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NOTES AND CAUTIONS

ELECTRICAL SAFETY PRECAUTIONS
This equipm ent is  p ro te c te d  in  accordance w ith  IEC S afe ty  C lass 1. I t  

has been designed  and te s te d  acco rd in g  to  IEC P u b lic a t io n  348, 'S a fe ty  
R equirem ents fo r  E le c tro n ic  M easuring A p p a ra tu s ',  and has been su p p lie d  in  a 
safe  c o n d itio n . The fo llow ing  p re c a u tio n s  m ust be observed by th e  u se r  to  
ensure sa fe  o p e ra t io n  and to  r e t a in  th e  equipm ent in  a sa fe  c o n d itio n .

D efec ts  and abnormal s t r e s s e s

Whenever i t  i s  l i k e ly  th a t  p r o te c t io n  has been im paired , fo r  example as a 
r e s u l t  o f damage caused by severe  c o n d itio n s  o f  t r a n s p o r t  or s to ra g e , the 
equipm ent s h a l l  be made in o p e ra tiv e  and be secured  a g a in s t  any un in tended  
o p e ra tio n .

Remova1 o f  covers

A  Removal o f  the  covers is  l i k e ly  to  expose l iv e  p a r t s  a lth o u g h  reaso n ab le  
p re c a u tio n s  have been taken  in  th e  desig n  o f  the  equipm ent to  s h ie ld  such 
p a r t s .  The equipm ent s h a l l  be d isco n n ec ted  from the  supply b e fo re  c a rry in g  
ou t any ad ju stm en t, rep lacem en t or m ain tenance and r e p a i r  d u rin g  which the  
equipm ent s h a l l  be opened. I f  any ad ju stm en t, m ain tenance or r e p a i r  under 
v o lta g e  is  in e v i ta b le  i t  s h a l l  only be c a r r ie d  ou t by a s k i l l e d  person  who is  
aware o f  the  hazard  invo lved .

Note th a t  c a p a c ito rs  in s id e  the  equipm ent may s t i l l  be charged when the 
equipm ent has been d iscon n ec ted  from th e  supply . B efore c a rry in g  ou t any 
work in s id e  th e  equipm ent, c a p a c ito rs  connected to  h ig h  v o lta g e  p o in ts  should 
be d isch a rg e d ; to  d isc h a rg e  mains f i l t e r  c a p a c i to r s ,  i f  f i t t e d ,  sh o r t t o ­
g e th e r  the  L ( l iv e )  and N (n e u tra l)  p in s  o f  the mains p lug .

Mains p lug

The mains p lug  s h a l l  only be in s e r te d  in  a sock e t o u t l e t  p rov ided  w ith  a 
p r o te c t iv e  e a r th  c o n ta c t.  The p r o te c t iv e  a c t io n  s h a l l  no t be negated  by the 
use o f  an e x te n s io n  lead  w ith o u t p r o te c t iv e  conducto r. Any in t e r r u p t io n  o f  
th e  p r o te c t iv e  conductor in s id e  or o u ts id e  th e  equipm ent is  l ik e ly  to  make the  
equipm ent dangerous.

Prim ary fuses

A  Note th a t  th e re  i s  a supply  fuse  in  b o th  the l iv e  and n e u t ra l  w ires  o f 
the  supply  le ad . I f  only one o f  th e se  fu ses should  ru p tu re ,  c e r t a in  p a r ts  of 
th e  equipm ent could rem ain a t  supply p o te n t ia l .

To p ro v id e  p r o te c t io n  a g a in s t  breakdown o f  th e  supply  lead , i t s  con ­
n e c to r s ,  and f i l t e r  where f i t t e d ,  an e x te rn a l  supply fuse (e .g . f i t t e d  in  the 
co n n ec tin g  p lug) should be used in  the  l iv e  le a d . The fuse  should have a 
con tinuous r a t i n g  no t exceeding  6 A.
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Make sure th a t  only  the  re q u ire d  r a te d  c u r re n t  and o f  the
s p e c if ie d  type are  used fo r  rep lacem en t. The use o f  mended fu ses  and the  
s h o r t - c i r c u i t i n g  o f  fuse  h o ld e rs  s h a l l  be avoided .

CAUTION: STATIC SENSITIVE COMPONENTS

Components i d e n t i f i e d  w ith  the  symbol on the  c i r c u i t  diagram s and /o r 
p a r t s  l i s t s  a re  s t a t i c  s e n s i t iv e  d e v ic e s . The p resen ce  o f  such d ev ices 
is  a lso  in d ic a te d  in  the equipm ent by orange d is c s ,  f la g s  or la b e ls  
b e a r in g  the  same symbol. C e rta in  h an d lin g  p re c a u tio n s  must be observed 
to  p re v e n t th e se  components be ing  perm anently  damaged by s t a t i c  charges 
or f a s t  su rges.

(1) I f  a p r in te d  board  c o n ta in in g  s t a t i c  s e n s i t iv e  components (as i n d i ­
ca ted  by a w arning d isc  or f la g )  is  removed, i t  must be te m p o ra rily  
s to re d  in  a conductive  p l a s t i c  bag.

(2) I f  a s t a t i c  s e n s i t iv e  component is  to  be removed or re p la c e d  the  
fo llow ing  a n t i - s t a t i c  equipm ent must be used .

A work bench w ith  an ea rth ed  conductive  su rfa c e .

M e ta l l ic  to o ls  e a rth e d  e i th e r  perm anently  or by re p e a te d  d isc h a rg e s . 

A lo w -v o ltag e  e a r th e d  so ld e r in g  iro n .

An e a r th e d  w r is t  s tra p  and a co nductive  e a rth e d  s e a t  cover fo r  the 
o p e ra to r , whose o u te r  c lo th in g  must n o t be o f  man-made f ib r e .

(3) As a g en era l p re c a u tio n , avoid  touch ing  the  lead s  o f  a s t a t i c  s e n ­
s i t i v e  component. When h an d lin g  a new one, leave  i t  in  i t s  con­
d u c tin g  mount u n t i l  i t  is  re q u ire d  fo r  u se .

(4) I f  u s in g  a f r e e z e r  a e ro so l in  f a u l t  f in d in g , tak e  c a re  no t to  spray  
programmable ICs as th i s  may a f f e c t  t h e i r  c o n te n ts .

WARNING: HANDLING HAZARDS

This equipm ent is  formed from m etal p re s s in g s  and a lth o u g h  every 
endeavour has been made to  remove sharp p o in ts  and edges, care  should 
be taken , p a r t i c u l a r l y  when se rv ic in g  the equipm ent, to  avoid  minor c u ts .

L ith ium : A li th iu m  b a t te r y  is  used in  th i s  equipm ent. Under no c ircu m ­
s ta n c e s  must any l i th iu m  b a t te r y  be c ru sh ed , in c in e ra te d  or d isp o sed  o f 
in normal w aste . They must be s e p a ra te ly  and secu re ly  packed and any 
exposed e l e c t r i c a l  co n n ec tio n s  adeq u a te ly  in s u la te d  to  avo id  a sh o rt 
c i r c u i t  o c c u rr in g  du ring  t r a n s i t .  They must be c l e a r ly  id e n t i f i e d  to  
show th e  n a tu re  o f  the  hazard  and then  d isposed  o f  in  a safe  manner by 
an a u th o riz e d  to x ic  w aste c o n tra c to r .

WARNING : TOX I C HAZARD

Many o f  th e  e le c t r o n ic  components used in  th i s  equipm ent employ r e s in s  
and o th e r  chem icals which g ive  o f f  to x ic  fumes on in c in e ra t io n .  
A p p ro p ria te  p re c a u tio n s  should  th e re fo re  be taken  in  the  d isp o sa l o f  
th e se  item s.
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TECHNICAL DESCRIPTION
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OVERALL CIRCUIT DESCRIPTION
1. R efer to  th e  6960 b lo ck  diagram  shown in  F ig . 1. The r . f .  senso r g ives  
a low d .c .  v o lta g e  when power is  a p p lie d . This d .c .  s ig n a l  is  converted  to  
an a .c .  s ig n a l by the  s ig n a l chopper e n a b lin g  h ig h  g a in , low n o ise  a m p lif ie rs  
to  be used .

2. The chopped s ig n a l  i s  fed to  th e  f i r s t  a m p lif ie r  which is  s p l i t  in to  two 
p a r t s ,  th e  f i r s t  p a r t  being in  the  r . f .  sensor package and the  o th e r  in  the  
power m eter. The s ig n a l  is  then  passed  to  th e  sp ik e  b lan k in g  c i r c u i t  which 
removes sp ik es  on th e  edges o f  th e  square wave s ig n a l produced by the  s ig n a l 
chopper. The fo llo w in g  b u f f e r  a lso  c o r re c ts  fo r  sen so r n o n - l i n e a r i t i e s .
The s ig n a l i s  then  fed to  th e  1st a t te n u a to r  which, to g e th e r  w itb  the  2nd 
a t te n u a to r  c o n tro ls  the  ga in  o f  the  a m p lif ie r  s t r i p  in  10 dB s te p s .  The 2nd 
and 3rd a m p lif ie r s  p rov ide  th e  r e s t  o f  th e  re q u ire d  g a in . The 4th  a m p lif ie r ,  
to g e th e r  w ith  the  gain  D-A, p ro v id es  f in e  ad ju stm en t o f  th e  a .c .  g a in .

June 84
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3. The phase synchronous d e te c to r  then  synchronously  de-m odulates the  a .c .  
s ig n a l .  Timing s ig n a ls  fo r  the s ig n a l chopper, sp ik e  b lan k in g  and the 
d e te c to r  a re  p rov ided  by th e  tim ing  lo g ic .  The recovered  d .c .  s ig n a l p asses  
to  th e  peaking m eter and, v ia  a sw itch  to  th e  com parator.

4. The m ic ro p ro cesso r (yP) runs th e  program  s to re d  in  read  only memory.
Data s to ra g e  is  ach ieved  by u s in g  non v o l a t i l e  RAM (Random Access Memory) • 
O utputs from the  m ic ro p ro cesso r d r iv e  th e  zero D-A, th e  14 b i t  D-A, th e  ga in  
D-A, th e  re c o rd e r  D-A, th e  a t te n u a to r  d r iv e s ,  th e  l iq u id  c r y s ta l  d is p la y , the 
GPIB in te r f a c e  and the  power r e fe re n c e . In p u ts  to  th e  m ic ro p ro cesso r a re  
taken  from the com parator, th e  keyboard and the  GPIB in te r f a c e .

5. Power fo r  a l l  o f th e  s ta g e s  is  p rov ided  by th e  PSU.

DETAILED TECHNICAL DESCRIPTION
Analogue p .c .b .

6. R efer to  Chap. 7, AAOI c i r c u i t  diagram .

7. F i r s t  a m p lif ie r  (sh e e t I ) .  ICI and a s s o c ia te d  components form the 
second p a r t  o f  the  1st a m p lif ie r ,  the  f i r s t  p a r t  be ing  in  th e  power sen so r 
assem bly. When u s in g  the  6910 s e r ie s  senso rs  th i s  a m p lif ie r  has a g a in  o f  
approx im ate ly  1000. F ig . 2 shows a s im p lif ie d  com plete a m p lif ie r .

8. AC g a in  is  c o n tro l le d  by the components in  the  e m itte r  c i r c u i t  o f  the  
power sen so r t r a n s i s t o r .  DC b ia s  fo r  th e  t r a n s i s t o r  i s  s e t  by RI to  RS. 
C2, C6 and C9 c o n tro l th e  h igh frequency  response  and th e  c a p a c ito r  in  the  
sen so r c o n tro ls  th e  low frequency  re sp o n se . The a m p lif ie r  has a band-pass 
c h a r a c t e r i s t i c  c e n tre d  a t  th e  chop r a te  o f 925 Hz.

o u t p u t

Fig. 2 F i r s t  am pl i f ier

June 84
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9. 0 VA c o n tro l .  Ie2 , RIO, RII and TRI p ro v id e  a very  low o f f s e t  source
fo llo w er which p ro v id es  an e a r th  re fe re n c e  from th e  s ig n a l ground in  th e  power 
sen so r. This e a r th  re fe re n c e , in d ic a te d  by 0 VA, is  used by the  r e s t  o f  the 
a .c .  g a in  s ta g e s . DI, D2 and R9 ensu re  th a t  th e  e a r th  r e fe re n c e  only  moves 
a sm all amount (about 0.5 V) when no sensor is  connected to  th e  power m eter.

ID. Spike b la n k in g . The sp ike  b lan k in g  c i r c u i t r y ,  R114, Cl6 and IC3c, 
remove sp ik es  th a t  are  g en e ra ted  on th e  le a d in g  and t r a i l i n g  edges o f  the  
chopped d .c . s ig n a l from the r . f .  sen so r (see  F ig . 3 ) . IC3c and CI6 a c t  as 
a sample and hold  c i r c u i t .  The hold  p e rio d  is  from when the  s ig n a l  chopper 
changes s ta t e  and l a s t s  fo r a p e rio d  o f  180 y s . RI14 reduces e r r o r s  caused 
by the  ho ld  tim e in t e r f e r in g  w ith  la rg e  s ig n a l le v e ls  a t  h igh  r . f .  power 
le v e ls .  IC4b a c ts  as a h igh  impedance b u f fe r  fo r the s ig n a l from the  sample 
and ho ld .

Fig. 3 Spike b lanking

11. F i r s t  a t te n u a to r .  P re c is io n  r e s i s t o r s  RI4 and Rl5 w ith  IC3a, IC3b 
form a sw itc h a b le , d iv id e  by 100 a t te n u a to r  fo r range changing (see Table 1). 
C23 to g e th e r  w ith  the  two r e s i s t o r s  forms a h ig h -p a s s  f i l t e r  fo r  bandwidth 
c o n tro l .

TABLE 1 ATTENUATOR CONTROL

Range
T ota l

a tten u a tio n IC3a
A tten u a to r  switch es 

IC3b IClOa ICI 0b IClOa

I None ON OFF ON OFF OFF

2 1/ 10 ON OFF OFF ON OFF

3 1/100 OFF ON ON OFF OFF

4 1/1000 OFF ON OFF ON OFF

5 1/10000 OFF ON OFF OFF ON

t l  I 0 oChap. 4
Page 4 June 84
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12. Second a m p lif ie r .  IC4a w ith  feedback  components R22 and R23 form the 
second a m p lif ie r .  The g a in  is  app rox im ate ly  25. C35 c o n tro ls  th e  h igh
frequency  r o l l  o f f .

13. Second a t te n u a to r .  R24 to  R26 and ICI0 form the  second a t te n u a to r .  
The p r in c ip le  o f o p e ra tio n  is  the  same as th e  f i r s t  a t te n u a to r  d e sc rib e d  
above. This a t te n u a to r  a lso  has a d iv id e  by 10 s e t t in g .

14. T hird  a m p lif ie r .  The th i r d  a m p lif ie r  s tag e  has a g a in  o f  about 3 5. 
R e s is to rs  R30 and R31 c o n tro l th e  gain  o f  IC lla .  C38 c o n tro ls  th e  h igh  
frequency  r o l l  o f f .

15. F o u rth  a m p lif ie r .  The fo u r th  a m p lif ie r  i s  d i f f e r e n t  from th e  o th e r  
a m p lif ie r  s ta g e s ,  in  th a t  i t s  g a in  can be c o n t ro l le d  v ery  p r e c i s e ly .  I t  is  
b a s ic a l ly  a s tan d a rd  g a in  s tag e  ( IC llb , R3?, R38), bu t having  bo th  in v e r t in g  
and n o n - in v e r t in g  in p u ts .  The main s ig n a l is  a p p lie d  to  th e  n o n - in v e r t in g  
in p u t which has a g a in  o f app rox im ate ly  3. When a s ig n a l i s  a p p lie d  to  R37 
and the  in v e r t in g  in p u t, from the  g a in  D-A which uses the  main s ig n a l as i t s  
r e fe re n c e ,  the  g a in  o f  th e  a m p lif ie r  i s  reduced . T his a llo w s the  g a in  to  be 
f i n a l l y  c o n tro l le d  over th e  range I to  3.

16. Phase synchronous d e te c to r  (sh e e t 2 ). The in p u t a .c .  s ig n a l  i s  r e s to re d  
to  d .c . by th i s  c i r c u i t .  Samples o f  the  s ig n a l  a re  tak en  on each h a l f  cycle  
by c lo s in g  the sw itches IC I4a and IC14d a l t e r n a t e ly ,  w ith  c49 and C50 c h a rg ­
ing  up to  the  sample v o lta g e  d u ring  th e  tim e th e  sw itch  i s  c lo se d . These 
sample and hold  c a p a c ito rs  must be able to  charge and d isc h a rg e  r a p id ly  to 
ensu re  a f a s t  response  to  changes in  s ig n a l le v e l .  The tim e c o n s ta n t i s  
determ ined  by the e f f e c t iv e  impedance o f th e  sw itch  and th e  q u tp u t o f  4 th  
a m p lif ie r  IC llb  and the  v a lu e  o f  C49 and C50. T ogether theSe a llo w  an alm ost 
com plete sample to  be o b ta in e d  w ith in  the  sample p e r io d . i

17. When th e  power m eter i s  on the  most s e n s i t iv e  range (range 1), r e s i s t o r s  
R53 and R34/R1 15 a re  p laced  in  s e r ie s  w ith  th e  coup ling  sw itch es . These i n ­
c re a se  the  charge tim e o f  the  c a p a c ito rs  so form ing a very  low frequency  low- 
pass f i l t e r .

18. ICI5 a c ts  as an in s tru m e n ta tio n  a m p lif ie r  o f f e r in g  a h igh  impedance to  
C49 and CSO so m a in ta in in g  th e i r  charge and a llow ing  a s h i f t  o f  e a r th  r e f e ­
rence to th e  0 VC re fe re n c e  used th ro u g h o u t th e  d .c .  s ta g e s .  P re c is io n  
r e s i s t o r s  R34, 35, 36 and 42 ensu re  th a t  th e  g a in  on each in p u t i s  the  same 
o th e rw ise  l i n e a r i t y  e r r o r s  would r e s u l t  i f  th e se  d i f f e r e d .

19. The o u tp u t from ICISb is  then  fed to  the peaking m eter v ia  R78 and th e  
com parator, IC I?, v ia  sw itch  ICI6b. This o u tp u t i s  a lso  used fo r  th e  l e v e l ­
l in g  o u tp u t a f t e r  be ing  passed  th rough  the  low -pass f i l t e r s ,  R58 and C60, and 
b u f f e r  ICI8b.

June 84
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20. Comparator and A-n co n v ers io n . The com parator o u tp u t i s  tak en  to  the  
S e r ia l  In p u t D ata (SID) p in  o f  th e  p ro c e s s o r . The in v e r t in g  in p u t is  d r iv e n  
from th e  1 4 -b it D-A. The n o n - in v e r t in g  in p u t is  d r iv e n  from e i th e r  the  
phase-synchronous d e te c to r  or th e  Zener d iode in  th e  sen so r. This a r r a n g e ­
ment a llow s the  p ro c e s so r  to  make su c c e ss iv e  app rox im ation  a n a lo g u e - to - d ig i ta l  
co n v e rs io n s . To do th i s  the  p ro c e s so r  s e ts  th e  m ost s ig n i f i c a n t  b i t  o f  the  
1 4 -b it D-A. I t  then  read s SlD to  check the  o u tp u t o f the  com parator. I f
th e  o u tp u t o f  the  com parator i s  h ig h  th e  d a ta  i s  k ep t; i f  n o t the  b i t  i s  s e t  
to  r e s e t .  The p ro c e s so r  co n tin u es  by s e t t in g  each b i t  in  tu rn , d ec id in g  
w hether to  keep or d is c a rd  each b i t  u n t i l  a l l  14 b i t s  have been checked.

21. Sensor Zener diode d r iv e . The Zener diode in  th e  sen so r is  used to
decide  which type o f  senso r is  in  u se . The Zener diode i s  d riv en  ftom a 
5 mA c o n s ta n t c u r re n t  c i r c u i t  c o n s is t in g  o f  R77, R II6 , DID, DII and
The v o lta g e  from th e  Zener d iode i s  sca led  by RI12 and RI13 b e fo re  be ing  
a p p lie d  to  th e  com parator.

22. The type o f  sen so r in  use d e f in e s  th e  re q u ire d  s c a lin g  and l i n e a r i t y  
c o r re c t io n s  th a t  must be a p p lie d  to  g ive  a tru e  power read in g . Table 2 
in d ic a te s  the  Zener v o lta g e s  used w ith  the a p p ro p r ia te  s c a lin g  and c o r re c t io n s  
th a t  a re  a p p lie d .

TABLE 2 SENSOR ZENER VOLTAGES

Zener
vo lta g e

Sensor 
Type No.

Sensor 
top power

T herm o-elec tric  sen so r  
l in e a r i ty  co rrec tio n

Diode sensor  
l in e a r i ty  co rrec tio n

2.7 0920 ID yW NO YES

3.3 - ID yW NO NO

3.9 Spare - - -

4.7 - 30 mW NO NO
5.6 6910 100 mW YES NO

6.9 6912 lOO mW YES NO

9.2 - IOW YES NO

10.0 - loo  w YES NO

23. Timing lo g ic  (sh e e t I ) .  ICs 5 to  9 and th e i r  a s s o c ia te d  components 
p ro v id e  a l l  the  tim ing  s ig n a ls  fo r  the  power m eter. O utputs from th i s  
s e c tio n  o f  c i r c u i t r y  d r iv e  the  s ig n a l chopper in  the  power sen so r, the  sp ike 
b la n k in g  and th e  phase synchronous d e te c to r .  The b a s ic  frequency  o f  o p e ra ­
t io n  i s  925 Hz.

24. The m aste r o s c i l l a t o r  is  IC5 which i s  a gated  a s ta b le  (4047) s e t  p e r ­
m anently  on by i t s  c o n tro l l i n e s .  Three o u tp u ts  a re  p rov ided  by rC5; p in  13 
i s  a t  tw ice  th e  925 Hz chop r a te  and p in s 10 and II p rov ide  complementary
925 Hz square waves.

25. The o u tp u t from rC5 p in  13 d r iv e s  IC6 which is  w ired  as a m onostab le 
w ith  a p e rio d  o f  180 y s . The tim ing  components o f  IC6 are  RI8, R55 and C24. 
The o u tp u t from IC6 p ro v id es  th e  sam ple/ho ld  tim ing  fo r the  sp ik e  b lan k in g  
sw itch , rC3c.
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26. The o u tp u t from IC5 p in  13 a lso  d r iv e s  the  in p u t o f  one h a l f  o f  lC7, a 
p r e c i s io n  dual m onostab le . The f i r s t  m onostab le p ro v id es  the  de lay  b e fo re  
the  sample p u ls e  re q u ire d  by the  phase synchronous d e te c to r .  This then  
d r iv e s  the  second m onostab le p ro v id in g  sample p u ls e s  on each h a l f  cy c le  o f  
the chopped waveform. Two NAND g a te s ,  p a r t  o f  ICB, are  used to d i r e c t  the  
p u ls e s  to  the  c o r r e c t  sample sw itch  in  th e  d e te c to r .

