TABLE 11-MISCELLANEOUS WRITE TIMING PARAMETERS 
Symbol Definition Requirements (ns) 

Min. 

tcp Period of ClK. 203.45 (4.9152 MHz) 

tCPwH r---
Pulse width high of ClK. 95 

tCPWL Pulse width low of ClK. 95 

tORHO 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. 

tospw Pulse width high or low of DCD <3:0> and DSR <3:0>. 1,000 

t'HO Hold time provided by Quad UART from a valid IRQlN 100 
<1 :0> and IRQTxRx to a valid high level of IRQ. 

ttSU Setup time provided by Quad UART from a valid IRQlN 100 
<1 :0> and IRQTxRx to a valid low level of IRQ. 

tRES Pulse width low of RESET. 1,000 

tTXSK Pulse width high or low provided by Quad UART on the 250 
TxD <3:0> lines. At each baud rate, the actual pulse 
widths provided vary by tTXSK ' 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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Load CircuIt' 

CL =50pF 

CL =50pF 
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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. 

SET·UP AND HOLD 

PROPAGATION DELAY 

FIGURE 13-COM78C804 PROPAGATION DELAY 
AND SETUP AND HOLD VOLTAGE WAVEFORMS 

VIN (2.4 V) 
2,OV 

c1uTPUT CONTROL 
0,8 V 

'''I:::,,: ::-t r l tlZ (NOTE 3C) 

VOH (4,5V) 

OUTPUT (SEE NOTE 1) 1,5 V - - - j--------
VOL+0,5 ---- ------- - --- VOL+0,5V 

VOUT (AS MEASURED) - - - - - - ----~ 

tZH (NOTE 3B) I 

VOUT (AS MEASURED) 
VOH -0,5 V 

1,5 V 
OUTPUT VOL (NOTE 2) 

(0,0 V) 

NOTES: 

tHZ_ 

THREE·STATE OUTPUTS 

1, INTERNAL CONDITIONS ARE SUCH THAT THE OUTPUT IS LOW EXCEPT WHEN DISABLED BY 
THE OUTPUT CONTROL, 

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

3 REFER TO FIGURE g, A = S 1 CLOSED, B = S2 CLOSED, C = S 1 AND S2 CLOSED, 

FIGURE 14-COM78C804 THREE-STATE OUTPUT VOLTAGE WAVEFORMS 

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

CORPOR I\'TII,\IU cations: consequently complete information sufficient for construction purposes is not necessarily given, The 
1"\1 1\.11 ........ information has been carefully checked and is believed to be entirely reliable, However, no responsibility is 

35.,,,",,,,, " .. " .. g •• v "'" assumed for inaccuracies, Furthermore, such information does not convey to the purchaser of the semicon-
,"" 2133'00 ,TWX"'''''''' 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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COM78808 
PRELIMINARY 

Eight-channel Universal 
Asynchronous Receiver/Transmitter 

Octal UART 

FEATURES 
D Eight independent full duplex serial data lines 

D Programmable baud rates individually selectable for 
each line's transmitter/receiver (50 to 19,200 baud) 

D 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 

D Triple buffers for each receiver 

D Device scanner mechanism that reports interrupt 
request due transmitter/receiver interrupts 

D Independently programmable lines for interrupt-driven 
operation 

D Modem status change detection for Data Set Ready 
(DSR) and Data Carrier Detect (DCD) signals 

D Programmable interrupts for modem status changes 

D Synchronizes critical read-only registers 

PIN CONFIGURATION 

W~~~~~~~~~W~~~%~« 

43 VSS2 Tx07 
OSA7 42 Tx03 

OCD? 63 

Ax07 64 

65 Ax06 
DcDs 66 
OSA6 67 
Tx06 

Tx05 
OSA5 

68 78808 
CAVITY OOWN CONNECTIONS 

41 
40 

35 
34 

OSA3 

OC03 
Ax03 
Ax02 

OC02 
OSA2 
Tx02 

Tx01 
OSA1 
OC01 
Ax01 

AxOO 
OCOO 

Tx04 OSAO 
VOO 9 TxOO 

10 11 12 13 14 15 16 17 18 19 20 21 22 232425 26 

PACKAGES: 68-pin PLCC 

GENERAL -DESCRIPTION 

The COM78808 Eight-channel Asynchronous Receiver/ basiC operations necessary for simultaneous reception and 
Transmitter (Octal UART) is a VLSI device for new gener- transmission of asynchronous messages on eigh~ 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 COM78808 Octal UART. . 
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For additional information, consult your 1986 catalog or contact our product marketing department at (516) 273-3100. 

STANDARD MICROSYSTEMS Circuitdiagrams utilizing SMC products are included as a means of illustrating typical semiconductor 

CORPOR I\TION applications: consequently complete information sufficient for construction purposes is not necessarily given. 
1'\1 The information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 

)~,~,"',","":~~(O".'"~:::'I'ON,;;;;:: 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 ana supply the best product possible. 
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COM78C808 
PRELIMINARY 

Eight-channel Universal 
Asynchronous Receiver/Transmitter 

Octal UART 

FEATURES 

o Eight independent full duplex serial data lines 

o Programmable baud rates individually selectable for 
eacilline's transmitter/receiver (50 to 19,200 baud) 

o 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 

o Triple buffers for each receiver 

o Device scanner mechanism that reports interrupt 
request due transmitter/receiver interrupts 

o Independently programmable lines for interrupt-driven 
operation 

o Modem status change detection for Data Set Ready 
(DSR) and Data Carrier Detect (DCD) signals 

Tx07 
OSR7 

OC07 
Rx07 

Rx06 
OC06 

DSFi6 
Tx06 

Tx05 
OSR5 

61 

62 
63 
64 

65 

66 
67 

68 

OC05 3 
Rx05 

Rx04 

OC04 6 
OSR4 

Tx04 
VDO 9 

PIN CONFIGURATION 

COM78C808 

43 
42 

41 
40 

39 

38 
37 

36 
35 
34 

33 

32 
31 

30 

29 

VSS2 

Tx03 
OSR3 
OC03 

Rx03 
Rx02 

OC02 
OSR2 
Tx02 

Tx01 

OSR1 
OC01 

Rx01 

RxOO 

OCOO 
28 OSRO 
27 TxOO o Programmable interrupts for modem status changes 10 11 12 13 14 15 16 17 18 19 20 21 22 232425 26 

o Synchronizes critical read-only registers I'- <D U1 "1>-1f- 0 iCil Ia: () () I~ '" N ~ 0 0 BBBB~~~()~ZZ~BBBB~ 
a: 

o Low power CMOS technology 
PACKAGE: 68-pin PLCC 

o + 5V only power supply 

U 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 VLSI 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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Pin 
10-13,22-25 

50-52,54-56 

17 

21,53 

18 

14 

15 

57 

58 

62,67,2,7, 
41,36,33,28 

63,66,3,6, 
40,37,32,29 

49 

45-47 

48 

61,68,1,8, 
42,35,34,27 

64,65,4,5, 
39,38,31,30 

44,26,9 

16,59,43 

INTERRUPT 
SUMMARY 
REGISTER 

DATASET 
CHANGE 

SUMMARY 
REGISTER 

TxDO 

RxDO 
DSRO 
DCDO 

TxD1 
RxD1 
DSR1 
DCD1 

TxD2 
RxD2 
DSR2 
DCD2 

TxD3 
RxD3 
DSR3 
DCD3 

TxD4 
RxD4 
DSR4 
DCD4 

1---_ TxD5 

RxD5 
DSR5 
DCD5 

TxD6 
RxD6 
DSR6 
DCD6 

TxD7 
RxD7 
DSR7 

DCD7 

FIGURE 1 - COM78C808 OCTAL UART FUNCTIONAL BLOCK DIAGRAM 

TABLE 1 - COM78C808 PIN AND SIGNAL SUMMARY 
Signal Input/Output Definition/Function 
Dl<7:0> input/output Data lines <7:0>-Receives and transmits the parallel 

data. 

ADD <0:5> input Address<O:5>-Selects the internal registers in the Octal 
UART. 

CS input Chip select-Activates the Octal UART to receive and trans-
mit data over the Dl <7:0> lines. 

DS1,DS2 input Data strobe 1 and 2-Receives timing information for data 
transfers. The DS1 and DS2 inputs must be connected 
together. 

WR input Write-Specifies direction of data transfer on the Dl <7:0> 
lines. 

RDY output Ready-Indicates when the Octal UART is ready to partici-
pate in data transfer cycles. 

RESET input Reset-Initializes the internal logic. 

MRESET input Manufacturing reset-For manufacturing use. 

ClK input Clock-Clock input for timing. 

DSR<7:0> inputs Data set ready-Monitor data set ready (DSR) signals from 
modems. 

DCD<7:0> inputs Data set carrier detect-Monitor data set carrier detect 
(DCD) signals from modems. 

IRQ ~ut Interrupt request-Requests a processor interrupt. 

IRQlN <0:2> output Interrupt request line number-Indicates the line number of 
originating interrupt request. 

IRQTxRx output Interrupt request transmit/receive-Indicates whether an 
interrupt request is for transmitting or receiving data. 

TxD<7:0> outputs Transmit data-Provides asynchronous bit-serial data out-
put streams. 

RxD<7:0> inputs Receive data-Accepts asynchronous bit-serial data input 
streams. 

Voo input Voltage-Power supply voltage + 5 Vdc. 

Vss input Ground-Ground reference 
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DATA AND ADDRESS 
Data lines (DL<7:0»-These lines are used for the par- Address (ADD<5:0»-These lines select which Octal 
allel transmission and reception of data between the CPU UART internal register is accessible through the data 1/0 
and the Octal UART. The receivers are active when the data lines (OL <7:0» when the data strobe (OS 1 , OS2) and chip 
strobe (OS1, OS2) signal is asserted. The output drivers are select (CS) signals are asserted. Table 2 lists the addresses 
active only when the chip select (CS) signal is asserted, the corresponding to each register. The receiver buffer and 
data strobe (081, OS2) signal is asserted, and the write transmitter holding @9.ister for each line have the same 
(WR) signal is deasserted. The drivers will become inactive address. When the (WR) signal is deasserted, the address 
(high-impedance) within 50 nanoseconds when one or more accesses the receiver buffer register and when asserted, it 
of the following occurs: the ch~lect (CS) signal is deas- accesses the transmitter holding register. 
serted, the data strobe (081, DS2) signal is deasserted, or 
the write (WR) signal is asserted. 

TABLE 2 - COM78C808 REGISTERS ADDRESS SELECTION 
ADD Line* 

<5> <4> <3> <2> <1> 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 1 
0 0 0 0 1 
0 0 1 0 0 
0 0 1 0 0 
0 0 1 0 0 
0 0 1 0 1 
0 0 1 0 1 
0 1 0 0 0 
0 1 0 0 0 
0 1 0 0 0 
0 1 0 0 1 
0 1 0 0 1 
0 1 1 0 0 
0 1 1 0 0 
0 1 1 0 0 
0 1 1 0 1 
0 1 1 0 1 
1 0 0 0 0 
1 0 0 0 0 
1 0 0 0 0 
1 0 0 0 1 
1 0 0 0 1 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 0 
1 0 1 0 1 
1 0 1 0 1 

r----
1 1 0 0 0 
1 1 0 0 0 
1 1 0 0 0 
1 1 0 0 1 
1 1 0 0 1 

r----
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 0 
1 1 1 0 1 
1 1 1 0 1 
X X X 1 0 
X X X 1 0 

*X = Either 0 or 1 . 

BUS TRANSACTION CONTROL 
Chip select (C5)-This signal is asserted to permit data 
transfers through the DL<7:0> lines to or from the internal 
~ters. Data transfer is controlled by the data strobe (D81, 
082) signal and write (WR) signal. 

Read/Write Register 
<0> 

------------

0 Read Line 0 Receiver Buffer 
0 Write Line 0 Transmitter Holding 
1 Read Line 0 Status 
0 Read/Write Line 0 Mode Registers 1,2 
1 Read/Write Line 0 Command 

--

0 Read Line 1 Receiver Buffer 
0 Write Line 1 Transmitter Holding 
1 Read Line 1 Status 
0 Read/Write Line 1 Mode Register 1 ,2 
1 Read/Write Line 1 Command 

-----~---

0 Read Line 2 Receiver Buffer 
0 Write Line 2 Transmitter Holding 
1 Read Line 2 Status 
0 Read/Write Line 2 Mode Register 1,2 
1 Read/Write Line 2 Command 

- - -

0 Read Line 3 Receiver Buffer 
0 Write Line 3 Transmitter Holding 
1 Read Line 3 Status 
0 Read/Write Line 3 Mode Register 1,2 
1 Read/Write Line 3 Command 

0 Read Line 4 Receiver Buffer 
0 Write Line 4 Transmitter Holding 
1 Read Line 4 Status 
0 Read/Write Line 4 Mode Register 1,2 
1 Read/Write Line 4 Command 

0 Read Line 5 Receiver Buffer 
0 Write Line 5 Transmitter Holding 
1 Read Line 5 Status 
0 Read/Write Line 5 Mode Register 1,2 
1 Read/Write Line 5 Command 

-

0 Read Line 6 Receiver Buffer 
0 Write Line 6 Transmitter Holding 
1 Read Line 6 Status 
0 Read Line 6 Mode Register 1 ,2 
1 Read/Write Line 6 Command 

--

0 Read Line 7 Receiver Buffer 
0 Write Line 7 Transmitter Holding 
1 Read Line 7 Status 
0 Read/Write Line 7 Mode Register 1,2 
1 Read/Write Line 7 Command 

-- -

0 Read Interrupt Summary 
1 Read Data Set Change Summary 

-

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, 1he CPU asserts the 
data strobe signal and the Octal UART transfers the valid 

Data strobe (051,052)- The data strobe inputs (081 and data. When the data strobe signal is deasserted, the 
082) must be connected together. This input receives tim- OL<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 OL <7:0> Rins by controlling the 
direction of their transceiversJUhe WR signal is asserted 
during a data transfer (the CS, OS1, and OS2 signals 
assert~, the Octal UART is receiving data from OL <7:0>. 
If the WR signal is deasserted during a write data transfer, 
the Octal UART is driving data onto the OL<7:0> lines. 

INTERRUPT REQUEST 

Interrupt request IRQ-The IRO pin is an open drain out
put. The integral interrupt scanner asserts the IRO 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 fRO because of a transmitter 
interrupt condition (the IROTxRx signal is asserted) or 
because of ~ receiver interrupt condition (the IROTxRx sig
nal is deasserted). The signal is valid only while IRO is 
asserted. The state of IROTxRx signal also appears as bit 
o 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 
(IRQl.§!gnal. The number on these lines is valid only while 
the IRO signal is asserted. Line IROLN<2> is the high
order bit and the IROLN<O> line is the low-order bit. The 
state of these signals also appears as bits in the interrupt 
summary register: IROLN<2> as bit 3, IROLN<1 > as bit 
2, and IROLN<O> as bit 1. Table 3 shows the line numbers 
corresponding to settings of IROLN<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 

to be asserted. A TTL high at a OSR pin causes the OSR 
bit in the corresponding line's status register to be deas
serted. A change of this input from high-to-Iow, or low-to
high, causes the assertion of the data set change 
(OSCHNG) 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 at a OeD pin causes the OCO bit of the 
corresponding line's status register to be deasserted. A 
change of this input from high-to-Iow, or low-to-high, causes 
the assertion of the data set change (OSCHNG) 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 ROY pin is an open drain output. Upon 
detecting a negative transition of chip select (CS), the Octal 
UART asserts the ROY signal to indicate readiness to take 
part in data transfer.QLcles. The RDY signal deasserts after 
the trailing edge of CS. 

Reset (RESET)-When the RESET input is asserted, the 
TxO<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)-AII 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 {Voo)-Power supply 5 Vdc 

Ground (Vss)-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.) 

SERIAL DATA Each serial line functions the same as a one-line UART
Transmit data (TxD<7:0»-These outputs transmit the type device thereby reducing the number of chips and con
asynchronous bit-serial data streams. They remain at a high serving space on communication devices that require mul
level when no data is being transmitted and a low level when tiple communications lines. 
the TxBRK bit in the associated line's command register is An integral interrupt scanner checks for device interrupt 
set. conditions on the eight lines. Its scanning algorithm gives 
Receive data (RxD<7:0»-These lines accept asyn- priority to receivers over transmitters. The scanner can also 
chronous bit-serial data streams. The input siQnals must check for interrupts resulting from changes in modem con
remain in the high state for at least one-half bit time before trol signals DSR and DCD. 
a high-to-Iow transition is recognized. ( A high-to-Iow tran- LI T R . 
sition is required to signal the beginning of a "start" bit and ne-speci IC eglsters 
initiate data reception). 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 
MODEM SIGNALS for external control of the line's characteristics. These reg
Data set ready (DSR<7:0»-These eight input pins, one isters are selected for access by setting the appropriate 
Tor each serial data line on the COM78C808, are typically address on lines ADD<5:0>. Lines ADD<5:3> select one 
connected via intervening level converters to the data set of the eight data lines. Lines ADD<2:0> select the specific 
ready outputs of modems. A TTL low at a DSR pin causes register for that line. Refer to Table 2 for the register address 
the DSR bit (bit 7) in the corresponding line's status register 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 RxlE bit of its command register set causes the 
interrupt scan~ogic 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 
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 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 
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 bit in the line's sta
tus register is set. If the transmitter interrupt enable (TxIE) 
bit in tile 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. 

Assertion of the RESET signal initializes the transmitter logic 
of the Octal UART. The TxRDY flag is cleared and the trans
mitter holding register's contents are lost. The transmitter 
enable (TXEN)s~tin the line's command register is also 
cleared by RE . If at the end of the reset process, the 
TxEN is reasserted and TxRDY bit is reasserted. Software 
clearin~ of TxEN alone produces results different from the 
full RE ET 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. 

DSR 

oeD 
FER 
ORR 

PER 
TxEM T 
RxR DY 
TxRD y 

I I I I I I I I I 

I I 

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. -_ .. _--

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, 

r--
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 loop back modes are pro-
grammed. Data can be overwritten if a consecutive write is performed while TxRDY is cleared. 
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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 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 
mode register 2, and another after that would recycle the 
pointer to mode register 1. The pointer is reset to point to 
mode register 1 by RESET or by a read of the command 
register for this line. 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 shows the format of mode registers 1 and Table 5 
describes the function of the register information. 

STOP----1 
PARCTRL------' 
CHAR LENGTH _______ -.--J 

RSRV-,----------------i 
MCIE ______________ --J 

FIGURE 4 - COM78C808 MODE 
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 O. 
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 RxlE (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 
baud rate and bits 3 through 0 control the receiver baud 
rate. These registers are cleared by asserting RESET input. 

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 
the function of the register information. 

'\ 

XMIT RATE ----' 
RECV RATE __________ --.J 

FIGURE 5 - COM78C808 MODE 
REGISTERS 2 (LINE 0-7) FORMAT 
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FIGURE 6 - COM78C808 COMMAND 
REGISTERS (LINE 0-7) FORMAT 



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: 

Error· Transmitter Bits Receiver Bits Nominal Actual 
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 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 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 RxlE (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 transmjtted. 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 TxlE (Transmit interrupt enable)-When set, the state of the associated TxRDY flag (bit 0) 9f 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, 
enable handling of interrupts, initiate the transmission of 
break characters, and reset error bits for the line. Refer to 
"Interrupt Scanner" and "Interrupt Handling" paragraphs 
for detailed interrupt information. Bits 7 and 6 control the 
operating mode of the line. The four modes that can be 
set are: 

o Normal operation-The serial data received is assem
bled in the receiver logic and transferred in parallel to the 
receiver buffer register. (The RxEN bit must be set.) Data 
to be transmitted is loaded in parallel into the transmitter 
holding register, then automatically transferred into the 
transmitter logic and serialized for transmission. (The 
TxEN bit must be set.) 
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o 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. 

o Localloopback-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 it is 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. 

o 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. 

J IIIIIII 

T~RAxOZR-X _=I_~_I-------.JI 
INT LINE NO '. 

FIGURE 7 - COM78C808 
INTERRUPT SUMMARY REGISTER FORMAT 

TABLE 8 - COM78C808 INTERRUPT SUMMARY REGISTER DESCRIPTION 
Bit Description 

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-

f----
ing the IRQ signal. 

6:4 RAZ (Read as zero)-Not used 
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>, bit 2 = IRQLN<1 >, 
and bit 1 = IRQLN<O>. Refer to Table 3. 

0* Tx/Rx (Transmitlreceive)-This bit indicates whether the interrupting condition was caused by a transmitter (Txl 
Rx equals 1) or a receiver (Tx/Rx equals 0). This bit corresponds to the IRQTxRx signal of the Octal UART 
and is set when IRQTxRx is asserted. 

'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 DeD inputs can 

IlSCHNG 7 f) ______ ----J 

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 
RxlE is also set, the modem control interrupts are enabled 
for that line. If DSCHNG for that line is then set, the interrupt 
scanner will halt and assert the TAO 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 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~ 
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 RxlE = 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 RxlE and MCIE = 1). 
The scanner determines that a line has a transmitter inter
rupt if 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. 

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

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

D Loading the transmitter holding register or resetting the 
TxlE 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 

TEST 
POINT 

I k.Q 

FROM , ~ 

o UTPU T 'r----L.-----L---l1~c--fIIL .... II---I~, 

~, 

~, 

v 

LOAD A - STANDARD OUTPUTS 

I k S2 

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 Octal 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 statl,ls 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. 

TEST 
POINT 

FROM , ~ 
OUTPUTr>--~'---~--T--~r'---~ 

I k.Q 

S1 CLOSED: PULL UP 

S1 

S2 CLOSED: PULL DOWN 
S1 AND S2 CLOSED: DIVIDER 

LOAD B - THREE-STATE OUTPUTS 

FIGURE 9 - COM78C808 OUTPUT LOAD CIRCUITS 
~.----------------------------------------------------------------------------~ 
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MAXIMUM GUARANTEED RATINGS· 

Operating Temperature Range .................................................................................. OOG to + 700G 
Storage Temperature Range ................................................................................. - 55° to + 125°G 
Lead Temperature (soldering, 10 sec.) ................................................................................ + 3000 G 
Positive Voltage on any 1/0 Pin, with respect to ground .............................................................. Vcc + 0.3 
Negative Voltage on any 1/0 Pin, with respect to ground ................................................................. - 0.3V 
Maximum Vcc ........................................................................................................... + 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 suppHes, 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 AG 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 TA = O°C to 70°C, Voo = + 5V ± 5% 

Symbol Parameter Test Condition Requirements 
Min. Max. 

V'H High-level input voltage 2.0 

V'L Low-level input voltage 0.8 
VOH High-level output voltage Voo=Min. 2.4 

10H = 3.5 mA for DL <7:0> 
IOH = 2.0 mA for all 
remaining output except IRQ 
and RDY 

VOl. Low-level output voltage Voo=Min. 0.4 
10L =5.5 mA for DL<7:0> 
10L = 3.5 mA for all remaining 
outputs 

I'H Input current at maximum Voo=Max. 10 
input voltage V,=Voo(Max.) 

I'L Input current at miminum Voo= Max. -10 
input voltage V,=O.OV 

10sl Short-circuit output Voo=Max. -50 -180 
current for DL<7:0> all 
remainin9...Q!!!puts except 
IRQandRDY -30 -110 

IOZL2 Three-state output Voo= Max. 10 
current Vo=O.4V 

lozH2 Three-state output Voo=Max. 10 
current Vo=2.4V 

100 Supply current Voo=Max. 25 
TA=O° 

G'n. Input capacitance 4 

G'03 fnput/output capacitance 5 

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

Units 

V 

V 
V 

V 

,..,A 

,..,A 

mA 

mA 
,..,A 

,..,A 

mA 

pF 
pF 

TIMING PARAMETERS 11 shows the signal timing for a write cycle to transfer infor
Figure 10 shows the signal timing for a read cycle to transfer 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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:-twsu i-H=tWHO 
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FIGURE 10 - COM78C808 BUS READ CYCLE TIMING 

OSl/0S2 
I 1\ 

I---tOPWLw----+1 tOPWH -----__ 

AOO< 5:0> Xl VAll 0 ADDRESS IX X 
1..--.. r tASU 1---4-- tAHO 

-l r-'WSU - tWHO 

/ - I- tcsu 1-* I-tCHO 

ROY 

i""ROH .I - tRoLl_I-

OL<7:0> 
\I VALID DATA IN 1 

! __ tosu -----11- tOHO--.! 

IRQ _tlo~1 

FIGURE 11 - COM78C808 BUS WRITE CYCLE TIMING 
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TABLE 10 - COM78C808 BUS READ AND WRITE TIMING PARAMETERS 
Symbol Definition Requirements (ns) Load 

Min. Max. Circuit' 

tAHO Hold time~ valid AOO <5:0> to a valid high level of 
OS1 and OS2. 10 

tASU Setup tim~a valid AOO <5:0> to the falling edge of 
OS1 and OS2. 30 

tCHO Hold time~ valid low level of CS to a valid high level of 
OS1 and OS2. 10 

tcsu Setup tim~a valid low level of CS to the falling edge of 
OS1 and OS2. 30 

tDD Propagation d~ of a valid low level on OS 1 and OS2 (if 
CS is low and WR is high) to valid high or low data on OL 
<7:0>. 165 CL =150 pF 

tDDLl PrQQ9,gation dela'L.Qf a valid high level on OS1 and OS2 
tDDHZ (if CS is low and WR is high) to OL <7:0> output drivers 

disabled. 
tDDLZ 50 CL =50pF 
tDDHZ 50 CL =50pF 
tDDLZ 60 CL = 100pF 
tDDHZ 60 CL = 100pF 
tDDLZ . 65 CL = 150pF 
tDDHZ 65 CL = 150pF 

tDDZL Propagation d~ of a valid low level on OS1 and OS2 (if 
CS is low and WR is high) to OL <7:0> output driver 
enabled. 

tDDZL 0 165 CL = 150pF 
tDDZH 0 165 CL = 150pF 

tDF Hold time provided during a read cycle by Octal UART of 
valli!.blgh or low data on OL <7:0> after the rising edge 
of OS1 and OS2. 0 

tDHO Hold time of a valid OL <7:0> to a valid high level of 
OS1 or OS2. 30 

tDPWH Pulse width high of OS1 and OS2. 450 

tDPwLR Pulse width low of OS1 and OS2 when WR is high (read 
operation). Refer to timing parameter tDPWLW also. 180 10,000 

tDPWLW Pulse width low of OS1 and OS2 when WR is low (write 
operation). Refer to timing parameter tDPWLR also. 130 10,000 

tDSU Setup tim~a valid OL <7:0> to the rising edge of 
OS1 and OS2. 50 

. t'D3 Propagation delay of a valid low level on OS 1 and OS2 (if 
CS is low) to a high level on IRQ. 635 CL =50pF 

tADH4 Propagation ~ of a valid high level of CS to a valid 
high level on ROY. 210 CL =50pF 

tADL Propagation delay of a valid low level on CS to a valid 
low level on ROY. 90 CL =50pF 

tWHO Hold time of a val.l9...blgh or low level of WR to a valid high 
level of OS1 and OS2. 10 

twsu Setup time of a valid high or low level of WR to the falling 
edge of OS1 or OS2. 30 

'Refer to Figure 9 for the load circuits used with these measurements. 
2The tODLZ and tODHZ parameters are measured with CL = 150 pF. The values of tDoLZ and tDOHZ for CL = 50pF and CL = 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 tID parameter can be calculated 
by the following: tiD = 500 + RCL where R = value of the resistor that connects to capacitor CL in load A, Figure 9. 

4Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The tRDH parameter can be calculated 
by the following: tRDH = 75 + RCL where R = value of the resistor that connects to capacitor CL in load A, Figure 9. 

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



ClK 

CLOCK 

"0'" ,,'" eo,.,. XI r 
IRO ----------+~----tIS-U---+~~~------------J/~I+---tl-HO----~~-----------

INTERRUPT 

~~::~"l_:-·~-fl-i.---t-'~:'=RSU=--==---{:[--,,,",------.Jol\'-----
EFFECT OF RESET ON DATA STROBE 

DCDIDSR<7:0'> XJ VALID DCD/DSR DATA ~X'--------------_---
---------''1-1~.========-tD-S-PW-_-_-_-_-:::: __ --r. 

DCD/DSR INPUT 

TxD< 7:0'> 

"'1.--_ tTXSK _(L--. tTXSK ______ J-------------....Ir--
TRANSMIT DATA OUTPUT 

FIGURE 12-COM'78C808 MISCELLANEOUS SIGNAL TIMING 

TABLE 11-MISCELLANEOUS WRITE TIMING PARAMETERS 
Symbol Definition Requirements (ns) 

Min. 

tcp Period of ClK. 203.45 (4.9152 MHz) 

tCPwH Pulse width high of ClK. 95 

tCPWL Pulse width low of ClK. 95 

tORHO Hold time of a valid high level of DS1 and DS2 to a valid 1,000 
high level of RESET. 

tORSU Setup time of a valid high level of DS1 and DS2 to the 900 
rising edge of RESET. 

tospw Pulse width high or low of DCD <7:0> and DSR <7:0>. 1,000 

tlHO Hold time provided by Octal UART from a valid IRQlN 100 
<2:0> and IRQTxRx to a valid high level of IRQ. 

tlSU Setup time provided by Octal UART from a valid IRQlN 100 
<2:0> and IRQTxRx to a valid low level of IRQ. 

tRES Pulse width low of RESET. 1,000 

tTXSK Pulse width high or low provided by Octal UART on the 250 
TxD <7:0> lines. At each baud rate, the actual pulse 
widths provided vary by tTXSK' 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 
for the propagation delay and setup and hold measure-

ments. Figure 14 shows the waveforms for the three-state 
outputs measurement. 

SET·UP AND HOLD 

PROPAGATION DELAY 

FIGURE 13 - COM78C808 PROPAGATION DELAY 
AND SETUP AND HOLD VOLTAGE WAVEFORMS 

OUTPUT CONTROL 

VIN(;~~) _~ ________ _ 

08V ----

liZ (NOTE 3C) 

VIL (:: :OT~ ~: j- r-
VOH (4.5 V) 

OUTPUT (SEE NOTE 1) 1.5 V - - - j-'- ------ -
VOL +0.5 ---- ------- - --. VOL+O.5V 

VOUT (AS MEASURED) - - - - - - -~--~ 

IZH (NOTE 3B) I 
IIIZ_ 

VOUT (AS MEASURED) 
VOH -0.5 V 

1.5 V 
OUTPUT VOL (NOTE 2) 

(0.0 V) 

THREE·STATE OUTPUTS 

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

THE OUTPUT CONTROL. 

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

3. REFER TO FIGURE 9. A ~ S1 CLOSED. B ~ S2 CLOSED. C ~ S1 AND S2 CLOSED. 

FIGURE 14 - COM78C808 THREE-STATE OUTPUT VOLTAGE WAVEFORMS 

STANDARD MICROSYSTEMS CORPORATION .. __ 
J5Mar,us8lvd~NYI'788 
(516)173·3100 TWX·510 t/27·8898 

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 or others. SMC reserves the right to make changes at any time in order to improve design and 
supply the best product possible. 
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COM 8004 
JLPC FAMILY 

Dual 32 Bit CRC SOLC Generator/Checker 
CRC-32 

FEATURES 
o SDlC 32 bit CRC 
o COM 5025 USYNRT Companion 
o Data Rate-2MHz typical 
o All Inputs and Outputs are TTL Compatible 
o Single +5 Volt Supply 
o COPlAMOS® N-Channel MaS Technology 

GENERAL DESCRIPTION 
SMC's COM 8004 is a dual 32-bit CRC Generator/ 
Checker for use with SDLC protocols. It is a 
companion device to SMC's COM 5025 USYNRT. 
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 
inch DIP. All inputs and outputs are TTL compatible 
with full noise immunity. 
The COM 8004 is comprised of two independent 
halves, and each half may be operated in the check 
or generate mode. The polynominal used in 
computations is: 
X32 + X26 + X23 + X22 + X16 + X12 + X11 + XlO + 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: 
X31 + X30+ X26 + X25 + X24+ X18+ X15+ X14+ X12+X11 + XlO+ 
X8 + X6 + 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 
clocked inputs are designed for zero-hold-time 
(e.g. 7474). A "clock out" pin provides gated clocks 
to the accompanying USYNRT (COM 5025). 
In the generate mode, computation is initiated upon 
detection of a flag character in the serial bit stream. 
CRC computation proceeds upon the serial data 
until a second flag is detected. ClK OUT to the 
SDlC transm itter is then halted, and the 32-bit CRC 
is passed out; ClK OUT is then resumed, and the 
flag character is passed out. Nonsignificant zeros 
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 
serial data stream remains unaltered. 
In the check mode, computation is similarly 
initiated upon detection of a flag. Detection of a 
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 
than two full bytes between flags. Detection of an 
abort character (7 consecutive ones) in either mode 
causes computation to be reset and a search for an 
opening flag resumed. 

SER IN 

PIN CONFIGURATION 

MRA 1 \..J 20 Vee 

ClKINA 2 19 EFlGRB 

CLKOUTA 31 18 EFLGB 

SERINA 41 ) 17 MODEB 

SEROUTA 51 ) 16 ENAB 

ENAA 61 ) 15 SEROUTB 

MODEA 71 ) 14 SERINB 

EFLGA 81 ) 13 ClKOUTB 

EFLGRA 91 ) 12 ClKINB 

GND10 I ~ 11 MRB 

PACKAGE: 20 pin D.I.P. 

BLOCK DIAGRAM 
FOR ONE-HALF OF THE COM 8004 

C,--_3_2 B_IT_C_RC_----' 

8-BIT SIR 
FLAG/ABORT DET 

MR 
CLKIN __ 

ENA CONTROL LOGIC CLKOUT 
EFLG MODE EFLGR __ 
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For additional information, consult your 1986 catalog or contact our product marketing department at (516) 273-3100. 

STANDARD MICROSVSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 

CORPOR J\'TInI'.1 applications: consequently complete information sufficient for construction purposes is not necessarily given. 
MIIVI'4 The information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 

35""''"s .... ' "_ """88 assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the 
,"" m 3>00· TW' '10 '" 8898 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 ana supply the best product possible. 
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DARD MICROSYSTEMS 
~~~Ir""ti • ...,.~...,.."" 

COM 8017 
COM 8502 

Universal Asynchronous Receiver/Transmitter 
UART 

FEATURES 

o Single +5V Power Supply 

o Direct TTL Compatibility- no interfacing circuits 
required 

o Full or Half Duplex Operation-can receive and 
transmit simultaneously at different baud rates 

o Fully Double Buffered-eliminates need for precise 
external timing 

o Start Bit Verification - decreases error rate 

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

o High Speed Operation -40K baud, 200ns strobes 

o Master Reset- Resets all status outputs 

o Tri-State Outputs- bus structure oriented 

o Low Power- minimum power requirements 

o Input Protected-eliminates handling problems 

o Ceramic or Plastic Dip Package-easy board insertion 

o CompaUble with COM 2017, COM 2502 

o CompaUble with COM 8116, COM 8126, COM 8136, 
COM 8146, COM 8046 Baud Rate Generators 

GENERAL DESCRIPTION 

The Universal Asynchronous Receiver/Transmitter is 
an MOS/LSI monolithic circuit that performs all the 
receiving and transmitting functions associated with 
asynchronous data communications. This circuit is 
fabricated using SMC's patented COPLAMOS® tech
nology 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. In 
addition the COM 8017 will provide 1.5 stop bits when 
programmed for 5 data bits and 2 stop bits. The UART 
can operate in either the full or half duplex mode. These 
programmable features provide the user with the ability 
to interface with all asynchronous peripherals. 
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ms 

TCP 

CS 

NPB 
NSB 

23 

Pin Configuration 
\..../ 

Vee 40 TCP 
NC 39 POE 

Gnd 36 NDB1 
RD'E: 37 NDB2 
AD6 36 NSB 
AD7 35 NPB 
AD6 34 CS 
AD5 33 TD6 
AD4 

:oD~ 
TD7 

AD3 TD6 
AD2 11 30 TD5 
AD1 12 29 TD4 
APE 13 26 TD3 
AFE 14 27 TD2 
AOA 15 26 TD1 
SWE 16 25 TSO 
ACP 17 24 TEOC 

ADAR 16 23 T'"Em" 
ADA 19 22 TBMT 
ASI 20 21 MA 

PACKAGE: 40-Pin D.I.P. 

Functional Block Diagram 
TD1 TD2 TD3 TD4 TD5 TD6 TD7 TD6 

TSO 

TEOC 

SWE 

STATUS 
TBMT 
APE 

WOAD AFE 
BUFFEA AOA AEGISTEA 

ADA 

m5AR 

21 
MA 

1 
Vee 

2 NC 
3 Gnd 
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DESCRIPTION OF OPERATION - TRANSMITTER 

At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate is 
applied and master reset is pulsed. Under these 
conditions TBMT, TEOC, and TSO are all at a high 
level (the line is marking). 
When TBMT and TEOC are high, the control bits 
may be set. After this has been done the data bits 
may be set. Normally, the control bits are strobed 
into the transmitter prior to the data bits. However, 
as long as minimum pulse width specifications 
are not violated, TDS and CS may 0Scur simulta
neously. Once the date strobe (TD ) 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 when it is 
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 data bits buffer register 
at this time, TBMT goes low and remains in this state 
until the present transmission is completed. One 
full character time is available for loading the next 
character with no loss in 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 prior to the 
next data transmission. 

TRANSMITTER BLOCK DIAGRAM 

CONTROL 
STROBE 

16x T 
CLOCK 

ODD/EVEN 
PARITY SELECT 

14--.---- DATA STROBE 

TRANSMITTER 
BUFFER 
EMPTY 

SERIAL 
OUTPUT 

ENDOF 
CHARACTER 

DESCRIPTION OF OPERATION - RECEIVER 

At start-up the power is turned .on, a clock whose 
frequency is 16 times the desired baud rate isapplied 
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 
RSIline remains spacing for a 1/2 bittime, agenuine 
start bit is verified. Should the line retur·n to a mark-
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ing condition priorto a 1/2 bit time, the start bit veri
fication process begins again. A mark to space 
transition must occur in order to initiate start bit 
verification. Once a start bit has been verified, data 
reception proceeds in an orderly manner: start bit 
verified and received, data bits received, parity bit 
received (if selected) and the stop bit(s) received. 
If the transmitted parity bit does not agree with the 
received parity bit, the parity error flip-flop of the 



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

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. 

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 

CONTROL 
BITS FROM 

HOLDING 

RECEIVER BLOCK DIAGRAM 

FRAMING 
ERROR 

TRANSMITTER 
BUFFER EMPTY 

REGISTER ----______ --,,.-_____ ---, 

SERIAL 
INPUT 

16 x R 
CLOCK 

PIN NO. 

2 

3 

4 

5-12 

13 

14 

SYMBOL 

Vee 

NC 

GND 

ROE 

RDS-RD1 

RPE 

RFE 

DESCRIPTION OF PIN FUNCTIONS 

NAME FUNCTION 

Power Supply +5 volt Supply 

No Connection No Connection 

Ground Ground 

Received Data A lOW-level input enables the outputs (RDS-RD1) of the 
Enable receiver buffer register. 

Receiver Data These are the S 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. 

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. 

Receiver Framing This tri-state output (enabled by SWE) is at a high-level if 
Error the received character has no valid stop bit. 

155 



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 Th is output appears as a hig h-Ievel each ti me a fu II 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. 

------

156 



PIN NO. SYMBOL 

36 NSB 

37-38 NDB2, 
NDB1 

39 POE 

40 TCP 

DESCRIPTION OF PIN FUNCTION 

NAME FUNCTION 

Number of This input selects the nLJmber 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. 

Number of Data These 2 inputs are internally decoded to select either 5,6,7, 
Bits/Character or 8 data bits/character as per the following truth table: 

NDB2 NDB1 data bits/character 
L L 5 
L H 6 
H L 7 
H H 8 

Odd/Even Parity The logic level on this input, in conjunction with the NPB 
Select input, determines the parity mode for both the receiver and 

transmitter, as per the following truth table: 
NPB POE MODE 

L L odd parity 
L H even parity 
H X no parity 

X = don't care 

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 

TDS I 
TBMT ~ _____________ ~r---
TSO ~Ai~ll.·· .. ID~T~ ~~~~jSTOP 1'STOP 21 STAAT 

---+I Bit f+-
TEOC ~~ ____ t_im_e ______________________ ~~ __ __ 

TCP 

lOS 

TRANSMITTER START-UP 

~ 
I 1/16 I 
~ Bit I--

time 

S

M----, 
TSO L---

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

ASI 

CENTEA BIT 
SAMPLE 

ADA' 

ADA" 

RECEIVER TIMING-8 BIT, PARITY, 2 STOP BITS 

~~~ ..... ID~~a]:~R~~1 STOP 1'STOP21sTAAT 

~ I-- 1116 Bit time 
------------------~ 

'The ADA line was previously not reset (AOA ~ high-level). 
"The ADA line was previously reset (AOA ~ low-level). 

START BIT DETECT/vERIFY 

Rep ----u-u-
ASI --C:::y 

If the ASI line remains spacing for a 1/2 bit time, a genuine start bit is verified. Should the line return to a 
marking condition prior to a 1/2 bit time. the start bit verification process begins again. 
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MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range ..................................................... 0° C to + 70° C 
Storage Temperature Range., .................................................. -55° C to +150° C 
Lead Temperature (soldering, 10 sec.) ..................................................... +325° C 
Positive Voltage on any Pin, with respect to ground ........................................... +8.0V 
Negative Voltage on any Pin. with respect to ground .......................................... -0.3V 
Stresses above those listed may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at any other condition above 
those indicated in the operational sections of this specification is not implied. 
NOTE: When powering this device from laboratory or system power supplies, it is important 
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some 
power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power is 
switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that at clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (T A = 0° C to 70° C, Vee = +5V ±5%, unless otherwise noted) 

--r-

Parameter Min. Typ. Max. Unit Comments 
--f--

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low-level, VIL 0 0.8 V 
High-level, VIH 2.0 Vee V 

OUTPUT VOLTAGE LEVELS 
Low-level, VOL 0.4 V IOL = 1.6mA 
High-level, VOH 2.4 V 10H = -100pA 

INPUT CURRENT 
Low-level, IlL 300 pA VIN = GND 

OUTPUT CURRENT 
Leakage, ILO ±10 pA SWE = RDE = VIH, 0 :5 VOUT :5 +5V 
Short circuit, los** 30 rnA VOUT =OV 

INPUT CAPACITANCE 
All inputs, CIN 5 10 pf 

OUTPUT CAPACITANCE 
All outputs, COUT 10 20 pf SWE = RDE = VIH 

POWER SUPPLY CURRENT 
Icc 25 mA All outputs = VOH, All inputs = Vee 

A.C. CHARACTERISTICS TA = +25°C 
CLOCK FREQUENCY 

COM8502, COM 8017 DC 640 KHz RCP, TCP 
PULSE WIDTH 

Clock 0.7 ps RCP, TCP 
Master reset 500 ns MR 
Control strobe 200 ns CS 
Transmitter data strobe 200 ns Tl)S 
Receiver data available reset 200 ns "FmAR 

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 ROE: TpD1, TpDo 
Status word enable 350 ns SWE: TpD1, TpDo 

OUTPUT DISABLE DELAY 350 ns RDE,SWE 

**Notmore 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 TOS. 

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 impedanceto vee~bl~w impedanceto GNO 3) high impedance OFF5!! 
10M ohms The "OFF" state is controlled by the SWE and inputs. 
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DATA INPUTS 
tr = tf = 20 ns 
TSET-UP~O 
THOLD ~O 

CS 

CONTROL INPUTS 

DATA/CONTROL TIMING DIAGRAM 

~:~ _ f Tpw' ---;..j~, 

~:;T3-L ___ --_------J---f THOLD 

*Input information (Data/Control) need onl~valid during 
the last Tpw, min time of the input strobes (TOS, CS). 

OUTPUT TIMING DIAGRAM 

I'----------------{ Outputs Disabled 

OUTPUTS 
(AD1-RD8, ADA, 

APE, AOA, AFE, TBMT) 

TPD1, TPDO 

NOTE: Waveform drawings not to scale for clarity. 

ROAR 

/+---- 200ns --..-j 

VIL - - - - - - - - - -

RDA Iof---- 300ns ----..-j 
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FLOW CHART-TRANSMITTER FLOW CHART-RECEIVER 

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

COM81C17 
PRELIMINARY 

Twenty Pin UART (TPUART) 
FEATURES 
D Single Chip UART With Baud Rate Generator 

D Asynchronous Operation 
-16 Selectable Baud Rate Clock Frequencies 

(Internal) 
-External16x Clock (100 KBaud) 
-Character Length: 7 or 8 Bits 
-1 or 2 Stop Bit Selection 

PIN CONFIGURATION 

D Small 20 Pin DIP (300 mil) or PLCC 

D Full or Half Duplex Operation 

D Double Buffering of Data 

D Programmable Interrupt Generation 

D Programmable Modem/Terminal Signals 

D Odd or Even Parity Generate and Detect 

CP2 19
18 

171615 1~~ CLOCK 

Vee 20 12 D7 
Do 1 11 D6 
D, 2 10 GND 

cs 3 9 D5 
4 5 6 7 8 

vee 
CP2 

CP, 
TX 
RX 
RS 
INT 
CLOCK 
D7 
D6 

I~ 0' 0' cil~ 
Package 20-pin DIP 

D Parity, Overrun and Framing Error Detection 

D TTL Compatible Inputs and Outputs Package: 20-pin PLCC 

D High Speed Host Bus Operation 
(with no wait state) 

D Low Power CMOS 

D Single -I- 5V Power Supply 

GENERAL DESCRIPTION 
The COM81 C17 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 TPUARTwill also accept data characters from the 
processor in parallel format and convertthem into serial for
mat along with start, stop and optional parity bits. The 

A ~ DATA 
BUS \ DO-D7 

ADDRESS 
BUS 

WRITE 
READ 

INTERRUPT 
REQUEST 

" 
lAO 

..... 
'" 

v 

.lDECODE ~ CS 

" RS 

.... WR 

~ RD 

INT 

5.0688 MHZ i 
OSCILLATOR 

OR 
TTL CLOCK 
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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 ::: " v 

--i 
--i 

COM81C17 r 
---TWENTY TX ::D 

PIN 
.... 

(f) 

UART rG w 
f\) 

0 
RX ..... 

..... 

FIG 1. TYPICAL TPUART INTERFACE 
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DO-D7 

CS 

RD 
WR 
RS 

VCC 

GND 

.---

" TRANSMIT 
IA " DATA ~ BUFFER 

BUS V , V TRANS. ~ TRANSMIT 
SHIFT REGISTER 

L...---

t. 
MODE 

TRANSMIT CONTROL 

READ V 
REGISTER 

WRITE 0 

DECODE ~ 
LOGIC 

OJ 
c 

" 
BAUD (J) BAUD RATE RATE -

SELECT ....- GENERATOR r REGISTER 

MASK Vt--
REGISTER 
& LOGIC r- A STATUS 

REGISTER 
~ RECEIVE CONTROL 

f--- RECEIVE 

CONTROL Vt-- SHIFT REGISTER 
r--

I'r- A 
REGISTER RE.CEIVE 

~ BUFFER 

r t 
~I ~I 

FIG. 2. BLOCK DIAGRAM OF COM81C17 

1800 OHM 560 OHM 

7404 7404 7404 

L..--....J\IV\.....__-----1 1------11 0 1------1 

220 OHM 30pF 5.0688 MHz 

FIG. 2A. 5.0688 MHz CRYSTAL OSCILLATOR CIRCUIT 
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TABLE 1 - DESCRIPTION OF PIN FUNCTIONS 
DIPPIN NO. NAME 

1,2,5-7 DATA BUS 
9,11-12 

3 CHIP SELECT 

4 READ DATA 
STROBE 

8 WRITE DATA 
STROBE 

'10 GROUND 

13 CLOCK 

14 INTERRUPT 
REQUEST 

15 REGISTER 
SELECT 

'16 RECEIVER 
DATA 

17 TRANSMITTER 
DATA 

18 CONTROL 
PIN 1 

19 CONTROL 
PIN2 

20 POWER 
SUPPLY 

FUNCTIONAL DESCRIPTION 

RESETTING THE TPUART 

SYMBOL 

0 0-07 

CS 

RD 

WR 

GND 

ClK 

INT 

RS 

RX 

TX 

CP1 

CP2 

Vee 

DESCRIPTION 

An 8 bit bi-directional DATA BUS is used to interface the TPUART to the 
processor Data Bus. 

A low level on this inp~nables 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. 

A low pulse on this input (when CS is low) enables the TPUART to place 
the data or the status information on the DATA BUS. 

A low pulse on this input (when CS is low) enables the TPUART to 
accept the data or control word from the DATA BUS into the TPUART. 

Power Supply Return 

External TTL Clock Input (See Table 2) 

An interrupt request is asserted by the TPUART when an enabled con~i-
tion has occurred in the Status Register. This is an active low, open drain 
output. This pin has an internal pullup register. 

During processor to TPUART communications, this input is used to indi-
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 Control Register or status information 
can be read from the Status Register. 

This input is the receiver serial data. A high to low transition is required to 
initiate data reception. 

This output is the transmitted serial data from the TPUART. When a 
transmission is concluded, the TX line will always return to the mark 
(High) state. 

This control pin is an input only pin. It can be programmed to perform the 
functions of CTS or DSR/DCD. 

This control pin can be programmed to be either an input or an output. 
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. 

+ 5V Supply Voltage 

words. This is following an internal reset. Following initiali
zation, the TPUART is ready to communicate. 

PROGRAMMABLE CONTROL PINS 
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. 

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 can be 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). 

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 info,r
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 
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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 will serve the purpose of hand
shake signals as DCD (Data Carrier Detect) and DSR (Data 
Set Ready). 
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BIT 1 
o 
o 
1 
1 

0 3 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
'1 
1 

MODE REGISTER 

BIT2 
o 
1 
X 
X 

Baud Rate 
Select Register 

O2 0, Do 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 

CP2 is RTS output 
CP2 is GP output 
CP2 is GP input 
CP2 is GP input 

THE ON CHIP BAUD RATE GENERATOR 
The TPUART incorporates an on chip Baud Rate Genera
tor that can be programmed to generate sixteen of the most 
popular baud rates. The TPUART also allows the bypass
ing of the Baud Rate Generator by programming Mode 
Register bit 3 to accept a 16X external clock. The Baud Rate 
Generator will not assume any given baud rate upon power 
up, therefore it must be programmed as desired. The fol
lowing chqrt is based on a 5.0688 MHz CLOCK frequency. 

TABLE 2 -16X CLOCK 
Clock Frequency = 5.0688 MHz 

Theoretical Actual Duty 
Baud Frequency Frequency Percent Cycle 
Rate 16XCIock 16X Clock Error % Divisor 

50 0.8 KHz 0.8 KHz - 50/50 6336 
110 1.76 1.76 - 50/50 2880 
134.5 2.152 2.1523 0.016 50/50 2356 
150 2.4 2.4 - 50/50 2112 
300 4.8 4.8 - 50/50 1056 
600 9.6 9.6 - 50/50 528 

1200 19.2 19.2 - 50/50 264 
1800 28.8 28.8 - 50/50 176 
2000 32.0 32.081 0.253 50/50 158 
2400 38.4 38.4 - 50/50 132 
3600 57.6 57.6 - 50/50 88 
4800 76.8 76.8 - 50/50 66 
7200 115.2 115.2 - 50/50 44 
9600 153.6 153.6 - 48/52 33 

1 1 0 19.200 307.2 316.8 3.125 50/50 16 
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. 

BIT DESCRIPTION 

0 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-
isterbitO. 

0--1CP1 = CTS 1--1CP1 = GP INPUT 
1 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--1CP2 = OUTPUT 1--1CP2 = INPUT 
2 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--1CP2 = RTS 1--1CP2 = GP OUTPUT 
3 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. 

o = INTERNAL CLOCK 1 = EXTERNAL CLOCK 
(16X) 
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o = PARITY DISABLE 1 = PARITY ENABLE 

5 PARITY-The Mode Register bit 5 determines whether 
odd or even parity will be generated and checked. 

o = 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 (Le. 7 or 8). 

o = 7 BITS PER CHARACTER 1 = 8 BITS PER 
CHARACTER 

7 STOP BITS-The Mode Register bit 7 determines how 
many stop bits will trail each data unit (Le. 1 or 2). 

0= 1 STOP BIT 1 = 2 STOP BITS 
A data frame will consist of a start bit, 7 or 8 data bits, 
an optional parity bit, and 1 or 2 stop bits. 

TABLE 4 - COM81C17 STATUS REGISTERS 
DESCRIPTION (BITS 0-7) 

BIT DESCRIPTION 
0 CP1-This reflects the inverted state of the control 

pin CP1. 
1 CP2-This is active only when the CP2 pin is pro-

grammed to be an input. It is 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 
ou~ut, this bit is forced to a zero. 



2 TX SHIFT 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~ 
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 BUFFEREMPTY-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 bit is initially set when the transmitter logic is 
enabled by setting the TX Enable 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. 

7 RX BUFFER 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 bit is cleared by: 

a. reading the Receive Buffer Register 
b. asserting the RECEIVER RESET bit in the 

Control Register 
c. asserting internal reset 

INTERNAL REGISTER SELECT 
Following reset, the decode sequence of writes to address 
o is as follows: 

RSO - selects the Mode Control Register 
RS1 - selects the Interrupt Mask Register 
RS2 - selects the Baud Rate Select Register 
RS3 - selects the TX Buffer Register 

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 CP2J§.BTS, 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 RX RESET-This will reset the receiver block only. 

4 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 resetting 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. 

DECODE TRUTH TABLE 

RS AD WR cs 
o 0 
o 1 
1 0 
1 1 
X X 

1 0 READ RX BUFFER REGISTER 
o 0 WRITE TO TX BUFFER REGISTER 
1 0 READ STATUS REGISTER 
o 0 WRITE TO CONTROL REGISTER 
X 1 DATA BUS IN TRI STATE 

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. 

R R R R 
S S S S 
0 1 2 3 
0 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 
1 1 1 0 ALL SUBSEQUENT WRITES 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 to 70°C 
Storage Temperature Range ........................................... " .. .. .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. - 55 to 150°C 
Lead Temperature (soldering, 10 seconds) ........................................................................... + 325°C 
Positive Voltage on any pin ......................................................................................... Vee + 0.3V 
Neg&tive Voltage on any pin, with respect to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3V 
Maximum Vee ........................................................................................................... + 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, 
it is suggested that a clamp circuit be used. 

TABLE 6 - ELECTRICAL CHARACTERISTICS 
T = O°C to + 70°C Vee = 5.0 V ± 5% 

LOW INPUT VOLTAGE VIL 
HIGH INPUT VOLTAGE VIH 2.0 
LOW OUTPUT VOLTAGE VOL 

HIGH OUTPUT VOLTAGE VOH 2.4 
INPUT LEAKAGE CURRENT IL 
INPUT CAPACITANCE CIN 
POWER SUPPLY CURRENT Icc 

SYMBOL DESCRIPTION 

AC CHARACTERISTICS 
WRITE CYCLE 
t1 CS, RS to WR 1 setup time 
t2 CS, RS hold time to WR i 
t3 WR pulse width 
t, Data BUS in setup time to WR i 
t5 Data BUS in hold time to WR i 
READ CYCLE 
t6 CS, RS to RD 1 setup time 
t7 CS, RS hold time to RD i 
ta RD pulse width 
t9 Data access time from RD 1 
tlO Data hold time from RD i 
GENERAL TIMING 
t11 Reset Pulse Width 
t12 CP1 active to INT 
t13 WR rising edge to CP2 change 
t1, CP1, CP2 pulse width 
t15 Read Write Interval 

CP1, CP2 data 
Rise Time 
Fall Time 

Clock Frequency 
Rise Time 
Fall Time 
Internal Baud Rate Mode 
External Baud Rate Mode 
Duty Cycle 

0.8 V 
V 

0.4 V IOL = 5.0ma 00-07 
IOL = 3.5ma 

V IOH = 100/ka 
±10 /kA 

10 pF 
15 ma 

MIN TYP MAX UNITS 

50 ns 
0 ns 

100 ns 
75 ns 
10 ns 

50 ns 
0 ns 

100 ns 
0 60 ns @50pfmax 
0 60 ns @50pfmax 

1.0 /kS 
300 ns @25pf 
200 ns 

1.0 /kS 
100 ns 

30 ns @25pf 
30 ns @25pf 

30 ns 
30 ns 

11.0 MHz 
1.6 MHz 

40/60 % 
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STANDARD MICROSYSTEMS CORPORATION __ _ 

I I 
.... I~r___---- t14 ---------; .. ~I 
I I 

FIG. 8. CP1, CP2 INPUT TIMING 

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 responsibility 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 
COR COM82C11 

PRELIMINARY 

Printer Adapter Interface (PAl) 
FEATURES 
o Fits Popular Centronics Printer Interface 
o Programmable parallel printer interface 
o Completely TTL-compatible I/O 
o Reduces system package count 
o User-controlled interrupt request 
o Fully compatible with Z-80 and 8086 microprocessor 

family 
o High current, direct drive printer interface pins 
o On-chip oscillator can be used to generate 1.5 MHz to 

20 MHz oscillation 
o Baud rate generation for serial communication 
o Single 5V supply 
o Low power CMOS 

PIN CONFIGURATION 

x, Voo 

x2 A, 

ClK Ao 
DClK Po 

RST P, 

lOW P2 

lOR P3 

DIR P. 

Do Ps 
0, Po 

O2 P7 

0 3 ERROR 

D. SlCT 

0 5 PE 

0 6 ACK 

0 7 BUSY 

IRQ STROB 

CST AUTOFD 

CS2 iNTT 
Vss SlCT 

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 500/lA and sink 7mA. The COM82C11 fits the well-

FIGURE 1 -
BLOCK DIAGRAM 

x. 
x" 

elK 
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known Centronics printer interface. 
The PAl is 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 ~spl6'Jsterface. 

The user can use the Data Bus, I R! I , IRQ, CST and 
CS2 pins to interface the PAl with 8086 or Z-80 
microprocessors. 

P'l-P, 

INIT 
I-----:-~ STROBE 

AUTOFD 
SeCT 

ERROR 
BUSY 
SLCT 
PE 

I 



TABLE 1 - COM82C11 PIN DESCRIPTION 
PIN NO. SYMBOL NAME 1/0 DESCRIPTION 

1 X1 Crystal In I X1, X2 are the pins to which a crystal (whose frequency is 
2 X2 between 1.5 MHz and 20 MHz) is attached. A TIL clock can be 

used on Pin 2 (X2) through a pull up resistor. Pin 1 is left open. 

3 CLK Clock Out 0 A buffer oscillating clock output whose frequency is the same as 
the crystal. 

4 DCLK Divided Clock 0 A buffer clock output whose frequency is one-tenth that of Pin 3. 

5 RST Reset I An active high RESET pin. 
When activa~rinter control outputs STROB, AUTOFD, SLCT 
are inactive, INIT is active, and IRO is disabled remaining high 
impedence. 

6 lOW 1/0 Write I A "Low" on this pin permits the CPU to write data or control words 
to the "PAl". 

7 lOR 1/0 Read I A "Low" on this pin permits the "PAl" to send data, control words 
or printer status to the CPU. It allows the CPU to read from 
the PAL 

8 DIR Direction 0 This output pin is active high only when CS1, CS2 and lOR are 
activated. It is low for all other cases. 
It indicates the direction of data transfer between CPU data bus 
and the PAL 
When activated the PAl sends data, control words or printer status 
to CPU. 

9~ 16 DO~D7 System Data Bus I/O 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 IRQ Interrupt llO This is an interrupt request output pin, which is generated when 
Request ACK is activated low. 

This pin is enabled by writing 04 = 1 in the control word, and is 
high impedance when 04 = O. 
When RST is activated, this pin is put into a high impedance state. 

18 CS1 Chip Select I When CS1 = 0 and CS2 = 0, it enables the communication 
19 CS2 between the CPU and the PAL 

20 V •• Ground Power ground pin. 

21 SLCT Printer Select 0 When activated low, the printer is selected. 
This pin is programmable in bit 03 by writing a control command. 
Writing a one to 03 outputs a low on the SLCT pin. 

22 INIT Initiate 0 When activated low, the printer buffer is cleared. This pin is 
programmable in bit 02 by writing a control command and the PAl 
outputs 02 signal to this pin. 
The pulse width of the fl\JlT must be more than 50 flS for initiation 
of the printer. 

23 AUTOFD Auto Feed 0 When this pin is low, the printer is fed automatically, one line after 
printing. 
This pin is programmable in 01 by writin~LCTntrol command. 
Writing a one to 01 outputs allow on the pin. 

24 STROB Data Strob 0 When activated low, the printer reads in the data on printer data 
bus PO~ P7. 
It syncronizes data strobe between PAl 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 SICf pin. Read-in of data is 
performed at the low level of this signal. 

25 BUSY Busy State I 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 07 by "Reading Status". 

26 ACK Acknowledge I 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 06 by a "Read Status" command. 
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TABLE 1 - COM82C11 PIN DESCRIPTION 
PIN NO. SYMBOL NAME 1/0 DESCRIPTION 

27 PE Paper End I 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 I 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. 
(3) Off-line state. 
The CPU can read this status in D3 by a "Read Status" 
command. 

30-37 PO- P7 Printer Data Bus 0 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 AO Address I These input addresses in conjunction with lOR, lOW, CS1 and 
39 A1 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 contr.ol word. There are STffiJB, ALJT'OFf) INIT, 
SLCT and IRQEN on the data bus DO - D7. 

FUNCTIONAL DESCRIPTION 
When reset is activated (RST=1), STROBE=1, AUTOFO=1, 
INIT=O, SLCT=1, and Interrupt Request "IRQ" is disabled. 

PAl offers five kinds of commands selected by AO, A 1 , lOW, 
lOR and CS1, CS2 as shown below: 

Input Output 
Operation CS1 CS2 A1 AO lOR lOW DIR 

1 x x x x x 0* 

x 1 x x x x 0* PAl 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 CS2 = 1, OIR = 0, indicates that 00 - 07 remain "I/O Write" state even though intennal data bus IS not used. 

*> It is illegal to read anything when chip select is active and AO = A 1 = 1. 

WRITE DATA to the PRINTER READ DATA on PRINTER DATA BUS 
Oata on 00 ~ 07 are present on the PO ~ P7 bus and sent to At the falling edge of lOR, data latched on PO ~ P7 is set 
the printer. At the rising edge of lOW, data is latched on the back to the CPU through 00 ~ 07. The CPU reads back the 
PO ~ P7 bus until the next falling edge of lOW. printer data. 

READ STATUS from the PRINTER CPU reads the real-time status of the printer. The states are: 

r-= Data 06 05 03 02 

~E ______________ ~ __ ~ __ ~.~ __ ~ ______ ~~~ __ ~~~~ ______ -L ______ ~ ____ ~ 
Note: The BUSY state is inverted on 07. 

WRITE CONTROL WORD to the PRINTER 
CPU writes the control word to the printer. The control signals are: 

The control signals are latched on printer control bus at the rising edge of lOW. 
Note: "Interrupt Request Enable (IRQEN~resent on any output pin, but enables the output pin IRQ when 04 = 1, and disables IRQ (high 

impedance) when 04 = O. SLCT, AUTOFO and STROB are inverted on 03, 01 and 00 individually. 

READ CONTROL WORD on PRINTER CONTROL BUS 
At the falling edge of lOR, IRQEN control bit SLCT pin, INIT pin, AUTOFO pin and STROB pin are sent back to the CPU on 
04, 03, 02, 01 and 00 individually. 
(1) When writing control words D4 = 0 -----. IRQ pin floating. 
(2) When writing control words D4 = 1 -----. IRQ = ACK. 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ............................................................. O°C to + 70°C 
Storage Temperature Range ............................................................... -65°C -150°C 
Lead Temperature (soldering 10 sec.) ............................................................. +300°C 
Positive Voltage on any I/O Pin, with respect to ground ............................................. Vee + O.3V 
Negative Voltage on any I/O Pin, with respect to ground ................................................ -O.3V 
Maximum Vee ..................................................................................... +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 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 2 - ELECTRICAL CHARACTERISTICS (T a = Co -70°C, Vee = +5V ± 5%, C1 = 50pF) 
D.C. Characteristics 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS COMMENTS 

VIL Input low Voltage - 0.4 0.8 V 
VIH Input High Voltage 2.0 2.4 - V 
VOL Output low Voltage 0.4 0.5 V IOL = Max 
VOH Output High Voltage 2.4 - - V IOH = Max 
liN Max. Input Current - - ±10 IN VIN = Vcc or GND 

IOLD Output Sink Current 
Printer Data Bus = 0 20 24 - ma VOL = 0.45V 

IOHo Output Source Current 
Printer Data Bus = 1 2.0 2.6 - ma VOH = 3.0V 

IOLC Output Sink Current 
Printer Control Bus = 0 7.0 - - ma VOL = 0.45V 

IOHc Output Source Current 
Printer Control Bus = 1 - 0.5 1.5 ma VOH = 3.0V 

IFL Floating Pin leakage - - ±10 J,1a VFL = Vcc 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 lOW Set-up Time 0 - ns 
TWA Address Hold Time after lOW 20 - ns 
Tow Data to lOW Set-up Time 70 - ns 
Two Data Hold Time after lOW 30 - ns 
TwoL lOW = 1 to Data latched - 90 ns 

READ 

TRR Read Pulse Width 300 - ns 
Too DIR Delay after lOR - 35 ns 
TAR Address to lOR Set-up Time 0 - ns 
TRA Address Hold Time after lOR 20 - ns 
TpR Printer Bus to lOR Set..:.up Time 0 - ns 
TRP Printer Bus Hold Time after lOR 0 - ns 
TRos lOR to DO - D7 Output _ - 70 ns 
TRoR DO - D7 Released after lOR - 30 ns 

*Note: When CPU reads the printer's status, it is real-time state. 

OTHERS 

TRsw Reset Pulse Width 40 - ns 
TRscH Reset to Control Bus =.JjSTROB, AUTOFD, SlCT) Propagation Delay - 150 ns 
TRSIN 1 Reset to Control Bus INIT = 0 Propagation Delay - 60 ns 
TRSIR Z IRQ MIGH -z after RST - 50 ns 
TID ACK to IRQ Propagation Delay - 45 ns 
Tlz IRQ Disable Time - 50 ns 
TIE IRQ Enable Time - 50 ns 
TRSIZ IRQ High-z after RST - 50 ns 
T OCKO ClK to OClK Propagation Delay - 10 ns 
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PACKAGE INFORMATION - MILLIMETER (INCH) 
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2.16 (0.085) 
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STANDARD MICROSYSTEMS 
CORPORATION _liiili 

35Mat'cusBtvO.Hauppauge.NY117611 
{516)::'73·3100 TWX 510 2278898 
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COM 8251A 
jLPCFAMILV 

Universal Synchronous IAsynchronous 
Receiver ITransmitter 

FEATURES 
USART 

PIN CONFIGURATION 

o Asynchronous or Synchronous Operation 
- Asynchronous: 

5-8 Bit Characters 
Clock Rate -1, 16 or 64 X Baud Rate 
Break Character Generation 
1,1112 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 

o Baud Rates available from SMC's COM 8116, 
COM 8126, COM 8136, COM 8146, and COM 8046 

o Full Duplex, Double Buffered Transmitter and 
Receiver 

o Odd parity, even parity or no parity bit 
o Parity, Overrun and Framing Error Flags 
o Modem Interface Controlled by Processor 
o All Inputs and Outputs are TTL Compatible 

GENERAL DESCRIPTION 
The COM 8251A is an MaS/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/ 
Asynchron,ous Receiver/Transmitter (USART) 
designed for microcomputer system data 
communications. The USART is used as a peripheral 
and is programmed by the processor to 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 receivingserial 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 
anytime. 
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02 1 28 01 

03 2 27 00 

RxO 3 26 Vee 

GNO 4 25 RxC 

04 5 24 OTR 

05 6 23 RTS 

06 7 22 OSR 

07 8 21 RESET 

TxC 9 20 CLK 

WR 10 19 TxO 

CS 11 18 TxEMPTY 

C/O 12 17 CTS 

RO 13 16 SYNOET/BO 

RxROY 14 15 TxROY 

o Compatable with Intel 8251A, NEC J,lPD8251A 
o Single +5 Volt Supply 
o Separate Receive and Transmit TTL Clocks 
o Enhanced version of 8251 
028 Pin Plastic or Ceramic DIP Package 
o COPLAMOS® N-Channel MaS Technology 

BLOCK DIAGRAM 

TxD 

TxADY 

TxEMPTY 

TxC 

RxD 

RxADY 

RxC 

SYNDET/ 
BRKDET 

I 



DESCRIPTION OF PIN FUNCTIONS 

INPUT/ 
PIN NO. SYMBOL NAME OUTPUT FUNCTION 

1,2,27, 02,03, DO DATA BUS I/O An 8-bit, 3-state bi-directional DATA BUS used to interface the 
28,5-8 01,04-07 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. 

3 RxD RECEIVER DATA I This input receives serial data into the USART. 

4 GND GROUND GND Ground 

9 TxC TRANSMITTER I The TRANSMITTER CLOCK controls the serial character trans-
~ mission rate. In the Asynchronous mode, the TxC freql!ency is 

a multiple of the actual Baud Rate. Two bits of the Mode[nstruc-
tion selectthe multiple to be 1X, 16X, or64Xthe Baud Rate. In the 
Synchronous mode, the lXC frequency is automatically se-
lected to equal the actual Baud Rate. 

Note that for both Synchronous and Asynchronous modes, 
serial data is shifted out ofthe USART by the falling edgeofTXC. 

10 WR WRITE DATA I 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. 

11 CS CHIP SELECT I A "zero" on this input enables the USART for reading and writing 
to the processor. When C"S is high, the DATA BUS is in the float 
state and J1[5 andWl1 will have no effect on the chip. 

12 C/O CONTROL/DATA I The Controllr5aia input, in conjunction with the WR and J1[5 
inputs, informs the USART to accept or provide either a data 
character, control word or status information via the DATA BUS. 
a = Data; 1 = Control/Status 

13 RD READ DATA I A "zero" on this input instructs the COM 8251 A to place the data 
or status information onto the DATA BUS for the processor 
to read. 

14 RxRDY RECEIVER READY 0 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 0 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 ~aton. TxRDY is automatically reset by the leading 
edge of when a data character is loaded from the processor. 

16 SYNDET/ SYNC DETECT / I/O The SYNDET feature is only used in the Synchronous mode. 
BRKDET BREAK DETECT The USART may be programmed through the 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 will go to a "one" 
when the COM 8251A has located the SYNC character in the 
Receive mode. If double SYNC character (bi-sync) operation 
has been programmed, SYNDET will go to "one" in the middle 
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 Axe 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 Axe 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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INPUT/ 
PIN NO. SYMBOL NAME OUTPUT FUNCTION 

16 The SYNDET/BRKDET pin is used in both Synchronous and 
(cont.) Asynchronous modes. When in SYNC mode the features for 

the SYN DET pin described above apply. When in Asynchronous 
mode, the BREAK DETECT output will go high when an all zero 
word of the programmed length is received. This word consists 
of: start bit, data bit, parity bit and one stop bit.Reset only occurs 
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. 

17 CTS CLEAR TO SEND I A "zero" on the 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 the data in the USARTwritten 
prior to the Tx Disable command before shutting down. 

18 TxE TRANSMITTER EMPTY 0 The TRANSMITTER EMPTY output signals the processor that 
the USART has no further characters to transmit. TxE is auto-
matically reset upon receiving a data characterfrom the proces-
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 to the USART. 

19 TxD TRANSMITTER DATA 0 This output is the transmitted serial data from the USART. When 
a transmission is concluded the TxD line will always return to 
the marking state unless SBRK is programmed. --

20 ClK CLOCK PULSE I 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 I 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=SYNDETI 
BRKDET = 0; TxD = 5fR = RST = 1. Minimum RESET pulse 
width is 6 tCY, ClK must be running during RESET. 

22 DSR DATA SET READY I The DATA SET READY inRut can be tested by the processor 
via Status information. The L5'S'R input is normally used to test 
Modem Data Set Ready condition. 

23 RTS REQUEST TO SEND 0 The REQU EST TO SEND output is controlled via the Command 
word. The RTS output is normally used to drive the Modem 
Request to Send line. 

24 DTR DATA TERMINAL 0 The DATA TERMINAL READY output is controlled via the 
REAlJY Command word. The 'O'TR output is normally used to drive 

Modem Data Terminal Ready or Rate Select lines. 

25 RxC RECEIVER clocR I The RECEIVER CLOCK is the rate at which the i.ncoming char-
acter is received. I n the Asynch ronous mode, the i1XC freq uency 
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 Vcc Vcc 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. Data is shifted out by 
~falling~e 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. 

Recelve-

The RxD input line is normally held "high" (marking) by 
the transmitting device. A falling edge (high to lowtransi
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 ofRxC. 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 be reset 
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 I nstruction has set TxEN and after 
Clear to Send (CTS) goes low, the first character is ser~ 
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 before the USARTTransmit 
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 lineand 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 JiXC, 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.lftwoSYNCcharacters 
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) is set high. SYN DET 
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'R"XC 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 
• Inputs 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 

to request interrupts. _ 

output control codes. Program logic may be based on I 
reading status bit levels, or control signals may be used 

INITIALIZING THE COM 8251A 

Figure 1. Control Word Sequences for Initialization 

~"-,{ 
~_o{ 
C/O=1 

MODE CONTROL 

COMMAND 

DATA 

· · · · 
COMMAND 

DATA 

· · · 

} 

INITIALING 
SEQUENCE 

ASYNCHRONOUS OPERATION 

The COM 8251A may be initialized following a system 
RESET or prior to starting a new seralliO sequence. 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 showsthesequence 
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 control informa
tion to its proper destination based on the sequence in 
which it is received. Following a RESET (external or inter
nal), the first control code output is interpreted as a mode 
control. If the mode control specifies synchronous opera
tion, then the next one ortwo bytes (as determined by the 
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C/O=1 

MODE CONTROL 

SYNC #1 

SYNC #2 
(OPTIONAL) 

COMMAND 

) 

INITIALING 
SEQUENCE 

DATA 
C/O=o -< · · · 
C/O=1 COMMAND 

{ DATA 

· · · 
C/D=O 

SYNCHRONOUS OPERATION 

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 
a mode control input; followi ng aRES ET input or followi ng 
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/D Ri5 WR' ~ 
0 0 1 0 USART - Data Bus 
0 1 0 0 Data Bus - USART 
1 0 1 0 Status - Data B~ 
1 1 0 0 Data Bus - Control 
X X X 1 Data Bus - 3-State 
X 1 1 0 



MODE CONTROL CODES 

The COM 8251A interprets mode control codes as illus
trated in Figures 2 and 3. 

Control code bitsOand 1 determinewhethersynchronous 
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 thecaseofaprogrammed 
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 
isDO. 

For synchronous and asynchronous modes, bits 4 and 5 

determine whether there will be a parity bit in each char
acter, and ifso, whether odd oreven parity will beadopted. 
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, a preceeding 
start bit, plus 1, 11/2 or 2 trailing stop bits. Interpretation of 
subsequent bits differs for synchronous or asynchronous 
modes. 

Control code bits 6 and 7 in asynchronous mode determi ne 
how many stop bits will trail each data unit. 11/2 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. 

In 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 bit 7, 
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 

7 6 5 4 3 2 O~BitNo. 

I I I I I ITT 1 

~ 
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TxEN 
1 = Enable transmission 
0= Disable transmission 

DTR 
1 = DTR output is forced to a 

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) 

RTS 
1 = RTS output is forced to 0 

IR 
1 = Reset format 

EH 
1 = Enter HUNT mode 



Figure 2. Synchronous Mode Control Code. 

7 6 5 4 3 2 1 O~BitNo. 

I I I I I I 0 I 0 I 
'-v-I '-v-I LsyncmOde 

00 5 bits per character 
01 6 bits per character 
10 7 bits per character 
11 8 bits per character 

0= Parity disable, 1 = Parity enable 

0= Odd parity, 1 = Even parity 

0= SYNDET output 
1 =SYNDET input 

0=2 SYNC characters 
1 = 1 SYNC character 

Figure 3. Asynchronous Mode Control Code. 

7 6 5 4 3 2 1 O.~BitNo. 

I I I I I I I I 
'-v-I '-v-I '-v-I 

L~ 
Invalid (SYNC mode) 
Async mode, 1 X Baud rate factor 

10 Async mode, 16X Baud rate factor 
11 Async mode, 64X Baud rate factor 

00 5 bits per character 
01 6 bits per character 
10 7 bits per character 
11 8 bits per character 

0= Parity disable, 1 = Parity enable 

0= Oeld parity, 1 = Even parity 

00 Invalid 
01 1 stop bit. 
10 1112 stop bits 
11 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 activ.e 
(low). DTR is used to advise a modem that the data termi nal 
is prepared to accept or transm it 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. 

FigureS. 
Operation of the Transmitter Section as a Function of TxE, TxRDY and TxEN 

TxEN TxE TxRDY 
1 1 1 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. 

o Transmit Output Register is shifting a character. Transmit Character 
Buffer is available to receive a new byte from the processor. 

o Transmit Register has finished sending. A new character is waiting 
for transmission. This is a transient condition. 

o o Transmit Register is currently sending and an additional character 
is stored in the Transmit Character Buffer for transmission. 

o 0/1 0/1 Transmitter is disabled. 

Bit 3 is the Send Break Command bit (SBRK). When SBRK 
is set, the transmitter output (TxD) is interrupted and a 
continuous binary"O" level, (spacing) isappliedtotheTxD 
output signal. The break will continue until a subsequent 
Com mand Word is sent to the COM 8251 A to remove S BR K. 

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 8251 A. 
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 COM 8251Awhen 
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 are recognized. 
Parity is not checked in the EH mode. 

STATUS REGISTER 

totally equivalent to the TxRDY output pin, the relationship 
is as follows: 

TxRDY (status bit) = Tx Character Buffer Empty 

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 (pin 15) = Tx Character Buffer Empty • ern • TxEN 

TxRDY signals the processor that the Transmit Character 
Buffer is em pty and that the COM 8251 A can accept a new 
character for transmission. The TxRDY status bit is not 
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RxRDY signals the proce~sor that a completed character 
is holding in the Receive Character Buffer Register for 
transfer to the processor. 



Figure 6. The COM 8251A Status Register 

7 6 5 4 3 2 O~BitNo. 

I I I I I I I I I 

~ ~ 

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 is the receiver Overrun Error. OE is set whenever a byte 
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 not inhibit USART operaton. FE is reset bytheER bit. 

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 in the 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 = O. 
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t TxRDY 

RxRDY 

TxE 

PE 
Parity error 

OE 
Overrun error 

FE 
Framing error 

SYNDET/BRKDET 

DSR 

SYNDET is the synchronous mode status bit associated 
with internal or external sync detection. 
DSR is the status bit set by the external =D"-a"7"'ta-S=-et:-:R=-e-a-d"-y 
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 tCY periods. 

3. The USART may provide faulty RxRDY forthe first read 
after power-on or for the first read after the receiver is 
re-enabled by a command instruction (RxE). A dummy 
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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MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range ............................................................ O°C to +70°C 
Storage Temperature Range .......................................................... -55°C to +150°C 
Lead Temperature (soldering, 10 sec) ........................................................... +325°C 
Positive Voltage on any Pin, with respect to ground ...................................... , .......... +8.0V 
Negative Voltage on any Pin, with respect to ground ................................................ -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 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, Vee = +5V ±5%, unless otherwise noted) 

SYMBOLI PARAMETER I MIN. I MAX. UNIT I TEST CONDITIONS 

D.C. Characteristics 
VIL Input Low Voltage -0.3 0.8 V 

VIH Input High Voltage 2.0 Vee V 

VOL Output Low Voltage 0.45 V IOL=2.2 mA 

VOH Output High Voltage 2.4 V 10H = -400 J1A 

10FL Output Float Leakage ±10 J1A VOUT = Vee TO 0.45V 

IlL Input Leakage ±10 J1A VIN = Vee TO 0.45V 

Ice Power Supply Current 100 rnA All Outputs = High 

Capacitance TA = 25°C, Vee = GND 

CIN I,nput Capacitance 

I I 

10 pF I fc=1MHz 
Gila 1/0 Capacitance 20 pF Unmeasured pins returned to GND 

A.C. Characteristics 
Bus Parameters (Note 1) 
Read Cycle: 

tAR Address Stable Before READ (CS, CiO) 0 ns Note 2 

tRA Address Hold Time for R'E7U) (CS, Cll») 0 ns Note 2 

tRR READ Pulse Width 250 ns 

tRO Data Delay from READ 200 ns Note 3, CL = 150 pF 

tOF 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 forwroTE' 150 ns 

two Data Hold Time for WRITE 0 ns 

tRY Recovery Time Between WRITES 6 tey Note4 

Other Timings: 

tev Clock Period .320 1.35 J1s Notes 5, 6 

tJ> Clock High Pulse Width 120 tcv-'90 ns 

ti Clock Low Pulse Width gO ns 
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SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS 

tR, tF Clock Rise and Fall Time 5 20 ns 

tOTx TxD Delay from Falling Edge of"iXC 1 /-Is 

tSRx Rx Data Set-Up Time to Sampling Pulse 2 /-Is 

tHRx Rx Data Hold Time to Sampling Pulse 2 /-Is 

fTx Transmitter Input Clock Frequency 
1X Baud Rate DC 64 kHz 

16X Baud Rate DC 310 kHz 
64X Baud Rate DC 615 kHz 

tTPW Transmitter Input Clock Width 
1X Baud Rate 12 tcy 

16X and 64X Baud Rate 1 tCY 

tTPO Transmitter Input Clock Pulse Delay 
1X Baud Rate 15 tCY 

16X and 64X Baud Rate 3 tCY 

fRx Receiver Input Clock Frequency 
1X Baud Rate DC 64 kHz 

16X Baud Rate DC 310 kHz 
64X Baud Rate DC 615 kHz 

tRPW Receiver Input Clock Pulse Width 
1X Baud Rate 12 tCY 

16X and 64X Baud Rate 1 tcy 
tRPO Receiver Input Clock Pulse Delay 

1X Baud Rate 15 tCY 
16X and 64X Baud Rate 3 tcy 

trxROY TxRDY Pin Delay from Center of last Bit 8 tCy Note? 

trxROY CLEAR TxRDY j from Leading Edge of WR 150 ns Note? 

tRxROY RxRDY Pin Delay from Center of last Bit 24 tCY Note? 

tRxROY CLEAR RxRDY j from Leading Edge of RD 150 ns Note? 

tiS Internal SYNDET Delay from Rising 
24 tCY Note? Edge of RxC 

tES External SYNDET Set-Up Time Before 
16 tcy Note? Falling Edge of RxC 

trxEMPTY TxEMPTY Delay from Center of Data Bit 20 tcy Note? 

twc Control Delay from Risl.!:!fLEdge of 8 tCY Note? WRITE (TxEn, DTR, RTS) 

tCR Control to READ Set-Up Time (DSR, CTS) 20 tcy Note? 

NOTES: 1. AC timings musured VOH = 2.0, VOL= 0.8, and with load circuit of Figure 1. 
2. Chip Select (CS) and Command/~ (C/t5) are considered as Addresses. 
3. Assumes that Address is valid before RD!. 
4. 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. 
5. The TxC and RxC frequencies have the following limitations with respect to CLK. 

For 1X Baud Rate, fTx or fAX:51/(30 tCY) 
For 16X and 64X Baud Rate, fTx or fAX:5 1/(4.5 tCY) 

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 

Figure 1. 

Typical ~ Output 
Delay Versus 

~ Capacitance (pF) 

+20 

+10 

-10 L 
-2 0 / 

-100 -50 

L 
~ 
..... 
SPEC 

+50 +100 

TEST LOAD CIRCUIT 
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TiC (Ix MODEl 

~ (16xMODEI 

Tx DATA 

Rx DATA 

RxC (1x MODE) 

RxC (16xMODEI 

INT SAMPLING 
PULSE 

WAVEFORMS 

System Clock Input 

CLOCK ¢ 

Transmitter Clock & Data 

-I l-toTX tOTX-I C ===x ===x -------x== 

Receiver Clock & Data 

(Rx BAUD COUNTER STARTS HEREI 

START BIT DATA BIT 

__ tRPW---1-tRP0==t! 
__ 8~PERIODS_"" __ -----16RXCPERIODS(II;~X-MO-O-E-I----~ 

(16x MODEl 
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Write Data Cycle (CPU - USART) 

TxRDY ---~-------------
I H tTxRDY CLEAR 

WR -----------------~11~------------
Ii tDW - ... I:j tWD 

DON'T CARE 

DATA IN ID.B.I -----..:::..::..:.'-'--'::..::.:=-----<J="-DATASTA~':'~ 

C/O -----------------,i~ ~~-----------

~ ------------------,~ ~r------------

DON'T CARE 

Read Data Cycle (CPU +- USART) 

RxRDY ______ -----'I ~--------------
I P IRxRDY CLEAR I 

AD --------------,'Il----tRR---Jj,--____ __ 

DATA FLOAT ~I I--t~_~---D~;A FLOAT 

"" 0"' ",:: ------...:..-'-'-'..:...c...;:c:..c.;..~--\I~-t-AR-+-<' "''' OC""'V'j':R}-;-"lr-":":":":-'-'--':..::..cc-,--

------------.--~~-+-----------~--~-----

CS" ---------~~tAR ~ 

Write Control or Output Port Cycle (CPU - USART) 

I~~~E~ ---------------------------~~-------

t: tWC-...J 

WR --------------------,~~--------------

1--tDW-.... ::j tWD 

DATA IN ID.B,I -----·----~t ;~-------------
1--, ... tAW 1-------1 tWA 

C/O _____________ --JII 'K~ ________ __ 
_______________ ---,1---- tAW 1---lrtW~A~---------

~ ~ ~ 

NOTE ,,1: TWC INCLUDES THE RESPONSE TIMING OF A CONTROL BYTE, 
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Tx EMPTY 

Tx READY 
(PINI 

C/O 

WR 

Tx DATA 

Read Control or Input Port (CPU +- USART) 

(~~~'EC:~J --------,X~-----------------
___ I~-=-_'CR=-=H_ IRR _I ~ __ 

AD ~ X 
-+I 1- 'RD - I- 'DF 

DATA OUT ------------+~===========t~-----(D,B.I 

C/O _____________ --'t ~ 

-l'AR I---- --- 'RA I-
~ --------------~\L ______________ ~y_____ 

NOTE ",: TCA INCLUDES THE EFFECT OF m ON THE TxENBL CIRCUITRY, 

Transmitter Control & Flag Timing (ASYNC Mode) 

ITxEMPTY 11l-r-----.Q 
I~----!--~ 

DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 

EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 

Receiver Control & Flag Timing (ASYNC Mode) 

Wr SBRK 

"(). .... NM~Lt)(D 

,..DATA CHAR 4 

iii 
~ 
<t 
Cl 

,----
----------------------------------------------~ ~ 

OVE7:TUA~~~~?T~ ---------------:----------------...;f,~f\-----+----+------
__________________ --~~~tA-x-AD-Y-~------~~'l~LO-ST~--------~I~ ~ 

etC ---i. A,En I V ---c:= 
r_--------------~------_+--------++-\JA---------W~I~~,En, ~ 

~ ---------~~I~r---+------hVI 

\o.L...I\",I\,\..I\.J\.J\J 

DATA CHAR 2 DATA CHAR 3 

EXAMPLE FORMAT,. 7 BIT CHARACTER WITH PARITY & 2 STOP BITS 
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Transmitter Control & Flag Timing (SYNC Mode) 

rx READY ---t---~ 
(STATUS BITI 

h READY 
(PIN) 

c/o 
---------~~~~~_+------~~+_------_r~~~;----r_~~ 

EXAMPLE FORMAT = 5 BIT CHARACTER WITH PARITY, 2 SYNC CHARACTERS. 

Receiver Control & Flag Timing (SYNC Mode) 

SYNDET / (PIN! NOTE ., ___________________ --1 9\ r~~TE'3....J j 

'IS_ -+- tES_ t----

i/-'L- - tL-\ SYNDET (S,B) 

-------------------~. 

A,RDV(PINI {1-4 H~rr-- +t~j 

C/O --.l--""'1\W-R;-:~-.-r. \---------------I------k~Rd LrT!TU\I...
S 

---'!-Ad'-!l'-:-AT::!F n AS:
d 

SVNCr-lr-;!-Ad:-::;,::-:T:"':U,"". ~:-~r--+I-1ATd""ST.=.AT'-Tur-\s +--+H
Ad 

OATr--

CHAR 1 CHAR 3 CHAR 1 ---v [..9-+--f-+--h r-it+--!--!--H-t--+---

W1i -O-O-N'-T -+----S-VN-C-----S-VN-C-+--O-A-TA---I--'\.lo I ""'-D-A-TA--'n~~~U~---+l+-' OAT~A-+--+OAf+TA"LV----
RxCLOCK 

CARE CHAR 1 CHAR 2 CHAR 1 CHAR 2 CHAR 3 CHAR 1 SYNC CHAR 2 DON'T CARE CHAR 1 CHAR 2 eTC. 

X'l..'X'FkJ .... X .. X .. ;.'H'lJX .. ;.'I.'J..'X·XJ].o}.,X'} . .'J .... JJJ..oJ..'X,;.,X·M 'N'H·XtXoX'X'B'X~N'X'X'X'X:V.xN'Xx.NxI' x 'X'X'X'A'HXoX' , 'I-m X I A I X 
I TT I I I I I I I I I I }J-bH~JIss~1Eb,~sl I I I I I I I / ~~~,~~SSY 

Jlfl11Jlf JUl W lJUl nn. 
L EXIT HUNT MOOE 

seT SYNC DET 

NOTE INTERNAL SYNC, 2 SYNC CHARACTERS, 5 BITS, WITH PARITY 
NOTE EXTERNAL SYNC, 5 BITS, WITH PARITY 
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APPLICATION OF THE COM8251A 

Asynchronous Serial Interface to CRT Terminal, 
DC to 9600 Baud 

Asynchronous Interface to Telephone Lines 

~~~---------~ 

~~~--~~=---------~ 
.~-~ 

I 
TELEPHONE 

LINE 

Synchronous Interface to Terminal or Peripheral Device 

SYNCHRONOUS 
TERMINAL 

OR PERIPHERAL 

Synchronous Interface to Telephone Lines 

SYNC 
MODEM 

INTER· 
FACE 

I 
TELEPHONE 

COM8251A Interface to fJ.P Standard System Bus 

~ AOORESS BUS \ 
A. 

I CONTROL BUS ==:) 
i7Ol'i i7OWl~~_ 

\ DATA BUS 
-- .. - --\ 

<j > 
B 

"< 7 
Clri B" °1-00 liD WI! RESET elK 

COMB251A 

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

COM82586 
PRELIMINARY 

Ethernet™Local Area Network 
Coprocessor 

FEATURES PIN CONFIGURATION 
D Performs Complete CSMA/CD Medium 

Access Control Functions 
Independently of CPU 
-High Level Command Interface 

D Supports Established LAN Standards 
-IEEE 802.3/EtherneFM (10BASE5) 
-IEEE 802.3/Cheapernet (10BASE2) 
-IBM PC Network 
-IEEE 802.3/StarLAN (1BASE5) 
-Proprietary CSMA/CD Networks up 

to 10 Mbps 
D On-Chip Memory Management 

-Automatic Buffer Chaining 
-Buffer Reclaim After Receipt of Bad 

Frames 
-Save Bad Frames, Optionally 

D Interfaces to 8-bit and 16-bit 
Microprocessors 

D Supports Minimum Component 
Systems 
-Shared Bus Configuration 
-Interface to IAPX 186 and 188 

Microprocessors without Glue 
D 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 
D 48 Pin DIP and 68 Pin PLCC 

~~~~w~ava~~n~~~ffiffi 
NC 35 17 NC 

AD, 36 
AD, 37 
AD7\-. 38 
ADa 39 
AD9 40 

Vss 4, 11 Vee 
Vss 42 

Vss 43 

Vss 44 

ADm 45 
NC 46 
NC 47 

AOI1 48 

AD12 49 

AD13 50 

NC [ 51 1 1 NC 
5253545556575859606162636465666768 

~~~J~J!J~~~~~(~~~ 
~~ 

PACKAGE: 58-pin PLCC 

PIN NO.1 

NOTE: Symbols In parenthesis correspond to minimu", mode 

D Network Management 
-CRC Error Tally 
-Alignment Error Tally 
-Location of Cable Faults 

D Self.:rest Diagnostics 
-Internal Loopback 
-External Loopback 
-Internal Register Dump 
-Backoff Timer Check 

D Single +5 volt supply 
D Direct replacement for Intel's 82586 

GENERAL DESCRIPTION 

PACKAGE: 48- pin DIP 

The COM82586 is an intelligent, high performance Local 
Area Network coprocessor, implementing the CSMAlCD 
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. 

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 performs the full set of IEEE 802.3 
CSMAlCD 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 

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 regardless 
of destination address, optional capture of errored or 
collided frames, and time domain reflectometry for locating 
faults in the cable. 

The COM82586 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/EtherneFM or HDLC method of frame delineation. 
Both 16-bit and 32-bit CRC are supported. 

address space is 16 Mbyte maximum. The COM82586 is available in a 48 pin DIP or 68 pin PLCC 
The COM82586 provides two independent 16 byte FIFOs, package. 
EthernetTM is a trademark of the Xerox Corporation. 193 



SYSTEM INTERFACE 

SYSTEM CLOCK 
AND CONTROL SIGNALS 

MOST SIGNIFICANT 
ADDRESS (A1e-A23) 

BUS 
INTERFACE 

UNIT 

DMA 
CONTROL 

(4 CHANNELS) 

COMMAND 
UNIT 

RECEIVE 
UNIT 

DATA 
INTERFACE 

UNIT 

MICROINSTRUCTION 
ROM 

COT 
CRS 
RXD 
RXC 

TXD 
TXC 
RTS 
CTS 

FUNCTIONAL BLOCK DIAGRAM 231246-1 

DESCRIPTION OF PIN FUNCTIONS 

48 PIN DIP 68 PIN PLCC NAME SYMBOL FUNCTION PIN NO. PIN NO. 

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 gOi~active stops 
transmission. It is internally synchronized. If T 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 68 PIN PLCC NAME SYMBOL FUNCTION J PIN NO. PIN NO. ------
31 18 Carrier Sense CRS Active LOW Carrier Sense input used to notify the 82586 that 

there is traffic on the serial link. 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 COT 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 6 Interrupt INT Active HIGH interrupt request signal. 
--

32 15 Clock CLK The system clock input from the 80186 or another symmetric 
clock generator. 

33 14 Minimum Model MN/MX When HIGH, MN/MX selects RD, WR, ALE DEN, DT IR 
Maximum Mode (Minimum Mode). When LOW, MNifiiix selects A22, A23, 

READY, 'SQ, 8'i (Maximum Mode). Note: This pin should be 
static during 82586 operation. 

6-11, 29-33,36- Address and Data Bus ADO- These lines from the time multiplexed memory address (t1) 
13-·22 40,45,48, AD15 and data (t2, t3, tW, 14) bus. When operating with an 8-bit 

49,50,53,54 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 55-57,59, Address Bus A16-A18 These lines constitute 7 out of 8 most significant address bits 
45-47 63-65 A20-A23 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. 

2 58 Address 1 9 or A19/S6 During t1 this signal it forms line 19 of the memory address. 
Status 6 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 Vee 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. 

35 12 Channel Attention CA 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. It is 
latched internally on HIGH to LOW edge and then detected 
by the 82586. 

44 66 Bus High Enable BHE 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 A 16-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. 

195 



48 PIN DIP 68 PIN PLCC NAME SYMBOL FUNCTION PIN NO. PIN NO. 

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 wait 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 I ARDY. 

37 7 Synchl Asynch Ready ARDYI This active HIGH signal periorms the same function as RDY. 
SRDY 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 SO,81 Maximum mode only. These status pins define the type of 
DMA transfer during the current memory cycle. They are 
encoded as follows: 
'S1 SO 
0 0 Not Used 
0 1 Read Memory 
1 0 Write Memory 
1 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. 

46 64 Read RD Used in minimum mode only. The read strobe indicates that 
the 82586 is periorming 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 WR Used in minimum mode only. The write strobe indicates that 
the 82586 is periorming 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 5 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 4 Data Enable DEN 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. 

41 3 Data 1/0 Control DT/R Used in' minimum mode only. DT/R is used in non-8288 
systems using an 8286/8287 data bus transceiver. It controls 
the Qi.rection of data flow through the Transceiver. Logically, 
DT/R is equivalent to 81. It becomes valid in the t4 preceding 
a bus cycle and remains valid until the final t4 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. 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 
applications: 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 responsil:5l1lty 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 ana supply the best product possible. 
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STANDARD MICROSYSTEMS 
COR COM82C501 

PRELIMINARY 

Ethernet ™ Serial Interrace 

FEATURES 
D Direct Replacement for Intel 82501 

and 82C501, or SEEQ 8023A 
D Compatible with IE/=E 802.3 10BASE5 

(EtherneFM) and 10BASE2 (Cheapernet) 
Specifications 

D 10 Mbps Operation 
D Replaces 8 to 12 MSI Components 
D Manchester Encoding/Decoding and 

Receive Clock Recovery 
D 10 MHz Transmit Clock Generator 
D Drives/Receives IEEE 802.3 

Transceiver Cable (AUI) 
D Defeatable Watchdog Timer Circuit to 

Prevent Continuous Transmissions 
D Diagnostic Loopback for Network Node 

Fault Detection and Isolation 
D Direct Interface to the COM82586 LAN 

Coprocessor and COM82C502 Transceiver 
D Low Power CMOS 
D +5 Volt Only Operation 

PIN CONFIGURATION 

ENETV1 C 1 20 J VCC 

NOOR [ 2 19 J TRMT 

LPBKlWDTD [ 3 18 J TRMT 

RCV C 4 17 J TXD 

RCVC 582C50116J,TXC 

CRS[ 6 15JTEN 

CoTr7 14PX1 

RXC[ 8 13p X2 

RXD[ 9 123CLSN 

GND [ 10 11 J CLSN 

Package: 20-pin DIP 

GENERAL DESCRIPTION 

The COM82C501 EtherneFMSeriallnterface(ESI) chip is 
designed to work directly with the· COM82586 LAN 
Coprocessor in IEEE 802.3 (10BASE5 and 10BASE2), 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 fnterface to the Ethernet™ 
transceiver cable (AUI). Diagnostic loopback control 
enables the COM82C501 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 
COM82586 and COM82C501 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 
compatible with the bipolar Intel 82501, the Seeq 8023A, 
and the CMOS Intel 82C501. 
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FUNCTIONAL BLOCK DIAGRAM 

DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL FUNCTION 
1 Ethernet ENETV1 An active low, MOS-Ievel input. When ENETV1 is asserted, the 

Version 1.0 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. 

2 Carrier Sense Option NOOR An active low, MOS-Ievel input. When NOOR is asserted a valid 
~al on the COllision-prOence pa~SN/CLSN) will not force 

active low. With NO R active can only be asserregg~ 
the presence of valid data bits on the RCV IRCV pair. If the 
pin is floating, an internal pull-up resistor biases the input 
inactive high. 

3 Loopback/Watchdog LPBKI An active low, TTL-level control signal enables the loopback mode. 
Timer Disable WDTD 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 ITRMT 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 KO resistor will disable 
the on-chip watchdog timer. 

4 Receiver Pair RCV A differentially driven input pair which is tied to the receive pair of 
5 RCV 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 
6 Carrier Sense CRS An active low, MOS-Ievel 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 ot!~_ 
collision-presence signal is detected, synchronous with RXC. After 
transmission, once deasserted, CRS will not be reasserted again 
for a period of 51ls minimum or 7 IlS maximum, c9grdless of any 
activit~the collision-presence signal (CLSNf L N) and 
RCV fRCV inputs. 

7 Collision Detect CDT An active-low, MOS-Ievel signal which drives the CDT input of the 
COM82586 controller. It is asserted as long as there is activity on 
the collision pair (CLSNfCLSN), and during SQE (heartbeat) test 
in loopback. 

8 Receive Clock RXC 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. I 
There is a maximum 1.2 IlS delay at the beginning of a frame 
reception before the clock recovery circuit gains lock. During idle 
(no incoming frames) RXC is forced low. 

9 Receive Data RXD A MOS-Ievel 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 GND Reference. 

12 Collision Pair CLSN A differentially driven input pair tied to the collision-presence pair of 
11 CLSN 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 Clock Crystal X, 20 MHz crystal inputs. When X2 is floated, X, can be used as an 
13 X2 external MOS level input clock. 

15 Transmit Enable TEN 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. 

16 Transmit Clock TXC 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. 

17 Transmit Data TXD A TTL-level input signal that is directly connected to the serial data 
output, TXD, of the COM82586. 

19 Transmit Pair TRMT A differential output driver pair that drives the transmit pair of the 
18 TRMT 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 
CORPORATION 

35Mi¥{.usBlvd~HYI178B 
(516)273·3100 TWX 51O·:?218898 

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 carefully 
checked and is believed to be entirely reliable. However, no responsibility is assumed for inaccuracies. Furthermore, such 

~~cmo~t~~g~r~~~~~ ~~~~~Je~t~: fi9uhf~~e;k~ ~~~~~~~~~~~~CtY(,~~rnv~r~~~~oSF~~~odv~del~T~~~~~~~~~l~~~ea~~~\ r~~~~:~: 
possible. 

200 



COM82C502 
PRELIMINARY 

Ethernet™Transceiver Chip 

FEATURES 
o Conforms to the Following Standards: 

-IEEE 802.3, 10BASE5 (EtherneFM) 
-IEEE 802.3, 10BASE2 (Cheapernet) 
-EtherneFM Version 2.0 

o Jabber Function 

o Receive Based Collision Detection 

o Defeatable Signal Quality Error 
(Heartbeat) Test 

o Requires Minimum Board Space 
-On-Chip Voltage Reference 
-16 Pin DIP 

o No External Adjustments Required 

o Low Power CMOS 

o Direct Replacement for Intel's 82502 

PIN CONFIGURATION 

'-../ 
REXT [ 1 16 Vee 

TRMT [ 2 15 CXTD 

TRMT ~ 3 14 Voo 

RCV E 4 13 RTSO 

RCV ~ 5 12 CXRD 
CLSN E 6 11 HBD 

CLSN ~ 7 10 Q AVee 
Vss E 8 9 P AVss 

Package: 16-pin DIP 

GENERAL DESCRIPTION 

The COM82C502 EtherneFM Transceiver Chip is a CMOS 
LSI device that provides the complete set of transmit, 
receive and collision detection functions specified by the 
IEEE 802.3, 10 BASE5 (EtherneFM) 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 
COM82C501 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 EtherneFM application, the COM82C502 
can drive a transceiver cable up to 50 meters in length 
(for Cheapernet, there is no transceiver cable). The 
COM82C502 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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PIN NO. 

2 
3 

f------
4 
5 

7 
6 

15 

12 

TRANSCEIVER 
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INTERFACE 

TRMT 
TRMT 

TRANSMIT SECTION 
r----~ ~---~ 

COAX CABLE 
INTERFACE 

CXTD 

HBD -++--+----1 

CLSN 
CLSN 

RCV 
RCV 

NAME 
Transmit Data 
Pair 

Receive Data 
Pair 

Collision 
Presence Pair 

Coaxial Cable 
Transmit Data 

Coaxial Cable 
Receive Data 

CXRD 

FUNCTIONAL BLOCK DIAGRAM 

DESCRIPTION OF PIN FUNCTIONS 

SYMBOL FUNCTION 
--

TRMT, A differentially driven input tied to the transmit pair of the transceiver 
TRMT cable. The transmit pair of the transceiver cable is driven with 10 

Mbps Manchester encoded data from the serial interlace 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. 

RCV, An output driver pair that generates an ECl AC signal level to drive 
RCV the transceiver cable receive pair with the 10 Mbps Manchester 

encoded data received from the coaxial cable of the network. 
RCV IRCV 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. 

ClSN, An output driver pair that generates a 10 MHz ECl AC signal level 
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. 

CXTD An output pin that transmits data onto the coaxial cable of the 
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. 

CXRD An input pin that receives data from the coaxial cable of the 
network. Typical signal levels (referenced to Voo) received on 
CXRD are -200 mV for high, -1.8V for a low and OV 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 (Vee) on this pin disables the heartbeat circuitry as well as the 
6.4 J.1s 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 RTSO 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) transmitter for greater 
network reliability. 

16 Power Supply Vee . +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. 

g 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 

TRANSCEIVER CABLE SHIELD 

TRANSMIT PAIR 

: 8 • ~II 
0.01fLF,2KV 

• 78n 
3 

5V 

TRMT 

TRMT 

14 
VDD ~---..... --. 

500 
ETHERNET

COAX 

15 
COM82C502 CXTD ~-t"'-""'H ..... it-.. 

RECEIVE PAIR 43.211 

: 8 
4 

RCV 

RCV 

COLLISION PAIR 43.20 

: 8 
7 

CLSN 

CLSN 

NOTES: 
1. Pulse transformer inductance 2:50 pH, typically 75pH 

CXRD~1~2_~~_~ 

RTSO 13 

11 
HBD 

1000 
FUSIBLE 

1/8W 

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 deeoupling on its inputs and outputs. 

Typical 10BASE5 (Ethernet™) Transceiver Implementation Using the COM82C502. 
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COTE 

C TRANSCEIVER 
TAP BOX 

NETWORK COAXIAL CABLE 

IEEE 802.3 10 Base 5 (Ethernet): 
This configuration supports 100 users per 

segment, each segment b~ing500 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. 

EthernetTM is a trademark of Xerox Corporation. 

IEEE 802.3 10 Base 2 (Cheapernet): 
This configuration supports 30 users per 

segment, each segment being 185 meters long. 

STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor appli
CORPORATION ••••••• cations: consequently complete information sufficient tor construction purposes is not necessarily given. The 

information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
1~,~,':frg~80 Hln.~Y7'm: assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of thesemicon

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 COM 9026 

Local Area Network Controller 
LANCTM 

FEATURES 
[J 2.5 M bit data rate 
[J ARCNET® local area network controller 
o Modified token passing protocol 
[J Self-reconfiguring as nodes are added 

or deleted from network 
[J Handles variable length data packets 
[J 16 bit CRC check and generation 
[J System efficiency increases with 

network loading 
[J Standard microprocessor interface 
o Supports up to 255 nodes per network 

segment 
[J Ability to interrupt processor at 

conclusion of commands 
[J Interfaces to an external 1 K or 2K 

RAM buffer 
[J Arbitrates buffer accesses between 

processor and COM 9026 
[J Replaces over 100 MSI/SSI parts 
[J Ability to transmit broadcast messages 
[J Compatible with broadband or baseband 

systems, 
[J Compatible with any interconnect media 

(twisted pair, coax, etc.) 

DSYNC 
TX 
RX 

Vee 
N/C 

paR 
ET2 
CA 
ET, 

TEST2 

TEST, 

41 
42 
43 
44 

3 

6 

PIN CONFIGURATION 

~ 19 0l~ g: 0 - N (,) 

ET2 

.J:ClCl.J: _(')ZClClCl~ CA 
-- «w_«««z En 

TEST2 

TEST1 
28 N/C DWR 
27 AD3 RiifJ 
26 AD4 IOREQ 

25 ADs MREQ 

24 AD6 AS 

23 AD7 REO 

22 GND WAIT 

21 ClK AlE 

20 IlE ADIE 

19 WE 
[ 

18 DE OE 
WE 

iI:E 

(,)I~ ~IOIO 00 0 CI~I~ I~ 
ClK 

Z~I ~~«~~«~ GND 

Q::2: 

PACKAGE: 44-pin PlCC PACKAGE: 40-pin DIP 

D Arbitrary network configurations can be used 
(star, tree, etc.) 

D Single + 5 volt supply 

paR 

Vee; 
RX 

fX 
DSYNC 

AS 

IDDAT 

IDlD 

A9 

A10 

ECHO 

INTR 

ADO 

AD1 

AD2 

AD3 

AD4 

ADS 

AD6 

AD? 

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 at a 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 
CSMAlCD 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 
Ilodes 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 addressl 
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 a'registered trademark of the Datapoint Corporation. 



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

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

jORil~I~l\i'~ii'~!!~!!! @plications:consequentlycompleteinformationsufficient for construction purposes is not necessarily given. 
,",IIVI" The information has been carefully checked and is believed to be entirely reliable. However. no responsiollity is 

1
35M",",,,,, "'"'''",." "'" assumed for inaccuracies. Furthermore. such information does not convey to the purchaser of the 
,"" "'3'00 . lwx"om 8898 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 ana supply the best product possible. 
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COM90C26 
PRELIMINARY 

Local Area Network Controller 
LANCTM 

FEATURES 
[J 2.5 M bit data rate 

[J ARCNET® local area network controller 
[J Modified token passing protocol 

[J Self-reconfiguring as nodes are added 
or deleted from network 

PIN CONFIGURATION 

~ Ig I~ g: 0 ~ N l) 
ET2 paR 

"'00.[ ;!l)ZOOO~ CA Vee 
<t __ <tLU_<t<t<tZ 

ET1 RX 

TEST2 fX 
[J Handles variable length data packets 
[J 16 bit CRC check and generation 

393837363534333231 3029 TEST1 DSYNC 

[J System efficiency increases with 
network loading 

[J Standard microprocessor interface 
[J Supports up to 255 nodes per network 

segment 
[J Ability to interrupt processor at 

conclusion of commands 
[J Interfaces to an external 1 K or 2K 

RAM buffer 

[J Arbitrates buffer accesses between 
processor and COM 90C26 

[J Replaces over 100 MSI/SSI parts 

[J Ability to transmit broadcast messages 
[J Compatible with broadband or baseband 

systems 
[J Compatible with any interconnect media 

(twisted pair, coax, etc.) 
[J Low power CMOS technology 

DSYNC 
Ix 
RX 

Vee 
N/C 

POR 

ET2 
CA 

ET, 
TEST2 
TEST, 

28 N/C DWR 
27 AD3 R/iN 
26 AD. iOFiEQ 
25 ADs MREO 

24 AD6 AS 

23 AD7 REO 

22 GND WAIT 

21 ClK AlE 

20 IlE ADIE 

19 WE 
[ 

18 DE OE 
WE 

iIE 

l)1~ ~IOIO w 0 CI~I~ I~ 
ClK 

Z~I ~~<t~~<t~ GND 
Q::?; 

PACKAGE: 44-pin PlCC PACKAGE: 40-pin DIP 

o Arbitrary network configurations can be used 
(star, tree, etc.) 

o Single + 5 volt supply 
o Compatible with HYC9058 (HITI) and 

HYC9068 (LAND) 

AS 

IDDAT 

IDlD 

A9 

A10 

ECHO 

INTR 

ADO 

AD1 

AD2 

AD3 

AD4 

AD5 

AD6 

AD? 

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 at a 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 
CSMAlCD 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 10. 
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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 addressl 
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 a registered trademark of the Datapoint Corporation. 
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ET' 
ET2 

ECHO 
TEST' 
TEST2 

IOREO 
MREO 

AS 

TEST 
MODE 
LOGIC 

CLOCKS 
AND 

SYNCHRONIZATION 

CA 
ClK 
DSYNC 
paR 

_,5V 

_GND 

RX 

foIo 
IDDAT 

INTR 

ADIE Ail" lIE [ WE OE AlO-A8 AD7-ADO 

FIGURE 1-COM90C26 BLOCK DIAGRAM 

INT INTR 

IOREO 
PA15-8 

AS --11----4~ COM90C26 

PAD7-0 

WAIT ..... '---.... 

RD --~ --.,. 

FIGURE 2-TYPICAL COM 90C26 INTERFACE 
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DESCRIPTION OF PIN FUNCTIONS (refer to figure 2) 

DIP PIN NO. NAME SYMBOL FUNCTION 
31,32,35 ADDRESS 10, A10, A9, A8 These three output si~nals are the three most significant bits of the RAM buffer 

9,8 address. These si~na s are in their hit impedance state except during COM 
90C26 access c~c es to the RAM buf er. A10 and A9 will take on the value nn as 
specified in the NABLE RECEIVE or ENABLE TRANSMIT commands to or 
from page nn and should be viewed as page select bits. For packets less than 
256 bytes a 1 K 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, DATA 7-0 the 8 bit data path in and out of the COM 90C26. ADO is also used for I/O com-

27,28 mand decoding of the processor control or status commands to the COM 90C26. 
8 I/O REQUEST 10REQ 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 samj>led 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. I 
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. fallil}g edge of AS. 

10 ADDRESS AS This input Si~tl§! is used by the COM 90C26 to sample the state of the IOREQ, 
STROBE MREQ and /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 I/O or memory 

cycle has been sampled. The signal is equal to MREQ or 10REQ 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 c'(f/es. The COM 90C26 will remain in the WAIT state until 

this signal is asserted. D R 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-IADO) during the 
ENABLE data valid portion of a Processor Write RAM or Processor Write COM 90C26 

operations. 
14 ADDRESS/ ADIE This output sig.omenables the processor's address/data bus (PAD7-PADO) cap-

DATA INPUT tured by AS or ILE onto the interface address/data bus (IAD7-IADO). 
ENABLE 

13 ADDRESS AlE This output signal enables the processor's upper 3 address bits (PA 1 0-PA8) onto 
INPUT the interface address bus (IAlO"IA8). 
ENABLE 

~- LATCH L This output signal latches the interface address/data bus (lAD7-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 ID into the COM 90C26. 
The shift re~ister 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-
tr~ted in figure 19. 

34 ID DATA IN IDDAT This input signal is the serialized output from the externallD 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 
FUNCTION 2, Function" for details. 
1 

37 TRANSMIT TX This output si~nal contains the serial transmit data to the CABLE 
DATA TRANSCEIV R. 

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 TEST PIN 2 TEST2 These input pins are grounded for normal chip operation. These pins are used in 

TEST PIN 1 TEST1 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 ~tes. This input should be tied high for normal chip opera-
ENABLE tion and is only utilize when performing chip level testing. 

19 CLOCK ClK A continuous 5 MHz clock input used for timinr of the COM 90C26 bus cycles, 
bus arbitration, seriallD input, and the interna timers. 

2 CA CA This input signal is a 5 MHz clock used to control the operation of the COM 
90C26...!!li.QrQQ9ded 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!o figure 9. 

40 POWER ON POR This input signal clears the COM 90C26 microcoded sequencer program counter 
to zero and initializes various internal control flags and status bits. The POR sta-RESET 
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 

PROTOCOL DESCRIPTION 

LlN·E 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 a logic 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 EaT 
(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-ASCII 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 X16 + X15 + X2 + 1. 

Acknowledgements 
An ALERT BURST followed by one character; an ACK 
(ACKnQwledgement-ASCIl 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
ativeAcKnowledgement-ASCIl 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 
microc;:oded 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 
m!3-sk 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 
COM90C26. 

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 not received 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 10. 
It also sets the internally stored NID (next 10 representing 
the next possible 10 node) equal to its own 10. If the timeout 
expires with no line activity, the COM 90C26 starts sending 
INVITATIONS TOTRANSMITwith the DID equal to the cur
rently stored NID. Within a given network, only one COM 
90C26 will timeout (the one with the highest 10 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 sent to 
all 256 possible ID's. Each COM 90C26 on the network will 
finally have saved a NID value equal to the 10 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 10 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 10 
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. 
10 zero is reserved for this feature and no node on the net
work can be assigned 10 zero. To broadcast a message, the 
transmitting node's processor simply loads the RAM buffer 
with the data packet and sets the destination 10 (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. Each indi
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-

FIGURE 3-
RAM BUFFER 
PACKET 
CONFIGURATION 

ADDRESS FORMAT __ 
I SID I 
I DID I 
1---COUNT~256-~N---1 
I---NOT--I 

I USED I 
COUNT 1 DATA BYTE 1 I 

~TAI:3YT-E 2--1 
I I 
I I 
1 1 
1 DATA BYTE N-1 I 

255 -----oATABYTEN~1 

NOT 
511 USED 

SHORT PACKET 
(256 OR 512 BYTE PAGE) 
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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 1/0 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. 

ADDRESS ___ ~Rfy1AT 

COUNT 

511 

I SID I 
C-=-----DID ~ ___ --- I 
I 0 --I 
I COUNT~512- N 1 

I 
I 
I 

NOT 
USED 

DATA BYTE 1 
DATA BYTE 2 

\

_ DATA BYTE N-1 

,_----=--DA-'"'-TA'-'-'BYTE N 

LONG PACKET 
(512 BYTE PAGE) 

N = DATA PACKET LENGTH 
SID = SOURCE 10 
DID ~ DESTINATION 10 

(0 FOR BROADCASTS) 



POWER ON 

• The ID set by the external switches is continually sampled during COM 90C26 operation. 
o ID refers to the identification number of the ID assigned to this node. 
o NID refers to the next identification number that receives the token after this ID passes it. 
o SID = source identification 
o DID = destination identification 
o SOH = start of header character; preceeds all data packets 

FIGURE 4-90C26 OPERATION 
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PROCESSOR INTERFACE 
Figure 2 illustrates 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 B bit 
datSl bus with the data bus multiplexed onto the lower B 
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 41/0 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 1 K RAM 
buffer can be used to provide four pages of storage. In this 
case address line lAB (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 
start loading 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 (IA1O-IAB, IAD7-IADO) when 

ClK ~s-LJL., 

performing 1/0 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 (IA1O-IAB, IAD7-IADO) is required to permit 
both the COM 90C26 and the processor access to the RAM 
buffer and, at the same time, permit all processor 1/0 oper
ations to or from the COM 90C26. 

Processor access cycle requests begin on the trailing edge 
of AS if either 10REQ 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 complete 
its cycle. 

For processor RAM buffer access cycles, AlE and ADIE 
enable the processor address captured during AS time onto 
the lDterface address bus (IA1O-IAB, IAD7-IADO). The sig
nal L will c~pture the B least significant bits of this address 
(appearing on IAD7-IADO) 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, DE allows the 
addressed RAM buffer data to source the interface addressl 
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 

~ooo 

AS--I~)~ ________________________________ ~~~ 

'PA15-8:==J'HIADDR U :.p---__ ~ 
PAD7-0 ~ lO ADDR q~I-____ ....JX RAM DOUT X'------------i:O------
MREQ ::=3Th rm: :::=:zw 

n lt~ ..... ~ __ _ 

RD 

IA1O-8 -------iH---( HI ADDR >----<~ ___ C_O~M_9_0C_2~6_HI_A_D_DR __ _J~l~------

IAD7-0---------4H--~ RAMDouT >--< W~O%2~ ) ~~l-------

WAIT r~ \ 

~~ n 

l~ I '--_____ ~l \ 
H ~--------------~ \ I '---____ ~l \ 

ATE ------------4 \~ I H 

FIGURE 5-PROCESSOR READ RAM FOLLOWED BY COM 90C26 READ RAM 
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and driven out via the logic function RD ended with REO. 
For Qrocessor I/O read cycles from the COM 90C26, ADIE 
and AlE 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 cycle~fter the falling edge of [, 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 
(lAD7-IADO). 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. It is 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 I/O write cycles to the COM 90C26, ADIE and 
AlE 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. 

ClK 

As stated previously, processor requests occur at the falling 
edge of AS if either 10REa or MREa 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.lf 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 S 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 S,breaks 
up these 4 ClK periods into 8 half clock interval labeled 1 P 
through 8P. A COM 90C26 access cycle will take S ClK 
periods to end. FigureS breaks up these S ClK periods into 
10 half intervals labeled 1 C through 10C. 

If a processor cycle request occurs after a COM 90C26 
request has already been granted, the COM 90C26 cycle 
will occur first, as shown in figure S. 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 SOO nanoseconds before the 
processor cycle can start. The start of the processor cycle 
is defined as the time when the COM 90C26 produces a 
leading edge on both ADIE and AlE. If the processor request 

~ooo 

AS ____ ~r----\L ________________________________ ~l~ 

PA15-8 ____ ....IX.\....~H~I~AD::=D~R _________________ _t,:t==x1__--II...----
PAD7-0 ____ ....IX lO ADDR X PROCESSOR WRITE DATA X :::==:x------

RWMREQ ___ ~\~~U\~ __ L'~77L-_________________ ~~~ 
REQ ______ u/n7:77r----------------------------~I~ 

\\....------------------~, 
II 

IAlO-8 --< COM 90C26 HI ADDR >-----< HI ADDR ) u 

WAIT __________ ..--' \\....-----~l!~l--------
ADIE. AlE -------------~\\.... __________ __', II 

I \\.... __________ -....Ir----\\.... ________ ~ 

WE \1...----', \\.... ____ -J! 
n 

IlE 

FIGURE 6-COM 90C26 WRITE RAM FOLLOWED BY PROCESSOR WRITE RAM 
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occurs before the end of half ClK interval5C (figure 6 illus
trates this situation), then the processor cycle will always 
start at half elK interval 1 P. The uncertainty is introduced 
when the processor request occurs during half ClK inter
vals 6C, 7C or ac. 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 
elK 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 a half clock inter
vals (1 P through ap) 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 paR input must be active for at least 100 
milliseconds. 

2-The ClK input must run for at least 10 clock cycles before 
the paR input is removed. 

3-While paR is asserted, the CA input maY' be running or 
held high. If the CA input is running, paR may be 
released asynchronously with respect to CA. If the CA 
input is held high, paR may be released before CA 
begins running. 

During paR 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 (PaR) set to a logic "1". 
BIT 3 (TEST) set to a logic "0". 

CLKJl~~ 

AS~II-----------
PA1S-S -=:J. HI ADDR ;111 

PAD7-0.=x LOW ADDR X=:l:::!P"""'RO""'C""ES=SO;=:;:R"""W""'R""ITE;:-;D=AT'"'A--~ 

R W.IOREO _=s\---U\S'\..l..l.-_ . ..u!TC:...L..-_l _______ _ 

WR------~~~?--------~,--

REo---LI'7W"TT""----ill-l -----------

IA10-S -----~n-< HI ADDR )---

IAD7-0------(1~ 

WAIT ___ ----Jr--l l 
\'-----

ADIE.~ l~-----------

ICE -------(?~-----

BIT 2 (RECON) set to a logic "0". 
BIT 1 (TMA) set to a logic "0". 
BIT 0 (TA) set to a logic "1". 

In addition the OSYNC 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 paR signal is removed, the 
COM 90C26 will generate an interrupt from the non mask-
able Power On Reset interrupt. The COM 90C26 will start 
operation four CA clock cycles after the paR signal is 
removed. At this time, the COM 90C26, after reading its 10 I 
from the external shift register, will execute two write cycles 
to the RAM buffer. Address 00 HEX will be written with the -
data 01 HEX and address 01 HEX will be written with the 
10 number as previously read from the external shift regis-
ter. The processor may then read RAM buffer address 01 
to determine the COM 90C26 10. It should be noted that the 
data pattern 01 written into the RAM has been chosen arbi-
trarily. Only if the 01 pattern appears in the RAM buffer can 
proper operation be assured. 

CLOCK GENERATOR 
The COM 90C26 uses two separate clock inputs namely 
CA and ClK. The ClK input is a 5 MHz free running clock 
and the CA input is a start/stop clock periodically stopped 
and started to allow the COM 90C26 to synchronize to the 
incoming data that appears on the RX input. 
Figure 9 illustrates the timing of the CA clock generator and 
its relationship to the OSYNC output and the RX input. The 
OSYNC output is used to control the stopping of the CA clock. 
On the next rising edge of the CA input after OSYNC is 
asserted, CA will remain in the high state. The CA clock 
remains halted in the high state as long as the RX signal 
remains high. When the RX signal goes low, the CA clock 
is restarted and remains running until the next falling 
edge of OSYNC. (See figure 10 for an implementation of 
this circuit.) 

AS~~I------------
PA1S-S ~ HI ADDR :11 

PAD7-0 -==x LOW ADDR X=!!}-~-RO-C=ES-=-SO=R--"'W=RI=TE:-;:D=AT"-A -~~ 

r"T'"r-H 
R'IV IOREG _=sm---l..l.l..l_---'~r.LL. ___________ _ 

WR-----~~l_?------------~,--

REQ-LLL1I'7"TT""------11l-1 -------------

IA 10-8 ---------(H---< HI AD DR 

IAD7-0------fl~ 

_ ____ ~~l \'-___ _ 
WAIT· -

AoIE.AIE l~ 

ICE ------~?~ 

FIGURE 7 -PROCESSOR READ COM 90C26 FIGURE 8-PROCESSOR WRITE COM 90C26 
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CA 000 

FIGURE 9-CA CLOCK GENERATOR TIMING 

EXTENDED TIMEOUT FUNCTION 

There are three timeouts associated with the COM 90C26 
operation. 

Response Time 
This timeout is equal to the round trip propagation delay 
between the 2 furthest nodes on the network plus the max
imum turn around time (the time it takes a particular COM 
90C26 to start sending a message in response to a received 
message) which is known to be 12 microseconds. The round 
trip propagation delay is a function of the transmission media 
and network topology. For a typical system using RG62 coax 
in a baseband system, a one way cable propagation delay 
of 31 microseconds translates to a distance of about 4 miles. 
The flow chart in figure 4 uses a value of 74.7 microsec
onds (31 +31 +12+margin) to determine if any node 
will respond. 

Idle Time 
This time is associated with a NETWORK RECONFIGUR
ATION. Refering to figure 4, during a NETWORK RE
CONFIGURATION one node will continually transmit INVI
TATIONS TO TRANSMIT until it encounters an active node. 
Every other node on the network must distinguish between 
this operation and an entirely idle line. During NETWORK 
RECONFIGURATION, activity will appear on the line every 
78 microseconds. This 78 microsecond is equal to the 
response time of 74.7 microseconds plus the time it takes 
the COM 90C26 to retransmit another message (usually 
another INVITATION TO TRANSMIT). The actual timeout 
is set to 78.2 microseconds to allow for margin. 

Reconfiguration Time 
If any node does not receive the token within this time, the 
node will initiate a NETWORK RECONFIGURATION. 

The ET2 and ET1 inputs allow the network to operate over 
longer distances than the 4 miles stated earlier. DC levels 
on these inputs control the maximum distances over which 
the COM 90C26 can operate by controlling the 3 timeout 
values described above. Table 1 illustrates the response 
time and reconfiguration time as a function of the ET2 and 
ET1 inputs. It should be noted that for proper network oper
ation, all COM 90C26's connected to the same network must 
have the same response time, idle time and reconfiguration 
time. 
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RESPONSE IDLE RECONFIGURATION 
ET2 ET1 TIME (IlS) TIME (IlS) TIME (ms) 

1 1 78 86 840 
1 0 285 316 1680 
0 1 563 624 1680 
0 0 1130 1237 1680 

TABLE 1 
COM 90C26 INTERNAL PROGRAMMABLE 

TIMER VALUES 

I/O COMMANDS 

1/0 commands are executed by activating the 10R~ input. 
The COM 9OC26 will interrogate the ADO and the R/W inputs 
at the AS time to execute commands according to the fol
lowing table: 

10REO ADO RIW FUNCTION 
low low low write interrupt mask 
low low high read status register 
low high low write COM 90C26 command 
low high high reserved for future use 

READ STATUS REGISTER 

Execution of this command places the contents of the sta
tus register on the data bus (AD7-ADO) during the read por
tion of the processor's read cycle. The COM 90C26 status 
register contents are defined as follows: 

BIT 7-Receiver inhibited (RI)-This bit, if set high, indi
cates that a packet has been deposited into the RAM 
buffer page nn as specified by the last ENABLE 
RECEIVE TO PAGE nn command. The setting of 
this bit can cause an interrupt via INTR if enabled 
during a WRITE INTERRUPT MASK command. No 
messages will be received until an ENABLE 
RECEIVE TO PAGE nn command is issued. After 
any message is received, the receiver is automat
ically inhibited by setting this bit to a logic one. 

BIT 6-Extended Timeout Status 2 (ETS2)-This bit re
flects the current logic value tied to the ET2 input pin 
(pin 1). 

BIT 5-Extended Timeout Status 1 (ETS1)-This bit re
flects the current logic value tied to the ET1 input pin 
(pin 3). 



BIT 4-Power On Reset (POR)-This bit, if set high, indi
cates that the COM 90C26 has received an active 
signal on the POR input (pin 40). The setting of this 
bit will cause a nonmaskable interrupt via INTR. 

BIT 3-Test (TEST)-This bit is intended for test and diag
nostic purposes. It will be a logic zero under any 
normal operating conditions. 

BIT 2-Reconfiguration (RECON)-This bit, if set high, 
indicates that the reconfiguration timer has timed 
out because the RX input was idle for 78.2 micro
seconds. The setting of this bit can cause an inter
rupt via INTR if enabled by the WRITE INTERRUPT 
MASK command. The bit is reset low during a 
CLEAR FLAGS command. 

BIT 1-Transmit Message Acknowledged (TMA)-This bit, 
if set high, indicates that the packet transmitted as 
a result of an ENABLE TRANSMIT FROM PAGE 
nn command has been positively acknowledged. 
This bit should only be considered valid after the 
TA bit (bit 0) is set. Broadcast mesages are never 
acknowledged. 

BIT 0-Transmitter Available (TA)-This bit, if set high, 
indicates that the transmitter is available for trans
mitting. This bit is set at the conclusion of a ENA
BLE TRANSMIT FROM PAGE nn command or upon 
the execution of a DISABLE TRANSMITTER com
mand. The setting of this bit can cause an interrupt 
via INTR if enabled by the WRITE INTERRUPT 
MASK command. 

WRITE INTERRUPT MASK 

The COM 90C26 is capable of generating an interrupt signal 
when certain status bits become true. A write to the MASK 
register specifies which status bits can generate the inter
rupt. The bit positions in the MASK register are in the same 
position as their corresponding status bits in the STATUS 
register with a logic one in a bit position enabling the cor
responding interrupt. The setting of the TMA, EST1, and 
EST2 status bits will never cause an interrupt. The POR 
status bit will cause a non-maskable interrupt regardless of 
the value of the corresponding MASK register bit. The MASK 
register takes on the following bit definition: 

The three maskable status bits are anded with their respec
tive mask bits, and the results, along with the POR status 
bit, are or'ed to produce the processor interrupt signallNTR. 
This signal returns to its inactive low state when the inter
rupting status bit is reset to a logic "0" or when the corre
sponding bit in the MASK register is reset to a logic "0". To 
clear an interrupt generated as a result of a Power On Reset 
or Reconfiguration occurance, the CLEAR FLAGS com
mand should be used. To clear an interrupt generated as a 
result 'Of a completed transmission (TA) or a completed 
reception (RI), the corresponding masks bits should be reset 
to a logic zero. 

WRITE COM 90C26 COMMANDS 

Execution of the following commands are initiated by performing a processor I/O write with the written data defining the 
following commands: 

WRITTEN DATA COMMAND 

00000000 reserved for future use 

00000001 DISABLE TRANSMITTER-This command will cancel any pending transmit command 
(transmission has n0\ret started) when the COM 90C26 next receives the token. This com-
mand will set the TA ( ransmitter Available) status bit when the token is received. 

00000010 DISABLE RECEIVER-This command will cancel an~ pendin~ receive command. If 
the COM 90C26 is not yet receiving a packet, the RI ( eceiver nhibited) bit will be set 
the next time the token is received. If packet reception is already underway, reception 
will run to its normal conclusion. 

000nn011 ENABLE TRANSMIT FROM PAGE nn-This command prepares the COM 90C26 to 
begin a transmit sequence from RAM buffer page nn the next time it receives the 
token. When this command is loaded, the TA and TMA bits are set to a logic "1". The 
TA bit is set to a 10~iC one ufon completion of the transmit sequence. The TMA bit will 
have been set be t is time i the COM 90C26 has received an acknowledgement from 
the destination OM 90C26. This acknowledgement is strictly hardware level which is 
sent by the receiving COM 90C26 before its controlling processor is even aware of 
message reception. It is also possible for this acknowledgement to get lost due to line 
errors, etc. This implies that the TMA bit is not a guarantee of proper destination 
reception. Refer to figure 3 for details of the transmit sequence and its relation to the 
TA and TMA status bits. 

bOOnn100 ENABLE RECEIVE TO PAGE nn--This command allows the COM 90C26 to receive 
data packets into RAM buffer I?a~e nn and sets the RI status bit to a logic zero. If "b" is 
a logic "1 ", the COM 90C26 Will a so receive broadcast transmissions. A broadcast 
transmission is a transmission to 10 zero. The RI status bit is set to a logic one upon 
successful reception of a message. 

0000c101 DEFINE CONFIGURATION-If c is a logic "1", the COM 90C26 will handle short as 
well as long packets. If c is a logic "0", the COM 90C26 will only handle short packets 
(less than 254 bytes). 

000rp110 CLEAR FLAGS-If P is a logic "1" the POR status flag is cleared. If r is a logic "I", the 
RECON status flag is cleared. 

All other combinations of written data are not permitted and can result in incorrect chip and/or network operation. 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ....................................................................................... 0 to 70°C 
Storage Temperature Range .................................................................................... - 55 to 150°C 
lead Temperature (soldering, 10 seconds) ........................................................................... + 325°C 
Positive Voltage on any pin ......................................................................................... Vee + 0.3V 
Maximum Vee ........................................................................................................... + 7V 
Negative Voltage on any pin, with respect to ground ..................................................................... - 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 any other condition above those indicated in the operational sections of this specification is not implied. 

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

DC ELECTRICAL CHARACTERISTICS (TA = O°C to 70°C, Vee = 5.0V ± 5%) 

PARAMETER MIN TYP 

V'L input low voltage -0.3 
V,H, input high voltage 1 2.2 
V,H2 input high voltage 2 Vec-1.O 
VOL' output low voltage 1 
VOL2 output low voltage 2 
VOH1 output high voltage 2.4 

VO~2 output high voltage 3.2 

IL input leakage current 

C'N input capacitance 
COB data bus capacitance 
CL all other capacitance 
Icc power supply current 16 

COM90C26 COM90C32 * * 
OR 

COM9026 
TX TX 

CA CA PUlS2 

DSYNC DSYNC J5OCS1 
RX RXOUT 

RXIN 

ClK LAN ClK 
--
IDlD 

r--+ IDDAT 
OSC 

L::;L 74lS166 ~ 
IIII II II 

SWITCH 20 MHZ 
SQUARE 

WAVE 

Figure 10-COM90C26 SYSTEM INTERFACE 
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MAX UNITS COMMENTS 
0.8 V 
Vee V 
6.5 V 
0.4 V 
0.5 V 

V 

V 

±10 fJvA 
20 pf 
50 pf 
30 pf 

ma 

'HYC9058 

HYC9068 

R-3101 

except CA and ClK 
for CA or ClK 
10L = 1.6ma 
10L =2.0ma 
except Ix and DSYNC 
10H = - 1OOfJvA 
Tx and DSYNC only 
10H= -1OOfJvA 

HYC9058* 
(HITI) 

OR 
HYC9068* 

(LAND) 
OR 

R-3101 * 
OPTO 

-High Impedence 
Transceiver (HITI) 
See page 257 of 
Data Catalog. 

-local Area Network 
Driver (lAND) 
See page 263 of 
Data Catalog. 

-Pin Compatible 
Fiber Optic Driver 
Raycom Systems 
6395 Gunpark Drive 
Boulder, Colorado 80301 

COAX 
or 

FIBER 
OPTICS 

m-

"COM91C32 -local Area Network 
Transceiver is also compatible 
with the COM9026/COM90C26. 
See page 247 of Data Catalog 



AC ELECTRICAL CHARACTERISTICS (TA = 0° to 700 e, Vee = 5.0V ± 5%) 

PARAMETER MIN TYP MAX UNITS COMMENTS 
tPW1 ClK pulse width 65 ns 
tpER1 ClK period 190 200 600 ns 
tOFF1 ClKofftime 65 ns 
tPW2 CA pulse width 60 ns 
tpER2 CAperiod 190 ns 
tOFF2 CAofftime 60 100 300 ns 
tR ClK, CA rise time 20 ns 
tF ClK, CA fall time 20 ns 
t, width of addr. strobe 50 400 ns 
t2 REO output delay 0 100 ns 
t3 WAIT assertion delay 0 200 ns 
t4 delay to rising edge 

of processor cycle tp 2tp+ 100 ns tp = tpER1 
t5 data hold into COM 9026 80 ns 
t6 ~~p COM 9026 data out 60 ns 
t7 ':!:I.E delay from ClK 0 100 ns 
t8 TX on delay from CA 10 150 ns 

falling edge 
t9 TX off delay from CA 10 150 ns 

falling edge 
tlO ~S period 7/2 tp ns tp = tPER2 
t" DSYNC delay from CA 10 150 ns 

rising edge 

t'2 Q~towaitoff 20 100 ns 
t'3 DWR setup time 50 ns 
t'4 IT."E delay from ClK 10 100 ns 
t'5 processor addr. setup from ADIE, 50 ns 
t'6 processor command setupJime 125 ns 
t'7 addr. enable setup ti!Ile to l 50 ns 
t'8 addr. hold time from l 50 ns 
t'9 strobe and data hold for read 20 ns 
t20 AD bus HI impedance to OEs 0 ns 
t21 delay of IDlD from ClK rising edge 0 120 ns 
t22 delay of IDDAT from ClK rising edge 0 50 ns 
t23 off delay from ClK rising edge 0 100 ns 
t24 addr. to RAM data valid 300 ns 
t25 OE setup to WAIT falling edge 140 ns 
t28 strobe & data hold for write 50 ns 
t27 ~ddr. enable setup to WAIT 300 ns 
t28 ADIE to OE delay 40 ns 
t29 COM 9026 write data hold time 80 ns 
t30 OE to RAM data valid 0 140 ns 
t31 status setup to AS falling edge 50 ns 
t32 status hold from AS falling edge 50 ns 
t33 RX setup to CA rising edge 80 ns 
t34 fiX hold time from CA rising edge 30 ns 
t35 paR active time 100 us after Vee has been stable for 

time t35, the minimum POR 
active time is 10 cycles of ClK. 

The above timing information is valid for a worst case 40% to 60% duty cycle on ClK. All times are measured from the 50% pOint of 
the signals. 

FIGURE 11-
CLK,CA 
AC CHARACTERISTICS ClK 

CA 
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IOREO,----+--~ 

MREO, STABLE 
R/W ___ -+-_---J "'-------

~.~- t4 ---.. t START OF PROCESSOR 
~l - ACCESS CYCLE ClK 

FIGURE 12-PROCESSOR ACCESS SYNCHRONIZATION 

DSYNC 

FIGURE 13-TRANSMIT AND RECEIVE TIMING 
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FIGURE 14-PROCESSOR WRITE RAM AC TIMING 
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ADIE~ --f 
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FIGURE 15-PROCESSOR READ RAM AC TIMING. 
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FIGURE 16-COM 90C26 READ RAM AC TIMING 
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FIGURE 17-COM90C26 WRITE RAM AC TIMING 
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FIGURE 18-PROCESSOR READ COM 90C26 AC TIMING 
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FIGURE 19-PROCESSOR WRITE COM 90C26 AC TIMING 
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FIGURE 20-10 INPUT AC TIMING 

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

COM90C32 

COM90C32 
Local Area Network Transceiver 

LANT 
FEATURES 
o Reduces chip count for COM 9026 and COM 90C26 ARCNET® 

implementations by 6-8 TTL chips 

o Performs all clock generation functions 
for the COM 9026 and COM 90C26 

o Compatible with the COM 9026 and COM 90C26 

o Provides line drive signals 
for transmission 

o Converts incoming serial receive 
data to NRZ data format 

o Generates two 4 MHz general purpose 
clocks 

o See COM 91C32 (Improved version 
with built-in Crystal Oscillator) 

GENERAL DESCRIPTION 

The COM 90C32 local area network transceiver is a 
companion chip to the COM 9026/COM 90C26 local Area 
Network Controller (lANC) and will perform the additional 
functions necessary to allow simple interface to a 
transmission media for all ARCNET® (or equivalent) local 
an3a networks. Using a 20 MHz input clock, the COM 90C32 
will produce two, 5 MHz clocks for the COM 9026/ 
COM 90C26. The first 5 MHz clock is free running and will 
directly feed the ClK input of the COM 9026/COM 90C26 
(pin 19). The second 5 MHz clock has start/stop capability 
which is controlled by the DSYNC output of the COM 9026/ 
COM 90C26 (pin 36) and the received data input as required 
by the COM 9026/COM 90C26 (pin 2). Two additional 4 MHz 
free running clocks are also generated on the COM 90C32 
to allow operation of other logic, a microprocessor, or an lSI 
controller. 

During data reception, the COM 90C32 will convert 
incoming serial receive data from the transmission media 
to NRZ form which will directly feed the RX input of the 
COM 9026/COM 90C26 (pin 38). During transmission, the 
COM 90C32 converts the transmit data from the COM 9026/ 
COM 90C26 Cfx, pin 37) into the waveforms necessary to 
drive opposite ends of the I'f transformer used in the 
ARCNET® cable electronics shown in figure 2. 

®ARCNET is a. registered trademark of the Da.tapoint 
Corporation. 
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PIN CONFIGURATION 
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FIGURE 1: 
COM 90C32 BLOCK DIAGRAM 
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R-3101 * 
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- High Impedance 
Transceiver (HIT) 
See page 257 

- local Area Network 
Driver (lAND) 
See page 263 

- P!n comp~tjbl~ 
Fiber OptiC Dnver 
Raycom Systems 
6395 Gunpark Drive 
Boulder, Colorado 80301 

COAX 
or 

FIBER 
OPTICS 

7Jr 

**COM91C32 - Improved local Area Network 
Transceiver is also compatible 
with the COM 9026/90C26. 
See page 247 

FIGURE 2-COM90C32 SYSTEM INTERFACE 



DESCRIPTION OF PIN FUNCTIONS 
(Refer to figure 2) 

COM 9026/COM 90C26 INTERFACE 

PIN NO. NAME SYMBOL FUNCTION 
1,2 PULSE 2 PULS2 PULS2 and PULS1 are two Il9nOVerlaPRin~ negative pulses which occur every 

PULSE 1 PULS1 time the TX input is pulsed. PULS2 and P LS1 are used to feed an external 
driver as shown in figure 2. 

3 BLANK BLNK When used with the circuit~ shown in figure 2, this output should be left 
unconnected. The timinQ 0 this siQnal is shown in fiQure 4. --

10 RECEIVE IN RXIN This input is the recovered receive data from the network. For each dipulse 
appearing on the network, the comparator shown in figure 2 will produce a 
positive pulse which directly feeds this input. 

11 RECEIVE RXOUT This output is the NRZ data generated as a function of the RXIN ~ulse waveform 
OUT which directly feeds the RX input of the COM9026/COM90C26, pin 38). 

12 DELAYED DSYNC This active low input, which is asserted by the COM9026/COM90C26, will halt 
SYNC the CA clock output. _ 

13 CA CA This output is a 5 MHz start/stop clock that is halted when DSYNC goes active 
low and restarted by a low signal on the RXOUT output. This clock is capable of 
driving 70 pf plus one LS load with 20 nanoseconds rise and fall times. 

14 TRANSMIT TX This input, which is asserted by the COM9026/COM90C26, is the serial data 
DATA transmitted by the node. 

15 TRANSMIT INHTX This active low input inhibits the TX signal from initiating transmit signals ~ 
INHIBIT forcing PULS1 and PULS2 to a high and BLNK to a low. This signal shaul be 

asserted during a power on reset condition. 

SYSTEM CLOCK INTERFACE 

PIN NO. NAME SYMBOL FUNCTION 
4 CPU CLOCK CPUCLK This output is a 4 MHz free running clock carable of drivin~ 130 pf with 30 

nanosecond rise and fall times. It is identica to the TiLCL input when CKSEL is 
high. Whon CKSEL is low, this output becomes the inversion of the signal that is 
fed into the TTLCLK input. 

5 CLOCK CKSEL This input selects the clock interface option for the TTLCLK and CPUCLK. When 
SELECT this signal is high, both the TTLCLK and CPUCLK are identical 4 MHz free 

running clock outputs which are generated from the 20 MHz input clock (OSC) via 
a divide by 5 frequenct divider. When this input is low, the TTLCLK pin becomes 
an input and the CPU LK output will produce the inversion of the signal 
appearing on TTLCLK input. 

6 TTL CLOCK TTLCLK This ~in can be either an inEut or an output dependin~ on the state of the 
CKS L input. When CKSE is high, a free running 4 Hz clock is ouput. When 
CKSEL is low, the pin becomes an input which drives an inverter that feeds the 
CPUCLK output. 

7 OSCILLATOR OSC This input requires a 20 MHz clock. (See COM91C32 for built-in oscillator). 
19 LOCAL AREA LANCLK This output will supply the free runnin~ 5 MHz clock to the COM9026/ 

NETWORK COM90C26, pin 19. It is capable of driving 70 pf plus one LS load with 20 
CLOCK nanoseconds rise and fall times. 

8 GROUND GND Ground 
16 +5 VOLT 

SUPPLY 
Vee Power Supply 

• 
FUNCTIONAL DESCRIPTION 

Transmit logic (refer to figures 2 and 4) 
__ The COM 9026/COM 90C26, when transmitting data on 
TX, will produce a negative pulse of 200 nanoseconds in 
duration to indicate a logic "1" and no pulse to indicate a 
!Qgic "0". Refering to figure 4, a 200 nanosecond pulse on 
TX is converted to two, 1 00 nanosecond non over~ 
pulses shown as PULS1 and PULS2. The signals PULS1 
and PULS2 are used to create a 200 nanosecond wide 
clipulse by driving opposite ends of the RF transformer 
shown in figure 2. 

duces a positive pulse for each dipulse received from the 
cable. These pulses are captured by the COM 90C32 and 
are converted to NRZ data with the NRZ data bit bounda
ries being delayed by 5 OSC clock periods as shown in fig
ure 5. As each byte is received by the COM 9026/COM 
90C26, the CA clock is stopped by the COM 9026/COM 
90C26 (via DSYNC) until the first bit of the next byte is 
received which will automatically restart the CA clock. The 
COM 9026/COM 90C26 uses the CA clock to sample the 
NRZ data and these sample points are shown in figure 5. 

Typically, RXIN pulses occur at multiples of the transmis
sion rate of 2.5 MHz (400 nanoseconds). The COM 90C32 
can tolerate distortion of plus or minus 100 nanoseconds 
and still correctly capture and convert the RXIN pulses to 

Receive logic (refer to figures 2 and 5) 
As each dipulse appears on the cable, it is coupled 

through the RF transformer, passes through the matched 
filter, and feeds the 751088 comparator. The 751088 pro- 225 NRZ format. 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range .................................................................................... O°C to 70°C 
Storage Temperature Range ................................................................................... - 55° to 150°C 
Lead Temperature (soldering, 10 sec.) .................................................................................. 325°C 
Positive Voltage on any Pin ........................................................................................ V cc + 0.3V 
Negative Voltage on any Pin ............................................................................................ - 0.3V 
Maximum Vcc ................. .' .......................................................................................... + 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. 

DC ELECTRICAL CHARACTERISTICS (TA = O°C to + 70°C, V cc = 5V ± 5%) 

PARAMETER MIN TYP MAX UNIT COMMENTS 
INPUT VOLTAGES 

V,H 2.7 V 
V,l 0.8 V 

OUTPUT VOLTAGES 
VOH' 2.4 V 10H= -O.4mA, PULS1, PULS2, 

BLNK, RXOUT and TTLCLK 

VOL' 0.4 V 
outputs. ____ 
10l = 4.0 mA, PULS1, PULS2, 
BLNK, RXOUT and TTLCLK 
outputs. 

VOH2 Vce-0.5 V 10H = - 0.1 mA, CPUCLK output. 
VOl2 0.4 V 10l = 0.1 mA, CPUCLK output. 
VOH3 Vcc-0.5 V 10H = - 0.1 mA, CA and LANCLK 

VOl3 0.4 V 
outputs. 
10l = 0.4 mA, CA and LANCLK 
outputs. 

LEAKAGE CURRENT 
111 50 f-LA TILCLK input with CKSEL low. 
1'2 10 f-LA all other inputs. 

INPUT CAPACITANCE 
C'N 20 pf 

SUPPLY CURRENT 
Icc 20 mA at 20 MHz OSC frequency. 

AC CHARACTERISTICS 

PARAMETER MIN TYP MAX UNIT COMMENTS 
OSC Input 

tCY' 50 ns 
tCH' 20 ns 
tCL1 20 ns 

CA, LANCLK 
tCY2 200 ns 
tCH2 75 ns 
tCl2 75 ns 
tF2 20 ns 
tR2 20 ns 

TILCLK 
tCY3 250 ns 
icH3 110 ns 
tCl3 110 ns 

CPUCLK (CKSEL is high) 
tCY4 250 ns 
icH4 1"10 ns 
tCl4 110 ns 
tF4 30 ns 
tR4 30 ns 
tOCK 45 ns for CKSEL low. 

TRANSMIT TIMING 
tSTC 50 30 ns 
tHTC 10 ns 
top 60 ns 
tp,w 2tcY, ns 
twa icy, ns 
tp2W 2tcY, ns 
tRST 40 ns 

RECEIVE TIMING 
tRS 30 ns 
tRW 10 ns 
too 70 ns 
tRO 5tcy, +too ns 
tsso 10 ns 
tssc 20 ns 
tROW 400 ns 
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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 
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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COM9046 
PRELIMINARY 

Single Side Band Speech Scrambler 

FEATURES 

D Speech Scrambling/Descrambling 

D High Dynamic Range 

D Low Voltage Operation 

D Low Power Consumption 

D On Board Crystal Oscillator 

D Uses Common Color Burst Crystal 

D Full Duplex Operation 

D Selectable Scramble Enable/Disable 

D Switched Capacitor Filter 

D COPLAMOS® n-Channel Silicon Gate Technology 

GENERAL DESCRIPTION 

PIN CONFIGURATION 

N/C 

Scramble 

Vss 

Ref 

In-S 

Out-S 

VddA 

1 

·2 
3 
4 
5 

6 

7 

14 

13 
12 
11 
10 
9 

8 

XTAL2 

N/C 

XTAL1 

In-A 

Out-A 

Vdd 

VssA 

The COM9046 is a monolithic integrated circuit contain- ble of performing the scrambling or descrambling function. 
ing a voice scrambler, a descrambler and a crystal oscilla- These functions can be enabled or disabled via an external 
tor. It is designed to provide speech communication pin. The on-board oscillator employs an inexpensive 3.58 
equipment with a privacy feature. The COM9046 is also MHz TV color-burst crystal. Switched capacitor techniques 
designed to operate with power supply voltages as low as are used to perform analog signal processing in the 
± 2Volts. The low voltage operation and low power con- COM9046. 
sumption of the COM9046 make it ideal for use in portable Typical applications for the COM9046 are Voice 
equipment. Communications, Cellular Phones, Wireless Phones, 

Two identical speech channels are contained in the PBX's, Dictation Machines, Two-way Radios and Audio 
COM9046 for full duplex operation. Either channel is capa- . Recording Equipment. 
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INPUT 

SPEECH 

INPUT 

SCRAMBLE 

9 

DOUBLE 
SIDEBAND 

MODULATOR 

DOUBLE 
SIDEBAND 

MODULATOR 

Vdd VddA 
+2.6V 

Vss 

10 
.1fJ.f p fJ.f 

VssA 

-2.6V 

LOW PASS 
FILTER 

LOW PASS 
FILTER 

12 14 

10M 

'ESPf :t: wo"I' 

10 OUT-A 

6 OUT-B 

1Spf :t:10% 

.. Vss 

Figure 1 BLOCK DIAGRAM 

DESCRIPTION OF PIN FUNCTIONS 

--
PIN # NAME SYMBOL DESCRIPTION 

1 N/C No Connection 

2 Scramble - Vss applied to this pin asserts the scramble; Vdd asserts non-scramble. 

3 Digital Supply Vss Negative digital supply. Vss is typically - 2.6 volts with respect to pin 4. 

4 Ref Input Ref Analog ground or mid-supply voltage. This is the chip 0 volt reference. 

S Audio Input B In-B Channel B audio input. D.C. voltage must be OV with respect to pin 4. 

6 Audio Output B Out-B Channel B audio output. DC voltage is OV typical with respect to pin 4. 

7 Analog Supply VddA Positive analog supply. Vdd is typically + 2.6 volts with respect to pin 4. 

8 Analog Supply VssA Negative analog supply. VssA is typically - 2.6 volts with respect to pin 4. 

9 Digital Supply Vdd Positive digital supply. Vss is typically + 2.6 volts with respect to pin 4. 

10 Audio Output A Out-A Channel A audio output. DC voltage is OV typical with respect to pin 4. 

11 Audio Input A In-A Channel B audio input. D.C. voltage must be OV with respect to pin 4. 

12 Crystal input/ XTAL1 
Crystal Oscillator input or external clock. External clock frequency should 

Ext Clock be 3.S8MHz with an amplitude of 4Vp-p and OVDC. t 13 
N/C - No connection 

14 Crystal input XTAL2 
Crystal Oscillator output. This pin is left floating when external clock is 
applied to pin 12. 
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OPERATION 

Figure 1 shows a block diagram of the chip. Also shown 
in Figure 1 are the required external components. 

Since switched-capacitor filters are used on the chip, the 
input speech signal must first be filtered by an anti-aliasing 
one-pole low pass filter before it is applied to the Audio input 
pin. The filter 3dB break point, which is determined by the 
product of C1 and R1 plus the output impedance of the audio 
source, should be less than 20KHz. This filter is required 
only if high frequency noise is present at the input. To main
tain an output signal to norse ratio of 40dB, any unwanted 
signal higher than 3.5KHz contained in the speech input 
must be filtered to 40dB below the nominal speech input 
level, due to the fact that the on-chip modulator is switched 
at3.5KHz. 

The on-chip double sideband modulator can be turned 
on or off by asserting the SCRAMBLE input pin. The 3.5KHz 
switching frequency of the modulator is generated by divid-

ELECTRICAL CHARACTERISTICS 

MAXIMUM GUARANTEED RATINGS*: 

ing the output of the oscillator by 1024. The modulator out
put contains two sidebands centered at the suppressed 
switching frequency of 3.5KHz. The upper sideband is 
attenuated by a 4th order Butterworth lowpass filter. The 
filter, consisting of two biquad switched capacitor filters in 
cascade, is clocked at 111.9KHz. The inverted input speech 
spectrum appears at the filter output, and is available at the 
Audio Output pin. The filter output circuit is designed to drive 
a maximum capacitive load of 5pf in parallel with a mini
mum resistance of 15K ohms. 

A parallel resonant crystal oscillator is employed in the 
device. The parallel resonant crystal should have a maxi
mum series resistance of 150 ohms with a shunt capaci
tance of 5pf. To insure reliable oscillator performance, the 
components shown connected to XTAL pins 14 and 12 in 
Figure 1 should be used. 

COM9046 

Operating Temperature Range ......................................................................... -15° C to + 55° C 
Storage Temperature Range ........................................................................... - 55°C to + 125°C 
Lead Temperature (soldering, 10 sec.) ................................................................. + 325°C 
Positive Voltage on any pin with respect to Vss ........................................................ + 6.5 V 
Negative Voltage on any pin with respect to Vss . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -- 0.3 V 

*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 specifi
cations is not implied. 

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

ELECTRICAL CHARACTERISTICS (Ta = -10°C to + 50°C, Vdd = VddA = + 2.6V ± 5%, Vss = VssA = - 2.6V 
±5%.) . 

Parameter Min Typ Max Units Comments 

Supply Current 5 8 ma 
Insertion Loss 0 1 db 
Audio Voltage Swing 0.8 1 Vp-p 
SIN Ratio 40 db 
Modulation Frequency 3.5 KHz 
Bandedge of Sideband Filter 3.2 KHz 
Scramble Input High Vdd-1.0 Vdd V 
Scramble Logic Low Vss Vss+.3 V 
Input Resistance 5 MOhm 
Dynamic Output Resistance 900 Ohm 
3.5KHz Feedthrough -60 -50 db 
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Figure 2 TYPICAL APPLICATION 

'Inverted Frequency Spectrum of the Inspect Signals 
are Transmitted on the Transmission Medium. 

15pF±10% 15pF±10% 

~ ~ 
O.I~F 4K 12 14 Audio 7----1 

inA 11 10 OulA 

O.I~F 

2000pF J 
+5V 4K 

Audio 7----1 OutB 
in B 

2000PFr Scramble 10K 

COM9046 

1 lOOK lOOK Vdd +5V 
JO.l~F 

Vdda '''''po"" 
Ref 

2.2K 

Vss Vssa 

2.2K 

RECOMMENDED CONNECTION FOR SINGLE +5V SUPPLY OPERATION 

STANDARD MI~MS CORPORATION _._ 
35~BIYd.~.NY1118e 
(516)273·3100 TWX·51O·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 

~~~~c~~~~~~7~;~~~~:f;e~~;t~~~~~[~e ~ua~~~~~?~~~t~~s~OC~~~\;~~sv~Jct~:s~~;;~~~:rrfd~r(os~~~~oCnh~un~~~ 
at any time in order to improve design and supply the best product possible, 
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STANDARD MICROSYSTEMS 
CORPORATION 

COM90C56 
PRELIMINARY 

Enhanced Local Area Network Controller 
ELANe 

FEATURES 
05.0/2.5 M bit data rates 

o 100% compatible with COM9026 (in slow mode) 
ARCNET local area network controller 

o 64 K byte shared buffer memory 

o Handles variable length data packets (up to 2 K long) 

o Supports up to 255 nodes per network segment 

o Allows 8/16 bit word per sync to enhance line efficiency 

o Supports event scheduling via buffer descriptors 

o On chip network diagnostics 

o Duplicate ID detection/prevention 

o Supports group broadcast messages 

o Provides the hooks for broadband systems (modem) 

o Internal loop back capability for self test 

o On board oscillator 

o Low power CMOS technology 

048 pih D.I.P. plastic package or PLCC 

o Single + 5v Suppiy 

o Compatible with HYC9058, HYC9068, HYC9078 

[J RAM buffer test capability 

PIN CONFIGURATION* 

XTALl vcc 
XTAL2 GND 

REO RECON 
ACK ECHO 

NC NC 
RMi RESET 
cs 58 
AO RELAYCON 
Al PULSE2 
A2 PULSEl 
A3 TXC 
A4 RXC 
A5 RX 
A6 IDLD 
A7 INTR2 
AS INTRl 
A9 D7 

Al0 D6 
All D5 
A12 D4 
A13 D3 
A14 D2 
A15 Dl 

GROUND DO 

PACKAGE: 48-pin D.I.P. 

'Available in PLCC 

Pin configuration subject to change, contact factory for details. 

GENERAL DESCRIPTION 

The ELANC is a general purpose communications adapter 
designed to provide high speed intercommunication 
between a number of intelligent electrical machines. Data 
is carried over a variable media (twisted pair, coax, or fiber 
optics) in variable size packets up to 2048 bytes long at 

speeds of up to 5.0 Mbps. The interconnection of several 
nodes through their associated ELANCs forms an enhanced 
local area network. Each node has a unique ID number from 
1 to 255 to distinguish it from other nodes on the same 
network. 
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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 
CORPORATION 

35Mifl:us8MI.~.NY11188 
15161273·)100 TWX·51O·221·8898 

~~r~~il~?~~~f~r~sa~g~z~8ni~~n~ f6~~~~~\~u~t~0~~I~r~~~ea:i: n~f~~~e~~~~~~t~~~~~. ~~~~~\;r~~~~~~~i ~~;~~~~~~::~ 
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 products 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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COM90C62 
PRELIMINARY 

ARCNET® 
Local Area Network Controller/Transceiver 

LANC/LANT Combo 

FEATURES: 
o ARCNET® LAN Controller! Transceiver 
o Combines SMC COM90C26/ COM91 C32 
o On Board Crystal Oscillator 
o On Board Reset Circuit 
o Compatible with HYC9058 (HIT) 
o Compatible with HYC9068 (LAND) 
o 2.5 MBit Data Rate 
o Modified Token Ring Protocol 
o Self Reconfiguration 
o Variable Data Length Packets 
016 Bits CRC Check/Generation 
o Standard Microprocessor Interface 
o Supports Up to 255 Nodes 
o Generate Interrupts Signals 
o Addresses 2k Buffer 
o Arbitrates Buffer Access 
o Replaces Over 100 MSI/SSI Parts 
o Allows Broadcast Messages 
o Compatibie with Broadband/Baseband Systems 
o Compatible with various media 

(Twisted pair, coax ... ) 
o Compatible with Various Topologies 

(Star, Tree, Bus ... ) 
o Low Power CMOS 
o Single + 5v Supply 

PIN CONFIGURATION 

ET2 ( 1 
....., 

40 P J50FI 
lliI'RTX ( 2 39 P Vee 

ET1 [ 3 38 P RX 
XTAl1 [ 4 37 P J5OlSE1 
XTAl2 [ 5 36 P~ 

OWR [6 35 pAS 
RIW [ 7 34 IDDAT 

TOR"EO [ 8 33 mm 
mEO[ 

90

32 A9 
AS [ 10 31 Al0 

REO [ 11 30 ECHO 
WAIT [ 12 29 INTR 

All: [ 13 28 ADO 

~~ 14 27 AD1 
15 26 AD2 

m:: 16 25 AD3 

~~ 17 24 AD4 
18 23 AD5 

ClK [ 19 22' AD6 
GND [ 20 21 AD7 

PACKAGE: 40-pin DIP 

'Available in PLCC 

GENERAL DESCRIPTION 

The COM 90C62 is a special purpose communications 
adapter for interconnecting processors and intelligent 
peripherals using the ARCNET local area network. The 
ARCNET local area network isa self-polling "modified token 
passing" network operating at a 2.5 bit data rate. A "modified 
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 channel 
access times caused by data collisions in so-called CSMN 
CD schemes such as Ethernet. 

The COM 90C62 circuit contains a microprogrammed 
sequencer 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 10. 

The COM 90C62 establishes the network configuration, and 
automatically re-configures the network as new nodes are 

added or deleted from the network. The COM 90C62 
performs address decode, CRC checking and generation, 
and packet acknowledgement, as well as other network 
management functions. The COM 90C62 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 
processor and the COM 90C62. The processor can write 
commands to the COM 90C62 and also read COM 90C62 
status. The COM 90C62 will provide all signals necessary 
to allow smooth arbitration of all RAM buffer operations. 

In addition the COM 90C62 incorporates all the clock 
generation functions, line drive signals and receive data 
conversion circuits of the COM 91 C32. This high scale 
integration further reduces ARCNET LAN node chip count, 
therefore reducing its cost. 
ARCNET®'is a registered trademark of the Datapoint Corporation, 
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FIGURE 1-COM 90C62 BLOCK DIAGRAM 
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FIGURE 2-TYPICAL COM90C62 INTERFACE 
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DESCRIPTION OF PIN FUNCTIONS (refer to figure 2) 
DIP PIN NO. NAME SYMBOL FUNCTION 

------
31 ADDRESS 10, 9, 8 A10,A9,A8 These three output signals are the three most significant bits of the 
32 RAM buffer address. These signals are in their high impedance state 

35 except during COM 90C62 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 should be 
viewed as page select bits. For packets less than 256 bytes, a 1 K 
buffer can be used with A8 unconnected. For packets greater than 

21-28 ADDRESS/DATA 7-0 AD7-ADO 
256 bytes, a 2K buffer is needed with A8 connected. 
These 8 bidirectional signals are the lower 8 bits of the RAM buffer--
address and the 8 bit data path in and out of the COM 90C62. ADO 
is also used for I/O command decoding of the processor control or 
status commands to the COM 90C62. 

8 I/O 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 90C62. This signal is sampled internally on the falling edge 
of AS. 

9 MEMORY REQUEST MREQ This input signal indicates that the processor is requesting the use of I 
the data bus 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 90C62 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 90C62. The write cycle will not be com-
pleted, however, until the DWR input is asserted. This signal is an 

10 ADDRESS STROBE AS 
internal transparent latch gated with AS. 
This input signal is used by the COM 90C62 to sample the state of-
the 10REQ, MREQ and R/W inputs. The COM 90C62 bus arbitration 

11 REQUEST REQ 
is initiated on the falling edge of this signal. __ :-:=----

This output signal acknowledges the fact that the processor's I/O or 
memory cycle has been sampled. The signal is equal to MREQ or 
10REQ passed through an internal transparent latch gated with AS. 

12 WAIT WAIT This output signal is asserted by the COM 90C62 at the start of a 
processor access cycle to indicate that it is not ready to transfer 
data. WAIT returns to its inactive state when the COM 90C62 is 
ready for the ~rocessor to com~lete this c~cle. __ --

6 DELAYED DWR This input signal informs the COM 90C62 that valid data is present 
WRITE on the processor's data bus for write cycles. The COM 90C62 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 conciltiOri-
REQUEST has occured. INTR returns to its inactiVe state by resetting the 

interrupting status condition or the corresponding interrupt mask bit. 
18 INTERFACE LATCH ILE This output Signal, in conjunction with ADIE, gates the processor's 

ENABLE address/data bus (PAD7-PADO) onto the interface address data bus 
(IAD7-IADO) during the data valid portion of a Processor Write RAM 
or Processor Write COM 90C62 operation. 

14 ADDRESS DATA ADIE This output signal enables the processor's address data bus (PAD7-
INPUT ENABLE PADO) captured by AS or ILE onto the interface address data bus 

(IAD7-IADO). _ _ ___ _ 
.. --

13 ADDRESS INPUT AlE This output signal enables the processor's upper 3 address bits 
ENABLE (PA1O-PA8) onto the interface address bus (IA10-IA8). 

15 LATCH L This output signal latches the interface addresS-data bliS{TAD7- ---~ 
IADO) into a latch which feeds the lower 8 address bits of the RAM 
buffer during address valid time of all RAM buffer access c~~I~~~~ 

17 WRITE ENABLE WE This output signal is used as a write pulse to the external RAM 
buffer. Data is referenced to the trailing edge of WE. 

16 OUTPUT OE This output signal enables the RAM buffer output data onto the inter-
ENABLE face 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 
ID into the COM 90C62. The shift register is clocked with the same 
signal that feeds the COM 90C62 on pin 19 (CLK). The timing asso-
ciated with this signal and IDDAT (pin 34) is illustrated in figure 2. 

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 

1,3 EXTENDED ET2, ET1 
defined as a logic "1 ". 
The levels on these two input pins specify the timeout durations used 

TIMEOUT FUNCTION by the COM 90C62 in its network protocol. Refer to the section enti-
2, tied "Extended Timeout Function" for details. 
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DESCRIPTION OF PIN FUNCTIONS (refer to figure 2) 

DIP PIN NO. NAME SYMBOL FUNCTION 

2 TRANSMIT INHTX This active low input inhibits the COM 91C32 from transmitting by 
INHIBIT forcing j5'(J"['S"E1 and PULSE2 hiqh. 

37 PULSE 1 PULSE1 PULS1 and PULS2 carry the transmit data information encoded in 
36 PULSE 2 PULSE2 pulse format. 
38 RECEIVE IN RXIN This input carries the receive data information from the cable 

interface circuitry. --
30 ECHO DIAGNOSTIC ECHO When this input signal is low, the COM 90C62 will re-transmit all 

ENABLE messages of length less than 254 bytes. This input should be tied 
high for normal Clip operation and is only utilized when performing 
chip level testing. 

19 CLOCK CLK A continuous 5 MHz clock input used for timing of the COM 90C62 
bus cycles, bus arbitration, seriallD input, and the internal timers. 

4,5 CRYSTAL XTAL1 An external 20 MHz crystal is connected to these pins. If an external 
XTAL2 20 MHz TTL clock is used, it should be connected to XTAL 1 with a 

390 ohm pullup resistor. 
r 40 POWER ON POR This input signals clears the COM 90C62 microcoded sequencer 

RESET program counter to zero and initializes various internal control flags 
and status bits. The POR status bit is also set which causes the 
INTR output to be asserted. Repeated assertion of this signal will 
degrade the performance of the network. 

39 +5 VOLT SUPPLY Vcc Power Supply 
20 GROUND GND Ground 

TWISTED 
PAIR 

or 

R.3101* COAX 

PULSE1 OTPO or 
FIBER 

PULSE2 OR OPTICS 

HYC9058* 
COM90C62 RX (HIT) 

OR 

PORIN HYC9068* 
(LAND) 

I 

SWITCH 

*HYC 9058-High Impedance 
Transceiver (HIT) 
See page 257 of 
Data Catalog. 

HYC 9068-Local Area Network 
Driver (LAND) 
See page 263 of 
Data Catalog. 

R. 3101 -Pin compatible fiber 
optic driver from 
Raycom Systems 
6395 Gunpark Drive 
Boulder, Colorado 80301 

FIGURE 3-COM 90C62 TYPICAL DRIVER INTERFACE 

NOTE: For an updated data sheet please fill out the reply card in 
the back of this catalog or call SMC at (S16) 273-3100." 



STANDARD MICROSYSTEMS 
CORPORATION COM 9064 

PRELIMINARY 

I BM® 3274/3276 
Compatible COAX Receiver/Transmitter 

FEATURES 
o Conforms to the IBM® 3270 Interface Display 

System Standard 

o Transmits and Receives Manchester II Code 

o Detects and Generates Line Quiesce, Code 
Violation, Sync, Parity, and Ending Sequence 
(Mini Code Violation) 

o Multi Byte or Single Byte Transfers 

o Double Buffer Receiver and Transmitter 

o Separate Data and Status Select 

o Operates at 2.3587 MHz 

o TTL Compatible Inputs and Outputs 

o COPLAMOS® n-Channel Silicon Gate 
Technology 

o Single + 5 Volt power supply 

TDS 40 
N/C 41 
N/C 42 

TBMT 43 
T9 44 

T10 
GND 
VCC 
GND 

TP 
T9S 

PIN CONFIGURATION. 

I~ I~ o OUJ~ 

~ 9 0 1(9 It) 0 9 ~ d 1(3 ~ 
ZOI--I--I--OC«OCC!lOCZ 

'J 
Vee 40 GNO 

GNO 39 T10 
TP 38 T9 

3938373635343332 31 3029 T9S 37 TBMT 
28 CVD ROE 36 TOS 

RTA 00 35 N/C' 
DA 01 34 OLOOP 

N/C 02 33 TO 

N/C 
MR 
GND 
SCLK 
RP 

03 

:oD~ 
fG 

04 ~ 
05 11 30 RO 
06 12 29 ALOOP 
07 13 28 RSSE 
R9 14 27 BCLK 

SWE R10 15 26 ROA 
N/C SWE 16 25 CVO 

RP 17 24 RTA 
SCLK 18 23 OA 

N/C 19 22 N/C 
GNO 20 21 MR 

PACKAGE: 44-pin PLCC 
PACKAGE: 40-pin D.LP. 

GENERAL DESCRIPTION 
'Internally connected. Not for external use. 

The COM 9064 is an MOSILSI circuit which may be used 
to facilitate high speed data transmission. The COM 9064 
is fabricated using SMC's patented COPLAMOS® technol
ogy and may be used to implement an interface between 

, IBM® 3274/3276 compatible control units and 3278/32871 
3289 compatible terminal units. The receiver and transmit
ter sections of the COM 9064 are separate and may be used 
independently of each other. 

IBM® is a registered trademark of the International Business Machines Corporation 239 

The COM 9064 generates and detects the line quiesce, 
code violation, parity, and mini code violation bit patterns. 

The on-chip parity logic is capable of generating and 
checking either ,even or odd parity for the entire 10 bit data 
word. In addition, parity may be generated for the least sig
nificant 8 bits of the data word (this parity bit would replace 
the ninth data bit). 



ORGANIZATION 
The COM 9064 is organized into 9 major sections. Com
munication between each section is achieved via internal 
data and control busses. 

transmit circuitry. It also generates the line Quiesce, Code 
Violation, sync bits and Mini Code Violation patterns. 

Transmitter Shift Register 
Transmitter Holding Register The transmitter shift register is an 11 bit parallel to serial 

shift register. It accepts data from the transmitter holding 
register and the parity generation logic and converts it into 
serial form for transmission. 

The transmit holding register is a 12 bit latch. This latch is 
loaded with the transmit data and parity generation infor
mation from the system bus. 

Tri-State Buffers Receive Control/Parity Check 
These buffers allow gating of the COM 9064's status word 
onto the system data bus. 

This logic checks the received character for the specified 
parity and ensures that no Transmit Check conditions 
occurred. It also handles the self test mode and generates 
a strobe when the complete data word is received. 

Bus Transceiver 
The bus transceiver allows bi-directional data transfer 
between the system data bus and the transmit and receive 
holding registers. 

Receiver Shift Register 
This logic is a serial to parallel shift register that converts 
the received information into a 10 bit data word and RTA 
status bit. 

Parity Generator 
This logic determines and generates the correct parity for 
the data in the transmitter holding register. Receiver Holding Register 
Transmitter Control 
This logic generates signals required to enable external 

This register holds the assembled data word until it is read 
by the processor. 

PIN NO. NAME 
6-13 Transmit/ 

Receive Data 
Bits 

4 Transmit Bit 9 
Select 

38 Transmit Bit 9 

39 Transmit Bit 10 
3 Transmit Parity 

18 System Clock 

36 Transmitter 
Data Strobe 

26 Reset Data 
Available 

16 Status Word 
Enable 

23 Receive Data 
Available 

25 Code Violation 
Detected 

37 Transmit 
Buffer Empty 

14 Receive Bit 9 
15 Receive Bit 10 
24 Recever Turn-

around 

5 Receive Data 
Enable 

17 Receiver 
Parity 

DESCRIPTION OF PIN FUNCTIONS 
Processor Related Signals 

SYMBOL FUNCTION 

00-07 Bidirectional: 8 bit, three state data port used to transfer data between the COM 
9064 and the processor. 
DO is the first bit transmitted. 

T9S Input: A low level on this pin enables T9 to be transmitted as bit 9. A high level on 
this pin causes T9 to determine the type of parity bit generated for bits 00-07. 

T9 Input: If T9S is low, this supplies transmit bit 9. If T9S is high, then T910w forces 
odd parity and T9 high forces even parity to be generated for 00-07. In this case 
the parity bit generated is transmit bit 9. 

T10 Input: This pin supplies transmit bit 10. 
TP' Input: This input controls the paritr bit for transmit bits 1-10. A low level on this pin 

causes odd parity and a high leve on this pin causes even parity to be generated 
for bits 1-10. The parity bit generated is transmit bit 11. 

SCLK Input: This signal is used to synchronize the COM 9064. The transmitter is 
loaded and started on the low to high transition of SCLK if TDS is low. DA is reset 
on the low to high transition of SCLK if RDA is low. 

TDS Input: This input and SCLK are used to load the transmitter holding register and 
start the transmit sequence. Code Violation Detect (CVD) is reset at this time. 

RDA Input: This input and SCLK are used to reset DA. 

SWE Input: A low level at this pin enables the status word buffer outputs (DA, CVD, 
TBMT, R9, R10, and RTA). A high level on SWE places the status word buffer 
outputs in a high impedance state. 

DA This three-state output si~nal is at a high level when an entire word has been 
received and transferred Into the receiver buffer register. It is only set if a Transmit 
Check Condition did not occur. 

CVD This three-state output signal is at a hi!;Jh level if a valid Code Violation was 
detected at the receiver since the last time the transmitter was loaded. It is reset 
when the transmitter is loaded. 

TBMT This three-state output signal is at a high level when the transmit holding register 
may be loaded with new data. 

R9 This three-state output signal is receiver data bit 9. 
R10 This three-state output Signal is receiver data bit 10. 
RTA This three-state output signal is set to a high level when a valid Mini Code 

Violation is detected. It is only set if a Transmit Check did not occur. It is reset 
wnen the transmitter is loaded. 

ROE Input: A low level enables the outputs of the receive data register 00-07. 

RP* Input: This input determines whether the entire received word will be checked for 
even or odd parity. A low at this pin will cause a check for odd parity and a high at 
this pin will cause a check for even parity. This input has an internal pull-up 
resistor. 

*The SYNC bit is included in parity checking. 
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DESCRIPTION OF PIN FUNCTIONS (cont.) 

PIN NO. NAME SYMBOL FUNCTION 
29 Analog ALOOP Input: A low level on this pin disables the receiver except when the transmitter 

Loopback is active. A high level on this pin and DLOOP will cause the receiver to be 
disabled while the transmitter is active. 
ALOOP is used to allow loop-back through the line drivers and receivers. This 
input has an internal pull-up resistor. 

34 Digital DLOOP Input: A low level on this pin disables the receiver except when the transmitter 
Loopback is active. TG is forced to a high level to disable the external coax driver. Data 

input to the receiver is internally wrapped from the transmitter data output. 
This input has an internal pull-up resistor. 

21 Master Reset MR Input: This input should be pulsed low after power-on. This si~nal resets DA to 
a low level and sets TG and TBMT to a high level. This input as an internal 
pull-up. 

1 Supply Voltage Vee + 5 volt supply 
19,22,35 NIC No Connection 
2,20,40 Ground GND GROUND 

Device Related Signals 

PIN NO. NAME SYMBOL FUNCTION 
27 Baud Rate BCLK This input is a clock whose frequency is 8 times the desired transmitter and 

Clock receiver baud rate (typically 18.8696 MHz for 3274/3276 operation). This input 
is not TTL compatible. 

33 Transmit Data TD Output: Serial data from the transmitter. This signal is a biphase Manchester /I 
encoded bit stream. This output is low when no data is being transmitted. 

31 Transmit Clock TC The Transmit Clock output is 1f2 the frequency of BCLK. It is synchronized with 
TD and used to provide external pre-distortion timing. 

30 Receive Data RD Input: Accepts the serial biphase Manchester II encoded bit stream. 
32 Transmit Gate TG Output: This signal is low during the time that the transmit data is valid. TG is 

used to turn on the external transmit circuitry. 
28 Receive RSSE Input: A hi~h level on this pin enables an internal digital single shot on RD. This 

Single Shot limits a hig level on RD to 3 clock times. Also when hit it will cause the 
Enable receiver not to detect a valid Code Violation. A low leve disables the single shot 

causing no reshaping of the RD input signal. 

COM 9064 OPERATION 

The COM 9064 consists of a receiver section that converts 
Manchester II phase encoded serial data to parallel data 
and a transmitter section that converts parallel data to 
Manchester II phase encoded serial data. 

The Code Violation Detect signal (CVO) goes active high 
after a line Quiesce, Code Violation and sync bit have been 
detected by the receiver. It is reset when the transmitter of 
the COM 9064 is asserted. By examining this signal, the 
processor can determine whether a timeout or Transmit 
Check condition caused a receiver error. 

Receiver 
Message transfers must conform to the IBM 3270 protocol 
in order for the COM 9064 to acknowledge them. 

The received message is checked for the Code Violation 
sequence (start sequence) bit pattern, preceding the first 
data word, and Mini Code Violation (end sequence) 
following the last data word. 

The data word consists of 10 data bits, a sync bit and a parity 
bit. Receiving data in multiple byte format is functional only 
when even parity is selected. 

The data word along with the first bit of the next word or 
ending zero (bit 13) is shifted into a shift register. Once it is 
assembled it is transferred and held in the holding register 
until another data word is assembled. The 13th bit is inverted 
and presented to the bus or RTA (receiver turn-around). 
Therefore RTA is set high on the last word of a message 
and is reset when the transmitter is loaded with the 
response. 

Once the data word is in the holding register and parity is 
correct the data available (OA) status signal is set high. 

241 

The receive input is sampled at 8 times the data rate. The 
receiver logic is brought into bit synchronization during the 
Line Quiesce pattern. Once the Code Violation following the 
Line Quiesce is detected, the receiver is brought into bit and 
word synchronization. The internal receiver clock is adjusted 
after each transition to compensate for jitter and distortion 
in the received data signal. 

Transmitter 
The transmitter section basically consists of a 12-bit holding 
register, parallel to serial shift register and a parity generator. 
The firmware initiates a transmit sequence by strobing TDS 
low. The data is loaded into the holding register on the rising 
edge of SCLK while TOS is low. Nine bits of data (00-07 
and T10) are transferred without-change to the transmit shift 
register. The logic level of T9S determines whether T9 will be 
transmitted as parity on the preceding eight bits, or as data. 

After the processor loads the transmit holding register with 
data, status signal TBMT is driven inactive low until the COM 
9064 transfers the data from the transmit holding register 

I 



to the transmit shift register. After the transfer, TBMT is 
driven high. The processor should not try to load data into 
the COM 9064 while TBMT is low. When initiating a data 
transmission, the COM 9064 automatically transmits a Line 
Quiesce pattern and a Code Violation. The data is then 
shifted outof the shift register with a sync bit (1) inserted 
before the data word, and a parity bit appended after the 
data word. 

If a new word is loaded into the COM 9064 before the parity 
bit of the previous word has been transmitted, a sync bit (1) 
followed by the new data bits is transmitted. If not, after the 
COM 9064 transmits the last data word (no more transmit 
sequences are started), a sync bit (0) and a Mini Code 
Violation is appended to the end of the message. 

Output TG goes active low one-half bit cell time before the 
first Line Quiesce character is output. It is made inactive 
(high) during the transmission of the Mini Code Violation. 

Diagnostic Modes 
NORMAL OPERATION (ALOOP AND DLOOP HIGH) 
Internal read data signal follows the RD input as long as the 
COM 9064's transmitter is off. The receiver will be disabled 
while the transmitter is active. 

ANALOG LOOPBACK (ALOOP LOW AND DLOOP 
HIGH) 
The internal read data signal follows the RD input as long 
as the COM 9064's transmitter is active. 

DIGITAL LOOPBACK ALOOP HIGH AND [)'[()QP I,..OW) 
The internal read data signal follows an internally generated 
and latched valid transmit signal (only when the transmitter 
is active.) The output TG is disabled in digital loopback 
mode. 

DISABLE RECEIVER (ALOOP AND DLOOP LOW) 
The internal read data signal is held low and output TG 
is disabled. 

MESSAGE FORMATS 

CODE 
VIOLATION 

CODE 
VIOLATION 

PARITY 
BIT I .......... I SYNC 

BIT 
DATAN 

(10 BITS) 

Bits on the coax appear as positive and negative going 
pulses. A positive pulse to negative pulse transition in the 
middle of the bit cell is interpreted as a logical '0' . A negative 
pulse to positive pulse transition in the middle of a bit cell is 

Line Qulesce Pattern 

I 1 
1 1 , 
1 __ I 
1 1 1 , 1 , 1 
I , , , 
' __ I ' __ I 
1 1 , one bit , 

time 

The Line Quiesce pattern consists of five contiguous logical 
ones. It establishes an equilibrium condition on the coax 
following line turnaround. 
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DATA 
(10 BITS) 

PARITY 
BIT 

ENDING 
SEQUENCE 

DATA 1 
(10 BITS) 

PARITY 
BIT 

SYNC 
BIT 

"I 

1 , 
I , 

PARITY 
BIT 

ENDING 
SEQUENCE 

COAX 
IDLE 

interpreted as a logical '1 '. A predistortion pulse is generated 
for every pulse transition from an up to down level or a down 
to up level. 

1 1 , 
1 1 1 1 __ I __ I 1 , 1 1 '--I , , I , , , , , 1 1 
' __ I '--, I 
I , , , , 1 



Code Violation Pattern 

1 
1 I __ I 

" 1 
" , I 1 I , 

' __ I 1 ____ ' 1 
1 , ,--
I last "1" I code violation 

of line-
quieSce 

The Code Violation pattern is a bit sequence containing 
no mid-bit time level transition in two of its three bit 
cells. It is a unique pattern that violates the encoding 
rules and indicates the start of valid data. 

Mini Code Violation Pattern 

bit times: 11 

last data 
byte 

12 

p 

"1" 
or 

"0" 

The Mini Code Violation (MCV) pattern is a bit 
sequence containing no mid-bit time level transition 
in either of its bit cells. It is a unique code that violates 
the encoding rules and indicates the end o'f valid 
transmit data. 

Transmit Check 
A Transmit Check is defined as follows: 

1) A logical zero sync bit in the ending sequence not 
followed by a Mini Code Violation. 

2) Loss of a level transition at the mid-bit time during 
other than a normal ending sequence. 

3) A transmission parity error. 

0 

--
I , , 
I 
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2 
mcv 

1 , 
_I 

, 1 
1 I 

I I , 
' __ 1 I 
I , 
I sync bit 1 

3 
mcv 

Ending Sequence 



MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range .................................................................................. O°C to + 70°C 
Storage Temperature Range ................................................................................. - 55° to + 150°C 
Lead Temperature (soldering, 10 sec.) ................................................................................ +300°C 
Positive Voltage on any 110 Pin, with respect to ground .................................................................. + 8.0V 
Negative Voltage on any 110 Pin, with respect to ground ................................................................. - 0.3V 

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

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. For example, the bench 
power supply programmed to deliver + 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. 

DC ELECTRICAL CHARACTERISTICS (TA = O°C to 70°C, Vee = + 5V ± 5%) 

PARAMETER MIN TYP MAX UNIT COMMENTS 

DC CHARACTERISTICS 
INPUT VOLTAGE 

V,LLow -0.3 .8 V 
V,H High 2.0 Vee V (Except BCLK and MR) 
V,H High Vee- 0.7 Vee + .3 V (BCLKonly) 
V,H High 3.5 Vee+.3 V (MRonly) 

OUTPUT VOLTAGE 
VOL Low· .4 IOL = 2.0 mA 
VOH High 2.4 IOH = - .25 mA 

POWER SUPPLY CURRENT 
Icc 125 mA All outputs = V OH 

INPUT LEAKAGE CURRENT 
All input pins .01 mA Y'N = Oto Vee 

CAPACITANCE 

C'N 10 pf (Except BCLK) 

C'N 35 pf (BCLKonly) 

AC ELECTRICAL CHARACTERISTICS (TA = O°Cto 70°C, Vee = +5V ±5%} 

. PARAMETER MIN TYP MAX UNIT CONDITIONS 
Clock Frequency 

BeLK 7 18.8696 18.9 MHz 
SeLK DC 4.7474 5 MHz 

Clock Width 
tSKH SCLK High 80 ns 
tSKL SCLKLow 80 ns 
tSKH BCLK High 20 ns 
tSKL BCLKLow 20 ns 
tr BCLK rise time 6 ns 
tF BCLK fall time 6 ns 

tROO RDE to Data Valid Delay 50 ns 
tsoo SWE to Data Valid Delay 50 ns 
tOF Data Read to Bus Float 50 ns 

tos Data Setup Time 100 ns 
tOH Data Hold Time 10 ns 

tOAV DA to receive data -100 100 ns 
valid delay 

tTe TC clock period 106 ns 
tmLo TC to TG low delay -53 30 ns 
tmHo TC to TG high delcg 30 ns 
tTDS Transmit data to T 10 ns 

setup time 
tTOH Transmit data to TC 20 ns 

hold time 
to TBMT active to de-active 200 ns 
tTDoe TBMT cycle 3.2 I-LS 
too TBMT de-activated 1 2 I-LS 
toss TDS set up 100 200 ns 
tOSH TDS hold 20 100 ns 
tMR MR pulse width 300 ns 
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TO 

fG 

TD 

MISC. TIMING 

MR 

RECEIVE DATA TIMING 

DA ______ A 
I 

tDAV * I 
D0-D7, I++i 
R9, R10 ------t~ YALID DATA 

*OA may occur from 100 ns before to 100 ns alter data is valid. 

TRANSMITTER TIMING 

1 BIT CELL 

TBMT .J 
I-

TIMING DIAGRAMS 

SCLK 

DATA 

TBMT r 
----II 

BUS INPUT TIMING 

VALID DATA 

ll~ 
*Only one rising edge of SCLK within this pulse width. 

BUS OUTPUT TIMING 

ROE 

SWE 

DATA, tSDD 

-I STATUS t( >-VALID 

TBMT CYCLE 

I... too ... r 
toDe "I 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications: 
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 inac
curacies. Furthermore, such information does not convey to the purchaser of the semiconductor devices described 
any license under the patent rights of SMC or others. SMC reserves the right to make changes at any time in order 
to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION . COM91C32 

PRELIMINARY 

COM91C32 
Local Area Network Transceiver 

LANT 

FEATURES PIN CONFIGURATION* 
o Compatible with the COM9026 and COM90C26 LANCs 

o Compatible with the HYC90S8 HIT 

o Compatible with the HYC9068 LAND PULS2 1 \.-116 vee 
o Functionally compatible with the COM90C32 PULS1 2 15 INHTX 

o Reduces node chip count RESET OUT 13 14 Ix 

o Built-in 20MHz crystal oscillator 

o Internal Power On Reset for COM9026/COM90C26 

PORIN [4 13 CA 

RESET IN 5 12 '5SYNC 
XTAL2 6 11 RXOUT 

o Provides all clocks for COM9026/COM90C26 XTAL1 /TTLCLK ( 7 10 RXIN 
o Low power CMOS technology GND 8 9 LANCLK 
o TTL compatible 

o SV only power supply 'Check with factory for SMT package. availability 

GENERAL DESCRIPTION 

The COM91 C32 local area network transceiver (LANT) is 
an improved version of the COM90C32. It reduces both 
node cost and board real estate. The COM91 C32 is a 
companion chip to either the COM9026 or COM90C26 local 
area network controller (LANC), the HYC9068 local area 
network driver (LAND), and the HYC90S8 high impedance 
transceiver (HIT). 

The COM91 C32 contains two circuits not available on the 
COM90C32. A 20MHz crystal oscillator has been built in to 
eliminate the need for an external oscillator. In addition, the 
external power on reset circuit required by the COM9026/ 
COM90C26 has been integrated inside the COM91 C32 to 
reduce the number of components, their related costs, and 
board real estate. 

The COM91 C32 performs the functions necessary to allow 
simple interface to the transmission media for ARCNET® 

local area networks. The COM91 C32 produces two SMHz 
clocks for the COM9026/COM90C26. The first one 
(LANCLK) is free running and feeds the clock input (pin 19) 
of the COM9026/COM90C26. The second one (CA) has 
start/stop capability controlled by the TISYf\rC output of the 
COM9026/COM90C26 as well as the data received from 
the network. 

During data reception, the COM91 C32 will convert incoming 
serial receive data from the HIT or LAND circuitto NRZform 
which will directly feed the RX input of the COM9026/ 
COM90C26 (pin 38). During transmission, the COM91 C32 
converts the transmit data from the COM9026/COM90C26 
TX, (pin 37) into the Waveforms necessary to drive the 
HYC90S8 or HYC9068 as shown in figure 2. 
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TX PULS1 

INHTX PULS2 

LANCLK 
CA 

DSYNC 

RXOUT 
RXIN 

RESET OUT PORIN 

RESET IN 

Figure 1: COM91 C32 INTERNAL BLOCK DIAGRAM 

DESCRIPTION OF PIN FUNCTIONS (refer to figure 2) 
COM 9026 Interface 

PIN NO. NAME SYMBOL FUNCTION 
2 PULSE 1 PULS 1 PULS1 AND PULS2 carry the transmit data information encoded 

in pulse format. 
1 PULSE 2 PULS 2 

3 RESET OUT RESET OUT This output signal provides a reset signal capable of ensuring 
proper reset of the COM9026/COM90C26. It is TTL compatible. 
The RESETOUT pulse width equals 102.4j1sec + (RESETIN or 
PORIN pulse width). 

10 RECEIVE RXIN This input carries the receive data information from the cable 
IN interface circuitry. 

11 RECEIVE RXOUT This output provides the NRZ encoded receive data to the 
OUT COM9026/COM90C26. 

12 DELAYED DSYNC This active low input is asserted by the COM9026 and is used to 
SYNC synchronize the CA clock. 

13 CA CA This output is a 5 MHz start/stop clock that halts when DSYNC 
goes active. It is used to synchronize the CA clock output to the 
RX OUT received data. 

14 TRANSMIT TX This input represents the serial data transmitted by the 
DATA COM9026/COM90C26. 

15 TRANSMIT INHTX This active low input inhibits the COM91 C32 from transmitting 
INHIBIT by forcing PULS1 and PULS2 high. 

System Clock Interface 
4 POWER ON PORIN This input Signal, which is controlled by C1 (fig. 2) on Power up, 

RESET IN disables the transmitter portion of the COM91 C32 and generates 
the RESET OUT signal. This pin has a schmitt trigger input. 

5 RESET IN RESET IN This input signal disables the transmitter portion of the 
COM91 C32 and generates the RESET OUT signal. This pin has 
a TTL compatible input. 

7 XTAL1 An external 20 MHz crystal is connected to these pins. If an 
6 CRYSTAL XTAL2 external 20 MHz TTL clock is used, it should be connected to 

XTAL 1 (pin 7) with a 390 ohm pullup resistor; XTAL2 must be left 
floating. 

LAN This output supplies a 5 MHz free running clock for the 
9 CLOCK LANCLK COM9026/COM90C26. 

8 GROUND GND Ground 

16 +5V VCC +5 Volt Power Supply 
SUPPLY 
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FUNCTIONAL DESCRIPTION 

The COM9026/COM90C26, when transmitting data on TX, 
will produce a negative pulse of 200 nanoseconds to 
indicate a logic "1" and no pulse to indicate a 10giCO." 
Referring to figure 4, a 200 nanosecond pulse on TX is 
converted ~ 00 nanosecond nonoverlap~ulses 
shown as PULS1 and PULS2. The signals PULS1 and 
PULS2 drive the HYC9058 or the HYC9068 which in turn 
creates a 200 nanosecond dipulse signal on the cable as 
shown in figure 2. 

At the receiving nodes, each dipulse appearing on the cable 
is coupled through the RF transformer of the HYC9058 or 
HYC9068 to produce a positive pulse. These pulses are 
captured by the COM91 C32 and are converted to NRZ data. 
As each byte is received by the COM91 C32, the CA clock 
is stopped by the COM9026/COM90C26 (via DSYNC) 
until the zero bit of the next byte is received. 
This will automatically restart the CA clock. The 
COM9026/COM90C26 uses the CA clock to sample the 
NRZ data and these samples points are shown in figure 5. 

Typically, RXIN pulses occur at multiples of 400 
nanoseconds. TheCOM91 C32 can tolerate distortion of 
plus or minus 100 nanoseconds and still correctly capture 
and convert the RXIN pulses·to NRZ format. 

RESETriNG THE COM91 C32 
The PORIN active low input signal is generated by turning 
the power on to generate the RESET OUT signal to the 
COM9026/COM90C26. The recommended capacitor 
value (C1 in figure 2) required to properly reset the 
COM9026/COM90C26 on power up is 0.1 fJF. 

The RESET IN active low input signal is provided to 
generate the RESET OUT signal used to reset the 
COM9026/COM90C26. The pulse width ofthe RESET OUT 
signal is 102.4 microseconds, which is wide enough to 
properly reset the COM9026/COM90C26 local area 
network controller device. 

RESET OUT = RESET IN (pulse width) + 102.4 
microseconds 

RESET OUT = PORIN (pulse width) + 102.4 
microseconds 

C01Vl9026/ 
COM90C26 

RESET IN 

'I 
1 
I 
1 
I 

COM 
9 CLOCK 
o 
C 
3 
2 

RESET PULSE 

C R 

a 
S 
C 

In addition to initializing the COM91 C32 to an idle state, the 
RESET IN signal disables the transmitter portion of the 
COM91 C32 during reset. 

During reset, the COM91 C32 output pins are as follows: 

PULS1 - is inactive (high) 
PULS2 - is inactive (high) 
LANCLK - is free running during and after reset 
CA - is free running during and after reset 

The minimum RESET IN pulse width is 120 nanoseconds 
(or 2T + 20 nanoseconds for input clocks different than 20 
MHz). For the 20 MHz clocks, T equals 50 nanoseconds. 

RESET IN/OUT TIMING 
The COM91 C32 incoq~orates a digital filter that will 
suppress glitches on the RESET IN and POR IN pins. The 
digital filter will filter all RESET IN and PORIN glitches that 
are narrower than 40ns (1T -10ns). It will allow RESET IN 
and POR IN pulses that are wider than 120 ns (2T +20ns). 
The RESET OUT pulse width is equal to the RESET IN pulse 
width plus 102.4 microseconds. 

THE INTERNAL OSCILLATOR 
The COM91 C32 incorporates on-board circuitry which, in 
conjunction with an external parallel resonant crystal, forms 
an oscillator. The oscillator frequency may vary between 8 
MHz and 20 MHz to allow for a variable data rate from 1.0 
Mbps to 2.5 Mbps. 

The oscillator input is divided by 4 to produce the CA and the 
LANCLK output clocks to the COM9026/COM90C26. 

The COM91 C32 XTAL oscillator has been designed to work 
with a parallel resonant crystal and does not require an 
external resistor. Only two capacitors are needed (one from 
each leg of the XTAL to ground.) The values of the 
capacitors are two times the load capacitance of the crystal. 
Typical capacitor values are 22 pF. 

The external crystal must have an accuracy of 0.020% or 
better. 

COM9026/ 
COM90C26 

RESET IN 

RESET 
PULSE 

COM 
9 
1 
C 
3 
2 

FIGURE 2: COM90C32 AND 91C32 IMPLEMENTATION DIFFERENCES 
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COM9026 
OR 

COM90C26 

COM91C32 

TX t------......,J ... TX 

CA CA PULS2 t--------l~ PULS2 

DSYNC DSYNC PULS1 t------......,J ... PULS1 

RX 1+------0004 RXOUT RX HYC9058* 
POR RESET OUT RXIN .... ------1 (HITI) 

OR 
CLK 1+--t.------0004 LANCLK HYC9068* 

RESET IN POR IN (LAND) 
OR 

XTAL1 R-3101* 
ITTLCLK (OPTO) 

10 
22pF I J 22pF 

PORIN I CAPACITOR 

=- (C1 =0.1 JlF) 

*HYC9058 - High Impedance 

COAX 
or 

FIBER 
OPTICS 

NODE ID SWITCH 

RESET IN 
Transceiver (HITI) 
Seepage 257 

HYC9068 - Local Area Network 
Driver (LAND) 
Seepage 263 

R-3101 - Pin compatible 
Fiber Optic Driver 
Raycom Systems 
6395 Gunpark Drive 
Boulder Colorado 80301 

FIGURE 3: COM91C32 SYSTEM INTERFACE 

TTL INPUT 
CLOCK 

CA 
LANCLK 

I 
It ta 14 
I 

J, 

ta 
.\1 h II, 

\ 4.5 
0.5 

4-'--
FIGURE 4: COM91C32 CLOCK TIMING 

TABLE 1 - COM91 C32 ELECTRICAL CHARACTERISTICS 
MAXIMUM GUARANTEED RATINGS* 

t' 
Ii 

,II 

% 
-'--t5 

Operating Temperature Range ............................................................... O°C to 70°C 
Storage Temperature Range .............................................................. -55°C to 150°C 
Lead Temperature (soldering, 10 sec.) .............................................................. 325°C 
Positive Voltage on any Pin ..................................................................... Vee + 0.3 
Negative Voltage on any Pin ...................................................................... -0.3V 
Maximum Vee ................................................................................... + 7.0V 

*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. 

250 



DC CHARACTERISTICS (Ta = O°C to +70°C, Vee =5V ± 5%) 

PARAMETER MIN TVP MAX UNIT 

INPUT VOLTAGES 
VIH1 High Input Voltage 2.7 V 
VIL1 Low Input Voltage 0.8 V 
VIH2 High Input Voltage Vee-0.5V V 
VIL2 Low Input Voltage 1 V 
VIH3 High Input Voltage 3.6 V 
VIL3 Low Input Voltage 1.0 V 

OUTPUT VOLTAGES 
VOH1 High Output Voltage Vee -1.0 V 
VOL 1 Low Output Voltage 0.4 V 
VOH2 High Output Voltage Vee-0.5 V 
VOL2 Low Output Voltage 0.4 V 

INPUT LEAKAGE CURRENT 
IL ±10 f.1A 

INPUT CAPACITANCE 
CIN 15 pF 

POWER SUPPLY CURRENT 
Icc 20 mA 

AC CHARACTERISTICS (T a = O°C to + 70°C, Vee =5V ± 5%) 

FIG 
PARAMETER MIN TVP NO. 

TTL CLOCK INPUT TIMING 
Fig. 3 t1 Input Clock High Time 20 

b Input Clock Low Time 20 
h Input Clock Period 50 

CA, LANCLK OUTPUT TIMING 
Fig. 3 t4 Clock Out Fall Time 

t5 Clock Out Rise Time 
t6 Clock Out High Time 75 
h Clock Out Low Time 75 
ta Clock Out Period 200 

TRANSMIT TIMING 
Fig. 4 ts TX Setup to CA falling edge 50 

t10 TX Hold after CA falling edge 10 
t11 Xtal rising edge to PULS1 12 60 
t12 PULS1 12 Pulse Width 2 (h) 
t13 INHTX to Pulse inactive 

RECEIVE TIMING 
Fig. 5 t15 RXIN Pulse Width 10 

t16 RXIN to RXOUT delay 5 (h) + 70 
t17 RXOUT Pulse Width 400 
t1a XTAL RISING EDGE TO RXOUT 

DSYNC, CA TIMING 
Fig. 5 t19 DSYNC Setup to CA rising edge 20 

RESETTIMING 
Fig. 6 ho RESET IN Pulse Width 120 

h1 RESET IN falling edge to 
RESET OUT falling edge 

h2 RESET IN rising edge to 102 102.4 
RESET OUT rising edge 

h3 RESET OUT Pulse Width ho+b2-2b 

INPUT CLOCK FREQUENCY 8.0 

NOTE 1: For Input clock frequencies of less than 20 MHz, bo = 2b + 20 ns 
NOTE 2: For Input clock frequencies of less than 20 MHz, b1 = 2b = 70 ns 

*ALL TYPICAL VALUES ARE AT Vee = 5.0 V and TEMPERATURE = 25°C 
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COMMENTS 

except for TTL CLK and PORlliJ 

for TTL CLK IN 

for PORIN 

10H = 400 f.1A except for CA, LANCLK 
10L = 4.0 mA except for CA, LANCLK 
10H = 100 f.1A for CA, LANCLK 
10L = 100 f.1A for CA, LANCLK 

MAX UNIT COMMENTS 

ns @Vee-0.5V 
ns @1V 
ns 

20 ns @50pFmax 
20 ns @50pFmax 

ns @50pFmax 
ns @50pFmax 
ns @50pFmax 

ns 
ns 
ns 
ns 

100 ns 

ns 
ns 
ns 

70 ns 

ns --

ns (NOTE 1) 
170 ns (NOTE 2) 

103 us 

--
20 MHz 



FIGURE 5: TRANSMIT TIMING PARAMETERS 

OSC 

RXIN .J1 t'8 l--4i- t'5 I n I I ~ ______________________ ~I~-J ~------------------------------

~om 1~~61~~----------~~~~~~~8~ __ ~~~~=---_1 
----l I t17------... ,-ri ---

DSY~; ~_+":'''''''-_________ '+:-J ~ 

RESET IN 

RESET OUT 

t'9 SAMPLE SAMPLE 

FIGURE 6: RECEIVE TIMING PARAMETERS 

I bo I 

l~ ~I 

i i 
I b, I b2 I 

~ :. ~I 
I i 

I~ 
b3 -I 

FIGURE 7: RESET IN - TO - RESET OUT TIMING 

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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COM92C32 
ADVANCED INFORMATION 

PRELIMINARY 

Enhanced Local Area Network Transceiver 

FEATURES PIN CONFIGURATION 
o Compatible with the COM9026 and COM90C26 

ARCNET® ILAN controllers 
o Compatible with COM90C56 Enhanced LAN Controller 
o Converts transmit data to NRZ or Manchester format 
o Converts receive Manchester II data to NRZ format 

TXOUT I \..J VCC 

TXOUT I TXENABLE 
o High performance DPLL for high bit jitter tolerance MODE TX 
o Receiver blanking circuit for ignoring line reflections, 

ringing and inductive effects 
o Compatible with HYC 9078 
o On board predistortion circuitry 
o On board crystal oscillator simplifies clock generation 
o CLK/CA clock generation for the COM9026 and 

RESET OUT CA 

RESET IN DSYNC/2XCLK 

XTAL2 I RXOUT 

XTAL 1ITTLCLK I RXIN 

GND LANCLK 

COM90C26 
o 5V only power supply 

'Preliminary Pin Out 

o Compatible with RS-422/RS485 Transceivers 
o Low power CMOS 
o Modem control signals 
o 16 pin DIP and PLCC packages 

GENERAL DESCRIPTION 

The COM92C32 is a companion chip to the COM9026 
and COM90C26 Local Area Network Controllers (LANG). It 
contains all the necessary logic to interface the COM9026 
and COM90C26 to baseband or broadband Local Area 
Networks. It is also compatible with the COM90C56 
Enhanced LANC. 

During data transmission, the COM92C32 converts the 
pulsed TX data signal from the COM9026 and COM90C26 
to NRZ (Non Returned to Zero) format for Broadband 
networks, and to Differential Manchester format for 
baseband networks. It also generates a TX ENABLE 
signal to enable the media driver circuitry during data 
transmission. 

ARCNET® is a registered trademark of the Datapoint Corporation 

The use of Manchester encoded data allows bus topologies 
in the order of 20 nodes and 2000 feet on coaxial cables 
without active repeaters. In addition, the COM92C32 can be 
used with discrete RS4221485 drivers to implement the 
physical layer of the ARCNET® local area network over 
telephone grade twisted pair media. 

When receiving data, the COM92C32 samples and 
recovers the incoming receive data and presents it 
synchronously to either the COM9026, COM90C26 or 
COM90C56. It also performs the necessary handshake and 
generation of the Bit Clock (CA) for the COM9026 and 
COM90C26. 

The chip incorporates a 25 MHz internal oscillator which 
simplifies clock generation. 
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VCC I---

GND I---

MODE I--

TX 

DSYNC/2XCLK ~-----;~~ 

RXOUT 1 ...... --1 

CA ~--t 

LAN CLK 

RESET OUT 

RESET IN 

--- TXOUT NRZ TO DIFFERENTIAL 
MANCHESTER --- TXOUT 
DECODER AND 

TRANSMIT CONTROL 
--'" TX ENABLE 

LOGIC 
~ 

DIFFERENTIAL 
RETIMING r+-- MANCHESTER TO NRZ 

AND DECODER AND ..... ~I---+----t RXIN 
HANDSHAKE f+-- RECEIVE CONTROL 

LOGIC 

DIVIDE BY 
FIVE 

r RESET 
LOGIC I OSCILLATOR 

llOXCLK 

I 

XTAL 1/TTLCLK XTAL2 

FIG. 1 - COM92C32 INTERNAL BLOCK DIAGRAM 
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TABLE 1 - COM92C32 DESCRIPTION OF PIN FUNCTIONS 

PIN SYMBOL 110 NAME AND FUNCTION NO 

TXOUT 0 TRANSMIT OUT -This output signal carries the transmitted serial data encoded 
in either differential Manchester format or NRZ format. In the Manchester mode 
of operation, this pin will idle high when the COM92C32 is not transmitting. In the 
NRZ mode, this pin will idle low when the COM902C32 is not transmitting. 

TXOUT 0 TRANSMIT OUT - This output signal carries the transmitted serial data encoded 
in either differential Manchester format or NRZ format. In the Manchester mode 
of operation, this pin will idle high when the COM92C32 is not transmitting. In the 
NRZ mode, this pin will idle low when the COM92C32 is not transmitting. 

TXENABLE 0 TRANSMIT ENABLE-This output signal is active low when the transmitted data 
on TXOUT and TXOUT is valid. It is used to enable the external media driver 
circuitry. 

TX I TRANSMIT DATA-This input represents the serial data transmitted by either the 
COM9026 or COM90C26. 

DSYNC/ I DSYNC-This active low input is asserted by the COM9026-or COM90C26 and 
2XCLK is used to synchronize the CA clock output of the COM92C32 to the received 

data. 
When the COM92C32 is used with the COM90C56 ELANC chip, this pin 
becomes the 2XCLK signal from the ELANC. 

CA 0 BIT CLOCK-This output is a 5 MHz start/stop clock that halts when DSYNC 
goes active. DSYNC is used to synchronize the CA clock output to the RX OUT 
received data. 

LANCLK 0 LAN CLOCK - This output supplies a 5 MHz free running clock for the COM9026 
or COM90C26, pin 19. It is capable. of driving 50pF plus one LS/TTL load with 
20ns rise and fall times. 

RXOUT 0 RECEIVE DATA OUT -This output provides tbe NRZ encoded receive data to 
the COM9026 and COM90C26. This output is synchronous to the CA clock. 

RXIN I RECEIVE DATA IN-This input receives data from the cable interface circuitry. 

XTAL 1ITTLCLK I CRYSTAL-An external 25 MHz crystal is connected to these pins. If an external 
XTAL2 25 MHz TIL clock is used, it should be connected to the XTAL 1 with a 390 ohm 

pullup resistor; XTAL2 must be left floating. 

RESET IN I RESET -This signal resets the COM92C32 to a known state. In addition, it 
disables the transmitter and generates the RESET OUT signal to the COM9026 
and COM90C26. 

RESET OUT 0 RESET OUT -This output signal provides a 102.4j1s Reset signal to the 
COM9026 and COM90C26. 

MODE I MODE SELECT - This pin is used to select the mode of operation of the 
COM92C32. The three possible modes are: 

1) Vcc - Differential Manchester with COM9026 or COM90C26. 
2) GND - NRZ Mode with COM9026 and COM90C26. 
3) RESET OUT - Differential Manchester with COM90C56 (ELANC). 

Vcc - +5 Volt Power Supply 

GND - Ground 

*Pin numbers to be determined 

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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TX TX 
C C 

ClK lANClK g TXOUT H eOA 0 0 y 
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C 9 or 9 DSYNC DSYNC 9 9 a a 2 
AX AXOUT AXIN a -L. 2 C C 7 6 2 3 8 6 2 
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lDr 
22pF :c :c 22pF 

FIG. 2 - COM92C32 TO COAX SYSTEM INTERFACE 

TX TX 
C C C TXENABlE TWISTED 
0 0 ClK lANClK 0 PAIR 
M M CA CA M TXOUT RS-485 ~ 9 or 9 DSYNC DSYNC 9 TXOUT INTERFACE --'--a a 2 
2 C AX AXOUT C 
6 2 3 AXIN 

6 2 

IDi 
22pF I I 22pF 

FIG. 3 - COM92C32 TO TWISTED PAIR SYSTEM INTERFACE 

STANDARD MICROSYSTEMS Circuit diagrams utilizing SMC products are il1cluded as a means of illustrating typical semiconductor appli-
CORPORA'TInN ....... cations: consequently complete information sufficient for construction purposes is not necessarily given. The 

II IV III information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
35Ma1",BMl_geNY 11788 assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semicon
(516)l1J·3.00 1WX·510·117·8898 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 

HYC9058 
PRELIMINARY 

ARCNET® High Impedance Transceiver 
H I TTM 

FEATURES 

o Compatible with existing ARCNET® installations 

o Compatible with ARCNET® coax drivers 

o Pin Compatible with ARCNET® fiber-optic drivers 

o Enables Bus topology on ARCNET® LAN's 

o Provides network expansion without any additional 
repeaters or major rewiring 

o Multi-media drive capability 

o Space saving economy 

o 20 pin single in line package (SIP) 

o Straight or right angle lead frame 

o Built in filters for noise immunity 

PIN CONFIGURATION 

NC 
NC 

5\1 
Gnd 
Ref Volt 
+5v 

7 Rx 
8 TPA 
9 NC 

10 TPD 
11 OutputS 
12 OutputC 
13 Gnd 
14 Gnd 
15 TPC 
16 TPB 
17 Gnd 
18 PULS2 
19 Disable 
20 PULS1 

GENERAL DESCRIPTION 

The High Impedance Transceiver (H IT) provides ARCNET® 
LAN's designers with a new bus configuration option, while 
reducing hardware and installation costs. The HIT offers 
ARCNET® LAN's with the ability to provide the highest node 
performance/cost ratio available heretofore. The bus topol
ogy and the reduced need for HUB's (active repeaters) 
eliminate the excessive costs usually associated with 
installing a new LAN or modifying an existing one. 

The HIT is compatible with SMC monolithic LAN controller 
chip set the COM9026/COM90C26 and the COM90C32. 
However it can work with other controllers and its inherent 

high output impedance enables it to drive several types 
of media cables. 

The HIT is easily incorporated into existing ARCNET® 
LAN's. The HIT is pin-compatible with other media drivers, 
like the COAX driver currently used in most ARCNET® 
baseband applications and the fiber optic driver manufac
tured by Raycom Systems. 

The HIT contains all the necessary filtering to guarantee 
noise-immunity for interference-free data transfers at 
2.5 Mbps. 
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Disable 

- -k-I 
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Puls1 --l~r----I 
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Isolation 
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18 I 
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I 
I 
I t---- I 8 

Rx Data _7 ~If--_--I Threshold 
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Detector 

Filter ~ l+--TPA 
') 16 TPB 

PIN# 

1,2,9 
3 
4, 13, 14, 17 
5 

6 
7 

8,10,15,16 

11 

12 
18 
19 

20 

I 
I 
L 

~ r,;-
1---_____ ...1 I~ TPC 

-- --~---t-6-t~F-13-t-,f,rTPD 

t--

Voltage + 5V GND - 5V GND GND GND 
Threshold 

Adjust 
(should be left open 
in normal operation) 

Figure 1-HIT Block Diagram 

DESCRIPTION OF PIN FUNCTIONS 

NAME SYMBOL FUNCTION 

- NC Not used. No connection. 
Power Supply VDD - 5 Volts Power Supply. 
Ground GND Ground 
Threshold REFV Internal Set' Reference Voltage can be used to 
Voltage adjust Internal Voltage Detector Threshold in 

Special Situations. 
Normally, this pin should not be connected. 

Power Supply VCC + 5 Volt Power Supply. 
Received 
Data Output 

RX Received Data, goes to RXIN of COM90C32 (TTL). 

Test Points TPA,TPB Test Points. Make no connection to these pins. 
TPD, TPC 

COAX I/O OUTPUT S Connect to Coax Cable Shield (Outer Conductor). 
Bypass to GND is recommended. 

COAX 1/0 OUTPUT C Connect to Coax Cable Inner Conductor (Center) 
Pulse 2 PULS2 TTL Level Input to the Transmitter Section (Active Low). 
Disable Disable Normally connected to ground a high 

disables the transmitting. 
Pulse 1 PULS1 TTL Level Input to th~ Transmitter Section(Active Low). 
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FUNCTIONAL DESCRIPTION 
The HIT integrates a host of discrete components onto a 
hybrid microcircuit to provide the Local Area Network design 
with space and cost reductions as well as the enhanced 
reliability of a single component. 

Transmit section: 
Referring to the block diagram of figure 1, Pulse 1 and Pulse 
2 signals can be TTL pulses of 100 nsec each with Pulse 2 
delayed by 100 nsec. The optimum timing for these signals 
can be obtained from SMC's COM90C32. Amplification and 
filtering is used to eliminate undesirable frequencies from 
the signals, while providing them with the necessary drive, 
before transmitting onto the line through an isolation trans
former. The driving circuitry has been designed to present 
a very high impedance to the line for minimum loading. The 
transformer typical voltage output is 20 volts peak to peak. 
In most applications, it is recommended that the shield of 
the coaxial cable be bypassed to ground by a parallel R-C 
combination. 

Receive section: 
The received dipulse signal from the line is DC isolated by 
the transformer. It is filtered to reduce noise, voltage tran
sients and intersymbol interference. It is then recovered by 
a threshold voltage detector. The minimum signal ampli
tude necessary for reliable operation is 6 volts peak to peak. 
The TTL Rx Data output is then sent to the receive input of 

the COM90C32. A voltage threshold pin can be used to vary 
the threshold voltage for special situations. 

In normal operation, the "disable" at pin 19 should be tied 
to ground. However, in certain cases, this pin can be used 
to prevent transmission. 

APPLICATION INFORMATION 
The hit is designed to eliminate the need for Hubs in small 
(8 nodes) installations extending up to 1000 feet as shown 
in figure 2. However the number of nodes is inversely pro
portional to the bus length. 

woo F •• t Max ' --® 
J.--_~ __ ~_-----l~ Term~~allon 

--- Node 
e 

Figure 2-Typical Small Hubless Network 
'HYC 9058 

Figures 3 and 4 show alternative ARCNET<B> local area net
work implementation using the "LAND" and the H IT. As can 
be easi Iy observed the straight forward approach of the HIT 
version results in very low per node cost as well as ease of 
installation. 

Figure 3-Typical 64 Node Network Using HUBs and LANDs 
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ELECTRICAL CHARACTERISTICS 

MAXIMUM GUARANTEED RATINGS*: 

Operating Temperature Range ....................................... ' ............................................. 0 C to + 70 C 
Storage Temperature Range .................................................................................. - 40 C to + 125 C 
Lead Temperature (soldering, 10 sec.) .................................................................................. + 325 C 
Positive Voltage on any pin with respect to Gnd ............................................................................... 8 V 
Negative Voltage on any pin except Vdd with respect to Gnd .............................................................. - 0.3 V 

·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. If this possibility exists it is 
suggested that a clamp circuit be used. 

Electrical Characteristics Ta = 0 to 70 C, Vee = + 5V ± 5%, Vdd = -5V ± 5%. 

Parameter Min. Typ. Max Unit Comments 
INPUT VOLTAGE LEVELS 
Pulse 1, 2, DSBL inputs 

Low-level, VIL 0.8 V Iii = -.8ma 
High-level, VIH 2.0 V lih = .2ma 

Received signal amplitude 6 Vp-p 
OUTPUT VOLTAGE LEVELS 
Rx Data output 

Low-level, VOL 0.4 V One TTL load 
High-level, VOH 2.4 V One TTL load 

Transformer output 16 Vp-p HYC 9058 

POWER SUPPLY CURRENT 
Icc 190 285 mA 
Idd 180 270 mA 

PULSE WIDTH 
Pulse 1, 2 inputs 100 nsec 

Shorting the transformer output can cause permanent damage to the device. 

B A, 

~ __ ~r __ ~ ____ ~C 

Termination ACTIVE HUB Termination 

'rfo---H-----t-----I D E F G 1---_.----IIf---~ 
~----------~ 

Maximum Distance: 
HYC 9058: 1000 ft. 

Figure 4-Typical 64 Node Network Using HIT 
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Figure 5-HYC9058 System Interface 
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ARCNETII!) is a registered trademark of the Datapolnt Corporation 

~~~~il~?~~~~~~sa~~gz~8~i~~n~ fg~~~~~\~u~troi~~I~r~~~::I: n~r~~~e~~~~~~t~~~~~. ¥~~~~~~r~~ti~~~~i ;~;~~~~~~li~ 
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 products 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 oest 
product possible. 
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DARD MICROSYSTEMS 
,.,~""' ...... ,,..,, .... HVC9068 

PRELIMINARY 

ARCNET® Local Area Network Driver 
LANDTM 

FEATURES 
o Compatible with existing ARCNET® installations 

o Compatible with ARCNET® coax drivers 

o Pin Compatible with ARCNET® fiber-optic drivers 

o Space saving economy 

o 20 pin single in line package (SIP) 

o Straight or right angle lead frame 

o Built in filters for noise immunity 

o Drives up to 2,000 ft. of Coax 

o Replaces more than 25 discrete 
components and IC's 

PIN CONFIGURATION 

1 -12v Return 
2 -12v 

3 -5v 

4 Gnd 
5 TPE 
6 +5v 
7 Rx 

8 TPF 
9 TPD 

10 TPC 
11 OutputS 

12 OutputC 

13 Gnd 
14 Gnd 

15 TPB 

16 TPA 

17 Gnd 

18 Pi:iiS2 
19 Disable 

20 PuTS1 

GENERAL DESCRIPTION 

The HYC9068 is a Coax Driver for ARCNET Local Area 
Networks. The HYC9068 is compatible with SMC's 
COM9026/COM9OC26 Local Area Network Controller (LANG) 
and the COM9OC32 Local Area Network Transceiver (LANT). 
The HYC9068 simplifies network implementation while pro-
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viding considerable space and cost savings plus the high 
reliability of a Single component. 
The HYC9068 contains both receive and transmit filters to 
guarantee interference-free data transfer over 2,000 ft. of 
RG-62 coaxial cable at 2.5 Mbps data rate. 



