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General Design

The CPU Card is the central component of the Digital croup Micro-
processor Systems. Each CPU Card contains the CPU IC, in thj-s case
a 6502...or a. 680.O, . .2K:. bytes', .  of .RAM.. a,256 byte Erasable Read
Only lt{emory (EROM), and miscellaneous drivers, decoders, and gates.

This Digital Group CPU card also contains "ANY Interrupt OR" circuit
for advanced applications if desired.

Ful1 Direct Memory Access ( D!tA) is standard on this Digital Group
card. DttlA capability provides a convenient meatrs for attaching a
front panel for direct data l-oading into memory from switches.
High speed data storage devices such as disks can directly load
memory by operating its interface under DMA. Parallel processors
can use the same memory shared under Dl{A.

Buffering is included on this board to permit driving a futl memory
system (65K bytes) and f,/O ports. Miscellaneous logical CPU functions
such as Power On Reset and Single Stepping are provided.

The Digital croup System arctlitecture is based an a CPU independence
design constraint. This means that the same set of hardvrare I/O
and memory related components may be driven by a number of different
CPU and CPU structures. The user may upgrade.or benchmark systems
by merely exchanging CPU cdrds. All CPU dependencies are handled on
the CPU card. A bus structure giving a separate I,/O bus and memory
bus provides support for several current microprocessor architectures,
and future designs.

Since the Digital croup SyEtems are l/O and application intensive
designs, the EROM provides a convenient way to initialize the system
at power on, by using a low cost cassette. Use of an EROM allows
customized initialization by sophisticated users able to program
their own EROMS.

2K bytes of Random Access Memory (RAM) give sufficient storage for
a small operating system alloning the user to Read and Write cassettes,
and Key in data and programming from an.ASCII keyboard and Dump
Storage contents on an attached TV monitor. A snall amount of
storage is avaiLable to the user for snall dedicated programs, or
additional memory is available frorn the Digital croup to support
more extensive applications.
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rr6000 Seriesf i  CPU Descr ipt ion

The Digital Group "6000 Series" CPU card may be logically divided
into six interrelated design groups. They are CPU and irmnediate
"housekeeping" logic, Run control, DMA, Interrupt, Buffering, and
Memory. The CPU and immediate housekeeping consists of the
6502 or 68001 separate clock generator ( for 6800 only),
Read/Write and Memory/l/O cycLe decode, and an I,/o port address
bus driver,/decoder. This CPU card has the I,/o ports assigned to
addresses 376 000 (FE 00) to 376 377 (FE FF),  

'g iv ing 256 potent ial
I /O ports.

The newer 6502's and 6800 require an external  l  MHz 2 phase
osci l lator.  This external  osciLlator is provided by rc 's 52'
35, and 37. In addi t ion, jumpers are required to select 6800
operat ion, or 6502 operat ion.

Tvo sections of 74L04 (IC52) are used. as an erxterJlal:-arygtal
osci l lator when using a 6502 or 6800 with this CPU board. The
other four sect ions provide a f ixed signal  delay. The 75451
(Icas)and a 7400 ( IC37) to provide the two phases of the non-

over lapping ci .ock when using a 6800. The 75451 provides the
very fast  r ise and fal l  t ime required by the 6800.

I f  using the 6502 in this board, ICrs 35, and 37 must be out
of their  sockets.  When using a 6800, the 74121 ( IC25) must
be out.

A Power On Reset function is provided. An external switch is
attached for remote "reset and go" operation. A 4013 provides a ._

delayed ieset pulse when power is turned on. The system may also
be subsequently reset to a known programming condition by pressing
the remote Reset switch.

A 7442 ( Ic28) handles al l  of  the funct ion decoding to enable memory
reading and writing at the proper time' Input port reading, and
output port writing. The input lines to LhLs 7442 are slightly
delayed as well as gated to avoid data glitches.

Run Control logic permits single stepping a 6502 through a
program if a fiont- panel readout is provided for viewing the resulting
instruction sequencing. In addition' wait Stating for slow external
memory and the EROM access delay is provided. The single step data
latch is reset by the gated sync pulse i f  using a 6502. A 6800 in
this board has the single step reset when it is clocked through the
7474 ( rc30) .

Single step in the 6502 stePs on the instruction (which may be 1, 2,
or 3 bytes-Iong). unfortunltely, the 6800rs address and data l ines
go higir impedeice when the neady line is dropped to single step. This
means that the typical simple front panel is of no use when using 6800,
but requires special latching.



2/4 of a 7402 (Ic40) are used as a Run latch. When the step switch
is act ivated, the Run latch is reset, and the L/2 74123 (Ic46) f ires
a 50 ms pul-se to debounce the switch. The resultant pulse is held
in the L/2 7474 (IC30) for a very short t ime unti l  syncronized to
Ql and acknowledged. I}re l/4 ?402 (rC40) OR gate couples the
Continuous Run or the Step pulse. A 7410 (IC39) gate, and a L/2
7474 (Ic38, will then drop the Ready line if either no run command,
continuous or step, exists, a DMA Granted state has occured, or a

command goes high.