27. Both o f  th e  925 Hz s ig n a ls  from IC5 a re  used to  d e riv e  th e  chopper d riv e  
s ig n a ls  fo r the  power sen so r. Both s ig n a ls  a re  delayed  a t  the  in p u t o f  IC9, 
a dual D -type b i s t a b le ,  by the  a c t io n  o f R27, C32 and R28, C33. O utputs a t  
p in s  1 and 13 are  o u t o f  phase, w ith  the  s ig n a l from p in  13 having the g re a te r  
d u ra tio n  and lead in g  th a t  from p in  1 by a f r a c t io n a l  amount. The d if fe re n c e  
in  phase r e la t io n s h ip  en su res  a p redeterm ined  s ig n a l chopper f . e . t .  o n /o f f  
sequence o f  o p e ra tio n .

28. F ig . 4 shows th e  r e la t io n s h ip s  o f  the  tim ing  s ig n a ls .

TP2
MASTER CLOCK

IC 9  ( l )  
CHOPPER DRIVE 1

IC9 (13 )  
CHOPPER DRIVE 2

TP3
SPIKE BLANKING

TPll
TIME TO SAMPLE 

TP4
SAMPLE TIMING

IC 8  (3)  
SAMPLE 1

rc 8 (4)
SAMPLE 2 r

CC BOB9

Fig. 4 O verall tim ing
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29. D-A c o n v e r te rs . The 1 4 -b it D-A (sh e e t 2) i s  a CMOS m u ltip ly in g  D-A con ­
v e r te r .  I t s  d i g i t a l  in p u ts  a re  g en era ted  on p ro c e s so r  p .c .b .  AA02. The 
D-A Ie21, w ith  o p e ra t io n a l  a m p lif ie r s  IG22 and IG23, i s  a rranged  to g ive  a 
b ip o la r  o u tp u t o f approx im ate ly  ±6.2 V. R e s is to r s  R72 and R76 a d ju s t  any 
o f f s e t s  g en e ra ted  by the  o p e ra t io n a l  a m p lif ie rs  and R70 a d ju s ts  the  c e n tre  
p o in t  o f  th e  D-A o u tp u t.

30. The -6 .2  V re fe re n c e  re q u ire d  by the  D-A c i r c u i t  i s  g en e ra ted  from an 
u l t r a - s t a b l e  Zener d iode, Dl3. The Zener d iode is  d riv e n  from a 7.5 mA co n ­
s ta n t  c u r re n t  source c o n s is t in g  o f  R74, R75, DI4 and TR6.

31. S e r ia l  D -A 's. The Gain D-A (sh e e t J) Zero D-A and R ecorder D-A (both  
sh ee t 2) a re  a l l  based on the  same type o f m u ltip ly in g  D-A c o n v e r te r , the  
AD 7543. This dev ice  is  sp e c ia l in  th a t  d a ta  is  loaded in to  i t  s e r i a l l y  
(see  F ig . 5 ). The DAC's lo g ic  c i r c u i t r y  c o n s is ts  o f  a 1 2 -b it s e r i a l - i n  
p a r a l l e l - o u t  s h i f t  r e g i s t e r  and a 1 2 -b it DAG in p u t r e g i s t e r .  S e r ia l  d a ta  a t
th e  SRI p in  i s  clocked in to  the s h i f t  r e g i s t e r  on the  t r a i l i n g  edge o f STB3. 
Once th e  s h i f t  r e g i s t e r  is  f u l l  i t s  c o n te n ts  a re  loaded in to  the  DAC in p u t 
r e g i s t e r  by sending LDI low. These c o n tro l s ig n a ls  a re  d e riv e d  on the  p ro ­
ce sso r p .c .b .  AA02.

Fig. 5 7543 S e r ia l V-A

32. The Gain D-A is  a rranged  fo r u n ip o la r  o u tp u t u sing  lC13. See 'F o u rth  
a m p li f ie r ' above fo r  more d e t a i l s  o f  how th i s  D-A is  used.

33. The Zero D-A c i r c u i t r y  p ro v id es  a sm all v o lta g e  which is  s e n t to  th e  
sensor to  n u l l  ou t any o f f s e t s  g en e ra ted  by the  s ig n a l chopper. The D-A,
ICI9 and IC20a p ro v id es  a u n ip o la r  0 to  +6.2 V o u tp u t. This i s  fed to 
o p e ra t io n a l a m p lif ie r  IC20b which a lso  has a -6 .2  V re fe re n c e  in p u t. This 
p ro v id es  a -3.1 V to  +3.1 V o u tp u t from IC20b p in  7 which is  then  sca le d  down 
by R67 and R68 b e fo re  going to  th e  sen so r. The -6 .2  V re fe re n c e  fo r  ICI9 and 
a m p lif ie r  lC20b is  g en e ra ted  by a low d r i f t  Zener d iode, D12.

34. The R ecorder D-A p ro v id es  a 0 to +10 V o u tp u t fo r  use w ith  c h a r t  r e c o rd e rs  
e tc .  The -10 V re fe re n c e  v o lta g e  to do th i s  i s  g en e ra ted  from the  u l t r a ­
s ta b le  -6 .2  V re fe re n c e  DJ3. I t  i s  a m p lif ie d  to  -10 V by IC I8a and a s s o c ia te d  
components. R81 is  used to  a d ju s t  the  -10 V to  g ive th e  c o r r e c t  s c a lin g  to 
th e  re c o rd e r  o u tp u t. R82 p ro v id es  th e  a b i l i t y  to  n u l l  ou t any o f f s e t  on IC25, 
p a r t  o f th e  D-A c i r c u i t .
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35. Power supply  (sh e e t 3). Four b a s ic  d .c . su p p lie s  a re  r e q u ire d  by the 
6960 Power M eter. p o s i t iv e  and n e g a tiv e  IS V r a i l s  a re  used fo r  a l l  the  
a m p lif ie r s ,  a 5 V low c u r re n t  r a i l  is  used fo r  the  tim ing  c i r c u i t r y  and a high 
c u r re n t  5 V fo r th e  p ro c e sso r and GPIB boards. B a s ic a lly  th e re  a re  th re e  
p a r t s  to  th e se  su p p lie s ;  a raw d .c . supply , sw itch in g  r e g u la to r s  and in  a l l  
c a se s , excep t fo r the  h ig h  c u r re n t  5 V supply , l i n e a r  r e g u la to r s .

36. The raw d .c . supply  i s  p rov ided  by mains tran s fo rm e r T I, b rid g e  r e c t i ­
f i e r  DI5 and r e s e r v o i r  c a p a c ito r  C82. The prim ary  c i r c u i t  o f  TI is  sw itched  
to  c a te r  fo r  mains supply in p u ts  o f  115 V and 230 V. This raw d .c .  supply 
v a r ie s  from about 10 V to  20 V depending on the  a c tu a l  supply  v o lta g e .

37. The +15 V and -IS  V supply  r a i l s  a re  d e riv e d  from a s tep -u p  sw itch ing  
r e g u la to r  s e t  fo r app rox im ate ly  20 V ou t, fo llow ed  by l i n e a r  r e g u la to r s  to  
g ive  IS V. This ensu res c lean  supply  r a i l s  fo r  th e  a m p lif ie r  s ta g e s .

38. The th eo ry  o f the sw itch ing  s tep -u p  r e g u la to r  is  as fo llow s ( r e f e r  to  
F ig . 6): when th e  sw itch  c lo se s , the  a p p lie d  v o lta g e  (Va) drops to  a lm ost 
zero  (Va-Vs), and the  v o lta g e  Vin-Vs is  a p p lie d  ac ro ss  the  in d u c to r , causing  
the  in d u c to r  c u r r e n t  to  in c re a se  l i n e a r ly .  Because th e  a p p lie d  v o lta g e  is  
le s s  than  the  o u tp u t v o lta g e , the  d iode is  re v e rs e  b ia se d  and c u r re n t  cannot 
flow  to  the  o u tp u t. Again, when the sw itch  opens, th e  in d u c to r  c u r re n t  c a n ­
no t change in s ta n t ly ,  and the  a p p lie d  v o lta g e  changes to  the  t o t a l  o f  the  o u t ­
pu t v o lta g e  p lu s  the  d iode v o lta g e . At th i s  tim e c u r re n t  can flow  through 
the  d iode to  th e  load c a p a c ito r ,  and th e  in d u c to r  c u r re n t  d e c re a se s  a t  a 
l i n e a r  r a t e ,  determ ined  by Vout-Vd-Vin. Timing ad ju stm en ts  c o n tro l  the  
average diode c u r re n t  (Id ) so i t  i s  equal to  the  load  c u r re n t .  I f  th e  load 
c u r re n t  i s  le s s  than  the  maximum o u tp u t c u r re n t ,  o f f  tim e is  in c re a se d  by a 
dead tim e w ith  no c u r re n t  to  the o u tp u t. In p u t c u r re n t  can flow  d u rin g  b o th  
on and o f f  tim es , so th e  average in p u t c u r re n t  is  always g r e a te r  than  the  
o u tp u t c u r re n t .

39. IC26 c o n ta in s  most o f  th e  components re q u ire d  by th i s  type o f  r e g u la to r .  
The sw itched  d .c . i s  a lso  used to  p ro v id e  a sim ple n e g a tiv e  supply . C8S a .c .  
coup les the  sw itch ing  power to  d .c . r e s to r a t i o n  diode D17. DI8 then  r e c t i ­
f ie s  i t .  w ith  C86 p ro v id in g  th e  o u tp u t c a p a c ita n c e .

Vin 0_ m m
L

Vs

Vout :: Regulated Output V o ltage  

Vin :: U n re g u la te d  Input Voltage 

Vs :: S w itch  Vo ltage  
Vd :: D iode Voltage Drop

Fig. 6 Step-up vo lta g e  reg u la to r
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40. The p o s i t iv e  and n e g a tiv e  o u tp u ts  from th e  sw itch in g  r e g u la to r  a re  f i l ­
te re d  by L2, L3, C87 and C88 b e fo re  being  a p p lie d  to  the  in p u ts  o f  the l i n e a r  
r e g u la to r s .  IC27 is  the  +15 V th re e  te rm in a l r e g u la to r  and Ie28 the  -15 V 
r e g u la to r .  C89 and e90 decouple th e  o u tp u ts  o f  IC27 and IC28 to  reduce n o ise  
and p o s s ib le  o s c i l l a t i o n s .  D32 to D35 p r o te c t  the r e g u la to r s  i f  one or o th e r  
f a i l s .

41. The low c u r re n t  +5 V is  used by the  tim ing  lo g ic .  This i s  d e riv e d  from 
the  +15 V r a i l  by s e r ie s  r e s i s t o r  R89 and Zener d iode D19.

42. The high c u r re n t  +5 V is  used by the  p ro c e sso r board , AA02; th e  d isp la y  
board  ABO 1 and the  GPIB board . The r e g u la to r  i s  o f  th e  step-dow n switchmode 
ty p e .

43. The b a s ic  th e o ry  o f  th e  step-dow n switchmode r e g u la to r  ( r e f e r  to  F ig . 7) 
i s  as f o l lo w s :  When sw itch  S c lo se s ,  the  v o lta g e  Va r i s e s  c lo se  to  Vin 
(V in-V s), and the  v o lta g e  Va-Vout is  ap p lied  ac ro ss  th e  in d u c to r  causing  the  
c u r re n t  to  r i s e  from zero . This c u r r e n t  flows from the sw itch  th rough  the 
in d u c to r  and in to  the  load  and o u tp u t c a p a c i to r .  When th e  in s ta n ta n e o u s  
in d u c to r  c u r re n t ,  iL , is  le s s  than the  load  c u r re n t ,  th e  c a p a c ito r  p ro v id es  
the  e x tra  c u r re n t  and Vout d e c re a se s  s l i g h t ly .  When iL exceeds the o u tp u t 
c u r re n t  the  rem ain ing  c u r r e n t  flow s in to  the  c a p a c i to r ,  in c re a s in g  Vout;
iL w i l l  in c re a s e  u n t i l  th e  sw itch  is  tu rn ed  o f f .  At th i s  in s ta n c e , s in ce  
the  in d u c to r  c u r re n t  cannot change in s ta n t ly ,  Va f a l l s  to  -Vd so diode D can 
tu rn  on and p rov ide  the  in d u c to r  c u r re n t .  The v o lta g e  ac ro ss  th e  in d u c to r  
i s  now -(V out-V d) so th e  change in  in d u c to r  c u r re n t  w i l l  be n e g a t iv e . The 
in d u c to r  c u r re n t  co n tin u es  to f a l l  toward zero  u n t i l  S tu rn s  on ag a in  and the 
cycle  is  re p e a te d . The e le c t ro n ic s  in  the  system  c o n tro ls  th e  on and o f f  
tim e o f  S so t h a t  th e  average in d u c to r  c u r re n t  equals the  o u tp u t c u r re n t ;  
the  average c a p a c ito r  c u r re n t  w i l l  be zero , and Vout w i l l  rem ain  c o n s ta n t.

Vin 0 0 . V t
5

Va j L

/ 'V V Y 'i
L

o  c

Vout = Regulated Output Voltage 
Vin = Unregulated Input Voltage 
Vs = S w itc h  V o ltage  
Vd =  D iode Voltage Drop

0_ Vout

CC 5174

F ig .  7 S tep-dow n v o l ta g e  r e g u la to r

44. The c o n t ro l l in g  o f  the +5 V r e g u la to r  i s  perform ed by IC29. T ra n s is to r s  
TR7 and TR8 le v e l s h i f t  and am plify  the  o u tp u t from IC29 to d r iv e  th e  m .o .s . 
f . e . t .  TRIO which a c ts  as the  sw itch . TR9, D22 and C95 ensure  th a t  th e re  is  
s u f f i c i e n t  d r iv e  v o lta g e  a v a i la b le  on th e  g a te  o f  TRIO to  tu rn  i t  on p ro p e rly . 
L4 is  th e  sw itched  in d u c to r; C98 the  o u tp u t c a p a c ito r  and D23 the reco v e ry  
d io d e . V oltage feedback is  v ia  R96 and R97, a llow ing  the  o u tp u t v o lta g e  to  
be s e t  c o r r e c t ly .

45. A dd itions to  the  b a s is  supply p ro v id e  o v e r -c u r re n t  and o v e r-v o lta g e  p ro ­
te c t io n .  R e s is to rs  RI05 and RI06 sense the  c u r re n t  flow ing in to  the  in d u c to r . 
When th e  v o lta g e  ac ro ss  the  r e s i s t o r  reac h es  app rox im ate ly  0 .6  V, TR13 is  
tu rn ed  on; which tu rn s  on t h y r i s t o r  D27. This removes th e  g a te  d r iv e  from 
th e  m .o .s . f . e . t .  sw itch , TRIO. The t h y r i s t o r  i s  held  on by th e  c u r re n t 
flow ing th rough  l . e . d .  D29, and s e r ie s  r e s i s t o r  RIIO. When the  o u tp u t v o lta g e
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exceeds 5 .6  V, Zener diode D30 s t a r t s  to  conduct and w i l l  f i r e  t h y r i s t o r  D31 
when enough c u r re n t  is  flow ing through the  Zener d iode . When D31 is  tu rn ed
on, a very  h ig h  c u r re n t  i s  drawn from the supply and the  c u r re n t  l i m i t  c i r c u i t  
comes in to  o p e ra tio n .

46. The +5 V supply  is  f i l t e r e d  by th e  a c t io n  o f  L5 and C99.

Power re fe re n c e

47. R efer to  Chap. 7, AC04 c i r c u i t  diagram .

48. The power re fe re n c e  su p p lie s  a low s p u r i i  50 MHz c a r r i e r  le v e l le d  a t
1.00 mW. The re fe re n c e  o s c i l l a t o r  i s  enabled by a d i g i t a l  c o n tro l s ig n a l
a p p lie d  to the  t r a n s i s t o r  sw itch es  TRI and TR2. Applying 0 V tu rn s  TRI o f f
thus tu rn in g  TR2 on, en ab lin g  the power r e fe re n c e . When a p o s i t iv e  v o lta g e  
o f  g r e a te r  than  1.5 V is  ap p lied  to  RI, TRI tu rn s  on, tu rn in g  TR2 and the  
power re fe re n c e  o f f .

49. TR3 and a s s o c ia te d  components form a m od ified  H artle y  o s c i l l a t o r  th a t
can be le v e l c o n tro l le d  by the  second g a te  on the  m .o .s . f . e . t .  O utput is
coupled from th e  source o f  TR3 by CB to  th e  m atching and harm onic r e j e c t i o n  
c i r c u i t  c o n s is tin g  o f  CIO to  CI2 and L3. The m atching c i r c u i t  then  feeds 
d e te c to r  D2 and d .c . b lo ck in g  c a p a c ito r  C18. As the source impedance o f  a
le v e l le d  c i r c u i t  i s  0 0, a 50 Q source r e s i s t o r  i s  re q u ire d . This is  com­
b ined  w ith  a 2 dB a t te n u a to r  in  R II. R12 and RI3 form the  r e s t  o f  the  
a t te n u a to r  which then  p asses  r . f .  power to  the  o u tp u t.

50. The ou tp u t from the  d e te c to r  d iode , D2 feeds one s id e  o f  th e  le v e l l in g  
com parator IC la . The -6 .2  V v o lta g e  re fe re n c e  in p u t i s  b u ffe re d  by IC lb ,
th e  g a in  be ing  s e t  by R15, R16, RI8 and R19. The r e s u l t a n t  re fe re n c e  v o lta g e  
is  fed v ia  D3 which is  used to  p ro v id e  tem p era tu re  com pensation fo r  D2, to  the 
n o n - in v e r t in g  in p u t o f  IC la . The o u tp u t o f  IC la  d r iv e s  the  le v e l  c o n tro l 
g a te  o f  th e  o s c i l l a t o r  t r a n s i s t o r  TR3.

P ro cesso r p .c .b .

51. R efer to  Chap. 7, AA02 c i r c u i t  diagram .

52. The p ro c e s so r  board  c o n ta in s  an 8085AH-2 CPU, b u f fe r s  fo r  th e  ad d ress  and 
d a ta  l i n e s ,  add ress  decoding, EPROM, n o n -v o la t i le  RAM, programmable p e r ip h e ra l  
in te r f a c e s  (PPIs) and r e s e t  c i r c u i t r y .  Components and t h e i r  in te rc o n n e c tio n s  
a re  b r i e f l y  d e sc rib e d  below, f u l l  d e s c r ip t io n s  o f  th e  8085 CPU and 8255 PPIs 
can be found in  "MCS85 U sers Manual" p u b lish e c  by I n te l  C o rp o ra tio n . The 
purpose o f  the  p .p .u .  is  to  c o n tro l the  in s tru m en t by means o f the  ad d ress  and 
d a ta  bu ses . The program  is  co n ta in ed  in  th e  EPROM and d a ta  is  s to re d  in  the  
n o n -v o la t i le  RAM. The c .p .u .  is  an 8 - b i t  n .m .o .s .  m ic ro p ro cesso r w ith  i n t e r ­
ru p ts ,  and f e a tu re s  a m u ltip lex ed  a d d re s s /d a ta  bus.
53. The c .p .u . ,  IC3, uses a 10 MHz c r y s ta l  fo r i t s  c lo ck  g e n e ra to r . This is  
in t e r n a l ly  d iv id ed  down to  g ive  a 5 MHz o p e ra tin g  frequency . At power-on a 
r e s e t  is  ap p lied  to  IC3 p in  36. The r e s e t  in s t r u c t io n  RESET JN, l a s t i n g  for 
a t  l e a s t  th re e  f u l l  c lo ck  cycles  synchron izes w ith  the  in te r n a l  c lo ck  and 
r e s e t s  the fo llo w in g :-

(1) Program co u n te r is  c le a re d .

(2) I n s t r u c t io n  r e g i s t e r  is  c le a re d .
(3) I n te r ru p ts  a re  d isa b le d .

(4) A ll t r i - s t a t e  bus l in e s  a re  f lo a te d  (ALE is  n o t t r i - s t a t e ) .
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54. A ddress decoding. A ddress and d a ta  l in e s  a re  m u ltip le x e d , p in s  A8-A15 
a re  o u tp u t-o n ly  l in e s  c a rry in g  the  h ig h -o rd e r  b y te  o f  memory ad d re sse s . ADO- 
AD7 are  b i - d i r e c t i o n a l  l in e s  which o u tp u t the low -o rder b y te  o f  memory 
ad d re sse s  and a lso  double as a b i - d i r e c t i o n a l  d a ta  bus. The top fou r ad d ress  
l i n e s ,  A12-A15 a re  decoded by lC7 3 to  8 decoder to  g ive  a d d re ss in g  b locks o f  
4 k in  the  bottom  h a l f  o f  th e  memory map.

55. Wait s t a t e s .  The o p e ra t io n  o f  th e  c .p .u .  i s  d ir e c te d  in to  read  and 
w r ite  sequences c a l le d  machine c y c le s . These may c o n ta in  from 3 to  6 c lo ck  
cy c le s  (or T s ta t e s )  w ith  the  in s t r u c t io n  fe tc h  MC1 c o n ta in in g  a minimum o f  
fou r T s ta t e s  and the rem ainder th re e  (see  F ig . 8). A memory read  must 
occur w ith in  th re e  c lo ck  p e r io d s  fo r in  th i s  tim e lC3 p la c e s  th e  in p u t in to  
the  in s t r u c t io n  r e g i s t e r .

c L O C K

A t  A I 5

A D O-AD

ALE

RO

L ut c h 
l o w o r d . r  
u d d r .  s s  
b x 11

CD
r c

v

F e t c h  i n l l r u c t l o n  D .co d . in l t r u r t i o n

Th. w u i t  clock p t r 10 ri

CL DC K 

R

M C l

Tl T 2 T W T 3 TA T 1

cJ U SP LMLM
~\ /

CC 912«

Fig. 8 Machine c y c l e .  Wait S t a t e  and Fetoh in s tr u c t io n  (AAOZ)
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56. Slower in p u t /o u tp u t d ev ices  r e q u ir e  more tim e to  respond th e re fo re  i t  is  
n ece ssa ry  to  delay  th e  in p u t to  th e  i n s t r u c t io n  r e g i s t e r .  P ro v is io n  fo r  th i s  
is  made by the  a b i l i t y  o f  the  c .p .u .  to  g e n e ra te  a 'W ait c lo ck  p e r io d s '.  The 
READY s ig n a l l in e  is  sampled by the c .p .u .  a t  th e  c lo ck  p e r io d  T2, i f  th i s  is  
a t  lo g ic a l  low a W ait c lo ck  p e rio d  w i l l  fo llow , f u r th e r  W ait c lo ck  p e rio d s  
would be g en e ra ted  u n t i l  th e  READY s ig n a l l in e  is  a s s e r te d  h igh  One W ait 
c lo ck  p e rio d  only is  re q u ire d  by th e  6960, the  c lo ck  p e r io d s  and s ig n a ls  
g en e ra ted  in  th e  f i r s t  machine cy c le  a re  shown in  F ig . 9. IC6 and ICIOc,d 
c i r c u i t  ho lds the  READY l in e  low fo r  one coun t only then  a s s e r t s  h igh , the 
n ex t c lo ck  p e rio d  T3 then  fo llow s.

