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Figure 2  P rec i s i on  4 - t e rm ina l  measurement:
the 3245 Analyzer  w i t h  K e l v i n  leads
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MANUAL FOR THE PRECISION INDUCTANCE ANALYZER 3245

2. I N T R O D U C T I O N

The 3245 inductance a n a l y z e r  d e s i g n  i s  b a s e d  o n  p rec i s i on  .measurement
c i r c u i t s  c o n t r o l l e d  by  a  micro-processor.  T h e  r e s u l t i n g  i n s t r u m e n t ,  w i t h  a
basic ac  measurement accuracy o f  0.1%, y e t  r e q u i r i n g  t h e  minimum o f  s k i l l  t o
operate, i s  i n t e n d e d  p r i m a r i l y  f o r  wound  component measurements. I t  can a l s o
deal w i t h  measurements o f  res is tance  and capac i tance.

There a r e  seve ra l  o p e r a t i n g  modes  f o r  d i f f e r e n t  t y p e s  o f  measurement.
Pressing MAIN INDEX a t  a n y  t i m e  d i sp l ays  t h e  l i s t  o f  modes a g a i n s t  t h e i r
respective s e l e c t i o n  keys.

Operating cond i t i ons  cover  wide ranges o f  ac  l e v e l ,  d c  b i a s ,  f requency  and
select ion c r i t e r i a  ( b i n n i n g  and d e v i a t i o n )  w h i l s t  measurements and d i s p l a y s  can
be f o r  s e r i e s ,  p a r a l l e l  o r  p o l a r  i n t e r p r e t a t i o n s .

Trimming adjustment and rang ing  a re  achieved au toma t i ca l l y.  T r i m  (0 /C  and
S/C) and MAIN INDEX f u n c t i o n s  a re  se lec ted  f r o m  a  g r o u p .  of  f o u r  b u t t o n s ;  t h e
four th  permi ts  l o c a l  o v e r r i d e  o f  remote ope ra t i on .

The standard f a c i l i t i e s  i nc lude  l i m i t s  f o r  go/no g o  t e s t i n g ,  d e v i a t i o n ,
binning ( 10  c l a s s e s  -  8  f o r  passes),  r e p e t i t i v e  a n d  s i n g l e  s h o t  measurements.
Measurement parameters, e . g .  d r i v e ,  b i a s  c u r r e n t ,  f r e q u e n c y  a n d  m o d e ,  a r e
indexed on  a  s c r e e n ,  each alongside a  s o f t -key t o  Cont ro l  automat ic  ad justment
(se t t ings  may a l s o  be entered v i a  a  numeric key-board) .

A component f i x t u r e  u n i t  (1005) f o r  r a p i d  c o n n e c t i o n  o f  components w i t h
ax ia l  o r  r a d i a l  l eads  i s  a v a i l a b l e  b u t  n o r m a l l y  t h e  analyzer  i s  supp l i ed  w i t h
two s e t s  o f  measurement leads : -

a) A  p a i r  o f  K e l v i n  c l i p  l e a d s  ( 1 4 0 5 )  f o r  n o r m a l  f o u r - t e r m i n a l
measurements.

b) A s e t  o f  c r o c o d i l e  c o n n e c t o r  l eads  (1305)  f o r  u s e  w i t h  t rans fo rmers
and a l s o  f o r  s i t u a t i o n s  where t w o  and t h r e e  t e rm ina l  measurements
s u f f i c e .

The ins t rument  r e q u i r e s  ac power.

The po r t ab le  ve rs i on ,  i l l u s t r a t e d  oppos i te  i n  f i g u r e  2 ,  c a n  be mounted on
runners i n  a  s tandard 1 9 - i nch  r a c k  a f t e r  f i t t i n g  ' e a r s '  t o  t h e  s i d e s  and
removing t h e  f e e t .  ( T h e r e  m u s t  b e  r u n n e r s  t o  t a k e  t h e  w e i g h t . )  T h i s
arrangement i s  s u i t a b l e  f o r  a  more permanent i n s t a l l a t i o n .

F i n a l l y,  v a r i o u s  p l u g - i n  op t ions  p e r m i t  i n t e r f a c i n g  w i t h  o t h e r  computer
cont ro l led  equipment and remote c o n t r o l  ope ra t i on  i s  poss ib le .
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3. S P E C I F I C AT I O N S

3.01. MEASUREMENT FEATURES

3.01.01 MEASURING SYSTEM

The 3245 measuring system and s o f t -key c o n t r o l s  a re  micro-processor based.
A l l  se lec ted  f u n c t i o n s  a r e  re ta ined  i n  n o n - v o l a t i l e  memory w h e n  t h e  ins t rument
is  powered-down. K e y s  can be ' l o c k e d  o u t '  t o  p reven t  acc iden ta l  o r  unauthor ised
modi f i ca t ion  t o  measurement cond i t i ons .  R e m o t e  t r i g g e r i n g  o f  measurement,  b y
contact c l osu re ,  i s  p o s s i b l e .  P l u g - i n  op t i ons  a r e  a v a i l a b l e  f o r  i n t e r f a c i n g  t o
external  equipment such as  c o n t r o l l e r s ,  p r i n t e r s  e t c .

3.01.02 MEASUREMENT DISPLAY

A 175mm CRT d i s p l a y s  measured v a l u e s  and o t h e r  user  d a t a .  R e s o l u t i o n  o f
displayed r e s u l t s  i s  up  t o  f i v e  d i g i t s  depending on  measurement accuracy.

3.01.03 MEASUREMENT PREPARATION -  TRIMMING

TRIM S/C and T R I M  0/C i n i t i a t e  p r o c e d u r e s  which au tomat i ca l l y  compensate
for  r e s i d u a l  s e r i e s  impedance and p a r a l l e l  capac i tance i n  t h e  measuring l eads ,
up t o  1.252 and 5 0 p F  maximum. T r i m  v a l u e s  a r e  re ta i ned  i n  n o n - v o l a t i l e  s t o r e .

3.01.04 MEASUREMENT FUNCTIONS

The func t i ons  a v a i l a b l e  a r e : -

L w i t h  Q, D  o r  R ( S e r i e s  o r  p a r a l l e l  equ i va l en t  c i r c u i t )
C w i t h  Q, D  o r  R ( S e r i e s  o r  p a r a l l e l  equ i va l en t  c i r c u i t )
Z w i t h  / 0 ,  Va c / l a c
Rdc
Lm
TRANSFORMER t u r n s - r a t i o  (measured a s  a  vo l t age  r a t i o )
TRANSFORMER secondary t u r n s  ( f o r  user  s p e c i f i e d  p r imary  t u r n s )

For non- t ransformer  f u n c t i o n s  t h e  f o l l o w i n g  modes a re  a l s o  a v a i l a b l e : -

DEVIATION -  Abso lu te  o r  % dev ia t i on  f r om nominal
LIMITS -  Abso lu te  o r  % l i m i t s  f o r  GO/NO GO t e s t i n g
BINNING -  S o r t s  i n t o  10 b i n s ,  8  f o r  d i f f e r e n t  va lues ,

1 f o r  MAJOR term r e j e c t s ,  1  f o r  MINOR term r e j e c t s
Sorted r e s u l t s  a re  d isp layed ( w i t h  o r  w i t hou t  a  hand le r )

3.01.05 MEASUREMENT CONDITIONS a c

Frequency (Hz ) :  A  b u i l t - i n  pa t t e rn  o f  s p e c i f i c  va l ues  a t

20, 25➢ 3 0 ,  4 0 ,  5 0 ,  6 0 ,  8 0 ,  100,  1 2 0 ,  150 ,  200

The pa t t e rn  repeats  each decade up t o  60 k H z ,  t h e n  f requencies o f  75 ,  100 ,  120 ,
150, 200  and 300kHz c o m p l e t e  t h e  s e t .  When  a  f requency i s  keyed- i n  t h e  system
automat ica l ly  s e l e c t s  t h e  neares t  va lue f r om t h e  b u i l t - i n  range.
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Frequency
Range:

0/C Vo l tage
Accuracy

S/C Current
Accuracy

30Hz -  120kHz ±4% ± 2 m V ±5% ± 2 0 0 p A

20Hz -  2 5 H z  ) ±7.5% ±2mV ±8.5% ±20011A
150kHz -- 200kHz)

3.01.05 MEASUREMENT CONDITIONS -  ac  -  (Cont inued)

Drive l e v e l :  T h e  d r i v e  mode  ( c u r r e n t / v o l t a g e )  changes a u t o m a t i c a l l y,
depending on t h e  t e s t  impedance.  T h e  Z  f u n c t i o n  d i s p l a y  i nc ludes  e i t h e r  t h e
voltage developed across  t h e  unknown impedance ( c u r r e n t  d r i v e  se lec ted )  o r  t h e
current  th rough t h e  unknown impedance ( v o l t a g e  d r i v e  se lec ted ) .

panel

lmA -  50mA i n  l m A  s t e p s
50mA -  100mA i n  2 m A  s t e p s

10mli -  500mV
500mV -  1.0v

-  2.5V
2.5V -  5.0V

in 10mV s teps
in 20mV s teps

in 50mV s teps
in  100mV s t e p s

Zu .5 100

Zu 1 0 Q

) Z u  8 0 C 1
) Sub jec t  t o  3V maximum a t  300kHz

BIAS ( d c ) :  I n t e r n a l  supply  has a  separate
mounted s a f e t y  l i n k .  B I A S  i s  a lways OFF a t  power-up . *

lmA -  50mA i n
50mA -  100mA i n

100mA -  250mA i n
250mA -  500mA i n
500mA -  l A  i n

lmA s teps
2mA s teps
5mA s teps

10mA s teps
2OmA s t e p s

o n / o f f  c o n t r o l  and uses a  r e a r

External  o p t i o n  3220 i s  an a l t e r n a t i v e  d c  BIAS source.  I t  p rov ides  200mA
to 20A i n  s teps  o f  100mA, f o r  u s e  w i t h  f r e q u e n c i e s  up t o  2 0 k H z .  U p  t o  f i v e
uni ts  may be p a r a l l e l e d  w i t h  t he  3245, r e p l a c i n g  t h e  i n t e r n a l  BIAS s u p p l y.

3.01.06 MEASUREMENT CONDITIONS -  dc  r es i s t ance

The dc d r i v e  l e v e l  depends on  t h e  measured va lue ;  i t  i s  a lways l e s s  t han
100mV and 16mA.

3.01.07 MEASUREMENT CONDITIONS -  ACCURACIES

Frequency accuracy:  ± 0 . 0 1 %

Level accuracy -  ac

300kHz

Loading e f f e c t :  -  ac
Maximum c h a n g e  i n  l e v e l
unknown impedances (  125)
4% and c u r r e n t  3%.

±11.5% ±2mV ± 1 2 . 5 %  t2000A

occurs a t  Z u = 1 0 .  F o r  r e a c t i v e
maximum f a l l s  i n  l e v e l  a r e  vo l t age

Current accuracy -  dc  BIAS: ±2.5%, ±0,25mA

* N e w  s a f e t y  f ea tu res :  see  Chapter 8 ,  page F : 2 .
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3 .01 .08  MEASUREMENT RANGES, ACCURACY and  RESOLUTION

Range m a t c h i n g  t o  measured i t e m s  i s  a u t o m a t i c  u n l e s s  i n h i b i t e d  b y  H O L D .
I f  HOLD i s  s e l e c t e d ,  a  RANGE ERROR message shows when a  change o f  r a n g e  c o u l d
produce b e t t e r  measurement  a c c u r a c y.

Seven a c  impedance  r a n g e s  a r e  a v a i l a b l e .

Range I m p e d a n c e  M a x i m u m
No. C o v e r a g e  L e v e l

1 < 1 . 2 5 Q  1 0 0 m A
2 < 1 0 0  1 0 0 m A
3 > 1 0 c 2  1 V
4 > 8 0 0  5 V
5 > 6 4 0 0  5 V
6 > 5 k 1 2 0  5 V
7 > 4 1 k g  5 V

Notes:  Maximum l e v e l  a t  300kHz i s  3 V.
Range 7  i s  u n a v a i l a b l e  above  60kHz .
At  <25OmV r a n g e  7  i s  u n a v a i l a b l e ;  a l s o
range 6  i s  u n a v a i l a b l e  above  60kHz .
At  >25mA r a n g e  1  i s  u n a v a i l a b l e .

Two d e  r e s i s t a n c e  r a n g e s  a r e  a v a i l a b l e .

Range R e s i s t a n c e  M a x i m u m
coverage L e v e l

Normal > 2 2  1 0 0 m V  o r  2mA
Low < 2 2  1 0 0 m V  o r  16mA

On a l l  r a n g e s ,  a c c u r a c y  a n d  r e s o l u t i o n  depend o n  t h e  s p e c i f i c  t e s t
c o n d i t i o n s  and  impedance  b e i n g  measured.  T h e  b a s i c  a c  measurement a c c u r a c y  i s
±0.1%. T h i s  a p p l i e s ,  a s s u m i n g  p r o p e r  t r i m ,  t o  a n y  component  w i t h  a n  impedance
between 0 . 1 6  a n d  3 3 0 k  i n  t h e  f r e q u e n c y  r a n g e  100Hz t o  5kHz ,  n o r m a l  s p e e d ,
f o r  l e v e l s  o f  25OmV t o  5 V  o r  100mA, n o  d c  B I A S  a p p l i e d .  F i g u r e s  3  -  5  s h o w
induc tance  a c c u r a c i e s  w i t h  o t h e r  d r i v e  c o n d i t i o n s .  A c c u r a c y  changes o b t a i n e d
from t h e s e  c h a r t s  a p p l y  e q u a l l y  t o  Q and  D  measurements .  E x c e p t  w h e r e  s t a t e d ,
the s t a n d a r d  c o n d i t i o n s  above  a p p l y  t o  t h e  f o l l o w i n g  a c c u r a c y  r a n g e s .  A l l
r e s o l u t i o n  f i g u r e s  i m p r o v e  b y  2 : 1  w i t h  SLOW s e l e c t e d .

Induc tance : R e s o l u t i o n :
ACcuracy:

-±0.1%*

±0.5%*

O.5nH a t  10kHz  a n d  a b o v e
Frequency M a x . V a l u e  K i n . V a l u e

100Hz 5 0 0 H  2 5 0 p H
1kHz 5 0 H  2 5 p H

10kHz 5 H  4 p H

100Hz 4 0 0 0 H  2 5 p H
1kHz 4 0 0 H  2 . 5 p H

10kHz 4 0 H  0 . 6 p H
40kHz 1 . 8 H  0 . 6 p H

10kHz 6 0 H  0 . 3 p H
50kHz 2 . 5 H  0 . 6 p H

100kHz 4 0 m H  0 . 9 1 1 H

Q- F a c t o r :

*

Maximum d i s p l a y  w i t h  ±5% r e s o l u t i o n :
Accuracy :  1 1 . 1 ( Q  1 / Q ) %

When 0  >  1 0 .  I f  0  <  1 0 ,  m u l t i p l y  a c c u r a c y  f i g u r e s  b y  ( 1  1 / 0 ) .

Q = 1300
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3 .01 .08 MEASUREMENT RANGES, ACCURACY and  RESOLUTION ( C o n t i n u e d )

Capac i tance:

D i s s i p a t i o n  F a c t o r :

Impedance/ac R e s i s t a n c e :

Phase A n g l e :

Accuracy :

±0.1%**

R e s o l u t i o n :
Accuracy:

R e s o l u t i o n :  0 . 0 1 p F  a t
Accuracy :  F r e q u e n c y

100Hz
1kHz

10kHz

10kHz
Max.Value

10mF
lmF

50uF

R e s o l u t i o n :  0 . 0 0 0 2
Accuracy:  0 . 0 0 1 ( 1 + D 2 )

Res i s tance :  0 . 0 2 m 2
Frequency

i 1 0 0 H z  -  5 k H z
5kHz -  10kHz

0.10
±0.20

M i n . Va l u e
5nF

500pF
50pF

Range
0.162 t o  330kS/
0.33E/ t o  3 3 0 k 0

Turns R a t i o  ( a s  a  A c c u r a c y :  ± 0 . 1 %  o v e r  r a n g e  1 : 1 0 0  t o  1 0 0 : 1
v o l t a g e  r a t i o )

dc R e s i s t a n c e :  R e s o l u t i o n :  0 .2m5/
Accuracy :  ± 0 . 5 %  i n  r a n g e  0 . 2 2  t o  51(Q

3.01.09 MEASUREMENT REPETITION SELECTION

Measurement sequence i s  f r e e - r u n n i n g  o r  s i n g l e  s h o t ;  s e l e c t i o n  i s  b y
s o f t - k e y s ,  s e e  f i g u r e  1 2 .  S i n g l e  s h o t  measurements  a r e  t r i g g e r e d  b y  f r o n t
panel b u t t o n  o r  r e m o t e  c o n t a c t  c l o s u r e .

Measurement s p e e d :  T h e  r e a d i n g  r a t e  a f f e c t s  t h e  a c c u r a c y  a n d  r e s o l u t i o n ;
cho i ces ,  a t  1  k H z  a c  d r i v e ,  a r e : -

Normal
Fast  s p e e d  ( r e d u c e d  a c c u r a c y )
Slow speed ( i m p r o v e d  r e s o l u t i o n )

3 /sec
8 /sec  a p p r o x i m a t e l y
1 /sec

At t h e  f a s t  speed  s e t t i n g ,  l i n e  f r e q u e n c y  r e j e c t i o n  wo rsens  a n d  b a s i c
accuracy w o r s e n s  b y  5 : 1 ,  s u b j e c t  t o  a d e q u a t e  s u p p l y  s c r e e n i n g .

At t h e  S l o w  speed  s e t t i n g ,  l i n e  f r e q u e n c y  r e j e c t i o n  i s  enhanced  a n d  a l l
r e s o l u t i o n s  i m p r o v e  b y  2 : 1 .

Wi th  Norma l  o r  F a s t  s e t t i n g s ,  s p e e d  s l o w s  p r o g r e s s i v e l y  b e l o w  300Hz t o
about 1 . 6 / s e c o n d  a t  20Hz.

When D  <  0 . 1 .  I f  D  >  0 . 1 ,  m u l t i p l y  a c c u r a c y  f i g u r e  b y  ( 1  +  D ) .

When Q  <  0 . 1  ( D  >  1 0 ) .  F o r  l o s s  r e s i s t a n c e  o f  a n  i n d u c t o r ,
m u l t i p l y  a c c u r a c y  f i g u r e  b y  ( 1  +  Q ) .  F o r  l o s s  r e s i s t a n c e  o f
c a p a c i t o r ,  m u l t i p l y  a c c u r a c y  f i g u r e  b y  ( 1  +  1 / D ) .
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3.01.10 MEASUREMENT TERMINALS

Four BNC connectors p r o v i d e  2 ,  3  a n d  4  t e r m i n a l  c o n n e c t i o n s .  L e a d
connection diagrams a r e  a v a i l a b l e  o n  t h e  c r t  d i s p l a y.  A s  a  s a f e t y  f e a t u r e ,
measurement t e r m i n a l s  a r e  i n t e r n a l l y  p ro tec ted  a g a i n s t  acc iden ta l  connect ion  o f
charged capac i t o r s  and i n d u c t o r  back emf.

Single-Lpole Remote Tr i g g e r i n g  C o n t a c t s  connect  t o  t he  3 2 4 5  v i a  a  3.5mm
jack-socket mounted below t h e  f r o n t  panel  t r i g g e r  bu t ton ,  see  f i g u r e  1 .  C o n t a c t
current  i s  mA o n l y ;  n e i t h e r  s i d e  i s  grounded.

An e x t e r n a l  l i n k  -  s u i t a b l e  f o r  l A  c u r r e n t  -  i s  necessary f o r  use o f  t h e
internal.  BIAS supp l y.  Te r m i n a l s  a re  on t h e  r e a r  pane l ,  see  f i g u r e  3 2 .

3.02 A N C I L L A R Y  FEATURES

3.02.01 NON-VOLATILE MEMORY

The n o n - v o l a t i l e  memory i s  powered  b y  a  l i t h i u m  b a t t e r y  w i t h  a  s e r v i c e
l i f e  exceeding 10  years .  T h e  parameters r e t a i n e d  a r e : -

TRIM
MAIN INDEX mode s e l e c t i o n
FREQUENCY
DRIVE ( a c ,  d c )
BIAS l e v e l  ( B u t  on r e -powering, BIAS w i l l  be OFF)
MAJOR TERM )Measurement
MINOR TERM )parameters
AUTO-RANGE o r  RANGE-HOLD
Selected Range ( I n  RANGE-HOLD)
SINGLE-SHOT/REPETITIVE
SPEED
LIMITS
BIN SET DATA
BIN COUNT DATA
Par i t y  checking a t  power-up ensures t h a t  n o n - v o l a t i l e  da ta  i s  v a l i d

3.02.02 ACCESSORIES

1. Type 1405 F o u r - t e rm ina l  l eads  te rmina ted  w i t h  Ke l v i n  c l i p s .

2. Type 1305 -  F o u r - te rm ina l  l e a d s  t e r m i n a t e d  w i t h  C r o c o d i l e
c l i p s .  T h e s e  may a l s o  be u s e d  f o r  c o n n e c t i o n  t o  3 -  o r  2 -
termina l  networks and t rans fo rmers .

3. Type 1 0 0 5  -  Component f i x t u r e  u n i t ,  s u i t a b l e  f o r  bo th  r a d i a l
and a x i a l  components.

4. R a c k  Mounting K i t  -  2  m o u n t i n g  b r a c k e t s  and s c r e w s .  P a r t
number 25539

Standard shipment:  The 3245 ana lyzer  p l u s  accessor ies 1405 and 1305.
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3.02.03 OPTIONS (See a l s o  Appendices)

Var ious.  op t i ons  f o r  i n t e r c o n n e c t i o n  t o  o the r  equ ipmen ts  a r e  a v a i l a b l e .
A l l  a r e  accessed on t h e  back panel .

1. 3 2 2 0  dc Extension (20Amp). C o m p r i s e s  a  separate u n i t  o f  t h e  same
physical  dimensions as  t h e  3245. U p  t o  f i v e  u n i t s  may be s tacked
as a  BIAS source ( c u r r e n t s  t o  100Amp) r e p l a c i n g  t h e  i n t e r n a l  lAmp
dc source.  O p e r a t i o n a l l y  t h e  ana lyzer  a n d  s o f t -keys c o n t r o l  t h e
u n i t s .  A l l  3245 measurement f u n c t i o n s  a re  a v a i l a b l e  up  t o  20kHz.*

2. RS232C i n t e r f a c e  -  p rov ides : -

Ser ia l  o u t p u t  o f  measurement da ta  conforming t o  RS232C fo rmat  t o ,
f o r  example, a  p r i n t e r .

3. G P I B  i n t e r f a c e  -  i s  implemented t o  t h e  IEEE standard 488 (1980)
(basic Ta l k e r  and L i s t e n e r )  -  and prov ides  e i t h e r : -

( i )  F u l l  remote c o n t r o l  o f  a l l  f u n c t i o n s  i n c l u d i n g  da ta  e n t r y  a n d
read-out ,  o r

( i i )  Automat ic  output  o f  measurement da ta  t o ,  f o r  example, a  p r i n t e r .

4. A n a l o g u e  o u t p u t  -  p r o v i d e s  o n e  o r  t w o  a n a l o g u e  o u t p u t s
corresponding t o  se lec ted  measurement f u n c t i o n s . *

5. B i nn i ng  Handler I n t e r f a c e  -  p r o v i d e s  connect ions t o  a u t o m a t i c
component handlers .

3.02.04 TEMPERATURE RANGE

Storage - 4 0 ° C  t o  +70°C - 4 0 ° F  t o  +158°F
Operating 0 ° C  t o  +40°C + 3 2 ° F  t o  +104°F
F u l l  Accuracy + 1 0 ° C  t o  +30°C + 5 0 ° F  t o  + 8 6 ° F

3.02.05 SUPPLY VOLTAGE

1I5V ±10% o r  230V ±10% ac  o n l y  ( M u s t  be c o r r e c t l y  s e l e c t e d )

Power consumption 70VA nominal .  T h e  ins t rument  may be conver ted f o r  50Hz
or 60Hz opera t ion  b y  means o f  an i n t e r n a l  w i r e  l i n k .  ( I f  t h i s  i s  n o t  s e t
co r rec t l y  t h e  ins t rument  w i l l  con t inue  t o  operate  b u t  n o t  t o  f u l l  s p e c i f i e d
accuracy.)