If  no "Single Step" operation. is to be used, t ie pin 43 to +5 external ly.

DMA consists of sections of fCrs 361 38r and 40. DMA is organized as
an external request for control of memory and the granting of this
request as soon as the CPU can safely grant the request htithout
current data loss. The rise time of the DltlA Request line sets l,/2
7474 (rcai l  into a request pending state. After I  { I  cycles, the
pending status is accepted and the DMA request is granted. The CPU
operations are suspended, the various drivers (the 8T97 ICts)
go to a high impedence state, and the external circuitry making the
request is allowed fuLl- control over memory.

DMA Request and crant is ended by a Reset function ending, which
alIows normal CPU processing to resume. If DMA is not iequired,
the pulldown resistor (470n) allovrs simply not connecting anything
to the DMA Request line at pin 40.

Interrupt control is handled by IC's 26,27 and 45. Tj lne 7407 's are
open col lector buffers with their col lectors wired in paral lel.
L/2 4OI3 provides a debounced pulse for a keypressed interrupt if
desired.

6502 and 6800's have two dif ferent kinds of interrupt capa- .
bility, NMI and fRO. IRQ is the general- interrupt input to these
CPUrs. The CPU may respond to a negative going signal on the IRo
line if a software " Interrupt Enable" has been previously issued.
The CPU will then proceed under softnare control to determine the
nature of the interrupt. NMI (Non-Maskable Interrupt), on the other
hand, will cause an interrupt , to proceed under software control'
but the CPU will be forced to proceed r,qith interrupt processing.
An NMf rdill occur regardless of whether Interrupts are enabled by
an tfnterrupt Enable" or not.

Tlre 7407 outputs are connbcted to the IRQ liner the NMI is brought
out directly. However, the user may reverse these assignments by
using some included reversal pads.

The Digital Group CPurs are designed to drive a fuII complement of
memory and I/O. In addition, the CPU's are designed to oPerate
under Direct Memory Access as mentioned previousJ.y ' and tri-state
buffers permit isolating the CPU from the attached and auxiliary
memory.
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2 4/6 8I97t s provide buffered address outputs from the CPU, capable
of each driving 30 TTL l-oads. These drivers handle both memory and
I/O port addressing. DMA Grant is connected to these drivers so that
when a DMA is-in process, the external device is given full. control --
of the address lines as the drivers go high inpedence.

1 2/6 8T97 provides a buffered I/o data output to as many as 7
Digital Group I/o boards (28 ports) without further buffering.

Data In to the CPU is placed on the fnternal Bi-directional bus by
2 types of ICrs. A pair of 74L25t s provides a TRf-STATE non-inversion
buffering of memory data to the cPU. A pair of 7403's result in a
pseudo tri-state inverting operation on I/O data being inputted from
the Digital GrouP r,/o board input ports. Notice that the pin connec-
t ions and operation other than polari t ies for 74125's and 7403's are
identical. If you should not use Di.gital Group boards for I,/o, then
use 74126's in place of the 7403's for data non-inversion with a
positive I/O READ Strobe.

Memory on the cPU card is of two types, ERoM and RAM. The ERoM is a
single Ic preprogramned by the Digital Group to simplify system
opeiation. when power is applied to the system' a "power on reset"
function results, which starts up the Processor running at page
377 (FF) . Ie2! decodes the highest 256 bytes of memory, resulting
in a a6E-EE'ipEi-E[6 condition. The ERoM proceeds through its
prograrrning to clear the screen, display a message, initialize some
RAM addresses, and control initial cassette reading.

2K of RAM allows an extensive operating system to be entered from
cassette. 16 2LO2' s are arranged as 2 banks of I  trC's. Which of
the  2  banks  is  se lec ted  ( i f  e i ther )  i s  a  func t ion  o f  IC 's  22 ,23 ,
and 24, as weLl as three jumper sett ings. Ihe 7442 wil l  assign the
2 banks of 2LO2's as the bottom 2K of I - 8K memory allocations.

The 3 jumpers permit assigning the cPU's 2K RAIq to addresses other
than the Lotton 2K (addreises 000 000 - 007 377). when a user wishes
to add one or more Digital Group 8K boards to his system, he may move
the cPU's 2K to fall above the l-astmost address of his highest supple-
mental 8K board. Example: A user has tI o Digital GrouP 8K memory
boards on his system. By assigning the CPUrs 2K to the address range
of t6K - I8K, one memory board to 0K - 8K, and the other to 8K - 16K'
an I8K system results.

Alternativelyr' the bottom 2K of menory on the 0K - 8K board could
be omitted and the cPu jumpers arrangad for 0K - 2K assignment.
However, this example would be a 16K system.

The ERoM is a relatively slow device, so the 6502 must be forced to
wait for its data access. A 7 4L2]- provides a 1300 nanosecond delaying
pulse to the CPU when either the CPU EROM is accessed or an external
ilow memory access is reguired. Since the Digital GrouP RAll's are
500 nanosecond access time or faster static RAM'S, the CPU normally
runs at futL speed. The 6800 does not require any wait state, so the
7 4l2I is omitted.



