




































































































octa l 
address 

0 14 / 371 
014 /372 
014 /375 
014 / 377 
015/000 
015 /001 
0 15/004 
015 /005 
015 /007 
015/01 2 
01510 13 
015 /015 
015 /020 
015/023 
015/ 024 
01 5 / 025 
015 /026 
01 5/0 2 7 
015/030 
0 15 /032 
015/034 
0 15/037 
0 15 /042 
0 15/044 
0 15/047 
01 5/050 
01 5/052 
0 15 /0 55 
0 15/056 
01 5/060 
0 15 /063 
0 1!:11065 

() 15 'U/O 

0 1 '.) / 1 J 4 
01 ':J / 135 
0 15113 1 
0 15 140 
0 15 / 14 1 
0 1511 4 7 
0 15 / 14 5 
0 151J46 

0 1511 ~) 1 

0 15/ 157 
0 15 153 
01 5 15 4 
0 15 155 
Ol !) 15G 
0 1 '.) ! I GU 
(l 15 lli] 
UI ~) / I G t1 

0 1':J I G~ 
0 1!J 11(j 1 
01 ~ , I I I 

octa l code 

272 
110000015 
026 060 
010 
031 
110 361 0 14 
30 1 
074 060 
110023 0 15 
302 
0 74 060 
11 0 025 01 5 
104 026 01 5 
025 
302 
025 
304 
025 
066 3 10 
056 016 
106 134 0 15 
106 151 0 15 
074 131 
150 052 0 14 
015 
0 74 000 
110 157 014 
307 
07 4 000 
110 157 0 14 
066 156 
104 0 3 2 0 15 

~ I ' I' T, III !I' ! ! 

J UI 
0/4 OJ I 
05J 
() 2 ~) 

0 60 
11 0 1]4 0 15 
050 
104 134 O l !) 

005 
34 0 
()7 ~ 

005 
0 7':J 
0 14 0 17 
11 0 154 0 15 
30 4 
00 7 

Utl(i 000 
0 5G 01 G 
104 J 13 (J14 

labe l 

T A LL Y HO 

THREED 

M1DPRN T 
L ST S1G 

RECVC 
PRNTIT 

L OSST ST 

M ASK TAB 

O UTPU T 

! NP U T 

GE TNEX T 

HAD F EL O 

MODEL CC-7 SPECI FICATIONS : 

A. Recordin g Mode : Tape sat uration binary. 
Th is is not an FSK or Home type recorder. 
No voice capability . No Modem. 

B. Two channels (11 Clock , (21 Data. OR, T wo 
data channels providing four (41 tracks on 
the casse tte . Can also be used for N RZ, 
BI·Phase, et c. 

C. Inputs : Two (21. Will accept TTY, TTL or 
RS 232 digi tal . 

D. Outputs : Two (21. Board changeable from 
RS 232 to TTY or TTL digital. 

E. Ru ns at 2400 baud or less. Synchronous or 
Asynchronous. Runs at 4800 baud Sy nchro · 
nous (simple ex ternal synch ronizer diagram 
f urnished.! Runs at 3 .1· · /sec . Speed regula · 
tions ± .5% . 

F. Compa tabi l ity : Will interface any computer 
or t~rminal with a serial I /O. (Altair, Sphere, 
M6800, PDP8, LSI 11 , etc.1 

G. Other Data : (110·220 VI, (50-60 Hzl ; 2 
Watts total; UL listed 955D; three wire line 
cord ; on/o ff switch ; audio, meter and l ight 
operati on monitors. Remo te control of mo · 
tor optional . Four foot, seven con ductor 
remoting cable provided. Uses high grade 
audio casse ttes. 

H . Warrantee : 90 days. All units tes ted at 110 
and 24 00 baud before shipment. Test cas ­
sette w ith 8080 softw.. re program incl uded. 
This casse tte was recorded and play ed back 
during quality con trol . 

ALSO AVAILABLE : MODEL CC·7A wi th vari­
able speed motor . Uses electron ic speed control 
at 4" Isec. or less . 
Runs at 4800 baud Synchronous or Asynchro· 
nous without ex ternal circ uitr y. 
Recommended for quantity users who ex· 
change tapes . Comes with speed adjusting tape 
to set exact speed . 

op. 

CPC 
JFZ 
LC I 
INB 
DCD 
JFZ 
LAB 
CPI 
JFZ 
L AC 
CPI 
JFZ 
JMP 
RST 
LAC 
RST 
LAE 
RS T 
Lli 
LHI 
CAL 
CAL 
CPI 
JTZ 
RST 
CP I 
JF Z 
L A C 
CPI 
JF Z 
Lli 
JMP 

BLK 

LAM 
CPI 
RTZ 
RS T 
INL 
JFZ 
INH 
JM P 

RS T 
L EA 
RST 
RS T 
RST 
CP I 
JFZ 
L AE 
RET 

Lli 
LHI 
JMP 

operand 

T A LL V H O 
·0 · 

M O RE D EC 

·0 · 
TH R EED 

·0 · 
M I DPRNT 
L STSIG 
2 

2 
LlMESS51 
HiMESS51 
OUTPUT 
INPUT 
-yo 
ASTART 
1 
o 
GOTSTAR 

o 
GOT STA R 
LlM ESS31 
RECVC 

036 D 

0 3 1 

O U TPUT 

O UT PUT 

? 
o 
? 
0 12 
G ET N EX T 

LIMESS I I 
H (MESSI ) 
OUTMES 

commentar y 

IS II eq u al t o ove rfl o w c od e too' 
If nO I I hen ta ll y and continue: 
else l ese l m Iddl e dIgit 10 zero 

and carry mt o m .s. d'9 I t ; 
dec reme n l score counter f o r ta ll y ; 
If no t l e ro th en k eep loo pln ; 
l e t ch !ead"l9 digIt t o A : 
IS II (A SCII) zero' 
II n o t go d ,splay three dlgll s: 
fe t ch middle digit to A : 
IS " (ASCII ) zero 100' 

I I no t go d isplay two d1 91 1S; 
II SO cl lSp l ilY o nl y o n e ; 
d ispla y th ree digit s, le ft fir st ; 
h! t Ch mid dle digit to A ; 
d i sp lay IwO d l911 S, l eft fir st ; 
f etch 1 ' 5 digit ; 
di splay rema Hling dlgll : 
p Olllt 10 f i rst part of yo u wIn : 
second pari o f ME SS5/ MESS6 poifller ; 
d isplay the m essage; 
fe l ch II cha rac l e, f o r con li nue 

Query, IS II " y es"? 
II so then co nl1J1Ue game ; 
o th (!lwlsecali EX I T ; 
I S h i nge Ulil ve rse a ll black holes? 
II 11 0 1 then c o n ti nue game ; 

II so t hen lest cen tc, POSi ti o n ; 
IS cenl er al so black hole' 
I t 110 1 Ih t! n CO llI1I1UC ya me ; 
1! lse POI.lI to loss Ille ssage, 
" nel qo pi lilt l oss, 

1 .. \(; 11 I1I' X I Ifll 'SS,tllt! Ilyl e , 
I S I t , I cle t"1111t'1 ' 
" ' l lI II' wil en d elllllllel t o uncl . 
u llll'I W ISt: d ls!)I"V h yl . !, 

p Oln l 10 n e xi IIV I £' , 
IS II I) d y e iIOU!ld" , y) 
I t SO I IlCrf' lnl ~ 1l1 P dqI"' . 
,\11( 1 I hell I I!cy ct e, 

CJI! I IH' X I e h , II '! C I I! f . 

S. I V I' 11 III E. 
ech o Oil 111 ::,111 .1'1. 

~P't f ll!X t clh U.ICI C I . 

" ch o 011 , II sp !"v , 
wd S I I d I IIle t c e(P 

" nO I CO llll! lll l! Se, l l1 . 

" ~o . II!S t OI f: 111 ::, 1 I"put . 

, " ld t! " ' 11 rt: t u l n 10 c;. II" , . 

p Ul n t 10 til e t,! I I OI ml!Ss, I ~ 1 1! 

.UJIl Hl IlI SI I II I( J Ihld ' S id' · . 

dl ll t qo l ," spl" V 1! I' O I ; 

DIGITAL DATA RECORDER $ 149.95 
FOR COMPUTER or TELETYPE USE 

Any baud rate up to 4800 

Uses th e industry standard tape satu ra ­
tion method to beat a ll FSK systems ten to 
on e. No modems or FSK d ecoders requ ired. 
L oads 8K of m emory in 17 seconds. This 
recorder , using high grade audio cassettes, 
enables you to bac k up your comp uter by 
loading and dumping p rograms and data fast 
as YOLl go, thus enablin g you to get by wit h 
less memory. Can be softwa re contro ll ed. 

Master Charge & Ban kAmericard accepted. 

On orders for Recorders and Kits p lease add 
$2.00 for Shipping & Hand l ing. 
(N.J. Residents add 5 % Sales T ax ) 

NATIONAL multiplex 
CORPORA TION 

3474 Rand A ve nue, Bo x 288 
Sou th Plainfi eld, New Jersey 07080 
(201 ) 56 1 ·3600 
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Notation : 

L(HMESS) low orde r 8 bi t s 

of address of HMESS; 

H(HMESS) = high order 8 b i ts 

of address of HM ESS; 

'N' the ASC II character 

"N"; 

90 = the decimal number 9; 

7 = the octa l number 7 (wi t h 

high order zeros as needed ) ; 

mnemonics are from origina l 

Intel 8008 documentation; 

octal code is shown in ascend­

ing address order top to bot· 

tom, left to right; 

NOW AVAILABL E 

RECORD/PLAYBACK AMPLIFIER KIT 

This expanded version of our Computer 
Aid board can be used with your own dec k 
(cassette or reel to ree l )< Go to 9600 baud 
on reel to reel with suitable heads. Digital 
in , digital out, serial format. Kit includes all 
parts, case and power supply. Includes high 
baud rate synchronizer. $59.95 

COMING SOON - IN KIT FORM 

* I/O Board for use with Computer Aid or 
other digital recorders . Variable baud rate 
selectable on externally located unit by 
one knob. Can load computer or accept 
dumps wi t hout software, thus providing 
T urnkey Operation. For any 8 bit compu­
ter. 

* Hexadecima l or Octal K eyboard - Load 
programs direct from keyboards' 20 keys 
and verifying display . Does not use Com­
puter I/O. Can b e wired Octal or He x . -
Your choice. 

* Interested in these? Send your name and 
address for brochure when rel eased . 

Send One dollar for Cassette Operating and 
Maintenance Manual with Sch ematics and 
Software control data for 8080 and 6800. 
Also applies to Kit above. (Postpaid) 



Photo 7: Front Panel View. The controls of the ASCII word generator 
include rotOlY m ode selections at the left and right, two rows of data 
defin ition switches for words A and B, and various indicators. 

Build a Serial ASCII Word Generator 

Ronald J Finger 
3417 E 65th Av 

Anchorage A K 99502 

A cou pl e of months ago, I decided to 
des ign and build a hardware ASC II to 
Baudot code converter. The des ign of this 
unit was going along qu ite we ll when it 
sudden ly daw ned on me that there wou ld be 
no way to test the converter without gen­
erat ing a seri al ASC II test pattern . So the 
converter was put as ide temporar il y whil e I 
dec ided what to do about ge nerat ing test 
patterns. 

My first impul se was to throw together a 
quick breadboa rd setup that woul d just 
generate a seria l ASC II outpu t in the UART 
for mat. It turned out, however, that it 
would req uire a fair amo unt of log ic just to 
do that. Wh y not add some versat ility and 
make it a rea l tes t instrument7 By now, the 
wheel s had started to turn and some des ired 
features were suggested by so me of my 
assoc iates. The fina l result is shown in figure 
1 and photos ·1, 2 and 3. 

For the purpose of this article, I'm 
defining an ASC II word to be the compl ete 
sequence of ·1 start bit, 7 data bits with an 
ASC II character code, 1 data bit with the 
ASCII par ity information, and 2 stop bits_ 
This is the sta nd ard asy nchronous data 
for mat used for seri al communica tions. 
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Output Patterns and Modes 

The ge nerator has four differe nt data 
output pat terns ava il abl e. They are selected 
by the four posit ion rotary switch (519) on 
the left side of the · panel as shown in photo 
1. The select ions are as fo ll ows: 

R - The onl y output ava il able in this 
pos ition is the "rubout." A II 8 bits 
will be log ic high rega rdl ess of any 
other switch setting. 

A - The pattern of th is word is deter-
mined by the top row of bit 
se lector switches (51 to 58)_ 

B - This pat tern is set by the bottom 
row of sw itches (59 to 516) . 

AlB - In this posit io n, words A and B are 
se lected alternate ly. 

The generator has three different outp ut 
modes. They are se lec ted by the three 
pos it ion rotary switch (5 20) o n the right 
side of the panel. All of the modes produce a 
se ri al ASC II output. The difference is in the 
timing of the output: 

B - In thi s mode, the word is generated a 
single bit at a time. There is no 
limi tat ion on the in terval between 
bits. Thi s mode is useful in the desig n 
and analys is of co mputer inpu t out­
put hardware. 

W - A single word wi ll be produced in 
thi s mode with a rate of 110 baud. 
Thi s mode proved to be very useful 
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4 .7K 
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13 

Figure 7: Circuit of the ASCII Word Generator. This design generates two different data words 
se t by switches and features four patterns available in three operating modes. Power and ground 
connections for the integrated circuits are as follo ws: 

Number Dev ice +5 V Ground 

IC1 74150 24 12 
IC2 74157 16 8 
IC3 74157 16 8 
IC4 74161 16 8 
IC5 74265 16 8 
IC6 555 8 1 
IC7 7474 14 7 
IC9 7400 14 7 
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in testing the aformentioned A5CII 
to Baudot code converter . It is also 
useful for loading data into a com­
puter in serial form. 

C - This mode produces continuous out· 
put of the selected word pattern. I t is 
most useful in testing teleprinters 
and other output devices . 

The switch labeled B/W (517) is used to 
trigger the single bit or single word output 
modes. It has no function in the continuous 
mode. A spring loaded toggle switch is 
shown in photo 1, although a push button 
could be used. 

LED lamps are used to indicate either 
word A or B, and to display the serial 
output. I n the bit mode, the output pattern 
can easily be verified by observing the LED, 
which is connected to the serial output. 

5tandard TTL and R5-232C outputs are 
available from the front panel binding posts. 
A choice of two different clock outputs is 
available. A symmetrical 110 baud and 
pulsed 10 baud output can be selected by 
521 . This switch is not used very often, so it 
is mounted on th e rear panel. The clock 
outputs are very useful for the synchroniza­
tion of an oscilloscope. The 110 baud will 
sync the bit rate and the 10 baud will sync 
the word rate . 

The Circuit 

Refer to the schematic di agram of figure 
1 for a review of the circuit operation. IC6 is 
connected as an astable multivibrator, run­
ning at 220 Hz. The output is applied to 
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Photo 2: Wiring of the 
Circuit Board. The proto­
type word generator was 
built using a Vector 
3677-2 DIP plugboard. 
Point to point wiring was 
done using solder for inter­
connection with Molex 
pins for the Ie leads. 

IC7 A, a D flip flop connected as a toggle to 
divide the frequency by two. This not only 
provides a perfectly symmetrical 110 baud 
output, but provides a means of turning the 
clock on and off using the set input of 
IC7A. The 5R latch, IC9A and B, is used to 
control the clock via IC7 A's 5 input. 520 
and I C9D control the latch. I n the con­
tinuous mode the latch output stays high so 
the clock runs uninterrupted. In the word 
mode, the latch is set by a pulse generated 
by 517. This switch is debounced by ICSC, 
so that only one pulse per switch operation 
is generated. I n the W mode of 520, the 
latch is reset by the carry output pulse of 
IC4, which occurs only at the end of a word, 
stopping the clock at the end of one word. 
I n the B mode of 520, the 110 baud clock is 
always off and clocking is provided only by 
517, ICSC, and IC9e. 5erial output is thus 
controlled by the rate that 517 is operated. 
IC2 and 3 are data switches that determine 
the output bit pattern. They are controlled 
by 519 and IC7B. I n the rubout position 
of S19, both IC2 and IC3 are disabled, 
forcing all outputs low. In the "A" position, 
the Q output of IC7B is forced to a logic low 
so that the A outputs of IC2 and IC3 are 
selected . In the "B" position, the Q output 
is high and the B outputs are selected. In the 
"A/B" position of 519, IC7B is clocked by 
the carry output of U4. As was stated 
earlier, this occurs only at the end of a word . 
The Q output of IC7B thus goes from high 
to low on every other word, and A and B 
will alternate. IC4 is a binary counter that 



has been programmed for a count of 11 . It 
addresses the data selector, IC1, which takes 
the parallel data and provides serial output. 
The start bit and two stop bits have been 
hardwired at IC1 . It should be noted that all 
parallel inputs to IC1 are inverted so that the 
ser ial ou tput wi II be normal. 

The output is bypassed to min im ize noise 
and is buffered by IC5D. The TTL output 
can sink up to 16 rnA. The RS-232C output 
is provided by the op amp, IC8 . The output 
levels will depend on the ± supply inputs to 
IC8. They should be equal and from 5 to 15 
volts at lOrnA. The logic supply should 
provide +5 volts regulated at .25A. 

The model shown in photo 2 was point to 
point wired on a Vector number 3677-2 DIP 
plugboard . If you want to wire wrap, use the 
number 3682-2 plugboard. The physical ar­
rangement of the completed project is 
shown in photo 3. The enclosure is an LMB 
Model W-1 C utility case. 

Appreciation is expressed to Fred La­
Plante who took the pictures, supplied the 
test printer, and provided useful suggestions 
during the design of this unit. A double 
sided printed circuit board for this design 
(with plated through holes) will be avail­
able. Readers may write to the author 
for details.-

Photo 3: The general m echanical arrangem ent of the unit is shown in this 
picture. The front panel switches are toward the top of the photograph, with 
a wiring harness running to a soc/?et for the plugboard. 

EARN A 

SUBSCRIPTION 

TO BYTE 

You can earn twelve issues of BYTE, new, or 
extension of your present subscription , in one of 
two ways. 

1. Sign up a bulk dealer. Have your local 
electronics store order ten or more copies of BYTE 
per month and mention on the purchase order that 
you recommended BYTE. 

2. Sign up six friends for one year subscriptions, 
send in the names and addresses together with 
payment. 
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WRY PAY MORE 
FOR ALTAIR MEMORY 

8,192-8 BIT WORD KIT 
ON SINGLE CARD 

$28500 

• PLUG DI RECTL Y INTO 8800 
.8800 RUNS AT FULL SPEED-520 nS ACCESS 
• LOW POWER STATIC RAM- 225 mA/1K 
• 100% INDUSTRIAL COMPONENTS 
• EASY INTERFACE TO HOME BREW 
.50/50 GOLD PLATED EDGE CONTACTS 
• EPOXY BOARD WITH PLATED THRU HOLES 
• 8K OR 4K WITH EXPANSION 
• JUMPER PROGRAM 4K OR 8K SLOT 
• DETAILED THEORY AND ASSEMBLY 

8K LOW POWER RAM KIT: 8KLST $285.00 
$159.00 
$139.00 

4K LOW POWER RAM KIT : 4KLST 
4K EXPANSION FOR 4KLST: 4KXST 

WRITE TO DA VE (K6LKL) at 
PLUS SHIPPING 

ON DISPLAY AT 
BYTE SHOP 

MOUNTAIN VIEW CA DUTIOIICI 
P.O. Box 9160, 

Stockton CA 95208 

*CALIF. RES. ADD SALES TAX 
*MASTER CHARGE - OK 
*BANKAMERICARD - OK 



Clubs and Newsletters 
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AEDS Convention 

AEDS, the Association for Educational 
Data Processing, is holding its 14th Annual 
Convention in Phoenix AZ May 3-7 1976. 
For information contact Rick Meyer, con­
vention chairperson, at Phoenix Union HS, 
2526 W Osborn Rd, Phoenix AZ 85017, or 
call (602) 257-3045. 

Amateur Computer Group of NJ 

The February issue of the ACGNj News, 
Volume 2 Number 2, reports on the January 
ACGNJ meeting, which included a demon­
stration of the new Intel SDK-8 8080 system 
design kit along with its documentation, 
courtesy of Art Chapman of Intel. The 
newslettel' , also included technical notes by 
Roger Amion (on memory expansion via 
piggyback mounting of ICs) and Art 
Chapman (a circuit to help program 2708 
EROMs), and a compendium of Altair tech­
nical information from several sources. 

The Febru ary ACGNj News also 
announced the Trenton Computer Festival 
May 2 '1976, beginning at lOAM in Arm­
strong Hall a t Trenton State College. The 
building is located in Ewing Township on 
Route 31. For detailed information, write: 

Trenton Computer Festival 
Trenton State College 
Trenton NJ 08625 

For direct contact, phone Dr A Katz at 
(609) 771-2487, or Sol Libes at (201) 
889-2000, ex tension 248. 

~ st, voo~rrov@rro 

~@~[f)lWV~[f3 
[f~~VOW£[L 
exhibits, displays 

TECHNICAL TALKS 
omatur. co,:"put.r club convention 

home computing 

door prizes cont.sts 

computer groups 

program duplication service 

monufadur.,s booths 

1, , 11\ l /It., I 1111 I " /\ 111\ • • • ",111 /1 " , lUI "" /I" ,,,'u,,, 
"" lIll I/ III , .. \ 1'1."".'" , 
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News from the Cleveland Digital Group 

Gary Coleman of the Cleveland Digi tal 
Group writes that CDG has formed the 
Midwest Affiliation of Computer Clubs, its 
first goal being a conference for computer 
clu b members June 12 and 13. The con­
ference will offer a place for manufacturers 
to show their wares and for computer 
hobbyists to visit and ask questions, etc. 

For further information, contact Gary at 
14058 Superior Rd, Apt 8, Cleveland OH 
44118, or phone (216) 371-9304, 

Dr Dobb's Journal of Tiny BASIC 
Calisthenics & Orthodontia 

This is the journal of information about 
the PCC Tiny BASIC idea: interpretive 
language software developed by amateurs to 
implement such languages for micro­
computers, The Volume 1 Number 1 issue 
contained 19 photocopied pages including 
reprints of the PCC artic les on Tiny BASIC 
as a reference and starting point. Three 
issues are $3, with xerographic reproduction 
while circulation is low. Interested parties 
should write to Tiny BASIC & Orthodontia, 
Box 310, Menlo Park CA 94025. 

The PI LOT Information Exchange 

PI LOT is a language of Computer Aided 
Instruction (CAl) first created by John 
Starkweather at the University of California. 
According to an artic le by Sylvan Rubin 
which appeared in the November 1973 issue 
of Computer Decisions, the language is a 
simple structure oriented to the CAl situa­
tion, enabling one to construct interactive 
sequences of questions and answers wh ich 
are presented to students. 

The article by. Dr Rubin and the Number 
2 copy of the PILOT In formation Exchange 
Newsletter were recently sent to BYTE . The 
newsletter is coordinated by Gregory Yob, 
and subscriptions are available at $2 per 
qu antum of information. Contact: 

Gregory Yob 
c/o LO*OP Center 
8099 La Plaza 
Cotati CA 94928 
(707) 795-0405 

And From 65 Notes_ .. 

The Volume 3 Number 1 issue of 65 
Notes, publication of the HP-65 Users ' Club, 
arrived at BYTE recently. This issue con­
tinues the trend of branching out toward the 
other programmable calculators. In Rich ard 
Vanderburgh's "SR-52 Notes," you'll find 
out about how to create several " pseudo 
codes," such as "Halt", branch to 000, and 
set error condition, for the SR-52 programs. 
These instructions, like their equivalents on 



the HP-65, are not documented by the 
manufacturer and take trickery to accom­
plish. 

This issue also includes several HP-65, 
HP-55, HP-25 and SR-52 programs. One of 
the most exciting is Richard Vanderburgh' s 
SR-52 Assembler/Loader program which is 
probably the first self-assembler for a hand 
held calculator l It has some restrictions on 
its operations, but it is an enticing prospect. 
Also found in the mailing of the Volume 3 
Number 1 issue is an index to 65 Notes for 
July through Dece mber 1975, prepared 
by Alvin Gaines of Atlanta GA. If you 
want to find out what people are find­
ing out about hand held programmable 
calcul ators, then you should investigate what 
65 Notes has to offer. 

