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HIGH-LEVEL NEUTRON C O I N C I D E N C E  COUNTER 
MAINTENANCE MANUAL 

J .  Swansen and P. C o l l i n s w o r t h  

ABSTRACT a 
7 

1 

a 

High- leve l  neut ron  co inc idence counter  o p e r a t i o n a l  
( f i e l d )  c a l i b r a t i o n  and usage i s  w e l l  known. T h i s  manual 
makes e x p l i c i t  b a s i c  (shop)  check-out,  c a l i b r a t i o n ,  and 
t e s t i n g  o f  new u n i t s  and i s  a guide f o r  r e p a i r  o f  f a i l e d  
i n - s e r v i c e  u n i t s .  Operat ional  c r i t e r i a  f o r  t h e  major  e l e c -  
t r o n i c  f u n c t i o n s  a r e  d e t a i l e d ,  as a r e  adjustments and c a l i -  
b r a t i o n  procedures , and r e c u r r e n t  mechanical / e l  ectromechan- 
i c a l  problems a r e  addressed. Some system t e s t s  a r e  i n c l u d e d  
f o r  qual  i ty  assurance. Data on nonstandard 1 arge-scal  e i n- 
t e g r a t e d  ( c i r c u i t )  components and a schematic s e t  a r e  a l s o  
i n c l u d e d  . 

I. INTRODUCTION 

Dur ing  t h e  p a s t  few y e a r s  severa l  r e p o r t s  and have been w r i t t e n  
f o r  t h e  H i  gh-Level Neutron Coi n c i  dence Counter (HLNCC) e l  e c t r o n i  cs  package. 
Much o f  t h i s  i n f o r m a t i o n  i s  d u p l i c a t i v e .  These r e p o r t s  g i v e  adequate in forma- 
t i o n  on what i s  i n  t h e  HLNCC s h i f t - r e g i s t e r  e l e c t r o n i c s  and how t o  use i t  f o r  
normal a p p l i c a t i o n s ,  b u t  they  do n o t  address t h e  problem o f  check ing  o u t  a new 
u n i t  o r  r e p a i r i n g  a f a i l e d  u n i t .  

The p r e s e n t  manual g i v e s  maintenance and check-out procedures f o r  a new 
o r  f a i l e d  HEC-100 e l e c t r o n i c s  u n i t .  We assume t h a t  t h e  b a s i c  i n f o r m a t i o n  i n  
Refs.  1 , 3, and 5 i s  a v a i l a b l e  t o  t h e  user .  T h i s  r e p o r t  i s  addressed t o  t h e  
e l e c t r o n i c s  maintenance personnel  r a t h e r  than t h e  normal HLNCC user ,  and i t  i s  
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assumed t h a t  t h e  reader  i s  f a m i l i a r  w i t h  
o f  a Los Alamos HLNCC maintenance school  
m i l i a r i t y  w i t h  t h e  ins t rument .  

t h e  ins t rument ;  f o r  example, a t tendees 
would u s u a l l y  have t h e  r e q u i s i t e  f a -  

T h i s  manual p r i m a r i l y  dea ls  w i t h  check ing o u t  a HLNCC e l e c t r o n i c s  package 
(HEC-100 c o u n t e r / c o n t r o l l e r ,  HP-100 h igh-vo l  tage j u n c t i o n  and p r e a m p l i f i e r  box, 
and accessory i t e m s )  f o r  p roper  ope ra t i on .  Secondar i ly ,  t h e  i n f o r m a t i o n  i n  the  
manual i s  arranged t o  a s s i s t  maintenance personnel  i n  i s o l a t i n g  problems t o  
ma jor  s u b c i r c u i t s .  I 1  l u s t r a t i o n s  o f  component l o c a t i o n s  are  i n c l u d e d  
i l l u s t r a t i o n s  o f  se lec ted  waveforms; a schematic package i s  i n c l u d e d  t o  

d e t a i l e d  t roub leshoo t ing .  

as a re  
a i d  i n  

11. VISUAL AND MECHANICAL INSPECTION 

A v i s u a l  and e lect romechanica l  i n s p e c t i o n  o f  incoming HLNCC systems i s  of 

c r i t i c a l  importance. Our exper ience has shown t h a t  ope ra t i ona l  problems can 
be reduced, o r  avoided a1 together ,  by s imple i n s p e c t i o n  and remedia l  ac t i on .  
Among t h e  problems, i n  approximate o rde r  o f  importance, a re  

improper s h i e l  d i n g  and d i  s c o n t i  nuous o r  h i  gh-impedance grounding , par -  
t i c u l a r l y  i n  t h e  p r e a m p l i f i e r  box, b u t  a l s o  a t  o t h e r  l o c a t i o n s  i n  t h e  
ana log  s e c t i o n  o f  t h e  complete HLNCC system; 

o no ise  because o f  f a i l u r e  t o  m a i n t a i n  c l e a n l i n e s s  i n  t h e  h igh -vo l tage  and 
high-impedance s i g n a l  s e c t i o n  o f  t h e  preamp1 i f i e r  box; 
loose,  miss ing ,  o r  improper l y  i n s t a l l e d  components, c i r c u i t  boards,  con- 
nec to rs ,  and w i r i n g  harnesses; 
poor s o l d e r  connect ions ( t h a t  i s ,  c o l d  s o l d e r  j o i n t s ) ;  

FP improper component Val ues; and 
o f a u l  t y  cab1 e assembl i e s  . 

A l l  s i x  problem areas have been seen b o t h  i n  newly manufactured u n i t s  and i n  
f i e l  d ( i n-se rv i  ce ) ins t ruments  . 
A. I n i t i a l  S t e m  

1. Unpack and check conten ts  o f  sh ipp ing  con ta ine rs  (F ig .  1 ) .  
2. Rotate and shake HEC-100 t o  check f o r  l oose  components. 
3. Rotate and shake HP-100 ( p r e a m p l i f i e r  box). 

2 
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F i g .  l .  
Major HLNCC components and accessories as received, from manufacturer. 

HP-100 high-vol tage junction and preamplifier box 

paper tape ) 

HEClOO/HP-lOO h i  gh-vol tage supply cabl e 

a .  HEC-100 counter/controll  e r  
b .  
c .  HP-97 ca lcu la tor  (modified) 
d .  HP-97 accessories (attached in te r face  cable ,  recharger,  

e .  HEC-lOO/HP-lOO interconnecting cabl e 
f .  HP-lOO/HEXAPUS ( d e t e c t o r )  high-vol tage cables  
g . 
h. ac power cord 
i .  Manufacturer's HLNCC manual 
j . HP-97 User's Manual 
k .  Extender board 
1 .  S h i p p i n g  c r a t e  
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B. HEC-100 
1.  Remove t o p  cover  from HEC-100. Release clamp a t  r e a r  o f  board as- 

2. Rotate and l o c k  board assembly i n  v e r t i c a l  p o s i t i o n  ( F i g .  2 ) .  
3. Remove boards. Boards ( f r o m  f r o n t  t o  back)  a r e  a m p l i f i e r  board, 

4. I n s p e c t  boards f o r  c lean1 i n e s s ,  good s o l  der  connect ions , and m i s s i n g  

5. Check t h e  f o l l o w i n g  s h i f t - r e g i s t e r  board components ( F i g .  3 ) :  

sembly. 

s h i f t - r e g i s t e r  board, and microprocessor  board ( F i g .  2 ) .  

components. 

Component Should Be 

c22 220 pF 
c 5  68-120 PF 

F i g .  2. 
HLNCC w i t h  boards i n  u p r i g h t  l o c k e d  p o s i t i o n .  
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PREDE 
WlTCl 

4 

2 

1 D- 

- 7E 

c5 

F i g .  3. 
Shift-regi s t e r  b o a r d .  

Texas Instrument 74LS74 
Motorola MC14557 AL o r  B A L  (no t  C P )  
Motorola tilCl4517 AL o r  BAL (not  C P )  

--_-- - ---- 7E (ch ip  loca t ion )  
4E (ch ip  loca t ion )  
%E, 711 ( c h i p  l oca t ion )  

- 
- 

6. Check microprocessor clock (microprocessor board loca t ion  5E) f r c -  
qwncy  1 abel ; clock frequency must be 921 .G kl-lz. 

7. Check the chass i s  i n t e r i o r  f o r  loose o r  m i s s i n g  s c r w s  arid components. 
8. Check the f r o n t  and r ea r  p a w l s  fDr luose o r  missing coot ro ls  and com- 

ponents. 
9. R e i n s t a l  1 the amp1 i f i e r ,  sh i f t - reg i s te r ,  and microprocessor boards. 

NOTE: Vse caution i n  in se r t ing  boards because socket pins are  Zasily 
ben t .  
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10. Check continuity from f r o n t  panel ground t e s t  point t o  rear  panel "AMP 
INPUT" (515) p i n s  G and F. 

C .  HP-100 Preamplifier Eox 
C A U T I O N :  H igh  voltage may be present inside the box when disconnected 

from h i  gh-vol tage supply; there  i s no h i  gh-vol tage bleeder re- 
s i s t o r  i n  the  box. I f  i t  i s  necessary t o  connect and operate 
the box w i t h  the cover removed, caution must be taken. 

1.  Remove top cover from HP-100 (preamplifier b o x )  ( F i g .  4 ) .  
2.  Short the high-voltage i n p u t  connector ( S H V )  on the HP-100 preampli- 

f i e r  box t o  ground while working i n  the  box i n t e r i o r  (see preceding 
cautionary note) .  

F i g .  4. 
High  voltage junction and preamplifier b o x ,  HP-100. 
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I 

d 
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a 

a 

3 .  

4. . 

5. 
6. 

7. 

Check f o r  ( s o l d e r  f l u x )  r e s i d u e  on p r e a m p l i f i e r s  and main board; 
boards must be c lean .  
Check main board  mounting screws and box connectors  (F ig .  4 )  f o r  
looseness; check t o  see t h a t  p r e a m p l i f i e r s  a r e  seated f irmly. 
Check f o r  c o n t i n u i t y  f rom main board  ground p lane  t o  connector  s h e l l s .  
Check d e s i c c a n t  f o r  a p p r o p r i a t e  c o l o r  (deep b l u e )  and r e p l a c d r e a c -  
t i v a t e ,  i f  necessary. 
R e i n s t a l l  p l a s t i c  foam keeper (s )  and box cove r .  

D. Accessory Cables 
1 .  Check t h e  power c o r d  f o r  e l e c t r i c a l  and mechanical i n t e g r i t y .  
2. Check grey  ( m u l t i c o n d u c t o r )  c a b l e  assembly s t r a i n  r e l i e f s  and ground 

3. Check h igh -vo l tage  cab les  f o r  p roper  connector  assembly ( S H V )  and 
1 ugs. 

c a b l e  t ype .  

Ca b l  e 
High-vo l  t age  supp ly  c a b l e  
H i  gh-vol tage d e t e c t o r  cab1 e 

TY Pe 
P,G59 o r  RG71 
RC-71 

111. DIGITAL SECTION CHECKS 

There a re  seven procedures t o  t e s t  t h e  d i g i t a l  s e c t i o n  o f  t h e  HEC-100. 

The f o l l o w i n g  a r e  t h e  major  f e a t u r e s  t e s t e d :  
Q power suppl i e s ,  HP-97, da ta  t ransmi  ss ion,  and d i  sp l  ay; 
Q i n p u t  synchron izer  and TOTALS ( T )  s c a l e r ;  
@ r e a l s  + a c c i d e n t a l s  (R+A) and a c c i d e n t a l s  ( A )  gate  f u n c t i o n s  and 

rp s c a l e r  d i s p l a y ;  
Q t i m e r ;  
a prede lay  f u n c t i o n ;  
8 a c c i d e n t a l  ga te  de lay  s h i f t  r e g i s t e r .  

sca l  i n3 ; 

The co inc idence c i r c u i t r y  t e s t  r e l i e s  h e a v i l y  on t h e  use o f  a randon p u l s e  
genera tor  and c o r r e c t l y  i n t e r p r e t i n g  t h e  r e s u l t i n g  data. P e r i o d i c  sources, 
w h i l e  u s e f u l ,  a re  inadequate f o r  t e s t i n g  t h e  R+A and A-coinc idence gates. Data 
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generated during the t e s t  should be recorded and logged f o r  future  reference; 
a br ief  HP-97 program i s  provided in Sec. 1II.A f o r  recording HEC-100 display 
d a t a .  A second, more comprehensive t e s t  program referred t o  in Sec. 1II.E i s  
found in Appendix A ,  page 33. 

The following t e s t  equipment i s  used in the d ig i t a l  section checks 
(Fig.  5 ) .  

Tektroni x TN506 (mainframe) 
Tektroni x SC504 osci 11 oscope (modul e 
Tektroni x PG508 pul se generator (modul e )  
Tektroni x DC503A counter (module ) 
Tektroni x Db1502A D V K  (modul e )  
Los Alamos/Q-1 RP501. 

A .  I n i t i a l  Setup and Power-On Check 
This procedure provides i n i t i a l  t e s t s  of the power supplies,  HEC-100 d is -  

play, and  microprocessor board.  Two versions of resident (microprocessor) 
software a re  avai lable  f o r  the HEC-100 (PROM chip location E2, microprocessor 
board). A t  power-on or microprocessor RESET, the software will transmit a t e s t  

F i g .  5. 
Oigital section t e s t  s e t .  
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a 

J 
1 

message t o  t h e  HP-97; t h e  message cons is t s  o f  s imulated s c a l e r  data (TIME, 
TOTALS, R+A, and A), which are  loaded i n  HP-97 r e g i s t e r s  1 through 4, f o l l owed  
by  an "A"  command t h a t  w i l l  s t a r t  an HP-97 program a t  "LBLA." A t e s t  message 
message occurs on the  RS232 p o r t  a t  power-on/microprocessor RESET, i f  t h e  
o r i g i n a l  sof tware i s  res ident .  Below i s  a t a b l e  o f  t e s t  messages. 

HP-97 MESSAGE RS-232 MESSAGE 

VERSION 1.2 444444 HLNCC 
( o r i  g i  n a l  v e r s i  on ) 3333333333 v 1.2 

2222222222 12 JUL 78 
1111111111 
llllllllll 

V E R S I O N  2.1 54321 0 (NONE) 
(remote c o n t r o l  987654321 0 
ve rs ion  ) 987654321 0 

987654321 0 

0 

The f o l l o w i n g  a re  the  RS-232 p o r t  requirements f o r  a remote r e c e i v i n g  device:  
DATA RATE 300 BAUD 
BITS/CHARACTER 7 
STOP B I T  1 
PARITY EVEN 

MODE FULL DUPLEX f o r  V 2.1; HALF DUPLEX ( rece ive  o n l y )  f o r  
v 1.2 

1. HEC-100 i n i t i a l  cond i t i ons  ( F i g .  6 ) .  
LINE VOLTAGE SWITCH (REAR PANEL) 110 o r  220 (Vac) 
POWER (FRONT PANEL) OFF 
HV (FRONT PANEL) OFF 
POWER CORD UNPLUGGED 

2. Measure c o n t i n u i t y  f rom power-cord ground t o  t h e  HEC-100 chass is  
be fore  connect ing t o  ac power. 

9 



F ig .  6. 
HEC-100 r e a r  panel .  

3. Connect tlP-97 t o  HEC-100 (HP-97, J-14, r e a r  pane l ) .  
4 .  Connect HP-97 t o  charger. 

NOTE: Do n o t  r u n  HP-97 w i t h o u t  charger when i t  i s  connected t o  

HEC-100 
5. HP-97 i n i  ti a1 cond i t i ons .  

POWER O N  
RUN/P ROGRAM PRGM 
FiAN/TRACE MAN 
Enter  t h e  f o l l o w i n g  program i n t o  t h e  HP-97: 
LBL A 
F I X  
DSP 0 

6. 

10 



n 
RCL 1 
PRINT X 
RCL 2 
PRINT X 
RCL 3 
PRINT X 
RCL 4 
PRINT X 
RCL 3 
RCL 4 
- (Subtract ion)  

PRINT X 

f SPACE 
7.  Switch HP-97 from P R G M  t o  R U N .  
8. T u r n  on HEC-100 power. Observe t h a t  during t e s t  transmission the 

HEC-100 readout l i g h t  i s  on, t h a t  the HP-97 prints a val id  t e s t  mes- 
sage, and t h a t  the HEC-100 display shows zeros in the two l e a s t  sig- 
n i f ican t  d i g i t  posi t ions.  

9. Measure between f ront  panel controls  a n d  screws and ground-test point 
f o r  extraneous power supply voltages ( t l 5  V, -12 V, 5 V ) ;  presence of 
voltage indicates  wi ring e r r o r .  

10. If  a low-voltage dc power supply f a i l u r e  appears t o  have occurred, the  
voltages may be measured on the "mother boa rd"  ( a s  indicated on F i g .  
7 ) .  

B. Input Synchronizer Check 
This check t e s t s  synchronizer c i r c u i t  performance. This c i r c u i t  synchro- 

nizes i n p u t  pulses t o  the HEC-100 clock. C5 i s  selected t o  minimize synchro- 
r i z e r  deadtime and prevent loading of an i n p u t  pulse i n t o  adjacent clock 
cycles.  The check v e r i f i e s  t h a t  C5 i s  grea te r  t h a n  the  minimum value necessary 
t o  prevent double pulsing and a l so  t e s t s  TOTALS scaling a n d  timer operation. 

1 .  HEC-100 setup. 

F1 AN U AL / R EC Y C L E  
SELECT EXT. 

TIME ( s )  1 x lo1 
MANUAL 

( f r o n t  panel 
( f r o n t  panel ) 

( r e a r  panel , SW 1 0 )  

11 



2. 

3.  
4. 
5. 

F i g .  7. 
HEC-100 mother board: 1 ow-vol tage dc power supp ly  
t e s t  p o i n t s .  

Los A1 amos/Q-1 RP501 modul e setup. 
P E R I O D I C  PULSE sw. 0.1 MHz 
Connect RP501 " P E R I O D I C  PULSE" BNC t o  HEC-100 "SR I N "  ( J - l 7 ) ( F i g .  6. 
S t a r t  t h e  HEC-100 (depress RESET push b u t t o n ,  then START push b u t t o n ) .  
Observat ions a t  comple t ion  o f  run.  
SCALER DISPLAYED VALUE C OMM E N T S 
TOTALS 1000000 (counts  ) + l o 0  counts  
COUNT TIME 10 (seconds) -- 

C. S c a l e r  Check 

c o u n t  and d i s p l a y .  Reconnect "SR I N "  (5-17) t o  t h e  RP501 "RANDOM PULSE" o u t -  
p u t .  Swi tch t h e  Los Alamos p u l s e r  t o  00 and s t a r t  t h e  HEC-100. Count f o r  a 
s u f f i c i e n t  p e r i o d  o f  t i m e  t o  observe count  accumulat ion i n  - a l l  d i g i t s  o f  t h e  

t h r e e  sca l  ers .  

T h i s  check t e s t s  t h a t  t h e  n i n e  d i g i t s  o f  t h e  TOTALS, R+k, and A s c a l e r s  

12 



[I. Timer Check 
This check t e s t s  t h a t  the HEC-100 TIME s w i t c h e s  properly control t i twr 

operati  o n .  
1 .  

2. 
3 .  

4. 
5. 

Set  the tIEC 100 TINE t o  0 x 1 G "  a n d  press the START push  b u t t o n .  The 

HEC-100 should immediately switch t o  STOP and  the displayed time 
s h o u l d  remain a t  0.  
Set  the HEC-100 TIME t o  1 x 10".  
S t a r t  the HEC-100 and observe t h a t  i t  stops a t  a n d  displays the s e t  
time. 
Repeat f o r  2 x 10" t h r o u g h  9 x 10". 
Repeat for 1 x lo1 , 1 x l o L ,  a n d  1 x 10". 
i f  time al lows) .  

0 2 5 (Check lo4 and 10 se t t i ng  

t .  Gate and  -- Adder Check 
This check tests the HEC-100 coincidence c i r cu i t  consisting o f  the s h i f t -  

r e g i s t e r  gate ,  gate length se l ec to r ,  gate up/down counter, R+A and  A gate ad -  
ders and l a t ches ,  and associated logic .  I t  a l so  provides t z s t i r i g  o f  R+A and A 

scal i n g  and addi t ional t e s t ing  o f  the TOTALS sca le r  , timer, synchroni zer , and 
HP-97 operation. 

HEC-100 coincidence d a t a  are  ult imately reduced t o  the difference between 
the R+A a n d  A sca l e r s .  When the instrument i s  checked with a random ( n o n -  
f i s s ion ing )  source, the difference should be zero fh"h' ( l o )  and any cons is ten t  
o f f s e t  i s  b ias .  For a random source, bias i s  defined as { [ ( R + A ) - A ] / A )  x 100, a 
percentage quantity t h a t  may be posi t ive o r  negative. A properly functioning 
instrument should have a measured bias of  0.01% or  l e s s .  

A Los Alamos developed random pulser7 (module RP501) i s  used in t h i s  
check. Tests have shown t h a t  i t s  e f f e c t  on the HEC-100 d ig i t a l  section closely 
matches the predicted e f f e c t  of  a t rue  randoin source. About  3% r a t e  difference 
between t h e  piilser s e t t i ng  and the TOTALS s ca l e r  will be observed a t  128 kHz 
because o f  the input synchronizer 0.5-1-1s deadtime. 

Enter the HP-97 program referenced i n  t h i s  check and l i s t e d  in Appendix 
A ,  page 33. I t s  purpose i s  t o  expedite a go/no-go decision by reducing the 
d a t a  variance t o  a level l e s s  than  o r  equal t o  + lo .  Ten l i nes  of riurnerical 
d a t a  a r e  pr inted.  

~- 
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1 

L i n e s  1 th rough 5: 
L i n e  6 : 
L ines  7 th rough 9: 

Raw s c a l e r  da ta  [TIME, TOTALS, R+A, A, and (R+A)-A]. 

Gate w i d t h  c a l c u l a t e d  from TIME, TOTALS and A. 
Percentage d e v i a t i o n s  o f  t h e  measured da ta  r a t e s  from 

- - 

a random-pulser-based re fe rence  r a t e  
t e n t h  p e r  c e n t  u n i t s .  

: A Reals v s  Reals-error f i g u r e  expresse 
sigma ( G )  . 
- - L i n e  10 

This  program r e q u i r e s  a minimum coun t  T IME s e t t i n g  o f  1 x 10 2 s .  

1. 
2. HEC-100 setup. 

Change random p u l s e r  s e t t i n g  t o  07 (128 kHz). 

TIME 1 x l o 2  ( f r o n t  pane 

expressed i n  

i n  u n i t s  o f  

GATE a 1-1s ( f r o n t  panel ) 
MANUAL/RECY CLE MANUAL ( f r o n t  panel ) 

3. S t a r t  t h e  HEC-100. When HEC-100 stops, p ress  READOUT t o  p r i n t  t h e  
r e s u l t  (NOTE: T h e  p r i n t o u t  w i l l  n o t  correspond t o  t h e  sample p r i n t -  
o u t  below i f  t h e  Appendix A program i s  n o t  en te red ) .  Acqu i re  and 

- 
- 

p r i n t  severa l  c o u n t i n g  i n t e r v a l s  if t ime  
4. The f o l l o w i n g  i s  a t y p i c a l  example o f  

HP-97 (8-MS g a t e ) .  

P r i n t o u t  
HP-97 

Q u a n t i t y  
____---_I.-- -- -- 

100 COUNT TIME (t,) St lOU 

I l l O W S .  

the r e s u l t s  p r i n t e d  on t h e  

To1 erance/Comment 

d agree w i t h  T I M E  s e t t i n g .  
12441 1 58 
12388376 
12380938 

7438 

( space 1 

(space 1 
8 

0 
0 

-1 
1 

TOTALS ( T I  Should agree w i t h  TOTALS d i s p l a y .  
R+A 
A 

(R+A)-A (R) x + m  

GATE WIDTH ( t  ) 

- 
Should agree w i t h  R+A d i s p l a y .  
Should agree w i t h  A d i s p l a y .  

- 
- 

Should agree w i t h  GATE s e t t i n g .  
9 

0 ? 5 ( t e n t h s  pe r  c e n t )  
0 _+ 10 ( t e n t h s  p e r  c e n t )  
0 ? 10 ( t e n t h s  p e r  c e n t )  
0 

DT* 
"R+A* 
OA* 
DR* ? 3 ( u n i t s  o f  sigma) 

*Refer t o  Appendix A f o r  d e t a i l e d  d e s c r i p t i o n .  
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1 

1 

5 .  Repeat 3 and 4 f o r  t h e  o t h e r  GATE s e t t i n g s .  
i n  p r o p o r t i o n  
should agree w i t h  t h e  GATE s e t t i n g .  

R+A and A should inc rease 
t o  t h e  GATE s e t t i n g ,  and t h e  c a l c u l a t e d  ga te  w i d t h  ( t  1 

9 

F. Predelay Check 
T h i s  check t e s t s  t h e  prede lay  c i r c u i t r y  t h a t  p r o v i d e s  a de lay  between t h e  

R+A s t r o b e  and t h e  R+A gate,  The de lay  i s  necessary t o  p r e v e n t  a m p l i f i e r  dead- 
t i m e  f rom e f f e c t i v e l y  s h o r t e n i n g  t h e  R+A gate.  The prede lay  i s  produced by a 
v a r i a b l e  l e n g t h  (64-stage)  s h i f t  r e g i s t e r  and i s  s e t  by a b inary-coded s w i t c h  
mounted on t h e  s h i f t - r e g i  s t e r  board. Each prede lay  s h i f t - r e g i s t e r  s tage equals  
0.5-ps delay.  There i s  an i n t e r n a l  f i x e d  1-LIS o f f s e t  t h a t  i s  added t o  t h e  
s w i t c h  s e t t i n g .  

The prede lay  i s  measured by p u t t i n g  a p u l s e  p a i r  i n t o  t h e  i n s t r u m e n t  i n -  
p u t ,  observ ing  t h e  appearance o f  counts  i n  t h e  R+A s c a l e r  as t h e  secona p u l s e  
i s  s l o w l y  separated f rom t h e  f i r s t ,  and measuring t h e  t i m e  de lay  between t h e  
two pu lses  i n  c l o c k - c y c l e  (0.5 p s )  increments a t  t h e  synchron izer  o u t p u t  
(TA2, s h i f t - r e g i s t e r  board) .  T h i s  measurement w i l l  be f a c i l i t a t e d  by a l i g n i n g  
t h e  p u l  se l e a d i n g  edge t r a n s i t i o n s  w i t h  t h e  o s c i  11 oscope g r a t i c u l e  1 i n e s .  The 
a c c i d e n t a l  s c a l e r  nay be i g n o r e d  d u r i n g  t h i s  check. 

T o t a l  p rede lay  ( i n  ps) = (sum o f  open s w i t c h  s e t t i n g s )  + 1. 

1. PG508 p u l s e r  setup. 
f40DE OOIJBLE PULSE i de l  ay and undel ay push-button 

swi tches - I N )  
DURATION 0.1 US (CALIBRATED) 
DELAY < 1  11s 
P E R I O D  ( r a t e )  0.1 ms (50% UNCALIBRATED 
OUTPUT ( v o l t s )  +3 t o  +5 v 
Check p u l s e  p a i r  on scope ( F i g .  8). 
Connect t h e  p u l s e r  o u t p u t  t o  HEC-100 "SR I N "  ( J  17) .  

V ERT I C AL 2 V/d iv .  
HORIZONTAL 0.5 t o  2 p s / d i v .  
Connect o s c i l l o s c n p e  probe t o  TA2 ( s h i f t - r e g i s t e r  b o a r d ) ( F i g s .  9 and 
1 0 ) .  

2. SC504 o s c i l l o s c o p e  setup. 
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F i g .  8. 
Predelay check s t e p  1 ; PG508 o u t p u t .  

3. HEC-100 setup. 
T I M E  
MANUAL/RECYCLE MAN U A L 
P REDELAY 

( b )  Slowly  i n c r e a s e  PG508 "DELAY" u n t i l  R+A s c a l e r  j u s t  begins t o  

( c )  The delayed pu lses  should now beg in  t o  f a l l  i n  t h e  t h i r d  0.5-ps 

5. ( a )  Increase t h e  de lay  u n t i l  - a l l  delayed pu lses  f a l l  i n  t h e  t h i r d  o r  

A r b i  t r a r i  1y 1 ong i n i  t i a l  l y  

A1 1 c l  osed ( i n i  t i a1 l y  ) ( s h i  f t - r e y i  s t e r  board)  
4. ( a )  START HEC-100. 

count .  

c y c l e  ( F i g .  1 1 ) .  

f o u r t h  c y c l e  (F ig .  12) .  
( b )  Set  HEC-100 t i m e  t o  1 x 10" s .  
( c )  R e s t a r t  HEC-100 and count  f o r  1 s .  
( d )  Observe t h a t  T o t a l s  = 2(R+A) p r e c i s e l y .  
( e )  T h i s  t e s t s  t h e  1-ps i n t e r n a l  minimum prede lay .  

f 
c 



F i g .  9. 
Predelay check s t e p  2 :  
SC504 connected t o  TA2. 

1 

F i g .  10. 
Predelay check s tep  2 :  synchronizer output a t  m i n i m u m  
predelay; no R+A counts. 

17 
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F i g .  l l .  
Predelay check s t e p  4 ( c ) :  synchronizer output a t  s l i g h t l y  
increased delay; R+A s c a l e r  s t a r t i n g  t o  count. 

F i g .  1 2 .  
Predelay check s tep  5 ( a ) :  synchronizer output w i t h  a l l  
delay pulses i n  th i rd/fourth clock cycle;  R+A count equals 
one-ha1 f t o t a l  s count. 

I 
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6. Repeat s teps 4 and 5, opening t h e  prede lay  swi tches  (0.5 t o  16 us) 
F u r t h e r  i n -  i n  turn and i n c r e a s i n g  t h e  PG508 delay t o  s a t i s f y  4 ( b ) .  

1 

a 

a 

crease t h e  de lay  as was done i n  5 ( a )  and observe t h a t  t h e  c o n d i t i o n  
i n  5 ( d )  i s  met. The i n c r e a s e  i n  de lay  w i l l  be p r e c i s e l y  two c l o c k  
c y c l e s  p e r  microsecond o f  s w i t c h  s e t t i n g .  
Return t h e  prede lay  s w i t c h  s e t t i n g  t o  3.5 ps f o r  a t o t a l  o f  4.5 u s  
o f  p rede lay  ( F i g s .  13 and 1 4 ) .  T h i s  completes t h e  prede lay  check. 

7 .  

G. Acc identa l  Delay Check 
T h i s  check t e s t s  t h e  1024-us de lay  between t h e  R+A and A gate s t r o b e s  

b y  d i r e c t  measurement. The DC503 c o u n t e r / t i m e r  module i s  used f o r  t h e  
measurement and t h e  i n s t r u m e n t  i n p u t  i s  s u p p l i e d  by t h e  PG508 p u l s e r .  - The 
HEC-100 must be c o u n t i n g  d u r i n g  t h i s  t e s t .  

1. PG508 p u l s e r  setup.  
MODE 
PERIOD ( r a t e )  

Undel ayed ( s i  n g l  e pu l  se ) 
20 ms (50 Hz) 

F i g .  13. 
Predelay check s t e p  7 ;  p rede lay  s w i t c h  s e t t i n g  a t  end 
o f  p rede lay  check. 

19 
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20 

F i g .  14. 
Predelay check s t e p  7;  SC504 p resen ta t i on  o f  de lay  pu lse  a t  
4.5 2s and prede l  ay s e t  f o r  4.5 IS.. 

DURATION 10 ps 

OUTPUT ( vo l  t s  +3 t o  +5 v 
Connect p u l s e r  o u t p u t  t o  HEC-100 "SR I N "  (517) .  

FUNCTION T I M  A -f B 
T I M I N G  100 ns 
Ch. A and Ch. B SLOPE + 
Ch. A and Ch. B ATTEN x l  
Ch. A and Ch. B COUPLING DC 
Ch. A and Ch. B SOURCE E XT 
START/STOP START 
Using o s c i l l o s c o p e  probes ( x l  probe, if a v a i l a b l e ) ,  connect Ch. A t o  
TB5 ( s h i f t - r e g i s t e r  board)  and Ch. 8 t o  TB7 ( s h i f t - r e g i s t e r  board) .  

3. START t h e  HEC-100 ( w i t h  a ' ' long"  TIME s e t t i n g ) .  
4. Temporar i ly  sw i t ch  t o  " f req .  A"  on t h e  DC503; f i n d  t h e  minimum (ccw) 

and maximum (cw) A LEVEL s e t t i n g s  a t  which t h e  DC503 p r o p e r l y  counts  
(250 Hz); s e t  A LEVEL midway between these p o i n t s .  Temporar i ly  

2. DC503 coun te r / t imer  setup. 

e 
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1 

3 

I 

d 
3 

a 
a 

3 

s w i t c h  t o  "Per iod  B" on t h e  DC503 and s e t  E LEVEL u s i n g  t h e  same pro-  
cedure (measuring ~ 2 0  ms). Return t h e  DC503 f u n c t i o n  s w i t c h  t o  T I M  
A +  B. 

5. Observe a t i n e  i n t e r v a l  o f  1U24.C k 0.1 us on t h e  DC503. 
T h i s  coi,ipl e t e s  t h e  d i g i t a l  s e c t i o i i  checks. 

I V .  ANALOG SECTION CHECK-OUT AtJD CALIBRATION 

Sevt.ra1 procedures a re  d e t a i l e d  f o r  t e s t i n g ,  ca i b r a t i n g ,  and v e r i  I j i n g  
t h e  operat iov l  o f  t h e  HEC-100 analog s e c t i o n  and t h e  HP-100 p r e a m p l i f i e r  box. 
The major  subsec t ions  and parameters ol' i n t e r e s t  dre 

h i  gh-vol tage power supply  vo l  tage c a l  i b r a t i  on , no i  se , breakdown 

no ise ,  ga in,  pu l se  shap ins  
n o i  se, ga in ,  pu l  se shapi tig 
pu l  se t i m i n g  and v o l t a g e  1 eve1 s 

0 d e t e c t o r s  (6 each) no ise ,  breakdown 

e preamplifiers ( 6  each) 
0 a m p l i f i e r s  ( 6  each) 
e d iscr im ina tor /OR ga te  

The usudl p r a c t i c e  i s  t o  c a l i b r a t e  and check t h e  system as a whole. Changing 
any o f  t h e  above e lenen ts  clay tjecessi t a t e  r e c a l  i b r a t i o n .  

Noise c o n t r o l  i s  o f  pr ime impor tance f o r  p roper  o p e r a t i o n  o f  t h e  i n s t r u -  
ment; no i se  problems have been a major  source o f  i ns t rumen t  downtime. The 
f o l  1 owing types  o f  n o i  se have been encountered: 

0 e lec t romagne t i c  r a d i a t i o n  (RFI, l i n e  t r a n s i e n t s ,  e t c .  ) ;  

0 h i  gh-vol t a g e  breakdown ( f a u l  ty components ) ; 
0 p r i n t e d  c i r c u i t  board  su r face  1 eakage ( d i r t y  boards 
0 ground loops  and power supp ly  no i se .  

humid i t y  , e tc .  ) ; 

The ina jor  sources o f  these problems have been improper  grounding and s h i e l d i n g  
and  f a i l u r e s  i n  m a i n t a i n i n g  board  c lean1 iness .  Several f i g u r e s  i l l u s t r a t i n g  
n o i s e  have been i n c l u d e d  on page 23. 

Because d e t e c t o r  s e n s i t i v i t y  i s  about  l X / V y  h igh -vo l  tage c a l i b r a t i o n  r e -  
q u i r e s  care .  

The f o l l o w i n g  t e s t  equipment (F ig .  15 )  i s  used i n  t h e  analog s e c t i o n  p ro -  
cedure : 

T e k t r o n i  x 
T e k t r o n i  x 
T e k t r o n i x  DM502A DVM module 

Los A1 amos h i  gh-vol tage supply  modul e 

TM506 mai n f  rarne 
SC504 o s c i  11 oscope modul e 
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L A N L  H.V. 
POWER SUPPLY 

DM 5 0 2 A  sc504 

F i g .  15. 
Analog section t e s t  s e t .  

A. Setup and Mechanical Adjustment 
1 .  W i t h  ac power (PWR sw. , f r o n t  panel ) o f f ,  interconnect 3He de tec tor ,  

HP-100 (preamplifier box), a n d  HEC-100 w i t h  supplied cables.  
2. Rotate H V  and DISC V knobs ( f r o n t  panel) t o  m i n i m u m  and observe d ia l  

reading of 0.00. If d ia l  i s  not a t  zero,  loosen the knob(s) s e t  
sc rew(s) ,  s e t  the indicator  t o  0.00, and ret ighten the s e t  screw(s) .  

3. Set  the H V  and DISC V knobs t o  7.50 (1500 V )  and 3.00 (1.5 V ) ,  r e -  
spectively.  Switch POWER t o  ON. Switch SELECT (sw. 10,  rear  panel)  
t o  INT. 

B.  Noise Check 
1 .  Using the SC504 oscil loscope, check each amplifier f r o n t  panel t e s t  

point. Observe t h a t  base-line noise i s  l e s s  than 1 V peak-to-peak 
( F i g s .  16 and 17) .  Noise greater  than 0.5 t o  1 V peak-to-peak i s  
usually a r e s u l t  of loose mounting screws in  the HP-100 preamplifier 
box or  other grounding probl ems. 

C .  Discriminator Calibration 
1 .  Connect the DM502 ( D V M )  between the ( f r o n t  panel) DISC V t e s t  point 

and the ground-test p o i n t .  Observe a reading o f  1.500 V on the DVM. 
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3 
F i g .  16. 

