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Subject: "In-circuit" Component Measurements for BBCs

While it is recommended that all critical resistors and capacitors be checked before assembly it is 
often useful to be able to re-check components in place without unsoldering them. Many resistors 
can be measured "in-circuit" with a multimeter because they are isolated - this is the case for the 
precision resistors in the SSB mixer and filter boards. On the other hand, none of the capacitors 
can be checked with a simple capacitance meter in-circuit because they are imbedded in various 
resistive networks. Imbedded components can often be measured using a voltage-to-current transfer 
[for example, see Ansari, IEEE IM-38, No 4, 922, 1989] via a three-terminal probe. For example, 
if a very low impedance signal source drives an imbedded capacitor, the signal transfer into a very 
low impedance detector is uneffected by impedances shunting the ends of the capacitor to ground. 
The three-terminal probe shown in Figure 1A. provides one such method as does the method of 
Ansari seen in Figure IB. A variation of this method, shown in Figure 1C, is to measure the 
frequency which produces a null output. Another method of checking a capacitor is to measure its 
impedance at a high enough frequency to make the impedance of surrounding components much 
higher than the impedance of the capacitor. This type of measurement can be made with some 
component measurement systems like the HP4278A. Recent experience with careful checking of 
component values and matching mixers (see Acquisition Memo #183) is that the image rejection 
specification of 26 dB can be met. We should, however, consider obtaining some better component 
test instruments to make the production and maintenance easier. Also it would be useful to have 
a BBC available as a "reference" for comparison when another BBC fails to perform to 
specification.
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FIG, 1A O u t p u t s  a r e  equa l  when l / ( w c )  = 1000 
and a r e  n o t  s e n s i t i v e  t o  X and Y

C

FIG. 1C O u t p u t  nul l  when w2|_C =1
w i t h o u t  d e pe ndence  on X and Y

FIG. IB A nsa r i  m e th o d  o u t p u t s  
depend  only  on C and 

a r e  n o t  s e n s i t i v e  t o  
X and Y

METHDDS UF " IN-CIRCUIT"  CAPACITANCE MEASUREMENT



COMPONENT MEASUREMENT
1 kHz /  1 MHz Capacitance Meter
Model 4278A

Measurement Speed: 6.5ms/10ms/21ms 
Measurement Parameters: C-D«Q«ESR»G 
C-D Measurement Accuracy: 

0.07%, 0.0005(1kHz. 21ms) 
0.05%, 0.0002(1MHz, 21ms)

High Resolution: 6 digit, D:0.OJ001 
Intelligent Built-in Comparator: 10-bin Sorting
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Description
The H P 4278A  lk H z / I M H z  C ap ac itan ce  M e ie r is a high speed, 

highly reliable, p recision test in stru m en t a im ed a t in co m in g /ou tgo ing  
capacitor inspection applications on the  p roduction  line  an d  in quality  
control. The I IP  4278A  will im prove test efficiency by perform ing 
com parative m easu rem en ts  o f lo w  to  m edium  value c ap ac ito rs  (up  to  
200 >iF—a range th a t covers m ost c e ram ic  and  film c ap ac ito rs )  sever
al times faster th an  previously ava ilab le  cap ac itan ce  m eters.

The H P 4278A ’s s ta n d a rd  m easu rem en t frequencies a n d  oscillator 
ou tput levels a re  lk H z / I M H z  and  from  0.1V  to  IV  in 0.1V  steps, 
respectively. T h e  H P  4 2 78A 's  ab ility  to  m ake precision  capac itance  
m easurem ents and  to  m easu re  low dissipation  values will give you an  
edge in improving the qu a lity  o f  your devices.

The built-in co m p a ra to r  function  o f  th e  H P  4278A  gives you the 
ability to sort p a rts  in to  ten bins. A high  speed IIP - IB  in terface and 
an  optional han d le r in te rface  a re  ava ilab le  for com bin ing  the H P  
4278A with an  a u to m a tic  hand le r a n d  an  ex te rna l co m p u te r to build  
a total solution for a u to m a tic  testing  and  d a ta  acq u is itio n  and  an a ly 
sis.