Contact Richard Nelson, 2541 W 
Camden PI , Santa Ana CA 92704, for a 
subscription at $"12 per annum. 

Lansing MI Activities 

Computer Hobbyists Around Lansing is 
the name of the club wh ich has been formed 
in that vicinity. If you wish to participate, 
contact one of the following people: 

Joyce Church 
Marvin Church 
4307 Mar-Moor Dr 
Lansing M I 48917 
Phone: 482-9452 
William Serviss 
13121 Tucker Dr 
DeWitt MI 48820 
Ph one: 669-3179 
Dani el L Herrick 
1214 Frederick Dr 
PO Box 513 
Owosso M I 48867 
Pho ne: 723-3264 

LO*OP Center 

LO *OP Center, Inc, is an organization 
run by Li za Loop, dedicated to providing 
computers upon which children can exercise 
thei r mi nd s. Accardi ng to the broc hu re sent 
to BYTE: 

"Computers as learning and teaching 
media can be adapted to handle an 
infini te vari ety of subj ect material, 
including creative writing and forms of 
artistic exp ression .. . The staff con­
centrates on ex panding the hori zons of 
children through Computer Assisted 
Instructi on. Special emphasis will be 
pl aced on material for young children 
which encourages creativity and the 
knowledge that they are in control of 
the machine. A large libl·ary of pro­
grams of interest to junior high and 

VT-1920 
Complete CRT terminal with monitor , keyboard, housing, 
inte rface for 8080 CPU and power supply Kit-$695.00 
MTS-8 
All the features of th e VT-1920 above plus 8080 CPU, 1 K bytes 
of ROM, 4K bytes of RAM, serial interface, cassette interface, 
assembler editor and debug software. Kit-$1195.00 
BASIC-8 
All the features of th e MTS-8 above plus additional RAM 
memory and powerful Basic software. Kit-$1695.00 

All systems have 80 character by 24 lin e display capacity but use 
only as much me mory as characters displayed, because our 
t erminals share memory with the computer and can be expanded 
to 64K bytes . Scrolling is under cursor control to any location 
and any number of lines limited only by available RAM memory, 
either line by lin e or page by page. 

I MIKRA-D I~I 
MIKRA-O 
P.O. Bo x 403 
Holliston Mass 01746 

TE L. 617-881-3111 

ALTAIR 8800 
OWNERS 

Is your ALTAIR : 

* Slow to start up . .. 
* Writing all D's or 1 's into memory . 
* Producing the wrong STATUS . . . 
* Having troubles running BASIC .. . 

Then your Altair may have CPU Clock problems. 

PARASITIC ENGINEERING now offers 
a permanent fix-kit for the Altai r 8800 CPU 
Clock ; for only $15. 

Send now for our FREE brochure detailing 
what this kit can do for your ALTAI R. 
Better yet, see for yourself . Send for your 
kit TODAY. 

only $15. 
Kit is shipped postpaid anywhere in the 
United States. Kit includes complete 
instructions and all parts necessary to get 
'Cookbook Clock Pulses.' 

PARASITIC ENGINEERING 
PO BOX 6314 ALBANY CA 94706 
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A Note on Dates and 

Deadlines 

It takes time to put 
BYTE together. Material 
must be edited, typeset, 
proofread, pasted up, shot 
into negatives, printed, 
then mailed. Thus, notices 
should be in our hands no 
later than 'the 20th of the 
third month preceding 
publication. Deadline for 
the August 7976 issue is 
May 207976. 

high school age people has already 
been developed in centers across the 
coun try and is avai lab le through the 
LO *O P center." 

Activities at the LO*OP center wi II be of 
interest to the residents of Sonoma County 
CA and others at greater distance. In addi­
tion to the educational emphasis, the cente r 
has a weekly Teacher's Forum and is host to 
the Sonoma County Minicomputer Club 
meetings. Contact LO*OP Center, 8099 La 
Plaza, Cotati CA 94928 (707) 795-0405. 

DACS Newsletter 

The Volume I Number 4 issue of the 
Denver Amateur Computer Society News­
letter, dated February 1976, mentions 
meetings, classes for beginners, and the 
group 's growth. A lectu re by Adam Osborne, 
Osborne & Assoc iates, arranged and 
schedu led on short notice February 5, was 
exce ll ent, and well received by the DACS 
members, reported the newsletter. Also 
worth noting is the formation of special 
interest user groups for the val'ioLls proces­
sors of members. Contact Denver Amateur 
Computer Society at PO Box 6338, Denver 
CO 80206. 

Hoosier Amateur Computer & 
Kluge Society (HACKS) 

Ray Borrill, who wi ll soon be ope ning a 
computer store called "Data Domain," 
phoned to urge club activity in the vic ini ty 
of Bloomington IN . Interested individu als 
shou ld contact Ray at 111 S Co ll ege Av, 
Bloomington IN 47401. 

BYTE'S 
UGS 

Here lies documentation of l?/7own bugs 
detected in previous editions of BYTE . .. 

RS-232 Levels 
In Gary Liming's artic le, "Data Paths," in 

February 1976 BYTE, there is an error in 
the statement of the RS-232 vo ltage leve ls at 
the top of the first co lumn on page 39. The 
RS-232 specification, accord ing to a Xero x 
excerpt supp li ed by Ron Finger of Anchor­
age AK, provid es th at the mark (logical 1) 
state sha ll be a vo ltage more negative th an 
- 3 vo lts with resp ect to gt'O und; that the 

56 

Journal of Community Communications 

Lee Felsenstein publishes the Journal of 
Community Communications, a com­
pendium of personal opinions on the socia l 
implicatiohs of computers. JCC is published 
occasionally by LGC En gi neeri ng at $1 per 
issue 12 issues for $10. The address is LGC 
Engi~eering, 1807 Delaware St, Berkeley CA 
94703 

The Analytical Engine 

The Chesapeake Microcomputer Club is 
the result of activity in the Washington 
-Baltimore-Northern Virginia area, docu­
mented in The Analytical Engine. The 
Chesapeake Microcomputer Club is to be 
com mended for thinking up an excellent and 
unique name for the newsle tter, one which 
reflects the origins of computers. The 
Volume 1 Number 2 issue of The Analytical 
Engine includes a report from the Caretaker 
Board by Rich Ku zmack, an editorial by 
Philip N Hisl ey summarizing the growth of 
the club, a technical note by Jeff Schmitt on 
using FI FO memory chips (his example is 
the Fairchild 3341), a technical note by 
Alan Hastin gs showing how to program a 
software UART with detailed 8080 code for 
his version, an nouncement of a club visit to 
MOS Technology February 18-20, and biog­
rap hi es of the candidates for club officers 
along with an election ballot. Meetings have 
been held at "The Other Barn," Oakland 
Mills Village Center, Columbia MD. For 
informatio n write Chesapeake Micro Com­
puter, 236 St Dav id Court, X4, Baltimore 
M D 21030. Editor of The Analytical Engine 
is Philip N Hisley, (301) 667-9690. 

space (logical 0) state shal l be a vo ltage more 
positive than +3 vo lts with respect to 
grou nd . The maximum magnitude in either 
direction is spec ifi ed as 25 volts with respect 
togt'Ound. 

Donald Zano lla of Burbank IL points out 
the fo llowing disCl'epancy in the samp le code 
given on page 62 of BYTE January 1976, 
"Taki ng Advantage of Memory Address 
Space." 

The symbo l X could not be used in a 
pt'Ogram assembled by the Motorola 6800 
assemb ler; the examp le would be correct if a 
different symbo l such as "XX" were used in 
its place, ie: 

LDX XX 

STX A I6 

fetch first o perand 
(16bits); 



Connecticut Microists 

George Ahmuty, 6011 Wend y Ln, West­
port CT 0688 ·1, is interested in contacting 
other Connecticut "Microists" and forming a 
clu b. George can be reached by phone at 
227-8534. 

News of NECS 

The March 3 meeting of the New England 
Computer Society, held at the Mitre Corpo­
ration's Cafeteria (Building C) in Bedford 
MA, 8 PM, heard a talk by Tom Miller, 
system architect for Texas Instruments, on 
the design of the TMS9900 processor. This 
microprocessor is scheduled to be available 
through TI distributors in May, with a price 
of $99.32 in quantities of one. (BYTE 
published Robert Baker's "Microprocessor 
Update" on the TMS9900 in the April 1976 
issue.) The large quantity price strategy of 
TI, according to Mr Miller, was to make the 
TMS9900's price be about twice the price of 
an 8 bit processor in equivalent volume. The 
appearance of a TMS9900 based processor in 
the personal computing market cannot be 
far away, and Mr Miller strongly implied that 
TI is trying to encourage that particular use 
of their new processor. The talk's technical 
content included the mach ine' s general ar­
chitecture and a series of 10 to 15 slides on 
the practical deta ils of TTL interfaces to the 
chip in small systems contexts. 

Long Island Computer Association (LlCA) 

The Long Island Compu ter Association 
held its first meeting on Janu ary 16 ·1976 
and formed a steering committee. The club 
is open to anyone, amateu r or profess ional, 
with an interest in computers, applications, 
programming or re lated subjects. Meeti ngs 
are held a t the New York Insti tu te of 
Technology, Bui lding 500, Route 25A and 
Whi teney Ln, Old Westbury NY, usually on 
the third Friday of each month. For further 
information, contact Gerald Harri son, 
evenings until 9 PM at (516) 938-6769, or 
write Gerald at 36 Irene Ln E, Pl ainview NY 
11803. 

Kansas City Club? 

Earl G Day, 13208 W 94th Ter, Lenexa 
KS 66215, would li ke to contact individu als 
interested in fo rming a computer club in the 
Kansas City area. Earl's phone number is 
(913) 492-93 15. 

Ithaca NY Computer Group 

Steve Edelman, 204 Dryden Rd, Ithaca 
NY 14850, sent BYTE a note ann ouncing 
fo rm ation of the Ithaca Computer Group. 
One of the first activi ties was to arrange a 
bu lk purchase of 91 L02A R'AM chips for 
members. The I thaca Computer Group 
meets "semi sporadically, but mostly on the 
second Sunday of the mon th ." For informa­
tion call Steve at (607) 272-2339. 

WANTED 
Microprocessors Kit or Assembled 

Other activities were Dave LeVine's re­
port on group purchase activities, including a 
one time purchase of IM6100 parts for club 
members at the 100 piece price, arranged 
with a local distributor. Dave Day presented 
an introductory session on hardware prac­
tices, oriented toward the members with no 
detailed hardware background. Doug John­
son presented a concurrent introduction to 
software concepts applicable to microcom­
puters. 

ALTAIR • SPHERE • MOTOROLA • INTEL & OTHERS 

Memories, 1/ 0 boards, chassis, power supplies, modems, peripherals, specials, 
prom programmers, ADCS, DACS, GPIDS, RS232 faces, and any associated software. 

FORWARD INFORMATION AND/ OR INQUIRIES TO: 

AMERICAN USED MICROPROCESSORS, 
EQUIPMENT & SUPPLY CORP.© 

BOX 515, 

Inquiries about NECS should be directed 
to PO Box 198, Bedford MA 01730. 

PRAIRIEVIEW, ILLINOIS 60069 
TElEPHONE (312) 634·0076 

For complete monthly catalog of items available and in stock Enclose $10. for 
six issues. Many new unused items. Amazing values for everyone. A-70 
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What's 
New? 

Is This a Luxury Desk Top Version 
of the SR-52? 

The only way to answer that question 
might be to go to a dealer or department 
store which handles the Texas Instrum ents 
calculator products line and compare. But 
the SR-60 gives the L1ser much more in a 
desk top package, ava ilable at a suggested 
retai l price of f 1695. The extras include: a 
built in 20 character prompting display, a 20 
charac ter wide prin ter wh ich can record the 
results of calcul ations or traces and dumps 

HP 9825A Desktop Programmable Calculator. 

.....,/iiiiiiJoiiiiI .... ' ~ 
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TI SR-60 Desktop 
Programmable Calculator. 

of programs in the mac hine, a standard 
memory of 480 program steps and 40 data 
locations, an option (at $700) to expand 
memory capacity to 1920 program steps and 
"100 data locations, algebraic expression 
notation with 9 levels of parentheses, up to 
78 program labels, 15 user defined func­
tions,IO flags, 10 branch operations, 4 levels 
of subroutine stacking, 2 modes of indirect 
addressing, and a complete program editing 
capability using the display, with the option 
of listing programs on the thermal printer. 
The SR-60 calculator also features a trace 
option usefu I for debugging program opera­
tion . Mass storage for this calculator is 
provided by 2 inch by 10.5 inch (5 .08 cm by 
26.67 cm) magnetic cards. 

An extensive library of prerecorded pro­
grams is available for financial, Il" athe­
matical, electrical engineering, statistics and 
surveying. The unit comes with a basic 
library of 10 prerecorded programs, opera­
ting manual, programmi ng manual, pro­
gramming pad, blank magnetic cards, and 
card holders. Inquiries should be directed to 
Texas Instruments, Inc, PO Box 5012 MS84, 
Dallas TX 75222, Attn: SR-60. The SR-60 
will be available through TI office equip­
ment dealers and department stores.-

A Desk Top High Level Language Machine 

Hewlett-Packard's 9825A Desk Top Pro­
grammable Calculator is an option which 
might prove quite attractive to individu als 
wishing to tradeoff dollars against the time 
and trouble of kit oriented approaches. At 
$5900 for the basic desk top unit the user 
will find a "black box" which is program­
mable in a high level language called HPL, a 
32 character alphanumeric display and 
matching 16 character wide alphanumeric 
printer for examining programs and results 
of programs, 12 user programmable keys 
which through use of a shift key provide 24 
user programmable program options, and a 
tape, cartridge device wh ich can be used for 
off line storage of up to 250,000 bytes 
transferred at a data rate of '2,750 bytes per 
second. 

The standard unit has 8 K bytes of 
internal programmable memory, which is 
expandable to a maximum of 32 K. Optional 
plug in ROM packets are available to provide 
such extended H.I::'L functions as string 
handling, general language exte nsions such as 



FOR/ NEXT loops, matrix operations, 
pl otter control, general 10, extended 10, etc. 
Up to four of these ROM packets can be 
plugged into the machine at one time. 

The other aspect well wo rth considering 
for experimentalists is the fact that the 
mac hine is intended to be used with 10 for 
process control, laboratory in strument con­
trol, and other nonstandard 10 functions. By 
implication this means that the home experi­
menter with a large budget could find this 
machine to be an excellent controller of 
such items as burglar alarms, fire alarms, 
kitchen information systems, model railroad 
layouts, etc. A business person could inter­
face the HP printer for th is mach ine (at 
extra cost) and develop packages wh ich 
cou Id handle most small business data pro­
cessing needs, using the tape cartridge 10 for 
mass storage of statistics and records (with 
hard copy back up for the conservatives in 
the audience).-

CPU Emulator 
for 6800-8ased Microprocessor Systems 

The DICE/68 is a microcom puter system 
development aid des igned to provide users of 
the 6800 mi croprocesso r and the Motorola 
Exorciser deve lopment system with the 
capab ility of in-circuit CPU emul ati on. 
Other features of this design and debugging 
too l includ e status indicators for data and 
address buses, plus additional system control 
features. 

By plugging a 40 pin DICE/68 adapte r 
di rectly into the 6800 CPU socket on one's 
own hardware, it is poss ibl e to debug a 6800 
system prototype, complete with RAM , 
ROM, 10 circuitry and two ph ase clock, 
using the full range of diagnostic aids avail­
able through the Motorola EXBUG™ oper­
ati ng system found in its Exorc iser product. 
Th e user can, afte r specifying through 
DICE/68 the bl ock of memory all ocated to 
the prototype system, begin th e hardware 
debugging phase of development. 

The DICE/68 sys tem, in addition to being 
a good microprocessor system debugging aid, 
can also be used effect ive ly in a production 
testing environ ment. This product will be of 
primary in terest to BYTE reade rs engaged in 
microprocessor syste ms des ign and micro­
processor system se rvice activities. The pri ce 
is $795 with delivery 2 to 4 weeks ARO. 

For further informati on contact Di gital 
Electronics Corporation, 2126 Sixth St, 
Berkeley CA 94710. 

MICRO PERIPHERALS 

t-1 p.-4 121 .()o.s'll9-
q'Q.~$ 

'-" v 
.~ 

COMPLETELY ASSEMBLED AND READY TO RUN 
8080 PPI AND 6800 PIA COMPATIBLE 

• 64 CHARACTER ASCII 
• 75 LINE PER MINUTE 
• UP TO 40 COLUMNS 
• ORDINARY ROLL PAPER 
• PARALLEL INTERFACE 

ORDER NOW! 
1st COME - 1st SHIPPED 

PONG M;ih~!:,P PONG 
Never before Available 

Features the ultimate in PONG Game design : 
*6 Selectable Games *Selectable bat size 

Tennis, Hockey, Handball, *Selectable angles 
Practice, Rifle Shooting. *Selectable ball speed 

* Automatic Scoring * Automatic or Manual ball 
*Score display on TV service 

* Realistic Sounds 
$39.95 each - supply limited 

.Order 5 take 10% Discount • 10 ta'ke 15% Discount 
Also available as a kit . Send $1.00 for kit info and data sheet. 

MICROCOMPUTER 
SPECIALS 

AMD 8080A CPU $ 35.95 AMD 2102 Static Ram $ 2.90 
AMI 6800 CPU $ 35.95 GI AY51013A UART $ 5.90 
GI CP1600 CPU $ 79.95 AMI S1998 Digital Clk$ 6.95 
EVK 6800 Design Kit $239.95 AMD 2112Static Ram$ 3.90 

Notice to engineers & inventors. Your idea is worth money. 
Let us market your product or kit and we will give you cash. 
Write for details. 

Satisfaction Guaranteed. 
All shipments First Class in U.S . Add $1.00 to cover handling 
on orders under $25.00. Minimum order $5.00. California 
residents add 6% tax. 
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ADVANCED MICRO-ELECTRONICS 
3198 G Airport Loop Drive 

Costa Mesa, CA 92626 



HChip" Off the aide PDP 8/E: 

Robert Nelson 
Chief Engineer 

PCM Inc 

180 Thorup Ln 

San Ramon C~ 94583 

The Intersil IM6100 Part I 

If you are looking for an answer to the software availability problem, this 
microprocessor may be it. 

Of all the computers in the wOI' ld today, 
there al'e probab ly more Digita l Equ ipm ent 
Corp ol'a ti on (DEC) PDP, Ss than any other 
kind, * A I'ecent art icle in Electroni c 
Engineering Times (Octobe r 20, '1975, page 
2) estimates " .. , there are upwards of 
70, 000 PDP,Ss in use in the fie ld, and that 
60 percent of all rece nt e lectr ica l enginee ring 
gl'adu ates have been ex posed to the PDP,S 
and its softwa re." The PDP-S at thi s poin t 
may trul y be the uni ve rsa l compute r. The 
lates t version fro m DEC is the PDP-S/E. 

There arc some good reasons fo r the 
PDP-S's popul arity . It has bee n ava ilable 
si nce 1964. I t has al ways bee n relative ly 
inexpensive (at leas t for indu stri al use rs). It 
empl oys a conve ni ent para ll el wo rd length of 
12 bits, wh ich can make it more powerful 
than a S bit mac hine, An im portan t con­
siderati on fO I' the hobbyist is that it is easy 
to understan d, both hard ware and software. 
And there is a li te ral f lood of software 
avail able for it. DEC itse lf makes ava il able 
more than a th ousand fu lI y deve loped and 
docum ented programs for the S. DECUS, a 
DEC-sponsored non-profi t, free-m embel'sh ip 
use r 's grou p main ta ins a li brary of hund reds 
of other programs. And many users, such as 
universiti es, US governm ent opel'ations and 
resea rch grou ps ha ve developed and made 

ava il ab le addi tional programming for the S. 
Ju st a few of the full y- documented pro­

grams avail able from DEC fo r the PDP-S: 

• PAL III - A basic 2- (or optionally 3-) 
pass assembler, 

• MACRO-S - An adva nced assembler 
with all th e features of PAL III plu s 
many others, such as use r-defined 
macros, double-prec ision intege rs, 
f loatin g-p oin t constants, Boo lean alge­
bra 0pNators, etc, 

• FORTRAN IV compiler - Run s in SK 
of memory. 

• Exte nded BASI C tra nslator - Also fo r 
S K of memory, 

• FOCA L - An interact ive language 
simil ar to BASI C and FORTRAN, but 
requiring less memory than either, and 
eve n easier to learn . 

• DIBOL - A bu siness-ori ented language 
simil ar to COBOL, 

• TECO - A text edi tor and cor rector. 
• DDT - A program debugging rout ine. 

There are also many di ve rsionary, game (yes, 
including Space War) and ed ucational pro, 
grams avail abl e, 

In addi tion to softwa re, DEC makes 
ava il abl e many tu tori al handbooks for the 
PDP-S machines. The PDP-8/E Small Com-

PCM manufactures the PCM-12, a m ach in e based o n the IM6 100, which is much like a kit-form P DP-8 /E. 
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The PDP-8 at this point 
may truly be the universal 
computer. 

puter Handbook and Introduction to Pro­
gramming cover the PDP-8 hardware and 
how-to methods for PDP-8 sQftware, respec­
tively. They are superb ly written, assume 
you start reading with alm ost no know ledge 
of computers, and use absolutely no "com­
puterese" that isn't fully ex plained first. For 
the tyro wanting to learn bas ic computer 
opera tion and programm in g, these inexpen­
sive paperbacks are hard to beat. Wr ite to 
DEC, 146 Mai n St, Maynard MA 01754, or 
ph one (617) 897-5 111 . 

Now with this br ief introducti on to the 
PDP-8, it is easy to see that it might make an 
ideal machine for the computer hobby ist to 
own. However, the pri ces are st ill a bit steep 
for home use - seve r,al thousand dol lars for 
an operating machine. But now In tersil 
(10900 N Tantau Av, Cupertino CA 950 14; 
phone (408) 996-5000) has intr oduced the 
IM6100, a 40 pin DIP microprocessor chip 
that recognizes the PDP-8/E instruction set 
and can therefore execute PDP-8 software. 
That means that if you build your se lf a small 
compu ter arou nd the 6100, it can i m medi­
ate � y become a working machine, rather 
than simpl y an empty bra in , by filling its 
memory with almost any pr'ogram that will 
run on the PDP-8. And that includes BASI C, 
FORTRAN, FOCAL, asse mblers, editor's, 
ga mes, etc. 

The bus structure of the I M61 00 can 
easi ly be adapted to provide a subset of the 
PDP-8 OMN I BUS signals. Therefore all pro­
gram med 10 interfaces for the PDP-8 (Te le­
typ e, paper tape reader, punch, prin te r, etc.) 
will operate with the IM6'100 without any 
hardware or software modification. 

The esse nti al differences between the 
6100 and PDP-8/E CPU are few. The 6100, 
unlike the PDP-8/ E, does not prov ide for 
timesharin g (at least not yet, but see the 
discussion of In tersi l's supp ort chips for the 
IM6100 in the second part of this art icl e). 
The 6100 does not supp ort the DEC ex-

tended al' ithm etic e lement (EAE). This is an 
optional piece of hardware that speeds exe­
cut ion of hi gh leve l mathematical l'Out ines, 
such as f loating-poin t arithmetic, tri g an d log 
functions, etc. (Of course the 6100 can, with 
standard PDP-8 softwar'e, execute any of 
these mathemat ica l functions without the 
EAE; it ju st ca lcu lates the resu lts in soft­
ware, more slowly.) The direct memory 
access (DMA) structure of the IM 6'I00 dif­
fers from th at of the PDP-8 /E. The IM 6 1 00, 
having a li mited number of pins, does not 
provide con tin uous or' " real time" access to 
all its internal registers (Accumulator, MQ 
Register, Lin k, etc. ), This "fault" the 6100 
has in common with all microprocessors and 
requires that the front panel of a small 
computer bu il t around it be implemented in 
softwar'e, More about that later'. 

Some of the features of the IM 6'100 are : 

• The 6100 conta ins six '12 bit registers, 
a programmed logic array (PLA), 
ar ithmetic logic un it (A LU) and all the 
necessa ry ga ting and tim ing circuitry 
to impl ement a comp lete PDP-8/E 
central processor unit (CPU) , 

• Sili con gate CMOS constru ction for 
low power, single suppl y ope ration. 
Silicon gate means that chip size is 
small for CMOS, and that leads to 
lower chip cost. CMOS construction 
means excel lent noise imm unity . 

