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Genera l  Des ign

T 'h i s  PC Board  comb ines  two  func t i ons  needed  by  m ic rop rocesso rs ,
the  ab i l i t y  t o  ou tpu t  da ta  and  messages  on  a  l ow-cos t  TV  se t ,
and  the  ab i l i t y  t o  re l i ab l y  s to re ,  re t r i eve ,  and  exchange  p rog rams
o r  da ta  a t  l ow  cos t .  The  TV  Readou t  w i l l  d i sp l ay  5 I2  cha rac te r s ,
15  l i nes  o f  32  cha rac te rs  pe r  l i ne ,  w i th  upper  and  l ower  case  a lpha
charac te rs ,  Greek  a lphabe t ,  ma th  symbo ls ,  and  spec ia l  cha rac te rs .
The  cha rac te rs  a re  fo rmed  f rom a  ' 7  x  13  ma t r i x  o f  do ts r  p roduc ing
easy  to  read  cha rac te rs  w i th  a  no rma l  he igh t  t o  w id th  aspec t  ra t i o .

The  casse t te  sec t i on  p rov ides  c i r cu i t s  f o r  reco rd ing  da ta  as  we l l
as  rece i v ing  da ta  p rev ious l y  reco rded .  F requency  Sh i f t  Key ing  i s
u t i l i zed ,  2L25  Hz  be ing  t he  Mark  o r  t r l t r  f r equency ,  and  2975  Hz  used
as  the  Space  o r  ' r 0 r t  f r equency .  The  f requency  sh i f t  key ing  sys tem
g ives  a  be t te r  s igna l , / no i se  ra t i o  and  the  w ide  spac ing  o f  t he
harmon ica l l y  un re la ted  f requenc ies  pe rm i t  t he  use  o f ' l ow  cos t  home
casse t te  reco rde rs  i n  sp i te  o f  t he i r  genera l l y  poo r  "$ row"  and
"  f l u t t e r "  .

So f ! . gAre  pa ra l l e l  t o  se r ia l  conve rs ion  sys tems  a re  used  fo r  reco rd ,
af f i '=3of t r . r "  ser ia l  to  para l le l - - idnvers i -6T '  systems for  data p layback.
These  so f tware  conve rs ion  sys tems  pe rm i t  comp le te  f l ex ib i l i t y  i n
Da ta  ra te  ( f rom near  f r  t o  1000  b i t s  pe r  second) ,  Codes  u t i l i zed
(ASCI I ,  Baudo t ,  e t c . ) ,  and  E r ro r  check ing  (Pa r i t y ,  CRC,  e t c . )
i nc l us i on .

TV  Readou t  Desc r ip t i on

The  TV  Readou t  cons i s t s  o f  f i ve  i n te rac t i ng  sec t i ons .  They  a re
Memory ,  Charac te r  Genera t i on ,  Compos i te  V ideo  Ou tpu t ,  Read  C lock ,
and  Wr i te  C lock .  The  memory  sec t i on  cons i s t s  o f  seven  2 I02A-2  o r
fas te r  lK  memor ies .  On ly  one  ha l f  o f  each  memory  i s  used ,  g i v ing
a  poss ib le  s to rage  o f  5L2  seven  b i t  ASCI f  cha rac te rs .  The  m ic ro -
p rocesso r ,  keyboard r  o r  some a t tached  c i r cu i t  w r i t es  the  cha rac te rs
one by one in to the 2L02's ,  and then the TV Readout  cont inuously
d i sp lays  these  cha rac te rs  un t i l  e i t he r  more  cha rac te rs  a re  en te red ,
o r  t he  c i r cu i t  i s  t u rned  o f f .

The  cha rac te r  genera t i on  c i r cu i t  cons i s t s  o f  two  fC ' s ,  t he  MCM557 tL
charac te r  genera to r ,  and  74L65  pa ra l l e l  t o  se r ia l  conve r t i ng  sh i f t
r eg i s te r .  The  657 I  t akes  the  seven  b i t  ASCI I  cha rac te r  cominq  f rom
the memor ies and outputs  7 dots  making up a character  row for  each
o f  13  po ten t i a l  rows  mak ing  up  each  cha rac te r .  The  74L65  loads
these  7  do ts  coming  ou t  a t  a  t ime  in to  i t s  i n te rna l  memory ,  and
then  ou tpu ts  these  one  a t  a  t ime  fo r  se r i a l  t r ansmiss ion  to  a  TV  se t .
For  more in format ion on TV character  generators,  I  would suggest
read ing  an  exce l l en t  a r t i c l e  by  Don  Lancas te r  i n  June ,  L974  Rad io -
E lec t ron i cs  ( p .  48  521  .
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T h e  v i d e o  o u t p u t  s e c t r o n  u s e s  a  7 A O L  o p e n  c o l l - e c t o r  N A N D  g a t e . n i
a  d r i v e r  t r a n s i s t o r  t o  p r o d u c e  a  l o w  i m p e d e n c e  c o m p o s i t e  v i d e o
s i g n a l -  T h e  o u t p u t  i s  a r o u n d  2  v o l t s  p o i n t - t o - p o i n t  w i t h  a b o u t  a
I / 2  ' " , o I t  h o r i  z o n t a l  a n d  v e r t i c a l  s y n c  a n d  b l a n k i n g  p e d e s t a l .

T h e  R e a d  C l o c k  i s  t h e  m a s t e r  c o n t r o l  o f  t h e  v a r i o u s  s e c t i o n s .
S t a r t i n g  f r o m  a n  i n i t i a l  f r e q u e n c y  o f  5 . 9 9 0  M , J l z ,  a  c o u n t d o w n  c h a i n
o f  t h r e e  7 4 1 9 3 ' s  ( I C ' s  3 2 ,  I 7 ,  & 2 1 )  p r o d u c e  a n  B u s  h o r i z o n l a l  s y n c
w h e n  g a t e d  b y  L / 6  I C l l ,  L / 2  I C 2 0 ,  L /  3  I C I 8 ,  a n d  2 / 4  I C l 3 .  A  4 l  u s
h o r i z o n t a l  b l a n k i n q  c i r c u i t  p r e v e n t s  I o s s  o f  c h a r a c t e r s  a t  t h e  e d g e s
o f  t h e  s c r e e n ,  a n d  i s  p r o d u c e d  b y  t h e  g a t i n g  a c t i o n  o f  I C 1 4 , 2 / 6  I C l l
a r r d  L / 4  I C I 3 .  T h e  r e s u l t a n t  h o r i z o n t a l  f r e q u e n c y  i s  1 5 , 5 9 8  H z ,  s o m e -
w h a t  I o w e r  t h a n  t h e  s t a n d a r d  I 5 , 7 5 0  H z ,  b u t  u s u a l l y  o n l . y  r e q u r r e s
t r i m m i n g  h o r i z o n t a l  h o l d  s l i q h t l y  i f  a t  a l I .

