


A 6502 Op Code Table Lemuel A Fugitt 
11316 Linares St 
San Diego CA 92129 

Table 1: An explanation 
of the abbreviations used 
in the 6502 reference 
chart. 

LEAST 
SIGNIFICANT 
4 BITS 

abs: absolute. 
abx: indexed absolute using x register. 
acc: accumulator. 
aby: indexed absolute using y register. 
i,x: indexed indirect using x register. 
i,y: indexed indirect using y register. 
imm: immediate. 
imp: implied. 
ind: absolute indirect. 
ret: relative. 
zer: zero page. 
zpx: indexed zero page using x register, 
zpy: indexed zero page using y register. 
•: not implemented. 

MOST SIGNIFICANT 4 BITS 

Here's a nice compact reference chart to 
help you debug those hexadecimal dumps 
from your 6502 microprocessor. To use the 
table, find the most significant digit along 
the top of the chart and follow the column 
down until you reach the value of the least 
significant bit of the hexadecimal code on 
the horizontal row. You now have not only 
the mnemonic but also the addressing mode 
being used. Table 1 is an explanation of the 
abbreviations used in the chart. • 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

0 
BRK 
imp 

BPL 
rel 

JSR 
abs 

BMI 
rel 

RTI 
imp 

BVC 
rel 

RTS 
imp 

BVS 
rel 

# BCC 
rel 

LDY 
imm 

BCS 
rel • 

CPY 
imm 

BNE 
rel 

CPX 
imm 

BEQ 
rel 

1 
ORA 
i.x 

ORA 
i.V 

AND 
i.x 

AND 
i.V 

EOR 
i.x 

EOR 
i.V 

ADC 
I .X  

ADC 
'.V 

STA 
i.x 

STA 
i.V 

LDA 
i.x 

LDA 
i.V 

CMP 
i.x 

CMP 
i.V 

SBC 
i.x 

SBC 
i.V 

2 
• • • • • • • • • • LDX 

imm 
• • • • • 

3 
• • • • • • • • • • • • • • • • 

4 -
• BIT 

zer 
• • STY 

zer 
STY 
zpx 

LDY 
zer 

LDY 
zpx 

CPY 
zer 

• CPX 
zer 

• 

5 
ORA 
zer 

ORA 
zpx 

AND 
zer 

AND 
zpx 

EOR 
zer 

EOR 
zpx 

ADC 
zer 

ADC 
zpx 

STA 
zer 

STA 
zpx 

LDA 
zer 

LDA 
zpx 

CMP 
zer 

CMP 
zpx 

SBC 
zer 

SBC 
zpx 

6 
ASL 
zer 

ASL 
zpx 

ROL 
zer 

ROL 
zpx 

LSR 
zer 

LSR 
zpx 

• • STX 
zer 

STX 
zpy 

LDX 
zer 

LDX 
zpy 

DEC 
zer 

DEC 
zpx 

INC 
zer 

INC 
zpx 

7 
• « • • * • • • • • • • • • • 

8 
PHP 
imp 

CLC 
imp 

PLP 
imp 

SEC 
imp 

PHA 
imp 

CLI 
imp 

PLA 
imp 

SEI 
imp 

DEY 
imp 

TYA 
imp 

TAY 
imp 

CLV 
imp 

INY 
imp 

CLD 
imp 

INX 
imp 

SED 
imp 

9 
ORA 
imm 

ORA 
aby 

AND 
imm 

AND 
aby 

EOR 
imm 

EOR 
aby 

ADC 
imm 

ADC 
aby 

* STA 
aby 

LDA 
imm 

LDA 
aby 

CMP . 
imm 

CMP 
aby 

SBC 
imm 

SBC 
aby 

A 
ASL 
acc 

• ROL 
acc 

LSR 
acc 

* • • TXA 
imp 

TXS 
imp 

TAX 
imp 

TSX 
imp 

DEX 
imp 

• NOP 
imp 

• 

B 
• • • 

' 

m • • * * • • • • 

C 
* • BIT 

abs 
JMP 
abs 

* JMP 
ind 

* STY 
abs 

* LDY 
abs 

LDY 
abx 

CPY 
abs 

• CPX 
abs 

• 

D 
ORA 
abs 

ORA 
abx 

AND 
abs 

AND 
abx 

EOR 
abs 

EOR 
abx 

ADC 
abs 

ADC 
abx 

STA 
abs 

STA 
abx 

LDA 
abs 

LDA 
abx 

CMP 
abs 

CMP 
abx' 

SBC 
abs 

SBC 
abx 

E 
ASL 
abs 

ASL 
abx 

ROL 
abs 

ROL 
abx 

LSR 
abs 

LSR 
abx 

* • STX 
abs 

LDX 
abs 

LDX 
aby 

DEC 
abs 

DEC 
abx 

INC 
abs 

INC 
3bx 

F 
• • # 

* * • * • • « * • • • • • 

36 
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* 32 CKar/Line 
* Parallel Input 
* IK on board memory 
* Output for computer controlled curser 
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i 

***TVT*** 

This TV typewriter is an 
ideal addition to any home comp-
puter system. It provides one of 
the most convenient and inexspen-
sive means of getting data in and 
out of your computer. Among 
TVT's, one would be hard pressed 
to find a more versatile unit 
than this one. The six on-board 
memory chips will retain 102/+ 
characters and spaces. These are 
arranged as thirty-two lines of 
thirty-two characters each, with 
sixteen lines displayed at a time 
and sixteen held off screen. The 
cursor which indicates where on 
the screen the next character 
will appear, as a flashing white 
rectangle; but can easily be 
caused to remain alwavs on 
(white) or off (transparent). In 
addition, keyboard controls can 
move the cursor up. down, left, 
right, or to home (the upper left 
most position on the screen). 
When the cursor reaches the end 
of one line, it automatically 
moves to the beginning of the 
next. When it reaches the end of 
the screen it rolls the top line 
off the screen and moves the rest 
of the lines up one space to make 
room for a new line at the bot
tom. This allows the typist to 
fill the entire thirty-two lines 
with text without ever worring 
about reaching the end of a line 
or the bottom of the screen. 
There are two "scroll" controls 
to move lines around without mov
ing the cursor. One shifts lines 
off the bottom of the screen and 
brings new lines on at the top, 
while the other shifts them off 
the top and brings new ones on at 
the bottom. 

Single characters can be 
changed or erased by placing the 
cursor over them and typing the 

new character or a space as 
desired. For larger changes 
there are "erase to end of line" 
(EOS) controls. The EOL starts 
at the cursor location and erases 
all the characters to the end of 
that line. The EOS starts at the 
cursor location and erases the 
rest of the screen, but doesn't 
touch any of the characters above 
and before the cursor or the six
teen off-screen lines. The TVT 
will accept parallel ASCII from a 
computer output port just as 
readily as it will from a key 
board. Seperate input ports are 
provided on-board for the comput
er and the keyboard to make con
nection easy. A special memory 
output port is also provided to 
allow for computer inspection of 
the on-board memory contents. 

The TVT logic will also de
code and respond to the ASCII 
codes for a carriage return and 
line feed. This means that the 
computer can move the cursor 
around with a single ASCII word, 
just as easily as printing a 
character. 

The output of the TVT is a 
composite video signal. This 
means that it contains horizontal 
and vertical sync signals, as 
well as blanking and video infor
mation. Sync lock and horizontal 
size and position controls are 
provided on-board to allow for 
easy adjustment, while vertical 
positioning is handled automat
ically. 

In addition to this TV type
writer kit, all that is nesses-
sary to complete the system is an 
inexspensive video monitor, a 
keyboard, and a power supply cap
able of 5V. at 1,5 A. and -12V. 
at 30 niA. 



cto 
3- 1=1 

•  OP o OP D  0  L^D  

•  OP o^OP •  ® 0 PPQ PPo OOP OP 
lC.lt! 

_ A 1 i I 1 1 I 

• i r I I  
U13 

> ,  t  r  

,  i i i  i i i  i  > i i i i i  ' » » • 1 1 ' «—• ,1 J t i • i i I. —  ̂ .1 11 > 4 *  ^  * i  /—i 

•  OP •  OP o OP Q OP •  OP o 

i i  *» o 
, i  i  > i  i  i  i .  

m 
• • ' • • • •  

-tHE- HH] 
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***TVT*** 

This TV typewriter is an 
ideal addition to any home comp-
puter system. It provides one of 
the most convenient and inexspen-
sive means of getting data in and 
out of your computer. Among 
TVT's, one would be hard pressed 
to find a more versatile unit 
than this one. The six on-board 
memory chips will retain 102J+ 
characters and spaces. These are 
arranged as thirty-two lines of 
thirty-two characters each, with 
sixteen lines displayed at a time 
and sixteen held off screen. The 
cursor which indicates where on 
the screen the next character 
will appear, as a flashing white 
rectangle; but can easily be 
caused to remain alwavs on 
(white) or off (transparent). In 
addition, keyboard controls can 
move the cursor up. down, left, 
right, or to home (the upper left 
most position on the screen). 
When the cursor reaches the end 
of one line, it automatically 
moves to the beginning of the 
next. When it reaches the end of 
the screen it rolls the top line 
off the screen and moves the rest 
of the lines up one space to make 
room for a new line at the bot
tom. This allows the typist to 
fill the entire thirty-two lines 
with text without ever worring 
about reaching the end of a line 
or the bottom of the screen. 
There are two "scroll" controls 
to move lines around without mov
ing the cursor. One shifts lines 
off the bottom of the screen and 
brings new lines on at the top, 
while the other shifts them off 
the top and brings new ones on at 
the bottom. 

Single characters can be 
changed or erased by placing the 
cursor over them and typing the 

new character or a space as 
desired. For larger changes 
there are "erase to end of line" 
(EOS) controls. The EOL starts 
at the cursor location and erases 
all the characters to the end of 
that line. The EOS starts at the 
cursor location and erases the 
rest of the screen, but doesn't 
touch any of the characters above 
and before the cursor or the six
teen off-screen lines. The TVT 
will accept parallel ASCII from a 
computer output port just as 
readily as it will from a key 
board. Seperate input ports are 
provided on-board for the comput
er and the keyboard to make con
nection easy. A special memory 
output port is also provided to 
allow for computer inspection of 
the on-board memory contents. 

The TVT logic will also de
code and respond to the ASCII 
codes for a carriage return and 
line feed. This means that the 
computer can move the cursor 
around with a single ASCII word, 
just as easily as printing a 
character. 

The output of the TVT is a 
composite video signal. This 
means that it contains horizontal 
and vertical sync signals, as 
well as blanking and video infor
mation. Sync lock and horizontal 
size and position controls are 
provided on-board to allow for 
easy adjustment, while vertical 
positioning is handled automat^-
ically. 

In addition to this TV type
writer kit, all that is nesses-
sary to complete the system is an 
inexspensive video monitor, a 
keyboard, and a power supply cap
able of 5V. at 1,5 A. and -12V. 
at 30 mA. 
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TV TYPFv.-RITER 

Theory o f  Operat ion 

INPUT:  

The TV Typewr i ter  w i l l  accept  Inputs  coded In  ASCII  (Amer ican Standard Code for  
In formal  ion In terchange)  f rom e i ther  a keyboard or  d i rect ly  f rom a computer  out 
put  por t .  The seven ASCII  b i ts  coming d i rect ly  f rom the keyboard are passed d i 
rect ly  in fo  a la tch cons is t ing of  U35 and U36;  except  for  b i t  s ix ,  which is  in
ver ted f i rs t ,  for  reasons which w i l l  be exp la ined la ter .  A pu lse on the input  
s t robe l ine c locks the input  word in to  the la tch and passes the s ix  least  s ign i 
f icant  b i ts  on to  the IK by 6 b i t  memory made up o f  U47 through U52.  8 i t  6  is  
taken f rom the inver ted output  o f  the la tch to  restore i t  to  i ts  or ig ina l  log ic  
s ta te .  The s ix  least  s ign i f icant  b i ts  f rom the computer  input  connector  are com
b ined wi th  the s ix  least  s ign i f icant  b i ts  f rom the la tch a t  the memory inputs .  
A l l  seven b i ts  f rom both the keyboard la tch and the computer  input  connector  are 
presented to  a cont ro l  ins t ruct ion recognizer  for  decoding o f  carr iage re turn and 
l ine feed ins t ruct ions.  

CHARACTER GENERATION: 

As each memory locat ion is  addressed,  i ts  contents  appear  a t  the memory output .  
Th is  is  fed both to  a memory output  connector ,  and to  the most  s ign i f icant  s ix  
of  the n ine address l ines on the character  generator ,  U46.  These s ix  b i ts  se lect  
a un ique character  out  o f  the s ix ty- four  character  pat terns s tored in  the gener
a tor .  Each character  is  made up o f  seven rows o f  f ive b i ts  each,  w i th  an e iohth 
row which is  a lways b lank.  The o ther  three address l ines se lect  which o f  the 
e ight  f ive b i t  rows is  to  be p laced on the character  generator 's  f ive output  l ines 
These three address l ines are dr iven by the three least  s ign i f icant  b i ts  of  the 
dot  counter ,  U6,  which counts  f rom zero to  n ine.  The dot  counter  is  incremented 
once for  each hor izonta l  scan o f  the te lev is ion raster  by the hor izonta l  sync 
pu lse.  On count  zero the b lank l ine is  output .  For  counts  one through seven,  the 
b i ts  making up the character  pat tern are output .  Wi th  counts  e ight  and n ine the 
three address l ines are he ld  low by cont ro l  log ic  which causes the b lank l ine to  
be output  two more t imes.  This  resu l ts  in  three b lank scan l ines separat ing each 
set  o f  seven scan l ines which make up a  row o f  characters .  The f ive output  l ines 
of  the character  generator  are c locked in to  a sh i f t  reg is ter ,  U22 and U23,  by the 
system t iming a f ter  they have had t ime to  s tab i l ize.  They are in  turn c locked out  
o f  the reg is ter ,  one a t  a t ime,  in to  the v ideo mixer .  The ra te  a t  which they are 
c locked out  determines the width o f  the d isp layed character  and hence the ent i re  
d isp lay.  This  ra te  is  cont ro l led by t r immer pot  R28 and mul t iv ibrator  U18.  

CURSOR OPERATION: 

The cursor  uses the count  and compare technique o f  memory update where in  a semi-
s ta t ic  cursor  address;  he ld  by the cursor  character  and l ine counters ,  U26,  IJ32,  
and U33;  is  compared to  the ever-changing addresses o f  the d isp lay character  and 
l ine counters ,  U7,  U14,  and U2i .  When the comparator ,  U38 and U39,  senses a match 
between the instantaneous memory address and the cursor  locat ion,  and the s t robe 
l ine is  pulsed,  the memory wr i te  l ine is  momentar i ly  brought  low and the new char
acter  wai t ing in  the keyboard la tch or  on the bus input  is  loaded in to  the memory.  
I f  a character  was a l ready present  in  that  locat ion,  i .e .  the cursor  was super im
posed on a character ,  the new character  w i l l  rep lace the o ld  one.  The cursor  must  
a lways remain wi th in  the v is ib le  page,  un l ike ind iv idual  characters ,  which can go 
o f f  o f  the screen.  To accompl ish th is ,  the output  o f  the d isp lay l ine counter ,  IJ7 
i s  added to  the output  o f  the ro l l  counter ,  U45,  for  memory address ing.  The va lue 
in  the ro l l  counter  represents  the number  o f  l ines between the cursor  and the end 
o f  the page.  When the cursor  would o therwise go o f f  the screen,  the ro l l  counter  



ei ther  Incremented or  eecrerented ae necessary to  Keep *  
• t h e  e f f e c t  of  r o l l i n g  o n e  l i n e  of  t e x T  ON UM. LMU H I I u n »  

i r  °  c^on.  l ln  -cursor  up"  end "cursor  down; ;  increment  an ecrcme- i  t  e 

cursor  i lno co l ter ,  U32.  S imi lar ly ,  "cursor  le f t "  and W thn~ 
cursor  character  counter ,  U26 and U33,  to  count  up or  down Pul l ing 1°  
"hone"  cont ro l  l ine c lears  both the cursor  character  and l ine counters .  

[RASING: 

The cursor  symbol  Is  an a l l  whi te  square which b l inks o f f  and on w i th '  
la t ions of  U8.  The f lash ing can be made to  s top by pu l  I  .  ng + h e  s o t ' i l  6  ™ rJso JD 
low,  or  to  d isappear  ent i re ly  (become t ransparent ) ,  by pu l l ing the curs  

low.  

The keyboard latch is cleared after each entry.  This clear causes al l  of the out-
puts  to  oo low except  for  b i t  6 .  As was ment ioned ear l ier ,  b i t  6 is  tak n  
the inver ted output .  Th is  means that  the seven b i t  ASCII  word " ° r m aJ 'Y ^  + e  

la tch output  is  0100000,  which is  the code for  a b lank space.  en ® 0 1 0 0 0 0 0^ 
is  pu l led low the memory wr i te  l ine is  enabled and the la tch ^ tents  C° 0 n000> h_ 
are c locked in to  consecut ive memory locat ions unt i l  the end °  rewr i t ten 
OH In  th is  wav the por t ion of  the l ine a f ter  the cursor  pos i t ion is  rewr i t ten 
:?;h b"ank spaces^ el feetive,y erasing the line. "EOS" works in exac y e same 
way except  that  i t  doesn ' t  s top unt i l  the cursor  reaches the end o f  the pane.  

SYNC GENERATION AND VIDEO OUTPUT: 

The horizontal oscillator is built around U1 and can be synchronized with the 80 
Hz power  l ine by ad just ing t r immer pot  R2.  Hor izonta l  pos i t ion is  determined by 
R26 which sets  the delay t ime between the hor izonta l  sync pu lse and the s tar t  o  
v ideo I ron,  the sync generator .  Ver t ica,  sync is  der ived by d iv id .ngdown t  e out -
put  o f  the hor izonta l  osc i l la tor  through the d isp lay l ine counter ,  1U 7  U4 The 
f  ;  7 - in ta  I  ou lse i tse l f  is  shaped by a  Schmi t t  t r igger  and is  combined wi th  the 
v e r t i c a l  sync pu lse t n  IJ17.  Composi te  sync f rom U17 is  then jo ined wi th  the v ideo 
pulses f rom the sh i f t  reg is ter  in  v ideo mixer ,  04,  resu l t ing in  a fu l l  composi te  

v ideo output .  



TV TYPEWRITER 

Assembly and Trouble Shool ing 

CAIJT ION: The s ix  memory I .C. 's ,  U47 through U52;  1 l ie  character  generator ,  U4f i ;  
and the two f ie ld ef fect  t ransistors,  01 and 03,  are a l l  s tat ic  sensi t ive devices* 
To avoid s tat ic  damage, they should be le f t  in  the conduct ive fo i l  unt i l  they are 
inser ted in  the board.  When out  of  the fo i l ,  avoid f inger contact  wi th the leads.  

ASSEMBLY: 

1 . )  Examine the par ts package carefu l ly  io  see that  a l l  par ts  are present .  Since 
fhe par ts are inser ted d i rect ly  in to the layout  d iagram, i t  should be immedi
ate ly  obvious f rom the diagram i f  any are miss ing.  The pr inted c i rcui t  hoard 
should be posi t ioned so that  i t  matches the layout  of  the par ts package for  
easiest  assembly.  

2 . )  Pcgin by inser t ing the f ixed value res is tors.  The d i rect ion of  inser t ion is  
not  important  wi th res istors.  Solder  the res istor  leads,  then c l ip  of f  the 
excess wire next  to  the jo int .  

3. )  Inser t  the four  res is tor  networks R23,  R31,  R3^,  and R35;  being carefu l  to  in
sert '  p in 1 in  the hole wi th the square pad.  Pin 1 is  usual ly  indicated by an 
indentat ion,  or  a mark on the package.  Solder  the leads and c l io  of f  any excess 
wi  re .  

4. )  When inser t ing capaci tors,  carefu l  at tent ion must  be paid to the polar i ty  of  
CI ,  CIO, C13,  C24,  C40,  and C69.  These s ix  caps should be inser ted wi th the 
posi t ive terminal  in  the hole wi th the square pad.  Their  proper or ientat ion 
is  a lso indicated on the layout  d iagram. The rest  of  the capaci tors can be in
ser ted in  e i ther  d i rect ion.  As a lways,  c l ip  of f  any excess wire af ter  r .c lder-
i  ng.  

5. )  Inser t  d iodes D1 through 05 wi th thei r  negat ive terminal  in  the hole wi th the 
souare pad.  The negat ive end is  the end wi th a s t r ipe around i t .  When so lder
ing d iodes,  use as l i t t le  heat  as possib le and a l low the diode to cool  a f ter  
solder ing the f i rs t  lead before solder ing the second.  

6 . )  Compare t ransistors 01 through Qd to  the basing diagram below and note the lo
cat ion of  p in 1.  Inser t  the t ransistors in  thei r  respect ive locat ions wi th c in 
1 going in  the hole wi th the square pad.  Solder  the leads one at  a t ime,  a l low
ing the t ransistor  to cool  between one lead and the next .  

01 and 03 /  o s_ Q2 and 04 "~0  

Pin 4 not /  "  *  
used.  I ' ' * "  

> v  /  Bot tom View ^  
v». £ Gi// 

7.)  Inser t  the var iable res istors R2,  R26,  and R23 next .  In  each case there are 
three holes,  two of  which are connected together.  One of  the end - leads and the 
center  lead should go in  these holes,  the other  end lead should go in  the th i rd 
hole.  Solder  the leads and c l ip  of f  the excess wire.  

8. )  Sockets have been suppl ied for  I .C. 's  U^6 through U52.  Solder  the sockets in
to these locat ions,  being carefu l  to  put  p in 1 in  the hole wi th the souare oad.  
Do not  inser t  the I .C. 's  in  the sockets yet .  

9. )  Inser t  the rest  of  the I .C. 's ,  U1 through U45,  in  thei r  respect ive locat ions.  



t  I  incpH Din 1 1" t h e  h o , c  w 5 t h  t h e  square pad.  Pin 1 is  a ?: =jar«£. r,I't'To,to— .««»•A,.0-<*p^,,.,» 
cool  between the soldering of one lead and the next .  

*aiw »'« 
2; If  i t  is  a negative pulse,  connect  pin 3 to pin 2 instead.  

11.)  Insert  U46 through U52 In their  sockets ,  being careful  to get  pin I in  the 
correct  place.  

,2 .1 Connect  the computer  end the keyboard to J2 through J5 using the ouide on 
the schematic.  

,5 .1 nelore going any further ,  look the board over careful ly,  rake sure al lI  of^ 
the I.C. 's  are in the r ight  places and oriented PW r | j .  *£ * " t a l o K 1  

polarized components l ike diodes,  t ransistors ,  an - ' 'C y s o ) d e r  joints  
capacitors  are not  reversed.  Check the back of  the board for  cold solder  jo 
and solder  bridges.  

14.)  Connect  the power supply to the Gnd. ,  + 5 V. and -12 V. ^Vrms^ can 
video monitor  to J1 (OUT) and Gnd.  A 60 Hz.  s ,ne wave of  up to 12^6 Vrms.  can 
be applied to the sync input ,  but  is  usual ly  not regu,red since the circuit  
sensi t ive enough to sync with 60 Hz.  radiated from house wiring.  

,5 .)  The +5 V. input  should dr . .  about  1 .5 A while the -12 V ,should only be In ,  
the 15 mA. range.  If  the currents  are much greater  than th.s ,  
circuit  Immediately and go back to s tep 13.  

16 )  Adjust  R2 for  a s table display on the video monitor .  The screen wil l  h« K b^-w. ,̂s^s=rs-wa sr. 
t ion of the display.  

TROUBLE SHOOTING: 

Listed below are some of  the things to check If  there are any problems.  

1 .)  Cold solder  joints  or  solder  bridges.  

2 .)  Reversed components l ike diodes,  t ransistors ,  polarized capacitors .  I .C. 's .  or  
resistor  networks.  

. . .  .  ,  i , r . .  C h e c k  c o l o r  c o d e s  a n d  d e v i c e  m a r k i n g s  w i t h  l a y o u t  3 . )  Components in wrong places,  cnec* loiui  
and parts  l is t .  

4.)  Components damaged by heat  while soldering.  

5.)  Variable resistors  R2,  R26.  and R28 adjusted Improperly.  

6 .)  Input  s trobe not  connected,  see instruct ion #10.  

7 .)  Keyboard or  video monitor  m a l f u n c t i o n .  
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Tv TYPJ /R 1THR 

Par ts  Lis t  

QUANTITY PART NUMBER COMPONENT MARKING 

1 CI  100 u t . /  16 V.  
64 C2-9,  17-23,  29-

1 
35,  41-68,  71-84 0 .001 uf .  

1 CIO 100 uf . /  25 V.  
1 C11 0 .02 uf .  
5  C12,  25-20 0 .1  uf .  
1 C13 0 .47 uf .  
2  C14,  37 0 .005 uf .  
2  C15,  39 0 .01 uf .  
2  C16,  36 500 pf .  
2  C24,  m m «•§ uf . /  io  v .  
1 C38 47 pf .  
1 C40 220 uf . /  10 V.  
1 C70 100 pf .  

tSO  P f .  
3 »  2,  |  « , * « » I D  1N4148 
1 D3 IN5232B 
1 D4 1N5235B 

2 01.  3  2N4416 nf i f  /oa. 
1 Q2 2N2907 
1 04 2N2222 

3  R1,  13,  14 4 .7  Kn,  1  w.  
1 R2 50 K.n_ 
2  R3,  20 100 a .  k  w. 
6  R4.  8 ,  16,  22,  

24,  29 1 Kn,  i  w.  
2  R5,  9  33 K r t ,  J  w.  
6  R6.  12,  15,  17-19 10 K«,  k  w. 
2 R7,  11 2 .2  Mr„ k  w. 
1 RIO 100 k  w. 
1 R21 * 47 n. ,  |  w. 

R?3,  31,  34,  35 1 Ka-X 7 
1 R25 3 .9  k  w. 

R26 10 K a  
1 R27 3 .0  Kn,  s  w.  
1 R28 5  K 
1  R30 470 . . .  i  w.  
2  R32,  33 5 .6  K. . ,  i  w.  

DPSCRIPT I ON 

EI  ect  rolytIc  Cap.  

Ceramlc Cap.  
Electrolyt ic  Cap.  
Ceramic Cao.  
Ccranic  Cap.  
Ceramic Cap.  
Ceramic Cap.  
Ceramic Cap.  
Ceramic Cap.  
Tantalum Cap.  
Ceramic Cap.  
Electrolyt ic  Cap.  
Ceramic Cap.  

SI .  Sw. Diode 
5 .6  V.  Zener  Diode 
6 .0  V. Zener  Diode 

II  Channel  FET 
SI .  PUP Trans.  
Si .  NPN Trans.  

Pes .  -  Ye I . ,  Pur . ,  Red 
Trimmer Pot .  
Res.  -  Brn. ,  Blk. ,  Brn.  

Res.  -  Brn. ,  Blk. ,  Ped 
Res.  -  Orq. ,  Orq. ,  Orq.  
Res.  -  Brn. ,  Blk. ,  Orq.  
Res.  -  Red,  Red,  Grn.  
Res.  -  Brn. ,  Blk. ,  Ye I .  
Res.  -  Yel . ,  Pur . ,  Plk. ,  
8  Pin Res.  Pack 
Res.  -  Org. ,  Wht. ,  Red 
Trimmer Pot .  
Res.  -  Org. ,  Blk. ,  Red 
Trimmer Pot .  
Res.  -  Yel . ,  Pur . ,  Brn.  
Pes .  -  Grn. ,  Blu. ,  Red 



DESCRIPTION 

Timer IC 
DuaI 0 FI Ip Flop IC 
Ouad 2-Input At 10 Gate IC 
40 MHz. Presettable 
Decade Counter / Latch IC 
40 MHz. Presettable 
Binary Counter / Latch IC 
Ouad 2-Input NAtlD Gate IC 
Dual 2-Wide 2-Incut ARD
OR- INVCRT Gate IC 
Dual 4-Input NAND Gate IC 
Ouad EXCLUSIVE-OP Gate IC 
Ouad 2-Input AND Gate 
(Open Col lector) IC 
TTL / Monostoble Multi
vibrator IC 
Ouad 2-Input NAND Schnitt 
Trigger IC 
He* Inverter (Open 
Col lector) IC 
4-Bit Riqht-Shift / Left-
Shift Rcgister IC 
8-Input NAND Gate IC 
Dual 4-Input AND Gate IC 
Dual 4-Input NAND Gate 
(Open Col lector) IC 
He* Inverter IC 
Synchronous 4-Rit lip / 
Down Counters (Dual Clock 
With Clear) IC 
Ouad D Flip Flop With 
Clear IC 
Ouad 2-Input HAND Gate 
5-Input Comparator IC 
4-Rit Binary Full Adder 
a n d  D u a l  S i n g l e - P i t  P i -
nary Ful I Adder IC 

• 5 x 7 CM2U0 Chr. Gen. IC 
IK x 1 RAM IC 

Where substitutions have been made or where actual component markings differ sub-
s an ia ly frcm the printed parts list, new part numbers have been shown for your 
convenience. 

OllANT ITY TART NUMBER COMrniJCNT MARKING 

2 U1, 8 555 
5 0?. 4. 9, 16, 26 7474 
4 U3, 5, 27, 34 7408 
1 U6 74196 

3 U7, 14, 21 74197 

3 U10, 12, 30 7400 
1 U11 7451 

1 U13 7420 
1 U15 7486 
1 U17 7409 * 
2 U18, 40 74123 

1 U19 74132 

1 U20 7405 

2 U22, 23 7495 

3 U24, 29, 41 74 30 
1 U25 7421 
1 U28 74H22 

2 U31, 42 7404 
3 U32, 33, 45 74193 

2 U35, 36 74175 

2 U37, 43 7403 
2 1J 38, 39 9324 
1 U44 7483 

1 U46 2513 
6 U47-52 2102 

If an (RO-3-2513) is used instead of the 2513 then the -12 volt 
supply is not needed. 

fidirt. £hci• S+J*f 

TCS 4 

&J. J ij-oo 
i * °° 

fotK&i 4 10- 00 



/ TVT MODIFICATION 
6i+ Char per line 

MODIFICATION INSTRUCTIONS 

1. DO NOT attempt this modification unless your TVT is completely 
functional. 

2. Refer to the attached drawings and make the circuit TRACE cuts 
exactly as shown. (The 2 cuts in the circle at U-17 are only for 
the cursor Underscore change. Do not cut them unless you are • 
going to install that change concurrent with the 6k Char change.) 

3. Remove the IC (7k86) at location U-15. This is no longer needed. 

k» Using small (30 AWG) wire connect the following points. 

( ) Connect UI4-5 to U12-5 
( ) Connect UH-12 to UI4-8 
( ) Connect U14-8 to U15-6 (U15 is empty socket) 
( ) Connect U27-9 to U31-11 
( ) Connect U27-10 to U31-9 

5. REMOVE C38 (k?pt) capacitor located next to U18—15 and REPLACE 
with a l8pf capacitor 

6. Carefully Drill holes to mount 2 H-pin and 2 16-pin sockets 
along the edge of the board adjacent to U39, Ui*5 and U52. (you 
may wish to mount these sockets on a small PC board.) 

7. Using your favorite wiring technique (ie, wire wrap, point to 
point, or etched circuit),wire the k sockets as shown on the 
schematic and connect to the locations indicated on the TVT. 

8. Install the k IC's 

9. DOUBLE-CHECK all wiring and Trace Cuts. 

10. Apply power and readjust the 3 POTS for a stable display. 

11. If you do not have a stable 6ifXl6 display RE-CHECK all wiring 
again. 

12. If you do have a good display, enter all 6k ASCII Characters 
and verify they display correctly. 

13. Turn off the power and then turn it back on to get a full screen 
of mixed characters. 

H. Adjust the DOT RATE POT over its full range while watching the 
screen and see if any characters change their dot pattern. If 
they do, the most probable cause is SLOW MEMORIES, This problem 
has also been traced to a SLOW CHARACTER GENERATOR. It is 
possible, by observation to figure out which Memory is causing 
the problem. (If your memories are rated for 500ns or faster! 
You should have no problem, unless it is the 2513 Character Gen. 



P A Y  A R F . A  T V T  M O D  ( D o n ' t )  

1 5  I n  s o ^ r  e a s e s ,  I t  m l r h t  n o t  b e  p o s s i b l e  t o  c o v e r  t h e  e n t i r e  
*  r , i n ? e  o f  t h e  r > O T  R A T F  P O T  w i t h o u t  s o m e  o f  t h e  c h a r a c t e r s  c h a n r l n r  

t h e i r  p a t t e r n .  T h i s  i s  O K  a s  l o n p .  a s  w e  c a n  p e t  a  f u l l  6 U  C h a r ,  
l i n e  o n  t h e  s c r e e n  w i t h o u t  e r r o r s .  

S i n c e  m a n y  M O N I T O R S  o v e r s c a n  t h e  s c r e e n ,  y o u  s h o u l d  t r y  a d j u s t i n r .  
y o u r  H o r l z  w i d t h  t o  J U S T  R A R E L Y  f i l l  t h e  s c r e e n .  T h i s  w i l l  i n  
e f f e c t ,  r . i v c  t h e  s l o w e s t  D O T  R A T F  r e q u i r e m e n t  a n d  t h e  h o s t  o p e r 
a t i n g  p o i n t  f o r  t h e  T V T .  

N O T F -  S O M E  M O N I T O R S  u s e  t h e  o v e r s c a n ,  t o  c o v e r  U P  1 ' o r i z o n t a l  L i n 
e a r i t y  p r o h l e m s ,  s o  y o u r  w i d t h  a d j u s t m e n t  m l r h t  h a v e  t o  h e  a  
C o m p r o m i s e  b e t w e e n  L i n e a r i t y  a n d  P O T  R A T E ,  

C O M M E N T S  

I  h o p e  a n y o n e  i n s t a l l i n p  t h i s  c h a n r e  w i l l  e n j o y  i t  a s  m u c h  a s  I  
d o  I t  m a k e s  t h e  R A Y  A R F A  T V T  a  v e r y  p l e a s a n t  l o o k m p  d i s p l a y  
a n d  l e a v e s  l i t t l e  t o  b e  d e s i r e d .  I f  y o u  a d d  t h e  U n d e r s c o r e  C u r s o r  
a n d  1 2 0 0  B A U D  c h a n c e s  I t s  e v e n  b e t t e r  y e t !  