• The ch ip need s just a single 5 to 11 V 
power supp ly, and it doesn't need to 
be r'egul ated, Current drain at 5 V is 
about 4 mA , 

• All inputs and outpu ts are fu ll y TTL 
compatible, when operated at 5 V. 

• Static operati on (a rare feature in a 
MOS processor), All reg isters inside 
the chip are sta tic, whi ch means you 
can shu t off the clock without los ing 
data, This makes it poss ible to put 
both single cloc k or single instruction 
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Since the IM6100 features 
static operation, the basic 
CP U clock can be varied 
from 0 Hz to the maxi­
mum operating speed. A 
speed contro l could be 
added to an I M61 00 based 
processor . 

As in many of the 40 pin 
packaged 16 bit micro­
computers, the I M61 00 
uses a common 12 bit data 
bus for both address and 
data informat ion, 

*The following are registered 
trademarks of 0 igital Equ ip' 
ment Corporation, Maynard 
MA : DEC, PDP, FOCAL, 
OMNIBUS. 



Memory address space in a 
PDP-8 (IM6100) is a col­
lection of fields of pages 
of memory locations. 

buttons on the fr ont pane l, a great aid 
for program debu gging. 

• On chip crystal oscillatol', Just put a 
crystal ac ross pin s 14 and 15 and th e 
chip will genel'ate all its own timing. 
Or substitute a TTL pulse ge nerator at 
pin 14 and clock the chip atany speed 
from 0 Hz to the max imum allowable 
clock frequency. 

• Interfaces direc tl y with standard solid 
state programmable random access 
memories (2102s, for exa mpl e), 
PROMs and ROM s, as well as standard 
TTL memories and logic, 

• Operating at 10 volts, with an 8 MH z 
crystal, the 6100 will do a memory to 
accumula tor binary addi tion in just 
2,5 MS. This spec makes it the fastest 
available MOS microprocessor, 
(Hobbyi st operation will probably be 
at 5 volts, though, to make TTL 
interfac ing easy, This reduces the 
maximum cloc,k frequency to 4 MH z 
and increases the above-mentioned add 
time to 5 MS. Still, that's one of the 
fastest chips around when you con­
sider that thi s is a 12 bit add it ion,) 

A Lap Around the Pins 

A basic understanding of th e opel'at ion of 
the IM6100 can beg in by familiarizing 
oneself with the operat ion of eac h of the 
pins on the chip: 

Pin 1: Supply voltage. Typically 5 V at 
about 4 mA o 

Pin 2: RUN line. When this line is high, the 
machine is running, This pin opera tes in 
conjunction with pin 6, the RUN / HALT 
lin e, Negative pul ses on the latter pin 
cause the 6 '100 to alternate ly go to the 
run and halt states , 

Pin 3: DMAGNT line. When a DMA request 
is ge nel-a ted, by a low leve l on the 
DMAREQ line (pin 4), the 6 100 gl'ants 
the requ est at the end of the cu rrent 
instruction by presenting a high level on 
this line. 

Pin 4: DMAREQ line. See pin 3, 
Pin 5: CPREQ line. A low leve l presented to 

thi s line causes a contro l panel interrupt 
to occur aftel' completion of the current 
instruction . 

62 

Pin 6 : RUN / HALT line. See pin 2. 
Pin 7: RESET line. A low leve l presented to 

this pin clea rs the 6100 accumulator, 
loads 77778 into the program counter 
and puts the CPU into the "halt" state 
(RUN line low). 

Pin 8: INTREQ line. A periphel'a l dev ice 
requests an interrupt by presenting a low 
level to this line. 

Pin 9: XTA line. This timing line goes high 
once each machine cycle. It is typi ca lly 
used by external logic to indicate t he 
"read" portion of the cycle. See the 
timing diagram of figure 1. 

Pin 10: LXMAR line. The LXMAR pulse is 
deve loped by the CPU once each cycle. It 
is primarily used ex ternally to latch the 
address sent aLit on the 12 data lines 
(DXO to DXll) by the 6100 at T1 time. 

Pin 11: WAIT line. The 6 100 sampl es the 
WAIT line at T3 time (read) and T6 time 
(write ). If it find s the WAIT line low, it 
ex tends the cu n'en t s ta te by i ncremen ts 
of the clock period until WAIT goes high 
again. By using this fea ture, the 6100 can 
opera te wi th memories of any speed. 

Pin 12: XTB line . SimilM to XTA; another 
external timing line that can be used to 
drive exte rnal devices. It is high onl y 
during T1 and T6. 

Pin 13 : XTC line. The most impor ta nt 
timing line. High through T3, then goes 
low for the res t of the cycle. 

Pin 14 : O'ystal input for internal osc ill ato r, 
or dri ve point fOl" an external clock 
osc ill ator. 

Pin 15: The other side of the crys tal, or 
grounded if an exte rnal osc ill ator is used, 

Pins 16 to 28 (except 26) : DXO to DXll . 
These are the 12 mUltipl exed, bidirec­
tional lin es that calTY instru ctions and 
data into and aLit of the chip. DXO is the 
mos t significant bit (MSB), DXl1 the 
least significant bit (LSB). (This is the 
op pos ite of numbering conventions used 
with most 8 bit processors.) 

Pin 26: Ground. 
Pin 29: Link line. This line, when hi gh, 

indi cates that the Link flip fl op is se t. 
Pin 30: DEVSEL line. The I M61 00 employs 

four se lect lines to distingu ish cycles 
involving main memory, external devices, 
control panel and the switch register from 



'I' FIRST CYCLE 

CRYSTAL 
FREQUENCY 

T- STATE 

I FETCH , J PIN 36 

LXMAR, Sl PIN 10 

DX <DATA) 
L INES 

INSTRUCTION 
(F ROM MEMOR Y ) 

SEL RE AD I 
XTA, n PIN 9 

XTC, J PIN 13 

one another. The DEVSEL line, when 
low, asserts that the cycle invo lves an 
ex ternal device, 

Pin 31: SWSEL line , Thi s se lect lin e, wh en 
low, indi cates that th e swi tc h I'egiste r is 
to be u sed for the read opera ti on, 

Pin 32: CO line, Thi s line, like th e ('I and C2 
lines, is used by ex tel' nal dev ices to 
control the opera tion of the CPU during 
an lOT instruction (see di scussion of 
in structi on se t, be low), 

Pin 33: C1 line, See pin 32, 
Pin 34 : C21ine, See pin 32, 
Pin 35: SKI' line, Similar to the C lines, 

above, When the exte rnal dev ice asserts 
this line low dUl' ing an lOT in stru ction, it 
causes the 6 '100 to sk i p th e nex t sequ en­
tia l in sU-uction, 

Pin 36: IFETCH line, This line is hi gh 
throughout each cycle that is used to 
fetc h an instruction, 

Pin 37: MEMSEL line , This se lect line, when 
low, indicates the cycle invo lves main 
me 1n000y ac lion, 

Pin 38: CPSEL line, When low, this se lect 
line indi cales the inSti'uction or data is to 
be I'ead f!'O m or wl'itten in to the con trol 
panel mcmo l'Y-

Pin 39: INT GNT line , This li nc goes hi gh 
when the 6100 grants a dev ice interrupt. 

Pin 40: DATAF line, Thi s line goes high 
during the execute phase of an indirectly 
addressed AN D, TAD, ISZ or DCA 
instruction , It allows the extended ad­
dress element to select a different fi eld 
than th at from which th e instructi on 
itself was taken, 

"I' SECOND CYCL E 'I' 

n 
"DON'T CARE" 

REAO - DATA 

READ I t::r 
n 

I 

Timing Diagram 

IM 6100 timin g is quite easy to under­
stand, Refer to the bas ic CPU ti m in g 
di agram shown in f igure I, Thi s di agram is 
give n in the fQrm of an exa mple - the 
compl ete fetch and cxecute cycles or a DCA 
instru cti on, This in Sti'uction dcpos its the 
6 '100 accumul ato l' contents into a se lec ted 
me m 0 r y 10 ca tion, the n clears the 
accumulator , 

T-sta te t iming is derived direc tl y from the 
crys tal. Each statc requires two complete 
cyc les of the crysta l osc ill ator, Then each 
machine cycle req uil'es either five or six 
T-states, depending on the in struction, Si x 
T-sta tes MC I'equ ired when the parti cu lar 
mac hine cyclc in vo lves a wl'ite ope l'a tion, 
Mos t inst ru ctions I'equil'e two 0 1' three 
mac hine cyclcs to compl e te their fetch and 
execu te phascs, bu t a few req u il'c fo ur 
cycles, 

The exa mpl c begins with the fir st cycle, 
fetchin g the DCA instr uction from mem ory, 
Throughout thc retch cy cl e the I FETCH line 
stays hi gh, During T1 the instructi on 
address, de l'ivcd f!'O m the IM 6100 program 
counter, is put on th e data lines (OX), The 
LXMAR pul se is then used to clock this 
address into a '12 bi t wi de la tch in the 
memory, (Thc tra iling edge of LXMAR 
should be used to produce thi s la tching 
action, so the OX data has plenty of time to 
se ttl e at the latch inputs,) The memory then 
retains thi s address until ano lher LXMAR 
pul se comes along in lhe next cycle, 

The next thing lhat happen s is th at one 
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Figure 7: IM6700 CPU 
Timing Diagram. 777i5 is an 
example of the liming of 
se l/era/ IM6700 processor 
signals during Ihe execu-
tion of a DCA instru clion, 



FIELD 7 

FI ELD 6 

FIELD5 

FI ELD 4 

FIELD 3 

FIELD 2 

FIELD I 

FIELD 0 

32K MEMORY 

}-

of the select lines, MEMSEL, DEVS EL, 
CPSEL or SWSEL, goes low at the rising 
edge of T2. The purpose of the se lect is to 
specify wheth er th e ac ti on during the cycl e 
concerns main memory (MEMSEL), an 
extern al device (DEVSEL), the contro l panel 
memory (CPSEL), or the front panel switch 
register (SWSEL). In our exa mpl e we are 
first fetchin g an instruc tion from main 
memory, then depositing data into main 
memory, so in both cyc les it wi II be the 
MEMSEL line th at will go low. Thi s signal is 
used (in th e first cyc le) to all ow th e main 
memory to drive the data lines, with the 
data to be received by th e IM 6 100. In the 
first cycl e of th e exampl e the data tI'a ns­
mitted by Ill cmol-y will be the DCA in stru c­
tion. States T3, T4, and T5 of the first cycl e 
are then used by the 6"100 fo r internal 
operati ons such as register transfers a nd 
ALU operations. 

~ 

The second cycle starts with the 6100 
puttin g th c addl"ess to be wri tten into on the 
data lines, and outputtin g the LXMAR pul se 
to latch thi s addl'ess into main memory. 
(Thi s address is a part of the DCA instl-u c­
tion which was fe tched in the fir st cycle.) 
Althou gh th e second cycle is a "wl-ite" 
cycle, the 6 100 will fil"st perfo l'm a dumm y 
(0 1" "don't CMC " ) rea d a t T2 when the 

. PAGE 37 LOC 177 

PAGE 36 LOC 176 

PAGE 35 LOC 175 

:> 
""'-

PAGE 12 LOC 012 

PAGE II LOC 011 

PAGE 10 LOC 010 

PAGE 07 LOC 007 

PAGE 06 LO C 006 

PAGE 05 LOC 005 

PAGE 04 LOC 004 

PAGE 03 

PAGE 02 

LOC 003 

LOC 002 
)---

PAGE 01 LO C 001 

PAGE 00 LOC 000 

I MEMORY FIELD I MEMORY PAGE 

ALL NUMBERS IN THE ABOVE MAP ARE OCTAL 

I 0 : I : 2 : 3 : 4 : 5 : 6 : 7 : 8 : 9 : 10 : I I I 

PAGE NUMBER 
OCTAL DO TO 37 

PAGE ADDRESS 
OCTAL 000 TO 177 

Figure 2: Memory Organization. The mem ory address space of Ihe IM6 7 00 
(and the PDP-8) is di vided into fields of 4 096 words. Each field in turn is 
considered to have 32 pages. Within each page there are 728 memory 
locations. The division into fields, pages and locations is required by the way 
in which the instructions reference memory. 
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MEMSEL line is driven low. This read data is 
ignored by the 6100. States T3, T4, and T5 
are again used for internal operation s. At T6 
th e 6100 puts th e data to be wri tten into the 
latched address in main memory onto the 
data lines. Then the MEMSEL line is dri ven 
low to actu ate the wl-ite operation . The 
memory itse lf diffe l'enti ates be twee n read 
and write, when MEMSEL goes low, by 
moni toring th e XTA or XTC line. When the 
X line is high it is a read, when Iow a write. 
(XTC is probably the bes t line to use fo r 
this, because it provides a littl e hold time 
after a read opel·ation.) 

Thi s compl etes our walk through a typical 
instructi on fetch and execution. Some 
instructi ons take more cycl es, but the timin g 
is still bas icall y the same. Here are some 
things to keep in mind : 

1. All instl'uctions start with a fi ve state 
fe tch cycle. 

2. The LXMAR pul se OC CUI-S in every 
cyc le. In addition to latching addresses, 
it ca n be used to cl ea r 0 1" se t fl ip fl ops, 
e tc., in periph eral devices. 

3. In a given cycl e, onl y one se lect line 
operates . Howevel", some instruction s 
invo lve a cyc le which uses one selec t 
line, fo ll owed by a cycle which uses 
anoth er se lec t line. For example, see 
th e di scussion of the IM 6100's uniqu e 
con trol pane I provi sions, be low. 

4. OX line data moves in both direc ti ons, 
to and fr om the 6100. Only in some 
T-states is this data valid ; in other states 
these lines are in the hi gh impedance 
state and just fl oa t. See the timin g 
di agram, f igure 1. 

5. Th e XTA, XTB and XTC lines se rve as 
indicators of th e cUln nt sta te of the 
6100, within th e cycle. 

Instruction Set 

The IM61 00 instruc tion set is identica l to 
that of the PDP-8/ E. All in stl' uctions Me 12 
bits long, so it always takes ju st one mac hine 
cycl e to fe tch an instruc ti on. The 6100 
makes no di stinction between in structions 
and data; it ca n manipul ate in stru ctions as 
data or execute data as in struc t ions when it 
is programmed to do so. Software pel'sons 
will recogni ze thi s conveni ence. The instruc­
ti on can be di vided into three ca tegori es: 
memo ry refel'ence insu'ucti ons, opera te in­
structions and input output transfe l" (lOT) 
instruc t ions. Bu t before di sc uss ing these 
thl'ee instru ction types, le t' s ge t ac qu ain ted 
wi th the me mory s truc tu I"e to be u sed wi th 
the 6100 (aga in , it' s ju st like thc PDP-8 ). 

Like the PDP-8, the IM6100 has a basic 
addressing capac ity of 4096 (4 K)1 2 bit 
wOl"d s. Thi s addressing capac ity is a natural 



res ult of the 12 bit wmd width, and ca n be 
expan ded to 32 K, or beyond, by addi tion 
of a simple extended address element 
modul e. This modul e, when designed for' 
PDP-8 software compatibi lity, requ ires 
about 25 551 and MSI TIL chips (but see 
discuss ion of In ter'si l's IM 6 ' 00 LSI supp ort 
chip s, to follow in part 2 of this arti cle ). A 
max imum memory size of 32 K can be 
implemented with a PDP-8. 

The memmy syste m is mganized into 
4096-word blocks ca ll ed "fields." The first 
4 K words are in fie ld O. If a fu ll 32 K of 
memory is installed, the upper'most memory 
fie ld is numbered 7. In any given memory 
field every locat ion has a uniqu e 4-digit octal 
(12 bit binary) address, 0000 to 7777 
decimal 0000 to 4096. Each memory fi e ld is 
further subdivided in to 32 pages of 128 
words eac h. Memory pages are number'ed 
sequentiall y from octal 00, containing octa l 
add resses 0000 - 0177 , to octa l 37, con­
taining octa l addresses 7600 - 7777. The 
first fi ve bi ts of a 12 bi t memor'y add ress 
denote the page number and the low order 7 
bits spec ify the address of the memory 
loca tion wi th in the given page, call ed the 
page address. See figu re 2. 

During an instru ction fetch cycle, the 
IM 6 100 fetches the instru ction po inted to 
by the program counter (PC). The contents 
of the PC are transferred to the memory 
address register (MAR), and the PC is in­
cremen ted by one. The PC then contain s the 
address of the next sequential instructi on. 
The MAR conta in s the address of the "cur­
rent" instru ction , wh ich Illust be fetched 
from memory. Bits 0 - 4 of the MAR 
identify the current page, that is, the page 
from which instruction s are current ly being 
fetc hed, and bits 5 - 'II identify the 
loca ti on within th e current page. 

The memory reference instru ct ions oper­
ate on the contents of a mem ory locat ion or 
use th e contents of a memory locat ion to 
opera te on th e acc uillul ator or program 
counter. The first three bits of a memory 
reference instructi on specify the operation 
code, or "opcode," and the low order 9 bits 
the operand address, as shown in figu r'e 3. 

Bits 5 - "" , the page address, identify the 
location of the operand on a given page, but 
they do not identify the page itse lf. Th e 
page is identi fied by the page bit, bi t 4. If bit 
4 is a 0, the page address specified rs 
interpreted to be on page O. If bit 4 is a '1, 
the page address is interpreted to be a 
location on the current page, that is, the 
page from whi ch the current in struction was 
fetched. 

For exampl e, if bi ts 5 through '11 rep re­
se nt oc tal 023 and bit 4 is a "0" , th e 

location r'efe renced is the abso lute octal 
address 0023. However, if bit 4 is a "1" and 
the cunent instru ction was fetched from 
octal location 46 10, the page address 023 
designates the absolute octa l address 4623. 

By this method 256 l ocat i on~ may be 
directly addressed, 128 on page 0 and 128 
on the current page. Other locations are 
addressed by utilizing bit 3. When bit 3 is a 
"0", the operand address is a direct address. 
But when bit 3 is a "1 ", the address is taken 
to be "indirect. " An indirect address (or 
" po in ter" address ) identifies the memo ry 
location th at contains the desired absolute 
address. To addr-ess a location th at is not 
direc tl y addressable (not on page 0 or the 
current page ), the absolute address of the 
des ired location is stored in one of the 256 
direct ly addressa ble location s. Thi s direc tly 
addressable location is used as the "pointer." 
(To make li fe simpl er, rem ember that an 
ind irec t address and pointer address rea ll y 
mean the same thing - the hiding place that 
contains the full 12 bit effect ive address of 
the operand you really want.) 

So the IM 6 100 has dir'ect and indirect 
addressing capability. It has one oth er ad­
dressing abi li ty, autoindexing, Octal locations 
0010 to 0017 in page 0 are auto­
indexed, If these loca tions are addressed 
indirec tl y, the contents are incremented by 
one and restored before th ey are used as the 
opera nd address. These locat ions may, there­
fo re, be used for index ing applications. 

The memory reference in stru ct ion 
mnemonics, and their opcodes, are shown in 
Table '1, a long with an ex pl anation of what 
they do and how long they take to execute. 

Th e second category of instructions is 
termed the opera te instructi ons, a ll of which 
have an opcode of oc tal 7. These instruc­
tions are all used for IM 6100 inter-n al oper­
ati ons, such as conditional and uncon­
ditional skip s, acc umulato r rotates (either 
left o r' right, and one- or two-bit sh ifts), 
clea ring and setting the accumul ator and 

OPERAND ADDRESS 

o 2 3 

IA 

ADDRESSING BIT-.-J 

00 DIRECT 
I' INDIRE CT 

4 5 6 

MP 

~PAGE BIT 

O· PAGE 0 

7 8 

PAGE ~DDRES~ 

I ' CURRENT PAGE 

9 10 " 

: : I 

Figure 3: Memory Reference Instruction Format. MemolY reference instruc­
tions mal?e use of the memOlY organization concepts in figure 2. The page 
address identifies the particular word desired,' the page bit (MP) selects 
whether the current page or page 0 is selected,- the addressing mode bit allows 
an additional single level of indirection so that data outside the current page 
(but slill wilhin the current memOlY field) can be referenced. 
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Number of T-States 
Binary Required 

Mnemonic Op Code Operation (direct addressing) 

AND 000 Logical AND - The memory 10 
location addressed is AND'ed 
with the AC. Result remains 
inAC. 

TAD 001 Binary ADD - Memory contents 10 
are added to AC; result remains 
in AC. Carry complements Link. 

ISZ 010 Increment and skip if ze ro - Th e 16 
memory location is incremented. 
If the result is zero, the next 
sequentia l instruction is skipped . 

DCA 011 Deposit, a nd clear AC - The 11 
contents of th e AC are deposited 
in the addressed memory location, 
then the AC is cleared. 

JMS 100 Jump to Subroutine - The PC 11 
contents are stored in the addressed 
memory location. Th e PC is th en 
set to one address higher than that 
in the instruction . 

JMP 101 Uncond itional Jump - The next 10 
instruction is taken from the 
address embedded in th e current 
instruction. 

Table 7: Summary of MemolY Reference Instruc tions. This se t of six 
instructions references memolY in the format of figure 3. Instructions with 
binwy opcodes 770 and 777 are the l OT and Operate instructions, 
respec tively. 

Control Lines 
CO Cl C2 Operat ion 

H H H Th e content of th e AC is sent to th e device. 

L H H The content of th e AC is sent to th e device . Th en th e AC 
is cleared . 

H L H Th e device data is OR'ed with th e AC; result rema ins in 
the AC . 

L L H The device data is loaded into the AC . 

X H L The device data is added to the contents of th e PC. 

X L L The device data is loaded in to the PC . 

X - don't care 

Table 2: Input Output Control Lines. The states of the three control lines 
(defined by the 10 hardware) tell the IM6 700 what to do during an l OT 
ins truction. 
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link, fetching the MQ Regi ster to the ac­
cumulator, etc. These instructions use bits 3 
to 1'1 in the instruction word (after the 
opcode of 7 in bits 0 - 2) to spec ify the 
exact opera tion to be performed. All th ese 
bits are availab le, of course, since all the 
opera tions spec if ied are in ternal to the 
IM6100 itself and do not require specifica­
tion of a memol'y address. 

No detai led li sti ng of these instructions 
wi ll be given here since it is a lengthy list, 
and it is clearly exp la ined in the IM6'J00 
data sheet (and also in DEC' s Small Com­
puter Handboo/?). However, it should be 
po in ted out that these instru ctions are 
termed m icroi nstruc tions by DEC, si nce 
they can be combined by setting or clea ring 
the proper bits in the instructi on word. This 
often cuts down the number of individual 
steps necessa ry in a program. I t is poss ib le, 
for examp le, to use a single instruction to 
produce Cll fo llowed by RTl, which will 
clea r the link then rotate th e acc umulator 
two posi tions to the left. 

The third category of instru ct ions con­
sists of th e input output tr ansfer (lOT) 
instructi ons. These all have an opcode of 
oc ta l 6 and are used to initi ate the operation 
of peripheral devices and to transfer data 
between peripherals and the 6'\ 00. (Ac­
tually we Me talking here about programmed 
data tr ansfers; data can also be transferred to 
or from peripheral s by means of interrupts 
and d irect memory access, to be explained 
late r.) 

In an lOT instru ction, bits 0 to 2 are 
always set to bin ary '11 0. Bits 3 to 8 are the 
device se lec tion code, used to se lect the 
per ipheral dev ice, and bits 9 to 11 spec ify 
th e operation to be performed wi th the 
se lected peripheral. The device se lec tion 
code oc tal 00 in bits 3 to 8 is reserved for 
processor lOTs. There are eight of these: 
octal 6000 - 6007. They are used by the 
CPU for ce l:tain hou sekee ping operations 
such as turning on and off the interrupt 
syste m, fetch ing flag bits to the accu mu­
lator, etc. These are exp lain ed in de tail in 
the 6100 data sheet.. 

A pl'ogl'amm ed da ta transfe r begi ns when 
the IM6100 fe tches an in stru ction from 
memory and recogni zes it as an lOT instruc­
ti on. The 6'J00 sequences th e lOT in stru c­
tion through a 2 cyc le execute ph ase ref­
erred to as IOTA and 10TB. The in struc ti on 
mu st be latched into th e external device, 
using the lXMAR pu lse . DEVSEl is the 
ac tive se lect line for all lOT instructions. 
The se lected periph eral device contro ls the 
IM 6 'I 00 duri ng the data transfer by mcans of 
the CO, C1, C2 and SKP lines, The typ e of 
data transfc l' is spec ifi ed by the pCI'ipheral 



device by asse rting the control li nes as 
shown in table 2. 

