




































































































































































































































































33 Selected Papers from the following Seminars: ® Quality Assurance
® I/maging for PCBs ® Special Topics ®PCB Fabrication ® Design and Layout for
PCBs eMaterials for PCBs ® PCB Assembly e

eI
IEST ,

Third International

Printed Circuits Conference »
October 21 — 23, 1980 e

LA Convention Center, Los Angeles, CA y

Proceedings :

To receive your copy, complete the coupon below and
forward to: PC '80 West Proceedings, 1050 Commonwealth

Ave., Boston, MA 02215, (617) 232-5470. Payment or b
purchase order must accompany order.

Price ea.: $35 + $2.50 postage & handling*
Please send me copies

Enclosed is my check for $
*Outside U.S., add $10.00 postage & handling

e s i e i

SIS I T, AR

w
NAME TITLE %
FIRM €1
ADDRESS i

L
CITY/STATE/ZIP
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POWER SUPPLY CATALOG is a 20 pg description of Kep-
co’s voltage and current stabilized power supplies, digital pro-
grammers and associated mounting and hardware acces-
sories. Among the power supplies are unipolar and bipolar
programmable low and high voltage units, employing linear
feedback technology. There are high-efficiency switchers
with single and multiple outputs ranging from 10 to 300 W.
Also listed is the ferroresonant power supply design. Kepco,
Inc., 131-38 Sanford Ave, Flushing, NY 11352.  Circle 218

NEW COMPUTER CONCEPT. Designed around a 16-bit
MP, this family of information processing systems con-
centrates all processing power in multifunction work-
stations. The system allows true multifunctionality — data
processing, word processing, numerical processing and
graphics capabilities — in a compact, ergonomically sound
unit. The single-station system Model 1121-1, has a minim-
um of 128kB of RAM; its deskside mass storage subsystem
consists of one 10 MB, 8" Winchester disk and one floppy
disk. In cluster configurations to be available first quarter

EXATRON'S
RS-232C STRINGY/FLOPPY
MASS STORAGE SYSTEM.

Mini-dis speed,capacity and
reliahility for only $349.50.

e Standard RS-232C communications link

e Built-in operating system

e Two file management structures: ASCIl and binary
e Three baud rates available: 300, 1200 and 9600

e Busy/ready handshaking supported

callour HOTLINE... @ exatron
(800)-538-8559 Exatron, inc.

In California, 181 Cominercial Street
ca" ( 408) _737_7111 Sunnyvale, California 94086

(408)-737-7111
Circle 54 on Reader Inquiry Card

1981, up to 16 workstations can be combined, utilizing a
Shared Resource Processor (SRP) to accessup to 116.5 MB
of combined Winchester and floppy disk mass storage. The
family consists of 6 standard versions with unlimited con-
figurability in 3 dimensions between the various levels of
the system, including upgrade of individual workstation
power; upgrade of system power through addition of work-
stations and mass storage capacity; and reallocation of sys-
tem capabilities through assignment of workstations from a
mini- or large-cluster system to standalone configurations.
System single-unit begins at $11,990. The largest packaged
configuration presently defined, the 16-station resource-
sharing cluster with 58 MB of Winchester disk storage, 0.5
MB of floppy disk and streaming tape cartridge back-up,
is $133,500. Convergent Technologies, 2500 Augustine Dr.,
Santa Clara, CA 95051. Circle 219

SOFTWARE EXCHANGE SERVICE. A free software ex-
change service has been established for DEC PDP-11 com-
puter users. This service allows PDP-11 users to submit their
software for software exchange credits which may be used
to obtain any software listed in the ‘“‘Quarterly Software
Exchange Bulletin”. Also available via a dial-up line is the
electronic magazine “Digital Digest”. PDP-11 Software
Exchange, 3169 Holcomb Bridge Rd, Suite 307, Dept.
1216, Norcross, GA 30071. Circle 220

WORK STATION. Desk top Integrated Work Station
includes intelligent terminal with video features, built-in
card cage, holding a number of Multibus or LSI-11 Q-Bus
cards and optional two 5.25” floppy drives. From $3195.
Callan Data Systems, 2637 Townsgate Rd., Westlake

Village, CA 91361. Circle 214

MENTATION

netic tape recording systems

Dual density, speeds to 75 ips
[l World-wide computer data interchange
[J Data acquisition, ATE, CAD,

disc back-up and more . . .
[J 1BM and ANSI compatible formats
[J Transfer rates to 100,000 bytes/sec.

