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T'T'ARNING

FEDERAL REGUIATTON (PART ls OF FCC RULES)
PROHIBITS THE USE OF COMPUTING EQUIPMENT

WHICH CREATES RADIO OR Tv INTERFERENCE

Interplex Electronics specifically warns the user of this instrument that it is intended for use in a
classroom or laboratory environment for the purpose of learning and experimentation. When building
experimental circuits, it may emit interference that will effect radio and television reception and the user
may be required to stop operation until the interference problem is corrected. Home use of this
equipment is discouraged since the likelihood of interference is increased by the close proximity of
neighbors.

CORRECTIVE MEASURES:
lnterference can be reduced by the following practices.

1) lnstall a commercially built RFI power filter in the power line at the point where the cord enters the unit.

2) Avoid long wires. They act as antennas.

3) lf long wires must be used, use shielded cables or twisted pairs which are properly grounded and
terminated.
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I NTRODUCTION

The E & L Instruments Penci ' l  Box Logic Designer is a complete digi ta l

c i rcu i t  des ign  ins t rument .  I t  can  fu ' l l f i l l  modest  requ i rements  fo r

the design and study of  gates,  counters,  mult ip lexers and can even

interface direct ly to a microprocessor.

T h e  u n i t  c o n t a i n s  B  L E D  l o g i c  i n d i c a t o r s , 8  l o g i c  s w i t c h e s ,  a  c l o c k

and two debounced pushbuttons. The logic indicators are a " t rans-

parent 
' latch" 

and thus serve the dual  funct ion of  8 independent logic

probes or two four bi t  output ports which can be connected to a

microcomputer .  S imi la r ly ,  the  e igh t  log ic  sw i tches  can serve  the

dual  funct ion of  logic switches or tv lo four bi t  input ports for  inter-

facing to a microcomputer.  The c ' lock is f ixed at  approximately lKHZ

but can be var ied by adding an external  capaci tor .  *See Appl icat ion notes

Al ' l  of  these funct ions are interna' l ly  connected to a solder ' less

in te rconnect  socket  w i th  5  t ie  po in ts  fo r  each s igna ' | ,  In  add i t ion ,

an E & L instrument "SK- ' |0 So' lder less Breadboard' ing Socket"  is

permanent ly at tached to the uni t ,  thus providing a convenlent work

area for the c i rcu' i t ry being designed or studied. Both sockets

al low insert ion of  components or wires up to 20 gauge. For components

wi th  la rger  d iameter  leads  use  E & L 's  BP24 adapter  p ins  wh ich  can

accept  w i re  leads  up  to  16  gauge.

Power  i s  supp l ied  e i ther  in te rna l l y

an  op t iona l  ba t te ry  e l im ina tor ,  o r

s u p p l y .

by batter ies,  external ' ly  by

by an external  5 vol t  regu' lated

The un i t  i s  housed in  a  durab le  and a t t rac t i ve  p las t i c  box  w i th

a hinged protect ive cover thus making i t  portable and stackable for

storage purposes.



SPECI FI  CATI ONS

A.  P0WER (1  )  4  "C"  ba t te r ies  (no t  inc luded)

(2) Opt ional  6VDC battery adapter,  300ma, unregulated

(3) User suppl ied 5VDC regulated supply,  1 5%, 300na

B. CL0CK 
'l 

khz ! SOf, user variable with external capacitor

Log ic  "1"  ou tpu t  cur ren t1 .2ma G 3 .25V

Log ic  "0"  ou tpu t  cur ren t1 .2ma 0  0 .25V

C. PULSERS Two ful ly debounced pushbuttons with logic t rue and complementary

outputs

Log ic  " '1 "  ou tpu t  cur ren t  400 mic roamps @ 2.4V min

Log ic  "0"  ou tpu t  cur ren t  16  ma max @ 0.4V max

D.  LOGIC SWITCHES

(INpUT pSRTS1 Dua' l  funct ion:  8 switches buffered by two 4 bi t  t r i -state

