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S E C T I O N  I - UNPACKING AND INSTALLATION 

1 .1  UNPACKING AND I N S P E C T I O N  

I f  t h e  s h i p p i n g  c a r t o n  i s  damaged, r e q u e s t  t h a t  t h e  c a r r i e r ' s  
a g e n t  b e  p r e s e n t  when t h e  u n i t  i s  unpacked.  I f ,  when unpacked ,  
t h e  u n i t  shows  e x t e r n a l  damage ,  t h e  c a r r i e r ' s  a g e n t  s h o u l d  
a u t h o r i z e  r e p a i r s  b e f o r e  t h e  u n i t  i s  r e t u r n e d  t o  t h e  f a c t o r y .  
I f  t h e  s h i p p i n g  c a r t o n  i s  damaged, t h e  u n i t  may h a v e  s u f f e r e d  
i n t e r n a l  damage i n  t r a n s i t  t h a t  may n o t  b e  e v i d e n t  u n t i l  t h e  
u n i t  i s  o p e r a t e d  o r  t e s t e d  t o  v e r i f y  c o n f o r m a n c e  w i t h  i t s  
s p e c i f i c a t i o n s .  I f  t h e  u n i t  f a i l s  t o  pe r fo rm o r  f a i l s  t o  meet 
t h e  pe r fo rmance  s p e c i f i c a t i o n s  o f  S e c t i o n  11, n o t i f y  t h e  
c a r r i e r ' s  a g e n t  and t h e  n e a r e s t  V a l h a l l a  S a l e s  O f f i c e .  R e t a i n  
t h e  s h i p p i n g  c a r t o n  f o r  t h e  c a r r i e r ' s  i n s p e c t i o n .  DO NOT 
r e t u r n  equipment  t o  V a l h a l l a  S c i e n t i f i c  o r  a n y  o f  i t s  s a l e s  
o f f i c e s  p r i o r  t o  o b t a i n i n g  a u t h o r i z a t i o n  t o  do  s o .  

1.2  I N I T I A L  ADJUSlMENTS 

T h e  o n l y  a d j u s t m e n t s  r e q u i r e d  b e f o r e  p l a c i n g  t h e  u n i t  I n  
o p e r a t i o n  are t o  s e t  t h e  r e a r  p a n e l  s w i t c h  t o  t h e  l o c a l  power 
v o l t a g e  and v e r i f y  t h a t  t h e  p r o p e r  f u s e  i s  i n s t a l l e d  as l i s t e d  
i n  T a b l e  1-1. 

m 

T a b l e  1-1. V o l t a g e  S w i t c h  S e t t i n g s  and  
Fuse  R a t i n g s .  

SUPPLY 
VOLTAGE 

SWITCH 
SETTING 

FUSE 
RATING 

115 0.5 Amp S l o  Blo  
230 0 .2  Amp S l o  B lo  

1.3 INSTRUCTIONS FOR BENCH U S E  

The u n i t  i s  d e l i v e r e d  w i t h  a l l  r e q u i r e d  h a r d w a r e  f o r  bench u s e  
i n s t a l l e d  and s p e c i a l  i n s t r u c t i o n s  f o r  u s e  i n  t h a t  manner are 
n o t  n e c e s s a r y .  However ,  b e f o r e  c o n n e c t i n g  t h e  u n i t  t o  t h e  
l o c a l  power s o u r c e ,  v e r i f y  t h a t  t h e  power c o r d  is  e q u i p p e d  w i t h  
a  t h r e e - t e r m i n a l  c o n n e c t o r  ( s e e  t h e  S a f e t y  I n s t r u c t i o n s  o f  
p a r a g r a p h  1 . 5 ) .  

1.4 INSTRUCTIONS FOR RACK MOUNTING 

O p t i o n a l  b r a c k e t s  are a v a i l a b l e  f o r  mount ing  t h e  Model 2724A i n  
a n  equipment  r a c k .  These  a r e  l i s t e d  i n  S e c t i o n  V I I .  The s i z e  

F o f  t h e  u n i t  and t h e  l o c a t i o n  o f  i t s  c e n t e r  o f  g r a v i t y  d i c t a t e  
t h a t  i t  s h o u l d  b e  s u p p o r t e d  on b o t h  s i d e s  a l o n g  i t s  e n t i r e  
l e n g t h  t h r o u g h  the  u s e  o f  " t r a y s "  o r  s l i d e s .  If i t  i s  t o  b e  



t r a n s p o r t e d  w h i l e  mounted i n  a  r a c k ,  i t  s h o u l d  b e  s u p p o r t e d  
s u c h  t h a t  movement i n  any  a x i s  Is n o t  p o s s i b l e .  

Note t h a t  t h e  s p e c i f i c a t i o n s  l i s t e d  i n  S e c t i o n  I1 i n d i c a t e  t h a t  
a c c u r a c y  o f  . t he  u n i t  Is deg raded  a t  a b n o r m a l l y  h i g h  
t e m p e r a t u r e s .  T h e r e f o r e ,  i t  i s  recommended t h a t  l l s p a c e r l l  
p a n e l s  a t  l e a s t  1.75 i n c h e s  h i g h  be . i n s t a l l e d  be tween  t h i s  and  
a n y  o t h e r  u n i t s  i n  t h e  r a c k  t o  i n s u r e  f r e e d o m  o f  a i r  f l o w .  
Under  n o  c i r c u m s t a n c e s  s h o u l d  t h e  a m b i e n t  a i r  t e m p e r a t u r e  
a r o u n d  t h e  u n i t  exceed  50°C w h i l e  t h e  u n i t  i s  I n  o p e r a t i o n  o r  
70°C when power i s  removed. 

1.5 SAFETY PRECAUTIONS 

The power p l u g  s h o u l d  b e  a t h r e e - c o n t a c t  d e v i c e  and  s h o u l d  b e  
i n s e r t e d  o n l y  i n  a t h r e e - c o n t a c t  ma t ing  s o c k e t  where t h e  t h i r d  
c o n t a c t  p r o v i d e s  a g r o u n d  c o n n e c t i o n .  Where power is  p r o v i d e d  
t h r o u g h  a n  e x t e n s i o n  c a b l e  w i t h  s e v e r a l  o u t l e t s ,  t h e  g r o u n d  
c o n n e c t i o n  mus t  b e  c o n t i n u o u s .  Any d l s c o n t i n u l t y  i n  t h e  g r o u n d  
l e a d  may r e n d e r  t h e  u n i t  u n s a f e  f o r  u s e .  



,P SECTION I1 - S P E C I F I C A T I O N S  

The o p e r a t i n g  s p e c i f i c a t i o n s  f o r  t h e  2724A are l i s t e d  i n  t a b l e  
2-2. 

The e n v i r o n m e n t a l  s p e c i f i c a t i o n s  are l i s t e d  below i n  T a b l e  2-1. 

Tab le  2-1: Gene ra l  S p e c i f i c a t i o n s  

Dimensions:  89mm (3 .5  i n )  H x 432mm ( 1 7  i n )  W x 432mm 
(17 i n )  D 

Weight :  7.2kg ( 1 6  l b )  n e t ,  10.5kg ( 2 3  l b )  s h i p p i n g  

Power: 115/230 VAC - + 10% a t  48 t o  440 Hz, 30 VA 

Tempera ture  : 0 t o  50C - O p e r a t i n g  
-30 t o  70C - S t o r a g e  

Humidi ty:  5 t o  70% RH (non-condens ing)  



T a b l e  2-2: Opera t ing  S p e c i f i c a t i o n s  

Accurac ie s  below are r e l a t i v e  t o  NBS t r a c e a b l e  s t a n d a r d s  and are v a l i d  a t  +5OC 
from c a l i b r a t i o n  t e m p e r a t u r e  w i t h i n  15OC t o  30°C. Add 2lppm f o r  a b s o l u t e  
a c c u r a c y  u t i l i z i n g  V a l h a l l a ' s  p r o d u c t i o n  c a l i b r a t i o n  t r a c e a b i l i t y  
u n c e r t a i n t i e s .  

2724A Active Mode Operation 

R e s i s t a n c e  
i n  Ohms 

0 t o  120 
120  t o  1.2K 
1.2K t o  12K 
12K t o  120K 
120K t o  1.20M 
1.2M t o  12M 
12M t o  120M 
120M t o  1.2G 
1.2G t o  1 1 G  

C u r r e n t  
Min. Max. 

5 0 0 ~ A  120mA 
5 0 ~ A  12mA 
5~tA 1.2mA 
500nA 120kA 
50nA 12hA 
5nA 1. ~ D A  
500pA 120nA 
50pA 12nA 
 PA 1.2nA 

Accuracy 
( f o r  

90 Days) - +5 "c ) 

7ppm+2mh 
7ppm+7mR 
7ppm+50mS2 

7ppm+5OOmR 
12ppm+5R 
20ppm+50R 
4Oppm+lKS2 
0.1%+50KR 
0.1%+5Mn 

S t a b i l i t y  
(DC t o  1Hz) 
24 H r . 1  Year 

2ppm lOppm 
2ppm lOppm 
2ppm 1Oppm 
2ppm 1Oppm 
2ppm lOppm 
2ppm 15ppm 
5000  5Oppm 
5OKR 0.05% 
5MR 0.05% 

Temper- 
a t u r e  Co- 
e f f i c i e n t  
i n  ppm/ 

O C  

1 .5  
1 - 5  
1.5 
1.5 

3 
5 

15  
1 5  
15 

S e t t i n g  Time 
i n  seconds  

Change 
i n  

C u r r e n t  

2 
2 
2 
2 
2 
3 
4 
6 

15  

Change 
i n  

Value 

2 
2 
2 
2 
2 
2 
2 
3 
5 



T a b l e  2-2: O p e r a t i n g  Specifications (Con t inued)  

27244 Fast Mode Operation (Active) 

R e s i s t a n c e  
i n  Ohms 

0 t o  120 
120 t o  1.2K 
1.2K t o  12K 
12K t o  120K 
120K t o  1.2M 
1.2M t o  12M 
12M t o  120M 
120M t o  1.2G 
1.2G t o  1 1 G  

Tempera ture  
C o e f f i c i e n t  
i n  Ohms/OC 

0.006 
0.06 
0.6 
6 
60 
600 
6K 
6 OK 
600K 

C u r r e n t  
pk.  max . 

12 0mA 
12mA 
1.2mA 
12 0BA 
12DA 
1 . 2 ~ A  
120nA 
12nA 
1.2nA 

One Year 
k5 O C  

Abso lu te  
Accuracy 

i n  Ohms 

0.04 
0.4 
4 
40 
400 
6K 
6 OK 
600K 
6M 

S e t t i n g  Time 
I n  m i l l i s e c o n d s  0.05% 

E r r o r  
F re -  

quency 

3KHz 
3KHz 
3KHz 
2KHz 
500Hz 
5 0Hz -- 
-- 
-- 

a 

Change i n  
C u r r e n t  

0.1 
0.1 
0.1 
0.2 
1 
1 0  
500 
5 S e c .  
15 Sec .  

* 

Change 
i n  

Value 
C 

5 
5 
5 
5 
5 
10  
100 
2 Sec .  
5 Sec.  



T a b l e  2-2: Opera t ing  S p e c l f l c a t l o n s  (Con t inued)  

2724A CPR Mode Operation (Slow or Fast Modes) 

Output Configuration: 2-wire/4-wire,  f r o n t  and r e a r  t e r m i n a l s  s t a n d a r d .  

R e s i s t a n c e  
i n  Ohms 

100 
1 K  
1 OK 
l O O K  
1 M  
1 OM 

Leakage Current: - + 2pA - + 0.2pA/OC 

Power Coef f ic ient :  0.15ppm/mW 

C u r r e n t  
Max . 

12 0mA 
12mA 
1.2mA 
120 p4 
12 
1.2pA 

Noise and Thermals: (DC t o  lOHz, 4 - t e r m i n a l )  
CPR Mode + 2uV Maximum 
S t a n d a r d  Mode + 4uV Maximum 
F a s t  Mode + 30Kv Maximum - 

Maximum Input: 25V peak  o r  120mA ( I f  o p t i o n  CPR i n s t a l l e d :  15mA maximum i n  
a c t i v e  modes) 

Accuracy 
( f o r  90 days  

- +5 "c 

7ppm+2m R 
7ppm+7m R 
7ppm+5 0mR 
7ppm+500mR 
12ppm+5 R 
2  0ppm+5 0  51 

Warm-up Tlme: 15 minu tes  t o  w i t h i n  5ppm o f  f i n a l  v a l u e  

S t a b i l i t y  
(DC t o  1Hz) 

Temper- 
a t u r e  

Coeff- 
i c i e n t  
i n  ppm/ 

O C  

1 .5  

24 H r .  

Z P P ~  

1 Year 

~ O P P ~  
Z P P ~  
Z P P ~  
Z P P ~  
2ppm 
Z P P ~  

S e t t l i n g  Tlme 
, i n  M l l l l s e c o n d s  

~ O P P ~  
~ O P P ~  
~ O P P ~  
~ O P P ~  1 S e c .  
15ppm 5 Sec. 

F a s t  
Mode 

0.1 

Slow 
Mode 

100 
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SECTION 111 - MANUAL OPERATION 

3.1 GENERAL 

The Model 2724A i s  equipped wi th  f r o n t  p a n e l  c o n t r o l s  l i s t e d  i n  
Tab les  3 - l ( a ) ,  ( b )  and ( c ) .  

A more complete d e s c r i p t i o n  o f  key f u n c t i o n s  i s  p rov ided  i n  t h e  
f o l l o w i n g  p a r a g r a p h s .  

Upon i n i t i a l  a p p l i c a t i o n  o f  power, t h e  u n i t  pe r fo rms  v a r i o u s  
s e l f - c h e c k  p r o c e d u r e s  r e s u l t i n g  i n  p o s s i b l e  f a u l t  messages.  I f  
t h e  s e l f - c h e c k  i s  s a t i s f a c t o r y ,  t h e  d i s p l a y  w i l l  g r e e t  t h e  
o p e r a t o r  wi th  " H I  THERE". (lfHELLO1l, "GUTEN TAGf1, "BONJOUR" o r  
a  g r e e t i n g  m e s s a g e  i n  a n o t h e r  l a n g u a g e  may a p p e a r  on u n i t s  
s h i p p e d  o u t s i d e  t h e  United S t a t e s  ) . Approx i m a t e l y  one-second 
l a t e r  e i t h e r  lf2724A V-FBfl o r  2724CPR V-FBI' w i l l  be  d i s p l a y e d .  
Approximately one-second l a t e r ,  llCAL DATA OK1' w i l l  appear  i n  
t h e  d i s p l a y .  I f  t h e  s e l f - c h e c k  d e t e r m i n e s  t h a t  a f a u l t  e x i s t s ,  
a n  e r r o r  m e s s a g e  w i l l  a p p e a r  i n  t h e  d i s p l a y .  Some o f  t h e  
messages a r e  l i s t e d  i n  Tab le  3-2. If t h e  u n i t  h a s  t h e  IEEE 
o p t i o n  i n s t a l l e d ,  t h e  a d d r e s s  w i l l  be  d i s p l a y e d  f o r  one second.  

3.2 CONNECTIONS 
P 

The Model 2724A is  a four-wire  i n s t r u m e n t .  I t  i s  equipped wi th  
s e p a r a t e  t e r m i n a l s  f o r  connec t ion  o f  t h e  c u r r e n t  s o u r c e  and 
v o l t a g e  measurement l e a d s  o f  t h e  measuring i n s t r u m e n t .  
H o w e v e r ,  i t  may b e  u s e d  as a  two-wi re  i n s t r u m e n t  a s  w e l l .  
D i r e c t i o n s  f o r  u s e  i n  b o t h  modes a r e  i n c l u d e d  i n  f o l l o w i n g  
pa ragraphs .  

CAUTION 

The 2724A p r o v i d e s  r e a r  p a n e l  c o n n e c t o r s  
w i r e d  i n  p a r a l l e l  wi th  t h o s e  on t h e  f r o n t  
p a n e l .  Under no c i r c u m s t a n c e s  shou ld  
c o n n e c t i o n s  t o  t h e  f r o n t  and r e a r  p a n e l s  
e x i s t  a t  t h e  same t ime.  

3.2.1 FOUR-WIRE CONNECTIONS 

When t h e  Model 2724A i s  u s e d  w i t h  a f o u r - w i r e  m e a s u r i n g  
i n s t r u m e n t ,  t h e  c u r r e n t  s o u r c e  l e a d s  o f  t h e  measuring 
i n s t r u m e n t  s h o u l d  b e  c o n n e c t e d  t o  t h e  flI1f t e r m i n a l s  o f  t h e  
2724A. The v o l t a g e  measuring l e a d s  shou ld  be  connected  t o  t h e  
" V V  t e r m i n a l s .  The 2724A c a n  accommodate e i t h e r  p o l a r i t y .  
However, c a r e  shou ld  be e x e r c i s e d  t o  e n s u r e  t h a t  bo th  l e a d s  
connected  t o  a  p a i r  o f  l i k e  c o l o r e d  t e r m i n a l s  on t h e  2724A a r e  

n o f  t h e  same p o l a r i t y .  



