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PROTECT AGAINST ELECTROSTATIC DISCHARGE 
In this instrument there are MOSFET 
semiconductors, which can be damaged 
by electrostatic discharge during handling. 
The following precautionary procedures 
are recommended to minimize this pos
sibility. 

U\· �� 

HANDLE STATIC 
SENSITIVE DEVICES 
ONLY AT A GROUNDED, 
STATIC-FREE WORK 

)J STATION 

HANDLE DEVICES BY 
THE BODY. DO NOT 
TOUCH TH E DEVICE 
LEADS. 

BE SURE YOUR SOLDERING IRON 
TIP IS GROUNDED 
AND DO NOT USE 
SO LDER-SUCKERS 
THAT ARE NOT 
ANTI-STATIC 
PROTECTED 

USE ANTI-STATIC 
PACKAGING FOR 
HANDLING AND 
TRANSPORT 

KEEP PARTS IN 
MANUFACTURER'S 
PROTECTED 
CONTAINERS 

DISCHARGE PERSONAL 
STATIC BEFORE 
HANDLING DEVICES 

AVOID HANDLING 
WHENEVER POSSIBLE 

DO NOT SLIDE STATIC 
SENSITIVE DEVICES 
OVER ANY SURFACE AND 
AVOID PLASTIC, VINYL 
AND STYROFOAM IN 
WORK AREAS 

-��I -X-� 
Electro Scientific Industries, Inc. 
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S.l INTRODUCTION 

SECTION S 
SAFETY INFORMATION 

Read and follow the CAUTIONS and WARNINGS in this manual. They are 

designed to emphasize safety during all phases of operation and 

maintenance. 

S.2 SAFETY TERMS AND MEANINGS: 

CAUTION Statements that identify conditions or practices that 

could result in damage to the equipment or property. 

WARNING Statements that identify conditions or practices that 

could result in personal injury or loss of life. In 

addition, damage to the equipment or other property may 

result. 

DANGER -- Indicates a personal injury hazard is near the marking. 

S.3 WARNINGS APPEARING IN THIS MANUAL: 

DANGER 

THE VIDEO CIRCUITRY CONTAINS DANGEROUSLY HIGH VOLTAGE. 
EXERCISE EXTREME CARE TO AVOID POSSIBLE ELECTRIC SHOCK WHICH 
MAY RESULT IN SEVERE INJURY OR DEATH. 

DANGER 

A L L  P A R TS OF THE P OWER SUPPLY ASSEMBLY INCLUDING INPUT 
C I R C U I T  COMMON ARE AT OR ABOVE POWER LINE VOLTAGE. THE 
ENERGY AVAILABLE AT ANY POINT ON THE ASSEMBLY MAY BE LIMITED 
ONLY BY THE INPUT FUSE. DO NOT ATTEMPT SERVICE OPERATIONS. 
F AILURE TO OBSERVE THIS WARNING MAY RESULT IN SEVERE INJURY 
OR DEATH. 
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DANGER 

E L E CTR ICAL SHOCK HAZARD E X ISTS WHEN A B IAS SUPPL Y IS 
CON N E CTED TO TH IS INSTRUMENT . USER SUPPL IED B IAS VOLTA GE MA Y 
BE PRESENT AT INSTRUMENT TERMINALS AND TEST F IXTURES . USE 
ONL Y B IAS VOLTA GES UP TO + 2 00VD C AND B IAS S UPPL IES CURRENT 
L IM ITED AT lOOmA. DO NOT TOUCH , CONNE CT I OR D IS CONNECT THE 
UNKNOWN COMPON E N T  OR BN C CA B L E S  WH IL E  A B IA S  V O L TA GE IS 
APPL IED . FAILURE TO OBSERVE T H IS WARN IN G  MA Y RESULT IN S EVERE 
INJUR Y OR DEATH . 

WARNING ' 
ELECTRICAL SHOCK HAZARD EXISTS WHEN BIAS SUPPLIES ARE 
CONNECTED TO THIS INSTRUMENT. WHEN EXTERNAL BIAS SUPPLIES 
ARE ATTACHED, THE BIAS VOLTAGES ARE PRESENT ON THE REAR PANEL 
BNC CONNECTORS. USE ONLY BIAS VOLTAGES UP TO +50VDC WITH 
EACH BIAS SUPPLY CURRENT LIMITED AT lOOmA. DO NOT TOUCH, 
C O N N E CT, OR DISCONNECT THE MEASURED COMPONENT OR THE BNC 
CABLES WHILE BIAS VOLTAGES ARE APPLIED. 

WARNING ' 
TO PREVENT POSSIBLE ELECTRICAL SHOCK OR DAMAGE TO THE 
INSTRUMENT, CHECK LOCAL ELECTRICAL STANDARDS BEFORE SELECTING 
A P O W ER CORD. THE INFORMATION PRESENTED HERE MAY NOT BE 
CORRECT FOR ALL LOCATIONS WITHIN THE REFERENCED AREAS. 

WARNING ' 
TO AVOID PERSONAL INJURY FROM ELECTRIC SHOCK DO NOT REMOVE 
I N S TR UMENT COVERS OR PERFORM ANY M AINTENANCE OTHER THAN 
D E S CRIBED IN THIS MANUAL. INSTALLATION AND MAINTENANCE 
PROCEDURES DESCRIBED IN THIS MANUAL ARE TO BE PERFORMED BY 
QUALIFIED SERVICE PERSONNEL ONLY. 

WARNING ' 
REMOVAL OF INSTRUMENT COVERS MAY CONSTITUTE AN ELECTRICAL 
HAZARD AND SHOULD BE ACCOMPLISHED BY QUALIFIED SERVICE 
PERSONNEL ONLY. 

WARNING ' 
TO AVOID ELECTRIC SHOCK FROM DANGEROUSLY HIGH VOLTAGES, USE 
THE FOLLOWING PROCEDURES ONLY WHEN TROUBLESHOOTING THE ANALOG 
A N D  D IGITAL CIRCUITS OF THIS INSTRUMENT. DO NOT USE THIS 
PROCEDURE TO TROUBLESHOOT THE POWER SUPPLY OR CRT CIRCUITRY. 
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WARNING ' 
HANDLE THE CRT WITH CARE. ROUGH HANDLING OR SCRATCHING CAN 
CAUSE THE CRT TO IMPLODE. TO AVOID PERSONAL INJURY FROM 
IMPLOSION WEAR PROTECTIVE GOGGLES AND CLOTHING WHEN WORKING 
WITH THE CRT. ONLY WORK WITH THE CRT IF YOU ARE QUALIFIED TO 
DO SO. 

WARNING ' 
D I S C ONNECT ALL POWER TO THE INSTRUMENT BEFORE REPLACING 
COMPONENTS. FAILURE TO DO SO MAY RESULT IN ELECTRICAL SHOCK. 

WARNING ' 
THE CR T IS . CAPABLE OF STORING A HIGH VOLTAGE CHARGE AFTER 
P O W E R  HAS BEEN REMOVED. TO PREVENT PERSONAL INJURY FROM 
ELECTRIC SHOCK, USE AN OSHA OR UL APPROVED SHORTING STRAP TO 
DISCHARGE ALL HIGH VOLTAGE POINTS TO CHASSIS GROUND. THIS 
PROCEDURE MUST BE PERFORMED BY QUALIFIED PERSONNEL ONLY. 

WARNING 

TO AVOID ELECTRIC SHOCK FROM DANGEROUSLY HIGH VOLTAGES, USE 
O N L Y  I N SULATED PLASTIC TRIM T OOLS TO PERFORM THE VIDEO 
ADJUSTMENTS DESCRIBED BELOW. 

BECAUSE OF DIFFERING POWER REQUIREMENTS, INSTRUMENTS SHIPPED 
OUTSIDE THE UNITED STATES MAY REQUIRE A DIFFERENT POWER CORD 
CONNECTOR. WHEN PLACING A NEW CONNECTOR ON THE POWER CORD, 
CA R E  MUST BE TAKEN TO ASSURE ALL THREE WIR E S  (E,N,L) ARE 
CONNECTED PROPERLY. THE GREEN OR GREEN-WITH-YELLOW-STRIPE 
WIRE IS ALWAYS CONNECTED TO EARTH GROUND (E). THE WHITE OR 
LIGHT-BLUE WIRE IS CONNECTED TO THE NEUTRAL SIDE OF THE POWER 
LINE (N). THE BLACK OR BROWN WIRE IS CONNECTED TO THE HIGH 
S I D E  O F  THE POWER LINE (L). FIGURE 2-6 ILLUSTRATES THE 
A V A I L ABLE POWER CORD CONFIGURATIONS ACCORDING TO COUNTRY 
WHICH MAY BE USED IN VARIOUS COUNTRIES INCLUDING THE STANDARD 
POWER CORD FURNISHED WITH THE INSTRUMENT. 

WHEN PERFORMING ANY CALIBRATION OR MAINTENANCE OPERATION, DO 
NOT REMOVE OR REPLACE CIRCUIT CARDS WHILE THE POWER IS TURNED 
ON. FAILURE TO TURN POWER OFF MAY RESULT IN ELECTRIC SHOCK 
OR DAMAGE TO THE INSTRUMENT. 
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AVOID THE USE OF CHEMICAL CLEANING AGENTS WHICH MIGHT DAMAGE 
THE PLASTICS USED IN THIS UNIT. DO NOT APPLY ANY SOLVENT 
CONTAINING KETONES, ESTERS, OR HALOGENATED HYDROCARBONS. TO 
CLEAN, USE ONLY WATER SOLUBLE DETERGENTS, ETHYL, METHYL, OR 
ISOPROPYL ALCOHOL. 

THE BRIGHTNESS CONTROL LOCATED AT THE REAR OF THE INSTRUMENT 
CAN BE EASILY DISTURBED WHEN WRAPPING THE POWER CORD ON THE 
REAR FEET. VERIFY THE CORRECT SETTING OF THIS CONTROL BEFORE 
CONTINUING WITH ADDITIONAL ADJUSTMENTS. 

D O  N OT USE AN OHMMETER SCALE THAT HAS A HIGH INTERNAL 
CURRENT. HIGH CURRENTS MAY DAMAGE THE DIODES UNDER TEST. 

IF T HE INSTRUMENT IS PLACED WITHIN A STRONG MAGNETIC FIELD, 
THE VIDEO DISPLAY MAY BECOME PERMANENTLY DISTORTED. IF THIS 
CONDITION OCCURS, DEGAUSSING THE VIDEOBRIDGE CASE IS REQUIRED 
TO RETURN THE DISPLAY TO NORMAL OPERATION. THIS MUST BE DONE 
BEFORE CONTINUING WITH ADDITIONAL ADJUSTMENTS. 

USE OF ANY OTHER TOOL THAN THE RECOMMENDED HEX HEAD PLASTIC 
TRIM TOOL MAY RESULT IN ELECTRICAL SHOCK OR DAMAGE TO THE 
TUNING SLUG. 

DO NOT ATTEMPT TO LOAD OBJECT CODE TAPES USING 13 CODE. THE 
INSTRUMENT WILL BECOME "HUNG UP· AND MUST HAVE POWER SHUT OFF 
TO RESET. THIS CAN CAUSE LOSS OF DATA. 

DO NOT USE NEGATIVE TEST CODES IF NOT LISTED. ILLEGAL ENTRIES 
MAY CAUSE INSTRUMENT MALFUNCTION ALONG WITH LOST OR ALTERED 
DATA. IF THE VIDEOBRIDGE BECOMES ·HUNG UP·, POWER MUST BE 
SHUT OFF TO RESET. 
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FORMATTING A TAPE DESTROYS ANY AND ALL DATA WHICH MAY HAVE 
BEEN PREVIOUSLY SAVED ON THE TAPE. 

DO NOT ENTER TEST CODE 6 OR TEST CODE -6 WITHOUT ZRAM OPTION 
INSTALLED. 

S.4 LOCATION OF WARNING LABELS APPEARING ON THE INSTRUMENT 

/' H ORI�NTAL /' DANGER �' WIDTH l' 
HIGH VOLTAGE • •  &. VERTICAL VERTICAL 

'1 HEIGHT CENTER . 

• 
CONTRAST 

Figure S-l. 

elsli 

I / 'OCo; 

,",WARNING DANGEROUS VOLTAGES� 
L I N E  AC, HIGH VOLTAGE. AND STORED DC ARE 

PRESENT INSIDE THIS COVER, 

TO AVOID RISK OF INJURY OR DEATH 
DO NOT REMOVE THIS COVER, &. READ AND FOllOW PRODUCT M ANUAL 

CAUTION To prevenl electrical ,hock, do not 
remove cover. Refer service to q.;olified 
personnel. For continued fire protection use 
some type and rating of fuse. Disconnect 
power input before replacing fuse. 

Warning Label Locations 
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1.1 INTRODUCTION 

SECTION I 
DESCRIPTION 

E S I '  s Mod e l  2 1 50 a n d  M o d e l 2 1 60 A u t o  L R C  Me t e r s  a re two e x t re me l y  

v e r s a t i l e  i mp e da n ce mea s u r i n g i n s t rumen t s . T he y  f e a t u re v a r i a bl e  t e s t  

f re q u e n c i e s  up t o  1 50kH z , p r og ramma b l e  t e s t- s i g n a l  l e ve l s ,  c ompone n t  

s o r t i ng ,  a n d  C R T  d i sp l ay s . T he y  mea s u r e  i nd u c t o rs ( L ) ,  r e s i s t o rs ( R ) , 

c a pa c i tors  ( C ) ,  a n d  d i sp l ay up t o  1 6  i mp e da n c e  c h a ra c t e r i s t i c s . 

The 2 1 50/2 1 60 L R C  m e t e r  i s  ba s i ca l ly c ompose d o f  a f re q u e n c y  

s e l e c ta b l e  s i n ewa v e  g e n e ra to r , a t e s t- l e v e l r e g u l a t o r , p re c i s i on 

r a n g e  r e s i s t or s , a p h a s e - se n s i t i ve v o l t me t e r ,  a n d  a c h a r g e  ba l a n c i n g  

a n a l og - t o- d i g i ta l  c o n ve r t e r .  A l l mea su r e me n t s , c a l cu la t i on s , a n d  

d i sp l ays a re u n de r  t h e  c o n t ro l  o f  t h e  2 1 50 / 2 1 60's Z 80 m i c roproce s s or . 

NOTE : D u e  t o  t he e x t e n d e d  f re q u e n c y  capab i l i  t i e s  o f  t h e  
2 1 50/2 1 60 ,  m e a s u r e me n t s a bove 1 0kH z ( 1k H z  f o r  capa c i t o r s ) 
a r e s e n s i t i v e  t o  t h e p o s i t i o n o f  t e s t  c o n n e c t i o n s . W e  
s t rong  l y  r e c omme n d  t h a  t y o u  f a m i  1 i a  r i z e  y o u  r s e l  f w i t h  t h e  
s e c t i on s  i n  t h i s  m a n ua l c o n c e rn i ng C onne c t i o ns t o  t h e  
U nknown a n d  T e s t  L e a d s  v s . T e s t  F i x t u r e s  ( S e c t i on s  2 . 3 . 3  a n d  
2 . 3 . 4 ) . W e  h o p e  t h i s  w i l l  h e l p  y o u  i mp r o v e  m e a s u r e me n t  
r e l i a b i l i ty a n d  u t i l i z e y o u r  V i de oB r i d g e  more p r o du c t i ve l y .  

A l l f u n c t i on s , p r o c e d u re s , a nd spe c i  f i ca t i  ons 1 i s t e d  i n  t h i  s manua 1 

a s sume a m i n i mu m  o f  1 0  m i n u t e s  w a rm-up t i m e . 
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T h e  2 1 5 0/ 2 1 6 0 a l s o o f f e r s  a w i de va r i e ty o f  t e s t  cond i t i on s : 

T e s t  f reque n c i e s  -- f r om 2 0H z  t o  1 5 0k H z , 3 0 2 3  t o ta l. 

( Se c t i on 2 . 5 . 1 )  

T e s t  s i g n a l l e ve l s  - - f rom 5 mV t o  1 5 0 0mV o r  f r o m  O . l mA 

t o  1 00 mA . ( Se c t i o n  2 . 5 . 2 )  

P r e s e t M e a s u reme n t  P a r a me t e rs -- choose f ro m  3 pre se t 

c o mb i n a t i on s  o f  se t t l i ng t i me , i n te g ra t i on t im e , a n d  

n u m b e r  o f  mea s u r e me n t s a v e r a g e d . P rog ra mme d f o r  FAS T , 

M E D I U M , or  S L OW opera t i on ,  y o u  c a n  s e l e c t  t h e s e  

c o mb i n a t i on s  o r  e n te r  your  own .  ( S e c t i on 2 . 8 . 1 )  

S e t t l i ng t i m e s -- f ro m  2 m s  t o  1 5 00 m s  ( i n Ims s te p s ) .  

( S e c t i on 2 . 8 . 3 )  

I n t e g r a t i o n t i m e s  - - f r om 2 m s  t o  6 0 0 m s . ( S e c t i o n 

2 . 8 . 2 )  

M e a s u r e m e n t  ave r a ge s  

m e a s u r e me n t s t o  be a v e ra g e d . 

s e l e c t  f rom 

( S e c t i o n 2 . 8 . 4 )  

1 t o  

Sp e c i a l  m e a s u r e me n t  f e a t u r e s  b u i l t i n t o  t he i ns t rume n t s  i n c l u de : 

Z e ro c a l i b ra t i on 

c a l i br a t i on t o  

T h e  

m e a s u r e  

2 1 5 0/2 160 

a n d  c or r e c t  

p e r f o r m s  

o f f se t s 

2 0  

z e r o  

f o r  

d i f fe re n t  s e t t i ng s  o f  t h e  t e s t  cond i t i on s  m e n t i on e d  

a b o v e . T h e  o f f s e t  c o r rect i o n s  f o r  a s  m a n y  a s  f o u r  

c o m b i na t i on s  o f  t he s e  s e t t i ng s  a re s t ored  i n  memory . 

Ea c h  o f f se t  c o r re c t i on i s  r e c a l l e d  w h e n e v e r  t h e  

c o r r e sp o n d i ng c o mb i na t i on o f  s e t t i ng s  i s  r e - e n t e re d . 

T h i s  s a v e s  you t h e  t im e  o f  r e - c a l i bra t i n g . ( S e c t i on 

2 . 3 . 5 )  

1 - 2 
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D i sp l a y  t e s t  l e v e l  -- t o  t he u n k n ow n . T h e  a c t u a l t e s t  

l e v e l  s u p p l i e d m a y  v a r y  f r o m  t h e  p r o g r a m m e d  v a l u e 

be ca u s e  o f  m i sma t c h e s  t h a t  m i g h t  o ccu r w h e n  a t t e mp t i n g 

t o  u s e  c o n s t a n t  v o l t a g e  o n  a l ow i mp e da n c e  d e v i ce or 

c o n s ta n t  c u r r e n t  on a h i g h  i mpeda n ce d e v i ce . ( S e c t i on 

2 . 5 . 2 )  

So r t i ng ope ra t i on s  o f f e r  u n i qu e  f e a t u re s  b o t h  i n  e a s e  o f  ope ra t i on 

a nd d i a g n os i ng s e t u p  p r o b l e m s . T h e se i nc l ude : 

D e v i a t i o n - - f r o m  a n om i n a l  v a l u e  i s  d i s p l a y e d  i n  

e i t h e r  a bs o l u te or pe r c e n t a g e  te rms. ( S e c t i on 2 . 6 )  

Comp on e n t  s o r t i ng - - c ha ra c te r i z e s  c o mp o n e n t s  i n t o  1 1  

t o l e r a n c e  c a t e g o r i e s , a m a j o r  r e j e c t , o r  a m i n o r  

r e j e c t  w h i l e  c ou n t i ng t he numbe r o f  c ompon e n t s  t ha t  

f a l l  i n  t o  e a c h  c a  t e g ory . ( S e c t i  o n  2. 7 )  

P A S S / FAI L t e s t  - - i n d i c a t or s  a re dis p l a y e d  o n  t he CRT 

for h a nd opera t e d  GO/NO-GO t e s t i ng .  ( Se c t i o n 2 . 7 )  

1 - 3 
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M a s s  s to ra g e  f o r te s t  pa ra m e t e r  se t u ps a n d  m e a s u re m e n t  re su l t s  i s  t h e  

f e a t u re t ha t  s e t s  t h e  Mode l  2 1 6 0 a pa rt f rom t h e  M o de l  2 1 5 0 . T h e  2 1 6 0  

ha s a ca s s e t t e  t a pe de c k  t h a t u se s  m i n i - ca s s e t t e  t a pe s  f o r  s t o ri n g  

a n d  re l oa di n g t e s t  pa ra me t e r  prog ra m s  a l on g  w i  t h  S TAT a n d  ANALOG 

a ppl i ca t i on s  pro g ra m s . C a s s e t t e f e a t ure s i n c l u de :  

D i re c t o ry -- o f  a l l  f i l e s  o n  a t a pe 

A l ph a n u m e ri c  -- c h a ra c t e r  e n t ry f o r  f i l e names  

A u t o s t a rt - - f e a t u re l oa ds a n d  e x e c u t e s  a f i l e 

a u toma t i ca l l y w he n  i n s t ru me n t  powe r i s  a ppl i e d. 

( F o r  more i n f orma t i on ,  re f e r  t o  Se c t i on 2 . 9  C a s s e t t e T a pe L o a de r. ) 

C om m u n i ca t i on i n t e rf a c i n g  t h e  t ra n s f e r  o f  m e a n i n g f u l  i n f o rma t i on 

be tw e en i n s  t ru m e n  t a n d  o pe ra t o r  i s  t h e  re a s on f or t he ca t h o de- ra y 

t u b e  ( C RT ) di s pl a y . T h e  5 - i n c h  CRT pro v i de s  di f f e re n t  mea s u re me n t  

i n f o rm a t i on u t i l i z i n g  two di s pl a y  f orma t s : 

1 -- I n t h e  di re c t  di s pl a y  f orma t ,  t h e  C R T  prov i de s  l a  rg e e a  s y - t o 

re a d  a l ph a n u me ri c  c h a ra c t e rs t o  h i g h l i g h t u p  t o  6 di g it s  o f  

m e a s u re me n t  i n f o rma t i on , a n d  s ma l l  a l ph a n u m e ri c c h a ra c t e rs t o  

di s pl a y  t he s e t t i n g s  f o r f requ e n c y , n om i na l  va l u e , me a s u re me n t  

m o de , t e s t s i g n a l l e ve l , se t t l i n g t i me , i n t e g ra t i on t i me , a n d  

n u mb e r  o f  mea s u re me n t s  a ve ra g e d. 

2 - - I n  t h e  s t a t u s  di s pl a y f o rm a t ,  t h e i n s t ru m e n t  s i m u l t a n e o u s l y  

di s pl a y s  + a n d  - l i m i t s f or a l l  c om po n e n t  t o l e ra n c e  b i n s , a n d  

t h e i r  c o m pon e n t  c o u n t e rs c a pa b l e  o f  u p  t o  6 5 5 3 5  c o u n t s  f o r  e a c h  

b i n .  

