




























































































































































UPS 

Three Phase 30kVA 

The 30kVA provides clean power that 
eliminates power outages and power dis­
turbances , saving down time. It has low 
harmonic sine wave distortion (2 .5%) and 

controls output frequency (60 HZ ± .5 HZ) 
and voltage to the critical load (±2%). The 
de bus is floated at 137V de and uses a 
battery voltage of 120V de. The unit in­
cludes a Static Bypass Switch (4 ms fault 
transfer time). UL Listed File No. E68909. 
Clary Corp, 320 W. Clary Ave , San 
Gabriel, CA 91776. Circle 142 

MATRIX SERIAL PRINTER 
Bar Code, OCR Capability 

The M-132 includes full ASCII OCR-A or 
-B resident character set . It can be interface 
selected to print any one of 7 popular bar 
code types; symbol height is also program­
mable . For forms handling efficiency, paper 
can be bottom loaded or rear loaded . Op­
tional second set of tractors allow 2 separate 
documents to be handled simultaneously . It 
is ruggedly constructed to withstand heavy 
industrial use, and designed for continuous 
print runs. Specs include 132 column, 140 
cps bidirectional printing , RS-
232 interface and 600 character buffer. 
From $2795, OEM discounts avail. Man­
nesmann Tally, 8301 S. 180th, Kent , WA 
98031. Clrcle 167 

15V POWER BLOCK 
Designed For Rugged Applications 

This completely encapsulated power source 
measures only 2 .5" x 3.5" x 1.56" high yet 
can put out 15V at 0 .6A for 9W of power. 
Two can be stacked to provide 30V for air­
craft power simulation or ± 15V for opamp 
power. Specifications for the Model 
1.15.600 include: Line & Load regulation, 
±0.05%; noise & ripple, 2mVrms; temper­
ature coefficient, ± 0.01 %/°C; and isola­
tion , 50 megohms. Designed with fold back 

current limiting and has a max. design case 
temperature operating of 71°C. $88 , 5 year 
warranty . Calex, 3355 Vincent Rd , Pleasant 
Hill, CA 94523. Circle 158 

MAGNETIC TAPE HEADS 
For Use With Verbatim Mini Data 
Cassettes 

The Series A head measures .200 x .480 x 
.50 inches and incorporates two .057" chan­
nels in a fully drawn case for max. shielding; 
balanced core/coil structure to assure write 
symmetry; center tapped windings standard. 
Available with terminal pins or flexible 
leads . Variations in gap, inductance, and 
lamination thickness will be tailored to cus­
tomer requirements for either analog or dig­
ital applications up to 6400 FCI. Works on 
any cassette or cartridge using a . 15<Y' tape . 
Under $9. Data Recording Heads Inc, 690 
Mendelssohn Ave , Minneapolis, MN 
55427. Circle 161 

CRT TERMINAL 

Ergonomic Features 

The AV ANT 300 features user or host pro­
grammable function keys, smooth scroll , 
and line and block graphics capability. The 
package includes all metal construction 
consisting of 3 modules. The user may raise 

or lower the monitor and tilt or rotate for 
ease of viewing . Maintenance access is con­
venient because of the modular design. The 
unit has a standard detached keyboard 
with features such as keyclick and editing. 
AV ANT 300 allows the intermixing of 
normal , double high , double wide or double 
high/wide characters on the same line . Also 
standard is IOK down-line loadable RAM 
user memory. $1249. General Tennlnal 
Corp, 14831 Franklin Ave , Tustin , CA 
92680. Circle 166 
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PRINTER/CONTROLLER 
Mates P-E Minis With Printers 
To 1500LPM 

The NPC-20 controller and printer are easily 
installed at the computer location, no soft­
ware or hardware modifications required. 
Contained on a 7" x 15" board, the con­
troller accepts 7-bit ASCII data, buffers and 
transfers it to the printer via high-speed 
Schottky logic . Hexidecimal switches on 

the card permit address selection. It inter­
faces directly with BOS ' band printers with 
speeds of 300, 600 , 900, 1200 and 1500 
lpm . Standard bands have 64- or %­
character sets with special or foreign­
language bands optionally available. $6250 
to $28 ,850 depending upon speed. BOS 
Corp, 1120 Crane St, Menlo Park , CA 
94025. Circle 163 

NETWORK MANAGEMENT 
SYSTEM 
Enables Prediction Of Une Failures 
Before They Happen 

The ALPHA ST AR is a floppy-disk based 

PDP-11' & VAX "'Jusers ... 