Table  3 - l ( a ) .  F r o n t  Panel  C o n t r o l s  ( 2 7 2 4 ~  and 2724CPR) T 

M A R K I N G  

T 

J. 
pl t o  9 and . 
C LR 

M A N  

ST0 MEM 

R C L  MEM 

RCL LAST 

I E E E  ADDR 

F U N C T I O N  

S e l e c t s / d e s e l e c t s  d i g i t  s t e p  mode (See  3 .4)  

S h i f t s  c o n t r o l l e d  decade up one decade  (See 3 .4)  

S h i f t s  c o n t r o l l e d  decade down one decade  (See  3 . 4 )  

Inc rements  s e l e c t e d  decade (See  3.4)  

Decrements s e l e c t e d  decade (See  3 .4)  

Used f o r  numer ica l  e n t r y  o f  d a t a  (See 3.3)  

R e s e t s  d i s p l a y e d  v a l u e  ( d u r i n g  e n t r y )  (See 3 .3 )  

S e l e c t s  manual c o n t r o l  ( i f  e n a b l e d )  (see 4 .3)  

S t o r e s  p r e s e n t  v a l u e  i n  one o f  l p l  memories 
(See  3.5) 

R e c a l l s  v a l u e  s t o r e d  i n  one o f  l a  memories 
(See  3 .5 )  

R e c a l l s  l a s t  v a l u e  (See 3 .5)  

P ressed  a t  end o f  e n t r y  t o  i n d i c a t e  u n i t  ohms 
( s e e  3.3)  

P r e s s e d  a t  end o f  e n t r y  t o  i n d i c a t e  ki lohms 
(See  3.3)  

P ressed  a t  end o f  e n t r y  t o  i n d i c a t e  megohms 
( s e e  3 .3)  

Allows t h e  I E E E  u n i t  a d d r e s s  t o  b e  d i s p l a y e d  o r  
changed (See 4.3) 



Table  3-1 ( b )  

F ron t  Panel  Con t ro l s  (2724A Without Option CPR) 

Table  3-1 ( c )  

F r o n t  Panel  Con t ro l s  (2724A.with Option CPR) 

M A R K I N G  

2  WIRE 

4 WIRE 

SLOW MODE 

FAST MODE 

FUNCTION 

s e l e c t s  2-wire o f f s e t  compensation (See 3.6.1) 

S e l e c t s  f o r  no 2-wire compensation (See 3.6.1) 

S e l e c t s  f o r  "Slow moden o p e r a t i o n  (See 3.7) 

S e l e c t s  f o r  " F a s t  mnderl o p e r a t i o n  (See 3.7)  

A 

M A R K I N G  

2  WIRE 

FAST MODE 

CARD PNT 

PPM DEV 
t 

FUN( 

A 1  t e r n a t e l y  ( d e )  s e l e c  ts 2-wire compensat ion 
(See  3.6.2 and 3.8)  

A l t e r n a t e l y  s e l e c t s  F a s t  o r  Slow modes ( S e e  3 . 9 )  

A 1  t e r n a t e l y  s e l e c t s  CPR o r  Ac t ive  modes 
(See 3.10) 

Allows f o r  computat ion o f  UUT e r r o r  (See 3.11) 



Table  3-2. E r r o r  Message D i s p l a y s .  9 

MESSAGE MEANING 

A l l  dec imal  p o i n t s  ROM f a i l u r e  
i l l u m i n a t e d  

A l l  h o r i z o n t a l  midd le  RAM f a i l u r e  
e l ements  i l l u m i n a t e d .  

OUT OF CAL Component o u t  o f  t o l e r a n c e  

CAL DATA BAD Data c o r r u p t e d  ( r e q u i r e s  c a l i b r a t i o n )  

CLOCK FAILURE F a u l t y  c l o c k  c i r c u i t  

MATH OVERFLOW C o n t a c t  V a l h a l l a  S e r v i c e  O f f i c e  i f  
t h i s  o c c u r s  

CANNOT CONTROL See maintenance  S e c t i o n  V I I  

MEMORY DATA BAD Memory d a t a  c o r r u p t e d  

SETTLING T h i s  i s  n o t  a n  e r r o r  message, b u t  a n  
i n d i c a t i o n  t h a t  t h e  i n s t r u m e n t  h a s  n o t  
s t a b i l i z e d  s i n c e  new d a t a  was e n t e r e d .  T 

ATOD TIMEOUT If t h i s  message p e r s i s t s  o r  f l a s h e s  
t h e n  r e f e r  t o  maintenance  S e c t i o n  V I I .  

3.2.2 TVO-WIRE CONNECTIONS 

When t h e  measuring i n s t r u m e n t  h a s  o n l y  two wires, t h e y  s h o u l d  
be connected  t o  t h e  "1" t e r m i n a l s  o f  t h e  2724A. I n  s u c h  c a s e s ,  
t o  minimize measurement e r r o r s ,  t h e  l e a d s  s h o u l d  be  as s h o r t  as 
p o s s i b l e ,  e s p e c i a l l y  i f  t h e  r e s i s t a n c e  t o  b e  measured i s  i n  t h e  
o r d e r  o f  a  few ohms. The two-wire mode s h o u l d  be  s e l e c t e d  t o  
compensate f o r  z e r o  e r r o r s .  

3.3 NUMERIC VALIlE ENTRY 

To s e l e c t  a r e s i s t a n c e  v a l u e  f o r  t h e  o u t p u t  o f  t h e  Model 2724A, 
t h e  keys marked w i t h  "01' through " 9 " ,  . , "CLR", R " ,  "K O t t ,  
a n d  " M R "  a r e  u s e d .  The f o l l o w i n g  e x a m p l e s  i l l u s t r a t e  t h e  
procedure :  

.To s e l e c t  11.458 Ohms P r e s s  1 1 . 4 5 8O 

To s e l e c t  195 M Ohms P r e s s  1 9  5  M O  

A s  t h e  numbers  a r e  e n t e r e d ,  t h e y  a p p e a r  i n  t h e  d i s p l a y .  
P r e s s i n g  t h e  l 1 K R W  o r  " M O n  k e y  t e r m i n a t e s  t h e  e n t r y .  

T 

S h o u l d  an  e r r o r  be  made d u r i n g  e n t r y  and b e f o r e  t h e  " R t l  3 " K R I 1  



r- o r  l1MQt1 keys a r e  p r e s s e d ,  p r e s s i n g  t h e  CLR key w i l l  r e t u r n  t h e  
d i s p l a y  t o  z e r o .  R e s i s t a n c e  v a l u e s  may be e n t e r e d  i n  any form. 
F o r  e x a m p l e ,  9PIV QY2,8.9Kfi , and V.PIPIk79 M R  a r e  v a l i d  e n t r i e s  f o r  
99$ ohms. 

3.4 STEP CONTROL 

Any d i g i t  o f  a p r e v i o u s l y  completed e n t r y  may be  a l t e r e d  u s i n g  
t h e  s t e p  c o n t r o l  f e a t u r e  which  i s  s e l e c t e d  w i t h  t h e  STEP 
CONTROL ON/OFF key.  The l e a s t  s i g n i f i c a n t  d i g i t  i s  i n i t i a l l y  
s e l e c t e d  f o r  a l t e r a t i o n .  However, t h e  keys  w i t h  t h e  l e f t  and 
r i g h t  a r rows e n a b l e  t h e  s e l e c t i o n  o f  o t h e r  d i g i t s  f o r  
a l t e r a t i o n  w i t h o u t  a f f e c t i n g  any o f  t h e  o t h e r  d i g i t s  e x c e p t  f o r  
c a r r y  o r  borrow. The s e l e c t e d  d i g i t  f l a s h e s .  The keys w i t h  
t h e  up and down a r r o w s  inc rement  and decrement  t h e  d i g i t .  I f  a 
c a r d i n a l  p o i n t  ( i s  t r a v e r s e d ,  t h e  u n i t  a u t o m a t i c a l l y  
m a i n t a i n s  t h e  same d i g i t  f o r  c o n t r o l ,  b u t  a l t e r s  h i g h e r  o r  
lower d i g i t s  as  n e c e s s a r y .  

There  a r e  some p o i n t s  t o  remember: 

1. The STEP CONTROL ON/OFF c o n t r o l  i s  used  t o  e n t e r  and e x i t  
t h e  s t e p  c o n t r o l  mode. The i n d i c a t o r  i n  t h e  k e y  i s  
i l l u m i n a t e d  when t h e  mode is  a c t i v e .  

P 
2. The minimum r e s i s t a n c e  i s  P) ohms. At tempt ing  t o  s t e p  

below z e r o  w i l l  c ause  PI ohms t o  be  s e l e c t e d .  S i m i l a r l y ,  
t h e  maximum r e s i s t a n c e  i s  1P).99999G Ohms. 

3 .  Numeric e n t r y  w i l l  a b o r t  s t e p - c o n t r o l  and v i c e - v e r s a  . 
3.5 MEMORIES 

The Model 2724A h a s  two t y p e s  o f  u s e r  c o n t r o l l a b l e  memories: 

L a s t  Value Memory -- The u n i t  a u t o m a t i c a l l y  s t o r e s  t h e  
l a s t  e n t e r e d  v a l u e ,  which may b e  r e c a l l e d  when n o t  i n  t h e  
s t e p  c o n t r o l  mode by p r e s s i n g  t h e  RCL LAST key.  A v e r y  
u s e f u l  f e a t u r e  o f  t h i s  c o n t r o l  i s  t h a t  i t  exchanges  t h e  
l a s t  and p r e s e n t  v a l u e s .  Thus, i f  two r e s i s t a n c e  v a l u e s  
n e e d  t o  b e  r e p e t i t i v e l y  exchanged,  p r e s s i n g  t h e  RCL LAST 
(RECALL LAST) k e y  w i l l  c a u s e  t h e  u n i t  t o  a l t e r n a t e  
between t h e  two v a l u e s .  Note t h a t  o n l y  n u m e r i c a l  v a l u e s  
a r e  s t o r e d .  

2 .  U s e r  Definable Memory -- Any v a l u e  p r e s e n t l y  i n  t h e  
d i s p l a y  may b e  s t o r e d  by  p r e s s i n g  t h e  ST0 MEM (STORE 
MEMORY) key and t h e  a p p r o p r i a t e  d i g i t  key .  The d i g i t  key  
s e l e c t s  one  o f  t e n  memories ( P )  t h rough  9 )  i n  which t h e  
d a t a  w i l l  be s t o r e d .  The c o n t e n t s  o f  t h e  memories may b e  
r e c a l l e d  a t  a n y  t i m e .  P r e s s  t h e  RCL MEM k e y  a n d  t h e  

m d i g i t  key t h a t  c o r r e s p o n d s  t o  t h e  memory from which d a t a  
i s  t o  be  r e c a l l e d .  



Some p o i n t s  t o  remember: 

1. The data i s  s t o r e d  i n  n o n - v o l a t i l e  memories.  T h e r e f o r e ,  
t h e  d a t a  s t o r e d  p r i o r  t o  shutdown w i l l  be  i n  memory when 
p o w e r  i s  a g a i n  a p p l i e d .  The n o n - v o l a t i l e  memory i s  
u s e f u l  i n  ATE a p p l i c a t i o n s  where t h e  same v a l u e s  may be 
used  o v e r  a p e r i o d  o f  days  o r  weeks. 

2 .  The v a l u e  p r e v i o u s l y  s t o r e d  i n  memory l o c a t i o n  j!l i s  used 
as t h e  i n i t i a l  v a l u e  upon a p p l i c a t i o n  o f  power. 

3.6 TWO-WIRE/FOUR-WIRE SELECTION 

3.6.1 2724A WITHOUT CPR 

The two keys  marked 2 WIRE and 4 WIRE are  used ( t h e  a d j a c e n t  
LED i n d i c a t i n g  which mode i s  p r e s e n t l y  a c t i v e ) .  

I n  two-wire mode t h e  u n i t  a c t u a l l y  o u t p u t s  t h e  d i s p l a y e d  v a l u e  
less  t h e  c a l i b r a t e d  two-wire o f f s e t .  

3.6.2 2724A WITH CPR 

The 2-WIRE key a l t e r n a t e l y  s w i t c h e s  between two-wire (LED o n )  
and  f o u r - w i r e  (LED o f f )  modes. I n  two-wire a c t i v e  mode t h e  
u n i t  o u t p u t s  t h e  d i s p l a y e d  v a l u e  less t h e  c a l i b r a t e d  two-wire 
o f f s e t .  W h i l s t  i n  CPR mode t h e  d i s p l a y e d  v a l u e  i s  modi f i ed  b y  
t h e  two-wire o f f s e t .  

F i g u r e  3-1. Slow Mode E q u i v a l e n t  C i r c u l t  

R = r e q u i r e d  r e s i s t a n c e  C = 50 R r e f  /R n a n o f a r a d s  

L = R m i l l i h e n r i e s  
(R i s  I n  ohms) 

(R i s  i n  ohms) ' 

i s  t h e  f u l l - s c a l e  v a l u e  
(Rref  i n  ohms) 



3.7  SLOW-MODE A N D  FAST-MODE ( 2 7 2 4 A  WITHOUT C P R )  

When Slow-mode i s  s e l e c t e d  ( a d j a c e n t  LED on) t h e  u n i t  o p e r a t e s  
a s  a h i g h - p r e c i s i o n  DC r e s i s t o r  w i t h  a n  e q u i v a l e n t  c i r c u i t  
shown i n  F i g u r e  3-1. I n  t h i s  mode t h e  u n i t  r e q u i r e s  a s t a b l e  
DC c u r r e n t  f o r  c o r r e c t  o p e r a t i o n .  

When Fast-mode i s  s e l e c t e d  ( a d j a c e n t  LED on) t h e  u n i t  o p e r a t e s  
as  a medium-precision DC/AC r e s i s t o r  wi th  an e q u i v a l e n t  c i r c u i t  
shown below: 

F i g u r e  3-2. Fast-mode E q u i v a l e n t  C i r c u i t  

Where R i s  t h e  r e q u i r e d  v a l u e  
C i s  g i v e n  by t h e  t a b l e  below: 

50000pF nominal 
5000pF nominal  
500pF nominal  
60pF nominal 
50pF nominal 
50pF nominal  
lOOOpF nominal 
lOOOpF nominal 
lOOOpF nominal 

. . 
I . . . . . . . , ,  

L i s  - + 30 R r e f  nH max . ( R r e f  i n  ohms) 

When measured u s i n g  a two-terminal  hook-up t h e  c a p a c i t o r  "CV1 
above a p p e a r s  i n  s e r i e s  wi th  10KR. 

3.8  W O - W I R E  KEY ( 2 7 2 4 A  WITH CPR) 

F T h i s  key a l t e r n a t e l y  s e l e c t s  TWO WIRE and FOUR WIRE modes o f  
o p e r a t i o n .  The a d j a c e n t  LED i s  on whenever  TWO WIRE i s  
s e l e c t e d ,  and t h e  u n i t s f  o u t p u t  i s  a d j u s t e d  t o  compensate f o r  



t h e  t w o - t e r m i n a l  z e r o  e r r o r  e n t e r e d  d u r i n g  c a l i b r a t i o n  ( i n  ? 
ACTIVE mode) o r  t h e  d i s p l a y e d  v a l u e  i s  a d j u s t e d  t o  i n c l u d e  t h e  
two- te rmina l  z e r o  e r r o r  ( i n  CPR mode).  

3.9 FAST-MODE KEY (2724A WITH CPR) 

T h i s  key a l t e r n a t e l y  s e l e c t s  FAST and SLOW modes. The a d j a c e n t  
LED i s  on w h i l e  i n  FAST-mode. A l l  o f  t h e  i n f o r m a t i o n  r e g a r d i n g  
t h e  e q u i v a l e n t  c i r c u i t  i n  t h e  2724A (3.7 above)  i s  a p p l i c a b l e  
when i n  ACTIVE mode. I n  CPR mode, t h e  e q u i v a l e n t  c i r c u i t  i s  as  
shown below: 

Figure 3-3. CPR W e  Equivalent Circuit 

b 

HI O - 
w 7 0 HI 

10K 

SLOW-0. l u F  -- 
VOLTAGE F A S T - ~ ~ ~ F  -- R~ CURRENT 

LO 0 a - 0 LO 

I 

3.10 CARD PNT KEY 

T h i s  key a l t e r n a t e l y  s e l e c t s  CPR and ACTIVE modes o f  o p e r a t i o n .  
W h i l s t  i n  CPR mode t h e  a d j a c e n t  LED i s  on .  

I n  ACTIVE mode t h e  u n i t  i s  j u s t  as 2724A ( e x c e p t  t h e  maximum 
c u r r e n t  i s  15mA). 

I n  C A R D  PNT mode (CPR) t h e  u n i t  s e l e c t s  t h e  c a r d i n a l  p o i n t  
v a l u e  f o r  t h e  l lrangell  i n  which t h e  e n t e r e d  v a l u e  f a l l s ,  ( e . g .  
8K w i l l  c a l l  up f o r  l O K R ,  PIR w i l l  c a l l  up f o r  100Q) up t o  a  
maximum v a l u e  o f  10M . When i n  CPR mode t h e  S t e p  C o n t r o l  
f u n c t i o n  i s  d i s a b l e d ,  t h e  d i s ' p l ayed  v a l u e  b e i n g  t h e  c a l i b r a t e d  
v a l u e  o f  t h e  r e s i s t o r  ( m o d i f i e d  f o r  two- t e rmina l  z e r o  o f f s e t  if 
r e q u i r e d ) .  