High Speed Measurements
One of the H P  4 278A ’s m ain fea tu re s  is its se lection  o f  high m ea 

surem ent speeds: 6 .5m s (153  m easu rem en ts /see ), 10m s (100  m ea
surem ents/sec), o r  21m s (47 m easu rem en ts /sec ), w ith  a fast settling  
tim e. A dditionally, th e  H P  4 2 78A 's  bu ilt-in  co m p a ra to r  and  high 
speed HP-IB in te rface  m ake  it possible to  con stru c t a m easurem ent 
system using an  a u to m a tic  hand ler an d  an  ex te rna l co m p u te r to m ini
m ize production test tim e , and , th erefo re , cost.

High Accuracy and Resolution
D issipation  fac to r  (D ), th e  p a ra m e te r  m easured  to  determ ine the 

q u a lity  o f  cap ac ito rs , can  be m easu red  w ith  an  a ccu racy  o f  0.0002 
(I  M H z ) a n d  0 .0005  (I  k l lz )  w ith a  reso lu tion  o f  0.00001 w ithout de
g rad in g  m easu rem en t speed. T he H P  4278A  has high  capacitance 
m easu rem en t accu racy , 0 .05%  ( IM I  Iz) and  0.07%  ( I k H z) w ith 6 full 
dig its o f  reso lu tion  in a ll m easu rem en t ranges, Ip F  to  2048 pF 
( I M H z ) ,a n d  lOOpF to 1 0 0 * F ( I k l lz ) .

T he p u sh b u tto n  zero  a d ju s tm en t function  is used to  com pensate for 
s tra y  im pedance  an d  adm ittan ce  o f  th e  h and ler and  test fixture. The 
a u to  ca lib ra tio n  function , w hen used w ith  a cap ac itan ce  s tandard , can 
be used to ca lib ra te  the system  up  to  the po int o f  device connection.

Intelligent Built-in Com parator
T h e in te lligen t bu ilt-in  co m p a ra to r  gives the  H P 4 2 7 8 A  the capa

b ility  to  use n ine sets o f  high and  low c ap ac ilan cc  values and  one set of 
d iss ipa tion  lim its  to  sort c ap ac ito rs  in to  nine bins, acco rd in g  to their 
c a p ac ilan cc  values a n d  w hether o r no t they  m ccl the  d issipation lim
its. C ap ac ito rs  w hich  a rc  nol w ilh in  the  c ap ac itan ce  lim its o r  do not 
m eet th e  d iss ip a tio n  lim its go in to  th e  ten th  o r no-go  bin.

A il co m p a ra to r  se ttin g s can  be co n tro lled  and  m on ito red  using in 
ex te rn a l co m p u te r, and  the  resu lts o f th e  com parisons can  be trans
ferred  to  a  h an d le r in te rface  (o p tio n a l). All con tro l se ttin g s and  com
p a r a to r  p a ra m e te r s  can  be sav ed  on th e  re m o v a b le  EEPRO M  
m em ory  m odu le (m em ory  c a rd )  to  fac ilita te  in stru m en t se tup  and to 
m in im ize the  ch an ce  of an  in s tru m en t se tu p  erro r.
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Specifications
(refer to d a ta  sheet for com ple te  specifications)
M easurem ent P a ra m e te rs : C -l)* Q » l:S R » ( i 
Display: D ot-m atrix  L C D . D isp lays m cusu rc incn l values w ith  4, 5, or 
(d ig it  reso lu tion , co n tro l se llings, co m p a ra to r  lim its, the co m p a ra 
tor's decision, se lf lest m essages and  an n uncia tions.
M easurem ent C irc u it  M o de s: P ara lle l a n d  S cries  
Test S ignals:

Frequency: I k l l z a n d  I M H z , ±0 .02%
Signal L ev e l: 0.1 lo I V rm s, ± 10% (C < 2 0 jiF ) ,  in 0.1 V rm s steps 

M easurem ent T im e  M o d e s: S H O R T , M E D IU M , and  L O N G  
M easurem ent T im es:

T a b le  3 1 M H z H ig h  A c c u ra c y  M o d e  M e a s u re m e n t A cc u rac y

Tbth* i  Smi
U tuuvnw l llm* Indudai Stilling. Integration (analog maaiuiamanu). Calculation. Kid Com- 
parbon lint#*.

No ad d itio n a l m easu rem en t lim e  is req u ired  for m easu rem en ts  
icrforined in an  overload  (sh o rted  c ap ac ito r) condition .