3.02.06 DIMENSIONS

Width: 4 4 3 m m  1 7 . 5 i n
Height ( i n c l u d i n g  f e e t ) :  195mm 7 . 5 i n
Depth ( o v e r a l l ) :  4 7 0 m m  1 8 . 5 i n
Weight: 1 6 k g  3 5 1 b s

3.02.07 DISCLAIMER

In s t e p  w i t h  r a p i d l y  d e v e l o p i n g  technology t h e  Company i s  c o n t i n u a l l y
improving i t s  products  and t h e r e f o r e  reserves  t h e  r i g h t  a t  a n y  t i m e  t o  a l t e r
spec i f i ca t i ons  o r  designs w i thou t  p r i o r  n o t i c e .

* N e w  s a f e t y  f e a t u r e s :  see  Chapter 8 ,  page F : 2 .
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5005.Vac<250mV

or 5111/UIac<25mA

2 9  5  7  2  3  9  7  2  3  3  7  2  3  7  2  7  3  3  7

100 l k  1 0 k  1 0 0 k  F r e q .  ( H z )

Figure 3  Accuracy Char t  -  l o w  l e v e l  d r i v e ,  no  BIAS
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1000H

1008

10H

H

100mH

10mH

lm

1001-1H

0. J.I.J11
3 7

100

At 50kHz and  above ,  a c c u r a c i e s  h o l d
f o r  l e v e l s  25mA — 100mA
Up t o  401fflz, t h e  l o w  i nduc tance  l i m i t  f o r  each
accuracy range  i n c r e a s e s  2 . 5  t i m e s  a t  25mA l e v e l ,

2 1  5  7  2  1

l k

.1%

10k

.2%

2

100k
2 5  7  2  1  5  7

Freq. ( H z )

Figure 4  Accuracy Chart -  h igh l eve l  dr ive ,  no BIAS
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1000H

100H

10H

1H

1. QOmH

10mE

1mH

100uH

101_1H

luH

0.1uH

High Level  Accuracy
wi th  dc BIAS ( 1  Amp max.

111111 k V   -_-:250mV o r  I  ...25mA

 a c  a
See sec t i on  4 .09 .08

l i

I I I  I I I  1 %

2%

1 1 5 1 1 1 1 1 1 1

2 1 1 E 1

5%

.....tenvoloworwerses•

10%

2 3  S  /

1 0 0

3 7

l k
3

10k 100k
3 5  7

Freq. ( H z )
7

Figure 5  Accuracy Chart  -  h i g h  l e v e l  d r i v e ,  w i t h  lAmp dc BIAS
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This  p a g e  i s  i n t e n t i o n a l l y  l e f t  b l a n k
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Power

N O R M A L
r

T R A N S F O R M E R

D E V I AT I O N

L I M I T S

IN S E T

IN S O R T

BIN COUP:I

C O N N E C T I O N S

)

Figure 6  MAIN INDEX

3M

Enter

11111

Figure 7  Main Func t ion  Keys and Key-Board
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4. O P E R A T I O N

4.01 B A S I C  INFORMATION

4.01.01 POWER SUPPLY -  Leads and Adjustments -  and INIT IAL USE

The power l ead  shipped w i t h  t h e  ana lyzer  has a  moulded supp ly  p lug .  U s e r s
f i t t i n g  a n  a l t e r n a t i v e  p l ug  shou ld  no te  t h e  l ead  co lou r  code:-

LINE +  BROWN; NEUTRAL +  BLUE; GROUND +  GREEN/YELLOW

For opera to r  s a f e t y  t h e  GREEN/YELLOW lead  must be grounded.

Before f i r s t  u s e  o f  t h e  3245 Ana lyzer,  ensure t h a t  t h e  supp ly  f r e q u e n c y,
vol tage s e t t i n g s  a n d  f use  r a t i n g  a re  c o r r e c t ,  t h e n  connect t h e  s u p p l y  a n d
switch o n .  T h e  inst rument  w i l l  opera te  w i t h  t h e  power f requency i n c o r r e c t l y
selected bu t  f o r  f u l l  s p e c i f i e d  accuracy  c o r r e c t  s e t t i n g  i s  e s s e n t i a l .

Operation i s  monitored on and p romp ted  by  screen d i s p l a y s  e . g . f i g u r e s  6 ,
1:3 e t c .  T h e  d i s p l a y  b r igh tness  c o n t r o l  i s  on t h e  back pane l  ( f i g u r e  3 2 ) .

The TRIM s t a t e ,  a s  l a s t  s e t  i n  t h e  f a c t o r y ,  w i l l  no rma l l y  b e  app l ied  a t
power-up .  S i n c e  t h e  supp l ied  c o n n e c t i o n s  may n o t  be those  u s e d  f o r  t h e  p re -
despatch t e s t ,  connect  t h e  o p e r a t i n g  leads  a n d  r e t r i m .  ( W h e n  c o n n e c t i n g  t h e
suppl ied t e s t  l e a d s ,  match co loured  s l e e v e s  t o  c o l o u r e d  socke ts .  A l t e r n a t i v e
leads should  be const ructed a s  descr ibed i n  sec t i on  4 . 0 9 . 0 2 . )

The analyzer  may b e  r a c k  mounted o n  s u i t a b l e  runners ;  a  k i t  o f  b rackets
and screws i s  a v a i l a b l e  ( see  3 .02 .02 ) .  A d e q u a t e  v e n t i l a t i o n  i s  requ i red  b u t  t h e
Lop and bottom covers must s t a y  f i t t e d  d u r i n g  use.

4.01.02 BASIC FEATURES

Display a t  power-up i s  norma l l y  as  a t  l a s t  usage except  t h a t  t h e  BIAS w i l l
be t u rned  OFF and, when SINGLE SHOT was o p e r a t i v e ,  t h e r e  w i l l  be no  measurement
r e s u l t .  I f  t h e  previous ' s e t - u p '  has  b e e n  l o s t  -  a r i s i n g  f rom co r rup t i on  o f
non -vo la t i l e  RAM -  then  a  w a r n i n g  i s  d isp layed;  s e e  s e c t i o n  7 .02 .02 .  A t  t h i s
s ta te  TRIM, t h e n  key- i n  new da ta .

1. Press MAIN INDEX t o  d i s p l a y  t h e  opera t ing  modes. A n y  may be se lec ted
by press ing t h e  bu t t on  ad jacent  t o  i t s  d isp layed l e g e n d .  T h e  key -
board, f i g u r e  7 ,  i s  f o r  e n t r y  o f  d a t a  n o t  o therwise  se lec ted .

2. Maximum ac s i g n a l  l e v e l  v a r i e s  w i t h  se lec ted impedance range:-

Z 1 0  ohms;
10 < <  80  ohms;

Z >  80  ohms;

100mA rms maximum
1V r m s  maximum
5V r m s  maximum (3V a t  300kHz)

The d isp layed MINOR TERM on t h e  Z  f u n c t i o n  can be t h e  d r i v e  dependent
parameter -  unknown v o l t a g e  ( c u r r e n t  d r i v e  s e l e c t e d )  o r  unknown
current ( vo l t age  d r i v e  s e l e c t e d ) .

3. A  s u i t a b l e  t e s t  i t e m  must b e  connected be fo re  B I A S  can be enabled.
To avo id  r i s k  o f  shock f rom back emf,  a lways t u r n  OFF t h e  BIAS before
disconnection. T h e  3245 i s  i n t e r n a l l y  p ro tec ted  a g a i n s t  back emfs.
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Figure 8  Crocod i le  c l i p  leads  (1305)

Figure 9  Component F i x t u r e  U n i t  (1005)
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4.01.02 BASIC FEATURES (Cont inued)

4. L i n k  t h e  BIAS t e rm ina l s  on t h e  r e a r  panel  ( f i g u r e  3 2 )  i f  measurements
using t h e  i n t e r n a l  B I A S  c u r r e n t  a r e  in tended.  B e f o r e  measu r i ng
inductors which may be  damaged by  dc  BIAS e . g .  t a p e  heads, microphone
inse r t s  e t c . ,  remove t h e  l i n k  as  a  sa fe t y  p recau t ion .

5. A  f i x e d  l o w  l e v e l  d c  o f  <100mV, f r o m  a  s o u r c e  impedance o f
approximately 55 ohms (NORMAL range) o r  7  ohms (LOW r a n g e ) ,  i s  used
for  R d c  measurements. T h e r e  i s  n o  MINOR TERM. S e l e c t i n g  Rdc
ext inguishes t h e  f requency and BIAS d i sp lays  and t u r n s  BIAS OFF.

6. The ana lyzer  cont inuous ly  seeks t h e  appropr ia te  work ing  range when i n
AUTO mode. T h e  HOLD s t a t e  p e r m i t s  user  s e l e c t i o n  o f  any r a n g e  by
code v i a  t h e  key-board; s e e  s e c t i o n  7.02 f o r  codes and ranges.

7. A l t e r n a t i v e  measurement speeds can be se lec ted  -  NORMal, FAST o r  SLOW
-  by  p r e s s i n g  t he  ad jacen t  k e y .  A l l  s p e e d s  s low  p rogress ive ly  f o r
frequencies below 300Hz.

NORMal s p e e d  makes a p p r o x i m a t e l y  t h r e e  read ings  p e r  second and
provides f u l l  measurement accuracy.

FAST speed makes  approx imate ly  e i g h t  r e a d i n g s  p e r  second, s u i t e d
to i n i t i a l  s e t t i n g s  p f  a d j u s t a b l e  components.  A c c u r a c y  a n d
reso lu t ion  a re  reduced.

SLOW speed makes approx imate ly  one read ing p e r  second and r e s u l t s
in  t h e  h i g h e s t  r e s o l u t i o n .  T h i s  s p e e d  i s  s u i t a b l e  f o r  s i t u a t i o n s
where t e s t  components a re  suscep t i b le  t o  power supp ly  p i ck -up .

8. Key-board da ta  e n t r i e s  a r e  echoed o n  t he  bot tom ( d a t a )  l i n e  o f  t h e
screen.

9. Messages a n d  warnings appear a s  appropr ia te  a t  t h e  upper and lower
leve ls  o f  t h e  screen.  D o  n o t  i gno re  them.

Comparative a n d  s e l e c t i v e  measurements c a n  b e  made  b y  t h e  ana lyzer
(DEVIATION, LIMITS and BINNING);  t hese  a r e  p a r t i c u l a r l y  u s e f u l  i n  p r o d u c t i o n
work, e s p e c i a l l y  when used w i t h  t h e  component f i x t u r e  accessory.

4.01.03 CONNECTIONS

The ava i l ab l e  types  o f  connect ion between t h e  ana lyze r  and t e s t  i t e m  a re : -

Kelv in c l i p  leads  ( f i g u r e  1 0 ,  1405)  f o r  4 - t e rm ina l  measurements.
Crocodi le c l i p  leads ( f i g u r e  8 ,  1 3 0 5 )  p rov ide  c o n n e c t i o n s  f o r  2 -  and 3 -
termina l  measurements and t rans fo rmer  measurements.
Component f i x t u r e  accessory ( f i g u r e  9 ,  1005) ;  f o r  4 - t e rm in a l  measurements.

The standard k i t  f o r  shipment i nc ludes  t h e  f i r s t  t w o  (1305 and 1405) ;  t h e
f i x t u r e  (1005)  i s  a v a i l a b l e  t o  o r d e r.
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Figure 10 KELVIN c l i p  l eads  (  405)  arranged f o r  0 /C and S/C TRIM

BROWN RED O R A N G E

GREEN
TRANSFORMER SCREEN-

Figure 11 Component and l ead  arrangement f o r
MUTUAL INDUCTANCE t r i m  and measurement

(Preferably connect  t h e  GREEN c l i p - lead
to t h e  t rans fo rmer  s c r e e n  o r  f r a m e . )

Note t h e  i n d i c a t e d  p o l a r i t y  ( + )  o f  t h e
windings; non -comp l i ance  w i t h  t h i s  w i l l
r esu l t  i n  a  n e g a t i v e  TURNS RATIO d i s p l a y .
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4.01.04 TRIMMING

The purpose o f  t r imming i s  t o  e l i m i n a t e  t h e  e f f e c t s  o f  s t r a y  capac i t ance
or s e r i e s  impedance i n  t h e  connect ing leads  o r  f i x t u r e .  I t  must be done each
time t h a t  l e a d  s e t s  o r  component f i x t u r e s  a r e  changed.

At power-up t he  p r e v i o u s l y  used t r i m  values a re  immediate ly  re -es tab l i shed
from n o n - v o l a t i l e  memory. I f  t h e  r e - i n s t a t e d  t r i m  va lues  w i l l  n o t  be app l i cab le
or i f  maximum accuracy i s  requ i red ,  a u t o m a t i c  r e - t r i m  ( S / C  f o r  l o w  impedance
measurements o r  0 /C f o r  h i g h )  can  be obta ined b y  p ress ing  t h e  appropr ia te  TRIM
button and complying w i t h  t h e  ensuing prompts.

The connector j a w s  shou ld  b e  as  c l o s e  as  p o s s i b l e  f o r  S / C  t r i m  and a t
leas t  5  cm f rom each o the r  and a n y t h i n g  e l se  f o r  0 /C  t r i m .  S e e  f i g u r e s  1 0  and
11 a longs ide  f o r  connect ion arrangements.

DO NOT connect t h e  K e l v i n  c l i p s  toge the r  f o r  S/C TRIM.

A l l  o f  t h e  s e t t i n g s  -  t r i m  va lues and i n t e r p o l a t i o n s  -  w i l l  h o l d  f o r  a l l
s t y les  and ranges o f  measurement except  f o r  t rans fo rmer  measurements f o r  which a
mutual. inductance TRIM i s  a v a i l a b l e .

Trimming i n  p r e p a r a t i o n  f o r  measurements  o n  MUTUAL i n d u c t a n c e  i s
con t ro l led  by  s o f t -key (TRIM Lm). T h e  leads  must be  p laced as  near  as  p r a c t i c a l
to t h e  p o s i t i o n s  t h e y  w i l l  o c c u p y  d u r i n g  measurement ( s e e  f i g u r e  1 1  f o r
connection ar rangement )  b e c a u s e  t h e  i n s t r u m e n t  c a n n o t  d i s t i n g u i s h  coup l ing
between connect ing leads f r om coup l ing  i n  t h e  d e v i c e  under t e s t .  T h e  secondary
winding should be s h o r t - c i r c u i t e d .

Trimming i s  clone w i t h  ac  d r i v e  o f  1V o r  100mA. B e s t  measurement r e s u l t s
are obta ined under these c o n d i t i o n s .

Greatest accuracy a t  a  g i ven  measurement f requency i s  a t t a i n e d  when t r i m
operat ion i s  i n i t i a t e d  w i t h  t h a t  f requency s e l e c t e d .  T h e  3245 has ava i l ab le  42
set f requenc ies ,  any o f  which c a n  be u s e d  d u r i n g  measurement. T r i m m i n g  i s
performed f o r  a  s u b - s e t  o f  t h e  4 2 ,  compr is ing  14 f r e q u e n c i e s  se lec ted f rom an
i n t e r n a l  t a b l e  p l us  t h e  s p e c i f i c  o n e  i n  u s e  when t r i m m i n g  i s  i n i t i a t e d .  .  T h e
sub- s e t  f requencies have f u l l  t r imming es tab l i shed .  F r e q u e n c i e s  excluded f rom
the sub-se t  have t r imming assessments made by i n t e r p o l a t i o n  thereby avo id ing  t h e
need t o  r e - t r i m  when  changing f requency.  I n i t i a t i n g  t r i m  w i t h  t he  measurement
frequency i n  use ensures a  n o n - i n t e r p o l a t e d  c o r r e c t i o n  w i l l  be a p p l i e d  a t  t h a t
frequency.

Check t r imming i n  t h e  f o l l o w i n g  manner:-

1) Clamp t h e  t e s t  leads  on to  a  heavy gauge c o n d u c t o r  as  f o r  S/C t r i m ;
make a  se r i es  induc tance / res is tance  measurement. T h e  r e s u l t s  should
be near zero .

2) P o s i t i o n  t he  t e s t  l e a d s  f o r  0 / C  t r i m ,  t h e n  m a k e  a  capac i t ance
measurement i n  p a r a l l e l  c o n f i g u r a t i o n .  T h e  r e s u l t s  should be near
zero f o r  capaci tance and OVER RANGE f o r  r es i s tance  ( i m p l y i n g  a  r e s u l t
close t o  i n f i n i t y ) .

When measuring low i n d u c t i v e  impedances o r  l o w  capaci tances v e r y  s t a b l e
lead arrangements a re  e s s e n t i a l ,
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 W A R N I N G  l i n e .  =  Measurement i n  progress.

AS ON-SHOCK HAZARD &

15.67 mH
25.4 Q

SIC TP1*1 array
10G CURRENT NOT SET
FREQ 7 5 0 1

RANGE

SIGNAL CONDITIONS -  a r r o w  shows parameter t o  b e
updated, selected by adjacent s o f t -key. U s e  the keys
marked w i th  t r i ang les  t o  s e t  values, o the rw i se  enter
the data on the key-board.

BIAS cannot be turned ON u n t i l  t e s t  i tem i s  connected.
100mAwc T u r n  OFF BIAS before disconnecting t es t  i tem.
10 m A d c
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ERROR > A u l t  a
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Fact N o r m '  S l o w

Select MAJOR (upper) a n d  MINOR ( l o w e r )  measurement
terms and
ser ies/para l le l  e q u i v a l e n t  c i r c u i t  b y  p r e s s i n g
adjacent keys.

Select MEASUREMENT MODE by pressing adjacent key.

MESSAGE LINES (1  o r  2)

 D A T A  LINE f o r  key-board en t r ies

Settings shown here are f o r  NORMAL operation.

Figure 12 Composite d i s p l a y,  NORMAL, s e r i e s  L ,  R  measurement
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4.02 B A S I C  MEASUREMENT PROCEDURE

Measurements s t a r t  w i t h  t he  MAIN INDEX d i s p l a y,  s e e  f i g u r e  6 .  F o r m a t s  o f
other d i sp lays  a re  shown i n  f i g u r e  1 2  (wh ich  i s  a  s p e c i a l l y  prepared composite
i l l u s t r a t i o n ) .  O p e r a t o r  a c t i o n s  f o r  a l l  measurement p r o c e d u r e s  o f  t h e  3245 a r e
broadly s i m i l a r .  D e t a i l e d  b e l o w  are  t h e  a c t i o n s  f o r  measur ing  an i s o l a t e d
component -  t y p i c a l  model -  s e r i e s  L ,R.  F i g u r e  1  has  t h e  c o n t r o l s  annotated.

a) P l u g  i n t o  t h e  ana lyzer  t h e  appropr ia te  s e t  o f  l eads ;  match co lours
b) Swi tch  on power t o  t h e  3245 ana lyzer
c) Tr i m  the  ins t rument  i f  necessary -  se c t i o n  4 .01 .04
d) Connect t h e  t e s t  i t e m ;  t h e  guard lead  t o  f rame o r  screen
e) Press M A I N  INDEX BUTTON ( 1 6 ) ;  d i s p l a y  l i k e  f i g .  6
f )  Press t h e  NORMAL b u t t o n  ( 1 ) ;  d i s p l a y  l i k e  f i g .  1 2
g) Press t h e  f r e q u e n c y  b u t t o n  ( 1 ) ;  a r row p o i n t s  t o  frequency
h) Press e i t h e r  ' A '  b u t t o n  ( 11 )  t o  increment  t h e  parameter

or ' V '  b u t t o n  ( 1 2 )  t o  decrement i t  ( see  note  3 )
i )  Repeat ( h )  t o  scan f o r  a  s u i t a b l e  f requency
j )  Press t h e  MAJOR TERM bu t ton  ( 5 ) ;  s e l e c t  f u n c t i o n  e . g .
k) Using t h e  AUTO/HOLD b u t t o n  ( 8 )  s e l e c t  AUTO
1) Us ing  t h e  SINGLE/REP b u t t o n  ( 9 )  s e l e c t  REP
m) Press t h e  ac  d r i v e  b u t t o n  ( 2 )
n) Repeat ( h )  t o  scan f o r  a  s u i t a b l e  d r i v e  l e v e l
o) BIAS: i f  dc b i a s  i s  n o t  requ i red  s k i p  t o  ( p )
oa) The BIAS should be  OFF. O N  would be a  f a u l t  s t a t e
ob) Se lec t  B I A S  LFVEL bu t t on  ( 3 )
oc) Repeat ( h )  t o  o b t a i n  t h e  requ i red  BIAS l e v e l
p) Press t h e  MINOR TERM bu t ton  ( 6 )  t o  s tep  t o  r equ i r ed  i t e m
q) Using c o n f i g u r a t i o n  b u t t o n  ( 7 )  s e l e c t  fo rm requ i red
r )  Press t h e  SPEED b u t t o n  ( 1 0 )  t o  s e l e c t  measuring r a t e
s) I f  BIAS i s  requ i red  ensure l i n k  i s  f i t t e d  b e f o r e

switching t h e  BIAS ON w i t h  ( 4 )
t )  Read t h e  measurement f rom t h e  screen
u) I f  BIAS i s  ON, s w i t c h  i t  OFF w i t h  ( 4 )
v) Disconnect t h e  t e s t  i t e m
w) S i m i l a r  t e s t s  may be  made b y  repeat ing  f rom ( c ,  d  o r  g )
x) The analyzer  may now be tu rned  OFF.

Notes:

1) S i n g l e -shot  o p t i o n  a t  ( 1 )  r equ i r es  TRIGGER a f t e r  ( s )

2) The ins t rument  i n d i c a t e s  measuring i s  i n  p r o g r e s s  by d i s p l a y i n g  an
as te r i sk  " * "  i n  t h e  t o p  l e f t - h a n d  corner  o f  t h e  screen.  I n  s i n g l e -shot  mode t h e
r e s u l t  i s  blanked u n t i l  t h e  p r o c e s s  i s  c o m p l e t e .  I n  r e p e t i t i v e  mode  t h e
previous r e s u l t  remains d isp layed  u n t i l  t h e  a s t e r i s k  " * "  ext inguishes..

3) A l t e r n a t i v e l y  measurement cond i t ions  may be  entered d i r e c t l y  us ing  t h e
key-board. S e e  sec t i on  4 .09 .11 .
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4.02 B A S I C  MEASUREMENT PROCEDURE (Cont inued)

The d isp lay  shown i n  f i g u r e  1 3  i s  t y p i c a l  o f  z / e  p resenta t ions ;  n o t e  t h e
boxed Z  and ANGLE t o g e t h e r  w i t h  t h e  s i n g l e  element c o n f i g u r a t i o n .  T h e  ang le
value shows t h e  impedance t o  be h i g h l y  r e s i s t i v e ;  t h e  p o l a r i t y  ( i m p l i e d  +ve)
ind icates t h a t  t he  impedance i s  i n d u c t i v e  a t  t h e  app l i ed  f requency (80Hz).

As a n  a l t e r n a t i v e  t o  ANGLE two o t h e r  Z  d i sp lays  a r e  a v a i l a b l e .  T h e
select ion i s  shown i n  t h e  box nex t  t o  ANGLE. When  c u r r e n t  d r i v e  i s  app l i ed  then
Vac, t h e  vo l tage  developed a c r o s s  t h e  unknown, can  b e  d isp layed.  When  vo l t age
dr ive i s  used then I a c ,  t h e  c u r r e n t  through t h e  unknown, can  be d isp layed.