1 



3.11 PPM DEV KEY 

T h i s  key  s e l e c t s  f o r  t h e  n e x t  e n t e r e d  v a l u e  t o  b e  compared w i t h  
t h e  c u r r e n t l y  d i s p l a y e d  CPR Value and t h e  d e v i a t i o n  ( i n  p a r t s  
p e r  m i l l i o n )  t o  b e  d i s p l a y e d  f o r  4 s e c o n d s .  T h l s  key  i s  o n l y  
f u n c t i o n a l  i n  CPR mode, and t h e  a d j a c e n t  LED i s  on w h i l s t  t h e  
u n i t  i s  a w a i t i n g  t h e  e n t e r e d  v a l u e .  W h i l s t  t h e  LED i s  on ,  t h i s  
c o n d i t i o n  may b e  c l e a r e d  by p r e s s i n g  llPPM DEVl1, o r  e x i t i n g  CPR 
mode u s i n g  t h e  "CARD PNTl1 key .  

.The u s e r  s h o u l d  n o t e  t h a t  t h e  maximum d i s p l a y a b l e  e r r o r  i s  
+200000 / -1999999  ppm. 



F SECTION I V  - IEEE-488 INTERFACE OPERATION 

4 . 1  IEEE-488, AN EXPLANATION OF THE BUS 

The  r e a d e r  t h a t  i s  n o t  familiar w i t h  t h e  r e q u i r e m e n t s  o f  IEEE 
S t a n d a r d  488 ( 1 9 8 1 )  (IEEE-488) w i l l  want t o  r e v i e w  t h e  
f o l l o w i n g  p a r a g r a p h s  which p r o v i d e  e x p l a n a t i o n s  o f  terms, 
commands  a n d  some e x a m p l e s  o f  commands.  F o r  a c o m p l e t e  
e x p l a n a t i o n  o f  t h e  r e q u i r e m e n t s ,  refer t o  t h e  IEEE-488 
S t a n d a r d  . 
4 .2  DEFINITIONS 

The  f o l l o w i n g  a r e  d e f i n i t i o n s  o f  t h e  terms used  i n  d e s c r i b i n g  
t h e  IEEE-488 i n t e r f a c e .  

B i - D i r e c t i o n a l  B u s :  A t h ighway t  used  f o r  two-way 
communica t ion ,  b o t h  i n p u t  and o u t p u t  d a t a  b e i n g  conveyed on 
t h e  same l i n e s .  

B u s :  A d a t a  l i n k  which i s  u s u a l l y  a s e t  o f  s e v e r a l  p a r a l l e l  
wires w i t h i n  a m u l t i - w i r e  c a b l e .  

B i t  P a r a l l e l  : Used t o  d e s c r i b e  d a t a  which i s  p r e s e n t  

r s i m u l t a n e o u s l y  on  a number o f  wires i n  a b u s .  

B y t e :  A g r o u p  o f  data b i t s  ( u  
s i n g l e  i t e m  o f  d a t a .  

y 8 )  which are t r e a t e d  as a 

B y t e  Serial: I n f o r m a t i o n ,  i n  b i t - p a r a l l e l  b y t e s ,  t r a n s f e r r e d  
s e q u e n t i a l l y  be tween  d e v i c e s .  

D e v i c e  D e p e n d e n t  Message: A message c o n t a i n i n g  commands/data 
s p e c i f i c a l l y  f o r  t h e  r e c i p i e n t  d e v i c e .  

H a n d s h a k e :  A s e q u e n c e  o f  s i g n a l s ,  c o n t r o l l i n g  t h e  t r a n s f e r  o f  
d a t a  o v e r  a b u s .  Each c o n d i t i o n ,  i n  t u r n ,  mus t  o c c u r  b e f o r e  
t h e  n e x t .  

Interface: The p a r t  o f  a n  i n s t r u m e n t  o r  sys t em which e n a b l e s  
i t  t o  be  c o n n e c t e d  t o  a n o t h e r  v i a  a b u s .  

Inter face Message: A message  i n t e n d e d  f o r  i n t e r f a c e  
management . 

L o c a l  Operation: O p e r a t i o n  o f  a  d e v i c e  b y  i t s  f r o n t  p a n e l  
c o n t r o l s  ( a l s o  r e f e r r e d  t o  as Manual C o n t r o l ) .  

R e m o t e  O p e r a t i o n :  O p e r a t i o n  o f  d e v i c e  u n d e r  t h e  c o n t r o l  o f  
a n o t h e r  v i a  a  b u s .  

F 



The IEEE-488 I n t e r f a c i n g  S tandard  ( a l s o  known a s  I E C  DTC66- - 
(WG3), ANSI M C 1 - 1 ,  GP-IB, HP-IB, e t c . )  d e f i n e s  a  b i - d i r e c t i o n a l  
bus f o r  i n t e r c o n n e c  t i n g  programmable i n s t r u m e n t a t i o n  i n  a  
b i t - p a r a l l e l ,  b y t e  s e r i a l  f a s h i o n .  I t  d e f i n e s  l i m i t a t i o n s  as 
fo l lows :  , 

A maximum of 15  d e v i c e s  may Ee i n t e r c o n n e c t e d  by a  s i n g l e  
bus .  . 

The t o t a l  bus l e n g t h  may n o t  exceed 20  m e t e r s ,  o r  t h e  number 
o f  d e v i c e s  m u l t i p l i e d  by two, whichever i s  t h e  s h o r t e r .  

Maximum t r a n s m i s s i o n  r a t e  i s  1 megabyte p e r  second.  

A l l  bus  d a t a  i s  d i g i t a l .  

O f  t h e  d e v i c e s  on t h e  b u s ,  o n l y  o n e  may b e  a  c ' o n t r o l l e r ,  
e x e r c i s i n g  c o n t r o l  o v e r  a l l  o t h e r  d e v i c e s  and a l s o  c a p a b l e  o f  
o p e r a t i n g  as a l l t a l k e r v  o r  l l l i s t e n e r f l .  The o t h e r  d e v i c e s  may 
b e  l i s t e n e r s  ( o n l y  a b l e  t o  r e c e i v e  d a t a )  o r  t a l k e r s  ( o n l y  a b l e  
t o  t r a n s m i t  d a t a )  o r  b o t h .  (The 2724A i s  c a p a b l e  o f  t a l k i n g  
and l i s t e n i n g ) .  The c o n t r o l l e r  may a d d r e s s  o t h e r  d e v l c e s  and 
command them t o  l i s t e n  o r  t a l k  ( o n l y  one may t a l k  a t  any one 
t i m e ) .  

The i n t e r c o n n e c t i n g  c a b l e  c o n t a i n s  s i x t e e n  s i g n a l  w i r e s  and 
e i g h t  ground r e t u r n s  l i n k i n g  d e v i c e s  i n t o  a comple te  sys tem.  T 
The c a b l e  c o n n e c t o r s  c o n s i s t  o f  a  p lug/ . socket  combinat ion  i n  
o r d e r  t h a t  n d a i s y - c h a i n i n g v  o f  u n i t s  may b e  a c h i e v e d .  The 
s i x  t e e n  s i g n a l  wires comprise :  

E i g h t  d a t a  wires (DIO- f l  th rough DIO-7) 

F i v e  management w i r e s  (ATN, EOI, SRQ, IFC and REN) 

Three  "handshakeu wires (DAV, NRFD and NADC)  

It shou ld  be no ted  t h a t t h e s e  wi res  use  I f i n v e r s e  l o g i c w .  T h a t  
i s  t o  s a y  t h a t  a  low l e v e l  i n d i c a t e s  t h e  " t r u e n  ( a c t i v e )  s t a te  
and a  h i g h  l e v e l  i n d i c a t e s  a  " f a l s e w  ( n o n - a c t i v e )  s t a t e .  

ATN - A s s e r t e d  by  t h e  c o n t r o l l e r  whenever  a n  a d d r e s s  o r  a  
command i s  p r e s e n t  on t h e  bus .  

EOI - W i t h  ATN t r u e ,  EOI i n d i c a t e s  t h a t  t h e  c o n t r o l l e r  i s  
p o l l i n g  d e v i c e s .  Wi th  ATN 2 ,  EOI i s  d r i v e n  by t h e  
t a l k e r  t o  i n d i c a t e  t h e  end o f  

SRQ - D r i v e n  by a n y  d e v i c e .  . T h i s  i n d i c a t e s  t h a t  a d e v i c e  
r e q u i r e s  a t t e n t i o n  (e .g . , a  f a u l t  h a s  o c c u r r e d ) .  Normally, 
t h e  c o n t r o l l e r  w i l l  respond by p o l l i n g  t o  d e t e r m i n e  which 
d e v i c e  r e q u i r e s  s e r v i c e .  



F I F C  - D r i v e n  by t h e  c o n t r o l l e r .  T h i s  s i g n a l ,  when t r u e ,  
i n i t i a l i z e s  t h e  bus  t o  a r e s e t  s t a t e .  

REN - D r i v e n  by  t h e  c o n t r o l l e r .  T h i s  s i g n a l ,  when t r u e ,  
e n a b l e s  t h e  d e v i c e  t o  e n t e r  t h e  remote  s t a t e .  

T h e  t r a n s f e r  o f  d a t a  0 n . t h . e  b u s  i s  c o n t r o l l e d  by t h e  t h r e e  
handshake  wires which are a r r a n g e d  t o  run  a t  t h e  speed  o f  t h e  
s l o w e s t  d e v i c e  o n  t h e  b u s .  The t a l k e r  f i r s t  wai ts  f o r  a l l  
d e v i c e s  t o  be r e a d y  t o  a c c e p t  d a t a  ( c h e c k s  t h a t  NRFD i s  f a l s e )  
t h e n  p u t s  t h e  d a t a  on t h e  bus  w i t h  DAV t r u e .  It t h e n  waits f o r  
a l l  d e v i c e s  t o  i n d i c a t e  t h a t  t h e  d a t a  h a s  been  a c c e p t e d ,  by 
w a i t i n g  f o r  DAC t o  become t r u e ,  b e f o r e  s t a r t i n g  t o  t r a n s f e r  t h e  
n e x t  b y t e  o f  d a t a .  

Data i s  s e n t  i n  8 - b i t  b y t e s  on t h e  D I O  w i r e s ,  u s u a l l y  (as i n  
t h e  2724A) u s i n g  t h e  ISO-7 s t a n d a r d  ASCII c h a r a c t e r s .  T a b l e  
4-1 l i s ts  each  ASCII c h a r a c t e r  and t h e  bus  messages  a p p l i c a b l e  
t o  each .  Note t h a t  t h e  t a b l e  i s  d i v i d e d  i n t o  two main g r o u p s .  
The p r imary  command g r o u p  and t h e  s e c o n d a r y  command g r o u p .  The 
secondary  command g r o u p  i s  n o t  u t i l i z e d  I n  t h e  2724A. 

The p r imary  command g r o u p  i s  f u r t h e r  d i v i d e d  i n t o  f o u r  
sub-groups as f o l l o w s  : 

1. The a d d r e s s e d  Command Group - a p p l i e d  o n l y  t o  a d d r e s s e d  
,p d e v i c e s .  

2 .  The U n i v e r s a l  Command Group - a p p l i e d  t o  a l l  d e v i c e s .  

3 The L i s t e n  Address  Group - se t  o f  d e v i c e  l i s t e n  
a d d r e s s e s .  

4. The Ta lk  Address  Group - se t  o f  d e v i c e  t a l k  a d d r e s s e s .  

Data i n  t h e  above command g r o u p s  i s  s e n t  w i t h  ATN t r u e .  When 
d a t a  i s  s e n t  w i t h  ATN fa l se ,  t h e n  i t  i s  " d e v i c e  dependen t t1 .  

4 .3  GENERAL 

A l l  IEEE-488 d e v i c e  dependen t  a c t i v i t y  w i t h  t h e  2724A t a k e s  
p l a c e  v i a  i n p u t  and o u t p u t  b u f f e r s .  

Input Buffer  - Incoming d a t a  i s  p l a c e d  i n  t h e  I n p u t  b u f f e r  as 
i t  i s  r e c e i v e d .  I t  i s  n o t  a c t e d  upon u n t i l  a n y  o n e  o f  t h e  
v a l i d  i n p u t  d e l i m i t e r s  i s  r e c e i v e d .  Then t h e  commands are 
decoded and t h e  i n p u t  b u f f e r  c o n t e n t s  e r a s e d .  I n p u t  d a t a  i s  
h e l d  o f f  u n t i l  t h e  p r e v i o u s  d a t a  i s  decoded and a c t i o n e d .  
Should an  i n v a l i d  c h a r a c t e r  be found i n  t h e  i n p u t  b u f f e r ,  
t h e n  t h e  b u f f e r  i s  o n l y  decoded up t o  t h e  e r r o r ,  t h e  res t  
b e i n g  d i s c a r d e d .  An SRQ c a n  b e  a s s e r t e d ,  i f  r e q u i r e d ,  

* s h o u l d  t h i s  o c c u r .  
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F The v a l i d  i n p u t  d e l i m i t e r s  a r e :  

CR ( C a r r i a g e  R e t u r n )  o r  

E O I  w i t h  t h e  l a s t  c h a r a c t e r .  

O u t p u t  B u f f e r  - W i t h  e v e r y  d i s p l a y  u p d a t e  ( e x c e p t  f a u l t  
m e s s a g e s ) ,  t h e  o u t p u t  b u f f e r  i s  f i l l e d  w i t h  t h e  c o n t e n t s  o f  
t h e  d i s p l a y .  T h i s  d a t a  may b e  r e a d  by t h e  c o n t r o l l e r  a n y  
number o f  times. 

T h e  a d d r e s s  o f  t h e  2724A i s  p r e s e t  a t  t h e  f a c t o r y  a t  g9. 
However, i t  may b e  changed by t h e  u s e r  t h r o u g h  t h e  f r o n t  p a n e l  
keyboa rd .  To e n t e r  a new a d d r e s s ,  p r e s s  t h e  IEEE/ADDR key  and  
t h e  CLR k e y  t o  c l e a r  t h e  o r i g i n a l  a d d r e s s .  Then  p r e s s  t h e  
number keys  c o r r e s p o n d i n g  t o  t h e  new a d d r e s s  and t e r m i n a t e  t h e  
e n t r y  by p r e s s i n g  t h e  Q key .  

A t  power-up, t h e  2724A w i l l  b e  i n  t h e  l o c a l  mode e . ,  t h e  
u n i t  w i l l  r e s p o n d  t o  commands e n t e r e d  w i t h  t h e  f r o n t  p a n e l  
k e y b o a r d ) .  I n  o r d e r  f o r  t h e  2724A t o  e n t e r  t h e  remote  mode, 
t h e  f o l l o w i n g  s e q u e n c e ,  s t i p u l a t e d  by IEEE-488, mus t  o c c u r :  

1. T h e  r e m o t e  e n a b l e ,  
( p u l l e d  l o w ) .  

REN, o n  t h e  b u s  m u s t  b e  t r u e  

r- 2.  The 2724A mus t  r e c e i v e  i t s  l i s t e n  a d d r e s s .  

W i t h  a n  HP 8 5  c o m p u t e r ,  t h i s  i s  a c h i e v e d  b y  t h e  s t a t e m e n t  
REMOTE 7$9, a s suming  t h a t  t h e  2724A a d d r e s s  i s  a9 .  I n  a l l  
f u t u r e  examples ,  a n  HP 85 computer  i s  assumed as is  t h e  2724A 
a d d r e s s  o f  g9. 

When t h e  2724A i s  i n  r emote ,  t h e  REMOTE IEEE-488 i n d i c a t o r  on 
t h e  f r o n t  p a n e l  w i l l  b e  i l l u m i n a t e d  and a l l  f r o n t  p a n e l  k e y s  
( e x c e p t  POWER and M A N )  a r e  i n h i b i t e d .  The MAN k e y ,  i f  p r e s s e d ,  
w i l l  r e t u r n  c o n t r o l  t o  t h e  f r o n t  p a n e l .  If t h e  MAN c o n t r o l  i s  
a l s o  t o  b e  i n h i b i t e d ,  t h e n  LOCAL LOCKOUT must  b e  s e n t  o v e r  t h e  
b u s .  T h i s  i s  a c h i e v e d  w i t h  t h e  HP 85 by LOCAL LOCKOUT 7. 

The computer  may reset  t h e  2724A t o  t h e  l o c a l  s t a t e  a t  a n y  t i m e  
by t h e  command LOCAL 7  ( o r  LOCAL 709 i f  o n l y  t h e  2724A i s  t o  b e  
r e t u r n e d  t o  t h e  l o c a l  mode) .  Note a l s o ,  t h a t  a d e v i c e  c l e a r  
command w i l l  r e t u r n  t h e  u n i t  t o  l o c a l  c o n t r o l .  

