
Try This Computer on for Size
There are a number of f ine micro-

processor system kits available to the home
computer  enthusiast .  One such system,
wh ich  l j us t  r ecen t l y  assemb led ,  i s  t he
Dig i ta l  Group 8080A. This microcomputer  is
marketed by the Dig i ta l  Group in Denver
CO. This concern, with Dr Robert Suding as
its resident genius and designer, offers in my
opinion the highest price performance of
any home computer  avai lable.  The Dig i ta l
Group is somewhat unorthodox by not
lumping on the bandwagon and being Al ta i r
bus compat ib le but  thei r  uni t  conta ins
enough bells and whistles to placate even the
most demanding computer owners.

This system, as is true of most others, has
its good and bad points. I am an electrical
engineer well versed in digital design and
have been closely following the microcom-
puter scene since the advent of the MARK-8
in 1974.  I  have a Scelb i  88 and have helped
fr iends bui ld  Al ta i rs  and lMSAls f rom k i ts
and feel that I can'be completely objective.
It is of course extremely diff icult to restrain
laudatory comments when one is so well
satisfied, but bear with me.

The Dig i ta l  Group sel ls  a basic  computer
system which can contain one of four proc-
essor chips: the Zilog Z-80; AMD 8080A;
MOSTEK 6800;or  a MOS Technology 6502.
I chose the 80804 because of a combination

of price and software availabil ity. The Digi-
tal Group System (DGS) is generally sold as
a three board system with mother board.
This three board microcomputer has the
fol lowing functions and specifications.

Processor Board
AMD 9O8OA
2 K bytes programmable memory
and EROM bootstrap loader.

Direct Memory Access (DMA) logic.
8 level hardware vectored interrupt.
Buffered address and data bus l ines.
16 b i t  (64 K)  addressing capabi l i ty .

Input Output Board
Four 8 b i t  para l le l  input  por ts .
Four 8 b i t  para l le l  la tch ing
output  por ts .

Ful l  16 b i t  por t  addressing.
TV Readout and Cassette
lnterface Board

Video Readout:
Software control led cursor.
512 characters organized as
16 l ines by 32 characters.

7 bv 9 character matrix.
Ful l  128 ASCII  character  set .
Upper and lower case alphabet.
Math symbols.
Specia l  symbols.
Greek alphabet.
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Photo 1: The typical
boord in o Digitol Group
kit comes in a sealed plos-
tic bog with two compart-
ments. One compartment
contoins the board and the
second contoins the neces-
sqry parts.

Steve Ciarcia
Box 582
Glastonbury CT 06033
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Direct  v ideo output .
Casset te Inter face:

Uses standard cassette recorder.
FSK recording technique.
Wide shi f t  Teletype f requencies.
Operates at 1 1 00 bps.
Ut i l izes "sof tware UART."

An addi t ional  8 K programmable memory
board is added to the three board set and is
sold to make a four board set. The specs on
the programmable memory are as fo l lows:

8 K Static RAM Board
Uses 2102-1 par ts  wi th
500 ns access t ime.

No wait states.
Buf fered address l ines.
Address decoding covers fu l l

64 K range.
Power consumpt ion 2 A at  5 V.

There are many var iat ions of  the basic
system as descr ibed,  and th is  l is t ing is  only
representative of their total offering. ln-
terested parties should contact the Digital
Group at  POB 6528,  Denver CO 80206.

As I  ment ioned previously ,  I  had been
fo l lowing the DG s ince they entered the
microcomputer scene. Their f irst offering
was a simple 300 bps "el cheapo" cassette
inter face which met  absolute ly  nobody's
standard.  Whi le everyone was arguing Kansas

Ci ty  and a l l  the rest ,  I  bu i l t  th is  for  $6 and
had it operational in three hours. I have
always been act ion or iented and a l l  the
ta lk ing in  the wor ld won' t  put  your  system
on l ine.  I  have grown to expect  and accept
the unorthodox f rom the Dig i ta l  Group.

Other  manufacturers sel l  basic  bare bones
systems for prices starting around $600. For
this price they contain a fancy case and
front  panel ,  g igant ic  overk i l l  power supply,
and a Drocessor  board wi th anci l l iar ies.
There is no memory, lO, or mass storage
capabi l i ty :  These are a l l  ext ra cost  opt ions.
Minimum capacity machine language and
cassette storage system can approach $800
to $900. I affectionately refer to this nickel
and d iming as an "arm and a leg turnkey
system. "

The DGS is  a prof i tmaking venture,  I
assure you;  but  i t  appears to have pr ic ing
and design phi losophies which in  my opin ion
bet ter  meet  the needs and requi rements of
the knowledgeable exper imen ter .