W i t h  t h e  a d d i t i o n  o f  s o m e  m o r e  m e m o r y  a n d  s o m e  a d d i t i o n a l  c b a n r e s  
I  s e c  n o  r e a s o n  t h e  S e c o n d  P a r *  c o u l d  n o t  b e  i m p l i m e n t e d  a s  i n  t h e  
o r r . i n a l  T V T .  ( I  h a v e  n o t  a t t e m p t e d  t h i s  y e t ! )  



R A Y - A R E A  T V T  C U R S O R  M O O  I  F  I  C A T  I  O K I  

P U R P O S T :  

COMMENTS: 

N O T E :  

T h i s  m o d i f i c a t i o n  c h a n r e s  t h e  f u n c t i o n  o f  t h e  
C U R S O R  f r o m  a  R I O  f l a s h i n r  s o u a r e  t o  a  f l a s h i n r  
U N O F R S C O R T  w h i c h  w i l l  n o t  o b s c u r e  t h e  c h a r a c t e r  
b e i n r  m a r k e d !  

T h i s  m o d i f i c a t i o n  i s  v e r y  s i m p l e  a n d  o n l y  r e o u i r e s  
t h e  c u t t i n r  o f  2  P C  T r a c e s  a n d  t h e  a d d i t i o n  o f  a  
s i n g l e  d i o d e  a n d  3  J U M P T R S .  

T h e  I C  a n d / o r  S o c k e t  l o c a t e d  a t  U 1 7  M U S T  b e  r e 
m o v e d  s i n c e  o n e  o f  t h e  t r a c e s  w h i c h  m u s t  b e  c u t  
i s  l o c a t e d  o n  t h e  c o m p o n e n t  s i d e  u n d e r  i t !  
I n s t a l l  U 1 7  w h e n  m o d i f i c a t i o n  i s  c o m p l e t e d .  

M O n i F I  C A T I O H  

n  o  
o  o  
o  o  
o  U 9  o  
o  o  
o  
o  

o  
o  

n  o  
o  o  
o  o  
o  U 1 6 o  
o  
o  
o  

o  
o  
o  

N E W  
H O L E  

C O M P O N E N T  S I  O F  

JUMPER 
L A N D  ( C O M P O N E N T  S I D E )  
L A N D  ( C I R C U I T  S I D T )  
C U T  L A N D  



« * A Y  A R F A  T V T  
C U R S O R  C O N T R O L  

R E M O V E  I C ' s  L O C A T E D  A T  U U O  A N D  U U 1 .  

T I E  U P  U U O - 1 3  T O  * 5  T H R U  A  U  R E S I S T O R  

N O T E -  V o l t a r e  a n d  G r o u n d  c o n n e c t i o n s  a r c  I M P L I E D .  



BAY AREA TVT MOD, 
6U Char per Line 

SCHEMATIC 

U33-11 

U33-H 

U33-12 
U33-13 

u 

IM 

7V/93 
14. 

c.. 
Cl«. 

G» 

Q» 

Q. 
x>» 

0̂ >O— 
o o 

LH-
»7y±-

U39-9 

U27-10 

U27-9 

7 H85 
U26-9 
U1U-12 

10 

-i. 
u 

i > 

15 

I S  

I 

Ao 
A<6 

to M 

At B 
B, Mt 

Ai 
A>B 
IM 

A>* 
»5 • IH 

U39-2 

U38-13 

U39-15 

U38-3 

U39-1U 

NOTE - Vol tape and Ground connections are IMPLIED. 



1 2 0 0  P . A U D  T V T  M O D .  

M  

• 5y 

U U  -  5  
C L E A R  L A T C H  

U A R T - 1 9  
• D A V  

J 5 - 7  
S T R O D E  

L ' A R T - 1 8  
R D A V  

M O T E -  V o l  t a p e  a n d  G r o u n d  c o n n e c t i o n s  a r e  I M P L I E D .  
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0  

• 
/ 0  

C O M P O N f H T  s  I  D C  

10 11 
D  O  0  o  
0  o  0  0  
0  0  O  o  •  
0  0  O  O  
O  o  o  o  
°  o  O  o  
o  o  o  o  

-  V  C u r s o r  M o d .  O N L Y  

•! 
\  o  o  o  /  

" b  o  o /  

' 

I I  
o O  
0  O  
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J 2  
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J )  
0  O  
O  O  
o  o  
o  o  
o  o  
o  o  
o  o  
O  O  

J k  
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o  

2 2  
a  o  
O  O  
O  O  
O  O  
o  0 ,  
o  o  
O  O  

2 1  
0  o  
o  o  
o  o  
o  o  
O  O  
O  O  
O  O  

3 k  
a  o  
o  o  
O  O  
O  O  
O  O  
O  o  
o  o  

2 3  
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2 9  
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GRANTED 
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AY-J"- /0/3/Z* y  -S- /6/3 A 
FEATURES 

• DTL and TTL Compatlbf# no Intarfaeing circuit* raquirad-dritraa or* TTL load. 
• Fwlty Doubt* Buf1arad-alimlr.1t** noad to* ayatam synchronisation. facititata* high-4>**d operation. 
• Fu« Dupt** Operation-can handl# multipl* baud rata* (receiving transmitting) umuhmouily 
• Sun Bit Verification—decree**! moi rat* u n i t )  center sampling. 
a Receiver cmiI h sampling of aerial input; 46* distortion immunity. 
• Enterrval ratal of error tlega. 
• High SpMd Oper*t»on-^**t*it through put; 30k b»ud IAV b 10131. 40k baud (AY-H013AI. 

• Trr-Suta Outputs- bo« itructur* capability. 

• Low Powar-minJmum power raquiiamantv 
• Input Protected—alimina tat handling problama 
• H«imalic DIP Package «aay board inaartion and mechanical handling 

c  

r  
f. 

i. 
V 

GENERAL DESCRIPTION 

Th, uniyarul Arynchronoo. Racaivtr T.enamlMar (t;ARll | t an LSI luhtyttem .which accepti b.n.ry character* hom ..thai • terminal davica or • 
computat and reearvet/tren.mlu thlacharm.tr, w.th App*.«ted conttol ano anot detecting bit* All charactari contain a nan bit. 6 to 8 data bit*, 
onaor two atop bits, and ait bar odd/• V*n panty ot no pmuy. In ocdar to make tha UAR/T unnranai. tha baud rata, bm pa. word, parity mod*, and 
tha nurr4>ai of trap bin art etrtemellv selectable TheuJevice « eon.tructed on a Pnpia monolithic chip utilising MTNS P-channei anhancamant 
mod* tranrfetor*. AH Inputs and output* II* dfactly company with MTOS/MIhjS log*. and also with TTL/OTL tape without tha naod for 
Interfacing component* and with all it.of)ad output* having tr• state logic 
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DESCRIPTION OF PIN FUNCTIONS 

F ib N o. N ow# 

1 Vcc Po»»#r Supply 

2 V qq Powor Supply 

3 Ground 

4 Rocoivod Dai* Enotu* 

6-17 Rocolwod Di'» Bill 

Parity Error 

Framing E"or 

Ouor Run 

Statu* Word Enahl# 

R*c#nr*r Clock 

Rmi Dot* Av#ilobi# 

Dot* Awoilabl# 

Symbol Function 

Vcc «SV Supply 

Voc -12V Supply 

V<ii * Ground 
PDE A Ingic "0" on lb* roconmr onobi# 'm# piocoi *h# rocmvod dot* onto 

th* output lmo> 

RD8R0I That# *•* tt«t 8 dot# output linot Rocotvod c+vo'octo'i #r# 'pnt 
juftitiod th# LS8 Onrvl oppoort on RD1 Thoa# '"not how# "i-ttat* 
output*. ' • thov how# th# norm*< TTL output ch*'*ci*'atict nhon 
Rbfe it "0" ond o high mpodanca not# «wh#n ROE •# "V Thut. th# 
dot* output 11not can bo but ttructur* t>'»#r too 

vf Th.t I mo gooa to a logic "1 it th# r#e#rwod chorocto panty do#t not 
agrr* wwith tho toloctod parity Tn-ttot# 

ff Thtt imo goot to • logic "1" i« tho roe#.v#d choractoi ha# no vol id 
pop bit. Triotot# 

OR Thit tin# Boot to a logic "1" it th# prowiout'V i*o*<w#d ch#r#ct#» it 
not t»#d IOAV lino not rrartl brtora th* proton; char actor it tiont 
•arrod to th# r*c«rv#' holding r#gitt*r Tn-ttat# 

A logir "0" on thu lm# placot th# ttotut rwcud bat |PE. FE. OR. 
DAV. TBM11 onto tho Output linot Tri-ttot# 

PCP Thit Imo »»'ll contain a clock rvhooo I'oouoncv * '6 timoa (16*1 th# 
dot.rod r*C#iW baud rot# 

BOtV A logic *D" ywill'not th# DAV'in# Th# DAV F F it only thing that 
•t rean 

DAV Thit Una goat to a logic "1" ««rh#n an onr.r# characi#' hot bo#n 
roct-wod and trontlo'rod to th# r*c*iv#' holding •ogitta- Tr.-ttato 
F«. 13 



Pm No. Noma Symbol 

30 Social Input ' SI 

t 
K 

31 External Ratal Xfl 

33 Trantmlrtar Butter Empty TBMT 

23 Data Strobe OS 

34 End of Character EOC 

35 Serial Output SO 

36-33 Oeta Bit Inputi DB1DBB 

34 Control Strobe CS 

36 No Parity NP 

36 Number of Stop Bits TSB 

37 38 Number of Bltt/Cheracte' NB2. NB1 

39 Odd/Evan Parity Select EPS 

40 Transmitter Clock TCP 

P unction 

This line accepts the serial bit input stream A Marking (logic "l"l 
to peeing llogic "0") transition is required for initiation of date 
recaption. Fig. 12. 13. 

Rants shift registers Sets SO. EOC. end TBMT to a logic "1". 
Resets OAV. and error flags to "0". Clears input data buffer Must 
be tied to logic "O" when not in un. 

The transmitter buffer empty flag goes to a log'C "1" whan the data 
bits holding register may be loeded with another character Tn-stats. 
Sea Fig. 39. 21. 

A strobe on this line will ante' the dete bits intc the date bits 
holding register. Initial data transmission is initiated by the using 
edgs ol OS Oeta mutt be stable during entire strobe 

This line goat to a logic "1" each time a full character .t trans 
mittad. It remains a' this level until the start of transmission of the 
next character. See Fig. 18 30. 

This line will aerially, by bit. provxle the entire transmitted char 
acter It wilt remem at e logic ° 1" when no dete is being trans 
mittad. See Fig. 17. 

There ere up to B date bit input lines eve>l at ie 

A logic "1" on this lead will enter the control bus (EPS. NBI, NB2, 
TS8. NP) Into the control bits holding register This line can be 
strobed or hat) wired to t logic "1" level 

A logic "1"(on this lead win eliminate the oanty bit from the 
trenamitted end received character (no PE indication). The stop 
txtle) win immediately *oiiow the lett dete bit If not used, this lead 
must be tied to e logic "0". 

This lead will select the number of stop bits 1 0' 2. to be upended 
immediately after the penty bit. A logic "0" will insert 1 atop bat 
end a logic "1" will insert 2 atop btta 

These two leads will be internally decoded to select either 5.6, 7 or 
B data bits/character 

NB2 NBI 6'ti/Character 
0 0 S 
0 1 6 
1 0 7 
1 1 8 

The logic level on this pin sal ecu the type ol parity which will be 
appended immediately s'ter the data bits It efto determines the 
parity that win be checked by the receiver A topic 0' will mean 
odd parity end e logic "1" will insert even penty 

This line will contain a clock whore frequency i 16 times .16*1 the 
desired transmitter baud 'ate. 



• I 

TBAMBMITTEB OPERATION 

FIOUNE 2 , 

tnlbaNttng 
Pom, „ qjpliad. •«tt»nal Ml '• enabled end clock pulae H 

appi>ed haying • frpQuency o' 16 time» the darned baud 'at# 
The abovt condmoni Mill ee' TBMT. EOC. end SO 10 logic 

"1" (Una •« martiingI. 

A»«a< imtleiiling it completed. utai may tai control but and 
dan but mi in control bitt talacuon normally occuting beiore 

dan bite aelectton. Homom'. ona may tai both 5s and CS 
omuitanaouilv II minimum pulae nndih tpanlicaiiont an «ol 

bMd Onca Data Srrotoe (OSI it puliad tha TBMT art1 

change from a topic "1" lo i 'og-c 0' mdicalino that the 
itaii bin holding regular •• liliad writh a previout c+varact»» 
and a unablt to raoarva nam data b'ta. and uanamuta' d»Ht 
repute" • trenamitting pravtouaiy loaded data TBMT Mill 
r»t«m to a topic "1". Whan irantmlnar ahltl reptttet h amp 
ty. data bita in tha holding tegnier an immadia»aiy loaded 

Into the iranamittat ehIM tagatat lot trantm.aa.on Tha du»t-
ing of information horn tha hoid.ng regtett< id tha warn 

mittar ah.'i repute' m*i ba fo'ionwd by SO and EOC pomp to 
a Ipyc ••()•• and TBMT Mill a ho go to a topic "1" Indicating 

thai rt» di.'unp operation it complatad and thai tha dau bltt 

holding raptor it ready to accept am data It ahouW ba 
.arnanoarad that ona fta*l char act a' lima it r»OM availabh for 

loading of tha nam characiar mi thou t Ion in trenamiteion 

«wed dua to doubie buttar.ng (aapa'ata data but holding 

rapeter and tranam,tier ah.fl ragittatl. 

Data tranamitaion it initiated Mith Iranamianon o< a atari bit. 

data but. pMlty bit lit daauadl and ttop bultl Whan tha laat 

Kop bit hea baan on line tot ona bit time. EOC Mill go to • 
. logic "1" indicating thai nan character It ready tor tranamia 

aon Thle naM character anil ba trenemutad only it TBMT it 

a topic "0" aa Mae praviouafy d.acuaaed 
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RECEIVER OPERATION 
FIGURE 3 

« 
4 

InMMMng 

Power i* applied, asternal reset It enabled, and clock putie it 
applied having a frequency of 16 timet the detired baud rata 
The prevtout conditions will HI data available (DAV) to a 
logic "0", 

After initialising It completed, user ihould note that one aet 
Of control bid will be used for both receiver end treramitter 
making individual control bit aertlng unnecessary Data recep
tion ttarti when anal Input signal changes from Marking 

(logic "1") to gpacing (logic "0") which initiates start bit. 
The start bit is valid if, after transition from logic "1" to 
logic "0", the SI line continues to be st logic "0" . when 

center sampled. 8 clock pulses later. If, however, line Is et a 
logic "1" when center sampling occurs, the start bit venfice 
"on process will be real, if the Serial Input tine transitions 

from a logic "1" to a logic "0" (marking to spacing! when 
the 16« clock m in a logic **1" stats, the bit time, for center 
sampling wMI begin when the clock line transition* from a 
logic "1" to a logic "0" state After verification of a ganuine 

start bit. data bii reception, parity bit reception end stop 
bit(s), reception proceeds In en orderly manner 

While receiving parity end stop bills) the reoetver will com
pere transmitted parity end stop bills) with control state bits 
(parity and number of stop bitsl previously set end indicate 
en error by changing the parity error flip flop and/or the 
framing error flip flop to a logic "1". It should be noted that 

if the No Ferity Moda Is selected the PE (parity error) will be 
unconditionally set to a logic "0". 

Once a full character is received, internal logic looks et tl» 
data available (DAV) signal to determine il data has been the 

reed out If the DAV signal it at a logic "1" the receiver will 
eaaume data has not been reed out and the over run flip flop 
of the status word holding register will be set to a logic "I**. 

If the DAV signal is at a lope "0" ths receiver will esauma 
that data has been read out After DAV goes to a logic -1~, 
the recarver shift regeter is now reedy to accept the nest 
character end hat one full character time to remove the re 
carved character 

•M " XX 0 10X0 MIX *.i 
1 x'l atcr.vt* t«.rr xtt't't* 

r»o« 
•(MM* TO 0 

M * on 
•tui'i • •*• • TO 0 

OwTfPuM 
•O*0 |M»,| 

•t*' 0* 



ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 
VQG 'eepect «o Vccl 
Clock end logic input voltages I with respect to Vccl 
S t o r a g e  T e m p e r a t u r e  . . . .  
Operation Temperature 

Lead Temperature (Soldering. 10 «etl 

-30 to *0 3V 
- 20 to «0 3V 
-66*Cto 150*C 
one to 7ore 
xxr 

STANDARD TEST CONDITIONS 

TN lol'owinQ character lit ict apply 'ai any combination ol the following test conditions, unlets othenaie noted At! voltages a't mea 

su-ed with ie»oecr lo ground Positive current it de'meci at flowing into the reterenced pin 

V G G » - 1 2 V 1 5 S  Vc c » 5 V t S %  C C <  

ELECTRICAL CHARACTERISTICS (tee rtandard conditiont) 

P A R A M E T E R  CONDITIONS AND COMMENTS MIN TYP MAX UNITS 

input Logic Leva't 
Log<c 0 
Logic I 

Input Capacitance 
Ail inputs 

Leakage Currenti 
Tn Stata Outputt 

Data Output Leveit 
Logic 0 
Logic 1 

Output Capacitance 
Short Cat Current 
Pome' Supply Current 

'GG 7ST Ml mputt *6V 
'CC 

A C CHARACTERISTICS 

Cock frequency 

Baud Rete 

Putt Width 
Clock Pulee 

Control Strobe 
Dels Strobe 
External Rate I 
Status Word E nab'r 
Raeet Data Aveilabia 
Recerved Data EnaMe 

Set UP » Hold Time 
Input Date Bnt 
Input Control Bttt 

Output Propagation Daley 
TPOO 
TPD1 

V1V (l|L • —' 6mA maO 
V(H Unii hat internal putiup 

tgtitlOtt 

0  v o l t s  m a t  t  I M H j  

0 volts % 

•OL ' ' ®mA leinkl 
loM • - 3mA i sou reel 

See Pig 74 

See Pig ?6a 
Set F>g 76b 

Ta - 35*C Output loed 
capacitance 60pE mea 
AYS 1013 
AY 6-1013A 
AY 61013 
AY 51013A 

AVE 1013 
AY-H013A 

See Pig IB 
See Pig IS 
Sae Pig 14 
See Pig 72 
Set Pig 73 
Sae Pig 27 

See Pig IS 
Sae Pig 16 

See Fig 22 » 25 
See Fig 22 6 26 

Sae Pig 10 

0 
V C C - 1 S  

V c c - ' O  

DC 
DC 
0 
o 

10 
750 
300 

190 
500 
500 
260 
500 

>0 
>0 

10 

14 
18 

08 
V C C * « 3  

20 

1 0 

•O 4 

15 

16 
20 

480 
640 
30 
40 

VOitt 

vol It 

pF 

HA 

vollt 

VOitt 
pP 

fflA 
m A 

kH> 
k H t  

k baud 
k baud 

n» 
ns 

500 
600 



FIGURE 4 TRANSMITTER-BLOCK DIAGRAM 

FIGURE 6 RECEIVER-BLOCK DIAGRAM 
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FIGURE 6 UAR/T-TRANSMITTER TIMING 

M 1 [h©TT» ~ 

™ ~ U  1  :  I  L  
-i f- WOU t 

(Ml 1 r---» ) I 1 1 • to |«1»»T >Mn HUM l<WU IIUTI tIMtl llUttl'UH TjUU IIMdMJKtr < «TQ> t| «TQT 1»»T4 I 
HOTC I -I >TT TIWC 

^ 1 

»OTt III fl&URfS 7. I. 9 TO* DC TAILS 

TRANSNlTTfA INITIALS* AtlUMfO 'NACTlVt 
AT START Of D'AGAAM SwORN 'OA • 
ClVft C00( ARC KAR.lT AND T«TO STORf 

I. §IT Tl«l( • »R CCOC« CTCUt 
t »» TRANSMIT Tf R I* iNACTlVf TNf START 

RuiSI «<u ARAtAR ON 4JMI RITH.N 
I CtOC* CKlt 0* T.*C DATA STRORI 
OCCURS Sit MTAIt 

J UNCI TRANStfiTTCR IS DOUtU DurffReo 
AAC THi A DATA STRORC CAN OCCU* AN * 
R H f R t  O U R I N C  ' R A N S M l S S i O N  0 *  
CMARACT&R | AfffR TR«T OCXS NlR* 

OCTAIL 

fTMoir pnr 

cu*.u~Ln_rLr 
-—* Vitt'T 

»0 |lT»»T 

FlOURE 7 TRANSMI 

I 

MOURE • TRANSMITTER AT START SIT 



FIGURE 9 ALLOWABLE POINTS TO USE CONTROL STROBE 
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I • 
PIN CONFIGURATION 

j-n-ra 

PACKAGC 40 LEAD PLASTIC DUAL IN LINE 
$ 

I n n n n n. an n n n n n n n r. r n n.. 

lVT: '.TTU cnj u • ; 

j~*i 1 

ITVJ u sru trurro tj jj •; 

SA - -

K 

i . . 
•v : 
• i i a L 

DESCRIPTION OF PIN FUNCTIONS 

Pin No. 

1 

2 
3 

4 

5 17 

13 

14 

16 

16 

17 

18 

19 

Nam a 

VCC Puwgr Supply 

Vqq Povvar Supply 

Ground 

Racaivori DiT.rn.b,; 

Racalvad Oo'« Sift 

Paritv Error 

F raming Errpf 

Ovar Run 

Statu* Word Enabla 

R»c».v#r Clock 

0»t» AvailaMa 

Osla Available 

Symbol 

VCC 
vO0 

vgi 4  

RDE 

ROfl R01 

PE 

FE 

OR 

SWE 

RCP 

R O A V  

OAV 

All 4iman»on« in men** 

Function 
•SV Supply 

— 12V Supply 

Ground 

A togfc 0" on tho roccvo- anahl* lino place -ha r^a.vod data onto 
iha output linn. 

Tbe« art u,a 8 data output linpa Racatvad eh..*,.,, -.an, 
I unified the LSB etvvsya app.,,, on RD1 1ho„ l.naa hav. 
Output..La. .be Itavc th. normal TTC OUtDu, charac.,,,,*, rvh.n 

"rK',',,0h ,rtK>adanra,tata whan ROE ia' T Thu» iha 
data output linn can ha but ttructura prion tad. 

Tb., 8oaa to a log.c " I „ ,h. Wl¥W| ch^c„J p.ri(y do#j 

agrea wuh tba aaiactad parity Trinata 

ZZZTTT !° ' '°"C " ,h# "C""d C*"—' •» vd« «top bit. TH*tf;tvt 

Tbia Una goat to . ,oglc -y ,t ,h, p(tvi0u,lv ,^ty^ ^ 

no. tca.1 (OAV Una not raw,) btfora ,h. preen: rberec.r ,, „ana 
larrod to tba racaiva' holding rag.,tar. Tri-atata 

nlTto,T, 00 'h" *" "*,u* ~0"1 b"» <PE PE OR. OAV. TBV.1I onto tb« Output lio#t Ttistsf 

Th.a Una mil contain a cock whoaa fluency t6 pm* , ,6X. ,n. 
dtt.rmi rtc^ivf baud rata 

A logic t»" teat tb, OAV Una Tba OAV F. F „orlv th.n, tha, 
»t rejft 

Tbi, un, Boa, lo a logic , • ^,n ^ ̂  ̂ 
tatt*gd and tran.la-rad ,o tha hfflldlB> T ^ 



Pin No. Nam# Symbol 

70 Sariel Input ' SI 

21 Extarnai Rattt XR 

22 Trantmutat Bull*' Empty TBMT 

23 Data Strobo OS 

24 End oi Chatact#' EOC 

25 Sana! Output SO 

26-33 Data Bit Inputt ^OBI-OBB 

34 Control Sttobt CS 

35 No Parity NP 

36 Numbar o» Stop Bit* TSB 

37-38 Numbar ot Bitt/Characta' NB2, NB1 

39 Odd/Evan Patitv Salact EPS 

40 1 ranamiftat Clock TCP 

F unction 

Thit lina accaptt tha teriai bit input tuaam A Ma'k.nj (Ioqic "1") 
to ipacing (logic "0") fantition n -apt nad lor .mtianon o' data 
racapt'on. Fig. 12,13. 

Ratett thilt lagmart Sata SO, EOC. and IBM!" to a 'ogic "1" . 
Ratatt OAV. and arrot llagt to "0" Clean input data butter Mult 
ba tiad to logic "O" whan not in uta. 

The itanamittar but'ei empty (lag »oa» to a log>c "1" whan the data 
bita holding lagmat may ba loadad with anotha* eha'acia< Tii-atata. 
Saa Fig. 79. 21. 

A it'oba on thn Una anil anta' tha data bita Into tha data but 
holding ragiatpi. Initial data ttammitaiou it imitated by tha r.tmg 
Riga ol 6§ Data mutt ba Habit dunng an lira atroba 

Thia una goat to a 'ogic "1" aach lima a lull cha'acta' t tiant 
muted It tamaint a- thu lavat until tha tta't ot trenamnaion ot tha 
ne«t chetacter. See F ig. 18 20. 

Thn Una mitt wtielly. by bit. p'oyida Iha antua tranemutad chef 
act at. It mill remem at a logic 1" whan no data « ba.ng tram 
mittad. Saa Fig. 17. 

i"ha»a ara up to 8 data bit input lmet avail*'a 

A logic "1" on thn iaad will an tar tha control but (EPS. N81, N82. 
TS8. NPI into tha control but holding regular Thit lina can ba 
tfabad or Kant wirad to a logic "1" lavai 

A logic "1~4 on thn teed wtM ahmmata *ha oanty bit horn tha 
tianamntad and iacaiyad cha»actar Inc PE indication). Tha ttop 
bitlt) will immadiataly toiiow tha lat' data bit It not utad. thit iaad 
mutt ba tiad to a logic "0". 

Thit iaad wilt ta'act tha numbar ol atop bitt. 1 o« 2. to ba appandad 
immadiaialy attar tha penty bit. A logic "0" will mart t ttop bit 
and a logic '1" will mean 2 ttop b'tt 

Thaw two Want will ba internally dacodad to w'ect auhar 5. 6. 7 or 
8 data but'cha-acta' 

NB? NB1 Bitt'Charactar 
0 0 5 
0 1 6 
1 0 7 
1 1 8 

Tha logic lava I on thit pin wlectt the type o» oaruy which will ba 
appandad immadiatalv attar tha data but It atto determine! tha 
parity tha' will ha checxed by tha tacaivar A logic 0" will mean 
odd panty and a logic "1" will inwrt avan pa'uy 

Thn lina will contain a clock whom tiaouencv n !6 timet . 16X1 the 
deauad tientmuter baud rata 



( 

TRANSMITTER OPERATION 
FIGURE 2 

Initializing 

Power ii applied. external ratal it onabled and clock pulta it 
appliad having a frequency of 16 imiat tha datnad baud rate. 
Tha abova condition! mill tai TBMr. EOC, and SO to logic 
"1" lima it marking). 

Altai Initializing n compiatad, utar may tat control but and 
data bitt mith control bitt talaction normally occuiing ba'ora 
data but talaction. Homavar. ona may tat both 5s and CS 
timuUanaoutly If minimum pulta midth tpacificationt ara fob 
tomad Onra Data Strobe IDS) itpulMd tha THMT t.gnal mill 
Chang* from a logic "1" to a logic "0" indicating that tha 
data bitt holding ragittar n I,Had mith a praviout character 
and it unabla to racaiva nam data bitt. and liantmittar ahltt 
ragittar it trantmitting prayioutly loaded data. TRMT mill 
raturn to a logic "I". Whan trantmlttar thift ragittar it amp. 
ty. data bitt in tha holding ragittar era immediataly loaded 
Into tha trantmlttar thift ragittar for trantrmmon. Thethift-
ing of information from tha holding ragittar id tha tram 
m.ttai thift ragittar mill be followed by SO and EOC going to 
a logic 0" and TBMT wtti alto go to a logic "1" Indicating 
that tha thiftmg operation it compiatad and that tha data bitt 
holding ragnter it ready to accapt nam data. It thould ha 
remembered that one full chaiactar tlm* it now available for 
loading of tha next character without lott in trantmittion 
tpnad dua to double buffering (teperate data but holding 
'agntar and trantmlttar thift ragittar). 

Data tranimienon n Initiated mith trantmittion of a ttart bit. 
data but. parity bit (if detiredl and ttop bitft). Whan tha latt 
nop bit hat been on l.na for one bit lin». EOC mill go to a 
logic I indicating that nam character n ready for trantmit
tion. rhit nam character mill be trenimifted only if TBMT it 
a logic "0" at mat pieviouiiy ditcuttad. 
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R E C E I V E R  O P E R A T I O N  
F I G U R E  3  

Initialising 
Powtf It applied. external rttat It enabled. end clock puhe n 
apphod Kevins • <itqut'« y o* 16 tm»i iht denied baud rate. 
The previous conditio™ will MI data available (DAVI to a 
logic "0". 

Attn initialising it completed. utai thou Id nota that ona tat 
of contioi bits will ba uted lot both leceiver and tiantmittei 
making individual conttol bit tailing unntcatttiy. Data tecep 
tion ttaitt whan anal input npnel changat bom Marking 
(log* "1") to tpacmg (logic "0"> which initiatat nan bit. 
Tha ttait bit it valid W, a'tar ttantition liom logic "1" to 
logic "0". tha SI Ima continual to ba at logic "0". whan 
cantei tamp tad. 8 clock puitet later. II. however, line it at a 
logic "1" when center Mmplmg ocean the ttert bit venfice 
tion procatt will be retet. II tha Ser ai Input line trantitiont 
from a logic "1" to a logic "0" (marking to apacing) when 
tha !6» dock it in a log* "I" ttete, the bit time, lor center 
templing will begin when the clock line tre>mtiona trom e 
log* "1" to a logic "0" tiate Alter venficetion of a genuine 
ttert bit. date bit reception, penty bit recaption end nop 
bitUI. reception proceed! in en orderly manner 

While receiving penty end flop bitUI the receiver will com
pere trentmitted parity end nop bitltl with control date bitt 
(parity end number of nop biut pievioutiy tat and indicate 
an #iror by changing tha parity ertor tup flop end/or the 
framing error flip flop to a log* 1". It thou Id ba noted that 
if the No Penty Mode it teiecied the PE (penty error I will be 
unconditionally Mt to a log* 0". 

Once a full character it received internal logic lookt el the 
data available (DAVI signal to determine il data hat been the 
reed out If the OAV ngnal it at e logic "1" the receiver will 
assume date hot not been teed out end the over run flip flop 
of the netut word holding rapitter will he Mt to a logic "1". 
If the DAV signal it at a logic "0" the receiver will ettume 
that date hat been read out After DAV goes to a logic "1". 
the receiver thift register it now reedy to accept the next 
character end hat one full character time to re move the re 
cerved character 
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ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 
VGG 'with letpeci to Vcc) 

Clock and logic input volutes (with 
Storage Temperature 

Operation Temperature 

Lead Temperature ISoide'ing, 10 sec) 

respect to Vcc|. 

STANDARD TEST CONDITIONS 

vcc « 5V t 5% 

ELECTRICAL CHARACTERISTICS lure standard conditional 

?0 to *0.3V 
20 to »0 3V 
65t to I50°C 

one to lore 
33or 

unlet, otherwise noted All vol rage. mee 

O*<TA<-'OX 

PARAMETER 
Input Logic Levels 

Logic 0 
Logic I 

'npul Capacitance 
All Inputs 

l eakage Currents 

Trt State Outputs 
Date Output Levels 

Logic 0 
, Logic t 

Output Ca(>aritance 

Short Ckt Cut rent 
powe' Supply Current 

'GO 
'cc 

AC CHARACTERISTICS 

Clock frequency 

Baud Rate 

Pulse Width 

Clock Pulse 

Control Strobe 
Oata Strobe 

External Reset 

Stetut Word E nable 

Reset Date Available 
Received Dele Enable 

Set Up A Hold Time 
Input Date Bits 
Input Control Bits 

Output Propagation Delay 
TPDO 
TPD1 

CONDITIONS AND COMMENTS 

?5nc. all inputs lOv 

V|L "it * I HmA max J 
V|M Unn lias intamal puiiup 

reels tois 

0 volts bias, t 1MHz 

0 volts 

*OL * ' 6mA Itinkl 
'OH " - 3mA isou real 

See Fig 74 

See Fig 76a 
SEE FIG TFIP 

T A  * ?5"C. Output load 
capacitance 60pF me* 
AV-6 >013 

AY 5 101 3A 
AY 6 1013 
AY 5 101JA 

MIN 

0 

VCC-t 5 

VCC 1 0 

TYP MAX 

10 

14 

18 

AV-6 1013 

AY 6 1013A 

See Fig. 16 

See Fig. 15 

See Fig. 14 

See Fig 27 
See Fig 23 
See Fig 27 

See Fig. 15 
See Fig 16 

See Fig 22 & 25 
See Fig 22 & 26 

See Fig 10 

DC 
DC 

0 

0 

t.0 
750 

300 
190 

500 

500 

750 
500 

>0 
>0 

0 8  
Vcc*0 3 

20 

I 0 

*0 4 

15 

16 
20 

480 

640 
30 
40 

UNITS 

500 

500 

volts 
volit 

OF 

MA 

volts 
volts 
pF 

mA 

MA 

kHz 
kHz 

k baud 

k baud 

us 
ns 
ns 

ns 

ns 
ns 
ns 

ns 
ns 
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1C3—MC769AP Hon Inveler. RTL. do not sub

stitute 
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i^np 

no gaio IC4. ICS—7400 TTL OOI 
01. <32—7N5139. tilicoi 
Ri. R2—Vanes with keyboard. 1000 ohms lor 

m-chanica' contacts and «S su^ly. 33X 
of is 10' elastomenc nigb resistance con-
Huts and * 12 supo'y 

R3. R4—1000 ohms V«-watl carbon 

MiSC PC Board. Solder. No ?4 Sohfereeje 
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NOTE: The following is available from 
Southwest Technical Products. 219 West 
Rhapsody, San Antonio, Teces. 78216 

PC Board, etched and drilled: $5.75. 
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FIG. 1—ASCII ENCODER CIRCUIT (top) is easy to build. FULL SIZE FOIL PATTERN (above) is lor the 
circuit board PARTS LAYOUT (right) shows where to mount the components on the circuit board. i 



ni.n l  'A , ; u '  <-«<UlOl com. 
mjods. umcss wc arc really going u, ,,sc 
iifimand often, (AKKIW.I H, RILKN 0FU.„ 
used, so il s hanJy to |,.,vc .1 special key 

"<>/. goes us a I ON I K.,I and 
A M command. S.milarly, we can get a 
spacebar by simultaneously g,v,„g a MIIH 
and a 0 command Other special functions 
(OF.l.fiTE, i SCAH . Ai I MOW, etc. . . .) arc 
easily added in ihe same way. 