4 . 4  SIMPLE COMMANDS AND EXAMPLES 

S i x  s i m p l e  commands, w i t h  examples ,  are shown I n  t h e  f o l l o w i n g  
p a r a g r a p h s  . 
1, S e t t i n g  a R e s i s t a n c e  Value -- To s e t  t h e  2724A t o  a  numer i c  

rn r e s i s t a n c e  v a l u e ,  a l l  t h a t  i s  r e q u i r e d  i s  t o  send  t h e  
r e s i s t a n c e  v a l u e  i n  ohms .  Any fo rm o f  t h e  number  i s  
a c c e p t e d  ( e x p o n e n t ,  e t c . )  w i t h  a maximum o f  s e v e n  d i g i t s .  



D i g i t s  i n  e x c e s s  o f  seven a r e  i gno red .  The d a t a  w i l l  n o t  T 
be processed u n t i l  t e rmina ted  o r  u n t i l  an  exponent  
c h a r a c t e r  i s  r e c e i v e d .  

The : : (? l imi ter  f o r  t h e  exponent  may be an  ASCII llEll o r  liefi. The 
o v e r a l l  d e l i m i t e r  i s  any  i n v a l i d  c h a r a c t e r  w i t h i n  n u m e r i c  
e n t r y .  

The fo l lowing  i s  an example o f  such a  program us ing  t h e  HP 85: 

lfl REMOTE 709 
28 INPUT A 
30 OUTPUT 709 ; A 
40 GOT0 2fl 

Th i s  program w i l l  prompt a  u s e r  i n p u t  o f  v a l u e  on t h e  HP 85 and 
send t h i s  v a l u e  t o  t h e  2724A. ( I t  i s  assumed t h a t  t h e  2724A 
was j u s t  powered-up and t h e  c a l i b r a t e  s w i t c h  was o f f ) .  

2. Step Control -- To u t i l i z e  t h e  2724A1s s t e p  c o n t r o l  f a c i l i t y  
v i a  t h e  IEEE-488 bus,  t h e  u s e r  e n t e r s  t h e  same d a t a  a s  he  
would from t h e  f r o n t  pane l .  The f r o n t  pane l  keys a r e  
rep laced  by t h e  fo l l owing ,  commands: 

DON - Turns s t e p  c o n t r o l  mode on 
DOFF - Turns  s ' tep c o n t r o l  o f f  

(Note u se  o f  s e p a r a t e  commands) 

U - Same as UP a r row 
D - Same a s  DOWN ar row 
L  - Same a s  LEFT arrow 
R - Same a s  RIGHT ar row 

See s u b s e c t i o n  3.4 f o r  d e t a i l s .  

Following is  an example o f  a  program o f  s t e p  c o n t r o l  us ing  t h e  
HP 85: 

lfl REMOTE 709 
20 OUTPUT 789 ; "DONLLUURDDOFFW 

T h i s  program w i l l  c au se  t h e  second from t h e  l e a s t  s i g n i f i c a n t  
d i g i t  t o  be incremented twice  and t h e  n e x t  t o  l e a s t  s i g n i f i c a n t  
d i g i t  t o  be decremented.  The l a s t  p a r t  o f  t h e  program t u r n s  
the  s t e p  c o n t r o l  mode o f f .  

3 .  R e s e t  -- The 2724A may be r e s e t  by e i t h e r  o f  two methods. 
F i r s t ,  an IEEE-488 Device C lea r  w i l l  r e s e t  t h e  2724A. 
Second, t h e  2724A h a s  a  dev i ce  dependent  command A which 
w i l l  produce a  r e s e t .  Th i s  i s  o f  p a r t i c u l a r  v a l u e  when 
u s i n g  a  c o n t r o l l e r  t h a t  d o e s  n o t  h a v e  a  D e v i c e  C l e a r  4 

c a p a b i l i t y  ( such  as t h e  Commodore PET). 



f- 4. CPR/Actlve Mode S e l e c t i o n  (Option CPR Only) -- To s e l e c t  one 
o f  t h e s e  modes t h e  u s e r  s e n d s  one  o f  t h e  f o l l o w i n g  
commands - 

C B  - S e l e c t s  Ac t ive  Mode (power-up c o n d i t i o n )  
o r  C . l  - S e l e c t s  CPR mode. 

Example: OUTPUT7gg ; l 1 C 1 I 1  - S e l e c t  CPR mode 

5. Two/Four-Wire S e l e c t i o n  -- To s e l e c t  e i t h e r  two- o r  f ou r -  
w i r e  c o r r e c t i o n  t h e  u s e r  sen2 . s  one  o f  t h e  f o l l o w i n g  
commands - 

TB - S e l e c t s  four-wire  (power-up c o n d i t i o n )  
o r  T1 - S e l e c t s  two-wire 

Example: OUTPUT7v9 ; 17T111 - s e l e c t s  two-wire 

6 .  F a s t / S l o w  Mode S e l e c t i o n  -- To s e l e c t  e i t h e r  s low-  o r  
fast-mode o p e r a t i o n  t h e  u s e r  sends  one o f  t h e  fo l lowing  
commands - 

Mg - S e l e c t s  slow-mode (power-up c o n d i t i o n )  
o r  M 1  - S e l e c t s  fast-mode 

F Example: OUTPUT7B9 ; llMP)ll - S e l e c t s  slow-mode 

4.5  ADVANCED COlIWANDS AND EXAMPLES 

One advanced command and example o f  e x e c u t i o n  Is con t a ined  Ln 
t h e  fo l lowing  pa r ag raphs .  

1. Output  D e l i m i t e r s  - A s  mentioned e a r l i e r ,  t h e  2724A upda t e s  
i t s  o u t p u t  b u f f e r  wi th  t h e  d i s p l a y  d a t a .  The format  o f  
t h i s  d a t a  i s  a s  f o l l ows :  

llnnnnnn KOHMS QnEnPnMnTnfcoull (2724A ) 
o r  

llnnnnnn KOHMS QnEnPnMnTnCn fcoull ( CPR ) 

fol lowed by t he  r e q u i r e d  o u t p u t  d e l i m i t e r  where: 

n  i s  t h e  r e q u i r e d  number ( e . g  ., En r e t u r n s  t h e  p r e s e n t  
o u t p u t  d e l i m i t e r  s e l e c t  code)  

f i s  a space  i f  n o t  i n  s t e p  c o n t r o l  mode, F i f  i t  is .  

c  i s  a space  i f  n o t  i n  c a l i b r a t i o n  mode, C i f  i t  i s .  

o  Is a  space  i f  n o t  i n  o v e r c u r r e n t ,  0  i f  i t  i s .  

A u  i s  a  space  i f  n o t  I n  unde rcu r r en t ,  U i f  i t  Is.  



The r e q u i r e d  o u t p u t  d e l i m i t e r  i s  se t  by s e n d i n g  a n  l1EW fo l lowed  T 
by t h e  r e q u i r e d  code  ( s e e  c o n t r o l l e r  manual f o r  d e t a i l s  - 
r e g a r d i n g  t h e  r e q u i r e d  d e l i m i t e r ) .  The l i s t  o f  a v a i l a b l e  c o d e s  
i s  g i v e n  below: 

E8 - C a r r i a g e  r e t u r n  l i n e  f e e d  a t  end o f  d a t a  

E l  - C a r r i a g e  r e t u r n  ( l i n e  f eed  w i t h  EOI a s s e r t e d )  a t  end  
o f  data 

E2 - C a r r i a g e  r e t u r n  o n l y  a t  end o f  d a t a  

E3 - C a r r i a g e  r e t u r n  ( w i t h  EOI a s s e r t e d )  a t  end o f  d a t a  

E4 - EOI a s s e r t e d  w i t h  l a s t  c h a r a c t e r  

N o t e  t h a t  mos t  c o n t r o l l e r s  u s e  EB. However, t h e  
Commodore PET s h o u l d  u s e  E3. 

Example - I f  t h e  2724A was o u t p u t t i n g  18.80012M Ohms and  
was i n  s t e p  c o n t r o l  mode and i n  u n d e r c u r r e n t :  

18 REMOTE 789 
28 DIM A$[ l8@] 
38 ENTER 789 ; A$ 
40 PRINT A$ 

The r e s u l t a n t  p r i n t - o u t  would be :  

"18. 00012 MOHMS Q8EBPjIMfJTl . Un 

4.6 SRQ, SERIAL POLL AND PARALLEL POLL 

1, P a r a l l e l  P o l l  Response  -- The 2724A may have  i t s  p a r a l l e l  
p o l l  r e s p o n s e  b i t  s e t  by means o f  t h e  "PV1 command. The 
u s e r  must s end  "Pnff t o  t h e  u n i t  i n  o r d e r  t o  c o n f i g u r e  t h e  
r e s p o n s e ,  where ltnW d e f i n e s  t h e  D I O  l i n e  t h a t  i s  t o  b e  
a s s e r t e d  by  t h e  2724A. S e n d i n g  llPOff s e l e c t s  t h a t  n o  
r e s p o n s e  s h a l l  b e  made t o  a p a r a l l e l  p o l l .  

2. SRQ D e f i n i t i o n  -- The 2724A may assert  t h e  SRQ wire f o r  o n e  
o f  s e v e r a l  r e a s o n s .  T h i s  i s  d e f i n e d  by t h e  u s e r  s e n d i n g  
l f Q n l t ,  w h e r e  n  i s  t h e  n u m e r i c  c o d e  f o r  t h e  r e q u i r e d  
r e a s o n s .  

QV - D i s a b l e s  t h e  2724A from a s s e r t i n g  SRQ 
Q1 - E n a b l e s  t h e  2724A t o  a s s e r t  SRQ on i n t e r n a l  e r r o r s ,  

i .e . ,  any  d i s p l a y e d  f a u l t  , o v e r c u r r e n t ,  
u n d e r c u r r e n t ,  u n s e t t l e d ,  e t c .  

Q2 - Enab le  t o  asser t  SRQ on i n p u t  d a t a  e r r o r s ,  e .g  ., i f  
llB1l i s  r e c e i v e d  on t h e  d a t a  bus  ( a n  un-decodable  
command ) A 

Q 3  - E n a b l e  t o  a s s e r t  SRQ on a l l  r e a s o n s  g i v e n  i n  Q1 and 
Q2.  



Q4 - E n a b l e  t o  a s s e r t  SRQ when s e t t l e d  t o  a new v a l u e .  
Q5 - Enab le  t o  asser t  SRQ on a l l  r e a s o n s  g i v e n  i n  Q1 and 

Q4. 
Q6 - E n a b l e  t o  a s s e r t  SRQ on a l l  r e a s o n s  g i v e n  i n  Q2 and  

Q 4 .  
Q7 - Enab le  t o  asser t  S R Q  on a l l  r e a s o n s .  

3 .  Serial Poll Response Byte  -- When t h e  c o n t r o l l e r  i n  t h e  
s y s t e m  c o n d u c t s  a  s e r i a l  p o l l ,  t h e  2724A r e s p o n d s  w i t h  a 
b y t e  o f  d a t a  i n f o r m i n g  t h e  c o n t r o l l e r  o f  t h e  r e a s o n  f o r  
t h e  SRQ. If t h e  2724A d i d  n o t  g e n e r a t e  t h e  SRQ, t h e n  a 
z e r o  b y t e  i s  used as t h e  r e s p o n s e .  The b i t  p a t t e r n s  used  
by t h e  2724A are l i s t e d  i n  T a b l e  4-2. 

T a b l e  4-2. SRQ B i t  P a t t e r n s .  

BIT PATTERN 
REASON I N  RESPONSE 

Clock F a u l t  0100 0001 
Yath Overf low 0100 0010 
Bad C a l i b r a t i o n  Data 0100 0011 
Bad Memory Data 0100 0100 
S e t t l e d  0101 0000 
C a l i b r a t i o n  Data  

Out o f  L i m i t s  0101 0001 
U n s e t t l e d  0101 0010 
Out o f  C o n t r o l  0101 0100 
U n d e r c u r r e n t  0101 0100 
O v e r c u r r e n  t 0101 0101 
E r r o r  i n  I n p u t  Data  0101 0110 

Note t h a t  t h e  mos t  s i g n i f i c a n t  b i t  i s  s e t  i f  t h e  
2724A i s  i n  REMOTE. 



SECTION V - THEORY OF OPERATION 

5.1 GENERAL 

The i n f o r m a t i o n  is  t h i s  s e c t i o n ,  combined w i t h  t h a t  i n  s e c t i o n s  
V I  a n d  I X  i s  a l l  t h a t  i s  r e q u i r e d  t o  p e r f o r m  s u c c e s s f u l  
m a i n t e n a n c e  a n d  c a l i b r a t i o n  o f  t h e  2724A. S h o u l d  f u r t h e r  
i n f o r m a t i o n  b e  r e q u i r e d  t h e n  t h e  u s e r  i s  r e f e r r e d  t o  h i s  
n e a r e s t  V a l h a l l a  S e r v i c e  C e n t e r  f o r  a d v i c e .  

T h i s  s e c t i o n  o f  t h e  m a n u a l  d e s c r i b e s  t h e  o p e r a t i o n  o f  t h e  
2724A. The f u n c t i o n a l  d e s c r i p t i o n  o f  5 .2  i s  i n t e n d e d  t o  ass is t  
t h e  u s e r  i n  g a i n i n g  a g e n e r a l  u n d e r s t a n d i n g  o f  t h e  p r i n c i p a l s  
b e h i n d  t h e  o p e r a t i o n  o f  t h e  2724A r e f e r r i n g  t o  t h e  b l o c k  
d i ag ram shown i n  F i g u r e  5-1. Fo l lowing  t h i s  f u n c t i o n a l  
d e s c r i p t i o n  i n  5.3 a r e  d e t a i l e d  d e s c r i p t i o n ' s  o f  e a c h  c i r c u i t  
b l o c k  r e f e r r i n g  t o  t h e  s c h e m a t i c  d i a g r a m s  i n  s e c t i o n  I X .  These  
c i r c u i t  d e s c r i p t i o n s  a r e  i n t e n d e d  t o  p r o v i d e  t h e  u s e r  w i t h  
s u f f i c i e n t  i n f o r m a t i o n  on c i r c u i t  o p e r a t i o n  t o  p e r m i t  e f f i c i e n t  
t r o u b l e s h o o t i n g .  

5.2  FUNCTIONAL DESCRIPTION 

The " a c t i v e  ohm1? t e c h n i q u e  used  i n  t h e  2724A i s  a u n i q u e  a n a l o g  
p c i r c u i t  p r o v i d i n g  s t a b i l i t y  and h i g h  a c c u r a c y  f o r  a wide r a n g e  

o f  v a l u e s  and c o n d i t i o n s .  

R e f e r r i n g  t o  t h e  b l o c k  d i ag ram i n  F i g u r e  5-1, t h e  c u r r e n t  ( I )  
f rom t h e  measu r ing  d e v i c e  f lows  i n t o  t h e  I H I  t e r m i n a l  o f  t h e  
2724A, t h r o u g h  t h e  r e f e r e n c e  r e s i s t o r  ( R r e f )  , i n t o  t h e  i n t e r n a l  
plV o f  t h e  2724A r e t u r n i n g  v i a  t h e  power r a i l s  from t h e  o u t p u t  
o f  t h e  v a r i a b l e  g a i n  a m p l i f i e r  t o  t h e  I LO t e r m i n a l .  Thus,  t h e  
v o l t a g e  a c r o s s  t h e  r e f e r e n c e  r e s i s t o r  i s  I * R r e f  ( and  t h u s  t h e  
v o l t a g e  a t  t h e  V H I  and  I H I  t e r m i n a l s ) .  

W i t h  t h e  v a r i a b l e  g a i n  a m p l i f i e r  a t  a g a i n  o f  K ( f l < K < l )  t h e  
v o l t a g e  a t  t h e  I LO t e r m i n a l  (and  t h u s  t h e  V LO t e r m i n a l )  i s  
K*I*Rre f .  T h e r e f o r e ,  i t  c a n  be s e e n  t h a t  t h e  v o l t a g e  between 
t h e  V H I  a n d  LO t e r m i n a l s  i s  g i v e n  b y  I * R r e f * ( l - K ) ,  t h u s  
s i m u l a t i n g  a r e s i s t o r  o f  v a l u e  R r e f * ( l - K ) .  The d i g i t a l  
c i r c u i t r y  i n  t h e  2724A i s  p r e s e n t  t o  c o n t r o l  1/0 o p e r a t i o n s ,  
s e t  t h e  r e q u i r e d  Rre f  and  K ,  and t o  check  t h e  e x a c t  v a l u e  o f  K 
( c o r r e c t i n g  any  e r r o r s  p r e s e n t )  by u t i l i z i n g  t h e  A-to-D 
c o n v e r t o r .  