When one buys a DGS three or  four
board system, you get Digital Group's ver-
s ion of  the logical ly  complete product :  a
system which in  i ts  basic  pr ice has no case,
power supply or  f ront  panel .  These are
available from DG and can be ourchased of
course by the af f luent  or  bui l t  f rom scratch
by the f rugal .  Add a power supply,  a v ideo
moni tor  sa lvaged f rom an o ld TV,  a surp lus

Photo 2: The author's Digitol Group 8080 processor card. The actuol processor is an AMD 9080A, one of the second sources of
the originol lntel 8080 design. The crystal which controls the processor clock is qt the lower right, ond the 2 K byte section of
memory on the cord is represented by the two rows of eight sockets at the left edge of the cord. A UV erosoble ROM chip
(morked "80A" with o felt tip pen on the top edge at left of center) contains systemssoftwore which eliminates the need for o
formal "blinkin' lights" front ponel.



Photo 3: The outhor's Digitol Group System 8 K byte memory card. The card contains 64 memory integrated circuits (in two
orroyed segments) and in the center ore various miscellaneous circuits used to interface the bockplone bus of Digitol Group
system.

of
rh,
co
i t )
to
m;
v i c
is
so(
pr i
Th
ex l
U N

me
qu
po l

8ra

pu l
ev i ,
prc
by
nol
v i b
ren
for
tne
the
to
m e l
chc
to
ma(
d  i t i
che

ASCII  kevboard.  and a decent  casset te re-
corder :  and vou are in  business wi th a
complete funct ioning m icrocomputer .

I  had been hear ing th is  rhetor ic  and
receiv ing DGS f lyers for  a whi le .  Then I
decided to take the p lunge.  I  ca l led DGS one
morning in  mid 1916 and ordered the four
board 8080A system wi th s tandard mother
board.  Since th is  four  board set  conta ins
10 K bytes of  programmable memory and is
capable of  support ing an Extcnded Tiny
BASIC, I  ordered the TBX sof tware for  $5.
The tota l  10 K system as ordcred was $645.
L i terature suppl ied by DGS quoted 30 day
del ivery but  I  had res igned myse l f  to  the
possib le two month wai t  that  f r iends were
expe r i enc ing  w i th  o the r  compan ies .  When
the complcte packagc arr ivcd three weeks
later  I  was ccstat ic  and set  out  immediate ly
to  t he  t ask  o f  ge t t i ng  "on  l i nc . "

The packing mater ia l ,  though sparse,  was
adequatc;  and,  s i r rcc thcre were no heavy
components l ike t ransformers,  i ts  lack was
inconsequen t i a l .  L i ke  any  k i t  bu i l de r ,  I
expectcd the f i rs t  pro ject  would be to
separate the p i le  of  par ts  and boards and to
sor t  components out  among the respect ive
boards.  Anyone who has ever  cxper icnced
s i f t i ng  t h rough  a  p i l c  o f  r cs i s to rs  un t i l  t hc i r
eyes  c ross  can  app rec ia te  wh . i t  l . rm  say i r rg .
For tunate ly  th is  was unnecessary.  Each
board is  packaged in a two compartment
sealed p last ic  bag.  One s idc conta ins thc
b lank  p r i n ted  c i r cu i t  boa rd  and  the  o the r

conta ins a l l  the in tegrated c i rcu i ts ,  sockets,
and  o the r  componen ts  as  seen  i n  pho to  1 .
When  unpack ing ,  two  th ings  a re  immed ia te l y
apparent .  The boards are top qual i ty  wi th
plated through holes and there are no
l  um pers.

I  searched through the box looking for
the usual  last  minute rev is ion sheets and
tackons but  there were none.  This appar-
en t l y  was  a  f i na l  des ign  w i th  abso lu te l y  no
"k luge r igging"  necessary to make i t  work.
The Dig i ta l  Group f lycrs indicatc they c icr
not  se l l  in tcr im designs nor  adver t ise any-
th ing for  sa le unt i l  i t  is  avai lable "of f  thc
shel f . "  From my expcr icnce,  th is  appears to
bc  the  t ru th .