NOTE : I n  t h e  di re c t  di s pl a y  f o rma t ,  s o m e  mea s u re m e n t  va l u e s  
m a y  c on t a i n  ha l f - s i z e d  z e roe s .  T h e s e  a ppe a r  t o  t h e  ri g h t  o f  
t h e  l a s t  s i g n i f i ca n t  di g i t  due t o  f a c t o rs a f f e c t i n g 
re s o l u t i o n .  F o r  e x a m pl e , w h e n  a D f a c t o r o f  . 0 0 0 1 2  i s  
di s pl a y e d  i n  pa rt s pe r m i l l i on ,  i t  b e c ome s 1 2 0  ppm-D ) .  

1 - 4 
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One t o  s i x  d i g i t s o f  mea s u r e me n t  i n f or ma t i on c a n  be d i sp l a y e d  on t h e  

C R T . T h e  n u m b e r o f  d i g i t s d i s p l a y e d  i s  r e l a t e d  t o  t h e r e s o l u t i o n 

c o n t a i n e d  i n  t h e  A/D c o n v e r s i on p r o c e s s . M o r e  c ommon l y , t h e  n u m b e r  o f  

d i g i  t s  d i sp l a y e d  depe n d s  upon s e l e c ta b l e  f a c t o r s  s u c h  a s  m e a s u re me n t  

spe e d , t e s t  f r e q u e n c y , a n d  i mpeda n c e  r a n g e . O f  t he s e , m e a s u re me n t  

spee d  h a s  t he g re a t e s t  e f f e c t  on n u mber o f  d i g i t s  d i sp l a ye d : 

d i g i ts requ i re m o r e  t i me .  

more 

A s p e c i a l  t e s t  m o d e  ( 27 CODE ) a l l ow s  d i sp l a y  of  more d i g i t s at  f a s te r  

spe e d s  i f  d e s i r e d . H oweve r ,  t h e s e  e xp a n d e d  rea d i ng s  may n o t  i mprove 

t r u e  m e a s u r e me n t  r e s o l u t i on d u e  t o  a c t ua l s i g n a l - t o-no i s e ra t i o s . 

The  M od e l  2 1 5 0 / 2 160 o f fe r s  m a x i mu m  f l e x i b i l i ty w i t h  a w i de r a n g e  o f  

op t i on s . M a n y  op t i on s  a re f i e l d  i n s ta l l a b l e  a n d  a re d e s i g n e d  t o  t a i l or 

i n s t r u me n t  ope ra t i on t o  spe c i f i c  t e s t i ng r eq u i reme n t s . T hey ope ra t e  a s  

s ta n d- a l on e  be n c h top t e s t e r s  o r  c a n  b e  u se d  w i  t h  a u x i l i a ry h a nd l i ng 

equ i pmen t  t o  f i t  e a s i l y  i n t o  s op h i s t i ca t e d  a u toma t i c  t e s t i n g s y s t e m s . 

NOTE : T h e  R S- 2 3 2 C I n te r f a ce capa b i l i  t y  c ome s s ta n d a r d  on 
the Mode l 2 160 V i de o B r i d g e  and i s  l oc a t e d  on the s a me b oa rd 
as  t h e  c a s s e t te c o n t r o l  c i r c u i t ry .  S i n c e  t h e  M ode l 2 1 5 0  
V i de o B r  i d g e  h a s  n o  c a s s e t  t e  c o n  t r o l  c i  r c u  i t ,  t h e  R S- 2 3 2 C 
I n te r f a c e  i s  a v a i l a b l e  a s  a f i e l d  i n s ta l l a b l e  op t i on k i t ,  
P iN 4672 4 . 

R S - 2 3 2 C I n t e r f a c e  c i r cu i t  ope r a t i on i s  t h e  s a me f or e a c h  
m o de l , h ow e v e r  a n d  i s  de s c r i be d  i n  S e c t i on A . 2 .  
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( BLANK ) 
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1 .2 SPECI F I CATIONS 

1 .2.1 E l e c t r i ca l  Spe ci f i c a t ion s  

M e a s u re m e n t  F un c t i o n s : 

BOTTOM 
DISPLAY 

FUNCTIONS 

TOP DISPLAY FUNCTIONS 
D Q Y Z Cs Ls Rs Gs Xs Bs 

N O T E : A n y  t o p d i s p l a y  c a n  be d i s p l a y e d  w i t h a n y b o t t om 
d i s p l a y  w i t h i n  the s h a d e d  a rea s . 

D i s p l a y  C h a r a c t e r i s t i c s : 5 - i n c h  CRT , d i re c t  a nd s t a t u s  f o rma t s , 

i n t e r c ha n g e a b l e  pos i t i on i n g o f  ma j o r a n d  m i n o r  f u n c t i o n s , 2 s i z e s  

o f  a l p h a nume r i c  c h a ra c t e r s .  

1 - 7 
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Table I-I. Capaci t a n ce Measureme n t  A ccura cy 

CAPACITANCE 
I 
.¢,(' 

100 
">,(' 

20Hz 100Hz I kHz 10kHz 
FREQU ENCY 

Xc 
100MO 

10MO 

IMO 

100kO 

10kO 

I kO 

1000 

100 

10 

100mO 

10mO 

ImO 

100fjO 

100kHz 

* 
+ 
( O.OlpF 

f(kHz) 
+ O.OlPF) 

**0.02% at 1 kHz from Approximately 
1 nF to lOfJF 

If D > 1, add [0.05% (1 +0.3D2)] 

to accuracies shown 

TEST CONDITIONS: 
Level -1000mV/100mA 
S'peed -Medium t 
Range -Auto 
Bias -Off 
Zero -Cal ibrated 
Connections -Fully Shieldedtt 

V 800mV to 1500mV test 
I 50mA to 100mA test 

For V test <800 mV Mu Itiply Basic Accuracy 

by (I + ��) (I + ��z) 
For Itest <50mA (Z> 160) 

Multiply Basic Accuracy by (I + mA �OOZ(O)) 

For Ite,t <SOmA (Z � 160) 

Multiply Basic Accuracy by (I + ��) 
t Accuracy specification applies to Medium and 

Slow Speed. If Fast Speed, add 0.05% to 
accuracies shown. 

tt Properly shielded test leads and connections to 
the unknown are required to achieve specified 
accuracy. 

e ls l i 
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INDUCTANCE 

Table 1-2. 

1kHz 10kHz 
FREQUENCY 

I nduc tance Mea suremen t  Accuracy 

XL 
100 MO 

10MO 

lMO 

100kO 

10kO 

1 kO 

1000 

1012 

112 

100mO 

1 mO 

100 flO 

If D > 1, add [ 0.1% (1 +0.3D2)] 

to accuracies shown 

TEST CONDITION S: 
Level -1000mV/100mA 
Speed -Medium t 
Range -Auto 
Bias -Off 
Zero -Calibrated 
Connections -Fully Shieldedtt 

v = BOOmV to 1500mV test 
I test = 

50mA to l00mA 

For Vtest <BOOmV Multiply Basic Accuracy 

by � + !�) (1 + kl�z) 

For Itest <50mA (Z> 160) 
Multiply Basic Accuracy by ( 1 + mA 3XOOZ(0)} 

For Itest <50mA (Z � 160) 

Multiply Basic Accuracy by (1 + ��) 

t Accuracy specification applies to Medium and 
Slow Speed. If Fast Speed, add 0.05% to 
accuracies shown. 

tt Properly shielded test leads and connections to 
the unknown are required to achieve specified 
accuracy. 

e l s l i  
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Table 1-3. Resistance/Conduc�ance Measurement Acc ura cy 

RESISTANCE 
100MO 

10MO 

IMO 

100kO 

10kO 

I kO 

1000 

100 

10 

100mO 

IOmO 

ImO 

100�0 

1�jo* 13
%* :'\ 

0.3%* i\ 
3%* 

0.1%* * ?ft.1 * ": 6"'-
0 � 

* 
* 
* 

6"'--6"'- * 8 C'4 C! ": 
0 0 0 

0.05% 

6"'-- * 0.1% ": � 

0 

0.3%** Iolo** 
I 

1%** 5%** 

3%** 10%** 
"I 

10%** 20"/0 * * 

30"10** 

CONDUCTANCE 
IOnS 

lOOnS 

I �s 

6"'- * 
C'4 tr) 

� � 

I mS 

* * 
� C'4 

IOm5 

lOOmS 

* 6"'-C'4 tr) 
15 

�
%

i 

105 
* 

10% ** 
1005 

** 27"/0," 

40%* * 
I k5 

IOk5 

* +[0.1nSXf( kHz)+0.5nS] 

* * + [0 .01 m 0 X f (k Hz) + 0 . 1 m 0 ] 

***0.02% at 1 kHz for 100 to 100kO 

If Q>1, add [0.1% (1+0.3Q2)] 
to accuracies shown 

TEST CONDI nONS: 
Level -lOOOmV/100mA 
Speed -Medium t 
Range -Auto 
Bias -Off 
Zero -Cal ibrated 
Connections -Fully Sh ieldedtt 

v BOOmV to 1500mV test 
I test = 

50mA to IOOmA 

For Vtest <BOOmV Multiply Basic A.ccurocy 

b (I 300) (I + kHZ) y 
+ mV 10 

For Itest <50mA (Z> 160) 

Multiply Basic Accuracy by (I + rnA 3XOOZ(0)} 

For Itest <50mA (Z" 160) 

Multiply Basic Accuracy by (I + ,;;�) 
t Accuracy specification applies to Medium and 

Slow Speed. If Fast Speed, add 0.05% to 
accuracies shown. 

111111 I I 11111 I I dill I II 

t t  Properly shielded test leads and connections to 
the unknown are required to achieve specified 
accuracy. 20 Hz 100 Hz I kHz 10 kHz 

FREQUENCY 
100 kHz 

ejsji 
1 - 10 

2150/2160 9/85 
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vs. Tes t Signa l Level ( typi ca l a t  1kHz) 

L EVE L UN K N OWN VALUE 
M I LLIVOLTS 

� § g V") 0 

Z (OHMS) 

N 

c -"' 
o 

c 
o o 

c "
o o 

C 
:I

o 

Z (OHMS) 

10M 

1M 

lOOk 

10k 100. 

n 1m 

� 

Vl Vl 

::::100 Z 
UJ 10m I :::: Q. UJ 

X � 
CD 

N 10 ... loom 
>-

� 

<>:: � 

0 

100m 10 __ _ 
10m 100 

1m Ik 

10k 

10H: .fA" 

e/s/i 

C'-<{ � J0 � 
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BAS I C  0 AC CURACY 

Ca paci t a nce ( Me d i u m , S l ow speed ) :  

I nd ucta nce ( Me d i um , S l ow spe e d ) :  

+/- 0 . 0002 5 ( 1 +02 ) *  

+ /- 0 . 0003 5 ( 1 +02 ) *  

C a paci ta nce ( Fast spe e d ) :  

I nd ucta nce ( Fast spe e d ) :  

+/- 0 . 000 5 ( 1 +02 ) *  

+ /- 0 . 0005 ( 1 +02 ) *  

BAS I C  Q A C C URACY 

A l l  C ompo ne n ts ( Me d i um , S l ow spe e d ) :  

A l l  C omponen ts ( Fast spe e d ) :  

*Correction ",actors 

",or HI Z ( z > 10MO) add 0.0005 C (in MOl
) 10M 0 to basic D or Q accuracy -

",or LO Z ( Z < 10) add 0.0005 C 1 0  ) 
( inO) 

to basic D or Q accuracy -
",or ",requencies < 200Hz multiply basic D or Q accuracy 

by 60 ) 
"'test in Hz 

For ",requencies > 1000Hz and < 10kHz multiply basic D or Q accuracy 

by (1 + "'test in HZ
) 

3000 

",or Frequencies> 10kHz multiply basic D or Q accuracy 

by (1 + "'test 
3
in kHZ

) 
( 1 

+ 
Z 

l��k�
O
) 

For Vtest < 800mV multiply basic D or Q accuracy 

by 300 ) 
Vtest (in mY) 

",or Itest < 100mA multiply basic D or Q accuracy 

( 
300 

) 
by 1 +------��--�----���� 

Itest (in rnA) x Z (in 0) 

e l s l i 
1 - 1 2  
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10 0 k H Z  D ACCURACY 

C a pa c i ta n c e ; Ranges 0 - 2  (� 3 19 pF ) ; M e d i u mi S l ow spee d : 

+/-0 . 00 3 ( 1+D2 ) 

Capa c i ta n ce ; Range s 0-2 (� 3 19 p F ) ;  F a s t  speed: 

+/- 0 . 0 0 5 ( 1+D 2 ) 

Capa c i ta n c e ; Range 3 « 3 19 p F ) ;  M e d i um ,  S l ow s p e e d : 

+/- 0 . 00 8 ( 1+ D2 ) *  

Capa c i ta n ce ; Ra nge 3 « 3 19pF ) ;  F a s t  s p ee d : 

+/- 0 . 0 1 ( 1 +D 2 ) *  

1 0 0 k H Z  E S R  A CC URACY 

ESR a c c u r a c y  ( a t  100 k H z ) 

* 1 0 0 k H z  D C orre c t i on F a c t o r  

= [D a cc u ra c y  ( a t 1 00 kH z ) x Xs kJ + 1 . 0 m Q  u n  

I f  C u n k  < 3 0 p F , mU l t i p l y  1 0 0 k H z  a c cu ra cy by 

1 - 1 3  
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TES T  S I G N ALS 

F r equ e n c y : 

A c c u ra cy : 

Le v e l  S e t 

V o l t a g e  Le ve l :  

A c c u r a c y : 

C u r r e n t  Le ve l :  

A c c u ra c y : 

EXTERNAL VOLTAGE BIAS 

Vo l ta g e : 

F u se : 

LOA D S  TO GUARD 

1 - 1 4  

3 0 2 3  p r og ra mma b l e  s t e p s  b e tw e e n  
2 0 H z  a n d 1 5 0kH z . 

f = 6 0 kHZ/N l W h e r e : N l i s  a n  
i n tege r 1 <  N l < 3 0 0 0  

O R  

f = 3 0 0kH Z/N 2 W he r e : N i s  a n  
i n te g e r  2 <  N 2 < 3 0  2 

+/- 0 . 0 1 %  

5 mV t o  1 5 0 0 mV RMS i n  I mV s te p s  

+ /- ( 4 %  o f  se t va l ue + 2 mV ) 

O . l mA t o  1 0 0 mA R M S  i n  O . l m A 
s t e p s  

+ /- [4 % o f  s e t va l u e  + ( 2 /R ) mA ]  
w h e r e R = v a l u e  o f  t h e  r a n g e  
re s i s t o r  ( i n ohms ) f o r  r a n g e  o f  
mea s u r e d  p a r t  ( 1 0� R �1 0 , 0 0 0 ) . 

+ 5 0V D C  ma x i mu m  ( + 2 0 0V op t i on a l ) 

0 . 5A ,  2 5 0V , 3 AG F a s t  B l ow 

T o t a l l oa d  i mpeda n c e  ( Z )  t o  t h e  
g u a rd p o i n t  mus t b e  g re a te r  
t h a n  o r  equa l t o  t h e  i mp e d a n c e  
o f  t h e  d e v i ce u n d e r t e s t .  

e l s l i  2 1 5 0/ 2 1 6 0 5 / 8 5  



I NP UT P RO TE C T I ON 

T h e  2 1 5 0/ 2 1 6 0  i npu t t e rm i n a l s  h a ve a c i r c u i t  w h i c h  p r e ve n t s  d a m a g e  to 

t he i n s t r um e n t  i f  a c ha rg e d  capa c i t o r  i s  c o n n e c t e d  t o  t h e s e  t e rm i na l s . 

P r o te c t i on l i m i t s c a n  be ca l cu l a te d  f rom t h e  equa t i on: 

VM AX = fi 
W he r e  v = c a pa c i t o r  v o l tag e i n  v o l t s  

C = c a pa ci t o r  va l u e i n  f a r a d s  

T h e  p r o t e c t i on c i r c u i  t a l l ow s  a ma x i m um e n e r g y  o f  1 j ou l e  up t o  a 

ma x i mum vo l t a g e  o f  l k V .  Ta b l e  1 - 5  be l ow g i  v e s  e x amp l e s  o f  m a x i mum 

v o l ta g e s  f o r  va r i ou s  capa c i ta n c e  va l ue s . 

Table 1-5 . Input Protection Limits 

l k V  o t o  2 u F  

3 1SV 2 0 u F 

1 0 0V 2 0 0 u F  

3 1 V 2 m F  

l O Y  2 0 m F  

3 V  2 0 0 m F  

IV 2 F  

Whe n l i m i t s a re e x c ee d e d  ( a bove 1 0 0V ) , t h e  f u s e  o n  t h e  r e a r  p a n e l w i l l  

b u r n  o u t a n d  m u s t  b e  r e p l a c e d  w i t h a O . S A 3 AG F a s t  B l ow f u s e . T O  

P R E V E N T  P O S S I B L E  D A MA G E  T O  T H E  I N S T R U M E N T  I U S E  O N L Y  T H E  P R OP E R  

REPLACEMENT F U S E . 

1 - 1 5  
e l s l i  21 5 0 /21 60 9 / 8 5  



MEAS U REMENT S PEED 

NOTE : T o  d e t e rm i ne o v e r a l l  M e a s u r e me n t  S p ee d , te s t  c o n d i t i on s  
m u s t  b e  s pe c i f i e d  ( e . g .  t e s t f requ e n c y , te s t  s i g n a l l e ve l ,  
v a l u e  o f  c ompon e n t , e t c . ) .  D i sp l a y  mode , me a s u r e me n t  mode 
a n d  e x t e r n a l de v i c e s  a l s o a f f e c t  mea su re me n t  spee d . For a 
de  ta  i l e d  d e s c r  i p t i  on o n  ca  l c u l a  t i n g  m e a s u re m e n  t s p e e d , s e e  
S e c t i o n  2 . 8 .  

NOTE : T h re e  p re s e t  comb i na t i on s  o f  I n te g ra t i o n  T i me ,  Se t t l i n g 
T i m e , a n d M e a s u r e m e n t A v e r a g e s  a r e a v a i l a b l e . T h e  F A S T , 
ME D i um ,  a n d  S L OW key s  p r o v i de q u i ck ,  c on ve n i e n t  s e l e c t i on o f  
t he s e  c o mb i na t i on s . App r o x i ma t e  spe e d s  f o r  t h e s e c o mb i na t i on s  
u n de r s ome typ i c a l  mo d e s  o f  ope ra t i on a re l i s t ed . 

NOTE : T h e  f o l l ow i n g s p e e d s  a re f o r  
c o n d i t i on s : t e s t  f re q u e n c y  1 kH z , 
1 0 00mV , v a l u e  o f  componen t-unde r- t e s t  

t h e  f o l l ow i ng t e s t  
te s t  s i g n a l  l e ve l  

I nF ,  mea s u reme n t  
r a n g  i ng s t a  t u s  m o d e  C a n  t i n u o u s  ( e x ce p t  w he r e  n o t e d ) 

RANGE H OL D . 

SETL I . T .  AV G 

F ast 5 ms 1 0 ms  1 
M ed i um 50ms  50ms  1 

S l ow 50ms  50ms  1 0  

D I RECT S ORT and GOIN O-GO HAND LER* 

FAST -4 measu rements/second - 1 1 measurements/second -6/second 
- 9/second ** 

M E D I UM - 2 measuremen ts/second - 2 measurements/second - 2 measu rements/second 

S LOW -5 seconds/measurement - 5 seconds/measu rement -5 seconds/measu rement 

* Sing le  mode on l y ,  8 CODE enabled 
* *  2 ms S ET L ,  2 ms I .  T . ,  frequency � 500 Hz 

NOTE :  F o r  r e m o t e  G P I B  me a s ureme n t s , a d d  3 5 0m s  p e r  mea s u reme n t  
f o r  F A S T  a n d  S L OW , 4 0 0 m s  f or MED i um .  

1 - 1 6  
e l s l i 2 1 5 0 /2 1 6 0  5 /8 5  



1 .2 . 2 E n v i ronmenta l Spec i f i ca tions 

H UM I D I TY 

Ope r a t i ng : 

S t o ra g e : 

T E M P E RATURE 

Op e ra t i n g : 

S t o r ag e : 

1 . 2 . 3  General Speci f i ca t i on s  

POWER R E Q U I R E M E N T S  

L i n e p owe r :  

Powe r l i ne Pu s e : 

P owe r C o n s um p t i o n : 

D I M E NS I ONS 

H e i g h t : 

W i d t h : 

Le n g t h : 

We i g h t : 

1 - 1 7  

2 0 %  t o  8 0 %  R e l a t i ve 

0 %  t o  9 0 %  N o n - C on d e n s i ng 

1 0 ° C  to  4 5 ° C  
( 5 0 0 P  t o  1 1 3 ° P )  

- 4 0 ° C  t o  7 1 . 1 o C 
( - 4 0 0 P  t o  1 6 0 0 P )  

9 0 - 1 3 2VAC ( 1 1 5  n om i n a l ) 4 8 / 6 6 H z  

1 8 0 - 2 5 0VAC ( 2 3 0  n om i na l )  4 8 /6 6 H z  

2 A , 2 5 0 V S l ow B l ow ( 3 A G ) f o r  

1 1 5 V A C  

1 . 6A ,  2 5 0V S l ow B l ow ( 5  x 2 0mm ) 

f o r  2 3 0 VAC 

1 0 0 W  ma x i m um 

1 44 mm ( 5 . 7  i n . ) w i t h  f e e t 

3 8 4 mm ( 1 5 . 1  i n . ) w i t h  ha n d l e  

5 5 9rnm ( 2 2 i n . ) w i t h ha n d l e  

1 4 . 5 k g  ( 3 2 I b )  

e / s / i  2 1 5 0 /2 1 6 0  5 /8 5  



1. 2. 4 Ca sse tte Spe c i f i ca t i on s  ( 2 160 Only ) 

Tape  C a s s e t te Type : 

F i l e S t o r a g e  I n f orma t i o n : 

S t ora g e  C a pa c i ty :  

e l s l i  

B ra e ma r  C ompu t e r  De v i c e s  Type 

C MC - 5 0  ( 5 0 f t  l o n g ) 

A l l  d i s p l a yed mea s u reme n t  

pa rame t e r s , b i n n i ng l i m i t s , 

a n d b i n  c ou n t e r  i n f o rma t i o n ; 

a l s o ,  t e s t  c o nd i t i o n s , a l pha

n ume r i c  f i l e name s , a n d  nom

i n a l  va l u e s  

2 s i d e s  p e r t a p e , e a c h  s i d e 

w i t h  t h e  f o l l ow i ng 

spe c i f i ca t i on s : 

80 b l o c k s  pe r 5 0  f o o t  s i de 

2 5 6  by t e s  per  b l o c k  

6 b l o c k s  p e r  f i l e ( m i m i mum ) 

1 3  f i l e e n t r i e s  p e r  s i de ( t h i s  

i s  a ma x i mum n umbe r a nd may be 

d e c r e a s e d  by l a r g e  f i l e s ) 

1 - 1 8  
2 1 5 0 / 2 1 6 0  5 /8 5  



1 . 3 OPTIONS AND ACCESSOR I ES 

1 . 3 . 1  Accessories ( must be ordered separately unless i n dicated ) 

E S I  P a r t  No . 