The 3245 h a s  two r a n g e s  f o r  measurements o f  d c  res i s tance  e . g .  o f  t h e
i n t r i n s i c  res is tance  o f  c o i l s .  When  i n  t h e  NORMAL mode s e l e c t  t h e  MAJOR TERM as
Rdc. T h e  f r e q u e n c y,  a c  d r i v e  l e v e l  a n d  B I A S  s o f t -key legends e x t i n g u i s h
together w i t h  those f o r  MINOR TERM and c o n f i g u r a t i o n .  T h e  dc d r i v e  l e v e l  i s
automat ica l ly  l i m i t e d  t o  a  maximum o f  100mV o r  16mA.  F i g u r e  14 d e p i c t s  t h e
screen d i sp l ay  f o r  a  r es i s t ance  measurement.
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Figure 15 N p / N s  Ra t io
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4.03 TRANSFORMER MODE

Use c r o c o d i l e  c l i p  l e a d s  f o r  t r a n s f o r m e r  w i n d i n g  r a t i o  measurements.
RATIOs can be d isp layed  as  Np/Ns o r  Ns/Np. W h e n  maximum r e s o l u t i o n  i s  r equ i red
choose t h e  d i s p l a y  which i s  g rea te r  t h a n  u n i t y .  T h e  v a l u e  d isp layed i s  t h e
r a t i o  o f  measured vo l t ages ,  h e n c e  non—integer r e s u l t s  a r e  l i k e l y .  T r i m m i n g
(TRIM Lm) i s  no t  necessary f o r  RATIO measurements.

For measurement purposes t h e  PRIMARY i s  t h e  wind ing connected t o  t h e  RED
and ORANGE sockets,  see  f i g u r e  11 .

The connections t o  t h e  t e s t  i t e m  f o r  f i g u r e  1 6  were i d e n t i c a l  t o  those  f o r
f igure  1 5 ,  o n l y  t h e  d i s p l a y  requirement was changed. N o t e  t h e  r e s u l t  i s  o f  o n l y
three f i g u r e s  r e s o l u t i o n .

I f  a  n e g a t i v e  read ing  o c c u r s  when m e a s u r i n g  r a t i o  i t  i m p l i e s  a  reverse
connected winding;  see  f i g u r e  11  f o r  winding sense convent ion.
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4.03 TRANSFORMERS (Cont inued)

A SECONDARY t u r n s  (Ns)  measurement i s  shown i n  f i g u r e  1 7 .  T h e  PRIMARY
turns (Np=20, arrowed SET Np) a r e  s e t  v i a  key-board.

The n e g a t i v e  r e a d i n g  f o r  SECONDARY t u r n s  shows  t h a t  t h e  measurement
connections t o  t h e  two windings a re  n o t  i n  accordance w i t h  f i g u r e  11  ( n o t e  t h e
p o l a r i t y  i n d i c a t i o n s ) .

The upper warning (LO-Z INPUT) means  t h a t  t h e  measured PRIMARY impedance
is  p a r t i c u l a r l y  l ow  (  <5 ohms r e a c t i v e  i n  t h i s  case) .  Tr a n s f o r m e r  measurements
are made under 2 - t e r m i n a l  ope ra t i on  so t h e  e f f e c t s  o f  connect ion leads cannot  be
removed. S e e  s e c t i o n  4 .09.07 f o r  c r i t i c a l  aspects  o f  t rans former  measurements.

A MUTUAL INDUCTANCE d i s p l a y  i s  shown i n  f i g u r e  1 8 .  W h e n  Lm i s  se lec ted
the TRIM Lm op t i on  a p p e a r s  on screen. L e a d  p o s i t i o n i n g  d u r i n g  performance o f
t h i s  t r i m  requ i res  e x t r a  ca re ;  see  sec t i on  4 .01 .04 .

The negat ive r e s u l t  i n  f i g u r e  1 8  a r i s e s  f rom o n e  o f  t w o  p o s s i b i l i t i e s .
E i ther  t h e  f r e q u e n c y  i s  above resonance ,  o r  a  w i n d i n g  connect ion i s  reversed .
Another measurement a t  a  l ower  frequency i s  needed f o r  r e s o l u t i o n .

PRIMARY inductance can be measured a s  a  two- te rm ina l  opera t ion  when u s i n g
the ana lyzer  on any o f  t h e  a b o v e  t rans fo rmer  measurements; s imp l y  r e m o v e  t h e
analyzer connect ions t o  t h e  SECONDARY t h e n  s e l e c t  NORMAL mode and INDUCTANCE
measurement.

A negat ive  r e a d i n g  when measur ing  PRIMARY i n d u c t a n c e  i n d i c a t e s  t h a t  t h e
frequency used i s  a b o v e  resonance, c o n s e q u e n t l y  t h e  t e s t  i t em  i s  e f f e c t i v e l y
capac i t i ve .
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4.03 TRANSFORMERS (Cont inued)

Connections f o r  t rans former  measurements a r e  shown i n  f i g u r e  11  b u t  f o r
immediate a c c e s s  t h e  CONNECTIONS d i s p l a y  ( f i g u r e  1 9 ) ,  w h i c h  i l l u s t r a t e s  t h e
various arrangements, i s  a v a i l a b l e  f r o m  t h e  M A I N  INDEX. T h e  f o u r  r i n g s
represent, f r o m  l e f t  t o  r i g h t ,  t h e  f r o n t -panel  BNC c o n n e c t o r s ,  BROWN, RED,
ORANGE and YELLOW. T h e  b o t t o m  arrangement, f o r  TRANSFORMERS, r e q u i r e s  t h e  use
of t h e  c rocod i l e  c l i p  l eads .  N o t e  t h e  o p t i o n a l  connect ion t o  t he  w ind ing  screen
and p a r t i c u l a r l y  t h e  arrangement f o r  i n t e r -connected wind ings.

The phase i n t e r p r e t a t i o n  f o r  t h e  w i n d i n g s  i s  t h a t  t h e  f r e e  (non-common)
end o f  each i s  o f  t h e  same phase -  marked w i t h  a  ' + '  i n  f i g u r e  11 .

In t h e  case o f  au to - t ransformers,  i t  i s  p r e f e r a b l e  t o  measure  them i n
step-down c o n f i g u r a t i o n ,  connected as  f o l l o w s : -

The YELLOW lead  connects t o  t h e  wind ing TAP.
RED and ORANGE leads  go t o  t h e  wind ing OUTER connect ions.
The BROWN l e a d  connects t o  t h e  same t e r m i n a l  a s  t h e  RED lead .

The d i sp lay  i n  f i g u r e  1 9  prov ides  a  d i r e c t  r e t u r n  t o  t h e  main i n d e x  -
useful du r i ng  t h e  course o f  e s t a b l i s h i n g  measurement cond i t i ons .

4.04 D E V I AT I O N  MODE ( S i n g l e  component behav iour )

The prime purpose o f  DEVIATION mode  i s  t o  measure parameter v a r i a t i o n s  o f
a s i n g l e  component as  d r i v e  cond i t i ons  e t c .  change. B a t c h  s o r t i n g  o f  components
is  done i n  t h e  LIMITS mode, see  sec t i on  4 .05 .

To make DEVIATION measurements f i r s t  e s t a b l i s h  t h e  nominal va lue  o f  t h e
component under re fe rence  c o n d i t i o n s  -  f requency,  BIAS, d r i v e  e t c .  T h e  r e s u l t
w i l l  appear aga ins t  t h e  VALUE legend o n  t h e  screen.  P r e s s i n g  t h e  SAVE NOMINAL
so f t -key w i l l  s t o r e  t h e  measured va lue  a n d  a l s o  copy i t  t o  t he  NOMINAL d i s p l a y.
Measurements a t  o t h e r  t e s t  cond i t i ons  c a n  t hen  be made. R e s u l t s  a r e  presented
as percentage d i f f e r e n c e s  between t h e  n o m i n a l  and a c t u a l  v a l u e s  f o r  t h e  MAJOR
TERM. A  n e g a t i v e  va lue  s h o w s  t h a t  t h e  t e s t  r e s u l t  i s  l ow compared t o  t h e
nominal.

Figure 20  i l l u s t r a t e s  t h i s  p resen ta t i on .  A n y  MAJOR TERM c a n  be  assessed
in  t h i s  manner.

A M I S -MATCH message appears i f  t h e  u n i t s  used f o r  t h e  t e s t  do n o t  match t h e
uni ts o f  t h e  -caved NOMINAL. O m i t t i n g  t o  save a  f r e s h l y  es tab l ished NOMINAL -
the f i r s t  s t e p  above -  i s  a  common cause. T h e  omission r e s u l t s  i n  u s e  o f
NOMINAL u n i t s  saved f rom some o t h e r  t e s t .
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4.05 L I M I T S  MODE (Batch  measurements)

LIMIT measurements a re  d isp layed i n  e i t h e r  o f  t w o  forms -  p e r c e n t a g e  o r
absolute. T h e  l i m i t s  and t h e  nominal v a l u e  have t o  be entered v i a  t h e  key-board
-  t h e r e  i s  no f a c i l i t y  f o r  sav ing  a  measured NOMINAL as  DEVIATION mode.

The h igh l i m i t  va lue  m u s t  be h igher  t h a n  t h e  l o w  l i m i t  va lue ;  ' c r o s s e d -over°
l i m i t s  a re  n o t  acceptable i n  t h i s  mode.

A n o m i n a l  i s  r e q u i r e d  o n l y  f o r  p e r c e n t a g e  measurements. G e n e r a l l y
symmetric l i m i t s  w i l l  b e  u s e d ,  b u t  a s y m m e t r i c  p e r c e n t a g e  l i m i t s  c a n  b e
establ ished. H o w e v e r,  t h e  t w o  d i sp l ays  a r e  l i n k e d ;  w h i c h e v e r  f o rm  i s  used t h e
values o f  t h e  l i m i t s  a r e  maintained.

When a b s o l u t e  l i m i t s  a r e  s e t ,  t h e  a n a l y z e r  operates w i t h o u t  a  nominal
value. When opera t i on  i s  changed t o  percentage mode ,  t h e  d i s p l a y  w i l l  show t h e
corresponding p a i r  o f  l i m i t s  and a  mid-way nominal  va lue .  I f  r e q u i r e d ,  s p e c i f i c
nominal and /o r  percentage l i m i t s  may t h e n  be s e t ;  t h e y  w i l l  be  r e f l e c t e d  i n
revised abso lu te  va lues .

The f u n c t i o n  s e t t i n g s  which app ly  i n  t h e  LIMITS opera t ion  a re  n o t  d i r e c t l y
displayed. T h e y  a r e  whatever were l a s t  s e t  i n  t h e  NORMAL mode and can be found
by sw i t ch ing  t o  t h a t  mode.

Measurement parameters ( L ,  R  e t c . )  and u n i t s  (mH, ohms e t c . )  f o r  HIGH, LOW
and NOMINAL i n  t h e  LIMITS mode are  compared w i t h  those used f o r  t h e  MAJOR and
MINOR t e r m s  i n  t h e  NORMAL mode.  T h e  message 'MEAS/NOM UNITS MIS-MATCH° i s
displayed i f  t h e  s e t t i n g s  do n o t  match e i t h e r .

Figure 21 s h o w s  a  pe rcen tage  l i m i t  d i s p l a y ;  t h e  l i m i t s  a r e  asymmetr ic.
The measurement (PASS) i s  j u s t  a  l i t t l e  below the  nominal  v a l u e  b u t  w e l l  above
the lower  l i m i t .

Figure 22 i l l u s t r a t e s  t h e  same s e t t i n g s  b u t  w i t h  ABS d i s p l a y  se l ec ted .  I n
t h i s  case t h e  measurement va lue i s  below t h e  LOW l i m i t .
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4.06 B I N  SET

There a r e  t h r e e  f e a t u r e s  conce rned  w i t h  b i n n i n g  -  s e t t i n g  t h e
d isc r im ina t ion  l i m i t s ,  s o r t i n g  measured va lues  a n d  d i s p l a y i n g  t h e  co nsequen t
counts. A s s o c i a t e d  w i t h  t h e  second i s  t h e  e l e c t r i c a l  i n t e r f a c e  t o  b i n n i n g
equipment.

Binning c a n  be d o n e  e i t h e r  o n  an a b s o l u t e  o r  p e r c e n t a g e  l i m i t s  b a s i s .
Select BIN SET mode v i a  t he  MAIN  INDEX and c h o o s e  ABS o r  % as  r e q u i r e d ;  t h e
display shou ld  be s i m i l a r  t o  f i g u r e  2 3  o r  24 .  I n  ABS mode, u n i t s  f o r  t h e  l i m i t s
must be keyed- i n  ( t h e  same f o r  each l i m i t ,  e . g .  a l l  s o r t i n g  on 0 ) .  I n
percentage mode, t h e  nominal must have u n i t s  keyed- i n .  T h e  parameters and u n i t s
used f o r  b i n n i n g  must m a t c h  those i n  t h e  NORMAL mode  ( a s  i s  t h e  case i n  t h e
LIMITS mode). A n y  n e c e s s a r y  c o r r e c t i o n  c a n  be made  f rom NOMINAL mode a f t e r
se t t ing  t h e  l i m i t s .

Each cho ice  ( A B S  o r  %) h a s  i t s  own s e t  o f  l i m i t s  a l t h o u g h  t h e r e  i s  one
common s e t  o f  b i n s .  U n l i k e  t h e  LIMITS f u n c t i o n ,  t h e  two se t s  o f  b i n n i n g  l i m i t s
are n o t  l i n k e d .  W h i c h e v e r  s e t  i s  chosen, e x i s t i n g  l i m i t s  f o r  t h a t  mode can  then
be r e s e t  f o r  a  s p e c i f i c  b i n  number, e i t h e r  by  e x p l i c i t l y  en te r i ng  z e r o  va lues  i n
each l i m i t  o r  b y  press ing  t h e  RESET s o f t -key ( b u t t o n  1 ) .  A l t h o u g h  RESET p u t s
both t h e  h i g h  and l o w  l i m i t s  t o  z e r o  ( u s e f u l  f o r  r e m o v i n g  o l d  v a l u e s ) ,  i t  i s
p r imar i l y  in tended f o r  s h u t t i n g  o f f  unwan ted  b i n s  a f t e r  s e t t i n g  o t h e r  va lues .
I f  percentage b i n n i n g  i s  in tended,  t h e  nominal  va lue  should b e  en tered  a t  t h i s
point by  s e l e c t i n g  t h e  NOMINAL s o f t -key ( b u t t o n  7 )  t h e n  e n t e r i n g  t h e  des i red
value on t h e  key-board.

To s e l e c t  a  s p e c i f i c  b i n ,  p r e s s  t h e  BIN N O .  s o f t -key.  T h e  a c t u a l  number
may then  be chosen v i a  t he  key-board o r  e i t h e r  o f  t h e  AUTO SWEEP k e y s  can be
used -  t h e y  p rov ide  a  c o n t r o l l e d  c y c l i n g  through t h e  b i n  number  range .  T h e
l a t t e r  method o f  s e l e c t i n g  b i n  numbers i s  always ope ra t i ona l .  W h e n  a  b i n  number
has been se lec ted ,  p r e s s  e i t h e r  t h e  H I G H  l i m i t  o r  LOW l i m i t  s o f t -key t o  a l l o w
entry o f  a  va lue  v i a  t h e  key-board ( u n i t s  w i l l  be requ i red  when A B S  i s  used) .
The cu r ren t  s e l e c t i o n  remains boxed. E n t e r  t h e  requ i red  va lue  and u n i t s  on t h e
key-board. A n o t h e r  b i n  may then  be se l ec ted .

Usually t h e  b i n s  w i l l  b e  d e a l t  w i t h  i n  sequence; s e l e c t i o n  o f  t h e  n e x t
l i m i t  f o r  da ta  e n t r y  i s  achieved b y  p ress ing  t h e  NEXT s o f t - k e y.  T h i s  s teps
select ion,  c o l u m n  by  c o l u m n ,  row  b y  row.  N o t e  t h a t  i n  %  mode, symmet r ica l
l i m i t s  a re  ob ta ined by d e f a u l t  by double  use o f  t h e  NEXT key.

Figure 23  d e p i c t s  t h e  r e s u l t  o f  BIN SET a c t i o n s  f o r  ABSolute va lues  -  i n
th is  case, ohms. N o t e  t h e  asymmet r i c  l i m i t s  a n d  t h e  p a r t i a l  use  o f  t h e  b i n
range. T h e  b i n s  w i t h  zero  l i m i t s  w i l l  n o t  be used.

Figure 24 i s  f o r  a  t y p i c a l  p e r c e n t a g e  l i m i t s  case.  I t  shows t h e  nominal
data e n t r y  and t h e  use o f  B i n  0 .
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4.06 B I N  SET (Cont inued)

Once s a t i s f a c t o r y  s e t s  o f  l i m i t s  and u n i t s  a re  es tab l i shed ,  t e s t  i t e m s
can be assessed by  s e l e c t i n g  BIN SORTing mode o r  BIN COUNTing mode.

Note t h e  f o l l o w i n g  p o i n t s  about BIN SET opera t ions : -

a) The l i m i t s  do n o t  have t o  be symmetr ic.

b) The l i m i t s  do n o t  have t o  be un ique .  I f  t h e r e  a re  more t han  one o f  a
p a r t i c u l a r  va lue ,  t h a t  w i t h  t h e  lower  b i n  number w i l l  be  considered
f i r s t .

c) When b i n s  1  t o  8  a re  used f o r  inductance o r  c a p a c i t a n c e ,  b i n  0  i s
used f o r  MINOR TERM r e j e c t s .  T h e  r e j e c t s  o c c u r  i f  t h e  measured
magnitude i s  below the  s e l e c t e d  l i m i t  ( i n  t h e  c a s e  o f  Q o r  p a r a l l e l
res is tance) ,  o r  above t h e  se lec ted  l i m i t  ( i n  t h e  case o f  D o r  s e r i e s
res is tance) .

d) B i n  9  by  d e f a u l t  i s  f o r  measurement r e s u l t s  o u t s i d e  t h e  l i m i t s  o f
bins 0  t o  8  i n c l u s i v e .

4.07 B I N  SORT

The BIN SORT mode o p e r a t e s  under SINGLE SHOT and R E P e t i t i v e  modes. I n
use, t h e  screen d i s p l a y  shows t h e  r e s u l t  o f  t h e  c u r r e n t  measurement a n d  t h e
corresponding i n d i v i d u a l  c l a s s i f i c a t i o n ;  s e e  f i g u r e  2 5 .  N o t e  t h e  p r o v i s i o n  o f
sof t -keys f o r  d i r e c t  sw i t ch ing  t o  NORMAL, BIN SET and BIN COUNT.

A mis-match message w i l l  be d i sp layed  i f  e i t h e r  t he  u n i t s  f o r  BIN 0  l i m i t s
(MINOR term) o r  u n i t s  f o r  t h e  BIN 1 t o  8  l i m i t s  (MAJOR term) d o  n o t  match t h e
un i ts  s e t  f o r  NORMAL measurement. H e n c e  even i f  BIN 0  i s  n o t  be ing  used, i t  must
be g iven a  d e f a u l t  l i m i t  e . g .  Q=1, wh i ch  matches t h e  NORMAL mode, o the rw ise  t h e
BIN SORT f u n c t i o n  w i l l  n o t  operate .
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4.08 B I N  COUNT -  Data Logging

BIN COUNTing o p e r a t e s  u n d e r  SINGLE SHOT mode.  ( I t  a l s o  o p e r a t e s ,
t ransparent ly  t o  t h e  use r,  w h e n  BIN SORT i s  used i n  SINGLE SHOT mode.) T h e
screen d i s p l a y s  da ta  f o r  a l l  b i n s  s imu l taneous ly,  t o g e t h e r  w i t h  a  ba tch  t o t a l .
Each measurement, a s  made, i s  a l l o c a t e d  t o  t h e  appropr ia te  b i n .

A l l  BINning da ta  s t a y  i n  n o n - v o l a t i l e  memory u n t i l  t h e y  a r e  d e l e t e d .
Hence t h e  DELETE ALL key i s  used when s e t t i n g -up f o r  a  new ba tch .

The DELETE LAST key i s  p r i m a r i l y  meant f o r  e ras ing  t h e  measurement r e s u l t
fo r  a  wrongly connected component.

Conf irmation o f  a  de le te  f u n c t i o n  h a s  s p e c i f i c a l l y  t o  be  g i v e n  v i a  ENTER
(on t h e  k e y -board) be fo re  t h e  f u n c t i o n  i s  p u t  i n t o  e f f e c t .  T h e  v e r i f i c a t i o n
request i s  i l l u s t r a t e d  i n  f i g u r e  2 6 .  N o t e  t h a t  t h e r e  were f o u r  r e j e c t s  on MAJOR
TERM ,  none a t  a l l  on MINOR. A l s o  no te  t h e  p r o v i s i o n  f o r  d i r e c t  sw i t ch ing  t o
NORMAL, BIN SET and BIN SORT.

Figure 27 i l l u s t r a t e s  t h e  s i t u a t i o n  where t h e  s e t t i n g s  f o r  nominal  and
measurement u n i t s  d i f f e r .  T h i s  t ype  o f  opera to r  e r r o r  can a r i s e  i n  BIN SORT and
BIN COUNT modes, and happens f r om i n c o m p a t i b i l i t y  o f  t he  u n i t s  f o r  BINs 0  and 1
to 8  and t h e  u n i t s  f o r  NORMAL measurement. T h e  analyzer  m a i n t a i n s  a  constant
check f o r  t h i s  k i n d  o f  e r r o r  and a  warning i s  issued i f  necessary.

The PRINT s o f t -key legend appears o n  t h e  BIN COUNT d i s p l a y  i f  t h e  RS232C
option i s  f i t t e d  o r  i f  t h e  GPIB o p t i o n  i s  f i t t e d  and  o p e r a t i n g  i n  PRINT ONLY
fashion. S e e  appendix B sec t i on  6 . 4  f o r  d e t a i l s .
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4.09 ADVANCED USAGE

4.09.01 BASIC THEORY

A p a s s i v e  l i n e a r  c o m p l e x  c i r c u i t  p r e s e n t s  t o  a l t e r n a t i n g  cu r ren t s  an
impedance which i s  a  f u n c t i o n  o f  f requency.  A t  any one f requency,  t h e  impedance
can be represented by two  components -  r e s i s t a n c e  and reactance -  o r  a s  a  p o l a r
funct ion  having magnitude and p h a s e  ang le .  T h e  reactance may b e  i n d u c t i v e  o r
capac i t i ve  corresponding t o  +ve o r  - v e  phase angles r e s p e c t i v e l y  i n  t h e  p o l a r
con f igura t ion .  T h e  t h e o r e t i c a l  v a l u e s  o f  t h e  components f o r  e x t r e m e s  o f
frequency m a y  n o t  b e  p r a c t i c a l l y  r e a l i s a b l e ,  b u t  t h e  f o l l o w i n g  d e f i n i t i o n s
hold:-

a) P o l a r  parameters a re  impedance ( Z )  and phase ang le  ( 0 ) .

b) The impedance m a y  be r e p r e s e n t e d  b y  e i t h e r  a  s e r i e s  o r  p a r a l l e l
c i r c u i t  -  a  res is tance  (R )  and a  reactance ( X ) .

c) Cur ren t  passing through t h e  r e a c t a n c e  r e s u l t s  i n  s t o r e d  energy,  b u t
current  passing through t h e  r e s i s t a n c e  r e s u l t s  i n  d i s s i p a te d  energy.
These two energy t e r m s  a r e  r e l a t e d  b y  t h e  q u a l i t y  f a c t o r  Q  o r
d i ss ipa t i on  f a c t o r  D as  de f i ned  be low.

d) F o r  t h e  s e r i e s  c a s e  R =  Z  cos (e )  and X =  Z  s i n ( 6 )

where Z 2  =  R2 X 2

i . e .  t a n ( 0 )  =  X /  R =  Q  =  1  /

e) F o r  t he  p a r a l l e l  case R =  Z  /  cos (e )  and X =  Z  /  s i n ( e )

where

and

(1 /  Z)2 =  ( 1  /  R)2 ( 1  /  X)2

tan(6) =  X  /  R =  D  =  1 /  Q

f )  F o r  t h e  energy terms:-

or

and

Q =  X /  R ( s e r i e s )

Q =  R /  X  ( p a r a l l e l )

D =  1  /

g) F o r  inductances,  X  =  w L

and f o r  capaci tances,  X  =  -  1  /  (  w  C )

where w  =  2  IT f  ( f requency)
and t h e  s i g n  represents  a  v o l t a g e  phase l a g  w i t h  respec t  t o
current  as  opposed t o  a  l e a d i n g  phase f o r  inductances.

h) Diagrams represent ing  these  r e l a t i o n s h i p s  a re  i n  f i g u r e  2 8 ,  o p p o s i t e .