T h e  v e r t i c a l  c o u n t d o w n  c h a i n  u s e s  t h r e e  m o r e  7 4 1 9 3 ' s  ( I C ' s  2 4 , 1 0 ,
a n d  1 2 )  t o  o b t a i n  a  f i n a l  v e r t i c a l  f r e q u e n c y  o f  6 0  H z ,  s y n c r o n o u s
w i t h  t h e  A C  I i n e  t o  a v o i d  h u m  r o I I  a n d  w o b b l e  p r o b l e m s  o n  l o w  c o s t
T V ' s .  3 / 6  I C I 9  a n d  I C 2 5  p r o d u c e  a n  8 2 0 u s  V e r t i c a l  s y n c  p u l s e ,  l / 3
I C I B  a n d  L / 6  I C I 9  g i v e  a  +  2 2  g a t i n g  t o  f C ' s  l 0  a n d  L 2 ,  a n d  t h e  l / 6
I C  1 9  p r o d u c e s  a  3 . 5 m s  V e r t i c a l  b l a n k i n g  p u l s e .

A s  i f  t h e s e  o p e r a t i o n s  w e r e n ' t  e n o u g h ,  v a r i o u s  t i m i n g s  f r o m  t h e  R e a d
C l o c k  a l s o  t e l l  w h i c h  o f  t h e  1 3 ,  w h i c h  m a k e  u p  e a c h  c h a r a c t e r ,  i s
b e r n g  c u r r e n t l y  a c c e s s e d ,  a n d  l o a d s  t h e  7 4 L 6 5  w h e n  t h e  r o w  o f  7  d o t s
i s  a v a i l a b l e  f r o m  t h e  6 5 7 1 .  T h e  5 . 9 9 0  M H z  s i g n a l  t h e n  s h i f t s  o u t  B
d o t  p e r i o d s  ( t h e  B t h  o n e  i s  a  h o r i z o n t a l  s p a c e  b e t w e e n  c h a r a c t e r s )
b e f o r e  t h e  n e x t  d o t  l o a d  c o m m a n d  o c c u r s .  A l l  o f  t h e s e  t i m i n g s  a r e
v e r y  c r i t i c a l  d u r i n g  t h e  d e s i g n  p h a s e ,  b u t  t h e  b u i l d e r  s h o u l d  h a v e
n o  p r o b l e m s ,  s i n c e  n o  a d j u s t m e n t s  a r e  n e e d e d .  T h e  R e a d  C l o c k  a l s o
c o n t r o l s  w h i c h  o f  5 1 2  c h a r a c t e r s  i s  c u r r e n t J . y  b e i n g  i n p u t e d  t o  t h e
6 1 7 I  f o r  d o t  e n c o d i n g ,  e x c e p t  d u r i n g  l ^ l r i t e  C l o c k  t i m e s .

r  ' - l " n " n F  +  . ' ^ "  ' d  n e v e r  a s k  a b o u t  t h e  W r i t e  C l o c k .  W e I l  ,  i t  c o n t r o l sl  L r r v u Y r l L  - ) / v s

t he  en t r y  o f  t he  cha rac te rs  f rom wha teve r  ex te rna l  sou rce  i n to  the
2L02  memory  bank .  Seve ra l  a l t e rna t i ves  i n  cha rac te r  en t r y  a re
poss rb le .  Howeve r ,  t h i s  des ign  t r i es  t o  be  as  s imp le  as  poss ib l e ,
ye t  g i ve  t he  use r  a  ve ry  capab le  un i t r  pa r t i cu l a r l y  when  us ing  a
m l - c rop rocesso r r  o r  even  m in i ,  m id i ,  o r  max i  p rocesso rs .

A  sequen t i a l  en t r y  sys tem i s  u t i l i zed . A  H o m e  R e s e t  c o n t r o l -  s i q n a l
i s  deve loped  by  IC22  when  i t  de tec t s  a l l  o f  t he  8  i npu t  l i nes  h i qh
( " I " ) .  fC ' s  9 ,  16 ,  &  29  a re  t hen  p rese t  so  t ha t  t he  nex t  cha rac te r
t o  be  en te red  w i l l  r esu l t  i n  i t s  be ing  d i sp layed  as  t he  t op  l e f tmos t
cha rac te r  on  the  sc reen .  The  2nd  cha rac te r  w i l l  be  v iewed  to  the
r i gh t  o f  t he  f i r s t ,  . . . . .  un t i l  on  t he  33 rd  cha rac te r  a  new  I i ne
appea rs ,  d i sp lay i ng  t he  33 rd  cha rac te r .  Up  t o  5L2  cha rac te r s  a re ,
t hus  sequen t - i a l I y  en te red  and  d i sp layed .  I f  a  5 I3 th  and  f o l l ow ing
cha rac te r s  a re  en te red ,  € I r r  ove rw r i t e  cond i t i on  resu l t s ,  w i t h  t he  new
page  load  d i sp layed  f rom the  top  l e f tmos t ,  t he  fo rmer  cha rac te r  ove r -
w r i t t en  "gone  f o reve r " .  The  d i sp lay  may  be  rese t  a t  any  t ime .
Sc reen  e rase  cons i s t s  o f  e i t he r  5L2  o r  mo re  ASCI I  " spaces "  (Oc ta l  24O)
and  an  ASCI I  I  ( a I I  b i t s  on )  ,  o r  an  ASCf I  I  and  exac t l y  5 I2  ASCI I
spaces ,  t he  l a t t e r  be ing  p re fe rab le .
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M e m o r y  w r i t i - n g  o c c u r s  w h e n  t h e  M S B  g o e s  h i g h .  T h e  1 4 1 5 7 ' s
t h e  7 4 1 9 3 ' s  I C 9 ,  1 6 ,  & 2 9  i n  t h e  W r i t e  C l o c k  t o  c o n t r o l  t h e
a d d r e s s  l i n e s  o n  a  p r i o r i t y  i n t e r r u p t  b a s i s .  5 0 0  n s  l a t e r ,
s t r o b e  p u l s e  w r i t e s  t h e  n e w  c h a r a c t e r  i n t o  m e m o r y .