Mode l 2 0 0 1  S o r t i ng F i x tu r e , 4 - te rm i n a l  ( re qu i re s  4 3 2 0 0 1  

f i ve - f oo t  B NC - to- BN C  c a b l e s ) 

Mode l 2 0 0 3  S o r t i ng F i x tu r e , 4 - t e rm i na l ( re q u i r e s  4 3 2 0 0 3  

f i ve- f oo t  B N C - t o-BNC c a b l e s )  

Mode l 2 0 04 Z e r o  I n s e r t i o n  F o r c e  S o r t i n g  F i x ture , 3 2 004 

4 - T e r m i n a l ( r e q u i re s  4 f i ve- f oo t  BNC - t o-BNC ca b l e s ) 

Mode l 2 0 0 5  C h i p  Twe e z e r s , 4- T e rm i na l  ( f o r  c h i p  compo n e n t s ) 3 2 0 0 5  

BNC- t o-BNC C a b l e  A s s e mb l y  ( f i ve f oo t  l e n g t h , s e t  o f  4 )  5 3 1 5 5  

B N C  t o  K EL V I N  K L I PS ®  ca b l e  a s s em b l y  ( s h i p p e d  w i t h  a l l  4 7 4 5 4  

Mode l 2 1 5 0 ' s  a n d  2 1 60 ' s) 

A l p ha C h a ra c t e r  K e yboa r d  Ove r l a y  ( s h i ppe d w i th a l l  

Mode l 2 1 60 ' s ) 

S ta t i s t i c s A pp l i ca t i on S o f tw a re K i t  ( a va i l a b l e  

f o r  2 1 60 on l y ) 

A na l og App l i ca t i on S o f tw a r e  K i t  ( a va i l a b l e  f o r  2 1 6 0  o n l y ) 

C a s s e t te Tape , b l a n k  a n d  f o rma t t e d  ( 2 1 60 o n l y ) 

1 - 1 9  
e l s l i 2 1 5 0 /2 1 6 0 5 / 8 5  
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1. 3 . 2 Op t i on s  ( fa ct ory i n s t a l led only ) 

ESI P a r t  N o . 

Non-Vo l a t i l e  Memory Z RA M  5 5 8 4 3  

+ 2 0 0 V  DC B i a s c a pa b i l i ty S P 5 2 4 0  

NOTE : C o n ta c t  y o u r  ESI s a l e s  r e p r e s e n t a t i ve f or d e t a i l s  on 
upg ra d i ng i n s t r ume n t s  p u r c ha s e d  w i t h ou t f a c t o ry op t i on s . 

1 . 3 . 3  Opt i on s  ( f i e l d  i n s ta ll a ble ) 

ESI Pa r t  N o . 

Ge n e ra l  P u rp o s e  In t e r f a c e  B u s  ( IEEE- 4 8 8 ) 

RS- 2 3 2 C  I n t e r f a ce ( 2 1 5 0 o n l y ) 

H a n d l e r  I n t e r f a c e  Op t i on s *  

1 .  " G e ne ra l "  -- F o r  i n te r f a c i ng t o  E n g i ne e r e d  A u t oma t i on ,  

Q C o r p o ra t i on ,  I s me c a , S y s t e ma t i on , He l l e r , a n d  o t he r  

4 6 7 2 5  

4 6 7 2 4  

h a n d l e r s  4 7 8 9 5  

2 .  " Dayma r c " - - F o r  i n t e r f a c i n g  t o  D a yma r c  Type 1 4 7  

a n d 1 4 9  hand l e r s  4 7 8 9 6  

3 .  " MC T  B rowne " - - F o r  i n t e r f a c i ng t o  MCT B r ow n e  h a n d l e r s  4 7 8 9 7  

N OTE : Mod e l  2 1 6 0  c a n  t ake o n l y  one o f  t h e  f o l l ow i ng f i e l d 
i n s t a l l a b l e  o p t i o n s : G PIB o r  H a n d l e r  In t e r f a ce . Mode l 2 1 5 0 
c a n t ake o n l y  t w o  o f  t h e  f o l l ow i ng op t i on s : RS - 2 3 2C , GPIB 
or H a n d l e r  In t e r f a ce . 

* C o n su l t  f a c t ory f o r  i n te r f a c e  t o  o t h e r  h a nd l e r s  

1 - 2 0  
e l s l i  2 1 5 0 /2 1 6 0 5 / 8 5  



• 

• 

2 . 1  

SECTION 2 
OPERATION 

FRONT PANEL CONTROLS AND INDI CATORS 

LOAD sm CAl CODE 

W W W W �  
PRl SIR AUTO HOlD 

r::-:-MODE--, 
MtIlOR BIN # NOM I % ABS I 

W W W W U  I X(H6 SlAT 
O
�
S
��l

Y 
DEV DIR I 

Hz mV mA 

r::J W W W W  
Q 0 G/R C L 

CON! 

W W W W IIa  
Y II BIX Oil ENTER SGl 

F i gure 2-1 .  Mode l 2 1 60 Fron t Pa n e l  

2 . 1 . 1  Keyboa rd and Key Def i n i t i ons 

F AST  MED SLOW 

W r::J r::J 
4 5 6 

m k M 

r::J W W 
I I J 

T h e  M o d el 2 1 5 0/ 2 1 6 0  k ey b oa rd ha s 3 2  key s t o  c o n t r o l  a l l  i n s t r ume n t  

ope ra t i on s . Many o f  t h e k e y s  ha v e  l a be l s  f o r  more t h a n  o n e  f u n c t i on .  

T h e  f u n c t i o n s  l a b e l e d  i n  w h i t e  a r e  s e l e c t e d  b y  p u s h i n g t h e  k e y  

d i re c t l y a b ove i t .  A l t e rna t e  f u n c t i on s ,  l a be l ed i n  b l u e , a re s e l e c ted 

by pu s h i n g t he blue key f o l l owed b y  the key d i r e c t l y  be l ow the de s i red 

f u n c t i on .  T h e  f o l l ow i ng l i s t  de f i n e s  e a c h  key  f u n c t i on .  

2 - 1 
e / s / i 2 1 5 0 /2 1 6 0  5 /8 5  



Measureme n t  Con t ro l s  

LW![![Wi[i[1 (grey key) 
S6L 

� 
SER 

� 
PRL 

CAL � 

� 
HOLD 

S i ng l e  m e a s u re m e n t  m o d e k e y  m a k e s  o n e  

t h e  d i s p l a y e d  

I S  u pda t e d  f o r  

mea s u r e m e n t a n d h o l d s  

r e s u l t .  T h e  B I N  c ou n t e r  

e a c h  mea s u r e me n t m a d e  ( re ga r d l e s s  o f  

o p e r a t i ona l mode  se l e c t e d ) .  

C on t i nuous mea suremen t  mode k e y  a u t o-

m a t i c a l l y s t a r t s a n e w  m e a s u r e m e n t  a s  

s o o n  a s  t h e  pre s e n  t m e a s u r e me n t  i s  

f i n i s he d . B I N  c ou n te r s  a re n o t  u pd a t e d . 

S er i es e qu i va l ent c i rcu i t  key , I n  c o n 

j u n c t i o n w i t h t h e  m ea s u re me n t  f u n c t i o n , 

s e l e c t s  t he e q u i va l e n t  c i r c u i t  e l e m e n t  o f  

t h e u n k n ow n  c o m p o n e n t  t o  b e  me a s u r e d . 

Pa ra l l e l  equ i va l en t  

c on j u n c t i on w i t h  

f u n c t i on ,  se l e c t s t h e  

c i r cu i t  key , i n  

t he me a s u r e m e n t 

e q u i va l e n t  c i r c u i t 

e l em e n t o f  t h e u n k n ow n  c om po n e n t t o  b e  

mea s u r e d . 

Z e ro corre ct i on key . S t o r e s  L ,  R ,  C , a nd 

G . z e r o  c o r r e c  t i o n  va 1 u e  s t o  c o mp e n sa t e  

f o r  t e s t  f i x t u r e rea c ta n c e ( L  a n d  C )  a n d  

l o s s  ( R  a n d G )  c om p o n e n t s .  P r o mp t s  u s e r  

t o  c l o s e a n d  o p e n t e s t f i x t u r e f o r  5 

r a n g e  c a l i b ra t i on p r o c e s s . 

Range Hold key a l l ow s  r a p i d  c h e c k i n g o f  

m a n y  c o m p o n e n t s  i n  t he s a me r a ng e . 

e / s / i  
2 - 2 

2 1 5 0 /2 1 6 0 5 /8 5  
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• 



Measure ment Controls ( cont ) 

� 
AUTO 

�(blue key) 
DISPLAY CONTROLS 

� 
XCHG 

r::J 
STAT 

r::J 
SORT 

Auto key r e t u r n s  

mode . Au t o r a n g i n g  

s e l e c t e d  w h e n  t h e  

t u rn e d  on . 

u n i t t o  a u t o r a n g i n g 

i s  au t oma t i ca l l y 

i n s t r u m e n t  i s  f i r � t  

Upper func tion key s e l e c t s  f u nc t i o n s  

l a be l e d  i n  b l u e . 

E xcha nge key i n t e r c ha n g e s  t h e  t op 

w i t h  t he 

e x c h a n g e  

mea s u r e me n t  d i s p l a y  f u n c t i on 

bo t t om d i s p l a y  f u n c t i o n .  O n e  

t a k e s p l a c e  f o r  e a c h  p u s h  o f  t he k e y . 

S tatus key t o g g l e s  t h e  d i s p l a y  b e tw e e n  

b i n n i ng ( s t a t u s ) d i sp l ay f o rma t a n d  t he 

p r e v i ou s  f o rma t .  T h e  d i s p l ay f orma t 

c ha ng e s  o n c e  f o r  e a c h  p u s h  o f  t h e  k e y .  

S ort key e n t e r s t h e i n s t ru me n t  i n t o t h e 

c ompon e n t s o r t i ng mode . D i s p l a y  i n d i c a t e s  

b i n number  o r  b i n  R ( f o r  r e j e c t ) f o r  e a c h  

c ompo n e n  t m e a  s u re d . T h e  B i  n C o u n  t e r  i s  

a c t i va t ed o n l y  i n  t h e  S I NG L E  m e a s u reme n t  

mode . 

2 - 3 
e / s / i  2 1 5 0 /2 1 6 0  5 /8 5  



D i sp l ay Con t ro l s  ( con t )  

� 
DEV 

� 
DIR 

� 
DEL 

I mpeda nce Funct i ons 

� 
D 

� 
C 

� 
L 

( d i splay ) key e n t e r s  t he Dev i a t i on 

d e v i a t i on mea s u r e me n t  mode . A f t e r  a 

n om i na l va l ue i s  s e t ,  the  top m e a s u reme n t  

d i sp l a y  w i l l  i n d i c a t e a b s o l u t e o r  p e r c e n t  

d e v i a t i on f r om t h e n om i n a l  va l ue . 

D i rec t ( d i splay ) key pu t s  t he i n s t r ume n t 

i n t o  n orma l ( d i re c t )  d i sp l a y  ope ra t i o n .  

Ta k e s  d i s p l a y  ou t o f : Au t o  L R C , GO/NO-GO , 

D e v i a t i on ,  a n d  S t a t u s  mode s .  

De l e te key e ra s e s  

e n t e r e d ;  doe s n o t  

e n t e r e d  da ta . 

t he l a s t  c h a r a c te r 

a f f e c t  p re v i ou s l y  

Qua l i ty Fa c tor key s e l e c t s  t he Q me a s u re -

m e n t  f u n c t i o n a s  t h e b o t t om d i s p l ay 

f u n c t i o n . 

D i ss i pa t i on factor key se l e c t s  D me a s u r e -

m e n t  f u n c t i o n a s  t he b o t t om d i s p l a y  

f u n c t i o n .  

Capa c i tance funct i on key s e l e c t s  

( f a ra d s  - - u n i  t s  o f  capa c i  t a n c e ) a s  

t o p  d i sp l a y  f u n c t i o n .  

F 

t he 

I nduc ta nce func t i on key s e l e c t s  H ( h e n ry s 

u n i t s o f  i n d u c t a n c e ) 

d i s p l a y  f u n c t i on .  

2 - 4 
e l s l i  2 1 5 0 / 2 1 6 0 5 /8 5  
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• 
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Impeda nce Functions ( con t )  

r::::J 
G/R 

r::::J 
Y/Z 

r::::J 
B/X 

Conduct ance ( G )  / Res i s t a nce { R ) fu nction 

key s e l e c t s  S ( s i e me n s  u n i t s  o f  

c o n d u c ta n c e ) o r  Q ( oh m s  u n i t s o f  

R s 

a s  

i s  

t he bo t t o m  d i s p l a y  

n o r ma l l y d i s p l a y e d  i n  

r e s i s ta n c e ) 

f un c t i o n . 

t h e  s e r i e s e q u i va l e n t  c i rc u i t  mode , a n d  

R P i s  d i s p l a y e d  

c i r cu i t  mode . G s 

i n  p a ra l l e l  e q u i va l e n t  

c a n  b e  s e l e c t e d  by 

p r e s s i n g the G / R  key a s e c o n d  t i me wh i l e 

i n  se r i e s  c i r c u i t  m od e . G c a n  be p 
s e l e c te d  by p re s s i ng t he G/R k e y  a s e cond  

t i me wh i l e i n  pa r a l l e l  c i r c u i t mode . 

Admi t t a nce ( Y )  / Impedance ( Z )  function key 

s e l e c t s  e i t h e r  S ( s i e m e n s  u n i t s  o f  

a d m i t ta n c e ) o r  Q ( oh ms u n i t s o f  

i m pe da n c e ) a s  t h e t op d i s pl a y  f u n c t i on .  

Z i s  n o r m a l l y  d i s p l a y e d  i n  s e r i e s a n d  

p a r a l l e l  e q u i v a l e n t  c i r c u i t  m o d e s . Y i s  

d i spl a y e d  i n  e i t h e r mode b y  p r e s s i n g t h e  

y/Z  k ey a s e c o n d  t i me .  

Susceptance { B )  / Reactance { X ) fun c t i on 

key s e l e c t s  e i t h e r  S ( s i e m e n s -- u n i t s o f  

s u s c e p t a n c e ) o r  Q ( o hms u n i t s  o f  

r e a c t a n c e ) a s  t h e  top d i s p l a y  f u n c t i on . 

x s i s  no rma l l y  d i s p l a ye d  

e q u i va l e n t  c i r cu i t  mode , 

i n  s e r i e s  

a nd i s  

d i s p l a y e d  i n  pa ra I l  e 1 e qu i va 1 e n  t c i r c u i  t 

mode . B i s  d i spl a ye d  by p re s s i n g t he B/X s 
k e y  a s e c ond t i me i n  s e r i e s  m o d e , wh i l e  

B p i s  s e l e c t e d  b y  p r e ss i n g B / X  a s e cond  

t i m e  in  p a r a l l e l  c i r cu i t  mode . 

2 - 5 
e l s l i 2 1 5 0 / 2 1 6 0 5 /8 5  



Ca s s e t te Fun c t i on s  ( 2 160 On l y ) 

lOAD r::J 
SAVE r::J 

Load f u n c t i on key r e - programs  t he i n s t ru

me n t  w i t h  m e a s u r e me n t  pa rame t e r s  s to r e d  

on t h e ca s s e t t e t a pe . 

S a ve fun c t i on key s t o r e s  t h e  i n s t r ume n t ' s 

pa rame t e r s  on t h e  c a s se t te t a p e . 

Dev i at i on a nd L i m i t s  Fun c t i on s  ( a  = nume r i ca l  a rgume n t  pre ced e s  key ) 

BIN # r::J 
NOM r::J 

MINOR r::J 

r::J 
ENTER 

�) Bi n  n umbe r k e y  s e l e c t s  t h e  b i n f o r  

w h i c h  l i m i t va l u e s  w i l l  b e  e n t e re d . 

( a ) Nom i na l  va lue key i s  u s e d  t o  e n te r  a 

c ompa r i s o n  va l u e f o r  d e v i a t i o n  o r  s o r t i n g 

m e a s u reme n t s .  E n t e r i n g a nom i na l  va l u e 

r e s e t s  a l l  b i n  c ou n t s  to z e r o ( s e e  

S e c t i on 2 . 6 . 1  f o r  m o r e  i n f o rma t i o n ) . 

(�) M i n o r  l i m i t  k e y  i s  u s e d  t o  e n t e r  a 

ma x i mum o r  m i n i m um re j e c t  l i m i t f o r t he 

se c o n da ry f u n c t i o n w h e n  p r og r a mm i n g 

1. i m i  t s  f o r  t h e s o r t i n g mode . F o r  Q a n d  

s i e m e n  va l u e s , t h e  e n t ry w i l l  be a m I n I 

m u m  l i m i t .  En t r i e s  f or D a n d E S R  w i l l  be 

ma x i mum l i m i t s . 

E n t e r  k e y  i s  

e l s / i 
2 - 6 

2 1 5 0 / 2 1 6 0  5 /8 5  

u s e d  a s  a spa c e  ba r .  

• 



• 

• 

Deviation s and L imi t s  Func tions ( cont ) 

ABS r::::J 

P e r c e nt m o d e  k e y  i s  u s e d  1 )  to  s e l e c t  

pe r c e n t D E V i a t i on d i s p l a y  t o  s h ow 

d e v i a t i ons f rom t he n om i n a l  va l u e , 2 )  t o  

c h a n g e  STATUS pa g e  t o  s e t l i m i t s  i n  

p e r c e n t .  

Absolute mode key i s  u s e d  1 )  t o  se l e c t  

a b s ol u t e  D EV i a t i on d i s p l a y  t o  s h ow 

d e v i a t i on s  f r om t h e  n o m i n a l  va l ue , 2 )  t o  

a l l ow l i m i t s  o n  STATUS p a g e  t o  be s e t a s  

a bs o l u t e  va l u e s . 

Tes t Frequency and Level ( a  = numerical argument precedes key ) 

Hz r::::J 

mV r::::J 
rnA r::::J 

� Frequency k e y  e n te r s a de s i r e d  t e s t  

f re q u e n c y  i n  he r t z  ( H  z ) • Ava i la b le 

f r e q u e n c i e s  be l ow 1 0k H z  a re f ou n d  by F = 

6 0 k H z /N l W he r e : N l i s  a n  i n t e g e r  1 � N l 
< 3 0 0 0 . F r e q u e n c i e s  a b o v e  1 0 k H z  a r e 

f o u n d  by F = 3 0 0 k H z /N 2 W h e r e : N 2 i s  a n  

i n t e g e r  2 < N 2 � 3 0 . S e e  S e c t i o n 2 . 5 . 1  

f o r  m o re d e t a i l s c on c e r n i n g te s t  

f reque n c i e s . 

( a  ) Test voltage level key e n t e r s  a t e s t  

v o l t a g e  f rom 5 mV t o  1 5 0 0 mV i n  l mV s t ep s . 

( a ) Test current le vel key e n t e r s  a t e s t  

c u r r e n t f r o m  O . l m A t o  1 0 0 m A i n  O . l m A 

s t eps . 

2 - 7 
e / s / i  2 1 5 0 /2 1 6 0  5 /8 5  



Mea s u reme n t  T i me ( a  = nume r i cal a rgume n t  pre cedes key ) 

SEn r::J 

I .T .  r::J 

AVG r::J 
FAST MED SLOW r::J r::J r::J 

(� S e t t l i n g  t i m e k e y  e n t e r s a t i m e i n  

m i l l i s e c o n d s . A f t e r  i n i t i a t i ng a m e a -

s u re me n t , t h e  

s e l e c ted t i me 

i n s t r ume n t  

t h e n  

wa i t s 

s t a r t s 

t h e  

t h e  

m e a s u re m e n t .  S e t t l i n g t i me s  f r om 2 m s  t o  

1 5 0 0 m s  ca n be e n t e r e d  i n  I m s s t e ps . 

� I n tegra t i on t i me key e n t e r s  a t i me i n  

m i l l i s e c o n d s . T h i s  d e te rm i n e s  t he nu mbe r 

o f  t e s t  c y c l e s  pe r f ormed on t he de v i c e 

u nde r - te s t . S h o r t  i n te g ra t i o n  t i me s  a r e  

l e s s  a c c u r a t e  t h a n  l o n g e r t i m e s  a n d  a l l ow 

l e s s  mea s u re m e n t  r e s o l u t i o n .  I n t e g ra t i o n 

t i me s  r a n g e  f rom 2 m s  t o  6 0 0 m s  ( s e e  

S e c t i on 2 . 8 . 2  f o r  mo re i n f or ma t i on . ) 

� Average me a sureme n t s  key e n t e r s  t h e  

n umbe r o f  mea s u re me n t s  ( l  t o  2 0 ) t o  b e  

a v e ra g e d  f o r  t h e  r e s u l t  d i sp l aye d .  

F a st ,  Me d ium , S l ow keys c h o o s e  

s e l e c ted va l u e s  o f  S e t t l i n g 

I n t e g r a t i o n T i m e , a n d n u m b e r o f  

u r e m e n t s  a ve ra g e d . 

SETL  I . T .  AV G 

F ast 5 ms 1 0 ms 1 
Med ium 50ms  5 0 m s  1 
S l ow 5 0 m s  50ms  1 0  

p r e

T i me , 

m e a s -

NOTE : Ov e ra l l  mea s u reme n t  speed  i s  a l s o  d e pe nd e n t upon s u c h  
f a c t o r s  a s  t e s t  f r e q u e n c y  a n d  d i s p l a y  m o d e . S e e  S e c t i o n  2 . 8  
for a comple te descr i pt i on o f  mea surem e n t  speed ca l cula t ion . 

e l s l i  
2 - 8 

2 1 5 0 /2 1 6 0 5 / 8 5  
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• 
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Numerica l a nd Unit Mul tiplier Keys 

Tes t Code Selec tion 

CODE Cl 

M u l tiplier p refix key s mod i fy t he ba s i c 

u n i t s p rog r a mm e d . m = m i l l i , k = k i l o , 

M = m e g a , p = p i c o , n = n a n o , a n d  

u = mi c r o . 

Num ber keys a r e  f o r  k e y b o a r d  e n t r y o f  

d e s i re d  n ume r i ca l  a rg um e n t s  o r  da t a  i n t o 

t h e  i n s t rum e n t  . 

( a  = numerica l  argument precedes key ) 

( � ) C ode key e n a b l e s  s p e c i a l  f u n c t i o n s  n o t  

d i re c t l y  a va i l a b l e  o n  t h e  V i d e oB r i dg e  

k e y boa rd . P r e s s i n g  < b l u e >  < C OD E > d i s p l ay s  

t h e l i s t  o f  t e s t  c od e  n um b e r s  a n d  name s 

o n  t h e  CRT . 

2 - 9 
e l s l i 2 1 5 0 /2 1 6 0 5 /8 5  



2 . 1 . 1 . 1  T e s t  C od e s  

Te s t  c od e s  prov i de a me a n s  b y  w h i c h  a d d i t i ona l f u n c t i o ns , n o t  

a va i l a bl e d i r e c t l y  o n  t h e  k e y boa rd , c a n  b e  e n te red  t o  f u r t h e r  e n h a n c e  

t h e  o p e r a t i on o f  t h e  V i d e oB r i dg e . Ta b l e  2 - 1  l i s t s  t h e s e  f u n c t i on s  a n d  

t he i r  pr o g ramm i n g c o d e s . 

f u n c t i ons i s  a s  f o l l ow s : 

T h e  p r o c e d u r e  f o r  p r o g ramm i ng t h e  t e s t  code  

S TE P  1 .  P u s h  t h e  n u m be r  k ey o r  k e y s  r e p re s e n t i n g  t h e  d e s i r e d  f u n c t i o n 

f r o m t h e  l i s t  i n  Ta b l e  2 - 1  ( f o r  n e g a t i ve t e s t c o d e s ,  pr e s s  

t he m i n u s  s i g n ,  < - > , be f o r e  p r e s s i n g  t h e  numbe r k e y . ) 

STEP  2 .  P u s h  t h e  b l ue k e y . 