1.

Construct ion

Tools: Very fine tipped, low-wattage soldering iron, "wire solder,'
(around 20 guage resin solder), small  diagonal cutters.

Test Equipment: Ohmeter
Voltmeter (Digital preferred)
2outfl,z or better triggered swqep oscilloscope
Front panel in case of trouble

Estimated Construction Time: 5 - 15 hours

Warning: The CPU card represents the heart of a computer !
Expensive components are used. and troubleshooting can be
a very chalJ_enging operation. A rushed, sloppy job will
most likely repay the constructor with long and continuing
hours of frustration with very misleading symptoms.

The major i ty of  prototype and f ie ld test  CPU boards
worked the first t ime they were plugged in. Almost
every  in i t ia l  fa i lu re  has been t raced to  care lessness.

Inser t  the 40-p in  and 24-p in  sockets  and so lder .  r f  the sockets
have a keyway indication, orient this away from the connector
(see component layout)  .  Ncte the top side of  the board is
indicated by the Digi tal  f f iup label .

rnsert  and solder the L4 and 16 pin sockets.  Be careful  not to
confuse a  15-p in  socket  pos i t ion  for  a  14-p in .  A spec ia l  p la t ing
process was speci f ied by the Digi tal  Group to minimize solder
joint  t roubles and discourage solder br idges. We would suggest
I " warmup arearf by starting with rC I s above the crystal wtri i tr
have more open l ines.

rnsert  and solder the 47 ohm L/2 wat, t  resistor and the 9V zener
d iode beneath  the 24-p in  socket .  Note  or ienta t ion o f  the zener 's
bar end towards the right. Space the zener t s leads away from
the top side of the board to prevent shorting the leads under
the zener,  and al low better heat disapat ion.

Inser t  and so lder  the 50 p fd ,  100 p fd ,  and 220 p fd  (6800)  or
100 p fd  (6502)  capac i tors .  Be carefu l  o f  leads runn ing
under the capaci tor I  s bodies.

fnsert  and solder the 22 mfd capaci tors.  Note that the + polar i ty
indication is towards the right. Avoid shorting any underlying
l i nes .

2 .

3.

4 .

5 .

fnse r t  t he  4 .7R  res i s to r .
Insert  the three 220 ohm resistors.
Inser t  the four  470 ohm res is tors .
fnser t  the two 2 .2  Meg res is tors .
fnsert  the 22K resistor.
I nse r t  t he  fou r  2 .2K  res i s to rs .

Inser t  the 2  100K res is tors .
Insert  2 47 ohm L/2 watt  r  I  s.
fnser t  2  22 ohm res is tors .
Insert  the 15K ohm resistor,
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8 .

6 .  ( con t f ' J )

Insert  three si l icon diodes. Note the bar is towards the r ight.
Space leads up to avoid short ing leads underneath.

fnvert board and solder above parts.
Be carefu l  not  to  miss  any leads.

7 . Insert and solder the . Ol mfd capacitor above the diode in the
lower r ight corner of  the board. fnsert  and solder the three
.0 I  m fd  capac i t o r s  t o  t he  r i gh t  o f  t he  4013  ( I e45 ) .
An add i t iona l  prob lem is  exper ienced on 6800 's  which seem
to 

' requ i re  
bypass ing o f  the Reset  l ine  (p in  40 o f  fC34 .  )

Th is  is  most  eas i ly  accompl ished by connect ing a  .01 d isc
capaci tor between the ground bus and the Reset l ine's
feedthrough between IC I s 36 and 44 . The ground l ine can be
f ound by looking f or 0 ohms between the bus l ir ie and Connect-
or pin 2.  The Reset l ine may be traced and measured from pin
2  o f  I c  45  (4013 )  .

A large number of holes for noise suppressing bypasses have been
provid€d, not all of which are necessary. Large memory systems
(over 16K) are more noise sensi t ive than smal l  systems, and
requ i re  more bypass ing.  Inser t  and so lder  .01ts  as  shown.
Be careful not to mistake a plated-through- feed-through hole
(smal ler)  for a bypass hole.  One side of  every bypass is
connected to the ground bus (pin 2) i f  in doubt.  Insert  and
solder the four tantalum bypass capaci tors.  Note that the
posi t ive (+) end of the dipped tantalum capaci tors is indicated
by ei ther a vert ical  marking (paint  str ipe) along one side t  ot
a plus sign

Trim the crystal socket' s pins as shown to f it into the crystal
ho les .

P in  v iew: Resu1 t :

Press.the rear tab into the board hole provided for i t .  Solder
the pins and the rear tab.

The socket provides a space-saving flat mount as well as avoids
solder ing to the heat-sensi t ive crystal .

10. Insert  and solder the two 8-pin f lat  resistor packs. Note that
the end with the dot (common pin end) is oriented away from the
connector.

9 .