The S KP I ine, when asserted low by the 
peripheral device dur ing an lOT, causes the 
IM6100 to skip the nex t sequential in stru c­
Ition. This fea ture is used to sen se the sta tu s 
of vari ous flags in the device in terface. The 
CO, ("I and C2 lines are trea ted inde­
pendently of the SKP line. 

Except for pr ocessor lOTs, all lOT in­
stru ctions arc nonspecif ic in th at, unlike all 
o ther in stru cti ons, the operation tha t they 
perform is no t kn own by the CPU . Rather, 
the hardware designer spec ifies wha t eac h of 
these instru c ti ons does by the logic he bu il ds 
into the in te rface fo r the spec ific peripheral 
device. The lOT in struction s work in con­
junc ti on with the CO, C1, C2 and SI<P lines 
on the 6100 chip. Let' s take an exa mple: 
For a PDP-8 compatib le Teletype interface , 
it is necessa l'y tha t the lOT instru cti on oc tal 
6034 cause the TTY keyboat"d da ta to be 
"OR'ed" into the 6 '100 acc umul ator. Refer­
ring to ta ble 2, it is seen that in order to 
cause dev ice da ta to be "OR'ed" in to the 
acc umul ator, it is necessa ry to pu ll control 

li ne C1 low while CO and C2 remain high. 
The in te rface log ic, then, mu st recogni ze th e 
arrival of the oc tal 6034 code and assert C1 
low. Similarl y, lOT instr ucti on octal 6031 
mu st ca use the nex t instru ction to be 
skipped if the keyboa rd data ready flag is se t 
in the device intel"face. To accomplish this, 
the interface logic mu st, upon arr iva l of the 
octal 603"1 in stru cti on code, test th e data 
rea dy fl ag, and then if (and only if) it is se t, 
asse rt the SKP line low. (By the way , in the 
typica l DEC PDP-8 syste m, dev ice code oc tal 
03 has been ass igned to the TTY keyboard 
and octa l 04 to the TTY printer.) 

I t is seen, then, tha t the system designer 
has nea rl y comp lete free dom with the lOT 
in structions. He first dec ides wh at he wants 
a given lOT instr ucti on to do, then bu ilds 
the necessary "interpretive" log ic into hi s 
peripheral interface. Th ose of us who want 
DEC so ftwat"e compat ibi li ty , th ough, mu st 
use the lOT in stru ctions as a lready de fin ed 
In the aforementi oned Small Computer 
Handboo/? and In troduction to Program­
m ing, and make sure that our interface logic 
"understands" th ose instru ctions. -

ORGA NI ZATION OF THE IM6100 

Many of the micro processor chips avai labl e today were not designed to be the heart of a 
ge neral purpose minicomputer. They were primarily desi gned with ded icated industrial control 
applications in mind. But th e Inters il IM 6100 is an exception, sin ce it imitates so well the 
structure of the PDP-8/ E CPU. A block diagram of the 6100 is shown below. 

INTERN AL BUS 
( 12 LIN ES) 

r-~:---\...A.---'"..J k':;:::==;:>I~M~U~L2T~1 P::L;'E~X E~R~JI<:===::::::>o 12 ox (DATA) I' • LINES 

LINK 
I LINE 

+5V 0 

GND 0 

2 LINES 

XTA ,XTB, XTC, 

I ----- ---1----1 
I I 

_ _ -' I 
I I 
I I 

----- ---l I; 
I L _____ -----I 
I 
I ------ ---1 P; A 

---------~ , 
i-----i-!Ly---,----J 

CRYSTAL ~ 

DMAGNT, ,......:-------"-, 
RUN, 8 LINES TIMING AND 
INTGNT, STATE CONTROL 
IFETCH, 
DATAF 

WAIT 
I LINE 

---- INTERNAL CONTROL LINES 
--- EXTERNA L INPUTS OR OUTPU TS 
= DA TA LINES 

RESET, 
RUN I HALT, 

r-----Q DMAREO, 
5 LINES INTREO , 

4 LINES 

CPR EO 

CO 
C I 
C2 
SK P 

L XMAR, 
MEMSEL, 
DEV SE L , 
SWSEL, 

'----+0 CPS E L 

Accumulator (AC) 

The AC is a l 2 bit register with wh ich 
ari thm etic and logica l opel'a tions are per-

form ed. Data words may be fe tched fr om 
mem ory to th e AC or stored fr om the AC 
into th e memory. Arithmeti c and logi ca l 
opera ti ons in vo lve two operand s, one held in 
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This article is being 
printed in two parts. The 
second part continues the 
discussion, covering topics 
including interrupts, direct 
memory access, control 
panel software and sup­
port devices for the 
IM6700. 



the AC and the other fetched from memory. 
The resul t of the operation is left in the AC. 
The AC may be cleared, comp lemented, 
tested, incl·emented or rotated under pro­
gram control. The AC also se rves as an input 
output registe r. All programmed data trans­
fers pass through the AC. 

Link 

The Link is a 1 bitflipflop that se rves as 
a high order ex tensi on of the AC. It is used 
as a carry flip flop for 2's complement 
arithm etic. A carry out of the ALU comple­
ments th e Link. The Lin k can be clea red, 
set, complemented and tested under pro­
gram control, and rotated as part of the AC. 

MQ Register (MQ) 

The MQ is a 12 bit I-egister which is 
program access ibl e. The contents of the AC 
may be transferred to the MQ for temporary 
storage. The MQ can be OR'ed with the AC 
and the result stored in the AC. The con­
tents of the AC and the MQ may also be 
exc hanged. 

Program Counter (PC) 

The 12 bit PC contains the address of the 
memory locat ion fr om which the next 
instruc tion is fetched . DUI-ing an in struction 
fetch, the PC is transferred to the MAR and 
the PC is then incremented by one. Wh en 
there is a branch to another add ress in 
memory, the branch add ress is transfer red 
into the Pc. Branch ing normall y takes place 
under progra m control. However, dUI·ing an 
input output (lOT) operation, a device may 
specify a branch address. A sk ip (S I<P) 
instructi on increments the PC by one, thu s 
causing the nex t in struc tion to be skipped. 
The SKP in struction may be unconditi onal 
or conditional on the state of th e AC and 
the Link. Durin g an lOT operat ion, a device 
can also cause a S KP, by asse rting the S KP 
line (pin 35 ) low. 

Memory Address Register (MAR) 

While access in g memOl"Y, the n bit MAR 
con tains the address of the memory loca tion 
that is currently se lected fOl" reading or 
writ in g. The MAR is also used as an internal 
register for microprogram contro l during 
data transfers to and f,·om memory and 
peri phera l s. 

Arithmetic and Logic Unit (ALU) 

The ALU perform s both al·ithmetic and 
logica l operations, including 2's compl ement 
binary additi on, AND, OR and compl ement. 
The ALU can perform a single position shift 
to either left or ri ght, as we ll as a two bi t 
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shift in either direc ti on. The ALU can also 
shift by three positi ons to impl ement a byte 
swap in two steps. The AC is always one 
input to the ALU . However, under internal 
microprogram con trol, the AC may be ga ted 
off and all ones or all ze ros gated in . The 
second inpu t to the ALU can be anyone of 
the other I·egisters under microprogram con­
trol. 

Temporary Register (TEMP) 

The ·12 bit TEMP latches the result of an 
ALU operation before it is sent to the 
de stinati on register, to avoidl·ace condi tions. 
The TEMP is also used as an in ter nal register 
for microprogram contro l. 

Instruction Register (IR) 

During an inwuction fetch, the ·12 bit IR 
contains the instruction that is to be exe­
cuted by the CPU. The I R spec ifies the 
initial step of the microprogram sequence 
for each instru cti on and is also used as an 
internal registe r to sto re temporary data for 
microprogram contro l. 

Multiplexer (OX) 

The 12 bit input outpu t multipl exer 
handl es data, address and instru ction trans­
fe l·s in to and out of the CPU, fr om or into 
the main memory and periphel-a l devices on 
a time-multiplexed bas is. 

Major State Generator and Programmed 
Logic Array (PLA) 

DUI·ing an inStf"u ction fetch the instru c­
tion to be executed is loaded into the IR. 
The P LA is then used for the cOl"rec t 
seq uencing of the CPU for the appropriate 
instructi on . After an in structi on is com­
pl ete ly sequenced, the major state ge nerator 
scans the internal pr iori t y ne twork. The 
state of th e priority network dec ides 
whether the mach ine is going to fetc h the 
next instru ction in sequence or se rvice one 
of the exte l·nall·equest lines. 

Memory and Device Control , ALU and 
Register Transfer Logic 

The memory and device contro l uni t 
pl-ovides ex tern al se lect sign als to com­
muni cate with peripheral devices (DEVSEL), 
switc h reg ister (SWSE L), memory 
(MEMSEL) and contro l pane l memory 
(CPSEL). During lOT in structions this unit 
also mod ifies the PLA outputs, depending 
on the states of the four dev ice con u·ol lines 
(SKP, CO, CI and C2). The ALU and register 
transfe r logic pl·ovides th e contro l signals for 
the internal register transfers and ALU 
ope ration .• 
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Microprocessor Based Analog 

Roger Frank 
1801 E Girard # 247 
Englewood CO 80110 

An ana log signal is typi­
cally a voltage level ... 
wh ich corresponds to 
measurement of some 
physical variable. 

Analog signals can be proc­
essed with only a minimal 
addition of hardware to a 
system. 

Analog input and outpu t capabilities, 
when added to a m icrocompu ter, can grea tl y 
ex pand the power of the home or hob by 
computer. Inherently, the microprocessor is 
a digital dev ice, ideal for con trol of di sc rete 
(on or off) input and output leve ls. How­
ever, many ana log signals can also be proc­
essed wi th onl y minimal additional hard­
ware. With this additi on, such devices as 
temperature sensors or photoce lls can be 
monitored, and output peripherals such as 
oscilloscopes and au di o amplif iers can be 
added to the microprocessor. 

Taki ng tradi tional app roaches to analog 
to digital convers ion can be very ex pensive 
to the hobbyist. Hundreds of doll ars could 
be spent, but this would y ie ld onl y high 
speed or resolution. For the amateur, 
typical ly eight bits of accuracy is suffi cient, 
and speed is not a critical factor. The 
brightness of the sun , the tem perature of the 
room, or the moisture of the front law n do 
not change very rapidly. By all owin g the 
microprocessor to do most of the work 
involved in the conversion, a si mpl e, inex­
pensive circuit can convert an analog input 
to a di gital word in less than a milli second. 
The overa ll cost can be kept under $20 for 
four channels of analog inpu t. 

Two techniques of analog to digital con­
version are easi Iy accompl ished by a micro­
processor: the ramp and successive ap prox i­
mati on methods. In each case, the task is to 
ge nerate a digita l word, ap pl y it to a di gital 
to analog converte r (DAC), and compare the 
analog ou tpu t of the DAC to the analog 
i npu t to be converted. Based on the resu I ts 
of the compari son, the next digi tal word to 
the DAC is generated. 

Traditionall y, severa l gates, up-down 
counters, and clock gene rators are used to 
achieve the conversion . This approach is 
much more ex pensive than using the micro­
processor to impl ement the same functions, 
using no external TTL logic in the conver­
sion at all. 
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The Ramp Technique 

The simplest approac h is the ramp tech­
nique. It has the advantage of need ing the 
least code in the microprocessor, bu t the 
di sadvantage of being the slowest, some 15 
times slower, on the average, than the 
successive approxi mation approach di scussed 
later. For many appl ications, where speed is 
not critical, this approach may be best. Since 
the ramp technique is conceptua ll y eas iest to 
understand , it wi ll be examined closely first. 

Figure 1 shows the bl ock di agram of the 
AD conversion system. Unlike hardware 
approaches, the identical components can be 
used fo r successive approx imati on, ramp, or 
tracking conversion algorithms. The hard­
ware can be tailored, by software, to mee t 
speed or acc uracy requirements of the over­
all system. 

To understand the circuit, assume in 
figure 1 that the anal og inpu t to the + inpu t 
connector of the compara tor is 2.00 V, and 
that all zero bi ts are applied to the DAC's 
di gital inputs. The DAC' s output will be 0 V 
a t the comp arator's - input connector. The 
comparator's output will be a 1 bit, which is 
applied to the microprocessor through an 
input port. The software," by reading and 
testing the input port, knows if the digital 
word applied to the DAC is too large or too 
small. In this case, the 1 bi t re ad at the inpu t 
port means "too small" and the micro­
processor will increment the digita l wo rd at 
the input to the DAC. The output of the 
DAC increases by a small amou nt each time 
the comparator says "too small ," until the 
DAC ge nerated analog voltage just exceeds 
the " un known" inpu t voltage. At that 
mo ment, the comparator outpu t will be read 
as a 0 bit, and the digital equivalent of the 
ana log input vo ltage will be present at the 
inpu t to the DAC. 

This sequ ence, using an eight bit DAC, 
ge nerates a ram p voltage at the inpu t to the 
comparator with each step 1/256th of the 



/Digital Conversion 

A cha ll enge: Write a pro­
gram to send data to the 
DAC at regular intervals, 
connect the DAC output 
to a high fide lity amplifier, 
and play music with the 
DAC as a waveform gen­
erator. 

full sca le voltage. In this applicati on, a five 
volt full scale is typical, so each step wou ld 
be about 19.5 mi llivolts. Using the Motorola 
MC6800 microprocessor, a routine to 
accomplish this simple conversion wou ld be 
as shown in listing 1. 

Note that with the MC6800, 10 is treated 
as a memory location, so it is simple to 
directly implement the algorithm. For the 
Intel 8008, a simi lar sequence cou ld be used, 
as shown in listing 2. In this examp le, 
Register B wil l have the eight bit digital 
equivalent of the analog input when the 
sequence is comp lete. 

The Successive Approx imation Method 

A faster technique, which always takes 
the same number of passes through the 
deci sion making loop, is the successive ap­
proxi mation method. The hardware is 
exact ly the same, but instead of changing 
the least significant bits in incrementing 
fashion (19.5 millivo lts per step), this 
method changes the most significant bits, 
one at a time, and very quick ly homes in on 
the correct digital word. 

Using the same examp le, with 2.00 V 
applied to the "unknown" input of the 
comparator, the sequence is like this. First, 
the most significant bit, bit 7, is set to a one 
in the DAC. The output of the DAC 
immediately goes to half sca le, or 2.5 vo lts. 
(Remember that bit 7 represents 2**7 or 
128 times the least significant bit's we ight of 
19.5 mY, which is about 2.5 volts. ) Right 
awa y, the microprocessor knows that in the 
final digita l word, bit 7 will be a zero, since 
the comparator is already say ing "too high" 
with that bi t on Iy set in the DAC. The 
microprocessor removes bit 7 from the DAC 
and sets bit 6 to a one. Now the DAC output 
of 1.25 V is compared to the 2.00 V "un­
known" input to the comparator, and the 
processor quickly learns that bit 6, by itse lf, 
is "too low," since 1.25 V is less than 

OUTPUT PORT 
FROM MICROPROCESSOR INPUT PORT 
BI T 7 ---------- BITO OF MICROPROCESSOR 

b7 b6 bS b4 b3 b2 bl 

DIGITAL TO ANALOG 
CONVERTER 

LS B 

( 
VOLTAGE OUTPUT 
PROPORTIONA L TO 
DIGITAL INPUT WORD 

BIT 7 

COMPARA TOR 

ANALOG UNKNOWN 
VOL TAGE INPUT 
(2.0 V IN EXAMP LE) 

Figure 7: The microprocessor controlled analog digital conversion system 
consists of an 8 bit DA C output which is compared against the unknown 
input. 

1 RAMP CLR DAC start conversion at zero; 
2 RLOOP INC DAC increment output vo l tage; 
3 TST COMP test comparator input of bit 7 (NI; 
4 BM I RLOOP back for more unti l done; 
5 RTS return to caller; 

Lis ting 7: The ramp method of conversion, specified as a 
symbolic assembly language program for the Motorola 
6800 central processor. 

1 RAMP XOR A clear the accumulator with XOR; 
2 LBA cl ear B from A; 
3 LOOP INC B increm ent DAC input word by one; 
4 LAB move to accumu lator for output; 
5 OUT DAC output to DAC device code ; 
6 INP COMP input from comparator device code 
7 JTS LOOP using sign bit for comparator; 
8 RET return when done; 

Listing 2: The ramp method of conversion, specified as a 
symbolic assembly language program for the Intel 8008 
processor. 
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SUCAPPRX CLR A result will be in A ; 
2 LDAB #$80 rotating mask, most significant first; 
3 NEXTBIT ABA apply trial bit to A with addit ion; 
4 STAA DAC send it to the output DAC latc h; 
5 LDAA COMP read the comparator outpu t; 
6 ANDA #$80 check sign bit with comparator output; 
7 BNE RETAIN if low then reta in trial bit ; 
8 LDAA DAC recover the DAC word ; 
9 SBA restore zero to last tr ial bit ; 

10 BRA MSHIFT th en go shift the rotating mask; 
11 RETAIN LDAA DAC keep the tr ial bi t as logical one; 
12 MSHIFT ROR B rotate the mask; 
13 BCC NEXTBIT on eighth rotate, carry set 
14 RTS so retu rn from the conversion; 

Listing 3: A successive approximation conversion, specified as a symbolic 
assembly language program for the Motorola 6800 processor. This program 
was adapted from a Motorola application note on the subject. Note that for 
fast processors or slow operational amplifiers (such as the 747), a de lay loop 
should be inserted between lines 4 and 5 of this program to aI/ow the 
output to settle. 

1 TESTPGM LDAA # $00 load test va lu e for DAC; 
and store i t in the DAC; 
then return to ca ll er; 

2 STAA DAC 
3 RTS 

Listing 4: A test program which can be used to load 
the immediate value of 0 into the DAC output port. 
The symbolic location DA C is assumed to be the 
ou tpu t port address. 

3.0 

2.0 

VOLTAGE 
1.0 

DIGITAL WORD 
A T INPUT TO DAC 
IS 01100110 

\ .......... . 
-------

TIME -INVERTING INPUT 
OF COMPARA TOR 

Figure 2: A ramp conver­
sion starts at zero voltage 
output and increases the 
voltage until it equals or 
just exceeds -the unlmown 
input. For larger input 
voltages, conversion takes 
longer since the program 
must cycle through all the 
intermediate values from 
zero to the final binary 
word. 

2.00 V. In th is case, the processor leaves bi t 
6 on and adds the bi t with lesser signi f i­
cance, bit 5. With bit 6 and bi t 5 on, the 

. DAC output voltage is 1.87 V, still too low. 
Thus, bit 5 also is left on and the nex t bit in 
Ii ne is tri ed. 

The algorithm is this: simply try a bit, 
starting a t the most significant. If the DAC 
generated vo ltage exceeds the "unknown," 
remove that bit only, else keep it. Try the 
nex t bi t, repea ti ng the process u nti I all bi ts 
have been determined. In this case, eight 
passes through the loo p will result in the 
complete di gita l equivalent of the unkn own 
analog voltage input in a matter of milli­
seconds. 

This faster technique has been imple­
mented with the MC6800 microprocessor 
with the sequence shown in li sting 3. A 
sustained rate of l 000 conversions per 
second has been ac h ieved. 

An actua l circuit to impl ement these 
techniques is shown in figure 2. The circuit 
uses an inexpensive Motorola MC1408 L-8 
digital to analog converter, wh ich converts 
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digital inputs to a current output at pin 4. 
Current output, which is subsequ ent ly con­
verted to a voltage, is typical with DACs. 

The circu it to the left of the DAC is a 
simpl e zener di ode voltage regu lator. The 
zener main tain s a constant voltage drop 
ac ross the resistor R 1, since the righ t side of 
the resistor is at virtual ground. The current 
through R 1 is the refe rence current, wh ich is 
either absorbed internally or steered out the 
DAC' s pin 4. How mu ch current leaves the 
DAC is a functi on of the digi ta l input word 
applied on pins 5 through 12. 

The current cannot be compared to the 
unknown anal og input vo ltage without some 
conversion . Dig out your operational ampl i­
fier art icles and you'll reali ze that the 
LM301 is func tioning as a current to vo ltage 
converter, which changes the a to 2 mA 
output of the DAC into a 0 to 5 V vo ltage. 
This voltage, after a little filtering, is then 
ap plied to an LM311 comparator . 

The LM311 has the useful feature of 
hav ing an analog comparator input, but a 
TTL compatible (open coll ec tor) output. 
The LM311 output can be directl y applied 
to an inpu t port of the microprocessor for 
program controlled eva luation. Res istors R6 
and R5 add a li ttle hysteresis to the com­
parator and, like the fi ltering components 
C1, C2, C4 and R7 , are recommended, 
though not absolutely essenti al to the opera­
tion of the circu it. Similarly, a 741 type 
opamp can be used in place of the LM 301, 
but the circuit will take longe r to convert 
the current output of the DAC into a stable 
vo ltage at the input to the LM 311. 

Circuit calibration is simple and consists 
of only one adjustment. First appl y all zeros 
to the digital input to the DAC. The voltage 
at pin 6 of the LM 301 should be very nearly 
zero volts. If it isn't, check your circuit 
carefully. If off by only a few millivolts, a 
small offset current could be injected into 
the input of the LM301 to make it exactly 
ze ro volts, but for eight bit accuracy this 
should not be necessary. Now app ly all 1 
bits to the DAC input. The outpu t of the 
current to vo ltage converter should now be 
adjusted to 5.00 V with resistor R4. With 
this setting, you have calibrated to the 
19.5 mV/ b spec ification used in the 
exa mpl es. 

Expansion of thi s ci rcui t, once the single 
channel version is com pl ete, is straight­
fo rward and very inex pensive. For exa mple, 
each additi onal channel of analog to di gital 
conversi on can be added wi th on Iy an 
additi onal comparator. Each added LM 311 
has its output connected to a separate inpu t 
port bi t, up to eigh t channe ls per port for an 
8 bi t processor. Then in software, choose the 
channel of interest by logicall y masking out 
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Figure 3: Schematic of the circuit used for 8 bit conversions, This hardware can be used for either the ramp or successive 
approximation methods described in this article. 

all the other channels. Here the LM339 can 
be used to have four comparators, and four 
channels of AD, in one package. Similarly, at 
no charge, this circuit can be used as a 
source of digitally programmed analog volt­
age to deflect an oscilloscope trace or act as 
a computer controlled function generator, 
producing ex tremely comp lex waveforms, if 
desired. Another use could be a keyboard 
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contro ll ed power supply with suitable cur­
rent gain added to the DAC output. 

These techn iqu es and this inexpensive 
circu it open a wide world of analog inter­
fac ing to the microprocessor hobbyist. Now 
the home computer can go beyond the 
number crunching, logic control functions 
and tal k to the real worl d on its own analog 
terms.-

Have you every been victimized by 
one of a myriad computer based inter­
personal putdowns? I n Ted Nelson's 
book, Computer Lib/Dream Machines, 
you'll find an excell ent essay on the 
nature of this "cybercrud ." 

Have you ever wondered where to go 
for a basic starting point in your quest 
for information about computer appl ica­
tions and uses? Ted Nelson's book, 
Computer Lib/Dream Machines, is the 
place for you to begin. 

Computer Lib/Dream Machines is for 
the layman - the person who is intelli­
gent and inquisitive about computers. It 
is written and self published by a 
philosoph er who is also a self confessed 
computer fan and an excellent teacher of 
basic concepts. (For those who have not 
yet heard, ivory towers are constructed 
out of real and substantial white bricks.) 
The most important aspect of this book 

is its inspirational data content. The 
machines we're all busy working on are 
deep personal expressions, and not the 
cold and inhuman monsters of the tradi­
tional stereotype. The book defines 
many of the terms and explain s many of 
the techniques which can be used in the 
personal compu ter systems we're all 
busy constructing and programm ing. It 
performs this service in a way which 
adds color and excitement to this newest 
of art forms, the computer application. 

Computer Lib/ Dream Machines is 
must reading for the beginner, and is also 
a refreshing self examination for the old 
hand at programming and systems work. 