Section 4 . 0 9 . 11  c o v e r s  t h e  e f f e c t s  o f  s e l f -capaci tance and resonance.
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•
Section A -A

Measurement c o n n e c t i o n s  m a y  b e  2 ,  3  o r  4 - t e rm ina l .  T h e  CONNECTIONS
disp lay,  f i g u r e  1 9 ,  shows some common arrangements. Choose  2 -T f o r  non- c r i t i c a l
work, t h e  g u a r d e d  3 - T  ar rangement  f o r  i n - c i r c u i t  a n d  h i g h  impedance
measurements, and 4 -T f o r  l ow  impedance work.  A  guard-w i re  a t  ground p o t e n t i a l
i s  a v a i l a b l e  f o r  guard o r  screen connect ion,  see  above. N o t e  t h e  l ead  bund l ing .
Choose f requencies t o  minimise extraneous e f f e c t s  i f  measuring sma l l  impedances.

a) Impedances  ( a t  t e s t  f requenc ies )  w i t h i n  100ohms a n d  10kohms a r e
su i ted t o  2 -T connect ion.  U n s c r e e n e d  l e a d s  should be s h o r t e r  t h a n
approximately 15cm long.  L o n g e r  l eads  should  be separa te ly  screened;
use a  common connect ion o f  b o t h  b r a i d s  ( ' R E D '  and 'ORANGE' l e a d s )  a t
the t e s t  i t e m  end. T h e  c r o c o d i l e  c l i p  accessory 1305 i s  recommended.

b) 3 - t e r m i n a l  connect ions remove t h e  e f f e c t  o f  shunt  capaci tance o f  t h e
connecting leads .  T h e  common p o i n t  o f  t h e  shunt ing  components shou ld
be connected t o  t h e  common p o i n t  o f  t h e  b r a i d s  on t h e  'RED' a n d
'ORANGE' l e a d s .  T h e  c rocod i l e  c l i p  accessory 1305 i s  recommended.

c) 4 - t e r m i n a l  connect ion c i rcumvents s e r i e s  res is tance  o f  t h e  l eads ,  and
diminishes s e r i e s  inductance e f f e c t s .  S t a b l e  l e a d  p o s i t i o n i n g  i s
important when measuring l o w  v a l u e  i nduc to rs .  L o n g  leads  w o r s e n
ser ies  e r r o r s .  T h e  KELVIN c l i p - l ead  accessory 1405 i s  recommended.

d) Connect t rans fo rmer  windings w i t h  c r o c o d i l e  c l i p  leads  ( 2 - T  f a s h i o n ) ;
apply r a t i o  c o r r e c t i o n  ( s e c t i o n  4 . 0 9 . 0 7 )  i f  t h e  p r imary  w ind ing
impedance i s  l o w.  ( N o  c o r r e c t i o n  i s  requ i red  i n  t h i s  r e s p e c t  f o r
MUTUAL i n d u c t a n c e  measurements.)  T h e  e r r o r s  a r e  d u e  t o  shunt
impedances. A  r e v e r s e -connec ted  w i n d i n g  w i l l  l e a d  t o  a  negat ive
reading f o r  t u r n s  o r  r a t i o .  S e e  s e c t i o n  4 .03  f o r  f u r t h e r  d e t a i l s .
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4.09.02 CONNECTIONS (Cont inued)

e) B r a i d  screening o f  t h e  'RED' and 'ORANGE' l e a d s  shou ld  be j o i n e d  a t
the t e s t  i t em  e n d .  C o n n e c t  t he  common p o i n t  t o  component g u a r d s
and/or screens.  T h e  'BROWN' and 'YELLOW' l e a d s '  b r a i d s  must NOT be
connected a t  t h e  t e s t  i t e m  e n d .  A l l  t h e  b r a i d s  a r e  e a r t h e d
i n t e r n a l l y  a t  t h e  ins t rumen t  end. T h e  KELVIN c l i p - leads  accessory i s
constructed so ;  i t  has a  ' f i f t h '  (GREEN) w i r e  ( w i t h  a  c r o c o d i l e  c l i p )
f o r  use a s  t he  common connect ion;  see  f i g u r e s  2  and 29 .

Leads made f o r  s p e c i a l  measurement s i t u a t i o n s  m a y  p resen t  p r o b l e m s  when
the unknown impedances a re  e i t h e r  l o w  o r  h i gh .  A n y  e x t r a  s e r i e s  res i s tance  and
shunt capaci tance w i l l  r e s u l t  i n  a d d i t i o n a l  e r r o r s .  T h e  t y p e  o f  e r r o r  w i l l
depend on t he  connect ion c o n f i g u r a t i o n .

Extending leng ths  o f  measuring cab le  has two adverse e f f e c t s : -

I.) Resistance o f  t h e  c e n t r a l  c o n d u c t o r  reduces t h e  e f f e c t i v e n e s s  o f  t he
4-T con f i gu ra t i on ;  d e g r a d a t i o n  i s  l i n e a r  w i t h  l e a d  r e s i s t a n c e .  F o r
example: A f t e r  t r imming w i t h  connect ions o f  O.45ohms/lead, v a r i a t i o n
in con tac t  res is tance  w i l l  be  reduced by  100 t imes  compared w i t h  a  2 -
T connect ion.

2) Cable capacitance inc reases  measurement e r r o r s  a t  h i g h  impedances and
high f r e q u e n c i e s .  A  c a p a c i t a n c e  o f  1 . 5 n F / c a b l e  g i v e s  performance
wi th in  2 : 1  o f  c la imed s p e c i f i c a t i o n  o n  t h e  h ighes t  measurement range
ava i lab le  a t  any l eve l / f r equency  combinat ion.  A t  l o w e r  ranges and a t
a f requency l e s s  t h a n  5kHz e r r o r s  a r e  n e g l i g i b l e .  W h e r e  use i s
r e s t r i c t e d  t o  impedances g r e a t e r  t h a n  a b o u t  1 0 0  o h m s  t h e  2 - T
conf igura t ion  may be used w i t h  capacitance up t o  3nF/cable.

Bundling t h e  cab les  a f f e c t s  l o w  impedance T R I M ,  m a i n l y  on  i n d u c t a n c e .  T h e
arrangement shown i n  f i g u r e  2 9  i s  p re fe r red .

4.09.03 MANUAL RANGE SELECTION (and  DRIVE LEVELS)

Manual range s e l e c t i o n  (RANGE HOLD mode) i s  by codes 1  -  7 ,  see  sec t i on  3 .
Manual rang ing  f o r  t ransformer  t e s t s  i s  n o t  f e a s i b l e .  T h e  p resen t  range can be
determined v i a  t h e  key-board u s i n g  CODE 9 ;  see  sec t i on  7 .02 .

Use o f  t h e  RANGE HOLD i s  recommended f o r  t h e  f o l l o w i n g  measurements:-

a) I nduc to r s  o f  extreme non- l i n e a r i t y ;  t h e s e  m a y  l e a d  t o  t h e  AUTO-RANGE
rout ines hunt ing ,  t r y i n g  t o  reso lve  i n d u c t a n c e  v a r i a t i o n s  caused by
changes i n  d r i v e  l e v e l s .

h) Impedance values n e a r  t o  a  r a n g e  boundary m a y  l e a d  t o  t h e  d r i v e
switching between vo l t age  a n d  c u r r e n t  modes when s u c c e s s i v e  t e s t
items a r e  s i m i l a r  i n  v a l u e .  ( H y s t e r e s i s  i n  t h e  d r i v e  dec i s i on  system
avoids t h i s  problem when any one component i s  be ing  measured.)

Small v a r i a t i o n s  i n  d r i v e  l e v e l  a t  t h e  c o n n e c t i o n s ,  a s  t h e  unknown
impedance changes, a r i s e  f rom r e g u l a t i o n  i nhe ren t  i n  t h e  source.  T h e  e f f e c t  i s
i n s i g n i f i c a n t  excep t  when t h e  unknown i s  about  10ohms.
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Figure 30 V / I  Character ist ic  o f  I ron -cored. Coi ls .
Measurement i s  in tegra l  o f  curve -
between chordal and tangential  values

V

/
/ /

/
/

is igpk-pk

dc•BIAS

Figure 31 H igh  F lux  measurement
Small i .  sig: Large  I d c  BIAS

Working
point



Chapter 4  W A Y N E  KERR 3245 4 : 3 0

4.09.04 IRON-CORED (and FERRITE-CORED) INDUCTORS

Measurement accuracy,  i n  p a r t ,  depends o n  t h e  l i n e a r i t y  o f  t h e  t e s t  i t e m
response. Gapped c o r e s  u s u a l l y  g i v e  g o o d  l i n e a r i t y .  T h e  l e v e l  and frequency
can be chosen t o  s u i t  t h e  a p p l i c a t i o n .

Un-gapped cores  always cause non- l i n e a r i t y .  I n d u c t a n c e  usua l l y  r i s e s  w i t h
increasing f l u x  l e v e l  u n t i l  s a t u r a t i o n  i s  approached.  O n c e  s a t u r a t i o n  i s
reached, t h e  inductance f a l l s  r a p i d l y  as  d r i v e  l e v e l  con t inues  t o  r i s e .

Non- l i nea r i t i es  a r i s e  f r om t h e  curved nature  o f  t h e  V / I  c h a r a c t e r i s t i c  o f
i ron-cored c o i l s .  T h e  3245 ana lyzer  f i l t e r s  o u t  t h e  d i s t o r t i o n ,  consequent ly  i t
measures t h e  i n teg ra ted  va lue  o f  t h e  curved c h a r a c t e r i s t i c ,  see  f i g u r e  3 0 .

I ron-cored i n d u c t o r s ,  i n c l u d i n g  t r a n s f o r m e r s ,  a r e  s u s c e p t i b l e  t o
disaccommodation a r i s i n g  f rom e l e c t r i c a l ,  m a g n e t i c ,  m e c h a n i c a l  a n d  t h e r m a l
shock; a n y  o f  which can produce t r a n s i e n t  o r  permanent change i n  i n d u c t a n c e .
The e f f e c t  i s  w o r s t  i n  un-gapped i r o n -cored i nduc to rs  a t  l ow  d r i v e  l e v e l s .
Obviously t h e  s h o c k s  can be caused by  l a r g e  changes i n  l e v e l  o f  t h e  d r i v i n g
s igna l ,  i t  i s  t h e r e f o r e  a d v i s a b l e  t o  change  t h e  d r i v e  l e v e l  i n  s m a l l
increments. T h e  t r a n s i e n t  c h a n g e s  have l o n g  r e c o v e r y  t i m e -constants ,  s o
successive measurements ( a t  t h e  same cond i t i ons )  on  a  shocked i n d u c t o r ,  w i l l
show u n i d i r e c t i o n a l  changing va lues .  T h e  t ime  taken  f o r  t h e  o v e r a l l  change o f
l eve l ,  w i l l  depend on t h e  component i t s e l f  and t h e  accuracy requ i red .

A change i n  frequency may l e a d  t o  a  change i n  d r i v e  mode e . g .  f r o m  cu r ren t
to vo l t age .  S i n c e  constant  f l u x  a r i s e s  f rom constant  c u r r e n t  a p p l i c a t i o n ,  n o t
constant vo l tage ,  n o t e  t h e  d isp layed  d r i v e  cond i t i on .

The 3245 uses l o w  power l e v e l s .  H i g h  ope ra t i ona l  f l u x  c o n d i t i o n s  a r e
beyond t h e  s p e c i f i c a t i o n  b u t  h i g h  l e v e l  per fo rmance  can b e  i nd i ca ted  us ing  a
combination o f  ac  d r i v e  a n d  dc  BIAS, s e e  f i g u r e  3 1 .  T h e  working p o i n t  s lope
w i l l  d i f f e r  f r o m  t h a t  f o r  f u l l  a c  d r i v e  c o n d i t i o n ,  s e e  f i g u r e  3 0 .  T h i s
technique a l l ows ,  f o r  example, f l u x  s a t u r a t i o n  l e v e l s  t o  be found.  N o t e  t h a t  an
external  s a f e t y  l i n k  must be f i t t e d  ( o n  t h e  r e a r  pane l )  f o r  BIAS opera t ion ,  see
4.09.08.

Pick-up o f  p o w e r -supply  f requency can be minimised b y  a v o i d i n g  s t r o n g
external  f i e l d s  ( t h i s  i nc ludes  keeping t h e  t e s t  i t e m  away f rom the  3245) and by
grounding t h e  c o r e .  ( T h e r e  i s  a  g r o u n d  connect ion w i t h  t he  c l i p  l e a d s . )
Effec ts  o f  t h e  p ick -up  can be minimised by  running a t  SLOW speed.
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4.09.05 AIR-CORED INDUCTORS

Problems i n  measuring a i r -cored i nduc to rs  can b e  minimised by  exe rc i s i ng
care over  t h e  f o l l o w i n g  p o i n t s : -

a) Keep t he  c o i l  away f rom supp ly  t ransformers  and meta l  i n  genera l .

b) Keep the  c o i l  away f rom TV scan c o i l s  -  a t  t h e  LH s i d e  o f  3245.

c) I f  power-supply  o r  T V  scan f requenc ies  a re  a  nuisance,  use  t h e  SLOW
measuring s p e e d ,  t h e  maximum a v a i l a b l e  d r i v e  l e v e l  a n d  a v o i d
measuring a t  t h e  l o c a l  supp ly  f requency and i t s  harmonics.

d) Q  i s  o f t e n  low d u e  t o  s e r i e s  res is tance .  F o r  b e s t  r e s u l t s  i n  Q
measurement, c h o o s e  t h e  h i g h e s t  poss ib le  f r e q u e n c y  cons i s t en t  w i t h
avoiding s e l f -capacitance problems -  see sec t i on  4 .09 .10 .

Operate a t  10kHz  i n  s e r i e s  c o n f i g u r a t i o n  f o r  b e s t  accuracy i n
inductance measurement.

4.09.06 LOW VALUE INDUCTORS

The analyzer  measures t h e  d i f f e r e n c e  be tween  t h e  i n d u c t a n c e  o f .  S / C
trimming and t h e  t e s t  i t em  f i t t e d ,  i n t o  t h e  same l o c a t i o n .  T h e r e f o r e  s t a b l e  lead
arrangements a re  e s s e n t i a l  f o r  l o w  inductance measurements; u s e  o f  t h e  component
f i x t u r e ,  accessory  1005, i s  recommended. W h e n  us ing t h e  f i x t u r e ,  S / C  t r i m  i s
achieved by  p l ac i ng  a  w i re  across t h e  jaws.

A 5cm leng th  o f  lmm w i r e  has an inductance o f  0 . 0 5 a .
A 5cm l eng th  o f  2mm w i r e  has an inductance o f  0.04uH.

The Q i s  always l o w  bu t  s e l f -capaci tance i s  n o t  a  p r o b l e m  a t  t h e  3245
measurement f requenc ies.  F o r  b e s t  inductance measurement r e s u l t s ,  work  a t  10kHz
in  s e r i e s  con f i gu ra t i on .

4.09.07 TRANSFORMER MEASUREMENTS

Transformer t u r n s  r a t i o s  a r e  measured i n  2 - t e r m i n a l  f a s h i o n  thereby
present ing t he  problems which 4 - t e r m i n a l  techniques aim t o  overcome. I n  essence
the e f f e c t s  o f  measurement l e a d  impedances a n d  t r a n s f o r m e r  shunt  impedances
cannot be  avoided.

Turns- r a t i o  i s  assessed b y  c o m p a r i n g  t h e  measured o p e n  c i r c u i t  ou tpu t
voltage w i t h  a  se lec ted  d r i v i n g  v o l t a g e .  H e n c e  magnet is ing c u r r e n t  f l o w i n g  i n
the p r imary  winding renders t h e  observed t u r n s  r a t i o  l e s s  t h a n  t he  t r u e  va lue ;
the t r u e  r a t i o  i s  determined f r o m : -

Ra t io ( t rue )  =  Ra t i o (obsvd ) • /  1 +  (Rt/wLp)2
Where Rt i s  t h e  sum o f  l e a d  and pr imary  s e r i e s  res i s tances ,
Lp i s  the  pr imary  inductance measured a t  w and
10 i s  2Tr•frequency o f  measurement.
Supplied l e a d s : -  t o t a l  s e r i e s  res i s tance  t y p i c a l l y  l e s s  than  0.25ohm.

The e f f e c t  i s  most s e r i o u s  a t  f r e q u e n c i e s  where w L p  <  10Rt and,  f o r  a
given s e t  o f  l eads ,  i s  worse f o r  l o w  impedance t rans formers .
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4.09.07 TRANSFORMER MEASUREMENTS (Cont inued)

Many aud io  t ransformers  s e l f - resonate w i t h i n  t h e i r  work ing frequency band.
Measurement e r r o r s  w i l l  be  minimised b y  working a t  t h e  resonant  frequency which
can be found by  s e p a r a t e  measurements on t h e  p r imary  impedance, s e e k i n g  where
the phase angle changes f r om p o s i t i v e  t o  negat ive .

Example o f  c o r r e c t i o n  a t  a  34% res is tance/ reac tance  r a t i o .

Transformer, wound 65 :10 ;  measured a t  500Hz
Observed r a t i o  =  6 5 : 9 . 5
Lp =  3500H, R d c  =  0.121Q, L e a d  res i s tance  =  0 .252

Correct ion f a c t o r  =  V1+(0.121+0.250) A24'7'500.350E-6)2
= 1.05539

Corrected Sec.wndg =  10.026
Corrected r a t i o  =  65:10.03

The c o r r e c t i o n  f o r  p a r a l l e l  r es i s tance  i s  g i ven  b y : -

Rat io ( t rue)  =  Ra t io (obsvd) . (  Rppr +  Rt ) /Rppr
Where Rppr i s  t he  measured ac  p a r a l l e l  p r imary  res i s tance .

The o v e r a l l  e f f e c t  o f  t h e  two r a t i o  c o r r e c t i o n s  i s  g iven  by  t h e i r  product
(or  sum, i f  percentage terms a r e  used) .  I f  t h e  l e a d  res i s tance  t o  impedance o r
inductance r a t i o  i s  l i a b l e  t o  produce e r r o r s  o f  g r e a t e r  t han  0.5% then  t he  3245
outputs a  warning:-

LO-Z INPUT A

The 2 - te rm ina l  p r imary  impedance can b e  measured a t  any s p e c i f i c  d r i v e
condi t ions s imply  by d isconnec t ing  t h e  secondary and s e l e c t i n g  NORMAL opera t ion
wi th Z  d i s p l a y.

Overload m a y  o c c u r  a t  f r e q u e n c i e s  h a v i n g  p r o m i n e n t  ha rmon ics  n e a r
resonance o f  t h e  pr imary i n d u c t a n c e  and t h e  e f f e c t i v e  s e l f -capacitance o f  t h e
transformer.  T h e r e f o r e  i n  o rde r  t o  m i n i m i s e  measurement e r r o r s ,  choose a
su i tab le  frequency and d r i v e  l e v e l .

For s tep-up t rans formers ,  t h e  measured secondary vo l t age  i s  l i m i t e d  t o  5V
rms.

Use o f  t h e  AUTO-RANGE f u n c t i o n  i s  more c o m p l e x  f o r  t r a n s f o r m e r s .  T h e
disp lay i s  blanked w h i l e  t h e  r e a d i n g s  s e t t l e .  M e a s u r e m e n t  o f  b a t c h e s  o f
transformers o f  s i m i l a r  r a t i o s  u n d e r  s i m i l a r  f r e q u e n c y  a n d  d r i v e  l e v e l
condi t ions may w e l l  be s i m p l i f i e d  b y  work ing i n  t h e  RANGE HOLD mode, see f i g u r e
12. M a n u a l  rang ing  f o r  t rans fo rmer  t e s t s  i s  n o t  f e a s i b l e .

Leakage inductance can b e  measured f o r  a  p a i r  o f  w i n d i n g s  b y  s h o r t
c i r c u i t i n g  one a n d  making a  NORMAL inductance measurement on t h e  o t h e r.  T h e
r e s u l t  i s  independent o f  t h e i r  r o l e s .



Chapter 4  W A Y N E  KERR 3245 4 : 3 3

4.09.08 INTERNAL dc BIAS FACILITY

The d c  BIAS f a c i l i t y  i s  a  constant  c u r r e n t  which i s  i n j e c t e d  i n  p a r a l l e l
w i th  t h e  ac  d r i v e  s i g n a l .  T h e  i n t e r n a l  source i s  r a t e d  t o  lAmp; t h e  op t i ona l
external  B I A S  u n i t  i s  r a t e d  a t  up  t o  20Amp f o r  measurement p u r p o s e s  u p  t o
20kHz.

For s a f e t y  pu rposes  t h e  c u r r e n t  cannot  be tu rned ON u n t i l  a f t e r  a  t e s t
item w i t h  an ac impedance o f  l e s s  than  41kohm i s  connected. T o  a v o i d  s h o c k
hazard d o  NOT remove t h e  c o i l  d u r i n g  a  measurement w i t h  t h e  dc  BIAS ON. T u r n
OFF t h e  B I A S  c u r r e n t  and w a i t  f o r  t h e  'BIAS ON -  SHOCK HAZARD' w a r n i n g  t o
ext ingu ish before  d isconnect ing t h e  t e s t  i t e m .  A l s o  no te  t h a t  t h e  3245 t u r n s
OFF t h e  c u r r e n t  when t he  t e s t  ac  impedance i s  t o o  h i g h . *

The 3245 changes c u r r e n t  l e v e l s  i n  a  ramped fash ion .  W h e n  a  steady l e v e l
has been achieved t h e  message:-

DC CURRENT NOT SET

is ex t ingu ished.  T h e  s e t t l i n g  de lay  l e t s  t h e  Analyzer recover  f rom over loading
caused w h e n  B I A S  i s  swi tched ON. T h e  de lay  i s  a  f u n c t i o n  o f  t h e  measur ing
range se lec ted .  R a n g e s  1  t o  4  s e t t l e  i n  2  seconds, range 5  i n  5 .5  seconds and
range 6  i n  7  seconds. I f  t h e  impedance t o  be measured i s  above t h e  n o r m a l
range 4  l i m i t  o f  640ohms, i t  may s t i l l  be  measured on  range 4  w i t h  r educed
accuracy t o  o b t a i n  f a s t e s t  s e t t l i n g .  F o r  f a s t e s t  response, use  RANGE HOLD and
select  an  appropr ia te  range us ing  t h e  CODE f u n c t i o n .  R a n g e  7  i s  n o t  ava i l ab l e
wi th dc  BIAS. D isaccommodat ion  occurs w i t h  i r o n -cored i n d u c t o r s ,  s e e  sec t i on
4.09.04.

The maximum p e r m i s s i b l e  BIAS induced dc  vo l tage
dr ive  l e v e l .  A v o i d  ' bo t t om ing '  t h e  combinat ion o f  BIAS
the s u m  o f  d c  and peak ac (1 .414  x  Vrms) i s  g rea te r
message:-

EXCESS VOLTAGE DROP

drop depends on t he  a c
and d r i v e  s i g n a l .  When
than 1 3 V  n o m i n a l  t h e

is  d i sp layed .  ( T h i s  va lue  i s  nominal  o n l y.  T h e  i n t e r n a l  supp ly  i s  unregulated
and hence v a r i e s  w i t h  t he  ac  supp ly  v o l t a g e . )

Note t h a t  use o f  t h e  d c  BIAS f a c i l i t y  i n h e r e n t l y  reduces t h e  measurement
accuracy, see f i g u r e  5 .