MeMunmtnt

Parameter

U H i 1 MHz Normal Mod#

1 MHi Hi|h Accuracy

C 000I pF to 200 000
000001 pF to 1280 00 pF

000001 pF lo 2663 00 pF

Of 000001 lo 9 99999
0 0000110 9 99999

000001 to .999999

Q O lio  99999 9
01 10 99999 9

20 lo 99999 9

G 000001,$ lo 9 99999S
00000! »S lo 9 99999mS

000001 ,S 10 9 99999 mS

ESR 0 00001Q to 9 99999 MQ
0 0010 to 999 999 KQ

0 0010 lo 999 999 KQ

1. I k llz  N o rm a l M ode: 7 d ecade  ranges lOOpF to  l00*iF full scale.
100%  o v c rra n g in g  on a ll ran g es , (m ax . 
200000  coun ts) w hen  D £  0.5.

2. IM IIz  N o rm a l M ode: 11 b in a ry  ranges, Ip F  to  l0 2 4 p F  full scale.
25%  o v crrang ing  on all ranges, w hen  D £  
I.

3. I M l Iz  H ig h  A ccuracy  M ode: M easu rem en t ran g e  is ± 3 0 %  o f the
user defined  nom inal value, m ax i
m um  2048pF . W hen D £  0.05 .

Measurement Accuracy
It is specified a t the  U N K N O W N  te rm in a ls  and  a t the  end o f  s ta n 

dard I o r 2 m e te r lesl leads u n d e r the follow ing conditions.
Refer lo d a ta  sheet for de ta ils.
1. W arm  U p T im e: i  10 m inu tes.
2. A m bient T e m p e ra tu re  is 23 ±  5*C  a n d  variance  is less th an  

0 2 °C /m in u le .
3. Test signal level is set lo  I V rm s.
4. Test cab lc  length  is 0 , I ,  o r 2 m eters ( I I P  I6 0 4 8 A /B /D ) .
5. Zero O P E N /S H O R T  com pensa tion  h as  been perform ed.
6. D fe0.05 fo r IM I Iz  H ig h  A ccuracy  M ode.

D SO.I for I k l l z  a n d  IM I Iz  N orm al M odes.
7. A ccuracics a re  only valid  w hen the m easu red  value is eq u a l lo  full 

scall o f  each  range.
I. A ccuracy  sta ted  in Ihc tab le s  is given for M E D IU M  (u p p e r)  and  

LO N G  (low er) in teg ra tio n  lim es.
9. A ccuracy equ a tio n s a rc  read  as follows:

C: *  (%  o f  read ing  +  % o f  full scale)
D: ±  (%  o f  rending  +  ab so lu te  D value)
(C: ±  (% o f  read in g  +  abso lu te  C  value) fo r T ab le  3)

C ran|« C 0

lOÔ f 013% ♦ 0 3% 
007% 4 0 025%

013% * 0 003 
0 065% 4 00025

lOOpF • IO*iF 0 1% 4 005%
0 05% 4 0 025%

01% 4 0 001 
005% 4 0 0005

Table 2 I M H i  N o rm a l M o d e  M e a s u re m e n t A cc u rac y
C rang* c 0

256 • I024pf 0 2% 4 002% 
01% 4 002%

4 • l28pF 02% 4 002% 
005% 4 002%

0 2% 4 0002 
0.1% 4 0 0005

V 02% 4 003% 
0 05% 4 003%

Ipf 0 2% 4 0 06% 
005% 4 0 06%

02% 4 0004
01% 4 0001

Nominal C t  Op«n Circuit C C 0

1024 • 2048pF 011% 0 0007
011% 00004

256 • 1024pF 011% 00007
007% 0 0003

4 • 256pF 011% 00007
005% 0 0002

2 • 4pF 0 1% 4 0 0004pF 00008
0 06% 4 0 0004pF 00003

0 • 2pF 0 1 % 4 0 0004pF 0 0016
008% 4 0 0004pF 0 0006

T r ig g e r  M o d e s : In te rn a l, E x te rn a l, o r  M anual 
M e a s u re m e n t T e rm in a ls :  Fo u r-te rm in a l p a ir , gu a rd ed  
C a b le  L e n g th  C o m p e n s a tio n : 0 , I, o r 2m 
C o m p e n s a tio n  F u n c tio n

Z e ro  O P E N /S H O R T : C o m pensa tion  ra n g e :R £ 2 0 (l,  G £ 2 0 n S , and  
un lim ited  C  and  L .
S ta n d a rd : Im proves m easu rem en t accu racy  by  using  a s tan d a rd
cap a c ito r  as a re ference.
O lls e t:  A rith m e tic  co rrec tion  o f  m easu rem en t d a ta .