You can order your copy of Com­
puter Lib / Dream Machines from BYTE's 
Books for $7 postpaid. Send you r order 
today to BYTE's Books, 70 Main St, 
Peterborough NH 03458. Help stamp 
out cybercrud. 

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

Pl ease add 50 cents for postage and handling. Please allow six weeks for delivery. 

Send copies of Computer Lib/Dream Machines to: 

Name 

ALiLIress 

Cily Stale Zip 

I I Check enclosed 

II Bill MC #.' _______________ Exp. Date ____ _ 

II Bill BA # Exp. Date _______ _ 

Signature 
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Simplify Your HOfT1emade 

Gregory C Jewell 
11855 Southeast 188th 
Renton WA 98055 

[CHARACTER POSITION 

- • I 2 3 4 5 6 7 B 9 10 II 12 13 14 15 16 17 18 19 20 

',bo' ,.";.",,, J I 
ignored~ 
mnemonic operation code 

or pseudo operation 

ignored ---------~ 

operand field ---------------

comments (to end of line) ------------------

Notes : 1. A semicolon (;) in line posItIon 
indicates the whole line is a comment 
and will be ignored by the assembler. 

2. If the .AS or .AZ pseudo operations are 
used, the operand field can be as long as 
required . 

Figure 7,' Summary of simplified assembler source format. This figure 
illustrates the fixed field format. The label field is used to define symbols, the 
operation code field is used to specify a mnemonic operation code or a 
pseudo operation, and the operand field is used to contain information 
according to the format of figure 2. Comments may be written by starting a 
line with a semicolon in position one, or following the operand field with the 
desired comments. 

74 

Our primary goal in the design of a simple 
asse mbler is to eliminate the need to parse a 
line in order to determine what information 
is contained in that line. Rather than ask ing 
"What are you trying to give me? ", our 
assembler wi II demand, "I know where I am, 
so give me wha t I want." 

The assem bler descri bed here is a three­
pass assembler. The first pass compiles a 
symbol table; the second pass outputs the 
generated machine code, and the third pass 
produces a hexadecimal listing of the gen­
erated machine code with its associated 
addresses and source statements. 

Labels 

The first step on our path to simplicity is 
a major one even though its impact on our 
program writing will be slight. We will 
specify that all labels should have a fixed 
length of four characters with a restriction 
that the first character should be alphabetic. 
Although not the main objective, requiring 
fixed length labe ls adds the feature of 
allowing embedded blanks in the labels. 
Figure 1 illustrates the fixed field format of 
the simplified assembler. In the example, a 
line of assembler input is shown in the 
boxes, with shaded boxes indicating blanks. 
The label AXLE is shown on a statement 
containing the J SR operation code with 
operand WHAT. 

Six or eight characters is a popular 
maximum for assembly language labe ls ; how­
ever, our four character labels will save 
memory space and speed up the task of 
searching for a label in the symbol table. 



The simpl ified assembler 
will demand "I know 
where I am, so give me 
wha t I want." 

Assembler 

A label is defined when it appears for the 
first time in a statement of the program 
which is being assembled. A label is not 
required for every statement. However, if 
the first character position of the statement 
is found to have an alphabetic character, 
then the first four columns define a new 
label for the symbol table . If the first 
positIOn is a blank, then the assembler 
should ignore the remaining positions of the 
label field. This is an example of what is 
called a fixed field syntax because we always 
expect a label or no label at al l in these 
positions. Programming of the assembler is 
simplified by use of this limitation. The need 
for parsing has been nearly eliminated by 
this single requirement of fixed-length labels. 
But let's ta~e a few more steps. 

Operation Codes 

As in commercia ll y avai lable assemblers, 
the next field on each line of the program 
being assembled is an operation code field. 
This field is separated by a blank character 
position from the labe l field, and thus begins 
in the sixth character position of our fixed 
field input format. In the operation code 
field, the assembler can find two types of 
information : an assembler pseudo operation 
or a mnemonic operation code for machine 
instructions. 

Pseudo Operations 

A mnemonic operation code is a symbol 
which the assembler in most instances will 
translate into a machine instruction. A 
pseudo operation code is a simi lar symbol 
which looks very much like a mnemonic 
operation code. However, the pseudo opera-

Mnemonic Description Action 

. SA starting address Def ines the address for the next instruction . 
Th e assembler must know where to start assign­
ing code whether by default or instruction. 
Similar to the ORG pseudo-op of other 
languages. 

. RS reserve storage 

.XW hexadecimal word 

.AS ASCII string 

.AZ ASCII slri ng with zero 

. DF define address 

.1 L inhibit li st ing 

.EL enable li sti ng 

. ND end 

Table 7,' Pseudo operations. 

Saves space for speci fied number of words . 

Loads specified hexadecimal value into location. 

Breaks down a character string into its ASCII 
equ ivalent. 

Same as .AS except that the ASCII code is ter­
minat ed by a zero byte. 

Loads address of specified label into location . 

Inhibits listing during third pass. 

En ables listing during third pass (default 
condition l-

End of source program . 

tion does not normally generate machine 
instructions and is used instead to control 
how the assemb ler will generate code. All 
assemb lers have pseudo operations. Ours is 
no exception. When choosing pseudo opera­
tions, the goal of simp li city should be kept 
in mind. Most likely we will be ab le to get 
by without many of the fancy or powerful 
pseudo operations that add bulk and com­
plex ity to the assemb ler program. 

I have defined nine basic pseudo opera­
tions for my assemb ler. All begin wi th a 
period so that the assemb ler program need 
on ly ' examine the first character to deter­
mine if the mnemonic is a pseudo operation. 
This speeds address calculation during the 
first pass since all other PACE instructions 
genera te a single word of code. I t also aids 
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Table 2: An example of 
the output of an assembler 
implemented according to 
this definition. This assem­
bly shows a memory test 
program written for the 
author's system. Bearing in 
mind al/ the limitations 
placed upon the source 
format to simplify writing 
the assembler, note that 
the listing looks like a 
"typical" output of an 
assembler. Note the fre­
quent use of comment 
lines (starting with a semi­
colon) to explain various 
aspects of the program. 
The program uses the 
author's 3 character mne­
monics instead of the 
PACE mnemonics, and the 
pseudo operations are 
shown in table 7. 

END fiRST PASS . 

SYMBOL 

DA T A 
DSPL 
ERR 
LIM 
NE XT 
R I TE 
READ 
f;:EED 

E I'W OF 

TABLE 

000E 
00 2 4 
('020 
€Hj25 
1301D 
1300,1 
00'36 
0015 

S'tfo180L TABLE. 

2 
"3 
4 
5 

7 

:3 
10 
t I 
1 2 
1 3 
14 
15 
1 6 
1 7 
1 8 
1 ':' 

20 
21 
22 
2.3 
24 

26 
27 
28 
29 
30 
31 

33 
34 

36 
.37 

3 ~~ 
40 
4 I 
42 
43 
44 
45 
4 6 
47 
4::: 
4 9 
5'.::1 
51 

5 .3 
54 

56 

C" ,~ , 

• ...)'=, 

6121 
61 

001')0 
'300 I 
(HJ(12 

131;)(13 

0004 
00(15 

(HJ06 
(H~l l17 

(1(1(1::: 

~jOO 9 

(100A 
(l~jOE: 

0(1~~l C 

000[1 

(1~'OE 
(100F 
~~U~1 111 
0(1 1 I 
0012 
O~J 13 
,'014 

13 (1 I c; 

~30 I to 
[ltl I " L30 I c: 
00 I 5' 
(10 I A 
(11) I B 
1?l1~1 1 r. 
L3[1 I D 
(1(, 1 E 
L30 I I" 

00 2 (1 
002 1 
0022 
0023 
0024 
(1(325 

5226 
DA '30 
F9 22 
19~j2 

7A~j 1 
191"8 

5226 
F A(Hj 

1901 
19 16 
F91A 
1 'jOe: 
7A(11 

191"9 

50€1l 
5226 
112(10 
F913 
1902 
lA01 
1'91"8 

5226 
F200 
I 90 1 
1 907 
F308 
I 91~1 2 
7A O I 
: ? F9 
2:::(12 
4:,FO 
5EOO 

5(; ::: 0 
8 1 ':12 
D90 3 
tH3 Lj [1 
:::(1L:'19 
03Ff" 

EI'I[I TH I F'D PA r,:':: , 

human recogni tIOn, The nine pseudo opera­
tions are briefly described in tab le 1, 

o ERRORS DETECTED 

We now have all the information required 
to comp lete the first (address al location) 
pass, I t is possib le to identify a labe l and 
calcu late its address, since PACE has fixed 
length instructions, The label and its 
associated address are stored in the symbo l 
tab le sequentiall y, A symbol defini tion re­
quires three words, since we must store two 
words for the name and one word for the 
address, If desired, at the end of the first 
pass the labe ls may be sorted by th e first 
character (it's surprising how close this 

TWO-P AR T MEMORY TEST 
( Il ADDRES S- DA TA CHECK 

R ITE 

I,IF: J TE HUl l I QUE t, UI'I E:ER I N ALL LOCAT I OHS 
I I" A U::: ED HDDf;'E::::; L I t'IE I ~: E:AD. THEil AT LE AS T 

OHE ERROR WILL OCCUR 

,:A 
LHl 
~: TA 

~:t'IE 

J I'lF' 
A I ': 
-' 1'lF' 

0 
1<2. 26 
F:2 . ( F~ 2 :-
F:2 , L 11'1 
F~ EAD 

1'2 , 1 
F: I TE 

LOAD STARTING ADDRESS OF TEST 
WF:ITE ADDF:ESS IHTO L OCATIOH 
ME~OF: Y LIMIT F:EACHED ? 
.... ·E ':; 
tW " I t'le I t'IDE;-; 

F:EAD 8ACK UNI OU E NUM8E F:S 

F~ EAD LHl F'2 , 26 F'ELOAD S TART WG ADDRESS 
':, 11 10 F'2 , F'2 ' .: OI'lF' AF~ E " :::KIP IF EF.:F' OF.: 
-'I'lF' +2 
,-'I'lF' H ' F: 
::,I IE F'2 " LHl l'lEI'IOF.'''''' LH11T F: EACHE D? 
-' 1'lF' DiHH '( E": ... (,;0 TO 1'1 E>,: T F'A F: T OF 
nl ':: P2 " 1 110 ' Tile ItWE >: 
-"1P F'EAD+ 1 

(2 ) :::HIFT -O HE DATA CHEO~ 

DATA 

TE :;T 1,.I 0F' [, HA'; A ::' IIIGLE 8 I T r,:ET 
I,.IF'ITE TE':,T I"IOF.'D III ALL LOCHTJOfl S 
TEST ALL 8 IT POSITIOHS 

LHl F'O .. 1 HIITli,LIZE TE :::T I,IORD 
L il'1 e'2, 2 6 LO A D :::TAe:T I tiG ADnF'[ ~, ~, 

'::1 A F.'L) , ', F: 2 " I,WITE TE 'oT 1).IO F:It 
':,tlE F; 2, L il'1 1'1 E 1'1 t:1 F' 'l L 11'1 IT F:EACHED c-' 
J I'lP F:EE[, \ ' E ':, 
AI ::' F' ~'} 1 1'10 " It'l C IIIDE :" 
.1 1'1 e' DHTH+2 

READ 8Acr TE ST ~OF:D 

REED L il'1 
'::tiE 
JI'lF' 
-' 1'lF' 
':,tlE 
,-'I'lF' 
A I ::, 
.I IW 

F'2 .. 2"; 
F.' O, .: F; 2-, 

+2 
EF'F' 

P2 " L 11'1 
IIEi<T 
P2, 1 
F'EED+l 

' PELOAD S TARTlflG ADDF'ESS 
C. OI'l F' Ae'E, :::K I F' IF EF' F.' OF: 

MEMOF'Y LIMIT F:EACHED ~ 
'·r' E ::, 
110, III,: It'IDE >: 

':,HL PI) .. 1 HE:,(T ': ,HIFT TE ::: T 1,.I0RD 

TEST 

E:OC 5 , D~TA+ I 1,IF' l TF. lIE 1,,1 TE'" T IJO~:D I F I~Ot~ZERO 

CP '" F'o; F.: ( 1 T E :,: T CO I'lF'L E T E " D I ::: F'L A 'r' '3 E RRO~'S 

E F'F' C P''''' PO .. F:::: 
STI DSPL LOAD DI SP LAY REGISTEF: 
~TA R2 , L1M +1 SAVE TEST DATA F OR PEFEREHCE 
HLT 

D ::: F' L >: 101 ::: cU:J 9 
L 11'1 :-,:1,1 31"1" 

, HD 

ADDRE SS OF DISPLAY PEGISTER 
MEMOF:Y LIMIT = IK 

I) ER POF:S DETECTED 
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comes to actuall y alphabetizing the labe ls) 
and li sted with their addresses. The sa mple 
assembly of table 2 shows the result of such 
a sort. 

usually directly precedes the label rather 
than immediate ly fo ll owing the mnemonic. 

I chose to define a set of 3 character 
mnemonics. This saves memory space and 
speeds up the search for mnemonics in the 
table of operation codes. The three charac­
ters of the mnemonic operation code can be 
stored in one and a half words (3 bytes) and 
the binary opcode may be kept in the 
remaining byte. There is nothing magic 
about mnemonics; they are simply aids to 
remembering the instructions. It 's your 
computer, so you might as well use your 
own mnemonics - unless you plan to make 
your assembler commerciall y avail able. 
Table 3 shows the correlation between the 

Mnemonic Operation Codes 

The next step toward simplification is to 
specify that a ll mnemonic operation codes 
shou ld also have a fixed length. National 
Semiconductor Corporation, PACE's manu­
facturer, suggests mnemon ics containing 
from two to five characters. Even if we use 
the manufacturer 's suggested mnemonics 
and specify a fixed length of five characters, 
the indirect notation @ wou ld probably 
throw a wrench into the works since the @ 

Table 3: Correlation between manufacturer's suggested mnemonics and the 
author's 3 character mnemonics. 

Manfactu rer' s 
Suggested Author's 

Mnemonics Description Mnemonics 

1. JMP jump JMP 
2. JMP@ jump indirect JMI 
3. JSR jump to subroutine JSR 
4. JSR@ jump to subroutine indirect JSI 
5. SKG sk ip if greater SGT 
6. SKAZ sk ip if AN D is zero SAZ 
7. ISZ in crement and sk ip if zero ISZ 
8. DSZ decrement and sk ip if zero DSZ 
9. LD@ load indirect LDI 

10. ST@ store indirect STI 
11. LSE X load with sign extended LSX 
12. AND logical AND AND 
13. OR logical OR lOR 
14. SUSS subtract with borrow SSS 
15. DECA decima l add DCA 
16. AISZ add immediate , skip if zero AIS 
17. LI load immediate LIM 

, 18. XCHRS exchange register and stack XRS 
19. CFR coPv flags into register CFR 
20. CRF copy register into fl ags CRF 
21 . PUSH pus h register onto stack PSH 
22. PULL pu ll register from stack PUL 
23. CAl complement and add immediate CA l 
24. SKNE sk ip if not equal SNE 
25. LD load LDA 
26. ST store STA 
27. ADD add ADD 
28. RXC H register exchange RG X 
29. RCPY register copy CPY 
30. RADD register add RAD 
31. RADC reg ister add with ca rry RAC 
32. RAND register log ical AN D RND 
33. RXOR register exc lusive-OR XOR 
34. SOC branch on condition SOC 
35. RTS return from subroutine RTS 
36. RT I return from interrupt RTI 
37. PUSHF push flags onto stack PSF 
38 . PULLF pull stack into flags PLF 
39. HALT halt HLT 
40. SFLG set flag SET 
41 . PFLG pulse flag PLS 
42. SHL shift left SHL 
43. SHR shift right SHR 
44. ROL rotate left ROL 
45. ROR rotate right ROR 
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An effective address is a 
com bination of an address­
ing mode and a displace­
ment. 

All assem blers have pseudo 
operations. Th is one is no 
exception. 



manufacturer's suggested mnemonics and 
the 3 character mnemonics which I selected 
to simplify my assembler. 

Instruction Groups 

So far we have defined a 4 character labe l 
field and a 3 character mnemonic field. To 
make the program readable, we'll allow a 
singl e character (blank) after each field and a 
semicolon in the first character position 
(column one) to signal a comment line. Our 
assembler now expects either a blank, a 
semicolon, or an alphabetic character in the 
first posi tion. As noted earlier, if the first 
position of a line conta ins an alphabetic 
character, then a label ex ists in the first four 
positions. The fifth position is ignored. The 
sixth through eighth positions contain the 
operation code or pseudo operation 
mnemonic and the ninth position is ignored. 
What does the assembler expect in the tenth 
position? To answer this question, we must 
collect instructions with similar binary and 
source formats into instruction groups. The 
only variation within an instruction group is 
the mnemonic operation code. Figure 2 li sts 
the ten PACE instruction groups. 

After the instruction group is determined, 
our assembler will know exactly what to 
look for and where to find it. For example, 
if the instruction is in group three, the tenth 
character position is ignored (allowing you 
to specify RO, AO, XO, or whatever pleases 

Figure 2: PA CE Instruction groups. 

you at the time), a digit less than four is 
expected in the eleventh position; the 
twelfth position is ignored, and the destina­
tion (DE5T) field begins in the thirteenth 
posi tion. If the instruction is in group four, 
then the assembler expects to find a digit 
less than four in the eleventh and fourteenth 
positions. If the instruction is in group 
seven, then the assembler's worries are over, 
since such instructions have no operands. 

Destination Field 

The destination field (DE5T) is required 
to determine the effective address. An effec­
tive address is the combination of an 
addressing mode and a displacement. The 
four PACE addressing modes are program 
counter relative, relative to register R2 used 
as an index, relative to register R3 used as an 
index, and base page. Al l addressing modes 
of the destination field entries (destination 
modes) listed in tab le 4 are program counter 
relative except the last two: (R) is index 
mode and *K is base page mode. The index 
and base page modes are limited primarily 
by my own biases and could be chosen 
differently in your own version of such an 
assembler. As with all other fields of a 
personal assemb ler, the DE5T field should 
be tailored to your own preferences. The 
modes of table 4 are sufficient while main­
taining the goal of simplicity. 

Group Instructions Binary Format Operand Format 

I I I I I 0 0 0 0 0 0 0 0 0 0 
5 4 3 2 0 9 8 7 6 5 4 3 2 I 0 Position 10 

0 JMP,JMI,JSR ,JSI,SGT,SAZ, ISZ,DSZ, 
LDI,STI,LSX,AN 0,1 OR ,SBB, DCA OP XR DISP DEST * 

AIS,LlM,CAI OP R I IMMEDIATE R,K 

2 XRS,CFR,CR F,PSH,PU L OP R NOT USED R 

3 SNE, LDA,STA,ADD OP I R XR DISP R,DEST* 

4 RGX,CPY,RAD,RAC,RND,XOR I OP DR SR NOT USED R,R 

5 BOC I OP CC DISP M,DEST* 

6 RTS,RTI I OP DISP K 

7 PSF,PLF ,HL T C OP NOT USED none 

8 SET,PLS I OP FC I P I NOT USED M 

9 SHL,SHR,ROL,ROR I OP I R I N IL R,K or R,K,L 

R=RO,R1,R2orR3 0 ";; K ,,;; FF 
0 ,,;; M ";; F L = "L" (letter L) 

* See Modes of the destination field, table 4. 
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Again, by examining only the first charac­
ter of the field, the assembler can determ ine 
if the DEST field has a label, a specified 
displacement, an index register, or a base 
page value. The + or - extension after the 
label will a lways be in the same relative 
position since we have declared that all 
labels contain four characters. If the first 
character of the DEST field is an alphabetic 
character, then the first four characters of 
the field form the label ; and, if there is an 
extension, the + or - will always be the fifth 
character of the field. 

Example 

Table 2 shows the output of the first and 
third passes of a memory test program. It 
looks general even though strict rules were 
applied. The execution time is approxi­
mately 1.5 seconds for each 1 K of memory 
tested. Notice the destination LIM +1 in 
statement line 57. L1M+1 would have pro­
duced an UNDEFINED LABEL error. The 
trailing blank is part of the label. 

If you desire simplicity and can live with 
LIM +1 rather than L1M+1 then you might 
implement the rules I have presented (or 
your own variation) in your homemade 
assembler. 

Conclusion 

The simpl ifi ed homemade assembler 's 
source language is now completely defi ned 

Table 4: Modes of the destination field 
(DEST). 

DEST 

LABEL 

LABEL+K 

LABEL-K 

.+K 

.-K 

(R) 

' K 

(here plus KI 

(here minus K) 

0 <= K < = FF 
R = R2 or R3 

Description 

symbol ic 

symbo l relative 

symbol relative 

program counter 

relative 

program counter 

relative 

index register 

base page 

in a way which is simple and easy to 
implement, yet probab ly adequate for all 
our programming needs. Except for the .AS 
and .AZ pseudo operations, we have 
eliminated the need for parsing, mainly by 
specifyi ng a fixed label length (with 
embedded blan ks) and a fixed mnemonic 
length. Other simplifications were achieved 
by selecting only basic pseudo operations 
and destination modes. By using these 
techniques, you should have your home­
made assembler running by tomorrow.-

GLOSSARY 

ASCII: American Standard Code for Information 
Interchange. A 7 bit code used by many machines . 

Assembler : An assembler is a program which 
accepts a symbol ic representation of some compu­
ter program and transforms it into one which can 
be executed by a computer. The symbolic repre. 
sentation is called a source program; the executable 
representation is ca lled an object program. 

Character Position: Each I ine of the source pro· 
gram which is read by the assembler is a character 
stri ng. In a fixed fi eld sy nta x, the character 
positions are numbered (in this case, from 1 to the 
end of the line). Each field of the format is a group 
of characters specified by number, such as the label 
fi eld which is positions 1 to 4 of a line in the 
example of this article. 

Mnemonic: A technique to ass ist human memory. 
A mnemonic term is an abbreviation or acronym 
used instead of numeric codes in order to facilita te 
easy recognition. Example: BOC for Branch On 
Condition rather than 4. 

Parsing: The breaking down of a general character 
string into its structu ral forms. Thi s requires syntax 
rules for the computer language ana logou s to the 
grammar rules for English that def ine "subject," 

"predicate," "object, " and so forth. In this assem­
bler, we simp lify syntax rules by requiring fixed 
positions for each piece of information on a line 
which eliminates the need for parsing. 

Pass : An assembler typically must look at the 
ent ire data of a program several times. Each pass of 
an assembler is one complete scan through th e 
program data. In the simplest home brew assem­
blers using audio cassette mass storage, each pass 
will require manual intervent ion to rewind and 
restart the appropr iate tape cassette drive. 

Pseudo operation: A group of characters having the 
same general form as a computer instruction, but 
never executed by the computer as an actual 
instruction . Pseudo operations are instructions to 
the assembler . 

Source Program : A program coded as a human 
readable character string in some programming 
language, which must be translated into machin e 
language. 

Symbol Table : A dictionary relati ng one set of 
symbo ls to another se t of symbol s or numbers. The 
assembler bu ilds a table of labels used in the 
assembly language program and assigns memory 
locations (addresses) to those labe ls. 
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Do not ask me to RAPE 
my BYTEs! 

Computers now or in the 
next generation could 

./ 
never be even a fraction as 
reliable or intelligent as a 
human being. 

How close are we to a 
computer that can drive a 
car (without a crash)? 

Continued from page 16 

unless t he convent io n of using a slashed zero 
is used as well. To avo id all thi s perh aps it 
would be best if the standard sy mbo l fo r 
ohm s, the Greek letter Omega (.\2) is used, or 
that t he word "o hm " be spel led o ut to avo id 
co nfu sio n. 

Michael S Maiten 
Los Angeles CA 

You have a point, which was also made 
by several others, In future BYTEs you can 
expect to see the term "ohm" used where 
resistance values are specified. 

SCIENTIFIC APPLICATIONS, ANYONE? 

I would li ke to suggest that the various 
scient ifi c app I icat io ns of t he var io us m icro­
co mputer systems ava il abl e shou ld I'ece ive 
some time in the Foregro und, Fl oat ing point 
process i ng, imp lementat ion of hardware and 
software ap proac hes to tr igo no metr ic and 
transcendental functio ns, digital f ilter ing, 
AD and DA conversion are all areas of 
app licat io n t hat expand the usefulness of the 
microco mputel' into pl'ac tical, rea l wOl'ld 
sc ience and engineering . It' s bee n sa id 
befo re, but the applicat io ns are limited on ly 
by the user's imag inat io n, So me simple 
exampl es might be t he sta r locator ro ut ine 
used by an amateur astronomer, or t he 
antenna simul ato r used by the ham rad io 
operato r for t he com puter-a ided-des ign of a 
new antenn a, 0 1' the enginee l' stud ying t he 
response ' of a bandpass filter fo r a bio­
feed back system. 