57. As only  W ait s ta te s  a re  re q u ire d  by PPls ICI2 and IC I3, th e  W ait c lo ck  
p e r io d  is  g en e ra ted  only  when ad d ress  l in e  AI4 goes h igh , i . e .  fo r ad d re sse s  
in  th e  range 4000H to  7FFFH.

58. Address and d a ta  b u f fe r in g .  IC4 Address b u f fe r  is  an o c ta l  t r a n s p a re n t  
la tc h  and d e -m u ltip le x e s  the  lo w -o rd er ad d ress and d a ta  l in e s  by means o f  the 
ALE (Address L atch  Enable) s ig n a l .  Timing req u irem en ts  cause some n o ise  
sp ik es  on the o u tp u t la tch ed  ad d ress  l in e s ;  th e se  are  caused d u ring  th e  t r a n ­
s i t i o n  from D ata to  Address and a re  to  be expected .

59. IC5 D ata b u f fe r  is  an o c ta l  bus t r a n s c e iv e r  and b u f fe r s  d a ta  to  and from 
th e  d a ta  bus (DO-D7). The d i r e c t io n  o f  the t r a n s c e iv e r  is  c o n t ro l le d  by the 
read  (RD) s ig n a l from th e  c .p .u .  D ata is  s e n t to  th e  c .p .u .  when th e  read  
l in e  is  lo g ic a l  lo w .

60. EPROM. The in s tru m en t o p e ra tin g  program is  co n ta in ed  in  IC8, which is  
an u l t r a v i o l e t  e ra sa b le  EPROM. The EpROM is  an 8 k x 8 - b i t  d ev ice .

61. The EPROM is  accessed  when i t s  CE enab le  l in e  is  lo g ic a l  lo w .  The
o u tp u ts  rem ain t r i - s t a t e  u n t i l  the o u tp u t en ab le , OE, l in e  goe^ low. At
th i s  time th e  d a ta  from th e  lo c a t io n  in  th e  EPROM s p e c if ie d  by the  s ta t e  o f  
ad d ress l in e s  AO to  AI2 is  p laced  on th e  d a ta  bus. F ig . 9 shows the  decoding 
fo r th e  EPROM and o th e r  d ev ice s .

62. RAM. The random access  memory is  a 2 k x 8 - b i t  c .m .o .s .  d ev ice . This 
a llo w s a sm all b a t te r y  to  p ro v id e  standby power making the  RAM n o n - v o la t i l e .  
The s e le c t  l in e  from decoder IC7 is  in v e rte d  by ICIOb b e fo re  be ing  NANDed 
w ith  the c .p .u .  R eset l in e .  The NAND g a te  is  made up from D6 to  D9, RI7,
RI8 and TR2. The o u tp u t from TR2 c o l le c to r  d r iv e s  iC9 CS. When the  6960 
is  powered down TR2 is  tu rn ed  o f f  by th e  r e s e t  c i r c u i t r y  en su rin g  th a t  no 
lo c a tio n s  o f  th e  RAM can be w r i t t e n  to  as the  +5 V supply  f a i l s .

63. The d i r e c t io n  o f  d a ta  to  and from IC9 is  c o n tro l le d  by th e  o u tp u t enab le , 
OE, and w r ite  en ab le , WE, c o n tro l  l in e s .  When WE is  lo g ic a l  h igh  and OE is  
low, d a ta  is  o u tp u t from the  RAM to  th e  d a ta  bus. I f  DE is  h igh  and WE is  
low d a ta  is  w r i t t e n  in to  th e  RAM.

64. When th e  6960 is  powered down, th e  standby power fo r  IC9 comes from 
L ith ium  b a t te r y  BI . The b a t te r y  is  i s o la te d  from th e  +5 V power supply  by 
s p e c ia l  d iodes DIO and D II. DlO has ex trem ely  low re v e rs e  leakage so th a t  
no power p asses  from th e  b a t te r y  to  the  supply  r a i l .  DII has a v ery  low 
forw ard v o lta g e  so th a t  the  b a t te r y  can be used u n t i l  the  v o lta g e  ou t is  
approx im ate ly  2 V. The expected  l i f e t im e  o f  the  b a t te r y  is  a minimum o f
5 y e a rs  and p o s s ib ly  10 y e a rs .
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Fig. 9 Memory decoding

65. R eset c o n tro l .  The r e s e t  c o n tro l c i r c u i t r y  is  used to  inform  th e  c .p .u .  
o f  a power-down s i tu a t io n  and to  ensu re  th a t  the  c .p .u .  i t s e l f  powers down 
c le a r ly .  F ig . 10 shows a s im p lif ie d  diagram  o f the r e s e t  c o n tro l c i r c u i t .
The TRAP, non-m askable, in t e r r u p t  is  used to  inform  th e  c .p .u .  o f an im pending 
lo s s  o f  supply . When th i s  i n t e r r u p t  o c c u rs , th e  c .p .u .  s to r e s  th e  c u r re n t  
f r o n t  panel s e t t in g s  in  STORE 0 so th a t  they  may be r e c a l le d  on pow er-up.
When the  RESET IN l in e  on the c .p .u .  becomes lo g ic a l  low th e  c .p .u .  h a l t s  any 
p ro c e ss in g  and sends a l l  o u tp u ts  to  a t r i - s t a t e  mode.
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66. The f i r s t  h a l f  o f  dual r e c t r ig g e r a b l e  m onostable IC I, i s  t r ig g e re d  by a .c .  
d e riv e d  from th e  secondary  o f  th e  mains tra n s fo rm e r . Thus th e  m onostab le r e ­
mains tr ig g e re d  u n t i l  the  mains supply  is  removed. The p u lse  d u ra tio n  o f  ICI 
p a r t  I i s  s e t  to  27 ms so th a t  supply fre q u e n c ie s  as low as 45 Hz may be used. 
When the m onostable is  no lo n g e r t r ig g e re d  th e  QI low o u tp u t goes h ig h , r a i s ­
ing th e  TRAP i n t e r r u p t .  At th e  same tim e QI h igh  goes low which sends th e  
RESET IN l i n e  o f  the  c .p .u .  low 4.5 ms l a t e r .  D uring th i s  tim e th e  s e t t in g s  
a re  s to re d  in  RAM. The 4.5  ms delay  is  g e n e ra te d  by delay  netw ork R5 and C3. 
QI low i s  NANDed to g e th e r  w ith  th e  c .p .u .  RESET IN l in e  by IC2a. The o u tp u t 
from the  NAND g a te  is  fed v ia  D3 to  th e  c le a r ,  Cl, in p u t o f  the  m onostab le .
This en su res  th a t  the monas ta b le  rem ains in  the  same s ta t e  even i f  the mains 
supply re c o v e rs . P o te n t ia l  d iv id e r  R22 and R23 a lso  ensu re  th a t  the  mono­
s ta b le  s tay s  u n - tr ig g e re d  u n t i l  the  +5 V r a i l  has reached  a s a t i s f a c to r y  v a lu e .

67. The f ro n t  panel key RESET f i r e s  the  second m onostab le a f t e r  a 200 ms 
delay  f ix ed  by R7 and C5. This m onostab le has a d u ra tio n  o f  180 ms. The 
Q2 low o u tp u t i s  taken  to  the  c le a r  in p u t (Cl low) o f  the f i r s t  m onostab le . 
T h ere fo re  th e  RESET key has the  same fu n c tio n  as tu rn in g  the supply o f f ,  bu t 
a llow s th e  c .p .u .  to be r e s e t  w ith o u t removing any s u p p lie s , e n su rin g  s t a b i l i t y  
o f  th e  6960 a m p lif ie r s  e tc .

68. The dual m onostab le and the  NAND g a te s , ICI and IC2, a re  su p p lie d  w ith  
power v ia  D4 and s to ra g e  c a p a c i to r  C4. This en su res th a t  the  CPU, TRAP and 
RESET IN l in e s  rem ain steady  u n t i l  a l l  power has been removed from th e  r e s t  o f  
th e  p ro c e sso r  board .

69. P P ls. ICI2 and ICI3 a re  g en e ra l purpose Programmable P e r ip h e ra l  I n t e r ­
face  (PPI) d ev ices  type  8255. Each has 24 I/O  p in s  which may be in d iv id u a l ly  
programmed in  two or th re e  groups. These a re  th re e  m ajor modes o f  o p e ra tio n  
b u t only  one o f  th e se  is  used . For more d e t a i l s  o f  the  8255 i t  i s  b e s t  to  
r e f e r  to th e  I n te l  p u b l ic a t io n  'MCS-85 U se r 's  M anual'. In th e  o p e ra tin g  mode 
s e le c te d  th e  I/O  p in s  a re  s p l i t  in to  groups o f  8 which may be used as e i th e r  
in p u t or o u tp u t p in s . Table 3 shows how the  groups a re  a l lo c a te d  and th e  
c i r c u i t r y  to  which each goes.

TABLE 5 PPI PORT ALLOCATIONS

PPI Port In  pr Out B i t Controls or Reads

0 Key 4
I Key 5
2 Key 6

A In p u t 3 Key 7
4 Key 8
5 Key 9

I 6 Key DP
7 Key ENT

ICI3 0 Spare Keyboard ABO I
I Spare
2 Spare

B Inpu t 3 Key - (Minus)
4 Key 0
5 Key I
6 Key 2
7 Key 3
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TABLE 3 PPI PART ALLOCATIONS (continued)

PPI Port In or Out B it Controls or Reads

0 S e r ia l  D-A and DISPLAY STROBE LINES
I CAL D-A LOAD
2 ZERO D-A LOAD

C Output 3 RECORDER D-A LOAD
4 DISPLAY DRIVER LOAD
5 POWER REFERENCE ON/OFF
6 REAR PANEL BLANKING OUTPUT
7 LOCAL LOCKOUT TO RESET CONTROL

0 14-B T  D-A LEAST SIGNIFICANT BIT

2
A Output 3

4
5
6
7

2 0
I

ICI2 2
B Output 3

4
5 14-Bl[T D-A MOST SIGNIFICANT BIT
6 SOURCE I ) CONTROL WHICH OF SIGNAL OR
7 SOURCE 2 ) HEAD ZENER Tp BE MEASURED

0 GAIN CONTROL A
I GAIN CONTROL B
2 GAIN CONTROL C

C Output 3 GAIN CONTROL D
4 GAIN CONTROL E
5 SPACE
6 FILTER CONTROL I
7 FILTER CONTROL 2

Keyboard and d isp la y  p .c .b .

70. R efer to  Chap. 7, ABO I c i r c u i t  diagram . Components on th i s  p .c .b .  can 
be s p l i t  in to  two d i s t i n c t  p a r t s .  These being  th e  key sw itches and the  d i s ­
p lay  d r iv e r s .

71. The l iq u id  c r y s ta l  d isp la y  ( l . c . d . )  d r iv e rs  ICI and IC2, a re  s e r i a l  in p u t 
d ev ices  thus they only have 3 c o n tro l l in e s  bu t p ro v id e  up to  32 segment 
d r iv e s  from each i . c .  The s e r i a l  d a ta  is  c locked  in  by a f a l l in g  edge on the 
CLX in p u t l in e .  This d a ta  is  then  loaded to  the  d is p la y  d r iv e  by a lo g ic a l  
h igh  on the  LOAD s ig n a l l in e .  The two in te g ra te d  c i r c u i t s  a re  cascaded  so 
th a t  3 l in e s  c o n tro l bo th  ICI and IC2.
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GPIB in te r f a c e  module

C ir c u i t  d ia g ra m : Chap. 7, GPIB p .c .b .  c i r c u i t  diagram

72. This module is  an o p tio n a l item  and only f i t t e d  to  6960 when rem ote 
f a c i l i t i e s  a re  re q u ire d . The module when connected  to  th e  r e a r  p an e l, a llow s 
d i r e c t  co n n ec tio n  from a GPIB t a l k e r / l i s t e n e r  dev ice  and im plem ents the f u l l  
IEEE 488 s p e c i f ic a t io n s  (no c o n tro l fu n c tio n ) .

73. ICI (8291 GPIB t a l k e r / l i s t e n e r  in te g ra te d  c i r c u i t )  i s  connected to  the  
m ic ro p ro cesso r system  p ro v id in g  bo th  ta lk e r  and l i s t e n e r  c a p a b i l i t i e s .  IC2- 
ICS tr a n s c e iv e r s  a re  used to  t r a n s l a t e  the n e g a tiv e  tru e  lo g ic  and a c t  as 
d r iv e r s .  IC6d/IC6c p ro v id es  th e  lo g ic  low le v e l  fo r  the  re c e iv e  in s t r u c t io n  
T/RI to  IC4, p in s  7 ,9 ; or the  ta lk e r  h igh le v e l  fo r IC 2,IC 3,IC 4 and a lso  p ro ­
v id e s  the  a d d i t io n a l  b u f fe r in g  n ecessa ry  fo r the  th re e  lCs in  l i n e .  Also 
f i t t e d  on the  in te r f a c e  module a re  th e  GPIB bus te rm in a to r  loads RI-R6, the  
ad d ress  sw itch  SWI, and i t s  b u f fe r  IC7.

74. The fu n c tio n  o f  the  board  is  to  p rov ide  b u f fe r in g  between the g en era l 
purpose in te r f a c e  bus and th e  8291 GPIB h a n d le r . The e x te rn a l c o n t r o l le r  
d i r e c t s  the  flow  o f  d a ta  on th e  bus and d e s ig n a te s  when th e  6960 i s  to  send 
d a ta  and when i t  must re c e iv e  i t .  The bus uses 16 s ig n a l l in e s  to connect 
a l l  u n i t s  o f  a system  in  p a r a l l e l .  These l in e s  a re  su b -d iv id e d  in to  d a ta , 
t r a n s f e r  and in te r f a c e  management buses as shown in F ig . 11.
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Fig. 11 In te r fa c e  bus s tru c tu r e
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75. D ata bus, com prises 8 d a ta  in p u t/o u tp u t l in e s  DO-D7 and is  used to  
t r a n s f e r  the  d a ta  (commands, a d d re sse s  and in s t r u c t io n s )  in  b i t  p a r a l l e l ,  by te  
s e r i a l  form.

76. In te r f a c e  management bus, manages the  o rd e r ly  flow o f d a ta  a c ro ss  the 
in te r f a c e  and c o n s is ts  o f  5 w ires  c a rry in g  th e  fo llow ing  s ig n a ls

In te r fa c e  c le a r  (IFC): s e n t by the  system  c o n t r o l le r  to  c l e a r  a l l
dev ice  in te r f a c e s  so th a t  they s e t  to  an i n i t i a l  c o n d itio n .

Remote enab le  (REN): s e n t by the  c o n t r o l le r  to  enab le  in s tru m en ts
to  be p laced  under rem ote c o n tro l .

A tte n tio n  (ATN); sen t by th e  c o n t r o l le r  to  in d ic a te  t h a t  an ad d ress 
or command is  on the  d a ta  l in e s .

End or id e n t i f y  (EOI): an in s tru m en t or c o n t r o l l e r  s ig n a l se n t to
in d ic a te  th e  end o f  a m essage.

S erv ice  re q u e s t  (SRQ): s e n t to  a c o n t r o l le r  by an in s tru m en t to
in d ic a te  th a t  i t  needs s e rv ic e .  This can be programmed u s in g  the 
'SR' program  code, d e t a i l s  o f  which a re  g iven  in  th e  O perating  Manual, 
Vol. I, Chap. 3, SRQ (S erv ice  Request) F u n c tio n .

77. Handshake or d a ta  t r a n s f e r  bus, c o -o rd in a te s  the  flow  o f  d a ta  and com­
p r is e s  3 l in e s  which are  used fo r the  handshaking p ro c e s s , by which a t a lk e r  
o r c o n t r o l l e r  synchron izes i t s  re a d in e s s  to  send d a ta  w ith  a l i s t e n e r ’s r e a d i ­
ness to  re c e iv e  d a ta . The handshake s ig n a ls  a re  :

Not ready  fo r d a ta  (NRFD); a s s e r te d  (low) by a l i s t e n e r  when i t  is  
a c t iv e  and no t y e t  ready to  re c e iv e  d a ta . Set h igh to  s ig n a l i t s  
r e a d in e s s  to  re c e iv e  d a ta , DAV can then  be s ig n a l le d  i f  fu r th e r  d a ta  
is  to  be p ro cessed .

Data v a l id  (DAV); a s s e r te d  by a ta lk e r  to  in d ic a te  th a t  th e  d a ta  i t  
has p laced  on the  d a ta  bus has s e t t l e d  and may be accep ted .

Not d a ta  accep ted  (NDAC); a s s e r te d  by a l i s t e n e r  when re c e iv in g  in f o r ­
m ation  from the d a ta  l i n e s .  R elease o f  the  NDAC l in e  t e l l s  the  d a ta  
source th a t  new d a ta  can be sub m itted .

78. Bus o p e ra tio n

( i)  A sequence o f  m essages may be commenced by th e  c o n t r o l le r  a s s e r t in g  
IFC on the  management bus to  s e t  th e  in te r f a c e  to  i t s  i n i t i a l  c o n d itio n .

( i i )  The c o n t r o l le r  then  s e ts  up which in s tru m en ts  a re  to  be l i s t e n e r s  
by a s s e r t in g  ATN and handshaking th e  p e rso n a liz e d  l i s t e n  ad d ress  o f  
th e se  in s tru m en ts  over the bus. S im ila r ly  th e  c o n t r o l le r  d e s ig n a te s  
the  ta lk e r  (only  one in s tru m en t may ta lk  a t  a tim e) by sending i t s  t a lk  
ad d ress , ag a in  w ith  an ATN a s s e r te d .
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( i i i )  On removing ATN the ta lk e r  i s  then  ab le  to  p la c e  d a ta  on th e  d a ta  
l in e s  DO to  D7, th e  t r a n s f e r  o f  th i s  i s  c o n tro l le d  by th e  handshake p ro ­
cess and is  re c e iv e d  by a l l  addressed  l i s t e n e r s .  The ta lk e r  ty p i c a l ly  
concludes the  sequence by a s s e r t in g  EOl and th e  c o n t r o l le r  then  resumes 
c o n tro l .

(iv ) Both the  ta lk e r  and th e  l i s t e n e r s  may be sw itched  by the  c o n t r o l ­
l e r  in to  an in a c t iv e  s t a t e  by a s s e r t in g  lFC or sending OTA (o th e r  t a lk  
ad d ress) and UNL (u n l is te n )  on th e  d a ta  bus.

79. Handshake p ro ced u re , the handshake is  used whenever d a ta  is  t r a n s f e r r e d  
on th e  bus. When a s ig n a l is  a s s e r te d  th e  fu n c tio n  in d ic a te d  by th e  l in e  is  
c a r r ie d  o u t, e .g . NRFD is  a s s e r te d  to  s ig n ify  the  l i s t e n e r ’s u n read in ess  to  
re c e iv e  d a ta , and u n a sse r te d  or removed when ready  to  re c e iv e  d a ta . A t y p i ­
c a l handshake i s  as fo llow s:

( i )  T alker ( c o n tr o l le r )  p la c e s  a b y te  on the  d a ta  bus w ith  DAV i n i t i a l ­
ly  u n a sse r te d  to  show d a ta  i s  n o t y e t  v a l id .

( i i )  When a l l  l i s t e n e r s  a re  ready  to  re c e iv e  d a ta  NRFD is  removed w ith  
NDAC a t  th i s  tim e a s s e r te d .

( i i i )  A fte r  a delay  to  a llo w  th e  d a ta  bus to  s e t t l e ,  ta lk e r  a s s e r t s  DAV 
to  show d a ta  is  v a l id  and may be accep ted .

(iv ) D ata b y te  is  t r a n s f e r r e d ,  then  l i s t e n e r s  a s s e r t  NRFD. When a l l  
th e  l i s t e n e r s  have accep ted  th e  b y te  NDAC is  removed to  s ig n ify  r e c e ip t .

(v) T alker removes DAV, l i s t e n e r s  a s s e r t  NDAC, and the  bus r e v e r t s  to  
i t s  i n i t i a l  c o n d itio n  ready fo r  th e  n ex t d a ta  b y te , a ty p ic a l  cy c le  is  
shown below in  F ig . 12.

ADDRESS BYTE DATA BYTE

II
I
I NOT VALID NOT VALID
I s

Delay to  v "
DAV a l lo w  d o la

10 s e t t le
V A LID V A LID

I

I _  ADDRESS BYTE 
1 LATCHED IN H L DATA BYTE 

LATCHED IN P I

Fig. 12 Handshake procedure
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Softw are d e s c r ip t io n

80. On power-up the  p ro c e sso r s e ts  up a s ta c k  p o in te r  a t  th e  h ig h e s t  working 
lo c a t io n  in  RAM, i n i t i a l i z e s  the  8255 PPIs; th e  d is p la y  is  then  s e t  to  read 
'6960 ' w h i ls t  a sim ple t e s t  is  made on a l l  RAM lo c a t io n s .  The TRAP i n t e r ­
ru p t i s  enab led  a t  th i s  p o in t .  A checksum b y te  s to re d  on power-down is  
checked to  ensu re  d a ta  r e te n t io n .  The D-As a re  then  s e t  as th e  d a ta  r e q u ire s .  
The program is su e  is  then  d isp la y e d  in  th e  form 'I 5 n ' fo r  1/2 second. At 
th i s  p o in t ,  i f  any key is  p re ssed  the  program jumps to  the  c a la id  ro u t in e s .
The 8291A GPIB ch ip  is  i n i t i a l i z e d  and th e  GPIB ad d ress  is  d isp la y e d  i f  the 
chip  i s  p re s e n t .

81. The main program  loop o p e ra te s  as fo l lo w s :-  I f  i t  i s  th e  f i r s t  m easu re­
ment; the  range sw itches a re  s e t ;  th e  range o f f s e t  is  looked up; the  range 
l im i t s  a re  looked up; th e  s e t t l i n g  tim e is  c a lc u la te d  from th e  average number; 
the  averag ing  sample number is  s e t  to  zero ; a s in g le  A-D co n v ers io n  is  c a r r ie d  
ou t and s to re d  as the p rev io u s average; the  m easurem ent co u n te r is  r e s e t ;  i f  
s e t t l i n g  tim e is  enabled  the  s ta tu s  b y te  in  th e  GPIB o u tp u t s t r in g  is  s e t  to  
a n 'S ' ;  and th e  number o f  conv ers io n s r e q u ire d  on th e  in s id e  averag ing  loop
is  looked up i f  in  th e  f a s t  o p e ra tin g  mode (GPIB on ly) e ls e  th e  d e f a u l t  v a lu e  
o f  400 is  used.

82. The in s id e  averag in g  loop checks to  see i f  any key has been p re s se d .
I f  so , th e  program  jumps to  th e  keyboard ro u t in e s .  An A-D co n v ers io n  then  
tak es  p la ce  and is  averaged w ith  the  p re v io u s ly  s to re d  d a ta . The loop is  
re p e a te d  u n t i l  th e  re q u ire d  number o f  conv ers io n s has taken  p la c e .