: [J Dual buffer to 16,384 bytes

o~ - [ Over 40 MBytes of storage

Dylon Torporation

3670 Ruffin Road, San Diego, CA 92123 (714) 292-5584 TWX: 910-335-1524

Circle 55 on Reader Inquiry Card
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Las Vega

A INTERFACE 81

s Convention Center ® March 30-April 2, 1981

Three Ways Better!
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THE RIGHT CONFERENCE - The INTERFACE
Conference program offers timely and valuable sessions
for the seasoned professional, the beginner, and everyone

in between. Choose from over 70 sessions in 22 topic
groupings, including the famous DataComm School and
six new in-depth workshops. . . all presented by the
industry’s outstanding authorities. Here is your chance to
stay ahead in this rapidly changing field.

Co-Sponsoredty DRTRAMPRARTIO N. Magsdne

THE INTERFACE
GROUP

Conference & Exposition Management

Producers of: INTERFACE, INTERFACE WEST,
FEDERAL DP EXPO, COMDEX

160 Speen Street, Framingham, MA 01701 « 617/879-4502
Outside Massachusetts, 800-225-4620
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New Products

CAD/CAM REFERENCE BOOK. This 306 pg. handbook
is intended for both experienced and novice CAD/CAM
users. It is composed of articles from educators, con-
sultants, and Computervision CAD/CAM users from such
institutions and companies as MIT, Harris Corp., General
Electric, General Dynamics, and Reliance Electric. Among
the topics covered are: “What is CAD/CAM?”; “How is
CAD/CAM Justified?”; “How to Select a CAD/CAM Sys-
tem”; “How to Get Started”; “How to Organize and
Manage a CAD/CAM Facility”; “Formulation of System
Cost Effectiveness”. The handbook also includes papers on
using a CAD/CAM system for PCB design, IC design, wiring
diagrams, mapping, piping design, numerical control, and
the design of complex 2D and 3D structures. Computer-
vision Corp., 201 Burlington Rd., Bedford, MA 01730.

Circle 221

PASCAL COMPILER AND SUPPORT FOR 68000/8086
The PASCAL compiler is the first of a family of GenRad
high level language compilers. It produces assembly source
code as its output and conforms to ISO international
PASCAL standards. Additional software support includes
object program linker, powerful screen-based editor, inter-
active debugger with disassembly and symbolic debugging,
and command control language. Hardware support for the

two 16-bit processors includes 2302 Slave Emulator and
logic analyzer. Emulation is at full processor speed. The
slave logic analyzer provides 3 breakpoints and a trace
qualifier, each 48 bits wide. Trace memory is 64 bits wide
and will store 256 events. Support is compatible with both
the 2300 Series single user and the 2301 network configura-
tions, with either floppy disk or combination hard/floppy
disk mass storage systems. GenRad Development Systems
Div., 5730 Buckingham Pkwy, Culver City, CA 90230.

Circle 222

MATRIX PRINTER combines 200 cps print speed with in-
telligent, bi-directional printing and variable print densities
for versatile, high-speed output. Features of the PM-LC11
printer terminal include: 9-wire, bi-directional print head
with shortest distance sensing logic; parallel, RS232, or cur-
rent loop interface; 600-character FIFO buffer storage
(2,000 character buffer optional); adjustable width tractor
paper feed with complete forms control, horizontal and
vertical tabs, and 132, 158 or 176 columns; 10, 12, or 13.3
char./in. with either 6 or 8 lines/in. vertical spacing; under-
lining and double-width character; graphics mode (1X6 dot
matrix); full ASCII character set; and long-life cartridge
ribbon. The PM-LC11P desktop, dot matrix line printer, in-
cluding PM-7258 parallel interface, and 25’ cable is $2307,
OEM discounts available. Configurations are also available
for the Q-bus and as a stand-alone. Plessey Peripheral Sys-
tems, 1691 Browning Ave, Irvine, CA 92714. Circle 207

VT-100 GRAPHICS

m Vector and Raster Graphics
® Add-in PC Card

m 1220 x 240 Dots/Screen

W Separate Graphics Memory
m Light Pen Option

® Graphics Software Option
m All VT-100 Features

®m Low Cost Hardcopy Option
m 65K x 65K Addressable

m $1200

Graphics 100 provides CRT graphics plotting on the VT-100
or VT-103 CRT's. It installs quickly, it's easy to program,
and it has a variety of useful features and options. Call us
directly for details.