Analog check B: unac- 
ceptable and marginally 
acceptable noise 1 eve1 s . 

a 
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If DVM reading i s  - not 1.500 V ,  do s t e p  2 ;  otherwise, go t o  D. 

ply board, f o r  1.500 V ? 0.001 V a t  the DISC V t e s t  point ( F i g .  18) .  
2. A d j u s t  R1, the forward potentiometer on the HEC-100 high-voltage s u p -  

F i g .  18. 
Discriminator , h i  gh  vol tage , and h i  gh-vol tage t e s t  
point  ca l ibra t ion  potentiometers. 

D. High-Vol tage Power Supply Calibration 
NOTE: Two procedures a re  provided f o r  high-vol tage c a l i b r a t i o n :  Pro-  

cedure 1 uses a neutron source and Procedure 2 does not use a 
neutron source. In addition , Procedure 1 incorporates amp1 i f i e r  
gain ca l ibra t ion  as an integral  par t  of the procedure, whereas 
Procedure 2 requires a separate gain ca l ibra t ion .  Procedure 1 i s 
recommended strongly as  the preferred method (assuming t h a t  a 
source i s  avai 1 ab1 e ) because o f  accuracy. 

r 
b 

c 

r- 

Procedure 1 : 
1 .  Connect Los Alamos high-voltage power supply module t o  H V  IN on 

HP-100 (preamplifier box) and s e t  t o  1500 V .  Switch high-voltage 
module on. 

H i  gh-Vol tage and Amp1 i f i e r  Calibration w i t h  Neutron Source 
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2. P lace (neu t ron )  source i n  d e t e c t o r .  
3. A d j u s t  p o l e  ze ro  po ten t i omete rs  (F ig .  19 )  t o  maximum i n  d i r e c t i o n  

t h a t  g i ves  b i p o l a r  pu l se  a t  a m p l i f i e r  f r o n t  panel t e s t  p o i n t s  
( F i g .  20). 
NOTE: Maximum may be e i t h e r  cw or ccw, depending on t h e  i ns t rumen t .  

4. A d j u s t  each a m p l i f i e r  g a i n  po ten t i omete r  ( a t  m i d s e c t i o n  o f  ana log  
board  ( F i g .  19 )  t o  c e n t e r  t h e  a m p l i f i e r  peak pu lses  a t  6 V ( F i g .  20). 
NOTE: Observe t h e  ampl i tude l e v e l  c a r e f u l l y  as i t  i s  t h e  re fe rence  

L a t e r  models have no p o l e  z e r o  adjustment .  

1 eve1 f o r  h i  gh-vol tage c a l  i b r a t i o n .  

F i g .  19. 
Loca t ion  o f  g a i n  and p o l e  ze ro  adjustment  p o t e n t i -  
ometers ( a m p l i f i e r  board) .  

25 



F ig .  20. 
P roper l y  ad jus ted  a m p l i f i e r  o u t p u t  f r o n t  panel  t e s t  p o i n t  
p r e s e n t a t i o n  on SC504. ( v e r t i c a l  sca le  = 2 v /d i v . )  

5. Swi tch  HEC-100 h i  gh-vol tage sw i t ch  ON, d isconnect  h i  gh-vol  tage cab1 e 
f rom h igh -vo l tage  module, and immediate ly  connect i t  t o  HEC-100 HV 
OUT (SHV, r e a r  panel ) . 

I f  i t  has changed, a d j u s t  R2 on h igh -  
vo l tage  board ( c e n t e r  po ten t iometer ,  F ig .  1 8 )  t o  b r i n g  t h e  l e v e l  back 
t o  6 V .  Switch t h e  h igh -vo l tage  cab le  back and f o r t h  f rom t h e  HEC-100 
h igh-vo l  tage o u t p u t  t o  t h e  Los A1 amos h igh-vo l  tage module o u t p u t  
severa l  t imes, observ ing  an a i n p l i f i e r  t e s t  p o i n t  and a d j u s t i n g  R2 
u n t i l  no g a i n  change i s  seen. F i n a l  h igh -vo l tage  connect ion  shou ld  
be f rom HEC-100 i n t e r n a l  supply.  

7. Connect t h e  DM502A (DVM) t o  HV/1000 and ground- tes t  p o i n t s .  
8. Ad jus t  R3 on h igh -vo l tage  board ( r e a r  po ten t iometer ,  F ig .  18)  t o  g i v e  

a read ing  o f  1.500 V 2 0.001 V on t h e  DVM. 
9. Recheck g a i n  on a l l  a m p l i f i e r  channels and r e a d j u s t  t o  6 V, i f  neces- 

sary.  Base- l ine  no ise  should n o t  exceed 0.5 V peak-to-peak a t  t h i s  
t i m e  (F ig .  17) .  

6. Observe a m p l i f i e r  pu l se  l e v e l .  

i 
c 
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Procedure 2: 
1 .  Turn HEC-100 PWR s w i t c h  ON. 
2. Turn h igh -vo l tage  s w i t c h  OFF. 
3. Connect h igh -vo l tage  c a b l e  f rom Los Alamos h igh -vo l tage  module t o  

High-Vol tage C a l i b r a t i o n  Wi thout  Neutron Source 

HEC-100 HV OUT. 

4. 
5. Connect DM502A (DVM) t o  H V / l O O O  ( f r o n t  pane l )  t e s t  p o i n t  and ground- 

6. A d j u s t  R3, on h igh -vo l tage  board  ( r e a r  po ten t iometer ,  F ig .  18 )  f o r  a 

7. Disconnect  t h e  Los Alamos power supp ly  f rom HEC-100; t u r n  on HEC-100 

8. A d j u s t  R2 [m idd le  po ten t iometer ,  HEC-100 HV board, (F ig .  1813 u n t i l  

Set  Los Alamos h igh -vo l tage  module t o  1500 V and t u r n  on. 

t e s t  p o i n t .  

DVM r e a d i n g  o f  1.500 V ~t: 0.001 V .  

HV. 

DVM aga in  reads 1.500 V ?r 0.001 V .  

- Procedure 3: 
USAGE NOTE: The f o l l o w i n g  procedure i s  n o t  recommended f o r  f i e l d  usage 

a t  t h i s  t ime.  Due t o  d e t e c t o r  ga in  v a r i a t i o n s ,  an abso lu te  system g a i n  c a l i -  
b r a t i o n  i s  n o t  p o s s i b l e  u s i n g  a p u l s e r .  It i s  poss ib le ,  however, t o  match t h e  
g a i n s  o f  t h e  6-channel a m p l i f i e r  board; t h e  ga ins  can then be r a i s e d  o r  lowered 
s imul  taneous ly  by a d j u s t i n g  t h e  h i g h  v o l  tage. Th is  method i s  under i n v e s t i  ga- 
t i o n  f o r  system c a l i b r a t i o n .  

PROCEDURAL NOTE: Th i s  a m p l i f i e r  g a i n  c a l i b r a t i o n  i s  done by i n j e c t i n g  a 
c a l i b r a t e d  charge i n t o  each preamp1 i f i e r  i npu t  w i t h  a ba t te ry-opera ted  pul ser .  
It has been c a l i b r a t e d  t o  p r o v i d e  t h e  a p p r o p r i a t e  i n p u t  f o r  a 6-V a m p l i f i e r  
pu lse .  B a t t e r y  c o n d i t i o n  i s  determined by  o u t p u t  p u l s e  r a t e ;  when t h e  r a t e  
drops t o  ' ~2500  Hz, t h e  b a t t e r y  shou ld  be rep laced.  

1. Turn h igh -vo l  tage s w i t c h  o f f .  
2. Disconnect  s i x  SHV cab les  f r o m  d e t e c t o r s .  
3. Connect s i x  SHV cab les  t o  p u l s e r  box. 
4. Connect o s c i l l o s c o p e  t o  Ch. 1 "ANP" t e s t  p o i n t .  

Amp1 i f i e r  C a l i b r a t i o n  Wi thout  Source 

7 
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5. A d j u s t  g a i n  po ten t i omete r  ( c e n t e r  o f  board  on r i g h t - h a n d  s i d e )  f o r  a 

5 .  Repeat 4 and 5 f o r  Ch. 2 th rough G ,  i i s i ng  t h e  a p p r o p r i a t e  "AHP" t e s t  
6-V Output .  

j ) o i  lit and g a i n  po ten t i omete r  . 

F .  One-Shot and OR Gate Check ___---- - --- - --- ---- - - - ~  
Using e i t h e r  a s w r c e  i n p u t  or t h e  a r i i p l i f i e r  g a i n  c a l i b r a t i o n  pcl lser and 

t h e  SC504 o s c i l  1 oscope , v e r i  fy  t h a t  a 150-ns t r a n s i  s t o r - t r a n s i  s t o r  1 o g i  c (TTL ) 
p u l s e  i s  p resen t  a t  TEST POINTS 1 th rough 7 (F igs .  21 and 22) ,  bottc,ril o f  a!n- 
p l i f i e r  board. TEST POINTS 1 th rough 6 a re  t h e  i n d i v i d u a l  channel one-shots 
and a r e  i n v e r t e d  (TTL) l o g i c ;  TEST P O I N T  7 i s  t he  OR gate o u t p u t  and i s  p o s i -  
t i v e  (TTL) l o g i c .  

T h i s  completes t h e  analog s e c t i o n  c a l i b r a t i o n  and check procedures. 

F ig .  21. 
One s h o t  and/or ga te  p u l s e  p r e s e n t a t i o n  on SC504; amp board  
t e s t  p o i n t s  1 th rough 7. 
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F i g .  22. 

h p l i f i e r  board one s h o t  and/or gate t e s t  p o i n t s .  

V. SYSTEM OPERATIONAL CHECKS 

These checks should be done wllen poss ib le ;  t h e  r e s u l t s  o t h e  t e s t s  should 
be recorded f o r  each system f o r  re fe rence  (and t o  compare p resen t  w i t h  p a s t  
performance 1. 

A. E f f i c i e n c y  Check 
1 .  Fo r  each system, u s i n g  a d e t e c t o r  complete w i t h  end caps/plugs, and 

w i th  HEC-100 GATE a t  32 ps and prede lay  a t  4.5 vs ,  measure: 
a. background t o t a l s  r a t e  (B) (no source p resen t ) ,  

0 

b .  t o t a l s  r a t e  ( u s i n g  2 5 2 C f  source) ,  and 
c .  

0 .  

r e a l s  co inc idence r a t e  (i = (R+A)-A) ( u s i n g  2 5 2 C f  source) .  
0 0 .  

2. Compute R/(T-B) .  Th i s  i s  a system e f f i c i e n c y  measure and i t  should 
be recorded f o r  f u t u r e  re fe rence  and compared w i t h  p rev ious  r e s u l t s  
( i f  any) .  

29 



6. B ias  Check 
For  each system, measure a (known random) AmLi source f o r  a p e r i o d  long 

enough t o  determine system b i a s .  B ias  = R / A  x 100. (For  a 0.01% l e v e l  o f  
b i a s ,  t h e  s t a t i s t i c a l  e r r o r  must be s m a l l e r  t han  0.01% t o  make t h e  determina- 
t i o n  v a l i d .  Th is  r e q u i r e s  a t  l e a s t  1 x l o 9  a c c i d e n t a l  counts . )  Once again,  
r e c o r d  (and compare) t h e  t e s t  r e s u l t s .  

C.  E lect romagnet ic  I n t e r f e r e n c e  (EMI) Check 
Per form an EM1 t e s t  u s i n g  t h e  Los Alamos s u p p l i e d  n o i s e  source o r  o t h e r  

source (Tes la  c o i l ,  e t c . ) .  The t e s t  checks c a b l e  and p r e a m p l i f i e r  s h i e l d i n g  
i n t e g r i t y .  I t  has been u s e f u l  i n  f i n d i n g  f a u l t y  cables,  anod iz ing  on connector  
ho les,  e t c .  B a s i c a l l y ,  t h e  t e s t  c o n s i s t s  o f  a t t e m p t i n g  t o  induce spur ious  
counts  i n  t h e  ins t rument  by g e n e r a t i n g  h i g h  l e v e l s  o f  t r a n s i e n t  (EM) f i e l d  
around t h e  inst rument ,  p a r t i c u l a r l y  around t h e  d e t e c t o r / p r e a m p l i f i e r  box as-  
sembly and t h e  assoc ia ted  cables.  A t  present ,  o n l y  comparat ive t e s t s  w i l l  

produce meaningfu l  r e s u l t s ,  and r e l a t i v e l y  g r e a t  t o l e r a n c e  must be used i n  i n -  
t e r p r e t i n g  t h e  r e s u l t s .  To per fo rm t h e  t e s t ,  s t a r t  t h e  HEC-100; move t h e  
"no i se "  source a long each d e t e c t o r  c a b l e  a t  a c l o s e  d i s t a n c e  (qui cm) w h i l e  
observ ing  a t o t a l s  s c a l e r .  I gno re  b o t h  R+A and A s c a l e r s  d u r i n g  t h i s  t e s t .  
D i f fe rences  i n  induced r a t e ,  channel  t o  channel, o f  l e s s  t h a n  10 t o  1 shou ld  
be ignored, p a r t i c u l a r l y  i f  n o t  repeatab le .  I f  l a r g e  ( r e p e a t a b l e )  d i f f e r e n c e s  
a re  observed, s u b s t i t u t e  another  cable,  component, o r  HP-100 p r e a m p l i f i e r  box 
i n  an a t tempt  t o  i s o l a t e  t h e  problem. The preceding t e s t  procedure i s  an ex- 
ample; t h e  t e c h n i c i a n  may dev ise  a l t e r n a t i v e  procedures t h a t  produce u s e f u l  
r e s u l t s .  I t  should be emphasized t h a t  t h e  r e s u l t s  o f  these procedures can be 
and o f t e n  a re  ambiguous. P r a c t i c e  w i l l  improve t h e  t e c h n i c i a n ' s  a b i l i t y  t o  
determine whether t h e  r e s u l t s  i n d i c a t e  a r e a l  problem and t o  determine t h e  ap- 
p r o p r i a t e  c o r r e c t i v e  a c t i o n .  
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APPENDIX A 

RP501 GATE AND AODER TEST PROGRAM 

13 

a 

J 
9 
i 
J 

J 
1 

T h i s  program, i n  c o n j u n c t i o n  w i t h  t h e  RP501 random p u l s e r ,  p r o v i d e s  a 
method f o r  r a p i d  t e s t i n g  o f  t h e  TOTALS, R+A, and A count ing ,  and t h e  readout  
c i r c u i t r y .  To e l i m i n a t e  t h e  need t o  i n t e r p r e t  c o u n t i n g  s t a t i s t i c s ,  t h e  m i n i -  

2 mum recommended c o u n t i n g  t i m e  i s  1 x 10 s .  
A t  a thunbswi tch s e t t i n g  o f  07 (128 k H z ) ,  t h e  RP501 should count  

124461 t l a  TOTALS counts/s  i n  a p r o p e r l y  o p e r a t i n g  HEC-100. T h i s  r e f e r -  
ence c o n s t a n t  ( M )  i s  a l ready  s t o r e d  i n  t h e  program. Measured da ta  a r e  com- 
pared w i t h  da ta  t h a t  a r e  c a l c u l a t e d  u s i n g  t h i s  re fe rence.  

Shown below i s  an example o f  a p r i n t o u t  f rom t h i s  program. 

HP-97 P r i n t o u t  Q u a n t i t y  

100. *** tc = count  t i m e  
124411 58. *** T = TOTALS s c a l e r  count  
12388376. *** R+A = REALS + ACCIDENTALS s c a l e r  c o u n t  
12380938. *** A = ACCIDENTALS s c a l e r  count  

7438. *** R = (R+A) - A 

2 8. *** t = ( A t c / T  ) x l o 6 ;  c a l c u l a t e d  GATE WIDTH i n  m i c r o -  
9 

seconds 

= 1 OOO[ (T /M)  -1 3 ; f r a c t i o n a l  T d e v i a t i o n  expressed i n 

2 = 1000{[(R+A)/M t ( s ) ] - l } ;  f r a c t i o n a l  R+A dev i  a- 
t i o n  expressed i n  0.1% u n i t s  

= 1000{[A/M2t (s ) ] -1  I ;  f r a c t i o n a l  A d e v i a t i o n  expressed 
i n  0.1% u n i t s  

= R/\C-fractional e r r o r  i n  R expressed i n  1-a 

DT 0. *** 
0.1% u n i t s  

R+A 9 
0. *** 

DA 9 
-1. *** 

1 .  *** DR 
u n i t s  

Normal ly ,  t h e  l a s t  f o u r  l i n e s  o f  t h e  p r i n t o u t  a r e  s u f f i c i e n t  t o  determine 
The l a s t  f o u r  numbers o f  t h e  p r i n t o u t  i f  t h e  c o u n t e r  i s  f u n c t i o n i n g  p r o p e r l y .  

shou ld  be 0 o r  w i t h i n  t h e  f o l l o w i n g  t o l e r a n c e s :  
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These to1  erances were determined e m p i r i c a l l y  f rom exper ience and are  necessary 
t o  a l l o w  f o r  t h e  i n f l u e n c e  o f  c a p a c i t o r  C5 on t h e  d i g i t a l  deadtime. I f  DT, 

and DA a re  c o n s i s t e n t l y  o u t s i d e  o f  t o le rance ,  check c a p a c i t o r  C5 on 
t h e  s h i f t - r e g i s t e r  board f i r s t ;  i t  should have a va lue  o f  68 t o  120 pF. An 
i n t e g r a t e d  c i r c u i t  (7E) on t h e  same board should be a Texas Ins t rument  74LS74. 

I f  DR i s  c o n s i s t e n t l y  o u t s i d e  of  to le rance,  check DA and t o r  

D ~ + ~ ,  

9’ 
t o  determine whether t h e  R+A o r  t h e  A s c a l e r  i s  coun t ing  i n c o r r e c t l y .  D ~ + ~  9 

Program L i s t i n g  -- GATE and ADDER Tes t  

001 *LBLA 21 11 Reference cons tan t  (M) 
002 1 01 
003 2 02 
004 4 04 
005 4 04 
006 6 06 
00 7 1 01 
008 ST07 35 07 
009 FIX -1 1 F i x  d i s p l a y  t o  show i n t e g e r s  o n l y  

S tored  i n  R-7  -- 

01 0 DSPO -63 00 
01 1 RCLl 
01 2 PRTX 
01 3 RCL 2 
01 4 PRTX 
01 5 RCL3 
01 6 P RTX 

01 7 RCL4 
01 8 PRTX 

34 

36 01 
-1 4 

36 02 
-1 4 

36 03 
-1 4 

36 04 
-1 4 

P r i n t o u t  o f  raw data  

tC 

T 

R+A 

A 

i 

G 
c 
c 
L 
c 
c 

il 

c 
c 



d 

1 

3 
3 
3 
3 

024 
025 
02s 
027 
028 
029 

030 
rj :3 I 

RCL4 
RCLl 

X 

RCL2 
2 

X 

- 

EEX 

36 04 
36 01 

-35 
36 02 

5 3  
- 24 
-23 

36 
032 X -3 5 
033 P RTX -1 4 
034 K N D  16 25 
035 E EX -23 
0 36 CHS -22 
037 6 06 

u 38 X -35 
039 ST08 35 03 

Cal ciil a t e  G A T E  w i d t h  

2 G t (ps) = A t , / T  x 10 9 \r 

Print t i n  microseconds 
5 

Round o f f  

Convert t 
Store  i t  i n  I?-E 

t o  seconds, t i l d t  i s ,  tg ( s )  
9 
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Cal c u 1 a t e  D R+A = {[(R+A)/M 2 tg (S  )]-I 1 054 RCL 3 36 03 
055 RCL 9 36 09 
0 56 GSBB 23 12 

057 RCL4 36 04 Ca lcu la te  DA = {[A/M2tg(s 11-1 1 
058 RCL9 36 09 
059 GSBB 23 12 

expressed i n  0.1% u n i t s  (R+A)- - P r i n t  D 

P r i n t  D, expressed i n  0.1% u n i t s  
060 RCL3 36 03 
061 RCL4 36 04 Cal c u l  a te  
062 - -45 
063 RCL3 36 03 
0 64 RCL4 36 04 
06 5 + -55 
066 fF 54 

-2 4 067 
068 RCLl 36 01 
069 tT 54 

- 

070 X -35 
071 RND 16 24 
07 2 PRTX -1 4 
073 SPC 16-1 1 
074 SPC 16-1 1 
075 R/S 51 

P r i n t  DR expressed i n  1-0 u n i t s  

076 *LBLB 
077 
078 1 
079 0 
080 0 
08 1 0 
082 X 

083 1 
084 0 
085 0 

- 

36 

~ ~ ~~~~~ ~~~ ~~ 

21 12 
-24 

01 
00 and p r i n t  
00 
00 

-35 
01 
00 
00 

Convert  r a t i o s  of x and y t o  0.1% increments 

F 

5 
1 
G 
1 
6 
cs 

c 

E 
c 



1 

i 

J 
1 

1 

086 0 00 
087 - -45 
088 R N D  16 24 
089 PRTX -1 4 
090 RTN 24 
091 R/8 51 

Switch ca lcu la tor  back t o  Run  a f t e r  entering Program. Then record program on 
card f o r  fu ture  use. 
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APPENDIX B 

NEW I - K  PROM FOR COINCIDENCE COUNTER ELECTRONICS PACKAGE 

T h i s  document was produced by J. E. Swansen i n  c o n j u n c t i o n  w i t h  a new 1-K  
PROM t h a t  o f f e r s  t h e  opera to r  o f  t h e  HLNCC t h e  c a p a b i l i t y  o f  c o n t r o l l i n g  t h e  
i ns t rumen t  by computer i n  a d d i t i o n  t o  the  p r e v i o u s l y  used c o n t r o l  methods, 
which were s imple manual and r e c y c l i n g  c o n t r o l  modes. 
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A NEW 1-k PROM FOR THE C O I K C I D E N C E  COUMTER ELECTRONICS PACKAGE 

by 

J. E. Swansen 

AB STPACT 

A new programmable read-on ly  memory (PROM) f o r  t h e  Los 
Alamos-designed neu t ron  co inc idence e l e c t r o n i c s  package i s  
descr ibed.  The new 1-k PROM a l l o w s  remote c o n t r o l  o f  t h e  
e l e c t r o n i c s  by a computer o r  a remote te rm ina l  th rough an 
PS-232 s e r i a l  da ta  p o r t .  No m o d i f i c a t i o n s  o f  t h e  e x i s t i n g  
u n i t  a re  requ i red .  

I .  INTF.@OUCTION 

The p o r t a b l e  h i g h - l e v e l  neu t ron  co inc idence coun te r  (HLNCC), t h e  a c t i v e  
w e l l  co inc idence  coun te r  (AWCC), and a v a r i e t y  o f  i n - p l a n t  neu t ron  coun te rs  
have been accepted as use fu l  t o o l s  f o r  t he  nondes t ruc t i ve  assay o f  f i s s i o n a b l e  
m a t e r i a l s .  The e l e c t r o n i c s  package used t o  opera te  these d e t e c t o r s  c o n s i s t s  
o f  a h igh -vo l tage  power supply,  s i x  a m p l i f i e r s ,  a s h i f t - r e g i s t e r  co inc idence 
c i r c u i t ,  and f o u r  sca le rs .  Th i s  package was designed a t  Los Alamos Na t iona l  
Labora tory  and i s  commerc ia l l y  a v a i l a b l e  th rough IRT Corpora t ion ,  San Diego, 
C a l i f o r n i a .  

Al though t h e  e l e c t r o n i c s  package was o r i g i n a l l y  designed as a stand-alone 
ins t rumen t  w i t h  o n l y  a f ron t -pane l  d i s p l a y ,  m o d i f i c a t i o n s  were added a f t e r  
severa l  users  showed i n t e r e s t  i n  c o n t r o l l i n g  t h e  i ns t rumen t  remote ly .  The i n -  
s t rument  was f i r s t  m o d i f i e d  t o  send da ta  t o  a Hew le t t  Packard HP-97 program- 
mable c a l c u l a t o r  f o r  l o c a l  da ta  p rocess ing .  Th is  m o d i f i c a t i o n  was implemented 
by i n t e r f a c i n g  a smal l  Mo to ro la  F1C6800 mic roprocessor  system t o  t h e  e x i s t i n g  
hardware. I n  a d d i t i o n  t o  p r o v i d i n g  da ta  readout  c a p a b i l i t y ,  t h i s  i n t e r f a c e  a l -  
lows processor  c o n t r o l  o f  t h e  b a s i c  hardware f u n c t i o n s :  s t a r t ,  s top ,  and r e -  
se t .  A r e c y c l e  mode was added, and an RS-232 s e r i a l  da ta  p o r t  was a l s o  
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prnv ided  f o r  a u x i l i a r y  da ta  output.. Pc th  o f  t.hese fea tu res  a r e  under t h e  con- 
t r o l  o f  t he  V C W X  sof tware .  \!hen o r i g i n a l l y  implemented, t h e  ES-232 p o r t  was 

s e t  ~ ! p  c n l v  t o  o u t . p u t  data,  b u t  hardware was p rov ided  so  t h a t  t h i s  p o r t  c o u l d  
l a t e r  be used t o  i n p u t  da ta .  The new 1-k  programmable read-on ly  memory (PROM) 

descr ibed i n  t h i s  r e p o r t  takes  advantage o f  t h i s  p r o v i s i o n .  Remote c o n t r o l  i s  
acconp l ished by i n p u t t i n g  A S C l l  command cha rac te rs  and o u t p u t t i n g  da ta  th rough 
t h e  PS-?72 p o r t .  Revote c o n t r o l  i s  p o s s i h l e  f rom any RS-232-compatible dev ice ,  
such as a s tand-a lone da ta  te rm ina l  c r  a computer t h a t  has been con f igu red  t o  
accept a second t e r m i n a l .  

Sec t i on  I 1  o f  t h i s  repor t .  p rov ides  a b r i e f  d e s c r i p t i o n  o f  t h e  f ron t -pane l ,  
ccmputer, and t e m i n a l  c o n t r o l  modes. The computer and t e r m i n a l  c o n t r o l  modes 
a re  desc r ibed  more f u l l y  i n  Secs. 111 and IV. I n s t a l l a t i o n  o f  t h e  new PROM and 
a d d i t i o n a l  de t .a i l s  on i t . s  use arc! o i ven  i n  Appendix A. Appendix R shows a f l o w  
c h a r t  o f  t1.e mic roprocessor  program, and Appendix C prov ides  an assembly l a n -  
q u a y  l i s t i n g .  Appendix P 1 i s t . s  a FCPTPAII-cPllable d r i v e r  and a FORTPAN t e s t  
prooram t o  i l l u s t r a t e  operat.ion o f  t he  new PPOV under computer c o n t r o l .  

11. PFIEF PESCPIFTIOI' PF TPE HFV PPEPATIRC P'CPES 

A. Front-Panel  Cont ro l  Fode 

Th is  mode i s  t h e  d e f a u l t  mode when the  power i s  t u rned  on. The f r o n t -  
Dane1 c o n t r o l  vode opera tes  i n  a s i m i l a r  manner as i t  d i d  w i t h  t h e  p rev ious  
PFPP, w i t h  m ino r  except ions  as no ted  i n  Appendix A .  The f r o n t  panel c o n t r o l s  
the  o p e r a t i o n  o f  t h e  coun te r .  Readout i s  d i r e c t e d  t o  b o t h  t h e  HP-97 c a l c u l a t o r  
and t h e  PS-232 s e r i a l  p o r t .  The ins t rumen t  must be i n  t h e  f ron t -pane l  c o n t r o l  
mode t o  e n t e r  e i t h e r  t b e  computer c o n t r o l  mode o r  t h e  t e n n i n a l  c o n t r o l  mode. 
Whi le becoming f a m i l i a r  w i t h  t b e  new PROF', t h e  use r  can always r e t u r n  t o  f r o n t -  
panel  c o n t r o l  hy p r e s s i n g  t h e  r e s t a r t  push b u t t o n  on t h e  r e a r  panel  o r  by t u r n -  
i n g  t h e  power o f f  momentar i l y .  

B .  Computer Cont ro l  Mode 
Tb is  mode a l l o w s  remote c o n t r o l  o f  t h e  e l e c t r o n i c s  package th rough t h e  

PS-;3? s e r i a l  p o r t .  The s e r i a l  p o r t  setup i s  descr ibed i n  Appendix A. The 
f o l l o w i n g  f u n c t i o n s  may be c o n t r o l l e d  remote ly .  
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S - S t a r t  
H - S t o p  ( h a l t )  
Z - Clear s c a l e r s  and timer 
R - Readout data t o  computer 
P - Readout t o  HP-97 ca lcu la tor  
X - Request s t a t u s  
1 - Set  s t a t u s  i n t e r r u p t  f l a g  ( I  f l a g )  
F - Return t o  front-panel cont ro l .  

The control funct ions a r e  achieved by t ransmit t ing the appropriate  command 
from the computer t o  the e lec t ronics  package. Computer control i s  designed f o r  
ease of control from tbe remote colnputer. The e lec t ronics  package may be op- 
erated i n  a passive mode where information i s  returned t o  tbe computer only 
when requested or i n  a pseudo-interrupt mode where a f l a g  ( I  f l a g )  s igna ls  the 
computer when there i s  a change i n  s t a t u s .  Comands from the  computer a r e  n o t  
echoed back t o  the  computer. All data  sen t  t o  the computer a r e  terrliinated by 
a car r iage  r e t u r n / l i n e  feed ( C R L F ) .  

C .  Terminal Control Mode 
This mode allows a terminal t o  function as  a remote f r o n t  panel f o r  tlle 

e lec t ronics  package. The terminal control  mode operates  s imi la r ly  t o  tlte com- 
puter  control mode b u t  provides more information t o  tt-e operator. Commands t o  
the  e lec t ronics  package a r e  the same a s  l i s t e d  above f o r  the computer control  
mode, b u t  a r e  a l l  ASCII control charac te rs  ( t h e  C T R L  key and l e t t e r  key a r e  
depressed simultaneously). Commands echoed back t o  the  terminal a r e  preceded 
by T and followed by CRLF.  Invalid control characters  a r e  echoed in  the same 
manner, b u t  a r e  followed hy a question mark and b e l l .  All ASCII pr in t ing  
characters  a re  echoed a s  i s ,  allowing the operator t o  type i d e n t i f i c a t i o n  o r  
o ther  t e x t  on the  terminal witkout inadvertent ly  i n t e r f e r i n g  with operation of 
the  e lec t ronics  package. 

I1 I. OPERATING IHSTRUCTICb!S F C R  COKPUTEP CONTPOL MOOE 

To e n t e r  the  computer control mode, t rans l r i t  A from the  computer while i n  
The e lec t ronics  package will respond by returning t o  the 

This i s  followed by an 8-character s t a t u s  
t h e  front-panel mode. 
computer: C R L F  version niirnber C R L F .  
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word CRLF (see Sec. V ) .  
l o w i n g  commands f r o r  t h e  computer. 

The e l e c t r o n i c s  package then w a i t s  f o r  one o f  t h e  f o l -  

S - S t a r t  

H - Stop ( h a l t )  
Z - C lea r  s c a l e r s  and t i m e r  
R - Peadout da ta  t o  computer 
P - Peadout da ta  t o  HP-97 c a l c u l a t o r  
X - Pequest s t a t u s  
I - Set s t a t u s  i n t e r r u p t  f l a g  ( I  f l a g )  
F - Return  t o  f r o n t - p a n e l  c o n t r o l  

A l l  o t h e r  i n p u t s  a re  ignored.  Also,  t h e  e l e c t r o n i c s  package w i l l  n o t  echo 
command cba rac te rs  hack t o  t b e  computer w h i l e  i n  t h e  computer c o n t r o l  mode. 
Upon r e c e i v i n g  one o f  t h e  above commands, t h e  e l e c t r o n i c s  package w i l l  execute 
i t  w i t h  t h e  f o l l o w i n g  c o n f i i t i c n s .  

( 1 )  The I command a l l ows  t h e  computer t o  be adv ised o f  changes i n  s ta tus .  
\*/hen t h e  I f l a g  i s  se t ,  t h e  n e x t  s t a t u s  change causes t h e  e l e c t r o n i c s  
package t o  send a s i n g l e  c h a r a c t e r  w i t h  CPLF t o  t h e  computer. Th i s  
c h a r a c t e r  has a numerical  va lue  between 0 and 8, r e p r e s e n t i n g  t h e  
s t a t u s  b i t  t h a t  has changed. A numerical  va lue  o f  0 i n d i c a t e s  no 
s t a t u s  change; i t  i s  t r a n s m i t t e d  o n l y  a f t e r  an HP-97 c a l c u l a t o r  read- 
o u t .  The o t h e r  s t a t u s  va lues  a r e  d e f i n e d  i n  Sec. V .  Normal ly ,  t h e  I 
command would be used o n l y  b e f o r e  a t imeou t  o r  a da ta  readout  t o  t h e  
HP-97 c a l c u l a t o r .  The I f l a g  i s  c l e a r e d  a f t e r  a s t a t u s  change. The 
I comffand must be sen t  aga in  b e f o r e  t h e  n e x t  d e s i r e d  s t a t u s  change. 

( ? )  I f  the  e l e c t r o n i c s  packaoe had p r e v i o u s l y  t imed  o u t ,  i t  must be r e s e t  
( 7 )  b e f o r e  i t  can b e  r e s t a r t e d  ( S ) .  

( 3 )  Feadobt conmanrls R and P a r e  operah le  o n l y  when t h e  s c a l e r s  a r e  

(4) The F conmand a l l ows  t h e  computer t o  r e t u r n  c o n t r o l  t o  t h e  f r o n t  

Four types  o f  da ta  a re  sen t  t o  t h e  computer: 
( 1 )  Vers ion  number: CRLF V 2.1 l ?  Dec 80 CPLF (19  c h a r a c t e r s ) .  Th i s  O C -  

s topped; o the rw ise ,  they  a r e  ignored.  

pane l .  

c u r s  o n l y  once upon e n t e r i n g  t h e  computer c o n t r o l  mode. 
( 2 )  I f l a g  response: a s i n g l e  A S C I I  d i g i t  0 th rough 8 CRLF (3 charac-  

t e r s ) .  Th i s  occurs  o n l y  i f  the  I f l a g  has been s e t  and t h e r e  i s  a 
s t a t u s  change. 
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( 3 )  Sta tus  word: xxxxxxxx CRLF (10  c h a r a c t e r s ) .  (See Sec. V f o r  d e t a i l e d  
d e s c r i p t i o n . )  Th i s  s t a t u s  word i s  sen t  t o  t h e  computer under t h e  f o l -  
1 owing condi  ti ons. 
( a )  Immediately a f t e r  v e r s i o n  number upon e n t e r i n g  computer c o n t r o l  

( b )  When requested by t h e  X command. 
mode. 

( 4 )  Data S t r i n g :  t ime ,  t o t a l s ,  P+A, A CRLF (57 c h a r a c t e r s ) .  Data a r e  a l l  
numeric o r  space cha rac te rs .  Th i s  da ta  s t r i n g  i s  sen t  t o  t h e  computer 
i f  an R readou t  command has been rece ived  by t h e  e l e c t r o n i c s  package 
when i t  i s  stopped. Note t h a t  (P+A)-A i s  n o t  sen t  i n  t h e  computer 
c o n t r o l  mode. 

The fo rmat  f o r  these f o u r  t ypes  of  da ta  i s  g i ven  i n  Table I. 

TABLE I 

DATA FORMAT FOR COMPUTER CONTROL MODE3 

Data Type 

Vers ion  Number: 
CRLF V-2.1-12-DEC-80 CPLF 

I F l a g :  
x CRLF 

S t a t u s  Word: 
xxxxxxxx CRLF 

x = any va lue  0 th rough 8 

x = l o r C  

To ta l  Character ’  Count 

Data Readout:’ 
X X X - X X X - - - X - X X X - X X X - X X X - - - X - X X X - X X X - X X X - - - X - X X X - X X X - X X X  CRLF 

Y+-- 
T i  me T o t a l s  R+A A 

19 

3 

10 

57 

ax denotes a numeric c h a r a c t e r ;  - denotes a space cha rac te r .  
bLeading zeroes a r e  rep laced  by spaces. 
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I V .  OPERATING Ib!STRUCTIONS FOR TERMINAL CCNTROL FIODE 

The te rm ina l  c o n t r o l  node i s  used f o r  remote ly  c o n t r o l l i n g  t h e  e l e c t r o n i c s  
package f rom a te rm ina l  on l y .  It d i f f e r s  f rom t h e  computer c o n t r o l  mode i n  

t h a t  t h e  c o n t r o l  cha rac te rs  a r e  used as commands f rom t h e  te rm ina l  t o  t h e  
e l e c t r o n i c s .  

To e n t e r  t h e  te rm ina l  c o n t r o l  mode, type  CTRL T on t h e  keyboard w h i l e  i n  
t h e  f r o n t - p a w l  mode. The e l e c t r o n i c s  package responds by r e t u r n i n g  CRLF V 
2.1 12  Dec 80 CRLF and an 8 - c h a r a c t ~ r  s t a t u s  word CFLF. The e l e c t r o n i c s  pack- 
age then  w a i t s  f o r  one o f  t h e  f o l l o w i n g  i n p u t  commands f rom t h e  t e r m i n a l .  