83. The head Zener i s  then  m easured by perform ing  an A-D co n v ers io n  w ith  the 
sw itches s e t  to  read th e  d iode . The d a ta  from the  co n v ers io n  i s  then  used to  
work ou t which Zener diode is  in  u se . D ata reg a rd in g  l i n e a r i t y  c o r r e c t io n  
and s e n s i t i v i t y  a re  saved.

84. The m easured power d a ta  is  then compared w ith  th e  range l im i t s  s to re d  
p re v io u s ly . The program  jumps to  th e  range e r ro r  ro u t in e  i f  th e  l im i t s  are  
exceeded and an SRQ is  r a i s e d  i f  n ece ssa ry .

85. The d a ta  is  then  converted  in to  the  b in a ry  f lo a t in g  p o in t  form at re q u ire d  
by th e  MATHS package. The range o f f s e t  i s  added a t  the  same tim e.

86. I f  th e  f i l t e r  i s  in  (Range I) th e  d a ta  is  c o rre c te d  fo r  the  g a in  e r r o r  o f  
the  f i l t e r .

87. The out s id e  average (th e  one s e le c ta b le  from the  f ro n t  p an e l) i s  then  
perform ed.

88. A check on th e  s ig n  o f  th e  d a ta  is  c a r r ie d  out and i f  -ve and the  dB mode 
is  s e le c te d , UNDERRANGE is  flagged  and the  program jumps to  th e  range e r ro r  
r o u t in e .

89. The d a ta  is  then  range c o r re c te d  so th a t  th e  top read in g  on th e  c e n tre  
range is  1.000.

90. Diode or therm ocouple l i n e a r i t y  c o r re c t io n  is  then  a p p lie d  as re q u ire d .

91. CAL FACTOR c o r r e c t io n  is  then  a p p lie d .

92. The RECORDER OUTPUT D-A is  then s e t  as re q u ire d  to  the  fo llo w in g  r u l e s :  - 
I f  in  l i n e a r  mode (W), o u tp u t is  a  V to  +S V fo r  each range. I f  in  dB mode, 
o u tp u t i s  +S V fo r  th e  top o f  range 3 w ith  a g a in  o f  1.0 v/la dB.

June 84
Chap. 4
Page 21



H 6960
Vol. 2

93. Duty cy c le  c o r re c t io n  is  then  a p p lie d .

94. The r e s u l t a n t  d a ta  i s  then  tu rn ed  to  mW dependent on th e  s e n s i t i v i t y  o f  
th e  senso r as in d ic a te d  by the  HEDTYP.

95. The d a ta  is  then  tu rn ed  to  dBm and any dBrel o f f s e t  added as r e q u ire d .

96. The a t te n u a t io n  o f f s e t  i s  then  ap p lied  i f  re q u ire d .

97. The f in a l  ro u t in e  in  the  MAIN loop b a s i.c a lly  d r iv e s  th e  d isp la y  and GPIB 
o u tp u t. I t  can be s p l i t  in to  v a r io u s  p a r t s :

(1) Round the  d a ta  acco rd in g  to  th e  amount o f  averag in g  th a t  i s  being  
a p p lie d . This i s  range dependent in  th e  dB mode.

(2) The s e t t l i n g  tim e is  checked i f  en ab led . I f  th e  s e t t l i n g  tim e 
has been reached  a f la g  is  s e t  to  in d ic a te  th i s .

(3) The m easurem ent r e s u l t  is  loaded in to  th e  GPIB o u tp u t b u f f e r  and 
a lso  d isp la y e d .

98. I f  in  th e  GPIB t a l k  only mode the  GPIB o u tp u t b u f fe r  i s  o u tp u t to  th e  
GPIB.

99. An SRQ is  r a i s e d  i f  SRQ on end o f  m easurem ent was re q u ire d .

100. I f  no t in  th e  HOLD mode (GPIB o n ly ) , th e  program  jumps back to  the  s t a r t  
o f  th e  main loop.

101. I f  in  th e  HOLD mode, a check is  made to  see i f  lo c a l  lo ck o u t is  s e t ;  i f  
no t th e  program runs round a loop checking fo r th e  LOCAL key e ls e  i t  h a l t s  the  
p ro c e s so r .
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INTRODUCTION

1. This c h a p t e r  c o n t a i n s  i n f o r m a t i o n  f o r  k e e p in g  t h e  eq u ip m en t in  good  
w ork in g  o r d e r ,  c h e c k in g  o v e r a l l  perform ance, f a u l t  f in d in g  and re -a l ig n m en t  
p roced u res .  B e f o r e  a t t e m p t i n g  any m a in te n a n c e  on t h e  eq u ip m en t  you a r e  
a d v ised  to  read the  p reced ing  chapter  c o n ta in in g  th e  t e c h n ic a l  d e s c r i p t io n .

2 .  In the  c a se  o f  d i f f i c u l t i e s  which cannot be r e so lv e d  w ith  th e  a id  o f  t h i s  
book, p le a s e  c o n ta c t  your n e a r e s t  Marconi Instrum ents r e p r e s e n t a t i v e .  Always 
q u o te  t h e  t y p e  and s e r i a l  number found on th e  data p l a t e  a t  th e  rear  o f  the  
in s tr u m e n t .

3. When making t e s t s  to  v e r i f y  th e  instrum ent meets th e  s t a t e d  p e r fo r m a n c e  
l i m i t s ,  a l l o w a n c e s  must be made f o r  t h e  u n c e r t a i n t y  o f  the  t e s t  equipment 
u sed .

4 . In teg r a te d  c i r c u i t s  and sem iconductor d e v i c e s  a r e  u se d  t h r o u g h o u t  t h i s  
i n s t r u m e n t  a n d ,  a l t h o u g h  t h e s e  h ave  i n h e r e n t  lo n g  term  r e l i a b i l i t y  and 
m echan ical ru g ged n ess ,  th ey  are s u s c e p t i b l e  to  damage by o v e r lo a d in g ,  r e v e r s e  
p o l a r i t y  and e x c e s s i v e  heat or r a d ia t io n  and th e  use  o f  i n s u la t i o n  t e s t e r s .

S t a t i c  s e n s i t i v e  d e v ic e s

5. The CMOS in te g r a t e d  c i r c u i t s  used in  t h i s  instrum ent have ex trem ely  h igh  
in p u t  r e s i s t a n c e  and can be damaged by a c c u m u la t io n  o f  s t a t i c  c h a r g e s  ( s e e  
p r e l i m in a r y  p a g e s ,  N o te s  and C a u t i o n s ) .  Boards th a t  have such in te g r a t e d  
c i r c u i t s  a l l  carry  warning n o t i c e s  a g a in s t  damage by s t a t i c  d i s c h a r g e .

F au lt  l o c a t i o n

6 . Some a id  to  f a u l t  f in d in g  i s  p r o v id e d  by th e  t y p i c a l  d . c .  v o l t a g e  and 
s i g n a l  l e v e l s .  Tables g iv e n  are  not e x t e n s iv e  but are in ten d ed  as  a p o in te r  
t o  fu r th e r  i n v e s t i g a t i o n .  I t  i s  emphasized th a t  each f a u l t  t a b l e  s h o u ld  be  
s t u d i e d  h a v in g  r e g a r d  for  th e  o t h e r s ,  s in c e  in c o r r e c t  o p e r a t io n  o f  a c i r c u i t  
may be caused by m a lfu n ction  o f  an a s s o c ia t e d  c i r c u i t .

DC v o l t a g e s

7. V o ltages  g iv en  approximate th o se  which can be exp ected  u s in g  a 20 kfl/V 
meter on a t y p ic a l  6960 connected  to  an a . c .  supp ly  o f  220 to  240 V, 50 Hz.

Board la y o u t  and p r e s e t  components

8 . P r in ted  c i r c u i t  board la y o u ts  can be seen  in  Chap, 7, S e r v ic in g  Diagrams. 
P r e s e t  and s e l e c t - i n - c a l i b r a t i o n  (SIC) components are  a l s o  i d e n t i f i e d  t h e r e .  
A f u r t h e r  p la n  v ie w  o f  t h e  p r e s e t s  and t h e i r  f u n c t i o n  can be seen  in  t h i s  
c h a p te r .

ACCESS AND LAYOUT

Layout, top  v iew  ( s e e  F ig .  1)

9 .  To remove top  and bottom o u te r  c o v e r s  s im p ly  u n sc r e w  t h e  two r e t a i n i n g  
screw s in  th e  rear  panel f e e t ;  remove th e  f e e t  and the  d i e c a s t  surround, then  
s l i d e  each cover to  the  rear  and l i f t  o f f .
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1 0 .  To r e m o v e  t h e  p r o c e s s o r  p . c . b . ,  A A 0 2 / 1 ,  f i r s t  u n s c r e w  t h e  s i x  
s e l f - t a p p i n g  s c r e w s  h o l d i n g  t h e  p . c . b .  t o  t h e  s i d e  f r a m e s .  C a r e f u l l y  
d i s c o n n e c t  t h e  t h r e e  m u l t i w a y  c o n n e c t o r s  f r o m  t h e  p . c . b .  Do n o t  p l a c e  t h e  
p . c . b .  a s s e m b l y  on a m e t a l l i c  s u r f a c e  o r  t h e  b a t t e r y  may be  damaged.

F i g .  1 : L a y o u t ,  w i t h  AA02/1 d i s c o n n e c t e d  

Dism antling  fro n t  panel assembly

11. D i s c o n n e c t  a l l  s o c k e t s  t h a t  c o n n e c t  t h e  f r o n t  p a n e l  a s s e m b l y  t o  t h e  r e s t  
o f  t h e  i n s t r u m e n t .  Remove t h e  f o u r  s c r e w s  h o l d i n g  t h e  s i d e  p a n e l s  t o  t h e  
f r o n t  p a n e l  a s s e m b l y .  The f r o n t  p a n e l  a s s e m b l y  c a n  now be p u l l e d  f o r w a r d  and 
p a r t i a l l y  r e m o v e d .  The s u p p l y  s w i t c h  and  i t s  c o v e r  must  e i t h e r  be  d i s c o n n e c t e d  
o r  removed b e f o r e  t h e  f r o n t  p a n e l  c a n  be c o m p l e t e l y  r e m oved .  When r e p l a c i n g  
t h e  f r o n t  p a n e l  a s s e m b l y  a s  a u n i t ,  d i s c o n n e c t  t h e  w i r e s  f r o m  t h e  s u p p l y  
s w i t c h  a t  t h e  r e a r  p a n e l  f u s e s  and v o l t a g e  c h a n g e - o v e r  s w i t c h .

12 .  The p . c . b .  c a n  now b e  r e m o v e d  by re m o v in g  t h e  s i x  s c r e w s  h o l d i n g  i t  t o  
t h e  f r o n t  p a n e l  m e t a l  w o rk .

13.  On r e - a s s e m b l y  e n s u r e  t h a t  a l l  o f  t h e  p u s h - b u t t o n s  o p e r a t e  f r e e l y  a n d  
t h a t  t h e  d i s p l a y  i s  c e n t r e d  i n  i t s  s u r r o u n d .
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D ism antling  rear  panel assem bly

14. D isconnect th e  two c a b le s  th a t  j o i n  th e  rear  panel assem bly to  the  
a n a lo g u e  p . c . b .  U n so ld e r  th e  w ir e s  from the supply sw itc h  a t  the  f u s e s  and 
v o l ta g e  change-over  s w i tc h .  Remove t h e  two s c r e w s  a t  th e  en d s  o f  t h e  GPIB 
a s s e m b l y  s u p p o r t  p l a t e  and l i f t  o u t  t h e  GPIB a s s e m b ly .  The r e a r  p a n e l  
assem bly can now be p u l led  away a f t e r  removing 6 screws (4  in  one s id e  and 2 
i n  th e  o t h e r ) .

A ccess  to  power r e fe r e n c e  p . c . b .

15. The power r e fe r e n c e  assem bly must f i r s t  be removed from t h e  i n s t r u m e n t .
Remove th e  two s c r e w s  h o l d i n g  th e  mounting p la t e  to  th e  s id e  p a n e l .  The

four  s e l f  tapping  screws h o ld in g  th e  s c r e e n in g  can now be removed. When t h e  
p l a t e  h a s  b e e n  removed and t h e  c o n n e c t o r  p u l l e d  o f f ,  th e  p . c . b .  may be 
withdrawn from the  box.

PERFORMANCE AND INTERNAL SIGNAL TESTS

Sw itch-on  c a l i b r a t io n  checks

16. Performing th e  c a l i b r a t io n  procedure a t  sw itc h -o n  d e m o n s t r a t e s  t h a t  th e  
in s tr u m e n t's  measuring c i r c u i t s  are  fu n c t io n in g .

Sw itch -on : At s w i t c h - o n  t h e  6 9 6 0 ' s  LCD s h o u ld  f i r s t  d i s p l a y  "6960"
fo l lo w e d  by the so ftw are  i s s u e  number e . g .  "IS  7" and th e n  
t h e  GPIB a d d r e s s  ( i f  GPIB i s  f i t t e d ) .  I f  no s e n s o r  i s  
connected  the  LCD w i l l  then d i s p la y  the error  code 
"Er 2". Otherwise th e  instrum ent should , w ith  no r . f .  power  
a p p l i e d  t o  t h e  s e n s o r ,  d i s p l a y  e i t h e r  a v e r y  low  power  
reading' or f i v e  dashes and the  "under range" an n u n cia tor .

A u tozero ing: Press  [AUTO ZERO]. This should  cause  the  LCD to  d i s p l a y  th e
f i v e  dashes and the "zero" an n u n cia tor .  As each o f  the 6960 's  
f i v e  ranges i s  zeroed , one o f  the dashes i s  blanked. When a l l  
d a s h e s  h a v e  b e e n  b l a n k e d ,  a l l  r a n g e s  a r e  z e r o e d .  A f t e r  
z e r o in g ,  the  instrum ent re tu rn s  to  the  range p r e v i o u s l y  s e t ,  
or ( i f  no range was s e t ) ,  to  a u to -  range. With no r . f .  power 
appliec],  a low power read ing  or  th e  f i v e  d a s h e s  and "under  
range" an n u n cia tor ,  are aga in  d is p la y e d .

A u to c a l ib r a t io n :  P ress  [LINEARITY FACTOR] and from th e  bar chart on the sensor  
l a b e l l e d  LIN F, e n t e r  t h e  l i n e a r i t y  f a c t o r .  P r e s s  [CAL 
FACTOR] and e n ter  th e  50 MHz r e f e r e n c e  c a l i b r a t i o n  f a c t o r  
g i v e n  on th e  s e n s o r .  (F o r  6910 and 6913 s e n so r s  the  d e f a u l t  
f ig u r e  o f  100 a p p l ie s  and no e n try  i s  r e q u ir e d ) .

Connecting a 6910 s e r i e s  s e n s o r  t o  th e  power r e f e r e n c e  and 
p r e s s in g  [AUTO CAL] ca u ses  the  sen sor  to  be c a l ib r a t e d  to  the  
0 dBm, 50 MHz power r e fe r e n c e  s i g n a l .  When a u t o c a l ib r a t io n  i s  
c o m p le te d  th e  r e f e r e n c e  i s  s w i tc h e d  o f f  ( i f  not p r e v io u s ly  
s e l e c t e d ) ,  but i f  sw itched  on aga in  by p r e s s i n g  [POWER REF] 
th e  d i s p l a y  s h o u ld  read  0 dBm or 1 .00  mW i f  a u t o c a l ib r a t io n  
has been s u c c e s s f u l .

6920 s e r i e s  s e n so r s  are c a l ib r a t e d  to  -3 0  dBm, and th e  0 dBm 
r e f e r e n c e  s i g n a l  s h o u ld  be a p p l ied  to  th e se  s e n s o r s  v ia  the  
s u p p lie d  c a l ib r a t e d  30 dB a t te n u a to r .

Chap. 5
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Performance s p e c i f i c a t i o n s

17. The p e r fo r m a n c e  s p e c i f i c a t i o n s  l i s t e d  in  Table 1 below are  reproduced  
from the SPECIFICATION s e c t i o n  i n  th e  Operating Manual (Chapter 1, Page 4 ) .

18. The s p e c i f i c a t i o n s  d e s ig n a te d  TYPE are  i m p l i c i t  in  th e  d e s ig n  o f  th e  6960 
and are  th e r e f o r e  not t e s t e d  fo r  in  th e  production  o f  th e  in s tru m en t.

19. The s p e c i f i c a t i o n s  d e s ig n a te d  PRODUCTION a r e  t e s t e d  f o r  a n d /o r  s e t  by 
a d j u s tm e n t  i n  p r o d u c t i o n .  Those PRODUCTION s p e c i f i c a t i o n s  w h ich  are  a l s o  
d e s ig n a te d  (TEST) have t h e i r  production  t e s t s  r e p r o d u c e d  i n  t h e  P er form an ce  
T e s t s  s u b - s e c t i o n .  Those w h ic h  a r e  a l s o  d e s ig n a te d  (ADJUSTMENT) are s e t  by 
adjustm ents  d e sc r ib e d  in  the  ADJUSTMENT AND CALIBRATION s e c t i o n .  (N o te  t h a t  
th e  performance i s  a d ju s te d  to  w e l l  w i th in  the  s p e c i f i c a t i o n ) .

20.
Table 1 : Performance s p e c i f i c a t i o n s

SPECIFICATION DESIGNATION

Power r e fe r e n c e  ( in t e r n a l  c a l ib r a t o r ) PRODUCTION (ADJUSTMENT)
Power u n c e r ta in ty  : +/-0.7%  ( t r a c e a b le
to  n a t io n a l  s ta n d a r d ) .
Power accuracy  : +/-1.2%  (over  one y e a r ) .

In stru m en tation  accuracy PRODUCTION (TEST)
Watts mode : +/-0.5%
dBm mode : + / - 0 .0 2  dB
dB REL mode : + / - 0 .0 2  dB

F ast l e v e l l i n g  output TYPE
L e v e l le d  power accuracy  : +/-0.5%
(E xcludes CAL and LINEARITY f a c t o r s )
1 V per range.

Recorder output PRODUCTION (ADJUSTMENT)
Power accuracy  : +/-1.0%
dB mode ; lV /decade 'i i  L -
Watt mode : 5V l in e a r ? r. C- '■ r' C'

Blanking outppt TYPE
Max. v o l t a g e  25 V, Max. curren t  50 mA,
Open c o l l e c t o r ,  Short c i r c u i t  fo r  b lan k .

Zero s e t PRODUCTION (TEST)
Zero s e t  error  : +/-1.0% o f  most
s e n s i t i v e  range .

Zero carryover PRODUCTION (TEST)
Zero carryover  error  : 0.03% o f  f u l l
s c a l e  when zeroed  on most s e n s i t i v e
range .

Peak Noise TYPE
Less than 1% o f  f u l l  s c a l e  on most
s e n s i t i v e  ran ge .

Continued o v e r l e a f .
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Table 1 : Performance s p e c i f i c a t i o n s  (c o n t in u e d )

SPECIFICATION DESIGNATION

Response tim e
Range 1 : Is s e l e c t a b l e
Ranges 2 to  5 : 25 ms u s in g  GPIB and
t r i g g e r  modes. 250 ms ( d i s p l a y  update)
s e l e c t a b l e .

TYPE

Performance T e s t s  (COVERS ON)

In tr o d u c t io n

21. These t e s t s  check th e  th r ee  s p e c i f i c a t i o n s  r o u t in e l y  t e s t e d  in  p roduction
w h ic h  a r e  n o t  d i r e c t l y  a d j u s t a b l e  by t h e  u s e r :  n am ely  z e r o  s e t ,  z e r o  ( '
c a r r y o v e r ,  and in s tr u m e n ta t io n  a ccu ra cy .  There i s  a s i n g l e  t e s t  com b in in g  th e  
z e ro  s e t  and zero  carryover  s p e c i f i c a t i o n s .

22 . The s p e c i f i c a t i o n s  t e s t e d  apply  to  the  6960 o n ly ,  but i n  order  to  t e s t  
them a Marconi Instrum ents 6910 or 6920 s e r i e s  RF sen so r  must be c o n n e c t e d  t o  
th e  i n s t r u m e n t .  R e s u l t s  f o r  b o th  6910  s e r i e s  and 6920  s e r i e s  s e n s o r s  are  
g iv e n .  I t  i s  p r e fe r r e d  th a t  a 6910 s e r i e s  d e t e c t o r  i s  u s e d  t o  m in im iz e  a n y t 
p o s s i b i l i t y  o f  i n a c c u r a c i e s  due to  d r i f t .  I f  a 6920 s e r i e s  se n so r  i s  u sed ,  
e x c e s s i v e  h an d lin g  and v i o l e n t  tem perature changes shou ld  be avo id ed .

23 . The format f o r  the  t e s t s  i s :

S p e c i f i c a t i o n  
Test equipment 
T est  arrangement 
Procedure  
Table o f  r e s u l t s

24 . Where a t e s t  instrum ent type number i s  preceded by "MI", t h i s  i s  a 
Marconi Instrum ents prod u ct .

Chap. 5
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25.
Zero set/carryover

_____________________________ SPECIFICATION__________________________________

Zero s e t  error  : + / -  1 % o f  f u l l  s c a le  o f  range 1.
4.

Zero carryover  : + / -  0 .0 3  % o f  f u l l  s c a le  o f  o p e r a t iv e  range (when 
zeroed  on most s e n s i t i v e  r a n g e ).

n

\n .

n ,

Test equipment

None req u ired

Test arrangement 6  96Ö
POWER METER

R F  S e n s o r  
69 10 /6920

S en e s  F ig . 2 : Arrangement fo r  zero  s e t / z e r o  carryover  t e s t  

Procedure

(1 )  P ress [AUT0ZER0] and w ait u n t i l  co m p le te .

(2 )  Set [AVERAGE] to  50, [UNITS] to  W atts.

(3 )  Set [RANGE] to  1.

(4 )  Wait 15 s fo r  averag in g  to  be com p leted .

(5 )  Note zero  er ro r  read in g in  th e  r e s u l t s  t a b le ,  below .

( 6 ) Repeat ( 3 ) ,  (4 )  and (5 )  fo r  ranges 2 to  5.

( 7 )  Check th a t  zero  s e t /c a r r y o v e r  erro r  does not exceed  s p e c i f ie d  l i m i t s .

Results

Range 6910 s e r i e s  se n so rs 6920 s e r i e s  se n so r s
F .S .D . Error l im it s Reading F .S .D » Error l im it s Reading

1 10 pW + / -  0 . 1 0  pW * 0  , - 0 . 0 1 0 nW + / -  0 .0 1 0  nW
2 100 pW + / -  0 .1 3  pW 0 .0 1 3 nW + / -  0 .0 1 3  nW
3 1 mW + / -  0 .4  pW 0 .0 4 nW + / -  0 .0 4  nW
4 10 mW + / -  3 .1  pW 0 .3 1 nW + / -  0 .3 1  nW
5 100 mW + / -  30 .1  pW 3.01 nW + / -  3 .01  nW

Jul• 86 (Am. 2)
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26.
Instrumentation accuracy

SPECIFICATION

Maximum in str u m en ta tio n  erro r  Watts mode : +/-0.5%
dBm mode : + / - 0 .0 2  dB 
dB REL mode : + / - 0 .0 2  dB

TEST EQUIPMENT
D e sc r ip t io n Minimum s p e c i f ic a t io n Exam ple(s)

S ig n a l gen era to r Power accu racy: + /-1  dB MI 2022
(a t  50 MHz) MI 2018A

MI 2019A

Test arrangement

SIGNAL GENERATOR 6 960

TPA Si  69

O Î '

Fig. 3 : Arrangement for instrumentation accuracy test 
Procedure (For power reading in Watts mode)
(1 )  Set s ig n a l  gen era to r  RF l e v e l  to  0 dBm ( -3 0  dBm fo r  6920 s e r i e s ) ,  c a r r ie r  
freq u en cy  to  50 MHz.