11. Plug in the three 16-pin resistor packs. Note that the
of the dot or keyway is away from the connector. This
common lead of the R-pacFon the #16 pin lead to +5.

or ientat ion
places the

cut



L2. Form three jumpers from resistor ta i ls or s imi lar wire.
fnsert to jumper as the lower 2K of the lowest 8K. This
permits init ial testing without a supplemental memory.
The jumpers'  or ientat ion should be:

5  jumpers  for  6800
jumpers) as shown

Eo
I
I
Io

3*"
o*.o
o
OqrO

o

Connect the other
6502 operat ion (0

o-^ n/O
O.r'- 

t*t'.t)

oo
O"Ot'\

operation
below.

or

d'pb

r ' - -  =  6502 
JUMPERS- = 68oo

13. OK, now for a little ohmeter testing. Check for a short
between pins Ie2; 2&50; and 16,50. 1e2 should measure a high or
6resistance. 2&50 wil l  show some resistance due to the iener,

and ohmeter polarity, but not a short.

L4. $ivo techniques are possible at this point. One nay (referred
to in fine literature as the " smoke test") is to plug in all
ICrs and insert card. Another way is to insert only one or
two ICrs - function by function - and test as you go. The
Digital Group has found a compromise seems to work best, namely,
to plug in al l  but most cr i t ical and/or expensive ICrs, then
test. Then if ok so far, plug them in and go ahead.

15 .  Inser t  a l l  ICrs  except  65O2 or  6800 '  1702A,  and 2102 's .
Note that aLL lCrs except 2I02's bave thr: ir  keyway or dot
indicating the pin L end oriented away from the connector.
Do not insert ICrs 37 and 35 i f  usingr a 6502 CPU! Do not
insEE tJhe 74r2L (rc25) i f  using a 6600.

16. '  Measure the resisl.ance at the pins mentioned in step 7 again.
In particular, note the lower resistance value between pins
1&2. Reverse the ohmeter and remeasure. A shorted reading
indicates a bad IC, 'and near eqlual readings indicate a reversed
IC. Insert the crystal into the holder by gently snapping in
the body of the crystal, then pushing forwaitl to contact the pins.

UhedbffielJ Er@up
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L7. Before inserting the cPU card into its connector r measure the
voltages at the connector. A single ltrong voltage may cost
you a CPU board worth of IC's.

lileasure against ground:

P in I -+5Vt5 t
p in2-gv
Pin  50-  -12v ! I0 t

(Pin I end is marked on the card. It is the connector Pin
nearest the memory end of the board.)

18. Make a final inspection of the board. Check for shorts betnteen
components on the top and lines running underneath, and solder
bridges. IC's and R-packs should be inserted with Pin 1 indi-
cator, a dot or a notch, facing away from the connector. Some
manufacturers have a notch at both enils and a dot at one end -
the dot takes precedence. A number I overrides any other mark
as the pin 1 indication. Sight down the rows of pins for missing
solder points. Missed solder points typically seem to occur at
the end pins of IC sockets, and one side of resistors or
capacitors .

19 . fnsert  the CPU board into i ts eonnector.  Be sure that the pin
I indication on the board is next to the pin I indication on
the motherboard.

20. Apply pol er to the system. Again measure voltages at the CPU
card as noted in step 17.

21. If using a 6800, connect a cal:i.brated tniggefed dual
sweep oscilloscope to pins 3 & 37 of the ePU socket. Set the
triggering to occur on the + rise time, and the svteep setting
to 100 ns/div. Look for a cycle time of I microsecond as shown
below. If your oscilloscope does not sweep as fast as I00 ns,/div,
then a slower svteep can be used, but be absolutely sure that the
cycle time is exactly I microsecond.

Phase 1
( r c34  p i n  3 )

Phase 2
( I c34  p in  37)

l u s

A frequency counter may also be attached to pin 6 of IC52.
The desired frequency is 1.0 MHz. Any appreciable error
indicates a defect ive crystal  or a bad Ic52.



2 ' 2 .  A p p l y  P o w e r  b r i e f  I y  t o  a v o i d  e x c e s s i v e  d i s s i p a t i o n  o f  t h e
z  ener
Measure  the  vo l tage  a t  the  fo l l ow ing  p ins .  Cor rec t  any
d isc repancy .

6502 /6800  ( IC :+ )  :

17  02A  (  r c2O )  :

p i n
p in

gv
+5V

I
I

p ins  24  &  16  -10V
p ins  12  ,  13 ,  15 ,  22 ,  &23 -  +5V

Any 2102 RAM: pin 9 -  gV
p in  10  -  +5V

23. Renove the CPU card. Plug in the TV readout boarcl .  Connect
a monitor,  and place a temporary jumper to ground on pin I
of the TV Readout board. A random assortment of characters
should be displayed on the monitor when power is turned on.
I(emove power: from the TV Readout and then remove the temporary
I umper .

24. Insert  the I /0 br:ard.  Be sure that the I /O board address
jumpers  a re  connec ted  so  tha t  t he  Por t s  9 ,  I , 2 ,  and  3  a re
be ing  accessed .