Disable 

I 
20 I 

- -fs- """I--l- -12V RETURN 

1 2 

Puls1 --I-""i---l 

18 I 
Puls2 --I-..jl_--l 

I 
I 
I 
I 

Rx Data -.7 ~II--_--l 

PIN# 
1 

2 

3 

4,13,14,17 

6 

7 

I 
I 
L 

8,10,15,16,5,9 

11 

12 

18 

19 

20 

Filter 
and 

Amplifier 

Threshold 
Voltage 
Detector 

Filter 

Isolation 
Transformer \---12V 

\_9_ TPD 

1128 ~~---i------I!',,' ~ COAX 

I~TPF 
I 16 TPA I: 15 TPB 

10 TPC 

--- ---C---~ -rs t6 t4 1
3 131 14t 171 

TPE +5V GND --5V GND GND GND 

FIGURE 1-HYC9068-LAND BLOCK DIAGRAM 

DESCRIPTION OF PIN FUNCTIONS 
NAME SYMBOL FUNCTION 
-12V Return GND -12V Return 

Power Supply Vss -12V Power Supply 

Power Supply VDD -5 Volts Power Supply. 

Ground GND Ground 

Power Supply VCC + 5 Volt Power Supply. 

Received RX Received Data, goes to RXIN of COM90C32 (TTL). 
Data Output 

Test Points TPA, TPB, TPE Test Points. Make no connection to these pins. 
TPD, TPC, TPF 

COAX 1/0 OUTPUT S Connect to Coax Cable Shield (Outer Conductor). 
Bypass to GND is recommended. 

COAX 1/0 OUTPUT C Connect to Coax Cable 
Inner Conductor (Center). 

Pulse 2 PULS2 TTL Level Input to the Transmitter 
Section (Active Low). 

Disable Disable Normally connected to ground a high 
disables the transmitting. 

Pulse 1 PULS1 TTL Level Input to the Transmitter 
Section (Active Low). 

--
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FUNCTIONAL DESCRIPTION 
When using the optional -12V supply, Pin 3 must not be 
connected. Pin 1 must be grounded and -12V must be 
applied to Pin 2. 
The easiest way to create the optimsm input is to use the 
SMC COM90C32 to provide PUL 1 and PULS2. The 
DISABLE (Pin 19) should be grounded during normal 

ELECTRICAL CHARACTERISTICS 

MAXIMUM GUARANTEED RATINGS*: 

operation. 
In order to inhibit surge damage as well as limit spurious 
radiation, it is suggested that the shield of the COAXIAL 
CABLE be bypassed to ground by a parallel R-C Network 
(0.005 j.LFd/1 Kv in parallel with two 5.6K ohm/%W resistors 
in series) as shown in typical interconnect diagram. 

Operating Temperature Range ............................................................................ 0 C to + 70 C 
Storage Temperature Range .......................................................................... - 40 C to + 125 C 
Lead Temperature (soldering, 10 sec.) .......................................................................... + 325 C 
Positive Voltage on any pin with respect to Gnd ....................................................................... 8 V 
Negative Voltage on any pin except Vdd and Vss with respect to Gnd .......................................... - 0.3 V 
·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. If this possibility exists it is suggested that a clamp circuit be used. 

Electrical Characteristics Ta = 0 to 70 C, Vee = + 5V ± 5%, Vdd = - 5V ± 5%, or Vss = -12V ± 5% 

Parameter Min. TYP· Max Unit Comments 

INPUT VOLTAGE LEVELS 
Pulse 1, 2, DSBL inputs 

Low-level, VIL 0.8 V Iii = -.8ma 
High-level, VIH 2.0 V lih = .2ma 

Received signal amplitude 6 Vp-p 
OUTPUT VOLTAGE LEVELS 
Rx Data output 

Low-level, VOL 0.4 V One TIL load 
High-Level, VOH 2.4 V One TIL load 

Transformer output 15.4 20 Vp-p 
Cable noise amplitude 4 Vp-p 
POWER SUPPLY CURRENT 

Icc 250 mA 
Idd 20 mA 
Iss 50 mA 

PULSE WIDTH 
Pulse 1 , 2 inputs 100 nsec 
COAXIAL CABLE 

Type RG-62 (9311) 2,000 ft 
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• COM9OC32 -local Area Network 
Transceiver is also 
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and HYC9068. 

FIGURE 2-TYPICAL HYC9068 INTERCONNECT 
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FIGURE 3-MECHANICAL SPECIFICATION 