(2 )  Use s ig n a l  g en era to r  RF o n /o f f  c o n tr o l to  sw itc h  output o f f .

( 3 )  P r e s s  [CAL FACTOR] on 6960  and e n te r  REFERENCE CAL FACTOR (g iv e n  on a l l  
s e n so r s  ex cep t th e  6910 and 6 9 1 3 ) .  For th e  6910 and 6 9 1 3 , th e  d e f a u l t  CAL 
FACTOR o f  100 i s  th e  c o r r e c t  v a lu e , and no e n try  i s  norm ally r e q u ire d .

(4 )  P ress [AUTOZERO] and w a it u n t i l  co m p le te .

(5 )  Sw itch s ig n a l  g en era to r  RF output on .

( 6 ) P ress [LIN‘FACTOR] and e n te r  ap p ro p r ia te  l i n e a r i t y  fa c to r  fo r  th e  sen so r  
b e in g  u sed .

(7 )  P ress [AUTOCAL] and w a it u n t i l  co m p le te . T his i s  in d ic a te d  by 0 dBm (6910)  
or -3 0  dBm (6920) b ein g  d isp la y e d  on th e  6960.

Chap. 5
Page 8 Jul. 86 (Am. 2)



H 6960
Vol. 2

( 8 ) Set [UNITS] to  W atts, [AVERAGE] to  50.

(9 )  Set RF l e v e l  on s ig n a l  gen era to r  to  -2 0  dBm (6910) or -6 0  dBm (6 9 2 0 ) .

(1 0 )  Set [RANGE] to  1.

(11 ) Wait 15 s fo r  averag in g  to  be com p leted .

(1 2 ) Note reading ,Pa, in the results table below.
(1 3 )  Set [RANGE] to  2.

(1 4 ) Wait 15 s .

(15 ) Note reading, Pb, in the results table below.
(1 6 )  Percentage instrumentation error = (Pb/Pa -1 )  x 100%

(1 7 )  Repeat (9 )  to  (1 6 ) w ith  th e  power and range s e t t in g s  shown in  the r e s u lt s  
t a b le .

R e su lts

I n i t i a l / F i n a l G enerator power s e t t in g Pa Pb % Error
range 6910 s e r ie s 6920 s e r ie s (W atts) (W atts) error l im it

1 / 2 -2 0  dBm -6 0  dBm 4 • ' .'i
NOTE ( i )

2 /3 -1 0  dBm -5 0  dBm ' r ' rv : • - . i . , j i  0.5%
3/4 0 dBm -4 0  dBm • ■ •' 0.5%
4/5 +10 dBm -3 0  dBm 0.5%

NOTES:

( i )  At low powers the range erro r  i s  d om in ated  by n o i s e  and z e r o  s e t  (e a c h  
c o n tr ib u t in g  a p o s s ib le  + /-1% ). To a c c u r a te ly  measure the range error
fo r  ranges 1 and 2 the zero  s e t  v a lu e s  fo r  both ranges should  be deducted . 
T h i s ,  h o w e v e r ,  i s  t im e  c o n su m in g  and s u s c e p t i b l e  to  e r r o r s .  I t  i s  
th e r e fo r e  su g g ested  th a t th e  in stru m en ta tio n  erro r  fo r  range 1 / 2  shou ld  be 
t e s t e d  to  5% o n ly , as a fu n c tio n a l ch eck .

( i i )  A s im ila r  t e s t  can be perform ed to  check the in stru m en t a c c u r a c y  in  th e  
dBm and dB REL m odes. In t h is  ca se  the in stru m en ta tio n  erro r  would be 
g iv en  by Pb -  Pa (d B ). The s p e c i f ie d  maximum error  in  the dB modes i s  
0 .0 2  dB (but fo r  ranges 1 /2 , t e s t  fo r  0 .2  dB o n ly ) .
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27. To f a c i l i t a t e  f a u lt  f in d in g , the 6960 has a "TEST" mode which a l lo w s  th e  
o u tp u ts  o f  th e  D-A c o n v e r t e r s  and th e  f i l t e r ,  and th e  f u n c t io n in g  o f  the  
d is p la y  and keyboard to  be checked. To e n te r  i n t o  TEST mode p r e s s  RESET and 
any o t h e r  key  s im u l t a n e o u s ly .  Keep the keys p ressed  u n t i l  "tESt" appears on 
th e  d is p la y ,  then r e le a s e .  Table 2 shows the t e s t s  a v a i l a b l e .  To s e l e c t  th e  
r e q u ir e d  t e s t ,  p r e s s  the a p p rop r ia te  k ey . To e x i t  from a t e s t  (and from TEST 
mode) p ress  RESET.

Internal signal tests (TEST mode) (COVERS OFF)

Table 2 : TEST mode fu n c tio n s

Key T est___________________________________ D isp lay___________________T est p o in t

0 D isp lay  t e s t  and f i l t e r  en ab le  A ll d is p la y s  f la s h  TP6  wrt TP7
1 Recorder D-A to  0 .0 0 0  v o l t s  _ _ _ _ _  Recorder Q/P
2 Recorder D-A to  5 .000  v o l t s  _ _ _ _ _  Recorder 0/P
3 Recorder D-A to  9 .99756  v o l t s  _ _ _ _ _  Recorder 0/P
4 1 4 -b it  D-A to  Vref (v o lta g e  _ _ _ _ _  TP10 wrt TP7

a t TP8 )
1 4 -b it  D-A to  zero v o l t s  _ _ _ _ _  TPI0 wrt TP7

6 1 4 -b it  D-A to  -V ref ---------------  TP10 wrt TP7
x (8191 /8192 ) v o l t s

7 Zero D-A to  zero  (no b i t s  s e t )  _ _ _ _ _  TP12 wrt TPi
8 Zero D-A to  c e n tr e  (MSB on ly  s e t )  _ _ _ _ _  TP12 wrt TPI
9 Zero D-A to  top  ( a l l  b i t s  s e t )  _ _ _ _ _  TP12 wrt TPI
. A u to -ca l (g a in )  D-A to  zero  _ _ _ _ _  TP13 wrt TPI
ENT A u to -ca l (g a in )  D-A to  top _ _ _ _ _  TP13 wrt TPI
-  Keyboard t e s t  D isp lay  a p p rop r ia te

to  key p ressed

NOTES:
(1 )  The lo c a t io n s  o f  the t e s t  p o in ts  on AA01 board ( to g e t h e r  w ith  th e  p r e s e t  

p o ten tio m eters  used fo r  a d ju stm e n ts), are shown in  F ig . 4, below .

(2 )  T ests  "0" to  "6 " and "-" g iv e  r e s u l t s  which are f ix e d  fo r  a l l  6 9 6 0 's .
The o th er  t e s t s  are dependent upon in d iv id u a l D-A c h a r a c t e r is t ic s  and do 
n o t y i e l d  f i x e d  n u m e r ic a l v a l u e s .  These t e s t s  are in c lu d ed  as s e r v ic in g  
a id s .

(3 )  The exp ected  f i l t e r  waveform o f  t e s t  "0", and th e  a d ju s tm e n t p r o c e d u r e s  
r e q u i r e d  s h o u ld  any o f  t e s t s  "0 " to  "6 " f a i l ,  a r e  d e s c r ib e d  in  th e  
ADJUSTMENT AND CALIBRATION SECTION

(4 )  "wrt" means "w ith r e sp e c t  to " .

(5 )  IMPORTANT: Do not ground (e a r th )  any t e s t  p in s .

Chap, 5
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28.

T est p o in ts

TP1 Analog ground TP8 -6 .2 V  r e fe r e n c e
TP2 M aster o s c i l l a t o r TP9 1 4 -b it  D-A s e t-u p
TP3 Spike b lan k in g  p u lse TP10 1 4 -b it  D-A output
TP4 Sample p u lse TP11 Time to  sample p u lse
TP5 Timing c o n tr o l ea r th TP12 Zero D-A output
TP6 D etector  output TP13 F i l t e r  input
TP7 C h assis earth

P r e se t  p o ten tio m eters

R16 M aster o s c i l l a t o r  frequency R76 1 4 -b it  D-A o f f s e t  B
R55 Spike b lan k in g  w idth R81 Recorder D-A ga in
R56 Time to  sample p u lse R82 Recorder D-A o f f s e t
R57 Sample p u lse  w idth R8 8 -1 9  V s e t
R70 1 4 -b it  D-A g a in R97 +5 V s e t
R72 1 4 -b it  D-A o f f s e t  A R115 F i l t e r  balance

F ig . 4 : L ocation s o f  t e s t  p o in ts  and p r e se t  p o ten tio m eters  on AA01
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ADJUSTMENT AND CALIBRATION

29. In t h i s  s e c t io n  measurements and adjustm ents fo r  m a in ta in in g  the
6960 a t i t s  optimum o p e r a tin g  c o n d it io n  are d e sc r ib e d . Table 3 l i s t s  th e  t e s t
equipm ent r e q u ired .

Table 3 : T est equipment fo r  adjustm ent and c a l ib r a t io n .

D e sc r ip t io n Minimum s p e c i f ic a t io n Example

a M ultim eter G reater than 20 kfl/V GEC S e le c t e s t

b D ig i t a l  v o ltm eter DC v o l t s  : 0 .1  to  10 V 
Accuracy 0.001%

Datron 1065

c C ou nter/tim er Time: ly s  to  1 ms 
Frequency: 50 MHz

MI 2437

d RF sen sor MI 6910 sen so r  w ith  
c a l ib r a t io n  c e r t i f i c a t e

MI 6910

e 50 MHz, 1 mW 
power r e fe r e n c e

Current c a l ib r a t io n  
c e r t i f i c a t e

A v a ila b le  in  
MI 6960 or 6950

f  50 MHz r e je c t io n  
f i l t e r

B e tte r  than 35 dB r e j e c t io n  
a t 50 MHz. A b sorp tive  a t  
50 MHz

S p e c i f ic a t io n  
TE 1031/817  
a v a i la b le  from MI

g Spectrum an a ly zer Coverage to  g r e a te r  than  
300 MHz

MI 2382

h O sc illo s c o p e Bandwidth : 2 MHz 
V o lt s /d iv .  : 10 yV to  5 V

T ek tron ix  5110 w ith  
p lu g - in s  5B40 and 
5A22N

i  O sc illo s c o p e  probe D if f e r e n t ia l  type T ek tron ix  P6055

j O sc illo sc o p e Bandwidth : 70 MHz 
V o lt s /d iv .  : 1 V to  5 V

T ektron ix  2445

k O sc illo s c o p e  probe To s u i t  above scope T ek tron ix  P6131

1 F i l t e r  t e s t  j i g S p e c ia l . S p e c i f ic a t io n  
TE 1031/816  
a v a i la b le  from MI

MI = Marconi Instruments
V oltage  checks and adjustm ents

Test equipment : items b , Digital voltmeter
h , i  O sc illo s c o p e  and probe

30. 210 V -  250 V range s e t t i n g .  Ensure th a t  th e  mains supp ly  in p u t v o lta g e  
s e l e c t o r  on th e  r e a r  p a n e l i s  s e t  f o r  th e  above range and th a t  th e  c o r r e c t  
fu s e s  are f i t t e d  in  FS1 and FS2 (250  mA, tim e d e la y ) .  Connect th e  6960  to  a 
m ains supp ly  o f 230 V a . c .
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(1 )  Sw itch on a . c .  su p p ly .

( 2 )  -1 9  V s u p p ly .  L o c a te  D32 on AAO1, th e  main p .c .b .  Measure the  
v o lta g e  between D32 anode and c h a s s is  u s in g  th e  d i g i t a l  v o l t m e t e r ,  ( - v e  
to  c h a s s i s ) .  A djust R8 8  fo r  a read in g  o f  - 1 8 .9  V to  -1 9 .1  V.

( 3 )  Move th e  d i g i t a l  v o ltm e te r  (d .v .m .)  p o s i t i v e  lea d  to  D35 cathode and 
check  th a t  th e  v o lta g e  l i e s  between +20 V and +21 V.

( 4 )  +5 V s u p p ly . T r a n s fe r  th e  d .v .m . p o s i t i v e  le a d  to  PL6 p in  6 . 
A djust R97 fo r  + 4 .9 5  V to  5 .0 5  V. Remove th e  d .v .m .

( 5 ) R ip p le  v o l t a g e s .  Check th e  r ip p le  v o lta g e s  on th e  p lu s  and minus 
1 5 V  supp ly r a i l s  and th e  +5 V r a i l  w ith  r e sp e c t  to  the c h a s s i s .  (+15 V 
a t  D35 anode, -1 5  V a t D32 cathode and +5 V a t PL6 p in  6 ) .  The r ip p le  
s h o u ld  be l e s s  th a n  100 mV pk -p k  on th e  +5 V r a i l  and l e s s  than 20 mV 
pk-pk on th e  o th er  two r a i l s .  Use th e  d i f f e r e n t i a l  scope probe w ith o u t  
c o n n e c tin g  th e  o s c i l lo s c o p e  e a r th  to  the 6960.

31 . 105 V to  120 V ra n g e  s e t t i n g . E n su re t h a t  th e  m ain s su p p ly  in p u t  
v o lta g e  s e le c t o r  on th e  r e a r  p a n e l i s  s e t  to  th e  ab ove  ra n g e  and t h a t  th e  
c o r r e c t  f u s e s  a r e  f i t t e d  in  FS1 and FS2 (500  mA, tim e d e la y ) .  Connect the  
6960 to  a 115 V a . c .  supp ly then  carry  out th e  checks d e t a i le d  in  th e  p rev iou s  
paragraph.

Timing adjustments

Test equipment : item c, Counter timer
3 2 . Set the counter timer to read time between positive-going edges. 
Connect the timer input between TP5 (ground) and TP2 (signal). Adjust R16 
for a reading of 540 ps ±0.5 ps.
33 . Set th e  counter tim er to  measure between a p o s i t iv e -g o in g  t r a n s i t i o n  and 
a n e g a t iv e -g o in g  t r a n s i t io n .  Connect to  TP3. A djust R55 fo r  180 ps ±5 p s .

34. Connect the counter tim er to  TP11 and a d ju st  R56 fo r  400 ps ±10 p s .

35. Connect th e  counter tim er to  TP4 and a d ju st  R57 fo r  6 .0  ps ±0.5  p s .
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T est equipment : item  1, F i l t e r  t e s t  j i g
h , i ,  O sc illo s c o p e  and probe

36 . This adjustm ent should not need to  be c a r r ie d  out u n le s s  AA01 C49, C50 or 
R115 has been r e p la c e d .

37. Connect the s p e c ia l  f i l t e r  t e s t  j i g  as shown on th e  b o x . C on nect th e  
o s c i l l o s c o p e ,  a . c .  c o u p le d , to  TP6 and c h a s s i s .  S e t  th e  s e n s i t i v i t y  to  
1 m V/div. and tim e base to  0 .5  m s/d iv . Remove the l in k  from PL7. Enter the  
'TEST' mode, se e  para. 27.

38. A djust R115 fo r  the waveform shown in  F ig . 3.

Filter balance adjustment (TEST mode 0)

The two " p ed esta ls"  (arrow ed) should  not d i f f e r  in  v o lta g e  by more than 1 mV

F ig . 5 : F i l t e r  adjustm ent

Remove the t e s t  j i g  and o s c i l lo s c o p e .  R eplace the l in k  on PL7.

1 4 -B it  D-A adjustm ent (TEST node 5)

T est equipment : item  b, d i g i t a l  v o ltm eter  ( d .v .m .)

39 . Enter the 'TEST' mode, se e  para. 27. Connect the d .v .m . n e g a tiv e  to  TP7 
and the p o s i t iv e  to  TP9. Link to g e th e r  TP7 and TP8 .

40 . S e le c t  t e s t  ' 5 '  and a d ju st R72 fo r  a d .v .m . read in g of 0 ±3 pV.

41 . Connect the d .v .m . p o s i t iv e  to  TP10 and a d ju st R76 fo r  0 ±5 pV.

42 . Remove th e  l in k  from TP8  and a d ju st R70 fo r  0 ±10 pV.

43 . Remove the d .v .m .
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T est equipment : item  b , d i g i t a l  v o ltm e te r

4 4 . E n ter  th e  'TEST' m ode. S e l e c t  t e s t  ' 1 ' .  Connect th e  d .v .m . to  the  
record er  output on th e  rear p a n e l.

45 . A djust R82 fo r  0 ±10 yV.

46 . S e le c t  T est ' 2 '  and a d ju st R81 fo r  5 V ±100 pV.

Recorder D—A adjustment (TEST mode 1)

C11

Power r e fe r e n c e  adjustm ent

Test equipment : item b, Digital voltmeter
c ,  Counter tim er
d , Sensor 6910
e ,  50 MHz, 1 mW power r e fe r e n c e
f ,  H igh-pass f i l t e r
g , Spectrum a n a ly zer

47. B efore s e t t in g  th e  power r e fe r e n c e  output l e v e l  th e  6960 shou ld  be powered 
up fo r  a t  l e a s t  15 m in u tes . The power r e f e r e n c e  u sed  a s  a s ta n d a r d  sh o u ld  
have c a l i b r a t io n  to  a n a t io n a l stan d ard . The t e s t s  should  be c a r r ie d  out in  
th e  c o r r e c t  o r d e r .  Com ponents r e f e r r e d  to  a r e  on th e  power r e f e r e n c e  
assem b ly .

4 8 . F r e q u e n c y . C onnect th e  c o u n te r  t im e r , s e t  to  read freq u en cy , to  the
power r e fe r e n c e  o u tp u t. A djust th e  freq u en cy , u s in g  LI, to  50 MHz ±50 kHz.
Remove the counter timer.
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4 9 . Output l e v e l  ( i n i t i a l  s e t t i n g ) . Set th e  6960  to  rea d  ' W a t t s ' .  Zero  
t h e  6 9 1 0  S e n s o r .  W ith th e  s e n s o r  r e a d in g  th e  power o f  th e  1 raW power 
r e fe r e n c e  standard p ress  'AUTO CAL'. When th e  c a l ib r a t io n  i s  f in is h e d  
t r a n s fe r  th e  sen so r  to  the 6960 POWER REFERENCE output and a d ju st  AA05 R15 fo r  
1 .000  mW.

50. Harm onics. Harmonic adjustm ent shou ld  not be c a r r ie d  out u n le s s  compon­
e n ts  "orTThe^ower r e fe r e n c e  p .c .b .  have been changed.

5 1 . C on nect th e  power r e f e r e n c e  o u tp u t  to  th e  sp ec tru m  a n a ly z e r  v ia  the  
h ig h -p a ss  f i l t e r .  Set the a n a ly zer  to  175 MHz c e n t r e  f r e q u e n c y ,  20 MHz p er  
d iv is io n  and 0 dBm r e fe r e n c e  l e v e l .  Reduce the view ed harm onics to  a minimum 
u s in g  C11 . No harm on ic  sh o u ld  be g r e a t e r  th an  -5 5  dBm in  l e v e l .  The 
h ig h -p a ss  f i l t e r  i s  used so th a t th e  l e v e l  o f  50 MHz s i g n a l  a p p l ie d  t o  th e  
m ixer in  th e  sp ec tru m  a n a ly zer  i s  such th a t no harm onics are produced by the  
m ixer.

52. Output l e v e l  ( f i n a l  s e t t i n g ) . Repeat "Output l e v e l  ( i n i t i a l  s e t t i n g ) " .  
Ensure th a t  th e  6910 Sensor i s  zeroed  c o r r e c t ly  b e fo re  ap p ly in g  any power.

FAULT LOCATION

53 . The fo llo w in g  s e c t io n  c o n s is t s  o f  a f a u l t  f in d in g  ta b le  and o th er  checks  
to  a id  f a u l t  lo c a t io n .  To a s s i s t  f a u l t  f in d in g  i t  i s  a d v isa b le  to  s tu d y  th e  
t e c h n ic a l  d e s c r ip t io n  in  Chap. 4 . Note th a t fo r  AUTO ZERO and AUTO CAL f a u l t s  
th e  sen so r  should  be t r ie d  f i r s t  as t h is  i s  the most l i k e l y  c a u se .

5 4 . I f  no o th e r  s e n s o r  i s  a v a i la b le ,  the fo llo w in g  t e s t s  may be c a r r ie d  out 
to  d e c id e  w hether th e  sen so r  i s  f a u l t y :-

( i )  E n ter th e  TEST mode ( s e e  p a r a . 2 7 ) .  C on nect a v o l t m e t e r  to  th e  
LEVELLING o u tp u t  on th e  rear p a n e l. W ithout th e  sen so r  b e in g  con nected  
to  th e  power r e fe r e n c e  o u tp u t, p ress  the d e c im a l p o in t  k ey  f o l lo w e d  by 
th e  "7" k e y . The v o l t a g e  from  th e  l e v e l l i n g  output should  be between  
-2 5 0  mV and -550  mV fo r  a 6910 s e r i e s  sen so r  ( fo r  a 6920 s e r i e s  s e n s o r ,  
n o te  th e  v o l t a g e )  . P r e ss  the "9" key and check th a t the v o lta g e  i s  +250 
mV to  +550 mV f o r  a 6910 s e r i e s  s e n s o r  ( n o t e  th e  v o l t a g e  f o r  6 9 2 0  
s e r i e s ) .  For a 6920 s e r i e s  s e n s o r ,  add th e  two v o l t a g e s  o b t a in e d ,  
ig n o r in g  the minus s ig n  o f  th e  s e c o n d . The r e s u l t  s h o u ld  be l e s s  th a n  
1400 mV. P ress th e  "8 " k ey . The v o lta g e  shou ld  be l e s s  than + /-5 0  mV fo r  
6910 s e r i e s  s e n s o r s ,  l e s s  than + /-2 0 0  mV fo r  6920 s e r i e s .

( i i )  C on nect th e  s e n s o r  to  th e  power r e f e r e n c e  ( d i r e c t l y  f o r  6910  
s e r i e s ,  v ia  a 40 dB a tte n u a to r  fo r  6920 s e r i e s ) .  Check th a t th e  v o l t a g e  
i s  g r e a te r  than 1 .2  V ( e i t h e r  t y p e ) .

( i i i )  I f  any o f  th e  above v o lta g e s  are not o b ta in ed , th e  sen so r  or i t s  
c a b le  i s  l i k e l y  to  be f a u l t y .

55. When d isc o n n e c t in g  th e  Conhex con n ector  from the power r e fe r e n c e  assem bly  
ensure th a t th e  m etal c la d  con n ector  cannot a c c id e n t a l ly  cause sh o r t  c i r c u i t s  
on th e  p r in te d  boards and c r e a te  a d d it io n a l  f a u l t s .