25 .  Ca- re fu l1y  i r r se r t  Lhe  6502  o r  5800 ,  I 702A,  and  the  2 IO2 ts .
Not-e that pin 1 is indicated by ei ther a dot or a "1" on these
ICrs,  and shorr ld be or iented away from the connector.  The
2\02's are mountcd. hor izontal ly,  so the dots (sometimes notches)
are oriented towards the left edge of the board (away from the
connector)  .  Recheck the board for or ientat ion, lead shorts,
so lde r  sho r t s ,  a r rd  m iss ing  so lde r  j o in t s .

26. Think courageous thoughLs. Plug in the CPU board. Bravely
turn on power.  I f  th ings are working, a message wi l l  appear
on  the  sc reen .

27. The message should begin at  the top lef tmost edge of the
screen and say, "Read 6502 INITIALIZE cassette" or "Read 6800
INII ] IALIZE Cassette" as appropr iate.  This message checks out
the major port ion of  the Digi tal  croup Microprocessor Systems.
Pressing the "Reset, /Start"  switch should cause the screen to
f lash and red.raw the message.

28 .  I nse r t  t he  6502  IN IT IAL IZE  casse t te  (o r  6800  IN IT IAL IZE)  i n to
the cassette recorder.  Start  the f i rst  recorded data burst .
When the tone begins, press the "neset/Start" sr,vitch momen-
tar i ly.  when the data begins, the screen should progressively
d i sp lay  256  "g r t " ,  256  "L ' s " ,  . , .  up  t h rough  256  "71s "  as  da ta
is read. The displayed numbers indicate the page of the current
data byte being read. After the fNITIAtIzE cassette has been
read, the screen shouLd display the select ions of  the Operat ions
Moni tor .

ASCI I  keyboard a t tached to  Input  Por t  g .
display the contents of  the internal

Press "  Space " ancL you should page through

P r e s s  r r 3 t r  o n  y o u r
The  sc reen  shou ld
a c c \ l m u l a t o r s ,  e t c .

itre Emoup

29 .

memory,
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30. Try the other Operations Monitor routines described in the
included software description.

32. This completes the major testing of the Digital Group
6502 or 6800 CPU card. Further test ing involves connecting
supplemental Digital Group 8K memory boards and verifying
proper operation. and running extensive test loops to find
any heat sensitive components. Use of surplus parts has a
tendency towards temperature failure should you have used
surplus 2J-02ts in an unpopulated memory board. Noise
sensitivities may show up rdith various card arrangements,
and the "Troubles" section nay aid you in your troubleshootinq.

SPECIAI, NOTES:

EROM t s

The  1702 ts  used  on  the  D ig i t a l  Group  6502  and  6800  CPU boards
are se lec ted for  fas t  access t imes.  In  add i t io r l r  the -vo l tage
appl ied to the EROM has been raised to -10 vol ts instead of the
typ ica l  -9  vo l ts .  -10 vo l ts  on the EROM prevents  a  pat tern
sensi t iv i ty program runaway condit ion under severe heat and
Iarge memory system condit ion. After lowering the vol tage to
- 10 r  rro f  a i lures were noted in the more sensi t ive EROM I s ,
even when the EROM was heated "too hot to touch. " The exact
vo l tage a t  p in  24 o f  lC20 should  be measured a f ter  the system
has been successfu l ly  comple ted and tes ted.  The vo l tage
shou ld  be  -10  vo l t s  + .5  vo l t s ,  p re fe r rab l y  ve ry  c lose  to  -10
vo l ts .  The measured vo l tage should  not  change more than .25 vo l ts
from the "Read 6XXX INfTIALIZED Cassette" message to the Operat ing
System Message d isp lay .  Greater  than .25 vo l ts  means that  R l
(27 ohm,  , iwat t )  shou ld  be s l ight ly  reduced in  va lue.

Power On Reset

Some early users noted that some systems did not result in the
"Read 6XXX.. ."  message upon simply powering up, but required the
"Reset" button to be also pushed. This problem is caused by the
chance state of  the Type D f l ip f lop Ic38, pin 6.  Pin 6 should
be high to allow normal cPU Ready operations. Pressing the reset
key forces a "Preset" to a high condit ion on IC38, pin 6.  through
D2. A future engineering change will cure the problem by replacing
IC38 with a 74L74, and connect ing the anode end of D2 to IC45, pin 2
instead of the present connection to connector pin 47. A temporary
f j .x is to s$rap IC38 (7474) with another 7474 ( I ike IC30) unt i l  one
is found which always powers on with IC38 pin 6 high. Another fix is
to place one of the 1 mfd tantalum bypasses from IC38 pin I  (+ end)
to ground. This wi l l  produce a separate "Power-On Preset" pu1se.



Using the CPq Board in a system

l.  The Digi taL Group "6000 ser ies" CPU board's 2K of RAM memory
is in i t ia l ly set to the lo$rest 2K of the potent ial  64K in a
system for testing. However, the three j umpers between IC22
and IC23 may be rearranged so that the 2K may be assigned
to seven higher addresses in memory. This al lows Digi taL
Group 8K merxiiry boards to be used with the system and the
2K of RAM on the CPU board to be assigned immediately above
the lastmost address of  the external  RAM.