ComDesiglis TC-3 Concentrates 
Multiple Terminals and Printers 

on a Single Telephone Line 
Cost-Effectively for the 

PDP·ll and VAX. 
•CONCENTRATION 

Many terminals-one line 

• PROVEN RELIABILITY 
TC-3s are in use world-wide 

• STATISTICAL MULTIPLEXING 
Efficiencies to 4000/o 

• BUILT-IN SYSTEM MONITORS 
Real-time data and signal displays 

• COST SAVINGS TO 40% 
Totally eliminates DZlls and cables 

• ERROR CORRECTION 
Data checked with all errors 
eliminated automatically 

• FAST ECHO RESPONSE 
-at last! 

• POWERFUL DIAGNOSTIC PANEL 
Modem loop-back, unit self-tests, 
and terminal diagnostics 

Put a TC-3 on Your UNIBUS®and 
Get a DZll with Stat Muxing too! 

"We are impressed . .. have already recommended the unit to a 
number of other RSTS/E users and shall continue to do so . .. " 

Intercontinental Forwarders, tnc. 

For further information and the sales office for your area 
Call toll-free(800)238-6938 or in Calif. (805) 964-9852 

Com Design 
ComDesign, Inc 
751 South Kellogg Avenue 
Goleta, California 93117 

• Regi ste red Trademark s of DEC 
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µ,C that permits users to monitor and control 
a statistically multiplexed data communica­
tions network consisting of up to 768 chan­
nels transmitting over as many as 32 inde­
pendent data links - all from a single 
central site . A report generated from the data 
base is automatically printed out every 24 
hours , or at any time by operator command. 
The report indicates what links , if any , are 
degrading and at what rate; and, shows the 
level of system activity for each data link so 
the datacomm manager knows who's using 
the system, and when . The ALPHA STAR 
ASM-1 is a complete, integrated network 
management system including controller, 
video terminal, printer and desk console. 

$14 ,500. The ASM-2 component configur­
ation consists of a rack mountable control 
unit and a terminal . $13 ,750. Timeplex Inc, 
One Communications Plaza, Rochelle Park, 
NJ 07662. Circle 156 

DISK CERTIFIER SYSTEM 
For 5-1I4" And B" Flexible Disks 

The 3PX 115/118 is a multi-spindle certifier. 
Initiall y, only one spindle need be installed 
and others added as requirements dictate . 
The spindles can be either 5-1 /4". 8" or 
combinations of both. Each spindle is totally 
independent and is µ,P/RAM/ROM con­
trolled. lndependency improves throughput 
since it eliminates time costs and down time 
difficulties associated with "ganged" 

spindle certifiers. A Sort Assist feature 
eliminates the need to perform complex 
computations or memorize error codes . 
Three Phoenix Co, 21639 N. 14th Ave . 
Phoenix, AZ 85027. Circle 138 



DATA SEPARATORS 
Simplify 5-1I4" Winchester Disk 
Integration 

Data Express/2 supports RMS advanced 
code that provides run-length limited code to 
allow recording of up to 50% more informa­
tion per track. It requires less total circuitry , 
because the advanced code is handled by 2 
custom VLSI encoder/decoder IC's . Higher 
data rate of 7 .5 MHz speeds data transfer. 
NRZ input, NRZ output provides stable de-

coded information. Data Express/I provides 
system integrators with standard MFM cod­
ing and 5 MHz data rates. It handles NRZ 
input and output, and supplies address mark 
generation and detection . Both support 2 
drives. Data Express/I is $197; Data Ex­
press/2 is $250. Rotating Memory Systems 
Inc, 1031-A E. Duane Ave, Sunnyvale , CA 
94086. Circle 154 