To decide when a code is sent, a key-
pressed command is given when a key is 

lv' J keypressed command for the shift 
or control kcv. for they ate always used in 
conjunction with another key And, in our 
circuit, wx get a free "there's two keys 
pressed! ' output that can he used to tell 
whatever is on the other end that the typist 
is running too fast or just made a mistake 
and please ignore what just arrived. One 
linal. and slightly messy detail involves the 
-* ® < and ? keys. Normally, we like to 
lype commas, dashes, periods, and slashes 
without shifting, and save the question. 

SssVSV'Vx — 

A 

A 
\ 
A 

\y * • 
—':C> 

..-k 

,r«n> «he standard code. So if we arc 
going to go along with the standard code 
(often we are forced to because of the 
keytops on the keyboard we're going to 
use), we have to arrange Ihe shift key so that 
it operates backwards on these four keys. 
All this lakes are two 21/IC's, but this ts a 
complex and painful little detail to resolve 

he output of the code consists of seven 
hits in parallel, or all-at-once form. An 
eighth parity bit can optionally be added for 
error detection, or the seventh bit can op
tionally be dropped to gel the 10-bit code 
that has only alphanumeric^ to run a charac
ter generator. Should we want to talk to a 
computer or a phone line, w e have to con-
vert this code to a serial form, easily done 
with either the circuit shown in the original 
article or with a new ,\IOS terminal 
transmitter/receiver chip Depending on the 
type of keyboard and the debouncing in the 
rest of the system, we may have to add a 
as'well'COfK'",on,nk'jni' debouncing system 

/ 1 

e. 

?'A ?-A0D ™IS CIRCUIT for bounco-fr.. 
keyboard operation. 

KP INPUT GOES TO 
GROUND IF KEY 
PRESSED 2N5I29  

INPUT NOISE 
FlUTtH 

ROLLOVER 
OCKOUT 

NKRO INPUT 
GOES TO GROUNO 
IP T«0 KEYS 
PRESSED 

100K SETS 
STROBE 

DELAY TIME 

IOOK 
AAAr-O *6 

OUTPUT - BRIEF 
PULSE 10 MSEC 
AFTER ONE KEY 
IS PRESSED 

O 

~1| 5 UGNO 

,1 1 I I I I , J . 1 
©§>Cx-o-G25j:^^-xO-p™sor,CD>^) 
*RO*''"riv """O"® (TA 

IT"" J ! Q, ^ 
'•» program tunipor 

rn |J>. "" '' " 

| S *- v. 
» "111 00tri * 1 

S? 

#25)1 0 ~ 

{ '/ ASCII I IJ yFV 43 
D2 « KE YBOAiTS"i'iTc 0~D tk j jAAf # c| 

1 J K I C I I  §, j] 2 jj *[ 
j p 7 4 0 0  | |  |  I k RO 

f  n  G N DI  1  0 I 
J  J  

About the new circuit 

f.JirlAwc,rcu1" " 4hownin h'• tor ICI (presently around S7.50). all the re
maining parts are nickel and dime stuff, and 
there arc only IV components in all Just like 
the code of Table I. we can split the problem 
into two parts, for the lower four hits 
couldn I care less what the upper three arc 
doing, so long as everything ends up right 
Thus a lower four bus 1101 code could he a 
carnage return, a group scperntor (a very 
rare machine command), a dash or minus 
an equals a M. or ., |ilf(;c unbrackel. ICI 
singlehandcdly takes care of the lower four 
bits for us It has sixteen input lines and four 
output lines If yuu make any ,m, (on|y 
one.) input l.nc positive, u glves the binary 
equivalent to that code Thus the thud l.nc 
generates a 0011, the eighth hne a 1000 and 
so on. 

The inputs arc RTI. style and stmply need 
an impedance path to + 5 or . I » to serve as 
an input command. Whatever rise the input 
current flows through on the way to set up 
Ihe upper fhrec bits is of no concern to ICI. 
so long as the curTcnl gets there when it is 
needed. ICt also generates a keypressed 
output that's h.gh if all the inputxw tew 
and goes low if anv key is pressed. It also 
produces an optional output that goes kiw if 
iwo keys or more are simultaneously 

lh!" * Ci,llcd * NKKO «»U|PU<. vu>rt for N-key-rollover. 
It only takes about + 3.5 volls to turn on an 

ICI input. Since the input is current oper
ated. we can either gel our current from a 
low impedance (mechanical or rccd) contact 
and a +5 supply, or from a higher ,mpcd-
ance (elastomcrie or foam) contact and a 
-I. supply. Around two mill,amperes arc 

,hac, ;. c,,n hi,nJIe m"ch mo'c ,h;,n 

Uni /f'; ' ** Can u* v#tually any 
kind of keyboard contact simply by picking 
one optional low current supply voltage-

So much for the lower four bits. The 
upper three hits are generated by responding 
to what the ICI input current is routed 
hrough on the way down from the positive 

supply If ,t g.icc through nothing, we sel up 
, J ." S00" 'trough fjl. wo set up A-O 

and if it goes through 02. we set up zero 
rough 9 and the related punctuation The 

(continued on page 92 j 
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PT] HARRIS 
LJJ SEMICONDUCTOR 

4 OHSCS Of r*f CO**C*AlQH HD-0165 
Keyboard Encoder 

CR\G\K Pel 
FEATURES 

• STR08E OUTPUT 
• KEY ROLLOVER OUTPUT 
• EXPANDABLE: 2 PACKAGES REQUIREO FOR 

FULL TELETYPEWRITER. EIGHT-BIT ENCODING 

• SINGLE *5 OV SUPPLY REQUIREO. 
OTL/TTL OUTPUTS 

• MONOLITHIC RELIABILITY 

GENERAL DESCRIPTION 

I 

The HD-0'65 Keyboard Encoder is a IS line to four-bit parallel encoder intended lor use with manual data entry devices 
such a> calculator or typewriter keyboards. In addition to the encoding function, there is a Strobe output and * Key 
Raiiover output which energizes whenev-' -wn or more inputs are energized simultaneously. Any four-bit code be 
implemented by proper wiring of the input lines. Inputs are normally wired through the key switches to the «5.C. y. «er 
supply. Fuli typewriter keyboard encoding up to eight bus can be accomplished with two Encoder circuits by the use of 
double pete key switches or single pole twitches with two isolation diodes per key. Outputs will interface with all popular 
OTL and TTL logic famii es. The circuit is packaged in a hermetic 2-i pin dual in-line package and operates over the tem
perature range of 0°C to •t75°C. 

i 1 

EQUIVALENT CIRCUITS 

EOUIVAlENT RESISTORS EQR QThER 
INPUTS ARE BETWEEN THESE TWO VALUES 

PACKAGE 

CODE 1J 

*41 t*f % %C*IJ 
*U Ol«fMttOftf • 

i 
3 

c l n b 
c J M 3 
c « Jl 3 c s re 3 
c S 1. 3 c t ii 
c i t> 3 c i <« 3 
Q se is 3 
c tt u D c •r m D 

TOP 
VIEW 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Input Voltage 
Output Voltage 

•7.0V 
+5.5V 
+5 5V 

Output Current 
Storage Temperature 
Operating Temperature (Case) 

30mA 
-65° to +150°C 
0°C to +75°C 

ELECTRICAL CHARACTERISTICS 

Test Conditions: Vcc »+5.0V ± 5S 
TCase • 0°C to +1S°C 

Unless otherwise specified 

LIMITS 
UNITS TEST C0N0ITI0NS 

PARAMETER SYM. 
MIN TYP MAX 

UNITS TEST C0N0ITI0NS 

Input Current "1" >IH 17  mA V,N » *5.0V 

Output Voltage 

"0" 

"1" <
 

<
 

o
 

o
 

X 
f-

•2.4 

•0.2 

•4.0 

•04 

•0.4 
V 

Vm •+4.5V lQL"'0mA 

V|Hm43.5V 1 oL * 3.2mA 

Vjl • Open Circuit,Iqh • -240UA 

Operating >cc  52 mA One Input at +5.25V 

Pcwer Supply Current 
Maximum 'CCM 88 mA All Inputs at *5.25V 

Skew Time (Note 1) 

u> 80 200 ns 

TCase-25°C 
vCCa VIN ' +5 0V 

CL < 50pF 

NOTE tl) Skew "fflt .» the m«»mum t.me s afferent n between proseget.on delay times of any 
outoutt ificlud^g uroot and KpQ. 

TRUTH TABLE — 
INPUTS OUTPUTS^ 

t 2 3 « 5 5 ? S 9 10 11 12 13 14 IS IS ! 2 3 4 St KftO 
i i i i i I I I I H H H H H H 

L L I I L L L L L l l i 
* i l 1 1 L t I H H H H I H H I •„ L L L L L L L L «• 
« i i l 1 I I I t L H H H I H I H I L I I L L I I l i a l 1 1 1 I I I I H t H H I H L t H L L L I L L L L k 
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'APPLICATIONS 

•5.0V 
vcc •s.ov 

5 -
6-

7 -
8-

9-
1 0 .  

1 1 -
12 .  
1 3 -
1 4 .  

1 5 -
• 6 .  

K E Y B O A R D  

2 0  1  _J 
1 9  

13 2 2  1  
1 7  2 1  2  

1 6  2  — -  3  
1 5  3  4  

1 4  
1 3  4  S T R O B E  
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6  
5  2 3  

nun 

P A R A L L E L  
8 1 N A R Y  
O U T P U T S  

A U X I L I A R Y  
O U T P U T S  

Figure 1. GENERAL CONFIGURATION FOR 
cNCGCINC 'WO TO SIXTEEN KEYS 

The Truth Table i» used to determine wiring from »h» key 
switch** to Encoder ir.put* to product detired output codet. 

O  + 5 . 0 V  

OTL OR OPEN 
COLLECTOR 

GATE 

OUAL M0N0STA3LE 
[9602 OR EQUIVALENT] 

^ • 2 * 4  

Figure 2. SWITCH BOUNCE ELIMINATION 

Tt s ci'Cui' generate* a delayed Strobe puite (St'l. Delay time 
it determined by I rst monostab'e ard thou'd be about lOmt. 
Pu'*e wt!:h -j determined by secord morottable and mould be 
ttt accord "g to tyttem requirement*. Effect o' twitch bounce 
or arccg on make or break it pot't '.e'y eliminated and orope. 
encod-ng will take p.ace under two key rollover condition*. 

3 j  7 ~ 6  ? 2  

D i  -  5  



APPLICATIONS {continued) 

OOUSlE POLE INPU1S OUTPUTS 

S OUTPUTS 

| OPE" COLLECTOR 
CATC 

CIRCUIT e | 
FIGURE J n 

ALTERNATE ISOLATION METHOD 
S'NCLE POLE *€Y SWITCH WITH 
TWO ClOOES 

VOTE »*>« I v«* ''N"''» 171 

F.jur• 3. ENCOO'NC UP TO 256 KEYS 

U»e uDO" Encode TO product >• - 7°«' 
h.tl t-* lev." TO produce -he <*••' " 9<"«<c»"« bits. "*• T?L 
Tao-« srd tsou.red ou-out cod" to d*T«rm-n« /..r.nj »rom e»ch 
key to the tiM> Encoders. 

SHIFT and CONTROL function* c»n be .mp'#T>«nted bv 'OQic 
Oil" id Ifriri w>*h the output 'iite*. 
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« CCS 
4F RAM BOARD 

INTERCONNECTION DIAGRAM 

44 PIN 
EDGE CONNECTOR 

FUNCTIONAL SCOTATIC 

1 GND GND A 
2 GND GND B 
3 VCC VCC C 
4 Ax Ax D 
5 Ax Ax E 
6 Ax Ax F 
7 Dx Dx H 
8 Dx Dx J 
9 — K 

10 ES R/W L 
11 — OE M 
12 OE — N 
13 R/W BS P 
14 - - R 
15 Dx Dx S 
16 Dx Dx T 
17 Ax Ax U 
18 Ax Ax V 
19 Ax Ax W 
20 VCC VCC X 
21 GND GND T 
22 GND GND Z • 

fly* 

NOTE 

There are 12 Address (Ax) 
lines and 8 Data (Dx) lines. 
They are not assigned num
bers by their significance. 
These lines are mutually 
exclusive, enabling the con
nector to be wired in any 
desired combination of the 
12 LEAST significant 
address or 8 data lines. 
Note also the functional 
symmetry of the connector, 
allowing the board to be 
inserted in either 

•ection. 

r ) l j 0 8  

CCS 12-76 





CCS 

4K RAM BOARD 

APPLICATIONS NOTES 

MOS Handling Procedures 
a. The MOS ICa in the kit are packaged in an anti-etatie j»c e . 

Do not remove them until assembly. 

b. The kit components, handling tools, work area, and the assem-
bier should be at ground potential. 

c. Do not wear nylon clothing while handling MOS circuits. 

d Following assembly, insure that system power is OFF *ej-°re 
the 4K RAM BOARD is inserted or removed from a connec 

There are 3 lines not buffered through the 4050s or 8T26s. 

lines ( BS, OE, and R/W ) are defined as follows: 

a. BOARD SELECT (BS) 
The BOARD SELECT signal is a board enable, and should be 

generated by a 4 to 16 decoder on the 4 MOST significant 

address lines. This line is active high,i.e., enabled by a 

logic 1. 

b. OUTPUT ENABLE (OE) 
The OUTPUT ENAELE line controls the data direction of the 

system RAM. When high, this line changes the data direction 

from input to output, driving the data bus from decoded RAM 

outputs. For example, in a typical 6800 system, this signal 

may be implemented with the CF R/W. 

c. READ/WRITE (R/W) 
The READ/WRITE control line signals the memory whether the 

CPU is in a Read(high) or Write(low) state. During a write 

cycle, this line should remain high until the address has ceer. 

present at the RAMs for a minimum of 170 nanoseconds and should 

return high 40 nanoseconds before the data becomes invalid. 
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MEM-2 
16 KByte 2114 Static RAM Memory Board 

Soldering PC Boards 

Two common causes of t rouble with pp l .,_j . , , 
bridges. Usually bad solder ioint rds are bad solder joints or solder 
contaminatioru A good sold., ̂  by ",her 1 cold »°ld" joint or 
surfacs ( ,« ftgur!7). J * chara«'"»d "y a bright shiny and smooth 

GOOD SOLDER 

BOARD 

Figure 1.  
TRACES 

CROSS-SECTION OF A PC BOARD SHOWING 
GOOD AND BAD SOLDER CONNECTIONS 

balC ledd a 8^d e r  j 0 l n t  i 8r  c h a r a c t e r i z e d  ^ a dull  surface and usually a lumpy or 

oldprto flA ?u\ a" a  "w e t t i n8" e^ect on solder which causes the 
or the meta^^around the '  C O m p l e t e iy fall ing the connection.  If  f lux is  not used 
•  ibis to haJo a g"d .o!d.°r7ota,  "  C O n t a m i n a t«'1  <d i r tV> "  "  »lmo.« unpos-

«l'd« w7lgteh».a.?tUSU,a"y Ca"Sed by Usi"8 a """"ins iron tip that's too large, 
iron (see t ieure 21 T ^K0 '  t r y i"8  ' °  r U S h  t h e  J o b '  U" » "no" spade t ip 
n w uu.  8  V T o u c h  t h e  connection with the flat  side of the t ip After tne 
flux bubbles,  touch the solder to the opposite side of the connection A« 
aoM* t O U  t! i e  s o l d e r  to t h e  iron.  The connection is  hot enough to melt  the '  
so der causing i t  to flow around the connection.  Do not use too much solder 
Use â  little and watch it flow. Solder is like spice for cooking, don't use to"' 

Applying heat for extended periods will  cause either or both of the followine-
i w ^ 1*°™ the b°ard °T the board material will turn brown 

Si Se .Older H f happens.  One hobbyist  counts the bubbles that  pop 
over hea t in l° b U b b l C S  i n s u r e d  «o o d  s o l d" flow without 6 * 

of6 the 22uf 'can^ri  ?o t a tf0 nK0 n i . t h e  s o l d e r  m a s k  tor the polari ty 
opposite to tho u 0fS^1 S  a^k w a r d s <  Install  the capacitors pposite to the way indicated on the solder mask 

e  ̂ 7 w 



1S\ I me.mory board designed to interface 2114's to the S-100 
(WAMECOT M)  bus (see Tables I  and II) .  Provisions have been made for 
?UWLW a i t  s t a t e s '  m e m°ry addressing options,  Phantom Disable,  and 
Bank Addressing.  Any multiple of two memory chips can be used in the board 
start  and stop address can be effectively set  in 4 K boundries anywhere in the 
65 K Byte memory of your computer.  If  4 K Bytes or less,  the board can be 
configured to occupy only the amount of 4 K Bytes in the memory map of your 
computer.  This selection can be increased by 4 K Byte increments unti l  the 
full  16 K Bytes is  selected.  

PARTS LIST 

Schematic Identifier  Quantity 
U1-U5 T J  

U6-U21, U37-U44, U47-U54 32 
U22, U23 2 
U24, U27 2 
U25, U26 2 
U28 1 
U29 1 
U30, U31 2 
U32 1 
U33, U35 2 
U34 1 
U36, U45k U46 3 
CI,  C4, C14, C19, C25, C36, C37, 
C46.C50.C52 10 
C2, C3, C13, C24, C47, C49 6 
C5-C12, C15-C18, C20-C23, C26, * 33 
C29-C32, C34, C35, C38-C45, C48, C51 
C28 
C33 
R1 
R2 
R3-R20 
SI,  S2 

1 
1 
1 
1 
18 
2 
5 
8 
9 
32 

Part  

2114 
DM8098, 
74LS138 
7485 
74LS02 
7404 
74LS74 
74122 
74LS20 
74LS32 
DM8097, 

8T98, or 74368 

8T97, 74367 

0.  IjjF disc ceramic capacitor 
22/zF16V(or higher) Tantalum Capacitor 
0.  01/up disc ceramic capacitor 

39pF disc ceramic capacitor 
68Q)F disc ceramic capacitor 
330 1/4 W carbon fi lm resistor 
100fi  1/4W carbon fi lm resistor 
2.  7Kfi 1/4W carbon fi lm resistor 
8 posit ion dip switch 
#361 AHAM (or equivalent)  heat  sinks 
14 pin low profile sockets 
16 pin low profile sockets 
18 pin low profile sockets 

TOOLS OR SUPPLIES NEEDED TO ASSEMBLE AND TEST MEM-2 

Q Tip cotton swab 
pair  needle nose pliers 
pair  diagonal cutt ing pliers 
bott le rosin flux 
tube si l icone thermal compound 
jar  solder cleaner 
roll  solder wick 
Phil l ips screwdriver 
small  adjustable wrench or socket to fi t  regulator nut 
roll  ( .  031" or.  040") SN60/40 rosin core solder 
25 to 40 W soldering iron with small  spade t ip 
Strong l ight 
magnifying glass 
XACTO knife with number 16 blade 
multimeter with leads 
power supply with variable outputs 

6 



33 
3 

J7 
11 
11 
M* 

9? 

18  STAT DISABLE! 
cfjIC DISABLE 

IT 

20 
IT 
IT 
23 
24 

UNPROTECT 
ss 

ADDR DSBL 
DO DSBL 

<7T 

(• 

(• 

X 

«1 HJ ••raBi X 
rl 26 PHLDA X 

27 PW AIT 
fT IF" PINTE 
n  FT A5 
ri TT A4 

Ell A3 
63 EMI A 15 
6f LEI A 12 
67 U1 A9 
6? til DO 1 TO 
71 1 DO0 X 
7' A10 
7< til DO 4 X 
?i|39 DO 5 X 
71 kill DO 6 X 
* 1  111 I DI2 X 
>3 EM DI3 X" 

m DI7 X 
* lili SMI 
t i  ua SOUT 
V  uai SINP 
* )  47 —— SMEMR 

4T SHLTA 
17 49 CLOCK (2MHz) 
71 55" GND 

•IN MNEMONIC rERM 

BUS DESCRIPTION 
+5V 
TFv" 

6  ( 5 3  
S- I 54 
f o  | 5 5  
/M 56 

)»| 59 

TT 
"ST 
ST 

zi 
H 
at 
it 
JO 
P [SF 

36 

"ST 
"ST 

ST 
,sr 

u 5l 
vo 70 

7 1 
72 
73 

I 74 
75 
7"5" 
77 
78 
79 
80 
8 1  

j  82 

> FT 
71 8F 
n 87_ 
?i 88 
7* FT 
»o 90 
n 9T 

"SSW E>$£ 
L'XT CLR 

FB 
TO 
rcr 
TO 

wfTT 
/6HF 

-j 95 
1 9~S| 

97 
u\w 

JH 
fir 

So" 
nro 
T7 

99' 
/»o|fo<5l 

M 
frr 
p 

nr 

P H A N T O M  
M WRITE 

T 
"IT 

~PF 
PROTECT 

TO" 

TOT 

*/| 
y6 
vr 

sv 

T» 
60 

CV 
66 I 83_| A 7 
• .* 84 

RUN" 
PRDY 

TO 
TO 

PITT 
PHSLD 

PFF3PT" 
PSYNC 
PW 
PDB1N 

c 
T 
e 
T 

AT 
AT 
AT 
AT 

k 
T 

IT 
"XTT 

m 
n 

"xrr 
~XTT 
"DTT 
DO 3 

TTT 
TIT 

, 92 | DI5 
>6 93 
r*J 94 

TIF 
TIT 
TT5 
SINTa— 

swo 
S5TACK 
TTO 
W 

PIN [MNEMONIC 

u 

w 

z 
XT 
AT 
TO 
TO 
TO 
TO 

TO 

TO 

TO 
TO 
TO 
TO 
TO 
TO 
TO 
TO 

TO 
TO 
TO 
TO 

x 

ALTER, [TERM 
PIN 
DESIG. 

Table I 3 



4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14 
15 
16 
17 
1 8  

19 

20 

2 1  

22 

23 

24 

25 

26 

27 

+ 16 Volts 

XRDY 

NA 

Low 

TO 
TO 
TO 
TO 
VI4 
VI5 
VIb 
VI7 

Low 
Low 
Low 
Low 
Low 
Low 
Low 
Low 
NA 
NA 
NA 
NA 
NA 
NA 

STAT DISABLE Low 

C/C DISABLE Low 

UNPROTECT High 

SS 

D6 £>5BL 

<Z>2 

0 1 

PHLDA 

PWAIT 

High 

Low 

Low 

High 

High 

High 

High 

Table II  

0 
1 
2 

5 
6 

Unregulated +8 Volts  DC. 
This  voltage should not  be 
less  than +8 or  greater  than 
+ 11 volts .  
Unregulated +16 Volts  DC. 
This  voltage should not  be 
less  than + 16 or  greater  
than +20 Volts .  

Causes CPU to enter  WAIi 
s tate when enabled.  
Vectored Interrupt  priori ty 
Vectored Interrupt  priori ty 
Vectored Interrupt  priori ty-
Vectored Interrupt  priori ty 1 
Vectored Interrupt  priori ty 4 
Vectored Interrupt  priori ty 
Vectored Interrupt  priori ty 
Vectored Interrupt  priori ty < 
Not  used 
Not used 
Not used 
Not used 
Not used 
Not used 
The eight  s tatus l ine buffers  
on the CPU board enter  the 
high impedance state when 
enabled.  
The six command/control  
l ine buffers  on the CPU board 
enter  the high impedance 
state when enabled.  
Combined with address in an 
AND gate on a  memory boarc:  
which causes the PROiECT 
fl ip-f lop to be cleared.  

Indicates the CPU is  single 
stepping.  
The 16 address l ine buffers  
on the CPU board enter  the 
high impedance state when 
enabled.  
The eight  data-out l ines  on 
the CPU board enter the high 
impedance state  when enabled.  
Buffered TTL CPU phase 2 
clock.  
Buffered TTL CPU phase 1 
clock.  
CPU board ' "Hold Acknowlcoge 
to HOLD-H input.  
CPU output  showing a  A AI i  
s tate  is  occuring.  



S-100 (WAMECO) BUS DESCRIPTION (Com ) 

Pin # Mnemonic 

28 PINTE 

29 A5 
30 A4 
31 A3 
32 A 15 
33 A12 
34 A9 
35 DO 1 
36 DOO 
37 A10 
38 D04 
39 DOS 
40 D06 
41 D12 
42 D13 
43 D17 
44 SMI 

45 SOUT 

46 SINP 

47 SMEMR 

53 

54 

55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

SSW D5B 

r rrax 

High 

High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 

High 

High 

High 

48 SHLTA High 

49 CLOCK(2MHz) Low 

50 GND NA 
51 + 8 Volts NA 
52 -16 Volts NA 

PHANTOM 

Low 

Low 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Table II  

CPU output showing that  
Interrupts are enabled.  
Address Bit  5 
Address Bit  4 
Address Bit  3 
Address Bit  15 
Address Bit  12 
Address Bit  9 
CPU Data Out Bit  1 
CPU Data Out Bit  0 
Address Bit  10 
CPU Data Out Bit  4 
CPU Data Out Bit  5 
CPU Data Out Bit  6 
Data In Bit  2 to CPU 
Data In Bit  3 to CPU 
Data In Bit  7 to CPU 
CPU output indicating i t  is  
performing Fetch Instruction.  
CPU output showing i t  is  in an 
output cycle.  
CPU output showing i t  is  in an 
input cycle.  
CPU status signal indicating 
the current cycle is  a Memory 
Read cycle.  
CPU status signal indicating 
the CPU is halted.  
A buffered 2 MHz clock for 
general  use.  
Ground (common) 
(Same as pin 1) 
Unregulated-16 Volts DC. 
This voltage should not be 
greater than -16 or less than 
-20 Volts.  
Sense Switch Disable disables 
CPU board data input buffers 
so that  CPU can read sense 
switches.  
Front panel generated I/O 
clear signal.  
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used | -
Not used J  
Used for Memory Bank .Selection 
tor for SOLqSystems) 



S-100 (WAMECO) BUS DESCRIPTION (Cont.  ) 

Descript ion Pin # Mnemonic Enabled State 

68 

69 

70 

71 

72 

73 

74 

75 

MWRITE 

PS 

PROTECT 

RUN 

PRDY 

PUTT 

PHOLD 

PRESET 

High 

Low 

High 

High 

Low 

Low 

Low 

Low 

76 PSYNC High 

77 PWR Low 

78 PDBIN Low 

79 AO High 
80 A 1 High 
81 A2 High 
82 A6 High 
83 A7 High 
84 A8 High 
85 A 13 High 
86 A14 High 
87 A l l  High 
88 DO 2 High 
89 DO 3 High 
90 D07 High 
91 DI4 High 
92 DI5 High 
93 DI6 High 

CPU output  showing Data 
Out Bus data is  to be wri t ten 
into the memory selected oy 
the address l ines.  
Shows Protect  Status of  
selected memorv.  
Combined with address in an 
AND gate on a  memory board 
which causes the PROTECT 
fl ip-f lop to be set .  
Front  panel  indicat ion that  
CPU run instruct ion has been 
input .  
Causes the CPU to enter  the 
WAIT state when enabled.  
If  interrupts  have been en
abled causes the CPU to enter  
the Interrupt  Acknowledge 
condit ion at  the conclusion of 
the current  instruct ion.  

CPU input  which causes a 
HOLD status to occur.  DMA 
transfer  request  s ignal  is  
PH6LD. 
CPU board system reset  
s ignal .  
CPU output  showing the s tar t  
of  a  new machine cycle.  This  
signal  is  used on the CPU 
board to enable the loading 
of the System Status Latch.  
Indicat ion that  data on the 
Data Out Bus is  to be wri t ten 
ei ther  to a  memory or  an 
I /O device.  
Indicat ion to the selected 
memory or  I /O device that  
the CPU expects  data on the 
Data In Bus.  
Address Bit  0 
Address Bit  1 
Address Bit  2 
Address Bit  6 
Address Bit  7 
Address Bit  8 
Address Bit  13 
Address Bit  14 
Address Bit  1 1 
CPU Data Out Bit  2 
CPU Data Out Bit  3 
CPU Data Out Bit  7 
Data In Bit  4 to CPU 
Data In Bit  5 to CPU 
Data In Bit  6 to CPU 

Table II  



S-100 (WAMECO) BUS DESCRIPTION (Cont.  )  

Pin § Mnemonic Enabled State Deecrlption 

94 
95 
96 

97 

98 

99 
100 

DI1 
DIO 
SINTA 

SWO 

SSTACK 

GND 

High 
High 
High 

Low 

High 

Low 
NA 

Data In Bit  1 to CPU 
Data In Bit  0 to CPU 
CPU Interrupt Acknowledge 
Signal 
CPU output indicating the 
current cycle involves 
writ ing to a memory or 
I /O device.  
CPU output indicating the 
address bus contains the 
stack address and the current 
cycle will  have a stack 
operation.  
Power On Clear reset  signal 
Ground (common) 

Table II  7 



I .  Assembly of MEM-2 

1-1.  Before placing any parts on the board,  check the board for any hairl ine 
shorts (sl ivers).  All  boards have been inspected at  least  three t imes before 
shipping. Sti l l ,  a  good hobbyist  checks any board he buys.  

1-2.  Using a strong light and a magnifying glass,  very carefully check all  
leads on the top of the board (this is  the side marked COMPONENT SIDE).  
If  any sl ivers are found, carefully cut and scrape them with an XACTO knife.  
The underside of the board will  be checked after assembly.  

1-3.  Place all  the 14, 16,  and 18 pin sockets in their  posit ions on the top side 
of the board.  

1-4.  After posit ioning all  the sockets in place,  check to ensure that  a socket is  
not in the posit ion SI or S2. Dip switches will  not stay in place in a socket.  
Place a book on top of the sockets,  hold the book t ight against  the board and turn 
them over so that  the underside of the board is  up.  Press down on the board and 
solder one pin on each end of each socket.  This will  ensure the sockets are flat  
against  the board.  When the tacking of al l  sockets is  completed,  f inish soldering 
all  the other pins of the sockets.  

DO NOT PUT IC'S IN SOCKETS AT THIS TIME. THEY WILL BE 
INSTALLED LATER. 

1-5.  Bend the leads on R3-R20(2.7Kfi RED, VIOLET, RED) and place 
in board.  Check parts placement drawing (figure 3) for correct  locations.  Bend 
the leads of the resistors on the underside of the board to retain them in place 
unti l  they are soldered.  Turn the board over and solder all  the resistors.  Clip 
the leads of the resistors flush with the underside of the board with the diagonal 
pliers.  

1-6.  Bend the leads on R1 ( 330CI ORANQE, ORANGE, BROWN) and olace in board.  
Check parts placement drawing (figure 3) for correct  location.  Bend the leads of 
the resistor on the underside of the board to retain it  in place unti l  i t  is  soldered.  
Turn the board over and solder the resistor.  Clip the leads of the resistor flush 
with the underside of the board with the diagonal pliers.  

1-7.  Bend the leads on R2 ( 10CO BROWN, BLACK. BROWN) and place in board.  
Check parts placement drawing (figure 3) for correct  location.  Bend the leads 
on the resistor on the underside of the board to retain i t  in place unti l  i t  is  soldered.  
Turn the board over and solder the resistor.  Clip the leads of the resistor flush 
with the underside of the board with the diagonal pliers.  

CHECK DISC CAPACITORS FOR PROPER VALUE BEFORE INSERTING IN 
BOARD. ENSURE .01 fiF AND .  1 |J .F DISC CAPACITORS ARE NOT 
INTERCHANGED. 

NOT! 

CAUTION 

8 



Figure 3.  MEM-2 Parts  Placement  Diagram 



1-8.  Put  the leads of CI,  C4,  C14,  C19,  C25,  C36,  C37,  C46,  C50,  C52 ( .  1  F)  disc 
capacitors  in the board.  Check parts  placement drawing ( f igure 3)  for  proper 
locat ions.  Bend the leads of the capacitors  to retain them in place unti l  they 
are soldered.  Turn the board over and solder  the capacitors .  Clip the leads 
of the capacitors  f lush with the underside of the board with the diagonal  pl iers .  

1-9.  Put  the leads of C5-C12,  C15-C18,  C20-C23,  C26,  C29-C32,  C34,  C35.C51 
C38-C45,  C48 ( .  01 j iF)  disc capacitors  in the board.  Check parts  placement 
drawing (f igure 3)  for  proper locat ions.  Bend the leads of the capacitors  to 
retain them in place unti l  they are soldered.  Turn the board over and solder  
the capacitors .  Clip the leads of the capacitors  f lush with the underside of 
the board with the diagonal  pl iers .  

