







































































































































































































































































DUAL HEADED FLOPPIES. Remex RFD 4000 improved
dual head and carriage assembly treat diskettes gently. The
ceramic bottom head is fixed in a special lightweight car-
riage; the top head is mounted via a movable load arm. It
has 4 times the storage capacity over std. drives. Its band
drive positioning improves data track and reliability. Im-
proved access time of 3 ms track-to-track means an avg.
seek of 91 ms (including settle). It’s physically and electri-
cally compatible with systems designed to use other (Shu-
gart/IBM) popular dual-head drives. Ex-Cell-O Corp., Remex
Div., 1733 E. Alton St., Box C19533, Irvine, CA.

Circle 227

TWO MAGNETIC TAPE SYSTEMS for VAX-11/780s
Model TFS-812 800/1600-bpi and Model 804 GCR 1600/
6250-bpi systems — operate on the Unibus adapter and
comes with software drives compatible with VMS operating
systems. Model TFS-812 consists of a controller, industry-
standard transport and cables. The system throughput re-
quirement can be matched by providing tape transports
at 45, 75 or 125 ips. Up to eight tapes can be daisy-chained
off the same controller. Prices start at $8250. Model 804
reads and writes in IBM and DEC packing formats and also
reads and writes on the fly. The dual-density, 9-track 75-ips
system provides storage in excess of 150 MB on a 2400-ft
reel. Data transfer rate is 470 Kbps. A simultaneous on-the-
fly two-track-error-correction capability enhances data
integrity. Price: $28,200. Optional cabinet with cooling
fans for housing a single tape drive and formatter: $1200.
Suitcase tester: $6500. Aviv Corp., 6 Cummings Park,
Woburn, MA 01801. Circle 246

INTERFACE PRODUCTS FOR MULTIBUS single board
computers include two general purpose Bus Foundation
Modules, one for 16- and one for 8-bit Intel computers,
$295 and $245, respectively. A Universal Wire Wrap Mod-
ule ($145) and Extender Board ($100) require only a single
slot in an Intel chassis. The foundation modules consist of
basic multibus logic elements plus wire wrap positions for

up to 38 IC devices using low-profile sockets or direct
mounting of 14 to 40-pin ICs. The wire wrap module pro-
vides for up to 60 low-profile sockets or ICs in combination
from 14 to 40-pin packages. MDB Systems, Inc., 1995 N.
Batavia St., Orange, CA 92665. Circle 248

REVAMPED SYSTEM: ACCOUNTING AND CHARGE
BACK SYSTEM. Arsap now supports RSX-11M V3.1 and
V3.2, multiple disk device storage accounting, multiple
UFD storage accounting, reformatted and improved
reports, and expanded documentation. In addition, instal-
lation has been shortened to 20 minutes. Arsap’s method of
statistics collection requires no system generation and does
not jeopardize DEC software support. Arsap is a propri-
etary software product that enables PDP-11 system mana-
gers to monitor computer usage, measure system perform-
ance and bill for resource utilization. Licensing fee $2995.
Gejac, Inc., PO Box 188, Riverdale, MD 20840. Circle 236

FREE Catalog

New 4-way relief from problems with
minicomputer supplies and accessories.

1. One-stop shopping.

Inmac (formerly known as
Minicomputer Accessories
Corporation) has a catalog
of over1000 products.Every-
thing from racks and line-
printer paper to connectors
and cables. Each designed
to help keep your minicom-
puter or word processing
system up and running.

2. Hassle-free ordering.

Inmac lets you order by
mail or phone. So keep this free
catalog close. It makes those once-tough tasks like
ordering your magnetic media easy, fast and foolproof.

3. Fast shipment of just the quantity you need.

Inmac ships your order within 24 hours from centers in
California, New Jersey and Texas. In a bind? Call us for the
many special services that can get your products to your
installation even faster, with no minimum-order requirement.
4. Field-proven quality means precision performance.

Inmac guarantees every product in these 70 pages for
at least 45 days. And even some for up to ten years.

Send for your FREE

( I tal /]
8 Inmac it e

P

2465 Augustine Drive, P.O. Box 4780, Santa Clara, CA 95051

© 1979 International Minicomputer Accessories Corporation

Circle 49 on Reader Inquiry Card

DOisc/3

MART, INC.