F i t  a  s a f e t y  l i n k  t o  t h e  Ana lyzer  whenever t h e  i n t e r n a l  BIAS f a c i l i t y  i s
to b e  used. B e f o r e  measuring i nduc to rs  which may be  damaged by  dc BIAS e . g .
tape h e a d s ,  m ic rophone i n s e r t s  e t c . ,  r e m o v e  t h e  l i n k  as  a  s a f e t y  precaut ion.
Terminals f o r  t h e  l i n k  are on t h e  r e a r  pane l ;  i f  BIAS ON i s  se lec ted  w i t h  t h e
l i n k  absent ,  'EXCESS VOLTAGE DROP' i s  r e p o r t e d . *

When o p e r a t i n g  w i t h  v o l t a g e  d r i v e ,  i t  i s  poss ib le  t o  s e l e c t  c o n d i t i o n s
g iv ing  a c  cu r ren t  va lues v e r y  sma l l  compared w i t h  t h e  dc  c u r r e n t  b i a s .  T h i s
s i t u a t i o n  c a n  g i ve  r i s e  t o  excessive measurement e r r o r s  o r  no i se .  T o  o b t a i n
the a c c u r a c y  f i g u r e s  s h o w n  i n  f i g .  5 ,  t h e  rms ac c u r r e n t  shou ld  be n o t  l e s s
than 1 %  o f  t h e  se lected dc  b i a s  va lue .  T h i s  cu r ren t  can  be c a l c u l a t e d ,  o r
measured d i r e c t l y  as a  minor t e rm  w i t h  Z  se lec ted .  F o r  v e r y  h i g h  impedance
induc tors ,  i t  may no t  be poss ib l e  t o  achieve t h e  requ i red  c o n d i t i o n s ,  i n  which
case t h e  h ighes t  a v a i l a b l e  d r i v e  vo l t age  must be se lec ted .

* N e w  sa fe t y  f e a t u r e s :  see  Chapter  8 ,  page F : 2 .



Chapter 4  W A Y N E  KERR 3245 4 : 3 4

4.09.09 Rdc MEASUREMENTS

The two de res i s tance  ranges were designed t o  cover  t h e  inheren t  r es i s tance
of i n d u c t o r  windings.  T h e  Ana lyzer  l i m i t s  t h e  d r i v e  c u r r e n t  t o  16mA maximum and
the d r i v e  vo l tage  t o  100mV -  thereby  avo id ing  s e l f - hea t i ng  and t h e  m a g n e t i s i n g
of i r o n -cored i nduc to rs .

When i n  AUTO-RANGE mode, t h e  LOW range i s  se lec ted  f o r  res is tance  va lues
below 2ohms, T h e  NORMAL range o p e r a t e s  f o r  h i g h e r  res i s tance  v a l u e s ;  s e e
sect ion 3  f o r  f u l l  s p e c i f i c a t i o n .  W h e n  i n  RANGE HOLD mode ,  LOW o r  NORMAL Rdc
ranges may be se lec ted  by  codes 21 o r  22 r e s p e c t i v e l y.

Accuracy w i t h i n  t h e  s p e c i f i e d  ranges  i s  0 . 5 %  a t  NORMal speed; o u t s i d e
those ranges accuracy i s  l o w e r.  F o r  bes t  LO-Z and H I -Z  coverage use SLOW speed.

4.09.10 SELF-CAPACITANCE and RESONANCE

Sel f -capacitance r e s o n a t e s  w i t h  i n d u c t a n c e  a t  a  f r e q u e n c y  f o .  A t
frequencies b e l o w  resonance ,  t h e  e f f e c t i v e  i n d u c t a n c e  i s  i n c r e a s e d .  A b o v e
resonance t h e  impedance becomes c a p a c i t i v e ,  g i v i n g  a  n e g a t i v e  i n d u c t a n c e
reading. T h e  va lues o f  each o f  t h e  two L  components i n  t h e  expressions below,
may be e i t h e r  p o s i t i v e  o r  nega t i ve .  T h e  s igns  must be inc luded  w i t h  t he  va lues .

To e s t a b l i s h  t h e  e f f e c t ,  measurements must be made a t  two f requenc ies.  I f
inductances 1 ,1  a n d  L 2  a r e  measured a t  t w o  f r e q u e n c i e s  f 1  a n d  f 2  n e a r
resonance ( i n  p a r a l l e l  r e p r e s e n t a t i o n ) ,  t h e n  t h e  s e l f -capaci tance i s  g iven  by : -

Co -
(L2 -  L I )

L214

The resonant frequency i s  g i ven  b y : -

fo =

S

1

f 2 2 1 , 2  f 1 2 L 1

L2 - L 1
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Figure 7  Main Funct ion  Keys and Key-Board

4.09.11 DATA ENTRY KEY-BOARD

The data-en t r y  key-board,  i l l u s t r a t e d  i n  f i g u r e  7 ,  uses  a  m u l t i - f u n c t i o n
key- s e t  p e r m i t t i n g  manua l  e n t r y  o f  d a t a  values,  measurement u n i t s  and c o n t r o l
codes. T h e  l a y o u t  f o r  d i g i t s  keys i s  a  common arrangement f o r  h a n d - h e l d
ca l cu la to rs  bu t  t h e  'UNITS' k e y  has a  ' s h i f t '  purpose.  W h e n  i t  i s  pressed t h e
numeric keys change r o l e s  t o  u n i t s  o r  m u l t i p l i e r s .  T h e  a l t e r n a t i v e  r o l e s  a r e : -

a) Top row; MINOR TERMs ' D '  and  ' Q '

b) Next  row;  measurement u n i t s  ' H ' ,  ' F ' ,  ' Q '  (ohms)

c) The o the r  two rows have normal  va lue  power m u l t i p l i e r  symbols:-

Mega 1 0 6
k i l o  1 0 3
m i l l i  1 0 - 3
micro 1 0 - 6
nano 1 0 - 9
pico 1 0 - 1 2
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[.1 [0] [2] [7] [3] [9] [U] [H] [ l ] )These two ve rs ions
)

[2] [7] [ . ] [3 ] [9] [U] [m] [ H ]  [ I ] )use U f o r  m u l t i p l i e r s .

[1] [0] [0] [0]  [01 [0] [/]
[1] [01 [0] [U] [k]  [ / ] )These two vers ions

)
[0] [ . ] [1] [ U ]  [ M ]  [ / ] )use U f o r  U n i t s

4.09.11 DATA ENTRY KEY-BOARD (Cont inued)

The Keys i n  t h e  l e f t - h a n d  numeric column a r e  s i n g l e  f u n c t i o n : -

d) UNITS key e q u a t e s  t o  ' s h i f t ' .  U s e  i t  p r i o r  t o  key ing  a  u n i t  o r
m u l t i p l i e r  e . g .  o r  m. Te r m i n a t e  mode w i t h  ENTER.

e) CODE imp l i es  a  code number t o  f o l l o w ;  ENTER te rmina tes  t h e  mode.

f )  The CLEAR key erases any e n t r y  made s i n c e  l a s t  use o f  ENTER.

g) Press ing  t he  ENTER k e y  accepts. the e n t r y  j u s t  made (echo i n  da ta
l i n e ) ,  g i v e n  t h a t  t h e  present  mode pe rm i t s  da ta  e n t r y.

Warnings:

Key-board da ta  e n t r y  i n h i b i t s  measurement. A  l e a d i n g  d e c i m a l  p o i n t  i s
unobtrusive; easy t o  over look  i f  keyed i n a d v e r t e n t l y ;  t h e  ana lyzer  w i l l
wait f o r  more da ta .  K e y e d  da ta  should be te rmina ted  o r  CLEARed.

Any process i n te rup ted  b y  key ing ,  recommences when key ing ends.

Examples o f  keyed sequences (charac te rs  i n  [ ] )  u s i n g  t h e  convent ion:-

U f o r  UNITS, K  f o r  CODE, C  f o r  CLEAR and /  f o r.  ENTER.

Example 1 :  S u p p l y  t h e  ana lyzer  w i t h  a  va lue o f  27.39mH.
(Assume t h a t  t h e  code i s  s u i t a b l y  s e t )

Notice t h a t  a t  U t h e  g r a t i n g  appears and then  i s  o v e r w r i t t e n  by  m.

The + / -  key may be used be fo re  o r  a f t e r  a  va lue  t o  change i t s  s i gn .

I f  a  mistake i s  made  i n  a  sequence, b e f o r e  p ress ing  /  (ENTER), p ress  C
(CLEAR) t o  r e s t a r t  t h e  s e c t i o n .  T h i s  would,  f o r  example, p r e v e n t  an
erroneous measurement be ing  made w h i l e  i n  REPet i t i ve  mode.

Confirm t h a t  t h e  da ta  e n t r y  l i n e  d i sp l ay  i s  c o r r e c t ;  r e -key i f  n o t .

Example 2 :  S e t  t h e  f requency t o  100kHz.
(Arrow d i s p l a y  must be a t  f requency. )

Example 3 :  S e t  a  CODE va lue  o f  3245
(This code i s  always accepted; i t  s e t s / r e s e t s )
( ' e l e c t r o n i c '  l o c k  on o the r  key-board e n t r i e s . )

[K] [ 3 ]  [ 2 ]  [ 4 ]  [ 5 ]  [ / 1
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4.10 INTERFACES

4.10.01 RS232C INTERFACE: P r i n t e r

This option outputs measurement d a t a  i n  s e r i a l  f o r m  i . e .  s u i t e d  t o
printers,  v i a  a  standard 25-way ' D '  connector. D a t a  t ransfer  ra tes ,  word length
parity choices and pin connections are  deta i led i n  appendix B.

4.10.02 GPIB INTERFACE: P r i n t e r / F u l l  Control

The GPIB option conforms t o  the  I E E E  Std. 4 8 8 - 1 9 7 8  ( including t h e  1980
Supplement) i n  the fol lowing categories o f  allowable sub-functions:-

SH1
AH1
T5
TEO
L4
LEO
SRI
RL1
PP0
DCI
DT1
CO

Source Handshake -  Complete capab i l i ty
Acceptor handshake -  Complete capab i l i ty
Basic Ta l k e r,  S e r i a l  P o l l ,  Ta l k  on ly,  Unaddressed i f  MLA
No Extended Talker
Basic L istener,  No Listen Only, Unaddressed i f  MTA
No Extended Listener
Service Request
Remote/Local Function
No P a r a l l e l  P o l l
Device Clear
Device Tr igger
Not Control ler

-  Complete Capabi l i ty

Complete C a p a b i l i t y

Available also,  bu t  not  included i n  the  I E E E  488 speci f icat ion,  i s  a  sub-
function w h i c h  a l l o w s  b o t h  REMOTE a n d  LOCAL t r i g g e r i n g  o f  measurements by
enabling the  TRIGGER key. T h i s  mode i s  selected by the  LOCAL TRIGGER ON command
(see Appendix A ,  s e c t i o n  B ) .  L O C A L  TRIGGER OFF i n h i b i t s  t h i s  mode. N o
controller i s  needed i n  Ta lker  Only mode when GPIB compatible pr in ters  are used.

Full  de ta i l s  o f  commands and output f a c i l i t e s  a re  given i n  appendix A.

4.10.03 ANALOGUE OUTPUT OPTION ( 0  -  1.0Vdc F u l l  Scale)

The analogue option gives t w o  dc outputs scaled 0  t o  1V corresponding t o
the measured parameters i n  any operating mode. Z e r o  and f u l l  scale values can
be se t  v i a  the  f ron t  panel key-board. D e t a i l s  are  provided i n  Appendix F.

4.10.04 BINNING HANDLER OPTION

The Handler option provides hand-shake s i g n a l s  and re lay  o u t p u t s  f o r  use
with automatic handlers. I t  operates i n  B I N  SORT and BIN COUNT modes. D e t a i l s
are provided in  Appendix E .

4.10.05 EXTERNAL dc BIAS UNIT (OPTION 3220)

Internal dc BIAS current  from the 3245 i s  l im i ted  t o  l A maximum. T h e  3220
dc BIAS option i s  rated f o r  measurement purposes t o  20A up t o  20kHz. S e v e r a l  o f
these options can be used i n  p a r a l l e l  f o r  BIAS l e v e l s  up t o  100A maximum. I n
use the o p t i o n s  and 3245 a r e  stacked t o  k e e p  the  leads a s  d i r e c t  as possible
(dimensions are  common). T h e  analyzer controls a l l  operations o f  t h e  option,
keeping i t s  own internal  l A  BIAS supply switched o f f  (hence the 3245 BIAS safety
l ink  i s  not required).  F u l l  operational d e t a i l s  f o r  the  external  BIAS un i t  a re
given i n  i t s  handbook.
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7 F U N C T I O N S ,  TERMS and CODES

7.01 FUNCTIONS and TERMS

ul
Accuracy c h a r t s

BIN COUNT
BIN SET
BIN SORT
Binning

Binning Handler
C

DEVIATION

Drive
f
GPIB
Iac
Idc
IEEE 488

KELVIN c l i p s

L
LIMITS

Lm
LOCAL

Refers opera to r  t o  handbook
Loss ang le ;  ' d e l t a '
Phase ang le ;  ' t h e t a '
Angular f requency ' o m e g a '
Contour c h a r t s  r e l a t i n g  measurement

accuracy t o  f requency,  d r i v e  l e v e l ,
dc BIAS and t e s t  component va lue

Mode f o r  l ogg ing  b inn ing  r e s u l t s
Mode f o r  s e t t i n g  b inn ing  c l a s s i f i c a t i o n s
Mode f o r  b i n n i n g  operat ions.
Component va lue c l a s s i f i c a t i o n
MAJOR and MINOR TERM l i m i t s

Component s o r t i n g  equipment, 3245 c o n t r o l l e d
Capacitance
Diss ipa t ion  f a c t o r :  D = t a n ( o ) = 1 / Q
1) MAJOR TERM percentage d i f f e r e n c e  between

actua l  va lue  and p rev ious ly  d e f i n e d  nominal
2) Mode f o r  i n i t i a l  s e t t i n g s  f o r  above

Signal ,  a c  o r  dc ,  a p p l i e d  t o  t e s t  i t e m
Frequency
See IEEE 488 (General  Purpose I n t e r f a c e  Bus)
Current d r i v e
Di rec t  Cur ren t  b i a s
A s tandard  p a r a l l e l  i n t e r f a c e  system l i n k i n g

computers and pe r i phe ra l  equipment

Twin c l i p - leads;  each  c l i p  hav ing one j aw
as p a r t  o f  t h e  d r i v e  c i r c u i t ,  and  t h e  o the r
as p a r t  o f  t h e  sensor c i r c u i t ;  4 - t e rm ina l
measurement cond i t i ons  a re  i m p l i c i t

Inductance
1) The boundar ies f o r  acceptance measurements
2) Mode f o r  s e t t i n g  t h e  above boundar ies

Mutual inductance
Part o f  t h e  GPIB op t i on  f a c i l i t i e s ;  r e s t o r e s

f r o n t  pane l  opera t ion  when i n  remote c o n t r o l
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7.01 FUNCTIONS and TERMS (Cont inued)

MAJOR TERM Z, Rdc
For inductance and capac i tance:  L ,  C
For r es i s t ance :  R

MINOR TERM / 0
For inductance and capac i tance:  Q,  D ,  and

also l o s s  res i s tance ,  Rac.

N T u r n s  r a t i o :  N = N p / N s  o r  Ns/Np
NORMAL M o d e  f o r  measurement o f  parameters

of s i n g l e  windings

Np P r i m a r y  t u r n s
Ns S e c o n d a r y  t u r n s
Par i t y  check C h e c k  performed a t  power-up t o  ensure

tha t  n o n - v o l a t i l e  d a t a  i s  v a l i d

PR I. P r i m a r y
Q ' q u a l i t y '  f a c t o r :  Q = 1 / D
Rac a p p a r e n t  res i s tance  t o  ac  s t imu lus
Rdc d c  res i s t ance
Rp P R I M A R Y  res i s tance
Rppr T r a n s f o r m e r  pr imary  p a r a l l e l .  r es i s tance
Rs S E C O N D A R Y  res i s tance
RS232C A  s tandard,  unbalanced, asynchronous

communication l i n k  f o r  s e r i a l  da ta

SEC S e c o n d a r y
Soft-keys V a r i a b l e  f u n c t i o n  push-bu t tons ,  see  f i g u r e  1
TRANSFORMERS M o d e  f o r  measurement O f  parameters

of coupled windings

TRIMming C o m p e n s a t i n g  f o r  p a r a s i t i c  e r r o r s
due t o  t h e  measuring l eads

Vac Voltage d r i v e
Impedance
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7.02 C O D E S

The CODE f a c i l i t y  p r o v i d e s  u s e r  a c c e s s  t o  f u n c t i o n s  w h i c h  a r e  n o t
ava i lab le  v i a  the  l a b e l l e d  keys.  E x a m p l e s  o f  t h i s  a re  m a n u a l  s e l e c t i o n  o f
measurement range,  l o c k i n g  o r  un lock ing  t h e  key-board,  enab l i ng  o r  d i s a b l i n g  t h e
p r i n t e r  ou tpu t  and s e l f - t e s t  r o u t i n e s .

To imp lemen t  a n y  CODE f u n c t i o n ,  p r e s s  t h e  CODE k e y  f o l l o w e d  by  t h e
appropriate number, t h e n  ENTER. S e e  s e c t i o n  7 . 0 2 . 0 2  f o r  a  f u l l  l i s t  o f
ava i lab le  CODE numbers and t h e i r  e f f e c t s .

7.02.01 MANUAL RANGE SELECTION

Manual rang ing ,  i n  p l a c e  o f  AUTO-RANGE i s  poss ib le  except  i n  TRANSFORMER
mode. F i r s t  e n s u r e  t h a t  HOLD i s  s e l e c t e d ,  t h e n  e n t e r  t h e  CODE number
corresponding t o  t h e  a c  measurement r a n g e  r e q u i r e d  (see  s e c t i o n  3 .01.08 f o r
d e t a i l s ) .  F o r  t h e  dc  r e s i s t a n c e  f u n c t i o n  use CODE 21 o r  CODE 22 r e s p e c t i v e l y  t o
select  LOW o r  NORMAL measurement r a n g e .  I t  i s  n o t  n e c e s s a r y  t o  have t h e
corresponding ac o r  dc  measurement f u n c t i o n  se lec ted  when e n t e r i n g  these CODEs.

An on-screen range i n d i c a t o r  i s  a v a i l a b l e  i n  a l l  measurement modes. E n t e r
CODE 9  t o  ob ta in  t h i s  f u n c t i o n .  T h e  d i s p l a y  w i l l  show, a t  t h e  t o p  l e f t  hand
corner, t h e  present  range numbe r.  I f  Rdc i s  se lec ted ,  t h e  i n d i c a t o r  w i l l  show
e i ther  L  o r  N corresponding t o  t h e  LOW o r  NORMAL range.

Enter CODE 9  aga in  t o  ex t i ngu i sh  t h i s  i n d i c a t o r .  N o t e  t h a t  i t  w i l l  a lways
be d isab led  a t  POWER ON.
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* 1 )
2* 2 )
3* 3 )
4* 4 ) Range Number
5* 5 )
6* 6 )
7* )

7.02.02 CODES: EFFECTS and INTERPRETATIONS

CODE E F F E C T
0.1 C h a r a c t e r  s e t
0.2 G r i d  Te s t  Pa t te rn
0.3 N o n --destruct ive RAM t e s t  )  L a t e r  ins t ruments
0.4 K e y -board t e s t  o n l y
0.5 E P R O M  t e s t  -  d i sp lays  memory checks, o l d  and new

9 D i s p l a y / E x t i n g u i s h  present  range .number
9.1 C l e a r s  da ta  i n  n o n - v o l a t i l e  memory
10 P r i n t e r  ON
11 P r i n t e r  OFF
21 R d c ,  l o w  range -  maximum 20 res i s tance
22 R d c ,  normal  range -  above 2 0  res i s tance

3245 S e t / R e s e t  e l e c t r o n i c  l o c k  on  keys

Notes: ( a )  Range number/ level  l i m i t a t i o n s  a r e  d e t a i l e d
in  t h e  s p e c i f i c a t i o n s ,  s e c t i o n  3 .

(b) Codes marked ( * )  n o t  a p p l i ca b l e  t o  TRANSFORMER mode;
manual rang ing  f o r  t rans fo rmer  t e s t s  i s  no t  f e a s i b l e

The s e t t i n g  o f  t h e  ' e l e c t r o n i c '  l o c k  i s  m a i n t a i n e d  dur ing  POWER O F F.
Should t h e  da ta  i n  t h e  n o n - v o l a t i l e  memory be f o u n d  cor rupted a t  POWER ON, t h e
fo l lowing  d i sp l ay  w i l l  appear,  t h e  a s t e r i s k s  i d e n t i f y i n g  corrupted .data•blocks.

PREVIOUS S E T  UP
CONDITION LOST

FOR MODES
INDICATED

NORMAL
TRANSFORMER

DEVIATION
LIMITS

BIN SET
BIN SORT

BIN COUNT
CONNECTIONS

This c o n d i t i o n  may be fo rced  by  u s i n g  CODE 9 . 1 .

The MAIN INDEX bu t ton  may be used t o  e x i t  f rom t h e  t e s t  d i sp lays .
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CPIB I n t e r f a c e  f o r  3245 Ana lyzer

D e f i n i t i o n  o f  Command and Data Formats ( I ssue  1 )

The GPIB Option

The G P I B
Supplement) i n  the

SH1
AH1
T5
TEO
L4
LEO
SR1
RL1
PPO
DC1
DT1
CO

option conforms t o  t h e  I E E E  Std.  4 8 8 - 1 9 7 8  ( including 1980
following categories o f  al lowable sub-functions:-
Source Handshake -  Complete capabi l i ty
Acceptor handshake -  Complete capabi l i ty
Basic Ta lker,  S e r i a l  P o l l ,  Ta l k  only,  Unaddressed i f  MLA
No Extended Talker
Basic L istener,  No Listen Only,  Unaddressed i f  MTA
No Extended Listener
Service Request
Remote/Local Function
No P a r a l l e l  P o l l
Device Clear
Device Trigger
Not Control ler

-  Complete C a p a b i l i t y

-  Complete Capabil i ty

Also avai lable ,  b u t  not  included i n  t h e  IEEE 488 specif icat ion,  i s  a  sub-
function which allows b o t h  Remote a n d  L o c a l  t r igger ing  o f  measurements b y
enabling the Tr igger  Key. T h i s  mode i s  selected by the  LOCAL TRIGGER ON command
(see Appendix A, sect ion B) .  LOCAL TRIGGER OFF i n h i b i t s  t h i s  mode.

2. C O M M A N D  FORMAT

2.1 T h e  command s e t  (Appendix A, sect ion B) contains both f u l l  commands and
recommended abbreviations. N o  other forms s h o u l d  be-used. T h e  f u l l  commands
are designed t o  generate s e l f -documenting command s t r ings .

2.2 S o m e  commands require a  numeric value t o  fo l low e .g .  CODE 4;  FREQUENCY
1E3). I f  t h i s  i s  omitted a  command error  w i l l  be reported.

2.3 C o m m a n d s  must be separated b y  a  de l imi te r  ( ; )  w i t h  EOI or  LF sent a t
the end o f  each command s t r ing .

2.4 C o m m a n d s  w i l l  not  be implemented u n t i l  EOI o r  LF i s  received. Commands
w i l l  be executed s t r i c t l y  i n  the  order i n  which they appear i n  the  s t r ing .

2.5 W h i l s t  a  command s t r i n g  i s  b e i n g  executed, no fur ther  commands can be
accepted.

2.6 I f  a  measurement i s  i n  progress when a  command i s  received, t h e
measurement w i l l  be aborted. T h e  MESS? command (See C lause  4 . 3 )  i s  t h e  only
exception t o  t h i s  r u l e .

2.7 I f  a  command er ror  i s  encountered, subsequent commands i n  t h e  s t r i n g
wi l l  be ignored.

2.8 T h e  maximum acceptable s t r i n g  length i s  2 5 6  characters. I f  t h i s  i s
exceeded a  command e r r o r  w i l l  be reported.
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De f i n i t i ons  (Cont inued)

2.9 A  command s t r i n g  should c o n t a i n  n o t  more t h a n  one TRIGGER command.
This must be t h e  l a s t  l a s t  command i n  t h e  s t r i n g ,  o therw ise  a  command e r r o r  w i l l
be repor ted .

2,10 U p p e r  and l ower  case l e t t e r s  a r e  i n t e r p r e t e d  as  be ing  t h e  same.