CTFL S - S t a r t  
CTPL H - Stop (ha1 t ) 
CTPL Z - C lear  sca le rs ,  t imer ,  and f a u l t  c o n d i t i o n  
CTPL P - Peadout da ta  t o  te rm ina l  
CTRL P - Readout da ta  t o  HP-97 c a l c u l a t o r  
CTRL X - Request s t a t u s  
CTRL F - Return t o  f ron t -pane l  c o n t r o l  
CTRL I - Set s t a t u s  i n t e r r u p t  f l a g  ( I  f l a g )  

V a l i d  commands a r e  echoed preceded by T and f o l l o w e d  by CRLF. I n v a l i d  
c o n t r o l  cha rac te rs  a re  echoed i n  t h e  same manner, b u t  a r e  f o l l o w e d  by a ques- 
t i o n  mark and b e l l .  P r i n t i n g  cha rac te rs  do n o t  a f f e c t  o p e r a t i o n  o f  t h e  e l e c -  
t r o n i c s  nackage, a l l o w i n g  t y p i n g  o f  headings o r  o t h e r  t e x t  on t h e  t e r m i n a l .  

ecu te  i t  w i t h  t h e  f o l l o w i n g  c o n d i t i o n s .  
Upon r e c e i v i n g  one o f  t h e  above commands, t h e  e l e c t r o n i c s  package w i l l  ex-  

(1 The opera to r  may be adv ised o f  changes i n  s t a t u s ,  i f  des i red ,  by s e t -  
t i n g  t h e  s t a t u s  i n t e r r u p t  f l a g  (CTRL I) b e f o r e  any a n t i c i p a t e d  s t a t u s  
change, such as comp le t i on  o f  coun t  t ime  o r  c a l c u l a t o r  readout .  
(These two opera t i ons  r e q u i r e  t ime  t o  complete;  i f  t h e  te rm ina l  i s  

l o c a t e d  some d i s t a n c e  away, t h e  opera to r  w i l l  know when t o  con t inue . )  
When t h e  I f l a g  i s  se t ,  t h e  n e x t  s t a t u s  change causes t h e  s t a t u s  cha r -  
a c t e r  t o  he p r i n t e d  on t h e  te rm ina l  and t h e  I f l a g  t o  be c lea red .  
See Sec. 111, i t e m  (11, f o r  a d d i t i o n a l  d e t a i l s  on t h e  I command. 

( 2 )  If t h e  s c a l e r s  had p r e v i o u s l y  t imed ou t ,  t h e  e l e c t r o n i c s  package must 
be r e s e t  (CTRL Z )  b e f o r e  i t  can be s t a r t e d  (CTRL SI. I f  stopped f o r  
any o t h e r  reason i t  may be r e s t a r t e d  w i t h  a CTRL S. 

6 



(3) Readout commands CTRL R and CTRL P a r e  operab le  o n l y  when t h e  e l e c -  
t r o n i c s  package i s  stopped. 

( 4 )  The command CTRL F causes t h e  te rm ina l  t o  r e t u r n  c o n t r o l  t o  t h e  f r o n t  

panel  o f  t h e  e l e c t r o n i c s  package. 
( 5 )  The command CTRL R causes da ta  t o  be p r i n t e d  on t h e  te rm ina l  i n  t h e  

f o l l o w i n g  fo rmat .  

Leading zeros  a r e  suppressed and d i g i t s  a r e  separa ted  i n t o  groups o f  
t h r e e  by spaces f o r  ease i n  read ing .  

Time, t o t a l s ,  R+A, A, (R+A)-A 

V. STATUS WORD DESCRIPTION 

The s t a t u s  word may be requested  by t h e  X command a t  any t ime  except  
d u r i n g  readout .  It i s  an 8 -cha rac te r  word, each c h a r a c t e r  b e i n g  e i t h e r  an  
ASCII 1 o r  0. Each c h a r a c t e r ' s  p o s i t i o n  (1-8, read ing  f rom l e f t  t o  r i g h t )  
w i t h i n  t h e  word de termines  i t s  f u n c t i o n ,  as shown i n  Table 11. The s t a t u s  
word i s  t e rm ina ted  by CRLF. 

TABLE I 1  

STATUS WCRC DEFINITIONS 

Charac ter  P o s i t i o n a  and Func t ion  

1 - Run/stop 
2 - Time o u t  

3 - F a u l t  
4 - Stop push b u t t o n  
E - Reset push b u t t o n  
6 - S t a r t  push b u t t o n  
7 - Manua l / recyc le  s w i t c h  
8 - Readout push b u t t o n  

S ta tus  

1 = stopped, C = c o u n t i n g  
1 = coun t  te rm ina ted  by t ime  o u t  

1 = f a u l t  c o n d i t i o n  s e t  
1 = b u t t o n  i s  depressed 

1 = b u t t o n  i s  depressed 
1 = h u t t o n  i s  depressed 
1 = manual, 0 = r e c y c l e  
1 = b u t t o n  i s  depressed 

aCharac ter  p o s i t i o n  w i t h i n  word (1234567C CPLF). 
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APPENDIX A 

INSTALLATION AND ADDITIONAL DETAILS ON USE OF THE NEW PROF! 

I .  INSTALLATION 

T h i s  o p e r a t i o n  r e q u i r e s  no m o d i f i c a t i o n  o f  t h e  e x i s t i n g  c i r c u i t  board. 

( 1 )  Remove ac power c o r d  f rom ins t rumen t .  
( 2 )  Remove t o p  cover.  
( 3 )  Remove screw f rom clamp a t  r e a r  o f  p r i n t e d  c i r c u i t  board  assembly on 

r i g h t  s ide ,  t hen  swing clamp back o u t  o f  t h e  way. 
( 4 )  Remove p l a s t i c  p i n  f rom h inge assembly. 
( 5 )  P i v o t  board  assembly t o  u p r i g h t  p o s i t i o n  and r e i n s t a l l  p l a s t i c  p i n  

t o  h o l d  boards i n  t h i s  p o s i t i o n .  
( 6 )  Remove k n u r l e d  screw and spacer on each s i d e  o f  board  assembly. 

( 7 )  Unplug mic roprocessor  board  ( r e a r  board o f  t h r e e )  f rom i t s  con- 

( 8 )  C a r e f u l l y  remove o l d  PRON ( l o c a t e d  d i r e c t l y  under TP1 a t  t o p  o f  
board)  and p l a c e  i t  i n  p r o t e c t i v e  foam. 

( 9 )  Locate p i n  1 o f  new PROM and p l u g  i t  i n  w i t h  p i n  1 nea res t  C1 on the  
board.  V e r i f y  t h a t  a l l  p i n s  e n t e r  t h e  socket  p r o p e r l y .  

(10 )  Fo r  reassembly, f o l l o w  s teps  1-7 i n  reve rse  o rde r .  Use ca re  when 
p l u g g i n g  i n  t h e  mic roprocessor  board t o  p reven t  damage t o  t h e  connec- 
t o r .  I f  foam pack ing  m a t e r i a l  i s  p rov ided,  r e i n s t a l l  i t  a t  t h e  end 
o f  t h e  p r i n t e d  c i r c u i t  board  assembly. 

A f t e r  i n s t a l l i n g  t h e  PPOF", v e r i f y  i t s  o p e r a t i o n  w i t h  t h e  f o l l o w i n g  p ro -  

Save pack ing  m a t e r i a l ,  i f  any. 

nec to r .  

cedure. 
( 1 )  Connect HP-37 and charger .  
( 2 )  When t h e  power i s  t u r n e d  on, t h e  readou t  l i g h t  w i l l  t u rn  on and t h e  

f o l l o w i n g  t e s t  message w i l l  be loaded i n t o  t h e  HP-97 s to rage  r e g i s -  
t e r s  Pl-R4. 

R1 = 543210 = t ime 

R2 = 9876543710 = t o t a l s  
R3 = 9876543210 = R+A 
R4 = 9876543710 = A 

The readout  l i g h t  w i l l  then  t u r n  o f f .  Ignore  t h e  ERROR message d i sp layed  
on t h e  HP-97 c a l c u l a t o r .  

9 
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I I .  CIFFEREblCE BET\!EEN C L C  AHC tIEl.1 PROF<: FECNT-Pkt!EL CONTROL MOOE 

( 1 )  The t e s t  message t o  the PS-232 s e r i a l  p o r t  has been eliminated. 
( 2 )  The t e s t  message t o  the HP-37 c a l c u l a t o r  has been changed t o  include 

( 3 )  Column headings f o r  the d a t a  readout have been removed. 
( 4 )  The comas  between groups of th ree  d i g i t s  i n  data  readout have been 

( 5 )  A C L  X i s  sent  t o  the HP-97 ca lcu la tor  before d a t a  a r e  sen t .  
( 6 )  The manual/recycle switch on the  f r o n t  panel i s  t es ted  a t  the  end of 

the data  readout, allowing the operator t o  terminate the recycle mode 
during readout. 

( 7 )  If the e lec t ronics  package i s  connected t o  a terminal e i t h e r  d i r e c t l y  
or i n d i r e c t l y  through a computer, i t  wi l l  echo back any charac te rs  
received from the terminal or  computer while i t  i s  operating under the 
front-panel control  mode. Exceptions a r e :  
( a )  A i s  not echoed b u t  wi l l  t r a n s f e r  control t o  computer mode. 
( b )  CTRL T i s  not echoed b u t  wi l l  t r a n s f e r  control t o  terminal mode. 
( c )  CE or LF i s  echoed as  both; t h a t  i s ,  C R L F .  
( d )  Characters received during data  readout a r e  not echoed. 

a l l  d i g i t s  ( 0 - 9 ) .  

rep1 aced by spaces. 

111. RS-232 SEP.IAL INTERFACE REQUIREMENTS 

Full diipler 
Baud r a t e :  300 
Data format: 7 b i t s ,  even p a r i t y ,  1 stop b i t  
Electronics  package rear-panel connector: 
Pi n connections : 

Ps-pin "D" type DBM - 25s 

2 - Receive data  from computer o r  terminal 
3 - Transmit data  t o  computer o r  t e m i n a l  
4 - E ( 4  and 8 are  t i e d  toge ther )  
7 - Data common 
All o ther  pins:  no connection 
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I V .  EXAMPLE OF COMPUTER INTERFACE 

Shown below i s  an example o f  a D i g i t a l  Equipment Corp. (DEC)  DLV11-J s e r i -  
a l  i n t e r f a c e  board  c o n f i g u r a t i o n  f o r  use w i t h  LS1-11 computers. Th is  i s  a 

4-channel s e r i a l  p o r t  board. P o r t  3 i s  con f igu red  f o r  the conso le  te rm ina l ;  
p o r t  1 i s  c o n f i g u r e d  t o  i n t e r f a c e  w i th  t h e  e l e c t r o n i c s  package. (Re fe r  t o  DEC 
p u b l i c a t i o n  "Memorys and P e r i p h e r a l s "  f o r  more d e t a i l s ;  see page 2-143 f o r  

p o r t  1 jumper l o c a t i o n s ) .  
Baud r a t e  s e l e c t i o n :  p o r t  1 t o  T = 300 baud 
Data parameters:  

* 

Cl x t o  @ = 7 b i t s  
S x t o  0 = 1 s top  h i t  
P x t o  0 
E x t o  1 = even p a r i t y  

= p a r i t y  enahled 

F i g u r e  A-1 shows t h e  cah le  connect ions  t o  t h e  e l e c t r o n i c s  package and t h e  
cab le  numbers o f  t h e  Berg connector  as viewed f rom t h e  end o f  the  board. 

BERG CONNECTOR ELECTRONICS PACKAGE 
,2 4 3- 

8 >  - -  4 3  

( a )  9 71 
2--7 

9 7 5 3 1  

c 3 o o u u  

1 0 8  6 6 2 

F i g .  A-1. 
( a )  Cable between DLV11-J i n t e r f a c e  hoard and e l e c t r o n i c s .  
( b )  View of berg  connector  f rom end o f  hoar$.  

* D i g i t a l  Equipment Corp., Maynard, PA 015774 
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APPENDIX B 

NICROPROCESSOR PRCGRAW FLOW CHART 
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1-k PROM FOR REMOTE CONTROL: FUNCTIONAL BLOCK D I A G R A M  

V 2.1 12 OEC EO 
DISK FILENAME: R G 7 K I I  

-{POWER ON RESTART] FRONT PANEL 
CONTROL LOOP +REAR PANEL RESET PUSHBUTTON] 

t I YRECYCLE I -c 

START 
SCALERS 

t i t N t t i h  I t  
VECTOR AN0 

GO TO VECTORED 

-- 
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CNTRL 
THE POWER TURN ON, 
THE REAR PANEL RESET PUSH BUTTON, 
AND THE F COMMAND. 
RETURN CONTROL TO THIS LOOP. 

DISABLE INTERRUPT 
LOAD STACK POINTER 
CALL SUBR INITIALIZE 
CALL SUBR STOP, CLEAR 

PORT? 

f CCMP I 

GO TO 
TERMINAL CONTROL 
I TMODE I 

0 
CALL SUBR LOAD 
CALL SUBR HP97 
CALL SUBR SUBTR 
CALL SUBR PRINT 

I 
CHECK RECYCLE 
STATUS 6 

SET FLAG IRCYCFl 

CALL SUBR CLR 
ICALL SUBR START I 

CHECK 
RECYCLE STATUS 
UPDATE FLAG 
f RCYCF I 

DEPRESSED 

NOTE: NOT A SUBROUTINE 

15  
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I 

;TOP.CLR.START.LPlA SUBROUTINES: 

h STOP 
LOAD "STOP CODE" I N  B 

ACCUMULATOR [ 
I ' I  

CLR 
LOAD "CLEAR SHIFT REGISTER" 

CODE I N  B ACCUM 
I ' I  

LOAD "START SHIFT REGISTER" 
CODE I N  B ACCUM 

STORE B ACCUM I N  
P IA  B SIDE 

LOAD A ACCUM 

6 RETURN 

RDOUT 
SERIAL PORT DATA READOUT 
FOR COMPUTER OR TERMINAL CONTROL n 

START (.--f 
YES COUNTING -? 

I I  

RON : 

ROF : 

HPOUT 
DATA READOUT TO HP97 
UNDER COMPUTER OR TERMINAL CONTROL 

YES COUNTING -ci 
CALL SUBR LOAD 
CALL N B R  HPQ7 

1 

-QQ Y ES 

PRINT STATUS FLAG 

(3 RETURN 

PST&SES PA INTI  NG OF 
B CHARACTER STATUS WORD 
w& REOUESTED BY X COMMAND 
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STATR 

1 LOAD RAM POINTER 
LOAD PIA POINTER 1 

! NO/$ BIT SINCE CHANGED LAST 

READ 

YES 
I 1  

UPDATE STATUS 
SET STATUS CHANGE I I FLAG ISTFLGl I 

1 BUMP POINTERS 1 

2Q 
RETURN 

I NTST 
LOADS A C l A  STATUS REQlSTER 
6 PREPARES IT FOR TESTINQ 
FOR INPUT FROM SERIAL PORT 

LOAD "RECEIVE 
DATA REQISTER FULL" BIT. 
ROTATE IT INTO THE 
CARRY BIT POSITION. 

6 RETURN 

17 



d 

J 
3 

J 

a 

a 
B 

- 
XMP , TMOOE [SEE NOTES LELOWI 

I] 9, 
CLEAR T F L A G  

SEN0 VERSION + y SEND OUT STATUS 1 

CALL NBROUTINE STATR( 
1 

@- YES 

No 

INPUT 6 PRINT 
A "T" ON TERMINAL. 

RECOVER INPUT 6 
CONVERT I T  TO 

PRINTABLE CHARACTER. 
PRINT I T  

I 

(TO PREVENT 

6 CNTRL I 

BUMP POINTER 

VECTOR 

+ 
YES 
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STATTI 
TRANSMITS STATUS TO 
REMOTE CONTROL DEVICE. 

CLRF : 
CLEARS INTERRUPT FLAQ 
flFLQl AND 
STATUS W A N E  FLAQ ISTFLQI. 

CRLF: 
SWDS A CARRIABE RETURN 
AND LINE FEED. 

LOAD 
TAKES DATA FROM SCALERS 
6 LOADS INTO MEMORY. 
TWO BCO DIQITS PER WORD 
BEQINNINQ AT RAM LOCATION 
30 AND WOINQ AT LOCATION 
42 IHEXI. 

SEND STATUS BIT 

1 I BUMP POINTER 

I IFLQ) ISTFLQI 

INIT 
INITIALIZE 

p G F i k T X 1  CONTROL REQISTERS 

CONTROL REGISTERS 

L O N  POINTER I 
f INDEX REQI 

LOA0 WINTER 2 i- IPlA B DATA REQISTERI 

t I CALL SUBR "READ" 

SHIFT LEFT 4 BITS 
IN B ACCUM. 

I CALL SUBR "REM" ] 

OR :VAL" WITH 
B ACLW.  7'0 FORM 

1WO O I B 1 1  W O R D  , YE/$ DIQITS 

NO 

I RESET PVINTER 2 I e) RETURN 
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SUBR 
SUBTRACT ISUBTRI  

SET SlON = + 
COMPLU*IWT THE 

ACCIDENTAL DATA 

P O S I T I V E  YES e?- 
I SET SIGN = - I 

R E A L  6 ACCID. DATA 
N)D FIESILT  + I  TO 
ACCIDENTAL DATA 

R E M  
USED BY L O M  SUBROUTINE 
TO READ DATA FROM SCALERS. 

LOAD PIA "A" DATA REO w 
YY ES 

LOAD P I A  "A" DATA REO 
PICX CFF LEAST 

S I O N I F I W  4 B I T S  

t 
C A L L  A R B = 3  SUBR SPACES SEN0 

I 
SET * N I & " z ~  " C M r ( " z 0  

SET S T A R T I N O  &SS:PfHD(I 
FOR IEUURAU. 

C A L L  SUBR TYPE 

1 
C A L L  SUBR SEN) 

ARO-3 SPACES 

SET "WM":Z 
SET S T A R T I N O  MoREss=3BfWl 

FOR -DATA. 

C A L L  SUBR TYPE 

t 

C A L L  SUBR SEM) 

S E T  "coU"=2 
S E T  S T A R T I N G  ADDRESS=3ofHD(l 

FOR ARKLA. 
I ~ 

I 

S E T  STARTINO ~ S S = 4 7 I ( H D ( I  
FOR EMU. 

!- 

STORE RESULT I N  "VAL"  
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TYPE: UNPACKS DIGITS FROM MEMORY 

AND SEPARATES SCALER DATA 
INTO 3-DIGIT GROUPS 
SEPARATED BY SPACES. 

PERFORMS LEAD I NG ZERO SUPRESS I ON, 

LOAD STARTING ADDRESS 
INTO INDEX REGISTER 

READ A DIGIT PAIR 

PICK OFF LSD PICK OFF MSD 
6 SHIFT RIGHT 

A 
SET K=I 

CALL SUBR SEND 
ARG=D I G IT 

ARQ=D IG IT 

A 
CALL SUM SEND 

ARG=O 

I INCREMENT "COM" I 

I CALL SUBR SEND 
A W " 3  

SET "C0M":O 

b INCREMENT P,J 

t SET P=O 
INCREMENT 
INDEX REO 

L I 

21 
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HP-97: SEND : 
CONVERTS CHARACTERS TO ASCII AND 
SENDS THEM THROUGH K I A  TO REMOTE DEVICE 
WHEN READY. 
ALSO GENERATES CARRIAGE RETURN DELAY. 

PREPARES AND SENDS SCALER 
DATA TO HP97 CALCULATOR 
THROUGH HP97 INTERFACE. 

TEST I 

START c> 1 
SEND "CLX" CODE TO HP-97 

SET CONTROL NUMBERS 
M " = 4  

"N": I 
"C"Z3 

SET STARTING ADDRESS 
1 I \ /  I YYES 

l - -zS-- TO ASCI I 

TRANSMIT CHARACTER 

YES 

BEGIN DELAY 

LOADS TEST MEsfAoE INTO MurloRy. 
At9) THEN SEWS IT TO -7. 

VNO: 

INCREMENT THE ADDRESS 
AND DECREMENT "C" 

SEND STWE CODE 
TO HP-97 

SWD "N" AS HP-97 
STORAGE ADDRESS 

INCREMENT "N" 
DECREMENT "M" 

YES 
SEND "A" CODE 

TO HP-97 
LOAD BLANK MDE 
TO RELEASE I+-Q7 

SENDS PROM VERSION t 
TO REMOTE Rmz DEVICE. 

CALL SUBR SEND 
ARGr"V 2.1 I 2  DEC BO" 
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APPENDIX C 

ASSEMBLY LANGUAGE L I S T I N G  

23 



,,, 
m

 Q
 8

 Q
 
Q

 
8
 m

 t
3

 rn
 s
 m

 5
, 
5s 
s
 5

, 
5

, m
 $
3
 
a
 o
 
s
 $
4
 3
 m

 5
. 
s
 s
 5

, 1
5
, 5
4
 r& 

at 
.=.

 g
 I>

 ;I;
 

$
1
, ,2
 ,z

t ,
x3

 13
 ,
I
,
 ,x
+ s

 5
 
3
4
 
G
;
 Q

 ;z
, 3

2, 
S

Z
, s
3
 T

 
p

 
8
 m

 m
 0

 a
 8

 8
 5

1
 -3

 m
 m

 m
 m

 m
 $
3
 43 

8
 8

x3
 
$
4
 5
, s
 m

 
c,
 ,m
 m

 ,
x,
 ,z
m

 
6
 ,
x4
 o
 m

 
,x

t s
 

m
 ,
2
 s

 s
 q

x4
 ,=D

 ,I
,
 

c
o
 ,I
, ,&

 
g
 

-
4
 rn
 5

, 
m

 
33 
4
3
 
s
 

$
 

m
 8

 m
 m

 Q
 5
3 
s
 Q

 o
 5

1
 m

 5
, 

81, 
m

 m
 a
 5

, 5
1
 
s
 ,
x,
 5,

 ,
s s
 .z

, $
1
,
 

$
5
, ,x

3 $
1
,
 
,I
, 5

, s
 

,x
, ,
I
,
 ,
4
 
0
5
,
 q
o
 m

 3
 f
i 

Q
 
e
 5

, 
,x
, 8

 m
 ,
g 

,m
 5

, 
s
 +

i
q
 

,.- 
,
I
,
 

.I
, ,
I.
 

U
 i
n 

Cm
 
ir
l 

U
 C

n 
i-0

 
Cq

 in
 P

 P
 P

 C
 
P

 P
 P

 
P

 c
 P

 I
 ...I 

L-!
 

I .... !
 I ...

. 
w

 I,..: 
I ...,

 ! 
I..;
! 

h.1
 
n
 p,

j 
P;I 

p:, 
I,.:, 

rt2
 M

 N
 p

,:, 
,i
.>

 p.1
, 
p
 
p
 p

 p
 p
 p
 
p
 p

 p
 F
 Q

 m
 ,x

8 o
 &

 .
zb

 
0
3
 m
 

h
 

0
) 

-.
j 
r
, in

 
P

 w
 19

;~
 
p
 #

x*
 

1.0 
1x8

 -..
j 
cb

$
%

g
%

~
;g

 ~
;

g
~

g
g

g
g

~
$

~
;

~
;

$
g

g
;

~
g

~
 

;%
':

~
n

&
~

,!
w

p
"
 

q
m

g
n

,i
-

n
~

 
L

.!
?

J
~

 
D
 D

 
D
 D
 

'
1
,
 

--I
 

-.I 
-.

j 
-..I

 
8

1
, 

3
4

 
a
 3

2, 
t3
 
8
 $

1
3

 
54 

1x
8 

1x
3 

8x8 
Ea 

t
1

t
 

!=$ 
45 
0
3
 1
1
, 

$1
4 56
 

6
4

 1x8
 S
F
 F

~
Z

 zxt 
5

1
4

 
Z

~
Z

 
,I
5 

5
, 

3x8 
%
.A! 

I,..! 
8x*

 5
1
 8
4

 51
 
a
 5

, t
3
 
5
, ~
5
,
 

ti
l 

t
3

 
1
2
 4x8 

Q
 
,
2
 41

, 
3x1

 G
I=

 
8
 $
2
 $
1
~
 

3
5

 ~
I

Z
 IZ

~
, :r
, 1
1
, 1x4

 I
~

Z
 

p
 

58 
83 

8
 Q

 
7
 7
 

P.>
 

P.
j 

P.J
 p

.18 
1

0
 P.l 

P.J 
P.>

 P
.:L 

P..#
 

Kg
 

I- 
F
 p

 W
 
p
 +-

 
p
 

p
 p

 I
A

 p
 
p
 t

i$
 8

5
 1x

8 8
x8 

@
I

t 1
3

 
m

 m
 

In 
l.

i,
 

~:C
I 

-%
J 
!J
> '

:Iq
 6
 I
...
.; 

I-;, 
p
 t
4
 

-17 
i~

 
?
 !:

$
 

y
 
T
 c
i,
 -.

j 
p
! '

:~q
 +

 i.,.~
 

rc.: 
t2 

-q
 i

n
 

n
:

t
 

m
 m

 
L
 !
 

i
:
 

f
 

f
 
n
 

+
 
f
 

+
 
l.i
i 

T
I 
r
.
 u
 
+

 T
I 

1.8-1 
3

 T
 :;, 

7-
i 

I.,
-, 

-n
 4

 
7
j
 
;
 
z
 r
*
 2
 i
 3
 7

 r
_
'. 

T
: 
- .

L.
 r
,
 ,-.
 
2
 

I,
-:

 
-:I 

P
 

+
 

+
 

+
 
o
1
2
;
i8

 2
~

a
n

~
n

 p
 

-
i 

1
3
 

f
 

i.i
~
 m
 I
 n
 -

ri
 o

 -+
 4

1
1

 8-1
 

--
( 

p
i 
- 3

 .:I 
1
1
 rn
 

rn
 

r
 

+
 

~
-

~
t

-
,

,
,

2
.

.
~

+
-

-
-

 

m
 

* 
--
I 

f
 

4
 z

 18 
r
 r
 <

 -q
 
n
 +: 
1
,
 

i.i
1
 ,:, 

:=
 ,=

 2 
r-

 r
- 

r
 

+
 

2
"

-
 
4
F
~
3
~
r
z
n
 

r
 

f
~
 

f 
a

r
,
n

,
y

r
a

,
-

:
a

o
n

r
-

 
I.

, 
=

 
L

 
+

 
m

 ,.-. 
I
.
 1
,
 

3
 ,-
; 

78 
:. 

++
 

c
lT

l3
 

T
r

n
r

n
i 

A
 

-. 
71

 
i
 

!.t-, 
:> 
1
%
 

s - 

*
 

*
-

+
-

+
-

 
7

,
1

,
3

7
:
 T

i?
 

T
 

I:-
, 

2-, 
- -

 - -
 

. 
-

3
 

3
1

.
"
 

3
 
28 

1
8

 
-
 

m
3

n
:n

 
..%

 
4
 !:I 

m
 
7
 -
2
 
--

 o
 7

 n
 

- 
=' 

-: 
'-: 

::, 
1
,
 

'
8

 
,

A
 -
 

rn
 2

-
i

~
 

z
-

i
i
 

"
 1.n

 
C

 -
:
 -4

 
5

 3
 

-:I 
2
 ,
.
i
:
 

i
?
 

3
 

"
j
c
 

,3
'
2

T
;
'
?

 
4

1
,
-
 
r
 

,?
 

-J
 
7
.
 

;, 
.r
; 
n

-
r

?
;

.
~

 
T

 
T,
 s

? 
rn
 
m
 1

2q
 

3
'1

 
m
 

a
m

i:
 c

8-
i 
-I
 

!
I

 
i
:
 

rn
 

8
i
,
 
in
 

7-
i 
?
I 

1.n 
1
.
 x
 

c
p

3
1

1
 

-
"

P
n

 

5
5

6
5

 
7
: 
x,
 

m
 r
n 



c 

25 

66 



i 
a 
3 
J 
3 

n 

#1. 
I FLI3 
5THTF' 
51- F L. 1: 

? I I-! I: l:lt4'l-l:'l II 

67 



+.lT=TEHt*lI tlHL PIODE PROMPT 

27 



4 
-l 

3 
1 

3 
3 

1 

Y 

'7 

69 



29 

f 



1 

71 



c 
r 

31 

72 



1 

a 

3 
3 

3 

8 k i 5 K I 2  '+::+..+:+. *:+ .+.:+..+:+: +::{.c+ +:*.t-t. +..+. t  .,:.+.:i .t i -1..i..:i t.:t..t..i+.t. i:.t..i:.i 

73 



r 

33 

r 

74 



34 



35 

1 



36 

77 



A P P E N D I X  I! 

FORTPAN-CALLABLE D R I V E R  AND FORTRAN T E S T  PROGRAM 
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3 
I 
3 

1 

7 

7 

P 

+ L I S T  TTM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i I ILV11,MAC 
F 
F 
Y 

I 

Y 

I 

? 

Y 

? 

I 

9 

9 

Y 

I 

I 

Y 

I 

? 

; 
i 
I 

I 

I 

I 

I 

? 

I 

I 

? 

I 

!J 

F 
I 

I 

I 

I 

i 
i 
I 
I 

i 
i 
i 
i 

D L . W l 1  I 'ORTRAN--CALLABLE D R I V E R  

C A L L  I N  I TLlL ( ENLlRIl I LNDWR P BUFFER 7 8 U F S  I7 ) 1 N I T l A L I Z E S  

ENIlRLl: L O G I C A L $ l  END OF INF'UT LINE CHARACTER 
ENIlWR: L O G I C A L g l  END OF OUTPUT L I N E  C:HARACTER 
PUFFER: L . O G I C A L I 1  BUFFER (ARRAY)  FOR LJSE HY 'THIS  I IANDLER 
HUF'SIZ:  INTEGEFi*:" FUFFER S I i E  

H U F S I Z  ....= M t 1  WHERE M IS 1 H E  # OF CHARACTERS I N  

(BUFFER SHOULD HE LONG IENOUGH TO HANDLE ANY 
THE LONGEST MESSAGE ! I N C L U D I N G  ENDWR) 

S T A C K I N G  C!F MESSAGES WHICH MAY OCCUR) 

C A L L  CLRLIL C L E A R 5  BUFFEI<  @F A N Y  01.11 lNF'U7 

I N L I N E :  L O G I C A L * l  ARRAY WHERE CHARACTERS ARE SlOKEU 

I W A I T :  INTEGER*? W A I T  INDIC:ATOR 
(NOT I N C L U I I I N G  ENIlRrl CHARACTER) 

0 - DO NOT W A I T  FOR ZNF'Ul  
1 -. W A I T  FOR INF'UT (1NTIEFINITEL.Y)  

NOT I N C L U I I I N G  E:NDFD 
0 - NO INF'CIT HAS OCCllRFiED 

N : INTEGER*? t4UMHER OF CHARAClERS REAI! I : N I  

C A L L  W R I T D L  ( 0 U T  L I: N ) W R I T E S  UUTF'U'I ILINE 

O U T L I N :  L O G I C A L * l  ARRAY C O N T A I N I N G  I : t iARAClE t iS  
1 0  HE SENT (ENTIWFi CHARACTER A T  EN11 I 5  N O T  S E - N I  

NOTE: W R I T D L  HAS A P O T E N T I A L  F'RUHLEH I N  THAT 0UTF:'lJT I S  
NOT BUFFERED, BUT IS UNIIER lNTERF<LJF'T CONTROL 
AFTER THE FIRST CHARACTER. IHENCE. rt iE USEH C O U L . ~  
CHANGE THE CONTENTS OF AN OUTF'U'T L I N E  WHILE I T  IS 
B E I N G  O U T P U T .  TO CIRCUMVENT T H I S ,  CIO NOT USE 
THE ShME O U T L I N  I N  TWO CONSECUTIVE W R I T D L  C A L L S .  

SSJ 09-FEB-81 
REV. SSJ 0 4 - N O V - 8 1  0935 
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i 
. T I T L E  D L U l l  
.GLOBL INITTIL ,CLRDLrREATIEIL ,WRITDL 

? 

i REGISTER D E F I N I f  IONS ANI1 S P E C I A L  ADDRKEiSES 
; 
? 

9 

RUEC=3 10 ;RECEIVE VECTOR 
XUEC=314 ;TRANSMIT UKCTOR 
R C S R = 1 7 6 5 1 0  i R E C E I V E  CONT'l"ClL./~:<? ATUE; REGISTER 

RUEC2=RUECt2  ;RECEIVE F'SW 
XVEC2=XVECS2 ;TRANSMIT F'SW 
RBUF=RCSRt2  i RECEIVE I3LIFFER 
XCSR=RCSRt4 ;TRANSMIT CONTROL/EiTATU':i 
X BUF = RC S R t 6 ;TRANSMIT HUFFER 

I 

, 
PARAM=RS ;PARAMETER R E G I s r m  
SAUF'TR=R4 ;SAVE POINTER REGISTER 
COUNT = R 0 i COUNT O F  1.NF:'UT CHARACTERS 
W A I T = R 1  I W A I T  F L A G  

I 

? 

, 
I N I T I A L I Z A T I O N  ROUTINE .'' !;ET UF' INTERRUPTS, 

; GET PARAMETERS 

:I:NITTiL: CL.R CdQRCSR ;CLEAR R E C E I V E  STATUE: 
I 

CLR @#XCSR ;CLEAR 'TRANSMIT STATl!S 
MOV # R I N T E R r @ # R V E C  ;SET UF' FL'ECETVE I:N'T€ 
MOV # 3 4 0 r @ # R U E C 2  ;DISAE{LE ALL OTHER INTERRUPTS 
MOV #XINTER,@#XUEC ;SET UF 'TRANCiMXT INTERRUF'T VECTOR 
MOU # 3 4 0  I @#XUECZ ; DISAE{LC: ALL. CITHER 1.N.TERRUF'TS 
MOUB @2 (F'ARAM) ? RENfl  i GET END-OF--INF"UT CHARACTER 
MOUB @ 4  (PARAM) Y XEND i GET flND-.OF--OUTPUT CtlARACTER 
MOV 6 ( F'AFiAM ) BUFF'ER ;GET ADDRESS I.)F E{UFFEFi 
MOU @10(PAF iAM)  r PUFENLl ;GET BUFFER S I Z E  
A D D  BUFFER, BUFENII  i GE.T L A S T  ADDRESS OF BUFFEIR ( 4.1 ) 
J S R  F'c 9 CLRDL ;SET UP POINTERS 
MOU #100 ,@#RCSR ;ENAE{LE THE K E C E I V E  1.NTERI;UF'T NOW 
RTS PC i RETURN 

Y 

Y 

i CLEAR BUFFER ROUTINE 
I 

CLRDL.: MOV BUFFER,fiCPTR ;SET R E C E I V E  P O I N T E R  TO B E G I N  O F  BUFFER 
MOV NUFFERiR I IPTR ;SAME WITH l iEA f l  f : 'O IN lER 
MOU B U F F E R i  L.NF'TR i SAME WITH L I N E  F'OINTER 
RTS PC ; RETURN 

39 
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i 
i 
i REA11 ROUTINE 
i 
IIEADDL: CLR COUNT 

MOV 2(F'ARAM) r INF'TR 
MOV @4(PARAM),WAIT 

0 3  : CMF' LNF'TR 9 RTIPTR 
"E 3% 
TST WAIT 
BECi 79 
BR Y9 

CMF' RIIF'TR 9 BUFENIl 
BNE 1% 
MOV BUFFERvRIIF'TR 

1. $ : CMF'H @RIlF'TR, RENIl 
HER 7% 
MOVB @RDF'TR,@INF'TR 
I N C  COUNT 
I N C  INF'TR 
E{ R 3 % 

79: RTS F'C 
t 

i RECEIVE INTERRUF'T ROUTINE 

:33: I NC RDF'TR 

Y 

i OCCURS WHEN 
i 
WINTER: I N C  

CMF' 
BNE 
nov 

19: MOVB 
CMFB 
HNE 

A CtiARACl ER H A S  

FiCF'TR 
RCF'TR 9 BUFENTI 
19 
BUFFER, RCF ' l  R 
@#RBUF,@RCF'TR 
@RCF'TRr RENU 
3% 

;RESET COUNl O F  INPUT CHARACTERS 
;GET ADIiRESS FOR F I R S T  CtiARACTEH 
;GET WAIT FLAG 
;HAVE WE KEA11 THE LATEST L I N E  ALREADY? 
;NO -- A NEW L I N E  HAS COME I N  
;YES -- SHOULU WE WAIT? 
; N O  -- USER WANTS AN IMMEDIATE k'ET1IRN 

;BUMP F'OIN'TER TO NEXT CHARACTER 
;ARE WE AT THE EN11 OF THE BUFFER? 
i NO 
;YES - START AT BEGINNING OF BlIFFCfi 
;IS T H I S  THE I::ND OF MESSAGE? 
;YES - l lONE9 IION'T INCLUDE T H I S  CHAR 

;YES - WAIT For< A NEW LINE 

;NO - MOVE rHr. CHARACTER .TO UEX.FZ'S LINE 
iAr111 1 TO C:HAKAC:TER C:CICINT 
;E#UMF' F'OINTER TU USER'S L I N E  
;REPEAT 
;RETURN 

MOV RCF TR 9 LNF'TR ;YES - h A R h  THE I.NII O f  TtlL LlNE. 
39: RT I i RE1 URN 
Y 

f 
i OUTPUT ROUTINE 
i USES TRANSMIT READY INTERK'UF'T FEATURE 
i NOTE: EXPERIENCE WITH U L V l l J  SHOWS THAT THE READY INTERRUF'T 
i OCCURS IMMEDIATELY AFTER THE ENABLE 
i 
WRITTIL: B I T  @#XCSR,P100 ;IS F'REUIOUS OUTPUT F I N I S H E D 7  

; ( I E I  I S  INTERRUFl  I:IISABLED?) 
BNE W R I T DL ;NO '- JUST WAIT HERE I I L L  I T  : I C ;  
MOV 2 ( F ' A R A M )  P SAVF'TR ;GET ADIIRESS OF F I R S T  C;HARACTER 
MOV SAVPTR,TRPTR ;SAVE F I R S T  AIlElRESS TOR USE LATER 
MOV #1001@#XCSR ;ENAE{LE TRANSMIT f;EADY INTERRUPTS 
NOP ;WAIT A H I T  
NOF' 
CMF TRF'TR SAUF'TR i HAS REAIlY INTERRUF'T OCCURRED J U S 1  NOW'? 
"E 5% ;YES - OUTPUT HAS STARTED ALREADY 
JSR F'C v SEN!J i N O  - SEND OFF F I R S T  CHARACTER 

5s : RTS F'C i RETURN 
i 

40 
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Y 

i TRANSMIT READY INTERRUF'T ROUTINE: 
; OCCURS WHE:N TRANSMITTER IS READY T O  PUT OUT ANOTHER CHARACTER 
i 

X I N T E R :  J S R  F'C I :;END i SE:NTI NEXT CtiARACTER 
fZTI i RE.TURN 

i END- OF-.INF'Ul CHARACTER 
i EN D-.-O F -- OU T F'U 7' C t.1 R R AC T E R 
;RECEIVE P o I t u t x  (IN BUFFER) 
i R E m  F'OINTER ( I N  r{imm) 
; E N D  OF I-AST L..J:NE VOINTER ( I N  I::Uf'FEII) 
i INF'UT f:'OIN'rE:R ( I N  U S E R ' S  . I N L I N E )  
;TRANSMIT POINTER ( J : N  USER'S O l I T L I N )  
i F I R S T  BUFFER ADDRESS 
i LAST BUFFER ADDRESS .+ 1. 