buffers wi th separate enables

Log ic  "1"  ou tpu t  cur ren t  2 .6  ma max @ 2.4V min

Log ic  "0"  ou tpu t  cur ren t  24  na  max @ 0.5V max

Enabl es

Log ic  " '1 "  inpu t  cur ren t  400 mic roamps @ 5 vo l ts

Log ic  "0"  inpu t  cur ren t  20  mic roamps @ 0.2  vo l ts

E.  LOGIC INDICATORS

(SUTpUT pSRTS; Dua' l  funct ion:  8 LEDs dr iven by two 4 bi t  latches

(LAMP M0NIT0RS) wi th separate enables

Log ic  "1"  inpu t  cur ren t  50  mic roamps @ 5 vo l ts

Logic "0" input current none required

F. CONNECT0RS Al l  funct ions are permanent ly connected to a solder less t ie

po in t  connector .  Each t ie  po in t  has  f i ve  so lder less  connect ion

po in ts .  Power  and ground have l5  connect ion  po in ts  each.  A l ' l

t i e  po in ts  a re  labe led .



G. BREADBOARDING One E&L Instruments SK-10 solderless breadboarding

..., 
socket is permanent'ly attached to the unit. The SK-10 can accommodate

up to eight 14 pin DIP ICs with 4 t ie points per pin plus 8 power

rai ls with 25 t ie points each.

H' PHYSICAL 
Length lo in ZS.4 qn

l. l i  dth 7 .5 in 19.05 cm

Height  2 .562 in  6 .51 cm

I. t leight ( less batter ies and adaptor) I  lb 6 oz
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A .

GENERAL ASSEMBLY PRACTICES

l. lost of your ki t  i terns have been packed in plast ic bags.
check the contents of the bags against the BILL 0F HATERIAL
LISTING to insure that al l  of the correct parts are in your
kit .  Inspect pack' ing material  for any loose parts before
discardi ng.

Please bring al l  shortages or discrepancies to the inmediate
attent ion of E & L Instruments as this helps us correct errors
and make a better ki t  for the next person.

Excessive heat can damage sol id state devices. Avoid soldering
with guns or i rons which exceed 35 watts.

C.  Use only  ros in  core so lder .  The use of  corros ive so]ders such
as ac id  core or  pastes or  f luxes vo ids any and a l l  warrant ies
on your  k i t .

!9 rgcpnrnend that_you use a yel low high- l ighter pen on the
C0NSTRUCTI0N FIGURES to  mark :o f f  i temi  as  lou  assembte  the  k i t .
Thi .s s imple bookkeeping method al lows you lo put the k i t  is ide
and pickup where you lef t  of f  at  anoth-er t ime in an oraer iy ' iastr ion.

E lec t ron ic  dev ices  o f  s im i la r  func t ion  o f ten  come in  d i f fe ren t  fo rm.
Please study the C0MP0NENT IDENTIFICATI0N DIAGRAMS to become fami l iar
w i th  the  var ious  types  o f  dev ices  wh ich  are  ap t  to  be  supp i ied  in  your
k i t  be fore  ac tua l  cons t ruc t ion .

Sorne In tegra ted  C i rcu i ts  ( ICs)  a re  eas i l y  damaged by  STATIC ELECTRICITY!
These ICs  are  packed on  b ' lack  conduct ive  foam.  Use the  fo l low ing
precaut ions  when hand ' l i  ng  such ICs .

1) Do NOT remove the IC from the conduct ive foam unt i l  you are actua' l ly
ready  to  ins ta l l  i t  in to  the  c i rcu i t .

2 \  Avo id  carpe t ing  or  o ther  fu rn ish ings  tha t  p romote  s ta t i c  bu i ' ld  up .
3) Ground solder ing t ips and test  equipment before contact ing such ICs.

B .

D .

E .

F .
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SOLDIR]NG TIPS
T h e  q u a l i t y  o f  y o u r  u n i t  i s  g o i n g  t o  d e p e n d  o n  t h e  q u a f i t y  o f
your  assembly  and so lder ing  techn iques .  We have ou t l ined ,  be-
low,  some s tandard  prac t ices  tha t  you  shou ld  adhere  to .