5.3 DETAILED CIRCUIT DESCRIPTIONS 

5 . 3 . 1  REPERENCE RESISTORS 

T h e  r e s i s t o r s  R121,  1 2 2 ,  1 2 3 ,  1 2 4 ,  1 2 5  a n d  1 2 6  a r e  t h e  
r e f e r e n c e  r e s i s t o r s  u sed  i n  2724A. A s  c a n  b e  s e e n  i n  s c h e m a t i c  





/" 2 7 2 4 - 8 7 g  s h e e t  1, t h e  a c t u a l  r e f e r e n c e  r e s i s t o r  i n  u s e  i s  
s e l e c t e d  by t h e  r e l a y s  RLA, B ,  C ,  D ,  E and  F  t h e  a c t u a l  
s e l e c t i o n s  a r e  shown below:- 

REFERENCE 
VALUE RLA RLB RLC R L D  RLE RLF RESISTOR 

$ t o  128 ohm O f f  On Off O f f  On On R124 (lggohm) 
g.12 t o  1.2 Kohm O f f  On Off On O f f  O f f  R 1 2  4  + 1 2  3 

(1Kohm) 
1.2 t o  12  Kohm O f f  On On O f f  Off O f f  R124+123+122 

( 1 VKohm) 
12  t o  12% Kohm On On O f f  O f f  O f f  Off R124+123+122+ 

121 (l8gKohm) 
8.12 t o  1.2Mohm O f f  O f f  Off O f f  On On ~ 1 2 6  (1Mohm) 
1.2 t o  12 Mohm off  off  o f f  Off O f f  o f f  ~ 1 2 6 + 1 2 5  

(1gMohm) 
12 t o  l l g g a ~ o h r n  off  o f f  * * O f f  Off R126+125 

( 1 8Mohm ) 

* See  5.3.2.2 f o r  a c t i o n  o f  RLC and D above 12Mohm. 

5.3.2 REF BUFFER 

5.3.2.1 Unit Gain B u f f e r  

The u n i t y  g a i n  b u f f e r  i s  formed by t h e  a m p l i f i e r  IC101, powered 
by r a i l s  ( +  and - 5 v o l t s )  t h a t  f o l l o w  t h e  i n p u t  as formed by  
IC104, 105 and 106. 

IC104 s imply  b u f f e r s  t h e  v o l t a g e  developed a c r o s s  t h e  r e f e r e n c e  
r e s i s t o r  and f o r c e s  t h e  +5V ( f rom IC105) and -5V ( f rom IC106) 
r a i l s  f o r  I C l O l  t o  f o l l o w  t h i s  v o l t a g e .  T h i s  a m p l i f i e r t s  
o u t p u t  i s  a l s o  u s e d  t o  d e t e c t  t h e  o v e r c u r r e n t  s i t u a t i o n  by  
means o f  D103, 104 conduc t ing  when t h e  v o l t a g e  exceeds  13.7V, 
t h u s  t u r n i n g  on t h e  LED p a r t  o f  t h e  o p t o - i s o l a t o r  IC411  
( i n f o r m i n g  t h e  MPU o f  t h e  o v e r c u r r e n t ) .  

I C l O l  i s  a l s o  connec ted  as a u n i t y  g a i n ,  n o n - i n v e r t i n g  b u f f e r ,  
d r i v i n g  t h e  V H I  t e r m i n a l ,  r e f e r e n c e  r e s i s t o r  s e c t i o n  g u a r d i n g  
and a l s o  t h e  v a r i a b l e  g a i n  a m p l i f i e r  ( f o r  v a l u e s  below 12Mohm). 
The i n p u t  o f f s e t  and i n p u t  l e a k a g e  c u r r e n t  o f  t h i s  s e c t i o n  are 
c o r r e c t e d  f o r  by t h e  a d j u s t m e n t  o f  RV103 and 102 r e s p e c t i v e l y .  

A t  t h e  i n p u t  t o  t h i s  s e c t i o n  i s  a s e l e c t a b l e  f i l t e r  formed by 
RLL, C112 and C 1 1 1 .  T h i s  f i l t e r  i s  s e l e c t e d  by t h e  Slow o r  

m F a s t  mode o f  t h e  2724A as  d e f i n e d  by t h e  u s e r .  I n  s low mode 
RLL i s  on,  t h u s  u s i n g  C l l l  as t h e  f i l t e r ,  whereas i n  f a s t  mode 
RLL i s  o f f ,  t h u s  u s i n g  C 1 1 2  as t h e  f i l t e r .  



A t  t h e  o u t p u t  o f  t h i s  s e c t i o n  i s  an ad ju s tmen t  ( swi tched  on by 
RLG when t he  Ohms M u l t i p l i e r  i s  no t  i n  u s e )  R V l O l  which is used 
t o  compensate f o r  thermal  emfs on RLG and R101. 

5.3.2.2 Ohms Multiplier 

I n  o r d e r  t o  avoid  t h e  n e c e s s i t y  o f  r e f e r e n c e  r e s i s t o r s  above 
lOMohm, t h e  e f f e c t i v e  v a l u e  o f  t h e  r e f e r e n c e  r e s i s t o r  i s  
m u l t i p l i e d  by 10, 100 o r  1000 by t h e  Ohms M u l t i p l i e r .  T h i s  i s  
f o r m e d  by t h e  a m p l i f i e r  compr i s ed  o f  IC102 and  103 ,  t h e  
feedback r e s i s t o r  network R 1 1 4  and t h e  r e l a y s  RLG, H and J. 

F o r  v a l u e s  below 12Mohm t h i s  c i r c u i t  i s  bypassed by RLG b-eing 
o f f .  For  v a l u e s  between 12 and 12OMohm t h i s  a m p l i f i e r  i s  s e t  
t o  a g a i n  o f  10  by RLG being on, RLH being on and RLJ be ing  
o f f .  Note t h a t  RLH and RLC a r e  d r i v e n  t o g e t h e r  a s  a r e  RLJ and 
RLD. For  v a l u e s  between 120 and 1200Mohm t h i s  a m p l i f i e r  i s  se t  
t o  a g a i n  o f  100 by RLG being on, RLH being o f f  and RLJ be ing  
on .  For  v a l u e s  between 1200 and llOOOMohm t h i s  a m p l i f i e r  i s  
s e t  t o  a  g a i n  o f  1000 by RLG being on, RLH being o f f  and RLJ 
being o f f .  

The a m p l i f i e r  formed by IC102 and 103 i s  a two-stage a m p l i f i e r  
p r o v i d i n g  t h e  o f f s e t  v o l t a g e  c h a r a c t e r i s t i c s  o f  IC103 combined 
wi th  t h e  o u t p u t  swing c a p a b i l i t y  o f  IC102. 6 

The o u t p u t  o f  IC102 i s  a l s o  used t o  d e t e c t  o v e r c u r r e n t  by means 
o f  Dl01 and Dl02 conduct ing when t h e  o u t p u t  exceeds  13.7V t h u s  
t u r n i n g  on t h e  LED p o r t i o n  o f  I C 4 1 1  i n  a  s imilar manner t o  t h a t  
de sc r i bed  i n  5.3.2.1 above. 

5.3.3 VARIABLE GAIN AMPLIFIER 

T h i s  s e c t i o n  p r o v i d e s  a  v a r i a b l e  g a i n  from PI t o  u n i t y .  I t  
comprises  o f  two s e c t i o n s : -  

There  a r e  two v i r t u a l l y  i d e n t i c a l  MDACs (Mu l t i p ly ing  D t o  A 
Conve r to r )  i n  t h e  2724A. These a r e  formed by IC201 and 202 
(Most S i g n i f i c a n t  DAC)  and IC203 and 204 ( L e a s t  S i g n i f i c a n t  
DAC). The on ly  d i f f e r e n c e  between t h e s e  is  t h e  accu racy  o f  t h e  
DAC d e v i c e  used.  

Each MDAC i s  a  1 2 - b i t  ( i . e .  1 i n  4096 r e s o l u t i o n )  d e v i c e  u s i n g  
t h e  o u t p u t  o f  t h e  REF BUFFER a s  i t s  r e f e r e n c e  v o l t a g e  i n p u t .  
The  o u t p u t  o f  e a c h  MDAC i s  b u f f e r e d  and  c o n v e r t e d  i n t o  a 
v o l t a g e  by IC202 o r  204. The g a i n  o f  each  MDAC i s  adJus t ed  by 
t h e  d i g i t a l  codes  p r e s e n t  on t h e  i n p u t s  D l  ( L e a s t  s i g n i f i c a n t )  
t o  Dl2 (Most s i g n i f i c a n t ) ,  i f  t h i s  i s  cons ide r ed  as a number K 
(between pl and 4895)  then  t h e  o u t p u t  o f  IC202 ( o r  204)  i s  g i v e n  4 

by K*Vref/4096 (where Vre f )  i s  t h e  v o l t a g e  on t h e  r e f e r e n c e  
i n p u t ) .  



The MDACs are powered by a n  8V r a i l  p r o v i d e d  from t h e  +18V r a i l  
by IC206. 

5.3-3.2 Output Buffer  

The o u t p u t  ' b u f f e r  i s  a n  i n v e r t i n g  b u f f e r  summing t h e  o u t p u t s  o f  
t h e  two M D A C f s  w i t h  a l B B k 3 : l  we igh t ing  a s  d e f i n e d  by R202:R201. 

When t h e  i n p u t  c u r r e n t  i s  less  t h a n  l a m A  ( a p p r o x i m a t e l y )  t h e n  
t h e  a m p l i f i e r  IC205 i s  used  d i r e c t l y  t o  d r i v e  t h e  V LO and I LO 
t e r m i n a l s ,  o t h e r w i s e  a high-power b u f f e r  a m p l i f i e r  IC207 i s  
i n s e r t e d  i n t o  t h e  o u t p u t  o f  IC205  t o  s i n k  ( o r  s o u r c e )  t h e  
r e q u i r e d  c u r r e n t .  

The o u t p u t  o f  t h e  Ou tpu t  B u f f e r  i s  p r o t e c t e d  by t h e  two 15V 
Zener  d i o d e s  D203 and 204. 

I f  t h e  2724A has OPTION CPR f i t t e d  t h e n  IC207 i s  d e l e t e d  and.  
t h e  NO (Normally Open) c o n t a c t  o f  RLK i s  d i r e c t l y  t a k e n  t o  Bv. 
RLK i s  now used  t o  s e l e c t  CPR mode o f  o p e r a t i o n ,  s h o r t i n g  V LO 
a n d  I LO t o  Ov, t h u s  t h e  o u t p u t  v a l u e  i s  t h a t  o f  the s e l e c t e d  
r e f e r e n c e  r e s i s t o r .  With RLK o f f  t h e  2724A o p e r a t e s  n o r m a l l y ,  
however i t  may o n l y  p r o v i d e  15mA o f  c u r r e n t .  

r- The a c t u a l  o u t p u t  o f  t h e  V a r i a b l e  Gain A m p l i f i e r  i s  m o n i t o r e d  
b y  t h e  A-to-D c o n v e r t o r  t h r o u g h  R210 ( f i l t e r e d  by  C203)  i n  
o r d e r  t o  m o n i t o r  t h e  a c t u a l  g a i n .  

Under o v e r c u r r e n t  c o n d i t i o n  t h e  M P U  p u l s e s  TR201 on t o  f o r c e  
t h e  o u t p u t  t o  a h i g h  v o l t a g e  i n  o r d e r  t o  e n s u r e  t h a t  
a u t o - r a n g i n g  D V M ' s  which r e q u i r e  28V ( o r  more)  t o  up-range w i l l  
do  s o .  

5.3.4 A/D CONVERTOR 

The A / D  c o n v e r t o r  i s  shown on s c h e m a t i c  2724-070 s h e e t  3  and  
compr i se s  f o u r  s e c t i o n s  : - 
5.3.4.1 Pre-Scaling and Input Multiplexing 

The i n p u t  t o  t h e  A-to-D c o n v e r t o r  i s  s e l e c t e d  from one  o f  t h r e e  
s o u r c e s  ( Z e r o ,  REF BUFFER o u t p u t ,  V LO t e r m i n a l )  by t h e  a n a l o g  
m u l t i p l e x e r  IC301. T h i s  s i g n a l  i s  p r e - s c a l e d  t o  w i t h i n  4-13V 
b y  t h e  a m p l i f i e r  IC302, g a i n  d e f i n i n g  res is tors  R301-308 and 
m u l t i p l e x e r  IC303. 

C o n t r o l  o f  b o t h  m u l t i p l e x e r s  i s  b y  t h e  M P U  u n d e r  s o f t w a r e  
c o n t r o l ,  t h e  i n p u t  b e i n g  m u l t i p l e x e d  i n  o r d e r  t o  c a l c u l a t e  t h e  
r a t i o  between t h e  o u t p u t  o f  t h e  REF BUFFER and t h e  v o l t a g e  on 
t h e  V LO t e r m i n a l ,  e l i m i n a t i n g  z e r o  e r r o r s .  

P 



5.3.4.2 R e f e r e n c e  Voltage G e n e r a t o r  - 
The r e f e r e n c e  v o l t a g e  f o r  t h e  A-to-D c o n v e r t o r  i s  g e n e r a t e d  by 
IC307 a t  6.95V ( n o m i n a l l y ) .  The A / D  c o n v e r t o r  r e q u i r e s  b o t h  
p o s i t i v e  and n e g a t i v e  r e f e r e n c e  v o l t a g e s  t h u s  t h e  r e f e r e n c e  i s  
i n v e r t e d  by a m p l i f i e r  IC308 t o  produce t h e  r e q u i r e d  n e g a t i v e  
v o l t a g e .  RLM s e l e c t s  t h e  p o l a r i t y  used by t h e  A / D  c o n v e r t o r  t o  
o p e r a t e  f o r  t h e  p o l a r i t y  o f  i n p u t  c u r r e n t  t o  t h e  2724A. 

5.3.4.3 PET Switch D r i v e s  

The A / D  c o n v e r t o r  r e q u i r e s  two high-speed FET s w i t c h  d r i v e r s .  
These a r e  bo th  e s s e n t i a l l y  i d e n t i c a l  and are comprised o f  IC309 
i n  combina t ion  wi th  TR303, R319-321 and C304 (TR302 d r i v e )  o r  
TR304, R326-328 and C305 (TR301 d r i v e ) .  These d r i v e r s  t a k e  t h e  
TTL l e v e l  s i g n a l  (REF D R I V E )  which  i s  r e f e r r e d  t o  t h e  -18V 
r a i l ,  and p r o v i d e s  t h e  wide v o l t a g e  swing r e q u i r e d  t o  s w i t c h  
t h e  FETs TR301 and 302. 

5.3.4.4 C u r r e n t  Ba lance  

The c u r r e n t s  formed th rough  R309 (from t h e  i n p u t ) ,  R317 ( f rom 
t h e  r e f e r e n c e )  and R318 ( f rom t h e  FET s w i t c h e s )  a r e  summed i n  
t h e  i n t e g r a t o r  IC304 and C302. Any imbalance  i n  t h e s e  c u r r e n t s  
w i l l  c a u s e  t h e  o u t p u t  o f  IC304 t o  move t h u s  c a u s i n g  t h e  
compara to r  IC305 t o  s w i t c h .  The o u t p u t  o f  t h i s  compara tor  i s  
synchron ized  t o  c l o c k  and f e d  back t o  d r i v e  t h e  REF DRIVE l i n e ,  
t h u s  caus ing  t h e  c u r r e n t  th rough  R318 t o  be  a l t e r e d .  The 667Hz. 
i n p u t  t o  t h e  A/D c o n v e r t o r  through C301 and R310 f o r c e s  t h e  
c o n v e r t o r  t o  o p e r a t e  c o n t i n u o u s l y  a t  a f r e q u e n c y  which  i s  
independen t  o f  t h e  i n p u t .  Th i s  s y n c h r o n i z a t i o n  i s  performed i n  
t h e  MPU s e c t i o n  d e s c r i b e d  i n  s e c t i o n  5.3.5.1. 

Under normal o p e r a t i n g  c o n d i t i o n s  t h e  o u t p u t  o f  IC304 w i l l  be a 
d i s t o r t e d  t r i a n g l e  wave and t h e  o u t p u t  o f  IC305 w i l l  be a TTL 
l e v e l  s q u a r e  wave w i t h  a  d u t y  c y c l e  p r o p o r t i o n a l  t o  t h e  i n p u t  
v o l t a g e  a t  t h a t  t i m e .  The waveform a t  t h e  j u n c t i o n  o f  TR301, 
TR302 and R318 w i l l  a l s o  be  a  s q u a r e  wave wi th  l e v e l s  o f  BV and 
Vref ( V r e f  w i l l  be  -6.95V wi th  a  p o s i t i v e  i n p u t ,  +6.95V w i t h  a  
n e g a t i v e  i n p u t )  . 
5.3.5 FMATING SECTION ISOLATION 

A l l  o f  t h e  s e c t i o n  d e s c r i b e d  above a r e  f l o a t i n g ,  be ing  d r i v e n  
t o  t h e  common-mode v o l t a g e  o f  t h e  measuring d e v i c e .  A l l  o f  t h e  
1 /0  and MPU c i r c u i t r y  i n  t h e  2724A a r e  grounded t h u s  I s o l a t i o n  
i s  r e q u i r e d  b e t w e e n  t h e s e  two p a r t s  o f  t h e  2724A. T h i s  i s  
a c h i e v e d  by t h e  c i r c u i t r y  shown i n  schemat ic  2724-070 s h e e t  4 .  
The c i r c u i t r y  used  i s  b a s i c a l l y  s imple  employing o p t o - i s o l a t o r s  
l C 1 s  401 t o  413 t o  i s o l a t e  a l l  o f  t h e  s i g n a l s  p a s s i n g  between 
t h e  two p a r t s .  IC414 and TR1s 403 t o  406 a r e  used t o  d r i v e  t h e  
r e l a y s  from t h e  o u t p u t s  o f  t h e  o p t o - i s o l a t o r s .  TR401 i s  used 
t o  d r i v e  t h e  667Hz d r i v e  t o  t h e  A/D c o n v e r t o r .  TR402 i s  used T 
t o  d r i v e  TR201 i n  t h e  V a r i a b l e  Gain A m p l i f i e r .  The v a r i o u s  



? d i s c r e t e  and f i l m - n e t w o r k  r e s i s t o r s  b e i n g  u s e d  f o r  c u r r e n t  
d e f i n i t i o n  i n  t h e  LED1s i n  t h e  o p t o - i s o l a t o r s  and as p u l l - u p s  
f o r  t h e  o p t o - i s o l a t o r  t r a n s i s t o r  o u t p u t s .  