The ease of  construct ion of  th is  system i .
a funct ion of  thc par t icu lar  board being
assemb led .  l ' l l  covc r  cach  boa rd  sepa ra te l l ,
bu t  a  wo rd  o f  cau t i on  f i r s t . - f hc  D ig i t a l
G roup  Sys tem i s  no t  and  shou ld  no t  be
considered in thc samc re; r lm as a Heathki t
o r  s im i l a r  unde r tak ing .  Ha rdware  documen-
tat ion is  adcquatc and dcscr ipt ive but  is  not
as  dc ta i l ed  p i c to r i a l l y  as  a  Hea thk i t .  Th i s  i s
not  a k i t  but  rather  an unassembled micro-
compu te r .  l t s  cons t ruc t i on  shou ld  be  a t -
t emp ted  by  t he  cxpe r i enced  k i t  bu i l de r  on l r  .
l f  necessa ry ,  b r - r i l d  seve ra l  d i f f i cu l t  Hea thk i t r
f i r s t  l o  ga in  expe r i ence  w i th  e lec t ron i r
co rnponen ts  and  assemb ly .  A t  t hc  l eas t ,
d i f f  i cu l t  assonb l i es  shou ld  be  pu rchased  a r
fu l ly  assembled and tested uni ts  and the
other  cards carefu l ly  constructed.
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Building the Processor Board

The processor board is of course the heart
of  the microcomputer .  This  card conta ins
the microprocessor  i tse l f  and support ing
components.  l t  is  shown (af ter  I  assembled
i t )  in  photo 2.  The Dig i ta l  Group has sought
to learn f rom the exper iences of  other
manufacturers and bui lders and has ob-
v iously  benef i ted.  The most  notable addi t ion
is  the incorporat ion of  in tegrated c i rcu i t
sockets throughout .  Even wi th the use of
pr ime components,  bad c i rcu i ts  are possib le.
The average hobbyist  may have considerable
exper ience doing the in i t ia l  so lder ing,  but
unsolder ing an in tegrated c i rcu i t  is  qui te
messy.  Using sockets adds the capabi l i ty  of
quick ly  changing a suspected bad com-
ponent  wi thout  e i ther  destroy ing the in te-
grated c i rcu i t  or  the pr inted c i rcu i t  board.

Signi f icant  ef for t  and thought  has been
put  in to th is  microcomputer  design as is
evident  in  the system archi tecture of  the
processor  card.  The microprocessor  is  dr iven
by a crysta l  contro l led c lock which exhib i ts
none of  the f requency instabi l i ty  of  mul t i -
v ibrator  contro l led c locks.  Crysta ls  are cur-
rent ly  used in most  microprocessor  systems
fo r  t he i r  " rock  l i ke "  s tab i l i t v .  I n  add i t i on ,
there is  2 K of  programmable memory on
the board which can be selected to resoond
to any two consecut ive I  K posi t ions in
memory address spaces.  For  s tar tup and
checkout ,  th is  memory should be set  for  0
to 2K a l lowing the user  to per form l imi ted
machine language programming wi thout  ad-
d i t i ona l  memory .  l ' l l cove r  t he  p rocedu re  fo r
checkout  a b i t  la ter .

There are of  course other  goodies on th is
card.  Di rect  Memory Access (DMA) and
pr ior i ty  in terrupt  hardware is  prov ided as a
user  opt ion.  The basic  three and four  board
systems inc lude test  procedures for  the
interrupt  request  log ic  but  DMA checkout  is

Photo 4: The outhor's Digitol Group System lO card. This cqrd interfaces to
the system's bus, providing four porollel output ports and four input ports.
These ports qre routed to the backplqne where they communiclte to the
video disploy, keyboard ond cassette interfoces,

left for the brave of heart and is not
addressed here.  In  addi t ion to th is  c i rcu i t ry ,
a 1102A EROM conta in ing the tape casset te
bootstrap loader is located in Page 0 of
memory.  When power is  turned on,  a power
on reset  s ignal  in i t ia l izes the system and
reads in the operat ing system casset te.  More
on th is  la ter .

The Dig i ta l  Group System bus st ructure is
s imi lar  but  d i f fers in  deta i l  f rom that  of  the
A l ta i r .  Robe r t  Sud ing ' s  pub l i c i zed  ph i l -
osophy d ic tatcs an in terchangeable processor
capabi l i ty  which hopefu l ly  decreases the
obsolescence of  the tota l  system. As new
and more powerfu l  microprocessors such as
the Z-80 come on the market ,  a  new
processor  card should be in terchanged wi th
the bus of  the o lder  uni t  whi le  not  af fect ing
the rest  of  the system. To accompl ish th is
goal ,  the Dig i ta l  Group system uses unid i rec-
t ional  address and data buses as in  the

QUAIITY suppoil for HARDWARE BUFFS
LEARN HOW MIXED LOGIC  CAN S IMPL IFY  THE DESIGN OF  GATE
CIRCUITS  AND MAKE LOGIC  D IAGRAMS EASIEB  TO UNDERSTAND.