STEP  3 .  P u s h  t h e  C O D E  k ey . 

E x a mp l e : T u r n  ON B i a s  ( te s t  c od e  1 )  

Pu s h  

Ta b l e  2 - 1  i s  a l i s t  o f  t he s e  f u n c t i on s . A l l  t e s t  c od e s  a pp l y  t o  b o t h  

t h e  Mode l 2 1 5 0  a nd Mode l 2 1 6 0 u n l e s s  o t h e rw i se s ta te d . ' Numbers  i n  

pa re n t he s i s  f o l l ow i ng a t e s t  c o d e  re f e r  t o  t h e  man u a l  s e c t i on s  w h e r e  

f u r t h e r  i n f o r ma t i on m a y  b e  f ou n d . 

DO NOT USE NEGATIVE TEST CODES I F  NOT LI STED . I LLEGAL ENTRIES 
MAY CAUSE INSTRUMENT MALFUNCTION ALONG WITH LOST O R  ALTERED 
DATA . I F  THE V IDEOBRIDGE BECOMES " HUNG UP · , POWER MUST BE 
SHUT OFF TO RESET . 

DO NOT ENTER TEST CODE 6 OR TEST CODE -6 WITHOUT ZRAM OPTION 
I NSTA LLED . 

2 - 1 0  
e l s l i  2 1 5 0 /2 1 6 0 5 /8 5  
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• 
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• 
Table 2-1 . Model 2 1 50/2 1 6 0  Tes t Code Fun c t i ons 

TEST CODE N O . FUNC T I ON 

COD E 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

P u s h i n g  < b l ue >  < COD E >  d i s p l a y s  t h e  l i s t  o f  t e s t  

c od e  n a me s  o n  t h e  C R T  d i s p l a y : 

B I A S  1 5  B I N  P R I OR I TY 

R E S E T  B I N S  1 6  ANA L OG B U S Y  

FORMAT TAPE 1 7  AUTO-LRC 

P PM- D 1 8  ( 9 ) TO T A P E  

RANGE HOLD 1 9  F I L E  N A M E  

Z -RAM 2 0  ALP HA K B  

E D I T I ON /BOOT 2 1  GO/NO-GO 

H ANDLER MODE 2 2  UN-CAL 

K E YB OARDLOCK 2 3  G P I B/P E T  

O UTPUT C H -B 2 4  GP I B  A D D R  

S TATUS > C H - B  2 5  GEN-REV 

T A P E  D I R .  2 6  B I N # + VA L U E  

L O A D  SOU R C E  2 7  M I N  D I G I T S  

T A P E  D E L E T E  2 8  

( T h i s  ta b l e  i s  c o n t i nu e d  on t h e  f o l l ow i n g pa g e s . )  

2 - 1 1  
e / s / i  2 1 5 0 /2 1 6 0  5 /8 5  



Table 2-1 . Mode l 2 1 50/ 2 1 60 Te s t  Code Func t i o n s ( con t ) 

T E S T  C O D E  N O . 

1 a nd - 1  

2 

- 2  

3 

4 a n d  - 4  

5 

F U NC T I ON 

B I AS . B i a s  vol ta g e  i s  ON ( ca pa c i t o r  mea s u reme n t s  

w i t h v o l t a g e  b i a s ) . To remove t he b i a s  v o l ta g e  

f rom t he d e v i ce- un d e r - te s t  u s e - 1  CODE ( 2 . 1 0 ) . 

R ES ET B I N S . A l l  b i n  c ou n te r s  a r e  s e t  t o  

z e r o - - a l s o c l ea r s  c oun t s  i n  N o n- V o l a t i l e M e m o r y  

( 2 . 7 . 5 ) . 

R E S E T  B I NS . A l l  b i n  c o u n t e r s  a n d  l i m i t s  a re s e t  

t o  z e r o-- a l s o c l ea r s  l i m i t s  a n d  b i n  c o u n t e r s  i n  

N o n - Vo l a t i l e  Mem o ry ( 2 . 7 . 5 ) .  

FORMAT TA P E . E r a s e s  a n d  f orma t s  ca s s e t t e  t a p e s - 

M o de l 2 1 6 0  o n l y  ( 2 . 9 . 3 ) .  

P PM - D . 4 C O D E  e n a b l e s  d i s s i pa t i on fa c t o r  d i spl a y  

i n  p a r t s p e r  m i l l i o n ( p p m ) . H a l f - s i z e d  z e r o e s  

a p p e a r t o  t h e  r i g h t  o f  s i g n i f i c a n t  d i g i t s t o  

i nd i c a t e  p r ope r ppm D va l ue ( e . g  . .  00 0 1 2  D = 1 2 0 .  

ppm D ) . - 4  C O D E  c l e a r s  t h i s  mode  ( 2 . 4 . 1 ) . 

RANGE H O L D  ( Au to ma t i c ) . T h e  i n s t r u me n t  w i l l  a u to

ra n g e  u n t i l i t  mea s u r e s  a pa r t  w h i c h  is  w i t h i n  20  

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

R A N G E  HOL D 

i n t e r v e n t i on .  

mode w i t h ou t f u r t he r  ope ra t o r  

V a l ue a rg u me n t  m u s t be e n t e r e d  

f i rs t .  P e r c e n t l i m i t i s  a l s o  s e l e c ta b l e  

( 2 . 5 • 3 . 1 ) . 

2 - 1 2  
e l s l i  2 1 5 0 /2 1 6 0  5 /8 5  
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Table 2-1 . Model 2 1 5 0/ 2 1 6 0  Te st Code Fun c t i ons ( cont ) 

T E S T  C O D E  NO . 

6 a nd - 6  

7 

- 7  

8 

- 8  

FUNC T I ON 

Z - RA M . Memory  B a c k u p- -w hen t h e  N o n - Vo l a t i l e  

Memory  op t i on i s  i n s ta l l e d , t h e  V i d e o B r i dg e  s a v e s  

s e t- up a n d  b i n  coun t i n f o rma t i on d u r i n g  a l i n e  

v o l t a g e  f a i l u r e  o r  a f t e r  a n o r m a l  p o w e r d ow n . 

D a t a  s t o r a g e  i s  e n a b l e d  b y  t e s t  c od e  6 ,  a n d  

s t o r e d  d a t a  i s  re ca l l e d  b y  t e s t  c o de - 6 . DO NOT 

U S E  U N L E S S  NON- VO L A T I L E  M E MORY O P T I ON I S  

I NSTAL L ED ( A . 3 ) .  

E D I T I O N . T h e  s c r e e n  r e a d o u t w i l l  s h ow t h e  v e rs i o n  

n u m b e r  a n d  d a t e  o f  t h e i n s t r u m e n t ' s  s o f t w a r e . 

A l s o ,  i n s ta l l e d  RAM ( R a n d om A c c e s s  M e mo r y ) 

capa c i ty w i l l  be  i n d i c a t e d  a s  4 k  f o r  Mod e l  2 1 5 0  

o r  1 6k f or Mode l 2 1 6 0 • 

BOO T . T h e  i n s t r umen t a u t o ma t i ca l l y  re t u r n s  t o  i t s 

p o w e r u p  c on d i t i ons , w h i c h i s  u s e f u l  f o r  r e m o t e  

p r og r a m mi n g  ( 2 . 3 . 2 ) . 

H A N D L E R  M OD E . L oc k s  ou t t he k e y boa r d  w h e n  h a nd l e r  

i n te r fa ce op t i o n  i s  i n s ta l l e d . The  d i s p l ay w i l l  

r e a d  " NOW I N  H AN D L ER M O D E . "  T h e  d i spl ay i s  n o t  

a c t i ve u n d e r  t h i s  cod e . To d e - a c t i va t e t h i s  mode , 

tempora r i l y  g r ound P i n  2 1  o f  t h e  H a n d l e r  

I n te r f a ce rea r pane l c o n n e c t or ( 2 . 7 . 6 , A . l ) . 

H A N D L ER MOD E . S e t s  t h e  V i d e o B r i dg e  

H a n d l e r  r o u t i ne d i s p l a y i n g  B I N  

l oc k i n g  t he k e y boa rd ( 2 . 7 . 6 ,  A . l ) .  

2 - 1 3  
e l s l i  2 1 5 0 /2 1 60 5 /8 5  

t o  a spe c i a  1 

n umb e r  w h i l e  



Ta b l e  2 - 1 . Mode l 2 1 5 0 / 2 1 60 Te s t  Code Func t i ons ( co n t ) 

T E S T  C O D E  NO . 

9 a n d  - 9  

1 0  a n d  - 1 0  

1 1  

1 2  

FUNCT I ON 

K E YBOAR D L OC K .  9 C O D E  l o c k s  a l l  t he key s e x c e p t  

t h e  S I N G L E  k e y . - 9  C O D E  u n l o c k s  t h e  k e y b o a r d . 

T h e  k e y b oa rd may a l s o  be u n l oc k e d  by one o f  t he 

fo l l ow i n g me t h od s : 

1 .  G r o u n d  p i n  2 1  on t h e  H a nd l e r  I n t e rfa ce r e a r  

pa n e l  c o n n e c t o r . 

2 .  Type " UNLOCK " t hr ou g h  t h e  GP I B  I n t e r f a c e . 

3 .  Type " UNLOCK " t h r o u g h  C ha n n e l ' B o f  t h e  

R S - 2 3 2 C  I n t e r fa c e ( Appe nd i x  A ) . 

O U T P U T C H - B . 1 0  C O D E  o u t p u t s  m e a s u r e d  r e s u l t s  

t h ro u g h C ha n n e l  B o f  t he RS - 2 3 2 C I n t e r f a c e  a t  t he 

e nd o f  e a c h  mea s u r eme n t  cyc l e .  - 1 0  CODE c l e a r s  

t h e  r e mo t e  ou tpu t c omma n d  ( A . 2 . 1 . 2 ) .  

S T A T US > C H - B . 1 1  C O D E  ou tpu t s  s t a t u s  i n f o rma t i on 

f r o m b o t h  t h e  d i r e c t  d i s p l a y a n d  t h e  s t a t u s  

d i s p l ay o f  t he V i d e o B r i d g e  t h roug h C ha n ne l B o f  

t he R S - 2 3 2 C  I n te r fa c e  ( A . 2 . 9 . 1 ) . 

T A P E  D I R . D i s p l a y s  t h e  t a b l e  o f  c o n t e n t s  f o r  a 

t a pe ( 2 1 6 0  o n l y )  . T h e  f i l e n ame s w i l l  be l i s t e d  

w i t h  t h e  s t a r t i ng b l o c k  t o  t he l e f t  o f  t he f i l e -

name ( 2 . 9 . 4 . 1 ) .  

2 - 1 4  
e l s l i 2 1 5 0 /2 1 6 0  5 / 8 5  

• 



• 
Table 2-1 . Model 2 1 50/2160 Test Code Fun c t i ons ( con t )  

T E S T  CODE N O . 

1 3 

1 4  

1 5  a n d  - 1 5  

1 6  a n d  - 1 6  

1 7  

FUN C T I ON 

L O AD SOURCE . L o a d  s ou r c e  code 

p r o g r a m s  for Mode l 2 1 6 0  ( 2 . 9 . 6 . 1 ) .  

a pp l i ca t i on s  

T A P E  D E L ETE . D e l e t e s  a s pe c i f i ed f i l e f or Mode l 

2 1 60 on l y  ( 2 . 9 . 6 . 2 ) . 

B I N  P R I OR I TY .  R e de f i ne s  t h e  b i n n i n g  pr i o r i ty w h e n  

s o r t i ng c a pa c i t o r s . W h e n  a m i nor re j e c t  i s  

d e t e c t e d , t h e V i d e o B r i d g e  m a k e s  a n  a d d i t i o n a l 

c ompa r i s on to s epa r a te ope n- c i rc u i  t p a r t s  i n to 

B i n  0 i n s t e a d  o f  B i n  R .  - 1 5  CODE c l e a r s  t h i s  mode 

( 2 • 7 • 7 ) • 

A N A L OG BUS Y . T h e  A na l og B u sy s i g na l ( or E n d  o f  

C o n v e r s i o n , E O C ) i s  e na b l e d f o r  u s e  w i t h  t h e 

H a nd l e r  I n te r f a ce Op t i on . T h i s  mode a l l ow s  t h e  

h a n d l e r  t o  a d va n c e t o  t h e  n e x t  c o m p o n e n t  f o r 

t e s  t i  n g  w h i  I e  ca l c u l a  t i o n s  a re s t i  1 1  be i n g  m a d e  

on t he p r e v i ou s  d e v i c e - u n d e r- te s t . To c l e a r  t h i s  

mode , u se - 1 6  CODE . D o  n o t  u se 1 6  CODE u n l e s s  B i n  

1 1  l i m i t s  have been  s e t  t o  z e ro ( A . l . 3 ) .  

AUTO L RC . T h e  b r i d g e  w i l l  a u t o r a n g e  a nd s e l e c t  

t he proper f un c t i on f o r  t h e  c ompon e n t  c o n n e c te d . 

T e s t  f re q u e ncy , t e s t  l e ve l , mea s u r e me n t  spe e d , 

m e a su reme n t  mode ( s i n g l e  o r  c on t i nu ou s ) a n d  

e q u i va l e n t  c i rc u i t  rema i n  a s  p rogramme d . To e x i t  

t h i s  mode , pre s s  a ny i m p e d a n ce m e a s u reme n t  

f u n c t i on k e y , a ny d i sp l a y  mode key , o r  t h e  H O L D 

k e y  ( 2 . 3 . 2 . ) 

2 - 1 5  
e l s l i  2 1 5 0 /2 1 60 9 /8 5  



Ta b l e  2-1 . Mod e l  2 1 5 0/2 1 60 Te s t  Code Func t i on s  ( cant ) 

T E S T  CODE N O .  

1 8  

1 9 

2 0  a n d  - 2 0  

2 1  

2 2  a nd - 2 2  

2 3  a nd - 2 3  

F UN C T I ON 

( 9 ) TO TAPE . S a v e s  k e y bo a r d  l o c k  ( 9  CODE ) t o  tape 

on t h e Mode l 2 1 6 0 . To u n l oc k  t he k e y b o a r d  a f t e r  

t h e  t a p e  f i l e h a s  b e e n  l o a d e d , u s e  - 9  C O D E  

( 2 . 9 . 5 . 3 ) .  

F I L E  NAM E . D i s p l a y s  f i l e n a m e  o f  l a s t  f i l e l oa d e d  

on t h e  Mode l 2 1 6 0 . Upon e n t e r i n g t h i s  c o d e , t he 

V i d e oBr i dg e  w i l l  d i s p l a y : [ F I L E =  f i l e name ] 

( 2 . 9 . 6 . 4 ) . 

A L P H A  K B . 2 0  C O D E  r e d e f i n e s  t h e  ma i n  V i d e o B r i d g e  

ke y boa rd t o  i n c l u d e  f u l l  a l pha n um e r i c s .  T o  c l e a r  

t h e  a l p ha k e y boa rd mode a n d  r e t u r n t o  t he n o rm a l  

( d e f a u l t )  k ey boa r d  mo de , u se - 2 0 code ( 2 . 1 . 1 . 2 )  

GO/NO-GO . T h e  GO/NO-GO m o d e  d i s p l a y s  P A S S  o r  FA I L  

s ymbo l s  o n  t h e  C R T  d i s p l a y  ( 2 . 7 . 8 ) .  

UN-CAL . Tempora r i l y  re move s " CAL I B "  c o n d i t i o n 

f rom pre s e n t  t e s t  s e t up . Z e ro c o rre c t i o n o f f s e t s  

a re re ca l l e d  w h e n  e i t h e r  t h e  t e s t  f re q u e n cy o r  

t h e  t e s t  l e ve l f o r  tha t s e t u p  i s  re- e n t e re d . - 2 2  

C O D E  p e rma n e n t l y  e ra s e s  a l l  s t o re d  z e ro o f f s e t 

va l ue s  ( 2 . 3 . 5 ) . 

G P I B / P E T . T h e  S R Q  l i n e  i s  re s e t  w h e n  t h e  

V i d e o B r i d g e  i s  a d d re s s e d  a s  a t a l k e r .  

t h i s mode , u s e  - 2 3 C O D E  ( A . 2 . 1 6 . 3 ) . 

To c l e a r  

2 - 1 6  
e l s l i  2 1 5 0 /2 1 6 0 5 / 8 5 

• 

• 



• 

• 

Table 2 -1 . Model 2 1 5 0/ 2 1 60 Test Code Functi ons ( cont ) 

T E S T  CODE NO . 

2 4  

2 5  a n d  - 2 5  

2 6  a n d  - 2 6  

2 7  a n d  - 2 7  

2 8  

FUNC T I ON 

GP I B  ADDR . W i t h  t h e  G P I B  op t i on i n s ta l l e d , t h e  

i n s t rume n t  w i l l  d i sp l a y  t h e  a dd r e s s  s e t t i n g  o f  

t h e  sw i t c h e s  on t h e  G P I B  c i r c u i t  c a rd - - P / N  4 6 1 1 4  

( A . 2 . 8 ) . 

G EN-REV . E n a b l e s  g e ne ra t o r  r e v e r s a l f o r  

f reque n c i e s be l ow 2 0 0 H z  f o r  n o i se r e du c t i on .  - 2 5  

C O D E  ( d e f a u l t  c o n d i t i o n a t  p ow e r - u p ) d i s a b l e s  

g e n e ra t or re v e r s a l be l ow 2 0 0 H z , a l l ow i ng f a s t e r  

mea s u remen t spe e d s . E n te r i ng F A S T  mea s u reme n t  

m o d e  a l so d i sa b l e s  g e ne ra to r  reve r s a l  

3 . 3 . 1 . 1 ) .  

( 2 . 8 ,  

B I N  # + VALUE . Top a n d  b o t t o m  m e a s u reme n t  va l u e s  

a r e d i sp la y e d  i n  sma l l  c h a ra c t e r s  w h i l e  i n  SORT 

mode . To c l e a r  t h i s  mode u s e  - 2 6  CODE ( 2 . 7 . 6 ) . 

M I N  D I G I T S . A l l ow s  t h e  n umbe r o f  d i g i t s d i sp l ay e d  

t o  e x ce e d  l i m i  t s  n o r ma l l y a pp l i e d b y  t h e  

V i d e o B r i dg e . W he n  p r e c e d e d  by a numbe r b e tw e e n  1 

a n d  6 ,  t h i s  t e s t  code c a u s e s  a t  l ea s t  t ha t n u mbe r 

o f  d i g i t s t o  be d i sp l a ye d . - 2 7  CODE p r o g r a m s  1 a s  

t h e  m i n i mu m  d i g i t s d i sp l a y e d  ( 1 . 1 ) . 

N o t  u se d . 

2 - 1 7  
e l s l i  2 1 5 0 / 2 1 6 0  9 / 8 5  



2 . 1 . 1 . 2  K eyboa rd Ove r l ay ( 2 1 6 0  On ly ) 

T h e  Keybo a rd Ove r l a y  ( P /N 5 5 4 1 3 )  i s  u se d  i n  c on j u n c t i o n  w i t h  2 0  COD E 

t o  r e d e f i n e t h e  ma i n  k e y boa rd of  t he V i de o B r i d g e  f o r  f u l l 

a l p ha n u me r i c s .  T h e  p r i n c i pa l  u s e  o f  t h e s e  c ha ra c t e r s  i s  f o r  e n t e r i ng 

name s o f  c a s s e t te f i l e s .  T h e s e  names a r e  l { s t e d  o n  t he t a pe d i re c t o ry 

( 1 2 C O D E ) a n d  a r e a l so u sed w h e n  s t o r i ng a nd re t r i e v i n g mea s u reme n t  

d a t a  o n  t h e t a p e . F o r  m o r e  i n f o r ma t i o n o n  u s i n g  2 0  C O D E  a n d  t h e  

K e y b o a r d  Ove r l a y  t o  c re a te tape f i l e  n a me s , re f e r  t o  s e c t i on 2 . 9 . 5  o f  

t h i s  ma n u a l .  

NOTE : The K e y b o a r d  O ve r l a y  i s  s i l k s c r e e n e d  on bo t h  s i d e s . 
O n e  s i de ha s t h e  o r i g i na l  keyboa rd f u n c t i on s . The  o t h e r  s i d e 
h a s  t h e  new a l p h a n u me r i c keyboa rd f u n c t i o n s . U n d e r  no rma l 
o p e r a t i on ,  t h e  o ve r l a y  c a n  be s t o re d  o ve r  t h e  ma i n  k e y b o a r d  
w i t h  t h e  o r i g i n a l  k e y b oa r d  f u n c t i o n f a c e  u p . W h e n  t h e  
a l t e r n a te k e y boa r d  f u n c t i o n mode i s  s e l e c t e d , t he ove r l ay c a n  
b e  t u r n e d  o v e r  t o  r e vea l t h e  n e w  a l p h a n u me r i c  f u n c t i o n s . A l l  
d i s c u s s i on i n  t h i s  m a n u a l r e g a r d i n g t h e  a l t e r na te k e y boa rd 
f u n c t i o n mode  a s s ume s t h e  ove r l a y  i s  s t o re d  on t h e k ey b oa r d . 

The S t a t i s t i c s a n d  A n a l og a p p l i ca t i o n s  p r og rams  u s e  t h e i r  own keyboa r d  

o v e r l a y . E a c h  o f  t h e s e o v e r l a y s  i s  e x t e n d e d  t o  f i t  o v e r  t h e  1 2  

a u x i l i a r y k e y s  a s  w e l l a s  t h e ma i n  k e y b o a r d .  W h e n  u s i n g S T A T  o r  

ANALOG , t he se 1 2  k e y s  o n  t he r i g h  t h a n d  s i d e  o f  t he key boa rd a re a 1 s o  

r e de f i n e d  t o  d i s p l a y  t h e  a pp r op r i a te a pp l i c a t i on s  prog ram f u n c t i o n .  

S TAT k e y boa r d  ove r l a y - - P /N 5 5 4 1 0  

ANALOG k ey boa r d  o ve r l a y - - P /N 5 5 4 1 2  

e l s l i  
2 - 1 8  
2 1 50 / 2 1 6 0 5 /8 5  

• 
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T h e  A l t e rna t e  Ke yboa rd l a y o u t 

i s  a s  f o l l ow s : 

E f G H I 
r::J r::J r::J r::J r::J 

J K l M M 

o P Q R \ 
r::J r::J r::J r::J r::J 

I U V W x 

+ - CR COMI 
r::J r::J r::J r::J ill 

Y 1 DEl EIIIER Stil 

fAIl MID SlOW 
r::J r::J r::J 

I 5 6 

m k M 
r::J r::J r::J 

1 2 J 

F i gure 2 -2 .  Mod e l  2 160 Fr on t Pa n e l  w i t h  Ove r l a y  

Ma ny key s on t he keyboa r d  ha ve more t ha n  one f u n c t i on . A f u n c t i o n 

l a be l e d  i n  w h i te i s  s e l e c t e d  b y  pus h i ng t h e  key d i re c t l y  a b o v e  t h e  

l a be l . A n  a l te r n a t e  f u n c t i on ,  l a be l e d  i n  b l u e , i s  s e l e c t e d  by pu s h i n g 

t he b l ue k e y  f o l l owe d by t he k e y  d i re c t l y be l ow t h e  d e s i r e d  f un c t i on . 