DO IT YOURSELF

LOW-LOW PRICES

ANADEX Printer, DP 8000 ............. $ 845.00

CENTRONIX 730 Matrix Printer ... .. .. 825.00
(with 4 free zip pack ribbons)

HAZELTINE 1520 .. .. .. L B s 1319.00

NEC Spinwriter 5510 (RO) .. 2643.00

(inc. forms tractor)

SORC 1Q 140 (Assembled) ... .......... 1245.00

Tl 810 Basic (upper & lower case) 1669.00
T1 994 Personal Computer . ........ 1150.00
TEC 511 CRT (upper & lower case) . . . 799.00
LA 34 DEC Writer Teleprinter ... ....... 1195.00
CARTRIDGES « DISKETTES « MAG TAPE

ACCESSORIES

ADDS, CENTRONICS, HAZELTINE, IMSAI, LEAR
SIEGLER, TECHTRAN, Ti, VECTOR GRAPHICS
AND OTHERS

STORE HOURS: 9 A.M.-5:30 P.M. Mon. through Fri.
Call or write for quotes or information.

Disc/3

MART, INC.

1840 LINCOLN BLVD.,
SANTA MONICA, CA 90404
(213) 450-5911
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A True Random Number Generator

Briefly, the 8080 subroutine described
here generates, in software, a true ran-
dom number, based on the length of
time an operator takes to type a re-
sponse to a prompt on an output device
such as a TTY. The subroutine incre-
ments a register pair and checks the
keyboard status flag. If a character is
not waiting, the register pair is incre-
mented and the subroutine continues
to loop.

The subroutine as described can be
used in a system using an Intel 8251
USART, or with minimal modification,
in a system using a UART or parallel
1/O port.

Random number generators are fre-
quently needed in computer programs
for simulations, educational programs,
games, etc. Implementation of a ran-
dom number generator is usually
achieved in one of two ways. The soft-
ware pseudo-random generator is most
often used, because pseudo-random
routines are widely available and are
casy to add to a program. The draw-
back is that, since pseudo-random se-
quences are not truly random, they
will eventually repeat. Hardware gen-
erators are also used, but require hard-
ware system modification —not always
possible.

The subroutine works as follows: A
Listing is truly random because it relys
on operator response time. The only
hardware required for the subroutine
as described is a serial I/O port (an
Intel 8251 is described but not manda-
tory). A parallel I/O port can be used
if a Data Ready flag from the keyboard
is available.

The subroutine works as follows. A
prompt requiring an operator response
is sent to the output device (TTY,
CRT, etc). After the last character has
been sent, the keyboard status flag is
cleared. If it were not cleared, the
operator could begin typing the re-
sponse prior to the end of the prompt,
thereby resulting in a zero response
time. Register pair B&C is used as a
counter in a loop, so the contents are
saved on the stack prior to entering
the count loop. There is no need to
initialize the register pair to a known
value for the random number count
loop. On each pass through the loop,
the keyboard status flag (RxRDY for
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The subroutine RNDNO listing, written in Intel 8080 mnemonics, for a
true software random number generator, is . . .

LABEL  MNEMONIC
* USARTS  EQU 021
* USARTD  EQU 020
* RXRDY  EQU 002
*
RNDNO  IN USARTS
PUSH B
LOOP IN USARTS
ANI RXRDY
INZ SAVENO
INX B
IMP LOOP
SAVENO MOV A,B
STA RN1
MOV £,
STA RN2
POP B
IN USARTD
RET

the 8251) is scanned. If it is a logic
one, a character has been transmitted
from the keyboard, so the loop is
terminated. Before inputting the key-
board character, the contents of reg-
ister pair B&C are saved in memory
at locations RN1 for register B and
RN2 for register C. The results can
be handled as two 8-bit numbers or
one 16-bit number. After the origi-
nal contents of B&C are retrieved
from the stack, the character trans-
mitted from the keyboard is input

COMMENTS

/ status port of 8251 USART
/ data port

| receiver ready flag

/ enter subroutine here

/ clear status flag

|/ save B&C registers

/ get USART status

/ character waiting?

/ yes, exit count loop

/ no, increment count registers
/ and continue to loop

/ save MSByte of random

/ number in location RN1

/ save LSByte of random

/ number in location RN2

/ retrieve original contents of B&C
/ input character waiting

/ return with char. in Accum.

and the subroutine is exited with the
character in the Accumulator. The
value of the random number generated
is a function only of how quickly the
operator responds to the prompt. Gen-
erally, RN2 will be larger than RNI1.

JC. Hassal, H&H Enterprises, 1201
Highland Circle, Blacksburg, VA.

Rate this design: circle 13L, 13M
or 13H on Reader Inquiry Card

Console Message Display

To add to your string of “Console Mes-
sage Display” subroutines (October
1979, pg. 94 and January 1980, pg.
79), here is my version:

MSGXP XTHL
MOV AM
INX H
XTHL
CPI 0
RZ
CALL CO
JMP MSGXP

CO is the single-character output
subroutine; no special assumptions
about it are needed (e.g., subroutine
CO may change the contents of the
accumulator). Any desired message
terminator byte other than 0O can be
readily accommodated by changing
the second byte of the CPI O in-
struction.