T h e  j u m p c r s  ; l r e :
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0-2K  8 -10K  15 -18K 24 -26K 32 -34K 40 -42K 48 -50K 56 -58K

Example: You have an 8K board to use with your system.
Connect the 8K memory to assign i ts 64 -  2LO2' s to 0 -  8K.
Select the above se:cond jumper combination to assign the
CPUrs  2102 ' s  to  8  *  10K .  Your  sys tem now has  10K  fo r  i t s
80 2102rs,  However,  be aware that the supplemental  8K board
must now be plugged in so that the system ini t ia l izat ion at
the lowest 2K may occur!

2.  Noise problems can occur,  part icular ly in large systems.
several  f ixes have been found successful .

a.  "Pin bars" on the ground and *5 l ines on the mother
board to lower the noise impedence.

b. Tantalum bypasses at pohrer supply regulators.

c.  Put 3K pul lup resistors on the 8K memory boards'  address l ines.

d.  Even ICrs on the I , /O board can cause troubles. 74LS0l- 's
instead of 7401rs were found to cause strangte noise
problems which disappeared when the or iginal  740I 's
were used.

e. Impedence matching the bus l ines (See Computer Design
Dec ,  r75  p .  97  fo r  des ign  concep ts . )

the(djtre Er@nX[,9)
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3.  A smal l ,  qu ie t  b lower  is  adv isab le  in  la rger ,  enc losed
systems. We would suggest mount ing the blower near the
CPU card and memories, on the CPU side of  the cabinet.
Have an exhaust vent on the opposite side for a steady
cross cur rent  o f  vent i la t ion.

Troubles

1. Troubleshooting a Microprocessor system can be an extremely
challenging situation even for experienced electronics
servicemen. several generaL principles should be followed
where possible. we $rant you to enjoy your system quickly'
not religate it to a closet pending a potential stroke of
genius .

a. Bring up a card at a time, preferably by inserting in
place of a card in another complete working system.

b. use the best tools and test equipment.

c..  I f  unfamil iar with logic circuit  analysis, get a knowled-

. 
gable friend to help you.

il. Attack the obvious problems first. Often very misleading
"major" troubles are caused by a "tr ivial,  easy to get
later" troubLe.

e. Keep exact record.s of the troubles, symptoms r and cures.
Send us a copy so that !'re can help others .

f. If you and others are hopelessly baffled by your CPU card'
try "Easter Egging" - replace the Icrs which might even
remotely affect the problem.

S. I f  at l  eLse fai ls, take advantage of our repair pol icy.

2. Perhaps 908 of the troubles are fixed by one or more of the
following problems (listed in order of probability of
occurance) :

a. Ic or R-Pacr inverted in socket.

b, Missing solder joint - general ly on the end pins of an
IC socket or one side of a resistor or capacitor.

c. IC pin folded under an Ic rather than inserted into socket.

at.  SoLder bridge, "sp1ash", or a PC board dri l l ing burr.

e. wrong Ic or Resistor in a given location - Confusing a
plated-through hole (smal-ler) for a component pad.



f .  You reass igned the bot tom 2R of  RAM to  a  supp lementa]  BK
board ,  bu t  don ' t  have  i t  p lugged  in .

9 .  The jumpers  are  misp laeed or  miss ing (g  jumpers  to ta l  fo r
6800 ;  9  f o r  6502 )  .

h -  Two  c lock  rCrs  om i t ted  fo r  6502  a re  i nse r ted i  o r  m iss ing  i f
us i ng  58  00  .

i .  Ext raneous characters :  wrong ]c44 and/or  rc52.
3 .  9z  o f  the probrems are  eaused b t  the fo l lowing:

€ r .  De fec t i ve  c rys ta l  osc i t l a lo r .  The  D ig i t a l  Group  spen t
two weeks on one board to discover the value of  step 2L
o f  t he  cons t ruc t i on  gu ide .

b .  Misc .  defect ive  or  mismarked components .  In  case o f
to ta l ly  i l log ica l  t roub les ,  don ' t  assume component  marked

.  va lues t ru th fu l ly  represent  what  l ies  ins ide.

c .  Defect ive  sockets  mak ing in termi t tant  connect ion.  Tap
and f lex  the board whi le  runn ing.  Measure IC '  s  on ly  f rom
the top s ide o f  the board.  Memory IC I  s  are  very  mis lead i  nq
s ince an unconnected address p in  wi l l  resu l t  in  mul t ip le
address ing  o f  t he  same loca t i on .

d .  A  ve ry  s low  access  L702A.

€ .  No ise .  Ex t reme ly  d i f f i cu l t  t o  t race ,  bu t  genera l l y  on l y
shows up on large memory systems.

4 . The remaining 1? are the
imaginat ion,  insp i ra t ion,
want  to  compi le  a  l i s t  o f
bu i lders ,  and would  l i ke
causes  and  cu res .

t ru l y  d i f f i cu l t  ones ,  and  requ i re
and luck. Maybe prayer too. We
troubles found as a guide to future

to hear about your strange troubles

5 . The troubled CPU card may be careful ly analysed for apparent
problelTls r  but eventual ly must be caref ul ly diagnosed to get
the d i f f i cu l t  ones.  The s ing le  s tep operat ion genera l ly
f inds the problem quickly.