T h e  f o l l ow i n g  d e s c r i be s  e a c h  k e y . ( S e e  S e c t i o n 2 . 9 . 5 )  

K E Y  

A - Z  

+ ,  - , * 

D E F I N I T I ON 

L e t te rs f or e n t e r i n g ta p e  f i l e nam e s . E a c h  c ha ra c t e r  i s  

e c h oe d  o n  t h e  CRT a s  i t  i s  e n te red . 

P l u s , m i n u s , a n d  a s t e r i s k  ke y s  f o r  e n t e r i n g t a p e 

f i l e n a me s . Ea c h  c h a ra c te r  i s  e c h o e d  on t h e  C R T  a s  i t  

i s  e n t e re d . 

2 - 1 9  
e l s l i  2 1 5 0 / 2 1 6 0 5 /8 5  



K E Y  

< bl ue >  

CODE 

SAVE  

LOAD 

C R  

CONT 

D E L  

DE F I N I T I ON 

A p o s t r o p h e . T h i s  M U S T  p r e c e d e  t h e f i l e n a m e  w h e n  

l oa d i n g a f i l e f rom tape o r  s a v i n g  a f i l e o n t o  tape . 

Uppe r f u n c t i on k e y  se l e c t s fu n c t i o n s  l a be l e d  i n  b l u e . 

S e l e c t s  spe c i a l  i n s t r ume n t  f u n c t i o n s  n o t a va i l a b l e  

d i re c t l y  on t h e  keyboa rd . ( S e e  Se c t i o n 2 . 1 . 1 . 1  T e s t  

Cod e s  i n  t h i s  M a n u a l  f o r  more  d e ta i l s . )  

S t o r e s t he i n s t r ume n t ' s pa rame t e r s  o n  ca s s e t t e t ape . 

F i l e  n a me mu s t  be p r e c e d e d  by t h e  s i g n . ( Re f e r  to 

S e c t i o n 2 . 9 . 5 ,  Sa v i ng P a rame t e r s  for more 

i n f o rma t i on . )  

Re- p r og rams  t h e  i n s t rume n t  w i t h  m e a s u rem e n t  pa rame te r s  

s t o r e d  o n  t h e c a s s e t t e t a p e . F i l e  n a m e  m u s t  b e  

p r e c e d e d  b y  t h e  s i g n . ( R e f e r  t o  S e c t i o n 2 . 9 . 6 ,  

L oa d i n g Pa rame t e r  P r og rams f or m o r e  i n fo rma t i o n . ) 

CARR I AGE RETURN . Te rm i n a t e s  s pe c i a l  c omma n d s . 

C O N T I N U O U S  m e a s u r e m e n t m o d e . O pe r a t e s  i n  t h e  s a m e  

m a n ne r d e s c r i be d  i n  S e c t i on 2 . 1 . 1  i n  t h i s  ma n u a l . 

D E L E T E  l a s t  e n t r y . Ope r a t e s  i n  t h e  

d e s c r i be d  i n  S e c t i o n 2 . 1 . 1  i n  t h i s ma n u a l . 

2 - 2 0  
e l s l i  2 1 5 0 / 2 1 6 0 5 / 8 5  

s a me ma n n e r  
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• 
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K EY 

ENTER  

S G L  

D E F I N I T I ON 

E N T ER key i s  u se d  f o r  spa c i ng a s  d e s c r i bed  i n  S e c t i on 

2 . 1 . 1  i n  t h i s  ma nu a l . 

S I N G L E  mea s u reme n t  mode . Ope ra t e s  i n  t h e  s a m e  ma n n e r  

de s c r i be d  i n  S e c t i on 2 . 1 . 1  i n  t h i s  m a n u a l .  

To e n  t e r  t h e  a l  t e rna  t e  k e y bo a r d  f u n c  t i on mode I p u s h  < 2 > < 0 > < b l u e >  

< C O D E > .  T h e  CRT w i l l  i n d i c a te t h a t t h e  a l pha k ey b o a rd o ve r l a y  i s  now 

ope ra t i on a l . 

E XA MP L E : 

Push D isplay 

H Z =  1 0 0 0 . 0 N o H =  

1 0 0 0 .  H Y  S I N G L E  D I R E C T  

S E T L - O O S O N S  I N T G R = 0 5 0 M S  A V E = O I 

A U T O  il L P H A B I A S O F F  

. D 

A L P H R  ll V E R L A '( 

2 - 2 1  
e l s l i 2 1 5 0 / 2 1 6 0 5 /8 5  

Commen ts 

I n d i c a te s  t h e  A L P H A  

m o d e  ha s b e e n  e n t e red . 

P l a c e t he k e y boa rd 

ov e r l a y a l t e r n a t e  

f u n c t i on s i d e up . 



To e x i t  t h i s  mode and  re t u r n t o  t he o r i g i n a l  k e y b o a r d  f u n c t i o n s  mode , 

pu s h  < - >  < 2 >  < 0 > < b l u e >  < CO D E > a n d  f o l l ow t h e  i n s t r u c t i on s  on t h e  CRT . • 
E X A M P L E :  

Push Display 

H Z :  1 0 0 0 . 0 N O M =  

1 0 0 0 .  M V  S I H G L E  D I R E C T  

S E T L = 0 0 5 0 M S  I N T G R - O S O N S  A V E - O l 

A U T O  B I A S O F F  

D 

O V E R L A Y  

Commen t s  

P l a c e  t h e  k e y boa rd 

ove r l a y  o r i g i n a l  

f u n c t i on s i d e u p .  

( F o r  m o r e  i n f orma t i on , r e f e r  t o  S e c t i o n 2 . 9 . 5 Sa v i ng P a ra m e t e r s  i n  

t h i s  Ma n u a l . ) 

e / s / i 
2 - 2 2  
2 1 5 0 / 2 1 6 0  5 /8 5  
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2 . 1 . 2  CRT D i splay 

The 5 - i n c h  ( d i a g on a l )  ca t ho d e - r a y  tube ( CRT ) pre s e n  t s  a s i m u l  t a n eous  

d i s p l a y  of  t h os e  te s t  pa rame t e r s  a n d  mea s u r e me n t  r e s u l t s  t ha t  a re mo s t  

i mp o r t a n t  t o  t h e o p e r a t o r . M o d e l s  2 1 5 0 / 2 1 6 0 f e a t u r e t w o  d i s p l a y 

f orma t s- - norma l ( d i r e c t )  a n d  b i n n i n g ( s ta t u s ) .  

STATUS 
H IGH LIMIT ' 

NORMAL 
U N ITS 

LOW LlMIT� PARTS COUNT 

BIN N U M BE R  

0 1 . . � O �  ' . O �  

� PER BIN 

8 2  -1 o o �  + 1 . ? o o r  0 

FREQUENCY NOMIN�L DISPLAY MODE 

PROG RAM M E D  � \ ;J 
VOLTAGE � � NUMBER OF VHZ= 1 0 0 0 . 0 HOH= F A R A D S M EASUREMENTS 

SETTLING ' ........ 1 0 0 0 H '  S I H G L E  D I R E C T .x AVERAGED 
"'3  - 2 . 0 �  + Z . O O r.  0 0 0 0  

0 ..  -:5. 0 0 %  + � .  0 0 %  O D D O D 

O �  - 1 0 . 0 0 i:  + 1 0 , 0 0 %  0 0 0 0 0  

O £J  - 20 . D O r. + 2 0 . 0 0 %  0 0 0 0 0  

0 7  . 0 0 %  . 0 0 %  O O D O D  
0 8  . D o X  • O O �  0 0 0 0 0  0 9  . 0 0 %  . O O X  0 0 0 0 0  

1 0  . 0 0 x . 0 0 x 0 0 0 0 0  

TIME ,- SETL= 0 0 50 H S  I N T 6 R = 0 5 0 " '  A' E =O t- I --yA U T O  C A L I ! B I A S O F F, EXTERNAL BIAS 

LOCK1/"; • ""t.-. c s  TIME 

MINOR 11  . O O X . 0 0 %  0 0 0 0 0  

REJECT 0 0  H A I H  R E J E C T  8 1 H  0 0 0 0 5  

AUTO RANGE�I
______ "" LJ "" 51 1-� ............ 1 INTEG RATION 

CALIBRATION t:: ::J .  C ""t DISPLAY 
FIXTURE !:][] 1LI I  J U PPER 

NOH- O .  F A R A D S c s  M I N O R  LlMIT
1::::REJ(  . 0 0 0 0 0 0  R/X  Dc;t0 0 0 0 0  

0 )  S T A T U S  � FUNCTION N O M I N A L  ' ) • � 
ALPHA !'p'il':r:r"7'''''''''' '", FUN CTION 

0 > . �:-. J"'ooo-,:. LOWER DISPLAY ....... MAJOR 

DATA ENTRY 
FU NCTION 

Figure 2-3 . 

/ r FUNCTION 
DATA ENTRY ERROR M ESSAGE 

CRT Di splay Forma ts 

N o rma l d i sp l ay fo rma t can be b r o k e n- d own i n t o t h r e e  ma j o r a re a s : 

1 .  Pa rame t e r  f i e l d  ( t op po r t i on o f  CRT s c r e e n ) .  

Te s t  f requ e n cy i n  h e r t z  ( H z )  

N om i n a l  va l u e  ( w h e n  p r o g r a mmed ) 

I t  c on t a i n s : 

U n i t s  o f  t he t op mea s u r e me n t  d i sp l ay f u n c t i o n 

Te s t  s i g na l l e ve l i n  m i l l i vo l t s  ( mV )  o r  m i l l i a mpe re s ( rnA )  

• M e a s u re me n t  mode -- c o n t i n u ou s  ( CONT ) o r  s i n g l e  ( S I NGL E ) 

D i s p l a y  mode 

Ra n g i ng mode 

D i r e c t , A u t o  L R C , D e v i a t i o n ,  G O/NO-G O , or  S o r t  

A u t o o r  H o l d  

Ca l i b ra t i on ( CA L I B )  i n d i c a t o r  for  t e s t- l e a d  o r  t e s t  f i x t u r e  ze ro 

Number of mea s u r e me n t s  a v e ra g e d  f o r  ea c h  d i s p l a y  

. S e t tl i ng t i me a nd i n t e g ra t i o n t i me i n  m i l l i s e c o n d s  ( ms )  

B I AS O N /O F F ,  A L P H A  ke y boa r d  o v e r l a y  a c t i ve ,  a n d  key boa r d  L OC K  

e l s l i  
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2 .  Mea s u re me n t  d i sp l ay ( ce n t e r  p o r t i o n o f  C R T  s c r e e n ) .  I t  c o n t a i n s : 

· Two re a d i ng s  

· U n i t m u l t i p l i e r  and  u n i t f or e a c h  re a d i n g 

· F u n c t i o n a n d  e q u i va l e n t  c i rc u i t  mode f or e a c h  rea d i n g  

3 .  Da ta e n t r y  ( bo t t om por t i on o f  C R T  s c re e n ) . I t  con t a i n s : 

· Da t a  e n t ry l i ne s  t ha t e c h o t he l a s t  k e y boa rd e n t r i e s . 

· E r r o r  m e s s a g e  a b ove da t a  e n t r y l i n e s  ( s e e  S e c t i o n 2 . 1 1 ) .  

S ta tu s  d i s p l a y  i s  u s e d  w h e n  p r e pa r i n g f or c ompone n t  so r t i n g o pe ra t i o n .  

I t  c a n  b e  d i v i de d  i n t o  two ma j or a r ea s- - s o r t i n g  l i m i t s a nd r e j e c t  

1 i m i  t .  F o r  a m o r e  d e  t a  i 1 e d  e x p l a n a  t i  o n  o f  t he s o r t i  n g  ope  ra t i on a n d  

t he s ta tu s  d i s p l a y  s e e  S e c t i on 2 . 7 . 1  i n  t h i s  manua l .  

2 . 1 . 3  Casse t te Tape Loader ( 2 1 6 0  Only ) 

T h e  ca s s e t te t a pe o f  t he M o d e l 2 1 6 0  i s  a f e a t ur e  t h a t a dd s  t o  t h e 

o v e r a l l  v e r sa t i l i t y o f  t h e  i n s t r ume n t . T h e  ca s se t te c a n  b e  u s e d  a s  a 

ma s s  s t o r a g e  d e v i c e f o r  t e s t p a ra me t e r s , mea su reme n t  i n f o r ma t i o n ,  o r  

op t i ona l a p p l i ca t i on s  prog rams . I t  s t o r e s  o f t e n  u s e d  s e t u p s  f o r  l a t e r  

r e  t r  i e va 1 ,  s o  r e p e a  t e d l  y ma k i  n g  t he same  s e  t u p  b e c o m e s  u n n e c e s  s a  r y . 

F o r  a m o r e  d e t a i l e d  e x p l a n a t i o n o f  t h e  c a s s e t t e t a p e l o a d e r ,  s e e  

S e c t i o n 2 . 9  i n  t h i s  manua l .  

2 . 1 . 4  Other Front Panel Contro l s  

ON III ON --
WOFF I POWER 

� EJECT 

Tu r n s  i n s t rum e n t powe r ON a n d  O F F . 

O p e n s  C a s s e t te Tape L oa d e r d o o r  f o r  

d i r e c t  a c ce s s  t o  ca s se t te t a p e s . ( Mo d e l 

2 1 6 0  on l y )  

2 - 2 4  
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• 2 . 2  REAR PANEL 

F i g ure 2-4 . Rear Pane l 

1 1 "  I 
FREQ. 50�6

R�::TNE
SS
I I I I I I  145VA IMAXI 
NOM RANGE FUSE 3AG 1250VI 
llS 90-132 2.0 AMP Slow Blow 230 181-249 16 AMP Slow Blow 

2 . 2 . 1  Rea r Panel Con t ro l s  and Connec tors 

CD H D , H S , L S ,  L D  F o u r  BNe s ty l e  con n e c t o r s  f o r  mak i n g  

pa s s i v e l y  g u a rded , f o u r- t e r m i na l -

conne c t i on t o  t he u n k n own . 

WARNING ' 
EL ECTRICAL SHOCK HAZ ARD EX I STS WHEN BIAS SUPPL I ES ARE 
CONNECTED TO THI S  I NSTRUMENT . WHEN EXTERNAL BIAS SUPPLIES 
ARE ATTACHED , THE B IAS VOLTAGES ARE PRESENT ON THE REAR PANEL 
BNC CONN ECTORS . USE ONLY BIAS VOLTAGES UP TO +50VDC WITH 
EACH B I A S  SUPPLY CURRENT LIMITED AT l OOMA . DO NOT TOUC H , 
C O N N E C T , OR D I S C ONNECT T H E  M E A S U R E D  C OMPON E N T  OR T H E  BNC 
CABLES WHI LE BIAS VOLTAGES ARE APPL I ED .  

CD B I AS T e r m i na l s  T w o  b a n a n a  p l u g j a c k s  ( w i t h  r e m o v a b l e  

s t rap l i nk )  p r ov i de c o n n e c t i on o f  e x t e r

n a l  b i a s  s u p p l i e s  t o  t he comp o n e n t be i n g  

te s t e d , u p  t o  5 0V DC w i t h b i a s  s u pp l y  cur-

r e n t  l i m i t e d  a t  1 0 0mA . B i a s  s upp l y  

p o l a r i t y  mu s t  ma t c h  t e r m i n a l  i nd i c a t o r s . 

2 - 2 5  
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o R E MOT E START 

o B I A S  F US E  

J l  

J 2  

L I N E  P OWER CORD 

® B R I G HT N E S S  CONTROL 

CD POW E R  F U S E  

1 1 5 / 2 3 0  S W I T C H  

A m i n i a t u re phone  j a c k s ty l e  c o n n e c tor 

f o r  remo t e l y  i n i t i a t i n g me a s u r e m e n t s  . • 
( de - b ou n c e d  sw i t c h  c on ta c t  c l o s u r e  f o r  

s ta r t . )  

A O . S A 3 A G  f a s t  b l ow f u s e  p r e ve n t s  d a ma g e  

t o  t h e  i n s t r ume n t  i f  a c ha r g e d  c a pa c i t o r  

i s  c o n n e c t e d  t o  t h e  i np u t  t e rm i n a l s  or i f  

e x c e s s i ve b i a s  c u r r e n t i s  appl i e d . 

An op t i on i n pu t s/ou t p u t s  c on n e c t o r  wh i c h  

a l l ow s  c o n n e c t i on t o  a n  i n t e r f a c e  o p t i on . 

C onne c t o r  i s  p r e s e n t  o n l y  w h e n  op t i o n i s  

i n s ta l l e d . M od e l 2 1 6 0 h a s  a s ta nd a rd 

RS- 2 3 2 C  c on n e c t o r i n  t h i s  po s i t i o n .  

A n  o p t i o n c o n n e c t or ; ou tpu t s  d e p e n d  on 

o p t i o n i n s t a l l e d . C o n n e c t or i s  p r e s e n t  

on l y  w h e n  op t i on i s  i n s t a l l e d . 

A s ta nd a r d  3 -w i re powe r c o r d  f o r  

c o n n e c t i o n t o  nom i n a l  1 1 S VAC a t  4 8 - 6 6 H z  

o r  n om i na l  2 3 0 V A C  a t  4 8 - 6 6 H z .  ( S e e  

S e c t i o n 2 . 3 . 1  be f o r e  u s i ng c o r d  a n d 

c on ne c t o r s  o t h e r  t ha n  suppl i e d . ) 

Con t ro l s  t h e br i g h t n e s s  f o r  c ha r a c t e rs 

d i sp l a y e d  on t he CRT . 

T he l i n e p owe r f u s e  u s e d  i s  2 . 0A ,  2 S 0V 

S l ow- B l ow f o r  1 1 S V  ope r a t i o n a n d  1 . 6 A ,  

2 S 0V S l ow - B low f o r 2 3 0V opera t i on .  

Se l e c t s  t h e nom i n a l  l i n e vol t a g e . 
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2 . 3  I NSTRUMENT SETUP 

2 . 3 . 1 Powe r Requi reme n ts 

T h e  2 1 5 0 / 2 1 6 0  r e q u i re s  a powe r s o u r c e  o f  1 1 5 V A C  ( 90 - 1 3 2 VA C ) a t  4 8 /6 6 H z  

o r  2 3 0 V A C  ( l 8 0- 2 5 0 VA C ) a t  4 8 /6 6 H z . Be f o r e  t u rn i ng t he powe r ON , ma ke 

sure t he i n s t r u m e n t i s  s e t t o  t he prope r l i n e v o l t a g e  a nd h a s t h e  

proper  l i n e  f u s e  i n s ta l l e d . T h e  i n s t r ume n t  c o n t a i n s a r e a r  p a n e l s l i d e 

swi t c h  t o  s e l e c t  t h e  n om i na l  l i n e v o l ta g e . S e e  F i g u re 2 - 5  f or p roper 

l i ne v o l ta g e  s e t t i n g s  . 

� OR � 

Figure 2-5 . Line Vol tage S e t t i ng s  

BECAUSE O F  D I FFERI NG POWER REQUIREMENTS , I NSTRUMENTS S H I PPED 
O U T S I DE THE UNITED STATES MAY REQUI RE A D I FFERENT POWER CORD 
CONNECTOR . WHEN PLAC I NG A NEW CONNECTOR ON THE POWER CORD , 
C A R E  MUST BE TAKEN TO A S S URE A L L  T H R E E  W I R E S  ( E , N , L ) ARE 
CONNECTED PROPERLY . THE GREEN OR GREEN WITH YELLOW STRIPE 
W I R E  IS ALWAYS CONNECTED TO EARTH GROUND ( E ) . THE WHITE OR 
L IGHT BLUE WIRE IS CONNECTED TO THE NEUTRAL S IDE OF THE POWER 
L I NE ( N ) . THE BLACK OR BROWN WIRE IS CONNECTED TO THE H I G H  
S I D E O F  T H E  P OWER L I NE ( L ) . F I GURE 2 - 6  I L L U S TRA T E S  T H E  
AVAI LABLE POWER CORD CONF IGURATIONS ACCORDING TO COUNTRY , 
I NC LUDING THE STANDARD POWER CORD FURNI SHED WITH THE 
INSTRUMENT . 
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WARNING 

TO P REVENT POSSIBLE ELECTRICAL SHOCK OR DAMAGE TO THE 
INSTRUMENT , CHECK LOCAL ELECTRICAL STANDARDS BEFORE SELECTING 
A P O W E R  COR D . T H E  I N FORMAT ION P R E S E N T E D  H E R E  M A Y  NOT BE 
CORRECT FOR ALL LOCATIONS WITHIN THE REFERENCED AREAS . � WHIT' 

ql�� E GREENIYELLOW 

L BLACK FURNISHED FOR COUNTRIES 

� � � L B�CK 
OTHER THAN LISTED BELOW 

E GREENIYELLOW 

N WHITE � GREEN 

� L RED 

N BLACK l � :::EN 

2S0V. 6A 

q{Jd 
N EW Z E A LA N D .  

A U S T R A L I A .  ETC. 

N BLACK 

~ 
GRE ENffElLOW 

N LIGHT BLU� 
250V. SA 

GREAT BRITAIN.  

L BROWN SOUTH AFRICA. INDIA. � L BROWN RHODESIA. SINGAPORE. ETC. 

� d E GREEN/YELLOW 

N LIGHT BLUE �L1GHT BLU' 

:8 
E GREEN/YE LLOW 

L BROWN 
250 V. 6A � L1GHT BLU' EAST/WEST EUROPE. 

� � � �  g , GREENffElLOW 

IRA N .  ETC. 

c[ 
L BROWN 

LEGEND E:  EARTH OR SAFETY GROUND 

L: LINE OF ACTIVE CONDUCTOR 

N:  NEUTRAL OR IDENTIFIED CONDUCTOR 

Figure 2 - 6 . Power Cord Connectors 
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2 . 3 . 2  Applyi n g  Powe r 

OFF IT1N "-"  

F _  POWER 
O N  iii ON "-" 

WOFF _ 

Figure 2-7 . Power ON/OFF Swi tch 

A f r o n t  pa n e l  pus h-ON , pus h-OFF sw i t c h  t u r n s  pow e r ON a n d  OFF ( se e  

F i g u re 2- 7 ) .  W h e n  pow e r  i s  appl i e d ,  t h e  C R T  d i sp l a y  w i l l  i l l um i n a te 

i n  1 5  s e c o n d s .  I n s t rume n t  w a r m-up t i me i s  1 0  m i nu te s . A f te r  i n i t i a l 

t u r n- o n , t h e  b r i  d g e  w i  1 1  a u  t oma t i  ca  1 1  y s e  l e c  t t he p rope r t o p  d i sp l a y  

f u n c t i on a n d  u n i t s  f o r  t h e  c ompon e n t  c o n n e c te d . T h e  i n i t i a l  s t a r t i n g 

c o nd i t i o n f o r  o t he r  prog ramma b l e  parame t e r s  i s :  

D i spl a y  F o rma t D i r e c t  

D i s p l a y  M o d e  Au t o  LRC  

F r eque n c y  1 0 0 0 H z  

Nom i na l va l u e n on e  

Te s t  s i g na l  l e v e l  l O O OmV RMS  

M e a s ureme n t  mode C o n t i nu o u s  

Se t t l i ng t i me 5 0 m s  

I n t e g ra t i o n t i m e  5 0 m s  

M e a s u r e m e n t s a ve ra g e d  1 

B i n n i n g l"i m i t s 1 - R EJ + / - 0 0 0 0 %  

SORT mode % 

R a n g i n g  mode Au t o  
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W h e n  t he i n s t rume n t  i s  t u r n e d  on , te s t  code  1 7  ( Au to L RC Mode ) i s  

e na b l e d . T he V i de oB r i d g e  a u t o ra n g e s  a nd de t e rm i ne s  w h e t h e r  t he 4It 
c ompon e n t be i ng t e s t e d  i s  a n  i n duc tor , a re s i s t o r , o r  a c a pa c i t o r  a n d  

d i s p l a y s  a s e r i e s  e q u i v a l e n t  m o d e  m e a s u r e m e n t  i n  h e n r y s , o hm s  o r  

f a ra d s .  M i n or ( l os s ) f un c t i o n s  w i l l  b e  a l s o  be d i s p l a y e d  a c c o rd i ng t o  

t h e  f o l l ow i ng : 

1 )  L & Q ,  s 
2 )  R o n l y  ( n o  m i no r ) , s 
3 )  C & D s 

I f  t he r e  i s  n o  c ompo n e n t c o n ne c t e d  t o  the  t e s t  f i x t u r e  o r  c l i p s ,  t he 

V i de o B r i dg e  w i l l  d i s p l a y  " O P E N " w h e n  i t  de t e c t s  a Z > 5 0M Q ,  o r  " S HORT " 

w h e n  i t  d e t e c t s  a Z < 2 0mQ. 