DISK CONTROLLER 
Provides STD Bus With Variety Of 
Floppy Disk Configurations 

The ANC-7393 can control up to four 5-1/4" 
or 811 single or double sided disk drives in 
single or double density mode. A digital 

phase locked loop performs read data sep­
aration, while write precompensation cir­
cuitry supports double-density operation. 
User' s Manual contains complete software 
listings for ZS0/8085 operation of reading, 
writing and formatting disks . CP/M 2 .2 is 
available to provide development of Basic , 
Fortran , Pascal or Assembly Language pro­
grams . All signal and I/0 lines are fully 
buffered and user may select the 1/0 port 

address to suit system requirements . $389; 
$47 14 with CP/M 2.2 . Antona Corp, 13600 
Ventura Blvd, Suite A, Sherman Oaks, CA 
91423 . Circle 157 

CPU-RAM CARD PAIR 
Only 4.5" Square 

These cards give a N-44 bus system a 3-
MHz Z-80 processor and 48K of 5V only 
RAM . The CPZ-80 card has power-on 
reset, and jumps to an onboard 2K EPROM 

socket addressed at F800 on reset. Four 
interrupts are decoded on the card and 
brought to the bus . They are fully compat­
ible with other I/O and memory cards of the 
N-44 bus, and can be used in combination 
with these other cards and card racks to 
make Z-80 based computer systems in vol­
umes as small as 5 .5" on a side. $150 (CPZ-
80), $450 (RAM-48) . Synapse Corp, Box 
1016 , N. Falmouth , MA02556. Circle155 

DATA IMPACT PRINTER 
Continuous Duty Cycle 

With standard 10 line and optional 2K 
buffer , the DIP-SIA is suited for such ap­
plications as CRT dump for hard copy . It 
can accept data while printing; thus, it can 
be readily interfaced with dumb CRT ter­
minals , modems or teletype replacement 
equipment. It features 7 x 7 or expanded 14 
x 7 matrix printing, U/L case character set, 

100 cps bi-directional print-out, fi nger clean 
ribbon cartridge loading, and a low profile. 
It uses ordinary bond paper in sheets, roll or 
fanfold form . With full 96 character ASCII, 
it prints at both 40 and 80 char/ line . Oper­
ator control includes Power, Select/ 
Dese lect , Line Feed, Top of Form and Self 
Test. $499, OEM qty prices avail. Dip Inc, 
745 Atlantic Ave , Boston , MA 02111 . 
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r-WcHRISTMAS~ 
Vl) "SPECIALS! . {)'-J 
INTERTEC SUPERBRAIN 64K RAM $2799 
OD SUPERBRAIN $2999 
NEC 5510 SPINWRITER (7710) $2345 
NEC 5520 SPI NW RITER (7720) $2695 
NEC 5530 SPI NW RITER (7730) $2345 
NEC PC 8023 Prin ter $ 639 ~}" 

100 CPS Tractor & Friction .,,.;.i}If 
OKIDATA .Afr 
MICROLINE-83~~~*°' 
$769 ~~ ~ 
g/~.d _.t.4'_c_, cO{i, 

~JP.~O'~\..~ _rl•~ c;r .-:AA.. I.I • we 

~
.:""I'"" Accept 

, ~ C.0 .D."s • Stock 
~ Shipments Same Day 

-11: or Next • No Surcharge 
._&)%; Credit Cards • All Equipment 

;;:f•V'""Factory Fresh w/MFT Warranty • We 
-:!(Ir Carry t he Complete Line of Personal 

,.;::::i>. Software 

NEC 12'" MONITOR $ 229 
NEC COLOR 12" MONITOR $ 339 
OKI DATA MICROLINE·80A $ 389 
OKI DATA MICROLINE -82A $ 529 
OKI DATA MICROLINE-83A $ 769 
DIABLO 630 $1995 
APPLE II PLUS 48K $1139 
APPLE DISK w/3.3 DOS 

Controller $ 525 
APPLE DISK w/o Controller $ 449 
HAZELTINE 1420 $ 799 
NORTHSTAR HORIZON II 32K OD $2925 
ANADEX DP-9500/9501 $1199 
TELEVIDE0912C S 669 
TELEVIDEO 920C $ 729 
TE LEVI DEO 950 $ 929 
CBM 8032 COMPUTER $1 149 
C3M 8050 DISK DRIVE $1349 
CBM 4032 COMPUTER $1029 
CBM 4040 DISK DRIVE $1029 
CBM 4022 $ 649 
CBM VIC-20 $ 269 
LEEDEX/AMDEK 100 $ 139 
LEEDEX/AMDEK 100G $ 169 
LEEDEX/AMDEK COLOR·1 13" 