41 
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V02.1--1.0 Wed l l - - f  eh-81 VAGE 001 I O R l K A N  J U  

i: C C C CCC C C C c C  C: C C C C C C c 0 C CCC C C C CC C C C c. c CC i:CC C C CC i: CCC C CC CC C C c  C c  cc C cc C 
C HLNCC 
L 
i: TEST INPUT ANI1 OUTF'LJT '(0 H L N C C  
c FOF; 5 WAN 5; EN /EI NS SL I N 

L. 
(3  c c' c c c c c r. I: c i: i: i C i c c: I' L c i c c IC c c c C c c cc cc c cc cc CCC c ccc c c. c ccc c CCCC CC cc cccccc 
C, 

0001 I. M F'L 1 C 1 T I N T EGE Fg ! A- i 
r, 

0 0 0 2  L c) G I C. At. * 1 C: H A  E ( E50 ) , I NL 1 NE ( 80 

L .  I N E  F' I1 P F L  ANh 
0 0 0 3  t .OGIC:ALX1 RUFFEK i 5 0 0 )  
0004  

0005 TIAT A L lNEF'D/ ' 1 2 /  v E:LANt\ ,' ' ' / 

I.@G I C. AL C 1 
I :  

c: 
1.. 
I' USE 1 HE NEW F O R T R A N -  CALLhPLE LtL.Ul1 HANIILER 
c: 

0006 5 C A L L  I N 1 7  I I L ! I . I N E F ~ ~ I v B L A N K ~ L ~ L I F F ~ C F \ ' ~ 5 0 0 )  
0007 G O  ( 0  20 

000EI 
000Y 

0010 
0011 
001.2 
0013 

0014 
0016 
0018 

42 

c 
C L I S T  THE C!F'TIONS 
i: 
10 r y w  1.000 
1.000 F O R M A T (  / ~. -- bEGIN COMMUNICAl lONC>'/  

X ' S - START ../ 
X ' 1.1 -- H A L T ' / .  
X ' Z .' CLEAR E;Ckl.th:E, ANTI I I i l t : R ' :  
X ' h: -- REAL1 D A l A  7 0  COMI:' lI l 'ER'/ 

X X - REQUEST STATUS'/  
X ' F' .- R C A K I  our  L I A T A  1 0  t i v 9 7 ' i  

X F -. RETURN TCI FRONT r - ' w E L  C O N ~ R O ~ . ' / /  
x ' I -- 5 E l  lNTLf?FiUF'l FLAG' /  

X ' T - TEST FUR INF'UT / 

X ' W -- W A I T  FUR INFUl' , '  
X ' Ct -.. R E I N I T I A L I Z C  I N P U T ' /  
X ' o - -  LLIEIT C ~ f ' l I i > N 5 ' , ' ~ ' >  

GET OFERATOR 1:NF'Ul 
C 

20 TYPE 1001 
1001 F:Of<MAT(/'$OFTIONS -.:.. ' )  

1002 F O R M A T ( 8 0 A 1 )  
ACCEPT 1002 7 CHAR 

c: 
C TEST F O R  SPECIAL  CHARACTERS 
C 

I F ( C H A R ( 1 )  ,En. '0') GO TO 10 
I F ( C H A F i i 1 )  .ER. ' T ' )  GO TO 50 
I F ( C H A R ( 1 )  . E a .  ' W ' )  GO 1.0 4 0  



FORTRAN I:U U02.1--10 Wed 11-Feb-81 

0020 I:F'(CtiAR(l.) . E N ,  '0') GO 1'0 5 

PAGE 002 

r L 

C ASSUME CHARACTER ARE (;i)OD SENU TO tiL.NCC 
c 

0022 [:ALL w R I - r u .  ( CtiAF;)  
0023 CiO TI1 20 

C REAL1 1:N RESPONSE FRUM THE I iLNCC 
c 

0024 40 I W A I l  =: 1 
0025 GO 'IO 55 

1.. 
0026 50 I W A I T  = 0 
0027 55 N =: R E A T I T I L ! I N L I N E I I W A I T j  

c, 
C: CHECK THE REZSF'ONSE 
C 

0028 IF(N .EU, 0 )  'TYPE: 1007 
003C- 1007 F O R M A T ( / '  NO I N P U T  FROM H L N C C ' / )  
0031  IF(N .EO* 0 )  GO 7'0 20 

C SEE I F  T H I S  RESPONSE I S  AN INTERRUPT F O R  STATUS CHANGE 
c 

C 
C TtiI:C; 1s k DATA L I N E  - NOT AN INTERIi 'UPT 

0033  IF(N .EO, 2 )  r;o TO 1.00 

L 
0035 
0036 1008 F O R M A T ( / '  1 w - A  F R O M  ~ I L N C C :  ' / / I . x , ~ o A ~ / ~  
0037 GCI T O  20 

.I Y PE 1 00 8 I ( I Nl. I N E  ( I ) I I = 1 I N.- 1 ) 

c 
C: T H I S  I S  AN INTERRUPT 
c: 

0038 1.00 TYPE ~ O O ~ I I N L I N E ( ~ )  
0039 1009 F O R M A T ( / '  STATUS INTERRUFT FROM t-ILNCC: '/'/lXvAI/) 
0040 GO TO 20 

I::ORTRAN l . V  S t o r a s e  Mar f o r  Prosram U n i t  ,MAIN ,  

I...ocal U a r i a h l e s ?  + P S E C T  $DATA, Size  = 001240 ( 336.  words)  

N a m e  T r r e  O f f s e t  Name T r r e  O f f s e t  Name T r r e  O f f s e t  
ULANt< L.*1 001225 I I t 2  001234 I W A I T  I t 2  001230 
I._ I NE: F !:I I.. t 1 0 0 1 2 2 4 N IL2 001.232 

I..oc;tl and COMMON Array$:: 

N;ise T r r e  Sect.iort O f f s e t  ---------c a 1 ze- - -- D i mens i o r t s  

C t I A R  L.*1 e I IATA 000000 000120 ( 40,) (80) 
I N L I N E  L t l  $DATA r?001?0 000120 ( 40.) ( 8 0 )  

'iuhroiitines I F u r i t t  I on:.., S t a t e s e n t .  and F'roc!essor--Tlef ined functions: 

Name [ure Name TYPE. Name T r r e  Name T r r e  Name T r p e  
I:NI:TDl. I t 2  R E A I i I i L  IL2 WRITDL. I t 2  

HIJFFER L . t l .  $[lA'rA 000240 000764 ( 250, ) (500) 

43 
*u.s. G O V E I ' N Y E N T  P R I N T I N G  OFFICL: 1982-0-576.020/1~ 
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a APPENDIX C 

HLNCC (PROM) VERSION 1.2; O R I G I N A L  PROM L I S T I N G  

i 
a 
3 

The software i n  this PROM was developed t o  provide the following capabi l -  

( a )  Transmit data  and control statements t o  a HP-97  ca lcu la tor .  
( b )  Transmit data  by RS-232 serial po r t  ( t o  a terminal, f o r  "hard copy"). 
( c )  Implement a software "recycle mode" t o  allow continuous data co l lec-  

T h i s  version ( V  1.2) does - not provide for  remote control of the HLNCC. 

i t ies  f o r  the HLNCC: 

t i o n .  

a 
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i

 
m
 

H
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z
c
 

-4
 
c
 

4
-
7

 
I
 Ch

 
m

 
--
I 

-! r
 

m
 

H
 

T
I
 
'
r

b
 

+
n
 
+
!
G
 

<
-

4
 



n 

o 0 0 5'3 
0 0 0 6 0 
00061 
0 0 0 6 2 
0 00 6 3 
00064 
0 0 Ob 5 
0 0 0 6 6 
000b7 
00068 
00069 
0 0 0 7 0 
0 0 0 7 3. 
0 i) 0 7 2 
00073 
00074 
0 0 0 7 5 
0 0 0 7 b 
0007" 
C) (j 0 ';> 8 
0 0 0 7 Y 
0 0 0 E1 (3 
0 0 0 E l  1. 
0 0 0 E1 2 
0 0 I) €1 3 
0 0 08 4 
(> 0 0 8 :; 
0 0 0 8 6 
0 I! 0 8 7 
0 0 0 El 8 
(1 I:, 0 8 (2 
0 i) 0 9 0 
000Y1 
0 0 0 '9 2 
0004'3 
0 00 4'4 

CMF A 
PER 
LKlA A 
STA A 

S1'A A 
LIlA A 

t.m A 

STA n 
E R R  
STA A 
LUA A 
LU A A 
v; T' s 
LDA A 
S T A  A 
K '1 s 
L D A A 
s 7' A A 
K T S  
EiQU 
E: R l! 
E: N u 
E: Q U 
ENU 
EOU 
E: 0 u 
EOU 
ERU 
ERU 
EQU 
ERU 
EQU 
E: a U 
EN11 

NfiM 
OPT 
EQCl 
E W  
EQU 
EQU 
EOU 
E QU 
E E'u 
OF6 
FDI! 
O W  
CLR A 
STR fi 
cor1 A 
STt7 A 

F:' I A 0 
LP1 
F 1 : A O  
P I A 1  
F:' I A I 

P$ZC 
FIACP 

f N C l i  R=O? 
*YES? GO TO .JF4 
dNOs RESET THE SR 

I N I T I A L I Z E  
0 
9.5000 *PI8 k DkTk F.EGISTER ADDFELC 
15002 *PIA E DATFi REGISTER A I W E S S  
s.5001 *PIR fi CONTPOL REG. ADDR. 
905 0 0 3  *P IA  P CONTPDL REG. FtDDk. 
S4000 * A C I A  STkTUS AIlIlFtESS 
S7000 *CONTROL PROGFAM RDDRESS 
173FE *PEST ART ADDF:ESS 
RSTRT 
CNTEL 
9.7 OE5 

P I R I  *DEFINE A SIXfE fiS INPUT 

*FOINTER TO CONTPOL PROGPAII 

*CLEW ACCUMClLATOP A 

PIf iD *DEFII iE B SIDE k S  UIJTPUT 
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*CHkNEE FROM I f i T A  11 I PECTI ON 
REGISTER TO D A T A  F:Ec;ISTER 

*Xi I TTO 
*MI~STER F:ESET 

*SET UP DkTk FOEMfiT I 
F 

0 0 0 3.0 7 0 DE!: 
0 0 0 1. I. 
000 I. 2 
00013 
00014 
0 0 0 l 5 7 0 I:I F: 

70E1. 
70E:3 
79E5 
79E7 
70E:F 

0 0 0 I. 6 
00017 70EE 

70ED 
70EF 
7oF- 1. 
7OF3 
70F5 

0 00 l8 
00019 70F7 

70F9 
70FB 
70FD 
7OFF 
7101 

00020 
00021 7103 

_- -. 
J Y  

orim 
205.1 
4 Y 4 I : l  
4 5 2 8 
5345 
4329 

2020 
2 0 2 @ 
2020 
2020 
2020 
'5441." 

5441 
4c53 
2020 
2020 
2020 
2020 

2020 
7105 2020 
7107 2092 
71.09 2B41 
710B 2020 
71011 2020 

00022 
00023 710F" 2020 
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0
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f 

00035 * 
00036 71.69 E 7  0OOF 
00037 7 l b C  7A O O O E  I . _ F : ' 2  
00038 7 l b F  26 F B  
00039 7171 I36 5000 
00040 t 
00041 31.74 84  OF 
00042 * 
00043 71.76 8 1  OF 
00044 7l78 26 01 
00045 717A 4F 
00046 717H B7 000C JF'2 
00047 717E 39 
00048 0OOB L'ILY 
00049 0000 VAL. 
00050 

'I'OTAL. ERRORS 00000 

I::'ACiE 001 SUBTRACT 
0000 1 
00002 
00003 7189 
Q0004 7189 7F 000D 
00005 * 
00006 718C ClE 0038 
00007 718F C 4  05 
00008 7191 86 99 LF'I 
00009 7193 A 0  09 
OOOlO 7195 A 7  OE 
00011 7197 09 
00012 "198 5 A  
00013 71.99 26 F'b 
00014 * 
00015 719E{ OD 
00016 71YC 05  
00017 71YE CE 0038 
00018 71A1 A6 04 LF'2 
00019 * 
00020 71A3 A Y  OE J P 5  
00021 71A5 19 
00022 71A6 A7 13 
00023 71A8 09 
00024 71A3 5 A  
00025 7 1 A A  20 F:'5 
00026 * 
00027 7 1 A C  24 0 1  
00028 * 
00029 71AE 39 
00030 * 
00031 71AF 86  0 1  JF1 
00032 71B1. E7 O O O D  
00033 71B4 CE 0038 
00034 * 
00035 71B7 C h  05  
00036 71B9 86 99 L.P4 

90 

S1A A 
IlEC 
BNE 
LLlA A 

ANI3 A 

CMP A 
BNE 
CLR A 
STA A 
RTS 
ERlJ 
EOU 
END 

# $ F  
JF'2 

VAL 

e E{ 
$C 

NAM 
OPT a 
0RG $718c/ 
CL.R SIGN 

S 1.1 B T Fi: A C; T 

BCC: JF'1 

RTS 

*LOAD THE PIA A DhTA 
REGISTER REDUNDANTLY 

*STRIP O F F  LEAST 

t D A T A = F ? 
*NO 9 F'RUCEED 
*YES9 CHANGE TO ZERO 

*RETURN FROM SUBROUT I NE 

SIGN IF I C A m  4 EI TS 

twmx RESULT I N  VAL 

bCLE:AR STGN C[:WTHClL. 

fLClA1l STARTING AriIlRESS 
t L. U A D C: ON 1 Ft O L  C U N S 1 ANT 
*LClArl $95) 
8 U B 'r' R A C: 1 T 0 C 0 M F' L EL M F' N 7' * B T 0 RE C O Pi P L E M F: N 7' 

t IlEC fi: E: MEN T Ci IlIlR E S S 
*DE:: C R E M E N ' l  CON 1 RU I.. E4 U M b  E R 
*REC:YCl..E U N T I L  ALL D I G I T S  

*SET THE CARRY 
X: 1.. U A D C: 0 N T R 0 1- NU il E! E K 
*LOAD S ' r ' A R r I N G  Arlrmms 
t L O A I l  P A I R  Or'  D I G I T S  

FOR ADDITIUN 
$firlIl &ITTI-I CARRY 
tDE:CIMAL_ ADJUST 
*STORE: SUM 
t D E C R E: M E: N T A D D  R E S S 
t D E: C fi: E ME N T C 0 N T R 0 L NUMB E.: R 

CONSTANT ( 0  F O R  + i  1 FOR 

A R E C: 0 M F'L. E M F: N T E D 

*RE: C Y C:L E: U NT I L A D D I T I ON 
I S  CUMF'LETE: 

*BRANCH TO JF'1 I F  

tRETlJRN TO CONTROL PROGRAM 
I F  CARRY IS SET 

%CHANGE S I ' G N  TO - 

C A R R Y  IS CLEAR 

;i( R E U E; R S E SUE{ T R A I-I E N D n N D 
MINUENLl ANIl 'REFEAT 
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00037 71BB A 0  13 SUE{ A $ 1 3 9 X  
00038 ~ I F D  ~7 1.3 STA A $ 1 3 ~ X  
00039  7 l U F  09 UEX 
00040 71CO $ A  UEC B 
0 0 0 4 1  7 1 C 1  26 FA BNE L P 4  
00042 71c3 OD SEC 
00043 7 1 C 4  C6 05 LLfA F #5 
00044 71C6 CE 0038 L I I X  PS 
00045 7 1 C 9  8h 00 LF'5 L D A  A # @  
00046 7 l C B  A 9  l 3  ADC A $ 1 3 t X  
00047 71CLI 1.9 U A A  
00048 71.CEL A 7  3.3 STA A $ l 3 t X  
00049 71.110 09 DEX 
00050  71111. 5 A  I lEC ]E{ 

00051 7lD2 2b F-5 ENE: L P 5  
o o o x ?  7ir14 39 R T S  
00053 0038  S ERl! $38 
0 00 5 4 000Ll SIGN Enu  $ D 
0 0 0 s 5 END 

'T'UTAL EKRUFiS 00000 
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P 

00040 7357 44 
00041 7358  4 4  
00042  7 3 5 9  8 A  40 
00043 735R E{Is 7365' 
000.44 735E: I56 0 0 I . C  ,IF3 

00046 73bJ 8 A  40 
00047 736.5 €311 7369 
00048 7368 39 JF'4 
00049 7369 E7 5002 CIU-1' 
00050 * 
00051. 736C FD 7377 
00052 736.F 4F 
0 0 05 3 * 
00054 7:370 ~7 :;002 
00055 7 3 7 3  BD 7377 
00056 7376 3Y 
(>00:;7 7377 86 1::F 11 
00058 73?? HD 7300  LF'2 
O O O t i Y  7 ~ 7 ~  44 
00060 737D 26 FA 
00061 ';737F 39 
00062 7380 C : b  :!ti D L Y  
00063 7382 5 R  1. F' 3 
00064 7383 26 F D  
oooti:; 7385 3Y 
00066 OOlY N 
00067 00 I. A c 
0 0 0 A 0 O@lE{ M 
0 0 0 6 9 001c: T E: M 
0 0 0 70 

00045 7361 84  OF 

'T'OTAL ERRORS 00000 

L.SR A 
LSR A 
O R A  A # $ 4 0  
JSR OUT 
LUAA 7'EM 
A N I l A  #$OF 
ORA A #$40 

R 7' s 
STA R $5002 

JSFi our  

JSR D 
CL.R A 

S T A  A $5002  
JSK D 
KTS 
L I l A  A %$FF 
JSR D 1.. Y 
1:IE: i: A 
ENE: L.P2 
R T S  
L I:l A E{ * $ 2  4, 
DE c B 
"E L F:- rJ 
K T S  
ERU $1.9 
EQlJ 8 1 A  
ERU $1 E{ 
EQlJ 3 1 c 
E.1 N D 

*FORM CODE F O R  tiF-97 
f S E N 1 : i  17' O U T  * K E c 0 v E K D i., 7' CI 
* P I C K  OFF LEAST S:I.C;+ F Y T E  
*FORM F'ROF'E:R CODE 
*(SEND I T  OUT 
f KE T l J  K N 
t S E N l l  C i l l iE  TU tip-97 

$GO TO DELAY L O O F  
I N T E K F A C E  

~ L O A ~ I  E L A N K  corn TO 
K F: L. E A SE t.1 F'-9 7 

* G O  T O  D E L A Y  LOOF' 
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09022 
00023 
00024 
( j()()25 '73RF' Qrl0k 

7 ;3 c: j. 0 f\i) A 

00027 73c3 484Cl 
.1 E:'.+ 1% 

0002ii 73C7 43 
00029 
00030 73C8 0 I l O A  
00033. 
00032 73CA 5620 

73cc: 3 1 2 E  
00033 73CE 32 
00034 
00035 73CF' O I I O A  
00036 
00037 73111. 33.32 

.J.J4C 
731117 2037 

00 2 6 

? 3 I: 5 

7x13 2 0 4 ~  
-2jrl5 E'C 

00038 73DY 38 
00039 
00040 73DA O D O A  

73DC O A O A  
0004 1 
00042 73DE A7 00 
00043 73E0 08 
00044 73E1 5 A  
00045 73E2 2G F A  
00046 73E4 C 6  05 
00047 7 3 E t  39 
00048 730F 
0004Y 7 2 D R  
00050 

TUTAL ERRORS 00000 

0 ? X  *STORE 3,441.339229 OR 1 1  
*INCREME:NT STORAGE ADLIRESS 
0 DE: C1 K E M E N T C 0 N T F< 0 L. N U M B  E: h' 

ST *KREF:'EAT I F  NOT ZERO 
CB5 ~ L O A I I  NEW C o N m o L  wimm 

t R E T u R N 
6730B 
$7 2 DE{ 

6 

E 
c 

F 
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3 

PROM LISTING 

HLNCC V 1.2 12  J u l y  1978 

7000 OF 8E 00 7F ED 70 B5 86 29 B7 50 02 BD 70 A9 BD 
7010 73 94 BD 70 AF 86 28 B7 50 02 7F 00 17 7F 00 18 
7020 20 2E 86 30 BD 70 9F 2 A  F9 86 3 1  BD 70 9F 2B 05 
7030 7F 00 18 20 05 C6 0 1  F7 00 18 86. 36 BD 70 9F 2B 
7040 OC C6 0 1  F7 00 16 F 1  00 18 27 1 A  20 03 7F 00 16 
7050 86 30 BD 70 9F 2A CB 86 34 BD 70 9F 2H BC 86 37 
7060 BD 70 9F 2A EB BD 70 A9 BII 7 1  36 BD 73 OB BD 7 1  
7070 89 4F B1 00 17 26 06  HD 70 DO 7C 00 17 BD 71 DF 
7080 BIi 70 AF 4F B1 00 18 27 C7 B1 00 16 27 C2 86  29 
7090 B7 50 02 86 2A B7 50 02 86 2B F7 50 02 20 83 B7 
70A0 50 02  B6 50 00 H6 50 00 39 86 3 C  B7 50 03 39 86  
70B0 34 B7 50 03 39 4F B7 50 00 43 B7 50 02 86 04 B7 
70CO 50 0 1  B7 50 03 86 03 87 40 00 86 09 B7 40 00 39 
70DO CE 70 IIF A6 00 BD 72 DB 08 8C 7 1  211 26 F5 39 OD 
70E0 OA 20 54 49 411 45 28 53 45 43 29 20 20 20 20 20 
70FO 20 20 20 20 20 54 4F 54 41  4C 53 20 20 20 20 20 
7100 20 20 20 20 20 20 20 20 52 2B 41 20 20 20 20 20 
7110 20 20 20 20 20 20 20 20 20 20 41 20 20 20 20 20 
7120 20 20 20 20 20 20 20 20 20 20 20 52  20 
7130 CE 00 30 86 0 1  87 50 02 ED 7 1  
7140 62 F6 00 OC 58 58 58  58 7C 50 02 E{D 71 62 FA 00 
7150 OC E7 00 08 8C 00 42 27 05 7C 50 02 20 EO 7F 50 
7160 02 39 B6 50 00 2B FB 86 FF B7 00 OB 7A 00 OB 26 
7170 FB B6 50 00 84 OF 8 1  OF 26 01  4F B7 00 OC 39 
7180 7F 00 OD CE 00 38 C6 
7190 0 5 ' 8 6  99 A 0  09 A7 OE 09 5A 26 F6 OD C6 05 CE 00 
71AO 38 A6 04 A9 OE 19 A7 13 09 5 A  26 F5 24 01 39 86 
71EO 01 B7 00 OD CE 00 38 C6 05 86 99 A 0  13 A7 13 OY 
71CO 5 A  26 F6 OD C6 05 CE 00 38 86 00 A9 13 19 A7 13 
71110 09 5 A  26 F5 39 86 
71E0 OD BD 72 LIB 86 O A  BD 72 U R  BD 72 40 86 05 97 OE 
71FO 86 30 97 11 7F 00 10 7F 00 OF BD 72 5 A  BD 72 40 
7200 86 09 97 OE 86 33 97 11 86 02 97 OF Blcl 72 5 A  BII  
7210 72 40 86 38 97 11 BD 72 5 A  BD 72 40 86 311 97 11 
7220 BD 72 5 A  BD 72 40 86 0 1  9 1  OD 27 07 86 2 B  BD 72 
7230 DB 20 05 86 2rl BD 72 IIB 86 47 97 11 B D  72 5 A  39 
7240 86 20 BD 72 DB 86 20 BD 72 DB 86 20 BD 72 IIB 39 
7250 7F 00 12 7F 00 1 4  
7260 7F 00 13 FE 00 10 A6 00 711 00 1 4  27 04  84 O F  20 
7270 06 84 FO 46 46 46 46 411 27 O A  CL 01 F7 00 13 BD 
7280 72 DB 20 11 711 00 13 26 F6 F6 00 OE F1  00 12 27 
'7290 EE 86 20 20 EA B6 00 OE B1 00 12 26 01  39 7C 00 
7 2 A O  OF 86 03 B1 00 OF 26 16 86  01  B1 00 13 26 07 86 
72B0 2C BD 7 2  DB 20 05 86 20 BD 72 DB 7F 00 OF 7C 00 
72CO 12 7C 00 14 86 02 B1 00 14 26 9B 7F 00 14 08 20 
72110 95 81  09 2E 02 8A 
72E0 30 C6 0 1  F 7  00 15 81  011 2E 05 C6 08 F7 00 15 F6 
72FO 40 00 56 56 24 F9 B7 40 0 1  86 7F 7A 00 15 26 EF 
7300 39 86 04 B7 00 1B 
7310 86 0 1  B7 00 19 86 03  B7 00 1 A  CE 00 30 A 6  00 B D  
7320 73 50 08 7A 00 1 A  27 02  20 F3 86 4F BD 73 69 B6 
7330 00 19 EA 40 BD 73 69 7C 00 19 7A 00 1B 27 07 86 
7'340 05 B7 00 1 A  20 117 86 4A. BD 73 69 4F BD 73 69 39 
7350 87 00 1 C  84 FO 44 44 44 4 4  86 40 BD 73 69 B6 00 
7360 1c 84 OF 8A 40 BII 73 69 39 B7 50 02 BD 73 77 4F 
7370 87 50 02 BD 73 77 39 86 FF HI1 73 80 4A 26 FA 39 
7380 C6 26 5 A  26 FD 39 
7390 CE 00 30 C6 03 86 44 BD 73 DE 86 33 
73A0 BD 73 DE 86 22 HI1 73 DE 86  11 BII 73 DE BD 73 OB 
7380 CE 73 BF A6 00 BD 7 2  DB 08 8C 73 DE 26 F5 39 OD 
73CO O A  OA O A  48 4C 4E 43 43 OD O A  56 20 3 1  2E 32 OD 
73110 O A  3 1  32 20 4A 55 4C 20 37 38 011 OA O A  OA A7 00 
73E0 08 5 A  26 FA C6 05 39 
73FO 70 00 

Note: Blank areas are  unused memory l o c a t i o n s  t h a t  may con- 
t a i n  random hexadecimal codes. 
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APPENDIX D 

NONSTANDARD LSI  AND HYBRID COMPONENTS DATA 

The data sheets i n  t h i s  s e c t i o n  were s e l e c t e d  p r i m a r i l y  on t h e  b a s i s  o f  
whether o r  n o t  t h e  descr ibed component was a s tandard s e r i e s  component. Fo r  
ins tance,  most o f  t h e  74xx TTL and 4xxx / l4xxx  metal  ox ide  semiconductor (MOS) 
components i n  t h e  HLNCC a r e  l i s t e d  i n  manufac turers '  and second source da ta  
books, so t h e  da ta  should be r e a d i l y  a v a i l a b l e .  W i t h i n  t h e  t h r e e  sec t i ons  o f  
t h i  s appendix, t h e  components a r e  1 i sted, f i r s t ,  a1 phabe t i ca l  l y  , and then by  
t h e  i n i t i a l  d i g i t s  i n  t h e  dev ice  number. 

A. Analog Sec t ion  
1. TP 1321/1322 (Preamp/Ampl i f i e r  Operat ional  Amp) . . . . . 99 

B. D i g i t a l  Sec t i on  
1 .  AM 0026 (Level  S h i f t e r / D r i v e r .  . . . . . . . . . . . . 101 
2. Am 2804 (Acc iden ta l  Delay S h i f t  R e g i s t e r ) .  . . . . . . . 107 
3. CO 238 ( S h i f t - R e g i s t e r  Clock) .  . . . . . . . . . . . . . 113 
4. DS 8973 (D isp lay  D i g i t  St robe D r i v e r ) .  . . . . . . . . . 114 
5. HCTR 4010 ( 4  BCD D i g i t  Sca le rs ) .  . . . . . . . . . . . . 116 
6. MC 14411 (Baud Rate S e l e c t o r ) .  . . . . . . . . . . . . . 125 
7. MC 14517 (Gate S h i f t  R e g i s t e r )  . . . . . . . . . . . . . 128 
8. MC 14557 (Predelay S h i f t  R e g i s t e r )  . . . . . . . . . . . 132 
9. MC 6871A (Microprocessor  Clock) .  . . . . . . . . . . . . 136 

10. MK 5009 ( S h i f t - R e g i s t e r  Clock D i v i d e r s ) .  . . . . . . . . 138 
11. 5082-7430 (7  Segment, 3 D i g i t  D i sp lays ) .  . . . . . . . . 142 
12. 82583 (Gate Adders). . . . . . . . . . . . . . . . . . . 146 

C. Power Supp l ies  
1 . OP-07 ( H i  gh-Vol tage Power Supply Feedback 

2. PMS B 2-025-1A (High-Vol tage Power Supply 

WC(7-40) T 15/165 (Low-Vol tage DC Power Supply 

B u f f e r  A m p l i f i e r ) .  . . . . . . . . . . . . . . . . . . 150 

DC/DC Conver ter )  . . . . . . . . . . . . . . . . . . 159 

DC/DC Conv). . . . . . . . . . . . . . . . . . . . . . 161 

3 .  
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7VTELEDYNE PHILBRICK 

WIDEBAND, HIGH SLEW RATE 
OPERATIONAL AMPLIFIERS 

The 1321 and I322 are amplifiers packaged in TO-99 
cases which are second t o  none in low cost.  high fre- 
quency, high speed. and precision performance. Each has 
been optimized for a particular set o f  applications. 

These are true differential input amplifiers with stable 6 
dB per octave gain vs frequency plots from maximum 
open loop gain to closed loop gains between 3 and I O .  
The 1321 should be used for precision settling (to 
0.01%), high frequency precision closed loop gain, or 
low bias current.  Applications include a low cost.  fast 
12-bit voltage DAC from a fast current DAC. fast inte- 
grators, and high gain precision differential input video 
amplifiers. 
The 1322 should be used when the  I20 V/psec slew rate, 
o r  1.6 MHz full power frequency is required (both @ 
f10 V into 500 a). 
APPLl CAT1 ON 
As with all high frequency devices. optimum perfor- 
mance from the 1321 and 1322 demands care in lead 
length,  bypassing, and stray capacity. When operating at 
closed loop gains of less than 10, compensation tech- 
niques may be required at the bandwidth control pin 
(pin 8) for stable operation. They are mandatory with 
closed loop gains below 3. 
Most applications operating at a gain of less than 10 are 
stabilized by connecting a 20 p F  capacitor between pin 
8 and ground. The effect on the amplifier‘s Bode plot by 
the stabilizing capacitor is shown in Figure 2 .  When gains 
o f  greater than I O  are used, care should be taken to min- 
imize stray capacity to pin 8.  When maximum speed/fre- 
quency response is required, pin 8 should be cut off 
close to the TO-99 case. 
When opt imum response and settling time are required 
at  gains o f  less than 10, the amplifier must be “fooled” 
and operated at  a gain greater than IO at  high frequency 
as shown in Figure 1. 
These amplifiers will usually operate better with a 50 p F  
load capacitor and 5 t o  20 p F  in parallel with the  feed- 
back resistor. Short ,  individual lines should be run from 
the power supply to *Vcc and to circuit power common.  
In addition, + and -Vcc pins should be bypassed to com- 
mon at the device with 1 pF tantalum capacitors in par- 
allel with 0.01 pF ceramic discs. 
h a x i m u m  initial Eos is I O  mV for the 1322 and 5 m V  
for the 1321, so most low gain high frequency circuits 
d o  not  require zero trim components.  However, an op-  
tional potentiometer may be used as shown. Note, the 
wiper of potentiometer is connected t o  +Vcc. 
A feature of bo th  amplifiers is their abilitv to drive a 
*IO V high frequency signal into a 500 R t o  1 kS2 load. 
This high output current is available with a quiescent 
current o f  less than 4 m A  in the 1321 and 6 mA in the 
1322. 

FEATURES 
0 Low c o s t  
0 Fast Settling - 0.01% in < 1 psec 
0 Slew Rate  - 120 V/psec 
0 Full Power - I .6 MHz 
0 Open Loop Gain - 100 dB 
0 Unity Gain BW - 100 MHz 
0 Eout - -+I 8 V @ -+20 mA 

APPLICATIONS 
0 Fast - High Frequency 

Current t o  Voltage Converters 
Video Amplifiers 
Differential Amplifiers 
Line Drivers 

Wideband Precision 

Figure 1 .  Optional Stabilizing Scheme 
[for unity gain stability a t  high speed) 

Reproduced with permission from Teledyne Philbrick, Dedham, MA 02026. 
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132111 322 
SPECIFICATIONS (at 25%. Vcc = +15 V, R L  = 2K. unless otherwise indicated 1 

1321 1322 
Typical Guaranteed Typical Guaranteed 

OUTPUT RANGE IRL = 1K1 
f12 v 510 v 212 v 210 v 

i t 0  mA 
Voltage 
r, ,rr .nr A20 mA t10  mA t20  mA 

loo rln 98 d8 04 dB 76 dB VOLTAGE GAIN ldc Open Loop1 

FREOUENCV RESPONSE llnrrningl 
Small Signal 1Unity Gain. Open Loop) 
Max Peak to Peak Out ITrmgle Wave) 
Slew Rate 
Settltng Time 0.1% 
Settling Time0 01% 

20MHz 0 --- 

120 Vlprec 80 VIlrrec 
200 niec 
3.0 prec 

16MHz 0 12MHZ 

_ _ _  
_ _ _  

100MHz 0 0 
600kH2 0 

400 niec 
1 Oprec 

35v ipec  Q 

t12  v 
f l 2  v 
100 dB 

INPUT VOLTAGE RANGE 
Common Mode ldc Linear Operation) 
Dtfferential (between inputs1 
Common Mode Refection Ratio Idc) 

INPUT OFFSET VOLTAGE 
t 3  mV t 5  mV f5 mV f10 mV 

30pVI'C 0 --- 
Zero Adlurtment IOptionali _ _ _  100 kR pot _-- 20 kR w t  
lnmd iwlthout External Trim) 

Vr Power SUDP~V 30pVlV _ _ _  30 pVIV 
Vr Temperature 30pVI"C 0 --- _ _ _  

INPUT BIAS CURRENT 
Initial at 25°C t 5  nA '25 nA 100 nA 250 nA 
Offset (Tracking1 5 nA 25 nA 20 nA 50 nA 
Olfret VI Temperature M 5 nAiOC 0 M 8 "AI-C 0 *I 1 nA!OC 0 tO 5 nA/"C @ - 

INPUT IMPEDANCE 
40 MR 1W MR 40 MR 
_ _ _  1000 MR _ _ _  300 MR Dlfferentldl 

Common Mode (either Input 10 Common) 1000 MR 

1321 lOOK 

4 -vcc 
5 Offset Ad.. 

NOISE (Referred to Input1 

_ _ _  _ _ _  _ _ _  Voltage rmr 

_ _ _  _ _ _  Flicker 10.016 H I  $0 1.6 HI1 4 PV IP/PI 
Midband 11.6 HI l o  160 HzI 0 6 pV irmsl --- 
Highband I160 HI to 16 kHzl 0.8 pV lrmrl --- 
Wideband I10 HZ to 10 kHzl 1 pV irmrl 

_ _ _  _-- 
_ _ _  1 pV irmsl _ _ _  

28 v to t22 v --- 28 v to +20 v --- 
POWER REOUIREMENTS 

Voltage Range 
Current Qulercent t 3  mA %4 mA 54 mA t6  mA 

TEMPERATURE RANGE 
_ _ _  0 10 70 _-_ 0 t o 7 5  

Operating 11321-01 . 1322-011 1"CI _ _ _  -5510 1125 _ _ _  -55tot125 
Storage 1 "CI _-_ -65 to +150 _ _ _  -65 to +150 

Operating I "CI 

O G  x B W @ A =  10 
O @ A c ~ = l . f t = l O M H z l T y p i c a l l  
0 4 1 5 3  
0 4 1 5 6  
0 AverageOto#70DCfor 1321, average -5510 +125'Cfar 1321-01 
0 AverageODClo75'Cfor 1322.average-55OCto t125"Cfor 1322-01 

The input circuits of these units are protected to tVcc. Output Circuits 
are short-circuit protected to ground. 
Recommended Power Supply: Teledyne Philbrtck Model 221 1 

8 Bandwidth @- Control 

20 pF stabilizing capacitor for 
closed loop gains less than 10 

110 

100 

110 

0 

10 

% "  10. 1m. I" ID1 trm 

Frequency H r  
Figure 28. Bode Plot 1322 

M IOnz ImHz IkH2 i O k H i  IlOlHr 14Hz IOMHZ 

l R L O U i l r C Y  HI  

Figure 2A. Bode Plot 1321 

1 7VTELEDYNE PHlLB I Allied Drive @ Rte. 128, Dedham. Massachusetts 02026 
Tel: (617) 329.1600, TWX: (710) 348-6726, TIX: 92.4439 ICK 

2M Reprinted in U.S.A. 4/81 

Reproduced w i t h  permi ss ion  from Tel edyne Phi 1 b r i c k ,  Dedham, MA 02026. 
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5MHZ Two-Phase MOS Clock Driver 

.ctinctive Characteristics 
iOns rise and fall times with 1000 pF load 

~ 1 . 5  amps output current drive 
Higti speed 5 to 10 MHz depending on load 

0 l C 9 4  reliability assurance testing in compliance with 

Mixing privileges for obtaining price discounts. Refer 
20 V output voltage swing MI L.STD-883 

to price list. 