2.11 O n l y  commands which a re  normal ly  a v a i l a b l e  i n  t h e  se lec ted  mode w i l l  be
accepted. O t h e r w i s e  a  command e r r o r  w i l l  be  repor ted .  •  e .g .  'NOMINAL' canno t  be
selected i n  NORMAL mode. E x c e p t  t h a t  modes c a n  always b e  d i r e c t l y  accessed
without f i r s t .  c a l l i n g  INDEX.

2.12 N u m e r i c  da ta  may b e  i n tege rs ,  r e a l  numbers o r  exponent ia l  f o rma t .  U s e
of non-numeric m u l t i p l i e r s  ( k ,  p  e t c . )  i s  n o t  p e r m i t t e d .  • i f  used a  command
error  w i l l  be repo r ted .

2.13 U n i t s  f o l l o w i n g  numeric d a t a  w i l l  be r e c o g n i s e d  by t h e  f i r s t  l e t t e r
only a l though t h e  f u l l  name may be used f o r  s e l f  documenting purposes.

2.14 F u n c t i o n s  w h i c h  requ i re  c o n f i r m a t i o n  w h e n  l o c a l l y  s e l e c t e d  do n o t
require con f i rma t ion  b e f o r e  execut ion when c a l l e d  v i a  GPIB.

2.15 I f  ' B i a s  On' i s  s e l e c t e d  when t h e  measurement t e r m i n a l s  a r e  o p e n
c i r c u i t e d ,  t h i s  i s  t r e a t e d  as  a  command e r r o r  (See Sect ion 3 ) .

2.16 U n d e r  L o c a l  C o n t r o l  a  s a f e t y  f e a t u r e  i s  i n c o r p o r a t e d  w h i c h
auiomat icat ly  t u I n s  o f f  t h e  dc b i a s  when c e r t a i n  e r r o r  cond i t i ons  p e r s i s t  f o r
more than  a  few seconds. T h i s  f u n c t i o n  does n o t  operate under Remote C o n t r o l .

2.17 C o d e  numbers l e s s  than 1  a r e  reserved f o r  s e l f  t e s t  r o u t i n e s .  T h e s e
are n o t  a v a i l a b l e  under Remote Cont ro l .

2.18 C o d e  9 . 1  s h o u l d  o n l y  be sen t  a s  an  i n d i v i d u a l  command a s  i t  has t h e
e f f e c t  o f  e ras ing  a l l  s t o red  da ta .

2.19 T h e  response o f  t h e  inst rument  t o  Device Clear  i s  equ i va len t  t o  t h e
Power Up c o n d i t i o n .

2.20 T y p i c a l  command s t r i n g s  f o r  s e t t i n g  t h e  ins t rument  might  be :

a) FREQ300E3;LEVEL700E-3V;L:R;SERIES;AUTO;NORMALSPEED;TRIG

B) BIN 1;HILIM 10;LOWLIM-10;NOMINAL 3E-6 FARADS;BINSORT;TRIGGER

3. C O M M A N D  ERRORS

3.1 I f  a  command e r r o r  occurs,  S R Q  w i l l  be g e n e r a t e d .  T y p e s  o f  command
error  w i l l  be encoded i n  t h e  Status Byte  ( i n  r e s p o n s e  t o  a  S e r i a l  P o l l ) .  S e e
Appendix A ,  s e c t i o n  C.

3.2 ' N e a r e s t  Av a i l a b l e '  v a l u e s  w i l l  be implemented b u t  r e p o r t e d  a s  a
command e r r o r .

3.3 W h e n  sending a , c .  s i g n a l  l e v e l s  t h e  u n i t s  (V,A )  m u s t  be i nc l uded .  I f
they do n o t  match t h e  c u r r e n t  machine s t a t u s ,  command e r r o r  w i l l  be r epo r t ed .



Chapter 8  W A Y N E  KERR 3245 A : 3

Appendix A (Sec t i on  A cont inued)

De f i n i t i ons  (Con t inued)

4. D A T A  Output

4.1 O u t p u t  c o n s i s t s  o f  measurement r e s u l t s  and d i s p l a y e d  messages. T h e
messages w i l l  be encoded as  a  s i n g l e  numeric va lue  ( see  Appendix A ,  s e c t i o n  D ) .

4.2 O u t p u t  comprises f o u r  n u m e r i c  va lues .  T h e  f i r s t  v a l u e  w i l l  be t h e
encoded messages. T h e  r e m a i n i n g  t h r e e  v a l u e s  w i l l  b e  t h e  r e s u l t s  f r o m
measurements. T h e s e  r e s u l t s  w i l l  be sen t  i n  t h e  o r d e r  i n  which they  appear on
the screen,  t o p  t o  bot tom.

4.3 T h e  encoded messages c a n  be o u t p u t  a t  any t i m e ,  independent o f  t h e
measurement s t a t u s ,  b y  sending t he  MESS? command. I n  t h i s  c a s e  t h e  t h r e e  da ta
values w i l l  be s e t  t o  0.00E00.

4.4 E a c h  va lue  w i l l  be o u t p u t  s e p a r a t e l y.  E a c h  w i l l  t e rm ina te  w i t h  CR
fol lowed by LF o r  EOI.

4.5 A l l  va lues  ou tpu t  t h a t  a r e  su rp lus  t o  t h e  d i s p l a y e d  measurement mode
w i l l  have va lue  0.00E00.

For example: NORMAL mode  which u s u a l l y  d i s p l a y s  two r e s u l t s  t h e  f o u r t h
value w i l l  be 0.00E00.

4.6 N u m e r i c  r e s u l t s  w i l l  b e  i n  Engineer ing Format ( i . e .  exponen t ia l  f o rma t
where e x p o n e n t  i s  a  m u l t i p l e  o f  3 )  w i t h  n o  u n i t s ,  o f  v a r i a b l e  l e n g t h
corresponding t o  screen d i s p l a y.

4.7 I f  an OVERRANGE r e s u l t s ,  t h e  va lue  999.9E15 w i l l  be sen t .

4.8 A t  t h e  end o f  a n y  Tr im  sequence t h e  encoded message va lue  w i l l  be
output w i t h  t h e  t h r e e  da ta  va lues  s e t  t o  0.00E00.

4.9 I f  da ta  i s  a v a i l a b l e  f o r  o u t p u t  when n o t  addressed t o  t a l k  SRQ w i l l  be
generated. O n l y  one SRQ w i l l  be g e n e r a t e d  f o r  t h e  4  da ta  va lues .  ' O u t p u t  Data
Ava i lab le '  i s  i n d i c a t e d  i n  t h e  Status B y t e  ( i n  response t o  a  S e r i a l  P o l l ) .  See
Appendix A ,  s e c t i o n  C.

4.10 S o m e t i m e s  measurement i s  n o t  poss ib l e  because  d r i v e  l e v e l s  h a v e  n o t
been e s t a b l i s h e d .  I n  t h i s  c a s e  t h e  ins t rumen t  r e s p o n d s  b y  o u t p u t t i n g  t h e
current  encoded message s e t  w i t h  t he  t h ree  d a t a  va lues s e t  a t  999.9E15.

4.11 I f  t h e  ins t rument  e n t e r s  t h e  l i s t e n  s t a t e  w i t h  a n y  o u tp u t  d a t a
outstanding then t h i s  da ta  w i l l  be d iscarded.

4.12 I f  a  s e r i a l  p o l l  i s  received w h e n  t h e  ins t rument  i s  busy,  t h e  Busy
condi t ion i s  i n d i c a t e d  by  t h e  Sta tus  Byte ( S e e  Appendix A ,  Sec t i on  C ) .  B u s y
condi t ions i n c l u d e  p r o c e s s i n g  commands, w a i t i n g  t o  s t a r t  a  measurement,
measurement i n  progress ,  o u t p u t t i n g  da ta .
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D e f i n i t i o n s  (Cont inued)

4.13 T h e  r e s u l t  LOW PASS HIGH a s  d isp layed  i n  t h e  LIMITS mode w i l l  be  ou tpu t
as a  decimal i n t e g e r ,  w i t h  t he  f o l l o w i n g  representa t ions :

0 = U n i t s  mismatch cond i t i on
1 =  LOW
2 =  PASS
3 =  HIGH

4.14 T o  read BIN COUNT data  use t h e  command INTERROGATE. T h e  ins t rumen t
responds by o u t p u t t i n g  t h e  encoded messages,  f o l l o w e d  by t h e  con ten ts  o f  each
bin i n  sequence f rom 0  t o  9  fo l l owed  by  t h e  t o t a l .

5. T A L K  ONLY STATE

5.1 T h i s  s t a t e  i s  se lec ted by  s e t t i n g  swi tches on t he  GPIB o p t i o n .  W h e n  i n
t h i s  s t a t e  ou tpu t  i s  t o  a  ' L i s t e n  a lways '  d e v i c e .

5.2 D a t a  ou tpu t  t o  t he  p r i n t e r  w i l l  be fo rmat ted  as  d e t a i l e d  b y  t h e  RS232C
pr i n t e r  op t i on .  S e e  Appendix B,  s e c t i o n s  5  and 6 .
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GPIB COMMAND SET

The t a b l e  below shows t h e  ins t rument  f u n c t i o n s  which a r e  a l s o  t h e  GPIB
Commands a n d  a re  f u l l y  s e l f -documenting. T h e  abbrev ia t ion  i s  an  acceptab le
short  form.  E i t h e r  command i s  accepted by  t h e  ins t rument .

FUNCTION A B B R E V I A T I O N
ABS A B S
AUTO A U T
ANGLE A N G
BIAS ON B S O N
BIAS OFF B S O F
BIN SET B N S E
BIN SORT B N S R
BIN COUNT B N C O
BIN NO 'VALUE' B N
BIAS 'VALUE' B A
C C
CODE 'VALUE' C O D
CONNECTIONS C O N
D D
DELETE ALL D A L L
DELETE LAST D L A S
DEVIATION D E V
DOWN D O W
FAST SPEED F A S
FREQUENCY 'VALUE' F R E
G G
HIGH LIMIT 'VALUE' H I L
HOLD H O L
IAC I A C
INTERROGATE I N T
INDEX I N D
KEYLOCK K L
KEY UNLOCK K U
L L
LM L M
LEVEL 'VALUE' L E V
LIMIT 'VALUE' L M T
LIMITS L M S
LOCAL L C L
LOW LIMIT 'VALUE' L O W L
LOCAL TRIGGER ON L T O N
LOCAL TRIGGER OFF L T O F
MESS? M ?
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FUNCTION

NEXT
NORMAL
NORMAL SPEED
NP/NS
NS/NP
NS
PARALLEL
PRINT
Q
R
RATIO
ROC
REPEAT
RESET
SAVE NOMINAL
SCALE OFF
SCALE ON
SET NP ' VA L U E '
SET L I M I T  'VALUE '
SET NOMINAL 'VALUE '
SET ANALOG
SINGLE
SERIES
SLOW SPEED
TRANSFORMER
TRIGGER
TRIM LM
TRIM OPEN CIRCUIT
TRIM SHORT CIRCUIT
UP
VAC
Y

Appendix A  ( S e c t i o n  B  c o n t i n u e d )

GPIB COMMAND SET ( C o n t i n u e d )

ABBREVIATION

NEX
NOR
NORS
NPIS
NS/P
NS
PAR
PRI
Q
R
RAT
RDC
REP
RES
SAV
SCF
SCN
SNP
SLI
SNO
SAN
SIN
SER
SLO
TRA
TRG
TLM
TOC
TSC
UP
VAC
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Examples:-

0 1 0 0 0 0 0 1 = se rv i ce  reques t  and command syntax e r r o r

0 0 1 0 1 0 0 0 = busy and t h e r e  i s  a  message d isp layed .

Appendix A ( S e c t i o n  C)

STATUS BYTE FORMAT

The s t a t u s  b y t e  i s  format ted t o  i n d i c a t e ,

a) when t h e  ins t rument  i s  busy

b) when a  message i s  d isp layed

c) when a  r e s u l t  i s  a v a i l a b l e

d) when t h e r e  i s  a  command e r r o r

The de f ined  b i t s  a re  s e t  according t o  t h e  r e l e v a n t  c o n d i t i o n  o r  c o n d i t i o n s .
The b i t  map i s  as  f o l l o w s :

X S B R M O C C

'X' =  n o t  used and s e t  f a l s e

'S' =  Serv ice  request

'B' =  Busy b i t

= Output da ta  a v a i l a b l e

'M' =  Message b i t

'0 '  =  Open c i r c u i t  when 'B IAS ON' se l ec ted .

'CC' =  Command e r r o r  b i t s

The command e r r o r  b i t s  i n d i c a t e  t h e  f o l l o w i n g  command e r r o r  c o n d i t i o n s .

00 =  No e r r o r

01 =  Syntax e r r o r

10 not a v a i l a b l e

11 =  b u f f e r  over f low

where 0  .  f a l s e ,  1  =  t r u e
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ENCODED MESSAGE SET

The encoded message i s  a  decimal v a l u e ,  where each d i g i t  o r  d i g i t  p a i r
represents messages t h a t  appear on t h e  instrument d isplay.

The encoded message format i s  as  fol lows:

I J K K L M N

Where N indicates range o r  t r im  er rors

0 =  No message
1 =  Range Error
2 =  S/C Trim Error o r  Tr im Failed:Out o f  Range
3 =  Range Error  plus S/C Trim Error
4 =  0/C Trim Error o r  Tr im Failed:Out o f  Range
5 =  Range Error plus 0 / C  Trim Error
8 =  Lm Trim Error o r  Tr im Failed:Out o f  Range
9 =  Range Error plus Lm Trim Error.

NI indicates the messages displayed on the warning l i n e

0 =  No message
1 =  Lo-z  input
2 =  Bias on Shock Hazard

indicates messages re la t ing  t o  3220 Option.

0 =  No message
1 =  20A U n i t :  No Power
2 =  20A Unit. Fuses
3 =  20A Over Temp.

The d i g i t  p a i r  K K  i n d i c a t e s  the message on t h e  message l i n e

00 = No message
01 =  Nearest Avai lable
02 = Voltage Drive Selected
03 = Current Drive Selected
04 =  Drive Level Reduced
05 = DC Current Not Set
06 =  Excess Voltage Drop
07 =  Safety Bias Turned O f f
08 =  Meas/Bin Units Mismatch
09 =  Meas/Nom Units Mismatch
10 =  Level. Too High
11 =  (Code) Not Defined.
12 A C  Signal Changed

J i s  reserved f o r  future  expansion
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ENCODED MESSAGE SET (Cont inued)

ind ica tes  da ta  v a l i d  o r  i n v a l i d  o r  check measurement s t a t u s .

0 =  da ta  v a l i d
1 =  da ta  i n v a l i d
2 =  measurement i n  progress

Examples:

0004002 =  Dr i ve  Level  reduced and S/C Tr i m  Er ro r

1009005 =  Data i n v a l i d  p l u s  Meas/Nom Un i t s  Mismatch
plus Range E r r o r  and 0/C Tr i m  E r r o r.
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Appendix A (Sec t i on  E)

INSTRUCTIONS FOR SETTING GPIB ADDRESS

The GPIB address and s e l e c t i o n  o f  t a l k  o n l y  mode a r e  s e t  by SW1 o n  t h e
GPIB op t i on  ca rd .

To s e t  t h e  s w i t c h  t h e  o p t i o n  c a r d  m u s t  f i r s t  b e  removed f r o m  t h e
inductance ana lyzer ;  t h i s  may be done i n  t h e  f o l l o w i n g  manner:-

1) Release t h e  t o p  cover

2) Release t h e  o p t i o n  card r e t a i n i n g  screws

3) Release t h e  o p t i o n  card f rom t h e  f l e x i b l e  bus  connector

4) Withdraw the  op t i on  card

I f  i t  i s  des i red  t o  use t h e  ana lyzer  as  a  t a l k  on ly  dev i ce ,  i . e .  w i t h o u t  a
c o n t r o l l e r  on  t h e  b u s ,  s e t  SW1 p o l e  8  t o  o f f .  T h e  o t h e r  s w i t c h  s e t t i n g s  a re
unimportant.

I f  i t  i s  des i red  t o  use t h e  ana lyzer  w i t h  a  c o n t r o l l e r .

1) S e t  SW1 p o l e  8  t o  on, i . e .  NOT t a l k  o n l y.

2) S e t  t h e  requ i red  d e v i c e  address i n  b i n a r y  on p o l e s  1  t o  5  o f  SW1
where p o l e  1 i s  t h e  l e a s t  s i g n i f i c a n t  b i t ,  t h e  o t h e r  po l es  represen t
succeeding b i t s ,  and a  ' 1 '  i s  po le  OFF.

e.g. W i t h  c o n t r o l l e r ,  dev i ce  address 6

SW1

LSB MSB

0 ( O N )

(OFF)
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RS-232-C I n t e r f a c e  f o r  3245 Analyzer

DEFINITION OF RS232C OUTPUT OPTION

1.0 G e n e r a l

When f i t t e d  w i t h  t h i s  op t ion  t h e  ins t rument  may be  used t o  d r i v e  a  p r i n t e r
or o t he r  reco rd ing  dev ice conforming t o  EIA Standard RS-232-C.

The op t i on  card  i s  common t o  o t h e r  Wayne Ke r r  equ ipmen t  and t h e r e  a r e
l i n k s  and swi tches on t h e  card w h i c h  have been s e t  du r ing  i n s t a l l a t i o n  t o  a l l o w
i t  t o  work i n  t h e  i n s t r u m e n t .  F u r t h e r  s w i t c h e s  on t h e  o p t i o n  c a r d  s e t  u p
c h a r a c t e r i s t i c s  o f  t h e  RS232C l i n k  ( d a t a  r a t e ,  p a r i t y  checking e t c . )  wh ich  must
have corresponding s e t t i n g s  a t  t he  s e n d i n g  and rece i v i ng  equ ipmen t  be fo re  da ta
can be t r ansm i t t ed .

2.0 S e t t i n g  Data Cha rac te r i s t i c s

To g a i n  access t o  t h e  op t i on  ca rd  f i r s t  remove t h e  ins t rument  c o v e r.  5 2 0 3
( located r 'ear  l e f t )  s e t s  t he  c h a r a c t e r i s t i c s  o f  t h e  t r a n s m i t t e d  d a t a ,  w h i c h
should match those o f  t h e  p r i n t e r .  I f  t h e  c h a r a c t e r i s t i c s  o f  t h e  p r i n t e r  a r e
not known, s e t  a l l  t h e  s w i t c h e s  t o  ' 1 '  i n i t i a l l y .  T h e  m o s t  i m p o r t a n t
c h a r a c t e r i s t i c  which MUST co r respond  a t  each e n d  o f  t h e  l i n k  i s  t h e  BAUD r a t e
(switches 6 ,  7 ,  8 ) .  N o t e  t h a t  t h e  ins t rumen t  m u s t  be powered ' o f f '  whenever
these s e t t i n g s  a re  changed.

0

1 2  3  4  5  6  7  8
5203

Switch 1
Sets da ta  word l e n g t h  1 =  7  b i t s ,  0  =  8  b i t s .

Switch 2
Not used.

Switch 3
Sets number o f  s top  b i t s  1 =  2  b i t s ,  0  =  1  b i t .
Set t ing  0  may g i v e  s l i g h t  speed advantage w i t h  s low data r a t e s .
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Baud r a t e 6 7 8
110 0 0 0
150 1 0 0
300 0 1 0
600 1 1 0

1200 0 0 1
2400 1 0 1
4800 0 1 1
9600 1 1 1

2.0

Switch 4

Most equipment uses a  single p a r i t y  b i t  t o  check f o r  possible data errors.
Switch 4  selects t h i s  function 1  =  ON, 0  =  OFF.

Switch 5

Appendix B (Section A Continued)

DEFINITION (Continued)

Setting Data Characterist ics (Continued)

Parity check may be odd o r  even 1  =  EVEN, 0  =  ODD.

Note t h a t  equipments vary i n  t h e i r  response t o  a  detected p a r i t y  e r r o r .  T h e y
may p r i n t  a  standard c h a r a c t e r  ( ? )  o r  there  may be a  separate warning lamp.
During set t ing  up i t  i s  u s u a l l y  possible t o  run b o t h  ends o f  the  l i n k  with
parity 'OFF' ,  b u t  i t  should be used wherever possible t o  detect  er rors .

Switches 6 ,  7 ,  8

These se t  the Baud ra te  ( d a t a  r a t e ) .  T h e  fas test  r a t e  which can be handled by
the pe r i phe ra l  equipment should always be used.

3.0 C a b l e  Connectors and Data Flow Direction

The RS232C l i n k  i s  s p e c i f i e d  f o r  l i n k i n g  p e r i p h e r a l  equipment t o
computers, and some o f  the p in  connections are  d i f f e r e n t  a t  the  two ends o f  the
cable. W h e n  d r i v i n g  a  p r i n t e r ,  convent ion d i c t a t e s  t h a t  t h e  pr in te r  i s
peripheral, so  the  instrument option card should be wired as  a  computer. Ensure
that S204 ( located rear  r i g h t )  i s  s e t  as fol lows.
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Appendix B (Sec t i on  A Continued)

DEFINITION (Cont inued)

3.0 C a b l e  Connectors and Data Flow D i r e c t i o n  (Cont inued)

Connections f o r  t h e  25-way ou tpu t  socke t  a re  as  f o l l o w s :

Pin

1 G r o u n d
2 R e c e i v e  Data
3 T r a n s m i t  Data
4 C l e a r  t o  Send
5 R e q u e s t  t o  Send
6 D a t a  Term Ready
7 G r o u n d
8 R e c e i v e d  L ine  S i g n a l  Det .
20 D a t a  Set  Ready

Other p i n s  a re  n o t  used f o r  t h e  RS232C i n t e r f a c e .

4.0 C a r d  Address

Behind a n d  t o  t h e  r i g h t  o f  SK202 a r e  two D I L  swi tches  S 2 0 1  and 5202.
These a r e  t h e  card  address and o t h e r  c h a r a c t e r i s t i c s  t o  a l l o w  i t  t o  operate  w i t h
the ins t rument .  T h e  c o r r e c t  s e t t i n g s  f o r  t h i s  op t i on  a re  shown below.

1
0

2 3  4  5  6  7  8
S201

2 3  4  5  6  7
S202

1

0

5.0 E n a b l i n g  t he  P r i n t e r  Output

When the  RS232C op t i on  i s  f i t t e d ,  o u t p u t  c a n  be e n a b l e d  o r  d i sab led  by
enter ing 'Code 1 0 '  o r  ' C o d e  11 '  r e s p e c t i v e l y.  W h e n  entered t h e  t imed message
'PRINTER O N '  o r  'PRINTER OFF' a p p e a r s ,  i n d i c a t i n g  t h e  c u r r e n t  s t a t u s  o f  t h e
output f u n c t i o n .
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Appendix B (Sec t i on  A Continued)

DEFINITION (Cont inued)

6.0 P r i n t e r  Format

When opera t ing  i n  t h e  S in g l e  mode  t h e  ins t rument  w i l l  generate a  s i n g l e
pr in ted  l i n e  up t o  40 charac ters ,  t e rm ina ted  by  CRLF.

1.0kHz
800 Hz
600 Hz

10.98uH 0 . 3 6 2 2  Q
1 6 . 0 0 0  0 . 2 9 4 6  Q
2 8 . 0 6 a  0 . 2 1 7 7  Q

The above example demons t ra tes  t h e  response t o  t h e  measurement parameter
tha t  i s  being updated i n  Normal Mode  measurements. T h e  r e s p o n s e  i s  s i m i l a r  i f
the parameter be ing changed i s  LEVEL o r  BIAS.

6.1 S t a t u s

The s t a t u s  o f  t h e  p resent  measurement mode ( e x c e p t  BIN S E T )  i s  ou tpu t
whenever t h e  measurement mode, measurement f u n c t i o n  o r  any o f  t h e  measurement
parameters i s  changed.

Frees L e v e l  B i a s  F a s t  A u t o
1.0kHz 1 0 0 m A  O F F  L  Q P a r

The measurement mode i s  NORMAL.
The measurement f unc t i ons  a re  L  and Q.
The measurement parameters a r e  Frequency 1.0kHz, Leve l  100mA,
Bias O f f ,  t h e  speed i s  Fas t  and P a r a l l e l  equ iva len t  c i r c u i t  se lec ted .