Use the fol lowing procedure when attempting the single step
analys is  for  6502.

a. Disconnect the "Run" jumper between +5 and cpu pin 43
( i f  connected)  .

6 .

b . rnstal l  a "Run" and "stop/step" normal ly open push switch.
use a good gual i ty,  low bounce switch for n 'stop,/step".
connect to cPU pins 43 & 44 as shown in the schematic.

Measure the purse a t  rc46 (74L231 p in  5 .  r t  shou ld  be
=50 ms long single pulse for each "Stopr/Step" depression.

UhedbffieilEr@nnp
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d, Next, l -ook at IC38 (I/2 7474, pin 8. Again a single pulse
high for each depression should be seen. The pulse will
be very short.

e. Build the emergency front panel (or borrow from a friend).

f .  Insert the card and turn on'the system. Press "Stop,/Step"
and then the "Reset/Startrr switch.

S. Step through the appropriate chart provided. Carefully
note the sl ightest discrepancy.

7. Once the single step operatj.on operates successfully, try the
" Run'! to see if the message will appear now.

8. once the start-up routine works, retry Loading the cassette.

Specif ic Troubles

1. Shorted address l ines on CPU card.

Shows up on single step as non-adilressable mernory positions.

2.  Strange memory jurnps.

a.  Resulted from a defect ive 74125 which l tas not passing
back the right memory data.

b.  Another resul ted from a defect ive 74121 single shot not
delaying the cPU when addressing RO!t.

c.  Very slow 1702A. AI l  1702Ars Preprograrnmed by the
Digi tal  Group are pretested.

d. Defect ive 2102 in memory, returning a bad address
(particularly the leftmost cohmn when singlestepping. )

3 .  No  s ing le  s !ep .

a. Reversed diode leading from the step switch.

b. Missed j umper in the upper left corner.

4.  Single steps ok, but no tv operat ion.

a. I/O board not properly decoding to port g.

b.  Defect ive 74100 on I /O board.
c.  Defect i .ve l ine on motherboard.

5 .  Casse t te  wonr t  read .

d .  De fec t i ve  7  403 .

b .  Malad jus ted Casset te  In ter face on TV board.



6. Cassette l -oads data but wonrt  end in operat ions Monitor Display.

a.  Bad 2102 in Memory (general ly in the IcIo -  Ic17 column).

b.  Defect ive cassette -  noisy,  dropouts,  poor recorder used.

c.  Worn or misal . igned heads on cassette recorder.

d. Recorder volume too Iow,

e. Recorder used to read the cassette is running at the vtrong
sPeed.

f .  Shorted memory address l ines-

7. CPU card won' t  work with 8K board in,

a.  Shorted address l - ines on gK board.

b.  -  -  won' t  srork at  certain ad.dresses -  shorted data to address
1 ines .

ruhedbtreflEmonnp
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6502 /6800  CPU Pa r t s  L i s t

ry

Diodes

10  vo l t  I  W Zener  5A  IN4740A
1N4 14 I

Resistor Packs

8 -p in  2 .2K  s i p

Capacitors

50 p fd  mica
100  p fd  m ica  ( f  f o r  6800)
220  p fd  m ica  (6800  on l y
.01  mfd  d i scs  QO fo r  65021
I mfd tantalums
22 mfd tantalum 1" centers

Qry Re s i  stors

22 ohm L/4 w
27 ohm L/2 W
47 ohm L/2  w
220 ohm L/ 4 w
4 7 0  

r l

2 . 2 K  r r

4 . 7 K  
' l

1 5 K  
r l

22K 
rt

1 0 0 K  
r l

2  .2Meg 
r l

Sockets

8-p in
14 -p in
16-p in
24-p in
4 0 -pin

Misce l laneous

I
1
1
I
1

1 .0  MHz  c rys ta l
Crystal  socket
PC Board
50-pin dual connector
System Distr ibut ion Cassette

(65A2  o r  6800 )

Documentation
@ Systems"
"Digi tal  GrouP 6502/

6800  CPU Card "
"6502 "  o r ' 6800 "  OPera t i ng

System"

UMOS Technology Programming
Manual "  (6502 sYstems onlY)

I C r  s

I
2L
29

I
I

I
1

16
1
6
1
I
I
2
I
2
2
1
I
2
2
2

,1
1
I
2
I
1

6502  o r  5800
L702At programmed as
2L02 -L
7400  (6800  on lY )
8T97
7 4L00 (6502 on ly  )
74LS00  (6800  on IY )
7 402
7 403
7  444
7 4L04
7 407
7 4L0
7 420
7 430
7 442
7474
7  493
74L2L  (6502  on l y )
7 4L23
7 4L25
4013
7545L  (6800  on l y )

2
6502 or  68A 1

2
3
4
4
I
1
I
2
2

1
t

I
2
I

2L
5
2

'4,*"



Sing le  S tep  Tes t ing  o f  a  6502  CPU Card

Power on while holding down the
Press Start /Reset switch.
Stepp ing should  d isp lay :

(Number of  steps unt i l  in i t ia l
6502 Address 65A2

Haltr/Single SteP ke'.