SEE HOW FLOW CHART DRIVEN DESIGN CAN HELP  YOU
DESIGN INTERFACES,  CPU 'S ,  AND SPECIAL  LOGIC .

LD14  LOGIC  DESIGN SUPPORT SYSTEM $1 095

send for brochure)

LOGIC DESIGN. INC.
BOX 399I UNIVERSITY STATION

LARAMIE.  WYO.  8207I307 742-7977 (See Jan Byte or
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Photo 5: The cossette ond
CRT interfoce board. This
board contoins the video
signol generotion and
oudio processing circuits
of the Digitol Group Sys-
tem. IFor  more deta i led
descr ipt ions,  see the July
and August  

' l  
976 issues of
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Al ta i r .  Such a bus st ructure,  as has of ten
been seen in the marketp lace,  is  easi ly
adapted to any 8 b i t  processor .  There is  of
course a basic  d isadvantage to owning a
un ique  backp lane  p inou t ,  t ha t  o f  hav ing
only a s ingle source.  Every microprocessor
manufacturer  knows that  few designers wi l l
t ie  themselves to a s ingle source par t .  That  is
the reason you see so many different com-
panies producing 8080s.  The Al ta i r  bus has
been widely second sourced,  which has led
to some f ierce compet i t ion resul t ing in
modest  benef i ts  to  the buyer .  Obviously  the
smal l  system owner does not  have the same
constra ints  as the h igh volume manufacturer
but  he should be aware of  the lack of  pr ice
compet i t ion and interchangeabi l i ty  when i t
comes to memory and lO card expansion.
The Dig i ta l  Group is  apparent ly  aware of
thei r  unique posi t ion and has sought  to
d i spe l l  conce rn  by  se l l i ng  b lank  lO  and  8  K
memory boards at  a very reasonable pr ice.
This a l lows the user  to shop around for  the
best 21 02-1 memory prices.

Since the DGS has no f ront  panel ,  the
processor  card cannot  be checked out  easi ly
by i tse l f .  But  then no real  funct ional  test  of
a processor  system as a whole can be easi ly
per formed wi th a f ront  panel ,  e i ther .  The
rest  of  the system must  be constructed to
per form the necessary d iagnost ics.

Assembl ing the Memory and lO Boards

Both the 8 K memory and paral le l  lO
boards are constructed in a very straight-
forward manner.  Again a l l  in tegrated c i rcu i ts
are socketed and l i terature suppl ied is  both

expl ic i t  and c lear .  The memory board (see
photo 3)  and components suppl ied to me
conta ined premium grade AMD 2102-1
parts. With these parts no wait states are
required and the processor  runs at  fu l l  ra ted
speed.

The lO card which conta ins four  oara l le l
inputs and four  la tched paral le l  outputs
must be set to the lowest order addresses
when only one lO board is  in  the system.
This is  because the v ideo d isplay generator ,
keyboard and cassette interface are directly
wired to lO por ts  on th is  card through the
mother  board.  The por ts  are address select-
able;  but  to  ut i l ize the DGS operat ing
system software, the addresses must be set as
descr ibed in the DGS wr i te up.  Addi t ional
memor ies or  lO can have addresses to sui t
the user .

Assembling the Cassette and
CRT lnterface Board

This board is  the external  communica-
t ions medium of  the Dig i ta l  Group micro-
computer .  Since the DGS has no f ront  panel ,
i t  is  so le ly  dependent  upon a v ideo based
operat ing system ut i l iz ing the v ideo d isplay
generator  in ter face and a te lev is ion moni tor ,
or  modi f ied te lev is ion.  The sof tware for  such
an operat ing system is  about  1.5 K and
cannot  be entered except  through the cas-
set te in ter face.  I  should c lar i fy  one th ing
though.  The DGS which I  purchased is  qui te
amenable to f ront  panel  hookup.  The three
and four  board uni ts  sold by the Dig i ta l
Group do not  incorporate f ront  panels but
they do provide a design for  one.  Obviously ,
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i f  a  user  bui lds a DG system and both h is
processor  and v ideo d isplay sect ions fa i l  to
funct ion proper ly ,  he is  dead in the water
and would have to bui ld  the f ront  panel .  The
design is  neat  and funct ional  and p lugs in to
any spare memory card s lot .  l f ,  on the other
hand,  the user  is  thoroughly f rust rated,
suspect boards can be returned to DG for
t roubleshoot ing according to a pr ice sched-
u le  supp l i ed  w i th  t he  un i t .

Now that  you know how to get  yoursel f
ou t  o f  t he  ho le  i f  i t  happens ,  l ' l l  exp la in  t he
proper method of  d igging.