I  There is more to a soldered connect ion than two or more
p ieces  o f  meta l  he ld  together  by  a  "b lob"  o f  so lder .
W h e n  m o l t e n  s o l d e r  i s  a p p l i e d  t o  a  m e t a l ,  t h e  s o l d e r
a c t u a l ' l y  d i s o l v e s  s o m e  o f  t h e  m e t a l ' s  s u r f a c e .  T h u s ,
metals which have been soldered together are bonded by
a  s o l i d i f i e d  s o l u t i o n  o f  s o l d e r  a n d  p a r t s  o f  t h e  m e t a l s
w h j c h  w e r e  j o i n e d .  S o l d e r i n g  i s  a n  e a s y  t a s k ,  b u t  j t
i s  a  task  tha t  must  be  done cor rec t ly .  I f  your  so lder -
ing  techn iques  are  poor  you w i l l  have a  grea t  dea l  o f
t roub le  w j th  the  k i t  tha t  you  are  about  to  assemble .

2  In  o rder  fo r  mo l ten  so lder  to  per fo rm i ts  func t ion  o f
jo in ing  meta ls  together ,  the  ox ides  on  the  sur faces  o f
the  meta ls  must  be  removed.  The ox jdes  are  removed by
a  F L U X .  A  f l u x  i s  a  m a t e r i a l  w h i c h ,  w h e n  h e a t e d ,  d i s -
so lves  sur face  ox ides  and suspends them away f rom the
sur face  o f  the  meta l .  Wi th  the  sur face  ox . ides  removed,
the  mol ten  so lder  can d isso lve  some o f  the  sur face  meta l
and bond ' i t se l f  t igh t ly  to  the  meta l .
We recommend the  use  o f  Ros in  f lux  core  so lder  w i th  a
m i x t u r e  o t  6 3 %  t i n  a n d  3 7 %  1 e a d .  T h i s  i s  t h e  o n l y  m i x -
tu re  tha t  goes  d ' i rec t l y  f rom I  iqu ' id  s ta te  to  so l  id  s ta te
t h u s ,  b y p a s s i n g  t h e  p ' l a s t i c  s t a t e  w h i c h  c a u s e s  c o l d
s o l d e r  j o i n t s .

3  A  good so lder  connect ' ion  is  made in  two s teps :  The f i rs t
s tep  is  to  make the  mechan ica l  connect ion .  Then the  mol t -
en  so lder  i s  app l ied  to  the  connect ion .  A f te r  you  have
s t r ipped a  w i re ,  a ' lways  check  to  see tha t  the  w i re  i s
c l e a n  a n d  f r e e  f r o m  h e a v y  o x i d a t i o n ,  g r e a s e  o r  o i l .  0 x i -
da t ion  can be  scraped o f f ,  and o i l  o r  g rease can be  re -
moved w i th  a  rag .  S tee l  u roo l  o r  sandpaper  i s  exce l len t
fo r  c lean ing  bad ly  ox id ized  w i res .  S t randed w i re  shou ld
be t inned (covered w i th  so lder )  to  p revent  the  bare  ends
f rom f ray ing  and poss ib ly  caus ing  a  shor t  c . i rcu i t .

6
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The nex t  s tep  in  mak ' ing  a  so lder  connect ion  is  to  secure
t h e  w i r e  o r  w i r e s  t o  t h e  t e r m i n a l  o r ' l u g .  T h e  w i r e  s h o u l d
make su f f j c ien t  con tac t  w i th  the  te rm' ina l  o r  1ug,  bu t
shou ld  no t  be  t igh t ' l y  fas tened.  The so lder  w i l  I  p rov ide

both  mechan ica l  s t rength  and a  low res is tance iunc t ' ion .

Af te r  the  mechan ica l  connect ions  are  comple te ,  the  nex t
s t e p  i s  t o  a p p ' l y  t h e  s o l d e r .  F i r s t  h e a t  t h e  m e c h a n i c a l
c o n n e c t i o n ,  w i t h  t h e  i r o n ,  t o  a l l o w  t h e  s o l d e r  t o  f l o w
on the  ho t  meta l .  App ly  the  so lder  to  the  po in t  where
the  i ron  meets  the  contac t  to  be  so ldered.  The f lux
s h o u l d  m e l t  a n d  f l o w  f r e e l y  o v e r  t h e  c o n t a c t ,  d j s s o l v -
i n g  a 1 l  o x i d e s ,  a n d  a i d i n g  h e a t  t r a n s f e r  f r o m  t i p  t o
c o n n e c t i o n .  T h e  s o l d e r  s h o u l d  t h e n  m e l t  a n d  f l o w  f r e e l y ,
cover ing  the  area  to  be  so ldered.  Make sure  you app ly
enough so lder  to  cover  the  contac t .