ARCNET~ is a registered trademark of the Datapoint Corporation 

J5t.m:us8lvd.I~NY11168 
(5161213·3100 TWX·510·227·8896 

~~~~il~~~~~Jg~sa~~~Z~8?ti~~n~ f~~~~~~\~u~t~o~~I~r~~~::i: n~;~~~e~~~~~~t~~~~~. ~~!~~~;f~~~~~~~i ~~~~~~~~~1:~ 
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 products 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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HVC9078 
PRELIMINARY 

High Impedance Transceiver 
HITTM 2 

FEATURES PIN CONFIGURATION 
o Compatible with SMC's COM90S6 Enhanced Local 

Area Network Controller (ELANC) 1 NC 

o S MHz operation 2 NC 
3 -5v 

o High impedance 4 Gnd 

o Enables Bus topology on LAN's 
5 Ref Volt 
6 +5v 

o Provides network expansion without any additional 
repeaters or major rewiring 

7 Rx 
8 TPA 
9 NC 

o Multi-media drive capability 10 TPD 

o Space saving economy 
11 OutputS 
12 OutputC 

o 20 pin single in line package (SIP) 

o Straight or right angle lead frame 

13 Gnd 
14 Gnd 
15 TPC 

o Built in filters for noise immunity 16 TPB 
17 Gnd 

o Common mode isolation 18 Pulse 2 

o Wide dynamic range 
19 Disable 
20 Pulse 1 

o Very low level receiver sensitivity 
PACKAGE: 20-pin S.I.P. 

GENERAL DESCRIPTION 

The HIT2 is a new media interface hybrid which works with 
the ELANC in the new high speed 5Mbps mode of signal
ling. The HIT2 will be available in a 20pin SIP hybrid 
package. 
The HIT2 has been tuned to operate with the ELANC's high 
speed mode and includes a specially designed receive cir
cuit to receive data in the manchester signalling scheme. 
without introducing a significant amount of bit jitter. The HIT2 

also includes a transmit signal amplifier and high frequency 
filter so that it generates clean signals that are free from 
high order harmonics that might cause EMI problems. Both 
the transmit section and receive circuit are transformer 
coupled to the output and have both been designed with 
very high input impedances which allow the HIT2 to be used 
in bus topologies. Additionally, the large dynamic range of 
the HIT2 provides very relaxed cabling restrictions. 

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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Figure 1-HIT Block Diagram 

FIGURE 2: 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical applications; 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 products 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. 

268 



Baud Rate Generator 

(l)M8iY be custom mask programmed (2)For future release 
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COM 5016 
cOM5016T 
COM 5036 
cOM5036T 

Dual Baud Rate Generator 
Programmable Divider 

FEATURES PIN CONFIGURATION 
o On chiI' crystal oscillator or external 

frequency input XTALlEXT1 1 I 

o Choice of 2 x 16 output frequencies +5v 21 
o 16 asynchronous/synchronous baud rates 
o DIRECT UART/USRT/ASTRO/USYNRT 

compatibility 

fR 3 I 
RA 41 

o Full duplex communication capability RB 51 
o High frequency reference output* 
o TTL, MaS compatibility 

Rc 61 

RD 71 

STR 81 

+12v 9 

BLOCK DIAGRAM 

STT 

TA 

TB 
Te 

To 

XTALlEXTl 

XTAlIEXT2 

·COM 5036/T only 

XTAL 

~ CLOCK 
BUFFER 

REPROGRAMMABLE 
FREQUENCY SELECT 

DIVIDER 

DIVIDER 
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General Description 

The Standard Microsystems COM 5016/COM 5036 Dual Baud Rate Generator/Programmable Divider is an N-channel 
COPLAMOS® MaS/LSI device which, from a single crystal (on-chip oscillator) or input frequency is capable of generating 
32 externally selectable frequencies. 

The COM 5016/COM 5036 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data 
communication frequencies as shown in Table 1 . One of the sixteen output frequencies is externally selected by four address 
inputs, on each of the independent dividers, as shown in Table 1. 

Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input fre
quencies. The four address inputs on each divider section may be strobe (150ns) or DC loaded. As the COM 5016/COM 5036 
is a dual baud rate generator, full duplex (independent receive and transmit frequencies) operation is possible. 

The COM 5016/COM 5036 is basically a programmable 15-stage feedback shift register capable of dividing any modulo 
up to (2 15-1). 

By using one of the frequene:y outputs it is possible to generate additional divisions of the master clock frequency by 
cascading COM 5016/COM 5036's. The frequency output is fed into the XTALlEXT input on a subsequent device. In this way 
one crystal or input frequency may be used to generate numerous output frequencies. 

The COM 5016/COM 5036 can be driven by either an external crystal or TTL logic level inputs; COM 5016T /COM 5036T 
is driven by TTL logic level inputs only. 

The COM 5036 provides a high frequency reference output at one·quarter (1/4) the XTALlEXT input frequency. 

Pin No. Symbol 

XTALlEXT1 

2 Vee 
3 fR 

4-7 RA, RB, Re, Ro 

8 STR 

9 Voo 
10 fx/4* 
11 GND 
12 STT 

13-16 To, Te, TB, TA 

17 fT 

18 XTALlEXT2 

*COM 5036/T only 

Description of Pin Functions 

Name 

Crystal or 
External Input 1 
Power Supply 

Receiver Output 
Frequency 

Receiver-Divisor 
Select Data Bits 
Strobe-Receiver 

Power Supply 
fx/4 

Ground 
Strobe-

Transmitter 

Transmitter-
Divider 

Select Data Bits 
Transmitter 

Output 
Frequency 
Crystal or 

External Input 2 

Function 

This input is either one pin of the crystal package or one polarity 
of the external input. 
+ 5 volt supply 
This output runs at a frequency selected by the Receiver divisor 
select data bits. 
The logic level on these inputs, as shown in Table 1, selects the 
receiver output frequency, fRo 
A high level input strobe loads the receiver data (RA, RB, Re, Ro) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 
+ 12 volt supply 
1f4 crystal! clock frequency reference output. 
Ground 
A high level input strobe loads the transmitter data (TA, TB, Te, To) 
into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 
The logic level on these inputs, as shown in Table 1, selects the 
transmitter output frequency, fT' 

This output runs at a frequency selected by the Transmitter divisor 
select data bits. 

This input is either the other pin of the crystal package or the 
other polarity of the external input. 
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COM 5026 
cOM5026T 
COM 5046 
cOM5046T 

Baud Rate Generator 
Programmable Divider 

FEATURES PIN CONFIGURATION 
o On chip crystal oscillator or external 

frequency input 
o Choice of 16 output frequencies 
o 16 asynchronous/synchronous baud rates 
o Direct UART/USRT/ASTRO/USYNRT 

compatibility 
o High frequency reference output* 
o TTL, MaS compatibility 

XTAUEXT1 11 
XTAUEXT2 21 

+5v 31 

NC 41 

GND 51 

NC 61 
+12v 71 

BLOCK DIAGRAM 

A 

B 
C 

D 

XTAL/EXT1 

XTAL 

~ ~-----4~----~ 
CLOCK 
BUFFER 

REPROGRAMMABLE 
FREQUENCY SELECT 

ROM 

DIVIDER 

'J )14 fouT 

13 A 

12 B 

11 C 

10 D 
9 ST 

8 fx/4* 

+2 fOUT 

r ---------------, 

: +4 F------~/~ 
XTAL/EXT2 

L_________ A A A 
+5v GND + 12v 

*COM 5046/T only 
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For additional information, consult your 1986 catalog or contact our product marketing department at (516) 273-3100. 

STANDARD MICROSVSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 

fRlfRi· ~1I.1·T'It'\II.ii~'~!~!!! applications: consequently complete information sufficient for construction purposes is not necessarily given. ,.\lIVI"1 The information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
35M'"",,,, ""'PO"_.' HI" assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of _ the 
15181 2133100· TWX51'·"' .... 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 ana supply the best product possible. 
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Baud Rate Generator 
Programmable Divider 

COM 8046 
cOM8046T 

FEATURES PIN CONFIGURATION 
o On chip crystal oscillator or external 

frequency input 
o Single + 5v power supply 
o Choice of 32 output frequencies 
o 32 asynchronousl synchronous baud rates 
o Direct UART IUSRT I ASTRO/USYNRT 

compatibility 
ORe-programmable ROM via CLASp® 

technology allows generation of other 
frequencies 

o TTL, MOS compatible 
o 1 X Clock via fol 16 output 
o Crystal frequency output via fx and fxl 4 

outputs 
o Output disable via FENA 

XTALlEXT1 

XTALlEXT2 

+5v 
fx 

GND 

fo/16 

FENA 

E 

BLOCK DIAGRAM 
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DIVIDER 
ROM 

DIVIDER 

275 

1 I \..J ~16 fo 

21 )15 A 

3 14 B 

4 13 C 

5 12 D 

61 11 ST 

71 ~10 fx/4 

81 9 NC 

fo 

fo/16 

fx 

fx/4 

I 



General Description 

The Standard Microsystems COM 8046 is an en
hanced version of the COM 5046 Baud Rate 
Generator. It is fabricated using SMC's patented 
COPLAMOS® and CLASp® technologies and em
ploys depletion mode loads, allowing operation from 
a single + 5v supply. 

The standard COM 8046 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 1 X, 
16X and 32X UART / USRT / ASTR.O/ USYNRT devices. 

The COM 8046 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig
nals to pins 1 and 2. Parts suitable for use only with an 
external TTL reference are marked COM 8046T. TTL 
outputs used to drive the COM 8046 or COM 8046T 
should not be used to drive other TTL inputs, as noise 
immunity may be compromised due to excessive 
loading. 

The reference frequency (fx) is used to provide two 
high frequency outputs: one at fx and the other at 
fx/4. The fx/4 output will drive one standard 7400 
load, while the fx output will drive two 74LS loads. 

The output of the oscillator/buffer is applied to the 
divider for generation of the output frequency fo. The 
divider is capable of dividing by any integer from 6 

to 219 + 1, inclusive. If the divisor is even, the output 
will be square; otherwise the output will be high 
longer than it is low by one fx clock period. The output 
of the divider is also divided internally by 16 and made 
available at the fo/16 output pin. The fo/16 output will 
drive one and the fo output will drive two standard 
7400 TTL loads. Both the fo and fo/16 outputs can be 
disabled by supplying a low logic level to the FENA 
input pin. Note that the FENA input has an internal 
pull-up which will cause the pin to rise to approx
imately Vee if left unconnected. 

The divisor ROM contains 32 divisors, each 19 bits 
wide, and is fabricated' using SMC's unique CLASp® 
technology. This process permits reduction of turn
around-time for ROM patterns. 

The five divisor select bits are held in an externally 
strobed data latch. The strobe input is level sensitive: 
while the strobe is high, data is passed directly 
through to the ROM. Initiation of a new frequency is 
effected within 3.5~s of a change in any of the five 
divisor select bits; strobe activity is not required. 
This feature may be disabled through a CLASp® pro
gramming option causing new frequency initiation to 
be delayed until the end of the current fo half-cycle 
All five data inputs have pull-ups identical to that 
of the FENA input, while the strobe input has no 
pull-up. 

Description of Pin Functions 

Pin No. Symbol Name Function 

XTALlEXT1 Crystal or This input is either one pin of the crystal package or one polarity 
External Input 1 of the external input. 

2 XTALlEXT2 Crystal or This input is either the other pin of the crystal package or the other 
External Input 2 polarity of the external input. 

3 Vee Power Supply + 5 volt supply 
4 fx fx Crystal/clock frequency reference output 
5 GND Ground Ground 
6 fo/16 fo/16 1 X clock output 
7 FENA Enable A low level at this input causes the fo and fo/16 outputs to be 

held high. An open or a high level at the FENA input enables the 
fo and fo/16 outputs. 

8 E E Most significant divisor select data bit. An open 
equivalent to a logic high. 

at this input is 

9 NC NC No connection 
10 tx/4 fx/4 1/4 crystal/clock frequency reference output. 
11 ST Strobe Divisor select data strobe. Data is sampled when this input is high, 

preserved when this input is low. 
12-15 D,C,B,A D,C,B,A Divisor select data bits. A = LSB. An open circuit at these inputs 

is equivalent to a logic high. 
16 fo to 16X clock output 

For electrical characteristics, see page 281. 
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COM 8116 
COM 8116T 
COM 8136 
COM 8136T 

Dual Baud Rate Generator 
Programmable Divider 

FEATURES PIN CONFIGURATION 
o On chip crystal oscillator or external 

frequency input 
o Single + 5v power supply 
o Choice of 2 x 16 output frequencies 
o 16 asynchronous/synchronous baud rates 
o Direct UART/USRT/ASTRO/USYNRT 

compatibility 
o Full duplex communication capability 
o High frequency reference output* 
ORe-programmable ROM via CLASp® 

technology allows generation of other 
frequencies 

o TTL, MOS compatibility 
o Compatible with COM 5016/COM 5036 
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+5v 2 
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Ro 71 
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General Description 

The Standard Microsystem's COM 8116/COM 8136 is an 
enhanced version of the COM 5016/COM 5036 Dual Baud 
Rate Generator. It is fabricated using SMC's patented 
COPLAMOS$ and CLASP$ technologies and employs 
depletion mode loads, allowing operation from a single + 5v 
supply. 

other TTL inputs, as noise immunity may be compromised 
due to excessive loading. 
The output of the oscillator/buffer is applied to the dividers 
for generation of the output frequencies fro fRo The dividers 
are capable of dividing by any integer from 6 to 219 + 1, 
inclusive. If the divisor is even, the output will be square; 
otherwise the output will be high longer than it is low by one 
fx clock period. The standard COM 8116/COM 8136 is specifically dedi

cated to generating the full spectrum of 16 asynchronousl 
synchronous data communication frequencies for 16X 
UART/USRT devices. A large number of the frequencies 
available are also useful for 1X and 32X ASTRO/USYNRT 
devices. 

The reference frequency (fx) is used to provide a high fre
quency output at fxl4 on the COM 8136/T. 
Each of the two divisor ROMs contains 16 divisors, each 19 
bits wide, and is fabricated using SMC's unique CLASP$ 
technology allowing up to 32 different divisors on custom 
parts. This process permits reduction of turn-around time 
for ROM patterns. Each group of four divisor select bits is 
held in an externally strobed data latch. The strobe input is 
level sensitive: while the strobe is high, data is passed directly 
through to the ROM. Initiation of a new frequency is effected" 
within 3.5f.Ls of a change in any of the four divisor select bits 
(strobe activity is not required). The divisor select inputs have 
pull-up resistors; the strobe inputs do not. 

The COM 8116/COM 8136 features an internal crystal oscil
lator which may be used to provide the master reference 
frequency. Alternatively, an external reference may be sup
plied by applying complementary TTL level signals to pins 
1 and 18. Parts suitable for use only with an external TTL 
reference are marked COM 8116T/COM 8136T. TTL out
puts used to drive the COM 8116/COM 8136 or COM 8116TI 
COM 8136T XTALlEXT inputs should not be used to drive 

Pin No. Symbol 

XTALlEXT1 

2 Vee 
3 fR 

4-7 RA, Rs, Re , Ro 

8 STR 

9 NC 
10 fx/4 * 
11 GND 
12 STT 

13-16 To, Te , Ts, TA 

17 fT 

18 XTALlEXT2 

*COM 8136ff only 

Description of Pin Functions 

Name 

Crystal or 
External Input 1 
Power Supply 

Receiver Output 
Frequency 

Receiver-Divisor 
Select Data Bits 
Strobe-Receiver 

No Connection 
fx/4 

Ground 
Strobe

Transmitter 

Transmitter
Divider 

Select Data Bits 
Transmitter 

Output 
Frequency 
Crystal or 

External Input 2 

Function 

This input is either one pin of the crystal package or one polarity 
of the external input. 
+ 5 volt supply 
This output runs at a frequency selected by the Receiver divisor 
select data bits. 
The logic level on these inputs, as shown in Table 1, selects the 
receiver output frequency, fRo 
A high level input strobe loads the receiver data (RA, Rs, Re , Ro) into 
the receiver divisor select register. This input may be strobed or 
hard-wired to a high level. 

V4 crystall clock frequency reference output. 
Ground 
A high level input strobe loads the transmitter data (TA' Ts, Te , To) 
into the transmitter divisor select register. This input may be 
strobed or hard-wired to a high level. 
The logic level on these inputs, as shown in Table 1, selects the 
transmitter output frequency, fT' 

This output runs at a frequency selected by the Transmitter divisor 
select data bits. 

This input is either the other pin of the crystal package or the 
other polarity of the external input. 

For electrical characteristics, see page 281. 

278 



COM 8126 
COM 8126T 
COM 8146 
COM 8146T 

Baud Rate Generator 
Programmable Divider 

FEATURES PIN CONFIGURATION 
D On chip crystal oscillator or external 

frequency input 
D Single + 5v power supply 
D Choice of 16 output frequencies 
D 16 asynchronous/synchronous baud rates 
D Direct UART/USRT/ASTRO/USYNRT 

compatibility 
D High frequency reference output* 
D Re-programmable ROM via CLASp® 

technology allows generation of other 
frequencies 

o TTL, MOS compatibility 
D Compatible with COM 5026/COM 5046 

XTAUEXT1 1 

XTAUEXT2 2 

+5v 3 

NC 4 

GND 5 

NC 61 
NC 71 

BLOCK DIAGRAM 

A 

B 
C 

D 

XTAL/EXT1 

XTAL 

~ ~----------~----------~ 
CLOCK 
BUFFER 

REPROGRAMMABLE 
FREQUENCY SELECT 

ROM 

DIVIDER 

'C:J ~14 fOUT 

)13 A 

)12 B 

]11 C 

]10 0 

)9 ST 

8 fx/4· 

... 2 fOUT 

,------------------------1 
I I 

XTAL/EXT2 

I +4 fx/4· 1 

I ~---------~ 
L __________ ~ __ J ~ A 

+5v GND 

·COM 8146/T only 
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General Description 

The Standard Microsystem's COM 8126/COM 8146 is 
an enhanced version of the COM 5026/COM 5046 Baud 
Rate Generator. It is fabricated using SMC's patended 
COPLAMOS® and CLASp® technologies and employs 
depletion mode loads, allowing operation from a single 
+5v supply. 

The standard COM 8126/COM 8146 is specifically dedi
cated to generating the full spectrum of 16 asynchronousl 
synchronous data communication frequencies for 16X 
UART/USRT devices. A large number of the frequencies 
available are also useful for 1X and 32X ASTRO/USYNRT 
devices. 

The COM 8126/COM 8146 features an internal crystal oscil
lator which may be used to provide the master reference 
frequency. Alternatively, an external reference may be sup
plied by applying complementary TTL level signals to pins 
1 and 2. Parts suitable for use only with an external TTL ref
erence are marked COM 8126T/COM 8146T. TTL outputs 
used to drive the COM 8126/COM 8146 or COM 8126T/COM 
8146T XTALlEXT inputs should not be used to drive other 
TTL inputs, as noise immunity may be compromised due to 
excessive loading. 

The output of the oscillator/buffer is applied to the divider 
for generation of the output frequency. The divider is capa
ble of dividing by any integer from 6 to 2 '9 + 1, inclusive. If 
the divisor is even, the output will be square; otherwise the 
output will be high longer than it is low by one fx clock period. 

The reference frequency (fx) is used to provide a high fre
quency output at fxl4 on the COM 8146/T. 

The divisor ROM contains 16 divisors, each 19 bits wide, 
and is fabricated using SMC's unique CLASp® technology. 
This process permits reduction of turnaround time for ROM 
patterns. The four divisor select bits are held in an exter
nally strobed data latch. The strobe input is level sensitive: 
while the strobe is high, data is passed directly through to 
the ROM. Initiation of a new frequency is affected within 
3.5iJ.s of a change in any of the four divisor select bits (strobe 
activity is not required). This feature may be disabled through 
a CLASp® programming option causing new frequency ini
tiation to be delayed until the end of the current fouT half-cycle. 
The divisor select inputs have pull-up resistors; the strobe 
input does not. 

Description of Pin Functions 

Pin No. Symbol Name Function 

XTALlEXT1 Crystal or This input is either one pin of the crystal package or one polarity 
External Input 1 of the external input. 

2 XTALlEXT2 Crystal or This input is either the other pin of the crystal package or the other 
External Input 2 polarity of the external input. 

3 Vee Power Supply + 5 volt supply 
4,6,7 NC No Connection 

5 GND Ground Ground 
8 fx/4 • fx/4 114 crystal/ clock frequency reference output. 
9 ST Strobe A high level strobe loads the input data (A, B, C, D) into the input 

divisor select register. This input may be strobed or hard-wired to 
a high level. 

10-13 D,C,B,A Divisor Select The logic level on these inputs as shown in Table 1, selects the 
Data Bits output frequency. 

14 fOUT Output This output runs at a frequency selected by the divisor select 
Frequency data bits. 

·COM 8146/T only 
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ELECTRICAL CHARACTERISTICS COM8046, COM8046T, COM8116, COM8116T, COM8126, 

MAXIMUM GUARANTEED RATINGS'" 
COM8126T, COM8136, COM8136T, COM8146, COM8146T 

Operating Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... O°C to + 70°C 
Storage Temperature Range ..................................................... - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........................ -t-325°C 
Positive Voltage on any Pin, with respect to ground . . . . . . . . . . . . . . . . . ...................... + 8.0V 
Negative Voltage on any Pin. with respect to ground ...... . ........... -0.3V 
'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

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

ELECTRICAL CHARACTERISTICS (TA=O°C to 70°C, Vcc= +5V:±:S%, unless otherwise noted) 

Par ameter 

ARACTERISTICS D.C. CH 
INPUT 

Low 
Hig 

VOLTAGE LEVELS 
-level, Vil 

h-Ievel, V,H 
UT VOLTAGE LEVELS OUTP 

Low -level, VOL 

h-Ievel, VOH Hig 
INPUl 

Low 
INPUT 

Alii 
EXT I 
POWE 

. CURRENT 
-level, III 
CAPACITANCE 

nputs, C'N 
NPUT LOAD 
R SUPPLY CURRENT 

Icc 

ARACTERISTICS A.C. CH 
CLOC 

STRO 
INPUl 

tDS 

K FREQUENCY, fiN 

BE PULSE WIDTH, tpw 
. SET-UP TIME 

INPUT HOLD TIME 

STRO BE TO NEW FREQUENCY DELAY 

STROBE 

Min. Typ. Max. Unit Comments 

0.8 V 
2.0 V excluding XTAL inputs 

0.4 V IOL = 1 .6mA, for fxl 4, fol 16 
0.4 V 10L = 3.2mA, for fo, fR' fr 
0.4 V IOL = 0.8mA, for fx 

3.5 V 10H = -100ItA; for fx, 10H = -501tA 

-0.1 mA V,N = GND, excluding XTAL inputs 

5 10 pF V'N=GND, excluding XTAL inputs 
8 10 Series 7400 equivalent loads 

'50 mA 

TA= + 25°C 
0.01 7.0 MHz XTAL/EXT, 50% Duty Cycle ±5% 

COM 8046, COM 8126, COM 8146 
0.01 5.1 MHz XTAL/EXT, 50% Duty Cycle ±5% 

COM 8116, COM 8136 

150 DC ns 

200 ns 

50 ns 
3.5 itS @ fx=5.0 MHz 

TIMING DIAGRAM 

"-'------ tpw -------1 

j..-.--------tDs ---------..1 

DIVISOR V,H 
SELECT 

DATA 
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Crystal Operation 
COM 8116 
COM 8136 

Crystal Operation 
COM 8126 
COM 8146 
COM 8046 

74XX 
TTL 

74XX 
TTL 

External Input Operation 
COM 8116/COM 8116T 
COM 8136/COM 8136T 

74XX 
TTL 

74XX-totem pole or open collector output (external 
pull-up resistor required) 

External Input Operation 
COM 8126/COM 8126T 
COM 8146/COM 8146T 
COM 8046/COM 8046T 

74XX 
TTL 

74XX-totem pole or open collector output (external 
pull-up resistor required) 

For ROM re-programming SMC has a computer program available whereby the customer 
need only supply the input frequency and the desired output frequencies. 

The ROM programming is automatically generated. 

Crystal Specifications 
User must specify termination (pin, wire, other) 

Prefer: HC-18/U or HC-25/U 
Frequency - 5.0688 MHz, AT cut 

Temperature range O°C to 70°C 

Series resistance <50 n 
Series Resonant 

Overall tolerance:!: .01 % 

or as required 
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Crystal manufacturers (Partial List) 

Northern Engineering Laboratories 
357 Beloit Street 
Burlington, Wisconsin 53105 
(414) 763-3591 
BuloV8 Frequency Control Products 
61-20 Woodside Avenue 
Woodside, New York 11377 
(212) 335-6000 
CTS KnIghts Inc. 
101 East Church Street 
Sandwich. Illinois 60548 
(815) 786-8411 
Crystek Crystals Corporation 
1000 Crystal Drive 
Fort Myers. Florida 33901 
(813) 936-2109 



Divisor Desired 
Select Baud 
EDCBA Rate 
00000 50.00 
00001 75.00 
00010 110.00 
00011 134.50 
00100 150.00 
00101 200.00 
00110 300.00 
00111 600.00 
01000 1200.00 
01001 1800.00 
01010 2400.00 
01011 3600.00 
01100 4800.00 
01101 7200.00 
01110 9600.00 
01111 19200.00 
10000 50.00 
10001 75.00 
10010 110.00 
10011 134.50 
10100 150.00 
10101 300.00 
10110 600.00 
10111 1200.00 
11000 1800.00 
11001 2000.00 
11010 2400.00 
11011 3600.00 
11100 4800.00 
11101 7200.00 
11110 9600.00 
11111 19200.00 

COM 8046 
cOM8046T 

Table 2 
REFERENCE FREQUENCY = 5.068800MHz 

Desired Actual 
Clock Frequency Baud 
Factor (KHz) Divisor Rate 

32X 1.60000 3168 50.00 
32X 2.40000 2112 . 75.00 
32X 3.52000 1440 110.00 
32X 4.30400 1177 134.58 
32X 4.80000 1056 150.00 
32X 6.40000 792 200.00 
32X 9.60000 528 300.00 
32X 19.20000 264 600.00 
32X 38.40000 132 1200.00 
32X 57.60000 88 1800.00 
32X 76.80000 66 2400.00 
32X 115.20000 44 3600.00 
32X 153.60000 33 4800.00 
32X 230.40000 22 7200.00 
32X 307.20000 16 9900.00 
32X 614.40000 8 19800.00 
16X 0.80000 6336 50.00 
16X 1.20000 4224 75.00 
16X 1.76000 2880 110.00 
16X 2.15200 2355 134.52 
16X 2.40000 2112 150.00 
16X 4.80000 1056 300.00 
16X 9.60000 528 600.00 
16X 19.20000 264 1200.00 
16X 28.80000 176 1800.00 
16X 32.00000 158 2005.06 
16X 38.40000 132 2400.00 
16X 57.60000 88 3600.00 
16X 76.80000 66 4800.00 
16X 115.20000 44 7200.00 
16X 153.60000 33 9600.00 
16X 307.20000 16 19800.00 
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Actual 
Frequency 

(KHz) Deviation 
1.600000 0.0000% 
2.400000 0.0000% 
3.520000 0.0000% 
4.306542 0.0591 % 
4.800000 0.0000% 
6.400000 0.0000% 
9.600000 0.0000% 

19.200000 0.0000% 
38.400000 0.0000% 
57.600000 0.0000% 
76.800000 0.0000% 

115.200000 0.0000% 
153.600000 0.0000% 
230.400000 0.0000% 
316.800000 3.1250% 
633.600000 3.1250% 

0.800000 0.0000% 
1.200000 0.0000% 
1.760000 0.0000% 
2.152357 0.0166% 
2.400000 0.0000% 
4.800000 0.0000% 
9.600000 0.0000% 

19.200000 0.0000% 
28.800000 0.0000% 
32.081013 0.2532% 
38.400000 0.0000% 
57.600000 0.0000% 
76.800000 0.0000% 

115.200000 0.0000% 
153.600000 0.0000% 
316.800000 3.1250% 
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STANDARD MICROSYSTEMS 
CORPORATION~ 

COM 8116T 

Transmltl 
Racelve 
Address 

D C B A 

0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

Baud Rate Generator Output 
Frequency Options 

COM 8116T·013 COM 8116T·OO3 
CRYSTAL FREQUENCY = 2.76480 MHz CRYSTAL FREQUENCIES = 6.01835 MHz 

Transmltl 
Theoretical Actual g~~ra Receive Theoretical Actual g~~ra Baud Frequency Frequency Percent Address Baud Frequency Frequency Percent 

Rate 16XCIock 16XCIock Error % Divisor D C B A Rate 16X Clock 16XCIock Error % 

50 0.8 KHz 0.8 KHz 0 50/50 3456 0 0 0 0 50 0.8 KHz 799.9l1z 0 50/50 
75 1.2 1.2 0 50/50 2304 0 0 0 1 75 1.2 1200.0 0 50/50 

110 1.76 1.76 -.006 50/50 1571 0 0 1 0 110 1.76 1759.7 0 50/50 
134.5 2.152 2.152 -.019 50/50 1285 0 0 1 1 134.5 2.152 2151.7 0 50/50 
150 2.4 2.4 0 50/50 1152 0 1 0 0 150 2.4 2399.6 0 50/50 
200 3.2 3.2 0 50/50 864 0 1 0 1 200 3.2 3199.5 0 50/50 
300 4.8 4.8 0 50/50 576 0 1 1 0 300 4.8 4799.3 0 50/50 
600 9.6 9.6 0 50/50 288 0 1 1 1 600 9.6 9598.6 0 50/50 

1200 19.2 19.2 0 50/50 144 1 0 0 0 1200 19.2 19227.9 +0.14 50/50 
1800 28.8 28.8 0 50/50 96 1 0 0 1 1800 28.8 28795.9 0 50/50 
2000 32.0 32.149 +.465 50/50 86 1 0 1 0 2000 32.0 32012.5 0 50/50 
2400 38.4 38.4 0 50/50 72 1 0 1 1 2400 38.4 38333.4 -0.17 50/50 
3600 57.6 57.6 0 50/50 48 1 1 0 0 3600 57.6 57868.7 +0.46 50/50 
4800 76.8 76.8 0 50/50 36 1 1 0 1 4800 76.8 77158.3 +0.46 50/50 
9600 153.6 153.6 0 50/50 18 1 1 1 0 9600 153.6 154316.6 +0.46 50/50 

19,200 307.2 307.2 0 44/56 9 1 1 1 1 )9,200 307.2 300917.5 2.04 50/50 

COM 8116T·013A 
CRYSTAL FREQUENCY-5,52960 MHz 

Transmltl 
Receive Theoretical Actual g~~ra Address Baud Frequency Frequency Percent 

D C B A Rate 16X Clock 16XCIock Error % Divisor 

0 0 0 0 100 1.6KHz 1.6KHz 0 50/50 3456 
0 0 0 1 150 2.4 2.4 0 50/50 2304 
0 0 1 0 220 3.52 3.5197 -.006 50/50 1571 
0 0 1 1 269 4.304 4.3032 -.019 50/50 1285 
0 1 0 0 300 4.8 4.8 0 50/50 1152 
0 1 0 1 400 6.4 6.4 0 50/50 864 
0 1 1 0 600 9.6 9.6 0 50/50 576 
0 1 1 1 1200 19.2 19.2 0 50/50 288 
1 0 0 0 2400 38.4 38.4 0 50/50 144 
1 0 0 1 3600 57.6 57.6 0 50/50 96 
1 0 1 0 4000 64.0 64.298 +.466 50/50 86 
1 0 1 1 4800 76.8 76.8 0 50/50 72 
1 1 0 0 7200 115.2 115.2 0 50/50 48 
1 1 0 1 9600 153.6 153.6 0 50/50 36 
1 1 1 0 19,200 307.2 307.2 0 50/50 18 
1 1 1 1 38.400 614.8 614.8 0 44/56 9 
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Divisor 

7523 
5015 
3420 
2797 
2508 
1881 
1254 
627 
313 
209 
188 
157 
104 
78 
39 
20 



~ ~ 
fR 

RCP RSI 

COM 8017 
DUAL 

BAUD RATE GENERATOR 
COM 2017 

UART 

fT 
TCP TSO 

t I 
Typical UART -Dual Baud Rate Generator Configuration 

Full Duplex-Split Speed 

Typical ASTRO-Baud Rate Generator Configuration 

,...------1 D t------, 
R R 

Typical External Oscillator Hook·Up 

XTALlExn 

COM 8XXX 

XTALlEXT2 

Generation of Communication Reference Frequency and 
System Clock from a single crystal 

R. 

R, 

R, 

DB 

DO 

BA I-----~TSO 

COM 1671 
ASTRO 

BB .... -----RSI 

>O-----I~ XTALI EXT1 

"'~---'- XTAL/EXT2 

...... -----~ To System 

+v 

-v 

To System 

L-.-n'IU,-..no::.,-.. alll/""l"'llo~~~~all~ Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 

•
•••••• ClPplications: 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 
"M,,,","" "."1""':" '''88 assl!med for inacc;:uracies. furtherm<?re. such information d<?es not convey to the purchaser of the 
15'61 m·lIllO wx 10 117 .... 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 ana supply the best product possible. 
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COM 8156 
COM 8156T 

PRELIMINARY 

Dual Baud Rate Generator 
Programmable Divider 

FEATURES 
o On chip crystal oscillator or external frequency input 

o High crystal/clock frequency operation 

o Choice of 2 x 16 output frequencies 

o 16 asynchronous/synchronous baud rates 

o High frequency reference outputs 

o Direct UART/USRT/ASTRO/USYNRT compatibility 

o Full duplex communication capability 

ON-channel silicon gate technology 

o Single + 5v power supply 

o TTL, MaS compatibility 

ORe-programmable ROM technology allows generation 
of other frequencies 

BLOCK DIAGRAM 

T. 
Tb 
Tc 
Td 

XTAU 
0 EXT 1 
S 
C 
I 
L 
L 
A 
T 
0 

XTAU R 
EXT2 

STR 
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PIN CONFIGURATION 

Rb 

Re 

Rd 

STR 

XTAL2 

fo/4 

GND 

STT 

Td 

1 
2 
3 
4 
5 
6 
7 

8 
9 

BUFFER 

BUFFER 

+5V~ 
GlND 

18 
17 
16 
15 
14 
13 
12 
11 
10 

Ra 
fR 
Vee 

XTAL, 

fo 

fT 
Ta 

Tb 

Te 

fr 

fo 

fo -:- 4 

fA 



GENERAL DESCRIPTION 

The Standard Microsystem's COM8156 is a dual baud rate 
generator that operates at twice the crystal/clock frequency 
of the COM8116/36. It is fabricated using SMC's patented 
COPLAMOS ™ technology and employs depletion mode 
loads allowing operation from a single + 5V supply. 

The output of the oscillator/buffer is applied to the dividers 
for generation of the output frequencies h, fRo The dividers 
are capable of dividing by an integer from 6 to 219 + 1, inclu
sive. If the divisor is even, the output will be square; other
wise the output will be high longer that it is low by one fa 
clock period. The standard COM8156 is specifically dedicated to gen

erating the full spectrum of 16 asynchronous/synchronous 
data communication frequencies for 16X UART/USRT 
devices. A large number of the frequencies available are 
also useful for 1 X and 32X ASTRO/USYNRT devices. 

The crystal frequency is divided by two to give (fa) and again 
by four to give (fo/4)' The transmit (fT) and receive (fR) fre
quencies are obtained by dividing (fa) by N. Up to 32 differ
ent divisors can be mask-programmed on custom parts to 
accommodate different crystal frequencies and divider 
schemes. Each group of four divisor select bits is held in an 
externally strobed data latch. The strobe input is level sen
sitive: while the strobe is high, data is passed directly through 
to the ROM. Initiation of a new frequency is effected within 
3.5us of a change in any of the four divisor select bits (strobe 
activity is not required). The divisor select bits (strobe activ
ity is not required). The divisor select inputs and the strobe 
inputs have pull-up resistors. 

The COM8156 features an internal crystal oscillator which 
may be used to provide the master reference frequency. 
Alternatively, an external reference may be supplied by 
applying complementary TTL level signals to pins 1 and'9. 
Parts suitable for use only with an external TTL reference 
are marked COM 8156T. TTL outputs used to drive the 
COM8156 or COM8156T XTAUEXT inputs should not be 
used to drive other TTL inputs, as noise immunity may be 
compromised due to excessive loading. 

DESCRIPTION OF PIN FUNCTIONS 

PIN NO. SYMBOL NAME FUNCTION 
15 XTAUEXT 1 CrYstal This input receives one pin of the crystal package. 

16 Vee Power Supply + 5 Volt Supply. 
17 fR Receiver Output This output runs at a frequency selected by the Receiver 

Address Inputs. 
18 Ra Ab Re, Rd Receiver The logic level on these inputs as shown in Table 1, selects 
1-3 Divisor Select the receiver output frequency, fRo 

Address 
4 STR Strobe-Receiver A high-level input strobe loads the receiver address (Ra, Rb, 

Address Re, Rd ) into the receiver address register. This input may be 
strobed or hard wired to + 5V. 

5 XTAUEXT2 Crystal This input receives one pin of the crystal package. 

6 fO/4 Oscillator This output runs at a frequency selected by the crystal -;- 8. 
Output 

7 GND Ground Ground 
1---

8 STT Strobe-Transmitter A high-level input strobe loads the transmitter address (Ta,. 
Address Tb, Te, Td) into the transmitter address register. This input 

may be strobed or hard wired to + 5V. 
9-12 Td Te, Tb Ta Transmitter The logic level on these inputs, as shown in Table 1, selects 

Divisor Select the transmitter output frequency, fT' 
Address 

13 fT Transmitter This output runs at a frequency selected by the Transmitter 

1---
Output Frequency Address inputs. 

14 fo Oscillator This output runs at a frequency selected by the crystal -;- 2. 
Output Frequency --
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ELECTRICAL CHARACTERISTICS COM8156, COM8156T 

MAXIMUM GUARANTEED RATINGS· 

Operating Temperature Range ...................................................................... O°C to + 70°C 
Storage Temperature Range ..................................................................... - 55° to + 150°C 
Lead Temperature (soldering, 10 sec.) .................................................................... + 325°C 
Positive Voltage on any Pin, with respect to ground .......................................................... + 8.OV 
Negative Voltage on any Pin, with respect to ground ......................................................... - 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 speci
fication is not implied. 

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

ELECTRICAL CHARACTERISTICS (T A = O°C to 70°C, V cc = + 5V ± 5%, unless otherwise noted) 

PARAMETER MIN TYP MAX UNIT COMMENTS 

DC CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low Level VIL 0.8 V 
High Level VIH 2.0 V excluding XTAL inputs 

OUTPUT VOLTAGE LEVELS 
Low Level VOL 0.4 V 10L = 1.6 mA, for fO/4 

0.4 V 10L = 3.2 mA, for fR, fT 
High Level VOH 0.5 V 10L = 3.2 mA, for fa 

2.4 V 10H = -100 /-LA 

INPUT CURRENT 

- - ---~-

Low-level, IlL -0.1 mA VIN = GND, excluding XTAL inputs 

INPUT CAPACITANCE 
All inputs, CIN 5 10 pF VIN = GND, excluding XTAL inputs 

EXT INPUT LOAD 8 10 Series 7400 equivalent loads 

POWER SUPPLY CURRENT 
ICG 60 mA _._---

AC CHARACTERISTICS 
CLOCK FREQUENCY, fiN 5.0 1"1.0 MHz XTAUEXT, 50% Duty Cycle ± 5% 

STROBE PULSE WIDTH, tpw 150 DC ns 
INPUT SET-UP TIME 

tDS 50 ns --
INPUT HOLD TIME 

TcoH 50 ns 

STROBE TO NEW FREQ. DELAY 3.5 /-Ls 
OUTPUT CLOCKS DUTY CYCLE 

fa 40 60 % @! 1.5V LEVEL 
fO/4 45 55 % (ci) 1.5VLEVEL 
fA, fT 48 52 % (W 1.5V LEVEL 

CRYSTAL CHARACTERISTICS 

I I I I 
Series Crystal Resistance 30 70 @J Resonance 
Crystal Shunt Capacitance 2 5 10 pf 
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TIMING DIAGRAM 1 .. 1(1(----- t,pw -------J~ 

STROBE 

DIVISOR 
SELECT 

DATA 

.7V 

Baud Rate Generator Output Frequency Options 
COMS1S6/COMS1S6T (16X clock) ,--C-O-M-S-1-S-S-.0-0-S-/-C-O-M-S-1-S-6-T-.0-0-S-------:-(1""S:C:CX-c-l-o-c-=-k-=-)--' 

CRYSTAL FREQUENCY = 10.1376 MHz CRYSTAL FREQUENCY = 9.S304 MHz 
Tr'mltlRecelve 

Address Baud 
DCBARate 
000050 
o 0 0 1 75 
o 0 1 0 110 
o 0 1 1 134.5 
o 1 0 0 150 
o 1 0 1 300 
o 1 1 0 600 
o 1 1 1 1200 
1 0 0 0 1800 
10012000 
1 0 1 0 2400 
10113600 
11004800 
1 1 0 1 7200 
1 1 1 0 9600 
1 1 1 1 19.200 

~~:g~~~~~ Fr:~~~~cy Percent g:~re 
16X Clock 16X Clock Error % DIvisor 

0.8 KHz 0.8 KHz - 50/50 6336 
1.2 1.2 50/50 4224 
1 .76 1 .76 50/50 2880 
2.152 2.1523 0.016 50/50 2355 
2.4 2.4 50/50 2112 
4.8 4.8 50/50 1056 
9.6 9.6 50/50 528 

19.2 19.2 50/50 264 
28.8 28.8 50/50 176 
32.0 32.081 0.253 50/50 158 
38.4 38.4 50/50 132 
57.6 57.6 50/50 88 
76.8 76.8 50/50 66 

115.2 115.2 50/50 44 
153.6 153.6 48/52 33 
307.2 316.8 3.125 50/50 16 

Crystal Operation 

74XX 
TTL 

Tr'mltlRecelve 
Address Baud 

DCBARate 
000050 
o 0 0 1 75 
o 0 1 0 110 
o 0 1 1 134.5 
o 1 0 0 150 
0101300 
o 1 1 0 600 
o 1 1 1 1200 
1 0 0 0 1800 
1 0 0 1 2000 
1 0 1 0 2400 
1 0 1 1 3600 
1 1 0 0 4800 
1 1 0 1 7200 
1 1 1 0 9600 
1 1 1 1 19.200 

~~:g~~~~~ Fr:~~~~cy Percent g:~re 
16X Clock 16X Clock Error % Divisor 

0.8 KHz 
1.2 
1.76 
2.152 
2.4 
4.8 
9.6 

19.2 
28.8 
32.0 
38.4 
57.6 
76.8 

115.2 
153.6 
307.2 

0.8 KHz - 50/50 6144 
1 .2 50/50 4096 
1.7589 -0.01 • 2793 
2.152 50/50 2284 
2.4 50/50 2048 
4.8 50/50 1024 
9.6 50/50 512 

19.2 50/50 256 
28.7438 -0.19 * 171 
31.9168 - 0.26 50/50 154 
38.4 50/50 128 
57.8258 0.39' 85 
76.8 50/50 64 

114.306 -0.77 * 43 
153.6 50/50 32 
307.2 50/50 16 

External Input Operation 

74XX-totem pole or open collector output (external 
pull-up resistor required) 

I For ROM re-programming SMC has a computer program available whereby the customer 
need only supply the input frequency and the desired output frequencies. 

The ROM programming is automatically generated. 

Crystal Specifications 
User must specify termination (pin, wire, other) 

Prefer: HC-18/U or HC-25/U 
Frequency: 10.1376 MHz, AT cut 

Temperature range O°C to 70°C 
Series resistance <50 n 

Series Resonant 
Overall tolerance ± .01 % 

or as required 

Crystal manufacturers (Partial List) 
Northern Engineering Laboratories 
357 Beloit Street 
Burlington, Wisconsin 53105 
(414) 763-3591 
Bulova Frequency Control Products 
61-20 Woodside Avenue 
Woodside, New York 11377 
(212) 335-6000 

CTS Knights Inc. 
101 East Church Street 
Sandwich, Illinois 60548 
(815) 786-8411 
Crystek Crystals Corporation 
1000 Crystal Drive 
Fort Myers, Florida 33901 
(813) 936-2109 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; coni?equently 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 rig hts of SMC or others. SMC reserves the rig ht to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION 

COM81C66 
COM81C67 
COM81C68 

PRELIMINARY 

Universal Rate Generator and Timer 
FEATURES 
o Three independent 20 bit programmable counters 
o All counters are cascadeable 
o Clock input up to 16 MHz 
o Square wave, pulse, one shot modes of operation 
o Input clock prescalers divide by 2, 32, or 64 
D Low power CMOS 
D 8 and 16 D.l.P. packages 
o Crystal or TIL frequency source 
D Single +5 Volt power supply 

GENERAL DESCRIPTION 
The TIMER chip is a device designed to provide a 

convenient and inexpensive solution to applications 
requiring programmable multiple clock divider sources. The 
source 'frequency can be either an internal crystal controlled 
oscillator, or an external TIL signal. The TIMER consists of a 
data input portion, a register addressing block and three 
counter blocks. 

The Counter blocks are accessed and programmed 
independently and they can be configured to operate in 
various modes simultaneously. 

The TIMER chip serves a broad range of applications 
some of which are: programmable rate generation, pulse 
generation, motor control, real time clock, interrupt 
applications and others. 

DATA BUS 

~~------~----~ 

vee 

GND 
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PIN CONFIGURATIONS 

COM81C66 -16 PIN VERSION 

00 
01 
02 
es 

RATE1 
03 
04 

GNO 

Vee 
XTAl1 
XTAl2 
RATE3 
RATE2 
07 
06 
05 

COM81C67 - CRYSTAL OSCILLATOR VERSION ODDs Vee es 2 7 XTAl1 
RATE1 3 6 XTAl2 

GNO 4 5 RATE2 

COM81C68 - TIL CLOCK VERSION ODDs Vee 
es 2 7 elK 

RATE1 3 6 RATE3 
GNO 4 5 RATE2 

AATE1 

I 



TABLE 1 - COM81C67 AND COM81C68, DESCRIPTION OF PIN FUNCTIONS 

The COM81 C67 and COM81 C68 are two eight pin versions of the TIMER chip. The COM81 C68 is a TTL clock input 
only and the COM81 C67 is a crystal oscillator pin connection. 

PIN NO. 

81C68 81C67 SYMBOL TYPE NAME AND FUNCTION 

1 1 DO I DATA BUS-This input only pin is used to program and initialize the Timer. 

3 3 RATE1 0 RATE OUTPUT-These outputs will supply the programmable rate outputs 
5 5 RATE2 according to the mode and preload on the specified Timer Block. 
6 RATE3 

2 2 CHIP SELECT -A low level on this input enables the processor to write to the 
CS I TIMER. When CS is high, the Data input pin is high impedance. 

- 7,6 XTAL1 CRYSTAL-An external crystal is connected to these pins on the COM81 C67. 
XTAL2 I An external TTL clock can be used on pin 7. Pin 8 must be left floating open. 

7 - CLK I CLOCK-This is a TTL clock input used as the main clock for the COM81 C68. 

8 8 VCC I POWER-This is a +5V power supply. 

4 4 GND - GROUND 

TABLE 2 - COM81 C66, DESCRIPTION OF PIN FUNCTIONS 

The COM81 C66 is a sixteen pin version with an internal crystal oscillator. 

PIN NO. SIGNAL TYPE NAME AND FUNCTION 
81C66 

1-3 DATA BUS-The Timer is programmed by write operations via the Data Bus. 
6,7 00-07 I 

9-11 

5 RATE1 RATE OUTPUT -This output will supply the programmable rate output according to 
12 RATE2 0 the mode and preload on the specified Timer Block. 
13 RATE3 

4 CHIP SELECT -A low level on this input enables the processor to write to the 
CS I TIMER. When CS the Data input(s) are don't cares. 

15 XTAL1 I CRYSTAL-An external crystal is connected to these pins on the COM81 C66. An 
14 XTAL2 external TTL clock can be used on XTAL 1. 

16 VCC - POWER-There is a +5V power supply. 

8 GND - GROUND 

STANDARD MICROSVSTEMS Circuit diagrams utilizing SMC p.roducts ~re incl~ged as a means <;>f illustrating ~ypical semico~duc.tor appli-

CORPOR "TtON ..... , cations: consequently complete Information s.ufflcl~nt for construc~lon purposes IS not necessarily glv~~ .. T~e 
"'\1 III!I information has been carefully checked and IS believed to be entirely reliable. However, no responsibility IS 

3S ..... WlBWd._.NY \1788 assumed for Inaccuracies. Furthermore, such information does not convey to the purchaser of the semicon-
(5"1273·3.00 TWXSI0227·8aaa duetor 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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Display Products 
TIM~GCO~ROLLEBS 

TERM~AL LOGIC CONTROLLERS 

(l)MBiY' be custom. mask programmed 
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.""",... Display Products CONT. 

(I 1MBiY be custom mask programmed 

o:a.T900e~e3 
oaT 9006.136 
caT 9212 

CaT 9<4;012 

VDAC'· DISPLAr CONTROLLERS 

(3lAlso available as CRT8002A, B, C-001 Katakana 
CRT8002A, B, C-003, -018 6 x 7 dot matrix 

VIDEO~TBZBUTESCOmTBOLLERS 

Alphanumeric, wide 
and thin graphics, 4 
atirsor modes, double 
he1ghtlwidth, 12 bit 
shiftre lster 

ROW BUFFER 

136oharaotars 
136 ohaI'acters 

136 oharaoters 

VT100 and VT220 are registered trademarks ofD1g1tal Equipment Corp. 
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STANDARD MICROSYSTEMS 
CORPORATION 

CRT 5027 
CRT 5037 
CRT 5057 

CRT Video Timer and Controller 
VTAC® 

FEATURES 
o Fully Programmable Display Format 

Characters per data row (1-200) 
Data rows per frame (1-64) 
Raster scans per data row (1-16) 

o Programmable Monitor Sync Format 
Raster Scans/ Frame (256-1023) 
"Front Porch" 
Sync Width 
"Back Porch" 
I nterlace/ Non-I nterlace 
Vertical Blanking 

o Lock Line Input (CRT 5057) 
o Direct Outputs to CRT Monitor 

Horizontal Sync 
Vertical Sync 
Composite Sync (CRT 5027, CRT 5037) 
Blanking 
Cursor coincidence 

o Programmed via: 
Processor data bus 
External PROM 
Mask'Option ROM 

o Standard or Non-Standard CRT Monitor Compatible 
o Refresh Rate: 60Hz, 50Hz, ... 
o Scrolling 

Single Line 
Multi-Line 

o Cursor Position Registers 
o Character Format: 5x7, 7x9, ... 
o Programmable Vertical Data Positioning 
o Balanced Beam Current Interlace (CRT 5037) 
o Graphics Compatible 

PIN CONFIGURATION 

A2 [ 1 
\,..,/ 

40 ] A1 
A3[ 2 39 J A0 
CS [ 3 38 J H0 
R3 [ 4 37 ~ H1 
R2 [ 5 36 tJ H2 

GND [ 6 35 ~ H3 
R1 ( 7 34 P H4 
R0 [ 8 33 ~ H5 
i5S( 9032 P H6 

LLl/CSYN [ 10 31 pH7/DR5 
VSYN'[ 11 30 pDR4 

DCC [ 12 29 P DR3 
Voo [ 13 28 P DR2 
Vee [ 14 27 P DRl 

HSYN. [ 15 26 DR0 
CRY [ 16 25 OB¢ 

BL[ 17 24 DBl 
DB7[ 18 23 DB2 
DB6 [ 19 22 DB3 
DB5 [ 20 21 DB4 

PACKAGE: 40-Pin D.I.P. 

o Spilt-Screen Applications 
Horizontal 
Vertical 

o Interlace or Non-Interlace operation 
o TTL Compatibility 
o BUS Oriented 
o High Speed Operation 
o COPLAMOS"" N-Channel Silicon 

Gate Technology 
o Compatible with CRT 8002 VDACTM 
o Compatible with CRT 7004 

GENERAL DESCRIPTION 
The CRT Video Timer and Controller Chip (VTAC)® is a user programmable 40-pin COPLAMOS® n channel MOS/LSI 

device containing the logic functions required to generate all the timing signals for the presentation and formatting of 
interlaced and non-interlaced video data on a standard or non-standard CRT monitor. 

With the exception of the dot counter, which may be clocked at a video frequency above 25 MHz and therefore not 
recommended for MOS implementation, all frame formatting, such as horizontal, vertical, and composite sync, characters 
per data row, data rows per frame, and raster scans per data row and per frame are totally user programmable. Thedata row 
counter has been designed to facilitate scrolling. 

Programming is effected by loading seven 8 bit control registers directly off an 8 bit bidirectional data bus. Four register 
address lines and a chip select line provide complete microprocessor compatibility for program controlled set up. Thedevice 
can be "self loaded" via an external PROM tied onthedata bus as described intheOPERATION section. Formatting canalso 
be programmed by a single mask option. 

In addition to the seven control registers two additional registers are provided to store the cursor character and data 
row addresses for generation of the cursor video signal. The contents of these two registers can also be read out onto the 
bus for update by the program. 

Three versions of the VTAC® are available. The CRT 5027 provides non-interlaced operation with an even or odd 
number of scan lines per data row, or interlaced operation with an even number of scan lines per data row. The CRT 5037 
may be programmed for an odd or even number of scan lines per data row in both interlaced and non-interlaced modes. 
Programming the CRT 5037 for an odd number of scan lines per data row eliminates character distortion caused by the 
uneven beam current normally associated with odd field/even field interlacing of alphanumeric displays. 

The CRT 5057 provides the ability to lock a CRT's vertical refresh rate, as controlled by the VTAC's® vertical sync 
pulse, to the 50 Hz or 60 Hz line frequency thereby eliminating the so called "swim" phenomenon. This is particularly 
well suited for European system requirements. The line frequency waveform, processed to conform to the VTAC's® 
specilfied logic levels, is applied to the line lock input. The VTAC® will inhibit generation of vertical sync until a zero to 
one transition on this input is detected. The vertical sync pulse is then initiated within one scan line after this transition 
rises above the logic threshold of the VTAC.® 

To provide the pin required for the line lock input, the composite sync output is not provided in -the CRT 5057. 
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For additional information, consult your 1986 SMC catalog or contact our product marketing department at (516) 273-3100. 

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

CORPOR I\TII"\I\I applications: consequently complete information sufficient for construction purposes is not necessarily given. 
1'\1 IVI... The information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 

1~'~)"\",'J8i;:oH.'"~X'51ON,~,';;:: 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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CRT 5047 

Preprogrammed CRT Video Timer and Controller 
VTAC® 

FEATURES PIN CONFIGURATION 
o Preprogrammed (Mask-Programmed) Display Format 

BO Characters Per Data Row 
24 Data Rows Per Frame 
9 Scan Lines Per Data Row 

o Preprogrammed Monitor Sync Format 
262 Scan Lines Per Frame 
6 Character Times for Horizontal Front Porch 
B Character Times for Horizontal Sync Width 
6 Character Times for Horizontal Back Porch 
16 Scan Lines for Vertical Front Porch 
3 Scan Lines for Vertical Sync Width 
27 Scan Lines for Vertical Back Porch 
Non-Interlace 
15.720KHz Horizontal Scan Rate 
60Hz Frame Refresh Rate 

o Fixed Character Rate 
1.572MHz Character Rate (636.13ns/Character) 
11.004MHz Dot Rate (90.BBns/Dot) for 7 Dot 

Wide Character Block 
o Character Format 

5 X 7 Character in a 7 X 9 Block 
o Compatible with CRT B002B-003 VDAC™ 
o Compatible with CRT 7004B-003 

A2 A1 

A3 ArJ 

CS HrJ 

R3 H1 

R2 H2 

GND H3 

R1 H4 

RrJ H5 

158 H6 

CSYN H7/DR5 

VSYN DR4 

DCC DR3 

Voo DR2 

Vee DR1 

HSYN DRrJ 

CRV DBrJ 

BL DB1 

DB7 DB2 

DB6 DB3 

DB5 DB4 

PACKAGE: 40-pin D.I.P. 

o May be mask-programmed with other display formats 

GENERAL DESCRIPTION 

The two chip combination of SMC's CRT 5047 and 
CRT 8002B-003 effectively provide all of the video elec
tronics for a CRT terminal. This chip set along with a 
pC form the basis for a minimum chip count CRT 
terminal. 

The CRT 5047 Video Timer and Controller is a special 
version of the CRT 5037 VTAC® which has been ROM
programmed with a fixed format. It is especially effective 
for low-cost CRT terminals using an 80 X 24 display 
format with a 5 X 7 character matrix. The use of a fixed 
ROM program in the CRT 5047 eliminates the software 
overhead normally required to specify the display 
parameters and simplifies terminal software design. 

The Cursor Character Address Register and the Cursor 
Row Address Register are the only two registers acces-
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sible by the processor. The CRT 5047 is easily initialized 
by the following sequence of commands: 

Reset Load Control Register 6 Start Timing Chain 

The parameters of the CRT 5047 have been selected to 
be compatible with most CRT monitors. The horizontal 
timing is programmed so that when the two character 
skew delay of the CRT 8002 VDACTM is taken into account, 
the effective timing is: Horizontal Front Porch -four 
characters, and Horizontal Back Porch-eight characters. 

Figure 1 shows the contents of the internal CRT 5047 
registers. Other mask-programmed versions of the CRT 
5037 are available. Consult SMC for more information. 

I 



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

Circuit diagrams utilizing SMCproducts are included as a means of illustrating typical semiconductor 
1i~!~!!!~iiiiiiiiii c:lpplications: consequently complete information sufficient for construction purposes is not necessarily !;Jiven. 
~ The information has been carefully checked and is believed to be entirely reliable. However, no responsiollity is 

"_usBMf._HYI1788 assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the 
(516)273·3IOO·1WJ(·5Iom8a98 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 ana supply the best product possible. 
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CRT 7220A 
CRT 7220A-1 
CRT 7220A-2 

High-Performance 
Graphics Display Controller 

FEATURES 
D Microprocesser Interface 

DMA transfers with 8257- or 8237-type controllers 
FIFO Command Buffering 

D Display Memory Interface 
Up to 256K words of 16 bits 
Read-Modify-Write (RMW) Display Memory cycles 
as fast as 500ns 
Dynamic RAM refresh cycles for non accessed memory 

D Light Pen Input 
D External video synchronization mode 
D Graphics Mode 

Four megabit, bit-mapped display memory 
D Character Mode 

8K character code and attributes display memory 
D Mixed Graphics and Character Mode 

64K if all characters 
1 megapixel if all graphics 

D Graphics Capabilities 
Figure drawing of lines, arc/circles, rectangles, and 
graphics characters in 500ns per pixel 
Display 1 024-by-1 024 pixels with 4 planes of color 
or grayscale 
Two independently scroll able areas 

D Character Capabilities 
Auto cursor advance 
Four independently scroll able areas 
Programmable cursor height 
Characters per row: up to 256 
Character rows per screen: up to 100 

PIN CONFIGURATION 

2xWCLK 40 Vee 
1J9Tf\J 39 A17 

HSYNC 3 38 A16 
V/EXTSYNC 4 37 AD1S 

BLANK 36 AD14 
ALE 35 AD13 

DRO 7 34 AD12 
'IjA'C"R 33 AD11 

RO 32 AD10 
WFi 10 31 AD9 

AO 11 30 AD8 
DBO 12 29 AD7 
DB1 13 28 AD6 
DB2 14 27 ADS 
DB3 15' 26 AD4 
DB4 16 25 AD3 
DB5 17 24 AD2 
DB6 18 23 AD1 
DB7 19 22 ADO 

GND 20 21 LPEN/OH 

PACKAGE: 4Q-pin D.I.P. 

D Video Display Format 
Zoom magnification factors of 1 to 16 
Panning 
Command-settable video raster parameters 

D Technology 
D Single + 5 volt Power Supply 
D COPLAMOS® n-Channel Silicon Gate Technology 
D DMA Capability 

Bytes or word transfers 
4 clock periods per byte transferred 

GENERAL DESCRIPTION 

The CRT 7220A High-performance Graphics Display Con
troller (HGDC) is an intelligent microprocessor peripheral 
designed to be the heart of a high-performance raster-scan 
computer graphics and character display system. Posi
tioned between the video display memory and the micro
processor bus, the HGDC performs the tasks needed to 
generate the raster display and manage the display mem
ory. Processor software overhead is minimized by the 
HGDC's sophisticated instruction set, graphics figure 
drawing, and DMA transfer capabilities. The display'mem
ory supported by the HGDC can be configured in any num
ber of formats and sizes up to 256K 16-bit words. The display 
can be zoomed and panned, while partitioned screen areas 
can be independently scrolled. With its light pen input and 
multiple controller capability, the HGDC is ideal for advanced 
computer graphics applications. 

The HGDC is designed to work with a general purpose 
microprocessor to implement a high-performance com-
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puter graphics system. Through the division of labor estab
lished by the HGDC's design, each of the system 
components is used to the maximum extent through a six
level hierarchy of simultaneous tasks. At the lowest level, 
the HGDC generates the basic video raster timing, includ
ing sync and blanking signals. Partitioned areas on the 
screen and zooming are also accomplished at this level. At 
the next level, video display memory is modified during the 
figure drawing operations and data moves. Third, display 
memory addresses are calculated pixel by pixel as drawing 
progresses. Outside the HGDC at the next level, prelimi
nary calculations are done to prepare drawing parameters. 
At the fifth level, the picture must be represented as a list of 
graphics figures drawable by the HGDC. Finally, this rep
resentation must be manipulated, stored, and communi
cated. By handling the first three levels, the HGDC takes 
care of the high-speed and repetitive tasks required to 
implement a graphics system. 

I 



+5Vo--
GNDo---

2xWCLKo---

DESCRIPTION OF PIN FUNCTIONS 
PIN NO. SYMBOL 

1 2XWCLK 
2 DBIN 
3 HSYNC 
4 V/EXTSYNC 
5 BLANK 
6 ALE (RAS) 
7 ORO 
8 DACK 
9 RD 

10 WR 
11 AD 

12-19 DBO-DB7 
20 GND 
21 LPEN/DH 

22-34 ADO-AD12 
35-37 AD13-AD15 

38 A16 

39 A17 

40 VCC 

IN/OUT 
IN 

OUT 
OUT 

IN/OUT 
OUT 
OUT 
OUT 

IN 
IN 
IN 
IN 

IN/OUT 
-
IN 

IN/OUT 
IN/OUT 

OUT 

OUT 

-
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Clock Input 

HSYNC 
V/EXTSYNC 
BLANK 

ALE 
DBlN 

A-17 
A-16 
AD-15 
AD-14 
AD-13 

, ILPEN/DH 

FUNCTION 

Display Memory Read Input Flag 
Horizontal Video Sync Output 
Vertical Video Sync Output or External VSYNC Input 
CRT Blanking Output 
Address Latch Enable Output 
DMA Request Output 
DMA Acknowledge Input 
Read Strobe Input for Microprocessor Interface 
Write Strobe Input for Microprocessor Interface 
Address Select Input for Microprocessor Interface 
Bidirectional data bus to Host Microprocessor 
Ground, 
Light Pen Detect Input/Drawing Hold Input 
Address and Data Lines to Display Memory 
Character Mode: Line Counter Outputs, Bits 0-2 
Mixed Mode: Address and Data Bits 13-15 
Graphics Mode: Address and Data Bits 13-15 
Character Mode: Line Counter Output, Bit 3 
Mixed Mode: Attribute Blink and Clear Line Counter Output 
Graphics Mode: Address Bit 16 Output. 
Character Mode: Cursor out~ut and Line Counter Bit 4 
Mixed Mode: Cursor and Bit ap Area Flag Output 
Graphics Mode: Address Bit 17 Output 
+ 5 Volt Power Supply 



FUNCTIONAL DESCRIPTION 

Microprocessor Bus Interface 
Control of the HGDC by the system microprocessor is 
achieved through an 8-bit bidirectional interface. The sta
tus register is readable at any time. Access to the FIFO buffer 
is coordinated through flags in the status register and oper
ates independently of the various internal HGDC opera
tions, due to the separate data bus connecting the interface 
and the FIFO buffer. 

Command Processor 
The contents of the FIFO are interpreted by the command 
processor. The command bytes are decoded, and the 
succeeding parameters are distributed to their proper 
destinations within the HGDC. The command processor 
yields to the bus interface when both access the FIFO 
simultaneously. 

DMAControl 
The DMA control circuitry in the HGDC coordinates trans
fers over the microprocessor interface when using an 
external DMA controller. The DMA Request and Acknowl
edge handshake lines directly interface with a DMA con
troller, so that display data can be moved between the 
microprocessor memory and the display memory. 

Parameter RAM 
The 16-byte RAM stores parameters that are used repeti
tively during the display and drawing processes. In char
acter mode, this RAM holds four sets of partitioned display 
area parameters; in graphics mode, the drawing pattern 
and graphics character take the place of two of the sets 
of parameters. 

Video Sync Generator 
Based on the clock input, the sync logic generates the ras
ter timing signals for almost any interlaced, non-interlaced, 
or "repeat field" interlaced video format. The generator 
is programmed during the idle period following a reset. In 
video sync slave mode, it coordinates timing between 
multiple HGDC's. 

Memory Timing Generator 
The memory timing circuitry provides two memory c;ycle 
types: a two-clock period refresh cycle and the read-mod
ify-write (RMW) cycle which takes four clock periods. The 
memory control signals needed to drive the dis-play mem
ory devices are easily generated from the HGDC's ALE and 
DBIN outputs. 

Zoom & Pan Controller 
Based on the programmable zoom display factor and the 
display area entries in the parameter RAM, the zoom and 
pan controller determines when to advance to the next 
memory address for display refresh and when to go on to 
the next display area. A horizontal zoom is produced by 
slowing down the display refresh rate while maintaining the 
video sync rates. Vertical zoom is accomplished by repeat
edly accessing each line a number of times equal to the 
horizontal repeat. Once the line count for a display area is 
exhausted, the controller accesses the starting address and 
line count of the next display area from the parameter RAM. 
The system microprocessor, by modifying a display area 
starting address, can pan in any direction, independently of 
the other display areas. 

Drawing Controller 
The drawing processor contains the logic necessary to cal
culate the addresses and positions of the pixels of the var
ious graphics figures. Given a starting point and the 
appropriate drawin!il parameters, the drawing controller 
needs no further assistance to complete the figure drawing. 

Display Memory Controller 
The display memory controller's tasks are numerous. Its 
primary purpose is to multiplex the address and data infor
mation in and out of the display memory. It also contains the 
16-bit logic unit used to modify the display memory con
tents during RMW cycles, the character mode line counter, 
and the refresh counter for dynamic RAMs. The memory 
controller apportions the video field time between the var
ious types of cycles. 

Light Pen Deglitcher 
Only i'f two rising edges on the light pen input occur at the 
same point during successive video fields are the pulses 
accepted as a valid light pen detection. A status bit indi
cates to the system microprocessor that the light pen reg
ister contains a valid address. If this input is hE;lld high for a 
period greater than four 2xWCLK cycles, drawing execu
tion is halted. 

PROGRAMMER'S VIEW OF HGDC 
The HGDC occupies two addresses on the system micro
processor bus through which the HGDC's status register 
and FIFO are accessed. Commands and parameters are 
written into the HGDC's FIFO and are differentiated based 
on address bit AD. The status register or the FIFO can be 
read as selected by the address line. 

--
AO READ WRITE 

Status Register Parameter Into FIFO 

0 I I I I I I I I I I I I I I I I I I 
FIFO Read Command Into FIFO 

1 I I I I I I I I I I I I I I I I I I 

HGDC Microprocessor Bus Interface Registers 

Commands to the HGDC take the form of a command byte 
followed by a series of parameter bytes as needed for spec
ifying the details of the command. The command processor 
decodes the commands, unpacks the parameters, loads 
them into the appropriate reigsters within the HGDC, and 
initiates the required operations. 
The commands available in the HGDC can be organized 
into five categories as described in the following section. 

HGDCCOMMANDSUMMARY 

Video Control Commands 
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1. RESET 1 Resets the HGDC to its idle state. 
2. RESET 2 Resets the HGDC to its idle state. Does 

not resynchronize video timing. Blanks 
the display. 

3. RESET 3 Resets the HGDC to its idle state. Does 
not resynchronize video timing. Does not 
blank the display. 

4. SYNC Specifies the video display format. 
5. VSYNC Selects master or slave video synchro

nization mode. 
6. CCHAR Specifies the cursor and character row 

heights. 

I 



Display Control Commands 
1. START Ends Idle mode and unblanks the display. 
2. BLANK 1 Controls the blanking and unblanking 

of the display, along with video 
resynchronization. 

3. BLANK 2 Controls the blanking and unblanking of 
the display. Does not blank the display. 
Specifies zoom factors for the display and 
graphics characters writing. 

4. ZOOM 

5. CURS 

6. PRAM 

7. PITCH 

Sets the position of the cursor in display 
mer:nory. 
Defines starting addresses and lengths 
of the display areas and specifies the 
eight bytes for the graphics character. 
Specifies the width of the X dimension of 
display memory. 

Drawing Control Commands 
1. WDAT Writes data words or bytes into display 

2. MASK 
3. FIGS 

memory. 
Sets the mask register contents. 
Specifies the parameters for the drawing 
controller. 

4. FIGD Draws the figure as specified above. 
5. GCHRD Draws the graphics character into dis

play memory. 

Data Read Commands 
1. RDAT: Reads data words or bytes from display 

memory. 
2. CURD: Reads the cursor position. 
3. LPRD: Reads the light pen address. 

DMA Control Commands 
1 . DMAR Requests a DMA read transfer. 
2. DMAW Requests a DMA write transfer. 

STATUS REGISTER FLAGS 

17161514131211101 

l
_LillW

1 
L. lDataReady L---.:= FIFO Full 

_

_ FIFO Empty 
_'---_____ Drawing In Progress 

DMA Execute 
______ Vertical Sync Active 
______ Horizontal Blank Actlvel 

Vertical Blank Active 
light Pen Detect 

Status Register (SR) 

SR-7: Light Pen Detect 
When this bit is set to 1, the light pen address (LAD) register 
contains a deglitched value that the system microprocessor 
may read. This flag is reset after the 3-byte LAD is moved 
into the FIFO in response to the light pen read command. 

SR-6: Horizontal Blanking Active/Vertical Blank 
Active 
A 1 value for this flag signifies that horizontal retrace blank
ing or vertical retrace blanking is currently underway 
dependent on the status of the VH bit in SYNC or the 
RESETx parameter 6. 

SR-5: Vertical Sync 
Vertical retrace sync occurs while this flag is a 1. The verti
cal sync flag coordinates display format modifying com
mands to the blanked interval surrounding vertical sync. This 
eliminates display disturbances. 

SR-4: DMA Execute 
This bit is a 1 during DMA data transfers. 

SR-3: Drawing in Progress 
While the HGDC is drawing a graphics figure, this status bit 
is a 1. 

SR-2: FIFO Empty 
This bit and the FIFO Full flag coordinate system micropro
cessor accesses with the HGDC FIFO. When it is 1, the 
Empty flag ensures that all the commands and parameters 
previously sent to the HGDC have been interpreted. 

SF-1: FIFO Full 
A 1 at this flag indicates a full FIFO in the HGDC. A 0 ensures 
that there is room for at least one byte. This flag needs to 
be checked out before each write into the HGDC. 

SR-O: Data Ready 
When this flag is a 1, it indicates that a byte is available to 
be read by the system microprocessor. This bit must be 
tested before each read operation. It drops to a 0 while the 
data is transferred from the FIFO into the microprocessor 
interface data register. 

FIFO OPERATION & COMMAND PROTOCOL 
The first-in, first-out buffer (FIFO) in the HGDC handles the 
command dialogue with the system microprocessor. This 
flow of information uses a half-duplex technique, in which 
the single 16-location FIFO is used for both directions of 
data movement, one direction at a time. The FIFO's direc
tion is controlled by the system microprocessor through the 
HGDC's command set. The host microprocessor coordi
nates these transfers by checking the appropriate status 
register bits. 
The command protocol used by the HGDC requires differ
entiation of the first byte of a command sequence from the 
succeeding bytes. The first byte contains the operation code 
and the remaining bytes carry parameters. Writing into the 
HGDC causes the FIFO to store a flag value alongside the 
data byte to signify whether the byte was written into the 
command or the parameter address. The command pro
cessor in the HGDC tests this bit as it interprets the entries 
in the FIFO. 
The receipt of a command byte by the command processor 
marks the end of any previous operation. The number of 
parameter bytes supplied with a command is cut short by 
the receipt of the next command byte. A read operation from 
the HGDC to the microprocessor can be terminated at any 
time by the next command. 
The FIFO changes direction under the control of the system 
microprocessor. Commands written into the HGDC always 
put the FIFO into write mode if it wasn't in it already. 
If it was in read mode, any read data in the FIFO at the time 
of the turnaround is lost. Commands which require a HGDC 
response, such as RDAT, CURD and LPRD, put the FIFO 
into read mode after the command is interpreted by the 
HGDC's command processor. Any commands and param
eters behind the read-evoking command are discarded 
when the FIFO direction is reversed. 

READ-MODIFY -WRITE CYCLE 
Data transfers between the HGDC and the display memory 
are accomplished using a read-modify-write (RMW) mem
ory cycle. The four clock period timing of the RMW cycle is 
used to: 1) output the address, 2) read data from the mem
ory, 3) modify the data, and 4) write the modified data back 
into the initially selected memory address. This type of 
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memory cycle is used for all interactions with display mem
ory including DMA transfers, except for the two clock period 
display and RAM refresh cycles. 
The operations performed during the modify portion of the 
RMW cycle merit additional explanation. The circuitry in the 
HGDC uses three main elements: the Pattern register, the 
Mask register, and the 16-bit Logic Unit. The Pattern regis
ter holds the data pattern to be moved into memory. It is 
loaded by the WDAT parameters or, during drawing, from 
the parameter RAM. The Mask register contents determine 
which bits of the read data will be modified. Based on the 
contents of these registers, the Logic Unit performs the 
selected operations of REPLACE, COMPLEMENT, SET, or 
CLEAR on the data read from display memory. 
The Pattern register contents are ANDed with the Mask 
register contents to enable the actual modification of the 
memory read data, on a bit-by-bit basis. For graphics draw
ing, one bit at a time from the Pattern re~ister is combined 
with the Mask. When ANDed with the bit set to a 1 in the 
Mask register, the proper single pixel is modified by the Logic 
Unit. For the next pixel in the figure, the next bit in the Pat
tern register is selected and the Mask register bit is moved 
to identify the pixel's location within the word. The Execu
tion word address pointer register, EAD, is also adjusted as 
required to address the word containing the next pixel. 
In chara.cter mode, all of the bits in the Pattern register are 
used in parallel to form the respective bits of the modify data 
word. Since the bits of the character code word are used in 
parallel, unlike the one-bit-at-a-time graphics drawing pro
cess, this facility allows any or all of the bits in a memory 
word to be modified in one RMW memory cycle. The Mask 
register must be loaded with 1 s in the positions where mod
ification is to be permitted. 
The Mask register can be loaded in either of two ways. In 
graphics mode, the CURS command contains a four-bit dAD 
field to specify the dot address. The command processor 
converts this parameter into the one-of-16 format used in 
the Mask register for figure drawing. A full 16 bits can be 
loaded into the Mask register using the MASK command. 
In addition to the character mode use mentioned above, the 
16-bit MASK load is convenient in graphics mode when all 
of the pix!3ls of a word are to be set to the same value. 
The Logic Unit combines the data read from display mem
ory, the Pattern Register, and the Mask register to generate 
the data. to be written back into display memory. Anyone of 
four operations can be selected: REPLACE, COMPLE
MENT, CLEAR or SET. In each case, if the respective Mask 
bit is 0, that particular bit of the read data is returned to 
memory unmodified. If the Mask bit is 1, the modification is 
enabled. With the REPLACE operation, the Pattern Reg
ister data simply takes the place of the read data for mod
ification enabled bits. For the other three operations, a 0 in 
the modify data allows the read data bit to be returned to 
memory. A 1 value causes the specified operation to be 
performed in the bit positions with set Mask bits. 

FIGURE DRAWINGS 
The HGDC draws graphics figures at the rate of one pixel 
per read-modify-write (RMW) display memory cycle. These 
cycles take four clock periods to complete. At a clock fre
quency of 8MHz, this is equal to 500ns. During the RMW 
cycle the HGDC simultaneously calculates the address 'and 
position of the next pixel to be drawn. 
The graphics figure drawing process depends on the dis
play memory addressing structure. Groups of 16 horizon
tally adjacent pixels form the 16-bit words which are handled 
by the HGDC. Display memory is organized as a linearly 

addressed space of these words. Addressing of individual 
pixels is handled by the HGDC's internal RMW logic. 
During the drawing process, the HGDC finds the next pixel 
of the figure which is one of the eight nearest neighbors of 
the last pixel drawn. The HGDC assigns each of these eight 
directions a number from 0 to 7, starting with straight down 
aAd proceeding counterclockwise. 

Drawing Directions 

Figure drawing requires the proper manipulation of the 
address and the pixel bit position according to the drawing 
direction to determine the next pixel of the figure. To move 
to the word above or below the current one, it is necessary 
to subtract or add the number of words per line in display 
memory. This parameter is called the pitch. To move to the 
word to either side, the Execute word address cursor, EAD, 
must be incremented or decremented as the dot address 
pointer bit reaches the LSB or the MSB of the Mask register. 
To move to a pixel within the same word, it is necessary to 
rotate the dot address pointer register to the right or left. 

The table below summarizes these operations for each 
direction. 

Dlr Operations to Addr ... the Next Plxe. 

000 EAD-P-+EAD 

001 EAD-P-+EAD 
dAD(MSB)=1:EAD-1-+EADdAD-+lR 

010 dAD (MSB)1 :EAD -1 -+ EAD dAD -+ lR 

011 EAD-P-+EAD 
dAD (MSB) = 1 :EAD -1 -+ EAD dAD -+ lR 

100 EAD-P-+EAD 

101 EAD-P-+EAD 
dAD (lSB) = 1 :EAD -1 -+ EAD dAD -+ RR 

110 dAD (lSB) = 1 :EAD - 1 -+ EAD dAD -+ RR 

111 EAD-P-+EAD 
dAD(lSB)=1:EAD-1 -+ EADdAD-+ RR 

Where P ~~ Pitch, LR = Left Rotate, RR = Right Rotate, 
EAD = Execute Word Address, and 
dAD = Dot Address stored in the Mask Register, 

Whole word drawing is useful for filling areas in memory with 
a single value. By setting the Mask register to all 1 s with the 
MASK command, both the LSB and MSB of the dAD will 
always be 1, so that the EAD value will be incremented or 
decremented for each cycle regardless of direction. One 
RMW cycle will be able to effect all 16 bits of the word for 
any drawing type. One bit in the Pattern register is used per 
RMW cycle to write all the bits of the word to the same value. 
The next Pattern bit is used for the word, etc. 
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For the various figures, the effect of the initial direction upon 
the resulting drawing is shown below: 

Dlr Line Arc 

000 ~& ~,~7 

001 ~ V 
.. _-----
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Rectangle 
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0 

DMA 
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~ 
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Note that during line drawing, the an91e of the line may be 
anywhere within the shaded octant defined by the DIR value. 
Arc drawing starts in the direction initially specified by the 
DIR value and veers into an arc as drawing proceeds. An 
arc may be up to 45 degrees in length. DMA transfers are 
done on word boundaries only, and follow the arrows indi
cated in the table to find successive word addresses. The 
slanted paths for DMA transfers indicate the HGDC chang
ing both the X and Y components of the word address when 
moving to the next word. It does not follow a 45 degree diag
onal path by pixels. 

DRAWING PARAMETERS 
In preparation for graphics figure drawing, the HGDC's 
Drawing Processor needs the figure type, direction and 
drawing parameters, the starting pixel address, and the 
pattern from the microprocessor. Once these are in place 
within the HGDC, the Figure Draw command, FIGD, initi
ates the drawing operation. From that point on, the system 
microprocessor is not involved in the drawing process. The 

GRAPHICS CHARACTER DRAWING 
Graphics characters can be drawn into display memory 
pixel-by-pixel. The up to 8-by-8 character display is loaded 
into the HGDC's parameter RAM by the system micropro
cessor. Consequently, there are no limitations on the char
acter set used. By varying the drawing parameters and 
drawing direction, numerous drawing options are available. 
In area fill applications, a character can be written into dis
play memory as many times as desired without reloading 
the parameter RAM. 
Once the parameter RAM has been loaded with up to eight 
graphics character bytes by the appropriate PRAM com
mand, the GCHRD command can be used to draw the bytes 
into display memory starting at the cursor. The zoom mag
nification factor for writing, set by the zoom command, con
trols the size of the character written into the display memory 
in integer multiples of 1 through 16. The bit values in the 
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HGDC Drawing Controller coordinates the RMW circuitry 
and address registers to draw the specified figure pixel by 
pixel. 
The algorithms used by the processorforfigure drawing are 
designed to optimize its drawing speed. To this end, the 
specified details about the figure to be drawn are reduced 
by the microprocessor to a form conducive to high-speed 
address calculations within the HGDC. In this way the 
repetitive, pixel-by-pixel calculations can be done quickly, 
thereby minimizing the overall figure drawing time. The table 
below summarizes the parameters. 

Drawing Typa DC D D2 D1 DM 

Initial Value' 0 8 8 -1 -1 

Line lall 2laol-lall 2(\ aD I - lall) 21 aD I 
Arc*-' rsln <l> r-1 2(r-1) -1 rsln e t 
Rectangle A-1 B-1 -1 A-1 

Area Fill B-1 A A 

Graphic Character'" B-1 A A 

Read + Write Data W-1 

OMAW 0-1 C-1 

OMAR 0-1 C-2 (C-2)/2t 

Notes: All numbers are shown in base 10 for convenience. The HGDC accepts base 2 numbers 
(2s complement notation) where appropriate. 

'Initial values for the various parameters remain as each drawing process ends. 

"Circles are drawn with 8 arcs, each of which span 45', so that sin cf> ~ 1/\/2 and sin 8 ~ O. 

'''Graphic characters are a special case of bit-map area filling in which B and A '" 8. If A ~ 8 
there is no need to load 0 and 02. 

Where: 
-1 ~ all ONES value. 

- ~ No parameter bytes sent to GDC for this parameter. 

al~ The larger at ax or ay. 

aD~ The smaller at ax or ay. 

r~ Radius of curvature, in pixels. 

cf>~ Angle from major axis to end of the arc. cf> '" 45? 

H~ Angle from major axis to start of the arc. 8 '" 45? 

i ~ Round up to the next higher integer. 

t ~ Round down to the next lower integer. 

A~ Number of pixels in the initially specified direction. 

B~ Number of pixels in the direction at right angles to the 
initially specified direction. 

W~ Number of words to be accessed. 

C~ Number of bytes to be transferred in the initially specified 
direction. (Two bytes per word if word transfer mode 
is selectecl.) 

o ~ Number of words to be accessed in the direction at right 
angles to the initially specified direction. 

DC ~ Drawing count parameter which is one less than the num
ber of RMW cycles to be executed. 

DM~ Dots masked from drawing during arc drawing. 

t ~ Needed only for word reads. 

PRAM are repeated horizontally and vertically the number 
of times specified by the zoom factor. 

The movement of these PRAM bytes to the display memory 
is controlled by the parameters of the FIGS command. 
Based on the specified height and width of the area to be 
drawn, the parameter RAM is scanned to fill the required 
area. 

For an 8-by-8 graphics character, the first pixel drawn uses 
the LSB of RA-15, the second pixel uses bit 1 of RA-15, and 
so on, until the MSB of RA-15 is reached. 

The HGDC jumps to the corresponding bit in RA-14 to con
tinue the drawing. The progression then advances toward 
the LSB of RA-14. This snaking sequence is continued for 
the other 6 PRAM bytes. This progression matches the 
sequence of display memory addresses calculated by the 



drawing processor as shown above., If the area is narrower 
than 8 pixels wide, the snaking will advance to the next 
PRAM byte before the MSB is reached. If the area is nar
rower than 8 lines high, fewer bytes in the parameter RAM 
will be scanned. If the area is larger than 8 by 8, the HGDC 
will repE~at the contents of the parameter RAM in two 
dimensions, as required to fill the area with the 8-by-8 moz
aic. (Fractions of the 8-by-8 pattern will be used to fill areas 
which are not multiples of 8 by 8). 

PARAMETER RAM CONTENTS: RAM ADDRESS 
RAOTO 15 
The parameters stored in the parameter RAM, PRAM, are 
available for the HGDC to refer to repeatedly during figure 
drawing and raster-scanning. In each mode of operation the 
values in the PRAM are interpreted by the HGDC in a pre
determined fashion. The host microprocessor must load the 
appropriate parameters into the proper PRAM locations. 
PRAM loading command allows the host to write into any 
location of the PRAM and transfer as many bytes as desired. 

In this way any stored parameter byte or bytes may be 
changed without influencing the other bytes. 
The PRAfYl stores two types of information. For specifying 
the details of the display area partitions, blocks of four bytes 
are used. The four parameters stored in each block include 
the starting address in display memory of each display area, 
and its length. In addition, there are two mode bits for each 
area which specify whether the area is a bit-mapped graph
ics area or a coded character area, and whether a 16-bit or 
a 32-bit wide display cycle is to be used for that area. 
The other use for the PRAM contents is to supply the pat
tern for figure drawing when in a bit-mapped graphics area 
or mode. In these situations, PRAM bytes 8 through 16 are 
reserved for this patterning information. For line, arc, and 
rectangle drawing (linear figures) locations 8 and 9 are 
loaded into the Pattern Register to allow the HGDC to draw 
dotted, dashed, etc. lines. For area filling and graphics bit
mapped character drawing locations 8 through 15 are ref
erenced for the pattern or character to be drawn. 
Details of the bit assignments are shown for the various 
modes of operation. 

Character Mode Graphics and Mixed Graphics and Character Modes 

RA·C[ 
SAD1L 

, 

1 1O.-.J.._-'--_1'_-'-----L_-'-----L_..J12 . Display Partition Area 1 L_ 0 SAD1H ,. ~l~~I~I~~~~:::e~I~~J~w & 
(word address) 

LEN1L I 0 0 I 
--;=$::;=~~=~~=~~~) Length of Display Partition 1 

(line count) with high and 
low significance fields 

RA·4 

RA·8 

10 

11 

RA·12 

13 

14 

15 

A Wide Display cycle width 
of two words per memory cycle 

'------------~::II~~~':: ~f:l~h!!td:~~I~~ 

0 0 o I 
LEN2L 

WD21 0 I 

0 0 o I 
LEN3L 

WD31 0 I 

0 0 o I 
LEN4L 

WD4! 0 I 

SAD2L 

SAD2H 

I 0 0 

LEN2H 

SAD3L 

SAD3H 

I 0 0 

LEN3H 

SAD4L 

SAD4H 

I 0 0 

LEN4H 

0 0 

0 0 

0 0 

The display address counter 
Is then Incremented by 
2 for each display scan 
cycle. Other memory cycle 
types are not Influenced. 

--

--

I--

Display Partition 2 
starting address 
and length 

Display Partition 3 
starting address 
and length 

Display Partition 4 
starting address 
and length 

RA.O SAD1L starting address with low, [ I--
Display Partition Area 1 

-'-----L_-'-----'_-'-----'_-'-~ ~~~~i:;~ ~::r:!~)lflcance 

1 1~~'--~ __ ~_SA~D_1_M~~ __ ~_J 
[ LEN1L 

3 ~,-,1 _IM,-'-----'_-'-_L_EN .... 1_H ~ __ '---..... I- :1~:I~~I~~!~~~~d(~~~hcount) 
c I ~ L Length of Display Partition 

RA·4 

RA·8 

RA·10 

11 

12 

13 

14 

15 
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. In mixed mode, a 1 Indicates an 

'---------- :::'d~~:t:~ ~~~~~~~t~::;:;.~na 0 

SAD2L 

SAD2M 

LEN2L I 0 o I SAD2H 

graphics mode this bit must be O. 
When 1, the DAD Is Incremented 
every other display cycle. 

--Display Partition Area 2 
starting address and 
length with Image 
bit as In area 1 

WD211M I LEN2H 

or GCHR8 
L 

PTNH or GCHR7 

GCHR6 

GCHR5 

GCHR4 

GCHR3 

GCHR2 

GCHR1 

J 

y 

1/ 

I----

Pattern of 16 bits used for 
figure drawing to pattern 
dotted, dashed, etc. lines 

Graphics character byles 
to be moved Into display 
memory with graphics 
character drawing 

I 



Command Bytes Summary 

RESET 1 

RESET2 

RESET3 

BLANKl 

BLANK2 

SYNC 1 1 DE 

VSYNC 

CCHAR 

START 

ZOOM 

CURS 

PRAM SA 

PITCH 

WDAT .0 1 I TYPE I ° I MOD 

MASK 

FIGS 

FIGD 

GCHRD I ° 
RDAT I 1 1 I TYPE I ° I MOD 

CURD 11 ° I ° 
LPRD 11 ° I ° ° I 
DMAR 1 1 1 I TYPE 1 I MOD I 
DMAW I ° 1 I TYPE 11 MOD 

~DEOCONTROLCOMMANDS 

Reset 

I I Blank the display, enter 
RESET X: '-_0-'----'_-'---'''__-'----'_-'-0---' Idle mode, and Initialize 

• • within the HGDC: 

-FIFO 
- Command Processor 
- Internal Counters 

This command can be executed at any time and does not 
modify any ofthe parameters already loaded into the HGDC. 
If followed by parameter bytes, this command also sets the 
sync generator parameters as described below. Idle mode 
is exited with the START command. 
RESET 1 : Resync video timing in slave mode. 
RESET 2: Blank the display and do not resync. 
RESET 3: Unblank the display and do not resync. 

P1 

P2 

P3 

P4 

P5 

P6 

P7 

P8 

. Mode of Operation select bits 
See below 

Active Display Words per 
line - 2 Must be even 
number with bit ° = ° 

Horizontal Sync Width - 1 
'-----------Vertlcal Sync Width, low bits 

'---'---'''__H.....JF'-P.--L--~--''--_VSL..H---'I-- Vertical Sync Width, high bits 

\' 

DH PH 

VH VL 

'---------·Horlzontal Front Porch Width - 1 

HBP 

VFP 

ALL 

f--

I--

I--

Horizontal Back Porch Width - 1 

Vartlcal Front Porch Width 

Active Display Lines per 
Video Field, low bits 

ALH l-- Active Display Lines per 

'---'---'--"r,-,-.....J _''-_-_-' _'-_-_-' _-_-_.....J _'-_~"",_. _ Video Field, high bits 

- Vertical Back Porch Width 

VBP 

In graphics mode, a word is a group of 16 pixels. In char
acter mode, a word is one character code and its attributes, 
if any. The number of active words per line must be an even 
number from 2 to 256, An all-zero parameter value selects 
a count equal to 2n where n = number of bits in the param
eter field for vertical parameters. All horizontal widths are 
counted in display words. All vertical intervals are counted 
in lines. 
If the Drawing Hold (DH) is set to one, pin 21 (LPEN/DH) is 
used as the drawing hold control pin. When the input to 
LPEN/DH is held high for over four 2 x WCLK clocks, the 
drawing address output is temporarily held and the display 
address is output. 
The HGDC allows an even or odd number of lines per frame. 
Selection is via the VL flag, the seventh bit of the sixth 
parameter byte following a RESET or SYNC command. 
When VL is 0, an odd number of display lines is generated. 
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VL Number of lines In Interlaced mode 

o Odd, as in 7220 
Even 

When VH = 0, status operation is as in CRT 7220. 

VH Blank Status Bit Definition 

o Status register bit 6 indicates Horizontal Blank 
Status register bit 6 indicates Vertical Blank 

PH is the most significant bit (9) of the display pitch 
parameter. Use the PITCH command to set the lower 
eight bits. 

SYNC GENERATOR PERIOD CONSTRAINTS 

Horizontal Back Porch Constraints 
1. In general: 

HBP;?-3 Display Word Cycles (6 clock cycleS). 
2. If the Image bit or WD modes change within one video 

field: 
HBP;?-5 Display Word Cycles (10 clock cycles). 

3. If interlace, mixed mode, or split screen is used: 
HBP;::'5 Display Word Cycles (10 clock cycles). 

Horizontal Front Porch Constraints 
1. In general: 

HFP;?-2 Display Word Cycles (4 clock cycles). 
2. If the HGDC is used in the video sync Slave mode: 

HFP;?-4 Display Word Cycles (8 clock cycles). 
3. If the Light Pen is used: 

HFP;;:::6 Display Word Cycles (12 clock cycles). 
4. If interlace mode, DMA, or ZOOM is used: 

HFP;?-3 Display Word Cycles (6 clock cycles). 

Horizontal SYNC Constraints 
'I. If interlaced display mode is used: 

HS;?-5 Display Word Cycles (10 clock cycles). 
2. If DRAM Refresh is enabled: 

HS;;:::2 Display Word Cycles (4 clock cycles). 

Modes of Operation Bits 

C 0 

o 0 

o 1 

1 0 

1 1 

I S 

o 0 

o 1 

1 0 

1 1 

Display Mode 

Mixed Graphics & Character 

Graphics Mode 

Character Mode 

Invalid 

Video Framing 

Nonlnterlaced 

Invalid 

Interlaced Repeat Field for Character Displays 

Interlaced 

Repeat Field Framing: 2 Field Sequence with % line off
set between otherwise identical 
fields. 

307 

Interlaced Framing: 2 Field Sequence with V2 line off
set. Each field displays alternate 
lines. 

Noninterlaced Framing: 1 field brings all of the informa
tion to the screen. 

D Dynamic RAM Refresh Cycl .. Inable 

No Refr •• h - STATIC RAM 

Refresh - Dynamic RAM 

Dynamic RAM refresh is important when high display 
zoom factors or DMA are used in such a way that not all of 
the rows in the RAMs are regularly accessed during dis
play raster generation and for otherwise inactive display 
memory. 

Drawing Time Window 

Drawing during active display time and retrace blanking 

Drawing only during retrace blanking 

Access to display memory can be limited to retrace blank
ing intervals only, so that no disruptions of the image are 
seen on the screen. 

RESET2 1 0 o 1 0 1 
1 

RJ'_SET3 1 0 o 11 1 
1 

Both commands allow a reset while presenting reinitializa
tion of the internal sync generator by an external sync source 
(slave mode). 

Cursor & Character Characteristics 

CCHAR:[ 0 , 1 , 0 , 0 

~ External SYNC Enabla 

~ I Dt,-'_I_o_I ___ L_R~ ___ ~_Llnes per character row - 1 

Display Cursor If 1 

P2 I B~~~. ___ C_TO_P ____ ~_~U:~~~J:p line number 

- 0 - Blinking Cursor 
1 - Steady Cursor 

'----------Blink Rate, lower bits 

L-..L..-....JCL-B .... 0....LT _-'--~_L...B_R_u L.-....Jl-- Blink Rate, upper bits 

\.'--------------- Cursor Bottom line number in 

P3 

the row CBOT <c LR 

In graphics mode, LR should be set to O. The blink rate 
parameter controls both the cursor and attribute blink rates. 
The curs6r blink-on time = blink-off time = 2 x BR (video 
frames). The attribute blink rate is always % the cursor 
rate but with a % on -% off duty cycle. All three parameter 
bytes must be output for interlace displays, regardless of 
mode. For interlace displays in graphics mode, the param
eter BRL = 3. 

When SE = 0, the HGDC, in slave mode, detects the falling 
edge of EX. SYNC on the first frame. When SE = 1, the 
HGDC, in slave mode, detects the falling edge of EX. SYNC 
on every frame. 

I 



SYNC Format Specify 

SYNC: '---II ° ~~---,---,1 I--r-'DE I 
L The display Is enabled by 

a 1, and blanked by a 0. 

P1 

P2 

P3 

P4 

P5 

P6 

P7 

P8 

Mode of Operation select bits 
See below 

Active Display Words per 
line Must be even 
number with bit ° ° 

Horizontal Sync Width 
'-----------Vertlcal Sync Width, low bits 

L..--1---L._H....LFP......-...L.---'-__ L..-_V'-SH~f-- Vertical Sync Width, high bits 

\' 

DH PH 

VH VL 

'--------Horizontal Front Porch Width 

HBP 

VFP 

AL, 

r--
I--

I--

Horizontal Back Porch Width 

Vertical Front Porch Width 

Active Display Lines per 
Video Field. low bits 

AL.. 1_. Active Display Lines per 
L--1---L._-'t\_....L. _~-'-_'--....I! Video Field. high bits 

'--------Vertical Back Porch Width 

VBP 

This command also loads parameters into ttie sync gen
erator. The various parameter fields and bits are identical 
to those at the RESET command. The HGDC is not reset 
nor does it enter idle mode. 

Vertical Sync Mode 

VSYlI!Ci 1,--0 "'----'---------....---'--~1__'_1 ~~ 
° -Accept External Vertical 

Sync - Slave Mode 

1 -Generate'" Output Vertical 
Sync - Master Mode 

When using two or more HGDCs to contribute to one image, 
one HGDC is defined as the master sync generator, and the 
others operate as its slaves. The VSYNC pins of all HGDCs 
are connected together. 
A few considerations should be observed when synchro
nizing two or more HGDCs to generate overlayed video via 
the V/EXT SYNC pin. As mentioned above, the Horizontal 
Front Porch (HFP) must be 4 or more display cycles wide. 
This is equivalent to eight or more clock cycles. This gives 
the slave HGDCs time to initialize their internal video sync 
generators to the proper point in th.e video field to match the 
incoming vertical sync pulse (VSYNC). This resetting of the 
generator occurs just after the end of the incoming VSYNC 
pulse, during the HFP interval. Enough time during HFP is 
required to allow the slave HGDC to complete the operation 
before the start of the HSYNC interval. 
Once the HGDCs are initialized and set up as Master and 
Slaves, they must be given time to synchronize. It is a good 
idea to watch the VSYNC status bit of the Master HGDC 
and wait until after one or more VSYNC pulses have been 
generated before the display process is started. The START 
command will begin the active display of data and will end 
the video synchronization process, so be sure there has 
been at least one VSYNC pulse generated for the Slaves to 
synchronize to. 
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DISPLAY CONTROL COMMANDS 

Start Display & End Idle Mode 

The START command generates the video signals as 
specified by the RESETX or SYNC command. 

Display Blanking Control 

BLANK1: I I DE \- The display Is enabled 
L. _'---'---'_...l..--L_",---1-. ---J. ~~~ 1, snd blanked by 

BLANK2: LI_'---'----'_...l..---L._-L-I _0--,-1 D_E--,I 

BLANK 2 does not cause the resyncing of an HGDC in 
slave mode. BLANK 1 does cause the resyncing of an 
HGDC in slave mode. 

Zoom Factors Specify 

P1 DISP GCHR 1- Zoom factor for graphics 

L-......... --'-' ~\_'-.L...==:=::~~~~~~ __ ~,-_ charactar writing and araa 
\ '"lIng 

Display zoom factor 

Zoom magnification factors of 1 through 16 are available 
using codes 0 through 15, respectively. 

Cursor Position Specify 

P1 

P2 

P3 

EAD I-- Execute Word Address, 
L--'---'-_"'---'----"L--L.._L..--'. low byte 

I - . Execute Word Address, 
L--'---'-_"'---'----''---L.._'---'! middle byte 

EAD 

1 WG ·1 ° 1 E~Dl--- (Graphics Mode only) 

'---'----'-1\:--:' ~~:~~:~::~~:'"""""---~:_ Word Address, top bits 

- Dot Address within tha word 

dAD 

In character mode, the third parameter byte is not needed. 
The cursor is displayed for the word time in which the dis
play scan address (DAD) equals the cursor address. In 
graphics mode, the cursor word address specifies the word 
containing the starting pixel of the drawing; the dot address 
value specifies the pixel within that word. 
When the WG bit is set to one, any data following the WDAT 
command is written as is. When the WG bit is set to zero, 
the 7220A performs as the 7220 does: The pattern written 
is determined by the least significant bit of each parameter 
byte following the WDAT command. This bit is expanded 
into 16 identical bits which form the pattern. 



Parameter RAM Load 

PRAM: ~.~, __ ~~1~1 __ ~_S+A __ ~~ 

P, 
I 
I 
I 

Po 

''--___ Starling Address In 
parameter RAM 

r I 1to 16 bytes to be loaded 
.... L-.l,'---...L---L-__ ~---'-----' __ ...L.---Jllnto the parameter RAM 

starling at the RAM address 

[

specified by SA 

• .I....-...J' ~--'-----I..-..L...-...J 

From the starting address, SA, any number of bytes may 
be loaded into the parameter RAM at incrementing 
addresses, up to location 15. The sequence of parameter 
bytes is terminated by the next command byte entered into 
the FIFO, The parameter RAM stores 16 bytes of informa
tion in predefined locations which differ for graphics and 
character modes, See the parameter RAM discussion for 
bit assignments, 

Pitch Specification 

P1· [ I Number of word addresses 
• ~, __ ~-I-~ __ -'----L-__ ~-'! In display memory In the 

horizontal dlrecllon 

This value is used during drawing by the drawing processor 
to find the word directly above or below the current word, 
and during display to find the start of the next line, 
The Pitch parameter (width of display memory) is set by two 
different commands, In addition to the PITCH command, 
the RESET (or SYNC) command also sets the pitch value, 
The "active words per line" parameter, which specifies the 
width of the raster-scan display, also sets the Pitch of the 
display memory. Note that the AW value is two less than the 
display window width, The PITCH command must be used 
to set the proper memory width larger than the window width, 

DRAWING CONTROL COMMANDS 

Write Data into Display Memory 

"------ RMW Memory cycle 
LoglcalOparatlon: 

o _ REPLACE with Pattern 
1 _ COMPLEMENT 
0- RESET to zero 
1_SETt01 

L-______ Data TransferTypa: 

o -_o-------Word, Low then High byte 
0-.0------- Low Byte of the Word 
1 __ 1-------High Byte of the Word 
1 __ I-------Invalld 

WORD, OR BYTE f--- Word Low Data Byte or 
Single Byte Data value 

P2 [ WORD, L- Word transfer only: 
etc. .-'-, __ -'-----'-__ L..--'---'-__ -'--...J! ~ High Data Byte 

Upon receiving a set of parameters (two bytes for a word 
transfer, one for a byte transfer), one RMW cycle into Video 
Memory is done at the address pointed to by the cursor EAD, 
The EAD pointer is advanced to the next word, according 
to the previously specified direction, More parameters can 
then be accepted, 
For byte writes, the unspecified byte is treated as all zeros 

during the RMW memory cycle. 
In graphics bit-map situations, only the LSB of the WDAT 
parameter bytes is used as the pattern in the RMW oper
ations, Therefore it is possible to have only an all ones or 
all zeros pattern, If the WG bit of the third parameter of the 
CU RS command is set to one, any byte following the WDAT 
command is written as is, In coded character applications 
all the bits of the WDAT parameter$ are used to establish 
the drawing pattern, 
The WDAT command operates differently from the other 
commands which initiate RMW cycle activity, It requires 
parameters to set up the Pattern register while the other 
commands use the stored values in the parameter RAM. 
like all of these commands, the WDAT command must be 
preceded by a FIGS command and its parameters, Only the 
first three paramet€~rs need to be given following the FIGS 
opcode, to set up the type of drawing, the DIR direction, and 
the DC value, The DC parameter + 1 will be the number of 
RMW cycles done by the HGDC with the first set of WDAT 
parameters, Additional sets of WDAT parameters will see a 
DC value of 0 which will cause only one RMW cycle to be 
executed per set of parameters, 

Mask Register Load 

MASK: ~[_o-'---'-_-'--~-.l'---...L.-~_o~l 

P1 IL..--,----,----,---"-Ml--L---'-----'----ll 

P2 I~___'_____'_~MH --'----'---->----.II 

Low significance byte 

High significance byte 

This command sets the value of the 16-bit Mask register of 
the figure drawing processor, The Mask register controls 
which bits can be modified in the display memory during a 
read-modify-write cycle, 
The Mask register is loaded by the MASK command and 
the third parameter byte of the CURS command, The MASK 
command accepts two parameter bytes to load a 16-bit value 
into the Mask register, All 16 bits can be individually one or 
zero, under program control. The CURS command on the 
other hand, puts a "1 to 16" pattern into the Mask register 
based on the value of the Dot Address value, dAD, If normal 
single-pixel-at-a-time graphics figure drawing is desired, 
there is no need to do a MASK command at all since the 
CURS command will set up the proper pattern to address 
the proper pixels as drawing progresses, For coded char
acter DMA, and screen setting and clearing operations using 
the WDAT command, the MASK command should be used 
after the CURS command if its third parameter byte has 
'been output. The Mask register should be set to all "ONES" 
for any "word-at-a-time" operation, 

Valid Figure Type Select Combinations 

SL R A GC L Operation 

Character Dlspl,ay Mode Drawing, Individual Dot Drawing, 
DMA, WDAT, and RDAT 

Straight Line Drawing 

Graphics Character Drawing and Area filling with graphics 
character pattern 

Arc and Circle Drawing 

Rectangle Drawing 

Slanted Grapnlcs Character Drawing and Slanted 
Area Filling 

Only these bit combinations assure correct drawing 
operation, 
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Figure Draw Start 

FIGD: .... I_O-'----'_ ........ ____ --'-_""----J 

On execution of this instruction, the HGDC loads the 
parameters from the parameter RAM into the drawing 
processor and starts the drawing process at the pixel pOinted 
to by the cursor, EAD, and the dot address, dAD. 

Figure Drawing Parameters Specify 

P1 

P2b DC, 

Drawing Dlractlon Base 

Figure Type Select Bits: 
----- Line (Vector) 
-----Graphics Character 
-----Arc/Circle 

Rectangle 
Slanted Graphics Character 

~ DC Drawing Parameter 

P3 I ° I G~ D.CH ~ 
\L ____ , ____ Graphics Drawing flag for use In 

Mixed Graphics and Character Mod, 

P4 ci;:::~~D' ~~~I o Drawing Parameter 

P5 ILI __ ~-L-__ ~~~D_H~ __ ~--J~ 

P10c[ . OM, 

P11 I ° ° I 
rOM Drawing Parameter 

I ). The parameters take on 
~ different Interpretations for 

different flgura types. 
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Graphics Character Draw and Area FilUng Start 

Based on parameters loaded with the FIGS command, this 
command initiates the drawing of the graphics character or 
area filling pattern stored in Parameter RAM. Drawing 
begins at the address in display memory pointed to by the 
EADand dAD values. 

DATA READ COMMANDS 

Read Data from Display Memory 

RD~:I ~_1~~~I~~+P_E_~1 ~I __ MO~D~ 
-t Data Transfer Typa: 

° ° ...... o---------Word.low then high by1a 

° • Low by1e of the Word only 

1 ..... -------Hlgh by1e of the Word only 

1 ...... OO--------Invalld 

Using the DIR and DC parameters of the FIGS command 
to establish direction and transfer count, multiple RMW 
cycles can be executed without specification of the cursor 
address after the initial load (DC = number of words or 
bytes). 
As this instruction begins to execute, the FIFO buffer direc
tion is reversed so that the data read from display memory 
can pass to the microprocessor. Any commands or param
eters in the FIFO at this time will be lost. A command byte 
sent to the HGDC will immediately reverse the buffer direc
tion back towrite mode, and all RDAT information not yet 
read from the FIFO will be lost. MOD should be set to 00 if 
no modification to video buffer is desired. 

Cursor Address Read 

The following bytes are returned by the HGDC through the 
FIFO: 

P1 A7 EAD, 

"2 A15 

Execute Address (EAD). 
10wby1e 

___ Execute Address (EAD). 

~~=~==~==;==~ mlddleby1e 

P3 Execute Address (EAD). 
high bits 

j.-... """~("D), ... .,.. 

i2-- Dot Address (dAD). high by1e 

The Execute Address, EAD, points to the display memory 
word containing the pixel to be addressed. 
The Dot Address, dAD, within the word is represented as a 
1-of-16 code for graphics drawing operations. 



Light Pen Address Read 

The following bytes are returned by the HGDC through the 
FIFO: 

E"----'-_LA ..... D_l--'-_"----'-_A0....,jI---- Light Pen Address, low byte 

E~--,-_L_A ..... D_M --'-_"----'-_A8....J~ Light Pen Address, 
- middle byte 

E.J...' _o--'-_-'----'-_O-'-I_LA ..... D_" ...... I--- Light Pen Address, high byte 

The light pen address, LAD, corresponds to the display word 
address, DAD, at which the light pen input signal is detected 
and deglitched, 
The light pen may be used in graphics, character, or mixed 
modes but only indicates the word address of light pen 
position, 
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DMA CONTROL COMMANbs 
DMA Read Request 

1 I TYPE 11 1 MOD 

Data Transfer Type: 

° · Word, Low then High Byte 

° .. Low Byte of the Word 

1 .. High Byte of the Word 

1 .. Invalid 

DMA Write Request 

Q.MAW: 

--RMW Memory Logical Operation: 

° ___ REPLACE with Pattern 

1 __ COMPLEMENT 

0--RESET to Zero 

1 --- SET to One 

Data Transfer Type: 

° · Word, Low then High Byte 

° · Low Byte of the Word 

1 . High Byte of the Word 

1 .. Invalid 
I 



ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature under Bias O°C to 70°C 
Sto!age Temper?l~~=------ - 65°C to 150°C 

Voltage on ~ny Pin with Resps.9t to Ground - 0.5V to + 7V 
~wer Diss~~!!2~ ______ ~____ 1.5 W 

·COMMENT: Exposing the device to stresses above those listed in Absolute Maximum Ratings could cause permanent damafJe. The 
device is not meant to be operated under conditions outside the limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

DC CHARACTERISTICS Ta = ooe to 70oe; Vee = 5V ± 10%; GND = OV 

Limits Test 
Parameter ------- Symbol Min Typ Max Unit Conditions 

Input Low V~~~ _________ Vil -0.5 0.8 V CD 
r-

Input High Voltage VIH 2.2 Vee + 0.5 V ®® 
Output Low Volt~~ VOL 0.45 V 10l = ?2 mA 
Output High Voltage_ VOH 2.4 V 10H = - 400 /LA 
Input Low Leak Current III -10 /LA 
(except VSYNC, OACR) 

VI = OV 
Input Low Leak Current III -500 /LA 
(VSYNC, OACK) 
Input High Leak Current IIH +10 /LA 
(except LPEN/DH) 

VI = Vee 
Input Hi8h Leak Current IIH +500 /LA 
(LPENI H) 

--~-+--
Output Low Leak_Current_ 10l -10 /LA Vo = OV 
qutput High Leak Current _ 10H -10 /LA Vo = Vee 
Clock Input Low VO~_ Vel -0.5 0.6 V 
Clock Input High Voltage VeH 3:5 Vee - 1.0 V 

Vee Supel~ Current Icc 270 mA 

CAPACITANCE Ta = 25°C; Vee = GND = OV 
--------------~-------------------------------

Limits Test 
Parameter 

Input Capacitance 
I/O Capacitance 
Output Capacitance 
Clock Input Capaci!~~e 

Notes: 

S~=-=o:c_=_I __ __'M=in'---__ ___CTn! ____ __'M.:c;ca=x_=__ ____ U~n:c_=_it ______ C__'_onditions 

CIN 10 pF fc = 1 MHz 
CliO 20 pF V, 
gfuT ~g ~~ (unmeasured) = OV 

CD For 2XWCLK, Vil = - 0.5V to + O.6V. ® For 2XWCLK, VIH = + 3.9V to Vee + 1.0V. ® For WR, VIH = 2.5V to Vee + 0.5V. 

AC Characteristics, Ta = ooe to 70oe; Vee = 5.0V ± 10%; GND = OV 

Read Cycle (HGDC<-+CPU) 
7220AD Limits 7220AD·1 Limits 7220AD·2 Limits Test 

Parameter Symbol Min Max Min Max Min Max I--~nit Conditions 
Address Setup to AD ! 

.--
tAR 0 0 0 ns 

Address Hold from RD i tRA 0 0 0 ns 
RD Pulse Width tRR1 tR01+~~ tRCY-'/2 telK tR01 + 20 tRCY-V2tClK tR01 + 20 tRCY-V2tClK ns 
Data Delay from Rn ! tR01 c-- 75 65 55 ns Cl = 50 pF 
Data Floating from RD i tOF 0 75 0 65 0 55 ns 
RD Pulse Cycle tRCY 4 tClK 4 telK 4tClK ns 

Write Cycle (HGDC<-+CPU) 
7220AD Limits 7220AD·1 Limits 7220AD·2 Limits Test 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Address Setup to WR ! tAW 0 0 0 ns 
Address Hold from WR i tWA 10 10 10 ns 
WR Pulse Width tww 80 tWCY - tClK 70 tWCY - telK 60 t"CY - tClK ns 
Data Setup to WRi tow 65 55 45 ns --
Data Hold from WR two 10 10 10 ns 
WR Pulse Cycle tWCY 4 telK 4 tClK 4 tClK ns 
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DMA Read Cycle (HGDC<->CPU) 
7220AO Limits 

Parameter Symbol Min Max 
DACK Setup to m5 1 tKR 0 
DACK Hold from m5 l' tRK 0 
AD Pulse Width tRR2 tRo2 + 20 
Data Delay from m5 1 tR02 1.5 tClK + 80 
DREQ Delay from 
2XWCLK i tREa 100 

DREQ Setup to iJACR 1 taK 0 
DACi< High Level Width tOK tClK 
DACK Pulse Cycle tE 4 tClK' 
DREQ 1 Delay from 
DACi<1 tKalR) tClK + 100 

DACK Low-level Width tlK 2tClK 
'for high byte and low byte transfers: tE = 5 tClK 

DMA Wr'ite C.vcle 

Pa 
DACKSet 
DACKHol 

rameter 
uptoWR 1 
dfromWR l' 

R/M/WCycle 

rameter Pa 
Address/D 
from2XWC 

ata Delay 
~LK i 
ata Floating Address/D 

from2XWC LK i 
Input Data 
2XWCLKl 

Setup to 

Input Data 
2XWCLK 1 

Hold from 

yfrom DBIN Dela 
2XWCLK 1 
ALE l' Dela 
2XWCLK i 

yfrom 

ALE 1 Dela 
2XWCLKl 

yfrom 

idth 
ALE Width 
ALE LowW 
Address S etuptoALE 1 

Display Cycle 

rameter Pa 
Video Sign 
from2XWC 

al Delay 
LK i 

Input Cycle 

Pa rameter 

krw~5~~nr I Setup to 

~-"-

tlWidth Input Signc 

Clock 

rameter 
Time 

Time 

Pa 
Clock Rise 
Clock Fall 
Clock High 
Clock Low 
ClockCyc 

Pulse Width 
Pulse Width 

Ie 

(GDC<->CPU) 
7220AD Limits 

Symbol Min J Max 

tKW 0 I 
tWK 0 I 

(GDC<->Display Memory) 
7220AO Limits 

Symbol Min Max 

tAD 20 105 

tOFF 20 105 

tOIS 0 

tOIH tOE 

tOE 20 80 

tRR 20 80 

tRF 20 65 

tRW V3 tClK 
tRl 1.5tClK - 30 

tAA 30 

(GDC<->Display Memory) 
72200 Limits 

Symbol Min I Max 

tVD I 90 

(GDC<->Display Memory) 
7220AO Limits 

Symbol Min Max 

tps 10 

tpw tClK 

(2XWCLK) 
7220AO Limits 

Symbol Min Max 

tCR 15 
tCF 15 
tCH 70 
tCl 70 
tClK 165 10,000 

7220AO-'1 Limits 7220AO-2 Limits 
----_. --------

Min Max Min Max 
0 0 
0 0 

tR02 + 20 tR02 + 20 
1.5 tClK + 70 1.5tClK + 60 

85 75 
-

0 0 

Unit 
ns 

-~ 
ns 
ns 

ns 

ns 

1i est 
ditions Con 

----

Cl = 

Cl = 

5Qp£ __ 

50pF 

---
tClK 

4tClK' 

tClK + 90 

2tClK 

7220AO-1 Limits 
Min I Max 

0 l 
0 l 

7220AO-1 Limits 
Min Max 

20 90 

20 90 

0 

tOE 

20 70 

20 70 

20 55 

'13 tClK 
1.5tClK - 30 

30 

72200-1 Limits 
Min I Max 

I 80 

7220AO-1 Limits 
Min Max 

10 

tClK 

7220AO-1 Limits 
Min Max 

15 
15 

61 
61 

145 10,000 

313 

tClK ns 
4 tclK' ns 

--- ---

tClK + 80 ns 

2tClK ns 

7220AO-2 Limits 
MirlT- Max--- Unit 
o 1-)------

ns 
0 I ns 

7220AO-2 Limits 
--

Min Max Unit 

15 80 ns 

15 80 ns 

0 ns 

tOE ns 

15 60 ns 
------

15 60 ns 

15 50 ns 
- f-------

V3 tClK ns 
1.5tClK - 30 ns 

- ---
30 ns 

72200-2 Limits 
Min I Max Unit 

I 70 ns 

7220AO-2 Limits 
---

Min Max Unit 

10 ns 

tClK ns 

7220AO-2 Limits 
--r---------

Min Max Unit 
--r----

15 ns 
15 ns --1----------- - ---.----.-

52 ns 
-- -------------

52 ns 
125 10,000 ns 

Cl = 50 pF 

1i 
Con 

est 
ditions --

Test 
Conditions 

Cl = 50pF 

CL = 50 pF 

--------

Cl = 50 pF 
---- -

CL = 50 pF 

CL 50pF 
----- --
Cl = 50 pF 

f---

Test 
Conditions 

-

-

- ------ -

Cl = 50 pF 

Test 
Conditions 

-

----

------ - -

Co 
Test 

nditions 
--

f---

-

I 



Microprocessor Interface Write Timing 

AO:~ Valid t Invalid 

- ----~.tw81IwA t_ 
WR: ww 

j~ 
DBO-7:----:-ln-v-:al~id--iI-~--.,...ln-va.."l1,.,.d--+1-

i---Iwe,----I 

Microprocessor Interface Read Timing 

AO:~,.._---=-v;:;al;;:ld __ 

IAA 
RD: Ir-~-----~ 

DBO_7:-i;;HI~9=h ;;;;;:;:;;--tC=:)G!~j--...... ;;;-;:===-t--Impedance 

Microprocessor Interface DMA Write Timing 

2xWCLK: 

DREQ: 

DACK: 

WR: 

IWH (WR t 10 HSVNC t ) '" In, 

I'H (DACK! 10 HSVNC t ) ~ leI.' 

Microprocessor Interface DMA Read Timing 

Display Memory Display Cycle Timing 

hh2h 
~:c::'~ 

~IAD~ I 
A16, A17:~ I C 

~IAA~IAF I jIAA~ 
ALE:~ 

HSVNC-REF: ~I'D-...JI'D BLANK 
VSVNC 
LCO 3 
CSR 
CSR·IMAGE 
ATT·BLlNK·CLC 

Display Memory RMW Timing 

TIMING WAVEFORMS 
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Display and RMW Cycles (1x Zoom) 

2xWCLK: 

ALE: 

DBIN: 

ADli-i5: 

A16,17: 

HSYNC: 
BlANK: 

V/EXTSYNC: 

TIMING WAVEFORMS 

-



Display and RMW Cycles (2x Zoom) 

2xWCLK: 

\ / \ / \ 

DBIN: 
\ / 

~ 
0) 

ADO-1S' Output Address Output Address Output Address Input Dala 

A16.17:"=:DI-____________ -2-1 -'X"-____________ -:I'--'X'-___________ --...:.~X'_ __ _ 

BLANK:=c\ / \'----
I 

TIMING WAVEFORMS 



Zoomed Display Operation with RMW Cycle (3x Zoom) 

\'--___ -----'1 \~--------__ ----~I 

OBIN: \'-__ --1 

ADO-tS: -1'--< Output Address Output Address Input Data Output Data Output Address 

I 
A16.17: ~'-________________________________ --!........ol X~ _____________________________ .1.......J1 X'--__ _ 

I I 

I/~----------------~!~\~-----Blank:~ 

I 

TIMING WAVEFORMS 
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Light Pen and External Sync Input Timing Clock Timing (2XWCLK) 

2XWCLK:~€Fes 
LPEN,,----

EX. SYNC: . 

tew 

Video Sync Signals Timing 

I----- 1H 'I 
2XWCLK:JVVV\./\.... ____ ~ __ JV\..r ___ J\J"\.. __ .f\... 

HBLANK:J' ----~--~ 

HSYNC: / \'-____________ _ 

ADO-15::X==:X:::::::X: ~ = = = =::x::=:::x::=:x= = =:x:::::x ~ = = x::: = = = = x: 
LCo-4::=::X \ 

~1H--j--------------------------------------------~ 

ADO-15:~: = :x:poc==:xxxx:==== === == == = __ = =~== ====-=-===:xxxx:== :xx: 
LCO-4::X::: - - - X:: ---::x:= -- -- --------- -------- -- -- =x:= ---::x: 

.1 --- --- ------------------------- ---

~ C 
----------------------------------------- ______ 1 

ROW:=*===*==x:: = = = = :x:::::=::::x ---- = ~ = x: 
I 

VBLANK: : L _ _ _ _ / 
VSYNC:.~----------------------------~I '--

~1'--------------1V(Fr.m·)-----------------I·1 

Interlaced Video Timing 

HBLANK:.JL __ ~ __ ..JLJL __ ..JLJL __ .JL __ JL __ ..JLJL __ .JLJL_ 
I I I I I I I I 

VBLANK:l-- __ ~---I------1 ----L-__ S----I-I-----I-I--

I I I I I I I I 
VSYNC: I I I I I I I L--

(Interlace) : : I : 

I' Odd Field I , I" Even Field ----.-----

VSYNC: 
(No InterlaC81)r, .----------1 

TIMING WAVEFORMS 
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r---------

Clock 

Data 

060-7 

CRT7220A 
HGDC 

----------, 

Blanking 

HSYNC 

VSYNC 

LPEN 

L ___________________________ ~ 

BLOCK DIAGRAM OF A GRAPHICS TERMINAL 

Host 
Computer 



Video Horizontal Sync Generator Parameters 

~1.------------------------------1H----------------------------~ 

I 

I 

HBLANK: ----.J 
I 

I 

~ ______________________________ ~r--

HSYNC: ______ ~ ____ ~r__1~ ________ ~ __________________________________________ ~ __ 

I 
I '=t ~ ,., ---t------------------ C/R ----------~--------_t 

Video Vertical Sync Generator Parameters 

~----------------------1Y--------------------------~ 

I L 
I I 

YBLANK: 

I I 
I I I 

YSYNC:~~ ________________________________________ ~ ____ ~r--1~ _________ I __ _ 

I I I I I 
I I I I 

I YFP I-- I I 

---+-------L/F--------i--t : tBP---j 

---l YS 

r- YBP 

Cursor-Image Bit Flag 

-I i-- 1CLK 

2 x CCLK ...1lfi11Il 

'.".K r'I-----<I f----- ---j ,''-
,"NO -----tr'1 .. ,<co ~ ,l-

CRS-Image ~~ ~ Invalid x:::~ 
Image 

TIMING WAVEFORMS 
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VIDEO FIELD TIMING 

-rl HSYNCOutput ~ 
, BLANK Output ' 

~i ~ 
H---+---7.v.;-er~tlc-a-;-1 S:;;Y~N:-::C:-:L-;-In-e-s -------K(-t------

Horizontal 
SYNC----o 
Pulse 

Vertical Back Porch Blanked Lines 

Horizontal 1 
Front Porch -I~ '§ 

Horizontal 
Back Porch f- I-
Blanking 

Blanking 0 
to) 

Active ~ 
Display 
Lines 

~ ~ Vertical Front Porch Blanked Lines 

~'-------------"'~---- -

IDRAWING INTERVALS 

DMA REQUEST INTERVALS 
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~ Drawing Interval 

~ Additional Drawing Interval When 
~ In Flash Mode 

~ Dynamic RAM Refresh" Enabled, Otherwise 
~ Additional Drawing Interval 

DMA Request Interval 

Additional DMA Request Interval. 
When In Flash Mode 
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SMC or others. SMC reserves the right to make changes at any time in order to improve design and supply the best 
pfOduct possible. 
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STANDARD MICROSYSTEMS 
CORPORATION CRT 8002 

ILPC FAMILY 

CRT Video Display Attributes Controller 
Video Generator 

VDAC™ 
FEATURES PIN CONFIGURATION 

D On chip character generator (mask programmable) 
128 Characters (alphanumeric and graphic) 

VIDEO 1 

LD/SH 2 

28 RETBL 

27 CURSOR 
7 x 11 Dot matrix block 

D On chip video shift register 
Maximum shift register frequency 

CRT 8002A 20MHz 
CRT 8002B 15MHz 
CRT 8002C 10MHz 
Access time 400ns 

VDC 3 

A0 4 

A1 5 
A2 6 

26 MS¢ 

25 MS1 

24 BLINK 

23 V SYNC 

22 CHABL 

21 REVID 
D On chip horizontal and vertical retrace video blanking 
D No descender circuitry required 

A3 7 

A4 8 

A5 9 
A6 ·10 

20 UNDLN 

19 STKRU 
D Four modes of operation (intermixable) 

Internal character generator (ROM) 
Wide graphics 
Thin graphics 
External inputs (fonts/dot graphics) 

D On chip attribute logic-character, field 
Reverse video 
Character blank 
Character blink 
Underline 
Strike-thru 

D Four on chip cursor modes 
Underline 
Blinking underline 
Reverse video 
Blinking reverse video 

D Programmable character blink rate 
D Programmable cursor blink rate 

D Subscriptable 

A711 

Vee 12 

R2 13 

R3 14 

D Expandable character set 
External fonts 
Alphanumeric and graphic 
RAM, ROM, and PROM 

D On chip address buffer 
D On chip attribute buffer 
D + 5 volt operation 
D TTL compatible 

18 ATTBE 

17 GND 

16 R¢ 

15 R1 

o MaS N-channel silicon-gate COPLAMOS® process 
o CLASp® technology-ROM and options 
o Compatible with CRT 5027 VTACIE! 

General Description 
The SMC CRT 8002 Video Display Attributes Controller 
(VDAC) is an N-channel COPLAMOS® MaS/LSI device 
which utilizes CLASP® technology. It contains a 
7X11X128 character generator ROM, a wide graphics 
mode, a thin graphics mode, an external input mode, 
character address/data latch, field and/or character 
attribute logic, attribute latch, four cursor modes, two 
programmable blink rates, and a high speed video 
shift register. The CRT 8002 VDACTM is a companion 
chip to SMC's CRT 5027 VTAC. Together these two 
chips comprise the circuitry required for the display 
portion of a CRT video terminal. 
The CRT 8002 video output may be connected directly 
to a CRT monitor video input. The CRT 5027 blanking 
output can be connected directly to the CRT 8002 
retrace blank input to provide both horizontal and 
vertical retrace blanking of the video output. 
Four cursor modes are available on the CRT 8002. 
They are: underline, blinking underline, reverse video 

The CRT 8002 attributes include: reverse video, char
acter blank, blink, underline, and strike-thru. The 
character blink ratt:! is mask programmable from 7.5Hz 
to 0.5 Hz and has a duty cycle of 75/25. The underline 
and strike-thru are similar but independently con
trolled functions and can be mask programmed to any 
number of raster lines at any position in the character 
block. These attributes are available in all modes. 
In the wide graphic mode the CRT 8002 produces a 
graphic entity the size of the character block. The 
graphic entity contains 8 parts, each of which is asso
ciated with one bit of a graphic byte, thereby provid
ing for 256 unique graphic symbols. Thus, the CRT 
8002 can produce either an alphanumeric symbol or 
a graphic entity depending on the mode selected. 
The mode can be changed on a per character basis. 

The thin graphic mode enables the user to create sin
gle line drawings and forms. 

block, and blinking reverse video block. Anyone of The external mode enables the user to extend the on-
these can be mask programmed as the cursor func- chip ROM character set and/or the on-chip graphics 
tion. There is a separate cursor blink rate which can capabilities by inserting external symbols. These ex-
be mask programmed to provide a 15Hz to 1 Hz blink ternal symbols can come from either RAM, ROM or 
rate. 323 PROM. 
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For additional information, consult your 1986 SMC catalog or contact our product marketing department at (516) 273-3100. 

r::""I'·".,n"',,,r'~"'" a.I"'''''''~.Ir'' .... 'a.~ Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 
1!~I~~~~.iiiiii aJ)plications: 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 responsiollily is 

".",",8Iv,.HI"OI"" .•. ,.11711 assumed for Inaccuracies. Furlhermore, such Information does not convey to the purchaser of the 
"," 273·3\00 • TWX·'''·'''·" 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 ana supply the best product possible. 
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CRT8002H 

CRT Video Display Attributes Controller 
Video Generator 

VDACTM 

FEATURES 

o On chip character generator (mask programmable) 
128 Characters (alphanumeric and graphic) 
7 x 11 Dot matrix block 

o On chip video shift register 
Maximum shift register frequency 25 MHz 

o ROM Access time 310 ns 

PIN CONFIGURATION 

VIDEO 28 RETBL 
LD/SFf 2 21 CURSOR 

VDC 3 26 MSf/J 
A0 4 25 MS1 

A1 5 24 BLINK 

o On chip horizontal and vertical retrace video blanking 
A2 6 23 V SYNC 

A3 7 22 CHABL o No descender circuitry required 
o Four modes of operation (intermixable) 

Internal character generator (ROM) 
Wide graphics 
Thin graphics 
External inputs (fonts/dot graphics) 

o On chip attribute logic-character, field 
Reverse video 
Character blank 
Character blink 
Underline 
Strike-thru 

o On chip cursor 
o Programmable character blink rate 
o Programmable cursor blink rate 
o Subscriptable 
o Expandable character set 

External fonts 
Alphanumeric and graphic 
RAM, ROM, and PROM 

A4 8 21 REVID 

A5 9 20 UNDLN 
AS 10 19 STKRU 

A711 18 ATTBE 

Vee 12 17 GND 

R213 16 Rf/J 

R3 14 15 R1 

o On chip address buffer 
o On chip attribute buffer 
o +5 volt operation 
o TTL compatible 
ON-channel COPLAMOS® Titanium 

Disilicide Process 
o Compatible with CRT 5027/37 VTAC® 

General Description 

The SMC CRT 8002H Video Display Attributes Controller 
(VDAC) is an n-channel COPLAMOS® MaS/LSI de
vice" It contains a 7X11X128 character generator ROM, 
a wide graphics mode, a thin graphics mode, an external 
input mode, character address/data latch, field and/or 
character attribute logic, attribute latch, four cursor 
modes, two programmable blink rates, and a high speed 
video shift register. The CRT 8002H VDAC is a com
panion chip to SMC's CRT 5027/37 VTAC®. Together 
these two chips comprise the circuitry required for the 
display portion of a CRT video terminal. 
The CRT-8002H video output may be connected directly, 
to a CRT monitor video input. The CRT 5027/37 blanking 
output can be connected directly to the CRT 8002H 
retrace blank input to provide both horizontal and 
vertical retrace blanking of the video output. 
The CRT 8002H attributes include: reverse video, char
acter blank, blink, underline, and strike-thru. The 
character blink rate is mask programmable from 7.5 Hz 
to 1.0 Hz and has a duty cycle of 75/25. The underline 
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and strike-thru are similar but independently control/ed 
functions and can be mask programmed to any number 
of raster lines at any position in the character block. 
These attributes are available in all modes. 

In the wide graphic mode the CRT 8002H produces a 
graphic entity the size of the character block. The 
graphic entity contains 8 parts, each of which is asso
ciated with one bit of a graphic byte, thereby providing 
for 256 unique graphic symbols. Thus, the CRT 8002H 
can produce either an alphanumeric symbol or a graphic 
entity depending on the mode selected. The mode can 
be changed on a per character basis. 
The thin !ilraphic mode enables the user to create single 
line draWings and forms. 

The external mode enables the user to extend the on
chip ROM character set and/or the on-chip graphics 
capabilities by inserting external symbols. These ex
ternal symbols can come from either RAM, ROM or 
PROM. 

I 



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 
1!e!~D~~iiii.iiii applications: 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 

"","""., """"" NY 117" assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the 
"'" "'·3100 . TWX"'·"'·"" 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 ana supply the best product possible. 
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CRT 8021 
CRT 8021-003 

CRT Video Attributes Controller 
Video Generator 

VAC 

FEATURES 
o ON CHIP VIDEO SHIFT REGISTER 

Maximum shift registerfrequency-20MHz 
Maximum character clock rate-2.5MHz 

o ON CHIP HORIZONTAL AND VERTICAL RETRACE 
VIDEO BLANKING 

o ON CHIP GRAPHICS GENERATION 

o ON CHIP ATTRIBUTE LOGIC-CHARACTER, FIELD 
Reverse video 
Character blank 
Character blink 
Underline 
Strike-thru 

o ON CHIP BLINKING CURSOR 

o ON CHIP DATA BUFFER 

o ON CHIP ATTRIBUTE BUFFER 

0+5 VOLT OPERATION 

o TTL COMPATIBLE 

o MOS N-CHANNEL SILICON-GATE COPLAMOS® 
PROCESS 

PIN CONFIGURATION 

VIDEO 1 28 RETBL 
LD/SH 2 27 CURSOR 

VDO 3 26 Msa 
A0 4 25 MSI 
A1 5 24 BLINK 
A2 6 23 VSYN 
A3 7 22 CHABL 

A4 8 21 REVID 

A5 9 20 UNDLN 

A610 19 STKRU 
A711 18 ATTBE 

Vee 12 17 GND 
R2 13 16 RO 
R314 15 R1 

o COMPATIBLE WITH CRT 5027/37 VTAC@ AND 
CRT 9007 VPAC 

GENERAL DESCRIPTION 
The SMC CRT 8021 Video Attributes Controller (VAC) 
is an n-channel COPLAMOS® MOS/LSI device.ltcon
tains wide and thin graphics logic, attributes logic, a 
data latch, field and character attribute latch, a blinking 
cursor, and a high speed video shift register. The CRT 
8021 VAC is a companion to SMC's CRT 5027/37 VTAC® 
or CRT 9007 VPAC. The CRT 8021 and a character ROM 
combined with either a CRT 5027/37 or a CRT 9007 com
prises the major circuitry required for the display portion 
of a CRT video terminal. 

The CRT 8021 video output may be connected directly 
to a CRT monitor video input. The CRT 5027/37 or 
CRT 9007 blanking output can be connected directly to 
the CRT 8021 retrace blank input to provide both horizon
tal and vertical retrace blanking of the video output. 

A blinking cursor is available on the CRT 8021. There is a 
separate cursor blink rate which is twice the character 
blink rate and has a duty cycle of 50/50. 

The CRT 8021 attributes include: reverse video, character 
blank, blink, underline, and strike-thru. The character 
blink rate has a duty cycle of 75/25. The underline and 
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strike-thru are similar but independently controlled 
functions. These attributes are available in all modes. 

The thin graphic mode enables the user to create Single 
line drawings and forms. 

In the wide graphic mode the CRT 8021 produces a 
graphic entity the size of the character block. The graphic 
entity contains 8 parts, each of which is associated with 
one bit of a graphic byte, thereby providing 256 unique 
graphic symbols. Thus, the CRT 8021 can produce either 
alphanumeric symbols or various graphic entities 
depending on the mode selected. The mode can be 
changed on a per character basis. 

The CRT 8021 is available in two versions. The CRT 8021 
provides an eight-part graphic entity which fills the 
character block. The CRT 8021 is designed for seven dot 
wide, nine or eleven dot high characters in nine by twelve 
or ten by twelve character blocks. 

The CRT 8021-003 provides a six part graphic entity for 
five by seven or five by nine characters in character blocks 
of up to seven by ten dots. 

I 



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

•• I""~~.N::''Y'r~.'It'' Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 
1ie!!~t!~~iii.ii @plications: 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 responsiollit.y is 

IM'tLOBivO _N""88 assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the 
15")17].3100' TWx.51022'8898 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 ana supply the best product possible. 
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CRT 9006-135 
CRT 9006-83 

Single Row Buffer 
SRB 

FEATURES: 
D Low Cost Solution to CRT Memory Contention Problem 
D Provides Enhanced Processor Throughput for CRT 

Display Systems 
D Provides 8 Bit Wide Variable Length Serial Memory 
D Permits Acti,ve Video on All Scan Lines of Data Row 

PIN CONFIGURATION 

DOUT3 GND 

DOUT2 DOUT4 

DOUT1 DOUT5 

DOUT0 DOUT6 

D Dynamically Variable Number of Characters per Data Row
... 64,80, 132, ... up to a Maximum of 135 

ClK 

WREN 

DOUT? 

BE 
D Cascadable for Data Rows Greater than 135 Characters 
D Stackable for Invisible Attributes or Character 

Widths of Greater than 8 Bits 
D Three-State Outputs 
D 3.3MHz Typical Read/Write Data Rate 
D Static Operation 
D Compatible with SMC CRT 5037, CRT 9007, and other 

CRT Controllers 
D 24 Pin Dual In Line Package 
D +5 Volt Only Power Supply 
D TTL Compatible Inputs and Outputs 
D Available in 135 Byte Maximum Length (CRT 9006-135) 

or 83 Byte Maximum Length (CRT 9006-83) 

CLRCNT 

CKEN 

DIN0 

DIN1 

DIN2 

DIN3 

Package: 24-pin D.I.P. 

APPLICATIONS: 
D CRT Data Row Buffer 
D Block-Oriented Buffer 
D Printer Buffer 

OF 

DIN? 

DIN6 

DIN5 

DIN4 

+5V 

D Synchronous Communications Buffer 
D Floppy Disk Sector Buffer 

GENERAL DESCRIPTION 
The SMC Single Row Buffer (SRB) provides a low cost solu
tion to memory contention between the system processor and 
CRT controller in video display systems. 
The SRB is a RAM-based buffer which is loaded with character 
data from system memory during the first scan line of each 
data row. While data is being written into the RAM it is also 
being output through the multiplexer onto the Data Ouput 

I L 

~c~~==~ ~~ 
T H 

(DOUT) Lines. During subsequent scan lines in the data row, 
the system will disable Write Enable (WREN) and cause data 
to be read out from the internal RAM for CRT screen refresh. 
thereby releasing the system memory for processor access 
for the remaining N-1 scan lines where N is the number of 
scan lines per data row. The SRB enhances processor through
put and permits a flicker-free display of data. 

OCTAL 
2 TO 1 

MUX 

3·STATE 

B 
U 
F DOUT7-0 

~-----------------------+---~ 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL FUNCTION 

1-4 DATA OUTPUTS DOUT3-DOUT0 Data Outputs from the internal output latch. 

5 CLOCK ClK Character clock. The negative-going edge of ClK clocks the 
latches. When CKEN (pin 8) is high, ClK will increment the 
address counter. 

6 WRITE ENABLE WR'E1\J When WREN is low, data from the input latch is transferred directly 
to the output latch and simultaneously written into sequential 
locations in the RAM. 

7 CLEAR COUNTER ClRCNT A negative transition on ClRCNT clears the RAM address counter. 
ClRCNT is normally asserted low near the beginning of each 
scan line. 

8 CLOCK ENABLE CKEN When CKEN is high, ClK will clock the address counter. The 
combination of CKEN high and WREN low will allow the writing 
of data into the RAM. 

9-12 DATA INPUTS DIN0-DIN3 Data Inputs from system memory. 

13 POWER SUPPLY Vee +5 Volt supply. 

14-17 DATA INPUTS DIN4-DIN7 Data Inputs from system memory. 

18 OVERFLOW FLAG OF This output goes high when the RAM address counter reaches its 
maximum count. If cascaded operation of multiple CRT 9006's is 
desired for more than 135 bytes, OF may be used to drive the 
CKEN input of the second row buffer chip. 

19 OUTPUT ENABLE OE When OE is low, the data outputs DOUT0-DOUT7 are enabled. 
When O'E is high, DOUT0-DOUT7 present a high impedance 
state. 

20-23 DATA OUTPUTS DOUT7-DOUT4 Data Outputs from the internal output latch. 

24 GROUND GND Ground. 

OPERATION 

For CRT operation, the Write Enable (WREN) signal is RAM has been fully loaded (135 bytes). While data is 
made active for the duration of the top scan line of each being written into the RAM, it is also being output through 
data row. Clear Counter (ClRCNT) typically occurs at the multiplexer onto the Data Output (DOUT) lines. Each 
the beginning of each scan line (HSYNC may be used as byte is loaded into the output latch one clock time later 
input to CLRCNT). Data is continually clocked into the than it is written into the RAM. Output of the data during 
input latch by ClK. When Clock Enable (CKEN) occurs, the first scan line permits the Video Display Controller 
the data in the input latch (Write Data) is written into the (such as the CRT 8002) to display video on the first scan 
first location of RAM. At the negative-going edge of the line. During subsequent scan lines in the data row, the sys-
next clock, the address counter is incremented, the next tem will disable Write Enable (WREN) and cause data to be 
input data is latched into the input latch, and the new data read out from the internal RAM, thereby freeing the sys-
is then written into the RAM. loading the RAM continues tem memory for processor access for the remain ing N-1 
until one clock after CKEN goes inactive or until the scan lineswhereN isthe number of scan lines per data row. 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range .................................................................... 0° C to + 70° C 
Storage Temperature Range ..................................................................... -55° C to + 150° C 
Lead Temperature (soldering, 10 sec.) .................................................................... +325° C 
Positive Voltage on any Pin, with respect to ground ......................................................... +8.0V 
Negative Voltage on any Pin, with respect to ground .......................................................... -0.3V 
*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS (TA = 0° C to 70° C, Vee = +5 ±5%, unless otherwise noted) 

PARAMETER MIN TYP MAX UNITS COMMENTS 

DC CHARACTERISTICS 
Input Voltage Levels 

Low Level VIL 0.8 V 
High Level VIH 2.0 V 

Output Voltage Levels 
Low Level VOL 0.4 V IOL=2rnA 
High Level VOH 2.4 V IOH=-100pA 

Input Current 10 pA O~VIN~VCC 
Leakage, IlL 

Output '1' Leakage 10 pA 
Output '0' Leakage 10 pA 

(Off State) 
Input Capacitance 

CLK 30 45 pF 
All other inputs 10 15 pF 

Power Supply Current 
Icc (SRB-135) 115 rnA 
Icc (SRB-83) 100 rnA 

AC CHARACTERISTICS 
tcy 

(SRB135) 300 250 ns 
(SRB83) 400 330 ns 

tcKL 
(SRB135) 240 190 DC ns 
(SRB83) 320 250 DC ns 

tCKH 
(SRB135) 28 5000 ns 
(SRB83) 34 5000 ns 

tCKR 
(SRB135) 10 ns tCKH = 28ns 
(SRB83) 10 ns tCKH = 34ns 

tCKF 
(SRB135) 10 ns tCKL =240ns 
(SRB83) 10 ns tCLK = 320ns 

tOSET 65 ns 
tOHOLO 5 ns 
tENCKP 0 ns 
tENCKN 

(SRB135) 100 ns 
(SRB83) 125 ns 

tENHOLO 0 ns 
tWRCKN 

(SRB135) 100 ns 
(SRB83) 125 ns 

tWENHLO 0 ns 
tOOUT 175 ns CL=50pF 
hSON 175 ns 
hSOFF 175 ns 
tOFON 175 ns CL= 30pF 
tCLRS 

(SRB135) 100 ns 
(SRB83) 125 ns 

tCLRH 0 ns 
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FIGURE 1: AC CHARACTERISTICS 
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FIGURE 2: SINGLE ROW BUFFER READ TIMING 
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FIGURE 3: SINGLE ROW BUFFER WRITE TIMING 
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FIGURE 2: TYPICAL CRT CONTROLLER CONFIGURATION WITH SINGLE ROW BUFFER 



FIGURE 4: 
TYPICAL READ TIMING FOR SRB CASCADED CONFIGURATION 

CLK~ 
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Notes: N = 134 FOR CRT9006-135 
N = 82 FOR CRT9006-83 
EXAMPLE IS FOR N+3 CHARACTERS TOTAL 
A, B REFER TO DEVICES A&B IN FIGURE 5 

FIGURE 5: 
TYPICAL CASCADE OF SINGLE ROW BUFFERS-270 BYTES TOTAL 
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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 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION 

CRT Video Processor 
and Controller 

VPACTM 

CRT9007A2* 
CRT9007A1* 
CRT9007A 
CRT9007B 
CRT9007C 

*PRELIMINARY 

FEATURES 
o Fully Programmable Display Format 

Characters per Data Row (8-240) 
Data Rows per Frame (2-256) 
Raster Scans per Data Row (1-32) 

o Programmable Monitor Sync Format 
Raster Scans/Frame (4-2048) 
Front Porch - Horizontal (Negative or Positive) 

-Vertical 
Sync Width- Horizontal (1-128 Character Times) 

- Vertical (2-256 Scan Lines) 
Back Porch - Horizontal 

-Vertical 
o Direct Outputs to CRT Monitor 

Horizontal Sync 
Vertical Sync 
Composite Sync 
Composite Blanking 
Cursor Coincidence 

o Binary Addressing of Video Memory 
o Row-Table Driven or Sequential Video Addressing Modes 
D Programmable Status Row Position and Address Registers 
o Bidirectional Partial or Full Page Smooth Scroll 
o Attribute Assemble Mode 
o Double Height pata Row Mode 
o Double Width Data Row Mode 
o Programmable DMA Burst Mode 
o Configurable with a Variety of Memory'Contention 

Arrangements 
o Light Pen Register 
D Cursor Horizontal and Vertical Position Registers 
o Maskable Processor Interrupt Line 
o Internal Status Register 
o Three-state Video Memory Address Bus 
o Partial or Full Page Blank Capability 
o Two Interlace Modes: Enhanced Video and Alternate 

Scan Line 

PIN CONFIGURATION 

VA21 40GND 
VA102 39VA9 
VA33 38 VAl 

VAl14 37VA8 
VA125 36VAO 
VA46 35 CBLANK 

VA137 34 CURS 
VA58 33ACKITS"C 
VA69 32~/LPSTB 
VA710 31 SLD/SLO 
VLT 11 30 "S[G/SLl 
1ffl12 29 WBEN/SL2/~ 
HS 13 28 DMARISL3!VBLANK 

CCER14 271NT 
r:5i1ti 15 26 R'ST 
VD716 25C'S 
VD617 24VDO 
VD518 23VDl 
VD419 22VD2 
VD320 21 +5V 

o Ability to Delay Cursor and Blanking with respect to 
Active Video 

D Programmable for Horizontal Split Screen Applications 
o Graphics Compatible 
o Ability to Externally Sync each Raster Line, each Field 
o Single +5 Volt Power Supply .. 
o TTL Compatible on All Inputs and Outputs 
o VT-100 Compatible 
o RS-170 Interlaced Composite Sync Available 

GENERAL DESCRIPTION 

The CRT 9007 VPACTM is a next generation video processor/ 
controller-an MOS LSI integrated circuit which supports either 
sequential or row-table driven memory addressing modes. As 
indicated by the features above, the VPACTM provides the user 
with a wide range of programmable features permitting low cost 
implementation of high performance CRT systems. Its 14 address 
lines can directly address up to 16K of video memory. This is 
equivalent to eight pages of an 80 character by 24 line CRT dis
play. Smooth or jump scroll operations may be performed any
where within the addressable memory. In addition, status rows 
can be defined anywhere on the screen. 
In the sequential video addressing mode, a Table Start Register 
points to the address of the first character of the first data rowan 
the screen. It can be easily changed to produce a scrolling effect 
on the screen. By using this register in conjunction with two aux
iliary address registers and two sequential break registers, a screen 
roll can be produced with a stable status row held at either the first 
or last data row position. 
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In the row-table driven video addressing mode, each row in the 
video display is designated by its own address. This provides the 
user with greater flexibility than sequential addressing since the 
rows of characters are linked by pointers instead of residing in 
sequential memory locations. Operations such as data row 
insertion, deletion, and replication are easily accomplished by 
manipulating pointers instead of entire lines. The row table itself 
can be stored in memory in a linked list or in a contiguous format. 
The VPAC ™ works with a variety of memory contention schemes 
including operation with a Single Row Buffer such as the CRT 9006, 
a Double Row Buffer such as the CRT 9212, or no buffer at all, in 
which case character addresses are output during each display
able scan line. 
User access able internal registers provide such features as light 
pen, interrupt enabling, cursor addressing, and VPACTM status. 
Ten of these registers are used for screen formatting with the abi
lity to define over 200 characters per data row and up to 256 data 
rows per frame. These 10 registers contain the "vital screen 
parameters". 
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VD7-0 --.....r-.----x-------. 

VA13-0 

cs-------~ 

PROCESSOR INTERFACE: 

PIN NO. NAME 
7,5,4,2,39, Video Address 
37,10,9,8,6, 13-0 

3,1,38,36 

16,17,18,19, Video Data 7-0 
20, 22, 23, 24 

25 Chip strobe 

26 Reset 

27 Interrupt 

CHAR/HOFlIZ PERIOD 

CHAR/OAT A ROW 

HORIIDELAY 

HOFlIZ SYNC WIDTH 

CURSOR, BLANK SKEW 

DATA ROWS/FRAME 

SCAN llNES/FRAME 

DMA BURST, DELAY COUNT 

CURS 

~-C/ 
LPSTB 

14 BIT ADDRESS BUS 

TIMING 
AND 

CONTROL 

CBLANK 
INT 
SL3/DMARNBLANK 

SL2/WBEN/CSYNC 

SL1/g[O 

SL0/SLD 

RST VLT 

CCLK---L ________ -1"'~=-------

DESCRIPTION OF PIN FUNCTION$ 

SYMBOL FUNCTION 
VA13-VAO These 14 signals are the binary address presented to the video memory by the CRT 9007. 

The function depends on the particular CRT 9007 mode of operation. VA 13-6 are outputs 
only. VA5-0 are bidirectional. 
-Double Row Buffer Configuration: 

VA 13-0 are active outputs for the DMA operations and are in their high impedance state at 
all other times. 

-Single Row Buffer Configuration: 
VA 13-0 are active out~uts during the first scan line of each data row and are in their high 
impedance state at al other times. 

-Repetitive Memory Addressinfl Configuration: 
VA 13-0 are active outputs at a times except during horizontal and vertical retrace at which 
time they are in their high impedance state. 

If row table addressing is used for either single row buffer or repetitive memory addressing 
modes, VA 13-0 are active outputs during the horizontal retrace at each data row boundary to 
allow the CRT 9007 to retrieve the row table address. For processor read/write operations 
VA5-0are inputs that select the appropriate internal register. 

VD7-VDO Bidirectional video data bus: during processor Read/write operations data is transferred via 
VD7-'ffi? when chip strobe (~'S"+,s active. These lines are in their hi9h impedance state 
when is inactive. During CR 9007 DMA operations, data from video memor~ is input via 
VD7 -VDO when a new row table address is belnB retrieved or when the attribute atch IS being 
updated in the attribute assemble mode. VD7-V 0 are outputs when the external row buffer 
is updated with a new attribute in the attribute assemble mode. 

~ Input; this si~nal when active low, allows the frocessor to read or write intern~RT 9007 
registers. W en reading from an internal CR 9007 register, the chip strobe ( SI enables the 
output drivers. When writln~ to an internal CRT 9007 register, the trailing edge 0 this signal 
latches the incoming data. igure 2 shows all processor read/write timing. 

FiST Input; this active low Sign~uts the CRT 9007 into a known, inactive state and insures 
that the horizontal sync (H ) output is inactive. Activating this input has the same effect as a 
RESET command. After initialization, a START command causes normal CRT 9007 opera-
tion. See processor addressable registers section, Register 16 for the reset state definition. 

INT Output; an interrupt to the processor from the CRT 9007 occurs when this Signal is active 
high. The interrupt returns 10 its inactive low state when the status register is read. 
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DESCRIPTION OF PIN FUNCTIONS CONT'D 
CRT INTERFACE: 

PIN NO, NAME SYMBOL FUNCTION 
11 Visible Line Time VLT Output; this signal Is active high during all visible scan lines and during the horizontal trace 

times at vertical retrace. This signal can be used to gate the character clock (CCCK) when 
supplying data to a character generator from a single or double row buffer. 

12 Vertical Sync \is Open drain output; this signal determines the vertical position of displayed text by initiating a 
vertical retrace. Its position and pulse width are user ~rogrammable. The open drain allows 
the vertical frame rate to be synchronized to the line requency when uSing monitors with DC 
coupled vertical amplifiers. If the \is output is pulled active low externally efore the CRT 
9007 itself Initiates a vertical syn~he CRT 9007 will start its own vertical sync at the next 
leading edge of horizontal sync (H ). . ---

13 Horizontal Sync HS o~en drain output; this signal determines the horizontal position of dis~labed text by initiating 
a orizontal retrace. Its position and pulse width are user programmab e. uring hardware 
and software reset, this signal is inactive high. The open drain allows the horizontal scan rate 
to be synchronized to an external source. If the 'AS output is pulled low externally before the 
CRT 9007 itself initiates a horizontal sync, the CRT 9007 will start its own horizontal sync on 
the next character clock (CCLK). 

14 Character Clock CCLK InAut; this signal defines the character rate of the screen and is used ~ the CRT 9007 for 
al internal timing. A minimum high voltage of 4.3V must be maintaine for proper 
chip operation. 

~---

15 Data Row DRB Output: this signal is active low for one full scan line (from VLT trailing edge to VLT trailing 
Boundary edge) at the top scan line of each new data row. This signal can be used to swap buffers in 

the double row buffer mode. It indicates the particular horizontal retrace time that the CRT 
9007 outputs addresses (VA13-VAO) for single row buffer operation. There will always 
be one extra DRB signal which will become active during the first scan line of the vertical 
retrace interval. 

34 Cursor CURS Output; this signal marks the cursor position on the screen as specified by the horizontal and 
vertical cursor registers. The signal is active for one character time at the particular character 
position for all scan lines within the data row. For double height or width characters, this sig-
nal is active for 2iconsecutive CCCK's in every scan line within the data row. For double 
height characters, this signal can be programmed to be active at the proper position for 2 
consecutive data rows. 
CURS is also used to signal either a double height or double width data row by becoming 
active during the horizontal retrace (CBLANK active) prior to a double height or double width 
scan line. The time of activation and deactivation is a function of the addressing mode, buffer 
configuration and the scan line number. See section of Double height/width for details. 

35 Composite Blank CBLANK Output. This si~nal when active high, indicates that a retrace (either horizontal or vertical) will 
be performed. he signal remains active for the entire retrace interval as programmed. It is 
used to blank the video to a CRT. 

USER SELECTABLE PINS: (see Tables 4 and 5) 

PIN NO. NAME SYMBOL FUNCTION 
28,29,30,31 Scan Line 3- SL3-SLO Output; these 4 signals are the direct scan line counter outputs, in binary form, that Indicate 

SCE\nj..ine 0 to the character generator the current scan line. These signals continue to be updated 
during the vertical retrace interval. SL3 and SL0 are the most and least significant 
bits respectively. 

28 Direct Memory DMAR Output; this s~nal is the DMA request issued by the CRT 9007. It will only become active if 
Access Request the acknowle ge (ACK) input is inactive. It remains active high throughout the entire 

DMA operation. 
28 Vertical Blank VBLANK Output; this signal is active high only during the vertical retrace period. 
29 Write Buffer WBEN Output; this active hi~h signal is used to gate the clock feeding the write buffer in a double 

Enable row buffer configuration. 
290r32 Composite Sync CSYNC Output; this signal provides a true RS-170 composite sync waveform with equalization pulses 

and vertical serrations in both interlace and noninterlace formats. Figure 3 illustrates the 
CSYNC output in both interlaced and noninterlaced formats. 

30 Scan Line Gate SCG Output; this active low si~nal is used as a clock gate. It captures the correct 5 or 6 'CCCK's 
and, in con/unction with LD (pin 31), allows scan line information to be loaded serially into 
an externa shift register. 

31 Scan Line Data SLD Output; this signal allows one to load an external shift register with the current scan li~ 
count. The count is presented least significant to most significant bit during the 5 or 6 CL 's 
framed by SCG. With this form of scan line representation, it is possible to define up to 32 
scan lines per data row. 
The external shift register must be at least 5 bits in length. Even though 6 shifts can occur 
one should only use the 5 last bits shifted to define the scan line count. The extra shift occurs 
in interlace or double height character mode to allow the scan line count to be adjusted to its 
proper value. Figures 4 and 5 illustrate the serial scan line timing. 

32 Light Pen Strobe LPSTB Input; this signal strobes the current row/column position into the light pen register at its posi-
tive transition. 

33 Acknowledge ACK Input; this active high signal acknowledges a DMA re~uest. It indicates that the processor 
bus has entered its high impedance state and the CR 9007 may access video memory. It is 
not recommended to deactivate this signal during a CRT 9007 DMA cycle because the CRT 
9007 will not shut down in a predictable amount of time. 

33 Three State 'i'SC Input; this signal, when active low, places VA13-VA0 in their high impedance state. --
Control 
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OPERATION MODES 

Single Row Buffer Operation 
The CRT 9007 configured with a CRT 9006 Single Row 
Buffer is shown in figure 6. The use of the CRT 9006 Single 
Row Buffer requires that the buffer be loaded at the video 
painting rate during the top scan line of each data row. How
ever, after the CRT 9006 is loaded, the CRT 9007 address 
lines enter their high impedance state for the remaining N-
1 scan lines of the data row, thereby permitting full proces-

sor access to memory during these scan lines. The per
centage of total memory cycles available to the processor 
is approximately [(N-1)/N] x 100 where N is the total num
ber of scan lines per data row. For a typical system with 12 
scan lines per data row this percentage is 92%. Figure 7 
illustrates typical timing for the CRT 9007 used with the CRT 
9006 Single Row Buffer. 
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MEMORY I ~ C BLANK 
ROM 
RAM 

VIDEO RAM A A I" IlS 
VD7-0 
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FIGURE 6: CRT 9007 CONFIGURATION WITH SINGLE ROW BUFFER 
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"FIGURE 7: CRT 9007 SINGLE ROW BUFFER TIMING (32 CHARACTERS PER DATA ROW) 
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Double Row Buffer Operation 
Figure 8 shows the CRT 9007 used in conjunction with a 
CRT 9212 Double Row Buffer. The Double Row Buffer has 
a read buffer which is read at the painting rate of the CRT 
during each scan line in the data row. While the read buffer 
is being read and supplying data to the character generator 
for the current displayed data row, the write buffer is being 
loaded with the next data row to be displayed. This 
arrangement allows for relaxed write timing to the write buffer 
as it may be filled in the time it takes for N scan lines on the 
CRT to be painted where N is the number of scan lines per 
data row. Used in this configuration, the CRT 9007 takes 
advantage of the relaxed write buffer timing by stealing 
memory cycles from the processor to fill the write' buffer 
(Direct memory access operation). The CRT 9007 sends 
the DMAR (DMA request) signal, awaits an ACK (acknowl
edge) signal and then drives out on VA13-VAO the address 
at which the next video data resides. The CRT 9007 then 
activates the WBEN (write buffer enable) signal to write the 
data into the buffer. If for example there are 80 characters 
per data row, the CRT 9007 performs 80 DMA operations. 
The user has the ability to program the number of DMA cycles 
performed during each DMAR-ACK sequence, as well as 

PROCESSOR 
f1 P1f-lC 

the delay between each DMAR-ACK sequence, via the DMA 
CONTROL REGISTER (RA). If 8 DMA operations are 
performed for each ACK received, 10 such DMAR-ACK 
sequences must be performed to completely fill the write 
buffer. The programmed delay allows the user to evenly 
distribute the DMA operations so as not to hold up the pro
cessor for an excessive length of time. This feature also 
permits other DMA devices to be used and allows the pro
cessor to respond to real time events. In addition, the user 
has the ability to disable the CRT 9007 DMA mechanism. 
Figure 9 illustrates typical timing for the CRT 9007 used with 
the CRT 9212 Double Row Buffer. 

Since the CRT 9212 Double Row Buffer has separate inputs 
for read and write clocks (RCLK, WCLK), it is possible to 
display proportional character widths (variable number of 
dots per character) by reading out the buffer at a character 
clock rate determined by the particular character. The writ
ing of the buffer can be clocked from a different and con
stant character clock. Figure 10 illustrates the CRT 9007 
used with two double row buffers and a CRT 9021 Video 
Attributes Controller chip to provide proportional character 
display. 
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MEMORY 
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RAM 

VIDEO RAM 

1'v-__ -'A""'D~DR""ESrS rBU",-S __ -,/lVA13-0 

VD7-0 ",----1/' 

CR19212 
DOUBLE 

ROW BUFFER 

CRT9007 
VPAC"" 

CRTBOO2 
VDAC"" 

CHARACTERIATIRIBUTES 
GENERATOR 

LO/SHf------' 

VDCI-----' 

VIDEO r-----~ ~~NITOR 

FIGURE 8: CRT 9007 CONFIGURATION WITH DOUBLE ROW BUFFER 
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FIGURE 9: CRT 9007 DOUBLE ROW BUFFER TIMING (32 CHARACTERS PER DATA ROW) 
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FIGURE 10: CRT 9007 CONFIGURATION FOR PROPORTIONAL CHARACTER DISPLAY 
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Rep~tltlve Memory Addressing Operation 
In this operation mode, the CRT 9007 will repeat the 
sequence of video addresses for every scan line of every 
data row. The CRT 9007 address bus will enter its high 
impedance state during all horizontal retrace intervals 
(except the retrace interval at a data row boundary if the 
CRT 9007 is configured in a row driven addressing mode). 
This arrangement allows for such low end contention 
schemes as retrace intervention (the processor is only 
allowed access to video memory during retrace intervals) 

and processor priority (the processor has an unlimited 
access to video memory). A high end contention scheme 
can be employed which uses a double speed memory such 
that in a single character period both the processor and the 
CRT 9007 are permitted access to video memory at pre
determined time slots. Figure 11 illustrates the CRT 9007 
configured with a double speed memory. Typical timing for 
this mode is illustrated in figure 12. 
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FIGURE 11: CRT 9007 CONFIGURATION WITH DOUBLE SPEED MEMORY 
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Attribute Assemble Operation 
This configuration allows the user to retain an 8 bit wide video 
memory in which attributes occupy'memory locations but 
not positions on the CRT. This mode assumes that every 
other display position in video memory contains an attri
bute. During one clock cycle, attribute data is latched into 
the CRT 9007; during the next clock cycle a character loca
tion is addressed. The attribute data is driven out along with 
a WBEN signal allowing the character plus its associated 
attribute to be written simultaneously to two 8 bit double row 
buffers. Figure 13 illustrates the memory organization used 
for the Attribute Assemble mode. The first entry in each data 
row must begin with an attribute. 
Figure 14 shows the CRT 9007 configured in the Attribute 
Assemble mode used with two CRT 9212 Double Row 
Buffers and 8, 16KX1 dynamic RAMS. This mode, since it 
retains an 8 bit wide memory while providing all the advan
tages of a 16 bit wide memory, lends itself to some cost 
effective designs using dynamic RAMS. The CRT 9007 will 
refresh dynamic RAMS because twice the number of the 
programmed characters per data row are accessed 
sequentially for each data row. * Figure 15 illustrates typical 
timing of the CRT 9007 used in the Attribute Assemble mode. 

Memory Address (typ) Memory Data (8 bits) 

0000 

0001 

0002 

0003 

o 
o 
o 

2N 

2N+1 

Attribute 0 

Character 0 

Attribute 1 

Character 1 

0 
0 
0 

Attribute N 

CharacterN 

Figure 13: Attribute Assemble Memory Organization 

*Note: For 50 Hz operation there usually is about 3 milliseconds extra vertical blanking where refreshing might fail. In this situation the 
CRT 9007 can be programmed with about 5 more "dummy" data rows while extending the vertical blank signal. This allows 
the CRT 9007 to start addressing video memory much earlier within the vertical blanking interval and hence provide refresh to 
the dynamic RAMS. When displaying double height or double width data rows, only half as many sequential locations are 
accessed each data row and dynamic RAM refresh might fail. 
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FIGURE 14: CRT 9007 CONFIGURATION FOR ATTRIBUTE ASSEMBLE MODE 
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Smooth Scroll Operation 
Smooth scroll requires that all or a portion of the screen move 
up or down an integral number of scan lines at a time. 2 user 
programmable registers allow one to define the "start data 
row" and the "end data row" for the smooth scroll opera
tion. A SMOOTH SCROLL OFFSET REGISTER (R17), 
when used in conjunction with a CRT 9007 vertically timed 
interrupt, allows the user to synchronize the update of the 
offset register to the vertical frame rate. The offset register 
causes the scan line counter outputs of the CRT 9007 to 
start at the programmed offset value rather than zero for 

V~ --,~ ________ ~ 

the data row that starts the smooth scroll interval. To allow 
complete flexibility in smooth scroll direction and rate, one 
can update the offset register in the positive as well as neg
ative direction and can also offset any number of scan lines 
each frame. Since a smooth scroll can momentarily result 
in a partial data row conSisting of one scan line, the loading 
of the write buffer under DMA operations for the start and 
end data row of the smooth scroll operation is forced to occur 
in one scan line. This condition overrides the programma
ble DMA CONTROL REGISTER (RA). 

ORB --,~ ______________________________________ ~ 

VA13-0 -----I 

WBEN 
000 

• DMA cycles will always end at a character fetch 

FIGURE 15: CRT 9007 ATTRIBUTE ASSEMBLE TIMING (32 CHARACTERS PER DATA ROW) 
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VA13-0 VALID 

FIGURE 24: ACK, TSC TIMING 
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ADDRESSING MODES 

Row Table Addressing r----------------------------~-------~ 

In this addressing mode, each data row in video memory is 
designated by its own starting address. This provides greater 
flexibility with respect to screen operations than with other 
addressing schemes used by previous CRT controllers. The 
row table, which is a list of starting addresses for each data 
row, can be configured in one of 2 ways. The choice of row 
table format is highly dependent upon the particular appli
cation and the programmer's preference since each format 
allows full utilization of the CRT 9007 features. 

Contiguous Row Table Format. 
In this format, the TABLE START REGISTER (RC and RD) 
points to the address where the row table begins. The con
tents of the first 2 locations define the starting address of 
the first data row. These 2 bytes define a 14 bit address where 
the firstbyte is the low order 8 bits and the second byte is 
the high order 6 bits. The 2 most significant bits of the sec
ond byte define double height/width characteristics to the 
current data row. The contents of the third and fourth loca
tions define the address where the second data row begins. 
Figure 16 illustrates the contiguous row table organization 
in video memory. 

Linked List Row Table Format 

Row I Table 
In 

Memory 

1st ( Data 
Row 

2nd I Data 
Row 

3rd I Data 
Row 

_d Table Start Register J 

}-A 

B 
C }-f--
0 
E } F 

0 
0 
0 

1st Char r---
2nd Char 

0 
0 
0 

Last Char 

0 
0 
0 

1st Char 

2nd Char 

0 
0 
0 

Last Char 

0 
0 

1st Char 

2nd Char 

0 
0 
0 

Last Char 

FIGURE 16: 

In this format the TABLE START REGISTER (RC and RD) 
points to the memory location which starts the entire 
addressing sequence into operation. The first byte read is 
the lower 8 bits and the second byte read is the upper 6 bits 
of the next data row's start address. The 2 most significant 
bits of the second byte define double height/width charac
teristics for the data row about to be read. The third, fourth, 
fifth, etc., bytes read are the first, second, third, etc., char
acters of the current data row. Figure 17 illustrates the linked 
list row table organization in video memory. 

CONTIGUOUS ROW TABLE ADDRESS FORMAT 

Table Start Reg~ 

Row table address for second data row 

~ 

I Byte 1 I Byte 2 I Byte 3 I Byte 4 I 0 00 I Byte N I 

E 
I \ charact~rst data row 

Row tabl~ data row 

I 1 BY:' !,:'" 'I BY:::'~"::'f:' 1':~O~d : .. ~ ::: N 1 

FIGURE 17: LINKED LIST ROW TABLE ADDRESS FORMAT 

Sequential Addressingl is read by the CRT 9007 for display refresh, the internal video 
In this addressing mode, characters on the display screen address register is incremented by one to access the next 
are located in successive memory locations. The TABLE character. 
START REGISTER (RC and RD) points to the address of For more versatile systems operation in the sequential 
the first character of the first data rowan the screen. In this addressing mode, SEQUENTIAL BREAK REGISTER 1 
mode the TABLE START REGISTER does not point to the (R1 0) and SEQUENTIAL BREAK REGISTER 2 (R12) may 
start of a table but the start of the screen. As each character 344 be used to define the data rows at which two additional 

'SEQUENTIAL BREAK 2 is not functional in the repetitive memory addressing mode. It is fully functional in all other operation modes. 



sequential display areas begin. Note that DATA ROW END 
REGISTER (R12) is defined as SEQUENTIAL BREAK 
REG ISTER 2 (R12) for the sequential addressing mode only. 
The starting addresses for these two additional display areas 
are defined by AUXILIARY ADDRESS REGISTER 1 (RE 
and RF) and AUXILIARY ADDRESS REGISTER 2 (R13 and 
R14). When the raster begins painting a data row equal to 
the number programmed in one of the sequential break 
registers, the CRT 9007 addresses the video memory 
sequentially starting with the address specified by the cor
responding auxiliary address register. Figure 18 illustrates 
a display with 80 characters per data row having sequential 
breaks at data rows 3 and 6. 
Using the sequential addressing mode with 2 breaks, it is 
possible to roll a portion of the screen and keep the rest of 
the screen stable. Double height/width characteristics can 
be attached to the 2 sequentially addressed screens defined 
by SEQUENTIAL BREAK REGISTERS 1 and 2 by using the 
2 most significant bits of AUXILIARY ADDRESS REGIS
TERS 1 and 2. See the description of these 2 registers for 
their bit definition. 

Double Height/Width Operation 
When double height/width characters (2XH/2XW) are dis
played, the following will occur: 

1. the CRT 9007 will address half as many characters for 
each data row by incrementing its address every other 
character clock. 

2. the high speed video shift register supplying serial video 
to the CRT must shift out dots at half frequency. 

3. For double height, the scan line counter outputs (SL3-
SLO or SLG, SLD) are incremented every other scan 
line. 

The CRT 9007 is informed of the double height or double 
width display modes via the 2 most significant bits of the 
row table address or the 2 most significant bits of the AUX
ILIARY ADDRESS registers depending on the selected 
addressing mode. In any case, once the information is 
obtained by the CRT 9007, it must initiate the 3 tasks listed 
above. Tasks 1 and 3 are performed as appropriate and task 
2 is performed using the CURS output ofthe CRT 9007 dur
ing CBLANK (horizontal retrace) to signal the external logic 
that a change in the dot shift frequencr is required. The exact 
time of activation and deactivation 0 the CURS signal dur
ing horizontal retrace is a function of addressing mode, 
operation mode and actual scan line number to be painted. 
Tables 1 and 2 show the cursor activation and deactivation 
times as a function of the buffer configuration and address
ing mode for the top scan line of a new data row. Tables 1 
and 2 assume a cursor skew of zero. A cursor skew will effect 
the cursor position during trace as well as retrace time. For 
all subsequent scan lines, the CURS signal is activated 3 
CCLK's after VLT trailing edge and stays active for exactly 
1 CCLK assuming no cursor skew. When the cursor is placed 
on a double height or double width data row, it will become 
active for 2 CCLK'sto allow the cursor to be displayed as 
double width. If the cursor position is programmed to reside 

OPERATION 
ADDRESSING MODE 

MODE Row Driven (linked list 
or contiguous) Sequential 

ReP9tiiive Memory 1 CCLK after high byte 1 CCLK after TSC 
Addressing of row table read leading edge 

1 CCLK after high byte 1 CCLK after TSC 
Single row buffer of row table read leading edge 

1 CCLK after high byte 1 CCLK after ACK 
Double row buffer of row table read . leading edge 

Table 1: Double HelghtlWldth CURS activation for top scan 
line of new data row. 
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TABLE START REGISTER = 1000 
AUXILIARY ADDRESS REGISTER 1 = 2000 
AUXILIARY ADDRESS REGISTER 2 = 0800 
SEQUENTIAL BREAK REGISTER 1 = 3 
SEQUENTIAL BREAK REGISTER 2 = 6 

Data Row 
o 
1 
2 
3 
4 
5 
6 
7 
8 

Address range 
1000 to 104 F 
1050 to 109F 
10A0 to 10EF 
2000 to 204F (Break 1 ) 
2050 to 209F 
20A0 to 20EF 
0800 to 084F (Break 2) 
0850 to089F 
08A0 to08EF 

o 
o 
o 

Figure 18: Sequential Addressing Example 
With Two Breaks 

in the top half of a double height data row, it may become 
active for all scan lines in both the current and next data row 
to allow the cursor to be displayed as double height. 

For row driven addressing, a particular data row or pair of 
data rows can appear in one of the following ways as a 
function of the two most significant bits of the row table 
address (bits 15 and 14). 

-Single height, single width (Row table address bits 15, 
14 = 00). The CRT 9007 will display the particular data 
row as single height, single width. 

-Single height, double width (Row table address bits 15, 
14 = 01). The CRT 9007 will display the particular data 
row as single height double width by accessing half as 
many characters as appear in a single width data row. 
The CURS signal becomes active during horizontal 
retrace in the manner described previously. 

-Double height, double width top half (Row table address 
bits 15, 14 = 10). In addition to providing the special tim
ing associated with single height double width data rows, 
the scan line counter is started from zero and incre
mented every other scan line until N scan lines are painted 
(N is the number of scan lines per single height data row). 
In this way, new dot information appears every other scan 
line and the top half of the data row appears in N scan 
lines. 

- Double Height, Double Width Bottom Half (Row table 
address bits 15, 14 = 11 )-Same as Double Height, 
Double Width Top except the scan line counter is started 
from N/2 (or (N-1 )/2 if N is odd), and incremented every 
other scan line until N scan lines are painted. In single 
row buffer operation, a double height bottom data row 
can only stand alone during a smooth scroll operation; 
otherwise it is assumed to follow a double height top 
data row. 

OPERATION 
ADDRESSING MODE 

Row driven (linked list 
---~...".. 

MODE 
or contiguous) __ ____ Sequ~ __ 

Repetitive Memory 
Addressing 

at the leading edge of 
VLT 

at the leading edge of 
VLT 

Single row buffer 
at the leading edge of 
VLT 

at the leading edge of 
VLT 

Double row buffer 
1 CCLK after leading 
edge of CURS 

1 CCLK after leading 
edge of CURS 

Table 2: Double HelghtiWldth CURS deactivation for top scan 
line of new data row. 



PROCESSOR ADDRESSABLE REGISTERS 

All CRT 9007 registers are selected by specifying the 
address on VA5-0 and asserting CS. All 14 bit registers are 
written or read as two consecutive 8 bit registers addressed 
low byte first. Only the VERTICAL CURSOR REGISTER 
and the HORIZONTAL CURSOR REGISTER are read/write 
registers with 2 different addresses for read or write oper
ations. The register address assigned to each register rep
resents the actual address in hexadecimal form that must 
appear on VA5-0. Figure 2 illustrates all processor to CRT 
9007 register timing. Tables 3a, 3b, and 3c summarize all 
register bits and provide register addresses. 

HORIZONTAL TIMING REGISTERS 
The following 4 registers define the horizontal timing 
parameters. Figure 19 relates the horizontal timing to these 
registers. 

CHARACTERS PER HORIZONTAL PERIOD (RO) 
This 8 bit write only register, programmed in units of char
acter times, represents the total number of characters in 
the horizontal period (trace plus retrace time). This register 
is programmed with the binary number N where N is the 
total characters in the horizontal period. The horizontal period 
should not be programmed for less than 12 characters. 

CHARACTERS PER DATA ROW (R1) 
This 8 bit write only register, programmed in units of char-

acter times, represents the number of displayable charac
ters during the horizontal trace interval. The difference RO 
minus R 1 represents the number of character times reserved 
for horizontal retrace. This register is programmed with the 
binary number (N-1) where N is the displayable characters 
per data row. 

HORIZONTAL DELAY (R2) 
This 8 bit write only register, programmed in units of char
acter times, represents the time between the leading edge 
of horizontal sync and leading edge of VL T. This register is 
programmed with N where N represents the time of hori
zontal delay. By programming this time greater than the 
horizontal blank interval, one can obtain negative front porch 
(horizontal sync begins before the horizontal blank interval). 

HORIZONTAL SYNC WIDTH (R3) 
This 8 bit write only register defines the horizontal sync width 
in units of character times. The start of the sync pulse is 
defined by the HORIZONTAL DELAY REGISTER and the 
end is independent of the start of the active display time. 
This register is programmed with N where N is the horizon
tal sync width. However this register must be programmed 
less than or equal to [(A/2)-1] where A is the programmed 
contents of REGISTER (2) rounded to the smallest even 
integer. 

VERTICAL TIMING REGISTERS 

The following 5 registers define the vertical timing param
eters. Figure 20 relates the vertical timing to these regis
ters. 

VERTICAL SYNC WIDTH (R4) 
This 8 bit write only register defines the vertical sync width 
in units of horizontal periods. The start of this signal is'defined 
bYithe delay register (R5) and the end is independent of 
the start of the active display time. This register is pro
grammed with N where N is the vertical SYNC width. 

VERTICAL DELAY (RS) 
This 8 bit write only register, programmed in units of hori
zontal periods, represents the time between the leading edge 
of vertical sync and the leading edge of the first VL T after 
the vertical retrace interval. This register is programmed with 
(N+ 1) where N represents the time of the vertical delay. 

VISIBLE DATA ROWS PER FRAME (R7) 
This 8 bit write only register defines the number of data rows 

displayed on the screen. This register is programmed with 
(N-1) where N is the number of data rows displayed. 

SCAN LINES PER DATA ROW (R8) 
The 5 LSBs of this write only register define the number of 
scan lines per data row. These 5 bits are programmed with 
(N-1) where N is the number of scan lines per data row. When 
programming for scan lines per data roSCteater than 16, 
only the serial scan line pin option (SLD, ) can be used. 

SCAN LINES PER VERTICAL PERIOD (R8; R9) 
Registers R9 and the 3 most significant bits of R8 define 
the number of scan lines for the entire frame. R8 contains 
the 3 most significant bits of the 11 bit programmed value 
and R9 contains the 8 least significant bits of the 11 bit pro
grammed value. The 11 bits are programmed with N where 
N is the number of scan lines per frame. In the 2 interlace 
modes, the programmed value represents the number of 
scan lines per field. 

'II( ONE SCAN LINE • 
... R1 "I'" (RO-R1)~ 
~ RO ... 

I r-R2-. 

VLT I ACTIVE DISPLAY TIME I I 
HOR. SYNC I I~R3=-=L 

FIGURE 19: CRT 9007 HORIZONTAL TIMING 

346 



ON E COM PLETE FRAM E • .. R7 x R8 ~I 
R9 ~ 

I I+R5'" 
VERT. BLANKING 

(NO SKEW) I DATA ROW DISPLAY TIME I I I 
VERT. SYNC I FR4~L 

FIGURE 20: CRT 9007 VERTICAL TIMING 

PIN CONFIGURATION/SKEW BITS REGISTER (R6) 
This 8 bit write only register is used to select certain pin 
configurations and to skew (delay) the cursor and the blank 
signals independently with respect to the video signal sent 
to the monitor. The bits take on the following definition: 

Bit 7,6 (Pin Configuration) 
These 2 bits, as illustrated in tables 4 and 5, define all pinout 
configurations asa function of double row buffer mode and 
non double row buffer mode. (The buffer mode is defined 
in the CONTROL REGISTER bits 3,2, and 1.) The attribute 
assemble mode is assumed to be a double row buffer mode 
and obeys table 4. 

Bits 5, 4, 3 (Cursor skew) 
These three bits define the number of character clocks the 
cursor signal is skewed (delayed) from the VLT signal. The 

REGISTER R6 BITS CRT 9007 PIN NUMBER 

7 6 28 29 30 31 32 33 

0 1 DMAR WBEN . Sill SLD CSYf\JC ACK 
1 1 DMAR WBEN Sill SLD LPSTB ACK 

0 0 NOT PERMITTED 
1 0 NOT PERMITTED 

Table 4: Pin configuration for double row buffer and attribute 
assemble modes. 

DMA CONTROL REGISTER (RA) 
This 8 bit write only register allows the user to set up a DMA 
burst count and delay as well as disable the DMA mecha
nism of the CRT 9007. The register bits have the following 
definition: 
Bit 7 (DMA Disable) 
A logic one will immediately force the CRT 9007 DMA request 
to the inactive level and the CRT 9007 address bus (VA13-
VAO) will enter its high impedance state. After enabling the 
DMA mechanism by setting this bit to a logic zero, a start 
command must be issued (see START COMMAND, R15). 
Bits 6, 5, 4 (DMA Burst Delay) 
These 3 bits· define the number of clock delays. (CCLK) 
between successive DMAR-ACK sequences. Bit 6 is the 
most and bit 4 is the least significant bit respectively. When 
programmed with a number N, the CRT 9007 will delay for 
4 (N + 1) clock cycles before initiating another DMA request. 
If 111 is programmed, however, this will result in a "eiO ~QIAV 
allowing all characters to be retrieved from video RAM in 
one DMA burst regardless of the value programmed for the 
DMA burst count. 
Bits 3, 2, 1, a (DMA Burst Count) 
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VL T signal is active for all characters within a data row and 
a non skewed cursor will always become active within the 
active VLT time at the designated position. The cursor can 
be skewed from a to 5 character clocks (Bits 5,4 and 3 pro
grammed from 000 to 101, bit 5 is the most significant bit; 
bit 3 is the least si9nificant bit). For double heightlwidth data 
rows, the cursor Signal appearing during horizontal retrace 
is also skewed as programmed. 
Bits 2, ·1, a (Blank skew) 
These three bits define the number of character clocks the 
horizontal blank component of the CBLANK signal is skewed 
(delayed) from the VL T signal. The edges of VL T will line up 
exactly with the edges of the horizontal component of the 
CBLANK signal if no skew is programmed. The CBLANK 
can be skewed from a to 5 character clocks (Bits 2, 1 and a 
programmed from 000 to 101, bit 2 is the most significant 
bit; bit a is the least significant bit). 

REGISTER 6 BITS CRT 9007 PIN NUMBER 

7 6 28 29 30 31 32 33 

0 0 SL3 SL2 SL 1 SLO CSYNC" m 
1 0 SL3 SL2 SL 1 SLO LPSTB m 
1 1 VBLANK ~ Sill SLD LPSTB m 
0 1 NOT PERMITTED 

Table 5: Pin configuration for Single Row Buffer and Repetitive 
Memory Addressing Modes. 

These 4 bits define the number of DMA operations in one 
DMAR-ACK sequence. Bit 3 is the most and bit a is the least 
significant bit respectively. When programmed with a num
ber N, the CRT 9007 will produce 4 (N + 1) DMA cycles before 
relinquishing the bus. When programmed with 0000, the 
minimum DMA Burst will occur (4 x 1 = 4) and when pro
grammed with 1111 the maximum DMA Burst will occur 
(4x 16=64). When bits 6,5, and 4 are programmed with 
111, no DMA delay will occur and the Burst count will equal 
the number of programmed characters per data row as 
specified in R1. Refer to figures 9 and 15 which illustrate a 
DMA burst of 16 and a DMA delay of a for double row buffer 
and attribute assemble modes respectively. For single row 
buffer operation, no DMA delay is permitted and bits 6, 5, 4 
must be programmed with 000. 

CONTROL REGISTER (RB) 
This 7 bit write only reQister controls certain frame opera
tions as well as specifYing the operation mode used. Inter
nal to the CRT 9007, this register is double buffered. Changes 
in the re{ijister are reflected into the CRT 9007 at a particular 
time durrng vertical retrace. This allows the user to update 
the CONTROL REGISTER at anytime without running the 
risk of destroying the frame or field currently being painted. 



The bits take on the following definition: 
Bit 6 (PB/SS) 

= 0; The smooth scroll mechanism is enabled per
mitting the SMOOTH SCROLL OFFSET REGIS
TER (R17) to be loaded in the scan line counter (SL3-
o or SLG, SLD signals) allowing for a scroll on the 
screen of a predetermined number of scan lines per 
frame or field. The starting and ending of the smooth 
scroll operation is defined by the DATA ROW START 
REGISTER (R11) and DATA ROW END REGIS
TER (R12) respectively. 

= 1; The page blank mechanism is enabled. The 
CBLANK signal is made active high for a continu
ous period of time starting and ending at the data 
row defined by the DATA ROW START REG ISTER 
(R11) and DATA ROW END REGISTER (R12) 
respectively. 

Bits 5,4 (lnterlace)-these 2 bits define one of 3 displayed 
modes as illustrated in figure 21 

= 00; Non interlaced display 
= 10; Enhanced video interlace. This display mode will 

produce an interlaced frame with the same dot 
information painted in adjacent odd/even scan lines. 

= 11; Normal video interlace. This display mode will 
produce an interlaced frame with odd scan lines of 
characters displayed in odd fields and even scan 
lines displayed in even fields. This mode can be used 
to allow the screen to show twice as many data rows 
at half the height since it effectively doubles the 
character density on the screen. 

= 01; This combination is not permitted. 
Bits 3, 2, 1 (Operation modes): These 3 bits define the var
ious buffer configuration modes as follows: 

= 000; (Repetitive memory addressing)-In this mode 
the address information (VA13-VAO) appears dur
ing every visible scan line and the address bus enters 
its high impedance state during all retrace intervals. 
When using a row driven addressing mode (linked 
list or contiguous), the address bus is in the high 
impedance state for all retrace intervals except the 
horizontal retrace interval prior to the top scan line 
of a new data row. This period can be disting.b!ished 
from other retrace intervals because theDRB (data 
row boundary) signal is active. 

= 001; (Double row buffer)-In this mode, the CRT 
9007 will address a particular data row from video 
memory one data row prior to the time when it is 
displayed on the CRT. During vertical retrace, the 
first data row is retrieved and loaded into the double 
row buffer. At the next data row boundary (in this 
case at the end of vertical retrace), the fi rst data row 
feeds the character generator while the second data 

row is retrieved from video memory. The address 
bus will enter its high impedance state in accord
ance with the DMA mechanism for address bus 
arbitration. 

= 100; (Single row buffer)-In this mode, during the 
first scan line of each data row, the CRT 9007 will 
address video memory, load the buffer and feed the 
character generator at the painting rate of the CRT. 
If the CRT 9007 is used in a row driven addressing 
mode, it will drive the address bus during the retrace 
period prior to the first scan line of each data row in 
order to retrieve the row table address. It will auto
matically enter the high impedance state at the end 
of the first visible scan line of each data row. If the 
CRT 9007 is used in asequential addressing mode, 
it will drive the address bus only during the visible 
line time of the first scan line of each data row. 

= 111; (Attribute assemble)-In the attribute assem
ble mode, character data and attribute data are 
shared in consecutive alternating byte locations in 
memory. When the CRT 9007 reads an attribute byte, 
it loads it into its internal attribute latch. During the 
next memory access, a character byte is fetched. 
At this time the CRT 9007 isolates its bus from the 
main system bus and outputs the previously latched 
attribute. A WBEN signal is produced during every 
character byte fetch to allow the character and its 
associated attribute to be simultaneously latched into 
two double row buffers. This mode assumes that 
there exists twice as many byte locations as there 
are displayable character positions on the CRT. The 
first byte of every data row is assumed to be an 
attribute. 
All other combinations of the CONTROL REGIS
TER bits 3, 2, 1 are not permitted. 

Bit 0 (2XC/1 XC): This bit allows for either single or double 
height cursor display when the cursor is placed within a 
double height data row as follows: 

= 1; (Single height cursor)-The CURS signal will 
appear during every scan line for single height data 
rows and will appear only during the top half or bot
tom half of a double height data row depending upon 
where the VERTICAL CURSOR REGISTER (R18, 
R38) defines the CURSOR data row. 

= 0; (Double height cursor)-If the VERTICAL CUR
SOR REGISTER (R18, R38) places the cursor in 
the top half of a double height data row, the CURS 
signal will appear during every scan line of the top 
half (the current data row) and the bottom half (the 
next data row) of the double height data row. If the 
cursor is placed in the bottom half of a double height 
data row or if it is placed in a single height data row, 
the CURS signal will only appear during the one 
particular data row. 

CHARACTER CHARACTER CHARACTER 
SCAN LINE SCAN LINE SCAN LINE 
0----- 0 0-----

: 000 0 ::~~~~~_~~: :=f;ii~ i 
4 - )-;:;--,.::;-~-- 3 0 - -------- 7 

5 - 1-~~~-- 4 2 ----------- 1 
4 00 00 

5 0 

6 0 
7 0 

- )--------- 5 ----------. 3 4----
- ~--------6 ---------- 5 

6-----
- ~-------- 7 ---------- 7 

Even Odd Even Odd 
Field Field Field Field 

(a) NON·INTERLACE (b) ENHANCED (e) NORMAL VIDEO 
VIDEO INTERLACE INTERLACE 

FIGURE 21: CRT 9007 INTERLACE MODES 
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TABLE START REGISTER (Re AND RD) 
This 16 bit write only register contains a 14 bit address which 
is used in a variety of ways depending on the addressing 
mode chosen; the 2 remaining bits define the addressing 
mode. Register C contains the lower 8 bits of the 14 bit 
address. The 6 least significant bits of register D contain 
the upper 6 bits of the 14 bit address. The 2 most significant 
bits of register D define four addressing modes as follows: 

Register D bits 7, 6: 

= 00; (Sequential addressing mode)-The CRT 9007 
will address video memory in a sequential fashion 
starting with the 14 bit address contained in REG
ISTER D bits 5-0 and REGISTER C bits 7-0. 2 
sequential breaks are allowed as defined by 
SEQUENTIAL BREAK 1 (R10) using AUXILIARY 
ADDRESS REGISTER 1 (RE and RF) and 
SEQUENTIAL BREAK 2 (R12) using AUXILIARY 
ADDRESS REGI~TER 2 (R13 and R14). 

= 01; (Sequential roll addressing mode)-The CRT 
9007 will address video memory in a sequential 
fashion starting with the 14 bit address contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0. 
SEQUENTIAL BREAK REGISTER 1 and AUXIL
IARY ADDRESS REGISTER 1 can be used to cause 
one sequential break as described in the sequential 
addressing mode. A second break in the sequential 
addressing can be defined by SEQUENTIAL BREAK 
REGISTER 2 (R12) and AUXILIARY ADDRESS 
REGISTER 2 (R13 and R14) permitting upt03sep
arate sequentially addressed screens to be painted. 

= 10; (Contiguous row table mode)-The CRT 9007 
will address video memory according to the contig
uous row table format. The 14 address bits con
tained in REGISTER D bits 5-0 and REGISTER C 
bits 7-0 define an address that points to the begin
ning of the contiguous row table. 

= 11; (Linked list row table mode)-The CRT 9007 will 
address video memory according to the linked list 
row table format. The 14 address bits contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0 
define the address at which the second row table 
entry and the first data row reside. 

SEQUENTIAL BREAK REGISTER 1 (R10) 
This 8 bit write only register defines the data row number in 
which a new sequential video address begins as specified 
by AUXILIARY ADDRESS REGISTER 1 (RE and RF). To 
disable the use of this break, the register should be loaded 
with a data row count greater than the number of display
able data rows on the screen. 

DATA ROW START REGISTER (R11) 
This 8 bit write only register defines the first data row num
ber at which a page blank or smooth scroll operation will 
begin. Bit 6 of the CONTROL REGISTER determines if a 
page blank or smooth scroll operation will occur. 

DATA ROW END/SEQUENTIAL BREAK 
REGISTER 2·CR12) 

AUXILIARY ADDRESS REGISTER 1 (RE and RF) 
This 16 bit write only register contains a 14 bit address. The 
6 least significant bits of REGISTER F contain the upper 
order 6 bits of the 14 bit address and REG ISTER E contains 
the 8 lower order bits of the 14 bit address. When the cur
rent data row equals the value programmed in SEQUEN
TIAL BREAK REGISTER 1 (R10) the remainder of the screen 
is addressed sequentially starting at the 14 bit address 
specified in this register. This sequential break overrides 
any row driven addressing mode used prior to the sequen
tial break. 

The 2 most significant bits of REGISTER F allow one to 
attach double height and/or double width characteristics to 
every data row in this sequentially addressed area in the 
following way: 

For Double row buffer or attribute assemble mode REG
ISTER F Bits 7, 6 

= 00; single height single width 
= 01; single height double width 
= 10; even data rows are double height double width 

top half odd data rows are double height double 
width bottom half 

= 11; odd data rows are double height double width 
top half even data rows are double height dou
ble width bottom half 

For Single row buffer or repetitive memory addressing mode 
REGISTER F Bits 7, 6 

= 00; single height single width 
= 01; single height double width 
= 10; odd data rows are double height double width 

top half even data rows are double height dou
ble width bottom half 

'11 ; even data rows are double height double width 
top half 
odd data rows are double height double width 
bottom half 

defines the data row number which ends either a page blank 
or smooth scroll operation. The row numerically one less 
than the row defined by this register is the last data row on 
which the page blank or smooth scroll will occur. To use the 
page blank feature to blank a portion of the screen that 
includes the last displayed data row, this register must be 
programmed to zero. For sequential addressing, this reg
ister can cause a break in the sequential addressing at the 
data row number specified and a new sequential address
ing sequence begins at the address contained in AUXIL
IARY ADDRESS REGISTER 2. 

~UXILIARY ~DDRESS REGISTER 2 (R13 and R14) 
This 16 bit write only register contains a 14 bit address. The 
6 least significant bits of REGISTER 14 contain the upper 
order 6 bits of the 14 bit address and REG ISTER 13 con
tains the 8 lower order bits of the 14 bit address. In the row 

This 8 bit write only register has a dual function depending driven addressing mode, this register is automatically loaded 
on the addressing mode used. For row driven addressing by the CRT 9007 with the current table address. The two 
(contiguous or linked list as specified by the 2 most signifi- most significant bits of REGISTER 14 specify one of four 
cant bits of the TABLE START REGISTER) this register combinations of row attributes (for example double height 
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double width) on a row by row basis. Refer to the section 
entitled Double Height/Double Width operation for the 
meaning of these 2 bits. In the sequential addressing mode, 
this register can be loaded by the processor with a 14 bit 
address and a 2 bit row attributes field. The bit positions are 
identical for the row driven addressing mode. When the 
current data row equals the value programmed in DATA ROW 
END/SEQUENTIAL BREAK REGISTER 2 (R12), the 
remainder of the screen is addressed sequentially starting 
at the location specified by the programmed 14 bit address. 
The 2 most significant bits of register 14 allow one to attach 
double height and or double width characteristics to every 
data row in this sequentially addressed area. The bit defi
nitions take on the same-meaning as the 2 most significant 
bits of AUXILIARY ADDRESS REGISTER 1 and affect the 
display in an identical manner. 

START COMMAND (R15) 
After all vital screen parameters are loaded, a START com
mand can be initiated by addressing this dummy register 
location within the CRT 9007. A START command must be 
issued after the DMA mechanism is enabled (DMA CON
TROL REGISTER bit 7). 

RESET COMMAND (R16) 
The CRT 9007 can be reset via software by addressing this 
dummy location. Activation of the RST input pin or initiating 
this software command will effect the CRT 9007 in an iden
tical manner. The reset state of the CRT 9007 is defined as 
follows: 

CRT 9007 outputs 
VA13-0 
VD7-0 
HS 
VS 
CBLANK 
CURS 
VLT 
DRB 
INT 
Pin 28 
Pin 29 
Pin 30 
Pin31 
Pin 32 

Reset state 
High impedance 
High impedance 
High 
High 
High 
Low 
Low 
High 
Low 
Low 
Low 
Low 
Low 
Low 

SMOOTH SCROLL OFFSET REGISTER (R17) 
This register is loaded with the scan line offset number to 
allow a smooth scroll operation to occur. The offset register 
causes the scan line counter output of the CRT 9007 to start 

of a double height data row stand alone in Single Row Buffer 
Mode by programming the scrolled data row as double height 
top half and loading R17 with the proper value. 

VERTICAL CURSOR REGISTER (R18 or R38) 
This 8 bit read/write register specifies the data row in which 
the cursor appears. To write into this register it is addressed 
as R 18 and to read from this register it is addressed as R38. 

HORIZONTAL CURSOR REGISTER (R19 or R39) 
This 8 bit read/write register specifies the character posi
tion in which the cursor appears. To write into this register 
it is addressed as R19 and to read from this register it is 
addressed as R39. 
It should be noted that the vertical and horizontal cursor is 
programmed in an X-Y format with respect to the screen 
and not dependant upon a particular location in video 
memory. The cursor will remain stationary during all·scroll 
operations. 

INTERRUPT ENABLE REGISTER (R1A) 
This 3 bit write only register allows each of the three CRT 
9007 interrupt conditions to be individually enabled or dis
abled according to the following definition: 
Bit 6 (Vertical retrace interrupt)-This bit, when set to a logic 
one, will cause the CRT 9007 to activate the INT signal when 
a vertical retrace (Le., the start of the vertical blanking interval) 
begins. 
Bit 5 (Light pen interrupt)-This bit, when set to a logic one, 
will cause the CRT 9007 to activate the INT signal when the 
LIGHT PEN REG ISTER (R3B, R3C) captures an X-Y coor
dinate. This interrupt, which occurs at the beginning of vertical 
retrace, reflects the occurrence of a LPSTB input on the 
frame or field just painted. This interrupt need not be ena
bled when other CRT 9007 interrupt conditions are enabled 
since the STATUS REGISTER (R3A) will flag the occur
ance of a light pen update and servicing can be done off of 
other interrupts. 
Bit 0 (Frame timer)-This bit, when set to a logic one, allows 
the CRT9007 to activate the INT signal once every frame 
or field at a time when a potential smooth scroll update may 
occur. In this way the user can use the frame timer interrupt 
as both a real time clock and can service smooth scroll 
updates and other frame oriented operations by using the 
appropriate status bits. This interrupt will occur after the last 
row table entry is read by the CRT 9007. In single row buffer 
operation, this will occur one data row before the start of 
vertical retrace. In double row buffer operation, this will occur 
two data rows before the start of vertical retrace. 

at the programmed value rather than zero for the data row STAT S REGISTER (R A) 
that starts the smooth scroll interval. The start is specified U 3 
in the DATA ROW START REGISTER (R11). Typically, this This 5 bit register flags the various conditions that can 
register is updated every frame and it ranges from zero (no potentially cause an interrupt regardless of whether the 
offset) to a maximum of the programmed scan lines per data corresponding condition is enabled for interrupt. In this way 
row (maximum offset). For example, if 12 scan lines per data some or all of the conditions can be reported to the proces-
row are programmed (scan line 0 to scan line 11) an offset sor via the STATUS REGISTER. If some of the conditions 
of zero will cause an unscrolled display. An offset of one will are enabled for interrupt, the processor, in response to an 
cause a display starting at scan line 1 and ending at scan interrupt, simply has to read the STATUS REGISTER to 
line 11 (eleven scan lines total). An offset of eleven will cause determine the cause of the interrupt. The bit definition ofthe 
a display starting at scan line eleven. STATUS REGISTER is as follows: 
The next scan line will be zero, starting the subsequent data Bit 7 (Interrupt Pending)-This bit will set when any other 
row. To allow smooth scroll of double height rows, the pro- status bit, having its correspondinQ interrupt enabled, 
grammed range of the register is from zero to twice the pro- experiences a 0 to 1 transition. In thiS manner, when the 
grammed scan lines per data row. Whenever the offset processor services a potential CRT 9007 interrupt, it only 
register if greater than the programmed scan lines per data has to test the interrupt pending bit to determine if the CRT 
row, bit 7 of the register must be set to a logic 1 (offset over- 9007 caused the interrupt. If it did, the individual bits can 
flow). It must be set to a logic zero at all other times. The 6 then be tested to determine the details of the CRT 9007 
bit offset value occupies bits 6 through 1. Bit 0 must always interrupt. Any non interruptable status change (corre-
be proQrammed with a logic zero. By setting the offset over- sponding interrupt enable bit reset to a logic 0) will not be 
flow (bit 7) to a logic 1, it is possible to have the bottom half reflected in the interrupt pending bit and must be polled by 
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the processor in order to provide service. The interrupt 
pending bit is reset when the status register is read. All other 
bits except Light Pen Update are reset to a logic a at the 
end of the vertical retrace interval. The light pen update bit 
is reset to a logic a when the HORIZONTAL LIGHT PEN 
REGISTER is read. 

Bit 6 (Vertical Retrace)-A logic 1 indicates that a vertical 
retrace interval has begun. 

Bit 5 (Light Pen Update)-A logic 1 indicates that a new 
coordinate has been strobed into the LIGHT PEN REGIS
TER. It is reset to a logic zero when the HORIZONTAL LIGHT 
PEN REGISTER is read. The light pen coordinates may have 
to be modified via software depending on light pen char
acteristics. 

Bit 2 (odd/even)-For a normal video interlaced display, this 
bit is a logic 1 when the field about be painted is an odd field 
and is a logic zero when the field about be painted is an 
even field. 

Bit 0 (Frame timer occurred)-This bit becomes a logic 1 
either one or two data rows before the start of vertical retrace. 
Since this bit is set when the CRT has finished reading the 
row table for the frame or field just painted, it permits row 
table manipulation to start at the earliest possible time. 

VERTICAL LIGHT PEN REGISTER (R3B) 
This 8 bit read only register contains the vertical coordinate 
captured at the time the CRT 9007 received a light pen strobe 
signal (LPSTB). 

HORIZONTAL LIGHT PEN REGISTER (R3C) 
. This 8 bit read only register contains the horizontal coordi
nate captured at the time the CRT 9007 received a light pen 
strobe signal. When a coordinate is captured, the appro
priate status bit is set and further transitions on LPSTB are 
ignored until this register is read. The reading of this reg
ister will reset the light pen status bit in the STATUS REG
ISTER. The captured coordinate may have to be modified 
in software to allow for light pen response. 

FIELD I HS 
ONE CSYNC 

INTERLACED ______________ J-------, 
VS ~-----------

FIELD 
TWO 

INTERLACED 

NON
INTERLACED 

I- 3 SCAN LINES BEFORE VS ~ PROG. VSYNC WIDTH -.......... 3 SCAN LINES AFTER VS -+I 

I CSY:: 

vS-----------------------~------------IL------------~------

ICSy: _____ ~ ________ _r--------IL ______________ __ 

FIGURE 3: TYPICAL SYNC WAVEFORMS FOR INTERLACED AND NON-INTERLACED MODES 

~ I VLT"l 
~I-----------------~I-----

VLT~L ______ ~ ______ ~: __ _ 

SLD 

I I 

5 CLOCKS 
I", 

I_ 5CLOCKS 'I 
.1 

FIGURE 4: SERIAL SCAN LINE TIMING: NON INTERLACE 
OR SINGLE WIDTH CHARACTERS 
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CRT9007 AlCRT90078/CRT9007C 

MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0° to 70°C 
Storage Temperature Range .................................................................. -55° to + 150°C 
Lead Temperature (soldering, 10 sec.) .............................................................•.. + 325°C 
Positive Voltage on any Pin, with respect to ground ..................................................•...... + BV 
Negative Voltage on any Pin, with respect to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -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 powerin9, this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not be 
exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power is 
switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists it is 
suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS TA = O°C to + 70°C, Vee = 5.0V ± 5% 

PARAMETER MIN TYP MAX UNITS COMMENTS 
Input voltage 

V1L Low 0.8 V 
V1H1 High 2.0 V ~uts except CCLK 
V1H2 High 4.3 V CCLK input; see note 4 

Output voltage 
VOL Low 0.4 V 10L = 1.6 mA 
VOH High 2.4 V 10H = 100pA 

Input leakage current 
1L1 10 pA 0:::::: V1N ::::::3.5V; excluding CCLK 
IL2 50 pA VIN = 5V; for CCLK 

-300 pA V1N = OV; for CCLK 
Input capacitance 

C1N1 10 pF ~uts except CCLK 
C1N2 25 pF CCLKinput 

Power supply current 
Icc 100 mA 170 

AC ELECTRICAL CHARACTERISTICS3
; T A = O°C to + 70°C, Vee = 5.0V ± 5% 

PARAMETER MIN TYP MAX UNITS COMMENTS 
Clock: 

tCY Clock period 290 1200 ns CRT9007A double row buffer 
330 1200 ns CRT9007B or attribute assemble 
400 1200 ns CRT9007C 
270 1200 ns CRT9007A all other operation 
300 1200 ns CRT9007B modes 
400 1200 ns CRT9007C 

tcKL Clock low 90 ns 
tcKH Clock high 150 ns 
tcKR Clock rise time 15 ns measured from 0.8V to 3.5V level 
tcKF Clock fall time 10 ns measured from 90% to 10% points 

Output Delay 1: 
t01 150 ns CRT9007A/B 

240 ns CRT9007C 
t02 150 ns CRT9007A/B 

240 ns CRT9007C 
t03 150 ns CRT9007A/B 

200 ns CRT9007C 
tD4 150 ns CRT9007A/B 

200 ns CRT9007C 
tVA 25 100 ns CRT9007 A measured to the 2.3V 

25 115 ns CRT9007B or 0.5V level on 
25 125 ns CRT9007C VA13-VAO 

tDSL 500 ns 
tD5 185 ns CRT9007A/B 

200 ns CRT9007C 
tD6 185 ns CRT9007A/B 

200 ns CRT9007C 
tDSY 185 ns CRT9007A/B 

240 ns CRT9007C 
tVDS 50 ns CRT9007A valid for loading auxiliary 

55 ns CRT9007B address register 2 or 
60 ns CRT9007C attribute latch 

tVDH 10 ns 
tVDO 185 ns CL = 50 pF 
tSLG 185 ns CRT9007A/B 

240 ns CRT9007C 
tSLO 185 ns CRT9007A/B 

240 ns CRT9007C 
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AC ELECTRICAL CHARACTERISTICS3
; T A = ooe to + 70oe, Vcc = 5.0V ± 5% 

PARAMETER MIN TVP MAX UNITS COMMENTS _ .. -
t07 240 ns cursor skew of zero 

185 ns CRT9007A/S cursor skew of 0 ne 
240 ns CRT9007C through five 

toa 300 ns CRT9007A/S 
310 ns CRT9007C 

---

Processor Read/Write2
: 

tAS 100 ns CRT9007A 
110 ns CRT9007S/C 

tAH 0 ns 
tpw 165 ns 
tCSH 650 ns 
tpos 100 ns 
tpOH 0 ns 
tpOA 140 ns CRT9007A/S 

189 ns CRHl007C 
tpoo 10 85 ns 
tlRR 400 ns CRT9007A/S 

410 ns CRT9007C ----
Miscellaneous Timing: 

tATS 25 115 ns measured from the O.4V level of 
ACK or TSC falling edge 

tRW 4tcy ns measured from the O.4V level fa lIing 
edge to O.4V level rising edge 

tAKW 50 ns see figure 24 
tAKS 50 ns see figure 24 

NOTE: 
1. Timing measured from the 1.5V level of the rising edge of CCLK to the 2.4V (high) or O.4V (low) 

voltage level of the output unless otherwise noted. 
2. Reference points are 2.4V high and O.4V low. 
3. Loading on all outputs is 30 pF except where noted. __ 
4. This level must be reached before the next falling edge of CCLK 

CRT9007A1/CRT9007A2 

MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range ......................................................................... ooe to + 700 e 
Storage Temperature Range ....................................................................... -55°e to + 1500 e 
Lead Temperature (Soldering, 10 sec) ........................................................................ + 325°e 
Positive voltage on any pin (WRT ground) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. + BV 
Negative voltage on any pin (WRT ground) .................................................. ~ . . . . . . . . . . . . . . . . .. -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 powerin9, 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 Ae power is 
switched on and off. In addition, voltage transients on the AC power line may appear on the De output. If this possibility exists it is 
suggested that a clamp circuit be used. 

PARAMETER MIN TVP MAX UNITS 
Input voltage: 

Low 0.8 V 
High 2 V 
High 4.3 V 

Output voltage: 
Low 0.5 V IOL = 1.6 mA 
High 2.4 V IOH = 100pA 

Input leakage current: 
10 pA o = < VIN = < 3.5V; excluding 

CCLK 
50 pA VIN = 5V; for CCLK 

-200 pA VIN = OV; for CCLK 
IL2 

----'L3-------------------------------r------~r_--------lr_--~--~--~----~-=--~--~-----------
Input capacitance: 

10 15 pF All inputs except CCLK 
at 1 MHz 

50 pF CCLK input at 1 MHz ~ _____________________________ ~------~-----25-----+_------~--~~--~------~--------
Power supply current: 

TSD mA ____ 'c_c _____________________________ ~~ ______ ~ ___ 1_0_0 __ ~ ________ J_ ________ J_ ____________________ _ 
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Clock: 
tcv Clock period 155 TBD ns CRT9007 A2 All operation modes 

200 TBD ns CRT9007A1 
tcKL Clock low 50 ns CRT9007A2 

75 ns CRT9007A1 
tcKH Clock high 80 ns CRT9007A2 

100 ns CRT9007A1 
tcKR Clock rise time 15 ns Measured from 0.8V to 

3.5V level 
tcKF Clock fall time 10 ns Measured from 90% to 

10% 

Output delay 1: 

tOl 100 ns 
t02 100 ns 
t03 100 ns 
t04 100 ns 
tVA 25 TBD ns CRT9007 A2 Measured to the 

2.3V or 0.5V lev 
25 80 ns CRT9007A1 on VA13-VAO 

tOBL 500 ns 
t05 135 ns 
tos 135 ns 
tOBV 135 ns 
tvos TBD ns CRT9007 A2 Valid for 10Ming 

auxiliary addr 
30 ns CRT9007 A 1 register 2 or the 

attribute latch 
tVOH TBD ns CRT9007A2 

10 ns CRT9007A1 
tvoo TBD ns CL = 50 pF 
tSLB 135 ns 
tsLO 135 ns 
t07 135 ns Cursor skew of one thru five 
toe 200 ns 

Processor 
tAB 100 ns 
tAH 0 ns 
tpw 165 ns 
tesH 650 ns 
tpos 100 ns 
tpOH 0 ns 
tpOA 140 ns 
tpoo 10 85 ns 

400 ns 

Miscellaneous timing: 
tATB 25 115 ns Measured from the 0.4V level of 

ACK or TSC falling edge 
tRW 4tcv ns Measured from the 0.4V level 

falling edge to OAV level 
rising edge 

tAKW 50 ns 
lAKB 50 ns 

NOTE: 
1. Timing measured from the 1.5V level of the riSing edge of CCLK (-) to the 2AV (high) or OAV (low) 

voltage level of the output unless otherwise noted. 
2. Reference points are 2.4V high and OAV low. 
3. Loading on all outputs is 30 pF except where noted. 
4. This level must be reached before the next falling edge of CCLK (-). 
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VLT, WBEN __________ ~~------------J 

I 

VA13-0 

SL3-0 _____ t==========t:::==t========){~-----
tOSL 

CSYNC, DMAR I.~---tl.--+-----------------.. I 

CBLANK __________ r--_________________ ..J1 " 
1+-----105-------Joi 1+-----106----......... 

1 

HS, VS \l~_--+_ 
I+-----Iosv------IJ I I+-----IVOO------~+-I 

VD7-0 V ATTRIBUTE OR rl Ir--AT-TR ...... IB ...... U--TE--------
__________ ~>---------------------IAROW TABLE DATA IN 1\ ~ . 1'-_ ....:::D::..::Al,:..:.A ""'OU""'T _____ _ 

I--: IvoS.=-t- Ivo;=.rl 

SLG ){ I 
-------~====~I~SlG~==~~ 

SLD 

------~~--------------~1_ 1-----
CURS _~ 

.-_____ 10_7 -108 __________ ---<-.j.J 

lr-----
INT 

ILEAOING EqGE ONLYj 

FIGURE 22: CRT 9007 TIMING PARAMETERS: OUTPUT SIGNALS 

Q +5V 

~ 390fl 

~",...D-----.... -----.... To CCLK 
Input 

74S0~ or equivalent 

FIGURE 25: RECOMMENDED CCLK 
DRIVER CIRCUIT 

VAS-0 =y __________ _ 
---' T;:::: tAS 

lr---'----""" 

cs 

VD7-0 (WRITE) 

VD7-0 (READ) 

INT (falling edge only) 

FIGURE 2: CRT 9007 PROCESSOR READ AND WRITE 
. TIMING PARAMETERS 
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• tATS Is controlled directly from ACK or TsC or from the particular C'CCK that ends a DMA 
burst cycle. 

FIGURE 23: CRT 9007 MISCELLANEOUS 
TIMING PARAMETERS 
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ADDRESS DECODE BIT DEFINITION 

Register Type VA5 VA4 VA3 VA2 VA1 VA0 D7 D6 D5 D4 D3 D2 D1 D0 

a a a a a a MSB 
I 

CHARACTERS PER HORIZbNTAL PERIOD I LSB WRITE 

WRITE a a a a a 1 MSB CHARACTERS PER DATA ROW LSB 

a a a a 1 a MSB HORIZONTAL DELAY LSB 

a a a a 1 1 MSB 
HbRIZON~AL SYNJ WIDTH I 

LSB 

WRITE 

WRITE 

WRITE a a a 1 a a MSB 
VERTICAL SYNC WIDTH 

LSB 

WRITE a a a 1 a 1 MSB VERTICAL DELAY LSB 

a a a 1 1 a PIN CON FIG-I CURSOR SKEW I BLANK SKEW 
URATION MSB LSB MSB LSB 

WRITE 

WRITE a a a 1 1 1 MSB 
VISIBLE DATA ROWS PER FRAME 

LSB 

WRITE a a 1 a a a 
SCAN LINES/FRAME I 
(B10)) (B8) MSB 

SCAN liNES PER DATA ROW LSB 

WRITE a a 1 a a 1 (B7) I 
SCAN LINES PER FRAME LSB(BO) 

Table 3a: CRT 9007 Screen Format Registers 

ADDRESS DECODE BIT DEFINITION 

REGISTER 
NUMBER 

(HEX) 

Ra 

R1 

R2 

R3 

R4 

RS 

R6 

R7 

R8 

R9 

REGISTER 
NUMBER 

(HEX) 
Register Type VA5 VA4 VA3 VA2 VA1 VA0 D7 D6 D5 D4 D3 D2 D1 D0 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

1 

1 

1 

1 

1 

I I 
DMA 

I I 
1 a 1 a DIS- DMA BURST DELAY DMA BURST COUNT 

ABLE MSBA LSB MSB LSB 

1 
a 1 1 

PBISSI 

INTERLACE 
OPERATION MODES 1 

X 
MODES 

:oo:!/1XC 

1 1 a a MSB 
TABLE START REGISTER (LS BYTE) 

LSB 

1 1 a 1 ADDRESS I TABLE STRT REGISTER (MS BYTE) 
MODE MSB LSB 

1 1 1 a MSB AUXILIARY ADDRESS REGISTER 1 (LS BYTE) LSB 

1 1 1 1 ROW ,I AUXILIARY ADDRESS REGISTER 1 (MS BYTE) 
ATTRIBUTES MSB LSB 

a a a a MSB 
SEQUENTIAL BREAK REGISTER 1 LSB 

a a a 1 MSB 
DATA ROW START REGISTER LSB 

a a 1 a MSB DATA ROW END/SEQUENTIAL BREAK REGISTER 2 LSB 

a a 1 1 MSB 
AUXILIARY ADDRESS REGISTER 2 (LS BYTE) LSB 

a 1 a a ROW ,I AUXILIARY ADDRESS REGISTER 2 (MS BYTE) 
ATTRIBUTES MSB I I LSB 

Table 3b: Control and Memory Address Registers 

ADDRESS DECODE BIT DEFINITION 

RA 

RB 

RC 

RD 

RE 

RF 

Rla 

Rl1 

R12 

R13 

Rl4 

REGISTER 
NUMBER 

(HEX) 
Register Type VAS VA4 VA3 VA2 VAl VA0 D7 D6 D5 D4 D3 D2 D1 D0 

READ OR 
WRITE 

READ OR 
WRITE 

WRITE 

WRITE 

READ 

WRITE 

READ 

WRITE 

READ 

READ 

READ 

a 

a 

a 

a 
1 

a 
1 

a 

1 

1 

1 

1 a 

1 a 

1 a 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 a 1 START COMMAND R1S 

1 1 a RESET COMMAND R16 

OFFSET/ I 
I I I 

I LSB I 1 1 1 OVER· OFFSET VALUE 
FLOW MSB 0 

R17 

a a a 
VERTICAL CURSOR REGISTER (ROW COORD.) a a a MSB LSB R1B or R3B 

a a 1 HORIZONTAL CURSOR REGISTER (COL. COORD.) 
a a 1 MSB LSB R19 or R39 

\. VER· INTERRUPT ENABLE REGISTER 
I 

a 1 a TICAL I FRAME 
RE· LlGHTI TIMER 

X TRACE PEN X X X X 

R1A 

I 

. _I_ VER· STATUS REGISTER 
a 1 a INT TICAL 

PEND· RE· LlGHTI I ODDII FRAME 
ING TRACE PEN EVEN X TIMER 

R3A 

a 1 1 MSB VERTICAL LIGHT PEN REGISTER (ROW COORD.) LSB R3B 

1 a 0 MSB; HORIZONTAL LIGHT PEN REGISTER (COL. COORb.) LSB R3C 

Table 3c: Cursor, Light Pen, Offset, and Status Registers 

Circuit diagrams utilizing SMC products are Included as a means of illustrating typical semiconductor applica-

I ••••••• tlons, consequently complete Information sufficient for construction purposes Is not necessarily given. The 
Information has been carefully checked and Is believed to be entirely reliable. However, no responsibility is 
assumed for Inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time In order to Improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION ~ 

CRT 9021 A 
CRT9021B 

CRT Video Attributes Controller 
VAC 

FEATURES 
o On chip video shift register 

Maximum shift register frequency 
CRT 9021A 30 MHz 
CRT 9021 B 28.5 MHz 

o On chip attributes logic 
Reverse video 
Character blank 
Character blink 
Underline 
Full/half intensity 

o Four modes of operation 
Wide graphics 
Thin graphics 
Character mode without underline 
Character mode with underline 

o On Chip logic for double height/double 
width characters 

o Accepts scan line information in paral.lel 
or serial format 

o Four cursor modes dynamically selectable via 2 
input pins 

Underline 
Blinking underline 

, Reverse video 
Blinking reverse video 

o Programmable character blink rate 

PIN CONFIGURATION 

00 1 28 01 

MS0 2 2702 

MS1 3 2603 

REVIO 4 2504 

CHABL 5 2405 

BLINK 6 23 06 

INTIN 7 2207 

+5V 8 21 VSYNC 

ATTEN 9 20 GNO 

INTOUT 10 19 SL0/SLO 

CURSOR 11 18 SL 1/SLG 

RETBL12 17 SL2/BLC 

LD/SH 13 16 SL3/BKC 

VIDEO 14 15 VOC 

PACKAGE 28-pin'O.I.P. 

o Programmable cursor blink rate 

o On chip data and attribute latches 

o + 5 volt operation 

o TTL compatible 

o MOS n-Channel silicon gate COPLAMOS® procesT~ 

o Compatible with CRT 5037 VTAC®; CRT 9007 VPAC 

GENERAL DESCRIPTION 

The SMC CRT 9021 Video Attributes Controller 
(VAC) is an n-channel COPLAMOS MOS/LSI device 
containing Graphics logic, attributes logic, data and 
attributes latches, cursor control, and a high speed 
video shift register. The CRT 9021, a character gen
erator ROM and a CRT controller such as the CRT 
9007 provide all of the major circuitry for the display 
portion of a CRT video terminal. 

The CRT 9021 serial video output may be con
nected directly to a CRT monitor's video input. The 
maximum video shift register frequency of 28.5 MHz 
or 30 MHz allows for CRT displays of up to 132 char
acters per data row. 

The CRT 9021 attributes include: reverse video, 
underline, character blank, character blink, and full/ 
half intensity selection. In addition, when used in con
junction with theCRT9007VPAC;M the CRT 9021 will 
provide double height or double width characters. 

Four programmable cursor modes are provided on 
the CRT 9021. They are: underline, blinking under-

line, reverse video character block, and blinking 
. reverse video character block. When used in the serial 

scan line input mode, the cursor mode may be selected 
via two input pins. When used in the parallel scan line 
input mode, the cursor mode is a mask program option 
and is fixed at the time of manufacture. 

Two graphics modes are provided. In the wide 
graphics mode, the CRT 9021 produces a graphic 
entity the size of the character block. The graphic entity 
contains eight parts, each of which is associated with 
one bit of the input byte, thereby providing 256 unique 
graphic symbols. The thin graphics mode enables the 
user to create thin line drawings and forms. 

In both graphics modes, continuous horizontal and 
vertical lines may be drawn. Additional flexibility is 
provided by allowing the mask programming of the 
placement and dimensions of the blocks or lines within 
a character block. In the thin graphics mode, mask 
programming allows serrated horizontal or vertical 
lines. 
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FIGURE 1: CRT 9021 BLOCK DIAGRAM 

DESCRIPTION OF PIN FUNCTIONS 

PINNa. NAME SYMBOL FUNCTION 
1, 28, 27, 26, Data 07-DO In the character mode, the data on these inputs is passed through the Attributes 
25,24,23, logic into the 8 bit high speed video shift register. The binary information on D7 

22 will be the first bit output after the LD/SH input goes low: 
In the thin or wide graphics mode these 8 inputs will individually control the onloff 
condition of the particular portion of the character block or line drawing. Figures 2 
and 3 illustrate the wide and thin graphics modes respectively and their 
relationships to D7-DO 

2 Mode Select 0 MSO These 2 inputs define the four modes of operation of the CRT 9021 as follows: 
3 Mode Select 1 MS1 MS 1, MSO = 00: Wide graphics mode 

= 10; Thin graphics mode 
= 01; Character mode without underline 
= 11; Character mode with underline 

See section entitled Display Modes for details. 
4 Reverse Video REVIO When this input and Retrace Blank (RETBL) are both low, data from the 

Attributes and Graphics logic is presented directly to the video shift register. 
When this input is high and RETBL is low, the Attribute and Graphics logic will 
invert the data before presenting it to the video shift register. 

5 Character blank CHABL When this input is high, the parallel inputs to the video shift register are all set low 
(or high depending on the state of REVID) thus providing a constant video level 
for the entire length of the character block. 

6 Blink BLINK When this input is high and both the RETBL and CHABL inputs are low, the char-
acter will blink at the programmed character blink rate. Blinking is accomplished 
by causing the video to go to the background level during the "off" portion of the 
Character Blink cycle. This video level may be either the white or black level 
depending on state of REVIO. The duty cycle for the character blink is 75/25 (ani 
off). This input is ignored if it coincides with the CURSOR input and the cursor is 
formatted to blink. 

7 Intensity In INTIN The INTIN input along with the INTOUT output provides a user controlled general 
purpose attribute. Data input to INTIN will appear at INTOUT with the same delay 
as that from any other attribute input to the serial video output (VIDEO). By using 
an external mixing circuit, it is possible to raise or lower the voltage level of the 
video output to produce such attributes as "half intensity" or "intensity". 
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DESCRIPTION OF PIN FUNCTIONS CONT'D 

PINNa. NAME SYMBOL FUNCTION 
8 Supply Voltage +5V + 5 volt power supply 
B Attribute ATTEN When this itl.l2.lJt is high, the internal attribute latch is updated at the positive going 

Enable edge of the LD/SH input with data appearing on the REVID, CHABL, MS1, MSQ), 
BLINK and INTIN inputs. By selectively bringing this input high, the user will 
update the attribute only at specific character times; all subsequent characters 
will carry with them the attributes last updated thus allowing "field" or "embed-
ded" attributes. When using a wide video memory where attribute bits are 
attached to every character, the internal attribute latch may be updated at each 
character by tieing this input high (thus allowing for "invisible" attributes) .. 

10 Intensity Out INTOUT This output is used in conjunction with the INTIN input to provide a three charac-
ter pipeline delay to allow for general purpose attributes (such as intensity) to be 
implemented. See INTIN (pin 7). 

11 Cursor CURSOR When this input is high and RETBL is low, the programmed cursor format will be 
displayed. When this input is high, and RETBL is high, the CRT 9021 enters the 
double width mode. See section entitled cursor formats for details. 

12 Retrace Blank RETBL When this input is high, the parallel inputs to the video shift register are uncondi-
tionally cleared to all zeros and loaded on the next LD/SH pulse. This forces the 
VIDEO output to a low voltage level, independent of all attributes, for blanking the 
CRT during horizontal and vertical retrace time. 

13 Load/Shift LD/SH The 8 bit video shift register parallel-in load or serial-out shift operation is estab-
lished by the state of this input. When high, this input enables the shift register for 
serial shifting with each video dot clock pulse (VDC input). When low, the video 
shift register is parallel loaded on the next video dot clock pulse and all data and 
attributes are moved to ttle next position in the internal pipeline. In addition, input 
data and attributes are latched on the positive transition of LD/SH. 

14 Video VIDEO The Video output provides the serial dot stream to the CRT. Video is shifted out 
on the rising edge of the video dot clock VDC. The timing of the LD/SH input will 
determine the number of backfill dots. See figure 5. 

--
15 Video Dot VDC This input clock controls the rate at which video is shifted out on the I 

Clock VIDEO output. --
113 Scan line SL3/BKC This input has two separate functions depending on the way scan line informa-

3/Block Cursor tion is presented to the CRT 9021. 
Parallel scan line mode--This input is the most significant bit of the binary scan 
line row address. 
Serial scan line mode-This input controls the cursor's physical dimensions. If 
high the cursor will appear as a reverse video block (the entire character cell will 
be displayed in reverse video). If low, the cursor will appear as an underline on 
the scan line(s) programmed. 

17 Scan line SL2/BLC This input has two separate functions depending on the way scan line informa-
2/Blink Cursor tion is presented to the CRT 9021. 

Parallel scan line mode--This input is the second most significant bit of the 
binary scan line row address. 
Serial scan line mode-This input if low, will cause the cursor to alternate 
between normal and reverse video at the programmed cursor blink rate. The duty 
cycle for the cursor blink is 50/50 (on/off). If this input is high, the cursor will be 
non-blinking. --

18 Scan Line SL1/SLG This input has two separate functions depending on the way scan line informa-
1/Scan Line tion is presented to the CRT 9021. 
Gate Parallel scan line mode--This input is the next to the least significant bit of the 

binary scan line row address. _ 
Serial scan line mode-This input will be low for 5 or 6 LD/SH pulses to allow the 
scan line information to be ser[Q!jy shifted into the serial scan line shift register. If 
this signal is low for 7 or more LD/SH pulses, the CRT 9021 will assume the par-
allel input scan line row address mode. _.-

19 Scan line SLO/SLD This input has two separate functions depending on the way scan line informa-
O/Scan Line tion is presented to the CRT 9021. Refer to figure 6. 
data Parallel scan line mode--This input is the least significant bit of the binary scan 

line row address. 
Serial scan line mode-This input will present the scan line information in serial 
form (least significant bit first) to the CRT 9021 and permits the Qf9per scan line 
informatio~nter the serial scan line shift register during the LD/SH pulses 
framed by SLG (pin 18). 

20 Ground GND Ground --
21 Vertical Sync VSYNC This input is typically connected to the vertical sync output of the CRT controller 

and is used as the clock input for the two on-chip mask programmable blink rate 
dividers. The cursor blink rate (50/50 duty cycle) will always be twice the charac-
ter blank rate (75/25 Q~le). In addition, the internal attributes are reset when 
this input is low. The VSYNC input is also used to determine the scan line mode 
(parallel or serial) used. See the section "Scan Line Input Modes". _ .•. _ .... -
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Retrace Blank 

ATTRIBUTES FUNCTION 

-The RETBL input causes the VIDEO grammed to blink (not controlled by 
the BLINK input), the video alter
nates from normal to reverse video at 
50% duty cycle. The cursor blink rate 
always overrides the character blink 
rate when they both appear at the 

to go to the zero (black) level regard-
less of the state of all other inputs. 

Reverse Video -The REVID input causes inverted data 
to be loaded into the video shift 
register. 

Character Blank -The CHABL input forces the video to 
go to the current background level as 
defined by Reverse Video. 

same character position. 
Intensity 
(Half Intensity) 

Underline -MS 1, MS0 = 1, 1 forces the video to 
go to the inverse of the background 

-The INTiN input and the INTOUT 
output allow an intensity (or half 
intensity) attribute to be carried 
through the pipeline of the CRT 9021. 
An external mixer can be used to 
combine VIDEO and INTOUT to cre
ate the desired video level. See fig
ure 8. 

Blink 

level for the scan line(s) pro-
grammed for underline. 

-The BLINK input will cause charac-
ters to blink by forcing the video to the 
background level 25% of the time and 
allowing the normal video for 75% of 
the time. When the cursor is pro-

Table 1 illustrates the effect of the REVID, CHABL, UNDLN 
attributes as a function of the cursor format and the CUR
SOR and RETBL inputs. 

TABLE 1 : CRT 9021 ATTRIBUTE COMBINATIONS 

[~ ~g~~~t_~. __ I---~ __ ~ ... ~.L.-.... T C:-.R ... -S.-.. O~RT-9~!~:~PUT~HABL _lJ~~L~----VlD-E~~~~~~~~~~TER --

I f--_1_ ._~ X __ ~ ~-f----~- .allzer:.0_'s ___ ._ __ 

o I ~--~ -K-·-- ---+-f--b~t:,s lor selElcted scailiine(s); Data lor a-II -.-
_ _ __ ,-___ .___ __~ -:-ot'c'h.=.e,r...: s==cc=a:.....n :.:...Iin.c::e:.-:s.:.... __________ --1 

X 0 __ 0_ --r--------.Cl.---r--1- _~_~zero's _______________ -1 
o 0 1 0 0 data 

I 
0 - ---1- --0-- 1 Zero's lor selected scan line(s}; data for all 

other sca:_n_l_ic...n::.:es:..:.. _____________ ----j 
___ 0 0 1 1 X One's lor all scan lines. 

o 0 0 X, One's lor selected scan line(s) lor cursor; 
___ ____ . ______________ ~.t()!_a_ll.:...ot"_'h_=_erc...:s=c=c=a:.....n .c.:lin.c..:ec.:.s.:.... ______ ---1 

UNDERLINE" 

BLINKING' 
UNDERLINE' 

REVID BLOCK 

BLINKING' 
REVID BLOCK 

o 0 1 X, One's lor selected scan line(s} for cursor; 

------ ._----- _______ .+ ____ +--zero's lor all other scan lines. 
o 1 

-- f-

o 

1--
o 

---------

t o 
.... - .-----1----

o 

Zero·s for selected scan line(s} lor cursor; 
_.9~,!_!or all other scan lines. 
Zero's lor selected scan line(s) lor cursor; 
one's lor all other scan lines. 

.-

X, -- One-star selected scan line(s) blinking; --
[)ata lor:.~~r:.~c.=acn-,--I=in=e-=-,s' _______ ---j 

x' One's lor selected scan line(s) blinking; 
___ r_~ __ +-____ ~~ __ ~ze~r~o'~s~lo~r=a~llo~t~he~r~s~c~an~1~in~e~s.~ _____ ~ 

o x' Zero's lor selected scan line(s) blinking; 
__ .. _______ I---Data lor all other scan line~: __ . ____ _ 

1 X, Zero's lor selected scan line(s) blinking; 
___ 1---__ .__ one's lor all other .=.sc=.::a.c..n:....li_n.:...es.:...... ______ ---j 

--- -66--- -----=------+----~---:r---t~--':'--.:°I~~I~!-~~i~~~~~rlIine(s) lor------ --

t ._.._ underline; data lor all other scan .c.:lin.c..:ec.:.s,-. ___ -I 

~---+_-~-~-~~~-~--+--·-·-~-x~----~o~n~e~'s~lo~r~a~lI~sc~a~n~li~n~es~. __________ ~ 
_ Q_. .... .1.___ _ 0 Data lor all scan lines 

o 1 0 1 One·s lor selected scan line(s) lor 
. --c--------- ____ ~~derline; data lor all other scan lines. 

1 1 X Zero's lor all scan lines. o 0 ... O· ...... -- - On --------='-'-O-ff-------------j 

---/-----
+_ 0 1 

I----o---t Data lor all scan lines. Data lor all scan l~ 
Zero's lor selected One's lor selected 
scan line(sUQL scan line(s) lor 
underline; Data lor underline; Data lor 

__ ~--+ii-~-~-~-4_---+-~~-~a~ll~ot~h~er~s~c~a~n~lin~e~s'-._~a~I~lo~th~e~r~s~ca~n~l~in~es~.-~ 
o 1 X One's lor all scan lines. Zero's lor all scan lines. 

o 1 1 0 0 Data lor all scan lines. Data lor all scan lines. 

scan line(s); Data 1--0 !I -.-...- --1"-- -~- °scnaen'sIIInOer(sSe) .,leDcatetad Zero's for selected 

~L~Lother scan lines, lor all other scan lines. 

_____ -~ ___ ~O _____ L__ _ _ X Zero's for all scan lin~_s. One's for all scan lines. 
1 - if the programmed scan Ilne(s) for cursor and underline cOincide, the cursor takes precedence; otherwise both are displayed. 
2 - at programmed scan Ime(s) for underline 
3 - at cursor blink rate 
Note-cursor blink rate overrides character blink rate. 
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DISPLAY MODES 

Inputs MS 1 and MS(z) select one of four display modes. All 
attributes except underline operate independent of the 
display mode used. Figures 8a and 8b illustrate a typical 
CRT 9021 configuration which operates in all display modes 
for both the parallel and serial scan line modes respectively. 

the character block. Table 3 shows 
all programming ranges possible 
when defining the thin graphics 
boundaries. No underline is possi
ble in this display mode. 

MS1, MSO = 00 -Wide Graphics Mode. 
In this display mode, inputs 07-00 
define a graphics entity as illustrated 

MS1,MSO = 01 -Character Mode Without Underline. 

in figure 2. Note that individual bits in 
07-00 will illuminate particular 
portions of the character block. Table 
2 shows all programming ranges 
possible when defining the wide 
graphic boundaries. No underline is 
possible in this display mode. 

MS1, MSO = 1 0 -Thin Graphics Mode. 

In this display mode, inputs 07-00 go 
directly from the input latch to the 
video shift register via the Attributes 
and Graphics logic. Thls mode 
requires either a bit mapped system 
RAM (1 bit in RAM equals 1 pixalon 
the CRT) or an external character 
generator as shown in figures 8a and 
8b. 

SL3-SLO ROW # 

0000 RO 
0001 R1 
0010 R2 
0011 R3 
0100 R4 
0101 R5 
0110 R6 
0111 R7 
1000 R8 
1001 R9 
1010 R10 
1011 R11 
1100 R12 
1101 R13 
1110 R14 
1111 R15 

I 

In this display mode, inputs 07-00 
define a graphic entity as illustrated 
in figure 3. Note that individual bits in 

MS1,MSO = 11 -Character Mode With Underline. 

07-00 will illuminate particular hori-
zontal or vertical line segments within 

C7 C6 CS C4 C3 C2 C1 CO BF BF 0 0 0 

07 03 

06 02 

OS 01 

04 DO 

W1 I WO 

--

iT 
I H3 

J I 
I I 
I H2 
I I --1 I 
I H1 

11 

I I 
I HO 

III 1 
I 

Same operation as MS 1, MS(z) = 01 
with the underline attribute appear
ing on the scan line(s) mask pro
grammed. 

1071061051041031021011001 DATA INPUTON 07-00 

H3, H2, H1, HO, W1, WO are mask programmable 

FIGURE 2: WIDE GRAPHICS MODE FOR STANDARD CRT 9021 

SL3-SLO ROW # C7 C6 C5 C4 C3 C2 C1 CO BF BF 0 0 0 VERTICAL HEIGHT HORIZONTAL POSITION 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

RO 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
R10 
R11 
R12 
R13 
R14 
R15 

04 

07 DO 

02 03 

01 

05 

'-- '----

-

06 

-, 
__ J 

I 
I 
I 
I 
J 

--1 

--__ J 

-

I 
I 
I 
I 
I 
I 

--I 
I --I 

I 
I 
I 

'---
__ J 

DO RO-RS PROGRAMMABLE 
D1 R6-R15 PROGRAMMABLE 
D6 RO-R15* PROGRAMMABLE 
D7 RO-R1S * PROGRAMMABLE 

HORIZONTAL LENGTH VERTICAL POSITION 

D2 C7-C3 PROGRAMMABLE 
03 C3-BF PROGRAMMABLE 
04 C7-BF* PROGRAMMABLE 
OS C7-BF* PROGRAMMABLE 

[07[0610s1 0 4 1031 0210110~ DATA INPUT ON 07-00 

* These values are fixed 

FIGURE 3: THIN GRAPHICS MODE FOR STANDARD CRT 9021 
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BACKFILL 
Backfill is a mechanism that allows a character width of 
greater than 8 dots and provides dot information (usually 
blanks) for all dot positions b~ond 8. The character width 
is defined by the period of the LD/SH input. For the character 
modes, backfill is added to the tail end of the character by 
two methods which are mask programmable. 
Method A - The backfill (BF) dots will be the same 

as the dot displayed in position C7. 

Method B - The backfill (BF) dots will be the same 
as the dot displayed in position CO. 

For the wide graphics mode, the backfill dots will always be 
the same as the dotdisplayed in position CO (method B) 
with no programmable option. 

CURSOR FORMATS 

Four cursor formats are possible with the CRT 9021. If the 
parallel scan line input mode is used, one of four cursor for
mats may be selected as a mask programmed option. If the 
serial scan line input mode is used, the cursor format is 
selected via input pins 16 and 17 (SL3/BKC, SL2/BLC). See 
Table 5. The four cursor modes are as follows: 

Underline - The cursor will appear as an 
underline. The position and width 
of the cursor underline is mask 
programmed. 

Blinking Underline - The cursor will appear as an 
underline. The underline will alter
nate between normal and reverse 
video at the mask programmed 
cursor blink rate. 

Reverse Video - The cursorwill appear as a reverse 
Block video block (The entire character 

cell will be displayed in reverse 
video). 

Blinking Reverse - The cursor will appear as a reverse 
Video Block video block and the entire block 

(character plus background) will 
alternate between normal and 
reverse video at the masked pro
grammed cursor blink rate. 

Scan Line 
Input Mode Pin 17 Pin 16 Cursor Function 

1 0 Underline 
1 1 Reverse Video Block 

Serial 0 0 Blinking Underline 
0 1 Blinking Reverse 

Video Block 
Parallel X X Mask programmable 

Only 

TABLES: CURSOR FORMATS 

DOUBLE WIDTH MODE 

In order to display double width characters, video must be troller knows when a particular scan line should be double 
shifted out at half frequency and the video shift register must width and it should activate the CURSOR in the manner just 
receive new information (parallel load) every other LD/SH described. Double height/double width characters can also 
input pulse. In order to divide the video dot clock (VDC) and be displayed if the scan line count is incremented by the 
the LD/SH pulse internally at the proper time, the cursor input CRT controller every other scan line. With respect to the 
should be pulsed during RETBL prior to the scan line to be CRT 9021, no distinction between double width and double 
displayed as double width. The CURSOR input must remain height display is necessary. Figure 4 illustrated timing for 
low for a minimum of 1 LD/SH period from the leading edge both single and double width modes. The CRT 9007, which 
of RETBL. The CURSOR input can stay high for the entire supports double height double width characters, will pro
RETBL time but should not extend into active video. If it does, duce the CURSOR signal as required by the CRT 9021 with 
a cursor will be displayed. It is assumed that the CRT con- no additional hardware. 

SCAN LINE INPUT MODES 
Scan line information can be introduced into the CRT 9021 mode will be selected for the next field if the following two 
in parallel format or serial format. Table 6 illustrates the pin conditions occur during VSYNC low time. First, at least one 
definition as a function of the scan line input mode. The CRT positive transition must occur oJlQin 18 and second, pin 18 
9021 will automatically recognize the proper scan line mode must be low for seven or more LD/SH periods. Refer to fig
by observing the activity on pin 18. In parallel mode, this ure 7 for timing details. 
input will be stable for at least 1 scan line and in serial mode 
this inpul will remain low for about 5'or 6 LD/SH periods. If 
pin 18 goes active low for less than seven but more than 
two continuous LD/SH periods during the last scan line that 
has an active Iowan the VSYNC input, the serial mode will 

Scan Line 
Input Mode 

Serial 
Parallel 

19 
SLD 
SLO 

CRT 9021 Pin Number 
18 17 16 

SLG BLC BKC 
SL1 SL2 SL3 

be locked in for the next field. The parallel scan line input TABLE 6: PIN DEFINITION FOR PARALLEL AND SERIAL SCAN LINE MODES 

PROGRAM OPTIONS 

The CRT 9021 has a variety of mask programmed options. trates the range of the miscellaneous mask programmed 
Tables 2 and 3 illustrate the range of these options for the options. In addition, Tables 2, 3 and 4 show the mask pro
wide and thin graphics modes respectively. Table 4 illus- grammed options for the standard CRT 9021. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to + 70°C 
Storage Temperature Range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ~ 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) ....................................................................... + 325°C 
Positive Voltage on any Pin, with respect to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .15V 
Negative Voltage on any Pin, with respect to ground .......................................................... " ~ 0.3V 

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

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

ELECTRICAL CHARACTERISTICS (T A = ooe to 70oe, Vee = 5V ± 5%, unless otherwise noted) 

PARAMETER MIN TYP MAX UNIT COMMENTS 
DC CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low Level VIL 0.8 V All inputs except VDC, LD/SH 
Low Level VIL 0.65 V For VDC, LD/SH inputs_ 
High Level VIH1 2.0 V All inputs except VDC, LD/SH 
High Level VIH2 4.3 V For VDC, LD/SH input 

OUTPUT VOLTAGE LEVELS 
Low Level VOL 0.4 V IOL =0.4 mA 
High Level VOH 2.4 V IOH= 1OOf.LA 

INPUT LEAKAGE CURRENT 
Leakagelu 10 f.LA O~VIN<V cc; excludin9...YDC, LD/SH 
Leakage IL2 50 f.LA O~VIN~V cc; for VDC LD/SH 

INPUT CAPACITANCE 
CIN1 10 pf Excluding VDC, LD/SH 
CIN2 20 pf ForLD/SH 
CIN3 25 pf ForVDC 

POWERSUPPLY CURRENT 
Icc 50 mA 

AC CHARACTERISTICS 

PARAMETER MIN TYP MAX UNIT COMMENTS 
VDC' 

1/tcY1 VDC frequency 10.0 30.0 MHZ CRT9021A; see note 1 
10.0 28.5 MHZ CRT9021B 

1CKL VDC low 10 
tCKH VDC high 10 ns 
tCKR VDC rise time 10 ns Measured from 10% to 90% points 
tCKF VDC fall time 10 ns Measured from 90% to 10% points 

LD/SH 
tCY2 290 ns CRT 9021 A; see note 1 

315 ns CRT9021B 
tS1 7 ns 
tH1 0 ns 

INPlJT SETUP AND HOLD 
tS2 35 ns 
tH2 0 ns 

MISCELLANEOUS TIMING 
tpo 35 ns CL = 15pf 
tow tCY2 

1-These parameters are Preliminary. 
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TABLE 2 
WIDE GRAPHICS MASK PROGRAMMING OPTIONS 

OPTION r------ CHOICES STANDARD CRT 9021 

Height of graphic block' 
D7 and D3 any scan line(s) RO, R1, R2 
D6 and D2 any scan line(s) R3,R4,R5 
D5 and D1 any scan line(s) R6, R7, R8 
D4 and DO any scan line(s) R9,R10,R11,R12,R13,R14,R15 

~-

Width of D7, D6, D5, D4 ,. any number of dots 0 to 8 C7, C6, C5, C4 

'------
Width of D3, D2, D1, DO" any number of dots 0 to 8 C3, C2, C1, CO, BF 

• Any graphic block pair can be removed by programming for zero scan lines. 
,. Total number of dots for both must be equal to the total dots per character with no overlap. 

TABLE 3 
THIN GRAPHICS MASK PROGRAMMING OPTIONS 

--
OPTION CHOICES --
Backfill C1 or CO --

Horizontal position for 

D2 and D3 any scan line(s) RO-R15 
D4 any scan line(s) RO-R15 

-- D5 any scan line(s) RO-R15 

Horizontal length for 
D22 any continuous dots C7-CO, BF 
D32 all dots not covered by D2 

Blanked dots for serrated horizontal lines 

D2 L any dot(s) C7-CO, BF 
D3 any dot(s) C7-CO, BF 

-----
D4 and D5 any dot(s) C7-CO, BF 

Vertical position for 

DO and D1 

i 

any dot(s) C7-CO, BF 
D6' any dot(s) C6-CO, BF 
D7' any dot(s) C7-CO 1-----

1-----
Vertical length for 

DO any scan line(s) 
D1 all scan lines not used by DO 
D6 no choice; always RO-R15 

'-------
D7 no choice; always RO-R15 

1-D7 must always come before D6 with no overlap; otherwise D6 is lost. 
2-D2 and D3 must always overlap by one and only one dot. 

TABLE 4 

STANDARD CRT 9021 

CO 

R5 
RO 
R11 

C7-C3 
C3-BF 

none 
none 
none 

C3 
BF 
C7 

RO to R5 
R6 to R15 
RO to R15 
RO to R15 

MISCELLANEOUS MASK PROGRAMMING OPTIONS 
,----

OPTION 
c----

Backfill in character mode 

Character blink rate 

c------
(division of VSYNC frequency) 

Cursor blink rate2 

r-----' 
c------

character underline position 

cursor underline" 

cursor format" 

1 - Assumes VSYNC input frequency of 60 Hz. 
2 - Valid only if the cursor is formatted to blink. 
3 - Valid only if the cursor is formatted for underline. 
4 - Valid for the parallel scan line mode only. 

CHOICE S STANDARD CRT 9021 
----------~--------------------------~ 

C70rCO 

8 to 60; divisibl eby4 
Hz)' (7.5 Hz to 1 

Twice the char acter 
blink rate 

any scan line(s) 

any scan line(s) 

RO-R15 

RO-R15 

underline 
Blinking unde rline 

block 
deo block 

Reverse video 
Blinking reverse vi 
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C7 

32 
(1.875 Hz)' 

16 
(3.75 Hz)' 

R11 

not applicable 

Blinking reverse video block 

-----------~ 
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CRT 9028 
CRT 9128 

VTLC 
Video Terminal Logic Controller 

FEATURES 
D Built-in High Frequency (4-14 MHz) Oscillator 
D Built-in Video Shift Register 
D Built-in Character Generator 
D Bi-Directional Smooth Scroll Capability 
D Visual Attributes Include Reverse Video, Intensity 

Control, Underline and Character Blank 
D Separate HSYNC, VSYNC and VIDEO Outputs 
D Composite Sync (RS170 Compatible) Output 
D Absolute (RAM address) Cursor Addressing 
D MASK Programmable Video Parameters: 

Dots Per Character Block (6-8) 
Raster Scans Per Data Row (8-12) 
Characters Per Data Row (32, 48, 64, 80) 
Data Rows Per Page (8,10,12,16,20,24 or 25) 
Horizontal Blanking (8-64 Characters) 
Horizontal Sync Front Porch (0-7 Characters) 
Horizontal Sync Duration (1-64 Characters) 
Horizontal Sync Polarity 
Two Values of Vertical Blanking 
Two Values of Vertical Sync Front Porch (0-63 Scan 
Lines) 
Two Values of Vertical Sync Duration (1-16 Scan 
Lines) 
Vertical Sync Polarity 
Internal 128 Character 5x8 Dot Font 
Character/Cursor Underline Position 
Scan Rowand Column for Thin Graphics Entity 
Segments 
Scan Rows and Columns for Wide Graphics Entity 
Elements 

D Software Enabled Non-Scrolling 25th Data Row Avail
able with 25 Data Row/Page Display 

D Non-Interlace Display Format 
D Separate Display Memory Bus Eliminates Contention 

PIN CONFIGURATION 

DAB, .DA7 
DA9: DA6 

DA10 DA5 
GND DA4 

XTAL2 DA3 
XTAL1 DA2 
VIDEO DA1 

INTOUT DAO 
DWR DB7 

000 DB6 

001 DB5 
002 DB4 

003 DB3 

004 DB2 

005 DB1 

006 DBO 

007 24 AID 
HSYNC 23 .. 
VSYNC 22 .. 

CSYN 21 VCC 

CRT 9028 CRT 9128 

Pin 23 RO Pin 23 OS 
Pin 22 WR Pin 22 Riw 

Problems 
D Fill (Erase) Screen Capability 
D Standard 8-bit Data Bus Microprocessor Interface 
D Wide Graphics with Six Independently Addressable 

Segments Per Character Space 
D Thin Graphics with Four Independently Addressable 

Segments Per Character Space 
D Single + 5V Supply 
D COPLAMOS® n-Channel Silicon Gate Technology 
D TTL Compatible 

GENERAL DESCRIPTION 

The CRT 9028 VTLC and CRT 9128 VTLC are mask pro
grammable 40 pin COPLAMOS® n-channel MOS/LSI Video 
Display Controller Chips that combine video timing, video 
attributes, alphanumeric and graphics generation, smooth 
scroll and screen buffer interface functions. 

The VTLC incorporates many of the features (previously 
requiring a number of external components) required in 
building a low cost yet versatile display interface. An inter
nal mask programmable 128 character font provides for a 
full ASCII character set. Wide graphics allow plotting and 
graphing capabilities while thin graphics and visual attri
butes can make the display of forms straight-forward. 

similar microprocessors or microcomputers. The CRT 9128 
regulates the data flow with a data strobe (DS) and read/ 
write (R/ViI) enable signals for use with the 6500,Z8™, 68000 
and similar microprocessors or microcomputers. 

The VTLC provides two independent data buses; one bus 
that interfaces to the processor and one that interfaces to 
the display memory. Data is transferred to the display mem
ory from the processor through the VTLC eliminating con
tention problems and the need for a separate row buffer. 

The VTLC has an internal crystal oscillator requiring only 
an external crystal to operate. Masked constants for critical 

Two pinout configurations enhance the versatility of the video timing simplify programming, operation and improve 
VTLC. The CRT 9028 controls data flow over the processor reliability. A separate non-scrolling status line (enabled or 
system data bus through separate read (RD) and write (WR) disabled by the processor) is available for displaying sys-
strobes for use with the 8085, 8061, Z80®, 8086, and tem status. 

'Z80 is a registered trademark of Zilog Corporation. 
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Z8 is a trademark of Zilog Corporation. 
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17-10 007-0 

18 HSYNC 

19 VSYNC 

20 CSYNC 

21 Vee 

22 WR 

23 RD 

22 R/W 
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24 A/D 

32-25 DB7-0 

I/O 

0 

I 

0 

0 

0 

I/O 

0 

0 

0 

I 

I 

I 

I 

I 

I/O 

- ~5V 
- GND 

DIST~AY 
MEMORY 

CHARACTER 
CLOCK 

FIGURE 1. VTLC FUNCTIONAL BLOCK DIAGRAM 

DESCRIPTION OF PIN FUNCTIONS 

NAME DESCRIPTION 

Display 11 bit address bus to display memory 
Address 

Ground Ground Connection 

Crystal 2,1 External Crystal 
Anexternal TTL level clock may be used to drive XTAL 1 (in 
which case XTAL2 is left floating). 

Video Output This output is a digital TTL waveform used to develop the 
VIDEO and composite VIDEO signals to the monitor. The 
polarity of this signal is: HIGH = BLACK 

LOW = WHITE 

Intensity This pin is the intensity level modification attribute bit (synchro-
Output nized with the video data output). 

Display Write strobe to display memory 
Write 

Display 8-bit bidirectional data bus to display memory 
Data 

Horizontal Horizontal sync signal to monitor 
Sync 

Vertical Vertical sync signal to monitor 
Sync 

Composite This output is used to generate an RS170 compatible compos-
Sync ite VIDEO signal for output to a composite VIDEO monitor. 

Power 5.0 V power connection 

CRT 9028 

Write Strobe Causes data on the microprocessor data bus to be strobed into 
theVTLC 

Read Strobe Causes data from the VTLC to be strobed onto the micropro-
cessor data bus 

CRT 9128 

Read/Write Determines whether the processor is reading data from or writ-
Select ing data into the VTLC (high for read, low for write) 

Data Strobe Causes data to be strobed into or out of the VTLC from the 
microprocessor data bus depending on the state of the R/W 
signal 

Register The state of this input pin will determine whether the data is 
Select being read from, or written to, the address or status register, or 

a data register. 

Processor 8-bit bi-directional processor data bus 
Data Bus 
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DESCRIPTION OF OPERATION * 
THE VTLC INTERNAL REGISTERS 
CRT 9028 

Addressing of the internal VTLC data registers of th~ 
CRT 9028 is accomplished J!lrough ~ use of the AID 
select input qualified by the RD and WR strobes. 

AID RD WR REGISTER OPERATION 

o 1 0 WRITE TO DATA REGISTER 
o 0 READ DATA REGISTER 

o 
CRT 9128 

o WRITE TO ADDRESS REGISTER 
READ STATUS REGISTER 

Addressing of the internal VTLC data re~ters of !he CRT 
9128 is accomplished through use of the AID and RIW select 
inputs qualified by the DS strobe. 

AID DS R/W REGISTER OPERATION 

0 0 0 WRITE TO DATA REGISTER 

0 0 1 READ DATA REGISTER 

0 0 WRITE TO ADDRESS REGISTER 
0 READ STATUS REGISTER 

The contents of the seven processor programmable reg
isters located in the upper left hand side of the Functional 
Block Diagram of figure 1 indicate the memory locations 
from which screen data is to be fetched and displayed as 
well as the selected modes of display operation. These reg
isters are addressed indirectly via the Address Register. 

To access one of the seven eight-bit registers, the pro, 
cessor must first load the Address Register with the three
bit address of the selected data register. The next read or 
write to a data register will then cause the data register. 
polDted to by the Address Register to be accessed. The Line 
AID controls whether writing is occurring to the Address 
Register orlo a data register. When a read operation is per
formed, AID controls access to either the Status Register 
or to the data register selected by the Address Register. 
REGISTER DESCRIPTION 
ADDRESS REGISTER 

Writing a byte to the ADDRESS register will select the 
specified register the next time the processor writes to or 
reads the VTLC data registers. The data register addresses 
are as follows: 

STATUS REGISTER 
When reading the STATUS register, the DONE bit (DB7 

of STATUS Register) will represent the current status of the 

ADDRESS 

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

X X X X 0 1 1 0 
X X X X 1 0 0 0 
X X X X 1 0 0 1 
X X X X 1 0 1 0 
X X X X 1 0 1 1 
X X X X 1 1 0 0 
X X X X 1 1 0 1 
X X X X 1 1 1 0 

(X = don't care) 
'NOTE: Chip Reset is required before starting operation. 371 

CHARACTER register. This bit is used to synchronize data 
transfers between the processor and the VTLC. The VTLC 
will set the DONE bit to a logic one after completing a byte 
transfer command or a FILL operation. The DONE bit is set 
to a logic zero by reading from, or writing to, the CHAR
ACTER register. The processor must wait until the DONE 
bit is 1 before attempting to change the CURSOR 
ADDRESS, in order to write a character to, or read a char
acter from, the CHARACTER register. 

STATUS REGISTER 

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

DONE x X X X X X. X 

DONE = 1 signifies that external processor is allowed to 
access cursor ADDRESS andlor 
CHARACTER registers. 

DONE = (.;) signifies that external processor must wait 
until VTLC completes transfer of data 
between display memory and CHARACTER 
register. 

DATA REGISTERS 
FILADD (Fill Address) This register contains the RAM 

address of the character following the last 
addr~ss to be filled. Writing to this register will 
enable the VTLC "fill" circuitry. The FILL oper
ation will then be triggered by the next processor 
write to the CHARACTER register. The FILL 
operation will write the character in the CHAR
ACTER register to every location in display 
memory starting with the address specified in 
the CURLO and CURHI registers through the 
location preceeding the address specified in the 
FILADD register. The cursor position is not 
changed after a FILL operation. Note that the 
address bits DA3-DAO are internally forced to 0 
forcing the FILADD address to be 00, 16, 32, etc. 
to 1920. The CURLO and CURHI registers will 
not be changed.by this operation. Writing to the 
CHARACTER register will cause the VTLC to 
reset DB7 of the STATUS register to "0". Bit 7 
will be set to 1 after the VTLC has filled the last 
memory location specified. 

TYPE 

Write 
Write 
Write 
Write 
Write 
Write 

RDIWR 
Write 

FILADD REGISTER 

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

X DA 10 DA9 DA8 DA 7 DA6 DA5 DA4 

REGISTER 

CHIP RESET 
TOSADD 
CURLO 
CURHI 
FILADD 
AT T OAT 
CHARACTER 
MODE REGISTER 

.. -



TOSADD (Top of Screen Address) This register contains 
the RAM address of the first character displayed 
at the top of the video monitor screen. In addi
tion, this register controls selection of either of 
two mask programmable vertical scan rates. 

TOSADD REGISTER 

DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO 

TIM DA10 DA9 DA8 DA? DA6 DA5 DA4 

Note that address bits DA3-DAO are internally 
forced to 0 forcing the first address at the begin
ning of each row to be 00, 16, 32, etc. to 1920. 

The most significant bit of this register (TIM) 
is used to select between the two mask pro
grammed sets of vertical retrace parameters 
(scan A and scan B). This allows software 
selection of, for example, 50/60 HZ. 

TIM = 0 enable raster scan A (60 Hz) 
TIM = 1 enable raster scan B (50 Hz) 

CURLO (Cursor Low) This register contains the eight 
lower order address bits of the RAM cursor 
address. All FILL screen and character transfer 
operations begin at the memory location pointed 
to by this address. 

CURLO REGISTER 

DB? DB6 DB5 DB4 DB3 DB2 DB 1 DBO 

DA? DA6 DA5 DA4 DA3 DA2 DA 1 DAO 

CURHI (Cursor High) This register contains the three 
higher address bits of the RAM cursor address 
(DA10, DA9, DA8). All FILL screen and char
acter transfer operations begin at the memory 
location pointed to by this address. In addition, 
this register contains the Smooth Scroll Offset 
Values SS3-SS0 which determine the number 
of scan lines that the data is shifted on the 
screen. The MSB of this register (SLE-status line 
enable) is the enable for the non-scrolling status 
line (this feature is available only on a part pro
grammed for 25 data rows). 

CURHI REGISTER 

DB? DB6 DB5 DB4 DB3 DB2 DB 1 DBO 

SLE SS3 SS2 SS 1 SSO DA 10 DA9 DA8 

SLE = 1 enables non-scrolling 25th 
status line 

SLE = 0 disables and blanks non
scrolling status line 

SS3-SS0 Smooth Scroll Offset Value 

ATTDAT (Attribute Data) This register specifies the vis
ual attributes of the video data and the cursor 
presentation. The visual attributes specified in 
the ATTDAT register (DB3-DBO) are enabled or 
disabled by a TAG bit that is appended to the 
ASCII character written to the CHARACTER 
register. Every character on the screen with its 
TAG bit set is displayed with the same attribute. 

3?2 

Changing the Attribute register WIll change the 
attribute of every "tagged" character on the 
screen. The functions of the remaining bits in the 
ATTDAT register are not affected by the display 
character's TAG bit. 

There are two display modes, "alphanumerics" and 
"graphics". In the alphanumeric mode, visual attributes may 
be selected by the TAG bit. In the graphics mode, a tagged 
character will be a normal alphanumeric character. This 
allows a screen to display a mix of graphic and alphanu
meric characters or visually attributed alphanumeric char
acters. The display variations of the alphanumerics and 
graphics modes are summarized by the following: 

ATTDAT REGISTER 

DB? DB6 DB5 DB4 DB3 DB2 DB 1 DBO 

DB? MODE DB? = 1 
SELECT 

DB? = 0 

DB6 CURSOR DB6 = 1 
SUPPRESS 

DB6 = 0 

DB5 CURSOR DB5 = 1 
DISPLAY 

DB5 = 0 

DB4 SCREEN DB4 = 1 

DB4 = 0 

enables graphics 
mode display (No 
attributes allowed) 
enables alpha 
mode display 

inhibits VIDEO dis
play at cursor time 
by forcing the 
VIDEO output to 
background level 
during cursor dis
playtime 
enables VIDEO 
display at cursor 
time 
Note: a blinking 
cursor display can 
be achieved by 
toggling this bit 
under processor 
control. 

enables underline 
cursor display 
enables block cur
sordisplay 
Note: An underline 
cursor in an under
line character 
attribute field will 
be dashed. 

for white screen 
and black 
characters 
for black screen 
and white 
characters 
Note: this is a 
screen attribute 
(versus character 
attribute) bit and 
sets the default 
Video background 
level. 
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CHARACTER DB3 = 1 to enable Video 
SUPPRESS suppress 

DB3 = 0 to inhibit Video 
suppress 
This bit allows 
character blinking 
and blanking under 
processor control 

INTENSITY DB2 = 1 allows the INTOUT 
output pin to go 
high for the char
actertime 

DB2 = 0 inhibits the 
INTOUT output pin 
from going high 

UNDERLINE DB1 = 1 will cause the char
acter to be 
underlined 

DB1 = 0 will inhibit the 
underline 

DBO REVERSE DBO = 1 will cause the 
VIDEO standard fore

ground and back
ground Video 
levels (selected 
with DB4) to be 
reversed for the 
character time 

DBO = 0 will inhibit reverse 
video 

MODE The AUTO INCREMENT bit in this register 
specifies whether or not the display memory 
character address is automatically incre
mented by the VTLC after every readlwrite of 
the CHARACTER register. Note: The visible 
cursor position is not affected. 

MODE REGISTER 

DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO 

AUTO X X X X X X X 
INC 

DB? AUTO DB? 1 to enable 
INCREMENT automatic character 

address 
The RAM address is 
incremented after the 
VTLC completes a dis
play memory access 
initiated by a processor 
to RAM or RAM to 
processor character 
transfer. 

DB? = 0 to disable 
automatic increment 

CHARACTER This register allows access to the display 
memory for both byte transfers and FILL 
operations. In BYTE Transfer Write Mode, 
the processor first writes a character to this 

3?3 

register. The VTLC takes that characte~ 
and stores it in the display memory in the 
location specified by the CURLO and 
CURHI registers. In Byte Transfer Read 
Mode, the processor reads this register 
causing the VTLC to fetch the character 
whose address is specified in the CURLO 
and CURHI registers from the display 
memory and place it in the CHARACTER 
register. The processor then reads the 
character and initiates another fetch from 
memory cycle. In FILL mode, writing a byte 
to this register will initiate a FILL operation. 
All VTLC/memory data transfers take place 
during horizontal and vertical video retrace 
blank time. 

CHARACTER REGISTER 

DB? DB6 DB5 DB4 DB3 DB2 DB 1 DBO 

TAG BIT + ? BIT ASCII CHARACTER 

CHARACTER SET 

Using the DB?-DBO data bus 1/0 pins and the MOD SEL 
bit in the ATTDAT register, the user can address 128 char- I 
acters, a six segment "wide graphics" and a four segment _ 
"thin graphics" entity. Included in the 128 mask program-
mable characters can be the 96 standard ASCII characters 
and 32 special characters. 

A. (MODE SEL = 1) GRAPHICS MODE 

This mode allows an intermix of alpha-numeric and 
graphics characters. No attributes are permitted in this 
mode. If TAG BIT = 1, the character will be an alpha
numeric. If TAG BIT = 0, the character will be a graph
ics character. 

CHARACTER REGISTER 

ALPHANUMERIC: TAG BIT = 1 

DB? DB6 DB5 DB4 DB3 DB2 DB 1 DBO 

TAG = 1 k- ALPHA-NUMERIC CHARACTER---I 

DB6-DBO Specify character 

CHARACTER REGISTER 

GRAPHICS: TAG BIT = 0 

DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO 

TAG=O WIT SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 

DB6 WIT = 1 specifies a wide graphics 
character 
WIT = 0 specifies a thin graphics 
character 

WIDE GRAPHICS ONLY: 
DB5-4 SEG6-5 = 1 to turn on graphics 

entity segment 
SEG6-5 = 0 to turn off graphics 

entity segment 

Note that DB5 and DB4 have no meaning in the 
thin graphics entity. 



WIDE AND THIN GRAPHICS: 

DB3-0 SEG4-1 if any bit = 1, corresponding 
graphics entity segment ON 

It any bit = 0, corresponding 
graphics entity segmentOFF 

B. (MOD SEL = O) ALPHA-NUMERICS MODE 

This mode allows display of alpha-numeric characters 
with attributes. If DB7 is set to a logical one, the attri
bute(s} specified in the ATTDAT register will be ena
bled for that character. If TAG B IT is cleared, attributes 
will not be enabled for that character. 

CHARACTER REGISTER 

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

TAG I-- ALPHA-NUMERIC CHARACTER ~ 

DB7 = 1 to enable attribute(s} for character. 
DB7 = 0 to disable attribute(s} for character. 

DB6-DBO Specify character 

SEGMENT SEGMENT 
6 3 

SEGMENT SEGMENT 
5 2 

SEGMENT SEGMENT 
4 1 

WIDE GRAPHICS ENTITY 

NOTE: scan line and column of segment 
locations are mask programmable. 

SEGMENT 3 

SEGMENT4 SEGMENT2 

SEGMENT 1 

THIN GRAPHICS ENTITY 

NOTE: scan line and column of segment 
locations are mask programmable. 

DESCRIPTION OF SYSTEM OPERATION 

The VTLC circuitry provides two control functions. One 
function interprets and controls data from the system pro
cessor interface through the data bus DB7-DBO as shown 
in the Processor Timing of figure 3. The other function gen
erates and refreshes the video image on the screen through 
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the DD7-DDO data bus as shown in the Display Memory 
Timing of figure 2. Because the system data bus is isolated 
from the display data bus, the VTLC maintains complete 
control over access to display memory. All data flow between 
display RAM and the processor or the VTLC takes place 
through the VTLC. Refer to the VTLC Display Memory 
Access Timing of figure 7. 

DISPLAY MEMORY ACCESS 

Processor/display memory access is accomplished 
through the CHARACTER register of the VTLC. All proces
sor transfers to or from the CHARACTER register take place 
only when the DONE bit is high. The DONE bit is used to 
synchronize data transfers between the VTLC and the pro
cessor as shown in the Typical Processor To Display Mem
ory Transfer of figure 6. When the processor needs to store 
a byte of data in the display memory, it will write the byte to 
the CHARACTER register of the VTLC. The VTLC will 
immediately reset the DONE bit indicating that the transfer 
hardware is busy. At the next blanked Video time, the VTLC 
will store the byte in the dis;)lay memorYf increment the 
character address, (if auto increment is enabled) and set 
the DONE bit. When the processor needs to read a byte of 
data from the display memory, it will read the CHARACTER 
register. The VTLC will fetch the desired byte from the dis
play memory during the next blanked VIDEO time, incre
ment the character address (if enabled), and set the DONE 
bit. When the processor detects that the DONE bit is set, it 
will read the CHARACTER register to get the data byte from 
the VTLC. This read will reset the DONE bit and cause the 
VTLC to fetch the next byte of data from the memory. 

If auto increment is not enabled, the processor must set 
the cursor address in the CURLO and CURHI registerto the 
address of the memory location being read from, or written 
into, before every access to the CHARACTER register. 

It should be noted that Auto Increment does not affect the 
visible cursor location, If auto-increment is enabled, the 
current character location will equal the cursor position only 
for the first character transfered following an update of the 
CURLO and CURHI registers. Note that the DONE bit must 
be high before attempting to update the cursor registers 
because the loading of the cursor registers will reset the 
character position counters to the cursor position. 

SMOOTH SCROLL 

The VTLC may be programmed to do either "jump" or 
"smooth" scrolling. Jump scrolling moves the data up or 
down the monitor screen one data row at a time. Smooth 
scrolling moves the data up the monitor screen one scan 
line at a time. The number of scan lines and the rate they 
move up the screen is under processor control. 

Smooth scroll is controlled through manipulation of the 
SS3-SS0 bits of the CURHI register. These bits represent 
the binary address of the first scan line of the first data row 
displayed on the monitor screen (the data row whose 
beginning address is in the TOSADD register). When the 
value represented by these bits is incremented, the video 
data on the monitor screen moves up by the same number 
of scan lines. After the address of the last scan line of the 
data row is loaded into the CURHI register and the VIDEO 
data has moved up the last scan line of the data row, the 
processor resets the SS3-SS0 address to point to scan line 



o and does a jump scroll. Jump scroll is accomplished by 
incrementing the RAM address in the TOSADD register by 
a data row length (so that it points to the address of the first 
character of the new top data rowan the monitor). 

When programmed for a data row of 80 characters/data 
row display (1920 data words), for example, the display RAM 
contains 25. actual rows of data (2000 RAM locations). If the 
smooth scroll offset equals zero, the VTLC will display the 
1919 RAM locations following the top of screen address 
when displaying data. The first data row is partially scrolled 
off the screen and the 25th data row is scrolled onto the 
screen when the smooth scroll offset is incremented. The 
VTLC will now display the 1999 RAM locations following the 
top of screen address (wrapping to 0 after address 1999). 
After the VTLC does a jump scroll, the processor will pro
gram it to erase the line just scrolled off the screen (prepar
ing it to be scrolled onto the screen). This line now becomes 
the non-displayed 25th data row. 

will remain stationary at the bottom of the screen and will 
not move up the screen when the remainder of the display 
data is scrolled. Otherwise, VIDEO data on the status line 
may be manipulated as though it were normal display data. 
The smooth scroll offset will not function properly when the 
status line is enabled. The memory address of the charac
ters on the status line are always characters 1920-1999. 
NOTE: If the part is programmed for 25 data rows an addi
tional mask option must be specified which makes the 25th 
data row either fixed (always displayed) or a status row 
(enabled/disabled by the SLE bit). 

CHIP RESET 

NON-SCROLLING STATUS LINE 

The non-scrolling status line is only functional on a VTLC 
that has been programmed for 25 data rows. This data row 

The CRT 9028 and CRT 9128 Chip Reset requires two 
steps. The system processor first writes the reset address 
to the address register of the VTLC. The system processor 
then writes a dummy character to the VTLC Data register. 
Writing to the Data register resets the chip. The only state 
affected by the reset function is the setting of the DONE bit 
in the STATUS register. 

COLUMN DOT -> C7 

SCAN LINE 0 -> 0 

SCAN LINE 1 -> 0 

SCAN LINE 2 -> 0 

SCAN LINE 3 -> 0 

SCAN LINE 4 -> 0 

SCAN LINE 5 -> 0 

SCAN LINE 6 -> 0 

SCAN LINE 7 -> 0 

SCAN LINEa -> 0 

SCAN LINE 9 -> 0 

SCAN LINE 10 -> 0 

SCAN LINE 11 -> 0 

ROM CHARACTER BLOCK FORMAT 
C6 C5 C4 C3 C2 

o 

o 

o 

o 

o o o 

MASK PROGRAMMABLE 
CHARACTER BLOCK 

(FONT) 

o 

o 

o 

5xa 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

C1 CO 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

Mask programmable options-The ROM character block format above shows the 5Xa mask programmable character font 
within the character cell as defined by dots C7 through CO and scan lines 0 through 11. 

Dots/Character: 6 dots/character cell = > C7 - C2 displayed 
7 dots/character cell = > C7 - C1 displayed 
a dots/characler cell = > C7 - CO displayed 

Column dots CO and C1 will be the same as column dot C7 when more than 6 dots/character cell are specified 
when generating alpha-numerics. 

NOTE: The maximum dot clock crystal frequency is dependent on the dots/character programmed: 

rOTS/CHARACTER MAX XTAL FREQ 

6 dots 10.5 MHz max' 
7 dots 12.25 MHz max' 
a dots 14.0 MHz max' 

'These values are preliminary 
Scan Lines per Character: a scan lines/character = > SLO - SL7 displayed 

9 scan lines/character = > SLO - SLa displayed 
10 scan lines/character = > SLO .. SL9 displayed 
11 scan lines/character = > SLO - SUO displayed 
12 scan lines 'character ~ > SLO - SL 11 displayed 

Thin and Wide Graphics: Dots mask programmed for vertical column C2 will be the same as backfill Columns 0 and 1 
when generating wide and thin graphics. 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ....................................................................... O°C to + 70°C 
Storage Temperature Range ......................................................................... - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) ............................................................... + 325°C 
Positive Voltage on any Pin, with respect to ground ................................................. + 8.0V 
Negative Voltage on any Pin, with respect to ground ................................................ - 0.3V 

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

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maxi
mum Ratings not be exceeded or device failure caf'l 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. 

ELECTRICAL CHARACTERISTICS (TA =O°C to 70DC, Vee = + 5V ± 5%, unless otherwise noted.) 

PARAMETER MIN TYP MAX UNIT COMMENTS 

DC CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low-level, Vii 0.8 V 
High-Level, Vih 2.2 V 

OUTPUT VOLTAGE LEVELS 
0.4 V All ou~uts except Low-level, Vol 

VIDE ,CSYNC, 
INTOUT, HSYNC, 
VSYNC; 101 = 1.6 m A 

Low-level, Vol 0.4 V VIDEO, CSYNC, 
INTOUT, HSYNC, 
VSYNC; 101 = 0.4 m A 

High-level, Voh 2.4 V All ou~uts except 
VIDE ,CSYNC, 
INTOUT, HSYNC, 
VSYNC; loh = 

High-level, Voh 2.4 V 
~A 
VIDE ,CSYNC, 
INTOUT, HSYNC, 
VSYNC; loh = 
-201J-A 

INPUT LEAKAGE CURRENT 
High-level,llh 10 IJ-A All inputs; Vin = Vcc 

Low-level, III -10 IJ-A Allinpu~ _ 
except"yyR, RD, 
OS, R/W; Vin = .04V 

Low-level, III -200 IJ-A WR,RD, 
OS, R/W; Vin = O.4V 

INPUT CAPACITANCE 
All inputs, Cin 15 pF 

OUTPUT LOAD 
CL 15 pF Except DB7-0 

C L 100 pF DB7-0 
POWER SUPPLY CURRENT 

Icc 125 mA 
AC CHARACTERISTICS 

CLOCK FREQUENCY, fin 1.0 14.0 MHz 
DISPLAY MEMORY TIMING 

Address Set-up Time 
tAS 20 ns 

Write Strobe Set-up Time 
tWST 80 ns 

Data Set-up Time 
tST 80 ns 

Data Hold Time 
tOH 10 25 ns 
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ETER PARAM 
Add 

tA 
Out 

to 
Add 

tA 
PROC 

Add 
tA 

Writ 
tw 

Writ 
tw 

Rea 
tR 

Rea 
T 

ress Hold Time 
HT 

put Hold From Address Change 
H 

ress Access Time 
A 

ESSOR TIMING 
ress Read/Write Set-up 
RWS 

e Pulse Width 
PW 

e Hold Time 
HT 

d Set-up Time 
8T 

d Data Valid 
ROV' 

d Pulse Width 
PW 

Rea 
tR 

Oat 
to 

Oat 
to 

a Write Falling Set-up 
WFS 

a Write Rising Set-up 
WRS 

Crystal specification (Applies for 4-14 MHz): 
Series Resonant 
50 ohms max series resistance 
1.5 pf typ parallel capacitance 

MIN 

25 

15 

160 

160 

15 

0 

250 

120 

160 

Operation below 4 MHz requires external crystal oscillator 

DA10-0 

DWR 

DD7-DDO 

VTLCOUTPUT 
TO RAM 

ADDRESS 

READ DATA 
FROM RAM 

VTLC INPUT 
FROM RAM 

NOTE: DISPLAY ADDRESS BUS DA 1 O-DAO MUST NOT CHANGE WHILE DWR IS LOW 

TYP MAX 

250 

200 

FIGURE 2. DISPLAY MEMORY TIMING 

UNIT COMMENTS 
----

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

,,0 =f X'--_____ --'X'--_____ ><= 

",w1=-,._, /r-----

DS.Ff15.WR READ~ -li
tADV 

1-

DB7-0 ::~:=::~::::: DAT3xxxxxxx~D-AT-A-VA-Ll-D.....,X'IXfXt:ti 
--L~~~lL..JI 1--pR-O-C-E-SS-O-R-W-R-IT-ES-.IJ PROCESSOR PROCESSOR 

TO VTLC READS VTLC READS VTLC 

(1) If set-up time is not met, screen may glitch when cursor or attribute 
registers are changed during active video time. 

(2) Minimum set-up time to ensure valid data into VTLC internal registers. 

FIGURE 3. PROCESSOR TIMING 
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VERTICAL TIMING VERTICAL 
SYNC 

I DURATION I 

14 _I I 
VSYNC -+t I<f-- I I 
DELAY I I I I 

VSYNC ~~I'--__ --tll-/ ____ .JI 
I I I I 1/ 

/1 \1 III r--
V BLANKING -------'.1+- NUMBER OF BLANKED ~'-----I-I';----'I 

HORIZONTAL TIMING 

I SCAN LINES io4--- NUMBER OF ~ 
DISPLAYED 

HORIZONTAL 
SYNC 

DURATION 

I~ I 

DATA ROWS 

HSYNC -.I ~ I I 
DELAY I I I I 

HSYNC _____ ..:..I_.Jr--\~---'-1 ___ --111-/ ____ --', 
I I I II 

I 
I 

H BLANKING /r--------.....\ II r--
------'1---- NUMBER OF -----.j I~I 

CHB.ktZtf~RS I+- ~Y~~~~~6 --+i 
CHARACTERS 

NOTE: Video parameters above are mask programmable 

FIGURE 4. VERTICAL AND HORIZONTAL SYNC TIMING 

HSYNC~ n n n n ______ IL n 
VSYNC 

CSYNC 

I I I I 
I I I I 

I I I I I I 
I I I I r H

' -I" H----j 
I I 
I I 

j4-H/2.-.( I I I 

N0 TE: Delays between pulse edges and pulse width values may vary due to mask programmable features. 
'H represents horizontal interval 

HSYNC 

CSYNC 

WITHIN VERTICAL SYNC 
PULSE TIME 

HSYNC 

CSYNC 

d = HSYN Delay -CSYN Delay 

________ ~!l~ ______ _ 
_______ ~ __ ~d~~ ________ _ 

U 

OUTSIDE OF VERTICAL 
SYNC PULSE TIME 

FIGURE 5. VIDEO SIGNAL TIMING 

IDB7
-O XXXXXXXXX ASCII CHARACTER xxxxxxxxxxxxxxxx 

PROCESSOR 
BUS 

~------------------, 

'DONE 
(DB7 OF STATUS 
REGISTER) 

IOD7-O 
DISPLAY ___ --J 

BUS 

DISPLAY 
CHARACTER 

PROCESSOR WRITES CHARACTER 
VTLC CHARACTER REGISTER 

(CAUSES DONE BIT RESET) 

DISPLAY 
CHARACTER 

~WR-------------------------------__ 

DONE ~ 1 SIGNIF1ES THAT PROCESSOR MAY ACCESS CHARACTER REGISTER 
DONE c 0 SIGNIFIES THAT PROCESSOR MAY NOT ACCESS CHARACTER REGISTER 

ASCII CHARACTER 

VTLCWRITES 
CHARACTER REGISTER 

TO DISPLAY MEMORY 

FIGURE 6. TYPICAL PROCESSOR TO DISPLAY MEMORY TRANSFER 
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TYPICAL DISPLAY TIMING 

TIME: 

OA10-0 

DISPLAY MEMORY READ 

READ AND WRITE DISPLAY MEMORY TIMING 

TIME: 

OA10-0 

JjJ
-rrr-----------H------' f~--

OWR PROCESg.?:R~~+~~S~~~~gfE~O /FROM \ ______ J 
OONE 

VILC WRITES/READS 
TO/FROM DISPLAY MEMORY 

HIGH FOR READ ~l 
LOW FOR WRITE m II 

(OB7 OF STATUS 
REGISTER) ~----+~ 

CHARACTER DISPLAY - ,------*"----
~---~ 

007-0 

FILL DISPLAY MEMORY COMMAND 

TIME: 

OA10-0 

PROCESSOR WRITES TO FILADD REGISTER 
FOLLOWED BY WRITE TO CHARACTER REGISTER 

( 
~ONE 
(OB7 OF STATUS 
REGISTER) 

007-0 

NOTE: oN CHARACTERS/DATA ROW 

PROCESSOR WRITESI.READS TO/FROM 
CHARACTER REGISTER 

(LAST LOCATION 

~----lil+ FILLED) 

~ ~TO 'L-..J LA~R~~TION 

FIGURE 7. VTLC DISPLAY MEMORY ACCESS TIMING 



APPENDIX-STANDARD PARTS-CRT 9028-000/CRT 9128-000 

I. ROM CHARACTER BLOCK FORMAT: 

COLUMN DOT -:---- C7 

SCAN LINE a -/ a 

SCAN LINE 1 -> a 

SCAN LINE 2 -/ a 

SCAN LINE 3 -/ a 

SCAN LINE 4 -> a 

SCAN LINE 5 -:;:" a 

SCAN LINE 6 -/ a 

SCAN LINE 7 -> a 

SCAN LINE 8 -:::::> a 

SCAN LINE 9 -> a 

DOTS PER CHARACTER: 
DOT CLOCK XTAL FREQUENCY (MHz): 

C6 C5 C4 C3 C2 C1 

a a a a a a 

a 

a 

a 

CHARACTER BLOCK a 
5 K8 CELL 

a a a a 

7 
10.92 

a 

a 

a 

a 

a 

a 

II. HORIZONTAL TIMING (IN CHARACTER TIMES): 

III. 

IV. 

CHARACTERS PER DATA ROW: 
HORIZONTAL BLANKING: 
HORIZONTAL SYNC DELAY: 
HORIZONTAL SYNC PULSE WIDTH: 

80 
20 

4 
8 

NEGATIVE ACTIVE HORIZONTAL SYNC POLARITY: 

J...--HORIZ BLANKING~ 
ACTIVE VIDEO I I ACTIVE VIDEO 

VIDEO - - - - - - - - -, ,'--_-_-_-_-_-_-_-_-_ 

HSYNC 

HORIZ SYNC DELAY -I~ ~ .. 

VERTICAL TIMING: 
CHARACTER ROWS: 
SCAN LINES PER CHARACTER: 
TOTAL VISIBLE SCAN LINES: 
VERTICAL SYNC POLARITY: 

VERTICAL SYNC TIMING (IN SCAN LINES): 
60 Hz VERTICAL BLANKING: 
60 Hz VERTICAL SYNC DELAY: 
60 Hz VERTICAL SYNC PULSE WIDTH: 
ALTERNATE (50 Hz) VERTICAL BLANKING: 

HORIZ SYNC-..J 
PULSE WIDTH 

24 
x10 
240 

NEGATIVE ACTIVE 

ALTERNATE (50 Hz) VERTICAL SYNC DELAY: 

20 
4 
8 
72 
30 
10 ALTERNATE (50 Hz) VERTICAL SYNC PULSE WIDTH: 

ACTIVE VIDEO 
r-- VERTICAL BLANKING --1 

ACTIVE VIDEO 

---------------_ ....... ' I~ __ -_------------

VSYNC 
VSYNC DELAY ,.. -,- VERT SYNC --i 

PULSE WIDTH 
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V. COMPOSITE SYNC OUTPUT (IN CHARACTER TIMES): 
COMPOSITE SYNC DELAY: 
COMPOSITE SYNC PULSE WIDTH: 

2 
8 

ACTIVE VIDEO ACTIVE VIDEO 

VIDEO 

CSYN 

--------r 1--------

CSYN DELAY -I-« 1oII!--__ ., .... I .. ~--.. -.t1 CSYN PULSE WIDTH 

VI. UNDERLINE ATTRIBUTE AND CURSOR LINE: SCAN LINE 9 

VII. WIDE GRAPHICS FIGURE DEFINITION: 

COLUMN -> C7 G6 C5 C4 C3 C2 C1 

SCAN LINE 0 -> 

SCAN LINE 1 -> SEGMENT 6 SEGMENT 3 

SCAN LINE 2 -> 

SCAN LINE 3 -> 

SCAN LINE 4 -> SEGMENT 5 SEGMENT 2 

SCAN LINE 5 -> 

SCAN LINE 6 -> 

SCAN LINE 7 -> 

SCAN LINE 8 -> SEGMENT 4 SEGMENT 1 

SCAN LINE 9 -> 

VIII. THIN GRAPHICS FIGURE DEFINITION: 

COLUMN DOT -> C7 C6 C5 C4 C3 C2 C1 
-

SCAN LINE 0 -> 
S 

SCAN LINE 1 -> E 
G 

SCAN LlNE2 -> M 
E 

SCAN LINE 3 -> 
N 
T 

SCAN LlNE4 -> 3 

SCAN LINE 5 -> SEGMENT4 SEGMENT2 

SCAN LINE 6 -> S 
E 
G 

SCAN LINE 7 -> M 
E 

SCAN LINE 8 -> N 
T 

SCAN LINE 9 -> 1 
'-

SEGMENT 4 = SCAN LINE 5; C7, C6, C5, C4 
SEGMENT 3 = C4; SCAN LINES 0, 1,2, 3, 4, 5 
SEGMENT 2 = SCAN LINE 5; C4, C3, C2, C1 
SEGMENT 1 = C4; SCAN LINES 5, 6, 7, 8, 9 
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w 
CP 
ro 

KEYBOARD 
CONN 

COMM 
CONN 

PRINTER 
CONN 

30 pf D3o.Pf 

;f ~ 

XTAL 1 XTAL2 

INTO 

...----a INT1 

1-----1 TxD 

P2 .3 

OPTIONAL 
SERIAL 
EEROM 

CS 

SK 

DI 

DO 

XTAL 1 XTAL2 

LS24Q" VERTICAL SYNC 
VSYNC ~~----~ } 

HORIZONTAL SYNC 
HSYNC In-----+--..... TO MONITOR 

68n VIDEO 
VIDEO~----+---"'" ;~-~~~~+ 

300n 
INTOUT~----+---~ 

PO.7-POO \.---------..11 DB7-DOO' 

"":>---+---1 P'6 

8051 
OR 

EQUIVALENT 
DWR t:),.....--------. 

CRT 9028 

Pl.l r---------i AID 

RD RD 

WR WR 

CRT 9028 
TYPICAL APPLICATION 

DISPLAY MEMORY· 

I\.,...;A;.,;;D;:.,:D;:.,:R...:.,;E;;,;:S:...:S:...:B;,.:U:...:S;..../I A 1iJ-A9 

2KX8 
STATIC RAM 

1\. ... ----:;D;;..;.A...:..;:r~A.:;B.:;U~S--../I D7 -D9' 



KEYBOARD 
CONN 

COMM 
CONN 

o 
XTAL 1 XTAL2 

INT1 BIT 
INTQ' PROG 

INT2 PORT 

PORT 
BIT IN 

OPTIONAL 
SERIAL 
EEROM 

CS 

SK 

DI 

DO 

XTAL 1 XTAL2 

LS24Q' VERTICAL SYNC 

VSYNC h-ll--+.---~ } 

HORIZONTAL SYNC 
HSYNC 1n-4~--+_~ TO MONITOR 

6SO VIDEO 
VIDEOh----+-~ 

3900 
INTOUT L-----+_~ "'-"r\---.J\AAI\J-.J 

PORT 
1-----1 BIT OUT PORT 

AD7-ADQ' \.------./1 DB7-DBB' 

ZSJ.LC 
OR 

EQUIVALENT 

PORT 
:>----+---l BIT IN 

>---+--1 RXD 

HDX 
(PORT 
BIT) 

PORT 
BIT 
OUT 

DS 

R/Vil 

DWRD-----------~ 

CRT912S 

AID 

DS 

R/Vil 

CRT 9128 
TYPICAL APPLICATION 

DISPLAY MEMORY 

1\":":::"::':"":"==-:::"::"::::...,/1 A 1RJ-~ 

2KXS 
STATIC RAM 



CRT 9028/9128-000 

~ 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

006 ... 004 
C6-2 C6-2 C6-2 C6-2 C6-2 C6-2 C6-2 C6-2 C6-2 C6-2 C6-2 C6-2 C6-2 C6-2 C6-2 C6-2 

00 •• 0 00 •• 0 0.000 000.0 0 ••• 0 0 •••• 0 •••• 00.00 00000 00000 00.00 00.00 00000 • •••• 00.00 .000. 
0.00. 0.00. 0 •• 00 00 •• 0 0.00. 0.000 0.000 0.0.0 00.00 00000 00.00 0 ••• 0 00.00 ••• 0. 0.0.0 0.0.0 
0.000 D •••• 0 ••• 0 0 ••• 0 0.00. 0 ••• 0 0 ••• 0 0.0.0 0.000 00000 00.00 .0.0. 000.0 •• 0 •• .000. 00.00 

000 SL ~:~gg 0.00. D •••• •••• 0 0.00. 0.000 0.000 •• 0 •• ••••• 00.00 00.00 00.00 • •••• .000. 00.00 .000. 
0.00. 0 ••• 0 0 ••• 0 0 ••• 0 D •••• 0.000 00.00 0.000 00000 .0.0. 00.00 000.0 •• 0 •• 0.0.0 0.0.0 

0.000 00000 0 •• 00 00 •• 0 00000 00000 00000 00000 00.00 00000 0 ••• 0 00.00 00.00 ••• 0. .000. 00.00 
••••• ••••• 0.000 000.0 ••••• • •••• ••••• • •••• 00000 • •••• 00.00 00.00 00000 ••••• 00000 00000 
00000 00000 00000 00000 00000 00000 100000 00000 00000 00000 00000 00000 00000 00000 00000 00000 

0 ••• 0 00.00 0 •• 00 0 •• 00 000.0 0.00.1.000• .000. • 000. .000. ••••• ••••• .0000 0 ••• 0 00000 0000. 
.00 •• 0 •• 00 000.0 000.0 00 •• 0 0.00. .000. .000. 0.0.0 0.0.0 000.0 .000. 0.000 000.0 • ••• 0 0000 • 
• 0.0. 00.00 00.00 0 ••• 0 0.0.0 0.00. .000. .0.0. 00.00 00.00 00.00 .0 ••• 00.00 000.0 ..000 00.0. 

001 SL •• 00. 00.00 0.000 000.0 0 •••• 0.00. i 0.0.0 .0.0. 0.0.0 00.00 0.000 .000. 000.0 000.0 .0.00 0.00. 
0 ••• 0 0 ••• 0 0 ••• 0 0 •• 00 000.0 00 •• 0 00.00 0.0.0 .000. 00.00 ••••• .0 ••• 0000. 0 ••• 0 .00.0 ••••• 00000 00000 00000 00000 00000 00000:00000 00000 00000 00000 00000 .000. 00000 00000 0000. 0.000 
••••• ••••• ••••• ••••• ••••• ~~~~~i~~~~~ • •••• ••••• • •••• • •••• ••••• • •••• • •••• 00000 00.00 
00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 ioooOo 

00000 00.00 0.0.0 0.0.0 00.00 •• 000 0.000 00.00 00.00 00.00 00.00 00000 00000 00000 00000 00000 
00000 00.00 0.0.0 0.0.0 0 •••• •• 00. .0.00 00.00 0.000 000.0 .0.0. 00.00 00000 00000 00000 0000. 
00000 00.00 0.0.0 ••••• .0.00 000.0 .0.00 0.000 .0000 0000. 0 ••• 0 00.00 00000 00000 00000 000.0 

010 SL 00000 00.00 00000 0.0.0 0 ••• 0 00.00 0.000 00000 .0000 0000. ••••• ••••• 00000 • •••• 00000 00.00 
00000 00.00 00000 ••••• 00.0 • 0.000 .0.0. 00000 .0000· 0000. 0 ••• 0 00.00 00000 00000 00000 0.000 
00000 00000 00000 0.0.0 •••• 0 .00 •• .00.0 00000 0.000 000.0 .0.0. 00.00 00.00 00000 00000 .0000 
00000 00.00 00000 0.0.0 00.00 000 •• 0 •• 0. 00000 00.00 00.00 00.00 00000 00.00 00000 00.00 00000 
00000 00000.00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 0.000 00000 00000 00000 

oil •• o 00.00 0 ••• 0 ••••• 000.0 ••••• 00 ••• ••••• 0 ••• 0 0 ••• 0 00000 00000 000.0 00000 .0000 0 ••• 0 
.000. 0 •• 00 .000. 0000. 00 •• 0 00000

1

00000 0000. .000. .000. 00000 00000 00.00 00000 0.000 .000. 
• 00 •• 00.00 0000. 000.0 0.0.0 •••• 0 .0000 ooLl.o • 000 • .000 • 00.00 00.00 0.000 ••••• 00.00 0000. 

011 SL • 0.0. 00.00 00 •• 0 00 •• 0 .00.0, 0000. • ••• 0 00.00 0 ••• 0 0 •••• 00000 00000 .0000 00000 000.0 000.0 
•• 00. 00.00 0.000 0000. ••••• 0000. .000 • oo.aoo • 000. 0000 • 00000 tlOooo 0.000 • •••• 00.00 00.00 
.000. 00.00 • 0000 .000 • 000.0 .000. .000. 00.00 .000. ooOlaO 00.00 00.00 00.00 00000 0.000 00000 
0 ••• 0 LJ ••• o ••••• 0 ••• 0 ~JOO.o 0 ••• 0 0 ••• 0 00.00 0 ••• 0 00.00 00000 00.00 000.0 00000 .0000 00.00 
00000 ::)0000 CJooOo 00000 00000 00000 00000 00000 00000 00000 00000 0.000 00000 00000 00000 00000 
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CRT9041A 
CRT9041B 
CRT9041C 

CRT Video Attributes Controller 
VAC 

FEATURES 
D On chip 12 bit shift register 

3 speed versions: 
CRT 9041 A -33M Hz 
CRT 9041 B -30M Hz 
CFlT 9041 C -28.5MHz 

D On chip attributes logic 
Reverse video 
Character blank 
Character blink to blank 
Character blink between any two of 
four video intensity levels 
Two independent underline attributes 
Four video intensity levels 
Two general purpose attributes 

D Wide graphics mode 
D Thin graphics mode 
D Reverse screen input 
D On chip logic for double height/double width data rows 
D Accepts scan line information in parallel or serial format 
D Supports multiple cursors 
D Four cursor modes dynamically selectable 

via 2 input pins 
Underline 
Blinking underline 
Reverse video block 
Blinking reverse video block 

D Mask programmable cursor blink rate and duty cycle 

PIN CONFIGURATION 

CURS 1 40 I Vee 
RETBL 2 39 , GP20 
IJ)/SH 3 38 GP10 

VDC 4 37 HINTO 
VIDEO 5 36 BOLDa 

DST 6 35 ATTEN 
D11 7 34 CHABL 
D10 8 33 UL2/GP21 
D9 9 32 XCURS/GP11 
D8 10 31 HINTI 
D7 11 30 BaLDI 
D6 12 29 BLINK 
D5 13 28 RS 
D4 14 27 REVID 
D3 15 26 MS1 
D2 16 25 MS0 
D1 17 24 i7S'Y'NC 
DO 18 23 SLO/SLD 

SL3/BKC 19 22 SL1/S"m' 
GND 20 21 SL2/BLC 

D Mask programmable character blink rate and duty cycle 
D On chip data and attribute latches 
D Externally multiplexible for higher video rates 
D Dot stretch on a character basis 
D + 5 volt operation 
D TTL compatible 
D MaS n-channel silicon gate COPLAMOS® process 
D Compatible with the CRT 5037 and CRT 9007 

I 

GENERAL DESCRIPTION 
The SMC CRT 9041 Video Attributes Controller (VAC) is 

an n-channel COPLAMOS® MaS/LSI device containing 
graphics logic, attributes logic, data and attribute latches, 
cursor control, and a high speed video shift register. The 
CRT 904'1, a character generator ROM, and a CRT con
troller such as the CRT 9007 provide all of the major circui
try for the display portion of a CRT video terminal. 

The CFH 9041 serial video output may be connected 
directly to a CRT monitor's video input. The CRT 9041 is 
available in three speed versions: 28.5 MHZ (9041 C), 30 
MHZ (9041 B) and 33 MHZ (9041 A). 

The CRT 9041 attributes include: reverse video, 2 under
lines, character blank, and character blink. Character blink 
may be to background, or between any 2 of 4 possible video 
intensity levels. Two output pins define 4 video levels: half, 
three quarters, full, and bold. When used in conjunction with 
the CRT 9007 VPACTM, the CRT 9041 will provide double 
height or double width data row display. 

Two cursor input pins allow simultaneous display of two 
cursors. Each of these cursors can be displayed in otle of 
4 display formats: underline, blinking underline, reverse 
video character block, and blinking reverse video character 
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block. When used in the serial scan line input mode, each 
cursor may be displayed in any of the 4 cursor display modes 
as selected via the two input pins. When used in the parallel 
scan line input mode, each cursor display mode is mask 
programmable and fixed at the time of manufacture. 

The cursor format or the parallel scan line information can 
be changed on a character by character basis to allow dif
ferent cursor formats on separate areas of the screen or for 
superscripted or subscripted characters. 

Two graphics modes are provided. In the wide graphics 
mode, the CRT 9041 produces a graphic entity the size of 
the character block. The graphic entity contains eight parts, 
each of which is associated with one bit of the input byte 
thereby providing 256 unique graphic symbols. The thin 
graphics mode enables the user to create thin line drawings 
and forms. In both graphics modes, continuous horizontal 
and vertical lines may be drawn. Additional flexibility is pro
vided through the mask programming of the placement and 
dimensions of the blocks or lines within a character block. 
In the thin graphics mode, mask programming allows ser
rated horizontal lines. 
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FIGURE 1: CRT 9041 BLOCK DIAGRAM 

DESCRIPTION OF PIN FUNCTIONS 

SYMBOL FUNCTION 

CURS When this input is high and RETBL is low, the programmed cursor format 
will be displayed. When this input is high, and RETBL is high, the CRT 
9041 enters the double width mode. See section entitled "Cursor 
Formats" for details. 

RETBL When this input is high, the parallel inputs to the video shift register are 
unconditionally cleared to all zeros and loaded on the next LD/SH pulse. 
This forces the Video output to a low voltage level, independent of all 
attributes for blanking the CRT during horizontal and vertical retrace time. 

[[5/SH The 12 bit video shift register parallel-in load or serial-out shift operation 
is established by the state of this input. When high, this input enables 
the shift register for serial shifting with each video dot clock pulse (V DC 
input). When low, the video shift register is parallel loaded on the next 
video dot clock pulse and all data and attributes are moved to the next 
position in the internal pipeline. In addition, input data and attributes are 
latched on the positive transition of [[5/SH. If the period of this signal is 
greater than 12 dots, video information will be supplied in the form of 
backfill dots as specified in the mask programmed options. 

VDC This input clock controls the rate at which video data is shifted out on 
the VIDEO output. 

VIDEO The Video output provides the serial dot stream to the CRT. Video data 
is shifted out on the rising edge of the video dot clock VDC. The timing 
of the [[5/SH input will determine the number of backfill dots. 

DST This input determines if all dots in the video stream will be stretched by 
one dot. In normal video, all 1 's are stretched and in reverse video all O's 
are stretched. This input enters the CRT 9041 along with D11-DO with 
one [O/SH delay. Updating can occur each [[)/SH to allow selected dot 
stretching on a character by character basis. A high voltage will cause 
the dot stretch and a low voltage will inhibit the dot stretch mechanism. 
See section entitled "Dot Stretch" for details. 

D11-DO In the character mode, the data on these inputs are passed through the 
attributes logic into the 12 bit high speed video shift register. The binary 
information on D11 will be the first bit output after the [[5/SH input goes 
low. In the thin or wide graphics mode only the D11 through D4 inputs 
will individually control the on/off condition of the particular portion of the 
character block or line drawing. Tables 5 and 6 illustrate the wide and 
thin graphics modes respectively and their relationships to D11-D4. 
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PIN NO. NAME SYMBOL FUNCTION 
19 Scan line 3/ SL3/BKC Information on this input is delayed 2 [Ij/SH cycles before entering the 

Block Cursor Attribute and Graphics Logic. As a result, this input can be changed on 
a character basis to allow the cursor format to enter the CRT 9041 as an 
attribute or to allow the parallel scan line information to change on a 
character basis. This input has two separate functions depending on the 
way scan line information is presented to the CRT 9041. In the Parallel 
Scan Line Mode, this input is the most significant bit of the binary scan 
line row address. In the Serial Scan Line Mode, this input controls the 
cursor's physical dimensions. If high, the cursor will appear as a reverse 
video block (the entire character cell will be displayed in reverse video). 
If low, the cursor will appear as an underline on the scan line(s) pro-
grammed. (See Table 4.) 

20 Ground GND Ground 

21 Scan line 2/ SL2/BLC Information on this input is delayed 2 [Ij/SH cycles before entering the 
Blink Cursor Attributes and Graphics Logic. As a result, this input can be changed on 

a character basis to allow the cursor format to enter the CRT 9041 as an 
attribute or to allow the parallel scan line information to change on a 
character basis. This input has two separate functions depending on the 
way scan line information is presented to the CRT 9041. (See Table 4.) 

22 Scan Line 1/ SL1/S'm This input has two separate functions depending on the way scan line 
Scan line Gate information is presented to the CRT 9041. In the Parallel Scan Line Mode 

this input is the next to the least significant bit of the binary scan line row 
address. In this mode the information presented is delayed 2 [Ij/SH 
cycles before entering the Attributes and Graphics Logic to allow the scan 
line information to be changed on a character basis. In the Serial Scan 
Line Mode this input will be low for 5 or 6 [Ij/SH pulses to allow the scan 
line information to be serially shifted into the serial scan line shift register. 
If this signal is low for 7 or more IJ)/SH pulses, the CRT 9041 will assume 
the parallel input scan line row address mode. I 

23 Scan line 0/ SLO/SLD This input has two separate functions depending on the way scan line 
Scan Line data information is presented to the CRT 9041. Refer to Table 4. In the Parallel 

Scan Line Mode this input is the least Significant bit of the binary scan 
line row address. The information presented in this mode is delayed 2 
[Ij/SH cycles before entering the Attributes and Graphics Logic to allow 
the scan line information to be changed on a character basis. In the Serial 
Scan Mode this input will present the scan line information in serial form 
(least significant bit first) to the CRT 9041 and permits the proper scan 
line information to enter the serial scan line shift register during the [Ij/ 
SH pulses framed by S'CG". 

24 Vertical \7S'Yf\J"C This input is typically connected to the vertical sync output of the CRT 
Sync controller and is used as the clock input for the on-Chip mask program-

mable blink rate dividers. The cursor blink rate can be a multiple or sub-
multiple of the character blink which is selectable as a mask program 
option (see Table 10.) In addition, the internal attributes are reset when 
this input is low. The 'ilS'Y'l\I'C input is also used to determine the scan 
line mode (parallel or serial) used. See the section "Scan Line Input 
Modes". 

25 Mode Select 0 MSO These 2 inputs define the four modes of operation of the CRT 9041 as 
26 Mode Select 1 MS1 follows: 

MS1 MSO MODE 

0 0 Wide graphics mode 
1 0 Thin graphics mode 
0 1 Character mode without underline one 
1 1 Character mode with underline one 

See section entitled Display Modes for details. 

27 Reverse Video REVID When this input and Retrace Blank (RETBL) are both low, data from the 
Attributes and Graphics Logic is presented directly to the video shift reg-
ister. When this input is high and RETBL is low, the Attribute and Graphics 
Logic will invert the data before presenting it to the video shift register. 

L Reverse Screen RS This input defines the base background level of the screen. A Iowan this 
input will cause normal (non-reverse) video to appear white with a black 
background. A high on this input will cause normal (non-reverse) video to 
appear black with a white background. 
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PIN NO. NAME SYMBOL FUNCTION 
29 Blink BLINK When this input is high and both the RETBL and CHABL inputs are low, 

the character will blink at the programmed character blink rate. This input 
allows a character to blink between 2 of 4 levels of video or to the back-
ground level according to one of the 3 mask programmable blink tables 
(Tables 1,2 and 3). The duty cycle for the character blink is mask pro-
grammable at either 75/25 (off/on) or 50/50. 

30 Boldin BaLDI The BaLDI input along with the BOLDa output provides a user with a Bold 
(high intensity) attribute on a character by character basis. Data input on 
BaLDI will appear at BOLDa with the same delay as that from any other 
attribute inputto the serial video output (VIDEO). By using an external mix-
ing circuit, it is possible to raise the voltage level of the video output to pro-
duce the bold attribute. 

31 Half intensity in HINTI The HINTI input along with the HINTO output provides a user with a half 
intensity attribute on a character by character basis. Data input on HINTI 
will appear at HINTO with the same delay as that from any other attribute 
input to the serial video output (VIDEO). By using an external mixing cir-
cuit, it is possible to lower the voltage level of the video output to produce 
the half intensity attribute. 

32 Extra Cursorl XCURSI This input has a dual function. It can produce a second cursor with either 
General Purpose GP11 a dynamically selectable format or a masked programmed format. If no 
Attribute 1 In scan line(s) are programmed for the XCURS format (or if the programmed 

scan lines are beyond the range of the actual scan lines), this input will 
simply be pipelined through the CRT 9041 to produce a user controlled 
general purpose attribute. Data appearing on this input is pipe lined to the 
GP10 with the same delay as that from any other attribute input and can 
affect the video as desired. Whether XCURS is used or not, data appear-
ing on this input will be pipelined to the GP1 a output. 

33 Underline 2 UL21 This input has a dual function. It can produce a second underline (UL2) at 
General Purpose GP21 the masked programmed scan line(s). If no scan line(s) are programmed 
Attribute 2 In for underline 2, this input will simply be pipelined through the CRT 9041 to 

produce a user controlled general purpose attribute. Data appearing on 
this input is pipelined to the GP20 with the same delay as that from any 
other attribute input and can affect the video as desired. Whether UL2 is 
used or not, data appearing on this input will be pipelined to the GP20 

. output. Note that underline 1 is selected via the MSO and MS1 inputs. 

34 Character CHABL When this input is high, the parallel inputs to the video shift register are all 
Blank set low (or high depending on the state of REVID and RS) thus providing 

a constant video level for the entire length of the character block. Only the 
cursor is visible in a character blank field. 

35 Attribute ATTEN When this input is &,h, the internal attribute latch is updated at the positive 
Enable going edge of the ISH input with data appearing on the REVID, CHABL, 

MS1, MSO, BLINK, BaLDI, HINTI, UL2/GP21, DST RS, and XCURS/GP11 
inputs. By selectively bringing this input high, the user will update the 
attribute only at specific character times; all subsequent characters will 
carry with them the attributes last updated thus allowing "field" or "embed-
ded" attributes. When using a wide video memory where attribute bits are 
attached to every character, the internal attribute latch may be updated at 
each character by tying this input ~~Mgus allowing "invisible" attri-
butes). All attributes are reset by the input. 

36 Bold out BOLDa This output is used in conjunction with the BOLD I input to provide a three 
Out character pipeline delay when creating a high intensity effect on the video 

bit stream. In addition, this output is activated independent of the BaLDI 
signal during certain character and cursor blink operations according to 
Tables 1, 2 and 3. 

37 Half Intensity HINTO This output is used in conjunction with the HINTI input to provide a three 
Out character pipeline delay when creating a half intensity effect on the video 

bit stream. In addition, this output is activated independent of the HINTI 
signal during certain character and cursor blink operations according to 
Tables 1, 2 and 3. 

38 General Purpose GP10 This output is used in conjunction with the XCURS/GP11 input and pro-
Attribute 1 out vides a three character pipeline delay to allow for general purpose attri-

butes to be implemented. 

39 General Purpose GP20 This output is used in conjunction with the UL2/GP21 input and provides a 
Attribute 2 out three character pipeline delay to allow for general purpose attributes to be 

implemented. 

40 Supply Voltage Vcc + 5 volt power supply. 
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Reverse 
Video 

Character 
Blank 

Underline 

Half 
Intensity 

Retrace 
Blank 

Bold 

Blink 

ATTRIBUTES FUNCTIONS 
- The REVIDinput causes inverted data to be 

loaded into the video shift register. 

- The CHABL input forces the video to go to 
the current background level as defined by 
Reverse Video and Reverse screen. This 
attribute blanks all video with the exception 
of both cursor displays. 

- MS1, MSO = 1,1 or UL2 = 1: either condi
tion forces the video to the inverse of the 
background level (all 1 's or all O's) for all scan 
line(s) programmed for underline. The two 
underlines are independent. 

- The HINTI input and the HINTO output allow 
a half intensity attribute to be carried through 
the pipeline of the CRT 9041. An external 
mixer can be used to combine VIDEO and 
HINTO to create a decreased white level in 
the video. 

- The RETBL input causes the VIDEO to go 
to the zero (black) level regardless of the 
state of all other inputs. 

- The BaLDI input and the BOLDa output 
allow a bold (high intensity) attribute to be 
carried through the pipeline of the CRT 
9041. An external mixer can be used to 
combine VIDEO and BOLDa to create an 
increased white level in the video. 

- The BLINK input will cause characters to 
blink in a number of mask programmable 
ways. Referring to Tables 1 , 2 or 3, video can 
be made to blink between 2 or 4 possible 
video levels with either a 50/50 on/off or a 
75/25 on/off duty cycle. The tables also 
illustrate that the blink levels can be pro
grammed to be a function of the reverse 
video input attribute. A blinking cursor over
rides the character blink for the scan lines 
programmed for cursor. The CRT 9041 can 
implement character blinking in several dif
ferent mask programmable visual formats 
as shown in the Tables. The blink function 
illustrated in Table 2 implements CRT 9021 
compatibility blinking. 

The CRT 9041 may be mask programmed for one of three 
combinations of blinking operation. These are illustrated 
respectively in Tables 1, 2, and 3. Since 4 levels of video 
are possible, Tables 1 and 3 define the video blinking 
between 2 video levels and Table 2 defines the video blink
ing to the background level making this table compatible 

, with the CRT 9021. 

The Non-blink Option Table 1 A shows the state of the 
video DATA (DATA = non inverted video, OATA = inverted 
video) and the value of the output attributes (BOLDa, 
HINTO) that can be applied to the video DATA as a function 
of the four input attributes. The BLINK = 0 inputs in Table 
1 A result in a non-character blink display as compared to 
the video DATA shown in the Blink Combinations Option 
Table 1B. 

(1) Reverse video = (REVID) and (liS) or (REVIP) and (RS) 

389 

TABLE 1A: NON-BLINK COMBINATIONS 
OPTION TABLE 

INPUTS OUTPUTS 

SLINK REVERSE SOLDI HINTI VIDEO SOLDO HINTO 
VIDEO(1) 

0 0 0 0 DATA 0 0 
0 0 0 1 DAl'A 0 1 
0 0 1 0 DATA 1 0 
0 0 1 1 DATA 1 1 
0 1 0 0 DATA 0 1 
0 1 0 1 DATA 0 1 
0 1 1 0 DATA 0 0 
0 1 1 1 DATA 1 1 

TABLE 1 B: BLINK COMBINATIONS OPTION TABLE 

INPUTS CHARACTER OUTPUTS 

BLINK REVERSE BOLDI HINTI BLINK 

VIDEO (1) WITHOUT BOLDO HINTO 
CURSOR (2) 

-A,*_I S* -A,*_I S* -A,*_I S* 
1 0 0 0 DATA DATA 0 0 0 1 
1 0 0 1 DATA DATA 0 0 1 0 
1 0 1 0 DATA DATA 1 0 0 0 
1 0 1 1 DATA DATA 1 0 1 0 
1 1 0 0 DATA DATA 0 0 0 1 
1 1 0 1 DATA DATA 0 0 0 1 
1 1 1 0 DATA DATA 0 1 0 0 
1 1 1 1 DATA DATA 0 1 0 1 

The Blink Combinations Option Table 1 B shows the state 
of the video DATA (DATA = non inverted video; DATA = 
inverted video) during a character blink cycle (TIME A = 
OFF, TIME B = ON). The values of the output attributes 
(BOLDa, HINTO) that can be applied to the video DATA are 
determined by the state of the four input attributes. The 
BLINK = 1 inputs in Table 1 B result in a blinking character 
display as compared to the non-blinking video DATA shown 
in the Non-blink Combinations Option Table 1 A. Since 4 
levels of video are possible, Table 1 B defines video blinking 
between 2 video levels. This is shown in the explanation 
Table 1 C below. It should be noted that the designation 
NORMAL, 112 INTENSITY, % INTENSITY and BOLD have 
been used arbitrarily. The actual video levels caused by the 
BOLDa and HINTO are defined by the external video mix
ing circuit. 

TABLE 1 C 

SOLDO HINTO INTENSITY LEVEL SLINK SETWEEN THESE 
2 LEVELS (OFF-ON~ 

NON REVERSE REVE SE 
VIDEO VIDEO 

0 0 NORMAL (N) N-% N - V2 
0 1 V2 INTENSITY (%) V2 - N N - V2 
1 0 SOLD (IfJ S-N N-B 
1 1 % INTE SITY (%) %-N N-% 

*The duty cycle for the blink with respect to the video, HINT, 
BOLD is mask programmable with the following choices: 

A = 75% OR 50% B = 25% OR 50% (A + B must equal 
100%) 

(2) The combinations in Table 1 allow the user to define the 
cursor and the character blink interaction. A non-blinking 
cursor adds one more inversion to either a non-blinking 
character or a blinking character. A blinking cursor over
rides a character blink for the scan lines programmed for 
cursor. A blinking cursor will introduce and then remove one 
more inversion to either a non-blinking character or a blink
ing character. 
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TABLE 2A: ALTERNATE NON-BLINK COMBINATIONS 
FOR CRT 9021 COMPATIBILITY 

INPUTS OUTPUTS 

BLINK REVERSE BalDI HINTI VIDEO BOLDa HINTO 
VIDEO 

0 0 0 0 DATA 0 0 
0 0 0 I DATA 0 1 
0 0 1 0 DATA 1 0 
0 0 1 I DATA 1 1 
0 1 0 0 DATA 0 0 
0 1 0 1 DATA 0 1 
0 1 ·1 0 DATA 1 0 
0 1 1 1 DATA 1 1 

The Alternate Non-blink Combinations for CRT 9021 
Compatibility Table 2A show the state of the video DATA 
(DATA = non inverted video; DATA = inverted video) and 
the value of the output attributes (BOLDa, HINTO) that can 
be applied to the video DATA as a function of the four input 
attributes. The BLINK = 0 inputs in Table 2A result in a non
character blink display as compared to video DATA shown 
in Alternate Blink Combinations for CRT 9021 Compatibil
ity Table 2B. 

TABLE: 2B BLINK COMBINATIONS OPTION TABLE 

INPUTS CHARACTER OUTPUTS 

BLINK REVERSE BOLOI HINTI BLINK 

VIDEO WITHOUT BOlDO HINTO 
CURSOR (1) 

-.A*JEf -.A*--'B* -.A*JEf 
1 0 0 0 DATA 0 0 0 0 0 
1 0 0 1 DATA 0 0 0 1 1 
1 0 1 0 DATA 0 1 1 0 0 
1 0 1 1 DATA 0 1 1 1 1 
1 1 0 0 DATA 1 0 0 0 0 
1 1 0 1 DATA 1 0 0 1 1 
1 1 1 0 DATA 1 1 1 0 0 
1 1 1 1 DATA 1 1 1 1 1 

The Alternate Blink Combinations for CRT 9021 Com
patability Table 2B show the state of the video DATA (DATA 
= non inverted video; DATA = inverted video) during a 
character blink cycle (TIME A = OFF, TIME B = ON). The 
values of the output attributes (BOLDa, HINTO) that can 
be applied to the video DATA are determined by the state 
of the four input attributes. The BLINK = 1 inputs in Table 
2B result in a blinking character display as compared to the 
non-blinking video DATA shown in the Alternate Non-Blink 
Combinations for CRT Compatibility Table 2A. In this table, 
the BOLDa and HINTO attributes are controlled by the 
BaLDI and HINTI attributes making them truly general 
purpose. 

*The duty cycle for the blink with respect to the video, HINT, 
BOLD is mask programmable with the following choices: 

A = 75% OR 50% B = 25% OR 50% (A + B must equal 
1000~) 

(1) The combinations in Table 2 allow the user to define the 
cursor and the character blink interaction. A non-blinking 
cursor adds one more inversion to either a non-blinking 
character or a blinking character. In both cases the char
acter blinks to the background video level. A blinking cursor 
overrides a character blink for the scan lines programmed 
for cursor. A blinking cursor will introduce and then remove 
one more inversion to either a non-blinking cursor or a 
blinking character. 
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TABLE 3A: NON-BLINK COMBINATIONS FOR THE 
STANDARD CRT 9041 (CRT 9041-004) 

INPUTS OUTPUTS 

BLINK REVERSE BaLDI HINTI VIDEO BOLDa HINTO 
VIDEO 

0 0 0 0 DATA 0 0 
0 0 0 1 DATA 0 1 
0 0 1 0 DATA 1 0 
0 0 1 1 DATA 1 1 
0 1 0 0 DATA 0 0 
0 1 0 1 DATA 0 1 
0 1 1 0 DATA 1 0 
0 1 1 1 DATA 1 1 

The Non-blink Combinations for the Standard CRT 9041 
of Table 3A shows the state of the video data (DATA = non 
inverted video; DATA = inverted video) and the value of the 
output attributes (BOLDa, HINTO) that can be applied to 
the video DATA as a function of the four input attributes. 
The BLINK = 0 inputs in Table 3A result in a non-character 
blink display as compared to video DATA shown in the Blink 
Combinations for the Standard CRT 9041 of Table 3B. 

TABLE 3B: BLINK COMBINATIONS FOR THE 
STANDARD CRT 9041 (CRT 9041-004) 

INPUTS OUTPUTS 

BLINK REVERSE BOlDI HINTI NON·CURSOR(2) BOlDO HINTO 

-A*_I S* -A*_I S* -A*_I 
1 0 0 0 DATA DATA 0 0 0 
1 0 0 1 DATA DATA 0 1 1 
1 0 1 0 DATA DATA 1 0 0 
1 0 1 1 DATA DATA 1 0 1 
1 1 0 0 DATA DATA 0 0 0 
1 1 0 1 DATA DATA 0 1 1 
1 1 1 0 DATA DATA 1 0 0 
1 1 1 1 DATA DATA 1 0 1 

S* 
1 
1 
0 
0 
1 
1 
0 
0 

The Blink Combinations for the Standard CRT 9041 of 
Table 3B shows the state of the video DATA (DATA = non 
inverted video; DATA = inverted video) during a character 
blink cycle (TIME A = OFF, TIME B = ON). The values of 
the output attributes (BOLDa, HINTO) that can be applied 
to the video DATA are determined by the state of the four 
input attributes. The BLINK = 1 inputs in Table 3B result in 
the blinking character display as compared to the non
blinking video DATA shown in the Non-Blink Combinations 
for the Standard CRT 9041 Table 3A. Since 4 levels of video 
are possible, Table 3B defines video blinking between 2 
video levels. This is shown by the explanation Table 3C 
below. It should be noted that the designation NORMAL, 1f2 
INTENSITY, % INTENSITY and BOLD have been used 
arbitrarily. The actual video level caused by the BOLDa and 
HINTO are defined by the external video mixing circuit. 

TABLE3C 

BOLDa HINTO INTENSITY BLINK BETWEEN THESE 
lEVEL 2 lEVELS (OFF-ON) 

NON REVERSE REVERSE 
VIDEO VIDEO 

0 0 NORMAL (N) N-% N-% 
0 1 % INTENSITY V2 - 3f4 V2 - 3f4 

(%) 
1 0 BOLD (B) B-N 8-N 
1 1 3f4INTENSITY 3f4·N 3f4-N 

(3f4) 



*The duty cycle for the blink with respect to the video, HINT, 
BOLD is mask programmable with the following choices: 

A = 75% OR 50% B = 25% OR 50% (A + B must equal 
100%) 

(2)The scan lines programmed for a non-blinking cursor 
force a non-blinking or blinking character to a normal video 
level and introduce one more level of inversion. A blinking 
cursor adds one more level of inversion to the video during 
the blink time to a non-blinking or blinking character. 

CURSOR FORMATS 

Four cursor formats are possible with the CRT 9041. If the 
parallel scan line input mode is used, one of four cursor for
mats may be selected as a mask programmed option for 
each corsor independently. If the serial scan line input is 
used, the cursor format is dynamically selectable on a 
character by character basis via input pins 21 and 19 (SL21 
BLC, SL3/BKC). See Table 4. The four cursor formats are 
as follows: 

Underline - The cursor will appear as an underline. The 
position and width of the cursor underline is 
mask programmed. An underline cursor will 
add one more level of inversion to the video 
on the programmed scan line(s) for under
line cursor. 

Blinking 
Underline 

Reverse 
Video 
Block 

Blinking 
Reverse 
Video 

- The cursor will appear as an underline and 
introduce and then remove one more level 
of inversion to the video on the programmed 
scan line(s) for cursor underline. The cursor 
blink rate and duty cycle is mask program
mable as outlined in Tables 1, 2 or 3. 

- The cursor will appear as a reverse video 
block. The block cursor will add one more 
level of inversion to the video for all scan 
lines in the character cell. 

- The cursor will appear as a blinking reverse 
video block. The cursor will introduce and 
then remove one more level of inversion to 
the video for all scan lines in the character 
cell. The cursor blink rate and duty cycle is 
mask programmable as outlined in Tables 
1,2 or 3. 

In the parallel scan line mode it is possible to change the 
scan line count on a character by character basis. If the scan 
inputs are stable a time TS2 (figure 2) prior to the next rising 
edge of tile LO/SH input the scan line count will enter the 
delay latch of the CRT 9041. In the serial scan line mode, it 
is possible to change the cursor format on a character by 
character basis with the timing identical to that described in 
the parallel scan line mode (TS2). This timing is shown in 
the AC timing diagram, Figure 2. 
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TABLE 4: CURSOR FORMATS 

Scan Line (PIN21) (PIN19) Cursor Function 
Input Mode SL2/BLC SL3/BKG 

1 0 Underline 
1 1 Reverse Video Block 

Serial 0 0 Blinking Underline 
0 1 Blinking Reverse 

Video Block 

Parallel X X Mask programmable 
only 

DISPLAY MODES 

Inputs MS1 and MSO select one of four display modes. All 
attributes except underline operate independent of the dis
play mode used. Figures 6a and 6b illustrate a typical CRT 
9041 configuration which operates in all display modes for 
the parallel and serial scan line modes respectively. 

MS1,MSO = OO-Wide Graphics Mode. 
In this display mode, inputs 011-04 define 
a graphic entity as illustrated in Table 5. 
Note that individual bits in 011-04 will 
illuminate particular portions of the char
acter block. Table 5 shows all program
ming ranges possible when defining the 
wide graphics boundaries. Only under
line 2 is possible in this display mode. 

MS1,MSO = 10-Thin Graphics Mode. 
In this display mode inputs 011-04 define 
a graphic entity as illustrated in Table 6. 
Note that individual bits in 011-04 will 
illuminate particular horizontal or vertical 
line segments within the character block. 
Table 6 shows all programming ranges 
possible when defining the thin graphics 
boundaries. Only underline 2 is possible 
in this display mode. 

MS1,MSO = 01-Character Mode without Underline 1. 
In this display mode, inputs 011-04 go 
directly from the input latch to the video 
shift register via the Attributes and 
Graphics Logic. This mode requires either 
a bit mapped system RAM (1 bit in RAM 
equals 1 pixel on the CRT) or a character 
generator as shown in Figures 6a and 6b. 
Underline 2 is available in this display 
mode. 

MS1,MSO = 11-Character Mode with Underline 1. 
Same operation as MS1, MSO = 01 with 
the underline attribute byte appearing on 
the scan line(s) mask programmed. 
Underline 2 is available in this display 
mode. 

I 



TABLE 5: WIDE GRAPHICS MODE 

SL3-SLO ROW# C11 C10 C9 C8 C7 C6 C5 C4 C3 C2 C1 CO BF BF ... 

0000 RO 
----------------- T 

0001 R1 011 07 H3 
0010 R2 

---- 4-0011 R3 010 06 H2 
0100 R4 + 0101 R5 
0110 R6 09 05 H1 

0111 R7 
-------------f-- r 1000 R8 

1001 R9 
1010 R10 

04 1011 R11 08 HO 
1100 R12 1 1101 R13 
1110 R14 
1111 R15 

I- W1 -I· WO -I 
HO, H1, H2, H3, WO, W1, are mask programmable. 
The values shown are for the CRT 9041-004. 

TABLE 6: THIN GRAPHICS MODE 

SL3-SLO ROW# C11 C10 C9 C8 C7 C6 CS C4 C3 C2 C1 CO BF BF ... 

0000 RO 
0001 R1 
0010 R2 
0011 R3 
0100 R4 
0101 R5 
0110 R6 
0111 R7 
1000 R8 
1001 R9 
1010 R10 
1011 R11 
1100 R12 
1101 R13 
1110 R14 
1111 R15 

08 

011 04 

--
06 

05 

09 

--- '-----

VERTICAL HEIGHT 

04 RO-RS 
05 R6-R1S 
010 RO-R1S k 

011 RO-R15* 

HORIZONTAL LENGTH 

06 C11-C7 
07 C7-BF 
08 C11-BF* 
09 C11-BF* 

010 

07 

'---

HORIZONTAL POSITION 

PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 

VERTICAL POSITION 

PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 

--=:] 

I 
I 

--.J 
--~ 

I 
___ I 
--~ 

The height of 04 and OS, the length of 06 AND 07, and the position of 
04-011 are mask programmable. The values shown are for the CRT 9041-00Ll. 
"These values are fixed 
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DOUBLE WIDTH MODE 

In order to display double width characters, video must be 
shifted out at half frequency and the video shift register must 
receive new information (parallel load) every other LO!SH 
inpu.!.Q.ulse. In order to divide the video dot clock (VOC) and 
the LO/SH pulse internally at the proper time, the cursor 
input should be pulsed during RETBL prior to the scan line 
to be displayed as double width. The CURSOR input must 
remain low for a minimum of 1 LO/SH period from the leading 
edge of RETBL. The CURSOR input can stay high for the 
entire RETBL time but should not extend into active video. 
If it does, a cursor will be displayed. It is assumed that the 
CRT controller knows when a particular scan line should be 
double width and it should activate the CURSOR in the 
manner just described. Oouble height/double width 
characters can also be displayed if the scan line count is 
incremented by the CRT controller every other scan line. 
Figure 5 illustrates timing for both single and double width 
modes. The CRT 9007, which supports double height 
double width characters, will produce the cursor signal as 
required by the CRT 9041 with no additional hardware. It 
should be noted that the XCURSOR input will not affect the 
double width logic on the CRT 9041 in any way. 

SCAN LINE INPUT MODES 

Scan line information can be introduced into the CRT 9041 
in parallel format or serial. Table 7 illustrates the pin definition 
as a function of the scan line input mode. The CRT 9041 
will automatically recognize the scan line mode by observing 
the activity on pin 22. In parallel mode, this input will be active 
low for at least 1 scan line and in serial mode this input will 
remain low for about 5 or 6 LO/SH periods. If pin 22 goes 
active low for less than seven but more than two continuous 
LO/SH periods during the last scan line that has an active 
low on the VSYNC input, the serial mode will be locked in 
for the next frame. The parallel scan line input mode will be 
selected for the next frame if the following two conditions 
occur during the VSYNC low time. First, at least one positive 
transition must occur o"'!!'pin 22 and second, pin 22 must be 
low for seven or more LO/SH periods. Refer to Figure 4 for 
timing details. Whenever the CRT 9041 detects a change 
of scan line modes (from parallel to serial orvisa versa), the 
internal blink counter will be initialized to a known count 
value. This allows the user to achieve phase 
synchronization of the blink rates from two or more CRT 
9041 'so This is useful if one multiplexes alternate dots from 
two CRT 9041 's to double the allowable video dot rate. 
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TABLE 7: PIN DEFINITION FOR PARALLEL 

Scan Line CRT 9041 Pins 
Input Mode 23 22 21 19 

Serial SLD SLG BLC BKC 
r---

Parallel SLO SL1 SL2 SL3 

DOT STRETCH 

Oot stretch is a mechanism whereby" a single illuminated 
dot will never stand alone in the video stream. This 
eliminates the intensity variation otherwise found between 
single and multiple dots by raising the intensity level of single 
dots up to the level of consecutively displayed dots. To 
accomplish this, each illuminated dot (represented by a logic 
"1") will be extended into the next dot position. The following 
example illustrates the dot stretch mechanism. 

Input bit pattern (011-00) 
Output bit pattern 

100101100100 
110111110110 

For reverse video, logic "0" 's are stretched (logic "1" 
represents the background of the reverse video character). 
The following example illustrates the mechanism in reverse 
video. 

Input bit pattern (011-00) 
Reverse video pattern 
Output bit pattern 

010011001000 
101100110111 
100100010011 

In all cases, the next load of the shift register will always 
load the 011 bit to the output regardless of the value of the 
video output prior to the load. This dot stretch mechanism 
can be enabled on a character by character basis (or scan 
line by scan line~nd is controlled by the OST input which 
is updated each LO/SH period. The dot stretch signal enters 
the CRT 9041 with the 011-00 inputs. In all cases, backfill 
(BF) is not affected by the dot stretch input. 

BACKFILL 

Backfill is a mechanism that allows a character width of 
greater than 12 dots and provides dot information (usually 
blanks) for all dots b~nd 12. The character width is defined 
by the period of the LO/SH inout. For the character modes 
backfill is added to the e:id of the character by two method~ 
which are mask programmable. 

Method A- The backfill (BF) dots will be the same as 
the dot displayed in position C11. 

Method B- The backfill (BF) dots will be the same as 
the dots displayed in position CO. 

I 



MAXIMUM GUARANTEED RATINGS* 
Operating Temperature in Range ......................................................................... 0° C to + 70°C 
Storage Temperature Range ......................................................................... - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) .......................................................................... + 325°C 
Positive Voltage on any Pin, with respect to ground ................................................................ + 8V 
Negative Voltage on any Pin, with respect to ground ............................................................. - 0.3V 

·Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the device at these 
or at any other condition above those indicated in the operational sections of this specification is not implied. 
NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not be exceeded or 
device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. In addition, 
voltage transients on the AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA = ooe to 70oe, Vee = + 5V ± 5%, unless otherwise noted) 
DC CHARACTERISTICS 

INPUT VOLTAGE LEVELS 
Low Level VIL 0.8 V 
Low Level VIL 0.65 V 
High Level VIH1 2.0 V 
High Level VIH2 4.3 V 

OUTPUT VOLTAGE LEVELS 
Low Level VOL 0.4 V 
H Level V 2.4 V 

INPUT LEAKAGE CURRENT 
Leakage IL1 10 ,....,A 

50 ,....,A 

INPUT CAPACITANCE 
CIN1 10 pf 
CIN2 35 pf 
CIN3 35 pf 

POWER SUPPLY CURRENT 
Icc 95 mA 

AC CHARACTERISTICS 

PARAMETER MIN TVP MAX UNIT 

VDC 1.0 33.0 MHZ 
1 ItCY1 VDC frequency 1.0 30.0 MHZ 

1.0 28.5 MHZ 
tCKL VDC low 10 ns 
tCKH VDC high 10 ns 
tCKR VDC rise time 10 ns 
tCKF VDC fall time 10 ns 

LD/SH 
tCY2 250 ns 

270 ns 
300 ns 

tS1 7 ns 
tH1 0 ns 

INPUT SETUP AND HOLD 
tS2 60 ns 

80 ns 
110 ns 
35 ns 

tH2 10 ns 
0 ns 

MISCELLANEOUS TIMING 
tpo 30 ns 

33 ns 
35 ns 

tow tCY2 
(1) When mask programmed for CRT 9021 compatibility TCY2 will be slower. 
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All inputs except VDC, 
For VDC, LD/SH input 
All inputs except VDC, LD/SH 
For VDC, LD/SH ut 

IOH = 0.4 mA 
IOH = 100,....,A 

O~VIN<Vec; excluding VDC, LD/SH 
O~VIN~VCC; for VDC, LD/SH 

Excluding VDC, LD/SH 
LD/SH 
VDC 

COMMENTS 

CRT9041A 
CRT9041B 
CRT9041C 

Measured from 10% to 90% points 
Measured from 90% to 10% points 

CRT9041A (1) 
CRT9041 B (1) 
CRT9041C (1) 

CRT9041 B For InPU~S SLG, SLD, CRT9041A} , -

CRT9041 C VSYNC 
For all other inputs except VDC, 
LD/SH, SLG, SLD, VSYNC 

For inputs SIG, SLD, VSYNC 
For all inpu=t VDC, LD/SH, 
SLG, SLD, V YNC 

CRT9041A 
CRT9041B 
CRT9041C 



VDC 

LDSH 

ALL INPUTS 
(EXCEPT VDC. ill 

VDC 

VIDEOOR 
HINTO 
BOLDa 
GP10 
GP20 

RETBL 

CURSOR 

SH) 

(FOR DOUBLE WIDTH) 

LD SH 

f+--- ICyl----ool 

f+-Isl - I+-IH1 -
. 

\ V .. 
\ 

~ 

IS2 IH2 -

>: ~~ 

tCY2 

FIGURE 2: CRT 9041 INPUT/OUTPUT TIMING 

LD SH 

SLG 

X SLD ________ ~~ __ J~ __ J~ __ J~ __ J~ __ J~~/~-

NOT USED BY CRT 9041 

FIGURE 3: SERIAL SCAN LINE MODE TIMING 

Lnnrlnr1r1nrlflJ1J 
~l-l------ii----~t\---1-\\-~\ i i ,,I 

I I I 

VSYNC 

SL1Sl_G H, I I r-------lnl----~n-\ I \ r-7--,r-7 \ STABLELO~~ 

SET SERIAL 
SCAN LINE MODE 

FIGURE 4: SERIAL/PARALLEL SCAN LINE MODE SELECTION TIMING 
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c.l 
CO 
0) 

[B/SH 

RETBL ~ ~~--~----~----~--~----~--~----~--
011-00 

(NORMAL) 
WIDTH 

011-00 
(DOUBLE) 

WIDTH 

0111-010 
(NORMAL) 

WIDTH 

0111-010 
(DOUBLE) 

WIDTH 

VIDEO 
(NORMAL) 

WIDTH 

VIDEO 

CHARN X X 
1 
I 

I 
I 

X 
I 
I I I 

I 

CHARN/2 X 
~_---.;:.....-__ -=-__ --::.....-__ ...;I I I I I 1 I 

X X X 
1 ~--~--~--~~---I I I I I 

r---~--~---~:--~I I I 1 
I 

CHARN/2 

VIDEO (N-2) 

X X X 
• • I J 

~--':"---""':"'---':"----il ,..--__ :.....-__ -'l r---.:......--..... I I X CHAR 0 X CHAR 1 X CHAR 2 
~--~---I------~I I : 

1 I I 
1 1 

BLANKING 
I 
I 

I • 

(DOUBLE) VIDEO (N/2-1 ) BLANKING 
WIDTH I I • I • I I 

ATIRIBUTE IN' 
(NORMAL) X X 

WIDTH 

ATIRIBUTE OUT' 

-----~--~----~--~~~,-

--------...,----r----I I I I I I 1 
: I I : ___ ...... 

(NORMAL) 
WIDTH 

X X 
I I I 

ATIRIBUTE IN' ---------______ 1 I I I I I I 

(DOUBLE) 
WIDTH 

ATIRIBUTE OUT' 
(DOUBLE) X 

WIDTH 

-------------- \1 :: 
____________ X _____ X ____ ~A ATT0 X ATT1 

1-Attributes include MSO, MSI, BLINK, CHABL, HINT, BOLO, REVIO and XCURS 

FIGURE 5: CRT 9041 FUNCTIONAL 1/0 TIMING 



PROGRAM OPTIONS 

The CRT 9041 has a variety of mask programmed options. Tables 8 and 9 illustrate the range of these options for the wide 
and thin graphics modes respectively. Table 10 illustrates the range of the miscellaneous other mask programmed options. 
In addition, Tables 8, 9 and 10 show the mask programmed options for the CRT 9041-004. 

TABLE 8: WIDE GRAPHICS 
MASK PROGRAMMING OPTIONS 

OPTION CHOICES CAT 9041-004 

Height of Graphic 
block* 

011 AND 07 any scan line(s) AO,A1,A2 
010 AND 06 any scan line(s) A3,A4 
09 AND 05 any scan line(s) A5,A6 
08 AND 04 any scan line(s) A7 thru A15 

Width of graphic any consecutive C11 thru C7 
block** dots 

011,010,09,08 C11 thru CO 

07,06,05,04 all remaining dots C6 thru CO 
not specified above plus SF 

* Any graphic block pair can be removed by programming for zero scan 
lines. 

**Total number of dots for both must be equal to the total dots per char
acter with no overlap. 011,010,09 and 08 must always be to the left 
of 07-04. 

WIDE GRAPHICS 

SL3-SLO ROW# C11 C10 C9 C8 C7 C6 C5 C4 C3 C2 C1 CO BF BF ... 

0000 RO 
0001 R1 
0010 R2 
0011 R3 
0100 R4 
0101 R5 
0110 R6 
0111 R7 
1000 R8 
1001 R9 
1010 R10 
1011 R11 
1100 R12 
1101 R13 
1110 R14 
1111 R15 

011 07 

010 06 

09 05 

08 04 

1-. --W1----+l-II4-·-- wO------+l-1 

HO, H1 , H2, H3, WO, W1, are mask programmable. 
The values shown are for the CRT 9041-004. 
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TABLE 9: THIN GRAPHICS 
MASK PROGRAMMING OPTIONS 

OPTION CHOICES STANOARO CRT 9041-004 

Backfill any dot(s) within the pro-
grammed 07 range to the right 
of the programmed column(s) 
for011. CO 

Horizontal position for 
06 and 07 any scan line(s) RO-R15 R5 
08 any scan line(s) RO-R15 RO 
09 any scan line(s) RO-R15 R9 

Horizontal length for 
06(1) any consecutive dots C11 thru C7 
07(1) all dots not covered by 06 with 

one dot overlapping. C7thru BF 
Blanked dots for serrated horizontal lines 

06 any dot(s), BF programmed none 
07 any dot(s), BF programmed none 
08,09 any dot(s), BF programmed none 

Vertical position for: 
04 and 05 any dot(s) C11-CO,BF C7 
010(2) any dot(s) C1 O-CO,BF C3 
011 (2) any dot(s) C 11-CO C11 

Vertical length for: 
04 any scan line(s) ROthru R5 
05 any scan lines not in 04 R6thru R15 
010 no choice; always RO thru R15 ROthru R15 
011 no choice; always RO thru R15 ROthru R15 

(1) 06 and 07 must always overlap by 1 dot. This overlap may be blanked by specifying the proper column(s) in the serration 
program line. 07 must always be to the right of 06. 

(2) 011 must always come before 010 with no overlap: otherwise 010 is lost. 

THIN GRAPHICS 

SL3-SLO ROW# C11 C10 C9 C8 C7 C6 C5 C4 C3 C2 C1 co BF BF. 

0000 RO 
0001 R1 
0010 R2 
0011 R3 
0100 R4 
0101 R5 
0110 R6 
0111 R7 
1000 R8 
1001 R9 
1010 R10 
1011 R11 
1100 R12 
1101 R13 
1110 R14 
1111 R15 

VERTICAL HEIGHT 
~r-------~--~------~--~------~ 

==::J 
011 

1-

I--~ 

08 04 RO-R5 

I 05 R6-R15 

010 I 010 RO-R15 

--~~ 
011 RO-R15' 

07 ---~~-~ --~ HORIZONTAL LENGTH 

04 

f----06----f-

05 I 06 C11-C7 
I 07 C7-BF 

----~-==~ 08 C11-BF' 
--I-- 09 C11-BF' 

f---
09 

The height of 04 and 05, the length of 06 AND 07, and the position of 
04-011 are mask programmable. The values shown are for the CRT 9041-004. 
'These values are fixed 
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HORIZONTAL POSITION 

PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 

VERTICAL POSITION 

PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 



TABLE 10: MISCELLANEOUS MASK PROGRAMMING OPTIONS 
OPTION CHOICES "STANDARD" CRT 9041-004 

Backfill in character mode C11 or CO C11 

Character blink rate 7.5 Hz to 0.5 Hz (1) (1) 1.25Hz (1) 
(division of VSYNC frequency) 

Cursor blink rate (2) same as, half, or twice the charac- 2.50 Hz (1) 
ter blink rate 

Character blink duty cycle 50/50 or 75/25 50/50 

Cursor blink duty cycle 50/50 or 75/25 50/50 

Character underline 1 position any scan line(s) RO thru R15 R8 

Character underline 2 position any scan line(s) RO thru R15 R10 

Cursor underline position any scan line(s) RO thru R15 R9 

Extra cursor underline position any scan line(s) RO thru R15 R11 

Cursor format (3) underline 
blinking underline 
reverse video block 

blinking reverse 
video block 

blinking reverse video block 

Extra cursor format (3) underline blinking 
underline blinking underline 

reverse video block 
blinking reverse video block 

Blink table Table 1 
Table 2 
Table 3 

Table 3 

CURSOR or XCURSOR effect on no effect or force to zero at cursor force to zero at cursor position. 
BOLDO and HINTO position 

(1) Assumes VSYNC input frequency of 60 HZ. 
(2) Valid only if the cursor is formatted to blink. 
(3) Valid for the parallel scan line mode only. 

7' ... 
r--~r-

~I_--, """I L-- ~ 
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FIGURE 6a: CRT 9041 SYSTEM CONFIGURATION IN 
PARALLEL SCAN LINE MODE 
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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 
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 desiqn and supply the best product possible. 

400 



STANDARD MICROSYSTEMS 
CORPORATION . 

CRT 9053 
CRT 9153 

EVTLC 
Enhanced Video Terminal Logic Controller 

FEATURES 
D Built-in High Frequency (4-18.7 MHz) Oscillator 
D Built-in Video Shift Register 
D Built-in Character Generator (128 Characters, 

7x11 Dot Font) 
D Bi-Directional Smooth Scroll Capability 
D Visual Attributes Include Reverse Video, Intensity 

Control, Underline, and Character Blank and Blink 
D Separate HSYNC, VSYNC and VIDEO Outputs 
D Composite Sync (RS170 Compatible) Output 
D Absolute (RAM address) Cursor Addressing 
D MASK Programmable Video Parameters: 

Dots Per Character Block (8-9) 
Raster Scans Per Data Row (11-13) 
Characters Per Data Row (32,48,64,80) 
Data Rows Per Page (8,10,12,16,20,24 or 25) 
Horizontal Blanking (8-64 Characters) 
Horizontal Sync Front Porch (0-7 Characters) 
Horizontal Sync Duration (1-64 Characters) 
Horizontal Sync Polarity 
Two Values of Vertical Blanking 
Two Values of Vertical Sync Front Porch (0-63 Scan 
Lines) 
Two Values of Vertical Sync Duration (1-16 Scan 
Lines) 
Vertical Sync Polarity 
Internal 128 Character 7x11 Dot Font 
Character/Cursor Underline Position 
Character/Cursor Blink Rate 
Scan Rowand Column for Thin Graphics Entity 
Segments 
Scan Rows and Columns for Wide Graphics Entity 
Elements 

D Software Enabled Non-Scrolling 25th Data Row Avail
able with 25 Data Row/Page Display 

D Non-Interlace Display Format 

PIN CONFIGURATION 

DAB DA7 

DA9 DA6 

DA10 DA5 

GND DA4 

XTAL2 DA3 

XTAL1 DA2 

VIDEO DA1 

INTOUT DAO 

DWR DB7 

000 DB6 

DD1 DB5 

DD2 DB4 

DD3 DB3 

DD4 DB2 

DD5 DB1 

DD6 DBO 

DD7 AID 

HSYNC 
VSYNC 

CSYN VCC 

Pin 23 RD Pin 23 OS 
Pln22 WR Pin22 R/W 

D Embedded Attribute or Tag Bit Attribute Capability 
D Separate Display Memory Bus Eliminates Contention 

Problems 
D Fill (Erase) Screen Capability 
D Standard 8-bit Data Bus Microprocessor Interface 
D Wide Graphics with Six Independently Addressable 

Segments Per Character Space 
D Thin Graphics with Four Independently Addressable 

Segments Per Character Space 
D Single + 5V Supply 
D COPLAMOS® n-Channel Silicon Gate Technology 
D TTL Compatible 

GENERAL DESCRIPTION 

The CRT 9053 EVTLC and CRT 9153 EVTLC are mask 
programmable 4o-pin COPLAMOS® n-channel MaS/LSI 
Video Display Controller Chips that combine video timing, 

. video attributes, alphanumeric and graphics generation, 
smooth scroll and screen buffer interface functions. 

The EVTLC incorporates many of the features (previ
ously requiring a number of external components) required 
in building a low cost yet versatile display interface. An 
internal mask programmable 128 character font provides 
for a full ASCII character set. Wide graphics allow plotting 
and graphing capabilities while thin graphics and visual 

, attributes can make the display of forms straight-forward. 

(WR) strobes for use with the 8085,8051, 280®, 8086, and 
similar microprocessors or microcomputers. The CRT 9153 
regulate~the data flow with a data strobe (DS) and read/ 
write (R/W) enable signals for use with the 6500, 28 TM, 68000 
and similar microprocessors or microcomputers. 

The EVTLC provides two independent data buses; one 
bus that interfaces to the processor and one that interfaces 
to the display memory. Data is transferred to the display 
memory from the processor through the EVTLC eliminating 
contention problems and the need for a separate row buffer. 

The EVTLC has an internal crystal oscillator requiring only 
an external crystal to operate. Masked constants for critical 
video timing simplify programming, operation and improve 

Two pinout configurations enhance the versatility of the reliability. A separate non-scrolling status line (enabled or 
EVTLC. Tile CRT 9053 controls data flow over the proces- disabled by the processor) is available for displaying sys-
sor system data bus through separate read (RD) and write tem status. 
'Z80 is a registered trademark of Zilog Corporation. 401 
Z8 is a trademark of Zilog Corporation. 
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CRT 9053 [ CRT~153 ! 
~~ j ~~ I 

PIN NO. SYMBOL 

3-1,40-33 DA10-0 

4 GND 

5,6 XTAL2,1 

7 VIDEO 

8 INTOUT 

9 DWR 

17-10 007-0 

18 HSYNC 

19 VSYNC 

20 CSYNC 

21 Vee 

22 WR 

23 RD 

22 R/W 

23 I' OS 

24 A/D 

32-25 DB7-0 

I/O 

0 

I 

0 

0 

0 

I/O 

0 

0 

0 

I 

I 

I 

I 

I 

I/O 

XTAL1 XTAl2 

-·5V 
- GND 

DOT 
CLOCK 

TO 
DISPLAY 
MEMORY 

CHARACTER 
CLOCK 

FIGURE 1. EVTLC FUNCTIONAL BLOCK DIAGRAM 

DESCRIPTION OF PIN FUNCTIONS 
NAME DESCRIPTION 

Display 11 bit address bus to display memory 
Address 

Ground Ground Connection 

Crystal 2,1 External Crystal 
An external TTL level clock may be used to drive XTAL 1 (in 
which case XTAL2 is left floating). 

Video Output This output is a digital TTL waveform used to develop the 
VIDEO and composite VIDEO signals to the monitor. The 
polarity of this signal is: HIGH = BLACK 

LOW = WHITE 

Intensity This pin is the intensity level modification attribute bit (synchro-
Output nized with the video data output). 

Display Write strobe to display memory 
Write 

Display 8-bit bidirectional data bus to display memory 
Data 

Horizontal Horizontal sync signal to monitor 
Sync 

Vertical Vertical sync signal to monitor 
Sync 

Composite This output is used to generate an RS170 compatible compos-
Sync ite VIDEO signal for output to a composite VIDEO monitor. 

Power 5.0 V power connection 

CRT 9053 

Write Strobe Causes data on the microprocessor data bus to be strobed into 
the EVTLC 

Read Strobe Causes data from the EVTLC to be strobed onto the microproc-
essor data bus 

CRT9153 

Read/Write Determines whether the processor is reading data from or writ-
Select ing data into the EVTLC (high for read, low for write) 

Data Strobe Causes data to be strobed into or out of the EVTLC from the 
microprocessor data bus depending on the state of the R/W 
signal 

Register The state of this input pin will determine whether the data is 
Select being read from, or written to, the address or status register, or 

a cfata register. 

Processor 8-bit bi-directional processor data bus 
Data Bus 

402 



DESCRIPTION OF OPERATION 

THE EV'TLC INTERNAL REGISTERS 
CRT 9053 

Addressing of the internal EVTLC data registers of the 
CRT 9053 is accomplished thr~h the use of the AID select 
input qualified by the AD and WR strobes. 

A/iS RD WR REGISTER OPERATION 

o 1 0 WRITE TO DATA REGISTER 

o 0 1 READ DATA REGISTER 

1 0 WRITE TO ADDRESS REGISTER 

o READ STATUS REGISTER 

CRT9153 
Addressing of the internal EVTLC data registers of the 

~RT 9153 is accomplished thro.!:!.9...h use of the AID and RI 
W select inputs qualified by the OS strobe. 

AID OS R/W REGISTER OPERATION 

o 0 0 WRITE TO DATA REGISTER 

o READ DATA REGISTER o 
o 
o 

1 
o WRITE TO ADDRESS REGISTER 

READ STATUS REGISTER 

The contents of the eight processor programmable reg
isters located in the upper left hand side of the Functional 
Block Diagram of figure 1 indicate the memory locations 
from which screen data is to be fetched and displayed as 
well as the selected modes of display operation. These reg
isters are addressed indirectly via the Address Register. 

To access one of the eight eight-bit registers, the pro
cessor must first load the Address Register with the three
bit address of the selected data register. The next read or 
write to a data register will then cause the data register 
polDted to by the Address Register to be accessed. The Line 
AID controls whether writing is occurring to the Address 
Register orlo a data register. When a read operation is per
formed, AID controls access to either the Status Register 
or to the data register selected by the Address Register. 

REGISTER DESCRIPTION 
ADDRESS REGISTER 

Writing a byte to the ADDRESS register will select the 
specified register for the next time the processor writes to 
or reads the EVTLC data registers. The data register 
addresses are as follows: 

ADDRESS TYPE ~ISTER __ 
DB? DB6 DB5 DB4 DB3 DB2 DB1 DBa --x x x x a 1 1 a Write CHIP RESET 

X X X X 1 a a a Write TOSADD 
X X X X 1 a a 1 Write CURLO 
X X X X 1 a 1 a Write CURHI 
X X X X 1 a 1 1 Write FILADD 
X X X X 1 1 a a Write ATTDAT 
X X X X 1 1 a 1 RD/WR CHARACTER 
X X X X 1 1 1 a Write MODE1 REGISTER 
X X X X 1 1 1 1 Write MODE2 REGISTER 

(X = don t care) NOTE: Chip Reset IS required before starting operation. 

STATUS REGISTER 
When reading the STATUS register, the DONE bit (DB7 

of STATUS Register) will represent the current status of the 
CHARACTER register. This bit is used to synchronize data 
transfers between the processor and the EVTLC. The 
EVTLC will set the DONE bit to a logic one after completing 
a byte transfer command or a FILL operation. The DONE 
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bit is set to a logic zero by reading from, or writing to, the 
CHARACTER register. The processor must wait until the 
DONE bit is 1 before attempting to change the CURSOR 
ADDRESS, in order to write a character to, or read a char
acter from, the CHARACTER register. 

STATUS REGISTER 

DB? DB6 DB5 DB4 DB3 DB2 DB 1 DBO 

DONE x X X X X X X 

DONE = 1 signifies that external processor is allowed to 
access CURSOR ADDRESS andlor 
CHARACTER registers. 

DONE = 0 signifies that external processor must wait 
until EVTLC completes transfer of data 
between display memory and CHARACTER 
register. 

DATA REGISTERS 
FILADD (Fill Address) This register contains the RAM 

address of the character following the last 
address to be filled, Writing to this register will 
enable the EVTLC "fill" circuitry. The FILL oper
ation wi II then be triggered by the next processor 
write to the CHARACTER register. The FILL 
operation will write the character in the CHAR
ACTER register to every location in display 
memory st,arting with the address specified in the 
CURLO and CURHI registers through the loca
tion preceding the address specified in the 
FILADD register. The cursor position is not 
changed after a FILL operation. Note that the 
address bits DA3-DAO are internally forced to 0 
forcing the FILADD address to be 00,16,,32, etc. 
to 1920. The CURLO and CURHI registers will 
not be changed by this operation. Writing to the 
CHARACTER register will cause the EVTLC to 
reset DB? of the STATUS register to "0". Bit? 
will be set to 1 after the EVTLC has filled the last 
memory location specified. 

FILADD REGISTER 

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBa 

X DA 10 DA9 DAB DA 7 DA6 DA5 DA4 

TOSADD (Top of Screen Address) This register contains 
the RAM address of the first character displayed 
at the top of the video monitor screen. In addi
tion, this register controls selection of either of 
two mask programmable vertical scan rates. 

TOSADD REGISTER 

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBa 

TIM DA10 DA9 DAB DA7 DA6 DA5 DA4 

Note that address bits DA3-DAO are internally 
forced to 0 forcing the first address at the begin
ning of each row to be 00, 16, 32, etc. to 1920. 

The most significant bit of this register (TIM) 
is used to select b(3tween the two mask pro
grammed sets of vertical retrace parameters 
(scan A and scan B). This allows software 
selection of, for example, 50/60 HZ. 
TIM = 0 enable raster scan A (60 Hz) 
TIM = 1 enable raster scan B (50 Hz) 
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CURLO (Cursor Low) This register contains the eight 
lower order address bits of the RAM cursor 
address. All FILL screen and character transfer 
operations begin at the memory location pointed 
to by this address. 

CURLO REGISTER 

DB? DB6 DB5 DB4 DB3 DB2 DB 1 DBO 

DA7 DA6 DA5 DA4 DA3 DA2 DA 1 DAO 

affected by the display character's TAG bit. 
NOTE: All 8 bits are valid for the 9x28 mode. In 
the 9x53 mode the only bits that are recognized 
are DB6, 5 and 4. 

ATTDAT REGISTER CURHI (Cursor High) This register contains the three 
higher address bits of the RAM cursor address 
(DA 10, DA9, DA8). All FILL screen and char
acter transfer operations begin at the memory 
location pOinted to by this address. In addition, 
this register contains the Smooth Scroll Offset 
Values SS3-SS0 which determine the number 
of scan lines that the data is shifted on the 
screen. The MSB of this register (SLE-status line 
enable) is the enable for the non-scrolling status 
line. 

DB? DB6 DB5 DB4 DB3 DB2 DB 1 DBO 

DB? (1). MODE 
SELECT 

DB? = 1 enables graphics 
mode display (No 
attributes allowed) 

CURHI REGISTER 

DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO 

SLE SS3 SS2 SS1 SSO DA10 DA9 DA8 DB6 

SLE = 1 enables non-scrolling 25th 
status line 
SLE = g disables and blanks non
scrolling status line 

SS3-SS0 Smooth Scroll Offset Value 

ATTDAT (Screen Attribute Data) Two attribute modes are 
provided. In the "tag bit" attribute mode, the MSB 
of each character is used to "tag" those char
acters which are to be enhanced with the attrib
ute specified by the ATTDAT register. This allows 
individual characters to be attributed, but with the 
limitation that only one attribute style may be 
enabled for a specific screen. This is compatible 
with the CRT9028/9128, and is specified as the DB5 
9x28 operation mode. In the "embedded attrib-
ute" mode, multiple attributes may be displayed 
on one screen. This is specified as the 9x53 
operation mode .. See "MODE 2" register for 
selection of 9x28 and 9x53 modes. 

The ATTDAT register specifies the visual attri
butes of the video data, in 9x28 operation mode, 
and the cursor presentation. The visual attri-
butes specified in the ATTDAT register (DB3- DB4 
DBO) are enabled or disabled by a TAG bit that 
is appended to the ASCII character written to the 
CHARACTER register. Every character on the 
screen with its TAG bit set is displayed with the 
same attribute. Changing the Attribute register 
will change the attribute of every "tagged" char-
acter on the screen. Character attributes in the 
9x53 mode are determined by specific attribute 
characters embedded in the character data 
stream as explained below in the section titled 
CHARACTER SETS. The functions of the 
remaining bits in the ATTDAT register are not 
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DB? = 0 enables alpha 
mode display 
Note: See CHAR
ACTER SETS for 
definition of char
acters available in 
each mode. 

CURSOR DB6 = 1 inhibits VIDEO dis-
SUPPRESS play at cursor time 

by forcing the 
VIDEO output to 
background level 
during cursor dis
playtime 

DB6 = 0 enables VIDEO 
display at cursor 
time 
Note: A blinking 
cursor display can 
be achieved by 
toggling this bit 
under processor 
control. 

CURSOR DB5 = 1 enables underline 
DISPLAY cursor display 

DB5 = 0 enables block cur
sor display 
Note: An underline 
cursor in an under
line character 
attribute field will 
be dashed. 

SCREEN DB4 = 1 for white screen 
and black 
characters 

DB4 = 0 for black screen 
and white 
characters 
Note: This is a 
screen attribute 
'(versus character 
attribute) bit and 
sets the default 
. video background 
level. 



DB3(1) CHARACTER DB3 = 1 to enable Video 
~ SUPPRESS suppress 
o DB3 = 0 to inhibit Video 
w 
Cl o 
:::2: 

~ 
~ 
Im 
(!) 

~ 
~ 
Cl 
W 
....J 
co 
~ o 
a: 
o 
Cl 
W 
.....J 
co « z 
w 

DB2(1) INTENSITY DB2= 1 

DB2= 0 

DB1(1) UNDERLINE DB1 = 1 

DB1 = 0 

DBO(1) REVERSE DBO= 1 
VIDEO 

DBO= 0 

suppress 
Note: This bit allows 
character blinking 
and blanking under 
processor control 

allows the INTOUT 
output pin to go 
high for the char
acter time 
inhibits the 
INTOUT output pin 
from going high 

will cause the char
acter to be 
underlined 
will inhibit the 
underline 

will cause the 
standard fore
ground and back
ground Video 
levels (selected 
with BIT 4) to be 
reversed for the 
character time 
will inhibit reverse 
video 

(1) These bits not recognized in 9x53 mode and represent 
don't care states. 

MODE 1 The AUTO INCREMENT bit in this register 
specifies whether or not the display memory 
character address is automatically incre
mented by the EVTLC after every readlwrite 
of the CHARACTER register. Note: The visi
ble cursor position is not affected. 

MODE 1 REGISTER 

DB? DB6 DB5 DB4 DB3 DB2 DB 1 DBO 

AUTO X X X X X X X 
INC 

DB? AUTO DB? = to enable 
INCREMENT automatic character 

address 
The RAM address is 
incremented after the 
EVTLC completes a 
display memory access 
initiated by a processor 
to RAM or RAM to 
processor character 
transfer. 

DB? = 0 to disable 
automatic increment. 
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MODE 2 This register contains two bits which control 
operational modes of the device. DBO con
trols whether the device operates as a 9x53 
or emulates the 9x28. In the 9x28 mode the 
device is fully compatible with the CRT 90281 
9128 with the exception of the higher density 
character set. DB1 enables the cursor blink 
function where the blink rate is a mask pro
grammable feature (see CRT 9053/9153 
coding sheet.) This function is automatically 
disabled when in 9x28 mode. 

MODE 2 REGISTER 

DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO 

X X X X X X CUR 9x53 

DB1 CURSOR 
BLINK 

DBO 9x53 
ENABLE 

BLINK ENBL 

DB1 = 1 will enable 
blinking cursor. 
DB1 = 0 will disable 
blinking cursor and state 
of cursor is controlled by 
DB6 in ATTDAT register. 

DBO = 1 will enable 
operation as a 90531 
9153. 
DB = 0 will enable oper
ation as 9028/9128. 

CHARACTER This register allows access to the display 
memory for both byte transfers and FILL 
operations. In BYTE Transfer Write Mode, 
the processor first writes a character to this 
register. The EVTLC takes that character 
and stores it in the display memory in the 
location specified by the CURLO and 
CURHI registers. In Byte Transfer Read 
Mode, the processor reads this register 
causing the EVTLC to fetch the character 
whose address is specified in the CURLO 
and CURHI registers from the display 
memory and place it in the CHARACTER 
register. The processor then reads the 
character and initiates another fetch from 
memory cycle. In FILL mode, writing a byte 
to this register will initiate a FILL operation. 
All EVTLClmemory data transfers take 
place during horizontal and vertical video 
retrace blank time. 

CHARACTER REGISTER 

DB? DB6 DB5 DB4 DB3 DB2 DB 1 DBO 

8 BIT CHARACTER(2) 

(2)See next section, CHARACTER SETS, for definition of 8 
bit characters. 



CHARACTER SETS 

The character set consists of 128 characters, a six seg
ment "wide graphics" and a four segment "thin graphics" 
entity. Included in the 128 mask programmable characters 
can be the 96 standard ASCII characters and 32 special 
characters. 

9x28 OPERATION MODE (MODE 2: DBO = 0) 

A. GRAPHICS MODE -.(ATTDAT: DB7 = 1) 

This mode allows an intermix of alphanumeric and 
graphics characters. No attributes are permitted in this 
mode. If DB7 = 1, the character will be alphanumeric. If 
DB7 = 0, the character will be a graphics character. DB7 
is "tag bit". 

ENTITY DB? DB6 DBS DB4 DB3 DB2 DB1 DBD 

CHARACTER I- CHARACTER DATA ·1 
THINI') 
GRAPHICS X SEG4 SEG3 SEG2 SEG1 
WIDEI') 
GRAPHICS SEG6 SEGS SEG4 SEG3 SEG2 SEG1 

B. ALPHANUMERICS MODE- (ATTDAT: DB7 = 0) 

This mode allows display of alphanumeric characters with 
attributes. If DB7 is set to a logical one, the attribute(s) 
specified in the ATTDAT register will be enabled for that 
character. If DB7 is cleared, attributes will not be enabled 
for that character. DB7 is "tag bit". 

ENTITY DB? DB6 DBS DB4 DB3 DB2 DB1 DBD 

CHARACTER 
(Attr enabled) 

CHARACTER 
(No attribute) 

1 .. CHARACTER DATA .. 1 

1 ........... -----1CHARACTER DATA ----II .. ..-jl 

9x53 OPERATION MODE (MODE 2: DBO = 1) 

This mode allows the use of embedded field attributes 
where the desired attribute for any given string of one or 
more consecutive characters is defined by an attribute 
character which is part of the character data stream and 
is located immediately in front of the characters to be 
attributed. A second attribute character should be located 
immediately following the string of attributed characters 
to restore the normal display mode. Since the specific 
attribute characters occupy character positions, they are 
actually displayed as spaces. 

ENTITY DB? DB6 DBS DB4 DB3 DB2 DB1 DBD 

CHARACTER D I- CHARACTER DATA .. , 
ATTRIBUTEI2j 
CHARACTER BLANK BLINK INT UNDLN RV 

THINI') 
GRAPHICS X SEG4 SEG3 SEG2 SEG1 

WIDEI') 
GRAPHICS SEG6 SEGS SEG4 SEG3 SEG2 SEG1 

(1) Graphics segments are turned on when bit is set to a "1 ". 
(2)A specific field attribute is enabled by setting the appro

priate bit and disabled by resetting the bit. Attributes can 
be mixed. The following defines the available attributes 
indicated in the ATTRIBUTE CHARACTER. 

DB4 (BLANK)-Suppresses character video output. 
DB3 (BLlNK)-Causes character to blink at mask pro
grammed rate. 
DB2 (INTENSITY)-Controls INTOUToutput pin. 
DB1 (UNDERLlNE)-Causes character to be 
underlined. 
DBO (REVERSE VIDEO)-Reverses foreground/back
ground video levels. 
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GRAPHICS CHARACTERS(3) 

SEGMENT SEGMENT 
6 3 

SEGMENT SEGMENT 
5 2 

SEGMENT SEGMENT 
4 1 

WIDE GRAPHICS ENTITY 

SEGMENT3 

SEGMENT4 SEGMENT2 

SEGMENT 1 

THIN GRAPHICS ENTITY 

(3)Scan line and column of segment 
locations are mask programmable. 

DESCRIPTION OF SYSTEM OPERATION 

The EVTLC circuitry provides two control functions. One 
function interprets and controls data from the system pro
cessor interface through the data bus DB7-DBO as shown 
in the Processor Timing of figure 3. The other function gen
erates and refreshes the video image on the screen through 
the DD7-DDO data bus as shown in the Display Memory 
Timing of figure 2. Because the system data bus is isolated 
from the display data bus, the EVTLC maintains complete 
control over access to display memory. All data flow between 
display RAM and the processor or the EVTLC takes place 
through the EVTLC. Refer to the EVTLC Display Memory 
Access Timing of figure 7. 

DISPLAY MEMORY ACCESS 

Processor/display memory access is accomplished 
through the CHARACTER register of the EVTLC. All proc
essor transfers to or from the CHARACTER register take 
place only when the DONE bit is high. The DONE bit is used 
to synchronize data transfers between the EVTLC and the 
processor as shown in the Typical Processor To Display 
Memory Transfer of figure 6. When the processor needs 
to store a byte of data in the display memory, it will write the 
byte to the CHARACTER register of the EVTLC. The EVTLC 
will immediately reset the DONE bit indicating that the 
transfer hardware is busy. At the next blanked Video time, 
the EVTLC will store the byte in the display memory, incre
ment the character address, (if auto increment is enabled) 
and set the DONE bit. When the processor needs to read a 
byte of data from the display memory, it will read the CHAR
ACTER register. The EVTLC will fetch the desired byte from 
the display memory during the next blanked VIDEO time, 
increment the character address (if enabled), and set the 
DONE bit. When the processor detects that the DONE bit 
is set, it will read the CHARACTER register to get the data 
byte from the EVTLC. This read will reset the DONE bit and 



cause the EVTLC to fetch the next byte of data from the 
memory. 

If auto increment is not enabled, the processor must set 
the cursor address inthe CURLO and CURHI registertothe 
address of the memory location being read from, or written 
into, before every access to the CHARACTER register. 

It should be noted that Auto Increment does not affectthe 
visible cursor location. If auto-increment is enabled, the 
current character location will equal the cursor position only 
for the first character transfered following an update of the 
CURLO and CURHI registers. Note that the DONE bit must 
be high before attempting to update the cursor registers 
because the loading of the cursor registers will reset the 
character position counters to the cursor position. 

SMOOTH SCROLL 

The EVTLC may be programmed to do either "jump" or 
"smooth" scrolling. Jump scrolling moves the data up or 
down the monitor screen one data row at a time. Smooth 
scrolling moves the data up the monitor screen one scan 
line at a time. The number of scan lines and the rate they 
move up the screen is under processor control. 

Smooth scroll is controlled through manipulation of the 
SS3-SS0 bits of the CURHI register. These bits represent 
the binary address of the first scan line of the first data row 
displayed on the monitor screen (the data row whose 
beginning address is in the TOSADD register). When the 
value represented by these bits is incremented, the video 
data on the monitor screen moves up by the same number 
of scan lines. After the address of the last scan line of the 
data row is loaded into the CURHI register and the VIDEO 
data has moved up the last scan line of the data row, the 
processor resets the SS3-SS0 address to point to scan line 
o and does a jump scroll. Jump scroll is accomplished by 
incrementing the RAM address in the TOSADD register by 
a data row length (so that it points to the address of the first 
character of the new top data row on the monitor). 

When programmed for a data row of 80 characters/data 
row display (1920 data words), for example, the display RAM 
contains 25 actual rows of data (2000 RAM locations). If the 
smooth scroll offset equals zero, the EVTLC will display the 
1919 RAM locations following the top of screen address 
when displaying data. The first data row is partially scrolled 
off the screen and the 25th data row is scrolled onto the 
screen when the smooth scroll offset is incremented. The 
EVTLC will now display the 1999 RAM locations following 
the top of screen address (wrapping to 0 after address 1999). 
After the EVTLC does a jump scroll, the processor will pro
gram it to erase the line just scrolled off the screen (prepar
ing it to be scrolled onto the screen). This line now becomes 
the non-displayed 25th data row. 

NON-SCROLLING STATUS LINE 

The non-scrolling status line is only functional on a EVTLC 
that has been programmed for 25 data rows. This data row 
will remain stationary at the bottom of the screen and will 
not move up the screen when the remainder of the display 
data is scrolled. Otherwise, VIDEO data on the status line 
may be manipulated as though it were normal display data. 
The smooth scroll offset will not function properly when the 
status line is enabled. The memory address of the charac- I 
ters on the status line are always characters 1920-1999. 
NOTE: If the part is programmed for 25 data rows an addi- _ 
tional mask option must be specified which makes the 25th 
data row either fixed (always displayed) or a status row 
(enabled/disabled by the SLE bit). 

CHIP RESET 

The CRT 9053 and CRT 9153 Chip Reset requires two 
steps. The system processor first writes the reset address 
to the address register of the EVTLC. The system proces
sor then writes a dummy character to the EVTLC Data reg
ister. Writing to the Data register resets the chip. See the 
DONE timing in figure 6. This reset process causes the 
MODE 2 register to be set to the "00" state which disables 
the blinking cursor and enables the 9x28 operation mode. 

~OM CHARACTER BLOCK FORMAT 

COLUMN DOT 

SCAN LINE 0 

SCAN LINE 1 

SCAN LINE 2 

SCAN LINE 3 

SCAN LINE 4 

SCAN LINE 5 

SCAN LINE 6 

SCAN LINE 7 

SCAN LINEa 

SCAN LINE 9 

SCAN LINE 10 

SCAN LINE 11 

SCAN LINE 12 

-> ca 

-> 

-> 

-> 

-> 

-> 

-> 

-> 

-> 

-> 

-> 

-> 

C7 C6 C5 C4 C3 C2 C1 CO 

MASK PROGRAMMABLE 
CHARACTER BLOCK 

(FONT) 
7X 11 

Mask programmable options-The ROM character block format above shows the 7X11 mask 
programmable character font within the character cell as defined by dots C8 through CO and 
scan lines 0 through 12. 
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Dots/Character: a dots/character cell -~ > ca - C1 displayed 
9 dots/character cell = > C8 - CO displayed 

Column dot CO will be the same as column dot C8 when more 
than a dots/character cell are specified when generating alpha-numerics. 

NOTE: The maximum dot clock crystal frequency is dependent on the 
dots/character programmed: 

'These values are preliminary 

Scan Lines per Character: 
11 scan lines/character = > SLO-SL 10 displayed 
12 scan lines/character = > SLO-SL 11 displayed 
13 scan lines/character = > SLO-SL 12 displayed 

Thin and Wide Graphics: Dots mask programmed for vertical column C1 
will be the same as backfill Columns 0 when 
generating wide and thin graphics. 



MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ....................................................................... O°C to + 70°C 
Storage Temperature Range ......................................................................... - 55"C to + 150°C 
Lead Temperature (soldering, 10 sec.) ............................................................... + 325°C 
Positive Voltage on any Pin, with respect to ground ................................................. + B.OV 
Negative Voltage on any Pin, with respect to ground ................................................ - 0.3V 

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

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maxi
mum 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. 

ELECTRICAL CHARACTERISTICS (TA =O°C to 70°C, Vee = + 5V ::':: 5%, unless otherwise noted.) 

PARAMETER 

DC CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low-level, Vii 
High-Level, Vih 

OUTPUT VOLTAGE LEVELS 
Low-level, Vol 

Low-level, Vol 

High-level, Voh 

High-level, Voh 

INPUT LEAKAGE CURRENT 
High-level, IIh 

Low-level, III 

Low-level, III 

INPUT CAPACITANCE 
All inputs, Cin 

OUTPUT LOAD 
CL 

C L 

POWER SUPPLY CURRENT 
Icc 

AC CHARACTERISTICS 
CLOCK FREQUENCY, fin 

DISPLAY MEMORY TIMING 
Address Set-up Time 

tAS 

Write Strobe Set-up Time 
tWST 

Data Set-up Time 
tST 

Data Hold Time 
tDH 

MIN 

2.2 

2.4. 

2.4 

1.0 

20 

1010 

BO 

10 I 
40B 

TYP MAX UNIT 

O.B V 
V 

0.4 V 

0.4 V 

V 

V 

10 fJ.-A 

-10 fJ.-A 

-200 f.,lA 

15 pF 

15 pF 
100 pF 

125 mA 

1B.7 MHz 

ns 

ns 

ns 

50 ns 

COMMENTS 

All outputs except 
VIDEO, CSYNC, 
INTOUT, HSYNC, 
VSYNC; 101 = 1.6 mA 
VIDEO, CSYNC, 
INTOUT, HSYNC, 
VSYNC; 101 = 0.4 mA 
All outputs except 
VIDEO, CSYNC, 
INTOUT, HSYNC, 
VSYNC; loh = 
-40f.,la 
VIDEO, CSYNC, 
INTOUT, HSYNC, 
VSYNC; loh = 
-20fJ.-A 

All inputs; Vin = Vcc 

All inputs 
except WR, RD, 
OS, R/W; Vin = O.4V 

WR,RD, 
OS, R/W; Vin = O.4V 

Except DB7-0 
DB7-0 



PARAMETER 
Address Hold Time 

tAHT 
Output Hold From Address Change 

tOH 
Address Access Time 

tAA 
PROCESSOR TIMING 

Address Read/Write Set-up 
tARWS 

Write Pulse Width 
twpw 

Write Hold Time 
tWHT 

Read Set-up Time 
tRST 

Read Data Valid 
TRDv 

Read Pulse Width 
tRPW 

Data Write Falling Set-up 
tDWFS 

Data Write Rising Set-up 
tDWR 

Crystal specification (Applies for 4-18.7 MHz): 
Series Resonant 
50 ohms max series resistance 
1.5 pf typ parallel capacitance 

MIN TYP 

50 

15 

160 

160 

15 

0 

250 

120 

160 

Operation below 4 MHz requires external crystal oscillator 

DA10-O 

DWR 

DD7-DDO 

EVTLC OUTPUT 
TO RAM 

ADDRESS 

READ DATA 
FROM RAM 

EVTLCINPUT 
FROM RAM 

NOTE: DISPLAY ADDRESS BUS DA10-DAO MUST NOT CHANGE WHILE DWR IS LOW 

MAX 

250 

200 

FIGURE 2. DISPLAY MEMORY TIMING 

UNIT COMMENTS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

AD =f-------J-XI-----------.JXI-------~ 

,w -t--:-:---t'RWS 
DS,Rl),WR 

DEl7-0 

(1) If set-up time is not met, screen may glitch when cursor or attribute 
registers are changed during active video time, 

(2) Minimum set-up time to ensure valid data into EVTLC internal registers, 

FIGURE 3. PROCESSOR TIMING 
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VERTICAL TIMING VERTICAL 
SYNC 

I DURATION I 
II( ~I I 

VSYNC ---lot I+- I I 

VSYNC DELAY : (--------\1.... __ -:-: -----;{/If-/-----J/ 
I I I II 
I I 

V BLANKING ____ --II \ / / r---
~ NUMBER OF BLANKED -+t Ir----'I 

HORIZONTAL TIMING 

I SCAN LINES I+-- NUMBER OF ~ 

HORIZONTAL 
SYNC 

DURATION 

I~ I 

DISPLAYED 
DATA ROWS 

H SYNC -.I I+- I I 
DELAY I I I I 

HSYNC _____ ....:I_-'r--\~---I'-----_Ilj 1'--___ ---.J1 
1 I I 71 

I 
I 

H BLANKING 1.-----------..\ / / r---
____ --II-- NUMBER OF ----tool 7;---1 

c~it~ti~RS I+- ~y~pt~~~t ---+l 
CHARACTERS 

NOTE: Video paramelers above are mask programmable 

FIGURE 4. VERTICAL AND HORIZONTAL SYNC TIMING 

HSYNC~ n n n n n '---__ IL 
I I I I 
I I I I 

VSYNC I I I I I I 
I I I 1 rH" '"1 4 H--j 

I I 
I I 

CSYNC t--H/2--1 I I I 

NOTE: Delays between pulse edges and pulse width values may vary due to mask programmable features. 
"H represents honzontallnterval 

HSYNC ----'L-- HSYNC 

---Idt--
Sl'----__ _ 

d HSYN Delay -CSYN Delay 

WITHIN VERTICAL SYNC 
PULSE TIME 

________ ~!l~ ____ __ 
--t d 1--.--____ _ ----iU 

OUTSIDE OF VERTICAL 
SYNC PULSE TIME 

FIGURE 5. VIDEO SIGNAL TIMING 

1007
-
0 XXXXXXXXX 

PROCESSOR 
BUS 

ASCII CHARACTER xxxxxxxxxxxxxxxx 
~R -------------,. PROCESSOR WRITES CHARACTER (C):::-------------------

TO EVTLC CHARACTER REGISTER 

(CAUSES DONE BIT RESET) 

"DONE 
(DB7 OF STATUS 
REGISTER) 

\'--_______ J\ 

IOD7-O DISPLAY 
CHARACTER 

DISPLAY 
CHARACTER 

DISPLAY ___ -J 

BUS 

~R----------------------------~ 
DONE 
DONE 

1 SIGNIFIES THAT PROCESSOR MAY ACCESS CHARACTER REGISTER 
o SIGNIFIES THAT PROCESSOR MAY NOT ACCESS CHARACTER REGISTER 

ASCII CHARACTER 

EVTLC WRITES 
CHARACTER REGISTER 

TO DISPLAY MEMORY 

FIGURE 6. TYPICAL PROCESSOR TO DISPLAY MEMORY TRANSFER 
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TYPICAL DISPLAY TIMING 

TIME: 

DA10-0 

DISPLAY MEMORY READ 

READ AND WRITE DISPLAY MEMORY TIMING 

TIME: 

OA10-0 

DWR JIj---r"TT"---P-R-OC-E-SS-O-R-W-R-IT-E-S-/R-E-A-D-S-T-O-I-FR-O-M-H--------'\ /("'----' 
CHARACTER REGISTER '- ______ -' 

DONE 

EVTLC WRITES/READS HIGH FOR READ ~ l 

(OB7 OF STATUS 
REGISTER) 

.......... _____ T_O_/F_R_O_M_DISPLAY MEMORY LOW FOR WRITE 11/ 1/ 

007-0 

TIME: 

OA10-0 

~ 

FILL DISPLAY MEMORY COMMAND 

PROCESSOR WRITES TO FILADD REGISTER 
FOLLOWED BY WRITE TO CHARACTER REGISTER ( ~~ 

PROCESSOR WRITES/READS TO/FROM 
CHARACTER REGISTER 

(LAST LOCATION 
.-___ ,,+ FILLED) 

~ ~TO 
~ LA~R~~TION 

DONE 
(OB7 OF STATUS 
REGISTER) 

~ * ______ ~;-_~Il/ 
D07-0 

NOTE: oN CHARACTERSIDATA ROW 

FIGURE 7. EVTLC DISPLAY MEMORY ACCESS TIMING 



APPENDIX-STANDARD PARTS-CRT 9053-000/CRT 9153-000 

I. ROM CHARACTER BLOCK FORMAT: 

II. 

COLUMN DOT -> C8 C7 C6 C5 C4 C3 C2 C1 CO 

SCAN LINE 0 -> 0 0 0 0 0 0 0 0 0 

SCAN LINE 1 -> 0 0 

SCAN LINE 2 -> 0 0 

SCAN LINE 3 -> 0 0 

SCAN LINE 4 -> 0 0 

SCAN LINE 5 -> 0 0 

SCAN LINE 6 -> 0 
CHARACTER BLOCK 

7X11 CELL 0 

SCAN LINE 7 -> 0 0 

SCAN LINE 8 -> 0 0 

SCAN LINE 9 -> 0 0 

SCAN LINE 10 -> 0 0 

SCAN LINE 11 -> 0 0 

DOTS PER CHARACTER: 9 
DOT CLOCK XTAL FREQUENCY (MHz): 17.1072 
HORIZONTAL TIMING (IN CHARACTER TIMES): 
CHARACTERS PER DATA ROW: 80 
HORIZONTAL BLANKING: 19 
HORIZONTAL SYNC DELAY: 4 
HORIZONTAL SYNC PULSE WIDTH: 8 
HORIZONTAL SYNC POLARITY: NEGATIVE ACTIVE 

I.--HORIZ BLANKING~ 
ACTIVE VIDEO I I ACTIVE VIDEO 

VIDEO ---------11 .... _-_-_-_-_-__ -_-_ 

HSYNC 

HORIZ SYNC DELAY -I- ~ .. HORIZSYNC~ 
PULSE WIDTH 

III. VERTICAL TIMING: 
CHARACTER ROWS: 
SCAN LINES PER CHARACTER: 
TOTAL VISIBLE SCAN LINES: 
VERTICAL SYNC POLARITY: 

IV. VERTICAL SYNC TIMING (IN SCAN LINES): 
60 Hz VERTICAL BLANKING: 
60 Hz VERTICAL SYNC DELAY: 
60 Hz VERTICAL SYNC PULSE WIDTH: 
ALTERNATE (50 Hz) VERTICAL BLANKING: 
ALTERNATE (50 Hz) VERTICAL SYNC DELAY: 
ALTERNATE (50 Hz) VERTICAL SYNC PULSE WIDTH: 

25 
x12 
300 

NEGATIVE ACTIVE 

20 
4 
8 
84 
17 
34 

ACTIVE VIDEO 
r-- VERTICAL BLANKING --1 

ACTIVE VIDEO 
_-_-_-_-_-_-__ -_--111 L.. ___ -____ - __ -_ 

VSYNC 
VSYNC DELAY ... ' .. 1--........ 1.1--VERT SYNC ----I 

PULSE WIDTH 
412 



V. COMPOSITE SYNC OUTPUT (IN CHARACTER TIMES) 
COMPOSITE SYNC DELAY: 2 

8 COMPOSITE SYNC PULSE WIDTH: 

VIDEO 

CSYN 

ACTIVE VIDEO --------1 ACTIVE VIDEO 
1--------

CSYN DELAY - .... ~!-----.... I ...... --.. '"I CSYN PULSE WIDTH 

VI. BLINK RATES (@ 60 Hz VSYNC): 
CHARACTER-

BLINK RATE: 
DUTY CYCLE: 

CURSOR-
BLINK RATE: 
DUTY CYCLE: 

VII. UNDERLINE ATTRIBUTE: 
CHARACTER UNDERLINE: 
CURSOR UNDERLINE: 

VIII. WIDE GRAPHICS FIGURE DEFINITION: 

1.25 Hz 
75/25 

2.5 Hz 
50/50 

SCAN LINE 11 
SCAN LINE 11 

COLUMN -> ca C7 C6 C5 C4 C3 C2 C1 ca 

SCAN LINE a -> 

SCAN LINE 1 -> 
SEGMENT 6 

SCAN LINE 2 -> 

SCAN LINE 3 -> 

SCAN LINE 4 -> 

SCAN LINE 5 -> 

SCAN LINE 6 -> 
SEGMENT 5 

SCAN LINE 7 -> 

SCAN LINE a -> 

SCAN LINE 9 -> 

SCAN LINE 1a-> 
SEGMENT 4 

SCAN LINE 11 -> 

SEGMENT 3 

SEGMENT 2 

SEGMENT 1 

T 

tH2 H2 ~ SCAN LINES 0, 1, 2, 3 

H1 = SCAN LINES 4, 5, 6, 7 

r 
Ha = SCAN LINES a, 9, 1 a, 11 

W1 = ca, C7, C6, C5, C4 

wa = C3, C2, C1, ca 

Ha 

1 
I, w1---+t.I"'"""'--wa-~ 

IX. THIN GRAPHICS FIGURE DEFINITION: 
COLUMN DOT -> ca C7 C6 C5 C4 C3 C2 C1 ca 

r--
SCAN LINEa -> 

S 
SCAN LINE 1 -> E 

G 
SCAN LINE 2 -> M 

SCAN LlNE3 
E 

-> N 
SCAN LlNE4 -> T 

3 
SCAN LINE 5 -> 

SCAN LINE 6 -> I SEGMENT4 SEGM~ 
SCAN LINE 7 -> S 

E 
SCAN LINEa -> G 

SCAN LINE9 -> M 
E 

SCAN LINE 1a -> N 
T 

SCAN LINE 11 -> ~ 

SEGMENT 4 = SCAN LINE 6; ca, C7, C6, C5, C4 
SEGMENT 3 = C4; SCAN LINES a, 1,2,3,4,5,6 

SEGMENT 2 = SCAN LINE 6; C4, C3, C2, C1, ca 
SEGMENT 1 = C4; SCAN LINES 6, 7, a, 9, 1 a, 11 

413 



KEYBOARD 
CONN 

COMM 
CONN 

30 pf D3o,Pf 

~ ~ 

XTAL 1 XTAL2 

INTO 

~-......(1INT1 

1----~TxD 

OPTIONAL 
SERIAL 
EEROM 

CS 

SK 

DI 

DO 

XTAL 1 XTAL2 

LS24~ 

VSYNC~~-----~ 

HSYNCh----~--~ 

INTOUT 1--------+----1 

VERTICAL SYNC 

HORIZONTAL SYNC} 

6SD. VIDEO 

P07-POO \. ..... ------0/1 DB7-DB0' 

:>-~~--I RxD 

S051 
OR 

EQUIVALENT 

DWR 0---------.. 

CRT 9053 

p,.,I-------...., AID 

RD RD 

WR WR 

CRT 9053 
TYPICAL APPLICATION 

DISPLAY MEMORY 

I\.,..;A;..::D::..:D::..:R..:.:E:::S:..:S:....:B:..:U:..:S~/1 A 1RJ-AQ 

2KXS 
STATIC RAM 

TO MONITOR 



KEYBOARD 
CONN 

COMM 
CONN 

PRINTER 
CONN 

o 
XTAL 1 XTAL2 

INT1 BIT 
I NT£? PROG 

INT2 PORT 

PORT 
BIT IN 

OPTIONAL 
SERIAL 
EEROM 

CS 

SK 

DI 

DO 

XTAL 1 XTAL2 

LS24£? 
VERTICAL SYNC 

VSYNC D-f--4I-----I 

HSYNC~~---r--I 

INTOUT ~----r--I 

HORIZONTAL SYNC} .::0-----....,.- TO MONITOR 

68n VIDEO 

PORT 
~--""'iBITOUT PORT 

AD7 -ADg-I'\r-------,/ I DB7-Doo 

Z8/-le 
OR 

EQUIVALENT 

PORT 
>---+~ BIT IN 

~~t-+--1 RXD 

1488 
HDX 
(PORT 
BIT) 

PORT 
BIT 
OUT 

DS 

R/W 

DWR D---------, 

CRT 9153 

AID 

DS 

R/W 

CRT 9153 
TYPICAL APPLICATION 

DISPLAY MEMORY 

1'\t--------,v'1 A 1.0'-AQ 

2KX8 
STATIC RAM 

1'u-----.,;.~----,v'1 D7-D£? 

-



~~ 
CRT 9053/9153-000 

DDO 

~~ 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

a~ 
DD6 

~~ I 000 

~I 
§! 

if 
~~ 

~ I~ 
001 

!!!.g.g: ~g'Q 

~ 2-~ ~~ ~ 
3·i~g·g ~ 0000000 

0000000 
CD(J)O:l(J)(Q 0000000 

~.~~-~~ ~ 
0000000 
0000000 

010 0000000 

o.~g~~~ 0000000 
00 •• 000 

i·jllil 
00 •• 000 
0000000 
0000000 

0 ••••• 0 0 ••••• 0 00000.0 ••••••• 00 •••• 0 
• 00000. .00000 • 0000 •• 0 .000000 0.00000 "'Q ~ "T1~<D(J) 000000. 000000. 000.0.0 .000000 .000000 

~ ~ ~ ~~~.~. 00000.0 000000. 00.00.0 • •••• 00 .000000 
00 ••• 00 00 •••• 0 0.000.0 00000.0 •••••• 0 

m ~g~ g.a-a all 0.00000 000000. .0000.0 000000. .00000. 
• 000000 000000 • ••••••• 000000 • • 00000. 
• 000000 .00000 • 00000.0 • 0000.0 .00000 • 

cC-::O~3g ••••••• 0 ••••• 0 00000.0 0 •••• 00 0 ••••• 0 
0000000 0000000 0000000 0000000 0000000 

::J~~~~2. SL11 0000000 0000000 0000000 0000000 0000000 
W-o (J) o.o·(J) 

•••••• 0 .00000 • ~~~~~~ SL1 00 •••• 0 00 ••• 00 
0.0000. 0.000.0 0.0000. ..000 •• 
• 00 •• 0 • • 00000. 0.0000. .0.0.0 • 

~ ;.~~~~ • 0.0.0. • 00000. 0.0000 • .00.00 • 
• 0.0.0. • 00000 • 0 ••••• 0 .00.00 • 

-<'§.3 gm"a 100 • 0 •••• 0 ••••••• 0.0000 • .00000. 
• 000000 • 00000 • 0.0000 • .00000. 

~~g.~:~ 
0.00000 • 00000. 0.0000. .00000 • 
00 •••• 0 .00000. •••••• 0 .00000 • 

SL11 
OoLlOoOO 0000000 0000000 0000000 

g(J)::J~Qcn 0000000 0000000 0000000 0000000 
",S::CL_O'" 

Sl1 •••••• 0 00 ••• 00 •••••• 0 0 ••••• 0 ••••••• .00000. .00000. 0000000 0 •••• 00 000 0000 

~~~~~~ • 00000. 0.000.0 .00000 • .00000. 000.000 .00000. .00000. .000000 0000.00 000 0000 
.00000. • 00000. .00000 • .000000 000.000 .00000 • • 00000. 0.00000 0000.00 000 0000 

g22:~~ • 00000. • 00000 • .00000 • .000000 000.000 .00000. 0.000.0 00.0000 0000.00 000 0000 
•••••• 0 .00000. •••••• 0 0 ••••• 0 000.000 .00000. 0.000.0 000.000 0000.00 ODD DODO 

101 . .000000 • 00.00. .00.000 000000 • 000.000 .00000. 00.0.00 0000.00 0000.00 DOD ~ODD 

~~g~g; • 000000 .000.0 • • 000.00 000000 • 000.000 .00000. 00.0.00 00000.0 0000.00 DOD DODO 
.000000 0.000.0 • 0000.0 .00000 • 000.000 .00000. 000.000 000.000 000000. 0000.00 000 DODO 

gCn<5-<"O~ 
• 000000 00 ••• 0 • .00000. 0 ••••• 0 000.000 0 ••••• 0 000.000 000.000 0000000 0 •••• 00 ... •••• 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 ODD DODO 

~~~~~ ~. 
SL11 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 ODD DODO 

SL 1 00000.0 0000000 000 •• 00 .000000 0000000 0000000 .000000 00 •• 000 0000000 0000000 
m::rcr(J)~ 00000.0 0000000 00.00.0 .000000 000.000 00000.0 .000000 000.000 0000000 0000000 

~~~m~ 00000.0 0000000 00.0000 .000000 0000000 0000000 .000000 000.000 0000000 0000000 
0 ••• 0.0 0 •••• 00 00.0000 .0 ••• 00 00 •• 000 0000 •• 0 .000.00 000.000 ••• 0 •• 0 .0 ••• 00 

~ ~ ~u;.~. 110 
.000 •• 0 .0000.0 ••••• 00 •• 000.0 000.000 00000.0 • 00.000 000.000 .00.00 • •• 000.0 
.0000.0 •••••• 0 OO • .:JOOO .0000.0 000.000 00000.0 • 0.0000 000.000 .00.00 • .0000.0 

g~~£~ 
.0000.0 .000000 00.0000 .0000.0 000.000 00000.0 •• 0.000 000.000 .00.00. .0000.0 
.000 •• 0 .000000 DO.OOOo .0000.0 000.000 00000.0 • 000.00 000.000 .00.00 • .0000.0 

CD~< en 0 ••• 0.0 0 •••• 00 00.0000 .0000.0 00 ••• 00 00000.0 • 0000.0 00 ••• 00 .00.00 • .0000.0 
0000000 0000000 0000000 0000000 0000000 .0000.0 0000000 0000000 0000000 0000000 -,-,CD::JCO SL 11 0000000 0000000 0000000 0000000 0000000 0 •••• 00 0000000 0000000 0000000 0000000 

~?:: 2~' Sl1 0000000 0000000 0000000 0000000 0000000 0000000 0000000 0000000 000.000 00 •• 000 0 •• 0000 O. 00.00 -::rOcnQ 0000000 0000000 00.0000 0000000 0000000 0000000 0000000 0000000 000.000

1 

0000.00 .00.00. .0 0.00. 
O(1)..,~:::l 0000000 0000000 00.0000 0000000 0000000 0000000 0000000 0000000 000.000 0000.00 0000 •• 0 DO .00.0 
3~5!~g .0 ••• 00 0 ••• 0.0 ••••• 00 .0000.0 .00000 • • 0000.0 .0000.0 •••••• 0 0000000 0000.00 0000000 O • 00.00 

~~'8'< ~ •• 000.0 .000 •• 0 00.0000 .0000.0 0000.00 0000000 00000.0 0000000 .0 0.00. 
.0000.0 .0000.0 00.0000 .0000.0 000.000 000.000 0000.00 0000000 DO .00.0 

~ g ~.~.; •• 000.0 • 000 •• 0 00.0000 .000 •• 0 00.0000 000.000 0000.00 0000000 O • 00.00 
.0 ••• 00 0 ••• 0.0 00.00.0 0 ••• 0.0 0.00000 000.000 0000.00 0000000 .0 0.00. 

fi!~l 
.0DoLJoo oOLloo.o 000 •• 00 00000.0 •••••• 0 0000000 00 •• 000 0000000 DO .00.0 
.000000 00000.0 0000000 .0000.0 0000000 0000000 0000000 0000000 00 00000 

SL11 .000000 00000.0 0000000 0 •••• 00 0000000 0000000 0000000 0000000 00 00000 



CRT92C07 
PRELIMINARY 

Advanced Terminal Logic Controller 
ATLC 

FEATURES: 
o Internal 12 Bit 42 MHz Video Shift Register. 
o Internal Oscillator (10 MHz to 42 MHz) or External 

TTL Clock. 
o Internal Clock Divider to Generate 80/132 columns. 
o Separate 16 Bit Wide Private Display Memory Bus 

Resolves Memory Contention. 
o Row Table Indirect Video Memory Addressing. 
o X-V Cursor Addressing. 
o Multiple Bi-Directional Partial Page Smooth Scroll 

Regions. 
o Line Lock Capability. 
o Programmable Interrupt Generation. 
o Programmable Display Format: 

Dots per character (9-12) 
Characters per Data Row (64-132) 
Data Rows per Frame (24-64) 
Raster Scans per Data Row (10-16) 

o Programmable Sync Format: 
Horizontal Blanking Time (8-128 Characters) 
Horizontal Sync Delay (0-64 Characters) 
Horizontal Sync Pulse (1-64 Characters) 
Vertical Blanking Time (8-255 Scan Lines) 
Vertical Sync Delay (0-63 Scan Lines) 
Vertical Sync Pulse (1-63 Scan Lines) 

o Programmable Attribute Features: 
Character Underline Position 
Cursor Underline Position 
Character Blink Rate and Duty Cycle 
Cursor Blink Rate and Duty Cycle 
Blink Mode 
Four Level Intensity Control 

P04 
P05 13 

P06 14 
PO? 15 

INTER 16 

XTAL1 17 

XTAL2 18 

CGOO 19 

CG01 20 
CG02 21 

CG03 22 
CG04 23 

CG05 24 
CG06 25 

CGO? 26 

CGOS 27 
CG09 28 

CG010 29 

CG011 30 
CWE 31 

PIN CONFIGURATION 

DA3 

COE 32 54 004 
33343536373839404142434445464748495051 52 53 

PACKAGE: 84-pin PLCC 

o Mask Programmable Features: 
Vertical Sync Polarity 
Horizontal Sync Polarity 
Video Output Polarity 

o Parallel and Tag Character Video Attributes. 
o External CharacterGenerator-Loadable thru the ATLC. 
o CMOS Technology for Low Power Consumption. 
o All Inputs and Outputs TTL Compatible. 