56. The checks g iv en  in  t h is  ch ap ter  are not e x h a u st iv e  but are in ten d ed  as a 
p o in te r  to  fu r th e r  in v e s t ig a t io n .  I t  i s  em phasized th a t each  f a u l t  shou ld  be 
s t u d ie d  h a v in g  r e g a r d  fo r  o th e r  f a u l t  f in d in g  in fo r m a tio n , s in c e  in c o r r e c t  
o p e r a tio n  o f  a c i r c u i t  may be caused by m a lfu n ctio n  o f  an a s s o c ia te d  c i r c u i t .
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Power supply faults
57. Symptoms o f  power su p p ly  f a u l t s  a r e  o f t e n  c o n f u s in g  t h e r e f o r e  i t  i s  
recommended t h a t  th e  s u p p lie s  are checked b e fo re  commencing any o th er  t e s t s .  
See "V oltage checks and ad ju stm en ts" , above.

58. I f  th e  l . e . d .  in  the +5 V power supp ly  r e g u la t o r  i s  l i t  t h i s  i n d i c a t e s  
t h a t  th e  o v e r c u r r e n t  c i r c u i t  has tr ip p e d  th e  su p p ly . T his may be caused  by 
e x c e s s i v e  c u r r e n t  b e in g  draw n by t h e  p r o c e s s o r  p . c . b .  A A 02/1  or  t h e  
o v e r - v o l t a g e  s . c . r .  f i r i n g .  To d e c id e  in  w h ich  a r e a  th e  p rob lem  l i e s  
d isc o n n e c t  th e  p r o c e sso r  p . c . b .  and tu r n  o n . N .B . The s u p p ly  to  th e  +5 V 
r e g u la t o r  m ust c o m p le t e ly  d is a p p e a r  b e f o r e  th e  t r ip  w i l l  r e s e t  so  a llo w  a t  
l e a s t  15 secon d s b e fo re  tu rn in g  on a g a in .

Signal channel faults

59 . B efore working on a p o s s ib le  s ig n a l  channel f a u l t  i t  i s  b e s t  i f  a known 
good sen so r  i s  t r i e d ,  as f a i lu r e  to  AUTO ZERO or AUTOCAL are more l i k e l y  to  be 
due to  the s e n s o r . V arious t y p ic a l  waveforms are shown in  F ig . 7.

60. L is te d  below  are some p o s s ib le  s ig n a l  channel problem s.

(1 )  F au lt symptom : Sensor w i l l  not z e r o .

P o s s ib le  f a u l t s  : S en sor  c a b le  f a u l t y ,  ZERO D-A f a u lt y  or l o s s  o f  
one chopper d r iv e

Check : Cable by s u b s t i t u t i o n .  V o lta g e  from  ZERO D-A 
g o e s  p o s i t i v e  and n e g a t iv e  ( u s e  TEST m o d e). 
Outputs from chopper d r iv e r s .

(2 )  F au lt symptom : F a ilu r e  to  AUTO CAL.

P o s s ib le  f a u l t s  : I n c o r r e c t  sam p le  t im in g .  GAIN D-A f a i l e d .  
1 4 -b it  D-A f a i l e d .

Check : A ll  tim in g  adjustm ents as per p a ra s . 3 2 -35 .
G ain  D-A c h a n g e s  t h e  o u t p u t  o f  t h e  f o u r t h  
a m p lif ie r  ( I C l lb ,  p in  7 ) by a f a c t o r  o f  3 when 
u s in g  TEST m odes ' . '  (d ecim al p o in t)  and 'ENT'. 
1 4 -b it  D-A s e t-u p  as per p a ra s . 3 9 -43 .

(3 )  F au lt symptom : No s ig n a l  channel g a in .

P o s s ib le  f a u l t  : F au lty  a m p lif ie r  s ta g e .

Check : Outputs o f  each a m p lif ie r  s ta g e  are approxim ately  
eq u al to  th o se  shown in  F ig . 7.

(4 )  F au lt symptom : N oisy  read in gs on range 1.

P o s s ib le  f a u l t  : 

Check ;

( i )  F i l t e r  not a d ju ste d  c o r r e c t ly .
( i i )  Inadequate AVERAGE number w ith  6920 s e n s o r .
(i) Filter alignment as per paras. 36-38.
( i i )  In crea se  AVERAGE number.
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V e r t ic a l  20 m V/div. 
H o rizo n ta l 0 .2  m s/d iv .

V e r t ic a l  20 mV/div 
H o rizo n ta l 0 .2  m s/d iv .

IC4a p in  1 
output second  
a m p lif ie r

V e r t ic a l  0 .5  V /d iv . 
H orizon ta l 0 .2  m s/d iv .

IC lla  p in  1 
output th ir d  
a m p lif ie r

V e r t ic a l  0 .2  V /d iv , 
H o rizo n ta l 0 .2  m s/d iv .

IC llb  p in  7 
ou tp u t fo u r th  
a m p lif ie r  
(TP13)

V e r t ic a l  0 .2  V /d iv . 
H orizon ta l 0 .2  m s/d iv .

N.B A ll  waveforms taken w ith  6910 Sensor con nected  to  0 dBm and
6960 on range 3 .

F ig .  7 : S ig n a l  c h a n n e l w a v e fo rm s
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Processor board faults
61 . Two p o s s ib le  p r o cesso r  p .c .b .  f a u l t s  are in d ic a te d  on pow er-up. If
'Er 1 '  i s  d isp la y e d  on power-up or RESET t h i s  in d ic a t e s  th a t  achecksum t e s t  on 
t h e  n o n - v o l a t i l e  RAM c o n t e n t s  h as f a i l e d .  T h is  c o u ld  be c a u se d  by an 
exh au sted  b a t te r y  ( B l ) .  The b a tte r y  v o lta g e  shou ld  be above 2 .0  V to  guarantee  
memory r e te n t io n .

62. A f la s h in g  d is p la y  on power-up or RESET i n d i c a t e s  t o t a l  f a i l u r e  o f  th e  
RAM. The s ig n a ls  d r iv in g  th e  RAM, IC9, shou ld  be checked b e fo re  changing i t .

6 3 . O ther p ro cesso r  board f a u l t s  can show th em se lves  in  many d i f f e r e n t  ways. 
I f  a f a u l t  i s  su sp ec ted  on the board and another board (w h ic h  i s  known to  be 
w o r k in g ) i s  a v a i l a b l e ,  t h i s  should  be t r ie d  b e fo re  f a u l t - f in d in g  th e  f a i l i n g  
board.

y
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P ara .
1 In tro d u ctio n
3 A b b rev ia tion s
4 Component v a lu e s
6 Ordering
7 Components
7 AAO -- 1RF power m eter w ith  GPIB
8 AA01 - Analogue p . c . b .  assem bly
9 AA02/1--P rocessor  p . c . b .  assem bly

10 AAO 3 - Front panel assem bly
1 1 AAO 4 - Rear panel assem bly
12 AA06 - Ribbon c a b le  50-way
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INTRODUCTION

1. Each sub-assem bly or p r in te d  c ir c u i t  board in  t h is  equipment has been  
a l lo c a te d  a r e fe r e n c e  d e s ig n a to r  code, e . g .  AA01, AC02 e t c .

2.  The com plete component r e fe r e n c e  in c lu d e s  i t s  r e fe r e n c e  d e s ig n a to r  as a 
p r e f ix  e . g .  AA01 Cl (c a p a c ito r  Cl on p r in te d  c i r c u i t  board AA01) but fo r  con­
v en ien ce  in  the t e x t  and diagram s the p r e f ix  i s  om itted  u n le s s  i t  i s  needed
to  avoid  c o n fu s io n . However, when ord er in g  rep lacem ents or in  correspondence  
the com plete component r e fe r e n c e  must be quoted .
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ABBREVIATIONS

3 , E le c t r ic a l  components are l i s t e d  in  a lp h a-n u m erica l order o f th e ir  com­
p le t e  c i r c u i t  r e fe r e n c e  and the fo llo w in g  standard a b b r e v ia tio n s  are used :

H 6960
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ADC
AX
CAP
CARR
CARB
CC
CDE CNV 
CER 
CERM 
CF
COAX
CON
CTR

a n a lo g u e -d ig ita l  con verter
a x ia l
c a p a c ito r
c a r r ie r
carbon
carbon com p osition
code co n v erter
ceram ic
cerm et
carbon f ilm
c o a x ia l
connector
counter

DAC
DEC/DMX
DECOD
DIL
DIV
DRIV

d ig ita l-a n a lo g u e  con v erter
d e c o d e r /d em u ltip lex er
decoder
dual i n - l i n e
d iv id e r
d r iv er

ELEC
ENCOD

e l e c t r o l y t i c
encoder

FEM
FF

fem ale
f l i p - f l o p  (b is t a b le )

FILTERCON f i l t e r i n g  c a p a c ito r

GER
GP

germanium 
g e n era l purpose

ICA 
I CD 
IND 
INV

in te g r a te d  c i r c u i t ,  analogue  
in te g r a te d  c i r c u i t ,  d i g i t a l  
in ductor  
in v e r te r

LD/T lead  through

MF
MG
MISC
MO
MP
MP SUPP 
MUX

m etal f i l m
m etal g la z e
m isc e lla n e o u s
m etal o x id e
m icrop rocessor
m icrop rocessor  support
m u lt ip le x e r

NET network

PC
PETP
PS
PLL

p olycarb on ate
(p o ly e s te r )  p o ly e th e le n e  te r e p h th a la te
p o ly s ty r e n e
p h a se-lo ck ed  loop

Chap. 6 
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Q/ACT quick  a c t in g

RECT r e c t i f i e r
RES r e s i s t o r
RV r e s i s t o r ,  v a r ia b le
RX r e c e iv e r

SAPPH sapph ire
SEC secondary
SCHM Schm itt
SH REG s h i f t  r e g is t e r
SIL s i l i c o n
SW sw itch

T/LAG tim e la g
TANT tantalum
TOG to g g le
TRANS tr a n s is to r
TX tr a n sm itte r

VAR v a r ia b le
VREG v o lta g e  r e g u la to r

W w a tts  a t  70°C
WW wirewound

X m isc e lla n e o u s  item
XL c r y s t a l

! s t a t i c  s e n s i t iv e  component
% + asymm etric to le r a n c e
+ programmed EPROM

COMPONENT VALUES

4 . One or more o f the components f i t t e d  in  th e  equipment may d i f f e r  from 
th o se  l i s t e d  in  t h is  chapter fo r  any o f  the fo llo w in g  reason s :

(a) Components in d ic a te d  by an * have th e ir  v a lu e s  s e le c te d  during t e s t  
to  a c h iev e  p a r t ic u la r  perform ance l im i t s .

(b) Owing to supply d i f f i c u l t i e s ,  components o f  d i f f e r e n t  v a lu e  or type  
may be s u b s t itu te d  provided  the o v e r a ll  perform ance o f  the equipment 
i s  m a in ta in ed .

(c) As p art o f  a p o l ic y  o f  con tin u ou s developm ent, components may be 
changed in  v a lu e  or type to  o b ta in  d e t a i l  improvements in  p e r fo r ­
mance .

5 . When th ere  i s  a d if f e r e n c e  between the component f i t t e d  and the one 
l i s t e d ,  alw ays use as a replacem ent the same type and v a lu e  as found in  the  
equipm ent. W hile e q u iv a le n t  a l t e r n a t iv e s  to  some components may be in c lu d ed  
during m anufacture, Marconi Instrum ents L t d . ,  Microwave Products D iv is io n ,  
should be c o n su lte d  b e fo re  any o th er  a l t e r n a t iv e s  are  f i t t e d  when the equ ip ­
ment i s  b ein g  s e r v ic e d .
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ORDERING

6 . When ord er in g  rep la cem en ts , address the order to  our T ech n ica l S e r v ic e s  
Department (ad d ress on rear  cover) or n e a r e s t  agen t and s p e c if y  th e  fo llo w in g  
fo r  each component r e q u ir e d :-

( 1 ) Type^t and s e r i a l  number o f  equipm ent.

(2 ) Complete c i r c u i t  r e fe r e n c e .

(3) D e s c r ip t io n .

(4) Part number

As g iven  on the s e r i a l  number la b e l  a t  the rea r  o f  th e  equipm ent; i f  
t h i s  i s  superseded by a model number la b e l ,  quote th e  model number in s te a d  o f  
the type number. Or c o n ta c t  your lo c a l  Marconi In stru m en ts, Microwave 
P roducts D iv is io n  r e p r e s e n ta t iv e .

Î  To order a rep lacem ent programmed EPROM, s p e c if y  the s e r i a l  number of 
th e  in stru m en t, and the p art number o f th e  IC r e q u ir e d . A lso  s p e c ify  the  
EPROM v e r s io n  number, t h is  i s  id e n t i f ie d  on the IC fo llo w in g  the p a r t number.

H 6960
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C ir c u i t
r e f .  D e s c r ip t io n

COMPONENTS

7 . U n it  AAO -  RF POWER METER WITH GPIB

When o rd er in g , p r e f ix  c i r c u i t  r e fe r e n c e  w ith  

Complete u n it

PS1 FUSE T/LAG 0.25A  20X5
FS2 FUSE T/LAG 0.25A 20x5

MP5 SWITCH COVER -  VOLTS ADJUST

X21 FUSE T/LAG 0.50A  20X5
X22 CON ASSY FEM 3 FREE CEE22 S
X25 BATTERY PRI 3V LITH 0 .4 AH

8 . U n it  AA01 -  ANALOGUE PCB ASSY. 

Complete u n it

Cl CAP TANT 47U 6 V 20% BEAD
C2 CAP CER 220P 100V 5%
C3 CAP CER 10N 25V 20% DISC
C4 CAP TANT 22U 16V 20% BEAD
C5 CAP TANT 47U 16V 20%

P a r t n o .

AAO.

06960-001

23411-055P  
23411-055P

37590-211G

23411-056X 
23424-158H  
23722-110W

06960-010

26486-232A
26343-580E
26383-006C
26486-230B
26486-233Z
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Circuit
r e f . D e s c r ip t io n P a r t n o .

C6 CAP CER 1NO 100V 5% 26343-583S
Cl CAP TANT 22U 16V 20% BEAD 26486-230B
C8 CAP CER ION 25V 20% DISC 26383-006C
C9 CAP CER 330P 100V 5% 26343-581G
CIO CAP CER ION 25V 20% DISC 26383-006C

C il CAP TANT 1U0 35V 20% BEAD 26486-209F
C12 CAP CER ION 25V 20% DISC 26383-006C
C13 CAP TANT 1U0 35V 20% BEAD 26486-209F
C14 CAP CER ION 25V 20% DISC 26383-006C
C15 CAP TANT 1U0 35V 20% BEAD 26486-209F

C16 CAP CER 47N 25V 20% DISC 2 6383-017U
C17 CAP CER ION 25V 20% DISC 26383-006C
C18 CAP TANT lüO 35V 20% BEAD 26486-209F
C19 CAP CER ION 25V 20% DISC 26383-006C
C20 CAP TANT lüO 35V 20% BEAD 26486-209F

C21 CAP CER ION 25V 20% DISC 26383-006C
C22 CAP TANT 1U0 35V 20% BEAD 26486-209F
C23 CAP PETP 220N 63V 10% RAD 26582-406T
C24 CAP CER 1N0 100V 5% 26343-583S
C25 CAP CER ION 25V 20% DISC 26383-006C

C26 CAP TANT lüO 35V 20% BEAD 26486-209F
C27 CAP PS 10N0 63V 2% RAD 26538-770T
C28 CAP CER 100P 63V 2% PLATE 26343-477V

Chap. 6
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C i r c u i t
r e f . D e s c r ip t io n P a r t n o .
R20 RES MF 7K5 1/4W 2% 100PPM 24773-294T

SKI CON RF SMB MALE 50 PCB ELBOW 23444-359Z

TRl TR NSI BC 208B 20V 150M -  GEN 28452-781A
TR2 TR NSI MPSA13 125M -  DAR 28453-842U
TR3 TR NMF 40673 20V 400M DG 28459-010V

2 4 . U n it  AF03 -  SENSOR INPUT ASSY

When o rd er in g , p r e f ix  c i r c u i t  r e fe r e n c e  w ith  AF03.

Complete u n it 06950-016

SK10 CON CIRC FEM 12 FXD HEX NUT 23424-521S

2 5 . U n it  AF04 -  RF CABLE ASSY

When o rd er in g , p r e f ix  c i r c u i t  r e fe r e n c e  w ith  AF04.

Complete u n it  06950-005

SKI CCN RF SMB FEM 50 FREE ELBOW 23444-336L
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Circuit
r e f . Description 

2 6 . U n it AF08 -  SENSOR CABLE ASSEMBLY
Part no.

When o r d e r in g , p r e f ix  c i r c u i t  r e fe r e n c e w ith  AF08.

Complete u n it 06950-039

PLl CCN CIRC MALE 12 FREE 23423-520Z
PL2 CON CIRC MALE 12 FREE 23423-520Z

MECHANICAL PARTS

27 . Item numbers r e f e r  to  F ig . 1 .

Item no. Description Part no.
1 Top cover 35904-009F
2 S id e  r a i l , 1 o f  2 34900-747N
3 F lan ge , 1 o f  2 37590-221X
4 Spring w asher, 1 o f  2 31119-045W
5 Arm, 1 o f  2 37590-222M
6 Rear f o o t ,  1 o f  2 37590-505Z
7 Cap, 1 o f  2 37590-219M
8 B o ss , 1 o f  2 37590-220P
9 Handle assem bly 41700-239W

10 Rear frame 35890-072W
11 Bottom cover 35904-010L
12 Pushbutton s e t 06 9 6 0 -0 4 1 /
13 Push cover  n a tu r a l, 1 o f  13 37590-298U
14 Keycap, orange 0 6 9 6 0 -0 3 9 /
15 F ront frame 35890-083B
16 S tud , 1 o f  4 37590-223C
17 F o o t , 1 o f  4 37590-224R
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Circuit
r e f . D e s c r ip t io n P a r t no .

C80 GAP CER ION 25V 20% DISC 26383-006C
C81 CAP CER ION 50V 20% X7R MCN AX 26346-120Y
C82 CAP ELEC 4700U 40V 10%+ PCB 26422-321W
C83 CAP CER 1N0 63V 10% PLATE 26383-585M
C84 CAP ELEC 470U 25V 20%+ PCB 26421-129T

C85 CAP ELEC 470U 63V 20%+ PCB 26421-136C
C8 6 CAP ELEC 470U 25V 20%+ PCB 26421-129T
C87 CAP TANT 22U 35V 20% 26486-231K
C8 8 CAP TANT 22U 35V 20% 26486-231K
C89 CAP TANT 22U 16V 20% BEAD 26486-230B

C90 CAP TANT 22U 16V 20% BEAD 26486-230B
C91 CAP TANT 22U 16V 20% BEAD 2 6486-230B
C92 CAP TANT 10U 35V 20% HEAD 26486-225C
C93 CAP TANT 10U 35V 20% BEAD 26486-225C
C94 CAP CER 56P 63V 2% PLATE 26343-474J

C95 CAP CER 47N 25V 20% DISC 26383-017U
C96 CAP CER 1N0 63V 10% PLATE 26383-585M
C97 CAP ELEC 470U 25V 20%+ PCB 26421-129T
C98 CAP ELEC 47OU 16V 20%+ PCB 26421-127W
C99 CAP ELEC 470U 20%+ PCB 26421-127W

Cl 0 0 CAP TANT lUO 35V 20% BEAD 26486-209F
C101 CAP CER 1N0 63V 10% PLATE 26383-585M
Cl 02 CAP TANT 6 ü8  6 V 20% BEAD 26486-22IT
Cl 03 CAP CER 10GN 50V 20% M/LAYER 26383-534Y
Cl 04 CAP TANT 1U0 35V 20% BEAD 26486-209F

C l05 to  
C109

CAP CER 100P 100V 10% EMCCN 25028 EM 100RD 101K
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Cireu.it
r e f . Description Part no.

C110
C113

to
CAP CHIP 1N0 100V 10% STC : 0805FX7R

Cl 14 CAP CER 100P 100V 10% EMCCN : 5028 EM 100RD 101K
C115 CAP CER 100P 100V 10% EMCCN : 5028 EM 100RD 101K
C116 CAP CHIP 100P 100V 10% STC : 0805FX7R
Cl 17 CAP CHIP 100P 100V 10% STC : 0805FX7R

DI DI RECT 1N4004 400V 28357-028K
D2 DI RECT 1N4004 400V 28357-028K
D3 DI RECT 1N5401 100V 28355-723N
D4 DI RECT 1N5401 100V 28355-723N

D5 DI SIL 1N4148 75V JONC 28336-676J
D6 DI SIL 1N4148 75V JONC 28336-676J
D7 DI ZEN BZX79C 4.7V  5% 28371-371F
D8 DI ZEN BZX79C 5.1V 5% 28371-401U
D9 DI ZEN BZX79C 5.1V 5% 28371-4010

D10 DI SIL 1N4148 75V JONC 28336-676J
d u DI SIL 1N4148 75V JONC 28336-676J
DI 2 DI ZEN 1N825/A 6.2V  5% 28371-494Z
DI 3 DI ZEN 1N819 6.2V  5% LOW TC 28371-530K
DI 4 DI ZEN BZX79C 5.6V  5% 28371-417X

DI 5 DI BRIDGE KBP608 800V 6 A 28359-199B
D16 DI RECT MR810 50V IA 100NS 28355-1670
D17 DI RECT MR810 50V IA 100NS 28355-1670
D18 DI RECT MR810 50V IA 100NS 28355-1670
DI 9 DI ZEN BZX79C 5.1V 5% 28371-4010

D20 DI ZEN BZX79C4V7 4 .7V  5% 28371-371F
D22 DI SIL 1N4148 75V JONC 28336-676J

Chap. 6
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Circuit
r e f . D e s c r ip t io n P art n o .

C29 CAP CER 100P 63V 2% PLATE 26343-477V
C30 CAP PS lONO 63V 2% RAD 26538-770T
C31 CAP CER 330P 100V 5% 26343-581G
C32 CAP CER 100P 63V 2% PLATE 26343-477V
C33 CAP CER 100P 63V 2% PLATE 26343-477V

C34 CAP TANT 22U 16V 20% BEAD 26486-230B
C35 CAP CER lNO 100V 5% 26343-583S
C36 CAP PETP 220N 63V 10% RAD 26582-406T
C37 CAP CER 100N 50V 20% M/LAYER 26383-534Y
C38 CAP CER lNO 100V 5% 26343-583S

C39 CAP PETP 22QN 63V 10% RAD 26582-406T
C40 CAP CER ION 25V 20% DISC 26383-006C
C41 CAP TANT 1U0 35V 20% BEAD 26486-209F
C42 CAP CER ION 25V 20% DISC 26383-006C
C43 CAP TANT 1U0 35V 20% BEAD 26486-209F

C44 CAP CER ION 25V 20% DISC 26383-006C
C45 CAP TANT 1U0 35V 20% BEAD 26486-209F
C46 CAP CER ION 25V 20% DISC 26383-006C
C47 CAP TANT 1U0 35V 20% BEAD 26486-209F
C48 CAP CER 470P 100V 5% 26343-582V

C49 CAP PETP 47N 63V 10% RAD MIN 26582-428J
C50 CAP PETP 47N 63V 10% RAD MIN 26582-428J
C51 CAP CER ION 25V 20% DISC 26383-006C
C52 CAP TANT 1U0 35V 20% BEAD 26486-209F
C53 CAP CER ION 25V 20% DISC 26383-006C
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Circuit
r e f . D e s c r ip t io n P a r t n o .