5.3.6 MICROPROCESSOR 

The m i c r o p r o c e a s o r  s e c t i o n  o f  t h e  2724A i s  shown i n  schemat ic  
2724-070 s h e e t  5  and i s  i n  f i v e  s e c t i o n s : -  

5.3.6.1 A/D C o n v e r t o r  Logic  

The l o g i c  f o r  s y n c h r o n i z a t i o n  of  t h e  c u r r e n t  b a l a n c e  o u t p u t  t o  
t h e  main c l o c k  and t h e  accumula t ion  o f  A/D c o n v e r t o r  
measurements i s  performed by I C s  501 t o  509 i n  combinat ion  w i t h  
t h e  MPU under s o f t w a r e  c o n t r o l .  The o p t o - i s o l a t e d  o u t p u t  o f  
t h e  c u r r e n t  b a l a n c e  i s  f i r s t  passed  through a n  e x c l u s i v e  OR 
g a t e  i n  IC503 which is used t o  i n v e r t  o r  n o n - i n v e r t  t h i s  s i g n a l  
dependen t  on t h e  p o l a r i t y  o f  i n p u t  c u r r e n t  (and t h u s  r e f e r e n c e  
used  i n  t h e  A/D c o n v e r t o r ) ,  t h i s  s i g n a l  i s  now synchron ized  
wi th  t h e  1 2 . 8 ~ ~ ~  c l o c k  and de-bounced by I C s  501, 502 and p a r t s  
of  I C s  503 and 504. The t r u e  o u t p u t  o f  t h e  f i n a l  s t a g e  (IC502) 
i s  used as t h e  REF DRIVE s i g n a l  f o r  t h e  FET s w i t c h  d r i v e r s  i n  
t h e  A/D c o n v e r t o r  ( a f t e r  i s o l a t i o n )  and t h e  u n t r u e  o u t p u t  i s  
g a t e d  wi th  t h e  c l o c k  t o  g e n e r a t e  a c o u n t  s i g n a l  f o r  t h e  1 6 - b i t  
c o u n t e r  formed by IC506 and 507. Due t o  t h e  a l r e a d y  d e s c r i b e d  

t- 
o p e r a t i o n  o f  t h e  A / D  c o n v e r t o r  t h i s  s i g n a l  w i l l  be  a g roup  o f  
c l o c k  p u l s e s  e v e r y  1 . 3 3 3  m i l l i s e c o n d s ,  w i t h  t h e  number o f  
p u l s e s  b e i n g  p r o p o r t i o n a l  t o  t h e  i n p u t  v o l t a g e  t o  t h e  A / D  
c o n v e r t o r  a t  t h a t  t ime.  IC505 is  used t o  produce a p a i r  o f  
p u l s e s  immedia te ly  f o l l o w i n g  each o f  t h e s e  g roups  o f  p u l s e s ,  
t h e  f i r s t  p u l s e  i s  u s e d  t o  l a t c h  t h e  c o u n t  i n  t h e  1 6 - b i t  
c o u n t e r  i n t o  l a t c h e s  IC508 and 509, t h e  second being used t o  
c l e a r  t h e  1 6 - b i t  c o u n t e r  t o  z e r o  ready  f o r  t h e  n e x t  g roup  o f  
p u l s e s .  Thus, a t  667H2, t h e  l a t c h e s  IC508 and 509 are updated  
w i t h  t h e  l a t e s t  1 6 - b i t  measurement t a k e n  by t h e  A/D c o n v e r t o r .  
The  s e c o n d  p u l s e  f rom IC505 i s  a l s o  u s e d  t o  i n t e r r u p t  t h e  
mic roprocessor ,  informing i t  t h a t  a new measurement may be read  
from t h e  l a t c h e s .  The m i c r o p r o c e s s o r  then  accumula tes  t h e s e  
measurements u n t i l  s u f f i c i e n t  r e s o l u t i o n  i s  o b t a i n e d .  

5.3.6.2 Opto-Isolator L a t c h e s / D r l v e r s  

The o p t o - i s o l a t o r s  a r e  d r i v e n  by s e v e r a l  l a t c h e s  IC514-517 and 
526 w i t h  t h e  r e q u i r e d  data .  The m i c r o p r o c e s s o r  l o a d s  t h e  d a t a  
i n t o  t h e s e  l a t c h e s  by s i m p l y  l l w r i t i n g l l  t h e  8 - b i t  d a t a  i n t o  
them, each  be ing  a t  a d e f i n e d  a d d r e s s .  

5.3.6.3 Microprocessor (MPU) 

The mic roprocessor  Is a Motorola MC6809 8 - b i t  d e v i c e  running 
from a 6.4MHz c l o c k  g e n e r a t e d  from t h e  main 12.8MHz c l o c k .  I t  

m i s  b e y o n d  t h e  s c o p e  o f  t h i s  manual  t o  f u l l y  d e s c r i b e  t h e  
o p e r a t i o n  o f  t h e  6809 and t h u s  t h e  u s e r  i s  r e f e r r e d  t o  t h e  many 
d a t a  s h e e t s  and books a v a i l a b l e  on t h i s  d e v i c e .  



The c o n n e c t i o n s  t o  t h e  m i c r o p r o c e s s o r  f a l l  i n t o  f o u r  g r o u p s  o r  ? 
b u s s e s  : 

1)  Address  Bus - T h i s  1 6 - b i t  p a r a l l e l  bus c o n t a i n s  t h e  
a d d r e s s  o f  t h e  d e v i c e  o r  b y t e  t o  be r e a d  
f r o m / w r i t t e n  i n t o .  I t  i s  n o t  u s e d  as  a  
t r i - s t a t e  bus  n o r  i s  t h e  MPU e v e r  h a l t e d ,  
t h u s  t h e s e  bus  s i g n a l s  s h o u l d  a lways  b e  a t  
t h e  two l o g i c  l e v e l s  ( e x c e p t  d u r i n g  
t r a n s i t i o n ) .  

2 )  Data  Bus - T h i s  8 - b i t  p a r a l l e l  bus c o n t a i n s  t h e  d a t a  
r e a d  f r o m / w r i t t e n  t o  t h e  d e v i c e  whose 
a d d r e s s  i s  p r e s e n t  o n  t h e  a d d r e s s  b u s .  
T h i s  i s  a  t r i - s t a t e  b u s  and  v a r i o u s  
d i f f e r e n t  l e v e l s  w i l l  b e  s e e n  o n  t h e s e  
s i g n a l s  . 
The MOS d e v i c e s  on  t h i s  b u s  are u n a b l e  t o  
d r i v e  t h e  many TTL d e v i c e s  r e q u i r e d  on t h i s  
bus ,  t h u s  t h e y  a r e  b u f f e r e d  from t h e  MPU 
d a t a  b u s  by IC511. 

3 )  C o n t r o l  Bus - T h i s  d e s c r i b e s  t h e  two l i n e s  p) and R .  
!2l i s  t h e  MPU c l o c k  and is  1 / 4  o f  t h e  6.4MHz 
c l o c k  t o  t h e  MPU ( i . e .  1.6MHz). A l l  b u s s  
t r a n s a c t i o n s  t a k e  p l a c e  a t  t h e  t r a i l i n g  9 
( i . e .  1 t o  O) edge  o f  t h i s  s i g n a l .  
R i s  t h e  r e a d / w r i t e  c o n t r o l  s i g n a l  and i s  a 
1 w h i l s t  t h e  MPU i s  r e a d i n g  d a t a  and i s  a 
p) w h i l s t  w r i t t i n g .  Neither o f  these two 
s i g n a l s  a r e  t r i -s ta te  and t h u s  are a l w a y s  
a t  o n e  o f  t h e  two l o g i c  l e v e l s .  

4) I n t e r r u p t s  - T h e r e  are f o u r  i n t e r r u p t s  u sed  i n  the 
2724A. 
RESET - T h i s  l i n e  i s  n o r m a l l y  p u l l e d  t o  

+ 5 V  by R503, b u t  i s  h e l d  low f o r  
a p p r o x i m a t e l y  3OOmS (by  C503) 
a f t e r  a p p l y i n g  power t o  t h e  2724A. 
T h i s  a c t i o n  c a u s e s  i n i t i a l i z a t i o n  
o f  t h e  MPU and restar ts  t h e  
s o f t w a r e .  

N M I  - T h i s  l i n e  i s  n o r m a l l y  a t  a l o g i c  
1, g o i n g  t o  a pl when a new 
measurement i s  a v a i l a b l e  from t h e  
A / D  c o n v e r t o r .  

FIRQ - T h i s  l i n e  i s  n o r m a l l y  a t  a  l o g i c  1 
a n d  i s  d r i v e n  f rom t h e  d i s p l a y  
d r i v e  c i r c u i t r y  t o  i n d i c a t e  t h a t  
t h e  n e x t  p o s i t i o n  i n  t h e  d i s p l a y  
is  t o  b e  u p d a t e d .  4 



I R Q  - T h i s  l i n e  i s  n o r m a l l y  a t  +5V, 
b e i n g  p u l l e d - u p  by R504.  I t  i s  
used  by t h e  IEEE-488 i n t e r f a c e  t o  
i n d i c a t e  t h a t  a.n IEEE bus  a c t i o n  
h a s  t a k e n  p l a c e .  

5.3.6 .4  Address Decode 

T h e  d e c o d e r  I C t s  524 a n d  5 2 5  p e r f o r m  t h e  d e c o d i n g  o f  t h e  
a d d r e s s  b u s  i n t o  t h e  i n d i v i d u a l  a d d r e s s e s  o f  t h e  v a r i o u s  
d e v i c e s  c o n n e c t e d  t o  t h e  d a t a  b u s .  Only t h e  l i n e s  A9 t o  1 5  a r e  
used and t h e  decode  i s  s y n c h r o n i z e d  t o  t h e  MPU c l o c k  by IC708. 

5-3-6 .5  Memory 

The memory i n  t h e  2724A c o m p r i s e s  ROM (IC519 - 8kx8 UVEROM), 
s t a t i c  RAM ( I C t s  520 and 521 - lkx4  e a c h ,  o r g a n i z e d  as l k x 8 )  
and  n o n - v o l a t i l e  RAM ( I C t s  522 and 523  - 256x4 e a c h ,  o r g a n i z e d  
a s  2 5 6 x 8 ) .  E a c h  o f  t h e s e  h a s  i t s  a d d r e s s  r a n g e  d e c o d e d  b y  
IC524. The n o n - v o l a t i l e  memory a l s o  h a s  a d d r e s s  d e c o d e  f o r  
a d d r e s s e s  c o n t r o l l i n g  t h e  r e a d i n g  and w r i t t i n g  o f  t h e  NOVRAM 
p o r t i o n s  o f  t h e s e  m e m o r i e s .  IC522  i s  u s e d  t o  h o l d  t h e  
c a l i b r a t i o n  d a t a  f o r  t h e  2724A and t h u s  h a s  i t s  wri te  c o n t r o l  
s w i t c h e d  by t h e  k e y  s w i t c h  w h i l s t  IC523 i s  used  t o  h o l d  t h e  
u s e r  memory d a t a  and t h u s  d o e s  n o t .  

P 
5.3.7 CLOCK, DISPLAY AND KEYBOARD 

IC527 a n d  Y501 form t h e  12.8007 MHz o s c i l l a t o r  f o r  t h e  main 
s y s t e m  c l o c k .  T h i s  c l o c k  i s  t h e n  d i v i d e d  down i n  s e q u e n c e  by 
IC528 ( g i v i n g  128KHz), IC529 ( g i v i n g  667Hz).  These  components 
are shown on s c h e m a t i c  2724-070 s h e e t  6. 

The d i s p l a y  i s  a 1 6 - d i g i t  14-segment vacuum f l u o r e s c e n t  t y p e ,  
m u l t i p l e x e d  a t  2.66KHz by t h e  main s y s t e m  c l o c k .  The d i s p l a y  
i t s e l f  i s  mounted on t h e  D i s p l a y  PCB b e h i n d  t h e  f r o n t - p a n e l  and 
i s  shown on s c h e m a t i c  2724-071. The g r i d  of  e a c h  d e c a d e  i s  
p u l l e d  u p  by I C s  703 and 704 t o  +37V one  a t  a  time, as  d e f i n e d  
by d e c o d e r  IC705 and i n v e r t e r s  IC706 and  707.  Each t i m e  t h a t  a 
new d e c a d e  i s  t u r n e d  on t h e  l a t c h  IC532 i s  s e t  by t h e  c l o c k  
t h u s  b l a n k i n g  t h e  d i s p l a y  and  i n t e r r u p t i n g  t h e  MPU. The MPU 
r e s p o n d s  by w r i t t i n g  t h e  new d a t a  f o r  t h a t  d e c a d e  i n t o  l a t c h e s  
IC512 and 513, d r i v i n g  t h e  d r i v e r s  IC701 and  702 w i t h  t h e  new 
d a t a  f o r  e a c h  i n d i v i d u a l  segment  o f  t h e  new d i s p l a y  d e c a d e .  
The MPU t h e n  c l e a r s  t h e  l a t c h  IC532 e n a b l i n g  t h e  d i s p l a y  a g a i n .  
The f r o n t - p a n e l  LEDs DS702-708 are d r i v e n  by t h e  s p a r e  o u t p u t  
o f  t h e  1 6 - b i t  l a t c h  d r i v i n g  t h e  s e g m e n t s  o f  t h e  d i s p l a y ,  
b u f f e r e d  by TR701. The a c t u a l  p o s i t i o n  o f  t h e  d e c a d e  i n  t h e  
d i s p l a y  i s  s y n c h r o n i z e d  by t h e  l a s t  d e c a d e  d r i v e  b e i n g  f ed -back  
i n t o  t h e  MPU v i a  b u f f e r  IC510. 

P T h e  k e y b o a r d  f o r m e d  b y  t h e  f r o n t - p a n e l  s w i t c h e s  shown o n  
s c h e m a t i c  2724-071 are  a l s o  m u l t i p l e x e d  a l o n g  w i t h  t h e  d i s p l a y .  
Each  d e c a d e  o f  t h e  d i s p l a y  c a u s e s  a g r o u p  o f  f o u r  s w i t c h e s  t o  



be  e n a b l e d .  The MPU r e a d s  t h e  s w i t c h e s  by r e a d i n g  t h e  b u f f e r  
IC5lO. 

T 
- 

5.3.8 IEEE-488 INTERFACE 

T h i s  o p t i o n  compr i ses  a PCB mounted on t h e  r e a r - p a n e l  o f  t h e  
2724A. The c i r c u i t r y  c o n t a i n e d  on t h i s  PCB i s  shown on 
schemat ic  2724-072. 

I C s  3 and  4 b u f f e r  t h e  a c t u a l  IEEE b u s  l i n e s  f rom t h e  IEEE 
i n t e r f a c e  IC2, which i s  b u f f e r e d  from t h e  MPU d a t a  bus  by I C 1 .  

An e x a c t  d e s c r i p t i o n  o f  t h e  o p e r a t i o n  o f  t h e  IEEE-488 bus and 
t h a t  o f  t h e  IEEE i n t e r f a c e  IC2 a r e  beyond t h e  scope  o f  t h i s  
manual and t h e  u s e r  Is r e f e r r e d  t o  t h e  IEEE-488 (1981) s t a n d a r d  
and t h e  Motorola  documenta t ion  on t h e  MC68488 c h i p .  

5.3.9 POWER SUPPLIES 

The c i r c u i t r y  p r o v i d i n g  t h e  v a r i o u s  power r a i l s  f o r  t h e  2724A 
i s  shown on s c h e m a t i c  2724-070 s h e e t  7. T h i s  c o n t a i n s  t h e  
t r a n s f o r m e r  T1 whose o u t p u t s  a r e  r e c t i f i e d  by D601-606, 
f i l t e r e d  by C601, 602, 604-607, r e g u l a t e d  by I C s  601 t o  606. 



SECTION VI - CALIBRATION AND MAINTENANCE 
6.1 A BRIEF DISCUSSION OF THE CALIBRATION PROCEDURE 

The calibration of the 2724A is done using a current source, a 
standard resistor and a voltmeter. With the switch box you can 
switch the voltmeter and the current source back and forth 
between the 2724A and the standard resistor. Using ohms law 
(R*I=E) you can tell what the voltage would be. For example 100 
ohms at 10 milli Amps = 1 volt. When the 2724A asks you for 100 
ohms at 10 milli Amps you need to put in exactly 10 milli Amps. 
The way to obtain exactly 10 milli Amps is to refer to the 
standard resistor. 