The CRT and cassette interface sections
are assembled us ing the same method ica l
approach as the other  boards.  The l i terature
is  very good in th is  respect .  The problems
come in cal ibrat ion.  The CRT is  fa i r ly
st ra ight forward,  i t  e i ther  works or  i t  doesn' t .
There are no adjustments.  This sect ion,
when completed,  is  p lugged into the mother
board,  at tached to a moni tor ,  jumpered as
per the test inS procedure,  and powered up.
l f  i t  works the screen wi l l  be immediate ly
f i l led wi th 5.1 2 random characters.  These
characters inc lude upper and lower case
alpha symbols,  and Greek le t ter ing.  When
th is  works you are hal f  done wi th the check
out  of  the card.

Being hal f  done in th is  case is  not  near ly
enough.  The assembly of  the casset te in ter-
face is  s imply a mat ter  of  fo l lowing d i rec-
t i ons  bu t  ca l i b ra t i ng  i t  i s  a  b i t  o f  a  t ask .
There are operat ing system opt ions which
al low the computer  to funct ion as a f re-
quency counter ,  but  that  is  a l i t t le  fur ther
downstream. To proper ly  adjust  the casset te
inter face,  a scope,  a f requency counter ,  an
accurate DC vol tmeter  or  DVM and a var i -
able f requency osci l la tor  are requi red.  I
for tunate ly  have a l l  th is  equipment ,  but  not
everyone's spouse is  as understanding as
mine.  The f requency source is  set  to  1 V
p to p at  2125 Hz and appl ied to the in ter-

Photo 6: Il/hen you get
this for, you know your
Digitol Group System has
arrived in the lqnd of the
living.f  ace input ,  s imulat ing the tape recorder

output .  Using a scope to determine the point
of  peak response,  the act ive f i l ters are
adjusted correspondingly.  This  procedure is
repeated for 291 5 Hz. Next the comparator
which detects whether  the input  f requency
is at a mark or zero is adjusted to switch
cleanly as the f requency source sweeps
between the two valves. That takes care of
the receiver  sect ions.

The FSK ( f requency shi f t  keyed) modula-
tor  is  a s ingle VCO (vol tage contro l led
osci l la tor)  ch ip which swi tches between two
frequency values corresponding to TTL one
or zere inputs.  In  in i t ia l  checkout ,  a vol tage
(3 .5  V )  s imu la t i ng  a  TTL  l eve l  one  i s  app l i ed
to the contro l  l ine of  the osci l la tor  and the
output  is  adlusted to 2125 Hz.  The contro l
l ine is  then grounded and the output  ad-
iusted to 2975 Hz.  l f  th is  can be accom-
pl ished sat is factor i ly ,  you ' re in  business.

System Checkout

When al l  o f  the cards are assembled,  and
the solder  splashes c leaned of f ,  take one last
look at  each card.  Remember,  th is  is  the
smoKe test .

At tach the power supply to the mother
board and with no boards inserted and the
power on,  check that  the proper vol tages are
present .  Shut  of f  the supply and inser t  the

&ttss v@u& (E@Mrpury$& st8lw
T.V.  CAMERA & DISPLAY INTERFACES FOR ALTAIR/ IMSAI

OPLAY GAMES & LET YOUR COMPUTER OTEACH YOUR COMPUTER TO READ,  OLET YOUR COMPUTER MAKE DECISIONS
SEE THE BOARD DO SURVEILLANCE,  ETC.  BASED ON VISUAL INPUT

Maximum Vert ical  Resolut ion
Max in rum Ho r i zon ta l  Reso lu t i on
Grey Scale Resolut ion
Maximum Conversion Time {Sec.)

Any T.V.  Camera wi th external  sync.  input  can be used. Memory requirements-
4K  t o  64KRAM. INTERFACE l l l :Compu te r  t o  Osc i i l o scope  -  4096  po in t s  a re
displayable in any programmable array.  Includes 4K 450ns stat ic  RAM usable
by Osci l loscope or Computer.
Al l  equipment fu l lv  assembled and documented.  Al low up to 90 davs for  del ivery.

Ma i t  checks  o ,  ENVI  ROMENTAL  INTERFACES
moneyo rde r ! t o  32O l  Meadowbrook  B l vd .  c l eve land ,  oh io44118  (216 )  371 -8482

E T N T A F A c E T - - -  $ 2 9 5
|  t r  INTERFACE I  and  T . v .  Camera  595
s [ J INTERFACE l l  { exc l udes  mon i t o r l  245
' E I N T E R F A C E  l l l  a n d  R A M  4 9 5
I E 1 2 "  T . V . / M O N I T O R  C O M B I N A T I O N  1 5 0
T O S E N D  M O R E  I N F O .
I  Enclosed is  my check/money order for :$-

N a m e :

Address:
C  i t y : e -Zip-
Ohio residents p lease add 5.5% sales tax,  thank you.