The key to this version of the
MSGXP subroutine is the often-
neglected XTHL instruction, which ex-
changes the HL register pair with the
two bytes at the top of the stack. This
instruction allows the “would-be” re-
turn address at the top of the stack to



be incremented by 1 each time the sub-
routine encounters a message character.
When it finds the terminator character,
the return address is then correctly set
to the main program address which
follows the terminator byte.

A nice feature of this MSGXP is
that the HL register pair comes out of
the subroutine unchanged. As a result,
PUSH H and POP H instructions are
not needed before and after each main
program call to MSGXP. This 2-bytes-
per-call saving over the previous ver-
sions of MSGXP is only slightly re-
duced by the one-time 1-byte increased
length of MSGXP (compared with Mr.
Quilici’s 12-byte next-to-final-version
— January 1980, pg. 79). As with the
other versions, another byte can be
saved in MSGXP if you use 00 as the

terminator byte; simply replace CPI O
with ANA A.

An analogous subroutine for the
6800/6801 microprocessor is:

MS2 ISE oD
MSGXP TSX
IBX 00X
LDAA 0.X
TSX
ING . iX
BNE MS4
e %
MS4  CMPA #0
BNE  MS2
RTS

This subroutine, which is entered at
MSGXP, is 20 bytes long. It can also
be modified to work with any desired
terminator byte by changing the 2nd
byte of the CMPA A #0 instruction.
Unfortunately, this subroutine destroys
the contents of the index register, and
so a PSHX .. ..PULX instruction pair
(6801 processor) may be required
around each main program call to
MSGXP. 6800 users will have to save
and restore the index register (when
necessary) in read-write memory.

Robert J. Borrmann, EE Dept.,
Manhattan College, Bronx, NY.

Rate this design: circle 14L, 14M
or 14H on Reader Inquiry Card

A Glitch Detector and Expander

Sometimes it is very difficult to detect
troublesome “glitches” or spikes,
caused by race conditions, in complex
timing signals or signals with low repe-
tition rates. The circuit shown in Fig 1

overcomes this by detecting glitches
(positive- or negative-going), and ex-
panding them, while remaining insensi-
tive to normal timing pulses. The
glitches can be expanded to any de-

sired length so that they can be readily
displayed on a second oscilloscope
channel and compared to the original
data trace to obtain their temporal
displacement. Fig 2(a) shows a typical

45V 45V
+5V
5k6
R1
22pF C1
A 47k R2
2 74500 ok
74504 Zr O ‘ 470pF C2
74500 l_]
74504 T
Input ‘ :—— VRef 74500 Bl a2 Output
Qbue. o
% ‘ et
CLR
15‘\'17’ Q T
+5V
| | | I oV VR
10uF 22pF C1

Glitch 5nS

0.1uF

R1

+5V

Fig 1 This glitch detector circuit is suitable for lab test conditions or
actual environment. It detects spikes occurring in a pulse train and

Glitch 5nS

(a) I
s o

|

4

100mS

v

then provides an output that is adjustable in length.

Timing signal with unobservable
glitches, connected to circuit input

Output of glitch expander

Fig 2 Glitches occurring on a waveform may be too brief to be ob-

served. The detected glitches trigger a monostable that provides an
expanded output easier to detect.
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Designers’ Notebook

timing signal with glitches which
would normally be unobservable on a
scope. The output of the circuit is
shown in (b), glitches being at leading
edges.

The circuit operates by triggering
one monostable from each positive-
going edge, and one from each nega-
tive-going edge. The outputs of the
monostables are inhibited by normal

timing pulses of greater than about
70nsec duration (the monostable
period). Short pulses of less than
70nsec duration allow the monostable
outputs through the gating network to
trigger the expander monostable,
which can be set and adjusted to give
any desired expansion to suit the os-
cilloscope time base range being used.
The pulse width discrimination is ad-

justed by the two monostable time
constants controlled by R; and C;
and the displayed pulse width is con-
trolled by R, and C, .

P. Shouler, Stalbridge,
England.

Dorset,

Rate this design: circle 10L, 10M
or 10H on Reader Inquiry Card

Digital Circuitry Controls 4-Phase Stepper Motor

Here’s a four-phase stepper that over-
comes the need of a separate start/stop
switch and inhibit controls. Two inde-
pendent step and jog controls provide
less complexity and save two ICs. Note
that the clock generated by the timer
chip is twice the frequency of the in-
ternal clock (INT CLK) required.