t h e n  a l l o w
memory

a  6 0 0  n s

An exce l len t  idea  hras  suggested  by  Ph i l  Mork  in  the  O:g ! lg !_C.ggp
C l e a r i n g h o u s e  t o  u t i l i z e  a  p a r a l l e l  l o g i c  p a t h  t o  s t e F - E E e - w F l t e
C l o c k  a d d r e s s  w i t h o u t  w r i t i n g  a  c h a r a c t e r .  T h i s  p r o d u c e s  a  " P s e u c - l o
C u r s o r "  e f f e c t  w i t h o u t  t h e  u s u a l  e x p e n s e  o f  a  n u m b e r  o f  c o m p a r a t o r s ,
e t c .  A  s o f t w a r e  " b l i n k "  m a y  b e  e a s i l y  i m p l e m e n t e d  w i t h  a  f i n a l  r e s u l t
i n d i s t i n g u i s h a b l e  f r o m  a  h a r d w a r e  c u r s o r .  T h e  " P s e u d o  C u r s o r "  I o g i c
c o n s i s t s  o f  L / 0  f c l 9  a n d  L / 4  l C 2 7  w h i c h  d e t e c t  t h e  p r e s e n c e  o f  a n
L S B ,  t o g g l i n g  t h e  W r i t e  C l o c k  7 4 1 9 3 ' s  u p  i n  c o u n t  w i t h o u t  f i r r n g  t h e
1 4 1 2 3  W r i t t :  S t r o b e  i f  n o t  s i m u l t a n e o u s l y  b r o u g h t  h i g h  ( i n d i c a t i n g
c h a r a c t e r  e n t r y  t h e n ,  o f  c o u r s e )  .

Whew !

C a s s e t t e  I n t e r f a c e  C i r c u i t  D e s c r i p t i o n

T h e  c a s s e t t e  r e c o r d  c i r c u i t r y  c o n s i s t s  o f  a  s i n g l e  I C  ( I C 3 3 ) ,  a  5 6 5
v o l t a q e  c o n t r o l l e d  o s c i l l a t o r .  A  l o g i c  l e v e l  i n p u l -  a t  p i n  t B  o n  t h e
c o n n e c t o r  c o n t r o l s  t h e  r e s u l t a n t  a u d i o  f r e q u e n c y  a t  o u t p u t  p i n  1 0 .
A  h r g h  i n p u t  ( " I " )  p r o d u c e s  a  2 L 2 5  H z  o u t p u t ,  a n d  a  l o w  o u t p u t  ( " 9 " ,
r e s u l t s  i n  2 9 7 5  H z .  T h e  o u t p u t  w a v e  s h a p e  i s  a  s y m e t r i c a l  t r i a n g u l a r
w a v e .  S h o u l d  t h e  u s e r  o b j e c t  t o  u s i n g  a  t r i a n g u l a r  w a v e ,  a  m o r e
n e a r l y  s i n e  w a v e  c a n  b e  o b t a i n e d  b y  c o n n e c t i n g  a  p a i r  o f  b a c k  t o  b a c k
I N 9 I 4  d i o d e s  b e t w e e n  t h e  g r o u n d  b u s  a n d  t h e  o u t p u t  s i d e  o f  t h e  . 0 1
c o n d e n s e r  i n  t h e  V C O .

Exac t  va lues  and  h i gh  qua l i t y  componen ts  w i l l  r esu l t  i n  a  t r oub le f r ee
VCO.  The  47K  (R I7 )  r es i s t o r  i n  se r i es  w i t h  t he  ou tpu t  i s  a  t yp i ca l
vaLue  to  be  used  when  coup l i ng  to  the  l ow  leve l ,  I ow  impedence  ex t -
e rna l  m i c rophone  i npu t s  o f  mos t  casse t t e  r eco rde rs .

The  casse t t e  r ece i ve  c i r cu i t r y  de tec t s  t he  p re reco rded  f r equency
sh i f t  key ing  and  p roduces  a  t r l r r  o r  a  t t gn  ou tpu t  as  a  r esu l t  o f  a
de tec ted  2L25  Hz  o r  2975  Hz  t one  a t  t he  i npu t .  IC34  i s  a  c l amped
l im i te r  wh ich  p reven ts  va r ia t i ons  i n  amp l i t ude  f rom a f fec t i ng  the
resu l t an t  de tec t i on  p rocess .  The  ou tpu t  o f  IC34  shou ld  be  abou t
L .2  vo l t s  p -p ,  r ough l y  a  sgua re  wave  o f  t he  i ncom ing  f r equency ,
cons tan t  i n  amp l i t ude  rega rd less  o f  t ape  vo lume  se t t i ng  o r  m ino r
t ape  "d ropou t "  p rob lems .

Two  bandpass  ac t i ve  f i l t e r s  then  amp l i f y  a  tone  5  t imes  when  ac tua l l y
t uned  t o  t he i r  r espec t i ve  f r equenc ies  o f  2975  Hz  f o r  t he  t op  f i l t e r
and  2L25  Hz  fo r  t he  l ower  f i l t e r .  The  fu r the r  o f f  t he  tuned  f re -
quency  t he  t one  i s ,  t he  l ess  amp l i f i ca t i on  t he  f i l t e r  w i I I  p roduce .
No t i ce  tha t  t he  f i l t e r s  a re  i den t i ca l  excep t  f o r  one  res i s to r  i n
each ,  R26  and  R25 .  The  ac tua l  r esonance  po in t s  o f  t he  f i l t e r s  may
be  eas i l y  ad jus ted  by  mere l y  t r imming  th i s  one  res i s to r  i n  each  f i l t e r
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F u I l  w a v e  a c t i v e  d e t e c t o r s  p r o d u c e  r e c t i f i e d  f u 1 1  w a v e  p u l s e s  a t
t h e  s u m m i n g  j u n c t i o n ,  p i n  5  o f  I C 3 7 .  T h e  2 9 7 5  H z  t o n e s  a r e  r e c t i -
f i e d  + ,  a n d  t h e  2 L 2 5  H z  t o n e s  a r e  r e c t i f i e d  A s  t o n e s  d e p a r t
f r o m  e i t h e r  e x a c t  f r e q u e n c y ,  a  v a l u e  l e s s  +  o r  i s  p r o d u c e d  u n t i l
a p p r o x i m a t e l y  m i d w a y  a  s u m m e d  v o l t a g e  o f  f r  r e s u l - t s .