I  N T E  R  F A C E  I
L V .  C a m e r a  t o  C o m p u i e r

240
z l c

64
5

I N T E R F A C E  I I
Comput€r ro Moniror

120
107

16 to  64



processor ,  lO and CRT cards.  Cross your
f ingers and turn on the power.  l f  a l l  works
correct ly ,  the screen wi l l  d isp lay:  "READ
8080  IN IT IAL IZE  CASSETTE" .  Success -
fu l ly  accompl ish ing th is  means that  the
processor  is  operat ing correct ly ,  the CRT
board works f ine and at  least  par t  of  the lO
board is  funct ioning.

The acid test  is  load ing the operat ing
system v ia the casset te in ter face.  (To fac i l i -
ta te th is  endeavor and add more ease of
operat ion,  a Reset /Run but ton should be
wired to the mother  board as descr ibed in
the DG l i terature. )  Wi th th is  message present
on the screen,  inser t  the 8080 operat ing
system casset te and h i t  the p lay but ton.
Adiust  the output  level  to  be about  1 V
p to p and soon a leader tone should be
heard.  No change should appear on the
screen.  lmmediate ly  fo l lowing the tone wi l l
be the asynchronous data at  1100 bps.
Proper recept ion of  th is  data wi l l  be ev ident
on the v ideo d isplay.  As each byte of  data is
processed and loaded into memory,  i t  is  read
from memory to ver i fy  that  i t  got  there.  l f  i t
loaded correct ly ,  a  number corresponding to
the h igh order  d ig i t  o f  the octa l  page address
of  th is  byte locat ion is  pr in ted on the screen.
With 256 bytes pe(  page,  there wi l l  be
256  number  1s ,  256  number  2s ,  e t c ,  un t i l
the tape is  loaded.  Should the memory
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Photo 7: A view of Steve's assembled Digitol Group System.lWhen a party
f rom the BYTE of f ice stopped by at  Steve's  basement  laboratory in
Connect icut  on the way back f rom At lant ic  Ci ty  last  fa l l ,  we found h is
system up and running as p ic tured here,  wi th h is  o lder  Scelb i  88 computer
act ing as a s lave per ipheral  processor  to contro l  the vector  graphics output
device descr ibed on page 78 of  the November 1976 BYTE. Steve cooked an
exce l l en t  Qu i che  Lo r ra ine  fo r  d inne r  t ha t  n igh t  wh i l e  Dan  Fy l s t ra  and  I
exp lo red  a  game o f  K INGDOM runn lng  i n  T iny  BASIC  .  .  .  CHI

check s igni fy  a bad byte,  a per iod (" . " )  wi l l
be d isplayed instead of  the octa l  number.
I t 's  a good idea to watch the screen whi le
the cassette is being read.

l f  the casset te was read in proper ly ,  the
computer  wi l l  d isp lay the operat ing system
opt ions on the screen as in  photo 6.  l f  not ,
try again. Be careful to watch that there are
no numbers,  s igni fy ing received data bytes,
on the screen pr ior  to  the p layback of  the
actual  data on the taoe.  Should th is  occur
due to a noise g l i tch,  h i t  the reset ,  and i t  wi l l
c lear  th is  oroblem.

The DGS operat ing system requires that
a lphanumer i c  i n fo rma t i on  be  i npu t  on  a
paral le l  8  b i t  input  por t  in  the form of
ASC| l .  A l l  t h i s  means  i s  t ha t  you  need  a
keyboa rd .  The  ASCI I  i s  7  b i t s  o f  t he  i npu t
por t  and the e ighth b i t  corresponds to the
key pressed or  s t robe s ignal .  The operat ing
system scans th is  b i t  looking for  a t ransi t ion
from a zero to a one so therefore it must be
a posi t ive going st robe (TTL Ievel )  wi th a
m in imum du ra t i on  o f  50  ps .  I  have  a  su rp lus
Sanders Associates 720 keyboard which a lo t
of  people have.  This keyboard has a 5 gs
negat ive going st robe though and must  be
modi f ied by adding a oneshot  such as a
74121 to i t .  S ince the whole kevboard runs
on 5 V,  th is  is  an easy convers ion and the
keyboard is  an except ional  buy.  Wi th key-
board and moni tor ,  the system is  tota l ly
operat ional .  l f  you were able to get  the
operat ing system opt ion l is t  which appears
in photo 6, you are ready to go. Hit 3 and
the screen d isplays the contents of  a l l  the
registers and f lags.  Hi t  space and you' l l  s tar t
to  page through memory d isplay ing a l l
memory contents.  Return to the operat ing
system and h i t  opt ion 4 and the keyboard
can be used to enter  octa l  machine language
code anywhere the user  desi res.  The com-
plete explanat ion is  inc luded wi th operat ing
system tape.