FUNCTIONAL BESCRIPTION 
The Am0026 is  a dual high speed MOS clock driver and long silicon gate shift registers such as the Am1402/3/4 
interface circuit. The device is  particularly suitable for series. A single clock driver is able to  drive 10k bits a t  5MHz. 
driving two phase MOS circuits and can provide high speed T h e  device can also be used with standard dynamic MOS 
operation everl when driving into high capacitive loads. The RAMS such as the 1103 to provide address and precharge 
debice accwts standard TTL lDTL outputs and converts drive for memories up to 8k by 16-bits. 
them to J4OS logic lewels. The output pulse width of the 
device is  determined by the input pulse width. The device i s  available in an 8-lead TO-5, one watt copper 
The Am0026 can operate wi th a variety of MOS circuits. A lead frame &pin rnini.DIP, a one and one-half watt TO-8 
popular application is a two-phase clock timer for driving package, and a 14.pin ceramic package. 

SCHEMATIC DIAGRAM 
(One Driver Shown) 

ORDER I NG IN FORMATION 

Package 
Type 

8-Pin T0.5 
8-Pin Mini-DIP 

12-Pin T0.8 
14-Pin Ceramic DIP 

Dice 

&Pin TO-5 
12.Pin TO-8 

14-Pin Ceramic DIP 
Dice 

Temperature 
Range 

O°C to 85°C 
0°C to 85°C 
0°$ to 85°C 
O°C to 8 5 Y  
O°C to 85'C 

-55'C to  +125'C 
-55°C to +125'C 
-55°C to  +125"C 
-55OC to +125'C 

Order 
Number 

MH0026CH 
M H0026CN 
MHOO26CG 
MMH0026CL 
AM0026XC 
MH0026H 
MH0026G 
MMH0026L 
AM0026XM 

CONNECTION DIAGRAMS 
Top Views 

14-Pin Ceramic DIP &Pin Mini DIP 

%Lead TO.5 12-Lead T O 4  

Copyright (1914) Advanced Micro Devices, Inc., Sunnyvale, CA 94086. 
duced with permission o f  copyright owner. A1 1 rights reserved. 
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M A X I M U M  RATINGS fAbove which the useful life mav be imDaired) 
Storage Temperature -65°C to t1503 
Temperature (Ambient) Under Bias -55°C to t 1 2 G  

V+-V-  Differential Voltage 22i 
Input Current 100 mi 

5 5 v  Input Voltage (VIN-V-) 

Peak Output Current 1 5 4  
Power Dissipation See c u r w  

_ _  
- 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
A m 0 0 2 6 C  T A  - O'C 10 85 'C  I C O M  Range1 v * - v - .  1 0 v 1 0 2 0 V  
A m 0 0 2 6  T A  = - 5 5 ' C  to i 1 2 5 ' C  IMlL Ranw) Unless Oihprwise SDKified 

Parameter Description Test Conditions ( N o t e  1) Min. Typ. (Note 2 )  Max. Units 

Output LOW Voltage 

~ 0 i . r :  1. Thew specffications apply for v+.- V- - IO v io 2 0  V. cL = IOOOPF, over the temperature range - 5 5 ' ~  to t i 2 5 O C  for  the A m 0 0 2 6  ana O'C IO 
+ 8 S C C  for the A m O 0 2 6 C .  

2. A l l  iyptcal values for T A  - 25'C. 

Switching Characteristics (Notes 1 and 2 Above) 
Parameter Description Test Conditions Max. Units Min. TYP. 

1 

1 50 75 12 nr 'PHL T u r n  On Delay 

'PLn Turn Off  Delay  15 , nr 5 0  12 

12 

20- 35 

V+ - V- - 17 V. CL 250 pF 
V+ - V-- 17 V, CL = 500 pF 

V* - V- - 17 V, CL - lo00 PF 
V+-  V- 17 V, CL - 250pF 
V+ - V- - 1 7 V, CL - 500 pF 

V+  - V- = 17 V. CL - lOOOpF 

.I% 18 ns Rtse Tsme ( N o t e  31 tr 

10 

12 16 ns 

17 25 

Fal l  T i m e  ( N o t e  3) 9 

Copyright (1974) Advanced Micro Devices, Inc., Sunnyvale, CA 94086. Repro- 
duced with permission o f  copyright owner. All rights reserved. 
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3 
TYPICAL PERFORMANCE CHARACTER ISTICS 

Power Ratings 
TO-5.& 8-Pin DIP 

Power Rating 
T O 8  & 14-Pin DIP 

DC Power (PDc) 
Versus Duty Cycle 

J 1 

L Y 

P a 
'0 10 10 Y) bo y1 60 70 80 

DUTYCYCLE - %  AMBIENT TEMPERATURE - 'c  AMBIENT TEMPERATURE - 'C 

Transient Power (PAC) 
Versus Fiequenw 

Supply Current 
Versus Temperature 

!- 

c 3 
7.0 

t 6.5 

- 7 5 3 0 - X  0 15 50 75 100 125 
TfMPERITURf - ' c  

1 
I 

3 
0 

FREOUENCY - M H Z  

Fall Time 
Versus Load Capacitanw 

Rise Time 
Versus Load Capacitanm 

LOAD CAPACITANCE -OF 

3 
a 

LOAD CAPACITANCE - DF 

T u m O n  & TurnOf f  Time 
Versus Temperature 

Fall Time 
Versus Temperature 

TEMPERATURf - 'c  

Rise Time 
Versus Temperature 

' 5 1  I I ! .  I i 1 1  

a E 

P 

Copyright @ (1914) Advanced Micro Devices, Inc., Sunnyvale, CA 94086. Repro- 
duced with permission o f  copyright owner. 
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SWITCHING TIME WAVEFORMS 

APPL KAT I o N IN FOR MAT ION 

POWER DISSIPATION 

The total average power dissipation of the Am0026 is the sum 
of the DC power and AC transient power. This total must be, 
less than the given package power rating. 

Poiss PAC + PDC PMAX. 

With the device dissipating only 2mW when the output i s  a t  
a HIGH voltage (MOS logic "O"), the dominant factor in 
average DC power is  the duty cycle .or fraction of the time 
the output i s  a t  a LOW voltage level (MOS logic "1''). For 
the shift register driving where the duty cycle i s  less than 25%. 
PDC is  usually negligible. For RAM address line driver appli: 
cations PDC dominates since duty cycle can exceed 50%. 

DC Power per driver: 

DC power i s  given by, 

PDC = (V+-V-)  x IS(LOW) x Duty Cycle. 

where 1s (LOW) i s  ISUPPLY(ON) a t  (U+-V-) 

or 30 mA x (E) typicany 
20 v 

AC transient power per driver: 

AC transient power is  given by, 

PAC = (v+-v- )~ x C ~ X  f x 10-3 in mW 

where f =frequency of operation in MH: and CL=load 
capacitance including all strays and wiring in pF. 

PACKAGE SELECTION 

Power ratings are based on a maximum junction rating of 
175OC. The following guidelines are suggested for package 
selection. Graphs ihown in the Performance Curves illustrate 
dereting for various operating temperatures. 

TO.5 ("H") Package: Rated a t  600 mW in s t i l l  air (derate a t  
4 .0mWrC above 25OC) and rated at 900mW with clip-on 
heat sink (derate at 6.0mWPC above 25OC). This popular 
hermetic package is  recommended for small systems. Low 
cost (about 10d) clipon-heat sink increases driving power 
dissipation cap?bility by 50%. 

&pin '("N") Molded Mini-DIP: Rated at 600 mW s t i l l  air 
(derate. at 4.0mWPC above 25°C) i n d  rated a t  1.0 wan 
soldered to PC board (derate a t  6.6 mWPC). Constructed with 
a special copper lead frame, this package is  recommended for 

1-4 medium size commercial systems particularly where automatic 

AC TEST CIRCUIT 

v ' - o v  F ----- 

L -6- T- I,',(< Ion 

insertion is  used. (Please note for prototype work, that this 
package is only rated a t  600mW when mounted in a socket 
and not one watt unti l it is  soldered down.) 

l o3  (Pmax, Req - lo3  (V+-V-)2 Duty Cycle) CL (max.) =n 
Req (V+-V-)2 x f 

where n i s  the number of drivers used in the package. 
P,,,, is the package power rating in milliwatts for given 
package, heat sink, and maximum ambient temperature. 

Req i s  t t i e  equivalent resistance ( V + - V - ) / l s , ~ o w )  = 500R 
(worst case over temperature or 60052 (typically). 
Duty cycle is the fraction of the time that the output signal is  
in the LOW state. 
f is the input signal frequency in MHz. 

CL(msx,) is the maximum load capacitance per driver in pico- 
farads which can be driven without exceeding device power 
limits. 

When used as a non.overlapping two phase driver with each 
side operating a t  the same frequency and duty cycle, and with 
IV+-V-)  -17V. the above equation simplifies to 

lo3 - Duty Cycle 3 CL =T [- 
578 

Table I gives maxlmum drlve capability for various system 
conditions using the above equation. 

PULSE WIDTH CONTROL 

The Am0026 is intended for applications in which the input 
pulse width sets !he output pulse width; Le.. the output pulse 
width is logically controlled by th'e input pulse. The output 
pulse width is given by: 

(PW)OUT = (PW),, + 1, + tf = PW,, + 25 ns 

Two external input coupling capacitors are required to  perform 
the level translation between TTL/DTL and MOS logic levels. 
Selection of the capacitor size is  determined by the desired 
output pulse width. Minimum delay and optimum performance 
i s  attained when the voltage a t  the input of the Am0026 dis- 
charges to just above the devices threshold (about 1.5V). I f  
the input i s  alloyed to  discharge below $he threshold, 
and tf wil l be degraded. The graph in the Performance Curves 
shows optimum values for CIN versus desired output pulse 
width. The value for. C ~ N  may be roughly predicted by: 

For an output pulse width of 500ns. the optimum value for 
CIN is: 

CIN = (2 x 10-3) (PWIOUT 

CIN = (2  x lo-') (500 x lOOOpF 

Copyright @ (1914) Advanced Micro Devices, Inc.? Sunnyvale, CA 94086. Repro- 
duced with permission of copyright owner. All rights reserved. 
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RISE AND FALL TIME CONSIDERATIONS (Note 3) 
The Am0026's peak output current i s  limited to 1.5A. The 
peak current limitation restricts the maximum load capacitance 
which the device is  capable of driving and is  given by: 

I - C L * < 1 . 5 A  
dt 

The rise time, t,, for various loads may be predicted by: 

tr = (A VI (250 x + CL) 

Where: A V  = the  change in voltage across C, 
1 v+-v- 

for V+-V-= 20V. CL = lOOOpF, t, is: 

tr I 120 V) ( 2 5 0 ~  1 0 - 1 2  + 1000 x 10-121 

CL =The load capacitance 

= 25ns 
f o r  small values of CL, the equation above predicts optimistic 
vaJues fort,. The graph in the performance curves shows typical 
rise ti,mes for various load capacitances. 

The output fall time (see Graph) may be predicted by: 

tf f 2.2 R (CI +&) 
CLOCK OVERSHOOT 

The output waveform of the Am0026 can overshoot. The 
overshoo! is  due t o  finite inductance of the clock lines. It 
occurs on the negative going edge when 07 saturates, and on 
the positive edge when 0 3  turns OFF as the output goes 
through V+ - Vbe. The problem can be eliminated by placina 
a small series r e s i i t 3 7 i m h e . . o u : m h e  A m 0 0 2 6 3 - e  

Critical valve for R S  = 2L CL where L is  the self4nductance'of 
the clock line. In practice, determination of a value for L i s  
rather difficult. However. RS i s  readily derermined emperically, 
and values typically range between 10 and 51R. RS does 
reduce rise and fall times'as given by: 

tr = tr Z 2.2Rs CL 

CLOCK LINE CROSS TALK 
At the system level, voltage spikes from @q may be transmitted 
t o  b2 (and viceversa) during the transition of 01 to MOS logic 
"1". The spike is  due to mutual capacitance between clock 
lines and is, in general, aggravated by long clock lines when 
numerous registers are being driven. Transistors 0 3  and & 
on the 41 side of the Am0026 are essentially "OFF" when 

is  in the MOS logic "0" state since only micro-amperes are 
drawn from the device. When the spike i s  coupled to $2, the 
output has to drop a t  least 2 VBE before 0 3  and & come on 
and pull the output back to V+. A simple method for elimin- 
ating or minimizing this effect is to add bleed resistors between 
the Am0026 outputs and ground causing a current of a few 
milliamps to flow in 04. When a spike i s  coupled to the clock 
line 04 i s  already "ON" with a finite hfe. The spike i s  quickly 
clamped by 0,. Values for R depend on layout and the' 
number of registers being driven and vary typica!ly between 
2 k a n d l O k R .  

POWER SUPPLY DECOUPLING 

Adequate power. supply decoupling is necessary for satisfactory 
operation. Decoupling of V+ to V- supply lines wi th  a t  least 
0.1 pF noninductive capacitors as close as possible to each 
Am0026 is strongly recommended. This decoupling i s  neces. 
sary because otherwise 1,.5 ampere currents flow during logic 
transition in order to capidly charge clock lines. 

TABLE I -WORST CASE MAXIMUM DRIVE CAPABILITY FOR Am0026' 

110 I 79 1 90 j 380 , 270 1 170 I 130 I 

TYPICAL APPLICATIONS 
AC Coupled MOS Clock Drivel 

b-13V 

DC Coupled RAM Memory Address 
or Precharge Driver (Positive Supply Only) 

4 
Copyright (1914)  Advanced Micro Devices, Inc., Sunnyvale, C A  94086. 
duced with permission o f  copyright owner. All rights reserved. 
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TYPICAL APPLICATIONS (Cont.) 

Logically Controlled A C  Coupled Clock Driver 

I' 1 0 -1zv 

I I--'.+ 
CLOCI: INVUT - 2  lo 

I 5 
0I .E SHOT OUTPUT - AD1 PULSE WIOTU 
VHASE ONE OUTPUT 

PHASETWOOUTPUT 

D C  Coupled MOS 'Clock Driver 

-5V 

I 

I 

OUTPUT A 

IMP", A 

Metal l izat ion and Pad Layout 

V' 

. OUTPUT B 

. INPUT B 

V- 

D IE SIZE 0.063" X 0.078'' 

PH YSl CA L D I M E N S I O N S  

&Lead Metal Can ( H )  12-Lead Metal Can (GI 8-Pin Molded Mini-Dual- In-l ine (N) 14-Pin Ceramic Dual-In-Line ( L )  

BOTrOM 
VIEW VIEW 

Copyright ( 1  974) Advanced Micro Devices, Inc . ,  Sunnyvale, CA 94086. Repro- 
duced w i t h  permi ssion o f  copyr ight  owner. 
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1024-Ei! Dynzmic Shift Registers 

Distjnctive Characteristics 
Quad 256-bit, dual 512-bit, single 1024-bit 
10 MHz frequencv oDerat ion guaranteed for Am2802, 

Low power dissipation'of 0.1 mW/bit at 1 MHz 
DTL end I T L  compatible 

Both military and commercial grade devices available 
100% reliability assurance testing in compliance with 

Electrically tested and optically inspected die for the 

Am2803 and Am2804. MI L-STD-883. 

assemblers of hybrid products 

FUNCTIONAL DESCRIPTION 

The Am1402A. 3A. and 4 A  are 1024-bit silicon gate dynamic 
shift registers. The low threshold characteristics of this t e c h  
nology allow high-speed operation and D T L  and T T L  corn- 
patibility. The Am1402A is  a quad 256.bit device; the 
Aml403A js a dual 512.bit register; and the Aml40SA is  a 

single 1024-bit register. A l l  three devices require two-phase 
non-overlapping clocks, and provide a one-bit shift on each 
clock pulse. The Am2802. 3, and 4 registers are functionally 
identical t o  the Aml402A.  3A. and 4A. but are guaranteed to 
operate over frequencies from 400Hz to  1OMHz. 

BLOCK DIAGRAMS 

Am 1402A/1403A/1404A Shift R egirterr 
J 7 

I 
*2 L1 

4 Ioy un 

Am1402AlAm2802 

Functional Equivalent of Each Register 

u n z r  1 

0.l. I- - 

Since the two registers shift on opposite clock pulses, a new 
data bit IS entered on both et and 02. Data entering the 
regirte: o r  o1 WII: appear a: the  output on 0, lfrom the  
ngative edge of 0, to the negative edge of Q2I. 

ORDERING INFORMATION 
Standard 

Pa R Package Temperature Speed Range 
Number Type Range Order Number 

2802 Hermetic DIP -55°C.10 +125OC AMl402ADM 
Am1402Al Hermetic DIP O'C to +70°C AM1402A 

Molded DIP O'Cto +70°C AMl402APC 
TO.99 0°C to *70'C AM1403A 

-e,... T0.99 -55'C 10 +125OC AM1403AHM 

TO.99 -55°C to +125OC AMl404AHM 
Molded DIP b C  l0~+7O'C AMl404APC 

Extended 
SDted Ranae 

Or'der Number 
AM2802DC 
Ah42802DM 
AM2802PC 
AM2803HC 
AM2803HM 

Molded DIP 0°C to +70'C AMl403APC AM2803PC 
TO-99 0°C Io +7OoC AM1404A AM2804HC 

AM2804HM 
L C\M2804PC\: 

CUUL ____ 

CONNECTION DIAGRAMS 

Am1402AlAm2802 
Top Ylew 

Am1404AlAm28M Aml403AIAm2803 

Copy r igh t  (19 /41  Advanced M ic ro  Devices, Inc. ,  Sunnyvale, CA 94086. Repro- 
duced w i t h  permiss ion  o f  c o p y r i g h t  owner. A1 1 r i  ghts  reserved.  

107 



MAXIMUM RATINGS (Above which the useful life may be Impalred) 
Storage Temperature -65°C to +160°C 

Temperature Under Bias -55OC to +125'C 

Power Dissipation (Note 1) 600 rnW 

Data and Clock Input Voltages with respect to most Positive Supply VOltaQe, Vcc 0.3 V to -20 V 

Power Supply Voltaie, V,, with respect to Vcc 0 .3Vto -2OV - 

A m 1 4 0 2 A .  A r n 1 4 0 3 A .  A m l 4 M A  5 V  25% 
A r n l 4 b 2 A D M .  A r n 1 4 q 3 A h l 4 .  A r n l 4 M A H M  5 V  ~ 5 %  
A m 2 6 0 2 D C .  Arn2803HC.  A r n 2 8 0 4 H C  5v f5% 

5 v  f5% 

OPERATING RANGE 

- 4  7 5 V  to -9 4 5 V  O°C to + 7 O c C  

-5v '5% ODC to + 7 0 ° C  
-5v i5x , - 5 5 ' C  t o  + 125 'C  

- 4  1 5 V  t o - 3  4 5 V  - 5 5 - C  to * 1 2 5 ' C  

ELECTRICAL CHARACTERISTICS OVER OPERATING'RANGE (bnless Otherwise Noted) 
Am1402A. 3A. 4A Am2802.3.4 

Parameten Description Ten Conditions Min. Typ. Max. Min. Typ. Max. Unio 

VOD Currant. VOD - - 5 V  t5X 

VOD Currant. VQQ - - 5 V  15% 

6 

Copyright @ (1914) Advanced Micro Devices, Inc., Sunnyvale, CA 94086. Repro- 
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SWITCHING CHARACTERISTICS AND OPERATING CONDITIONS (Over Operating Range) 
Am1402A/Arrt1403A/Am1404A v, = -5  v -5% voo = -9 v rtsx 

(Test Load 1) (Test Load 2) 

Clock Frequency Range t r = t f - l O n s  (Note  1 )  5.0 (Note  41 
Data Repetition Rate (Note  1 I (Note  31 1 0 . 0  INote 41 

Clock Puke Dday ' ropw- 7 0 n s  10 INote 2) 
Clock Pulse Rire/Fall Time to00 
Data Set  U D  Tame 30 
Data Hold Time 20 

fC c. 

t@pW Clock Pulse Width 0.07 t o  
l d  

*d 
11. t r  

4 

tpd+, tpd- i Clock to Data Out Delav 
th 

90 

Test Conditions Min. Typ. Max. Min. Typ. Max. Units 

MHz 
MHz 

us 
nr 
nc 
ns  
ns 
ns  

b 

1 

SWITCH I NG CHARACTER ISTICS AND OPE RAT1 NG CONDITIONS (Over Operating Range) 
v, = -5 v 2 5 %  

(Test Load 1) 

n 

DESCRIPTION OF TERMS 

OPERATIONAL TERMS 
Vo, Minimum logic HIGH output voltage with output HIGH Current 
ion flowing out of output. 
VoL Maximum logic LOW output voltage with output LOW current 
loL into junction of output and load resistor. 
VI, Logic HIGH input voltage. 
VI, Logic LOW Input voltage. 
VOL Clock LOW input voltage. 
VOH Clock HIGH input voltage. 
I, Input leakage current. 
Io Output leakage current: 
I,, Power supply currant. 
C,, Input capacitance. 
Q Input clock capacitance. 
C,,, Output capacitance. 

FUNCTIONAL TERMS 

o,, #, 
!< The clock frequency of the shift register. 
1, The Input data repetition rate. 

The two clock phases required by the dynamic shlft register. 

SWITCHING TERMS 

lod 
phase to the HIGH to LOW transition of the other clock phase. 
I$,- The clock pulse widths necessary for correct operation. 
I,, 1, The clock pulse rise and fall times necessary for Correct Op- 
eration. 
1, The time required for the input data to be present prior to the 
LOW to HIGH transition of the clock phase lo ensure correct op- 
eration. 
\ The time required lor the input data to remain present after the 
LOW lo HIGH transition of the clock phase to ensure correct op- 
eration. 
Id+ The propagation delay from the HIGH to LOW clock phase 0; 
transition to the output LOW to HIGH transition. 
I@- The propagation delay from the HIGH to LOW clock phase 
transition to the output HIGH to LOW transition.. 

Tne delay between the LOW to HIGH transition 0: a clock 

t o p y r i g h t  (197 4 )  Advanced Mic ro  Devices, Inc., Sunnyvale, CA 94086. Repro- 
duced w i t h  permi ss ion  o f  c o p y r i g h t  owner. A1 1 r i g h t s  reserved. 
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SWITCHING WAVEFORMS 

51 i OD 

ClDck Rise Time 10 nr 
Clock Fell Ti?a 10 nr 
OuIDur Load 1 n L  Load 

Test Load 1 Test Load 2 

I 
I 
I 
I 
I 
I 
I 

I 
1 

I 
I?*!- 
I 
I 
I 
I 

!--- 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 

CIRCUIT DIAGRAM 

I 
I 
I 
I 
I 
I 
I 
I 
1 

1 
I 

I 
I 
I 
I 
I 
I 
I 
4 
I 

I 

Copyr ight  (1974)  Advanced Micro Devices, Inc .  , Sunnyvale, CA 94086. Repro- 
duced w i t h  permission o f  c o p y r i g h t  owner. A l l  r i g h t s  reserved.  
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1 

i 

U 

Minimum Operating Data Rate 
or Maximum Clock Pulse Delay 

Versus Temperature 
(For Small Duty Cyclnl  

POWER CHARACTERISTICS 

0 IO 2 0 2 5 3 0  10 XI 60 70 ' 
AMBIENT TEMPERATURE - 'C 

Typical Range of tpd+ 
Versus Temperature 

60 

M 

E 40 

b 
- 0 3 0  

70 

10 

n ' c  -55 - 1 5  25 65 II! 
TEMPERATURE - 'C 

C o p y r i g h t  * ( 1 9 / 4 )  A dvanced Micro Devices, Inc .  , Sunnyval e ,  CA 94086. Repro- 
duced w i t h  permission o f  copyr ight  owner. A l l  r i g h t s  reserved.  
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DATA IN 

2% 
- 5  

- 
W' 

* 
-' 

6 
7 
8 
9 

10 

I 1 I 

.. 
8 I N 2  
9 OUT3 

10 I N 3  6 I N 2  7 0 2  
11 0 2  7 @ 2  
12 VDD 8 VDD 

R, Load Resistor Values 
for Dlfferent V,, Supplies 

v,, = 5 v v,, = 5 v 
v,, = -5 v v,, = -9 v 

R, ,  4.7 k 6.2 k 

11 I 14 OUT4 
12 I 16 I N 4  

3.9 k 1 Not 1 RL1 required 

1 OUT1 8 VDD 

Dual-In-Line 
PHYSICAL DIMENSIONS 

IN 
A 1  

Metallization and Pad Layout 

I !  
1 0 

e . i  
DIE SIZE ,109" X ,131" 

ADVANCED 
MICRO 

DEVICES INC. 
.001 Thompson Place 

Sunnyvale 
Calilornia 94086 

(408) 732-2400 

TELEX: 34-6306 
rwx: 010-339-9280 

Copyr ight  (1914) Advanced Micro Devices, I n c .  , Sunnyvale, CA 94086. Repro- 
duced w i t h  permi ssion o f  copyr ight  owner. A1 1 r i  ghts reserved. 
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1 

3 

7 

n 

OPTIONS 

MOUNTING 
b=---+ N ..- 

Z;'Zi;E:I Elaclr Oscillators 

Reproduced with permi s s i  on from Vectron Labs, Inc. , Norwal k , CT O685O. 
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Display D rivers 

DS8973, DS8974, DS8976 LED 9-digit drivers 

general description 
The DS8973, DS8974. and DS8976 are Sdigit drivers 
designed to operate from 4 cell (DS8973) or 3 cell 
(DS9974) 3r 6 cell (DS8976) batcry  supplies. Each 
driver wil l sink 100 m A  to  lee than OSV when driven 
by only 0.1 mA. Each input i s  blocked by diodes io that 

chip current But i f  it is  on the negative side, it only has 
to  handle t h e  MOS current. T h e  DS8973 and DS8974 
we drrgnad for tho more rfficient nprrating mode. 

features 
t he  input canebe driven below ground with virtually no 
current drein. This is  especially impomnt  in calculator 
systems employing a dotodc converter on the negative 
side of the battery. If the convene! were on the positive 
&irk of the battery. the con,rertlr would hrve 10 handle 

, Nineamplet;aigit given 

' High current output'-10D mA 
cbice of 3 Or 4 -d  OWetiOn 

,ow banery indicaor 

all of the display current, as well as the MOS calculator Straight through pin out f o r  easy board layout 

equivalent circuit and connection diagrams 

T y p S I  DIWU Cfcuil T ~ ~ i m l  D.P. Out Cirwk 

ty pica I applications 

I 1 I I 

FIGURE 1. 6V RoqmmnuMe Smtirtid Calrulnor 

Reproduced with permission from National Semiconductor Corp., Santa Clara, CA 
95051. 
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PARAMETER 

Vi, L o g d  "1" In- Voltagm 

J 

CONDITIONS MIN TYP MAX UNITS 

vcc = M a x  3 .e V 

3 

VTL Low Low Bancw Threshold V0, 1P.n 11 = 2 3V. lo, 2 -6 mA,TA -25°C 
VI, (Pin 2) - 3.9V 

7 

DS8973 3 1  V 
DS8974 4.2 V 
D58976 - 6.2 V 

Q 

lcrx L w d  "1" Oulwt Current 

VOL Lopleal "0" OuIpul Voltagc 

Vcc = Min. Vok = 9 5V. V,, - 0.54 

Vcc = Min. loL - 100 mA. V,, = 3.9V 

10' Loplcal " 0  Odtpul Current Vcc = Min. VOL = 0 SV. VI, - 3.9V 

'absolute maximum ratings (Note 1) operating conditions 

50 PA 
0.5 V 

im - mA 
- 

SUpDlV V O l I n ~  1 ov 

output VOltSpe 1ov 
Siorapc Temperature Range 65°C to +lW'C 
Lead Tcmpr@turc (Soldering. 10 sacon&) 3ng0 c 
electrical characteristics 

I y u t  VOlt.Qa 10v 

Icc2' Pan 21 (Low Batvrv SUPPIVI 

MIN MAX UNllS 
Supply VOIt.0.  Wee) 

cco073 4.4 10.0 V 
DSB974, DS8976 33 4.5 V 

TMlperblure (TAi 0 70 *C 

VCC = Mar. VCC, - VCCUAX 1.2 mA I 

VI, High LOW Batterf Threshold Io, 5-A, TA - 25'C 058973 3.5 V 
DS8974 4.6 V 
DSeQ76 7.0 V 

6-70 

Reproduced w i t h  permiss ion  from Na t iona l  Semiconductor Corp., Santa C lara ,  CA 
95051. 
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D E  SCRIPT I ON 

T h e  Hughes HCTR4010 i s  a T T L  compat ib le  CMOS L S I  c i r c u i t  containing four  
s j 'chronous decade  up/down c o u n t e r s  and the i r  a s soc ia t ed  s t o r a g e  l a t c h e s .  In- 
fc r rca t ibn  f rom the l a t ches  i s  mult iplexed to the P C D  o u t p u t s ,  to d r i v e  r ead i ly  
ava i lab le  T T L  disp lay  decode r -d r ive r s .  

FEATURES 

CMOS technology for low power 
U p/d 3 . m  --c ou nt i "5; co po b i I i t y 
I f i ternol scan and c lock  oscil lotors 

PINS 

1 .  B C D 4  O u t  11 . Up/Down Control 
2 .  BCD 8 O u t  12. + VDC 
3 .  In t .  C lock enable or 13. O s c .  Disoble 

A l l  inpm~~ts or,d outputs external c lock  in 14. Master Reset 
15. Ground (-V) 

Optioncl l  3 or 4 Decade Opera t ion  control  or external 16. 3/4 Decode Select 
Independent latches on each decade & over f low c l o c k  disable 17. Scan Frequency Contro l  
> 1 MHz operation @' VDD > 4.5 volts 5 .  Decode Strobe 18. C lock  O u t  
Mu l t ip lexed SCD outputs wiTh automatic or T r u e/Com p 19. Over f low 

Capab i l i t y  of f loat ing BCD outputs 7. Decade 4 Strobe 21.  Chip Encble 
3 to  13 volts operation 8 .  Decode.1 Strobe 22 Unblonk 

T i l  c o m p t i b l e  ( V D ~  = 4.5 to 5 . 5  volts) 4. In t .  Clock frequency 

monuol leoding zero unblonking 6 .  Decode 2 Strobe 20. Stored Over f low 

9 .  Decode 3 Strobe 23.  BCD 1 O u t  
10. Hold/Lwd Latches 24. BCD 2 O u t  

SCAN COUNTW 
A N D  DECODER 

Reproduced w i t h  permission from Hughes A i r c r a f t  Company, New P o r t  Beach, CA 
92663. 
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QUAD DECADE CLOCK CONTROL 

i 
a 
a 
7 

li 

E x t e r n a l  Clock Mode ("1" on O s c i l l a E D i s a b l e  Input) :  
F r e  que n c y C o nt r o 1 / 1 Disables  Ex te rna l  Clock ( In te rna l  Clock 

E n a b l e / E x t e i n a l  Clock Ln m u s t  b e  "0" 
when d i sab le  i s  ene rg ized ) .  

Ex te r i l a l  Clock Disable  

n Enab les  Exte r n a l ' c l o c k .  

Lnternal Clock Enable  / 1 3 3  Advances  co-;i:zr t o  next  s t a t e  on 'I!" t o  
.Exterm! Clock 9. 110" t r a n s i t i o n  of E x t e r n a l  Clock appl ied 

at this. input. 

h t e r n a l  C lock  Mode ( " O ' l  on  Osc i l l a to r  Disable  Input) :  
F r e q u e n c y  Con t ro l /  - Capac i to r  connected f r o m  t h i s  input t o  

If no  capac i to r  is 
E x t e r n a l  Clock Di sab le  VDD o r  G R O U N D  con t ro l s  In t e rna l  

Clock  Frequency .  

k t e r n a l  Clock E n a b l e /  
E x t e r n a l  Clock  In 

Strobe T -e / C o m  ple  m e  nt 

Ch ip  Enab le  

Unblank 

n 

3 
Hold /Load Latches  

1 
Up/Down 

3 / 4  Decade  Se lec t  

n 

connec ted , - the  o s c i l l a t o r  wil l  have  a 
f r e e  - rcnning  f r equency  of typic a l l y  
300 KHz.  

1 Enab les  i n t e r n a l  o s c i l l a t o r  t o  coun te r ,  
0 Di sab le s  in t e rna l  o s c i l l a t o r  to  counter .  

QUAD DECADE I N P U T S  

1 Pos i t ive  t r u e .  
0 Negat ive t rue .  

1 Enab les  BCD informat ion  t o  BCD l ines .  
0 F l o a t s  BCD l ines  and t u r n s  off s c a n  

o s c i l l a t o r  and  t u r n s  off a l l  s t r o b e  outs. 
R e s t  of codnter  still works .  

1 Disp lays  a l l  decades .  
S t r o b e  1 Disp lays  f r o m  first non-ze ro  decade  o r  

S t r o b e  2 Displays  f r o m  f i r s t  non-ze ro  decade  o r  

Strobe 3 Displays  from first nop-zero decade o r  

j u s t  decade  1. 

j u s t  d e c a d e s  1 & 2. 

j u s t  decades  18.1 28:  3.  
0 

1 

0 Accep t s  d a t a  f r o m  coun te r s .  

T. Coun te r  coun t s  up. 
0 Coun te r  counts  down. 
NOTE:. Up/Down Input should only be changed 

Disp lays  f r o m  f i r s t  non-zero  decade.  

S t o r e s  da t a  in coun te ra  (da ta  at 0-1 
t r a n s i t i o n  is s to red ) .  

, 

with.Externa1 Clock = 0 o r  with E x t e r n a l  
Clock  Disable  = 1, o the rwise  can  ge t  
f a l s e  count.  

1 

0 

Clock  Out and  over f low d r iven  by o u t p t  

Clock Out and  overf low d r iven  by output 
of decade  3.  

of decade  4. 

Reproduced with permission from Hughes Aircraft Company, New Port Beach, CA 
92663. 
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M a s t e r  R e s e t  

B C D ' I , 2 , 4  Z d  8 

Overflow 

S t o r e d  Overf low 

Clcck c u t  

QUAD DECADE INPiTTS (continued. .) 

1 R e s e t s  counter  and overf low t o  z e r o  
( la tches  a l so  r e s e t  i f  MOLD/LOAD = 0). 
D r i v e s  BCD t o  1 1 1 1 ,  d r i v e s  s t r o b e s  
of f ,  and r e s e t s  s t r o b e  counter  t o  
decade  4. 

0 Allows counter  t o  o p e r r t e .  

QUAD DECADE OUTPUTS 

BCD i d o r m r t i o n  f r o m  decade se lec ted  by  s t robe  
outputs. Blanked information r e p r e s e n t e d  by 
state 1111. 
both SV and -V. 

O?en state is high impedance  to  

Q f r o m  a divide b y  2 s tage  dr iven  b y  Clock Out, 

S t o r e d  ove rfl ow information out put (c ont r olle d 
b y  H O L D / L O A D  input). 

A posi t ive pulse  with leading edge coincident with 
first -1 t r a n s i t i o n  of e x t e r n a l  ( o r  internal) 
c lock  following count 999  o r  9999. The t ra i l ing  
edge  is coincident with the 1 3 0  t rans i t ion  of the 
e x t e r n a l  ( o r  i n t e r n a l )  clock which d r i v e s  the 
c o u n t e r  into s t a t e  1000 o r  10000 (de termined  
b y  3 / 4  Se lec t  input). 

!-. Jeca'de (1, 2,  3 , 4 )  S t r o b e  Tells which decade  is being displayed on BCD l i n e s  
Sequence is 4 , 3 , 2 , 1  with Decade 4 as MSB and 
decade  1 a s  LSB. 
o r  negative t r u e  depending on state of S t robe  
T / C  input. 
quency cont ro l  input. 
c o n t r o l  = 0 s t r o b e s  a r e  d r i v e n  off, t h i s  c h a r a c t e r -  
i s t i c  c a n  be  u s e d  t o  cont ro l  duty cyc le  of d i sp lays .  

Can be e i t h e r  posi t ive true 

S c a n  r a t e  d e t e r m i n e d  by  s c a n  f r e -  
X h e n  s c a n  f r e q J e n c y  

QUAD DECl4DE SCAN OSCILLATOR CONTROL 

ExternaI  Scan Osc i l la tor  Mode 

Scan F r e q u e n c y  Cont ro l  1 E n a b l e s  s t r o b e  out. 
1+0 Advances  s t r o b e  c c u n t e r .  