8 SELANAR (408)727-2811

2403 De La Cruz Blvd., Santa Clara, CA 95050

Circle 56 on Reader Inquiry Card

High-Speed
MAXRAN\
Storage System

Offers superior
performance,
throughput and
reliability!
Compatible with:
*D.E.C.

*Data General
*Westinghouse

The non-rotating MaxiRam is a solid-state disc
replacement storage system that operates at the speed
of main memory. It is ideal for the following:

...if your processor is disc 1/0 bound.

...if your CPU spends too much time in the ‘wait’ state.
...iIf your present disc gives you reliability headaches.

Write or call to find out how your memory performance
and reliability can be dramatically improved. Units available
in both core and semiconductor.

0 Imperial Technology, Inc.

1 | ' 831 S. Douglas Street - El Segundo,
. — California 90245 « Telephone: (213) 679-9501

Circle 57 on Reader Inquiry Card
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Designers’ Notebook

Varactor-Controlled

Hybrid PLL Aids Micro-Winchester Disk Drives

Finis F. Conner
Shugart Technology,
360 El Pueblo Rd,
Scotts Valley, CA.

Data separators used in disk drive applications employing
soft sectoring and MFM encoding usually consist of cir-
cuits to do: start logic, PLL, data separator, address mark

detection. This low-cost PLL uses a varactor (hyperabrupt)
tuning as the oscillator controlling element. Here are some
considerations if you’re scaling an existing circuit from one
frequency to another or designing a circuit from scratch.
The oscillator is a series resonant circuit (CR,, C,, L,
and C;). The gain and feedback elements are Q,, Z; and
R,4. One major advantage of this oscillator is the ability to
stop the oscillator (holding the frequency information),

Voltage
Delayed Phase Error "
RD Data Detector > Amplifier > Filter e Contrqlled L—.- Data
! Osci. CLK.(2X)

Sample

On Data

Means
Fig 1 Block diagram of basic PLL.

+5V (Well Filtered)
DC CRI c2 R2
Error -—-——' H—-’ | Q1
Voltage !
CR2 Z1 Data CLK.
L1 R3 (2X)
R4
R1 s
Phase up
c3
R6 R7
R5 -I- c1

Fig 2 Voltage-controlled oscillator (CR1, C2, L1, C3) uses a varactor.

94 Digital Design JANUARY 1981

—BV (Well Filtered)

h

&J‘s

> %

-

v 6 4o ¢



lié‘--"u .

$NVY T e ¢ 3 %« 3«

o g d ¢y gy 1A

{4

- & v £ &

L N

-~
&

>

and then restart it with a known phase relationship to the
gating signal. The circuit elements that accomplish phasing
areR,; , CR, and one of the inputsto Z, .

CR, is the varactor diode. Capacitance change is a func-
tion of applied voltage change (dC/dV) and is the controll-
ing element of the oscillator output frequency. Care is a
requisite when choosing the varactor, and the normal bias
to be used, so that operation is maintained on the steep
portion of the “diode capacitance vs. reverse voltage curve.”
In this application, DC ERROR VOLTAGE is designed
nominally to be 0 Volts, and the nominal bias chosen is —3
V. To select a varactor, refer to the family of curves for a
diode with nominal capacitance at —3 V bias equal to ap-
proximately two times the total capacitance (Ctqt) required
for the inductor chosen. Also, select a diode that has good
linearity above and below the nominal operating bias
(straight line dC/dV, and the steeper the better). In this ex-
ample, the lower curve of the set represents a Motorola MV
1404 or a DSW Electronics KV 1502 (which are both simi-
lar). The Q of the varactor is important only in a negative
sense. If the Q is significantly below 100 at the operating
frequency then the effects must be included when model-
ing the circuit tolerancing (Q = 1/Rg X Cyaractor X
2nf) so Rg should be < 1Q; —3 V bias). Finally, the tem-
perature coefficient of the chosen varactor at the operating
bias is important because the PLL will only acquire over a
given range in the manner desired (phase acquisition only).
As the varactor capacitance changes with temperature, a
portion of the acquisition range is lost and inevitably some
non-linearities of oscillator gain characteristics occur.