A u t o  L R C  m ode can be e x i  ted by p re s s i ng a n y  i mped a n ce f u n c t i o n k e y , 

any  d i s p l a y  mode k e y , o r  t h e  H OL D  key . I f  A u t o  L R C  mode i s  r e - e n t e red , 

t h e n  t e s  t l e ve l , t e s  t f r eq u e n c y , m e a s u  remen t s pe e d , a n d  

c i r c u i  t rema i n a s  p r og rammed a nd t h e  v i  d e o B r  i d g e  

a u t o ra ng i n g .  T h e  X C H G  k e y  i s  d i sa b l e d  i n  A u t o  L R C  mode . 

equ i va l e n t  

re t u r n s  t o  

I f  a 

2 1 6 0 , 

ca s s e t te tape i s  i n  p l a c e  w h e n  pow e r  i s  appl i e d  t o  t he Mod e l  

t h e  me s s a g e  [ A UTOSTART T A P E  S EARC H ] a n d  a bl i n k i n g  c u r s o r  w i l l  

a pp e a r  o n  t he s c r e e n . T h i s  AUTOSTART f e a t u re i n i t i a te s  a n  a u toma t i c  

s e a r c h  o f  t h e c a s s e t t e t a p e d i r e c t o r y f o r  a f i l e t h a t  h a s  b e e n  

des i g na t e d  f o r  l oa d i ng upon t h e  a pp l i ca t i o n  o f  powe r .  I f  t he sea r c h  

f o r  s u c h  a f i l e i s  u n s u c c e s s fu l , t he m e s s a g e  [ NO AUTO S TART F I L E  ON 

TAPE ] w i l l  be d i sp l a ye d . I f  n o  c a s se t t e  t a p e  i s  i n s ta l l e d  or i f  t he 

u n i t  i s  a Mode l 2 1 5 0 , t h e  p owe r u p  c o nd i t i on s  a re t he s a me a s  t h ose 

p re v i ou s l y  d e s c r i bed . ( Re f e r  t o  S e c t i o n 2 . 9 . 5 ,  Sav i ng Pa rame t e rs for 

a dd i t i o n a l i n f or ma t i o n on the AUTOS TART f e a t u r e . ) 
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2 . 3 . 3  Conne c t ions t o  Unknown 

Mode l s  2 1 5 0 / 2 1 6 0 make  f ou r- t e r m i na l mea sureme n t s w i t h  pa s s i ve 

g u a rd i ng . T h e y  pro v i de s e pa ra t e  s h i e l d e d  c o n n e c t i on c a b l e s  f o r  c u r re n t  

d r i v e  a n d  v o l t a g e  s e n s e  t o  t h e  h i g h  a n d l ow s i d e  o f  t he u n k n ow n . T h e s e  

c a b l e s  a re f u l l y  s h i e l d e d  t o  m i n i m i z e  t he e f fe c t s  o f  s t ra y capa c i 

t a n ce . T h e y  a re la be l e d  H I  D R I V E , H I  S E N S E , L O  D R I VE , a n d  L O  S E NS E . 

T h e  s h i e l d s a round t he H I G H  a n d  LOW D R I V E  c a b l e s  a re c o n n e c t ed to t he 

GUARD p o i n t  ( se e  F i g u re 2 - 8 ) .  T h e  t o ta l  l oa d  i mp e d a n c e  ( Z )  t o  t he 

g u a r d  p o i n t mus  t be  g re a  t e r  t h a n  o r  egua 1 t o  t h e  i mp e d a n c e  o f  t h e  

d e v i c e u n d e r  t e s t . D r i v e a n d  s e n s e  l e a d s  f o r  b o t h  H I G H a n d  L OW 

t e rm i na l s  mu s t  make s e pa r a t e  c on n e c t i on s  t o  the  u n k n ow n . 

HI D RI V E  H I  SE N S E  

, , 
�"', 

Z LOAD' ,' 
HI TO GUARD �{ , , , " 

LO SE NSE 

" 
" 

,-" , . 
," ,," Z LOAD 

LO DRIVE 

/'; LO TO GUARD 
" 

*Guard shields of H I  and LO D ri v e  
ccble� must b e  connected at  
unknown end of test-leads . 

GUARD* 

Figure 2-8 . Conne c t i on t o  Unknown 

F o r  a c c u ra t e  mea su reme n ts  of  l ow i mpeda n c e  u nk n o w n s , sepa ra t e  d r i  ve  

and sense c o n ne c t i o n s  a re n e c e s s a ry to  p re v e n t  l e a d  r e s i s t a n c e  f rom 

b e c o m i n g a p a r t  o f  t h e  m e a s u r e d  u n k n o w n . B o t h  d r i v e a n d s e n s e  

c o n n e c t i o n s c a n  be c on ne c t e d  toge t h e r t o  a s i ng l e  l e a d  o f  t h e  u nk n own 

( a  2 - t e rm i na l  m e a s u re m e n t )  i f  t h e  l ea d  i s  a s ma l l  pa r t  of t he u nk nown 

imped a n c e  ( R l d < Z k / l O O O  f o r < 0 . 1 % e r r o r ) . W i t h  p r ope r c on n e c t i on s  e a  u n  
a s  s h o w n  i n  F i g u r e  2 - 8 , c a b l e  l e n g t h  o f  5 f e e t  c a u s e s  n o  l o s s  o f  

a c c u r a c y . D i f f e r e n t  c a b l e l e n g t h s  o r  s p e c i a l  t e s t  c o n d i t i o n s  m a y  

re s u l t i n  a c cu ra cy l o ss . 

C o n su l t  E S I  f a c tory f o r  a dv i c e  on y o u r  a pp l i c a t i o n .  
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2 . 3 � 4  Test-Leads v s  Tes t-Fi x tures 

C e r ta i n  m e a s u remen t a re a s  a re more c r i  t i  ca l t ha n  o th e r s  a n d  requ i re 

the u s e  o f  a t e s  t- f i x  t u r e  ra t h e r  t h a n  t e s  t- l ea d s . T e s  t- l ea d s  w i t h  

K EL V I N  K L I P S a re be s t  u s e d  a t  f requ e n c i e s  be l ow 1 k H z  o r  f or h i g he r  

f re q u e n c y  me a s u reme n t s  w he r e  h i g h  a c c u ra cy i s  n o t  n e e de d  ( s e e  n o t e  

a t ta c he d  t o  K E L V I N  K L I PS ) . C ha n g e s  i n  t e s t- l e a d  p o s i t i on c h a n g e  s t ra y  

capa c i ta n ce a nd/or i nd u c ta n c e , mak i n g  a t ru e  z e ro c o r re c t i on d i f f i cu l t  

t o  o b ta i n . 

A t  h i g h e r  f r e q u e n c i e s  ( a b o v e  1 k H z ) ,  t h e  n e e d  f o r  a t e s t - f i x t u r e  

be c o m e s  m o r e  a n d  m o r e  i mp o r t a n t  b e c a u s e  t e s t - l e a d  ( K L I P ) s p a c i n g 

c a n n o t  b e  f i x e d  a s  i n  a t e s t - f i x t u r e . I f  h i g h e r  a c c u r a cy ,  h ig h 

f requ e n cy m e a s u remen t s  a re n e e d e d , u se a t e s t- f i x tu r e . 

A l  s o , i f  d i  f f e re n  t t e s  t l e a d  l e n g  t h s  a r e  u s e d  ( fo r  e xamp l e , c h a n g  i n g  

f r om 5 f oo t  l ea d s  t o  3 f oo t  l e a ds ) ,  t he h i g  h f requ e n cy t r  i m  m a y  h a ve 

to be r e- a d j u s t e d . S e e  S e c t i on 4 . 2  f o r  more i n f o rma t i on on t h i s  t r i m  • 

2 . 3 . 5  Tes t  F i x ture Cal i bra t ion 

M e a s u re m e n t  a c c u ra c y  i s  e n ha nc e d  by t h e  2 1 5 0 / 2 1 6 0 ' s  a b i l i ty to c or r e c t  

f o r  z e ro - o f f se t  e rrors c a u s e d  by t e s t- l e a d  a n d  t e s t- f i x tu re i mp e d a n c e s  

( i n d u c ta n c e , re s i s ta n c e , c a pa c i t a n c e , e t c . ) .  T h e s e  i mp e da n ce s  a pp e a r  

i n  p a ra l l e l  o r  i n  s e r i e s  w i th t he u n k n ow n  comp o ne n t  d u r i ng mea su reme n t  

a n d  a d d  t o  t h e  m e a s u r e d  va l u e . T h e  z e r o ca l i bra t i on f u n c t i on m e a s u re s 

t he s e  z e r o o f f se t  e r rors a nd s t ore s them i n  memory . The  s t ored  va l ue 

i s  a u toma t i ca l ly s u b t ra c te d  f rom e a c h  mea s u re d  v a l ue . 

The  2 1 5 0 / 2 1 6 0  c a n  s to r e  o f f se t  m e a s u reme n t s  f o r  f ou r  d i f f e re n t  

combi na t i o n s  o f  se t t i ng s  f o r : t e s t f requ e n c y , t e s t  s i g n a l , i n te g ra t i on 

t ime , s e t t l i ng t ime a n d  m e a s u r e me n t s  a ve ra g e d . On c e  t h e s e  o f f s e t s  have 

been me a su r e d  f o r  a g i ve n  combi  na  ti  on , the Vi  deoBr i dg e  w i l l  re t r  i e v e  

t he m  w he ne v e r  t h a t  comb i na t i on i s  r e - e n t e re d . T h e  word " CAL I B "  w i l l  

be d i sp la y e d  t o  i nd i ca t e  t h a t  t h i s  combi n a t i on ha s be e n  ca l i br a t e d . 
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I f  a f i f t h  comb i na t i on o f  s e t t i ng s  i s  ca l i b r a t e d , t he V i deoB r i d ge 

s t o r e s  i t  a n d  r e t a i n s t h e t h r e e  m o s t r e c e n t l y  u s e d  c o m b i n a t i o n s  

a l re a dy i n  memory . I f  f i ve comb i na t i on s  i n  a row a r e  e n t e re d ,  t h e  

V i d e oB r i dge w i l l  s t ore  t hem l i ke a s e r i a l  s h i f t  r e g i s t e r . Tha t i s ,  t h e  

f i rs t  combi na t i on e n t e re d  w i l l  be  overwr i t t e n  b y  t h e  f i f t h combi na t i on 

e n t e r e d . 

T o  t e m p o ra r i l y s u s p e n d  u s e  o f  z e r o o f f s e t  c o r r e c t i o n f o r  a g i v e n  

comb i na t i on t ha t h a s  be e n  ca l i bra t e d , e n t e r  t e s t  c ode 2 2 . The 

V i d e o B r i d g e  makes a m e a s u re me n t  w i t hou t o f f s e t  c o r re c t i on s , b u t  s t i l l  

r e t a i ns t he ca l i bra t i on i n f or ma t i on f o r  t h a t comb i na t i on . To c le a r  

t h i s  mode , r e - e n t e r  t h e  p r e s e n t t e s t  f re q u e n c y . T o  p e rm a n e n t l y  e ra s e  

a l l  e x i s t i n g  z e ro ca l i br a t i on o f f se ts , e n t e r  t e s t  c o d e  - 2 2 . 

Z e ro c a l i bra t i on i n f or ma t i on i s  n o t  s t o r e d  o n  t a p e  b e c a u s e  t h e  t a p e  

may be u s e d  i n  a d i f fe re n t  i n s t rume n t , i n va l i da t i n g  t he c o r re c t i on s . 

A z e ro- ca I i bra t e d  f i l e c a n  be s a v e d  t o  t a p e . W h e n  i t  i s  l oa d e d , t h e  

V i de o B r i dg e  w i l l  i n i t i a te t he c a l i bra t i on p r o c e du r e . Z e r o  ca l i bra t i on 

i n f or ma t i on may be s t or e d  o n  a p e rma ne n t  b a s i s  b y  u s e  o f  op t i on a l 

Non-V o l a t i l e M emory . S e e  Se c t i on A . 3  for  m o r e  i n fo r ma t i o n . 

T h e  V i d e o B r i dge doe s not support z ero ca l i brat i on by GPI B  or RS-23 2C . 

T o  e n s u re r e l i a b l e  ca l i b r a t i on of z e ro o f f se t s , f o l l ow t h e s e  

g u i de l i ne s : 

ma i n ta i n  t e s t  l e a d  s pa c i n g  d u r i n g a n d  a f te r  c a l i bra t i on 

u s e  a h i g h l y  conduc t i ve ma t e r i a l ,  s u c h  a s  l ow g a u g e  w i re ,  t o  

c l o s e  t e s t l ea ds i n  r a n g e  0 ( don ' t c l amp l e a d s  t og e t he r ) .  

p e r f orm z e r o  ca l i bra t i on a t  t h e  speed  ( FA S T , M E D , S L OW or y o u r  

o w n  s e t t i ng s  o f  I . T . , S ET L , AVG ) a t  w h i c h  mea s u r e me n t s  w i l l  b e  

made . 

a f te r  p re s s i n g  < b l u e > < CA L > , u s e  on l y  t he < S GL > key t o  a c t i v a t e  

t he ca l i bra t i on p ro c e d u r e . 

t o  c a l i b r a t e  w h i l e  u s i n g e x t e r n a l b i a s , e n t e r  t e s t  c o d e  1 

be f o r e  p r e s s i ng < bl u e >  < CA L > .  
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T h e  V i de oB r i dg e  makes  tw o type s o f  z e ro c a l i b ra t i on mea s u r e me n t s  

S h o r t-C i r c u i t  a nd Open-C i rc u i t - - comb i n e d  i n t o one proc e s s : 

1 )  F o r  z e ro c a l i bra t i on o f  t he l ow e s t  r a n g e  ( 0 ) ,  t h e  l ow e r  d a t a  e n t ry 

l i ne w i l l  c o n ta i n  t he me s s a g e  

C L O S E  UNK NOWN - T H E N  P U S H  " SG L " 

S h or t t h e  t e s t  l e a d s  a n d  pu s h  < SG L > .  T h e  me s s a g e  w i l l  c h a n g e  to 

CAL I BR AT I NG RANGE O .  

2 )  A f t e r  c a l i bra t i on o f  r a n g e  0 ha s be e n  comp l e te d ,  t h e  l ow e r  da ta 

e n t ry l i n e w i l l  c o n t a i n  t h e  me s s a g e  

OPEN UNKNOWN - T H E N  P U S H  " SG L " 

f o r  z e r o  c a l i b r a t i o n o f  r a n g e s  1 - 4 . O p e n  t h e t e s t  l e a d s  a n d  p u s h  

• 

< S GL > . T h e  m e s sa g e  w i l l  cha n g e  t o  • 
C A L I B RA T I NG RANGE X ,  

w he re X r e p r e s e n t s  e a c h  rema i n i ng r a ng e .  

E a c h  m e s s a g e w i l l  b e  f o l l ow e d  b y  " O K " o r  " E R R OR . "  I f  " OK " , t h e  

V i d e o B r i d g e  w i l l  a d v a n c e t o  t h e  n e x t  r a n g e . I f  " E R R O R , " i t  w i l l  

con t i nu e  t o  c a l i b ra t e  t he r e ma i n i n g r a n g e s , bu t t h e  r a n g e  t h a t  f a i l e d  

w i l l  n o t  b e  z e r o- c o r re c te d . 

I f  a l l  r a n g e s  c a l i b r a t e d  w e r e  " OK , " t h e  V i d e o B r i d g e  w i l l  d i s p l a y  

" C AL I B "  o n  t h e  b o t tom l i ne o f  t he pa rame t e r  f i e l d .  I f  " ERROR " w a s  

i nd i ca t e d  on a n y  r a n g e , [ CAL ? J  w i l l  a ppea r i n  r e v e r s e  v i d e o  w i t h  n o  

c o r re c t i on a pp l i e d  t o  t he r a n g e  t h a t  f a i l e d .  I f  " ERROR " w a s  i nd i ca te d  

o n  a l l  r a n g e s ,  n o  m e s s a g e  w i l l  a p p e a r  a n d  n o  c o r r e c t i o n w i l l  b e  

app l i ed t o  a n y  r a n g e . 
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2 . 4  MEASUREMENT FUNCTIONS 

T h e  Mode l 2 1 5 0 /2 1 6 0 w i l l  me a s ure a n d  d i s p l a y  a va r i e t y  o f  f u n c t i on 

comb i na t i on s . T h e  s ha d e d  a re a s  o f  Ta b l e  2 - 2  s h ow t h e  f u n c t i on s  t ha t 

c a n  be d i s p l a ye d  s i m u l  t a n e o u s l y . E i  t h e r  s e l e c t e d  f un c t i o n c a n  be 

d i s p l a y e d  a s  the top or t h e  b o t tom f u n c t i on on t h e  CRT s c ree n . For a 

f u r t h e r  e xp l a na t i on o f  p ro g ramm i ng mea s u r e me n t  f u n c t i on s  o r  e x c h a n g i ng 

t he i r  d i s p l a y  pos i t i on s , s e e  S ec t i on s  2 . 4 . 1 a nd 2 . 4 . 2  i n  t h i s  ma n ua l .  

BOTTOM 
DISPLAY 

FUNCTIONS 

Tab l e  2-3 . Measuremen t  Fun c t i o n s  

TOP DISPLAY FUNCTIONS 
Cs Ls Rs Gs Xs Bs 

NOTE : A n y  t o p  d i s p l ay c a n  be d i s p l a yed w i t h  a n y  b o t t o m  d i s
p l a y  w i t h i n  t h e  s ha de d  a re a s . 
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2 . 4 . 1  Prog rammi ng Measurement Fun c t i ons 

M e a s u reme n t f u n c t i on s  a va i l a b l e  w i t h  t h e  Mode l 2 1 5 0 / 2 1 6 0  a re :  

c a pa c i ta n c e  ( C ) , i nd u c t a n c e  ( L ) , r e s i s ta n c e  ( R ) , d i s s i pa t i on f a c t o r  

( D ) , q ua l i t y f a c t or ( Q ) , c o ndu c ta n c e  ( G ) , a dm i t ta n c e  ( Y ) , i mp e d a n c e  

( Z ) , s u s c e p ta n c e  ( B ) , a n d  r ea c ta n c e  ( X ) . T h e y  a r e  se l e c t e d  v i a  t h e  

f r o n t p a n e l k e y b o a r d  b y  p r e s s i n g  t h e  p u s h b u t t o n  f o r  t h e  d e s i r e d  

f u n c t i o n . T h e  s e l e c te d  f u n c t i o n s  a re d i s p l a y ed , o n e - a bove- t he - o t he r , 

on  t h e  C R T  s c ree n .  T h e i r  pos i t i o n  on t h e  s c r e e n  c a n  be e x c ha n g e d  i n  

d i r e c t  m o d e  a t  a ny t i me , i . e .  C s  d i s p l a y e d  a bo ve R ca n be e x c h a n g e d  to 

d i s p l a y  R o ve r  C s . B e c a use  of the ve r sa t i l i t y i n v o l ve d  in d i s p l ay i n g 

a nd p o s i t i on i ng mea s u reme n t  d i sp l a y s  a n d  t o  a s su re t he mea s u r em e n t s  

a r e  d i sp l a y e d a s  you wa n t  t h em , r e a d  t h e  f o l l ow i n g p r e ca u t i o n s  b e f o r e  

p r o g ra mm i n g  m ea s u reme n t  f u n c t i on s . 

1 .  C ,  L ,  Y ,  Z ,  B ,  a n d  X f u n c t i on s  a l wa ys r e p l a c e  t h e  top mea s u r em e n t  

d i sp l a y  on t he C R T . 

2 .  G ,  R ,  D ,  a n d  Q f u n c t i o n s  a l wa y s  r e p l a c e  t h e  bo t t om mea s u r eme n t  

d i s p l a y  o n  t h e  C R T . 

3 .  G / R ,  

a n d  

B / X ,  a nd Y / Z  

s e r i e s  ( S E R ) 

f o l l ow i ng :  

f u n c t i o n s  a re d i s pl a ye d  1 n  

e q u i va l e n t  c i rc u i t  mod es 

t he pa ra l l e l  ( P R L ) 

a c c o r d i ng t o  t h e  

P r e ss i n g t h e  G/R ,  B /X ,  o r  Y / Z  k e y  d i s p l a y s  r e s i s ta n c e  ( R s  o r  Rp ) , 

r e a c t a n c e ( X s  o r  X p ) , or i mp ed a n c e  ( Z ) , i n  e i t h e r  c i r c u i t  mode 

s e l e c t e d . P re s s i ng t he same k ey a ga i n  d i sp l a y s  c on d u c ta n c e  ( G s  o r  

G p ) , s u s c e p t a n c e  ( B s  o r  B p ) , o r  a dm i t ta n c e  ( Y ) .  

4 .  T o p  a n d  b o t tom m ea s u reme n t  d i s p l a y s  a re e x c ha n g e d  u s i n g  t h e XC HG 

key i n  D I Re c t  d i sp l a y  mode . T h i s  key d oe s  n o t  w o rk in Au t o  LRC , 

SORT , GO/NO - G O , o r  D E V i a t i on mode s .  
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F i g u r e  2 - 9  i l l u s t ra t e s  t h e  i n i t i a l  m e a s u r eme n t  d i spl a y  w i t h a 

capa c i  t o r  c o n ne c t e d . M e a s u re me n t  f un c t i ons  c a n  be c ha n g e d  b y  pu s h i n g  

t he de s i r e d  f u n c t i o n b u t ton , w h i c h t a k e s  t h e  b r i d g e  o u t o f  A u t o  L R C . 

For be s t  re s u l t s ,  pe r f orm f i x t u r e  ca l i b ra t i on .  

F A R A D S  

C O N T  A U T O - L R C 

S E T L = 0 0 5 0 " S  I N T G R = 0 5 0 M S  A Y E = O I 

A U T O  C A L I B  B I A S O F F  

99 . 213 n F T S E RI E S CAPAC ITA N C E  

• 0 1 592 , 

D I S S I PA TI ON f A C T O R  

C O N T I N U O U S  • 

Fi gure 2-9 . Mea sureme n t  Di splay 

E x ampl e :  D i s p l a y  D mea s u r em e n t  i n  pa r t s  p e r  m i l l i o n  ( ppm ) . 