Where the Dig i ta l  Group System real ly
shines is  the cheap sof tware and system
simpl ic i ty .  Add the 8 K memory board,  set
the address for 0 to 8 K and reset the
p rocesso r  2K  memory  t o  occupy  8K  to
10 K and we are ready to run Extended Tiny
BASIC .

With i0  K of  memory insta l led,  turn the
system on and star t  the 10 K Tiny BASIC
tape as you would the operat ing system
tape.  Af ter  a few minutes the tape wi l l  have
been read and the system wi l l  d isp lay the
T iny  BASIC  op t i ons :

T I N Y  B A S I C

1 .  READ BASIC  PROGRAM
2.  WRITE  BASIC  PROGRAM
3.  D ISPLAY COMMANDS
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4 .  D ISPLAY ERROR CODES
5 .  C O N T I N U E  P R O G R A M M I N G
6.  T INY  BASIC

With these opt ions,  an Extended Tiny
BASIC, created by Dick Whipple and . lohn
Arnold and descr ibed in the lanuary 1976
issue of Dr Dobb's Journal of Computer
Colisthenics and Orthodontio,is ready to go.
Buy a couple of  s imple programs such as
Blacklack,  Bantum and others f rom the
Dig i ta l  Group Sof tware Systems,  and you
can ut i l ize the computer  immediate ly  to
enter ta in the whole fami ly  or  bone up on
Tiny BASIC and wr i te  your  own programs.

Observat ions and Cr i t ic isms

As stated ear l ier ,  i t  is  my opin ion that  the
Dig i ta l  Group System is  one of  the best
of fer ings on the smal l  systems market  today.
But  as prev iously  ment ioned,  anyone not
having the proper equipment  should not
at tempt to assemble the CRT and audio
casset te in ter face.  Af ter  receiv ing my sys-
tem, I  was up and running wi th the 2 K
processor  card memory wi th two evenings '
work.  Since I  had the equipment  and am
very recept ive to logical  wel l  wr i t ten inst ruc-
t ions,  I  had no t roubles.  My casset te in ter-
face d idn ' t  work at  f i rs t ,  and I  d iscovered
that  i t  was because of  insuf f ic ient  taoe
recorder  bandpass.  I  had hoped to use the
same el cheapo recorder that I used for my
previous 300 bps in ter face,  but  no way.  I
rushed out  and spent  a whopping $39 for  a
new one f rom J C Penney which had been
suggested by another  Dig i ta l  Group System
owner.  The f i rs t  t ime I  h i t  p lay,  i t  worked
perfect ly .  S ince that  t ime,  I  have d iscovered
that the cassette interface is sensitive to both
volume and tone set t ings dur ing p layback.
This is  probably only  a funct ion of  the tape
recorder  I  own and is  not  necessar i ly  ind ica-
t ive of  a general  problem. Using a qual i ty
cassette recorder of the type suggested by
the Dig i ta l  Group should e l iminate any
playback problems.

Recording a program on tape is  s imply a
matter  of  choosing the correct  operat ing
system opt ion but  get t ing accurate mark and
zero f requencies may requi re minor  tweek-
ing.  There appears to be some shi f t  in  the
output  f requencies f rom the t ime of  the
stat ic  ca l ibrat ion and actual  dynamic opera-
t ion.  This is  obviouslv  due to the fact  that
3.5 VDC and 0 V are not  the actual  TTL
levels appl ied to the vol tage contro l led
osci l la tor .  A VCO is  an analog device and
not  a l l  TTL chips are exact ly  a l ike.  Af ter
reading in  the operat ing system tape I
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THE PROM SETTER
WRII'E and READ

EPROM
" l7o2A and 27oB

P l u g s  D i r e c t l y  i n t o  y o u r  A L ' l - A I R / I M S A I  C r r r n p u t e r

I n c l u d e s  M a i n  M o d u l e  B o a r d  a n d  E x t e r n a l  E P R O M
S o c k e t  U n i t

T h e  E P R O M  S o c k e t  U n i t  i s  c o n n e c t e d  t o  t h e  C o m -
p u t e r  t h r o u g h  a  2 5  P i n  C o n n e c t o r

P r o g r a m m i n g  i s  a c c o m p l i s h e d  b y  t h e  C o m p u t e r

J u s t  R e a d  i n  t h e  P r o g r a m  t t r  b e  W r i t t e n  o n  t h e
E P R O M  i n t o  y o u r  P r o c e s s o r  a n d  l e t  t h e  C r r m p u t e r
d o  t h e  r e s t .