1-10.  Place C2,  C3,  C13,  C24,  C47,  C49 (22 / iF tantalum) in place.  Ensure 
that  the polari t ies  are correct .  Check parts  placement drawing (f igure 3)  for  
correct  placement and polari ty.  Bend the leads of the capacitors  to retain them 
in place unti l  they are soldered.  Turn the board over and rest  i t  on books.  
Solder the capacitors  in place.  Clip the leads f lush with the underside of the 
board with diagonal  pl iers .  

I-11.  Put  the eight  posi t ion dip switches in place.  Ensure that  the switches are 
instal led so the the OFF posit ions are towards the gold f ingers of the board.  
Bend the two pins at  each end of each switch to retain i t  in place unti l  i t  is  
soldered.  Turn the board over and rest  i t  on books as  before.  Solder the eight  
posi t ion dip switches in place.  

1-12.  Before instal l ing the regulators ,  i t  is  recommended that  they be tested for  
proper voltage regulat ion.  

To prevent  osci l lat ion of the regulators ,  assemble a  test  r ig as  shown. The 
capacitors  must  be instal led observing the correct  polari ty.  This  test  r ig is  for  
pre-instal lat ion test ing only.  The f i l ter  capacitors  instal led on the board serve 
the same purpose in the f inal  assembly.  Attach the power supply,  mult imeter ,  
and capacitors  to the 7805 as  shown in f igure 4B. Place the mult imeter  in a  DC 
range that  wil l  a l low 10 volts  to be displayed.  The regulator  needs a  2.  0 volt  
minimum difference between the input  voltage and the regulated output  voltage.  
If  the power supply has a  voltmeter ,  observe the input  voltage during the test  
using that .  If  the power supply does not  have a  voltmeter ,  switch the + meter  
lead between the input  lead and the output  lead.  The input  and output  voltages can 
thus be observed.  

10 



J ' ,flowly ̂ crease the input voltage and observe the input and output voltaees 
"roperl\%'XtI^ta78e05iS J't? 1" ° "d 7-5 regulated output of a 8 SSZftFZSS'ZXElZ Î r- * 8 an<1 5" 2 V°'tS- RCpIa« ,h* reg" 
Ihi4k We?en lu6 7®05'8 have been tested as outlined in 1-12, place the 7805's on 
hod e on 'the MEM T TT'l* h°le °n the 7805 lines UP with the cor res pon<C 

. n .MEM ! "!? '"'I0"1 th' 78°5'S »ass ov" tha connection 
inserted W, ,.EM"2* Beund the leads on the 7805's so that the leads can be 
and 5/8" 6?n ?T°Pe r * M<5Unt the 7805's on the board using a #6 nut the leads Vf'h."VST*. ** b°"d a"d 'ha 78°5- S°'d« 

^ "Ut8,and ®"ews from the 7805's. Bend the 7805's upward 
remove the heatsinks. Place a moderate amount of silicone thermal heat 

grease on the underside of the 7805's and the underside of the heatsinks with a 
he^Par a ^ &U °f th* area mentioned with an even coating of the 

c grease. Reinstall the heatsinks. nuts, and screw. Ensure the nuts are tight. 

I- 16. Clean off the flux on the underside of the board with flux cleaner. 

II. Inspection and Testing 

lI1I"H1* V,86 a kfigbt li8ht a"d magniiying glass to inspect all the traces on the 
Xacto knife n6 ti ,i anysiivers are found' cut and scrape them with an 
found r H ^ SO WlCk and soldering iron to remove any solder bridges 
found. Cover the solder bridge with flux and place a clean piece of solder 
ITld °nt i°P °\i • bridge* Place the soldering on top of the solder wick and 
hold until solder is seen flowing up into the solder wick. Remove the iron 
and wick Check to see if the bridge has been completely removed If not the bridge ha°been —ed-<5™ *. a. jpa. 

NOT! 

NO IC S HAVE BEEN INSTALLED ON THE BOARD DO NOT 
PROCEDURE N ™E B°ARD UNTIL CALLED FOR IN THE CHECKOUT 

STi. ̂ laCC £! 8witches o{ the eight position dip switches in the OFF position, 
lace the multimeter in the R x 1 scale. Place one probe on the gold finger for 

Reoeat thi*" °ther probe on all the other fingers sequentially to check for shorts 
Repeat this procedure for each pin. There should be only two sets of pins that 
atrono^ilht' V° 51 5° *? U°°' U any °ther Pair of Pins are Ported, use a 
short whi magnifying glass to locate the solder bridge or sliver causing the 

o t. When the short has been located, correct it as outlined in II-l. If there 
is no solder bridge or sliver, a component is shorted. Check the MEM-2 
schematic (figure 5) to locate the probable component. Lift one lead of the 
ffUf»feKte7 c°mponent and recheck between the two fingers that had a bad reading 
If the bad reading is now correct, replace the component. If the reading is still 
bad, continue troubleshooting until the faulty component is located and replaced 
Ensure that all components that had a lead lifted have the lead reconnected. 

1 1  



Figure 5.  MEM-2 Schematic 
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DO NOT INSTALL OR REMOVE ANY BOARD IN COMPUTER WITH 
POWER ON. DAMAGE TO BOARDS AND COMPUTER MAY RESULT. 

II-3. Ensure computer is OFF. Plug MEM-2 into the motherboard. Check 
that the MEM-2 is correctly plugged in and that the board is fully seated in the 
connector.  Turn the computer power ON and check the outputs of each regulator 
on the MEM-2. If the regulators do not have outputs as stated in 1-13 
turn the computer power OFF and replace the defective regulator.  Repeat 
I-13 to check out the new regulator before installing. If the voltage on the 
regulator is not now correct,  check the voltages on the motherboard. If the 
voltages on the motherboard are incorrect,  repair the power supply as needed. 
II  J , t a g® c h e c k  8o o d» t^rn the computer power OFF and remove 
the MEM-2 from the motherboard. 

II-4. Select the proper wait state and MWRITE selection for the board by installing 
the jumpers on the MEM-2 as shown in Figure 6. 

II-5. Clean off the flux on the underside of the board with flux cleaner.  

II-6. Install  all  the IC's on the MEM-2. Check parts placement drawing (Figure 3) 
for proper location and correct polarity of IC's.  

ENSURE ALL IC'S ARE INSTALLED CORRECTLY. INCORRECT 
POLARIZATION OF IC WILL RESULT IN DAMAGE TO IC AND CAUSE 
SUBSEQUENT TROUBLES TO APPEAR ON THE BOARD. 

II"7" T h« memory of the MEM-2 is addressed in 4KByte segments.  The minimum 
segment that can be selected is 4K. The board can be populated in 1KByte incre
ments (2 memory chips) at  a time. The memory is divided into four separate sect
ions which will  be referred to as A through D (see Figure 7).  A will  always have 
memory starting at 0000H, 4000H, 8000H, or C000H. B will  always have memory 

O 0 H , 5 0 0 0 H , 9 0 0 0 H '  o r  D 0 0°H. C will  always have memory starting at 700oS: loOOH.'  o0r0 0FH000HE 0°0 H '  °  a 'W a V >  m e m° r y  »' 3 0 0 0 H-

H-8. Since the memory starting point of the board dictates which section has the 
starting (lowest) address,  i t  is  important that you consider the addressing examples 
given below. 

EXAMPLE A. 5 KBytes of memory to be put on board, starting at 3000H. 8 KBytes 
of memory space will  be used. Section D will  be completely fil led and U6 and U14 
of section A will  be fil led. Memory addressing increases from top to bottom of each 
section. Low limit address switches of SI (A-D) will  be OFF, OFF, ON, ON High 
l imit (E-H) will  be OFF, ON, OFF, OFF. 

1 3 



MWRITE SELECTION 

No front panel or no MWRITE - Jumper D2 to D3 
Front panel with MWRITE - Jumper D1 to D2 

WAIT STATE JUMPER SELECTION 

WAIT STATE JUMPER D7 TO 

0 D4 
1 D5 
2 D6 
3 D8 

NOTK 

U30 DOES NOT HAVE TO BE INSTALLED IF 0 OR 1 WAIT STATE IS SELECTED. 

MEMORY ADDRESS RANGE SELECT (SI) 

LOW LIMIT HIGH LIMIT 
A B C D E F G H 

OFF OFF OFF OFF OFF OFF OFF OFF 
OFF OFF OFF ON OFF OFF OFF ON 
OFF OFF ON OFF OFF OFF ON OFF 
OFF OFF ON ON OFF OFF ON ON 
OFF ON OFF OFF OFF ON OFF OFF 
OFF ON OFF ON OFF ON OFF ON 
OFF ON ON OFF OFF ON ON OFF 
OFF ON ON ON OFF ON ON ON 
ON OFF OFF OFF ON OFF OFF OFF 
ON OFF OFF ON ON OFF OFF ON 
ON OFF ON OFF ON OFF ON OFF 
ON OFF ON ON ON OFF ON ON 
ON ON OFF OFF ON ON OFF OFF 
ON ON OFF ON ON ON OFF ON 
ON ON ON OFF ON ON ON OFF 
ON ON ON ON ON ON ON ON 

ADDRESS RANGE SECTION 

0000-
1000-
2000-
3000-
4000-
5000-
6000-
7000-
8000-
9000-
A000-
B000-
C000-
D000-
E000 
F000 

0FFF 
1FFF 
2FFF 
3FFF 
4FFF 
5FFF 
6FFF 
7FFF 
8FFF 
9FFF 
• AFFF 
• BFFF 
• CFFF 
• DFFF 
-EFFF 
FFFF 

A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 

ADDRESS SELECT REQUIREMENT 

LOW LIMIT SETTING DESIRED ADDRESS RANGE HIGH LIMIT SETTING 

Figure 6. MEM-2 Board Configuration 



ERRATA FOR WAMECO MEM-2 

1. Fig. 7, page 15 should be: 

U6 1 
U7 

U14 

U15 

cspp 

cspi 
BLOCK "a" 

jm. 

jm. U48 

U47 CSP2 

CSP3 

U8 U16 CSp5 U39 TMQ CSP7 
, BLOCK V 

CSP7 

U9 U17 CSP6 U40 U50 CSP8 

U10 D18 CSP9 U41 U51 CS11 
BLOCK "c" 

CS11 

Ull U19 csip U42 U52 CS12 

U12 1 U20 CS13 U43 U53 CS15 
BLOCK "D" 

CS15 

U13 U21 CS14 U44 U54 CS16 

f^eea^CchJpUse1ectamended re"eCt COrrect "U" 



v — ^  

EXAMPLE B 1? KRvtp / 
12 KBytes of memoryyspL0/^1erbnst.0Hb%PU, 0n board' star,i„g at 9000H 

sHSS?S£;"i~"̂ :sr£i? 

LSoTT] 

P?ES NOT COME UPPin'any deter°minarTEM" the microprocessor 
i n i t i a l i z e  T H E  C O m p i i t p d  o e t e r m i n a b l e  S T A T E ,  t o  C O R R F m  v  
PUSH THE RESET ?ORESE?: THE ST°P SWIT™« M£P AJD 

Board. The^are* d"fe"nt Program. given check ou, the memory ̂  ̂  

2i W^^One (WLKON)Ckerb°apd T"' (RTEST» 
3. Walking Zero (WLKZR) 

If your computer win'ootMlow'rt" ̂ "ddrcH to be Con"gured for address 0000H. 
the programs to use an allowable address range " ' V°U """ haVe to m°dify 

11-14. After configuring your board a* =»k 
your choice of the memory test, g.ven mir'"",,'™ computer ON and input 
run once it has been inputted, WLKON and WLKZR t°t Uke about a second to 
run as more and more memory i, tested It i^h ? *" e*Pod«otial time to 
not run more than 2 KBytes at a time on these two te/t" reCOmme"d«d 'ha, you 

Th;̂ 1Hh:to7uZrrmpreUoVroyrb^r„re7; SiVe? * h"P y°u debug your board 
to run them a series of times until all error h* l8,found* 11 may therefore be neede 
is possible to modify the programs so that the^^11 f°Und a"d corrected. It 

n output of all errors found. We leave thi* A^f execute until completion and eiv« 

you will have ,0 modify the program."* me« youyrU.y^8ehm'0reU^ir,n^dtr,:nPUt ' 

III. BANK ADDRESSING 

installed, the bLrT^ll^ls^nd^/th^add1"8 Capabilities of MEM-2. If S2 is not 
limits selected by switch sT ** addre8S presented to it falls within the 

16 
"N 



** SZ ia installed» MEM-2 will respond if and only if the address is within 
3 1  a n d  , h e  c p u  h a s  - e i" t e d  > 

^,3;.lec^;lrir«ctbeai'ed " appIi"tion bapk addressing, use Figure 

BANK ADDRESSING 

A B C 

ON OFF OFF 
OFF ON OFF 
OFF OFF ON 
OFF OFF OFF 
OFF OFF OFF 
OFF OFF OFF 
OFF OFF OFF 
OFF OFF OFF 

Figure 8. MEM-2 Bank 

(S2) 

D E F 

OFF OFF OFF 
OFF OFF OFF 
OFF OFF OFF 
ON OFF OFF 
OFF ON OFF 
OFF OFF ON 
OFF OFF OFF 
OFF OFF OFF 

Addressing Selection 

G H BANK 

OFF OFF 
A 

1 
OFF OFF 2 
OFF OFF 3 
OFF OFF 4 
OFF OFF 5 
OFF OFF 6 
ON OFF 7 
OFF ON 8 

COSFUIE0™ESBOAID.IS ON AT ANY TIME- MULTIPLE ON SETTINGS 

NOT!  

ALL SWITCHES OFF DISABLE THE BANK SELECT OPTION. 

IV. GENERAL 
"""""———-— 
IV-1. The WAMLCO INCORPORATED product you have purchased has an unlimited 
guarantee good for a period of ninety (90) days from date of purchase from your 
weA^ro%M^De4e^^manufacturing- Upon receiPt °{ ^e defective board by 

, INCORPORATED, pre-paid freight or mailing, the board will be 
replaced and your shipping charges cheerfully refunded. The guaranty is limited 
,° Lacement of the board with an equivalent board even though the board may 
be defective through negligence in manufacturing or through other fault. 

. w» J» . f 

IV-2. For future reference, a print of the front and back traces of the MEM-2 
is shown (see Figure 9A and B). 

IV-3. We sincerely hope that the MEM-2 will give you long and satisfactory 
service. If you have any problems with the MEM-2, or if you just want to comment 
on the board, please write to me personally. 

Norm Walters 
President 

WAMECO INCORPORATED 
3107 Laneview Drive 
San Jose, Ca. 95132 
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point to 0 
point to 0 

/ i s  ̂  
ontents 
.same ? 

increment 
pointer 

read it  back 

done ? 

point to 0 ERRMI 
save add, diff 
cont,  correct 

increment H/L 
pointer 

BAD1 

bump pointer 
i  ot mer 
loaded ? 

point to 9 





FT5"® FL 8KRAH PRINK.LP.)  

WW Pitt 1 

LOC OBJ 

0000 210000 
0002 7D 
0804 84 
0005 77 
006b 48 
0067 B6 
0008 C25F00 
0068 23 
000C 7C 
060D FE20 
000F C20380 

0012 210000 
0015 7D 
0016 84 
0017 BE 
0018 C27000 
0018 23 
001C 7C 
001D FE20 
001F C21500 ( 

SEC SOURCE STATEMENT 

1 $ 
2 I 
3 
4 

9 
10 
U 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 ; 
27 i 
28 , 
29 
30 
31 
32 
33 
34 
35 
36 
37 

MCKFLLE DEBUG NOSVNBOLS XREF 
TITLE C8K RAH JEST') 

* RAN TEST - RAH BOARD AT LOCATION 0 IS TESTED 

0 GOOD TEST LOOPS AT X85C 

A FAILUC TO «ITE TIC ADDRESS CORRECTLV L0T*>S AT X06D 

A FAILURE TO READ BACK THE ADDRESS CORRECTLV LOOPS A XFT 

A FAILURE IN T>€ CHECKERBOARD TEST LOOPS AT X092 

ALL FAILURE ROUTINES LEAVE 
LOC 
0-1 
2 
3 
4 

NAME RANBK 

CSEG 

CONTENTS 
FAILING RAN ADDRESS 
DIFFERENCES IN T>C RAH LOCATION 
EXPECTED RAH CONTENTS 
ACTUAL RAH CONTENTS 

8X RAH ADDRESS TEST 

RTEST 
TEST1, 

LXI H>0 
NOV AL 
ADD H 
NOV A A 
NOV B,H 
CHP 6 
JNZ ERRL 
IIK H 

38 NOV AH 
39 CPI 20H 
40 JNZ TEST1 
41 
42 LXI A0 
43 TEST2 NOV AL 
44 ADD H 
45 CHP H 
46 JNZ ERR2 
47 INK H 
48 NOV AH 
49 CPI 20H 
50 JNZ TEST2 
51 
52 i 

'ADD HIGH BVTE TO LON 
-STORE RESGLT 
'READ IT BACK 
' IS IT TIC SAFC7 

/ NO. IIVCDIATE READ BACK ERROR 

'DONE WITH PASS I? 
'NO. LOOP AGAIN 

'ADD HIGH BVTE TO LON 
COMPARE RAH LOCATION 

'DIFFERENT - SOHEOC ELSE CTOWOT1 
' THIS LOCATION IS OK 

'DOIC HITH PRSS I I?  
'NO, LOOP AGAIN 



ISIS-II 8101/0185 NACRO RSSEHBLER, V2. 0 RflH6K PRGE 2 
8K RflM TEST 

LOC Q6J SEO SOURCE STflTEWTT 

53 ; CHECKERBOARD TEST 
54 ; 
55 

8622 218686 58 LXI H0 
8625 3E20 57 NVI a20H 
8627 IM 58 TEST3: NVI KORAN -SAVE 1010 1010 
0029 23 59 I NX H 
0626 BC 66 CJT H .DONE VET? 
0626 C22706 C 61 JHZ TEST3 .NO. LOOP AGAIN 
002E 210666 82 LXI K0 .POINT TO STRRT 
0631 06AA 83 NVI 8/ 0FLFLH 
8633 7E 64 L00P3 HOV AN .READ BACK CONTENTS 
0034 B8 85 CHP B .STILL MM? 
0835 C28480 C 88 JNZ ERR3 .NO. OCCKERBORRD ERROR 
8638 23 87 INX H 
0639 7C 88 NOV aH 
0636 FE20 89 CPI 20H ;DONE? 
083C C23360 c 70 JNZ LOOP3 .NO 
003F 3E20 71 NVI a26H 
0641 210066 72 LXI A0 .POINT TO START OF TEST 
0644 3855 73 TE5T4: NVI A55H , SAVE 0101 0101 
0648 23 74 INX H 
0647 BC 75 Of H ,E» OF SEGNENP 
0648 C24400 c 76 JNZ TEST4 , NO. LOOP AGAIN 
FLFLIN >4 F¥WT CLIWW 77 LXI AO .DONE. POINT TO START 
064E 0855 78 NVI B/55H 
0650 7E 79 L00P4 NOV AN .READ BRCX CONTENTS 
0651 B8 86 or B ; STILL 55W 
0652 C28460 c 81 JNZ ERR3 , NO, CHECKERBOARD ERROR 
0655 23 82 INX H 
0658 7C 83 NOV AH 
0657 FE28 04 CPI 20H ,EH> OF SBKNT? 
0659 C25606 c 85 JNZ L00P4 , NO, LOOP AGIAN 

98 
005C C35C86 c 87 GOOD. 

QO 
JLF GOOD .GOOD TEST """ 

OO 
89 i 
90 i ERROR ROUTIICS 
91 ; 
92 

rw^crr" vww% 
WJjr 93 ERRI: SHU) 0 .SAVE BflD ADDRESS 
0682 320366 94 STFL 3 .SAVE K#4RT CONTENTS SHOULD 
0685 68 95 XRFL B 
0668 326266 98 STR 2 .SAVE DIFFERENCES 
0669 78 97 NOV ae 
0666 326460 98 STR 4 .SAVE ACTUAL CONTENTS 
066D C38D06 c 99 BflDl. JNP BflDl ;AM> LOOP RT BflDl 

106 
101 ; RE6D BACK ERROR - ADDRESS TEST 
102 

0670 226606 103 ERR2 SHU) 0 iSAVE BflD ADDRESS 
0673 48 104 NOV B, N 
0674 7C 105 NOV AH 
0675 85 106 ADD L 
0676 320388 107 STfl 3 i SAVE IMAT CONTENTS SHOULD 



ISIS-II 8888/8085 NflCRO ASSEMJLER, V2. 0 RflMSK PAGE 3 
8K RflM TEST 

LOC OBJ SEQ SOURCE ST0TEMENT 

0079 88 108 XRfl B 

0078 228280 109 STfl 2 ,SflVE DIFFERENCES 

007D 78 110 MOV 8,8 

007E 220400 111 STB 4 , SAVE ACTUflL CONTENTS 

8081 C28100 C 112 BAD2 J*> BRD2 ,AW> LOOP AT BflD2 

113 
114 ; OCCKERBOflRD ERROR 

115 
6884 220880 116 ERR2; SHLD 0 , SflVE BflD ADDRESS 

0087 220480 117 STfl 4 , SflVE ACTUAL CONTENTS 
LM*QG OQ won HO 118 XRfl B 
0888 220280 119 STfl 2 , SflVE DIFFERENCES 

088E 78 120 NOV 8,6 

088F 220300 121 STfl 3 , SflVE WHAT CONTENTS SHOULD BE 

0892 C39200 C 122 BRD3: JW> BflD2 ;AND LOOP AT BflD3 

123 
124 EM) 

ASSEMBLY COMPLETE, MO ERRORS 

IS1S-1I ASSEMBLER SYMBOL CROSS REFERENCE, V2. 0 

BflDl 991 99 
BAD2 1121 112 
BAD3 1220 122 
ERR1 36 930 
ERR2 46 1020 
ERR3 66 81 
GOOC' 87« 87 

LOOP3 • • i  70 

LOCH 790 85 
nrmrt' KUW 22 
RTEST 3H 
TEST1 310 40 

TEST2 420 50 

TEST3 580 61 
TEST 4 720 76 

CROSS REFERENCE COf LETE 
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point to next 
location 

Q*-

N 

WLKON 

WWLKON 
init ial ize stack 
reg A str t  add 
end add 

\J  WLK1 
set  entire mem 
segment to 00H 

MATCH 

done  ?  

\ 

i  

1 
point to start  
of mem seg 

\ 

Y 

! 
MATCH 

end of men 
segment? 

set  reg A to 
01H 

N 

WLK3 

get f irst  
memory io c  

WLK4 
get next 
memory loc 

save reg A in 
memory loc 

ZERO N 
is  rest  of 
mem seg 
st i l l  = 00H' 

I 
MATCH 
end of mer x 

segment ? 

I 
rotate reg A 
left  one bit  

WCK5 

G 
\y ERR2 

set  accum. 
to 00H 

\ /  ERR3 
no -  op 

save bad mem 
location 

mask for bad 
bits  

no -  op 

save data bits  

\  IERR4 

OEE> 



save accum 
ulators 

point to start  
of mem seg 

/  IS N, 
his loc o 

walkinj  
\  IX 

MATCH 

RETURN 

WZEROC 

get next mem 
location 

\ 
^ 

at this point  the 
"z" flag is  not 
set  

is  high byte of 
present address 
high byte of end 
address? 

MATCH 

N 

present address 
low byte of end 
address ? 

at  this point  the 
"z" flag is  set  

Y 

\j/ ZERQD 

end of mem 
test? 



R5M90 FiUJCON PRIKT( LP ) HACROF1LE 

I5IS-II 8860/8065 MACRO ASSEMBLER, V2. 0 
WALKING OX ICMORY TEST - VI 0 

HLKON PAGE 

LX OBJ SEQ SOURCE STATEMENT 

TITLE CHALKING ONE MEMORY TEST - VI 0') 

WALKING OE 

THIS ROUTINE HILL ZERO ICMORY, THEN SET OX BIT HIGH 
A»<) CHECK ALL REMAINING BITS IN MEMORY FOR ZERO 
THIS PROCESS OCCURS FOR EVERY BIT IN ICMORY 

i DUE TO EXECUTION TINE, X SUGGEST YOU TEST NOTHING 
i LARGER THAN A 2K SEGMENT (880H) 
i 

NAX HLKON 

1 $ 
2 
3 i 
4 ; 
5 i 
6 i 
7 i 
8 i 
9 i 

10 
11 
12 
13 
14 
15 

0000 3E00 17 HJCON: MVI A,0 
0862 311380 D 18 LXI SP, 8BITS+13 
/W>C WVWl OTCJ inWOT D 19 LHLD STOPfl 
0086 EB 20 XCHG 
0069 2A0208 D 21 LHLD STRTA 
08X 23 22 HLK1: INX H 
000D 77 23 MOV N, A 
000E CD7380 C 24 CALL MATCH 
0011 C20C80 C 25 jnz ma 
0014 2A6200 D 26 LHLD STRTA 
0017 23 27 MJC2 lift H 
0018 X 28 CMP M 
0819 C23F00 C 29 JNZ ERR2 
001C CD7300 C 30 CALL MATCH 
001F C21700 C 31 JNZ HLK2 
0022 3E01 32 hvi a,i 
0024 2A0200 D 33 XK3: LHLD STRTA 
8827 23 34 MJC4: lift H 
0028 77 35 MOV N, A 
0829 X 36 CMP M 
002A C24100 C 37 JNZ ERR3 
002D CD4D00 c 38 CALL ZERO 
0038 3600 39 MVI N»0 
0032 CD7300 c 40 CALL HATCH 
0035 C22700 c 41 JNZ HLK4 
0038 07 42 RLC 
0039 D22480 C 43 jnc ma 
003C C33C00 C 44 HJC5: Jlf HLK5 

45 
003F 3E00 46 ERR2 mvi fte 
0041 00 47 ERR3. NOP 
0042 220408 D 48 SXD BADOR 
0045 X 49 M m 
T¥W. MA 50 NOP 
0047 320608 D 51 STA WITS 
IWffl 1/JT7IW C 52 ERR4 Jlf ERR4 

,SET STACK POINTER 
,NOVE STOP ADDRESS TO D/E 

; GET START ADDRESS TO H/L 

iZERO THIS LOCATION 
, END OF MEMORY7 

;NO, DO NEXT LOCATION 
; GET START 

,STILL ZERO7 

, NO, ERROR 
»E0M? 
i NO 
jPUT A ONE IN ACC 
;GET START ADORESS 

; SAVE WALKING »€ IN MEM 
;URS IT SET? 
;N0, ERROR 
jREST X MEMORY STILL ZERO7 

;NES, RESTORE LX TO ZERO 
iEOH7 

; NO, TO NEXT LOCATION 
;ROTATE OX BIT LEFT 
iNOT DOE YET 
;Jl*f TO SELF - ALL LOCS TESTED GOOD 

;SAVE BAD ADORESS 

iSAVE BAD BITS 
; Jiff TO SELF - OX LOCATION TESTED BAD 



ISIS-II 8888/8885 NACRO ASSEIfiLER, V2. 0 
WALKING ONE ICNORY TEST - VI 0 

WLKON PAGE 2 

LOC OBJ SEQ 

0040 4F 
084E C5 
884F E5 
8850 2A8200 
8853 3E00 
8855 23 
0856 BE 
0857 C26400 
085A CO7300 
0850 C25380 
0868 El 
0861 CI 
0862 79 
0862 C9 
0864 CI 
8865 C5 
0866 7C 
0867 88 
0868 C23F00 
0868 70 
886C B9 
0860 C22F00 
0070 C35A80 

8073 47 
0074 7C 
8075 BA 
0076 C27B88 
0079 70 
007ft BE 
007B 78 
807C C9 

0880 FF07 
0802 9600 

MM (WW iwj 
rwW QCk 

(W 

53 
54 
55 
56 
57 
58 
59 
68 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
88 
81 
82 
83 
84 
85 
86 
87 

89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

SOURCE STATEMENT 

THIS SUBROUTINE HL CHECK !€N0RY TO SEE IF IT IS STILL ZERO 
IF NOT, IT OCCKS TO SEE IF THIS IS 01* WALKING 0»€ LOCATION 

ZERO 

ZER0C 

ZER0D 

ZER08 

NOV C,A 
PUSH B 
PUSH H 
LHLD STRTA 
NVI A,0 
I NX H 
Of N 
JNZ ZEROB 
CALL NATCH 
JNZ ZEROC 
POP H 
POP B 
NOV A,C 
RET 
POP B 
PUSH B 
NOV A.H 
CMP B 
JNZ ERR2 
NOV A»L 
Of C 
JNZ ERR2 
JNP ZEROO 

iSAVE REGS 

; POINT TO START OF MEN 

; GET NEXT LOC 
;ZER0° 
.NO 
,E0H? 
, NO, DO SOMENCRE 

, RESTORE REGS 

;IS THIS «RE WALKING 
; 0* IS STORED 
iNO. ERROR 12 

ULAJQC , fTTTDC 

, NO, ERROR 12 
,VES, 00 *XT LOCATION 

THIS SUBROUTIfC WILL DETERHIIC IF * HAVE REAO€D 
TEC E» OF NENCRV 

FlAG Z=8 IF NOT EK> OF NENORY 
RAG Z=1 IF END OF MEMORY 

HA1CH 

NTCHA 

101 
182 
103 
104 
185 
ik 

STOPft 
STRTA: 
BADOR 
B8ITS: 

NOV B, A 
NOV A,H 
CMP D 
JNZ MTCHA 
NOV A.L 
CMP E 
NOV ft-B 
RET 

OSEG 
DU 7FFH 
BH 96H 
[M 0 
DB 0 

FHi 4JC0N 

iSAVE ACC 

iDOES HIGH BYTE NATCH0 

j NO 

iCOffflRE WITH LOW BYTE 
.RESTORE ACC 

,Dt> ADDRESS 
, START OF TEST SEGICNT - 1 
.BAD ADORESS LOCATION 
.BAD BITS LOCATION 

PUBLIC SYMBOLS 



I 

EXTERNAL SYWOLS 

USER SYMBOLS 

ISIS-II 8880/S885 MACRO ASSEMBLER; V2. 0 
WALKING ONE ICMORY TEST - VL 0 

tUCON PAGE 3 

r^__ r ^ j j coqa r M4A MATCH C 0073 HTCHA C 00 7B 
WtW 0 0864 KITS 0 0006 TO C 065 TO C »« *x, C 0027 M C« 
STOPfl D 0000 STRTA D 0002 HLKi C 000C **2 C 0017 MLM t w* 
MLKON C 0000 ZERO C 0040 ZER08 C 0064 ZEROC C 0053 ZEK 

ASSEMBLY COffLETE. NO ERRORS 

( « 29 



WLKZR 

WLK3 

\ f E R R 2 .  WLKZR get f irst  mem 
location 

init  ial ize stacl< 
pntr  reg A str t  
add end add WLK4 

get next mem 
location 

complement 
accumulator 

set  entire mem 
seg to FFH save reg A in 

mem location 

/  is \  
mem loc 
s = r e g  A  J ,  m a t c h  save bad mem 

location done ? 

is  rest  of 
mem seg 
st i l l  = FFH? 

mask for bad 
bits  

point  to start  
of mem seg 

end of merr 
seg? 

complement 
accumulator 

point  to next 
location 

MATCH 

WLK5 

HALT 
HALT 



MATCH 

MATCH 

point to sta 
of memory 
segment 

get next mem 
location RETURN 

'this loc 
of walkin 
V / M A T C H  _  

end of men-
segment ? 

restore 
accumulator s 

RETURN 



ASH88 Fi HLKZR PRINTCLP:) MACROFILE » 

ISIS-II 8888/8885 HRCRO ASSEMBLER, V2. 0 
WALKING ZERO l€MORY TEST - VI 0 

HLKZR PAGE 

LOC OBJ SEQ 

1 I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

SOURCE STRTOCNT 

TITLE CHALKING ZERO MEMORY TEST - VI 0') 

WALKING ZERO I 
THIS ROUTINE HILL SET MEMORY TO ONES. MN SET C*€ BIT TO ZERO 
fN> CHECK ALL REMAINING BITS IN IB10RY FOR 0»£S 
THIS PROCESS OCCURS FOR EVERY BIT IN MEMORY 

DOE TO EXECUTION TIIC, HE SUGGEST YOU TEST NOTHING 
LARGER THAN A 2K SEGMENT (880H) 

14 NAME HLKZR 
15 
16 CSEG 

8060 3EFF 17 HJQR: HVI A.0FFH 
0002 311308 D 18 LXI SP,BBITS*13 
0005 2A0090 D 19 LHLD STOPA 
0008 EB 20 XCHG 
8009 2A0200 D A LHLD STRTA 
800C 23 22 HK1: INX H 
0080 77 23 MOV M, A 
800E CD7380 C 24 CALL HATCH 
0011 C20C80 C 25 JNZ ma 
0014 2A0200 D 26 LIU) STRTA 
8017 23 27 HLK2: I NX H 
0018 BE 28 Of H 
8019 C23F00 C 29 JNZ ERR2 
001C CD7300 C 38 CALL HATCH 
001F C21790 C 31 JNZ HLK2 
0022 3EFE 32 HVI A.0FEH 
0024 2A0200 D 33 4J0 UTD STRTA 
9027 23 34 HK4: IW H 
8828 77 35 MOV M, A 
0029 BE 36 Of H 
002A C24188 C 37 JNZ ERR3 
0820 CD4D80 C 38 CALL ZERO 
0038 36FF 39 HVI M.0FFH 
0032 CD7388 C 48 CALL HATCH 
0035 C22780 C 41 JNZ HK4 
0038 97 42 RLC 
0039 D22400 C 43 JNC HJO 
003C C33C08 C 44 HJC5: JH> NLK5 

003F 3EFF 
8041 2F 
0042 220400 
0045 AE 
0046 2F 
0047 320680 
004A C34A00 

D 
C 

45 
46 ERR2. 
47 ERR3 
48 
49 
50 
51 
52 ERR4: 

HVI A.0FFH 
CHA 
5HLD BADOR 
XRA H 
CHA 
STA BBITS 
JPf ERM 

, SET STACK POINTER 
.MOVE STOP ADDRESS TO DTE 

,G£T START ADDRESS TO H/L 

.SET THIS LOCATION 

.END OF l€HORV> 
,NO. DO NEXT LOCATION 
.GET START 

, STI11 OCS7 

>N0< ERROR 
,E0tf> 
.NO 

.PUT A ZERO IN ACC 
;GET START RD'RESS 

.SAVE WALKING ZERO IN HEM 
jHRS IT SET? 
;NO, ERROR 
.REST OF MEMORY STILL 0»£S'> 
, VES- RESTORE Itt TC ONES 
^EO«? 
.NO, TO f£XT LOCATION 
.ROTATE OtC BIT LEFT 
.NOT Ctt€ YET 
, JUf TO SELF - ALL LOCS TESTED GOOD 

.SAVE BAD ADORESS 

.SAVE BAD BITS 
, TUMP TO SELF - ONE LOCATION TESTED BAD 



IMNIR1  ̂1 
 ̂ZERO ®«RV TEST 

LOC OBJ <XN 
S0U^C£ STATEMENT 

THIS SUBROUTINE U 
IP NOT, IT CHECKS 

; IS THIS J*€RE WALKING 
; ^TRO IS STORED? 