Push D i splay Comments 

CODE c:J � Q H Z =  1 0 0 0 . 0 1t 0 11 =  

1 0 0 0  N Y  C D N T  D I R E C T  

D i s s i pa t i on i s  

c h a ng e d  f rom a 

de c i ma l  re p r e s e n 

t a t i o n t o  pa r t s  

pe r m i l l i o n . 

( Re t u r n  t o  d e c i ma l  

f o rma t b y  e n t e r i n g  

-4 C O D E . )  

4 

N O T E : 
T h e y  
A l s o ,  
mode . 

S E T L = 0 0 5 0 I'l S  I N T G R = 0 5 0 " S A Y E = O I 

A U T D  C A L I B  B I A S  O F F  

99 . 258 n F cs 

1 3E.c . 
P P I1 - D  

D i s s i pa t i on va l ue s  may c o n t a i n  ha l f- s i z e d  z e r oe s . 
a p p e a r  t o  t h e r i g h t  o f  t h e l a s t  s i g n i f i c a n t  d i g i t .  
e n t e r i n g  4 C O D E  t a k e s  t he V i d e o B r i d g e  o u t  o f  Au t o  L R C  

e l s l i  
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E x a mp l e :  

Pu sh 

c:J l 

c:J 
G/R 

E x a mp l e : 

Push 

M e a s u r e  se r i e s  i n d u c t a n ce ( L s )  a n d  re s i s ta n ce ( R s ) . 

Di splay 

H E N R Y S  

C O N T  D I R E C T  

S E T L : 0 0 5 0 � S  I N T G R : 0 5 0 � S  A Y E : O I 

�U T a  C A L I B  B I A S O F F  

1 1l  1 • 8cr'lH L S 

1 . 1 1l8S k Q  
R S  

Comments 

L k e y  c ha n g e s  C s  to 

L s  i n  t op d i s p l a y . 

G/R k e y  c ha n g e s  0 t o  

R ( s e r i e s  eq u i v a l e n t  

c i r c u i t )  i n  bot tom 

d i s p l a y .  

M e a s u re i mpeda n c e  ( Z )  a n d  qua l i t y f a c t o r  ( Q ) .  

D i splay C ommen t s  

• 

c:J 
VIZ D H � S  

C O N T  D I R E C T  

S E T L = 0 0 5 0 H S  I N T G R : O S O � S  A Y E = O I 

A U T O  C A L I B  B I A S O F F  

y / Z  k e y  c ha n g e s  L s  t o  • 
Z ( s e r i e s  equ i va l e n t  

c i r c u i t )  i n  top 

c:J 
o 

2 . 4 . 2 Exc hang i ng Mea surement Di splays 

II 

d i s p l a y . 

Q ke y c ha n g e s  R t o  Q 

i n  b o t tom d i sp l a y . 

T h e  XC HG k e y  e x c h a n g e s  t he p os i t i on o f  t h e  two d i spl a ye d  mea s u r emen t s . 

U s i n g t h e  X C H G  k e y  a l l ows two f u n c t i o n s  t h a t  n o rma l l y  a ppea r i n  e i t h e r  

t h e  t o p  o r  bot t om d i splay to be measured and di splayed s i mul taneously . 
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E x amp l e : A f  t e r  t u r n  i ng i n s t r umen t powe r ON , e x  i t  Au t o  L R C  m od e  a n d  

s e t  t h e  i n s t r ume n t  t o  me a s u re a n d  di spl a y  L s  a n d  C s . 

Push 

� 
XCHG 

� 
l 

D i splay 

H E N R Y S  

C O N T  D I R E C T  

S E T L = 0 0 5 0 " S I N T G R = 0 5 0 n s  A Y E = O I 

A U T O  C A L I B  B I A S O F F  

-25EJ • DSrwwH L S  

98 . 92!3 n F  
C S  

Commen t s  

E x i t Au t o  L R C  mode . 

M o v e  C s  t o  b o t tom 

d i s p l a y . 

L k e y  s e t s  t op 

d i s p l ay t o  s e r i e s  

i nd u c ta n c e . 

S i m i l a r l y ,  a n y t w o  f u n c t i o n s  t h a t n o r m a l l y  a p p e a r  i n  t h e  b o t t o m  

mea su reme n t  d i s p l a y  c a n  a l s o b e  d i s p l a y e d  s i m u l t a ne o u s l y  . 

Se t t he i n s t r ume n t  t o  m e a s u r e  R s  a n d  Q .  

Pus h  

� 
G/R 

� 
XCHG 

� 
a 

Di splay 

H Z =  1 0 0 0 . 0 1'1 0 " =  

1 0 0 0 " Y  C O N T  D I R E C T  

S E T L = 0 0 5 0 " S  I N T G R = 0 5 0 " S A Y E = O I 

A U T O  C A L I B  B I A S  O F F  

1 . 2D15 k Q Rs 

• 853LJ1 

e l s l i 

Q 

2 - 3 9  
2 1 5 0 /2 1 6 0  5 /8 5  

Comments 

G/R key d i s p l a y s  Rs 

( s e r i e s  e q u i v a l e n t  

c i r c u i t ) i n  b o t t o m  

d i sp l a y  . 

E x c ha ng e  k e y  m o v e s  Rs 

t o  top d i s p l a y . 

Q key s e l e c t s Q i n  

t h e b o t t o m  d i sp l a y . 



2 . 4 . 3  Se ri es and Para l l e l  Equ i va le n t  C i rcui t 

Ca pa c i t o r s , i n d u c t o r s , a n d  res i s t o r s  a re i n he re n t l y  i mpe r f e c t  

i mpeda n c e  componen t s , i . e .  t he y  h a ve s e r i e s  a nd pa ra l l e l , r ea c t i ve a n d  

re s i s t i v e e l e men t s . The  Mode l 2 1 5 0 / 2 1 6 0 mea s u r e s  t h e rea c t i ve a n d  

re s i s t i ve e l em e n t s  o f  a n  i mpeda n c e  c ompone n t . ( T h e  re l a t i on s h i p  o f  

t h e se rea c t i ve a nd re s i s t i ve e l e me n t s  i s  o f t e n  d e s c r i be d  i n  t e rms o f  

t he  i r s e r i e s o r  p a  r a I l  e 1 e q u i  v a  1 en t c i r c u i  t s . ) T h e  2 1 5 0 / 2 1 6 0 I s P R L 

( pa ra l l e l ) a n d  S E R  ( s e r i e s )  f u n c t i ons  s te e r  t h e mea s u r e d  rea c t i ve a nd 

re s i s t i ve va l ue s  t o  a n  a l g or i t hm t ha t  c a l c u l a t e s  va l u e s  i n  te rms o f  

s e r i e s  o r  p a ra l l e l  equ i va l e n t  c i r cu i t . Se r i e s a n d  pa ra l l e l  equ i va l e n t  

c i r c u i t m ode me a sureme n t s  w i l l  prov i de d i f fe r i ng re s u l t s . The  

ma g n i t ude of  d i f fe re n ce depe n d s  on t h e  qua l i ty of  t he compon e n t  be i n g  

mea s u re d .  

i 
I 
.. 

R .... s � 
'\ 

I 
I 

Rp 
r - -"" ..... .,.- , 

: c : 
I I , IE I I 

I 
4." .! Rs -< 

I 
I 

T Y P I C A L  C A P A C I T O R  

Rp 
r - - - -"',,",'r - - - ,  
I I 

Rs : L : Rs 
_ _  -'\,/,,,Il,,. _ _  ...;.I __ ,,. ... 'Wy..,.,. .. 'Wr..,-t....-i.. __ _ J .. /\/'..,. _ _  

T Y PI C A L  I N D U C T O R  

I n  de t e rm i n i ng w h i c h e q u i v a l e n t  c i r c u i t  m o d e  t o  u s e , c on s i de r  t he 

f o l l ow i ng f a c t o r s  be f o re ma k i ng a s e l e c t i on . 

1 .  W h a  t i s  t h e  a c t u a l  equ i va l e n t  c i  rcu i t o f  t h e  c a pa c i  ta n c e be i ng 

m e a s u r e d? T h i s  i n f orma t i o n s h o u l d  be a va i l a b l e  f rom t he 

ma n u f a c t u re r ' s s pe c i f i c a t i on s . I f  n o t  a v a i l a b l e , t h e  e q u i va l e n t  

c i r c u i t c a n  b e  de t e rm i n e d  b y  a c ompa r i s o n  o f  d i s s i pa t i o n f a c t o r  

( D )  v a l u e o b t a i n e d  a t  a n o t h e r  f re q u e n c y  r e m o v e d  f rom t he s e l e c t ed 

t e s t  f requ e n c y . I f  t he t e s t  f re qu e n c y  goes up and t he m e a s ured D 

d e c r e a se s , t he n  t he u nk nown i s  m o s t  l i k e l y  a p a ra l l e l  eq u i va l e n t  

c i r c u i t .  L i k e w i s e ,  i f  t h e t e s t  f r e q u e n c y  g o e s  d o w n  a n d t h e  D 

d e c r e a s e s , t h e  u n k n own i s  m o s t  l i k e l y  a s e r i e s equ i va l e n t  c i r c u i t .  

2 - 40 
e l s l i 2 1 5 0 / 2 1 6 0 5 /8 5  

• 



• 

NOTE : T h e  d i s s i pa t i on f a c tor ( D )  o f  a n  i n d u c t or mo v e s  i n  
t h e  opp o s i te d i re c t i on f ro m  t h e  D o f  a capa c i t or f o r  a g i ve n  
c h a n g e  i n  f reque n cy . 

2 .  Wha t i s  t h e  e nd u s e  f o r  t he c o mp on e n t ?  T h e  equ i va l e n t  c i r c u i t  u s e d  

s h o u l d  p r o v i d e t h e i n f o r m a t i o n m o s t u s e f u l  t o  d e t e r m i n i n g t h e 

p e r f o r ma n c e  o f  a c o m p o n e n t  i n  a p a r t i c u l a r  a p p l i c a t i o n . F o r  

e x a m p l e , t h e  i n f orma t i o n n e c e s sa ry 

b y p a s s  c a pa c i  t o r  i s  o b t a i n e d  f ro m  

f o r  se l e c t i n g  a p owe r supp l y  

t h e  s e r i e s  e q u i va l e n t  c i r c u i t  

mode , w h i l e t h e  i n f o rma t i on n e e d e d  t o  se l e c t  a c a pa c i t o r  f or a n  L C  

r e s o n a n t  c i rc u i t  i s  o b t a i ne d  f r o m  t h e  p a ra l l e l  e q u i va l e n t  c i r cu i t  

mode . 

3 .  W h i c h  e q u i v a l e n t  c i r c u i t  i s  m o s t  v a l u a b l e  t o  m e ? I f  n o  o t h e r  

i n f  o r m a  t i on i s  a v a i l a b l e , t h e  r u l e- o f - t humb f or s e l e c t i n g e i  t h e r  

s e r i e s  o r  pa ra l l e l  e q u i va l e n t  c i r c u i t  mode i s  a s  f o l l ow s : 

S e r i e s  e q u i va l e n t  c i r cu i t  s h o u l d  

w i t h a l ow i mpeda n c e  ( ba s i ca l ly 

be u s e d  w h e n  m e a s u r i n g  c omp o ne n t s  

l a rg e  va l u e  c a p a c i  t o r s , l ow v a l u e  

i nd u c t o r s ) a nd p a ra l l e l  e q u i v a l e n t  c i r c u i t  f o r  c ompon e n t s  w i t h a h i g h  

i mpeda n c e  ( ba s i ca l ly l ow v a l u e  capa c i t o r s , h i g h  v a l ue i nd u c t o r s ) . 

2 - 4 1  
e l s l i 2 1 5 0/ 2 1 6 0  5 / 8 5  



T o  c o n v e r t  a s e r i e s  e q u i v a l e n t  c i r c u i t  m e a s u r e m e n t  t o  t h a t  o f  a 

pa ra l l e l  e q u i va l e n t  c i r c u i t  u s e  t he f o r mu l a s  g i ve n  i n  F i g u r e  2 - 1 0  • • 
T h e s e  f o rmu l a s  c on s i de r  t h e  e f f e c t s  o f  d i s s i pa t i on f a c t o r  ( D )  w i t h t h e  

mea s u re d  v a l u e . ( D i ss  i pa t i on f a c tor ( D )  i s  a lw a y s  equa 1 f o r  bo t h  

s e r i e s  a n d p a ra l le l  e qu i va l e n t  c i r cu i t s a t  a g i ve n  f re q u e n cy . )  

C I R C U I T  M O D E  D I S S I P A T I O N  F A C T O R  C O N V E R S I O N  T O  OT H E R  M O D E S  

C 

L 

W h e r e : 

L 

R 

C 

f 

cp Cs = ( 1 + D2 ) cp -r!J- D = 

1 1 
= 

-

2" fCpRp Q Rs = 

D2 Rp Rp 1 + 
D2 

Cp = 
1 Cs Cs Rs 1 + D2 

-f� D =  2". fCsRs 1 
= 

Q 1 + D2 Rp = D2 Rs 

Ls = 

1 Lp Lp 1 + D2 -r:::r 2 ". fLp 1 D = = Rp Q D2 Rp Rs = Rp 1 + D2 

Ls Rs Lp = ( 1  + D2 ) Ls 
Rs 1 � D =  = 1 + D2 2 " f Ls Q Rp = Rs D2 

Figure 2-10 . Series and Para l le l  Equ i va l e n t  C i rc u i t  Modes 

= 

= 

= 

= 

I n d u c t a n c e  

R e s i s t a n ce 

C a pa c i t a n c e  

t e s t  f re q u e n c y  

Xs Q =  Rs 

Q = Q u a l i ty f a c to r  

X = Rea c ta n c e  

o = D i s s i p a t i o n  f a c t o r  

D = � 
Xs Xs = 2rr fCs 

2 - 4 2  
e l s l i  2 1 5 0 / 2 1 6 0  5 /8 5  

• 

• 



• Se r i e s  a n d  pa ra l l e l  e q u i va l e n t  c i r c u i t mod e s  a re s e l e c t e d  by pu s h i n g 

e i t he r  t he PRL ( pa ra l l e l ) o r  t he S E R  ( se r i e s ) k e ys . 

E x a mp l e : The  2 1 5 0 / 2 1 6 0  

w h e n  p ow e r  i s  a pp l i e d . 

Push 

o 
PRl 

i n i t i a l l y  mea s u re s  se r i e s e qu i va l e n t  c i r cu i t  

T o  c ha n g e  t o  para l l e l  e q u i va l e n t  c i r c u i t mode : 

Di splay 

F A R A D S 

C O � T  D I R E C T  

S E T L = 0 0 5 0 " S I N T G R = 0 5 0 " S  A Y E = O J 

A U T O  C A L I B  B I � S  O F F  

!3!3 • 18EJ n F C p 

. 00003 
D 

Commen ts 

C s  i s  c ha n g e d  to  Cp o 

T h r e e  mea s u reme n t  f u n c t i o n s  a r e p r og rammed i n  c o n j u n c t i on w i t h t he S E R  

a n d  P R L  k e y s .  T h e y  a r e Y / Z , G / R , a n d B / X . E a c h  f u n c t i o n c a n  b e  

d i s p l a yed i n  e i  t he r  pa ra l l e l  o r  s e r i e s  mode . I mped a n c e  Z ,  r e s i s ta n ce 

R ,  a n d  r e a c t a n c e  X ,  a r e d i s p l a y e d  w i t h  t h e  f i r s t  p r e s s  o f  t h e  

mea s u r eme n t  f u n c t i o n k e y . R e c i proc a l  va l u e s  a d m i t t a n ce y ,  c on d u c ta n ce 

G ,  a n d  s u s c e p t a n c e  B a r e d i  sp l a y e d  w i t h  t h e  s e c o n d  k e y  p r e s s . 

Subsequent key presse s toggle t h e  d i splay of each reci procal func t ion . 

To d i s p l a y  R , pre s s  t h e  G / R  k e y  a f t e r  s e l e c t i n g  t he pa ra l l e l  mode . p 
X p o r  Z c a n  be d i s p l a y e d  by p re s s i n g t he B /X k e y  o r  Y / Z  k e y  i n  t h e  

pa ra l l e l  mode . R , X , a nd Z c a n  b e  s i m i l a r l y  d i s p l ay e d  b y  p re s s i n g  s s 
t he G / R , B / X , o r  Y / Z  k e y  i n  s e r i e s  mode . 

G ,  B ,  o r  Y c a n  b e  d i s p l a y e d  i n  e i t h e r  e q u i v a l e n t  c i r c u i t  m o d e  b y  

pre s s i n g t h e  G/R , B/X , o r  Y/ Z k e y  a se cond t i me . 

2 - 4 3  
e / s / i 2 1 5 0 / 2 1 6 0  5 /8 5  



E x am pl e : 

c a p a c i t a n c e 

C ha n g e  t h e  d i s p l a y e d  

a n d  r e s i s t a n c e , t h e n  

pa r a me t e r s  

c h a n g e  t h e 

d i s p l a y  s e r i e s  c a pa c i t a n c e  a n d c ondu c ta n c e . 

Pu sh 

o 
G/R 

o 
SER 

T H E N  

o 
G/R 

Di splay 

F Il R A P S 

C O N T  D I R E C T  

S E T L = 0 0 5 0 " S  I N T G R = 0 5 0 " S  A Y E = O I 

A U T O  C A L I B  B I A S O F F  

E S R  

H Z =  1 0 0 0 . 0 It D " =  
1 0 0 0 " Y  C O H T  D I R E C T  

S E T l = 0 0 5 0 " S  I N T G R = 0 5 0 " S  A Y E = O l 

A U T O  C ll l l B  B I A S O F F  

99 . 193 n F c s 

1 1 . 2  S 

e l s l i  

G S  

2 - 44 
2 1 50 / 2 1 6 0  5 /8 5  

t o  d i  s p l a y  s e r i e s  

m e a s u r e m e n t  m o d e  t o  

Commen t s  

G / R  k e y  c ha ng e s  

bot tom w i n dow t o  R s 
{ se r i e s  equ i va l e n t  

c i r c u i t } . 

C h a n g e  R t o  G b y  

p re s s i n g < G/ R >  a 

s e c o n d  t i m e . 

• 

• 

• 



• 

• 

E x a mp l e : En te r pa ra l l e l  e q u i va l e n t  c i r c u i t  

k e y . The n pu s h  t he G/R k e y  t o  g e t  Rp . 

Push 

c:J 
PRL 

c:J 
G/R 

Use X C H G  t o  g e t C ,  X . P 

Push 

c:J c:J c:J 
B/X XCHG C 

Use X C H G  t o  g e t  C ,  z .  

Push 

c:J c:J c:J 
Y IZ XCHG C 

D i splay 

F A R A D S  
1 0 0 0 .  M 'V S I N G L E  D I R E C T  
S E T L : 0 0 5 0 M S I N T G R : 0 5 0 M S  A V E = O I 

A U T O  C A L l i  B I A S  O F F  

99 . 8 1 3 n F cp 
S[] . 9J1lQ 

R P  

D i splay 

F A R A D S  
1 0 0 0  " V  C ON T  D I R E C T  
S E T L = 0 0 5 0 n s I � T G R = o s o n s  A Y E = O I 
A U T O  C AL I B  B I AS O F F  

99 . 192 n F  CP  

- 1 . 59li9 k Q  
X P  

D i splay 

H Z =  1 0 0 0 .  0 � D M :  
1 0 0 0 " Y  C O N T  
S E T L = 0 0 5 0 n s I � T G R = o s o n s  A Y E = O I 
A U T O  C A L I B  B I A S  O F F  

99 . 192 nF cp 
1 . S9li9 k Q  

e l s l i  

z 

2 - 4 5  
2 1 5 0 / 2 1 6 0  5 /8 5  

mode by pu s h i ng t h e  PRL 

Commen t s  

G / R ,  B / X , a n d  Y/Z  a r e 

" t o gg l e "  f un c t i on s . 

C o n se c u t i v e k e y  

p r e s s e s  a l t e rna t e  

be t w e e n  t he t wo f u n c 

t i o n s  o n  a n y  k e y . ( T o 

g e t Gp , p r e s s  < G/R > 

k e y  a s e c o n d  t i me .  

Comments 

P u s h  B / X , X C H G ,  c ,  

t o  d i s p l a y  C a n d  X . P P 

Commen t s  

P u s h  Y / Z , X C H G , C ,  

t o  d i sp l a y  C a nd Z .  p 



2 . 5  TEST S I GNAL 

T h e  t e s t  s i g na l , a p p l i ed to t he de v i ce u n d e r  te s t ,  i s  a s i nu s o i da l  

wa ve f o rm d e r i ved f rom a d i g i ta l  s ou r c e . I t  i s  programma b l e  b o t h  i n  

f reque n c y  a nd i n  ma g n i  t u d e  f r om e i  t h e r  t he f ro n t  p a n e l  k e y bo a rd or 

remo t e l y  v i a  an I E E E - 4 8 8  o r  RS- 2 3 2 C i n te r fa ce b u s . W h e n  pow e r  i s  

a p p l i e d , t he i ns t r ume n t ' s f re q u e n c y  a nd v o l t a g e  l e ve l i n i t i a l i z e t o  

1 0 0 0 H z  a n d  1 0 00mV RMS , r e spe c t i ve l y . 

NOTE : Be c a u s e  u s i n g  vol t a g e  or c u r r e n t t e s t  s i g na l s  a t  t h e i r  
l ow e x t re m e s  p r o d u c e s  a l ow s i g na l - t o- n o i s e ra t i o , 
me a s u r e me n t  a c c ura c y  a t  t h e s e  l ow l e ve l s  may be se r i ou s l y  
d e ra t e d .  A l s o , f e w e r  d i g i t s w i l l  b e  d i s p l a y e d  per  mea su r em e n t . 

2 . 5 . 1  Frequency 

T h e  M od e l  2 1 5 0 /2 1 60 h a s  ove r 3 0 0 0  s e l e c ta b l e  t e s t  f re q uen c i e s  be twe e n  

2 0 H z  a n d  1 5 0 k H z . A l l f re q u e n c i e s  a re a c c ura t e  t o  w i t h i n  + /- 0 . 0 1 % .  

W h e n  pow e r i s  a p p l i ed , t h e i n s t rum e n t ' s  te s t  f requ e n c y  i n i t i a l i z e s  t o  

1 0 0 0 H z . A l l  f re qu e n c i e s  a re e n t e red d i re c t l y i n  he r t z  ( H z ) . 

E xa m p l e :  

Push 

S e t  t he i n s t r umen t ' s t e s t  f r e q u e n c y  t o  1 00 H z . 

Di splay 

1 0 0 . 0  It O I1 :  

1 0 0 0  I1 V  c O i n  

S E T L : O O S O I1 S  I N T G R = 0 5 0 I1 S  A V E = O I 

A U T O  B I A S D F F  

99 . 803 n F cs 

. 000 1 5  
D 

H Z  

2 - 4 6  
e l s l i  2 1 5 0 / 2 1 6 0  5 /8 5  

Comments 

To a l l ow t h e  t e s t  

s i g na l  t o  s ta b i l i z e 

a f te r  a f re q u e n cy 

c ha ng e , wa i t  2 00 m s  

be f o re i n i t i a t i ng a 

mea s u reme n t .  