T o  p r e p a r e  p . c .  b o a r d s  f o r  s o l d e r i n g ,  c l e a n  t h e  a r e a  t o
be so ldered on  the  pr in ted  w i r ing  by  rubb ing  w i th  a
penc i l  e raser ,  and c lean the  component  leads  w i th  a
p iece  o f  s tee l  woo l .  P lace  the  component  on  the  board ,
on  the  s ' ide  w j th  the  nomenc la tu re  p r in ted  on  i t ,  w i th
the  leads  ex tend ing  th rough the  ho les  ind jca ted  fo r  the
component .  F l ip  the  board  over  and so lder  the  leads .
The same genera ' l  ru le  fo r  so lder ing  convent iona l  c i rcu j t -
ry  shou ld  be  adhered to .

SOLDER JOINT
CLIP EXCESS LEAD
FLUSH WITH
SOLDER JOINT.

PC BOARD

PRINTED WIRING
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A .

CONSTRUCTION

Note : For convenience of construction remove f igures 1 thru i ,2
f rom manual .

Assemble PC board as per  f igures 1 thru 6 as fo l lows:

1 .  I ns ta l l  a l l  r es i s to rs ;  so lde r t  c l i p  l eads  f l ush  to  boa rd .
2.  Insta l l  LEDs.  Leave L/8"  space between the bot tom of

the LED and the top of board to prevent damage to LED
when  so lde r ing .  No te  po la r i t y ;  so lde r ;  c1 ip .

3 .  I ns ta l l  r ema in ing  d iodes ;  no te  po la r i t y ;  so lde r ;  c1 ip .
4 .  I ns ta l l  IC rs  one  a t  a  t ime ;  no te  o r i en ta t i on ;  so lde r ;  c l i p .
5 .  I ns ta l l  8  pos i t i on  D IP  sw i t ch ;  no te  "open"  pos i t i on ;  so lde r ;

c I i p .
6 .  I n s t a l l  t r a n s i s t o r  Q 3  ( s e e  F i g .  2 l i  s o l d e r ;  c l i p .
7 .  I ns ta l l  r ema in ing  t rans i s to rs  one  a t  a  t ime i  no te  o r i en ta t i on ;

s o l d e r ;  c l i p .
8 .  I n s t a L l  p u s h b u t t o n s  ( P B 1  &  P B 2 ) ;  s o l d e r ;  c l i p .
9 .  I n s t a l l  a l l  c a p a c i t o r s ;  s o l d e r ;  c l i p .

10 .  I ns ta l l  SK-50 /TF33  socke t  ca re fu l l y .  Be  ce r ta in  tha t  ALL  p ins
prot rude through the PC board.  Secure as shown in  F ig.  3 ;
s o l d e r ;  c I i p .

1 1 .  A t t a c h  s e l f  s t i c k  I / O  l a b e l  t o  S K - 5 0 / I F 3 3  a s  s h o w n  i n  F i g .  4 .
Care fu l l y  a l i gn  s igna l  names  w i th  t i e  po in t s  o f  SK-50  / IF33 .

12 .  Secu re  SK-10  socke t  and  ny lon  f l ex  c l i p  as  shown  in  F ig .  5 .
Make sure c l ip  is  perpendicu lar  to  f ront  edge of  PC board.

13 .  InstaI I  power swi t .ch .
1 4 .  I n s t a l l  a n d  w i r e  p o w e r  j a c k  ( s e e  F i g .  6 ) .

B .  F ina l  Assemb lv

1 .
2 .
3 .
4 .
5 .