C, is used as a DC blocking capacitor only. As a general
rule it is the most commonly used decoupling capacitor
found on the board as long as it is 100 times greater than
Ctot or more. L; is used to set the free running frequency
for the oscillator. It is chosen for: Q=50 at the operating
frequency (OF), Fr=>10 times the OF, and magnetically
shielded to minimize noise. C3 completes the circuit and is
selected so that Cy,¢ equals the desired value.

An example using the Motorola MV 1404 for a disk
drive with § X 10° bits/second transfer rate: Cyaractor at
35V =58pf;3.0V=76pf;2.5V =94 pf. Fosc =2 X Bit
rate = 10 MHz. L, is chosen for resonance at 10 MHz with
Ctot < Cvaractor- Assume Ciot (3.0 V) =60 pf. L1 = (2nf)?
X 60 pfy! > 4.22 uH.

Keeping in mind the required Q and self resonant fre-
quency goals, a Nytronics inductor mode: Wee — Wee —3.9
uH is chosen. SRF =91 MHz. Q min. @ 7.9 MHz = 40. Cyo¢
= ((2nf)> X 39 wpHY' = 65 pf. C2 = ((Ciot)"
—~(Cvaractor) ' )" =449 pf > 470 pf.

The gain of the oscillatoris calculated by first calculating
Ciot for the three voltages, Ciot: 3.5 V= 51.63pf;30V =
65.42 pf;2.5V=7833pf. Fr: 3.5 V=1122MHz;30V =
9.96 MHz; 2.5 V=9.11 MHz. Kosc = (F(3.5V) — F(2.5V))
/1V =(2.11 MHz/V)/s.

The integration indicated in the denominator of the
above equation (Kggc) arises because the gain is constant
over each increment of frequency. Therefore, as the fre-
quency increases, the gain as a proportion decreases at a
slope of —6dB/octave. This circuit has been found to be ef-
fective, and it is time-proven in applications.

uC Controls Four-Phase Stepper Motor

H.R. Pinnick, Jr., Dept. of Chemistry,

Southeast Missouri State Univ., Cape
Girardeau, MO 63701.

This digital circuit controls a 4-phase
stepper motor using a software solu-
tion. At the time of our design, other
hardware implementations existed to
control a 4-phase stepper motor; but,
because the added software would not
cause the uC to be “compute-bound”,
we implemented stepper motor con-
trol in software. The function MOTOR
sets up registers B, C and E with the
half-step full-step flag, clockwise coun-
ter-clockwise flag and motor position
index, respectively. These values are
stored in R/W RAM and can be modi-
fied by the program that calls MOTOR.
MOTOR then calls function MVMTR
which requires as input the appropri-
ate values in registers B, C and E as de-
scribed above. MVMTR computes the
next motor position index, which is a
pointer to an element in a look-up
table. Access to the look-up table pro-
vides the next motor pattern, which
will cause the motor to move clock-
wise or counter-clockwise at half-step
or full-step. MVMTR outputs are the
next motor pattern in register A (low-

.
0
R R R RN R NN RN RN RN NN NN RSN NN RN ARSI RN RRNNENERRRR RNy

TITLE 'MVMTR STEPPING MOTOR PROGRAM MOD 1.0'
;ncuuo|nuulnuuunu"u"u|uuonnuu-uuuuuuuanlounnunun

ORG 0000H

.
v
;....'..I....l.l.l.'l.l'l"l...'."l.'ll'...l'l.I'.‘ll.!l'lll.lll'.......Illll.l

i
;FUNCTION: MOTOR

;INPUTS: NONE

;OUTPUTS: NONE

3CALLS: MVMTR

sDESTROYS: A,B,C.E,H,L,F/F'S

;DESCRIPTION: SETS UP REGISTERS USING RAM STCRAGE TO

: INDICATE HALF STEP OR FULL STEP, CW OR CCW AND CURRENT
: MOTOR POSITION INDEX. FUNCTION MVMTR IS CALLED TO

CALCULATE NEXT MOTOR POSITION INDEX AND MOTOR PATTERN.