ERROR 12 
-NAVBE 

LOCATION 

NATCH? 

'END ADDRESS 
START OF TEST SEGMENT 
BAD ADDRESS LOCATION 

BITS LOCATION 



EXTERNAL SYMBOLS 

ISIS-II 8888/8885 MACRO ASSEMBLER, V2. 8 
WALKING 2ERO MEMORY TEST - VI 8 

USER SYMBOLS 

BAM* D 8684 
STOPA 0 0888 
HLKZR C 8888 

B8ITS D 8806 
STRTA D 088/ 
ZERO C 8840 

ERR2 c 803F 
UK1 c lVW 

WI.V 

ZEROB c Cwt 

WLKZR PAGE J 

ERR3 C 8841 
HLK2 C 0017 
ZEROC C 8853 

ERR4 C 884A 
HJQ C 8824 
ZEROD C 885A 

ftSSDCLY COH1ETE NO ERRORS 

34 
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WASATCH 
SEMICONDUCTOR PRODUCTS 

FOR PRODUCT INFORMATION OR TELEPHONE ORDERS CALL (714) 752-1374 

• —" J ABOUT OUR 44 PIN CCS BUS 

44 PIN 
CCS BUS 

< ( G> f - / 7- ^ 
f 2 

A >1- 3 
/10 4 
AZ. 5 

M 6 
DV 7 

or e 
TAa 7_ 9 
A i l  1 0  

x 11 
12 

*/w 13 
4#-14 
06 15 
0916 

AO 17 
Ar is 
AP 19 

/•«M 20 
A//nr21 

- 22 

CQp a  + / o  UA/iec. 

0(R) B , 
^Et VR C T P«a ^ 

Ax Ax D £n 
Ax Ax E f\<\ 
Ax Ax F AT 
Ox Dx H a -z. 
Dx Ox J oo 

K 9»a "5 
h7K l A'^* 

~ CE> M (ft 
*\*S K s T 
*ysr e* 

R s yx/c. 
S 03 

6 Dl 

A3 
W AI 
X ICY 
Y -It. «d<i 
2 C/Jo 

R/W BS 

Dx 
Dx 
Ax 
Ax 
Ax 

VSt 

Dx 
Dx 
Ax 
Ax 
Ax 
SEC 

M 
N 
P 

T 
U 
V 

<*9P GND 

t» 

!i 

^Dlie\BUS WaS devel°Ped f°r an OEM medical 
PP Nation with an over-riding concern for 

^ Er°Und connecti°ns. The 
t ions tn 8 8 gr°Und and 4 P°WPr ^nn^c-
IrCc Vû r ®uch adequacy. In addition, 

the CCS BUS carries 12 address lines, 8 data cdr"ard.se;ect'ram r/w» °utput enabie 
(data direction), and 6 spares for system 
expansion. 

WASATCH SEMICONDUCTOR PRODUCTS fully supports 
of aualitv ,BUS with an expanding family 
of quality products. Our products are readily 
interfaocu t„ nost popular n,icropr„c" Sors ' 
Look for our ad in Kilobaud Magazine. 

MOTHER BOARD SET 
* 8 SLOTS ON 0.5" CENTERS 

* 44 PIN CCS BUS 

* 50 PIN 1/0 CONNECTOR 

* 44 PIN CARD CONNECTORS 

PRICE 

* MOTHER BOARD ONLY 

* 44 PIN CARD CONNECTORS, EA. 

* CARD GUIDE SET 

$20.00 

$ 2.50 

$10.00 



80 LINE DIGITAL I /O BOARD 
* 44 PIN CCS BUS 

* FULLY BUFFERED, 5 VOLT ONLY 

* 64 BIDIRECTIONAL DATA LINES 

* 16 INTERRUPT LINES 

, 2 50 PIN I/O CONNECTORS 

PRICE 

* DIGITAL I/O BOARD ONLY $22.50 

. KIT WITH ALL COMPONENTS $59.95 

4 6820 PIA's 

WIRE-WRAP BOARD 
44 PIN CCS BUS 

ACCOMMODATES 14, 16, 20, 22, 24, 40 PIN IC'S 

ACCOMMODATES VARIOUS HYBRID PACKAGES 

SUBSTANTIAL BUSSED GROUND & POWER PLANES 

ACCOMMODATES 50 PIN I/O CONNECTOR 

PRICE 

WIRE-WRAP BOARD ONLY $15.00 

ACCESSORY KIT $ 5.00 
1 50 pin I/O connector 
17 bypass capacitors 

4K PROM BOARD 
• 44 PIN CCS BUS 

• FULLY BUFFERED, 5 VOLT ONLY 

• LOW POWER ( CLOCKED VCC ) 

* POPULAR 512x8 BIPOLAR PROMS 

PRICE 

• PROM BOARD ONLY $ 22.50 

• KIT WITH 2K PROM $ 79.95 

• KIT WITH 4K PROM $129.95 price includes programming 
to your binary tape 
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I. INTRODUCTION 

TIM is the Terminal Interface Monitor program for MOS 

Technology's 65XX microprocessors. It is supplied in read-only 

memory (ROM) as part of the MCS6530-004 multi-function chip. 

Because the TIM code is nonvolatile, it is available at system 

power-on and cannot be destroyed inadvertently by user programs. 

Furthermore, the user is free to use only those TIM capabilities 

which he needs for a particular program. Both interrupt types, 

interrupt reguest (IRQ) and nonmaskable interrupt (NMI) may be 

set to transfer control to TIM or directly to the user's program. 

TIM communicates with the user via a serial full-duplex 

port (using ASCII codes) and automatically adjusts to the speed 

of the user's terminal. Any speed--even nonstandard ones—can 

be accommodated. If the user's terminal has a long carriage 

return time, TIM can be set to perform the proper delay. Com

mands typed at the terminal can direct TIM to start a program, 

display or alter registers and memory locations, set breakpoints, 

and load or punch programs. If available in the system configura

tion, a high-speed paper tape reader may be used to load programs 

through a parallel port on the MCS6530-004 chip. Programs may be 

punched in either of two formats—hexadecimal (assembler output) 

or BNPF (which is used for programming read-only memories). On 

loading or modifying memory, TIM performs automatic read-after-

write verification to insure that addresses memory exists, is 

read/write type, and is responding correctly. Operator errors 

and certain hardware failures may thus be detected using TIM. 



TIM also provides several subroutines which may be called 

by user programs. These include reading and writing characters 

on the terminal, typing a byte in hexadecimal, reading from 

high-speed paper tape, and typeing a carriage-return, line-feed 

sequence with proper delay for the carriage of the terminal 

being used. Program tapes loaded by TIM may also specify a 

start address so that programs may be started with a minimum of 

operator action. 



II. SYSTEM CONFIGURATION 

Since TIM is a "program" resident in the MCS6530-004 it 

must be properly configured in a proper system environment. 

Figure 2-1 represents a block diagram of a minimum system 

utilizing the TIM program. The MCS6502 is the controlling 

microprocessor with two pages of memory (cages 0 and 1) repre

senting the minimum RAM requirement. These devices, as well as 

a representative schematic for the TTY, EIA interfaces, are 

shown in Figure 2-2 which is a detailed system schematic utiliz

ing the MCS6530-004. Note that the TIM function select equa

tions are found on this schematic. 
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III. OPERATIONAL FEATURES OF TIM 

A. TIM Commands* 

Command Description 

1 Set line speed. After RESET, a carriage re

turn is typed to allow TIM to measure the 

line speed. 

^ Display user registers. The format is: 

PC P A X Y S 

where: 

PC is the program counter 

P is the processor status 

A is the A (accumulator) register 

X is the X (index) register 

Y is the Y (index) register 

S is the stack pointer low byte (high 
byte is always 01) 

G go. Begin execution at user PC location 

(see R command). 

.M addr Memory examine. TIM will display the eight 

bytes beginning at address addr. 

ADDR data Alter registers or memory. TIM allows the 

user to alter registers (if R command pre

cedes) or memory (if M command precedes). 

Values for registers or memory locations 

which are not to be changed need not be typed 

* Characters typed by the user are underlined. All other charac
ters are typed by the computer. means carriage—return. 
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—these fields may be skipped by typing 

spaces instead of data. The remainder of 

the fields in a line may be left unchanged 

by typing carriage return. The : command 

may be repeated to alter subsequent memory 

locations without the necessity of typing 

intervening M commands. Note that TIM 

automatically types spaces to separate data 

fields. 

Load Hexadecimal. TIM responds with car

riage return, line-feed and loads data in 

assembler output format from the terminal or 

high-speed paper tape reader. The format is 

Zero or more leading characters except 

(usually blank leader) 

Any number of records of the form: 

;ccaaaadddd....ddssss 

wherer 

cc is. the number of bytes in the 
record in hex 

aaaa is the hex address to store the 
first byte of data 

dddd....dd is the data (two hex dici^ 
per byte) 

ssss is the check-sum, which is the 
arithmetic sum, to 16 bits, of all 
the count,.address and data bytes re 
presented by the record 

A terminating record of zero length, 

either: ;00 or 



H 

.WH addl addh^ 

.WB addl addh^ 

Note that read-after-v/rite and check-sum 

tests are performed. An error will result 

in a "?" being typed at the point the error 

occurred. Data from records with bad check

sums is deposited in memory as received, 

prior to the error stop. 

High-speed/low-speed reader switch. This 

command switches the load device from the 

user's terminal to the high-speed reader 

or vice versa. 

Write Hexadecimal. An assembler-format tape 

is generated at the user's terminal. Format 

is as described above in the LH command des

cription. Note that the address range must 

be specified with the lower address first. 

As in the Alter command, TIM types the 

space between the address fields. 

Write BNPF. A BNPF format tape is generated 

at the user's terminal. Format is one or 

more records as follows: 

aaaa BddddddddF BddddddddF. BddddddddF BddddddddF 

v/here: 

aaaa is the address of the first of the 
four bytes specified in the record. 
(Note: BNPF conventions require that 
the letter "B" never occur in the address 
field. Blanks arc substituted by TIM.) 

- 8 -



B is the letter "B", meaning begin data. 

dddddddd is eight data bite—P for logical 
true, N for logical false/ 

F is the letter "F", meaning finish. 

Note that the BNPF format is output as multiples 

of four bytes. Thus, a multiple of four bytes 

Will always be punched even if a non-multiple 

of four bytes is specified. 

Cancel Command. While typing any command, its 

further effect may normally be terminated by 

typing one or two carriage returns, as required. 

During alter (:), carriage return means that no 

further bytes (or registers) are to be altered. 

B. TIM Interrupt and Breakpoint Action 

BRK 

The BRK instruction causes the CPU to interrupt execution, 

save PC and P registers on the stack, and branch through a vec

tor at locations FFFE and FFFF. TIM initializes this vector 

to point to itself on RESET. Unless the user modifies this vec

tor, TIM will gain control when a BRK instruction is executed, 

print an asterisk and the registers (as in R command), and 

wait for user commands. Note that after a BRK which vectors to 

TIM, the user's PC points to the byte following the BRK; how

ever, users who choose to handle BRK instructions themselves 



should note that BRK acts as a two-byte instruction, leaving 

the PC (on return via RTI) two bytes past the BRK instruction. 

IRQ 

Interrupt Request is also vectored through location FFFE. 

The CPU traps (as with BRK) through this vector when IRQ goes 

low, provided interrupts are not inhibited. Since this vector 

is the same as for BRK, TIM examines the BRK bit in the P 

register after this type of -interrupt. If a BRK did not. cause 

the interrupt, then TIM will pass control through the UINT 

vector. Users should normally put the address of their in

terrupt service routine in the UINT vector location. If an 

IRQ occurs and UINT has not been set by the user, TIM reports 

the unexpected interrupt in the same way as an NMI (see belov;). 

NMI 

Non-Maskable Interrupts vector through location FFFA. TIM 

initializes this vector at RESET to point to itself. If an NMI 

occurs, a pound-sign character -(5) precedes the asterisk and CPU 

registers printout. This action is the same for IRQ's if the 

user has not set this vector to point to his own routine. 

RESET or POWER-UP 

On RESET or POWER-UP, TIM takes control, initializes itsel 

and the system, sets defaults for interrupt vectors and waits for 

a carriage-return input from the user to determine terminal line 

speed. After carriage-return is typed, control is passed to 

the user as in BRK. - 10 -



C• TIIM Monitor Calls and Special Locations 

Call Address Action 

JSR WRT 72C6 Type a character 

JSR RDT 72E9 Read a character 

Arg. Result 

A None 

None A 

JSR CRLF 728A Type CR-LF and delay None None 

JSR SPACE 7377 Type a space 
character 

None 

JSR WROB 72B1 Type a byte in hex 

JSR RDHSR 733D Road a character from None 

high-speed paper tape 
reader 

None 

None 

X—char 
read 
A—char 
trimmed 
to 7 bits 

Notes 

A,X cleared 
Y preserved 

X cleared 
Y not preserved 

A,X cleared 
Y preserved 

A,X,Y preserved 

A,X cleared 
Y preserved 

Y preserved 

Function 

Start Address 

CR-LF Delay 

UINT 

NMI Vector 

RESET Vector 

IRQ Vector. 

Locations 

00F6,00F7 

00E3 

FFF8 

FFFA 

FFFC 

FFFE 

Notes 

Set with hex tape on load 

Set on load or with user program (in bit 
times, minimum of 1. Zero means 256 bit! 
time delay). 

User IRQ vector 

Hardware NMI vector 

Hardware RESET vector 

Hardware IRQ vector 

- 11 -



TIM Memory Usage 

TIM uses the top 2910 bytes of page zero (locations 00E3 

through OOFF). The user is advised to avoid these locations, 

except as noted above, if return to TIM or use of TIM sub

routines is required before RESETing the processor. TIM also 

uses the hardware stack when it is in control. Provided the 

user does not alter the stack pointer during a break, and pro

vided the stack does not overflow, TIM will restore the stack 

to its original status before returning to the user's program. 

The user is advised to use page 1 (the stack page) cautiously, 

leaving at least 2010 bytes for TIM use during a break or when 

using other TIM functions. 
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IV. TIM CHECKOUT PROCEDURE 

The following step-by-step procedure assumes the user has 

built the IIM hardware system and is now ready to verify its 

functionality. 

( ) 1. Turn power on, or if the power is on, perform a RESET 

operation. Type a carriage-return on the terminal. TIM should 

respond with: 

* 7052 30 18 FF 01 FF 

(Exact values may vary, although the first and last values should 

be as shown). If no response or a garbled response occurs, RESET 

and try again. In case of continued trouble, refer to the diag

nostic section of the MOS Hardware Manual. 

The "* 7052 30 18 FF 01 FF" printout is TIM's stan

dard breakpoint message format. It consists of an asterisk 

to identify the breakpoint printout, followed by the CPU register 

contents in this order: PC, P, A, X, Y, and S, i.e.. Program 

Counter, Processor Status, Accumulator, X index, Y index and 

Stack Pointer. Note that all TIM inputs and outputs are in base 

16 which is referred to as hexadecimal, or just hex. In hexadeci

mal, the "digits" are 0, 1, 2,..., A, R, C, D, F. F. After print

ing the CPU registers, TIM is ready to receive commands from you, 

the operator. TIM indicates this "ready" status by typing the 

prompting character on a new line. 

( ) 2. TIM's response to RESET is to wait for a carriage-

return and then print the user's registers. TIM uses this car

riage-return character to measure the terminal line speed. 

If you have a settable-rate terminal, change the 
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rate (any speed between 10 and 30 cps will work) and repeat 

Step 1. TIM should respond at the new terminal speed. 

( ) 3. The user's CPU registers may also be displayed 

with the R command. Type an R. The monitor should respond 

as above, but without the asterisk. Presence of the asterisk 

indicates that an interrupt or break instruction caused the 

printout. 

. R 7052 30 18 FF 01 FF 

( ) 4. Displayed values may be modified using the Alter 

(:) command. To modify register contents, type a colon (:) 

followed by the new values. For example: 

. R 7052 30 18 FF 01 FF 
0100 00 00 00 00 FF 

.R 0100 00 00 00 00 FF 

Notice that TIM automatically types spaces to separate 

data fields. (Note: Characters typed by you, the user, are 

underlined in this document for clarity. Everything else is 

typed by the computer.) Examine your registers (R command) 

to verify the changes. 

Memory may be examined and modified, as above, using 

the M and : commands. Try this: 

.M 0100 00 66 23 EE 01 A2 41 6E 

The memory command (M) causes TIM to type the contents of 

the first eight bytes of memory. (Memory data will be random 

on startup). Alter and verify these bytes using the Alter 

command, as above: 
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.M 0100 00 66 23 EE 01 A2 41 6E 

•i 0100 £0 £1 ££ £3 £4 £5 06 07 

If only part of a line is to be altered, items to be left 

unchanged can be skipped over by typing blanks, and carriage-

return (I). Try this: 

.M 0100 00 01 02 03 04 05 06 07 

• 2 0100 FF FF FF X 
.M 0100 FF 01 FF FF 04 05 06 07 

( ) 5. Try to alter a location in TIM ROM: 

.M 7000 85 F9 A9 23 DO 58 A9 16 

•2 7000 00? 

TIM verifies all changes to memory. Since locations 7000 

through /00/ are in read-only memory, alteration is not pos

sible. TIM signals write failure with a question mark. 

Similarly, the monitor will notify you of an attempt to alter 

a non-existant location: 

.M 9000 90 90 90 90 90 90 90 90 

•2 9000 00? 

Note that attempts to read non-existant memory will normally 

yield the high-order byte of the address read. 

( ) 6. There are three hardware facilities which may be used 

to slop a running (or run-away) program without the program 

itself calling TIM . These are the hardware inputs RESET, 

- 15 -



IRQ, and NMI. To test this feature enter the following 

program at location 0000: 

location contents instruction 

0000 4C LOOP JMP LOOP 

0001 oo 

0002 00 

(Use the M and : commands.) 

Now, set the program counter (PC) to this location using 

the R and : commands. Finally, tell TIM to start executing 

your program using the Go (G) command: 

M 0000 FF 11 11 11 91 91 71 91 

: 0000 4C 00 00 \ 

M 0000 4C 00 00 11 91 91 71 91 

R 0000 30 00 00 00 FF 

•1 oooo 1 
.G 

The computer should now be executing the program. It will 

continue to run until interrupted. Using the interrupt request 

line (IRQ), interrupt the processor. It should respond with: 

* 0000 30 00 00 00 FF 

Try the same experiment with non-maskable interrupt (NMI) . The 

result should be the same except for a *1" character preceeding, 

which identifies the NMI printout. Finally, try it with RESET. 

RESET, however, forces a CPU branch to TIM, losing the old 

PC and other register contents. Thus NMI is the preferred means 

for manually interrupting program execution. IRO may also be 
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used unless it is required for other functions such as periph-

eral interrupts. 

( ) 7. use M and : to enter the following test program called 

CHSET because it prints the character-set on the terminal. 

Note that Alter , = , commands may be repeated without intervening 

M commands to set sequential.locations: 

JCHECKCUT PRCGRAN -

• 
CCV.„ 
ccoo 

0001 

C ICC 2C 8A 12 
0103 A<3 20 
C1C5 £5 CC 

0107 A5 00 
CI CS CS 6C 
0108 F0 C8 

C1C0 20 C 6 72 
0110 E6 CC 
CI 12 AC 07 CI 

CI15 CC 

C116 AC CO CI 

CRLF 
WRT 

CHAR 

9 

CHSET 

I • 
L0CP 

=$726A 
=172C6 

$ = C 
^. = $ + 1 

*=I01C0 

JSR CRLF 
LCA U$20 
ST A CHAR 

LCA CHAR 
CFP #i(,C 
GEO CONE 

JSR FERT 
INC CHAR 
JPF LCCP 

CONE 8 R X 

JMP CHSET 

- PRINT THE CHARACTER SET CN USER TERMINA, 

•ACTRESS CF TIM CRLF ROUTINE 
; AODRE SS CF TIM V>RI7E RCUTINE 

;VARIABLE STORAGE IN PAGE ZERO 
JSTORAGE FOR CHARACTER 

»PRCGRAT STARTS CN PAGE CNE 

»CC CARRIAGE RETURN C LINE FFFR 
•FIRST CHAR IS A SPACE 
I INITIAL IZE 

JCET CHARACTER 
• CHECK FOR LIMIT 

;;DCNE IF 60 

J PR I NT CHAP 
;NEXT CHAR CCCE 
;CCNT INUE 

;STOP C RETURN TO TIM PGMTCR 

;OC IT AGAIN 
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M 0100 20 8D 72 20 EC 72 8D 26 

0100 20 8A 72 A9 20 85 00 A5 

0108 00 C9 £0 F0 08 20 C6 72 

0110 E6 00 4C 07 01 00 4C 00 

0118 01 \ 

Now run the program. Do this by setting the PC to 0100 

and using the G command. The listing should look like this: 

• R  0 0 0 0  3 0  0 0  0 0  0 0  F F  
.: 0100 \ 
•  G  

< > * • * - . / 0 1 2 3 4 5 6 7 8 9 : J < = > ? 9 A B C D E F G H I J K L M N 0 P O R S T U V W X Y Z C \ 3  
*  0 1 1 6  3 3  6 0  0 0  0 0  F F  

The program may be continued, causing it to execute again, by 

typing G: 

•  G  
!  •  ( > *  +  , -  . / 0  1  2 3 4 5 6 7  8 9  :  J  <  =  >  ? 9  A 3 C i ? Z F G H  I  J X L M N C P O R S T U V V I X Y Z C  \  3  
*  0 1 1 6  3 3  6 0  0 0  0 0  F F  

•  G  
* !  " t S Z i  '  ( > *  +  . » - •  / 0  I  2 3  4 5 6 7  8 9  :  J  < = > ? 9 A B C D E F G H I  J K L M N O P O R S T U V ' a ' X Y Z  t  \  )  
*  0 1 1 6  3 3  6 0  0 0  0 0  F F  

•  G  
!"»SZS. • < ) *  +  , - . / 0 I  2 3  4 5 6 7  8 9 : ; <  =  > ? § A B C 0 E F G H I J X L M N C P O R S T U V W X Y Z C N  3  
*  0 1 1 6  3 3  6 0  0 0  0 0  F F  

The CHSET program uses two TIM monitor functions: CRLF 

is the TIM function which causes a carriage-return and line

feed to be typed on the terminal. WRT is the routine which 

prints the character whose code is in the A register at the 

time of the call. 

( ) 8. Save the CIISET program on paper tape (if your 
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terminal has a punch) as follows: First, punch some leader 

tape with the terminal in local mode. Then return to line 

mode and enter: 

•WH 0100 0118 \ 

Turn the punch on after typing the second address, but before 

typing carriage-return. Then type carriage-return to punch 

the tape. When punching stops, turn the terminal back to local 

and type: 

; 00 

and some blank trailer. This is a zero-length record which 

terminates your tape. See Appendix II for more information on 

tape -formats. 

( ) 9. Try re-loading your program using the LH command: 

.LH 

Now start the reader to load the program. The tape will be 

read and printed simultaneously. Stop the tape when the end is 

reached. (Before loading, you may wish to destroy the program 

in memory to verify that loading from tape actually works.) 

( ) 10. Use the M and : commands to load the following program 
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P R I N T  B I N A R Y  O F  T T P E D  C H A R A C T E R  C F E C K O U T  P R O G R A M  

V A R I A B L E  S T O R A G E  I N  P A G E  Z E R O  
S T O R A G E  F C R  C H A R  C U R I N G  C I S S E C T I C N  
C O U N T  O F  B I T S  R E M A I N I N G  T C  P R I N T  

C C C C  
cooo 
O O O l  

B I N A R Y  £ = $ + 1  
C C U N T  # = * • !  

P R O G R A M  B E G I N S  C N  P A G E  C N E  

C R L F  P C U ' T I N E  
V R I T E  R O U T I N E  
P E A C  R O U T I N E  
S P A C E  R O U T I N E  

$ 7 2 8 A  
1 7 2 C 6  
S 7 2 E 9  
J  7  2  7  7  

C R L F  
W R T  
R O T  
S P A C E  

P R I N T  C A R R I A G E  R E T U R N  E  L I N E  F E E C  
G E T  A  C H A R A C T E R  ^  
S A V E  F C R  C I S S E C T I C N  W  
P R I N T  A  S P A C E  

I N I T I A L I Z E  E  I T  C O U N T  L  C  A  n  8  
S T A  C O U N T  

L C A C  A S C I I  " 0  A S S U M E  Z E R O  
C = N E > T  B I T  
P R I N T  Z E R O  

P B L C G P  

L C A D  A S C I I  " 1  

P R I N T  E I N A R Y  C I G I T  
C O U N T  B I T  P R I M E D  
C O  N E X T  B I T  

J S R  V » R T  
C E C  C C U N T  
E P L  P B L C C P  



0100 20 8D 72 A9 20 85 00 A5 

0100 20 8A 72 20 E9 72 85 00 

0108 20 11 11 A9 £8 8_5 01 A9 

0110 30 06 00 B0 02 A9 31 20 

0118 C6 72 C6_ 01 10 Fl AC 00 

0120 01 X 

The purpose of this program is to print the binary rep

resentation of an ASCII input character on the terminal. 

Run the program by starting it at location 0100. Try typing 

some characters: 

.R 0116 33 60 00 00 FF 

•1 010° 1 

.G 

U 101010101 

B 101111011 

1 110011101 

There is obviously something wrong with the program. Bits 

which should be printed as l's are 0's and vice versa. (Refer 

to your 6500 reference card for character codes.) Looking at 

the program, the problem is that the branch after PBLOOP goes 

the wrong way! It should be BCC, Branch if Carry Clear (or 

alternatively, the 1 and 0 loads could be interchanged). Ihus, 

when a one-bit is shifted out of the character, a one should 

be printed. 

Patch the program and try again ( the code for BCC is 90) . 
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.M 0113 BO 02 

,j_ 0113 90 \ 

.R 7052 31 FC 

•i. 010° 1 

.G 

U 010101010 

B 010000100 

X 001100010 

There is, alas, still an error—one too many bits is 

being printed. The cause of this is a little less obvious. 

(Do you see it?) To investigate the problem, set a breakpoint 

at location 011E. Do this by replacing the instruction there 

with a BRK (code of 00). Then run the program: 

.M QUE 4C 00 01 EF 4C 00 01 00 

.J_ 011E 00 1 

.R 7052 31 FC FF 01 FF 

•i. oioo 1 

.G 

u 010101010 

* 01 IF B0 00 00 AA FF 

Once the break has occurred, you are free to investigate 

the state of the program using TIM. In particular, check the 

value in location COUNT: 

.M 0000 00 FF IB 2E 31 EA FO FA 

Aha! Although COUNT starts out with a value of 8, it is going 

one step too far (FF is minus 1). This is because the test 

instruction, BPL PBLOOP is testing to see whether the count is 
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greater than or equal to zero. Replace it with BNE (code DO), 

replace your breakpoint with the original contents at that 

location, and try the program again. 

.M 011C 10 F1 00 00 01 EF 4C 

011C DO 4C \ 
t 

.R 011F B0 00 00 AA FF 

.: 0100 ^ 

.G 

U 01010101 

B 01000010 

1 00110001 

I 01001001 

W 01010111 

O 01001111 

R 01010010 

K 01001011 
« 

S 01010011 

- 23 -



i C K E C K O U T  P R O G R A M  —  
•  

9 

C C C C  * = C  
C C G G  B  I N A R Y  * = 9 +  1  
0 C 0 1  C C U N T  +  1  

0 0 0 2  
9 

9  =  J O  I C O  
» 

C R L F  - H 2 8 A  
K R T  = J 7 2 C 6  
R C T  =  1 7 2  E 9  
S P A C E  = 1 7 2 7 7  

C C  2 0  8 A  7 2  
9 

P B I N  J S P  C R L F  
c  1 0 3  2 0  E S  7 2  J S R  R D T  
0 1 C 6  8 5  O C  S T A  e  I N A R Y  
C K 8  2 0  7 7  7 2  

• 

J S P  S P A C E  

C I C B  A S  03 
9 

L  C  A 4 8  
C 1 C C  8 5  C I  S T A  C C U N T  

C  1  C F  A S  3 C  
9 

p e L C C P  L C A  # ' 0  
O i l  1  C f c  C O  A  S L  B  I N A R Y  
0 1 1 3  S O  0 2  « 

E C C  P R I N T  

0 1 1 5  A S  3 1  
9 

L C A  S ' l  

C I  1 7  2 0  C  6  7 2  
9 

P R  I N T  J S R  V > R T  
C I  1  A  C6 0 1  D E C  C C U N T  
C 1 1 C  D O  F  1  

• 

E N E  P E L C C P  

0  1 1  E  A C  C O  0 1  
9 

J M P  P B I N  

B I N A R Y  C F  T Y P E D  C H A R A C T E R  

JVARIAELE STORAGE IN  PAGE ZERO 
JSTCRAGE FCR CHAR CURING DISSECTION 
;  COUNT OF BITS REMAINING TO PRINT 

; P R O G R A M  B E G I N S  O N  P A G E  C N E  

JTIM CRLF PCUTINE 
; T i l l  HRITE PCUTINE 
; T i l l  REAC RCUT INE 
# T i l l  SPACE FCUTINE 

? PR INT CARRIAGE RETURN C LTNE 
;GET A CHARACTER 
;  SA^E FOR CISSECTICN 
J PR INT A SPACE 

UNIT IALIZE EIT  COINT 

; A S S U M E  Z E R O :  L O A D  A S C I I  " 0 "  
; C = N E X T  B I T  
I P R I N T  Z E R O  

I L C A D  A S C I I  » •  1 "  

J P R I N T  B I N A R Y  C I G I T  
; C O U N T  e i T  P R I N T E D  
; C C  N E X T  e i T  

; C 0  I T  A L L  AGAIN 

CORRECTED PBIN PROGRAM 

-  2 4  -



( ) 11. save the corrected program using the WH command. 

Before punching the terminating record (as above in step 8), 

turn off the punch and set the PC to the start address of the 

program (0100). Then punch locations OOFS and 00F7 on the 

tape, then the terminator (*orn -.ori * • -i xicicor i,U0), and finally, some trailer: 

•R 7052 30 37 FF 01 FF 
•i. oioo i 

•WH 00F6 00F7 \ 

;0200F6000101A2 

• ; 00 

The resulting tape can be loaded and then started as follows: 

.LH 

: (program loads in) 

.G 

Locations OOFS and 00F7 contain the starting address for pro-

grams. you may assemble and load your starting address into 

those locations to mate tapes which can be started with a min

imum of operator action. The carriage-return delay time may 

so be sc. in this manner. See Appendix II. 

< ) 12- It is also possible to punch BNPF-format tapes using 

TIM. BNPF IS the format used by some POM programmers. The 

command is similar to that for writing hex tapes: 

•WB 0100 Q127 \ 

This command would punch the corrected PBIN program in BNPF 
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format- Try punching a BNPF tape. (Note that TIM will not 

load tapes in this format—use hex format (WH) for saving 

programs for later loading into your 65XX.) 