Ins ta l l  4  rubber  fee t  i n  p las t i c  hous ing  ( see  F ig .  7 l  .
I n s t a l l  b a t t e r y  h o l d e r  ( s e e  F i g .  B ) .
A t tach  ba t te ry  ho lde r  w i res  ( see  F iq .  9 ) .
A t t a c h  P C  b o a r d  ( s e e  F i g .  1 0 ) .
Af f ix  se l f  s t ick  labels  to  the top of  the p last ic  housj -ng
(see  F ig .  1 -1  &  I2 l  .

c . Hinge Operat ion

The front edge of the PC board can
inches for  access to  bat ter ies and

be swung up as much as 6
spa re  pa r t s  bag .

1.  Raise PC board by pul l ing i t  up at  the f ront  r ight  corner .
2.  Lock PC board by guid ing ny lon c l ip  under  l ip  o f  p last ic

housing wi th  f inger .

1 0



D. Component Container

Locate the vinyl ziplock bag and the 1x3" piece of conductive
foam. Use the ziplock bag to store components for experiments
and use the conduct ive foam to s tore s tat ic  sensi t ive ICrs.
Place the foam in the bag (so i t  doesnr t  get  lost )  and p lace
the bag in  the box under  the P.C.  board for  convenient  s torage.

1 1



t .

C H E C K O U T

I  n s p e c t  t h e  u n i  t  f o r  m i  s s i  n g  p a r t s ,  i m p r o p e r  p a r t  o r i  e n t a -
t i o n ,  c o l d  s o l d e r  j o i n t s  e t c . .  C o r r e c t  a n y  o b v i o u s  p r o -
b l  e m s  b e f o r e  p r o c e e d i  n g .

2 ,  P o w e r  S e c t i o n  -  B a t t e r y  0 p e r a t i o n
I n s t a ' l  

' l  
f o u r  f r e s h  " C "  c e l l s  i n  a c c o r d a n c e  w i t h  o r i e n t a t i o n

s h o w n  o n  t h e  b a t t e r y  h o l d e r .  T u r n  P 0 l , l E R  s w i t c h  t o  0 n  a n d
c h e c k  f o r  + 5 V D C  b e t w e e n  r t + 5 r r  a n d  " G N D "  O n  i n t e r c o n n e c t  s o c k e t ,
T h i s  v o l t a g e  m a y  v a r y  w i t h  t h e  c o n d i t i o n  o f  t h e  b a t t e r i e s
b u t  s h o u l d  b e  i n  t h e  r a n g e  o f  4 . 5  t o  5 . 5  v o l t s .

0 P T I 0 N A L  -  B a t t e r y  A d a p t o r  0 p e r a t i o n
F I u g  S a t t e r y  a d a p t o r  i n t o  J I  t h e n  i n  w a l l  o u t l
P O h l E R  s w i t c h  t o  0 n  a n d  c h e c k  f o r  + 5 V D C  b e t w e e n
" G N D "  o n  i  n t e r c o n n e c t  s o c k e t .  V o l  t a g e  s h o u ' l d
o f  4 . 5  t o  5 . 5  v o l t s .

e t .  T u r n
r r + 5 ' r  

a n d

b e  i n  t h e  r a n g e

0 P I I 0 N A L  -  U s e r  S u p p l  i  e d  + 5
R - e r n o v e  6 a t t e r i e s  a n d  b a t t e r y  a d a p t o r .  I n s t a l l  j u m p e r  b e -
t w e e n  J 3  a n d  J 2 .  C o n n e c t  u s e r  p o w e r  s u p p l y  t o  a  l / 8 "  p h o n e
p l u g  w i t h  + ( p o s i t i v e )  a t  t i p  o f  p l u g .  U s e r  s u p p l y  s h o u l d
b e  + 5 V D C  p l u s  o r  m i n u s  5 %  ( q . 1 5  t o  5 . 2 5  V o ' l  t s ) .  P l u g  u s e r
s u p p l y  i n t o  J 1 .  T u r n  P 0 W E R  s w i t c h  t o  . ' 0 N ' ,  a n d  c h e c k  f o r
u s e r  v o l  t a g e  b e t w e e n  ' r + 5 r r  a n d  " G N D "  o n  i  n t e r c o n n e c t  s o c k e t .

S c o p e  C L 0 C K  0 U T  o n  i  n t e r c o n n e c t  s o c k e t .3 .

4 .