GENERAL DESCRIPTION 

The CRT92C07 Advanced Terminal Logic Controller (ATLC) provides access to display memory at the character rate for 
is a CMOS VLSI implementation of all the logic functions both display refresh and data update functions. The external 
required for generation of the timing and video outputs for character generator can be implemented with either 
a terminal design. EPROM or static RAM (for soft font implementations). 
The ATLC incorporates all of the functions associated with A row table addressing method is used to access character 
a CRT controller and an attributes controller. These data from display memory. This method provides the 
functions include register programmability of all timing capability to create multiple split screens and to smooth 
parameters, positioning of cursor, addressing of display scroll each screen region simultaneously and independently. 
memory, control of screen partitions, generation of video The use of a link within the row table allows flexible 
and timing signals and application of attributes. manipulation of the sequence of character rows on screen. 
The ATLC provides three independent bus interfaces-the The built in attributes controller, equivalent to the CRT9041 
system processor, display memory, and character generator Video Attributes Controller, can support parallel, embedded, 
memory. Data is transferred from the processor to the or tag attributes. All commonly used video terminal attributes 
display memory and character generator memory through are supported; in particular those required for DEC VT1001 
the ATLC. The double speed architecture of the ATLC 220 emulation. 
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DESCRIPTION OF PIN FUNCTIONS 
DISPLAY MEMORY INTERFACE [-PIN NO. NAME SYMBOL FUNCTION 
62-76 Display Memory DA15-1 Output. Fifteen bit Display Memory Address bus. DA15 is the MSB and DA1 is 

Address the LSB. 
43-58 Display Memory 0015-0 Input/Output. Sixteen bit bi-directional Display Memory Data bus. Character data 

Data is transferred on 007-0 and attribute data on 0015-8. 0015 is the MSB and 000 
is the LSB. 

35 Display Memory DCWE Output. Active low write strobe to Display Memory. This signal is active when 
Character Write character data is being written to the display memory. 
Enable 

34 Display Memory DAWE Output. Active low write strobe to Display Memory. This signal is active when 
Attribute Write attribute data is being written to the display memory. 
Enable 

36 Display Memory DOE Output. Active low output enable strobe to Display Memory. This signal is active 
Output Er.aiJle whenever character and/or attribute data is read from memory. 

CHARACTER GENERATOR MEMORY INTERFACE 
77 Character Clock CCLK Output. This output defines the rate at which characters are output to the screen. 

This signal is also used to externally latch the 8 address bits output from DA7-0 
for the external character generator. This clock output does not stop as a result of 
the RESET or Stop commands. 

33 Alternate Font ALTFS Output. This signal reflects the state of the Underline 2/ Alternate Font Select 
Select attribute bit (000) or the Font Select bit in the Mode 4 register. When it reflects 

the state of the attribute bit, it is internally pipelined such that it is output at the 
same time that the associated character data is presented to the address inputs 
of the character generator. This output is typically connected to the MSB of the 
address bus to the character generator. 

38-41 Scan Line Data SL3-0 Output. These signals represent scan line data that are used to provide the four 
LSB's of the character generator address. SL3 is the MSB and SLO is the LSB. 

30-19 Character CGD11-0 Input/Output. Twelve bit bi-directional data bus to the Character Generator 
Generator Data memory. 

31 Character CWE Output. Active low write strobe to the external character generator memory. This 
Generator Write signal is active when the processor is writing pattern data to the Character 
Enable Generator memory. 

32 Character COE Output. Active low output enable strobe to Character Generator Memory. This 
Generator output is active whenever character pattern data is read from memory. 
Output Enable 

PROCESSOR INTERFACE 
3-2 Processor Address PA1-0 Input. These signals represent a 2-bit address bus from the processor which is 

used to access either the Status, Pointer, Character Data, RAM Address registers 
or the internal registers pointed to by the Pointer Register. 

15-8 Processor Data PD7-0 Input/Output. Eight bit bi-directional Processor Data bus. PD7 is the MSB and 
PD~ is the LSB. 

6 Read Strobe RD Input. This si9!!!!1 is useQ.!o gate data from the ATLC onto the processor bu~ 
design usi!!9... OS and R/W should tie RD to ground. A design using RD and WR 
should tie OS to ground. 

5 Read/Write Select R/W Input. This si9!!!!1 deterrlJ!!les if the processor is reading or writing to the ATLC. A 
design usi!!9... OS and R/W should tie RD to ground. A design using RD and WR 
should tie OS to ground. 

4 Data Strobe OS Input. This signal causes data to be strobed into or ol:!!. of the ATLC from the 
Proces~r Data bus depending on the state of the R/W si~ A design using OS 
and R/W should tie RD to ground. A design using RD and WR should tie OS to 
ground. 

7 Chip Select CS Input. This signal is active low and enables all read and write operations between 
the processor and the ATLC. 

16 Interrupt INTER Output. This signal is active high and occurs when the ATLC encounters an 
enabled interrupt causing condition. This signal is reset by reading the Interrupt 
Status register or a Reset command. 
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VIDEO INTERFACE .-
PINNO. NAME SYMBOL FUNCTION 
82 Horizontal/ H/CSYN Input/Output. This signal provides either a horizontal or composite 

Composite Sync synchronization output. It can also be driven as an input to allow synchronization 
of horizontal sync to an external source. The function of this signal is register 
programmable. After reset, this signal defaults to the input mode. The polarity of 
the signal is mask programmable. 

83 Vertical Sync VSYN Input/Output. This signal provides either a vertical synchronization output. It can 
also be driven as an input to allow synchronization of vertical sync to an external 
source. After reset, this signal defaults to the input mode. The polarity of the 
signal is mask programmable. 

78 Video VIDEO Output. This signal provides the serial dot stream for the video interface. The 
polarity of this signal is mask progammable. 

79-78 Intensity Out INTOUT2-1 Output. These signals provide the two bits of the intensity attribute for use with an 
external mixing circuit to create variable intensity on screen. This signal is 
modified at the character rate and is synchronized with the VIDEO output. 

MISCELLANEOUS 
---

17-18 Crystal Input XTAL1-2 Input. These inputs are used for direct connection to a crystal. An external TTL 
level clock may be used to drive XTAL 1, in which case XTAL2 should be 
left floating. 

81,84 Power VCC 5.0 volt power connection. 
1,42 Ground GND Ground connection. 

, 

SYSTEM DESCRIPTION attribute RAM's and an output enable when reading from I 
The system diagram shown in Figure 1 illustrates the the RAM's. -
minimum hardware required to implement the display The processor can access the display memory through the 
interface for a terminal design using the ATLC. There are ATLC. The processor writes an address to the RAM Address 
three bus interfaces, the video interface and the clock inputs. Register which serves as a pointer to the display memory 
The only external logic required is a decoder for generating location to be accessed. Next the processor either reads 
the chip select on the processor bus and an 8 bit latch data from or writes data to the display memory through the 
between the Character Generator RAM and the Display Character Data register. The ATLC actually performs the 
Character RAM. transfer with the display memory using a Busy status bit as 
Processor Bus a flag to indicate when the transfer has been completed. 
The processor bus consists of a 2 bit address bus (PAt-O), The ATLC is capable of performing two display memory 
8 bit data bus (PD7-0) and three control signals. The MSB's accesses during each character period. One access is for 
of the processor address bus are decoded to generate the refresh of the screen (during visible scan time) and the other 
Chip Select (CS) signal for the ATLC. Three control signals is for data transfers from the processor (at any time). This 
are available as inputs to the ATLC for data transfers over architecture eliminates the memory contention problem and 
the bus-Read ~obe (RS), Data Strobe (DS) and Read/ provides maximum throughput from the processor to display 
Write Select (R/W). Only two of these three signals will memory. 
typically be used depending on the tYRe of system.Q!'ocessor Character Generator Memory Bus 
bel!J.g used. One option would be RD and R/W, where The character generator memory bus consists of a 13 bit 
R/W would serve as a write strobe inpJd!..(DS m!:!§t~ address bus, a 12 bit data bus (CGD11-0) and two control 
grounded), and the other option would be DS and R/W (RD signals. Five of the 13 address bits are output by the ATLC 
must be grounded). (ALTFS, SL3-0) while the other eight come from the external 
There are five directly accessible registers in the ATLC which latch that stores the ASCII character data coming from the 
are selected by two address inputs (PA1-0). All other Display Character RAM. The 12 bits of pixel data are 
registers in the ATLC are indirectly accessible via one of the transferred to the ATLC, processed by the attribute logic and 
direct registers, the Register Pointer. There is also an converted to serial form for output on the Video signal. The 
Interrupt (INTER) output provided identifying key internal character generator memory can be implemented with 
events. either EPROM or RAM. If RAM is used then the processor 
DIsplay Memory Bus can make use of character data and address registers in the 
The display memory bus consists of a 15 bit address bus ATLC to download the character font. The control signals 
(DA15-1), a 16 bit data bus (DD15-0) and three control provided are a write enable and an output enable. 
signals. The 15 bit Display Memory Address bus provides Video Interface 
access to a maximum of 32K, 16 bit words which are divided The ATLC outputs all the signals required by the video 
into 8 bits for character data and 8 bits for attribute data. interface. These include the serial video data Signal, two 
The last 256 memory locations (highest memory addresses) intensity signals and the vertical sync and horizontal/ 
are used to store the row table. The 8 MSB's of the Display composite sync signals. The dot clock can be generated by 
Memory Data bus are the attribute data and are used by the a crystal oscillator internal to the ATLC. The crystal placed 
ATLC to generate unique attributes for each character output on the XTAL 1/XTAL2 inputs should be that required for the 
to the screen. The 8 LSB's of the Display Memory Data bus dot clock used for a 132 column display. When switching 
are the character data and this data is latched externally, as between 80 and 132. column displays, the ATLC will 
shown in Figure 1, to provide 8 of the 13 bits of the address automatically perform a divide by 2/3 of the dot clock 
for the character generator memory. There are three .control internally. There is also the option of driving the XTAL 1 input 
signals-separate write enables for the, character and with ,a TTL clock. 
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CRT 9212 

Double Row Buffer 
ORB 

FEATURES 

D Low Cost Solution to CRT Memory 
Contention Problem 

D Provides Enhanced Processor Throughput for 
CRT Display Systems 

D Replaces Shift Registers or Several RAM and 
Counter IC's in CRT Display System 

D Permits Display of One Data Row While Next 
Data Row is Being Loaded 

D Data May be Written into Buffer at Less Than 
the Video Painting Rate 

D Double Data Row Buffer Permits Second Data 
Row to be Loaded Anytime during the Display 
of the Preceding Data Row 

D Permits Active Video on All Scan Lines of 
Data Row 

D Dynamically Variable Number of Characters 
per Data Row-... 64, 80, 132, ... up to 
a Maximum of 135 

D Cascadable for Data Rows Greater than 
135 Characters 

D Stackable for "Invisible Attributes" 
or Character Widths of Greater than 8 Bits 

PIN CONFIGURATION 

DIN2 1 28 DIN3 

DIN1 2 27 WCLK 

DINO 3 26 OE 

DOUT7 4 25 WEN2 
DOUT6 5 24 WEN1 
DOUT5 6 23 GND 
DOUT4 7 22 ROF 

Vee 8 21 WOF 
DOUT3 9 20 REN 
DOUT210 19 CLRCNT 
DOUT111 18 TOG 
DOUTO 12 17 RCLK 

DIN713 16 DIN4 
DIN614 15 DIN5 

PACKAGE 28-pin D.I.P. 

D Three-State Outputs 

D Up to 4 MHz Read/Write Data Rate 

D Compatible with SMC CRT 5037, CRT 9007, 
and other CRT Controllers 

028 Pin Dual-In-Line Package 

[] + 5 Volt Only Power Supply 

[] TTL Compatible 

GENERAL DESCRIPTION 

The CRT 9212 Double Row Buffer (ORB) provides while the previous data row is being displayed. The 
a low cost solution to memory contention between the loading of data may take place during any of the scan 
system processor and the CRT controller in video dis- line times of the data row. This relaxed time-con-
play systems. straint allows the processor to perform additional 

The CRT 9212 ORB is a RAM-based buffer which processing on the data or service other high priority 
provides two rows of buffering. It appears to the sys- interrupt conditions (such as a Floppy Disk DMA 
tem as two octal shift registers of dynamically vari- request) which may occur during a single video scan 
able length (2-135 bytes) plus steering logic. line. The result is enhanced processor throughput and 

The CRT 9212 permits the loading of one data row flicker-free display of data. 
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FIGURE 2: CRT 9212 DOUBLE ROW BUFFER READ TIMING 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL FUNCTION 
3-0,28, Data inputs DINO-DIN7 DINO-DIN7 are the data inputs from the system memory. 
16-13 

12-9,7-4 Data outputs DOUTO- DOUTO-DOUT7 are the data outputs from the CRT 9212 internal data output 
DOUT7 latch. Valid information will appear on DOUTO-DOUT7 two R'CIR periods after 

the rising edge of REN. This introduces two pipeline delays when supplying data 
to the character generator. 

17 Read Clock RCIJ< R'C[K increments the current "read" address register, clocks data through the 
"read" buffer and moves data throuoh the internal pipeline at the trailing edge. 

18 Toggle Signal rnG rnG alternates the function of each buffer between read and write. rnG nor-
mall~ occurs at eve6 data row boundary. Switching of the buffers occurs when 
both rnG and CLR NT are low. 

19 Clear Counter crncNT Clear Counter clears the current "read" address counter at the next RC'CI< posi-
tive edge. crncf\JT is normally asserted low at the beginning of each horizontal 
retrace interval. COiCNT clears the current "write" address counter when the 
TOG is active. 

20 Read Enable REN REN enables the loading of data from the selected "read" buffer into the output 
latch. Data is loaded when Read Clock is active. 

21 Write Overflow WOF WOF high indicates that data is being written into the last memory position (posi-
tion 135). When WOF is high, further writi~ into the selected "write" buffer is dis-
abled. WOF may be connected to the WE 1 or WEN2 inputs of a second CRT 
9212 for cascaded operation where data row lengths of greater than 135 charac-
ters are desired. See figure 4. 

22 Read Overflow ROF The Read Overflow output is high when data is being read from the last memory 
position (position 135). ROF high disables further readin~ from the selected 
"read" buffer. ROF may be connected to the REN input 0 a second CRT 9212 for 
cascaded operation where data row lengths of greater than 135 characters are 
desired. DOUTO-7 will switch into a high impedance state at the second positive 
transition of RC[R after ROF goes high. See figure 4. 

24,25 Write Enable WEN1, WEN allows in~ut data to be written into the selected "write" buffer during weD< 
WEN2 active. Both W N1 and WEN 2 must be high to enable writing. WEN1 has an 

internal pullup resistor allowing it to assume a hioh if pin 24 is left open. 
26 Output Enable OE When the OE input is low, the data outputs DOUTO-DOUT7 are enabled. When 

OE is high, DOUTO-DOUT7 present a high impedance state. OE has an internal 
pulldown resistor allowing it to assume a low if pin 26 is left open. 

27 Write Clock WW< WCCR clocks input data into the selected "write" buffer and increments the cur-
rent "write" address register when WEN1 and WEN2 are high. 

8 Power Supply Vee + 5 Volt supply 
23 Ground GND Ground 

OPERATION 

Figure 1 illustrates the internal architecture of the CRT 
9212. It contains 135 bytes of RAM in each of its two buff
ers. In normal operation, data is written into the input latch 
on the positive-going edge of Write Clock (W LK). When 
both Write Enable (WEN1, WEN 2) signals go high, the next 
WCLK causes data from the input latch to be written into 
the selected buffer (1 or 2) and the associated address 
counter to be incremented by one. Loading of the selected 
RAM buffer continues until WEN goes inactive dr until the 
buffer has been fully loaded. Atthe next data row boundary, 
the Toggle Signal (TOG) will go low. When Clear Counter 
(CLRCNT) goes low, the next Read Clock (RCLK) will begin 
to reset both buffer address counters to zero, switching the 
buffer just loaded from a "write buffer" to a "read buffer", 
permitting the next row of data to be written into the other 
buffer. Data from the current "read" buffer is read out of the 
buffer and to the output latch whenever Read Enable (REN) 
is high during a Read Clock (RCLK). Each read-out from 

the buffer RAM causes the "read" address counter to be 
incremented. REN is normally high during the entire visible 
line time of each scan line of the data row. CLRCNT resets 
the present "read" address counter. The negative edge of 
CLRCNT is detected by the CRT 9212 and the internal "read" 
address counter is cleared independent of the CLRCNT 
pulse width. The CLRCNT input may be tied to the REN 
input for proper operation. 

Figures 2 and 3 illustrate the functional timing for reading 
and writing the CRT 9212. It is possible to cascade two or 
more CRT 9212's to allow for data storage greater than 135 
bytes by employing the read overflow (ROF) and write 
overflow (WaF) outputs. Figure 4 illustrates two CRT 9212's 
cascaded together. 

The CRT 9212 is compatible with the CRT 9007 video 
processor and controller (VPACTM) and the CRT 8002 video 
display attributes controller (VDACTM). A typical video 
configuration employing the three parts is illustrated in 
figure 5. 
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MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to + 70°C 
Storage Temperature Range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) ....................................................................... + 325°C 
Positive Voltage on any Pin, with respect to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. + 8.0V 
Negative Voltage on any Pin, with respect to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3V 

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

ELECTRICAL CHARACTERISTICS (TA = O°C to 70°C, Vee = + 5V ± 5%) 

PARAMETER MIN TYP MAX UNITS COMMENTS 
DC CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low Level V1L 0.8 V 
High Level V1H1 2.0 V excludi~cRL~LK; WCLK 
High Level V1H2 4.2 V RCLK, 

OUTPUT VOLTAGE LEVELS 
Low Level VOL 0.4 V 
High Level VOH 2.4 V 

INPUT LEAKAGE CURRENT 
High Leakage ILH1 10 f.LA excluding m: 
Low Leakage ILL1 10 f.LA excluding WEN1 
High Leakage ILH2 400 f.LA WEN1 
Low Leakage ILL2 400 f.LA DE 

INPUT CAPACITANCE 
C1N1 10 pF excludiWcRL~LK, WCIK 
C1N2 15 pF RCLK, 

POWER SUPPLY CURRENT 
Icc 100 mA 

AC CHARACTERISTICS1 

tcyw 300 ns Write clock period 
tCYR 300 ns Read clock period 
tCKH 247 DC ns 
tCKL 33 ns 
tCKR 10 ns measured from 10% to 90% points 
tCKF 10 ns measured from 90% to 10% pOints 
tos 50 ns referenced to WC[K 
tOH 0 ns referenced to WC[K 
tEN12 0 ns 
tEN22 100 ns 
tENH2 0 ns 
tov 175 ns CL = 50 pF; referenced from R"CIK 
tOOFF 175 ns 
tOON 175 ns 
top3 175 ns CL = 30 pF 
tcs 100 ns 
tCH 0 ns 
twr" 1tcyw 

1 - Reference points for all AC Ffclmeters are 2.4V high and O.4V low. 
2 - For REN, referenced from L; for WEN1 or WEN2 referenced to WC[K. 
3 - For ROF, referenced from RCLK; for WOF referenced from WeLK 
4 - At least 1 WCLK rising edge must occur between C'CR"Cf\JT or TOG (whichever occurs last) and WEN (= WEN1-WEN2). 

424 



[

EMORY 
ROM 
RAM 

VIDEO RAM 

PROCESSOR 
Il P/!JC 

ADDR DATA 

ADDRESS BUS 

INTR 

ACK ~-------, 

DMARQ f+------, 

DMAR 

VA13 .. 0 

VD7-0 

WBs.N rnm 

CRT9212 
DOUBLE 

ROW BUFFER 

VLT 

ACK INT 

CRT9007 
VPAC" 

CURS 

CRTB002 
VDAC'" 

CHARACTER/ATTRIBUTES 
GENERATOR 

AS 

CBLANK 

1JS 

CCIR" 
~+-+----}~ 

o 
R 

VIDEO f-------~'&NITOR 

FIGURE 5: CRT 9212 CONFIGURED WITH THE CRT 9007 VPAC AND THE CRT 8002 VDACTM 

RCLKORWCLK 

..... ---------tCYW,tCYR----~------+I 

I'-------"r .w-----'LJ---
DIN7-0 

REN, WEN 1,2 

DOUT7-0 

WOF, ROF 

WEN1,2 

FIGURE 6: CRT 92121/0 TIMING 

425 



·~~--------------------~n~--------------------

I I 
I I 
I I 

~Mt1fS~ 1111/11111.1111 11111 III II iJJt.~-AD-DR-O--'EJJ ADDR 2 'C~III 1111 /////////!I II! 
WEN ~----~ r--------~H~--------------------

(= WEN 1-WE_N ....;..2) ____________ ....11 '----1 
INTERNAL 

WEN 

DIN7-0 

------------~/ ~ 
ifill II /1///11/ 111// II! II! II!! II! /; ~I /I /II 1/11111111 1I/IIIIIIIIIIl 

WOF~ tl / 
* in general WCLK and RCLK can be different 

FIGURE 3: CRT 9212 DOUBLE ROW BUFFER WRITE TIMING 

WEN 1 
WEN2 9212 
RCLK "A" 
WCLK 

REN 

DIN7-0 DOUT7-0 

CLRCNT 
TOG 

FIGURE 4: CRT 9212 CASCADED CONFIGURATION 
FOR DATA ROW LENGTHS UP TO 270 CHARACTERS 

426 



STANDARD MICROSYSTEMS 
CORPORATION~ 

CRT 94C12 
PRELIMINARY 

Quad Row Buffer 
QRB 

FEATURES 
D Low Cost Solution to CRT Memory Contention 

Problem 
D Provides Enhanced Processor Throughput for CRT 

Display Systems 
D Replaces Shift Registers or Several RAM and Counter 

IC's in CRT Display System 
D Permits Display of One Data Row While Next Data 

Row is Being Loaded 
D Data May be Written into Buffer at Less Than the Video 

Painting Rate 
D Row Buffer Architecture Permits Second Data Row to 

be Loaded Anytime during the Display of the Preceding 
Data Row 

D Permits Active Video on All Scan Lines of Data Row 
D Dynamically Variable Number of Characters per Data 

Row-... 64,80,132, ... up to a Maximum of 135 
D Stackable for "Invisible Attributes" or Character Widths 

of Greater than 8 Bits 
D Supports Both Double Row Buffer and Attribute 

Assemble Modes of the CRT 9007 
D Three-State Outputs 
D Up to 4 MHz Read/Write Data Rate 
D Compatible with SMC CRT 9007 
D 40 Pin Dual-In-Line Package 
D Low Power CMOS Technology 
D + 5 Volt Only Power Supply 
D TTL Compatible 

PIN CONFIGURATION 

DIN15 40 Vee 
DIN14 39 DOUT15 

DIN13 3B DOUT14 

DIN12 37 DOUT13 

DIN11 36 DOUT12 

DIN10 35 DOUT11 

DIN9 7 34 DOUT10 

DINB B 

D 
33 DOUT9 

DIN7 9 32 DOUTB 

DIN6 10 31 DOUT7 

DIN5 11 30 DOUT6 

DIN4 12 29 DOUT5 

DIN3 13 2B DOUT4 

DIN2 14 27 DOUT3 

DIN1 15 26 DOUT2 

DINO 16 25 DOUT1 

CLRCNT 17 24 DOUTO 

TOG 1B 23 REN 

WCLK 19 22 WEN 

Vss 20 21 RCLK 

PACKAGE 40-pin D.LP. 

GENERAL DESCRIPTION 

The CRT 94C12 Ouad Row Buffer (ORB) is a CMOS VLSI 
device which provides a low cost solution to memory con
tention between the system processor and the CRT con
troller in video display systems yet provides a maximum 
performance solution when combined with the CRT 9007 
and the CRT 9041 VPAC family components. 

The CRT 94C12 ORB is a RAM-based buffer which pro
vides four rows of buffering. It appears to the system as two 
pairs of octal shift registers of dynamically variable length 
(2-135 bytes) plus steering logic. 

The CRT 94C12 can support both the double row buffer and 
the attribute assemble operation modes of the CRT 9007. 
These operation modes permit the loading of one data row 
while the previous data row is being displayed. The loading 
of data may take place during any of the scan line times of 
the data row. This relaxed time-constraint allows the pro
cessor to perform additional processing on the data or 
service other high priority interrupt conditions which may 
occur during a single video scan line. The result is enhanced. 
processor throughput and flicker-free display of data. In 
addition the attribute assemble mode allows an 8-bit data 
bus to be used when implementing parallel attributes. 

427 

I 



ADDRESS I--:===~I' 
COUNTER 3 t--'-=~'--I,I'I 

L 

DIN15.8 -----I''J ~ 

DIN7-0 ___ ---. 

C 
H 

ADDRESS 
COUNTER 4 

ADDRESS 
COUNTER 1 

ADDR7-0 

RAM 3 
135 x 8 

1/0 CONTROL 

RAM4 
135 x 8 

RAM 1 
135 x 8 

1/0 CONTROL 

RAM2 
135 x 8 

OCTAL 
2-1 

MUX 

READIWRITE 
CONTROL 

.-

FIGURE 1: CRT 94C12 QUAD ROW BUFFER BLOCK DIAGRAM 
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DESCRIPTION OF PIN FUNCTIONS 
PIN NO. NAME SYMBOL FUNCTION 

1-16 Data inputs DIN15-DINO DIN15-DINO (ire the data inputs from the system memory. 

24-39 Data outputs DOUT15- DOUT15~DOUTO are the data outputs from the CRT 94C12 internal data output 
DOUTO latch. Valid information will appear on DOUTO-DOUT15 two RCLK periods after 

the rising edge of REN. This introduces two pipeline delays when supplying data to 
the character generator. 

21 Read Clock RCLK RCLK increments the current "read" address register, clocks data through the 
"read" buffer and moves data through the internal pipeline at the trailing edge. 

18 Toggle Signal TOG TOG alternates the function of each buffer between read and write. TOG norm~ 
occurs at every data row boundary. Switching of the buffers occurs when both TOG 
and CLRCNT are low. 

17 Clear Counter CLRCNT Clear Counter clears the current "read" address counter at the next RCLK positive 
edge. CLRCNT is normally asserted low at the beginning of each horizontal retrace 
interval. CLRCNT clears the current "write" address counter when the TOG 
is active. 

23 Read Enable REN REN enables the loading of data from the selected "read" buffer into the output 
latch. Data is loaded when Read Clock is active. 

22 Write Enable WEN WEN allows input data to be written into the selected "write" buffer during WCLK 
active. WEN has an internal pullup resistor allowing it to assume a high if pin 22 is 
left open. 

19 Write Clock WCLK WCLK clocks input data into the selected "write" buffer and increments the current 
"write" address register when WEN is high. 

40 Power Supply Vee + 5 Volt supply 

20 Ground GND Ground 

OPERATION 
Figure '\ illustrates the internal architecture of the CRT 
94C12. It contains 135 bytes of RAM in each of its four buff
ers. In normal operation, data is written into the input latch 
on the positive-going edge of Write Clock (WCLK). When 
Write Enable (WEN) goes high, the next WCLK causes data 
from the input latch to be written into the selected buffer 
(1 or 2) and the associated address counter to be incre
mented by one. Loading ofthe selected RAM buffer contin
ues until WEN goes inactive or until the buffer has been fully 
loaded. At the next data row boundary, the Toggle Signal 
(TOG) will go low. When Clear Counter (CLRCNT) goes low, 
the next Read Clock (RCLK) will begin to reset both buffer 
address counters to zero, switching the buffer just loaded 
from a "write buffer" to a "read buffer'; permitting the next 
row of data to be written into the other buffer. Data from the 
current "read" buffer is read out of the buffer and to the out
put latch whenever Read Enable (REN) is high during a 
Read Clock (RCLK). Each read-out from the buffer RAM 

causes the "read" address counter to be incremented. REN 
is normally high during the entire visible line time of each 
scan line of the data row. CLRCNT resets the present "read" 
address counter. The negative edge of CLRCNT is detected 
by the CRT 94C12 and internal "read" address counter. 
Figures 2 and 3 illustrate the functional timing for reading 
from and writing to the CRT 94C12. The CRT 94C12 is com
patible with the VPAC family of devices (CRT 9007, CRT 
8002, CRT 9021 and the CRT 9041) and provides up to six
teen bits per character of row buffering with a single device. 
The sixteen bits can be divided between character data and 
attributes as required allowing the support of character-by
character, or invisible, attributes. This capability can be 
implemented using a 16-bit data bus with the double row 
buffer operation mode of the CRT 9007 or an 8-bit data bus 
using the attribute assemble operation mode. Typical con
figurations employing the VPAC family of parts are illus
trated in Figures 5 and 6. 

INTERN...8.L 
CLRCNT ~ " ..... ':-., L-.....,' ____ .J 

HEN _______ ..J/ 
INTERNAL / REN ________ --.1 

It 

INTERNAL --~..".,.,..".,.,..".,.,..".,.,~,...-----~ 
RAMADDR ~ ADDRO ADDR1 ADDR2 ADDR3 ADDR133 ADDR134 

(READ) -

DOUT15-0 

FIGURE 2: CRT 94C12 QUAD ROW BUFFER READ TIMING 
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MAXIMUM GUARANTEED RATINGS 
Operating Temperature Range ................................................................................. 0° to 70°C 
Storage Temperature Range ......................................................................... - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec) ........................................................................... + 325°C 
Maximum V cc ....................................................................................................... + 7.0 V 
Positive Voltage on any Pin, with respect to Ground ........................................................ Vcc + 0.3 V 
Negative Voltage on any Pin, with respect to Ground ............................................................ - 0.5 V 

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

ELECTRICAL CHARACTERISTICS (TA = ooe to 700 e, V cc = 

PARAMETER 

DC CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low Level V'L 
High Level V'H1 

__ H_igh Level V'H2 
OUTPUT VOLTAGE LEVELS 

Low Level VOL 
~gh Level VOH 

INPUT LEAKAGE CURRENT 
High Leakage ILH1 
Low Leakage ILL1 
High Leakage ILH2 

~w Leakage ILL2 
INPUT CAPACITANCE 

C'N1 
__ C_'N2 

POWER SUPPLY CURRENT 
__ I_cc 

AMETER PAR 

ACe 

tCYW 

tCYR 

tCKH 

tCKL 

tCKR 

tCKF 

tos 
tOH 
tEN12 
tEN22 
tENH2 
tov 
tcs 
tCH 

tWT3 

HARACTERISTICS1 

MIN TVP MAX 

0.8 
2.0 
4.2 

0.4 
2.4 

10 
10 

400 
400 

10 
15 

40 

MIN TVP MAX 

250 
250 
100 DC 
100 

10 
10 

50 
0 
0 

100 
0 

175 
100 

0 
1tcyw 

+5V ±5%) 

UNITS 

V 
V 
V 

V 
V 

/-LA 
/-LA 
/-LA 
/-LA 

pF 
pF 

mA 

UNITS 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

1 - Reference pOints for all AC parameters are 2.4V high and O.4V low. __ 
2 - For REN, referenced from RCLK; for WEN1 or WEN2 referenced to WCLK. 

excluding RCLK; WCLK 
RCLK, WCLK 

IOL = 2mA 
IOH = 100/-LA 

excluding OE 
excluding WEN 1 
WEN1 
OE 

excluding RCLK, WCLK 
RCLK, WCLK 

COMMENTS 

Write clock period 
Read clock period 

measured from 10% to 90% points 
measured from 90% to 10% points 
referenced to WCLK 
referenced to WCLK 

CL = 50 pF; referenced from RCLK 

3 - At least 1 WCLK rising edge must occur between CLRCNT or TOG (whichever occurs last) and WEN 
(= WEN1-WEN2). 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor appli
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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 
COR ~ 

CRT97C11 
PRELIMINARY 

Video Engine For Windows 
VIEW 

FEATURES: 
D 127 Independent Windows Max per Screen. 
D Windows Specified Relative to Screen: 

Window Number 
X-V Start/End Screen Coordinate 
X-V Display Memory Start Address 

D Attributes can be Specified on a per Window Basis: 
Window Priority 
Up to 8 Parallel Attributes/Window Output by VIEW 
Background windows 

D Three Internal Break Address Buffers. 

D 32 Max Visible Horizontal Breaks per Scan Line. 
D Capable of Generating Screen Resolutions as High as 

4K x 4K Pixels (assuming a 16 bit wide display 
memory). 

D Private Display and System Buses: 
20 Bit X-V Display Memory Address Bus + 4 Bit 

Extended Bus 
16 Bit Address/Data Bus to System Memory 

D Separate Clocks for Display and System Buses. 

D DMA Master Capability for Interfacing to System 
Memory. 

D Automatic and Transparent Dynamic RAM Refresh for 
Display Memory. 

D Programmable Cursor Output. 
D Fully Programmable Display Format. 
D Normal or Interlaced Video Output. 

GND 
AD15 
AD14 
AD13 
AD12 
AD11 

PIN CONFIGURATION 

PACKAGE: 68-pin PLCC 

VDA11 
VDA12/ATTR4 
VDA13/ATTR5 
HDA9/ATTR7 
HDA8/ATTR6 
HDA7 
HDA6 
HDA5 
HDA4 
HDA3 
HDA2 
HDA1 
HDA0 
BRKCHG 
H§ 
V§ 
VDD 

D Horizontal and Vertical Drive Signals may be Externally 
Synchronized. 

D Compatible with 680XO and 80X86 Processors. 
D Low Power CMOS Technology. 

GENERAL DESCRIPTION 
The CRT97C11 Video Engine for Windows (VIEW) is a 3rd 
generation CRT controller following the CRT50x7 family (1st 
generation) and the CRT9007 (2nd generation). The VIEW 
is designed to support both bit-mapped graphics and 
alphanumeric types of CRT displays. This device allows real 
time manipulation of independent, overlapping windows on 
the screen with a minimum of processor intervention. 
The VIEW architecture provides the system designer with 
a very high performance and extremely flexible method for 
supporting the generation of windows on screen. The 
performance advantage over designs which manipulate 
windows via software is significant. Windows On screen are 
defined via a window list maintained in system memory by 
the system microprocessor and accessed by the VIEW chip. 
The VIEW chip is also able to access display memory data 
via a separate memory bus which can be as wide as 24 bits 
providing a 16M word address range. 

The VIEW generates display memory addresses by 
correlating the X and V screen coordinates at which the 
windows start and end with the X and Y display memory 
addresses. The VIEW stores this information in its three 
internal break buffers. As the VIEW generates the display 
memory addresses for the windows, it automatically 
resolves priority conflicts that arise when two or more 
windows overlap. 
Control of window position on screen, its size and priority 
relative to other windows and the visible contents of the 
window are all accomplished via the simple manipulation 
of data in the window list in system memory. The VIEW 
buffers and outputs general purpose attribute bits for each 
window as it generates that window's display memory 
addresses. The VIEW automatically generates dynamic 
RAM refresh addresses during the horizontal and vertical 
retrace intervals. 
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DESCRIPTION OF PIN FUNCTIONS 
DISPLAY MEMORY BUS SIGNALS 
PIN NO. NAME SYMBOL FUNCTION 

55-48 Horizontal Display HDA7-0 Output. Eight bits of the Display Memory Address corresponding to the X portion 
Memory Address of the window's data address in display memory. HDA7 is the MSB and HDAO is 

the LSB. 

60 Vertical Display VDA11-0 Output. Twelve bits of the Display Memory Address corresponding to the Y 
62-68 Memory Address portion of the window's data address in display memory. VDA 11 is the MSB and 
1-4 VDAO is the LSB. 

42 Display Clock DCLK Input. This signal is used to generate all Display Memory Bus cycles. A minimum 
high voltage of 4.0V must be reached for proper operation. 

40 Visible Line Time' VLT Output. This signal is active high for the visible (non-blanked) portion of every 
horizontal period including the vertical retrace period. 

8-5 Attributes ATTR3-0 Outputs. Four of these outputs (ATT3-0) are used as general purpose attributes 
58-59 ATTR5-4/ which are unique to each window being displayed. The other four outputs (ATT7-
57-56 VDA13-12 4) are used as either four additional attribute outputs or as address extension bits 

ATTR7-6/ for the Horizontal Display Memory Address (ATT7-6/HDA9-8) or the Vertical 
HDA9~8 Display Memory Address (ATT5-4IVDA13-12). The functions served by ATT7-4 

are determined by the contents of the Interrupt Enable/Mode Register (R17[1 ,0]). 

41 Refresh RFRSH Output. This sig~al is active high when the VIEW is generating dynamic RAM 
refresh addresses for the display memory. The refresh address is output on the 
Vertical Display Memory Address bus during the portion of the horizontal period 
in which the video is blanked (when VLT is low). 

47 Break Change BRKCHG Output. The active high state of this signal indicates that the next Display Clock 
generates a new visible horizontal break. 

VIDEO DRIVE SIGNALS 
PIN NO. NAME SYMBOL FUNCTION 

46 Horizontal Sync HS Input/Output. This signal initiates a horizontal retrace. Its position and pulse width 
are programmable. After a hardware or software reset this signal will behave as 
an input. Programming this signal as an input allows the horizontal scan rate to be 
synchronized to an external source. An external pullup resistor will be required to 
guarantee that this signal is inactive high after power-up. 

45 Vertical Sync VS Input/Output. This signal initiates a vertical retrace. Its position and pulse width 
are programmable. After a hardware and software reset this signal will behave as 
an input. Programming this signal as an input allows the vertical scan rate to be 
synchronized to an external source. An external pullup resistor will be required to 
guarantee that this signal is inactive high after power-up. 
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VIDEO DRIVE SIGNALS 
PIN NO. NAME SYMBOL FUNCTION 

39 Composite Blank CBLANK Output. This signal goes active high when a vertical or horizontal retrace is going 
to be initiated. The signal stays active for the entire retrace. CBLANK is used to 
blank the video to the CRT. The CBLANK signal can be skewed 0 to 3 DCLK's 
with respect to the Display Memory Address and Attribute bus timings. 

38 Composite Sync CSYN Output. This signal provides a true RS-1?0 composite sync waveform with 
equalization pulses and vertical serrations in both interlace and non-interlace 
formats. Figure 14 under Functional Description illustrates the CSYN output in 
both modes. 

36 Cursor CURS Output. This signal is active high for the programmed number of DCLK periods on 
each of the programmed scan lines (see descriptions of R11 thru R15). The 
CURS output can be skewed 0 to 3 DCLK's from the Display Memory Address 
and Attribute bus timing. 

SYSTEM BUS SIGNALS 
11-26 System AD15-0 Input/Output. These 16 Signals are used by the system processor to access the 

Address/Data Bus internal registers of the VIEW chip when it is in the peripheral mode. When in the 
master mode then the VIEW chip controls the bus in order to access the window 
list in system memory. Following a hardware or software reset the VIEW chip will 
be in the peripheral mode. 

28 Chip Select CS Input. If VIEW is not performing a DMA cycle, the active low state of this input will 
allow the system to clock data into or read data out of the internal VIEW registers 
while the inactive high state of this signal will force AD15-0 into an input (high 
impedance) state. A minimum high voltage of 4.OV must be output for proper 
operation. 

31 Address Enable AEN Input. When the VIEW is operating as bus master and performing a DMA cycle, 
the active high state of this signal will enable the VIEW to output the System 
Memory Address on AD15-0. The VIEW is not affected by the state of this input I 
unless it has received ACK and is performing a DMA cycle. 

30 Read/Write R/W Input. This signal is used to qualify the CS input and determines whether the 
system is writing data into (low state) or reading data from (high state) the VIEW 
registers. 

33 DMA Request DMAR Output. This signal is driven active high by VIEW to request use of the System 
Address/Data bus. It will only become active if the DMA Acknowledge (ACK) 
input is inactive. It remains active high throughout the entire DMA operation. 

35 DMA Acknowledge ACK Input. This active high signal acknowledges a DMA request. It is used to enable 
the VIEW's DMA mechanism. The system should drive ACK inactive low after 
DMAR is negated. The state of this signal will not affect VIEW operation unless 
DMAR is being driven active high. 

3? Interrupt INT Output. This signal is driven active high when VIEW encounters an enabled 
interrupt causing condition. This output is reset by reading the Interrupt Status 
register or a hardware reset. NOTE: This signal should be connected to a level 
sensitive interrupt input as no edge can be guaranteed between successive 
interrupts. This output will be reset one full DCLK period after CS goes high after 
an Interrupt Status 1 register read. 

34 System Clock SCLK Input. This signal is used to generate all system DMA bus cycles. The rising edge 
of this signal is used by the VIEW to clock in data from the system memory during 
a DMA cycle. This signal may be "stretched" by the system to generate long read 
cycles. A minimum high voltage of 4.OV must be output for proper operation. 

29 Address/Data AID Input. When the VIEW is in the peripheral mode, this signal selects whether a 
system bus access is to the Register Pointer Latch or to the register file. 

32 Reset RESET Input. This active low signal puts the VIEW in a known, inactive state and resets 
all raster counters. Activating this input has the same effect as executing the 
software Reset command. The following VIEW signals will be left in the indicated 
states: 

VS -Input 
HS -Input 
VLT -Inactive Low 
CSYN -Inactive High 
CURS -Inactive Low 
RFRSH -Inactive Low 
AD15-0 -Inputs 
DMAR -Inactive Low 
INT -Inactive Low 
CBLANK-Active High 
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FIGURE 1-SYSTEM ELEMENTS 

FUNCTIONAL DESCRIPTION 

SYSTEM FUNCTIONS 
A display system based on the VIEW must have a minimum 
set of elements as described in the following sections. The 
block diagram in Figure 1 provides a simple conceptual 
illustration of the interconnection of these elements. The 
sections below will define the purpose of these major 
elements and also describe how they interact with each 
other. The VIEW does not restrict the architecture chosen 
in any particular way and choices made will be determined 
by the overall system performance goals and cost 
guidelines. 
System Elements 

The six blocks shown in Figure 1 are described below in 
more detail. The interconnection of the blocks are 
depicted in terms of the address/data buses or other 
primary inputs or outputs. The details of the 
interconnection will be determined by the memory 
arbitration methods implemented aAd are not being 
shown here. 

a) Processor-The processor can be a system 
microprocessor (such as the 8088, 80X86, 680XO, 
etc.) that is responsible for all system functions or 
a microprocessor dedicated to handling all display 
and drawing related functions. The processor is 
responsible for maintaining the window list in 
system memory and the display data in display 
memory. For bit mapped graphics applications, 
overall performance could be improved if a special 
purpose coprocessor is added to handle the 
drawing related functions. 

b) Window List-The window list is maintained in 
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system memory by the processor. For a definit!on 
of the window list and its contents see the section 
on Screen Management below. The VIEW 
accesses the window list in order to determine the 
display memory address sequencing required to 
generate the windowing effect on screen. 

c) VIEW-The VIEW accesses data from the window 
list, processes it and stores it in internal buffers. The 
VIEW chip performs all display memory addressing 
in accordance with the data accessed from the 
window list. The VIEW can perform both window 
list and display memory access simultaneously. In 
addition the VIEW generates video synchronization 
signals which define the overall video format. 

d) Display Data-The VIEW outputs addresses to 
display memory in a sequence defined by.the 
window list which automatically takes Into 
consideration the overlapping of windows. Display 
data is stored in memory by the processor in 
individually allocated areas for each image. Display 
data can consist of either bit-mapped images or 
ASCII-based character data. Bit-mapped images 
may be either single-plane monochrome or multi
plane color. Contention between the VIEW and the 
processor for access to display memory must be 
supported at the system design level. 

e) Video Logic-This block performs all operations 
necessary on the data output from display memory 
before being output as a video signal to the screen. 
If the data represents bit-mapped images then 
some typical operations might be serial-to-parallel 
conversion, color look-up and conversion to RGB 
output, and other shift operations that may be 



required to move images within a window. If the data 
represents ASCII characters in an alphanumeric 
only system then some typical functions would 
include a character generator and attributes 
controller. In addition the VIEW can output up to 8 
attribute signals which are unique to each window 
and may be used to control specific visual effects. 

f) Screen-The output display device can be a CRT 
or flat panel screen. The VIEW provides all the 
timing signals required to'synchronize the display. 
See Video Output section below for a more detailed 
description of these outputs. 

System Interaction and Timing 
In order to address the problem of memory contention 
between the processor, VI EW, system memory and 
display memory, an understanding of the interaction 
between these elements and their relative timing is 
important. Whereas the processor can access only one 
memory (system or display) at a time (unless two 
processors are used in the system design), the VIEW is 
capable of performing both memory accesses 
simultaneously. Refer to Figure 1 while reading this 
section. 

Processor and system memory-Updates of the 
window list will require activity on the bus between the 
processor and system memory. This can occur at any 
time due to operator input or commands received over 
communications networks which are asynchronous to 
the screen refresh process. Resolving contention 
between the processor and the VIEW for access to 
system memory can make use of the DMA handshake 
signals provided by the VIEW (see the section on 
System Interfaces below) or through the use of dual 
port RAM's. 
VIEW and system memory-VIEW accesses the 
window list whenever it needs to fill its break buffers. 
This is a periodic process only with reference to the 
refre3h rate. During a given frame refresh the actual 
timing of these events is determined primarily by a 
Break Processing Delay parameter and the spacing 
and number of vertical breaks on the screen. These 
events always occur before data is needed for screen 
refresh. See the section on Break Processing below. 
Processor and display memory-As in the case with 
activity between the processor and system memory, 
update of display data is also driven by commands 
received via operator input or over communications 
networks. These events are asynchronous to the 
screen refresh process. Support for resolving memory 
contention must be implemented in external logic. 
VIEW and display memory-VIEW accesses display 
memory for the purpose of refreshing the screen 
image. Therefore this activity is completely 
synchronous with the video timing and is normally 
considered the highest priority process within the 
system. 

DISPLAY OUTPUT AND STORAGE 
The window list in system memory is used to define and 
manage windows on screen and specify the data displayed 
within the windows. The following sections describe the 
parameters used and how screens and display memory are 
organized. 
Screen Management 

The positioning and sizing of windows on a display screen 
is defined through the use of X and Y coordinates (0, ° 
is defined as the upper left corner of the screen). The 
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maximum values of these coordinates is determined by 
the screen resolution which is defined by the contents of 
the timing registers (see Operationall?escription). !he 
absolute maximum values, as determined by the sizes 
of the coordinate fields in the window list, are 256 for the 
X coordinate and 4096 for the Y coordinate. Figure 2 
shows a screen with a single window in place. The actual 
location of a window on the screen is determined by a 
set of 4 coordinates. The left and right edges of the 
window are defined by XSTART and XEND coordinates 
and the top and bottom edges of the window are defined 
by YSTART and YEND coordinates. The width and height 
of the window is automatically determined from these 
coordinates. The XSTART and XEND coordinates are 
called horizontal breaks and the YSTART and YEND 
coordinates are called vertical breaks (see Break/Link 
Concept below). These coordinates are stored in the 
window list data for each window. Horizontally, the 
spacing of each coordinate is determined by the display 
data bus width, and vertically, the spacing of each 
coordinate is one pixel (see the next two sections on 
Display Memory Management and the Window List). 

Display Memory Management 
The images viewed through windows on the display 
screen are determined by a two segment address. This 
address points to a display memory location which 
represents the upper left hand corner of the image that 
appears in the window. The two segment address 
consists of an X MEMORY ADDRESS and a Y MEMORY 
ADDRESS. The amount of display memory required is 
dependent on the application and is a function of the 
number of independent images to be maintained in 
memory at the same time and the image sizes to be 
stored. The VIEW limits the X and Y addressing ranges 
to 8 bits and 12 bits respectively. Each address segment 
can be extended by 2 bits. Figure 3a shows a rectangular 
view of display memory with the unextended limits of 
addressing indicated. An image area is defined that 
occupies memory from addresses (0,0) through (X1, Y1). 
In order to determine what portion of this image will be 
shown in a window on the screen, an address pointer 
(X2,Y2) is defined that identifies the upper left corner of 
the image data to be displayed. This pointer is the X 
MEMORY ADDRESS and Y MEMORY ADDRESS data 
stored in the window list. As shown in Figure 3b, each 
memory location stores N bits of data which is determined 
by the display memory data bus width. 

Window List 
The window list (described in detail below under Window 
Management) contains 6 fields of information that define 
the relationship between the window on screen and the 
portion of the display memory image that is shown in the 
window. As described above, four of the fields are 
XSTART, XEND, YSTART and YEND which define the 
position and size of the window on screen. A display 
memory location (X MEMORY ADDRESS and Y 
MEMORY ADDRESS) is defined for the upper left corner 
of the window and all other memory locations are mapped 
in direct correlation to the width and height of the window. 
Figure 4 illustrates this relationship. The example shows 
that the location of the window on screen and the location 
of the image in memory are independent of each other. 
The VIEW uses the X MEMORY ADDRESS and the Y 
MEMORY ADDRESS plus the width and height (~X, ~ Y) 
to determine the range of display memory addresses to 
be generated. Figure 4 assumes N = 8 for the display data 
bus width which results in a screen size of 1 K x 1 K pixels 
and a window size of 256 x 256 pixels. 

I 



I O ______ XC_OO_RD_IN_AT_E -----~ 255 I 

4095 

X START 

I 
YSTART-O 

-YEND 

X ENO 

X START I -
X END HORIZONTAL BREAKS 

Y START I 
Y END VERTICAL BREAKS 

FIGURE 2-WINDOW COORDINATES 

o 
X ADDRESS 

~ 
X, 255 

0r-------------~-------------, 

Y 
ADDRESS 

r----l 
: X2 I 

: Y2' I 
I I 

l-----~t 
,Y~~--~---+--~ 

I \ IMAGE AREA 
DISPLAYED IN 

SEE A WINDOW ON SCREEN 
FIGURE 3b 

4095 '---_____________________ --' 

X2-X MEMORY ADDRESS 
Y,-Y MEMORY ADDRESS 

FIGURE 3a-DISPLAY MEMORY 

X2 X2 +1 X2 +2 j---T-T-1-: 
Y21--- I 

Y
2
+11--- .:.:;: ... x ........ x ... ~ 

Y
2
+2:--- Nbits I 

I I 
Y2 +3 1--- : 

L ____ '- ________ ..J 

N = Display memory 
bus width 

FIGURE 3b-DISPLAY MEMORY DATA 

WINDOW MANAGEMENT 
The window list is a contiguous set of 16 word blocks of 
memory which define all parameters associated with each 
window. A maximum of 127 windows can be defined in a 
given window list. Up to 32 independent window lists can 
be maintained in memory at the same time (see R16[7,3] in 
Operational Description section). 
Window List Contents 
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Each window requires the definition of the following 
parameters (see Figure 5 for the format): 
WO: D15-D12-General Purpose Attribute Bits 

The four attribute bits, D15 thru D12, are output on the 
ATTR3 thru ATTRO pins. These signals are general 
purpose and are active during the time the VIEW is 
generating display memory addresses for the window 
to which these attributes are assigned. 

WO: D1O-Background Window Tag Bit 
If this bit is set to a one, the associated window is 
displayed as a background window. The VIEW will 
generate the same display memory address for every 
memory access in the window. The address generated 
is that specified for the X and Y MEMORY ADDRESS 
described below. If this bit is set to a zero, then all 
addresses for this window are generated in the normal 
incrementing manner. 

WO: D9-D8-General Purpose Attribute/X Address 
Extension Bits 

Depending on the programming of R17[O] these bits 
are either General Purpose Attribute bits or X Address 
Extension bits. When they are programmed to be X 
Address Extension bits, they function as the X Memory 
Address MSB's (D9 is the MSB and D8 is the LSB). 
When they are General Purpose Attributes, D9 is 
output on ATTR7 and D8 is output on ATTR6. 

WO: D7-DO-X Memory Address 
These 8 bits correspond to the X portion of the 
window's beginning address in display memory. D7 is 
the MSB and DO is the LSB. The actual value that is 
stored in this field depends on the type of window being 
displayed (normal or background). For a normal 
window a value equal to [X Memory Address-X Start 
Break] should b'e stored (see Figure 4) and for 
background windows the value stored should be equal 
to [X Memory Address]. Note that if the X Address 
Extension is used, then the calculation should be 
performed using the 10-bit value for X Memory 
Address and both this field and the X Address 
Extension field should be programmed with the result. 
Negative results should be represented in 2's 
complement form. 

W1: D13-D12-General Purpose AttributeIY Address 
Extension Bits 

Depending on the programming of R17[1] these bits 
are either General Purpose Attribute bits or Y Address 
Extension bits. When they are programmed to be Y 
Address Extension bits, they function as the Y Memory 
Address MSB's (D13 is the MSB and D12 is the LSB). 
When they are General Purpose Attributes, D13 is 
output on ATTR5 and D12 is output on ATTR4. 

W1 : D11-DO-Y Memory Address 
These 12 bits correspond to the Y portion of the 
window's beginning address in display memory. D11 
is the MSB and DO is the LSB. The actual value that 
is stored in this field depends on the type of window 
being displayed (normal or background). For a normal 
window a value equal to [Y Memory Address-Y Start 
Break] should be stored (see Figure 4) and for 
background windows the value stored should be equal 
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FIGURE 5-FORMAT FOR WINDOW LIST 

to [Y Memory Address]. Note that if the Y Address 
Extension is used, then the calculation should be 
performed using the 14-bit value for Y Memory 
Address and both this field and the Y Address 
Extension field should be programmed with the result. 
Negative results should be represented in 2's 
complement form. 

W3: 014, W11: 014-Window Oisplay Interrupt Tag Bit 
If this bit is a one, the VIEW will generate an interrupt 
(if enabled) during the blanking interval preceding the 
scan line defined as the YSTART break or the YENO 
break. W3:014 provides an interrupt prior to the start 
of a window on screen and W11 :014 provides an 
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interrupt after the end of a window on screen. 
W3: 011-00, W11: 011-00-Y Start/End Break 
Coordinate 

This 12-bit value defines a vertical coordinate which 
corresponds to the scan line on which a window starts 
or ends on screen. W3: 011-00 points to the start of 
a window (YSTART = 400 in Figure 4), while W11: 
011-00 points to the scan line after the end of a window 
(YENO = 656 in Figure 4). 011 is the MSB and 00 is 
the LSB. The first break at the top of the screen is OOH 
and the last is FFFH (assuming the full 12 bit 
coordinate range is used). With a maximum value of 
FFFH, the last displayable scan line for a window on 
screen would be FFEH. 

I 



W4: 014-08, W6: 014-08, W12: 014-08, W14: 014-08-
Window Number 

This 7-bit value corresponds to the break's window 
number and represents an offset into the full window 
list at which all data relating to this window can be 
found. 014 is the MSB and 08 is the LSB. The contents 
of these four fields should be the same. Window 
number OOH is reserved. See the section entitled 
Window ,List Addressing for more details. 

W4: 04-00, W12: 04-00-Priority 
This 5-bit value represents this window's priority 
relative to the other windows. This value is used by 
VIEW to resolve which of two or more overlapping 
windows will be displayed on a coordinate by 
coordinate basis. The contents of these two fields 
should be the same. 04 is the MSB and 00 is the LSB. 
NOTE: Two windows with the same priority cannot 
exist on the same scan line. This presents the 
restriction that no more than 32 windows can overlap. 

W5: 015-08, W7: 015-08, W13: 015-08, W15: 015-08-
Backward Link 

This 8-bit value (marked by X's in Figure 5) is not used 
by the VIEW and therefore could be used by the system 
software for the purpose of defining a Backward Link. 
The format of this parameter could be similar to that 
of the XIV Link and Start/End Tag parameters defined 
below (8 bits are reserved) or any other format dictated 
by the system software. These bits are reserved for 
this purpose and future versions of the VIEW will not 
make use of them. 

W5: 07-01, W7: 07-01, W13: 07-01, W15: 07-01-XI 
V Link 

This 7-bit value is a pointer to the next break in 
ascending coordinate sequence. The X/V link is 
actually a window number which represents the next 
window encountered when sequencing through the 
windows along the coordinate axis. This value when 
combined with the associated Start/End Tag bit 
uniquely identifies the next break. 07 is the MSB and 
01 is the LSB. See section on Break/Link Concept for 
more detail. 

W5: 00, W7: 00, W13: 00, W15: ~O-Start/End Tag Bit 
This one bit value indicates whether the window break 
defined in the associated X/y Link is the start or the 
end of the window. A value of "1 " indicates the end of 
a window and a value of "0" indicates the start of the 
window. 

W6: 07-00, W14: 07-00-X Start/End Break Coordinate 
This 8-bit value defines a horizontal coordinate which 
corresponds to the column at which a window starts 
or ends on screen. W6: 07-00 points to the start of a 
window (XSTART = 40 in Figure 4) while W14: 07-
00 points to the memory word after the end of a 
window (XENO = 72 in Figure 4). 07 is the MSB and 
00 is the LSB. The first break at the left of the screen 

is OOH and the last is FFH. With a maximum value of 
FFH, the last displayable memory word for a window 
on screen would be FEH. 

NOTE: The contents of words W2, W8, W9 and W10 are 
not used by the VIEW and may be utilized by the system 
processor to store other window related information. 

Break/Link Concept 
The VIEW accesses the window list in order to determine 
the exact sequence of display memory addresses to be 
generated to create the desired windowing effect on 
screen. The VIEW makes use of both break and link 
information contained in the window list in order to 
traverse the list in the correct sequence. As the VIEW 
traverses the list, it checks the priority and location of each 
window to determine whether it is active for a given region 
of the screen. A region is defined as that portion of a 
screen between two vertical breaks. For each active 
window the VIEW accesses the address information 
found in the window list, performs calculations on it and 
stores it in one of three internal break buffers. The 
contents of the break buffers are then accessed 
sequentially to generate the display memory addresses 
required during the screen refresh period. 

Breaks-Breaks are the screen coordinates, both 
vertical and horizontal, at which windows start or end. 
Figure 6 provides an illustration. Four windows are 
shown with the X START and ENO COOROINATES 
(horizontal breaks) identified at the top-O, 5, 9, 23, 
35, 42, 60 and 100. The V START and ENO 
COOROINATES (vertical breaks) are identified at the 
left-O, 70, 130, 290, 360, 440, 500. 
Links-When processing the window list, the VIEW 
makes use of a series of pointers that link the breaks 
together in sequential order. The window list contains 
two linked lists-one for vertical breaks and one for 
horizontal breaks. The link parameter contains two 
data items-a window number and a tag bit. The 
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window number identifies which window is 
encountered next when sequencing through the 
breaks. The tag bit identifies whether it is the start (liS") 
or end (liE") of the window. (See the section under 
Window List Contents for a definition of these data 
items.) Figure 7 lists all the breaks and links for the 
example shown in Figure 6. End breaks in Figure 6 
represent actual coordinates of last scan line or last 
display memory word for each window while in Figure 
7 each end break value stored in the window list is one 
more than defined in Figure 6. The VIEW starts 
processing breaks at the upper left corner of the screen 
(see Break Processing below), which in this example 
is window 4. The following list describes the breaks 
and links along the horizontal axis for this example. 
• Break "O"-Coordinate for start of window 4. 
• Link "2S"-Pointer to the start of window 2. 
• Break "5"-Coordinate for start of window 2. 
• Link "1 S"-Pointer to the start of window 1. 
• Break "g"-Coordinate for start of window 1. 
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• Link "2E"-Pointer to the end of window 2. 
• Break "2~"-Coordinate for end of window 2. 
• Link "3S"-Pointer to the start of window 3. 
• Break "35"-Coordinate for start of window 3. 
• Link "1 E"-Pointer to the end of window 1. 
• Break "43"-Coordinate for end of window 1. 
• Link "3E"-Pointer to the end of window 3. 
• Break "61 "-Coordinate for end of window 3. 
• Link "4E"-Pointer to the end of window 4. 
• Break II 1 01" -Coordinate for end of window 4. 
• Link "00"-Terminator for end of horizontal breaks. 
As shown, a special link, or terminator, equal to "00" 
is used to indicate the last break in the sequence. A 
similar sequence exists for the vertical breaks. The 
VIEW uses the two independently linked lists to 
perform the break processing described in the next 
section. It is the responsibility of the window 
management software to create and maintain these 
links in the window list in system memory when 
manipulating windows on screen. 
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Break Processing 

For each screen refresh, the VIEW accesses the window 
list by reading all vertical breaks for each region of the 
screen (more than one vertical break in a region is 
possible if multiple windows either end or start on the 
same scan line) and then reading all horizontal breaks. 
When reading the horizontal breaks, the VIEW processes 
the address and attribute data for each active window 
and stores this data in the next available break buffer. 
Figure 8 and 9 will be used to illustrate this process. Figure 
8 repeats the same screen layout as shown in Figure 6 
and adds four columns which identify the region, the 
range of Y coordinates for that region, active windows in 
that region, and the break buffer used to store data for 
that region. Figure 9 illustrates the timing of the window 
list accesses and the break buffer activity for a single 
frame refresh period. 
During a given frame refresh, the Last Break Processed 
interrupt will occur when the vertical break for the end of 
the screen is processed CD. At this time the VI EW will not 
attempt to start break processing for the next frame 
refresh until after the Start Delay (see R10[5,0]) timeout 
has terminated ®. This timeout may occur before or after 
the start of vertical retrace and is strictly a function of the 
Start Delay parameter and when the Last break 
Processed interrupt occurs. This delay allows time for 
the processor to manipulate the window list. At this time 
the VIEW will request access to the system bus by 
activating the DMAR signal. When the ACK signal is 
activated, the VIEW will process the first four vertical 
breaks which provides all the data needed to refresh 
these regions on screen @. When frame refresh starts, 
the VIEW will make use of the data in break buffer 1 to 
refresh the first region on screen @. At the completion of 
this period, the contents of break buffer 1 are no longer 
needed and the VIEW processes the next vertical break 
(between vertical coordinates 29 and 36-region 4). The 
data for refreshing region 4 is now placed in break buffer 
1 @. Similarly, at the completion of the refresh of regions 
2,3 and 4, break buffers 2, 3 and 1 become available and 
the VIEW processes the breaks for regions 5 and 6 and 
stores this data in break buffers 2 and 3 and then 
processes the last break, represented by the Y break at 
coordinate 500 (no break buffer is required in this case) ®. 
Once again the VIEW will generate the Last Break 
Processed interrupt and the entire cycle will start 
again 0. 
Figure 9 also shows the amount of time that the VIEW 
takes to perform the break processing. This time is 
measured in SCLK's. The formula to calculate this timing 
is as follows-

8W + 3Y + 4 
where W = Number of total windows (for the 

example in Figure 6, W would equal 
4 for all regions). 

Y = Number of vertical breaks with the 
same break coordinate (start or end) 
for a given region. For the example in 
Figure 6, Y equals 1 for regions 1, 2, 
3, 4, 6 and Y equals 2 for region 5. 
Y = 2 for region 5 because windows 
2 and 3 end on the same scan line 
(same Y break coordinate). 

Three special conditions exist with respect to the above 
calcuation-

1) If the break being processed is the final break (break 
which represents the last scan line on the screen), 
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then the formula is modified as follows-

3Y + 7 
2) If the break being processed is the first break (break 

which represents the first scan line on the screen
Region 1 in the example), then the formula is 
modified as follows-

8W + 3Y + 9 
3) If the break being processed is the first break after 

the VIEW has been given a Start command, then 
an additional 2 SCLK's should be added to the 
result. 

Window List Addressing 

As indicated above, each window is defined by the 
parameters stored in a 16 word block of system memory. 
In addition to the 127 blocks of system memory required 
to define all possible windows (numbered 1 through 127), 
there is also a block reserved for window # 0 that serves 
a special purpose. When the VIEW processes breaks for 
the next frame refresh, it starts with the block that defines 
the first window to be encountered at the upper left corner 
of the screen. The pointer to that block is found in the first 
two words of the block for window # O. Figure 10 shows 
the contents of this special block of data. The LSB of the 
first word identifies the X START LINK and S/E tag bit 
and the LSB of the second word identifies the Y START 
LINK and S/E tag bit. All other bits in this block of memory 
should be reset. These two link parameters define the 
entry points to the linked lists for vertical and horizontal 
breaks. 

The address generated by the VIEW for accessing the 
window list consists of three segments (see Figure 11). 
The 5 MSB's (AD15-11) are defined by the contents of 
the Window List Start Address found in register (R16[7,3]). 
This base address allows the VIEW to access up to 32 
independent window lists. The next 7 bits (AD10-4) are 
defined by the specific window number which is included 
in the data accessed from the window list. The 4 LSB's 
(AD3-0) are the offset within each window list which 
points to a specific data item. 

SYSTEM INTERFACES 
System Memory 

The VIEW operates in two modes-peripheral and 
master. Following a hardware RESET or a software Reset 
command, the VIEW will be in peripheral mode. In this 
mode, the processor can access theYIEW's internal 
registers by means of the CS and R/W inputs. After a 
Start command, the VIEW will begin to generate DMA 
requests. When it receives a DMA acknowledge from the 
processor, the VIEW will operate in bus master mode (see 
Figure 12). In this mode, the VIEW will use its DMA 
circuitry to request the use of the system bus from the 
permanent master (typically the system processor) when 
it needs to fill its break buffers. When the VIEW disables 
its DMA request, it will again revert to peripheral mode 
(see Figure 13). Table 1 defines the activity on the System 
Address/Data Bus for the control signal states shown. 

After processing the last break for a given frame refresh, 
the VIEW will wait the period of time specified in the Start 
Delay register before it starts to access system memory 
again. After this time, the VIEW will start to load the break 
buffers for the first break of the next frame refresh. This 
feature prevents system memory access conflicts as it 
provides the processor with a window of programmable 
length in which itcan address the VIEW as a peripheral, 
disable the VIEW's DMA mechanism, access the internal 
registers and access the window list in system memory. 



ADDRESS WINDOW <!> DATA 
15 14 13 12 11 10 9 

~ 17 
6 5 4 3 2 1 0 

0 0 0 0 0 0 0 0 X START LINK IS/EI 1 

1 0 0 0 0 0 0 0 Y START LINK IS/EI1 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FIGURE 10-WINDOW <I> CONTENTS 
NOTE: 1 Both SIE tag bits should be set equal to zero because the first window boundaries 

encountered will always be the start of a window. 

AD15 .. ) AD11 I AD10 .. ) AD41 AD3~AD0 
WINDOW LIST START WINDOW NUMBER LIST DATA 

ADDRESS POINTER 

FIGURE ll-WINDOW LIST ADDRESSING 

PERIPHERAL MODE: 

WRITE TO VIEW REGISTER READ VIEW REGISTER 
R/IN __________ ---' 

AID XXXXX XXXXX'tX XX 
cs \"--~/ \1.....-..----11 

AD7-0 ==><1-___ W_R_IT_E_D_AT_A ___ X~.£.X.l...LX......:X~X:....lo...XL.l..LX~_R_EA_D_D_AT_A __ 

MASTER MODE: 

SCLK ~ \ / 

AEN~ \ / 

AD15-0 ==x ADDRESS OUT X DATA IN X ADDRESS 

I t ONE DMA CYCLE • I 
FIGURE 12-VIEW PERIPHERAL/MASTER MODE 
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The VIEW will tri-state its System Address/Data bus 
(AD1S-0) when it is not performing a DMA cycle and when 
it is not selected (CS in its inactive state) for register 
access. The processor can also disable the DMA 
mechanism by issuing a STOP command. In ,this case 
the VIEW will not access system memory again until a 
START command is issued. However, the VIEW will 
continue to refresh the display memory if transparent 
refresh is enabled. 
Display Memory 

The VIEW addresses display memory as a rectangular 
memory space with a two segment address-8 bits for 
the horizontal range (HDA7-0) and 12 bits forthe vertical 
range (VDA11-0). Each segment can be independently 
extended by two bits (see description of General Purpose 
Attribute Bits below). The logic required to support the 
RAS/CAS address generation (required when using 
DRAM's) and to arbitrate display memory accesses must 
be implemented externally. 

SCLK 

CS 

DMAR 

AEN 

ACK 
-t-------J 

PERIPHERAL 
MODE 

VALID 
READ 
DATA 

MASTER 
MODE 

If displ~y memory is implemented using DRAM's, then 
the VIEW supports the refresh of memory through the 
use of an internal twelve bit binary counter. The outputs 
of this counter are used to drive the Vertical Display 
Memory Address bus (VDA 11-0) during the portion of the 
horizontal period in which the video is blanked (when VLT 
is low). The counter is incremented by the DCLK signal 
the number of times specified by the Memory Refresh 
Count register during each horizontal blanking interval 
(for the entire vertical period). The counter is set to zero 
(counting is inhibited) by a software Reset command or 
a hardware RESET. The counter can also be disabled at 
any time by setting the Memory Refresh Count register 
to zero. The counter will not initiate the counting sequence 
until the VIEW receives a Start command. The VIEW 
drives the RFRSH output active high when it is driving 
the VDA11-0 bus with the counter output. To take 
advantage of the VIEW's refresh function, the VDA 11-0 
bits should be used for the DRAM row address. 

VALID 
READ 
DATA 

VALID 
READ 
DATA 

FIGURE 13-VIEW DMA CYCLE 

MODE R/W* CS* 

PERIPHERAL 1 0 
PERIPHERAL 1 0 
PERIPHERAL 0 0 
PERIPHERAL 0 0 
PERIPHERAL 1 0 
PERIPHERAL 1 0 
PERIPHERAL 0 0 
PERIPHERAL 0 0 
PERIPHERAL x 1 
PERIPHERAL X 1 

MASTER X 1 
MASTER X 1 

ADR DMAR ACK AEN AD15 - ADa AD? - ADO 

0 0 x x X READ REG FILE 
1 0 X X X READ REG paiN TER 
0 0 x x X W~ITE REG FILE 
1 0 X X X WRITE REG POI NTER 
0 x 0 x X READ REG FILE 
1 X 0 X X READ REG paiN TER 
0 x 0 x X WRITE REG FILE 
1 X 0 X X WRITE REG paiN TER 
X 0 X X HIGH IMPEDANCE (INPUT) STATE 
X X 0 X HIGH IMPEDANCE (INPUT) STATE 
X 1 1 0 HIGH IMPEDANCE (INPUT) STATE 
X 1 1 1 DMA ADDRESS (OUTPUT) 

SYSTEM ADDRESS/DATA BUS 
TABLE 1 
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Video Output 
Cursor Control 

The VIEW provides a cursor output (CURS-pin 36) 
with separate programmable X and Y start and 
duration values. The cursor output will become active 
when the value programmed in the Horizontal Cursor 
Position register is equal to the X component of the 
raster counter and the value programmed in the 
Vertical Cursor Position register is equal to the Y 
component of the raster counter. It will remain active 
for the number of DCLK periods specified in the 
Horizontal Cursor Duration register before returning 
to its inactive state. The cursor output's action will be 
repeated on the scan lines following the one specified 
in the Vertical Cursor Position register for the number 
of scan lines specified in the Vertical Cursor Duration 
register. 
As the Horizontal and Vertical Cursor Position registers 
are changed, the information read from the Interrupt 
Status register will indicate in which window the cursor 
resides. This is determined by the location of the upper 
left corner of the cursor block as specified in the 
Horizontal and Vertical Cursor Position registers. If 
the cursor position registers place the cursor 
simultaneously in two or more overlapping windows, 
the status will report it as being in the window with the 
highest priority. 

Window Attributes 
Unique attributes can be specified for each window. 
Tw() types of attributes are used internally by the 
VIEW-the window interrupt tag bits and a 
background window tag bit. There are also eight 
general purpose attribute bits. All of these bits are 
accessed by the VIEW during break processing and 
stored internally in break buffers. 
Window Interrupt Tag Bits 

Two interrupt tag bits are assigned to each window. 
When either of these bits are set and the Y Break 
Interrupt Enable bit (R17[4]) is set, an appropriate 
interrupt will be generated by the VIEW during the 
horizontal retrace period. The tag bit associated 
with the Y Start break will cause an interrupt to be 
generated during the horizontal retrace period prior 
to the first scan line of the window. The tag bit 
associated with the Y End Break will cause an 
interrupt to be generated during the horizontal 

PROG 

~~~~~., f-
Fb~Lf I cv: 

TOTAL CHAR 
PER HOR 
PERIOD 

c- 2 -I 

retrace period following the last scan line of the 
window. The timing of these interrupts is 
independent of whether the first or last scan lines 
of the window are obscured by a higher priority 
window. See discussion of R17[4] in Register 
Descriptions section and W3: 014 and W11 : 014 in 
the Window List section. 

Background Window Tag Bit 
See description of this bit (WO: 010) in the section 
on the Window List. 

General Purpose Attribute Bits 
The eight general purpose attribute bits do not 
affect the internal operations of the VIEW, however 
they are read and output on the ATTR7-0 pins 
during the time the VIEW is generating display 
memory addresses associated with that window. 
The functionality of four of the eight attribute bits 
can be programmed by the Attribute Select bits in 
R17[1,0] (see Register Descriptions section). 
Independently, two of the bits can be programmed 
to extend the Horizontal Display Memory Address 
and the other two can be programmed to extend 
the Vertical Display Memory Address. 

Horizontal and Vertical Sync 
The horizontal and vertical synchronization outputs are 
programmable with respect to their pulse width and 
position relative to the horizontal and vertical visible 
display times. See Figure 14 for typical waveforms in 
interlaced and non-interlaced modes. They can also 
be configured so as to allow external signals to initiate 
horizontal and vertical retrace cycles. If the external 
horizontal sync is enabled and an external signal drives 
the AS input low, the VIEW will initiate a horizontal 
retrace cycle on the leading edge of the second DCLK 
pulse following AS going low. This will lock the VIEW's 
horizontal frequency to that of the external signal. If 
the external vertical sync is enabled and an external 
signal drives the VS input low, the VIEW will initiate a 
vertical retrace cycle on the leading edge of the next 
AS pulse. This will lock the VIEW's vertical frequency 
to that of the external signal. When external sync is 
enabled, the vertical and horizontal periods must be 
programmed to be the same as the master sync 
generator. Note that it is possible for the first frame to 
be out of sync in interlace mode. 

INTERLACED 1 _ 
vs--------33;s2c~AN~L~IN~E~S~BE~FO~R~E~vEsl~1 ~mv~~IDTI~~~13Ds@CA~N~L~IN~ES~A~F~TE~R~VS~-----I • PROG VSVNC WIDTH -, I 

~~8 {cv: 
INTERLACED _ 

VS--------------------t-__________ r-----------------

FIGURE 14-TYPICAL SYNC WAVEFORMS FOR INTERLACED AND NON-INTERLACED MODES 
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OPERATIONAL DESCRIPTION 
REGISTER ACCESSIBILITY 
Figures 16 and 17 illustrate the bit layout of all addressable 
registers within the VIEW. Access to these registers takes 
place over the System Address/Data Bus (AD15-0). Specific 
registers are selected for reading and writing by means of 
a Register Pointer Latch. Data transfers to and from the 
registers takes place over the 8 LSB's of the address/data D7 

NOTE: A minimum delay of 4 full SCLK 
periods is required between a Stop, Start, or 
Reset command or a hardware Reset and 
writing to the VIEW registers. The clock 
periods are counted starting with the first 
rising edge of SCLK following the rising edge 
ofCS. 

bus (AD7-ADO, see Table 1). Control over the access to both RO 
the register§. andJbe Re~r Pointer Latch is accomplished 

I 

HOR CYI 

D6 I D5 I D4 I D3 I D2 I D1 I DO 
HORIZONTAL CYCLE MSB'S 

via the A/D, R/W and CS inputs (see Table 2). These R1 
registers should not be accessed during a DMA cycle 

LSB 

INTER I 

HORIZONTAL SYNC WIDTH 

(DMAR and ACK both active). R2 MODE HORIZONTAL DELAY 

AID R/W FUNCTION 
0 0 Write to register in register file 
0 1 Read register in register file 
1 0 Write to Register Pointer Latch 
1 1 . Read from Register Pointer Latch 

TABLE 2-ACCESS TO VIEW REGISTERS 
The Register Pointer Latch is 8 bits wide (Fig. 15). The five 
LSB's are used to select the desired register. The three 
MSB's are used to initiate Start, Stop and Reset commands 
via software. The allowable combinations of bit settings for 
the Register Pointer Latch are shown in Fig 15. 

D7 D6 D5 D4 D3 D2 D1 DO 

RESET STOP START REGISTER NUMBER FUNCTION 
1 0 0 X X X X X RESET 
0 1 0 X X X X X STOP 
0 0 1 X X X X X START 
0 0 0 ~N~ ACCESS 

REGISTER 
N 

X-Don't care N-Register address 
FIGURE 15-REGISTER POINTER LATCH 

Executing one of the three commands requires the exclusive 
setting of one of the three MSB's. When accessing a register 
all three MSB's must be reset. Execution of the commands 
causes the following actions to take place: 

RESET: Writing this command will cause the VIEW to 
respond exactly as though the Reset pin was 
strobed. All raster counters will be reset and the 
sigllals listed below will be left in the states 
indicated: 

VS -Input 
HS -Input 
VLT -Inactive Low 
CSYN -Inactive High 
CURS -Inactive Low 
RFRSH -Inaotive Low 
AD15-0 -Inputs 
DMAR -Inactive Low 
INT -Inactive Low 
CBLANK -Active High 

STOP: Writing this command will cause the VIEW to 
pisable its DMA circuitry and drive its CBLANK 
signal active high. The VIEW will not initiate a 
DMA request again or drive the System Address/ 
Data bus until it receives a new Start command. 
Horizontal and vertical sync generation will not 
be affected. 

START: Writing this command will cause the VIEW to 
initiate its internal operations by starting its raster 
counters and filling its break buffers. The VIEW 
always generates even field raster addresses 
following a Reset command. 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

R10 

R11 

R12 

R13 

R14 

R15 

R16 

R17 

RR17 

RR18 

RR13 

RR14 

RR15 

HORIZONTAL VISIBLE 

VERTICAL CYCLE LSB'S I SCAN I EXT SYNC 
MODE ENABLE 

VERTICAL CYCLE MSB'S 

VERTICAL SYNC WIDTH 

VERTICAL DELAY 

VERTICAL VISIBLE LSB'S 

VERTICAL VISIBLE MSB'S IMEMORY REFRESH COUNT 

BLANK SKEW I START DELAY 

IV CURl CURS SKEW DUR HORIZ CURSOR DURATION 
MSB 

VERTICAL CURSOR DURATION LSB'S 

HORIZONTAL CURSOR POSITION 

VERT CURSOR POS MSB'S I 

VERTICAL CURSOR POSITION LSB'S 

WINDOW LIST START ADDRESS I 0 I 0 I 0 
INTERRUPT ENABLE I ATIRSEL 

FIGURE 16"':'-VIEW REGISTERS (WRITE) 

D7 I D6 I D5 I D4 I D3 I D2 I D1 I DO 
INTERRUPT STATUS 1 

INTERRUPT STATUS 2 

HORIZONTAL CURSOR POSITION 

VERT CURSOR POS MSB'S I 

VERTICAL CURSOR POSITION LSB'S 

FIGURE 17-VIEW REGISTERS (READ) 

REGISTER DESCRIPTIONS 
HORIZONTAL TIMING-

HORIZONTAL CYCLE (9 Bits-RO[7,O), R1 [7])-Write 
only. 

Defines the horizontal period length (visible and 
blanking time). This field should be programmed with 
the total number of DCLK periods in the entire 
horizontal period minus four times the number of 
DCLK periods specified for the Horizontal Sync Width 
(see Figure 18). 

HORIZONTAL SYNC WIDTH (7 Bits-R1 [6,O])-Write 
only. 

Defines the duration of the Horizontal Sync signal 
(HS). This field should be programmed with the 
number of DCLK periods that compose the horizontal 
synchronization pulse (see Figure 18). The minimum 
value is 3. 

HORIZONTAL DELAY (7 Bits-R2[6,O])-Write only. 
Defines the delay between the start of the Horizontal 
Sync signal and the start of the next visible scan line. 
This field should be programmed with N - 3 where N 
is the number of DCLK periods between the beginning 
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of the HS signal and the leading edge of the VLT signal. 
If this register is programmed with a value that is 
greater then the horizontal blank interval, the 
horizontal sync pulse will begin before the horizontal 
blank interval yielding a negative "front porch" (see 
Figure 18). The minimum value is 1. 

HORIZONTAL VISIBLE (8 Bits-R3[7,O])-Write only. 
Defines the length of the visible portion of the total 
horizontal period. This field should be programmed 
with N - 1 where N is the number of DCLK periods that 
the display is not blanked during the horizontal period 
(see Figure 18). 

NOTE: VIEW requires that the display must be 
blanked a minimum of 11 DCLK periods 
(interlaced display) or 7 DCLK periods 
(non interlaced display) in a Horizontal 
Cycle. 

VERTICAL TIMING-
VERTICAL CYCLE (13 Bits-R5[7,O], R4[7,3])-Write 
only. 

Defines the vertical period length (visible and blanking 

time). This field should be programmed with Siess than 
the total number of scan lines in the total vertical period 
(see Figure 19). 

VERTICAL SYNC WIDTH (8 Bits-RS[7,O])-Write only. 
Defines the duration of the Vertical Sync signal (VS). 
This field should be programmed with the number of 
horizontal periods (scan lines) that compose the 
vertical synchronization pulse (see Figure 19). 

VERTICAL DELAY (8 Bits-R7[7,O])-Write only. 
Defines the delay between the beginning of the Vertical 
Sync signal and the end of the vertical blanking 
interval. This field should be programmed with N - 2 
where N is the number of horizontal periods (scan 
lines) between the beginning of VS and the falling edge 
of vertical blanking (see Figure 19). 

VERTICAL VISIBLE (12 Bits-R9[7,4], R8[7,O])-Write 
only. 

Defines the length of the visible portion of the total 
vertical period. This field should be programmed with 
N -1 where N is the number of horizontal periods 
(scan lines) that the display is not blanked during the 
vertical period (see Figure 19). 

1 SCAN LINE ~ 
I ..... f------- HORIZONTAL CYCLE 

1 .... 0(1----- HORIZONTAL VISIBLE --,----.. I~I..., .. --~C---+I HORIZONTAL 
BLANKING 1 

I I ACTIVE DISPLAY TIME 
VLT -------I 

HORIZONTAL~ I 
DELAY I ·1 

I I 
I· ·1 

HORIZONTAL SYNC WIDTH 

NOTE: 1. This value is not programmed, however it can be calculated from the other programmed parameters. 

FIGURE 18-VIEW HORIZONTAL TIMING 

1 COMPLETE FRAME 

i:t-------- VERTICAL CYCLE -I 
1-+---- VERTICAL VISIBLE ----+-... f.ol·f------.::~-_I VERTICAL 

VERT BLANKl ----"--"I BLANKING2 

I I 
VERTICAL~I I 

DELAY ~ , 

VS1~ ____ ~----------------------~1 ____ ~~I ----
I.. , I 

VERTICAL SYNC WIDTH 

NOTE: 1. This signal not available externally. 
2. This value is not programmed, however it can be calculated from the other programmed parameters. 

FIGURE 19-VIEW VERTICAL TIMING 

447 

I 



VLT 
, I I 

I I 
I I I 
I I I 
I I I 
I I I 

I BLANK I VISIBLE I BLANK 
HORIZ BLANK' 

FIGURE 20a-HORIZONTAL TIMING: SKEW = 0 

VLT I I I I 
L~SKEW PROGRAMMED 
I I 

I BLANK I VISIBLE I BLANK L HORIZ BLANK' 
NOTE: 1. This signal not available externally. 

FIGURE 20b-HORIZONTAL TIMING: SKEW -:f:. 0 

CURSOR CONTROL;-
HORIZONTAL CURSOR DURATION (5 Bits
R11 [4,O])-Write only. 

Defines the active time per scan line of the Cursor 
(CURS) output pulse. This field should be 
programmed with the number of DCLK periods that 
the output is active high. The specific scan lines on 
which the CURS signal will be activated is determined 
by the contents of the Vertical Cursor Duration and 
Position fields. This parameter defines the width of the 
cursor rectangle on the screen. 

VERTICAL CURSOR DURATION (9 Bits-R11 [5], 
R12[7,O])-Write only. 

Defines the active time per vertical period of the Cursor 
(CURS) output pulse. This field should be 
programmed with the number of scan lines that the 
output is active high. This parameter determines the 
height of the cursor rectangle on the screen. 

HORIZONTAL CURSOR POSITION (8 Bits-R13[7,0], 
RR13[7,O])-Read/Write. 

Defines the absolute horizontal coordinate relative to 
the visible portion of the screen when the Cursor 
(CURS) output will go active high. This field should be 
programmed with the X coordinate of the upper left 
corner of tl:le cursor rectangle. 

VERTICAL CURSOR POSITION (12 Bits-R14[7,4], 
R15[7,0], RR14[7,4], RR15[7,O])-Read/Write. 

Defines the absolute vertical coordinate relative to the 
visible portion of the screen when the Cursor (CURS) 
output will go active high. This field should be 
programmed with the Y coordinate of the upper left 
corner of the cursor rectangle. 

CURSOR SKEW (2 Bits-R11 [7,6])-Write Only. 
These bits define the number of DCLK periods that 
the CURS output signal is delayed (skewed) from the 
Display Memory Address corresponding to the cursor 
position. If zero skew is specified, the CURS output 
will be active when the VIEW generates the addresses 
in direct relation to the cursor position. The maximum 
cursor skew is three. 
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MISCELLANEOUS CONTROL-
BLANKING SKEW (2 Bits-R10[7,6])-Write only. 

These bits define the number of DCLK periods that 
the horizontal blank component of the CBLANK signal 
is delayed (skewed) from the VLT Signal as shown in 
Figure 20b. If, as shown in Figure 20a, zero skew is 
specified, the edges of the horizontal component of 
CBLANK will coincide with the edges of VLT. The 
maximum blanking skew is three. 

WINDOW LIST START ADDRESS (5 Bits-R16[7,3])
Write only. 

Defines the 5 MSB's of the memory address generated 
by the VIEW to access the Window List in system 
memory. This base address allows the VIEW to 
maintain up to 32 Window Lists in memory at the same 
time. 

SCAN MODE (1 Bit-R4[2])-Write only. 
Defines which scan mode will be used by the VIEW 
for generation of timing signals and Display Memory 
Addresses. If this bit is reset then non-interlaced mode 
(even and odd scan lines displayed sequentially in one 
field) will be used and if set then the interlaced mode 
(see Interlace Mode register) will be used. 

INTERLACE MODE (1 Bit-R2[7])-Write only. 
Defines which interlace mode will be used when the 
Scan Mode bit is set (R4[2] = 1). If this bit is reset 
(R2[7] = 0) then the normal interlaced mode is enabled 
which will cause the odd scan lines to be displayed in 
odd fields and even scan lines to be displayed in even 
fields. If this bit is set (R2[7] = 1) then the enhanced 
interlace mode is enabled which will cause the even 
and odd scan lines to be repeated on successive scan 
lines for both even and odd fields. 

EXTERNAL SYNC ENABLE (2 Bits-R4[1,0])-Write 
only. 

Defines whether sync outputs are generated internally 
or triggered by external signals. R4[1] defines the 
source of the Vertical Sync signal (R4[1] = ° - internal, 
R4[1] = 1 - external). R4[0] defines the source of the 
Horizontal Sync signal (R4[0] = ° - internal, R4[0] = 1 
- external). 



MEMORY REFRESH COUNT (4 Bits-R9[3,0])-Write 
only. 

Defines how many sequential Display Memory 
addresses will be generated by VIEW for transparent 
refresh of dynamic RAM's during the horizontal retrace 
interval (when the VLT output is inactive low). Bit 3 is 
the MSB and bit ° is the LSB. Setting these bits to zero 
will disable the refresh counter. These bits are reset 
by a hardware Reset or software Reset command. 

START DELAY (6 Bits-R10[5,0])-Write only. 
Defines the number of scan lines the VIEW will wait 
after accessing the Window List in system memory for 
the last break. The VIEW will not access the Window 
List again until this count expires at which time the 
VIEW will begin processing data again for the first 
break of the next frame refresh. Bit 5 is the MSB and 
bit ° is the LSB. See section on Break Processing 
under Functional Description. 

ATTRIBUTE SELECT (2 Bits-R17[1,0])-Write only. 
Defines the functionality of the VIEW's ATTR7-4 
general purpose Attribute output pins. The 
programming of these bits will determine whether 
these outputs function as attribute information or as 
extension bits to the Display Memory Address bus. 
See Table 3 for programming of these bits and the 
Functional Description section for an explanation of 
functions associated with these outputs. 

VIEW ATTRIBUTE SELECT ATTRIBUTE SELECT 
OUTPUT R17[O) = 1 R17[O] = 0 

ATTR7 X ADDR EXT MSB GP ATTRIBUTE 
ATTR6 X ADDR EXT LSB GP ATTRIBUTE 

R17(1) = 1 R17[1] = 0 

ATTR5 Y ADDR EXT MSB GP ATTRIBUTE 
ATTR4 Y ADDR EXT LSB GP ATTRIBUTE 

ATTRIBUTE SELECT PROGRAMMING 
TABLE 3 

INTERRUPT ENABLE (7 Bits-R17[7,5,4,3,2])-Write 
only .. 

These bits, when set, enable the VIEW to generate 
an interrupt when the appropriate conditions exist. 
These bits are reset to zero by a hardware Reset or a 
software Reset command. The following defines the 
specific conditions associated with each of the bits in 
this register. 

Bit 7 (Interrupt Enable) 
This bit, when set, will allow the VIEW to drive its 
INT pin high whenever the Interrupt Pending bit in 
the Interrupt Status 2 register goes high. When 
reset, the VIEW cannot drive the INT pin high. This 
bit is a global interrupt enable and has higher priority 
than the other enable bits in this register. 
Bit 5 (Cursor Window Interrupt Enable) 
This bit, when set, will allow the VIEW to set the 
Interrupt Pending bit after the last break has been 
processed whenever the cursor position (upper left 
corner of the cursor area) is moved into another 
window. When reset, this condition will be ignored. 
Bit 4 (Y Break Interrupt Enable) 
This bit, when set, will allow the VIEW to set the 
Interrupt Pending bit whenever a Y break with the 
Interrupt Tag bit set is encountered when 
generating Display Memory Addresses. The same 
interrupt will be generated for both even and odd 
fields. When reset, this condition will be ignored. 
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Bit 3 (Last Break Processed Interrupt Enable) 
This bit, when set, will allow the VIEW to set the 
Interrupt Pending bit whenever the VIEW retrieves 
a Y break with a terminator window number followed 
by an X break with a terminator window number. 
When reset, this condition will be ignored. 
Bit 2 (Vertical Retrace Interrupt Enable) 
This bit, when set, will allow the VIEW to set the 
Interrupt Pending bit at the start of vertical blanking 
time. When reset, this condition will be ignored. 

INTERRUPT STATUS 1 (5 Bits-RR17[6, 5, 4, 3, 2])
Read only. 

These bits act as flags to indicate which condition/s 
are causing an interrupt. With the exception of bit 6 
(Odd/Even status), these bits are reset by reading the 
Interrupt Status 1 register, a hardware Reset, or a 
software Reset command. They can only be driven 
active when they are enabled in the Interrupt Enable 
register. This register should not be read unless the 
Interrupt Pending bit in the Interrupt Status 2 register 
is high or the VIEW has driven its INT output active. 

Bit 6 (Odd/Even) 
This bit is set when the next field to be displayed is 
the odd field and is reset when the next field to be 
displayed is the even field. This status bit becomes 
valid shortly before the Vertical Retrace Interrupt 
occurs and remains valid for the vertical period. 
Bit 5 (Cursor Window Interrupt) 
This bit is set whenever the cursor position (upper 
left corner of the cursor area) is moved into a new 
window. 
Bit 4 (Y Break Interrupt) 
This bit is set during the retrace period preceeding 
the display of a window that has its Interrupt Tag bit 
set. 
Bit 3 (Last Break Processed Interrupt) 
This bit is set whenever the VIEW retrieves a Y 
break with a terminator window number followed 
by an X break with a terminator window number. 
The purpose of this condition is to indicate that the 
VIEW will not access system memory again until 
the Start Delay count has expired. This can be used 
to give the system processor an opportunity to 
access the window list in memory. See section on 
Break Processing under Functional Description. 
Bit 2 (Vertical Retrace Interrupt) 
This bit is set when the vertical retrace interval 
begins. 

INTERRUPT STATUS 2 (8 Bits-RR18[7,0])-Read only. 
Bit 7 (Interrupt Pending) 
This bit is set when any of the enabled interrupt 
causing conditions has occurred. This bit is reset 
by reading the Interrupt Status 1 register, a 
hardware Reset, or a software Reset command. 
Bit 6-0 (Cursor Window Number) 
These bits represent the window number that the 
VIEW cursor is currently resident in. This is 
determined with respect to the location of the upper 
left corner of the cursor block as specified in the 
Horizontal and Vertical Cursor Position registers. 
Bit 6 is the MSB and bit ° is the LSB. If the cursor 
is resident in more than one window, the window 
number with the highest priority is reported here. 
The data in this register is valid from the time the 
Last Break Processed Interrupt occurs until the 
Start Delay count expires. 
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1--------T1--------' 
1------T2----~ 

T16 

SCLK -----"1 

AEN _____ +---'1 

T7 

AD15-0 DATA IN 

BUS DIR: 

T12 T12 

DMAR _______ ..J 

T14 -------.-1 

FIGURE 21-SYSTEM BUS MASTER TIMING 

MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ............................................................. O°C to + 70°C 
Storage Temperature Range ............... " ................................... , ..... " -55°C to + 150°C 
Lead Temperature (Soldering, 10 sec) ............................................................ + 300°C 
Positive voltage on any pin (WRT ground) ....................................................... Vcc + 0.3V 
Negative voltage on any pin (WRT ground) .......................................................... -0.3V 
Maximum Vcc .................................................................................. + 7.0V 

*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. If this possibility exists it is suggested that a clamp circuit be used. 
DC ELECTRICAL CHARACTERISTICS TA = O°C to + 70°C Vee = 50V + 5% -
SYMBOL PARAMETER MIN TYP MAX UNITS COMMENTS 

Input voltage: 
VIL Low 0.8 V All inputs except DCLK, SCLK, and CS 
VIH High 2.0 V 
VIL Low 1.0 V DCLK, SCLK, CS with Vee = 5.0V 
VIH High 4.0 V See NOTE 1. 

Output voltage: 
VOL Low 0.4 V IOL = 1.6 rnA 
VOH High 2.4 V IOH = -40 fLA 

Input leakage current: 
IlL 10 fLA 
I'H 10 fLA 

Input/Output capacitance: 
CIN 25 pF All inputs 
COUT 50 pF All outputs 

Power supply current: 
lee 30 rnA 

NOTES: 1. The VIH MIN and VIL MAXof SCLK, CS, and DCLK are 80% and 20% of Vee respectively. 
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AC ELECTRICAL CHARACTERISTICS TA = O°C to + 70°C Vee = 50V + 5% , -
SYMBOL PARAMETER MIN TYP MAX UNITS 

System Bus: 
T1 SCLK period 200 10,000 ns 
T2 SCLK high 70 5,000 ns 
T3 SCLKlow 70 5,000 ns 
T16 SCLK rise time 10 ns 
T17 SCLK fall time 10 ns 
T4 SCLK to AEN delay 0 ns 
T5 AEN pulse width 50 ns 
T6 AEN active to address 50 ns 

valid delay 
T7 AEN high to AD bus 0 ns 

drive delay 
T8 AEN low to AD bus float delay 50 ns 
T9 Data valid to SCLK 35 ns 

setup time 
T10 Data hold time from 0 ns 

SCLK high 
T12 SCLKtoDMAR 65 ns 

delay 
T13 SCLK rising edge 50 ns 

to address valid 
delay 

T14 ACK to SCLK setup 35 ns 
T19 Address hold from 0 ns 

AEN low 
T18 RESET pulse width 200 ns 
T60 CS read pulse width 125 ns 
T61 CS write pulse width 75 ns 
T62 CS active to data valid delay 75 ns 
T63 CS active to AD bus drive 0 ns 

--..gelay 
T64 CS inactive to AD bus float 75 ns 

delay 
T65 Write data setup time 40 ns 

to CS inactive 
T66 Write data hold time from 0 ns 

CS inactive 
T67 R/W and NO to CS active 30 ns 

T6~ 
~tuptim~ 

R/W and ND to CS active 0 ns 
hold time 

T69 CS rise time 10 ns 
T70 CS fall time 10 ns 
T71 CS inactive between 200 ns 

processor access 
T72 Data hold time from 0 ns 

CS inactive 

Display Bus: 
T30 DCLKperiod 100 5,000 ns 
T31 DCLK high 40 2,500 ns 
T32 DCLKlow 40 2,500 ns 
T43 DCLK rise time 10 ns 
T44 DCLK fall time 10 ns 
T33 DCLK high to signal' 75 ns 

valid delay 
T34 Signal' hold time to DCLK 0 ns 

rising edge 
T45 Ext ']SIRS active to DCLK 35 ns 

rising edge setulUime 
T46 DCLK high to Ext VS/HS 0 ns 

inactive hold time 

NOTE: 1. Signal refers to following-ATTR7-0, CURS, HDA7-0, VDA11-0, CBLANK, CYSN, RFRSH, 
BRKCHG, VLT, INT, VS and AS (VS and RS only when programmed as outputs). 
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AD7-0 

M5 

R/W 

DCLK 

SIGNAL' 

VS,HS 
(Input me de) 

C T18_t 
FIGURE 22-SYSTEM BUS PERIPHERAL TIMING 

.- T30 • 
~T31"""'" ~T32---+ 

T43~ f+- --+ ....-.T44 

V \ I V 
T33 T33 
~ ------~ 

t/ \ 

I+-~ T34 .~ 

\ T45 II 
1/ \ ~ 4---T45~ 

1i"46 146 
NOTE: 1 SIGNALabovereferstoATTR7-~CURS, HDA7-0, VDA11-0, CBLANK, CSYN, RFRSH, BRKCHG, 

VLT, INT, VS and Fffi (VS and H::; only when programmed as outputs). 

FIGURE 23-DISPLAY BUS TIMING 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 

•
••••• applications: 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 
I "'"Ie.:"'t-NV ''' .. assumed for inaccuracies. Furlhermore, such information does not convey to the purchaser of the 

. ,. 10·"''''' 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 ana supply the best product possible. 
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CROSYSTEMS 
~ 

FDC765A/765A-2 
FDC 7265/7265-2 

Single/Double Density Floppy Disk Controller 
FEATURES PIN CONFIGURATION 
o IBM Compatible in both Single 

RST 1 
and Double Density Recording 
Formats (FDC765A) 

o Sony (EMCA) Compatible 
Recording Format (FDC7265) 

(f)rE 

~:dn3 ufcnC§ ufcn~ ~ w 
a::S:LLc..c..:S:::>::>(f):::E:S: 

40 Vee 
AD 2 39 RWISEEK 
WR 3 38 lCT/DIR 

o Programmable Data Record 
Lengths: 128, 256, 512, or 1024 
Bytes/Sector 

tJ Multi-Sector and Multi.:rrack 
Transfer Capability 

o Drive up to 4 Floppy Disks 
o Data Scan Capability-will scan a 

Single Sector or an entire cylinder's 
worth of data fields, comparing on a 
Byte by Byte Basis, data in the 
Processor's Memory with data read 
from the Diskette 

HDl 
FRISTP 
lCT/DIR 

!=iW/SEEK 
Vee 
Vee 

RESET 
AD 21 

Wf1" 
cs 19 

Ao 

CS 4 37 FRISTP 
Ao 5 36 HDl 

~6~C DBo 6 35 RDY 
34 WP/TS RDW DB, 7 

DB2 8 33, FlT/TRo 

~~~ DB3 9 32 PSo 
GND DB, 10 31 PS, 
GND DBs 11 30 WDA 
NC DB6 12 29 USo 
ClK DB713 28 US, 
INT DRQ 14 27 HD 

IDX OACK 15 26 MFM 
TC 16 25 WE 

IDX 17 24 vco o Data Transfers in DMA or Non
DMA Mode 

o Parallel Seek Operations on up to 
four drives 

al'afc5'aS'aiaJ'aJala?IB ~ aaaaaaaaaC§ 
INT 18 23 ROD 

ClK 19 22 RDW 
GND 20 WCK 21 

[] Compatible with Most 
Microprocessors 

PI\,C:KAGE: 44 pin PlCC 
PACKAGE: 40-pin DIP 

o Single Phase 8 MHz Clock o COMPLAMOS® n-Channel o Available in 40-Pin Dual-in-Line 
o Single +5 Volt Power Supply Silicon Gate Technology Package 

GENERAL DESCRIPTION 
The FDC'165A is an LSI floppy disk controller (FDC) chip, 
which contains the circuitry and control functions for inter
facing a processor to 4 floppy disk drives. It is capable of 
either IBM 3740 single density format (FM), or IBM System 
34 double density format (MFM) including double-sided 
recording. The FDC765A provides control signals which 
simplify the design of an external phase-locked loop and 
write precompensation circuitry. The FDC simplifies and 
handles most of the burdens associated with implementing 
a floppy disk interface. 

The FDC7265 is an addition to the FDC family that has been 
designed specifically for the Sony Micro Floppydisk® drive. 
The FDC7265 is pin-compatible and electrically equivalent 
to the 765A but utilizes the Sony recording format. The 
FDC7265 can read a diskette that has been formatted by 
the FDC765A. 

Each of these devices is also available in a -2 version. The 
-2 versions represent a reduction from 4-micron to 3-micron 
design rule. Functionally is the same. Minor differences 
between the two versions are detailed in the AC Character
istics table. The -2 versions are only available in the plastic 
package at this time. 

Hand-shaking signals are provided in the FDC765AI 
FDC7265 which make DMA operation easy to incorporate 
with the aid of an external DMA controller chip. The FDC 
will operate in either the DMA or non-DMA mode. In the non
DMA mode the FDC generates interrupts to the processor 

every time a data byte to be transferred. In the DMA mode, 
the processor need only load the command into the FDC 
and all data transfers occur under control of the FDC and 
DMA controllers. 

There are 15 commands which the FDC765A1FDC7265 will 
execute. Each of these commands requires multiple 8-bit 
bytes to fully specify the operation which the processor 
wishes the FDC to perform. The following commands are 
available: 
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Read Data 
ReadlD 
Specify 
Read Track 
Scan Equal 
Scan High or Equal 
Scan Low or Equal 

Read Deleted Data 
Write Data 
Format Track 
Write Deleted Data 
Seek 
Recalibrate 
Sense Interrupt Status 
Sense Drive Status 

Address mark detection circuitry is internal to the FDC 
which simplifies the phase-locked loop and read electron
ics. The track stepping rate, head load time, and head 
unload time are user-programmable. The FDC765AI 
FDC7265 offers additional features such as multi-track and 
multi-side read and write commands and single and double 
density capabilities. 
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AO 

Vee 

080-7 

M'EM'R 
i5R 
iirnim 
iOw' 
CS 
HRQ 

HLOA 

ORQ 
OMA 

CONTROLLER DACK 

TC 
TERMINAL 

COUNT 

BLOCK DIAGRAM 

AO 

080-7 

AD 
WR 
CS 
INT 

RESET READ 

SYSTEM CONFIGURATION 
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READY 

WRITE PROTECT/TWO SIDE 

INDEX 
FAULT/TRACK a 

UNIT SELECT 0 
UNIT SELECT 1 

HEAD SELECT 

LOW CURAENTIOIAECTION 
FAULT RESETfSTEP 



DESCRIPTION OF PIN FUNCTIONS 

PIN INPUT/ CONNECTION 
NO. SYMBOL NAME OUTPUT TO FUNCTION 

1 RST Reset Input Processor Places FDC in idle state.-Resets 
output lines to FDD to "0" (low). 
Does not effect SRT, HUT or HLT 
in Specify command. If RDY pin is 
held high during Reset, FDC will 
generate interrupt 1.024 ms later. 
To clear this interrupt use Sense 
Interrupt Status command. 

2 RD Read InputCD Processor Control signal for transfer of data 
from FDC to Data Bus, when 
"0" (low). 

3 WR Write InputCD Processor Control signal for transfer of data to 
FDC via Data Bus, when "0" (low). 

4 CS Chip Select Input Processor IC selected when~' (low), 
allowing RD and WR to be 
enabled. 

5 Aa Data/Status Reg InputCD Processor Selects Data Reg (Aa = 1) or 
Select Status Reg (Aa = 0) contents of 

the FDC to be sent to Data Bus. 
6-13 DBa-DB? Data Bus InputCD Processor Bi-Directional 8-Bit Data Bus. 

Output 
14 DRO DataDMA Output DMA DMA Request is being made by 

Request FDC when DRW = "1'. 
1&:' DACK DMA Input DMA DMA cycle is active when "0" (low) ~I 

Acknowledge and Controller is performing DMA 
transfer. 

16 TC Terminal Count Input DMA Indicates the termination of a DMA 
transfer when "1" (high). It 
terminates data transfer during 
Read/Write/Scan command in 
DMA or interrupt mode. 

17 IDX Index Input FDD Indicates the beginning of a disk 
track. I 

18 INT Interrupt Output Processor Interrupt Request Generated by 
FDC. 

19 CLK Clock Input Single Phase 8 MHz Squarewave 
Clock. 

20 GND Ground D.C. Power Return. 
21 WCK Write Clock Input Write data rate to FDD. FM = 500 

kHz, MFM = 1 MHz, with a pulse 
width of 250 ns for both FM and 
MFM. 

22 RDW Read Data Input Phase Lock Loop Generated by PLL, and used to 
Window sample data from FDD. 

23 RDD Read Data Input FDD Read data from FDD, containing 
clock and data bits. 

24 VCO VCO Sync Output Phase Lock Loop Inhibits VCO in PLL when "0" 
(low), enables VCOwhen "1." 

25 WE Write Enable Output FDD Enables write data into FDD. 
26 MFM MFM Mode Output Phase Lock Loop MFM mode when "1," FM mode 

when "0." 
27 HD Head Select Output FDD Head 1 selected when "1" (high). 

r--- Head 2 selected when "0" (low). 

28,29 US" USa Unit Select Output FDD FDD Unit Selected. 

30 WDA Write Data Output FDD Serial clock and data bits to FDD. 

31,32 PS" PSa Precompensation Output FDD Write precompensation status 
(pre-shift) during MFM mode. Determines 

early, late, and normal times. 

33 FLTITRa FaultlTrack 0 Input FDD Senses FDD fault condition, in 
Read/Write mode; and Track 0 
condition in Seek mode. 

34 WP/TS Write Protect/ Input FDD Senses Write Protect status in 
Two-Side Read/Write mode; and Two Side 

Media in Seek mode. --
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DESCRIPTION OF PIN FUNCTIONS 
PIN INPUT/ CONNECTION 

NO. SYMBOL =r NAME OUTPUT TO FUNCTION 

35 RDY Ready Input 

36 HDL Head Load Output 

37 FR/STP Fit Reset/Step Output 

38 LCT/DIR Low Current! Output 
Direction 

39 RW/SEEK Read Write/SEEK Output 

40 Vee +5V 

Note: CD Disabled when CS = 1. 

DESCRIPTION OF INTERNAL REGISTERS 

The FDC765A/7265 contains two registers which may be 
accessed by the main system processor; a Status Register 
and a Data Register. The 8-bit Main Status Register con
tains the status information of the FDC, and may be 
accessed at any time. The 8-bit Data Register (actually 
consists of several registers in a stack with only one register 
presented to the data bus at a time), which stores data, 
commands, parameters, and FDD status information. Data 
bytes are read out of, or written into, the Data Register in 
order to program or obtain the results after a particular com
mand. The Status Register may only be read and used to 

The bits in the Main Status Register are defined as follows: 

BIT NUMBER NAME SYMBOL 
DBo FDD 0 Busy DoB 

DB, FDD 1 Busy D,B 

DB2 FDD 2 Busy D2B 

DB3 FDD3 Busy D3B 

DB. FDC Busy CB 

DBs Execution Mode EXM 

DBa Data Input/Output DIO 

DB? Request for Master ROM 

FDD Indicates FDD is ready to send or 
receive data. 

FDD Command which causes read/ 
write head in FDD to contact 
diskette. 

FDD Resets fault F.F. in FDD in Read/ 
Write mode, contains stop pulses 
to move head to.another cylinder in 
Seek mode. 

FDD Lowers Write current on inner 
tracks.?: 42 in Read/Write mode, 
determines direction head will stop 
in Seek mode. A fault reset pulse is 
issued at the beginning of each 
Read or Write command prior to 
the occurrence of the Head Load 
signal. 

FDD When "1" (high) Seek mode 
selected and when "0" (low) Read/ 
Write mode selected. 
DC Power. 

facilitate the transfer of data between the processor and 
FDC. 
The relation§.bjQ between the Status/Data registers and the 
signals RD, WR, and Ao is shown below. 

Ao RD WR FUNCTION 
0 0 1 Read Main Status Register 
0 1 0 Illegal 
0 0 0 Illegal 
1 0 0 Illegal 
1 0 1 Read from Data Register 
1 1 0 Write into Data Register 

DESCRIPTION 
FDD number 0 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 
FDD number 1 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 
FDD number 2 is in the Seek mode. If any of the bit~ is set 
FDC will not accept read or write command. 
FDD number 3 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 
A read or write command is in process. FDC will not accept 
any other command. 
This bit is set only during execution phase in non-DMA mode. 
When DBs goes low, execution phase has ended, and result 
phase was started. It operates only during NON-DMA mode 
of operation. 
Indicates direction of data transfer between FDC and Data 
Register. If DIO = "1" then transfer is from Data Register to 
the Processor. If DIO = "0", then transfer is from the 
Processor to Data Register. 
Indicates Data Register is ready to send or receive data to or 
from the Processor. Both bits DIO and ROM should be used 
to perform the hand-shaking functions of "ready" and 
"direction" to the processor. 

The DIO and ROM bits in the Status .ffimister indicate when Data is ready and in which direction data will be transferred on the Data 
Bus. The max time between the last RD or WR during command or result phase and DIO and ROM getting set or reset is 12 fLuor 
this reason every time Main Status Register is read the CPU should wait 12 fLS. The max time from the trailing edge of the last RD in 
the result phase to when DB. (FDC Busy) goes low is 12 fLs. 
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Data In/Out 
(010) Out Processor and Into FOC 

COMMAND SEQUENCE 
Out FDC and Into Processor 

L-
Ready i : 

ReQuest tor Master II ... rI In n i n 
~~ \ ~ H j H ~ I 

The FDC is capable of performing 15 different commands. 
Each command is initiated by a multi-byte transfer from the 
processor, and the result after execution of the command 
may also be a multi-byte transfer back to the processor. 
Because of this multi-byte interchange of information 
between the FOC and the processor, it is convenient to con
sider each command as consisting of three phases: 

\ I ead~ I i ,: I I I ! 

~-+-,~~: 
1m i Y i L...I I i I I I 1/ I 
~I 

I I I I I I I I I I I 
I A I a 1 A 1 af A I c I 0 I C \:o,\al A I 

Notes: [EJ -Data register ready to be written Into by processor 

CID -Data register not ready to be written Into by processor 

@] -Data register ready tor next data byte to be read by the processor 

@] -Data register not ready tor next data byte to be read by processor 

Command Phase: The FOC receives all information 
required to perform a particular 
operation from the processor. 

Execution Phase: The FOC performs the operation 
it was instructed to do. 

Result Phase: After completion of the operation, 
status and other housekeeping 
information are made available to 
the processor. 

COMMAND SYMBOL DESCRIPTION 
SYMBOL NAME DESCRIPTION 

Ao Address Line 0 Ao controls selection of Main Status Register (Ao = 0) or Data Register 
(Ao = 1). 

C Cylinder Number C stands for the current/selected Cylinder (track) number 0 through 76 of 
the medium. 

D Data D stands for the data pattern which is going to be written into a Sector. 

D7-Do Data Bus 8-bit Data Bus, where D7 stands for a most significant bit, and Do stands for a 
least significant bit. 

DTL Data Length When N is defined as 00, DTL stands for the data length which users are 
going to read out or write into the Sector. 

EaT End of Track EaT stands for the final Sector number on a Cylinder. During Read or Write 
operation FDC will stop data transfer after a sector # equal to EaT. 

GPL Gap Length GPL stands for the length of Gap 3. During ReadlWrite commands this value 
determines the number of bytes that vcas will sta~low after two CRC bytes. 
During Format command it determines the size of ap 3. 

H Head Address H stands for head number 0 or 1, as specified in 10 field. 
HD Head HD stands for a selected head number 0 or 1 and controls the polarity of pin 

27. (H = HD in all command words.) 
HLT Head Load Time HLT stands for the head load time in the FDD (2 to 254 ms in 2 ms 

increments) . 
HUT Head Unload Time HUT stands for the head unload time after a read or write operation has 

occurred (16 to 240 ms in 16 ms increments). 
MF FM or MFM Mode If MF is low, FM mode is selected, and if it is high, MFM mode is selected. 
MT Multi-Track If MT is high, a multi-track operation is to be 8erformed. If MT = 1 after 

finishing Read/Write operation on side 0 FD will automatically start 
searching for sector 1 on side 1. 

N Number N stands for the number of data bytes written in a Sector. 
NCN New Cylinder Number NCN stands for a new Cylinder number, which is ~oing to be reached as a 

result of the Seek operation. Desired position of ead. 
NO Non-DMA Mode NO stands for operation in the Non-DMA Mode. 
PCN Present Cylinder PCN stands for the Ctinder number at the completion of SENSE 

Number INTERRUPT STATU Command. Position of Head at present time. 
R Record R stands for the Sector number, which will be read or written. 
R/W Read/Write R/W stands for either Read (R) or Write (W) signal. 
SC Sector SC indicates the number of Sectors per Cylinder. 
SK Skip SK stands for Skip Deleted Data Address Mark. 
SRT Step Rate Time SRT stands for the Stepping Rate for the FDD. (1 to 16 ms in 1 ms 

increments.) Stepping Rate applies to all drives, (F = 1 ms, E = 2 ms, etc.). 
STO Status 0 ST 0-3 stand for one of four registers which store the status information after 
ST 1 Status 1 a command has been executed. This information is available during the 
ST2 Status 2 result phase after command execution. These registers should not be 
ST3 Status 3 confused with the main status register (selected by Ao = 0). ST 0-3 may be 

read only after a command has been executed and contain information 
relevant to that particular command. 

STP During a Scan operation, if STP = 1, the data in continguous sectors is 
compared byte by byte with data sent from the processor (or DMA); and if 
STP = 2, then alternate sectors are read and compared. 

USO, US1 Unit Select US stands for a selected drive number 0 or 1. 
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INSTRUCTION SET G) ® 

DATA BUS J 
PHASE REMARKS 

READ DATA 

Command W MT MF SK 0 1 Command Codes 

Execution 

Result 

W X X X X HD US1 usa 
w 
w 
w 
w 
w 
w 
w 

--------EOT---------
-------GPL------
------DTL.---------

--------STO-------
-------ST1---------
--------ST2---------
---------C----------

READ DELETED DATA 

Sector 10 information prior 

to Command execution. The 
4 bytes are commanded against 
header on Floppy Oisk. 

Data-transfer between the 
FOD and main-system 

Status information after 
Command execution 

Sector 10 information after 
Command execution 

Command W MT MF SK 0 Command Codes 

Execution 

Result 

W X X X X HD US1 U50 

W 
W 
W 
W 
W 
W 
W 

------EDT--------
----GPL~----

------- DTL--------

------STO--------
------ ST 1 -------
------5T2--------

WRITE DATA 

Sector 10 information prior 
to Command execution. The 
4 bytes are commanded against 
header on Floppy Disk. 

Data-transfer between the 
FOO and main-system 

Status information after 
Command execution 

Sector 10 information after 
Command execution 

Command W MT MF 0 0 1 1. Command Codes 

Execution 

Result 

W X X X X HD U51 U50 

W 
W 
W 
W 
W 
W 
W 

-----N------
------EOT--------
--------GPL -----
--------DTL------

----_5TO-------_ 
-------ST 1--------
------ST2---------
-----C-----

WRITE DELETED DATA 

Command W MT MF 0 0 

X X X HD U51 usa 

Sector 10 information prior 
to Command execution. The 
4 bytes are commanded against 
header on Floppy Disk. 

Data-transfer between the 
main-system and FOO 

Status information after 
Command execution 

Sector 10 information after 
Command execution 

Command Codes 

Sector 10 information prior 
to Command execution. The 

I DATA BUS 
REMARKS 

READATRACK 

Command W a MF SK 0 0 0 Command Codes 

Execution 

Result 

w X X X X HD US1 usa 
w 
w 
w 
w 
w 
w 
w 

-----N ------
-------EOT--------
------GPL~-----

------DTL------

------5TO--------
-------ST1---------
------St2--------
----- C ---------
- -----H ---------

READ 10 

Sector 10 information prior 
to Command execution 

Data-transfer between t he 
FDD and main-system. FDC 
reads all data fields 
from index hole to ear . 

Status information after 
Command execution 

Sector 10 information after 
Command execution 

Command W 0 MF 0 0 Commands 

W X X X HD US1 usa 

Execution 

Result -----STO--------
--------ST1--------
--------ST2--------
--------C--------

FORMAT A TRACK 

Command W 0 MF 0 0 

Execution 

Result 

W 

W 
W 
W 
W 

X X X HD US1 usa 

--------SC------
-----GPL------

-----STO---------
-----ST 1--------
--------ST2---------

SCAN EQUAL 

The first correct 10 information 
on the Cylinder is stored in 
Data Ragister 

Status information after 
Command execution 

Sector 10 information read 
during Execution Phase from 
Floppy Disk 

Command Codes 

Bytes/Sector 
Sectors/Track 
Gap 3 
Filler Byte 

FOC formats an entire track 

Status information after 
Command execution 

In this case, the 10 information 
has no meaning 

Command W MT MF SK 1 0 0 1 Command Codes 

Execution 

W X X X X HD US1 U50 

W Sector 10 information prior 
W 
W 
W 
W 
W 
W 

------ N------
--------EOT---------
--------GPL---------
--------STP ---------

to Command execution 

Data-compared between the 
F 00 and main-system 

w 
W 
W 
W 
W 
W 
W 
W 

4 bytes are commanded against Aesult --------5TO--------- Status information after 
Command execution 

--------EOT---------
----...,GPL-------
-------- DTL ---------

Execution 

Result --------5TO---------
--------5T1---------
-------5T2---------
------ C ------------------H-------------------R----------

header on Floppy Disk. 

Oats-transfer between the 
FOO and main-system 

Status information after 
Command execution 

Sector I D information after 
Command execution 

Not.: CD Symbo1s used in thil tabl. arl described at thelnd of thil section. 

~ AO should equal binary 1 for all operations. 

@ X - Don't care, usually made to equal binary O. 

--------ST1---------
--------ST2---------
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INSTRUCTION SET (CO NT.) 

DATA BUS I DATA BUS 

PHASE R/W I 07 DR 05 04 03 02 01 Dol REMARKS PHASE RIW I 07 06 06 04 03 02 01 DO I REMARKS 

SCAN LOW OR EQUAL RECALIBRATE 

Command W MT MF SK 1 , 0 Command Codes 'Command W 0 0 0 , , Command Codes 

W X X X X X Ho US, usa 
w Sector 10 information prior 
W Command execution 
W 
W 
W EOT 
W GPL 
W STP 

Execution Data-compared between the 
FOD and main-system 

Result ST 0 Status Information after 
ST 1 Command execution 
ST 2 

Sector 10 information after 
Command execution 

SCAN HIGH OR EQUAL 

Command W MT MF SK 1 Command Codes 

W X X X X X Ho US1 usa 
w Sector 10 information prior 
W Command execution 
W 
W 
W EDT 
W GPL 
W STP 

ExecutiQn Data-compared between the 
FDD and main~system 

Result STO Status Information after 
ST 1 Command execution 
ST2 

C Sector 10 Information after 
Command execution 

FUNCTIONAL DESCRIPTION OF COMMANDS 
Read Data 
A set of nine (9) byte words are required to place the FDC 
into the Read Data Mode. After the Read Data command 
has been issued the FDC loads the head (if it is in the 
unloaded state), waits the specified head settling time 
(defined in the Specify Command), and begins reading 10 
Address Marks and 10 fields. When the current sector num
ber ("R") stored in the 10 Register (lOR) compares with the 
sector number read off the diskette, then the FDC outputs 
data (from the data field) byte-to-byte to the main system 
via the data bus. 
After completion of the read operation from the current sec
tor, the Sector Number is incremented by one, and. the data 

W X X X X 0 US, usa 

Execution Head retracted to Track 0 

SENSE INTERRUPT STATUS 

Command W 0 0 0 , 0 Command Codes 

Result STO Status information at the end 
PCN of seek-operation about the FOe 

SPECIFY 

Command W 0 0 0 0 Command Codes 

W -SRT .. .. HUT-
W HLT .. NO 

SENSE DRIVE STATUS 

Command W 0 0 0 1 Command Codes 

W X X X X Ho US1 usa 

R.sult ST 3 Status information about FDD 

SEEK 

Command W 0 0 Command Codes 

w X X X X Ho US1 usa 
W NCN 

Execution 
Head is positioned over 
proper Cylinder on 
Diskette 

INVALID 

Command W ---Invalid Codes ___ Invalid Command Codes 
(NoOp - FoC goes into 
Standby Stat.1 

Result ST 0 ST 0·80 
(161 

from the next sector is read and output on the data bus. This 
continuous read function is called a "Multi-Sector Read 
Operation:' The Read Data Command may be terminated 
by the receipt of a Terminal Count signal. TC should be 
issued at the same time that the DACK for the last byte of 
data is sent. Upon receipfof this signal, the FDC stops out
putting data tq the processor, but will continue to read data 
from the current sector, check CRC (Cyclic Redundancy 
Count) bytes, and then at the end of the sector terminate 
the Read Data Command. 

The amount of data which can be handled with a single 
command to the FDC depends upon MT (multi-track), MF 
(MFM/FM), and N (Numberof Bytes/Sector). Table 1 below 
shows the Transfer Capacity. 

Multi-Track MFM/FM Bytes/Sector Maximum Transfer capacit,Y Final Sector 
MT MF N (Bytes/Sector) (Number 0 Read 

Sectors) from Diskette 
0 0 00 (128~ (26~ = 3,328 26 at Side 0 
0 1 01 (256 (26 = 6,656 or 26 at Side 1 
1 0 00 (128) (52) = 6,656 26 at Side 1 1 1 01 (256) (52) = 13,312 
0 0 01 (256) (15) = 3,840 15 at Side 0 
0 1 02 (512) (15) = 7,680 or 15 at Side 1 
1 0 01 (256) (30) = 7,680 15 at Side 1 1 1 02 (512) (30) = 15,360 
0 0 02 (512) (8) = 4,096 8 at Side 0 
0 1 03 (1024) (8) = 8,192 or8 at Side 1 
1 0 02 (512) (16~ = 8,192 8 at Side 1 1 1 03 (1024) (16 = 16,384 

Table 1. Transfer Capacity 
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The "multi-track" function (MT) allows the FDC to read data 
from both sides of the diskette. For a particular cylinder, data 
~ill be transferre~ starting at Sector 1, Side 0 and complet
Ing at Sector L, Side 1 (Sector L = last sector on the side). 
Note, this function pertains to only one cylinder (the same 
track) on each side of the diskette. 

When N = 0, the DTL defines the data length which the 
FDC must treat as a sector. If DTL is smaller than the actual 
~ata length in a Sector, the data beyond DTL in the Sector, 
IS not sent to the Data Bus. The FDC reads (internally) the 
complete Sector performing the CRC check, and depend
ing upon the manner of command termination, may per
form a Multi-Sector Read Operation. When N is non-zero, 
then DTL has no meaning and should be set to FF 
Hexidecimal. 

At the completion of the Read Data command, the head is 
not unloaded until after Head Unload Time Interval (speci
~ied in the Specify Command) has elapsed. If the processor 
Issues another command before the head unloads then the 
head settling time may be saved between subsequent 
reads. This time out is particularly valuable when a diskette 
is copied from one drive to another. 

If the FDC detects the Index Hole twice without finding the 
right sector, (indicated in "R"), then the FDC sets the ND 
(No Data) flag in Status Register 1 to a 1 (high), and termi
nates the Read Data Command. (Status Register 0 also has 
bits 7 and 6 set to 0 and 1 respectively.) 

After reading the ID and Data Fields in each sector, the FDC 
checks the CRC bytes. If a read error is detected (incorrect 
CRC in ID field), the FDC sets the DE (Data Error) flag in 
Status Register 1 to a 1 (high), and if a CRC error occurs in 
the Data Field the FDC also sets the DD (Data Error in Data 
Field) flag in Status Register 2 to a 1 (high), and terminates 
the Read Data Command. (Status Register 0 also has bits 
7 and 6 set to 0 and 1 respectively.) 

Write Data 
A set of nine (9) bytes are required to set the FDC into the 
Write Data mode. After the Write Data command has been 
issued the FDC loads the head (if it is in the unloaded state), 
waits the specified Head Settling Time (defined in the 
Specify Command), and begins reading ID Fields. When all 
four bytes loaded during the command (C, H, R, N) match 
the four bytes of the ID field from the diskette, the FDC takes 
data from the processor byte-by-byte via the data bus, and 
outputs it to the FDD. 
After writing data into the current sector, the Sector Number 
stored in "R" is incremented by one, and the next data field 
is written into. The FDC continues this "Multi-Sector Write 
Operation" until the issuance of a Terminal Count Signal. If 
a Terminal Count signal is sent to the FDC it continues writ
ing into the current sector to complete the data field. If the 
Terminal Count signal is received while a data field is being 
written then the remainder of the data field is filled with 00 
(zeros). 
The FDC reads the ID field of each sector and checks the 
CRC bytes. If the FDC detects a read error (incorrect CRC) 
in one of the ID Fields, it sets the DE (Data Error) flag of 
Status Register 1 to a 1 (high), and terminates the Write Data 
Command. (Status Register 0 also has bits 7 and 6 set to 0 
and 1 respectively.) 
The Write Command operates in much the same manner 
as the Read Command. The following items are the same, 
and one should refer to the Read Data Command for details: 
• Transfer Capacity 
• EN (End of Cylinder) Flag 

If the FDC reads a Deleted Data Address Mark off the dis
kette, and the SK bit (bit D5 in the first Command Word) is 
not set (SK = 0), then the FDC sets the CM (Control Mark) 
flag in Status Register 2 to a 1 (high), and terminates the 
Read Data Command, after reading all the data in the Sec
tor. If SK = 1, the FDC skips the sector with the Deleted 
Data Address Mark and reads the next sector. The CRC bits 
in the deleted data field are not checked when SK = 1. 
During disk data transfers between the FDC and the pro
cessor, via the data bus, the FDC must be serviced by the 
processor every 27 f-ls in the FM Mode, and every 13 f-ls in 
the MFM Mode, or the FDC sets the OR (Over Run) flag in 
Status Register 1 to a 1 (high), and terminates the Read 
Data Command. 
If the processor terminates a read (or write) operation in the 
FDC, then the ID Information in the Result Phase is 
dependent upon the state of the MT bit and EOT byte. Table 
2 shows the value for C, H, R, and N, when the processor 
terminates the Command. 

Final Sector 10 Information at Result 

Transferred to Phase 
MT HO Processor C H R N 

0 Less than EOT NC NC R + 1 NC 

0 Equal to EOT C + 1 NC R = 01 NC 
0 1 Less than EOT NC NC R + 1 NC 

1 Equal to EOT C + 1 NC R = 01 NC 
0 Less than EOT NC NC R + 1 NC 

0 Equal to EOT NC LSB R = 01 NC 
0 1 Less than EOT NC NC R + 1 NC 

1 Equal to EOT C + 1 LSB R = 01 NC 

Notes: 1. NC (No Change): The same value as the one at the 
beginning of command execution. 

2. LSB (Least Significant Bit): The least significant bit of 
H is complemented. 

• ND (No Data) Flag 
• Head Unload Time Interval 
• ID Information when the processor terminates command 

(see Table 2) 
• Definition of DTL when N = 0 and when N -=1= 0 
In the Write Data mode, data transfers between the proces
sor and FDC, via the Data Bus, must occur every 27 f-ls in 
the FM mode, and every 13 f-ls in the MFM mode. If the time 
interval between data transfers is longer than this then the 
FDC sets the OR (Over Run) flag in Status Register 1 to a 
1 (high), and terminates the Write Data Command. (Status 
Register 0 also has bit 7 and 6 set to 0 and 1 respectively.) 

Write Deleted Data 
This command is the same as the Write Data Command 
except a Deleted Data Address Mark is written at the begin
ning of the Data Field instead of the normal Data Address 
Mark. 

Read Deleted Data 
This command is the same as the Read Data Command 
except that when the FDC detects a Data Address Mark at 
the beginning of a Data Field and SK = 0 (low), it will read 
all the data in the sector and set the CM flag in Status Reg
ister 2 to a 1 (high), and then terminate the command. If SK 
= 1, then the FDC skips the sector with the Data Address 
Mark and reads the next sector. 

Read A Track 
This command is similar to READ DATA Command except 
that this is a continuous READ operation where the entire 
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Format Sector Size N SC GPLCD GPL<.?l@ 
8" Standard Floppy 

128 bytes/sector 00 1A 07 1B 
256 01 OF OE 2A 
512 02 08 1B 3A 

FM Mode 1024 03 04 47 8A 
2048 04 02 C8 FF 
4096 05 01 C8 FF 
256 01 1A OE 36 
512 02 OF 1B 54 

MFM 1024 03 08 35 74 
Mode@) 2048 04 04 99 FF 

4096 05 02 C8 FF 
8192 06 01 C8 FF 

5%" Minifloppy 
128 bytes/sector 00 12 07 09 
128 00 10 10 19 
256 01 08 18 30 

FM Mode 512 02 04 46 87 
1024 03 02 C8 FF 
2048 04 01 C8 FF 
256 01 12 OA OC 
256 01 10 20 32 

MFM 512 02 08 2A 50 
Mode@) 1024 03 04 80 FO 

2048 04 02 C8 FF 
4096 05 01 C8 FF 

3%" Sony Micro Floppydisk® 
128 bytes/sector 0 OF 07 1B 

FM Mode 256 1 09 OE 2A 
512 2 05 1B 3A 

MFM 
256 1 OF OE 36 
512 2 09 1B 54 Mode@) 
1024 3 05 35 74 

Tab/e3 
Notes: G) Suggested values of GPL in Read or Write com

mands to avoid splice point between data field and 
ID field of contiguous sections. 

(2) Suggested values of GPL in format command. 
@ All values except sector size and hexidecimal. 
® In MFM mode FDG cannot perform a Read/Write/ 

format operation with 128 bytes/sector. (N = 00) 

data field from each of the sectors are read. Immediately 
after encountering the INDEX HOLE, the FOC starts read
ing all data fields on the track, as continuous blocks of data. 
If the FDC finds an error in the ID or DATA CRC check bytes, 
it continues to read data from the track. The FDC compares 
the ID information read from each sector with the value 
stored in the IDR, .and sets the ND flag of Status Register 1 
to a 1 (high) if there is no comparison. Multi-track or skip 
operations are not allowed with this command. 

Scan Commands 
The SCAN Commands allow data which is being read from 
the diskette to be compared against data which is being 
supplied from the main system. The FDC compares the data 
on a byte-by-byte basis, and looks for a sector of data which 
meets the conditions of DFOO = DpROCESSOR, DFOO :s.; DpROCES
SOR, or DFOO ~ DpROCESSOR' The hexidecimal byte of FF either 
from memory or from FDD can be used as a mask byte 
because it always meet the condition of the compare. Ones 
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This command terminates when number of sectors read is 
equal to EaT. If the FDC does not find an ID Address Mark 
on the diskette after it encounters the INDEX HOLE for the 
second time, then it sets the MA (missing address mark) 
flag in Status register 1 to a 1 (high), and terminates the 
command. (Status Register 0 has bits 7 and 6 set to 0 and 
1 respectively.) 

Read 10 
The READ ID Command is used to give the present posi
tion of the recording head. The FDC stores the values from 
the first ID field it is able to read. If no proper ID Address 
Mark is found ·on the diskette, before the INDEX HOLE is 
encountered for the second time then the MA (Missing 
Address Mark) flag in Status Register 1 is set to a 1 (high), 
and if no data is found then the ND (No Data) flag is also set 
in Status Register 1 to a 1 (high). The command is then 
terminated with Bits 7 and 6 in Status Register 0 set to 0 
and 1 respectively. During this command there is no data 
transfer between FDC and the CPU except during the 
result phase. 

Format A Track 
The Format Command allows an entire track to be format
ted. After the INDEX HOLE is detected, Data is written on 
the Diskette; Gaps, Address Marks, ID Fields and Data 
Fields, all per the IBM System 34 (Double Density) or Sys
tem 3740 (Single Density) Format are recorded. The par
ticular format which will be written is controlled by the values 
programmed into N (number of bytes/sector), SC (sectors/ 
cylinder), GPL (Gap Length), and D (Data Pattern) which 
are supplied by the processor during the Command Phase. 
The Data Field is filled with the Byte of data stored in D. The 
ID Field for each sector is supplied by the processor; that 
is, four data requests per sector are made by the FDC for 
C (Cylinder Number), H (Head Number), R (Sector Num
ber) ano N (Number of Bytes/Sector). This allows the dis
kette to be formatted with nonsequential sector numbers, 
if desired. 
The processor must send new values for C, H, R, and N to 
the FDC for each sector on the track. If FDC is set for DMA 
mode, it will issue 4 DMA requests per sector. If it is set for 
interrupt mode, it will issue four interrupts per sector and 
the processor must supply C, H, Rand N load for each sec
tor. The contents of the R register is incremented by one 
after each sector is formatted, thus, the R register contains 
a value of R when it is read during the Result Phase. This 
incrementing and formatting continues for the whole track 
until the FDC encounters the INDEX HOLE for the second 
time, whereupon it terminates the command. 
If a FAULT signal is received from the FDD at the end of a 
write operation, then the FDC sets the EC flag of Status 
Register 0 to a 1 (high), and terminates the command after 
setting bits 7 and 6 of Status Register a to a and 1 respec
tively. Also the loss of a READY Signal at the beginning of 
a command execution phase causes bits 7 and 6 of Status 
Register 0 to be set to 0 and 1 respectively. 
Table 3 shows the relationship between N, SC, and GPL for 
various sector sizes: 

complement arithmetic is used for comparison (FF = larg
est number, 00 = smallest number). After a whole sector 
of data is compared, if the conditions are not met, the sector 
number is incremental (R + STP -> R), and the scan oper
ation is continued. The scan operation continues until one 
of the following conditions occur; the conditions for scan are 
met (equal, low, or high), the last sector on the track is 
reached (EaT), or the terminal count signal is received. 



If the conditions for scan are met then the FDC sets the SH 
(Scan Hit) flag Status Register 2 to a 1 (high), and termi
nates the Scan Command. If the conditions for scan are not 
met between the starting sector (as specified by R) and the 
last sector on the cylinder (EaT), then the FDC sets the SN 
(Scan Not Satisfied) flag of Status Register 2 to a 1 (high), 
and terminates the Scan Command. The receipt of a TER
MINAL COUNT signal from the Processor or DMA Con
troller during the scan operation will cause the FDC to 
complete the comparison of the particular byte which is in 
process, and then to terminate the command. Table 4 ~hows 
the status of bits SH and SN under various conditions of 
SCAN. 

COMMAND 
STATUS REGISTER 2 

COMMENTS 
BIT2 = SN BIT3 = SH 

Scan Equal a 1 D Foo = DpRocEssoR 
1 a D FDo ~ DpRocEssoR 

Scan Low or a 1 D FDo = DpRocEssoR 

Equal a a D FDo < DpRocEssoR 
1 a D Foo > DpRocEssoR 

Scan High or a 1 D FDo = DpRocEssOR 
a a D Foo > DpRocEssoR Equal 1 a D Foo < DpRocEssoR 

Table 4 

If the FDC encounters a Deleted Data Address Markon one 
of the sectors (and SK = 0), then it regards the sector as 
the last sector on the cylinder, sets CM (Control Mark) flag 
of Status Register 2 to a 1 (high) and terminates the com
mand. If SK = 1, the FDC skips the sector with the Deleted 
Address Mark, and reads the next sector. In the second case 
(SK = 1), the FDC sets the CM (Control Mark) flag of Sta
tus Register 2 to a 1 (high) in order to show that a Deleted 
Sector had been encountered. 
When either the STP (contiguous sectors = 01, or alter
nate sectors = 02 sectors are read) or the MT (Multi-Track) 
are programmed, it is necessary to remember that the last 
sector on the track must be read. For example, if STP = 02, 
MT = 0, the sectors are numbered sequentially 1 through 
26, and we start the Scan Command at sector 21; the fol
lowing will happen. Sectors 21,23 and 25 will be read, then 
the next sector (26) will be skipped and the Index Hole will 
be encountered before the EaT value of 26 can be read. 
This will result in an abnormal termination of the command. 
If the EaT has been set at 25 or the scanning started at 
sector 20, then the Scan Command would be completed in 
a normal manner. 
During the Scan Command data is supplied by either the 
processor or DMA Controller for comparison against the 
data read from the diskette. In order to avoid having the OR 
(Over Run) flag set in Status Register 1, it is necessary to 
have the data available in less than 27 j.Ls (FM Mode) or 13 
j.Ls (MFM Mode). If an Overrun occurs the FDC ends the 
command with bits 7 and 6 of Status Register 0 set to 0 and 
1, respectively. 

Seek 
The read/write head within the FDD is moved from cylinder 
to cylinder under control of the Seek Command. FDC has 
four independent Present Cylinder Registers for each drive. 
They are clear only after Recalibrate command. The FDC 
compares the PCN (Present Cylinder Number) which is the 
current head position with the NCN (New Cylinder Num
ber), and if there is a difference performs the following 
operation: 

PCN < NCN: Direction signal to FDD set to a 1 (high), 
and Step Pulses are issued. (Step In.) 

PCN > NCN: Direction signal to FDD setto a 0 (low), and 
Step Pulses are issued. (Step Out.) 

The rate at which Step Pulses are issued is controlled by 
SRT (Stepping Rate Time) in the SPECIFY Command. After 
each Step Pulse is issued NCN is compared against PCN, 
and when NCN = PCN, then the SE (Seek End) flag is set 
in Status Register 0 to a 1 (high), and the command is ter
minated. At this point FDC interrupt goes high. Bits DBo
DB3 in Main Status Register are set during seek operation 
and are cleared by Sense Interrupt Status command. 
During the Command Phase of the Seek operation the FDC 
is in the FDC BUSY state, but during the Execution Phase 
it is in the NON BUSY state. While the FDC is in the NON 
BUSY state, another Seek Command may be issued, and 
in this manner parallel seek operations may be done on 
up to 4 Drives at once. No other command could be issued 
for as long as FDC is in process of sending Step Pulses to 
any drive. 
If an FDD is in a NOT READY state at the beginning of the 
command execution phase or during the seek operation, 
then the NR (NOT READY) flag is set in Status Register 0 
to a 1 (high), and the command is terminated after bits 7 
and 6 of Status Register 0 are set to 0 and 1 respectively. 
If the time to write 3 bytes of seek command exceeds 150 
j.LS, the timing between first two Step Pulses may be shorter 
than set in the Specify command by as much as 1 ms. 

Recalibrate 
The function of this command is to retract the read/write 
head within the FDD to the Track 0 position. The FDC clears 
the contents of the PCN counter, and checks the status of 
the Track 0 signal from the FDD. As long as the Track 0 sig
nal is low, the Direction signal remains 0 (low) and Step 
Pulses are issued. When the Track 0 signal goes high, the 
SE (SEEK END) flag in Status Register 0 is set to a 1 (high) 
and the command is terminated. If the Track 0 signal is still 
low after 77 Step Pulses have been issued, the FDC sets 
the SE (SEEK END) and EC (EQUIPMENT CHECK) flags 
of Status Register 0 to both 1 s (highs), and terminates the 
command after bits 7 and 6 of Status Register 0 is set to 0 
and 1 respectively. 
The ability to do overlap RECALIBRATE Commands to 
multiple FDDs and the loss of the READY signal, as 
described in the Seek Command, also applies to the 
RECALIBRATE Command. 

Sense Interrupt Status 
An Interrupt signal is generated by the FDC for one of the 
following reasons: 

1. Upon entering the Result Phase of: 
a. Read Data Command 
b. Read a Track Command 
c. Read ID Command 
d. Read Deleted Data Command 
e. Write Data Command 
f. Format a Cylinder Command 
g. Write Deleted Data Command 
h. Scan Commands 

2. Ready Line of FDD changes state 
3. End of Seek or Recalibrate Command 
4. During Execution Phase in the NON-DMA Mode 

Interrupts caused by reasons 1 and 4 above occur during 
normal command operations and are easily discernible by 
the processor. During an execution phase in NON-DMA 
Mode, DB5 in Main Status Register is high. Upon entering 
Result Phase this bit gets clear. Reason 1 and 4 does not 
require Sense Interrupt Status command. The interrupt is 
cleared by reading/writing data to FDC. Interrupts caused 
by reasons 2 and 3 above may be uniquely identified with 
the aid of the Sense Interrupt Status Command. This com-
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mand when issued resets the interrupt signal and via bits 
5, 6, and 7 of Status Register 0 identifies the cause of the 
interrupt. 

ms in increments of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 
mS ... 7F = 254 ms). 
The time intervals mentioned above are a direct function of 
the clock (ClK on pin 19). Times indicated above are for an 
8 MHz clock, if the clock was reduced to 4 MHz (mini-floppy 
application) then all time intervals are increased by a factor 
of2. 

SEEK INTERRUPT 
END CODE 

BITS 5 BIT6 BIT7 
a 1 1 

1 a a 

1 1 a 

CAUSE 
Ready Line changed state, either 
polarity 
Normal Termination of Seek or 
Recalibrate Command 
Abnormal Termination of Seek or 
Recalibrate Command 

TableS 

The choice of DMA or NON-DMA operation is made by the 
ND (NON-DMA) bit. When this bit is high (ND = 1) the NON
DMA mode is selected, and when ND = 0 the DMA mode 
is selected. 

Sense Drive Status 

Neither the Seek or Recalibrate Command have a Result 
Phase. Therefore, it is mandatory to use the Sense Inter
rupt Status Command after these commands to effectively 
terminate them and to provide verification of where the head 
is positioned (PCN). 

This command may be used by the processor whenever it 
wishes to obtain the status of the FDDs. Status Register 3 
contains the Drive Status information stored internally in 
FDC registers. 

Invalid 
Issuing Sense Interrupt Status Command without interrupt 
pending is treated as an invalid command. 

If an invalid command is sent to the FDC (a command not 
defined above), then the FDC will terminate the command 
after bits 7 and 6 of Status Register 0 are set to 1 and 0 
respectively. No interrupt is generated by the FDC 765A 
during this condition. Bit 6 and bit 7 (DIO and ROM) in the 
Main Status Register are both high ("1") indicating to the 
processor that the FDC is in the Result Phase and the con
tents of Status Register 0 (STO) must be read. When the 
processor reads Status Register 0 it will find an 80 hex indi
cating an invalid command was received. 

Specify 
The Specify Command sets the initial values for each of the 
three internal timers. The HUT (Head Unload Time)defines 
the time from the end of the Execution Phase of one of the 
ReadlWrite Commands to the head unload state. This timer 
is programmable from 16 to 240 ms in increments of 16 ms 
(01 = 16 ms, 02 = 32 ms ... OF = 240 ms).The SRT (Step 
Rate Time) defines the time interval between adjacent step 
pulses. This timer is programmable from 1 to 16 ms in incre
ments of 1 ms (F = 1 ms, E = 2 ms, D = 3 ms, etc.). The 
HlT (Head load Time) defines the time between when the 
Head load signal goes high and when the Read/Write 
operation starts. This timer is programmable from 2 to 254 

A Sense Interrupt Status Command must be sent after a 
Seek or Recalibrate Interrupt, otherwise the FDC will con
sider the next command to be an Invalid Command. 

STATUS REGISTER IDENTIFICATION 

BIT 
NO. NAME SYMBOL 
0 , Interrupt Code IC 

0 6 

0 5 Seek End SE 

0 4 Equipment Check EC 

0 3 Not Ready NR 

D2 Head Address HO 
D, Unit Select 1 US1 

Do Unit Select a usa 

In some applications the user may wish to use this com
mand as a No-Op command, to place the FDC in a standby 
or no operation state. 

--

DESCRIPTION 
0 7 = a and 0 6 = a 
Normal Termination of Command, (NT). Command was completed 
and properly executed. --
0 7 = a and 0 6 = 1 
Abnormal Termination of Command, (AT). 
Execution of Command was started, but was not successfully 
completed. --
0 7 = 1 and 0 6 = a 
Invalid Command issue, (IC). Command which was issued was 
never started. 
0 7 = 1 and 0 6 = 1 
Abnormal Termination because during command execution the 
ready signal from FOO changed state. 
When the FOC completes the SEEK Command, this flag is set to 
1 (high). 
If a fault Signal is received from the FOO, or if the Track a Si~al 
fails to occur after 77 Step Pulses (Recalibrate Command) t en this 
flag is set. 
When the FOO is in the not-ready state and a read or write 
command is issued, this flag is set. If a read or write command is 
issued to Side 1 of a single sided drive, then this flag is set. 
This flag is used to indicate the state of the head at Interrupt. 

These flags are used to indicate a Drive Unit. Number at Interrupt. 
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BIT 
NO. NAME SYMBOL DESCRIPTION 

STATUS REGISTER 1 (CONT.) 
0 7 End of Cylinder EN When the FDC tries to access a Sector beyond the final Sector of a 

Cylinder, this flag is set. 
0 6 Not used. This bit is always 0 (low). 

05 Data Errror DE When the FDC detects a CRC error in either the 10 field or the data 
field, this flag is set. 

D. Over Run OR If the FDC is not serviced by the main-systems during data 
transfers, within a certain time interval, this flag is set. 

0 3 Not used. This bit always 0 (low). 
O2 No Data NO Duri~ execution of READ DATA, WRITE DELETED DATA or 

SCA Command, if the FOC cannot find the Sector specified in the 
lOR Register, this flag is set. 
During executing the READ 10 Command, if the FDC cannot read 
the 10 field without an error, then this flag is set. 
During the execution of the READ A Cylinder Command, if the 
starting sector cannot be found, then this flag is set. 

0, Not Writable NW During execution of WRITE DATA, WRITE DELETED DATA or 
Format A Cylinder Command, if the FDC detects a write protect 
signal from the FDD, then this flag is set. 

Do Missing Address Mark MA If the FDC cannot detect the 10 Address Mark after encountering 
the index hole twice, then this flag is set. 
If the FDC cannot detect the Data Address Mark or Deleted Data 
Address Mark, this fla~ is set. Also at the same time, the MD 
(Missing Address Mar in Data Field) of Status Register 2 is set. 

STATUS REGISTER 2 
0 7 Not used. This bit is always 0 (low). 
0 6 Control Mark CM During executing the READ DATA or SCAN Command, if the FDC 

encounters a sector which contains a Deleted Data Address Mark, 
this flag is set. 

05 Data Error in Data Field DO If the FDC detects a CRC error in the data field then this flag is set. 

D. Wrong Cylinder WC This bit is related with the NO bit, and when the contents of C on the 
medium is different from that stored in the lOR, this flag is set.· 

0 3 Scan Equal Hit SH During execution, the SCAN Command, if the condition of "equal" 
is satisfied, this flag is set. 

O2 Scan Not Satisfied SN During executing the SCAN Command, if the FDC cannot find a 
Sector on the cylinder which meets the condition, then this flag 
is set. 

0, Bad Cylinder BC This bit is related with the NO bit, and when the content of C on the 
medium is different from that stored in the lOR and the content of C 
is FF, then this flag is set. 

Do Missing Address Mark MO When data is read from the medium, if the FOC cannot find a Data 
in Data Field Address Mark or Deleted Data Address Mark, then this flag is set. 

STATUS REGISTER 3 
0 7 Fault FT This bit is used to indicate the status of the Fault signal from 

the FDD. 
0 6 Write Protected WP This bit is used to indicate the status of the Write Protected signal 

from the FOO. 

05 Ready RY This bit is used to indicate the status of the Ready signal from 
the FOD. 

D. Track 0 TO This bit is used to indicate the status of the Track 0 signal from 
the FOD. 

1----
0 3 Two Side TS This bit is used to indicate the status of the Two Side signal from 

the FDD. 
O2 Head Address HO This bit is used to indicate the status of Side Select signal 

to the FDD. 
0, Unit Select 1 US 1 This bit is used to indicate the status of the Unit Select 1 signal 

to the FDD. 

Do Unit Select 0 usa This bit is used to indicate the status of the Unit Select 0 signal 
to the FDD. 
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PROCESSOR INTERFACE 
During Command or Result Phases the Main Status Reg
ister (described earlier) must be read by the processor 
before each byte of information is written into or read from 
the Data Register. After each byte of data read or written to 
Data Register, CPU should wait for 12 f.Ls before reading 
MSR. Bits D6 and D7 in the Main Status Register must be 
in a 0 and 1 state, respectively, before each byte of the com
mand word may be written in the FDC. Many of the com
mands require multiple bytes, and as a result the Main Status 
Register must be read prior to each byte transfer to the FDC. 
On the other hand, during the Result Phase, D6 and D7 in 
the Main Status Register must both be 1 's (D6 = 1 and D7 
= 1) before reading each byte from the Data Register. Note, 
this reading of the Main Status Register before each byte 
transfer to the FDC is required in only the Command and 
Result Phases, and NOT during the Execution Phase. 
During the Execution Phase, the Main Status Register need 
not be read. If the FDC is in the NON-DMA Mode, then the 
receipt of each data byte (if FDC is reading data from FDD) 
is indicated by an Interrupt signgl on pin 18 (INT = 1). The 
generation of a Read signal (RD = 0) or Write signal (WR 
= 0) will reset the Interrupt as well as output the Data onto 
the Data bus. If the processor cannot handle Interrupts fast 
enough (every 13 f.Ls) for MFM and 27 f.LS for FM mode, then 
it may poll the Main Status Register and then bit D7 (ROM) 
functions just like the Interrupt signal. If a Write Command 
is in process then the WR signal performs the reset to the 
Interrupt signal. 
If the FDC is in the DMA Mode, no Interrupts are generated 
during the Execution Phase. The FDC generates DRO's 
(DMA Requests) when each byte of data is available. The 
DMA Controller responds to this remest with both a DACK 
= 0 (DMA Acknowledge) and a RD = 0 (Read signal). 
When the DMA Acknowledge signal goes low (DACK = 0) 
then the DMA Request is reset (DRO = 0). If a Write Com
mand has been programmed then a WR signal will appear 
instead of RD. After the Execution Phase has been com
pleted (Terminal Count has occurred) or EaT sector was 
read/written, then an Interrupt will occur (INT = 1). This sig
nifies the beginning of the Result Phase. When the first byte 
of data is read during the Result Phase, the Interrupt is 
automatically reset (INT = 0). 

AC TEST CONDITION 

INPUT/OUTPUT 

2.4V 

0.45V 

ACTESTING 

It is important to note that during the Result Phase all bytes 
shown in the Command Table must be read. The Read Data 
Command, for example has seven bytes of data in the Result 
Phase. All seven bytes must be read in order to success
fully complete the Read Data Command. The FDC will not 
accept a new command until all seven bytes have been read. 
Other commands may require fewer bytes to be read during 
the Result Phase. 
The FDC contains five Status Registers. The Main Status 
Register mentioned above may be read by the processor at 
any time. The other four Status Registers (STO, ST1, ST2, 
and ST3) are only available during the Result Phase, and 
may be read only after completing a command. The partic
ular command which has been executed determines how 
many of the Status Registers will be read. 
The bytes of data which are sent to the FDC to form the 
Command Phase, and are read out of the FDC in the Result 
Phase, must occur in the order shown in the Command 
Table. That is, the Command Code must be sent first and 
the other bytes sent in the prescribed sequence. No fore
shortening of the Command or Result Phases are allowed. 
After the last byte of data in the Command Phase is sent to 
the FDC, the Execution Phase automatically starts. In a 
similar fashion, when the last byte of data is read out in the 
Result Phase, the command is automatically ended and the 
FDC is ready for a new command. 

POLLING FEATURE OF THE FDC765A/7265 
After the Specify command has been sent to the FDC, the 
Unit Select line USO and US1 will automatically go into a I 
polling mode. In between commands (and between step 
pulses in the SEEK command) the FDC polls all four FDD's _ 
looking for a change in the Ready line from any of the drives. 
If the Ready line changes state (usually due to a door open-
ing or closing) then the FDC will generate an interrupt. When 
Status Register 0 (STO) is read (after Sense Interrupt Sta-
tus is issued), Not Ready (NR) will be indicated. The polling 
of the Ready line by the FDC occurs continuously between 
commands, thus notifying the processor which drives are 
on or off line. Each drive is polled every 1.024 ms except 
during the Read/Write commands. 

CLOCK 

Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0." Timing measure
ments are made at 2.0V for a logic "1" and O.BV for a logic "0." 

Clocks are driven at 3.0V for a logic "1" and 0.3V for a logic "0." Timing measure
ments are made at 2.4V for a logic "1" and 0.65V for a logic "0." 
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TIMING DIAGRAMS 
PROCESSOR READ OPERATION 

AO, (S, DACK .=x ~~ __ _ 
TAR~ ,___ ~ ,--TRA. 

RD~TRR_t 
l---__ I _\ I---TDF 

DATA ____ ~ ~R~{ : ) _____ _ 

~TRI~ 

INT --------------"\~ 

CLOCK 1c-

WRITE CLOCK 

elK 

ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS· 

FDD WRITE OPERATION 

WRITE CLOCK I 
, , 'I I 

II--ll---TF ~TCy--I 
TR __ : :-'F-----iI~.;.I--------"" 

WRITE ENABLE ~ : I \.-
I II 

-----t t--T CP 

-:-V---~¥I: V--
PRESHIFT 0 OR "---"----T'=., 1iio _____ JX"' ___ .... "--

__ I ~TCD ---I !--TWDD 

I I 
WRITE DATA 

PRESHIFT ° PRESHIFTl 

NORMAL 0 0 

LATE 0 1 

EARLY 1 0 

INVALID 1 1 

Operating Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 10°C to + 70°C 
Storage Temperature .......................................................................................... - 55°c to + 150°C 
All Output Voltages ....................... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.5 to + 7 Volts 
All Input Voltages ............................................................................................. - 0.5 to + 7 Volts 
Supply Voltage Vee .............................. , ............................................................. - 0.5 to + 7 Volts 
Power Dissipation ........................................................................................................ 1 Watt 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not' 
implied, Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

DC CHARACTERISTICS Ta = O°C to + 70°C; Vcc = + 5V ± 5% unless otherwise specified. 

LIMITS TEST 
PARAMETER SYMBOL MIN TYPCD MAX UNIT CONDITIONS 

Input low Voltage VIL -0.5 0.8 V 
Input High Voltage VIH 2.0 Vee + 0.5 V 
Output low Voltage VOL 0.45 V IOL = 2.0 mA 
Output High Voltage VOH 2.4 Vee V IOH = -200 f.1A 
Input low Voltage 
(ClK + WR Clock) 

VIL(<l» -0.5 0.65 V 

Input High Voltage 
(ClK + WR Clock) 

VIH(<l» 2.4 Vee + 0.5 V 

Vee Supply Current lee 150 mA 

Input load Current 
III 

10 f.1A VIN = Vee 
(All Input Pins) -10 f.1A VIN = OV 
High level Output leakage Current ILOH 10 f.1A VOUT = Vee 
low level Output leak<;lge Current ILOL -10 f.1A VOUT = + 0.45V 

NOTE: CDTypical values for T. = 25°C and nominal supply voltage. 

CAPACITANCE Ta = 25°C; fc = 1 MHz; Vee = OV 
LIMITS TEST 

PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 
Clock Input Capacitance CIN(<l» 20 pF All Pins Except Pin 
Input Capacitance CIN 10 pF Under Test Tied to 
Output Capacitance COUT 20 pF AC Ground 
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AC CHARACTERISTICS T. = -10°C to + 70°C; Vcc = + 5V ± 5% unless otherwise specified. 

765A,7265 
PARAMETER SYMBOL MIN TYP<D 

Clock Period <l>CY 120 125 
Clock Active (High. Low) <1>0 40 
Clock Rise Time <1>, 
Clock Fall Time <1>. 
Ao. C"S. J:5ACR Set Up Time to J1[J t TAR 0 
Ao. C"S. MCi< Hold Time from J1[J i TRA 0 
J1[JWidth TRR 250 
Data Access Time from J1[J 1 TRo 
DB to Float Delay Time from 110 i TOF 20 
Ao. C"S. iJACK Set Up Time to wti t TAW 0 
Ao. C"S. J:5ACR Hold Time to wti i TWA 0 
WRWidth Tww 250 
Data Set Up Time to wti i Tow 150 
Data Hold Time from wti i Two 5 
INT Delay Time from J1[J i TR• 
INT Delay Time from wti i Tw. 
DRO Cycle Time TMCY 13 
DRO Delay Time from iJACK j, TAM 
DRO i to J:5ACR 1 Delay TMA 2 
iJACKwidth TAA 2 
TCWidth TTC 1 
Reset Width TRST 14 

16 
8 
8 

WCK CYCLE TIME TWCKCY 
4 
8 
4 

16 
8 

WCK Active Time (High) To 80 250 
ClK i to WCK i Delay TcwH 0 
ClK i to WCK 1 Delay TcwL 0 
WCK Rise Time T, 
WCKFaliTime T. 
Pre-Shift Delay Time from WCK i Tcp 20 
WDA Delay Time from WCK i Tco 20 
RDD Active Time (High) TROO 40 

Window Cycle Time Twcy 
2.0 
1.0 

Window Hold Time to/from RDD TROW 15 TWRO 
USo, Hold Time to I1W/SEEK i Tus 12 
SEEK/~W Hold Time to lOW Tso 7 
CURRENT/DIRECTION i 
lOW CURRENT/DIRECTION Hold 
Time to FAULT TosT 1.0 
RESET/STEP i 
USo., Hold Time from FAULT RESET/ TSTU 5.0 
STEP i 
STEP Active Time (High) TSTP 6.0 7.0 
STEP Cycle Time Tsc 33 @ 

FAULT RESET Active Time (High) TFR 8.0 
Write Data Width Twoo TO"50 
USo , Hold Time After SEEK Tsu 15 
Seek Hold Time from DIR Tos 30 
DIR Hold Time after STEP TsTo 24 
Index Pulse Width TlDx 10 
110 j, DEllay from DRO TMR 800 
WR 1 Delay from DRO TMw 250 
wr:. or 11[5 Response Time from DRO i TMRW 

NOTES: <D IL Typical values for Ta = 25°C and nominal supply voltage. 
® The former value of 2 and 1 are applied to Standard Floppy. and the 

latter value of 4 and 2 are applied to Mini-floppy. 
@ Under Software Control. The range is from 1 ms to 16 ms at 8 MHz 

Clock Period. and 2 to 32 ms at 4 MHz Clock Period. 
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LIMITS 

765A-2, 7265-2 TEST 
MAX MIN TYPeD MAX UNIT CONDITIONS 

500 120 125 500 ns -
40 ns _._ .. - ~~ 

20 20 ns - -- ---~"""---
20 20 ns __ 

-"-----
0 ns -
0 ns __ 

-"--------
200 ns 

--~-~~" "-

200 140 ns CL = 100 pF --
100 10 85 ns CL = 100 pF _._-- ~ -

0 ns 
0 ns --

200 I1S 
f---~ ---- - --- ~-~---

100 ns ------ - ~ 

0 ns 
~ 

500 400 ns 
500 400 ns --

13 ILS __ 
f---~ -

200 140 ns 
2 <l>CY __ 

-"- -
2 <l>CY 
1 <l>CY --

14 <l>CY __ 1-"--- ----

16 MFM = 0 5V4" 
8 MFM = 1 5V4" 

8 MFM = 0 8" 
4 MFM = 1 8" 

8 <!>cy MFM = 0 3W'@ 
4 MFM = 1 3W'@ 

16 MFM = 0 3W'® 
8 MFM = 1 3V2"® __ 

350 80 250 350 ns 
40 0 40 ns 
40 0 40 ns --I--------~ -
20 20 ns --
20 20 I"!~ I--~---- "-

100 20 100 ns __ 
I------~~ ----

100 20 100 ns 
40 ns --

2.0 
ILs 

MFM = 0 
1.0 MFM = 1 --

15 ns 
--r---~-- --~ -- --

12 ILs --
7 ILS 

--" -

1.0 ILS 

"- 8 MHz Clock Period 
5.0 ILS 

8.0 6.0 7.0 8.0 fl:~ __ 
@ 33 @ @ ~~--
10 8.0 10.0 IL~_ 

-~-""-~~ ----

To~5O ns ~"_ 
-"-~~"-~ -

15 ILS __ 

30 ILS 8 MHz Clock Period 
24 ILS --
4 <l>CY -

800 ns 
250 ns 8 MHz Clock Period 

12 12 ILs 
-

@) For mini-floppy applications. <!>Cy must be 4 mHz. 
@ Sony microfloppy 3W' drive (8" compatible). 
® Sony microfloppy 3W' drive (5V4" compatible). 
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TIMING DIAGRAMS 

PROCESSOR WRITE OPERATION DMA OPERATION 

INT X-
I 

SEEK OPERATION 

uSa,1 =x STABLE X 
--Jtusl-- --I tsu I--

RW/SEEK X ItD~ I 
'----itSDt-- -I r--

DIRECTION X X : 
tpST ---I t--~TU---i 

lJL STEP n STD 

tSTP----! r-- 1 

I- tse .1 

FLT RESET 
I I 

FAULTRESET= ~ 
FILE UNSAFE RESET II I 

--- TFR ~ 

INDEX 

1 TIDX I I TIDX I 
~~ 

TERMINAL COUNT 

TC --11L-
--I I--TTC 

FDD READ OPERATION 

READ DATA ~ __________________ ~~~I~ __________ _ 

-t I--TRDD I-TWRD-J '--I TRDW.J
1 I I I I X I I )C 

Note: Either polarity da-t-a-W-in-d-O-W-is-v-a-lid-.--- I...I .. ----TWCY----.~I 

RESET 

RESET ti ~t. 
READ DATA WINDOW 

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

Floppy Oisk 
Controller/Formatter 

FOC 

FOC 1791-02 
FOC 1792-02 
FOC 1793-02 
FOC 1794-02 
FOC 1795-02 
FOC 1797-02 

IlPC FAMILY 

FEATURES 

o SOFT SECTOR FORMAT COMPATIBILITY 
o AUTOMATIC TRACK SEEK WITH VERIFICATION 
o ACCOMMODATES SINGLE AND DOUBLE 

DENSITY FORMATS 
IBM 3740 Single Density (FM) 
IBM System 34 Double Density (MFM) 

o READ MODE 
Single/Multiple Sector Read with Automatic Search 

or Entire Track Read 
Selectable 128 Byte or Variable Length Record 

o WRITE MODE 
Single/Multiple Sector Write with Automatic Sector 

Search 
Entire Track Write for Diskette Initialization 

o PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Side Select Compare 

o SYSTEM COMPATIBILITY 
Double Buffering of Data 8 Bit Bi-Directional Bus for 

Data, Control and Status 
DMA or Programmed Data Transfers 
All Inputs and Outputs are TTL Compatible 
On-chip Track and Sector Registers/Comprehensive 

Status Information 
o WRITE PRECOMPENSATION (MFM AND FM) 
o SIDE SELECT LOGIC (FDC 1795, FDC 1797) 
o WINDOW EXTENSION (IN MFM) 

PIN CONFIGURATION 

NC [ 1 
'-.../ 

40 t12V 
WE [ 2 39 INTRO 
cs [ 3 38 ORO 
FiE [ 4 37 DDEN" 
Ao [ 5 36 WPRT 
A, [ 6 35 iP -DALO' ( 7 34 TROD 

DAL l' [ 8 33 WF 
DAL2' [ 

90

32 READY 
DAL3' ( 10 31 P WD 
DAL4' [ 11 30 b WG 
DAL5' [ 12 29 b TG43 
DAL6' ( 13 28 b HLD 
DAL 7' ( 14 27 P RAW READ 

STEP [ 15 26 b RCLK 
DIRC [ 16 25 P RG/SSO 

EARLY [ 17 24 b CLK 
LATE ( 18 23 P HLT 

MR [ 19 22 b TEST 
GND [ 20 21 b +5V 

'INVERTED BUS FOR FDC 1791, FOC 1792, FOC 1795 
"MUST BE LEFT OPEN FOR FDC 1792 and FDC 1794 

PACKAGE: 40 pin D.I.P. 

o INCORPORATES ENCODING/DECODING 
AND ADDRESS MARK CIRCUITRY 

o COMPATIBLE WITH FD179X-02 
D COPLAMOS® n-CHANNEL MOS TECHNOLOGY 
D COMPATIBLE WITH THE FDC 9216 FLOPPY DISK 

DATA SEPARATOR 

GENERAL DESCRIPTION 

The FDC 179X is an MOS/LSI devicewhich performs the 
functions of a Floppy Disk Controller/Formatter in a 
single chip implementation. The basic FDC 179X chip 
design has evolved into six specific parts: FDC 1791, 
FDC 1792, FDC 1793, FDC 1794, FDC 1795, and the 
FDC 1797. 

This FDC family performs all the functions necessary 
to read or write data to any type of floppy disk drive. 
Both 8" and 5%" (mini-floppy) drives with single or 
double density storage capabilities are supported. 
These n-cl1annel MOS/LSI devices will replace a large 
amount of discrete logic required for interfacing a host 
processor to a floppy disk. 

The FDC 1791 is IBM 3740 compatible in single density 
mode (FM) and System 34 compatible in double density 
mode (MFM). The FDC 1791 contains enhanced fea
tures necessary to read/write and format a double 
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density diskette. These include address mark detection, 
FM and MFM encode and decode logic, window ex
tension, and write precompensation. 

The FDC 1793 is identical to the FDC 1791 except the 
DAL lines are TRUE for systems that utilize true 
data busses. 

The FDC 1792 operates in the single density mode only. 
Pin 37 (DDEN) of the FDC 1792 must be left open for 
proper operation. The FDC 1794 is identical to the 
FDC 1792 except the DAL lines are TRUE for systems 
that utilize true data busses. The FDC 1795 adds side 
select logic to the FDC 1791. The FDC 1797 adds the 
side select logic to the FDC 1793. 

The processor interface consists of an 8 bit bidirectional 
bus for data, status, and control word transfers. This 
family of controllers is configured to operate on a 
multiplexed bus with other bus-oriented devices. 
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For additional information, consult your 1986 SMC catalog or contact our product marketing department at (516) 273-3100. 

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

CORPOR I\TION applications: consequently complete information sufficient for construction purposes is not necessarily given. 
1"\1 The information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 

35M",",",. ","po,""" "". assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the 
15161 173J100 • TWX 510 117·"" 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 
CORPOR 

FDC72C65/66 
PRELIMINARY 

Single/Double Density 
Floppy Disk Controller 

FEATURES 
D IBM-compatible format (single, 

double and quad density) 
(FDC72C65) 

D Sony (EMCA)-compatible recording 
format (FDC72C66) 

PIN CONFIGURATION 

::£ 

ti:i ltl~~ RESET Vee 
AD RWISEEK 

o Multi-sector and multi-track transfer 
capability 

D Drive Up to 4 floppy or micro 
floppydisk drives 

en ~t=:CJ)....J 
.f 1i31~ I~ ~ .} '}I~ ~ ~ ~ WR LCT/DIR 

~ FRISTP 

D Data scan capability-will scan a 
single sector or an entire cylinder 
comparing byte-for-byte host 
memory and disk data 

6. 5 4 3. 2·. 1 44434241 40 Ao HOL 
DBo ROY 

D Data transfers in DMA or 
non-DMA mode 

D Programmable stepping rate, head 
load and head unload times 

DBo 
DB, 
DB2 
DB3 
DB. 
DB5 
DB6 
DB7 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

RDY 
WPITS 
FLTITRa 
PSa 
PS, 
WDA 
USa 
US, 
SIDE 
MFM 

DB, WPITS 
DB2 FLTITRa 
DB3 PSa 
DB. PS, 
DB5 11 WDA 
DB6 USa 
DB7 US, 

DRO SIDE 
J:iACR MFM 

D Parallel seek operations on up to 
four drives 

DRO 
J:iACR 

TC 
17181920212223242526272629 

WE TC WE 
lOX SYNC 
INT ROD 

D Compatible with /LPD8080/85, 
/LPD8086/88, /LPD80186/286/386 
and Z80· microprocessors 

XI-:5 0000 ::£S:0O 
g~oZt§t§t§~~~~ 

CLK ROW 
GND WCK 

D Single-phase clock 8 MHz (standard 
floppy) or 4 MHz (minifloppy) 

44-pin PLCC 40-pin DIP 

D CMOS technology 
D Single + 5V ± 10% power supply. 

GENERAL DESCRIPTION 
The FDC72C65 is an LSI floppy disk controller (FDC) chip 
which contains the circuitry and control functions for inter
facing a processor to 4 floppy disk drives. It is capable of 
either IBM 3740 single density format (FM), or IBM System 
34 double density format (MFM) including double-sided 
recording. The FDC 72C65 provides control signals which 
simplify the design of an external phase-locked loop and 
write precompensation circuitry. The FDC simplifies and 
handles most of the burdens associated with implementing 
a floppy disk interface. 
The FDC72C66 is an addition to the FDC family that has 
been designed specifically for the Sony Micro Floppy-disk· 
drive. The FDC72C66 is pin-compatible and electrically 
equivalent to the 72C65 but utilizes the Sony recording for
mat. The FDC72C66 can read a diskette that has been for
matted by the FDC72C65. 
Hand-shaking signals are provided in the FDC72C651 
FDC72C66 which make DMA operation easy to incorpo
rate with the aid of an external DMA controller chip, such as 
the /LPD8257. The FDC will operate in either the DMA or 
non-DMA mode. In the non-DMA mode the FDC generates 
interrupts to the processor every time' a data byte is to be 
transferred. In the DMA mode, the processor need only load 
the command into the FDC and all data transfers occur 
under control of the FDC and DMA controllers. 

The FDC is designed using CMOS technology. In addition 
to a low normal operating current, a standby mode can be 
software-enabled to provide minimal current drain when the 
FDC is not in use. 
Address mark detection circuitry is internal to the FDC which 
simplifies the phase-locked loop and read electronics. The 
track stepping rate, head load time, and head unload time 
are user-programmable. The FDC72C65/FDC72C66 offers 
additional features such as multi-track and multi-side read 
and write commands and single and double density 
capabilities. 
There are 18 commands which the FDC72C65/FDC72C66 
will execute. Each of these commands requires multiple 8-
bit bytes to fully specify the operation which the processor 
wishes the FDC to perform. The following commands are 
available: 

Read Data 
ReadlD 
Specify 
Read Track 
Scan Equal 
Scan High or Equal 
Scan Low or Equal 
Set Standby 
Reset Standby 

Read Deleted Data 
Write Data 
Format Track 
Write Deleted Data 
Seek 
Recalibrate 
Sense Interrupt Status 
Sense Drive Status 
Software Reset 
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Terminal Count -----, 

ORO 

DACK --0 

INT Readl 
Write I RD __ O DMA 
Control 

WR--O Logic 

AD 

Reset-

es 
CLK_ 

VOD-

GND_ 

BLOCK DIAGRAM 

DESCRIPTION OF PIN FUNCTIONS 

PIN 

NO. SYMBOL NAME 

1 RESET Reset 

2 RD Read control 

3 WR Write control 

4 CS Chip select 

5 Ao Data or status select 

6-13 DBa-DB7 Bidirectional data bus 

14 DRO DMArequest 

15 DACK DMA acknowledge 

16 TC Terminal count 

INPUT/ 
OUTPUT 

Input 

Input 

Input 

Input 

Input 

Input 
Output 

Output 

Input 

Input 

Sarlal 
Interface 
Controller 

Drive 
Interface 
Controller 

-- WRClock 

WR Data 

WR Enable 

PreshlltO 

Preshl1t1 

-- RDData 

-- Read DataWlndow 

VCOSync 

<{:]_ReadY 

Input - LowCurrentlDlrection 

Port -Index 

+-- Faultlll'ack 0 

Output 
Port 

Unit Salect 0 

Unit Salect1 

MFMMode 

liW/Saek 

Head Load 

Head Salect 

Write Protectl1Wo Side 

Fault Rssst I Step 

CONNECTION 
TO FUNCTION 

Processor A high input places the FDC72C65/72C66 in 
standby mode and sets drive interface outputs to 
low level (except PSa, PS" and WDATA). In the 
main system, INT and DRO are set to low level, 
and DBa-DB7 are set as inputs. 

Processor The fiD input allows the transfer of data from the 
FDC to the data bus when low. Disabled when 
C"S is high. 

Processor The WR input allows the transfer of data to the 
FDC from the data bus when low. Disabled when 
C"S is high. 

Processor The FDC is selected when C"S is low, enabling 
fiD, WR, and Aa. 

Processor The Aa input selects the data register (Ao = 1) or 
status register (Aa = 0) contents to be sent to the 
data bus. 

Processor DBa-DB7 are a bidirectional three-state a-bit data 
bus. Disabled when C"S is high. 

DMA The FDC asserts the DRO output high to request 
a DMA transfer. 

DMA When the DACR input is low, a DMA cycle is 
active and the controller is performing a DMA 
transfer. 

DMA When the TC input is high, it indicates the 
termination of a DMA transfer. It terminates data 
transfer during Read/Write/Scan commands in 
DMA or interrupt mode. 
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DESCRIPTION OF PIN FUNCTIONS 

~ PIN INPUT/ CONNECTION 

SYMBOL NAME OUTPUT TO FUNCTION 
---- --"------- -

17 lOX Index Input FDD The lOX input goes high at the beginning of a 
disk track. ------

18 INT Interrupt request Output Processor The INT output is FDC's interrupt request. 

19 ClK Clock Input Clock ClK is the input forthe FDC's single-phase, 8 MHz 
(standard floppy) or 4 MHz (mini floppy) clock. 

20 GND Ground Ground. 

21 WCK Write clock Input Data Separator The WCK input sets the data read and write rate. 
or Synchronize the rising edge of WCK with the 
Clock rising edge of ClK. FM = 16 ClK cycles; 
Generator MFM = 8 elK cycles. 

22 ROW Read data window Input Phase lock The ROW input is generated by the VFO circuit. It 
loop is used to sample clock and data bits of ROD. 

23 ROD Read data Input FDD The ROD input is the read data from the FDD, 
containing clock and data bits. Input ROD and 
ROW during a data read, or the FDC will enter a 
deadlock state. 

24 SYNC VCOsync Output Phase lock SYNC outputs the functional mode of the FDC. A 
loop high output indicates read and a low output 

inhibits read. 

25 WE Write enable Output FDD The WE output enables write data into the FDD. 

26 MFM MFM Output Phase lock The MFM output shows the FDC's mode. It is 
loop high for MFM, low for FM. 

27 SIDE Side select Output FDD Head 1 is selected when the SIDE output is 1 
(high), head 0 is selected when SIDE is 0 (low). 

28,29 USa' US j FDD unit select Output FDD The USa and USj outputs select the floppy disk 
drive unit. --

30 WDA Write data Output FDD WDA is the serial clock and data output to the 
FDD. I 

31,32 PSo, PS j Preshift Output FDD The PSo and PSj outputs are the write 
precompensation status for MFM mode. They 
determine early, late, and normal times. 

33 FlTITRo Fault/track zero Input FDD In the read/write mode, the FlT input detects 
FDD fault conditions. In the seek mode, TRo 
detects track O. 

34 WP/TS Write protect/two side Input FDD In the read/write mode, the WP input senses 
write protected status. In the seek mode, TS 
senses two-sided media. 

35 ROY Ready Input FDD The ~DY input indicates that .the FDD is ready to 
receive. 

36 HDl Head load Output FDD The HDl output is the command which causes 
the read/write head in the FDD to contact the 
diskette. 

37 FR/STP Fault reset/step Output FDD In the read/write mode, the FR output resets the 
fault flip-flop in the FDD. In the seek mode, STP 
outputs step pulses to move th~ head to another 
cylinder. A fault reset pulse (FR) is issued at the 
beginning or each Read or Write command prior 
to the HDl signal. 

38 lCT/DIR low current/direction - Output FDD When RW/SEEK specifies RW, this output 
becomes lCT, indicating the read/write head of 
'the drive is selecting a cylinder beyond the 43rd 
cylinder. When RW/SEEK specifies SEEK, this 
pin becomes DIR, specifying the direction of the 
seek operation. A low signal indicates output and 
a high signal indicates input. 

39 RW/ Read/write/seek Output FDD The RW/SEEK output specifies the read/write 
SEEK mode when low, and the seek mode when high. 

40 Vee DC power Power Supply + 5V power supply. 
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Internal Registers 
The FDC72C65/FDC72C66 contains two registers which 
may be accessed by the main system processor: a status 
register and a data register. The 8-bit main status register 
contains the status information of the FDC, and may be 
accessed at any time. The 8-bit data register (which actually 
consists of four registers, STO-ST3, in a stack with only one 
register presented to the data bus at a time), stores data, 
commands, parameters, and FDD status information. Data 
bytes are read out of, or written into, the data register in order 
to program or obtain the results after a particular command 
(table 3). Only the status register may be read and used to 
facilitate the transfer of data between tl:le processor and 
FDC72C65/FDC72C66. 
The relation~ between the status/data registers and the 
signals RD, WR, and Ao is shown in table 1. 

The DIO and ROM bits in the status register indicate when 
data is ready and in which direction data will be transferred 
on the data bus. The maximum time between the last RD 
or WR during a command or result phase and DIO and ROM 
getting set or reset is 12 I-1s. For this reason every time the 
main status register is read the CPU should wait 1~s. The 
maximum time from the trailing edge of the last RD in the 
result phase to when DB4 (FDC busy) goes low is 12 I-1s. 
See figure 1. 

Out FDC and Into Processor 

Data In/Out 
(010) Out Processor and Into FOe ~ 

Request lor 
Master 
(ROM) 

I 

iNA -+--........ --.--.w 
I 

I I I I I I I 

I I 
I 
I 

I I 

II 
I I 
I I 

i A i i A i · i A i ' i 0 i ' i 0 i·i 

Figure 1. 010 and ROM 

A I 

Table 1. Status/Data Register Addressing 

Ao RD WR Function 

0 0 1 Read main status register 

0 1 0 Reset commands 

0 0 0 Illegal 

0 0 Illegal 

0 Read from data register 

0 Write into data register 

The bits in the main status register are defined in table 2. 

Table 2. Main Status Register 

Pin 

No. Name 

DBo DoB 
(FDD 0 Busy) 

DB1 D1B 
(FDD 1 Busy) 

DB2 D2B 
(FDD 2 Busy) 

DB3 D3B 
(FDD 3 Busy) 

DB4 GB 
(FOG Busy) 

DBs EXM 
(Execution Mode) 

DB6 010 
(Data Input/ 
Output) 

DB7 ROM 
(Request for 
Master) 

Function 

FDD number 0 is in the seek mode. 
If any of the DnB bits is set FOG will 
not accept read or write command. 

FDD number 1 is in the seek mode. 
If any of the DnB bits is set FOG will 
not accept read or write command. 

FDD number 2 is in the seek mode. 
If any of the DnB bits is set FOG will 
not accept read or write command. 

FDD number 3 is in the seek mode. 
If any of the DnB bits is set FOG will 
not accept read or write command. 

A Read or Write command is in 
process. FOG will not accept any 
other command. 

This bit is set only during execution 
phase in non-DMA mode. When 
DBs goes low, execution phase has 
ended and result phase has started. 
It operates only during non-DMA 
mode of operation. 

Indicates direction of data transfer 
between the processor and data 
register. If 010 = 1 , then transfer is 
from data register to the processor. 
If 010 = 0, then transfer is from the 
processor to data register. 

Indicates data register is ready to 
send or receive data to or from the 
processor. Both bits 010 and ROM 
should be used to perform the hand
shaking functions of "ready" and 
"direction" to the processor. 
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Table 3. Status Register Identification 

Pin 

No. Name Symbol Function 

Status Register 0 

D7, D6 Interrupt Code IC D7 = 0 and D6 = 0 
Normal termination of command, (NT). Command was completed and properly 
executed. 

D7 = 0 and D6 = 1 
Abnormal termination of command, (AT). Execution of command was started 
but was not successfully completed. 

-
D7 = 1 and D6 = 0 
Invalid command issue, (IC). Command which was issued was never started. 

D7 = 1 and D6 = 1 
Abnormal termination because during command execution the ready signal 
from FDD changed state. 

D5 Seek End SE When the FDC completes the Seek command, this flag is set to 1 (high). 

D. Equipment EC If a fault signal is received from the FDD, or if the track 0 signal fails to occur 
Check after 77 step pulses (Recalibrate Command) then this flag is set. ---

D3 Not Ready NR When the FDD is in the not-ready state and a Read or Write command is issued, 
this flag is set. If a Read or Write command is issued to side 1 of a single-sided 
drive, then this flag is set. 

D2 Head Address HD This flag is used to indicate the state of the head at interrupt. 

D1 Unit Select 1 US1 This flag is used to indicate a drive unit number at interrupt. 

Do Unit Select 0 USo This flag is used to indicate a drive unit number at interrupt. 

Status Register 1 

D7 End of Cylinder EN When the FDC tries to access a sector beyond the final sector of a cylinder, this 
flag is set. 

D6 Not used. This bit is always 0 (low). 

D5 Data Error DE When the FDC detects a CRC(1) error in either the ID field or the data field, this 
flag is set. 

D. Overrun OR If the FDC is not serviced by the host system during data transfers within a 
certain time interval, this flag is set. 

D3 Not used. This bit is always 0 (low). --
D2 No Data ND During execution of Read Data, Write Deleted Data or Scan command, if the I 

FDC cannot find the sector specified in the IDR(2) Register, this flag is set. 

During execution of the Head ID command, if the FDC cannot read the ID field 
without an error, then this flag is set. 

During execution of the Head A Cylinder command, if the starting sector cannot 
be found, then this flag is set. ----------

D1 Not Writable NW During execution of Write Data, Write Deleted Data or Format A Cylinder 
command, if the FDC detects a write protect signal from the FDD, then this flag 
is set. 

Do Missing Address MA If the FDC cannot detect the data address mark or deleted data address mark, 
Mark this flag is set. Also at the same time, the MD (missing address mark in data 

field) of status register 2 is set. 

Status Register 2 

D7 Not used. This bit is always 0 (low). 
-------

D6 Control Mark CM During execution of the Read Data or Scan command, if the FDC encounters a 
sector which contains a deleted data address mark, this flag is set. 

-- --

D5 Data Error in DD If the FDC detects a CRe error in the data field then this flag is set. 
Data Field 

-------~ 

D. Wrong Cylinder WC This bit is related to the ND bit, and when the contents of C(3) on the medium is 
different from that stored in the IDR, this flag is set. 

----

D3 Scan Equal Hit SH During execution of the Scan command, if the condition of "equal" is satisfied, 
this flag is set. 

-----"-

D2 Scan Not SN During execution of the Scan command, if the FDC cannot find a sector on the 
Satisfied cylinder which meets the condition, then this flag is set. ---_. 

D1 Bad Cylinder BC This bit is related to the ND bit, and when the contents of C on the medium is 
different from that stored in the IDR and the contents of Cis FFH, then this flag 
is set. 

Do Missing Address MD When data is read from the medium, if the FDG cannot find a data address mark 
Markin or deleted data address mark, then this flag is set. 

Data Field 
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Status Register 3 

D7 Fault FT This bit is used to indicate the status of the fault signal from the FDD. 

D6 Write Protected WP This bit is used to indicate the status of the write protected signal from the FDD. 

Ds Ready RY This bit is used to indicate the status of the ready signal from the FDD. 
D. Track 0 TO This bit is used to indicate the status of the track 0 signal from the FDD. 

D3 Two-Side TS This bit is used to indicate the status of the two-side signal from the FDD. 

D2 Head Address HD This bit is used to indicate the status of the side select signal to the FDD. 
D, Unit Select 1 US, This bit is used to indicate the status of the unit select 1 signal to the FDD. 

Do Unit Select 0 USo This bit is used to indicate the status of the unit select 0 signal to the FDD. 
Note: 

(1) CRC = Cyclic Redundancy Check 
(2) lOR = Internal Data Register 
(3) Cylinder (C) is described more fully in the Command Symbol 

Description. 

Standby Mode 
The FDC72C6S/FDC72C66 can be placed in a low-power 
standby mode by issuing the SET STANDBY command. 
During standby mode, the main status register will contain 
all zeros. After standby mode is disabled, ROM (Request 
for Master) in the main status register will be set to 1, indi
cating that the FDC72C6S/72C66 is available for use. Dur
ing standby mode, it is only necessary to maintain clock on 
pin 19. All disk control signals will be inactive. 

To further reduce system power dissipation, it is possible to 
stop the clock on pin 19 as well by the following procedure. 

(1) Issue SET STANDBY command. 

(2) Wait for 32 clock periods, minimum. 

(3) The clock may then be stopped. 

To resume normal operation, the clock must be re-started. 
After 24 clock periods, the RESET STANDBY command 
may be issued. 

All internal registers and I/O ports are held constant. VDD 

must be maintained at normal levels. 

NOTES: 

Command Sequence 
The FDC72C6S/FDC72C66 is capable of performing 18 
different commands. Each command is initiated by a mul
tibyte transfer from the processor, and the result after exe
cution of the command may <;lIEio, be a multi byte transfer 
back to the processor. Because of this multibyte inter
change of information between the FDC72C6S/FDC72C66 
and the processor, it is convenient to consider each com
mand as consisting of three phases: 

Command The FDC receives all information 
Phase: required to perform a particular opera-

tion from the processor. 

Execution The FDC performs the operation it was 
Phase: instructed to do. 

Result Phase: After completion of the operation, status 
and other housekeeping information 
are made available to the processor. 

table 4 shows the required preset parameters and results 
for each command. Most commands require 9 command 
bytes and return 7 bytes during the result phase. The "W" 
to the left of each byte indicates a command phase byte to 
be written, and an "R" indicates a result byte. The defini
tions of other abbreviations used in table are given in the 
Command Symbol Description table. 
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Command Symbol Description 

Pin 
Name Symbol Function 

Address Line 0 Ao Ao controls selection of main status register (Ao = 0) or data register (Ao = 1). 

Cylinder Number C C stands for the current/selected cylinder (track) numbers 0 through 76 of the medium. 

Data 0 o stands for the data pattern which is going to be written into a sector. 

Data Bus 0 7-00 a-bit data bus, where 0 7 stands for a most significant bit, and Do stands for a least 
significant bit. 

Data Length DTL When N is defined as 00, DTL stands for the data length which users are going to read out or 
write into the sector. 

End of Track EOT EOT stands for the final sector number on a cylinder. During read or write operations, FDC will 
stop data transfer after a sector number equal to EOT. 

Gap Length GPL GPL stands for the length of gap 3. During ReadlWrite commands this value determines the 
number of bytes that VCO sync will stay low after two CRC bytes. During Format command it 
determines the size of gap 3. 

Head Address H H stands for head number 0 or 1, as specified in 10 field. 

Head HD HD stands for a selected head number 0 or 1 and controls the polarity of pin 27. (H = HD in all 
command words.) 

Head Load Time HLT HLT stands for the head load time in the FDD (2 to 254 ms in 2 ms increments.) . 

Head Unload HUT HUT stands for the head unload time after a Read or Write operation has occurred (16 to 240 
Time .ms in 16 ms increments.) 

FM or MFM Mode MF If MF is low, FM mode is selected, and if it is high, MFM mode is selected. 

Multitrack MT If MT is high, a multitrack operation is performed. If MT = 1 after finishing read/write operation 
on side 0, FDC will automatically start searching for sector 1 on side 1. 

Number N N stands for the number of data bytes written in a sector. 

New Cylinder NCN NCN stands for a new cylinder number which is going to be reached as a result of the seek 
Number operation; desired position of head. 

Non-DMA Mode NO NO stands for operation in the non-DMA mode. 

Present Cylinder PCN PCN stands for the cylinder number at the completion of Sense Interrupt Status command, 
Number position of head at present time. 

Record R R stands for the sector number which will be read or written. 

Read/Write R/W R/W stands for either Read (R) or Write (W) signal. 

Sector SC SC indicates the number of sectors per cylinder. 

Skip SK SK stands for skip deleted data address mark. 

Step Rate Time SRT SRT stands for the stepping rate for the FDD (1 to 16 ms in 1 ms increments). Stepping rate 
applies to all drives (FH = 1 ms, EH = 2 ms, etc.). 

Status 0-3 STO-ST3 STO-ST3 stands for one of four registers which store the status information after a command 
has been executed. This information is available during the result phase after command 
execution. These registers should not be confused with the main status register (selected by 
Ao = 0). STO-ST3 may be read only after a command has been executed and contains 
information relevant to that particular command. 

STP During a scan operation, if STP = 1, the data in contiguous sectors is compared byte by byte 
with data sent from the processor (or DMA); and if STP = 2, then alternate sectors are read 
and compared. 

Unit Select USo, US 1 US stands for a selected drive number 0 or 1. 

NOTES: 
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Table 4. Instruction Set 

Instruction Code 
Phase R/W 0 7 De Os 0 4 0 3 O2 0, Do Remarks 

Read Data 
Command W MT MF SK 0 0 1 1 0 Command Codes 

W X X X X X HD US, USo 
W '" C » Sector ID information prior to command 
W H » execution. The 4 bytes are compared against 
W R » header on floppy disk. 
W N 
W '" EaT 
w GPL 
W DTL 

Execution Data transfer between the FDD and main system 
Result R STO » Status information after command execution 

R ST1 
R ST2 
R C » Sector ID information after command execution 
R H 
R R 
R N 

Read Deleted Data 
Command W MT MF SK 0 1 1 0 0 Command Codes 

W X X X X X HD US, USa 
W C » Sector ID information prior to command execu-
W '" H » tion. The 4 bytes are compared against header on 
W R » floppy disk. 
W N 
W '" EaT 
w GPL 
W DTL » 

Execution Data transfer between the FDD and main system 
Result R STO » Status information after command execution 

R ST1 » 
R ST2 
R C » Sector ID infon;nation after command execution 
R H 
R R 
R N » 

Write Data 
Command W MT MF 0 0 0 1 0 1 Command Codes 

W X X X X X HD US, USa 
W C » Sector ID information prior to command execu-
W H » tion. The 4 bytes are compared against header on 
W R » floppy disk. 
W N 
W EaT » 
W GPL » 
W DTL 

Execution Data transfer between the main system and FDD 
Result R STO » Status information after command execution 

R ST1 
R ST2 » 
R C » Sector ID information after command execution 
R H 
R R 
R N 

NOTES: 

480 



Instruction Code 
Phase R/W D7 D6 Ds D4 D3 D2 D, Do Remarks 

Write Deleted Data 
Command W MT MF a a 1 a a 1 Command Codes 

W X X X X X HD US, USo 
W C .. Sector 10 information prior to command execu-
W H .. tion. The 4 bytes are compared against header on 
W .. R .. floppy disk . 
W N 
W EDT 
W « GPL 
W DTL 

Execution Data transfer between the FDD and main system 

Result R STO .. Status information after command execution 
R .. ST1 
R ST2 
R .. C .. Sector 10 information after command execution 
R H 
R R .. 
R N 

Scan Low or Equal 
Command W MT MF SK 1 1 a a 1 Command Codes 

W X X X X X HD US, USo 
W C .. Sector 10 information prior to command 
W H .. execution . 
W R 
W N 
W EDT 
W GPL 
W DTL .. 

Execution Data compared between the FDD and main system 

Result R STO .. Status information after command execution 

I R .. ST1 
R ST2 
R C .. Sector 10 information after command execution 
R H .. 
R R .. 
R .. N .. 

Scan High or Equal 
Command W MT MF SK 1 1 1 a 1 Command Codes 

W X X X X X HD US, USo 
W C .. Sector 10 information prior to command 
W H .. execution . 
W R 
W N 
W .. EDT 
W « GPL 
W .. DTL .. 

Execution Data transfer between the FDD and main system 

Result R STO .. Status information after command execution 
R ST1 
R ST2 .. 
R .. C .. Sector 10 information after command execution 
R .. H 
R .. R 
R N 

NOTES: 
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Instruction Code 
Phase R/W D7 DB D5 D4 D3 D2 D, Do Remarks 

Recalibrate 
Command W 0 0 0 0 0 1 1 1 Command codes 

W X X X X X 0 US, USo 
Execution Head retracted to track 0 

Sense Interrupt Status 
Command W 0 0 0 0 1 0 0 0 Command codes 

Result R STO ~ Status information about the FDC at the end of 
R PCN ~ seek operation 

Specify 
Command W 0 0 0 0 0 0 1 1 Command codes 

W .«--- SRT ---~.«--- HUT ---~ 
W HLT ~ NO 

Sense Drive Status 
Command W 0 0 0 0 0 1 0 0 Command codes 

W X X X X X HD US, USo 
Result R ST3 ~ Status information about FDD 

Seek 
Command W 0 0 0 0 1 1 1 Command codes 

W X X X X X HD US, USo 
W NCN 

Execution Head is positioned over proper cylinder on diskette 

Invalid 
Command W Invalid Codes -------~ Invalid Command codes (No op-FDC goes into 

standby state) 

Result R STO ~ STO SOH 

Set Standby 

Command W 0 0 0 0 Command codes 
Execution Enter standby mode 

Reset Standby 
Command W 0 0 0 0 0 Command codes 
Execution Disable standb~ mode 

Software Reset 
Command W 0 0 0 0 Command codes 
Execution Same as hardware reset 

Read a Track 

Command W 0 MF SK 0 0 0 1 0 Command Codes 
W X X X X X HD US, USo 
W C ~ Sector 10 information prior to command execution. 
W H ~ 

W R 
W N 
W EOT ~ 

W GPL 
W DTL 

Execution Data transfer between the FDD and main system. 
FDC reads all data fields from index hole to EOT. 

Result R STO ~ Status information after command execution 
R ST1 
R ST2 
R C ~ Sector 10 information after command execution 
R H 
R R 
R N 

NOTES: 
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Instruction Code 
Phase R/W 0 7 De 0 5 04 0 3 O2 0 1 Do Remarks 

Read 10 
Command W 0 MF 0 0 1 0 1 0 Command codes 

W X X X X X HO US1 USa 
Execution The first correct 10 information on the cylinder is 

stored in data register. 
Result R • STO ~ Status information after command execution 

R ST1 ~ 

R • ST2 
R • C ~ Sector 10 information read during execution phase 
R • H ~ from floppy disk. 
R • R 
R • N ~ 

Format a Track 
Command W 0 MF 0 0 1 1 0 1 Command codes 

W X X X X X HO US1 USa 
W N ~ Bytes/sector 
W SC ~ Sectors/track 
W • GPL ~ Gap3 
W • 0 ~ Filler byte 

Execution FOC formats an entire track. 

Result R STO ~ Status information after command execution 
R • ST1 
R ST2 
R C ~ In this case, the 10 information has no meaning 
R • H 
R R 
R N 

Scan Egual 
Command W MT MF SK 1 0 0 0 1 Command codes 

I W X X X X X HO US1 USa 
W C 
W H 
W R 
W N 
W EOT 
W GPL 
W • STP 

Execution Data compared between the FOO and main system 
Result R • STO ~ Status information after command execution 

R ST1 
R ST2 
R C ~ Sector 10 information after command execution 
R H 
R R 
R N 

Note: 
(1) In the Instruction Code, X = don't care (usually set to 0). 
(2) Ao should be 0 for SET STANDBY, RESET STANDBY, and SOFTWARE 

RESET commands and 1 for all other commands. 

NOTES: 
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System Configuration 
Figure 2 shows an example of a system using a FDC72C6S/ 
FDC72C66. 

DBO-DB7 
Ao 

MEMR 
iOR 

DBa-DB7 

1m 
MEMW 

WFi 
iOW cs cs 

INT 
HRQ 

RESET 
HLDA 

Read 
Data 

DRQ Window 

~PD8257 DACK FOC72C65 
DMA or 

Controller FOC72C66 
FOC 

Figure 2. System Configuration 

Processor Interface 
During command or result phases the main status register 
(described earlier) must be read by the processor before 
each byte of information is written into or read from the data 
register. After each byte of data is read or written to the data 
register, th~ CPU snoufd wait for 12f.Ls before reading 
the main status register.l~its D6 and D7 in the main status 
register must be in a 0 and 1 state, respectively, before each 
byte of the command word may be written into the 
FDC72C6S/FDC72C66. Many of the commands require 
multiple bytes and, as a result, the main status register must 
be read prior to each byte transfer to the FDC72C6S/ 
FDC72C66. On the other hand, during the result phase, D6 
and D7 in the main status register must both be 1 's (D6 = 1 
and D7 = 1) before reading each byte from the data register. 
Note that this reading of the main status register before 
each byte transfer to the FDC72C6S/FDC72C66 is required 
only in the command and result phases, and not during the 
execution phase. 

During the execution phase, the main status register need 
not be read. If the FDC72C6S/FDC72C66 is in the non-DMA 
mode, then the receipt of each data byte (if FDC72C6S/ 
FDG72C66 is reading data from FDD) is indicated by an 
interrup.!.§ignal on pin 18 (INT = 1lJhe generation of a read 
signal (RD = 0) or write signal (WR = 0) will clear the inter
rupt as well as output the data onto the data bus. If the pro-

.cessor cannot handle interrupts fast enough (every 13f.Ls 
for the MFM mode and 27f.Ls for the FM mode), then it may 
poll the main status register and bit D7 (ROM) functions as 
the intern!Q! signal. If a write command is in the process 
then the WR signal negates the reset to the interrupt signal. 
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Note that in the non-DMA mode it is necessary to examine 
the main status register to determine the cause of the inter
rupt, since it cou.ld be a data interrupt of a command ter
mination interrupt, either normal or abnormal. 

If the FDC72C6S/FDC72C66 is in the DMA mode, no inter
rupts are generated during the execution phase. The 
FDC72C6S/FDC72C66 generates DROs (DMA requests) 
when each byte of data is available. The DMA controller 
responds to this request with both a DACK = 0 (DMA 
acknowledge) and an RD = 0 (read signal). When theDMA 
acknowledge signal goes low (DACK = 0), then the DMA 
request is clear.mDRO = 0). If a write command has been 
issued, then a WR signal will appear instead of RD. After 
the execution phase has been completed (terminal count 
has occurred) or the EOT sector read/written, then an inter
rupt will occur (lNT = 1). This signifies the beginning of the 
result phase. When the first byte of data is read during the 
result phase, the interrupt is automatically cleared (INT = 0). 

The RD or WR signals should be asserted wh.llilDACK is 
true. The CS signal is used in conjunction with RD and WR 
as a gating function during programmed I/O operations. CS 
has no effect during DMA operations. If the non-DMA mode 
is chosen, the DACK signal should be pulled up to Vee. 

It is important to note that during the result phase all bytes 
shown in the instruction set (table 4) must be read. The read 
data command, for example, has seven bytes of data in the 
result phase. All seven bytes must be read in order to suc
cessfully complete the Read Data command. The 
FDC72C6S/FDC72C66 will not accept a new command until 
all seven bytes have been read. Other commands may 
require fewer bytes to be read during the result phase. 

The FDC72C6S/FDC72C66 contains five status registers. 
The main status register mentioned above may be read by 
the processor at any time. The other four status registers 
(STO, ST1, ST2, and ST3) are available only during the result 
phase and may be read only after completing a command. 
The particular command that has been executed deter
mines how many of the status registers will be read. 

The bytes of data which are sent to the FDC72C6S/ 
FDC72C66 to form the command phase and are read out 
of the FDC72C6S/FDC72C66 in the result phase must occur 
in the order shown in table 4. That is, the command code 
must be sent first and the other bytes sent in the prescribed 
sequence. No foreshortening of the command or result 
phases is allowed. After the last byte of data in the com
mand phase is sent to the FDC72C6S/FDC72C66, the exe
cution phase automatically starts. In a similar fashion, when 
the last byte of data is read out in the result phase, the com
mand is automatically ended and the FDC72C6S/ 
FDC72C66 is ready for a new command. 

+1 ... --- 780~. ---... 1 

USo 

u&t 
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Figure 3. Polling Feature 



Polling 
After reset has been sent to the FOC72C65/FOC72C66, the 
unit select lines USa and US1 will automatically go into a 
polling mode. In between commands (and between step 
pulses in the Seek command) the FOC72C65/FOC72C66 
polls all four FOOs looking for a change in the ready line 
from any of the drives. If the ready line changes state (usu
ally due to a door opening or closing), then the FOC72C65/ 
FOC72C66 will generate an interrupt. When status register 
O(STO) is read (after Sense Interrupt Status is issued), not 
ready (NR) will be indicated. The polling of the ready line by 
the FOC72C65/FOC72C66 occurs continuously between 
commands, thus notifying the processor which drives are 
on or off line. Each drive is polled every 1.024 ms except 
during the ReadlWrite commands. When used with a 4 MHz 
clock for interfacing to minifloppies, the polling rate is 2.048 
ms. See figure 3. 

Read Data 
A set of nine (9) byte words are required to place the FOC 
into the read data mode. After the Read Oata command has 
been issued the FOC loads the head (if it is in the unloaded 
state), waits the specified head settling time (defined in the 
Specify command), and begins reading 10 address marks 
and 10 fields. When the current sector number (R) stored 
in the 10 register (lOR) compares with the sector number 
read 01'1 the diskette, then the FOC outputs data (from the 
data field) byte-to-byte to the main system via the data bus. 

After completion of the read operation from the current sec
tor, the sector number is incremented by one, and the data 
from the next sector is read and output on the data bus. This 
continuous read function is called a multi-sector read oper
ation. The Read Oata command may be terminated by the 
receipt of a terminal count signal. TC should be issued at 
the same time that the OACK for the last byte of data is sent. 
Upon receipt of this signal, the FOC stops outputting data 
to the processor, but will continue to read data from the cur
rent sector, check CRC (cyclic redundancy count) bytes, and 
then at the end of the sector terminate the Read Oata com
mand. The amount of data which can be handled with a sin
gle command to the FOC depends upon MT (multi-track), 
MF (MFM/FM), and N (number of bytes/sector). Table 5 
shows the transfer capacity. 

The "multi-track" function (MT) allows the FOC to read data 
from both sides of the diskette. For a particular cylinder, data 
will be transferred starting at sector 1, side 0 and complet
ing at sector L, side 1 (sector L= last sector on the side). 
Note, this function pertains to only one cylinder (the same 
track) on each side of the diskette. 

When N = 0, then OTI defines the data length which the FOC 
must treat as a sector. If OTL is smaller than the actual data 
length in a sector, the data beyond OTL in the sector is not 
sent to the data bus. The FOC reads (internally) the com
plete sector performing the CRC check and, depending 
upon the manner of command termination, may perform a 
multi-sector read operation. When N is non-zero, then OTL 
has no meaning and should be set to FFH. 