C o m p a ra to r:  T e n -b in  so rting  for c ap ac itan ce , and  g o /n o -g o  testing  
for D , Q , E S R . and  G .

S o rtin g  M o de s: S eq u en tia l so rting  in to  un -ncsted  b an d s w ith abso 
lu te  lim its, an d  to le ran ce  so rtin g  in to  nested  bands w ith  abso lu te  or 
p e rcen t lim its.

S e ll T e s t: C hecks th e  H P  4 278A 's  basic  opera tion .
M e m o ry  C ard : E x te rn a l m em ory  for sto ring  and  reca lling  co n tro l 
se llin g s  and  c o m p a ra to r  lim its.

General Specifications
O p e ra tin g  T e m p e ra tu re  an d  H u m id ity :  0 -5 5 * C , 95%  R H  @ 4 0 * C  
P o w e r: 100, 120, 22 0 V A C  ±  10%, 240V A C  + 5  -1 0 % ,  4 8 -6 6 H z , 
20 0 VA m ax.
D im e n s io n s  ( In  m m ):  A p p ro x im ate ly  426( W ) by  17 7 ( H )  by 4 9 8 (D ) 
W e ig h t: A p p ro x im a te ly  I Okg (221b., s ta n d a rd )

Reference Data
S ta b ili ty :  L O N G  in teg ra tio n  a n d  co n s tan t o p era tin g  tem p era tu re .

C  £  0 .0 1 % /d a y  
D £  0 .0 0 0 1 /d ay  

T e m p e ra tu re  C o e ffic ie n t:  L O N G  in teg ra tio n  a n d  2 3 ± 5 * C .
C  S 0 0 l % / * C ;  I k l l z a n d  IM IIz .
D £ 0 . 0 0 0 i / ° C ;  I k l l z a n d  IM I Iz  N o rm a l M ode.
D £  0 .0 0 0 0 4 /’ C ; I M H z  H igh  A ccuracy  M ode.

H P -IB  D a ta  O u tp u t S p e ed : M ax im u m  100 b y te s /m s . typ ically  3m s 
fo r h an d sh ak e , dep en d in g  on th e  system  con tro lle r.

Accessories Available
H P  1 6 2 7 0 A : M e m o ry  C a rd  S e t $280
H P  1 6 3 3 4 A: T w eezer-ty p e  T est F ix tu re  for C h ip  $440 
C om ponen ts
H P 1 6 0 4 7 A : D irec t-coup led  T es t F ix tu re  S270
H P  1 6 0 4 7 C : T es t F ix tu re  S310
H P  1 6 0 4 8 A : T est L ead s, B N C ( lm )  S330
H P  1 6 0 4 8 B : T est L ead s, S M C  ( I m )  S330
H P  1 6 0 4 8 D : T est L ead s, B N C  (2 m ) $430
H P  1 6 3 8 0 A: S ta n d a rd  C ap ac ito r  S e t $ 3 0 10
H P  1 6 3 8 0 C : S ta n d a rd  C ap ac ito r  S e t $4585 

R efe r to  page  283.

Ordering Inform ation
H P  4 2 7 1 A 1 k H z /1 M H l C a p a c ita n c e  M e te r  $7840
O p t W 3 0 : 3-year h a rd w a re  support $180
O p t 00 1 : I k l l z  le s t frequency  only  -S 8 3 0
O p t 00 2 : I M H z  te s t frequency  on ly  - $ 3 6 0
O p t 0 0 3 : l%  frequency  sh ift: p reven ts possible te s t $0 
s ig n a l in te rfe ren ce  w hen com ponen t te s t co n tac ts  a re  
loca ted  close to  those  o f o th e r te s t un its
O p t 00 9 : D elete  M a n u a l - $ 3 0
O p t 10 1: H P -IB  c o m p a tib ility  $240
O p t 20 1 : H an d le r In te rface  $2>S0
O p t 20 2 : H an d le r In te rface  $310
O p t 30 1 : S c a n n e r  In te rface  $600  
2  F asl-sh ip  p ro d u c t, s ee  page 734.