( ) 13. If you have a high-speed paper tape reader attached 

to your 65XX system, you can use it to load programs in hex 

format. The H command switches the load device to and from 

the high speed reader. If you have a high speed reader, try 

loading a tape as follows: 

.H 

.LH 

Note that control will not return to the user terminal until a 

terminator record (;00) is read. 
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APPENDIX A 

MEMORY ADDRESS TEST1 



( " . A R C  a  
1 
2 
1 

4  
c 

6 
7  
E  
9  

1 C  
1  1  
12 
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 5  
20 
2 1  
2 2  
2 3  
2 4  

2 6  

2 7  
2 6  
2 9  
3  C  
2 1 
2 2  

3 3  
3 4  
•J c 

3 6  
3 7  
2  E  
3 9  

4  C  
4 1  
4 2  
4 3  
4 4  
4 5  
4 6  
4 7  
4 6  

L C C  C C D E  

O C C C  

O O C O  
0 C C 2  
0 C C 4  
C C C 6  

0 C 0 8  

C A R C  
; M E M C R Y  A D D R E S S  T E S T  
; F C F  E  A C E  L C C  I N  T E S T  R A N G E  

; C L E A R  U P C L E  R A N G E  
;  S E T  L O C  T O  I F F  
;  V E R I F Y  V > H C L E  R A G E  1 0 0  E X C c F T  ( L C C )  
;  V E R I F Y  ( L C C )  T C  E E  I F F  
; B  P  E A K  T C  P C M  T O R  C N  E R R O R  W I T H  L C C  I N  ( C . l )  
; P R  I  N T  C N  C C M F L E T I C N  C F  P A S S  £  R E F E A T  

0 0  1 0  A 9  0 0  
C C 1 2  2 0  c 6  
C G  1 5  A  9  O A  
C O  1 7  2 0  C 6  

C C 1 A  2 0  6 8  

C C 1 D  2 0  7 1  

0 0 2 C  A 2  0 0  

C C 2 2  A 9  C O  
C C 2 4  8 1  0 6  
0 C 2 6  2 0  7  A  

C C 2 S  0 0  F  7  

c o 2 e  A 9  F f  
C C 2 C  8 1  0 0  

0 0  2  F  2 0  7  1  

C C 3 2  A l  0 6  
C C 3 4  f O  1 7  
0 0  2  6  A  4  0 6  
C C 3 8  C 4  G C  
C C 2 A  F O  0 1  
0 0  2  C  0 0  

C C 3 C  A  4  0 7  

* 

W R  T  
L C C  
L C V .  
U G H  
P T P  

M A C  

• = 5 0 0 0 0  

=  1 7 2 C 2  
3  =  * + 2  
9  = ^  +  2  
V + 2 
^  = S  +  2  

* = 5 G C 1 C  

L  C A  A 1 0 0  
J S P  V i P T  
L O A  S J C A  
J SIT >«R T 

J S R  R  S T  L C C  

J S P  R S T F T P  

L C X  S O  

; P A G E  C  

; T E S T  C E L L  A C C R  
; L C V E P  L I M I T  C F  T E S T  

; L P P E R  L I M I T  C F  T 6 S T + 1  
; F O I N T  E R  T C  C E L L  U N C E R  T E S T  

; S T A R T  A C D R  

; T Y F c  C F  

; t  L F  

;  L C C  =  L C V i  

;  P T  R  =  L C V I  

; C L E A R  M E M O R Y  A R E A  L N D E R  T E S T  
M L  I  L  C  A  HO 

S T A  (  P  T  P  » X )  J S T C F E  2 E P C  
J S R  I N C P T R  J I N C P E M E N T  £  T E S T  

B N E  M L  1  ; N E X T  L C C  

; F L T  S F F  I N  S E L E X T E C  C E L L  
T E S T  L D A  H i f f  

S T /  ( L O C  »  X )  
- . V E R I F Y  / L L  C E L L S  2  E  P C  E X C E P T  ( L C C )  

J S R  P S T P T R  

V L C C F  

;  P  T R  =  L  C  V >  

O X  1  

L C A  ( F T R . X )  ;  G E T  C E L L  
P E Q  N  E X  T C  ; c k  I F  2 E R 0  
L D Y  P T P  ;  N C T  Z E R C — I  
C  F Y  L C C  
P E C  C K 1  
B R K  ; N C T  ( L C C )  

L C Y  P T R  +  1  

T H I S  ( L C C ) ?  

A - 2  



C A P C  a  L C C  C O C E  C A R D  
A S  O C 3 F  c +  0 1  C  F Y  
5  C  C C A  1  F O  0 1  P E C  
5 1  G G A  2  C D  B R K  
5 2  • 

f  ^  " 3  C C A A  a  F F  C K  2  C M P  
5 A  C C A 6  F O  0  1  O E Q  c  r. C C A 8  0 0  8  R  K  
5 6  

• 

5 7  C C A 9  A 9  0 0  0 K 3  L  C  A  
5 8  C C A B  8 1  0 0  S T A  
5 9  » 
6 C  C G A O  2  C  7  A  0 0  N  E X T  C  J S P  

6 1  0 0 5 C  D O - E C  O N E  
( 2  

f 

6 3  C C S  2  A S  0 0  L C A  
6  A  C C 5 A  C O  0 7  C N F  
6  5  C C 5 6  A  5  2 A  L C A  
6 6  0 0 5 8  2 0  C 6  7 2  J S R  
6 7  c c s  e  A  2  0 0  L C X  
6 8  

% 

6 9  C 0 5 C  2 0  8  B  c c  N C S T A R  J S R  

L C C  +  1  
C K 2  

«  « F F  
C K 3  

h g  
(  L C C  »  X )  

I N C P T R  

V L O Q P  

L C C  
N C S T A R  

V . R T  
» C  

I N C L O C  

7 C  C C 6 C  D O  C 9  B N E  T E S T  
7 1  » 

T E S T  

7 2  C C 6 2  2 0  6 8  0 0  J S R  R S T L C C  

7 3  C 0 6  5  A C  1 0  C O  J N F  M A D  

•  5  
•  •  

^  5  J P E S E T  L C C  T O  L O V .  
7 6  C 0 6 8  A  5  0 2  R S T L C C  L C A  L C W  
7  7  C C 6 A  £ 5  0 0  5  1 A  L C C  
7 8  0 C 6 C  A S  0 3  L C A  L O W  +  1  
7 9  C C 6 E  £ 5  0 1  S T A  L  C  C  •  1 1  
8  C  C C 7 C  6 0  R T S  

L  C  C  •  1 1  

0  1  •  t  
R T S  

8 2  ; R E S E T  P T R  T C  L C V <  
£ 2  C C  7  1  A S  0 2  R S 7 P T R  I D A  L C U  
O A  C C  7 3  8 5  0 6  S T A  P T R  
8 5  C C 7 5  A S  0 3  L C A  L C ' W t l  
6 6  C C 7 7  8 5  0 7  S T A  P 7 R +  1  
8 7  C C 7 5  6 0  P T S  

P 7 R +  1  

£ 8  •  »  
P T S  

8 9  ;  I N C R E M E N T  P T R  €  C H E C K  5 0  C 0 7 A  E 6  0 6  I N C P T R  I N C  P T R  
5 1  C C 7 C  D O  02- E N E  I N C I  
9 2  • 

9 

5 3  C C 7 E  E 6  0 7  I N C  F T R  * 1  
5 A  • 

9 

5 5  c c s o  A 5  O A  I N C  1  L C A  H  I C H  
5 6  C C 8 2  C  5  0 6  C M P  P T R  
5 7  C C 8 A  D O  O A  B N E  I  F R E T  

; N C T  ( L C C )  

; I s  ( L C C )  —  I S  C  A T  A  C K ?  

; W R C ( V C  C A T A  

; R E S E T  ( L O C )  

; N E X T  C E L L  

. I F  N C I  A T  L I M I T  

J F R I N T  S T A R  E V E R Y  P A G E  E C U N C A l  

; F I X  X  A F T E R  i V O N  C A L L  

; N E X T  L C C  

J P A S S  C C M P L E 7 E  

J N E X T  P A S S  

;  I N C R E M E N T  

I C F E C X  

; N C T  A T  L I M I T  

A - 3  



I R C  H  L C C  C C  C E  
s e  
c  c  C C S 6  A  5  05  

1  C C  C C 8 8  C 5  0 7  
1 C 1  
1 0  2  0 0 3  A  60  
1 C  3  
1 C A  
1 C 5  0 0 3 8  E 6  00  
l C c  C C 8 C  DO 02  
1 C  7  
I C S  0 0 8 F  E 6  01  
I C S  
l i e  C C  9  1  A 5  O A  
1 1 1  0 C 9 3  C5 0 0  
112 C C S 5  D O  O A  
1 1 3  C 0 S 7  AS 05  
1 1 A C C 9 9  C 5  0 1  
1 1 5  
116 0 0 9  E  60  

C ARC 

LDA H IGH* I  
CNP PTR +  1  ;Z=1  IF  AT L IN  IT  

IPRET RTS 

;1NCRE. V EM LCC £  CHECK FCR UNIT  
INCLOC I .NC LCC 

EN E INC2  
T 

INC LGC+1 
»  

INC2  LDA H IGH 
CNP LCC 
ENE ILPET 
LDA H IGH+1  
CNF LCC+I  

ILPET RTS 

;  I  NCR 

J.C HECK 

;2=1  IF  AT L IN IT  

ENC CF NCS/TECFNOLOGY 6501  ASSEMBLY VERSION 2  
NLNBER CF EPPCPS =  0 ,  NUN3ER CF WARNINGS =  O 

S Y N E C L  T A B L E  

SYNBOL VALUE L INE DEFINEO CPCSS- REFERENCES 

H I G H  CCCA 15  95  59  11C 113  
ILPET CC5E 1  16  112  
INCLOC C0E8  l C  5  6  5 .  
INCPTP CO 7  A SC 22  6C 
INC I  C08C 95  51  
INC2 CCS1 11C 1C6  
IFRET COEA 102 97  
LOC CCCC 13  37  AA S  A9 58  63  

11  A 
LCVI  C0C2 1A 76  78  82  B 5  
NAC C01C 20  72  
NL 1  C022  2C I 

NCXTL C0AC 6C A 2  
NCSTAR CC5C 65  6  A 
CK 1  CC2C 46  A 5  
C  K 2  CCA A 53  5  C 
CK 2  CC'S  57  5  A 
PTR C0C6 16  3  1  A 1  A3  AE 8  A 
PSTLUC CC6E 76  25  72  
FSTPTR CO 7  1 E  2  26  25  
T E S T  CC2E 26  7  C 
VLCCP CO ;  2 A 1  61  
HPT 72C2  12  2  1  22  66  

E d  S C  S3 96  10G 

A - 4  



APPENDIX B 

TIM PROGRAM LISTINGS 



TIM VERSION 1 .0 
C AFC «  LCC CCCE 

2 
3  
4  
5  
6 
7  
8 
9  

10  
11 
12 
13  
14  
15  
16 
17  
18 
15  
20 
2 1  
22  
23  
24  
25  
26 
27  
28  
25  
30  
31  
32  
33  
34  
35  
36  
37  
38  
39  
4C  
41  
42  
43  
44  
45  
46  
47  
48  
49  
5  C 
51  
52  
53  

MEM PAGF C 
CA9C 

MCS TECHNOLOGY 65CX TERMINAL INTERFACE MCMTCR (T IM)  
VFRS10N 1 .0  AUGUST 31 ,  1575  
CCPYf i  IGH T  1975  PCS TECFNCLCGY 
AL I  F IGHTS RESERVED.  UN«UTHORlZEC USE 
LF  ALL  OP PART STRICTLY PROF IB  I  TEC.  

PROMPTING CFAPACT ER IS  A PERICC ( . 1  

01SPlAY COMMANDS 

.R  D ISPLAY REGISTERS I  PC,F ,A ,X ,Y ,SP I  

.M  AOOR O ISPLAY MEMORY (  8  BYTES BEGINNING AT AOOP )  

ALTFF  COMMAND (  :  1 

DATA ALTERS PRCVICUSlY  C1SPLAYEC ITEM CR NEXT ITEM 

PAPER TAPE I /C  CCMmanCS 

.LH  
,W8 ADCF 1  A DDR 2  
.WH ACCRl  A00P2  

LCAC FFX TAPF 
WRITE  BNPF TAPE (FROM LCW AOOR 1  TC H IGH ADOR. ,  
WPITE  FEX TAPE (FROM LOW ADD® 1  TO H IGH ADDR2:  

CCNTPCL CCMMANCS 

.G  

.H  

GO,  CONTINUE EXECUTICN FRC"  CURRENT PC AOC»ESS 

TOGGLES H IGH-SPEEC-REACER CPTION 
( IF  ITS  ON,  TURNS TT  OFF;  IF  OFF ,  TURNS ON 

BON ANC NMI  FNTRY POINTS TC T l *  

T IM IS  NOPMALLY ENTERED WHEN A •  BRK •  INSTRUCTION IS  
FNCCUNTE RED CURING PRCCPAM EXECUTION.  AT  THAT 
T IMF CPU RFGISTCRS ARE OUTPUT:  PC F  A X  Y  SP  
AND CCNTRCL IS  GIVEN TO THE KEYBOARD.  

USER MAY ENTER T IM BY PRCGFAMMFC PR*  OR INCUCEC NM I .  NM|  
ENTRIES CAUSE A TC  PPECEOE THE IN  THE CPU REGISTER 
PRINTOUT F O R M A T  

NCN-BRK INTRO (EXTEPNAL DEVICE!  INTERRUPT HANDLING 



FP TI  «  VERSION 1 .0  -  MFM FAGE C 

CARC #  LOC 
54  
55  
56  
57  
5A 
59  
6C 
61  
6? 
63 
64  
65  
6 6  
67 
66  
69  
70  
71  
72  
73  
74  
75  
76  
77  
7  A  
79  
ec  

> «  
A 3  
84  
65  
66  
87  
68  
89  
5C 
51  
9 2  
53 
54  
95  
56  
57  
58  
59  

ICO 
1C1 
10? 
103 
IC4  
105  

cone CARD 

A NLN-RRK I  NT PC INTERRUPT CAUSES AN INDIRECT JUMP TO THE ADDRESS 
LOCATEO AT *  U IN  T '  (HEX FFF8I .  THIS  LCCATICN CAN PE SET 
USING TFE ALTER CMC,  CR LCAOEO AUTOMATICALL V IN  PAPER TAPE 
FORM WITH THE LH CMC IF  THE USFR ASSIGNS HIS  INTRO INTEPRUPT 
VECTOR TC 1T  FF 9  IN  THE SCUPCE ASSEMHY PROGRAM.  

IF  NCT RFSET FV THE USER,  U INT IS  SET TO CAUSE EXTERNAL 
DEVICE INTERRUPTS TC ENTER T IP  AS M* I«S.  I .E . ,  
IF  A NM I  CCCIRS WITHOUT AN INCUCEO N 61  S IGNAL,  IT  IS  
AN EXTERNAL CEVICE I  NT FPRUPT ,  

SETTING ANO RFSETTING PROGRAM HREAKPCINTS 

BREAKPOINTS ARE SET ANC RESET USING THE MEMORY DISPLAY 
ANO ALTER COMMANDS.  BRK HAS A •00*  OPERATION CUOE.  

TC SET A BREAKPOINT S IMPLY DISPLAY THE MEMORY LOCATION 
(F IRST INSTRUCTION BYTE)  AT WHICH THE BREAKPOINT IS  
TC QE P IACEO THEN ALTER THE LOCATION TC 'GO' .  THERE IS  
NO L IMIT  TO THE NLM0ER OF BREAKPOINTS THAT CAN BE 
ACTIVE AT ONE T IME.  

TC RESET A BREAKPOINT,  RFSTCRE THE ALTERED MEMORY LOCATION 
TO ITS OP IG INU VALUE.  

WHEN AND IF  A BREAKPOINT IS  ENCCUNTEPEC CURING EXFCTUION,  
THF BREAKPOINT OATA PRECEOE C BY AN •  •  IS  DISPLAYED.  
THF PROGRAM COUNTER VALUF CISPLAYHN IS  THE BRK 
INSTPUCI ICN LCCATICN •  I .  

MO PK 
0  A V  A I  L 
COTOAT 
ICPASE 
MPA 
MDA 
MPR 
MOB 
MCLK IT  
MCLKRO 
MCLK IF  
U INT 
NCMOS 
MPC 
MP 1  
MP 2  
M F  3  

ft)1 t * q 

5 X ,X ,X ,POR »0A T A-AVA T L  »GCT-CA TA »  SERIAL-CUT ,  IN -TCCCLOL IC  
• ICS 
»  1C4 
-  16F00 
•  ICBA SE »0  
«  ICBASF*1  
*  ICPASE * 2  
*  ICB A SF •  3 
•  IOPASE *4  
•  ICPASF »4  
*  IOBASF *5  
«  IFFF8 
•  7 
M7C0C 
*  1  7100  
- I72CC 
«  I73CC 

ZFRO PAGE MONITOR RESERVE AREA 

CRCL Y 
*S  AP 

' 2 2 1  
« ? ? 8  

ICELAV FCP CP IN  E IT-T IMES 
;ADORESS WRAP-ARGUNO FLAG 

B-3  



T I M  V F B S I C N  1 - 0  -  H  P A G E  C  

C A O C  «  I C C  
1 C 6  
1 0 7  
I C S  
I C S  
1 1 0  
111 
112 
1 1 3  
1 1 A  
1 1 5  
1  1 6  
1 1 7  
1 1 8  
1  I S  
1 2 C  
121 
122  
1 2 3  
1 2 *  
1 2 5  
1 2 6  
1 2 7  
1 2 8  
1 2 S  
I  3 C  
1 3 1  
1 3 2  
1 3 3  0 0 0 0  

C C C E  C A S H  
C I F F  
h S P T C  
h S P C P  
P R E V C  
m a j o r t  
k i k c p t  
a c p o  
T P P O  
T P P 2  
t k p *  
T M P 6  
P C L  
P C I -
F I G S  
A C C  
X R  
Y R  
S P  
S A V X  
T M P C  
T P P C  2  
r c n t  
I C M  

- 2 2 S  
* 2 3 1  
- 2 3 2  
- 2 3 3  
- 2 3 *  
• 2 3 5  
- 2 2 6  
- 2 3 8  
- 2 *  C  
- 2 * 2  
-?** 
-2*6  
- 2 * 7  
-2*8  
•  2 * S  
- 2 5 C  
- 2 5 1  
•  2 5 2  
- 2 5 3  
- 2 5 *  
-  2 5 5  
-  T P P C  
- T P P C 2  

t *  e v T E  R A M  M O M T F R  R E S F R V f  A R E A  

R  A C 6 *  «  f F F C C  
r  < R A " 6 *  

,< -"V -• 

/ 

B - 4  



P P O  T I P  

C A P C  «  
1  3 5  
1 3 6  
1 3 7  
1  ' 8  
1 3 5  
1 5 C  
1 5 1  
1 5 2  
1 5 3  
1 5 5  
1 5 5  
1 5 6  
1 5 7  
1 5 8  
1 5 5  
1 5  C  
1 5 1  
1 5 2  
1 5 3  
1 5 5  
1 5 5  
1 5 6  
1 5 7  
1 5 8  
1 5 9  
1 6 C  
1 6 1  
162  
1 6 3  
1 6 5  
1 6 5  
1 6 6  
1 6 7  
1 6 8  
1 6 5  
1 7 C  
1 7 1  
1 7 2  
1 7 1  
1 7 5  
1 7 5  
1  7 6  
1 7 7  
1 7 8  
1 7 9  
1 8 C  
i e i  
1 8 2  
i  e  3  
1 8 5  
1 6 5  
186 

I O C  

F F C O  

7 C O O  
7  3 0 2  
7 0 C 6  

7 C 0 6  

7 C C 8  

7 C C B  
7 0 0 C  
7  C I  C  
7 0 1 3  
7 0 1 5  

7 u  1  6  
7 C 1  8  
7 0 1  a  
7 0 1  C  
7 C 1 1 )  

7 0  1 F  
7 0 2  0  
7 C 2 2  
7 C 2 5  
7 C 2 6  

7 0 2 8  
7 C 2 8  
7 0 2 b  
7 C 3 0  
7 C 3 2  

7 C 3 5  
7 C 3 5  
7 3 3 8  
7 C 3 A  
7 0 3 C  
7 C 3 D  

7 0 3 F  
7 0 5 2  
7 0 5 5  
7 3 * 5  
7 C 5  7  
7 0 5 5  

P A G E  0  

C O D E  C A P O  

T I P  P A G E  C  ( P F l .  A T 1 V E 1  
»  = M P O  

ffFF OD 
FFFS •Fl 
FfF o 10 
Fff- c. o L 

fff a no 
f r r *  00 
rr f 10 

oo 

s 

N « I N T  

B E S E T  

P  1  

e 5  F 9  
A 9  2 3  
D C  5 5  

A  9  1 6  

8 D  0 3  6 E  

A 2  C 8  
B O  F T  f 3  
9 0  F 7  F F  
C A  
D O  F  7  

66 EA (o ^) 
8 6  F 7  
8 6  F  6  
C A  
9  A  

A C  0 1  
8 5  E 3  f e n * )  
A O  0 2  6 E  8 0  
5  A  
5 C  F A  

t  
B E  C 5  6 E  8 2  
A D  0 5  6 E  8 3  
1 0  0 5  
E 6  E A  
O C  F 5  

5 8  
50 CP 6 E  
2 9  0 1  
F C  F F  
8 8  
10 EC 

A C  0 5  6 E  
5 5  F F  
5  A  
5 6  F A  
9 0  0 2  
09 80 

8 5  

8 5  

S T A  A C C  • S A V E  A  (P ' ' 
L C A  « • »  • S E T  A s *  T O  I N C I C A T F  N P I N T  E N T P Y  
6 N F  8 3  • J M P  e 3  

L C A  VPOBK I N  I  T  0  I R  R F G ,  P  C  8  T T  1  P F L C C A  T E  S  
OOP l «  I I 0 

S T A  NOB 0 DfLft O  SA/ 
f  

1  C X  •  8  • x » o  
I  C A  J N T V E C - 1  •  x  ;  I N I T I A L I Z E  I N T  V E C T O R S  
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MPO TIP PAGE C 

CAP C A  LCC CCOE 
18  7  7C*R  CB 
i e8  7L*C  FC F  6  
IBS  70*  F  85  EB  
ISC 
IS1  7C50  58  
1S2  7C51  CC 
IS  3  
ISA  7052  85  F9  
1S5  7C5*  68  
IS fc  7055  *  P 
IS7  7C56  ?s  IC 
i se  7C5B FC 27  
ISS  
2CC 7C5  A CA  
2C  1  7C5B es  FE  
2  C?  705C C8  
?C  3  7C5E 4  A  
20 *  
205  
2C6  7C5F  86  FA  
20  7  7C61  e *  FB  
2ce  7C63  68  
2CS 7C6*  E5  pe  
210  7066  66  
211  7C67  65  FF  
212  7C6S 65  r  6  
213  706B  68  
21*  7C6C 6  S  FF  
215  7C6E P5  F  7  
2  I f c  7C7C PA 
217  7  C  7  1  e6  FC 
21B  
215  7C73  2C  8  A  72  
22C 7C76  A6 FF 
221  
222  7C7B AS 2  A  

223  7C7A 2C CC 72  
22*  7C7D AS 52  
225  7C7F  OC 16  
226  
227  7  C 6  1  A5  FS  
22e  7C83  6C  FB  FF  
22S  
2  3  C 7Ce6  AS 00  
231  7CB8  e5  F  7  
232  708  A  85  F* 
233  7cec  2C P A  72  
23*  708F  AS ?E  
235  7CS1  2C  C6  7?  
236  7CS*  20  es  72  
237  
238  7CS7  A2  C6 

CAPO 
P6 IM 

BE ̂  P;  
ST A M INGPT 

CLI  
PR K 

INTRO STA ACC 
01 A 
PHA 
ANC «»10 
eE«  ex  

ASL A 
B 3 STA TMPC 

C L D  
U S A  A 

SIX XR 
STV VP 
P IA 
STA FIGS 
PIA 
A P C  A  IFF 
S 1A PCL 
PT A 
ACC A »FF 
STA PCH 
TSX 
S TX SP 

es  JSB CPIF 
LCX TMPC 

ICA A '  
JSP HRTHC 
ICA • •R 
P*F SO 

e x  i t *  ACC 
J M P  CUINTI  

START ICA AC 
STA HSPTR 
STA WRAP 
J«R C»IF 
ICA A* .  
JS» V.PCC 
J«P RCCC 

SO ICX ANCMDS-L 

;  FNAOLE I  NTS 
S ENTER TIM BY PR* 

;  SAVE ACC 
;  FLAGS TO A 
;  RE S T CPE STACK STATUS 
;  TEST BPK FLAG 
;  USER INTERRUPT 

;  SET A*SPACE (10 X 2  « 2CI  
;  SAVE INT TYPE FLAG 
;  CLEAR CECIMAL MCOE 
;  A IS CCC. SPACE IS EVEN 
5 SET CY FCR PC BO* CCRRECTICN 

;  SAVE X  
;  Y 

;  FLAGS 

;  CY SET TO PC-1 FOR RR« 

;  SAVE COIG SP 

;  SET FOR R DISPLAY TC PERMIT 
;  IMMEDIATE ALTER FOLLOWING BREAKPOINT,  

;  CCNTPCL TC LSER INTRC SERVICE «CUTTNE 

;NEXT CCRMANC FROM USER 
- .CLEAR F .  S.  PAPER TAPE FLAG 
;CLFAR AOORESS WRAP-ARCLNO FLAG 

;  TYFF FFCFPTING 

;  RE AC CMC. C M P  R E  T U R N  E C  I N  A  

;  LCCK-LP CMC 
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R P J  T  I P  P A C E  0  

C A R C  V  L C C  C O D E  C A R C  
2 3 9  7 0 9 9  r c  0 6  7 1  S I  C  H P  C H O S f  x  
2 9 C  7 C 9 C  n c  1 9  P N F  S 2  
2 9 1  • 

2 9 2  7 C 9 E  A 5  F C  L  C  A  S A V X  
2 9 1  7 0 A C  e 5  F  5  S T A  P P E V C  
2 9 9  7 C A 2  P 6  F C  S  T  X  S A V X  
2 9 5  7 C A 9  A S  7 1  L  C  A  • R P l / 2 5 6  
2 9 6  7 C A 6  8 5  F O  S T A  A C  H O •  1  
2 9 7  7 C A 8  P C  O C  7 1  L E A  A C R S f  X  
2 9 e  7 C A H  8 5  F C  S T A  A C H O  
2 9 9  7 0 A O  E O  0 3  C F X  
2 5 0  7 0 A F  P C  0 3  P C S  I  J M P  
2 5 1  7 C P  1  2 C  7 9  7 2  J  S °  S P A C 2  
2 5 2  • 

2 5 3  7 C e 9  6 C  E C  0 0  I  J H P  J H F  ( A C H O  1  
2 5 9  • 

2 5 5  7  C  P  7  C A  S  2  T E X  
2 5 6  7 C B 8  I C  O F  P  F I  S I  
2 5 7  • 

2 5 8  7 0 H  A  A S  3  F  E P R O P P  L  C  A  « • ?  

2 5 9  7  O R C  2 C  C 6  7 2  J S P  H P O C  
2 6 C  7 0 B F  9 C  C 5  R C C  S T A R  T  
2 6 1  • 
2 6 2  7 C C  I  2 6  O C  H P  S F C  
2 6 3  7 C C 2  A 5  F O  L C A  T H P  2  
2 6 9  7  C C  9  F  5  F E  S P C  T H P O  
2 6 5  7 C C 6  E 5  E  5  S T A  0 1  F F  
2 6 6  7 0 C B  A 5  F  1  L C A  T  H P  2 •  1  
2 6 7  7 C C  A  F  5  F F  sec  T  H P C •  I  
2 6  5  7 0 C C  A P  T  A Y  
2 6 9  7 C C C  C 5  F 5  C P A  C  I F F  
2 7 C  7 C C F  6 C  R  T S  
2 7 1  • 
2 7 2  7 C 0 C  A 5  F E  P U T P  I  C A  T H P O  
2 7 3  7 0 C 2  f i  5  F 6  S T A  P E L  
2 7 9  7 C 0 9  A 5  F F  L E A  T R P C • t  
2 7 5  7 C 0 6  P 5  F  7  S T A  P C H  
2 7 6  7 C 0 P  6 C  P  T S  
2 7 7  t  
2  7  6  7 C C 9  A S  C C  / T R P  L C A  » C  
2  7 9  7 0 C 8  9 5  E E  S T A  T H P C f  X  
2 8 C  7 C O O  9 5  F F  S T A  T  H  P C •  1  f  X  
2 8 1  7 C 0 F  6 C  P  T S  
2 8 2  t  
2 R 3  ;  R E  A C  A N C  S T C R E  P  
2 8 9  • 

2 8 5  7 C E C  2 C  P 3  7 ?  P Y T F  J S R  R C O P  
2 6 6  7 0 E  2  9 C  I C  P C C  6 Y 3  
2 P  7  • 

2 8 8  7 0 E 5  A 2  0 0  L C X  •  C  
2 8 9  7 C E  7  8 1  E E  S T A  (  T H P O  f  X 1  

;  S A V E  P R E V I O U S  C H C  

;  S A V E  C U R R E N T  C H C  I N C E X  
;  J H P  I N C I R E C T  T O  C M C  C O D E  
;  A L L  C H C  C C C E  eEGINS C N  M P l  

5  I F  R  C R  R  ( O f  I t  C P  2 )  S P A C E  

;  L O C P  F O R  A L L  C M O S  

;  O P E R A T O R  E R R  F  T Y P E  ' ? » F  R E S T A R T  

;  J H P  S T A R T  ( H P C C  R E T U R N S  C * ' O I  

;  T H P 2 - T H P 0  O C U E L E  S U P T P A C T  

; R E T L P N  H I G H  C R C E P  P A R T  I N  Y  
;  C R  L C  F O R  E C U  T E S T  

;  M O V E  T H P O  T O  P C H . P C L  

;  C L E A R  P E G S  

N O  S T C R E  I F  S P A C E  O R  R C N T * C .  

;  C H A R  I N  A ,  C Y « C  I F  S P  
;  S P A C E  

;  S T O R E  B Y T E  
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M P O  T I M  P A G E  C  

C A F C  «  L C C  C C C E  C A R C  
2 9 1  7 C E 9  C I  F E  C  8  F  1 T M P O . X )  
2 9 2  7 _  F  B  F C  0 5  P E C  B Y 2  
2 9 3  7 C E C  6 8  P I A  
2 9 4  7 C E F  6 8  P L  A  
2 9 5  7 C F E  4 C  P A  T C  J  M P  E P P O P R  
2 9 6  • 
2 9  7  7 0 F 2  2 0  7 C  7 2  B Y  2  J S P  0  A O C  
2 9 8  7 C F 5  2 C  9 7  7 3  B Y  3  J S P  I N C T M P  
2 9 9  7 C F 8  C  6  F E  C E C  P C  N T  
2 C C  7 C F  A  6 C  P  i s  
2 C 1  • 
? C 2  7 C F H  A 9  F  8  S E T R  I  C  A  « F L G S  
3 0 3  7 0 F C  8 5  F F  S T A  T M P C  
3 C 4  7 C F F  A 5  0 0  i  r  a  * C  
2 C  5  7  1 C  1  8 5  F F  S T A  T M P C + L  
3 C 6  7 1 0 3  A 9  0 5  L C A  •  5  
2 C 7  7 1 C 5  6 C  P I S  
209  f  
2 C 9  7 1 C 6  3 A  C M C S  . P Y T E  « :  •  
1 1 C  7 1 C 7  5 2  . P Y T F  •  P «  
3 1 1  7 1 0 8  4 C  . P Y T F  •  p i  
3 1 2  7 1 C 9  4 7  . P Y T F  • G '  
2 1 3  7  1 0  A  4 6  . P Y T E  • H  •  
3  1 A  7  1  O P  4 C  . P Y T E  • L '  
3 1 5  7  I C C  5 7  . P Y T E  •  k *  
3 1 6  7  I O C  3 A  A O P S  . 8 Y T F  A L T 6 P - M P 1  
3 1 7  7 1 C E  1 4  . P Y T F  C S P I Y P - M P I  
3 1 6  7 1 C F  1 C  •  B Y T E  O S P L Y M - M P I  
3 1 9  7 1  I C  5 C  . P Y T E  G C - M P 1  
2 2 C  7 1 1 1  6 F  . P Y T F  H S P - M P L  
2 2 1  7 1 1 2  7 4  . P Y T F  L H - M P L  
2 2 2  7 1 1 3  C  2  . P Y T F  W 0 - M P 1  

;  T E S T  E C U  V A L I C  W R I T E  I R A M I  

;  E « R .  C L E A R  J S «  A C R  I N  S T A C K  

;  I  N C R  C K S C M  
;  G C  I  N C R  T M P C  A O R  

;  S E T  T C  A C C E S S  R E G S  

;  M  M U S T  B E  L A S T  C M C  I N  C M t N  
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M P l  T I M  P A C F  1  
<,6** 

C  A R C  #  L O C  C O D E  C A R D  

2 2 6  
2 2 5  
3 2 6  N O T E  — A L L  C R D  

2 2 7  
P E G  C M C  3 2 8  C I S P I A Y  P E G  C M C  

2 2 9  
W R P C  3 3 0  7 1 1 6  2 0  A 6  7 2  C S P L Y R  J S R  W R P C  

3 3 1  7 1 1 7  2  C  F B  7 C  J S R  S F T R  

3 3 2  7 1  I A  C C  C  7  • B N F  M C  

3 3 3  t  
R C C A  3 3 6  7  1 1 C  2 C  6 6  7 3  O S F L Y F  J S P  R C C A  

3 3 5  7  I  I F  S C  1 6  8 C C  F R R S 1  

3 3 6  7 1 2 1  A 9  0 8  L C A  •  8  

2 3 7  7 1 2 2  8 5  F E  M C  S  1 6  T M P C  

2 3 8  7 1 2 5  A C  C C  L C Y  « C  

3  3 9  7 1 2 7  2 C  7 7  7 3  M l  J S P  S P A C E  

2  A C  7 1 2 A  8 1  F F  L C A  ( T M P C ) .  

3 6 1  7  I  ?  C  2 0  P  1  7 2  J S P  W P O P  

2 6 2  7 1 2 F  c e  1  N Y  
T M P C  3 6 3  7 1 3 0  C 6  F E  O E C  T M P C  

3 6 6  7 1 3 2  C O  F  3  P N F  M l  

3 6 5  7 1 3 6  6 C  8 6  7 C  B E C S 1  J M F  S T A R T  

3 6 6  1  
E R R C P R  2 6 7  7 1 3 7  6 C  P A  7 C  E  B P S  I  J M F  E R R C P R  

3 6 8  • 

3 6 9  ;  A L T f R  L A S T  C I  S I  

3 5 C  • 
P R E  V C  2 5 1  7  1  3  A  C 6  E S  a l t e r  C E C  P R E  V C  

3 5 2  7 1  3  C  C O  O C  P N E  A 3  

3 5 3  • 
R  C O  A  3 5 6  7 1 3 E  2 C  A  6  7 3  J S R  R  C O  A  

3 5 5  7 1 6 1  S C  0 3  e c c  6 2  

3 5 6  7 1 6 2  2  C  O C  7 C  J S R  p l t p  

3 5 7  7 1 6 6  2 0  F H  7 0  A 2  J S R  S E T R  

3 5 8  7 1 6 9  O C  C 5  P N E  6 6  

3 5 9  7  1 6  8  2 C  S A  7 2  A  3  J S R  W R O A  

3 6 0  7 1 6 E  A S  C 8  L C A  •  e  

3 6  1  t  
R C N T  3 6 2  7 1 5 C  8 5  F E  A 6  S T A  R C N T  

3 6 3  7 1 5 2  2  C  7 7  7 3  A 5  J S P  S P A C E  

3 6 6  7 1 5 5  2 C  E C  7 C  J S R  B Y T F  

3 6 5  7 1 5 8  C C  F  8  P N E  6 5  

3 6 6  7 1 5 A  F C  0 8  A S  P E C  P E C S  I  

3 6 7  • 

3 6 8  7 1 5 C  A 6  F C  G C  i r x  S P  

3 6 S  7 1 5 F  S A  T X S  

2 7 0  7 1 5 F  A 5  F  7  L C A  P C H  

3 7 1  7 1 6 1  6 8  P E A  
P C L  2 7 2  7 1 6 2  A 5  F  6  i  r  a  P C L  

3 7 3  7 1 6 6  6 8  P E A  
F I G S  3 7 6  7 1 6 5  A 5  F  8  t  C A  F I G S  

2 7 5  7  1 6 7  6 8  P E A  

W R I T E  P C  

U S E  C S P L Y M  

R E 6 C  M E M  A C S  I N T O  T M P C  
E R R  I F  K C  A C C R  

T Y P E  8  B Y T E S  C F  M F M  
( T M F 3 )  P P E S E B V F C  F O B  P O S S  A L T E R  

I  N C R  I N C E X  

B  I N C E X  •  1  

C Y - C  I F  S P  
S P A C E  
A L T E R  F C  
A L T F R  R * S  
J M P  6 6  ( S E T S  R E T U R N S  A C C  •  5 1  
A L T E R  P .  T Y F F  A C P  
S E T  C N T « e  