Switch the switch box to the standard resistor. Now, using ohms 
law, the value of the standard resistor is 99.9985 ohms, the 
current 10 milli Amps, so the voltage would be 0.999985 volts. If 
the voltmeter does not read that voltage, then adjust the current 
source until it does. When you have it adjusted, switch the 
switch box back to the 2724A. You should read 1.00000 volts on 
the voltmeter. If you don't, then adjust the 2724A using step 
control until you do. Switch back to the standard resistor you 
should read the value of the resistor 0.999985, switch back to 
the 2724A you should read the value of 2724A 100 ohms 1.00000 
volts. 

Most of the cal steps are done this way, however, there are a few 
that require more explanation. 0 ohms at 1 0  milli Amps gain ohms 
law 0*10 milli Amps=0.00000 volts. If it's not 0 volts, but a 
negative voltage you can use the step control to step it up to 0 
volts. If the voltage is positive you have to enter in the value 
on the 2724A key board. Let's say the voltage was 0.00543 volts 
using ohms law that would be 0.543 ohms. So type .543 and hit the 
ohm key on the 2724A. The 0 ohms at 10 milli Amps will appear 
twice. The second time you see it, make sure you move the 
voltage sense lead over to the I terminals, so both leads are 
coming off the I terminals. This is a two wire 0 ohm calibration. 
After this calibration point, make sure you move your voltage 
sense leads back to the V terminals. 

The next step of concern is when it asks you to apply 10 milli 
Amps you must apply 10 milli Amps. It will ask you twice. Watch 
the voltmeter. The first time it will be around 0 volts. The 
next time it will be around 10 volts. If your unit is a CPR 2724A 
then it will ask you to calibrate the internal resistors in the 
2724A 100 ohms, 1K ohm, 10K ohms, lOOK ohms, 1M ohm, and 10M 
ohms. For each of these cardinal point resistors you will use the 
switch box, the current source, the standard resistor, and the 
voltmeter in the same way you did before except instead of 
adjusting the 2724A with the step control for 1.000000 volts, you 
need to enter in the value. For instance CAL 100 ohm CPR, you 
use the switch box switch to your standard resistor and set your 



current to 10 milli Amps. Now switch to the 2724A, say the 
voltmeter reeds 1.000056 volts, you would enter on the 2724A ? 
keyboard 100.0056 and hit the ohms button. 

You use this same procedure for all the other cardinal point 
resistors. Make sure you hit the ohm key when it asks for ohms, 
the K ohm key when it asks for K ohms, and the M ohm key when it 
asks for M ohms. Any cal step can be skipped except apply 10 
milli amps. If you are going to skip steps remove any current 
input while skipping, except when it asks you to apply 10 milli 
Amps do so. When skipping over CPR cal make sure you press ohm 
for ohm, K ohm for K ohm, and M ohm for M ohm. If all goes well 
the 2724A will say Fast Data OK , Cal Data OK , Turn Cal Switch 
Off. 

This section provides calibration procedures using the front 
panel controls or the IEEE-488 bus. A troubleshooting chart is 
also provided which lists a number of trouble symptoms and the 
components or circuit areas which may produce them. It should be 
noted that a Calibration Kit (Option M-24) containing a switch 
assembly, cables and miscellaneous items is available from 
Valhalla. 

6.3 CALIBRATION 

It is recommended that calibration be performed with the 2724A 
fully assembled (i.e., with covers in place) and after power has 

T 

been applied for a minimum of one hour to achieve temperature 
stabilization. Calibration may be accomplished manually, using 
the front panel controls, or automatically through the IEEE-488 
interface. In all cases ACTIVE mode is used unless otherwise 
stated. 

6.3.1 BTEP 1 (NON-CPR UNITS) 

The following procedure should be followed prior to full 
calibrations: 

a) With a DVM with 1 micro Volt sensitivity monitor 
the voltage between V LO and V HI terminals. 
Disconnect any connections to the I terminals and 
select 100 ohms on the front panel. Adjust RV201 
for A DVM reading of 0 +/- 30 micro Volts. 

6.3 -2 STEP 2 (NON-CPR UNITS) 

These adjustments are I 
changed - periodic adjusl 

:ed only if a component has been 
is unnecessary. 



a) Ensure there are no connections to either front or 
rear terminal sets. 

With a DVM with 1 micro Volt sensitivity monitor 
the voltage between the rear end of R126 and the 
rear end of R106 (use comer alligator clips). 

Select SLOW-MODE AND FOUR-WIRE 

Setting DVM Reading Adjust 

0 ohm 0 + 2 micro Volt RV103 
10 M ohm 0 + 20 micro Volt RV102 

Repeat until no further adjustment is 
required. 

b) Monitor the voltage between the rear end of R126 
and the ground-plane near IC301. Adjust RV301 for 
a DVM reading of 0 + 2 micro Volts. 

c) Connect a current source to the llItt terminals and 
monitor the "VW terminals with the DVM. 

Select 0 ohms Adjust RVlOl such that the DVM 
reading at 500 micro Amps is 1/20th of that at 
1omA. 

2724A - Select 100 ohm Adjust RV103 such that the 
DVM reading at 500 micro Amps is 1/20th of that at 
1omA. 

2724A/CPR - Select CPR mode. Adjust RV103 such 
that the DVM reading at zero current is 0 2 1 
micro Volt. 

6.3.3 2724CPR ADJUSTMENT PROCEDURE 

This procedure replaces that contained in paragraphs 6.2.1 and 
6.2.2 of the manual and concerns the procedure by which the 
internal adjustments in the 2724CPR are performed, the procedure 
for non-CPR units is unchanged. Note that all of these adjust- 
ments are recommended to be performed before each calibration of 
the unit. The user should note that the internal adjustments 
MUST BE MADE WHILE THE UNIT IS IN THERMAL EQUILIBRIUM. THUS THE 
TOP COVER MUST BE IN PLACE WHEN MEASUREMENTS ARE MADE. The user 
is recommended to use a top cover with small holes in it for the 
internal adjustments, this is available from Valhalla under the 
part number M24 (a switch box for the switching of the current 
source between the standard and the 2724 is also provided) . If 

P the top cover is lifted to perform the adjustment then the user 



must ensure that the unit has thermally recovered before making ? 
any further measurements. 

E q u i p m e n t  R e q u i r e d  

a) A Digital Voltmeter with at least luV resolution at 1V and 
below, and lOuV resolution at 1 to 10V levels. 

b) A current source providing lOmA, 1mA with less than lppm low 
frequency noise and better than 1V compliance capability. 

STEP 1 - RV201 - ACTIVE/FAST Mode O u t p u t  V o l t a g e  O f f s e t  

Monitor the voltage between the front panel V LO and V HI 
terminals with the DVM. Disconnect any connections from the 
I terminals and select 0 OHM/ACTIVE/FAST on the 2724CPR. 

Adjust RV201 for a DVM reading of 0 +/- 5OuV. 

STEP 2 - RV103 - C u r r e n t  Sense V o l t a g e  O f f s e t  

Monitor the voltage between the front panel V LO and V HI 
terminals with the DVM. Disconnect any connections from the 
I terminals and select 100 OHM/CPR/SLOW on the 2724CPR. 

Adjust RV103 for a DVM reading of 0 +/- luV. 
4 

STEP 3 - RV102 - Current Sense C u r r e n t  O f f s e t  

Monitor the voltage between the front panel V LO and V HI 
terminals with the DVM. Disconnect any connections from the 
I terminals and select 10 MEGOHM/CPR/SLOW on the 2724CPR. 

Adjust RV102 for a DVM reading of 0 +/- 20uV. 

STEP 4 - R V l O l  - A c t i v e  Ohms V o l t a g e  Z e r o  O f f s e t  

Monitor the voltage between the front panel V LO and V HI 
terminals with the DVM. Select 0 OHM/ACTIVE/SLOW from the 
2724CPR. Alternately connect the source of lOmA and 1mA to 
the I terminals. The accuracy of the current source should 
be better than +/- 0.5% at each level. 

Adjust RVlOl such that the DVM reading at 10mA is ten times 
(i.e. the same resistance value) the DVM reading when 1mA is 
applied . 

STEP 5 - RV301 - ACTIVE/CPR A l i g n m e n t  



Monitor the voltage between the front panel V LO and V HI 
terminals with the DVM. 

i) Select 100 OHM/CPR/SLOW from the 2724CPR. Apply the source 
of 10mA current to the I terminals of the 2724CPR. Noting 
the DVM reading in CPR mode, select the ACTIVE mode (press 
the CARD PNT key). Note the change in DVM reading (in uV) 
between the two modes of operation (ensure sufficient time 
is given for the 2724CPR to settle before noting each DVM 
reading). 

ii) Repeat the measurements taken in i) above with ImA current 
instead of 10mA. Adjust RV301 such that the change in DVM 
reading at 1mA is l/lOth that at lOmA (within luV) repeating 
i) and ii) as required until no further adjustment is 
required. 

All of the above steps should be repeated until no further 
adjustments are required. The 2724 is now ready for front panel 
calibration of the values. In cases where a component has been 
changed, or where the 2724 was found to have excessive errors in 
any step, then it is recommended that the entire calibration 
procedure be repeated. 

6.304 FRONT PANEL CALIBRATION 

t- This section shows the procedure required for the 2724A to 
"Learnw its errors, via the front panel. 

The general concept behind the procedure for the 2724A is to 
adjust the output to be that which it should be, then ENTER this 
adjustment. The 2724A now remembers the amount of adjustment 
required and will automatically use this for all future outputs 
required. 

It should be noted that: 

a) A calibration step in 6.3.1 and 6.3.2 may be 
skipped by pressing either the ohm, K ohm or M ohm 
key without adjusting the output. 

b) THE 2724A MUST NOT HAVE POWER REMOVED WHEN THE KEY 
OPERATED SWITCH IS IN THE "CALIBRATE" POSITION. 

c) If errors of greater than 1% (or 10 milli ohms) 
are found, then the user should carefully check 
his calibration equipment before adjusting the 
2724A. 



6.3 .5  STEP 3 - ACTIVE MODE CALIBRATION (all units) 

1. Current Source capable of delivering 1 micro Amp 
to 10 milli Amp @ 10V compliance and 30mA @ 3V 
compliance. Current noise to be less than + 2 ppm 
peak. (e.g. Valhalla 2701C +n 2500 in 
combination) . 

2. Resistance Standards of 100 ohm, 1 K ohm, 10K ohm, 
100K ohm, 1M ohm and 10M ohm with values known to 
within 10 ppm. 

3. Digital Voltmeter with at least 10 micro Volt 
resolution @ 10v or 3v, and 1 micro volt 
resolution @ lv or below. 

4. Cabling or switch box - See Figure 6-1. (Switch 
box is available from Valhalla under Option M-24. 
Cabling must be low thermal and have a leakage 
resistance of 1013 ohms. 

B Calibration of the resistance values requires that the 
key operated switch in the rear panel of the 2724A be 
placed in CAL position. T 

C After performing step B (above) the unit will display 
I1CAL 0 OHM/030mA (010mA if CPR option unit). 

The user should apply the requested current to the I 
terminals. The current may be within + 10% of the 
requested value. 

If the unit exhibits a positive error, then the user 
should use step control to zero (within 1 milli ohm) 
the output and, staying in step control mode, press the 
ohm, K ohm and M ohm key. The unit will step on to D, 
below. 

D The display will now show "CAL 100 OHM/030mA11 (010mA if 
option CPR unit). 

The user should adjust, (using a standard resistor of 
the same value as the 2724A, and DVM) the current 
source to within + 5 ppm of the requested value. Now 
connect the current to the I terminals of the 2724A and 
monitor the V terminals with the DVM. 

Adjust, using step control, the 2724A1s value until the 
exact cardinal value is achieved. It is suggested that + 



t h e  cu r r en t  source be rechecked a s  shown above, and 
then t h e  2 7 2 4 A  reset u n t i l  no f u r t h e r  adjustment of t h e  
2724A is required i n  order  t o  ob ta in  t h e  required  value  
t o  wi th in  2 5 ppm. 

Ensuring t h a t  t h e  2 7 2 4 A  is still i n  s t e p  con t ro l  mode, 
and t h a t  t h e  cu r r en t  is flowing i n  t h e  I terminals ,  
p ress  t h e  ohm, K ohm o r  M ohm key. The u n i t  w i l l  then 
s t e p  on t o  t h e  next s t ep .  

E The d i sp l ay  w i l l  now "CAL lKOHM/O1OmAw 

The use r  should now follow t h e  same procedure a s  shown 
i n  D Above. 



The d i s p l a y  w i l l  now s k  

The u s e r  s h o u l d  now f o l l o w  t h e  p r o c e d u r e  shown i n  D 
above .  

The d i s p l a y  w i l l  now show llCAL 100KOHM/lOOpA1l 

The u s e r  s h o u l d  now f o l l o w  t h e  p r o c e d u r e  shown i n  D 
above .  

The d i s p l a y  w i l l  now show llCAL lMOHM/lOpA1l 

The u s e r  s h o u l d  now f o l l o w  t h e  p r o c e d u r e  shown i n  D 
above .  

The d i s p l a y  w i l l  now show llCAL 10MOHM/lpAn 

The u s e r  s h o u l d  now f o l l o w  t h e  p r o c e d u r e  shown i n  D 
above .  

The d i s p l a y  w i l l  now show "CAL 100KOHM/lpAll 

The u s e r  s h o u l d  now f o l l o w  t h e  p r o c e d u r e  shown i n  D 
a b o v e ,  h o w e v e r  i t  i s  o n l y  n e c e s s a r y  t o  a d j u s t  t h e  
c u r r e n t  s o u r c e  and 2724A t o  w i t h i n  2 0.05% and n o t  4 
5ppm as used  i n  D. ? 

The d i s p l a y  w i l l  now show "CAL 00HM/30mAf1 (10mA i f  
CPR u n i t )  

T h e  u s e r  s h o u l d  n o t e  t h a t  t h e  TWO WIRE LED i s  o n  
d u r i n g  t h i s  s t e p ,  and a two-wire check s h o u l d  be  made 
( m o n i t o r  I i n s t e a d  o f  V t e r m i n a l s )  i n  a  s imi la r  
manner t o  t h a t  i n  s t e p  C above .  

The d i s p l a y  w i l l  now show IIAPPLY 10mAt1 (No te :  U n i t s  
w i t h  e a r l y  R O M 1 s ,  b e f o r e  V-FB w i l l  d i s p l a y  100mA) 

The u s e r  s h o u l d  a p p l y  t h e  r e q u e s t e d  c u r r e n t  (+ 1 0 % )  
t o  t h e  I t e r m i n a l s  and m o n i t o r  t h e  V t e r m i n a l s  w i t h  
t h e  DVM. 

The DVM r e a d i n g  w i l l  s e t t l e  t o  a p p r o x i m a t e l y  z e r o .  

When s e t t l e d  p r e s s  t h e  !i2 , K R  o r  MR key. The u n i t  
w i l l  s t e p  on t o  t h e  n e x t  s t e p .  

The d i s p l a y  w i l l  now show "APPLY 10mAll 

The  same p r o c e d u r e  a s  i n  L, above ,  s h o u l d  be 
f o l l o w e d ,  t h e  DVM r e a d i n g  s e t t l i n g  t o  1 0  v o l t s  
i n s t e a d  o f  z e r o .  - 



6.3 .6  STEP ,4 - CPR CALIBRATION (Option CPR Only) 

A The d i s p l a y  w i l l  now show l1CPR 100R/CALn 

The u s e r  s h o u l d  a d j u s t  ( u s i n g  t h e  s t a n d a r d  r e s i s t o r  
o f  t h e  same v a l u e  as t h e  nominal  2724A v a l u e ,  and t h e  
DVM) t h e  c u r r e n t  s o u r c e  t o  p r o v i d e  30mA - + 0.3PA. 

Now c o n n e c t  t h e  c u r r e n t  s o u r c e  t o  t h e  I t e r m i n a l s  o f  
t h e  2724A and m o n i t o r  t h e  V t e r m i n a l s  w i t h  t h e  DVM. 

The u s e r  s h o u l d  now e n t e r  t h e  a c t u a l  v a l u e  o f  t h e  
2724A - ENSURE THAT THE ENTRY I S  FULLY CORRECT BEFORE 
PRESSING A UNITS KEY (R,  IO;Z o r  MR) A N D  THEN ENSURE 
THAT THE CORRECT UNITS ARE ENTERED. 

After  p r e s s i n g  t h e  R ,  KQ o r  M R  key  above ,  t h e  u n i t  
w i l l  s t e p  on t o  t h e  n e x t  s t e p .  