This stepper motor was used in
process control systems as a control
drive. The input signals are direction
control and digital pulses only, there-
by overcoming the need of a DAC and
other analog circuits. A simple 2-line-
to-1-line multiplexer can be inserted
at the dotted line to enable the user to
select either internal or external clock
and direction control merely by means
of the MUX select bit. In such applica-
tions, step and jog controls are used
for initial setting only.

Vikram Manuja, /.1.T., India.

Rate this design: circle 11L, 11M
or 11H on Reader Inquiry Card

Have you designed and bread-
boarded a novel and useful circuit
that would interest other engineers?
Or have you written a unique
microcomputer (or even program-
mable calculator) subroutine or
program? If so, then we invite you
to share your experiences with our
readers.

What if your circuit is simple?
Don’t despair; big is not better, and
circuit complexity doesn’t guaran-
tee a winning entry. What do we
look for in a design entry? Both
simple and complex winning entries
should pass one test — fulfilling a
need. So, if that circuit idea tucked
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NC — normally closed
NO — normally open

To other
windings
> of
stepper
motor

Driver

12v

Winding of
stepper

ECN 149 £

o
Driver

This four-phase stepper motor controller circuit eliminates D/A converters, since input signals

are direction control and digital pulses.

away in your notebook or file is an
ideal “‘cookbook™ circuit, it will be
clipped, saved, referenced to and
used by engineers for years to
come.

When you send in your program
or circuit idea, do include enough
detailed program or circuit descrip-
tion. “Should I worry about gram-
mar?” is a question we’re often
asked. The answer is “No,” since
we will edit it. Include flow dia-
grams, printout, schematics, block
diagrams and a detailed description.
We prefer a typed entry; but, if
typing is not your forte, don’t
let it stop you: hand write it. And

whether hand-written or typed,
leave a space between each line.

When you do submit your entry,
keep a photocopy for yourself. If
the U.S. Mail loses the original, or if
we call for info, that second copy
will be a life saver.

Finally, we ask that all circuits
and software not be previously pub- ‘
lished (house organs and related
publications excepted) and that
your program be debugged and
your circuit bench-tested. Send ‘
your ideas to: Circuits Editor,
Digital Design, Benwill Publishing
Corp., 1050 Commonwealth Ave.,
Boston, MA 02215.




The first 5 layers are standard
forevery custom IC'we make.

With our semi-custom Monochip}* you
can have “custom” IC prototypes in just
6 weeks for $5000 or less.

That'’s because the circuit compo-
nents —the first five layers—are already
in place when you start designing.

All you do is connect them to make the
circuit you need for your application.

Working from your layout, we’ll
etch the sixth layer—the interconnec-
tions—to produce your circuit. Once
you approve the prototypes, we’ll make
production runs from 5000 to half a
million parts.

Our $59. Monochip Design Kit
gives you everything you need to
breadboard and lay out your circuit.
And free help from our IC experts is
as near as your phone.

With Monochip, you can have the
advantages of custom IC’s—smaller
size and greater economy — without
paying $50,000 and waiting a year.

Call or write today for more infor-
mation. Interdesign, 1255 Reamwood
Avenue, Sunnyvale, CA 94086.

(408) 734-8666.

il Monochip™
the semi-custom IC.

Linear Monochips Digital Monochips

Designation Components Designation Logic Cells

MOA 260 MDA —NMOS 224
MOB 300 MCA—-CMOS 100
MOC 110 MCB—CMOS 150
| Monochip Design Kits MOD 209 MCC—CMOS 200
have everything you need MOE 200 MCD-—-CMOS 420
¢ to develop your custom MOF 460 MUA—-ULA 228
| linear, CMOS, NMOS, MOG 310 MUB—ULA 225
or bipolar IC. $59.ea. MOH 374 MUC—ULA 228
MOJ 168
MOL 403

Interdesign is a Ferranti Company.
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8080 Data Transfer By Cycle Stealing

The normal mode of data transfer be-
tween memory and an external device
in an 8080 based system is either by
DMA or 1/O transfer under program or
interrupt control. DMA is inefficient
when the transfer is sporadic and at a
relatively low rate; and so is I/O under
program control. The best way is to
generate interrupts when data transfer
is to be effected. However, interrupt
service routines involve a certain
amount of overhead for saving and re-
storing the accumulator and program
counter contents. Normal program ex-
ecution is also suspended under inter-
rupt-initiated I/0.