0 Disables  s t r o b e  out and d r i v e s  B C D  out 
t o  1111. 

In te rna l  Scan  Osc i l la tor  Mode 
S c a n  F r e q u e n c y  Cont ro l  C a p a c i t o r  connected f r o m  t h i s  input t o  

VDD o r  G R O U N D  cont ro ls  Lnternal Scan 
Osc i l la tor  Frequency .  If no capac i tor  
is cdnnected,  the o s c i l l a t o r  will have a 
f ree- running  f requency  of typical ly  3 0 0 K H ;  

Reproduced w i t h  permission from Hughes A i r c r a f t  Company, New P o r t  Beach, CA 
92663. 
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0 

- 
Output data from 

A l l  strobe OUIPUIS decade corresponding 
a t  Zero to Scan Counter No change 

Value 

f 
1 

No change 

Oulpul data from 
decade corresponding 
t o  Scan Counter 

Ref lects count of 
Nochange Internal Counter 

Decade Strobe correi. 
ponding t o  Scan Counter 
Value will be "One" 
level Value 

No change 
1 I J 

Resets ent i re Prior 

note 1) 
1 X 1 Counter (See Counl 

1 

DESCRIPTION 
The 6010 series of monoli thic CMOS LSI l ou r  decade counters 

16 PIN DIP 
PIN CONNECTIONS 

(TOP VIEW) is designed for use in digital panel  meters, digital voltmeters 
and other count ing applications. 
Four synchronous decade counters and a divide by two over- 
f low stage are included in the 6010 devices to provide a count-  
ing range from 0 through 19999. The count ing range can be  
further extended by cascading devices, Ouad latches for each 
decade and a latch for overflow permit storage of any count 
in a BCD Format. 
An "on ch ip"  scan osci l lator and scan counter/decoder gen- 
erate the timing signals for t ime division multiplexing of the 
latched BCD count of each decade to the BCD outputs. The 
multiplex frequency is control led by an external capacitor con-  
nected to the Scan Osci l lator input. The decade strobe duty 
cycle of the HCTR6010A can be changed from the nominal 12 
percent by connect ing a resistor to the appropriate supply 
voltage. 
The liCTR6CiOa is identical to the HCTFi6010A except the scan 
osci l lator has been designed for applications requiring a 
decade strobe duty cycle of nearly 25%. 
In the HCTR6010. an internal delay circuit  is placed in  series 
with the Ho ld /Load Latches input. The delay is sufficiently long 
td'ensure that a count "r ippl ing" through the counter will be  
stabilized and correctly loaded into the latches even if Ho ld  
Latches and clock advance signals are applied simultaneously. 
This delay circuit  is not included on the HCTR6010A and 
HCTR6010B devices. The HCTR6010 decade strobe duty cyc ld  
is similar to that of the HCTR6010B; however, a different range 
of capacitor values is used for control of the scan frequency. 

1 
BCD 8 OUT 

CLOCK IN 

DECADE 2 STROBE 

DECADE 4 STROBE 

DECADE 1 STROBE 

DECADE 3 STROBE 

HOLDhOAD LATCHES 

vDO I*) 

BCO 4 OUT 

BCO 2 OUT 

BCD 1 OUT 

STORED OVERFLOW 

CLOCK OUT 

SCAN OSCILLATOR INPUT 

VssI-1 

MASTER RESET 

I 
J 
d ORDERING INFORMATION: 

USE D SUFFIX FOR CERAMIC PACKAGE: 
HCTRWIOD, HCTR&310AD, HCTRbOlOBD 

USE P SUFFIX FOR PLASTIC PACKAGE: 
HCTRWlOP, HCTRBOIOAP, HCTR60108P 

On Chip Scan Osci l lator with adjustable duty cycle and 
frequency 
Cascadable 
Output latches for four decades plus overf low 
1 MHZ operation at 5V (0 to 75'C) 

ABSOLUTE MAXIMUM RATINGS 

GENERAL OPERATING NOTES 
1. All high impedance inputs of this device have an input 

protection circuit  to prevent damage due to high static 
voltage or electr ic fields. It is advisable, however, to  
use normal MOS handl ing precaut ions to  prevent dam- 
age to the inputs resulting f rom application of voltages 
in excess of the maximum rated voltages for the device. 

2. Erroneous operat ion may result if unused inputs are 
allowed to "float". All unused inputs should b e  termi- 
nated to a known logic level such as VDS 0 :  'Js;. 

7 

* CONSULT FACTORY FOR DEVICES W I T H  HIGHER V O D  RATINGS 

TRUTH TABLE NO. 2 
TRUTH TABLE r.0, 1 

OUTPUTS 
FREOUENCY INTERNAL S C A N  D E C A D E  STROBE 
CONTROL COUNTER 
SCAN INPUT I OUTPUTS I 7 

I AI1 strobe outpu ts  ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s l ~ ~ e r  
set 10 Zero decade (see note 2, I Count  (see note 2 1  

Decrements one I I I 1 

7 

7 

NOTE 1: A mai ler  reset has no e f f e c t  on the scan c w n l e r  NOTE 2: Decade strobe scanning sequence bs from the most 
signi f icant decade t o  t he  least  significant decade. 
;.e.. 4.3.2-1. 4 3 2 . 1 .  etc.  

Reproduced with permission from Hughes Aircraft Company, New Port Beach, CA 
92663. 
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45. 18' .20" 47" 

.le* .36" 

.43' 1.17" 

105 '  42' 110" . 4 8 . ' ~ r  

40' .75 ' *  
100' 250"  

DECADE 1 STROBE 
V" I - )  

5 I I I % 
1 1 

DC CHARACTERISTICS Unleri  otherwre specified T, - 0-75OC and VDD Toleraxe - ? 5% 

Symbol I 
(Vdc) 

Value 

T 
Characteristic 

OUIDUI Voltaae 

MI n 

'OD- 

"03 -  

I BCD. DecadeStrobe. Clock Our and 
Stored Overtlow Outputs 

' 0" Level @ IL = 1 6 mA Irtnk) 
"1" Level 0 IL = 100 UA liource) 

Level b IL = 16 mA Ir inkl 0 
"I" i s r s i  @ IL = io0 " A  I ~ o u r C e l  

I 
V O L  

VOL 10 
"OH 10 

5 

Input Voltage (ercepi Scan Orctllator 
Input1 

'0" Level 
"I " Level 
"@" 
' 1" Level 

V I L  

V I L  10 
V IH  10 

VIH 1 1 5  OB Vdc 
2 7  
2 0  
2 9  

Scan Orcillator Input 
"0" Level 
"1" Level 
"0" Level 
"1" Lerel 

2 0  0 5  V D D  VdC 
2 9  

5 6  

Input Current iExcep1 S c a n  O ~ c i l l a l o r  
I .. , ... "-.I 
Scan Oscillator Input Current t 

"0" Level  Current liequires 
sinking by ugr.al I O U : C B /  

I I L  5 

10 

I IH 10 5 

... 

... 

... 

... 

... 

1 9 0  I 300 

850 I 1700 1 
----I-- + 001 1"0 ' Level = Vss, "1" Level = V 

Ou8ercenr Fuwer Supply Current 
W f l h  ScanOSC Input = Vss 

\Yith Scan OSC Input - VDD 

650' 4WO" 2400 '  8250"  
3 5 0 ' 1 4 2 0 0 "  5000'31000" 

75 0 I 1200 
1500 I 3000 I 

Power Supply Current 
Clock F,m = 1 MHz. 
Scan F r m  = 10 KHI 

Clock F r q  = 1 MHz. 
Scan Fcm = 10 KHz 

Clock StOPpe3. 
Scan Erm - 10 KHz 

S c a n  Osc Free Runnanpl 

IScan O x  Drtvenl ? 

IScan OIC F r e t  Runntnql 

... 

... 

... 

... 

... 

5 
10 

5 
10 

'0 

Input Capacitance ... 

1 D N l o  (ow bcsn Orc~l lalor Input ~mrn.dencc. the 
HCTR 60108 I S  not recommended lor dlivsn Son 

I 

I I 
BCD 

DISPLAY 

mrecs ^ I  I 
MASTER RESET SIGNAL 

no 

OVERFLOW 
SIGNAL 

SECADE4STROBE 1 
DECADE 3 STROBE 

DECADE 2 STROBE iy ~ ~ , 
FIGURE 9 .  TYPICAL APPLICATION OF THE HCTR6010B FOR A 4.112 DIGIT DISPLAY 

Reproduced w i t h  permiss ion from Hughes A i r c r a f t  Company, New P o r t  Beach, CA 
92663. 
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Falling Edge 10 Falling 
Edge 

Rtsmg Edge to Rrslng 
Edge 

2la.bl 

Master Reset Input Charactermcs 

"1" Pulse Wbdth 3 l a l  

Clock 10 Ho ld  Latches 
Sei-up Time 

IHCTR6010A. HCTRGOlOE 
onlvl 

4la.b) 

1 
AC CHARACTERISTICS Unless otherwise specifiedTA = 0 - 75°C and VDD Tolerance !5% 

Value 

TVP Mar  U"l1 

ns 

Characteristic 

Outpur RiseTime ICL = 15pFI  
ECD Outputs 
Stored Overflow Ou tpu t  
Decade Strobe O u i w t  
Clock Our 

... 5 
1 0  

5 
10 

... 1, 

... 

... 

5 
lo 

5 
10 

1 5 
10 

... 
11 

-- 
... 
... 

... 

"S 

Output  Fal l  Time ICL = 15pFl  
ECD Outputs 
Swred Overflow OUIDU~ 
Derade Sirobe Output 
Clock 6,. 
~. 

"S 

nr 

" S  
ProDagation Delay Tlme. Clock In 1 to BCD Output  (CL = 1506) 1 

J 
~~ 

I P r o D a g a t i o i  Delay Time. Clock In 1 1 to Clock Out ICL 15pFI  51a.cl 
ns :E I % 

1470 
685  

1 
270 

1200 1950 
8 1 0  

Propagation Delay Tlme. Load 
Latches t o  BCDiStored 4lb.c) 
Overf lOw OulDUlS I c L  = 15PFI i nr 

I I 1: I ::: ns 

Propagation De lay  Time. I Master Resel to ECD & 1 31a.b) ns IT 1 Stored Overflow Out 
ICL = 15pFI 

3 715 
3 w  

"S 435  ... 
190 ... 

NO L I M I T  
_. NO L I M I T  
-. 

NO L I M I T  
NO L I k l i T  

425  
nr 

a Clock In Characteristics 
Pulse Repeiit8on Rate 

"0' Pulse Width 

"1" Pulse Width 

MHz 

ns 

1 0  

230. ... 
105 , ... 

41al 

l:: I :: 
too0 

... 1000 

1000 
1000 

3 Rise Time 

Fall  ;me 

~~ 

r io ld lLoao Latches input 
Characteristics 

"0" Pulse Width 

Rose Tame 

Fall  Time 

41b) nr 165 ._ 
7 5  ... 

NO L IMIT  
NO L IMIT  
N O  L IMIT  
NO L l h l l T  

155 

... NO L I M I T  
NO L IMIT  
NO L IMIT  

... NO LIMIT' 

Scan Oscillator Input 
Characrer~rtlcs Iwoth E i ternat 
Source1 

"0" Pulse Wldth 

1 "1" Pulse Wldth 

Zlal 5 
10 
5 

10 
5 

10 
5 

10 

585 
225 
265 
110 
... 
... 
... 

ns 

Rise Time 

Fall  T m e  
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C L O C K  I N  I X 1 0 0 0 )  C L O C K  I N  ( X l O I  C L O C K  I N  ( X 1 0 0 1  -- - 
loo00 

1, 51  10, 101 50, 1001 1001 5001 50001 1 1  9999 

CLOCK IN -- - -h 
MASTER RESET n 
HOLD/LOAD LATCHES n 

STORED OVERFLOW r 

SCAN OS$ INPUT u u  u LIUU m 

DECADE 1 STROBE 1 n n 
DECADE 2 STROBE I n 
DECADE 3 STROBE n 
DECADE 4 STROBE n n 1 

F IGURE 1 - 4% DECADE COUNTER,  T I M I N G  D I A G R A M  

F I G U R E  2 

111 SCAN OSCILLATOR I N P U T  

lbl DECADE S r R O B E  OUTPUT 

F I G U R E  4 

IrI C L O C K I N  

(b) H O L D l L O A D  LATCHES I N P U T  

I C )  BCD b STORED O V E R f L O W  
OUTPUT 

F I G U R E  3 

Irl MASTER RESET I N P U T  

(b) BCD b S T O R E D  

O V E R F L O W  O U T P U T  L 

F I G U R E  5 

(rl C L O C K I N  

(bl B C D O U T P U T  

(c) CLOCK OUT 

Id1 S T O R E D  O V E R F L O W  O U T P U T  

-1 C ' r  
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7 

H C T  R601 OA RsqF 
H C T  Fi 60 1 OB 

cs T c= ;r 

SCAN OSCILLATOR CHARACTWISTICS 

RsGcsq 
3 

I H E G  

S m K  

mr 

1mK 

6 o o K  

? 
I O H M S I  

m r  

Y a K  

X Q K  

im1: 

1 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

3 

3 
7 

-l 

J 

7 

All three devices in the 6010 series have on-chip scan oscillators; 
ho,nrever. they are dillerent in some characleristics. All devices 
are designed to permit adjustment of scan oscillator frequency 
by adjusting the value of a capacitor connected between the scan 
oscilla!or input and AC ground ( V D ~  or VSS) as shown in figure 
6(2). The nominal duty cycle of each decade strobe output for 
this configuration is approximately 23% lo r  the HCTR6010 and 
HCTR601OB and approximately 12% for the HCTR6010A. Typical 

7(b) and 7(c) The HCTRGOlOA is designed to permit adjustment 
01 frequency and duty cycle using an external RC circuit con- 
nected IO the scan oscillator input as shown in figures 6(b) and 
6 ( c )  If only the capacitor IS connected the duty cycle is approx- 
imately 12% The duly cycle can be increased or decreased by 
connecting a resistor to VDD or VSS respeclively as shown in 
Figure 6(b) and 6 ( c )  Typical scan oscillator operating character- 
istics and waveform definitions are given in Figures 7(a) - 7(d) 

DECADE 1 STROBE 

DECADE 2 m o B E  n 
DECADE 3 STROBE n 

OSCILLATOR FREO 
VS CAPACITANCE 

- i~'k-- 
DECADE 4 S T R O B E n  

I i l l '  \ -I 
I TA. 25'C 

+ T, Pw 
DECADE STROBE DUTY CYCLE = -' X 1w90 

4 
SCAN OSCILLATOR FREOUENCY = -  

1% 

O L m l .  IO I I / / i i l i  im i i-t i / i  lm,  
lmxl 

1, 

SCAN D X I L I J T O R  F R E O U I h C Y  IHZI I FIGURE 7111 DEFINITION OF SCAN OSCILLATOR FREOUENCY AND DECADE STROBE DUTY CYCLE 
7,b, TIpIu\L nCTR6010SCAN OSCILL/\TOR F R E o U E H C Y c H ~ R A C T E R I ~ l ~  

SCAN OSCILLATOR FREO 
VS CAPACITANCE CONNECTED 

~ 816 856 

C, - 0 O I S r F  
R,CONNfCTED 

C; 0015uF 

TO vs 1-1 
VDD - .5v 

C, . 0 O33rF 
R, CONNECTED TO VDD 1.1 

VDD. . lOV 

533 , 

--- 
I- -- . NON OPERATlONl 

I I I I I I 
5 IO I 5  IO 25 

*CTREQlO4 DECADE STROBE DUTY CYCLE 181 

SCAN osc i tu lon  FREOUENCY i n n  FlG.VRE 1161 - T Y P I C A L  YCTRWIOA S C A N O X I L I A T O R  FREOVENCY AND DUTY CVCLf  C H A R A C T f P I S T I C S A T  ISo( 

ii.1. TVPICAL MCTRMIOUB SCAN oscILuTon FREOUENCY CnAnAcTininics 

I 
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GENERAL OPERATING CHARACTERISTICS 

As shown in the expanded block diagram of Figure 8. the clock coder. By connecting a resistor and capacitor to the Scan Oscil- 
Input frequency is counted by a series of four synchronous BCD lator control terminal, it is possible to control the duty cycle and 
counters and a divide by two stage. The counter is advanced by frequency of the decade strobe outputs so that output charac- 
the negative going transition of the clock input signal. teristics can be made suitable for several different types of dis- 
The BCD counter data is stored by loading the data into the dec- plays, The Scan Oscillator input may be .driven by an external 
. d e  i a k i i r s  and the slored ovCtfiOw latch. A zero level on the source if  desired. Th6 Scan Coun:er chaages on the negative 
Hold/Load Latches input will transfer data from the counter to goTng-77an.WG of the Scan Oscillator input. 
!he latches. t h e  count is  held in the latches when the Hold/Load A delay circuit on the Hold/Load latches input‘ is present in the 
Latches input is4n a high stale. HCTR6010 bat not in the HCTR6010A and HCTR6010B. The delay 
The 0CD data from the decade latches is presented sequentially is long enough to ensure that a count “rippling” through . the 
at the BCD outputs by using time division multiplexing. The multi- counter wil l be stabilized and correctly loaded into the latches 
plex sequence is from the most significant decade to  the least even if load latches and clock advance signals are applied 
significant decade. A positive true output signal appears at each simultaneously. 
of the four Dec ide  Strobe outputs to indicate which decade’s BCD The clock out signal may be used for cascading devices by con- 
data is present at the BCD outputs. The latched overflow informa- necting it,to the clock in of the following device. The clock out 
tion is not multiplexed but connected to the Stored Overflow signal is a positive going pulse with leading edge coincident with 
out?u? :brough an output buffer stage. the positive going transition of the clock input following count 
Tirnins 5:Qnals for the multiplexer and Decade Strobe signals are 9999,’ The trailing edge is coifxident with the 1 - 0 transition of 
generated by an on chip scan oscillatot and scan counter/de- the clock ifiput which drives the counter into state 10000. 

SCAN 
OSCILLATOR 
INPUT 

5 - Q DECADE 1 STROBE 

- I . * DECADE 2 STROBE 
- 3 

SCAN SCAN COUNTER DECADE STROBE 
OSCILLATOR AND DECODER + OUTPUTBUFFERS , S 

11 4 

- 1 
--4* 

0 DECADE 3 STROBE 

0 DECADE 4 STROBE 

I 
I I = :  BCD 1 OUT 

BCO 2 OUT 

BCD 4 OUT 

BCD 8 OUT 

BCD MULTIPLEXER 
TTIME DlVlSlONl 

STORED OVERFLOH 
t--------i 

(INCLUDED 
IN HCTR6GlO 

L -_ - - -- - 

vss 1-1 

LATCHES 

SYNC SYNC SYNC (&E RF LOW) 
CLOCK 2 +10 7 10 + 10 7 10 1 A SYNC 

IN COUNTER COUNTER COUNTER COUNTER A 
(UNITS) TTENSI 12 (HUNDREDS) TTHOUSANDSI 

0 CLOCK OUT 

MASTER 9 
RESET L, 

L - - - - - - - - - - - - - - - - - - J  
H U G H E S  A I R C R A F T  C O M P A N Y  

MICROELECTRONIC PRODUCTS DIVISION 

information furnished by Hughes is  believed to  be accurate and reliable. However, n o  responsibility is assumed by, Hughes for its 
use: nor for any infringements or patents or other rights of thlrd parties which may result from its use. No license is granted by im- 
plication or otherwise under any parent or patent rights Of Hughes. 
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7 

3 
d 

7 

1 

7 

BIT RATE GENERATOR 
The MC13.411 bit rate generator i s  conrtrxted with comple 

mentary MOS enhancement mode devices It utilizes a frequency 
dlvider netnork to provide a wlde range of output frequencies 

A crystal controlled oscdlator i s  the clock source for the network 
A two bot address is  pmvlded to select one of four mulliDle output 
clock rates 

kpplicatlons include a selectable frequency source for equipment 
in the data communications market, such as teleprinters. printers, 
CfiT terminals, and microprocessor systems 
b Stncle 5 0 Vdc (: 5"J Power Supplb 
0 .  lnteinal Osc!llator Crystal Controlled for Stability (1  8432 M H z l  
0 Sixteen Oifferenr Output Clock Rates 

505 Output Duty Cycle 
b Piogiammable Time Bases for One of Four Multiple Output Rates 
b Buffered Outputs Compatible with Low Power TTL 
0 Norse Imnunitv = 45% of VDD Typical 
b Dlode Protection on All Inputs 
b External Clock May be Applied to Pin 21 

MAXIMUM RATINGS ivol idpes aefr*enced to V ~ S .  Pin 12  ! 

Raiinp Svmbol Value Unit 

DCSUDDIY V o i ~ r p c  Range I VDD I 5 .25  10-05 I Vdc 

KC14411 

CMOS LSI 
ILOW-POWER C O M P L E M E N T A R Y  MOS!  

BIT RATE GENERATOR 

L SUFFIX 
C E R A M I C  P A C K A G E  

CASE 623 

PSUFFIX 
PLASTIC P A C U A G E  

CASE 709 

I I I 1 1  

P I N  A S S I G N M E N T  

Reproduced w i t h  Permiss ion from Motoro l  a Inc .  Phoenix AZ 85008. 
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MC14411 

E 

ELECTRICAL CHARACTERISTICS 
r 1 1 VI- I -4O'C I 25°C 1 *ES"C I 1 

I V o  = 4 5 or C 5 Vdcl 

O"lp"1 
Numbn 

F 1  
F 2  
F 3  
F 4  
F 5  
F 6  
F7  
F8 
F 9  
F 10 
F 1 1  
F 12 
F13  
F 14 
F15  
F 16' 

- 

- 

TABLE 1 - OUTPUT CLOCK RATES 

X16 

X64 

614 4 k 
460 8 k 
307 2 k 
2 3 0 4  k 
1 5 3 6 k  
115 2 k 
76 8 k 
3 8 4 k  
19 2 k 
1 2 8 k  
9600 

8613 2 
7035 5 

48 00 
921 6 k 
1 8 4 3 M  

output I 

X16 

1 5 3 6 k  
1 1 5 2 k  
7 6 8 k  
57 6 k 
38 4 k 
28 8 k 
1 9 2 k  
5600 
4800 
3200 
2400 

2153 3 
17% 8 

1 zoo 
921.6 k 
1 8 4 3 M  

'F16 I$  buffered osc~llalor Outpul. 

7 6 8 k  
57 6 k 
3 8 4  k 
28 8 k 
19.2 k 
1 4 4  k 
9600 
4800 
2400 
1600 
1200 

1076 6' 
8 7 9 4  

600 
921 6 k  
1 8 4 3 M  

x1 
9600  
7200 
4800 
3600 
24 00 
1800 
1200 
600 
300  
200 
150 

134 5 
109 9 

75 
921 6 k  
1 8 4 3 M  

f 
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1 
I 

1 

1 

1 

7 

MC14411 

F I G U R E  2 - T Y P I C A L  C R Y S T A L  O S C I L L A T O R  C I R C U I T  
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DUAL 64-BIT STATIC SHIFT REGISTER 

The MC145178 dual 64-bit static shift register consists of two 
identical, independent, Gd.bit registers. E s ~ h  regincr ha; ip6rats 
clock and write enable inputs, as well as outputs at bits 16,32, 48. 
and 64: Data at the data input is  entered by clocking, regardless 
of the state of the write enable input. An output is disabled (open 
circuited) when ihe write enable input is  high, During this time. 
data appearing a t  the data input as well as the 16.bit, 32.bit. and 
48.bit taps may be entered into the device by application of a clock 
pula. This feature permits the register to be toad& with 64 bits i:: 
16 clock periods, and also permits bus logic to be used. This device 
is  useful in time delay circuits, temporary memory storage circuits, 
and other serial shift register applications. 
0 Quiescent Current = 10 nA/package typical @ 5 Vdc 
8 Noise Immunity = 45% of VDD typical 
0 Diode Protection on Al l  Inputs 
0 Fully Static Operation 
0 Ouwut Transitions Occur on the Rising Edge of the Clock Pulse 
0 6.7 MHr Operation @ VDD = 10 Vdc 
0 Exceedingly Slow Input Transition Rates May Be Applied to the 

Clock Input 
0 3-State Output a t  64th.Bit Allows Us? in Bus Logic Applications 

Shift Registers of any Length rniy be Fully Loaded with 16 
Clock Pulses 

0 Supply Voltage Range = 3.0 Vdc to 18 Vdc 
0 Capable of Driving Two Low-power TTL Loads, One Low-power 

Schottky TTL Load or Two HTL Loads Over the Rated Temper- 
arure Range 

MAXIMUM RATINGS IVoltauer referenced to VCPI 
r A w n #  Svmbol VJlU. Unit 

DC S U D P ' ~  Voltage VDD -0510 *18 Vdc 
Input Voltage All Inputs VI, 4 5 1 0  VDD* 0 5  Vdc 
DC Current Distn u r  Pm I 10 rnAdc 
O p r a t m g  Temperature Range - A I  Device 

CLKP Devss 
Storage Temarature Range ' r e m  -65 to t150  OC 

TA I To;++','," I OC I 

CMOS LSI 
1LOW.PONER COMPLEMENTARY MOP1 

DUAL 64-BIT STATIC 
SHIFT REGISTER 

L SUFFIX P SUFFIX 
CERAMIC PACUAGE PLASTIC PACUAGE 

CASE 690 CASE 648 

ORDERING INFORMATION 

MCl4XXXE Sultbr Dw0t.s 

L C.r.m,c P.Ct.p. 
P PIast,c Packape 
A ErlendWJ Oprmtanp 

Ternoerarur. R m p .  
C L0mtt.d Owratmp 

T*mwratura Rang. 
f 

PIN ASSIGNMENT 

W R I T E  
CLOCK ENABLE DATA l b B l T  TAP =.BIT TAP &BIT TAP W.BIT TAP 

FUNCTIONAL 
TRUTH TABLE 

H iph lrnpdanca 

x - Don't c.r. 

6 

r 

6 
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a 

ITL  

ITL 

MC14577B 

" 15 - t o 1  - :000001 r01 - *30 r A d c  

15 - 21.0 ' - :OooOOl ;l,O - t7.5 * "AdC 

ELECTFOCAL CHARACTER:STICS 

Chwrwctwistic 

v , n  = V D D  O I  0 

"1" Level 

I V g  = 4.5 or O S  Vdc l  

I V g  9.0 or 13 Vdc l  
I V o  - 13.5 or 1.5 Vdcl 

I V o  = 0.5 or 4 5 Vdc l  I I V o  - 1 .O of 5.0 Vdc l  

-1- Levt 

I V O  = 1 5 or 13.5 Vdcl 
Output Drove Current I A L  Ocvicel 

I V O n  . 2.5 Vdcl  Source 
fVOH = 4.6 Vdcl 

NOH - 13.5 Vdcl 
IVOL - 0.4 Vdcl  Sink 

(VOH * 9.5 Vdc! 

( V O L  - 0 5 V d c l  
IVO; - 1.5 Vdcl 

Output D I ~ W  Current ICLlCP Deviccl 
IVOH - 2.5 Vdcl  Sourw 
I'JoH - 4.6 Vdci 
(VOH * 9.5 Vdc l  
IVO" = 13.5 Vdc l  

( V O L  - 0.5 Vdc l  
l V O L  - 1.5 Vdc l  

IVOL - 0.4 Vdc l  Sink 

w,n - 01 
Oumcent  Current l A L  Device1 

IPer Packagel 

Outercent Current I C L K P  Device1 
IPcr Packagel 

Total Supply C u ~ r c n t " 1  
IDynarnsc plus Outtscent. 
Per P r k a g a l  

ICL - 50 pF  on ai! OYIPUIS ,  all 
bullers swltchmgl 

I A L  Deroca1 

(CLICP Device1 

Three SIJIe LeakarJc Current 

Three Stare Leakage Current 

9.95 
14.95 

"IL 
5.0 - 
10 - 
15 - 

50 3 5  
10 70 
15 110 

5 0  - 1 2  
5 0  - 0 2 5  
10 - 0 6 2  
1s -1 8 

10 16 
1s 4 2  

50 -10 
5 0  -02 
10 - 0 5  

VIH, 

!OH 

10L  5 0  064 

IOH 

1s - 1 4  

I O L  50 o s 2  
10 1 3  
15 36 

Ian 15 
I," 15 

C," 

- 
- 

- - 

'OD 

- 

50 
10 
15 

I 1 E I VdC I 
- I 005 I 

4.95 i - i Vdc i 

1 rAdc 1 
'TI,,,., - -55OC lor A L  D e v r e .  40°C lor CLICP Device. 

=Nolie hmmunity s o p l i e d  lor wo fs t -ax  input comoination. 
rh,gn t12S0C (GI A L  D t V S C .  185'c {Of CL/CP Dcnce. 

N o w  Margm lor both "1" and "0" level = 1.0 Vdc m i n  P V o o  = 5.0 Vdc ' 2.0.vdc m i n  v D D  = IO vdc  
2.5 Vdc m m  Q VDD - 15 Vdc 

1To  caIcuIatc total supoly current a t  loads other than 50 PF: 
I T I C ~ I  = I ~ 1 5 O p F l  *4,x 1 0 - 3 1 ~ ~ - 5 0 1 ~ ~ ~ 1  

where IT is en "A ( p e r  packagel. CL i n  OF,  VDD i n  Vdc. and I in kHz i s  input IrWuCnCV 
'*The lormulsr gown are lor the typical chwruteftstics Only 11 25OC. 

Q 'Reproduced w i t h  permiss ion  from Motorola, Inc. ,  Phoenix, AZ 85008. 

129 



MC 1451 7B 

(THL 
I 

. -. . 
tTLH- 11.1 ns/pF)C;+IOna 

~ H L  - 11.5 ns/pFl CL t 25 ns 
Output Fall Time 

t T H L  - 10.75 nr /pF l  CL + 12.5 na 
rrui - 10.55 nsloFl  CI + 9.5 ns 

WITCHING CHARACTERISTICS. ICL - 50 PF.TA - 25OCI 
Max I Unit 1 Symbol I V n a  I Min I TVP 1 Charurarimic 

1s - 65 ' 130 

10 5p 

ns 
5.0 - 100 100 - 100 - 80 15 40 

Output R*ae Tlme 
T L H  - 13.0 n r lpF l  CL 30 
t;i~ - f l .5  nr /pFl  CL t 15 na 

Propagation Delay Time 

tpLH, t p H L  - 10.66 na/pF) CL + 177 na 
tpLH, t p H L  - 10.5 nr /pF l  CL t 115 na 

tpLH, t p H L  - 11.7 na/pFl CL + 390 na 

Clock Pulse Widrh Wn 

Clock P u l v  Frequency fcl 

Clock Pulse RIK and F ~ l l  Time ' T L H . T H L  

Data to  Clock Setup Tuna tw 

M 
6.0 I - 475 770 
10 - 210 300 
15 - 140 21s 
5.0 330 170 - 
10 125 75 - 
1 s  100 60 - 
5.0 - 3.0 1.5 MHZ 
10 - 6.7 4 .O 
15 - 8.3 5.3 
5.0 - 
10 *'Sem Nola 
15 
5.0 0 -40 - M 
10 10 -15 - 
15 15 0 - 

M 

W r i t e  Enable 10 Clock Relaaw Time 

35 10 - 
Write Enable to Clock Setup T i n u  I k u  I 5.0 f M 

1 -  

GO1 5 .O 380 160 - M 
10 180 56 - 
15 100 40 - 

T h e  formula given i s  for thc typiol cha r r l e r i a t i n  Only. 
*.When hift mgialer section, are c a c d e d ,  the maximum r i v  md fa l l  time o f  rhe clock input  h w l d  be q u a l  10 or l e u  t h ~  Lha riw n d  fall 

t ime of  1% d a U  o u ~ u o .  driving data inpula. plus h e  propaplt ion hly of the w a u l  driving a t q e .  

FIGURE 1 - POWER DISSIPATION TESTCIRCUIT A N D H A V E F O R M  

REPETITIVE WAVEFORM 0 

' 0  m;;; C 

-/-\-CsD 
C 

I' - l I2  'ol 

f 

Reproduced w i t h  permiss ion from Motorola,  Inc., Phoenix, AZ 85008. 
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MC14517B 

a 

1 

FIGURE 2 - TYPICAL OUTPUT SOURCE CURREW 
CHARACTERISTICS TEST CIRCUIT 

0 

a16 032 048 OM 
1-0 

* C  
& W E  

FIGURE 3 - WPICAL OUTPUT SINK CURRENT 
CHARACTERISTICS TEST CIRCUIT 

voui - "OL 

FIGURE 4 - AC TEST WAVEFORMS 

t EXPANDED BLOCK DIAGRAMII IR OF DEVICE SHOWN) 
ad+- - - - ' I T  - -  - v---r-- -1 

Reproduced with permission from Motorola, Inc., Phoenix, AZ 85008. 
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1-TO-64 B I T  V A R I A B L E  L E N G T H  SHIFT  REGISTER 

The lvlC145578 I S  a static clocked scr la l  shift register whose length 
m a v  be programmed t o w  any number o! bits between 1 and 64. The 
"*:-,$E: c! bit: : ~ ! x : K !  :I cqujl :z the S J ~  s: rhe jubsirtpti ul the 
enabled Length Control inputs ( L l .  LZ. L4. L8. L16. and L32l plus 
one. Serial data may be selected from the A or B data inputs with 
the A B select inpul. This feature IS  useful for recirculation purposes. 
A C l x k  Enable (CEI  input I S  prov!ded to allow gat:ng of the clock 
or negative edge clockmg CaDabllity. 

The dewce can be effectwelv used for variable digital delay llnes 
or slm:~!y t@ 8mpl?me!it ?dd h g t h  :hift ieg:s:ers. 
characki ISIICS can he found on the Famdy Data Sheet. 

0 Quiescent Current = 10 nA!package typical @ 5 Vdc 
1.64 9it  Programmable Length 

0 Q and 0 Serial Buffered Outputs 
0 Asynchronous Master Reset 

All Inputs Buffered 
0 No L t r i t  On Clock Rise and Fall Times 
0 8 FJHz Operation @ VDD = 10 Vdc Typical 
0 Supply Voltage Range = 3 0 Vdc to 18 Vdc 

Capable of Driving Tvbso Lov..power TTL Loads, One Low.power 
Schottky TTL Load or Two HTL Lo;& Over the Rated Temper. 
ature Range 

MAXIMUM RATINGS iVoi taaes relefencea IO vgs! 

I J 

.. 
Ralmg Symbol Value I U"l1 

DC I.pply Vc.l!apr VDD - 0 5 t o - 1 8  1 Vdc 

V,, -0 5 10 Vnn + 0 5 I Vdc 
I 10 m Adc 

Ooe.a(,ng Temprature Range - A >  D e r c e  T A -55 IO - 125 OC 

I S:or.j, Tc?we.ature Rznge T,,, -65 IO -150 "C 

CL CP Dewce -40 to - 8 5  

ZTI-ziT 

~ 

. .  
1 1  
1 1  
1 1  
1 1  

LENGTH SELECT TRUTH TABLE 

L2 I L: I Revi le .  Lenclh 

I 

I 

MC14557B 

r 1 

CMOS LSI 
(LOWPOWER COMPLEMENTARY MOSl 

1-TO-64 BIT 
V A R I A B L E  L E N G T H  

SHIFT REGISTER 

L SUFFIX P SUFFIX 
CERANlC PACUAGE PLASTIC P A C U A G E  

CASE 620  CASE 648 

ORDERING INFORMATION 

M C l l X X X B  5 u t l . r  Deno:es 

L Cer.mic Pack** 
P PIasttC Packope 
A E~tena.d Op.rating 

Temperature Rmngo 
C Limited ODOr.tOnO 

T*mwra iu r r  Ran* 
f 

BLOCK D I A G R A M  

15 l A  (Lil0 L4 L2 Le 11 

13 L16 
12 L31 

- Ptr 16 
vss = PO" 8 

T R U T H  TABLE 

L 

E 

Reproduced with permission from Motorola, Inc., Phoenix, AZ 85008. 
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811s Srrecced 
1 

3 
3 
5 
0 
17 
33 

B - C E  n i  Lines = 1 

180 None 

120 LT 
90 L2 
60 LQ 
30 L E  
0 L16 

- 30 L32 
J 

ELECTRICAL CHARACTERISTIC - - 
Untt 

Vdc 
- 

VdC 

1 
~ 

Vdc 

- 
Vdc 

- 
mAdc 

- 
mAdc 

- 
mAdc 

1 

1 

J mAdc 

- 
cAdc 

uAdC 
- - 

PF 

- 
r A d c  

- 
r Adc 

IV,, - 01 

(Per Package1 1 

lPer Package1 

r A d c  a 
1 

SETUP TIME CHART 
The n a t y ~ e  01 Ihe length select logic causks the setup lime 10 
"ary w t h  the number 01 bits selected ThP lollovving table 
symmarlzes the typical variation a t  VDD = 10  V .  T A  = 25OC 

9 Reproduced with permission from Motorola, Jnc,, Phoenix,  AZ 85008. 
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MC14557B 

SWITCHING CHARACTERISTICS' (CI 5 0 0 F . T ~  I 25OCI 

. _. . 
iOutpu t  Fall Time ns ! 
; ITHL - (1.5 ns/pFI CL + 25 ns loo 200 I 

I 50 loo I ~ T H L  = 10.55 nslpF1 CL + 9.5 ns 1 1 5 1 -  40 80 I 
~ T H L  - 10.75 ns/pFl  CL 12.5 ns 

Propaoation Delay Time ns 

I 15 50 - I  
600 1 300 - nr j Reset Pulse Width ~ 'WHIR1 S o  

10 180 I 90 

50 - 2.5 1.7 MHZ 
10 

I - 
! 15 120 I 60 - 

- 8 .O 1 5.0 
I Clock Pulse FIeQucncy ~ fC I  

/Clock Pulse Rise and Fall Time lTLH.  5 0  - 
15 
5 0  900 450 - nr 

15 170 135 - 
5 0  -225 -450 - ns 
10 - 00 -180 - 
15 - 60 -135 - 

t T L H  5 0  15 IIS 
10 5 
15 - - 4 

1 tTHL 10 No Limit 

Data to Clock Setup Time I A  01 B to C o r  CEI tSU 
L1. L2. L4:L8. L16. L32 - 0 10 360 180 - 

- - - - 
I th 

Data to Clock Hold Time IA  or 8 TO C or CEI  
L1. L2. L4. LE. 116. L32 - 0 

Reset Fall Time 

*The lormula gwen 4s for the typical characteristics Only 

TIMING D I A G R A M  

VDD 

Clock vss 

Reproduced w i t h  permiss ion  f rom Motoro la ,  Inc., Phoenix, AZ 85008. 
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1 

1 

1 

1 

1 

1 IS 
a m ? E  

a s  

n 
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Rating Symbol Value Unit 
Supply Voltqge 
O x r a t i n q  Temperature Ranqe 
Storage Temperature -5510+125 

100 

f 

~ 

6 

c 
c 
c 
c 
5 

ELECTRICAL CHARACTERISTICS (Vcc = 5.0 & 5%, V,, O.T* = 0' to 70% unless otherwlse noted) 

V,,= - 3V dc level) 1 T01H I 450 I 

Characteristic Symbol Min Typ Max Unit 
Frequency 
C)"Pre!cnn ErPn"PnCy fi 8% 2 6  h4Hz 
Trequency stabillty (inclusive * 01 YO 

I nS 

I H I 1  of calibration tolerance at 
+25'C, operating temperature, 
indiit voltaae chanae. load 

In ref. to O2 NMOS @ 0.3V dc 
01 TrL T,, 15 
@ 1.4V dc Tn 10 
Memorv Clock TC 30 

change, a&ng. shock and 
vibration) 

NMOS OutDuts at 1.0 MHz Omration". 