Trul y, the poss ibilities are aweso me, 

B Humprey Jr 
FPO Seattle W A 

NO DeBYTEchery ... 

My rea l reason for writing is the BOMB 
... I know that I fee l abo ut BYTE s like the 
other dudes and dudesses fee l about the il' 
BYTEs and man t here is no way that I'm 
go ing to tear, bend, spindle or multilate my 
mag so that someone can get $50 bucks (to 
me the mag is wort h $50 buck s). Th e po int 
is this ... put BOM B o n a card - I'd even 
pay postage - but do not ask me to RAPE 
my BYTEsl 

Michael B Gamble 
APO New York NY 

Sorry, Michael. The BOMB form and 
questionnaire will remain on tear sheets for 
the time being. However, you (or anyone 
else) are free to photocopy the BOMB page 
by whatever means available , , . we place a 
notice to that effect on the pages in ques-
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tion. You will note, however, that we now 
have an easily removable reader's service 
"bingo" card, and a subscription service 
card which avoids the need to cut up BYTE 
for those important fun ctions, yet preserves 
a magazine free of excessive insertions 
which interfere with reading and enjoyment 
of the copy. 

THE ABSURDITY OF 
ALL POWERFUL COMPUTERS 

"Could A Computel' Take Over?" misses 
an impo rtant point: Computers now or in 
the next generat ion could never be even a 
fraction as reliab le or inte lligent as a human 
be ing. Estimates of the info rm at io n ca pac ity 
of th e human brain range from '10 **40 to 
10**70 bits from what I know. The biggest 
co mputer systems toda y have o n the o rd er 
of 10 ** 10 bits. On t he basis of memory 
capac ity only, t hat makes the biggest co m­
puter syste ms today at least 10**30 t imes as 
stupid as human be ings. 

Moreover, if a comp uter with t he capac­
ity of the human mind did ex ist , its intel­
ligence wou ld never be I'ea li zed because : 

1. At error leve ls even millio ns of t imes 
small er than the best co mputer today 
and with tota l red undancy of o pera­
tion, the system wo uld crash into a 
tw itching mass of bug ri dden pul ses 
eve ry time it s vast reso urces are 
ta pped. 

2. Software written fo r it could never be 
debugged and proven o ut co mpletely 
even if the hal-dwal'e co ul d be relied 
upo n. 

Paul Carrick 
San Jose CA 

Beware of proofs that "it can 'I be done, " 
A t least one eminent professor "proved " 
prior to 7 903 that a heavier than air machine 
could not fly. However, more Ihan lil?ely 
any computer oriented dictatorship would 
inslead be buill upon a layer of "Cyber­
crud," distortions and mystical half truths 
about computers (see Theodor Nelson's 
boo/?, Computer Lib/Dream Machines). Part 
of the goal of popularizing computer tech­
nology is to help avoid such a dire turn of 
events. 

OGHAM AND STONEHENGE 

It appears that Thomas C Mcintire, author 
of "How to Save the Bytes," has re-i nvented 
Ogham, an archaic Irish character set which 
was in use 1 500 to 1000 years ago. 

Is it possible that the Irish invented 
Ogham for the same reason Mr Mcintire did, 
to achieve communication with a computer? 
It is well known that analog computers 
ex isted in ancient times. Perhaps these 



computers possessed digital capability which 
has gone unrecognized. I am, of course, 
referring to Stonehenge, an early CPU 
composed of monolithic chips. Simil ar 
woodhenges also existed. 

Have menhirs inscribed with Ogham ever 
been found? 

Has a menhir reader ever been discovered 
at Stonehenge? 

H A Jones 

SOME SUGGESTIONS 

wo uld like to see BYTE be a crit ical eye 
over the amateur co mputing f ield . New 
mac hines, chips, software sho uld be re­
viewed in so me standardi zed fashio n, as in 
the Popular Science new car tests. The 
conveniences of so ft war'e avai labilit y should ' 
be go ne into ; Bob Baker's PDP-ll / LS I story 
onl y had one parag raph on that subj ect. The 
art icle did no t co mpare the quality of the 
instr uct io n set to th e other ava il able micros 
(I'm not fa mili ar enough wi th any chips 
other than the 8080 to make a judgment, 
ju st give n th e in stru ction set ). How does it s 
adaptab ility by ho rn e tinkerers co mpare 
with oth er machi nes? Don't get me wrong. I 
li ked the arti cle o n the LSI-ll , but I think 
Bob should have bee n more cr' it ica l as we ll as 
do ing the goo d job he did o n ex pl aining 
wh at's inside it. These t hings, whi le a lot 
cheaper th an in the past , are sti ll a majo r 
in vestment. I'd li ke to know what I'm giving 
up in order to get what I'm get ti ng. 

I wo uld also like to see software articles, 
maybe prog ramming style and stl"uctured 
progra mming, ex plained , and algo ri thms fo r 
the interesting o r the useful. Full programs 
are nice but I'd also like an emphasis o n 
"how to," ie, "ta ke thi s techniqu e and run " 
ra th er than canned routines . 

Is there any such thing as a horn e bui lt 
printer, plo tter, d isk dri ve and o ther exo ti c 
equipm ent which get s aro und th e high­
tec hno logy manu facturing by using labo r 
intensive t ec hniques at ho me? I'd like to 
know about it. 

Solid State Music Memory Products 
MB-2 Memory Board 

Altair compatible , address & wait on 
board DIP switches. 4Kx8. May be piggy­
backed for 8Kx8. 
PC Board ...... ... ....•••... . . $ 22 
Kit 12102's 1 us) .•.....••.•••.. $112 
Kit (91102A's .55 us) ••••.•.•.•. $132 

10-1 I/O Universal Board 
8 bit pa rallel input & output ports 
common address decoding jumper se­
lected, one address for 8800 front panel 
sense switch, 40 uncommitted sockets, 
plug compatible with 8800 

Kit . . . . .. . $42 PC Board . •• .• $22 

CD ... 
'" w 
a. 

As spi ce, maybe so me art icles occasion­
a ll y o n exot ic uses of co mputers in general -
se nd a reporter to the ACM meetings and tell 
us what' s happening; fo r instance, how close 
are we to a co mputer th at can dri ve a car 
(witho ut a crash)? 

Phi lip Robare 
Champaign IL 

BYTE often gets letters which ure full o f 
suggestions about articles for the m agazine. 
Philip Robare's is one of the best in that 
category. Potential authors would do well to 
look at some of his suggestions for articles 
and short subjects. 

"Complete" Means 

UNBELIEVABLE!!!!! 
The Intecolor® 8001 Kit 
A Complete 8 COLOR Intelligent 
CRT Terminal Kit 

$1,395 

· • 8080 CPU' 25 Line x 80 Character/ Line' 4Kx8 RAM / PROM Software 
• Sockets fo r UV Erasable PROM' 19" Shadow Mask Color CR Tube 
• RS232 I/ O ' Sockets fo r 64 Special Graphics' Selectable Baud Rates to 

9600 Baud· Single Package' 8 Color Monitor' ASCII Set 
• Keyboard' Bell' Manual 

And yo u also get the Intecolor ' 8001 9 Sector Convergence System for 
ease of set up (3-5 minutes) and stability. 
Additional Options Available: 
• Roll· Addi tional RAM to 32K • 48 Line x 80 Characters/ Line' Light Pen 
• Limited G raphics Mode · Background Color· Special Graphics Characters 
• Games 
ISC WILL MAKE A BELIEVER OUT OF YOU . 

Send me ___ (no.) Inteco lo r ' 8001 kits at $1,395 plus $15.00 ship-
ping charges each. 
Enc losed is my 0 cashie r's c heck. 0 money order. 0 personal check' 
0 $350 deposit/kit for C.O.D. shipment fo r $ _____ _ 
NAME __________________ ~-----

ADDRE SS ___________________ _ 

CITY STATE ZIP _ ____ _ 

I';iI ' Allow 8 weeks clearance on personal checks. 
~ Delivery 30-60 days ARO 

Intelllge~t Systems Corp 4376 Ridge Gate Drive, Duluth, Georgia 30136 
' !i) Telephone (404) 449-5961 

10-2 Prom & Universal Board 2101 $ 4.50 74C89 $ 
I/O for 8800, 2 ports committed , pads 2111 $ 5.00 74189 $ 
for 3 more, other pads for EROMS, 2112 $ 5.00 8223 $ 
UART, etc. 4002-1 $ 6.00 93410 $ 

4002-2 $ 6.00 91 L02A $ 

3.50 
3.50 
2.50 
3.50 
2;55 Kit ..•. ••• $47 PC Board ...•• $22 

7489 $ 2.50 1702 $ 5.00 
Altair Compatible Mother Board 

PC Board .... . .... .. . . .......•. $40 

Video Board 
32 lines by 32 characters 
Kit . ..... $125 PC Board •..•• $35 

All kits may be purchased built and tested 
for an additional $25 

2102's 

8 
64 

1 usee 

$16 
$112 
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.65usee 

$18 
$128 

.5uSt:C 

$20 
$144 

74200 $ 5.90 1702A* $12.00 
741200 $ 5.90 *Programing $ 5.00 

MIKOS 
419 Portofi no Dr. 

San Carlos , Calif. 94070 
Check or money order only. Calif. res. 6% 
tax. All orders postpaid in US. All devices 
tested prior to sale. Money back 30 day 
guarantee $10 min. order. Prices subject to 
change without notice. 



ATTENTION All Ye Alice Freaks and Other Lovers of Logical Systems. Here is 

documented evidence that Lewis Carroll would have read BYTE had he lived in 

1976: 

JABBERWOCKY. 

'Twas briIJig, and the slithy toves 
Did gyre and gimble in the wabe; 

All mimsy were the borogoves, 
And the mome raths outgrabe. 

"Beware the Jabberwock, my son! 
The jaws that BYTE, the claws that catch! 

Beware the Jubjub bird, and shun 
The frumious Bandersnatch!" 

He took his vorpal sword in hand: 
Long time the manxome foe he sought­

So rested he by the Tumtum tree, 
And stood awhile in thought. 

And as in uffish thought he stood, 
The Jabberwock, with eyes of flame, 

Came whiffling through the tulgey wood, 
And burbled as it came! 

One, two! One, two! And through and through 
The vorpal blade went snicker-snack! 

He left it dead, and with its head 
He went galumphing hack. 

"And hast thou slain the Jabberwock? 
Come to my arms, my beamish hoy! 

o frabjous day! Callooh! Callay!" 
He chortled in his joy. 

'Twas brillig, and the slithy toves 
Did gyre and gimble in the wabe; 

All mimsy were the borogoves, 
And the mome raths outgrabe. 

Don't miss out on all the fun and high quality information which is found in 

every issue of BYTE. Subscribe today. Join the tea party and have a BYTE to eat. 

If the subscription card is missing from your issue, use the coupons below. 

r - - - - - - - - - - - - - - - - - - - - -1- - - - - - - - - - - - - - - - - -- - -l 
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I I I Address ............... . .. . . .... . ... ........ . . ... . . . . .. . I Address .. .... ..... ...... . . . ......................... . . . 

I City ......•................. State ............ Zip. . . .. .. I City . .... . ..• ... .. ..• ' ....•.. State ... . .. . . . . .. Zip •.... • . 

I DB ILLME DCheckfor$12enciosed I D BILLME o Check for $12 enclosed 

I 0 Bill BankAmericard or MasterCharge # . . . . . . . . . . .. I o Bill BankAmericard or MasterCharge # ..... . . . . .. . 
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I 
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• BYTE. 70 Main St • Peterborough NH 03458 

Allow six weeks for processing. 
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DELTA ELECTRONICS CO 
BOX 2, AMESBURY, MASS. 01913 Phone (617) 388-4705 

Bolt, Baranek & Newman DATA CODER 
DEL TA spec iali zes in the unusual in electronics surplus, and we have once again found a highly desirable 
item. Thi s is a DATA CODE R (digiti ze r) made by Bolt, Baranek & Newman . It was made for use in the 
medical electron ics field, but finds use in many different applications. It is used to digiti ze any type of 
dat a. The data (charts, maps, waveforms, d rawings, game grids, etc'! is placed in th e bed, and the sight 
is moved along th e data. Th is generates·ver t ical & horizontal displacement codes, wh ich can be stored 
and processed by yo ur cal cu lator or mi cro·computer . 
The bed size is 12%" x 105/ 8", and has a 7" x lOY, ' portion which is translu cent, for use as a light 
table. Each axis is divided into 128 increments, for a total o f 16,384 discrete bits over the bed. Horiz. 
increment size = .10", vert . increment size = .083". Each ax is generates an 8 bit code by means of 

wipers on an encod ing board . Thi s makes it very easy to interface to any logic family . 
Th is item is a must for your mic ro-computer, as it is now possible to digitize any type of data. Limited quantity. Overall size 
is 18%" x 17y,, " x 3" high . Shipping we ight 1 0 Ibs. Comes with comp lete cod ing data. STOCK NO. 85352 $79.95 each 

SECURITY SYSTEM CARD READER 
Anot her unusual item from DE L TA ! These card readers were made by AMP, I nco for use in 
security systems. A stiff 2 1/8" x 33/8" card (credi t card size) is inserted, w hi ch closes a micro- .. 
switch . A 115v AC solenoid is then energi zed, which pull s down a set of wipers to read through ' 1

0 

holes in the card . The wipers are arranged in 3 8 bit bytes. plu s 1 bit. for 25 bits total. By using 
both sides of the card, 48 bits are availabl e. Ideal for security syst ems---entry can be controlled by use 
use of a card, with an almost infinite number of co mb ination s, rather than an easily duplicated key. 
As another example, an entire Social Security number, p lus an entry code , cou ld be read fro m a card . It co uld be used as a 
cheap bootstrap loader for m icro -computers, or as a simple data entry d evice . Many other uses. Overall size 5" x 5 " x 9" dee p. 

Shipping weight 6lbs. STOCK NO. 85353 $19.95 each, 2 for $35 

- M ICROSW ITCH KEYBOARD 
-; I " '. ·I.'~I ··""!I-'tl ctl; 'II; " · . .... 

t J._""' ·I J: ' 
'"I;tllf.la!II'~r.··L_· , ~ 

g . ' . 

Price slashed to $20! Was $45 in cata log 15, special thi s month at $20 . Made by 
MICROSWITCH (Hon eywe ll) . Brand new, in factory cartons, some even have the top 
mounting plate attached, 54 key s + space bar, alpha-numeric & computer control keys. 
The coding is EBCDID (not ASCII) 7 leve l output TTL compatable, Easi ly converted to 
ASCII or other codes . The switches are mounted on one PC board & con nected to a 2nd 
encoder board by ribbon cab le:--13Y, " w ide x 5y,,", shipping weight 8 Ibs. At thi s price, 
how can you pass it up] STOCK NO. 85199 reduced to $20 each 

5 volt, 60 amp REGULATOR 
A super heavy dut y 5 volt regula tor made by SPERRY/UNIVAC. 21v DC to 35v D C mput (30v 
nomina l) .Output adjustable from 4,75v to 5. 25v, up to 60 AMPS! Overcurrent protected at 65 A, 
overvol tage crowbar at 7 .0v. T ypical rippl e on ly 50mv Pop at full load. 5 y,, " wide, 8 y," high, 10" 
deep . Shipping weight 24 Ibs. We only have a few, so place your order now. 

STOCK NO. 85391 $35 each 

I, L' EifEl' o:::::::::J Cllil ' . .. .. : ,g <~ ': ~ 

,Ii...·/ _ u::::a CD 0 . . . . . . 
. .. . . 

fUM I !Ci:B" II 
. . .. . 
. ' . . 

KEYBOARD KIT 
Th is unusual keyboard kit is mad e by 
Micro-Switch . It has a set of sW itches 
& space bar in a modular frame. p lus 42 

moldej double shot keys packed in a foam carton. The keys are red, white or blue, with 8 control keys 
in addition to letters, numbers and many symbol s. T he switches are arranged in 4 rows but are easi ly removed 
or moved to other positions. Thi s makes for a very versatile keyboa rd , as any number & type of keys can be 
arranged in any pattern to su it your individ ual needs. Any type of encoding can be wired . Fini shed size is 9 %" x 3%" x 2" h igh . 

STOCK NO. 86015 Shipping weight 3lbs. $19.95 each , 2 for $35 

Heavy Duty Power Supplies 
These heavy duty power suppl ies are idea l as a general purpose lab supp ly , micro-computer 
supply, et c. All have a constant vo ltage transformer and large 18,000 mfd. 35v electrolytic 
f i lte ring caps . In addition, the + and - 10v and - 3.6v outputs each have sepe rate se mi ­
conductor regu lators, w h ich are vo ltage adjustable . Each is 22y,," long , 6Y,' wide, 6" high . 

. 5 amp, - 1 Ov @ 1.5 amp, +10v @ .5 amp, and -3.6v @ 1.5 amp. 85 watts total. $24.50 each 

B5314 .... 0utputs at - 30v @ 1 amp, +30v @ .5 amp, - 1 Ov @ 1 amp , and + 1 Ov @ .5 amp. 6 0 watts total . 

B5342 .... 0utputs at - 3 0v @ 1.5 amp, +30v @ .5 amp, - 10v @ 1.5 amp, and +10v @ .5 amp. 8 0 watts total . 

IBM 1620 COMPUTER 

$19.50 each 

$22.50 each 

Our 1620 is for sale! Complete IBM 1620 computer system with 1620 20 K CPU (with all options) , 2.5 megabyte 1311 DISK drive, 
and 1622 Card Reader-Punch. Complete w ith softwa re (Fortran, SOS, sci entific packages, and DOS), compl ete set of hardware 
diagnostics, logic diagrams, and m anual s. Also a spare set of logic cards . The system is cu rrentl y run ni ng and can be seen; however , 
the core memory box ha s at least one bad matrix l ine and th ere are several areas of memory which cannot be used unl ess repaired. 
(You co uld program around those areas.) Syst em so ld as-is for $3400. Phone for more information . · 

Send f o r our latest free cata log . We we lcome Mastercharge & BankAmeriCard orders; we mu st have ALL the numbers 
on the card for processi ng. Pl ease include sufficient postage (2Ibs. min.) ·-excess will be refunded . Minimum order $5. 



Robert Baker 
34 White Pine Dr 
littleton MA 01460 

Puzzle Time 

Answer in June issue 

Answer to Space Ace April page 12 

N F S U B R 0 
0 R E C 0 R D 
T 0 U T P U T 
W R I T E X T 
E D 0 C E D 0 
E L B A I R A 

C A I 0 D N E 
N T N M R T A 
E C T A P C A 
L 0 E T E L S 
A M G A A S I 
V P E D E D P 
I L R R L 0 A 
U E P E T Y P 
Q X I S C A L 
E F U N C T I 
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U 
I 
R 
E 
C 
V 
P 
C 
I 
R 
N 
C 
0 
E 
A 
0 

Using the letters of the alphabet from A 
to Y, place a letter in each box of the 5 by 5 
grid so that the sum of the ASCII codes for 
the letters in eac h column and each row is 
equa l. To help you, the following tab le gives 
the OCTAL. ASC II code for each letter. All 
codes are 7 bi t ASC II. 

A = 101 
B = 102 
C = 103 
0 = 104 
E = 105 
F = 106 
G = 107 
H = 110 
I = 111 
J = 112 
K = 113 
L = 11 4 
M = 11 5 
N = 11 6 
0 = 117 
P = 120 
Q = 121 
R = 122 
S = 123 
T = 124 
U = 125 
V = 126 
W = 127 
X = 130 
Y = 131 

(Z = 132 ) 

T I N E S U A P 
M E N S I 0 N R 
0 T A R E P 0 0 
R N A L R U I G 
N E 0 I E N S R 
S G U B W C I A 
I N T R I H C M 
0 A A A N E E H 
C M G R D N R T 
A E 0 Y N T P I 
L L T N I R P R 
L I 0 L F Y A A 
I S L A E R R G 
0 T I . N U B R 0 
R L I T E R A L 
N G I S S A Y L 



MCI4412 UNI VERSAL MODEM CHIP 
MCl4412 contains a complete FSK modulator and de-mod­
ulator compatible with foreign and USA communications. 
(0-600 BPS) 
FEATURES, 

· On chip crystal asci lIotor 
• Echo suppressor d isable tone generator 
• Originate and answer modes 
.Simplex, half-duplex , and full duplex operation 
.On chip sine wave 
• oVodem self test mode 
· Selectable doto rates: 0-200 

0-300 
0-600 

• Single supply 
VDD=I.75 to 15VDC - FL sum. 
VDD=I.75 to 6 VDC - VL sum. 

TYPICAL APPLICATIONS, 
.Stond alone - low speed modems 
.Built - in low speed modems 
. Remote terminals, occoust ic couplers 

MCI4412FL. •••••••••••••• . • • • . •• .•.• .• ••• •• $28 .99 
MCI4412VL. .. ••• • ••• • • • ••• • ••••••••••••••• . $21.74 

6 pages of doto. .. ...... ...... ..... .. .. .60 
Crystol for the above • • • • •• 54.95 

c • •• T.'m~n.! 
EQult:lm.n. " , 

MCI4411 BIT RATE GENERATOR. 
Single chip for generating selectable frequenci e s fo r 
ment in doto communications such as TTY, printers, 
or microprocessors . Generates 14 different standard bit 
rates which are multiplied under external control to l X, 
8X, 16X or 64X initial value. Operates from single +5 
vo lt supply. MCI44II. ••• •• • ••••••• •• •••• •• • • $11.98 
4 pages of data. . • . • • • • • • • • • • . • • • • • • • •• •• • • • • • • • • .40 
Crystal for the above • •• • •• • • ••• • ••• ••••• •• •••• . $4 .95 

..... " ...... eoo.,"'",w.Q 
-,·" ............. " OU"''',. 

IM6100 CPU. Inters;ls ' 12 b;t CMOS CPU ch;p ;s the 
microprocessor which recognizes the famous PDP8/ E instruc .. 
tion set. Single power supply, 4-7V@ 400uA . $52.50 
Full doto pocket. • •• • •• ••••••• •••• .••. •••• •• •• •• •• M.DO 

TELETYPE CODE CONVERSION CHIP 
MM5220Bl converts 5 level Baudot into 8 level ASCII. Use 
this chip to make your old TTY talk to your new computer. 
MM5220BL ••.• • . .. •••• • ..• . • • .• • .•• •• .•. •• •••• $18.00 

Specs fo r the above .. ... . ................. .30 

MOS TIME BASE KIT . 
Only 1" X 1.5". Input 5 to 15 YOC, output is 60HZ 
square wa ve for: portable or mobile clocks . PC board is 
drHlod I MTBK-60HZ •••• • ••.••••••.••••••.•• $6.88 

78H05 Vo ltage regulator. Fairchild 5V, 5A, TO-3 reg­
ulator. Take care of those heavy current requi rments with­
out separote regulator/ pass transistor combinations. Use it 
wi th the same ease of insta lation m; the 309K(same pin 
arrangement.) • • ••• • •••• wi th specs •..•• .•• ••••• • • • $11 

LM317 Voltage Regulator. 1 .5A, 3 terminal adjustable 
regulator in .TO-3 case . Ad justs from +1.2V to +37V . 
Complete overload protection. .1% load regu lat ion , 
.01 %/V line regulation. No need to stock assorted reg-
ulators - iust stack resistors . ..................... $4.99 

Specs for the above .... . .......... . .. .70 

BfdM2°~~!;s ~ft.~I9>~t.LT~~:~t~,N~t~~T?~ •• $3.95 
LINEAR. Covers amplifiers, pre-amps, op-amps, •• $3 .95 
LINEAR APPLICATIONS. Dozens of application notes and 
technical briefs covering the use of op-amps, regu lators, 
phose locked loops and audio amps •• . . •..•.•.. .• .. $3.25 
CMOS Gates, Flip Flops, registers, functional blocks $3 
VOLTAGE REGULATORS. A must for anyone making a 
power supply. Complete theory includ ing transformers, 
filters, heat sinks, regulators , etc •.• . .•. •• . .. •• . •• $3.00 
MEMORY. Information on MOS and Bipolar memories': 
RAMS, ROMS, PROMS and decoders/ encoders ••.•. $3.95 
INTERFACE . Covers peripheral drivers, leve l translators, 
line dri ver/ recei vers, memory and clock dri ve rs, sense amps 
display dri ver and opto-cauple rs ••• . .•.••. .. • . • . .•• $3.95 

(Outside U. S., odd postag e for 1.5Ibs\ 

FROM FAIRCHILD. 
Linear. 776 pages of dota and applications for Foir-

Id linear Ie's. . Great value ... ... ..... . ...... . $4.25 
••• n</ (-MIC><l nMOS/pMOS/ CCO. Data and applications 

charge coupled de vices including preliminary 
and future offerings. Wont to know about 16 K 

coupled line addressable memories? ••• •• •• • $3.95 

A TREE 'CAUSE YOU CAN'T FIND THOSE 
rw DEVICES YOU'VE BEEN READING A80UT? 