C54 CAP TANT 1U0 35V 20% BEAD 26486-209F
C55 CAP CER 100N 50V 20% M/LAYER 26383-534Y
C56 CAP CER ION 25V 20% DISC 26383-006C
C57 CAP CER ION 25V 20% DISC 26383-006C
C58 CAP CER 100N 50V 20% M/LAYER 26383-534Y
C59 CAP CER 100N 50V 20% M/LAYER 26383-534Y
C60 CAP CER 100N 50V 20% M/LAYER 26383-534Y
061 CAP CER 100P 63V 2% PLATE 26343-477V
C62 CAP TANT 1U0 35V 20% BEAD 26486-209F
C63 CAP CER 100P 63V 2% PLATE 26343-477V
C64 CAP TANT 1U0 35V 20% BEAD 26486-209F

C65 CAP TANT 1U0 35V 20% BEAD 26486-209F
C6 6 CAP CER ION 25V 20% DISC 26383-006C
C67 CAP TANT1 1U0 35V 20% BEAD 26486-209F
C6 8 CAP CER ION 25V 20% DISC 26383-006C
C69 CAP CER ION 25V 20% DISC 26383-006C

C70 CAP CER 100P 63V 2% PLATE 26343-477V
C71 CAP CER 100N 50V 20% M/LAYER 26383-534Y
C72 CAP CER 100N 50V 20% M/LAYER 26383-534Y
C73 CAP CER 100N 50V 20% M/LAYER 26383-534Y
C74 CAP CER 100N 50V 20% M/LAYER 26383-534Y

C75 CAP TANT' 1U0 35V 20% BEAD 26486-209F
C76 CAP CER ION 25V 20% DISC 26383-006C
C il CAP CER ION 25V 20% DISC 26383-006C
C78 CAP CER 100P 63V 2% PLATE 26343-477V
Cl 9 CAP CER ION 25V 20% DISC 26383-006C
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Circuit
r e f . Description Part no.

D23
D25
D26
D27
D28

DI RECT 31DQ03 30V SCHOTTKY 
DI SIL 1N4148 75V JONC 
DI SIL 1N4148 75 V JUNC 
DI SCR BRY55-3 50V 0.8A  
DI SIL 1N4148 75V JUNC

28355-169N  
28336-676J  
28336-676J  
28385-711A 
28336-676J

D29
D30
D31
D32
D33

LAMP LED YL4484 3V YELLOW 
DI ZEN BZX79C 5.6V 5%
DI SCR 2N4441 50V 8 A 
DI RECT 1N4004 400V 
DI RECT 1N4004 400V

2 8 6 2 4 -1 16K 
28371-417X  
28385-713H 
28357-028K  
28357-028K

D34
D35
D36
D37

DI RECT 1N4004 400V 
DI RECT 1N4004 400V 
DI RECT 1N4004 400V 
DI SIL 1N4148 75V JUNC

28357-028K
28357-028K
28357-028K
28336-676J

IC1
IC2
IC3
IC4
IC5

ICA AMP OP27GZ ULTRA LOW NOISE 
ICA AMP OP27GZ ULTRA LOW NOISE 
ICA SW H I3-201-5 QUAD l 
ICA AMP 0P14CP DUAL MATCHED 
ICD MCNO 4047 AST MULTI BI I

28461-368T
28461-368T
28461-934Z
28461-367D
28468-307C

IC6
IC7
IC8
IC9
IC10

ICD MONO 4047 AST MULTI BI ! 
ICD MONO 4538 DUAL RETR PREC l 
ICD NAND 4011 QUAD 2INP BI ! 
ICD FF D 4013 DUAL BI ! 
ICA SW H I3-201-5 QUAD l

28468-307C  
2 8 4 6 8 -3 13K 
28466-340R  
28462-608A  
28461-934Z

ICH
IC12

ICA AMP TL072CP DUAL FET I /P  
ICA DAC AD7543JN 12BIT MULT !

TEXAS 
28461-93IB
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C ircuit
ref . Description Part no.

IC13 ICA AMP TL072CP DUAL FET I /P 28461-348Z
IC14 ICA SW H I3-201-5  QUAD • 28461-934Z
IC15 ICA AMP TL072CP DUAL FET I /P 28461-348Z
IC16 ICA SW HI3 -2 0 1 -5  QUAD : 28461-934Z
ICI 7 ICA COMP 1/431 IN DIL8 28461-695U

ICI 8 AMP TL072CP DUAL FET I /P 28461-348Z
ICI 9 ICA DAC AD7543JN 12BIT MULT l 28461-931B
IC20 ICA AMP TL072CP DUAL FET I /P 28461-348Z
IC21 ICA DAC HS3140C-4 14BIT MULT ’. 28461-932K
IC22 ICA AMP OP27GZ ULTRA LOW NOISE 28461-368T

IC23 ICA AMP OP27GZ ULTRA LOW NOISE 28461-368T
IC24 ICA DAC AD7543JN 12BIT MULT ! 28461-93IB
IC2.5 ICA AMP TL071CP FET I /P  DIL8 28461-347A
IC26 ICA VREG 78S40 SMPS CTRL DIL16 28461-729E
IC27 ICA VREG+ 7815 15V 1A T0220 28461-709S

IC28 ICA VREG- 7915 15V lA TO220 28461-735N
IC29 ICA VREG UA723C PROG DIL14 28461-706F

Ll IND CHOKE S.M.P.S. 44190-043H
L6 IND CHOKE 1UH 10% MINIATURE 23642-419V

PL1 CCN PCB HDR !50 WAY FXD STRT 23435-953T
PL2 CON PCB MALE 6 WAY FXD FR LOCK 23435-871N
PL3 CCN PART M/W MALE 2W HOUSG 12A 23435-538D

PL4 CCN PCB MALE 6 WAY FXD FR LOCK 23435-871N
PL5 CCN PCB MALE 8 WAY FXD FR LOCK 23435-872L
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Circuit
r e f . D e s c r ip t io n P a r t no .

PL6 CON PART M/W FEM 9W HCXJSG 9A 23435-520K
PL7 CON PCB MALE 36 FXD STRAIGHT 23435-121J

Rl RES MF 47K 1/4W 2% 100PPM 24773-313H
R2 RES MF 10K 1/4W 2% 100PPM 24773-297M
R3 RES MF 4K7 1/4W 0.5% 50PPM 24753-484H
R4 RES MF 56K 1/4W 2% 100PPM 24773-315U
R5 RES MF 39K 1/4W 2% 100PPM 24773-311A

R6 RES MF 80K6 1/4W .5% 50PPM 2 4753-349U
R7 RES MF 100R 1 /4W 2% 100PPM 24773-249J
R8 RES MF 100R 1/4W 2% 100PPM 24773-249J
R9 RES MG 10M 1 /4W 5% 24321-885W
RIO RES MF 470R 1/4W 2% 100PPM 24773-265M

Rl 1 RES WW 150R 1.5W 5% 25123-054V
R12 RES MF 100K 1/4W 2% 100PPM 24773-321L
R13 RES MF 10K 1/4W 2% 100PPM 24773-297M
R14 RES MF 24K75 . 6 W .01% . 6 PPM 24722-006S
R15 RES MF 25OR . 6 W .01% . 6 PPM 24722-001L

R16 RV CERM 5K0 LIN 1/2W 10% 25748-563F
R17 RES MF 22K 1/4W 2% 100PPM 24773-305R
R18 RES MF 6 8 K 1/4W 2% 100PPM 24773-317N
R19 RES MF 33K 1/4W 2% 100PPM 24773-309Z
R20 RES MF 4K7 1 /4W 2% 100PPM 24773-289W

R21 RES MF 10K 1/4W 2% 100PPM 24773-297M
R22 RES MF 2K05 1/4W .5% 50PPM 24753-350H
R23 RES MF 48K7 1/4W .5% 50PPM 24753-351E
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Circuit
ref . Description Part no.

R24 RES MF 22K5 ,6W ,01% .6PPM 24722-005V
R25 RES MF 2K25 ,6W ,01% ,6PPM 24722-002J

R26 RES MF 250R .6W -01% .6PPM 24722-001L
R27 RES MF 1K0 1/4W 2% 100PPM 24773-273A
R28 RES MF 1K0 1/4W 2% 100PPM 24773-273A
R29 RES MF 680R 1/4W 2% 100PPM 24773-269K
R30 RES MF 1K15 1/4W .5% 50PPM 24753-352U

R31 RES MF 38K3 1/4W .5% 50PPM 24753-353Y
R32 RES NET 100K 5% 15DIL 24681-508P
R33 RES MF 100K 1/4W 2% 100PPM 24773-321L
R34 RES MF 20K .6W .01% .6PPM 24722-004G
R35 RES MF 10K . 6W .01% .6PPM 24722-003F

R36 RES MF 10K .6W .01% .6PPM 24722-003F
R37 RES MF 20K5 1/4W .5% 50PPM 24753-354N
R38 RES MF 40K2 1/4W .5% 50PPM 24753-355L
R39 RES MF 20K0 1/4W 0.5% 50PPM 24753-663N
R40 RES MF 20K0 1/4W 0.5% 50PPM 24753-663N

R41 RES MF 10K 1/4W 2% 100PPM 24773-297M
R42 RES MF 20K .6W .01% .6PPM 24722-004G
R43 RES MF 22K 1/4W 2% 100PPM 24773-305R
R44 RES MF 22K 1/4W 2% 100PPM 24773-305R
R45 RES MF 3K9 1/4W 2% 100PPM 24773-287V

R46 RES MF 22K 1/4W 2% 100PPM 24773-305R
R47 RES MF 22K 1/4W 2% 100PPM 24773-305R
R48 RES MF 3K9 1/4W 2% 100PPM 24773-287V

Chap. 6
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Circuit
re f . Description Part no.

R49 RES MF 100R 1/4W 2% 100PPM 24773-249J
R50 RES MF 100R 1/4W 2% 100PPM 24773-249J
R51 RES MF 100R 1/4W 2% 100PPM 24773-249J
R52 RES MF 100R 1/4W 2% 10ÛPPM 24773-249J
R53 RES MF 10K 1/4W 2% 100PPM 24773-297M

R54 RES MF 6K8 1/4W 2% 100PPM 24773-293D
R55 RV CERM 10K LIN -5W 10% HORZ 25711-641G
R56 RV CERM 5OK LIN .5W 10% HORZ 25711-643S
R57 RV CERM 5K0 LIN .5W 10% HORZ 25711-640F
R58 RES MF 820K 1/4W 2% 100PPM 24773-344Z
R59 RES MF 4K7 1/4W 2% 100PPM 24773-289W
R60 RES MF 4K3 1/4W 2% 100PPM 24773-288S

R61 RES MF 1K0 1/4W 2% 100PPM 24773-273A
R62 RES MF 1K05 1/4W .5% 50PPM 24753-360F
R63 RES MF 10K 1/4W 2% 100PPM 24773-297M
R64 RES MF 2OK 1/4W 2% 100PPM 24773-304C
R65 RES MF 10K 1 /4W 2% 100PPM 24773-297M

R66 RES MF 3K9 1/4W 2% 100PPM 24773-287V
R67 RES MF 330R 1/4W 2% 100PPM 24773-261D
R68 RES MF 2OK 1/4W 2% 100PPM 24773-304C
R69 RES MF 3K92 1/4W 0.5% 50PPM 24753-567S
R70 RV CERM 200R LIN 1/2W 10% 25748-567W

R71 RES MF 4K02 1/4W 0.5% 50PPM 24753-627Y
R72 RV CERM 10K LIN 1/2W 10% 25748-566S
R73 RES NET 100K 5% 15DIL 24681-508P
R74

J u ly  86

RES MF 665R 1/4W .5% 50PPM 

(Am. 2)

24753 -36LG



H 6960
Vol. 2

Circuit
re f . Description Part no.

R75 RES MF 1K8 1/4W 2% 100PPM 24773-279N
R76 RV CERM 10K LIN 1/2W 10% 25748-566S
R77 RES MF 130R 1/4W 2% 100PPM 24773-252J
R78 RES MF 33K 1/4W 2% 100PPM 24773-309Z
R79 RES MF 62K 1/4W 2% 100PPM 24773-316Y

R80 RES MF 33K 1/4W 2% 100PPM 24773-309Z
R81 RV CERM 10K LIN 1/2W 10% 25748-566S
R82 RV CERM 10K LIN 1/2W 10% 25748-566S
R83 RES MF 4K7 1/4W 2% 100PPM 24773-289W
R84 RES MF 0R33 0.4W 5% 300PPM 24783-00IA
R85 RES MF 180R 1/4W 2% 100PPM 24773-255V
R86 RES MF 3K3 1/4W 2% 100PPM 24773-285F

R87 RES MF 43K 1/4W 2% 100PPM 2 4773-312Z
R88 RV CERM 10K LIN .5W 10% HORZ 2 5711-64IG
R89 RES MF 470R 1/2W 2% 250PPM 24573-065J
R90 RES MF 24K 1/4W 2% 100PPM 24773-306B
R91 RES MF 15R 1/4W 2% 100PPM 24773-229X

R92 RES MF 1K0 1/4W 2% 100PPM 24773-273A
R93 RES MF 1K0 1/4W 2% 100PPM 24773-273A
R94 RES MF 1K5 1/2W 2% 250PPM 24573-077X
R95 RES MF 330R 1/4W 2% 100PPM 24773-261D
R96 RES MF 68K 1/4W 2% 100PPM 24773-317N

R97 RV CERM 10K LIN .5W 10% HORZ 257.11-641G
R98 RES MF 1K5 1/2W 1% 100PPM 24763-853C
R99 RES MF 18R 1/4W 2% 100PPM 24773-231P
R100 RES MF 10K 1/4W 2% 100PPM 24773-297M

Chap. 6 
Page 10



Circuit
r e f . Description Part no.

R10 1 RES MF 10K 1/4W 2% 100PPM 24773-297M
R102 RES MF 180R 1/4W 2% 100PPM 24773-255V
R103 RES MF 100K 1/4W 2% 100PPM 24773-321L
R104 RES MF 100K 1/4W 2% 100PPM 24773-321L
R105 RES MF 0R47 0.4W 5% 300PPM 24783-002Z

R106 RES MF 0R47 0.4W 5% 300PPM 24783-002Z
R107 RES MF 100R 1/4W 2% 100PPM 24773-249J
R108 RES MF 4K7 1/4W 2% 100PPM 24773-289W
R109 RES MF 1K0 1/4W 2% 100PPM 24773-273A
Rl 10 RES MF 1K2 1/4W 2% 100PPM 24773-275H

R i l l RES MF 1K0 1/4W 2% 100PPM 24773-273A
R112 RES MF 9K1 1/4W 2% 100PPM 24773-296X
R113 RES MF 12K 1/4W 2% 100PPM 24773-299R
R114 RES MF 820R 1/4W 2% 100PPM 24773-27IB
R115 KV CERM 10K LIN 1/2W 10% 25748-566S

R116 RES MF 13K 1/4W 2% 100PPM 24773-300T
R117 RES MF 5K6 1/4W 2% 100PPM 24773-291S

SK7 CON JUMP FEM 2 1 ROW 23435-990X

TRI TR NSI D44C6 45V 50M - PWR 28455-301Y
TR2 TR PSI BC307A 45V 130M -  GEN 28435-227H
TR3 TR NSI 2N2369 15V 500M -  SW 28452-197H
TR4 TR PSI BC307A 45V 130M -  GEN 28435-227H
TR5 TR NSI 2N2369 15V 500M -  SW 28452-197H
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C ir c u i t
r e f . D e s c r ip t io n P a r t no .

TR6 TR NSI BC209C 20V 150M - GEN 28452-77IP
TR7 TR PSI MPSL08 12V 700M - SW 28431-767E
TR8 TR NSI BC209C 20V 150M - GEN 28452-771P
TR9 TR NSI 2N2222A 40V 300M -  GEN 28454-802F
TRIO TR NMF IRF 521 60V 8 A 28459-047P

TRl 1 TR NSI BC209C 20V 150M - GEN 28452-77 IP
TR12 TR PSI BC307A 45V 130M - GEN 28435-227H
TRl 3 TR PSI BC307A 45V 130M - GEN 28435-227H
TRl 4 TR PSI BC307A 45V 130M - GEN 28435-227H

X25 S/C-ACC WASHER 6BA/M3 INSUL 2 8 4 8 8 -127P
X26 S/C-ACC BUSH M3 INSUL 28488- 134R
X29 CCM PART M/W PIN NO DETENT PCB 23435-567V

9 . O n it AA02/1 - PROCESSOR PCB ASSY.

When o r d e r in g , p r e f ix  c i r c u i t  r e fe r e n c e  w ith  AA02.

Complete u n it 06960-011

Cl
C2
C3
C4
C5

CAP PETP 
CAP TANT 
CAP PETP 
CAP ELEC 
CAP TANT

100N 63V 10% RAD MIN 
2U2 35V 20% BEAD 
100N 63V 10% RAD MIN 
100U 35V 20%+ PCB 
2U2 35V 20% BEAD

26582-429F  
26486-214V 
26582-429F  
26421-122J  
26486-214V

Chap. 6
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r e f . D e s c r ip t io n P art no .

C6 CAP TAMT 10U 35V 20% BEAD 26486-225C
Cl CAP TANT 47U 6V 20% BEAD 26486-232A
C8 CAP TANT 1U0 35V 20% BEAD 26486-209F
C9 CAP CER ÎOON 50V 20% M/LAYER 26383-534Y
CIO CAP TANT 1U0 35V 20% BEAD 26486-209F

C ll CAP TANT 1U0 35V 20% "BEAD 26486-209F
C12 CAP CER ÎOON 50V 20% M/LAYER 26383-534Y
C13 CAP CER 100N 50V 20% M/LAYER 26383-534Y
C14 CAP CER 100N 50V 20% M/LAYER 26383-534Y
C15 CAP CER 100N 50V 20% M/LAYER 26383-534Y

C16 CAP CER 100P 63V 2% PLATE 26343-477V
C17 CAP TANT 22U 16V 20% BEAD 26486-230B
C18 CAP TANT 1U0 35V 20% BEAD 26486-209F
C19 CAP TANT 1U0 35V 20% BEAD 26486-209F

D1 DÏ ZEN BZX79C4V7 4.7V  5% 28371-37 IF
D2 DI SIL 1N4148 75V JONC 28336-676J
D3 DI SIL 1N4148 75V JONC 28336-676J
D4 DI RECT 1N4004 400V 28357-028K
D5 DI SIL 1N4148 75V JONC 28336-676J

D6 DI SIL 1N4148 75V JONC 28336-676J
D7 DI SIL 1N4148 75V JONC 28336-676J
D8 DI SIL 1N4148 75V JONC 28336-676J
D9 DI SIL 1N4148 75V JONC 28336-676J
DIO DI SIL 1N3595 150V JONC 28337-556N
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D ll D1 H/CARR 1N5711 28349-007E

ICl ICD MONO 4538 DUAL RETR PREC « 28468-313K
IC2 ICD NAND 4093 QUAD 2INP SCH BI 1 28469-207J
IC3 ICD MP P8085A-2 8  BIT NMOS •

• 28469-415F

IC4 ICD LATCH 74LS373 OCT 3ST 28462-410E
IC5 ICD BUFF 74LS245 OCT TXRX 28469-188B
IC6 ICD FF D 74LS74 DUAL +EDG TR 28462-611A
IC7 ICD DEC/DMX 74LS138 3-8 28465-027F
IC8 ICD PROM ASSY (Type 2764) 28471-014H

IC9 ICD RAM UPD446D-1 2KX8 250NS : 2 8469 -311L
IC10 ICD NAND 74LS00 QUAD 2INP 28466-345H
IC11 ICD AND 74LS08 QUAD 2INP 28466-012L
IC12 ICD MP SUP 8255A-5 PRG PER INT i 28467-010T
IC13 ICD MP SUP 8255A-5 PRG PER INT a 28467-010T

PLl CON PCB HDR 50WAY FXD STRT 23435-953T
PL2 CON PCB HDR 20WAY FIXD STRT 23435-951W
PL3 CON PCB HDR 26WAY FXD STRT 23435-952D

R1 RES MF 22K 1/4W 2% 100PPM 24773-305R

R2 RES MF 10K 1/4W 2% 100PPM 24773-297M
R3 RES MF 270K 1/4W 2% 100PPM 24773-331D
R4 RES MF 82K 1/4W 2% 100PPM 24773-319J
R5 RES MF 27K 1/4W 2% 100PPM 24773-307K
R6 RES MF 22K 1/4W 2% 100PPM 24773-305R

Chap. 6  
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R7 RES MF

Description 

100K 1/4W 2% 100PPM

Part no. 

24773-321L
R8 RES MF 100R 1/4W 2% 100PPM 24773-249J
R9 RES MF 10K 1/4W 2% 100PPM 24773-297M
RIO RES MF 22K 1/4W 2% 100PPM 24773-305R
R ll RES MF 22K 1/4W 2% 100PPM 24773-305R

R12 RES MF 47K 1/4W 2% 100PPM 24773-313H
R13 RES MF 10K 1/4W 2% 100PPM 24773-297M
R14 RES MF 10K 1/4W 2% 100PPM 24773-297M
R15 RES MF 10K 1/4W 2% 100PPM 24773-297M
R16 RES MF 10K 1/4W 2% 100PPM 24773-297M

R17 RES MF 6 K8  1/4W 2% 100PPM 24773-293D
R18 RES MF 4K7 1/4W 2% 100PPM 24773-289W
R19 RES MF 1KO 1/4W 2% 100PPM 24773-273A
R20 RES MF 4K7 1/4W 2% 100PPM 24773-289W
R21 RES MF 100K 1/4W 2% 100PPM 24773-321L

R22 RES MF 33K 1/4W 2% 100PPM 24773-309Z
R23 RES MF 22K 1/4W 2% 100PPM 24773-305R

SI SW PUSH 1P1W MOM LIPA D6 23465-301P
S2 SW SLIDE 4 x 2W 28V DIL QUAD 23467-307C

TRl TR NSI 2N2369 15V 500M -  SW 28452-197H
TR2 TR NSI 2N2369 15V 500M -  SW 28452-197H

X10 S/C ACC SKT DIL28 LOW PROFILE 28488-045L
XI1 S/C ACC PAD TOl8 ,ETC TO .1" GRD 28488-115L
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XL1 XTAL 10M P30P 2OR 28312-047U

1 0 , U n it AA03 -  FRONT PANEL ASSY

When o r d e r in g , p r e f ix  c i r c u i t  r e fe r e n c e w ith AA03.