Color Monitor $ 339 
MICROTEK 16K RAMBOA RD 

for Atari $ 79 
MICROTEK32K $ 149 
ATARI 800 16K $ 749 
ATARI 400 16K $ 349 
ATARI 810 Di sk Drive $ 449 
ATARI 82040Column Printer $ 299 
ATARI 822 40 Column Thermal Printer$ 349 
ATARI 82580Column Printer $ 599 

EAST COAST 
1·800-556-7586 

OMEGA SALES CO. 
12 Meeting Street 

Cumberland, RI 02864 
1-401 ·722· 1027 

.0 
~-. M 

WEST COAST 
1·800-235·3581 

OMEGA SALES CO. 
3533 Old Conejo Rd . #102 
Newbury Park, CA 91320 

1 ·805·499·3678 
CA. TOLL FREE 1-800-322 · 1873 

PRICES ARE SUBJECT TO CHANGE 
W/O NOTICE. 
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64KB MEMORY 
For S100 Microcomputers 

CI-S 100 dynamic RAM memory module requires no wait states at 2 
or 4 MHz. It is designed to plug directly into the memory slots of 
most S 100 microcomputers . Features include expandability to 

l/2MB with a bank select feature . This allows user to select up to 
eight 64kB memory cards. On board hidden refresh requires no 
outside intervention making the CI-SlOO look like a static RAM, 
even during block DMA write applications. Addressable in 4K 
increments up to 512 bytes of memory. Available with battery 
backup . $575. Chrislin Industries Inc, 31352 Via Colinas #102 , 
Westlake Village , CA 91361 . Circle 143 

MUL TIDROP MODEM 
µP-Controlled 4800 BPS Unit 

The DL 4800 is a sync modem for multidrop-polled and point-to­
point applications . It operates full-duplex at 4800 bps over 4-wire 

Stepper Motors can be 
smarter than ever! 

An tonio Road , Los Altos. 
CA 94022. (415 ) 949-0666 
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and half-duplex over 2-wire type 3002 unconditioned lines . The 
RTS/CTS turnaround time is 50 ms . It is end-to-end compatible with 
the Bell 208. The error rate of the automatic equalization is typically 

less than one bit in a million . It can rapidly readjust following a line 
interruption without requiring the transmitter to send a training 
message . Extensive self-testing capabilities are also featured . Tests 
include analog and digital loopbacks of remote unattended units . 
$3600 , $3200 when integrated into lnfotron multiplexers . lnfotron 
Systems Corp, Cherry Hill Industrial Center, Cherry Hill , NJ 
08003. Circle 147 

CARTRIDGE MODULE 
Reduces Printhead To Thin Cartridge 

Mounted horizontally , the Cartridge Module is as thin as the ribbon 
cartridge and can be encased within the cartridge, an important 
space saver. Multiple cartridges accomplish the same effect as 
dot-overlay printing. With the cartridge method, multi-pass printing 
can be replaced with mono-pass printing by using a cartridge head of 
several modules . Additional features are color graphics and very 
high thruput speeds out of conventional machines. Printing multiple 
lines, 2 cartridges can provide 400 cps as each cartridge is rated at 
200 cps . By adding cartridges , the thruput speed is increased elec­
tronically rather than by introducing very high speed carriage accel­
eration . Baudex Corp, 49 Richmondville Ave , Westport , CT 06880. 
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CaliFornia 
Coniputczr 

)lioc.o 
A Single Source 
computer show tor OEM's, sophisticated 
end uHrs,dealersand d!11rlbu1ors 

See lhe latest In computer graphics. computer 
and per1pheral 111ys1em111 
all In one day within minutes 
o! yourolllce 

December 3, 1981 
P1loAllOH)'ltl Hotel 

March 3, 1982 
Al'l1l'le1m Mar1lot1 

~Por!~ ,:~~.~~~~.1 

Excnange Iden with such leading 
manulaclurersae· 

MEMOREX 
TEllTl'IONI• OUME 
VEl'ISATEC 

" "' 
M•PlE 
MOfOl'IOL.A 

Norm O• N•rdl Ent•rprlHs 
289 S. S•n Antonio Ad, 
Suite 204, 
Lo1A.1to1,CA94022 
(415)941-8440. 