P R E S E R V E S  V  

C R I C  C R  N E W  S P  V A L U E  T O  S P  
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FPL T |8  PAGE 1  

AFC *  LCC COCE CARD 
376 7168 A5 F9 LCA ACC 
377 7  16 A A6 FA LC» XR 
3  7  FL 716C A4 FP LCV VR 
379 716F 4C RTI  
380 « 

381 716 F 66 68 FSP INC FSRCP • TOGGLE BIT C 
IE2 7171 4C 66 70 J8P START 
383 t  
364 7174 20 69 72 LH JSP RCCC 9  REAC SECCNC CO CHAR 
365 7177 2C 6  A 72  JSR CRLF 
386 71 7  A A6 68 1 0 *  HSROP 9  ENABLE PTR CPTICN IF  SET 
AE7 717C 86 F 7  STX FSPTP 
3 e e  717E 2C F9 72 C H I  JSP ROCC 
389 7181 C9 36 CP • F INO NEXT SCO PARK I  J t  
39C 718 3 n c  F 9  BNF i n  
39 1  V  
392 7185 A 2  04  LCX *4  
393 716 7 2C 09  70 JSR ZTPP 9  CLEAR CKSUP PFGS THP4 
394 7 18  A 2C 83  73 JSP P COB 
395 718C CC 06 66 E LF2 
396 1  
39 7  7  1  BE A 2  CC LC*  •  C t  CLEAR HS RCP FLAG 
398 7191 e 6  F 7  STX HSPTR 
3 9 9  7193 FC 9F BSC BEOS 1  « FIMSFEC 
4C0 t  
4C1 7195 E5 FF IH2 STA PC NT • RCNT 
402 7197 20 7C 72 JSP OAOO • RCC INCH TC CKSU6 
403 719 A 20  63 73 JSP p o n e  9 SA HC TC TPPC»1 
4C4 7190 65 FF STA T8P0*L 
405 7  19 F 2C 7C 72 JSF OADO 9 ADO TC CKSL6 
4C6 71A2 2C 63 73 JSP PCCB » SA LC TC TPPC 
4C7 7  1A 5  65  EE S TA T6P0 
4CB 71 A7 20  7C 72 JSP OAOC • ACC TC CKSL8 
4C9 • 
4 1  C 7  1A A 2C EC 7C I .H3 JSP BVTE 9 ETTE SLB/R CECRS RCNT ON FX IT  
411 71 AC CO F8 6NE LH3 
412 71AF 20 A4 73 JSP PCCA 9 CKSUP FROM HEX RCC TC TMPC 
413 7  IB2 A 5  F  2  LCA T6P4 • T6F4 TC TMP2 FOP CCP 
414 71 84 85 FC STA T6P2 
415 7166 A 5  F  3  I  C A T 6P4•1  
416 7 i e e  65 F 1  STA CP2» I  
417 71 6  A 20  CI  70 JSP CC F 
416 7180 FC BF BEC LHL 
419 71PF 4  C PA 70  ERF P 1  J6P ERPOPP 
420 • 
42 1  71C2 2C F9 72 WC JSP PCOC 9 RC 2NC CC CHAP 
422 71C5 85 FF STA TMPC 
423 71C7 20 77 73 JSF SPACE 
424 71C A 20  A 4  73  JSR RDC1A • 

425 71CC 20 E7 73 JSP T2T2 • SA TC TMP2 
426 7 10C 20 77 73 JSP SPACF 9 9PAC6 6EFCRE NEXT A0CRES9 
427 71C3 ?C A4 73 JSR P CO A 

B-10 



M P 1  T I M  P A G E  I  

C A F C  
<.28  
< 2 9  
< I  3 C  
< 3 1  
< 3 2  
< 3 3  
< 1 <  
< 3 5  
< 3 6  
< 3 7  
o e  
< 3 5  
< < 0  
< <  1  
< < 2  
< < 3  
< < <  
< < 5  
< < 6  
< < 7  
< < 8  
< < S  
< 5 0  
< 5 1  
< 5 2  
< 5 3  
< ; <  
< 5 5  
< 5 6  
< 5 7  
< 5 8  
< 5 9  
< ( C  
< 6  1  
< 6 2  
< 6 3  
<6< 
< 6 5  
< 6 6  
< 6 7  

*  I C C  
7 1 0 6  
7 1 C S  
7  I C C  

7 1 C E  
7 1 E  C  

7 1 E 2  
7  1 E <  

7 1 F 6  
7  1 F S  
7 1  F P  
7 1 E C  
7  I F F  

7  I F 2  
7  1 F <  

7  I F  7  
7 1  F  6  
7  I F  B  
7  1 F C  
7 1 F F  
7 2 C 1  
7 2 C 3  
7 2 C 5  
7 2 C 7  
7 2 0 9  
7 2 C C  
7 2 C F  
7 2 1 1  
7 2  1 <  
7 2 1 7  
7 2 1 9  
7 2  1 C  

7 2 1 F  
7 2 2  1  

C C C E  
2 C  8 7  7 3  
2 C  E S  7 2  
A 5  F E  

C 9  < 8  
D C  5 9  

4 6  F <  
C C  5 2  

2 C  E A  7 2  
A  2  1 8  
8 6  F E  
A 2  0 <  
2 C  O S  7 C  

A S  2 8  
2 0  C 6  7 2  

2 C  C I  7 C  
9 8  
0 C  C A  
A 5  F 5  
C S  1 7  
e c  c <  
P 5  F F  
E 6  F F  
A 5  F E  
2 0  7 C  7 2  
2 C  B 1  7 2  
A 5  E F  
2 0  7 C  7 2  
2 C  R 1  7 2  
A 5  E E  
2 C  7 C  7 2  
2 C  B 1  7 2  

A C  C C  
B 1  F E  

C A R C  

W H O  

W H  1  

V . H 2  

J S R  T 2 T 2  
J S P  P C O C  
I C A  T M P C  
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8 6  E E  
A  1  8 5  
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0  A 2  0 0  
A 5  O A  
2 C  C O  7 2  
A  6  F  3  ^  p A i y c ^  
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J S P  C R L F  
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S T X  T P P C  
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A S L  T H P C 2  
B C S  k P F 2  
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J S P  k P C C  
O E C  T H P C  
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I C A  f « F  
J S P  W P O C  

J S P  I K C T P F  

C E C  A C P C  
B K E  k B N P F  

J S P  C C P F  
B C S  k B l  
P C C  P C C S T  

P E A  
C L C  
A C C  T P P 4  
S T A  T P P 4  
I C A  T P P 4 • 1  
A C C  « C  
S T A  T P P 4 • I  
P I  A  
P  I S  

I C >  « J O C  t « -
I C A  A  J O  A  If 
J S P  k P T k O  Q  
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5  O L T P L T  H E X  A O P  
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;  k R I T E  e  

;  W R I T E  K  C P  P  

I  1 0 C P  

;  W R I T E  F  
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5 3 3  
5  3  A  
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5 4 0  
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5 4 4  
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3 4 6  
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5 4 8  
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5 5 0  
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5 5 2  
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3 3 7  
5 5 f l  
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5  6  C  
5 6  I  
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5 < e  
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5 7 3  
5  7 4  
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7 2 9 6  
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R T S  
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W R C  A  L C X  # 1  

7 2 9 C  C O  O A  P N E  W R 0 A 1  
7 2 9 E  A  2  C 5  W R C A 4  L C X  # 5  
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2 C  C 6  7 2  
6 8  

W R I T E  B Y T E  -  A  »  B Y T E  
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6 9 6  7 3  7  A  9 8  
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7 C C  7 3 e i  6 8  
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7 C 2  7  3 f l  3  6 8  
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7 1 9  7 2 9 7  E  6  F F  
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7 2 1  7 7 9 8  6 C  
7 2 2  
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A S C X  
P E A  
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T Y A  
P E A  
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SAVX 
SETR 
SETWRP 
SP 
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SPAC2 
START 
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51  
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* 6 9  
507  

5 * 5  

B -21  



INSTPUCTICN (XCNT 

ADC 9  
AN C S 
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CLY1  732C 636  
CLY2  73  1C 625  
CL2  7328  643  
CL  3  7  328  645  
CSFLYM 71  1C 324  
CSPLYR 7114  330  
ERROPR 708  A 258  
EPRP1 71  PF  4  19  
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DIGITAL GROUP 1024 CHARACTER TV READOUT/CASSETTE INTERFACE CARD 

General Design 

This PC Board combines two functions needed by microprocessors, the ability 
to output data and messages on a low-cost TV set, and the ability to reliably 
store, retrieve, and exchange programs or data at low cost. The TV Readout 
win display 1024 characters, 16 lines of 64 characters per line, with upper 
and lower case alpha characters, Greek alphabet, math symbols, and special 
characters. The characters are formed from a 7 x 13 matrix of dots, pro
ducing easy to read characters with a normal height to width aspect ratio. 

The cassette section provided circuits for recording data as well as receiving 
data previously recorded. Frequency Shift Keying is utilized, 2125 Hz being 
the Mark of "1" frequency, and 2975 Hz used as the Space or 0 frequency. 
The frequency shift keying system gives a better signal/noise ratio and the 
wide spacing of the harmonically unrelated frequencies permit the use of low 
cost home cassette recorders in spite of their generally poor "wow" and "flutter". 

Software parallel to serial conversion systems are used for record, and 
software serial to parallel conversion systems for data playback. These 
software conversion systems permit complete flexibility in Data rate (from 
near 0 to 1000 bits per second), Codes utilized (ASCII, Baudot, etc.), and 
Error checking (Parity, CRC, etc.) inclusion. 

TV Readout Description 

The TV Readout consists of five interacting sections. They are Memory, 
Character Generation, Composite Video Output, Read Clock, and Write Clock. 
The memory section consists of seven 2102A or faster IK memories, giving 
a possible storage of 1024 seven bit ASCII characters. The microprocessor, 
keyboard, or some attached circuit writes the characters one by one into 
the 2102's, and then the TV Readout continuously displays these characters 
until either more characters are entered, or the circuit is turned off. 

The character generation circuit consists of two IC's, the MCM6571L char 
acter generator, and 74165 parallel to serial converting shift register, 
the 6571 takes the seven bit ASCII character coming from the memories and 
outputs 7 dots making up a character row for each of 13 potential rows 
making up each character. The 74165 loads these 7 dots coming out at a 
time into its internal memory, and then outputs these one at a time for 
serial transmission to a TV set. For more information on TV character 
generators, I would suggest reading an excellent article by Don Lancaster 
in June, 1974 Radio-Electronics (p. 48-52). 

The video output section uses a 74151 data selector, a 7401 open collector 
NAND gate and a driver transistor to produce a low impedence composite 
video signal. The 74151 permits selecting either white characters on a 
black background, or black characters on a white background. In addition 
extermal binary level video (such as TV graphics) may be selected/inverted. 
The TV output is around 2 volts peak to peak with about a Svolt horizontal 
and vertical sync and blanking pedestal. 
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The Read Clock is the master control of the various sections. Starting 
from an initial frequency of 11.980 MHz, a countdown chain of three 
74193's (IC's 26, 25, and 37 ) produce and 8ys horizontal sync 
when gated by 1/6 IC2, 1/2 IC27, 2/3 IC29, and 1/4 IC28. A 20 ys 
horizontal blanking circuit prevents loss of characters at the edges 
of the screen and is produced by the gating action of 3/4 IC17, 1/6 IC2, 
and 1/3 IC29. The resultant horizontal frequency is 15,598 Hz, some
what lower than the standard 15,750 Hz, but usually only requires trimming 
horizontal hold slightly if at all. 

The vertical countdown chain uses three more 74193's (IC's 1,15, and 5) 
to obtain a final vertical frequency of 60 Hz, syncronous with the AC 
line to avoid hum roll and wobble problems on low cost TV's. 3/6 IC7 
and IC8 produce an 820ps Vertical sync pulse, 2/3 IC6 gives a i 22 gating 
to IC's 15 and 5, and the 1/6 IC7 produces a 3.5ms Vertical blanking 
pulse. 

A special feature of this TV Readout board is its ability to be externally 
syncronized to an external video timed base. This permits syncronizing the 
microprocessor's video countdown chain to an external video source such as 
a TV camera or a commercial TV program for titling, "Frame Grab", etc. 
operations. The horizontal countdown chain is syncronized by a short 
negative going pulse applied to connector pin U which will reset the 
horizontal counters and the horizontal sync pulse. The Vertical chain 
is reset by applying a short negative pulse to connector pin V. 

The various Read Clock timings are brought out to the connector so that 
external video based systems (such as graphics) may be easily coupled 
with this TV system. As if these operations weren't enough, various timings 
from the Read Clock also tell which of the 13 rows, which make up each 
character, is being currently accessed, and loads the 74165 when the row 
of 7 dots is available from the 6571. The 11.980 MHz signal then shifts 
out 8 dot peroids (the 8th one is a horizontal space between characters) 
before the next dot load command occurs. All of these timings are very 
critical during the design phase, but the builder should have no problems, 
since no adjustments are needed. The Read Clock also controls which of 
1024 characters is currently being inputed to the 6571 for dot encoding, 
except during Write Clock times. 

I thought you'd never ask about the Write Clock. Well, it controls the 
entry of the characters from whatever external source into the 2102 memory 
bank. Several alternatives in character entry are possible. However, this 
design tries to be as simple as possible, yet give the user a very capable 
unit, particularly when using a microprocessor, or even mini, midi, or 
maxi processors. 

A sequential entry system is utilized. A Home Reset control signal is 
developed by IC22 when it detects the 7 character defining input lines 
high ("1"). IC's 23, 13, and 3 are then preset so that the next character 
to be entered will result in its being displayed as the top leftmost 
character on the screen. The 2nd character will be viewed to the right 
of the first, until on the 65th character a new line appears, displaying 
the 65th character. Up to 1024 characters are thus sequentially entered 
and displayed. If a 1025th and following characters are entered, an over
write condition results, with the new page load displayed from the top 

pumm J 
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leftmost, the former character overwritten "gone forever". The display may 
be reset at any time. Screen erase consists of either 1024 or more ASCII 
spaces (Octal 240) and an ASCII! (all bits on (either a 177 or a 377)) 

or an ASCII! and exactly 512 ASCII spaces, the latter being preferable. ' 

Memory writing occurs when the MSB goes high. The 74157's then allow the 
4193 s IC23, 13 and 3 in the Write Clock to control the memory address 
lines on a priority interrupt basis. 600 ns later, a 600 ns strobe pulse 
writes the new character into memory. 

There is a parallel logic path to step the Write Clock address forward or 
backward without writing a character. This produces a "Pseudo Cursor" 
effect without the usual expense of a number of comparators, etc. A 
software "blink" may be easily implemented with a final result indistinguish
able from a hardware cursor. The "Pseudo Cursor" logic consists of 1/4 

IC?8 WhiCh detect the P^sence of an LSB, toggling the Write Clock 
74193 s up in count without firing the 74L123 (IC20) Write Strobe if not 
simultaneously brought high (indicating character entry then, of course). 
f * * h,igh wlthout the MSB toggles the Write Clock 74193's down in count, 
which backs up the cursor. ' 

V4122 (IC39| produces a short pulse each time the MSB is brought high, 
thereby blanking the screen while the memory updating process is taking 
place. This reduces the glitches appearing on the screen when high rate 
updating occurs. The only way to completely eliminate the glitches would 
be to only update during the Vertical blanking pulse, but this would 
seriously downgrade performance in some critical operations. 

Cassette Interface Circuit Description 

The previous 512 character Digital Group TVC used a tunable oscillator 
which required careful alignment. This requirement has been eliminated 
by using a digital frequency synthesizer countdown chain. The TV master 
oscillator is divided by either 5650 or 4030 to get the 2125 or 2975 
cassette frequencies. The actual frequencies are a few Hertz low, but 
well within tolerances. The main cassette countdown chain consists of 

lu 3nd 43* IC49 is used to gate an early "set to achieve 
® 2125 tone, and IC48 gates an early reset for 2975. The actual out-

Put of this chain is 10 times too high, and the 7490 (IC42) provides a 
.10 smoothing and squaring function. A logic level input at pin 18 on 
the connector controls the resultant audio frequency at output pin 10 
A high input ("1") produces a 2125 Hz output, and a low output ("0") 

Tte AlK }r!3?75 HZ\ ̂  °UtPUt ̂  Shape " a l-tricl square wave. 
The 47K (R13) resistor in series with the output is a typical value to 
be used when coupling to the low level, low impedence external microphone 
inputs of most cassette recorders. 

The cassette receive circuitry detects the prerecorded frequency shift 
Produces a "1" or a "0" output as a result of a detected 2125 

Hz or 2975 Hz tone at the input. IC40 is a clamped limiter which prevents 
variations in amplitude from affecting the resultant detection process. 
The output of IC40 should be about 1.2 volts p-p, roughly a square wave of 
the incoming frequency, constant in amplitude regardless of tape volume 
setting or minor tape "dropout" problems. 

ftetafeiGSsJgjMiqo) ") 
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Two bandpass active filters then amplify a tone 5 times when actually tuned 
to their respective frequencies of 2975 Hz for the top filter and 2125 Hz 
for the lower filter. The further off the tuned frequency the tone is, 
the less amplification the filter will produce. The actual resonance points 
of the filters may be easily adjusted by merely trimming the multiturn pot
entiometers in each filter. 

Full wave active detectors produce rectified full wave pulses at the sum
ming junction, pin 5 of IC47. The 2975 Hz tones are rectified +, and the 2125 
Hz tones are rectified -. As tones depart from either exact frequency, 
a value less + or - is produced until approximately midway a summed voltage 
of fS results. 

A 3-pole lowpass active filter then removes the remaining traces of 
pulsating DC from the summed signal with almost no effect on the data 
pulses up to a speed of 1000 bits per second. If lower data rates were 
to be utilized, an improved signal to noise ratio# could be obtained 
by multiplying the values of C35, C37, and C38 by the reciprocal of 
the data rate difference. I doubt you would notice any operational difference, 
however. 

The final section is a slicer connected 741 (IC51). This op amp detects 
whether the voltage at its pin 2 is + or - with respect to the constant 
voltage at its pin 3. The output voltage will then swing either to 
nearly +5 or to nearly -12. A forward biased germanium diode prevents 
the actual output voltage from going less than = -.2 volts, so that valid 
TTL levels are not exceeded. An offset adjusting pot allows the output 
to be placed in a "Mark Hold" condition when no tone input is being detect
ed. 2/4 7400 (IC50) provides output TTL level buffering, and allows 
data inversion by tapping the output to the pin 11 section if a customized 
circuit required this modification. 

Construction 

Tools: Fine tipped, low wattage soldering iron, "wire solder" 
(around 20 gauge resin solder), small diagonal cutters. 

Test Equipment: Ohmeter 
Audio Generator helpful 
10 MHz or better triggered sweep oscilloscope 

Frequency Counter 
Microprocessor, Mini, etc. 

Estimated Construction Time: 3-6 hours 

1. Insert the 24-pin socket, 5 8-pin sockets, 28 16-pin sockets, and 
17 14-pin sockets into the PC board. If the sockets have a keyway 
indication, orient this away from the connector. Note: the top side 
of the board is indicated by The Digital Group label. 

2. Invert the board and carefully solder in the sockets. A special 
plating process is used by The Digital Group to minimize solder 
joint troubles. We would suggest a "warmup area" by starting with 
the cassette interface sections of the card. 
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3. 

4. 

5. 

6. 

8. 

10. 

4-v.® 17 resistors in the TV Readout section enclosed 

Tthe £ bus line^ L^^older the 22 resistors in the cassette 

section. 

Tnsert and solder the zener diode, the germanium diode, and the 8 
silicon^odes Note: all of the diodes are oriented with their 

cathode or "bar" end oriented towards the right. 

insert and solder the output transistor in the TV Readout section. 

insert and solder the two 220 pfd and the 330 pfd and the 100 pfd 

condensers in the TV Readout section. 

insert and solder the fourteen condensers in the Cassette Interface 

section. 

insert and solder the three potentiometers in the Cassette section. 
Note that the potentiometer is a 50K, the other two are long multi-

turn 500 ohm units. 

r colder the various bypass condensers in the TV Readout Insert and solder the vario^ w ̂  ̂ ̂  tantalum co„6e„. 

sers'is*indicated by the vertical narking (paint strip) along one side. 

Additional holes have been provided between IC'. 9 
ai input bypassing with 50-200 pfd condensers if your installation 

requires. 

Trim the crystal socket's pins as shown to fit into the crystal holes. 

Pin v1ew: Result: r> n 

r 
cut 

11. 

12. 

Press the rear tab into the board hole provided for it. Solder the 

pins and the rear tab. 

The socket provides a space-saving flat mount as well as avoids sold

ering to the heat-sensitive crystal. 

At this point, measure the resistance between ground (pin 20) and the 
other voltage supply pins (19. 21. s 22). A very low resistance in 

dicates a bad bypass or a solder bridge short somewhere. 

Insert the IC's in the TV Readout section except for the memories 
(2102's) and the MCM6571L character generator. The notch or pin 
end of each IC should be oriented awa* from the connector end of the 
Sard Measure the resistance bet^ pins 19 fi 20, noting the value. 
Averse the ohmeter leads and remeasure. A shorted reading indicates 

a bad IC, and near equal readings indicates a reversed IC. 

Q1IQ J 
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13. Temporarily groung pin 1 of the TV readout and connect a TV set modified 
for direct video, or a commercial TV monitor, between pins 16 (video) 
and 20 (ground). 

14. Putting a +5 voltage between pins 19 (+) and 20 (Ground) should 
result in 64 vertical white columns on the screen. Refer to "Troubles" 
section if this does not happen. 

15. Connect the other ±12 supplies, and turn on power again. Measure the 
voltages on pins 1, 2, and 3 of the MCM6571L socket. They should 
measure -5, +5, and +12 respectively. 

16. Plug in the 2102*s and the 6571. The temporary grounding jumper to 
pin 1 should still be connected as well as the TV monitor. Turning on 
power this time should result in a random display of 1024 characters on 
the screen. The actual character at each location is determined by the 
chance bit structure at the memory locations. Remove the temporary 
grounding jumper from pin 1 when done with this test. 

17. Oomplete testing of the TV Readout is best performed under microprocessor 
control, and sample diagnostic programs are included with The Digital 
Group Systems. "Breadboard diagnostic testing" may be accomplished by 
temporarily tieing each of pins 2 - 8 to +5 through a IK resistor. Tie 
pin 1 to the output of a simple oscillator such as shown below: 

+ S ?] 
ir~^ 

lOOmfd 

1' 
Grounding pins 2 - 8 to ground should 

ground Character 

8 % 

7 } 
6 { 
5 w 
4 0 
3 
2 ? 

18. Plug in the twelve IC's in the Cassette section. 

19. Connect a calibrated frequency counter between pin 10 and ground. 

20. Apply +5 and ±12 voltages to the board. With the Cassette Write input 
pin 18 open or tied to +5, the frequency counter should read approximately 
2120 Hz. 
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22.  

23. 

24. 

25. 

26. 

21- „ rae fteque„cy counter 

turn up. Easy, isn't it. ThlS comPletes cassette write 

secKVto^U^^Li t̂̂ cSoT"6 

«S2 -tr:::ror prie- «*• 
the 5558 active bandpass filter ^ the °UtpUt at Pin 7 of 
(R30-the pot in the right co^er) Itn tZTV""V2975 trimmer pot 
leave at this point. signal exactly peaks, and 

Move the jumper on connector pin 18 from 
counter should now read about 2120 OV6r t0 +5* The frequency 

the 2125 pot (R29-the middle pot) until the °"tpUir ** Pi" 1 °f 1041 • 
and leave at this point. U the S19n*l exactly peaks, 

Measure the deteoteri „«i*. 
frequency approaches 2125 f M">" the inP" 
t e output should go +. Trouble in this'0" 9° When aPProaching 2975, 
by reversed or defective diodes, or â aĉ ĥ't". 

U£rsr.srs 
--"•ya^-SSSsKK-.tr 
STSuS! JS êbeth":eoutp„nt ItTJt V Sh°rt input pi" 9 temporarily 
condition (no oscillatL^ stould S ° IC"° a9ain' fl "able 
to the cathode of G1 again. MiusfthTth the °stiH°seope 
the small leftmost pot) clockwise ance Potentiometer (R18 -
slowly turn the pot^tiolS " . tha volta«* !• « a - level 
+ and leave setting at this point """ Until the "°ltage jumps 

29- ^°ssrj5i2sr-^sr.s-2pi-9 - ™« 
at this point, the cassette interface is^ready Jo' r^da^."611 

Troubles - General 

27. 

28.  

1. 

2.  

3. 

under the I^when^t'was'inserted8 'w'T " T ^ Pi" Whi°h WaS ^ 
an ic should be investigated?''0"^* ** Unusual Pressure when inserting 

Every pin should be soHo^ 
an unsoldered pin, generally' an  frequent cause of trouble is 
parallel rows of pins usually finds any^hat Carefully si<*ting down y rxnas any that are not soldered. 
When troubleshootinq with a •<-
the IC. not tha bottom, to elSTtfa the *3E of 
socket from misleading. under pxn problem or defective 
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4. Before ever plugging in any IC's, always measure the voltages at the PC 
board and at the pins of the more expensive IC's, like the 6571. 

5. When handling IC's, avoid static charges. Run your house humidity high, 
and ground yourself ty touching a grounded chassis before touching IC's. 

6. Beware of solder splashes and drilling errors. Please inform The Digital 
Group of board manufacturing errors that you detect. A flashover or splash 
on the topside would be very difficult to find after soldering the sockets. 
The black socket body of the sockets used in The Digital Group kits may 
be pried off after removing the IC should a hidden splash be suspected. 

7. Beware of shorts in the cassette area between component leads and under
lying circuitry. 

Specific Troubles 

No white colums on the screen at step 14. 

1. Bad connection between connector pin 16 and TV. 
2. Temporary jumper from connector pin 1 to ground not connected. 
3. Crystal not oscillating. Check for pulses at pin 1 of IC16. 
4. Horizontal Countdown chain defective. Successively measure output 

at pin 3 of IC's 26, 25, and 37. Each should be progressively lower 
in frequency. 

5. Vertical Countdown chain defective. As above #4, but measure IC's 
1, 15, and 5. 

6. Defective video mixer. Look for pulses at pins 1 and 13 of IC19. 

Poor or lacking syncronization at step 14. 

1. TV is overloaded by the - 3 volts of video. Swamp the video with 
a 10 ohm resistor to see of sync & video stabilizes. 

2. Check for Horizontal and Vertical sync and blanking pulses at 
connector pin 16. A 75 ohm load should be attached. The pattern 
should look like: 

/WM/VWvi 

LE 

video 

sync 

a. If Horizontal Sync is defective, check IC's 2, 27, 28, and 29. 
b. If Vertical Sync is defective, check IC's 7 and 8. 
c. If Horizontal Blank, check IC's 2, 17, and 29. 
d. If Vertical Blank, IC7. 

No characters at Step 16. 

1. Missing voltages at the MCM6571 (IC11). 
2. Defective Character generator. 
3. Defective 74165 (IC10) or 74157 (IC18). 
4. Defective logic signals to and from ICll and IC10. All inputs and 

outputs should be pulsing at valid TTL levels (0 to .8 volts = 
low/ 2 to 5 volts = high). 

5. Pins 11 and 10 of 74151 (IC18) not at +5. 

3 

i 
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1. 
2. 

3. 
4. 

Wrong character(s) in display 

Miswired or misjumpered input. 

IC^° th®°^morJhfori^he1^ast"s0 intended 

memory.C raCter* - '"6 is the host 

Defective 74157 (s) - tp's oa in 

shorted lines in the ^4;„a14„i"ed c4iock area. 

Twinkling" character on TV 

i fast" — « - —. 
3- Slow 657U - no„e seen so 4^" "* th heat. 

ghting of loading and trailing edges of characters, esp. "H» 

^EiES^^ Pr0dUC" * «» of bright on 

to character^sucr'as^-H^0"1'10" bright left edge 
Dim right side of "H" an/t «e.u 
quire increasing the clock l ,'^ L aractc'rs maV be monitor or may re-
bigh of a value will red̂  tĥ el̂   ̂

Won't write characters ^ " "H"" 

Pin 1)? St°rbC PUlS°' °r continuous level on MSB input (connector 

2- No Write pulse from 74L123 (IC20) Me* 
looking for an « 600 ns neoativf « ,Measure at pin 12 of IC20, 

(connector pin 1) to a =50KHz TTI^clock1^??" Connectin9 fche MSB 
lower cost oscilloscopes permit viewing on 

3- Write Clock not toggling' with .Km 

4 £fMSt' l0°k f°r pulse8 «t pin 3tTlc'sT/T? °SCillator inputting 
4. Defective Read/Write Multiplexers (I^s 24 ^4 'andV* 

Extraneous Characters 

1. 

2. 

3. 

1. 

3. 

4. 

Noise on the input lines to m-
(connector pin i). Pads ""emory, particularly on the MSB 

used on the input line to suppress' ' " Sma11 pfd condensers 
generally shows up as an a appearing SOurces« This trouble 
is addressed. PI ng on the screen when another port 
Data sent to the TV 

Data must be valid for 1 5 m< generator faster than it can handle 
strcbe. Paster data rates the rise of MSB' 
condensers in the 74L123 (IC20)^rite sf h* the value of the 
natively, a data hold loon n ' Write strobe singleshot. Alter-
put to the readout. consisting of hop's can slow the data out-

SEirSI"3; -2-~ -"ern of the extraneous 



Defective level output from Cassette Input Limiter 

1. None at all: Check for ±12 to IC40. 
2. Too high output level. Diodes (S3 and S4) open or one is reversed. 

Bandpass Active Filter Problems 

1. Check by sweeping with audio oscillator for proper range. 
2. Swap 5558 (IC41) with IC's 44 and 47. 
3. Check for shorts or out of tolerance (5%) condensers C30, C31, C32, 

or C33. Disc ceramics are a no-no in tuned circuits! 

Full Wave Detector 

1. Diodes open, reversed or shorted. 
2. Defective 5558 (IC44). 

Low Pass Active Filter 

1. Shorted or out of tolerance condensers. 
2. Defective IC47. 

Output Slicer (IC33) 

1. Reversed, open, or not Germanium diode at Gl. 
2. Defective or missoldered resistors in pin 3 circuitry of 741 (IC51). 
3. Defective 741 (IC51). 

fte(â aill§pSM[o) 
po bo* 6528 denver, Colorado 80206 (303) 777-7133 



1024 CHARACTER READOUT & CASSETTE INTERFACE - PARTS LIST 

IC s IC's 
IC30 ,36 7 - 2102-1 or better IC39 1 - 74122 
IC11 1 - MCM6571L IC20, 38 2 - 74L123 
IC9, 17, 28, 50 4 - 7400 IC18 1 - 74151 
IC19 1 - 7401 IC4, 14, 24 3 - 74157 
IC16 1 - 7402 IC10 1 - 74165 
IC2, 7 2 - 7404 IC1, 3, 5, 12, 13, 14 - 74193 
IC6, 29 2 - 7410 15, 21, 23, 25, 
IC27 1 - 7420 26, 37, 43, 45 
IC8, 22, 48, 49 4 - 7430 46 
IC42 1 - 7490 IC40, 51 2 - 741 

IC41, 44, 47 3 - 5558 or LM1458 

Capacitors 
C2 
C4, 5 
C43 
C24 
C35 
C30 - C33 

C37 
C38 

Diodes 
1 - 100 pfd mica 
2 - 220 pfd mica 
1 - 330 pfd mica 
1 - 1000 pfd mica 
1 - .0047 mylar 
4 - .01 polystyrene 
(may be marked 10000) 
1 - .01 mylar 
1 - .015 mylar 

SI 
G1 

Z1 

T1 

- S8 8 - 1N914 or 1N4148 
1 - 1N48 or eq. 