At the completion of the Read Oata command, the head is 
not unloaded until after head unload time interval (specified 
in the Specify command) has elapsed. If the processor 
issues another command before the head unloads, then the 
head setting time may be saved between subsequent 
reads. This time out is particularly valuable when a diskette 
is copied from one drive to another. 

If the FOC detects the index hole twice without finding the 
right sector, (indicated in "R"), then the FOC sets the NO 
(No data) flag in status register 1 to a 1 (high), and termi
nates the Read Oata command. (Status register 0 also has 
bits 7 and 6 set to 0 and 1, respectively.) 

After reading the 10 and data fields in each sector, the FOC 
checks the CRC bytes. If a read error is detected (incorrect 
CRC in 10 field), the FOC sets the OE (data error) flag in 
status register 1 to a 1 (high), and if a CRC error occurs in 
the data field, the FOC also sets the 00 (data error in data 
field) flag in status register 2 to a 1 (high), and terminates 
the Read Oata command. (Status register 0 also has bits 7 
and 6 set to 0 and 1, respectively.) 

If the FOC reads a deleted data address mark off the dis
kette, and the SK bit (bit 0 5 in the first command word) is 
not set (SK = 0), then the FOG sets the CM (control mark) 
flag in status register 2 to a 1 (high), and terminates the 
Read Oata command, after reading all the data in the sec
tor. If SK = 1, the FOC skips the sector with the deleted data 
address mark and reads the next sector. The CRC bits in 
the deleted data field are not checked when SK = 1_ 

Ouring disk data transfers between the FOC and the pro
cessor, via the data bus, the FOC must be serviced by the 
processor every 27f.Ls in the FM mode, and every 13f.Ls in 
the MFM mode, or the FOC sets the OR (Overrun) flag in 
status register 1 to a 1 (high), and terminates the Read Oata 
command. 

If the processor terminates a read (or write) operation in the 
FOC, then the 10 information in the result phase is depend
ent upon the state of the MT bit and EDT byte. Table 6 
shows the values for C, H, R, and N, when the processor 
terminates the command. 

Functional Description of Commands 

Write Data 

A set of nine (9) bytes is required to set the FOC into the 
write data mode. After the Write Oata command has been 
issued the FOC loads the head (if it is in the unloaded 
state), waits the specified head setting time (defined in the 
Specify command), and begins reading 10 fields. When all 
four bytes loaded during the command (C,H,R,N) match the 
four bytes of the 10 field from the diskette, the FOC takes 
data from the processor byte-by-byte via the data bus and 
outputs it to the FOO. See table 6. 

After writing data into the current sector, the sector number 
stored in R is incremented by one, and the next data field is 
written into. The FOC continues this multisector write oper
ation until the issuance of a terminal count Signal. If a ter
minal count Signal is sent to the FOC it continues writing 
into the current sector to complete the data field. If the ter
minal count signal is received while a data field is being writ
ten then the remainder of the data field is filled with zeros. 

The FDC reads the 10 field of each sector and checks the 
CRC bytes. If the FOC detects a read error (CRC error) in 
one of the 10 fields, it sets the OE (Oata Error) flag of status 
register 1 to a 1 (high) and terminates the Write Data com
mand. (Status register 0 also has bits 7 and 6 set to 0 and 
1, respectively.) 
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TableS. Transfer Capacity 

Multi- MFM/ Bytes/ Maximum Transfer Capacity Final Sector 
Track FM Sector (Bytes/Sector) Read from 

MT MF N (Number of Sectors) Diskettes 
0 0 00 (128)(26) = 3,328 26 at side 0 
0 1 01 (256) (26) = 6,656 or 26 at side 1 

0 00 (128) (52) = 6,656 26 at side 1 
1 01 (256) (52) = 13,312 

0 0 01 (256) (15) = 3,840 15 at side 0 
0 1 02 (512) (15) = 7,680 or 15 at side 1 
1 0 01 (256) (30) = 7,680 15 at side 1 
1 1 02 (512) (30) = 15,360 
0 0 02 (512) (8) ,;, 4,096 8 at side 0 
0 1 03 (1024) (8) = 8,192 or 8 at side 1 

0 02 (512)(16) = 8,192 8 at side 1 
1 03 (1024) (16) = 16,384 

Table 6. Command Description 

Final Sector Transferred ID Information at Result Phase 
MT HD to Processor C H R N 
0 0 Less than EaT NC NC R+1 NC 

0 0 Equal to EaT C+1 NC R=01 NC 

0 Less than EaT NC NC R+1 NC 

0 Equal to EaT C+1 NC R=01 NC 

0 Less than EaT NC NC R+1 NC 

0 Equal to EaT NC LSB R=01 NC 

Less than EaT NC NC R+1 NC 

Equal to EaT C+1 LSB R=1 NC 

Note: (1) NC (No Change): The same value as the one at the beginning of 
command execution. 

(2) LSB (Least Significant Bit): The least significant bit of H is 
complemented. 

The Write command operates in much the same manner as the beginning of a data field (and SK = 0 (low)), it will read 
the Read command. The following items are the same, and all the data in the sector and set the CM flag in status reg
one should refer to the Read Data command for details: ister 2 to a 1 (high), and then terminate the command. If 

• Transfer capacity 
• EN (end of cylinder) flag 
• NO (no data) flag 
• Head unload time interval 
• 10 Information when the processor terminates command 
• Definition of OTL when N = 0 and when N :# 0 

In the write data mode, data transfers between the proces
sor and FOC, via the data bus, must occur every 27f.Ls in 
the FM mode and every 13f.Ls in the MFM mode. If the time 
interval between data transfers is longer than this, the FOC 
sets the OR (overrun) flag in status register 1 to a 1 (high) 
and terminates the Write Data comm!;1nd. (Status register 
o also has bits 7 and 6 set to 0 and 1, respectively.) 

Write Deleted Data 

This command is the same as the Write Data command 
except a deleted data address mark is written at the begin
ning of the data field instead of the normal data address 
mark. 

Read Deleted Data 

SK = 1, then the FOC skips the sector with the data address 
mark and reads the next sector. 

Read a Track 

This command is similar to the Read Data command except 
that this is a continuous read operation where the entire 
data field from each of the sectors is read. Immediately after 
sensing the index hole, the FOC starts reading all data fields 
on the track as continuous blocks of data. If the FOC finds 
an error in the 10 or data CRC check bytes, it continues to 
read data from the track. The FOC compares the 10 infor
mation read from each sector with the value stored in the 
lOR and sets the NO flag of status register 1 to a 1 (high) if 
there is no comparison. Multi-track or skip operations are 
not allowed with this command. 

This command terminates when the number of sectors read 
is equal to EOT. If the FOC does not find an 10 address mark 
on the diskette after it senses the index hole for the second 
time, it sets the MA (missing address mark) flag in status 
register 1 to a 1 (high) and terminates the command. (Sta
tus register 0 has bits 7 and 6 set to 0 and 1, respectively). 

Read 10 

This command is the same as the Read Data command The Read 10 command is used to give the present position 
except that when the FOC detects a data address mark at of the recording head. The FOC stores the values from the 
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first ID field it is able to read. If no proper ID address mark 
is found in the diskette before the index hole is encountered 
for the second time, then the MA (missing address mark) 
flag in status register 1 is set to a 1 (high), and if no data is 
found then the ND (No data) flag is also set in status reg
ister 1 to a 1 (high). The command is then terminated with 
bits 7 and 6 in status register 0 set to 0 and 1, respectively. 
During this command there is no data transfer between 
FDC and the CPU except during the result phase. 

Format a Track 
The Format a Track command allows an entire track to be 
formatted. After the index hole is detected, data is written 
on the diskette; gaps, address marks, ID fields, and data 
fields, all perthe IBM System 34 (double density) or System 
3740 (single density) format, are recorded. The particular 

Table 7. Sector Size 

Format Sector Size 

8" Standard Flopp~ 

FM Mode 128 Bytes/Sector 

256 

512 

1024 

2048 

4096 

MFM Mode (Note 4) 256 

512 

1024 

2048 

4096 

8192 

5%" Mil'liflopp~ 

FMMode 128 Bytes/Sector 

128 

256 

512 

1024 

2048 

MFM Mode (Note 4) 256 

256 

512 

1024 

2048 

4096 

31/2" SOI'l~ Micro Floppydisk 

FM Mode 128 Bytes/Sector 

256 

512 

MFM Mode (Note 4) 256 

512 

1024 

Note: 
(1) Suggested values of GPL in Read or Write commands to avoid 

splice point between data field and 10 field of contiguous 
sections. 

(2) Suggested values of GPL in format command. 
(3) All values except sector size are hexidecimal. 
(4) In MFM mode FOC cannot ~erform a Read/Write/Format opera-

tion with 128 bytes/sector. ( = 00). 

format which will be written is controlled by the values pro
grammed into N (number of bytes/sector), SC (sectors/cyl
inder), GPL (gap length), and D (data pattern) which are 
supplied by the processor during the command phase. The 
data field is filled with the byte of data stored in D. The ID 
field for each sector is supplied by the processor; that is, 
four data requests per sector are made by the FDC for C 
(cylinder number), H (head number), R (sector number), and 
N (number of bytes/sector). This allows the diskette to be 
formatted with nonsequential sector numbers, if desired. 

The processor must send new values for C,H,R, and N to 
the FDC72C6S/FDC72C66 for each sector on the track. If 
FDC is set for the DMA mode, it will issue four DMA requests 
per sector. If it is set for the interrupt mode, it will issue four 
interrupts per sector and the processor must supply C, H, 
R, and N loads for each sector. The contents of the R reg-

N SC GPL (1) GPL(2,3) 

00 1A 07 1B 

01 OF OE 2A 

02 08 1B 3A 

03 04 47 8A 

04 02 C8 FF 

05 01 C8 FF 

01 1A OE 36 

02 OF 1B 54 

03 08 35 74 

04 04 99 FF 

05 02 C8 FF 

06 01 C8 FF 

00 12 07 09 

00 10 10 19 

01 08 18 30 

02 04 46 87 

03 02 C8 FF 

04 01 C8 FF 

01 12 OA OC 

01 10 20 32 

02 08 2A 50 

03 04 80 FO 

04 02 C8 FF 

05 01 C8 FF 

0 OF 07 1B 

1 09 OE 2A 

2 05 1B 3A 

1 OF OE 36 

2 09 1B 54 

3 05 35 74 
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ister are incremented by 1 after each sector is formatted; 
thus, the R register contains a value of R when it is read 
during the result phase. This incrementing and formatting 
continues for the whole track until the FOG detects the index 
hole for the second time, whereupon it terminates the 
command. 

If a fault signal is received from the FOO at the end of a write 
operation, then the FOG sets the EG flag of status register 
o to a 1 (high) and terminates the command after setting 
bits 7 and 6 of status register 0 to 0 and 1, respectively. Also, 
the loss of a ready signal at the beginning of a command 
execution phase causes bits 7 and 6 of status register 0 to 
be set to 0 and 1, respectively. 

Scan Commands 

The Scan commands allow data which is being read 
from the diskette to be compared against data which is 
being supplied from the main system. The FOG compares 
the data on a byte-by-byte basis and looks for a sector of 
data which meets the conditions of OFDD = OProcessor, 
OFDD~OProcessor, or 0FDD;:: 0Processor. The hexidecimal 
byte of FF either from memory or from FOO can be used as 
a mask byte because it always meets the condition of the 
comparison. One's complement arithmetic is used for com
parison (FF = largest number, 00 = smallest number). After 
a whole sector of data is compared, if the conditions are not 
met, the sector number is incremented (R + STP~R), and 
the scan operation is continued. The scan operation contin
ues until one of the following conditions occur: the condi
tions for scan are met (equal, low or high), the last sector 
on the track is reached (EOT), or the terminal count signal 
is received. 

If the conditions for scan are met, then the FOG sets the SH 
(scan hit) flag of status register 2 to a 1 (high) and termi
nates the Scan command. If the conditions for scan are not 
met between the starting sector (as specified by R) and the 
last sector on the cylinder (EOT), then the FOG sets the SN 
(scan not satisfied) flag of status register 2 to a 1 (high) and 
terminates the Scan command. The receipt of a terminal 
count signal from the processor or OMA controller during 
the scan operation will cause the FOG to complete the com
parison of the particular byte which is in process and then 
to terminate the command. Table 8 shows the status of bits 
SH and SN under various conditions of Scan. 

TableS. Scan Conditions 

Status Register 2 
Command Bit 2=SN Bit 3 =SH 

Scan Equal o 1 

1 0 
Scan Low or 0 1 
ECJual 0 0 

1 0 

Scan High or 0 1 
Equal 0 0 

0 

Comments 

DF'OO 0/= Dprocessor 

DFDD = Dproc8ssor 

DFDo< Dprocessor 

DFDo> Dprocessor 

DFoo> Dprocessor 

D raD < Dprocessor 

If the FOG encounters a deleted data address mark on one 
of the sectors (and SK = 0), then it regards the sector as the 

(SK = 1), the FOG sets the GM (control mark) flag of status 
register 2 to a 1 (high) in order to show that a deleted sector 
has been encountered. 

When either the STP (contiguous sectors = 01, or alternate 
sectors = 02) sectors are read or the MT (multitrack) is pro
grammed, it is necessary to remember that the last sector 
on the track must be read. For example, if STP = 02, MT == 0, 
the sectors are numbered sequentially 1 through 26 and 
the Scan command is started at sector 21, the following 
will happen: sectors 21, 23, and 25 will be read, then the 
next sector (26) will be skipped and the index hole will be 
encountered before the EOT value of 26 can be read. This 
will result in an abnormal termination of the command. If the 
EOT had been set at 25 or the scanning started at sector 
20, then the Scan command would be completed in a nor
mal manner. 

During the Scan cQmmand, data is supplied by either the 
processor or OMA controller for comparison against the 
data read from the diskette. In order to avoid having the OR 
(overrun) flag set in status register 1, it is necessary to have 
the data available in less than 27 f.Ls (FM mode) or 13 f.Ls 
(MFM mode). If an overrun occurs, the FOG ends the com
mand with bits 7 and 6 of status register 0 set to 0 and 1, 
respectively. 

Seck 
The read/write head within the FOO is moved from cylinder 
to cylinder under control of the Seek command. FOG has 
four independent present cylinder registers for each drive. 
They are cleared only after the Recalibrate command. The 
FOG compares the PGN (present cylinder number) which 
is the current head position with the NGN (new cylinder 
number), and if there is a difference, performs the following 
operations: 

PGN<NGN: Direction signal to FOO set to a 1 (high), and 
step pulses are issued. (Step in) 

PGN>NGN: Direction signal to FOO set to a 0 (low), and 
step pulses are issued. (Step out) 

The rate at which step pulses are issued is controlled by 
SRT (stepping rate time) in the Specify command. After 
each step pulse is issued NGN is compared against PGN, 
and when NGN = PGN, the SE (seek end) flag is set in sta
tus register 0 to a 1 (high), and the command is terminated. 
At this pOint FOG interrupt goes high. Bits OoB - 03B in the 
main status register are set during the seek operation and 
are cleared by the Sense Interrupt Status command. 

During the command phase of the seek operation the FOG 
is in the FOG busy state, but during the execution phase it 
is in the (lon-busy state. While the FOG is in the non-busy 
state, another Seek command may be issued, and in this 
manner parallel seek operations may be done on up to four 
drives at once. No other command can be issued for as long 
as the FOG is in the process of sending step pulses to any 
drive. 

If an FOO is in a not ready state at the beginning of the com
mand execution phase or during the seek operation, then 
the NR (not ready) flag is set in status register 0 to a 1 (high), 
and the command is terminated after bits 7 and 6 of status 
register 0 are set to 0 and 1, respectively. 

last sector on the cylinder, sets the GM (control mark) flag If the time to write three bytes of Seek command exceeds 
of status register 2 to a 1 (high) and terminates the com- 150 f.Ls, the timing between the first two step pulses may be 
mand. If SK = 1 , the FOG skips the sector with the deleted shorter than set in the Specify command by as much as 1 
address mark and reads the next sector. In the second case ms. 
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Recalibrate 
The function of this command is to retract the read/write 
head within the FDD to the track 0 position. The FDC clears 
the contents of the PCN counter and checks the status of 
~he track 0 s!gna~ fron:' the FDD. As long as the track 0 signal 
IS lo.w, the direction signal remains 0 (low) and step pulses 
are Issue~. When the ~rack 0 signal goes high, the SE (seek 
end) fl?-g In st.atus register 0 is set to a 1 (high) and the com
mand IS terminated. If the track 0 signal is still low after 256 
step pulses have ~een issued, the FDC sets the SE (seek 
end) and EC (equipment check) flags of status register 0 to 
both 18 (highs) and terminates the command after bits 7 
and 6 of status register 0 are set to 0 and 1, respectively. 

The .ability to do overlapping Recalibrate commands to 
mu.ltlple. FDDs and the loss of the ready signal, as de
scnbed In the Seek command, also applies to the Recali
brate command. 

Sense Interrupt Status 
An interrupt signal is generated by the FDC for one of the 
following reasons: 
(1) Upon entering the result phase of: 

(a) Read Data command 
(b) Read a Track command 
(c) Read 10 command 
(d) Read Deleted Data command 
(e) Write Data command 
(f) Format a Cylinder command 
(g) Write Deleted Data command 
(h) Scan commands 

(2) Ready line of FDD changes state 
(3) End of Seek or Recalibrate command 
(4) During execution phase in the non-DMA mode 

Interrupts caused by rea~ons 1 and 4 above occur during 
normal command operations and are easily discernible by 

the processor. During an execution phase in non-DMA 
mode, DBs in the main status register is high. Upon entering 
the result phase this bit gets cleared. Reasons 1 and 4 do 
not require Sense Interrupt Status commands. The inter
rupt is cleared by reading/writing data to the FDC. Inter
rupts caused by reasons 2 and 3 above may be uniquely 
identified with the aid of the Sense Interrupt Status com
n:'and. This ?on:'mand, when issued, resets the Interrupt 
signal and, via bits 5, 6, and 7 of status register 0, identifies 
the cause of the interrupt. See table 9. 

Table 9. Interrupt Status 

Seek End __ '_n_te_r_ru-,-p...:..t -=..C-=..od::..:e=--__ 
Bit 5 Bit 6 Bit 7 Cause 
o 

o 0 

Ready line changed 
state, either polarity 

Normal termination 
of Seek or Recali
brate command 

o Abnormal termina
tion of Seek or 
Recalibrate 
command 

~he S.ense Interrupt Status ~ommand is used in conjunc
tion with the Seek and Recallbrate commands which have 
no result phase. When the disk drive has reached the 
desired head position the FDC72C65/FDC72C66 will set 
the interrupt line true. The host CPU must then issue a 
Sense Interrupt Status command to determine the actual 
~ause of the interrupt, which could be seek end or a change 
111 ready st.atus from one of the drives. A graphic example is 
shown In figure 4. 

Seek (or Recallbrate) Command I' Sen,. Interrupt Status Command I 

I
I-Command Phase 1-Execution Phase-I- Command Phas8-1- R8Iult Pha •• - I 

1 I 1 I 
I 1 I 1 
1 1 I 1 

INT 

1 1 1 I 
I 1 I I 
1 1 1 1 

I 1 I I 

Ao LLrn unu m un run urn 
1 1 1 I 

Illi1 lJlJ 
I 

U n ~ I 
1 
1 

w1\ U U ~ U 
010 -u lIlJ u J[ ][ 
RQM~ fLJl n n n 

t t t t 
la ~ 

0 
~ z !i ~ 

~ 
,g-

il! ~~ 1111 ~1 &Jh z .... &~!~ :r: .5 !il.~ 

Figure 4. Seek, Recalibrate, and Sense Interrupt Status 
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Specify 
The Specify command sets the initial values for each of the 
three internal timers. The HUT (head unload time) defines 
the time from the end of the execution phase of one of the 
Read/Write commands to the head unload state. This timer 
is programmable from 16 to 240 ms in increments of 16 ms 
(01 = 16 ms, 02 = 32 ms ... OFH = 240 ms). The SRT (step 
rate time) defines the time interval between adjacent step 
pulses. This timer is programmable from 1 to 16 ms in incre
ments of 1 ms (F = 1 ms, E = 2ms, D = 3ms, etc.). The HlT 
(head load time) defines the time between when the head 
load signal goes high and the Read/Write operation starts. 
This timer is programmable from 2 to 254 ms in increments 
of 2 ms (01 = 2 ms, 02 = 4 ms, 03= 6 ms ... 7F = 254 ms). 

The time intervals mentioned above are a direct function of 
the clock (ClK on pin 19). Times indicated above are for an 
8 MHz clock; if the clock was reduced to 4 MHz (minifloppy 
application), then all time intervals are increased by a factor 
of2. 

The set standby command reduces power consumption 
(PD)from 10mWto 1Of.LW. Pin 19 (ClK) must be active when 
setting or resetting standby mode. All other clocks (Le. WCK, 
etc.) can be inactive. The supply voltage must be main
tained at 5 V during standby. The clock to pin 19 may be 
disabled during standby provided the following set-up and 
hold conditions are met: 

Standby Mode 
(issuing command) 

Note: 

ClKenabled 
(0 = disabled) 

32,CY-

Standby Mode 

- - - 24+CY 

Standby mode will maintain Internal status registers and 1/0 lines. 

The choice of a DMA or non-DMA operation is made by the Differences Between the 
ND (non-DMA) bit. When this bit is high (ND = 1) the non- FDC72C65/72C66 and FDC765A/7265 
DMA mode is selected, and when ND = 0 the DMA mode is 
selected. 

Parameter FDC72C65 FDC72C66 FDC765A FDC7265 

Sense Drive Status Track format IBM ECMAIISO IBM EMCAIISO 

This command may be used by the processor whenever it Tracks to be 255 77 255 
wishes to obtain the status of the FDDs. Status register 3 _re_c.:.;..al~ib--.:ra_te--.:d~ _______________ _ 
contains the drive status information stored internally in Skipping time 
FOC registers. after detection 

Invalid 
If an Invalid command is sent to the FDC (a command not 
defined above), then the FDC will terminate the command 
after bits 7 and 6 of status register 0 are set to 1 and 0, 
respectively. No interrupt is generated by the FDC72C65/ 
FDC72C66 during this condition. Bits 6 and 7 (DID and 
ROM) in the main status register are both 1 (high), indicat
ing to the processor that the FDC72C65/FDC72C66 is in 
the result phase and the contents of status register 0 (STO) 
must be read. When the processor reads status register 0 
it will find an SOH, indicating an invalid commandwas 
received. 

A Sense Interrupt Status command must be sent after a 
seek or recalibrate interrupt, otherwise the FDC will con
sider the next command to be an Invalid command. In some 
applications the user may wish to use this command as a 
No-Op command to place the FDC in a standby or no oper
ation state. 

of index pulses 

ORO i RO t 
TE response 
time 

FOO response 
latency after 
unit select 
signal output 

Multitrack 
write by tunnel 
erase head 

Standby 
function 
(standby 
command) 

Software reset 
command 

Data Format 

0.2ms (at 4 MHz) 

125 ns at 4MHz 
250 ns at BMHz 

2.5fJ.-s at 4MHz 
5.0fJ.-s at BMHz 

Yes 

Yes 

Yes 

about about 
1.2 ms 0.2 ms 

(at 4 MHz) (at 4 MHz) 

O.B fJ.-S 
1.6 fJ.-S 

No 

No 

No 

CMOS Reset Commands Figure 5 shows the data transfer format for the FDC72C65 
Commands that are available in the FOC72C65/FOC72C66 and FDC72C66 in various modes. 
which are enhancements over the FOC765A1FOC7265 
are the CMOS reset commands. They are initiated as 
follows: 

AO RO WR 07 06 05 04 03 02 01 00 

Set standby 0 0 0 0 0 0 1 

Reset standby 0 1 0 0 0 0 0 0 
Software reset 0 1 0 0 0 0 0 

The software reset command is identical to the hardware 
reset described previously. 
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FDC72C65 (FM Mode) 

Inde~ 1--------------RepeatN Tlmea-------------i 

FDC72C66 (FM Mode) 

Inde~-----------RepeatNTlme8----.---------I 

FDC72C65 (MFM Mode) 

Inde~ Repeat N Tlmea-------------I 

FDC72C66 (MFM Mode) 

Inde.J\...... f-------------Repeat N Times I 
FDC72C65 

Index J\"'"'----------------tt~ 
Fonnat L-G_A_P_4a_ ...... _'A_M--I_G_A_p_1--11_'D ...... I_G_AP_2_.l-_D_Ii._lA_-,-_G_A_P_3 --I ___ I_D_~: : GAP 4b 

VCOSYNC 

WE 
r------, 

I \ 

FDC72C66 

Index ~---------------~t~ 
Fonnat ~_GA_P_1 __ ID ....... _G_A_P_2 ___ DIi._t_"A_.l-_G_A_P_3--'1'--1D ....... I_G_A_P_2 ........ ___ IO __ -i: : GAP 4 

VCO SYNC \ / ---~------~ 
WE 

r------\ 
I \ 

r-------~ 
I 

Nole: ___ R.ad 
___ Write 

Figure 5. Data Format 

491 



ABSOLUTE MAXIMUM RATINGS TA = 25°e 

Power supply voltage, Vee ..................................................................................... - 0.3V to + 7V 
Input voltage, VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3V to Vee + 0.3V 
Output voltage, Vo ....................................................................................... -0.3VtoVee +0.3V 
Operating temperature, T OPT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to + 70°C 
Storage temperature, TSTG " ................................................................................ - 55°C to + 125°C 
Power dissipation, Po ................................................................................................... 50mW 

Comment: Exposing the device to stresses above those listed in Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the limits described in the operational sections of the specification. Expo
sure to absolute maximum rating conditions for extended periods may affect device reliability. 

CAPACITANCE TA = 25°e, fe = 1 MHz, Vee = OV 

LIMITS 
PARAMETER SYMBOL MIN TYP MAX UNIT 
Input clock capacitance CIN(<I» 20 pF (Note 1) 
Input capacitance CIN 10 pF (Note 1) 
Output capacitance COUT 20 pF (Note 1) 

Note: 
(1) All pins except pin under test tied to AC ground 

DC CHARACTERISTICS 
TA = -1Ooe to + 70oe, Vee. = + 5V ± 10% unless otherwise specified 

LIMITS 
PARAMETER SYMBOL MIN TYP MAX UNIT 
Input voltage low VIL -0.5 +0.8 V 
Input voltage high VIH 2.2 Vee+0.5 V 
Output voltage low VOL 0.45 V IOL=2.0 mA 
Output voltage high VOH 2.4 Vee V IOH = - 200 I1A 
Supply current (V cd 100 3 10 mA 

1001 0.7 2 mA 
Input load current high ILiH 10 I1A VIN=Vee 
Input load current low ILiL -10 I1A VIN=OV 
Output leakage current high ILoH 10 I1A VOUT= Vee 
Output leakage current low ILoL -10 I1A VOlJT = +0.45 V 

AC CHARACTERISTICS 
T A = - 100 e to + 70oe, Vee = + 5V ± 10% unless otherwise specified 

LIMITS 
PARAMETER SYMBOL MIN TYP MAX UNIT 
Clock period <l>ey 120 125 500 ns (Note 4) 

125 ns 8"FDD 
250 ns 5W'FDD 
125 ns 3W' Sony (Note 3) 

Clock active (high, low) <1>0 40 ns 
Clock rise time <l>r 20 ns 
Clock fall time <1>, 20 ns 
Ao, CS, DACK setup time to RDt tAR 0 ns 
Ac, CS, DACK hold time from RDj tRA 0 ns 
RDwidth tRR 200 ns 
Data access time from ROt tRO 140 ns CL = 100pF 
DB to floatdelay time from RDj tOF 10 85 ns CL = 100 pF 
Ao, CS, DACK setup time to WRt tAW 0 ns 
Ac, CS, DACK hold time to WRj tWA 0 ns 
WRwidth tww 200 ns 
Data setup time to WRf tow 100 ns 
Data hold time from WRj two 0 ns 
INT delay time from RDj tRI 400 ns 
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AC CHARACTERISTICS CONTINUED 

PARAMETER SYMBOL MIN 

INT delay time from WRj tWI 
DRO cycle time tMCY 13 
DACKt ~ DRat delay tAM 
DROj ~ DACKt delay tMA 200 
DACKwidth tM 2 
TCwidth hc 1 
Reset width tRST 14 
WCK cycle time tCY 

WCK active time (high) to 
CLKj ~ WCKj delay tCWH 0 
CLKj ~ WCKt delay tCWL 0 
WCK rise time tR 
WCKfalltime tl 
Preshift delay time from WCKj tcp 10 
WCKj ~ WEj delay tCWE 10 
WDA delay time from WCKj tco 10 
RDD active time (high) tROD 40 
Window cycle time tWCY 

Window hold time to RDD tROW 15 
Window hold time from RDD tWRO 15 
USo" hold time to RW / seekj tus 12 
RW / seek hold time to low tso 7 
current / directionj 
Low current / direction hold time to fault tOST 1.0 
reset! stepj 
USO,1 hold time from fault reset / step 1 tSTU 5.0 
Step active time (high) tSTP 6 
Step cycle time tsc 33 
Fault reset active time (high) tFR 8.0 
Write data width twoo to-50 
USO'1 hold time after seek tsu 15 
Seek hold time from DIR tos 30 
DIR hold time after step tSTD 24 
Index pulse width tlOX 10 
RDt delay from DRO tMR 1 
WRt delay from DRO tMW 250 
WE or RD response time from DROj tMRW 

Note: 
(1) Typical values for TA = 25°C and nominal supply voltage. 
(2) Under software control. The range is from 1 ms to 16 ms at 8 MHz 

clock period, and 2 ms to 32 ms at 4 MHz clock period. 
(3) Sony Micro Floppydisk 3W' drive. 
(4) Double these values for a 4 MHz clock period. 

LIMITS 
TYP 

16 
8 
8 
4 
8 
4 
2 

4 
2 
2 
1 
2 
1 

7 
(2) 
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TEST 
MAX UNIT CONDITIONS 

---"---"---

400 ns _ .. _------

J..LS <l>CY= 125 ns (Note 4) 
140 ns 

---

ns <l>CY= 125 ns (Note 4) 

<l>CY 
<l>CY 

-~---.-"-.-

<l>CY 
<l>CY MFM=0,5W' 
<l>CY MFM= 1, 51/4" 
<l>CY MFM=0,8" 
<l>CY MFM= 1, 8" 
<l>CY MFM = 0,3112" (Note 3) 
<l>CY MFM = 1, 3112" (Note 3) 

<l>CY 
40 ns 
40 ns 
20 ns 
20 ns 
80 ns 
80 ns 
80 ns 

ns 

J..LS MFM=0,5%" 
J..LS MFM=1,5%" 
J..LS MFM=0,8" 
J..LS MFM=1,8" 
J..LS MFM = 0,3112" (Note 3) 
J..LS MFM = 1, 3112" (Note 3) 
ns I 
ns 

J..LS 8 MHz clock period (Note 4) 

J..LS 8 MHz clock period (Note 4) 

J..LS 8 MHz clock period (Note 4) 

J..LS 8 MHz clock period (Note 4) 
8 J..LS (Note 4) 

(2) J..LS (Note 4) 
10 J..LS (Note 4) 

ns 

J..LS 8 MHz clock period (Note 4) 

J..LS 8 MHz clock period (Note 4) 

J..LS 8 MHz clock period (Note 4) 

<l>CY 
<l>CY 8 MHz clock period (Note 4) 
ns 8 MHz clock period (Note 4) 

12 J..LS 8 MHz clock period (Note 4) 



Timing Waveforms 

~~" - -,1'------
---tRR---- If-------

INT 

Processor Read Operation 

Processor Write Operation 

ClK 

WCK 

USa,l Stable 

<\>, WCK Timing 

RW/Seek 

-- tso 

Direction 

ClK 

Step 
-------"1 

Clock 

Seek Operation 

Fault Reaet = 
File Unaa'. Reaet 

-tJ-~ 
DMA Operation FLT Reset 
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Timing Waveforms 

Wrtt. 
Clock 

Wrtt_ 
Enable 

Preahllt 
Oor~ 

Wrtte 
Data 

PreahlltO 
Normal 
Late 
Earty 
Invalid 

FDD Write Operation 

Preahl1t1 
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Read-{1 n Ilata _____ _ 

~~~:-------tR-DO-- I~ - .. "'-t= 
Window ______ --JX _. 

!=="twCy 
Note: Either polartty data window la valid. 

FDD Read Operation 

TC -H 
~~ 
Terminal Count 

Reset H 
~I~ 

Reset 
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STANDARD MICROSYSTEMS 
CORPORATION 

3~ Ma'cus Blvtl fiauroauge Ii Y 117118 
1516)]731100 rwX5'02?78898 

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 
CORPORATIONIj 

FDC91C361 
FDC92C36 

PRELIMINARY 

CMOS Floppy Disk Data Separator 

FEATURES 
D High Performance Digital Data Separator 

D Pin Replacement for FDC9216 (FDC92C36) 

o Performs complete data separation function for floppy 
disk drives 

o Eliminates all adjustments normally associated with 
high performance data separators 

D Single + 5 Volt Supply 

o Fully TTL compatible 

o Fabricated in power saving CMOS 

o Compatible with 3.5/1, 5.25" and 8" drives and data 
rates up to 500 Kb/s 

o 16-Bit half Cell Divide Algorithm greatly improves 
performance over conventional digital designs 

PIN CONFIGURATION 

FDC92C36/B 

~~~j~~ ~~; ________ ~i; ~[:D 
PACKAGE: a-pin DIP 

FDC91C36/B 

~~~jg I; !~ ~[:D 
PACKAGE: a-pin DIP 

FUNCTIONAL DESCRIPTION 
The FDC92C36 is a direct high performance CMOS pin for 
pin replacement for the FDC9216 in systems using data 
transfer rates of 250Kb/s or 125Kb/s. 
The FDC92C36B can be used in systems having a 500Kb/s 
data transfer rate by applying a 16MHz input clock to pin 3 
and applying a low level to pin 6 and a high level to pin 5. 
The FDC91 C36/B is designed for use with the FDC765A, 
8272A or FDC72C65 floppy disk controller. The 
FDC91C36/B provides an active high SEPD output, elimi
nating the inverter required when using the FDC9216/B. 
The FDC91C36/FDC92C36 incorporates a high perfor
mance, synthetic phase locked loop digital data separator 

fiEFCLK~ 

CDO 

CD1 

CLOCK 
DIVIDER 

in a 300 mil wide 8 pin package. 

The use of a high performance synthetic phase locked loop 
allows the system designer to replace a costly and board 
consuming analog data separator (and the tuning normally 
required with an analog design) with a cost effective, single 
chip digital circuit. 
The FDC92C36 and the FDC91 C36 are available in two 
versions: the parts without a "B" suffix (FDC92C36, 
FDC91 C36) are intended for 5.25/1 drives using data rates 
of 250 Kb/s, and the parts with a "B" suffix (FDC92C36B, 
FDC91C36B) are intended for 3.5/1,5.25/1 and 8/1 drives using 
data rates of 500 Kb/s. 

-+5V 
-GND 

DATA/CLOCK 
SEPARATION 

LOGIC 

PULSE SEPCLK 
REGENERATION _ 

LOGIC --.... SEPD 

EDGE 
DETECTION 

LOGIC 

FLOPPY DISK DATA SEPARATOR BLOCK DIAGRAM 
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DESCRIPTION OF- PIN FUNCTIO~S 

PIN NO. NAME SYMBOL FUNCTION 
1 Disk Data OSKO Data input signal direct from disk drive. Contains combined clock and data 

waveform. 

2 Separated Clock SEPCLK Clock signal output from the FOOS derived from floppy disk drive serial bit stream. 

3 Reference Clock REFCLK Reference clock input 

4 Ground GNO Ground 

5,6 Clock Divisor COO, COO and C01 control tho internal clock divider circuit. Refer to Table 1. 
C01 

7 Seearated Data SEPO (FOC91C36) 
Separated Data SEPO (FOC92C36) 

This output is the regenerated data pulse derived from the raw data input. This 
output is positive for the FOC91 C36 and negative for the FOC92C36. 

8 Power Supply Voo + 5 volt power supply 

OPERATION 

A reference clock (REFCLK) of 8 or 16 MHz is divided by 
the FDDS to provide an internal clock. The division ratio is 
selected by inputs COO and CD1. The reference clock and 
division ratio should be chosen per table 1. 

accurate clock separation. 
The SEPCLK frequency is nominally 1/32 the internal clock 
frequency. Depending on the internal timing correction, the 
duration of any SEPCLK half-cycle may vary from a nomi
nal of 16 to a minimum of 12 and a maximum of 21 internal 
clock cycles. 

The FDDS detects the leading edges of the disk data pulses 
and adjusts the phase of the internal clock to provide the 
SEPARATED CLOCK output. 
Separate short and long term timing correctors assure 

The reference clock (REFCLK) is divided to provide the 
internal clock according to pins CDO and CD1. 

TABLE 1 

CD1 COO 8MHzREFCLK 9.6 MHz 

a a not used not used 

a 8"SO 51/4"OO® 
51/4" DO 
31/2" OOCD 

a 51/4" SO not used 
31/2" SOCD 

Illegal Illegal 

16MHz REFCLK 

51/4" SO 
31/2" SOCD 

8"00 
51/4" 00 

8"SO 
51/4" DO 
31/2" OOCD 

Illegal 

DIVISOR 
f(REFCLK)/f(INTCLK) 

4 

2 

Illegal 

NOTES: <D8ome 3 1/2" drives are 8" compatible (instead of 5 1 /4" as assumed in Table 1). For these drives, use 8" values. 
<'v9.6 MHz clock is used to read or write a 5 1/4" double density diskette on a quad density drive. 

PERFORMANCE SPECIFICATIONS 

MFM 
PARAMETER 500KHZ 250KHZ 

BIT JITTER 
NOMINAL SPEED +/-260 +/-540 
+5%SPEED +/-260 +/-480 
-5% SPEED +/-320 +/-640 

WINDOW MARGIN EARLY 500 980 
LATE 500 980 
COMBINED +/-400 +/-740 
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UNITS 

nsec 
nsec 
nsec 

nsec 
nsec 
nsec 



MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ............................................................................. O°C to + 70°C 
Storage Temperature Range ............................................................................. - 55° to + 150°C 
Lead Temperature (soldering, 10 sec.) ........................................................................... + 300°C 
Positive Voltage on any 1/0 Pin, with respect to ground ........................................................ Vee + 0.3V 
Negative Voltage on any 1/0 Pin, with respect to ground ........................................................... - 0.3V 
Power Dissipation .................................................... " .............................................. 0.75W 
Maximum Voltage on Vee Pin, with respect to ground ................................................................. 7.0V 

*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 spec
ification is not implied. 

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

ELECTRICAL CHARACTERISTICS (TA = ooe to 700 e, V DO = + 5V ± 5%, unless otherwise noted) 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low Level VIL 0.8 
High Level VIH 2.0 

OUTPUT VOLTAGE LEVELS 
Low Level VOL 0.4 
High Level VOH 2.4 

INPUT CURRENT 
Leakage IlL 10.0 

INPUT CAPACITANCE 
All Inputs 10.0 

POWER SUPPLY CURRENT 
100 20.0 

A.C. CHARACTERISTICS 
REFCLK Frequency fey 1.0 8.0 8.1 
REFCLK Frequency fey 1.0 16.0 16.2. 
DSKD Active Low Time tOLL 0.05 100.0 
CLKIN Duty Cycle 40 60 

*AII times assume XTALlCLKIN = 16 MHz unless otherwise specified. 

AC CHARACTERISTICS 
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V 

V 
V 

j.LA 

pF 

mA 
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j.Ls 
% 

IOL= 1.6mA 
IOH= -100 j.LA 

FDC 92C361 FDC 91 C36 
FDC 92C36B/FDC 91C36B 
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J-0JULJU1SL~LJLJUUUU uULfu~u l~ IJ LI U uLrULfLIL 
1 ::: 1: I I I 

INTCLK : ::: I: i:: 
1 i:: i: l 1 1 

: ::: : ill I 

~ +i~:~ ii~ 
SEPCLK i i : ----+---t i i 

::: i : : 

SEPO --------I:::! U------
!: : always 2 

internal 
clock 

cycles 

~ :~ : 
: !---l always 4 internal clock cycles 

8 MHz CRYSTAL 
OSCILLATOR 

! 
REFCLK 

SEPD RDD 

FLOPPY DISK DATA 
DSKD FDC 92C36 

FOC179X 
DISK FLOPPY DISK DRIVE 

CONTROLLER 
SEPCLK RDW 

CD~ CD1 

t 
LOGIC 1 LOGIC 0 

TYPICAL SYSTEM CONFIGURATION FOR THE FDC92C36/B 
(FDC179X Floppy Disk Controller, 5%" Drive, Double Density) 

FLOPPY 
DISK 

DRIVE 

16 MHz CRYSTAL] 
OSCILLATOR 

! 
REFCLK 

SEPD ~----_ RDD 

~_D_IS_K _DA_TA __ DSKD FDC 91 C36B FOC 765A or FOC 7265 
FLOPPY DISK 
CONTROLLER 

SEPCLK ~----_ RDW 

CD0 CD1 

t t 
LOGIC 1 LOGIC 0 

TYPICAL SYSTEM CONFIGURATION FOR THE FDC91C36/B 
(FDC765A Floppy Disk Controller, 1.2 MB 51/4" Drive) 

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 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 

FDC 9216 
FDC 92168 

jiPC FAMILY 

Floppy Disk Data Separator 
FDDS 

FEATURES 
o PERFORMS COMPLETE DATA SEPARATION 

FUNCTION FOR FLOPPY DISK DRIVES 
o SEPARATES FM OR MFM ENCODED DATA 

FROM ANY MAGNETIC MEDIA 
o ELIMINATES SEVERAL SSI AND 

MSI DEVICES NORMALLY USED FOR 
DATA SEPARATION 

o NO CRITICAL ADJUSTMENTS REQUIRED 
o COMPATIBLE WITH STANDARD 

MICROSYSTEMS' FDC 1791, FDC 1793 AND 
OTHER FLOPPY DISK CONTROLLERS 

o SMALL 8-PIN DUAL-IN-LiNE PACKAGE 
0+5 VOLT ONLY POWER SUPPLY 
o TTL COMPATIBLE INPUTS AND OUTPUTS 

PIN CONFIGURATION 

DSKD 1 8 VDD 

SEPCLK 2 7 SEPD 

REFCLK 3 6 CD1 

GND 4 5 coo 

GENERAL DESCRIPTION 

The Floppy Disk Data Separator provides a low cost 
solution to the problem of converting a single stream of 
pulses from a floppy disk drive into separate Clock and 
Data inputs for a Floppy Disk Controller. 

The FDDS consists primarily of a clock divider, a long
term timing corrector, a short-term timing corrector, and 
reclocking circuitry. Supplied in an 8-pin Dual-In-Line 

REFCLK~ 

CDO 

CD1 

CLOCK 
DIVIDER 

EDGE 
DSKD DETECTION 

LOGIC 

package to save board real estate. the FDDS operates 
on +5 volts only and is TTL compatible on all inputs 
and outputs. 

The FDC 9216 is available in two versions; the FDC 9216. 
which is intended for 5114" disks and the FDC 9216B for 
5%" and 8" disks. 

DATNCLOCK 
SEPARATION 

LOGIC 

-+SV 
-GND 

PULSE SEPCLK 
REGENERATION _ 

LOGIC --.. SEPD 

FLOPPY DISK DATA SEPARATOR BLOCK DIAGRAM 
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PIN NO. NAME 
1 Disk Data 

2 Separated Clock 

3 Reference Clock 
4 Ground 
5,6 Clock Divisor 

7 Separated Data 

8 Power Supply 

FLOPPY 

DESCRIPTION OF PIN FUNCTIONS 

SYMBOL FUNCTION 
DSKD Data input signal direct from disk drive. Contains combined 

clock and data waveform. 
SEPCLK Clock signal output from the FDDS derived from floppy 

disk drive serial bit stream. 
REFCLK Reference clock input 
GND Ground 
CDO, CDOand CD1 control the internal clock divider circuit. The 
CD1 internal clock is a submultiple of the REFCLK according to 

the following table: 

CD1 CDO Divisor 
0 0 1 
0 1 2 
1 0 4 
1 1 8 

SEPD SEPD is the data output of the FDDS 

Voo +5 volt power supply 

FIGURE 1 
TYPICAL SYSTEM CONFIGURATION 

(51/4" Drive, Double Density) 

4 MHz CRYSTAL 

I OSCillATOR 

I 74 I 1MHz 

I J ~ 
REFClK ClK 

SEP5 REGENERATED DATA ~ 

DISK DISK DATA 5SKl5 FOC 9216 FDC 1791 or Equiv. 
FLOPPY DISK CONTROllER 

DRIVE DERIVED CLOCK SEPCLK RClK 
COO CD1 , , 

GND GND 
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OPERATION 

A reference clock (REFCLK) of between 2 and 8 MHz 
is divided by the FDDS to provide an internal clock. 
The division ratio is selected by inputs COO and COl 
The reference clock and division ratio should be 
chosen per table 1. 

The FDDS detects the leading edges of the disk data 
pulses and adjusts the phase of the internal clock 
to provide the SEPARATED CLOCK output. 

Separate short and long term timing correctors 
assure accurate clock separation. 

The internal clock frequency is nominally 16 times 
the SEPCLK frequency. Depending on the internal 
timing correction, the internal clock may be a 
minimum of 12 times to a maximum of 22 times the 
SEPCLK frequency. 

The reference clock (REFCLK) is divided to provide 
the internal clock according to pins COO and CD1. 

TABLE 1: 
CLOCK DIVIDER SELECTION TABLE 

DRIVE DENSITY REFCLK 
(8" or 5%") (DO or SO) MHz CD1 COO REMARKS 

8 DO 8 0 0 

}select either one 8 SO 8 0 1 
8 SO 4 0 0 

5% DO 8 0 1 
}select either one 5% DO 4 0 0 

5% SO 8 1 0 
} Select anyone 5% SO 4 0 1 

5% SO 2 0 0 

FIGURE 2 

INTCLK 

SEPCLK~ __________ ~r---
I 

LJ LJ LJ 

W 
always two internal cloqk cycles 
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MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range .......................................................... O°C to +70°C 
Storage Temperature Range ........................................................ -55°C to +150°C 
Lead Temperature (soldering, 10 sec.) ......................................................... +325°C 
Positive Voltage on any Pin, with respect to ground ............................................... +8.0V 
Negative Voltage on any Pin, with respect to ground .............................................. -0.3V 
·Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in the 
operational sections of this specification is not implied. 
NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA =ooe to 70oe, Voo =+5V±5%, unless otherwise noted) 
--r--

Parameter Min. Typ. Max. Units Comments 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low Level VIL 0.8 V 
High Level VIH 2.0 V 

OUTPUT VOLTAGE LEVELS 
Low Level VOL 0.4 

I 
V IOL=1.6mA 

High Level VOH 2.4 V IOH=-100 J.1.A 
INPUT CURRENT 

Leakage IlL 10 J.1.A O::;VIN::;VOO 

INPUT CAPACITANCE 
All Inputs 10 pF 

POWER SUPPLY CURRENT 
100 60 mA 

A.C. CHARACTERISTICS 
Symbol 
fey REFCLK Frequency 0.2 4.3 MHz FDC 9216 
fey REFCLK Frequency 0.2 8.3 MHz FDC 92168 
tCKH REFCLK High Time 50 2500 ns 
tCKL REFCLK Low Time 50 2500 ns 
tSOON REFCLK to SEPD "ON" Delay 25 100 250 ns 
tSOOFF REFCLK to SEPD "OFF" Delay 25 100 250 ns 
tSPCK REFCLK to SEPCLK Delay 35 ns 
tOLL DSKD Active Low Time 0.1 100 J.1.s 
tOLH DSKD Active High Time 0.2 100 J.1.s 

FIGURE 3: AC CHARACTERISTICS 

REFCLK 

SEPCLK-----------------------
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,,~ ... ,"" ... CROSYSTEMS 
~ 

FDC9229T 
FDC9229BT 

FLOPPY DISK INTERFACE CIRCUIT 
FEATURES 
o Digital Data Separator 

Performs complete data separation 
function for floppy disk drives 
Separates FM and MFM encoded data 
No critical adjustments necessary 
5%" and 8" compatible 

fJ Variable Write Precompensation 
o Internal Crystal Oscillator Circuit 
o Track-Selectable Write Precompensation 
o Retriggerable Head-load Timer 
o Compatible with the FDC 179X, 765, and 

other standard Floppy Disk Controllers 
o COPlAMOS® n-channel MOS Technology 

ltii 0 ~ ~ oUJu..J::Su c..c..f-Z:C Z 

UCI)::'::UOf-~ 

z~dzfri6U 
ofri Cl)oi=: 

CI) :!:~ 

PIN CONFIGURATION 

DSKD .1 20 Vee 

FDCSEl 2 19 P2 

MINI 3 18 P1 
EARLY 
WDIN DENS 4 17 PO 

XTALlCLKIN SEPClK 5 
NC 

16 TEST 

GND SEPD 6 15 HlD 
CLKOUT 
NC WDOUT 7 14 lATE 

HlT/ClK 8 13 EARLY 

ClKOUT 9 12 WDIN 

GND10 11 ClKIN o Single + 5 Volt Supply 
o TTL Compatible 

PACKAGE: 28-pin PLCC PACKAGE: 20-pin DIP 

FUNCTIONAL DESCRIPTION 

The FDC 9229 is an MOS integrated circuit designed to 
complement either the 179X or 765 (8272) type of floppy 
disk controller chip. It incorporates a digital data separator, 
write precompensation logic, and a head-load timer in one 
0.3-inch wide 20-pin package. A single pin will configure the 
chip to work with either the 179X or 765 type of controller. 
The FDC 9229 provides a number of different dynamically 
selected precompensation values so that different values 

FDC9229 
BLOCK DIAGRAM 

505 

may be used when writing to the inner and outer tracks of 
the floppy disk drive. The FDC 9229 operates from a + 5V 
supply and simply requires that a TTL-level clock be con
nected to the ClKIN pin. All inputs and outputs are TTL 
compatible. 

The FDC 9229 is available in two versions: The FDC 
9229/T are intended for 5%" drives and the FDC 9229B/T 
for 5%" and 8" drives. 



DESCRIPTION OF 'PIN FUNCTIONS 

PIN NO. SYMBOL 1/0 DESCRIPTION 
1 DSKD I This input is the raw read data received from the drive. (This input is 

active low.) 

2 FDCSEL I This input signal, when low, programs the FDC 9229 for a 179X type of 
LSI controller. When FDCSEL is high, the FDC 9229 is programmed for a 
765 (8272) type of controller. (See fig. 4.) 

3 MINI I The state of this input determines whether the FDC 9229 is configured 
to support 8" or 5%" floppy disk drive interfaces. It is used in conjunction 
with the DENS input to prescale the clock for the data separator. The 
state of this input also alters the CLKOUT frequency, the 
precompensation value, the head load delay time (when in 179X mode) 
and the HLT/CLK frequency (when in 765 mode). (See figs. 2, 3, and 4.) 

4 DENS I The state of this input determines whether the FDC 9229 is configured 
to support single density (FM) or double density (MFM) floppy disk drive 
interfaces. It is used in conjunction with the MINI input to prescale the 
clock for the data separator. The state of this input also alters the 
CLKOUT frequency when in the 765 mode. (See figs. 2, 3, and 4.) 

5 SEPCLK 0 A square-wave window clock signal output derived from the DSKD input. 
6 SEPD 0 This output is the regenerated data pulse derived from the raw data input 

(DSKD). This signal may be either active low or active high as 
determined by FDCSEL (pin 2). 

7 WDOUT 0 The precompensated WRITE DATA stream to the drive. 
8 HLT/CLK 0 When in the 765 mode (FDCSEL high), this output is the master clock to 

the floppy disk controller. When in the 179X mode, this signal goes high 
after the head load delay has occurred following the HLD input going 
high. This output is retriggerable. (See fig. 3.) 

9 CLKOUT 0 This signal is the write clock to the floppy disk controller. Its frequency is 
determined by the state of the MINI, DENS, and FDCSEL input pins. 
(See fig. 3.) 

10 GND Ground 
11 CLKIN I This input is for direct connection to a 16 MHz or 8 MHz single-phase 

TTL-level clock. 
12 WDIN I The write data stream from the floppy disk controller. 
13 EARLY I When this input is high, the current WRITE DATA pulse will be written 

early to the disk. 
14 LATE I When this input is high, the current WRITE DATA pulse will be written late 

to the disk. 
When both EARLY and LATE are low, the current WRITE DATA pulse will 
be written at the nominal position. 

15 HLD I This input is only used in 179X mode. A high level at this input causes a 
high level on the HLT/CLK output after the specified head-load time delay 
has elapsed. The delay is selected by the state of the MINI output. (See 
fig. 3.) In 765 mode, this pin should be left floating or grounded. 

16 TEST I This input (when low) decreases the head-load time delay and initializes 
the data separator. This pin is for test purposes only. This input has an 
internal pull-up resistor and should be tied high or disconnected for 
normal operation. 

17 PO I 

18 P1 I P2-PO select the amount of precompensation applied to the write data. 

19 P2 I 
(See fig. 2.) 

20 Vee +5 VOLT SUPPLY 
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OPERATION 

Data Separator 
The CLKIN input clock is internally divided by the FDC 9229 
to provide an internal clock. The division ratio is selected 
by the FDCSEL, MINI and DENS inputs depending on the 
type of drive used. (See fig. 1.) 

The FDC 9229 detects the leading (negative) edges of 
the disk data pulses and adjusts the phase of the internal 
clock to provide the SEPCLK output. 

Separate short- and long-term timing correctors assure 
accurate clock separation. 

The SEPCLK frequency is nominally 1116 the internal clock 
frequency. Depending on the internal timing correction, the 
duration of any SEPCLK half-cycle may vary from a nomi
nal of 8 to a minimum of 6 and a maximum of 11 internal 
clock cycles. 

INTCLK 

SEPCLK ----' 

SEPD* W I 
I I 

LJ 

lJ 
always two internal clock cycles 

Precompensation 
The desired precompensation delay is determined by the 
state of the PO, P1 and P2 inputs of the FDC 9229 as per 
fig. 2. Logic levels present on these pins may be changed 
dynamically as long as the inputs are stable during the time 
the floppy disk controller is writing to the drive and the inputs 
meet the minimum setup time with respect to the write data 
from the floppy disk controller. 

MINI P2 P1 PO PRECOMP VALUE 
0 0 0 0 o ns 
0 0 0 1 62.5 ns 
0 0 1 0 125 ns 
0 0 1 1 187.5 ns 
0 1 0 0 250 ns 
0 1 0 1 250 ns 
0 1 1 0 312.5 ns 
0 1 1 1 312.5 ns 
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INPUTS DIVISOR 
FDCSEL DENS MINI f{CLKIN)/f(INTCLK} 

0 0 0 2 
0 0 1 4 
0 1 0 4 
0 1 1 8 
1 0 0 4 
1 0 1 8 
1 1 0 2 
1 1 1 4 

FIG. 1 

LJ 

*polarity of SEPD shown for FDCSEL = low. 

MINI P2 P1 PO PRECOMP VALUE 

0 0 0 o ns 
0 0 1 125 ns 
0 1 0 250 ns 
0 1 1 375 ns 
1 0 0 500 ns 
1 0 1 500 ns 
1 1 0 625 ns 
1 1 1 625 ns 

NOTE: All values shown are obtained with a 16 MHz ref
erence clock. Multiply pre-comp values by two for 
8 MHz operation. 

FIG. 2 WRITE PRECOMPENSATION 
VALUE SELECTION 



OPERATION (CONT'D) 

Head Load Timer 
The head load time delay is either 40 ms or 80 ms, depend
ing on the state of MINI. (See fig. 3.) The purpose of this 
delay is to ensure that the head has enough time to engage 
properly. The head load timer is only used in the 179X mode; 
it is non-functional in the 765 mode. 

The FDC 179X initiates the loading of the floppy disk drive 
head by setting HLD high. The controller then waits the pro
grammed amount of time until the HLT signal from the FDC 
9229 goes high before starting a read or write operation. 

FDCSEL 

0 
0 
0 
0 

INPUTS OUTPUTS 
FDCSEL DENS MINI CLKOUT HLT/CLK 

0 0 0 2MHz 40ms* 
0 0 1 1 MHz 80 ms* 
0 1 0 2MHz 40ms* 
0 1 1 1 MHz 80ms* 

0 0 500 KHz 8MHz 
0 1 250 KHz 4MHz 
1 0 1 MHz 8MHz 
1 1 500 KHz 4MHz 

NOTE: All values shown are obtained with a 16 MHz ref
erence clock. Divide all frequencies and multiply all 
periods by two for 8 MHz operation. 

*May be mask programmed at factory to any value from 1 
to 512 ms in 15.625 f,Ls increments (MINI low) or 1 to 1024 
ms in 31.25 f,Ls increments (MINI high). 

FIG. 3 CLOCK AND HEAD LOAD 
TIME DELAY SELECTION 

INPUTS FLOPPY DISK FLOPPY DISK FLOPPY DISK 
DENS MINI DRIVE TYPE DRIVE DENSITY CONTROLLER TYPE 

0 0 8" DRIVE DOUBLE 179X 
0 1 5%" DRIVE DOUBLE 179X 
1 0 8" DRIVE SINGLE 179X 
1 1 5%" DRIVE SINGLE 179X 

0 0 8" DRIVE SINGLE 765 (8272) 
0 1 5W'DRIVE SINGLE 765 (8272) 
1 0 8" DRIVE DOUBLE 765 (8272) 
1 1 5W'DRIVE DOUBLE 765 (8272) 

FIG. 4 FLOPPY DISK DRIVE AND CONTROLLER SELECTION 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range ........................................................................ O°C to + 70°C 
Storage Temperature Range ........................................................................ - 55° to + 150°C 
lead Tomperature (soldering, 10 sec.) ....................................................................... + 300°C 
Positivo Voltage on any 1/0 Pin, with respect to ground ......................................................... + 8.0V 
Negative Voltage on any 110 Pin, with respect to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-0.3V 
Power Dissipation .......................................................................................... 0.75W 

'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. 

ELECTRICALCHARACTERISTICS(TA = O°Ct070°C, Vee = 5V ±5%) 

PARAMETER MIN TYP MAX UNIT CONDITIONS 
DC CHARACTERISTICS 
INPUT VOLTAGE 

low level VIL -0.3 0.8 V Except ClKIN 
High level VIH 2.0 (Vee) V 

ClKIN INPUT VOLTAGE 
low level -0.3 0.8 V 
High level 2.4 (Vee) V 

OUTPUT VOLTAGE 
low level VOL 0.4 V IOL = 1.6 mA except HlT IClK 

IOL = 0.4 mA, HlT/ClK only 
High level VOH 2.4 V IOH = -100 f.LA except HlT/ClK 

IOH = -400 f.LA, HlT/ClKonly 

POWER SUPPLY CURRENT 
Icc 100 mA 

INPUT lEAKAGE CURRENT 
IlL 10 f.LA VIN = Oto Vee 

INPUT CAPACITANCE 10 pF Except ClKIN 
CIN 25 pF ClKIN only 

ELECTRICAL CHARACTERISTICS (T A = O°C to 70°C, Vee = 5V ± 5% 

PARAMETER MIN TYP MAX UNIT CONDITIONS 
AC ELECTRICAL All times assume ClKIN = 16 MHz unless otherwise specified) CHARACTERISTICS 

ClKIN frequency 3.95 16 16.2 MHz FDC 9229B 
3.95 8 8:1 MHz FDC9229 

ClKIN DUTY CYCLE 25 75 % 
tclkoh 465 500 515 ns FDCSEl = low; MINI = high. 

215 250 265 ns FDCSEl = low; MINI = low. 
90 125 140 ns FDCSEl = high. 

twdo 280 312.5 350 ns Time Doubles with MINI = 1 
td 50 400 ns 
tdNEe 0 400 ns 
twdE 500 562.5 625 ns 9 clock times ± 1 clock time 
twdN precomp value See fig. 2 
tWdL 2x precorp value See fig. 2 
ta 1.0 f.Ls 
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AC TIMING CHARACTERISTICS 

HLT/CLK (765 MODE) WDOUT PULSE WIDTH 

~~-.-------4-~MH'------~~~-----
CLKOUT VS. WDIN TIMING 

179X MODE 

CLKOUT 

WDIN 

765 (8272) MODE 

CLKOUT 

WDIN -------------', 

SET-UP TIME P0, P1 AND P2 TO WDIN 

P0, P1, P2 

CLKOUT ~ 

1,2, or 4 tJ.sec. 

CLKOUT 

- ~"'''''t---- telkoh WDIN ___ -+ _______ --J 

CLKOUT 
(179X) 

CLKOUT 
(765) 

t.--.-. 

..... -----t.dE--------I-t 

PRECOMPENSATION 

WDOUT (EARLY) 

WDOUT (NOMINAL) __ -+ __ .....J'I 

_ __ .1,,....------\.. 
WDOUT (LATE) ,f 
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Ref. to Fig. 2 for 
tp (precompensation) 
value 



TYPICAL SYSTEM IMPLEMENTATION-765 (8272) FOC 

r--1>' I 
765 (8272) ~ 6 

G1 G2 

WP/TS r= 
FLT/TR0 1 

~ 
RW/SEEK 

D0-
D7 0 DB0-

DB7 
FRISTP ~ -B?-

INT ___ 

CS~ 
RD ____ 

W 
FI ____ 

A0 ....... 
RO ___ 

D 
DA 

CK ___ 

TC ~ 

INT 

CS 
RD 

WR 
A0 

DRO 
DACK 

TC 

~ LCT/DIR -
US1 

US0 

HDL 

RDY ~RDY FDC9229 

IDX ~ IDX 
WE ~WE 

r TEST 
HD ~SIDESEL 

+5V FDCSEL 
RES ET ...... RST WDOUT 

WDA WDIN 

PS0 EARLY 
PS1 LATE 

RDW - SEPCLK DSKD 

RDD SEPD 

MFM I j"'tII-' MIN I 
P2 

WCK 

CLK ~ DENS P1 
Q D t-- CLKOUT I HLT/CLK P0 

CLKIN 

• 
16MHz 

LATCH TTL INPUT 

--\ D0-D7 

-,I 

A 

---I 
'The FDC9229/B, as all other NMOS integrated circuits, presents a high 
impedance on all inputs. 

To avoid soft errors caused by transmission line effects and noise where 
there is long cabling between the floppy disk drive and the controller board, the 
use of a (nOn-invertinB)skR schmidt-trigger input gate or bus transceiver is 
recommended at the input to the FDC9229/B. 
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.. 
--

~ 

-
r---o-

E 
C 
0 
D -
E -
R 

I '----

..... .... 

- ~ 

~~ -

~~ 
~ 

~~ 
-~ 

RDY -
IDY 
WE 

SIDESEL 

-

DRIVE 

2SIDED 

WPRT 
TRK00 

FAULT 

FAULT 
RST 

STEP 
LOWCUR 

DIR 

DRSEL4 

DRSEL3 

DRSEL2 

DRSEL1 

HLD 

WDATA 

RAW 
READ 

RDY 

IDX 
WE 

SIDE 

MOTOR 
ON 



TYPICAL SYSTEM IMPLEMENTATION-179X FOC 

179X 

TR00 -
WPRT 

I.p. 

READY 

DIR 
STEP 

WG 

00-07 <=> 
HLD 

DAL0- L DAL7 FDC·9229 

HLD 

RAWRD SEPD 

INT 

o 
RO~ INTREO 

HLT HLT/CLK DSKD 

RO~ ORO 
RCLK SEPCLK FDCSEL 
-- - .~ RE ----... RE DDEN DENS 

WDOUT 
WE ----... WE MINI ~ 

TEST' 
CS --.. CS WD WDIN .~ 

A1 -----.. A1 EARLY -~ EARLY -
A0 -----.. A0 LATE LATE 

RES ET--.. MR TG43 

CLK CLKOUT 
CLKIN 

1 
16MHz 

TTL INPUT 

LATCH 

D0~D7 :j 

A 

---.J 
'The FDC9229/8, as all other NMOS integrated circuits, presents a high 
impedance on all inputs. 

To avoid soft errors caused by transmission line effects and noise where 
there is long cabling between the floppy disk drive and the controller board, the 
use of a (non-invertingLIIL schmidt-trigger input gate or bus transceiver is 
recommended at the DSKD input to the FDC9229/8. 

P2 

P1 

P0 

-- <€1~ 

-
~ 
...c~ 
..c~ 

~ 

...c~ 
~ 

~ 

~ -

DRIVE 

TRK00 
WPRT 

INDEX 

READY 

DIR 
STEP 

WRITE 
GATE 

HLD 

RAW READ 

WDATA 

LCUR 

MOTOR ON 

SIDE 

SEL3 

SEL2 
SEL1 

STANDARD MICROSYSTEMS 
CORPORATION 

35~cuselYd.Hauppauoe.NY'1788 
(5161273-3100 TWX·510·227·8898 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However. no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION _iii FDC 92C38/92C388 

FDC 92C38T/92C38BT 
PRELIMINARY 

CMOS Floppy Disk Data Separator 
and Clock Generator 

FEATURES 
o High Performance Oigital Data Separator with 

Synthetic Oscillator and Phase Lock Loop for 
industry standard FOC 765A and FOC 7265 

o Performs complete data separation function for floppy 
disk drives 

o Eliminates all adjustments normally associated with 
high performance data separators 

o Compatible with 3.5", 5.25" and 8/1 drives and data 
rates up to 500 KBs 

o Internal Crystal OsciliatorCircuit provides all clocks 
required by FOC 765A and FOC 7265 

o Fabricated in power saving CMOS 
o 16-Bit half Cell Oivide Algorithm greatly improves 

performance over conventional digital designs 
o Single + 5 Volt supply 
o Fully TTL compatible 

PIN CONFIGURATION 

Vee [ 1 14 J DSKD 
CDo [ 2 13 ] Vee 
CD, [ 3 12 ] NC 

SEPClK [ 4 11 P XTAl2 

SEPD [ 5 10 P GND2 

ClK [ 6 9 ] XTAl,/ClKIN 
WClK [ 7 8 JGND, 

14 Pin DIP 

FUNCTIONAL DESCRIPTION 

The FOG 92C38 is a CMOS integrated circuit designed to 
complement the FOC 765A (8272A) or the FOC 7265 floppy 
disk controller. It incorporates a high performance, syn
thetic phase locked loop digital data separator and clock 
generator in one 0.3 inch wide 14 pin package. 
The use of a high performance synthetic phase locked loop 
data separator allows the system designer to replace (with
out sacrificing performance) a costly and board consuming 

analog data separator (and the tuning normally required 
with an analog design) with a cost effective, single chip 
digital circuit. 

The FDC 92C38 is available in four versions: the FOC 
92C38/T which is intended for disk transfer rates up to 250 
kilobits per second and the FOC 92C38B/T is intended for 
disk transfer rates up to 500 kilobits per second. 
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1---11-----------------------11--------+1 WClK 

FDC 92C38 BLOCK DIAGRAM 

DRIVE SIZE AND 
DATA RATE SELECT 

~ CDo SEPD 

CD, ClK 
FLOPPY RAW * 
DISK DATA DSKD ~ 
DRIVE .....I 

e..:> 
8/16 MHz or- XTAl, Q. 

w 
TTL INPUT- XTAl2 

Cf) 

(XTAl 1 ONLY) WCll< 

The FDC92C38/B/T, as all other CMOS Integrated circuits, 
presents a high impedance on all inputs 

To avoid soft errors caused by transmission line effects and 
noise where there is long cabling between the floppy disk drive 
and the controller board, the use of a (non-inverting) TTL 
schmidt-trigger input gate or bus transceiver is recommended at 
the DSKD input to the FDC92C38/BIT. 

1 
FDC 92C38 

TYPICAL SYSTEM IMPLEMENTATION 
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RDD 

ClK 

ROW 

WClK 

ClK 

LO 
<0 
C\I ..... 
e..:> o 
u. 
;« 
~ ..... 
e..:> o 
u. 



DESCRIPTION OF PIN FUNCTIONS 

PIN NO. SYMBOL I/O DESCRIPTION 

1 Vee I This pin MUST be tied to Vee' 
2,3 GOO,G01 I These inputs select the appropriate internal clock divisor 

for the data rate of the disk data, the GlK output to the 
FOG and the WGlK output to the FOG. Refer to Table 1. 

4 SEPGlK 0 A Square wave window clock signal output derived from 
the OSKO input. 

5 SEPO 0 This output is the regenerated data pulse derived from the 
raw data input (OSKO). To insure complete compatibility 
with the FOG 765A and FOG 7265, this output is positive 
going. 

6 GlK 0 This output provides the clock signal for the FOG 765A or 
FOG 7265. 

7 WGlK 0 This output provides the write clock signal for the FOG 
765A or FOG 7265. 

8 GN01 Ground 
9 XTAL/GlKIN I This input is for direct connection to an 8 or 16 MHz single-

phase TTL level clock, or one lead from an 8 or 16 MHz 
crystal. 

10 GN02 I This pin must be tied to ground. 
11 XTAl2 I In the FOG 92G38 and FOG 92G38B, the second lead from 

an 8 or 16 MHz crystal is connected to this pin. In the FOG 
92G38T and FOG 92G38BT, this pin should be left floating. 

12 NG No-connection should be made to this pin. 
13 Vee I +5 Volts 
14 OSKO I This input is the raw read data received from the drive. 

(This input is active low.) 

OPERATION 

The high performance digital data separator incorporated 
in the FDC 92C38 will accept data from the floppy disk drive 
at 125 KHz, 250 KHz, or 500 KHz data rates and output the 
appropriate regenerated clock and data signals. 
The heart of the digital floppy disk data separator section is 
a synthetic oscillator phase locked loop. One half-bit cell of 
the incoming data stream corresponds to one cycle of the 
synthetic oscillator. Each oscillator cycle consists nomi
nallyof 16 phase slices. The circuit, therefore, needs a phase 
slice clock with a frequency of 16 times the half-bit cell time. 
Detection of an input pulse away from the center of its half
bit "slot" causes a phase correction to be applied to the syn
thetic oscillator, bringing the center of the half-bit slot closer 
to the pulse. 

INTCLK _~·ULJL 

The end-of-cycle signal from the synthetic oscillator defines 
the derived clock waveform and the duration of each half
bit slot. If there is a flux transition during the half-bit slot, it 
is remembered and used to regenerate the data waveform 
pulses immediately following the end-of-cycle. 
A short history of input pulse detections (which induce 
phase corrections by the FDC 92C38) is kept. This history is 
used to allow subsequent phase corrections to request 
upward or downward changes in center frequency, and 
helps compensate for drive speed variations. This, along 
with separate short term and long term correction 
algorithms, assures accurate floppy disk data separation. 

I I I I I I I 
_~ :: I ! r-----------------------I--!I------IL ____ __ 

, I I I 
: I I I I 
~ I I I I 

------a-lwa-~-2--~i~i ' ____ ~------~,-,~----------------__ ----------~,-,L-------------

Intgl~ca~ -I i--
cycles : I I 

I I~ always 4 Internal clock cycles 

I I I 

SEPCLK 

SEPD 
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MAXIMUM GUARANTEED RATINGS 

Operating Temperature Range .................................................................................................................................................................... O°C to + 70°C 
Storage Temperature Range ................................................................................................................................................................. -55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) ................................................................................................................................................................. + 300°C 
Positive Voltage on any 1/0 Pin, with respect to ground ........................................................................................................................... Vee + 0.3V 
Negative Voltage on any 1/0 Pin, with respect to ground .................................................................................................................................... -C.3V 
Maximum Vee ....................................................................................................................................................................................................................... + 7V 
Power Dissipation ............................................................................................................................................................................................................. 0.25W 

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

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

ELECTRICAL CHARACTERISTICS (T A = O°C to 70°C, Vee = + 5V ± 5% ) 

PARAMETER MIN TYP MAX 
DC CHARACTERISTICS 

INPUT VOLTAGE 
Low (VIL) 
High (VIH) 

XTAUCLKIN INPUT VOLTAGE 
Low (VIL) 
High (VIH) 

OUTPUT VOLTAGE 
low (VOL) 

High (VOH) 

POWER SUPPLY CURRENT 
Icc 

INPUT lEAKAGE CURRENT 
III. 

INPUT CAPACITANCE 
CIN 

AC ELECTRICAL 
CHARACTERISTICS 

ClKIN Frequency 

ClKIN Duty Cycle 

TCLKOH 

ClK 

-0.3 0.8 V 
2.0 Vee 

-0.3 1.5 V 
3.2 Vee V 

0.4 V 

2.4 

TBD 

TBD 

TBD 

(All times assume XTAUClKIN = 16 MHz unless 
otherwise specified) 

3.95 16 16.2 MHz 
3.95 8.0 8.1 MHz 

40 60 % 

90 125 140 ns 

Inputs DISK 

Except XTAUClKIN 

lOL = 1.6 ma, except ClK 
lOL = 0.4 ma, ClK only 
lOH = -100fLa, except ClK 
lOH = - 400fLa, ClK only 

FDC 92C38B/BT 
FDC 92C38/T 

~1-"---4-0-J~ MHZ---}-'" 

XTAl COl COo DATA RATE ClK WClK ENCODING 

16MHz 0 0 250KHz 8M Hz 500KHz FM 
16MHz 1 0 500KHz 8MHz 1MHz MFM 
16MHz 0 1 125KHz 4MHz 250KHz FM 
16MHz 1 1 250KHz 4MHz 500KHz MFM 
8M Hz 0 0 125KHz 4MHz 250KHz FM 
8M Hz 1 0 250KHz 4MHz 500KHz MFM 
8M Hz 0 1 Not Used 
8MHz 1 1 Not Used 

TABLE 1 

Circuit diagrams utilizing SMC products are Included as a means of illustrating typical semiconductor applications: 
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 responslblilty Is assumed for Inac
curacies. 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 fmprove design and supply tfle best product possible. 
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FDC 92C39/92C39B 
92C39T 192C39BT 

PRELIMINARY 

ENHANCED FLOPPY DISK INTERFACE CIRCU·IT 
FEATURES 
D Digital Data Separator 

Performs complete data separation function 
for floppy disk drives 

Separates FM and MFM encoded data 
No critical adjustments necessary 
3112",5%" and 8" compatible 

D Variable Write Precompensation 

D Internal Crystal Oscillator Circuit 

D Track-Selectable Write Precompensation 

D Retriggerable Head-Load Timer 

D Fully compatible with FOC 179X, FOC 765A and 
FOC7265 

D 16-Bit Cell Divide Algorithm Improves Performance 

D Fabricated in Low Power CMOS 

D Single + 5 Volt Supply 

D TTL Compatible; Fully Compatible with the FOC 9229 

PIN CONFIGURATION 

DSKD "-/ J 20 Vee 

FDCSEL 2 19 P2 

MINI 3 18 P1 

DENS 4 ( 17 PO 

SEPCLK 5 16 XTAL2 

SEPD 6 I 15 HLD 

WDOUT 7 14 LATE 

HLT/CLK 8 13 EARLY 

CLKOUT 9 12 WDIN 

GND 10 ~ 11 XTAL 1/CLKIN 

N/C 
P2 

Vee 
DSKD 

FDCSEL 

PACKAGE: 20-pin D.I.P. 

26 
27 
28 

567891011 

PACKAGE: 28-pin PLCC 

N/C 
EARLY 
WDIN 
XTAL, 
VSS 
CLKOUT 
N/C 

FUNCTIONAL DESCRIPTfON 
The FOe 92C39 is a CMOS integrated circuit designed to 
complement either the 179X or 765 (8272) type of floppy 
disk controller chip. It incorporates a digital data separator, 
write precompensation logic, and a head-load timer in one 
O.3-inch wide 20-pin package. A single pin will configure 
the chip to work with either the 179X or 765 type of control
ler. The FOC 92C39 provides a number of different dynami
cally selected precompensation values so that different 
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values may be used when writing to the inner and outer 
tracks of the floppy disk drive. The FOC 92C39 operates 
from a +5V supply. 

The FOC 92C39 is available in four versions: the FOC 
92C39/T which is intended for 5114" drives and the FOC 
92C39B/T for 3W', 5114", and 8" drives. (The IT versions 
require a TTL clock input.) 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. SYMBOL 1/0 DESCRIPTION 

1 DSKD I This input is the raw read data received from the drive. (This input is 
active low.) 

2 FDCSEL I This input signal, when low, programs the FDC 92C39 for a 179X type of 
LSI controller. When FDCSEL is high, the FDC 92C39 is programmed for 
a 765 (8272) or 7265 floppy disk controller. (See fig. 4.) 

3 MINI I The state of this input determines whether the FDC 92C39 is configured to 
support 8" or 5%" floppy disk drive interfaces. It is used in conjunction with 
the DENS input to prescale the clock for the data separator. The state of 
this input also alters the CLKOUT frequency, the precompensation value, 
the head load delay time (when in 179X mode) and the HLT ICLK 
frequency (when in 765 mode). See figs. 2, 3, and 4.) 

4 DENS I The state of this input determines whether the FDC 92C39 is configured to 
support single density (FM) or double density (MFM) floppy disk drive 
interfaces. It is used in conjunction with the MINI input to prescale the 
clock for the data separator. The state of this input also alters the CLKOUT 
frequency when in the 765 mode. (See figs. 2, 3, and 4.) 

5 SEPCLK 0 A square-wave window clock siqnal output derived from the DSKD input. 

6 SEPD 0 This output is the regenerated data pulse derived from the raw data input 
(DSKD). This signal may be either active low or active high as 
determined by FDCSEL (pin 2). 

7 WDOUT 0 The precompensated WRITE DATA stream to the drive. 

8 HLT/CLK 0 When in the 765 mode (FDCSEL high), this output is the master clock to 
the floppy disk controller. When in the 179X mode, this signal goes high 
after the head load delay has occured following the HLD input going high. 
This output is retriggerable. (See fi~l 3.) 

9 CLKOUT 0 This signal is the write clock to the floppy disk controller. Its frequency is 
determined by the state of the MINI, DENS and FDCSEL input pins. 
(See fiq. 3.) 

10 GND Ground 

11 XTAL 1/CLKIN I This input is for direct connection to a 16 MHz or 8 MHz single-phase 
TTL-level clock, or one lead from an 8 MHz or 16 MHz crystal. 

12 WDIN I The write data stream from the floppy disk controller. 

13 EARLY I When this input is high, the current WRITE DATA pulse will be written 
early to the disk. 

14 LATE I When this input is high, the current WRITE DATA pulse will be written late 
to the disk. 
When both EARLY and LATE are low, the current WRITE DATA pulse will 
be written at the nominal position. 

15 HLD I This input is only used in 179X mode. A high level at this input causes a 
high level on the HLT ICLK output after the specified head-load time delay 
has elapsed. The delay is selected by the state MINI output. (See fig. 3.) 
In 765 mode this pin must not be forced high. 

16 XTAL2 I The second lead from an 8 MHz or 16 MHz crystal is connected to this 
pin. In those applications, using a TTL clock, this pin should be left 
floating. 

17 PO I 

18 P1 I 
P2-PO select the amount of precompensation applied to the write data. 

19 P2 I 
(See fig. 2.) 

20 Vee + 5 VOLT SUPPLY 
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OPERATION 

Data Separator 
The ClKIN input clock is internally divided by the FDC 92C39 
to provide an internal clock. The division ratio is selected by 
the FDCSEl, MINI and DENS inputs depending on the type 
of drive used. (See fig. 1.) 

INPUTS 
FDCSEl DENS MINI 

DIVISOR 
f(CLKIN)/f(lNTClK) 

The FDC 92C39 detects the leading (negative) edges of the 
disk data pulses and adjusts the phase of the internal clock 
to provide the SEPClK output. 

Separate short- and long-term timing correctors assure 
accurate clock separation. 

The SEPClK frequency is nominally %2 the internal clock 
frequency. Depending on the internal timing correction, the 
duration of any SEPClK half-cycle may vary from a nomi
nal of 16 to a minimum of 12 and a maximum of 21 internal 
clock cycles. 

0 
0 
0 
0 
·1 
1 
1 
1 

0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 f 

I :: 1,1 ': i, INTCLK i 
I: ~:, ! I! I 

SEPCLK~~--------~--+!~--~~i---------------!r-~----~ ! 

1 
2 
2 
4 
2 
4 
1 
2 

! i i I ! 
~ i ~ _________________________ ~~:L... __________ _ 

SEPD ----------!j i ! ~ L- . . 

always 2 i! I 

internal ---: ~ I 

clock r l-l 
cycles 

always 4 internal clock cycles 

\--+---4-----------------+---------...j CLKOUT 

.-------------t---------+iHLT/CLK 

L-_______________________ ~ 
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OPERATION (CONT'D) 

Precompensation 
The desired precompensation delay is determined by the 
state of the PO, P1 and P2 inputs of the FDC 92C39 as perfig. 
2. Logic levels present on these pins may be changed 
dynamically as long as the inputs are stable during the time 
the floppy disk controller is writing to the drive and the inputs 
meet the minimum setup time with respect to the write data 
from the floppy disk controller. 

MINI P2 P1 PO PRECOMP VALUE 

Head Load Timer 
The head load time delay is either 40 ms or 80 ms, depend
ing on the state of MINI. (See fig. 3.) The purpose of this 
delay is to ensure that the head has enough time to engage 
properly. The head load timer is only used in the 179X mode; 
it is non-functional in the 765 or 7265 mode. 

0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

0 o ns 
1 62.5 ns 
0 125 ns 
1 187.5 ns 
0 250ns 
1 250 ns 
0 o ns 
1 125 ns 
0 250 ns 
1 375ns 
0 500 ns 
1 500 ns 
0 625 ns 
1 625 ns 

The FDC 179X initiates the loading of the floppy disk drive 
head by setting HLD high. The controller then waits the pro
grammed amount of time until the HLT signal from the FDC 
92C39 goes high before starting a read or write operation. 

NOTE: All values shown are obtained with a 16 MHz reference 
clock. Multiply pre-camp values by two for 8 MHz 
operation. 

FIG. 2 WRITE PRECOMPENSATION 
VALUE SELECTION 

INPUTS OUTPUTS 

FDCSEL DENS MINI CLKOUT HLT/CLK 16 MHZ INPUT CLOCK 8 MHZ INPUT CLOCK CONTROLLER 

0 0 0 2MHz 40ms* 8" Double Density 5%" Double Density 179X 
0 0 1 1 MHz 80ms* 5%" Double Density Not Permitted 179X 
0 1 0 2MHz 40 ms* 8" Single Density 5%" Single Density 179X 
0 1 1 1 MHz 80ms* 5%" Single Density Not Permitted 179X 

0 0 500 KHz 8MHz 8" Single Density 5%" Single Density 765 (8272) 
0 1 250 KHz 4MHz 5%" Single Density Not Permitted 765 (8272) 
1 0 1 MHz 8MHz 8" Double Density 5%" Double Density 765 (8272) 
1 1 500 KHz 4MHz 5%" Double Density Not Permitted 765 (8272) 

NOTE: 3%" drive users should consult drive specifications to determine if drive data rate equals 5.25" or 8" standards. 

*NOTE: All values shown are obtained with a 16 MHz reference clock. Divide all frequencies and multiply all periods by 
two for 8 MHz operation. 

FIG. 3 CLOCK/HEAD LOAD TIME DELAY AND 
FLOPPY DISK DRIVE/CONTROLLER SELECTION 
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MAXIMUM GUARANTEED RATINGS· 

Operating Temperature Range ....................................................................................................................................................................... O°C to + 70°C 
Storage Temperature Range ...................................................................................... .............................................................................. -55°C to + 150°C 
lead Temperature (soldering, 10 sec.) .................................................................................................................................................................... + 300°C 
Positive Voltage on any 1/0 Pin, with respect to ground ................................................................................................................................ Vee + 0.3V 
Negative Voltage on any 1/0 Pin, with respect to ground ........................................................................................................................................ -o.3V 
Maximum Vee ........................................................................................................................................................................................................................ + 7V 
Power Dissipation .............................................................................................................................................................................................................. 0.25W 

·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. If this possibility exists, it is 
suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA= 0°Cto70°C, Vee = 5V ±5%) 

PARAMETER MIN TYP MAX UNIT 
DC CHARACTERISTICS 
INPUT VOLTAGE 

low level VIL -0.3 0.8 V Except ClKIN 
___ Hi h level VIH 2.0 (Vee) V 

.----~-

XTAUClKIN INPUT VOLTAGE 
low (VIL) -0.3 1.5 V 

___ High (VIH) 3.2 (Vee) V 
-----~-

OUTPUT VOLTAGE 
low level VOL 0.4 V IOL = 1.6 mAexcept HlT/ClK 

IOL = 0.4 mA, HlT/ClK only 
High level VOH 2.4 V IOH = -100,...,A except HlT/ClK 

IOH = -400 ,...,A, HlT/ClKonly 

POWER SUPPLY CURRENT 
___ leG 20 mA 

INPUT lEAKAGE CURRENT 
___ IlL -)0 ,...,A VIN = OtoVee 

INPUT CAPACITANCE pF Except ClKIN 
___ CIN TBD pF ClKIN only 

ELECTRICAL CHARACTERISTICS (TA = O°C to 70°C, V,;e = 5V ± 5%) 

PARAMETER 
AC ELECTRICAL 
CHARACTERISTICS 
ClKIN frequency 

ClKIN DUTY CYCLE 
tClkOh 

twcio 

td 
tdNEe 

tWdE 

tWdN 

tWclL 

MIN TYP MAX UNIT 

(All times assume XTAUClKIN = 16 MHz unless otherwise specified) 

3.95 16 16.2 MHz FDC 92C39B 
3.95 8 8.1 MHz FDC 92C39 
40 60 % 

465 500 515 ns 
215 250 265 ns 
90 125 140 ns 
150 312.5 350 ns 
50 400 ns 
o 400 ns 

500 562.5 ns 
precomp value 

2 x precomp value 

FDCSEl = low; MINI = high 
FDCSEl = low; MINI = low 
FDCSEl = high 
Time Doubles with MINI-1 

9 clock times ± 1 clock time 
See fig. 2 
See fig. 2 

__ t_s ______________________ ~ ___ 1_.0 __ ~ ______ ~~ ______ ~~,...,_s __ ~ ________________________ _ 
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AC TIMING CHARACTERISTICS 

HLT/CLK (765 MODE) WDOUT PULSE WIDTH 

-1==t~.=-r-
CLKOUT VS. WDIN TIMING 

179X MODE 

CLKOUT 

~tJ I 
WDIN 

\ ______ 1 

\~----------------
1,2. or 4 fLsec. 

765 (8272) MODE 

CLKOUT 

WDIN -----------------

SET-UP TIME PO, P1 AND P2 TO WDIN 

WDIN ______ -+ _______ 1 

CLKOUT 
(179X) 

CLKOUT 
(765) 

t. --.-.t 

.-------Iw,,------~ 

WDOUT (EARLY) 

CLKOUT 

CLKOUT --{ ....... I----tclkOh -----I .. ~t------

PRECOMPENSATION 
WDOUT (NOMINAL) __ -+ __ --'1 

_ __ .1,~~\ 
WDOUT (LATE) ,{ \... 
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TYPICAL SYSTEM IMPLEMENTATION-765 (8272) FOC OR 7265 FOC 

r-I>: I 
7265 or 

765 (8272) 

00-
07 0 

NT ___ 

CS~ 
RO ____ 

W R~ 
A0 .......... 

RO........-o 
OA 

CK ____ 

TC --.. 

RES 
ET ____ 

OB0-
OB7 

INT 

CS 
RO 

WR 

A0 

ORO 

OACK 

TC 

RST 

00-07 

WP/TS -
FLT/TR0 -

"RVi}/SEEK 

FRISTP 

LCT/OIR 

US1 

US0 

HOL 

ROY 411----- ROY 

lOX .......-. lOX 

WE --.-WE 

HO --.-SIOESEL 
+5V 

WOA 

PS0 
PS1 

ROW -
ROD 

MFM 

l I WCK 

CLK 

l 

LATCH 

---\ 
--v' 

A 

---.J 

~ ! 
G1 G2 r-: 

1 --1l-
~ ~ 
.~ 

fDC 92C39 

FOCSEL 

WOOUT 
WOIN 

EARLY 

LATE --
SEPCLK OSKO 

SEPO 

P2 

----- MINI 

DENS - P1 
CLKOUT 

HLT/CLK 
P0 

XTAL 1 XTAL2 

! ! 
16 MHz XTAL 

OR 
TTL INPUT 

(XTAL 1 ONLY) 

*The FOC 92C39/B, as all other NMOS integrated circuits, presents a high 
impedance on all inputs. 

To avoid soft errors caused by transmission line effects and noise where 
there is long cabling between the floppy disk drive and the controller board, the 
use of a (non-inverting) TTL schmidt-trigger input gate or bus transceiver is 
recommended at the OSKO input to 'the FOC 92C39/B. 
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--
[) 

E .. C 
0 .:... 0 -
E --"" 

R 

I '---

'" ~ 

~ 
~g:: -
~o- --4 

~ Q---4 

~~ - -
-~ 

ROY 

lOY 
WE 

SIOESEL . 

. 

DRIVE 

2 SIDED 

WPRT 

TRK00 

FAULT 

FAULT 
RST 

STEP 
LOWCUR 

OIR 

ORSEL4 

ORSEL3 

ORSEL2 

ORSEL1 

HLO 

WOATA I 
RAW 
READ 

ROY 

lOX 
WE 

SIDE 

MOTOR 
ON 



TYPICAL SYSTEM IMPLEMENTATION-179X FOC OR 979X FOC 

00-07 

INT 

o 

<=) 
RO~ 

RO~ 

RE -----.. 

WE -----.. 

CS~ 
A1 ______ 

A0 ______ 

RES ET~ 

179X 

TR00 
WPRT 

I.P 

READY 

OIR 
STEP 

WG 

HLO 
OAL0-
OAL7 

RAWRO 
HLT 

INTREO 
RCLK 

ORO 
--

RE OOEN 

WE 

CS WO 

A1 EARLY 

A0 LATE 

MR TG43 

-

--

-

L FDC 92C39 

HLO 

SEPO <8!.. HLT!CLK OSKO 

SEPCLK FDCSEL ~ 
DENS 

~ ---.. MINI 
WOOUT 

WOIN 

-C::-EARLY 

LATE 
P2 

-C~ 
~ 

P1 
~ 

CLK 
-CO-

CLKOUT PO 
XTAL 1 XTAL 2 0.--

~ 

! 16 MHzl 
OR 

TTL INPUT 

LATCH 
(XTAL 1 ONLY) 

~ 
00-07 ----/ 

A 

----I 
'The FOC 92C39/B, as all other CMOS integrated circuits, presents a high 
impedance on all inputs. 

To avoid soft errors caused by transmission line effects and noise where 
there is long cabling between the floppy disk drive and the controller board, the 
use of a (non-inverting) TTL schmidt-trigger input gate or bus transceiver is 
recommended at the OSKO input to the FOC 92C39/B. 

--=-

-

-
---
-.. 

DRIVE 

TRK00 
WPRT 

INDEX 

READY 

OIR 
STEP 

WRITE 
GATE 

HLO 

RAW READ 

WOATA 

LCUR 

MOTOR ON 

SIDE 

SEL3 

SEL2 
SEL1 

Circuit diagrams utilizing SMC products are included asa 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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FDC9266 

Single/Double Density Enhanced Floppy Disk 
Controller 

PIN CONFIGURATION 
FEATURES 
o Combination Floppy Disk Con

troller and Floppy Disk Interface 
o Software compatible with indus

try standard FDC 765A 
o On chip digital data separator 

eliminates critical analog 
adjustments 

o On-chip drive control logic 
reduces component count. 

o IBM compatible in both single 
and double density recording 
formats 

o Programmable data record 
lengths: 128, 256, 512, or 1024 
bytes/sector 

o Multi-sector and multi-track 
transfer capability 

o Controls up to 4 floppy disk drives 
o Data Scan Capability-will scan a 

single sector or entire track's 
worth of 'data fields, comparing 
on a byte by blte basis, data in 
the processor s memory with the 
data read from the diskette 

o Data transfers in DMA or non
DMAmode 

o Single 8 MHz TTL clock input 
o Single + 5 Volt power supply 

HDl WE 
FRISTP P0 
lCT/DIR DSKi5 

RW/SEEK ClK 
Vee MINI 
NC 1 NC 

RST 2 GND 
RD 3 TEST 
WR 4 INT 
CS lOX 
Ao TC 

PACKAGE: 44-pln PlCC 

o Parallel Seek operations on up to 
four drives 

o Compatible with most 
microprocessors 

GENERAL DESCRIPTION 

RESET 1 40 Vee 
Ii[) 39 RVVISEEK 
~ 38 lCT/DIR 

CS 4 37 FRISTP 

Ao 36 HDl 
DBo 35 ROY 
DB, 7 34 WP/TS 
DB2 8 33 FlT/TRo 
bB3 9 32 P2 
DB. 10 31 P1 
DB511 30 WDOUT 
DB612 29 USo 
DB713 28 US, 

ORO 14 27 HD 
nACR 15 26 MFM 

TC 16 25 WE 
lOX 17 24 P0 
INT 18 23 lJSI<O 

TEST 19 22 ClK 
GND 20 21 MINI 

PACKAGE: 4o-pin D.I.P. 

o COPLAMOS~ n-channel silicon 
gate technology 

o Available in 40-pin Dual-in-Line 
package and 44-pin PLCC 

The FDC 9266 is a monolithic combination of the industry 
standard FDC 765A Floppy Disk Controller and the FDC 
9229 Floppy Disk Interface Circuit. It preserves all of the 
processor hardware and software interfaces to the FDC 
765A, and contains on-chip circuitry to simplify drive 
interfacing. 

bytes to fully specify the operation which the processor 
wishes the FDC to perform. The following commands are 
available: 

These on-chip enhancements include a digital data 
separator, compatible with 5.25" and 8" drives. The data 
separator separates both FM (Single Density) and MFM 
(Double Density) encoded data, and requires no external 
adjustments. 

Read Data 
Read 10 
Read Deleted Data 
Read a Track 
Scan Equal 
Scan High or Equal 
Scan Low or Equal 
Specify 

Write Data 
Format a Track 
Write Deleted Data 
Seek 
Recalibrate (Restore to Track 0) 
Sense Interrupt Status 
Sense Drive Status 

The FDC 9266 also allows variable write precompensation, 
which is track selectable. 

Address mark detection circuitry is internal to the FDC 
These enhancements greatly reduce the number of com- which simplifies the read electronics. The track stepping 
ponents required to interface floppy disks to a microproces- rate, head load time, and head unload time may be pro
sor system. grammed by the user. The FDC 9266 offers many addi-

tional features such as multiple sector transfers in both read 
There are 15 separate commands which the FDC 9266 will and write with a single command, and full IBM compatibility 
execute. Each of these commands requires multiple 8-bit in both single and double density modes. 
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INT 

CS 
AD 

WR 
All) 

DRQ 

DACK 

TC 

RESET 

RESET 

ClK 

VCC 

GNO 

Foe 9266 

REGISTERS 

SERIAL 
INTERFACE 

CONTROllER 

DSK DATA 
WDOUT DATA 

SEPARATOR 
AND 

PRECOMP 
LOGIC 

___ PO 
__ PI 

___ P2 

READY 
WRITE PROTECT/TWO SIDE 

INDEX 
FAULT/TRACK 0 

MINI 

UNIT SELECT 0 

UNIT SELECT 1 
MFMMOOE 

W/SEEK 
HEAD lOAD 
HEAD SELECT 

lOW CURRENT/DIRECTION 
FAULT RESET/STEP 

BLOCK DIAGRAM 

DRIVE 

1+-------------12 SIDED 
t+----------~ WPRT 
t+----------~ TRK 011) 
t+----------~~U~ 

FiW/SEEK\-_ ..... _....I 

1-_________ -1 FLT RST 
1-_________ -1 STEP 

WP/TS~§~~~~~~~U FLT/TR0 
FR/STEP 
LCT/DIR 

DB0·DB7 P01--______ ..... 0 

1-_________ -1 DIR 

\---1~-------ILOWCUR 

PRECOMPENSATION 
SELECT 

~ ______________________ ~HLD 

DB0·DB7 

\-----------lDRSEL4 

I==========:::::l g~~m 1-_________ ....... o.I DRSEL1 

LATCH 

RAW READ 

C>o---.I WDAffi. 

RDY 
IDX 
WE 

SIDE SEL 

RDY 
IDX 
WE 
SIDE 

t-_________ -JMOTOR ON 

TYPICAL APPLICATION 

526 



DESCRIPTION OF PIN FUNCTIONS 

PIN INPUT/ CONNECTION 
NO·CD SYMBOL NAME 9UTPUT TO FUNCTION 

~---~-

1 RST Reset Inpbt Processor Places FDC in idle state. Resets 
output lines to FDD to "0" (low). 
Does not effect SRT, HUT or HlT 
in S~eCifY command. If ROY pin is 
hel high during Reset, FDC will 
generate interrupt 1.024 ms later. 
To clear this interrupt use Sense 
Interrupt Status command. 

2 RD Read Input~ Processor Control signal for transfer of data 
from FDC to Data Bus, when 
"O"(low). 

3 WR Write Input® Processor Control signal for transfer of data to 
FDC via Data Bus, when "0" (low). 

4 CS Chip Select Input Processor IC selected when~' (low), 
allowing RD and WR to be 
enabled. 

5 Ao Data/Status Reg 
Select 

Input® Processor Selects Data Reg (Ao = 1) or 
Status Reg (Ao = 0) contents of 
the FDC to be sent to Data Bus. 

6-13 DBo-DB7 Data Bus Input® 
Output 

Processor Bi-Directional 8-Bit Data Bus. 

14 ORO DataDMA Output DMA DMA Request is being made by 
Request FDC when DRW = "1'. 

15 DACK DMA Input DMA DMA cycle is active when "0" (low) 
Acknowledge and Controller is performing DMA 

transfer. 
16 TC Terminal Count Input DMA Indicates the termination of a DMA 

transfer when "1" (high). It 
terminates data transfer during 
Read/Write/Scan command in 
DMA or interrupt mode. 

17 lOX Index Input FDD Indicates the beginning of a disk 
track. I 

18 INT Interrupt Output Processor Interrupt Request Generated by 
FDC. ----

19 TEST Test Input This pin is for test purposes only. 
Should be left tied high in normal 
operation. 

20 GND Ground D.C. Power Return. 
21 MINI Mini' Input Processor This input, when set to "1" (high), 

configures the FDC for operation 
, with 5.25" floppies. If reset to "0" 
(low), then the FDC is configured 
for 8" drive operation. 

--
22 ClK 8MHz Input Device clock. 

TTL Clock 
23 DSKD Raw Data Input FDD Raw data from drive. 

24,31,32 PO,P1,P2 Precompensation Input Processor These pins select the amount of 
Select precompensation applied to the 

write data. 
25 WE Write Enable Output FDD Enables write data into FDD. ----
26 MFM MFM Mode Output MFM mode when "1:' FM mode 

when "0." ---, .. _--
27 HD Head Select Output FDD Head 1 selected when "1" (high). 

Head 2 selected when "0" (low). 
28,29 US" USo Unit Select Output FDD FDD Unit Selected. 

30 WDOUT Write Data Out Output FDD Serial clock and data bits to FDD. 
33 FlTITRo FaultlTrack 0 Input FDD Senses FDD fault condition, in 

Read/Write mode; and Track 0 
condition in Seek mode. 

34 WP/TS' Write Protect! Input FDD Senses Write Protect status in 
Two-Side Read/Write mode; and Two Side 

Media in Seek mode. 

NOTES: CD For DIP package. 
® Disabled when CS=1. 
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DESCRIPTION OF PIN FUNCTIONS 
PIN INPUT/ 

NO. (1) SYMBOL NAME OUTPUT 
35 RDY Ready Input 

36 HDL Head Load Output 

37 FR/STP Fit Reset/Stop Output 

38 LCT/DIR Low Current/ Output 
Direction 

39 RW/SEEK Read Write/SEEK Output 

40 Vee +5V 

NOTES: CD For DIP package. ® Disabled when CS=1. 

DESCRIPTION OF INTERNAL REGISTERS 

The FDC 9266 contains two registers which may be ac
cessed by the main system processor; a Status Register 
and a Data Register. The 8-bit Main Status Register con
tains the status information of the FDC, and may be 
accessed at any time. The 8-bit Data Register (actually 
consists of several registers in a stack with only one register 
presented to the data bus at a time), which stores data, 
commands, parameters, and FDD status information. Data 
bytes are read out of, or written into, the Data Register in 
order to program or obtain the results after a particular com
mand. The Status Register may only be read and used to 

The bits in the Main Status Register are defined as follows: 

BIT NUMBER NAME SYMBOL 
DBa FDD a Busy DaB 

DB, FDD 1 Busy D,B 

--
DB2 FDD 2 Busy D2B 

DB3 FDD 3 Busy D3B 

DB. FDC Busy CB 

DBs Execution Mode EXM 

DB6 Data Input/Output DIO 

DB7 Request for Master ROM 

CONNECTION 
TO FUNCTION 

FDD Indicates FDD is ready to send or 
receive data. 

FDD Command which causes read/ 
write head in FDD to contact 
diskette. 

FDD Resets fault F. F. in FDD in Read/ 
Write mode, contains stop pulses 
to move head to another cylinder in 
Seek mode. 

FDD Lowers Write current on tracks:;:::42 
in Read/Write mode, determines 
direction head will stop in Seek 
mode. A fault reset pulse is 
issued at the beginning of each 
Read or Write command prior to 
the occurrence of the Head Load 
signal. 

FDD When "1" (high) Seek mode 
selected and when "0" (low) Read/ 
Write mode selected. 
DC Power. 

facilitate the transfer of data between the processor and 
FDC9266. 
The relation§blQ between the Status/Data registers and the 
signals RD, WR, and Ao is shown below. 
,--

Ao RD WR FUNCTION 
a a 1 Read Main Status Register 

a 1 a Illegal 
a a a Illegal 
1 a a Illegal 
1 a 1 Read from Data Register 
1 1 a Write into Data Register 

DESCRIPTION 
FDD number a is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 
FDD number 1 is in the Seek mode. If any of the bits is set 
FOC will not accept read or write command. 
FDD number 2 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 
FOD number 3 is in the Seek mode. If any of the bits is set 
FOC will not accept read or write command. 
A read or write command is in process. FDC will not accept 
any other command. 
This bit is set only during execution phase in non-DMA mode. 
When DBs goes low, execution phase has ended, and result 
phase was started. It operates only during NON-DMA mode 
of operation. 
Indicates direction of data transfer between FDC and Data 
Register. If DIO = "1" then transfer is from Data Register to 
the Processor. If DIO = "0", then transfer is from the 
Processor to Data Register. 
Indicates Data Register is ready to send or receive data to or 
from the Processor. Both bits DIO and ROM should be used 
to perform the hand-shaking functions of "ready" and 
"direction" to the processor. 

The DIO and ROM bits in the Status BruJister indicate when Data is ready and in which direction data will be transferred on the Data 
Bus. The max time between the last RD or WR during command or result phase and DIO and ROM getting set or reset is 12 j..lgor 
this reason every time Main Status Register is read the CPU should wait 12 j..ls. The max time from the trailing edge of the last RD in 
the result phase to when DB. (FDC Busy) goes low is 12 j..ls. 
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Data In/Out 
(010) Out Processor and Into FOe 

COMMAND SEQUENCE 
Oul FOe and Inlo Processor 

~ 
Ready : i : 

Request for Master ii .. II IjI II i II 
(ROM) I~ L!;~l----f-J! 

The FOC 9266 is capable of performing 15 different com
mands. Each command is initiated by a multi-byte transfer 
from the processor, and the result after execution of the 
command may also be a multi-byte transfer back to the pro
cessor. Because of this multi-byte interchange of informa
tion between the FOC 9266 and the processor, it is 
convenient to consider each command as consisting of three 
phases: 

I ~ead~ :::: : I I I i 
WR~W-i--I 
R5~: 

I I I I I I I I I I I I 

IAlsl A IslAlelolelolslAI 
Notes: 0 -Data register ready to be written into by pl'Ocessor 

~ -Data register not ready to be written into by processor 

[QJ -Data register ready for next data byte to be read by the processor 

@] -Data register not ready for next data byle 10 be read by processor 

Command Phase: 

Execution Phase: 

Result Phase: 

The FOC receives all information 
required to perform a particular 
operation from the processor. 
The FOC performs the operation 
it was instructed to do. 

COMMAND SYMBOL DESCRIPTION 

After completion of the operation, 
status and other housekeeping 
information are made available to 
the processor. 

SYMBOL NAME DESCRIPTION 
Ao Address Line 0 Ao controls selection of Main Status Register (Ao == 0) or Data Register 

(Ao == 1). 
C Cylinder Number C stands for the current/selected Cylinder (track) number 0 through 76 of 

the medium. 
D Data D stands for the data pattern which is going to be written into a Sector. 

D7-DO Data Bus 8-bit Data Bus, where D7 stands for a most significant bit, and Do stands for a 
least significant bit. 

DTL Data Length When N is defined as 00, DTL stands for the data length which users are 
going to read out or write into the Sector. 

EOT End of Track EOT stands for the final Sector number on a Cylinder. During Read or Write 
operation FDC will stop date transfer after a sector # equal to EOT. 

GPL Gap Length GPL stands for the length of Gap 3. During Read/Write commands this value 
determines the number of bytes that VCOs will stay low after two CRC bytes. 
During Format command it determines the size of Gap 3. 

H Head Address H stands for head number 0 or 1, as specified in ID field. 
HD Head HD stands for a selected head number 0 or 1 and controls the polarity of pin 

27. (H == HD in all command words.) 
HLT Head Load Time HLT stands for the head load time in the FDD (2 to 254 ms in 2 ms 

increments). 
HUT Head Unload Time HUT stands for the head unload time after a read or write operation has 

occurred (16 to 240 ms in 16 ms increments). 
MF FM or MFM Mode If MF is low, FM mode is selected, and if it is high, MFM mode is selected. 
MT Multi-Track If MT is h~h, a multi-track operation is to be 8erformed. If MT = 1 after 

finishing ead/Write operation on side 0 FD will automatically start 
searching for sector 1 on side 1. 

N Number N stands for the number of data bytes written in a Sector. 
NCN New Cylinder Number NCN stands for a new Cylinder number, which is ~oing to be reached as a 

result of the Seek operation. Desired position of ead. 
NO Non-DMA Mode NO stands for operation in the Non-DMA Mode. 
PCN Present Cylinder PCN stands for the C~linder number at the completion of SENSE 

Number INTERRUPT STATU Command. Position of Head at present time. 
R Record R stands for the Sector number, which will be read or written. 
R/W Read/Write R/W stands for either Read (R) or Write (W) signal. 
SC Sector SC indicates the number of Sectors per Cylinder. c-
SK Skip SK stands for Skip Deleted Data Address Mark. 
SRT Step Rate Time SRT stands for the Stepping Rate for the FDD. (1 to 16 ms in 1 ms 

increments.) Stepping Rate applies to all drives, (F == 1 ms, E == 2 ms, etc.). 
STO Status 0 ST 0-3 stand for one of four registers which store the status information after 
ST1 Status 1 a command has been executed. This information is available durinbthe 
ST2 Status 2 result phase after command execution. These registers should not e 
ST3 Status 3 confused with the main status register (selected by Ao == 0). ST 0-3 may be 

read only after a command has been executed and contain information 
relevant to that particular command. 

STP During a Scan operation, if STP == 1, the data in continguous sectors is 
compared byte by byte with data sent from the processor (or DMA); and if 
STP == 2, then alternate sectors are read and compared. 

USO, US1 Unit Select US stands for a selected drive number 0 or 1. 
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INSTRUCTION SET CD ® 

I DATA BUS 

PHASE 

READ DATA 

Command W MT MF SK 0 

W X X X X HD US1 USO 

W 
W -----H-,---__ 
W 
W 
W ----EOT-----
W ----GPL-----
W -----DTL-----

Execution 

Result ----STO-----
----ST1-----
----ST2-----

-----C------
A 
A 

READ DELETED DATA 

Command W MT MF SK 0 

W X X X X HD US1 USO 

W 
W 
W 
W -------N-------
W -----EOT-----
W ------GP~~-----

W ----DTL-----

Execution 

Result -----STO---------

------- ST 1 ------
----ST2--------
----- C ------

WRITE DATA 

Command W MT MF 0 0 1 

W X X X X HD US1 usa 
w C 
W H 
W 
W N 
W EOT 
W GPL 
W DTL 

Execution 

Relult STO 
ST 1 

R ST 2 
A C 
A 

A 
N 

WRITE DELETED DATA 

Command W MT MF 0 0 1 

W X X HD US1 USO 

W 
W 
W 
W N 
W EOT 
W GPL 
W DTL 

Execution 

Result ST 0 
ST 1 
ST 2 

C 
A H------

A A 
A N 

REMARKS 

Command Codes 

Sector 10 information prior 
to Command execution. The 
4 bytes are commanded against 
header on Floppy Disk. 

Data-transfer between the 
F DO and main-system 

Status information after 
Command execution 

Sector 10 information after 
Command execution 

Command Codes 

Sector 10 information prior 
to Command execution. The 
4 bytes are commanded against 
header on Floppy Disk. 

Data-transfer between the 
FOO and main-system 

Status information after 
Command execution 

Sector 10 information efter 
Command execution 

Command Codes 

Sector 10 information prior 
to Command execution. The 
4 bytes are commanded against 
header on Floppy Disk. 

Data-transfer between the 
main-system end FoO 

Status information efter 
Command execution 

Sector 10 information after 
Command execution 

Command Codes 

Sector 10 information prior 
to Command execution. The 
4 bytes are commanded against 
header on Floppy Disk. 

Data-transfer between the 
FOD and main-system 

StatuI information after 
Command execution 

Sec~or 10 information after 
Command execution 

Not.: <D Symbols used In this table ere delCribed at the end of this section. 

~ AO should equal binary 1 for all operations. 

® X· Don't Clre, usually made to equal binary O. 

PHASE RIW 

Command W 

W 

W 
W 
W 
W 
W 
W 
W 

Execution 

Result 

DATA BUS J 

READ A TRACK 

o MF SK 0 0 0 

X X X X HD US1 USO 

--------EOT------
-----GPL.--------
-----DTL--'----

-----STO--------
--------ST1-------
-------S~2--------

------A-------
N 

READ 10 

REMARKS 

Command Codes 

Sector 10 information prior 

to Command execution 

Data·transfer between t he 
FOD and main-system. FDC 
reads all data fields 
from index hole to EOT . 

Status information after 
Command execution 

Sector 10 information after 
Command execution 

Command W 0 MF 0 0 0 Commands 

W 

Execution 

Result 

Command W 

Execution 

ASIIII! 

Command 

Execution 

Result 
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W 

W 
W 
W 
W 

W 

W 

W 
W 
W 
W 
W 
W 
W 

X X X HO US1 USO 

------STO--------
------ST1---------
------ST2--------

--------C--------

FORMAT A TRACK 

The first correct 10 information 
on the_Cylinder is stored in 
Data Register 

Status Information after 
Command execution 

Sector 10 information read 
during Execution Phase from 
Floppy Disk 

o M F 0 0 1 Command Codes 

X X X X HD US1 USO 

---------N----------
---------SC---------
-------GPL------

--------STO---------
--------ST1--------
--------ST2---------

----C-----

N 

SCAN EQUAL 

Bvtes/Sector 
Sectors/Track 
Gep 3 
Filler Byte 

FOC formats an entire track 

Status information after 
Command execution 

In this case, the 10 information 
has no meaning 

MT MF SK 1 0 0 0 Command Codes 

X X X X HD US1 USO 

~-------H------------------A---------
-----N------
-------EOT---------
----GPL--------
-----STP------

------STO---------
--------ST1---------
--------ST2---------

------- C --------

Sector 10 information prior 
to Command execution 

Oata-compared between the 
FOO and mlin-system 

StatuI information after 
Command execution 

Sector 10 information after 
Command execution 



INSTRUCTION SET (CONT.) 

DATA BUS I DATA BUS 

PHASE REMARKS PHASE DO I REMARKS 

SCAN LOW OR EQUAL RECALIBRATE 

Command W MT MF SK 1 Command Codes 'Command W 0 a a 1 Command Codes 

W X X X X HD US1 usa W X X X X C US1 usa 
W Sector 10 Information prior Execution Head retracted to Track 0 
W Command execution 

SENSE INTERRUPT STATUS W 
W Command W a a a 1 a Command Codas 
W EDT 
W GPL Aasult STO Status Information at the end 

W STP PCN of seek-operation about the FOC 

Execution Data-compared between the 
SPECIFV 

FDO and main-system Command W a a a a Command Codes 

Aasult ST 0 Status Information after 
W _SAT -- .. HUT-

ST 1 Cor:nmand execution W HLT .. ND 

ST 2 SENSE DRIVE STATUS 
Sector 10 information after Command W 0 0 a 1 Command Codes 
Command execution 

W X X X X HD US1 usa 

Aesult ST 3 Status Information about FDD 
SCAN HIGH OR EQUAL 

SEEt< 
Command W MT MF SK 1 Command Codas 

Command W 0 0 Command Codes 
W X X 'X X X HD US1 usa 

W X X X X HD US1 usa 
w Sector 10 information prior 

W NCN-----
W Command execution 

W Execution 
Head is positioned over 

W proper Cylinder on 
W EOT Diskette 
W GPL 
W STP 

INVALID 

Execution Data-compared between the t-C-o-m-m-an"'dr--W-r::'::'::'::"::"::"-I~nv-al-id~c-od-es-_-_-_-:""-_-_-_-'T-I~nv-al~id~C~om-m-a-nd~C=-o~de-s ---\ 
FDD and main-system (NoOp _ FOe goes into 

Aesult --------STO--------
--------ST1--------
--------ST2--------

---------C---------

Status information after 
Command execution 

Sector 10 )nformatlon after 
Command execution 

FUNCTIONAL DESCRIPTION OF COMMANDS 
Read Data 
A set of nine (9) byte words are required to place the FDC 
into the Read Data Mode. After the Read Data command 
has been issued the FDC loads the head (if it is in the 
unloaded state), waits the specified head settling time 
(defined in the Specify Command), and begins reading ID 
Address Marks and ID fields. When the current sector num
ber ("R") stored in the ID Register (IDR) compares with the 
sector number read off the diskette, then the FDC outputs 
data (from the data field) byte-to-byte to the main system 
via the data bus. 
After completion of the read operation from the current sec
tor, the Sector Number is incre'mented by one, and the data 

Standby State) 

Result ---------STO--------- ST 0·80 
(16) 

from the next sector is read and output on the data bus. This 
continuous read function is called a "Multi-Sector Read 
Operation." The Read Data Command may bB terminated 
by the receipt of a Terminal COlillL.§lgnal. TC should be 
issued at the same time that the DACK for thE! last byte of 
data is sent. Upon receipt of this signal, the FDC stops out
putting data to the processor, but will continue to read data 
from the current sector, check CRC (Cyclic F~edundancy 
Count) bytes, and then at the end of the sector terminate 
the Read Data Command. 

The amount of data which can be handled with a single 
command to the FDC depends upon MT (multi-track), MF 
(MFM/FM), and N (Number of Bytes/Sector). Table 1 below 
shows the Transfer Capacity. 

Multi-Track MFM/FM Bytes/Sector Maximum Transfer Capacity Final Sector 
MT MF N (Bytes/Sector) (Number of Read 

Sectors) from DiskEitte 
0 0 00 (128) (26) = 3,328 26 at Side 0 
0 1 01 (256) (26) = 6,656 or 26 at Side 1 
1 0 00 (128) (52) = 6,656 26 at Side 1 1 1 01 (256) (52) = 13,312 
0 0 01 (256) (15) = 3,840 15 at Side 0 
0 1 02 (512) (15) = .7,680 or 15 at Side 1 
1 0 01 (256) (30) = 7,680 15 at Side 1 1 1 02 (512) (30) = 15,360 
0 0 02 (512) (8) = 4,096 8 at Side I) 
0 1 03 (1024) (8) = 8,192 or 8 at SidE! 1 
1 0 02 (512) (16) = 8,192 8 at Side 1 t 1 03 (1024) (16) = 16,384 

Table 1. Transfer Capacity 
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The "multi-track" function (MT) allows the FDC to read data 
from both sides of the diskette. For a particular cylinder, data 
will be transferred starting at Sector 1, Side 0 and complet
ing at Sector L, Side 1 (Sector L = last sector on the side). 
Note, this function pertains to only one cylinder (the same 
track) on each side of the diskette. 

When N = 0, the DTL defines the data length which the 
FDC must treat as a sector. If DTL is smaller than the actual 
~ata length in a Sector, the data beyond DTL in the Sector, 
IS not ~ent to the Data Bus. The FDC reads (internally) the 
~omplete Sector performing the CRC check, and depend
Ing upon the manner of command termination, may per
form a Multi-Sector Read Operation. When N is non-zero, 
then DTL has no meaning and should be set to FF 
Hexidecimal. 

At the completion of the Read Data command, the head is 
not unloaded until after Head Unload Time Interval (speci
fied in the Specify Command) has elapsed. If the processor 
issues another command before the head unloads then the 
head settling time may be saved between subsequent 
reads. This time out is particularly valuable when a diskette 
is copied from one drive to another. 

If the FDC detects the Index Hole twice without finding the 
right sector, (indicated in "R"), then the FDC sets the NO 
(No Data) flag in Status Register 1 to a 1 (high), and termi
nates the Read Data Command. (Status Register 0 also has 
bits 7 and 6 set to 0 and 1 respectively.) 

After reading the 10 and Data Fields in each sector, the FDC 
checks the CRC bytes. If a read error is detected (incorrect 
CRC in 10 field), the FDC sets the DE (Data Error) flag in 
Status Register 1 to a 1 (high), and if a CRC error occurs in 
the Data Field the FDC also sets the DO (Data Error in Data 
Field) flag in Status Register 2 to a 1 (high), and terminates 
the Read Data Command. (Status Register 0 also has bits 
7 and 6 set to 0 and 1 respectively.) 

Write Data 
A set of nine (9) bytes are required to set the FDC into the 
Write Data mode. After the Write Data command has been 
issued the FDC loads the head (if it is in the unloaded state), 
waits the specified Head Settling Time (defined in the 
Specify Command), and begins reading 10 Fields. When all 
four bytes loaded during the command (C, H, R, N) match 
the four bytes of the 10 field from the diskette, the FDC takes 
data from the processor byte-by-byte via the data bus, and 
outputs it to the FDD. 
After writing data into the current sector, the Sector Number 
stored in "R" is incremented by one, and the nextdata field 
is written into. The FDC continues this "Multi-Sector Write 
Operation" until the issuance of a Terminal Count signal. If 
a Terminal Count signal is sent to the FDC it continues writ
ing into the current sector to complete the data field. If the 
Terminal Count Signal is received while a data field is being 
written then the remainder of the data field is filled with 00 
(zeros). 
The FDC reads the 10 field of each sector and checks the 
CRC bytes. If the FDC detects a read error (incorrect CRC) 
in one of the 10 Fields, it sets the DE (Data Error) flag of 
Status Register 1 to a 1 (high), and terminates the Write Data 
Command. (Status Register 0 also has bits 7 and 6 set to 0 
and 1 respectively.) 
The Write Command operates in much the same manner 
as the Read Command. The following items are the same, 
and one should refer to the Read Data Command for details: 
• Transfer Capacity 
• EN (End of Cylinder) Flag 

If the FDC reads a Deleted Data Address Mark off the dis
kette, and the SK bit (bit 05 in the first Command Word) is 
not set (SK = 0), then the FDC sets the CM (Control Mark) 
flag in Status Register 2 to a 1 (high), and terminates the 
Read Data Command, after reading all the data in the Sec
tor. If SK = 1, the FDC skips the sector with the Deleted 
Data Address Mark and reads the next sector. The CRC bits 
in the deleted data field are not checked when SK = 1. 
During disk data transfers between the FDC and the pro
cessor, via the data bus, the FDC must be serviced by the 
processor every 27 f,LS in the FM Mode, and every 13 f,LS in 
the MFM Mode, or the FDC sets the OR (Over Run) flag in 
Status Register 1 to a 1 (high), and terminates the Read 
Data Command. 
If the processor terminates a read (or write) operation in the 
FDC, then the 10 Information in the Result Phase is 
dependent upon the state of the MT bit and EOT byte. Table 
2 shows the value for C, H, R, and N, when the processor 
terminates the Command. 

Final Sector 10 Information at Result 
Transferred to Phase 

MT HO Processor C H R N 
0 Less than EaT NC NC R + 1 NC 

0 Equal to EaT C + 1 NC R = 01 NC 
0 1 Less than EaT NC NC R + 1 NC 

1 Equal to EaT C + 1 NC R = 01 NC 

0 Less than EaT NC NC R + 1 NC 

0 Equal to EaT NC LSB R = 01 NC 
0 1 Less than EaT NC NC R + 1 NC 

1 Equal to EaT C + 1 LSB R = 01 NC 

Notes: 1. NC (No Change): The same value as the one at the 
beginning of command execution. 

2. LSB (Least Significant Bit): The least significant bit of 
H is complemented. 

• NO (No Data) Flag 
• Head Unload Time Interval 
• ID Information when the processor terminates command 

(see Table 2) 
• Definition of DTL when N = 0 and when N =1= 0 
In the Write Data mode, data transfers between the proces
sor and FDC, via the Data Bus, must occur every 27 f,LS in 
the FM mode, and every13f,Ls in the MFM mode. If the time 
interval between data transfers is longer than this then the 
FDC sets the OR (Over Run) flag in Status Register 1 to a 
1 (high), and terminates the Write Data Command. (Status 
Register 0 also has bit 7 and 6 set to 0 and 1 respectively.) 

Write Deleted Data 
This command is the same as the Write Data Command 
except a Deleted Data Address Mark is written at the begin
ning of the Data Field instead of the normal Data Address 
Mark. 

Read Deleted Data 
This command is the same as the Read Data Command 
except that when the FDC detects a Data Address Mark at 
the beginning of a Data Field and SK = 0 (low), it will read 
all the data in the sector and set the CM flag in Status Reg
ister 2 to a 1 (high), and then terminate the command. If SK 
= 1, then the FDC skips the sector with the Data Address 
Mark and reads the next sector. 

Read·A Track 
This command is similar to READ DATA Command except 
that this is a continuous READ operation where the entire 

532 



Format Sector Size N SC GPLCD GPL®@ 
8" Standard Floppy 

128 bytes/sector 00 1A 07 1B 
256 01 OF OE 2A 
512 02 08 1B 3A 

FM Mode 1024 03 04 47 8A 
2048 04 02 C8 FF 
4096 05 01 C8 FF 
256 01 1A OE 36 
512 02 OF 1B 54 

MFM 1024 03 08 35 74 
Mode@ 2048 04 04 99 FF 

4096 05 02 C8 FF 
8192 06 01 C8 FF 

5114" Minifloppy 
128 bytes/sector 00 12 07 09 
128 00 10 10 19 
256 01 08 18 30 

FM Mode 512 02 04 46 87 
1024 O~ 02 C8 FF 
2048 04 01 C8 FF 
256 01 12 OA OC -
256 01 10 20 32 

MFM 512 02 08 2A 50 
Mode@ 1024 03 04 80 FO 

2048 04 02 C8 FF 
4096 05 01 C8 FF 

Tab/e3 
Notes: CD Suggested values of GPL in Read or Write com

mands to avoid splice point between data field and 
ID field of contiguous sections. 

® Suggested values of GPL in format command. 
@ All values except sector size and hexidecimal. 
@) In MFM mode FDC cannot perform a Read/Write/ 

format operation with 128 bytes/sector. (N = 00) 

data field from each of the sectors are read. Immediately 
after encountering the INDEX HOLE, the FDC starts read
ing all data fields on the track, as continuous blocks of data. 
If the FDG finds an error in the ID or DATA CRC check bytes, 
it continues to read data from the track. The FDC compares 
the ID information read from each sector with the value 
stored in the IDR, and sets the ND flag of Status Register 1 
to a 1 (high) if there is no comparison. Multi-track or skip 
operations are not allowed with this command. 

This command terminates when number of sectors read is 
equal to EaT. If the FDC does not find an ID Address Mark 
on the diskette after it encounters the INDEX HOLE for the 
second time, then it sets the MA (missing address mark) 
flag in Status register 1 to a 1 (high), and terminates the 

Scan Commands 
The SCAN Commands allow data which is being read from 
the diskette to be compared against data which is being 
supplied from the main system. The FDC compares the data 
on a byte-by-byte basis, and looks for a sector of data which 
meets the conditions of DFDD = DpROCESSOR' DFDD ~ DpROCES. 
SOR, or DFOD ?o DpROCESSOR' The hexidecimal byte of FF either 
from memory or from FDD can be used as a mask byte 
because it always meet the condition of the compare. Ones 
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command. (Status Register 0 has bits 7 and 6 set to 0 and 
1 respectively.) 

ReadlD 
The READ ID Command is used to give the present posi
tion of the recording head. The FDC stores the values from 
the first ID field it is able to read. If no proper ID Address 
Mark is found on the diskette, before the INDEX HOLE is 
encountered for the second time then the MA (Missing 
Address Mark) flag in Status Register 1 is set to a 1 (high), 
and if no data is found then the ND (No Data) flag is also set 
in Status Register 1 to a 1 (high). The command is then 
terminated with Bits 7 and 6 in Status Register 0 set to 0 
and 1 respectively. During this command there is no data 
transfer between FDC and the CPU except during the 
result phase. 

Format A Track 
The Format Command allows an entire track to be format
ted. After the INDEX HOLE is detected, Data is written on 
the Diskette; Gaps, Address Marks, ID Fields and Data 
Fields, all per the IBM System 34 (Double Density) or Sys
tem 3740 (Single Density) Format are recorded. The par
ticular format which will be written is controlled by the values 
programmed into N (number of bytes/sector), SC (sectors/ 
cylinder), GPL (Gap Length), and D (Data Pattern) which 
are supplied by the processor during the Command Phase. 
The Data Field is filled with the Byte of data stored in D. The 
ID Field for each sector is supplied by the processor; that 
is, four data requests per sector are made by the FDC for 
C (Cylinder Number), H (Head Number), R (Sector Num
ber) and N (Number of Bytes/Sector). This allows the dis
kette to be formatted with nonsequential sector numbers, 
if desired. 

The processor must send new values for C, H, R, and N to 
the FDC 9266 for each sector on the track. If FDC is set for 
DMA mode, it will issue 4 DMA requests per sector. If it is 
set for interrupt mode, it will issue four interrupts per sector 
and the processor must supply C, H, Rand N load for each 
sector. The contents of the R register is incremented by one 
after each sector is formatted, thus, the R register contains 
a value of R when it is read during the Result Phase. This 
incrementing and formatting continues for the whole track 
until the FDC encounters the INDEX HOLE for the second 
time, whereupon it terminates the command. 

If a FAULT signal is received from the FDD at the end of a 
write operation, then the FDC sets the EC flag of Status 
Register 0 to a 1 (high), and terminates the command after 
setting bits 7 and 6 of Status Register 0 to 0 and 1 respec
tively. Also the loss of a READY signal at the beginning of 
a command execution phase causes bits 7 and 6 of Status 
Register 0 to be set to 0 and 1 respectively. 

Table 3 shows the relationship between N, SC, and GPL for 
various sector sizes. 

complement arithmetic is used for comparison (FF = larg
est number, 00 = smallest number). After a whole sector 
of data is compared, if the conditions are not met, the sector 
number is incremental (R + STP ---> R), and the scan oper
ation is continued. The scan operation continues until one 
of the following conditions occur; the conditions for scan are 
met (equal, low, or high), the last sector on the track is 
reached (EaT), or the terminal count signal is received. 
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If the conditions for scan are met then the FDC sets the SH 
(Scan Hit) flag Status Register 2 to a 1 (high), and termi
nates the Scan Command. If the conditions for scan are not 
met between the starting sector (as specified by R) and the 
last sector on the cylinder (EOT), then the FDC sets the SN 
(Scan Not Satisfied) flag of Status Register 2 to a 1 (high), 
and terminates the Scan Command. The receipt of a TER
MINAL COUNT signal from the Processor or DMA Con
troller during the scan operation will cause the FDC to 
complete the comparison of the particular byte which is in 
process, and then to terminate the command. Table 4 shows 
the status of bits SH and SN under various conditions of 
SCAN. 

COMMAND 
STATUS REGISTER 2 

COMMENTS 
81T2 = SN 81T3 = SH 

Scan Equal a 1 DFOO = DpROCESSOR 

1 a D FOO oF DpROCESSOR 

Scan Low or a 1 DFOO = DpROCESSOR 

Equal a a DF~O < DpROCESSOR 

1 a DFOO > DpROCESSOR 

Scan High or a 1 D FOO = DpROCESSOR 

a a DFOO > DpROCESSOR Equal 1 a DFOO < DpROCESSOR 

Table 4 

If the FDC encounters a Deleted Data Address Mark on one 
of the sectors (and SK = 0), then it regards the sector as 
the last sector on the cylinder, sets CM (Control Mark) flag 
of Status Register 2 to a 1 (high) and terminates the com
mand. If SK = 1, the FDC skips the sector with the Deleted 
Address Mark, and reads the next sector. In the second case 
(SK = 1), the FDC sets the CM (Control Mark) flag of Sta
tus Register 2 to a 1 (high) in order to show that a Deleted 
Sector had been encountered. 
When either the STP (contiguous sectors = 01, or alter
nate sectors = 02 sectors are read) or the MT (Multi-Track) 
are programmed, it is necessary to remember that the last 
sector on the track must be read. For example, if STP = 02, 
MT = 0, the sectors are numbered sequentially 1 through 
26, and we start the Scan Command at sector 21 ; the fol
lowing will happen. Sectors 21,23 and 25 will be read, then 
the next sector (26) will be skipped and the Index Hole will 
be encountered before the EOT value of 26 can be read. 
This will result in an abnormal termination of the command. 
If the EOT has been set at 25 or the scanning started at 
sector 20, then the Scan Command would be completed in 
a normal manner. 
During the Scan Command data is supplied by either the 
processor or DMA Controller for comparison against the 
data read from the diskette. In order to avoid having the OR 
(Over Run) flag set in Status Register 1, it is necessary to 
have the data available in less than 27 f.Ls (FM Mode) or 13 
f.Ls (MFM Mode). If an Overrun occurs the FDC ends the 
command with bits 7 and 6 of Status Register 0 set to 0 and 
1 , respectively. 

Seek 
The read/write head within the FDD is moved from cylinder 
to cylinder under control of the Seek Command. FDC has 
four independent Present Cylinder Registers for each drive. 
They are clear only after Recalibrate command. The FDC 
compares the PCN (Present Cylinder Number) which is the 
current head position with the NCN (New Cylinder Num
ber), and if there is a difference performs the following 
operation: 

PCN < NCN: Direction signal to FDD set to a 1 (high), 
and Step Pulses are issued. (Step In.) 

PCN > NCN: Direction signal to FDD set to a 0 (low), and 
Step Pulses are issued. (Step Out.) 

The rate at which Step Pulses are issued is controlled by 
SRT (Stepping Rate Time) in the SPECIFY Comm!3nd. After 
each Step Pulse is issued NCN is compared against PCN, 
and when NCN = PCN, then the SE (Seek End) flag is set 
in Status Register 0 to a 1 (high), and the command is ter
minated. At this point FDC interrupt goes high. Bits DBo
DB3 in Main Status Register are set during seek operation 
and are cleared by Sense Interrupt Status command. 
During the Command Phase of the Seek operation the FDC 
is in the FDC BUSY state, but during the Execution Phase 
it is in the NON BUSY state. While the FDC is in the NON 
BUSY state, another Seek Command may be issued, and 
in this manner parallel seek operations may be done on 
up to 4 Drives at once. No other command could be issued 
for as long as FDC is in process of sending Step Pulses to 
any drive. 
If an FDD is in a NOT READY state at the beginning of the 
command execution phase or during the seek operation, 
then the NR (NOT READY) flag is set in Status Register 0 
to a 1 (high), and the command is terminated after bits 7 
and 6 of Status Register 0 are set to 0 and 1 respectively. 
If the time to write 3 bytes of seek command exceeds 150 
f.Ls, the timing between first two Step Pulses may be shorter 
than set in the Specify command by as much as 1 ms. 

Recalibrate 
The function of this command is to retract the read/write 
head within the FDD to the Track 0 position. The FDC clears 
the contents of the PCN counter, and checks the status of 
the Track 0 signal from the FDD. As long as the Track 0 sig
nal is low, the Direction signal remains 0 (low) and Step 
Pulses are issued. When the Track 0 signal goes high, the 
SE (SEEK END) flag in Status Register 0 is set to a 1 (high) 
and the command is terminated. If the Track 0 signal is still 
low after 77 Step Pulses have been issued, the FDC sets 
the SE (SEEK END) and EC (EQUIPMENT CHECK) flags 
of Status Register 0 to both 1 s (highs), and terminates the 
command after bits 7 and 6 of Status Register 0 is set to 0 
and 1 respectively. 
The ability to do overlap RECALIBRATE Commands to 
multiple FDDs and the loss of the READY signal, as 
described in the Seek Command, also applies to the 
RECALIBRATE Command. 

Sense Interrupt Status 
An Interrupt signal is generated by the FDC for one of the 
following reasons: 

1. Upon entering the Result Phase of: 
a. Read Data Command 
b. Read a Track Command 
c. Read 10 Command 
d. Read Deleted Data Command 
e. Write Data Command· 
1. Format a Cylinder Command 
g. Write Deleted Data Command 
h. Scan Commands 

2. Ready Line of FDD changes state 
3. End of Seek or Recalibrate Command 
4. During Execution Phase in the NON-DMA Mode 

Interrupts caused by reasons 1 and 4 above occur during 
normal command operations and are easily discernible by 
the processor. During an execution phase in NON-DMA 
Mode, DB5 in Main Status Register is high. Upon entering 
Result Phase this bit gets clear. Reason 1 and 4 does not 
require Sense Interrupt Status command. The interrupt is 
cleared by reading/writing data to FDC. Interrupts caused 
by reasons 2 and 3 above may be uniquely identified with 
the aid of the Sense Interrupt Status Command. This com-
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mand when issued resets the interrupt signal and via bits 
5,6, and 7 of Status Register 0 identifies the cause of the 
interrupt. 

SEEK INTERRUPT 
END CODE 

BITS 5 BIT6 BIT7 CAUSE 
a 1 1 Ready Line changed state, either 

polarity 
1 a a Normal Termination of Seek or 

Recalibrate Command 
1 1 a Abnormal Termination of Seek or 

Recalibrate Command 

Table 5 

Neither the Seek or Recalibrate Command have a Result 
Phase. Therefore, it is mandatory to use the Sense Inter
rupt Status Command after these commands to effectively 
terminate them and to provide verification of where the head 
is positioned (PCN). 
Issuing Sense Interrupt Status Command without interrupt 
pending is treated as an invalid command. 

Specify 
The Specify Command sets the initial values for each of the 
three internal timers. The HUT (Head Unload Time) defines 
the time from the end of the Execution Phase of one of the 
ReadIWrite Commands to the head unload state. This timer 
is programmable from 16 to 240 ms in increments of 16 ms 
(01 = 16 ms, 02 = 32 ms ... OF = 240 ms).The SRT (Step 
Rate Time) defines the time interval between adjacent step 
pulses. This timer is programmable from 1 to 16 ms in incre
ments of 1 ms (F = 1 ms, E = 2 ms, D = 3 mS, etc.). The 
HlT (Head load Time) defines the time between when the 
Head load signal goes high and when the Read/Write 
operation starts. This timer is programmable from 2 to 254 

STATUS REGISTER IDENTIFICATION 

BIT 
NO. NAME SYMBOL 

ms in increments of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 
ms .. .7F = 254 ms). 
The time intervals mentioned above are a direct function of 
the clock (ClK on pin 19). Times indicated above are for an 
8 MHz clock, if the clock was reduced to 4 MHz (mini-floppy 
application) then all time intervals are increased by a factor 
of2. 
The choice of DMA or NON-DMA operation is made by the 
ND (NON-DMA) bit. When this bit is high (ND = 1) the NON
DMA mode is selected, and when ND = 0 the DMA mode 
is selected. 

Sense Drive Status 
This command may be used by the processor whenever it 
wishes to obtain the status of the FDDs. Status Register 3 
contains the Drive Status information stored internally in 
FDC registers. 

Invalid 
If an invalid command is sent to the FDC (a command not 
defined above), then the FDC will terminate the command 
after bits 7 and 6 of Status Register 0 are set to 1 and 0 
respectively. No interrupt is generated by the FDC 9266 
during this condition. Bit 6 and bit 7 (DIO and ROM) in the 
Main Status Register are both high ("1") indicating to the 
processor that the FDC 9266 is in the Result Phase and the 
contents of Status Register 0 (STO) must be read. When 
the processor reads Status Register 0 it will find an 80 hex 
indicating an invalid command was received. 
A Sense Interrupt Status Command must be sent after a 
Seek or Recalibrate Interrupt, otherwise the FDC will con
sider the next command to be an Invalid Command. 
In some applications the user may wish to use this com
mand as a No-Op command, to place the FDC in a standby 
or no operation state. 

DESCRIPTION 
D7 Interrupt Code IC D7 = a and D6 = a 
D6 

Normal Termination of Command, (NT). Command was completed 
and properly executed. 

D7 = a and D6 = 1 
Abnormal Termination of Command, (AT). 
Execution of Command was started, but was not successfully 
completed. 

D7 = 1 and D6 = a 
Invalid Command issue, (IC). Command which was issued was 
never started. 

D7 = 1 and D6 = 1 
Abnormal Termination because during command execution the 
ready signal from FDD changed state. 

Ds Seek End SE When the FDC completes the SEEK Command, this flag is set to 
1 (high). 

D4 Equipment Check EC If a fault Signal is received from the FDD, or if the Track a Signal 
fails to occur after 77 Step Pulses (Recalibrate Command) then this 
flag is set. 

D3 Not Ready NR When the FDD is in the not-ready state and a read or write 
command is issued, this flag is set. If a read or write command is 
issued to Side 1 of a single sided drive, then this flag is set. 

D2 Head Address HD This flag is used to indicate the state of the head at Interrupt. 
D, Unit Select 1 US1 

These flags are used to indicate a Drive Unit. Number at Interrupt. 
Do Unit Select 0 usa 

----~-

535 

I 



BIT 

I 
NO. NAME SYMBOL DESCRIPTION 

STATUS REGISTER 1 (CONT.) 
D7 End of Cylinder EN When the FDC tries to access a Sector beyond the final Sector of a 

Cylinder, this flag is set. 
DB Not used. This bit is always 0 (low). 
D5 Data Errror DE When the FDC detects a CRC error in either the ID field or the data 

field, this flag is set. 
D. Over Run OR If the FDC is not serviced by the main-systems during data 

transfers, within a certain time interval, this flag is set. 
D3 Not used. This bit always 0 (low). 
D2 No Data ND Duri~ execution of READ DATA, WRITE DELETED DATA or 

SCA Command, if the FDC cannot find the Sector specified in the 
IDR Register, this flag is set. 
During executing the READ ID Command, if the FDC cannot read 
the ID field without an error, then this flag is set. 
During the execution of the READ A Cylinder Command, if the 
starting sector cannot be found, then this flag is set. 

D, Not Writable NW During execution of WRITE DATA, WRITE DELETED DATA or 
Format A Cylinder Command, if the FDC detects a write protect 
signal from the FDD, then this flag is set. 

Do Missing Address Mark MA If the FDC cannot detect the ID Address Mark after encountering 
the index hole twice, then this flag is set. 
If the FDC cannot detect the Data Address Mark or Deleted Data 

1---

Address Mark, this flag is set. Also at the same time, the MD 
(Missing Address Mark in Data Field) of Status Register 2 is set. 

STATUS REGISTER 2 
D7 Not used. This bit is always 0 (low). 

D6 Control Mark CM During executing the READ DATA or SCAN Command, if the FDC 
encounters a sector which contains a Deleted Data Address Mark, 
this flaq is set. 

Ds Data Error in Data Field DD If the FDC detects a CRC error in the data field then this flag is set. 

D. Wrong Cylinder WC This bit is related with the ND bit, and when the contents of C on the 
medium is different from that stored in the IDR, this flag is set. 

D3 Scan Equal Hit SH During execution, the SCAN Command, if the condition of "equal" 
is satisfied, this flag is set. 

D2 Scan Not Satisfied SN During executin~ the SCAN Command, if the FDC cannot find a 
Sector on the cy inder which meets the condition, then this flag 

r--- is set. 
D, Bad Cylinder BC This bit is related with the ND bit, and when the content of C on the 

medium is different from that stored in the IDR and the content of C 
is FF, then this flag is set. 

Do Missing Address Mark MD When data is read from the medium, if the FDC cannot find a Data 
in Data Field Address Mark or Deleted Data Address Mark, then this flag is set. 

STATUS REGISTER 3 
D7 Fault FT This bit is used to indicate the status of the Fault signal from 

the FDD. 

D6 Write Protected WP This bit is used to indicate the status of the Write Protected signal 
from the FDD. 

D5 Ready RY This bit is used to indicate the status of the Ready Signal from 
the FDD. 

D4 Track 0 TO This bit is used to indicate the status of the Track 0 signal from 
the FDD. 

D3 Two Side TS This bit is used to indicate the status of the Two Side signal from 
the FDD. 

D2 Head Address HD This bit is used to indicate the status of Side Select signal 
to the FDD. 

D, Unit Select 1 US1 This bit is used to indicate the status of the Unit Select 1 signal 
to the FDD. 

Do Unit Select 0 USO This bit is used to indicate the status of the Unit Select 0 signal 
to the FDD. 
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PROCESSOR INTERFACE 
During Command or Result Phases the Main Status Reg
ister (described earlier) must be read by the processor 
before each byte of information is written into or read from 
the Data Register. After each byte of data read or written to 
Data Register, CPU should wait for 12 f,Ls before reading 
MSR. Bits 06 and 07 in the Main Status Register must be 
in a a and 1 state, respectively, before each byte ofthe.com
mand word may be written in the FOC 9266. Many of the 
commands require multiple bytes, and as a result the Main 
Status Register must be read prior to each byte transfer to 
the FOC 9266. On the other hand, during the Result Phase, 
06 and D7 in the Main Status Register must both be 1 's (06 
= 1 and 07 = 1) before reading each byte from the Data 
Register. Note, this reading of the Main Status Register 
before each byte transfer to the FOC 9266 is required in 
only the Command and Result Phases, and NOT during the 
Execution Phase. 
During the Execution Phase, the Main Status Register need 
not be read. If the FOC 9266 is in the NON-OMA Mode, then 
the receipt of each data byte (if FOC 9266 is reading data 
from FOO) is indicated by an Interrupt signal on pin 18 (INT 
= 1). The generation of a Read signal (RO = 0) or Write 
signal (WR = 0) will reset the Interrupt as well as output the 
Data onto the Data bus. If the processor cannot handle 
Interrupts fast enough (every 13 f,Ls) for MFM and 27 f,LS for 
FM mode, then it may poll the Main Status Register and then 
bit 07 (ROM) functions just like the Interrupt signal. If a Write 
Command is in process then the WR signal performs the 
reset to the Interrupt signal. 
If the FOC 9266 is in the OMA Mode, no Interrupts are gen
erated during the Execution Phase. The FOG 9266 gener
ates ORa's (OMA Requests) when each byte of data is 
available. The OMA Controller responds to thisJequest with 
both a OACK = a (OMAAcknowledge) and a RO = a (Read 
s.l9..nAl). When the OMA Acknowledge signal. goes low 
(OACK == 0) then the OMA Request is reset (OR~= 0). If 
a Write Command has been programmed then a WR signal 
will appe~r instead of RD. After the Execution Phase has 
been completed (Terminal Count has occurred) or EaT 
sector was read/written, then an Interrupt will occur (INT = 
1). This signifies the beginning of the Result Phase. When 
the first byte of data is read during the Result Phase, the 
Interrupt is automatically reset (INT = 0). 

AC TEST CONDITION 

INPUT/OUTPUT 

2AV 

OA5V 

ACTESTING 

It is important to note that during the Result Phase all bytes 
shown in the Command Table must be read. The Read Data 
Command, for example has seven bytes of data in the Result 
Phase. All seven bytes must be read in order to success
fully complete the Read Data Command. The FOC 9266 
will not accept a new command until all seven bytes have 
been read. Other commands may require fewer bytes to be 
read during the Result Phase. 
The FOC 9266 contains five Status Registers. The Main 
Status Register mentioned above may be read by the pro
cessor at any time. The other four Status Registers (STO, 
ST1, ST2, and ST3) are only available during the Result 
Phase, and may be read only after completing a command. 
The particular command which has been executed deter
mines how many of the Status Registers will be read. 
The bytes of data which are sent to the FOC 9266 to form 
the Command Phase, and are read out of the FOC 9266 in 
the Result Phase, must occur in the order shown in the 
Command Table. That is, the Command Code must be sent 
first and the other bytes sent in the prescribed sequence. 
No foreshortening of the Command or Result Phases are 
allowed. After the last byte of data in the Command Phase 
is sent to the FOC 9266, the Execution Phase automatically 
starts. In a similar fashion, when the last byte of data is read 
out in the Result Phase, the command is automatically 
ended and the FOC 9266 is ready for a new command. 

POLLING FEATURE OF THE FDC 9266 
After the Specify command has been sent to the FOC 9266, 
the Unit Select line usa and US1 will automatically go into 
a polling mode. In between commands (and between step 
pulses in the SEEK command) the FOC 9266 polls all four 
FOO's looking for a change in the Ready line from any of 
the drives. If the Ready line changes state (usually due to 
a door opening or closing) then the FOC 9266 will generate 
an interrupt. When Status Register a (STO) is read (after 
Sense Interrupt Status is issued), Not Ready (NR) will be 
indicated. The polling of the Ready line by the FOG 9266 
occurs continuously between commands, thus notifying the 
processor which drives are on or off line. Each drive is polled 
every 1.024 ms except during the Read/Write commands. 

CLOCK 

Inputs are driven at 2AV for a logic "1" and OA5V for a logic "0:' Timing measure
ments are made at 2.0V for a logic "1" and O.BV for a logic "0:· 

Clocks are driven at 3.0V for a logiC "1" and 0.3V for a logic "0." Timing measure
ments are made at 2.4V for a logic "1" and 0.65V for a logic "0." 
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PRECOMPENSATION 
The desired precompensation delay is determined by the 
state of the PO, P1 and P2 inputs. Logic levels present on 
these pins may be changed dynamically as long as the 
inputs are stable during the time the floppy disk controller 
is writing to the drive. 

P2 P1 PO PRECOMP VALUE 

o 0 0 0 NS 
o 0 1 125 NS 
o 1 0 250 NS 
o 1 1 375 NS" 
1 0 0 500 NS" 

WRITE PRECOMPENSATION VALUE SELECTION 
"NOT~: Precomp values of 375

c 

ns and 500 ns are valid only with 5W' drives. 

DATA SEPARATOR 
The FDC 9266 detects the leading (negative) edges of the 
disk data pulses and adjusts the phase of the internal clock 
to provide the internal SEPCLK signal. 

Separate short- and long-term timing correctors assure 
accurate clock separation. 

ClK 

The SEPCLK frequency is nominally 1116 the ClK frequency. 
Depending on the internal timing correction, the duration of 
any SEPCLK half-cycle may vary from a nominal of 8 to a 
minimum of 6 and a maximum of 11 internal clock cycles. 

SEPClK"~r-----------'i ______________ -f--------------------~ ________ __ 
SEPO" ________ ~ ~ __ ~I--------~ 

LJ I L.J 
I . t---' always two Internal clock cycles 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

U 
"internal signals to FOC 9266 

Operating Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O°C to + 70°C 
Storage Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to + 150°C 
All Output Voltages .......................................................................................... " - 0.5 to + 7 Volts 
All Input Voltages ............................................................................................. - 0.5 to + 7 Volts 
Supply Voltage Vee .......................................................................................... " - 0.5 to + 7 Volts 
Power Dissipation ........................................................................................................ 1 Watt 

T. = 25°C 

'COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the"operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

DC CHARACTERISTICS Ta = O°C to + 70°C; Vee = + 5V ± 5% unless otherwise specified. 

LIMITS TEST 
PARAMETER SYMBOL MIN TYPeD MAX UNIT CONDITIONS 

Input low Voltage VIL -0.5 0.8 V 
Input High Voltage VIH 2.0 Vee + 0.5 V 
Output low Voltage VOL 0.45 V IOL = 2.0 mA 
Output High Voltage VOH 2.4 Vee V IOH = -200 fJ.-A 
Input low Voltage VIL(cj» -0.5 0.65 V 
(ClK + WR Clock) 
Input High Voltage 
(ClK + WR Clock) 

VIH(cj» 2.4 Vee + 0.5 V 

Vee Supply Current lee 200 mA 

Input load Current 
III 

10 fJ.-A VIN = Vee 
(All Input Pins) -10 fJ.-A VIN = OV 
High level Output leakage Current ILoH 10 fJ.-A VOUT = Vee 
Low Level Output Leakage Current ILoL -10 fJ.-A VOUT = + 0.45V 

NOTE: eDTypical values for T. = 25°C and nominal supply voltage. 

DC CHARACTERISTICS Ta = 25°C; fc = 1 MHz; Vee = OV 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Clock Input Capacitance CINf<h1 20 pF All Pins Except Pin 
Input Capacitance CiN 10 pF Under Test Tied to 
Output Capacitance COUT 20 pF AC Ground 
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AC CHARACTERISTICS Ta = O°C to + 70°C; V,.,r. = + 5V ± 5% unless otherwise specified. 
LIMITS TEST 

PARAMETER SYMBOL MIN TYPQ) MAX UNIT CONDITIONS 
Clock Period <l>CY 120 125 130 ns 
Clock Active (High, Low) <1>0 40 ns 
Clock Rise Time <1>, 20 ns 
Clock Fall Time <l>f 20 ns 
Ao, CS, DACK Set Up Time to RD t TAR 0 ns 
Ao, CS, DACK Hold Time from RD I TRA 0 ns 
RDWidth TRR 250 ns 
Data Access Time from RD t TRo 200 ns CL = 100 pF 
DB to Float Delay Time from RD I TOF 20 100 ns CL = 100 pF 
Ao, CS, DACK Set Up Time to WR 1 TAw 0 ns 
Ao, CS, DACK Hold Time to WR I TWA 0 ns 
WRWidth Tww 250 ns 
Data Set Up Time to WR I Tow 150 ns 
Data Hold Time from WR i Two 5 ns 
INT Delay Time from RD I TRI 500 ns 
INT Delay Time from WR I TWI 500 ns --
ORO Cycle Time TMcy 13 f.LS 
ORO Delay Time from DACK 1 TAM 200 ns 
TCWidth TTc 1 <l>CY 
Reset Width TRsT 14 <l>CY 
USO,1 Hold Time to RW/SEEK I Tus 12 f.Ls 
SEEKlRW Hold Time to LOW Tso 
CURRENT/DIRECTION I 

7 f.Ls 

LOW CURRENT/DIRECTION Hold 
8 Mhz Clock Period Time to FAULT TosT 1,0 f.Ls 

RESET/STEP I Mini=O 

USa"~ Hold Time from FAULT RESET/ TsTU 5.0 
16 MHz Clock Period 

f.Ls Mini=1 STEP I 
STEP Active Time (High) TsTP 6,0 7,0 f.Ls I 
STEP Cycle Time Tsc 33 ® ® f.Ls 
FAULT RESET Active Time (High) TFR 8.0 10 f.Ls 
USo" Hold Time After SEEK Tsu 15 f.Ls 8 MHz Clock Period 

Seek Hold Time from DIR Tos 30 f.Ls 
Mini=O 
16 MHz Clock Period 

DIR Hold Time after STEP TSTD 24 f.Ls Mini-1 
Index Pulse Width Tlox 10 <l>CY 
RD 1 Delay from ORO TMR 800 ns 8 MHz Clock Period 
WR t Delay from ORO TMW 250 ns Mini=O 
WE or RD Response Time TMRW 12 f.Ls 16 MHz Clock Period 
from DROI Mini=1 

NOTES: Q) Typical values for T. = 25°C and nominal supply voltage, 
® Under Software Control. The range is from 1 ms to 16 ms for 8" floppies, and 2 to 32 ms for 5W' floppies. 

539 



TIMING DIAGRAMS 

PROCESSOR WR ITE OPERATION 

INT 'L. 
I 

SEEK OPERATION 

USa" ~ __________ S_T_A_B_L_E ________ J~~ ________ __ 

--jtusl---- --l tsu r-
AW/SEEK .-..-...X ~_+-I _____ _ 

--1 tsDt- _:tDS~ 
DIAECTION 0lijL :v'..----~--------

----7fT h __ +I ___ _ 

tOST ----1 I--~TU--i 

________ ~S-T-D ____ ~l~ 
tSTP ---l I--- 1 

1-01 •• ---- tsc ------< • ..,1 

STEP 

FLT RESET 
I I 

FAULTRESET; ~ 
FILE UNSAFE RESET II I 

-- TFR --

INDEX 

I TIDX I I TIDX 1 

~~ 

For more information, please consult: 
Technical Note 6-1 (Digital Data Separation) 

ClK 

CLOCK 

I 
I "0 I I I 

I "--'i I <Po I I_"cy~ 
"R~~Ir--'11 I 

I ----' I---? F 

DMA OPERATION 

TERMINAL COUNT 

TCJ1-

---l \--TTC 

RESET 

H 
A ESET ---.l! 1c--

----t ~ TRST 

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

FDe 9268 

Quad Density Integrated Floppy Disk Controller 
FEATURES 
o Combination Floppy Disk Controller, 

Data Separator and Precompensation 
Generator 

D Software compatible with industry 
standard FDC 765A 

PIN CONFIGURATION 

40 Vee 

D On chip high resolution digital data 
separator eliminates critical analog 
adjustments 

39 38 37 36 35 34 333231 3029 

RESET 
AD 
WR 3 
C"S 4 
Ao 5 

39 RW,SEEK 
38 lCT!DIR 
37 FRISTP 
36 HOl HDl 

FRISTP 
lCT/OIR 

RW/SEEK 
Vee 
NC 

40 28 WE 

D 500,300,250,125 Kb/s Data Rates 
D IBM compatible in both single, double 

and quad density recording formats 
o Programmable data record lengths: 

128,256,512, or 1024 bytes/sector 
D Multi':'sector and multi-track transfer 

capability. 
D Controls up to 4 floppy disk drives 
D Data Scan Capability-will scan a 

single sector or entire track's worth of 
data fields, comparing on a byte 
by byte basis, data in the 

RESET 
An 

WR 
CS 
Ao 

27 PO 
26 5SK5 
25 ClK 
24 MINI 
23 NC 
22 GND 
21 TEST 
20 INT 
19 lOX 

TC 

DBo 6 
DB, 
DB, 
DB3 
DB, 10 
DBs 11 
DB6 12 
DB, 13 

ORO 14 
DACR 15 

TC 16 
lOX 17 
INT 18 

TEST 19 
GND 20 

35 ROY 
34 WPiTS 
33 FlTiTRo 
32 P2 
31 P1 

30 WOOUT 
29 USo 
28 US, 
27 HO 
26 MFM 
25 WE 
24 P0 
23 OSKD 
22 ClK 
21 MINI processor's memory with 

the data read from the diskette PACKAGE: 44-pin PLCC PACKAGE: 4D-pin D.I.P. 
o Data transfers in DMA or non-DMA 

mode 
o Single 16 MHz TTL clock input 
D Parallel Seek operations on up to four 

drives 

D Compatible with most microprocessors 
D COPLAMOS® n-channel silicon gate 

technology 

D Single +5 Volt power supply 
D Available in 40-pin Dual-In-Line and 

44-pin PLCC packages. 

GENERAL DESCRIPTION 
The FDC 9268 is a monolithic combination of the industry 
standard FDC 765A Floppy Disk Controller and the FDC 
9239, a high performance Data Separator and Precom
pensation Generator. It preserves all of the processor 
hardware and software interfaces to the FDC 765A, and 
contains on-chip circuitry to simplify drive interfacing. The 
FDC 9268 contains the circuitry and control functions for 
interfacing a processor to four 3.5", 5.25", and 8" floppy-disk 
drives. It is capable of supporting either IBM 3740 single 
density format (FM), IBM System 34 Double Density format 
(MFM) or IBM quad density format, including double-sided 
recording. The FDC simplifies and handles most of the 
burdens associated with implementing a Floppy Disk 
Interface. 

Hand-shaking signals are provided in the FDC 9268 which 
make DMA operation easy to incorporate with the aid of an 
external DMA or Non-DMA mode. In the Non-DMA mode, 
the FDC generates interrupts to the processor every time a 
data byte is available. In the DMA mode, the processor 
need only load the command into the FDC and all data 
transfers occur under control of the FDC 9268. 

The FDC uses a high performance 16-bit cell divide 
algorithm which produces significant improvements in soft 
error rates over existing deSigns. The FDC 9268's high 
performance is achieved without any external adjustments. 

The FDC 9268 also allows variable write precompensation, 
which is track selectable. 

There are fifteen separate commands which the FDC 9268 
will execute. Each of these commands requires multiple 
8-bit bytes to fully specify the operation which the 
processor wishes the FDC to perform. The following 
commands are available: 

Read Data Write Data 
Read 10 Format a Track 
Read Deleted Data Write Deleted Data 
Read a Track Seek 
Scan Equal Recalibrate (Restore to Track 0) 
Scan High or Equal Sense Interrupt Status 
Scan Low or Equal Sense Drive Status 
Specify 

Address mark detection circuitry is internal to the FDC 
The FDC 9268 enhancements greatly reduce the number which simplifies the read electronics. The track stepping 
of components required to interface floppy disks to a rate, head load time, and head unload time may be 
microprocessor system. These on-chip enhancements programmed by the user. The FDC 9268 offers many 
include a digital data separator, compatible with 3.5", 5.25", additional features such as multiple sector transfers in both 
and 8" floppy disk drives. The FDC 9268 separates both FM read and write with a single command, and full IBM 
(Single Density) and MFM (Double Density) encoded data. compatibility in both single and double density modes. 
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INT 

CS 

DRo 

DACK 

TC 

RESET 

AO 

RESET 

Vee 

GND 

DSK DATA 
WDOUT DATA 

SEPARATOR 
AND 

PRECOMP 
LOGIC 

_PO ____ P1 
__ P2 

WAITE PROTECT/TWO SIDE 

FAUL T/TRACK 0 

MINI 

UNIT SELECT a 
UNIT SELECT 1 

RW SEEK 
HEAD LOAD 
HEADSElECT 

LOW CUARENT/DIRECTION 
FAULT RESET/STEP 

FIGURE 1: BLOCK DIAGRAM 

Foe 9268 
RW/SEEK!-_ ..... _ .... 

WPfrS~~~~~~~~h:!J FLTfrR0 
FRISTEP 
LCT/DIR 

DB0·DB7 P0!-_____________ ~ 

P11-______________ .., 

P21---------------'O 
RDY RDY 
IDX IDX 
WE 
HD 

WE 
SIDE SEL 

DRIVE 

E ... ~~~~~~~~~~~~~~~~~~~~§ ~~I~iD TRK 00 
FAULT 

1-----------1 FLT RST 
1-----------1 STEP 
1-----------1 DIR 
1---.--------1 LOW CUR 

PRECOMPENSATION 
SELECT 

HDL~ _______________________________________ ~HLD 

DB0·DB7 

1--------------------1 DRSEL4 

1===========:1 g~~m 
~--------------------t DRSEL 1 

LATCH 

RDY 
IDX 
WE 

SIDE SEL 

RAW READ 

I-_____________ ~MOTORON 

FIGURE 2: TYPICAL APPLICATION 
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DESCRIPTION OF PIN FUNCTIONS 

PIN INPUT/ CONNECTION 
NO. SYMBOL NAME OUTPUT TO FUNCTION 

1 RST Reset Input Processor Places FDC in idle state. Resets 
output lines to FDD to "0" (low). 
Does not effect SRT, HUT or HlT 
in Specify command. If ROY pin is 
held high during Reset, FDC will 
generate interrupt 1.024 ms later. 
To clear this interrupt use Sense 
Interrupt Status command. 

2 RD Read InputCD Processor Control signal for transfer of data 
from FDC to Data Bus, when 
"0" (low). 

3 WR Write InputCD Processor Control signal for transfer of data to 
FDC via Data Bus, when "0" (low). 

4 CS Chip Select Input Processor IC selected when~' (low), 
allowing RD and WR to be 
enabled. 

1---
Selects Data Reg (Aa = 1) or 5 Aa Data/Status Reg InputCD Processor 

Select Status Reg (Aa = 0) contents of 
the FDC to be sent to Data Bus. 

6-13 DBa-DB7 Data Bus InputCD Processor Bi-Directional 8-Bit Data Bus. 
Output 

14 DRQ Data DMA Output DMA DMA Request is being made by 
Request FDC when DRW = "1". 

15 DACK DMA Input DMA DMA cycle is active when "0" (low) 
Acknowledge and Controller is performing DMA 

transfer. 
16 TC Terminal Count Input DMA Indicates the termination of a DMA 

transfer when "1" (high). It 
terminates data transfer during 
Read/Write/Scan command in 
DMA or interrupt mode. 

17 lOX Index Input FDD Indicates the beginning of a disk I 
track. 

18 INT Interrupt Output Processor Interrupt Request Generated by 
FDC. 

19 TEST Test Input This pin is for test purposes only. 
Should be left tied high in normal 
operation. 

20 GND Ground D.C. Power Return. 
21 MINI Mini Input Processor This input, when set to "1" (hi9h), 

confiBures the FDC for o~eratlon 
with 50 Kb/s. If reset to '0" 
~IOW), then the FDC is configured 
or 500 Kb/s operation (MFM mode). 

22 ClK 16MHz Input Device clock. 
TTL Clock 

23 DSKD Raw Data Input FDD Raw data from drive. 
24,31,32 PO,P1,P2 Precompensation Input Processor These pins select the amount of 

Select precompensation applied to the 
write data. 

25 WE Write Enable Output FDD Enables write data into FDD. 

26 MFM MFM Mode Output MFM mode when "1," FM mode 
when "0." 

27 HD Head Select Output FDD Head 1 selected when "1" (high). 
Head 2 selected when "0" (low). 

28,29 US" USa Unit Select Output FDD FDD Unit Selected. 

30 WDOUT Write Data Out Output FDD Serial clock and data bits to FDD. 

33 FlTITRa FaultlTrack 0 Input FDD Senses FDD fault condition, in 
Read/Write mode; and Track 0 
condition in Seek mode. 

34 WP/TS Write Protect/ Input FDD Senses Write Protect status in 
Two-Side Read/Write mode; and Two Side 

Media in Seek mode. 

543 



DESCRIPTION OF PIN FUNCTIONS 

r-- PIN ____ ~INPunrcoNNEcTION 
r--~---r----SY-M-B-O-L-'-'--C NAME ~UTPUT L- TO 

35 R DY 
-readY 

Input 

DL Head Load Output 36 H 

37 F RiSTP 

38 -rL 
~t Reset Stop Output 

CT DIR --- Low Curren-t --t Output 
Direction 

I 
! 

I Read Write SEEK WSEEK Output 

±5V cc 

I 

, -39+R 
l-40-=b 
Note: CD Disabled when CS = 1. 

DESCRIPTION OF INTERNAL REGISTERS 

The FDC 9268 contains two registers which may be ac
cessed by the main system processor; a Status Register 
and a Data Register. The 8-bit Main Status Register con
tains the status information of the FDC, and may be 
accessed at any time. The 8-bit Data Register (actually 
consists of several registers in a stack with only one register 
presented to the data bus at a time), which stores data, 
commands, parameters, and FDD status information. Data 
bytes are read out of, or written into, the Data Register in 
order to program or obtain the results after a particular com
mand. The Status Register may only be read and used to 

The bits in the Main Status Register are defined as follows: 

FUNCTION 

FDD Indicates FDD is ready to send or 
receive data. 

FDD Command which causes read/ ! 
write head in FDD to contact fJ diskette. 

~- Resets fault F.F. in FDD in Read/ 
Write mode, contains stop pulses 
to move head to another cylinder in 
Seek mode. 

FDD Lowers Write current on inner 
tracks L 42 in Read/Write mode, 
determines direction head will stop 
in Seek mode. A fault reset pulse is 

I issued at the beginning of each 
Read or Write command prior to 
the occurrence of the Head Load 

, signal. 

FDD When ''1'' (high) Seek mode 
selected and when "0" (low) Read/ 
Write mode selected. 
DC Power. 

facilitate the transfer of data between the processor and 
FDC 9268. 
The relation§blg between the Status/Data registers and the 
signals RD, WR, and Ao is shown below. 

Ao RD WR FUNCTION 

~~ 
0 1 Read Main Status Register 
1 0 ~~ 

I a a a Illegal 
1 0 a Illegal 
1 a 1 Read from Data Register 
1 1 0 I Write into Data Register 

C BIT NUMBER NAME 
--,-- -----------------_ .. 

I ,-
I 

~ 
L 

DBo 

DB. 

DB2 

DB" 

DB. 

DB, 

DB" 

DB, 

FDD 0 Busy 

-
FDD 1 Busy 

I 
--

FDD 2 Busy 
I---

FDD 3 Busy 

FDC Busy 

Execution Mode 
I 
I 

Data Input/Output 

Request for Master 

I 

SYMBOL_ DESCRIPTION 
DoB FDD number a is in the Seek mode. If any of the bits is set 

FDC will not accept read or write command. 
D,B FDD number 1 is in the Seek mode. If any of the bits is set 

FDC will not accept read or write command. 

D2B FDD number 2 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 

D,B FDD number 3 is in the Seek mode. If any of the bits is set 

--_FDC will not accept read or write command. 

CB A read or write command is in process. FDC will not accept 
any other command. 

EXM This bit is set only during execution phase in non-DMA mode. 
When DB, goes low, execution phase has ended, and result 
phase was started. It operates only during NON-DMA mode 
of operation. 

DIO Indicates direction of data transfer between FDC and Data 
Register. If DIO = "1" then transfer is from Data Register to 
the Processor. If DIO = "0", then transfer is from the 
Processor to Data Register. 

ROM Indicates Data Register is ready to send or receive data to or 
from the Processor. Both bits DIO and ROM should be used 

I 
to perform the hand-shaking functions of "ready" and 
"direction" to the processor. 

The DIO and ROM bits in the Status BmJistrundicate when Data is ready and in which direction data will be transferred on the Data 
Bus. The max time between the last RD or WR during command or result phase and DIO and ROM getting set or reset is 12 fJ-§.,£or 
this reason every time Main Status Register is read the CPU should wait 12 fJ-s. The max time from the trailing edge of the last RD in 
the result phase to when DB. (FDC Busy) goes low is 12 fJ-S. 
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Data InlOut 
(010) 

COMMAND SEQUENCE 
Out Foe and Into Processor 

Out Processor and Into FOe r 
Ready : i : . 

Request for Master II.. II ~I Il i I II I 
(ROM) I~ LJ;~~! 

The FOC 9268 is capable of performing 15 different com
mands. Each command is initiated by a multi-byte transfer 
from the processor, and the result after execution of the 
command may also be a multi-byte transfer back to the pro
cessor. Because of this multi-byte interchange of informa
tion between the FOC 9268 and the processor, it is 
convenient to consider each command as consisting of three 
phases: 

i Fead~ I::: : I I I : 

WR~I 
R5~: 

I I I I I I I I I I I I 

IAlsl A IslAlelolelolslAI 
Notes: 0 -Data register ready to be written into by processor 

[]] -Data register not ready to be written into by processor 

@] -Data register ready for next data byte to be read by the processor 

[QJ -Data register not ready for next data byte to be read by processor 

Command Phase: 

Execution Phase: 

Result Phase: 

The FOC receives all information 
required to perform a particular 
operation from the processor. 
The FOC performs the operation 
it was instructed to do. 

COMMAND SYMBOL DESCRIPTION 

After completion of the operati('l:, 
status and other housekeeping 
information are made available to 
the processor. 

SYMBOL NAME DESCRIPTION 
Ao Address Line 0 Ao controls selection of Main Status Register (Ao = 0) or Data Register 

(Ao = 1). 
C Cylinder Number C stands for the current/selected Cylinder (track) number 0 through 76 of 

the medium. --
D Data D stands for the data pattern which is going to be written into a Sector. 

D7-DO Data Bus 8-bit Data Bus, where D7 stands for a most significant bit, and Do stands for a 
least significant bit. 

DTL Data Length When N is defined as 00, DTL stands for the data length which users are 
going to read out or write into the Sector. 

EOT End of Track EOT stands for the final Sector number on a Cylinder. During Read or Write 
operation FDC will stop date transfer after a sector # equal to EOT. 

GPL Gap Length GPL stands for the length of Gap 3. During Read/Write commands this value 
determines the number of bytes that VCOs will stay low after two CRC bytes. 
During Format command it determines the size of Gap 3. 

H Head Address H stands for head number 0 or 1, as specified in ID field. 
~D Head HD stands for a selected head number 0 or 1 and controls the polarity of pin 

27. (H = HD in all command words.) --
HLT Head Load Time HLT stands for the head load time in the FDD (2 to 254 ms in 2 ms 

f--
increments). 

HUT Head Unload Time HUT stands for the head unload time after a read or write operation has 
occurred (16 to 240 ms in 16 ms increments). 

MF FM or MFM Mode If MF is low, FM mode is selected, and if it is high, MFM mode is selected. 
MT Multi-Track If MT is high, a multi-track operation is to be performed. If MT = 1 after 

finishing Read/Write operation on side 0 FDC will automatically start 
searching for sector 1 on side 1 . 

N Number Number of data bytes written in a Sector = 128"* 2N. 
NCN New Cylinder Number NCN stands for a new Cylinder number, which is ~oing to be reached as a 

result of the Seek operation. Desired position of ead. 
ND Non-DMA Mode ND stands for operation in the Non-DMA Mode. 
PCN Present Cylinder PCN stands for the C~linder number at the completion of SENSE 

Number INTERRUPT STATU Command. Position of Head at present time. 
R Record R stands for the Sector number, which will be read or written. 
R/W Read/Write R/W stands for either Read (R) or Write (W) signal. 
SC Sector SC indicates the number of Sectors per Cylinder. 

-SK Skip SK stands for Skip Deleted Data Address Mark. 
SRT Step Rate Time SRT stands for the Stepping Rate for the FDD. (1 to 16 ms in 1 ms 

increments.) Stepping Rate applies to all drives, (F = 1 ms, E = 2 ms, etc.). 
STO Status 0 ST 0-3 stand for one of four registers which store the status information after 
ST1 Status 1 a command has been executed. This information is available during the 
ST2 Status 2 result phase after command execution. These registers should not be 
ST3 Status 3 confused with the main status register (selected by Ao = 0). ST 0-3 may be 

read only after a command has been executed and contain information 
relevant to that particular command. 

STP During a Scan operation, if STP = 1, the data in continguous sectors is 
compared byte by byte with data sent from the processor (or DMA); and if 
STP 2, then alternate sectors are read and compared. 

USO, US1 Unit Select US stands for a selected drive number 0 or 1. 
.-
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INSTRUCTION SET CD @ 

DATA BUS 

PHASE REMARKS 

READ DATA 

Command W MT MF SK 0 Command Codes 

W X X X HI) USl usa 
w 
w 
W -----R----------
W 

W ------- EOT ------
W GPL-----
W DTL-----

Sector 10 Information prtor 

to Command execution. The 
4 bYies are commanded against 
headel on F tODPY 0 15k. 

Execution Data-transfer between the 

F-OO and mil In-system 

Result ----STO------
----ST1------
----ST2------

------C-------
---------R-------

N 

READ DELETED DATA 

Status Information afler 

Command execution 

Sector 10 Information after 
Command execution 

Command W MT MF SK 0 Command Codes 

Execution 

Result 

W X X X X HD USl usa 
W 

W 
W 
W 
W 
W 
W 

-------EOT-------
---------GPL .. - ---------
----DTL------

------ ST 0 -----
----- ST 1 -----
----- ST 2 -----

WRITE DATA 

Sector 10 ,nformatlon prior 
to Command execution. The 
4 bytes are commanded against 
header on FlOppy Disk 

Data-transfer between the 
FDD and main-system 

Status Information after 
Command execution 

Sector 10 information after 

Command execution 

Command W MT MF 0 a 1 Command Codes 

Execution 

Result 

W X X X X HD USl usa 
W 
W 
W 
W 
W 
W 
W 

-------EOT--------
-----GPL ------
----DTL--------

_______ STO------
----ST 1------
---------ST2--------
---------C--------

WRITE DELETED DATA 

Command W MT MF 0 0 

X. X X X HD USl USO 

Sector 10 Information prior 
to Command execution. The 

4 bytes are commanded against 
header on FlOppy Disk. 

Data-transfer between the 

main-system and FDO 

Status information after 
Command execution 

Sector ID information after 
Command execution 

Command Codes 

Sector 10 information pnor 
to Command execution. The 

I DATA BUS 

REMARKS 

READ A TRACK 

Command W 0 MF SK 0 0 0 Command Codes 

W X X X X HD USl usa 

Execution 

Result 

w 
w 
w 
w 
w 
w 
w 

Command W 

W 

Execution 

Result 

Command W 

Execution 

Result 

W 

W 
W 
W 
W 

-----N -------
----EOT-----
-----GPL--------
------DTL-------

----STO------
------ST1-----
------St2-------

READ 10 

o MF a a 
X HD USl usa 

---------STO--------
------ST1------
-----ST2------
----- C ---------

FORMAT A TRACK 

a MF a a 
X HD USl USO 

------- N --------
------SC---------
------GPL------
------ 0 ---------

--------STO---------
--------ST1-------
------ST2------

SCAN EaUAL 

Sector 10 mformatlon prior 

to Command execution 

Data-transfer betweenthe 
FDD and main-system. FDC 

reads all data fields 
from Index hole to EOf 

Status InformatIOn after 
Command execution 

Sector ID ,nforrnatlonafter 

Command execution 

Commands 

The first correct 10 Information 
on the Cylinder is stored in 

Data Register 

Status informatIOn after 

Command execution 

Sector 10 intormatlOn read 

during Execution Phase from 

Floppy Disk 

Command Codes 

Bytes/Sector 

Sectors/Track 
Gap 3 
Filler Byte 

FOC formats an entire track 

Status Information after 
Command executIon 

In this case, the 10 Information 

has no meaning 

Command W MT MF SK 1 0 0 1 Command Codes 

ExecutIOn 

W X X X HD USl usa 
W Sector 10 InformatIon prior 
W to Command execution 

W 
W 
W 

W 
W 

-----R----------
-----EOT---------
-----GPL-------
----STP ------

Data-compared between the 

FDD and main-system 

W 

W 
W 
W 
W 
W 
W 
W 

4 bytes ilrs commanded against Result --------STO-------- Status information after 
Command execution 

--------EOT---------
-------(GPL-----
----- DTL------

Execution 

Result --------STO------
--------ST1---------
--------ST2---------

header on Floppy Disk 

Data-transfer between the 
FDD and main-system 

Status information after 
Command execution 

Sector 10 information after 
------ H ------- Command executIOn 

------ R ---------
-------- N ----------

Not.: CD Symbols used in thil table are described at the end of this Hction. 

® AO should equal binary 1 for all operations. 

@ X - Don't care, usually made to equal binary O. 

--------ST1-------
------ST2---------

--------- C -------
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INSTRUCTION SET (CONT.) 

I DATA BUS DATA BUS I 
REMARKS REMARKS 

SCAN LOW OR EQUAL RECALIBRATE 

Command W MT MF SK 1 Command Codes 'Command W 0 0 0 1 1 Command Codes 

W X X X X HO US1 usa 
W Sector 10 information prior 

W Command execution 
W 
W 
W EDT 

W GPL-----

W STP 

Execution Data-compared between the 
FDO and main-system 

Result STO----- Status information after 

ST 1 Command execution 
ST 2 

Sector 10 information lifter 
Command execut'lon 

-----R 

SCAN HIGH OR eQUAL 

Command W MT MF SK 1 Command Codes 

W X 'X X X HO US1 usa 
W Sector 10 information prior 

W Command execution 

W 
W 
W EOT 

W GPL 

W -----STP 

Execution Da1a-cOmpare"d between the 
F DD and main-system 

Result ST 0 Status information after 
ST 1 Command execution 
ST 2 
C----- Sector I D information after 

Command execution 

FUNCTIONAL DESCRIPTION OF COMMANDS 
Read Data 
A set of nine (9) byte words are required to place the FDC 
into the Read Data Mode. After the Read Data command 
has been issued the FDC loads the head (if it is in the 
unloaded state), waits the specified head settling time 
(defined in the Specify Command), and begins reading 10 
Address Marks and 10 fields. When the current sector num
ber ("R") stored in the 10 Register (lOR) compares with the 
sector number read off the diskette, then the FDC outputs 
data (from the data field) byte-to-byte to the main system 
via the data bus. 
After completion of the read operation from the current sec
tor, the Sector Number is incremented by one, and the data 

W X X X C US1 usa 

Execution Head retracted to Track 0 

SENSE INTERRUPT STATUS 

Command W 0 0 0 Command Codes 

Result STO----- Status information at the end 

PCN of seek-operation about the FOe 

SPECIFY 

Command W 0 0 0 0 Command Codes 

W -SRT .. .. HUT-

W HLT .. NO 

SENSE DRIVE STATUS 

Command W 0 0 0 1 Command ~odes 

W X X X HO US1 usa 

Result R, ST 3 Status information about FOD 

SEEt< 

Command W 0 0 1 Command Codes 

W X X X HO US1 usa 
W NCN-----

Execution 
Head is positioned over 
proper Cyl inder on 
Diskette 

INVALID 

Command W --- Invalid Codes --_ Invalid Command Codes 
(NoOp - FDe goes into 
Standby State) 

Result ST 0 ST 0 = 80 
(16) 

from the next sector is read and output 011 the data bus. This 
continuous read function is called a "Multi-Sector Read 
Operation." The Read Data Command may be terminated 
by the receipt of a Terminal Count signal. TC should be 
issued at the same time that the DACK for the last byte of 
data is sent. Upon receipt of this signal, the FDC stops out
putting data to the processor, but will continue to read data 
from the current sector, check CRC (Cyclic Redundancy 
Count) bytes, and then at the end of the sector terminate 
the Read Data Command. 

The amount of data which can be handled with a single 
command to the FDC depends upon MT (multi-track), MF 
(MFM/FM), and N (Numberof Bytes/Sector). Table 1 below 
shows the Transfer Capacity. 

MUlti-Track MFM/FM Bytes/Sector Maximum Transfer Capacity Final Sector 
MT MF N (Bytes/Sector) (Number of 

Sectors) --
0 0 00 (128) (26) = 3,328 
0 1 01 (256) (26) = 6,656 
1 0 00 (128) (52) = 6,656 
1 1 01 (256) (52) = 13,312 
0 0 01 (256) (15) = 3,840 
0 1 02 (512) (15) = 7,680 
1 0 01 (256) (30) = 7,680 
1 1 02 (512) (30) = 15,360 
0 0 02 (512) (8) = 4,096 
0 1 03 (1024) (8) = 8,192 
1 0 02 (512) (16) = 8,192 
1 1 03 (1024) (16) = 16,384 

Table 1. Transfer Capacity 

For more information, please consult: Technical Note 6.6 (Programming the FDC 765A, 9266, 9267, 9268) 
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Read 
from Diskette 

26 at Side 0 
or 26 at Side 1 

26 at Side 1 

15 at Side 0 
or 15 at Side 1 

15 at Side 1 

8 at Side 0 
or 8 at Side 1 

8 at Side 1 
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The "multi-track" function (MT) allows the FDC to read data 
frc:>m both sides of the diskette. For a particular cylinder, data 
~III be transferre~ starting at Sector 1, Side 0 and complet
Ing at Sector L, Side 1 (Sector L = last sector on the side). 
Note, this function pertains to only one cylinder (the same 
track) on each side of the diskette. 

When N = 0, the DTL defines the data length which the 
FDC must treat as a sector. If DTL is smaller than the actual 
~ata length in a Sector, the data beyond DTL in the Sector, 
IS not sent to the Data Bus. The FDC reads (internally) the 
~omplete Sector performing the CRC check, and depend
Ing upon the manner of command termination, may per
form a Multi-Sector Read Operation. When N is non-zero, 
then DTL has no meaning and should be set to FF 
Hexideci mal. 

At the completion of the Read Data command, the head is 
not unloaded until after Head Unload Time Interval (speci
~ied in the Specify Command) has elapsed. If the processor 
Issues another command before the head unloads then the 
head settling time may be saved between subsequent 
reads. This time out is particularly valuable when a diskette 
is copied from one drive to another. 

If the FDC detects the Index Hole twice without finding the 
right sector, (indicated in "R"), then the FDC sets the ND 
(No Data) flag in Status Register 1 to a 1 (high), and termi
nates the Read Data Command. (Status Register 0 also has 
bits 7 and 6 set to 0 and 1 respectively.) 

After reading the ID and Data Fields in each sector, the FDC 
checks the CRC bytes. If a read error is detected (incorrect 
CRC in ID field), the FDC sets the DE (Data Error) flag in 
Status Register 1 to a 1 (high), and if a CRC error occurs in 
the Data Field the FDC also sets the DD (Data Error in Data 
Field) flag in Status Register 2 to a 1 (high), and terminates 
the Read Data Command. (Status Register 0 also has bits 
7 and 6 set to 0 and 1 respectively.) 

Write Data 
A set of nine (9) bytes are required to set the FDC into the 
Write Data mode. After the Write Data command has been 
issued the FDC loads the head (if it is in the unloaded state), 
waits the specified Head Settling Time (defined in the 
Specify Command), and begins reading ID Fields. When all 
four bytes loaded during the command (C, H, R, N) match 
the four bytes of the ID field from the diskette, the FDC takes 
data from the processor byte-by-byte via the data bus, and 
outputs it to the FDD. 
After writing data into the current sector, the Sector Number 
stored in "R" is incremented by one, and the next data field 
is written into. The FDe continues this "Multi-Sector Write 
Operation" until the issuance of a Terminal Count signal. If 
a Terminal Count signal is sent to the FDC it continues writ
ing into the current sector to complete the data field. If the 
Terminal Count signal is received while a data field is being 
written then the remainder of the data field is filled with 00 
(zeros). 
The FDC reads the ID field of each sector and checks the 
CRC bytes. If the FDC detects a read error (incorrect CRC) 
in one of the ID Fields, it sets the DE (Data Error) flag of 
Status Register 1 to a 1 (high), and terminates the Write Data 
Command. (Status Register 0 also has bits 7 and 6 set to 0 
and 1 respectively.) 
The Write Command operates in much the same manner 
as the Read Command. The following items are the same, 
and one should refer to the Read Data Command for details: 
• Transfer Capacity 
• EN (End of Cylinder) Flag 
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If the FDC reads a Deleted Data Address Mark off the dis
kette, and theSK bit (bit D5 in the first Command Word) is 
not set (SK = 0), then the FDC sets the CM (Control Mark) 
flag in Status Register 2 to a 1 (high), and terminates the 
Read Data Command, after reading all the data in the Sec
tor. If SK = 1, the FDC skips the sector with the Deleted 
Data Address Mark and reads the next sector. The CRC bits 
in the deleted data field are not checked when SK = 1. 
During disk data transfers between the FDC and the pro
cessor, via the data bus, the FDC must be serviced by the 
processor every 27 f..ls in the FM Mode, and every 13 f..ls in 
the MFM Mode, or the FDC sets the OR (Over Run) flag in 
Status Register 1 to a 1 (high), and terminates the Read 
Data Command. 
If the processor terminates a read (or write) operation in the 
FDC, then the ID Information in the Result Phase is 
dependent upon the state of the MT bit and EOT byte. Table 
2 shows the value for C, H, R, and N, when the processor 
terminates the Command. 

Final Sector 10 Information at Result 
Transferred to Phase 

MT HO Processor C H R N 
0 Less than EOT NC NC R + 1 NC 
0 Equal to EOT C + 1 NC R = 01 NC 

0 1 Less than EOT NC NC R + 1 NC 
1 Equal to EOT C + 1 NC R = 01 NC 
0 Less than EOT NC NC R+1 NC 

0 Equal to EOT NC LSB R = 01 NC 
0 1 Less than EOT NC NC R+1 NC 

1 Equal to EOT C + 1 LSB R = 01 NC 

Notes: 1. NC (No Change): The same value as the one at the 
beginning of command execution. 

2. LSB (Least Significant Bit): The least significant bit of 
H is complemented. 

• ND (No Data) Flag 
• Head Unload Time Interval 
• ID Information when the processor terminates command 

(see Table 2) 
• Definition of DTL when N = 0 and when N 0/= a 
In the Write Data mode, data transfers between the proces
sor and FDC, via the Data Bus, must occur every 27 f..ls in 
the FM mode, and every 13 f..lS in the MFM mode. If the time 
interval between data transfers is longer than this then the 
FDC sets the OR (Over Run) flag in Status Register 1 to a 
1 (high), and terminates the Write Data Command. (Status 
Register 0 also has bit 7 and 6 set to 0 and 1 respectively.) 

Write Deleted Data 
This command is the same as the Write Data Command 
except a Deleted Data Address Mark is written at the begin
ning of the Data Field instead of the normal Data Address 
Mark. 

Read Deleted Data 
This command is the same as the Read Data Command 
except that when the FDC detects a Data Address Mark at 
the beginning of a Data Field and SK = 0 (low), it will read 
all the data in the sector and set the CM flag in Status Reg
ister 2 to a 1 (high), and then terminate the command. If SK 
= 1, then the FDC skips the sector with the Data Address 
Mark and reads the next sector. 

Read A Track 
This command is similar to READ DATA Command except 
that this is a continuous READ operation where the entire 



Format! Sector Size N SC GPLCD GPLC2l@ 
Transfer Rate 

8" Standard Floppy 

128 bytes/sector 00 1A 07 1B 
256 01 OF OE 2A 

FM Mode 512 02 08 1B 3A 
250 KB/s 1024 03 04 47 8A 

2048 04 02 C8 FF 
4096 05 01 C8 FF 
256 01 1A OE 36 
512 02 OF 1B 54 

MFM 1024 03 08 35 74 
Mode® 2048 04 04 99 FF 
500 KB/s 4096 05 02 C8 FF 

8192 06 01 C8 FF 
5%" Minifloppy 

128 bytes/sector 00 12 07 09 
128 00 10 10 19 

FM Mode 256 01 08 18 30 
125 KB/s 512 02 04 46 87 

1024 03 02 C8 FF 
2048 04 01 C8 FF 
256 01 12 OA OC 
256 01 10 20 32 

MFM 512 02 08 2A 50 
Mode® 1024 03 04 80 FO 
250 KB/s 2048 04 02 C8 FF 

4096 05 01 C8 FF 
3%" Sony Micro Floppydisk® 

128 bytes/sector 0 OF 07 1B 
FM Mode 256 1 09 OE 2A 
125 KB/s 512 2 05 1B 3A 
MFM 256 1 OF OE 36 
Mode® 512 2 09 1B 54 
250 KB/s 1024 3 05 35 74 

TABLE 3 

Notes: CD Suggested values of GPL in Read or Write com
mands to avoid splice point between data field and 
ID field of contiguous sections. 

@ Suggested values of GPL in format command. 
@ All values except sector size and hexidecimal. 
® In MFM mode FDC cannot perform a Read/Write/ 

format operation with 128 bytes/sector. (N = 00) 

data field from each of the sectors are read. Immediately 
after encountering the INDEX HOLE, the FDC starts read
ing all data fields on the track, as continuous blocks of data. 
If the FOC finds an error in the 10 or DATA CRC check bytes, 
it continues to read data from the track. The FDC compares 
the 10 information read from each sector with the value 
stored in the lOR, and sets the NO flag of Status Register 1 
to a 1 (~ligh) if there is no comparison. Multi-track or skip 
operations are not allowed with this command. 

Scan Commands 

This command terminates when number of sectors read is 
equal to EaT. If the FOC does not find an 10 Address Mark 
on the diskette after it encounters the INDEX HOLE for the 
second time, then it sets the MA (missing address mark) 
flag in Status register 1 to a 1 (high), and terminates the 
command. (Status Register a has bits 7 and 6 set to a and 
1 respectively.) 

ReadlD 
The READ 10 Command is used to give the present posi
tion of the recording head. The FOC stores the values from 
the first 10 field it is able to read. If no proper 10 Address 
Mark is found on the diskette, before the INDEX HOLE is 
encountered for the second time then the MA (Missing 
Address Mark) flag in Status Register 1 is set to a 1 (high), 
and if no data is found then the NO (No Data) flag is also set 
in Status Register 1 to a 1 (high). The command is then 
terminated with Bits 7 and 6 in Status Register a set to a 
and 1 respectively. During this command there is no data 
trans'fer between FDC and the CPU except during the 
result phase. 
Format A Track 
The Format Command allows an entire track to be format
ted. After the INDEX HOLE is detected, Data is written on 
the Diskette; Gaps, Address Marks, 10 Fields and Data 
Fields, all per the IBM System 34 (Double Density) or Sys
tem 3740 (Single Density) Format are recorded. The par
ticular format which will be written is controlled by the values 
programmed into N (number of bytes/sector), SC (sectors/ 
cylinder), GPL (Gap Length), and 0 (Data Pattern) which 
are supplied by the processor during the Command Phase. 
The Data Field is filled with the Byte of data stored in D. The I 
10 Field for each sector is supplied by the processor; that 
is, four data requests per sector are made by the FDC for 
C (Cylinder Number), H (Head Number), R (Sector Num-
ber) and N (Number of Bytes/Sector). This allows the dis-
kette to be formatted with nonsequential sector numbers, 
if desired. 
The processor must send new values for C, H, R, and N to 
the FDC 9268 for each sector on the track. If FDC is set for 
OMA mode, it will issue 4 DMA requests per sector. If it is 
set for interrupt mode, it will issue four interrupts per sector 
and the processor must supply C, H, Rand N load for each 
sector. The contents of the R register is incremented by one 
after each sector is formatted, thus, the R register contains 
a value of R when it is read during the Result Phase. This 
incrementing and formatting continues for the whole track 
until the FDC encounters the INDEX HOLE for the second 
time, whereupon it terminates the command. 

If a FAULT signal is received from the FDD at the end of a. 
write operation, then the FOC sets the EC flag of Status 
Register a to a 1 (high), and terminates the command after 
setting bits 7 and 6 of Status Register a to a and 1 respec
tively. Also the loss of a READY signal at the beginning of 
a command execution phase causes bits 7 and 6 of Status 
Register a to be set to a and 1 respectively. 

Table 3 shows the relationship between N, SC, and GPL for 
various sector sizes. 

The SCAN Commands allow data which is being read from complement arithmetic is used for comparison (FF = larg
the diskette to be compared against data which is being est number, 00 = smallest number). After a whole sector 
supplied from the main system. The FDC compares the data of data is compared, if the conditions are not met, the sector 
on a byte-by-byte basis, and looksforasectorofdata which number is incremental (R + STP --> R), and the scan oper
meets the conditions of DFDo = DpRocEssoR, DFoo ~ DpRocEs- ation is continued. The scan operation continues until one 
SOR, or DFOO :;;;,: DpRocEssoR' The hexidecimal byte of FF either of the following conditions occur; the conditions for scan are 
from memory or from FDD can be used as a mask byte met (equal, low, or high), the last sector on the track is 
because it always meet the condition of the compare. Ones reached (EaT), or the terminal count signal is received. 
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If the conditions for scan are met then the FDC sets the SH 
(Scan Hit) flag Status Register 2 to a 1 (high), and termi
nates the Scan Command. If the conditions for scan are not 
met between the starting sector (as specified by R) and the 
last sector on the cylinder (EaT), then the FDC sets the SN 
(Scan Not Satisfied) flag of Status Register 2 to a 1 (high), 
and terminates the Scan Command. The receipt of a TER
MINAL COUNT signal from the Processor or DMA Con
troller during the scan operation will cause the FDC to 
complete the comparison of the particular byte which is in 
process, and then to terminate the command. Table 4 shows 
the status of bits SH and SN under various conditions of 
SCAN. 

COMMAND 
STATUS REGISTER 2 

COMMENTS 
BIT2 = SN BIT3 = SH ----

Scan Equal 0 1 D FOO = DpRDCESSDR 

1 0 __ DFoD 7= DpRDCESSDR 1---

Scan Low or 0 1 D FOO = DpRDCESSDR 

Equal 0 0 DFOD < DpRDCESSDR 

1 I--- 0 D FOO ? DpRDCESSDR I-- --
Scan High or 0 1 D FDO = DpRDCESSDR 

Equal 0 0 DFOO > DpRDCESSDR 

1 0 DFOD < DpRDCESSDR '-----. 

Table 4 

If the FDC encounters a Deleted Data Address Mark on one 
of the sectors (and SK = 0), then it regards the sector as 
the last sector on the cylinder, sets CM (Control Mark) flag 
of Status Register 2 to a 1 (high) and terminates the com
mand. If SK = 1, the FDC skips the sector with the Deleted 
Address Mark, and reads the next sector. In the second case 
(SK = 1), the FDC sets the CM (Control Mark) flag of Sta
tus Register 2 to a 1 (high) in order to show that a Deleted 
Sector had been encountered. 
When either the STP (contiguous sectors = 01, or alter
nate sectors = 02 sectors are read) or the MT (Multi-Track) 
are programmed, it is necessary to remember that the last 
sector on the track must be read. For example, if STP = 02, 
MT = 0, the sectors are numbered sequentially 1 through 
26, and we start the Scan Command at sector 21; the fol
lowing will happen. Sectors 21,23 and 25 will be read, then 
the next sector (26) will be skipped and the Index Hole will 
be encountered before the EaT value of 26 can be read. 
This will result in an abnormal termination of the command. 
If the EaT has been set at 25 or the scanning started at 
sector 20, then the Scan Command would be completed in 
a normal manner. 
During the Scan Command data is supplied by either the 
processor or DMA Controller for comparison against the 
data read from the diskette. In order to avoid having the OR 
(Over Run) flag set in Status Register 1, it is necessary to 
have the data available in less than 27 f-ls (FM Mode) or 13 
f-ls (MFM Mode). If an Overrun occurs the FDC ends the 
command with bits 7 and 6 of Status Register 0 set to 0 and 
1, respectively. 

Seek 
The read/write head within the FDD is moved from cylinder 
to cylinder under control of the Seek Command. FDC has 
four independent Present Cylinder Registers for each drive. 
They are clear only after Recalibrate command. The FDC 
compares the PCN (Present Cylinder Number) which is the 
current head position with the NCN (New Cylinder Num
ber), and if there is a difference performs the following 
operation: 

PCN < NCN: Direction signal to FDD set to a 1 (high), 
and Step Pulses are issued. (Step In.) 

PCN > NCN: Direction signal to FDD set to a 0 (low), and 
Step Pulses are issued. (Step Out.) 

The rate at which Step Pulses are issued is controlled by 
SRT (Stepping Rate Time) in the SPECIFY Command. After 
each Step Pulse is issued NCN is compared against PCN, 
and when NCN = PCN, then the SE (Seek End) flag is set 
in Status Register 0 to a 1 (high), and the command is ter
minated. At this point FDC interrupt goes high. Bits DBo
DB3 in Main Status Register are set during seek operation 
and are cleared by Sense Interrupt Status command. 
During the Command Phase of the Seek operation the FDC 
is in the FDC BUSY state, but during the Execution Phase 
it is in the NON BUSY state. While the FDC is in the NON 
BUSY state, another Seek Command may be issued, and 
in this manner parallel seek operations may be done on 
up to 4 Drives at once. No other command could be issued 
for as long as FDC is in process of sending Step Pulses to 
any drive. 
If an FDD is in a NOT READY state at the beginning of the 
command execution phase or during the seek operation, 
then the NR (NOT READY) flag is set in Status Register 0 
to a 1 (high), and the command is terminated after bits 7 
and 6 of Status Register 0 are set to 0 and 1 respectively. 
If Ule time to write 3 bytes of seek command exceeds 150 
f-ls, the timing between first two Step Pulses may be shorter 
than set in the Specify command by as much as 1 ms. 

Recalibrate 
The function of this command is to retract the read/write 
head within the FDD to the Track 0 position. The FDC clears 
the contents of the PCN counter, and checks the status of 
the Track 0 signal from the FDD. As long as the Track 0 sig
nal is low, the Direction signal remains 0 (low) and Step 
Pulses are issued. When the Track 0 signal goes high, the 
SE (SEEK END) flag in Status Register 0 is set to a 1 (high) 
and the command is terminated. If the Track 0 signal is still 
low after 77 Step Pulses have been issued, the FDC sets 
the SE (SEEK END) and EC (EQUIPMENT CHECK) flags 
of Status Register 0 to both 1 s (highs), and terminates the 
command after bits 7 and 6 of Status Register 0 is set to 0 
and 1 respectively. 
The ability to do overlap RECALIBRATE Commands to 
multiple FDDs and the loss of the READY signal, as 
described in the Seek Command, also applies to the 
RECALIBRATE Command. 

Sense Interrupt Status 
An Interrupt signal is generated by the FDC for one of the 
following reasons: 

1. Upon entering the Result Phase of: 
a. Read Data Command 
b. Read a Track Command 
c. Read ID Command 
d. Read Deleted Data Command 
e. Write Data Command 
f. Format a Cylinder Command 
g. Write Deleted Data Command 
h. Scan Commands 

2. Ready Line ofFDD changes state 
3. End of Seek or Recalibrate Command 
4. During Execution Phase in the NON-DMA Mode 

Interrupts caused by reasons 1 and 4 above occur during 
normal command operations and are easily discernible by 
the processor. During an execution phase in NON-DMA 
Mode, DB5 in Main Status Register is high. Upon entering 
Result Phase this bit gets clear. Reason 1 and 4 does not 
require Sense Interrupt Status command. The interrupt is 
cleared by reading/writing data to FDC. Interrupts caused 
by reasons 2 and 3 above may be uniquely identified with 
the aid of the Sense Interrupt Status Command. This com-
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mand when issued resets the interrupt signal and via bits 
5, 6, and 7 of Status Register 0 identifies the cause of the 
interrupt. 

- _. 
INTERRUPT 

CODE 
BIT6 BIT7 CAUSE 

1 1 Ready Line changed state, either 
polarity 

- -

a a Normal Termination of Seek or 
Recalibrate Command 

1 a Abnormal Termination of Seek or 
Recalibrate Command 

Table 5 

Neither the Seek or Recalibrate Command have a Result 
Phase. Therefore, it is mandatory to use the Sense Inter
rupt Status Command after these commands to effectively 
terminate them and to provide verification of where the head 
is positioned (PCN). 
Issuing Sense Interrupt Status Command without interrupt 
pending is treated as an invalid command. 

Specify 
The Specify Command sets the initial values for each of the 
three internal timers. The HUT (Head Unload Time) defines 
the time from the end of the Execution Phase of one of the 
Read/Write Commands to the head unload state. This timer 
is programmable from 16 to 240 ms in increments of 16 ms 
(01 = 16 ms, 02 = 32 ms ... OF = 240 ms).The SRT (Step 
Rate Time) defines the time interval between adjacent step 
pulses. This timer is programmable from 1 to 16 ms in incre
ments of 1 ms (F = 1 ms, E = 2 ms, D = 3 ms, etc.). The 
HlT (Head load Time) defines the time between when the 
Head load signal goes high and when the Read/Write 
operation starts. This timer is programmable from 2 to 254 

STATUS REGISTER IDENTIFICATION 

BIT 
NO. NAME SYMBOL 

ms in increments of 2 ms (01 -~ 2 ms, 02 = 4 ms, 03 c- 6 
ms ... 7F = 254 ms). 
The time intervals mentioned above are a direct function of 
the clock (ClK on pin 22). Times indicated above are for an 
16 MHz clock, if the clock was reducedt08 MHz (mini-floppy 
application) then all time intervals are increased by a factor 
of 2. 
The choice of DMA or NON-DMA operation is made by the 
ND (NON-DMA) bit. When this bit is high (ND -, 1) the NON
DMA mode is selected, and when ND =-= 0 the DMA mode 
is selected. 

Sense Drive Status 
This command may be used by the processor whenever it 
wishes to obtain the status of the FDDs. Status Register 3 
contains the Drive Status information stored internally in 
FDC registers. 

Invalid 
If an invalid command is sent to the FDC (a command not 
defined above), then the FDC will terminate the command 
after bits 7 and 6 of Status Register 0 are set to 1 and 0 
respectively. No interrupt is generated by the FDC 9268 
during this condition. Bit 6 and bit 7 (DIO and ROM) in the 
Main Status Register are both high ("1 ") indicating to the 
processor that the FDC 9268 is in the Result Phase and the 
contents of Status Register 0 (STO) must be read. When 
the processor reads Status Register 0 it will find an 80 hex 
indicating an invalid command was received. 
A Sense Interrupt Status Command must be sent after a 
Seek or Recalibrate Interrupt, otherwise the FDC will con
sider the next command to be an Invalid Command. 
In some applications the user may wish to use this com
mand as a No-Op command, to place the FDC in a standby 
or no operation state. 

---

DESCRIPTION 
.-.~ 

D7 Interrupt Code IC D7 = a and D6 = a 
D6 

Normal Termination of Command, (NT). Command was completed 
and properly executed. 

--

D7 = a and D6 = 1 
Abnormal Termination of Command, (AT). 
Execution of Command was started, but was not successfully 
completed. 

. .... --

D7 = 1 and D6 = a 
Invalid Command issue, (IC). Command which was issued was 
never started. 

-----

D7 = 1 and D6 = 1 
Abnormal Termination because during command execution the 
ready signal from FDD changed state. _ 

-----.-

Ds Seek End SE When the FDC completes the SEEK Command, this flag is set to 
1 (high). 

-----

D4 Equipment Check EC If a fault Signal is received from the FDD, or if the Track a Signal 
fails to occur after 77 Step Pulses (Recalibrate Command) then this 
flag is set. 

D3 Not Ready NR When the FDD is in the not-ready state and a read or write 
command is issued, this flag is set. If a read or write command is 

r-------
issued to Side 1 of a single sided drive, then this flag is set. 

D2 Head Address HD This flag is used to indicate the state of the head at Interrupt. 
D, Unit Select 1 US 1 

These flags are used to indicate a Drive Unit. Number at Interrupt. 
Do Unit Select a usa 

-~--
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-.~-------------- -_ ... _----- -----

0 7 End of Cylinder EN When the FDC tries to access a Sector beyond the final Sector of a 
.~--- ------------- ----

r-Cylinder,this flag is set. 

~~------------------ I ~ot uS.€l9- This bit is always 0 (Iow)_ 
0 5 Data Errror DE When the FDC detects a CRC error in either the 10 field or the data 

----f--------- ---_. fiel~. th~sJI~g is set_________ --
0 4 Over Run OR If the FDC is not serviced by the main-systems during data 
----f---------- - ---

transfers. within a certain time interval, this flag is set. 
0 3 ~used. This bit always 0 (low). ----r----------
D? No Data NO During execution of READ DATA, WRITE DELETED DATA or 

SCAN Command, if the FDC cannot find the Sector specified in the 
~Register, this flag is set. 

-~ 
During executing the READ 10 Command, if the FDC cannot read 
~field without an error, then this flag is set. 

During the execution of the READ A Cylinder Command, if the 
starting sector cannot be found, then this flag is set. 

0, Not Writable NW During execution of WRITE DATA, WRITE DELETEDDATA or 
Format A Cylinder Command, if the FDC detects a write protect 

Missing Address Mark-t MA 

signal from the FDD, then this flag is set. 

Do If the FDC cannot detect the 10 Address Mark after encountering 
~~x hole twice, then this flailis~~t. ___ 

If the FDC cannot detect the Data Address Mark or Deleted Data 
Address Mark, this flag is set. Also at the same time, the MD 
(Missing Address Mark in Data Field) of Status Register 2 is set. 

STATUS REGISTER 2 --
0 7 Not used. This bit is always 0 (low). 
0 6 Control Mark CM During executing the READ DATA or SCAN Command, if the FDC 

encounters a sector which contains a Deleted Data Address Mark, 

----- --1---------~ !~_s._flag is set. 
0 5 Data Error in Data Field DO If the FDC detects a CRC error in the data field then this flag is set. 

---~.-

0 4 Wrong Cylinder WC This bit is related with the NO bit, and when the contents of C on the 

I SH 

medium is different from that stored in the lOR, this flag is set. 
0 3 Scan Equal Hit During execution, the SCAN Command, if the condition of "equal" 

--r----------f-~_s.91is.fied, this flag is set. 
D? Scan Not Satisfied SN During executing the SCAN Command, if the FDC cannot find a 

Sector on the cylinder which meets the condition, then this flag 
is set. --i--------- ~--- .. -----

0, Bad Cylinder BC This bit is related with the NO bit, and when the content of C on the 
medium is different from that stored in the lOR and the content of C 
is FF, then this flag is set. 

Do Missing Address Mark MD When data is read from the medium, if the FDC cannot find a Data 
in Data Field Address Mark or Deleted Data Address Mark, then this flag is set. 

STATUS REGISTER 3 
~- - -~~-- -- ---------,---,,----------------------------

0 7 Fault FT This bit is used to indicate the status of the Fault signal from 
the FDD. 

0 6 Write Protected WP This bit is used to indicate the status of the Write Protected Signal 
from the FDD. 

-- ----

0 5 Ready RY This bit is used to indicate the status of the Ready signal from 
the FDD. ---

0 4 Track 0 TO This bit is used to indicate the status of the Track 0 signal from 
the FDD. 

--1---------
0 3 Two Side TS This bit is used to indicate the status of the Two Side signal from 

the FDD. 
O2 Head Address HD This bit is used to indicate the status of Side Select signal 

to the FDD. 
0, 

Unit Select t ==1: US1 This bit is used to indicate the status of the Unit Select 1 signal 
to the FDD. 

Do Unit Select 0 usa This bit is used to indicate the status of the Unit Select 0 signal 
tothe FDD. 
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PROCESSOR INTERFACE 
During Command or Result Phases the Main Status Reg
ister (described earlier) must be read by the processor 
before each byte of information is written into or read from 
the Data Register. After each byte of data read or written to 
Data Register, CPU should wait for 12 !J-.s before reading 
MSR. Bits 06 and 07 in the Main Status Register must be 
in a 0 and 1 state, respectively, before each byte of the com
mand word may be written in the FDC 9268. Many of the 
commands require multiple bytes, and as a result the Main 
Status Flegister must be read prior to each byte transfer to 
the FDC 9268. On the other hand, during the Result Phase, 
06 and 07 in the Main Status Register must both be 1 's (06 
= 1 and 07 = 1) before reading each byte from the Data 
Register. Note, this reading of the Main Status Register 
before each byte transfer to the FDC 9268 is required in 
only the Command and Result Phases, and NOT during the 
Execution Phase. 
During the Execution Phase, the Main Status Register need 
not be read. If the FDC 9268 is in the NON-DMA Mode, then 
the receipt of each data byte (if FDC 9268 is reading data 
from FDD) is indicated by an Interrupt signal on pin 18 (INT 
= 1). T:~generation of a Read signal (RD = 0) or Write 
signal (WR = 0) will reset the Interrupt as well as output the 
Data onto the Data bus. If the processor cannot handle 
Interrupts fast enough (every 13 !J-.s) for MFM and 27 !J-.s for 
FM mode, then it may poll the Main Status Register and then 
bit 07 (ROM) functions just like the Interrupt signal. If a Write 
Command is in process then the WR signal performs the 
reset to the Interrupt signal. 
If the FDC 9268 is in the DMA Mode, no Interrupts are gen
erated during the Execution Phase. The FDC 9268 gener
ates ORO's (DMA Requests) when each byte of data is 
availat2!e. The DMA Controller responds to this request with 
both a DACK = 0 (DMA Acknowledge) and a RD = 0 (Read 
sl9..rlill). When the DMA Acknowledge signal goes low 
(DACK 0) then the DMA Request is reset (ORO = 0). If 
a Write Command has been programmed then a WR signal 
will appear instead of RD. After the Execution Phase has 
been completed (Terminal Count has occurred) or EaT 
sector was read/written, then an Interrupt will occur (INT = 
1). This signifies the beginning of the Result Phase. When 
the first byte of data is read during the Result Phase, the 
Interrupt is automatically reset (INT = 0). 

AC TEST CONDITION 

INPUT /OUTPUT 

2.4V 

0.45V 

AC TESTING 

It is important to note that during the Result Phase all bytes 
shown in the Command Table must be read. The Read Data 
Command, for example has seven bytes of data in the Result 
Phase. All seven bytes must be read in order to success
fully complete the Read Data Command. The FDC 9268 
will not accept a new command until all seven bytes have 
been read. Other commands may require fewer bytes to be 
read during the Result Phase. 
The FDC 9268 contains five Status Registers. The Main 
Status Register mentioned above may be read by the pro
cessor at any time. The other four Status Registers (STO, 
ST1, ST2, and ST3) are only available during the Result 
Phase, and may be read only after completing a command. 
The particular command which has been executed deter
mines how many of the Status Registers will be read. 
The bytes of data which are sent to the FDC 9268 to form 
the Command Phase, and are read out of the FDC 9268 in 
the Result Phase, must occur in the order shown in the 
Command Table. That is, the Command Code must be sent 
first and the other bytes sent in the prescribed sequence. 
No foreshortening of the Command or Result Phases are 
allowed. After the last byte of data in the Command Phase 
is sent to the FDC 926ft the Execution Phase automatically 
starts. In a similar fashion, when the last byte of data is read 
out in the Result Phase, the command is automatically 
ended and the FDC 9268 is ready for a new command. 

POLLING FEATURE OF THE FDC 9268 
After the Specify command has been sent to the FDC 9268, 
the Unit Select line USO and US1 will automatically go into 
a polling mode. In between commands (and between step 
pulses in the SEEK command) the FDC 9268 polls all four 
FDD's looking for a change in the Ready line from any of 
the drives. If the Ready line changes state (usually due to 
a door opening or closing) then the FDC 9268 will generate 
an interrupt. When Status Register 0 (STO) is read (after 
Sense Interrupt Status is issued), Not Ready (NR) will be 
indicated. The polling of the Ready line by the' FDC 9268 
occurs continuously between commands, thus notifying the 
processor which drives are on or off line. Each drive is polled 
every 1.024 ms except during the Read/Write commands. 

CLOCK 

Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0:' Timing measure
ments are made at 2 OV for a logic "1" and 0.8V for a logic "0: 

Clocks are driven at 3.0V for a logic "1" and 0.3V for a logic "0:' Timing measure
ments are made at 2.4V for a logic'"1"" and 0.65V for a logic "0:' 
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FOC 9268 COMPATIBILITY 
The FDC9268 is software and hardware compatible with 
the FDC9266 with the following qualifications pertaining to 
Precomp and clock input. 

-A 16 MHz clock is used on the FDC9268. 

- The precomp specifications for the FDC9267 and 
FDC9266 can be used for the FDC9268 with the following 
qualification. Whenever the precomp select line P2 is 
active, the FDC9268 uses the maximum precomp avail
able in that mode (Le. 375 nsec in the 250 Kb/s mode and 
187.5 nsec in the 500 Kb/s mode). 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

MINI 

1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 

P2 P1 Po PRECOMP VALUE (nsec) 

0 0 0 0 
0 0 1 125.0 
0 1 0 250.0 
0 1 1 375.0 
1 0 0 375.0 
1 0 1 375.0 
1 1 0 375.0 
1 1 1 375.0 
0 0 0 0 
0 0 1 62.5 
0 1 0 125.0 
0 1 1 187.5 
1 0 0 187.5 
1 0 1 187.5 
1 1 0 187.5 
1 1 1 187.5 

Write Precompensation Value Selection 

Operating Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O°C to + 70°C 
Storage Temperature............................................................................... . .. - 55°C to + 150°C 
All Output Voltages ............................................................................................ - 0.5 to + 7 Volts 
All Input Voltages ......•...................................................................................... - 0.5 to + 7 Volts 
Supply Voltage Vee ............................................................................................ - 0.5 to + 7 Volts 
Power Dissipation ........................................................................................................ 1 Watt 

Ta = 25°C 

·COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

DC CHARACTERISTICS Ta = O°C to + 70°C; Vee = + 5V ± 5% unless otherwise specified. 

LIMITS TEST 
PARAMETER SYMBOL MIN TYPCD MAX UNIT CONDITIONS 

Input Low Voltage V,L -0.5 0.8 V 
Input High Voltage V,H 2.0 Vee + 0.5 V 
Output Low Voltage VOL 0.45 V IOL = 2.0 mA 
Output High Voltage VOH 2.4 Vee V IOH = -200 JJ.A 
Input Low Voltage 
(CLK + WR Clock) 

V'L(<l>1 -0.5 0.65 V 

Input High Voltage 
(CLK + WR Clock) 

V'H(<l>1 2.4 Vee + 0.5 V 

Vee Supply Current lee 200 mA 

Input Load Current 
III 

10 JJ.A V,N = Vee 
(All Input Pins) -10 JJ.A V,N = OV 
High Level Output Leakage Current ILOH 10 JJ.A VOUT = Vee 
Low Level Output Leakage Current ItoL -10 JJ.A VOUT = + 0.45V 

NOTE: CDTypical values for T. = 25°C and nominal supply voltage. 

DC CHARACTERISTICS Ta = 25°C; fe = 1 MHz; Vee = OV 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Clock Input Capacitance C'N(<l» 20 pF All Pins Except Pin 
Input Capacitance C 'N 10 pF Under Test Tied to 
Output Capacitance COUT 20 pF ACGround 
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AC CHARACTERISTICS Ta = O°C to + 70°C; Vee = + 5V ± 5% unless otherwise specified. tin~1 ·~It~ 
f •. $ . 

LIMITS 
PARAMETER SYMBOL MIN TYPCD MAX UNIT COMMENTS 

_~ OC __ ,_" __ 

Clock Period (I>cy 60 62.5 250 ns 
------.-

Clock Active (High, Low) (1)0 20 ns --
Clock Rise Time (I>, 10 ns --
Clock Fall Time <I>. 10 ns 

---
Ao, CS, DACK Set Up Time to RD J TAR 0 ns 
Ao, CS, DACK Hold Time from RD 1 TI1A 0 ns --
RDWidth TnR 250 ns 
Data Access Time from RD J T"D 200 ns CL = 100 pF 
DB to Float Delay Time from RD T T[)F 20 100 ns CL = 100 pF 
Ao, CS, DACK Set Up Time to WR J TAw 0 ns 
Ao, CS, bACK Hold Time to WR 1 TWA 0 ns 
VI/RWidth Tww 250 ns 

--

f--- Data Set Up Time to WR 1 T[)w 150 ns 
--

Data Hold Time from WR 1 Tw[) 5 ns 
--

INT Delay Time from RD 1 Tn. 500 ns 
INT Delay Time from WR 1 Tw. 500 ns 
DRQ Cycle Time· TMcy 13 f-ls 
DRQ Delay Time from DACK J TAM 200 ns 
TCWidth TTc 20 <DCY 
Reset Width Tnsr 280 <DCY 

----~-.. ~---.-

~ , Hold Time to RW/SEEK 1 Tus 12 t--Y-.....5'_---t------.--

SEEK/RW Hold Time to LOW TSD 7 f-ls 
CURRENT/DIRECTION 1 

LOW CURRENT/DIRECTION Hold 
Time to FAULT Tf)s] 1.0 f-ls 
RESET/STEP 1 16 MHz Clock Period f---. 

USa, Hold Time from FAULT RESET! Tsru 5.0 f-ls 

I-
STEP 1 
STEP Active Time (High) Tsrp 6.0 7.0 f-lS 
STEP Cycle Time Tsc 33 (g) (g) f-lS __ 

FAULT RESET Active Time (High) TfR 8.0 10 f-ls 
~ -- -.~-

USo , Hold Time After SEEK Tsu 15 f-ls 
Seek Hold Time from DIR T()s 30 1-'.5 16 MHz Clock Period 

DIR Hold Time after STEP TSTD 24 f-ls --- ------------ - --

Index Pulse Width T'Dx 200 <DCY 
--~---.---

~D J Delay from DRQ TMR 800 ns 
--f---

WR J Delay from DRQ TMw 250 ns 16 MHz Clock Period 
WE or RD Response Time TMRw 12 f-lS 
from DRQ 1 

--

NOTES: 1 Typical values for To = 25°C and nominal supply voltage. 
2 Under Software Control. The range is from 1 ms to 16 ms for 500 Kb/s data rates, and 2 to 32 ms for 250 Kb!s data rates 
3 When mini is active, (pin 21), these periods are doubled. 

Data Separator Performance Specifications: 
MFM 

PARAMETER 500 KHz 250 KHz UNITS 

Bit Jitter 
Nominal Speed ±260 ±540 nsec 
+5% Speed ±260 ±480 nsec 
-5% Speed ±320 ±640 nsec 

Window Margin Early 490 980 nsec 
Late 490 980 nsec 
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TIMING DIAGRAMS 

PROCESSOR WRITE OPERATION 

ClK 

SEEK OPERATION 

USa. 1 =x STABLE ~ 
---jt U sf-- --i ISur-

if ~: 
ORO 

RW/SEEK 

IIDSI I ~ISDt-- -I r- DACK 

X X : DIRECTION 

WR OR RD 

tDST---i ~ ~TU--1 
STEP 

ftSTD lJ\-
tSTP----j f----- 1 

I· Ise .1 

FL T RESET INDEX 
I I 

FAULTRESETo ~ 
FILE UNSAFE RESET II I 

--- TFR ---
1 TIDX 1 I TIDX I 
~~--l 

For more information, please consult: 
Technical Note 6-1 (Digital Data Separation) 
Technical Note 6-6 (Programming the FOG 765, 9266, 9267, 9268) 

PROCESSOR READ OPERATION 

CLOCK 

I "0 I 
I~I"OI 

C'R ~ I-- I r--'I 
I ---.-l f--;'F 

DMA OPERATION 

I 

\. ---" TAM--t. f---
r 

I 
I TMCY 

I \ r-
r----:::= TMR~CJ 
!--TMW (WR)--'i I 

~TMR (AD)......! 
I I 

TERMINAL COUNT 

TC 

RESET 

H 
RESET ----'! +---

------t ~ TRST 

STANDARD MICROSYSTEMS CORPORATION __ _ 
.~~~~S:~ H~;j;~: 

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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FDC92C81 
PRELIMINARY 

Self Tuning 
Analog Floppy Disk Data Separator 

(AFDDS) 

FEATURES 

01 Mb/s, 750, 500, 300, 250 and 
125 Kb/s disk data rates 

o Analog Data Separator performs 
complete data separation for floppy 
disk drives. Separates FM or MFM 
encoded data. 3112", 5%" and 8" 
compatible. 

o No adjustments necessary 
o Provides clock for FDC765A 
o High Performance Dual Gain 

Analog Phase Locked Loop 
o Variable Write Precompensation 
o Internal Crystal Oscillator 
o 300 Kb/s with clock frequency 

change and no filter change 
o On··chip VCO 
o Fabricated in Low Power CMOS 
o TTL Compatible I/O 
o Single + 5V Supply 

PIN CONFIGURATION 

I-

5 - ::i!0-
~d~~~~g WDIN DVCC 

EARLY VCOSYNC 

lATE P0 
P0 26 lFIN XTAl2 WDOUT 

VCOSYNC 27 VIR XTAl1 ClK 
DVCC 28 AGND WCK MINI 

NC ,-IC ROD MFM 
WDIN DGND ROW AVCC 

EARLY 3 RBT RDIN lFOI 
lATE 4 PDOUT PDOUT lFIN 

VIR 
DGND AGND 

:i ~ ~ ° 0 :5: I~ ,c(,c(0zooo 
~~:5: a:a:a: 24-pin DIP 

28-pin PLCC 

GENERAL DESCRIPTION 

The FDC92C81 is a high performance CMOS Dual Gain 
Analog Floppy Disk Data Separator (AFDDS). The 
FDC92C81 is compatible with 3.5", 5.25" and 8" floppy disk 
drives, and provides all clocks required by the industry 
standard FDC765A and FDC72C65 floppy disk controllers. 

and a few external resistors and capacitors are required. 
Using the FDC92C81 and a floppy disk controller chip, a 
system designer can build a highly reliable, cost efficient 
double or single density floppy disk subsystem requiring no 
tuning adjustments. 

The FDC92C81 incorporates all the active components Three different user selectable values for write 
necessary to implement analog floppy disk data separation, precompensation assure reliable positioning of data when 
eliminating the need for discrete transistors. Only a crystal writing to disk. 
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~ DRIVE 

D0-
D7 C 

IN 
C 
R 
W 

T--
S-
D-
R-

DB0-
DB7 

INT 
CS 
RD 
WR 

WP/TS 

FLT/TR0 

RW/SEEK I--

FRISTP 

LCT/DIR 

VCO 
US1 
USO 

HDL 
RDY A0_ 

0-DR 
DA.C 

A0 
lOX 

DRO 

f--RDY L-.J 
_IDX 1 WDIN DVCC 

~WE I 2 
WE 

K __ 

DACK 
HD I---- SIDESEL 3 

EARLY VCO SYNC 
TC_ TC 

Il,"·"',.~ LATE P0 ET __ 
RST 

WDA XTAL2 WDOUT 
PS0 (x~1i '~b~~vj: XTAL1 CLK PS1 6 

WCK WCK MINI 
RDD 7 

RDD 
MFM f----+- MFM 

MFM 
8 

RDW RDW AVCC 

CLK I- CLK RDIN~ RDIN LFOI 
10 

PDOUT LFIN FDC72C65 or 
I UtA" FDC765A VIR 

147K: > I..f- DGND AGND "To avoid soft errors caused by 
transmission line effects and 5% • 
nOise where there IS long cabling 

DGND FDC92C81 between the floppy disk drive 
and the controller board. the use of a ~.47I-1f 

(non-Inverting) TTL T 10% 
schmidt-trigger Input gate or bus MLC 

transceiver IS recommended at 

RES 

the DSKD Input to the FDC92Ce1 AVSS 

TYPICA S S L Y TEM IMPLEMENTATION 

XTAL1/XT AL2 

MINI 

MFM 

.J O'"'''''OA J 
16MHz 

I I 8/4MHz 

, CLOCK I 
I GENERATOR ~MHZ 

'I 

r-* 2SIDED 
WPRT 

C -1-
TRK00 
FAULT 

FAULT 

r it-
RST 

STEP 

r LOW CUR 
DIR 

r--
'----

D I---- DRSEL4 
E 

I : 

DRSEL3 
C DRSEL2 0 
D r---- DRSEL1 

I 
E 

-14
+ 5V 

R 

23 
'---

HLD 

~~ 
21 r-f>o- WDATA 

~CLK 
19 RDIN~ RAW 

rJ4. MFM~~~r.f READ 

~tLC 
RDY_ RDY 

16 +5 220pf 10K IDX- IDX 
10% 5% WE-- WE 

15 MLC SIDESEL _ SIDE 
14 24.9K 1% 

13 
[ MOmA 

A:D 

ON 
75K 
5% 

LATCH 

I COUNTER J 
(SHUFFLE ,--..1 OSCILLATOR) 

1MHz 500 250 
KHz KHz 

l>-

l CLOCK J 
SELECT 

t 

I EOGE OEn'COOA' ~ I SYNCHRONIZER I '"'" COMPARATOR 

VCO 
SYNC 

LFIN 

LFOI 

VREF 

PO 

EARLY/LATE 

~ 

~ AAECOMeENSATOON 1-
- LATCH LOGICIWRITE DATA 

TIMING I 
1 

WDIN---------------' 
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WCK 
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PDOUT 

RDW 

RDD 
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TABLE 1-FDC92C81 DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL 1/0 DESCRIPTION -,-.. -"~---

1 Write Data In WDIN I This input contains the serial clock and data bits which may 
be precompensated and output to the drive. 

---
2 Early EARLY I Used for precompensation. When high, the write data bit will 

be written early. Refer to table below. 
----

3 late lATE I Used for precompensation. When high, the write data bit will 
be written late. 

EARLY lATE PULSE POSITION 

0 0 nominal 
1 0 early 
0 1 late 
1 1 not used 

4 Crystal XTAl2 0 A 16.000 MHz parallel resonant crystal may be connected 
5 Crystal XTAl1 I between XTAl1 and XTAl2. If a TTL signal is used in place 

of a crystal, the signal should be connected to XTAl1 while 
XTAl2 is left unconnected. 

6 Write Clock WCK 0 This output contains the clock which controls the rate at 
which data is written to the drive. See table for MINI pin. 

7 Read Data RDD 0 This output contains the reclocked encoded bit stream from 
the drive. 

---

8 Read Data Window RDW 0 This output is a function of the internal VCO frequency 
which tracks and properly frames the encoded drive bit 
stream for reliable clocking into the floppy disk controller. 

--

9 Read Data In RDIN I This input is the read data from the floppy disk drive. The 
input is active low. The leading edge (high to low transition) 
is used for all frequency tracking operations. 

- - ---- -- --- -~-------~-

10 Phase Detect Out PDOUT 0 The output of the phase detect circuit. A 75K 5% resistor is 
connected between this output and lFIN. 

11 Bias Reference RBT I An external 147K 5% resistor connected between this pin 
and AVCC establishes a bias reference current for the VCO. 
This input should not be forced low. 

12 Digital Ground DGND Digital Ground 
I 

13 Analog Ground AGND Analog Ground 

14 Voltage to Current VIR I A 24.9K 1% metal film resistor connected between this pin 
Reference and AVSS establishes a current reference for the on-chip 

voltage to current converter which is part of the VCO. 

15 low-pass Filter In lFIN I This is the input to the low pass filter amplifier. A resistor is 
connected between this input and PDOUT and a low pass 
filter is connected between this input and lFOI. 

16 low-pass Filter lFOI 1/0 This pin is the output of the low pass filter amplifier and the 
input to the VCO. 

17 Analog Vcc AVCC + 5V analog power supply 

18 MFM Mode MFM I When this input is high, the chip is in MFM mode. When low, 
the chip is in the FM mode. "_ 

19 MINI MINI I This input, along with the input P0 specifies the amount of 
precompensation to be used. See table for the P0 pin. This 
input along with MFM controls the ClK and WCK outputs. 

MFM MINI WCK ClK 

0 0 500KHz 8MHz 
0 1 250KHz 4MHz 
1 0 1MHz 8MHz 
1 1 500KHz 4MHz 

20 Clock ClK 0 This output is a 4MHz or 8MHz clock. See table above. 

21 Write Data Out WDOUT 0 This output is the precompensated serial write data to the 
floppy disk drive. 
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TABLE 1-FDC92C81 DESCRIPTION OF PIN FUNCTIONS CONTINUED 

PIN NO. NAME SYMBOL 1/0 

22 Pre compensation P0 

23 VCOSync VCO SYNC 
f---

24 Digital Vcc DVCC 
--'---

MODE GAIN IMPLEMENTATION 

The phase locked loop gain of the FDC92C81 is controlled 
by switching between two modes of operation, shuffle 
oscillator and arm on data. The mode change is via VCO 
SYNC. The shuffle oscillator mode is considered the high 
gain mode and the arm on data mode is considered the low 
gain mode. 

Arm On Data Mode 

The purpose of the arm on data mode is to reduce the gain 
so that the chip can handle higher amounts of bit jitter. In 
this mode, each code bit received from the drive resets the 
phase compare circuits and a counter (shuffle oscillator). 
The phase compare circuits are only armed for one compare 
cycle after each code bit. The counter is set such that % bit 
cell after the phase compare reset has gone away, it creates 
an edge. (Only one compare is performed until the next code 
bit is received.) This edge is compared against the edges 
of the VCO by the phase compare circuits. The relationship 
between these edges is used to generate one pump-up or 

TYPICAL PERFORMANCE SPECIFICATIONS 

PARAMETER 500KHz 

Bit Jitter 
Nominal Speed 380 
+5% Speed 360 
-5% Speed 380 

Window Margin 
Early 480 
Late 400 

I 

I 

DESCRIPTION I 
This input along with the MINI input specifies the amount of 
precompensation to be used. 

MINI PO PRECOMP 

0 0 O.Ons 
0 1 62.5ns 
1 0 O.Ons 
1 1 125.0ns 

VCO locks to clock when low and to data when high. 

+ 5V digital power supply. 

pump-down signal. Therefore, in this mode, each code bit 
causes only one update to the loop. 

Shuffle Oscillator Mode 

The shuffle oscillator mode allows for a fast lock to data time 
when attempting to acquire data synchronization. In this 
mode, each code bit received from the drive resets the phase 
compare circuits and a counter (shuffle oscillator). The 
phase compare circuits are always armed. The counter is 
set such that % bit cell after the phase compare reset has 
gone away, it creates an edge. Each % bit cell thereafter 
creates an edge until reset by another code bit. This edge 
is compared against the edges of the VCO by the phase 
compare circuits. The relationship between these edges is 
used to generate pump-up/pump-down signals. In MFM 
codes, the minimum spacing between code bits is one bit 
cell, the maximum spacing is two bit cells. Therefore, in this 
mode, each code bit can cause up to four updates to the 
loop. This is how the gain of the loop is increased. 

300KHz 250KHz UNITS 

620 760 nsec 
600 740 nsec 
660 840 nsec 

800 860 nsec 
720 820 nsec 

I Lock to Encoded D_a_ta ______ -'---____________ le_s_s_th_a_n_3_b-.::..y_te_s ___________ ----1 
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ELECTRICAL CHARACTERISTICS 
MAXIMUM GUARANTEED RATINGS 
Operating Temperature Range .................................................................................... O°C to + 70°C 
Storage Temperature Range ................................................................................. - 55°C to + 150°C 
lead Temperature (soldering, 10 sec.) .................................................................................. +300°C 
Positive Voltage on any Pin, with respect to Ground ................................................................... Vee + 0.3V 
Negative Voltage on any Pin, with respect to Ground ...................................................................... - 0.3V 
Power Dissipation ........................................................................................................ 0.25W 
Positive Voltage on Vee Pin, with respect to Ground .......................................................................... 7.0V 

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 "Maximum Guaranteed Ratings" 
not be exceeded, or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when AC power 
is switched off. In addition, voltage transients on the AC power supply line may appear on the DC output. If this possibility exists it is 
suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS TA = O°C to 70°C, Vee = 5.0V ±5% unless otherwi 

PARAMETERS MIN TYP MAX UNITS COMME: 

INPUT VOLTAGE 

High level VIL 
High level VIH 

INPUT VOLTAGE 
low level VIL 
High level VIH 

OUTPUT VOLTAGE 

low level VOL 

High level V OH 

POWER SUPPLY CURRENT 
Icc 

INPUT lEAKAGE CURRENT 
IlL 

INPUT CAPACITANCE 

-0.3 0.8 
2.0 (VCC) 

-0.3 0.8 
3.2 (VCC) 

0.4 

2.4 

TBD 

TBD 

TBD 

V 
V 

XTAl 1 , XTAl2 
V 
V 

ClK, WCK, RDD, RDW, MFM, MINI, 
WDOUT 

V IOL = 1.6mA except ClK 
IOL = O.4mA, ClK only 

V IOH = -100uA except ClK 
IOH = - 400uA, ClK only 

rnA 

uA VIN = OtoVee 
WDIN, EARLY, lATE, RDIN, P0, 
SYNC, XTAl 1 

pF 

I 
AC ELECTRICAL CHARACTERISTICS TA = O°C to 70° C, Vee = 5.0V ± 5% unless othel'\J\~' 

PARAMETERS 5MBL MIN TYP MAX UNIT LOA[~ I III'" 
Read data width T 1 40 ns 20pf Chl.l • 

Window setup time T 2 15 ns 20pf ~, 
Window hold time T3 15 ns 20pf 

Window cycle time T4 

WCKhigh Ts 80 

WCK cycle time Ta 

ClKhigh T7 40 

ClKlow Te 40 

ClKperiod Te 120 

WDOUTwidth Tea 250 

ClK i to WCK i delay TlO 0 

2 
1 
4 
2 

250 350 

4 
2 
1 

500 

315 350 

40 
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us 
us 
us 
us 

ns 

us 
us 
us 

ns 

ns 

ns 

us 

ns 

20pf MFM = 0 MINI = 0 
MFM = 1 MINI = 0 
MFM = 0 MINI = 1 
MFM = 1 MINI = 1 

20pf 

20pf 125KHz data rate 
20pf 250KHz data rate 
20pf 500KHz data rate 

20pf 

20pf 

20pf 

20pf x2 if mini = 1 



WDOUT early rising edge to T'2 
WDOUT nom. rising edge 

WDOUT nom. rising edge to T '3 

WDOUT late rising edge 

T'4 20 
e 

WDIN delay time T '5 20 
rising edge of WCK to 
rising edge of WDIN, 
falling edge of WCK to 
falling edge of WDIN 

Read data cycle time T '8 

The following inputs are DC levels: MFM, MINI, Po. 

TYPICAL VCO VOLTAGE IN 
VS. FREQUENCY 

INPUT TIMING 

FDC92C81 

WCK 

EARLY 
LATE 

WDA 

RDIN* 

Desired Precomp Value see table for pin 22 

Desired Precomp Value see table for pin 22 

100 ns 

100 ns 

2 us 500 Kb/s MFM, 
2 us 250 Kb/s FM 
4 us 250 Kb/s MFM, 
4 us 125 Kb/s FM 

TYPICAL 

1.5 

FREQUENCY (MHZ) 
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OUTPUT TIMING 

ROW 

I-+-----T.----I 

WCK~. ~ / ~ 
WOOUT 
(early) --11 

r.=T5~T6 .1 
WOOUT 
(nominal) 

W~ ~ WOOUT 

I-- T9a-l 
(LATE) 

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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I~ 

L 

TOP 
GROUND 

PLANE 

2.45" 

REDUCE TO 
2.500 ± .005" 

COMPONENT SIDE 

I .. 

RESISTOR VALUES 
R1 10K5% 
R2 75K5% 
R3 24.9K 1 % metal film 
R4 147K5% 

CAPACITOR VALUES 

C1 
C2 
C3 
C4 
C5 
C6 
C7 

REDUCE TO 
2.500 ± .005" 

SOLDER SIDE 

.003 uf 10% MLC 
220 pf 10% MLC 
.47 uf 10% MLC 
.22uf10% 
.22uf 10% 
60pf10% 
60 pf 10% 

, 
o 

..J 
NOTE: The printed circuit board artwork shown above is included for illustration only. Camera ready artwork is available through 
your SMC representative or regional sales office. 

Blank PC boards (based on the illustrations above) are also available to facilitate evaluation and design. Contact your SMC 
representative or regional sales office for more information. 

ICROSYSTEMS 
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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 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 

Foe 9791 
Foe 9793 
Foe 9795 
Foe 9797 

Floppy Disk 
Controller/Formatter 

FDC 

J.LPC FAMILY 

FEATURES 

[J + 5 VOLT ONLY VERSION OF FDC179X-02 
[J SOFT SECTOR FORMAT COMPATIBILITY 
[J AUTOMATIC TRACK SEEK WITH VERIFICATION 
o ACCOMMODATES SINGLE AND DOUBLE 

DENSITY FORMATS 
IBM 3740 Single Density (FM) 
IBM System 34 Double Density (MFM) 

o READ MODE 
Single/Multiple Sector Read with Automatic Search 

or Entire Track Read 
Selectable 128 Byte or Variable Length Record 

o WRITE MODE 
Single/Multiple Sector Write with Automatic Sector 

Search 
Entire Track Write for Diskette Initialization 

o PROGRAMMABLE CONTROLS 
Selectable Track to Track Stepping Time 
Side Select Compare 

o SYSTEM COMPATIBILITY 
Double Buffering of Data 8 Bit Bi-Directional Bus for 

Data, Control and Status 
DMA or Programmed Data Transfers 
All Inputs and Outputs are TTL Compatible 
On-chip Track and Sector Registers/Comprehensive 

Status Information 
[J WRITE PRECOMPENSATION (MFM AND FM) 
o SIDE SELECT LOGIC (FDC 9795, FDC 9797) 
o WINDOW EXTENSION (IN MFM) 

PIN CONFIGURATION 

NC '--' 40 b NC 
WE 39 INTRO 
Cs 38 P DRO 

39 38 37 3635 34 33 32 31 3029 fiE 37 DDEN 
Au 36 WPRT 
A, 35 P fi5 

DAL O' 7 34 P TROO 
DAL l' 8 33 P WFIVFOE 

DAL2' [9 D 32 RDY 
DAL 3' 10 31 WD 
DAL4' 11 30 WG 
DAL 5' [ 12 29 TG43 
DAL 6' 13 28 HLD 

WPRT 40 28 RGfSSO 
i55Eiif 41 27 CLK 

DRO 26 HLT 
INTRO 25 TEST 

NC 44 24 Vee 
NC 23 NC 
NC ~ GND 

WE 21 MR 
CS 4 20 LATE DAL 7' [ 14 27 RAW READ 
RE 5 19 EARLY STEP [ 15 26 RCLK 

A0 6 18 DIRC DIRC 16 25 ~ RG/SSQ 
7 8 9 10 11 121314 15 16 17 EARLY [ 17 24 CLK 

LATE [ 18 23 HLT 
MR [ 19 22 TEST 

GND 20 21 Vee 

PACKAGE: 44 pin PLCC 'INVERTED BUS FOR FOC 9791, FDC 9795 
'inverted Bus for FDC9791, FDC9795 PACKAGE: 40 pin D.I P 

o INCORPORATES ENCODING/DECODING 
AND ADDRESS MARK CIRCUITRY 

o COMPATIBLE WITH FDC 179X-02 
o COPLAMOS® n-CHANNEL MOS TECHNOLOGY 
o COMPATIBLE WITH THE FDC 9216 FLOPPY DISK 

DATA SEPARATOR 

GENERAL DESCRIPTION 

The FDC 9'79X is an MOS/LSI device which performs the 
functions of a Floppy Disk Controller/Formatter in a sin
gle chip implementation. The basic FDC 979X chip design 
has evolved into four specific parts: FDC 9791, FDC 9793, 
FDC 9795, and the FDC 9797. 

This FDC family performs all the functions necessary 
to read or write data to any type of floppy disk drive. 
Both 8/1 and 5%/1 (mini-floppy) drives with single or double 
density storage capabilities are supported. These n
channel MOS/LSI devices will replace a large amount of 
discrete logic required for interfacing a host processor to 
a floppy disk. 

The FDC 9791 is IBM 3740 compatible in single density 
mode (FM) and System 34 compatible in double density 
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mode (MFM). The FDC 9791 contains enhanced fea
tures necessary to reaO/write and format a double 
density diskette. These include address mark detection, 
FM and MFM encode and decode logic, window exten
sion, and write precompensation. 

The FOC 9793 is identical to the FDC 9791 except the 
DAL lines are TRUE for systems that utilize true data 
busses. 

The FDC 9795 adds side select logic to the FDC 9791. 
The FDC 9797 adds the side select logic to the FDC 9793. 

The processor interface consists of an 8 bit bidirectional 
bus for data, status, and control word transfers. This fam
ily of controllers is configured to operate on a multiplexed 
bus with other bus-oriented devices. 

I 



For additional information, consult your 1986 SMC catalog or contact our product marketing department at (516) 273-3100. 
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HDC 1100-01 
PRELIMINARY 

Hard Disk Serial to Parallel Converter 

FEATURES 

o Single + 5 Volt Power Supply 
o Double Buffered 
o Byte Strobe Outputs 
o 5 MBit Shift Rate 
o Seriallnput/Paraliel Out 
020 Pin DIP 
On-Channel COPLAMOS®Silicon Gate Technology 

GENERAL DESCRIPTION 

PIN CONFIGURATION 

ClK 1 20 Vee 

NC 2 19 EN 

BClR 3 18 NRZ 

TEST 4 17 ST 

000 5 16 DOUT 

001 6 15 BOONE 

002 7 14 SHFClK 

003 8 13 007 

004 9 12 006 

Vss 10 11 005 

The HOC 1100-01 converts NRZ data from a Winchester 
disk drive into eight bit parallel form. Additional inputs are 
provided to initiate the conversion process, as well as out
put strobes to indicate the completion. 

The HOC 1100-01 contains two sets of 8 bit registers. This 
allows one register to be read (in parallel) while serial data 
is being shifted into the other. 

Sf---..., 
+5V 

r--~-..., 

+5V 

8 Q t--......----I> 
Bit 

Counter 
cp 

NRZ--+~fi)----~8~B~it--~~ 
ClK --+""*"i Shift Register 

000 001 002 003 004 005 006 007 
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EN 

>--+-----i~ DOUT 
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For additional information, consult your 1986 SMC catalog or contact our product marketing department at (516) 273-3100. 
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HDC 1100-12 
PRELIMINARY 

Hard Disk Improved MFM Generator 

FEATURES 

o Single + 5 Volt Power Supply 
o Write Precompensation 
o Address Mark Generation 
o 5 Mbit Data Rate 
o Converts NRZ to MFM 
020 Pin DIP 
On-Channel COPLAMOS® Silicon Gate Technology 

PIN CONFIGURATION 

NRZ 1 20 Vee 

SKPEN 2 19 AO 

WCLK 3 18 A1 

WCLK 4 17 MR 

RWC 5 16 MFM 

CS 6 15 INTRO 

DROCLK 7 14 DRO 

INTCLK 8 13 EARLY 

2XDR 9 12 LATE 

Vss 10 11 NOM 

GENERAL DESCRIPTION 

The HOC 1100-12 "improved" MFM Generator converts 
serial NRZ data into an MFM (Modified Frequency Modu
lated) data stream. The MFM signal may be used to record 
information on a Winchester Disk. 
In addition, the HOC 1100-12 generates Write Precompen-

Rwe 

NRZ 
EARLY 
NOM 

WRITE LATE 

WCLK 4BIT PRECOMP 
SHIFT GEN. 
REG. 

WCU< 
MFMGEN MFM 

SKPEN 

MFM GENERATOR 
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sation signals required to compensate for bit shift effects 
on the recording medium. 

The HOC 1100-12 has the ability to delete clock pulses in 
the outgoing data stream in order to record Address Marks. 

DROCLK 

DRO 

INTCLK 
INTRO 

AO 

A1 DECODE 
LOGIC 

CS 
MR 

INTERRUPT CONTROLLER 
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STANDARD MICROSYSTEMS 
CORPORATION 

HOC 1100-03 
PRELIMINARY 

Hard Disk Address Mark Detector 

FEATURES PIN CONFIGURATION 
D Single + 5 Volt Power Supply 
D Decodes A 1-0A 
D Synchronous Clock/Data Outputs 
D 5 MBit Data Rate 
D Address Mark Detection 
D 20 Pin DIP 
D n-Channel COPlAMOS ® Silicon Gate Technology 

GENERAL DESCRIPTION 

RClK 1 

DIN 2 

RClK 3 

ClKIN 4 

DOUT 5 

NC 6 

NC 7 

TEST1 8 

ENDET 9 

Vss 10 

20 Vee 

19 RST 

18 CP 

17 NC 

16 AMDET 

15 AMDET 

14 QOUT 

13 NC 

12 DClK 

11 TEST2 

The HDC 1100-03 Address Mark Detector Provides an effi
cient means of detecting Address Mark Fields in an MFM 
(NRZ) data stream. MFM clocks and data are fed to the 
device along with a window clock generated by an external 
data separator. The HDC 1100-03 searches the data stream 

for a DATA = A 1 , ClK = OA pattern and produces and AM 
DET signal when the pattern has been found. NRZ data is 
output from the device for driving a serial/parallel converter. 
An uncommitted latch is also provided for use by the data 
separator circuitry if required. 

CP : RST 

DIN D 

RClK C 
R 

+5V ty 01 -----1 .. _ QOUT 

Q 1-------1- DOUT 
8BIT 

SHIFT REG 

r----_ TEST 1 
,---'--L..-1-..&...-L-.l-1..--'--l-___ DClK 

ENDET 1------1- AMDET 

r--~~-L~~r-~~-r-~--~p-----AMDET 

R 

ClK IN ---+----i D 

RClK --...... -uc 

8BIT 
SHIFT REG 
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For additional information, consult your 1986 SMC catalog or contact our product marketing department at (516) 273-3100 . 
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STANDARD MICROSVSTEMS 
CORPORATION 

HDC 1100-04 
PRELIMINARY 

Hard Disk CRC Checker/Generator 

FEATURES PIN CONFIGURATION 

o Single + 5 Volt Power Supply 
o Generates/Checks CRC 
o Latched Error Outputs 
o CCITT-16 CRC 
o Automatic Preset 
020 Pin DIP 
On-Channel COPLAMOS®Silicon Gate Technology 

GENERAL DESCRIPTION 

DIN 1 

DOCK 2 

SHFCLK 3 

NC 4 

NC 5 

CWE 6 

DaCE 7 

CRCIZ 8 

NC 9 

Vss 10 

20 Vee 

19 NC 

18 NC 

17 NC 

16 CRCOK 

15 TIMCLK 

14 WCLK 

13 CRCOK 

12 SKPCLK 

11 DOUT 

The HDC 1100-04 CRC Checker/Generator generates a stream. In addition to the transmitted CRC output, compli
Cyclic Redundancy Checkword from a serial data stream, mentary latched "CRCOK" outputs are provided to indicate 
and checks for the proper CRC in a received serial data CRC errors in the check mode. 

CRCIZ ----. 

t--..--._---.- SKPCLK 

- ....... ~ 5 POLYNOMIAL GEN 
X'6 + X'2 + x5 + 1 

SHFCLK ---+~ C 
~===========+~~ 

DaCE -----I 
DOCK----O 

WCLK .... -----'1 -:- 16 

CRCOK 

~---t_ CRCOK 

1---------1 .. - TIMCLK 
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STANDARD MICROSYSTEMS 
CORPORATION 

HDC1100-05 
PRELIMINARY 

Hard Disk Parallel to Serial Converter 

FEATURES 

D Single + 5 Volt Power Supply 
D Double Buffered 
D Byte Strobe Outputs 
D 5 Mbit Data Rate 
D Parallel In/Serial Out 
D 20 Pin DIP 
D n-Channel COPLAMOS ® Silicon Gate Technology 

PIN CONFIGURATION 

DO 1 20 vee 

01 2 19 EN 

02 3 18 NC 

03 4 17 TEST 

04 5 16 BOONE 

05 6 15 OOUT 

06 7 14 SHFCLK 

07 8 13 ill 

SHFCLK 9 12 weD< 

Vss 10 11 OCLK 

GENERAL DESCRIPTION 

The HOC 1100-05 converts bytes of parallel data to a serial 
data stream for writing to disk memories or other serial 
devices. Parallel data is entered via the DO-D7Iines. A syn
chronous byte counter is used to signify that 8 bits of data 

8 
DO-D7 D 8BIT Q 

LATCH 
DClK C 

WCLK 

+5V 

D 
BYTE -

C COUNTER Q 

TEST LD 
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have been shifted out and that the 8 bit latch is ready to be 
reloaded. The double buffering of the data permits another 
byte to be loaded while the previous byte is in the process 
of being shifted. 

D Q DOUT 

8 BIT SHIFT 
REG 

C 

SHFCLK 

SHFCLK 

Q BDONE 

EN 

LD 

I 
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STANDARD MICROSYSTEMS 
CORPORATION 

HDC7260 
PRELIMINARY 

Universal Disk Controller 

FEATURES 
D Hard and floppy disk interface 
D Controls four drives (any combination) 

si m u Itaneously 
D Programmable track format 
DTransfer rate 6 MHz maximum 
D High Level Commands, Including: 

Check Sense Intr. Status 
Detect Error Sense Status 
Read Data Specify1 
Read Diagnostic Specify2 
Read ID Verify Data 
Recalibrate Verify ID 
Scan Write Data 
Seek Write Format 

D Parallel seek capability 
D Multi-sector, -track, -cylinder read/write capability 
D Implied seek function 
D CRC error detection 
D ECC error detection and correction 
D DMA data transfer 
D Single +5 volt supply 
D 40-Pin Dual-in-line Package 
D COPLAMOS® n-Channel Silicon Gate Technology 

PIN CONFIGURATION 

SYNC Vee 

RIW DATA RGATE 

RClK WGATE 

RST ClK 

INT INDEX 

DMARQ PCl 

TC PCE 

WClK [DSD](2 Side) 

AD [SKC](WPRT) 

WR FlT/TRKO 

Ao RDY 

Do DSo 

D1 DS1 

D2 HSo 

D3 [HS1] 

D4 [HS2](FlTR) 

D5 [HS3](HDlD) 

D6 RW/SEEK 

D7 MFM/STEP 

GND RWC/DIR 

Package: 40-pin DIP 

GENERAL DESCRIPTION 

The HDC7260 is a single-chip disk controller that is 
capable of interfacing to a maximum of four floppy or hard 
disks in any combination. The chip utilizes the ST-506 
defacto standard for the Winchester disks and is 
compatible with 8-inch, 51f4-inch and 3112-inch floppy disks. 
The HDC7260 is based on the HDC7261A architecture, but 
with changes to enhance performance and flexibility. The 

HDC7260 can generate both IBM- and ECMA-compatible 
floppy disks and hard disks with the standard format. ECC 
and CRC capabilities along with many high-level 
commands provide excellent system throughput, and the 
single-chip design provides for efficient board space 
utilization. 
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ClK-

RST-

Processing ~ 
Unit ~ 

Data FIFO 
[8x8] 

Format 
Control 

00-07 <==> MPX 

Ao 

RO 

WR 

INT 

OMARQ 

TC 

Read/Write 
liNT 
/OMA 
Control 

): Floppy disk interface 
]: Hard disk interface 

Command/ 
Status 

Register 

Disk 
Interface 
Control 

HDC7260 BLOCK DIAGRAM 

DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL DESCRIPTION 

1 PLL SYNC SYNC PLL synchronization output 

2 Read/Write Data R/W DATA Read data input or write data output 

3 Read Clock RCLK Read clock input 

4 Reset RST System reset input from host computer 

5 Interrupt INT Interrupt request output 

6 DMA Request DMARQ DMA request output 

7 Terminal Count TC Terminal count input from DMA 

8 Write Clock WCLK Write clock input 

9 Read ru5 Host computer read control input 

10 Wrlte WR Host computer write control input 

11 Data/Status Reg Select Ao Status/command register or FJFO select pin 

12-19 Data Bus 00-07 System data bus connections 

20 Ground GND System ground 

RClK 

WClK 

R/W DATA 

SYNC 

RGATE 

WGATE 

INDEX 

PCl 

peE 

[OSO](2 side) 

[SCK](WPRT) 

FlT/TRKO 

ROY 

OSo 

OSl 

HSo 

[HS1] 

[HS2](FlTR) 

[HS3](HOlO) 

RW/SEEK 

MFM/STEP 

RWCIDIR 

21 Read Write RWC/DIR If RW /SEEK = 1, outputs read/write current decrease signal. If 
RW/~ = 0, outputs the direction RW head is to move. Cu rrent/ Di rection 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL DESCRIPTION 

22 MFM Step MFM/STEP If RW/SEEK = 1, outputs MFM signal to VCO circuit. If RW/SEEK 
= 0, outputs STEP signal to move RW head. 

23 Read Write/SEEK RW/SEEK Output signal that specifies function of some multiplexed signals 

24 Head Select 3 HS3 For hard disk, head select 3 output. For floppy disk, head 
(Hold) (HDlD) load output. 

25 Head Select 2 HS2 For hard disk, head select 2 output. For floppy disk, output to clear 
(Fault Reset) (FlTR) drive fault state. 

26 Head Select 1 HS, Head select output to disk drive. 
--

27 Head Select 0 HSo Head select output to disk drive. 
--

28-29 Drive Select DS,-DSo Drive select outputs. 

30 Ready RDY Ready input from disk drive. 

31 Fault/Track Zero FlT/TRK~ If RW/SEEK = 1, inputs a fault flag from the disk drive. If RW/SEEK 
= 0, inputs a signal indicating R/W head is over cylinder zero. 

32 Seek Complete SKC Seek complete input from hard disk drive, or write protected input 
(Write Protect) (WPRT) from floppy disk drive. 

33 Drive Select DSD Drive selected input from hard disk drive, or double-sided disk 
(double-sided) (2 Side) input from floppy disk drive. 

34-35 Precompensation PCE, PCl Precompensation early/late output to disk drive. 
Entry, late 

36 Index INDEX Index hole detect input from disk drive 

37 Clock ClK System clock input from host computer 

38 Write Gate WGATE Write gate output to disk drive 

39 Read Gate RGATE Read gate output to disk drive 

40 Power Supply Vee +5 V (typical) 
--

I 
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STANDARD MICROSYSTEMS 
CORPORATION 

HDC7261A 
PRELIMINARY 

Hard Disk Controller 

FEATURES 
o Flexible interface to various types of Hard Disk Drives 
o Programmable Track Format 
o Controls up to 8 Drives 
o Parallel Seek Operation Capability 
o Multi-sector and Multi-track Transfer Capability 
o Data Scan and Data Verify Capability 
o High Level Commands, Including: 

READ DATA SEEK (Normal or Buffered) 
READ ID RECALIBRATE (Normal or Buffered) 
WRITE DATA READ DIAGNOSTIC (SMD Only) 
WRITE ID SPECIFY 
SCAN DATA SENSE INTERRUPT STATUS 
VERIFY DATA SENSE DRIVE STATUS 
VERIFY ID DETECT ERROR 
CHECK 

o NRZ, FM, or MFM Data Format 
o Maximum Data Transfer Rate: 12MHz 
o Error Detection and Correction Capability 
o Simple I/O Structure: Compatible with Most 

Microprocessors 
o All Inputs and Outputs except Clock Pins are TTL-

Compatible (Clock Pins Require Pull-up) 
o Single + 5V Power Supply 
o 40-Pin Dual-in-line Package 
o COPLAMOS® n-Channel Silicon Gate Technology 

PIN CONFIGURATION 

SYNC 1 40 Vee (RGATE) 

RWOATA ; 39 BTl (WGATE) 

RWClK 38 BTO 

RESET 4 37 ClK 
INT 36 INOEX 

OREQ 35 SCT (PCl) 

TC" 7 34 USfG (PCE) 

C"S 33 ssm (OSO) 

110 32 BOIR (SKC) 

iNA 10 31 TG3 (TRKO) 

AO 11 30 TG2 (REAOY) 

00 12 29 TG1 (WFlT) 

01 13 28 BT2 (OSO) 
02 14 27 BT3 (OSI) 
03 15 26 BT4 (HSO) 
04 16 25 BT5 (HS1) 
05 17 24 BT6 (HS2) 
06 18 23 BT7 (RWC) 
07 19 22 BT8 (S'rrP) 

GNO 20 21 BT9 (OIR) 

PACKAGE: 40-pin D.I.P. 

Note: Signals shown In parentheses are used when the HOC7261 
is in the floppy-like mode. 

GENERAL DESCRIPTION 

The HDC7261 Hard Disk Controller is an intelligent micro
processor peripheral designed to control a number of dif
ferent types of disk drives. It is capable of supporting either 
hard-sector or soft-sector disks and provides all control sig
nals that interface the controller with either SMD di£k inter
faces or Seagate floppy-like drives. Its sophisticated 
instruction set minimizes the software overhead for the host 
microprocessor. By using the DMA controller, the micropro
cessor needs only to load a few command bytes into the 
HDC726'1 and all the data transfers associated with read, 
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write, or format operations are done by the HDC7261 and 
the DMA controller. Extensive error reporting, verify com
mands, ECC, and CRC data error checking assure reliable 
controller operation. The HDC7261 provides internal 
address mark detection, ID verification, and CRC or ECC 
checking and verification. An eight-byte FIFO is used for 
loading command parameters and obtaining command 
results. This makes the structuring of software drivers a 
simple task. The FIFO is also used for buffering data during 
DMA read/write operations. 
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right to make changes at any time in order to improve design ana supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION 

HDC9223 
PRELIMINARY 

High Performance 
Analog Data Separator Support Circuit 

(ADSSC) 
For Hard Disk 

FEATURES 
o Significantly reduces component count in hard 

disk systems 

o Completely compatible with the HOC 9226 Hard 
Disk Data Separator and the HOC 9224 Universal 
Disk Controller 

o Simplifies design and improves performance of ST506 
Hard Disk Controller sUb-system 

o Eliminates costly critical "tune up" adjustments 

o Space saving 14 pin package 

o Monolithic analog solution reduces critical pc 
board layout 

o Single + 12V power supply 

o Printed Circuit Board Artwork available to facilitate 
prototyping and evaluation 

PIN CONFIGURATION 

RDGATE 1 
PMPUP 

PMPDWN 
GND 

4xVCO 
CX1 
CX2 7 

F1 
11 AGND 

C1 
C2 
R1 

GENERAL DESCRIPTION 

The HOC 9223 Analog Data Separator Support Circuit 
(ADSSC) is a 14 pin device, which when used with the HOC 
9224 Universal Disk Controller and the HOC 9226 Hard Disk 
Data Separator significantly simplifies the design of a high 
performance hard disk data separator. 

The HOC 9223, combined with the HOC 9226 and a few 

resistors and capacitors, forms a phase locked loop which 
performs phase and frequency locking onto either the MFM 
or FM data stream output by ST506 or ST412 type drives. 

By reducing the number of critical discrete components to 
a minimum and eliminating all critical adjustments, the HOC 
9223 and HOC 9226 simplify the task of the designer. 
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.22 fLf. MLC 

AGNO 

PMPUP 

PMPOWN 

PIN NO. 

1 

1-----

2 
1-----

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 • 

14 

+12V 

1------ -------------1 
1 

10\ 
\ 

I 
\ 

I 
9 

NAME 

Read Gate 

Pump Up 

Pump Down 

Digital Ground 

Four Times VCO 

External Capacitor 
Connection 1 

External Capacitor 
Connection 2 

External 
Resistor Connect 

External Filter 
Cap Connection 1 

External Filter 
Cap Connection 2 

Analog Ground 

External Filter 
Connection 1 

External Filter 
Connection 2 

+ 12 Volts 

5% 
499f! 5600 pf 5% 
1% MLC AGNO 

METAL FILM 

1.22 fLf
I 

IIAGNOT 

4n I _ 
I 

I 
\ 

_-.J 

4xVCO 

FIGURE 1: HOC 9223 BLOCK DIAGRAM 

DESCRIPTION OF PIN FUNCTIONS 

SYMBOL DESCRIPTION 

RDGATE This active high input controls the gain of the loop. A high level 
decreases the gain and a low level increases the gain. 

PMPUP This active low input causes the VCO to increase its frequency. 

PMPDWN This active low input causes the VCO to decrease its frequency. 

GND This is the ground connection for the digital circuitry within the 
HDC9223. 

4xVCO This is the VCO output. It will vary from 18 to 22 MHz as a function of 
the PMPUP and PMPDWN input signals. 

CX1 

CX2 
An 8.2 pf external NPO capacitor is connected across pins 6 and 7. 

R1 A 3.01K 1% resistor is connected from this pin to Analog Ground. 

C1 A .221Lf MLC capacitor is connected from this pin to Analog Ground. 

C2 A .221Lf MLC capacitor is connected from this pin to Analog Ground. 

AGND This is the ground connection for the analog circuitry within the 
HDC9223. 

F1 A filter network should be connected to this pin as shown in Figure 4. 

F2 A filter network should be connected to this pin as shown in Figure 4. 

12V Connect the power supply to this pin. A .221Lf bypass capacitor should 
also be connected from this pin to Analog Ground. 
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DESCRIPTION OF OPERATION 
The functional block diagram of the HOC 9223 is shown in 
Figure 1. The major functional blocks within the HOC 9223 
are a voltage controlled oscillator (VCO), an active loop fil
ter, and a pulse amplifier. The gain of the pulse amplifier is 
controlled by the ROGATE logic input. 

The voltage controlled ocsillator generates the 4xVCO out
put (nominally 20 MHz). The frequ~ncy of this out'f)t is 
determined by the signals on the P PUP and PMP WN 
inputs to the HOC 9223. Since the half bit time for data from 

MAXIMUM GUARANTEED RATINGS 

the disk is 100ns, the HOC 9226 divides the frequency of 
the 4xVCO signal in half, and compares the phase and fre
quency of the resulting 10 MHz signal to that of the incom
in~ dat~. The HOC 9226 then varies the pulse width on the 
P PU and PMPDWN lines to adjust the output frequency 
of the VCO on the HOC 9223, closing the loop. 

A voltage regulator and bandgap voltage reference ensure 
power supply rejection and stable VCO operation. 

Operating Temperature Range .................................................................................. 0 to 70 C 
Storage Temperature Range ............................................................................ - 55 to + 150 C 
Lead Temperature (soldering, 10 sec) ................................................. " ... , ....... , ............ + 300 C 
Positive Voltage on any Pin, with respect to Ground ......................................................... Vee + 0.5V 
Negative Voltage on any Pin, with respect to Ground ............................................................ , - 0.5V 

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 "Maximum Guaranteed Ratings" not be exceeded, 
or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when AC power is switched off. In addition, voltage 
transients on the AC power line may appear on the DC output. If this possibly exists it is suggested that a clamp circuit be used. 

DC ELECTRICAL SPECIFICATIONS 
(TA = OC to 70C, Vee = 12.0V ± 5%) 

SUPPLY CURRENT 
Icc 60 mA 

SUPPLY VOLTAGE 
Vcc 11.4 12.6 V 12V±5% 

INPUT VOLTAGE 
Vil 2.4 V IOl = 2.0mA 
VIH 3.6 V IOH = -400f.LA 

OUTPUT VOLTAGE 
VOL 1.2 V IOl = 2.0mA 
VOH 4.1 V IOH = -400f.LA 

INPUT CURRENT 
III -10 f.LA Vil = 0.8V 
I'H 40 f.LA VIH = 3.0V 

AC ELECTRICAL CHARACTERISTICS 
(TA = OC to 70C, Vee = 12.0V ± 5%) 

Parameter Symbol Min. Max. Units 

PMPUP. PMPOWN pulse width tpw 15 125 ns 
PMPUP, PMPOWN rise time tlR 10 ns 
PMPUP, PMPOWN fall time tlF 10 ns 

Output Frequency 18 22 MHz 
(when locked) 

4xVCO rise time tOR 15 ns Measured between 1.5 and 3.0V; 
Cload = 10pf (Fig. 3) 

4xVCO fall time tOF 15 ns Measured between 1.5 and 3.0V; 
Cload = 10pf (Fig. 3) 

4xVCO pulse width high tOH 16 ns Fig. 3 Measured at 2.5V 
4xVCO pulse width low tOl 16 ns Fig.3 Measured at 2.5V 
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FIGURE 2: 
""P--=M--=-=P-'-U""P=-/PMPDWN TIMING 

FIGURE 3: 4xVCO TIMING 

RCLK 

RDATA 

EARLY 

LATE 

WDATA 

2XCLK 

HDC 
9224 

DMACLK 

WGATE 

RDGATE 

-

+12V 
HDDS9226 

Vee t5V .4.7V 
RCLK 

RDATA 
DLY30 HDC 9223 

5% 
EARLY 

DLY40 ~ 8.2pf 12V 

NC (NC) 
NPO 

CX1 
LATE F1 

WDATA 
NC (NC) CX2 

10MHZOUT XDL GND F2 
-:-

10MHZlXTAL 1 DLY50 RDGATE R1 

PMPUP PMPUP C2 

XTAL2 PMPDWN PMPDWN C1 

5MHZOUT 4XVCO 4XVCO AGND 

WRGATE RDIN 

'RDGATE WDOUT 

GND 

CONTROL/STATUS 

FIGURE 4: TYPICAL CIRCUIT CONFIGURATION 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applications: 
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 inac
curacies. 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 tfle best product possible. 
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HDC9224 

Universal Disk Controller 
FEATURES PIN CONFIGURATION 
Programmable Disk Drive Interface 
and Formats 
D Seagate (ST506) or user definable 

Hard Disk Formats 
D IBM Compatible Single or Double 

Density Floppy Disk Formats 
D Controls 8/1,5.25/1, and 3.5/1 drives 
D Controls tape drives for tape backup 

of disks 
o Full CRC generation and checking 
D Internal or External Error detection 
D Programmable user-transparent 

Error correction 
D Programmable automatic retry option 
D Programmable internal write 

precompensation logic 
D Read/Write commands with 

automatic seek 
D Multiple sector read/write transfers 
D Sector interleave capability 
D Internal address mark generation 

and detection 
D Programmable track step rates 
D Supports both buffered and 

unbuffered seeks 
D Polling'command allows 

ClK 
WDATA 

lATE 
EARLY 
RDATA 

NC 
Vee 
INT 

RClK 

C/O" 
ACK 

d I~ (( ~ ~ 00« f-- c..t;«~(!) 
u5'/!ti ~ u)1~ ~ 15 &J ~ s: ~ 
393837363534333231 3029 

40 28 
41 27 
42 26 
43 25 
44 24 

23 
2 22 

21 
4 20 

19 
18 

7 8 91011121314151617 

I~ I~ ~ ~ ~ ~ ~ Ji g J ri5 
Cl ClClClClCl 

PACKAGE: 44-pin PlCC 

overlapping seeks Flexible System Interface 
D Powerful, high level command set 
D Controls up to 4 drives with D Built-in DMA controller capable of 
D up to 16 heads per drive addressing up to 16 MBytes 
D up to 2048 cylinders per drive 
D up to 256 sectors per track 

D Supports either private or virtual buffer 
memory addressing schemes 

GENERAL DESCRIPTION 

Vee RDATA 
INT EARLY 

RClK lATE 
C/O WDATA 
ACK ClK 

DB? DS SO 
DBa R/W STB 
DBs ABO DMAClK 
Vss AB1 S1 
DB4 AB2 RST 
NC 

AB3 DIP 
DB3 

ECCTM 
DB2 

AB4 

DB1 AB5 DMAR 

DBa AB6 WGATE 

CS AB? RDGATE 
CS DB? 

DBO DB6 
DB1 DB5 
DB2 VSS 
DB3 DB4 

PACKAGE: 40-pin DIP 

D User readable Interrupt, Chip 
Status, and Drive Status registers 

D Programmable Interrupt Mask 
D TTL compatible 
D Standard 40 pin DIP package 
D Single + 5 volt supply 

The HOC 9224 Universal Disk Controller (UbC) is a 40 
pin, n-channel MaS/LSI device capable of interfacing up 
to 4 Winchester-type hard disks and/or industry standard 
floppy disks to a processor. The chip is programmable to 
support both the Seagate (ST506) and user defined hard 

viding up to 24 bit addresses over an 8 bit data bus. This 
enables the HOC 9224 to address up to 16 megabytes of 
memory, and allows the hardware designer tremendous 
flexibility in system design. 

, disk formats, as well as IBM compatible 8/1, 5.25/1 and 3.5/1 
single and double density formats. 

Several techniques of error detection and correction are 
implemented on the HOC 9224. One user selected method 
allows the chip to detect and transparently correct a read 

A powerful and sophisticated command set reduces the error in the data-stream, without external logic. Another 
software overhead required to implement a combined hard technique allows the designer complete control over the 
disk/floppy disk controller. These commands include: ECC algorithm, by using external logic or system software 

Drive Select Seek to cylinder and read 10 to detect and correct the error. As a further aid in error han-
Step out 1 cylinder Step in 1 cylinder dling, the HDC 9224 allows the user to specify the number 
Restore Drive Read Logical Sectors of read retries to be attempted before an error is reported 
Read Physical Sectors Read Entire Track to the host processor by the HDC 9224. 
Write Logical Sectors Write Physical Sectors The HOC 9224 features a versatile track format com-
Chip Reset Deselect Drive d h' f . h' I d Th Poll Drives for Ready Set Register Pointer man w Ich allows ormatting Wit Inter eave sectors. e 

chip needs only 3 or 4 bytes of external memory space per 
Tape Back-up Format current track sector (depending on format selected). This feature allows 
The HDC 9224 can use both private memory or shared the designer to optimize sector interleaving for optimum 

memory buffers with the chip's internal DMA controller pro- throughput. 
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2XCLK WGATE 
RGATE 

..... -----------.. 8TB 
80 
81 

ALU/REGI8TER FILE 

DB7-0 

PIN NO. NAME 

1 Power 

22· Ground 

16 Chip Select 

17,18 Data Bus 7-0 
19,20 
21,23 
24,25 

8-15 Aux Bus 7-0 

4 Command/Dcita: 

7 Read/Write 

WDATA 

EARLY 

LATE 

BLOCK DIAGRAM OF DATA PATH IN HOC 9224 

DESCRIPTION OF PIN FUNCTIONS 

SYMBOL DESCRIPTION 

Vee + 5 volt power supply pin 

Vss System ground 

CS This signal (when active) selects the HDC 9224 for communications with the host 
processor. This signal is normally derived by decoding the high order address bits. 
It is active low. 

DB7-0 All system processor reads and writes, (including status reads, initialization, disk 
parameters, and commands) are 8 bit transfers which utilize these lines. 
When the UDC is accessing memory, data is input or output on these lines. 
Data on these lines is valid only when DATA STROBE (DS,) is active low. 

AB7-0 These 8 pins are used to output drive control signals and DMA Address 
information. 
Additionally, these pins are used to input drive status information. 

C/O During processor to UDC communications, this input is used to indicate whether a 
command or data transfer will follow. 
If this pin is low, data may be written to, or read from, the internal data registers. 
If this pin is high, the processor may write commands or read command results 
from the UDC. 

R/W When the processor is communicating to the UDC, a high on this input line indi-
cates a (processor) request for a UDC read operation, and a low indicates a (pro-
cessor) request for a write operation. 

R/W C/O' Operation 

0 0 Write to register file 
0 1 Write to command reg. 
1 0 Read from register file 
1 1 Read Interrupt Status Register 

During UDC initiated operations, this pin becomes an output, and is used to indi-
cate a read operation (logi,c 1) or write operation (logic 0) to external memories. 
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PINNO. I NAME I SYMBOL I 
DESCRIPTION 

6 Data Strobe 'D'S This active low pin functions as both an input and out!'>ut. When the processor is 
writing to the UDC, the trailing edge of an active (low) signal applied to this pin indi-
cates that the data on DB7-0 is valid, and the data is latched into the appropriate 
UDC register on the rising edge. 
When the processor is reading from the UDC, the trailing ed8e of an active (low) 
signal applied to this pin is used to clock out the desired UD register on to DB7-0. 
During UDC initiated DMA operations, the UDC drives this pin low to either read or 
write data from memory. On DMA read cycles, data is clocked in on the trailing 
edge. On DMA write operations, the data on DB7-0 is valid anytime this pin is 
active (low). 
When this pin is high (logic 1), DB7-0 return to a high impedance state. 

2 Interrupt INT This active high output is used by the UDC whenever it wants to interrupt the pro-
cessor. The interrupt pin is reset to its inactive (low) state when the UDC interrupt 
status register is read. 

30 DMA In Progress DIP This active high output becomes active whenever the UDC is actually performing a 
DMA operation. 

28 DMARequest DMAR This active high output becomes active whenever the UDC requires the system 
bus to perform a memory cycle, and ACK is inactive. During hard disk operations, 
it remains active until the sector transfer is complete. 
During floppy disk operations, it is active for 1 byte transfer time. 
The UDC shows that is has released the system bus by resetting this signal to its 
inactive (low) state. 

5 Acknowledge ACK This active high signal from the processor tells the UDC that the processor has 
released the system bus and the UDC may access system memory. 

----

37 Write Data WDATA This pin is used to output serial data from the UDC to the drive, in either FM or 
MFM format. In both cases, data is output with the most significant bit first. 

----
38 Late LATE This output (when active high) indicates that the current flux transition appearing 

on WDATA is to be written late. 
.-

39 Early EARLY This output (when active high) indiO{ites that the current flux transition appearing 
on WDATA is to be written early. 

.._------

27 Write Gate WGATE This output (when active high) indicates the drive should allow a write operation. 
--

40 Read Data RDATA This input pin contains the serial bit stream read from the drive, in either FM or 
MFM format. Media flux reversals are indicated by a negative transition. 

3 Read Clock RCLK This input is generated by the external data separator. Its frequency should self-
adjust to the variations in bit width in the data stream from the drive. This clock 
supplies a window to indicate half-bit-cell boundaries. 

------- I 
26 Read Gate RDGATE This output pin is used to enable the external data separator, compensate for write 

to read recovery time of the drive, and filter out the write splice in gaps 2 and 3. 
The timing of this signal is dependent upon the type of drive (hard or floppy) being 
used. 
RDGATE is inactive at all times except when the UDC is actually performing a read 
operation or an internal ECC operation. ._-_ .. -

29 ECCTime ECCTM When the UDC is used in exte'rnal ECC mode, this output pin becomes active 
(low) during the time the UDC is reading the ECC bytes from memory or external 
ECC chip, when executing a WRITE command. 
It is also active during internal ECC correction 0ferations, and for either one 
(write) or two (read) byte times after DIP (pin 30 becomes inactive following a sec-
tor transfer. This shows the system processor when it should service the UDC 
buffer. 

._--

32,35 Select 1,0 S1,SO These active high outputs are used by externallo~c to select either the source or 
destination for data transfers occuring via AB7-0. he following table defines the 
~ific transfer being called for by the UDC. (Note that S1-0 are valid only when 
STB is active low.) 

STB S1 SO AB7-0 Activity 

1 X X S1 ,SO Invalid 
0 0 0 UDC inputs Drive Status Signals 
0 0 1 UDC outputs DMA address bytes 
0 1 0 UDC outputs OUTPUT 1 signals 
0 1 1 UDC outputs OUTPUT 2 signals 
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PIN NO. NAME SYMBOL DESCRIPTION 
-- I--" 

-
34 Strobe STB This active low output indicates when the host processor should read or write to 

AB7-0, as indicated by S1-0. 
When AB7-0 are used as outputs from the UDC, data is valid anytime this signal is 
active (low). 
When AB7-0 are used as inputs to the UDC, data is clocked in on the rising edge 
of this signal. 

36 DEVICE CLOCK ClK This input is the double frequency clock used by the UDC for all internal timing 
operations. " 
Eight inch hard disk drives (with a nominal bit time of 230 ns) require an input of 
8.696 MHz (115 ns period). 
5.25" hard disks (with a nominal bit time of 200 ns) require a 10 MHz input (100 ns 
period). 
Eight inch, 5.25" and 3.5" floppy drives all require a 10 MHz clock, which is inter- • 
nally prescaled by the UDC to the correct frequency, as determined from the Drive 
Select command and MODE register. 
This input requires an external pull-up resistor, as it is not TTL-level compatible. 
'See figure 2. 

31 Reset RST This active low input will force the UDC into the following known state: 
INT -Inactive low 
WDATA-Inactive low 
ECCTfVl-lnactive high 
DMAR-Inactive low 
EARLY-Inactive low 
C/O-Input 
AB7-0-lnput 
lATE-Inactive low 
R/W-Input 
DB7-0-lnput 
WGATE-Inactive low 
DIP-Inactive low 
RDGATE-Inactive low 
OS-Input 

An active low on this pin has the same effect as a RESET Command. 

33 DMAClock DMAClK All UDC DMA operations will be synchronized to this clock input. Three DMAClK 
periods are required for each DMA byte transfer. 

OVERVIEW OF UDC REGISTERS 
The HOC 9224 has three types of internal, processor 

addressable registers; Read/Write, Read Only, and Write 
Only. These registers are addressed by an internal register 
pointer that is set by the SET REGISTER POINTER 
command. 

Three internal registers (OUTPUT 1, OUTPUT 2, and 
INPUT. DRIVE STATUS) which are not directly address
able by the processor are accessed by the UDC. The infor
mation contained in these registers is used in disk interfac
ing and is input or output on UDC Pins AB7-0. The following 
table describes these registers and the signals they output 
or input on AB7-0. 

All register data is passed to and from the UDC via the 
data bus (DB7-0). 

The internal register pointer is automatically incre
mented with each register access until it pOints to the DATA 
Register. This insures that all subsequent register accesses 
will address the DATA register. 

PROCESSOR ACESSIBLE REGISTERS 

REGISTER ADDR WRITE READ 

0 DMA7-0 DMA7-0 
1 DMA15-8 DMA15-8 
2 DMA23-16 DMA23-16 
3 Desired Sector Desired Sector 
4 Desired Head Current Head 
5 Desired Cylinder Current Cylinder 
6 Sector Count Temporary Storage 
7 Retry Count Temporary Storage 
8 Mode Chip Status 
9 Interrupt/Command Drive Status 

Terminator 
A Data/Delay Data 

COMMAND Current Command Interrupt Status 

UDC ADDRESSABLE REGISTERS 

DRIVE STATUS REGISTER (input) Select Pins S1 = 0, SO = 0 
AB7-ECC Error AB6-lndex Pulse 
AB5-Seek Complete AB4-Track 00 
AB3-User Defined AB2-Write Protect 
AB1-Drive Ready ABO-Write Fault 

OUTPUT 1 (Output) 
AB7-Drive Select 3 
AB5-Drive Select 1 
AB3-Programmable 
Outputs (see text) 
AB 1-Programmable 
Outputs 

Select Pins S1 = 1, SO = 0 
AB6-Drive Select 2 
AB4-Drive Select 0 
AB2-Programmable Outputs 
ABO-Programmable Outputs 

[

OUTPUT 2 (Output) 
AB7-Drive Select 3 
AB5-Step Direction 
AB3-Desired Head (Bit 3) 
AB1-Desired Head (Bit 1) 

Select Pins S1 = 1, SO = 1 
AB6-Reduce Write Current 
AB4-Step Pulse 
AB2-Desired Head (Bit 2) 
ABO-Desired Head (Bit 0) 
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Additionally, several registers (DMA7-0, DMA15-8, DMA23-16, DESIRED SECTOR, DESIRED CYLINDER, SECTOR 
COUNT, and RETRY COUNT) serve an alternate purpose. These registers are used by the FORMAT TRACK command 
to hold parameters. This alternate register utilization is described in detail under the FORMAT TRACK command. 

DESCRIPTION OF UDC REGISTERS 

DMA 7-0 (R/W Register; Address 0) 
This 8-bit read/write register is loaded with the low order 

byte (MSB in bit 7) of the DMA buffer memory starting 
address. 

DMA 15-8 (R/W Register; Address 1) 
This 8-bit read/write register is loaded with the middle 

order byte (MSB in bit 7) of the DMA buffer memory starting 
address. 

DMA 23-16 (R/W Register; Address 2) 
This 8 bit read/write register is loaded with the high order 
byte (MSB in bit 7) of the DMA buffer memory starting 
address. 

Prior to the data transfer portion of a read or write com
mand, the UDC writes the contents of the DMA registers to 
an external counter. This transfer (from the registers to the 
external counter) is accomplished by the UDC with 3 sep
arate outputs on AB7-0, with the contents of DMA 24-16 
being transfered first. (In memory areas that require less 
than 24 bit addressing, the higher order bits are overwritten. 
The external counter must be incremented with the UDC's 
DS signal after each byte transfer. 

If, during read operations, an error is detected during the 
data transfer, a retry will occur (if so programmed), and the 
three DMA registers will re-initialize the external counter to 
the original starting address. 

During multiple sector read/write operations, the DMA 
address contained in the DMA registers will be incre
mented by the size of the sector selected at each sector 
boundary. This ensures that during read operations the 
address contained in the DMA registers always corre
sponds to the proper memory starting address of the sector 
currently being read. 

ASH') ADD 16-23 

HDC9224 

'---.-+ .... ADD 8-15 

'----------J~ ADD 0-7 

DMA COUNTER OPERATION 

DESIRED SECTOR REGISTER (R/W Register; 
Address 3) 

This 8-bit read/write register is loaded with the starting 
sector number of a multiple sector read/write operation. 
Except for the last sector of the operation, this register is 
incremented after each sector is written or read without error. 

If the UDC terminates a command because of an error, 
this register will normally contain the bad sector number, 
and may be read by the processor. 
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DESIRED HEAD REGISTER (Write Register; 
Address 4) 

This 8-bit write only register is loaded with the 4-bit head 
number, and the upper 3 bits of the desired cylinder number. 

BIT 7 ALWAYS 0 
BITS 6-4 MSBs of the Desired Cylinder number 
BITS 3-0 Desired Head Number. 

The desired head number is output on AB3-0 during 
OUTPUT 2 times. 

DESIRED CYLINDER REGISTER (Write Register; 
Address 5) 

This 8-b:t write only register is loaded with the 8 low order 
bits of the desired cylinder (MSB in Bit 7). Combined with 
the 3 high order bits loaded into the DESIRED HEAD REG
ISTER, these 11 bits form the desired cylinder number, 
which is checked by read and write operations during the 
Check ID portion of the command. 
SECTOR COUNT REGISTER (Write Register; 

Address 6) 
This 8-bit write only register is loaded with the number of 

sectors to be operated on by the read or write command. 
This allows multiple sectors on the same cylinder to be either 
written or read. 

RETRY COUNT REGISTER (Write Register; 
Address 7) 

This 8-bit write only register is loaded with the number 
of times the UDC should retry to read a data field before 
reporting an error. Additionally, this register is loaded with 
the user programmable output signals that the UDC out
puts on ABO-3 during OUTPUT 1 times. 

The retry count is loaded (in 1 's complement format) into 
the 4 most significant bits of this register. 

The user programmable output signals are loaded into 
the 4 least significant bits of the register. I 

BITS 7-4 Desired Retry Count (in 1 's complement 
format) 

BITS 3-0 User Programmable Output Signals -
MODE REGISTER (Write Register; Address 8) . 

This 8-bit write only register defines the operating mode 
of the UDC as follows: 
BIT 7 (DRIVE DATA TYPE) 
This bit determines how the UDC decodes data from the 
drive. 

BIT 7=(1): UDC configured for hard disk use. 
(Level transitions) 

BIT 7 = (0): UDC configured for floppy use. (Pulse 
inputs) 

BITS 6,5 (CRC/ECC Enable Code) 
These bits determine the error detection/correction code 
generated and checked by the UDC. 

-----
DB6 DB5 CODE GENERATED/CHECKED 

"----
0 0 CRC 
0 1 External ECC 
1 0 Internal 32 bit ECC without correction 
1 1 Internal 32 bit ECC with correction 

With internal ECC selected the UDC will transfer 4 extra 
bytes during reads and writes. Normal CRC checking is still 
done on all 10 fields. 
With external ECC selected the UDC will flag an ECC error 
via BIT 7 of the DRIVE STATUS REGISTER. Normal CRC 
checking is still done on all 10 fields. 
If neither internal or external ECC is selected, then the UDC 
will perform CRC checks on both data and 10 fields. 



STEP RATES FOR DOUBLE DENSITY (MFM) OPERATION (Mode Bit 4 = 0) 

DRIVE TYPE 5.25" HARD DISK 8" FlORPY 5.25" FLOPPY 

DB2 DB1 DBO STEP RATE STEP RATE STEP RATE 

1 1 1 12.8 ms 128 ms 256 ms 
1 1 0 6.4 ms 64 ms 128 ms 
1 0 1 3.2 ms 32 ms 64 ms 
1 0 0 1.6 ms 16 ms 32 ms 
0 1 1 0.8 ms 8 ms 16 ms 
0 1 0 OAms 4 ms ·8 ms 
0 0 1 0.2 ms 2 ms 4 ms 
0 0 0 17.6 us * 176 us * 352 us * 
0 0 0 21.8 us ** 218 us ** 436 us ** 

Pulse Width: 11.2 us 112 us 224 us 

*This rate applies for SEEK commands only 
**This rate applies for RESTORE commands only 

(DOUBLE ALL OF THE ABOVE TIMES FOR SINGLE DENSITY (FM) OPERATIONS.) 

BiT 4 (Single or Double Density) 
This bit determines whether the UDC will perform its oper
ations in either single or double density. 

BIT 4 = C1) Single Density (FM) Format 
BIT 4 = (0) Double Density (MFM) Format 

BIT 3 (ALWAYS 0) 

BITS 2,1,0 (Step Rate Select) 
These bits are programmed to select the desired drive step 
rate. Note that all step rates are determined by the type of 
drive and density selected, and are scaled from the ClK 
input. 
The UDC can output extremely rapid step rate pulses ifthese 
bits are set to 000. This is useful when the UDC is control
ling drives which support buffered seeks. For other speeds, 
please refer to the table above. 

INTERRUPT/COMAND TERMINATION REGISTER 
. (Write Register; Address 9) 

This 8-bit write only register allows the programmer to 
mask out a number of conditions that would cause termi
nation of a command. (Such termination occurs when the 
DONE bit in the INTERRUPT STATUS register is set.) 
One bit in this register also controls the generation of inter
rupts when either the DONE bit or the READY CHANGE 
bit in the INTERRUPT STATUS register go active. 

BIT 7 (CRC PRESET) 
Setting this bit to "1" will cause the CRC register to preset 
to 1 for CRC generation and checking. Setting this bit to 
"0" will cause the CRC register to preset to 0 for CRC 
generation and checking. 
10 field CRC and data field CRC or ECC are generated 
and tested from the first A 1 HEX byte in the 10 field. 

BIT 6 (ALWAYS "0") 
This bit should always be set to "0" by the user. Failure to 
do this may result in unreliable operation. 

BIT 5 (INT ON DONE) 
If this bit is set (to "1 "), an interrupt will occur when the 
DONE bit in the INTERRUPT STATUS register is set. If 
this bit is reset (to "0"), no interrupt will be generated for 
this condition. 

MARK bit in the CHIP STATUS register goes active, and 
the command will terminate when the current sector oper
ation is completed. 

BIT 3 (USER DEFINED) 
If this bit is set (to "1 "), the DONE bit in the INTERRUPT 
STATUS register will be set when the USER DEFINED 
status bit in the DRIVE STATUS register goes active, and 
the command will terminate when the current sector oper
ation is completed. 

BIT 2 (WRITE PROTECT) 
If this bit is set to (to "1 "), the write or write format com
mand in progress will terminate and the DONE bit in the 
INTERRUPT STATUS register will be set when the WRITE 
PROTECT bit in the DRIVE STATUS register goes active. 

BIT 1 (READY CHANGE) 
If this bit is set (to "1 "), an interrupt will occur when the 
READY CHANGE bit in the INTERRUPT STATUS register 
is set. If this bit is reset (to "0"), no interrupt will be gen
erated for this condition. 

The user should note that as a drive is selected or dese
lected, it is possible for the ready line from the drive to 
change state, and care should be taken in the design of 
the interrupt handler. 

BIT 0 (WRITE FAULT) 
If this bit is set (to "1 "), the write or write format command 
in progress will terminate and the DONE bit in the INTER
RUPT STATUS register will be set when the WRITE FAULT 
status bit in the DRIVE STATUS register is set. The com
mand in progress will terminate when the current sector 
operation is completed. 

DATA/DELAY REGISTER (R/W Register; Address 
OAH) 

This 8-bit read /write register serves a dual purpose. 
During UDC writes, data is placed in this register for 
recording to the disk. During UDC reads, recovered data 
is fetched from this register for storage into memory. All 
transfers occur via DB7-0, under DMA control. 

Additionally, this register is loaded with the HEAD lOAD 
TIMER COUNT when the Drive Select command is issued. 
(Note that the actual amount of head load time is this value, 

BIT 4 (DELETED DATA MARK) times a value predetermined by the UDC, based on the 
If this bit is set (to "1 "), the DONE bit in the INTERRUPT type of drive selected. For more information, please see 
STATUS register will be set when the DELETED DATA the Drive Select command description.) 

594 



COMMAND REGISTER (Write Register) 
This 8-bit write only register is used to pass commands 

to the UDC. Valid commands are given to the UDC..Qy 
setting C/O high and R/Vil active high, while strobing DS 
active (low). 

CURRENT HEAD REGISTER Read Register; 
Address 4) 

This 8-bit read only register is updated from the disk 
when a valid ID field sync mark is found while executin~ a 
read ID field command sequence. This register contains 
the actual head number, bad sector flag, and the 3 most 
significant bits of the cylinder number, as specified during 
formatting. 

BIT 7 = (1) Last sector read had BAD SECTOR bit set 
BIT 7 = (O) Last sector read had BAD SECTOR bit reset. 

BITS 6-4 Three most significant bits of the current cylinder. 
(Most significant bit in Bit 6.) 

BITS 3-0 Current Head Number (MSB in bit 3). 

CURRENT CYLINDER REGISTER (Read Register; 
Address 5) 

This 8-bit read only register is updated from the disk when 
a valid ID field sync mark is found while executing a read ID 
field command sequence. This register will contain the 8 
least significant bits of the cylinder ID number, as specifie~ 
during formatting. (The 3 most significant bits of the 11 bit 
cylinder ID number are contained as part of the CURRENT 
HEAD REGISTER.) 

INTERRUPT STATUS REGISTER (Read Register) 
This 8-bit read only register contains status information 

associated with interrupt conditions and errors that occur 
during disk QQeration. This register is read by setting C/O 
high, and R/W high. 

When the Interrupt Status register is read, the INT output 
. signal from the UDC will be reset (to an inactive low level). 

BIT 7 (INTERRUPT PENDING) 
A "1" indicates that either DONE bit or READY CHANGE 
bit has gone active. The user may disable these interrupts 
by setting the appropriate bits in the INTERRUPT/COM
MAND TERMINATION, REGISTER. This bit is reset (to "0") 
by reading the Interrupt Status register. 

BIT 6 (DMA REQUEST) 
A" 1" indicates that the UDC requires a data transfer either 
to or from its data register. This bit is reset (to "0") by the 
data transfer. 

BIT 5 (DONE) .. 
A "1" indicates that the current command IS completed. ThiS 
bit is reset (to "0") when a new command is issued. 

BIT 4,3 (COMMAND TERMINATION CODE) 
(Valid only when DONE is set) .. 

These two bits indicate the command termination 
conditions: 

BIT3 CONDITIONS 

0 Successful command termination 
1 Execution error in READ 10 

Sequence 
0 Execution error in SEEK Sequence 
1 Execution error in DATA field 
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More detailed command termination error information is 
obtained by reading the Chip Status register. 

BIT 2 (READY CHANGE) 
A "1" indicates that the "ready" signal from the drive has 
experienced a low-to-high or high-to-Iow transition. (This 
shows that the drive has either become ready or become 
not ready.) This bit is reset (to "0") by reading the Interrupt 
Status register. 

BIT 1 (OVERRUN/UNDERRUN) .. 
A "1" indicates that a overrun or underrun condition has 
occured during a read or write command. These conditions 
occur when the UDC does not receive an acknowledge (to 
a DMA request) by the time a byte is ready for transfer to or 
from the processor. 
This bit can only be reset (to "0") with a RESET cOllimand 
or a high on the RESET pin. 

BIT 0 (BAD SECTOR) 
A "1" indicates that a bad sector (as indicated from the MSB 
of the head ID byte in the ID field) has been encountered. 
This bit is reset when a new command is issued, or a good 
sector is read. 

CHIP STATUS REGISTER (Read Register; Address 8) 
This 8-bit read only register supplies additional chip sta

tus information. The Information in this register is only valid 
between the time that the DONE bit is set in the INTER
RUPT STATUS register and the time when the next com
mand is issued to the UDC. 

BIT 7 (RETRY REQUIRED) 
If a retry was attempted by the UDC during the execution of 
any read or write command, this b.it is set (to "1 "). 

BIT 6 (ECC CORRECTION ATTEMPTED) 
If the internal ECC circuitry has attempted to correct a bad 
sector, this bit is set (to "1 "). 

BIT 5 (CRC/ECC ERROR) 
If the UDC detects a CRC error or an ECC error, this bit is 
set (to "1 "). 

BIT 4 (DELETED DATA MARK) 
If the UDC reads a deleted data mark in the ID field, this bit 
is set (to "1 "), otherwise it is reset (to "0"). 

BIT 3 (SYNC ERROR) 
If the UDC does not find a sync mark when it is attempting 
to read either an 10 or data field, then this bit is set (to "1 "). 
The command being executed will terminate when this bit 
is set. 

BIT 2 (COMPARE ERROR) 
If the information contained in the DESIRED HEAD and 
DESIRED CYLINDER registers does not match that con
tained in an ID field on th~ disk, this bit is set (to "1 "). The 
command being executed will terminate when this bit is set. 

BIT 1 ,0 (PRESENT DRIVE ?ELECTED) . 
These two binary encoded bits represent the dnve currently 
selected and correspond to the Drive Select bits set in the 
Output 1 and Output 2 latches. 

BIT1 BITO DRIVE SELECTED 

0 0 0 
0 1 1 
1 0 2 
1 1 3 
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DRIVE STATUS REGISTER (Read Register; 
Address 9) 

This a-bit read only register contains status information 
generated by the drives, external ECC Chip (if any), and a 
user definable input to the UDC from the drive. 

To save pins on the UDC, the a status lines are input on 
AB7-0 and are latched in this internal register. The UDC will 
update this register whenever it is not using AB7 -0 to output 
DMA counter values, OUTPUT 1, or OUTPUT 2 data. When 
configured as described below, the UDC will input drive sta
tus signals and interpret them as follows. In all cases, a logic 
"1" is considered the active input. . 

BIT 7 (ECC ERROR) 
This bit is set (to "1") when the ECC ERROR signal is gen
erated by an external ECC chip. This signal is input to the 
UDConAB7. 

BIT 6 (INDEX) 
This bit is set (to "1") when the INDEX signal from the 
selected drive is active. Typically, index pulses from the 
drives are active for 1 Ous-1 OOus for each disk revolution. 
This signal is input to the UDC on AB6. 

BIT 5 (SEEK COMPLETE) 
This bit is set (to "1") when the SEEK COMPLETE signal 
from the selected drive is active. This bit will go active when 
the heads of the selected drive have settled over the desired 
track (at the completion of a seek). 
When a drive supplies this signal, reading and writing should 
not be attempted until SEEK COMPLETE is set (to "1 "). 
This signal is input on AB5. 
For floppy disk operation, where the drives normally do not 
provide this signal, a retriggerable one shot could be used 
to generate a SEEK COMPLETE signal (if desired). 

BIT 4 (TRACK 00) 
This bit is set (to "1 ") when the TRACK 00 signal from the 
selected drive is active. This indicates that the heads on the 
selected drive are positioned over track O. This signal is input 
on AB4. 

BIT 3 (USER DEFINED) 
This bit is set (to "1 ") when the USER DEFINED signal is 
active. This signal is input on AB3. 

BIT 2 (WRITE PROTECT) 
This bit is set (to "1 ") when the WRITE PROTECT signal 
from the selected drive is active. When set, this bit indicates 
that the disk in the selected drive is write protected. This 
signal is input on AB2. 

BIT 1 (READY) 
This bit is set (to "1 ") when the READY signal from the 
selected drive is active. When set, this bit indicates that the 
.drive is ready to execute commands. This Signal is input on 
AB1. 

. BIT 0 (WRITE FAULT) 
This bit is set (to "1 ") when the WRITE FAULT signal from 
the selected drive is active. This signal, when active, indi
cates that a condition exists at the drive that would cause 
improper writing on the disk. This signal is input to the UDC 
on ABO. 

TEMPORARY STORAGE REGISTERS 
The UDC contains two temporary storage registers, used 

by the UDC for internal operations. The host processor 
should not attempt to read or modify these registers, as 
unpredictable results may occur. 

UDC COMMAND OVERVIEW 

The HDC 9224 has 16 high-level commands that provide 
tile user with a high degree of flexibility and control. All of 
tile commands for the UDC can be thought of as falling into 
one of two basic groups. 
The first group handles the "housekeeping" required by the 
drives and the UDC itself. These commands are: 

RESET STEP OUT 1 CYLINDER 
STEP IN 1 CYLINDER SET REGISTER POINTER 
DRIVE SELECT RESTORE DRIVE 
DESELECT DRIVES POLL DRIVES 

The second group comprises the "READ/WRITE" func
tions required in a magnetic disk subsystem. These com
mands are: 
SEEK/READ ID TAPE BACKUP (READ/ 
FORMAT TRACK WRITE) 
READ TRACK READ SECTORS LOGICAL 
READ SECTORS PHYSICAL 
WRITE SECTORS LOGICAL 
An internal status byte, which contains the BAD SECTOR, 
DELETED DATA and OVER/UNDER RUN bits, along with 
the current state of the READY, WRITE PROTECT, WRITE 
FAULT, and USER DEFINED lines, is checked at various 
times during command execution. 
This internal status byte is examined before the execution 
of all READ/WRITE commands, and is also checked just 
priorto the completion of all commands (except for RESET, 
where its values would be meaningless.) 
This byte is also checked by the U DC between sector oper
ations during the execution of READ LOGICAL, READ 
PHYSICAL, WRITE LOGICAL and WRITE PHYSICAL 
commands. 

The UDC makes decisions regarding command termina
tion and interrupt generation based on the contents of this 
status byte, and the state of the bits in the INTERRUPT/ 
COMMAND TERMINATION register. (Note that "write pro
tect" and "write fault" status may cause command termi
nation only during write and format operations.) 

All commands (except RESET) terminate with the DONE 
bit in the INTERRUPT STATUS register being set. This bit 
may also be considered to be an inverted "busy" line, as 
the UDC resets it upon receipt of a valid command. 

During all READ/WRITE group commands (except FOR
MAT TRACK and BACKUP), the UDC utilizes some com
mon command execution sequences. Prior to entering each 
sequence the UDC sets the COMMAND TERMINATION 
bits (in the INTERRUPT STATUS register) to a known state. 
If a command fails to execute properly, these bits may then 
be used to determine where the command aborted. 

The sequences common to the READ/WRITE group com
mandsare as follows: 

1. READ ID FIELD (Command Termination Code = 0-1) 
First, the UDC attempts to find an ID Field Sync mark. 
If no sync mark is found within 33,792 byte times (byte 
time = time to read one byte from the type of drive 
selected), the SYNC ERROR bit (in the CHIP STA
TUS register) is set (to "1 "), and the command is 
terminated. 
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During this phase, the UDC will raise and drop 
RDGATE up to 256 times (as it attempts to read each 
sector on the cylinder). 



READ ANY ID 
FIELD FROM 

CURRENT CYLINDER 

READ AND VERIFY 
ID FIELD FROM 

CURRENT CYLINDER 

SEEK/READ 10 OPERATION 
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After the ID Field is found, the UDC reads it and 
updates it CURRENT HEAD and CURRENT CYL
INDER registers. This information was written to the 
disk during formatting. 
Next, the UDC checks the CRC of the ID field which 
was read. If it is incorrect, the UDC sets (to "1 ") the 
CRC ERROR status bit (in the CHIP STATUS regis
ter) and terminates the command. 
If the CRC is correct, the UDC then calculates the 
direction and number of step pulses required to move 
the head from the current cylinder to the cylinder 
specified in the DESIRED HEAD REGISTER. These 
pulses, and the direction bit are output during the 
OUTPUT 2 times. 
If a command should terminate while in the sequence, 
the COMMAND TERMINATION bits will be set to 
0-1. 

2. VERIFY (Command Termination Code = 1-0) 
After the UDC has read the ID Field, it attempts to ver
ify that it has found the correct cylinder. To do this, the 
UDC tries to find an ID Field sync mark on the selected 
disk. If the UDC is unable to find an ID Field sync mark 
within 33,792 byte times, the SYNC ERROR bit (in the 
CHIP STATUS register) is set to "1 ", and the com
mand is terminated. 
The UDC, after finding the ID Field sync mark, then 
reads the ID field and compares the information on 
the disk to the information contained in the DESIRED 
CYLINDER, DESIRED HEAD and DESIRED SEC
TOR registers. 
The UDC will hunt for sync marks and read IDfields 
until the desired sector is found. If the desired sector 
is not located within 33,792 byte times, then the 
COMPARE ERROR bit (in the CHIP STATUS regis
ter) is set to "1 ", and the command is terminated. 
After the correct sector is found, the UDC checks the 
CRC for the sector ID Field. If this is found to be incor
rect, the UDC sets to "1" the CRC/ECC ERROR bit 
in the CHIP .sTATUS register, and the command I 
is terminated. 
(When the UDC is executing a READ PHYSICAL or 
WRITE PHYSICAL command, ID Fields are checked 
only until the first sector to be transfered is found. No 
ID Field checking is performed on subsequent sec
tors, although CRC checking is done.) 
If a command should termjpate while in this sequence, 
the COMMAND TERMII\IATION bits will be set to 
1-0. 

3. DATA TRANSFER (Command Termination 
Code = 1-1) 

If a READ PHYSICAL or READ LOGICAL com
mand is being executed, the UDC will try to find a data 
sync mark (FBhex or F8hex) on the disk. If the sync 
marl( found is F8h, then the UDC will set the DELETED 
DATA MARK bit in the CHIP STATUS register. 
After a data sync mark is found, the UDC then updates 
its CURRENT HEAD and CURRENT CYLINDER 
registers from the information found on the disk and 
initiates a DMA request. If the host processor does not 
respond to the request within 1 byte time, then the UDC 
will set to" 1 "the OVER/UNDERRUN status bit in the 
INTERRUPT STATUS register, and the command will 
terminate. 
Using DMA, the UDC transfers a sector's worth of data, 
and then reads the ECC and/or CRC bytes. If a CRC 
error or uncorrectable ECC error is detected, the U DC 
will decrement the RETRY REGISTER, set the 
RETRY REQUIRED status bit (in the CHIP STATUS 



register), and return to the VERIFY sequence. 
If the UDC cannot read the sector, and the count in the 
ENTRY COUNT register has expired, then the CRC/ 
ECC Error bit (in the CHIP STATUS register) is set, 
and the command terminates. 
During a multi-sector transfer, the UDC updates the 
DMA registers after all sector operations, including the 
last one, and the SECTOR COUNT register is dec
remented. If the SECTOR COUNT register equals 0, 
then the command is terminated. If the SECTOR 
COUNT register is not equal to 0, then the UDC will 
increment the DESIRED SECTOR register, ?e-initial
ize the RETRY COUNT register (to its original value) 
and return to the VERIFY sequence. 
If a command should terminate while in this sequence, 
the command termination bits will be set to 1-1. 

MULTIPLE SECTOR READ OPERATIONS 

COMMAND DESCRIPTION 

RESET (Hex Value = 00) 
This command causes the UDC to return to a known state. 
This command allows the system software to reset the chip, 
and has the same effect as RST input becoming active. 

DESELECT DRIVE (Hex Value = 01) 
This command causes all of the drive select bits (Drive 
Select 0-3) in the OUTPUT 1 and OUTPUT 2 registers to 
become inactive. 

RESTORE DRIVE (Hex Values = 02, 03) 
This command will cause the HDC 9224 to output step 
pulses to the selected drive, so as to move the head back 
to Track 00. Before each step pulse, the UDC first checks 
the TRKOO and READY bits in the DRIVE STATUS register. 
If TRKOO is active (high) or READY is inactive (low), then 
the UDC will terminate the command. 
The UDC will output up to 4096 step pulses. If the drive does 
not respond with an active (high) TRKOO signal within this 
period, the UDC will terminate the command with the DONE 
bit set (to "1 ") and the COMMAND TERMINATION CODE 
bits set to 1-0. (These bits are contained in the INTER
RUPT STATUS register.) 
This command takes two forms: 

COMMAND BYTE RESULT 

02 The command will terminate, and an inter-
rupt generated after the U DC has issued the 
step pulses. 

03 The command will terminate, and an inter-
rupt~enerated after the drive has provided 
a S EK COMPLETE signal to the UDC. 
(This is useful in systems with "buffered 
seek" drives.) 

This command uses the step rate value loaded into the 
MODE register. 

STEP IN 1 CYLINDER (Hex Values = 04,05) 
This command will cause the HDC 9224 to issue one step 
pulse towards the inner most track. This command is gen
erally used during track formatting, and takes two forms: 

COMMAND BYTE RESULT 

04 The command will terminate, and an inter-
rupt generated after the UDC issues the 
step pulse. 

05 The command will not terminate until the 
UDC recognizes the SEEK COMPLETE 
signal from the selected drive. Upon rec-
ognition of SEEK COMPLETE the UDC will 
generate an interrupt. 

This command uses the step rate value programmed into 
the MODE register. 

STEP OUT 1 CYLINDER (Hex Values = 06, 07) 
This command will cause the HDC 9224 to issue one step 
pulse towards the outer most track (Track 00). This com
mand is generally used during track formatting, and takes 
two forms: 

COMMAND BYTE RESULT 

06 This command will terminate, and an inter-
rupt generated after the UDC issues the 
step pulse. 

O? This command will not terminate until the 
UDC recognizes the SEEK COMPLETE 
signal from the selected drive. Upon rec-
ognition of the SEEK COMPLETE, the UDC 
will generate an interrupt. 

This command uses the step rate value programmed into 
the MODE Register. 
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POLL DRIVES (Hex Values = 10 thru 1 F) 
This command polls the drives for a SEEK COMPLETE 
signal allowing the user to perform simultaneous seeks on 
up to four drives. Polling is enabled by setting (to 1) the 
appropriate bit in the command word: bit 0 for drive 0 thru 
to bit 3 for drive 3. 
This command executes as follows: 

The UDC will output a drive select for the first drive in 
the polling sequence and look for a SEEK COM
PLETE status input from the polled drive. If the polled 
drive has not completed a seek, then this line remains 
low (logic 0), and the UDC selects the next drive in the 
polling sequence. This continues until the UDC detects 
a SEEK COMPLETE signal from a drive, which causes 
the DONE bit in the Interrupt Status register to be set, 
and the command terminates. 
The UDC will continue to select the drive that produced 
the SEEK COMPLETE signal, allowing the user to read 
the DRIVE STATUS register to determine which drive 
caused the command termination. 

The POLL DRIVES command must be preceeded by 
DESELECT. 

DRIVE SELECT (Hex Values = 20 thru 3F) 
This command will cause one of (up to) four drives to be 
selected for operation. Any previously selected drive is 
deselected by this command. Bits 0 and 1 in the command 
word indicate (in binary form) which of the (up to) four drives 
has been selected. 

COMMAND WORD DRIVE 

DB1 DBO SELECTED 

0 0 Drive 0 
0 1 Drive 1 
1 0 Drive 2 
1 1 Drive 3 

Decoded drive select signals are then placed on the data 
bus (via AB7-AB4) during OUTPUT 1 times and should be 
latched externally. 
Since the HOC 9224 can interface both hard disks and floppy 
disks to a processor, the Drive Select command needs to 
also specify the type of drive being selected. Bits 2 and 3 in 
the command word are used to pass this information to the 
chip, and take the following form: 

COMMAND WORD TYPE 

DB3 DB2 OF DRIVE 

0 0 Hard disk with ST506 (Seagate) 
compatible format-256 byte data 
field and 3 byte IDfield per sector. No 
internal clock prescaling performed. 

0 1 Hard disk with user defineable for-
mat. This format allows a data field 
length of 128, 256, 512,1024,2048, 
4096, 8192, or 16384 bytes with 4 
byte ID field per sector. No internal 
clock pre-scaling is performed. 

1 0 8 inch floppy disk, with standard 4 
byte ID field. An internal divider cre-
ates a 1 MHz clock to be compatible 
with standard disk data rates. 

1 1 5.25 inch floppy disk, with standard 4 
byte ID field. An internal divider cre-
ates a 500 KHz clock to be compat-
ible with standard disk data rates. 

NOTE: Microfloppy system designers should determine 
whether the drive they have chosen to use in the system is 
compatible with 8" floppy drives or 5.25" floppy drives, and 
use the appropriate values from the table above. 

Note that eight inch Winchester-type drives require an 8.696 
MHz system clock. All other drives require a 10 MHz system 
clock. It is not possible for the UDC to derive internally the 
clocks required for floppy disk operation from the 8.696 MHz 
clock required by 8 inch Winchester drives. 
To insure compatibility with various drives, the HOC 9224 
features a programmable head load timer. Head load delay 
may be inhibited by resetting the Delay Bit (Bit 4) in the Drive 
Select command word to O. If Bit 4 is set (to 1), then the 
head load delay timer is configured with the value in the 
DATA/DELAY register (Register A), multiplied by value 
shown below: 
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DRIVE AND HEAD LOAD TIMER INCREMENT 
FORMAT SELECTED (BIT 4 = 1 = Delay Enabled) 

5.25" HARD DISK 200 usec 
(Double Density) 

5.25" HARD DISK 400 usec 
(Single Density) 

(The HEAD LOAD 8" FLOPPY 2msec 
(Double Density) TIMER is set to a value 

equal to this increment 8" FLOPPY 4msec times the number in the (Single Density) DATA/DELAY register.) 
5.25" FLOPPY 4msec 

(Double Density) 
5.25" FLOPPY 8msec 

(Single Density 

The Drive Select command also optimizes certain charac
teristics of the HOC 9224 for the type of drive selected. 

IF HARD DISK SELECTED: 
-DMA mechanism works in burst mode and the bus is 

held for the entire sector transfer. 
-The RDGATE and WRGATE output signals follow the 

timing relationships shown in Figures 12A and 12B. 
-The GAP lengths are as shown in Table 1. 

REGISTER POINTER 

SET REGISTER POINTER COMMAND 
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IF FLOPPY DISK SELECTED: 
-DMA mechanism transfers an a-bit byte, and releases 

the bus. 
-The RDGATE and WRGATE output signals follow the 

timing relationships shown in Figures 12A and 12B. 
-The GAP lengths are as shown in Table 1. 
-The CLK input clock is prescaled (internally) to create 

an internal clock compatible with the floppy disk data 
rates. 

SET REGISTER POINTER (Hex Values = 40 to 4A) 
This command causes the register pointer to point to a reg
ister. The desired register number is loaded into the 4 least 
significant bits of the command word. (MSB in BIT 3). 
The register pointer is incremented by the UDC on each 
register access, until it points to the DATA register. This 
reduces the number of times the user must set the register 
pointer during read and write operation. 
Care should be taken to ensure that only valid register val
ues are loaded into the command word. (Valid register 
numbers are 0 thru OAH.) 

SEEK/READ 10 (Hex Values = 50 to 57) 
This command will cause the UDC to read the first sector 
10 field found from the currently selected drive, head, and 
cylinder. The MODE register should contain the correct value 
for step rate and density options. 
After reading the 10 field the UDC will examine the com
mand word and execute the specified options. Bits 2 thru 0 
in the command word are used to specify the following 
options: 
BIT 2 = 1 STEP ENABLE. The UDC will execute the step 

sequence, and position the head on the track 
specified by the DESIRED CYLINDER register. 

BIT 2 = 0 STEP DISABLE. No step pulses will be issued 
by the UDC. 

BIT 1 = 1 WAIT FOR COMPLETE. The UDC will proceed 
to the verify sequence only after the drive has 
issued a SEEK COMPLETE signal. 

. BIT 1 = 0 DO NOT WAIT FOR COMPLETE. The UDC will 
proceed to the verify sequence after the last step 
pulse has been issued. 

BIT 0 = 1 VERIFY 10. The UDC will execute the VERIFY 
sequence after operations selected by the pre
vious options have finished. 

BIT 0 = 0 DISABLE VERIFY 10. The UDC will not enter 
the VERIFY sequence. Instead, the command 
will terminate. 

The order in which these options execute is: STEP, COM
PLETE, VERIFY 10. Any combination of these option bits 
may be specified in the command word. 

READ SECTORS PHYSICAL (Hex Values = 58 and 59) 
This command will cause the UDC to read up to a full track 
from the disk. The user specifies the MODE, DESIRED 
CYLINDER, DESIRED HEAD, and DESIRED SECTOR 
along with the SECTOR COUNT. The UDC will find the 
requested cylinder and sector and set up to begin the data 
transfer. 
(If using drives which support buffered seeks, BITS 2-0 in 
the MODE SELECT register should be set to 0-0-0. This 
will cause the UDC to wait for a SEEK COMPLETE signal 
from the drive prior to entering the verify sequence.) 
If a BAD SECTOR bit is read (from the sector II!) field) the 
UDC will set the COMMAND TERMINATION bits (in the 
INTERRUPT STATUS register) to 1-0, and set the DONE 
bit (in the INTERRUPT STATUS register) to 1, and termi
nate the command. 
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After each sector is successfully read, the SECTOR COUNT 
register is decremented. If the SECTOR COUNT register 
is not yet equal to 0 the process is repeated for the next 
physical sector on the track. This command also will ter
minate if the Index pulse is received from the drive. 
(Note that after the first sector is found, no further compar
ison is made against sector numbers found of! the disk as 
the DESIREQ SECTOR register value may not correspond 
to the next physical sector on the disk because of sector 
interleaving.) 
This command takes two forms allowing the user to specify 
the desired transfer option. The options are specified by Bit 
o in the command word, and are: 
BIT 0 = 1 TRANSFER ENABLE. The UDC will transfer the 

data fields to (external) memory, using DMA. 
BIT 0 = 0 TRANSFER DISABLE. The UDC will t'JOT 

transfer any data to (external) memory, but all 
error detection circuitry will be enabled and 
errors reported. This is useful in detecting bad 
sectors and tracks on the disk. 

Before executing this command, the user must set the 
RETRY COUNT to O. This is done by loading the high order 
nybble in the RETRY COUNT register to "1111" (zero in 1 's 
complement format). Failure to do this will result in unpre
dictable performance because the DESIRED SECTOR 
register value may not correspond to the next physical sec
tor on the disk. 

READ TRACK (Hex Values = SA and 5B) 
When this command is issued, the UDC will read the data 
from the entire track on which the selected drive is currently 
sitting: The UDC will begin reading when it detects the lead
ing edge of an index mark signal from the drive, and termi
nate reading when' it detects the next leading edge of ah 
index mark signal. Sync detect is performed for the 10 field, 
but no error checking is done on the data field. 
This command allows the user to specify a data transfer 
option, using Bit 0 in the command word. These options are: 
BIT 0 = 1 TRANSFER ALL DATA. The UDC will transfer 

the 10 field and data fields to (external) memory. 
BIT 0 = 0 TRANSFER ONLY IDs. The UDC will transfer 

only 10 fields to the (external) memory. This is 
useful during tape backup operations. 

READ SECTORS LOGICAL (Hex Values = 5C to SF) 
When this command is issued, the UDC will read up to a full 
track from the selected drive. Prior to reading the data from 
the disk, the UDC will use the information in the MODE, 
DESIRED CYLINDER, DESIRED SECTOR and DESIRED 
HEAD registers to locate the correct track, sector and drive 
surface (using the previously described VERIFY sequence). 
(If using drives which support buffered seeks, BITS 2-0 in 
the MODE SELECT register should be set to 0-0-0. This 
will cause the UDC to wait for a SEEK COMPLETE signal 
from the drive prior to entering the verify sequence.) 
Before the command is issued, the system processor must 
also load the desired values into the MODE, SECTOR 
COUNT, RETRY COUNT and the three DMA registers. 
When reading multiple sectors, the read command must be 
configured with ECC correction disabled. If a hard error is 
detected, the sector count must be set to one, retry count 
tozero,and ECC correction enabled. The sector can then 
be read and corrected. After the error has been corrected, 
ECC correction can be disabled, retry can be re-enabled, 
and the remainder of the data can be read. 
After the desired track and sector is found and verified, the 
DATA TRANSFER sequence begins. After each success
ful sector transfer, the UDC increments the DESIRED 
SECTOR register (except after the last sector is trans
ferred), decrements the SECTOR COUNT register, and re
enters the VERIFY sequence. This process continues until 



NO 

NO 

READ SECTORS OPERATION 

the SECTOR COUNT register is equal to 0 (or an error 
occurs). 
This command has four options, which are specified by Bit 
1 and Bit 0 of the command word. The four options are: 
BIT 1 = 1 BAD SECTOR BYPASS. If, during the read, the 

UDC finds a sector with the BAD SECTOR bit 
set (from the sector 10 field on the disk), the sec
tor be skipped, the sector count will not be dec
remented, and the sector number will not be 
changed. 

BIT 1 = 0 BAD SECTOR TERMINATE. If, during a read, 
the UDC finds a sector with the BAD SECTOR 
bit set, the UDC will set the COMMAND TER
MINATION CODE to 1-0, setthe BAD SECTOR 
status bit and the DONE status bit, and termi
nate the command (with an interrupt, if ena
bled). All of the above named status bits are 
contained in the INTERRUPT STATUS register. 

BIT 0 = 1 TRANSFER ENABLED. The UDC will transfer 
data from the disk to the system. The DMA 
REQUEST status bit (in the INTERRUPT STA
rus register) will be set when the UDC requires 
servicing. 
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BITO = 0 TRANSFER DISABLED. The UDC will not 
transfer data read from the disk, but all error 
checking circuitry will be enabled. 

FORMAT TRACK (Hex Values 60 to 7F) 
This command causes the UDC to format the current cyl
inder from the leading edge of one index mark to the leading 
edge of the next index mark. The format chosen is depen
dent on the Drive Select command. 
During execution' of the FORMAT TRACK command, the 
UDC will fetch all required 10 field data from external mem
ory, and write it to the disk, along with format constants sup
plied automatically by the UDC. This reduces the number 
of bytes required to format a sector to 3 or 4, depending on 
the format chosen. 
Before the FORMAT TRACK command can be given, the 
system processor must: 

14 

6 

29 

1. Generate an 10 Field table for the track in UDC 
memory area. This 10 Field Table consists of: 

CYLINDER BYTE 
HEAD BYTE 
SECTOR NUMBER BYTE: 
SECTOR SIZE/ECC SIZE BYTE (not required for 
ST-506 formats) repeated for each sector on the track. 

o 8 

o 
4 

·INTERLEAVED SECTORS 

25 

2 

The UDC can format a track with interleaved sectors by 
staggering the sector numbers. For example, to format a 
32 sector track, with a sector interleave factor of 4, the 
system processor would set up the 10 Field table sector 
numbers as follows: 
0,8,16,24,1,9,17,25,2,10,18,26,3,11,19, 
27 ... 7,15,23,31. 
(Note that when formatting in ST506 mode, only three 
bytes are required for each sector, while four bytes are 
needed for IBM or user defineable formats. Also note that 
sector numbers start with zero (0) on ST506 compatible 
format, and start with one (1) on IBM formatted floppy 
diskettes.) 

2. Load the UDC DMA registers with the starting address 
of the external memory buffer containing the 10 Field data 
just created. 



3. Issue the DRIVE SELECT command, which moves the 
DMA registers to the CURRENT HEAD, CURRENT 
CYLINDER, and a TEMPORARY REGISTER. (This is 
necessary because the UDC will now re-usS the DMA 
registers to hold format parameters). 
When formatting multiple cylinders, the system proces
sor does not need to re-issue DRIVE SELECT between 
cylinders as the STEP IN and STEP OUT commands 
preserve the DMA addresses and format parameters. It 
is necessary, however, to update the ID Field table, 
described in #1, above. 

4. Load the DESIRED HEAD register with the proper value. 
5. Load the following values (in the format shown) into the 

registers indicated below: 

PARAMETER FORMAT REGISTER 
GAPOSize two's complement format DMA ?-O 
GAP 1 Size two's complement format DMA 15-8 
GAP2 Size two's complement format DMA23-16 
GAP3 Size two's complement format . Desired Sector 
Sync Size one's complement format Desired Cylinder 
Sector Count one's complement format Sector Count 
Sector Size one's complement format Retry Count 

Mult. 

FORMAT PARAMETERS TABLE 
When using ST506/PC (fixed length) hard disk format, 
the values for GAP 0 and GAP 1 must both be set to the 
same number, and loaded into the appropriate DMA 
register. 
The Sector Size Multiple programs the UDC to format with 
a sector size that is a multiple of 128 data field bytes. For 
example, to format a track with a,sector data field size of 
512 bytes, then the Sector Size Multiple would be set to 
FB hex, which is "4" in one's complement notation. 
In ST506/PC format, the sector size is fixed at 512 bytes. 
In IBM floppy disk format, the sector sizes allowed are 
128,256,512, or 1024 bytes. With user defineable hard 
disk formats, allowed sector sizes are 128, 256, 512, 1024, 
2048, 4096, 8192, or 16384 bytes. 

6. Load the MODE register to specify the step rate, single 
or double density option, and CRC/ECC options. 

7. Step to the desired track. For the first track, this is nor
mally done by issuing a RESTORE DRIVE command, to 
return the heads to Cylinder 000, then use the STEP IN 
1 or STEP OUT 1 commands to move the head to sub
sequent cylinders on the disk. 

8. Issue the FORMAT TRACK command. All data fields on 
the disk will be filled with E5 hex. In double density 
recording (MFM) all gaps will be filled with 4E hex, while 
in single density (FM) all gaps will be filled with FF hex. 
This format is compatible for IBM specifications for floppy 
disks. 

9. To Format additional tracks, it is only necessary to update 
the ID Field table (step 1) and repeat steps 7 and 8. Do 
NOT modify the DESIRED HEAD register when format
ting additional tracks with the same head. If it is neces
sary to change the DESIRED HEAD register, the system 
processor must repeat all steps described above. 
The FORMAT TRACK command allows the user to 
specify several options. These options are specified by 
setting the appropriate low order bits in the command 
word. The bit mapping for these options are: 

BIT 4 = 1 Write Deleted Data Mark. During the format 
process, the UDC will write the deleted data 
mark (F8 hex) for the data address field. 

BIT 4 = 0 Write Normal Data Mark. During the format 
process, the UDC will write the normal data 
field address mark (FB hex). 
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BIT 3 = 1 Write with Reduced Current. When this bit is set, 
the Reduced Write Current Output will go high 
(active) during the Output 2 time slot. 

BIT 3 = 0 Write with Normal Current. When this bit is reset, 
the Reduced Write Current Output wi! remain low 
(inactive) during the Output 2 time slot. 

Bits 2, 1 , and 0 are used to select the Write Precompensa
tion value to be used during the format of disks. The follow
ing table specifies these values: 

SECTOR SIZE FIELD BITS 

DB2 DB1 DBO IBM FD FORMAT HD FORMAT 

0 0 0 128 bytes/sector 128 bytes/sector 
0 0 1 256 bytes/sector 256 bytes/sector 
0 1 0 512 bytes/sector 512 bytes/sector 
0 1 1 1024 bytes/sector 1024 bytes/sector 
1 0 0 not used 2048 bytes/sector 
1 0 1 not used 4096 bytes/sector 
1 1 0 not used 8192 bytes/sector 
1 1 1 not used 16,384 bytes/sector 

FORMAT ECC TYPE FIELD 

DB? DB6 DB5 DB4 HD FORMAT 
~~~~=~~~~~------~~~~~----~ 