A  3 - p o l e  l o w p a s s  a c t i v e  f i l t e r  t h e n  r e m o v e s  t h e  r e m a i n i n g  t r a c e s  o f
p u J - s a t i n g  D C  f r o m  t h e  s u m m e d  s i g n a l  w i t h  a l m o s t  n o  e f f e c t  o n  t h e  d a t a
p u l s e s  u p  t o  a  s p e e d  o f  1 0 0 0  b i t s  p e r  s e c o n d .  I f  l " o w e r  d a t a  r a t e s
w e r e  t o  b e  u t i l i z e d ,  E I n  i m p r o v e d  s i g n a l  t o  n o i s e  r a t i o  c o u l d  b e
o b t a i n e d  b y  m u l t i p l y i n g  t h e  v a l u e s  o f  C I 2 ,  C l 3 ,  a n d  C I 4  b y  t h e
r e c i p r o c a l  o f  t h e  d a t a  r a t e  d i f f e r e n c e .  I  d o u b t  y o u  w o u l d  n o t i c e
a n y  o p e r a t i o n a l  d i f f e r e n c e ,  h o w e v e r .

T h e  f i n a l  s e c t i o n  i s  a  s l i c e r  c o n n e c t e d  7 4 1  ( I C 3 8 ) .  T h i s  o p  a m p
d e t e c t s  w h e t h e r  t h e  v o l t a g e  a t  i t s  p i n  2  t s  +  o r  -  w i t h  r e s p e c t  t o
t h e  c o n s t a n t  v o l t a g e  a t  i t s  p i n  3 .  T h e  o u t p u t  v o l a t g e  w i l l  t h e n
s w i n g  e i t h e r  t o  n e a r l y  + 5  o r  t o  n e a r l y  - L 2 .  A  f o r w a r d  b i a s e d  g e r -
m a n i u m  d i o d e  p r e v e n t s  t h e  a c t u a l  o u t p u t  v o l t a g e  f r o m  g o i n g  l e s s  t h a n
=  - . )  v o l t s ,  s o  t h a t  v a l i d  T T L  l e v e l s  a r e  n o t  e x c e e d e d .  A n  o f f s e t
a d j u s t i n g  p o t  a l l o w s  t h e  o u t p u t  t o  b e  p l a c e d  i n  a  " M a r k  H o l d "
c o n d i t i o n  w h e n  n o  t o n e  i n p u t  i s  b e i n g  d e t e c t e d .

C o n s t r u c t i o n

T o o l s : F ine  t i pped ,  I ow  wa t t age  so lde r i ng  i r on ,  "w i re  so lde r "
(a round  20  guage  res i n  so lde r )  ,  sma l l  d i agona l  cu t t e r s

Tes t  Equ ipmen t :  Ohmete r
Audio Generator
I0  MI l z  o r  be t te r  t r i gge red  sweep  osc i l l oscope
Frequency Counter
M ic rop rocesso r ,  M in i ,  e t c .

Es t ima ted  Cons t ruc t i on  T ime :  5  I0  hou rs

I .  I nse r t  t he  24 -p in  socke t ,  6  8 -p i n  socke t s ,  2L  16 -p in  socke t s ,  and
l0  l 4 -p in  socke ts  i n to  the  PC Board .  I f  t he  socke ts  have  a  keyway
ind i ca t i on ,  o t i en t  t h i s  away  f rom the  connec to r .  No te -  t he  top  s ide
o f  t he  boa rd  i s  i nd i ca ted  by  The  o ig i t a l  Group  l abe l .

2 .  I nve r t  t he  boa rd  and  c l l s fu ! r y  so lde r  i n  t he  socke ts .  A  spec ia l
p la t i ng  p rocess  i s  used -Ey -TEE D ig i t a l  Group  to  m in im ize  so lde r
jo in t  t - r c - rub les .  l , Je  wou ld  sugges t  a  "warmup  a rea"  by  s ta r t i ng  w i th
the  casse t te  i n te r face  sec t i ons  o f  t he  ca rd .

t
l- t

3 .

4 .

I n s e r t  a n d  s o l d e r
b y  t h e  b u s  l i n e s .
s e c t i o n .

f n s e r t  a n d  s o l d e r
9  s i l i c o n  d i o d e s .
c a t h o d e  o r  " b a r "

t he  l l  r es i s to rs  i n  t he  TV  Readou t  sec t i on  enc losed
Inse r t  and  so lde r  t he  28  res i s to rs  i n  t he  casse t te

the 2 zenet  d iodes,  the germanium diode,  and t l re
No te  a l l  o f  t he  d i odes  a re  o r i en ted  w i t h  t he i r

end  o r i en ted  towards  the  r i qh t .
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5 .  I nse r t  and  so lde r  t he  ou tpu t  t rans i s to r  i n  t he  TV  Readou t  sec t i on .

6 .  f nse r t  and  so lde r  t he  th ree  220  p fd  and  the  100  p fd  condensers  i n
the TV Readout  sect ion-

7 .  I nse r t  and  so lde r  t he  th i r t een  condensers  i n  t he  Casse t te  In te r -
face  sec t i on .

8 .  I nse r t  and  so lde r  t he  th ree  po ten t i onmete rs  i n  t he  Casse t te
sec t i on .  No te  tha t  t he  po ten t i onmete r  a t  t he  top  r i gh t  i s  a  50K ,
the  o the rs  be ing  5K  I  s .

9 .  I nse r t  and  so lde r  t he  va r ious  bypass  condensers  i n  t he  TV  Read-
ou t  sec t i on .  No te  tha t  t he  pos i t i ve  (+ )  end  o f  t he  d ipped
tan ta lum condensers  i s  i nd i ca ted  by  the  ve r t i ca l  mark ing  (pa in t
s t r i p )  a long  one  s ide .  Shou ld  more  bypass ing  be  requ i red  i n
you r  app l i ca t i on ,  add i t i ona l  ho les  have  been  p rov ided .

10 .  I t t oun t  t he  c rys ta l  f l a t ,  and  ca re fu l l y  so lde r .  Two  me thods  can
be  used .  The  p ins  can  be  ca re fu l l y  ben t  and  then  so lde red  so
tha t  t he  c rys ta l  i s  he ld  f l a t .  A l t e rna t i ve l y ,  t he  c rys ta l  may
be epoxied to  the board and shor t  lengths of  wi re connected
be tween  the  p ins  and  the  connec t i on  po in t .  E i t he r  way ,  use  a
min imum amoun t  o f  hea t  on  the  c rys ta l  p ins .

t t .  A t  t h i s  po in t ,  measure  the  res i s tance  be tween  g round  (p in  20 )
and  the  o the r  vo l tage  supp ly  p ins  ( I 9 ,  2L ,  &  22 ) .  A  ve ry  l ow
res i s tance  i nd i ca tes  a  bad  bypass  o r  a  so lde r  b r i dge  sho r t
somewhere.