• • ••••• TRY TRI-TEKIII ••••••••••••••• 

IM6508 CPE CMOS RAM 
1 K X 1 Bit in 16 pin DIP offers micro watt operation for 
on-cord battery back up operation. This keeps contents 
of memory from disappearing on power down. On-chip 
address registers improve system perfannance and reduce 
pockoge count . IM6508CPE ••••••••••••••••••••• $7.75 

IM6518 CPN CMOS RAM. 
1 K X 1 Bit like the 6508 except two additional chip sel­
ect pins have been added for reduced interconnects on 
larger memory layouts . 18 pin DIP package. 
IM6518CPN • •• •• • ••••• ••• ••• ••• ••• , • • • •••• • ••• $7.75 

6 pages of data for above . . • • • • • • • .90 

ICM7205 IPG CMOS STOPWATCH CHIP 
24 pin 01 P package has an-chip oscillator and 6 digit 
direct drive capability. All you odd is crystal, trimmer, 
bottery, sw;tches ond LEOs. Hos START/STOP, TAYLOR 
or SPLIT modes. 59 min, 59.99 sec range. Low battery 
;nd; cotor . ICM7205 IPG •.••••••••••••••••••• $19.95 

6 pages of data. . ..... .. . .. .90 

PRECISION 10 TURN POTENTIOMETER 
Spectrol model 502. Resistance is 10K ± 3%. linearity 
is ± . 25%. 1/ 4" bushing mount . l /B" shaft diameter. 
Body d;o ;, .85". TTP-SIOK •••. .• .• . • • . • •• •••• M. 50 

NSL4944 LED. Current regulated, universal diffused-lens 
red LED lamp . A GaAsP solid-stote high intensity LED 
encapsulated in a plastic package containing a current reg­
ulating IC that provides constant intensity over a wide volt­
age range . 2 to lBV, AC or ~C. Use for indicator lamps, 
optical coupling, battery charging circuits, lagic probes, 
almost any place you need a lamp. Long life, wide angle. 
No series resistor needed. Typica l 13mA forward current . 
NSL4944 ..... . . with panel mounting clip ........... 89~ 

D-A CONVERTER 8Y ZELTEX 
8 bit precision hybrid circuit for use in controllers, timen, 
vo lt meters , etc . Molded plastic package with P . C . pins. 
Super buy on this better than usual subsystem. ZELTEX 
model ZD430. DAC-430 ••••• ••• •• • •• .••.•• • • $4.95 

NEW BOOK! lIliAn Introduction to Microcomputers ll 

This is the book which Fairchild Semiconductor Company 
ca lled" ••• •• the best darned introduction to the industry 
to dote." Covers everything from basic concepts to 0 re­
yiew of real microcomputers. IMC-DOl ••••••••••••• $8.00 

t~l- t€k, Inc. MinImum order $10 US/ $15 Foreign in US-funds. All orders postage paid. 
Please add insurance. tv'aster Charge and Bonk America cords welcome, 
($20 minimum) Telephone orders may be placed 11AM to 5PM doily, Man 
thru Fri. Call 602-931-6949. Check reader service card or send stemp 
for our latest flyers pocked with new and surplus eleetronic components. 

M22 nORth 43RO avenue. 
CiLenOaLe. aRIzona 8~301 

phone 6O'l - 931-6949 
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You'll Want to Nybble 
at these Byte Books 

Where does the editor of a computer magazine turn to when he must 
verify some author 's hardware design? Information on a 75450 
interface gate, or a 74147 priority encoder circuit does not spring forth 
by magic. Checking the information supplied by authors is part of 
BYTE's quality control program. 

When you build a project, you need this sa me sort of information. All you find in the advertisements fo r parts are 
mysterious numbers identifying the little beasties . . . hardly the sort of information which can be used to design a 
custom logic circuit. You can find out about many of the numbers by using the information found in these books. No 
laboratory bench is complete without an accompanying library shelf filled with references - and this set of Texas 
Instruments engineering manuals plus Don Lancaster's TTL Cookbook will provide an excellent starting point or 
addition to your personal library . 

-The TTL Cookbook by Don Lancaster, published by Howard 
W. Sams, Ind ianapolis, Ind iana. Start your quest for data here with 
Don's tu torial explanat ions of what m akes a TTL logic design tick. 
335 pages , $8.95 postpa id . 

- The TTL Data Book for Design Engineers, by T exas 
Instruments Incorporated. How does an engineer f ind ou t about 
the TTL c ircuits? He reads the manu facturer's li terature. Thi s 640 
page beau ty covers the detail ed specs of most of the 7400 series 
TTL log ic devices. No exper imenter WOrki ng w i th TTL h as a 
com plete library w i thout The TTL Dat a Book f or Design 
Engineers. Order y ou rs today, onl y $3 .95 postpaid. 

- The Supplement to The TTL Data Book for Design Engi ­
neers, by Texas Instruments Incorporated. Wh at happe ns w hen 
y ou can't f ind a 7400 seri es device listed in The Dat a Book for 
Design Engineers? Before you start screaming and teari ng your 
hair ou t in fr ustra ti on, turn to the Supp lement. T he Supp lement 
has 400 pages of add iti onal in fo rmati on indud in g a com prehensive 
index to both TTL Data Book volumes. To be comp lete (and keep 
y our hai r in pl ace and voca l cords in tact ) you 'd best order the 
supp lement at $1.95 to accompany the m ain vo lum e. 

- The linear and Interface Circuit s Data Book for Design 
Engineers, by T exas Instruments Incorpo rated . When you run 
across n ne o f th ose we i rd numbers l ike 75365 the im mediate 
frustrat ion problem occurs aga in. What k ind of gate could that be? 
We won't te ll in this ad, bu t you can find o u t by read ing th e 
specifi ca ti ons in The linear and Interface Circuits Dat a Book for 
Design Engineers. You can in terface your bra in to the 72xxx 
(linear) and 75xxx !in terface) ser ies of funct ions by o rder ing you r 
copy of this 688 page manual at only $3.95 pos tpaid. 

- The Semiconductor Memory Data Book for Design Engi · 
neers, by Texas Instr uments , Incorporated . Don't forget th e 
importance of memories t o y our systems. Refer to thi s 272 page 
manual to find out about the T .I. versions of many of the popul ar 

. random access m em ories and read only memories. Order y our 
personal copy today, on ly $2.95 postpaid. 

- The Transistor and Diode Data Book for Design Engineers, 
by T exas Instruments, Incorpo rated. Yo u'd expect a b ig fat data 
book and a w ide line of d iodes and t ra nsistors from a company 
wh ich has bee n arou nd f rom the star t of semiconducto rs. Wel( its 
ava il able in t he form of t his 1248 page manual f rom T . I. which 
descr ibes t he character i st ics of over 800 ty pes of transistors and 
over 500 t ypes of sil ico n diodes. Thi s bo ok covers t he T .I. line of 
low power semiconductors (1 Watt or less!. You won' t f ind every 
type of transistor or d iode in existen ce here , bu t y ou ' ll fi nd most 
o f the numbe rs used in switching and amplifying circui t s. O rder 
your copy today , only $4.95 postpaid. 

-The Power Semiconductor Handbook for Design Engineers by 
Texas Instruments, Incorporated. To compl ement the low power 
transistor handboo k, To!. supplies this 800 page tome on high 
power transistors and related switching d evices. Here is where you 
find data on the brute force monsters which are used to control 
many Watts electroni cally. Fill out your library with this book, 
avail abl e for only $3.95 postpaid. 

- Understanding Solid State Electronics by Texas Instruments, 
Incorporated . This is an excell ent tutorial introduction to the 
subject of transistor and diode circuitry. The book was created for 
the reader who wants or needs to understand electronics , but can 't 
devote years to th e study . This 242 page softbound book is a.must 
addition t o th e beginner's I ibrary at only $2.95. 

-The Optoelectronics Data Book for Design Engineers by 
Texas Instruments, Incorporated. Th is 366 page book is a 
com pe nd ium of information on TJ. phototransistors, LEOs and 
relat ed ·devices . Order yours at $2.95 postpaid. 

Buyers of these books shoul d be cautioned: heavy readi ng wi ll be requ ired. These 
books are so fi ll ed with in fo rma ti on that th ey weigh in at a tota l of about 190 
ounces 15387 grams). On the basis of sheer mass, these books have got to be the 
bargain of the century. Make sure tha t you use a structural ly sound book shelf and 
above all avoid droppi ng " lie of these books on your fool. But the mass of these 
books doesn ' t a ff ec t the bargain : we pay postage on all orders shipped to addresses 
in the USA and Canada, so the prices you see are the prices you pay _ (That 'S only 
$.005 per gram on the average. ) 

__ TTL Cookbook @ $8.95 

__ TTL Data Book @ $3.95 

Please add 75 cents for pos tage and hand l in g. Please all ow six wee l,s f or deli very. 

Send to : Name 
~~-----------------------------------

__ Supplement to TTL Data Book @ $1 . 95 

__ Linear and Interface Circuits @ $3.95 Add ress 

__ Semiconductor Memory Data @ $2.95 

__ Transistor and Diode Data Book @ $4.95 
City State Zip 

__ Understanding Solid State Electronics @ $2.95 I I Check enc losed 
__ Optoelectronics Data Book @ $2.95 

__ Power Semiconductor Handbook @ $3.95 
I I Bill MC f!' _______________ Exp. Dat e ____ _ 

~~TI PETERBOROUGH, NH 03458 

II Bill BA # Exp. Date ____ __ 

Sign ature 

Feel free to p h o tocop y this or allY o ther p age i f you w ish t o keep your B Y T E intac t. 

86 



--- ---- -- ----
S. D. SALES CO. P. O. BOX 28810 

ALARM CLOCK KIT SIX DIGIT LED 
Thousands of hobbyists have bought and built our original clock kit 
and were completely satisfied. But we have received many requests 
for an alarm clock kit with the same value and quality that you have 
come to expect from S.O. So, here it is! 
THE KIT INCLUDES: 

1 Mostek 50252 Alarm Clock Chip 
6 Hewlett Packard .30 in. common cathode readouts. 

15 NPN Driver Transistors 
1 Etched and Drilled P.C. Board set 
1 Step Down Transformer 
2 Switches for time set 
2 Slide Switches for alarm set and enable 
1 FilterCap 
4 IN4002 Rectifiers 
1 IN914 Diode 
1 .01 Disc Cap 

15 Resistors 
1 Sp~aker for alarm 
1 LED lamp for PM indicator. 

(COMPLETE KIT) 

TEXAS 75228 
2102 1K RAM's - 8 FOR $12.95 

New units We bought a load on a super 
deal, hence this fantastic price. 

Units tested for 500NS Speed. 
INTEL 1702A 2K ERASEABLE PROM'S $6.95 

We tell it like it is . We could have said these were 
factory new, but here is the straight scoop. We bought 
a IClad of new computer gear that contained a quantity 
of 1702A's in sockets . We carefully removed the parts, 
verified their quality, and are offering them on one heck 
of a deal. First come, first served. Satisfaction 

uaranteed. 

MV-50 TYPE LED's 
byLiTRONIX 

10 lor 51 
Factory Prime! 

3 DIGIT LED ARRAY - 75c 
byLlTRONIX 

OL33MMB. 3 MAN-3 Size Readouts In one 
package. These are factory prime, not 
retested rejects as sold by others. 
compare this price! 75c 3 for $2. 

SALE ON CUT LEAD SEMICONDUCTORS 
Leads were cut for PCB insertion. Still very useable. 

1N914/1N4148 .... . .................. 100/$2 
1 N40021 Amp 100 PIV ..... ..... . . . ..... 40/$1 
1N4745A16V1WZener. . ... 20/$1 ALL NEW. 
EN2222 NPN Transistor . . . .. 25/$1 UNUSED. 
EN2907 PNP Transistor. .25/$1 SOME ARE 
2N3904 NPN Driver Xstr. . .25/$1 HOUSE H 
2N3392 GE Pre-amp Xstr. .25!$1 
C103Y SCR. 800MA. 60V. .. . .10/$1 

Why pay MORE MONEY for our competitor's clock that has LESS SLIDE SWITCH ASSORTMENT 
DIGITS that are SMALLER in size? Our besl seller. Includes minialure and slandaro ~ 

sizes, single and multi-position units. All new, ~.... a 

Please take note that we use only. first run parts in our kits and lirslqualily. name brand swilches. Try one pack- . , 

include ALL the necessary parts. Not like some of our competitors ...... .-..:i2~~:.:.~:.:.nd:.:.~.::.o;::,~;I..,..1 r..,..eo....,rd....,er __ """"--:.:-:s:-:pec....,j8 __ 1--... 1-2 ... 'O-'S-I------~ 
who use retested readouts and chips or who may not even include DISC CAP ASSORTMENT 
switches in their kits. PC leads . At least 10 different values . Includes .001 , .01 .. 05, 

60 Hz. Crystal Time Base P:;:I:~~s:~n::~::~:::CCAPS 
47 mfd 35 V-10/$1 68 mfd 25V-8/$1 

FOR DIGITAL CLOCKS $5 95 1--__ B_ra_nd_ne_w_by_sP_ra_gu_e._Pc_le_ad_s. __ --l 

S. D. SALES ExCLUSIVE! • 1/~~I~~Oa~:~~o~R~~~e~~s. ~ 
A ood mix of values. 200/$2 The kit you have been waiting for is here NOW, and at an 1--...;.;..:.;;.;;.;;..;;.;;.;;.;;.;..;.;;;.;;.;;.;;.;.;;.;;.;;.;.;;;;...-------1 

unbelievable price! Thanks to S.D. Sales you can turn that digital 
clock of yours into a superbly accurate, DC operated, time piece. 

KIT FEATURES: 
A. 60 Hz output with accuracy comparable to a digital watch. 0 

B. Directly interfaces with all MOS clock ChiPS'~S'\O'O 
C. Super low power consumption (1.5 Ma typ.) .,.~O fO 
D. Uses latest MOS 17 stage divider IC. ~\}'o( 
E. Eliminates forever the problem of AC line glitches. 
F. Perfect for cars, boats, campers, or even for portable 

clocks at ham field days. 
G. Small size, can be used in existing enclosures. 

Kit includes crystal, divider IC, P.C. Board plus all other necessary 
parts and specs. 
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1000 MFD FILTER CAPS 
:: :pu':'~ueUr~~g~~:I'~8~1~I:"uSp 
to $1 .19 each from franchise type electronic parts 
stores.S.D. Specisl4forS1 

FAIRCHILD BIG LED D~An'",..,rc: 
A big .50 Inch easy to read character. Now available in either oommon anode 
Of oommon cathooe. Take your pick. Super low current drain, only 5 MA per 
segment typical. 

FND 510 
FND - 503 

YOUR 
Common Anode CHOICE 
Common Cathode $1 .50 ea. 6 for $7 .50 

DUAL 741C (5558) OP AMPS 
Mini dip. New house numbered units 

by RAYTHEON. 
4 FOR $1 

INSTRUMENTS - SPECIAL 510r 51 
house nurrOer. rQ-92 plastic case. N. Channel , 

S. D. SALES CO. 
P.O. BOX 28810 

DALLAS, TEXAS 75228 



BOOK REVIEW 

EDN Mi croprocessor Design Series Vo lum e 
II wri tten and edited by EDN staft; Cahners 
Publishing Co, 22 7 Columbus All, Bos lon 
MA 0277 6, 7975, $7.95 (USA ) or $8.95 
(foreign). A combination paclwge of Volume 
I and /I is available for $ 77 (USA) while the 
supply of Volume I lasts. 

To anyone who is invo lved in engineering 
des ign and applications in vo lving electroni cs 
and compu ters, EDN is one of the mos t 
desirable trade magazines. II t is sometimes 
fru stratingly di ff icu lt to ge t on the subscri p­
tion li st of thi s exce ll ent publica ti on, so a 
comm on prac tice at many companies is to 
temporari Iy borrow the copies whenever 
poss ibl e. I EDN has been writing a bout 
microprocessors for sys tems engin ee rs vir­
tuall y fr om th e sta rt of the tec hn ology, 
fea turing these problem so lvers in numerous 
technica l articles. To help make the in for ma­
tion more widely ava ilab le, EDN ca me out 
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with Volume 1 of th e EDN Microprocessor 
Design Series reprints. 

Volume II of th e EDN Microprocessor 
Design Series , published toward the end of 
1975, includes arti cles fea tured as late as 
November 1975. The book contains a wealth 
of techni ca l information which is up to date 
and quite in fo rmative for the adva nced 
computer amateur, and a must for th e 
profess ionals in the audience. The orienta­
ti on, as always, is toward the contemporary 
enginee r's approach to computers and micro­
processor appl ica ti ons. The articl es are 
orga ni zed in four sec ti ons: " Direc tories and 
Market" summari zes the market and prices 
at the time of publica ti on. This includes a 
very complete wall chart of 72 diffe rent 
vendors (underwritten by Digital Equi pment 
Co rp 's Componen ts Group) and complete 
lists of names and addresses of th e va ri ous 
compani es. The pho to of th e book accom­
panying thi s revi ew was made with the wall 
chart as a backdrop. The second section is 
"Evaluati ons and Compari sons, " ar ticl es on 
the fo rm ati on of benchmark tests, trends in 
microprocessor techn ology and rela ted sub­
jec ts. The third section, " Software and 
Programming," is devo ted to edu ca ting engi­
nee rs in th ose arts and what to look fo r in 
instru cti on sets. The fourth and final sec ti on 
is "Design and Applica ti ons," practica l de­
tail s of using and appl ying microprocessors, 
including Spec ial Features Editor Robert 
Cushman 's ser ies on the des ign and construc­
ti on of the EDN "toy/too l" low cost micro­
computer demonstra tion system. You'll find 
a compl ete di scu ss ion o f the "toy/tool" 
conce pt in the first article and a ph oto story 
on the proto type result in a second article. 
Other arti cles are o n pi tfa ll s, th e concept of 
a portable debu gging too l, and other design 
topi cs. 

For an up to date pi cture of t he current 
state of the microprocessor art as viewed by 
one of the lead ing trade magaz ines, Volume 
II of the EDN Microprocessor Design Series 
is highl y reco mmended rea din g. . . .. CH 











F8 MICROPROCESSOR KI 

A UNIQUE ALL SOLID STATE CAMERA KIT 
FEATURING A . .. 100 X 100 BIT 
SELF SCANNING CHARGED 

COUPLED DEVICE 

WE'VE GOT THE Fa MICROPROCESSOR KIT, ONE 
OF THE MOST ADVANCED MCU SYSTEMS ON THE 
MARKET TODAY FOR ONLY $179.00 

This three chip microproceSSOl' system has lhe 
rollowing advantagas: 
1) Driven by a -S and' t 2 voU power supply 
2) Two 1/0 ports on the CPU chip. and ROM. 

meking 32 bidilectionaJ lines 

INCLUDE. THE FOLLOWINO 
UNIOUHEATUllEI . 

IIAY lIE USED 
WITH AliA TEUR 
RADIO FOR VIOIO 

3) 64 bytas 0118S1 RAM scralchpad builllnio the 
CPU chip. 

4) A buill in clock generator and power·on reset buill 

'OUND IN FAR IIOIIE 
EX,ENIIVI CAIIERAI 

into the CPU chip 
5) A programmable internal timer buill into Ihe ROM chip 

USED FOR CHARAC­
TER RECOGNITION 
FOR COMPUTERS 
WITH EXTERNAL 
CIRCUITS 

6) 60% otlhe instructions8le 1 byle 
IF AVAILAILE 7) TILIIOcompallbHlly . 

8) consumes lass Itlan 300mw 01 power per chip 
• lOWVOlTAQESUPPLV!OR 

ItATTER&ESI. SAND I: \5 
9) A local interrupt with automatic adress vector. 

• SENSITIVE TO INfRA Re:O AS 
WEU AS VISIBlE UGHT 

10) elO:pandable 10 64K bytes f21 0.,·1'11) of memory. 
III 20 mit loop &. AS - 232 inc(uded. 

• ... AVBEUSEOFORIR 
SUAVEIU.AHCE WITH AH IR 
UGHTSCMJRCE 

IIIAYHUaEDIN 
AVACUUIII,U,. 

The Fe KH has enough pet1allnd instructions 10 demon· 
strate microproceNOl' pt0Ql'8IT1S up to 1 K byte. and to 
debug tho .. programs. 

• EXCELlENTFQRSTANDAAO 
SURVEIIJ..AHCE WORK BECAUSE 
OF ITS UGHT WEIGHT AND 
SMALLSlZE 

• AlL COMPONENTS MOUNTEO 
ON TWO PARAlLfL 3° )( S" 
SWOLE SIDED BOAROS TOT 41. 
WfIGHT UNDeR 2 L.8S 

• MAY BE WlRE08Y PERSON 
WITH SOME 
EXPERIENCE IN " ·6 HRS -SUPER UNBEUEVA8LE 

DE" WATE". HIOH 
AL TTTUDE. AND 
INIIAONETIC 
EItVIRONIlENT 
BECAUSE THERE 
IS NO HIOH 
VOLTAOEOR 
IIAONETIC 
DEFLECTION 

WE SUPPL'( ALL 
SEMICONDUCTORS. 
BOARDS. DATA SHEETS. 
DIAGRAMS. RESISTQAS 
AND CAPACITORS. 

SOAAY. WE 00 NOT SUPPl v 
THE CASE. BUTEAIES 
tOR SUPPl Y"I THE lENSE 
iNCT SUPPUEOI DEPENDS 
UPON THE USE 

TRANSISTOR SPECIALS 
INTEL 8080 CPU .. . . . ...... . ... $37 .50 2N3585 NPN SI TO·66 . . . .... S .95 
8008 8 BIT MICRO PROCESSING CHIP 
(With Data Book) . .. S 19.00 
2102· 11024BTRAh4. .. $ 2 .60 
5202A UV PROM . . . . .. $12 .50 
1.41.45203 UVPROM . $12 .50 
1702A UV PROM . . .. .. .. . .... $12 .50 
5204·4K PROM. . ........ $24.95 
MINATURI MUL TI·TURN TRIM POn 100,500 
5K. 10K. 25K. 50K. 1 OOK. 200K 

2N 4891 UJT 
TIS 43 UJT .... . ...... . . . . 
ER 900 TRIGGER DIODES .. . 
2N 8028 PROG. UJT . 

VERIPAX PC BOARD 
ThiS board i, fI Y,.· single sided pa­
per epoxy board, • Vt • )( 6 VI· , 
DRILLED and ETCHED which will 
hold up 10 21 Sinole 14 pin IC's Of 
e, 16. or lSI DiP lC'a with busses 
lor power supply connector . 15.25 

MIl 51191 YELLOW.QREEN 
BIPOLAR LED .... . 

MT·2 PHOTO TRANS .... . . 
RED. YELLOW. GREEN OR 

. 11.25 
, .80 

AMBER LARGE LED's 
1 4 PIN DIP SOCKETS . 
1 6 PIN DIP SOCKETS . 
MOLEXPINS .. 