(  (xxx)  = Data var ies)
val id data may vary s l ight ly . )
Data 6502 Comments

1 .
2 .
3 .

xxx
xxx
37700 r
377002
377004
377005
000000
37  7  010
37  7  013
001377
37  7  253
001375
37  7  324
37  7  326
377331
377333
377270
377272
377274
377276
001375
001373
37  7  322
37  7  324
377  326
377331
377333
00002s
377315
0 0137  3
37 7 322
37 7  324

xxx
xxx
370
242
232
245
xxx
]-23
30s
xxx
040
xxx
375
000
376
322
205
251
205
040
377
xxx
2L5
376
000
376
322
000
37L
377
2L5
375

-Screen b lanks i f
not alread.y b1ank.

-Screen reappears
with f in lower
r ight corner.

-Cri t ica1 RAM
address  (  rCO0-07  )

-Screen b lanks

-Screen reappears '
upper 1e ftmost
character  is  b lank.

-Program is looping,
c lear inq the screen.l

4. press Run. Message should appear on-the screen. Numbers runningindicates a u-ut" cassette .output iir, . l,.a port I or I/O line intocPu 7403rs). press Halt, /sini ie di"n: 
- iach 

subsequent depression shouldstep around the loop. The i;itiar-iiar."" may be anywhere in the roop.
65o22 flllitl ;;f

I  37+10 242

Uhedbffieflgronnp
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DIGITAL  GROUP SYSTEMS 6 '02 /6800  CPU CARD -  COMPONENT LAYOUT
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C31 nct u-sed

C7 =  100  PFD
R6 = 22C

N O T E :  J U M P E R  C O D E S

ARROT. ' I  .JUMPER
D O T T E D  J U M P E R
S O L I D  J U M P E R

6 8 0 0
. 0 1

220 pfd
lX

R A M  A S S I G N M E N T  ( B O T T O M
6502  Snowru )

6 8 0 0

r c07
2 r 0 2

I  c r7
2 1 0 2

r c 0 6
2 1 0 2

r c 1 6
2102

I C 0 5
2 L 0 2

I C 1 5
2 t 0 2

47n>2W
R 2

47 attw
R ]

- c
" " .  0 1

c 9

+
5

1

22n
22Q

'C

) U P F D

I C 0 t +
2 L 0 2

I C l 4
2 r 0 2

I L U )

2 r 0 2
I C l J
2 t 0 2

I  c 0 2
2  r 0 2

I C 1 2
2  r 0 2

I C O I
2 L 0 2

I C l l
2 r 0 2

I C 0 0
2 t 0 2

I C 1 0
2 1 0 2

2K
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R '
+ 7
t t2v t

.JUMPER,

rc44 74L00-6502
74L300-6800

+ 5 V

cl+

.  + 5 V

Rl+

l/,,
N = l /6  7 {0 t

R9 220

RESET

+

R l l
2

r t
2 . 2 4

6502 6800
C31 rct used .01 nfd
R8 = l .5K
C7 - loopfd 22O pfd
R6 - 220 lK

l|OfE: atlrllPER CODES

ARnOn jIUIIPER = RAl.l ASSIGT|}IEIIT (BOrIr]l{ 2K SHOtflt)
mfltD 'tIilPER - 6502
SOI,D WUPSR = 68O0

1 1 F
+ .  o l ,1

REqUEST
R 2 l
l+7 0

R l 9
2 . 2 n

2
07

S Y N C  R E S E T

R - P A C K  ]

R - P A C K  ]

ALTERNATE
I  N T E R R U P T
.JUI'IPERS

I 1 - P A C K  2  E  ]

rlz 40L3

I Cr+5

c2o-T- .0 r  cz r  T "0 l

EXTERML R-PACK

0 r  0 2  L S B

EADY D
A

Y N c / B A  r

I C  r  S  0 2 - 0 6
A N D  I  2 -  1 6
N O T  S H O W N .

R - P A C K  1  6  2

R - P A C K  I  E  2

I T  R E Q U E S T

R2t C22
D '  I 4 . 7 K . 2 2 H F D

L 7  O 2 A

R, l1?,- 5;$.*-r,, I
zer . r rn=5 f  t  +5

l w  C 5  C 2

7 I + r 2 l
6502 otlY

I  c 2 5

R - P A C K  2

M L

s s
B 8M E M O R Y  A D D R E S S  L I N E S P O R T  A D D R E S S  L I N E S

R t 7

2  . 2 K

W A I T
R E Q U E S T

D^TA FRoM 
"u"o . ,  t  \  DArA ro  MEMoRy

I

\ 
MEMoRy r^,R I rE

MEr4oRt- R EAD

R r 8
2 . 2 K  + 5

t / o
I N P U T  S T R O B E

t / o
O U T P U T  S T R O B E

D A T A  F R O M  I / O DATA TO I  , /  O

+ 5