L2 .  I nse r t  t he  IC ' s  i n  t he  TV  Readou t  sec t i on  excep t  f o r  t he  memor ies
(2102 ' s )  and  t he  MCM6571L  cha rac te r  gene ra to r .  The  no t ch  o r  p i n
I  end of  each IC should be or iented away f rom the connector  end
of  the board.  Measure the res is tance between p ins t9  & 20,
not ing the va lue.  Reverse the ohmeter  leads and remeasure.
A  sho r ted  read ing  i nd i ca tes  a  bad  fC ,  and  nea r  equa l  read ings '
i nd i ca tes  a  reve rsed  IC .

13.  Temporar i ly  ground p in I  o f  the TV readout  and connect  a  TV set
modi f ied for  d i rect  v ideo,  or  a  commerc ia l  TV moni tor ,  between
p ins  15  ( v i deo )  and  20  (g round ) .

14 .  Pu t t i ng  a  +5  vo l tage  be tween  p ins  19  (+ )  and  20  (Ground)  shou ld
resul t  in  32 ver t ica l  whi te  co lumns on the screen.  Refer  to
"Troubles"  sect ion i f  th is  does not  happen.

15 .  Connec t  t he  o the r  ! L2  supp l i es ,  and  tu rn  on  power  aga in .
Measure  the  vo l tages  on  p ins  l ,  2 ,  and  3  o f  t he  MCM557LL  socke t .
They  shou ld  measure  -5 ,  *5 ,  and  +12  respec t i ve l y .

15.  PIug in  the 2L02's  and the 6571.  The temporary ground, ing jumper
to p in  I  should s t i l l  be connected as wel l  as the TV moni tor .
Turn ing on power th is  t ime should resul t  in  a random disp lay of

ftlhre dndfttellerra-ourou uv \guvruu\\Ju 
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L 7 .

19 .

i
512  cha rac te rs  on  the  sc reen .  The  ac tua l  cha rac te r  a t  each  I
Iocat ion is  determined by the chance b i t  s t rucrure at  the
memory locat ions.  Remove the temporary grounding jumper f rom
p in  I  when  done  w i th  th i s  t es t

Comple te  t -es t ing  o f  the  TV Readout  i s  bes t  per fo rmed under
m i c r o p r o c e s s o r  c o n t r o l ,  a n d  s a m p l e  d i a g n o s t i c  p r o g r a m s  a r e
i n c l u d e d  w i t h  t h e  D i g i t a l  G r o u p  S y s t e m s .  " B r e a d b o a r d  d i a g -
n o s t i c  t e s t i n g "  m a y  b e  a c c o m p l i s h e d  b y  t e m p o r a r i l y  t i e i n g
e a c h  o f  p i n s  2  -  8  t o  + 5  t h r o u g h  a  l K  r e s i s t o r .  T i e  p i n  I  t o
t he  ou tpu t  o f  a  s imp le  osc i l l a to r  such  as  shown  be low :

220

1 0 0 m f  d

Ground ingp ins2 -8 to g round  shou ld  p roduce :

Charac te rp in  to  g round

+5

8
-

6
5
4
3
2

j

{
w
o

Connect ing combinat ions
va r ious  cha rac te rs  be ing
to  "T roub les " .

?

o f  p i ns  2  -  I  w i l l  r esu l t  i n  a l l  o f  t he
en te red .  f n  case  o f  p rob lems ,  r e fe r

18 .  P lug  i n  t he  s i x  fC ' s  i n  t he  Casse t t e  sec t i on .

20.

Connec t  a  ca l i b ra ted  aud io  osc i l l a to r  be tween  p in  9  and  g round .
Set  the osc i l la tor  to  a range cover ing 2 KHz -  3  KHz,  wi th  a
s ine  wave  ou tpu t  o f  . 1  vo l t  o r  more  (p rec i se  ou tpu t  l eve l  no t
impor tan t )  .

Apply  +5 and !L2 vo l tages to  the board.  Measure the output  a t
p i n  6  o f  t he  74L  l im i t e r  ( IC34 )  w i t h  an  osc i l l o scope .  The
waveshape should be an approx imate square wave of  about  .6  vo l ts
p -P .

Set  the audio osc i l la tor  to  about  2 KHz.  Measure the output  a t
p i n  I  o f  t he  5558  ac t i ve  ban fpass  l im i t e r  ( IC35 ) .  Rock  t he
osc i l l a to r ' s  f requency r  no t i ng  the  exac t  f requency  where  the
output  a t  p in  I  peaks.  This  wi l l  genera l ly  he somewhat  below

TVC-6
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t
I

a

23

22.

t he  des i red  f reguency  o f  2L25  Hz .  A  spec ia l  se t  o f  pads  i s
p rov ided  benea th ,  and  i n  pa ra l l e l  w i th ,  t he  750  ohm res i s to r
(R25)  .  By  pu t t i ng  p rog ress i ve l y  l ower  va lues  o f  res i s to r
( s ta r t i ng  w i th  22K)  i n  pa ra l l e l  w i th  the  750  ohm res i s to r ,
t he  resonan t  po in t  o f  t he  ac t i ve  f i l t e r  can  be  ra i sed ,  and
the  f i na l  va lue  (genera l l y  abou t  10K  p rov ided )  coming
c loses t  so lde red  i n .

S im i l a r l y ,  se t  t he  osc i l l a to r  t o  abou t  3  KHz  and  measure  the
ou tpu t  a t  p i n  7  o f  t he  5558  ( IC35 ) .  Th i s  t ime  t une  t o  2975  Hz
by  t r y i ng  res i s t o r s  be low  the  390  ohm res i s t o r  (R26 ) .  Gene ra l l y ,
abou t  2 .7K  ( supp l i ed )  p roduces  a  2975  Hz  resonance .

Measure  the  de tec ted  vo l tages  a t  p in  5  o f  IC  37 .  When  the
aud io  osc i l l a to r  app roaches  2L25 ,  t he  ou tpu t  shou ld  go
When  approach ing  2975 ,  t he  ou tpu t  shou ld  go  + .  T roub le  i n
th i s  a rea  wou ld  mos t  l i ke l y  be  caused  by  reve rsed  o r  de fec t i ve
d iodes ,  o r  ad jacen t  I i ne  sho r t s .