o 0 0 0 4 ECC bytes generated/checked 
1 1 1 1 5 ECC bytes generated/checked (1) 
1 1 1 0 6 ECC bytes generated/checked (1) 
1 1 0 1? ECC bytes generated/checked (1) 

note 1: WITH EXTERNAL ECC 

IBM FLOPPY DISK FORMAT: 

ID FIELD 

CYLINDER 
HEAD 
SECTOR 
SECTOR SIZE 

DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO 

track number 
side number 
sector number sector size 

(2 bits) 

HARD DISK FORMAT: ST506 PC FORMAT (512 BYTES) 
ID FIELD 

CYLINDER 
HEAD 

SECTOR 

DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO 

cylinder number (8 LSB's) 
bad cyl #cyl #cyl # hd # hd # hd # hd # 

sector bit 10 bit 9 bit 8 bit 3 bit 2 bit 1 bit 0 
flag 

sector number 

HARD DISK FORMAT: (USER SELECTABLE 
SECTOR SIZE) 

ID FIELD DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO 

CYLINDER cylinder number (8 LSB's) 
HEAD bad cyl #cyl #cyl #hd #hd #hd #hd # 

sector bit 10 bit 9 bit 8 bit 3 bit 2 bit 1 bit 0 
flag 

SECTOR sector number 
SECTOR SIZE ECC type X sector size 

(3 bits) 

BIT2 BIT1 BITO Precompensation 
(For Floppy Disks) 

0 1 0 None, enable EARLY and LATE 

1 0 1 
Outputs 
600 nsec, Minifloppy only 

0 1 1 500 nsec, Minifloppy only 
1 1 1 400 nsec, Minifloppy only 
1 1 0 300 nsec 
1 0 0 200 nsec 
0 0 1 100 nsec 
0 0 0 None, suppress EARLY and 

LATE Outputs 



WRITE SECTORS LOGICAL (Hex Values AO thru BF, 
EO thru FF) 

This command will cause the UDC to write logically con
secutive sectors on the disk. Before issuing this command, 
the system processor must load the following UDC registers: 

DESIRED SECTOR DESIRED CYLINDER 
DESIRED HEAD SECTOR COUNT 
DMA 7-0 DMA 15-8 
DMA 23-16 MODE 
RETRY COUNT 

Since retries during a write command are not valid, the high 
order nybble of the RETRY register should be set to 0, in 
1 's complement format (1111). 

CALCULATE CRC OR 
ECC BYTES AND 
WRITE TO DISK 

WRITE DATA OPERATION 

Before writing data to the selected disk drive, the UDC will 
read the current 10 field, step to the desired cylinder and 
verify that it has located the correct cylinder and sector. 
(These steps were described previously under "UDC Com
mand Overview"). 

After the "Verify" sequence is done, the "data transfer" 
sequence begins. The UDC will first write either a Data Mark 
(FB hex) or Deleted Data Mark (F8 hex) on the disk, as 
selected by the user (see below). Then the UDC will trans
fer a sector's worth of data (using DMA) from the memory 
area speci'fied by the DMA registers. After writing out the 
sector, CRC or ECC bytes will be written as specified by the 
MODE register. 

These options are specffied by bits In tne command word 
and are as follows: 

BIT 6 = 1 BAD SECTOR BYPASS. The UDC will 
bypass the sectors with the BAD SEC
TOR FLAG set in the 10 field. 

BIT 6 = 0 BAD SECTOR TERMINATION. The UDC 
will terminate the command when it 
locates a sector with the BAD SECTOR 
FLAG flag set in the 10 field. In addition, 
the COMMAND TERMINATION CODE 
Status bits will be set to 1-0, the BAD 
SECTOR status bit will be set, the DONE 
status bit will be set, and if not masked, an 
interrupt will be generated. 

BIT 5 = 1 WRLTE LOGICAL COMMAND BIT 
(Always set to "1" for Write logical 
command). 

BIT 4 = 1 DELETED DATA MARK. Data will be writ
ten with a Deleted Data Mark (F8 hex) in 
the 10 field .• 

BIT 4 = 0 NORMAL DATA MARK. Data will be writ
ten with a Normal Data Mark (FB hex) in 
the 10 field. 

BIT 3 = 1 REDUCED WRITE CURRENT. Setting 
this bit will cause the UDC's Reduced 
Write Current output to go high. 

BIT 3 = 0 NORMAL WRITE CURRENT. Resetting 
this bit will cause the UDC's Reduced 
Write Current output to go low. 

Bits 2, 1, and 0 are used to select the Write Precom
pensation value to be used during writes to disks. 
The table below specifies these values. 

BIT2 BIT1 BITO Precompensation 
(For Floppy Disks) 

0 1 0 None, enable EARLY and LATE 
Outputs 

1 0 1 600 nsec, Minifloppy only 
0 1 1 500 nsec, Minifloppy only 
1 1 1 400 nsec, Minifloppy only 
1 1 0 300 nsec 
1 0 0 200 nsec 
0 0 1 100 nsec 
0 0 0 None, suppress EARLY and 

LATE Outputs 

NOTE: For hard diSks, precompensatlon IS handled 
with an external delay line, which is connected to the 
EARLY and LATE Outputs of the UDC. These lines 
toggle in response to the data pattern being written 
to the disk. 

WRITE SECTORS PHYSICAL (Hex Values 80 thru 9F, 
CO thru DF) 

This command will cause the UDC to write physically con
secutive sectors on the disk. Before issuing this command, 
the system processor must load the following UDC registers: 

DESIRED SECTOR 
DESIRED HEAD 
DMA 7-0 
DMA 23-16 
RETRY COUNT 

DESIRED CYLINDER 
SECTOR COUNT 
DMA 15-8 
MODE 

Since retries during a write command are not valid, the high 
Next, the SECTOR COUNT register is decremented, and order nybble of the RETRY register should be set to 0, in 
if not yet equal to 0, the operation continues for the next 1 's complement format (1111). 
logical sector. Before writing data to the selected disk drive, the UDC will 
This command allows the user to specify several options. read the current 10 field, step to the desired cylinder and 

603 

I 



verify that it has located the correct cylinder and sector. 
(These steps were described previously under "UDC Com
mand Overview"). 
After the "Verify" sequence is done, the "data transfer" 
sequence begins. The UDC will first write either a Data Mark 
(FB hex) or Deleted Data Mark (Fa hex) on the disk, as 
selected by the user (see below). Then the UDC will trans
fer a sector's worth of data (using DMA) from the memory 
area specified by the DMA registers. After writing out the 
sector, CRC or ECC bytes will be written as specified by the 
MODE register. Next, the SECTOR COUNT register is dec
remented, and if not yet equal to 0, the operation continues 
for the next physical sector. 
This command allows the user to specify several options. 
These options are specified by bits in the command word 
and are as follows: 

BIT 6 = 1 BAD SECTOR BYPASS. The UDC will 
bypass the sectors with the BAD SEC
TOR FLAG set in the ID field. 

BIT 6 = 0 BAD SECTOR TERMINATION. The UDC 
will terminate the command when it 
locates a sector with the BAD SECTOR 
FLAG flat set in the ID field. In addition, 
the COMMAND TERMINATION CODE 
Status bits will be set to 1-0, the BAD 
SECTOR status bit will be set, the DONE 
status bit will be set, and if not masked, an 
interrupt will be generated. 

BIT 5 = 0 WRITE PHYSICAL COMMAND BIT 
(Reset to "0" for Write Physical 
Command). 

BIT 4 = 1 DELETED DATA MARK. Data will be 
written with a Deleted Data Mark (Fa hex) 
in the ID field. 

BIT 4 = 0 NORMAL DATA MARK. Data will be writ
ten with a Normal Data Mark (FB hex) in 
the ID field. 

BIT 3 = 1 REDUCED WRITE CURRENT. Setting 
this bit will cause the UDC's Reduced 
Write Current output to go high. 

BIT 3 = 0 NORMAL WRITE CURRENT. Resetting 
this bit will cause the UDC's Reduced 
Write Current output to go low. 

Bits 2, 1, and 0 are used to select the Write Precom
pensation value to be used during writes to floppy 
disks. The table below specifies these values. 

BIT2 BIT 1 BITO Precompensation 
(For Floppy Disks) 

0 1 0 None, enable EARLY and LATE 
Outputs 

1 0 1 600 nsec, Minifloppy only 
0 1 1 500 nsec, Minifloppy only 
1 1 1 400 nsec, Minifloppy only 
1 1 0 300 nsec 
1 0 0 200 nsec 
0 0 1 100 nsec 
0 0 0 None, suppress EARLY and LATE 

Outputs 

NOTE: for hard disks, precompensation is handled with an 
external delay line, which is connected to the EARLY and 
lATE Outputs of the UDC. These lines toggle in response 
to the data pattern being written to the disk. 
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TAPE BACK-UP (Hex Values = 08 to OF) 
The TAPE BACK-UP command set provides the system with 
the capability of transferring data to and from a tape drive 
in continuous blocks. TAPE BACK-UP utilizes the UDC's 
DMA, data conversion, error detection/correction and sec
tor count circuitry. 
Because of the mechanical and electronic differences 
between tape drives and disk drives, some of the register 
bits described earlier in this data sheet change functions 
when the UDC is executing the TAPE BACKUP COM
MAND. In many cases, the ClK input to the UDC will also 
need to be changed to compensate for the slower data rate 
from tape drives. 
TAPE BACKUP REGISTER DESCRIPTION 
The following bits in the UDC's register file assume the 
functions listed below when executing the BACK-UP com
mand and should be programmed accordingly. 
The following tables describe the differences in register 
usage when the UDC is executing the TAPE BACKUP 
command. (Complete TAPE BACKUP register bit maps are 
located in rear of the data sheet.) 

MODE REGISTER 
Bit 2 = 1 16 byte sync detect delay enable 

= 0 16 byte sync detect delay disabled 
Bit 1 = 1 TAPE BACKUP Write Enable (writing) 

= 0 TAPE BACKUP Write Disable (reading) 
Bit 0 = 1 Tape mark enable (short block) 

= 0 Tape mark disable (long block) 

RETRY COUNT REGISTER 
Bits 7-4 Retry should be disabled, by setting these bits to 

"1". (Retry Disabled) 
Bits 3-0 program outputs (user controlled). Bit 3 is typically 

llsed for write enable to the tape drive. 
Bits 0 and 1 are typically used for tape driven 
motion control as per drive manufacturer's 
specification. 

r DESIRED CYLINDER 

.Bits 7-4 

DB7 

o 
DB6 

o 

ECC Type Field: 

DB5 DB4 

o 0 

o 
o 

ECCTYPE 

4 ECC bytes generated/ 
checked 

5 ECC bytes generated/ 
checked 

6 ECC bytes generated/ 
checked 

7 ECC bytes generated/ 
checked 

note: 5, 6, 7 byte ECCs are generated and checked by 
hardware external to the UDC. 

DESIRED CYLINDER 
Bit3 
Bits 2-0 

Always 1 
Data Block Size: 

DB2 DB1 DBO 

000 
o ·0 1 
o 1 0 
o 1 1 
100 
1 0 1 
1 1 0 
1 1 1 

DATA BLOCK SIZE 

128 bytes 
256 bytes 
512 bytes 
1024 bytes 
2048 bytes 
4096 bytes 
8192 bytes 
16,384 bytes 

Remember that the UDC internal ECC code can correct up 
to a 4K byte long Data Block, but that the larger the Data 
Block the greater the probability of a miscorrection. 



Also, when executing the TAPE BACKUP comr:nand, the 
DRIVE SELECT command is altered slightly, as Illustrated 
below: 

DRIVE SELECT COMMAND 
Bit# ? 6 5 4 3 
Drive a a Ramp Up/Down 
Select delay enable 

2 

ClK 
divisor 

a 

EOB2 CLOCK DIVISOR FOR TAPE 

a ClK is divided by 1 a (similar to 8" floppy divisor). 
1 ClK is divided by 20 (similar to 5.25" floppy divisor). 

COMMAND DB? DB6 DB5 DB4 DB3 DB2 DB1 DBa 

BACK-UP a a a a a a 
----:---

xfer 
(READING) enable 
BACK-UP a a a a 

precomp value 
(WRITING) 

BACK-UP READ 
When reading a short block, only CRC is checked. When 
reading a long block, CRC or ECC will be checked, depend
ing on the CRC/ECC bits in the Mode register. 
Bit 0 = 1 Data transfer enabled, error checking enabled 

= 0 Data transfer disabled, error checking enabled 

These bits, in conjunction with Bits 4 and 7 of the MO~E BACK-UP WRITE 
register, will allow selection of both FM and MFM recor~lng When writing, the precompensation value is derived from 
on tape, with a tape format that resembles IBM compatible the ClK frequency as follows: 
floppy disk formats. 
Setting the Drive Type bits to 1,0 or 1,1 will also cause the 
UDC to take on the following characteristics: 
-DMA mechanism transfers a byte (8 bits) and relin-

quishes the bus. 
-The RDGATE and WRGATE output signals have timing 

characteristics as shown in Figures 12A and 12B of the 
UDCspec. 

-The gap lengths are as illustrated in Table 1 or the UDC 
spec. 

-Tape format parameters will be as per Table 1 of the UDC 
spec. 

COMMAND EXECUTION OVERVIEW 
The tape backup command allows the user a convenient 
method of backing up either floppy or hard disks to tape. 
The UDC may be interfaced to either cartridge or cassette 
type tape drives, working in either streaming or start/stop 
mode. 
Read and Write functions of TAPE BACKUP share a com
mon command byte. The three lSB's of the MODE register 
are also used by the TAPE BACKUP command to spec!fy 
user options, and to select between tape read or tape wnte 
mode. 
Two kinds of blocks may be specified when reading or wri~
ing dependent on the state of the TAPE MARK ENABLE bit 
in the MODE register: 

1. DATA BLOCK. The length of the data block (also 
called a long block) is equal to: 
2n* 128 bytes where n is an integer 
between 0 and 7 inclusive. The 
desired length of the data block (2n) 
is programmed into the desired cyl
inder register. 

2. TAPE MARK. The minimum length of the tape 
mark (also called a short block) is 3 
bytes. The maximum length of the 
tape mark is 257 bytes. The desired 
tength is programmed into the sec
tor count register. 

Multiple data block transfers are acc<?mplished by pro
gramming the 1 's complement of the desired number of data 
blocks to be transferred into the sector count register. 
The three LSB's of the MODE register function as part of 
the BACK-UP command word. The WRITE ENABLE bit 
determines whether loading the BACK-UP command into 
the UDC will initiate execution of a BACK-UP READ or 
BACK-UP WRITE sequence. The TAPE MARK ENABLE 
bit determines whether the UDC will write a short or lorg 
block of data on the tape and the DELAY ENABLE bit deter
mines whether or not the RDGATE signal is stretched when 
it coincides with a sync mark when reading the tape. The 
remaining bits in the ,command word are as follows: 
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Bit 2 Bit 1 Bit a Precompensation 
a 1 a None, enable EARLY and lATE 
1 a 1 6 ClK cycle periods 
a 1 1 5 ClK cycle periods 
1 1 1 4 ClK cycle periods 
1 1 a 3 ClK cycle periods 
1 a a 2 ClK cycle periods 
a a 1 1 ClK cycle period 
a a a None, suppress EARLY and lATE 

PRECOMPENSATION SELECT FOR BACK-UP COMMAND 

TAPE BACKUP SYSTEM CONFIGURATION NOTES 
(A schematic showing a typical system implementation 
using the TAPE BACKUP feature is contained in Sche
matic Diagram 2.) 

1. Proper operation of the TAPE BACKUP command 
requires that the tape drive be addressed as DRIVE #3 
by the UDC. 

2. During the UDC's OUTPUT 2 period external circuitry 
must enable a separate latch to receive the user defined 
10 bits and tape track number bits. This latch should 
use the DRIVE SELECT 3 signal (output during the 
OUTPUT 2 period) so that the contents of the latch may 
only be changed when the tape drive is selected. 
Four additional drive control signals may be loaded into 
the four lSB's of the RETRY COUNT register. These 
additional outputs are latched externally during OUT
PUT 1 times for use by the tape drive. These outputs 
would normally be used to control tape drive Write Ena
ble logic (bit 3) and tape motion (bits 0 and 1), and tape 
motor on and off (bit 2). 

3, It is important to consider the time required for;a tape 
drive to come up to operating speed when uSing the 
TAPE BACKUP command. Also, to in~ure adequate 
spacing between tape blocks, a .delay is frequently 
required before stopping tape motion. The UDC has a 
programmable Ramp Up and Ramp ~own timer t~ allow 
for easier implementation. The de~lred delaY.ls p.ro
grammed into the DATA/DELAY register before Issuing 
the DRIVE SELECT "3" command. 

DENSITY BIT 
CLOCK MODE 

DIVISOR REGISTER TIME IN SECONDS PER 
BIT BIT4 DELAY -REGISTER COUNT 

1 1 (Single) 1 ClK Cycle * 80000 
1 o (Double) 1 ClK Cycle * 40000 
0 1 (Single) 1 ClK Cycle * 40000 
0 o (Double) 1 ClK Cycle * 20000 
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The UDC will issue a normal interrupt (with the com
mand termination code set to 0-0) when the RAMP UP 
or RAMP DOWN timer has expired. 

4. BACK-UP WRITE. The user will first request the UDC 
to perform a disk READ TRACK command, with the 
TRANSFER ENABLE bit in the command word reset. 
This will cause the UDC to transfer only the 10 field 
information to memory. 
The TAPE BACKUP command will then be issued 
causing the UDC to write this 10 information to the tape 
as a tape mark (typically 96 bytes for a drive formatted 
with a 3 byte/sector 10 field or 128 bytes for a drive for
matted with a four byte/sector 10 field. The data fields 
should then be transferred to the tape in a similar 
manner. 
The UDC may be used with either "Streaming" or "Start/ 
Stop" type tape drives. This is illustrated by the follow
ing examples: 

A. START/STOP TAPE DRIVE: 
typically transfers 1/2 or 1 disk track at a time as illus
trated by the following flow chart: 

READ DATA FROM DISK TO MEMORY 

START TAPE DRIVE 

WRITE BLOCK FROM MEMORY TO TAPE 

STOP TAPE DRIVE 

When controlling a start/stop tape drive, the UDC will 
write the data "block by block". The system will issue 
a Drive Select command to the UDC with the Tape 
Motion, Motor On and Write Enable bits set to start 
and write data to the tape. 
The UDC will interrupt the system after the comple
tion of the Ramp Up Delay indicating that the tape drive 
is up to speed. This interrupt is distinguished by the 
Command Termination Code of 0-0 (normal comple
tion of command). 
The System then outputs the Write command (for a 
long or short block) and waits for the command ter
mination interrupt. The UDC will write the Sync mark 
and tape mark or data block on the tape. 
When the System receives the interrupt indicating 
completion of the Write command, it will issue another 
drive select command with the Motor On and Write 
Enable bits set to stop the drive. The UDC will inter
rupt the system after completion of the Ramp Down 
Delay indicating that the tape has stopped moving. 
The UDC will turn the Write Gate signal on when it is 
writing data and off when it is not, without regard to 
the tape motion. The Write Gate signal is used to g~n
erate "gaps" on the tape between the data blocks. This 
is done by externally forcing the two Data outputs with 
the Write Gate signal such that the Data + signal is 
high and the Data - signal is low when the UDC is 
not writing data to the tape (Write Gate is off): 

[DRIVE STOPPED [DRIVE STOPPED 

GAP I TAPE MARK AND/OR DATA BLOCK I GAP I '-__ _ 

WRITE GATE: 

LJ 
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TAPE SPEED: 

STOPPED / TAPE AT SPEED \ STOPPED 

RAMP UP DELAY 

DRIVE SEL SL BACKUP 

- RAMP DOWN DELAY 

L DRIVESEL 
1 . tape motion on 1. read or write 1 . tape motion off 
2. write enable on 2. long or short block 2. write enable off 

(write or read) (write) or off 
(read) 

B. STREAMING TAPE DRIVE: 
typically transfers 1 sector at a time as illustrated 
by the following flow chart: 

START TAPE DRIVE 

READ DATA FROM DISK TO MEMORY 

WRITE BLOCK FROM MEMORY TO TAPE 

STOP TAPE DRIVE 

Control of a streaming tape drive is similar to that of a 
start/stop drive. The tape is started at the beginning 
of the data transfer and stopped after the last block is 
written to the tape. The tape is not stopped in between 
blocks. The UDC will however turn the Write Gate sig
nal on when it is writing data and off when it is not so 
that gaps will be written (with external hardware) on 
the tape between the data blocks. 

5. BACK-UP READ. The data is read from the tape (in 
either start/stop or streamer mode) and buffered in 
memory. The disk track is then reconstructed from 
the data. 
The start/stop drive typically has a track (or half a track) 
'Of disk data stored as a block. It is therefore expedient 
to read in the data "block by block". When reading data 
from a streamer drive use can be made of the SECTOR 
COUNT register and a track's worth of data blocks may 
be read from the tape before generating the track on 
the disk. 
Tape motion control is similar to that described above 
except that the· Write Enable Bit is off to inhibit writing to 
the tape. The UDC reads the tape until it detects a sync 
mark. After detecting a sync mark the UDC will transfer 
the data found on the tape to memory. 

6. The search count is used when reading the tape. It 
specifies a maximum number of blocks of 128 bytes 
between adjacent data blocks. If the search count 
expires before sync is detected, the command is 
terminated. 
For example, if a search count of two is specified by 
loading the Desired Sector register with FD (hex), the 
UDC will search for 256 byte times before terminating 
the command. This will prevent the UDC from acciden
tally skipping a block. The search count is typically about 
the size of one block length. In the following figure, TM1 
and TM2 are two tape marks and DB 1 , DB2, DB3 etc. 
are their associated Data Blocks: 

TM1 DB1 DB2 DB3 DB4 TM2 DB1 
f-----l f-----1 1---1 1---1 f-----1 r------1 I-----! 

search count 



7. 16 BYTE DELAY. Provision is made to shift the RDGATE 
pulse in the event that it coincides with the data block 
sync mark. If a tape cannot be read (sync is never 
detected) the tape can be re-read with the 16 byte delay 
enabled. 

DATA GAP I sync DATA GAP 

RDGATE without delay: 

L miss sync mark detect 

RDGATE with delay: 

8. The DRIVE STATUS bits may be used by the tape drive 
if they are enabled (on the drive) by DRIVE SELECT 3. 
The ready change interrupt is especially handy for 
detecting start of tape (SOT) and end of tape (EOT) as 
a UDC command can be terminated by a change in state 
of the READY input. 

9. The DATA FORMAT is as follows: 

I PRE TMSYNC TAPE MARK POST GAP PRE DBSYNC DATA BLOCK POSi'Gi'iP I 
The Tape Mark sync mark (TMSYNC) is composed of 
three bytes of A 1 (Hex) followed by one byte of FE (Hex). 
The Data Block sync mark (DBSYNC) is composed of 
three bytes of A 1 (Hex) followed by one byte of FB (Hex). 
A 1 (Hex) is encoded with the standard missing clock 
pattern. 
The sync mark is preceeded by a "preamble" consist-

ing of bytes of 00 as per figure 2 of the UDC spec (this 
is required to synchronize the data separator when 
reading the tape). The Tape Mark and Data Block 
(including CRC or ECC bytes) are followed by a "post
amble" consisting of one byte of 00. 
Note that the postamble is not included in the Floppy 
Disk formats. The GAP sizes are dependent on the type 
of drive (start/stop or streamer) and the specific 
mechanical tape drive specifications. 

10. Use can be made of the Sector Count register when 
doing a "file" (versus a "mirror image") backup on a 
start/stop tape drive. Instead of transferring the entire 
disk track to the tape in one long block, the data is moved 
file by file. 
If, for example, it is desired to back up a file cdnsisting 
of five 256 byte long Hard Disk sectors, a 2048 byte long 
Data Block would have to be used for an image backup 
(the Data Block size is specified as 2n * 128 restricting 
blocks to 128, 256, 512 etc.). This would result in a lot 
of wasted space on the tape. 
If file backup is used and the Sector Count is set to five, 
256- byte long Data Blocks can be used. Gaps will be 
generated on the tape corresponding to the time 
required to get the data from the disk drive (correspond
ing to DMA delays and the disk interleave factor). 
The tape will not be stopped until the entire file is trans
ferred. When using sector count, the UDC internal pro
gramming will create inter-block gaps of about 30 to 32 
bytes on the tape in both single (FM) and double (MFM) 
density modes. 

SYSTEM CONFIGURATION NOTES 
A simplified UDC schematic is shown in Schematic 1 . The 
following notes may be helpful in implementation ofthe UDC. 

1. In systems using a private memory area, it is important 
to know when the buffer needs servicing from the host 
processor. A second interrupt signal (INT2) signals the 
processor that servicing ibceeded. INT2 is generated by 
externall~ANDING the E TM signal with STB1 signal. 
(The ST 1 signal is active when the UDC is outputing 
the DMA address data, and occurs when SfB is active 
(low), SO is active (high) and S1 is inactive (low)). 
This "interrupt" occurs only when the UDC needs the 
system processor to either read from or write to the buffer 
memory. When reading from the disk, the system pro
cessor should empty the memory buffer each time this 
signal becomes active. (If an ECC error is detected, and 
error correction is enabled, this signal will not become 
active until the UDC has attempted to correct the error.) 
When writing data to the disk, the system processor must 
fill the buffer each time this signal becomes active. 

2. The DIP (DMA in Progress) signal is used to isolate the 
buffer memory from the main system memory. If 74LS244 
and 74LS245 address buffers are used in the memory 
addressing circuits, then this signal should be used to 
enable or disable the address buffers, as required. This 
eliminates the possibility of memory contention problems. 

3. Write precompensation (for floppy disks) is handled 
internally by the UDC. For hard disks, the LATE and 
EARLY signals are connected to a multiplexer which, in 
turn is connected to a 24 ns delay line. The EARLY and 
LATE signals will toggle in response to the data pattern 
being written. This will allow the data being written to the 
shifted :t 12 ns from the nominal 12 ns delay specified 
by hard disk manufacturers. 

4. The interface to the hard disk drive data inputs and out
puts requires RS-422 data tranceivers. Other disk drive 

interface circuits (including floppy disk data inputs and 
outputs) may be 74LS series deVices. 

5. Since the UDC uses its Aux Bus for multiple functions, 
the system designer must be able to determine which 
function is occuring on the Aux Bus at any ~ven time. 
The SO and S1 signals, when combined with TB signal 
are decoded (using a 74LS 138 or equivalent) to provide 
STBO-3 signals. 

These generated signals and their respective functions 
are: 

STBO Drive Status Input Time Slot 
STB1 External DMA Address Counters Time Slot 
STB2 Output 1 Time Slot 
STB3 Output 2 Time Slot 

6. The clocks required by the UDC are not TTL-level com
patible. Pullup resistors (typically 390 ohms) should be 
used with Schottky drivers to insure that the clock signals 
reach the proper Input (high) level, with acceptable rise 
and fall times. 

7. The UDC features a built-in DMA controller that requires 
connection to external counters. These counters are 
configured so that they are incremented after each byte 
is transferred. tThe UDC's internal DMA circuits transfer 
the starting memory address for each read or write oper
ation.) 74LS161 Counters are typically used in this area. 

8. The DMACLK input should be tied to the master system 
clock, through a bus buffer. It is important to remember 
that three DMACLK periods are required for each DMA 
transfer. 

9. The system design may be simplified, and costs reduced, 
by using the FDC 9216B Floppy Disk Data Separator, to 
separate raw data from the floppy disk drive into RDATA 
and RCLK. 
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ERROR CHECKING AND CORRECTION CIRCUIT (ECC) 
OPERATING PRINCIPLES 
The UDC will automatically detect and correct errors in the 
data read from the disk. Error checking may be done using 
industry standard CRC or EGC encoding. Error correction 
may be done using either internal or external ECC encod
ing. This section will explain ECC operation, as imple
mentedon the UDC. 
The UDC contains two 16-bit registers used by the CRC/ 
ECC circuits. CRC logic uses only one of these registers, 
while the logic for ECC uses both registers, implementing 
a full 32-bit algorithm. 
These registers may be preset to either one or zero, using 
the CRC PRESET bit in the INTERRUPT/COMMAND 
TERMINATION register. (This allows compatibility with 
existing disk controllers and external ECC chips.) Both ECC 
and CRC are calculated beginning with the sync mark of 
the address (CRC) or data (ECC) field. 
CRC/ECC GENERATION 
The UDC uses the following industry standard polynomials 
in computing the CRC and ECC check bytes: 

CRC: X16 +X12 +X5 + 1 
ECC: X32 + X23 + X21 + x" + X2 + 1 

As the UDC writes data to the disk drive, it first passes this 
data thru the CRC (and, if enabled, ECC) registers. After all 
data has been written, the remaining two (CRC) or four 
(ECC) bytes remaining in these registers are written to the 
appropriate address or data field. 
CRC/ECC CHECKING 
When CRC or ECC checking is initiated, the internal CRC/ 
ECC registers are set to either zero or one, as required by 
the CRC PRESET bit in the INTERRUPT/COMMAND 
TERMINATION REGISTER. Data read from the disk is 
simultaneously shifted thru the CRC/ECC registers, and 
transferred to external memory. 
After the CRC or ECC check bytes have been shifted thru 
the CRC/ECC registers, the remainder in these registers 
should be zero, else an error has occurred in the address 
or data block. 
If CRC or ECC (without correction) is enabled, automatic 
retry (if enabled) or command termination will occur. If inter
nal ECC with automatic correction is enabled, the correc
tion algorithm will be executed. If the internal ECC algorithm 
is unable to correct the error (in one attempt), then auto
matic retry (if enabled) or command termination will occur. 
ECC CORRECTION 
Error Correction consists of three distinct parts: 
1. The CRC/ECC registers are normalized by shifting zeros 

thru the register. This sets up a data block which is 42,987 
bits long, which corresponds to the "natural message 
length" of the generation polynomial. The actual number 
of zeros shifted through the registers depends on the dif
ference between the natural message length of the gen
erator polynomial and the actual length of the data block 
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being checked. The longest data block that can be cor
rected (using the internal ECC algorithm) is 4K bytes. 

2. The data input to the CRC/ECC registers is then dis
abled and the DMA counters are re-initialized to the 
starting address for this data block. The contents of the 
CRC/ECC registers are then "ring-shifted" until 21 con
secutive zeros are detected. The remaining bits in the 
CRC/ECC registers compose the error syndrome. As the 
CRC/ECC registers are shifted, the UDC generates OS 
signals, causing the external DMA counters to be incre
mented. When the 21 consecutive zeros are detected, 
the DMA counters are pointing to the corrupt data. 
If the error syndrome is not found within the data block 
the error is judged to be uncorrectable and the correction 
algorithm is terminated. (The data block is the length of 
the data field in the sector and the 4 ECC bytes. A format 
with a sector size of 256 bytes would have a data block 
size of 260 bytes.) 

3. When the error syndrome is detected, the UDC will ena
ble its ECCTM output, read the next byte from memory, 
exclusive-or it with the first byte of the three byte error 
syndrome, disable the ECCTM output and write the cor
rected byte back to memory. The correction process is 
then repeated for the next two bytes in memory. 
When using internal ECC (with correction enabled), the 
ECCTM output is used by the external DMA counters to 
inhibit the counters from incrementing their addresses 
when correcting the erroneous bytes. When using exter
nal ECC, the ECCTM output goes active (low) when the 
UDC is requesting the ECC Check Bytes from the exter
nal ECC chip prior to writing them to the disk. 
After a correction is completed, the UDC will then attempt 
to read the next sector on the disk (if the SECTOR 
COUNT register is still greater than zero). Anytime ECC 
correction has been attempted, (even if unsuccessful), 
the CORRECTION ATTEMPTED bit in the CHIP STA
TUS register will be set. 

The maximum time required for one ECC Correction Cycle 
(using the internal algorithm) is: 
1) (Natural Message Length [Bits])+ 4 = ~CC Cyc,le Time 

8 (In Byte times) 

2) Maximum ECC Time = ECC Cycle Time + 30 byte times 
Since the internal algorithm has a natural message length 
of 42,987 bits the ECC Cycle time is 5,377 byte times. Since 
a period of about 30 byte times must be allowed for the read
modify-write operations, the Maximum ECC Time equals 
5,407 byte times. 
One byte time equals the amount of time required to read 
one byte for the type of drive selected. For Hard Disks, this 
is about 1 microsecond. This equates to approximately 1 
revolution (maximum) for either 8" floppy disk (running in 
double density) or 5.25" hard disk. 
During the entire operation, the RDGATE signal is kept 
active. 



MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ............................................................................. 0 to + 70 C 
Storage Temperature Range ....................................................................... - 55 C to + 150 C 
Lead Temperature (soldering, 10 sec.) ........................................................................ + 325 C 
Positive Voltage on any Pin, with respect to ground .............................................................. + 8 V 
Negative Voltage on any Pin, with respect to ground ........................................................... - 0.3 V 
*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 Maxi
mum 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 off. In addition, voltage transients on the AC power line may appear 
on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 

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

PARAMETER MIN TYP MAX UNIT COMMENTS 

V,L 
Input Voltage 

Low 0.8 V 
V,H1 High 2.0 V all inputs except CLK and DMACLK 
~ High 4.2 V CLK and DMACLK input 

Output Voltage 
VOL1 Low 0.4 V all outputs except WDATA, 10L1 = 1.6 mA 
VO:H1 High 2.4 V Early and Late. (Drive 1 

TTL load into 50 pf) IOH1 = 40,...,A 

VOL2 Low 0.5 V WDATA, EARLY and LATE IOL2 = 2mA 
VOH2 High 2.7 V outputs. (Will drive 1 

Schottky load into 15 pf.) IOH2 = 50,...,A 
VOL3 Low 0.4 V DMARand INT IOL3 = 0.4 mA 
~ High 2.4 V DMARand INT IOH3 = 20,...,A 

Input Leakage Current O.4V to 3.5V 
IL ±10 uA 
~Iock) -600 ,...,A OV 

Input Capacitance 
~ 25 pf 

Icc 
Power Supply Current 

200 ma 

AC ELECTRICAL CHARACTERISTICS Ta = 0 C to + 70 C, Vcc = 5.0V ± 5% 

PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 

PROCESSOR WRITE CYCLE 
C/Q, R/W, CS Setup time to DSJ TosB 110 ns FIGURE3 
C/D, R/W, CS Hold time to DSj TosB 0 ns 
DS Pulse Width TosL 150 ns 
DS Pulse Hi~r Time TosH 850 ns 
Data Bus In etup time to DSj TOIB 100 ns 
Data Bus In Hold time to DSj TOIA 0 ns 

PROCESSOR READ CYCLE 
Data Access time from DSJ TooB 75 ns FIGURE3 
Data Hold time from DSj TooA 10 ns 

UDC TO MEMORY TIMING 
(BUS MASTER) 

(based on 10 Mhz DMACLK Input) 
Write Setup time to DS~ TWB 110 ns FIGURE4 
Write Data Strobe Widt Twos 180 ns 
Write Hold time from DSj TWA 110 ns 
Data Strobe Falling Edge TosF 15 ns 
Data Strobe Rising Edge TosA 20 ns 
Write Data Valid before DSJs TwoB 90 ns 
Write Data Hold time after Sj TwoA 10 ns 
Memory Access Time Tw 200 ns 
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PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 

Read Setup time to D~ TRB 110 ns FIGURE4 
Read Hold time after D tv TRA 110 ns 
Read Data Strobe Pulse idth TRos 180 ns 
Read Data Setup time to D~ TRoB 50 ns 
Read Data Hold time from D j TRoA 0 ns 
DMACLKf to DS t Tooo 100 ns 
DMACLK to DS i TooA 100 ns 

SO~, AND STB TIMING 
FIGURE 7 STBWidth Tsw 800 ns 

SO, S1 Hold time after STBj Tso 100 ns 
Data In Setup time to SM To,s 700 ns 
Data In Hold time after ST j TO'H 0 ns 
SO, S1 SetuPtimeto~ TssT1 100 ns 
Aux Bus Setup time to S~ TssT2 100 ns 
Aux Bus Hold time after T j TssT3 100 ns 

INPUT CLOCK TIMING (10 MHz Input) 
FIGURE2 Clock Rise Time TRT 10 ns 

Clock Fall Time TRF 10 ns 
Clock Cycle High Time TCH 40 ns 
Clock Cycle Low Time TCl 40 ns 
Clock Cycle Time Tcyc 95 100 105 ns 

PRECOMPENSATION TIMING 
Early, Late Setup time 

FIGURE9 (Before WDATA j) TpB 0 ns 
Early, Late Hold Time 

(after WDATAt) TpB 50 ns 

FLOPPY INPUT DATA TIMING 
Window Setup time to RDCLK TFRB 50 ns FIGURE 10 
Window Hold time from RDDATA j TFRA 50 ns 

HARD DISK INPUT DATA TIMING 
Data Setup time to RCLKt THRB 60 ns FIGURE 10 
Data Hold time after RCLKt THRA 10 ns 
Clock Setup time to RCLKj THcB 60 ns 
Clock Hold time from RCLKj THcA 10 ns 

ECCTIM TIMING 
ECCTM Setup to D~ TEos 50 FIGURE 10 
ECCTM Hold after D i TEoH 100 ns 

RESET TIMING 
RST Pulse Width 1 ,....,s 
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SCHEMATIC 2: UDC/TAPE DRIVE INTERFACE CIRCUIT 
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RECOMMENDED ClK DRIVER CIRCUIT 

FIGURE 1: RECOMMENDED CLK/DMACLK INPUT FIGURE 2: INPUT CLOCK TIMING (10MHz) 
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FIGURE 3: SYSTEM PROCESSOR TO UDC TIMING 
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FIGURE 4: UDCTO MEMORY TIMING (BUS MASTER) 
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615 

I 



WDATA 

EARLY, 
LATE 

81,80 

8TS 

AS 7-0 

DRIVE TYPE 

HARD DISK 

8" MFM FLOPPY 

8"FM FLOPPY 

5W' MFM FLOPPY 

51/4" FM FLOPPY 

T(typ) 

200NS 

2 fLs 

-
4fLS 

-

TWR 

~ 1\ 
----+ -of---- T PB f+- TpA-+ 

)< Ir ~K ~ 

T 

TWA (typ) 

100NS 

300NS 

300NS 

300NS 

300NS FIGURE 9: PRECOMPENSATION TIMING 
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DATA I 0 I 0 I 0 I BIT 

I- ADDRESS MARK 

MFM 
READ DATA 

READ CLOCK 

RDATA 

INTERNAL 
COMPARE 

A1, 0A COMPARE 

RCLK 

FLOPPY INPUT DATA TIMING 
(HARD DISK BIT = 0) 

0 I 0 I 1 I 1 I 1 I 
.. I 

DS 

ECCTM 0 

I L SYNC BYTE 

FIGURE 10 

1 I 1 I 1 I 0 I o I 

TeoH 

HARD DISK INPUT DATA TIMING 
(HARD DISK BIT = 1) 

1 I 

Jl r .. ·---------REPEATED N TIMES ---------~ rL 
INDEX L....-___ ......:.... ____________________ -..;.. _______ ---' 

1 ~t~~ I ~~ IFCI ~t.~~ 1 ~~ I~TKI ~ 1 ~ I ~ I ~ I g 1 ~f~~ 1 ~~~~I ~! 1 128 da1a bytes ICRC11 CRC2 ~~~~ I ~:!x~F NOMtNAL I 

~ INDEX AM ID AM L DATA AM 

FLOPPY DISK FORMAT; SINGLE DENSITY - ECCTM 
2 bytes 

I GAP 0 I SYNC 1 1 1 GAP 1 I SYNC 1 I I I 1 I I I 1 GAP 21 SYNC 1 I FB 1 80x4E 12xOO 3XC2 FC 50x4E 12xOO 3xA1 FE TK SIDE SEC SIZE CRC1 CRC2 22x4E 12xOO 3xA1 ~~ 256 data bytes 
I
CRC11CRC21GAP 31 54x4E 

GAP4 
598x4E 

L INDEX AM L,D AM L DATA AM 

FLOPPY DISK FORMAT; DOUBLE DENSITY 
~ECCTM 

-i r- 2 bytes 

, ....... ------------ REPEATED N TIMES --------------1 IND~Il~ __________________________________________________________________ ~fL_ 

GAP 1 
16X4E 

HARD DISK FORMAT 

FIGURE 11: DISK FORMATS 
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INDEX n. 

RDGATE 

LOOKING FOR' 
AM AM FOUND AM FOUND! AM NOT FOUND AM FOUNDl l AM FOUND 

(SINGLE DENSITY) ___ FE __ -+-_ ----If---------I-FB----+_ FE----f- FB-+--FE ---

(DOUBLE DENSITY) __ A1F-E __ -+-_ A1FB _j--A1FE ____________ _+_ A1FB ___ -+ A1FE ---+ A1FB -i- A1FE __ _ 

(HARD DISK) 
--A1FE--+--A1FB-t- A1FE ------------+ A1FB ----t- A1FE--t A1FB + A1FE--

INDEX 

RDGATE 

WRGATE 

FIGURE 12A: RDGATE DURING DISK READ 

'S bytes for sinQle density 
"128 bytes for slngla.densily 

-D~ ____________________________________________ ~nL 
IGO I SYNCIIN.P~XIGIISYNCIIDIG21 SYNC I DATA IG3ISYNCIIDIG~SYNCl DATAIG31 SYNC I 10 I G21 SYNC I DATA I G31 SYNC 110 I G21 SYNC I DATAl G31 G4 I 

: RbG3~ 1--L16 Byl •• -----'Ifl i r-u:-6By-tes --1---'1 II I 
AM FOUND H .....! I-+- * AM NOT FOUND t AM FOUND ~ AM FOUND 

______ WR_G....;21;....J1 WDGd I r-----.,L-

FIGURE 12B: RDGATE AND WRITE GATE TIMING 

STANDARD FORMAT PARAMETERS 

PARAMETER HARD DISK'" SINGLE DEN. FLOPPY DOUBLE DEN. FLOPPY 

GAP0* 16 40 80 

GAP1* 16 26 50 

GAP2* 3 11 22 

GAP3* 18*' 27 54 

SYNC SIZE * 13 6 12 

SECTOR COUNT * user selectable user selectable user selectable 

SECT. SIZE MULT' user selectable user selectable user selectable 

RDG1 16 73 NA 

RDG2 6 13 24 

RDG3 25 27 24 

WDG2 5 11 23 

WDG3 3 11 3 

* = PARAMETER USED BY FORMAT COMMAND 
** = GAP 3 VARIES WITH SECTOR SIZE 
•• * = ALL VALUES APPLY TO 512 BYTES/SECTOR 

TABLE 1: STANDARD FORMAT PARAMETERS 
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DMA 7-0 
(REGISTER 0) 

DMA 15-8 
(REGISTER 1) 

DMA 23-16 
(REGISTER 2) 

DESIRED SECTOR 
(REGISTER 3) 

DESIRED HEAD 
(REGISTER 4) 

SECTOR COUNT 
(REGISTER 6) 

RETRY COUNT 
(REGISTER 7) 

MODE 
(REGISTER 8) 

INTERRUPTI 
COMMAND TERM. 

(REGISTER 9) 

DATAIDELAY 
(REGISTER A) 

CURRENT HEAD 
(F~EAD REGISTER 4) 

7 

(MSB) 

(MSB) 

(MSB) 

(MSB) 

(MSB) 

(MSB) 

(MSB) 

REGISTER BIT DEFINITIONS 

6 5 4 3 2 
LOW ORDER BYTE OF DMA BUFFER 

MEMORY STARTING ADDRESS 

MIDDLE ORDER BYTE OF DMA BUFFER 
MEMORY STARTING ADDRESS 

HIGH ORDER BYTE OF DMA BUFFER 
MEMORY STARTING ADDRESS 

DESIRED SECTOR NUMBER 

HIGH ORDER BITS OF DESIRED HEAD NUMBER 
DESIRED CYLINDER 

(MSB) (MSB) 

LOW ORDER BITS OF DESIRED CYLINDER 

NUMBER OF SECTORS TO BE OPERATED ON BY COMMAND 

RETRY COUNT (1 'S COMPLEMENT) PROGRAMMABLE OUTPUTS 

CRCIECC ENABLE ALWAYS 
o STEP 

HEAD LOAD DELAY MULTIPLE IS LOADED INTO THIS REGISTER 
DATA IS LOADED TO OR READ FROM THIS REGISTER 

RATE 

HIGH ORDER BITS OF 
CURRENT CYLINDER 

CURRENT HEAD NUMBER 

(MSB) (MSB) 

0 

(LSB) 

(LSB) 

(LSB) 

(LSB) 

(LSB) 

(LSB) 

(LSB) 

SELECT 

(LSB) 

(LSB) 

CURRENT CYLINDER (MSB) LOW ORDER BITS OF CURRENT CYLINDER NUMBER (LSB) 
(READ REGISTER 5) L-_____________________________________ ---' 

CHIP STATUS 
(READ REGISTER 8) 

DRIVE STATUS 
(READ REGISTER 9) 

INTERRUPT 
STATUS 

(COMMAND READ) 
COMMAND TERMINATION 

CODE 

TABLE 2: REGISTER BIT MAPS 
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REGISTER 

DMA 7-0 
(REGISTER 0) 

DMA 15-8 
(REGISTER 1) 

DMA 23-16 
(REGISTER 2) 

DESIRED 
SECTOR 

(REGISTER 3) 

DESIRED 
HEAD 

(REGISTER 4) 

DESIRED 
CYLINDER 

(REGISTER 5) 

SECTOR COUNT 
(REGISTER 6) 

RETRY COUNT 
(REGISTER 7) 

MODE 
(REGISTER 8) 

INTERRUPTI 
COMMAND 

TERMINATOR 
(REGISTER 9) 

DB7 

(MSB) 

(MSB) 

(MSB) 

(MSB) 

0 

UDC WRITE REGISTERS (APPLIES DURING TAPE BACKUP ONLY) 

DB6 

o 

DB5 DB4 DB3 DB2 

DMA BEGINNING ADDRESS BUTE (LOW ORDER BITS) 

DMA BEGINNING ADDRESS BYTE (MIDDLE ORDER BITS) 

DMA BEGINNING ADDRESS BYTE (HIGH ORDER BITS) 

MAXIMUM SEARCH COUNT (IN 1'S COMPLEMENT) (1) 

o o 

ECC TYPE 

TRK# 
BIT3 

ALWAYS 
1 

TRK# 
BIT2 

DB1 

TRK# 
BIT 1 

DATA BLOCK SIZE 

TAPE MARK BLOCK SIZE 
(IN 2'S COMPLEMENT + 1) 

(MODULO 256) (2) 
OR 

DATA BLOCK COUNT 
(IN 1'S COMPLEMENT) 

(3) 

CRCIECC 
ENABLE 
CODE 

USER DEFINED OUTPUTS 

NOTES: (1) The maximum search count is composed of: 
130 byte inner loop (RDGATE high 128,2 byte times) 
times the number programmed (maximum of 33,150 byte times 

(2) Tape mark operation 
(3) Data block operation 

TABLE 3: TAPE BACKUP REGISTER BIT MAPS 
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(LSB) 
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UDC READ REGISTERS (APPLIES TAPE BACKUP ONLy) 

REGISTER DB7 DB6 

DMA 7-0 (MSB) (REGISTER 0) 

DMA 15-8 (MSB) (REGISTER 1) 

DMA23-16 (MSB) (REGISTER 2) 

DESIRED 
SECTOR (MSB) 

(REGISTER 3) 

CURRENT 
HEAD X X 

(REGISTER 4) 

CURRENT 
CYLINDER X X 

(REGISTER 5) 

CHIP 
STATUS 

(REGISTER 8) 

DRIVE 
STATUS 

(REGISTER 9) 

DATA 
(REGISTER A) 

INTERRUPT 
STATUS 

(COMMAND READ) 

NOTES: (1) Command termination bits set to: 
11 for data transfer error 
10 for sync error 
00 for successful termination 

X Don't care 

DB5 DB4 DB3 DB2 

DMA BEGINNING ADDRESS BYTE (LOW ORDER BITS) 

DMA BEGINNING ADDRESS BYTE (MIDDLE ORDER BITS) 

DMA BEGINNING ADDRESS BYTE (HIGH ORDER BITS) 

MAXIMUM SEARCH COUNT (IN 1 'S COMPLEMENT) 

X 

X 

X 

X 

READ DATA 

COMMAND 
TERMINATION 

CODE (1) 

X X 

X X 

TABLE 4: TAPE BACKUP REGISTER BIT MAPS 
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(LSB) 

(LSB) 

(LSB) 

(LSB) 
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RESET 

DESELECT 
DRIVES 

RESTORE 
DRIVE 

STEP IN 
1 CYLINDER 

STEP OUT 
1 CYLINDER 

POLL 
DRIVES 

SELECT 
DRIVE 

SET REGISTER 
POINTER 

SEEK/READ ID 

READ SECTORS 
PHYSICAL 

READ 
TRACK 

READ SECTORS 
LOGICAL 

FORMAT 
TRACK 

WRITE SECTORS 
PHYSICAL 

WRITE SECTORS 
LOGICAL 

TAPE 
BACKUP 

COMMAND BIT DEFINITIONS 

7 6 5 4 

o o o o 

1 0 o o o 

I 0 I 
o o o 

3 2 

o o o 

o o o 

o o 

o 
o J 

J 
, 0 B'ff"ed] Seek 
0= Normal 

Seek 

C_l __ ~ ____ ~ __ ~ __ ~ __ ~ __ ~_1=_~~_~~r~ed] o 0 0 0 0 0 = Normal 
Seek 

I • I 
o 

o o 

o o 

I' 0 Head Load Delay Enabled 
0= Dolay 
Disabled 

o 

TYPE OF DRIVE 

, 0 B'ffe"",] 
Seek 

0= Normal 
Seek 

DRIVE UNIT SELECTED 

1 0 1 0 0 REGISTER NUMBER J 

~ __ ~I ________ -L ____ 0 ____ ~ _________ L-______ ~ ________ -L ____ ~ __ ~ ___ ve_lg_fY __ J 
o o 

o o 

I 

0 

I 

1 

I 

0 

I 

1 1 

o o 

o 

1 = Bad Sector 
Bypass 

1 0= Bad 
Sector 
Terminate 

Enable J 
Transfer 

11 = Transfer A~ o = Transfer ID 

Enable 
Transfer 

r-:-- I Write 

~ ___ L-________ ~ ________ -L ___ D_~_~_~ __ d __ -L ________ ~ _________ P_R_E_C_O_~_A_~_D_~_SA_T_I_O_N ______ ~ 

C PRECOMPENSATION 
1 VALUE 

------L----L------'-----__ ---'------'--____ --' 

1 = Bad 
Sector Write Write With 

1 Bypass 1 Deleted Reduced PRECOMPENSAT 
0= Bad Data Current VALUE 

Sector 
Terminate 

~ __ ~1 _____ 0 ____ -L ____ 0 ____ -L _____ 0 ____ ~ ________ ~ ________ -L __ -J ____ L-________ ~ 
TABLE 5: COMMAND WORD BIT MAPS 
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SECTOR SIZE nELD BITS 
DB2 DB1 DBO IBM FD FORMAT HD FORMAT 

0 0 0 128 bytes/sector 128 bytes/sector 
0 0 1 256 bytes/sector 256 bytes/sector 
0 1 0 512 bytes/sector 512 bytes/sector 
0 1 1 1024 bytes/sector 1024 bytes/sector 
1 0 0 not used 2048 bytes/sector 
1 0 1 not used 4096 bytes/sector 
1 1 0 not used 8192 bytes/sector 
1 1 1 not used 16,384 bytes/sector 

FORMAT ECC TYPE FIELD 
DB? DB6 DB5 DB4 HD FORMAT 

o 0 0 0 4 ECC bytes generated/checked 
1 1 1 1 5 ECC bytes generated/checked (1) 
1 1 1 0 6 ECC bytes generated/checked (1) 
1 1 0 1? ECC bytes generated/checked (1) 

note 1: WITH EXTERNAL ECC 

IBM FLOPPY DISK FORMAT: 
ID,FIELD 

CYLINDER 
HEAD 
SECTOR 
SECTOR SIZE 

DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO 

track number 
side number 
sector number sector size 

(2 bits) 

HARD DISK FORMAT: ST506 PC FORMAT (512 BYTES) 
ID FIELD 

CYLINDER 
HEAD 

SECTOR 

DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO 

cylinder number (8 LSB's) 
bad cyl #cyl #cyl # hd # hd # hd # hd # 

sector bit 10 bit 9 bit 8 bit 3 bit 2 bit 1 bit 0 
flag 

sector number 

HARD DISK FORMAT: (USER SELECTABLE SECTOR SIZE) 
ID FIELD DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO 

CYLINDER cylinder number (8 LSB's) 
HEAD bad cyl #cyl #cyl # hd # hd # hd # hd # 

sector bit 10 bit 9 bit 8 bit 3 bit 2 bit 1 bit 0 
flag 

SECTOR sector number 
SECTOR SIZE ECC type X sector size 

DISK FORMATS 

TABLE 6 
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For additional information, please consult the 
following: 

Technical Note 6-2 (9224 Overview) 
Technical Note 6-5 (Programmer's Reference 

Manual) 
HOC 9225 Data Sheet 
HOC 9226 Data Sheet 
HOC 9224 Programmer's Quick Reference Card 

STANDARD MICROSYSTEMS 
CORPORATION 

3SMa'cusBlvd.HalJDpauge.N.V11788 
i516\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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HDC9225 

DISK BUFFER MANAGEMENT UNIT 
"DBMU" 

FEATURES 

D Significantly reduces chip count in hard disc systems 

D Completely compatible with the HDC 9224 Universal 
Disk Controller 

D Creates a dual-port disk buffer (up to 32K in size) using 
low cost static ram 

D Programmable sector interrupt counter allows host pro
cessor rapid access to data 

D On board 10 MHz oscillator simplifies clock generation 

D Allows disk interleave factor of 1, improving system 
performance 

D Fabricated in low power CMOS; fully TTL compatible 

LDArlQ--_._---------, 
EccrM---+....----::==-----, 

AB7·0---r-r-,/1 

I-----INT 

HOCCS ---t-+--++---l;----r~::_l_---

DIP --<P""+-I---+-+--t--t 

HDCR.W--I---I-_-< 1-----+-++-----1--

r---+--~PCLKN 

O~ 

Wi, 

DMACLK 

'CLOCK OUT ---~----4----t 

BLOCK DIAGRAM 

I+-__ i--- RAME'N 

WAIT 

1+---- XTAL 2 
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PIN CONFIGURATION 

XTAL 1 Vee 
XTAL2 CLOCKOUT 

ECCTM INT 
ABO INTACK 
AB1 RESET 
AB2 LDADD 
AB3 SEN 
ADO WAIT 
AD1 !:&LKIN 
AD2 OE 
AD3 WE 
AD8 SYSR/W 
AD9 DIP 

AD10 HDCDS 
AD11 HDCCS 
AD4 HDCR/W 
AD5 BUSDIR 
AD6 RAMEN 
AD? SYSDS 
AB4 STB 
AB5 DMACLK 

. AB6 AD12 
AB? AD13 

GND AD14 >----------
48 Pin DIP Package 

GENERAL DESCRIPTION 

The HDC 9225 Disk Buffer Management Unit (DBMU) is a 
48 pin CMOS/LSI device which, when used with the HDC 
9224 Universal Disk Controller, significantly reduces the total 
number of chips required to build a hard and floppy disk 
controller. 

The DBMU allows low cost static rams to be used in a dual
ported configuration. This allows both the system proces
sor and the HDC 9224 Universal Disk Controller to share a 
common disk buffer local memory area, while eliminating 
system memory contention problems. This feature greatly 
improves overall system performance, while simplifying 
design. 
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For additional information, consult your 1986 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 
1i~~2w~~iii •• ii applications: consequently complete information sufficient for construction purposes is not necessarily given. Ii The information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 

35"'c .. 8Nd_NYII788 assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the 
151611733100· TWX·510·2178898 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 ana supply the best product possible. 
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HDC 92C26 
PRELIMINARY 

HIGH PERFORMANCE 
HARD DISK DATA SEPARATOR 

"HDDS" 
FEATURES 
o Significant!y reduces component count in hard disk 

systems 

o Completely compatible with the HDC 9224 Universal 
Disk Controller 

o Simplifies design and improves performance of ST506 
Hard Disk Controller sub-system 

o Built-in write precompensation logic 

o Eliminates costly critical "tune up" adjustments 

o Space saving 24 pin package saves board space and 
reduces critical layout problems. 

o Printed Circuit Board Artwork available to facilitate 
prototyping and evaluation 

PIN CONFIGURATION 

RCLK 
RDATA 
EARLY 

LATE 
WDATA 

10MHZOUT 
10MHz/XTAL 1 

XTAL2 
5MHZOUT 
WRGATE 
RDGATE 

GND 

DLY40 
DLY30 

Vee 
NC 

RCLK 
RDA'i'A 
EARLY 

PACKAGE: 24-pin D.I.P. 

Vee 
DLY30 
DLY40 
NC 
NC 
XDL 
DLY50 
POMPiJj5 

PUMPDWN 
4XVCO 
RDIN 
WDOUT 

4XVCO 
RDIN 
WDOUT 
NC 
GND 
RDGATE 
WRGATE 

PACKAGE: 28-pin PLCC 

GENERAL DESCRIPTION 

The HDC 92C26 Hard Disk Data Separator (HDDS) is a 24 
pin CMOS/LSI device, which when used with the HDC 9224 
Universal Disk Controller significantly simplifies the design 
of a high performance hard disk data separator. 

The HDC 92C26, combined with a few discrete components, 
form a phase locked loop which performs phase and 

frequency locking onto either the FM or MFM !:lata stream 
output by ST506/ST 412 type drives. 

By reducing the number of critical discrete components to 
a minimum and eliminating all critical adjustments, the HDC 
92C26 simplifies the task of the designer. 
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NC ~(NC) 

WDATA 
NC ~(NC) 
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PMPUP 
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TYPICAL CIRCUIT CONFIGURATION 

628 

FILTER 
VCO 

SEE 
SCHEMATIC 

#1 

r 

-') 
V 

r--

T o 
RIVE D 

'"-



DESCRIPTION OF PIN FUNCTIONS 

PIN. NO. NAME SYMBOL DESCRIPTION 

1 Read Clock RCLK Read clock output with nominal frequency of 5 MHz which defines the 
half bit boundaries of the RDATA output. 

2 Read Data RDATA This output is the regenerated raw read data from the drive. This Signal 
conforms to all timing requirements of the UDC. 

3 Early EARLY This input is connected to the HDC 9224, and causes the HDDS to send 
out the write data early: 

4 Late LATE This input is connected to the HDC 9224, and causes the HDDS to send 
out the write data late. 

5 Write Data WDATA This input is connected to the HDC 9224, and is the MFM encoded write 
data signal. This Signal is passed through the HDDS and is delayed 
according to the write precompensation inputs EARLY and LATE. 

6 10 Mhz Out 10MHZOUT This output is normally connected to the CLK input on the HDC 9224. 
7,8 Crystal 1 ,2 XTAL 1,2 A 10 Mhz crystal may be connected between these two inputs. If a TTL 

signal is used in place of a crystal, the TTL signal (with pullup) should be 
connected to the XTAL 1 and the XTAL 2 input should be left open. 

9 5 Mhz Out 5MHZOUT This output is normally tied to the HDC 9224 DMACLK pin in systems that 
do not use the HDC 9225 Disk Buffer Management Unit. 

10 Write Gate WRGATE This input is connected to the WRGATE output of the HDC 9224. When low 
the RDIN input is selected and is output to the delay line via the XDL pin. 
When in write mode (WRGATE active), the WDATA input is selected and 
output to the delay line via the XDL pin for precompensation. 

11 Read Gate RDGATE This input signal, when active, allows the external VCO to begin locking 
on the incoming data from the drive. When this signal is inactive, the VCO 
will lock on to the 5 MHz output signal. 

12 Ground GND This is the ground pin for the device 
13 Write Data WDOUT This output is the precompensated version of the WDATA input. This out-

Out put is normally connected to the write data signal of the hard disk drive. 
14 Read Data RDIN This input is normally connected to the Disk Data output of the drive. The 

In leading edge of this input arms the internal phase comparator, and then 
also asserts the PMPUP output 50 ns later. 

15 4 TimesVCO 4XVCO This input is connected to the external VCO and runs at a frequency of 4 
times the data rate with RDGATE asserted. This signal is inte~ 
divided by 2 and feeds the phase comparator to generate the PMPDN 
signal. 4XVCO is also divided by four and output as the RCLK signal. 

16 Pump Down PMPDN When active (low) this output will decrease the freguency of the VCO. I 
17 Pump Up PMPUP When active (low) this output will increase the frequency of the VCO. 
18 Delay 50 ns DLY50 This is the 50 ns delay of the XDL signal. The 50 ns tap is used to arm the 

phase detector and create a reclocked version of the raw read data from 
the drive. 

19 Excite XDL During write operations, when WRGATE is active, this output is identical 
Delay to WDATA, and is output to the delay line, creating precise delays which 
Line are used to perform write precompensation. 

When WRGATE is inactive, this output is the image of the raw read data 
the RDIN input. XDL is output to the delay line and is used to provide 
proper arming.for the phase comparator and clocking for the data 
recovery circuitry. 

20,21 No Connect NC No connection should be made to these pins. 
22 Delay 40 DLY40 These inputs are delays of 30 and 40 ns of the XDL signal, and come 
23 Delay 30 DLY30 from the external delay line. These signals are used for the nominal, late 

and early positioning of the databits in the WDOUT data stream. 
24 Vee Vee + 5V supply connected to this pin. 
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DESCRIPTION OF OPERATION 

DATA SEPARATION 
The HOC 92C26, in conjunction with a.n external VCO, 
tapped delay line and filter, allows the system designer to 
implement a high performance phase locked loop circuit to 
perform phase and frequency locking onto either an MFM 
or FM encoded data stream (from an ST -506 style disk 
drive.) 
In most applications, the data on the hard disk is recorded 
in double density (MFM). In MFM mode, an input pulse on 
ROIN indicates not a 1 or 0 but rather a flux transition on the 
media and (by definition) these flux transitions may be 
spaced at T, 1.5T or 2T time intervals, where T equals the 
inverse of the bit data rate. For the standard ST -506 drive, 
these time intervals are 200 ns, 300 ns, and 400 ns. 
Oue to the nature of magnetic storage phenomena, the bit 
spacing found on the hard disk is not constant, but instead 
will modulate due to magnetic effects and drive rotational 
speed variations. The HOC 92C26 compensates for these 
shifts in the ROIN signal coming from the drive and 
regenerates ROATA and RCLK. 

The RCLK signal is derived from the VCO which changes 
its period as a function of the variations in the raw disk data 
and permits the data from the drive to be correctly clocked 
into the HOC 9224 Universal Oisk Controller, independent 
of the bit spacing variations found in the raw data coming 
from the drive. 

The VCO normally runs at 20 Mhz. Since the half bit time 
(for data from the disk) is 100 ns, the HOC 92C26 divides 
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the 4XVCO signal in half and compares the phase and 
frequency of the VCO with the incoming data. The read data 
signal is regenerated by the HOC 9266 and is placed 
correctly within the RCLK window so as to satisfy the input 
timing requirements of the HOC 9224 Universal Oisk 
Controller. 

WRITE PRECOMPENSATION GENERATOR 
The HOC 92C26 also performs write precompensation 
which is needed because of tendency of written data to "re
align" itself on the magnetic media. 

Certain bit patterns, when written, and later read back, will 
cause a phenomena known as "peak" or "bit" shift. Since 
this shifting is predictable, it is common when writing to 
magnetic media to intentionally pre-shift when these bits 
are to be written. This intentional "pre-shifting" minimizes 
the amount of shifting which occurs when the data is read 
back, and facilitates proper data recovery. 

The HOC 9224 recognizes those patterns which require 
"pre-shifting" or precompensation, and outputs EARLY and 
LATE signals to alert the HOC 92C26 to the need for 
precompensation. 

Typical ST-506 applications may require "pre-shifting" the 
data bits by approximately 10 ns (either early or late). Three 
taps of the delay line (OLY30, OLY40, OLY50) are normally 
used to implement precompensation. The HOC 92C26 then 
outputs the precompensated data via the WOOUT pin. 



MAXIMUM GUARANTEED RATINGS 
Operating Temperature Range .................................................................................. 0 to 70 C 
Storage Temperature Range .......................................................................... - 55 C to + 150 C 
Lead Temperature (soldering, 10 sec) .......................... , ......... , " ........................... '" ...... + 325 C 
Maximum V cc ...................................................................................................... + 7.0 V 
Positive Voltage on any Pin, with respect to Ground ........................................................ V cc + 0.3 V 
Negative Voltage on any Pin, with respect to Ground ............................................................ - 0.3 V 

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 spec
ification is not implied. 

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

DC ELECTRICAL SPECIFICATIONS (TA = 0 C to 70 C, V cc = 5.0V, ± 5%) 

Parameter Min. Max. Units 
SUPPLY CURRENT 
Icc 30 mA 
OUTPUT VOLTAGE 
VOH (1) 2.4 V IOH=400 uA 
VOH (2) 4.3 V IOH=400 uA 
VOL 0.4 V I L=2.0mA 
INPUT VOLTAGE 
VIH (3) 2.0 V 
VIL (3) 0.8 V 
VIH (4) 3.5 V 
VIL (4) 1.5 V 
INPUT CURRENT 
I'H 10 uA VIH = 2.0V 
IlL 2.0 mA VIL = O.4V 
Notes: 

(1) For all outputs except 10MHzOUT and 5MHzOUT 
(2) For 10MHzOUT and 5MHzOUT 
(3) For all inputs except XTAL 1 and 4XVCO 
(4) For XTAL 1 and 4XVCO 

AC ELECTRICAL CHARACTERISTICS (TA = 0 C to + 70 C, V cc = 5.0V, ± 5%) 

Symbol Min. l' Max. Unit 
T1 70 ns figure 1 
T2 80 ns figure 1 
T3 60 ns figure 2 
T4 10 ns figure 2 
T5 60 ns figure 2 
T6 10 ns figure 2 
T7 65 ns figure 3 
Ts 65 ns figure 3 
Tg 65 ns figure 3 
T10 65 ns figure 3 
Tn 45 50 55 ns figure 4 
T12 50 ns figure 5 
T13 50 ns figure 6 
T14 6 ns figure 7 
T15 50 ns figure 7 
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SILK SCREEN 

NOTE: The printed circuit board artwork shown above is included for illustration only. Camera ready artwork is available at no charge. 
Contact your SMC representative or regional sales office, and ask for Technical Note TN 6-4. 

Blank PC boards (based on the illustrations above) are also available to facilitate evaluation and design. Contact your SMC repre-
sentative or regional sales office for more information. . 

STANDARD MICROSVSTEMS 
CORPORATION 

35Mim.1SBIYd.~,N.Y.l'188 
{5161273·3100 TWX:'SlO·22r8898 

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

HDC9227 
PRELIMINARY 

High Performance 
Dual (Hard/Floppy Disk) Data Separator 

DDS 

FEATURES 
D Single chip combines high performance analog hard 

disk data separator and high resolution digital floppy 
disk data separator 

D Significantly reduces component count in hard disk and 
floppy systems 

D Completely compatible with the HDC 9224 Universal 
Disk Controller 

D Eliminates all tuning and tweaking normally required by 
analog data separators 

D Built-in hard disk write precompensation logic 

D Fabricated in CMOS technology 

[j Single + 5V supply 

D TTL Compatible 

PIN CONFIGURATION 

coo 2XRDCLK 
CD, RESET 

RCLK Vee 
RDATA DLY30 
EARLY DLY40 

LATE VCOOUT 
WDATA DLYDAT 

10MHZOUT XDL 
20MHzlXTAL, DLY50 

XTAL2 PMPlJI5 
5MHZOUT PMPDWN 
WRGATE 4XVCO 
RDGATE RDIN 

GND WDOUT 

PACKAGE: 28-pin DIP 

GeNERAL DESCRIPTION 

The HDC 9227 Universal Disk Data Separator (UDDS) is a 
28 pin CMOS/LSI device, which when used with the HDC 
9224 Unilversal Disk Controller significantly simplifies the 
design of the hard disk/floppy disk sub-system. 

Internally, a precision floppy disk digital data separator is 

combined with the digital portion of a high performance, self 
tuning analog hard disk data separator. 

By reducing the number of critical discrete components to 
a minimum and eliminating all critical adjustments, the HDC 
9227 simplifies the task of the system designer. 
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For additional information, consult your 1986 SMC catalog or contact our product marketing department at (516) 273-3100. 

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

jDRiirooi~l\i'~'~ii'~~~~!! applications: consequently complete information sufficient for construction purposes is not necessarily given. 
MJIVI.. The information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 

I 
"M'"""" "'"PO'"" '''''88 assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the 
15161 273~31110· TW'51.227889. 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 ana supply the best product possible. 
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DARD MICROSYSTEMS 
'--~"'."r',..~~ 

HDC9234 
~ PRELIMINARY 

Universal Disk Controller 
FEATURES 
Programmable Disk Drive Interface and Formats 
o IBM® PC-AT® ST506/412 or user definable hard disk 

formats 
o IBM® PC-AT® compatible ECC algorithm 
o IBM Compatible Single or Double Density Floppy Disk 

Formats 
o Controls 8",5.25", and 3.5" drives 
o Controls tape drives for tape backup of disks 
o Full CRC generation and checking 
o Internal or External Error detection 
o Programmable user-transparent Error correction 
o Programmable automatic retry option 
o Programmable internal write precompensation logic 
o Read/Write commands with automatic seek 
o Multiple sector read/write transfers 
o Sector interleave capability 
o Internal address mark generation and detection 
o Programmable track step rates 
o Supports both buffered and unbuffered seeks 
o Polling command allows overlapping seeks 
o Powerful, high level command set 
o Controls up to 4 drives with 
o up to 16 heads per drive 
o up to 2048 cylinders per drive 
o up to 256 sectors per track 

Flexible System Interface 
o Built-in DMA controller capable of addressing up to 

16 MBytes 
o Supports either private or virtual buffer memory 

addressing schemes 
o User readable Interrupt, Chip Status, and Drive Status 

registers 

PIN CONFIGURATION 

'" UJ RDATA CD~ ~ o.l~~~~ '~r" INT 2 39 EARLY ~ It) 2Lill~ ~ cifrl ~ ~ ~ RCl~ 3 38 lATE 
c/o 4 37 WDATA 

ClK 
A~ 5 36 ClK 

DB7 OS 6 35 SO 
DB. R/IN STB 
DBs ABO DMAClK 

S1 
RST 

NC DIP 
Vee ECCTM 
INT DB2 AB5 DMAR 

RClK DB, 

C/D 
AB6 WGATE 

ACK 

I~ I~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
DB5 

PACKAGE: 44-pin PLCC 

o Programmable Interrupt Mask 
o TTL compatible 
o Standard 40 pin DIP package 
o Single + 5 volt supply 

GENERAL DESCRIPTION 
The HDC 9234 Universal Disk Controller (UDC) is a 40 

pin, n-channel MaS/LSI device capable of interfacing up 
to 4 Winchester-type hard disks and/or industry standard 
floppy disks to a processor. The chip is programmable to 
support IBM® PC-AT® ST506/412 and user defined hard 
disk formats, as well as IBM compatible 8",5.25" and 3.5" 
single and double density formats. 

viding up to 24 bit addresses over an 8 bit data bus. This 
enables the HDC 9234 to address up to 16 megabytes of 
memory, and allows the hardware designer tremendous 
flexibility in system design. 

Several techniques of error detection and correction are 
implemented on the HDC 9234. One user selected method 
allows the chip to detect and transparently correct a read 

A powerful and "Sophisticated command set reduces the error in the data-stream, without external logic. Another 
software overhead required to implement a combined hard technique allows the designer complete control over the 
disk/floppy disk controller. These commands include: ECC algorithm, by using external logic or system software 

Drive Select Seek to cylinder and read ID to detect and correct the error. As a further aid in error han-
Step out 1 cylinder Step in 1 cylinder dling, the HDC 9234 allows the user to specify the number 
Restore Drive Read Logical Sectors of read retries to be attempted before an error is reported 
Read Physical Sectors Read Entire Track to the host processor by the HDC 9234. 
Write Logical Sectors Write Physical Sectors The HDC 9234 features a versatile track format com-
Chip Reset Deselect Drive h f 
Poll Drives for Ready Set Register Pointer mand whic allows ormatting with interleaved sectors. The 

chip needs only 4 or 5 bytes of external memory space per 
Tape Back-up Format current track sector (depending on format selected). This feature allows 
The HDC 9234 can use both private memory or shared the designer to optimize sector interleaving for optimum 

memory buffers with the chip's internal DMA controller pro- throughput. 
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2XCLK WGATE 
RGATE 

~----------------------~STB 
S0 
S1 

ALU/REGISTER FILE 

DB7-0 

AB7-0 

PIN NO. NAME 

1 Power 

22 Ground 

16 Chip Select 

17,18 Data Bus 7-0 
19,20 
21,23 
24,25 

8-15 Aux Bus 7-0 

4 Command/nata 

7 Read/Write 

WDATA 

EARLY 

LATE 

BLOCK DIAGRAM OF DATA PATH IN HDC 9234 

DESCRIPTION OF PIN FUNCTIONS 

SYMBOL DESCRIPTION 

Vee + 5 volt power supply pin 

Vss System ground 

CS This signal (when active) selects the HDC 9234 for communications with the host 
processor. This signal is normally derived by decoding the high order address bits. 
It is active low. 

DB7-0 All system processor reads and writes, (including status reads, initialization, disk 
parameters, and commands) are 8 bit transfers which utilize these lines. 
When the UDC is accessing memory, data is inptlt or output on these lines. 
Data on these lines is valid only when DATA STR081:: (OS) is active low. 

AB7-0 These 8 pins are used to output drive control signals and DMA Address 
information. 
Additionally, these pins are used to input drive status information. 

C/O During processor to UDC communications, this input is used to indicate whether a 
command or data transfer will follow. 
If this pin is low, data may be written to, or read from, the internal data registers. 
If this pin is high, the processor may write commands or read command results 
from the UDC. 

R/W When the processor is communicati~ to the UDC, a high on this input line indi-
cates a (processor) request for a UD read operation, and a low indicates a (pro-
cessor) request for a write operation. 

R/W C/O Operation 

a a Write to register file 
a 1 Write to command reg. 
1 a Read from register file 
1 1 Read Interrupt Status Register 

During UDC initiated operations, this pin becomes an output, and is used to indi-
cate a read operation (logic 1) or write operation (logiC 0) to external memories. 
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PIN NO. NAME SYMBOL DESCRIPTION 

6 Data Strobe OS This active low pin functions as both an input and output. When the processor is 
writing to the UDC, the trailing edge of an active (low) signal applied to this pin indi-
cates that the data on DB7 -0 is valid, and the.data is latched into the appropriate 
UDC register on the rising edge. 
When the processor is reading from the UDC, the trailing ed8e of an active (low) 
signal applied to this pin is used to clock out the desired UD register on to DB7-0. 
During UDC initiated DMA operations, the UDC drives this pin low to either read or 
write data from memory. On DMA read cycles, data is clocked in on the trailing 
edSe. On DMA write operations, the data on DB7-0 is valid anytime this pin is 
active (low). 
When this pin is high (logic 1), DB7-0 return to a high impedance state. 

2 Interrupt INT This active high output is used by the UDC whenever it wants to interrug the pro-
cessor. The interruP~in is reset to its inactive (low) state when the UD interrupt 
status register is rea . 

30 DMA In Progress DIP This active high output becomes active whenever the UDC is actually performing a 
DMA operation. 

28 DMA Request DMAR This active high output becomes active whenever the UDC requires the system 
bus to perform a memory cycle, and ACK is inactive. During hard disk operations, 
it remains active until the sector transfer is complete. 
During floppy disk operations, it is active for 1 byte transfer time. 
The UDC shows that it has released the system bus by resetting this signal to its 
inactive (low) state. 

5 Acknowledge ACK This active high signal from the processor tells the UDC that the processor has 
released the system bus and the UDC may access system memory. 

37 Write Data WDATA This pin is used to output serial data from the UDC to the drive, in either FM or 
MFM format. In both cases, data is output with the most significant bit first. 

38 Late LATE This out~ut (when active high) indicates that the current flux transition appearing 
on WDA A is to be written late. 

39 Early EARLY This out~ut (when active high) indicates that the current flux transition appearing 
on WDA A is to be written early. 

27 Write Gate WGATE This output (when active high) indicates the drive should allow a write operation. 

40 Read Data FIDATA This input pin contains the serial bit stream read from the drive, in either FM or 
MFM format. Media flux reversals are indicated by a negative transition. 

3 Read Clock RCLK This input is generated by the external data separator. Its frequency should self-
adjust to the variations in bit width in the data stream from the drive. This clock 
supplies a window to indicate half-bit-cell boundaries. 

26 Read Gate RDGATE This output pin is used to enable the external data separator, compensate for write 
to read recovery time of the drive, and filter out the write splice in craps 2 and 3. 
The timing of this signal is dependent upon the type of drive (har or floppy) being 

I 
used. 
RDGATE is inactive at all times except when the UDC is actually performing a read 
operation or an internal ECC operation. 

29 ECCTime ECCTM" When the UDC is used in external ECC mode, this output pin becomes active 
(IO~ during the time the UDC is reading the ECC bytes from memory or external 
EC chip, when executing a WRITE command. 
It is also active during internal ECC correction 0ferations, and for either one 
(write) or two (read) byte times after DIP (pin 30 becomes inactive followina a sec-
tor transfer. This shows the system processor when it should service the U C 
buffer. 

32,35 Select 1,0 S1,SO These active h~h outputs are used by externallo~c to select either the source or 
destination for ata transfers occuring via AB7-0. he following table defines the 
~ifiC transfer being called for by the UDC. (Note that S1-0 are valid only when 

is active low.) 

STS S1 SO AB7-0 Activity 

1 X X S1 ,SO Invalid 
0 0 0 UDC inputs Drive Status Signals 
0 0 1 UDC outputs DMA address bytes 
0 1 0 UDC outputs OUTPUT 1 signals 
0 1 1 UDC outputs OUTPUT 2 signals 
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PIN NO. NAME SYMBOL DESCRIPTION 

34 Strobe "STS This active low output indicates when the host processor should read or write to 
AB7-0, as indicated by S1-0. 
When AB7-0 are used as outputs from the UDC, data is valid anytime this signal is 
active (low). 
When AB7-0 are used as inputs to the UDC, data is clocked in on the rising edge 
of this signal. 

36 DEVICE CLOCK ClK This input is the double frequency clock used by the UDC for all internal timing 
operations. 
Eight inch hard disk drives (with a nominal bit time of 230 ns) require an input of 
8.696 MHz (115 ns period). 
5.25" hard disks (with a nominal bit time of 200 ns) require a 10 MHz input (100 ns 
period). 
Ei~ht inch, 5.25" and 3.5" floppy drives all require a 10 MHz clock, which is inter-
na Iy prescaled by the UDC to the correct frequency, as determined from the Drive 
Selecfcommand and MODE register. 
This input requires an external pull-up resistor, as it is not TTL-level compatible. 
See figure 2. 

31 Reset liST This active low input will force the UDC into the following known state: 
INT -Inactive low 
WDATA-Inactive low 
ECCTf\il-lnactive high 
DMAR-Inactive low 
EARLY-Inactive low 
C/O-Input 
AB7-0-lnput 
lATE-Inactive low 
R/W-Inrrut 
DB7-0- nfrut 
WGATE- nactive low 
DIP-Inactive low 
RDGATE-Inactive low 
ITS-Input 

An active Iowan this pin has the same effect as a RESET Command. 

33 DMAClock DMAClK All UDC DMA operations will be synchronized to this clock input. Three DMAClK 
periods are required for each DMA byte transfer. 

OVERVIEW OF UDC REGISTERS 

The HDC 9234 has three types of internal, processor 
addressable reQisters; Read/Write, Read Only, and Write 
Only. These registers are addressed by an internal register 
pointer that is set by the SET REGISTER POINTER 
command. 

Three internal registers (OUTPUT 1, OUTPUT 2, and 
INPUT DRIVE STATUS) which are not directly address
able by the processor are accessed by the UDC. The infor
mation contained in these registers is used in disk interfac
ing and is input or output on UDC Pins AB7 -0. The following 
table describes these registers and the signals they output 
or input on AB7-0. 

All register data is passed to and from the UDC via the 
data bus (DB7-0). 

The internal register pointer is automatically incre
mented with each register access until it points to the DATA 
Register. This insures that ali subsequent register accesses 
will address the DATA register. 

PROCESSOR ACESSIBLE REGISTERS 

REGISTER ADDR WRITE READ 

0 DMA7-0 DMA7-0 
1 DMA15-8 DMA15-8 
2 DMA23-16 DMA23-16 
3 Desired Sector Desired Sector 
4 Desired Head Current Head 
5 Desired Cylinder Current Cylinder 
6 Sector Count Temporary Storage 
7 Retry Count Temporary Storage 
8 Mode Chip Status 
9 Interrupt/Command Drive Status 

Terminator 
A Data/Delay Data 

COMMAND Current Command Interrupt Status 
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UDC ADDRESSABLE REGISTERS 

DRIVE STATUS REGISTER (input) Select Pins S1 = 0, SO = 0 
AB6-lndex Pulse AB4-Track 00 
AB5-Seek Complete AB3-User Defined 
AB1-Drive Ready AB7-ECCError 
ABO-Write Fault AB2-Write Protect 

OUTPUT 1 (Output) 
AB7-Drive Select 3 
AB5-Drive Select 1 
AB3-Programmable 
Outputs (see text) 
AB1-Programmable 
Outputs 

OUTPUT 2 (Output) 
AB7-Dnve Select 3 
AB5-Step Direction 
AB3-Desired Head (Bit 3) 
AB1-Desired Head (Bit 1) 

Select Pins S1 = 1 , SO = 0 
AB6-Drive Select 2 
AB4-Drive Select 0 
AB2-Programmable Outputs 
ABO-Programmable Outputs 

Select Pins S1 =1, SO=O 
AB6-Reduce Write Current 
AB4-Step Pulse 
AB2-Desired Head (Bit 2) 
ABO-Desired Head (Bit 0) 



Additionally, several registers (DMA7-0, DMA 15-8, DMA23-16, DESIRED SECTOR, DESIRED CYLINDER, SECTOR 
COUNT, and RETRY COUNT) serve an alternate purpose. These registers are used by the FORMAT TRACK command 
to hold parameters. This alternate register utilization is described in detail under the FORMAT TRACK command. 

DESCRIPTION OF UDC REGISTERS 
DMA 7~0 (R/W Register; Address 0) 

This 8-bit read/write register is loaded with the low order 
byte (MSB in bit 7) of the DMA buffer memory starting 
address. 
DMA 15-18 (R/W Register; Address 1) 

This 8-bit read/write register is loaded with the middle 
order byte (MSB in bit 7) of the DMA buffer memory starting 
address. 
DMA 23-16 (R/W Register; Address 2) 
This 8 bit read/write register is loaded with the high order 
byte (MSB in bit 7) of the DMA buffer memory starting 
address. 

Prior to the data transfer portion of a read or write com
mand, the UDC writes the contents of the DMA registers to 
an external counter. This transfer (from the registers to the 
external counter) is accomplished by the UDC with 3 sep
arate outputs on AB7-0, with the contents of DMA 24-16 
bein~ transfered first. In memory areas that require less than 
24 bit addressing, the higher order bits are overwritten. The 
external counter must be incremented with the UDC's OS 
signal after each byte transfer. 

If, during read operations, an error is detected during the 
data transfer, a retry will occur (if so programmed), and the 
three DMA registers will re-initialize the external counter to 
the original starting address. 

During multiple sector read/write operations, the DMA 
address contained in the DMA registers will be incre
mented by the size of the sector selected at each sector 
boundary. This ensures that during read operations the 
address contained in the DMA registers always corre
sponds to the proper memory starting address of the sector 
currently being read. 

AB7·(1) ADD 16·23 

HDC9224 

L..---+ ..... ADD 8·15 

L..-____ ~~ ADD 0· 7 

DMA COUNTER OPERATION 

DESIRED SECTOR REGISTER (R/W Register; 
Address 3) 

This 8-bit read/write register is loaded with the starting 
sector number of a multiple sector read/write operation. 
Except for the last sector of the operation, this register is 
incremented after each sector is written or read without error. 

If the UDC terminates a command because of an error, 
this register will normally contain the bad sector number, 
and may be read by the processor. 

DESIRED HEAD REGISTER (Write Register; 
Address 4) 

The contents of this re9,ister are compared to the disk 
sector's 10 Field when venfying a seek operation. 

For the PC/AT format, this register is loaded with a 2-bit 
sector size, and 4-bit head number. 

BIT 7 Bad Block Mark (always 0) 
BITS 6,5 Sector Size 

6 5 SECTOR SIZE 
0 0 256 
0 1 512 
1 0 1024 
1 1 128 

BIT4 Always 0 
BIT3-0 Desired Head Number 

For the SMC format, this 8-bit write only register is loaded 
with the 4-bit head number and the upper 3-bits of th~ 
desired cylinder number. 

BIT 7 Bad Block Mark (always 0). 
BITS 6-4 MSBs of the Desired Cylinder number. 
BITS 3-0 Desired Head Number. 

The desired head number is output on AB3-0 during 
OUTPUT 2 times. 
DES1RED CYLINDER REGISTER (Write Register; 

Address 5) 
This 8-bit write only register is loaded with the 8 low order 

bits of the desired cylinder (MSB in Bit 7). Combined with 
the 3 high order bits loaded into the DESIRED HEAD REG
ISTER, these 11 bits form the desired. cylinder number, 
which is checked by read and write operations during the 
Check 10 portion of the command. 
SECTOR COUNT REGISTER (Write Register; 

Address 6) 
This 8-bit write only register is loaded with the number of 

sectors to be operated on by the read or write command. 
This allows multiple sectors on the same cylinder to be either 
written or read. 
RETRY COUNT REGISTER (Write Register; 

Address 7) 
This 8-bit write only register is loaded with the number 

of times the UDC should retry to read a data field before 
reporting an error. Additionally, this register is loaded with 
the user programmable output si~nals that the UDC out
puts on ABO-3 during OUTPUT 1 times. 

The retry count is loaded (in 1 's complement format) into 
the 4 most significant bits of this register. 

The user programmable output signals are loaded into 
the 4 least significant bits of the register. 

BITS 7-4 Desired Retry Count (in 1 's complement 
format) 

BITS 3-0 User Programmable Output Signals 
MODE REGISTER (Write Register; Address 8) 

This 8-bit write only register defines the operating mode 
of the UDC as follows: 
BIT 7 (DRIVE DATA TYPE) 
This bit determines how the UDC decodes data from the 
drive. 
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BIT 7 = (1): UDC configured for hard disk use. (Level 
tranSitions) 
BIT 7 = (0): UDC configured for floppy use. (Pulse 
inputs) 
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STEP RATES FOR DOUBLE DENSITY (MFM) OPERATION (Mode Bit 4 = 0) 

DRIVE TYPE 5.25" HARD DISK 8" FLOPPY 5.25" FLOPPY 

DB2 DB1 DBO STEP RATE STEP RATE STEP RATE 
1 1 1 3.2ms 32ms 64ms 
1 1 0 1.6ms 16ms 32ms 
1 0 1 0.8ms 8ms 16ms 
1 0 0 O.4ms 4ms 8ms 
0 1 1 0.2ms 2ms 4ms 
0 1 0 0.1 ms 1 ms 2ms 
0 0 1 0.05 ms 0.5ms 1 ms 

0 0 0 21.8 us 218 us 436 us 
Pulse Width: 11.2 us 112 us 224 us 

(DOUBLE ALL OF THE ABOVE TIMES FOR SINGLE DENSITY (FM) OPERATIONS.) 

BITS 6,5 (CRC/ECC Enable Code) 
These bits determine the error detection/correction code 
generated and checked by the UDC. In addition, they 
enable the Write long command. 

DB6 DB5 CODE GENERATED/CHECKED 
o 0 CRC 
o 1 Enable Write Long 
1 0 Internal 32 bit ECC without correction 
1 1 Internal 32 bit ECC with correction 

-----------------------------------------
With internal ECCselected the UDC will transfer 4 extra 
bytes during reads and writes. Normal CRC checking is 
still done on all 10 fields. 
If ECC is not selected, then the UDC will perform CRC 
checks on both data and 10 fields. 
BIT 4 (Single or Double Density) 
This bit determines whether the UDC will perform its 
operations in either single or double density. 
BIT 4 = (1) Single Density (FM) Format 

BIT 4 = (0) Double Density (MFM) Format 

BIT 3 (ALWAYS 0) 

BITS 2,1,0 (Step Rate Select) 
These bits are programmed to select the desired drive step 
rate. Note that all step rates are determined by the type 
of drive and density selected, and are scaled from the ClK 
input. 
The UDC can output extremely rapid step rate pulses if 
these bits are set to 000. This is useful when the UDC is 
controlling drives which support buffered seeks. For other 
speeds, please refer to the table above. 

INTERRUPT/COMAND TERMINATION REGISTER 
(Write Register; Address 9) 

In the IBM® PC-AT mode, this bit should always be set to 
"1 ". Failure to do so may result in unreliable operation. 
10 field CRC and data field CRC or ECC are generated 
and tested from the first A 1 HEX byte in the 10 field. 

BIT 6 (ALWAYS "0") 
This bit should always be s~t to "0" by the user. Failure to 
do this may result in unreliable operation. 

BIT 5 (INT ON DONE) 
If this bit is set (to "1 "), an interrupt will occur when the 
DONE bit in the INTERRUPT STATUS register is set. If 
this bit is reset (to "0"), no interrupt will be generated for 
this condition. 