Also t h e  ins t rument  i s  i n  t h e  au to  range s t a t e .

6.2 O u t p u t  o f  Range E r r o r

When operat ing  i n  t h e  Range H o l d  mode t h e  measurement r e s u l t s  may o r  may
not be suppressed when a  Range E r r o r  i s  i nd i ca ted .  When  t h e r e  i s  a  Range E r r o r
the message 'RANGE ERROR' i s  o u t p u t ,  te rm ina ted  w i t h  CRLF, any  d isp layed r e s u l t s
are t h e n  output  o n  t h e  new l i n e  t e r m i n a t e d  w i t h  CRLF.  I f  n o  r e s u l t s  a r e
displayed then t h e  ou tpu t  i s  a  b lank  l i n e .

600 Hz
600 Hz
Range E r r o r
600 Hz
Range E r r o r
600 Hz
Range E r r o r

Range E r r o r

-O.6nF
-0.4nF

-0.4nF

0.4nF

150.0 Ohm
150.0 Ohm

851.5 Ohm

850.0 Ohm
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Bin High L i m i t Low L i m i t Count

0 0.0 H 0

1 110.0 Ohm 100.0 Ohm 20
2 120.0 Ohm 110.0 Ohm 4
3 130.0 Ohm 120.0 Ohm 4
4 140.0 Ohm 130.0 Ohm 5
5 150.0 Ohm 140.0 Ohm 4
6 175.0 Ohm 150.0 Ohm 13
7 200.0 Ohm 175.0 Ohm 8
8 250.0 Ohm 200.0 Ohm 16

9 Reject 11

To ta l 85

Appendix B (Sec t i on  A Continued)

DEFINITION (Cont inued)

6.3 U n i t s  P re f i xes

As some  p r i n t e r s
fo l l ow ing  convent ion i s

only have u p p e r  case l e t t e r s  f o r  u n i t s  p r e f i x e s ,  t h e
used.

6.4 P r i n t i n g  B in  Data

F =  femto 10-15
P =  p i c o
N =  nano
U =  mic ro
M =  m i l l i
K =  k i l o
MG =  mega
C =  g i ga

1 0 - 1 2
1 0 - ° 9
1 0 - ° 6
1 0 - 0 3
1 0 + 0 3
1 0 + 0 6

.14.11M+09

When BINSET mode i s  se lec ted  t h e r e  a re  no f a c i l i t i e s  prov ided f o r  making a
measurement, a l s o  BIN COUNT has no r e s u l t  t o  ou tpu t .  T h e r e f o r e  when t h e  RS232C
option i s  f i t t e d  a  new s o f t  key i s  prov ided i n  the  BIN COUNT mode .  T h e  key  i s
labe l led  PRINT. T h e  example below i n d i c a t e s  t he  da ta  t h a t  i s  ou tpu t  when t he
key i s  pressed. I n d i c a t e d  f o r  each b i n  a re  t h e  l i m i t s  s e t  and t h e  number o f
items t h a t  had f a l l e n  i n t o  t h e  b i n .  T h e  example  shows a b s o l u t e  l i m i t s  (no
Nominal).
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Appendix B (Sec t ion  B)

Addi t iona l   Examples

6.5 F u r t h e r  P r i n t e r  Output  Examples

Example 1 . Single measurements

Freq L e v e l  B i a s  S l o w  A u t o
4 0  Hz 1 , 0 0 V  O F F  C  R P a r

600 Hz - 0 . 0 0 n F  9 9 . 9 5 0  Ohm
600 Hz 0 , 0 2 n F  9 9 . 9 5 5  Ohm
600 Hz - 0 0 0 n F  9 9 . 9 5 5  Ohm

Example 2 .  U p d a t i n g  t h e  Leve l  parameter i n  Normal Mode

Freq L e v e l  B i a s  S l o w  A u t o
600 Hz 1 . 0 0 V  O F F  C  R P a r

1.00Vac 0 . 1 0 n F  9 9 . 9 5 5  Ohm
1.05Vac 0 . 0 2 n F  9 9 . 9 5 0  Ohm
1.10Vac 0 . 0 4 n F  9 9 . 9 5 5  Ohm

Example 3 .  M e a s u r i n g  an open c i r c u i t  then  s h o r t  c i r c u i t  i n  Rdc

Lev <100mV DC Rdc S l o w  A u t o

OVER RANGE Ohm
OVER RANGE Ohm

4m0hm
3m0hm

Example 4 .  M e a s u r i n g  Lm i n  Transformer Mode i n d i c a t i n g  Tr im  E r ro rs

Freq L e v e l  L m  N o r m  A u t o
600 Hz 1 . 0 0 V

La Tr im e r r o r
600 Hz600 7 . O 9 1 m HHz

7 7 1 9 9 :600 Hz

Example 5 .  M e a s u r i n g  Ns response t o  changing Np va lue

Freq L e v e l  N s  F a s t  A u t o
600 Hz 1 , 0 0 V  N p  =  1 0 0

Np =  1 0 0
Np =  1 5 0
Np =  2 0 0

99.95
149.9
199.9
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Appendix B (Sec t i on  B Continued)

Examples (Continued)

Example 6 .  D e v i a t i o n  Mode w i t h  B ias  On measuring response t o
changing c u r r e n t

Freq L e v e l .  B i a s  N o r m  A u t o
600 Hz 1 . 0 0 V  0  A L  P a r
Nominal 9 . 2 6 8 m H

0 Adc - 0 . 0 0  % 9 . 2 6 8 m H
500mAdc - 1 1 . 2 5  % 8 . 2 2 5 m H
760mAdc - 2 1 . 4 1  % 7 . 2 8 4 m H

Example 7 .  L i m i t s  Mode Abso lu te  l i m i t s

Hi L im = 3 8 5 . 0  Ohm
Lo Lim = 3 1 5 . 0  Ohm
Slow A u t o  A b s  Mode

330.12 Ohm P A S S
312.10 Ohm L O W

Example 8 .  L i m i t s  Mode Percent  l i m i t s

Hi L im = 1 0 . 0  %
Lo Lim = - 1 0 . 0
Nom =  3 5 0 . 0  Ohm
Slow A u t o  %  M o d e

0.0305 % P A S S
11.460 % H I G H

Example 9 . Bin S o r t

Norm A u t o  A b s  Mode

Bin no.  4  0 . 0 5 n F  1 3 0 . 9 2  Ohm
Bin no.  2  0 . 0 0 n F  1 1 0 , 9 2  Ohm
Bin no.  3  0 . 0 5 n F  1 2 0 . 9 4  Ohm

Example 10.  B i n  S o r t  w i t h  Meas/Nom u n i t s  mismatch.

Norm A u t o  A b s  Mode

MEAS/NOM UNITS MISMATCH
MEAS/NOM UNITS MISMATCH
MEAS/NOM UNITS MISMATCH
MEAS/NOM UNITS MISMATCH
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Appendix C

Analo3._Bar D isp lay

C:1

The Analog Bar D i s p l a y  p r o v i d e s  a  v i s u a l  r ep resen ta t i on  o f  measurement
resu l t s  i n  t h e  fo rm o f  a  h o r i z o n t a l  b a r  o f  v a r y i n g  l e n g t h .  T h i s  f u n c t i o n ,
which i s  u s e f u l  f o r  adjustment o f  p rese t  components, i s  a v a i l a b l e  o n l y  i n
L imi ts  mode and i s  enabled/d isabled by  t h e  Scale ON/OFF s o f t - key.

The A n a l o g  Bar D isp lay  incorpora tes  two f i x e d  marks ,  co r respond ing  t o  t h e
High a n d  L o w  l i m i t s  se lec ted  f o r  L i m i t s  mode. W h e n e v e r  t h e s e  l i m i t s  a r e
entered, t h e  h o r i z o n t a l  s c a l i n g  f a c t o r  i s  ad jus ted  a c c o r d i n g l y.

Scale compress ion i s  a p p l i e d  f o r  va lues above o r  below the  p a s s  l i m i t s ,
a l lowing a  range o f  va lues  up  t o  9  t imes  t h e  pass band t o  be d isp layed.

0
P ower
On

, N O R M A L - 1
A bs tn  )

I . High L im i t  " )
• c = = = = = = =

. 1  L o w  L im i t  i
LOW : 1  1P--  H I G H  S e t  Nominal t- 1

Hi L i m  -4 5 . 2 5 %  B i a s  OFF J

Lo L i m  =  - 5 . 2 5 %  S c a l e  ON j

Nom , . - .  5  . Oka k r A 7 r o l H o t d   i
;
s i n g e r  j

i fas t INorm Slow J

Figure CI  L i m i t s  Mode D isp lay  w i t h  Analog Scale ON
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Appendix D

New B inn ing  Software S p e c i f i c a t i o n

The b inn ing  sof tware has been rev i sed .  T h i s  Appendix g ives  d e t a i l s  o f  how
to operate t h e  new B in  Set  mode.

In t he  prev ious so f tware ,  w h e n  b inn ing  on a  major  t e r m  o f  Capacitance ( F )
or Inductance ( H ) ,  i t  was p o s s i b l e  t o  s p e c i f y  o n l y  one l i m i t  on  t he  minor te rm
( f o r  b i n  0 ) .  I f  t h i s  l i m i t  was s e t  t o ,  s a y ,  a  Q o f  100 ,  t h e n  a l l  components
having a  Q o f  l e s s  than  100 would be grouped i n  b i n  0  regard less  o f  t h e i r  major
term, s o  making b i n  0  a  " r e j e c t  on  minor  te rm"  b i n .

The n e w  sof tware enables a  minor  t e rm  l i m i t  t o  be s p e c i f i e d  i n d e p e n d e n t l y
f o r  e a c h  o f  t h e  b ins  0  t o  9  ( b i n  0  now being t r e a t e d  e x a c t l y  a s  t h e  o t h e r
b ins ) .  T h i s  prov ides more f l e x i b i l i t y  and  makes i t  p o s s i b l e  t o  c rea te  c lasses
of component ,  g r a d e d  accord ing  t o  minor  as  w e l l  a s  ma jor  terms w h i l e  making a
s ing le  measurement.

2 OPERATION

Bin l i m i t s  a r e  entered i n  BIN SET mode, t h e  h i g h  and l o w  l i m i t s  b e i n g
spec i f ied  a b s o l u t e l y  o r  as  a  percentage o f  a  g iven  nomina l .  H i g h  o r  Low l i m i t s
are e n t e r e d  b y  f i r s t  p r e s s i n g  t h e  appropr ia te  s o f t -key  and then en te r i ng  t h e
relevant  l i m i t .  T h e  NOMINAL v a l u e  m u s t  be e n t e r e d  w h e n  b i n n i n g  i s  i n
percentage mode.

The b i n  t o  b e  u p d a t e d  i s  s p e c i f i e d  b y  moving t h e  u p d a t e  c u r s o r  w i t h
the A lkand  1 0 I  keys.  T h e  u p d a t e  cu rso r  i s  a  box drawn around t h e  s p e c i f i e d
l i m i t  o f  t h e  cu r ren t  b i n  and i t  shows p r e c i s e l y  which va lue  w i l l  be a l t e r e d  b y
enter ing a  number.

I f  m a j o r  te rm u n i t s  o f  F  o r  H a re  se lec ted ,  t h e n  t h e  o p t i o n  i s  g i v e n  o f
binning o n  m i n o r  te rm l i m i t s .  T h e  l i m i t  i s  entered a f t e r  press ing t h e  " S e t
Minor" s o f t -key.  T h e  minor t e r m  can o n l y  be s p e c i f i e d  a b s o l u t e l y  w i t h  u n i t s  o f
ohms, D  o r  Q. I f  t h e  use r  a t tempts  t o  en te r  F o r  H t hen  t h e  e n t r y  w i l l  b e
ignored and t h e  message "BAD MINOR TERM UNITS" w i l l  be  d i sp layed .

I f  t h e  major  te rm u n i t s  a r e  n e i t h e r  F  no r  H,  t h e n  i t  i s  n o t  poss ib le  t o  b i n
on m i n o r  t e r m  a n d  t h e  s p e c i f i e d  m ino r  te rm l i m i t s  w i l l  d i s a p p e a r  a n d  b e
replaced by  a  message. T h e  " S e t  m inor "  s o f t -key l a b e l  w i l l  a l s o  ex t i ngu i sh .

The RESET s o f t -key r e s e t s  a l l  t h r e e  l i m i t s  t o  z e r o  f o r  t h e  se lec ted  b i n .
The NEXT key i s  used when en te r i ng  l i m i t s  i n  o r d e r,  s t a r t i n g  w i t h  B i n  0  H i g h
L i m i t ,  and s e l e c t s  t h e  nex t  L i m i t  o r  B i n  number i n  sequence.

3 U S E

BIN SORT a n d  BIN COUNT modes a l l o w  component s o r t i n g  and u p d a t e  o f  b i n
in format ion.  T h e  l a t t e r  a p p l i e s  o n l y  i n  S ing le  mode.
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The b i n n i n g  i s  d o n e  by  measuring a  component and compar ing  t h e  r e s u l t
obtained w i t h  t h e  b i n  l i m i t s  i n  o rder  f rom 0  t o  9 .  F i r s t  t h e  m a j o r  t e r m
resu l t  i s  compared w i t h  t h e  High and Low l i m i t s .  I f  i t  does n o t  l i e  be tween
them, t h e n  t h e  search goes immediate ly  t o  t h e  nex t  b in, .

The minor  te rm r e s u l t  w i l l  o n l y  be tes ted  aga ins t  t h e  major  te rm l i m i t  i f :

i )  T h e  major  te rm u n i t s  a r e  F  o r  H, and

i i )  T h e  minor te rm l i m i t  i s  n o t  e x a c t l y  zero .

I f  t h e s e  c o n d i t i o n s  a r e  n o t  met ,  t h e n  t h e  minor  te rm i s  ignored and t h e
component i s  "p laced"  i n  t h e  c u r r e n t  b i n .  S p e c i f y i n g  a  minor te rm l i m i t  o f
zero ( t h e  d e f a u l t  va l ue )  p rov ides  a  way o f  s e l e c t i v e l y  i g n o r i n g  t h e  minor t e rm
for  each b i n .

The m i n o r  t e r m  r e s u l t  w i l l  b e  compared w i t h  t h e  l i m i t  a c c o r d i n g  t o  t h e
label d i s p l a y e d  a t  t h e  head o f  t h e  minor te rm l i m i t s  column i n  BIN SET mode .
For a l l  o f  these l a b e l s  x  represents  t h e  minor t e rm  l i m i t ,  '  '  means t h e  r e s u l t
must be g rea te r  than  t h e  l i m i t ,  a n d  '  '  means t h e  r e s u l t  must be  l e s s  than  t h e
l i m i t .  T h e  poss ib le  l a b e l s  a re  l i s t e d  be low,  t o g e t h e r  w i t h  t h e  pass c o n d i t i o n
they represent :

Q >

D <  x

Rp >

The Q  o f  component m u s t  b e  g r e a t e r  t h a n  t h e
l i m i t

The D o f  t h e  component must be  l e s s  than  t he  l i m i t .

The p a r a l l e l  r e s i s t a n c e  must be g rea te r  t h a n  t h e
l i m i t .

Rs <  x  T h e  s e r i e s  res i s tance  must be l e s s  than  t he  l i m i t .

Series o r  P a r a l l e l  r e s i s t a n c e  i s  determined f r o m  NORMAL mode.

I f  t h e  component meets t h e  minor  te rm cond i t i ons ,  i t  w i l l  be  " p u t "  i n  t h e
relevant b i n ;  o therw ise ,  i t  w i l l  be  t es ted  aga ins t  t h e  l i m i t s  o f  t h e  nex t  b i n .

Sort ing cont inues u n t i l  e i t h e r  t h e  component i s  p laced i n  one o f  t h e  b i ns  0
to 8  o r ,  i f  none o f  them i s  found t o  be s u i t a b l e ,  t h e  component i s  p laced i n
the r e j e c t  b i n ,  i . e .  b i n  9 .

4 G P I B  AND RS232 OPERATION

The o n l y  s p e c i a l  p o i n t s  regard ing  t he  c o n t r o l  o f  t h e  inst rument  v i a  t h e
GPIB op t i on  a r e :

i )  A  command

BIN NO "va lue "  ( a b b r e v i a t i o n  BN)

to enable t h e  c o n t r o l l e r  t o  s p e c i f y  a  b i n  number f o r  updat ing.
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Bin

Bin Set M o d e

High 1 7 ; 1  M i n o r
1. N .  D  (  x

Reset

Abs

High L i m i t

1
0 . 2 5 0

0. 50
-0 .25
- 0 . 5 0

0.001
0.001 Low L imi t ( -

1.0 - 1.0 0.001
2.0 - 2 . 0 0,001 Set M i n o r

4 0.25 -0 .25 0.005 Next
5 0.50 -0 .50 0.005

Nominal6 1.0 - 1 . 0 0.005
7 2.0 -2 .0 0.005

NORMAL8 5.0 -5 .0 0.005

Nominal= 2. 2.1.1F BIN SORT

BIN COUNT

i i )  A  command

SET MINOR " v a l u e "  ( a b b r e v i a t i o n  SMR)
enables t h e  m i n o r  t e r m  l i m i t  t o  b e  s p e c i f i e d .  T h i s  w i l l  g e n e r a t e  a
command e r r o r  i f  m i n o r  t e r m  l i m i t s  a r e  n o t  a v a i l a b l e .

i i i )  I f  a n  a t t e m p t  i s  made t o  s e t  m i n o r  t e r m  u n i t s  o f  F  o r  H ,  t h e n  a  command
e r r o r  w i l l  b e  g e n e r a t e d  a l o n g  w i t h  t h e  message number  1 3  i n  b y t e s  K K  o f
encoded messages,  mean ing  "BAD MINOR TERM UNITS" .

I f  t h e  GPIB o p t i o n  c a r d  i s  s e t  t o  t a l k  o n l y  mode,  o r  i f  a n  R S 2 3 2  o p t i o n
card  i s  f i t t e d ,  t h e n  t h e  PRINT command i n  B I N  COUNT mode w i l l  g e n e r a t e  a  b i n
l i s t i n g  i n c l u d i n g  t h e  m i n o r  t e r m  l i m i t s .

0
Power

a

Li
I 1

I

n
I

n
r l

F igu re  D1 S a m p l e  S c r e e n  D i s p l a y  f r o m  B i n  S e t  Mode
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1 INTRODUCTION

Appendix E

Standard  H a n d l e r  I n t e r f a c e  ( S H I )

The S H I  o p t i o n  c a r d  may b e  f i t t e d  i n t o  t h e  o p t i o n  s l o t  a t  t h e  r e a r  o f  a
3245. I t  w i l l  e n a b l e  t h e  i n s t r u m e n t  t o  measure a  componen t ,  s o r t  i t  i n t o  o n e
of  t h e  e i g h t  b i n s  a c c o r d i n g  t o  t h e  measurement r e s u l t s  a n d  t h e n  p r o v i d e  t h e
s i g n a l s  f o r  e x t e r n a l  b i n  h a n d l i n g  ha rdware  t o  p h y s i c a l l y  " b i n "  t h e  c o m p o n e n t .
The i n t e r f a c e  s u p p o r t s  u p  t o  e i g h t  e x t e r n a l  b i n s  a n d  p r o v i s i o n  i s  m a d e  f o r
e x t e r n a l  b i n  h a n d l e r  h a r d w a r e  t o  t r i g g e r  a  measurement  d i r e c t l y .

Note t h a t  i n  t h i s  A p p e n d i x  " l o w "  r e f e r s  t o  a  TTL l o g i c  l e v e l  be tween
and " h i g h "  i s  a  TTL l e v e l  b e t w e e n  2 . 4  a n d  5 V.

2 O P E R AT I O N

0 a n d  0 . 8 V

When t h e  SHI  c a r d  i s  f i t t e d  i n t o  a n  i n s t r u m e n t ,  t h e r e  w i l l  b e  n o  n o t i c e a b l e
d i f f e r e n c e  i n  i t s  o p e r a t i o n .  I f  Code 0 . 7  i s  e n t e r e d ,  t h e  i n s t r u m e n t  w i l l
r e p o r t  w h e t h e r  o r  n o t  i t  h a s  d e t e c t e d  t h e  I n t e r f a c e  w i t h  t h e  m e s s a g e s  ' B I N
HANDLER F I T T E D '  o r  ' B I N  HANDLER NOT F ITTED ' .  I f  t h e  message ' N O T  D E F I N E D '
appears,  t h e n  t h e  s o f t w a r e  i n  t h e  i n s t r u m e n t  d o e s  n o t  s u p p o r t  t h e  S t a n d a r d
Handler  I n t e r f a c e .

Resu l ts  w i l l  b e  s e n t  t o  t h e  I n t e r f a c e  o n l y  i f  a l l  t h e  f o l l o w i n g  c o n d i t i o n s  a r e
met:

i )  T h e  i n s t r u m e n t  i s  i n  B i n  Coun t  o r  B i n  S o r t  mode.

i i )  T h e r e  i s  n o  MEAS/BIN UNITS MISMATCH e r r o r .

i i i )  U n d e r  L o c a l  o p e r a t i o n ,  t h e  i n s t r u m e n t  i s  s e t  t o  S i n g l e .

3 I N T E R FA C E  DETAILS

The f u n c t i o n s  o f  t h e  I n t e r f a c e  l i n e s  a r e  d e f i n e d  i n  Ta b l e  E l .  T h e  t w o
ou tpu t  s i g n a l  l i n e s  BUSY a n d  B i n  D a t a  A v a i l a b l e  (BDA)  w i l l  a t  a n y  t i m e  a s s u m e
one o f  f o u r  d i f f e r e n t  s t a t e s :

(1)  N u l l  S t a t e

The n u l l  s t a t e  i s  d e f i n e d  a s

BUSY l o w  ( i . e .  i n s t r u m e n t  i s  b u s y )

BDA h i g h  ( i . e .  n o  d a t a  a v a i l a b l e )

A l l  B I N  l i n e s  h i g h  ( i . e .  n o  b i n s  s e l e c t e d )

This  s t a t e  i s  a d o p t e d  when t h e  i n s t r u m e n t  i s  u n a b l e  t o  p e r f o r m  b i n n i n g  d u e  t o
one o f  t h e  f o l l o w i n g  r e a s o n s :

i )  T h e  i n s t r u m e n t  i s  n o t  i n  e i t h e r  B i n  S o r t  o r  B i n  C o u n t  mode.
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i i )  T h e r e  i s  a  MEAS/NOM UNITS MISMATCH e r r o r .

i i i )  T h e  i n s t r u m e n t  i s  i n  L o c a l  o p e r a t i o n  a n d  n o t  i n  S i n g l e  s h o t  mode.

i v )  T h e  i n s t r u m e n t  h a s  n o t  p e r f o r m e d  a  measurement s i n c e  t h e  p r e s e n t  mode w a s
en te red .

v )  A  DEVICE CLEAR h a s  b e e n  s e n t  b y  a  GPIB c o n t r o l l e r .

When t h i s  s t a t e  i s  d e t e c t e d  b y  e x t e r n a l  h a r d w a r e ,  i t  m u s t  b e  assumed t h a t
the c u r r e n t  s i g n a l s  o n  t h e  B I N  l i n e s  a r e  i n v a l i d  a n d  s h o u l d  b e  i g n o r e d  and  a l s o
t h a t  t h e  i n s t r u m e n t  i s  n o t  r e a d y  f o r  a n  e x t e r n a l  TRIGGER s i g n a l .

When t h e  above  c o n d i t i o n s  h a v e  c l e a r e d ,  t h e  n e x t  s t a t e  w i l l  b e  e n t e r e d .

(2 )  Ready f o r  T r i g g e r

In  t h i s  s t a t e :

BUSY i s  h i g h  ( i . e .  n o t  b u s y )

BDA i s  l o w  ( i . e .  b i n  d a t a  i s  v a l i d )

A l l  B I N  l i n e s  w i l l  b e  unchanged.  I f  t h e  p r e v i o u s  s t a t e  was a  n u l l  t h e n
a l l  b i n  l i n e s  w i l l  b e  h i g h ,  mean ing  n o  b i n  s e l e c t e d ,  a l t h o u g h  BDA s u g g e s t s  t h a t
v a l i d  b i n  d a t a  i s  p r e s e n t .