24 .  Measure  the  vo l tage  a t  t he  ca thode  (ba r )  end  o f  t he  ou tpu t
c lamp ing  ge rman ium d iode  ( c I ) .  Sweep ing  the  f requency
be tween  2L25  and  2975  Hz  shou ld  resu l t  i n  a  c l ean  vo l t age
jump somewhere  be tween  2L25  and  2975 .  Be  su re  tha t  t he  nega t i ve -
mos t  vo l t age  a t  t h i s  po in t  i s  abou t  - . 2  vo l t s .

25 .  Remove  the  aud io  osc i l l a to r  and  sho r t  i npu t  p in  9  tempora r i l y
t o  g round .  Measu re  t he  ou tpu t  a t  p i n  6  o f  IC34  aga in .  A
s tab le  cond i t i on  (no  osc i l l a t i on )  shou ld  be  seen .  Connec t
the  osc i l l oscope  to  the  ca thode  o f  G l  aga in .  Ad jus t  t he  ba lance
po ten t i onmete r  R42  c lockw ise  so  tha t  t he  vo l tage  i s  a t  a  l eve l .
S IowIy  tu rn  the  po ten t i onmete r  coun te rc lockw ise  un t i l  t he  vo l tage
jumps  +  and  l eave  se t t i ng  a t  t h i s  po in t .

26 . Disconnect  the temporary jumper f rom connector  p in  9 and
reconnec t  t he  aud io  osc i l l a t o r .  Pe r f o rm  s tep  24  aga in .  I f  a I I
p roceeds  we l I  a t  t h i s  po in t ,  t he  casse t t e  i n t e r f ace  i s  r eady
to  rece i ve  da ta .

Connec t  t he  osc i l l oscope  to  p in  4  o f  t he  566  Vo l tage  Con t ro l l ed
Osc i l l a t o r  ( IC33 ) .  A  t r i angu la r  wave  ou tpu t  shou ld  be  seen .

Connect  a  temporary jumper between connector  p in  l8  and +5
(connec to r  p in  19  i s  a  handy  +5  sou rce ) .  Connec t  a  f requency
coun te r  t o  p i n  4  o f  t he  VCO ( IC33 ) .  Ad jus t  t he  m idd le  po ten -
t i onmete r  (R4 I )  f o r  a  resu l tan t  ou tpu t  f requency  o f  2L25  Hz .

27

28

29 Remove  the  j umper  f rom +5  (p in  19 ) ,  and  connec t  t o  g round
(connec to r  p i n  20  i s  f i ne )  .  Th i s  t ime  ad jus t  R40  f o r  2975  Hz
ou tpu t .

Remove the jumpers and you are ready for  f ina l  tune in  the
d r i v ing  c i r cu i t .  Connec t  t he  Casse t te  i n te r face  to  the  d r i v i ng
ou tpu t  po r t ,  and  p rog ram the  d r i v i ng  p rocesso r  t o  send  a  +
ou tpu t  Lo  t he  casse t t e  i n t e r f ace .  Ad jus t  R41  f o r  2L25  Hz .

i] h,e,', ll ft " ri""re,il 6lf(^o)LrltO)r!_r L13 y.rrl:.llrG(1- 
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T h e n  h a v e  t h e  p r o c e s s o r  s e n d  a  f l  l e v e l .  T h i s  t i m e  a d j u s t  R 4 0  y
f o r  2 9 7 5  H z .  T h e  c a s s e t t e  i n t e r f a c e  i s  n o w  r e a d y  f o r  u s e .

Troubles Genera l

l .  One  o f  t he  more  d i f f i cu l t  t r oub les  t o  f i n< l  i s  an  IC  p i n  wh i ch
was  ben t  under  the  IC  when  i t  was  i nse r ted .  Any  unusu . : r l  p ressu re
when  i nse r t i ng  an  fC  shou ld  be  i nves t i ga ted .

2 .  Eve ry  p in  shou ld  be  so lde red .  The  mos t  f reguen t  cause  o f  t roub le
i s  an  unso rde red  p i n ,  gene ra l l y  an  end  r c  p i n .  ca re fu l l y  s i gh t -
i ng  down  pa ra l l e l  r ows  o f  p ins  usua l l y  f i nds  any  tha t  a re  no t
so lde red .

3 .  When  t roub leshoo t ing  w i th  a  ' scope  p robe ,  measure  f ro rn  the  top
s ide  o f  t he  IC ,  no t  t he  bo t tom,  to  e l im ina te  a  ben t  under  p In
p rob lem o r  de fec t i ve  socke t  f rom m is lead ing .

4 .  Be fo re  eve r  p l ugg ing  i n  any  r c ' s ,  a lwuys  measu re  t he  vo l t ages
a t  t he  PC  boa rd  and  aL  t he  p i ns  o f  t he  more  expens i ve  IC ' s ,  l i ke
the  657L .

5 .  When  hand l i ng  fC ' s ,  avo id  s ta t i c  cha rges .  Run  you r  house  hum id i t y
h igh ,  and  g round  you rse l f  by  touch ing  a  g rounded  chass i s  be fo re
touch ing  I ( l ' s .

6 .  Beware  o f  so lde r  sp lashes  and  d r i l l i ng  e r ro r s .  P lease  i n fo rm
the  D ig i t a l  Group  o f  boa rd  manu fac tu r i ng  e r ro rs  tha t  you  de tec t .
A  f l ashove r  o r  sp lash  on  the  tops ide  wou ld  be  ve ry  d i f f i cu l t  t o
f i nd  a f te r  so lde r ing  i n  t he  socke ts .  The  b lack  socke t  body  o f
the  socke ts  used  i n  the  D ig i t a l  Group  k i t s  may  be  p r i ed  o f f
a f te r  remov ing  the  IC  shou ld  a  h idden  sp lash  be  suspec ted .

7 .  Beware of  shor ts  in  the casset t -e  area bethreen component  leads
and  under l y ing  c i r cu i t r y .