30 45 ns 
25 40 ns 
50 70 ns 

Pulse Width (meas. at I T0,H I 430 I I I ns 

ILogic Levels 

' i l tse and Fall Times 
.4V and 2.4V 

2.4V and .4V 
,Logic "0" Sink (/Gale) 
[Logic "1" Source (/Gate) 
ICurrent Output Shoned 

V& 2.4 3.2 Vdc 
VOL .3 .4 Vdc 

t, 15 ns 
l f  15 ns 
131 -1.6 mA ' 

ICU +40 uA 
Isc -18 -57 mA 

Rise and Fall Times 

'Overshoot/Undersh~d 
Logtc "1 v c c -  5 V,,+ 5 Vdc 

1 Logic "0" vos Vn- 5 V,,+ 5 Vdc 
I Pulse ouration of anv over- 
l l i o l !o rundershoo{  1 : 1 oo 1 ,  oo 1. 40 1 ;? 1 Period @ 0 3V dc Level 
Edge Timing @ V.,=O 3V dc 
NMOS Relationship 

940 

@ +O 5V dc Level 8 0  us 

@ 1.JVdc I T, 1 20 1 40 I 60 I ns 
2xfc @ 1.4V dc I T, I '40 I 80 I 120 I ns 

*In!o specified tesl load 
"Must be externally held a1 " I "  level (2 4V min.. 5 OV max if  no1 used 

"'Apply the lollowinp paramelers for ireauencles olher than 1 MHz 
TQ!H=O 5 (P-140 ns 
T41H=O 5 (p-1001 no 
Tx=fP-SO) ns 
w h e k  P i d e s l r e d  period of operatton In nanoseconds 

DIMENSIONS 

112,, ci' NMOS 

WAVEFORM TlMlNQ 
(ALL TIME IN NANOSECONDS) 

2.IF 

TEST CIRCUIT 

keproduced with permission from Motorola, Inc., Phoenix, AZ 85008. 
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3 specifications 
DtyMww 

E% ?TL UNGATED 

ELECTR1CP.L CHARACTERISTICS (V, = 5.0 = 5%. V. = O.TA 
= 0' to 70%. unless otherwise noted) 

7 13 1 5, NMOS 
18 I GND - .m- I ;  = -  I 

Nola 4 . t ~  IvailabiO on 10g~401 

I 

0, TTL Q 1.4V dc 

0, Ungated Q 1.4V dc 

Loglo Lwob Vow 2.4 3.2 Vdc 
vu .3 .4 Vdc 

I I I I  I 

n 

I 
L ~ ~ I C  lnput~** ("0 Low1 rpplln HOLD) 

'Hold8 0 ,  NMOS 'Low', 0 1  NMOS -2 -2 +.4 Vdc 

Holds 0, NMOS 'High', 0, -2 +.4 VdC 
NMOS 'LOW'. 02 TTL 'LOW' 

High', 0, TTL 'High 

and MOTOROU a n  treaemsrke ot Mo1or01a. Inc. 
So.clllcetlons nub ecl Io change wilhoul notice. 
Pllnlmd In U.S.A. hW) .Mer i i  

MO-RObA /NO. cOYPONEMT PRODUCTS DEPT. 
2553 N. Edgington Franklin Park. 111.60131 312/451-lo00 
@ 1978 4 Uolorola Inc. R S 3 - 5  

Reproduced w i t h  permission from Motorola, Inc. ,  Phoenix, AZ 85008. 
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3 Ion-implanted fcr fu!! TTL/DTL compatibility 
3 internal ciocli opeiates from: 

External signal 
External RC netwo'rk 
External crystal 

a Operates DC to above 1 MHz 
0 Binary-encoded for frequency selection 
DESCRIPTION 

T h e  M K  5009 P is a h igh ly  ver- hlt-lz, the M K  5009 P prov ides 
sa!ile 1.40.5 osc i l la tor  a n d  di- the bas ic  t ime pe r iods  neces-  
v i&r  cha in  manufac tured  by sary for  m o s t  ireqUenCY meas- 
M o s t e k  us ing  i ts deplet ion-  u r i ng  instruments,  i.e., 1 PS 
load.  ion- implantat ion process  th rough  100 seconds.  One-  
a n d  P. - channe l  technology.  minute,  ten-minute,  a n d  one-  
T h e  16-p in DIP package pro-  hou r  pe r iods  a r e  also avai l-  

r ~ " f d C T I O N A L  D I A G R A M  

v i d e s  f r e q u e n c y  d i v i s i o n  ab le  us ing a 1 MHz input .  F K D B A t K  I 
ranges  f rom 1 to  36xlOe. T h e  f K D B A F K  2 

CUI.lP 

RESU N M  

RESU 0 

- Using a 1/1 .2  MHz input ,  t he  
c i r c u i t  w i l l  opera te  f r o m  any  MK 5009 P c a n  a lso p rov ide  a 
o f  t h r e e  f r e q u e n c y  s o u r c e s :  50160 Hz output  fo r  accu ra te  
the in ternal  Osci l lator w i th  an  generat ion Of l ine f requenc ies  
external  RC combina t ion ;  t he  i n  p o r t a b l e  i n s t r u m e n t s  o r  
i n te rna l  osc i l la tor  w i th  an  ex-  c locks .  2? 
terna l  crysta l :  o r  w i th  an  ex-  T h e .  t ime-base ou tpu t  (T IME 
t e r n a l l y - a p p l i e d  TTL s i g n a l .  OUT) is a Square wave, i t s  2' 
Cont ro l  inputs  p i o v i d e  addi -  f requency  de te rm ined  b y  the  
t ional  versat i l i ty  a n d  a l l ow  the se lected counter  d iv is ion,  a n d  2' 
c i rc l j i t  to b e  used in a variety by the osc i l la tor  f requency  o r  
o f  appl icat ions i nc lud ing  in- e x t e r n a l  i n p u t .  I U a I l i n g  r- 
s t rum en  ts, t imers,  a n d  c locks .  e'? g%of-!h '? .?!!%s Q -  

wave shou ld  be  used to con-  
VJith an  input  f requency  of 1 . froi ex te rna l  ... /- g a t i n g y c ' L r y F  

i 
--- 

T I M E  OUT 
BYPASS M O D E S  (see page 3) ADDRESS INPUTS WITHOUT RESET RESET 

Reset Max. Reset Min. Mode 1 Mode 2 Mode 3 
R u ~ x  0 RUM 1 R,M = 0 Rum = VGG RvAx 0 

23 2, 2' 20 Ro = 0 Ro = 0 Ro = 1 Ro = 0 Ro = VGG ____ 
0 0 0 0 . e100 t 100 - 100 - 100 - 100 
0 3 0 1  - 10' f 10' - 10' f 10' 
0 0 1 0  - 10' Resets Resets + 10' t 10' - 10' 
0 0 1 1  t 103 t 103 - 10' - 10' 
0 1 0 0  - 104 Coiinters Counters t 104 - 104 + 104 
0 1 0 1  -+ 105 t 10' - 105 f 10' 
0 1 1 0  t 106 to their to their t 103 - 106 - 10' 
0 1 1 1  + 107 + 10' - 107 - 104 
1 0 0 0  t 108 Highest Lowest t 105 - 105 - 10' 
1 0 0 1  + 6 X 1'0' t 6 X lo4 - 6 X lo4 f 6 X 10' 

- 36 X 10' 
1 0 1 . 1  - 6 X loa  - 6 X l o 5  - 6 X lo5 f 6 X 10' 

t 36 X lo1 Statcs States 36 x 105 - 36 X 10' 

- - - - 
+ 2 x 10' 1 1 1 0  2 x 104 + 2 x 10' + 2 x 10' 

1 1 . 7  1 Ext. In. Ext. In. Ext. - In. Ext. Int. , Ext. Int. Ext. Int. 

'Addresses 1100 and 1101 result in Logic 0 at the output regardless of the state of the Reset Max. and Reset 0 inputs. 
Logic 1 = High = Vlr 
Logic 0 = Low = Vno 

Reproduced w i t h  permi ssion from Mostek, Carroll t o n ,  TX 75006. 
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ABSOLUTE M A X I M U M  RATINGS 

Vol tage o n  Any Te rm ina l  Relat ive to V,, 
Opera t i ng  T e m p e r a t u r e  Range (Amb ien t )  
S to rage  Tempe:ature Range (Amb ien t )  

-_ 
- 

V s s  
V,, 

V,, 

1 
- 

PARAMETER I MIN I TYP I XkX I UNITS 1 NOTES 

S u p p l y  Vo l tage 

Supp ly  Vo l tage 

~ 

S u p p l y  Vo l tage j - 9.6 I 4 7 

1," 

~ R  

VI, 

VI, 

7 I 
i 1 nsec  1 i I 

L o g i c  1 Pulse Wid th .  Ex1 Input  i 
~ 

Reset Max  

Reset 0 I 10.0 

Feedback  Res is tance 1 .01 1 ' 1 2.5. ~ M!! ' F ig .  1 

Input  Vol tage,  L o g i c  0. Reset Inputs  0.0 0.8 j V  
Reset (Bypass  M o d e )  v,, + 1.0 1 v No te  2 
Al l  O the r  L o g i c  Inputs  0 8  i V  

V,, Vss i 0.3 I V  I Input  Vol tage,  L o g i c  1, A l l  Log ic  Inputs  Vss-1 .o 

n 

P PARAMETER 
Is% Supp ly  Cur ren t .  V,, 
IGG Supp ly  Cur ren t .  VGG 

IIL Input  Cur ren t ,  Log ic  0 

V,, Outpu t  Vol tage,  L o g i c  0 
VOH 1 Ou tpu t  Vol tage.Logic 1 

n 

MIN TYP? MAX UNITS NOTES 

6.0 11 .0  m A  No te  1 
6.0 11.0 m A  

- 1.6 I m A  Note  2: 
! ' VI = 0 .4V  , 

0.4 1 V. I lo, = 1.6mk' 
i 

2.4 ! V  I I O H  -40, tA '  

. . . . .  

f s T A  

1, ~ 

, - 0 3v !o - 2 0 v  
O'C lo ' 7 0 - C  

- 55 C 10 7 1 5 0 ' C  

F r e q u e n c y  Stabi l i ty  wi  Vol t .  Change,  RC M o d e  5 3 0  
- 0!2 / Temp.  Change,  R C  M o d e  

Crysta l  M o d e  No te  4 

Ji t ter ,  E d g e - t o - E d g e  Var ia t ion <15 nsec  T e m p .  B Sup-  
p l y  Vo l tage 

1 .  Cons tan t  

.Typicat values at VI, = + 5 V .  V m  

1 Lcgic inputs at VI:. o ~ t p u t  o3en ClrCu%teO Each l o g ~ c  input (See Note 2) COntriQytes an additional 1 6 mC. (max 1 to  11s when a1 logic 0 
2 Lcglc Inpu!s are 
3 F.e';uency var8att3ns CUP to poher S U C D I Y  changes o n l y  
4 
j W i i m L r n  logic 0 t ,me at clamp input 8s 5 C %  01 os:o11aIor oertoc. 

'Vc-. Vot apply only to Time Out 

OV. VGG = - - : Z V .  and Ta  - .  2 5 ' C  

Reset M a x .  Reset 0: Address Inpdts: Ex! Inwl:  E x 1  ' I n t  Seiecl:  and  Clamp 

C,ystat  n o c e  staoII8:y I S  =noen1 U D O ~  crystal 

Reproduced w i  t h  permi s s i  on from Mostek Carroll ton TX 75006. 
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DESCRIPTION OF OPERATION 
Tne Id:< 5039 P co?sists basically of a series of 
counters selectable via an internal muliiplexer 
The - 10'  courYer output is used to generste an 
internal clock signal for the l o 2  through 36 l o 6  
counter stages. which are fully synchronous with 
e a c h  other 

PACKAGE 
16-pin ceramic dual-in-line 

OSCILLATOR CONTROLS 
Operation in the RC oscillator mode is achieved 
as shown in Figure 1. Frequency. f ,  is approxi- 
mately 0.8 RC. The clamp circuit can De used 
in the RC node to provide-shot or accurate 
start-up operations. When Clamp goes io a iogic 
0. the internal circuitry is held a t a e r e n c e  level 
so that upon release of the Clamp (return to 
l o a i i  1 ) .  the oscilfator's f i r s t  cycle WII be a full 
cyc!e. 

The cryz??l cscillatoi mcde is shov:n in Figure 2. 
Values for the res!stors are chosen to bias the 
internal circuitry for optimum performance. The 
two capacitors are chosen to provide the loading 
capacitance (C,) specified for the selected crys- 
tal. It is recommended that C1 = C2 = 2 C,. 

RESETIBYPASS CONTROLS 
The MK 5009 P provides t w o  different reset con- 
ditions. A positive- oing pulse of 10 #IS or longer 
on ReseTO will r:set counters to their lowesf 
state. \vhile.a positive-going pulse at Reset Max 
will rese; courVers to their highest state. The 
Reset Max control enables the user to set up the 
counters lo  provide a falling edge at the next 

.osc;llatcr cycle or negative-going external input, 
regardless of which divider chain is selected. 

In addition, taking one or both Reset Inputs to 
the most negatitre voltage, V,,, allows bypassing 
portions of the divider chain for testing or other 
purposes (see table on page 1). 

PACKAGE 
16-pin plas:ic dual.in-line EXTERNALIINTERNAL FREQUENCY SOURCE 

When using an external signal source to operate 
the MK 5009 P, that signal should be applied at 
:he External Input (Pin 3), and the.E$rnal/lnter- 
nal Select (Pjn_5)_should be brought t?TfOgE% 
For operation vdith an internal signal, the Ex- 
ternal Internal Select should be at logic.0. 

OSCILLATOR OUTPUT 
The oscillator output, provided at Pin 10, is not 
a true logic ouwut, but may be used to drive a 
high impedance device suc'h as a junction FET 
or other MOS circuitry. 

PIN CONNECTIONS 

16 VGG 

15 Vss 
14 20 
13 2' 
12 22 
11 23 

10 O X .  OUT 
FEEDBACK 1 8 9 FEEDBACK 2 

I 

Reproduced with perrni ssion from Mostek, Carroll ton, TX 75006. 
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3 
s 

ia 

n 

APPLICATION - 10 MHz Frequency Counter 
The circuit shown beiov: is a frequency counter capa- 

ble of ccunting input rates up to  10 MHz. selected in 
four ranges. The MK 5009 P provides the time base 
intervals while the Mostek MK 5002 P counter circuit 
;:OL':CCS casnLncj. storage, and display fdnctions. Two 
decades of prescaling using TTL are emDlOyed. TTL 
one-shots provide proper timing for the 5002. 

To replace the functions of the MK 5009 P, an active 
device and Schmitt trigger for the crystal oscillator 
would be needed, plus six 7490's to achleve the cor- 
rect time out. Replacing the functions of the MK 5002 
would reouire fniir 7490's, fnur 7475's, 2nd four BcD- 
to-seven-segment decoders. 

i l  

I .r 
1 1  

I + 

I ------R 
1 1  I 

Id K 1 2 s c  

LATCH 

5332 P I 

Reproduced w i t h  permission from Mostek, Carrollton, TX 75006. 

141 



F - 
HEWLETT - F P A C K A R D  

COMPONENTS bib 
1 1  

T E N T A T I V E  DATA OCT. 19; 

SOLID STATE 
NUMERIC INDICATOR 5082-7430 

(7 Segment Monolithic) SERIES 

0 MOS COMPATIBLE 
- Can be Driven Directly from many MOS 

Circuits 

0 LOW POWER 
- Excellent Readability a t  Only 0.5mW per 

Segment 

0 CONSTRUCTED FOR STROBED 
OPER AT1 ON 
- Minimizes Lead Connections 

e STANDARD DIP PACKAGE 
- End Stackable 
- Integral Red Contrast Filter 
- Rugged Construction 

INTENSITY 
- Assures Uniformity of Light Output from 

Unit to Unit within a Single Category 

o CATEGORIZED FOR LUMINOUS 

Digits per 
Cluster 

Description 
The HP 5082-7430 series displays are .11 inch high, 
seven segment GaAsP numeric indicators packaged 
in 2 and 3 digit end-stackable clusters on 200 mi l  
centers. An integral magnification technique in- 
creases the luminous intensity, thereby making 
ultra-low power consumption possible. These clus- 

Configuration I 
Part Number 

Device Package 

Device Selection Guide 

3 

b 

- 
(Figure 5) 5082.7433 

5 
E 

ters have the standard lower right hand decimal 
points. 

Applications include hand-held calculators, portable 
instruments, digital thermometers, or any other 
product requiring low power, low cost, minimum 
space, and long lifetime indicators. 

2(right) 

Reproduced w i t h  permission from Hewlett-Packard, Palo  A1 t o ,  CA 94304. 
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1 

Parameter Symbol Min. 
Peak Fonvard Current per Segment or dp (Duration < 5001s)  PEAK 

- 

Average Current per Segment or dp ~ A V G  

Po,ver Dissipation per Digit [ I ]  PD 

Operating Temperature, Ambient TA ' -40 
j -40 Storage Temperature I TS 

Reverse Voltage 1 VR 

Solder Temperature 1/16" below seating plane (t < 5 sec.) ''I 1 

3J 

Max. 1 Units 
50 j rnA 
5 1 KIA 

80 rnW 

75 "C 

100 I O C  

230 "C 

5 V 

3 

Parameter Symbol Test Condition Min. 
Luminous Intensity/Segrnent or dpf3] I I A V G  = 500jL4 

(IPK= 5mA 10 
duty cycle = 10%) 

[ Peek Viavelength hpeak 

Forward VoltagelSegrnent or dp VF IF= 5mA 

Reverse Current/Segrnent or dp IR v, = 5v 

3 

Typ. Max. Units. 

(Icd 40 

655 nm - 

1.55 2.0 v 
100 gA 

3 

50 

2 45- 

,! 4 0 -  

a M -  

P. 25-  

: : 
4 10 

-E 5 

35 
a 

2 15 
yl 

0 -  

7 

- 

- 
- 
- 

I i i i ' 

I Rise and Fall Time I 4 ]  I t. .  t f  I I I 10 I I ns 

NOTES: 3. The digits are categorized for luminous intensity. Intensity categories are designated by a letter loafed on the back side of 
the package. 4. Time for a 10%-90% change of light intensity for step change in  current. 

0 

4m 
300 - DUTY CYCLE - 5% 

m -  

- 

loo - 

01 02 03 0 5 .  10 2 3 6 D 

b+ -PEAK FORWARD VOLTAGE - V IAVC - AVERAGE CURRENT PER SEGMENT - mA 

Figure 1. Peak Forward Current vs. Figure 2. Typical Time Averaged Luminous Intensity 
Peak fo rward  Voltage per Segment vs. Average Current per Segment 

lo 1 I 

0.1 
40 40 -20 o m 40 go 8a 

TI - AMBIENT TEMPERATURE - OC 

I 
w 

'0 5 10 15 20 25 30 35 40 45 

lpl( - PEAK CURRENT PER SEGMENT - mA 
Figure 3. Relative Luminous lntensky vs. Ambisnt Figure 4. Relative Luminous Efficiency n. Peak 

Current per Segment Temperacurs a t  Fixed Current Level 

Reproduced w i  t h  permi s s i  on f r o m  Hew1 et t -Packara,  Pal o A1 t o ,  CA 94304 

143 



Package Description 

PIN 
NUMBER 

1 

E 

5082-7432 5082-7433 
FUNCTION FUNCTION 

N IC CATHODE 1 

.; P r- : I 
, I  

125 

.25 
16.3 

2 
3 

NOTES. 1.  Domenr8anr 8n inches and lmlllimeterrl 
2. Tolerances on all d8menrtonr ale  I ,015 10.039~ 

unless arherbwse sceckl~ed. 

ANODE e ! ANODE e 

ANODE d I ANODE d 

P 
,L 3002 010 

160, I I 0 . 6 2  f .31 

6 

- 5 ’ R E F  

- 
ANODE dp ANODE dp 

Figure 5. 

Magnified Character Font Description 
I 1 

7 CATHODE 3 

DEVICES 
5082-7432 
5082-7433 

CATHODE 3 

,065 
11.651 

9 

10 
11 
12 

RE 

ANODE g ANODE g 

ANODE a ANODE a 

ANODE f ANODE f 
N /C N/C 

kddl REF 
NOTES 1. Dsmeneona In mder and lmill~mtnrl 

REF, 

I I 
Figure 6. 

Device Pin Description 

I 4 I CATHODE2 I CATHODE2 I 
I 5 I ANODE c I ANODEc 1 

I 8 I ANODE b I ANODE b 1 

i 

F 
L 

Reproduced w i  t h  permi s s i  on from Hew1 ett -Packard,  Pal  o A1 t o ,  CA 94304. 
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3 

Electrical /Optical 
The 5082-7430 series devices utilize a monolithic 
GaAsP chip of 8 common cathode devices for each 
display digit. The segment anodes of each digit 
are interconnected, forming an 6 by N line array, 
where N i s  the number of characters in the display. 
Each chip is  positioned under an integrally molded 
lens givihg a magnified character height of 0.11 
inches. Satisfactory viewing will be realized within 
an angle of approximately * 20" from the center- 
line of the digit. 

Character encoding on the 5082-7430 series devices 
i s  performed by standard 7 segment decoder/driver 
circuits. Through the use of strobing techniques 
only one decoder/driver i s  required for very long 
*multidigit displays. 

Mechanical 
The 5082-7430 series package i s  a standard 12 Pin 
DIP consisting of a plastic encapsulated lead frame 
with integrally molded lenses. It i s  designed for 
plugging into DIP sockets or soldering into PC 
boards. Alignment problems are simplified due to 
the clustering of digits in a single package. 

TG improve displsy conirssi, t h e  plasiic enGpsulant 
contains a red dye to reduce :he reflected ambient 
light. 

The devices can be soldered for up to 5 seconds a t  
a maximum solder temperature of 230°C ( l / l S "  
below the seating pfane). The plastic enczpst.!ant 
used. in these displays may be damaged by some 
solvents commonly used for flux removal. It is  
recommended that only Freon TE, Freon TE-35, 

A discussion of display circuits and drive techniques 
appears in Application Note 946. 

Freon TF, Isopropanol, or soap and water be used 
for cleaning operations. 

3 
a 
a 
1 

"CLLCUL4TOR 
ON A CHIP^ 

i 
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SPEED/PACKAGE AVAILABILITY 
DESCRIPTION 
The 82683 4-bit binary coded (BCD) adder is a high speed 
'Schottky MSI circuit that has been designed for easy systems 
usage. This unit produces the BCDsum of two decimal numbers 
presented in the 8-4-2-1 weighted BCD format Carry-in and 
carry-out terms are provided for easy expansion to  any number 
of decades. The 62S83 BCD adder has been designed such that 
input and output logic levels including the carry are in theirtrue 
logic form. 

Compared to cumbersome hardware implementations previ- 
ously at the designer's disposal that consist of binary addition 
followed by decimal correction, the 82833 BCDadder generates 
the BCDcarry terms internally in the look-ahead mode and does 
BCD addition directly. For valid BCD numbers (0 through 9) at 
the A and 6 inputs the BCD sum is formed at the output. If 
addition (A+B+CIN) would yield a numher grealerthan 9, aval id 
6CD number and a carry result. 

Input codes above 9 are not defined except for binary to BCD 
conversion. Binary to BCD conversion is obtained by applying 
any 4-bit binary number lo the AN or B N  inputs while the 
remaining inputs are grounded. For input codes'0 through 9 a 
BCD number result at the output is usual. If binary inputs 10 
through 15 are applied a carry term is generated and the carry 
output together with the sum out are the BCD equivalent of the 
binary input. Conversion of binary numbers greater than l d c a n  
be achieved by cascading 82S83's. 

Subtraction can be done with the 82583 by using 9's comple- 
ment addition. Rather than implementing a 9's complement 
circuit with gates or ROM's, the 82S83 BCD arithmetic unit 
should be.usnd. The 82S83 incorporates the 9's complement 
feature and performs BCD addition, B C D  subtraction, and 
number comparison. 

SWITCHING CHARACTERISTICS 
TA = 25°C and VCC = 5.0V 

~ 

LIMITS 
PARAMETER 

MIN. TYP. MAX. UNITS 

Turn-OnTTurn-Off Delays 
Any AN, BN, Cin ton 20 35 ns 

20 35 ns 
Any AN, BN. to  ton 33 40 ns 
Cout toff 17 25 ns 

Cin to Cout ton 17 25 ns 
10 15 ns 

to SN toff 

toff 

PIN .CONFIGURATION - 
B,F PACKAGE 

Word B' 

B C D  Input 
Word A' 

Carry Output  C O U T  

BCD Sum 
Output '  $4 

B C D  I n p z  

Word 8. 

output' g s2 s1 OUtPUI' :s,"z 
Ground I I I 

*Weight$  (84.2.11 I 
- 

TRUTH TABLE 
~~ 

BCD CODE 
Decimal BCD Number 

Equiva lent  8 4 2 1  
0 0 0 0 0  
1 0 0 0 1  
2 0 0 1 0  
3 0 0 1  1 
4 0 1 0 0  
5 0 1 0 1  
6 0 1 1 0  
7 0 1 1 1  
8 1 0 0 0  
9 1 0 0 1  

Reproduced with permission from Signetics, Sunnyvale, CA 94086. 
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iCAL APPLICATIONS (CONT'D.1 - 
BINARY TO BCD CONVERSION USING Ai INPUTS 

PARTIAL TRUTH TABLE FOR AI > 9, BI = 0 

CIN A1 A2 A4 A0 B1 8 2  8 4  83 S1 S2 S4 SO C o  
0 0 1 0 1 0 0 0 0 0 0 0 0 1  
0 1 1 0 1 0 0 0 0 1 0 0 0 1 1  
0 0 0 1 1 0 0 0 0 0 1 0 0  
0 1 0 1 1 0 0 0 0 1 1 0 0  
0 C ' !  I 1  0 0 0 0 0 c 1 c 
0 1 1 1 1 0 0 0 0 1 0 1 0  
1 0 1 0 1 0 0 0 0 1 0 0 0  
1 1 1 0 1 0 0 0 0 0 1 0 0  

0 0 0 0 1 1 0 0 1  

1 G i 1 1 G O O O 1 0 1 0 1  
1 1 1 1 1 0 0 0 0 0 1 1 0 1  

: I : :  ; : I  0 0 0 0 0 0 1 0 1  

~~ ~ 

BINARY TO BCD CONVERSION USING Bi INPUTS - 
PARTIAL TRUTH TABLE FOR 61 > 9, AI = 0 

CIN A1 A2  A4 A8 81 8 2  8 4  8 0  S1 S2 S4 50 co 
0 0 0 0 0  0 1 0 1  0 0 0 0  1 
0 0 0 0 0  1 1 0 1  1 0 0 0  1 
0 0 0 0 0  0 0 1 1 , 0 1 0 0  1 
0 0 0 0 0  1 0 1 1  1 1 0 0  1 
0 0 0 0 0  0 1 1 1  1 0 0 1 0  
0 0 0 0 0  1 1 1 1  1 0 1 0  1 
1 0 0 0 0  0 1 0 1  1 0 0 0  1 
1 0 0 0 0  1 1 0 1  0 1 0 0  1 
1 0 0 0 0  0 0 1 1  1 1 0 0  1 
1 0 0 0 0  1 0 1 1  0 0 1 0  1 
1 0 0 0 0 0 1 1 1  1 0 1 0  1 
1 0 0 0 0  1 0 0 0  0 1 1 0  1 

Reproduced with permission from Signetics, Sunnyvale, CA 
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BIT PARALLEL-WORD SERIAL BCD MULTIPLIER I 

I 

DELAY I 

I RDM MULTIPLIER 
4 ECD DIGITS ' HSD 

4 X 822) 
PROMS 

LOOK 

I1W8 BIT 
WORDS1 

MULTIPLICAND IN 

T A J  co I CD 1 i - LSD 
4 BCD DIGITS 

4 x n BIT 
MULTIPLIER 

REGISTER 
8258) 
4 BIT 

BCD ADDER 

IN 

02se3 
1 BIT 

i 

REGISTER , - REGISTER 4 x n BIT ,:;;j DELAY DELAY I 
2n BCD DIGIT PRODUCT 

- 

BINARY TO BCD CONVERSION FOR TWO DECADES 

1' 

1ST DECADE 2ND DECADE 

Reproduced w i  t h  permi ss i  on from S i  gnet ics ,  Sunnyvale, CA 54086. 
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FEATURES 
,* ultra.Low vOS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IOFV 

Ultra.Low Vos Drift . . . . . . . . . . . . . . . . . . . . . . .  0.2pVI'C . , ;;il&;z5!c YS Time . . . . . . . . . . . . . . . . .  O.PrV/Month 
e Ultra.Low Noise ......................... 0.35pVpp , KO External Components Required , Replaces Chopper Amps at Lower Cost 

Singlechip Monolithic Construction , Large Input Voltage Range . . . . . . . . . . . . . . . . .  -14.0V 
Wide Supp!y Voltage Range . . . . . . . . . . .  =3V to +18V 
fits,725,108N308A, 741, AD510 Sockets 

GENERAL DESCRIPTION 
me OP-07 Series represents a breakthrough in monolithic 
:p?:ational amplifier performance - VoS of 10pV, TCVos of 
3.ZCV/'C and long4erm stability of 0.2~Vlmonth are achieved 
ky a low-noise. chopper-less bipolar input transistor amplifier 
cl:cuit. Complete eliminat ion of external components for off- 
set nulling, frequency compensation and device protection 
~r:mi!s extreme miniaturization and optimization of system 
MeanrTiiiie-eetvre~n.Fai!ure Rates in high.performance aero- 
space/defense ana industrial applications. Excellent device 
in:e:changeabili!y provides reduced system assembly time 
and eliminates field rec3librations. 

True differential inputs with wide input voltage range and 
outstanding common mode rejection provide maximum flex- 
ibility and.performance in high-noise envirooments and non- 
!wr!"tig a:p!ira!inns. Low bias currenls and extremely-high 
!:put impedances Ere maintained over the entire temperature 
range. 

The OP-07 prcvides unparalleled performance for low noise. 
high-accuracy amplification of very low-level signals in  
transducer applications. Devices are available in  chip form 
lor use in hybrid circuitry. The OP-07 is a direct replacement 

ULTRA-LOW OFFSET VOLTAGE 
0 PER ATIB N A e AM F LlFi E R 

for725,108A/308A', and OP-05 amplifiers; 741-types may be 
directly replaced by removing the74:'s nulling potentiometer. 
*TO.99 package only. For  Matched Dual see OP.207. 

IN  CONNECTIONS & ORDERING INFGRMATIGN 

-INZ@;OUT ORDER: TO-99 OP-O7AJ (J-Suffix) OP-07CJ 

a VoSTRlH 

Vof TRIM 1 

OP-07J OP-07DJ 
*IN 3 OP-07EJ 

w 
4 v- I C A W  

ORDER: OP-07AY 
14-PIN DIP (Y.Suffix)' 

OP-07Y 
OP-07EY 
OP.07CY 

Not recommended for new desiens. LIc d b N.C 

VOS 

- 
EPOXY B MINI43IP (P-Suffix) 

ORDER: OP-07CP 
OF-07EP 
OP-07DP 

&PIN DIP (z.sUffiX) 

ORDER: OP-07AZ v o s T R ' M ~ ~ T R 1 ' "  -IN 1 

Mil i tary Temperature Range Devices with 
MIL.STD.883 Class B Processing 

ORDER: OP07AJ1883 OP07AU883 OP07Y1883 
OP07AY1883 OP07J1883 OP07U883 

+IN 1 
OP-072 

OP-07EZ v- . 
OP-C7CZ 

Reproduced w i t h  permission from Precision Monolithics, Inc., Santa Clara, CA 
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OP.07 ULTRA.LOW OFFSET VOLTAGE @P AMPLIFIER 

NOTES: 

1. Maximum Package Power Diraipal ion vs ambient temperature. 
S-p;!y ' /C!:QSe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,22v 

Input Voltage (Note 21 . . . . . . . . . . . . . . . . . . . . . . . . .  222V 

internal power ~~~~~~~~i~~ (Note 
Differential Input Voltage . . . . . . . . . . . . . . . . . . . . .  z30V Maximum Ambient Derate Above Maximum 

, , , , , , , , , , , , 590mW 

Package Type Temperalure for Ral inq Ambient Temperalure 

Output Short Circuit Duration . . . . . . . . . . . . . . .  Indefinite TO.99 (J) 80'C 7.lmWI.C 

. . . . . . . .  Storage Temperature Range -65'C to + 150°C Dua,.in,Llne (t, 100'C 1O.OmWI 'C 

MinbDip (P) 36 'C 5.6mWi.C 
Operating Temperature Range 

8-Pin Hermetic 
75'C 6.7mWI.C Dip'Z) 

CP-O7ii,OP-O7.. . . . . . . . . . . . . . . . . . . .  -5510 +125'C 
. . . . . . . . . . . . .  OP-O7E, OP-O7C, OP47D O'C to +70°C 

300°C Lead Temperature Range (Soldering, 60 sec.) . . . . .  

E L ' E C T R I C A L  C H A R A C T E R I S T I C S  a t y s  = -15V.  1, = 2 2 5 T ,  u n l e s s  otherwise n o t e d .  

OP.07A OP.07 
SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS .-- PARAMETER 

__- 
(Note 11 - 10 25 - 30 75 IVV Input Ofiset Voltage v o s  

lVI,rrrme iNa le  2) - 0 2  1 0  - 0 2  1 0  pVlMO Long Term Input Of lse l  - " 0  Vo lnae  Slabi i i ly 

Input Of fse t  Current 10s 

l n p d  Bias Current IB ' ' 7  2 2 0  - - 1 0  230 n* - 
- 035 0 6  PVP P 

- 
- ~- 

0 3 5  0 6  enP ~ (Note 36 0 1Hz to  lOHZ - lnpul Noise Voltage 

input Noise Voltage Density e, (Note 

- 0.3 2.0 - 0.4 2.6 nA 

- 103 180 - 1 0 3  1 8 0  
- 100 1 3 0  - 1 0 0  1 3 0  nv,Fjz - 9 6  110  - 9 6  1 1 0  

Input i jo ise Current inp (Note 31 0 1Hz l c  13Hz - 14 30 - 14 30 PAP P 

- 032 080 - 032 080 1.. = IOHz 
Input Noise Current Density I, (Note 3) 1, = 100H2 - 014 023 - 014 023  PA, r z  

- 0 12 O i 7  - 012 0 1 7  I,= lOOOHZ 

30 80 - 20 60 - M!l RIN 
Input Resistance - 

Di l lwenr ia l  Mode -_ - 
- 200 - - 200 - G!! kpu :  Resistsnca - 

Common MJde RINCM 

Input Voltge Range IVR +13.0 r 1 4 0  - 2 13.0 t l 4 . O  - V 

Common Mode Rejection Ratio CMRR . Vcv = 5 13V 110 126 - 110 126 - dB 

Power Supply Rejection Ralm PSRR VS'3VlO t 1 8 V  100 110 - 100 110 - dB 

R L t 2 k l !  V o =  ;1OV 3CO 500 - 
Large Signal Voltage Gain Avo RL L WO!!. Vg = : 5V 150 500 - I50 500 - VlmV 

- 
___ .~ 

200 500 - 
v s =  - 3 v  

R L r l O k R  '125 - 1 3 0  - -12.5 - 1 3 0  - 
t 1 2 . 0  212.8 - 
r l 0 . 5  r 1 2 0  - 

Mailmum Output Voriape Swing VoM RLr2k!? : 1 2 . 0 + 1 2 8  - 
R L ~ l ) t R  e 1 0 5  2 1 2 0  - 

Slewng  Rate SR R L =  r2kR INole 31 0.1 0.2 - 0.1 0.2 - v/;.s 

' -  60 - - 60 - R Open io00 Cutput Resistance Ro vo=o. l o = O  

v 

Closed L G O ~  Sandwidtn 6W AycL = a 1  0 (Ncle 2) . C 4  0.6 - 0.4 0 6  - MHz 
r- ... 