BIT 4 (DELETED DATA MARK) 
If this bit is set (to "1 "), the DONE bit in the INTERRUPT 
STATUS register will be set when the DELETED DATA 
MARK bit in the CHIP STATUS register goes active, and 
the command will terminate when the current sector oper
ation is completed. 

BIT 3 (USER DEFINED) 
If this bit is set (to "1 "), the DONE bit in the INTERRUPT 
STATUS register will be set when the USER DEFINED 
status bit in the DRIVE STATUS register goes active, and 
the command will terminate when the current sector oper
ation is completed. 

BIT 2 (WRITE PROTECT) 
If this bit is set (to "1 "), the write or write format command 
in progress will terminate and the DONE bit in the INTER
RUPT STATUS register will be set when the WRITE PRO
TECT bit in the DRIVE STATUS register goes active. 

BIT 1 (READY CHANGE) 
If this bit is set (to "1 "), an interrupt will occur when the 
READY CHANGE bit in the INTERRUPT STATUS register 
is set. If this bit is reset (to "0"), no interrupt will be gen
erated for this condition. 

This 8-bit write only register allows the programmer to 
mask out a number of conditions that would cause termi- The user should note that as a drive is selected or dese-
nation of a command. (Such termination occurs when the lected, it is possible for the ready line from the drive to 
DONE bit in the INTERRUPT STATUS register is set.) change state, and care should be taken in the design of 
One bit in this register also controls the generation of inter- the interrupt handler. 
rupts when either the DONE bit or the READY CHANGE 
bit in the INTERRUPT STATUS register go active. BIT 0 (WRITE FAULT) 

If this bit is set (to "1 "), the write or write format command 
BIT 7 (ALWAYS "1 ") in progress will terminate and the DONE bit in the INTER-
Setting this bit to "1" will cause the CRC register to preset RUPT STATUS register will be set when the WRITE FAULT 
to 1 for CRC generation and checking. status bit in the DRIVE STATUS register is set. The com-
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mand in progress will terminate when the current sector 
operation is completed. 

DATA/DELAY REGISTER (R/W Register; Address 
OAH) 

This 8-bit read/write register serves three purposes. 
Durinf.j UDC writes, data is placed in this register for 
recordIng to the disk. During UDC reads, recovered data 
is fetched from this register for storage into memory. All 
transfers occur via DB7-0, under DMA control. 

Additionally, this register is loaded with the HEAD LOAD 
TIMER COUNT when the Drive Select command is issued. 
(Note that the actual amount of head load time is this value, 
times a value predetermined by the UDC, based on the 
type of drive selected. For more information, please see 
the Drive Select command description.) 

Finally, in the IBM® PC-AT mode, this register is used 
for a third purpose. If Implied Seek is enabled, this register 
is used by Seek/Read ID and Read/Write commands to 
control the UDC seek operation. The data in the Datal 
Delay Register and the Current Cylinder Register are used 
to calculate the direction and step count for a seek. 

Please note, the MSB's of the Desired Cylinder Number 
does not correspond to those written in the Disk ID field. 

BITS 7,6 Always 0 
BITS 5,4 Actual Sector Size 

~11 ___ i _____ S_i_i_r_r_S_iz_e __________________ ~ LL 1 1024 

BITS 3,2 Always 0 
BITS 1,0 MSB s of Cylinder Number 

o 
o 
1 
1 

o 
o 
1 
o 
1 

Cylinder Number 

0- 255 
256 - 511 
512 - 767 
768 - 1023 

COMMAND REGISTER (Write Register) 
This 8-bit write only register is used to pass commands 

to the UDC. Valid comlllilnds are given to the UDC J2y 
setting C/O high and R/W active high, while strobing DS 
active (low). 

CURRENT HEAD REGISTER (Read Register) 
This 8-bit read only register is updated from the disk when 

valid ID field sync mark is found while executing a SEEK! 
READ ID command. 

IBM® PC-AT MODE 

BIT 7 == 1 Last Sector read had BAD SECTOR bit set. 
== 0 Last Sector read had BAD SECTOR bit reset. 

BIT 6,5 Sector Size 

EE ___ ~ _____ ~_f~_1_TO __ R_S_IZ_E ______________ ~ 
BIT 4 Always 0 
BIT 3-0 Current Head Number (MSB in BIT 3) 

SMC AND FLOPPY MODES 
BIT 7 == 1 Last sector read had BAD SECTOR bit set. 

== 0 Last sector read had BAD SECTOR bit reset. . 

BITS 6-4 Three most significant bits of the current cylinder. 
(Most significant bit in BIT 6). 

BITS3-0 Current Head Number (MSB in bit 3). 

CURRENT CYLINDER REGISTER (Read Register; 
Address 5) 

This 8-bit read only register is updated from the disk when 
a valid ID field sync mark is found while executing a read ID 
field command sequence. This register will contain the 8 
least significant bits of the cylinder ID number, as specified 
during formatting. (The 3 most significant bits of the 11 bit 
cylinder ID number are contained as part of the CURRENT 
HEAD REGISTER.) 

CURRENT IDENT BYTE REGISTER (Read Register; 
Address 6) 

This 8-bit read only register reads the Ident Byte from the 
disk during the Read ID command sequence. The Current 
Ident Byte is written to the disk during the format, changing 
as specified below. 

IDENT BYTE 

FE 
FF 
FC 
FD 

CYLINDER NUMBERS 

0-255 
256- 511 
512 -767 
768 -1023 

INTERRUPT STATUS REGISTER (Read Register) 
This a-bit read only register contains status information 

associated with interrupt conditions and errors that oCClJ!: 
during disk QQeration. This register is read by setting C/D 
high, and R/W high. 

When the Interrupt Status register is read, the INT output 
signal from the UDC will be reset (to an inactive low level). 

BIT 7 (INTERRUPT PENDING) 
A "1" indicates that either DONE bit or READY CHANGE 
bit has gone active. The user may disable these interrupts 
by setting the appropriate bits in the INTERRUPT/COM
MAND TERMINATION, REGISTER. This bit is reset (to "0") 
by reading the Interrupt Status register. 

BIT 6 (DMA REQUEST) 
A "1" indicates that the UDC requires a data transfer either 
to or from its data register. This bit is reset (to "0") by the 
data transfer. 

BIT5(DONE) 
A "1" indicates that the current command is completed. This 
bit is reset (to "0") when a new command is issued. 

BIT 4,3 (COMMAND TERMINATION CODE-
(Valid only when DONE is set) . 

The.se two bits indicate the command termination 
conditions: 

BIT4 BIT3 CONDITIONS 

0 0 Successful command termination 
0 1 Execution error in READ ID 

1 0 
Sequence 
Execution error in SEEK Sequence 

1 1 Execution error in DATA field 

More detailed command termination error information is 
obtained by reading the Chip Status register. 

BIT 2 (READY CHANGE) 
A "1" indicates that the "ready" signal from the drive has 
experienced a low-to-high or high-to-Iow transition. (This 
shows that the drive has either become ready or become 
not ready.) This bit is reset (to "0") by reading the Interrupt 
Status register. 

BIT 1 (OVERRUN/UNDERRUN) 
A "1" indicates that a overrun or underrun condition has 
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occured during a read or write command. These.conditions 
occur when the UDC does not receive an acknowledge (to 
a DMA request) by the time a byte is ready for transfer to or 
from the processor. 
This bit can only be reset (to "0") with a RESET command 
or a high on the RESET pin. 

BIT 0 (BAD SECTOR) 
A "1" indicates that a bad sector (as indicated from the MSB 
of the head ID byte in the ID field) has been encountered. 
This bit is reset when a new command is issued, or a good 
sector is read. 

CHIP STATUS REGISTER (Read Register; Address 8) 
This 8-bit read only register supplies additional chip sta

tus information. The information in this register is only valid 
between the time that the DONE bit is set in the INTER
RUPT STATUS register and the time when the next com
mand is issued to the UDC. 

BIT 7 (RETRY REQUIRED) 
If a retry was attempted by the UDC during the execution of 
any read or write command, this bit is set (to "1 "). 

BIT 6 (ECC CORRECTION ATTEMPTED) 
If the internal ECC circuitry, has attempted to correct a bad 
sector, this bit is set (to "1' ). 

BIT 5 (CRC/ECC ERROR) 
If the UDC detects a CRC error or an ECC error this bit is 
set (to "1 "). 

BIT 4 (DELETED DATA MARK) 
If the UDC reads a deleted data mark in the ID field, this bit 
is set (to "1 "), otherwise it is reset (to "0"). 

BIT 3 (SYNC ERROR) 
If the UDC does not find a sync mark when it is attempting 
to read either an ID or data field, then this bit is set (to "1 "). 
The command being executed will terminate when this bit 
is set. 

BIT 2 (COMPARE ERROR) 
If the information contained in the DESIRED HEAD and 
DESIRED CYLINDER registers does not match that con
tained in an ID field on the disk, this bit is set (to "1 "). The 
command being executed will terminate when this bit is set. 

BIT 1 ,0 (PRESENT DRIVE SELECTED) 
These two binary encoded bits represent the drive currently 
selected and correspond to the Drive Select bits set in the 
Output 1 and Output 2 latches. 

BIT1 BITO DRIVE SELECTED 

0 0 0 
0 1 1 
1 0 2 
1 1 3 

DRIVE STATUS REGISTER (Read Register; 
Address 9) 

This 8-bit read only register contains status information 
generated by the drives, external ECC Chip (if any), and a 
user definable input to the UDC from the drive. 

To save pins on the UDC, the 8 status lines are input on 
AB7-0 and are latched in this internal reQister. The UDC will 
update this register whenever it is not uSing AB7 -0 to output 
DMA counter values, OUTPUT 1, or OUTPUT 2 data. When 
configured as described below, the UDC will input drive sta
tus signals and interpret them as follows. In all cases, a logiC 
"1" is considered the active input. 

BIT 7 (ECC ERROR) 
This bit is set (to "1") when the ECC ERROR signal is gen
erated by an external ECC Chip. This signal is Input to the 
UDConAB7. 
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BIT 6 (INDEX) 
This bit is set (to "1") when the INDEX signal from the 
selected drive is active. Typically, index pulses from the 
drives are active for 1 Ous-1 OOus for each disk revolution. 
This signal is input to the UDC on AB6. 

BIT 5 (SEEK COMPLETE) 
This bit is set (to "1") when the SEEK COMPLETE signal 
from the selected drive is active. This bit will go active when 
the heads of the selected drive have settled over the desired 
track (at the completion of a seek). 
When a drive supplies this signal, reading and writing should 
not be attempted until SEEK COMPLETE is set (to "1 "). 
This signal is input on AB5. 
For floppy disk operation, where the drives normally do not 
provide this signal, a retriggerable one shot could be used 
to generate a SEEK COMPLETE signal (if desired). 

BIT 4 (TRACK 00) 
This bit is set (to "1") when the TRACK 00 signal from the 
selected drive is active. This indicates that the heads on the 
selected drive are positioned over track O. This signal is input 
on AB4. 

BIT 3 (USER DEFINED) 
This bit is set (to "1 ") when the USER DEFINED signal is 
active. This signal is input on AB3. 

BIT 2 (WRITE PROTECT) 
This bit is set (to "1") when the WRITE PROTECT signal 
from the selected drive is active. When set, this bit indicates 
that the disk in the selected drive is write protected. This 
Signal is input on AB2. 

BIT 1 (READY) 
This bit is set (to "1") when the READY signal from the 
selected drive is active. When set, this bit indicates that the 
drive is ready to execute commands. This signal is input on 
AB1. 

BIT 0 (WRITE FAULT) 
This bit is set (to "1") when the WRITE FAULT signal from 
the selected drive is active. This Signal, when active, indi
cates that a condition exists at the drive that would cause 
improper writing on the disk. This Signal is input to the UDC 
on ABO. 

TEMPORARY STORAGE REGISTERS 
The UDC contains two temporary storage registers, used 

by the UDC for internal operations. The host processor 
should not attempt to read or modify these registers, as 
unpredictable results may occur. 

UDC COMMAND OVERVIEW 

The HDC 9234 has 16 high-level commands that provide 
the user with a high degree of flexibility and control. All of 
the commands for the UDC can be thought of as falling into 
one of two basic groups. 
The first group handles the "housekeeping" required by the 
drives and the UDC itself. These commands are: 

RESET STEP OUT 1 CYLINDER 
STEP IN 1 CYLINDER SET REGISTER POINTER 
DRIVE SELECT RESTORE DRIVE 
DESELECT DRIVES POLL DRIVES 

The second group comprises the "READ/WRITE" func
tions required in a magnetic disk subsystem. These com
mands are: 
SEEK/READ ID TAPE BACKUP (READ/ 
FORMAT TRACK WRITE) 
READ TRACK READ SECTORS LOGICAL 
READ SECTORS PHYSICAL 
WRITE SECTORS LOGICAL 



An internal status byte, which contains the BAD SECTOR, 
DELETED DATA and OVER/UNDER RUN bits, along with 
the current state of the READY, WRITE PROTECT, WRITE 
FAULT, and USER DEFINED lines, is checked at various 
times during command execution. 
This internal status byte is examined before the execution 
of all READ/WRITE commands, and is also checked just 
prior to the completion of all commands (except for RESET, 
where its values would be meaningless.) 
This byte is also checked by the UDC between sector oper
ations during the execution of READ LOGICAL, READ 
PHYSICAL, WRITE LOGICAL and WRITE PHYSICAL 
commands. 

The UDC makes decisions regarding command termina
tion and interrupt generation based on the contents of this 
status byte, and the state of the bits in the INTERRUPT/ 
COMMAND TERMINATION register. (Note that "write pro
tect" and "write fault" status may cause command termi
nation only during write and format operations.) 

All commands (except RESET) terminate with the DONE 
bit in the INTERRUPT STATUS re~ister being set. This bit 
may also be considered to be an Inverted "busy". line, as 
the UDC resets it upon receipt of a valid command. 

During all READ/WRITE group commands (except FOR
MAT TRACK and BACKUP), the UDC utilizes some com
mon command execution sequences. Prior to entering each 
sequence the UDC sets the COMMAND TERMINATION 
bits (in the INTERRUPT STATUS register) to a known state. 
If a command fails to execute properly, these bits may then 
be used to determine where the command aborted. 

The sequences common to the READ/WRITE group com
mands are as follows: 

1. READ ID FIELD (Command Termination Code = 0-1) 
First, the UDC attempts to find an ID Field Sync mark. 
If no sync mark is found within 33,792 byte times (byte 
time = time to read one byte from the type of drive 
selected), the SYNC ERROR bit (in the CHIP STA
TUS register) is set (to "1 "), and the command is 
terminated. 
During this phase, the UDC will raise and drop 
RDGATE up to 256 times (as it attempts to read each 
sector on the cylinder). 
After the ID Field is found, the UDC reads it and 
updates it CURRENT HEAD and CURRENT CYL
INDER registers. This information was written to the 
disk during formatting. 
Next, the UDC checks the CRC of the ID field which 
was read. If it is incorrect, the UDC sets (to "1") the 
CRC ERROR status bit (in the CHIP STAiUS regis
ter) and terminates the command. 
If the CRC is correct, the UDC then calculates the 
direction and number of step pulses required to move 
the head from the current cylinder to the cylinder 
specified in the DESIRED HEAD REGISTER. These 
pulses, and the direction bit are output during the 
OUTPUT 2 times. 
If a command should terminate while in the sequence, 
the COMMAND TERMINATION bits will be set to 
0-1. 

2. VERIFY (Command Termination Code = 1-0) 
After the UDC has read the ID Field, it attempts to ver
ify that it has found the correct cylinder. To do this, the 
UDC tries to find an 10 Field sync mark on the selected 
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disk. If the UDC is unable to find an 10 Field sync mark 
within 33,792 byte times, the SYNC ERROR bit (in the 
CHIP STATUS register) is set to "1 ", and the com
mand is terminated. 
The UDC, after finding the 10 Field sync mark, then 
reads the 10 field and compares the information on 
the disk to the information contained in the DESIRED 
CYLINDER, DESIRED HEAD and DESIRED SEC
TOR registers. 
The UDC will hunt for sync marks and read 10 fields 
until the desired sector is found. If the desired sector 
is not located within 33,792 byte times, then the 
COMPARE ERROR bit (in the CHIP STATUS regis
ter) is set to "1 ", and the command is terminated. 
After the correct sector is found, the UDC checks the 
CRC for the sector 10 Field. If this is found to be incor
rect, the UDC sets to "1" the CRC/ECC ERROR bit 
in the INTERRUPT STATUS register, and the com
mand is terminated. 
(When the UDC is executing a READ PHYSICAL or 
WRITE PHYSICAL command, 10 Fields are checked 
only until the first sector to be transfered is found. No 
10 Field checking is performed on subsequent sec
tors, although CRC checking is done.) 
If a command should terminate while in this sequence, 
the COMMAND TERMINATION bits will be set to 
1-0. 

3. DATA TRANSFER (Command Termination 
Code = 1-1) 

If a READ PHYSICAL or READ LOGICAL com
mand is being executed, the UDC will try to find a data 
sync mark (FBhex or F8hex) on the disk. If the sync 
mark found is F8h, then the UDC will set the DELETED 
DATA MARK bit in the CHIP STATUS register. 
After a data sync mark is found, the UDC then updates 
its CURRENT HEAD and CURRENT CYLINDER 
registers from the information found on the disk and 
initiates a DMA request. If the host processor does not 
respond to the request within 1 byte time, then the UDC 
will set to "1" the OVER/UNDERRUN status bit in the 
INTERRUPT STATUS register, and the command will 
terminate. 
Using DMA, the UDC transfers a sector's worth of data, 
and then reads the ECC and/or CRC bytes. If a CRC 
error or uncorrectable ECC error is detected, the UDC 
will decrement the RETRY REGISTER, set the 
RETRY REQUIRED status bit (in the CHIP STATUS 
register), and return to the VERIFY sequence. 
If the UDC cannot read the sector, and the count in the 
ENTRY COUNT register has expired, then the CRC/ 
ECC Error bit (in the CHIP STATUS register) is set, 
and the command terminates. 
During a multi-sector transfer, the UDC updates the 
DMA registers after all sector operations, including the 
last one, and the SECTOR COUNT register is dec
remented. If the SECTOR COUNT register equals 0, 
then the command is terminated. If the SECTOR 
COUNT register is not equal to 0, then the UDC will 
increment the DESIRED SECTOR register, re-initial
ize the RETRY COUNT register (to its original value) 
and return to the VERIFY sequence. 
If a command should terminate while in this sequence, 
the command termination bits will be set to 1-1. 

COMMAND DESCRIPTION 
RESET (Hex Value = 00) 
This command causes the UDC to return to a known state. 
This command allows the system software to reset the chip, 
and has the same effect as RST input becoming active. 
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MULTIPLE SECTOR READ OPERATIONS 

DESELECT DRIVE (Hex Value = 01) 
This command causes all of the drive select bits (Drive 
Select 0-3) in the OUTPUT 1 and OUTPUT 2 registers to 
become inactive. 

RESTORE DRIVE (Hex Values = 02, 03) 
This command will cause the HOC 9234 to output step 
pulses to the selected drive, so as to move the head back 
to Track 00. Before each step pulse, the UDC first checks 
the TRKOO and READY bits in the DRIVE STATUS register. 
If TRKOO is active (high) or READY is inactive (low), then 
the UDC will terminate the command. 
The UDC will output up to 4096 step pulses. If the drive does 
not respond with an active (high) TRKOO Signal within this 
period, the UDC will terminate the command with the DONE 
bit set (to "1") and the COMMAND TERMINATION CODE 



bits set to 1 ~O. (These bits are contained in the INTER
RUPT STATUS register.) 
This command takes two forms: 

COMMAND BYTE RESULT 
02 The command will terminate, and an inter-

rupt generated after the UDC has issued the 
step pulses. 

03 The command will terminate, and an inter-
ruPt~enerated after the drive has provided 
a S EK COMPLETE signal to the UDC. 
(This is useful in systems with "buffered 
seek" drives.) 

This command uses the step rate value loaded into the 
MODE register. 

STEP IN 1 CYLINDER (Hex Values = 04,05) 
,This command will cause the HOC 9234 to issue one step 
pulse towards the inner most track. This command is gen
erally used during track formatting, and takes two forms: 

COMMAND BYTE RESULT 
04 The command will terminate, and an inter-

rupt generated after the UDC issues the 
step pulse. 

05 The command will not terminate until the 
UDC recognizes the SEEK COMPLETE 
signal from the selected drive. Upon rec-
ognition of SEEK COMPLETE the UDC will 
generate an interrupt. 

This command uses the step rate value programmed into 
the MODE register. 

STEP OUT 1 CYLINDER (Hex Values = 06, 07) 
This command will cause the HOC 9234 to issue one step 
pulse towards the outer most track (Track 00). This com
mand is generally used during track formatting, and takes 
two forms: 

COMMAND BYTE RESULT 
06 This command will terminate, and an inter-

rupt generated after the UDC issues the 
step pulse. 

07 This command will not terminate until the 
UDC recognizes the SEEK COMPLETE 
signal from the selected drive. Upon rec-
09nition of the SEEK COMPLETE, the UDC 
Will generate an interrupt. 

This command uses the step rate value programmed into 
the MODE Register. 

the DRIVE STATUS register to determine which drive 
caused the command termination. 

The POLL DRIVES command must be preceeded by SEEK 
or DESELECT. In normal use, a SEEK command would 
precede the POLL DRIVES command. In those cases 
where another command (other than SEEK) has been 
issued to a drive in the polling sequence, it will be neces
sary to DESELECT that drive prior to issuing the POLL 
DRIVES command. This applies even if the selected drive 
was not included in the polling sequence. 

DRIVE SELECT (Hex Values = 20 thru 3F) 
This command will cause one of (up to) four drives to be 
selected for operation. Any previously selected drive is 
deselected by this command. Bits 0 and 1 in the command 
word indicate (in binary form) which of the (up to) four drives 
has been selected. 

I COMMAND WORD DRIVE ] SELECTED 

D~1 1 D!1 0 g;i~H .... ------.-
Drive 3 __ -L ______ -L ________________ _ 

Decoded drive select signals are then placed on the data 
bus (via AB7-AB4) during OUTPUT 1 times and should be 
latched externally. 
Since the HOC 9234 can interface both hard disks and floppy 
disks to a processor, the Drive Select command needs to 
also specify the type of drive being selected. Bits 2 and 3 in 
the command word are used to pass this information to the 
chip, and take the following form: 

COMMAND WORD TYPE 

DB3 DB2 OF DRIVE 

0 0 Hard disk with IBM® PC-AT compat-
ible format-512 Byte data field and 
4 byte ID field per sector. No internal 
clock prescaling performed. 

0 1 Hard disk with user defineable for-
mat. This format allows a data field 
length of 128, 256, 512, 1024, 2048, 
4096,8192, or 16384 bytes with 5 
brcte ID field ~er sector. No internal 
cock pre-sca ing is performed. 

1 0 8 inch floppy disk, with standard 4 
byte (FM) or 5 byte (MFM) ID field. 
An internal divider creates a 1 MHz 
clock to be compatible with standard 
disk data rates. 

1 1 5.25 inch floppy disk, with standard 4 
byte (FM) or 5 byte (MFM) ID field. 
An internal divider creates a 500 KHz 
clock to be compatible with standard 
disk data rates. 

-------_.-

POLL DRIVES (Hex Values = 10 thru 1 F) 
This command polls the drives for a SEEK COMPLETE: 
signal allowing the user to perform simultaneous seeks on 
up to four drives. Polling is enabled by setting (to 1) the 
appropriate bit in the command word: bit 0 for drive 0 thru NOTE: Microfloppy system designers should determine 
to bit 3 for drive 3. whether the drive they have chosen to use in the system is 
This command executes as follows: compatible with 8" floppy drives or 5.25" floppy drives, and 

The UDC will output a drive select for the first drive in use the appropriate values from the table above. 
the polling sequence and look for a SEEK COM- Note that eight inch Winchester-type drives require an 8.696 
PLETE status input from the polled drive. If the polled MHz system clock. All other drives require a 10 MHz system 
drive has not completed a seek, then this line remains clock. It is not possible for the UDC to derive internally the 
low (logic 0), and the UDC selects the next drive in the clocks required for floppy disk operation from the 8.696 MHz 
polling sequence. This continues until the UDC detects clock required by 8 inch Winchester drives. 
a SEEK COMPLETE signal from a drive, which causes To insure compatibility with various drives, the HOC 9234 
the DONE bit in the Interrupt Status register to be set, features a programmable head load timer. Head load delay 
and the command terminates. may be inhibited by resetting the Delay Bit (Bit 4) in the Drive 
The UDC will continue to selectthe drive that produced Select command word to O. If Bit 4 is set (to 1), then the 
the SEEK COMPLETE signal, allowing the user to read head load delay timer is configured with the value in the 
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DATA/DELAY register (Register A), multiplied by value 
shown below: 

DRIVE AND HEAD LOAD TIMER INCREMENT 
FORMAT SELECTED (BIT 4 = 1 = Delay Enabled) 

5.25" HARD DISK 200 usec 
(Double DenSi~) 

5.25" HARD DIS 400 usec 
(Single Density) 

~The HEAD LOAD 8" FLOPPY 2msec 
(Double Density) IMER is set to a value 

8" FLOPPY 4msec equal to this increment 

(Single Density) times the number in the 

5.25" FLOPPY 4msec 
DATA/DELAY register.) 

(Double Density) 
5.25" FLOPPY 8msec 

(Single Density 

The Drive Select command also optimizes certain charac
teristics of the HOC 9234 for the type of drive selected. 

IF HARD DISK SELECTED: 
-DMA mechanism works in burst mode and the bus is 

held for the entire sector transfer. 
-The RDGATE and WRGATE output signals follow the 

timing relationships shown in Figures 12A and 12B. 
-The GAP lengths are as shown in Table 1. 
IF FLOPPY DISK SELECTED: 
-DMA mechanism transfers an 8-bit byte, and releases 

the bus. 
-The RDGATE and WRGATE output signals follow the 

timing relationships shown in Figures 12A and 12B. 
-The GAP lengths are as shown in Table 1 . 
-The CLK input clock is prescaled (internally) to create 

an internal clock compatible with the floppy disk data 
rates. 

SET REGISTER POINTER (Hex Values = 40 to 4A) 
This command causes the register pointer to point to a reg
ister. The desired register number is loaded into the 4 least 
significant bits of the command word. (lv1SB in BIT 3). 
The register pointer is incremented by the UDC on each 
register access, until it points to the DATA ~egister. This 

REGISTER POINTER 

SET REGISTER POINTER COMMAND 

reduces the number of times the user must set the register 
pointer during read and write operation. 
Care should be taken to ensure that only valid register val
ues are loaded into the command word. (Valid register 
numbers are 0 thru OAH.) 
SEEK/READ 10 (Hex Values = 50 to 57) 
This command will cause the UDC to read the first sector 
10 field found from the currently selected drive, head, and 
cylinder. The MODE re~ister should contain the correct value 
for step rate and density options. 
After reading the 10 field the UDC will examine the com
mand word and execute the specified options. Bits 2 thru 0 
in the command word are used to specify the following 
options: 
BIT 2 = 1 STEP ENABLE. The UDC will execute the step 

sequence, and position the head on the track 
specified by the DESIRED CYLINDER register. 

BIT 2 = 0 STEP DISABLE. No step pulses will be issued 
by the UDC. 

BIT 1 = 1 WAIT FOR COMPLETE. The UDC will proceed 
to the verify sequence only after the drive has 
issued a SEEK COMPLETE signal. 

BIT 1 = 0 DO NOT WAIT FOR COMPLETE. The UDC will 
proceed to the verify sequence after the last step 
pulse has been issued. 

BIT 0 = 1 VERIFY 10. The UDC will execute the VERIFY 
sequence after operations selected by the pre
vious options have finished. 

BIT 0 = 0 DISABLE VERIFY 10. The UDC will not enter 
the VERIFY sequence. Instead, the command 
will terminate. 

The order in which these options execute is: STEP, COM
PLETE, VERIFY 10. Any combination of these option bits 
may be specified in the command word. 
READ SECTORS PHYSICAL (Hex Values = 58 and 59) 
This command will cause the UDC to read up to a full track 
from the disk. The user specifies the MODE, DESIRED 
CYLINDER, DESIRED HEAD, and DESIRED SECTOR 
along with the SECTOR COUNT. When using the IBM® PC
AT format, register A must also be initialized. The UDC will 
find the requested cylinder and sector and set up to begin 
the data transfer. 
(If using drives which support buffered seeks, BITS 2-0 in 
the MODE SELECT register should be set to 0-0-0. This 
will cause the UDC to wait for a SEEK COMPLETE signal 
from the drive prior to entering the verify sequence.) 
If a BAD SECTOR bit is read (from the sector 10 field) the 
UDC will set the COMMAND TERMINATION bits (in the 
INTERRUPT STATUS register) to 1-0, and set the DONE 
bit (in the INTERRUPT STATUS register) to 1, and termi
nate the command. 
After each sector is successfully read, the SECTOR COUNT 
register is decremented. If the SECTOR COUNT register 
is not yet equal to 0 the process is repeated for the next 
physical sector on the track. This command also will ter
minate if the Index pulse is received from the drive. 
(Note that after the first sector is found, no further compar
ison is made against sector numbers found on the disk as 
the DESIRED SECTOR register value may not correspond 
to the next physical sector on the disk because of sector 
interleaving.) 
This command takes two forms allowing the user to specify 
the desired transfer option. The options are specified by Bit 
o in the command word, and are: 
BIT 0 = 1 TRANSFER ENABLE. The UDC will·transfer the 

data fields to (external) memory, using DMA. 
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BIT 0 = 0 TRANSFER DISABLE. The UDC will NOT 
transfer any data to (external) memory, but all 
error detection circuitry will be enabled and 
errors reported. This is useful in detecting bad 
sectors and tracks on the disk. 

Before executing this command, the user must set the 
RETRY COUNTtoO. This is done byloadingtlie high order 
nybble in the RETRY COUNT register to "1111" (zero in 1 's 
complement format). Failure to do this will result in unpre
dictable performance because the DESIRED SECTOR 
register value may not correspond to the next physical sec
tor on the disk. 

READ TRACK (Hex Values = SA and 58) 
When this command is issued, the UDC will read the data 
from the entire track on which the selected drive is currently 
sitting. The UDC will begin reading when it detects the lead
ing edge of an index mark signal from the drive, and termi
nate reading when it detects the next leading edge of an 
index mark signal. Sync detect is performed for the ID field, 
but no error checking is done on the data field. 
This command allows the user to specify a data transfer 
option, using Bit 0 in the command word. These options are: 
BIT 0 = 1 TRANSFER ALL DATA. The UDC will transfer 

the ID field and data fields to (external) memory. 
BIT 0 = 0 TRANSFER ONLY IDs. The UDC will transfer 

only ID fields to the (external) memory. This is 
useful during tape backup operations. 

READ SECTORS LOGICAL (Hex Values = 5C to SF) 
When this command is issued, the UDC will read up to a fun 
track from the selected drive. Prior to reading the data from 
the disk, the UDC will (if enabled in command) use the infor
mation in the MODE, DESIRED CYLINDER, DESIRED 
SECTOR and DESIRED HEAD (and Register A for IBM® 
PC-AT mode) registers to locate the correct track, sector 
and drive surface (using the previously described VERIFY 
sequence). 
(If using drives which support buffered seeks, BITS 2-0 in 
the MODE SELECT register should be set to 0-0-0. This 
will cause the UDC to wait for a SEEK COMPLETE signal 
from the drive prior to entering the verify sequence.) 
Before the command is issued, the system processor must 
also load the desired values into the MODE, SECTOR 
COUNT, RETRY COUNT and the three DMA registers. 
After the desired track and sector is found and verified, the 
DATA TRANSFER sequence begins. After each success
ful sector transfer, the UDC increments the DESIRED 
SECTOR register (except after the last sector is trans
ferred), decrements the SECTOR COUNT register, and re
enters the VERIFY sequence. This process continues until 
the SECTOR COUNT register is equal to 0 (or an error 
occurs). 
This command has four options, which are specified by Bit 
1 and Bit 0 of the command word. The four options are: 
BIT 1 = 1 IMPLIED SEEK DISABLED. The UDC will not 

update the CURRENT CYLINDER, CURRENT 
HEAD OR CURRENT SECTOR register and will 
not issue step pulses. 

BIT 1 = 0 IMPLIED SEEK ENABLED. The UDC will 
update the CURRENT CYLINDER, CURRENT 
HEAD and CURRENT SECTOR register and will 
issue step pulses if requird. 

BIT 0 = 1 TRANSFER ENABLED. The UDC will transfer 
data from the disk to the system. The DMA 
REQUEST status bit (in the INTERRUPT STA
TUS register) will be set when the UDC requires 
servicing. 

649 

NO 

NO 

READ SECTORS OPERATION 

BIT 0 = 0 TRANSFER DISABLED. The UDC will not 
transfer data read from the disk, but all error 
checking circuitry will be enabled. 

FORMAT TRACK . (Hex Values 60 to 7F) 
This command causes the UDC to format the current cyl
inder from the leading edge of one index mark to the leading 
edge of the next index mark. The format chosen is depen
dent on the Drive Select command. 
During execution of the FORMAT TRACK command, the 
UDC will fetch all required ID field data from external mem
ory, and write it to the disk, along with format constants sup
plied automatically by the UDC. This reduces the number 
of bytes required to format a sector to 3 or 4, depending on 
the format chosen. 
Before the FORMAT TRACK command can be given, the 
system processor must: 
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1. Generate an 10 Field Table for the track in UDC memory 
area. This 10 Field Table consists of: 

14 

,6 

29 

IDENT BYTE (not required for floppy disk FM format) 
CYLINDER BYTE 
HEAD BYTE 
SECTOR NUMBER BYTE 
SECTOR SIZE/ECC SIZE BYTE (not required for 
IBM® PC-AT FORMAT) repeated for each sector on 
the track. 

o 8 

o 
4 

INTERLEAVED SECTORS 

25 

2 

10 

The UDC can format a track with interleaved sectors by 
staggering the sector numbers. For example, to format a 
32 sector track, with a sector interleave factor of 4, the 
system processor would set up the 10 Field table sector 
numbers as follows: 
0,8,16,24,1,9,17,25,2,10,18,26,3,11,19, 
27 ... 7,15,23,31. 
(Note that when formatting in IBM® PC-AT and floppy FM 
modes, only four bytes are required for each sector, while 
five bytes are needed for floppy MFM and user definea
ble formats. Also note that sector numbers start with zero 
(0) on IBM® PC-AT compatible format, and start with one 
(1) on IBM formatted floppy diskettes.) 

2. Load the UDC DMA registers with the starting address 
of the external memory buffer containing the ID Field data 
just created. 

3. Issue the DRIVE SELECT command, which moves the 
DMA registers to the CURRENT HEAD, CURRENT 
CYLINDER, and a TEMPORARY REGISTER. (This is 
necessary because the UDC will now re-use the DMA 
registers to hold format parameters). 
When formatting multiple cylinders, the system proces
sor does not need to re-issue DRIVE SELECT between 
cylinders as the STEP IN and STEP OUT commands 
preserve the DMA addresses and format parameters. It 
is necessary, however, to update the 10 Field table, 
described in #1, above. 

4. Load the DESIRED HEAD register with the propervalue. 
5. ·Load the following values (in the format shown) into the 

registers indicated below: 
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PARAMETER FORMAT REGISTER 

GAPOSize two's complement DMA 7-0 
format 

GAP 1 Size two's complement 
format 

DMA 15-8 

GAP 2 Size two's complement 
format 

DMA23-16 

GAP 3 Size two's complement Desired Sector 
format 

Sync Size one's complement Desired Cylinder 
format 

Sector Count one's complement Sector Count 
format 

Sector Size Mult. one's complement Retry Count 
format 

FORMAT PARAMETERS TABLE 
When using the hard disk format, the values for GAP 0 
and GAP 1 must both be set to the same number, and 
loaded into the appropriate DMA register. 
The Sector Size Multiple programs the UDC to format with 
a sector size that is a multiple of 128 data field bytes. For 
example, to format a track with a sector data field size of 
256 bytes, then the Sector Size Multiple would be set to 
FD hex, which is "2" in one's complement notation. 

In IBM® PC/AT mode, the sector sizes allowed are 128, 
256,512, or 1024 bytes. In IBM® floppy disk format, the 
sector sizes allowed are 128, 256, 512, or 1024 bytes. With 
user defineable hard disk formats, allowed sector sizes 
are 128, 256, 512,1024,2048,4096,8192, or 16384 bytes. 

6. Load the MODE register to specify the step rate, single 
or double density option, and CRC/ECC options. 

7. Step to the desired track. For the first track, this is nor
mally done by issuing a RESTORE DRIVE command, to 
return the heads to Cylinder 000, then use the STEP IN 
1 or STEP OUT 1 commands to move the head to sub
sequent cylinders on the disk. 

8. Issue the FORMAT TRACK command. All data fields on 
the disk will be filled with E5 hex. In double density 
recording (MFM) all gaps will be filled with 4E hex, while 
in single density (FM) all gaps will be filled with FF hex. 
This format is compatible for IBM specifications for floppy 
disks. 

9. To Format additional tracks, it is only necessary to update 
the 10 Field table (step 1) and repeat steps 7 and 8. Do 
NOT modify the DESIRED HEAD register when format
ting additional tracks with the same head. If it is neces
sary to change the DESIRED HEAD register, the system 
processor must repeat all steps described above. 
The FORMAT TRACK command allows the user to 
specify several options. These options are specified by 
setting the appropriate low order bits in the command 
word. The bit mapping for these options are: 

BIT 4 = 0 Write Deleted Data Mark. During the format 
process, the UDC will write the deleted data 
mark (F8 hex) for the data address field. 

BIT 4 = 1 Write Normal Data Mark. During the format 
process, the UDC will write the normal data 
field address mark (FB hex). 

BIT 3 = 1 Write with Reduced Current. When this bit is set, 
the Reduced Write Current Output will go high 
(active) during the Output 2 time slot. 

BIT 3 = 0 Write with Normal Current. When this bit is reset, 
the Reduced Write Current Output wil remain low 
(inactive) during the Output 2 time slot. 

Bits 2, 1 , and 0 are used to select the Write Precompensa
tion value to be used during the format of disks. The follow
ing table specifies these values: 



SECTOR SIZE FIELD BITS (lBM® FLOPPY AND USER 
SELECTABLE HARD DISK I=ORMATS) 

DB2 DB1 DBO IBM FD FORMAT HD FORMAT 
0 0 0 128 bytes/sector 128 bytes/sector 
0 0 1 256 bytes/sector 256 bytes/sector 
0 1 0 512 bbtes/sector 512 bbtes/sector 
0 1 1 1024 ytes/sector 1024 ytes/sector 
1 0 0 not used 2048 bytes/sector 
1 0 1 not used 4096 bytes/sector 
1 1 0 not used 8192 bytes/sector 
1 1 1 not used 16,384 bytes/sector 

FORMAT ECC TYPE FIELD (lBM® FLOPPY AND 
USER SELECTABLE HARD OISK FORMATS) 

DB7 DB6 DB5 DB4 HD FORMAT 
o 0 0 0 4 ECC bytes generated/checked 
1 1 1 1 5 ECC bytes generated/checked ~1 ~ 
1 1 1 0 6 ECC bytes generated/checked 1 
1 1 0 1 7 ECC bytes generated/checked 1 

note 1: WITH EXTERNAL ECC 

IBM® MFM FLOPPY DISK FORMAT: 

ID FIELD 
IDENT" 
CYLINDER 
HEAD 
SECTOR 
SECTOR SIZE 

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 
Ident Byte, 
track number 
side number 
sector number sector size 

(3 bits) 

IBM® FM FLOPPY DISK FORMAT: 

ID FIELD 
CYLINDER 
HEAD 
SECTOR 

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 

track number 
side number 
sector number 

SECTOR SIZE X X X X X sector size 

HARD DISK FORMAT: IBM PC-AT FORMAT 
(512 BYTES) 

ID FIELD 
IDENT 
CYLINDER 
HEAD 

SECTOR 

DB7 DB6 DB5 DB4 DB3 DB2 DB 1 DBO 

Ident Byte 
cylinder number (8 LSB's) 

o sctr sctr 0 hd# hd# hd# hd# 
bit 1 bit 0 bit 3 bit 2 bit 1 bit 0 

sector number 

HARD DISK FORMAT: (USER SELECTABLE 
SECTOR SIZE) 

ID FIELD DB7 DB6 DB5 DB4 DB3 DB2 DB 1 DBO 
IDENT" 
CYLINDER 
HEAD 

SECTOR 
SECTOR SIZE 

"for double density 

FF 
FC 
FD 

Ident Byte 
cylinder number (8 LSB's) 

bad cyl# cyl# cyl# hd# hd# hd# hd# 
sctr bit 10 bit 9 bit 8 bit 3 bit 2 bit 1 bit 0 
flag 

sector number 
ECC type X sector size 

CYLINDERS 
0-255 

256 - 511 
512 - 767 
768 - 1023 

(3 bits) 

IID~~:~E 
--------------------------------~ 
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WRITE SECTORS LOGICAL (Hex Values AO thru BF, 
EO thru FF) 

This command will cause the UDC to write logically con
secutive sectors on the disk. Before issuing this command, 
the system processor must load the following UDC 
registers: 

DESIRED SECTOR 
DESIRED HEAD 
DMA 7-0 
DMA 23-16 
RETRY COUNT 

DESIRED CYLINDER 
SECTOR COUNT 
DMA 15-8 
MODE 
REGISTER A (for IBM® 

PC-AT Mode) 
Since retries during a write command are not valid, the 
high order nybble of the RETRY register should be set to 
0, in 1 's complement format (1111). 

CALCULATE CRC OR 
ECC BYTES AND 
WRITE TO DISK 

WRITE DATA OPERATION 

Before writing data to the selected disk drive, the UDC will 
read the current 10 field, step to the desired cylinder (if 
enabled in command) and verify that has located the cor
rect cylinder and sector. (These steps were described pre
viously under "UDC Command Overview"). 
After the "Verify" sequence is done, the "data transfer" 
sequence begins. The UDC will first write either a Data 
Mark (FB hex) or Deleted Data Mark (F8 hex) on the disk, 
as selected by the user (see below). Then the UDC will 
transfer a sector's worth of data (using DMA} from the 
memory area specified by the DMA registers. After writing 
out the sector, CRC or ECC bytes will be written as spec
ified by the MODE register. 

Next, the SECTOR COUNT register is decremented, and 
if not yet equal to 0, the operation continues for the next 
logical sector. 

This command allows the user to specify several options. 
These options are specified by bits in the command word 
and are as follows: 

BIT 6 = 1 IMPLIED SEEK DISABLED. The UDC will 
not update the CURRENT CYLINDER, 
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CURRENT HEAD OR CURR~NT 
SECTOR register and will not issue step 
pulses. 

BIT 6 = 0 IMPLIED SEEK ENABLED. The UDS will 
update the CURRENT CYLINDER, 
CURRENT HEAD and CURRENT 
SECTOR reQister and will issue step 
pulses if required. 

BIT 5 = ALWAYS 1. 

BIT 4 = 1 DELETED DATA MARK. Data will be 
written with a Deleted Data Mark (F8 hex) 
in the 10 field. 

BIT 4 = 0 NORMAL DATA MARK. Data will be writ
ten with a Normal Data Mark (FB hex) in 
the 10 field. 

BIT 3 = 1 REDUCED WRITE CURRENT. Setting 
this bit will cause the UDC's Reduced 
Write Current output to go high. 

BIT 3 = 0 NORMAL WRITE CURRENT. Resetting 
this bit will cause the UDC's Reduced 
Write Current output to go low. 

Bits 2, 1, and 0 are used to select the Write Precom
pensation value to be used during writes to floppy 
disks. The table below specifies these values. 

BIT 2 BIT 1 BITO Precompensation 
(For Floppy Disks) 

0 1 0 None, enable EARLY and 
LATE Outputs 

1 0 1 600 nsec, Minifloppy only 
0 1 1 500 nsec, Minifloppy only 
1 1 1 400 nsec, Minifloppy only 
1 1 0 300 nsec 
1 0 0 200 nsec 
0 0 1 100 nsec 
0 0 0 None, suppress EARLY and 

LATE Outputs 

NOTE: For hard disks, precompensation is handled 
with an external delay line, which is connected to 
the EARLY and LATE Outputs of the UDC. These 
lines toggle in response to the data pattern being 
written to the disk. 

WRITE LONG 

This command will cause the HDC9234 to transfer one 
sector of data and four ECC bytes from the buffer to the 
disk. The system processor must load the following UDC 
registers: 

DESIRED SECTOR 
DESIRED HEAD 
DMA 7-0 
DMA 23-16 
RETRY COUNT 

DESIRED CYLINDER 
SECTOR COUNT 
DMA 15-8 
MODE 
REGISTER A 

(for IBM® PC-AT mode) 
WRITE LON~ can operate on only one sector per com
mand. The sector slew register should be programmed to 
1. The value in the retry counter is decremented by the 

(R8) bits 6 and 5 to 01. In this mode there is no retry. The 
retry counter register (R7) will be used as the ECC check 
byte length counter. The 1 's complement value of the desired 
check byte length plus two should be programmed into 
these 4 bits, mapped as follows: 

REGISTER? ECCLENGTH 

1111 2 
1110 3 
1101 4 
1100 5 
1011 ? · · · · · · 

The system processor then issues the Read Sector Logic 
command. Signal ECCTM will not be activated in the WRITE 
LONG operation. 
Before writing data to the selected disk drive, the UDC will 
read the current 10 field, step to the desired cylinder (if en
abled in command) and verify that it has located the correct 
cylinder and sector. (These steps were described previ
ously under "UDC Command Overview"). 
After the "Verify" sequence is done, the "data transfer" 
sequence begins. The UDC will first write either a Data Mark 
(FB hex) or Deleted Data Mark (F8 hex) on the disk, as 
selected by the user (see below). Then the UDC will trans
fer a sector's worth of data including the programmed num
ber of ECC bytes using (DMA) for the memory area specified 
by the DMA register. 
This command allows the user to specify several options. 
These options are specified by the bits in the command 
word, as follows: 

BIT 6 = 1 IMPLIED SEEK DISABLED. The UDC will 
not update the CURRENT CYLINDER, 
CURRENT HEAD or CURRENT 
SECTOR register and will not issue step· 
pulses. 

BIT 6 = 0 IMPLIED SEEK ENABLE. The UDC will 
update the CURRENT CYLINDER, 
CURRENT HEAD and CURRENT 
SECTOR register and will issue step pulses 
if required. 

BIT 5 = ALWAYS 1 . 

BIT 4 = 1 DELETED DATA MARK. Data will be writ
ten with a Deleted Data Mark (F8 hex) in 
the 10 field. 

BIT 4 = 0 NORMAL DATA MARK. Data will be writ
ten with a Normal Data Mark (FB hex) in 
the 10 field. 

BIT 3 = 1 REDUCE WRITE CURRENT. Setting this 
bit will cause the UDC's Reduced Write 
Current output to go high. 

BIT 3 = 0 NORMAL WRITE CURRENT. Resetting 
this bit will cause the UDC's Reduced Write 
Current output to go low. 

HDC9234. It should, therefore, be programmed for each Bits 2, 1, and 0 are used to select the Write Precompen-
Write Long command. sated value to be used during writes to disks. The table 
This mode is enabled by programming the mode register below specifies these values. 
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BIT2 BIT 1 BITO Precompensation 
(For Floppy Disks) 

0 1 0 None, enable EARLY and LATE 
Outputs 

1 0 1 600 nsec, Minifloppy only 
0 1 1 500 nsec, Minifloppy only 
1 1 1 400 nsec, Minifloppy only 
1 1 0 300 nsec 
1 0 0 200 nsec 
0 0 1 100 nsec 
0 0 0 None, suppress EARLY and LATE 

Outputs 

NOTE: for hard disks, precompensation is handled with an 
external delay line, which is connected to the EARLY and 
lATE Outputs of the UDC. These lines toggle in response 
to the data pattern being written to the disk. 

WRITE SECTORS PHYSICAL (Hex Values 80 thru 9F, 
COthru OF) 

This command will cause the UDC to write physically con
secutive sectors on the disk. Before issuing this command, 
the system processor must load the following UDC registers: 

DESIRED SECTOR DESIRED CYLINDER 
DESIRED HEAD SECTOR COUNT 
DMA 7-0 DMA 15-8 
DMA 23-16 MODE 
RETRY COUNT REGISTER A (for IBM® 

PC-AT Mode) 
Since retries during a write command are not valid, the high 
order nybble of the RETRY register should be set to 0, in 
1 's complement format (1111). 
Before writing data to the selected disk drive, the UDC will 
read the current I D field, step to the desired cylinder (if ena
bled in command) and verify that it has located the correct 
cylinder and sector. (These steps were described previ
ously under "UDC Command Overview"). 
After the "Verify" sequence is done, the "data transfer" 
sequence begins. The UDC will first write either a Data Mark 
(FB hex) or Deleted Data Mark (F8 hex) on the disk, as 
selected by the user (see below). Then the UDC will trans
fer a sector's worth of data (using DMA) from the memory 
area specified by the DMA registers. After writing out the 
sector, CRC or ECC bytes will be written as specified by the 
MODE register. Next, the SECTOR COUNT register is dec
remented, and if not yet equal to 0, the operation continues 
for the next physical sector. 
This cornmand allows the user to specify several options. 
These options are specified by bits in the command word 
and are as follows: 

BIT 6 = 1 IMPLIED SEEK DISABLED. The UDC will 
not update the CURRENT CYLINDER, 
CURRENT HEAD or CURRENT 
SECTOR register and will not issue step 
pulses. 

BIT 1 = 0 IMPLIED SEEK ENABLED. The UDCwili 
update the CURRENT CYLINDER, 
CURRENT HEAD and CURRENT 
SECTOR re9ister and will issue step 
pulses if reqUired. 

BIT 5 = ALWAYS O. 

BIT 4 = 1 DELETED DATA MARK. Data will be 
written with a Deleted Data Mark (F8 hex) 
in the ID field. 

BIT 4 = 0 NORMAL DATA MARK. Data will be writ
ten with a Normal Data Mark (FB hex) in 
the ID field. 

BIT 3 = 1 REDUCED WRITE CURRENT. Setting 
this bit will cause the UDC's Reduced 
Write Current output to go high. 

BIT 3 = 0 NORMAL WRITE CURRENT. Resetting 
this bit will cause the UDC's Reduced 
Write Current output to go low. 

Bits 2, 1, and 0 are used to select the Write Precom
pensation value to be used during writes to floppy 
disks. The table below specifies these values. 

BIT2 BIT 1 BITO Precompensation 
(For Floppy Disks) 

0 1 0 None, enable EARLY and LATE 
Outputs 

1 0 1 600 nsec, Minifloppy only 
0 1 1 500 nsec, Minifloppy only 
1 1 1 400 nsec, Minifloppy only 
1 1 0 300 nsec 
1 0 0 200 nsec 
0 0 1 100 nsec 
0 0 0 None, suppress EARLY and LATE 

Outputs 

NOTE: for hard disks, precompensation is handled with an 
external delay line, which is connected to the EARLY and 
lATE Outputs of the UDC. These lines toggle in response 
to the data pattern being written to the disk. 

TAPE BACK-UP (Hex Values = 08 to OF) 
The TAPE BACK-UP command set provides the system with 
the capability of transferring data to and from a tape drive 
in continuous blocks. TAPE BACK-UP utilizes the UDC's 
DMA, data conversion, error detection/correction and sec
tor count circuitry. 

Because of the mechanical and electronic differences 
between tape drives and disk drives, some of the register 
bits described earlier in this data sheet change functions 
when the UDC is executing the TAPE BACKUP COM
MAND. In many cases, the ClK input to the UDC will also 
need to be changed to compensate for the slower data rate 
from tape drives. 

TAPE BACKUP REGISTER DESCRIPTION 
The following bits in the UDC's register file assume the 
functions listed below when executing the BACK-UP com
mand and should be programmed accordingly. 
The following tables describe the differences in register 
usage when the UDC is executing the TAPE BACKUP 
command. (Complete TAPE BACKUP register bit maps are 
located in rear of the data sheet.) 

MODE REGISTER 
Bit 2 = 1 16 byte sync detect delay enable 

= 0 16 byte sync detect delay disabled 
Bit 1 = 1 TAPE BACKUP Write Enable (writing) 

= 0 TAPE BACKUP Write Disable (reading) 
Bit 0 = 1 Tape mark enable (short block) 

= 0 Tape mark disable (long block) 

RETRY COUNT REGISTER 
Bits 7-4 Retry should be disabled, by setting these bits to 

"1 ". (Retry Disabled) 
Bits 3-0 program outputs (user controlled) Bit 3 is typically 

used for write enable to the tape drive. 
Bits 0 and 1 are typically used for tape driven 
motion control as per drive manufacturer's 
specification. 
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DESIRED CYLINDER 
Bits 7-4ECC Type Field: 

DB7 DB6 DB5 DB4 ECCTYPE 

a a a a 4 ECC bytes generated/ 
checked 

5 ECC bytes generated/ 
checked 

a 6 ECC bytes generated/ 
checked 

a 7 ECC bytes generated/ 
checked 

note: 5,6,7 byte ECCs are generated and checked by 
hardware external to the UDC. 

DESIRED CYLINDER 
Bit3 Always 1 
Bits 2-0 Data Block Size: 

DB2 DB1 DBO DATA BLOCK SIZE 

a a a 128 bytes 
a a 1 256 bytes 
a 1 a 512b~es a 1 1 1024 ytes 
1 a a 2048 bytes 
1 a 1 4096 bytes 
1 1 a 8192 bytes 
1 1 1 16,384 bytes 

Remember that the UDC internal ECC code can correct up 
to a 4K byte long Data Block, but that the larger the Data 
Block the greater the probability of a miscorrection. 
Also, when executing the TAPE BACKUP command, the 
DRIVE SELECT command is altered slightly, as illustrated 
below: 

DRIVE SELECT COMMAND 
Bit# 7 6 5 4 3 

Drive a a Ramp Up/Down 
Select delay enable 

2 

ClK 
divisor 

DB2 CLOCK DIVISOR FOR TAPE 

a 
a 

a 
1 

ClK is divided by 10 (similar to 8/1 flop,py divisor). 
ClK is divided by 20 (similar to 5.2S' floppy divisor). 

These bits, in conjunction with Bits 4 and 7 of the MODE 
register, will allow selection of both FM and MFM recording 
on tape, with a tape format that resembles IBM compatible 
floppy disk formats. 
Setting the Drive Type bits to 1,0 or 1,1 will also cause the 
UDC to take on the following cnaracteristics: 
-DMA mechanism transfers a byte (8 bits) and relin

quishes the bus. 
- The RDGATE and WRGATE output signals have timing 

characteristics as shown in Figures 12A and 12B of the 
UDCspec. 

-The gap lengths are as illustrated in Table 1 or the UDC 
spec. 

-Tape format parameters will be as per Table 1 of the UDC 
spec. 

COMMAND EXECUTION OVERVIEW 
The tape backup command allows the user a convenient 

Read and Write functions of TAPE BACKUP share a com
mon command byte. The three lSB's of the MODE register' 
are also used by the TAPE BACKUP command to specify 
user options, and to select between tape read or tape write 
mode. 
Two kinds of blocks may be specified when reading or writ
ing dependent on the state of the TAPE MARK ENABLE bit 
in the MODE register: 

1. DATA BLOCK. The length of the data block (also 
called a long block) is equal to: 
2n* 128 bytes where n is an integer 
between 0 and 7 inclusive. The 
desired length of the data block (2n) 
is programmed into the desired cyl
inder register. 

2. TAPE MARK. The minimum length of the tape 
mark (also called a short block) is 3 
bytes. The maximum length of the 
tape mark is 257 bytes. The desired 
length is proQrammed into the sec
tor count register. 

Multiple data block transfers are accomplished by pro
gramming the 1 's complement of the desired number of data 
blocks to be transferred into the sector count register. 
The three lSB's of the MODE register function as part of 
the BACK-UP command word. The WRITE ENABLE bit 
determines whether loading the BACK-UP command into 
the UDC will initiate execution of a BACK-UP READ or 
BACK-UP WRITE sequence. The TAPE MARK ENABLE 
bit determines whether the UDC will write a short or long 
block of data on the tape and the DELAY ENABLE bit deter
mines whether or not the RDGATE signal is stretched when 
it coincides with a sync mark when reading the tape. The 
remaining bits in the command word are as follows: 

COMMAND DB7 DB6 DBS DB4 DB3 DB2 DB1 

BACK-UP a a a a a a 
(READING) 

DBa 
xfer 

enable 
BACK-UP 
(WRITING) 

a a a a 
precomp value 

BACK-UP READ 
When reading a short block, only CRC is checked. When 
reading a long block, CRC or ECC will be checked, depend
ing on the CRC/ECC bits in the Mode register. 
Bit 0 = 1 Data transfer enabled, error checking enabled 

= 0 Data transfer disabled, error checking enabled 

BACK-UP WRITE 
When writing, the precompensation value is derived from 
the ClK frequency as follows: 

Bit 2 Bit 1 Bit a Precompensation 

a 1 a None, enable EARLY and lATE 
1 a 1 6 ClK cycle periods 
a 1 1 5 ClK cycle periods 
1 1 1 4 ClK cycle periods 
1 1 a 3 ClK cycle periods 
1 a a 2 ClK cycle periods 
a a 1 1 ClK cycle period 
a a a None, suppress EARLY and lATE 

PRECOMPENSATION SELECT FOR BACK-UP COMMAND 

method of backin9 up either floppy or hard disks to tape. TAPE BACKUP SYSTEM CONFIGURATION NOTES 
The UDC may be Interfaced to either cartridge or cassette (A schematic showing a typical system implementation 
type tape drives, working in either streaming or start/stop using the TAPE BACKUP feature is contained in Sche-
mode. matic Diagram 2.) 
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1. Proper operation of the TAPE BACKUP command 
requires that the tape drive be addressed as DRIVE #3 
by the UDC. 

2. During the UDC's OUTPUT 2 period external circuitry 
must enable a separate latch to receive the user defined 
10 bits and tape track number bits. This latch should 
use the DRIVE SELECT 3 signal (output during the 
OUTPUT 2 period) so that the contents of the latch may 
only be changed when the tape drive is selected. 
Four additional drive control signals may be loaded into 
the four lSB's of the RETRY COUNT register. These 
additional outputs are latched externally during OUT
PUT 1 times for use by the tape drive. These outputs 
would normally be used to control tape drive Write Ena
ble logic (bit 3) and tape motion (bits 0 and 1), and tape 
motor on and off (bit 2). 

3. It is important to consider the time required for a tape 
drive to come up to operating speed when using the 
TAPE BACKUP command. Also, to insure adequate 
spacing between tape blocks, a delay is frequently 
required before stopping tape motion. The UDC has a 
programmable Ramp Up and Ramp Down timer to allow 
for easier implementation. The desired delay is pro
grammed into the DATA/DELAY register before issuing 
the DRIVE SELECT "3" command. 

DENSITY BIT 
CLOCK MODE 

DIVISOR REGISTER TIME IN SECONDS PER 
BIT BIT4 DELAY REGISTER COUNT 
1 1 ~Single) 1 ClK Cycle * 80000 
1 o Double) 1 ClK Cycle * 40000 
0 1 ~Single) 1 ClK Cycle * 40000 
0 o Double) 1 ClK Cycle * 20000 

The UDC will issue a normal interrupt (with the com
mand termination code set to 0-0) when the RAMP UP 
or RAMP DOWN timer has expired. 

4. BACK-UP WRITE. The user will first request the UDC 
to perform a disk READ TRACK command, with the 
TRANSFER ENABLE bit in the command word reset. 
This will cause the UDC to transfer only the 10 field 
information to memory. 
The TAPE BACKUP command will then be issued 
causing the UDC to write this 10 information to the tape 
as a tape mark (typically 96 bytes for a drive formatted 
with a 3 byte/sector 10 field or 128 bytes for a drive for
matted with a four byte/sector 10 field. The data fields 
should then be transferred to the tape in a similar 
manner. 
The UDC may be used with either "Streaming" or "Start/ 
Stop" type tape drives. This is illustrated by the follow
ing examples: 

A. START/STOP TAPE DRIVE: 
typically transfers % or 1 disk track at a time as illus
trated by the following flow chart: 

READ DATA FROM DISK TO MEMORY 

START TAPE DRIVE 

WRITE BLOCK FROM MEMORY TO TAPE 

STOP TAPE DRIVE 

When controlling a start/stop tape drive, the UDC will 
write the data "block by block". The system will issue 
a Drive Select command to the UDC with the Tape 
Motion, Motor On and Write Enable bits set to start 
and write data to the tape. 
Th'e UDC will interrupt the system after the comple
tion of the Ramp Up Delay indicating that the tape drive 
is up to speed. This interrupt is distinguished by the 
Command Termination Code of 0-0 (normal comple
tion of command). 
The System then outputs the Write command (for a 
long or short block) and waits for the command ter
mination interrupt. The UDC will write the Sync mark 
and tape mark or data block on the tape. 
When the System receives the interrupt indicating 
completion of the Write command, it will issue another 
drive select command with the Motor On and Write 
Enable bits set to stop the drive. The UDC will inter
rupt the system after completion of the Ramp Down 
Delay indicating that the tape has stopped moving. 
The'UDC will turn the Write Gate signal on when it is 
writing data and off when it is not, without regard to 
the tape motion. The Write Gate signal is used to gen
erate "gaps" on the tape between the data blocks. This 
is done by externally forcing the two Data outputs with 
the Write Gate signal such that the Data + signal is 
high and the Data - signal is low when the UDC is 
not writing data to the tape (Write Gate is off): 

[DRIVE STOPPED [DRIVE STOPPED 

_ =oJ GAP I TAPE MARK ANDIOR DATA BLOCK I GAP L-I __ _ 

WRITE GATE: 

LJ 
TAPE SPEED: 

STOPPED / TAPE AT SPEED \ STOPPED 

RAMP UP DELAY 

DRIVE SEL JL BACKUP 

- RAMP DOWN DELAY 

L DRIVESEL 
1 . tape motion on 1. read or write 1. tape motion off 
2. write enable on 2. long or short block 2. write enable off 

(write or read) 
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(write) or off 
(read) 

B. STREAMING TAPE DRIVE: 
typically transfers 1 sector at a time as illustrated 
by the following flow chart: 

START TAPE DRIVE 

READ DATA FROM DISK TO MEMORY 

WRITE BLOCK FROM MEMORY TO TAPE 

STOP TAPE DRIVE 

Control of a streaming tape drive is similar to that of a 
start/stop drive. The tape is started at the beginning 
of tne data transfer and stopped after the last block is 
written to the tape. The tape is not stopped in between 
blocks. The UDC will however turn the Write Gate sig-
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nal on when it is writing data and off when it is not so 
that gaps will be written (with external hardware) on 
the tape between the data blocks. 

5. BACK-UP READ. The data is read from the tape (in 
either start/stop or streamer mode) and buffered in 
memory. The disk track is then reconstructed from 
the data. 
The start/stop drive typically has a track (or half a track) 
of disk data stored as a block. It is therefore expedient 
to read in the data "block by block". When reading data 
from a streamer drive use can be made of the SECTOR 
COUNT register and a track's worth of data blocks may 
be read from the tape before generating the track on 
the disk. 
Tape motion control is similar to that described above 
except that the Write Enable Bit is off to inhibit writing to 
the tape. The UDC reads the tape until it detects a sync 
mark. After detecting a sync mark the UDC will transfer 
the data found on the tape to memory. 

6. The search count is used when reading the tape. It 
specifies a maximum number of blocks of 128 bytes 
between adjacent data blocks. If the search count 
expires before sync is detected, the command is 
terminated. 
For example, if a search count of two is specified by 
loading. the Desired Sector reQister with FD (hex), the 
UDC will search for 256 byte times before terminating 
the command. This will prevent the UDC from acciden
tally skipping a block. The search count is typically about 
the size of one block length. In the following figure, TM 1 
and TM2 are two tape marks and DB 1, DB2, DB3 etc. 
are their associated Data Blocks: 

TM1 DB1 DB2 DB3 DB4 TM2 DB1 
~ ~ 1---1 1---1 ~ t---I 1---1 

search count 

7. 16 BYTE DELAY. Provision is made to shift the RDGATE 
pulse in the event that it coincides with the data block 
sync mark. If a tape cannot be read (sync is never 
detected) the tape can be re-read with the 16 byte delay 
enabled. 

DATA GAP I sync DATA GAP 

RDGATE without delay: 

L miss sync mark detect 

RDGATE with delay: 
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8. The DRIVE STATUS bits may be used by the tape drive 
if they are enabled (on the drive) by DRIVE SELECT 3. 
The ready change interrupt is especially handy for 
detecting start of tape (SOT) and end of tape (EOT) as 
a UDC command can be terminated by a change in state 
of the READY input. 

9. The DATA FORMAT is as follows: 

PRE TMSYNC TAPE MARK POST GAP PRE DBSYNC DATA BLOCK POST GAP 

The Tape Mark sync mark (TMSYNC) is composed of 
three bytes of A 1 (Hex) followed by one byte of FE (Hex). 
The Data Block sync mark (DBSYNC) is composed of 
three bytes of A 1 (Hex) followed by one byte of FB (Hex). 
A 1 (Hex) is encoded with the standard missing clock 
pattern. 

The sync mark is preceeded by a "preamble" consist
ing of bytes of 00 as per figure 2 of the UDC spec (this 
is required to synchronize the data separator when 
reading the tape). The Tape Mark and Data Block 
(including CRC or ECC bytes) are followed by a "post
amble" consisting of one byte of 00. 

Note that the postamble is not included in the Floppy 
Disk formats. The GAP sizes are dependent on the type 
of drive (start/stop or streamer) and the specific 
mechanical tape drive specifications. 

10. Use can be made of the Sector Count register when 
doing a "file" (versus a "mirror image") backup on a 
start/stop tape drive. Instead of transferring the entire 
disk track to the tape in one long block, the data is moved 
file by file. 

If, for example, it is desired to back up a file consisting 
of five 256 byte long Hard Disk sectors, a 2048 byte long 
Data Block would have to be used for an image backup 
(the Data Block size is specified as 2n * 128 restricting 
blocks to 128, 256, 512 etc.). This would result in a lot 
of wasted space on the tape. 

If file backup is used and the Sector Count is set to five, 
256 byte long Data Blocks can be used. Gaps will be 
generated on the tape corresponding to the time 
required to get the data from the disk drive (correspond
ing to DMA delays and the disk interleave factor). 

The tape will not be stopped until the entire file is trans
ferred. When using sector count, the UDC internal pro
gramming will create inter-block gaps of about 30 to 32 
bytes on the tape in both single (FM) and double (MFM) 
density modes. 



SYSTEM CONFIGURATION NOTES 

A simplified UDC schematic is shown in Schematic 1. The 
following notes may be helpful in implementation of the UDC. 
1. In systems using a private memory area, it is important 

to know when the buffer needs servicing from the host 
processor. A second interrupt signal (INT2) signals the 
processor that servicin~B~T~ed. INT2 is ~~~rated bY, 
exter~~laANDING the signal with 1 signa. 
(The 1 signal is active when the UDC is outputing 
the DMA address data, and occurs when STB is active 
(low), SO is active (high) and S1 is inactive (low)). 
This "interrupt" occurs only when the UDC needs the 
system processor to either read from or write to the buffer 
memory. When reading from the disk, the system pro
cessor should empty the memory buffer each time this 
signa.l becomes active. (If an ECC error is detected, and 
error correction is enabled, this signal will not become 
active until the UDC has attempted to correct the error.) 
When writing data to the disk, the system processor must 
fill the buffer each time this signal becomes active. 

2. The DIP (DMA in Progress) signal is used to isolate the 
buffer memory from the main system memory. If 74LS244 
and 74LS245 address buffers are used in the memory 
addressing circuits, then this signal should be used to 
enable or disable the address buffers, as required. This 
eliminates the possibility of memory contention problems., 

3. Write precompensation (for floppy disks) is handled 
internally by the UDC. For hard diSks, the LATE and 
EARLY signals are connected to a multiplexer which, in 
turn is connected to a 24 ns delay line. The EARLY and 
LATE signals will toggle in response to the data pattern 
being written. This will allow the data being written to the 
shifte,d ± 12 ns from the nominal 12 ns delay specified 
by hard disk manufacturers. 

4. The interface to the hard disk drive data inputs and out
puts requires RS-422 data tranceivers. Other disk drive 
interface circuits (including floppy disk data inputs and 
outputs) may be 74LS series devices. 

5. Since the UDC uses its Aux Bus for multiple functions, 
the system designer must be able to determine which 
function is occuring on the Aux Bus at any ~ven time. 
The SO and S1 signals, when combined with TB signal 
are de...Qoded (using a 74LS138 or equivalent) to provide 
STBO-3 signals. 

These generated signals and their respective functions 
are: 

STBO Drive Status Input Time Slot 
STB 1 External DMA Address Counters Time Slot 
STB2 Output 1 Time Slot 
STB3 Output 2 Time Slot 

6. The clocks required by the UDC are not TTL-level com
patible. Pullup resistors (typically 390 ohms) should be 
used with Schottky drivers to insure that the clock signals 
reach the proper Input (high) level, with acceptable rise 
and fall times. 

the starting memory address for each read or write oper
ation.) 74LS161 Counters are typically used in this area. 

8. The DMACLK input should be tied to the master system 
clock, through a bus buffer. It is important to remember 
that three DMACLK periods are required for each DMA 
transfer. 

9. The system design may be simplified, and costs reduced, 
by uSing the FDC 9216B Floppy Disk Data Separator, to 
separate raw data from the floppy disk drive into RDATA 
and RCLK. 

ERROR CHECKING AND CORRECTION CIRCUIT (ECC) 
OPERATING PRINCIPLES 
The UDC will automatically detect and correct errors in the 
data read from the disk. Error checking may be done using 
industry standard CRC or ECC encoding. Error correction 
may be done using either internal or external ECC encod
ing. This section will explain ECC operation, as imple
mented on the UDC. 
The UDC contains two 16-bit registers used by the CRC/ 
ECC circuits. CRC logic uses only one of these registers, 
while the logic for ECC uses both registers, implementing 
a full 32-bit algorithm. 
These registers may be preset to either one or zero, using 
the CRC PRESET bit In the INTERRUPT/COMMAND 
TERMINATION register. (This allows compatibility with 
existing disk controllers and external ECC chips.) Both ECC 
and CRC are calculated beginnin9 with the sync mark of 
the address (CRC) or data (ECC) field. 

CRC/ECC GENERATION I 
The UDC uses the following industry standard polynomials _ 
in computing the CRC and ECC check bytes: 

CRC: X16 +X12 +X5 + 1 
ECC: X32 + X28 + X26 +X19 +X17 + x10 + x6 +X2 + 1 

As the UDC writes data to the disk drive, it first passes this 
data thru the CRC (and, if enabled, ECC) registers. After all 
data has been written, the remaining two (CRC) or four 
(ECC) bytes remaining in these registers are written to the 
appropriate address or data field. 

CRC/ECC CHECKING 
When CRC or ECC checking is initiated, the internal CRC/ 
ECC registers are set to either zero or one, as required by 
the CRC PRESET bit in the INTERRUPT/COMMAND 
TERMINATION REGISTER. Data read from the disk is 
simultaneously shifted thru the CRC/ECC registers, and 
transferred to external memory. 
After the CRC or ECC check bytes have been shifted thru 
the CRC/ECC registers, the remainder in these registers 
should be zero, else an error has occurred in the address 
or data block. 
If CRC or ECC (without correction) is enabled, automatic 
retry (if enabled) or command termination will occur. If inter-

7. The UDC features a built-in DMA controller that requires nal ECC with automatic correction is enabled, the correc-
connection to external counters. These counters are tion algorithm will be executed. If the internal ECC algorithm 
configured so that they are incremented after each byte is unable to correct the error (in one attempt), then auto-
is transferred. (The UDC's internal DMA circuits transfer matic retry (if enabled) or command termination will occur. 
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ECC CORRECTION 
Error Correction consists of three distinct parts: 
1. The CRC/ECC registers are normalized by shifting zeros 

thru the register. This sets up a data block which is 42,987 
bits long, which corresponds to the "natural message 
length" of the generation polynomial. The actual number 
of zeros shifted through the registers depends on the dif
ference between the natural message length of the gen
erator polynomial and the actual length of the data block 
being checked. The longest data block that can be cor
rected (using the internal ECC algorithm) is 4K bytes. 

2. The data input to the CRC/ECC registers is then dis
abled and the OMA counters are re-initialized to the 
starting address for this data block. The contents of the 
CRC/ECC registers are then "ring-shifted" until 21 con
secutive zeros are detected. The remaining bits in the 
CRC/ECC registers compose the error syndrome. As the 
CRC/ECC registers are shifted, the UOC generates OS 
signals, causing the external OMA counters to be incre
mented. When the 21 consecutive zeros are detected, 
the OMA counters are pointing to the corrupt data. 
If the error syndrome is not found within the data block 
the error is judged to be uncorrectable and the correction 
algorithm is terminated. (The data block is the length of 
the data field in the sector and the 4 ECC bytes. A format 
with a sector size of 256 bytes would have a data block 
size of 260 bytes.) 

3. When the error syndrome is detected, the UOC will ena
ble its ECCTM output, read the next byte from memory, 
exclusive-or it with the first b~te of the three byte error 
syndrome, disable the ECCT output and write the cor-

rected byte back to memory. The correction process is 
then repeated for the next two bytes in memory. 
When using internal ECC (with correction enabled), the 
ECCTM output is used by the external OMA counters to 
inhibit the counters from incrementing their addresses 
when correcti~~the erroneous bytes. When using exter
nal ECC, the CTM output goes active (low) when the 
UOC is requesting the ECC Check Bytes from the exter
nal ECC chip prior to writing them to the disk. 
After a correction is completed, the UOC will then attempt 
to read the next sector on the disk (if the SECTOR 
COUNT register is still greater than zero). Anytime ECC 
correction has been attempted, (even if unsuccessful), 
the CORRECTION ATTEMPTED bit in the CHIP STA
TUS register will be set. 

The maximum time required for one ECC Correction Cycle 
(using the internal algorithm) is about equal to the time it 
takes to read 1 sector. 

IMPLEMENTATION 
Implementing ECC Correction consists of three steps: 
1. Read with Auto-Correction disabled and Retry enabled. 
2. When a sector with a hard ECC error is found, enable 

Read for one sector (sector count = 1) with Auto
Correction enabled and correct the error. 

3. After the correction is completed, issue a new Read 
command with auto-correctIon disabled and retry dis
abled to transfer the balance of the data. 
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MAXIMUM GUARANTEED RATINGS* 
Operating Temperature Range ............................................................................. 0 to + 70 C 
Shortage Temperature Range ....................................................................... - 55 C to + 150 C 
Lead Temperature (soldering, 10 sec.) ........................................................................ + 325 C 
Positive Voltage on any Pin, with respect to ground .............................................................. + 8 V 
Negative Voltage on any Pin, with respect to ground ........................................................... - 0.3 V 
*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 Maxi
mum 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 off. In addition, voltage transients on the AC power line may appear 
on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS Ta = 0 C to + 70 C, Vcc = 5.0V ± 5% 
PARAMETER MIN TYP MAX UNIT 
Input Voltage 

Vi1 Low 0.8 V 
Vih1 High 2.0 V all inputs except CLK 
Vih2 High 4.2 V CLKinput 

Output Voltage 
all outputs except WDATA, V011 Low 0.4 V 

Voh1 High 2.4 V Early and Late. (Drive 1 
TTL load into 50 pf) 

V012 Low 0.4 V WDATA, EARLY and LATE 
Voh2 High 2.4 V outputs. (Will drive 1 

Schottky load into 15 pf.) 
Input Leakage Current 

11 10 uA 

Cin 
Input Capacitance 

25 pf 
Power Supply Current 200 

Icc ma 

AC ELECTRICAL CHARACTERISTICS Ta = 0 C to + 70 C, Vcc = 5.0V ± 5% 

PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 

PROCESSOR WRITE CYCLE 
C/Q, R/W, CS Setup time to DSl Toss 110 ns FIGURE3 
C/D, RIW, CS Hold time to DSf Toss 0 ns 
OS Pulse Width TosL 150 ns 
OS Pulse Hit Time TosH 850 ns 
Data Bus In etup time to [)'Sf To,s 100 ns 
Data Bus In Hold time to DSf TOIA 0 ns 

PROCESSOR READ CYCLE 
Data Access time from DSl To os 75 ns FIGURE3 
Data Hold time from DSf TooA 10 ns 

LJDC TO MEMORY TIMING 
(BUS MASTER) 

(based on '10 Mhz DMACLK Input) 
Write Setup time to DS~ Tws 110 ns FIGURE4 
Write Data Strobe Widt Twos 180 ns 
Write Hold time from DSf TWA 110 ns 
Data Strobe Falling Edge TosF 15 ns 
Data Strobe Rising EdgL TosR 20 ns 
Write Data Valid before DSJ-s Twos 90 ns 
Write Data Hold time after Sf TwoA 10 ns 
Memory Access Time Tw 200 ns 
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PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 

Read Setup time to D~ TRB 110 ns FIGURE4 
Read Hold time after D ~ TRA 110 ns 
Read Data Strobe Pulse idth TRos 180 ns 
Read Data Setup time to D~ TRoB 50 ns 
Read Data Hold time from D i TRoA 0 ns 
DMACLKf to DS t Tooo 100 ns 
DMACLK to DSj TooA 100 ns 

SO~, AND STS TIMING 
STBWidth Tsw 800 ns FIGURE7 
SO, S1 Hold time after STBi Tso 100 ns 
Data In Setup time to ~ To,s 700 ns 
Data In Hold time after T i TO'H 0 ns 
SO, S 1 Setup time to ~ TssT1 100 ns 
Aux Bus Setup time to ~ TSST2 100 ns 
Aux Bus Hold time after ST i TssT3 100 ns 

INPUT CLOCK TIMING (10 MHz Input) 
Clock Rise Time TRT 10 ns FIGURE2 
Clock Fall Time TRF 10 ns 
Clock Cycle High Time TCH 40 ns 
Clock Cycle Low Time TCL 40 ns 
Clock Cycle Time Tcyc 95 100 105 ns 

PRECOMPENSATION TIMING 
Early, Late set~~ time 

(Before WDA A i) TpB 0 ns FIGURE9 
Early, Late Hold Time 

(after WDATAt) TpB 50 ns 

FLOPPY INPUT DATA TIMING 
Window Setup time to RDCLK TFRB 50 ns FIGURE 10 
Window Hold time from RDDATA i TFRA 50 ns 

HARD DISK INPUT DATA TIMING 
Data Setup time to RDCLKt THRB 60 ns FIGURE 10 
Data Hold time after RDCLKt THRA 10 ns 
Clock Setup time to RDCLKf THcB 60 ns 
Clock Hold time from RCLK THcA 10 ns 

ECCTIM TIMING 
ECCTM Setup to D~ TEos 50 FIGURE 10 
ECCTM Hold after D i TEoH 100 ns 

RESET TIMING 
RST Pulse Width 

1 I-LS 
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AB0-7 

*REQUIRED 
FOR STANDARD 
UDC/HARD DISK 

INTERFACE 

DISK DRIVE 
StATUS 

STB2 ~~;-----------;---~--~ 

STB3 

STB0 

WGATE----------------__ ------~ 

WD ---------------1> 

LS74 

TAPE DRIVE 
STATUS 

} TAPE MOTION CTL 

WRITE ENABLE 

TRACK # 

DATA + 

DATA 

SCHEMATIC 2: HDC9234 TAPE DRIVE INTERFACE CIRCUIT 
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l+SV 
~ 3900 

-----1""'------'----- TO ClK INPUT V"' orDMACK 

FIGURE #1 

74804 
or 

equivalent 

INPUT 

RECOMMENDED CLK DRIVER CIRCUIT 

FIGURE 1: RECOMMENDED CLK/DMACLK INPUT 

cs 

RiVii 

~---Tcyc---~ 

CLK 

FIGURE 2: INPUT CLOCK TIMING (1 OM Hz) 

\'--__ ---1 

~-+----Pr~----~j~------J)(~-----------
DS 

D87-0 

FIGURE 3 FIGURE 3: SYSTEM PROCESSOR TO UDC TIMING 

1+-1---Tw----+ill 
R/Vii 

D97-0 
(WRITES) 

D97-0 
(READS) 

__ TAB=i-.+------+-r-- ~-+---I~~_TRA_-

____________ :~==TW=B~-~-----------~t-:-:===~~~--I-r-~T-W-A_J: _______________ __ 

FIGURE 4: UDC TO MEMORY TIMING (BUS MASTER) 
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DMACLK 

DMAR 

ACK 

DIP 

BYTE 
READY 

R/Vii 

58 

DB 7-0 

Figure 5 

DMACLK 

---1 
I 

/ 
I 

I 
I 
I , 
\ 

" I , 

TRISTATE I , 
\ 
\ 
\ 
\ 

TRISTATE 

/ "', , 
~----------------~----~------+----------------+--~~l~:--------)~ L I 
J 

I 

, 

, , o 
\ 
I 

" ~_TR_I_ST_A_TE __ _ , 
, 
\ . 

TRISTATE 

--------------------~(~ _____ D_AT_A_O_U_T _____ ~ ----e-r- MAX BYTE RATE 1 .6fj.S --i 
UDC DMA MEMORY TIMING FOR HARD DISK 

(BURST MODE) 

FIGURE 5: UDC DMA MEMORY TIMING FOR HARD DISK (BURST MODE) 

I 

BYTE flEADY ) I 000 I 

DMAR 

ACK 

R/Vii 

DIP 

067-0 
(OUT) 

OB7-0 
(IN) 

, U , \) , , 
l~ , ( , 

I 
I , 
) 

, , TRISTATE 

~ 

W \.-\ TRISTATE 
\ 
\ , 

\ \ , 
0 I 

I 

}---DATA OUT I , 

, 
I ' 

------.1Ir---1' 0:" ~ 
TRISTATE \1o'-----... ..;: ... -.L..\ -------'~--------+-____. 

----------~,\ I ~-~-~---------------
\ I 

TRISTATE 

------_ ........ }. t 
------------------~(~--------+---~ 

t 

< DATA IN >-
UDC DMA TIMING FOR 

FLOPPY DISK (1 BYTE AT A TIME) 

FIGURE 6: UDC DMA TIMING FOR FLOPPY DISK (1 BYTE AT A TIME) 
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BIT 

elK 

WDATA 

WDATA 

EARLY, 
LATE 

S1, S0 

AS 7-0 

I 7 I 6 I 

0 

I-

DRIVE TYPE 

HARD DISK 

8" MFM FLOPPY 

8" FM FLOPPY 

51/4' MFM FLOPPY 

51/4" FM FLOPPY 

5 

FIGURE 7: 50, 51, STe TIMING 

I 4 I 3 I 2 I 1 I 0 I 7 I 6 I 5 I 4 I 3 I 2 I o I 

0 
To MISSING CLOCK 

o 0 0 1 1 0 

I ADDRESS MARK -I- DATA "FE" -I 
FIGURE 8: UDC DATA WRITE TIMING 

TWR 

~ r\ 

---- I'+-- TWB f-t-TwA -+ 

)< ~ )( 
~ 

T 

T(typ) TWA (typ) 

200NS 100NS 

2 f.LS 300NS 

- 300NS 

4f.Ls 300NS 

- 300NS FIGURE 9: PRECOMPEN5ATION TIMING 
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DATA I 0 I 0 I 0 I 0 1 0 1 1 I I BIT 

I- ADDRESS MARK -I 
MFM 

READ DATA 

READ CLOCK 

RDATA 

OS 
INTERNAL 
COMPARE 

0 ECCTM 

RDCLK 

RDDATA 

A1, 0A COMPARE 

~FLUX 
REVERSAL 

FLOPPY INPUT DATA TIMING 
(HARD DISK BIT = 0) 

I L SYNC BYTE 

FIGURE 10 

INDEX -Il ""1----------- REPEATED N TIMES 

I tt~~ I ~~ IFCI ~t.~~ I ~~ IFEITKI ~ 1 ~ I ~ I ~ I 

~ INDEX AM ~ ID AM 

'" I 1 I FB 1 <.) GAP 2 SYNC or i3 l1xFF 6xOO F8 128 dala byles 

L DATA AM 

FLOPPY DISK FORMAT; SINGLE DENSITY 

1 I 1 I 0 I 0 1 

TeoH 

HARD DISK INPUT DATA TIMING 
(HARD DISK BIT = 1) 

L 1 GAP 31 GAP 4 r,RCI CRC2 27.FF 247xFF NOMINAL 

- ECCTM 
2 bytes 

rL 
I 

INDE:Jl~ ______ ___:-... 1 :.~~~~~~~~~~~~~~~~~~~~~~~~_R_E_P_E_AT_E_D_N_T_IM_E_S_ -_ -_ -_ -:_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_-_ -_ -_ -_ -_ -_-_ -_ -_ -_L~_I ____ ...:fl 

I GAP 01 SYNC 1 IF 1 GAP 1 I SYNC 1 I I ,- 1 1 I I I GAP 21 SYNC 1 I FB I 80x4E 12xOO 3XC2 C 50x4E 12xOO 3xAI FE TK SIDE SEC SIZE CRCI CRC2 22x4E 12xOO 3xAI ~8 256 dala bytes 

L INDEX AM L ID AM L DATA AM 

ICRC11CRC21GAP 31 54x4E 
GI\P 4 
598x4E 

FLOPPY DISK FORMAT; DOUBLE DENSITY 
~ECCTM 

---1 r-- 2 bytes 

1 

Fl( n ~"I------------- REPEATED N TIMES------------_aooil 
IND~ 1 ____________________ . ______________ ----JrL 

GAP 1 
16X4E 

HARD DISK FORMAT 

FIGURE 11: DISK 'FORMATS 
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INDEX n. 
10 I G21 SYNC I DATA I Gal SYNC 110 I G21 SYNC I DATA I G31 SYNC 110 I G21 SYNC I DATA I G3 I SYNCIID\ GSISYNC'IDATA\ G31 G41 

: I 5 BYTES 1++1 I 256 byte. I 
1-----:-. -----, ADGATE 

I 

LOOKING FOR' 
AM AM FOUND AM FOUND I AM NOT FOUND AM FOUNDl l AM FOUND 

(SINGLE DENSITY) ---FE ----+---------+-FB----+-FE__+_ FB--I---FE - __ 

(DOUBLEDENSITY) __ A1FE __ +-_ A1FB-f--A1FE-___________ t_ A1FB ___ -+-A1FE-+ A1FB-I- A1FE __ 

(HARD DISK) --A1FE--+--A1FS-t- A1FE ___________ -----: ..... A1FS ----t- A1FE--t A1FS + A1FE--

.:~ 2~~~~~rfg~n~~g~:~:~~lty 

FIGURE 12A: RDGATE DURING DISK READ 

INDEX -D~ _______________ -------------------------------~nL 
IGOI'SYNCIIN~~xIGllsYNCII~G2ISYNCI DATAIG3IsYNCII'*'~SYNClDATAIG3ISYNCIIDI G21 SYNC I DATA IG31SYNCIIDI G21 SYNC I DATAl G31 G4 I 

: RDG3 --: l..--L16'1lyte. 

ADGATE -----'1fI : r:L.F-5-Byte-·---I-1 II I 
AM FOUND H ~ ~ * AM NOT FOUND t AM FOUND ~ AM FOUND 

______ WR_G_21;......,! WDGall r------.L-WRGATE 

FIGURE 12B: RDGATE AND WRITE GATE TIMING 

TYPICAL FORMAT PARAMETERS 

PARAMETER HARD DISK'" SINGLE DEN. FLOPPY DOUBLE DEN. FLOPPY 

GAPQl' 16 40 80 

GAP 1 ' 16 26 50 

GAP2' 3 11 22 

GAP3' 18" 27*' 54" 

SYNC SIZE ' 13 6 12 

SECTOR COUNT' user selectable user selectable user selectable 

SECT. SIZE MULT' user selectable user selectable user selectable 

RDG 1 16 73 NA 

RDG2 6 13 24 

RDG3 25 27 24 

WDG2 5 11 23 

WDG3 3 11 3 

, = PARAMETER USED BY FORMAT COMMAND 

" = CHANGES FOR DIFFERENT SECTOR SIZES 

'" = 512 BYTES/SECTOR 

TABLE 1 : STANDARD FORMAT PARAMETERS 
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DMA 7-0 
(REGISTER 0) 

DMA 15-8 
(REGISTER 1) 

DMA 23-16 
(REGISTER 2) 

DESIRED SECTOR 
(REGISTER 3) 

7 6 

(MSB) 

(MSB) 

(MSB) 

IBM® PC-AT HARD DISK FORMAT 
REGISTER BIT DEFINITIONS 

543 

LOW ORDER BYTE OF DMA BUFFER 
MEMORY STARTING ADDRESS 

MIDDLE ORDER BYTE OF DMA BUFFER 
MEMORY STARTING ADDRESS 

HIGH ORDER BYTE OF DMA BUFFER 
MEMORY STARTING ADDRESS 

o 
(LSB) 

(LSB) 

(LSB) ] 
~----------------------------------------------------------------------

(MSB) (~ L-____________________________________________________________________ __ 
DESIRED SECTOR NUMBER 

DESIRED HEAD I ALWAYS (WRITE REGISTER 4) 0 
ALWAYS I DESIRED HEAD NUMBER ;;J 

SECTOR SIZE 
~ ______ ~ ______________ ~ _____ 0 _______ ~_(~M_S_B)~ _________________________ (_LSB) 

DESIRED CYLINDER I (MSB) (REGISTER 5) (LSB) ] 
L-______________________________________________________________________ __ 

LOW ORDER BITS OF DESIRED CYLINDER 

SECTOR COUNT 
(WRITE REGISTER 6) 

RETRY COUNT 
(REGISTER 7) 

MODE 
(REGISTER 8) 

INTERRUPTI 
COMMAND TERM. 

(REGISTER 9) 

DATA/DELAY 
(REGISTER A) 

CURRENT HEAD 
(READ REGISTER 4) 

CURRENT CYLINDER 
(READ REGISTER 5) 

L-____________________ N_U_M_B_E_R_O_F_S_E_C_T_O_R_S_T_O_B_E_O_P_E_R_A_JE_D __ O_N_B_Y_C_O_M_M_A_N_D ______________ (~ (MSB) 