MULTIBUS PROTOTYPING CARD 

Independent Power Bus Strips 

These cards have locations for up to 84 16 
pin-dip IC's plus discrete components, 34 
independently-strappable bus strips, and 3 
gold-plated 50-pin 1/0 connectors. Features 
include provisions for mounting an on-board 

3-terminal regulator. The layout is on a grid 
of 0 . 1" holes, with bus strips individually 
strappable to any desired voltage. A ground 
bus runs around the perimeter of the board 
on both sides, and locating symbols are pro­
vided. Model PR-80H is $85 (1-9); $80 (10-
24) . Electronic Solutions, 5780 Chesa­
peake Ct, San Diego, CA 92123. Circle 162 

32 BIT SUPERMICRO 
32 Bit Flexibility With Economy Of 
µP Technology 

The Universe 68 system is built around the 
Motorola 68000 J.LP and runs UNOS, a 
UNIX-compatible operating system. It is a 
multi-user, multi-processing system . Its 32 
bit architecture provides a 16MB addressing 
capability. Initial models offer up to 6MB of 
memory and support for as many as 34 users. 
The Universe 68/10 system includes 2 serial 
ports and one parallel port, 256 kB of main 
memory , 8MB Winchester disk, and floppy 
disk backup ($18 ,500) . The larger 68/80 
model has greater expansion capacity and an 
80MB cartridge disk ($38,500). Base price 
for a single UNOS operating system license 
is $3000. OEM discounts are avail. The 
company offers licenses for both Universe 
68 hardware manufacturing and UNOS dis­
tribution . OEMs can thus integrate their 

products vertically to as great a degree as 
they wish . Charles River Data Systems 
Inc, 4 Tech Circle, Natick, MA 
01760. Circle 178 

GRAPHICS TERMINAL 
INTERFACE 
Unks 8 Async Terminals to VAX-111780 

Developed for CAD applications, the~ 
11 C03 provides more rapid graphic image 
updates . Character output from a V AX-11/ 
780 to a graphics terminal can achieve rates 
to 125 kilobaud . Any graphics display ter­
minal adhering to RS-232 or RS-422/423 

standards can be used with the interface . Up 
to 8 terminals can be connected as far as 
4 ,000' from the l 1C03. Available in 2 
models, the l 1C03-EA for 115-YAC 60-Hz 
operation, and the 11C03-EB for240-VAC 
50Hz operation. Benefits include increased 
productivity and more efficient use of the 
VAX computer. Buffered data output is 
handled by a OMA channel for efficient 
transfer of blocks of data . This lowers the 
overhead of the VAX/VMS operating sys­
tem . The 11C03 is a stand-alone, 30" high 
cabinet subsystem; $18,500. Digital 
Equipment Corp, Maynard, MA 01754. 

ilro 
DIGITAL DESIGN 
ENGINEIRS 
Vitro Laboratories Division has been a leader in the field of 
advanced systems engineerin~ for more than thirty years. 
We have gained that leadership by offering opportunities 
for growth, challenge, and personal recognition to creative 
individuals in return for their contributions. 

Due to continuing expansion, we now have career 
positions for Electrical Engineers available involving the 
development of custom digital and microprocessor-based 
control systems. 

The necessary qualifications include a degree in Electrical 
Engineering, 3 or more years of related experience, and 
design experience in the following areas: 

e T2L/CMOS Digital Circuitry 
• Z-80, 8080, NCS BOO Microprocessors and supporting 

l.C.'s 
• Zllog, Intel and National Single Board Computer 

procedures 
• Microprocessor Development Systems 
• General Assembly Language Programming (Basic 

Language Programming desirable) 

AUTOMATION INDUSTRIES, INC. 
Vitro Laboratories Division 
Department DD-2837 
14000 Georgia Avenue 
Silver Spring, Maryland 20910 
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MICROPROCESSOR 
COMPATIBLE 