U s e  S o r ; k e t  L J n i t  t o  R e a d  E P R O M ' s  C o n t e n t s  i n l o
y o u r  C o m p u t e r

S o f t w a r e  i n c l u d e d

N o  E x t e r n a l  P o w e r  S u p p l i e s ,  Y o u r  C o r n p u t e r  d o e s
i t  a l l

P r o g r a m s  a n d  R e a d s  B o t h  1 7 0 2 , 4  a n d 2 T o B  E P R O M S

D o u b l e s  a s  a n  E i g h t  B i l  P a r a l l e l  I I O

M a n u a l  i n c l u d e d

INTRODUCTRY OFFER*
K i t  C o m p l e t e  -  $ 1 3 5  ( N o r m a l  P r i c e  $ 1 6 5 )

Assembled -  $zes  (Normal  Pr ice  $275)
* S p e c i a l  P r i c e  G o o d  O n l y  L l n t i l  M a r c h  3 1  ,  1 s 7 7

D e l i v e r y  L c s s  l h o n  9 0  d o y s

SZERLIP ENTERPRISES
1 4 1 4  W . 2 5 9 t h  S t .  -  H a r b o r  ( l i l v ,  C a l i f o r n i a  9 0 7 1 0

( l a l r t o r n r i l  r f s i ( l r n l s  r ) l r ' i l s . . i l i ( l  { j  s . r l f s  l . r \
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Continued from page 1 21

recommend that a short program be written
to cycle the cassette output between a one
and zero every few seconds. Connect a
frequency counter to the output and
readjust the mark and space pots to the
correct specifications. I also noticed that
variations in power supply voltages from one
time to the next can adversely shift this
frequency. Having an adequate well designed
power supply wi l l  l imi t  var iabi l i t ies even as
more memory is added. My 10 K system
draws approximately 4.4 A at 5 V and with.18 

K on i t ;  i t  now takes 5.7 A.
The last  comment is  no Dig i ta l  Group

problem, but  rather  mine.  I  assembled the
10 K memory board as inst ructed,  p lugged i t
into the system and ran the DGS memory
test program for a couple of hours. lt all
checked out f ine, but when I tried to read
any program which occupied 10 K of
memory (2 K worked f ine)  i t  bombed out .
Since the memory test program said the
memory was fine, I was led to suspect the
10 K BASIC tape. I shipped that tape off to
a friend to try it on his DG system and
contacted the Digital Group software people
for a new tape. Within five days I had both a
new tape from DG and confirmation from
my friend that I had a problem because the
tape was OK. But the memory test said the
memory was OK! Wel l ,  don' t  bel ieve i t !  In
the process of removing and checking each
2102 on my 8008 system I found an lC with
a p in bent  under i t .  St ra ightening th is  p in
and reinserting the 2102 was all that was
needed,  and the Tiny BASIC read and
executed perfectly. Be careful of memory
test programs.

In conclus ion,  my exper iences wi th the
Digital Group 80804 System have been
gratifying. My system worked with no major
problems, and any intell igent user either
constructing the computer in whole or part
should expect the same. The fact that I now
have an operational microcomouter has
caused a slight problem, though. I never get
to use it! | seem to continually have people
from my office over in the evenings pro-
gramming one th ing or  another .  ln  fact ,  I
had to add another 8 K this week to allow
more Tiny BASIC programming space for
one guy who is writ ing a statistical program
which he hopes wi l l  he lp h im win at  ja i -a la i .
I suggest that if you get one of these small
computers, just walk around with a pleasant
pregnant smile, but for heaven's sake don't
tell anyone that it really works!l

Illatch for Steve's humorous occount of
joi-aloi in April's BYTE.J

MORE POWERTO
YOUR ALTAI

At any line voltage from:

90 to 140 volts.
Insta l ls  eas i ly  ins ide any Al ta i r .  gB0O or
8800a.
Over voltage and over current protected.

Conservat ive ly  des i  g  ned and speci f  ied.
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PARASITIC ENGINEERING
PO BOX 631 4 ALBANY CA 94706

'A l ta i r  i s  a  t rademark  o f  MITS Inc .

only $90.00
postpaid in the U.S.A.

Cali fornia residents add
$5.40 sales tax.

12 AMPS
2 AMPS

R*
8v. (nominal)
t 16v.
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