Pa 
Vc= t 1 5 V  
u.. = +3u mW 

- 75 120 - 75 120 
- - 4  6 - 4 6  

~~ ~~ ~~~~ ~~ 
~ 

Offset Ad,ustmenl Ranpe Rp = ZQh!! - 2 4  - - '4 - mV 

operaoon Excluding the init ial hour 01 operation cha iges  i n  VOS during 
the first 30 operatinc days are typicaily 2 5,.V - refer to typical perfor 
mance curve on Pape 5 Parameter is not 1 0 0 ' ~  tested 90Pb 01 unils 
meet lh is  Specilication 
Parameter IS  not 1 W %  tesled 905. 01 units meet this speci l icat ion 

NOTES 

1 

2 

Input o l l s e l  voltage measurements are per lo imed by automated test 
e w i p m e n l  approxmalely 0 5 seconds alter appi icat ior 01 power 

LonC Term Input Offset Voltage Stability refers to the averaged l.en6 
lme 01 V O ~  vs Time over extended periods after the first 30 days 01 3 

n 

Reproduced w i t h  permi ssion f rom Preci sion Mono1 i thics Inc. Santa C1 ara CA 
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OP.07 ULTRA.LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERlSTlCS at Vs= 21%'. -55'CsT,s +125'C. unless olherwtse noted. - 
OP47A OP.07 

PJ.RCMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
.__ ~ t ' r e t  VoltaQe Vnc (Note 11 - 25 60 - 60 200 .V 
- 

u v  'C 
- 0 2  0 6  - 0 3  1 3  
- 0 2  0 6  - 0 3  1 3  

:-:"! Bias Current IB - ' t 1 . 0 r 4 . 0  - 32.0 t6.0 nA 

8 25 - 13 50 DAI'C A,c.aae lnDu1 Bias Curren: Drltt 

- 
- .- 

TCla 
- 

V 

c:~.mon Mode Rejeclion Ratio CMRR VcM= +13V 106 123 - 106 123 - dB 
t13.0t12.5 - L _  

IVR t13.0 t13.5 - - Lo::ege Range - 
.. . 

dB - 2;>.er Supgly Rejection Ralio PSRR Vs= 33V IO t l 8 V  94 106 - 94 106 - 
. _- 

S,c:.al '.'&::;;e Gsin A m  f i t  h2k!!. V n =  ziOV 2OC 40G - 1% 4 0 0  - VimV 

TYPICAL OFFSET VOLTAGE TEST CIRCUIT 

-~ 
1 i man 

OPTIONAL OFFSET NULLING CIRCUIT 

I 
c I 

b V- 

0 

3120 3126 - 2120 3126 - V 

TYPICAL LOW FREOUENCY NOISE TEST CIRCUIT 

2 

I .  

I - BURN-IN CIRCUIT 

? -laV 

i 
I 

I 

I* 

I 

I 
I 

- - A - 1 I V  I 
I 

F 
Reproduced w i t h  perniission from Precision Monolithics, Inc., Santa Clara, LA 
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OP.07 ULTRA.LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERISTICS a: Vs = z :5V. T, =25'C.  uilless o:herwise noted 

OP.07E OP-07C OP-07D 
PARAMETER SYMBOL CONDITIONS MIN TIP MAX MIN TIP MAX MIN TYP MAX UNITS 

PV Input Oflset 60 150 VOS (Note 1) - 30 75 - 60 150 - 
Vo1:age 

Long Term '0s V&me (Note 2) - 0 3  1 5  - 0 4  2 0  - 0 5  3 0  ~ V ~ M O  S:ibllltv 
~~ ~~ ~ 

10s - 0.5 3.8 - 0.8 6.0 - 0.8 6.0 nA Inpui Oitset 
Curre.n! 

~ D U I  Bias Current 1. - a 1 2  24.0 - +?.a 27.0 - 22.0 a12 nA 

0.38 0.65 FVDP 
- 0 35 0.6 - 0 38 0.65 - Input Noise 0.1HZ to 1OHZ 

Voltage enDo (Note 31 

- 10.3 180  - 105 200 - 1 0 5  200 I,= IOHZ 

lnpul Noise 3; 'e, = 1WHZ 
Voltbpe Density 

fo = 1000HZ 

- - 13 C 13.C - 10.2 13.: - 70.3 11.5 E V ! , H :  

- 9.6 11.0 - . 9.8 11.5 - 9.8 11.5 

15 ?5 - 15 35 QAPp 
- - 14 30 Input Noise 0 1 HZ to lOHZ 

Currenr l n D p  (Note 31 

- 0.32 0.00 - 0.35 0.90 - 0.35 0.90 I, = (OH2 

i,lNote 3) Input Noise 
Current Density - 0 14 0.23 - 0.15 0.27 - 0.15 0.27 pAI,iii 

- 0.12 0.17 - 0.13 0.18 - 0.13 0.18 I, = 1%'" 

InpuiReslslance - 
Dillerential Mode R'N 

15 50 - 8 33 - 7 31 - M n  

- 160 - - 120 - - 120 - Gn Input Resistance - 
Input Voltaoe Ranoe Ivk t 1 3 . 0 2 1 4 . 0  - a 1 3 0  214.0 - 2 1 3 . 0 ~ 1 4 . 0  - V 

Common Mode R l ~ ~ ~  

Common 'Ode CMPR VcM I z 13V 106 123 - 100 120 - 94 110 - d0 Relec:ior. Ratio 
Power Supply PSRR V s  I 23'4 
Reiection Ratio 10 t 1 8 V  

94 107 - 90 104 - 90 104 - a0 

200 500 - 120 400 - 120 400 - 
150 500 - loo 400 - 

RL s2kR 
vo = 2 10) 

vlmv - - -  Large Signal RL a 500n 
V g  = 2 SV Vollagr Gain 

- - -  vs= 23v 150 500 - 100 400 - 
R L  L 1Okg t 1 2 5  2130 - t120 t t 3 0  - a 1 2 0  2 1 3 0  - V 

2 1 1 5  t l 2 8  - 2 1 1 5  2128 . - I 
R L z l k ! l  r 1 0 5  *I20 - - *I20 - V 

Slewing Rble S9 RLr2kR(Nole 3) - 0 1 0 2  - 0 1  0 2  - 0 1  0 2  - VIP6 

Maximum Voltage 
Wollage Swing VOM RLz2kfi 2120 2128  - 

- - -  

- 
0 4  0 6  - 0 4  0 6  - 0 4  0 6  - MHz Closeo LOOP Bw AVCL = + 1 0 

60 - Open LOOP Output 

Power vs= t t 5V  - 75 120 - . 80 150 - 80 150 

Bandwidth (Note 31 

Resistance 

Consumption vp. t 3 v  - 4 6  - 4 8  - 4 8  

5 v ~ = o , l o = o  - 60 - - 69 - 9 - 

mW 

RE I 20kR Ol lsy Adjustment 
Ranae -. t 4  - s 4  - - 2 4  - - mV 

operation Excluding the inilial hour 01 Operation changes in Vos during 
the lirsr 30 operating days are typically 2 S,,V - reler 10 typlcal perlor 
mance curve on Page 5 Parameter is  not 100% resled. 90% ot units 
meet this specilicarion * 
Parameter is  no1 100% tested 90% 01 units meet this specitcation 

NOTES: 
1 

2 

Input ollset voltage measurements are perlormed by automated l e 3  
eguipment approximately 0 5 seconds alter application 01 Dower 
Long Term Input Ollset Voltape Stability relers 10 the averaged trend 
line 01 Vos vs Time over extended perlods alter the Iirst 30 days 01 3 

Reproduced w i t h  permission from Precision Monolithics, Inc., Santa Clara, CA 
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OP-07 ULTRA.LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER 

ELECTRICAL CHARACTERlSTlCS at V,= 215V. O'CcTAa +70'C. unless Otherwise noted. 
* 

OP-07E OP-07C OP-07D 
MIN TYP M A X  MIN TYP M A X  MIN TYP M A X  UNITS ~.&RAYETER SYMBOL CONDITIONS 

~~~~ ~ -- 
85 250 PV In?": C!iS.t VOs (Note 1) - 45 130 - 85 250 - 

wage  
five-age input Off. 

vo1:age Drill 
vf,tnoUt External (Note 3) (Note 3) - 0.3 1.3 - 0.5 1.8 - 0.7 2.5 "V1.C TCVOS Trim 
Wi'h Erternat TCVCSfi R; E ZOkR - 0.3 1.3 - 0.4 1.6 - 0.7 2.5 "VI'C 
Trim (Note 31 (Note 31 - 

10s - 0.6 5.3 - 1.6 8 0  - 1.6 8.0 nA 

8 35 - 12 50 - 12 50 pA1.C 

ingut Offset 
Current 

*re.a)e input OW - 
1 2 ~ u t  has Current Ig - t1.5 t5 .5  - set Currep1 Drift TCloS (Note 3, p. 

Ave:ZGs Input B,as TClg INote 3) - 13 35 - 
t2.2 29.0 - 23.0 214 nA g 

18 50 - 18 50 DN'C v) 

D? t u r r eh l  Drift 
Input Voltage 

2 
Range 

CommonYode CMRR V,,= r13V 103 123 - 97 120 - 94 lo6 - dB $ Rejeclion Ralio 

PmerSupply PSRR VSP t3Vto 218V BO 104 - 86 100 - 86 100 - dB Rejection Ratic 

180 450 - 100 400 - 100 400 - V/mV Large Signal R ~ a l k R ,  
voltage Gain Avo V g  = t 1OV 

Maximum Output 
voltage Swing R ~ z . 7 k R  

v l i l  613.0 t l5.5 - t13.0 t13.5 - 213.0 ~ 1 3 . 5  - k 

4 

z 

- 

t 
~ 1 1 . 0 t 1 2 . 6  - v w  o! 

Q 
0 

t12.0 212.6 - ~ 1 1 . 0 t l 2 . 6  - 

operation. Excluding the initial hour 0.1 operation. changes in VoS durlng 
the first 30 operatinp days are typically 2.5pV - refer i o  typical perfor. 
mance curve on Page 5. Parameter is not 100% tested; 90% of units 
meet !his specilicatim. 

3. Parameter is not 100% tested; 90% 01 units meet this specilication. 

NOTES 
1. Input ollret voltage measuremenu are performed by automated test 

equipment approximately 0.5 seconds alter application 01 power. 
2. Long Term Inpul Oftsel Voltage Stability relers to the averaged trend 

line 01 VOs vs. Time over extended periods after the first 30 days Of 

TYPICAL PERFORMANCE CURVES 

UNTRIMMED OFFSET VOLTAGE 
vs TEMPERATURE 

-60 0 60 100 
TEYPERATURI P C i  

TRIMMED OFFSET VOLTAGE 
vs TEMPERATURE 

la - 5 
; 
$ m  
t 
P 
8 
s 
% 10 
8 

5 
-60 0 m 100 

TwmTunf  rci 

OFFSET VOLTAGE STABILITY 
vs TIME 

1s 

la  

5 
3 s  

F 
t '  

I 

$ 0  E 

E - I  
o a  
4 

-12 

-lt 
1 2 3  4 s 6 7 I D  1 0 1 1 1 I  

TIHf-YONTMI 
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OP.07 ULTRA.LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER 

T A . 2 5 C  ' I 
vs. :1sv ' 

/ , /  
i s !  

TYPlCAL PERFORMANCE CURVES 

P 

OPEN LOOP GAIN vs 
TEMPERATURE 

10m 

z 5" 
f "  

r; 
f '  
-'uD 

100 

0 
- 6 0 0  P ID0 

TEM?LRAlURE rCI  

MAXIMUM ERROR vs 
SOURCE RESISTANCE 

1.0 I 

INPUT BIAS CURRENT v8 
DIFFERENTIAL INPUT VOLTAGE 
P Jo 

-m I 

; t  

e 

s 5 "  

P 
5 ! 16 -10 J 

to 5 i o  
g -10 1 -a m i  

4 0  m 
-ao -10 -10 o IO a m 

D l ~ ~ i R i N T I A L  lvvl VALUl 

MAXIMUM ERROR vs 
SOURCE RESISTANCE 

I I 1 

INPUT BIAS CURRENT vs 
TEMPERATURE 

1 

MAXIMUM ERROR vs 
SOURCE RESISTANCE 

,¶ I 1 

MATCWED OR UNMATCHED Y)UICE IESISTANCE I U l l  

INPUT OFFSET CURRENT v8 
TEMPERATURE 
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OP07 ULTRA.LOW OFFSEl  VOLTAGE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CURVES 

TOTAL INPUT NOISE VOLTAGE 
vs FREQUENCY OP.07 LOW FREQUENCY NOISE 

1 0 1  ’ U 
:SEE NOISE TEST CIRCUIT)  10  10 I W  IO00 

FREOUENCY 1Md 

OPEN LOOP 
FREOUENCY RESPONSE 
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CLOSED LOOP RESPONSE FOR 
VARIOUS GAIN CONFIGURATIONS 
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Reproduced w i  t h  permission from Precision Mono1 i thi cs, Inc., Santa C1 ara, CA 
95050. 
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OP.07 ULTRA.LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER 

TYPICAL PERFORMANCE CURVES 

CUTPUT VOLTACE vs 
LOAD RESISTANCE 

15 

2 16 

e 
Y 
h lo 

i' 
'a 

D 
0 1  I O  'P 

LOLO RfSISlOR TO GROUND lk!ll 

PO%'ER CONSUMPTION 
vs POWER SUPPLY 

OUTPUT SHORTCIRCUIT 
CURRENT vs TIME 

44 M 0 . m  
TOTAL W?PLV VOLTAOf. V+ TO V- IVOLTSI 

TYPICAL APPLICATIONS 

HIGH SPEED, LOW VOS COMPOSITE AMPLIFIER 
1 

n i  I 

HIGH STABILITY THERMOCOUPLE AMPLIFIER 

0 1 I 3 4 
TIME FROM OUTPUT IIEING SMORTfD lKlNUTlS 

ADJUSTMENT.FREE PRECISION SUMMING AMPLIFIER 

-7 
i 
I 

14 
1wfl 

ni  
f, 0 '.VI 

n2 
iw 

E2 0 

ihn 
E l  0 

I0111 

l R3 

OEO I 

PRECIS!ON ABSOLUTE VALUE CIRCUIT 
I 

I 

Reproduced w i t h  permission from Precision Monolithics, Inc., Santa Clara, CA 
95050. 
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be fitted to unnulled 741-type sockets; however i f  conven- 
trona1 741 nulling circuitry is in use, it should be modified or 

voltage may be nulled t o  zero (or other desired setting) 
;:rcugh L ' S ~  of a potentiometer (see diagram). 

The OP-07 provides stable operation with load capacitance 
up to 500pF and z1OV swinggi'larger capacitances should 
be decoupled with 50R decoupling resistor. The designer i s  
cautioned that stray thermoelectric voltages generated by 
dissimilar metals at the contracts to  the input terminals can 
prevent realization of the drift performance indicated. Best 
operation will be obtained when both input contacts are 

removed to enable proper OP-07 operation. OP-07 offset 

O P 4 7  ULTRA.LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER 

-- 100hILS _____I 

Reproduced w i  t h  permi ss i  on f rorn Preci s i  on Mono1 i thi c s  , Inc . , Santa C 1  ara , LA 
95050. 
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PHOTOMULTIPLIER POWER SUPPLY TYPE PMSB 2-025-1 

SPECIFICATION 

OUTPUT : 
Vol tage :  300V DC to 2000V DC variable w i t h  input  v o l t a g e .  
Load : BOK ohms Min. 
Ripple : Less than 3V p/p a t  1800V output  and 180M load 
Capacity:  Less than , 0 0 2  rnfd 
Momentary Short  C i r c u i t  P r o t e c t e d  
Output isolated 2 5 0 0 V  to  input  ground 

INPUT: 
Vol tage  : (a)  Approx. 3 V  t o l O V  DC for required output  v o l t a g e .  

( b ) X i t h  f i x e d  output  load 180M ohms input  v o l t a g e  
s h a l l  be less than 8V and input  current  less  than 
12  '7. for 1 8 0 0 V  output .  

(c) Reverse p o l a r i t y  p r o t e c t e d  

si EXVI RONMENTAL : 
Operating temperature -lO°C t o  40°C 
Temperature c o e f f i c i e n t  less than +.02%/0C 

P 

CONFIGURATION: 
As Drawing A10740  S h e e t  1 

Reproduced with permission from Del Electronics Corporation, M t .  Vernon, NY 
10550. 
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N E X T  A S S ' Y  1 U S E D  ON 

/ I I 
I 

' ./ 

, 

<Iu=,. - : (+) 
; 5L;\"(\ (-) 

h.V C J T P U T :  'JIOLET (t) 
WHITE (-) 

C A S E  GREEN 

Reproduced with permission from Del Electronics Corporation, Mt. Vernon, NY 
10550. 
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1 

D 

P 

15 Watts of Regulated Power (6.5V - 40VDC) INPUT 
High efficiency ?15V, + 5 V  TRIPLE OUTPUT 

From a Single Module DC/DC CONVERTER 
That Accepts an Input From 6.5V to 40VDC POWER SUPPLY Industr ial 

W C Series 

The Stevens-Arnold \Vide Range Input 
Triple Output  DC t o  DC Converter advan- 
ces [lie art by joinin: tux) \vel1 accepred 
power processing concepts.  pdckaged i n  a 
single module for PCB inount inf .  

The  Input voltage is applied direct11 to 3 
step-down Switching Regulator.  This con-  
verts t h e  6.5V to 40 volt DC Input 10 a 
Well Regulated (0 .59 line. 0.25 load) 
Lon h'oise (40 m V  p-p )  5 volts DC Out- 
put .  This Output  is uor Isolated from the 
Input  voltage siiice they must share com- 
mon  negative returns.  
Within the module t l i e  5 volts I S  addition- 
ally filtered and used to power a Fully Iso- 
lated DC to DC Converter of the Low 
Noise, High Efficiency design employed in 
our  popular Series A Iso-Pak Converters. 
This delivers a n  extremely Well Regulated 
(0.01% typical)+l5 volts D C ( o r  f l 2 ) c o m  
pletely Isolated from the Input  and the 5 
volt o u t p u t .  
The  result is a Single Module which can 
operate with virtually constant power Effi- 
ciency (68 to 737h) over and anywhere 
within the entire Input  voltage range of 
6.5V 10 40 volts DC. In addi t ion,  the High 
Efficiency produces a very Low Operating 
Case Temperature rise of 20°C thus im- 
proving the reliability o f  t he  module.  

Operating Considerations 
(CL) Capacitive Load Limits The  5VDC 
digital Output  (sw. reg.) can be damaged 
or even destroyed if the Regulator sees a 
true effective Capacitive load greater than 
100 pF.  

I 0 
& 

CO" 0 
- >  

F i g u r e  1 Block D i a g r a m  

(R R i n )  Reflecred Input Ripple Noise Cur- 
rent S\r~iriliin; RC;U~~IOIS norinall!. es-  
liibit Input Cur i e i i~  Pulses equal i n  iiiagiii- 
tude t o  t l i e  Load Currenl .  We l ime prepar- 
ed a n  Application Xoie "Filtering Switcli- 
iiig Regulators" wliicli discusses a iiiriiiber 
o f  filtering techniques. Ai1 accessory liiput 
Filter iiiodule. tu be inserted betwecii t h e  
I n p u t  source a n d  the power hlodule. I, 

available. 

Fault Mode W h e n  the 5VDC Single Out- 
put  is sl ioit  circuited the Dual Output  will 
also shut dowil. 

Source Impedance The WC Series should 
be powered from a Source having a suffic- 
iently Low Impedance to hold t h e  voltage 
a t  the  Input  Terminals below I Volt p-p 
at 1 OKHz or above. 

1 ,  . I .  , ' , , , , J  , "0YIN.l '"1 

I I 10 I ,  ?a 
I* - "Dc 

F igu re  2. Typical Perforrnan:.  Curves 

FEATURES 
ONE MODEL for any DC Input Source f rom 

LOW COST . 15 wa l tou rpu lS114@011-9 )  
' 8 watt output S99 00 11-91 
SHORT CIRCUIT PROTECTION AND 

HIGH EFFICIENCY 7090 
LOW SURFACE TEMPERATURE RISE 
' 

from 6.5V to 40VDC 

0 V . P  15VI 

F L  Case Temp. Rise at 12V Nominal Input 
+2@"C 

ISOLATION . Input IO Dual Output 1 X 10" ohms 

. Input 10 Single Ourput None 
EM!!RF! SHIELDING . Transformer IS Double Shielded 
f 

LOW WIDEBAND NOISE IBW = 20 MHzI  

500VOC mir 

Case I S  shielded 6 sides Icontinous1 

I m V  true RMS - 40 mV D u 

APPLICATIONS 
U.P.S. IUNINTERRUPTABLE POWER SUPPLIES1 . Increases "Backup Power" 

' High Efficiency 70% 
PORTABLE OR MCBILE SYSTEMS AND 
INSTRUMENTS . 

operating time sbgnificantly 

Extends the voltage-usable range of 
Low Cost dry cells 
Extends the Voltage-usable range of 
12 VOC Rechargealile cells aiid l c d u c p s  
the Charge Duty Cycle 

Provlder 0 1 8  Regulation from a 6.5V 
IO 40VDC Battery Input . Piowdes P.C. Board poin1.of-load Reg- 
ulation from an Unregulated mal" system 

. 

GENERAL 
' 

SUPPIV 

Reproduced w i t h  permission from Stevens-Arnold, I n c . ,  South Boston, MA 02127. 
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SPECIFICATIONS 0 

INPUT 
Voltage . . . . . . . . . . . . . . . . . . . . . . .  12.0 Volts DC 
Range . . . . . . . . . . . . . . . . . . . . . . .  6.5 to 40 Volts DC 
Grounding . . . . . . . . . . . . . . . . . . . . .  Minus Input to Case 

SINGLE OUTPUT 
Voltage . . . . . . . . . . . . . . . . . . . . . . .  t5 Volts DC 
Settong Accuracy . . . . . . . . . . . . . . . . .  f l %  Max, at FL 
Maximum Current (8 Watt Modell . . . . .  1.0 Amperes 

(15 Walt Model). . . . .  2.0 Amperes 

Line Regulation (Full Range) . . . . . . . . .  3 . 5 %  Max. 
Ripple and Noire @ 

Load Regulation . . . . . . . . . . . . . . . . .  3 . 2 %  Max. 
Temperature Coefficient . . . . . . . . . . .  kO.OZ%/"C Max. 
Shon Circuit Protenion@ . . . . . . . . . .  Output to Common 
Over Voltage Protection . . . . . . . . . . .  Standard: +6.8 VDC 
Voltage Stability . . . . . . . . . . . . . . .  M.05%/24 Hours 
Switching Frequency . . . . . . . . . . . . .  14kHr to 40 kHz 
Isolation . . . . . . . . . . . . . . . . . . . .  None. Output Common to minus Input 

. . . . . . . . . . . . .  5 mV RMS, 40 mV p p   HZ - 20MHzI 

DUAL OUTPUT (e15 VDCl 
Voltage . . . . . . . . . . . . . . . . . . . . . .  

Balance (-15V) . . . . . . . . . . . . . . . .  

(15 Watt Model). . . .  
. . 

Sewing Accuricv l+15 VI  . . . . . . . . .  

Maximum Current (8 Watt Model) 

Line Regulation (Either Output). . . . . .  
Load Regulation . . . . . . . . . . . . . . . .  

. . . .  

Ripple and Noise (Either Outputl 0 

Temperature Coefficient (Either Outpull 
Short Circuit Protection . . . . . . . . .  
Voltage Stability . . . . . . . . . . . . . .  
Switching Frequency . . . . . . . . . . . .  

?15 Volts DC (Tracking) 
?lo& Max C FL 
?1% Max. 
+lo0 mA 
k165 mA 
1 mV RMS. 40 mV p-P 15Hz - 20MHrl 
S.1% Max. 
3.1% Max. 
M.Ol%/"C Max. 
Either Output to Common 
+0.05%/24 Hours 
>20 kHz 

COMMON SPECIFICATIONS 
Cooling . . . . . . . . . . . . . . . . . . . . . . .  Convection 
Derating. . . . . . . . . . . . . . . . . . . . . . .  None Required 
Tempeiature Rise on Case (8 Watt Model). 

(15 Watt Modell. 
+25'Cat FL at 12V Input 
+20DCat FLat 12V Input 

Operating Temperature Range . . . . .  . P  -"C to +71 'C Ambient 
Storage Temperature Range . . . . . . . . .  -55°C to t125'C 
Efficiency . . . . . . . . . . . . . . . . . . .  See Table 
Isolation . . . . . . . . . . . . . . . . . . . . .  > lo9  Ohms a t  500 VDC Between Input and 

Dual Output. No Isolation from Input to 
Single Output 
Unll Fully Metallicallv Enclosed (6 sides). 
Transformer Double Shielded 

EMI/RFI Shielding . . . . . . . . . . . . . . .  

NOTE: UNLESS OTHERIVISE SPECIFIED 
0 
@ 
@ 
?j 
@ 

All ~wc t f i ca t i on i  are t w c a l  @ +25"C and 12 VOC nominal Input 
AN 1 "DCIDC Converler Noire Mearurementr" Dan Sheehan 
I R R i n )  Reflected Input Ripple Current See AN-5. "Filtering Swlichlng Regulators" 
I V b i  Oulpul i d u I 1  Mode will also shutdown t i 5 V  Outpul  
All Swcificationr and Price5 are wbiect IO change without notice 

EFFICIENCY I NOMINAL 1," IAvgl 
INPUT VOLTAGE 8 WATT MODEL 15 WATT MODEL I 8 WATT MODEL 15 WATT MODEL 

7 0 VDC 67% 72% 1 7 A  2 98 A 
12 0 VDC 65% 71% i 102A 1 7 6 A  
24 0 VDC M% 70% 52 A 0 89 A 
28 0 VDC 63% 69% 1 0 4 5 A  0 78 A 
40 0 VOC 62% 68% I 0 3 2 A  0 55 A 

MODELS 

All models have Tr~plr Outputs ronr~it ingol  1 Dual Output leilher '15 V or'12 V I  
plus 1 Slngle Outpvt Other CorPb~natmni are available on Special Order The Single 
Output IS alwayi 5 volli. 2 Amp 8n lh: U Package and 1 Amp ~n the X Package. 

TYPICAL ORDERING SPECIFICATION 
WC ( 7  401 TI51165 U 
PRICES 

Input Number Dual Dual 
spec v01tagc 01 output output PIlcC 

Series Range Outputi Voltage Current ImAI Pkg 11-91 
WC 17-401 T 15 165 U 5114.00 
WC 17-40] T 12 165 U 11400 
wc m o t  T 15 100 x 99.00 
WC (7-401 T 12 100 x 99.00 

INDUSTRIAL I S O . P A K ~ ~  x PACKAGE 
I X Z  WITH TABS1 

T O L t R I N C t  x x - .  .o o m  x x x x  a m5 
,D,mrl,,om ," n.r.n.nnr\ .If ,I -,'m,-?I?r,# 

y- c ;,y- - 
INDUSTRIAL I S 0  PAKTM U PACKAGE 

1u2 w i i n  T A B S I  

rC ioOni ib i l~w lo, ~on ieq~en lmal  damages 0 1  any naIu!e 
ALL OTHER WARRANTIES EXPRESSEOORIMPLIEO. 
INCLUDING WARRANTlES FOR FITNESS FOR ANY ~. 
PARTICULAR PURPOSE A N 0  MERCHANTABILITY 
ARE EXCLUDED 

The Super lsolaflon People 
7 Elkinr Street. South Bc Mass 02127 

T E L  61726: 
Catalog No SF-613 Cable Address Stearco Prlnted ~n U S A 

Reproduced with permission from Stevens-Arnol d, Inc., South Boston, MA 021 27. 
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J APPENDIX E 

SYSTEM-TIMING ILLUSTRATIONS 

3 

a 

The i l l u s t r a t i o n s  i n  this appendix show the data and clock-timing re la -  
t ionships in the HEC-100 (HLNCC) in both real-time and idealized form. Figures 
E-1 and -2 show overall data t i m i n g ;  Fig. E-3 shows coincidence gate t i m i n g ;  
F i g s .  E-4, -5, and -6 i l l u s t r a t e  events in the coincidence summation c i r c u i t r y  
w i t h  varying inputs;  and Fig. E-7 i l l u s t r a t e s  clock-timing relat ionships .  
Figures E - 1 ,  -2, and -3 are real-time photographs, whereas F igs .  E-4 t h r o u g h  
-7 a r e  idealized f igures .  

Figures E-1 and -2 a r e  pho tographs  obtained w i t h  a Tektronix 475 osc i l l o -  
scope, with a 20-MHz bandwidth s e t ,  and a C-30 oscil loscope camera. Each 
f i g u r e ' s  horizontal scale  i s  100 ns /d iv .  The t o p  trace in b o t h  photos was the 
synchronization ( t r i g g e r i n g )  s igna l ;  the signal i s  present a t  t e s t  point TA2 
whenever there  i s  a s ignal  present a t  the s h i f t - r e g i s t e r  i n p u t .  In t h i s  case,  
the i n p u t  was driven a t  a r a t e  grea te r  than 128 kHz by the Los Alamos RP-501 
random-pulse generator. The TAX and TBx designators a t  the immediate r i g h t  of 
each photo  r e fe r  t o  the t e s t  points found a t  the top of the s h i f t - r e g i s t e r  
board; each designator i s  followed by a signal label and, parenthet ical ly ,  the 
voltage amp1 i tude of the s ignal .  The two photos a re  mu1 t ip1 e exposures, with 
t r igger ing  as  above, and ver t ica l  o f f s e t s  from t race  t o  t race ,  with each t r ace  
at tenuated,  as  necessary, t o  produce a 1 -graticul e-di v i  si on (ve r t i ca l  ) t rans  i - 
t i on  f o r  the logic  levels. The t e s t  points and associated subci rcu i t s  (source 
and destination components 1 are schematically represented on Los A1 amos Dwgs . 
D200734-1 and -2. 

Figure E-3 is a photograph made w i t h  the sa;ie equipment as  was used for 
Figs .  E-1 and -2,  i nc lud ing  the signal source. The f i g u r e ' s  horizontal sca le  
i s  50 ns /d iv .  The ver t ica l  sca le  i s  2 V/div. The oscil loscope trigger was the 
top t r ace  (R+A s t robe,  TB5). The bottom t r ace  r e f l e c t s  log ic  t r ans i t i ons  i n  
the R+A "1" b i t  board component locat ion 3C, p i n  11 (82583 BCD adder) r e su l t -  
i n g  from the in te rac t ion  of the R+A s t robe,  l a t ch ,  and the UP/DOWN counter. 
Horizontal sweep r a t e  was 50 ns/div.  The photograph was or ig ina l ly  taken t o  
confirm t h a t  the c i r c u i t r y  met ce r t a in  design requirements; namely, t h a t  la tch-  
i n g ,  up-count, and down-count could a l l  be done w i t h i n  one clock cycle and 
s t i l l  meet component setup times conservatively. 
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TB4 

TB5 R+A ( 5  V )  

TB7 A ( 5  V )  

TB2 UP ( 5  V )  

TA7 DOWN (5 V I  

DELAY DATA OUT ( 5  V )  

Fig .  E-1. Data t i m i n g  No. 1. 

TA2 SYNC ( 5  V )  

TA3 SRCK (12 V )  

TA4 PREDELAY I N  (12 V )  

TA1 PREDELAY OUT (12 V )  

TA6 PREDELAY OUT ( 5  V )  
. -  

TA5 32 us GATE ( 5  V I  

TB2 UP (5 V )  

TA7 DOWN ( 5  V )  

Fig.  E-2. Data t i m i n g  No. 2 
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a 
P 

R+A STROBE 

C R t A  "1 I' B I T  

DOWN COUNT 
I I UP COUNT 

R+A STROBE 

F i g .  E-3. Coincidence gate  t iming.  
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Figures E-4, -5, and -6 are photographs obtained w i t h  a Tektronix 7D01 
1 ogi c analyzer ( p l  ug-i n ) modul e instal 1 ed i n  a Tektroni x 7603 osci 11 oscope 
mainframe using a C-50 camera. Each f i g u r e ' s  horizontal scale i s  nominally 
250 ns/div. The traces a r e  ideal ized f igures ,  rather than real  time; the 
s igna l s  a r e  ava i lab le  a t  the tes t  po in t s  l i s t e d  af ter  the signal label w i t h  
the exception of the (Sigma) R+A 1 s igna l ,  w h i c h  i s  sourced a t  component 3C, 
pin 11 ( sh i f t - r eg i s t e r  board). The timing reference i s  the top trace,  SRCK 
(Shift-Register - - -  Clock) TA3. Triggering was generated by the SYNC OUT (Data 
Synchronizer - O u t p u t )  TA2. In Fig. E-4, the i n p u t  t o  the sh i f t  register was a 
manually t r iggered  single-shot pulse and i n  Figs. E-5 and -6, a manually t r i g -  
gered pulse and (va r i ab le )  delay pulse pair .  The delay pulse i n  Fig. E-5 was 
delayed by less t h a n  the predelay s e t t i n g  from the i n i t i a l  pulse, whereas t h a t  
o f  Fig. E-6 was delayed by a time g rea t e r  t h a n  t h a t  of the predelay se t t i ng .  

Figure E-7 i llustrates the various clock s igna ls  i n  the HEC-100. The 
photograph was taken w i t h  the same equipment a s  t h a t  used i n  F igs .  E-4, -5, 
and -6; again, these are idea l ized  waveforms rather t h a n  real-time representa- 
tions. The f i g u r e ' s  horizontal scale i s  nominally 200 ns/div. Triggering was 
on the i n i t i a l  positive-going t r a n s i t i o n  of Phase 2; this signal i s  ava i l ab le  
a t  ( s h i f t - r e g i s t e r  board) component loca t ion  8D, p i n  11 (Phase 2 level 
s h i f t e r ) .  The o ther  s igna l s  as ide  from Phase 1 and SRCK, w h i c h  are  ava i lab le  
a t  the l i s t e d  tes t  po in t s ,  are sourced a t  the following locat ions.  

CK 
C K  1/2 
CK 1/2 + 150 ns 
CK 1/2 t 250 ns 
CK 1/2 + 350 ns 

component loca t ion  10D, p i n  2 
component locat ion 9D, p i n  6 
component locat ion 6D, p i n  12 
component l oca t ion  6D, p i n  10 
component loca t ion  6D, p i n  8 

The  clock sources are schematically represented on Los Alamos Drawing 
D200734-1. 
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1 
1 P 
a 
a 
J 
3 
3 
2 
3 
9 
i 
3 
J 
3 
;i 

s 

SRCK TA3 
SYNC OUT TA2 
PREDELAY OUT TA6 
UP COUNT TB2 

C R+A 1 3 C l l  
R+A STROBE TB5 

F i g .  E-4. S ing le  pulse i n p u t .  

SRCK TA3 
SYNC OUT TA2 
PREDELAY OUT TA6 
UP COUNT TB2 

C R+A 1 3 C l l  
R+A STROBE TB5 

F ig .  E-5. D o u b l e  p u l s e  i n p u t .  (Delay p e r i o d  less t h a n  

Fig .  E-6. Double pulse  i n p u t .  (Delay per iod  g r e a t e r  tha  

p r e d e  

n p r e  

' l a y ) .  

delay 
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$ 2  
4 1 TB1 
SRCK TA3 
CK 

CK 1/2 
CK 1 /2  p l u s  150 
CK 1/2 p l u s  250 
CK 1/2 p l u s  350 

F i g .  E-7. Clock Timing. 
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1 APPENDIX F 

HLNCC SCHEMATIC SET 

J 
a 
7 

I 

3 

l 

a 
I 

The schematic s e t s  i n  these manuals d e r i v e  from the schematic s e t  docu- 

ment ing the o r i g i n a l  (p ro to type )  instrument.  The t i t l e  f o r  t h a t  s e t  i s  I A E A  
Thermal Neutron Coincidence Counter, Los Alamos Dwg. 68Y155362, sheets D1 
through D11. The schematic s e t  was then redrawn and renumbered for  p u b l i c a -  
t i o n  by EG&G i n  con junc t i on  w i  t h  t h e i r  manufacture o f  the p roduc t i on  p ro to -  
type instrument.  A l i s t i n g  o f  the schematic s e t s  i s  shown below. The E G G  
drawing s e t  has subsequently been r e t i  t led/renumbered by I R T  Corporat ion for  
i n c l  us ion  i n  t h e i r  manual 

2 

( i ssued w i  t h  the c u r r e n t  product1 on i ns trumen t )  . 

E200794 Neutron Counter Assembly 
D200726 System Cable In te rconnec t  
D200740 Power D i  s tri bu ti on 
C200694 Preamp1 i f i e r  Board Assembly 
D200739 HV J-Box and P r e a m p l i f i e r  Schematic 
C200749 Mother Board Assembly 
C200728 Amp1 i f i e r  Board Assembly 
D200729 Anal og/Di s c r i m i  n a t o r  Schematic 
C200235 Shi f t -Regi  s t e r  Assembly 
D200734 Shi f t - R e g i s t e r  Schematic ( two sheets) 
C200768 Component P1 a t form Assembly 
C200742 Microprocessor Assembly 
D200741 Microprocessor Schematic ( f o u r  sheets)  
C200755 D r i v e r  Board Assembly 
D200753 D isp lay  and D r i v e r  Boards Schematic 
C200752 D isp l  ay Board Assembly 
C200757 DC/DC Converter Assembly 
D200758 DC/DC Converter Schematic 
C200746 High-Vol tage Board Assembly 
a200747 High-Vol tage Board Schematic 
C200760 R e c t i  f i e r  Board Assembly 
D200733 Neutron Counter Phase I 1  (Two sheets) 

li 169 
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