THERMAL PRINTER 
Model MAP-20P is a 20 column . alpha­

numeric panel mount printer that accepts 8 bit 
TTL parallel data at rates > 2000 C.P.S. 
Complete with µP controlled timing. character 
generation. printhead-drive. stepping- motor 
circuits. the unit also has its own self-test 
program and AC power supply. Weight is 4.2 
lbs . and panel space is 14.8 sq. inches. Price is 
$625 .00 and in stock: 

MEMODYNECORPORATION 
220 Reservoir Street 

Needham Hgts .. MA 02194 
617-444-7000 Telex 92-2537 
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COLOR COPIER 
Plain Paper Copies From Computer 
Graphics Terminals 

ACT-1 is about the size of a standard office 
typewriter. It uses an ink-jet printing tech­
nology to produce multicolor images on 
paper in under 2 minutes for an 8-1/2" x 11" 
print. It pennits the color information 
displayed on a graphics tenninal to be 
copied quickly, quietly and at low-cost on 
plain paper. ACT-1 will be compatible with 
a wide range of computers and terminals 
bringing color hardcopy capability within 
reach of a majority of users. $9<XX). Advanced 
Color Technology Inc, 187 Billerica Rd , 
Chelmsford , MA 01824. Circle 177 

DISK/TAPE CONTROLLER 
Performance Of Several Boards 
On One Card 

Model 8200, a 15" x 15" card, allows max­
imum flexibility in already-crowded NOVA, 
Eclipse or emulating computers . It can sup­
port up to 8 formatted tape transports , inter­
facing to a single disk drive atthe same time . 
The disk controller portion will run a variety 
of Winchesters . OMA transfer rate is up to 
l .25MB/sec . An 8 kB FIFO provides a full 
16-sector, 512-byte buffer area as immunity 
to data late conditions with minimum laten-

Genisco Memory Product Div . . ......... 25 
Hitachi ................ . . . ......... . . 2 
Information Products Systems . ........... 9 
Kennedy ........................... C-2 
LaVezzi Machine Works .. . .......... . . 77 
Lorain Products ... . . . .... '. ......... 54.55 
Memodyne ............... . ...... . ... 86 
Microelectronics Measurement 
& Test Conference ......... . ......... 72 

Micromation .... . . . .... .. ............ 15 
Nicolet Zeta . ..•.....•..... . . . .•... . . 48 
Omega Sales ........... . .. . .......... 83 
Panasonic ...... . ........ . ... . ....... 11 
PC '82 Conference/Exhibition ........... 18 
Professional Data Services . .. ..... .. .... 80 
Relational Memory 
.Systems (REMS) .................... 26 

Scherer's Mini Computer Man . . . . . .. ... 73 
Selanar ......................... . ... 13 
Systems Magnetics ...... . .. . ..... . .... 79 
TeleVideo . ......... . ..... . ........ 7.41 
Texas Instruments 
(Semiconductor Group) ............ . . .. 5 

Topaz .............................. 29 
Vitro Laboratories Div .. 
Automation Industries ........ , ....... 85 

Wang Labs .... . ......... . .... .. .... .49 
Zendex ....... . .. ... ... . ....... . ..... 8 

cy . The magnetic tape portion supports 
drives at speeds of 12.5, 25, 37 .5, 45 , 100 
and 125 ips. Encoding formats include 
IBM-compatible 800 bpi NRZI , 1600 bpi 
PE or formats for streaming tape . $2030 (qty 
25) . Quentin Research Inc, 19355 Business 
Center Dr, Northridge , CA 91324. 
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MINICOMPUTER FAMILY 
Winchester-Based Systems With 
Streaming Tape Backup 