Spec i f i c  T roub les

No  wh i te  co lumns  on  the  sc reen  a t -  s tep  14 .

l .  Bad  connec t i on  be tween  connec to r  p in  16  and  TV
2 .  Tempora ry  j umper  f rom connec to r  p in  I  t o  g round  no t  connec ted .
3 .  C rys ta l  no t ,  osc i l l a t i r r g .  Check  f o r  pu l ses  a t  p i n  I  o f  IC27 .
4 .  Ho r i zon ta l  Coun tdown  cha in  de fec t i ve .  Success i ve l y  measu re

ou tpu t  a t  p i n  3  o f  IC ' s  32 ,  17  ,  and  2L .  Each  shou ld  be  p ro -
g ress i ve l y  l ower  i n  f requency .

5 .  Ve r t i ca l  Coun tdown  cha in  de fec t i ve .  As  above  #4 ,  bu t  measu re
iC ' s  24 ,  10 ,  and  12 .

6 .  De fec t i ve  v i deo  m ixe r .  Look  f o r  pu l ses  a t  p i ns  I  and  13  o f
rc  26.
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Poor or

I .

2 .

l ack ing  sync ron i za t i on  a t  s tep  14 .

TV is  over loaded by the = I  vo l ts  of  v ideo.  Swamp the
v ideo wi th  a 10 ohm res is tor  to  see i f  sync e v ideo
s tab i l i zes .
Check for  Hor izonta l  and Ver t ica l  sync and b lank ing pulses
a t  connec to r  p in  16 .  A  75  ohm load  shou ld  be  a t tached .
The pat tern should look l ike:

v i d e o

sync
a .  I f  Ho r i zon ta l  Sync  i s  de fec t i ve ,  check , IC ' s

and  13 .
b .  I f  Ve r t i ca l  Sync  i s  de fec t i ve ,  check  IC ' s  19
c .  I f  Ho r i zon ta l  B lank ,  check  IC rs  l l ,  13 ,  and
d .  I f  Ve r t i ca l  B lank ,  IC  19 .

No  cha r .ac te rs  a t  S tep  16 .

l I ,  20 ,  I g ,

and  25 .
14 .

1 .  l l i s s ing  vo l tages  a t  t he  MCM657 l  ( IC30)  .
2 .  De fec t i ve  Charac te r  genera to r .
3 .  De fec t i ve  74L65  ( IC3 I ) .
4 .  De fec t i ve  l og i c  s igna ls  to  and  f rom IC30  and  IC3 I .  A I I

inputs and outputs  should be puls ing at  va l id  TTL levels
(g  to  .8  vo l t s  =  l ow ;  2  to  5  vo l t s  =  h igh )  .

Wrong  cha rac te r ( s )  i n  d i sp lay

1 .  M isw i red  o r  m is jumpered  i npu t .
2 .  Defect ive Memory fC.  Note the b i t  d i f ference between the

intended character .  ICt  is  the memory for  the Least
Signi f icant  B i t  (LSB) of  the character  and IC7 is  the
Mos t  S ign i f i can t  B i t r s  (MSB)  memory .

3 .  De fec t i ve  74157  ( s )  IC ' s  8 ,  15 ,  and  28 .

"Twink l ing"  character  on TV

1 .  S low  memor ies .  550  nanoseconds  o r  f as te r  2L02rs  mus t  be  used .
2.  Overheated memor ies.  Access t imes increase wi th  heat .
3 .  Wrong  pu l se  l eve l s  a t  p i n  I  o f  t he  74165  ( IC3 f ) .  A  base

leve l  o f  abou t  2 .5  vo l t s  w i th  sho r t  pos i t i ve  and  nega t i ve
going sp ikes should be seen.

Won ' t  w r i t e  cha rac te rs

l .  Miss ing Strobe pulser  or  cont inuous level  on MSB input
( connec to r  p i n  I ) .

2 .  No  l { r i t e  pu l se  f rom 74L23 .  Measure  a t  p in  L2  o f  IC  23 ,
look ing for  an = 600 ns negat ive going pulse.  Connect ing
the MSB (connector  p in  I )  to  a = 50KHz TTL c lock wi I I
permi t  v iewing on lower cost  osc i l loscopes.

ftlhe dlfrdffitall era-orirn- " v / "U \+U€ ,U - - f t ,
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3 .  Wr i te  C lock  no t  t ogg l i ng .  W i th  above  tempora ry  osc i l l a to r
i npu t t i ng  t o  MSB,  I ook  f o r  pu l ses  a t  p i n  3  o f  IC ' s  16 ,  29 ,
and  9 .

4 .  De fec t i ve  Read /Wr i t e  Mu l t i p l exe rs  ( IC rs  15 ,  28 ,  and  8 ) .

Ex t raneous  Charac te rs

1 .  No ise  on  the  i npu t  l i nes  to  the  memory ,  pa r t i cu la r l y  on  the
MSB (connec to r  p in  f ) .  A  220  p fd  condenser  i s  used  on  the
MSB to  suppress  mos t  no i se  sou rces .  More  o r  l a rge r  condensers
may  be  requ i red .  Th i s  t roub le  genera l l y  shows  up  as  an  c
appear ing  on  the  sc reen  when  ano the r  po r t  i s  add ressed .

2 .  Da ta  sen t  t o  t he  TV  cha rac te r  genera to r  f as te r  t han  i t  can
hand le .  Da ta  mus t  be  va l i d  f o r  1 .5  m ic roseconds  f o l l ow ing
the  r i se  o f  MSB s t robe .  Fas te r  da ta  ra tes  can  be  hand led
by  reduc ing  the  va lue  o f  t he  condensers  i n  t he  74L23  Wr i te
s t robe  s i ng lesho t .  A l t e rna t i ve l y ,  a  da ta  ho ld  l oop  cons i s t i ng
o f  NOP 's  can  s low  the  da ta  ou tpu t  t o  t he  readou t .

3 .  De fec t i ve  o r  s low  memor ies .  Look  a t  t he  b i t  pa t te rn  o f  t he
ex t raneous  cha rac te r  t o  de te rm ine  i f  a  s ing le  memory  i s  bad .

4 .  More  bypass ing  requ i red .  A  number  o f  unused  vo l tage  bypass ing
pads  have  been  inc luded  shou ld  you r  pa r t i cu la r  sys tem requ i re
them.

De fec t i ve  Ieve l  ou tpu t  f rom Casse t te  Inpu t  L im i te r

1 .  None  a t  a l l :  Check  f o r  ! L2  t o  IC34 .
2 .  Too  h igh  ou tpu t  l eve l .  D iodes  (S4  and  55 )  open  o r  one  i s

reve rsed .