... S .20 
. , .35 

. .... , .38 
.. 100/11.00 
1000"1.00 

8 PIN MINI DIP SOCKETS . .. . , .30 
10 PIN TO·5 TEFLON PC SOCKETS . ' .80 
10 WATT ZENERS 3 .9 , 4 .7. 

12, 180R22V. .. N., .10 
tWAn 4 .7,5.6,10, 12, 

PRV 1 A 3A 12A 50A 125A 
100 .06 .14 .30 .80 
200 .07 .20 .35 1.15 4 ,25 
400 .09 .25 .50 1.40 6 .50 
600 .11 .30 .70 1.60 850 
600 .15 .35 .90 2 .30 10.50 

1000 .20 .45 1.10 2.75 12.50 
REGULATED MODULAR 

POWER SUPPLIES 
+ - 15VOC AT 100m.l 

115VAC INPUT .. . . .... . .. . .24,85 
5VDC AT 1 A. 115VAC INPUT ..... $24,85 
12VOC AT .54 . . '2 • • 16 
IN4146(1N914). . . .. 15111 .00 
1103, 1024 bil RAM ......... .... $2.75 
NEC 6003 2048 bll RAM ...... 11.00 
1101256hitRAM . . '1.40 
7489 RAM . ....... .... . .... ... ... $2.30 
7 POLE 1 THROW TO· 5 MINATURE 

ROTARY SWITCH .. . ' .lI5 

2N3772 NPN SI TO·3 . ... $1.60 
2N4901 PNP SI TO·3 .. . .. . $ .85 
2N5086 PNP SI TO·92 . .. 4/$ 1 .00 
2N4698 PNP TO·66. .. . $ .60 
2N404PNPGETO·5 .. . .. 5 /$1.00 
2N3919 NPN SI TO·3 RF .. .. . $1 .50 
MPSA 13 NPN III TO·92 . 3/$1 .00 
2N3767 NPN SI TO·66 ....... $ .70 
2N2222NPNSITO·18 5/$1 .00 
2N3055 NPN SI TO·3 .... .. . $ .80 
2N3904 NPN SI TO·92 . .. 5/$ 1.00 
2N3906 PNP SI TO·92 ... 5 /$1 .00 
2N5296 NPN SI TO·220 .. . $ .50 
2N6109PNPSITQ·220 . . $ .55 
2N3666 NPNSITO·5.. ... $ .75 
2N3638 NPN SI TO·5 .. .... 5/$ 1.00 
2N6517 NPN TQ·92 SI . .. 3/51.00 

5/$1 .00 
5/$1 .00 
5/$1 .00 
5/$1.00 
4/$1.00 

6.BUF J5V J/$ 1.00 
JJUF 25V $ .40 
JOUF 6V .5/$1.00 
150UF 20V $ .50 

CT7001 ALARM CLOCK CHiP ..... $5.15 
FPA 711·7 LEVEL Diode Array Optical 
Tape Readars . . ........ $5.95 

NATIONAL MOS OEVICES 
1.41.41402-3.20 
1.41.41403-3.20 MM50!iB-4.95 
1.41.41404-2.50 1.41.45060-4.95 
1.41.45013-7.75 1.41.45061-4.30 
1.41.45016-3.50 
1.41.45017-4.75 
1.41.45055-4.00 1.41.45210-1.95 
1.41.45056-4_00 1.41.45260-2.95 

TTL IC SERIES 
f4LOO- .26 7476- .35 

7480- .48 
7483- .75 
7485-1 .05 
7486- .34 
7490- .49 
7491- .79 
7492- .49 
7493- .49 
7495- .74 
7496- .79 

7400- .14 
7401- . 15 
7402- . 15 
7403- . 15 
7404- .18 
7405- .18 
7406- .35 
7407- .33 
7406- . 16 
7409- . 18 
7410- .15 
7411- .25 
7412- .30 
7413- .45 
7414-1 .45 
7416- .33 
7417- .33 
7420- .15 
7425- 27 
7426- .24 
7427- .27 
7430- .15 
7432- .24 
7437- .29 
7438- .29 
7440- .15 
7441- .95 
7442- .59 
7445- .79 
7446- .87 
7447- .87 
7446- .85 
7472- .28 
7473- .34 
7474- .35 

7475 .49 

74107- .34 
74121- .38 
74123- .74 
74125- .54 
74126- .54 
74150- .92 
74151- .69 
74153- .79 
74154-; .05 
74155-1 .05 
74157- .75 
74161- .95 
74164-1 .10 
74185-1 .10 
74173-1 .35 
74175- .95 
74177- .75 
74181-2 .30 
74192-1 .10 
74193-1( .10 
74194-1 .15 
7419·S....!. '.7_ 
74196- .95 
75324-1.75 
75491-1 .10 

ALCO MINATURE TOGGLE SWITCHES 
MTA 106 SPOT . .. .. 11.20 
UTA 208 OPOT . . '1.70 

We supply : 
, . 3850CPU 
,. 3851AFAlR·BUGprogrammedSioraga 

unit, pl"ovides the programmer with all 
its 110 subroutine • and allows tna pro· 
grammer to display or alter memory. 
and register contents Ilia a teletype 
terminal. 

I · 3853 Static memory interface 
8· 2102 

Plus CMOS oates and buff8l'1. PC CIW"d. 
instruction IiIanUalS . programming 
guide. and limt' sh8ling guide. 

115KBl'TES 
IlTATlC.DVN .... 1C 
MEMOItVINTERFACE 

DATAPOINTEA 

good to 1 MHZ 

CfMOS (DIODE CLAMPED} 
74C02-.26 4013- .45 4028- .96 
J4C10- .30 4015--1.24 4029-1.20 
4001- .24 4017-1.15 4030- .49 
4002- .24 4018-1 .24 4035-1 .50 
4006-1.35 4019-.50 4042- .75 
4007- .24 4022-1.24 4046-2.75 
4009-.50 4024- .95 4047-3.50 
4010- .50 4025-- .24 4060- .49 
4011- .24 4026-1.90 4055-1.95 
4012- .24 4027- .55 4066-1.00 

LED READOUTS 
FND5'00· .5 · C.C. 
HP 77 40·.3" C.C .. 
MAN·4·.25" C.C .. 
MAN-7· .3" C.A. 

·C.A 

200 .95 1.25 
400 1.15 1.50 
600 1.35 1.75 

. . '1.75 
.. ... SUO 

.. ..... '1.20 
. '1.25 

2.00 
3 .00 
4 .00 

CD 110 LINEAR 256 XI BIT SELF 
SCANNING CHARGED COUPLED 
DEVISE . .. ....... 1125.00 

SANK EN AUDIO POWER AIIPS 
SI1010G 10 WATTS . .. ..... . 8.80 
511020 G 20 WATTS . .. ...... . 113.85 
SI1050 G 50 WATTS . .. ...... '24.85 

LINEAR CIRCUITS 
LM 309K 5V 1 A REGULATOR ...... $1.00 
723 - 40 + 40V REGULATOR ..... , . • 54 
3011748·Hi Per . Op. Amp. . . , .2' 
320T 5 . 12. 15. OR 24V 

NEGATIVE REG . .... .. .. .... '1.50 
741Aor741COP. AMP. . ..... $ .31 
70ge OPEA. AMP. .. .. , .25 
307 OP AMP . ................. .. . , .25 
CA 3047 HI PERF. OP AMp. .. , .85 
CA 3069 FM IF SYSTEM .. .. . . . .. . '3.25 
340T·5, 8 , 12 , 15, 16 , 24V POS. 

REG. TO·220 ................. '1.20 
101 OPER . AMP. HI PERFORM . , .75 
LM 308 Oper. Amp .. Low Power .. . . ,t.OS 
747 - DUAL 741 . .. . • • 85 
556 - DUALTIMER .. .. .. .. . , .85 
537 - PRECISION OP. AMP ....... '2.80 
540·70W POWER DRIVER ... . .. 12.50 
LM 3900 - OUAD OP. AMP. . ' .41 
LM324-0UAD741 ..... .. .. '1.50 
560 - PHASE LOCK LOOP . . . . '2.50 
561 - PHASE LOCK LOOP . .. ... ,UO 
565 - PHASE LOCK LOOP $1 .50 
566 FUNCTION GEN. .UO 
567 - TONE DECODER .......... '1.50 
LM 1310N FM STEREODEMOD .... '2.75 
80361C VOLTAGE CONT. OSC .... 13.10 
LM370 - AGC SQUELCH AMP. . '1.15 
555 - 2 /Is - 2 HR . TIMER . •• 53 
553 QUAD TIMER . . . . . .. . . . '2.50 
FCD6100PTO·150LATOR . ... , .80 
1458 DUAL OP. AMP.. ... . . ' .156 
LM 360 - 2W AUDIO AMP. .. . . . . .. . .80 
LM 377 - 2W Stereo Audio AmP . .. 12.50 
LM 381 - STEREO PREAMP . . . .. . S 1.00 
LM 362 - DUAL AUDIO PREAMP .. 

311 - HI PEA. COMPARATOR . 



An audio turntable with 
cuing controls is the only 
presently avai lable "poor 
man's disk drive," should 
manufacturers and other 
organizations choose to 
distribute audio encoded 
information on long play­
ing records. 

facturers found the advantages of standard 
tire sizes, and electronics manufacturers use 
standardized integrated circuit parts, so too 
there is a definite need for standardization in 
several areas of the personal computing 
industry if we are to achieve the convenience 
of interconnection of components which 
characterizes the modern high fidelity audio 
system. 

A step in the direction of standardization 
began when BYTE magazine sponsored an 
audio recording standards conference last 
November, a conference which resulted in 
se lecting the provisional standard described 
in BYTE's February and March issues. As a 
continuation of this trend, BYTE is pro­
posing a second conference next fall to 
discuss experiences with the recording for­
mat, including software data formats, as an 
addi tion to the standard . Also needed is the 
specification of a standard 8 bit peripheral 
interface plug standard, which will become 
the logical equiva lent of the RCA sty le 
phono plug used in audio equipment. There 
is a proliferation of central processor designs 
on the market, so much so that the maker of 
an applications oriented peripheral such as a 
music syn thesizer· black box, a burglar a larm 
black box, a TV graph ics generator, a hard 
copy printer, a floppy disk system, or the 
like has no way to ensure that his black box 
will plug into everybody's computer regard­
less of manufacturer. By providing a 
standard 10 plug for 8 bit data quanta with 
interrupt and directional control as well as 
strobes, the industry ·can be expanded con­
siderably. The more options people have 
with their personal computers, the more 
desirable is the product. 

Software Markets? 

Another area which should be developed 
is the software markets. It is not clear yet 
what thi s means. One item which we'll be 
adding to BYTE at some point in the future 
is a commerc iall y oriented classified soft­
ware advertisement wh ich will enable small 
operations to economically market software 
packages. It is fairly obvious that in this 
personal use market, with many individuals 
on limited budgets, one aspect of software 
which must be considered is price and mass 
produc tion. A high fidel ity record, for 
instance, is mass marketed with a small but 
nagging in cidence of piracy. If the price of a 
stereo record were to double, the instances 
of copying and piracy wou ld go even higher. 
By ana logy, software prepared for the 
personal use mar'kets will not be sal able at 
high prices in the same way th at large 
computer software packages are sold at high 
prices. The problem of contract enforcement 
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may become intractable with large numbers 
of users. 

The fact of the matter is that people of 
low moral character have few scruples about 
copying a work which takes time, money 
and effort to develop. One answer to the 
problem is to not write software at all . 
Another answer is to mass produce appl ica­
tions software at low prices so that software 
becomes the personal systems industry 
equivalent of a high fidelity record. In the 
record industry, most people simply go out 
and purchase the record, thus credi ting the 
artists and recording company with the 
royalty. The reason is that if you add up all 
the costs - both moral and economic - the 
difference in price between a legitimate 
recording and a pirated one is miniscule, or 
in favor of the legitimate recording. It is not 
clear yet how such mass production will 
work out in detail, but the day of the ROM 
chip rack in a retail store, or a weekly 
software specia l on a cassette tape may not 
be far away. It is quite li kely that most of 
the software being sold at retai l in this way 
will be for application packages which ar'e 
written using software development tools of 
limited distribution. The packages of widest 
market will most likely be relocatable object 
code for particular applications on particular 
microcomputers; assemblers, interpreters 
and compilers may never become more than 
bundled packages distributed by 
manufacturers. 

Mass Storage Trends 

The present day situation in mass storage 
methods for personal computing is fair ly 
primitive. The on ly wide ly distributed mass 
storage method is audio and direct digital 
recording on inexpensive cassette or reel to 
reel recording devices. These methods are 
rei iable and accomp l ish the goal of electro­
magnetic off I ine recording, bu t they fall far 
short of the random access requirement 
needed for a good information storage and 
retrieval system. 

In order to fully accomplish the con­
venient personal computing function, there 
is a definite market need for an inexpensive 
random access mass storage system. About 
the only way this can be done inexpensively 
right now is through the medium of phono­
graph r'ecord technology app l ied to read 
on ly copies of software packages represented 
as audio recordings of digital information. 
The placement of the arm of the phono­
graph on a particular band of the record, 
using a cuing contro l, is a poor man's 
equivalent of a disk drive access Mm . 

Here is what is need8d of inventors and 
manufacturers: a budget version of the 



ASCII KEYBOARD, brand new w/TI ASCII chip in place & data $45.00 

COMPUTER GRADE LOGIC SUPPLY CAPS, BRAND NEW 

47,000 Uf 25V $2.00 ST 1,000 50 .90 AL 
32,000 25 1.75 ST 3,300 35 1.25 AL 
160,000 10 2.00 ST 1,600 20 .60 AL 
66,000 10 2.00 ST 8,000 16 1.25 AL 
1,000 60 .90 AL 500 6 .35 AL 

VIATRON terminal. Unused, consists of 
keyboard, micro-processor, contro l panel , 
video display, 2 built-in tape decks, pow­
er supply. Operates on 115v AC 60 cycle. 
Unused but in storage for 4 years. Due to 
storage, may require some work. Sold "as 
is" FOB Lynn, Mass. Ship wgt. 160 Ibs. 
Has memory, automatic input/output un­
der program control, tape search, key 
verification, tape validation, etc. 

2,000 55 1.00 AL "ST" screw top .... "AL" axial 

5 VO L T 1 AMP REG U LA TED power supply kit for logic work . All parts including 

LM-309K $7.50 

DUMMY LOAD RESISTOR , non inductive, 50 ohm 5 watt 

. "AA" NICAD CELLS brand new, fine biz for handy talkies 

$1 .00 

51 .25 ea. 9/$9.00 

Send for informative data brochure. Lim­
ited quantity. $425.00 FOB Lynn, Mass. LINEAR by RCA, brand new, gold bond process 

CLOCK KIT $14.00 
Includes all parts with MM5316 chip, 
etched & drilled PC board, transformer, 
everything except case. 

SP-284 $14.00 each 2/$25_00 

MEMORY SYSTEM $125.00 

301 
307 
324 
339A 
741 

New memory system by Honeywell, smal l . .. 
measures only 9x4x 1 inches. 1024 core memory, 
1024 words with 8,9,10 bits/word. Random access, 
with all logic, register, timing, control, core select and 
sense functions in one package. New, booklet of 
schematics and data. Looks like a good beginning for 
a mini-computer. Limited supply on hand. 
Ship wgt 3 Ibs. # SP-79 ......... $125.00 

CORE MEMORY 

$ .60 
.52 

1.80 
1.60 
.50 

Another brand new memory, ultra small. Measures only 4 x 4 inches 
with format on one plane of 32 x 32 x 16 (16,384). Only about 35 
units of this on hand. 
#SP-81 . ... ....................... ....... $20.00 

747 $ 
748 
1458 
3401 
555 timer 

FREE CA TALOG SP-7 NOW READY 
Please add shipp ing cost on abo lIe. 

.82 MM5314 

.50 MM5316 

.96 7001 

.80 

.60 

MESHNA PO Bx 62 E. lynn Mass. 01904 
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$3.00 
3.00 
8.00 
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service 

To get further information on the products advertised in BYTE, fill out the reader 
service card with your name and address. Then circle the appropriate numbers for the 
advertisers you select from this list. Add a 9 cent stamp to the card, then drop it in the 
mail. Not only do you gain information, but our advertisers are encouraged to use the 
marketplace provided by BYTE. This helps us bring you a bigger BYTE. 

A75 Advanced Micro-Electronics 59 A71 Micro Peripheral 59 

A70 American Microprocessor 57 A57 MIKOS 81 

BYTE's Books 73,86 A20 Mikra·D 55 

BYTE Subscriptions 53, 82 MITS CIV, 27 

A37 Celdat 73 A61 MOS Tech 11 

A6 Continental Specialties 13 A22 National Multiplex 49 

A41 Cromemco 1 A63 Parasitic Engineering 55 

A7 Delta 83 A23 Polymorphic 35 

A8 Dutronics 53 A24 Processor Technology 5, 15 

A72 EDN 89 A26 Scelbi 7 

A9 Godbout 69 Scientific Research 57 

A69 HAL Communications 37 A27 S D Sales 87 

A12 IMS CIII, 41 A59 Solid State Sales 93 
A38 ISC 81 A29 Southwest Tech CII 
A15 James 91 A30 Sphere 17 
A18 Meshna 95 A32 Tri Tek 85 

*Reader service inquiries not solicited. Correspond directly with company. 

BOMB: BYTE's Ongoing Monitor Box 
BYTE would like to know how readers evaluate the efforts of the authors 

whose blood, sweat, twisted typewriter keys, smoking ICs and esoteric software 
abstractions are reflected in these pages. BYTE will pay a $50 bonus to the author 
who receives the most points in this survey each month. 

eArticles you like most get 10 points, articles you like least get 0 (or 
. negative) points - with intermediate values according to your personal scale of 

preferences, integers only. 

Page 

No. 

eOnly one entry per reader. 

Article 

8 Simpson: A Date With KIM 

18 Boudinot: n Source 

24 Eichbauer: ROM in uP Memory Address Space 

28 Smith: More Information on PROMs 

36 Haller: Serialize the Bits .•. 

38 DeMonstoy: An Octal Front Panel 

42 Nico: SHOOTING STARS 

50 Finger: Serial ASCII Word Generator 

60 Nelson: "Chip" Off the Olde PDP-8/E 

70 Frank: Analog/Digital Conversion Techniques 

74 Jewell: Simplify Your Homemade Assembler 

February BOMB Results 

LIKED 

LEAST BEST 

o 1 2 3 4 5 6 7 8 9 10 

o 1 2 3 4 5 6 7 8 9 10 

o 1 2 3 4 5 6 7 8 9 10 

o 1 2 3 4 5 6 7 8 9 10 

o 2 3 4 5 6 7 8 9 10 

o 2 3 4 5 6 7 8 9 10 

o 2 3 4 5 6 7 8 9 10 

o 2 3 4 5 6 7 8 9 10 

o 1 2 3 4 5 6 7 8 9 10 

o 2 3 4 5 6 7 8 9 10 

o 2 3 4 5 6 7 8 9 10 

Winner of the $50 prize for the most popular article in the February 
1976 issue of BYTE is W Douglas Maurer 's "Processing Algebraic 
Expressions." Runners up in the voting were Robert Grappel's "My 
Dear Aunt Sally" and Don Lancaster's "Color TV Graphics ." 

Feel free to photocopy this or any other page if you wish to keep your BYTE intact. 
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floppy disk in which compatibility with 
higher priced media format might be thrown 
out the window if necessary, and cost 
cu tti ng is the pri mary goal. The approaches 
to cost cutting might include lowering data 
density to relax mechanical tolerances, use 
of slower access mechanisms, use of some 
manual operations in place of electronically 
controlled ones, etc. The engineering of such 
an inexpensive device I will leave to the 
inventors; the requirement of inexpensive 
random access mass storage is very real and 
will meet with a large market if the problem 
is solved. 

Other approaches to the on line mass 
storage problem, such as bubble memories 
and CCD devices, may eventually be of some 
interest; but for the moment, cost is out of 
the consumer market's range, and non elec­
trical off line copies are still needed when 
the power fai ls. 

Personal Systems 

The general trend in hardware and soft· 
ware which will lead to the most widespread 
availabi li ty of computing (and the largest 
future markets for companies who support 
this trend) is toward a smoothly packaged 
product which can be made to work with 
the minimum difficulty by any literate and 
thinking person. This is the black box 
approach to computing, one which the true 
computer hobbyist finds foreign, but which 
the person wi th ou t special engi neeri ng 
talents or interests will purchase. When such 
personal systems become widely available to 
the general public, the application of com­
puter technology to everyday problems will 
become widespread and large mass markets 
for applications programming products can 
begin to develop. I am tal king here abou t a 
maturity of the small systems industry into a 
new equivalent of what happened at an 
ear lier time with the automotive industry. I 
am also talking about a development of 
technological mass marketing which will 
have an impact similar to the automobile in 
its effects of opening up a multitude of new 
options for people through computing. 
There will always be the computer enthusi­
ast market, just as there is now and has 
always been a "speed" market for au to­
motive specialty products. The people who 
are heavily involved in hardware and soft­
ware design and developing practical applica­
tions ideas will become the entrepeneurs and 
pu rveyors of products as the larger general 
market develops. Who will become the 
General Motors of the computing f ield? I 
can't predict that by any means. But I will 
predict that there will be such a concern. It 
will be an interesting show to watch as the 
next decade unfolds. -



H you thought a rugged, 
professional yet affordable 
computer didn't exist, 

think 
IMSAI 
8080. 
Sure there are other commercial, 
high-quality computers that can 
perform like the 8080. But their 
prices are 5 times as high. There is 
a rugged, reliable, industrial com­
puter, with high commercial-type 
performance. And prices that are 
competitive with Altair's hobbyist 
kit. The IMSAI 8080. Fully assem­
bled, it 's $931. Unassembled, it's 
$499, until May I-then $599. 
And ours is available now. 

In our case, you can tell 
a computer by its cabinet. The 
IMSAI 8080 is made for commer­
cia l users. And it looks it. Inside 
and out! The cabinet is attractive, 
heavy-gauge aluminum. The 
heavy-duty lucite front panel has 
an extra 8 program controlled 
LED's. It plugs directly into the 
Mother Board without a wire 
harness. And rugged commercial 
grade paddle switches that are 
backed up by re li ab le debouncing 
circuits. But higher aesthetics on 
the outside is only the beginning. 
The guts of the IMSAI 8080 is 
where its true beauty lies. 

The 8080 is optiona lly 
expandable to a substantia l system 
with 22 card s lots in a single 
printed circuit board. And the 
durable card cage is made of 
commerCia l- grade anodized 
aluminum. The Altair kit only 
provides 16 slots maximum in four 
separate sections, each section 

requiring 200 solder connections. 
The IMSAI 8080 power 

supply produces a true 20 amp 
current, enough to power a full 
system. The Altair produces 
on ly 8 amps . 

You can expand to a 
powerful system with 64K of 
memory, plus a floppy disk con­
troller, with its own on board 
8080-and a DOS. An audio tape 
cassette input device , a printer, 
plus a video terminal and a 
teleprinter. These peripherals will 
function with an 8-level priority 
interrupt system. IMSAI BASIC 
software is available in 4K, 8K 

and 12K, that you can get in 
PROM. And a new $139 4K 
RAM board with software 
memory protect. 

Find out more about the 
computer you thought didn't 
exist. Get a complete illustrated 
brochure describing the IMSAI 
8080, options, peripherals, soft­
ware, prices and specifications. 
Send one dollar to cover handling 
to IMS. The IMSAI 8080. From 
the same technology that developed 
the HYPERCUBE Computer 
architecture and Intelligent 
Disk systems. 

Dealer inquiries invited. 

IMS Associates , Inc. 
1922 Republic Avenue 
San Leandro, CA 94577 
(415) 483-2093 




	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_001
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_002
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_003
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_004
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_005
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_006
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_007
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_008
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_009
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_010
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_011
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_012
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_013
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_014
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_015
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_016
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_017
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_018
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_019
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_020
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_021
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_022
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_023
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_024
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_025
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_026
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_027
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_028
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_029
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_030
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_031
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_032
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_033
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_034
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_035
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_036
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_037
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_038
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_039
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_040
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_041
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_042
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_043
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_044
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_045
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_046
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_047
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_048
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_049
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_050
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_051
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_052
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_053
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_054
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_055
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_056
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_057
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_058
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_059
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_060
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_061
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_062
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_063
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_064
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_065
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_066
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_067
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_068
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_069
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_070
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_071
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_072
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_073
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_074
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_075
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_076
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_077
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_078
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_079
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_080
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_081
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_082
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_083
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_084
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_085
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_086
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_087
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_088
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_089
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_090
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_091
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_092
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_093
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_094
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_095
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_096
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_097
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_098
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_099
	BYTE Vol 00-09 1976-05 Shooting Stars R_Page_100