The new family - available in 7 basic con­
figurations - includes a high-speed , 16 bit 
minicomputer and 64 kB of RAM memory 
on a single board. All models support a 
variety of hard disks , from lOMB on a single 
spindle to as much as 732MB on 4 spindles. 
Available in 27-or60" cabinets . The small­
est computer, the System 50, includes a 
CPU with 64K of memory; 4 serial 1/0 
ports; a 20MB Winchester disk drive with a 
20MB streaming tape backup drive and con­
troller; a 27" cabinet; and IRIS . $14,950. 
Optional printers and CRTs are also offered. 
The top of the line, the System400, includes 
a POINT 4 computer with 64K of memory 
and battery backup; a 158MB Winchester 
disk and microstrearner tape backup; a con­
troller; 4 serial 1/0 ports and the Mighty 
MUX multiplexor; a 27" cabinet; and IRIS. 
$36,000. Mlcrotech Bu1lneu Sy1tem1, 
3180 Pullman St, Costa Mesa, CA 92626. 
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Sales Offices 
MA, ME, NH, RI & VT: John C. Moon. (617) 
232·5470, 1050 Commonwealth Ave .. Boston. 
MA02215 . 
NO. CA, OR & WA: Ph ilip M. Lenihan. Vernon 
D. Swan. Jr .. (4011) 371-9620, Suite 1005. 1901 
S. Bum1m. Camphcll. CA 95008. 

SOUTHERN CA: Carol Stagg. Regional Sulcs 
Manager. Michae l M. Hughes. (213) 9111-3300. 
Sui le 12 15 . 15910 Ven1uru Rl vd .. Encino. CA 
91436. 

ORANGE CO., CA: Lloyd Clinkcnhcard. !714) 
851-8550. 2041 Bu<inc<s Ccmcr Drive. Suite 206. 
Irvi ne. CA 92715. 

NYC, L.I. & CT: Jack Flynn. (203) 673-0300. The 
Flyn n Group. P.O. Box 675. Avon. CT 06001 . 

MID-ATLANTIC STATES: Warren Smi1h. 
!201) 221 -01114. The Flynn Group. P.O. B"' 754. 
Bernardwille. NJ 07924. 
SOUTHEASTERN STATES: E. Harold 
Mi1chell. (404) 634-7070. The Flynn Group. P.O. 
I 3611. Allanla. GA 30324. 

OHIO VALLEY: Doug HoN. !313) 476-3757. 
The Flynn Group. 27333 Bramwell. Fam1ing1on 
Hill ,, Ml 48018. 

MID-WESTERN STATES: Jeffrey c. Hmpc,, 
(617) 232-5470. 1050 Commonwea lth Avenue. 
Bo,ton . MA 02215 . 
SOUTHWESTERN STATES: Jcrrv Amhnvc. 
(713) 780-3326. The Flynn Group. 2 1.68 Augu,ta. 
Hou, ton. TX 77057. 

JAPAN: K. Yanacihara. !03) 350-0272. 10-10 
Shi njuku 3-chomc~ Shinjuku-ku. Tokvo. 160 . 
Cahle Address: Yunarnur.' Tokyo. · 



Data Entry Mechanisms: Mathematical Analysis 
And hnplementation of N-Key Rollover 
In data entry mechanisms such as key­
boards and switches , there exists a 
requirement - N-key rollover -
which is defined as identifying each 
individual key or event - even in the 
case of multiple key-closure or multiple 
event occurrence - simultaneously. 
This article outlines a mathematical 
analysis which shows that to obtain a 
full N-key rollover, it is necessary to 
have individual sensing of each key or 
data point. 

We consider the occurrence of an 
event as being similar to key-closure . 
For simplicity, consider the following 
structure of 4 keys A, B, C, D , as 
shown in Figure 1. We would like to 
identify which keys or combinations of 
keys are pressed. 
The possible key stroke combinations 
of a4-key keyboard are given in Table 1. 
The results of Table 1 can be mathemat­
ically expressed and conveniently ex­
tended to any number of keys or data 
points. 

Number 
of 

Com bl· 
nations 

4 

6 

4 

Total 

T = 16 

Type 
of Key 
Combi­
nations 

Mathematica I 
Equivalence 
and Repre­
sentation 

None 4co Combination 
of 0 variables 
out of4 

A 
B 
c 
D 
AB 
AC 
AD 
BC 
BO 
CD 
ABC 
ABO 
ACD 
BCD 
ABCD 

4c1 Combination 
of 1 variable 
outof4 

4c2 Combination 
of 2 variables 
outof 4 

4C3 Combination 
of 3 variables 
outof4 

4C4 Combination 
of 4 variables 
outof4 

Table 1: Key Stroke Combinations of 4-
Key Keyboard. 

A 

c 

Figure 1: 4-Key Structure. 