One way of improving system per-
formance is to go in for “cycle steal-
ing” whereby the 8080 continues its
normal operations without interrup-
tions. The device gains control of the
system address and data busses during
moments when they are not required
by the 8080 itself. Thus, data transfer
between the memory and the device
takes place while the 8080 is busy
with internal operations. Normal pro-
gram execution is therefore, not sus-
pended or affected in any way. A cycle
steal is not an interrupt and does not
change instruction register contents.

Every instruction cycle in the 8080
consists of up to five machine cycles,
each consisting of three, four or five
states. The first machine cycle of each
instruction cycle has at least four
states. The first three states are used
for fetching an instruction. The data
and address busses are required to be
under 8080 control to achieve this.
The fourth state T4 is the instruction
execution state. Operations during
this state are internal to the 8080 pro-
cessor. Data and address bus levels are
unimportant to the functioning of the
8080. To achieve cycle stealing, T4 is
detected and the address and data buf-
fers consisting of 8212’s are set to the
high impedance state. The busses are
now available for external control. Data
transfer between the device and mem-
ory may be done now, while the 8080
continues with its internal operations.
Note that the transfer is to be achieved
within the T4 duration. Even with a 2
MHz clock, 500 nsec is available for
this and is therefore, easily achieved.
At the end of T4, control of the busses
reverts back to the 8080.

In Fig 1, SYNC denotes the begin-
ning of every machine cycle and is
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Vv
Input Data e
1/6 7404 From 8080 Stb  Cir
System
e B 5212 0 phegu
o DS1 MD
‘-'-L ‘é' To External
» Device To
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A B C — Cycle
742:60 Stb Clr Stealing
S 8212
ClkClr P T 8 Dﬁ MD
J o g
- - ;> System
V; Address
q—;;(_T—‘FIT) Address ‘———4 £ Bus
o > From 8080 Stb a;
SYNC > o 8212
w
QO DS1 MD
WAIT vz b

Fig 1 In cycle-stealing, the uC operates without interrruptions, using the address and data

buses when unneeded by the CPU.

used to reset counter C. ¢, (TTL),
which is generated by 8224 is fed to C.
C is prevented from counting during
the first two stages by SYNC applied
to CLR of C. After SYNC goes low, C
starts counting. When the count is 2,
T4 is indicated. This count is detected
and is used to set the 8212s to the
high impedance state and to initiate
cycle stealing (Fig 2).

Using this method of cycle stealing,
one data transfer can be effected for
every instruction executed. The 8080
needs anywhere from 4 to 17 clock

T1 12

oF] ___J’—\ r—\

Tw T3 T4

& Bl

cycles to execute an instruction. As-
suming a 2 MHz clock data transfer
ratio of well over 100 Kbytes/sec are
possible.

S. Shankar, Tata Electric India.

Ed. Note: for additional informa-
tion, see “This 6800 System Handles
Clock Stealing” (by B. Ferguson) and
“6800 Clock Primer” (by P. Snigier),
Digital Design, Oct. 1978.

Rate this design: circle 12L, 12M
or 12H on Reader Inquiry Card.

®2(TTL) ¢ L b L
g Unknown
e Unknown
swie /1 L

WAIT

Counter A

Counter B

Fig 2 8080 timing waveforms.




1/OSYSTEMS

Huntington Beach, California . . . Opto 22, originators of
the industry standard 1/O system, announces the second
generation in |/O Systems in both serial and parallel

configurations.

SERIAL ADDRESSABLE RACK (PB 16S1)

Communication with multiple input/output stations.

32 station address capability per serial loop.
Up to 16 power I/O modules per station.

Switch selectable baud rate.

Opto 22 provided firmware includes message protocol,
event counter, self test, watch dog timer and more.

Plug in modules provide choice of:
1. 20 Ma Current Loop.

PB 16P1)

2. RS 422 Balanced Differential Drivers and Receivers.
3. Optically Coupled Drivers and Receivers.
4. RS 232

PARALLEL ADDRESSABLE RACK (PB 16P1)
Bidirectional Communication with input or

output modules.

64 station address capability.

Up to 16 Power Input/Output modules per station.
50 Conductor Daisy-Chain cable connects all racks
to host controller.

On-board station address select switch.

15272 Relay Circle, Huntington Beach, CA 92649
(714) 892-3313

Another Opto 22 product available for immediate shipment.
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Feature-for-feature our smm't CRT
terminals cost less than their dumb
ones. Much less. Compare

[0 ) A— X
195,000 4945 00
§ [ #9559, 008
o0l 11030,08

0 Baud) “y1ion and Corr
* Selftest ,pont Service sh

TeleVideo, Inc., 3190 Coronado Dr.
Santa Clara, California 95051 -
Phone (408) 727-5428 g

ARE PRICE.
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