F r e q u e n c . y

AnrPl i tude

D u t y  c y c l  e

L O G I C  I N D I C A T O R S

P U L S E R S

5 0 0  t o  I  5 0 0  H Z

4  t o  5 . 5  v o l t s

4 0  t o  6 0 %

A l  l  8  L E D s  s h o u ' l  d  b e  o f  f  .
J u m p e r  L 0 ( A )  t o  L 0 G I  C  1  o n  i  n t e r c o n n e c t  s o c k e t .
' . D 0 ' '  s h o u l d  l i t e  u p ,  a l l  o t h e r s  s h o u l d  b e  o f f  .
M o v e  j u m p e r  t o  L 1 ( B ) .
D 1  s h o u l  d  I  i  t e  u p ,  a ' l  I  o t h e r s  s h o u l  d  b e  o f  f  .
T e s t  r e m a i  n i  n g  s i g n a l  s  -  L 2 ( C )  t h r u  L 7 ( G )  -  i  n
l i k e  f a s h i o n .

a )
b )
c )
d )
e )
f )

a )
b )
c )
d )
e )

J u m p e r  L 0 ( A )  t o  P B 1
r r D 0 ' r  s h o u l d  l i g h t  w h e n
l 4 o v e  j  u m p e r  t o  P B  1  .
' . 0 0 , '  s h o u l d  g A _ _ A _ u t  w h e n
C h e c k o u t  P B z ;  T B Z  i n  l i

P B 1  i  s  d e p r e s s e d .

P B 1  i s  d e p r e s s e d .
k e  f a s h i o n .

5 .

T 2



6.  LOGIC SWITCHES (Note :  Do no t  use  GRAPHITE PENCIL  T0 M0VE SWITCHES! ! ! )

a )  J u m p e r  L 0 ( A )  t o  S 0 ( A ) .
b )  Set  sw i tch  "0"  so  tha t  "D0"  i s  l i t .  Th is  i s  de f ined

as  the  OPEN pos i t ion .
c )  Set  a l l  B  swi tches  to  0PEN.
d)  Jumper  a ' l l  8  ind ica tors ,  L0(A)  th ru  L7(H)  to  cor res-

pond ing  swi tches  S0(A)  th ru  57(H) .  Each LED shou ld
l igh t  up  when i t  i s  connected .

e) Move each switch to not 0PEN then to 0PEN, not ing that
on]y the corresponding LED went out.

f )  Ieave wires connected.

7. LATCH TEST

a) Jumper CLO-CR X to PBl .
Jumper CL0CK Y to PB2.
A l l  L E D s  s h o u l d  b e  l i t .

b )  Set  sw i tch  "0"  th ru  3  to  no t  OPEN.
A 1 1  L E D s  s h o u ' l d  b e  l i t .
Press  and re lease PB ' l ;  "D0"  th ru  D3 shou ld  go  ou t .

c)  Set switch 4 thru 7 to not 0PEN.
D4 thru D7 s houl  d st i ' l  I  be I  i  t .
Press  and re lease PB2;  D4 th ru  D7 shou ld  go  ou t .
Remove CL0CK jumpers.

8.  INPUT PORT TEST

a)  Jumper  ENABLE X to  PBl .
Jumper ENABLE Y to PBZ.
A l l  L E D s  s h o u l d  b e  o u t .

b )  Set  a l l  8  sw i tches  to  0PEN.
A ] 1  L E D s  s h o u l d  s t i l l  b e  o u t .
Press  and ho ld  PBI '  ' 'D0 ' '  th ru  D3 shou ld  l igh t .
Re lease PBI :  "D0"  th ru  D3 shou ld  go  ou t .
Press and hol  d PBz: D4 thru D7 should 

' l ight .

Re lease PB2:  D4 th ru  D7 shou ld  go  ou t .

9 .  Turn  POWER swi tch  0FF:  Un i t  shou ld  no t  func t ion .

CHECKOUT COMPLETED

1 3
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APPLICATION NOTE

For Capaci tor Ot I nsta'l I ed

Externa l  capac i to r Frequency (HZ)
100 o ico farad 917
.001 mic ro fa rad 505
. 01  m lc ro fa rad 9?
.1  mic ro fa rad 10
1.0  mic ro fa rad 1
10 microfarad . 1

10 mic ro fa ra

1 5
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