Let us suppose 

B 

D 

ncm = Combination of ' n' variables 
taken 'm' at a time, 

Then , 

T = nco + nc 1 + " C2 + · · · · · ·" Cn- 1 + " Cn 

With n = 4 
T = 4co + 4c1 + 4c2 + 4CJ + 4c4 = 16 
T = 1 + 4 + 6 + 4 + I = 16 
(n= 4) 

4co = 4c4 = 1 

4c1 = 4c3 = 4 

4c2 = (4 X3)/(l X2) = 6 

n = N umberof keys or data points 
T = Total number of key stroke 

combinations 

To distinguish the 16 possible com­
binations we require 4 binary variables 
(24 = 16) . Thus each key will have to 
provide a binary sense signal which 

000 

~ 
0 001 ..J .. 
Cl> 
0 
Cl 010 ... 
:i_ 

~~ 011 0 ... 
-g ~ 
.... '<I' 
u r-- 100 ..!!1z 
Ji en --.. 

101 Cl> ,, 
0 
u 
Cl> 
0 110 
'!! 
M 

111 

f e d 
(MSB) 
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010 011 1 00 101 110 111 

8 Input Multiplexer 
(SN74151) 
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15 

23 R 

31 0 

39 w 

47 s 

55 

63 

Z=O signifies key is pressed corresponding 
to address vector a b c d e f. 

Figure 2: Conceptual 8x8 Keyboard With Simulated 64 Sense Points (Row Scan & 
Column Sense). 
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results in individual sensing . 
Similarly let us consider n = 6 : 

T = 6co + 6c1 + 6cz + 6CJ + 6c4 + 6cs + 6c6 

T = I + 6 + 15 + 20 + 15 + 6 + I = 64 
(n =6) 

6co = 6c6 = I 

6c1 = 6cs = 6 

6c2 = 6c4 = (6 x 5)/(I x 2) = 15 

6C3 = 6 x 5X4/I x 2x 3 = 20 

In order to distinguish 64 different and 
poss ible combinations, we require 6 
binary variables (26 =64) . Thus 6 keys 
will provide 6 binary sense signals . 

Consequently , to obtain N-key roll­
over, for a system with n keys or data 
points, there should be n number of 

sense signals. 
As for practical implementation for 

N-key rollover, consider a 64-key 
keyboard arranged as an 8 x 8 physical 
matrix . We need 64 equivalent sense 
signals to accomplish full indentifica­
tion of the keyboard. 64 individual 
electronic sensors will be too expensive 
and cumbersome. However, using the 
time divi sion multiplexing and scan­
ning methods , 64 sense points can be 
easily simulated. Each key is allotted a 
time window to be examined , and its 
state can be easily ascertained, as 
shown in Figure 2 (Row Scan & 
Column Sense) . When a key is pressed , 
the column will pick up the row infor­
mation and present it to the multi­
plexer. IfZ = O, when f e d c b a= 110 
1 0 1, it corresponds to Key 53. All the 
rest of the 63 keys are eliminated. 

The 6 logic variables, a b c d e f, 
driving the 3/8 decoder and 8 input 
multiplexer, effectively formulate the 
address vector for the key being 
pressed , which is unique for each key . 
Thus on practical grounds, with 6 logic 
variables and time division multi­
plexing, it is completely possible to 
simulate individual sensing of each of 
the 64 keys and obtain full N-key roll­
over. This concept can be extended to 
any number of keys or data points. 

In the present µP-based systems, the 
decoder and multiplexer functions can 
be conveniently accomplished by the 
input/output ports of the micro, thus 
further simplifying the hardware . 

by W. V. Subbaroa 

Assoc. Prof of EE Florida Interna­
tional University 

Schematic For A 300-Baud Answer/Originate Modem 
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Digital Design's September Designers' Notebook was inadvertantly run schematic-less. For those frustrated readers who called and 
wrote us concerning the omission, here's the complete and somewhat updated schematic for designing a 300-baud answer/originate 
modem using off-the-shelf components. The design Is Identical to that described in the original article, except that Stephen Durham, 
author of the article, from Cerrnetek (1308 Borregas Ave, Sunnyvale, CA 94086) replaced the CH1267 channel receive filter and limiter 
with the newly Introduced CH1230, which takes up some of the extra logic and provides a cleaner circuit board. 
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