Germanium 
1 - 5V 1 watt zener 
(1N4733 or eq.) 
1 - 2N5129/2N2369 

Bypass Capacitors 
24 - .01 mfd disc 
4-1 mfd tantalums 

Crystal 
1 - 11.980 MHz 

Misc 
5 - 8  p i n  s o c k e t s  

17 - 14 pin sockets 
28 - 16 pin sockets 
1-24 pin sockets 
1 - crystal holder 

Resistors - all watt 5% unless noted Resistors 
Rll 1 - 2 2  o h m  R16, 17, 19, 20, 21, 26, 11 - 10K 
R12 1 - 220 ohm 27, 35, 36, 37, 38 
R31 1 - 390 ohm R15 1 - 33K 
Rl, 2, 10 3 - 470 ohm R13, 24, 25, 33 4 - 47K 
R28 1 - 470 ohm •} watt R34 1 - 68K 
R32 1 - 620 ohm R39, 40, 41 3 - 100K 
R5, 42 

8, 9, 14 
2 - IK R29, 30 2 - 500fl trimpot 

R6, 7, 8, 9, 14 5 - 2.2K R18 1 - 50K pot 
R22 1 - 4.7K 

50K pot 

R3, 4, 22 3 - 6.8K 

fte(afefSsiOptsM[o) j 
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Front of Board 

1024 Character TVC 

Pin Side of Board 

Pin Function 
1 MSBV Strobe 
2 MSB ) 
3 MSB / 
4 MSB Data to 
5 MSB | 
6 MSB \. 
7 MSB ] 
8 LSB / 
9 Data from Cassette 
10 Data to Cassette 
11 Clock 
12 H sync 
13 V sync 
14 H Blank 
15 V Blank 
16 Video 
17 Data to CPU 
18 Data from CPU 
19 +5 
20 Ground 
21 +12 
22 -12 

Pin Function 
A P ~\ 
B A 
C B c, 
D C f Horz 

E D \ 
F E ) 
H N J 
J F 
K G ) 
L H / 
M I > Vert 
N J c 
P K \ 
R L \ 
S M J 
T Data Inv 
U H Preset 
V V Preset 
W Graphic Input 
X Graphic Select 
Y not used 
Z 

1 
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512 TO 1024 UPGRADE SPECIAL DIRECTIONS 

This 512 to 1024 character upgrade kit permits using most of the 512 

andrm^ri?C'S ^ addition to a new board' sockets, resistors, condensers 
and miscellaneous parts to achieve a 1024 character TV readout. 

Steps: 

1. Remove all IC's from your 512 board except IC27 (74L00), IC23 (74123) 
and IC33 (566). iiit-i) , 

2. Add the 34 IC's just removed to the IC's supplied with the 1024 
character upgrade kit. 

3. Continue with regular 1024 character readout directions. 

fte®(â ]GiMl§p5iM[o) ) 
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1024 CHARACTER READOUT & CASSETTE INTERFACE UPGRADE - PARTS LIST 

IC's IC's 
(IC30, 36) 7 - 2102-1 or better IC39 1 — 74122 
(IC11) 1 - MCM6571L IC20, 38 2 - 74L123 
IC9, 17 (28, 50) 4 - 7400 IC18 1 - 74151 
(IC19) 1 - 7401 (IC4, 14, 24) 3 - 74157 
IC16 1 - 7402 (IC10) 1 - 74165 
(IC2, 7) 2 - 7404 IC1, 3, 5, 12, 13, 14 - 74193 
IC6, (29) 2 - 7410 15, 21, 23, 25 
(IC27) 1 - 7420 (26, 37, 43, 45, 
IC8, 22, (48, 49) 4 - 7430 46) 
IC42 1 - 7490 (IC40, 51) 2 - 741 

(IC41, 44, 47) 3 — 5558 or LM1458 

Capacitors Diodes 
C2 1 - 100 pfd mica SI - S8 8 - 1N914 or 1N4148 
C4, 5 2 - 220 pfd mica G1 1 - 1N48 or eq. 
C43 1 - 330 pfd mica Germanium 
C24 1 - 1000 pfd mica Z1 1 - 5V 1 watt zener 
C35 1 - .0047 mylar (1N4733 or eq.) 
C30 - C33 4 - .01 polystyrene T1 1 - 2N5129/2N2369 

(may be marked 10000) 
C37 1 - .01 mylar 
C38 1 - .015 mylar 

Bypass Capacitors 
24 - .01 mfd disc 
4-1 mfd tantalums 

Crystal 
1 - 11.980 MHz 

Misc 
5 - 8  p i n  s o c k e t s  
17 - 14 pin sockets 
28 - 16 pin sockets 
1-24 pin sockets 
1 - crystal holder 
1 - documentation 

Resistors - all ^ watt 5% unless noted 
Rll 1 
R12 1 
R31 1 
Rl, 2, 10 3 
R28 1 
R32 1 
R5, 42 2 
R6, 7, 8, 9, 14 5 
R22 1 
R3, 4, 22 3 

22 ohm 
220 ohm 
390 ohm 
470 ohm 
470 ohm •} watt 
620 ohm 
IK 
2.2K 
4.7K 
6.8K 

Resistors 
R16, 17, 19, 20, 21, 26, 11 - 10K 
27, 35, 36, 37, 38 
R15 1 
R13, 24, 25, 33 4 
R34 1 
R39, 40, 41 3 
R29, 30 2 

R18 1 -

33K 
47K 
68K 
100K 
5008 
trimpot 

50K pot 

( ) indicates IC's removed from 512 Character Readout and Cassette Interface 

,1 
it 
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F U L L  W A V E  D E T E C T O R S  

2975 Hz 
B A N D P A S S  F I L T E R  

L I M I T E R  

F R O M  C A S S E T T E  
R E C O R D E R  O U T P U T  

9 4 2  
50 K 

REAO OFFSET ADJUST 
TO TTl 
INPUT PORT 



Low Filter High Filter Low Pass Filter 

R21 R24 R25" "R22 R23 R26"C13 

VCO 

C12 C14 R12 R15 
* • 

2125 2975 Hz 
1100 Baud 6.8k 68k 938 4 7 k 47k 697 .0056 pF .01 .015 2.7k 1.3k 
1200 2400 Hz 
300 Baud 
(Simple) 
1200 2400 Hz 
300 Baud 
(Correct) 

2125-2295 
100 Baud 
(Simple) 

2125 2295 
100 Baud 
(Correct) 

6.8k 68k 4173 4.7 k 47 k 1162 .0056#iF .01 .015 470 k 2.7 k 
* ' 

12k 120k 1668 5.6 k 56 k 906 ,015pF .033 .047 470 k 2.7 k 

68k 68k 938 4.7 k 47 k 1301 ..0056 pF .01 .015 47 k 2.7 k 

36 k 360 k 156 27 k 270 k 179 .056 pF .1 .15 47 k 2.7 k 

* means that the value so indicated is the typical calculated value. The precise value is dependent on component 
tolerance. 

Table 1: Theoretical values of components for alternate frequencies. This table gives values of 
components to be used with the circuits of figures 1 and 2 In order to make this cassette Interface 
work with several alternate specifications. See the text for a definition of the various comments at 
the left of the table. 

Potential Troubles 

Knowing about potential problem areas it a 
first step to minimization of their effects. Troubles 
seem to break down into six classes. 
• Cassette recorders and the cassettes used: A 
marriage between your SI 000 microprocessor and 
junior's $20 cassette recorder, which has been 
using 30rf cassettes for the last five years, will not 
produce happy offspring! I have been using a 
Super scope C 104 for the past year, and can report 
no failures except for defective cassette tapes. The 
C-104 has several attractive features. Besides the 
usual conveniences such as index counter, cuing, 
etc. it has a variable readback speed control, dandy 
for out of spec cassettes from friends. Inside, 
another special motor speed control potentiometer 
is located near the speaker which allows precisely 
setting the record/write speed. Ouality control 
seems good overall, and the list price of $120 
(cheaper at discount stores) is worth the invest
ment. Don't waste your money on cheap cassettes. 
Sony Low Noise C-45s have been generally good. 
Some $2 — $4 Data Certified Cassettes are 
superior, but not needed. 
• Microprocessor caused problems: Some 
microprocessor designs will not work directly with 
this interface system. This interface was designed 
to be connected directly to a single bit 10 port, 
with the processor handling all of the bit timings 
through timing loops. If your processor must 
periodically catch its breath for such things as 
dynamic memory refreshing, you may be unable to 
directly use the "Software UART" system. What a 
shame I However, a hardware UART will permit 
using the system even with a system of this nature. 
• Cabling problems: It is possible to connect 
your cassette recorders with the read and write 
cables reversed. Enough crosstalk from the write 
line to the read limiter existed to give the 
appearance of data being read, but so many errors 
resulted that the programming would not run. 
• Tuning problems: Circuit tuning is the most 
common problem. Carefully tune the active filters! 
• Cassette Crashes: Cassette damage is frequent 

on tapes vrfiich have always worked before, but 
now mysteriously fail. The most common cause of 
this is removing a cassette from the recorder 
without completely rewinding. The exposed oxide 
then gets damaged, and is no longer usable, 
e Miscellaneous circuit problems: 
Defective level output from cassette read limiter. 

1. None at all: Check for 112 V to IC34. and 
IC34. 

2. Too high output level: Diodes (DS4 and 
DS5) open, or one is reversed. 

Bandpass active filters don't filter. 
1. Off frequency 
2. Bad 5558 
3. Check for shorts or out of tolerance con

densers C8. C9, C10, or C11. Disk ceramics 
are a "no-no" in tuned circuits. 

4. Resistors improperly wired or inserted. 
Full wave detector does not work as described: 

1. Diodes open, reversed or shorted. 
2. Defective IC36. 

Low pass active filter fails to work: 
1. Shorted or out of tolerance condensers. 
2. Defective IC37. 

Output sheer (1038) fails to produce TTL levels: 
1. Reversed, open or not Germanium diode at 

DG1. 
2. Too heavily loaded output. This circuit 

should drive no more than one TTL load 
(standard for most IO ports). 

VCO won't oscillate. 
1. Defective 566 (IC33). 
2. Shorted condenser C6. 

VCO has parasitic oscillation (high frequency): 
1. C7 not connected. 
2. Defective 566. 
3. C6 is open, producing a very high fre

quency. 
VCO won't tune to frequency or stay there: 

1. Out of tolerance or defective C6. You really 
didn't use a disk ceramic here, did you? 

2. Defective 566. 
3. Non-TTL levels used to drive VCO. 
4. Defective potentiometers R40 or R41. 
5. DS1 or DZ2 reversed or defective. 
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Listing 1: Stand Alone 
Suding Cassette Input Pro
gram. This program is a 
self contained data trans
fer routine which will 
transfer a block of data 
from cassette to split octal 
memory locat ions 
xxx/xxx through yyy/OOO. 
This program assumes that 
MEM 7 OCAS (see listing 2) 
ws used to create the tape 
being read. A more gener
ally useful input facility 
would be modelled on this 
program and linked to a 
system monitor as a sub
routine. 

Split 
Octal 

Address Octal Code 

041 xxx xxx 
021 010 000 
333 001 
346 001 
302 106 <0> 
006 300 
005 
302 117 <0> 
333 001 
346 001 
202 
017 
127 
006 200 
005 
302 134 <0> 
035 
302 123 <0> 
162 
043 
174 
376 yyy 
302 103 <0> 
166 

<0>/100 
<0>/103 
<0>/106 
<0>/110 
<0>/112 

*<0>/115 
<0>/117 
<0>/120 
<0>/123 
<0>/125 
<0>/127 
<0>/130 
<0>/131 

*<0>/132 
<0>/134 
<0>/135 
COW 140 
<0>/141 
<0>/144 
<0>/145 
<0>/146 

c <0>/147 
<0>/151 
<0>/154 

Label 

CASTOMEM 
STARTBYT 
SYNCHLOO 

WSYNCH 

GETDATA 

Op. Operand 

H,xxx/xxx 
0,000/000 
1 
1 
SYNCHLOO 
6,300 
B 
WSYNCH 
1 
1 
D 

WDATA 

LXI 
LXI 
IN 
ANI 
JNZ 
MVI 
DCR 
JNZ 
IN 
ANI 
ADD 
RRC 
MOV 
MVI 
DCR 
JNZ 
DCR 
JNZ 
MOV 
INX 
MOV 
CPI 
JNZ 
HLT 

D,A 
6,200 
B 
WDATA 
E 
GETDATA 
M,D 
H 
A,H 
VVV 
STARTBYT 

Commentary 
Load starting address in HL pair; 
Load E, clear D; 
Port 1 bit 0 read for input; 
Mask all but bit 0; 
If not start bit then reiterate loop; 
Time delay to middle of first data bit*; 
Decrement synch wait count; 
If not dona then keep waiting; 
Read port 1 bit 0 again; 
Mask all but bit 0 again; 
Sum old bits with new bit; 
Rotate new and old into next position-
Save result back in D; 
Time delay between bits; 
Decrement data wait count; 
" not done then keep waiting; 
Decrement data count loaded at 0/103; 
If not done then repeat for next bit; 
Save received data in memory; 
Point to next available location; 
Move high order address to A for end check-
Has high order address reached end? 
If not then reiterate for next byto-
End input; 

Notes; 

" *""" " *" ° ~®«> <* 'C38 rtn 6 ... ,„„m „38 

!SSV°" "V,,00° Em*- ,h""V iBnwnj lo 

when actually load.ng th. pr^TaTbyw'10Oof ^3^° ̂  f°P",Ced " re8' mCm°rV P83B number 

Listing 2: Stand A/one 
Suding Cassette Output 
Program. This program is a 
self contained data trans
fer routine which will 
transfer a block of data 
from split octal memory 
locations xxx/xxx through 
yyy/000 onto cassette 
tape after a five second 
leader output delay. This 
program assumes that 
CASTOMEM (see listing 1) 
will be used to read the 
tape being created. A more 
generally useful output fa
cility would be modelled 
on this program and linked 
to a system monitor as a 
subroutine. 

Split 
Octal 

Address 

<0>/200 
<0>/203 
<0>/205 
<0>/207 
<0>/211 
<0>/213 
<0>/215 
<0>/216 
<0>/221 
<0>/222 
<0>/225 
<0>/226 

Octal Coda 

041 xxx xxx 
0/6 001 
323 001 
026 012 
006 377 
016 377 
015 
302 215 <0> 
005 
302 213 <0> 
025 
302 211 <0> 

Label 

MEMTOCAS 

LEADER5S 
LEAOER5X 
LEADER5Y 

Op. Oporand 
LXI H,xxx/xxx 
MVI A.I 
OUT 1 
MVI D.012 
MVI 8,377 
MVI 0,377 
DCR C 
JNZ LEADER5Y 
DCR B 
JNZ LEADER5X 
DCR D 
JNZ LEADER5S 

Commentary 

Loarf storting oddress in HL pair; 
Start port output in high state. 
Send initial state out; 
Outer leader delay count; 
Outer leader delay loop return; 
Middle leader delay loop return; 
Inner leader delay loop return; 
If inner loop not done then reiterate; 
Middle leader delay count; 
II middle loop not done then reiterate; 
Outer leader delay count; 
II outer loop not done then reiterate; 

<0>/231 
<0>/233 
<0>/234 
<0>/235 
<0>/236 

*<0>/240 
<0>/242 
<0>/243 
<0>/246 
<0>/247 
<0>/250 
<0>/253 
<0>/255 

*<0>/257 
<0>/261 
<0>/2 62 
<0>/265 
<0>/266 

•f <0>/267 
<0>/271 
<0>/274 

Note; 

016 011 
257 
176 
027 
323 001 
006 200 
005 
302 242 <0> 
037 
015 
302 236 <0> 
076 001 
323 001 
006 377 
005 
302 261 
043 
174 
376 yyy 
302 231 
166 

Upon reaching this point. 5 seconds ol mark (high) state have 
been output to the cassette interface 

BYTEOUT 

WNEXBIT 

WOUTLOOP 

<0> 
WIBDELAY 

<0> 

MVI 
XRA 
MOV 
RAL 
OUT 
MVI 
DCR 
JNZ 
RAR 
DCR 
JNZ 
MVI 
OUT 
MVI 
DCR 
JNZ 
INX 
MOV 
CPI 
JNZ 
HLT 

C.011 
A 
A.M 

1 
B.200 
B 
WOUTLOOP 

C 
WNEXBIT 
A.001 
1 
6,377 
B 
WIBDELAY 
H 
A,H 
VVV 
BYTEOUT 

Define output bit count (decimal 9)-
Clear carry (start bit level is 0); 
Move current byte to A; 
Rotate bit into position (carry-0 first) 
Send current LSB to output port; 
Time delay between bits; 
Decrement delay count; 
If time left then reiterate; 
Rotate new bit into position-
Decrement output bit count; 
If data left then reiterate; 
Stop bit state defined 

then sent out to port; 
Stop bit value set; 
Decrement stop bit counter; 
If time left then reiterate; 
Incremont memory address; 
Move high order address to A for end check 
Has high order address reached end? 
If not then continue output process; 
End output; 

See notes ,rom bi< 0 of port 1 to DS1 in figure 2. ^>ee notes to listing 1 for listing conventions. 
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SPACE AOJ 
12975 H, 
R«0 TO CASSETTE 

MICROPHONE 
INPUT OR -AUX* 

A FROM TTL 
(_J OUTPUT PORT m 

"12V 

SSsSsSSSSsa5SS 
simulation of a UART out nut n,,i shown as a  programmed 
<o,,j sutwuM,LlZd. 3 m:" WRTwxc/x ah*. 

~ . > ",,lM <wiuximateiv 
midway (2550 Hz) a summed voltage of 0 
results. 

A three pole lowpass active filter then 
removes the remaining traces of pulsating 
DC from the summed signal with almost no 
effect on the data pulses up to a speed of 
1000 bits per second. If lower data rates 
were to be utilized, an improved signal to 
noise ratio could be obtained by multiplying 
the values of CI 2, CI 3, and Cll by the 
reciprocal of the data rate ratio. Table 1 
shows some component values for alter
native frequency designs. 

The final receiver section is a 741 opera
tional amplifier, IC38, connected as a slicer. 

operational amplifier detects whether 
the voltage at its pin 2 is positive or negative 
with respect to the constant voltage at its 
Pin 3. The output voltage will then swing 
either to nearly -12 V or to nearly +5 V. 
Notice that this operational amplifier has +5 
as its positive supply voltage, pin 7. A 
forward biased germanium diode prevents 

ac,ua' output voltage from going less 

Tune Up Notes 

,n,er,ace "*"» be carefully tuned 
to ach,eve proper performance. Careless tuning has 
Xre m°" eqUen' °' «"<-•"<-• 'vstcm 

1. Plug in the six integrated circuits of the 
cassette interface. 

2. Connect a calibrated audio oscillator 
Dei ween the limiter input and ground. A 
digital frequency counter driven by the 
audio oscillator is highly recommended. The 
oscillator should cover the desired range of 

3 kHz. with a sine wave output of .5 or 

c?itica|h°U9h 0,6 p,ecite ,cvel if "ot at all 

3. Apply +5 and T 12 voltages to the circuit 
Measure the output at pin 6 of the 741 
limiter (IC34) with an oscilloscope The 
wave shape should be a rounded square 
wave of about .6 V peak to peak. 

4. Set the audio oscillator to 2125 Hz. Measure 
'h® °U,pu;,at pin 1 °f the 5558 active 
bandpass filter. Slowly turn R25 until the 
signal peak,. Be sure that you are peaking at 
zi/b Hz, not a harmonic. Vary the oscil
lator frequency a few decades to insure 
2125 Hz is the tuned frequency 

5. Similarly, set the oscillator to 2975 Hz and 
ST at pin 7 of the 5558 
(IC35). Slowly turn R26 until the signal 
Peaks. Vary the oscillator to insure a 2975 
HZ peak. 

6' l£rrhe.Hde,ected v°,ta9es « »•" 5 of 
IC37. When the oscillator approaches 2125 

e voltage should go negative. When ap
proaching 2975. the voltage should go posi
tive. Trouble in this area would most likely 
be caused by reversed or defective diodes, or 
shorts between adjacent lines. 

7. Measure the voltage at the cathode (bar) end 
of the output clamping germanium diode 

~ SwMtPir»9 the frequency between 
2125 and 2975 Hz should result in a clean 
voltage jump somewhere between 2125 and 
2975 Hz. Measure the output swing to 
insure that it does not exceed +5, -.3 v. 
Remove the audio oscillator and short input 
connector J1 temporarily to ground. Meas
ure the output at pin 6 of IC34. A stable 
condition (no oscillation) should be seen. 
Connect the oscilloscope to the cathode of 
G1 again. Adjust the balance potentiometer 
(H42) so that the output voltage is a 
negative level. Slowly turn the potentio
meter until the output voltage jumps to a 
positive level and leave the setting at this 
point. 

9. Disconnect the temporary jumper from the 
input connector and reconnect the audio 
oscillator. Perform step 7 again. The cross
over threshold should be close to 2550 now. 
If all proceeds wefl at this point, the cassette 
interface is ready to receive data. 
Connect the oscilloscope to pin 4 of the 
566 voltage controlled oscillator (IC33). A 
triangular wave output should be seen. 
Connect a temporary jumper between the 
TTL input going to OS1 and +5 V. Connect 

iir5£fenCy coun,er 10 pin 3 of the VCO 
(IC33). Adjust potentiometer R41 for a 
resultant output frequency of 2125 Hz. 

12. Remove the jumper from +5 V and connect 
the jumper from DSI's input to ground 
This time adjust R40 for 2975 Hz output 

13. Remove the jumpers, and you are ready for 
final tune in the driving circuit. Connect the 
cassette interface to the driving output port 
and program the driving processor to send a 
TTL high level ("1") output to the cassette 
interface. Adjust R41 to 2125 Hz. Then 
have the processor send a "0" level This 
time adjust R40 for 2975 Hz output. The 
cassette interface is now ready for use. 

10. 

11. 
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OWNER'S 
MANUAL 
PLEASE READ BEFORE 
USING THIS EQUIPMENT 

Cat. No. 
14-944 

CUSTOM MANUFACTURED FOR RADIO SHACK g A TANDY CORPORATION COMPANY 



I_ISt7€2l 

THE BRAND WITH OVER 1,000,000 CUSTOMERS 
Your REALISTIC TR-882 is a component-styled Stereo Tape 

Recorder/Player for 8-track cartridges. It operates from 1 20 Volt, 
AC power (220/240 volts, 50 Hz AC power where the sets are 
so marked on the rear for European and Australian models). 

SPECIFICATIONS 
POWER REQUIREMENTS : 1 20 volts, 60 Hz, AC 35 watts 

(220/240 volts, 50 Hz, 35 watts) 

RECORDING SYSTEM : AC Bias, 50 kHz 

ERASE SYSTEM : AC Erase 

TAPE SYSTEM : 8-track, 2-channel stereo 

TAPE SPEED : 3-3/4 ips. 

FREQUENCY RESPONSE : 50-10,000 Hz 

INPUTS 
MIC : 0.25 mV input sensitivity (-70 dB) 
AUXIN : 0.080 volt input sensitivity (-20 dB) 

OUTPUT : PREAMP OUTPUT, adjustable from 
0.05 to 0.75 volts output 

DIMENSIONS : 3-7/8" x 13-1/4" x 8-3/5" 

WEIGHT : 8.3 lbs. 

GUARANTEE: The Realistic guarantee is stated on the Guaran
tee Card packed with the equipment. It is in effect from coast to 
coast. At any time. Realistic equipment may be restored to new 
condition with original parts with MINIMUM delay anywhere in 
the U.S.A., usually in your own neighborhood. In 98% of the 
cases; it is NOT necessary to return Realistic equipment to our 
Laboratories. 

FEATURES 
• Push-button PAUSE control for cuing and editing. 
• AUTO-STOP button allows automatic stop after last program. 
• When AUT0-STOP is not in use, program automatically changes 

after last program to go back and repeat tape over and over as 
long as cartridge is in place. 

• PROGRAM select button permits you to advance to the desired 
program. 

• FAST-Forward button advances the tape rapidly for fast selec
tion of programs. 

• Dual meters for precise stereo recording levels. 
• Dual level controls for recording levels. 
• Dual Auxiliary input jacks for stereo recordings from external 

sources. 
• Rear panel Output Level Control for setting suitable output level 

from deck (to match input level requirements of your amplifier 
or receiver.) 

INSTALLATION AND CONNECTION 
Your TR-882 can be installed in any convenient position for 

operation with your stereo system. It must be connected to an 
amplifier or receiver for operation; it does not include a power 
amplifier, thus must use the power amplifier of your existing ster
eo system. 

CONNECTING TO 
YOUR AMPLIFIER/RECEIVER 
For Playing back tapes : 

Connect a pair of cables between the LINE OUTPUT jacks of 
the TR-882 to the auxiliary input (Aux In or Aux Input) jacks of 
your Amplifier/Receiver. Connect Right jacks (labeled R) togeth
er and Left jacks (labeled L) together. The output level from these 
LINE OUTPUT jacks can be adjusted using the "Output Level 
Control" mounted next to the LINE OUTPUT jacks on the rear of 
the unit. 



For Recording: 
Connect a pair of cables between LINE INPUT jacks on the back 

of the TR-882 to the Tape Output jacks on your Amplifier/Re
ceiver. Connect Right to Right and Left to Left. This will permit 
you to record signals being played through your Amplifier/Re
ceiver. 

To record directly from microphones, plug microphones into 
L and R MIC jacks on the front of your TR-882. Use high-quality 
microphones with an output rating of -50 to -70 dB. 

For Recording from Other Sources: 
You can record from other signal sources when proper con

nections are made. 

Recording from an FM Tuner: 
Connect the Output jacks on the Tuner to the LINE INPUT jacks 

on the back of the TR-882. 

Recording from a Record Player: 
If you have a record player which has a ceramic cartridge, you 

can record directly from it. Connect the output cable from the re
cord player to the LINE INPUT jacks on the back of the TR-882 If 
the record player uses a magnetic cartridge, you can not record 
directly. 
Recording from a Radio, TV Set or Other Source: 

For other types of signal sources, connect cables from jacks 
labeled "Ear", "Earphone" or "External Speaker" to the MIC in
put jacks on the front of the TR-882. If the jacks on the signal 
sources are labeled "Aux", "Auxiliary", "Output" or "High Level 
Output", connect cables from them to the LINE INPUT jacks on 
the rear of the TR-882. A signal source should provide approxi
mately 100 mV of peak signal for proper operation with the LINE 
INPUT jacks. Plug the line cord into a source of 1 20 Volts, 60 Hz 
AC Power (220/240 volts 50 Hz AC power where the sets are so 
marked on the rear for European and Australian models). 
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MIC Jacks(L and R)-Connect low impedance microphones with 
output levels of about -50/60 dB to these jacks for use in mak
ing recordings. 
RECORD Button—Press while inserting an 8-track cartridge when 
you intend to make a recording on the cartridge Do not attempt 
to press this button in after a cartridge has already been inserted. 

Recording Indicator-Light will come on when the RECORD but
ton is pressed, thus indicating that the Recording function is in 
operation. 
Cartridge Door-Insert 8-track cartridge through this door—la
bel side up and open end inward. 

Program Indicator—The number of the program being played or 
recorded will light up during operation. 

PAUSE Button—Press during recording or playback, to stop the 
movement of the tape. This is a locking type button—press in to 
set PAUSE function, press once again to release. This button is 
very useful for cuing and can be useful when editing. 

Recording Level Meters-Indicates the recording level during re
cording. Recording levels should be adjusted so the pointers 
swing up to "0" only on peaks; normal levels will move the needle 

up to 10, 6 or 3 in the black area (with only occasional peaks go
ing up to 0 or up into the red area). 

PROGRAM Change Button-Press to change the program at any 
point during playback. The program will advance one number for 
each time the button is pressed. 

FAST-Forward Button—In the "out" position, the tape will move 
at the normal speed When you press the button in. the tape will 
be advanced rapidly so you can pass unwanted program material 
quickly. Pressing the button once again, will return the tape speed 
to normal and continue normal playback function. 

This FAST-Forward feature functions only in Playback 

AUTO-STOP Button—Leave this button in the "out" position for 
continuous play of the cartridge. To stop the tape automatically 
at the end of program 4. press this button in. This is particularly 
useful when making recordings—the tape will automatically stop 
at the end of program 4. rather than switching back to program 
1 and thus destroy the program previously recorded on 1. 

RECORD LEVEL Controls-Use to vary the level of the recording 
signal Adjust these controls so only occasional peaks reach up 
to "0" on the meters. 
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OUTPUT LEVEL CONTROL-Thiscontrol is for adjusting the level 
of the output from the TR-882. 

Set this control to match the input of the Amplifier/Receiver in 
your Stereo System as follows: After connecting cables as outlined 
previously, set up your stereo system to play records (or another 
source of signal) and adjust volume for normal listening, insert an 
8-track prerecorded cartridge into the TR-882 and set your m-
plifier/Receiver to play the cartridge sound. 

Adjust the OUTPUT LEVEL CONTROL on the TR-882 to match 
the volume as obtained with the records (or other signal source). 

Switch back and forth between the two inputs and adjust OUT
PUT LEVEL control to obtain equal output levels. 

LINE OUTPUT Jacks (R and L)—Connect to the auxiliary input 
jacks on your Amplifier/Receiver (or other jacks as previously 
noted). 
LINE INPUT Jacks (R and L)—Connect to the Tape Output Jacks 
on your Amplifier/Receiver (or other sources as previously noted). 

Line Cord—Plug into a source of 120 volts AC power (220/240 
volts, 50 Hz AC power where the sets are so marked on the rear 
for European and Australian models). 

- 5 -



OPERATION 
TO RECORD WITH MICROPHONES 
1. Make all connections as previously instructed. 

2. Select the point on the tape at which the recording is to begin, 
if it is not already in the correct position. Insert the cartridge 
into the cartridge door and press PROGRAM select button un
til program 4 is indicated. Press in AUTO-STOP button. 

Press in FAST-Forward. When the tape reaches the end of pro
gram 4 it will stop automatically and you will be ready to start 
at the beginning of program 1. 
Withdraw the cartridge, release both AUTO-STOP and FAST-
Forward. 

3. If program 1 has already been recorded, and for example you 
are into the middle of program 3, press PROGRAM select but
ton to obtain program 3 and listen to the tape. When you come 
to the point where the recording ends, press the PAUSE but
ton; the tape motion will stop and you are ready to record. 
Withdraw the cartridge. 

4. With PAUSE button still pressed in, press and hold in RECORD 
button while inserting the cartridge into the cartridge door 
opening. The Record light will come on, indicating that the Re
cord function is ready. 

CAUTION: Do not attempt to press the RECORD button when a 
cartridge is already seated in place (the switch mechanism can be 
damaged). 
5. Adjust RECORD LEVEL controls as required to keep Meter 

readings within the black scale area, with oniy the highest 
peaks moving the pointer up to the "0" or touching up into 
the red area. Excessive recording levels (meter readings con
stantly going up to "0" and into the red area) will result in dis
tortion. 

NOTE: To keep the tape from moving, while setting levels and 
preparing for actual recording, keep PAUSE button in ". Thiswill 
keep the tape stopped, but permit you to set recording levels. 
When you are ready for recording, press the PAUSE button to re
lease the Pause function. 

6. The program or track number will light up showing you what 
track you are on in your recording function. 

7. To automatically stop tape movement when you reach the end 
of track 4, press in AUTO-STOP button. Thus, when the tape 
has been completely recorded, it will automatically stop (rath
er than switching back to track 1 and thus destroy material 
previously recorded on track 1). 

TO RECORD FROM 
OTHER SIGNAL SOURCES 

Recording operation is exactly the same when using any other 
signal source. 

You can record from Radio, TV, Tuner, record changer with 
ceramic cartridge or signals being played through your Amplifier/ 
Receiver by making the proper connections as noted previously. 

NOTES 
1. To stop a recording, press the PAUSE button. PAUSE is useful 

for setting the tape at a particular position and then cuing up 
for the start of a new recording. 
Thus, you can play a tape through to the desired position, 
press PAUSE, pull out the cartridge, press in RECORD while 
inserting the cartridge once again and be ready to start with 
your recording at that exact point on the tape. To start the 
tape moving, press PAUSE. 

2. The FAST-Forward function does not operate in the Record 
mode. 

3. Store cartridges (both blank as well as recorded) in a place 
free from excessive temperatures and humidity and not in di
rect sunlight. Do not place recorded cartridges near magnetic 
fields (radio, TV, transformers, etc.). 



TO PLAY BACK TAPES 
1. Make all connections as previously instructed. Turn on your 

stereo system. 
2. Insert a pre-recorded 8-track stereo cartridge into the cartridge 

door (label side up and open end in). 

3. Adjust volume on your Amplifier/Receiver for desired level of 
sound. 

4. If necessary, adjust OUTPUT LEVEL CONTROL on the rear of 
the TR-882 for proper matching of the input jacks on your 
Amplifier/Receiver. 

5. To change programs, press the PROGRAM button. 

6. To move the tape forward rapidly, press the FAST-Forward 
button; to return to normal playing speed, release by pressing 
the button again. 

NOTES 
1. To stop playing instantly, press PAUSE button. 

2. If you want the tape to play through just once (programs 1 
through 4) and then stop, press in AUTO-STOP. With AUTO-
STOP in. the tape will stop playing when it comes to the end 
of program 4. 

3. The Level Meters do not function during playback. 

4 NEVER LEAVE A CARTRIDGE INSERTED ALL THE WAY IN 
WHEN YOU ARE NOT USING THE TR-882. REMOVE THE 
CARTRIDGE AT LEAST HALF-WAY OUT (OR REMOVE EN
TIRELY) 

5. If you press the RECORD button while you are inserting a pre
recorded cartridge, any previously recorded material will be 
erased Thus, be careful that you do not press the RECUHU 
button by accident. 

ERASING 
When you make a recording, any previous recording made on 

the tape is automatically erased before the new recording is 
placed on the tape. Thus, only the new recording remains. To 
erase recordings, without making a new recording, set RECORD 
LEVEL controls maximum counterclockwise (MIN position) and 
disconnect cables to MIC and LINE INPUT jacks. Operate the TR-
882 in a normal manner for recording; this will erase all previous 
recordings and leave you with a blank tape for brand new record
ings. 

MAINTENANCE 
Because the head inside the tape cartridge door is in constant 

contact with the tape, dust and residue from the tape easily ad
here to the head. The head should, therefore, be cleaned after 
every 25 hours of use. Special cartridge-tape head cleaners are 
available to clean the tape head (Realistic Cat. No. 44-1161). Or 
use a cotton swab moistened slightly with alcohol. 

1. The head assembly of this unit is very delicate. Do not subject 
it to shock or vibration. 

2. Do not allow iron or steel objects, such as s screw-driver or 
magnet, to contact or come near the head. 
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