This  s t a t e  i n d i c a t e s  t h a t  t h e  i n s t r u m e n t  i s  a w a i t i n g  a  t r i g g e r ,  w h e t h e r
from t h e  f r o n t  p a n e l  p u s h  b u t t o n ,  a  GPIB c o n t r o l l e r  o r  f r o m  t h e  TRIGGER l i n e .

When t h e  i n s t r u m e n t  r e c e i v e s  a  t r i g g e r  i t  w i l l  r e s p o n d  b y  e n t e r i n g  t h e  n e x t
s t a t e .

(3 )  Busy

In t h i s  s t a t e :

BUSY i s  l o w  ( i . e .  t h e  i n s t r u m e n t  i s  b u s y )

BDA i s  l o w  ( i . e .  b i n  d a t a  i s  v a l i d )

A l l  B I N  l i n e s  a r e  unchanged.

The BUSY l i n e  goes  l o w  t o  acknow ledge  t h e  t r i g g e r  a n d  a l s o  t o  i n d i c a t e  t h a t  t h e
component be tween  i t s  t e r m i n a l s  i s  i n  t h e  p r o c e s s  o f  b e i n g  measured a n d  s h o u l d
no t  b e  removed u n t i l  t h e  BUSY l i n e  g o e s  h i g h  a g a i n ,  w h e n  t h e  i n s t r u m e n t  e n t e r s
the n e x t  s t a t e .

(4 )  N o t   Busy

In  t h i s  s t a t e :

BUSY i s  h i g h  ( i . e .  t h e  i n s t r u m e n t  i s  n o t  b u s y )
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BDA i s  h i g h  ( i . e .  b i n  da ta  i s  no t  v a l i d )

A l l  BIN l i n e s  h igh  ( i . e .  n o  b i n s  se lec ted ) .

In t h i s  s t a t e  t h e  ins t rument  has f i n i s h e d  w i t h  t h e  component under t e s t ,  w h i c h
may be removed and rep laced by  t h e  nex t  component. H o w e v e r,  t h e  ins t rument  has
s t i l l  t o  s o r t  t h e  component i n t o  t h e  r e l e v a n t  b i n  and, a s  t h e  cu r ren t  b i n  i s
being updated, a l l  t h e  BIN l i n e s  a re  made i n v a l i d .

I f  t h i s  process has been completed w i t hou t  i n t e r r u p t i o n ,  t h e  i n s t r u m e n t
w i l l  r e - e n t e r  t h e  " R e a d y  f o r  t r i g g e r "  s t a t e ,  w a i t i n g  t o  measure t h e  n e x t
component. T h i s  sequence w i l l  o n l y  be i n t e r r u p t e d  i f  a  key on t he  f r o n t  pane l
of t h e  inst rument  i s  pressed o r  a  command i s  rece i ved  f rom a  GPIB c o n t r o l l e r ,
In t h i s  c a s e  t h e  c u r r e n t  s t a t e  w i l l  be " f r o z e n "  u n t i l  t h e  command h a s  b e e n
completed. I f  t h e  command r e s u l t s  i n  t h e  ope ra t i ng  cond i t i ons  o f  t h e  I n t e r f a c e
being d i s tu rbed ,  t h e  ins t rument  w i l l  en te r  t h e  n u l l  s t a t e .

When t h e  ins t rument  i s  ready t o  cont inue w i t h  t h e  nex t  measurement, i t  w i l l
re-enter  t h e  " w a i t i n g  f o r  t r i g g e r "  s ta te .  and t h e  measurement t h a t  was a b o r t e d
may be repeated f rom t h e  s t a r t .

S i m i l a r l y,  a f t e r  t h e  , c o n d i t i o n s  l e a d i n g  t o  t h e  n u l l  s t a t e  h a v e  b e e n
r e c t i f i e d ,  ano the r  measurement may be at tempted.  F o r  t h i s  t o  be t ransparen t  t o
the b i n  h a n d l e r  hardware i t  i s  recommended t h a t  i t  responds t o  t he  n e g a t i v e -
going e d g e s  o f  t h e  BDA l i n e  and t h e  re l evan t  B IN l i n e ,  w h i c h  w i l l  occur  o n l y
when a  component has been success fu l l y  measured and so r ted .  N o t e  t h a t  i f  t h e
component i s  removed ,  a f t e r  t h e  BUSY l i n e  goes t r u e ,  a n d  i s  r e p l a c e d  b y
another, t h e n  t h e  second component w i l l  be  r e -measured and t h e  f i r s t  w i l l  b e
los t .  F o r  r e l i a b l e  r e s u l t s  i t  i s  recommended t h a t  components a re  removed o n l y
when t h e  i n s t r u m e n t  h a s  complete ly  f i n i s h e d  s o r t i n g  and has r e - e n t e r e d  t h e
"await ing t r i g g e r "  s t a t e .  R e m o v i n g  t he  component upon BUSY going h i g h  s h o u l d
only b e  u s e d  f o r  maximum speed, w h e n  t h e  b i n  hand l ing  mechanism s h o u l d  b e
disabled be fo re  t h e  opera t i on  o f  t h e  ins t rument  i s  d i s tu rbed .

Note t h a t  o n l y  8  BIN l i n e s  a re  a v a i l a b l e ,  a l t h o u g h  10 a re  provided i n  t h e
software. R e s u l t s  i n d i c a t e d  i n  b ins  7 ,  8 ,  and 9 ,  w i l l  a l l  make t h e  BIN 7 l i n e
go l ow.

EXTERNAL TRIGGER
Measurements m a y  b e  t r i g g e r e d  by p u l l i n g  t h e  TRIGGER l i n e  l o w  b u t   ONLY

while t h e  ins t rument  i s  i n  t h e  "awa i t i ng  t r i g g e r "  s t a t e .  I f  t h e  TRIGGER l i n e
is p u l l e d  permanently l o w  t h e  BDA l i n e  w i l l  a l s o  be p u l l e d  l o w,  i m p e d i n g  i t s
operation.

I f  c o n t i n u o u s  measurements a r e  requ i red ,  a  c i r c u i t  such as t h a t  shown i n
f igure  E2  may •be used t o ,  t r i g g e r  a  measurement f r o m  the  complet ion o f  t h e  l a s t
binning opera t ion .

Note t h a t  t h e  TRIGGER l i n e  i s  scanned by  t h e  ins t rument  o n l y  wh i l e  i n  t h e
"await ing t r i g g e r "  s t a t e  and,  u n l i k e  t h e  f r o n t  pane l  k e y,  p u l l i n g  i t  l o w  a t  any
other t ime  w i l l  n o t  a b o r t  a  mesurement and r e - s t a r t  ano ther.
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Note t h a t  under c e r t a i n  c o n d i t i o n s ,  s u c h  as when the  ins t rument  i s  i n  HOLD
and the  components under t e s t  generate over loads,  t h e  t u r n -around o f  components
being measured and so r t ed  can reach 20 per  second. I f  t h e  e x t e r n a l  hardware
cannot c o p e  w i t h  t h i s ,  t h e n  t h e  nex t  t r i g g e r  shou ld  be he ld  o f f  u n t i l  t h e
hardware i s  ready.

I f  t h e  e x t e r n a l  t r i g g e r  i s  t o  be used under G P I B  c o n t r o l ,  t h e n  l o c a l
t r i gge r  must be enabled b y  sending t h e  command "LION".

5 HARDWARE DETAILS

Output d r i v e  l e v e l s :

Low s ta te  <  0.5V a t  48mA

High s t a t e BIN 0  t o  BIN 7  2 . 4 V  a t  -  5.2mA

Other ou tpu ts ,  open c o l l e c t o r .

Outputs m a y  be used t o  d r i v e  ex te rna l  r e l a y s  f o r  i s o l a t i o n  pu rposes .  I n
th is  c a s e  a n  ex te rna l  r e l a y  supp ly  no t  exceeding 5 .0V i s  r e q u i r e d ,  a n d  t h e
relay c o i l s  m u s t  b e  f i t t e d  w i t h  s u i t a b l e  shunt  d iodes  t o  a b s o r b  b a c k  e m f
energy.

awaiting
next
trigger

TRIGGER

BUST

BIN n

measuring m a t h s

awaiting
tr igger

(b1 I c /  C a l

easu n g

awaiting
Measurement t r i g g e r
Interrupted
- Null state measuring maths

fel (b)

awaiting
trigger

(a) -  Awaiting trigger. ( d )  -  Measurement interrupted -
Previous results available. e n t e r  'nu l l '  state.

(b) -  Trigger received -  ( e )  -  Null conditions have been
enter busy state. Reset trigger, r e m o v e d  -  re-enter (a).

(c) -  Measurement done -  Remove
component.

Figure E l  S t a n d a r d  B in  Handler Timing
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Pin No, Name F u n c t i o n

3 E x t e r n a l  t r i g g e r  i n p u t .  P u l l i n g  t h i s  .TRIGGER
l i n e  l o w  w h i l e  B D A  i s  l o w  a n d  B U S Y
i s  h i g h  w i l l  c a u s e  t h e  i n s t r u m e n t  t o
s t a r t  a  measurement .

Outpu t  s i g n a l .  W h e n  l o w ,  t h e  component
a t  t h e  m e a s u r e m e n t  t e r m i n a l s  o f  t h e
i n s t r u m e n t  i s  b e i n g  measured a n d  s h o u l d
no t  b e  removed.

BUSY

5 B in  D a t a  A v a i l a b l e .  G o i n g  l o w  i n d i c a t e s
the  c o m p l e t i o n  o f  a  m e a s u r e m e n t  c y c l e

BDA

and t h a t  t h e  d a t a  o n  t h e  B I N  l i n e s  i s
v a l i d .

1 Going l o w  i n d i c a t e s  a  r e s u l t  i n  b i n  0BIN 0

2 BIN 1 I I  1 1  I t  I I  9 1  I t  1 1  1

3 BIN 2 it n  1 /  I I  I 1  I I  I I  2

4 BIN 3 n  n  u  I I  1 1  I I  1 1  3

13 BIN 4 nI I  I I  1 1  I I  I f  I I  4

14 BIN 5 I I  I f  1 1  1 1  I I  r -D

15 BIN 6  --- 11 1 1  1 1  1 1  I I  I I  6

16 Going l o w  i n d i c a t e s  a  r e s u l t  i n  e i t h e r
b i n  7 ,  8  o r  9 .

BIN 7

24 GNP E l e c t r i c a l  G round .

WAYNE KERR 3 2 4 5 E:5

TABLE E l  S t a n d a r d  H a n d l e r  . I n t e r f a c e  S i g n a l  D e f i n i t i o n s

1L. =  7 4 L  See

F i g u r e  E 2  C i r c u i t  t o  g e n e r a t e  C o n t i n u o u s  T r i g g e r
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1 INTRODUCTION

Appendix F

Analog Output Opt ion

The A n a l o g  O u t p u t  o p t i o n  prov ides two analog ou tpu t  vo l tages  w h i c h  v a r y
from 0  t o  1  v o l t  d . c .  i n  p ropo r t i on  t o  t h e  major  and minor  te rms,  r e s p e c t i v e l y
(upper a n d  lower  d isp layed  r e s u l t s ) .  T h e s e  ou tpu ts  can be used w i t h  a  c h a r t
recorder t o  p rov ide  a  p r i n t e d  copy o f  t h e  v a r i a t i o n  i n  measured parameters w i t h
time.

The a n a l o g  ou tpu t  vo l t age  i s  ca l cu la ted  accord ing  t o  t h e  measured r e s u l t
and t w o  l i m i t s :  a  maximum l i m i t  corresponding t o  an  ou tpu t  o f  I V  d . c .  T h e s e
l im i t s  can be s p e c i f i e d  b y  t h e  user  accord ing t o  t h e  s c a l e  requ i red .  T h e y  a re
speci f ied w i t h o u t  dimensions because t h e  analog vo l t age  w i l l  be  based upon t h e
numerical d i s p l a y e d  r e s u l t ,  i r r e s p e c t i v e  o f  i t s  u n i t s .  T h e r e f o r e  a  maximum
l i m i t  o f  10 may be  i n t e r p r e t e d  as  1 0  Henrys, 1 0  ohms o r  10 Farads i n  N o r m a l
mode, o r  10% i n  Dev ia t i on  and L i m i t s  mode.

2 OPERATION

To e n a b l e  t h e  maximum and minimum l i m i t s  t o
"Analog S e t "  i s  p rov ided .  I f  an Analog Output
instrument, t h e n  " A n a l o g  S e t "  w i l l  be  d isp layed
selected by  press ing t h e  corresponding s o f t - key.
th is  k e y  w i l l  n o t  be  l a b e l l e d .  S a m p l e  d i sp l ays
f igure  F l .

be e n t e r e d ,  a  mode c a l l e d
opt ion card  i s  f i t t e d  i n  t h e
i n  t h e  main index  and may b e

I f  t h e  card  i s  miss ing,  t h e n
from Analog Set  a re  g i ven  i n

When t h e  maximum and minimum l i m i t s  have been en te red ,  t h e  user  may sw i t ch
the Analog Output t o  ' O N ' .  A  measurement mode, f o r  example " L i m i t s " ,  may then
be entered v i a  t h e  main index .  A f t e r  each successive measurement, t h e  analog
voltage w i l l  be up-dated.  I f  t h e  r e s u l t  i s  g r e a t e r  t han  t h e  maximum o r  l e s s
than t h e  minimum, t h e n  t h e  l i m i t i n g  va lue  w i l l  b e  ou tpu t  i ns tead .

The Analog Output w i l l  remain on u n t i l :

i )  I t  i s  swi tched o f f  f r om  Analog Set  mode.

i i )  T h e  L o c a l  b u t t o n  i s  pressed w h i l e  i n  Loca l  mode, g i v i n g  t h i s  b u t t o n  t h e
add i t iona l  f u n c t i o n  o f  an  "Analog O f f "  c o n t r o l .

can
the

While t h e  Analog Output  i s  tu rned  o f f ,  t h e  ou tpu t  vo l t age  f o r  each channel
be s e t  by  t h e  u s e r  t o  "M in "  ( 0 V ) ,  " M i d "  ( 0 . 5 V )  o r  "Max" (1 .0V)  t o  e n a b l e

de f lec t ion  o f  t h e  reco rde r  t o  be s e t  up .

Calculat ing t he  app rop r i a te  analog vo l tage  s lows t h e  o v e r a l l  measurement r a t e ;
no such c a l c u l a t i o n  w i l l  be  made i f  t h e  Analog Output  i s  tu rned  OFF.
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Limits for
Upper & Lower
Channels

5.1 Analog OuOat

1.1o,er Channel:

Mn, 7 5 5 . 0 k
. n  = 5 5 0 0 k

Lower Channel

W O
M.1_ - 9 0 0

Brackets segregate
Upper & Lower controls

Select NORMAL
Measurement mode

Figure F l  A n a l o g  Se t  Mode D isp lay

Toggles between
and OFF

Toggles between
MID and Fwq

Pointer moves between
Upper and Lower Min
and Max to indicate
Update parameter

New Safety  Features

Analyzers w i t h  so f tware  r e v i s i o n s  l a t e r  t han  7 . 0  ( t o  check, u s e  CODE 0 . 5  -  see
page 7 : 4 )  have two  a d d i t i o n a l  s a f e t y  f e a t u r e s ,  S a f e t y  I n t e r l o c k  and B ias  S t a t u s ,
appl icable t o  t h e  c o n t r o l  o f  i n t e r n a l  b i a s  and ( v i a  3220) e x t e r n a l  b i a s .  B o t h
these new fea tu res  r e q u i r e  an  Analog Output board  (A01) t o  be f i t t e d  i n  o r d e r  t o
use t h e  d i g i t a l  I / O  l i n e s  a v a i l a b l e .  I f  an  Analog Output board i s  n o t  f i t t e d ,
operation o f  t h e  3245 w i l l  be  as  f o r  p rev ious  r e v i s i o n s .

Safety I n t e r l o c k  -  I n  o rde r  t o  t u r n  t h e  b i a s  o n  i t  w i l l  be  necessary t o  e n g a g e
the S a f e t y  I n t e r l o c k .  I f  a  sw i tch  i s  connected between p ins  5  and 12 o f  t h e
Analog O u t p u t  S o c k e t ,  t h e n  t h e  b i a s  can be t u rned  on on ly  i f  t h e  s w i t c h  i s
closed. I f  t h e  component under  t e s t  i s ,  f o r  example, a n  i n d u c t o r  t h a t  m a y
generate dangerous  back-EMF's due t o  a  change i n  b i a s  c u r r e n t ,  t h e n  i t  may b e
placed i n  a  p r o t e c t i v e  box .  C l o s i n g  t h e  l i d  on  t h i s  box w i l l  c l ose  t h e  s w i t c h
and s o  enable t h e  b i a s  c u r r e n t  t o  be a p p l i e d .  O p e n i n g  t he  l i d  w i l l  b reak  t h e
switch, c a u s i n g  t h e  c u r r e n t  t o  be tu rned  o f f  au toma t i ca l l y  a n d  t h e  SAFETY
INTERLOCK message t o  be d isp layed.

Bias S t a t u s  -  P i n  6  o f  t h e  Analog Output board w i l l  r e f l e c t  t h e  s t a t e  o f  t h e
bias c u r r e n t .  W h e n  t h e  3245 i s  f i r s t  t u r n e d  on ,  t h e  b i a s  cu r ren t  w i l l  be  o f f
and sa fe  so t h i s  l i n e  w i l l  be  h igh .  W h e n  t h e  b i a s  i s  tu rned  on,  t h i s  l i n e  w i l l
immediately go l o w,  i n d i c a t i n g  t h a t  t h e  b i a s  i s  UNSAFE. O n l y  then w i l l  t h e  3245
attempt t o  t u r n  t h e  b i a s  c u r r e n t  on .  T h i s  l i n e  w i l l  s t a y  l ow  u n t i l  t h e  b i a s  has
been t u r n e d  o f f ,  w h e t h e r  as  t h e  r e s u l t  o f  a  command o r  au tomat i ca l l y  due t o  a
f a u l t  c o n d i t i o n .  T h e  l i n e  w i l l  t hen  go h i g h  o n l y  when t h e  b ias  c u r r e n t  has been
turned o f f .  T h e  l i n e  does n o t ,  t h e r e f o r e ,  i n d i c a t e  when t h e  cu r ren t  i s  a t  i t s
set va l ue  b u t  when t h e  b i a s  c u r r e n t  i s  SAFE o r  tu rned  o f f .

This l i n e  i s  in tended t o  d r i v e  a  so leno id  o r  s i m i l a r  dev ice  t o  l o c k  a  box ,  s u c h
as r e f e r r e d  t o  a b o v e ,  a n d  s o  p r e v e n t  a c c e s s  t o  a  p o t e n t i a l l y  dange rous
component.

In summary:

Pin 6  H I G H  =  SAFE :  t h e  b i a s  i s  o f f
LOW =  UNSAFE :  c u r r e n t  may be f l o w i n g



TABLE F l  ANALOG SET MODE COMMANDS

SOFT KEY LABEL FULL GPIB COMMAND GPIB
ABBREVIATION

FUNCTION

ANALOG O N / O F F ANALOG ON *

ANALOG OFF *

ANN *

ANF *

Enable t h e  A n a l o g  O p t i o n .

D i s a b l e  t h e  A n a l o g  O p t i o n .

OFF LEVEL MIN/MID/MAX UPPER OFF MIN

LOWER OFF MIN

UPPER OFF MID

LOWER OFF MID

UPPER OFF MAX

LOWER OFF MAX

UFN

LFN

UFD

LFD

UFX

LFX

S p e c i f y  o u t p u t  l e v e l  when
Analog i s  d i s a b l e d  f o r  t h e
Upper o r  l o w e r  c h a n n e l .
MIN = OV, MID = 0.5V, MAX = 1.OV

SET MIN UPPER MIN " Va l u e "

LOWER MIN " Va l u e "

UMN " Va l u e "

LMN " Va l u e "

S p e c i f y  Minimum L i m i t  f o r
Upper o r  Lower  c h a n n e l .

SET MAX UPPER MAX " Va l u e "

LOWER MAX " Va l u e "

UMX " Va l u e "

UML " Va l u e "

S p e c i f y  Maximum L i m i t  f o r
Upper o r  L o w e r  c h a n n e l .

*  NOTE:
These a r e  t h e  o n l y  GPIB Commands t h a t  may b e  u s e d  i n  modes o t h e r  t h a n  A n a l o g  S e t .

gla£ IINDI aMAVM
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3 S O C K E T  DETAILS

15 p i n  D - t y p e  Fema le .

Pin 1 Analog OV
Pin 2 Analog Upper O u t p u t
Pin 3 Analog Lower O u t p u t
Pin 4 D i g i t a l 0V
Pin 5 D i g i t a l 0/P b i t  0
Pin 6 D i g i t a l 0/P b i t  1
Pin 7 D i g i t a l 0/P b i t  2
Pin 8 D i g i t a l 0/P b i t  3
Pin 9 D i g i t a l OV
Pin 1 0 D i g i t a l OV
Pin 11 D i g i t a l OV
Pin 1 2 D i g i t a l I / P  b i t  0
Pin 1 3 D i g i t a l I / P  b i t  1
Pin 1 4 D i g i t a l I / P  b i t  2
Pin 1 5 D i g i t a l I / P  b i t  3

WAYNE KERR 3245  F : 4

4 HARDWARE DETAILS

{ ' M a j o r '  t e r m )
( ' M i n o r '  t e r m )

Reserved f o r
f u t u r e  u s e

The A n a l o g  O p t i o n  c a r d  i s  s l o t t e d  i n t o  o n e  o f  t h e  e x p a n s i o n  p o r t s  i n  t h e
rea r  o f  t h e  i n s t r u m e n t .

5 A N A L O G  OUTPUT

i )  O u t p u t  V o l t a g e  0  t o  1V  d . c .  i n t o  1  kohm minimum l o a d .
O f f s e t  a d j u s t a b l e  b y  i n t e r n a l  p r e s e t .

Output R e s o l u t i o n

Step Response

P r o t e c t i o n

0.2%

35 ms f r o m  e n d  o f  measurement t o  1% f i n a l  v a l u e .

Cont inuous s h o r t  c i r c u i t .

i i )  T h e  A n a l o g  O u t p u t  v o l t a g e  w i l l  b e  c a l c u l a t e d  a c c o r d i n g  t o  t h e  f o l l o w i n g
exp ress i on :

Analog Vo l t a g e  =  Measured Va l u e  -  Minimum L i m i t
Maximum L i m i t  -  Minimum L i m i t

i i i )  M a x i m u m  a n d  M i n i m u m  l i m i t s  may b e  e n t e r e d ,  w i t h  a  s i g n ,  t o  e n a b l e
nega t i ve  p e r c e n t a g e  d e v i a t i o n ,  a n g l e s  e t c  t o  b e  o u t p u t .

The m a x i m u m  and  minimum l i m i t s  w i l l  b e  i n t e r c h a n g e d  a u t o m a t i c a l l y  i f  t h e
minimum l i m i t  i s  g r e a t e r  t h a n  t h e  maximum l i m i t .  I f  t h e  l i m i t s  a r e  e q u a l ,  t h e
ou tpu t  v o l t a g e  w i l l  b e  OV i f  t h e  measurement i s  l o w e r  t h a n  t h e  l i m i t s ,  a n d  1 V
i f  g r e a t e r .

i v )  T h e  u p p e r  c h a n n e l  o u t p u t  a l w a y s  c o r r e s p o n d s  t o  t h e  u p p e r  ( m a j o r  t e r m )
d i s p l a y e d  r e s u l t ,  a n d  s i m i l a r l y  f o r  t h e  l o w e r  c h a n n e l .  I n  measurement modes
w i t h  one  d i s p l a y e d  r e s u l t ,  t h e  u p p e r  c h a n n e l  o n l y  w i l l  o p e r a t e .
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