B The d i s p l a y  w i l l  now show "CPR lIQ/CALw 

The p r o c e d u r e  i n  A above s h o u l d  be  f o l l o w e d  w i t h  l O m A  
+ 5ppm c u r r e n t .  - 

C The d i s p l a y  w i l l  now show "CPR 10KQ/CALlf 

The p r o c e d u r e  i n  A above s h o u l d  be  f o l l o w e d  w i t h  1 m A  
+ 5  ppm c u r r e n t .  - 

D The d i s p l a y  w i l l  now show "CPR 100KR/CALn 

The p r o c e d u r e  i n  A above s h o u l d  be  fo l lowed  w i t h  l O O p  
A + 5ppm c u r r e n t .  - 

E The d i s p l a y  w i l l  now show "CPR lMS1/CALll 

The p r o c e d u r e  i n  A above s h o u l d  be  f o l l o w e d  wi th  10pA 
+ 5ppm c u r r e n t .  - 

F  The d i s p l a y  w i l l  now show llCPR 10MWCAL1' 

The p r o c e d u r e  i n  A above s h o u l d  be fo l lowed  w i t h  1pA 
+ 5  ppm c u r r e n t .  - 

6.4 STEP 5 - COMPLETION OF CALIBRATION 

A f t e r  s t e p  3  ( 2 7 2 4 A )  o r  s t e p  4 (CPR o p t i o n )  t h e  u n i t  w i l l  
r e p o r t  on t h e  c a l i b r a t i o n .  

I f  s t e p  3 L  o r  M was n o t  completed ( i n s u f f i c i e n t  c u r r e n t )  t h e n  
"NO FAST DATAv w i l l  b e  d i s p l a y e d  and t h e  FAST mode c a l i b r a t i o n  
d a t a  l e f t  a s  i t  was b e f o r e  c a l i b r a t i o n .  



If b o t h  s t e p  3 L  and M were s u c c e s s f u l l y  comple ted  t h e n  "FAST 
DATA OKf1  w i l l  b e  d i s p l a y e d  and t h e  FAST mode c a l i b r a t i o n  d a t a  
w i l l  be  u p d a t e d .  

If any  c a l i b r a t i o n  d a t a  i s  o u t s i d e  t h e  t o l e r a n c e  l i m i t s  o f  t h e  
2724A t h e n  llOUT OF CAL1I i s  t h e n  d i s p l a y e d ,  o t h e r w i s e  llCAL DATA 
OKf1 i s  d i s p l a y e d .  

The u n i t  w i l l  t h e n  d i s p l a y  llTURN CAL SW OFFv1. The u s e r  s h o u l d  
now t u r n  t h e  r e a r  p a n e l  k e y  o p e r a t e d  s w i t c h  t o  t h e  OPERATE 
p o s i t i o n .  C a l i b r a t i o n  is  now comple t ed .  

6.5 AUTOMATIC CALIBRATION 

The p r o c e d u r e  f o r  a u t o m a t i c  c a l i b r a t i o n  u t i l i z i n g  t h e  IEEE-488 
bus  i s  t h e  same as f o r  t h e  f r o n t  p a n e l  c a l i b r a t i o n .  DIGIT STEP 
CONTROL o r  d i r e c t  e n t r y  methods o f  c a l i b r a t i o n  may b e  u s e d .  
The messages  r e q u i r e d  are t h e  normal ones  used  f o r  STEP CONTROL 
o r  numer ic  e n t r y .  The p r e s e n t  c a l i b r a t i o n  p o i n t  may b e  e a s i l y  
a s c e r t a i n e d  by s i m p l y  r e a d i n g  t h e  2724A d i s p l a y .  

6.6 TROUBLESHOOTING 

I t  i s  n o t  p o s s i b l e  t o  a n t i c i p a t e  a l l  f a i l u r e  modes  o f  t h e  
i n t e g r a t e d  c i r c u i t  d e v i c e s  and o t h e r  components o f  t h e  Model 
2724A. T h e r e f o r e ,  t h e  s e r v i c i n g  t e c h n i c i a n  s h o u l d  b e  familiar  4 

w i t h  t h e  c o n t e n t s  o f  S e c t i o n  V -- Theory o f  O p e r a t i o n .  
Knowledge o f  c i r c u i t  o p e r a t i o n  i s  a r e q u i s i t e  f o r  e f f i c i e n t  
s e r v i c i n g  o f  t h e  2724A. A s  a s e r v i c i n g  a i d ,  t h e  f o l l o w i n g  
t r o u b l e s h o o t i n g  c h a r t ,  T a b l e  6-1,  l i s t s  a number  o f  f a u l t  
symptoms and p o s s i b l e  s o u r c e s .  If t h e  e x h i b i t e d  symptom i s  n o t  
l i s t e d  o r  a check  o f  t h e  s o u r c e s  l i s t e d  d o e s  n o t  l o c a t e  t h e  
d e f e c t i v e  c o m p o n e n t ,  i t  w i l l  b e  n e c e s s a r y  t o  e m p l o y  n o r m a l  
t r o u b l e s h o o t i n g  p r o c e d u r e s .  I n  g e n e r a l ,  t h e  l i s t  o f  p o t e n t i a l  
e r r o r  s o u r c e s  a r e  i n  o r d e r  o f  p r o b a b i l i t y  ( m o s t  p r o b a b l e  
f i r s t ) .  



Figure 6-1. Calibration connections 
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Table 6-1 

Troubleshooting Guide 

SYMPTOM POSSIBLE FAULT AREA 

A l l  d e c i m a l  p o i n t s  d i s p l a y e d .  MPU o r  ROM f a i l u r e .  
Address  Decode. 

A l l  m idd le  segments  d i s p l a y e d .  RAM f a i l u r e .  

"OUT OF CALI1 d i s p l a y e d .  U n i t  m i s - c a l i b r a t e d  . 
R e f e r e n c e  r e s i s t o r  bad.  
MDAC bad .  

"CAL DATA BADn d i s p l a y e d .  Bad NOVRAM. 

ItCLOCK FAILUREft d i s p l a y e d .  I n c o r r e c t  d i s p l a y  mu1 t i p l e x  
f r e q u e n c y .  

"CANNOT CONTROLv d i s p l a y e d .  U n i t  m i s - c a l i b r a t e d  . 
MDAC bad.  
A/D C o n v e r t o r  bad .  

"MEMORY DATA BADv d i s p l a y e d .  . I f  r e p e a t s  a f t e r  t u r n i n g  
power o f f  and back on ,  t h e n  
NOVRAM bad .  

" A  TO D TIMEOUT" d i s p l a y e d .  A/D C o n v e r t o r  bad .  
U n i t  m i s - c a l i b r a t e d  . 
U n i t  i n  o v e r c u r r e n t ,  b u t  
o v e r c u r r e n t  c i r c u i t r y  bad.  

No d i s p l a y  o r  LEDs. F a u l t y  l i n e  power o r  fuse.  
Power Supply  bad .  
Clock bad .  
D i s p l a y  c i r c u i t r y  bad .  
MPU bad .  
Address  decode  bad .  

Large  e r r o r s ,  a l l  r a n g e s .  Check measu r ing  equipment .  
A/D c o n v e r t o r  bad .  
REF B u f f e r  bad.  
RLB bad .  

Large  e r r o r ,  one  r a n g e .  R e f e r e n c e  r e s i s t o r  bad .  
Re lay  b a d .  
U n i t  m i s - c a l i b r a t e d .  



Table 6-1 (Continued) 

Troubleshooting Guide 

SYMPTOM POSSIBLE FAULT AREA 

E r r o r ,  i n c r e a s i n g  w i t h  E x c e s s i v e  Leakage  I n  r e l a y s .  
h i g h e r  v a l u e .  REF b u f f e r  bad .  

No i se ,  a l l  r a n g e s .  A/D c o n v e r t o r  b a d .  
REF b u f f e r  b a d .  
Check m e a s u r i n g  e q u i p m e n t .  

No i se ,  p a r t i c u l a r l y  on R e v e r s e  l e a d s  t o  measu r ing  
h i g h e r  v a l u e s .  equ ipmen t .  

REF b u f f e r  b a d .  

Ou tpu t  s t u c k  a t  h i g h  0 1 0 ~ )  V a r i a b l e  Gain A m p l i f i e r .  
V o l t a g e ,  w i t h  n o  I n p u t  

Value  "hunts l1  be tween  two o r  MDAC bad .  
t h r e e  l e v e l s .  



P SECTION V I I  - AVAILABLE OPTIONS 

7 . 1  GENERAL 

T h i s  s e c t i o n  d e s c r i b e s  s e v e r a l  o p t i o n s  a v a i l a b l e  from V a l h a l l a  
S c i e n t i f i c  t o  i n c r e a s e  t h e  u t i l i t y  o f  t h e  Model 2724A. 

7 .2  OPTION TL-1 

Option TL-1 i s  a  T a l k / L i s t e n  IEEE-488 (GPIB) I n t e r f a c e .  I t  i s  
f u l l y  d e s c r i b e d  i n  S e c t i o n  I V .  

7.3  OPTION RX-3 

Opt ion  RX-3 p r o v i d e s  a l l  p a r t s  r e q u i r e d  f o r  mounting t h e  Model 
2724A i n  a  19-inch equipment  r a c k .  

7 .4  OPTIONBBL 

Option BBL i s  a  d u a l  s h i e l d e d  c a b l e  equipped w i t h  banana p l u g s .  
I t  i s  48 i n c h e s  l o n g  w i t h  d u a l  b a n a n a  p l u g s  o f  t h e  h i g h e s t  
q u a l i t y  and low l e a k a g e .  

7.5 OPTIONS GP1, GP2 

p Opt ions  G P ~  and GP2 a r e  IEEE-488 (GPIB) c a b l e s  o f  one mete r  and 
two m e t e r s  I n  l e n g t h ,  r e s p e c t i v e l y .  

7.6 CALIBRATION KIT M24 

T h i s  o p t i o n  c o n t a i n s  a s w i t c h  assembly ,  c a b l e s  and 
m i s c e l l a n e o u s  i t e m s  f o r  a i d i n g  c a l i b r a t i o n  o f  t h e  Model 2724A. 

7.7 OPTION CPR 

T h i s  o p t i o n  e n a b l e s  t h e  u s e r  t o  s e l e c t  t h e  ltCPRH mode o f  
o p e r a t i o n  ( s e e  s e c t i o n  111). 

T h i s  o p t i o n  p r o v i d e s  a s e l e c t i o n  of  t h e  most p r o b a b l e  
components t o  f a i l  d u r i n g  24 months o f  o p e r a t i o n .  



SECTION V I I I  - USEFUL HINTS 

8.1 GENERAL 

T h i s  s e c t i o n  c o n t a i n s  a  number of  u s e f u l  h i n t s  t h a t  w i l l  a s s i s t  
t h e  u s e r  i n  o b t a i n i n g  maximum u t i l i t y  from t h e  Model 2724A. A s  
e x p e r i e n c e  w i t h  t h e  Model 2724A i n  t h e  f i e l d  i s  accumula ted ,  
t h i s  s e c t i o n  w i l l  be expanded i n  l a t e r  i s s u e s  o f  t h i s  manual. 

8 .2  UNSTABLE TEST CURRENTS 

A s  can  be s e e n  i n  t h e  s p e c i f i c a t i o n s ,  t h e  Model 2724A r e q u i r e s  
a p p r o x i m a t e l y  one  second t o  respond f u l l y  t o  a change i n  t es t  
c u r r e n t .  Thus, w i t h  ohmmeters having t h e  f a c i l i t y  o f  
a u t o m a t i c a l l y  s w i t c h i n g  p o l a r i t y  o r  t o  z e r o  c u r r e n t  e . ,  HP 
3456) ,  t h i s  f a c i l i t y  must  n o t  be used .  

With u n i t s  hav ing  ~ u n c o n t r o l l a b l y ~  u n s t a b l e  tes t  c u r r e n t s ,  t h e n  
FAST mode o r  CPR mode ( i f  f i t t e d )  shou ld  be used (e .g.  F luke  
8502 s e r i e s ) .  

8.3 WHEATSTONE BRIDGE COMPARISON TO STANDARD RESISTORS 

The Wheatstone b r i d g e  t echn ique  f o r  comparing two f o u r - t e r m i n a l  
r e s i s t o r s  w i l l  n o t  o p e r a t e  w i t h  t h e  Model 2724A. T h i s  i s  
b e c a u s e  a l l  o f  t h e  c u r r e n t  must p a s s  through t h e  c u r r e n t  ( I )  
t e r m i n a l s  o f  t h e  u n i t .  Thus, t h e  l e a d  compensat ion c u r r e n t  
would c a u s e  an  e r r o r  as shown i n  F i g u r e  8-1. Using t h e  sys tem 
f o r  comparing t h e  Model 2724A wired as a two-terminal  d e v i c e  
p r e s e n t s  no problems,  b u t  produces  g r e a t e r  e r r o r s .  

COMPENSATION 

THIS  CURRENT 
CAUSES AN ERROR 

SOURCE LO 

F i g u r e  8-1. Wheatstone Br idge  E r r o r .  

8-1 



8 . 4  USE WITH H I G H  RESISTANCE METERS 
T 

S e v e r a l  h i n t s  a r e  p rov ided  h e r e  t o  h e l p  when us ing  t h e  Model 
2724A wi th  h i g h  r e s i s t a n c e  m e t e r s .  

1. Remember t h a t  t h e  maximum c u r r e n t s  a r e :  

128M ohms -- 128 nA 
12%gM ohms -- 12 nA 
12, gg0M ohms -- 1.2 nA 

These correspond t o  1 4  v o l t s  a t  f u l l - s c a l e .  

2. No i se  i s  s i g n i f i c a n t l y  worse when used wi th  a c o n s t a n t  
c u r r e n t  s o u r c e  r a t h e r  than  a  c o n s t a n t  v o l t a g e  . 

3 .  G r e a t  c a r e  must be t aken  wi th  regard  t o  l e a k a g e .  Regu la r  
PVC w i r e  does  n o t  p r o v i d e  s u f f i c i e n t  i n s u l a t i o n .  T e f l o n  
o r  p o l y e t h y l e n e  i n s u l a t i o n  shou ld  be used.  

4 .  Care  should  be t aken  t o  minimize l i n e  pick-up.  Outer  
s h i e l d s  o f  c o a x i a l  c a b l e s ,  LO t e r m i n a l s  o f  m e t e r s ,  e t c . ,  
MUST always be  t a k e n  t o  low impedance nodes .  I f  u n s t a b l e  
i n d i c a t i o n s  a r e  obse rved ,  t r y  r e v e r s i n g  t h e  l e a d s  t o  t h e  
m e t e r .  

8.5 USE WITH ACTIVE FEEDBACK CURRENT SOURCES 

Some ohmmeters u t i l i z e  a n  a c t i v e  t e c h n i q u e  o f  ohms measurement 
and may n o t  o p e r a t e  p r o p e r l y  wi th  t h e  e q u i v a l e n t  c i r c u i t  o f  t h e  
2724.  I n  g e n e r a l  t h e  u s e  o f  CPR mode ( i f  f i t t e d )  o r  FAST mode 
i s  recommended. I f  t h i s  i s  n o t  p o s s i b l e  i t  h a s  been found t h a t  
a  0 . 1 p F  t o  1 pF c a p a c i t o r  ( p r e f e r a b l y  Po lyca rbona te  o r  Poly- 
s t y r e n e )  a c r o s s  t h e  I t e r m i n a l s  w i l l  u s u a l l y  p r e v e n t  problems.  

8.6 LINE INTERFERENCE 

Some m u l t i m e t e r s  have poor  l i n e  i n t e r f e r e n c e  r e j e c t i o n  when 
o p e r a t e d  a s  an ohmmeter, t h u s  c a r e  wi th  l i n e  pick-up must be 
e x e r c i s e d .  I n  ext reme c a s e s  ( e . g .  when l i n e  c a b l e s  r u n  c l o s e  
t o  i n p u t  c a b l e s )  i t  may b e  found  b e n e f i c i a l  t o  p l a c e  a  
c a p a c i t o r  a c r o s s  t h e  I t e r m i n a l s  t o  p r o d u c e  a 1 0 0  m s  t i m e  
c o n s t a n t .  I t  may o c c a s i o n a l l y  be  b e n e f i c i a l  t o  r e v e r s e  t h e  
l e a d s  s i n c e  some D M M 1 s  have b e t t e r  r e j e c t i o n  on one t e r m i n a l  
t h a n  t h e  o t h e r  ( e .g .  G u i l d l i n e  9574 and S o l a r t r o n  7060 shou ld  
have c a b l e  s h i e l d s  t aken  t o  H I ) .  



ADDITIONAL USEFUL HINTS 

Rack mounting 

The 2724 is sensitive to thermal gradients in the surround- 
ing ambient, thus the user must ensure that at least 1.75" 
of free air is allowed around the 2724 when rack mounted. 
The user should also ensure that the unit immediately below 
and the unit above do not exhaust warm air onto the case of 
the 2724. 

V o l t a g e  O f f s e t  E r r o r s  

Within the specification pages of this manual, values will 
be found for the maximum I1Noise and Thermalsl1 of the 2724. 
It will be noticed that only 4-wire operation is specified. 
The typical 2-wire thermal offsets are +/-20uV. This figure 
(and also the other figures quoted) will. cause apparent 
errors on some ohmmeters. The user is recommended to ensure 
that the 2724 is in a thermally stable environment and that 
the leads between the 2724 and the meter under test are of 
reasonably good quality low thermal emf type in order to 
reduce this effect as far as possible. In severe cases the 
user may reverse the connections to the meter under test and 
take the average of the two ohmmeter readings, this will 
completely eliminate the thermal emf error, leaving only the 
effects caused by noise (typically < luV in CPR mode, < 3uV 
in ACTIVE mode). 