RETRY COUNT (1 's COMPLEMENT) PROGRAMMABLE OUTPUTS 

CRC/ECC ENABLE STEP RATE SELECT 

~~~~-:I 
FAUL~J 

~--------~------~~------~---------~--------~--------~--------~----

HEAD LOAD DELAY MULTIPLE IS LOADED 
INTO THIS REGISTER BEFORE SELECT COMMANDS 

DATA IS LOADED TO OR READ FROM THIS REGISTER FOR 
READIWRITE/FORMAT COMMANDS DURING DATA TRANSFERS 

ACTUAL SECTOR SIZE 

(LSB) 

(LSB) 

HIGH ORDER BITS OF 
DESIRED CYL NUMBER 

CURRENT SECTOR 
SIZE 

CURRENT HEAD NUMBER 

(MSB) (LSB) 

LOW ORDER BITS OF CURRENT CYLINDER NUMBER 

CURRENTIDENT '---___________________________________________________________________________ --] (READ REGISTER 6) _ IDENT BYTE FROM DISK FOR SEEK/READ 10 COMMANDS ONLY 

CHIP STATUS 
(READ REGISTER 8) PRESENT DRIVE SELECTED 

DRIVE STATUS I ] 
(READ REGISTER 9) l.... __ E_~_2_g_R __ -'--___ IN_D_E_X __ ~_C_O_~_~E_L~_T_E~ ___ T_~_~C_K ___ L ________ -L ________ ~ ________ ~ __ ~_:_JT_Lf_ 

INTERRUPT 
STATUS 

(COMMAND READ) 

COMMAND TERMINATION 
CODE 

TABLE 2: REGISTER BIT MAPS 
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FLOPPY AND SMC HARD DISK FORMATS 
REGISTER BIT DEFINITIONS 

7 432 

DMA 7-0 
(REGISTER 0) ~(M_S_B) _____________________ L_OW __ O_R_D_E_R_B_Y_TE __ O_F_D_M_A_B_U_FF_E_R _____________________ (L_S_B_)~ ~ MEMORY STARTING ADDRESS 

MIDDLE ORDER BYTE OF DMA BUFFER 
MEMORY STARTING ADDRESS 

(LSB) (R~~~.f~~ 1) (MSB) L-______________________________________________________________________ ~ 

(LSB) DMA 23-16 ~ HIGH ORDER BYTE OF DMA BUFFER 
(REGISTER 2) (MSB) MEMORY STARTING ADDRESS 

--------------------------~-------------~--------------------------~ 

DESIRED SECTOR I-: 
(WRITE REGISTER 3) LI ___ \(IMv_S_B_) _______________________ D_ES_I_R_ED __ S_EC_T_O_R_N_U_M_B_E_R _______________________ (_LS_B_)---I 

DESIRED HEAD 
(REGISTER 4) 

(MSB) 

HIGH ORDER BITS OF 
DESIRED CYLINDER 

DESIRED HEAD NUMBER 

(MSB) (LSB) 

DESIRED CYLINDER r--;,SB) LOW ORDER BITS OF DESIRED CYLINDER (LSB) 
(REGISTER 5) ~ ____________________________________________________________________ ~ 

SECTOR COUNT ~ l (WRITE REGISTER 6) (MSB) NUMBER OF SECTORS TO BE OPERATED ON BY COMMAND (LSB) 
--------------------------------------------------------------------~ 

RETRY COUNT 
(REGISTER 7) 

MODE 
(REGISTER 8) 

INTERRUPTI 
COMMAND TERM. 

(REGISTER 9) 

DATAIDELAY 
(REGISTER A) 

CURRENT HEAD 
(READ REGISTER 4) 

RETRY COUNT (1 's COMPLEMENT) PROGRAMMABLE OUTPUTS 

CRCIECC ENABLE STEP RATE 

HEAD LOAD DELAY MULTIPLE IS LOADED INTO THIS REGISTER 
DATA IS LOADED TO OR READ FROM THIS REGISTER 

HIGH ORDER BITS OF 
CURRENT CYLINDER 

I CURRENT HEAD NUMBER 

(MSB) 

SELECT 

(LSB) 

(LSB) 

CURRENT CYLINDER I (MSB) LOW ORDER BITS OF CURRENT CYLINDER NUMBER (LSB) 
(READREGISTER5)L. _________________________________________________________________________ ~ 

CURRENT IDENT r--- ALWAYS FE 
(READ REGISTER 6) L~ ________________________________________________________________________ ~ 

CHIP STATUS 
(READ REGISTER 8) 

DRIVE STATUS 
(READ REGISTER 9) 

L FOR SEEK/READ 10 COMMAND ONLY 
----------------' 

COMMAND TERMINATION 
CODE 

IN~~fTRU~T I INTERRUPT 
(COMMAND READ) PENDING 

____ ~L_ ______ _L ________ ~ ________________ _L ________ ~ ____ --~L-------~ 

TABLE 2: REGISTER BIT MAPS 
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REGISTER 

DMA7-0 
(REGISTER 0) 

DMA 15-8 
(REGISTER 1) 

DMA 23-16 
(REGISTER 2) 

DESIRED 
SECTOR 

(REGISTER 3) 

DESIRED 
HEAD 

(REGISTER 4) 

DESIRED 
CYLINDER 

(REGISTER 5) 

SECTOR COUNT 
(REGISTER 6) 

RETRY COUNT 
(REGISTER 7) 

MODE 
(REGISTER 8) 

INTERRUPTI 
COMMAND 

TERMINATOR 
(REGISTER 9) 

DB7 

(MSB) 

(MSB) 

(MSB) 

(MSB) 

0 

HDC9234 WRITE REGISTERS (APPLIES DURING TAPE BACKUP ONLy) 

DB6 

o 

DB5 DB4 DB3 DB2 

DMA BEGINNING ADDRESS BUTE (LOW ORDER BITS) 

DMA BEGINNING ADDRESS BYTE (MIDDLE ORDER BITS) 

DMA BEGINNING ADDRESS BYTE (HIGH ORDER BITS) 

MAXIMUM SEARCH COUNT (IN 1'S COMPLEMENT) (1) 

o o 

ECC TYPE 

TRK# 
BIT3 

ALWAYS 
1 

DB1 

DATA BLOCK SIZE 

TAPE MARK BLOCK SIZE 
(IN 2'S COMPLEMENT + 1) 

(MODULO 256) (2) 
OR 

DATA BLOCK COUNT 
"(IN 1 'S COMPLEMENT) 

(3) 

USER DEFINED OUTPUTS 

NOTES: (1) The maximum search count is composed of: 
130 byte inner loop (RDGATE high 128,2 byte times) 
times the number programmed (maximum of 33,150 byte times 

(2) Tape mark operation 
(3) Data block operation 

TABLE 3-TAPE BACKUP REGISTER BIT MAPS 
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(LSB) 

(LSB) 

(LSB) 

(LSB) 
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REGISTER DB7 

DMA 7-0 (MSB) (REGISTER 0) 

DMA 15-8 (MSB) (REGISTER 1) 

DMA 23-16 (MSB) (REGISTER 2) 

DESIRED 
SECTOR (MSB) 

(REGISTER 3) 

CURRENT 

~ HEAD 
(REGISTER 4) 

CURRENT 

~ CYLINDER 
(REGISTER 5) 

CHIP 
STATUS 

(REGISTER 6) 

DRIVE 
STATUS 

(REGISTER 7) 

DATA 
(REGISTER 8) 

INTERRUPT 
STATUS 

(REGISTER 9) 

NOTES: l1l 
(3 

X 

UDC READ REGISTERS (APPLIES TAPE BACKUP ONLY) 

DB6 DB5 DB4 DB3 DB2 

DMA BEGINNING ADDRESS BYTE (LOW ORDER BITS) 

DMA BEGINNING ADDRESS BYTE (MIDDLE ORDER BITS) 

DMA BEGINNING ADDRESS BYTE (HIGH ORDER BITS) 

MAXIMUM SEARCH COUNT (IN 1 'S COMPLEMENT) 

X X 

x X 

Active level can generate interrupt. 
Active Level will not cause interrupt. 
Command termination bits set to: 

11 for data transfer error 
10 for sync error 
00 for successful termination 

Don't care 

X 

x 

x 

READ DATA 

COMMAND 
TERMINATION 

CODE (3) 

x 

x 

X 

TABLE 4: TAPE BACK UP REGISTER BIT MAPS 
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X 

x 

x 

DB1 

X 

x 

DBO 

(LSB) 

(LSB) 

(LSB) 

(LSB) 

PRESENT 
DRIVE 

SELECTED 

X 

x 



F'lESET 

DESELECT 
DRIVES 

RESTORE 
DRIVE 

STEP IN 
1 CYLINDER 

STEP OUT 
1 CYLINDER 

POLL 
DRIVES 

SELECT 
DRIVE 

SET F'lEGISTER 
POINTER 

SEEK/READ 10 

READ SECTORS 
PHYSICAL 

READ 
TRACK 

READ SECTORS 
LOGICAL 

FORMAT 
TRACK 

WRITE SECTORS 
PHYSICAL 

WRITE SECTORS 
LOGICAL 

TAPE 
BACKUP 

7 

(]) 

(]) 

(]) 

(]) 

(]) 

(]) 

(]) 

1 

1 

(]) 

(]) 

(]) 

(]) 

1 

1 = Implied 
Seek 
Disabled 

(])=Implied 
Seek 
Enabled 

1 = Implied 
Seek 
Disabled 

(])=Implied 
Seek 
Enabled 

COMMAND BIT DEFINITIONS 

4 

(]) (]) 

(]) 

(]) 

(]) 

(]) 

(]) 

(]) 1 

Write 
(]) Deleted 

Data 

Write 
1 Deleted 

Data 

3 

(]) 

(]) 

(]) 

DRIVE TYPE 

REGISTER 

1 

Write With 
Reduced 
Current 

Write With 
Reduced 
Current 

TABLE 5: COMMAND WORD BIT MAPS 
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2 

(]) 

o 

(]) 

1 

(]) 

(]) 

1 - .,",red I 
Seek 

(]) = Normal 
Seek 

DRIVE UNIT SELECTED 

NUMBER 

Enable 
Transfer 

11 = Transfer Alii o = Transfer 10 

1 = Implied 
Seek 
Disabled 

(]) = Implied 
Seek 
Enabled 

PRECOMPENSATION 
VALUE 

PRECOMPENSATION 
VALUE 

PRECOMPENSATION 
VALUE 

Enable 
Transfer 
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IBM® FM FLOPPY DISK FORMAT: 

10 FIELD 
CYLINDER 
HEAD 
SECTOR 
SECTOR SIZE 

DB? DB6 DB5 DB4 DB3 DB2 DB1 DBa 
track number 
side number 
sector number 

X X X X X sector size (3 bits) 

HARD DISK FORMAT: 
IBM PC-AT FORMAT (512 BYTES) 

10 FIELD 
IDENT 
CYLINDER 
HEAD 

SECTOR 

DB? DB6 DB5 DB4 DB3 DB2 DB 1 DBa 
Ident Byte 
cylinder number (8 LSB's) 

a sctr sctr trk# hd# hd# hd# hd# 
bit 1 bit a bit 8 bit 3 bit 2 bit 1 bit a 

sector number 

HARD DISK FORMAT: 
(USER SELECTABLE SECTOR SIZE) 

10 FIELD 
IDENT 
CYLINDER 
HEAD 

SECTOR 
SECTOR SIZE 

DB? DB6 DB5 DB4 DB3 DB2 DB 1 DBa 
Ident Byte 
cylinder number (8 LSB's) 

bad cyl# cyl# cyl# hd# hd# hd# hd# 
sector bit 10 bit 9 bit 8 bit 3 bit.2 bit 1 bit a 
flag 

sector number 
ECC type X sector size 

DISK FORMATS 

TABLE 6 
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SECTOR SIZE FIELD BITS 

DB2 DB1 DBO IBM FD FORMAT HD FORMAT 

0 0 0 128 bytes/sector 128 bytes/sector 
0 0 1 256 bytes/sector 256 bytes/sector 
0 1 0 512 bytes/sector 512 bytes/sector 
0 1 1 1024 bytes/sector 1024 bytes/sector 
1 0 0 not used 2048 bytes/sector 
1 0 1 not used 4096 bytes/sector 
1 1 0 not used 8192 bytes/sector 
1 1 1 not used 16,384 bytes/sector 

FORMAT ECC TYPE FIELD 

DB? DB6 DB5 DB4 HD FORMAT 

o 0 0 0 4 ECC bytes generated/checked 
1 1 1 1 5 ECC bytes generated/checked (1) 
1 1 1 0 6 ECC bytes generated/checked (1) 
1 1 0 1 ? ECC bytes generated/checked (1) 

note 1: WITH EXTERNAL ECC 

IBM® MFM FLOPPY DISK FORMAT: 

10 FIELD DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO 
IDENT 
CYLINDER 
HEAD 
SECTOR 
SECTOR SIZE X 

Ident Byte 
track number 
side number 
sector number 

X X X X sector size (3 bits) 

DISK FORMATS 

TABLE 6 
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~·I\ •• I"',I\I"!Ir',\ •• II"'"V"~.Ir'~~ •• Il'" Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 

'
il~lli~;!!!!!! ~. plicatlons: 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. Furlhermore, 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 ana supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION 

MSD7262 
PRELIMINARY 

Enhanced Small Device 
Interface Controller 

FEATURES 
o Controls ESDI serial mode disks 
o Controls up to seven disk drives 
o Programmable soft and hard sector formats 
o 18-MHz data transfer rate 
o Multi-sector, -track, and -cylinder transfer 

capability 
o Implied seek and parallel seek capability 
o High Level Commands, Including: 

Check Read Diagnostic 
Chip Reset Read ID 
Clear Command End Bit Recalibrate 
Clear Data FIFO Scan 
Detect Error Send 
Format Sector Send Extended 
Format Track Sense Seek Status 
Get Internal Information Sense Unit Status 
Group Assign Specify1 
Logical Seek Specify2 
Mask SRQ Interrupt Verify Data 
Physical Seek Verify ID 
Read Data Write Data 

o CRC error detection 
o ECC error detection and correction 
o Single +5 volt supply 
o 40-Pin Dual-in-line Package 
o COPLAMOS® n-Channel Silicon Gate Technology 

PIN CONFIGURATION 

WOATA Vee 

ROATA RGATE 

RClK WGATE 

RST ClK 

INT INOEX 
OMARQ SECP/BClKlAMF 

TC AME 

WClK NC 

AD OSO 

~ ROY 

Ao ATT 
00 CMOC 
01 HSo/XACK 
02 HS1/RxO 
03 HS2/TxO 
04 HS3/XREQ 
05 OS1 
06 OS2 
07 OS3 

GNO 21 RW/COM 

Package: 40-pin DIP 

GENERAL DESCRIPTION 

The MSD7262 is a highly-integrated, single-chip controller 
for ESDI Winchester Disks. While conforming to the 
complete revision E of the ESDI specification, this device 
executes 22 high-level commands that provide flexibility 
and ease of usage. The MSD7262 is based on the proven 
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HDC7261/HDC7260 architecture but adapted to the special 
requirements of this disk interface. It eliminates numerous 
ICs and gives complete access to all of the features 
implemented by the ESDI disk drive manufacturers. 
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Do-D7 

Ao 

TC 
DMARO 

INT 

CLK

RST_ 

Vee -----

GND--

Host 
System 

Interface 
Logic 

Disk 
Interface 
Control 
Logic 

Serial 
Communication 

Logic 

Format 
Control 
Logic 

MSD7262 BLOCK DIAGRAM 

DSD 

RDY 

ATT 

CMDC 

HSo 

HS, 

HS2 

HS3 

DS, 

DS2 

DS3 

RW/WM 

XREO 

TxD 

XACK 

RxD 

RGATE 

WGATE 

INDEX 

SECP/BCLKlAMF 

AME 

WDATA 

WCLK 

RDATA 

RCLK 

DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL DESCRIPTION 

1 Write Data WDATA NRZ write data output to ESDI drive 
I-

2 Read Data RDATA NRZ read data input from ESDI drive 
1--

3 Read Clock RCLK Read/reference clock input from ESDI drive 
1--

4 Reset RST System reset input 
1--

5 Interrupt INT Interrupt request output 
1--

6 DMA Request DMARO DMA request output 
1--

7 Terminal Count TC Terminal count input from DMAC 

8 Write Clock WCLK Write clock output to ESDI drive 
1--

9 Read RD Read control input signal from host computer 
1--

10 Write WR Write control input signal from host computer 
I-

11 Line Address 0 Ao Address select input from host computer 

12-19 Data Bus Do-D7 Data bus from host computer 

20 Ground GND System ground 

21 Read Write/Command RW/COM This output specifies the status of pins 25-28 
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DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL DESCRIPTION 

22-24 Drive Select DS3-DS, Drive select outputs to ESDI drive 

25 Head Select HS3 /XREQ If RW/COM = 1: head select (HS) outputs to ESDI drive. 
26 HS2 /TxD 
27 HS,/RxD If RW /COM = 0 for serial data transfer to ESDI drive: transfer 
28 HSo/XACK request (XREQ) output, transmit data (TxD) output, receive data 

(RxD) input, and transfer acknowledge (XACK) input. 

29 Command Complete CMDC Command complete input from ESDI drive 

30 Attention ATT Attention input from ESDI drive 

31 Ready ROY Ready input from ESDI drive 

32 Drive Select DSD Drive selected input from ESDI drive 

33 No Connect NC Not connected; leave open 

34 Address Mark Enable AME Address mark enable output from ESDI drive 

35 Selector Pulse/ SECP/BClK/ Sector pulse or byte clock or address mark found; input from ESDI 
Byte Clock/ AMF drive (mutually exclusive) 
Address Mark 

36 Index INDEX Index detected input from ESDI drive 

37 Clock ClK System clock input to MSD7262 

38 Write Gate WGATE Write gate output to ESDI drive 

39 Read Gate RGATE Read gate output to ESDI drive 

40 Power Supply Vee +5 V (Typical) input 
--

I 
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STANDARD MICROSYSTEMS 
CORPORATION 

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 responsibility 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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MSD95COO 
PRELIMINARY 

Small Computer System Interface (SCSI) 
Controller-SCSIC 

FEATURES: 
o Initiator and Target Operation. 
o 5 MByte/Sec Synchronous and 3 MByte/Sec 

Asynchronous Data Transfers. 
o Automatic Arbitration and (Re) Selection. 
o Supports both Arbitration and Non-arbitration 

Applications. 
o Separate Busses for Data and Microprocessor. 
o Separate DMA for Processor and Data Channels. 
o Burst Mode DMA Transfers on Data Bus. 
o Programmed I/O or DMA Transfers on Processor 

Data Bus. 
o Internal Twelve Byte Buffer. 
o Internal 24-bit Byte Transfer Counter. 
o Built-in 48ma High-Current SCSI Bus Drivers. 
o Thru-Parity. 
o User Selectable Selection Timeout. 
o Eight Bit Bi-Directional General Purpose I/O Port. 
o Bus Architecture allows caching. 
o Compatible with MSD 95C02 Storage Controller. 
o Low Power CMOS. 
o TTL compatible inputs and outputs. 

AD5 
AD6 
AD? 

DREQ 
DACK 

DBP 
DB? 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DB0 

DMACLK 
GND 

Vee 

PIN CONFIGURATION 

61 43 

62 42 

63 41 

64 40 

65 39 

66 38 

67 37 

68 36 

1 35 

34 

33 

32 

31 

6 30 

29 

28 

9 27 

~ X ~ 25 Ci ~ ~ 8 ~ ~ ~ ~ ~ b ~ ~ ~. 
(!)C/)C/) (!)C/)C/) (!)C/)C/)(!)C/)C/)(!)C/)« 

GENERAL DESCRIPTION 

XD2 
XD1 
XD0 
Vee 
GND 
1/0 
REQ 
GND 
C/D 
SEL 
GND 
MSG 
SRST 
GND 
ACK 
BSY 

.GND 

The MSD95COO SCSI Controller is capable of negotiating that connects to the data ring buffer (the Data bus) and the 
for and supporting data transfer on an ANSI SCSI (Small SCSI bus. Information transfers can be made between the 
Computer System Interface) compatible computer bus. The SCSI bus and either of the other two busses. The Data bus 
internal twelve byte buffer makes this device suitable for both supports burst mode DMA transfers and the System bus 
peripheral and host adapter applications in systems that supports both programmed I/O and DMA transfers. 
support both Asynchronous and Synchronous data transfer Accesses to the ring buffer are controlled via a DMA request! 
modes. acknowledge handshake. Local processor transfers, as well 
The MSD95COO includes circuitry that automatically as transfers to logical nodes (e.g., media transfers), are 
arbitrates for the SCSI bus and selects or reselects another completely asynchronous with respect to transfers across 
device .. This feature combined with the size of the internal the SCSI bus. 
buffer allows a selected Target device to transfer an entire The MSD95COO can be combined with the flexible 
command from an Initiator with a minimum of host processor MSD95C02 Storage Controller, a standard microprocessor, 
intervention on either side. and off-the-shelf static RAM to support embedded SCSI 
The MSD95COO has three independent busses: one that peripheral applications with minimum component count and 
connects to the local microprocessor (the System bus), one synchronous SCSI speeds of up to 5 megabytes per second. 
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DESCRIPTION OF PIN FUNCTIONS 
~---~----

PIN NO NAME SYMBOL I/O DESCRIPTION - ,,- --"_ .. - .---
1-6 RING BUFFER DBO-DB7 I/O These pins are the eight bi-directional data signals 

67,68 DATA BUS to/from the RING Buffer. 

7 DMACLOCK DMACLK 0 This output is used by the DMA controller to time 
data transfers. 

----

8, 12, 15, 18,21 GROUND GND P Ground connection. 
24,2~30,33,36,39 --

9,40 POWER Vee P + 5V Power connection. 

11 CRYSTAL INPUT X1 I A 20 MHz. (max) crystal is connected to this output. 
Alternately a TTL clock may be the input to this pin. 

10 CRYSTAL OUTPUT X2 0 A 20 MHz. (max) crystal is connected to this output. 
Alternately, if a TTL is connected to X1, this input is 
left floating. 

13,14,16, SCSI DATA BUS SDO-SD7 I/O These pins are the eight bi-directional SCSI data 
17,19,20, signals to/from the SCSI bus. Their direction 

22,23 depends on the state of the I/O Signal, except 
during arbitration. 

25 SCSI PARITY SDP 110 This pin is the bi-directional PARITY signal to/from 
the SCSI bus. Its direction depends on the state of 

r-----
the I/O signal. 

26 ATTENTION ATN I/O This pin is the bi-directional ATTENTION signal to/ 
from the SCSI bus. It is an output when the 
controller is programmed as an initiator and an input 
when programmed as a target. 

28 BUSY BSY I/O This pin is the bi-directional BUSY signal to/from the 
SCSI bus. 

29 ACKNOWLEDGE ACK I/O This pin is the bi-directional ACKNOWLEDGE 
signal to/from the SCSI bus. It is an output when the 
controller is programmed as an initiator and an input 
when programmed as a target. 

--
31 SCSI BUS RESET SRST I/O A low on this bi-directional SCSI bus indicates an 

SCS I bus Reset. 

32 MESSAGE MSG 110 This pin is the bi-directional MESSAGE signal to/ 
from the SCSI bus. It is an output when the 
controller is programmed as a target and an input 
when programmed as an initiator. 

34 SELECT SEL I/O This pin is the bi-directional SELECT signal to/from 
the SCSI bus. 

35 COMMAND/DATA C/D 110 This pin is the bi-directional COMMAND/DATA I 
signal to/from the SCSI bus. It is an output when the 
controller is programmed as a target and an input 
when programmed as an initiator. 

37 REQUEST REQ I/O This pin is the bi-directional REQUEST signal to/ 
from the SCSI bus. It is an input when the controller 
is programmed as an initiator and an output when 
programmed as a target. 

38 INPUT/OUTPUT I/O I/O This pin is the bi-directionaIINPUT/OUTPUT signal 
to/from the SCSI bus. It is an output when the 
controller is programmed as a target and an input 
when programmed as an initiator. 

41-48 BIDIRECTIONAL XDO-XD7 I/O These pins are open drain general purpose I/O bus 
EXTERNAL DATA BUS with internal 1 K pullups. 

49 RESET RST I This active low input causes the MSD95COO to reset 
to an initial state: 
All SCSI signals are deasserted. 
DREQ is inactive high. 
PDREQ is inactive low. 
INT is inactive high. 
AD7-0 are inputs. 
DB7-0 are inputs. 
Refer to individual register descriptions for the reset 
state of each register. 
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DESCRIPTION OF PIN FUNCTIONS 
PIN NO NAME SYMBOL 

50 PROCESSOR PDREQ 
DMA REQUEST 

51 INTERRUPT INT 

52 WRITE STROBE WR 
(READIWRITE) (R/ViI) 

53 READ STROBE RD(DS) 
(DATA STROBE) 

54 CHIP ENABLE CE 

55 ADDRESS LATCH ALE (AS) 
ENABLE 

(ADDRESS STROBE) 

56-63 LOCAL PROCESSOR ADO-AD? 
ADDRESS/DATA BUS 

64 DMA REQUEST DREQ 

65 DMA DACK 
ACKNOWLEDGE 

66 SYSTEM DATA DBP 
BUS PARITY 

SYSTEM OPERATION 
SCSI initiators and targets communicate using a protocol 
based on eight distinct phases. These phases are used to 
describe changes to the various conditions of the control 
lines and the data bus lines. In one possible order of 
execution, the phases of SCSI include: 

BUS FREE phase: No signal lines are being driven by 
any target or initiator. 
ARBITRATION phase: Arbitration is an optional phase 
where the initiator, or target if reselection is supported, 
tries to gain access to the bus by issuing its SCSI 10 on 
the data bus. The initiator with the highest SCSI 10 
(closest to bit 7) wins the bus. 
SELECTION phase or RESELECTION phase: 

SELECTION phase: The selection phase allows the 

I/O DESCRIPTION 

0 Output active high when data byte transfer to/from 
Processor RAM is required. 

0 This output is the interrupt signal to the local 
processor. This output is active low open drain and 
has an internal pullup. 

I When the SCSIC is configured for ALE, this active 
low strobe is used to latch write data from the AD?-O 
bus into the SQSIC. When the SCSIC is co!rt!gured 
for AS, the R/W input is used to qualify the DS for a 
read or write cycle. 

I When the SCSIC is configured for ALE, this active 
low strobe is used to enable read data from the 
SCSIC onto the AD?-O bus. When the SCSIC is 
configured for AS, this active low signal is LJsed to 
strobe data into or out of the SCSIC. 

I This input, when low, enables the SCSIC's registers 
for reading and writing. 

I This signal is active when address data is valid on 
the AD?-O bus. The local processor must read a_ 
SCSIC register to configure the chip for ALE or AS. 

I/O These eight signals are the multiplexed address/ 
data bus to/from the local processor. 

0 This active low output is used to request a DMA 
transfer between the SCSIC and its logical node 
across the RING Buffer data bus. 

I This active low input is used to strobe data from the 
RING Buffer data bus during transfers between the 
SCSIC and its logical node. 

I/O This pin is the parity bit for the RING Buffer Data 
Bus. 

as establishing data path management. 
COMMAND phase: Allows the target to request a 
command from the initiator. The command might be to 
read data, write data, format the disk, etc. A command 
consists of several bytes called the COMMAND 
DESCRIPTOR BLOCK. 
DATA phase: There are two data phases, the DATA IN 
phase and the DATA OUT phase. For the DATA IN phase, 
the Target requests that data be sent from the Target to 
initiator. The DATA OUT phase transfers data from the 
initiator to Target. 
STATUS phase: The STATUS phase allows the target to 
send a byte of status to the initiator. Additional status can 
be requested with another command. 

Automatic Selection And Reselection 
initiator .to select a target for a given function (e.g., This section describes how an Initiator selects a Target, a 
READ or WRITE command). NOTE: Once the target To I I .. d -r: I .. b 
has been selected, it controls the bus until the end of arget rese ects an nltlator an a larget or nltlator ecomes 

selected or reselected. 
MESSAGE phase. 
RESELECTION phase: An optional phase that is the SELECTION AND RES ELECTION 
same as the selection phase, except that a target The Arbitration, Selection and Reselection phases are 
becomes an arbitrator during the arbitration phase. This controlled by a state machine. When the MSD95COO detects 
phase is used when a target prematurely disconnects the SCSI Bus Free phase, it will perform the Arbitration, 
from an initiator, leaving a previous command Selection or Reselection sequence required. 
unfinished. Issuing the Select command to the MSD95COO will cause 

MESSAGE phases: There are two MESSAGE phases the internal Attempt Selection (ATMTSEL) latch to be set. 
(MESSAGE IN and MESSAGE OUT) used to provide for The Destination 10 must be loaded prior to issuing the Select 
other communication between the initiator and the target. command. Command execution will then be dependent on 
This phase allows for single byte messages such as the settings of the Initiator/Target and Arbitration Enable/ 
COMMAND COMPLETE or multiple byte messages such Disable bits in the Mode register: 
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ARBITRATION Effect of 
INIT/TARG ENABLE Select Command 

0 0 Illegal Condition 
0 1 Initiate Arbitration for 

SCSI bus and Reselect 
Initiator when 
Arbitration won 

1 0 Select Target without 
Arbitration 

1 1 Initiate Arbitration for 
SCSI bus and Select 
Target when Arbitration 
won 

In either case, the SCSIC will not begin the Arbitration or 
Selection phases until detection of Bus Free. The SCSIC 
will then either enter the Arbitration phase or go directly to 
the Selection or Reselection phase. 
If it enters the Arbitration phase, the SCSIC will attempt to 
gain control of the SCSI bus. Following Arbitration, if it won 
the bus, the SCSIC will start the Selection or Reselection 
phase or if it lost the bus, begin looking for Bus Free phase. 
BEING SELECTED OR RESELECTED 
If enabled, the SCSIC may be Selected or Reselected by 
another SCSI device (depending on whether it is 
programmed as a Target or Initiator). 

ENA 
RESEL ENA SEL Selection/Reselection 

0 0 Device may not be selected or 
reselected 

0 1 Device may be selected but not 
reselected 

1 0 Device may be reselected but 
not selected 

1 1 Device may be selected or 
reselected 

The SCSIC will reset the ATMTSEL latch if 1) it detects that 
it is being selected, the selection is good and Selection is 
enabled or 2) it is being Reselected, the reselection is good 
and Reselection is enabled. For example, in the case in 
which the SCSIC attempted Arbitration (when ATMTSEL 
was set), lost Arbitration and was itself selected, the 
ATMTSEL latch will be reset. The ATMTSEL bit is also reset 
when the SCSIC wins Arbitration and completes Selection 
or Reselection either successfully or unsuccessfully. A 
Selection or Reselection is good if there are no more than 
two ID bits asserted (one of which corresponds to the one 
in the SCSIID register) and the parity, if enabled, is good. 

bits are active high, the Processor should read the Status 2 
register. The SCSIC resets Selection Attempted and 
(Re)Selection Complete status bits during the Status 2 
register read. 
If the Transfer Requested, Transfer Complete, Parity Error, 
SCSI Reset Change or SCSI ATN Change status bits are 
active high, the Processor should read the Status 3 register. 
In response, the SCSIC resets Transfer Requested, Transfer 
Complete, Parity Error, SCSI Reset Change and SCSI ATN 
Change status bits. 
If the Condition Change status bit is active high, the 
Processor should read the Status 4 register, and the SCSIC 
resets the Condition Change status bit. 
Byte Transfer Modes 
INTERRUPT DRIVEN 1/0: 
The processor responds to an interrupt by reading the 
Interrupt Status register. If the SCSI status bit is active high, 
the Processor reads the Status 1 register to determine the 
source of the interrupt. 
If the Transfer Requested status bit is active high, the 
Processor should read the Status 3 register. In response 
the SCSIC resets the Transfer Requested status bits. 
If the Byte Available status bit is set, the Processor reads 
the SCSI Data Out register. Next, if no more data is found 
in buffer, the SCSIC clears the Byte Available status bit. If 
the Byte Available status bit is still set, the SCSIC then clears 
PDREQ and generates a new transfer Request interrupt. 
If the Byte Requested status bit is set, the Processor writes 
a byte of data to the SCSI Data Out register. The SCSIC 
clears the Byte Requested status bit if no more SCSI REQs 
are pending or there is no more room in the buffer. Next, 
SCSI clears PDREQ and generates another Transfer 
Request interrupt if the Byte Requested status bit is still set. 
DMA DRIVEN 1/0: 
DMA controller transfers Message bytes to Processor RAM 
in response to PDREQ active high. The SCSI Byte Available 
status bit is cleared if no more data is in the buffer. Next SCSI 
clears PDREQ (byte mode) and PDREQ (burst mode) ifthe 
Byte Available status bit is not active high. Another PDREQ 
is generated if the Byte Available status bit is still set. 
DMA controller transfers Message bytes from the Processor 
RAM to the SCSI Data Out register in response to PDREQ 
active high. The SCSIC then 1) clears the Byte Requested 
status bit if no more SCSI REQs are pending or there is no 
more room in the Buffer, 2a) PDREQ is cleared (byte mode), 
2b) PDREQ is cleared (burst mode) if the Byte Requested 
status bit is not active high and 3) another PDREQ is 
generated if the Byte Requested status bit is still set. 
POLLED 1/0: If a Selection or Reselection is not good, the SCSIC will not 

respond. If the Selection or Reselecion is good but not The processor reads the Status 3 register to see if either 
enabled, the Invalid (Re)Selection Status bit will be set. If the Byte Available or Byte Requested status bits are active 
the Selection or Reselection is good and enabled, either the high. 
Valid Selection or Valid Reselection status bit will be set. If Byte Available is active, the Processor transfers the byte 
When being selected or reselected the SCSIC will mask off from the SCSI Data In register to the Processor or the 
its own ID bit when it latches the bus ID into the SCSI BUS Processor RAM. If there is no more data in the buffer, the 
ID register. The Processor can read the register after the SCSIC clears the Byte Available status bit. 
Selection or Reselection is complete to determine the If the Byte Requested is active, the Processor transfers the 
selecting or reselecting device. byte from the Processor or the Processor RAM to the SCSI 
Interrupt Mechanism Data Out register. If no SCSI REQs are pending or the Buffer 

is full, the Byte Requested status bit is cleared. 
The processor should respond to an interrupt by reading 
the Interrupt Status register. SCSI Parity Error Handling 
If the SCSI status bit is active high, the Processor reads the Initiator (Status, Message In, Data In Phases): 
Status 1 register to determine the source of the interrupt. If If the Halt On Parity Error bit in the Control Register is set 
the Selection Attempted or (Re)Selection Complete status to one the SCSIC will halt and set the Halted and PE status 
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bits if data has even parity. If these bits are set, the SCSIC 
will generate a PE interrupt. If enabled, a Condition Change 
interrupt will also be generated. In response to the interrupt, 
the processor reads the Status registers and resets Parity 
Error and Condition Change Interrupts. 
The processor asserts ATN to request Message Out pthase 
in order to signal its desire to send either Message Reject 
or Message Parity Error. Then the processor issues a 
(Re)Start Command. 
Target (Command, Message Out, Data Out Phases): 
The SCSIC will set the PE status bit if data has even parity. 
If the PE bit is set, the SCSIC will generate a PE interrupt. 
In response to the interrupt, the processor reads the Status 
registers. Finally, the SCSIC resets the Parity Error 
Interrupts. 

Note: The Halt On Parity Error bit in the Control Reg,ister 
does not affect Target operation. ' 

COMMANDS 
The SCSIC acts as an interface between the SCSI bus and 
the initiator/target unit. When acting as an initiator (or target 
supporting reselection), it controls the selection and 
arbitration process. As a target, it manages the receipt of 
the command packet from the initiator. All other operations 

TABLE 1-MSD95COO COMMANDS 
COMM 
CODE 
(HEX) COMMAND 

00 Test Unit Ready 
03 Request Sense 
04 Format Unit 
08 Read 
OA Write 
01 Rezero Unit 
05 Check Track Format 
OB Seek 
12 Inquiry 
1A Mode Sense 
25 Read Capacity 
06 Format Track 
OE Assign Alt Track 
15 Mode Select 
16 Reserve Unit 
17 Release Unit 
1C Receive Diag Result 
10 Send Diagnostics 
2E Write and Verify 

are managed by an outside processor. The typical flow of 
control progresses as follows: 

1) The initiator's processor builds the command block. 
2) The processor then instructs the initiating SCSIC to 
begin Selection. Arbitration, if enabled, is handled by the 
chip. 
3) Once the target unit is selected, the target's processor 
instructs the target SCSIC to set up a command phase 
(other phases possible at this point include message, 
status or data phases). 
4) The first byte is transmitted to the target. 
5) The target SCSIC notifies its processor (through 
polling/interrupt) that it is holding the byte. The processor 
reads the byte in order to determine the command length. 
6) The target processor instructs its SCSIC to transfer the 
remaining bytes. 
7) The command packet now resides in the target 
SCSIC's FIFO buffer. 
8) The target SCSIC notifies its processor (through 
polling/interrupt) that the command packet is available. 
9) The processor transfers the command packet into its 
own memory. The processor is now responsible for 
digesting and executing the command. 
10) While the target's processor executes each command, 
the initiator and target SCSICs handle handshaking 
associated with the command. 

SCSI CCS 
optional mandatory 

mandatory mandatory 
mandatory mandatory 
mandatory mandatory 
mandatory mandatory 

optional optional 
vender unique 

optional optional 
extended mandatory 
optional optional 

extended mandatory 
Vender Unique 
Vender Unique 

optional optional 
optional mandatory 
optional optional 
optional optional 
optional mandatory 
optional optional 

REGISTER DESCRIPTION The 4 LSB's are used to program the SCSI REO/ACK offset. 
RESET REGISTER The 4 LSB's are resetto zero by a hard or soft System Reset. 
8-Bits Read Only (ADDRESS OOH) Bits 3-0 REOI ACK Offset. 
Reading the Reset register address configures the chip to = 0 SCSI Asynchronous data transfer mode. 
ALE or AS type timing. Reading the Reset register address = 1-12 SCSI Synchronous data transfer mode. 
a second time puts the MSD95COO into the same state as These bits are used to program the MSD95COO with the 
driving the RST input low and simultaneously reads the REO/ACK offset. The maximum number of offsets the 
general purpose input port:A write to any other MSD95COO MSC95COO can support is 12. These bits should be 
register will terminate the reset state as well as write to the programmed with the REO/ACK Offset regardless of 
desired register. Both the hardware and software resets will whether the chip is operating in Initiator or Target mode. 
perform the same function as the Clear command in addition Bits 7-4 Transfer Period 
to resetting certain register bits as detailed below. 

These bits are used to program the MSD95COO with the 
NEGOTIATION REGISTER Transfer Period for the SCSI Synchronous Data transfer 
8-Bit Write Only (ADDRESS OOH) operations. The transfer period will be (2 + N) T where T is 
The 4 MSB's of this eight bit write only register are used to twice the clock period. For a 20 Mhz crystal 1 is (2 + 0) 
program the Transfer Period for Synchronous Data transfer. 100ns = 200ns = 5mhz. 
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MSD95COO 
REGISTER BIT MAPS 

NEGOTIATION REGISTER (WRITE REGISTER-ADDRESS OOH) 
~-N-S-F-ER-P-E-RI-O-D-----''----R-E---'Q-/A-C-K-O-F-F-S-ET----il 

MODE REGISTER (WRITE REGISTER-ADDRESS 01 H) 

B SELECTION TIMEOUT PDREQ 
RESERVED bill bilO LEVEU PULSED 

BYTE COUNTER HIGH REGISTER (WRITE REGISTER-ADDRESS 02H) 

r-- MOST SIGNIFICANT BYTE OF BYTE 
~ COUNT REGISTER (1's compliment) 
BYTE COUNTER MIDDLE REGISTER (WRITE REGISTER-ADDRESS 03H) 
IMIDDLE BYTE OF BYTE COUNT REGISTER 
~ (1'scompliment) 
BYTE COUNTER LOW REGISTER 
r-- LEAST SIGNIFICANT BYTE OF BYTE 
~ COUNT REGISTER (1's compliment) 
110 REGISTEFl (WRITE REGISTER-ADDRESS OSH) 

C LATCHED DATA TO XD7 TO XDO PINS I 

INTERRUPT ENABLE 1 REGISTER 

RESERVED (WRITE REGISTER-ADDRESS OBH) 
~------------R-E-S--E-R-V-E-D----------------(L-SB~)! 

RESERVED (WRITE REGISTER-ADDRESS OCH) 

~ ____________ R_E_S __ E_R_V_E_D ________________ (L_SB~)I 
DESTINATION 10 REGISTER (WRITE REGISTER-ADDRESS ODH) 

~ ___________ D_E_S_T_I_N_A_J_IO __ N_I_D ____________ (LS~B)I 
SCSI 10 REGISTER (WRITE REGISTER-ADDRESS OEH) 
~--------S--C-S-I-ID--(N--O-D-E--ID~)-----------(-Ls---iB)1 

DATA OUT REGISTER (WRITE REGISTER-,-ADDRESS OFH) 

~)ATA TO BE OUTPUT TO THE SCSI BUS (LSB) I 

MODE REGISTER 
8-Bits Read/Write (ADDRESS 01 H) 
This 8 bit Read/Write register defines the operating mode 
of the SCSIC. Refer to the System Operation section for a 
description of the operating modes. The bits in this register 
are reset to zero by a hard or soft System Reset. 
Bit 0 Initiator/Target 

RESET REGISTER (READ REGISTER ADDRESS OOH) 

L XD7-XDO (IN) ] 
(READ REGISTER--ADDRESS 01H) 

(READ REGISTER-ADDRESS 02H) 

MOST SIGNIFICANT BYTE (LSB)! 

BYTE COUNTER MIDDLE REGISTER (READ REGISTER--ADDRESS03H) 

b MIDDLE SIGNIFICANT BYTE ~ 
BYTE COUNTER LOW REGISTER (READ REGISTER--ADDRESS 04H) 

b LEAST SIGNIFICANT BYTE :LSB)j 

110 REGISTER (READ REGISTER ADDRESS OSH) 

[; LATCHED DATA FROM XD7-XDO PINS (IN) (LSB) I 
INTERRUPT ENABLE 1 REGISTER 

INTERRUPT STATUS REGISTER (READ REGISTER- -ADDRESS 09H) 

[ RESERVED I SCSI I I ~J~f- RESERVED 

(MSB) SCSI BUS ID (NODE SOURCE ID) 
DATA IN REGISTER (READ REGISTER- ADDRESS OFH) 

[; DATA FROM BUFFER (LSB) I 

selected or reselected by another device. The state of this 
bit determines whether the select command will start either 
the select function or the reselect function. 

Bit 1 Arbitration Enable/Disable 
When this bit is set to 1, the MSD95COO will begin arbitration 
for SCSI bus after detecting bus free for selected 
commands. When set to 0, the arbitration phase will be 
bypassed and the chip will go directly to selection after 

The state of this bit will not prevent the chip from being detecting bus free. 
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Bit 2 Parity Check Enable 
When this bit is "1 ': the MSD95COO checks the parity of the 
SCSI bus during all phase except Bus Free and Arbitration. 
When this bit is "0", Parity will not be checked. 
Bit 3 DREO Multiple/Single Pulse Mode 
ythen this bit is "1 ", the SCSIC can generate up to twelve 
DREO pulses before receiving the first DACK. Whm.!..bl.§ 
bit is "0': the SCSIC will expect one DACK for every DREO 
pulse generated. ' 
Bit 4 PDREO Level/Pulsed 
When this bit is "1 ': PDREO will be high as long as th~re is 
received data in the buffer or there is room for more data in 
the buffer when sending data. When this bit is "O!: the 
MSD95COO will drive the PDREO output inactive low after 
the Data In register is read or the Data Out register is written 
to regardless of the state of the buffer. 
Bit 5,6 Selection Timeout 
These two bits are used to select the desired SCSI Selection 
Timeout: 

[ Bit6 Bit 5 Timeout Selected* 
0 0 
0 1 
1 0 
1 1 

*based on 20 MHz crystal operation 

Bit 7 Reserved 

BYTE COUNTER HIGH REGISTER 
8-Bit Read/Write (ADDRESS 02H) 

839ms 
210ms 

52ms 
1.6ms 

This 8-bit ReadlWrite register holds the most significan~ byte 
that is to be loaded into the Byte Counter. The data is 
transferred from the Byte Counter High Register into the 
Byte Counter when the Byte Counter Low register is lo~ded. 
Bit 7 is the MSB and bit 0 is the LSB. The Byte Cdunter 
registers are loaded with the 1 's complement of the desired 
byte count. 

BYTE COUNTER MIDDLE REGISTER 
8-Bit ReadIWrite (ADDRESS 03H) 
This 8-bit Read/Write register holds the middle byte of data 
that is to be loaded into the Byte Counter. The data is 
transferred from the Byte Counter Middle Register into the 
Byte Counter when the Byte Counter Low register is loaded. 
Bit 7 is the MSB and bit 0 is the LSB. 

The Byte Count~r registers are loaded with the 1 's 
complement of the desired byte count. 

BYTE COUNTER LOW REGISTER 
8-Bit ReadIWrite (ADDRESS 04H) 
This 8-bit ReadlWrite register holds the least significant byte 
of data that is to be loaded into the Byte Counter. The data 
is transferred into the Byte Counter when the Byte Counter 
Low register is loaded. Bit 7 is the MSB and bit 0 is the LSB. 
The Byte Counter registers are loaded with the 1 's 
complement of the desired byte count. 

I/O REGISTER 
8-Bit Read/Write (ADDRESS 05H) 
This 8-bit Read/Write register is an eight bit bi-directional 
I/O port available to the Processor. Data written tQ this 
register will be latched and available on the XD7-XDO pins. 
Information present on the XD7-XDO pins will be avaOable 
to the Processor when this register is read. The XD7~XDO 
I/O pins are open drain with internal pullup devices. 

INTERRUPT ENABLE 1 REGISTER 
8-Bit Read/Write (ADDRESS 06H) 

This eight bit ReadlWrite register enables or disables certain 
interrupt causing conditions to the microcomputer. Reading 
this register reflects the states of the bits in it. The bits in this 
register are cleared to zero by a hard or soft System Reset. 
Bit 0 Selection Attempted Interrupt 
When this bit is set to "1 ", the MSD95COO drives the SCSI 
Master Interrupt bit active high when the Selection 
Attempted bit in the Status 1 register is set to one. When 
this bit is "0': the Master Interrupt will not be driven active 
high for this condition. 
Bit 1 (Re)Selection Complete Interrupt Enable 
When this bit is set to "1 ': the MSD95COO drives the SCSI 
Master Interrupt bit active high when the (Re)Selection 
Complete bit in the Status 1 register is set to one. If this bit 
is "0': the Master Interrupt will not be driven active high for 
this condition. 
Bit 2 Transfer Request Interrupt 
When the bit is set to "1 ': the MSD95COO drives the SCSI 
Master Interrupt bit active high when the Transfer Request 
bit in the Status 1 register is set to one. If this bit is "0': the 
Master Interrupt will not be driven high for this condition. 
Bit 3 Transfer Complete Interrupt Enable 
When this bit is set to "1 ", the MSD95COO drives the SCSI 
Master Interrupt bit active high when the Transfer Complete 
Interrupt bit in the Status 1 register is set to one. The Master 
Interrupt will not be driven high for this condition. 
Bit 4 Parity Error Interrupt Enable 
When this bit is set to "1 ': the MSD95COO drives the SCSI 
Master Interrupt bit active high when the Parity Error 
Interrupt bit in the Status 1 register is set to one. When this 
bit is "0", the Master Interrupt will not be driven active high 
for this condition. 

Bit 5 System Parity Error Interrupt Enable 
When this bit is "1': the SCSIC will drive the SCSI Master 
Interrupt bit active high when the System Parity Error 
Interrupt bit in the Status 1 register is set to one. When this 
bit is reset, the Master Interrupt will not be driven active high 
for this condition. 
Bit 6 SCSI ATN or RESET Change Interrupt Enable 
When this bit is set to "1 ", the MSD95COO will drive the SCSI 
Master Interrupt bit active high when the SCSI ATN or 
RESET Change bit in the Status 1 register is set to 1. When 
this bit is set to "0': the Master Interrupt will not be driven 
active high for this condition. 
Bit 7 Condition Change Interrupt Enable 
When this bit is set to "1': the MSD95COO will drive the SCSI 
Master Interrupt bit active high when the Condition Change 
bit in the Status 1 register is set to one. When this bit is set 
to "0", the Master Interrupt will not be driven active high for 
this condition. 

INTERRUPT ENABLE 2 REGISTER 
8-Bit Read/Write (ADDRESS 07H) 
This eight bit ReadlWrite register enables or disables certain 
microcomputer interrupt causing conditions. Reading this 
register reflects the states of the bits in it. The bits in this 
register are cleared to zero by a hard or soft System Reset. 
Bit 0 Valid Selection Interrupt Enable 
When this bit is set to "1': the SCSIC will set the Selection 
Attempted bit in the Status 1 register to one when the Valid 
Selection bit in the Status 2 register is active high. When 
this bit is "0': the Selection Attempted bit cannot be set by 
this condition. 
Bit 1 Valid Reselection Interrupt Enable 
When this bit is set to "1': the SCSIC will set the Selection 
Attempted bit in the Status 1 register to one when the Valid 
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Reselection bit in the Status 2 register is active high. When 
this bit is set to "0'; the Selection Attempted bit cannot be 
set by this condition. 

Bit 2 Invalid (Re)Selection Interrupt Enable 
Setting this bit to a one will cause the SCSIC to set the 
Selection Attempted bit in the Status 1 register to one when 
the Invalid (Re)Selection bit in the Status 2 register is active 
high. If this bit is "0'; the Selection Attempted bit cannot be 
set by this condition. 
Bit 3 SCSI Transfer Complete Interrupt Enable 
Setting this bit to "1" will cause the SCSIC to set the Transfer 
Complete Interrupt bit in the Status 1 register to one when 
the SCSI Transfer Complete bit in the Status 3 register is 
active high. If this bit is "0'; the Transfer Complete Interrupt 
bit cannot be set by this condition. 
Bit 4 Transfer Done Interrupt Enable 
Setting this bit to "1" will cause the MSD95COO to set the 
Transfer complete Interrupt bit in the Status 1 register to one 
when the Transfer Done bit in the Status 3 register is active 
high. If this bit is "0", the Transfer Complete Interrupt bit 
cannot be set by this condition. 
Bit 5 Halted Interrupt Enable 
Setting this bit to "1" will cause the MSD95COO to set the 
Condition Change bit in the Status 1 register to one when 
the Halted bit in the Status 4 register goes active high. If this 
bit is "0'; the Condition Change bit cannot be set by this 
condition. 

Bit 6 Bus Free Phase Detect Interrupt Enable 
Setting this bit to "1" will cause the MSD95COO to set the 
Condition Change bit in the Status 1 register to one when 
the Bus Free Phase Detect bit in the Status 4 register is 
active high. If this bit is "0'; the Phase Change bit cannot be 
set by this condition. 

Bit 7 SCSI Master Interrupt Enable 
Setting this bit to "1" will cause the MSD95COO to drive its 
INT output active low when an enabled condition causes 
one of the bits Ln the Status 1 register to go active high. If 
this bit is "0'; the INT pin cannot be driven active. 

CONTROL REGISTER 
8-Bit Read/Write (ADDRESS 08H) 

This 8 bit Read/Write register is used to control chip 
operation. The bits are reset to zero by a hard or soft System 
Reset. 

Bit 0 Auto ATN Assert 
When this bit is set to "1 ", the MSD95COO will automatically 
assert the SCSI bus ATN signal before beginning the select 
part of one of the Select commands. When this bit is set to 
"0'; ATN will not be asserted. 

Bit 1 Enable Selection 
When this bit is set to "1 '; the MSD95COO will allow itselt to 
be selected by another SCSI device. When this bit is set to 
"0", the MSD95COO will generate an interrupt when another 
SCSI device tries to select it. The state of this bit will not 
prevent the chip from attempting to select or reselect another 
SCSI device. 

Bit 2 Enable Reselection 
When this bit is set to "1 '; the MSD95COO will allow itself to 
be reselected by another SCSI device. When this bit is set 
to "0", the MSD95COO will generate an interrupt when 
another SCSI device tries to reselect it. The state of this bit 
will not prevent the chip from attempting to select or reselect 
another SCSI device. 

Bit 3 Always 0 
Bit 4 Always 0 

Bit 5 Halt On Parity Error 
When this bit is set to "1" and the MSD95COO is operating 
in Initiator mode, the MSD95COO will not assert SACK for 
bytes with bad parity during Status, Message In or Data In 
phase transfers. This bit does not affect operation in Target 
mode. When this bit is set to "0'; the MSD95COO will negate 
SACK regardless of parity. 
Bit 6 Enable PDREQ 
When this bit is set to "1 ", the SCSIC will be able to drive 
the PDREQ output active high. When this bit is set to "0", 
the PDREQ output will be forced low. 
Bit 7 Enable DREQ 
When this bit is set to "1 ", the MSD95COO will be able to 
drive the DREQ output active low. When this bit is set to "0", 
the DREQ output will be forced high. 

INTERRUPT STATUS 
8-Bit Read Only (ADDRESS 09H) 

This Read Only register contains information about the 
internal MSD95COO operation. 
Bits 0-1 Always 0 

Bit 2 SCSI Interrupt 
This bit is set to "1" when one of the enabled interrupt 
causing conditions causes a bit in the Status 1 register to 
go active high. It is reset to "0" when the interrupt causing 
condition(s) are cleared. 
Bits 3-7 Always 0 

COMMAND 1 REGISTER 
8-Bit Write Only (ADDRESS 09H) 

This Write Only register is used to initiate one of the Select 
or Reselect operations and to assert or negate the SCSI 
bus signals that are manipulated by the Processor software. 
Except for the Clear bit, the states of these bits are used to 
generate a strobe and are not latched in the MSD95COO. A 
hard or soft System Reset will cause the signals controlled 
by this register to be negated and the Clear bit to be reset 
to "0': 
Bit 0 Assert SCSI Reset Signal 
Setting this bit to "1" will cause the MSD95COO to assert 
the SCSI bus reset signal (SRST). 

Bit 1 Negate SCSI Reset Signal 
Setting this bit to "1" will cause the MSD95COO to negate 
the SCSI bus reset signal (SRST). 

Bit 2 Assert ATN Signal 
Setting this bit to "1" will cause the MSD95COO to assert 
the SCSI bus ATN signal (ATN). 

Bit 3 Negate ATN Signal 
Setting this bit to "1" will cause the SCSI chip to negate the 
SCSI bus ATN signal (ATN). 
Bit 4 Clear 
Setting this bit to "1" will cause the chip to go into the Clear 
state and reset all of the internal counters, reset the latched 
status bits, reset the SCSI Master Interrupt Enable, reset 
the bits in the Command 2 Register, disconnect from the 
SCSI bus and negate the SCSI control signals. Setting this 
bit to "0" will terminate the Clear state. After setting this bit 
to "1 ", the Processor must wait a minimum of 1 f,Lsec before 
clearing it. 
Bit 5 (Re)Start 
When the MSD95COO is operating in the Initiator mode, 
writing a "1" to this bit will cause chip operation, that was 
interrupted by detection of a parity error on the SCSI data 
bus, to continue (this condition can only occur when the Halt 
On Parity Error bit in the Control register is set to "1 "). Also, 
writing a "1" to this bit after the MSD95COO was halted by 
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SREQ going active when the byte counter was equal to "0" 
will cause the MSD95COO to respond with SACK. This will 
allow the Initiator to perform single byte transfers without 
loading the Byte Counter (data may be written to the tDuffer 
before or after writing to the Command register). This bit 
does not affect Target mode chip operation. 

Bit 6 Select 
Setting this bit to "1" will cause the MSD95COO to initJate a 
Select operation, a Select with ATN asserted operation, an 
Arbitrate and Select operation, an Arbitrate and Select with 
ATN asserted operation or an Arbitrate and Reselect 
opration. The operation initiated depends on the state of the 
Ta.rget/lnitiator and Arbitration EnablelDisable bits in the 
Mode register and the Auto-ATN Assert bit in the Cbntrol 
register. 
Bit 7 Disconnect 
Setting this bit to "1" will cause the MSD95COO to stop 
driving all of the SCSI Data Bus and Control signals. 

STATUS 1 REGISTER 
8-Bit Read Only (ADDRESS OAH) 

This 8-bit Read Only register contains information about the 
internal MSD95COO operation. 

Bit 0 Selection Attempted 
This bit is set to "1" by the active and enabled state of either 
the Valid Select, Valid Reselect or Invalid (Re)Selectstatus 
bits in the Status 2 register. It is reset by reading the Status 
2 register. 

Bit 1 (Re)Selection Complete 
This bit is set to "1" by the active state of either the 
Successful (Re)Selection Complete or Unsuccessful 
(Re)Selection Complete status bits in the Status 2 re@ister. 
It is reset by reading the Status 2 register. 

Bit 2 Transfer Request 
This bit is set to "1" by the active state of either the Byte 
Available or Byte Requested status bits in the Status 3 
register. It is reset by reading the Status 3 register. It will be 
set again after the Data Register is read if Byte Available or 
Byte Requested are still high. 

Bit 3 Transfer Complete Interrupt 
This bit is set to "1" when either the Transfer Done or SCSI 
Transfer Complete bits in the Status 3 register go active high. 
It is reset by reading the Status 3 register. 
Bit 4 Parity Error Interrupt 
This bit is set to "1 " when the Parity Error bit in the Status 3 
register goes active high. It is reset by reading the Status 3 
register. 

Bit 5 System Parity Error 
This bit is set to "1" when the System Parity Error bit in the 
Status 3 register goes active high. It is reset by reading the 
Status 3 register. 
Bit 6 SCSI ATN or RESET Change 
This bit is set to "1" when either the SCSI ATN or RESET 
signal changes from the high to low or low to high state. It 
is reset by reading the Status 3 register. 
Bit 7 Condition Change 
This bit is set to "1" when either the (enabled) Bus Free 
Detected or Halted bits in the Status 4 register go active 
high. It is reset by reading the Status 4 register. 

changing direction from out (the Initiator driving) to in (the 
Target driving) it will release the SCSI Data bus within a Data 
Release Time (400ns) of 1/0 being asserted. This condition 
can occur when the Target begins a Message In, Status or 
Data In phase. 

When the Target switches the SCSI Data Bus direction from 
in (the Target driving) to out (the Initiator driving) it will release 
the SCSI Data bus within a Deskew delay (45ns) of negating 
1/0. This condition can occur when the Target begins a 
Message Out, Command or Data Out phase. 

Note that the Processor must delay at least 800ns after 
issuing a Set Phase type command before writing to the 
byte counter. The phase will be generated upon writing to 
the LSB of the Byte Count register. Phases must not be 
changed unless the FIFO is empty. 

Bit 1 Set Data In Phase 
Setting this bit to "1" will cause the MSD95COO to assert 
the 1/0 signal and negate the MSG and CID signals. 

Bit 2 Set Command Phase 
Setting this bit to "1" will cause the MSD95COO to assert 
the CID signal and negate the 1/0 and MSG signals. 

Bit 3 Set Status Phase 
Setting this bit to "1" will cause the MSD95COO to assert 
the CID and 1/0 signals and negate the MSG signal. 

Bits 4 and 5 Reserved 
Must be set to "0" at all times. 

Bit 6 Set Message Out Phase 
Setting this bit to "1" will cause the MSD95COO to assert 
the CID and MSG signals and negate the I/O signal. 

Bit 7 Set Message In Phase 
Setting this bit to "1" will cause the MSD95COO to assert 
the CID, 1/0 and MSGsignals. 

Set Data Out Phase Setting bits 0-7 to "0" will cause the 
SCSIC to negate the MSG, 1/0 and CID signals. 

STATUS 2 REGISTER 
8-Bit Read Only (ADDRESS OBH) 

This 8 bit Read Only register contains information about the 
internal MSD95COO operation. 
Bit 0 Valid Selection 
This bit is set to "1" when the MSD95COO has been selected 
by another SCSI device. In orderto be selected, the Enable 
Selection bit in the Control Register must be in the correct 
state. This bit is reset by reading the Status 2 register. 

Bit 1 Valid Reselection 
This bit is set to "1" when the MSD95COO has been 
reselected by another SCSI device. In order to be 
reselected, the Enable Reselection bit in the Control 
Register must be in the correct state. This bit is reset by 
reading the Status 2 register. 

Bit 2 Invalid (Re)Selection 
This bit is set to "1" when another SCSI device attempts to 
select or reselect the SCSIC and the corresponding enable 
bit in the Mode register is not in the correct state. This bit is 
reset by reading the Status 2 register. 
Bit 3 Successful (Re)Selection Complete 
This bit is set to "1" when the MSD95COO has successfully 
selected or reselected another SCSI device and that device 
has responded by asserting BSY. Also, this bit is set to "1" 

COMMAND 2 REGISTER at the trailing edge of SEL when a device has selected or 
8-Bit Write Only (ADDRESS OAH) reselected this device. This bit is reset by reading the Status 
This Write Only register is used to initiate a new phase ~hen 2 register. 
the SCSIC is in Target mode. A hard or soft System lReset Bit 4 Unsuccessful (Re)Selection Complete 
or a Disconnect command will clear all the bits in this register This bit is set to "1" when the MSD95COO has attempted to 
to "0': When the Initiator detects that the SCSI Data Bus is select or reselectanother SCSI device and that device has 
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not responded by asserting BSY within the programmed 
Selection Timeout Delay. This bit is reset by reading the 
Status 2 register. 

Bits 5 and 6 Reserved 
Bit 7 SCSI ATN 
This bit reflects the state of the ATN bit on the SCSI bus. It 
is active high when the ATN signal is asserted and active 
low when the ATN signal is deasserted. 

STATUS 3 REGISTER 
8-Bit Read Only (ADDRESS OCH) 
This 8 bit Read Only register contains information about the 
internal MSD95COO operation. 
Bit 0 Byte Requested 
This signal is active high whenever there is room for more 
requested data in the internal buffer when transferring to 
the SCSI Data bus. 
Bit 1 Byte Available 
This signal is active high whenever there is data from the 
SCSI Data bus in the internal buffer for transfer to the 
Processor or Ring Buffer RAM. 
Bit 2 Parity Error (PE) 
This bit is set to "1" if parity checking is enabled and the 
SCSI chip detects even (bad) parity on received data 
transfers over the SCSI data bus during any Information 
phase. It is reset by reading the Status 3 register. 
Bit 3 SCSI Transfer Complete (STC) 
This status signal is active high when the Byte Counter End 
Count condition is active high and the last byte has been 
transferred from the SCSI bus into the internal buffer when 
the chip is operating in Target mode during Message Out, 
Command or Data Out phases. In all other cases, this status 
signal will function the same as Transfer Done. 
Bit 4 Transfer Done (TD) 
This status signal is active high when the Byte Counter End 
Count condition is active high and the last byte has been 
transferred out of the internal buffer to the SCSI Data bus, 
the Processor port or the ring buffer DMA port. 
Bit 5 System Parity Error (SYPE) 
This bit is set to "1" when the MSD95COO detects even (bad) 
parity on the System Data Bus. It is reset by reading the 
Status 3 register. 
Bit 6 SCSI RESET 
This bit reflects the state of the RST bit on the SCSI bus. It 
is active high when the RST signal is asserted and active 
low when the RST signal is deasserted. 
Bit 7 SCSI ATN 
This bit reflects the state of the ATN bit on the SCSI buS'. It 
is active high when the ATN signal is asserted and active 
low when the ATN signal is deasserted. 

STATUS 4 REGISTER 
8-Bit Read Only (ADDRESS ODH) 
This 8 bit Read Only register contains information aboutthe 
internal SCSIC operation. 
Bit 0-2 Encoded Phase 
These bits are reflections of the SCSI MSG, 110, and CID 
signals. They identify the SCSI Information Transfer Phase. 

Bit2 Bit 1 BitO 
MSG CID 110 INFORMATION PHASE 

0 0 0 Data Out Phase 
0 0 1 Data In Phase 
0 1 0 Command Phase 
0 1 1 Status Phase 
1 0 0 Reserved 
1 0 1 Reserved 
1 1 0 Message Out Phase 
1 1 1 Message In Phase 

Bit 3 Busfrpx 
This bit goes high four to five internal clock cycles after BSY 
and SEL are both continuously false. The bit remains high 
as long as the SCSI bus is free. 
Bit 4 Busfree (window) 
This bit goes high five to six internal clock cycles after BSY 
and SEL are both continuously false. The bit remains high 
three to four clock cycles after the bus is no longer free. 
Bit 5 Halted 
This status bit can only be set when the chip is operating in 
Initiator mode. It is set by SREQ going active when the Byte 
Counter is "0". It can also be set when a parity error is 
detected on the SCSI data bus. This bit is reset by reading 
the Status 4 register. 
Bit 6 Bus Free Phase Detect 
This status signal is the output of the Bus Free detection 
circuit. It is latched active high when the Bus Free phase as 
specified in the SCSI specification is detected on t~e SCSI 
Bus. This bit is reset by reading the STATUS 4 register. 

DESTINATION ID REGISTER 
8-Bit Write Only (ADDRESS ODH) 
This 8-bit register Write Only is used to hold the value of the 
SCSI ID of the device that is to be Selected or Reselected. 

SCSI BUS ID REGISTER 
8-Bit Read Only (ADDRESS OEH) I 
This 8-bit Read Only register holds the ID that had been 
latched from the SCSI bus when an attempt was made to 
Select or Reselect this chip. This chip's SCSI ID is masked -
off. 

SCSI ID REGISTER 
8-Bit Write Only (ADDRESS OEH) 
This 8-bit Write Only register is used to hold the value of the 
MSD95COO's SCSI ID. 

DATA IN REGISTER 
8-Bit Read Only (ADDRESS OFH) 
This 8-bit Read Only register is used by the Processor during 
programmed 1/0 or Processor port DMA transfers. It allows 
you to read data received from the SCSI bus which is 
presently in the internal buffer. 

DATA OUT REGISTER 
8-Bit Write Only (ADDRESS OFH) 
This 8 bit Write Only register is used by the Processor during 
programmed 1/0 or Processor port DMA transfers. Th~ data 
loaded into this register is output to the SCSI bus via the 
internal buffer. 
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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 

CORPORATION r_.'?',~tl;~"3',~~,18oi"'lwl,,~"I,g,'ol'!;"~B'7~1 
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 responsibility is 
assumed for inaccuraci:es, 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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MSD95C02 
PRELIMINARY 

Storage J.1- Controller for Direct Access (Disk) or 
Serial Access (Tape) Devices - SJ.1nDAe™ 

APPLICATIONS SUPPORTED: 
o Embedded SCSI drives when used with companion 

MSD95COO SCSI Controller 
o Compatible with ESDI and SMD disk interfaces 
o Interfaces to 8051, Z8 and 80188 microprocessors 
o Supports 3-Sector Prefetch for Unix® applications 
o Supports OIC-24 Tape: 

5 Mb/sec GCR data transfers 
Read-atter-write 

o Controls Optical Disks with commonly available Error 
Correction IC's 

o Supports Floppy Disk 
o Modular design for easy adaption to special purpose 

applications 

FEATURES: 
o 24 Mb/sec NRZ OR 12 Mb/sec RLL, MFM, FM Disk 

Data Transfers 
o Zero Latency read capability 
o Choice of ECC: 

Reed-Solomon ECC able to detect and correct a 
41 bit burst error or two randomly spaced 17 bit burst 
errors without miscorrection; CRC extension to 
detect miscorrection of errors beyond that range, OR 
32-bit IBM® compatible ECC 

o Register programmable data format via on-chip 
writeable microsequencer 

o 3-Channel internal double-speed 64K (externally 
expandable) Ring Buffer DMA controller 

o Cache buffer management allows disk data transfers 
without processor intervention 

PIN CONFIGURATION 

60 5958575655 54535251 504948474645 44 

A15 [ 61 43 DREQ 
A14 [ 62 42 RClK 
A13 [ 63 RGATE 
A12 [ 64 CTl3(WRFClK) 
A11 r 65 WGATE 
A1D l 66 38 CTl4 (AMEN) 

A9 [ 67 T8T4 (INDEX) 
AS [ 68 T8T3 (ECCERR) 
A? [ 1 MSD 95C02 35 T8T2 (IBG) 
A6 [ 2 34 J T8T1 (AMFND) 
A5 [ 3 33 1 WDATA 
A4 [ 4 32 J CTl2 (lATE) 
A3 [ 5 I CTl1 (EARLY) 
A2 [ 6 RDATA 
A1 L 7 29 I iiiiT 
AD [ 8 28 lP8 

AD? 9 27 ALE (AS) 

o Supports transparent "on-the-fly" error correction 
o Low power CMOS with Standby Mode 
o Available in 68 pin PLCC 
o TTL compatible inputs and outputs 

GENERAL DESCRIPTION 
The MSD95C02 is a high speed micro-programmable 
data path controller. It incorporates a triple channel DMA 
CONTROLLER, a RAM based MICROSEOUENCER, a 
sophisticated ECC generator/checker circuit, an RLL2, 7/ 
MFM/FM/GCR Encoder/Decoder and a Parallel/Serial shift 
register in one 68 pin plastic package. The MSD95C02 can 
be combined in a circuit with standard local processor and 
static RAM chips to build a very high performance mUlti
media controller incorporating SCSI, ESDI, SMD, ST-506, 
OIC 24, and FLOPPY disk interfaces. The RAM based 
MICROSEOUENCER permits the user to build a mass 
storage controller that conforms with any currently available 
data format. 

The addition of an SMC MSD95COO SCSI CONTROLLER 
will provide a tightly coupled 2-chip set for high speed, high 
performance SCSI and "embedded SCSI" applications with 
minimum component count and synchronous SCSI speeds 

Unix$ i8 a registered trademark of AT&T Bell Labs. 

of up to 5 megabytes per second. 
The DMA CONTROLLER section of the· MSD95C02 
controls and arbitrates up to 64K of external Ring Buffer 
memory built with standard off-the-shelf static RAM. The 
Ring Buffer size can be easily expanded beyond 64K with 
the addition of a few additional gates. Disk data transfers to 
and from this cache buffer are managed by the MSD95C02's 
internal DMA CONTROLLER and are performed without the 
need for processor intervention. 
External Device (e.g., SCSI bus) accesses to the Ring Buffer 
are controlled via a DMA request/acknowledge handshake 
and are completely asynchronous with respect to disk and 
local processor transfers. This method of local buffer access 
combined with a powerful Reed Solomon error correcting 
code and CRC extension designed to virtually eliminate 
miscorrection, provides the user with on-the-tly error 
correction with no loss of disk revolutions. 
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DIRECT DRIVE SCSI BUS 
RING BUFFER 

L. ~ (64 K X 8 STATIC RAM) 

" 
,. 

07-0 A15-0 BE WE 
OMAGENERAL 

J. lo. J. PURPOSE OUTPUTS 

A " 
.. /'} .. 

OB7-0 
.... V 

" 
., DRIVE 

OB7-0 A15-0 OE WE CNTL8-5 
~GENERALPURPOSE 

DMAR DMAR TST4-1 Y--_TEST INPUTS 

DMAA DMAA 
RCLK ==1 DATA I READ DATA 

MSD 95COO CLKO DMACLK RDATA SEPARATORI 

SCSI t 
CONTROLLER 

RGATE READtWRITE WRITE GATE 
OR MSD 95C02 

WGATE HEAD 

EXTERNAL 
ELECTRONICS 

DEVICE DISK CONTROLLER WDATA 
H PRECOMPENSATION I WRITE DATA MOTOR 

.... ~ LOGIC I CONTROL 
ALE, AD, WR, RST ALE, RD, WR, RST 

~ EARLY t t v 
(CTL1) 

LATE 1 
INT I--- INT (CTL2) 

(CTL3) 
GENERAL PURPOSE OUTPUTS 

(CTL4) 

SNS4-1 
A 

A07-0 IT IT AD7-0 [PS [Y- DRIVE STATUS 

'" t t '" ~ 

1 " I DECODE I v 
~ >- '" ~ ;.. 

~ 
~ 

1 " 7 

UPPER ALE INT AD7-0 GENERAL PURPOSE GENERAL PURPOSE 
ORDER AD INPUTS OUTPUTS 
ADDR. WR BUS RST LOCAL PROCESSOR 

FIGURE 1: MSD95C02 EMBEDDED SCSI SYSTEM. 



ESDI DRIVE 

WGATE WRITE GATE 

" NRZWDATA + WDATA t6- NRZWDATA -

-c NRZ WRITE CLOCK + 

RCLK NRZ WRITE CLOCK -

NRZ READ/REF CLK + 

"'~ 
NRZ READ/REF CLK -

RDATA J. 
NRZ READ DATA 1-

NRZ READ DATA -

MSD 95C02 RGATE READ GATE 

TST4 INDEX 

TST1 ADDR. MARK FOUND 

SNS2 ATTENTION 

SNS3 COMMAND COMPLETE 

SNS4 READY 

CTL4 ADDR. MARK ENABLE 

GENERAL t> PURPOSE DRIVE/HEAD SELECT 
OUTPUTS 

LOCAL 
PROCESSOR 

GENERAL 

~ PURPOSE SERIAL COMMAND/STATUS 
INPUTS 

FIGURE 2: MSD95C02 TO ESDI INTERFACE 

The MSD95C02 is built from a set of high level, function 
specific SuperCelis ™ that can be connected together in 
such a way as to adapt themselves to a special purpose 
customer requirement. The first set of SuperCelis ™ has 
been chosen to optimize the device for "EMBEDDED SCSI" 
and ESDI controller applications. Figure 1 illustrates the 
MSD95C02 used with its companion MSD95COO SCSI chip 
to form an "EMBEDDED SCSI" system. Figure 2 illustrates 
the MSD95C02 used as an ESDI controller. 

the ring buffer during local processor updates to 
the MSD95COO and MSD95C02 devices. Ring buffer 
arbitration is controlled by the on-chip triple channel 
DMA CONTROLLER which arbitrates ring buffer accesses 
to and from the media, SCSI channel and local processor. 
Local processor accesses to the ring buffer are possible 
through directly addressable registers in the MSD95C02's 
DMAblock. 
The MSD95C02 contains several general purpose input! 

As can be seen from the system block diagrams, the output pins which can be used to control and monitor 
interface to the external static RAM ring buffer requires no external events. In addition, there are four general purpose 
external circuitry. In an "EMBEDDED SCSI" environment, test inputs and four latched sense inputs that may be used 
there are two external data buses used; one to permit data directly by the MICROSEQUENCER to perform conditional 
flow between the MSD95COO SCSI controller and the ring jumps. 
buffer and another data bus to permit local processor to The sense inputs, test inputs and control outputs of the 
MSD95COO SCSIC and MSD95C02 exchanges. The two MSD95C02 are used to efficiently handle ESDI drives with 
data buses allow for uninterrupted data flow in and out of serial data rates up to 24 MHz. 
SuperCeli'" is a trademark of Standard Microsystems Corporation. 695 
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CTL7 

CTL6,5 

DMACLK 

A15-0 

DB7-0 

WE 

II-off----RAM TO MSD 95C02 ---~.I~""----EXTERNAL DEVICE TO RAM--l 

FIGURE 3: TYPICAL BUFFER TIMING (DISK WRITE) 

CTL7 

CTL6,5 

DMACLK 

A15-0 

WE 

DB7-0 

OE 

DACK 

I. ---MSD 95C02 TO RAM ----~ 

FIGURE 4: TYPICAL BUFFER TIMING (DISK READ) 
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PINOUT DESCRIPTION 
RING BUFFER INTERFACE (Refer to Figures 3 and 4 for ring buffer timing): 

PIN NO. SIGNAL NAME I/O DESCRIPTION 
53-60 DB7-0 I/O Data Bus. Bi-directional data bus to the external ring buffer RAM. This bus is 

automatically put into a high impedance state during valid External Device 
DMAcycles. 

61-68, 1~8 A15-0 0 Address Bus. These outputs are used to address the external ring 
buffer RAM. 

50 OE 0 Output Enable. This active low output strobes the ring buffer RAM's data 
bus output drivers. 

51 WE 0 Write Enable. Strobe. This active low output strobes write data from the data 
bus into the ring buffer RAM. 

49 DMAClK I DMA Clock. This 20 MHz (maximum) input is used by the MSD95C02 to 
generate DMA cycles. 

43 DREQ I DMA Request. This input is driven active low by an External Device to 
request a DMA cycle. 

44 DACK 0 DMA Acknowledge. This output is driven active low by the MSD95C02 in 
response to DREQ. During data transfer from the ring buffer to the External 
Device, the rising edge of this signal is used to strobe data into the External 
Device. During data transfer from the external device to the ring buffer, a low 
will enable data transfer from the External Device. 

45 CTl5 (ST1) 0 Control 5. 
46 CTl6(STO) 0 Control 6. Depending on the programming of the MODE 1 Register, these 

bits can either reflect the data written to bits 4 and 5 of the local Processor 
Output Register or they can be outputs that indicate the type MSD95C02 
DMA controller cycle in progress: 
ST1 STO CYCLE 

0 0 EXTERNAL DEVICE 
0 1 lOCAL PROCESSOR 
1 0 MICROSEQUENCER (DISK) 
1 1 RESERVED 

47 CTl7 (WRITE) 0 Control 7. Depending on the programming of the MODE 1 Register, this bit 
can either reflect the data written to bit 6 of the local Processor Output 
Register or this bit can be an output signal indicating to the ring buffer that a 
WRITE or READ cycle is about to start. This output is low during a write 
cycle and high during a read cycle. CTl 7, 6, and 5, when programmed as 
WRITE, STO, ST1, can be used for interfacing to an external ECC chip. 

48 CTl8 (DGATE) 0 Control 8. Depending on the programming of the MODE 1 Register, this bit 
can reflect the data written to bit 7 of the local Processor Output Register. It 
may also be used as an output of the MICROSEQUENCER to be used as a 
"data valid" Signal to indicate when data is being transferred on the DB7-0 
bus for interface with an external ECC chip. 

DRIVE INTERFACE: 
PIN NO. SIGNAL NAME I/O DESCRIPTION 

30 RDATA I Read Data. This Signal is the/serial data from the disk or tape drive. It 
may be encoded as Rll2, 7, MFM, FM, GCR, or NRZ as selected in 
MODE Register bits 2-0. 

41 RGATE 0 Read Gate. This output is typically used to enable the data separator to 
begin locking to data. Normally, it becomes active during the PlO sync 
field. This signal is controllable via microcode to allow specific read data 
search algorithms and conformance to unique drive formats. 

42 RClK I Read Clock (Read/Reference Clock). This input clock is used to frame 
the encoded RDATA bit stream from the drive. For NRZ input data, the 
Read/Reference Clock signal provides the timing necessary to 
synchronize the serial data transfer between the drive and the 
MSD95C02. RClK is divided internal to the MSD95C02 and is used to 
run the MICROSEQUENCER. It is therefore necessary to continually 
provide a glitch-free clock into this input at all times. 

33 WDATA 0 Write Data. This output is the serial NRZ, FM, MFM, GCR or Rll data 
being written to the drive. 

39 WGATE 0 Write Gate. This output is controlled by the microsequencer and is 
active when the MSD95C02 is writing data to the drive. 
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PINOUT DESCRIPTION CONTINUED 
PIN NO. SIGNAL NAME I/O DESCRIPTION 

31 CTL 1 (EARLY) 0 Control 1. Depending on the programming of the MODE Registe"r, this bit 
either reflects the data written to bit 0 of the Local Processor Output 
Register or indicates that the current disk Write Data bit should be 
externally precompensated early. 

32 CTL2(LATE) 0 Control 2. Depending on the programming of the MODE 3 Register, this 
bit either reflects the data written to bit 1 of the Local Processor Output 
Register or indicates that the current disk Write Data bit should be 
externally precompensated late. 

40 CTL3 (WRFCLK) I/O Control 3. Depending onthe programming of the MODE 3 Register, this 
bit either reflects the data written to bit 2 of the Local Processor Output 
Register or acts as a tape write reference clock input. In tape 
applications that require read after write capability, this pin must be 
programmed as an input (WRFCLK). 

38 CTL4(AMEN) 0 Control 4. Depending on the programming of the MODE 2 Register, this 
bit either reflects the data written to bit 3 of the Local Processor Output 
Register or acts as a MICROSEOUENCER output which may be used 
to write an Address Mark (WGATE active) or search for an address mark 
(WGATE, RGATE inactive) in ESDI drive applications. 

19 SNS4 (READY) I Sense Input 4. The MSD95C02 can be programmed to generate any 
level change interrupt from this pin. This input may be used to sense 
READY status from the drive. 

20 SNS3 (CMDDN) I Sense Input 3. The MSD95C02 can be programmed to generate a 
high-to-Iow level change interrupt from this pin. This input may be used 
to indicate a Command Complete status when using ESDI drives. 

21 SNS2 (ATTNIWFLT) I Sense Input 2. The MSD95C02 can be programmed to generate a 
high-to-Iow level change interrupt from this pin. This input may be used 
to sense ATTENTION status from an ESDI drive or a WRITE FAULT 
status from an ST-506 drive. 

22 SNS1 (LDPT) I Sense Input 1. The MSD95C02 can be programmed to generate a 
high-to-Iow level change interrupt from this pin. This input may be used 
to sense load point status for tape applications. 

37 TST4 (INDEX) I Test Input 4. This input is used by the MICROSEOUENCER for 
conditional branching. Typically, the INDEX pulse from the drive is 
connected to this pin. 

36 TST3 (ECCERR) I Test Input 3. This input is used by the MICROSEOUENCER for 
conditional branching. When used with an external ECC chip, this input 
may be used to indicate an ECC error. 

35 TST2 (lBG) I Test Input 2. This input is used by the MICROSEOUENCER for 
conditional branching. An external Signal indicating interblock gap for 
tape applications may be connected to this pin. 

34 TST1 (AMFND) I Test Input 1. This input is used by the MICROSEOUENCER for 
conditional branching. Typically, an ESDI address mark found signal is 
connected this pin. 

PROCESSOR INTERFACE' 
PIN NO. SIGNAL NAME I/O DESCRIPTION 

9-12, AD7-0 I/O Address/Data Bus. Multiplexed bi-directional address/data bus to local 
14-17 processor. 

27 ALE (AS) I Address Latch Enable (Address Strobe). This Signal is active when an 
address is valid on the AD7-0 bus. The local processor reads the 
MSD95C02 RESET Register address either following a hard or prior to a 
soft reset to automatically configure the MSD95C02 to expect ALE or AS at 
this input. 

29 INT 0 Interrupt. This open collector output is driven low when the MSD95C02 
detects an enabled interrupt. This pin has an internal MOSFET which 
functions as a pUll-Up. 

26 RD(DS) I Read Strobe (Data Strobe). When the MSD95C02 is configured for ALE, 
this active low strobe is used to enable read data from the MSD95C02 onto 
the AD7-0 bus. When the MSD95C02 is configured for AS, this active low 
signal is used to strobe data into or out of the MSD95C02. 

25 WR(RIW) I Write Strobe (ReadlWrite). When the MSD95C02 is configured for ALE, this 
active low strobe is used to latch write data from the AD7-0 bus into the 
MSD95C02. When the MSD95C02 is configured for AS, the R/Vii input is 
used to qualify DS for a read or write cycle. 
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PINOUT DESCRIPTION CONTINUED 
PIN NO. SIGNAL NAME I/O DESCRIPTION 

24 CE I Chip Enable. This input signal is used to qualify the RD and WR strobes for 
all accesses on the AD7-0 bus. This signal must be valid throughout the 
memory cycle. 

28 LPS I Low Power Standby. A low level applied to this input signifies that the system 
is requesting the low power standby mode. 

23 RST I Reset. A low level at this input will cause the MSD95C02 to be reset (hard 
reset) to a known state. Reset will cause the following I/O pins to be forced 
to the states indicated: 
DB7-0 
OE 
WE 
DACK 
RGATE 
WGATE 
AD7-0 
INT 
CTL 1 (EARLY) 
CTL2 (LATE) 
CTL3 (WRFCLK) 
CTL4 (AMEN) 

18 VCC P Power connection 
13 GND1 P Ground connection 
52 GND2 P Ground connection 

OVERVIEW OF MSD95C02 REGISTERS 
Figure 5 shows the MSD95C02 address map. The 256 
locations are internally decoded from the lower 8 bits of the 
address bus. Valid decode space exists from address 40H 
to FFH as shown. Address OOH to 2FH is not decoded by 
the MSD95C02 and can be used as register space for the 
External Device. The MSD95COO SCSIC uses address OOH 
to OFH for its internal register space, allowing the 
MSD95COO and the MSD95C02 to share the same chip 
select decoded from the upper address bits of the local 
processor's address bus. 
The MSD95C02 address space accessible to the local 
processor can be broken into four sections as follows: 

ADDRESS 40H-SFH 
This address space contains the MSD95C02 working 
registers which include mode registers, setup registers, 
interrupt enable registers, status registers, and DMA 
parameter registers. 

ADDRESS 60H-6FH 
This address space contains an on-chip 16 byte register file 
referred to as the DESIRED REGISTER FILE. It is shared 
by the local processor and the MICROSEQUENCER and 
is typically loaded by the local processor and internally 
compared with data from the disk. Local processor access 
to this address space should only occur when the 
MICROSEQUENCER is not running. 

ADDRESS 70H-tFH 
This address space contains an on chip, 16 byte, register 
file referred to as the CURRENT REGISTER FILE. It is 
shared by the local processor and the MICROSEQUENCER 
and is typically loaded with data from the disk for 
examination later by the local processor. Local processor 
access to this address space is only allowed during certain 
MICROSEQUENCER initiated interrupts to the local 
processor. 

ADDRESS 80H-FFH 

Input 
Inactive High 
Inactive High 
Inactive High 
Inactive Low 
Inactive Low 
Input 
Inactive High 
Inactive Low 
Inactive Low 
Input 
Inactive Low 

microcode used by the MICROSEQUENCER. Internally, 
these bytes are arranged as 32 locations by 32 bits wide. 
Local processor address 80H corresponds to the least 
significant byte (D7-0) of word zero of the microcode RAM. 
This address space should not be accessed by the local 
processor while a microprogram is running. 

OOOH-
I 

01FH--

020H-
I 

02FH--

030H-
I 

03FH--
040H

I 
05FH--
060H

I 
06FH--

070H
I 

07FH--

OBOH-
I 
I 
I 

OFFH--

32 EXTERNAL (SCSI) DEVICE 
LOCATIONS 

FREE ADDRESS SPACE 

MSD95C02 REGISTERS (reserved 
for future expansion) 

MSD95C02 REGISTERS 

(16) MSD95C02 DESIRED 
REGISTER FILE 

(16) MSD95C02 CURRENT 
REGISTE~FILE 

MSD95C02 MICROCODE 

FIGURE 5: MSD95C02 ADDRESS MAP 
Figure 6 shows the internal block diagram of the 
MSD95C02. The data flow through the chip occurs on the 
INBUS and the OUTBUS. The OUTBUS connects all data 
coming from the ring buffer to the drive and the INBUS 
connects ~II data from the drive to the ring buffer. There are 
six blocks that make up the MSD95C02 disk controller as 
shown in the block diagram. Each block will be described 

This address space contains the 128 bytes of loadable in detail in the following sections. 
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MSD95C02 REGISTERS 

WRITE REGISTERS READ REGISTERS 
07 06 05 04 03 02 01 00 07 06 05 04 03 02 01 00 

I (RESERVED) I 40H [ (RESERVED) I RESET 

MODE 1 (RESERVED) 41H [ (RESERVED) 

MOOE2 FORMAT 42H [ (RESERVED) 

MODE3 (RESERVED) 43H [ (RESERVED) 

MODE4 44H L (RESERVED) 

MODE 5 (RESERVED) 45H L (RESERVED) 

SYNC 1 SYNC DATA 46H L (RESERVED) 

SYNC 2 SYNC DATA 47H L (RESERVED) 

SYNC 3 SYNC DATA 48H I (RESERVED) 

I SYNC 4 SYNC DATA 49H (RESERVED) 

TAPE HIGH\ UNUSED TAPE BYTE 4AH C (RESERVED) BYTE COUNTER 

TAPE LOW I 
BYTE TAPE BYTE COUNTER 4BH C (RESERVED) 

ILC CTL CTL CTL CTL CTL CTL !EJ 4CH C (RESERVED) OUTPUT 8 7 6 5 4 3 2 1 

ENA~IE 1 I MAS I DMA I ~~RVEDI DONE I (RESERVED) 4DH FI DMA I ~~RVEDI DONE I (RESERVED) liNT 
ENABLE 1 

INT 4EH ENABLE 2 

INT 4FH INT 
ENABLE~1 ENABLE 3 
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WRITE REGISTERS READ REGISTERS 
07 06 OS 04 03 02 01 OQ) 07 06 OS 04 03 02 01 OQ) 

FU~~-flONI FCTN 1 SOURCE 1 DEST 1 SOH [ (RESERVED) 1 

M~II~~X 1 DMA ADDR RAM DATA (MSB'S) IS1 H [ DMA ADDR RAM DATA (MSB'S) 1 M~II~~X 

Mt'b~PX 1 DMA ADDR RAM DATA (LSB'S) IS2H [ DMA ADDR RAM DATA (LSB'S) 1 Mt'b~OX 

OATA RING-BUFFER DATA i S3H i RING-BUFFER DATA 
I 

OATA 

START INTERRUPT 
CMO STATUS 

(RESERVED) ISSH 
STATUS 1 

(OMA) 

(RESERVED) IS6H (RESERVED) STATUS 2 
(PROG) 

(RESERVED) I S7H I BUSY I (RESERVED) I PROGRAM COUNTER 1(~~~U~rJR) 

(RESERVED) IS8H 

(RESERVED) IS9H I (RESERVED) 

(RESERVED) ISAH I (RESERVED) 

(RESERVED) ISBH I (RESERVED) 

(RESERVED) ISCH I T~T I T~T I T~T I T~T I s~s I s~s I s~s I s~s I ~C 
INPUT 

(RESERVED) iSOH I (RESERVED) 

(RESERVED) iSEH I (RESERVED) 

(RESERVED) ISFH I (RESERVED) 
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FIGURE 7: DMA BLOCK DIAGRAM 

DESCRIPTION OF INDIVIDUAL BLOCKS 

DMA CONTROLLER 
The three channel DMA controller is composed of a 6 X 16 
bit register file, two OFFSET COUNTERS for monitoring 
ring buffer full/empty status, a DMA FUNCTION Register 
to indirectly address the register file, a ring buffer DATA 
Register, and ALU to perform incrementing (by 1, 2, 3 or 4) 
and in addition, a 16 bit mailbox register, state controller and 
DMA request priority resolver. 
Channel access to the ring buffer comes from three sources. 
The MICROSEQUENCER requests are initiated by the 
DISK INTERFACE block for every byte transferred to/from 
the MICROSEQUENCER and is given top priority. Local 
processor accesses to the ring buffer are initiated by direct 

COUNTER since there is a relationship between the value 
in the OFFSET COUNTER and the amount of available free 
space there is in the buffer and available error free data there 
is to transfer out on the External channel. The local 
processor channel might be required to perform read modify 
write routines during error correction operations. 

Local Processor channel operation: 
The local Processor can specify the address operation to 
be performed during its channel access via the DMA 
FUNCTION Register which is a write only local processor 
addressed register (assigned address 50HEX). This 
function register permits the loading of all registers in the 
register file which are not directly addressable from the 
external local processor. 

operation of the local processor on the addressable registers The Local Processor can directly access four registers in 
within the DMA controller. The local processor is given the DMA controller. They are: 
second priority. External Device access (like SCSI) is DMA FUNCTION Register (write only) address 50H 
initiated via a DMA request-acknowledge handshake and MAILBOX HIGH Register (read/write) address 51 H 
is given third priority. MAILBOX LOW Register (read/write) address 52H 
ALU and Register function: DATA Register (read/write) address 53H 
For each DMA channel, specific register manipulations are The local processor can indirectly access 6 additional 16 bit 
possible depending upon the operation required. Each . t th t k th DMA . t fI Th . t 
channel will have different requirements on the way the regis ers a rna e up e regis er Ie. ese regis ers 

. are accessed by using the DMA FUNCTION Register. An 
address to the ring buffer is updated. For instance, during example of their use is illustrated as follows: 
disk read operations, the channel must ensure that the 
starting address for a sector transfer is not updated until the CONSTANT 1-Normally used to hold the sector size and 
data transferred into the ring buffer is known to be error free. in calculating address updates and ring buffer status flags. 
The External Device, during a read operation from the ring CONSTANT 2-Normally used to hold a number that is a 
buffer, must cause the address to be incremented for each function of the Ring Buffer size for generating Ring Buffer 
byte transferred. It must also update the OFFSET empty/full status. 
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LOCAL PROCESSOR ADDRESS Register-Holds the 
current address of a local processor to ring buffer data 
transfer. 
EXTERNAL DEVICE ADDRESS Register-Holds the 
current address of an External Device to ring buffer data 
transfer. 
DISK Register-Maintains the address of the first location 
of a MICROSEOUENCER initiated disk transfer until data 
integrity is established. 
DISK ADDRESS Register-Holds the current address of 
a MICROSEOUENCER initiated disk ring buffer data 
transfer. 
Refer to Appendix 2 for a description of how these registers 
are set up for particular DMA operations. 
DMA FUNCTION Register: 
BITS D7-D6. These bits specify the operation to be 
performed on the contents of a register in the internal register 
file: 

D7 D6 FUNCTION 
0 0 SOURCE + OFFSET COUNTER ~ 

DESTINATION (Note 1) 
0 1 SOURCE + N ~ DESTINATION; 

DECREMENT OFFSET COUNTER 
1 0 SOURCE ~ DESTINATION 
1 1 SOURCE + N ~ DESTINATION 

TABLE 1 : DMA FUNCTION REGISTER OPERATION 

N = 1 for disk and local processor data transfers 
N specified by MODE 1 Register for External channel (SCSI) 
data transfers 

Notes: 
1. For this case, the only destinations that can be updated 
are the OFFSET COUNTER and the MAILBOX. All other 
destinations will cause the OVERFLOW flag to be updated 
as a function of the result out of the ALU, but will not update 
the destination. 
2. When the controller changes the contents of the 
OFFSET and AUXILIARY OFFSET COUNTERS, it must 
set or clear the zero bit via the START COMMAND Register 
bits 4 and 3. 
3. The OFFSET COUNTER cannot be used as a source. If 
it is used as a source, it will take on the value of zero. During 
error correction, it becomes necessary to use the OFFSET 
COUNTER as a source. See appendix 3 for a description 
of ERROR CORRECTION ON THE FLY for more detail. 

BITS D5-D3. Source register file Address 
BITS D2-DO. Destination register file Address 

Disk Channel Access Operation: 
Disk requests for data transfer are initiated by the 
MSD95C02's internal MICROSEOUENCER. For normal 
data transfer between the disk and the ring buffer, the 
MICROSEOUENCER causes the DISK ADDRESS in the 
DMA block to be incremented by one between ring buffer 
access cycles. 
In addition, the MICROSEOUENCER may perform some 
housekeeping functions at each sector boundary if required. 
These housekeeping functions may include updating the 
OFFSET COUNTER, determining buffer full/empty status, 
etc. 
In order to specify one of many housekeeping calculations, 
the MSD95C02's internal MICROSEOUENCER has the 
ability to specify the operation by loading a DISK DMA 
FUNCTION Register (different from the local processor 
addressable DMA FUNCTION Register). The bit definitions 
of this register are identical to the DMA FUNCTION Register 
as defined in Tables 1 and 2. The MICROSEOUENCER can 
load the DISK DMA FUNCTION Register by transferring a 
value previously stored in the DESIRED REGISTER FILE 
to the DMA block. 
EXTERNAL DEVICE CHANNEL ACCESS OPERATION: 
Upon an external DMA request, this channel wUI perform 
one hardwired function consisting of proper adjustment of 
the current ring buffer address as well as decrementing the 
OFFSET COUNTERs for current handling of ring buffer full/ 
empty situations. The MSD95C02 can buffer a maximum 
of 12 DMA requests before issuing an acknowledgment 
without causing an overrun/underrun condition. The 
MSD95C02 uses the leading edge of DMA Request to post 
the EXTERNAL channel access. This permits ·the 
MSD95C02 to work with several REO-ACK timing situations. 

For External Device DMA operations, the DMA hardwired 
function performed is: 
EXTERNAL DEVICE ADDRESS + N ~ EXTERNAL 
DEVICE ADDRESS. 
N is used to permit various data bus widths between the 
ring buffer and the External Device as shown in table 3. 

N DATA BUS WIDTH 
1 8 BITS 
2 16 BITS 
3 24 BITS 
4 32 BITS 

TABLE 3: EXTERNAL DEVICE BUS WIDTHS AS A 
FUNCTION OF N 

The value N is programmed by the Local Processor in MODE 
1 Register, bits 5 and 4. 
OFFSET COUNTER: 

These bits select the register file address location(s) The OFFSET COUNTER is part of the automatic 
accessed by the operation specified by bits D7 and D6. housekeeping function of the DMA block and is used to keep 

D5 D4 D3 
D2 D1 DO 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 

REGISTER SELECTED 
MAILBOX HIGH, LOW 
OFFSET COUNTER 
CONSTANT 1 
CONSTANT 2 
LOCAL PROCESSOR ADDRESS 
EXTERNAL DEVICE ADDRESS 
DISK REGISTER 

track of buffer empty/full conditions. 
During External Device to Ring Buffer to Disk operations 
(WRITE the disk), the OFFSET COUNTER keeps track of 
the number of free bytes left in the buffer. Whenever the Ring 
buffer size minus the OFFSET COUNTER is les's than the 
sector size (indicating that there is less than a sector's worth 
of data in the ring buffer), the disk WRITE is temporarily held 
off. The throttling of the Disk DMA channel as a function of 
buffer space status is done automatically by the DMA 
controller without local processor intervention. 
During Disk to Ring Buffer to External Device (READ the 

TABLE 2: DMA FUNCTION REGISTER SOURCE/DEST disk) operations, the OFFSET COUNTER keeps track of 
1 1 1 DISK ADDRESS 
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the total data bytes left in the buffer. Whenever the Ring 
Buffer size minus the OFFSET COUNTER is less than the 
sector size (indicating that there is not enough room in the 
buffer to accept another sector), the disk READ is 
temporarily held off. The throttling of the Disk DMA channel 
as a function of buffer space status is done automatically 
by the DMA controller without local processor intervention. 
Decisions by the MICROSEQUENCER regarding buffer 
empty/full status are made by interrogating the ZOFF flag 
whenever an ALU operation loads a zero into the OFFSET 
COUNTER. 
AUXILIARY OFFSET COUNTER operation: 
The AUXILIARY OFFSET COUNTER is loaded and 
modified along with the OFFSET COUNTER. It is required 
because data transferred from the disk into the Ring Buffer 
might contain errors. Because of this, the AUXILIARY 
OFFSET COUNTER might be different from the OFFSET 
COUNTER and is used to control the flow of data between 
the External Device and the Ring Buffer. During External 
Device to Ring Buffer transfers, the AUXILIARY OFFSET 
COUNTER keeps track of the number of free bytes left in 
the buffer. During Ring Buffer to External Device transfers, 
the AUXILIARY OFFSET COUNTER keeps track of the 
number of error free data bytes left in the buffer. 
The OFFSET and AUXILIARY OFFSET COUNTERS are 
linked together until an error is detected on data read from 
the disk. When this occurs, only the OFFSET COUNTER 
is incremented as new data is transferred from the disk to 
the Ring Buffer. The AUXILIARY OFFSET COUNTER is 
not incremented until the error is corrected. Both counters 
are decremented when data is transferred from the Ring 
Buffer to the External Device. If the error is corrected before 
the AUXILIARY OFFSET COUNTER is decremented to 
zero, then the two counters are linked back together by 
transferring the contents of the OFFSET COUNTER into 
the AUXILIARY OFFSET COUNTER in response to a DMA 
FUNCTION Register command. If the AUXILIARY OFFSET 
COUNTER is decremented to zero before the error is 
corrected, the MSD95C02 will not respond to DMA requests 
from the external device until the AUXILIARY OFFSET 
COUNTER and OFFSET COUNTER are linked back 
together. See Appendix 4 for a further description of the 
OFFSET and AUXILIARY OFFSET COUNTERs during 
error correction on the fly. 
Status Flags: 
The DMA block will generate three status flags which can 
be used by the MICROSEQUENCER to test and make 
decisions on the microprogram flow. These three status 
flags, defined as follows, are also readable by the Local 
Processor in STATUS 1 Register (ADDR 55H): 
OVERFLOW: This flag indicates the result of the current 
operation performed by the ALU; if the arithmetic yields an 
overflow, this bit will be set. This bit is available to the Local 
Processor in STATUS 1 Register, bit 05. 
ZERO: This flag is set to a one when the OFFSET 
COUNTER is decremented to zero. This bit is available to 
the Local Processor in STATUS 1 Register, bit 06. 
AUX ZERO: This flag is set to a one when the AUXILIARY 
OFFSET COUNTER is decremented to zero. This bit is 
available to the Local Processor in STATUS 1 Register, bit 
07. 
The ZERO and AUX ZERO flags are not set if the OFFSET 
and AUXILIARY OFFSET COUNTERS are loaded with a 

ECC ON THE FLY: 
The three channel DMA arrangement provides the user with 
the ability to perform error correction on the fly without loss 
of a disk revolution. In general, upon disk read operations, 
one sector may be transferred from the Ring Buffer over the 
EXTERNAL channel, one sector may be operated on by the 
Local processor for error correction, and the third sector may 
be read from the disk and written into the Ring Buffer. Refer 
to Appendix 4 for further description of ECC on the fly. 

MICROSE.QUENCER 
As shown in Figure 8, the MICROSEQUENCER consists 
of a 32 X 32 microcode RAM, a 7 bit loop counter, a one 
address STACK, a sophisticated next address generator 
and two 16 byte register files. During next address 
generation, the Program Counter can be loaded from the 
STACK, from the ADDRESS FIELD output by the microcode 
RAM (ADDR 4-0), or from the current or incremented value 
in the Program Counter. 
The Local Processor can initiate Command execution (eg. 
a Read Command) by writing to the COMMAND START 
Register (ADDR 54 HEX). The MSD95C02 will then begin 
execution at address zero in the microcode RAM. From this 
time until the command terminates, program flow is 
dependent on which of the several sources are specified 
when the Program Counter is loaded. Selection of the next 
address is dependent on the Sequence control field (SEQ 
2-0), and internal and external test points which are input 
to the Next Address Control PLA. Test points are chosen 
via the Test field (TEST 3-0) for interrogation and program 
flow of the MICROSEQUENCER. 
Contained within the MICROSEQUENCER block are two, 
16 byte register files named DESIRED and CURRENT 
REGISTER FILEs. In general, the MICROSEQUENCER 
reads the DESIRED REGISTER FILE and writes the 
CURRENT REGISTER FILE. The Local Processor can read 
or write either register file. Local Processor access to these 
register files are restricted and controlled by interrupts 
generated by the MICROSEQUENCER to the Local 
Processor. This limited access is required to resolve the 
access contentions to these register files by both the Local 
Processor and the MICROSEQUENCER. 
In addition to the DESIRED and CURRENT REGISTER 
FILEs, there is a comparator structure set up to compare 
contents in the two register files as shown in Figure 8. Any 
information loaded by the local processor in the DESIRED 
REGISTER FILE may be compared with the data that is 
depOSited in the CURRENT REGISTER FILE as it is filled 
with data read from the disk. The sequence and number 
of compares made are all initiated under 
MICROSEQUENCER control. Typically, the compares can 
be performed to determine whether a particular 10 field had 
been encountered. 
The contents of any DESIRED REGISTER FILE location 
can be incremented under MICROSEQUENCER control. 
Typically, this can be used to increment the sector number 
in the DESIRED REGISTER FILE location when performing 
consecutive logical sector operations. 
In addition, the CURRENT REGISTER FILE can, under 
MICROSEQUENCER control, be loaded with the error 
syndrome bytes for examination by the Local Processor 
during an error correction operation. 
In typical applications, the CURRENT REGISTER FILE 
holds data such as the current header information (head #, 

zero. sector #, track #) and the writing to these registers is 
The MICROSEQUENCER can interrogate the logical OR controlled by the MICROSEQUENCER as data is converted 
of the ZERO and AUX ZERO flags via the test input ZOFF. from serial to parallel in the DISK INTERFACE block. The 
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DESIRED REGISTER FILE holds information such as the 
desired sector to be operated on in a READ or WRITE DISK 
operation. The desired header information, in this case is 
written into the DESIRED REGISTER FILE by the Local 
Processor prior to the execution of the READ OR WRITE 
command in an order that is consistent with the order in 
which the MICROSEQUENCER loads and compares the 
CURRENT REGISTER FILE. 
The 32 bit microprogram word definition contains a total of 
8 separate fields as shown in Figure 9. 

DESCRIPTION OF INDIVIDUAL FIELDS: 

SEQUENCE CONTROL FIELD (D31-29): 

The SEQUENCE CONTROL FIELD determines the next 
address loaded into the PROGRAM COUNTER which 
feeds the MICROSEQUENCER RAM. Depending upon 
which SEQUENCE CONTROL FIELD is specified, tile next 
address might remain at the current address, increment, use 
the value stored in the STACK, or use the value specified in 
the ADDRESS FIELD. In addition, it can cause the current 
value in the PROGRAM COUNTER to be pushed on the 
STACK. The STACK is one address deep. The END COUNT 
and TEST POINT can affect the next address generation 
and STACK operations in a number of ways. See section 
on the TEST FIELD and COUNT FIELD for a descriRtion of 
the various conditions that will produce a valid TEST POINT 
or END COUNT. 

SEQUENCE CONTROL FIELD DEFINITION' 

MNEMONIC D31-29 OPERATION 
SHLP 000 PC = 
(SHORT LOOP) STACK = 
LGLP 001 PC = 
(LONG LOOP) STACK = 
RC 010 PC = 
(RETURN OR CALL) STACK = 
CI 01 1 PC = 
(CALL OR INCREMENT) STACK = 
TSJ 100 PC = 
(TEST JUMP) 
TSC 101 PC = 
(TEST CALL) STACK = 
TSJL 1 1 a PC = 
(TEST ,JUMP LONG) 
TSCL 1 1 1 PC = 
(TEST CALL) STACK = 

D31 

D29 

D28 

D24 -
D23 

D20 

D19 

AD7-0 ~ ~- D16 

D15 

D14 

D8 -
D7 

D4 

D3 

DO -

SEQUENCE CONTROL 
(3 BITS) 

ADDRESS 
(5 BITS) 

TEST CONDITIONS 
(4 BITS) 

REGISTER POINTER 
(4 BITS) 

POINTER DECREMENT 
ENABLE 

COUNT 
(7 BITS) 

OUT 
(4 BITS) 

EXT 
(4 BITS) 

FIGURE 9: 32 BIT MICROSEQUENCER PROGRAM 
WORD DESCRIPTION 

TEST POINT 1 1 a a 
END COUNT 1 a 1 a 

PC+1 PC PC+1 PC 
D28-24 - - -
PC+1 PC PC+1 PC 
D28-24 - - -
STACK PC D28-24 PC 
- - PC+1 -
D28-24 PC PC+1 PC 
PC+1 - - -
PC+1 PC+1 D28-24 PC 

PC+1 PC+1 D28-24 PC 
- - PC+1 " -
PC+1 PC+1 D28-24 PC 

PC+1 PC+1 D28-24 PC 
- - PC+1 -

1. DS28-24 is the address as specified in the ADDR field of the microcode word. 
2. - = no change. 

ADDRESS FIELD (D28-24): 
The Address Fjeld bits in the microcode instruction may be 
directly loaded into the Program counter when executing 
"jump" and "call" instructions. When executing a call 
instruction, the current (or next) Program Counter value may 
be saved on a one address STACK. "Return" instructions 
can be implemented by loading the contents of the STACK 
back into the Program Counter. It should be noted that 
subroutines can only be nested one deep. 

TEST CONDITIONS FIELD (D23-20): 
The test condition field permits the MICROSEQUENCER 
to test one of 16 conditions for the purpose of conditional 
jumps and calls as specified in the SEQUENCE 
CONTROL FIELD. These 16 inputs originate in the 
MICROSEQUENCER block and other blocks and four of 
the test points are general purpose inputs from outside the 
MSD95C02 appearing ,on pins TST1-4. 
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TEST FIELD DEFINITION: 

D23 D22 D21 D20 TEST POINT SELECTED DEFINITION 
0 0 0 0 FORCE ZERO Forces the TEST input to a logic zero. 
0 0 0 1 DC GAP From the ENCODER/DECODER block 

indicating that no transitions have occurred on 
the RDATA input pin for 15 WRFCLKs. 

0 0 1 0 SYNC Fromthe DISK INTERFACE block indicating a 
16 bit high speed compare between disk data 
and the MICROSEQUENCER selected SYNC 
Register(s). 

0 0 1 1 NDERR From the DISK INTERFACE block indicating 
that a CRC-16, ECC-32 or Reed Solomon ECC 
data error has occurred. A zero indicates a 
data error. 

0 1 0 0 TST1 Input pin TST1. 
0 1 0 1 TST2 Input pin TST2. 
0 1 1 0 TST3 Input pin TST3. 
0 1 1 1 TST4 Input pin TST4. 
1 0 0 0 EQ8 This input reflects the status of an 8 bit 

compare between the INBUS and the 
DESIRED REGISTER FILE. 

1 0 0 1 LNEQ Indicates that one of the previous 8 bit 
compares or the current 8 bit compare is 
not equal. 

1 0 1 0 XEND Indicates that the contents of a DESIRED 
REGISTER FILE location has been 
incremented to all zeros. 

1 0 1 1 NTP2 This is an auxiliary test input which is the 
logical OR of three independent conditions. It 
is equal to either a HALT (local processor 
initiated via Register 54, bitO), an ABNORMAL 
DATA MARK (Register 58H, bit 6) or a WRITE 
FAULT (Register 58H, bit 5). A zero indicates 
that one of the conditions is true. 

1 1 0 0 CMD Originates in the DMA block and indicates if 
the command loaded by the local processor is 
a READ or WRITE Command with respect to 
the Disk. This operation tests bit 6 inverted in 
the START COMMAND Register. A one is a 
disk write and a zero is a disk read. 

1 1 0 1 NOVERFLOW Originates from the DMA block. This test input 
is a logic one if the result of an ALU operation 
has not yielded an overflow and NTP2 is a logic 
one. 

1 1 1 0 ZOFF Originates from the DMA block and indicates 
when either the OFFSET or AUXILIARY 
OFFSET COUNTER is loaded with a zero as a 
result of an ALU operation. 

1 1 1 1 ONE Forces the TEST input to a logic ONE. 

REGISTER POINTER FIELD (D19-16): If the Pointer Decrement enable bit is zero, the Register 
The REGISTER POINTER FIELD is associated with the Address will be the value specified in the Register Pointer' 
DESIRED and CURRENT REGISTER FILES and specifies field. If the Pointer Decrement enable bit is one, the Register 
the address of the particular register file location to be Address will be the value specified in the Register Pointer 
operated on. The DESIRED and CURRENT REGISTER field added to the current contents of the Loop Counter. 
FILEs have a common address such that the same When accessing sequential register file locations, the Count 
corresponding location in each file may be operated on at field should be initialized to the number of sequential access 
the same time. required and the REGISTER POINTER FIELD should be 
POINTER DECREMENT FIELD (015): initialized to the last sequential register file location to be 

accessed. At each MICROSEQUENCER clock, the loop 
This one bit field permits one to access sequentially counter in the instruction is decremented, thus permitting 
decrementing locations in the DESIRED and CURRENT sequential access at the MICROSEQUENCER clock 
RE~ISTER FILEs for multiple operations within these frequency. 
registers. 
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COUNT FIELD (D14-8): DECREMENT ENABLE FIELD. 
This field serves two functions. First, it is loaded into the 
loop counter for counting microinstruction loops. In this 
instance, the generation of an END COUNT status bit, will 
cause branching conditions as defined by the SEQUENCE 
CONTROL FIELD (D31-29). The END COUNT status bit 
will be set to a logic one when the loop counter is 
decremented to zero. The second function of this field is for 
accessing sequential locations of the DESIRED and 
CURRENT REGISTER FILEs as described in the POINTER 

It should be noted that the count value is loaded into the 
loop counter as the microinstruction containing it is exited. 
The loop counter is decremented every microinstruction 
clock or every 128th microinstruction clock for a short loop 
(SHLP) or a long loop (LGLP) respectively. To perform a 
count of N, the value N-1 should be specified in the previous 
instruction in the microcode since the loop counter gets 
loaded as an instruction is exited. 

OUT FIELD (D7-4): 
The out field is one of two control fields used to control 
internal and external operations during microprogram 

execution. This four bit field yields one of 16 control outputs 
as follows: 

OUT FIELD DEFINITION: 
MNEMONIC D7-D4 OPERATION 
NOP 0000 No operation. 
CNTRL4 0001 To DISK INTERFACE block causing the output CTL 4 to change. This output is 

multiplexed with a programmable output controlled by the focaf processor. This signal 
may be used for an external address mark enable when interfacing with ESDI drives. 

RDG 0010 To the DMA block. This signal is a DMA request from the MICROSEQUENCER and 
enables disk data to get transferred to the DATA Register in the DMA block over the 
INBUS. It also can cause the output DG (Data Gate) to go active. The DG output is 
multiplexed with a programmable output controlled by the local processor. 

0011 RESERVED FOR FUTURE USE. 
WPRE 0100 This signal allows the PLO SYNC (preamble) data stored in the DESIRED REGISTER 

FILE to be loaded into the ENCODER/DECODER/DISK INTERFACE block over the 
OUTBUS. In addition, it is used to preset all CRC and ECC generation logic. 

WMISS 0101 This signal allows the missing clock data pattern stored in the DESIRED REGISTER 
FILE to be loaded into the ENCODER/DECODER/DISK INTERFACE block over the 
OUTBUS and generate the missing clock pattern when shifting the data out to the disk. 
In addition, it is used to start all CRC and ECC generation logic. 

FREG 0110 This signal gates the data stored in the DESIRED REGISTER FILE on to the OUTBUS. 
SNDRM 01 1 1 This signal gates the error syndrome (from the selected error checker) to the DESIRED 

REGISTER FILE. 
PREQ1 1000 This signal causes the contents of the DESIRED REGISTER FILE pointed to by the 

register pointer field to be loaded into the DISK DMA FUNCTION Register. 
WCRe 1001 This signal gates the check bytes (CRC-16, ECC-32 Reed Solomon ECC) out to the 

disk. 
101 0 RESERVED FOR FUTURE USE. 
1 01 1 RESERVED FOR FUTURE USE. 

PINTO 1100 This signal sets bit 5 of STATUS 2 Register (ADDR 56H) and will, if enabled, generate an 
interrupt to the Local Processor. In addition, this interrupt will permit the Local Processor 
to access the CURRENT REGISTER FILE. It also separates the OFFSET and the 
AUXILIARY OFFSET COUNTERS. Typically, this interrupt is used for error correction 
operations. See description of STATUS 2 Register. 

PINT1 1 1 01 This signal sets bit 6 of STATUS 2 Register (ADDR 56H) and will, if enabled, generate an 
interrupt to the Local Processor. In addition, this interrupt will permit the Local Processor 
to access the CURRENT REGISTER FILE. Typically, this interrupt may be used to 
permit the Local Processor to read the current ID information that is stored in the 
CURRENT REGISTER FILE. 

PINT2 1 1 1 0 This signal will, if enabled, generate an interrupt to the Local Processor. This interrupt is 
general purpose and can be generated upon recognition of any MICROSEQUENCER 
detectable condition. The generation of this interrupt will affect no additional hardware. 

DNINT 1 1 1 1 This signal sets bit 4 of the interrupt STATUS 2 Register (ADDR 56 H) and will, if 
enabled, generate an Interrupt to the Local Processor. Typically, this signal is invoked 
to inform the Local Processor that the current command executed by the 
MICROSEQUENCER has been completed. Generation of this signal will stop the 
MICROSEQUENCER, reset BUSY (STATUS 3 Register, Bit D7), and set done 
(INTERRUPT STATUS Register, Bit 04). In addition, this interrupt will permit the Local 
Processor to access the CURRENT REGISTER FILE. 
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EXT FIELD (D3-0): 
The EXT field is one of two control fields used to control execution. This four bit field yields one of 16 control outputs 
internal and external operations during microprogram as follows: 

EXT FIELD DEFINITION: 

MNEMONIC D3-DO OPERATION 

NOOP 0000 No operation. 

SWDG 0001 This signal posts a DMA request for the MICROSEOUENCER to the DMA block and is 
used during disk write operations. The signal allows data to be transferred from the DATA 
Register in the DMA block to the DISK INTERFACE and ENCODER/DECODER blocks. 
It also generates the DG (Data Gate) signal. 

SRCRC 0010 This signal is used to inform the CRC-16 or ECC-32 CHECKER that the respective code 
is being transferred from the disk .. 

SRECC 001 1 This signal is used to inform the Reed Solomon ECC CHECKER that the ECC bytes are 
being transferred in from the disk. 

SGAP 0100 This signal enables the gap detect logic. 
SPRE 0101 This signal enables the compare between incoming data and the value programmed in 

the appropriate SYNC register(s). Normally, this comparison is used to detect a PLO 
SYNC (preamble) data pattern. The RGATE signal is also set. 

SMC 01 1 0 This signal enables the compare between incoming data and the value programmed in 
the appropriate SYNC register(s). Normally, this comparison is used to detect a missing 
clock data pattern. The RGATE signal is also set. 

SDM 0111 This signal enables the compare between incoming data and the value programmed in 
the appropriate SYNC register(s). Normally, this comparison is used to detect a data 
mark data pattern. The RGATE signal is also set. 

SGOFF (1) 1100 This signal resets both RGATE and WGATE. 

NOTE: The signals above describe operations to be 
performed as the instruction containing them is exited (The 
PC is changed). The following signals will be invoked when 
the instruction containing them is entered. 

MNEMONIC D3-DO OPERATION 
TREG 1000 This signal gates the contents of the INBUS into the CURRENT REGISTER FILE as 

pointed to by the REGISTER POINTER FIELD. 
1001 RESERVED FOR FUTURE USE. 

CRC16 1010 This signal presets the CRC-16 generation and detection logic. 
ECC32 1 01 1 This signal presets the ECC-32 or the Reed Solomon generation and detection logic. 
ZRCLR 1 1 01 This signal clears the ZERO and AUX ZERO flags in the DMA block. 
INCE 111 0 This signal causes the contents of the DESIRED REGISTER FILE pointed to by the 

register pointer field to be incremented and placed back into the same DESIRED 
REGISTER location. 

WGON 1 1 1 1 This signal sets WGATE on. 
(1) The signal SGOFF is shown out of numerical sequence to permit it to be grouped accordingly. 

DISK INTERFACE & ENCODER/DECODER BLOCK 
This block interfaces to the rest of the chip via the INBUS 
and the OUTBUS which connects the serial to parallel/ 
parallel to serial converters to the DESIRED and CURRENT 
REGISTER FILES and the appropriate data registers within 
the DMA block. 
In addition to serialization and deserialization of data, this 
block will perform complex high speed compare logic that 
can sequentially compare a bit pattern read from the disk 
of up to 32 bits in length. Any and all compares can detect 
a predefined missing clock pattern. The sequence of 
comparisons made prior to declaring a valid synchronization 
with the rotating media, is fully programmable under 
MICROSEQUENCER control. During write disk operations, 
this block can generate fully programmable formats and 
complex missing clock data patterns completely under 
MICROSEOUENCER control. 

The encoder/decoder section is local processor 
programmable to handle FM, MFM, RLL 2, 7 and GCR 
codes. Included in this block is the CRC-16 and IBM AT 
compatible 32 bit ECC generator and checker. 

REED SOLOMON ERROR CORRECTION BLOCK 
The REED SOLOMON ECC block has been optimized to 
permit single and double burst error correction while 
simultaneously reducing the probability of miscorrection and 
expanding the error detection capability dramatically. 

FUNDAMENTALS OF REED-SOLOMON ERROR 
CORRECTING CODES 
The error correction and detection capability of any Reed 
Solomon code always relates the number of symbols (bytes) 
that are allowed to be in error to permit valid correction and 
detection. In the simplest case, data is run through hardware 
one byte at a time and, depending on the complexity of the 
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hardware and the number of redundancy bytes (bytes 
appended to the data field) used, one can allow a certain 
number of these bytes to be in error and still recover the 
data via correction and or detection. 
To minimize hardware and maximize the error detection and 
correction capability of the Reed Solomon code, several 
identical hardware constructions are employed in parallel; 
each with their individual limit on the number of symbols 
(bytes) that can be in error. This method is called 
interleaving. The interleaving method is set up such that 
the first byte goes into the first interleave, the second byte 
into the second interleave, etc. for the entire length of the 
data plus redundancy fields. The MSD95C02 can employ 
either two or three interleaves, each interleave containing 
a maximum of 255 bytes. Further, each interleave can be 
programmed to handle either 1 or 2 symbols in er.ror. The 
combination of interleaves and allowable symbols in error 
per interleave, accounts for a variety of local processor 
programmable error detection and correction capabilities. 
A few examples will illustrate. 

CASE 1: 
Interleave of 2 and the ability to correct 1 byte per interleave 

--11 BYTEI<-

I 11 I 12 I 11 I 12 I 11 I 12 I 11 I 12 I 
-- I 9 BITS I <- A 

--110 BITS 1<- B 
--110 BITS 1<- C 

A: Any and all 9 bit bursts will never span more than one 
symbol per interleave. This arrangement permits correction 
of any single 9 bit burst error. 
B: This 10 bit burst includes two symbols from interleave 1 
and hence, cannot guarantee proper correction. 
C: This 10 bit burst, because of its position, does not include 
more than one symbol per interleave and can be corrected 
properly. 

CASE 2: 

CASE 4: 
Interleave of 3 and the ability to correct 2 symbols per 
interleave. 

->11 BYTEI<-

I 11 I 12 I 13 I 11 I 12 I 13 I 11 I 12 I 
A: --I 17 BITS 1<- --I 17BIT8 1<-
B: I E 41 BITS ) I 

A: Any two randomly placed 17 bit bursts will never include 
more than two symbols per interleave. This arrangement 
permits correction of any two, 17 bit burst errors. 
B: Any single burst error, 41 bits long or smaller, will never 
include more than two symbols per interleave. This 
arrangement permits correction of any single 41 bit burst 
error. 

The MSD 95C02 has the ability to handle 2 or 3 interleaves 
and can be programmed to correct either single or double 
burst errors of varying length. Single or double burst error 
correction capability corresponds to 1 or 2 symbol errors 
per interleave. 
The MSD 95C02 provides the user with an additional option 
used to control the range of the error detection capability. 
This is performed by including either an ECC extension field 
or a CRC addition field. 

ECC EXTENSION FIELD: 
An extension field can be added to the data block being 
processed to guarantee detection of an extra symbol per 
interleave. The extension field consists of either 2 (for an 
interleave of 2) or 3 (for an interleave of 3) additional bytes 
preceding the original ECC bytes as follows: 

1 DATA FIELD 1 EXT 1 1 EXT 21 EXT 31 ECC1, 2 . .}O 
~ I TOTAL REED I ~ 

SOLOMON REDUNDANCY BYTES 

Interleaveof2andtheabilitytocorrect2byteperinterleave. CRC ADDITION FIELD: 

->11 BYTEI<-

I 11 I 12 I 11 I 12 I 11 I 12 I 11 I 12 I 
-> I 9 BITS I <- --I 9 BITS 1<-

1-25BITS-1 

A: Any two randomly placed 9 bit bursts will never include 
more than two symbols per interleave. This arrangements 
permits correction of any two, 9 bit burst errors. 
B: Any single burst error, 25 bits long or smaller, will never 
include more than two symbols per interleave. This 
arrangement permits correction of any single 25 bit burst 
error. 

CASE 3: 
Interleave of 3 and the ability to correct 1 symbol per 
interleave. 

->11 BYTEI<-

In place of the ECC EXTENSION FI ELD, an additional 2 or 
3 byte CRC field may be appended behind the ECC bytes. 
The inclusion of this field, which generates a unique 16 or 
24 bit CRC sequence, ensures maximum data integrity on 
the data and ECC field. Since the CRC field incorporates 
all data independent of interleaves, far greater error 
detection capability is provided. In addition, this field is used 
to ensure that every correction performed is valid and hence 
eliminates any miscorrections gOing undetected. This 
requirement is suggested when performing "correction on 
the fly" without loss of a disk revolution. See Appendix 6 for 
a description of the software procedure used to ensure that 
an error was corrected properly. The CRC addition field 
consists of 2 bytes (for an interleave of 2) or 3 bytes (for an 
interleave of 3) following the ECC bytes as follows: 

1 DATA FIELD 1 ECC 1,2, ... N 1 CRC 1 1 CRC 21 CRC 31 

I TOTAL REED I of-

~ SOLOMON REDUNDANCY BYTES 

I 11 I 12 I 13 I 11 I 12 I 13 I 11 I 12 I 
--I 17 BITS 1<- The number of redundancy bytes appearing at the end of 

the data field is a function of the number of interleaves, the 
A: Any and all 17 bit bursts will never include more than one programmed number of burst errors correctable (either 1 or 
symbol per interleave. This arrangements permits correction 2) and the inclusion of the ECC extension or CRC addition 
of any single 17 bit burst error. fields. 
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CRC ADDITION· 

TOTAL 
INTER- REDUNDANCY 
LEAVES BYTES 
2 6(= 4 RIS ECC 

+ 2CRC) 
2 9 (= 7 RIS ECC 

+ 2CRC) 
3 9 (= 6 RIS ECC 

+ 3CRC) 
3 15 (= 12 RIS ECC 

+ 3CRC) 

SEC = single error correction 
DEC = double error correction 

MAXIMUM 
DATA 

CORR BLOCK 
TYPE LENGTH 
SEC, MED 504 BYTES 

DEC, MED 501 BYTES 

SEC, MED 756 BYTES 

DEC,MED 750 BYTES 

MED = multiple error detection as defined by the CRC 
extension used 

ECC EXTENSION: 

TOTAL 
INTER- REDUNDANCY 
LEAVES BYTES 
2 6(= 4 RIS ECC 

+ 2 ECC EXT.) 
2 9 (= 7 RIS ECC 

+ 2 ECCEXT.) 
3 9(= 6RISECC 

+ 3 ECC EXT.) 
3 15 (= 12 RlS ECC 

+ 3 ECC EXT.) 

SEC = single error correction 
DEC = double error correction 
TED = triple error detection 

MAXIMUM 
DATA 

CORR BLOCK 
TYPE LENGTH 
SEC, DED 504 BYTES 

DEC, TED 501 BYTES 

SEC, DED 756 BYTES 

DEC, TED 750 BYTES 

It is also possible to program the redundancy bytes to 
exclude both an ECC extension anda CRC addition. In this 
case the total redundancy bytes, etc. take on the following 

RESET (READ)-40H 
Reading this register address will reset the MSD95C02. This 
is referred to as a "soft" reset. Soft and hard resets are 
indistinguishable. Reset will be terminated by a write to any 
MSD95C02 register. 
MODE 1 Register (WRITE)-41H 
This register space is not presently implemented. 
MODE 1 Register (write)-41H 
The bits in this register are cleared to "0" by a hard or soft 
reset. This Mode Register is used to control the DMA 
section. 
BIT D7: DMA TRANSFER REQUEST COUNTER RESET 
Writing a "1 "to this bit causes the DMA transfer request 
cC)unter to be reset. This bit does not have to be cleared 
between writing successive "1 's." 

BIT D6: RESERVED 
BIT D5-4: EXTERNAL DEVICE DMA ADDRESS 
INCREMENT VALUE 
These bits determine the value that the External Device's 
DMA address will be incremented for every External Device 
DMAcycle· 

D5 D4 INCREMENT VALUE 

0 0 1 
0 1 2 
1 0 3 
1 1 4 

BIT D3: CONTROL OUTPUTS MODE SELECT 
These bits determine the function of the output pins CTL8-5: 

D3 = 0: CTL8 is DGATE 
CTL7 is WRITE 
CTL6isSTO 
CTL5 is ST1 

form: D3 = 1: CTL8-5 are local processor programmed outputs. 

TOTAL 
INTER- REDUNDANCY 
LEAVES BYTES 

2 4 
2 7 
3 6 
3 12 

SEC = single error correction 
DEC = double error correction 

MAXIMUM 
DATA 

CORR BLOCK 
TYPE LENGTH 

SEC 506 BYTES 
DEC 503 BYTES 
SEC 759 BYTES 
DEC 753 BYTES 

LOCAL PROCESSOR INTERFACE BLOCK 
This block has been optimized to interface with Local 
Processors that have a multiplexed 8 bit Address/Data bus. 
The internal local processor data bus and address bus are 
distributed to all blocks within the MSD95C02. Each block 
has its own address decoder as described in the 
OVERVIEW OF THE MSD95C02 REGISTERS section. 
In addition, this block employs a complex interrupt structure 
used to generate appropriate interrupt based on multiple 
internal and external conditions. The interrupts can occur 
from three sources, namely the MICROSEQUENCER, the 
DMA block and via the four external sense inputs 
(SNS4-1) to the MSD95C02. Figure 10 illustrates the 
interrupt structure of the MSD92C02 with all the 
corresponding status and interrupt enable registers. 

REGISTER DESCRIPTIONS 

MODE 2 Register (WRITE)-42H 
This Mode Register is used to control the Disk Interface and 
Encoder/Decoder section. 
BIT D7: COMPOSITE/INDIVIDUAL SYNDROME 
D7 = 0: The ECC uses individual syndrome. 
D7 = 1: The ECC uses composite syndrome. 
BIT D6: TAPEIDISK MODE 
D6 = 0: Select disk mode. 
D6 = 1: Select tape mode, perform Read after Write using 

CRC. 
BIT D5: REFERENCE CLOCK SOURCE 
This bit is used to select the clock source for the bit rate 
Read/Write circuitry used when the Read Gate is inactive. 
(This bit must be a "1" when using Read after Write for tape 
mode.) 
D5 = 0: RCLK (COMBINED READ/REFERENCE CLOCK) 
D5 = 1: WRITE REF CLOCK 
BIT D4: CONTROL OUTPUTS MODE SELECT 
These bits determine the function of the CTL4 pin: 
D2 = 0: CTL4 is MICROSEQUENCER output (typically 

used for ESDI AM enable) 
D2 = 1: CTL4 is Local Processor output pin 
BIT D3: 16/8 BIT COMPARISON 
This bit will choose the 16 or 8 bit compare mechanism in 
the ENCODER/DECODER block. The 8 bit compare is used 

All reserved bits are read as zero and all unused bits should when accepting data in NRZ format. The 16 bit compare is 
be written as zero for compatibility with future options. used when accepting data in an encoded mode typically to 
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establish bit synchronization. Refer to the SYNC Register 
description for a table of how the compares interact witb 
this bit. 
D3 = 0: Choose 8 bit compare. 
D3 = 1: Choose 16 bit compare. 
BITS D2-DO: FORMAT 
These bits are used to control the Encoder and Decoder. 

D2 D1 DO TYPE OF ENCODING 
0 0 0 FM 
0 0 1 MFM 
0 1 0 M2FM 
0 1 1 MANCHESTER 
1 0 0 RLL 2, 7 TYPE 1 
1 0 1 RLL 2, 7 TYPE 2 
1 1 0 GCR 
1 1 1 NRZ 

D1 = 1: CTL3 is Local Processor output pin 
(Note: this bit is set to a "0" upon a hard or soft reset) 
DO = 0: CTL2 is LATE output 

CTL 1 is EARLY output 
DO = 1: CTL2 and 1 are Local Processor programmable 

outputs. 
MODE 4 Register (WRITE)-44H 
This Mode Register is used to control the ECC Interface 
section. 
BIT D7: INTERNAUEXTERNAL ECC 
D7 = 1: Will disable all internal ECC/CRC circuitry. 
D7 = 0: Will enable all selected ECC/CRC circuitry. 
BIT D6: INTERLEAVE 2/3 
D6 = 1: Indicates Interleave 2 
D6 = 0: Indicates Interleave 3 
BIT D5: SINGLE/DOUBLE ERROR CORRECTION 

TABLE 4: ENCODER/DECODER SELECTION SELECTION 
Tables 5 and 6 show the correspondence mapping for RLL D5 = 1: Correct single error 
and GCR encoding respectively. D5 = 0: Correct double error 
INPUT BIT STREAM RLL 2, 7 TYPE 1 RLL 2, 7 TYPE 2 
10 0100 0100 
010 000100 100100 
0010 001100100 00100100 
11 1000 1000 
011 001000 001000 
0011 00001000 00001000 
000 100100 000100 

TABLE 5: RLL ENCODING MAPPING 

INPUT BIT STREAM GCR ENCODING 
0000 11001 
0001 11011 
0010 10010 
0011 10011 
0100 11101 
0101 10101 
0110 10110 
0111 10111 
1000 11010 
1001 01001 
1010 01010 
1011 01011 
1100 11110 
1101 01101 
1110 01110 
1111 01111 

TABLE 6: GCR ENCODING MAPPING 
MODE 3 Register (WRITE)-43H 
This Mode Register-is used to control the DISK INTERFACE 
and ENCODER/DECODER blocks. 
BIT D7: INVERT DATA 
Setting this bit to "1" will cause the disk data to be inverted 
before encoding and after decoding. If this bit is "0", the data 
will not be inverted. 
BIT D6: LEVEUPULSE 
Setting this bit to "1" will cause the disk data to be decoded 
as hard disk data (level transitions). If this bit is "0", the data 
will be decoded as floppy disk (pulse) data. 
BITS D5-D2: RESERVED 
BITS D1-DO: CONTROL OUTPUTS MODE SELECT 
These bits determine the function of the CTL3-1 pins: 
D1 = 0: CTL3 is WRFCLK input 

BITSD4, D3: REED-SOLOMON CODE OPTIONS 
These bits determine the optional ECC configurations and 
code capabilities. 

- --
D4 D3 OPTION 
0 0 REED-SOLOMON DISABLED (USE ECC-32 

OR CRC-16) 
0 '1 REED-SOLOMON only 
1 0 REED-SOLOMON WITH ECC EXTENSION 
1 1 REED-SOLOMON WITH CRC ADDITION (1) 

TABLE 7: REED-SOLOMON CODE OPTIONS 

(1) This is either a 16 bit CRC (for single error correction) or 
a 24 bit CRC (for double error correction) different than the 
standard CRC-16codewhichcan be used as defined bybitD2. 
BIT D2: ALTERNATE ECC/CRC USAGE 
D2 = 1: Attaches the IBM@ PC/XTTM /AT@compatible32bit 

ECC code to the end of the data field. 
(X32 +.X28 + X26 + X19 + X17 + X10 + X6 + 
X2 + 1) 

D2 = 0: Attaches the standard floppy disk 16 bit CRC code 
to the end of the data field. 
(X16 + X12 + X5 + 1) 

BIT D1 : CRC/PRESET 
D1 = 1: Preset alternate ECC/CRC Register to "1" before 

computing. 
D1 = 0: Preset alternate ECC/CRC Register to "0" before 

computing. 
BIT DO: (RESERVED) 

RESERVED REGISTER SPACE-45H 
This register space is reser.ved for future expansion. 
SYNC REGISTER 1-4 (WRITE)-ADDR 46H-49H. 
The following four SYNC Registers are used to perform 
either 8 or 16 bit high speed compares on the incoming 
encoded data from the disk. The compares are executed 
via three signals in the microcode EXT field. The three 
signals, SPRE, SMC and SDM are typically used to look for 
PLO SYNC (preamble) data, missing clock pattern data, and 
data mark data respectively. The MICROSEQUENCER can 
check for a valid high speed compare via the signal SYNC 
in the test field of the microcode word. Tables 8 and 9 
illustrate how the compares are used in conjunction with the 
four SYNC Registers as a function of the encoding scheme 
used and bit D3 (8/16 bit compare) of MODE 2 Register. 

IBMI!> and ATI!> are registered trademarks of the International Business 71· 3 PC/XT'" is a trademark of International Business Machines Corporation. 
Machines Corporation. 



SYNC 1 Register (WRITE)-4SH 

SYNC 2 Register (WRITE)-47H 

SYNC 3 Register (WRITE)-48H 

SYNC 4 Register (WRITE)-49H 

This register holds SYNC pattern 1. 

This register holds SYNC pattern 2. 

This register holds SYNC pattern 3. 

This register holds SYNC pattern 4. 

ENCODING SCHEME SYNC 1 (47H) SYNC 2 (48H) SYNC 3 (48H) 
FM ADDRESS MARK DATA MARK PLO SYNC 

DATA DATA DATA 
MFM MISSING CLOCK PLO SYNC PLO SYNC 

DATA DATA CLOCK 
RLL(1) MISSING CLOCK PLO SYNC PLOSYNC 

PATTERN 1 DATA CLOCK 
RLL (2) MISSING CLOCK PLO SYNC -

DATA DATA 

NRZ&GCR(3) PATTERN 1 PATTERN 2 

SYNC 4 (49H) 

DATA MARK 
CLOCK 

MISSING CLOCK 
CLOCK 

MISSING CLOCK 
PATTERN 2 
-

TABLE 8: SYNC REGISTER DEFINITION AS A FUNCTION OF ENCODING SCHEME 

(1) RLL SYNC Register setup for 16 bit compare (bit 03 of MODE 2 Register = 1) 
(2) RLL SYNC Register setup for 8 bit compare (bit 03 of MODE 2 Register = 0) 
(3) NRZ and GCR encoding should always use 8 bit compares (bit 03 of MODE 2 Register = 0) 

MICROCODE SIGNAL 8/16 COMPARE COMPARE BETWEEN DISK DATA AND SYNC REGISTER 
SPRE 8 SYNC 2 (47H) 

SPRE 16 SYNC 2 (47H) FOR DATA TRACK AND 
SYNC 3 (48H) FOR CLOCK TRACK 

SMC 8 SYNC 1 (46H) 

SMC 16 SYNC 1 (46H) FOR DATA TRACK AND 
SYNC 4 (49H) FOR CLOCK TRACK 

SDM 8 SYNC 2 (47H) 

SDM 16 SYNC 2 (47H) FOR DATA TRACK AND 
SYNC 4 (49H) FOR CLOCK TRACK 

TABLE 9: SYNC REGISTER COMPARE MATRIX AS A FUNCTION OF MICROCODE SIGNALS 

The following two registers represent a 12 bit TAPE BYTE 
counter. This counter is needed during tape ReadlWrite 
operating to inform the read back circuitry that the data block 
plus the two byte CRC field has been read. Only the CRC-
16 can be used with the tape feature. It is loaded with the 
value equal to the number of bytes in the data block plus 2 
(for the CRC-16 fielp). 
TAPE BYTE COUNTER HIGH (WRITE)-4AH 
This register holds the upper four bits of the twelve bit Tape 
Byte Counter. This counter is used to count the number of 
bytes used for CRC 2 during the Read after Write. 

TAPE BYTE COUNTER LOW (WRITE)-4BH 
This register holds the lower eight bits of the twelve bit Tape 
Byte Counter. This counter is used to count the number of 
bytes used for CRC 2 during the Read after Write. 

LOCAL PROCESSOR OUTPUT Register (WRITE)-4CH 
This register holds the data that is directly output on the 
CTL8-1 pins when they are configured as Local Processor 
outputs by bits in MODE 1, MODE 2 and MODE3 Registers. 
Bit 7 is output on CTL8 and bit 0 is output on CTL 1. These 
bits are cleared to zero by a hard or soft reset. 

714 



INTERRUPT ENABLE 1 Register (READIWRITE)-4DH 
The bits in this register are cleared to zero by a hard or soft 
reset. 

BIT D7: MASTER INTERRUPT ENABLE 
Setting this bit to "1" will cause the MSD95C02 to 
drive its TNT output pin active when an enabled 
condition causes the Interrupt Pending status bit to 
go active high. 

BIT D6: DMA INTERRUPT ENABLE 
Setting this bit to "1" will cause the MSD95C02 to 
set the Interrupt Pending status bit when the DMA 
bit in the INTERRUPT STATUS Register goes 
active high. 

BIT D5: (RESERVED) 
BIT D4: DONE INTERRUPT ENABLE 

Setting this bit to "1-" will cause the MSD95C02 to 
set the Interrupt Pending status bit when the DONE 
bit in the INTERRUPT STATUS Register goes 
active high. 

BIT D3: (RESERVED) 
BIT D2-DO: (reserved for future expansion) 

INTERRUPT ENABLE 2 Register (READIWRITE)-4EH 
The bits in this register are cleared to zero by a hard or soft 
reset. 

BIT D7: PROGRAM 2 INTERRUPT ENABLE 
Setting this bit to "1" will cause the MSD95C02 to 
set the Interrupt Pending and Program status bits 
in the INTERRUPT STATUS Register when the 
PROG 2 bit in the STATUS 2 Register goes active 
high. 

BIT D6:: PROGRAM 1 INTERRUPT ENABLE 
Setting this bit to "1" will cause the MSD95C02 to 
set the Interrupt Pending and Program status bits 
in the INTERRUPT STATUS Register when the 
PROG 1 bit in the STATUS 2 Register goes active 
high. 

BIT D5:. PROGRAM 0 INTERRUPT ENABLE 
Setting this bit to "1" will cause the MSD95C02 to 
set the Interrupt Pending and Program status bits 
in the INTERRUPT STATUS Register when the 
PROG 0 bit in the STATUS 2 Register goes active 
high. 

BITS D4-DO: (RESERVED) 

INTERRUPT ENABLE 3 Register (READIWRITE)-4FH 
The bits in this register are cleared to zero by a hard or soft 
reset. 

BITS D7-D6: MUST BE SET TO ZERO (RESERVED) 
BIT D5: WRITE FAULT ENABLE 

Read After Write Fault bit in the STATUS 4 Register 
goes active high. 

BIT 03: SENSE 4 CHANGE INTERRUPT ENABLE 
Setting this bit to "1" will cause the MSD95C02 to 
set the Interrupt Pending and Sense Change bits 
in the INTERRUPT STATUS Register when the 
Sense 4 Change bit in the STATUS 4 Register goes 
active high. 

BIT 02: SENSE 3 CHANGE INTERRUPT ENABLE 
Setting this bit to "1" will cause the MSD95C02 to 
set the Interrupt Pending and Sense Change bits 
in the INTERRUPT STATUS Register when the 
SENSE 3 Change bit in the STATUS 4 Register 
goes active high. 

BIT 01 : SENSE 2 CHANGE INTERRUPT ENABLE 
Setting this bit to "1" will cause the MSD95C02 to 
set the Interrupt Pending and Sense Change bits 
in the INTERRUPT STATUS Register when the 
SENSE 2 Change bit in the STATUS 4 Register 
goes active high. 

BIT DO: SENSE 1 CHANGE INTERRUPT ENABLE 
Setting this bit to "1" will cause the MSD95C02 to 
set the Interrupt Pending and Sertse Change bits 
in the INTERRUPT STATUS Register when the 
SENSE 1 Change bit in the STATUS 4 Register 
goes active high. 

DMA FUNCTION Register (READ)-50H 
BITS D7-D6. These bits specify the operation to be 
performed on the internal register file by the Local 
Processor: 

D706 FUNCTION 
0 0 SOURCE + OFFSET COUNTER ~ 

DESTINATION (Note 1) 
0 1 SOURCE + N ~ DESTINATION; 

DECREMENT OFFSET COUNTER 
1 0 SOURCE ~ DESTINATION 
1 1 SOURCE + N ~ DESTINATION 

N = 1 for disk and local processor data transfers 
N specified for MODE 1 Register for External channel 
(SCSI) data transfers 

TABLE 10: DMA FUNCTION REGISTER 
OPERATION 

Notes: 
1. For this case, the only destinations that can be updated 
are the OFFSET COUNTER and the MAILBOX. All other 
destinations will cause the OVERFLOW flag to be updated 
as a function of the result out of the ALU, but will not update 
the destination. 
2. When the controller changes the contents of the OFFSET 
and AUXILIARY OFFSET COUNTERS, it must set or clear 
the zero bit via the START COMMAND Register bits 4 and 
3. 

Setting this bit to "1" will cause the MSD95C02 to 
set the Write Fault bit in the STATUS 4 Register and 
cause the test point "NTP2" to go active when the 
Sense 2 Change bit in the STATUS 4 Register goes 3. The OFFSET COUNTER cannot be used as a source. If 
active high. In tape mode, setting this bit will also it is used as a source, it will take on the value of zero. During 
cause test point "NTP2" to go active if Read After error correction, it becomes necessary to use the OFFSET 
Write Enable is active and a CRC error occurs COUNTER as a source. See appendix 3 for a description 
during a Read after Write. of ERROR CORRECTION ON THE FLY for more detail. 

BIT D4: READ AFTER WRITE INTERRUPT ENABLE BITS 05-D3. Source register file address. 
Setting this bit to "1" will cause the MSD95C02 to BITS 02-00. Destination register file address. 
set the Interrupt Pending and STATUS 4 Interrupt These bits select the register file address location(s) 
bits in the INTERRUPT STATUS Register when the accessed by the operation specified by bits D7 and D6. 
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D5 D4 D3 
D2 D1 DO REGISTER SELECTED 

0 0 0 MAILBOX HIGH, LOW 
0 0 1 OFFSET COUNTER 
0 1 0 CONSTANT 1 
0 1 1 CONSTANT 2 
1 0 0 LOCAL PROCESSOR ADDRESS 
1 0 1 EXTERNAL DEVICE ADDRESS 
1 1 0 DISK REGISTER 
1 1 1 DISK ADDRESS 

TABLE 11: DMA FUNCTION REGISTER SOURCE/ 
DESTINATION 

MAILBOX HIGH Register (READ/WRITE)-51 H 
BITS 07-00: HIGH ORDER DMAADDRESS BITS;A15-8 
This register functions as a mailbox for transfer of the high 
order address bits to and from the DMA register file. 

MAILBOX LOW Register {READIWRITE)-52H 
BITS 07-00: LOW ORDER DMA ADDRESS BITS; A7-0 
This register functions as a mailbox for transfer of the low 
order address bits to and from the DMA register file. 

DATA Register (READ/WRITE)-53H 
This register functions as a mailbox for data transfers 
between the Local Processor and the Ring Buffer. Local 
Processor read and writes to the Ring Buffer are funnelled 
through this register which resides in the DMA block. The 
Local Processor should poll STATUS 1 Register, bit 1 
(REQUEST 1), to determine the status of local processor 
initiated DMA cycles. 

START COMMAND Register (WRITE)-54H 
Writing to this register initiates microprogram execution. 
BIT 07: START ENABLE 
Setting this bit to a logic "1" will set the BUSY bit in STATUS 
3 Register and enable the start of microprogram execution. 
BIT 06: DISK DMA DIRECTION 

This bit selects the direction of DMA data transfer 
for the disk data channel: 

06 = 1 Disk to Ring Buffer (Disk READ) 
06 = 0 Ring Buffer to Disk (Disk WRITE) 
BIT 05: EXTERNAL DEVICE DMA DIRECTION 

This bit selects the direction of DMA data transfer 
for the EXTERNAL data channel: 

05 = 1 External Device to Ring Buffer. 
05 = 0 Ring Buffer to External Device. 
BIT 04, 03: DMA ZERO BIT CONTROL 

03 
0 
0 
1 
1 

These bits can set or reset the zero output of 
the DMA OFFSET and AUXILIARY OFFSET 
COUNTERs: 

04 RESULT 

0 No change to zero indicator 
1 Reset zero indicator 
0 Set zero indicator 
1 Undefined 

TABLE 12: DMA ZERO BIT CONTROL 

BIT 02: CRR (Current Register Read) 
Writing a logic" 1 " to this register indicates that the 
microprocessor has finished reading the 
information in the CURRENT REGISTER FILE. 
This must be done after an interrupt has been 
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caused by PROGO or PROG1 to allow 
MICROSEQUENCER access to the CURRENT 
REGISTER FILE. Writing a logic zero will have no 
effect. 

BIT 01 : (RESERVED) 
BIT DO: HALT 

Writing a logic "1" to this register will cause "NTP2" 
to go active. The MICROSEQUENCER can test 
"NTP2" at certain times to determine if it should 
terminate execution of the present command. This 
bit is a way for the local processor to halt the 
microprogram at an appropriate time (for example; 
at the end of a sector read) by having the 
microprogram interrogate NTP2 at that time. 

INTERRUPT STATUS Register (READ)-54H 
This register is the master interrupt status register. It should 
be ~ead after an interrupt is generated to determine which 
logical block generated the interrupt condition. 

BIT 07: INTERRUPT PENDING 
This bit is set to "1" when one of the enabled 
interrupt conditions occur. It is cleared to "0" 
when the interrupt causing condition(s) are 
cleared. 

BIT 06: DMA INTERRUPT 
This bit is set to "1 JJ when the ZERO or 
AUXILIARY ZERO bits in the STATUS 1 (DMA) 
Regi~ter go active high. It is cleared to "0" by 
reading the STATUS 1 (DMA) Register, a hard or 
a soft reset. 

BIT 05: PROGRAM INTERRUPT 
This bit is set to "1" when one of the enabled 
PROG2-0 bits in the STATUS 2 Register goes 
active high. It is cleared to "0" by reading the 
STATUS 2 Register, a hard or a soft reset. 

BIT 04: DONE INTERRUPT 
This bit is set to "1 JJ when the MSD95C02 
completes a command. This interrupt is 
generated by the microcode and indicates that 
the internal MICROSEQUENCER has stopped. 
This bit is reset to "0" by reading STATUS 3 
Register, or by a hard or soft reset. 

BIT 03: SENSE CHANGE INTERRUPT 
This bit is set to "1" when one of the enabled 
Sense 4-1 Change bits in the STATUS 4 Register 
goes active high. This bit is reset to "0" by reading 
the STATUS 4 Register, a hard or a soft reset. 

BIT 02: STATUS 4 Register INTERRUPT 
This bit is set to "1" when the Read After Write 
interrupt in STATUS 4 Register goes active high. 
This bit is reset to "0" by reading the STATUS 4 
Register, a hard or a soft reset. 

BITS 01-00: (RESERVED) 

STATUS 1 Register (READ)-55H 
This register contains status about the DMA block. Bits 
03-00 are cleared to zero following ahard or soft reset. Bits 
07-04 are unaffected by a hard or soft reset. 

BIT 07: AUXILIARY ZERO 
This bit re~lects the state of the zero flag of the 
AUXILIARY OFFSET COUNTER. This bit is set 
by a hard or soft reset. 

BIT 06: ZERO 
This bit reflects the state of the zero flag of the 



OFFSET COUNTER. This bit is set by a hard or 
soft reset. 

BIT D5: OVERFLOW 
This bit reflects the state of the overflow flag 
generated from the ALU in the DMA block. 

BIT D4: (RESERVED) 
BIT D3: REQUEST 3 

This bit reflects the state of the 
MICROSEQUENCER housekeeping DMA cycle 
request latch. A logic "1" indicates that the DMA 
cycle request has either not been acknowledged 
or is in progress and a logic "0" indicates that the 
DMA cycle has been completed. 

BIT D2: REQUEST 2 
This bit reflects the state of the 
MICROSEQUENCER data transfer DMA cycle 
request latch. A logic "1" indicates thatthe DMA 
cycle request has either not been acknowledged 
or is in progress and a logic "0" indicates thatthe 
DMA cycle has been completed. 

BIT D1 : REQUEST 1 
This bit reflects the state of the Local Processor 
channel DMA cycle request latch. A logic "1" 
indicates that the DMA cycle request has either 
not been acknowledged or is in progress and a 
logic "0" indicates that the DMA cycle has been 
completed. 

BIT DO: REQUEST 0 
This bit reflects the state of the External Device 
channel DMA cycle request latch. A logic "1" 
indicates that the DMA cycle request has either 
not been acknowledged or is in progress and a 
logic "0" indicates that the DMA cycle has been 
completed. 

STATUS 2 Register (READ)-56H 
This register contains status about the MICROSEQUENCER 
block. The Program Interrupt bits are set under 
MICROSEQUENCER control. The PROG2-0 bits are 
cleared to zero by reading the STATUS 2 Register, a hard 
or a soft reset. 

BITS 07-D5: PROGRAMMABLE INTERRUPTS 2-0. 
These bits are set to "1" under 
MICROSEQUENCER control. These bits are 
reset to "0" by reading the Status 2 Register, a 
hard or a soft reset. 

BIT D7: PROGRAMMABLE INTERRUPT 2 
This is a programmable interrupt that is set 
under a MICROSEQUENCER control. This is a 
general purpose interrupt that can be generated 
upon recognition of any MICROSEQUENCER 
detectable condition. The generation of this 
interrupt will affect no additional hardware. 

BIT D6: PROGRAMMABLE INTERRUPT 1 
This is a programmable interrupt that is set 
under M ICROSEQU ENCER control. This 
interrupt will allow the local processor to 
access the CURRENT REGISTER FILE. The 
MICROSEQUENCER will not be able to update 
the register file until the local processor has 
indicated that it has finished readmg the register 
file by writing a "1" to bit D2 (CRR) of the START 
COMMAND Register. This interrupt may be used 
for ID field interrupt to permit the local processor 
to read the current ID information that is stored 
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BIT D5: PROGRAMMABLE INTERRUPT 0 
This is a programmable interrupt that is set 
under MICROSEQUENCER control. This 
interrupt will allow the local processor to 
access the CURRENT REGISTER FILE. 
The MICROSEQUENCER will not be able to 
update the CURRENT REGISTER FILE until the 
local processor has indicated that it has finished 
reading the CURRENT REGISTER FILE by 
writing a "1" tobit D2 (CRR) of the START 
COMMAND Register. The generation of this 
interrupt will delink the OFFSET and AUXILIARY 
OFFSET COUNTERS in the DMA block. This 
interrupt is used to indicate an ECC error. Service 
would be required by having the Local Processor 
read the error syndrome residing in the 
CURRENT REGISTER FILE, correct the error 
and properly relink the AUXILIARY OFFSET and 
OFFSET COUNTERs in the DMA block back 
together. See Appendix 4 (ECC ON THE FLY) 
for further details. 

BITS D4-DO: (RESERVED) 

STATUS 3 Register (READ)-57H 
This register contains status about the MICROSEQUENCER 
block. The values in bits D4-0 are valid when the Done 
Interrupt bit is active high. 

BIT 07: BUSY 
This bit indicates the state of the 
MICROSEQUENCER. 
o = MICROSEQUENCER is finished or reset. 
1 = MICROSEQUENCER is executing a 
program. 

BITS D6-D5: (RESERVED) 
BITS D4-DO: PROGRAM COUNTER DATA 

These bits will hold the address of the instruction 
executed prior to executing the instruction that 
generated the Done Interrupt via the signal DNINT 
in the OUT field of the MICROSEQUENCER 
RAM. They are valid after the Done status bit is 
set indicating that the MICROSEQUENCER has 
stopped running. 

STATUS 4 Register (READ)-58H 
This register contains status information. 

BIT 07: RESERVED 
BIT D6: ABNORMAL DATA MARK 

This bit is set to "1" when the 
MICROSEQUENCER tests the data mark and it 
does not match the data mark in the DESIRED 
REGISTER. This bit being set will cause "NTP2" 
to become active. This bit is reset by the start of 
execution of a command. 

BIT D5: WRITE FAULT 
This bit is set to "1" when the SNS2 input 
undergoes a high-to-Iow level transition if the 
WRITE FAULT enable bit of the INTERRUPT 
ENABLE 3 Register is an active "1 ". This bit being 
set will cause "NTP2" to become active. This bit 
is reset to "0" by reading the STATUS 4 Register, 
a hard or a soft reset. 

BIT D4: READ AFTER WRITE ERROR 
This bit is set to "1" when a CRC error occurs 
during a Read After Write while in the tape mode. 
This bit is reset to "0" by reading the STATUS 4 
Register, a hard or a soft reset. 



BIT 03: SENSE 4 CHANGE 
This bit is set to "1" when the SNS4 input 
undergoes a high-to-Iow or low-to-high level 
transition. This bit is reset to "0" by reading the 
STATUS 4 Register, a hard or a soft reset. 

BIT 02: SENSE 3 CHANGE 
This bit is set to "1" when the SNS3 input 
undergoes a high-to-Iow level transition. This bit 
is reset to "0" by reading the STATUS 4 Register, 
a hard or a soft reset. 

BIT 01: SENSE 2 CHANGE 
This bit is set to "1" when the SNS2 input 
undergoes a high-to-Iow level transition. This bit 
is reset to "0" by reading the STATUS 4 Register, 
a hard or a soft reset. 

BIT DO: SENSE 1 CHANGE 
This bit is set to "1" when the SNS1 input 
undergoes a high-to-Iow level transition. This bit 
is reset to "0" by reading the STATUS 4 Register, 
a hard or a soft reset. When the Local Processor 
reads this register, this bit must not be reset 
before it is read. 

REGISTERS (READ)-59H, 5AH, 5BH 
These registers are reserved. for future expansion. 
DEVICE INPUTS Register (READ)-5CH 
This register reflects the status of the external TEST and 
SENSE inputs. The MS095C02 can be programmed to 
generate an interrupt from some of these input pins as 
follows: 

MAXIMUM GUARANTEED RATINGS 

BIT 07: TEST 4 
This bit reflects the state of the TST4 input. 

BIT 06: TEST 3 
This bit reflects the state of the TST3 input. 

BIT 05: TEST 2 
This bit reflects the state of the TST2 input. 

BIT 04: TEST 1 
This bit reflects the state of the TST1 input. 

BIT 03: SENSE 4 
This bit reflects the state of the SNS4 input. The 
MS095C02 can be programmed to generate an 
interrupt whenever this input transitions (level 
change interrupt). 

BIT 02: SENSE 3 
This bit reflects the state of the SNS3 input. The 
MS095C02 can be programmed to generate an 
interrupt whenever this input transitions from high 
to low (negative edge triggered interrupt). 

BIT 01 : SENSE 2 
This bit reflects the state of the SNS2 input. The 
MS095C02 can be programmed to generate an 
interrupt whenever this input transitions from high 
to low (negative edge triggered interrupt). 

BIT DO: SENSE 1 
This bit reflects the state of the SNS1 input. The 
MS095C02 can be programmed to generate an 
interrupt whenever this input transitions from high 
to low (negative edge triggered interrupt). 

Operating Temperature Range ..... , ........................................................................... 0° to 70°C 
Storage Temperature Range ..................................... " .. '" .............................. - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec) ........................................................................... + 300°C 
Positive Voltage on any Pin, with respect to Ground ...........................................•............. Vee + 0.3V 
Negative Voltage on any Pin, with respect to Ground ............................................................. - 0.3V 
Maximum Voltage on Vee pin .................................. u •••••••••••••••••••••••••••••••••••••••••.••••••••••• 7.0V 

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 "Maximum Guaranteed Ratings" 
not be exceeded, or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when AC power 
is switched off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists it is suggested 
that a clamp circuit be used. 

DC ELECTRICAL SPECIFICATIONS TA = O°C to 70°C, Vee = 5.0V, ±5%) 

PARAMETER MIN TYP MAX UNITS COMMENTS 
SUPPLY CURRENT 

Icc 
ISTANDBY 

OUTPUT VOLTAGE 
High, VOH 
Low, VOL 

INPUT VOLTAGE 
High, VIH1 
High, VIH2 
Low, VIH1 
Low, VIH2 

INPUT LEAKAGE 
High,I'H 
Low, IlL 

2.4 

2.0 
3.5 

0.4 

0.8 
1.5 

10 
10 

mA 
mA 

V 
V 

v 
V 
V 
V 
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Vee = 5.25V 
Vee = 5.25V 

IOH = -40f.1A 
IOL = 1.6mA 

Except OMACLK, RCLK, CTL3 
OMACLK, RCLK, CTL3 
Except OMACLK, RCLK, CTL3 
OMACLK, RCLK, CTL3 

VIH = 2.0V, Except OMACLK, RCLK, CTL3 
VIH = 3.5V, OMACLK, RCLK, CTL3 
VIL = 0.8V, Except OMACLK, RCLK, CTL3 
VIL = 1.5V, OMACLK, RCLK, CTL3 



AC ELECTRICAL CHARACTERISTICS 
All minimum and maximum times are given assuming a 20MHz clock. If the time is clock dependent, then the equation 
is given under the comments column. This is to allow calculation of the time delays using slower clock rates. 

AC ELECTRICAL SPECIFICATIONS TA = O°C to 70°C, Vee = 5.0V, ± 5%) 

DATA PATH TIMING 
SYMBOL MIN MAX UNITS COMMENTS 

T, 100 ns ADDR TO DATA VALID 
(3xDMACLK) - 50 nsec 

T2 0 ns READ DATA HOLD FROM ADDR CHNG 

T3 140 ns OE PULSE WIDTH 
(3xDMACLK) -10 nsec 

T4 75 ns OE TO READ DATA VALID 
(3xDMACLK) - 75 nsec 

T5 35 ns OE TO DATA HIGH IMPEDANCE 
(DMACLK) -15 nsec 

Ts 100 ns OE TO TRAILING EDGE OF DACK 
(2.5xDMACLK) - 25 nsec 

T9 15 ns TRAILING EDGE OF DACK TO TRAILING EDGE OF OE 
(0.5xDMACLK) -10 nsec 

T,o 0 ns ADDR SETUP TIME TO WE 

T" 25 ns WRITE RECOVERY TIME 
(ADDR HOLD AFTER WE INACTIVE) 
(DMACLK -25 nsec) 

T'2 75 ns WE PULSE WIDTH 
(2xDMACLK) - 25 nsec 

T'3 40 ns WRITE DATA SETUP TIME 
(DMACLK -10 nsec) 

T'4 25 ns WRITE DATA HOLD TIME 
(DMACLK -10 nsec) 

T'5 85 ns DACK TO TRAILING EDGE OF WE 
(2xDMACLK) -15 nsec 

T'6 10 ns TRAILING EDGE OF WE TO TRAILING EDGE OF DACK 
(0.5xDMACLK) -10 nsec 

T'7 50 ns DACK PULSE WIDTH HIGH 
(1.5xDMACLK) - 25 nsec 

T,s 100 ns DACK PULSE WIDTH LOW 
(2.5xDMACLK) - 25 nsec 

T,a 85 ns SO, S1 HOLD AFTER OE ACTIVE 
(2xDMACLK) - 15 nsec 

T'b 85 ns SO, S1 HOLD AFTER WE ACTIVE 
(2xDMACLK) - 15 nsec 

T,c 85 115 ns SO, S1 VALID TO ADDRESS VALID 
(2xDMACLK) -15 nsec (MIN) 
(2xDMACLK) + 15 nsec (MAX) 

T'd 185 ns SO, S1 WIDTH 
(4xDMACLK) -15 nsec 

T2a 135 ns WRITE HOLD AFTER OE ACTIVE 
(3xDMACLK) -15 nsec 

T2b 135 ns WRITE HOLD AFTER WE ACTIVE 
(3xDMACLK) -15 nsec 

T2c 35 65 ns WRITE VALID TO ADDRESS VALID 
(1xDMACLK) -15 nsec (MIN) 
(1xDMACLK) + 15 nsec (MAX) 

T2d 185 ns WRITE WIDTH 
(4xDMACLK) -15 nsec 
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A15-0 ~ C 

I--T, 
I+-T'0-----' r--T11~ 

T2 +-

T3 

~T4--+-

.... ~T6~ 
read data from RAM '000... <. write data to RAM / ''VU<.A 

~ f.-Ts r--T'3 --" +T14+1 

DB7-0 

-T,2 
T8 

.1 ~Tt b:=T17-/ r T1S ~ T'8 , V y 
"""Iof'-------RAM to MSD 95C02 -+f+- External Device to RAM--------l.~1 

or RAM to External Device or MSD 95C02 to RAM 

FIGURE 11 : DATA PATH TIMING 

DMA CLOCK and DMA REQUEST TIMING 

SYMBOL MIN MAX UNITS COMMENTS 
T20 50 1000 nsec DMACLK CYCLE TIME 
T21 20 nsec DMACLK HIGH TIME 
T22 20 nsec DMACLK LOW TIME 
T23 5 nsec DMACLK RISE TIME 
T24 5 nsec DMACLK FALL TIME 
T25 1.1xT20 nsec DMAREQ' CYCLE TIME (Note 1) 
T26 20 nsec DMAREQ LOW TIME 
T27 20 nsec DMAREQ HIGH TIME 
T28 5 nsec DMAREQ RISE TIME 
T29 5 nsec DMAREQ FALL TIME 
NOTE 1: Can be 1 XT21 a if DMAREQ is synchronized to DMACLK. 

FIGURE 12: DMA CLOCK and DMA REQUEST TIMING 
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INTERRUPT TIMING 

SYMBO 

T30 

L MIN 

DISK (Write Data) TIMING 

SYMBO 

Tl 
T2 
T3 
T4 
T5 
T6 
T7 
Ts 
T9 
T98 
TlO 
Tll 

L MIN 
48 

0.40 T1 
0.40 T1 

(TBD) 
(TBD) 

0.75 T1 

0.5 T1 
2xT1-20 

MAX 
100 

MAX 

5 
5 

1.25 T1 
10 
10 

2X RCLK 

WRFCLK 

WDATA 
(NRZ) 

WDATA 

UNITS COMMENTS 

nsec INTERRUPT RESET 
FROM RD orWR 

\~--------------~I 

FIGURE 13: INTERRUPT TIMING 

UNITS COMMENTS 
nsec CYCLE TIME 
nsec HIGH TIME 
nsec LOW TIME 
nsec RISE TIME 
nsec FALL TIME 
nsec DATA SETUP TIME 
nsec DATA HOLD TIME 
nsec CYCLE TIME 
nsec WDATA VALID TO EARLY, LATE 
nsec EARLY, LATE VALID TO WDATA VALID 
nsec Hold from trailing edge of WDATA 
nsec Active time 

I~ 

(Pulse Mode) . I Tgi 

Tga-..1l.r -"1;01- r- Tn -l 
EARLY Inn \ ~ 
LATE ---llU ~. _____ ~ L-

FIGURE 14: DISK (Write Data) TIMING 
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Microprocessor Interface Timing 

SYMBOL 

Tl 
T2 
T3 
T4 
T5 
Ts 
T7 
Te 
T9 
T10 
Tll 
T12 
T13 
T14 
T15 

ALE 

AD0-
AD7 

R/Vil 

RIW RD 
OS WR UNITS COMMENTS 
45 45 nsec min ALE (AS) ACTIVE PULSE WIDTH 
30 30 nsec min ADDRESS VALID TO ALE INACTIVE 
15 15 nsec min ALE INACTIVE TO ADDRESS INVALID 

120 120 nsec min READ STROBE LOW PULSE WIDTH 
70 115 nsec MAX RD (OS) ACTIVE TO READ DATA VALID 
10 10 nsec min READ DATA HOLD FROM RD (OS) HIGH 

110 110 nsec min WRITE STROBE LOW PULSE WIDTH 
135 135 nsec min WRITE DATA VALID TO WR~S)~ACTIVE 
25 25 nsec min WRIT£..pATA HOLD FROM WR (OS) INACTIVE 
20 20 nsec min ALE (AS) INACTIVE TO READ STROBE ACTIVE 
20 20 nsec min ALE ffi..S) INACTIVE TO WRITE STROBE ACTIVE 
0 0 nsec min RD (Q§) INACTIVE TO ALE ACTIVE 
0 0 nsec min WR (OS) INACTIVE TO ALE ACTIVE 
0 0 nsec MAX C~VALID TO RD, WR OR OS 
0 0 nsec min R/W VALID TO ALE (AS) INACTIVE 

I· T,. • 

I--+-T,-+-

/~ 

1"-T, ------..-
V--" / " 

~T2~ ------- T3 -----.. .. Ts----

=>---< ADDRESS ~ DATA ~" V W 

-Ts "" 

"" /V 

------T,o • .. T4 .. -+-- T'2 --+--

"" /V 

T,5 + -+-- T'0 -----" '" T4 .. ..of-- T'2 -----+-

__ --17 

FIGURE 15: MICROPROCESSOR INTERFACE TIMING (READ) 
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"I\.. 

1 _____ T,----

/ 

I-T,----

ALE "I'\. /V--

AD0· 
AD? =>--< 

_T2 .. ---Ts- -Te 

ADDRESS 

", 
_T,,_ I( T7 

", 

• --T9~J 
DATA 

1 

/v 

• .-T,s-

/V' 

I-T,5 ..... _ T"- • T7 • -T,s-

R/W----\ 

FIGURE 16: MICROPROCESSOR INTERFACE TIMING (WRITE) 

DISK INTERFACE TIMING 

SYMBOL MIN MAX UNITS COMMENTS 
T40 (TBD) nsec Write gate setup to AMENA 
T40a 8xWCLK nsec Write gate active time 
T41 (TBD) nsec Write gate hold after AMENA 
T42 8xWCLK nsec AMENA active time 
T43 50 nsec Index active time 
T44 (TBD) nsec AMENA TO AMFND 
T4S (TBD) nsec AMENA inactive to AMFND inactive 
T46 50 nsec AMFND active time 
T47 (TBD) nsec AMFND active to RGATE active 
T49 25 nsec RDATA active time 
Tso 12 nsec RDATA setup to 2xRCLK 
TS1 12 nsec RDATA hold from 2xRCLK 
TS2 25 nsec SNS1 active time 
TS3 25 nsec TST3 active time 
TS4 25 nsec SNS2 active time 
Tss 25 nsec SNS3 active time 
T5S 25 nsec SNS4 active time 
TS7 25 nsec TST2 active time 
TS6 1 j.Lsec RST active time 
TS9 0 nsec LPS active time (Note 1) 
T60a 8xWCLK nsec RGATE active time 

NOTE 1 
If the chip is at idle, then the time from LPS becoming active until the chip actually enters the low power mode is the 
longest of the following times: 
1. (2 x (2XRCLK)) + 200nsec 
2. (2 x (WRFCLK)) + 200nsec 
3. (0.5 x (DMACLK)) + 200nsec 
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I' T40a " 
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~ T42 .~ 
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Write Address Mark Timing 

NRZ READ DATA TIMING 
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·1 
INDEX \ 

Index Timing 
LDPT~. __ _ -r-T52-1-
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~, T46 ~ 
AMFND~ '\ 

~ 
RGATE 1 

ATEN/WF~ 
~T54~ 

CMDDN I \ 
~T55~'---

Read Address Mark Timing 

FIGURE 17: DISK INTERFACE TIMING 1 
FIGURE 18: DISK INTERFACE TIMING 2 

READY __ ---JJ \ 
~T56-i'------

ECCERR __ ----II \ 
~T57-1'----

_~T58---1 
RST \ l~----

t-T~-i,---

RGATE ______ I \ 
~T60~'----

FIGURE 19: DISK INTERFACE TIMING 3 
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APPENDIX 1-SAMPLE MICROPROGRAMS: 
1-FORMAT COMMAND 
The following description and microprogram will format a 
Hard disk with the following format: 

INDEX_n IL 
IGAP 1/ SYNC IMCIAM ICYL IHD ISEC ICRC IGAP21SYNC IMC 10M I DATA IECC IGAP31GAP4i 

( REPEATED N TIMES ) 

All of the following variables can contain any data and be 
microprogrammed for any length (in bytes). 
GAP1-Post index gap. 
SYNC-The PLO SYNC (preamble) field. 
MC-Missing clock pattern. 
AM-Address mark. 
CYL-Cylinder number. 
HD-Head number. 
SEC-Sector number. 

. CRC-One of several selectable check bytes. 
GAP2-Header to data gap. 
OM-Data mark. 
DATA-The data field. 
ECC-One of 2 selectable ECC codes. 
GAP3-Post data field gap. 
GAP4-Pre index gap. 
N-The number of sectors per track. 

Prior to executing the format command with the defined 
microprogram written in the Microprogram RAM, the local 
processor should load the DESIRED REGISTER FILE with 
the data to be used in each of the defined fields in the format. 
The microprogram will point to these preloaded values, via 
the register pointer field, to permit the data to be transferred 
to the ENCODER/DECODER block and finally out to the 
disk. The Local Processor should also load the Ring Buffer 
with the TRACK, HEAD and SECTOR of all the sectors to 
be formatted in consecutive locations as follows: 

RING BUFFER 
LOCATION DATA 
0000 
0001 
0002 

0003 
0004 
0005 

o 

TRACK # 
HEAD # 
SECTOR # FOR FIRST 
SECTOR AFTER INDEX 
TRACK # 
HEAD # 
SECTOR # FOR SECOND 
SECTOR AFTER INDEX 
o 
o 
o 

o TRACK # 
HEAD # 
SECTOR # FOR LAST 

o SECTOR ON THE TRACK 
This format table can start at any Ring Buffer memory 
address. 

The Local Processor should also set the DISK ADDRESS 
Register in the DMA block to the first address in this 10 format 
sequence. In this case it would be address 0000. The track 
number, head number and sector number may be merged 
into two bytes as a function of the disk format used. 
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For the microprogram shown below, the DESIRED 
REGISTER FILE is loaded as follows: 

DESIRED 
REGISTER 

LABEL ADDRESS CONTENTS COMMENTS 

M(GAP 1) OC HEX 4E HEX DATA IN GAP 1 
M(SYNC) OA HEX 00 HEX DATA IN SYNC 

FIELD 
M(MC) OB HEX A1 HEX MISSING CLOCK 

PATTERN 
M(GAP2) OC HEX 4E HEX DATA IN GAP2 
M(AM) OE HEX FE HEX ADDRESS MARK 

DATA 
SLEW OF HEX EO HEX 2'S COMPo OF # 

OF SECTORS 
(16) TO BE 
WRITTEN 

M(DM) 09 HEX FB HEX DATA MARK DATA 
M(FDAT) 08 HEX E5 HEX FORMAT DATA 
M(GAP3) OC HEX 4E HEX DATA IN GAP3 
M(GAP4) OC HEX 4E HEX DATA IN GAP4 

In addition, the following variables, which control the length 
of each field in the format command, are assigned the 
specified values for this microprogram: 

ASSIGNED 
VARIABLE VALUE COMMENTS 
GAP 1 10 HEX LENGTH OF GAP 1 
GAP2 03 HEX LENGTH OF GAP 2 
GAP3 12 HEX LENGTH OF GAP 3 
PLO ODHEX LENGTH OF PLO SYNC 

FIELD 
DTFLD 04 HEX LENGTH OF DATA FIELD 

(128 X 4 = 512) 
CRC 02 HEX LENGTH OF CRC FIELD 

(USES CRC-16) 
ECC 04 HEX LENGTH OF ECC FIELD 

(USES ECC-32) 

This example assumes that the INDEX pulse from the drive 
is input on TST1. 
The microcode is loaded by the local processor in byte 
address space BOH to FFH according to table 13. 

--
LOCAL PROCESSOR DATA 
ADDRESS (A7-AO) (D7-DO) 

1XXXXXOO OUT 3-0, EXT 3-0 
1XXXXX01 REGISTER DECREMENT (PEN), 

COUNT 6-0 
1XXXXX10 TEST 3-0, REGISTER POINTER 

3-0 (POINT) 
1XXXXX11 SEQ 2-0, ADDR 4-0. 

TABLE 13: LOCAL PROCESSOR TO MICROCODE 
ADDRESS MAPPING 



MICROPROGRAM: 

INST# LABEL SEa ADDR TEST POINT PEN COUNT OUT EXT 
00 START TSJ START ONE 0 0 4-1 0 SGOFF 
01 WAIT TSJ WAIT TST1 0 0 GAP1-1 0 0 
02 BEGIN SHLP 0 ZERO M(GAP1) 0 PLO-1 FREG WGON 
03 SHLP 0 ZERO M(SYNC) 0 1-1 WPRE CRC16 
04 SHLP 0 ZERO M(MC) 0 1-1 WMISS 0 
05 SHLP 0 ZERO M(AM) 0 3-1 FREG SWDG 
06 SHLP 0 ZERO 0 0 CRC-2 0 0 
07 SHLP 0 ZERO SLEW 0 1-1 WCRC INCE 
08 SHLP 0 ZERO 0 0 GAP2-1 WCRC 0 
09 SHLP 0 ZERO M(GAP2) 0 PLO-1 FREG ECC32 
OA SHLP 0 ZERO M(SYNC) 0 1-1 WPRE 0 
OB SHLP 0 ZERO M(MC) 0 1-1 WMISS 0 
OC SHLP 0 ZERO M(DM) 0 DTFLD-1 FREG 0 
OD LGLP 0 ZERO M(FDAT) 0 ECC-1 FREG 0 
OE SHLP 0 ZERO 0 0 1-1 WCRC 0 
OF CI OUT XEND SLEW 0 1-1 FREG 0 
10 TSJ BEGIN ZERO M(SYNC) 0 GAP3-1 FREG 0 
11 OUT TSJ OUT TST1 M(GAP4) 0 1-1 FREG 0 
12 SHLP 0 ZERO M(GAP4) 0 1-1 FREG SGOFF 
13 LAST CI LAST ONE 0 0 1-1 DNINT SGOFF 

COMMENTS: 
D31-DO is the actual assembled microcode loaded into the microprogram RAM. 

INST# D31-DO COMMENTS 
00 OC03 FO 80 ENSURE THAT READ AND WRITE GATE ARE OFF. 
01 00 OF 7081 WAIT FOR INDEX AND THEN GO TO NEXT INSTRUCTION. 
02 6F OCOCOO RAISE WRITE GATE; WRITE GAP 1 DATA FOR GAP 1 TIME. 
03 4A 00 OA 00 WRITE PLO SYNC (PREAMBLE) DATA FOR PLO TIME. 
04 50 00 OB 00 WRITE MISSING CLOCK PATTERN USING MISSING CLOCK DATA 

FOR 1 BYTE TIME. 
05 61 02 OE 00 WRITE ADDRESS MARK DATA FOR 1 BYTE TIME. PREPARE TRANSFER OF DATA 

FROM RING BUFFER TO DISK AT NEXT INSTRUCTION VIA SWDG. 
06 000000 00 TRANSFER TWO CONSECUTIVE BYTES FROM RING BUFFER AS SPECIFIED BY 

THE DISK ADDRESS REGISTER TO THE DISK; THESE TWO BYTES CONTAIN THE 
HEAD #, TRACK # AND SECTOR #. 

07 9E 00 OF 00 WRITE THE FIRST BYTE OF THE CRC; INCREMENT CONTENTS OF THE 
DESIRED REGISTER LOCATION LABELED SLEW TO LATER CHECK FOR THE 
END OF THE FORMAT COMMAND. 

08 90020000 WRITE SECOND BYTE OF THE CRC. 
09 6B OCOO 00 WRITE GAP 2 DATA FOR GAP 2 TIME; PRESET ECC GENERATOR. 
OA 4000 OA 00 WRITE PLO SYNC (PREAMBLE) DATA FOR PLO SYNC TIME. 
OB 5000 OB 00 WRITE MISSING CLOCK PATTERN USING MISSING CLOCK DATA 

FOR 1 BYTE TIME. 
OC 60030900 WRITE DATA MARK DATA FOR 1 BYTE TIME. 
OD 60030820 WRITE FORMAT DATA IN DATA FIELD FOR 512 BYTE TIMES. 
OE 90 00 00 00 WRITE A FOUR BYTE ECC. 
OF 6000 AF 71 CHECK FOR END OF COMMAND VIA XEND; IF END, GO TO OUT; ELSE GO 

TO NEXT INSTRUCTION. 
10 60 11 OA 82 WRITE 1 BYTE OF SYNC DATA AFTER ECC; GO TO BEGIN. 
11 60 00 4C 91 WRITE A 4E UNTIL INDEX. 
12 6COO OCOO WRITE ONE MORE BYTE OF 4E; RESET WRITE GATE AS INSTRUCTION 

IS EXITED. 
13 FCOO FO 73 SET THE DONE INTERRUPT TO THE LOCAL PROCESSOR; THE 

MICROSEaUENCER WILL STOP HERE. 
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2-READ AND WRITE COMMANDS FOR ST·506 
FORMATTED DISKS 
Prior to executing a READ or WRITE command, using the 
defined microprogram written in the Microprogram RAM, the 
Local Processor should load the DESIRED REGISTER 
FILE with the parameters used during the execuUon of the 
microprogram. The microprogram will point to these 
preloaded values, via the register pointer field, to permit the 

data to be transferred to the ENCODER/DECODER block 
and finally out to the disk. The Local Processor should also 
set up the appropriate DMA address and function registers 
and specify disk direction, External Device direction, and 
initialize the zero status bit in the START COMMAND 
Register prior to execution of microprogram. 
For the microprogram shown, the DESIRED REGISTER 
FILE is loaded as follows: 

LABEL DESIRED REGISTER ADDRESS CONTENTS COMMENTS 
XFER 00 HEX BE HEX USED AS DISK DMA FUNCTION REGISTER 

DATA TO MOVE DISK ADDRESS REGISTER TO 
DISK ADDRESS IN DMA BLOCK. 

ADDC1 01 HEX 11 HEX USED AS DISK DMA FUNCTION REGISTER 
DATA TO ADD CONSTANT 1 TO OFFSET 
COUNTER IN THE DMA BLOCK. 

ADDC2 02 HEX 1B HEX USED AS DISK DMA FUNCTION REGISTER 
DATA TO CHECK FOR OVERFLOW OF THE 
SUM OFFSET COUNTER PLUS CONSTANT 2 
IN THE DMA BLOCK. 

M(DM) 03 HEX FB HEX DATA MARK DATA. 
M(AM) 04 HEX FE HEX ADDRESS MARK DATA. 
M(SYNC) 05 HEX 00 HEX DATA IN SYNC FIELD. 
M(MC) 06 HEX A1 HEX MISSING CLOCK PATTERN. 
SIZE 07 HEX - NOT IMPLEMENTED BUT CAN INDICATE THE 

SIZE OF THE SECTOR (0, 1, 2, 3, FOR 
SECTOR SIZES OF 128, 256, 512 AND 1024 
RESPECTIVELY). 

RETRY 08 HEX - NOT IMPLEMENTED BUT CAN BE USED AS A 
RETRY COUNT WHEN ENCOUNTERING SOFT 
ERRORS DURING A READ COMMAND. 
LOADED WITH THE 2'S COMPLEMENT. 

SLEW 09 HEX - VARIABLE LOADED BY THE LOCAL 
PROCESSOR INDICATING THE NUMBER OF 
SECTORS TO BE READ OR WRITTEN DURING 
THE COMMAND EXECUTION. LOADED WITH 
THE 2'S COMPLEMENT. 

SSECT OA HEX - INITIALIZED WITH THE STARTING SECTOR 
NUMBER IN THE TRANSFER. 

HEAD OB HEX - INITIALIZED WITH THE HEAD NUMBER TO BE 
OPERATED ON. 

TRACK OC HEX - INITIALIZED WITH THE TRACK NUMBER TO 
BE OPERATED ON. 

In addition, the following variables, which are loaded into 
the loop counter to control the length of each instruction, 
are assigned the specified values for this microprogram' 

VARIABLE ASSIGNED VALUE COMMENTS 
PLO ODHEX LENGTH OF PLO SYNC FIELD 
DTFLD 04 HEX LENGTH OF DATA FIELD (128 X 4 = 512) 
CRC 02 HEX LENGTH OF CRC FIELD (USES CRC-16) 
ECC 04 HEX LENGTH OF ECC FIELD (USES ECC-32) 
DTPAD 04 HEX LENGTH OF DATA PAD AT END OF DATA FIELD 
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INST# LABEL SEQ ADDR TEST POINT PEN COUNT OUT EXT 

00 D1 TSJ NEXT ONE 0 0 1-1 0 CRC16 
01 NEXT TSJ ID ONE 0 0 6-1 0 SGOFF 
02 ID SHLP RA ONE 0 0 128-1 0 SPRE 
03 TSJ NEXT SYNC 0 0 PLO-1 0 SMC 
04 TSJ NEXT SYNC 0 0 1-1 0 0 
05 TSJ ID EQ8 M(AM) 0 2-1 0 0 
06 CI STP LNEQ HEAD 1 1-1 0 TREG 
07 TSJ ID EQ8 SSECT 0 CRC-1 0 SRCRC 
08 SHLP WT CMD 0 0 1-1 0 SGOFF 
09 RC STP NDERR 0 0 PLO-1 0 ECC32 
OA WT SHLP 0 ZERO M(SYNC) 0 1-1 WPRE WGON 
OB SHLP 0 ZERO M(MC) 0 1-1 WMISS 0 
OC SHLP 0 ZERO M(DM) 0 4-1 FREG SWDG 
OD LGLP 0 ZERO 0 0 ECC-1 0 0 
OE SHLP 0 ZERO 0 0 DTPAD-1 WCRC 0 
OF TSJ HSKP ZERO M(SYNC) 0 1-1 FREG SGOFF 
10 RA TSJ 0 ONE 0 0 2*PLO-1 0 SPRE 
11 TSC STP SYNC 0 0 2*PLO-1 0 SMC 
12 TSC STP SYNC 0 0 1-1 0 0 
13 TSC STP EQ8 M(DM) 0 DTFLD-1 0 0 
14 LGLP 0 ZERO 0 0 ECC-1 RDG SRCRC 
15 SHLP 0 ZERO 0 1 1-1 0 SGOFF 
16 CI HSKP NDERR 3 0 ECC-2 SNDRM 0 
17 XERR SHLP 0 ZERO 0 1 1-1 SNDRM 0 
18 TSJ 0 ONE XFER 0 1-1 PREQ1 0 
19 TSJ 0 ONE 0 0 1-1 PINTO 0 
1A HSKP TSJ 0 ONE SLEW 0 1-1 0 INCE 
1B SHLP ID ONE ADDC1 0 1-1 PREQ1 ZRCLR 
1C CI STP XEND SSECT 0 1-1 0 INCE 
1D CKFULL TSJ STP NTP2 ADDC2 0 1-1 PREQ1 0 
1E RC CKFULL NOVFLW 0 0 6-1 0 0 
1F STP TSJ 0 ZERO 0 0 0 DNINT SGOFF 

COMMENTS: 

INST# D31-DO COMMENTS 
00 OA 00 FO 81 PRESET THE CRC CHECKER. 
01 OC 05 FO 82 SHUT READ GATE AND WRITE GATE OFF. 

02 05 7F FO 10 WAIT HERE FOR 6 BYTE TIMES; PUT RA (INST #10) ON STACK. SET READ GATE 
AND START LOOKING FOR PLO SYNC (PREAMBLE) AS INSTRUCTION IS EXITED 
(VIA SPRE). 

03 06 OC 20 80 LOOK FOR ALL O'S; WAIT 128 BYTE TIMES; IF FOUND, GO TO NEXT 
INSTRUCTION; ELSE, GO TO NEXT (INST #1). 

04 00002080 LOOK FOR THE MISSING CLOCK PATTERN FOR THE PLO TIME; IF FOUND, GO 
TO NEXT INSTRUCTION; ELSE, GO TO NEXT (INST #1). 

05 0001 8482 LOOK FOR AN "FE" ADDRESS MARK VIA 8 BIT COMPARE (EQ8). IF FOUND, GO 
TO NEXT INSTRUCTION; ELSE, GO TO ID (INST #2). 

06 0880 9B 7F LOOK FOR TRACK AND HEAD COMPARE; IF COMPARE, GO TO NEXT 
INSTRUCTION; ELSE, GO TO STP (INST #1 F). THIS BRANCH MEANS THAT THE 
DISK IS ON THE WRONG TRACK. AT INSTRUCTION STP, THE LOCAL 
PROCESSOR WILL BE INTERRUPTED; READING THE PC REGISTER WILL TELL 
THE PROCESSOR THAT THE INTERRUPT WAS GENERATED BY THIS 
INSTRUCTION; A STEP ROUTINE WILL USUALLY BE EXECUTED BY THE LOCAL 
PROCESSOR. ALSO, THE TRACK AND HEAD NUMBER FROM THE DISK IS SAVED 
IN THE CURRENT REGISTER FILE. 

07 0201 8A 82 LOOK FOR SECTOR NUMBER COMPARE; IF COMPARE WITH DESIRED SECTOR 
(IN DESIRED REGISTER FILE), GO TO NEXT INSTRUCTION; ELSE, GO TO ID 
(INST #2). 

08 OC 00 CO OA TEST FOR READ OR WRITE COMMAND. IF WRITE COMMAND, PUT WT (INST 
#OA) ON STACK (INST #02 PUT RA ON STJ\CK PREVIOUSLY). AS INSTRUCTION 
IS EXITED, TURN OFF READ GATE. THE CRC IS CHECKED HERE. 
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COMMENTS: 

INST# D31-DO COMMENTS 
09 OB OC 30 SF CHECK FOR GOOD CRC. IF GOOD, LOAD THE STACK TO THE PC (GO TO EITHER 

RA OR WT). ELSE, GO TO STP (INST #F) TO END THE COMMAND. A RETRY CAN 
BE IMPLEMENTED IF DESIRED TO ATTEMPT TO READ THE ID A NUMBER OF 
TIMES. 

OA 4F 00 05 00 THIS IS THE START OF THE WRITE ROUTINE; TURN WRITE GATE ON AND 
WRITE THE PLO SYNC (PREAMBLE) FIELD, PLO TIMES. 

OB 50000600 WRITE THE MISSING CLOCK PATTERN. 
OC 61 030300 WRITE THE DATA MARK PATTERN. PREPARE DMA TRANSFER OF DATA FIELD 

FROM RING BUFFER AT NEXT INSTRUCTION. 
OD 00030020 TRANSFER RING BUFFER DATA TO DISK FOR 4X128 TIMES. 
OE 90030000 WRITE THE FOUR BYTE ECC FIELD. 
OF 6C 00 05 9A WRITE A FOUR BYTE DATA PAD AFTER THE ECC BYTES. GO TO HSKP (INST 

#1A; HOUSEKEEPING) FOR DMA UPDATES. TURN OFF WRITE GATE. 
10 0519 FO 80 THIS IS THE START OF THE READ COMMAND. PREPARE TO LOOK FOR ALL PLO 

SYNC FIELD. RAISE READ GATE AS INSTRUCTION IS EXITED. 
11 061920 BF LOOK FOR PLO SYNC (PREAMBLE) FOR 2 X PLO TIME. IF FOUND, GO TO NEXT 

INSTRUCTION; ELSE, GO TO STP (INST #1F) WHICH WILL END THE COMMAND 
VIA A LOCAL PROCESSOR INTERRUPT. THE VALUE IN THE PC WILL INDICATE 
TO THE LOCAL PROCESSOR THAT A PLO SYNC (PREAMBLE) OF ALL O'S WAS 
NOT FOUND IN THE ALLOTTED TIME AFTER A VALID ID WAS FOUND. 

12 0001 20 BF LOOK FOR MISSING CLOCK PATTERN FOR 2 X PLO TIME. IF FOUND, GO TO 
NEXT INSTRUCTION; ELSE, GO TO STP (INST #1 F) WHICH WILL END THE 
COMMAND VIA A LOCAL PROCESSOR INTERRUPT. THE VALUE IN THE PC WILL 
INDICATE TO THE LOCAL PROCESSOR THAT A MISSING CLOCK PATTERN WAS 
NOT FOUND IN THE ALLOTTED TIME AFTER A PLO SYNC (PREAMBLE) WAS 
FOUND. 

13 000383 BF LOOK FOR "FB" DATA MARK. IF FOUND, GO TO NEXT INSTRUCTION; ELSE, GO 
TO STP (INST #1 F) WHICH WILL END THE COMMAND VIA A LOCAL PROCESSOR 
INTERRUPT. THE VALUE IN THE PC WILL INDICATE TO THE LOCAL PROCESSOR 
THAT A DATA MARK WAS NOT FOUND AFTER A MISSING CLOCK PATTERN. 

14 22030020 START THE TRANSFER OF DATA FROM THE DISK TO THE RING BUFFER VIA THE 
SIGNAL RDG WHICH REQUEST CHANNEL ACCESS TO THE RING BUFFER. THE 
DMA ADDRESS WILL AUTOMATICALLY BE INCREMENTED. START THE 
CHECKING OF THE ECC AS THIS INSTRUCTION IS EXITED. 

15 OC 80 00 00 TRANSFER THE ECC BYTES TO THE CURRENT REGISTER FILE ADDRESSES 3, 
2, 1 AND O. TURN OFF READ GATE AS INSTRUCTION IS EXITED. 

16 7002337A CHECK FOR ECC ERROR. IF ERROR, GO TO NEXT INSTRUCTION; ELSE, GO TO 
HSKP (INST #1A; HOUSEKEEPING). TRANSFER FIRST ECC SYNDROME INTO 
CURRENT REGISTER FILE LOCATION 3. 

17 70800000 THIS INSTRUCTION IS ENTERED IF AN ECC ERROR IS FOUND. TRANSFER THE 
REMAINING 3 BYTES OF ECC SYNDROME INTO CURRENT REGISTER 
LOCATIONS 2, 1, AND O. 

18 8000 FO 80 SINCE DATA WAS BAD, REINITIALIZE THE DMA DISK ADDRESS REGISTER BACK 
TO THE BEGINNING OF THE SECTOR BY LOADING THE CONTENTS OF XFER (IN 
THE DESIRED REGISTER FILE), TO THE DMA DISK FUNCTION REGISTER 
CAUSING THE TRANSFER OF THE DISK REGISTER TO THE DISK ADDRESS. 

19 CO 00 FO 80 GENERATE AN INTERRUPT TO THE LOCAL PROCESSOR VIA PINTO WHICH IS 
USED FOR ECC ERROR INTERRUPTS. THIS INTERRUPT DELINKS THE OFFSET 
AND AUXILIARY OFFSET COUNTERS IN THE DMA BLOCK. 

1A OE 00 F9 80 THIS IS THE START OF THE DMA HOUSEKEEPING FUNCTION. THE LOCATION IN 
THE DESIRED REGISTER FILE LABELED SLEW IS INCREMENTED. LATER A TEST 
IS DONE TO DETERMINE IF ALL THE SECTORS IN THE COMMAND HAVE BEEN 
READ OR WRITTEN. 

1B 8D 00 F1 02 ADD CONSTANT 1 REGISTER TO THE OFFSET COUNTER. PUT ADDRESS ID 
(INST #2) ON STACK; CLEAR ZERO FLAGS IN DMA BLOCK. 

1C OE 00 AA 7F CHECK FOR END OF COMMAND VIA SLEW BEING INCREMENTED TO ZERO. IF 
END, GO TO STP (INST #1 F); ELSE, GO TO NEXT INSTRUCTION. INCREMENT 
THE DESIRED REGISTER LOCATION CONTAINING THE SECTOR NUMBER TO BE 
OPERATED ON NEXT. 
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COMMENTS' 
INST# 031-00 COMMENTS --ADD CONSTANT 2 TO OFFSET COUNTER BUT DO NOT UPDATE THE OFFSET 10 8000 B2 9F 

COUNTER. JUST UPDATE THE OVERFLOW BIT. IF TP2 IS A LOCIC ONE (NTP2 A 
ZERO), GO TO STP (INST #1F) BECAUSE A HALT, ABNORMAL DATA MARK OR 
DELETED DATA MARK HAS BEEN ENCOUNTERED. ELSE, GO TO NEXT 
INSTRUCTION. 

1E 0005 DO 50 CHECK FOR OVERFLOW. IF OVERFLOW DURING WRITE, NO DATA IS 
CURRENTLY AVAILABLE TO WRITE; FOR READ, NO BUFFER SPACE IS 
AVAILABLE. IF OVERFLOW (NOVFLW = 0), GO TO CKFULL TO RECALCULATE THE 
OVERFLOW STATUS; IF NO OVERFLOW (NOVFLW = 1), PUT THE STACK (WHICH 
CONTAINS LOCATION 10; INST #02)INTO THE PC AND LOOK FOR THE NEXT 10. 

1F FC 00 00 80 THIS IS THE STOP LOCATION. A DONE INTERRUPT IS GENERATED TO THE 
LOCAL PROCESSOR AND THE READ AND WRITE GATES ARE TURNED OFF. THE 
MICROSEQUENCER IS STOPPED HERE BUT THE LOCAL PROCESSOR CAN 
READ THE PREVIOUS VALUE OF THE PC (THE LOCATION OF THE INSTRUCTION 
THAT BRANCHED TO HERE) VIA STATUS REGISTER 3 BITS 04-00 TO 
DETERMINE HOW AND WHY THE COMMAND ENDED. 

APPENDIX 2-DMA OPERATION EXAMPLES 
It should be noted that a ">" indicates operations performed 
automatically by the MSD95C02. 
EXAMPLE 1-LOCAL PROCESSOR LOADS DMA 

ADDRESS INTO DMA REGISTER FILE: 
1. Write DMA FUNCTION Register to configure for 

MAILBOX ~ LOCAL PROCESSOR ADDR. 
2a. Write DMA address MSB data to MAILBOX HIGH 

Register. 
2b. Write DMA address LSB data to MAILBOX LOW 

Register. 
This operation triggers the next event by setting the cycle 
request latch. 
> transfer address data from Mailbox to DMA address 
register. 

EXAMPLE 2-LOCAL PROCESSOR READS DMA 
ADDRESS: 

1. Write DMA FUNCTION Register to configure for LOCAL 
PROCESSOR ADDR ~ MAILBOX. 

The transfer will take place automatically after this step as 
follows: 
> transfer address data from DMA address register to 
Mailbox. 
Local processor may r~ad DMA address data MSB's from 
the MAILBOX HIGH Register and DMA address data LSB's 
from the MAILBOX LOW Register. Bit 1 (REQUEST 1) of 
STATUS 1 Register can be used to determine when the 
operation is complete. 

2b. Write DMA address data to MAILBOX LOW Register. 
This operation triggers the following events by setting the 
cycle request latch. 
> Transfer address data from the mailbox to the DMA 

ADDRESS Register. 
> Output address data from LOCAL PROCESSOR 

ADDRESS Register to Ring Buffer. 
> Fetch data from Ring Buffer, leave in DATA Register and 

reset the cycle request latch. 

3. Write DMA FUNCTION Register to configure for LOCAL 
PROCESSOR ADDR. + 1~LOCAL PROCESSOR 
ADDR. 

4. Read DATA Register (set Cycle Request and Read 
latches) for data transfer. 

> MSD95C02 will output address data from LOCAL 
PROCESSOR ADDRESS Register to Ring 
Buffer. 

> MSD95C02 will increment address data in 
LOCAL PROCESSOR ADDRESS Register. 

> MSD95C02 will input data from Ring Buffer, store 
it in the DATA Register and reset the cycle request 
latch. 

I 

Data can be read sequentially by the local processor by 
continually reading the DATA Register. Each read of the 
DATA Register will automatically trigger a new ring buffer 
access cycle at the next sequentially located memory 
location. 

EXAMPLE 3-LOCAL PROCESSOR READS EXAMPLE4-LOCAL PROCESSOR WRITES SEQUENTIAL 
SEQUENTIAL RING BUFFER DATA: DATA TO RING BUFFER: 

The local processor will initialize the Address location in the 
DMA address register with the starting ring buffer address. 
The MSD95C02 will automatically fetch the data in that 
location and deposit it in the DATA Register. The Local 
Processor may program the MSD95C02 to increment the 
DMA address after every transfer via the DMA FUNCTION 
Register. This permits the Local Processor to read 
sequentially located data in the Ring Buffer without any 
address manipulation by the Local Processor. 
1. Write DMA FUNCTION Register to configure for 

MAILBOX ~ LOCAL PROCESSOR ADDR. 

The Local Processor will initialize the address location in 
the DMA address register with the ring buffer address. The 
MSD95C02 will automatically fetch the data in that location 
and leave it in the DATA Register. The Local Processor may 
program the MSD95C02 to increment the DMA address 
after every transfer via the DMA FUNCTION Register. This 
permits the Local Processor to sequentially write data into 
the Ring Buffer without any address manipulation by the 
Local Processor. 

1. Write DMA FUNCTION Register to configure for 
MAILBOX ~ LOCAL PROCESSOR ADDRESS. 

2a. Write DMA address data to MAILBOX HIGH Register. 2a. Write DMA address data to MAILBOX HIGH Register. 
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2. Write DMA address data to MAILBOX LOW Register. 
This operation triggers the next event by setting the cycle 
request Ia.tch. 
> Transfer address data from Mailbox to DMA address 

register. 
> Output address data from DMA address register to Ring 

Buffer. 
> Fetch data from Ring Buffer and leave in DATA Register; 

Reset cycle request latch. 

3. Write DMA FUNCTION Register to configure for LOCAL 
PROCESSOR ADDRESS + 1 ~ LOCAL PROCESSOR 
ADDRESS. 

4. Write to DATA Register (set Cycle Request and Write 
latches) for data transfer. 

> output address data from DMA address register 
to Ring Buffer. 

> increment address data in DMA address register. 
> output data from DATA Register to Ring Buffer 

and reset the cycle request latch. 
'--__-.J 

Data can be written sequentially by the local processor by 
continually writing the DATA Register. Each write to DATA 
Register will automatically trigger a new ring buffer access 
cycle at the next sequentially located memory location. 

EXAMPLE 5-DATA IS READ FROM THE DISK AND 
WRITTEN INTO THE RING BUFFER AND 
SIMULTANEOUSLY, DATA IS READ 
FROM THE RING BUFFER OUT OVER 
THE EXTERNAL CHANNEL (SCSI): 

This function of filling the Ring Buffer from the disk data and 
emptying the Ring Buffer over the external channel involves 
two independent and simultaneous operations. The 
description of this example will explain the local processor's 
involvement in this example. It is the role of the local 
processor to set up the DMA controller block such that the 
two operations can take place. Once the external channel's 
DMA registers are set up, the operation involves a simple 
DMA request-acknowledge handshake to empty the buffer. 
Automatic throttling on the DMA acknowledge to the external 
channel will occur as described in the section on the DMA 
block operation. 
In addition, there is a MICROSEQUENCER routine that is 
executed when the Local Processor causes a command to 
be started. The details ofthe MICROSEQUENCER routine 
is described in appendix 1. 
It is the role of the Local Processor to initialize the OFFSET 
and AUXILIARY OFFSET COUNTERs, CONSTANT 1 and 
CONSTANT 2 Registers, as well as the starting ring buffer 
addresses for the disk and external channel data. The 
MICROSEQUENCER will assume that these registers are 
initialized and use then accordingly to calculate buffer full/ 
empty status which is used to automatically throttle the DMA 
request coming from the disk, which are initiated and 
controlled by the MICROSEQUENCER, and the External 
Device DMA requests. 
For this example, it is assumed that the sector size is 512, 
and the ring buffer size is 2K. 

1. The Local Processor will set the DMA FUNCTION 
Register for a Mailbox to OFFSET COUNTER 
transfer and write OOH into the MAILBOX HIGH and 
LOW Registers (generating a dummy request). 
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> Initialize OFFSET and AUXILIARY OFFSET 
COUNTERs with OOH and reset cycle request. 

2. The Local Processor will set the DMA FUNCTION 
Register for a Mailbox to CONSTANT 1 location 
transfer and write a value of 512 (the sector size) into 
the MAILBOX HIGH and LOW Registers, generating 
a dummy request. 
> Transfer value 512 from Mailbox to CONSTANT 1 

location and reset cycle request. 
3. The Local Processor will set the DMA FUNCTION 

Register for a Mailbox to CONSTANT 2 location 
transfer and write the value 64K - 2K + 512 -1 into 
the MAILBOX HIGH and LOW Registers. The 
General form for CONSTANT 2 is [64K - (BUFFER 
SIZE) + (SECTOR SIZE) -1], generating a dummy 
request. 

> Transfer value 64K - 2K + 512 - 1 from Mailbox 
to CONSTANT 2 location and reset cycle request. 

4. The Local Processor will set the DMA FUNCTION 
Register for a Mailbox to External Device Address 
location transfer and write the buffer starting address 
into the MAILBOX HIGH and LOW Registers, 
generating a dummy request. 
> Transfer start address from Mailbox to External 

Device Address location and reset cycle request. 
5. The Local Processor will set the DMA FUNCTION 

Register for a Mailbox to DISK Address location 
transfer and write the buffer starting address into the 
MAILBOX HIGH and LOW Registers, generating a 
dummy request. 
> Transfer start address from Mailbox to disk 

address location and reset cycle request. 
6. The Local Processor will set the DMA FUNCTION 

Register for a Mailbox to DISK Register location 
transfer and write the buffer starting address into the 
MAILBOX HIGH and LOW Registers, generating a 
dummy request. 
> Transfer start address from Mailbox to DISK 

Register location and reset cycle request. 
7. Write the sector 10 information and the number of 

sectors to be read (SLEW) into the appropriate 
locations in the DESIRED REGISTER FILE registers 
and issue a Start Command with the Disk Direction 
bit set to one and the External Device Direction bit 
set to zero. External device DMA requests can start 
at any time since they will not be acknowledged until 
one error free sector is deposited into the Ring Buffer. 
The MICROSEQUENCER routine will ensure that 
the OFFSET COUNTER is incremented by the 
sector size (512) when the MSD95C02 finishes 
transferring an error free sector into the Ring Buffer. 

8. When the OFFSET COUNTER is greater than zero, 
the external channel's DMA requests will be 
acknowledged. The OFFSET COUNTER will be 
decremented by 1, 2, 3 or 4 (depending on the 
programming of MODE 1 Register) every time the 
external channel reads data from the Ring Buffer. 

9. The MICROSEQUENCER will add the OFFSET 
COUNTER value and CONSTANT 2 together before 
beginning the next sector transfer into the Ring 
Buffer. This calculation is done to determine buffer 
full/empty status. This is done without altering the 
contents of the OFFSET COUNTER. 
> If ALU Overflow status is active, then the buffer 

is full. 



> If the OFFSET COUNTER equals zero, then the 
buffer is empty. 

If the buffer is full, the MSD95C02 will wait before 
transferring the next sector into it. If the buffer is 
empty, the External Channel's DMA requests will not 
be serviced. 

EXAMPLE 6-DATA IS WRITTEN TO THE DISK BY 
SIMULTANEOUSLY WRITING TO THE 
RING BUFFER FROM THE EXTERNAL 
CHANNEL AND READING FROM THE 
RING BUFFER FOR DATA TRANSFER 
ON TO THE DISK. 

This function of filling the Ring Buffer from the EXTERNAL 
CHANNEL and emptying the Ring Buffer for data transfer 
to the disk involves two independent and simultaneous 
operations. The description of this example will explain the 
Local Processor's involvement in this example. It is the role 
of the Local Processor to set up the DMA controller block 
such that the two operations can take place. Once the 
External Channel's DMA registers are set up, the operation 
involves a simple DMA request-acknowledge handshake to 
start filling the buffer. Automatic throttling on the DMA 
acknowledge to the External Channel will occur if the buffer 
becomes full. 
In addition, there is a MICROSEQUENCER routine that is 
executed when the Local Processor causes a command to 
be started. The details of the MICROSEQUENCER routine 
is described in appendix 1. 
It is the role of the Local Processor to initialize the OFFSET 
and AUXILIARY OFFSET COUNTERs, CONSTANT 1 and 
CONSTANT 2 Registers, as well as the starting ring buffer 
addresses for the disk and external channel data. The 
MICROSEQUENCER will assume that these registers are 
initialized and use then accordingly to calculate buffer full/ 
empty status which is used to automatically throttle the DMA 
request coming from the disk, which are initiated and 
controlled by the MICROSEQUENCER, and the external 
channel's DMA requests. 
For this example, it is assumed that the sector size is 512, 
and the Ring Buffer size is 2K. 

1. The Local Processor will set the DMA FUNCTION 
Register for a Mailbox to Offset Counter transfer and 
write 512 into the MAILBOX HIGH and LOW 
Registers, generating a dummy request. 
Initialize OFFSET and AUXILIARY OFFSET 
COUNTERs with 512 and reset cycle request. 

2. The Local Processor will set the DMA FUNCTION 
Register for a Mailbox to Constant 1 location transfer 
and write a value of 512 (the sector size) into the 
MAILBOX HIGH and LOW Registers, generating a 
dummy request. 
> Transfer value 512 from Mailbox to Constant 1 

location and reset cycle request. 

3. The Local Processor will set the DMA FUNCTION 
Register for a Mailbox to Constant 2 location 
transfer and write the value 64K - 2K + 512 -1 
into the MAILBOX HIGH and LOW Registers. The 
General form for CONSTANT 2 is [64K -
(BUFFER SIZE) + (SECTOR SIZE) -1], 
generating 6. dummy request. 
> Transfervalue64K - 2K + 512 -1 from Mailbox 

to Constant 2 location and reset cycle request. 
4. The Local Processor will set the DMA FUNCTION 

Register for Mailbox to External Device address 
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location transfer and write the buffer starting 
address into the MAILBOX HIGH and LOW 
Registers, generating a dummy request. 
> Transfer start address from Mailbox to External 

Device Address location and reset cycle request. 

5. The Local Processor will set the DMA FUNCTION 
Register for a Mailbox to DISK Address location 
transfer and write the buffer starting address into 
the MAILBOX HIGH and LOW Registers, 
generating a dummy request. 
> Transfer start address from Mailbox to disk 

address location and reset cycle request. 
6. The Local Processor will set the DMA FUNCTION 

Register for a Mailbox to DISK Register location 
transfer and write the buffer starting address into 
the MAILBOX HIGH and LOW Registers, 
generating a dummy request. 
> Transfer start address from Mailbox to DISK 

Register location and reset cycle request. 

7. Start the transfer of sector data from the External 
Device to the Ring Buffer. Since the OFFSET 
COUNTER is decremented as information is 
deposited into the Ring Buffer from the external 
channel, and the OFFSET COUNTER is initialized 
to 512, it will hit zero after one sector is written into 
the Ring Buffer. Loading the OFFSET Register with 
512 initially, ensures that there is at least 1 sector 
of data in the Ring Buffer before disk writing is 
started. 

8. The Local Processor will set the DMA FUNCTION 
Register for a Mailbox to OFFSET COUNTER 
transfer and write 64K - 512 + 1 into the MAILBOX 
HIGH and LOW Registers, generating a dummy 
request. 
> Initialize OFFSET COUNTER with 64K - 512 

+ 1 and reset cycle request. 
The External Device is free to continue data transfer 
into the Ring Buffer. 

9. Write the sector ID information and the number of 
sectors to be written (SLEW) into the appropriate 
locations in the DESIRED REGISTER FILE 
registers and issue a Start Command with the 
Disk Direction bit set to 0 and the External 
Device Direction bit set to 1. This starts a 
MICROSEQUENCER routine to transfer data from 
the Ring Buffer to the disk. The OFFSET 
COUNTER is incremented by 512 when the 
MSD95C02 finishes transferring a sector from the 
Ring Buffer to the disk. 

10. Before transferring a sector to the disk, the 
MICROSEQUENCER will add the OFFSET 
COUNTER value and CONSTANT 2 (64K - 512 
+ 1). This calculation allows the 
MICROSEQUENCER to determine if at least 
1 more sector resides in the Ring Buffer by 
checking the overflow flag in the DMA's ALU. This 
is done without altering the contents of the 
OFFSET COUNTER. If it is determined that the 
buffer is empty (overflow = 1), all DMA requests 
for data to the Ring Buffer, which are initiated by 
the MICROSEQUENCER, will be held off. 

11. If the buffer is full (OFFSET COUNTER = zero), 
DMA requests from the External Device will not be 
serviced. 



APPENDIX 3. ERROR CORRECTION ON THE FLY: 
Inorder to perform error correction on the fly, a Reed 
Solomon ECC with CRC extension is recommended. 
When a disk read operation detects an error, the 
MICROSEOUENCER program will set Program Interrupt 0 
(PROG O) which automatically delinks the OFFSET the 
AUXILIARY OFFSET COUNTERs. Further, the micro
program will cause the error syndrome bytes to be 
transferred into designated sequential locations in the 
DESIRED REGISTER FILE. The generation of this interrupt 
will also permit the Local Processor access to the 
CURRENT REGISTER FILE. Transfer of data into the Ring 
Buffer from the disk and out of the Ring Buffer to the external 
channel will continue simultaneous to the error correction 
operation. 
When the Local Processor gets an interrupt, it will read the 
error syndrome bytes out to the CURRENT REGISTER 
FILE and then immediately write a logic one to bit 02 (CRR) 
of the START COMMAND REGISTER (ADDR 54H). This 
permits the disk to regain access to the CURRENT 
REGISTER FILE to allow proper processing of the next 
sector. Next, the Local Processor should use the error 
syndrome bytes to calculate the error pattern and location. 
Once this is performed, a read modify write operation to the 
calculated Ring Buffer locations will correct the error. 

DATA IN 
7-0 

DATA/ECC 

ST1 
CHIP 

ST0 SELECT 

While this is going on, data will continue to be read from the 
disk and transferred out over the external channel. As new 
error free sectors are read, only the OFFSET COUNTER is 
increased by the sector size. As the external channel reads 
data· out of the Ring Buffer, both the OFF$ET and 
AUXILIARY OFFSET COUNTERs are decremented 
together. If the AUXILIARY OFFSET COUNTER reaches 
zero,the external channel's DMA requests are temporarily 
held off. Buffer full status is determined as usual by the 
MICROSEOUENCER using the value in the OFFSET 
COUNTER and CONSTANT 2. 
Once the error has been corrected, the OFFSET and 
AUXILIARY OFFSET COUNTERS must be linked back 
together again. This is accomplished by loading the DMA 
FUNCTION Register (ADDR 50H) with a value 09 H. This 
special function will load the value of the OFFSET 
COUNTER into the AUXILIARY OFFSET COUNTER and 
permit these counters to both increment and decrement 
together. This function will be performed when the Local 
Processor writes any value Into the MAILBOX LOW Register 
(ADDR52H). 
It should be noted that when errors occur on multiple sectors, 
this special function must not be initiated until all bad sectors 
are corrected. 

74LS245 

DATA OUT 
TaRING 

GENERIC 
7-0 

BUFF~R 

ECC CHIP 

WRITE 
GENERIC 
ECC CHIP 

MSD 95C02 

OE READ ENABLE 

WE WRITE ENABLE 

WGATE 
PRESET 

RGATE ERROR 

TST4 

FIGURE 20: MSD 95C02 USED WITH OPTIONAL EXTERNAL ECC CHIP 
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APPENDIX 4-USE WITH AN EXTERNAL ECC 
CHIP 

The MSD95C02 has been designed to allow operation with 
an external ECC chip. To allow this operation, it is necessary 
for the external ECC chip to be able to determine three 
situations. 
1-The time when the MSD95C02 is performing a disk 

access cycle. 
2-The disk access cycle is a read or write cycle. 
3-The access cycle is for data transfer or ECC transfer. 
Figure 20 shows connection to a generic ECC chip. The 
required information for proper operation is presented to the 
outside world via the signals DGATE, ST1, STO and WFfITE. 
It should be noted that the DATA ERROR signal from the 
external ECC chip must be valid when it is checked by the 
MICROSEQUENCER. 

APPENDIX 5-USE OF SYNC REGISTERS WITH 
RLL ENCODING: 

For RLL encoding, two missing clock patterns are 
recommended. 
1-For RLL 2, 7 type 1, a missing clock pattern of FO is 
recommended along with a PLO SYNC pattern of 00. During 
the RLL encoding process, the PLO SYNC field of all zeros 
will encode on the disk as a repeating 100 pattern. If the 
PLO SYNC field is of such a length that an RLL encoding 
grouping ends at the 00 to FO boundary, then reliable bit 
synchronization via missing clock pattern detection can 
occur. The length of the PLO SYNC field during disk writing 
can be controlled via microcode. 
Loading 00 and FO in DESIRED REGISTER FILE locations 
and outputting them to the disk via the microcode signal 
WPRE and WMISS, will produce a unique pattern on the 
disk. In order to read this unique pattern back and obtain bit 
synchronization via the high speed compare, the signal SMC 
is activated which will cause a compare between SYNC 
Registers 1 & 4 and the incoming decoded bit stream. For 
a valid compare, SYNC Registers 1 & 4 should be 
programmed with the following values: 
SYNC 1 Register = FO 
SYNC 4 Register = OB 
2-For RLL 2, 7 type 2, a misSing clock pattern of 7 A is 
recommended along with a PLO SYNC pattern of FF. During 
theRLL encoding process, the PLO SYNC field of all ones 
will encode on the disk as a repeating 1000 pattern. In this 
case, the length of the PLO SYNC field is not a critical 
parameter in obtaining reliable bit synchronization. 
Loading FF and 7A in DESIRED REGISTER FILE locations 
and outputting them to the disk via the microcode signal 
WPRE and WMISS, will produce a unique pattern on the 
disk. In order to read this unique pattern back and obtain bit 
synchronization via the high speed compare, the signal SMC 
is activated which will cause a compare between SYNC 

Registers 1 & 4 and the incoming decoded bit stream. For 
a valid compare, SYNC Registers 1 & 4 should be 
programmed with the following values: 
SYNC 1 Register = 7 A 
SYNC 4 Register = 00 
The two cases above assume that bit D3 of MODE 2 
Register (8/16 COMPARE) is set to select the 16 bit compare 
mode. 

APPENDIX6-0UTLINE OF REED SOLOMON ERROR 
CORRECTION AND VERIFICATION 
ROUTINES 

The Reed Solomon ECC has been designed to permit the 
user correction of a maximum of two error bursts. The ability 
to correct two burst errors is generally associated with Reed 
Solomon codes. Using Reed Solomon alone, there is a finite 
probability of miscorrection if the error appearing in the data 
falls outside the capability of the Reed Solomon code used. 
The MSD95C02 allows the user to attach an optional CRC 
field to the Reed Solomon ECC field to permit detection of 
virtually all miscorrected data. 
The following steps should be performed to successfully 
correct a data error via Reed Solomon ECC and verify that 
the correction was performed properly: 
1. If an error is detected, the MICROSEQUENCER will 
interrupt the Local Processor with the syndrome bytes 
(information used to correct the error) and the CRC field 
residing in the CURRENT REGISTER FILE. 
2. The Local Processor will read the syndrome and CRC 
bytes and use the syndrome bytes to calcuate the error 
pattern (exclusive OR mask) and error location (in the Ring 
Buffer memory). This calculation is performed via table 
lookup in software. For the Reed Solomon code 
implemented in the MSD95C02, three tables of 256 bytes 
each are required. These three tables are a Log, antilog and 
root table. The generation of the error pattern will require a 
maximum of 6 recursive table lookups and the generation 
of the error location will require a maximum of 3 recursive 
table lookups. It is this routine that will indicate if the error 
in the data is correctable or uncorrectable. 
3. Once the error location and error pattern are determined, 
the Local Processor will set up the DMA block to perform 
the required read-modify-write operation to correct the error. 
4. Once the error is corrected, the Local Processor should 
verify if the error was corrected properly. This is done by 
taking the error pattern generated in step 2 and performing 
another table lookup (uses the same antilog table as step 
2) and taking this result and exclusive ORing it with one of 
the CRC bytes read in from the CURRENT REGISTER FILE 
in step 1. This is performed for each interleave. The result 
of these operations should yield zero if the error was 
corrected properly and yield a non zero if the error was not 
corrected properly. 
Details of the three tables and actual software routines will 
be available in associated application notes. 
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Circuit diagrams utilizing SMC products are included as a means 01 illustrating typical semiconductor applications: conse
quently 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 
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Keyboard Encoder 

(I)Maor be custom mask programmed (2)For future release 
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STANDARD MICROSYSTEMS 
CORPORATION 

KR9600 
KR9601 
KR9602 

Keyboard Encoder Read Only Memory 
KEM 

FEATURES PIN CONFIGURATION* 
o On-chip "caps" lock (KR9601, KR9602) 
o On-chip auto repeat (KR9601, KR9602) 
o Contact bounce protection FUNCTION KR9600/KR9601 

o N Key Rollover or Lockout operation 
OPTION { 

see "pin 1 40 xO 
o Hysteresis on keyboard matrix inputs OPTION assignment 2 39 x1 

o Tri-state TTL compatible data outputs OPTION chart" 3 38 x2 

o Serial output (on KR9602 only) OPTION 4 37 x3 
OPTION 5 36 x4 o Quad Mode (Normal, shift, control, OPTION (B9 on KR9600) 6 35 x5 

shift-control) data output B8 7 34 x6 o High frequency clock input data output B7 8 33 x7 
o Pin-compatible with KR3600 (KR9600) data output B6 9 32 x8 

o Static charge protection on all inputs d~ta output B5 10 31 delay node 

and outputs data output B4 11 30 Vee 

o + 5 volt supply 
data output B3 12 29 shift input 
data output B2 13 28 control input 
data output B1 14 27 caps lock (NC on KR9600) 

EXTERNALLY SELECTABLE Gnd 15 26 y9 
OPTIONS ON KR9600 AND KR9601 data ready 16 25 y8 

yO 17 24 y7 o Pulse or level data ready output signal y1 18 23 y6 
o External clock input y2 19 22 y5 

D On chip master/slave oscillator y3 20 21 y4 

o All 10 output bits available 
o Lockout/Rollover external selection 
o Chip enable external selection 
o Data complement control FUNCTION KR9602·XX 

o Any Key Down output X3 1 28 X4 
o Selectable Auto-Repeat rate X2 2 27 X5 

o Programmable Auto-Repeat rate X1 3 26 X6 
XO 4 25 X7 
Scan clock 5 24 X8 
Serial clock 6 23 Delay node 
Gnd 7 22 Vee 
Serial output 8 21 Shift 
yO 9 20 Control 
y1 10 19 Caps Lock 
y2 11 18 y9 
y3 12 17 y8 
y4 13 16 y7 
y5 14 15 y6 

·PLCC (J LEAD QUAD PACK) also available. 

GENERAL DESCRIPTION 

The KR9600/1/2 is a keyboard encoder that contains all the 
logic necessary to debounce and encode SPST key
switches into a fully decoded data output of up to 10 bits. 
The KR9600/1/2 contains a 3600 bit ROM, 9 stage and 10 
stage ring counters, a 10 bit comparator, timing circuitry, a 
90 bit memory to store the location of encoded keys for N 
key rollover operation, an externally controllable delay net-

work for eliminating the effect of contact bounce, an output 
data buffer and TTL compatible output drivers. 
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The KR9600 and the KR9601 provide a parallel data output 
in a 40 pin configuration with pin selectable options, while 
the KR9602 provides a serial asynchronous output in a 28 
pin configuration with mask programmable options. (Ref. 
KR9600/1/2 custom coding information sheet). 
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DESCRIPTION OF PIN FUNCTIONS 
KR9600 KR9601 KR9602 

NAME SYMBOL PIN# 

X OUTPUTS XO-X8 40-32 

YINPUTS YO-Y9 17-26 

EXTERNAL CLOCK *** 1 (see note) 

SERIAL CLOCK *** *'11* 

DATA OUTPUTS B8-B1 7-14 

DATA READY DR 16 

DELAY NODE DELAY 31 INPUT 

SHIFT INPUT SHIFT 29 

CONTROL INPUT CNTRL 28 

see CAPS LOCK CAPS note 

POWER SUPPLY Vee 30 
GROUND Gnd 15 

OPTION PINS see 
note 

Note: Caps Lock and Auto-Repeat are not available on KR9600. 
See option selection table for pin assignment. 

DESCRIPTION OF OPERATION 
The main clocks for the KR9600 and KR9601 are derived 
from either an external clock source or the fnternal oscil
lator. The KR96.02 requires an external clock. The exter
nal clock is routed to a divider with a mask programmable 
division rate from 1 to 63 to generate the internal clock. 

The keys are scanned in a nine output by ten input matrix, 
each key having a unique input-output combination con
nected to it. The inputs all go selectively to a level detec
tor which has logically variable (1 's and O's) levels and 
hysteresis. The outputs are enabled one at a time from 
output XO towards X8, at a rate of 10-1 OOKHz, through a 
9 stage ring counter. The 10 inputs are searched one at 
a time from YO to Y9, through a 10 stage ring counter, 
each time one of the outputs is enabled. The output and 
input pins all have pullups to Vee and are precharged each 
clock even if the scan is stopped at one key. When a level 
on the selected path to the comparator matches a level 
on the corresponding comparator input from the 10 stage 
ring counter and the key has not been encoded, the switch 
bounce delay network is enabled. The key down stroke 
is examined, without advance to the next key location, 
until the key has been stable for the length of the DELAY 
CAP pin to discharge. The code for the depressed key is 
transferred to the output data buffer and the data ready 
signal appears. 

PIN# PIN# FUNCTION 
External outputs from the 9-stage ring 

40-32 4-1 counter to the keyboard to form X-Y 
28-24 matrix with the keyboard switches as 

the crosspoints. 

17-26 9-18 External inputs from the keyboard X-Y 
matrix. 

1 5 External clock input. 

*** 6 Serial input Baud rate clock, for 
KR9602. 

7-14 8 
Data outputs B 1-B8. Parallel outputs 
for the KR9600/9601 , serial output for 
the KR9602. 

16 N/A 

This output, which can be a level or a 
pulse, signals that a key closure has 
been detected and that data is 
available at the output port. 

31 23 
Externally controllable delay network 
for eliminating the effect of switch 
contact bounce. 

29 21 This input is used to select the shift 
mode data. 
This input is used to select the control 

28 20 mode data. Simultaneous assertion of 
shift and control inputs will place the 
encoder into the shift-control mode. 

27 19 
This input "ANDed" with bit B9 of the 
ROM will cause a mode shift. See 
"programming options". 

30 22 + 5V power supply. 
15 7 Ground. 

1-6 N/A See option selection table for pin 
assignment. 

The scan has two modes as determined by the LOckout/ 
Rollover option. Once a key is determined to be down the 
scan will not advance if in the LOckout mode. Conse
quently a new key closure is not detected until the pre
viously depressed key is released. The scan sequence 
will resume upon key releaSe and t~e output data buffer 
stores the code of the last key encoded: ,In the Rollover 
mode a "1" is stored in the encoded key memory and the 
scan sequence is resumed and the code for the last 
encoded key remains in the data output buffer. Each 
depressed key is encoded regardless of the state of the 
previously depressed keys. The internal keyboard ROM 
is 10 bits wide. Bits 1-8 are output via data outputs B1-
B8. Bits 9 and 10 may be output as data and/or utilized 
respectively for Caps-lock and Auto-repeat select. This 
allows mask programmable selection of which keys will 
have caps-lock and auto-repeat. When selected, the auto 
repeat will commence with a "long" delay after key 
depression followed by "short" delays. The duration of 
the delays varying with the clock frequency and the state 
of the ARD, ARO, and AR1 signals. 

A Chip Enable input is available to enable the parallel 
output buffer. Data Ready can be put in the high-imped
ance state with Chip Enable (CE) or can be open drain 
as a mask programmable option to facilitate wire-oring 
as an interrupt. 
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In the serial output version of KR9602, when a key is 
debounced and then called valid, the serial shift register 
is loaded with the data (8 bits B1-B8) from the ROM, the 
data from the parity generator, and the data from the start 
and stop bits generator. Bits B9 and B10 are internally 
used respectively'for Caps-lock and Auto-repeat select. 
The data register is then allowed to shift data out at the 
rate of one bit per 16 clocks of the baud rate clockpin, on 
the negative edge of that clock. If the baud rate clock is 
too slow with respect to the internal clock, and the key
board were allowed to continue scanning when the data 
register is loaded, then new data could be loaded on top 
of shifting-out data. 
To avoid this, if a new key is depressed before the pre
vious data is fully shifted out of the device, including the 
stop bits, the delay cap will be allowed to decay but the 
internal logic will delay its effect until the shift out of the 
previous data is completed. If the new key is released 
before the end of the extended delay time it will not be 
encoded. 

OPTION SELECTION TABLE 
Since the selected coding of each key and all the options 
are defined during the manufacture of the chip, the cod
ing and options can be changed to fit any particular 
application of the keyboard. Up to 360 codes of up to ten 
bits can be programmed into the KR9600/KR9601 ROM 
covering most popular codes such as ASCII, EBCDIC, 
SELECTRIC etc. as well as many specialized codes.* 

Pin Assignment for KR9600/KR9601 
The chip pins from pin #1 thru pin #6 are optionally con
nected to differing logic functions. Many of the functions 
are available on more than one pin. 

PROGRAMMING OPTIONS 
The various options on the KR9600 and KR9601 are user 
selectable via externally programmable pins, but they are 
fixed, internally mask programmed, for the KR9602. 

Oscillator: 
The main clocks are derived from either an external clock 
source or from the Internal oscillator. The resultant sig
nal is then routed to a divider with a mask programmable 
division rate from 2 to 63. If no division is required then 
the divider is bypassed. The external clock requires one 
pin (pin #1), while the Internal oscillator needs three pins 
(pins #1, 2, 3) for frequency selection via an external 
resistor and capacitor. 

Lockout/Rollover: LO/RO 
This option selects the operation of the key scan when a 
new key is detected. In Lockout the scan stops as long 
as the key is down. In Rollover the scan stops till the new 
key is debounced by the DELAY CAP and the key code 
is output. Then the key pOSition is marked as down and 
the scan continues until another new key is seen. The 
option is selected either by an external pin or internally 
mask programmed, fixed in either state. The external 
LOckout selection is optionally hi or low active. A pull
down resistor to ground is optional. 

Complement Control: CC 
This option inverts the logic true state of the DATA OUT-

PIN FUNCTION in ut unless note91~ ___ ~ 
1 Ext clock (opt. internal divisor of 1-63)** 
1 Pin 1 of Internal oscillator. 
2 Pin2 of Internal oscillator. 
2 Lo/Ro CC CE ARD** ARO** AR1 ** 
3 Pin 3 of Internal oscillator. 
3 Lo/Ro CC CE ARD** ARO** AR1 ** 
4 AKO output 
4 Lo/Ro CC CE ARD** ARO** AR1 ** 
5 AKO or B1 0 output 
5 Lo/Ro CC CE ARD** ARO** AR1 ** 
6 B9 or AKO** output 

Options Available for the KR9602: 
The following options can be obtained on the KR9602 
only with a mask program, and are not pin selectable: 

Lo/Ro, CC, AUTO-REPEAT, LONG 
DELAY, SHORT DELAY, 
CLOCK DIVISOR 1,2,4,8,16,32,63; PARITY, 
1 OR 2 STOP BITS. 

Legend 
CC = COMPLEMENT 

CONTROL 
LolRo = LOCKOUTI 

ROLLOVER 
89 = 89 (DATA) OUTPUT 

AKO = ANY KEY DOWN 
CE = CHIP ENABLE 
B10 = B10 (DATA) 

OUTPUT 

INTERNAL CLOCK = SELF CONTAINED OSCILLATOR 
(Not available in KR9602) 

EXTERNAL CLOCK = EXTERNAL FREQUENCY 
SOURCE 

ARD ,= INITIAL AUTO-REPEAT DELAY 
ARO, AR1 = SECONDARY AUTO-REPEAT DELAY, OR 

NO AUTO-REPEAT WHEN BOTH ARE FALSE, 

*Contact local sales office for custom coding sheet. 
**Not available on the KR9600. 

PUTS and can optionally additionally invert the logictrue 
state of the DATA READY pin. The option can be inter
nally fixed as true or false where true will output a high 
log'ic level. When externally selected the option can be 
either input high or low active true. The pulldown to 
,ground is optional. 

Data Ready: 
The data ready pin is optionally either a pulse or level 
upon an output state ready to transfer. This transfer 
occurs when a new key is encoded or when the current 
key is repeating via the repeat logic. This output is indi
vidually capable of being. disabled via CE or inverted via 
CC. To invert DATA READY is to have the pulse go logic 
low or the level fall to logic low active when the output is 
allowed to drive out of the chip. 

Any Key Down: AKO output 
The AKO output is an indicator to tell that there is at least 
one key determined to be depressed. The output is 
optionally logic high or low true. The CE can be sepa
rately used to set the output in the high impedance mode. 
AKO will reset one full keyboard scan time after the last 
key is released. AKO cannot be inv~rted by CC (comple
ment control). 

Chip Enable: CE 
The chip enable option can be internally fixed to true or 
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can be externally selected. When an external pin is used 
the true level is only low true. The true state means that 
the outputs connected to CE will go to the driven state 
from the high-impedance condition. Output pins 81-810 
are always affected by Chip Enable (CE), optional for 
Data Ready and Any Key Down. A pulldown to ground is 
optional. 

Shift Control Lock: S C L 
These three pins determine what will be output in 
response to a new key being detected. The Caps Lock 
pin is optional on the KR9601 and KR9602 but it is not 
available on the KR9600. All three pins have optional 
pulldown resistors to ground. The Lock option is allowed 
if data bit nine of the ten data bits is programmed as true. 
In other words the Rom is read with no lock logic allowed, 
but with the full influence of the Shift and Control pins. 
This determines the 89 output which is used to see if this 
key can be shifted (be it a control code or not) by modi
fying the effect of the Shift upon a second read of the 
rom. The operation of the allowed Lock follows this table: 

L 89 S C Result 
F F F F N 
F F F T C 
F F T F S L = CAPS LOCK 
F F T T SC 89 = DATA OUTPUT 89 

N = NORMAL 
F T F F N S = SHIFT 
F T F T C C = CONTROL 
F T T F S SC = SHIFT and CONTROL 
F T T T SC 

T F F F N 
T F F T C 
T F T F S 
T F T T SC 

T T F F S Force N->S allow shift 
(iem->M) 

T T F T SC Force C->SC shift of Control 
T T T F ·S/N Opt Force S->N allow reverse 

(ieM->m) 
T T T T *SC/C Opt Force remove shift in 

SC->C Shift-Control 

*The mask programmable option for the removal of the shift is 
coded as either ON for all keys or OFF. Note that the 89 DATA 
output (and all the others) is the code of the second decode. Note 
that shift only occurs when both the lock is true and the unmodi-
fied code gives a 89 ROM output as true. 

Repeat: ARD ARO AR1 
When the Auto-repeat option is selected and a key IS 
pressed, either of two delays can be selected. Typically 
a long initial delay after the key is pressed, and short 
delays afterwards if the key is still pressed. These delays 

Minimum Switch Closure: 

consist of a programmable number of scan frequency 
time clocks varying from 2 to 131071 clock times. 

This option is masked programmable and dependent on 
the programming of the data bit 10 of the ten data outputs 
to be true for the resultant key code (after lock logic) and 
upon whether any repeat action should occur at all. 

There are three optional pins associated with the auto 
repeat logic: ARO, AR1, and ARD. Each of these can 
individually optionally have a pulldown resistor to ground. 
ARD controls the selection of the initial repeat delay count 
code, while the combination of ARO and AR1 controls 
the selection of the short delays as shown below. If no 
external pins are desired then those functions can be 
mask programmed. 

TYPICAL INITIAL REPEAT DELAY COUNTS 
ARD = hi 80000 clock times 
ARD = low 40000 clock times 

The repeat delays are selected by a two bit code where 
one decode is used to disable the repeat operation 
completely. 

TYPICAL SECONDARY REPEAT COUNTS 
ARO AR1 Count 
o 0 All Auto-Repeat Disabled 
o 1 6250 
1 0 3125 
1 1 1250 

Typical Example: 
One typical approach would be to mask program ARD 
for only one long delay value and mask ARO to ground. 
This way one can save two option pins for ARD and ARO 
and still be able to select or disable auto-repeat via AR1 
and have the option of having one fixed short delay value. 

ROM Data: 
The actual programming data is in 10 bit wide characters 
with four function codes for each key position. There are 
90 key positions organized as 9 "X" outputs with 10 "Y" 
inputs. The four functions as previously defined are Con
trol, Shift, Normal, and Shift-Control. 
The use of the optional Lock requires the programming 
of the 89 data bit. The use of the optional Auto-Repeat 
requires the programming of the 810 data bit. If the 89 
or 8 1 0 outputs are used then these will show the result 
of the contents of the "corrected" key function data bits. 
The "corrected" function is the possibly changed Nor
mal to Shift etc. etc. so that the output is that of the 'Shifted 
key code' NOT that of the initial key code. 

T = Switch bounce + (90 x 1/f) + Strobe delay + Strobe width 

I 
maximum 
expected 

I I 
determined determined 
by frequency by external 
of operation capacitance 

I 
minimum time 
required by 
external circuitry 
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CONDITIONS: 

Clkl 

XO 

X1 

X2 

Delay Cap 

DataRP 

DataRL 

81-810 

The clock divider is 1 so that elkl is "same as clock IN". 
A key is pressed down at XOYO but the delay cap has not timed out. 
Data Ready is high true and we have already had another key. 
DataRP = Data Ready as a Pulse DataRL = Data Ready as a Level 

I I I 

------------~: ~--~~~\ I i 
i Y II 

I I Ul 
------------~I~--~--~--rl~ r-------------------------

I I 
I I 

L----.J I 
I 

I I 

----~~IL--------

_____________ 1c-------------------------

Condition: Test mode autorepeat at divide by 4 and keep kef down 

Clkl 

XO 
I I 
I I 

X1 

X2 

I I I 
I I I 

------------~:~--*-~~~I~ I I 
I I I I 
I I I I 

DelayCap 

DataRP 

DataRL 

81-810 

L----.J I I I 
I I I 

I I I I 

-----;----t--+--!/I n I I IL 
I I I I I 

I 
I I I I 

L...--+-I -+-1 --i UJ ~ 
______________ ...J,l;-L~~~~:v--~I:---.:.h~~.:I:v~L------
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ELECTRICAL CHARACTERISTICS: KR9600, KR9601, KR9602 

MAXIMUM GUARANTEED RATINGS 

Operating Temperature Range** ....................................................................... O°C to + 70°C 
Storage Temperature Range ................ ;..................................................... - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.) ....................................................................... + 325°C 
Positive Voltage on any Pin, with respect to ground ........................................................... + 8.0V 
Negative Voltage on any Pin, with respect to ground .......................................................... - 0.3V 

ELECTRICAL CHARACTERISTICS (T A = O°C to 70°C, V cc =: + 5V ± 5%, unless otherwise noted) 
PARAMETER SYMBOL MIN TYP MAX UNIT COMMENTS 

D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 

Low Level VIL 0.8 V All inputs 
High Level VIH 2.0 V Except Y + 16X CLK 

2.2 V 16XCLKonly 
YINPUTS 

High Level VYIH 2.8 V Y input 
Low Level VYIL 0.8 V Y input 

INPUT CURRENT 
Leakage t 10.0 f.LA All inputs except Y 

VIN = 5V 
Input with Pull-down resistor 
selected as option 75 220 f.LA VIN = 5V 
Y inputs IY'L -100 --400 -500 f.LA VYIL = 1 volt 

OUTPUT VOLTAGE LEVELS 
Y inputs only 

Low Level VOL 0.4 V IOL = 1.6 rnA 
High Level VOH 2.4 V IOH = 100 f.LA 

Except X outputs 
X output voltage VOL 0.4 V 6OOf.LA 

VOH 3.4 4.0 V clock high 
IOH = 10 f.LA 

TRI-STATE LEAKAGE 10 f.LA 81-810 
INPUT CAPACITANCE 

All inputs CIN 10 pF Except Y inputs 
POWER SUPPLY CURRENT Icc 20 40 mA KR9600101 

Icc 15 35 rnA KR9602 
A.C. CHARACTERISTICS 

CLOCK FREQUENCY* FIN 0.01 4 MHz KR9601/02 
0.01 0.1 MHz KR9600 

16X CLOCK FREQUENCY DC 640 KHz KR9602 
Chip enable access time TCE 250 ns 

SWITCH CHARACTERISTICS 
Min switch closure see timing 

diagram 
Contact closure resistance Zcc 300 ohms 

Zcc 1 x 107 

NOTE: The KR9600 is a direct replacement for the KR3600. Please note that due to the logic level of the KR9600, when 
replacing the KR3600 in a N-Key rollover system where diodes are utilized, the polarity of the diodes must be 
reversed. 

* Divisor on KR9601/02 must be selected such that the resulting internal scan frequency is 10 KHz min to 100 KHz max. 
** Parts optionally available in extended temperature ranges in hermetic packages. Inquire at factory. 
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KR9600-PRO DESCRIPTION 

The KR9600 PRO is a MOS/LSI device intended to sim
plify the interface of a microprocessor to a keyboard 
matrix. Like the other KR9600 parts, the KR9600 PRO 
contains all of the logic to de-bounce and encode key
switch closures, while providing either a 2-key or N-key 
rollover. 

The output of the KR9600 PRO is a simple binary code 
which may be converted to a standard in'formation code 
by a PROM or directly by a microprocessor. This permits 
a user maximum flexibility of key layout with simple field 
programming. 

The code in the KR9600 is shown in Table I. The format 
is simple: output bits, 9, 8, 7, 6, 5, 4 and 1 are a binary 
sequence. The count starts at XO, YO and increments 
through XOY1, XOY2 ... X8Y9. Bit 9 is the LSB; bit 1 is the 
MSB. 

FIGURE 1 
KR9600 PRO TYPICAL APPLICATION 

64 KEY, 4 MODE 

Rollover 

+5-/_4 
Lockout X0

40 

r-_____ ~X1 3. 

X238 

X3
37 

X436 

X5
35 

X6 34 

e5 NC 

Any Key Down 

16f---.-:-___ D-C."'_Re....;.""'-Y ..-

:S 
,..---U 33 r-,~,;;-

--E 32 0 14flU.-NC 6~ 
-+-~-+-+-+-+-I--+-'---"'IYO 17 g: 13I=B' __ -""I 7 i!£...-
+-+-+-+-+--+-+--+-r--.!.!.!Yl 18 0 12r"B3'----_-9 8 ~;! 
+-+-+-+-+--+-+--+-r--.l.!.IY2 

19 ~ 11 84 A2 3 ! 9 i£!....,.. ~ 
-+-~-+-+-+-I--+-'---"'IY3 20 8! 10 85 A3 4 ~ 11 2L..- g 
+-+-+-+-+--+-+--+-r--.:.:!lY4 21 ~ 9 B6 A4 5 ~ 12 I2L.. " 

Y5 22 ~--~17 13~ 
Y6 23 71""-__ ""IA6 ,8 14~ 

+-+-+-+-+--+--+-+-r--..!.:.jY7 24 6 B9 
VB 25 
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Bits 2 and 3 indicate the mode as follows: 
Bit 2 Bit 3 
o 0 
o 1 
1 0 
1 1 

Normal 
Shift 
Control 
Shift Control 

For maximum ease of use and flexibility, an internal 
scanning oscillator is used, with pin selection of N-key 
lockout (also known as 2-key rollover) and N-key rollover. 
An "any-key-down" output is provided for such uses as 
repeat oscillator keying. 
Figure 1 shows a PROM-enCoded 64 key, 4 mode appli
cation, using a 256 x 8 PROM, and Figure 2 a full 90 key, 
4 mode application utilizing a 512 x 8 PROM. 
If N-key rollover operation is desired, it is recommended 
that a diode be inserted in series with each switch as 
shown. This prevents "phantom" key closures from 
resulting if three or more keys are depressed 
simultaneously. 

FIGURE 2 
KR9600 PRO TYPICAL APPLICATION 

90 KEY, 4 MODE 

,5 NC 

ROllover Any Key Down 

+5~~4 
o-' _____ ---=XO 40 

Data Aeady 

..-_____ --""XI
39 

X3
37 

X436 

X5
35 

X6 34 

----E. 33 r-,0,\;-
~ 32 0 14I""B1~_~AO 6~ 

-+-+-+-+-+-+-+--+-'---"'IYO 17 g: 13 B' 7 f2L-
+-+-+-+-+--+--+-+-t--~Yl 16 0 12

83 
A2 3 8~< 

-+-+-+-+-+-+-+--+-'--""IY2 19 ~ 11 84 4 Z 9l2!.-.- ~ 
-+-t-+-+-+-t-+-t-:t--'-'1Y3 

20 ~ 10
85 

A4 5 ~ 11~~ 
+-+-+-+-+--+-+--+-r--"",,!Y4 21 ~ 9 B6 AS 19 ~ 12 ~ u 

Y5 22 1"'-___ AO'46 16 13 ~ 

Y6 23 ~ __ A~7'7 '''~ 

+-t-t-t-+--I-+--+---+---!.!iY7 24 AS 16 
Y8

25 

/ '~""11 
~""_"' \1 """_ fj 

,N·k.y,ollo,.n \ ".k.y '0110'." 

~x #X : : ~"." 



TABLE 1 
KR9600-PRO CODING SHEET AND OPTIONS 

Normal 
XV 6·12345678910 
00 000000000 
01 000000001 
02 000000010 
03 000000011 
04 000000100 
as 000000101 
06 000000110 
07 000000111 
08 000001000 
09 000001001 
10 000001010 
11 000001011 
12 000001100 
13 000001101 
14 000001110 
15 000001111 
16 000010000 
17 000010001 
18 000010010 
19 000010011 
20 000010100 
21 000010101 
22 000010110 
23 000010111 
24 000011000 
25 000011001 
26 000011010 
27 000011011 
28 000011100 
29 000011101 
30 000011110 
31 000011111 
32 000100000 
33 000100001 
34 000100010 
35 000100011 
36 000100100 
37 000100101 
38 000100110 
39 000100111 
40 000101000 
41 000101001 
42 000101010 
43 000101011 
44 000101100 
45 000101101 
46 000101110 
47 000101111 
48 000110000 
49 000110001 
50 0001100W 
51 000110011 
52 000110100 
53 000110101 
54 000110110 
55 000110111 
56 000111000 
57 000111001 
58 000111010 
59 000111011 
60 000111100 
61 000111101 
62 000111110 
63 000111111 
64 100000000 
65 100000001 
66 100000010 
67 100000011 
66 100000100 
69 100000101 
70 100000110 
71 100000111 
72 100001000 
73 100001001 
74 100001010 
75 100001011 
76 100001100 
77 100001101 
78 100001110 
79 100001111 
80 100010000 
81 100010001 
82 100010010 
83 100010011 
84 100010'00 
85 100010101 
86 100010110 
87 100010111 
88 100011000 
89 100011001 

OPTIONS: 
Internal Oscillator (Pins 1, 2, 3) 
Lockout/Rollover (Pin 4) 

Internal Resistor to GND 
Lockout is Logic 1 

Shirt Control ShlltlControl 
6·12345678910 6·12345678910 6·12345678910 

001000000 010000000 011000000 
001000001 010000001 011000001 
001000010 010000010 011000010 
001000011 010000011 011000011 
001000100 010000100 011000100 
001000101 010000101 011000101 
00~000110 010000110 011000110 
001000111 010000111 011000111 
001001000 010001000 011001000 
001001001 010001001 011001001 
001001010 010001010 011001010 
001001011 010001011 011001011 
001001100 010001100 011001100 
001001101 010001101 011001101 
001001110 010001110 011001110 
001001111 010001111 011001111 
001010000 010010000 011010000 
001010001 010010001 011010001 
001010010 010010010 011010010 
001010011 010010011 011010011 
001010100 010010100 011010100 
001010101 010010101 011010101 
001010110 010010110 011010110 
001010111 010010111 011010111 
001011000 010011000 011011000 
001011001 010011001 011011001 
001011010 010011010 011011010 
001011011 010011011 011011011 
001011100 010011100 011011100 
001011101 010011101 011011101 
001011110 010011110 011011110 
001011111 010011111 011011111 
001100000 010100000 011100000 
001100001 010100001 011100001 
001100010 010100010 011100010 
001100011 010100011 011100011 
001100100 010100100 011100100 
001100101 010100101 011100101 
001100110 010100110 011100110 
001100111 010100111 011100111 
001101000 010101000 011101000 
001101001 010101001 011101001 
001101010 010101010 011101010 
001101011 010101011 011101011 
001101100 010101100 011101100 
001101101 010101101 011101101 
001101110 010101110 011101110 
001101111 010101111 011101111 
001110000 010110000 01.1110000 
001110001 010110001 011110001 
001110010 010110010 011110010 
001110011 010110011 011110011 
001110100 010110100 011110100 
001110101 010110101 011110101 
001110110 010110110 011110110 
001110111 010110111 011110111 
001111000 010111000 011111000 
001111001 010111001 011111001 
001111010 010111010 011111010 
001111011 010111011 011111011 
001111100 010111100 011111100 
001111101 010111101 011111101 
001111110 010111110 011111110 
001111111 010111111 011111111 
101000000 110000000 111000000 
101000001 110000001 111000001 
101000010 110000010 111000010 
101000011 110000011 111000011 
101000100 110000100 111000100 
101000101 110000101 111000101 
101000110 110000110 111000110 
101000111 110000111 111000111 
101001000 110001000 111001000 
101001001 110001001 111001001 
101001010 110001010 111001010 
101001011 110001011 111001011 
101001100 110001100 111001100 
101001101 110001101 111001101 
101001110 110001110 111001110 
101001111 110001111 111001111 
101010000 110010000 111010000 
101010001 110010001 111010001 
101010010 110010010 111010010 
101010011 110010011 111010011 
101010100 110010100 111010100 
10101(}10' 110010101 111010101 
101010110 110010110 111010110 
101010111 110010111 111010111 
101011000 110011000 111011000 
101011001 110011001 111011001 

Pulse Data Heady 
Any Key Down (Pin 5) Positive Output 

Internal Resistor to GND on Shift 
and Control Pins 
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CODING FOR KR9600-STD 

Normal 
XV B-12346878910 

00 1 1000111001 
01 q 1000110101 
02 a 1000010101 
03 z 0101110101 
04 HT 1001000001 
05 H 0001000101 
06 + 1101011001 
07 SO 0111001001 
OB P 0000110101 
09 1 1000111001 
10 2 0100111001 
II w 1110110101 
12 B 1100110101 
13 x 0001110101 
14 AS 0111100001 
15 % 1010011001 
16 m 1011010101 
17 SI 1111000001 
lB n 0111010101 
19 2 0100111001 
20 3 1100111001 
21 e 1010010101 
22 d 0010010101 
23 C 1100010101 
24 - 1111100100 
25 $ 0010011001 
26 L 0011000101 
27 US 1'111100001 
28 6 0'110111001 
29 k 1101010101 
30 4 0010111001 
31 r 0100110101 
32 f 0110010101 
33 SP 0000011000 
34 CAN 0001101000 
35 CA 1011000001 
36 vf 1101111101 
37 1101000000 
3B ~ 1110111001 
39 0100011001 
40 5 1010111001 
41 1 0010110101 
42 e 1110010101 
43 0110110101 
44 ETX 1100000001 
45 1 1011111101 
46 1111111001 
47 - 1011011001 
48 S~ 1001011001 
49 0000011001 
50 6 0110111001 
51 

~ 
1001110101 

52 0001010101 
53 b 0100010101 
54 0101111001 
55 > 0111111001 
56 

NU~ 
1101111001 

57 0000000001 
58 0101011001 
59 I 1000011001 
60 7 1110111001 
61 u 1010110101 
62 j 0101010101 
63 n 0111010101 
64 = 1011111000 
65 < 0011111001 
66 P 0000110101 
67 0 0000111001 
68 & 0110011001 
69 # 1100011001 
70 8 0001111001 
71 I 1001010101 
72 k 1101010101 
73 m 1011010101 
74 ( 1111011001 
75 1110011001 
76 ~F 0101000000 
77 1011111001 
78 FF 0011001001 
79 ( 0001011001 
60 9 1001111001 
81 0 1111010101 
82 I 00'11010101 
83 00'11011001 
84 0111011001 
85 

j 
1101111001 

86 1011100101 
87 1011011001 
88 0 0000111001 
89 9 1001111001 

OPTIONS: 
Internal Oscillator (Pins 1, 2, 3) 
'Any Key Down (Pin 4) Positive Output 
,N-Key Rollover only 
Pulse Data Ready signal 

Shift Control Shift Control 
B-12346878910 B-12346878910 B-12346878910 

< 0011111001 I 1000111011 SUB 01.01100001 
Q 1000100101 q 1000111111 OLE 0000100001 
A 1000000101 a 1000011111 @ 0000000101 
Z 0101100101 z 0101111111 P 0000100101 

HT 1001000001 HT 1001000001 I 1001000101 
H 0001000101 H 0001000101 H 0001000111 
+ 1101011001 + 1101011001 + 1101011011 
> 0111111001 SO 0111000001 SO 0111000011 
@ 0000000101 NUL 0000000001 NUL 0000000001 

I 1000011001 SOH 1000000001 SOH 1000000001 
@ 0000000101 2 0100111011 ETB 1110100001 
W 1110100101 w 1110111111 0011100101 
S 1100100101 B 1100111111 A 1000000101 
X 0001100101 x 0001111111 Q 1000100101 

AS 0111100001 AS 0111100001 FS 0011100001 
% 1010011001 % 1010011001 % 1010011011 

81 1011100101 CA 1011000001 CA 1011000001 
1111000001 SI 1111000001 SI 1111000011 
0111100101 SO 0111000001 SO 0111000001 
0100011001 STX 0100000001 STX 0100000001 

# 1100011001 3 1100111011 NAK 1010100001 
E 1010000101 9 1010011111 DC3 1100100001 
0 0010000101 d 0010011111 B 0100000101 
C 1100000101 C 1100011111 A 0100100101 
- 1111100100 - 1111100100 0111100100 
$ 0010011001 $ 0010011001 $ 0010011011 
L 0011000101 L 0011000101 L 0011000111 

US 1111100001 US 1111100001 US 1111100011 
& 0110011001 ACK 0110000001 ACK 0110000001 

$ 1101100101 DEL 1111111101 DEL 1111111101 
0010011001 4 0010111011 DC4 0010100001 

A 0100100101 r 0100111111 ENQ 1010000001 
F 0110000101 f 0110011111 C 1100000101 

SP 0000011000 SP 0000011000 SP 0000011000 

C~ 0001011000 CAN 0001100000 BS 0001000000 
1011000001 CA 1011000001 M 1011000101 

vf 1101111101 vf 1101111111 K 1101000101 
1101000000 1101000000 VT 1101000010 
1110011001 BE~ 1110000001 BE~ 1110000001 
0100011001 0100011001 0100011011 

% 1010011001 5 1010111011 STX 0100000001 
T 0010100101 1 0010111111 EOT 0010000001 

8 1110000101 G 1110011111 0 0010000101 
0110100101 v 0110111111 S 1100100101 

ETX 1100000001 ETX 1100000001 ETX 1100000001 

1 1011111101 1 1011111111 N 0111000101 
1111111001 1111111011 [ 1101100101 

- 1011111001 - 1011011001 1011011011 

S~ 1001011001 S~ 1001011001 S~ 1001011011 
0000011001 0000011001 0000011011 

> 0111111001 6 0110111011 SOH 1000000001 
Y 1001100101 

~ 
1001111111 DCl 1000100001 

H 0001000101 0001011111 E 1010000101 

~ 0100000101 b 0100011111 T 0010100101 
0101011001 0101111011 SYN 0110100001 

> 0111111001 > 0111111011 Z 0101100101 
+ 1101011001 

NU~ 
1101111011 Y 1001100101 

NU~ 0000000001 0000000001 NU~ 0000000001 
0101011001 0101011001 0101011011 

I 1000011001 I 1000011001 1 1000011011 
& 0110011001 7 1110111011 ETX 1100000001 
U 1010100101 u 1010111111 BEL 1110000001 
J 0101000101 ~ 0101011111 F 0110000101 
N 0111000101 0111011111 U 1010100101 
= 1011111000 = 1011111010 0111111100 
< 0011111001 < 0011111011 W 1110100101 
P 0000100101 P 0000111111 J 0101000101 

~ 1001011001 0 0000111011 DC2 0100100001 
0110011001 & 0110011001 & 0110011011 

~ 1100011001 # 1100011001 # 1100011011 
0101011001 6 0001111011 ESC 1101100001 

1 1001000101 I 1001011111 ACK 0110000001 
K 1101000101 k 1101011111 a 1110000101 
M 1011000101 m 1011011111 ~ 0110100101 

? 1111111001 ( 1111011001 1110011001 
0100011001 1110011001 0100011001 

LF 0101000000 LF 0101000000 as 1011100000 
+ 1101011001 1011111001 + 1101011001 
< 0011111001 FF 0011000001 FF 0011000011 

d 
0001011001 J 0001011001 

EJ 
0001011011 

0001011001 1001111011 1001100001 
1111000101 0 1111011111 J 1011100101 

L 0011000101 I 0011011111 0001100101 
0011011001 0011011001 0011011011 
0111011001 0111011001 0111011011 

i 
0101111001 

j 
1101111001 

i 
0101111001 

1101100101 1011100101 1101100101 
- 1111100101 1011011001 - 1111100101 
o 0000111001 0 0000111001 o 0000111001 
) 1001011001 HT 1001000001 HT 1001000001 

Internal Resistor to GND on Shift and 
Control Pins 

KR9600-STD outputs provides ASCn 
bits 1-6 on B1-B6, and bit 7 on B8 

749 



CODING FOR KR9601 AND KR9602 STD 

Normal Shllt 
XV B·12345676910 B·12345678.910 
00 0000000100 0101010100 
01 0000001001 0101011001 
02 0000001101 0101011101 
03 0000010001 0101100001 
04 0000010101 0101100101 
05 0000011001 0101101001 
06 0000011101 0101101101 
07 0000100001 0101110001 
06 0000100001 0101110001 
09 0000100101 0101110101 
10 0000101001 0101111001 
11 0000101101 0101111101 
12 0000110001 0110000001 
13 0000110001 0110000001 
14 0000110101 0110000101 
15 0000111001 0110001001 
16 0000111101 0110001101 
17 0001000001 0110010001 
18 0001000101 0110010101 
19 0001001001 0110011001 
20 00010011 11 0110011111 
21 0001010011 0110100011 
22 00010101 11 0110100111 
23 0001011011 0110101011 
24 0001011111 0110101111 
25 0001100011 0110110011 
26 00011001 11 0110110111 
27 0001101011 0110111011 
28 0001101111 0110111111 
29 0001110011 0111000011 
30 0001110101 0111000101 
31 0001111001 0111001001 
32 0001111101 0111001101 
33 0001111101 0111001101 
34 001000QO 01 0111010001 
35 0010000101 0111010101 
36 0010001001 0111011001 
37 0010001101 0111011101 
38 0010010001 0111100001 
39 0010010101 0111100101 
40 0010011011 0111101011 
41 0010011111 0111101111 
42 0010100011 0111110011 
43 0010100111 0111110111 
44 0010101011 0111111011 
45 0010101111 0111111111 
46 0010110011 1000000011 
47 0010110111 1000000111 
48 0010111011 1000001011 
49 0010111011 1000001011 
50 0010111101 1000001101 
51 0011000001 1000010001 
52 0011000101 1000010101 
53 0011000101 1000010101 
54 0011001001 1000011001 
55 0011001101 1000011101 
56 0011010001 1000100001 
57 0011010100 1000100100 
58 0011011001 1000101001 
59 0011011101 1000101101 
60 0011100011 1000110011 
61 0011100111 1000110111 
62 0011101011 1000111011 
63 0011101111 1000111111 
64 0011110011 1001000011 
65 0011110111 1001000111 
66 0011111011 1001001011 
67 0011111111 1001001111 
68 0011111111 1001001111 
69 0011111111 1001001111 
70 0100000001 1001010001 
71 0100000101 1001010101 
72 0100001001 1001011001 
73 0100001101 1001011101 
74 0100010001 1001100001 
75 0100010101 1001100101 
76 0100011001 1001101001 
77 0100011101 1001101101 
78 0100100001 1001110001 
79 0100100101 1001110101 
80 0100101001 1001111001 
81 0100101101 1001111101 
82 0100110001 1010000001 
83 0100110101 1010000101 
84 0100111001 1010001001 
85 0100111101 1010001101 
86 0101000001 1010010001 
87 0101000101 1010010101 
88 0101001001 1010011001 
89 0101001101 1010011101 

OPTIONS FOR THE KR9601-STD: 
PINS 1, 2, 3 INTERNAL OSCILLATOR [Input clock divisor = 1] 
PIN 4 CE [Active Low] 
PIN 5 AR 1 [ARO fixed at Lo = 0] 

[FIXED LONG DELAY OF 40000 CLOCK TIMES] 
[FIXED SHORT DELAY OF 6250 CLOCK TIMES] 

PIN 6 AKO [positive true] 
Pulsed DATA READY signal 
N-KEY ROLLOVER 
Pull-down resistor to ground at the following pins: 

_SHIFT 
_ CONTROL 
_CAPS-LOCK 
_ARO 
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Control Shill/Control 
B·12345678910 B·12345676910 

1010100100 1010100100 
1010101001 1010101001 
1010101101 1010101101 
1010110001 1010110001 
1010110101 1010110101 
1010111001 1010111001 
1010111101 1010111101 
1011000001 1011000001 
1011000001 1011000001 
1011000101 1011000101 
1011001001 1011001001 
1011001101 1011001101 
1011010001 1011010001 
1011010001 1011010001 
1011010101 1011010101 
1011011001 1011011001 
1011011101 1011011101 
1011100001 1011100001 
1011100101 1011100101 
1011101001 1011101001 
1011101111 1011101111 
1011110011 1011110011 
1011110111 1011110111 
1011111011 1011111011 
1011111111 1011111111 
1100000011 1100000011 
1100000111 11000001 11 
1100001011 1100001011 
1100001111 1100001111 
1100010011 1100010011 
1100010101 1100010101 
1100011001 1100011001 
1100011101 1100011101 
1100011101 1100011101 
1100100001 1100100001 
1100100101 1100100101 
1100101001 1100101001 
1100101101 1100101101 
1100110001 1100110001 
1100110101 1100110101 
1100111011 1100111011 
1100111111 1100111111 
1101000011 1101000011 
1101000111 1101000111 
1101001011 1101001011 
1101001111 1101001111 
1101010011 1101010011 
1101010111 1101010111 
1101011011 1101011011 
1101011011 1101011011 
1101011101 1101011101 
1101100001 1101100001 
1101100101 1101100101 
1101100101 1101100101 
1101101001 1101101001 
1101101101 1101101101 
1101110001 1101110001 
1101110100 1101110100 
1101111001 1101111001 
1101111101 1101111101 
1110000011 1110000011 
1110000111 1110000111 
1110001011 1110001011 
1110001111 1110001111 
1110010011 1110010011 
1110010111 1110010111 
1110011011 1110011011 
1110011111 1110011111 
1110011111 1110011111 
1110011111 1110011111 
1110100001 1110100001 
1110100101 1110100101 
1110101001 1110101001 
1110101101 1110101101 
1110110001 1110110001 
1110110101 1110110101 
1110111001 1110111001 
1110111101 1110111101 
1111000001 1111000001 
1111000101 1111000101 
1111001001 1111001001 
1111001101 1111001101 
1111010001 1111010001 
1111010101 1111010101 
1111011001 1111011001 
1111011101 1111011101 
1111000001 1111100001 
1111000101 1111100101 
1111101001 1111101001 
1111101101 1111101101 

OPTIONS FOR THE KR9602-STD: 
N-KEY ROLLOVER 
AUTO-REPEAT 

(FIXED LONG DELAY OF 40000 CLOCK TIMES) 
(FIXED SHORT DELAY OF 6250 CLOCK TIMES) 

1 STOP bit. 
No PARITY bit. 

Input clock divisor of 63 

PUll-down resistor to ground at the following pins: 
-SHIFT 
-CONTROL 
-CAPS-LOCK 



CODING FOR KR9602~012 (ASCII) 

XV 
00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
66 
69 
70 
71 
72 
73 
74 
75 
76 
77 
76 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 

OPTIONS FOR THE KR9602-012 ASCII: 
Lockout 
Auto Repeat 

Normal 
8-12345678910 

0000110001 
1001110001 
0001110001 
1110110001 
0110110001 
1010110001 
0010110001 
1100110001 
0100110001 
1000110001 
0001000001 
1010110001 
1011010001 
1010101001 
1101101001 
1111011011 
1111011011 
1001011011 
1010111011 
1001111011 
0010111011 
0100111011 
1010011011 
1110111011 
1000111011 
1101100000 
1001000001 
1011000001 
0000011001 
1110010001 
1101110001 
0011011011 
110'1011011 
010'1011011 
0001011011 
1110011011 
0110011011 
0010011011 
1100111011 
1000011011 
1111010001 
0111010001 
0011010001 
1011011011 
0111011011 
0100011011 
0110111011 
1100011011 
0001100011 
0101111011 
0011101001 
0000010001 
1010000001 
0110000001 
1110000001 
1001000001 
0101000001 
1101000001 
0111000001 
1111000001 
0000100001 
1000100001 
0100100001 
1100100001 
0010000001 
1010100001 
0110100001 
1110100001 
0001100001 
1001100001 
0101100001 
0011100001 
1011100001 
0111100001 
1111100001 
0000000001 
1000000001 
0100000001 
1100000001 
0010000001 
0000110111 
1001110111 
1000100011 
1110110111 
1100'100011 
1010110111 
0100100011 
1100110111 
0010100011 
1000'110011 

(Fixed Long Delay of 60,000 Clock Times) 
(Fixed Short Delay of 2000 Clock Times) 

One Stop Bit 
Input Clock Divisor of 32 

Shift 
8-12345678910 

1001010001 
0001010001 
0101010001 
0110010001 
0111101001 
1010010001 
0010010001 
1100010001 
0000001001 
1000010001 
0001000001 
1101010001 
1111101001 
1010111001 
1101111001 
0000101011 
1111001011 
1001001011 
1010101011 
1001101011 
0010101011 
0100101011 
1010001011 
0101001011 
1000101011 
1101100000 
1001000101 
1011000001 
0111111001 
0100010001 
0101110001 
0011001011 
1101001011 
0101001011 
0001001011 
1110001011 
0110001011 
0010001011 
1100101011 
1000001011 
1111110001 
0111110001 
0011110001 
1011001011 
0111001011 
0100001011 
0110101011 
1100001011 
0001100011 
0101101011 
0011111001 
0000010001 
1010000001 
0110000001 
1110000001 
1001000001 
0101000001 
1101000001 
0111000001 
1111000001 

?8g81g8S81 
0100100001 
1100100001 
0010000001 
1010100001 
0110100001 
1110100001 
0001100001 
1001100001 
0101100001 
0011100001 
1011100001 
0111100001 
1111100001 
0000000001 
1000000001 
0100000001 
1100000001 
0010000001 
0000110011 
1001110011 
0001110011 
1110110011 
0110110011 
1010110011 
0010110011 
1100110011 
0100110011 
1000110011 
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Control Shift Control 
8-12345678910 8·12345678910 

0000110001 1001010001 
1001110001 0001010001 
0001110001 0101010001 
1110110001 0110010001 
0110110001 0111101001 
1010110001 1010010001 
0010110001 0010010001 
1100110001 1100010001 
0100110001 0000001001 
1000110001 1000010001 
0001000001 0001000001 
1011110001 1101010001 
1111100001 1111100101 
1011100001 1010100101 
1101100000 1101100100 
0000100011 0000100111 
1111000011 1111000111 
1001000011 1001000111 
1010100011 1010100111 
1001100011 1001100111 
0010100011 0010100111 
0100100011 0100100111 
1010000011 1010000111 
1110100011 1110100111 
1000100011 1000100111 
1101100000 1101100000 
1001000001 1001000101 
1011000001 1011000001 
0000011001 0111111001 
1110010001 0100010001 
1101110001 0101110001 
0011000011 0011000111 
1101000011 1101000111 
0101000011 0101000111 
0001000011 0001000111 
1110000011 1110000111 
0110000011 0110000111 
0010000011 0010000111 
1100100011 1100100111 
1000000011 1000000111 
1111010001 1111110001 
0111010001 0111110001 
0011010001 0011110001 
1011000011 1011100111 
0111000011 0111000111 
0100000011 0100000111 
0110100101 0110100111 
1110100101 1100000111 
0001100101 0001100111 
0101100011 0101100111 
0011100001 0011100101 
0000010001 0000010001 
1010000101 1010000101 
0110000101 0110000101 
1110000101 1110000101 
1001000101 1001000101 
0101000101 0101000101 
1101000101 1101000101 
0111000101 0111000101 
1111000101 1111000101 
0000100101 0000100101 
1000100101 1000100101 
0100100101 0100100101 
1100100101 1100100101 
0010000101 0010000101 
1010100101 1010100101 
0110100101 0110100101 
1110100101 1110100101 
0001100101 0001100101 
1001100101 0001100101 
0101100101 0101100101 
0011100101 0011100101 
1011100101 1011100101 
0111100101 0111100101 
1111100101 1111100101 
0000000101 0000000101 
1000000101 1000000101 
0100000101 0100000101 
1100000101 1100000101 
0010000101 0010000101 
0000110111 0000110011 
1001110111 1001110011 
1000100011 0001110011 
1110110111 1110110011 
1100100011 0110110011 
1010110111 1010110011 
0100100011 0010110011 
1100110111 1100110011 
0010100011 0100110011 
1000110111 1000110011 

No Parity 
Eight Data Bits 
Pull down Resistor to Ground is at the following pins: 

-SHIFT 
-CONTROL 
-CAPS LOCK 

I 



STROBE DELAY vs C2 FOR KR9600/1/2 
OSCILLATOR FREQUENCY vs 

C1 FOR KR9600/~R9601 
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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 
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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Microprocessor Products 
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STANDARD MICROSYSTEMS 
CORPORATION~ 

MPU 800 
MPU 800-1 
MPU 800-4 

PRELIMINARY 

High-Performance 
Low-Power Microprocessor 

FEATURES 

D Variable Power Supply: 2.4V - 6.0V 
D Fully Compatible Wth Z80® Instruction Set 
D Pin-Compatible With NSC800 
D Powerful Set of 158 Instructions 
D 10 Addressing Modes 
D 22 Internal Registers 
D Low Power: 50 mW at 5 V Vcc 
D Multiplexed Bus Structure 
D On Chip Bus Controller and Clock Generator 
Dan-Chip 8 bit Dynamic RAM Refresh Circuitry 
D Three Speed Versions: 

MPU800-4 4 MHz 
MPU800 2.5 MHz 
MPU800-1 1 MHz 

D Capable of addressing 64 k bytes of memory, and 
256 I/O devices 

D Five interrupt request lines on-chip 
D Schmitt trigger input on reset 
D Power-Save Feature 

PIN CONFIGURATION 

AS Vee 
A9 J5"S 

A10 WATT 
A11 RESET OUT 
A12 ~ 
A13 BACi< 
A14 101M 
A15 ~ 
ClK mY 

XOUT Wl1 
XIN ALE 

ADO SO 
AD1 ~ 
AD2 81 
AD3 INTA 
AD4 iNiR" 
AD5 fISTC" 
AD6 11SfB 
AD? ~ 

GND NMI 

GENERAL DESCRIPTION 

The MPU800 is an 8 bit microprocessor that functions as 
the central processing unit (CPU) in Standard Microsys
tems MPU800 microcomputer family. The device is fabri
cated in double-poly CMOS to combine high performance 
with the low-power of CMOS. 

Many system functions are incorporated on the device 

Z80 is a registered trademark of Zilog Corporation. 

755 

including: vectored priority interrupts, refresh control, 
power save, and interrupt acknowledge. 

Dedicated peripherals (MPU81 0 Ram 1/0 Timer, MPU830 
ROM I/O Timer, and (MPU831 I/O Timer) have on-chip 
logic for direct interface to the MPU800. 

I 



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

STANDARD MICROSVSTEMS Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 

CORPOR J\~I ElPplications: consequently complete information sufficient for construction purposes is not necessarily given. 
1'\11VI'4 The informatiot:! has bee I') carefully checked and is ~elieved t9 be entirely reliable. However, no responsibility is 

" •• """,,' "',PI."" ,,, .. assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the 
,"" 1733'" . TWX,,,,,,,,,, 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 ana supply the best product possible. 
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MPU810A 
MPU 810A-1 
MPU 810A-4 

PRELIMINARY 

RAM-I/O-Timer 
FEATURES 
o Variable Power Supply: 2.4V-6.0V 
o Pin-Compatible With NSCB1 0 
o Three Programmable I/O Ports 
o Two 16 Bit Programmable Counter Timers 
o Very Low Power Consumption 
o Fully Static Operation 
o Singh3 Instruction I/O Bit Operations 
o Timer Operation: DC to 5 MHz 
o Bus Compatible with MPUBOO Family 
o Three Speed Versions For Full 

Compatibility with the MPUBOO: 
MPU81 0-4-4 MHz 
MPU810 -2.5 MHz 
MPU810-1-1 MHz 

GENERAL DESCRIPTION 

The MPUB10A functions as a memory, input/output 
peripheral interface, and a timing device. The memory is 
comprised of 1024 bits of static RAM organized 12B by B. 

The I/O portion consists of 22 programmable input/out
put bits arranged as three separate ports, with each bit indi
vidually definable as an input or output. The port bits can 
be set or cleared individually and can be written or read in 
bytes. Several types of strobed mode operations are avail
able through port A. 

The timer portion of the device consists of two pro
grammable 16 bit binary down-counters each capable of 
operation in anyone of 6 modes. Timer counts are extend
able by one of the available pre-scale values. The MPUB1 OA 
comes in three speed versions to match the MPUBOO. 
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PIN CONFIGURATION 

PC3/TG 
PC4/T11N 

TOIN 
RESET 

PCSIT10UT 
TOOUT 

10T/M 
CE 
I1D 

WI=! 
ALE 
ADO 
AD1 
AD2 
AD3 
AD4 
ADS 
AD6 
AD7 
GND 

BLOCK DIAGRAM 

FIGURE 1 

Vee 
PC2/STS 
PClIBF 
PCO/!f\ITR 
PB7 
PB6 
PBS 
PB4 
PB3 
PB2 
PB1 
PBO 
PA7 
PA6 
PAS 
PA4 
PA3 
PA2 
PA1 
PAO 

I 



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 

•
•••••• applications: 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 ana supply the best product possible. 
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MPU 830 ROM 1/0 Device 
MPU 8311/0 Device 

FEATURES PIN CONFIGURATION 
o Variable Power Supply: 2.4V-6.0V 
o Pin-Compatible With NSC830/NSC831 

PAO Vee PAO o Three Programmable I/O Ports A8 PAl 

o 2K x 8 Read Only Memory (MPU830) A9 PA2 

o Very Low Power Consumption Al0 PA3 
RESET PA4 RESET o Fully Static Operation CEo/CEo' PAS CEo 

o Single Instruction I/O Bit Operations 10/M PA6 Vee 

o Bus Compatible With MPU800 Family 10R/CEI /CE,' PAl CE, 
RD PCO/INTR RD o Strobed Mode Available on Port A WR PC1/BF WR 

ALE PC2/STB ALE 
ADO PC3 ADO 
ADl PBO ADl 
AD2 PBl AD2 
AD3 PB2 AD3 
AD4 PB3 AD4 
ADS PB4 ADS 
AD6 PBS AD6 
AD? PB6 AD? 

Vss PB? Vss 

MPU830 
MPU 831 

PRELIMINARY 

Vee 
PAl 
PA2 
PA3 
PA4 
PAS 
PA6 
PAl 
PCO/INTR 
PC1/BF 
PC2/STB 
PC3 
PBO 
PBl 
PB2 
PB3 
PB4 
PBS 
PB6 
PB? 

'Pin 6 is mask programmable as CEo or CEo 'Tie pins 2,3 and 4 to either Vee or Vss. 

GENERAL DESCRIPTION 

The MPU830 is a combination ROM and 110 
peripheral device contained in a standard 40 pin 
package. 

The ROM is comprised of 16,384 bits of Read 
Only Memory organized as 2048 by 8. 

The I/O portion consists of 20 programmable 
input/output bits arranged as three separate ports, 
with each bit individually definable as an input or 
output. The port bits can be set or cleared individ
ually and can be written or read in bytes. Several 
types of strobed mode operations are available 
through port A. 

The MPU831 is similar to the MPU830 except 
that is contains no ROM. The MPU831 is useful for 
prototyping work prior to ordering the MPU830, and 
when on chip ROM is not required. 

Pin 8 is mask programmable as lOR, CE
" 

or CE, 

12-41 

112-191 

ROM 
16.38481TS 
(2048x8) 

ADDRESS 
BUFFERS 

ADORESSI 
DATA 

BUFfERS 
ANO 

LATCHES 

Figure 1 

INTERNAL 
DATA 
BUS 

,----, 

Note: Applicable pmout for 40-P1l1 dual·m·lme package within parentheses 
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(1.33·39) 

(2128) 

(29-32) 

PCO-PC3 
HANDSHAKE 

BLOCK DIAGRAM 



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

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

CORPOR J\~I applications: consequently complete information sufficient for construction purposes is not necessarily given. 
1"'\1 IV'" The information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 

3'Mo","'" "_ Nv 11788 assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the 
,"51 m 3100' TWX "0 m 8898 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 ana supply the best product possible. 
760 



I 
761 



762 



SR S01S-XXX 
SR 5015-80 
.SR 5015-81 
SR 5015-133 

Quad Static Shift Register 

FEATURES 
o COPLAMOS® N Channel Silicon Gate 

Technology 
o Variable Length-Single Mask 

Programmable-1 to 134 bits 
o Directly TTL-compatible on a/l inputs, 

outputs, and clock 
o Clear function 
o Operation guaranteed from DC to 1.0 MHz 
o Recirculate logic on-chip 
o Single + 5.0V power supply 
o Low clock input capacitance 
o 16 pin ceramic DIP Package 
o Pin for Pin replacement for AMI S2182, 83, 85 

APPLICATIONS 
o Memory Buffering 
o Unique Buffering Lengths 
o Terminals 

BLOCK DIAGRAM 

OUTPUT A OUTPUT C 

REC CONTROL ABC ~""'--1 

I NPUT A >--1-----1 

INPUT B :>----1 

PIN CONFIGURATION 

INPUT A OUTPUT A 

RECASC RID 

CLEAR OUTPUT 0 

INPUTS INPUTD 

OUTPUTS RECD 

GND NC 

Vee INPUTC 

OUTPUTC CLOCK 

'---r-----<:.. INPUTC 

~-----<- RECIRC. INPUT D 

'--.I--1t---<. REC. CONTROL D 

'------..1-----<;, INPUTD 

CLOCK CLEAR 
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For additional information, consult your 1986 catalog or contact our product marketing department at (516) 273-3100. 

]5~cusBlvd.~.NY1'788 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 
applications: 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 ana supply the best product possible. 
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STANDARD MICROSYSTEMS SR 5017 
SR 5018 

COR 

Quad Static Shift Right/Shift Left Shift Register 
Last In First Out Buffer 

LIFO 
FEATURES 
D COMPLAMOS® N-Channel Silicon 

Gate Technology. 
D Quad 81 bit or Quad 133 bit 
D Directly Compatible with T2L, MOS 
D Operation Guaranteed from DC to 

1.0MHz 
D Recirculate logic on-chip 
D Single + 5.0V power supply· 
D Low clock input capacitance 
D Single phase clock at T2L levels 
D Clear function 
D 16-pin Ceramic DIP Package 

APPLICATIONS 
D Bi-Directional Printer 
D Computers-Push Down 

Stack-LIFO 
D Buffer data storage-memory buffer 
D Delay lines-delay line processing 
D Digital filtering 

PIN CONFIGURATION 

INPUTD 

RID 

OUTPUTD 

CLEAR 

OUTPUT A 

LlR CON 

INPUT A 

CLOCK 

D Telemetry Systems 
D Terminals 
D Peripheral Equipment 

RECD 

GND 

OUTPUTC 

INPUTC 

INPUT B 

OUTPUTB 

RECABC 

Vcc 

BLOCK DIAGRAM 
OUTPUT A 

REC CONTROL ABC ">--e--4I.-...t -~ 

INPUT A ">-+----1 

INPUTB >---......-1 

OUTPUTC 

~---< INPUT 9' 

t-----< RECIRC. INPUT D 

'--.J----e----< REC. CONTROL D 

'--..J------<:;. INPUT D 

L/RCONTROL r--------e-;t:--~~~~ 

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

i!""I~1\ lur,\l\nr,,\ ."II"'r'11I"V.~r""'r"r"'.~"~ Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor ii4iiiiliiiii applications: 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 

" ..... "''''''' "_" 1118' assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the 
"",173)11)0' TW' 110 m 88" 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 ana supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION 11 

Plastic Package Outlines 

c--------] 
-------

I 
L 

~ 

DIM 8 LEAD 14 LEAD 16 LEAD 18 LEAD 20 LEAD 24 LEAD 28 LEAD 40 LEAD 48 LEAD 

A .380-.400 .750-.770 .750-.770 .900-.920 1.025-1.050 1.245-1.265 1 .450-1 .470 2.050-2.070 2.430-2.460 

B .240-.250 .240-.250 .240-.250. .240-.250 .240-.260 .530-.545 .535-.550 .535-.550 .530-.550 ----
C .125-.135 .125-.135 .130-.140 .125-.140 .125-.140 .145-.155 .145-.155 .145-.155 .1~~ 
D .016-.021 .016-.021 .016-.021 .016-.021 .016-.021 .016-.021 .016-.021 .016-.021 .015-.021 

E .290-.330 .290-.330 .290-.330 .290-.330 .290-.330 .590-.630 .590-.630 .590-.630 .580-.630 

F .055-.065 .060-.070 .060-.070* .0~0-.070 .060-.070 .060-.070 .060-.070 .050-.060 .040-.065 

G .090-.110 .090-.110 .090-.110 .090-.110 .090-.110 .090-.110 . .090-.110 .090-.110 .090-.110 

H .040-.050 .075-.085 . 025-.035 .040-.060 .065-.075 .065-.085 .070-.090 .070-.090 .065-.090 

J .010-.014 .010-.014 .010-.014 .010-.014 .010-.014 .010-.014 .010-.014 .010-.014 .007-.014 

K .120-.140 .120-.140 .120-.140 .120-.140 .120-.140 .120-.140 .120-.140 .120-.140 .120-.160 

L .315-.370 .315-.365 .315-.365 .315-.365 .315-.365 .610-.670 .610-.670 .. 610-.670 .610-.675 

M .210-.250 .210-.250 .210-.250 .210-.250 .210-.250 .210-.250 .210-.250 .210-.250 .210-.250 
'.045 TYP FOR END LEADS 
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Plastic Surface Mount Package Outlines 
20, 28, 44, 68, 84 J-Lead Carrier 

NOTE: 

1. All dimensions are in inches. 

2. Circle indicating pin 1 can appear 
on a top surface as shown on the 
drawing or right above it on a 
beveled edge. 

DIM 20l 

A .165-.180 

A1 .090-.12'0 

0 .385-.395 

01 .350-.356 

02 .290-.330 

03 .200 

F .050TYP 

G .045TYP 

J .000-.020 

E .047-.053 
1---

R .025-.045 
1--

B .013-.021 
1------

B1 .026-.032 

C .020-.045 

PIN 1 

~----------- D------------~ 

---

28l 44l 68l 84l 
--1---

.160-.188 .160-.188 .160-.190 .165-.179 

.090-.120 .090-.120 .090-.130 .095-.109 

.482-.495 .682-.695 .982-.995 1 .1 85 - 1 .1 95 

.450-.456 .650-.656 .950-.956 1.150-1 .156 

.390-.430 .590-.630 .890-.930 1.090-1.130 
--~-

.300 .500 .800 1.000 

.042-.056 .042-.060 .042-.062 .050TYP 

.042-.048 .042-.048 .042-.048 .045 TYP 
-----------"-

.000-.020 .000-.028 .00-.028 .010 

.047-.053 .047-.053 .047-.053 .047-.053 
-1---

.025-.045 .025-.045 .025-.045 .025-.045 
--,----

.013-.021 .013-.021 .013-.021 .013-.021 

.026-.032 .026-.032 .026-.032 .027 
-- . ""-

.020-.045 .020-.045 .020-.045 .020-.045 
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Small Outline Package 
(SOle), 16 Lead Plastic 

DIM MIN MAX 

A .053 .069 

A1 .004 .010 

B .014 .019 

C .0075 .010 

D .386 .394 

E .150 .158 

e .050 Bse 

H .228 .244 

h .010 .020 

L .016 .050 

0< 0° 8° 
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Cerdip Hermetic Package Outlines 

8 PIN CERDIP HERMETIC PACKAGES 14, 16, 18, 20 PIN CERDIP 
HERMETIC PACKAGES g 

DIM 8 LEAD 

A 0400 MAX 

B .245-.295 

C .160 MAX 

D .016-.020 

E .290-.320 

F .050-.070 

G .100±.010 

H -
J .008-.012 

L 0400 MAX 

M .240-.300 

K .125 MIN 

[C~~~:J nr=J 
I. ~ ~ 

'LJl~~jrL 
24,28,40 PIN CERDIP HERMETIC PACKAGES 

~ 

'[C~~~~J' ] 
L A ~~ 

cT=VW====m 
~~ J l ~ l ~ 

14 LEAD 16 LEAD 18 LEAD 

.785 MAX .810 MAX .915 MAX 

.244-.295 .244-.295 .265-.295 

.160 MAX .180 MAX .180 MAX 

.016-.020 .016-.020 .016-.020 

.290-.320 .290-.320 .310-.330 

.050-.070 .050-.070 .050-.070 

.100± .010 .100±.010 .100± .010 

.065TYP .020TYP .040TYP 

.008-.012 .008-.012 .008-.012 

0400 MAX 0400 MAX 0400 MAX 

.240-.300 .240-.300 .240-.300 

.125 MIN .125MIN .125MIN 
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20 LEAD 24 LEAD 28 LEAD 

.970 MAX 1.280 MAX 10460 MAX 

.265-.295 .510-.595 .510-.595 

.180 MAX .180 MAX .180 MAX 

.016-.020 .016-.020 .016-.020 

.310-.330 .590-.620 .590-.620 

.050-.070 .050-.070 .050- .070 

.100±.010 .100±.010 .100± .010 

.020TYP .045 TYP .045 TYP 

.008-.012 .008-.012 .008-.012 

0400 MAX .700 MAX .700 MAX 

.240-.300 .240-.300 .240-.300 

.125 MIN .125 MIN .125 MIN 

40 LEAD 

2.070 MAX 

.510-.595 

.180 MAX 

.016-.020 

.590-.620 

.050-.070 

.100-.010 

.045 TYP 

.008-.012 

.700 MAX 

.240-.300 

.125MIN 



Ceramic Package Outlines 

14, "16, 18, 20 PIN HERMETIC PACKAGE 14 LEAD 16 LEAD 18 LEAD 20 LEAD 

DIM MIN MAX MIN MAX MIN MAX MIN MAX 

A .670 .760 .790 .810 .885 .915 .965 .995 

C .175 .175 .175 .175 

D .015 .021 .015 .021 .015 .021 .015 .021 

F .048 .060 .048 .060 .048 .060 .048 .060 

G .090 .110 .090 .110 .090 .110 .090 .110 
---" 

J .008 .012 .008 .012 .008 .012 .008 .012 

K .130 .170 .130 .170 .130 .170 .130 .170 --
L .295 .325 .295 .325 .295 .325 .295 .325 

M 10° 10° 10° 10° 

N .025 .060 .025 .060 .025 .060 .025 .060 

24, 28, 40, 48 PIN HERMETIC DIP 24 LEAD 28 LEAD 40 LEAD 48 LEAD 

DIM MIN MAX MIN MAX MIN MAX MIN MAX 

A 1.180 1.220 1.380 1.430 1.980 2.030 2.376 2.424 

B .575 .610 .580 .610 .580 .610 .567 .600 

C .595 .625 .595 .625 .595 .625 .590 .620 

D .065 .120 .065 .120 .065 .120 .077 .093 
-- --

E .020 .070 .020 .070 .020 .070 .025 .060 

F .125 .175 .125 .175 .125 .175 .130 .170 

G 0.100 TP 0.100 TP 0.100 TP 0.100 TP 

H 0.05 TP 0.05 TP 0.05 TP 0.500 TP 

J 0.018 TP 0.018 TP 0.018 TP 0.018 TP 
--

K 0.040 TP 0.040 TP 0.040 TP 0.040 TP 

L 0.Q10 NOM 0.010 NOM 0.010 NOM 0.010 NOM 
-~ 

M 0.600 TP 0.600 TP 0.600 TP 0.600 TP 

ALL UNITS INCHES UNLESS OTHERWISE SPECIFIED 
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Ceramic Leadless 
Chip Carrier Outlines 

PIN 
/NO.1 >--tt----+----+t---<<-----tt~--"[;~,~--- + -----Ef--

DIM 68 LEAD 44 LEAD 84 LEAD 

A .072-.088 .062-.078 .072-.088 

A1 .081-.099 .071-.089 .081-.099 

S .025TYP .025 TYP .025TYP 

0 .940-.965 .640-.660 1.135-1.165 

01 .800 .500 1.000 

02 .455-.820 .355-.598 .530-1.020 

03 .450-.820 .350-.590 .500-.990 

e .050 sse .050 sse .050 sse 
G .020 x 45° .020 x 45° .020 x 45° 

J .040 x 45° .040 x 45° .040 x 45° 
1-------

L .045-.055 .045-.055 .042 x .048 

L1 .075-.095 .075-.095 .075-.095 
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Cerquad Package Outline 
68 LEADED CERQUAD GULLWING (GA) 

/ PIN 1 INDENT if 
.900 1.125 
SQ: :t.005 

*DEFINES MINIMUM CLEAR LEADFRAME ZONE -zone consists of package body, 
including ceramic and glass. 

- ~., 
--I I-I ~~~ 

.030 .020 
min min 

68 LEADED CERQUAD FLAT LEAD (FA) 

L 
.050 

I 
/' PIN 1 INDENT 

.900 1.250 
SQ.* :t.005 

.018L 
m2f 

*DEFINES MINIMUM CLEAR LEADFRAME ZONE -zone consists of package body, 
including ceramic and glass. 

t 
.155 max 

~ 
=9 CCCCCOOOCO 

I 

•• PC Board Socket available from Cannon In 
- pin CA111484 
10550 Talbert Ave., Fountain Valley, CA 92728-8048 
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SALES REPRESENTATIVES 
~EGIONA.L OFFICES CALIFO~NIA/South 

y~;i!j,~call~gius Drive 

~~~~~:n~~3_~~~f_~T11~ 90245 

~~~~fs. l~g'lnte Dr. 
Suite 90 
Laguna Hills. CA 92653 
PHONE: 714-855-0233 
TELEX: 910-997-0225 
FAX: 714-458-0854 

Cerco 
5230 Carroll Canyon Road 
Suite 214 
San Diego, California 92121 
PHONE: 819-450-1755 
TELEX: 910-335-1220 
FAX: 819-450-3881 

. COLORADO 
, Elcom, Inc. 
. 2015 South Dayton Street 

Denver, Colorado 80231 
PHONE: 303-337-2300 
TELEX: 82927893 (EaByllnk) 
FAX: 303-745-0482 

ILLINOIS/South 
S.W. Wollard Co. 
Rural Route 1 
Post Office Box 66A 
Parker, Kansas 66072 
PHONE: 913-898-8552 
FAX: 913-898-8081 

INDIANA 
Wilson Technical Sales, Inc. 
P.O Box 688510 

~~3~~0~~s7_~~~~2n5~:6268 
TELEX: 910-997-8120 
FAX: 317-872-0884 

IOWA 
S.W. Wollard Co. 
Rural Route 1 
Post Office Box 68A 
Parker, Kansas 66072 
PHONE: 913-898-8552 
FAX: 913-898-8081 

KANSAS 
S.w. Wollard Co. 
Rural Route 1 
Post Office Box 66A 
Parker, Kansas 66072 
PHONE: 913-898-8552 
FAX: 913-898-8081 

MISSISSIPPI 

~J~gtrJ~;aa~a~~~~~~te~~oc. 
Jordan Center 
Huntsville, Alabama 35805-0306 
PHONE: 205-536-3044 
FAX: 205-533-5097 

MISSOURI 
S.W. Wollard 
Rural Route 1 
Poot Office Box 66A 
Parker, Kansas 66072 
PHONE: '913-698-8552 
FAX: 913-898-6081 

MONTANA 

~~~~t ~.W.k~\~9gt~~%te. 207 
Bellevue, Washington 98008 
PHONE: 206-747-9424 
FAX: 206-843-3488 

NEBRASKA 
S.w. Wollard Co. 
Rural Route 1 
Post Office Box 66A 
Pal ker, Kansas 66072 
PHONE: 913-898-6552 
FAX: 913-898-8081 

NEVADA/North 
CONNECTICUT 
Orion Group 
27 Meriden Avenue KENTUCKY Co~tar, Inc. 
Southington, Connecticut 06489 Wilson Technical Sales, Inc. 
PHONE: 203-821-8371 P.O. Box 688510 

19220 Stevens Creek Blvd. 
Cupertino, California 95014 
PHONE: 408-448-9339 
TELEX: 910-338-0208 
FAX: 408·448-4885 

~rl:2~~:20J:m~ ~~~~0~lf7.~~~~5~:6268 
DELAWARE 
Tritek Sales, Inc. 
21 E. Euclid Avenue 
Haddonfield, New Jersey 08033 
PHONE: 809-429-1551 
TELEX: 710-898-0881 
FAX: 809-429-4915 

• : FLORIDA 
~--~~~--~~~~MEC 

ALABAMA 

~J~gtrJ~:aa~t~~~~~t:s~oc. 
Jordan Center 
Huntsville, Alabama 35805-0306 
PHONE: 205-536-3044 
FAX: 205-533-5097 

ALASKA 
Quest Marketing, Inc. 
15921 N.E. 6th Street, Ste. 207 
Bellevue, Washington 98006 
PHONE: 208-747-9424 
FAX: 206-643-3488 

ARIZONA 
Southwest Technical Sales 
4314 E. Tonto St. 
Phoenix, Arizona 85044 
PHONE: 802-893-1209 
TELEX: 910-950-0195 
FAX: 802-893-1312 

ARKANSAS 
Southern States Marketing 
1143 Rockingham, Suite 106 
Richardson, Texas 75080 
PHONE: 214-238-7500 
TWX: 910-867-4754 
FAX: 214-231-7662 

CALIFORNIA/North 
Costar, Inc. 
19220 Stevens Creek Blvd. 
Cupertino, California 95014 
PHONE: 408-446-9339 
TELEX: 910-338-0206 
FAX: 408-446-4885 

600 W. Hillsboro Blvd., Ste. 300 
Deerfield Beach, FL 33441 
PHONE: 305-426-8944 
TELEX: 510-100-4470 
FAX: 305-427-9911 

MEC 
989 Woodgate Drive 
Palm Harbor, FL 33563 
PHONE: 813-784-8561 
FAX: 305-427-9911 

MEC 
375 S. North Lake Blvd. 
Altamonte Springs, FL 32701 
PHONE: 305-332-7158 

GEORGIA 
Electronic Marketing Associates 
6695 Peachtree Industrial Blvd. 
Suite 109 
Atlanta, Georgia 30360 
PHONE: 404-448-1215 
FAX: 404-448-9363 

IDAHO 
Quest Marketing, Inc. 
15921 N. E. 8th St., Ste. 207 
Bellevue, Washington 98008 
PHONE: 208-747-9424 
FAX: 208-643-3488 

ILLINOIS/North 
Sumer, Inc. 
1675 Hicks Road 

~~~~~~f~_~~~:~~~8iS 60006 
TELEX: 62958372 (Easyllnk) 
FAX: 312-991-0474 

DISTRIBUTORS 
ALABAMA 
Hall-Mark Electronics Corp. 
4900 Bradford Drive 
Huntsville, Alabama 35807 
PHONE: 205-837-8700 

ARIZONA 
Cetec Electronics 
3617 N. 35th Avenue 
Phoenix, Arizona 85017 
PHONE: 602-272-7951 

Hall-Mark Electronics Corp. 
4040 East Raymond 
Phoenix, Arizona 85040 
PHONE: 602-437-1200 

CALIFORNIA 
Cetec ElectroniCS 
1692 Browning 
Irvine, California 92714 
PHONE: 714-250-4141 

TELEX: 910-997-8120 
FAX: 317-872-0684 

LOUISIANA 
Southern States Marketln~ 

~i~~a~g;~~~~~~s ~~~~o 06 
PHONE: 214-238-7500 
TWX: 910-887-4754 
FAX: 214-231-7882 

NEVADA/South 
Southwest Technical Sales 
4314 E. Tonto St. 
Phoenix, Arizona 65044 
PHONE: 802-893-1209 
TELEX: 910-950-0195 
FAX: 802-893-1312 

NEW HAMPSHIRE 
MAINE The Orion Group 
The Orion Group 60'1 North Ave. 
607 North Ave. Wflkefleld, Massachusetts 01880 
Wakefield, Massachusetts 0186 PHONE: 817-245-5220 
PHONE: 617-245-5220 TWX: 510-601-0667 
TWX: 510-601-0867 

MARYLAND 
Robert Electronic Sales 
5525 lWln Knolls Rd" Ste. 325 

~~lg~~~a3~~9b~_~gl6045 
FAX: 301-964-3364 

NEW JERSEY/Northern 
Technical Marketing Group 
706 Cedar Lane 
Teaneck, N.J. 07666 
P~JONE: 201-692-0200 
TWX: 710-990-5086 
FAX: 201-692-8367 

MASSACHUSETTS NE:W JERSEY/Southern 
The Orion Group Trltek Sales, Inc. 
607 North Ave. 21 E. Euclid Avenue 
Wakefield, Massachusetts 018BO Haddonfield, New Jersey 06033 
PHONE: 617-245-5220 PHONE: 609-429-1551 
TWX: 510-601-0667 TE.LEX: 710-896-0881 

FAX: 609-429-4915 

~li~~~~r~q~'fs~~i~\e~~\~c~nIY 
2 Mack Road 
Woburn, Massachusetts 01801 
PHONE: 617-932-3311 
FAX: 817-932-0511 

MICHIGAN 
A. P. Associates 
P.O. Box 777 

~~~~o~' ~k:~i~:_~:~ci16 
TELEX: 267310 
FAX: 313-229-9356 

MINNESOTA 
Comstrand, Inc. 
2652 Anthony Lane South 

~~n~~~0~f2_~~~~::~la 55418 
TELEX: 910-576-0924 
FAX: 612-788-7218 

Cetec Electronics 
3940 Ruffin Road 
San Diego, California 92123 
PHONE: 619-278-5020 

Cetec Electronics 
2300 Owen Street 
Santa Clara, California 95051 
PHONE: 408-434-1114 
FAX: 408-433-0822 

NEW MEXICO 
Southwest Technical Sales 
4314 E. Tonto St. 
Phoenix, Arizona 65044 
PtIONE: 602-893-1209 
TE'LEX: 910-950-0195 
FAX: 602-893-1312 

NEW YORK 
Technical Marketing Group 
20 Broad Hollow Road 
Melville, N.Y. 11747 
PtiONE: 516-351-8833 
TWX: 910-997-3030 
FAX: 516-351-8667 

;3~~ue~~~rE~ftsg~d' ~nJ.' 
Victor, New York 14564 
PtlONE: 716-924-9101 
FAX: 716-924-4946 

Diplomat ElectroniCS, Inc. 
6921 San Fernando Road 
Glendale, California 91201 
PtiONE: 818-645-8700 
FAX: 818-848-6420 

Hall-Mark Electronics Corp. 
6341 Auburn Blvd. 
Suite 0 
Citrus Heights, California 95610 
PI lONE: 916-722-8600 
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~f4~U~I~1n~~e~0~g' Inc. 

~~g~u~:e3~:'~6~~~~~i206 
NORTH CAROLINA 
Electronic Marketing Associates 
9225 Honeycutt Creek Road 

~~~I~~; ~~9~~4~~~~~a 27609 
TELEX: 510-928-0594 
FAX: 919-848-1787 

NORTH DAKOTA 
Comstrand, Inc. 
2852 Anthony Lane South 

~~n~~~oJ~2_~~~~::~la 55418 
TELEX: 910-576-0924 
FAX: 612-788-7218 

OHIO 
Thompson & Associates 
23215 Commerce Dr., Suite 202 
Beachwood, Ohio 44122 
PHONE: 216-831-6277 
TELEX: 333804 
FAX: 216-831-2553 

Thompson & Associates 

5~~t~~,gb~T6 ~J~~~ 
PHONE: 513-435-7733 
TELEX: 810-459·1767 
FAX: 513-435-1898 

OKLAHOMA 
Southern States Marketing 

~1~~a~g;~~~~~~6 ~~~~o 106 
PHONE: 214-238-7500 
TELEX: 910-867·4754 
FAX: 214-231-7662 

OREGON 
Quest Marketing, Inc. 
6700 S.W. 105th, Ste. 3110 

~~~~~~~0~~gi~_~1~05 
FAX: 503-646-9536 

PENNSYLVANIA/Eastern 
Trltek Sales, Inc. 
21 E. Euclid Avenue 
Haddonfield, New Jersey 08033 
PHONE: 609-429-1551 
TELEX: 710-896-0681 
FAX: 809-429-4915 

PENNSYLVANIA/Western 
Thompson & Associates 
309 Regency Ridge 

~~~E:~~~-:::'~~33 
TELEX: 810-459·1767 

TENNESSEE 

~~~~rJ~~~a~a~~~~~~t~~~oc. 
Jordan Center 
Huntsville, Alabama 35605-0306 
PHONE: 205-536-3044 
FAX: 205-533-5097 

TEXAS 
Southern States Marketing 

~I~~:rg;~~~~~~s ~~~~o 106 
PHONE: 214-238-7500 
TWX: 910-887-4754 
FAX: 214-231·7662 

Southern States Marketing 
400 E. Anderson Lane, Suite 111 
Austin, Texas 78752 
PHONE: 512-452-9459 
TWX: 910-874-2006 

UTAH 
Elcom, Inc. 
2520 South State Street 
Suite 116 
Salt Lake City, Utah 84115 
PHONE: 801-486-4233 
TELEX: 62893625 (Easyllnk) 

VERMONT 
The Orion Group 
607 North Ave. 
Wakefield, Massachusetts 01880 
PHONE: 617-245-5220 
TWX: 510-801-0667 

VIRGINIA 
Robert Electronic Sales 
1901 West Huguenot Road, 
Suite 201 
Richmond, Virginia 23235 
PHONE: 804-276-3979 
FAX: 804-794-6090 

WASHINGTON 
Quest Marketing, Inc. 
15921 N.E. 8th St" Ste. 207 
Bellevue, Washington 98008 
PHONE: 206-747-9424 
FAX: 206-843-3488 

WASHINGTON D.C. 
Robert Electronic Sales 
5525 lWln Knolls Rd. Suite 331 

~~lg~~~a3~~9b~_~g026045 

WEST VIRGINIA 
Thompson Associates 
23715 Merchantile Road 
Beachwood, Ohio 44122 
PHONE: 218-831-6277 
TELEX: 610-427-9453 

WISCONSIN/West 
RHODE ISLAND Comstrand, Inc. 
The Orion Group 2852 Anthony Lane South 
607 North Ave. Minneapolis, Minnesota 55418 
Wakefield, Massachusetts 01880 PHONE: 612-788-9234 
PHONE: 617-245-5220 TELEX: 910-576-0924 
TWX: 510-601-0667 FAX: 612-788-7218 

SOUTH CAROLINA 
Electronic Marketing Associates 
210 West Stone Avenue 
Greenville, South 
Carolina 29609-5499 
PHONE: 803-233-4837/4636 
TELEX: 810-281-2225 
FAX: 803-242-3069 

SOUTH DAKOTA 
Comstrand, Inc. 
2852 Anthony Lane South 

~~n~~~0~if2_~~~::~la 55418 
TELEX: 910-576-0924 
FAX: 612-788-7218 

Hall-Mark Electronics Corp. 
8130 Remmet Avenue 

~~Cf~~: P8~r~:7~:'~~ooia 93104 
FAX: 818-704-4860 

Hall-Mark Electronics Corp. 
3876 Ruffin Road, Ste. 108 
San Diego, California 92123 
PHONE: 619-268-1201 

WISCONSIN/East 
Sumer, Inc. 
350 Bishops Way 
Brookfield, Wisconsin 53005 
PHONE: 414-784-6841 
FAX: 414-785-9628 

WYOMING 
Elcom, Inc. 
2015 South Dayton Street 
Denver, Colorado 80231 
PHONE: 303-337-2300 
TELEX: 62927693 (EBsyllnk) 
FAX: 303-745-0462 

Hall-Mark Electronics Corp. 
1110 Ringwood Court 
San Jose, California 95131 
PHONE: 408-432-0900 
FAX: 403-433-0745 

Hall-Mark Electronics Corp. 
19220 S. Normandie Avenue 
Torrance, California 90502 
PHONE: 213-217-6450 



DISTRIBUTORS (con't) 
Hall·Mark Electronics Corp. ~lt~~w~g~~Ot~~~: ~~ite 102 ~~~ra~r;~:~tr~~~~s'~~r~way ~J~~a~r~~en~y~~ics, Inc. Hall·Mark Electronics Corp. Quality Components, Inc. 
14831 Franklin Avenue 400 E. Wilson Bridge Road 4257 Kellway Circle 
Tustin, California 92680 ~~~~aE:G:t:$~3~g~~~ ~~lg~~~a3~~~~~~16~1046 Executive Campus Suite S P.O. Box 819 
PHONE: 714·869·4700 ~~~t~~,: ~g9.~83~~~1~8053 Worthington, Ohio 43085 Addison, Texas 75001 

800~241·5523 800·638·6656 PHONE: 614·888·3313 PHONE: 214·733·4300 
Western Microtechnology, Inc. 800·257·7808/7111 
10040 Bubb Road IDAHO MASSACHUSETTS Hall·Mark Electronics Corp. ~~~~~ ~~e~e~~t~~e Inc. Cupertino, California 95014 Radar Electric Co., Inc. Nu Horizons Nu Horizons 5821 Harper Road 
PHONE: 408·725·1660 5821 Franklin Road 151 Andover SI. 258 Route 46 Solon, Ohio 44139 Austin, Texas 78758 
FAX: 408·255·6491 Boise, Idaho 83709 Danvers, MA 01930 Fairfield, N.J. 07006 PHONE: 216·349·4632 PHONE: 512·835·0220 

PHONE: 208·336·2227 PHONE: 617·777·8800 PHONE: 201·882·8300 
COLORADO FAX: 208·336·2322 ~i~!f~o~~~T~r~~~~dlnc. Quality Components, Inc. 
Hall·Mark Electronics Corp. Hall·Mark Electronics Corp. 1005 Industrial Blvd. 
6950 Tucson Way So. IOWA 6 Cook Street NEW YORK Cleveland, Ohio 44131 ~~~~I~~~'1~~:~t;m8 Suite 206 Advent Electronics Pinehurst Park ADD Electronics PHONE: 216·477·1520 

~~~~~~0~o~~~.~g~280112 682 58th Avenue SW. Billerica, Massachusetts 01801 7 Adler Drive 800·321·0006 FAX: 713·240·6988 

~~~aN~af~~~3~~~2~~404 PHONE: 617·935·9777 ~~~~r;r:.~3~.~~0~ork 13057 FAX: 303·790·4991 OKLAHOMA UTAH 

~~I?~~Jv;l:c~~;~~s, Inc. ~~~i~.1g~Ro~:~t~J;'c. Hall·Mark Electronics Corp. 
CONNECTICUT ILLINOIS ~l~r~~r~uosmGg~I:~:rd 2265 So. 1300 West 
Hall·Mark Electronics Corp. Hall·Mark Electronics Corp. ~~O~~:t06~'7~~lJ~g~ Tulsa, Oklahoma 74146 West Valley City, Utah 84119 
Barnes Industrial Park W. 210 Mittel Drive ~~(f~~~~~6~~.:gb~ 11788 

PHONE: 918·664·8812 PHONE: 801·972·1008 
33 villafce lane, P.O. Box 5024 Wood Dale, Illinois 60191 FAX: 801·972·3446 
wallin~ord, Connecticut 06492 PHONE: 312·860·3800 Jaco FAX: 516·273·2801 OREGON 
PHON : 203·269·0100 222 Andover Street Western Micro ~i~lb~ ~I~~r~~~c~r. Mar·Con ~~o~~~O~'7~~~~fi~osetts 01887 Hall·Mark Electronics Corp. 1800 N.W. 169th Place #3300 
Milgray Electronics, Inc. 4836 Main Street 101 Comac Street ~~~~~~~0~~:~~~2g~~06 SUite 102 
378 Boston Post Road Skokie, illinois 60078 FAX: 617·273·1942 Ronkonkoma, New York 11779 Salt Lake City, Utah 84124 

~~~2~: ~~~~:i~i:011~6477 PHONE: 312·675·6450 PHONE: 516·737·0600 PHONE: 801·272·4999 
MICHIGAN Radar Electric Co., Inc. 

Milgray Electronics, Inc. Advent Electronics ~il~~~~lf~r~~.iCS, Inc. 
704 S.E. Washington WASHINGTON 

FLORIDA 765 Route 83, Ste. 123 24713 Crestview Court ~~g~f' ~:.~~~.9Jfri: Western Microtechnology, Inc. 
Hall·Mark Electronics Corp. Bensenville, Illinois 60106 ~~O~n~:t~~3~~~7.~~~igan 48018 ~~O~n~:d~~~.~::'9~~~ 11735 

14636 N.E. 95th Street 
15301 Roosevelt Blvd. PHONE: 312·350·0490 FAX: 503·235·0428 ~~~~~~d20~~:~t9~~ 98052 Suite 303 FAX: 516·752·9870 
Clearwater, Florida 33520 INDIANA MINNESOTA PENNSYLVANIA FAX: 206·882·2996 
PHONE: 813·530·4543 Advent Electronics Hall·Mark Electronics Corp. ~il~~~r~~~~~~i~:, Inc. 

QED Electronics, Inc. 
FAX: 813·535·3865 8446 Moller Road 10300 Valley View Rd. 805 N. Bethlehem Pike Radar Electric Co., Inc. 

~~~~~~~7.m~~ri626B Suite 101 Pittsford, New York 14534 Box 847 East 303 Pacific 
Hall·Mark Electronics Corp. Eden Prairie, Minnesota 55344 PHONE: 716·385·9330 ~~~~E~~~~~6fN:rit ~~~~E~' 5~~~~.~~g3 99202 7648 Southland Blvd. PHONE: 612·941·2600 
Suite 100 Hall·Mark Electronics Corp. Nu Horizons FAX: 509·456·8069 
Orlando, Florida 32809 4275 W. 96th Street MISSOURI 6000 New Horizons Blvd. TEXAS 
PHONE: 305·855·4020 ~~~~~oJlf7.~~~~~:7:6268 Hall·Mark Electronics Corp. Amityville, NY. 11701 Hall·Mark Electronics Corp. Radar Electric Co., Inc. 

13750 Shoreline Drive PHONE: 516·226·6000 1~~!~:r~~~~~1~3MIVd. 292 Torbett Street 
Hall·Mark Electronics Corp. Earth City, Missouri 63045 Richland, Washington 99352 
3161 S.w. 15th SI. KANSAS PHONE: 314·291·5350 NORTH CAROLINA PHONE: 512·258·8848 PHONE: 509·943·8336 
Pompano Beach, Florida 33069 Hall·Mark Electronics Corp. Hall·Mark Electronics Corp. FAX: 509·943·6790 
PHONE: 305·971·9260 10815 lakeview Drive NEW JERSEY 5237 North Blvd. Suite 0 Hall·Mark Electronics Corp. 

lenexe, Kansas 66215 Hall·Mark Electronics Corp. ~~~~~; ~¥~~~.g~b~~a 27604 
10375 Brockwood Road Radar Electric Co., Inc. 

Mllgray Electronics, Inc. PHONE: 913·888·4747 107 Fairfield Road Dallas, Texas 75238 168 Western Ave. West 
1650 Lee Road, Suite 104 Suite lB PHONE: 214·553·4300 ~~<g'~E:V;~~~~j~~~5~~119 Winter Park, Florida 32789 ~J~raw:;:~~~;i~~;el;t ~~~~I~; ~8t5~t~e.{;~7006 OHIO 
PHONE: 305·647·5747 !~GI~~lo~tas~:~agement Hall·Mark Electronics Corp. FAX: 206·282·1598 

800·327·5262 Overland Park, Kansas 66202 ~~~~t~~S~~~s 77063 PHONE: 913·236·8800 Hall·Mark Electronics Corp. CinCinnati, Ohio 45214 WISCONSIN 
GEORGIA 11000 Midlantic Drive PHONE: 513·579·8108 PHONE: 713·781·6100 Hall·Mark Electronics Corp. 
Hall·Mark Electronics Corp. MARYLAND ~~Ol~~~e~0~~2~;.~~86 08054 

FAX: 713·953·8420 16255 W. Lincoln Avenue 
6410 Atlantic Blvd. Hall·Mark Electronics Corp. New Berlin, Wisconsin 52153 
Suite 115 10240 Old Columbia Road FAX: 609·235·3381 PHONE: 414·797·7844 

~~~~~~'4~:~:i~:8~~DJl ~~~~~~a3~~9b~.~~~cio46 

INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS 
BELGIUM Future Electronics, Inc. HONG KONG SINGAPORE TAIWAN 
Auriema Belgium S.A.lN.V. Baxter Center ~r~t~~h1g~'Wi~~e~~inl~dind Bldg. 

Logic Devices Ltd. Sertek International 
Rue Brognezstraat 172·A 1050 Baxter Road No.3, Lorong Bakar Batu 3 FI. No. 135 
B·l070 Brussels Ottawa, Ontario K2C 3P2 ~~nN~:~~~gSkoWIOon 08·04, Brighlway Bldg. Chien Kuo N. Road, Sec. 2 
PHONE: 32·2·523·6295 PHONE: 613·820·8313 ~~g'ff~:r~~;:ia7/74387 Taipei 
TELEX: 84621646 PHONE: 3·255106 PHONE: 02·501·0055 

Future Electronics, Inc. TELEX: 38396 PTLD HX TELEX: RS 39142 TELEX: 23756 SERTEK 
BRAZIL 1695 Boundry Road FAX: 65·7488694 
Filcres Vancouver, B.C. V5R 4X7 INDIA UNITED KINGDOM 
Rua Aurora, 165 PHONE: 604·294·1166 Shivam Computers PVT Ltd. SOUTH AFRICA Golden Gate 
CEP .01209, Caixa Postal 18767 9 National Chambers, Eagle Electric Winchester House 
San Paulo Haltronics, Ltd. near Dipali Cinema Ashram Road 31·41 Hout Street Gardner Road 
PHONE: 011·223·7388 1085 North Service Rd. E. Ahmedabad Capetown 8000 Maidenhead 
TELEX: 1131298 Oakville, Ontario l6H lA6 ~~~~X~: 1~~~1~(~R"ri~j~8(R) Republic of South Africa Berks SL6 7Rl 

PHONE: 416·844·2121 PHONE: 451421 PHONE: 44·628·783631 
CANADA TELEX: 610·495·2664 TELEX: 5·21713 TELEX: 846263 Golden G 
Carsten Electronics Ltd. FAX: 416·844·0129 ISRAEL FAX: 44·828·71120 
3791 Victoria Park Avenue #1 Eastern & Western Canada ROT Electronics Engr. Ltd. SOUTH KOREA 

~~eg~0~~~~~:4~~~~~~9M1W 3K6 1·800·387·7949 ATIDIM Advanced Technologies Pk. Kortronics Enterprises Manhattan Skyline 
Central Canada Neve Sharat Room 307, B·9 Manhattan House 

TELEX: 065·26264 1·800·387·7955 Tel Aviv #604·01, Guro·Dong, Guro-gu ~r~19:n~~:g, Berkshire Sl6 808 PHONE: 972·3492187, 188, 191 Seoul 
Carsten Electronics Ltd. DENMARK TELEX: 371452 or 92233551 PHONE: 634·5497 PHONE: 44·628·75851 
215 Stafford Road, Unit 106 ~~~I~r~~s~~~S222 TELEX: MICROS K28484 TELEX: 851·847898 
Nepean, Ontario K2H 9Cl ITALY 
PHONE: 613·726·9250 DK2750 Ballerup Dolt. Ing. Giuseppe De Mico SPA SPAIN WEST GERMANY 

ARGENTINA PHONE: 45·2·658111 Vlale Vittorio Veneto 8 Amitron SA Atlantik Elektronik Gmbh 
Electroquimica Delta Ind. Compo Carsten Electronics Ltd. TELEX: 85535293 20060 Cassina De Pe9chi Avenida de Valladolid, 47A Fraunhoferstr, llA 
Timoteo Gordillo 72 ~i~~a~~~~,~:g:c H~~~wfA7 Milano 28008 Madrid 0·8033 Martinsried 
COD Postal 1408 FINLAND PHONE: 02·95·20·551 PHONE: 247·93·13/248·58·63 PHONE: 49·89·8570000 
Buenos Aires·R PHONE: 514·334·8321 Instrumentarium Elek. TELEX: 330869 TELEX: 45550 AMIT·E TELEX: 5215111 ALEC 0 
PHONE: 641·3193 P.O. Box 64 
TELEX: 21212 AR EDELTA Future Electronics, Inc. SF·02631 Espoo 63 NEDERLAND SWEDEN Beka Electronics Gmbh 

5809 Macleod Trail S. PHONE: 35805284320 Auriema Nedorland BV NAXAB Industriestrasse 3943 
AUSTRIA Unit 109 TELEX: 57124426 Doornakkersweg 26 Box 4115 0·2000 Wedel 
Othmar Lackner ~~~~~': ~~:;~~;'~~o~J FAX: 35805021073 5642MP Eindhoven 17104 Solna PHONE: 49·410384061 
Elektron Bauelement und Gerate PHONE: 31·40·816565 PHONE: 08·98·51·40 TELEX: 2789582 
landstr Haupstr 37 FRANCE TELEX: 84451992 TELEX: 17912 
A·1031 Vienna Future Electronics, Inc. Tekelec Airtronic Tekelec Aitronic Gmbh 
PHONE: 43·222·75·26·18 82 SI. Regis Crescent No. Cite Des Bruyeres NORWAY SWITZERLAND ~ggu~~~i~~r~sse 9 Downsview, Ontario M3J 123 Rue Carle Vernet Henaco AlS Datacomp AG 
AUSTRALIA PHONE: 416·638·4771 BP2 92310 Sevres Box 126, Kaldbakken Silbernstrasse 10 PHONE: 49·89·51640 
Total Electronics TELEX: 610·491·1470 PHONE: 33·14·5347535 Trondhelmsveien 436 CH·8593 Dietikon TELEX: 522241 
9 Harker Street Future Electronics, Inc. TELEX: 204552F Oslo 9 Zurich, Switzerland 
Burwood, Victoria 3125 PHONE: 47·2·16210 PHONE: 41·1·7405140 
PHONE: 03·288·404<1 

237 Hymus Blvd. TELEX: 76716 Hanac N TELEX: 827750 DACO 
TELEX: AA31261 (Pointe Claire) FAX: 1·7413423 Montreal, Quebec H9R 5C7 

PHONE: 514·694·7710 
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STANDARD MICROSYSTEMS 
CORPORATION 

DATA COMMUNICATIONS 

USE WITH 
PART 

NUMBER: TITLE: NUMBERS: 

TN5-1 Using the COM8004 for High COM8004 
Data Integrity in Bit Oriented COM5025 
Protocols 

TN5-2 Using the COM9026 Local COM9026 
Area Controller and the COM9032 
COM9032 Local Area 
Network Transceiver 

TN5-3 MIL-STD-1533A and MIL- COM1553A 
STD-1553B Overview COM1553B 

TN5-5 VLSI Circuit Provides COM9026 
Complete Controller for COM9032 
Token-Pass Systems 

TN5-6 Low Cost High Performance COM9026 
Token Pass LAN COM9032 

TN5-7 COM7210 GPIB-488 Talkerl COM7210 
Listener Controller 

DISPLAY PRODUCTS 

AN1-7 Horizontal Scrolling with the 
CRT5037 VTAC® 

CRT5037 

AN4-1 CRT9006 Single Row Buffer CRT9006 
Enhances Processor 
Through-put 

AN4-3 Programming and Interfacing CRT9006 
to the CRT9007 CRT9007 

CRT9021 
CRT9212 

AN4-4 Next Generation CRT CRT9006 
Systems CRT9007 

CRT9021 
CRT9212 

AN4-5 Using the CRT97C11 in an CRT97C11 
Alphanumeric Terminal 

TN4-2 CRT9007 VPAC® A Next CRT8002 
Generation CRT Controller CRT9006 

CRT9007 
CRT9021 
CRT9212 

TN4-5 CRT9028 VTlCTM A New CRT9028 
Video Terminal Logic 
Controller 

TN4-6 A Flexible Approach to Video CRT9007 
Graphic Systems using the 
CRT9007 VPAC® 

TN4-7 Variable Character Size with CRT9007 
the CRT9041 CRT9041 

APPLICATION AND 
TECHNICAL NOTE DIRECTORY 

FLOPPY DISK/HARD DISK 

USE WITH 
PART 

NUMBER: TITLE: NUMBERS: 

TN6-1 Principles of Digital Floppy FDC9216 
Disk Data Separation Using FDC9229 
FDC9216, FDC9229 or FDC9266 
FDC9266 

TN6-2 Improved Functionally 
Simplifies Disk Controller 

HDC9224 

Design 

TN6-3 FDC765A Circuit FDC765A 
Recommendation FDC9229 

TN6-5 Programming the HDC9224 HDC9224 
Universal Disk Controller 

TN6-6 pr08ramming the FDC765A, FDC765A 
FD 9266 and FDC9267 . FDC9266 

FDC9267 

TN6-7 HDC9224 Programmers HDC9224 
Reference Card HDC9225 

HDC9226 

MAGAZINE REPRINTS 
EON MAGAZINE 

- Networking Design Series (1984) 
PC MAGAZINE 

- LANs Under Netware (12/86) 
- LANs in Perspective (4/87) 

ELECTRONIC ENGINEERING TIMES 
- ARCNET. .. A Piece of the factory automation 

puzzle (4/87) 
ELECTRONIC DESIGN 

- Control System/3x peripheral communication 
with one chip (6/87) 
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