Complete u n it 06960-002

Dl LAMP LED YL4484 3V YELLOW 28624-116K

SI SW TOG 2C0 LEVER MAINS 23462-249Z

XI DISPLAY LCD CUSTOM HAMLIN 06960-040 /

X21 MOUNT, LAMP 37590-247D
X35 EDGE METER 200UA 750R 06960-034 /

1 1 . U n it AA04 -  REAR PANEL ASSY

When o r d e r in g , p r e f ix  c i r c u i t  r e fe r e n c e w ith AA04.

Complete u n it 06960-003

PL1 CON PWR MALE 3 FXD RF FILTER 23423-150L

SI SW SLIDE 2C0 PANEL MTG 23467-161W

Chap. 6
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r e f .  D e s c r ip t io n P a r t n o .

SKI
SK2
SK3

CON RF BNC FEM 50 BKHD INS 
CON RF BNC FEM 50 BKHD INS 
CON RF BNC FEM 50 BKHD INS

23443-449Y  
23443-449Y 
23443-449Y

Tl TRANSFORMER MAINS 06960-044 /

X21
X22
X23

H/W FUSE HOLDER PANEL 20X5 
H/W COVER FOR 23416-192/193  
CON PART PWR COVER INS PVC BLK

23416-192R
23416-198E
23423-999Y

1 2 . U n it  AA06 -  RIBBON CABLE ASSY 50 WAY

When o rd er in g , p r e f ix  c i r c u i t  r e fe r e n c e w ith AA06.

Complete u n it 06960-005

SKI
SK2

CON IDC FEM 50 FREE P+STR/REL 
CON IDC FEM 50 FREE P+STR/REL

23435-848T
23435-848T

13. U n it  AA07 -  RIBBON CABLE ASSY 26 WAY

When o rd er in g , p r e f ix  c i r c u i t  r e fe r e n c e w ith AA07.

Complete u n it 06960-006

SKI
SK2

C(3« IDC FEM 26 FREE P+STR/REL 
CON IDC FEM 26 FREE P+STR/REL

23435-847D
23435-847D

June 84



H 6960
Vol. 2

1 4 , U n it AAlQ t- POWER LINK SOCKET ASSY

When o r d e r in g , p r e f ix  c i r c u i t  r e fe r e n c e  w ith  AA10.

Complete u n it  06960-013

X24 CON PART M/W MALE 9W HOUSG 9A 23435-539T
X25 CON PART M/W SKT+DIMPLE CRIMP 23435-59IE

15. U n it AAll -  GPIB INTERFACE MODULE (O ptional accesso ry )  

When o r d e r in g , p r e f ix  c i r c u i t  r e fe r e n c e  w ith  A A ll.

Complete u n it  03964-650

SKI CON 57 FEM 24 FXD PCB EDG GPIB 23435-133X

Circuit
ref. Description Part no.

16. U n it AB01 -  KEYBOARD & DISPLAY PCB ASSY

When o r d e r in g , p r e f ix  c i r c u i t  r e fe r e n c e  w ith  AB01.

Complete u n it 06960-012

Cl CAP CER 56P 63V 2% PLATE
C2 CAP CER 100N 50V 20% M/LAYER
C3 CAP CER 100N 50V 20% M/LAYER

26343-474J
26383-534Y
26383-534Y

Chap. 6  
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re f . D e s c r ip t io n Part no.

ICI ICD DRIV HLCD-0438 LCD SER IN ! 28467-016B
IC2 ICD DRIV HLCD-0438 LCD SER IN ! 28467-016B

PLl CON PCB HDR 26 WAY FXD STRT 23435-952D

Rl RES NET 4K7 5% 15DIL
R2 RES MF 4K7 1/4W 2% 100PPM

24681-510T 
24773-289W

SI sw PUSH 1P1W MCM LIPA D6 23465-301P
S2 sw PUSH 1P1W MOM LIPA D6 23465-301P
S3 sw PUSH lp lw MCM LIPA D6 23465-30IP
S4 sw PUSH 1P1W MCM LIPA D6 23465-301P
S5 sw PUSH 1P1W MCM LIPA D6 23465-301P

S6 sw PUSH 1P1W MOM LIPA D6 23465-301P
S7 sw PUSH 1P1W MOM LIPA D6 23465 -301P
S8 sw PUSH 1P1W MOM LIPA D6 23465-301P
S9 sw PUSH 1P1W MCM LIPA D6 23465-301P
S10 sw PUSH 1P1W MOM LIPA D6 23465-301P

S l l sw PUSH 1P1W MOM LIPA D6 23465-301P
S12 sw PUSH 1P1W MOM LIPA D6 23465-301P
S13 sw PUSH 1P1W MOM LIPA D6 23465-301P
S14 sw PUSH 1P1W MOM LIPA D6 23465-301P

XI0 S/C ACC SKT SIL25 W/WRAP SNAP 2 8 4 8 8 -172A
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17 . U n it AB04 -  CABLE ASSY 6  WAY

When o r d e r in g , p r e f ix  c i r c u i t  r e fe r e n c e  w ith  AB04.

Complete u n i t  06960-015

SKI CCN PART M/W 6  WAY HOUSING POL 23435-921T

X2 CCN PART MIN CRIMP TERML 4809 23435-930B

18. U n it AB05 -  CABLE ASSY 2 WAY

When o r d e r in g , p r e f ix  c i r c u i t  r e fe r e n c e  w ith  AB05.

Complete u n i t  06960-014

SKI CCN PART M/W FEM 2W HOUSG 12A 23435-519Z

XI CON PART M/W SKT+DIMPLE CRIMP 23435-59IE

19. U n it AB06 -  GPIB PCB ASSY (O ptional a c c esso ry )

When o r d er in g , p r e f ix  c i r c u i t  r e fe r e n c e  w ith  AB06.

Complete u n it  03964-301

Cl CAP CER 10N 25V 20% DISC 26383-006C
C2 CAP CER 10N 25V 20% DISC 26383-006C

Circuit
ref. Description Part no.

Chap. 6
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r e f . Description Part no.

C3 CAP CER ION 25V 20% DISC 26383-006C
C4 CAP CER ION 25V 20% DISC 26383-006C
C5 CAP CER 10N 25V 20% DISC 26383-006C
C6 CAP CER 10N 25V 20% DISC 26383-006C
C7 CAP CER 10N 25V 20% DISC 26383-006C

C8 CAP TANT 47U 6 V 20% BEAD 26486-232A

IC1 ICD MP SUP 8291A GPIB TALK/LIS 1 28467-014C
IC2 ICD BUFF 3448 QUAD GPIBTXRX 3S 28469-190R
IC3 ICD BUFF 3448 QUAD GPIBTXRX 3S 28469-190R

IC4 ICD BUFF 3448 QUAD GPIBTXRX 3S 28469-190R
IC5 ICD BUFF 3448 QUAD GPIBTXRX 3S 2 8 4 6 9 -190R
IC6 ICD NAND 74LS00 QUAD 2INP 2 8466-345H
IC7 ICD BUFF 74LS365A HEX 3ST 28469-194Z

Rl RES NET 4K7 2% 7SIP 24681-608D
R7 RES HF 4K7 1/4W 2% 100PPM 24773-289W
R8 RES MF 4K7 1/4W 2% 100PPM 24773-289W

2 0 . U n it  AB07 -  SWITCH PCB ASSY
When o r d e r in g , p r e f ix  c i r c u i t  r e fe r e n c e  w ith  AB07.

Complete u n it  03964-302
SI SW ROCKER 2C0 6 SW DIL 23465-897N
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21„ U n it AB08 -  CABLE ASSY

When o r d e r in g , p r e f ix  c i r c u i t  r e fe r e n c e  w ith  

Complete unit
PLl CON PCB S/TRANS 20 FXD IDC 

SKI CON IDC FEM 20 FREE P+STR/RLF

22. U n it  AC03 -  POWER REF CABLE ASSY

When o r d e r in g , p r e f ix  c i r c u i t  r e fe r e n c e  w ith  

Complete u n it

X26 CON PCB FEM 6 W FREE SEIF LOCK 
X27 CON PART M/W 6 WAY HOUSING POL
X28 CON PART MIN CRIMP TERML 4809

2 3 . U n it  AC04 -  POWER REFERENCE ASSY

When o r d e r in g , p r e f ix  c i r c u i t  r e fe r e n c e  w ith  

Complete u n i t

Circuit
ref. Description Part no.

AB08.

03964-601

23435-860R

23435-845S

AC03.

06950-012

23435-521A  
23435 -92IT 
23435-930B

AC04.

06950-100
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Cl CAP CER

Description

10QN 100V 20%+ M/LAYER

Part no. 

26383-532E
C2 CAP CER 33P 63V 5% PLATE 26343-471Y
C3 CAP CER 18P 63V 5% PLATE 26343-468Y
C4 CAP CER 18P 63V 5% PLATE 26343-468Y
C5 CAP CER 100P 63V 2% PLATE 26343-477V

C6 CAP CER 1N0 63V 10% PLATE 26383-585M
C7 CAP CER 100N 100V 20%+ M/LAYER 26383-532E
C8 CAP CER 1N0 63V 10% PLATE 26383-585M
C9 CAP CER 100N 100V 20%+ M/LAYER 26383-532E
CIO CAP CER 18P 63V 5% PLATE 26343-468Y

Cl 1 CAP VAR PLAS 22P 2P TRIM 26878-407U
C12 CAP CER 100P 63V 2% PLATE 26343-477V
Cl 3 CAP CER 1N0 63V 10% PLATE 26383-585M
C14 CAP TANT 1U0 35V 20% BEAD 26486-209F
C15 CAP TANT 1U0 35V 20% BEAD 26486-209F

C16 CAP CER 47N 25V 20% DISC 26383-017U
Cl 7 CAP CER 100N 100V 20%+ M/LAYER 26383-532E
C18 CAP CER 100N 100V 20%+ M/LAYER 26383-532E

D1 DI SIL 1N4148 75V JUNC 28336-676J
D2 DI H/CARR 1N5711 28349-007E
D3 DI H/CARR 1N5711 28349-007E
D4 DI SIL 1N4148 75V JUNC 28336-676J

IC1 ICA AMP Opl4CP DUAL MATCHED 28461-367D
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C ircuit
ref . Description Part no.

Li COIL ASSY 0 6 9 50-105 /
L2 IND CHOKE 0.1UH 10% MINIATURE 23642-418G
L3 IND CHOKE 0.1UH 10% MINIATURE 23642-418G

MPI BOX 06950-104 /

PLI CCN PCB MALE 6 W FXD SELF LOCK 23435-543P

RI RES MF 10K 1/4W 2% 100PPM 24773-297M
R2 RES MF 10K 1/4W 2% 100PPM 24773-297M
R3 RES MF 10K 1/4W 2% 100PPM 24773-297M

R4 RES MF 47K 1/4W 2% 100PPM 24773-313H
R5 RES MF 120K 1/4W 2% 100PPM 24773-323F
R6 RES MF 47K 1/4W 2% 100PPM 24773-313H
R7 RES MF 220R 1/4W 2% 100PPM 24773-257W
R8 RES MF 270R 1/4W 2% 100PPM 24773-259T

R9 RES MF 10K 1/4W 2% 100PPM 24773-297M
RIO RES MF 220K 1/4W 2% 100PPM 24773-329T
RI 1 RES MF 59R0 1/4W .5% 50PPM 24753-358G
R12 RES MF 14IR 1/4W 0.5% 50PPM 24753-437P
RI 3 RES MF 8 R6  1/4W 0.5% 50PPM 24753-407M

R14 RES MF 220K 1/4W 2% 100PPM 24773-329T
R15 RV CERM 5K LIN .3W 10% FLAT 25748-506P
R16 RES MF 13K3 1/4W .5% 50PPM 24753-359V
R17 RES MF 10K 1/4W 2% 100PPM 24773-297M
R18 RES MF 49K9 1/4W 0.5% 50PPM 24753-346Z
RI 9 RES MF 49K9 1/4W 0.5% 50PPM 24753-346Z

Chap. 6
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C ir c u i t
r e f .
R20 RES MF

D e s c r ip t io n  
7K5 1/4W 2% 100PPM

P a r t n o . 
24773-294T

SKI CON RF SMB MALE 50 PCB ELBOW 23444-359Z

TRl TR NS I BC 208B 20V 150M -  GEN 28452-781A
TR2 TR NS I MPSA13 125M -  DAR 28453-842U
TR3 TR NMF 40673 20V 400M DG 28459-010V

24 . U n it AF03 -  SENSOR INPUT ASSY

When o rd e r in g , p r e f ix  c i r c u i t  r e fe r e n c e  w ith  AF03.

Complete u n it 06950-016

SK10 CON CIRC FEM 12 FXD HEX NUT 23424-521S

2 5 . U n it AF04 -  RF CABLE ASSY

When o r d e r in g , p r e f ix  c i r c u i t  r e fe r e n c e  w ith  AF04.

Complete u n it  06950-005

SKI CON RF SMB FEM 50 FREE ELBOW 23444-336L
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Circuit
re f .  Description 

2 6 . U n it AF08 -  SENSOR CABLE ASSEMBLY
Part no.

When o r d e r in g , p r e f ix  c i r c u i t  r e fe r e n c e w ith  AF08.

Complete u n it 06950-039

PLl CON CIRC MALE 12 FREE 23423-520Z
PL2 CON CIRC MALE 12 FREE 23423-520Z

MECHANICAL PARTS

27 . Item numbers r e fe r  to  F ig . 1 .

Item no. Description Part no.
1 Top cover 35904-009F
2 S id e  r a i l , 1 o f  2 3490O-747N
3 F lan ge , 1 o f  2 37590-221X
4 Spring w asher, 1 o f  2 31119-045W
5 Arm, 1 o f  2 37590-222M
6 Rear f o o t ,  1 o f  2 37590-505Z
7 Cap, 1 o f  2 37590-219M
8 B o ss , 1 o f  2 37590—220P
9 Handle assem bly 41700-239W

10 Rear frame 3589O-072W
11 Bottom cover 3 5 9 0 4 -0 10L
12 Pushbutton s e t 0 6 9 6 0 -0 4 1 /
13 Push cover  n a tu r a l, 1 o f  13 37590-298U
14 Keycap, orange 0 6 9 6 0 -0 3 9 /
15 Front frame 35890-083B
16 Stud , 1 o f  4 37590-223C
17 F o o t , 1 o f  4 37590-224R

Chap. 6
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Chapter 7

SERVIC ING DIAGRAMS

CONTENTS

P ara .

1 C ir c u it  n o te s  
1 Component v a lu e s
3 Symbols

Fi g . Drawing No. U n it T i t l e Page

1 a 6960/050 AA01 Component la y o u t . . . • • • • • 4
1 6960/010 AA01 Analogue p .c .b .  a ssem bly , 1 o f  4 . . . 5
2 a 6960/050 AA01 Board d e t a i l  . . . • • 0 » • 6
2 6960/900 AA01 Analogue p .c .b .  a ssem bly , 2 o f 4 . . . 7 /8
3 6960/900 AA01 Analogue p .c .b .. a ssem bly , 3 o f  4 . . . 9 /10
4 6960/900 AA01 Analogue p . c .b .  a ssem bly , 4 o f 4 . . . 11
5a 6960/032 AA02/1 Component la y o u t . . . • • * * • 12
5 6960/903 AA02/1 P rocessor  p .c .b .  assem bly , 1 o f  2 13
6 a 6960/032 AA02/1 Board d e t a i l  . . . • • . , . 14
6 6960/901 AA02 P rocessor  p .c .b .  a ssem bly , 2 o f  2 15
7a 6960/052 AB01 Component la y o u t and board d e t a i l  . . 16
7 6960/902 AB01 Power m eter, keyboard and d is p la y  assem bly 17
8 a 6950/102 AC04 Component la y o u t and board d e t a i l  . . 18
8 6950/901 AC04 Power r e fe r e n c e  assem bly . • • , . . 19
9a 3964/315 GPIB Component la y o u t and board d e t a i l  . . 2 0
9 3964/921 GPIB I n te r fa c e  module . . . • • • • • 2 1 / 2 2

July 86 (Am. 2)
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CIRCUIT NOTES

Component v a lu e s

R e s is to r s  : Code l e t t e r R =

C ap acitors : Code l e t t e r m = 
n =

Inductors : Code l e t t e r H = 
M =

^ 2>

V-3n

v J

SIC Value s e le c te d  during t e s t ,  nom inal v a lu e  shown.

2 . Components are marked norm ally w ith  two, th ree  or fou r  f ig u r e s  accord in g  
to  the accuracy  l im it  ±10%, ±1% or ±0.1%. The code l e t t e r  used in d ic a te s  the  
m u lt ip l ie r  and r e p la c e s  the decim al p o in t .  Because a marking 4m7 cou ld  be 
in te r p r e te d  as m illio h m s, m il l i f a r a d s  or m il l ih e n r y s ,  a l l  v a lu e s  are p laced
near to  i t s  r e la te d  sym bol. s j

Chap. 7
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[ filter 1 PHASE SYNCHPONOUS SOURCE 1

D E T E C T O R M LTEE+ SOURCE "2
SID.
PL  t - 2 0

METEE 
PL 1- 14

/ \  IN D IC AT ES  STATIC S E N S IT IV E  C O M PO N EN T S

L E V E L L IN G
OUTPUT
O'* 1 v

5H T 4  SUT 4

AA01 : Analogue p.c.b. assembly
6960/900 Sht. 2 of 4, Is s.  1

Fig. 2

Apr. 87 (Am. 3)

Fig .
Chap.
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POWER SUPPLIES

l

i

Analogue p.c.b.

Drg. No. 6960/900 Sht. 3 of 4, I s s .  4

+ 15V

+ 5 V A

OV B 

O VC 

- 15 V

F i g .  3 

June 84

AA01

I

assembly

Fig. 3
Chap. 7
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i

—  2

—  3
P L 4

P O W E R  R EF  
LED.

PO W ER REFT OFF  

+ 15 V 

OV

- I S  V

P L 2 -5

I

I
;!

B L A N K I N G  
OUT PUT

Analogue p.c.b. assembly Drg. No. 696,0/900 Sht. 4 of 4, I s s .  1

Fig. 4
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AA02-1 6 9 6 0 -0 3 2

P1

R22 

D3 -W -

IC10 _  IC7 _

- o n  i— a n
C15 C13

IC5 C11

H 0  O
+

IC4 C10
___ __ . '  \

+  w

XL1

R6

D

(□ I B ~ \ 3
r  ' IC4 S1 C6 TR1

C3
D2 r L £ 1  + C 2  C5

= , 0 0 0 0 * -
R2

CM
1C6 q

^  tDLO CO I  |

JS S  E I I

ill i u

R4

R3
R9

XD5
- w -  R8

' 0TR1

™ . o
3

IC3

+ . ~
C8

R12
R10

Component layout : AA02/1

Fig. 5a
Chap. 7
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July 86 (Am. 2)

AA02/1 : Processor p.c.b. assembly
Drg. No. 696p/903 Sht. 1 of 2, I s s .  1

Fig.
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Page 1



H 6960
Vol . 2

k

O
CMÛC

CO
OC

O)
Q
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6

ÂA02-1 6960- 032 ' j7 fc (J ô; Ö ̂ .JcT

(o ■>, '•

^ W * fcfc-c tk̂.ï'̂A -, ::x:. Ä'- “•

R1

Board detail : AA02/1

Fig. 6a
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ov STR06E +5V

A . IN D IC A T E S  STATIC S E N S IT IV E  COM PONENTS

Fiq 6

July 86 (Am. 2)

Drg. No. 6960/903 Sht. 2 of 2 , I s s . 1

AA02/1 : Processor p. p.b. assembly

Fig. 6
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1 1 8 M M

50 ,

IC 2

3
26

Cl
S 1 0  □  S U  S i  2

1 m I S S U E

i t

I
T j O O OMooo

R2
J  2 5  Sl*h S\ S 5  S 6

^ O O O O
S I  3 S I  S 2  S 3

RB01

6 9 6 0 / 0 5 2

oooo
1 1  8 MM

_ 6 9 6 0 / 0 5 2

Component layout and board detail  : ABOI

Fig. 7a
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SOLDER
TR AN SITIO N

k e y b o a r d  P L  1

R I  4 K 7 X 15
+ 5 V

ENT
DP
9
6
7
6
5
4
3
2
I

a
MINUS

RESET

+ 5 v

-7  >

- 2 6 >

POWER - 2 5 >
R E F
LEO

M E TE R + -2 3  >

SOD

OV

M E T E R -  - 2 4 )—

D ISPLAY - 2 1  >  
LOAD

STROBE -20 >

-22 >

- 1 8  >

P L I  I

DISPLAY" 
P IN .  N 2

FUNCTION
C D IG ITS )

D IS P LA V  
P IN  N2

FUNCTION
(D IG IT S )

D IS P LA Y  
PIN  NS

FUNCTION
(D IG IfT S )

D IS P LA Y  
P IN  N?

FUNCTION  
( D IG IT S )

DISPLAY"
P IN  NS

FUNCTION
CD IG ITS)

1 11 2 f 21 (rn )y v 31 4 d 41 2q
2 UNDER-RAN6E 12 D .P 2 22 n  vV 32 4 c 4 2 ie
3 BATI LOW 13 3 b 23 ZERO 33 4 g 43 Id
4 1b 14 3 a 24 34 3 e 4 4 1C
5 la 15 25 35 3 d 45 iq
6 16 D .P 3 26 36 3 c 46 — (m in u s )
7 I f 17 4 b 27 re l 37 3q 47 OVER RANGE
8 D.P1 18 4 a 23 d B  Cm) 33 2e 48
9 2 b 19 4 f 29 ( d  6 )m 39 2 d 49 REMOTE
IO 2 a 20 m fw ) 30 4 e \ 4 0 2 c 50 " X T

23

ON FRONT PANEL 
I--------------1

1 L

! _ _ £ ! ___j
+  5  V

4 9

15

o v e r - r a n g e  

r e m o te  

b a t t  low  

u n d e r - r a n g e

© o o oMM.au d  B m  R e l  

m W y . W

n W z e ro

26
25
50

47 » 21 20

n 74

21

29 32 37

VDD I C  1
HLCD 043Ö
L C D  DRI VER D A T A  

B P  IN

43 47 45 10 40 39 » 41 X

s| 9| lo| 17[ l?| x| lj[| Ifel III 111 Zo| 2l| 22I 73N 25I 7i\ 3}| S?! g| 39

35 34 IS 37

1 C  2
H L ^ D  0 4 3 8
L C D j  d r i v e r

DATA IN

It 37 3/ 30 33

BP 30

*---- OV

Drg. No. 696(()/902 Sht. 1 of 1, Iss. 1

ABOI : Power meter keyboard and d isp lay  assembly

Fig. 7 
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TR1 TR2Ji

P05 
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§ * SK1o *ro , ...

' V'; 'I

• ' l l R15

TJ 
£ ■ O

____ I I
,-l i .... ■

-  TR3

IC1
PL1

J  w f + ~ z  Q  0
7 ►i ’ ' t  j  n o  7 -y s  |  ■ ' m ' T R 2
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Component layout and board detail : AC04 *

Fig . 8a
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Power reference assembly : AC04

Fi g .  8
M a r .  8 5  (Am. 1)

50 MHz 1 m W  O U T P UT

COMPONENT.

I s s .  3

Fig.  8
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