ﬁOTOR: LXI

H,MTRTB ;POINT TO TOP OF THE DATA TABLE
;FOR THE STEPPER MOTOR
MOV C,M ;MOVE CW-CCW FLAG TO REG. C
INX H
MoV B,M ;MOVE HALF STEP-FULL STEP FLAG TO REG. B
INX H
MOV E,M sMOVE MOTOR POSITION INDEX TO REG. E
CALL MVMTR sGET NEXT MOTOR PATTERN
MoV M,E ;SAVE CURRENT MOTOR POSITION INDEX
out P8255 $STEP STEPPER MCTOR
RET

H
;IlIIII..IIllll.'.l".ll'.l.......!'l...llll'I..I.l.lll.l.'l'.!..l'....ll..l'l..

IFUNCTION: MVNTR

sINPUTS: B - HALF STEP = 1 FULL STEP = 2
% C~-CW=0 CCW = 1
: E - CURRENT MOTOR POSITION INDEX
;OUTPUTS: A - NEXT MOTOR POSITION (LOWER NIBBLE)
H E - NEW MOTOR POSITION INDEX
;CALLS: NONE .
sDESTRCYS: A,E,F/F'S
GIVEN HALF STEP OR FULL STEP, CW OR CCW, AND CURRENT

sDESCRIPTION:
$ MOTOR POSITION INDEX; COMPUTES NEW MOTCR POSITION INDEX
WHICH IS USED IN COMPUTING THE APPROPRIATE ELEMENT IN

A LOOK UP TAPLE TO GIVE THE NEXT MCTOR POSITION
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1 it MVMTR: PUSH H $SAVE RP HL
f:l' nlbl?le) and the W m(?tOl' pOSlthn LXI H,MPOS1 +POINT TO TOP OF MOTOR POSITION LOOK UP
index in register E. Function MOTOR i TABLE
Py . . Mev A,C {MOVE CW OR CCW TO REG A
then saves the motor position index in oRA A SET FLAGS
1t1 i MoV ALE +MOVE CURRENT MOTOR POSITION INDEX TO REG A
R/W RAM The motor pOSlthn 5 Jz MVMT1 3IF CW, THEN JUMP; OTHERWISE CCW, NO JUMP
changed via the next motor pattern SUB B {SUBTRACT STEP SIZE
: JMP MVMT2
output to an 8255 PPI or equivalent. L 4 .ADD STEP SIZE
1 1 1 1 MVMT2: ANI O7H iSAVE LOWER 3 BITS ONLY
The .approprlate derer circuit must be MoV E,A +MOVE EKEW MOTOR POSITION INDEX TO REG E
provided between the 8255 and the gpp: L :ADD REG L TO A AND
% d MOV L,A sMOVE REG A TO L. RP HL POINTS TO
stepper motor windings. sNEXT MOTOR POSITION
i i 101 MOV AM +MOVE NEXT MOTOR POSITION TO REG A
A hardwa.re version, using dxgltgl i ; MRS
ICs, was designed by Vikram Mannja RET

of India and published earlier in Digital
Design. His four-phase stepper over-
came the need for a separate start/stop

5
v
v

sMVMTR TABLE

R R R R A R R R R R R R SRR R

TABLE CANNOT CRCSS A 256 BYTE BOUNDRY

. . i 2 D"POS'I: DB OAH sEIGHT-STEP (HALF-STEP) INPUT SEQUENCE FOR
SWItCh and 1n}}1b1t COIltl'OlS. TWO lnde- MP0OS2: DB 08H . ;STEPPER MOTOR. ODD NUMBERS ARE
pendent step/jog controls provide less B o oy iFULL STEP SEQUENCE.
complexity and save two ICs. Clock MPOS5: DB 051
i i i MPOS6: DP OH4H
generated by the 'Flmer is twice the fre- Mioir s e
quency of the internal clock (INT “POS8: DB 02H

CLK). This stepper motor was used in
process control systems as a control
drive. The input signals are direction

e
:"Ill'.'I!ll.l!ll"llll.!!..lIIll.l..'!.!lll..liillll..’I..I...I!'l'..l.."lli!

i
3 STORAGE AREA

5 MTRTE :
control and digital pulses only, there- CWCCW: DS 1 ;CW=0 CCW=1 DIRECTION DETERMINED BY
C sLOOKING FROM REAR OF STEPPER MOTOR
by overcoming the need of a DAC and HSFS: DS 1 {HALF STEP = 1 FULL STEP = 2
other analog circuits. A simple 2-line- o iMOTOR POSITION INDEX

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 .
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