Bandpass  Ac t i ve  F i l t e r  P rob lems

l .  Check  aud io  osc i l l a to r  f o r  p rope r  range .
2 .  Swap  5558  ( IC35 )  w i t h  IC ' s  35  o r  37 .
3 .  Check  f o r  sho r t s  o r  ou t  o f  t o l e rance  (5 t )  condense rs  C8 ,  C9 ,

C lO ,  o r  C t l .  D i sc  ce ram ics  a re  a  no -no  i n  t uned  c i r cu i t s !

Fu I I  Wave  De tec to r
t .  D iodes  open ,  reve rsed  o r  sho r ted .
2 .  De fec t i ve  5558  ( IC36 )

Low Pass  Ac t i ve  F i l t e r

I .  Sho r ted  o r  ou t  o f  t o le rance  condensers .
2 .  De fec t i ve  IC37 .

Ou tpu t  S I i ce r  ( IC38 )

1 .  Reve rsed ,  openr  o r  no t  German ium d iode  a t  G I .
2 .  Too  heav i l y  l oaded  ou tpu t .  Th i s  c i r cu i t  shou ld  d r i ve  no

more  than  one  TTL  load .  (S tandard  fo r  mos t  I , /O  po r t s . )

TVC-10



TV READOUT & CASSETTE INTERFACE PARTS LIST

IC ' s
reT=7
rc30
rc l3  ,  L4,
TC26
rc I l ,  L9
rc18
rc20
rc22 ,  25
TC23
rc8 ,  15 ,  28
rc  3 l
rcg ,  r0 ,  12 ,

2L ,  24 ,
rc33
rc34 ,  38
rc35 ,  36 ,  37

2I02-L,  -2  or  bet ter  rc27
I\,ICM657IL
7  400
7 40]-
7  404
7 ALO
7 420
7  430
7 4L23
7 4157
7 41,65

L5 ,  L7
29 ,  32  74L93

555
74L
558  o r  LM1458

74LOO

IN9 t4  o r  IN4148
1N48  o r  eq .

Germanium
5V I hratt zener

R8
R3
R l6
R26
R4 '
R38
R25
R l0 ,
R9 ,
R l4
R7
Tr im'  
R t2

"-j Rl ,

lVC-12

5 ,  6

l I ,  37
I5

below R25

2 ,  2L ,  22

c l ,  c2 ,  c4
cL2
cI4
c6
c l3
c8 c l l
c7
c5

Bypass Capaci tors
ffi

7 -  I  to  3 .3  mfd  tan ta lums

Crystal

I  -  5 .  990 MI lz

Res is to rs  a l l

100 p fd  my lar
220 pfd mylar
.01  my lar
.015  my la r
.047 my lar
.0056 my lar
.01 polystyrene
.00 I  d isc
.033  d isc

L/4 wat-| '  5t unless noted

22 ohm
220 ohm
220 ohm L/2 waLt
390 ohm
470 ohm
470 ohm L/2 watE
750 ohm
1K
I .  3K
t .6K
2 .2K
5.6K
5.5K
6.8K

Diodes
ST:3g
G1

ZI ,  22

Tl  2N5129

RI3 ,  19 ,  19 ,  20
27  30  &  t r im
be low R25

R35 ,  36
R l7 ,  32 ,  34
R23 ,  24
R3 l ,  33 ,  3g
R40 ,  41
R42

10K
10K
47R
58K
t00K
5K tr impot
50K  t r im .

po box 6528 denver, cotorado g0206 (g}gl777-T1gg



VCO won ' t  osc i l l a t e

l .  De fec t i ve  555  ( IC33 ) .
2 .  Shor ted  condenser  C6 .

VCO has  pa ras i t i c  osc i l l a t i on
1 .  C7  no t  connec ted .
2 .  De fec t i ve  555 .

VCO won ' t  t une  to  f requency .

l .  Ou t  o f  t o l e rance  C6 .  You  rea l l y  d i dn ' t  use  a  d i sc
ce ramic ,  d id  you?

2 .  De fec t i ve  555 .
3 .  Non-TTL  leve l s  used  to  d r i ve  c i r cu i t .
4 .  De fec t i ve  po ten t i onemete rs  R40  o r  R4 t .
5 .  S l  o r  22  reve rsed  o r  de fec t i ve .

l {ar ranty :

S tandard  D ig i t a l  Group  war ran ty  app l i es .  A l l  D ig i t a I  Group  supp l i ed
par ts  are guaranteed on an exchange basis  for  90 days.  I f  you send
the TV Readout  and Casset te  board back to  us to  f ix ,  the fo l lowing
charges  w i l l  app l y  i r respec t i ve  o f  t he  war ran ty  pe r iod :

Serv i ce  cha rge  ( f i x - i t  f ee )  no  f i na l  a l i gnmen t
o f  casse t t e  i n t e r f ace  S20 .00

F ina l  a l i gnmen t  o f  casse t t e  i n t e r f ace  $20 .00

Bo th  o f  above  S30 .00

Parts  wi l l  be charged for  un i ts  outs ide of  warranty .  Serv ice charges
should be prepaid and inc luded wi th  the return of  the k i t  for  fastest
se rv i ce .

wc-1I



? T\/C CORRECTIONS

Component changes:

R23 change from 68K to 47K
R22  change  f rom 6 .8K  to  4 .7K
R25 change f rom 390 to 750 ,L-_.
R25 chanse r rom ; ; ;  ; ;  i - "  

( tvp ical  va lues)

R I2  change  f rom 5 .6K  to  2 .7K

IC27 should be chanqed f rom a 7400 to a 74L00

The IC was changed to avoid the problem of the crystal oscil lator running
at a harmonic of the correct frequency. The slower 74L00 damps this
tendency  ou t .
R23 arrd R22 were changed to brinq the bandwidth of the 29'75 bandpass fi l ter
to a more opt imal  range.
R26 and R25 were enlarsed s ince the previous values were found to be too
sma l  1  a t  t imes .
Rl2 was found to be too larqe to tune the VCO correct ly  so i t  was reduced.

CJ3 change f rom .015 to  .0056
R26 change from 2.2K to 5.6K
R35 , R36 change fonn 15K to IOK

po box 6528 denver, colorado 90206 (g}gl Tt7-71gg
TVC-12



The Digital Group has
transistors that come in
we hope this effort wil l-

received some inquiries concerning some
different packages but have the same number
help i f  you are suf fer ing f rom th is  problem.

Top View Top View

The above represent two different
package styles for the same transis-
t o r .  ( 2N5129  /  2N5139)

The 4402 also appears as style 3.

This represents a th i rd
s t y l e .  ( 2N6109)

-l
TVC-13
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