• 



The f r eq u e n c y  s e l e c te d  i s  d i spl a yed on t h e  C R T  ( t op l i n e sma l l  

I e  t t e r s ) . The  d i  s p l a y e d  f requ e n c y  i s  t h e  n ea re s t  a v a  i l a b l e  f reque n cy 

g r e a t e r  t ha n  t he s e l e c t e d  va l ue . T h e  s i n e  g e n e ra t o r  ROM o f  t he 2 1 5 0 /  

2 1 6 0  u s e s  s e pa ra t e  a l g o r i t hm s  t o  g e n e r a t e  t e s t  f r e q u e n c i e s a bove a n d  

b e l ow 1 0 , O O O H z  ( e  x c e p t  1 2 k H z , 1 5k H z , 2 0 k H z , 3 0 k H z , a nd 6 0 k H z - -w h i c h 

a re g e n e ra t e d  b y  t h e  " be l ow 1 0 , 0 0 0 H z "  a l g o r i t hm ) . 

Ta b l e  2 - 3  s ho w s  some o f  t h e  c ommon l y  u s e d  f reque n c i e s  be l ow 1 0 k H z . 

When F i s  a t  or  be l ow 1 0k H z , o r  w h e n  F i s  a bo ve 1 0k H z  a n d y i e l ds a n  

i n te g r a l  q uo t i e n t  w h e n  d i v i de d  i n to 6 0 , 0 0 0 , t h e  f o l l ow i n g  f or m u l a  i s  

u s e d  t o  d e t e r m i n e  w h i c h  f r equ e n c i e s  a re a va i l a bl e : 

F = 6 0 k H Z /N l 

W h e r e : N l i s  a n  i n te g e r  1 < N l < 3 0 0 0  

Table 2-4 . Tes t  Frequencies Be low 10kHz and D i v i sors of 60kHz yielding 
I n tegra l Quo tients 

N l F r eq u e n c y  N l F r eq u e n c y  Nl F r e q u e n cy N l F r e q u e n c y  

( H z )  ( H z )  ( H z )  ( H z )  

1 6 0 , 0 0 0  1 2  5 , 00 0  8 0  7 5 0  5 0 0  1 2 0  

2 3 0 , 0 0 0  1 5  4 , 0 0 0  1 0 0  6 0 0  6 0 0  1 0 0 

3 2 0 , 0 0 0  2 0  3 , 00 0  1 2 0 5 0 0  1 0 0 0  6 0  

4 1 5 , 00 0  3 0  2 , 00 0  1 5 0 4 0 0  1 2 0 0  5 0  

5 1 2 , 0 0 0  4 0  1 , 5 0 0  2 0 0  3 0 0  1 5 0 0  4 0  

6 1 0 , 00 0  5 0  1 , 2 0 0  3 0 0  2 0 0  2 0 00 3 0  

1 0  6 , 0 0 0  6 0  1 , 0 0 0  4 0 0  1 5 0 3 0 00 2 0  

Vl 
Vl W 
� U 
u z 
z w 
w � 

N � a 
J: N N N N N N N N a N w N J: c.: 

F REQUENCY 
.:>I. J: J: J: J: J: N J: J: w . J: u.. J: 
� .:>I. .:>I. .:>I. .:>I. .:>I. .:>I. J: .:>I. .:>I. c.: ..:L � 0 � 0 � 0 r--. .:>I. -.0 � u.. � 0.. 
0 C") 0 "1 "1 � 0.. 0.. 0 -.0 0 0 N -.0 N � '<:t N I C") N T I" 00 r--. -.o I· t I '1 I I I I I 

N l 
= 1 2 3 4 5 6 7 8 9 1 0  60 3000 

2 - 4 7  
e l s l i  2 1 5 0 /2 1 6 0  5 /8 5  



Ta b l e  2 - 4  s h ows t h e  2 3  a v a i l a b l e  f r eq u e n c i e s a b ove 1 0 , O O O H z , 

de t e rm i n e d  by t h e  f o l l ow i ng f o r m u l a : 

F = 3 00 k H Z / N
2 

W h e r e : N 2 i s  a n  i n t e g e r 2 
� 

N 2 
< 3 0  ( e x c l ud i n g 5 ,  1 0 , 

w h i c h  y i e l d  t he f re q u e n c i e s  a l re a dy d e r i v e d  i n  

Ta ble 2-4 . Te s t  Frequen c i e s  Above 1 0 k H z  

N
2 

F r e q u e n cy N
2 F r e q u e n cy N

2 F r e q u e n c y  N
2 

( H z )  ( H  z ) ( H z ) 

2 1 5 0 , 0 0 0  1 1  2 7 , 2 7 3  1 9  1 5 , 7 8 9 2 8  

3 1 0 0 , 0 0 0  1 2  2 5 , 00 0  2 1  1 4 , 2 8 6  2 9  

4 7 5 , 0 0 0  1 3  2 3 , 0 7 7  2 2  1 3 , 6 3 6  

6 5 0 , 0 0 0  1 4  2 1 , 4 2 9  2 3  1 3 , 04 4  

7 4 2 , 8 5 7  1 5  2 0 , 0 0 0  2 4  1 2 , 5 0 0  

8 3 7 , 5 0 0  1 7  1 7 , 64 7  2 6  1 1 , 5 3 8  

9 3 3 , 3 3 3  1 8  1 6 , 6 6 7  2 7  1 1 , 1 1 1  

1 5 ,  2 0 , 2 5  

Ta b l e  2 -4 ) . 

Freq u e n cy 

( H z )  

1 0 , 7 1 4  

1 0 , 3 4 5  

F o r  f u r t he r  i n f o rma t i on o n  f r e q ue n c i e s  a n d  t h e  s i n e g e n e ra tor  c i rc u i t , 

r e f e r  t o  S e c t i o n 3 . 3 . 

V'l W 
U 
Z w 

N N N N N N N :J N N N :I: :I: :I: :I: :I: :I: :I: a :I: 
:I: :I: ..:,t. ..:,t. ..:,t. ..:,t. ..:,t.  ..:,t. ..>I.  W ..>I. 

FREQUENCY ..>I. ..>I. q 0 0- "" <"'> <"'> 0  cc: � 0 8 . . . . . . u.. 
.,., � 0 � � �  � �  M 0 

.,., � 

1 1 1 1 1 1 1 I· I �I 
N2 = 2 3 4 6 7 8 9 1 1  1 2  29 

2 - 4 8  
e / s / i  2 1 50 / 2 1 6 0  5 /8 5  

• 

• 



• 

• 

A n y  f re q u e n c y  e n t e r e d  b e tw e e n  two a va i l a b l e  f requ e n c i e s  w i l l  a u t o

ma t i ca l l y d i ve r t  t o  t h e  h i g he r  f re q u en c y . 

E x a mp l e : S e t t he te s t  f re q u e n c y  t o  1 5 , 75 0 H z . 

Push 

c:l c:l c:l CJ c:l 
1 5 1 5 

k Hz � c:l � �  

Di splay 

HZ= 1 5 78 '3 . 5 rt D rt =  

1 0 0 0  rt y  C O H T  D I R E C T  

SET L = 0 0 5 0 " S I H T GR = 0 5 0 " S  A Y E =O l 

A UT D  l I A S O F F  

99 . 158 n F cs 

. 00053 

K I L O HZ 

D 

Commen t s  

F r e q u e n c y  ( 1 5 . 7 5 k H z ) 

au t o ma t i c a l l y 

d i v e r t e d  t o  t h e 

c l o se s t h i g he r  

f r e q u e n c y  ( 1 5 , 7 8 9 H z ) . 

No t i ce i n  t he e xa mp l e s  a bo v e , a s  n um be r s  a re e n t e re d , t h e y  a re e c h o e d  

o n  t he C R T . W h e n  t he e n t r y  wa s t e rm i n a t e d  by pu s h i ng H z , t h e  2 1 5 0 /  

2 1 6 0  s e l e c t e d  t h e  c l os e s t , h i g he r  f re q ue n cy a va i l a b l e .  

NOT E : I n  t he a bo v e  e xampl e s , c ha ng i n g  the  t e s t  f r e q u e n c y  
r e m o v e s  t h e w o r d " C A L I B "  f r o m  t h e  d i s p l a y . T e s t  f i x t u r e 
o f f s e t  c o r re c t i ons  a re o n l y  va l i d  a t  t he frequ e n c y  a t  w h i c h  
t h e y  a r e  ca l i b ra t e d . F o r  o p t i mu m  mea s u r e me n t  a c cu r a c y , z e ro 
o f f se t  c a l i bra t i o n mu s t  b e  pe r f o rm e d  a f t e r  c ha ng i ng t o  a n  
u n c a l i b r a t e d  t e s t  f requ e n c y/ t e s t  s i g na l  c omb i na t i on . 

2 - 4 9  
e / s / i 2 1 50 /2 1 6 0  5 /8 5  



2 . 5 . 2  S i gnal Leve l s  

The t e s t  s i g n a l  v o l t a g e  l e v e l i n i t i a l i z e s  t o  l V  R M S  ( l O O O mV ) w h e n  

i n s t r umen t powe r i s  a pp l i e d . T h e  t e s t  s i g n a l l e v e l  ca n be c ha ng e d  a t  

a n y  t i me t o  m e e t  

l e ve l  r e q u i r e s  

te s t i n g  requ i remen t s . 

re- c a l i bra t i o n o f  t h e  

H o we ve r , 

t e s t  

c ha n g i n g t e s t  s i g na l 

f i x t u re . V o l  t a g e  i s  

programma b l e  f r om 5 mV t o  1 5 0 0 mV RMS i n  I mV s t e p s . 

p ro g r a mm a b l e  f rom O . l mA t o  1 00mA i n  O . l mA s t eps . 

C u r r e n t i s  

E xa mp l e : 

Push 

Se t the a mp l i tude  o f  t h e  t e s t  s i g na l  to 1 0 0 mV RMS . 

Di splay 

H Z =  1 0 0 0 . 0 ItD"= 
1 0 0 "� C U lt T  D I RECT 

S E TL=0 0 50 " S  I HT G R = 0 5 0 lt S  AYE=O l 
AUTO  B I AS  U F F  

Commen t s  

T o  a l l ow t he t e s t  

s i g na l t i me t o  

s ta b i l i z e  a f t e r a 

s i g na l  l e v e l  c ha ng e , 

wa i t  2 00 m s  be f o re 

• 

99 . 185 n F cs 

. 000 1 0  
D 

i n i  t i a  t i n g  a measu re- • 
men t e  

It I LL I YDL TS 

To op t i m i z e mea s u r e m e n t  a c c u ra cy , c a re s h ou l d  be take n w h e n  s e l e c t i n g 

t e s t  s i g n a l l e ve l s . Mea su r i ng h i g h  i mpeda n c e  c ompone n t s a t  ve ry l ow 

te s t  v o l t a g e s  o r  v e r y  l ow i mpeda n c e s  a t  ve r y  l ow c u r re n t  l e ve l s  ca n 

ca u s e  m e a s urements to be erra t i c  due to a poor s i gnal-to- noi se ra t i o . 

The  t e s t  l e ve l v s . i mp e d a n c e  c ha r t s ( Ta b l e s  1 - 4 , 2 - 5 ) i n  t h i s  ma nu a l  

a re t o  b e  used a s  a n  a i d  t o  de t e rm i n i n g  t he o p t i mum t e s t  s i g n a l l eve l 

a t  a n o m i n a l  f r e q u e n c y  o f  1 k H z . T h ey d o  n o t  i n d i c a t e a b s o l u t e  

i n s t rum e n t spe c i f i c a t i o n s , d u e  t o  the  ove rw h e l m i ng n u m be r o f  tes t 

f r e q u e n c i e s  a va i la b l e . 

e / s / i 
2 - 5 0  
2 1 5 0 / 2 1 6 0  5 /8 5  

• 
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Tab l e  2-5 . Te s t  Level vs I mpedance ( typi ca l  a t  1kHz ) 

ffl������%%%�fflffl��"'''''''''':''''''''"''''''''''''''''''''''''''�''''''''''''''''''''''''''''''''''''''''''''''''''"'''''''"''''''''''''''' 1500 � 
�%%%ffl����������---------------------------------------- I� E  

< ���%%�fflffl�����L------------------------------------------- 500 0 
r 
-i 
Vl 

N 

I , "  '",,1 I I I ',,"1 I I I '",,1 I I """I I I ',,"1 I I I '",,1 I I ,t""1 I I I ',,"1 I I I ',,"1 I I 111,,1 I I I 111"1 I I I 111"1 I I IIII!lIZ (3 
1 O � (l l OO � (l I m O 1 0 m O  l OO m O  1 0  1 0 0  1 00 0  I kO 1 0 k(l 1 00 k (l I MO 1 0 MO � 

Vl CONSTANT CURRENT ( I e) 
I e  OR Ve :1 CONSTANT VOLTAGE ( Ve) 

-i m Vl -i 
r m 
< m r-

T a b l e  2 - 5  s h ow s  t y p i c a l  t e s t  l e v e l  l i m i t a t i o n s  c o m p a r e d  t o  t h e  

i m p e d a n c e  o f  t h e c om p o n e n t u n d e r t e s t  a t  1 k H z . T h e  s h a d e d  a r e a s  

i n d i ca t e  t e s t s i g n a l  l e ve l s  n o t  a va i l a b l e  f o r  a g i ve n  i mpe d a n c e . 

Te s t  c u r re n t s  c a n  be prog r a mmed b e tw e e n  O . l mA a n d 1 00 mA .  F or u n k n own 

i mp e da n c e s  be twee n 0 a n d  2 0  k i l o h m s , s e t  t he t e s t  c u r re n t  d i r e c t l y . 

F o r  u n k n ow n  i mpe d a n c e s  ove r 2 0  k i l o hms , t he t e s t c u r re n t  i s  de t e r m i n e d  

b y  d i v i d i ng t h e  v o l t a g e  l e v e l  b y  t h e  u n k n own i mpe d a n ce . 

Fo r be s t  m e a s u r emen t re su l t s ,  s e l e c t  a te s t  s i g na l  l e ve l  t h a t  w i l l  

prov i de t h e  be s t  s i g n a l - t o- n o i se ra t i o . H i g h  te s t  s i g na l l e ve l s  a re 

u s e d  f o r  g e n e ra l  c ompone n t  t e s t i n g  ( ca pa c i t o r s , re s i s t o r s , a n d  c e r ta i n  

i n d u c t o r s ) .  L o w  t e s t  s i g n a l l e v e l s  a r e u s e d  f o r  t e s t i n g d e v i c e s  

requ i r i ng l ow ope ra t i n g- s i gna l l e ve l s  ( sem i c on d u c t o r  d e v i c e s , 

i n d u c t or s , a n d  n o n- l i ne a r  i mp e d a n c e  d e v i c e s ) .  

U n d e r  c e r t a i n  c o n d i t i o n s  a t e s t  l e v e l  c a n  b e  p r o g r a m m e d  t h a t t h e  

V i d e o B r i dg e  c a n n o t  supp l y . T h i s  i s  d u e  t o  a m i s ma t c h  o c cu r r i n g w h e n  a 

l ow i m p e d a n c e  pa r t  i s  mea s u red w i t h  a c o n s t a n t  vol t a g e  or w h e n  a h i g h  

i mp e da n c e  pa r t  i s  mea s u r e d  w i t h  c o n s ta n t  c u r ren t .  W h e n  t h i s  ha ppe n s , 

t h e  i n s t r um e n t  w i l l  s uppl y a t e s t  s i g na l  l e s s  t ha n  

prog ram m e d  a n d  d i sp l a y  o n e  o f  t h e  f o l l ow i ng e r r o r  m e s s a ge s : 

2 - 5 1  
e l s l i 2 1 5 0 / 2 1 60 5 /8 5  

t h e  l e ve l 



[ OV E R L OA D  - - S U PP L Y I NG x x  MV ] f o r  l ow i m peda n c e  d e v i c e s  

OR 

[ OV E R L OAD - - S U P P L Y I N G  x x  MA ] f o r  h i g h  imped a n c e  d e v i c e s  

W h e r e x x  = t h e  a c t u a l  v a l u e o f  t e s t  s i g n a l  l.e v e l  s u p p l i e d b y  t h e  

V i de o B r i d g e . 

I n  a v o l t a g e  o v e r l o a d  c o n d i t i o n ,  t h e  i n s t r u m e n t  w i l l  s u p p l y  t h e  

v o l t a g e  a va i l a b l e  a t  a ma x i m um c u r r e n t  o f  1 0 0mA . 

I n  a c u r r e n t  o v e r l o a d  c o n d i t i o n ,  t h e i n s t r u m e n t  w i l l s u p p l y  t h e 

c u r r e n t  a va i l a b l e  a t  a ma x i m u m  vo l t a g e  o f  1 5 0 0 mV . 

Mea s u r e me n t s  t a k e n  a t  t he s e  redu c e d  s i g na l  l e ve l s  a re v a l i d  f o r  t ha t  

s i g n a l l eve l .  To clear the over l oad message , do one o f  the fol l ow i ng : 

1 )  r e - e n t e r  a t e s t  s i g n a l  l e ve l l e s s  t han o r  e q u a l t o  t h e  a m o u n t  

d i s p l a ye d  by t he e rr o r  me s s a g e  

2 )  f o r  a v o l t a g e  ove r l oa d , c ha n g e  f r om v o l t a g e  t o  c u r re n t  

3 )  f o r  a c u r re n t  ove r l oa d , c ha n g e  f rom c u r re n t  t o  v o l t a g e . 

N O T E : To ma i n t a i n  m e a s u reme n t  a c cu r a c y , t e s t- l e a d  o r  te s t
f i x t u r e ca l i bra t i o n m u s t be pe r f o rm e d  a f t e r  c ha n g i ng t o  a n  
u n ca l i bra t e d  t e s t  f re q u e n c y/ t e s t  s i g n a l c om b i na t i on .  

2 - 5 2  
e l s l i  2 1 5 0 / 2 1 6 0 5 /8 5  

• 



• 2 . 5 . 3  Measureme n t  Range 

T h e  M o d e l 2 1 5 0 / 2 1 6 0  i s  ba s i c a l l y a c on t i n u ou s l y  r a n g i n g i n s t r um e n t  ( i n 

A U T O r a n g e ) .  R a n g i n g  i s  a t r a n s pa r e n t  o p e r a t i o n t h a t m a k e s  t h e  

i n s t r u m e n t a p p e a r  t o  h a v e  o n l y  o n e  ra n g e  t h r o u g h o u t i t s e n t i r e 

i mpe da n ce mea s u r i n g  c a pa b i l i t i e s . 

A c t ua l l y ,  rang i n g i s  a c h i e v e d  by ma k i ng a n  i n i t i a l  m e a s u reme n t  b e f o r e  

ma k i ng t h e  a c tua l mea s u r eme n t s  f o r  d i sp l ay . Th i s  i n i t i a l  mea s u reme n t 

i s  made  w i t h v e r y  s h o r t  i n t e g ra t i on t i mes  a nd i s  c om p l e te l y  una f f e c t e d  

by t h e  va l u e s  p r og ra mm e d  f o r  m e a s u reme n t  speed or t e s t  l e ve l . T h e  s o l e  

purpose  f o r  t h i s  m e a s u r em e n t  i s  t o  d e t e r m i n e  t he p r ope r r a n g e  

re  s i  s t o r . T h  i s mea su r e m e n  t i s n o t  d i  s p l a ye d . W i t h  t h e p rope r ra n g e  

re s i s to r  s e l e c t e d , t he i n s t rumen t mak e s  a mea s u re me n t  a n d  d i s p l a y s  t he 

r e su l t s . R a n g e  4 i s  l o c k e d  o u t  a bove 1 0k H z . 

Re f e r  t o  Ta b l e  2 - 6  f or ra n g i n g  da t a . 

2 - 5 3  
e l s l i  2 1 5 0 /2 1 6 0 5 /8 5  



Table 2-6 . Model 2 1 50/2160 Impeda nce Rang i ng C ha r t  

CO NSTANT 
VO LTA GE 

RAN GES 

CON STAN T  
CURRENT 
RAN GES 

U P  SCALE 
RAN GE 
PO I NTS 

RA N GE 

DOWN SCA LE 
RANGE 
PO I NTS  

2 - 54 

1 00 kO 

1 0 k O 

l kO 

1 00 0  

1 0 0  

RANGE 
RES I STO R  

VA LU E 

e l s l i  2 1 5 0 /2 1 6 0  5 /8 5  
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o 

RA N GE 
N UM BE R  
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o 
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• 

Z (OHMS) 

100M 

1 M  

l OO k  

10k 1 00 .  

I k  1 m  

-
Vl VI 

:E l00 Z W 1 0 m  I :E Q. W 
X � 

t:C 
� 

N 1 0  
� 

0:: � 

() 

100m 

10m 

1 m  

1 00 .  

10. 

Table 2-7 . Rea c tance C ha r t  

U N  KNOWN VALUE  

e l s l i  
2 - 5 5  
2 1 5 0 / 2 1 6 0 5 /8 5  

1 
?"" 

0?-,,� � 
10 

?", 

o?-�� 
Iq, 

?", 

t-�<f' 
1 

"-", 

('-1 � J C) � 1--('«' 
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/ ">"" 
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To f i n d  t he span o f  c a pa c i ta n ce , i nd u c ta n c e , o r  o t h e r  me a s u r e me n t  

pa rame t e r s  f o r  a pa r t i c u l a r  impe d a n c e  r a n g e  ( s hown i n  Ta b l e  2 - 6 ) a t  a � 
pa r t i cu l a r frequ e n c y  u s e  Ta b l e  2 - 7  a s  f o l l ow s : 

1 .  F i nd t h e  i mpeda n c e  ( Z )  a l ong t h e  l e f t  ma rg i n  o f  Ta b l e  2 - 7 . 

2 .  F i nd t h e  ope ra t i ng f re q u e n c y  ( H z )  a t  t he bo t t om o f  Ta b l e  2 - 7 . 

3 .  F i n d t h e  i n t e r s e c t i on o f  t he h o r i z on ta l  i mpeda n c e  l i ne a n d  t h e  

v e r t i ca l  f r equ e n c y  l i ne .  

4 .  F i nd t h e c l o s e s t  d i a g o na l l i ne t o  t h e i n te r se c t i on .  

5 .  Move d own t he d i a g o na l  l i n e t o  t h e  r i g h t  o r  bo t tom m a r g i n  t o  f i nd 

t h e c o rre spond i ng c a pa c i ta n c e  va l ue . M o v e  up t h e  d i a g ona l l i n e t o  

t h e  r i g h t  o r  t o p  m a rg i n  t o  f i n d  i nd u c t a n ce . R e s i s ta n c e , c o n d u c 

t a n c e , a dm i t t a n c e , s u s c e p ta n ce , a n d re a c ta n c e  c a n  b e  f o u n d  i n  t h e  

t w o  a d j a c e n t  c o l um n s  o f  t h e  l e f t  ma rg i n .  

2 . 5 . 3 . 1  R a nge H o l d  

t h e  s a m e 

d e s c r i be d  

v a l u e  w h e r e  

i n  S e c t i on 

s p e e d  i s  a 

2 . 5 . 3  c a n  be 

W h e n  t e s t i n g m a n y c o m p o n e n t s  o f  

pre requ i s i t e ,  t h e  pre-me a s u re m e n  t 

e l i m i na te d  by u s i ng ra n g e  H OL D .  ( T h e  r a n g e  f i n d i ng mea s u re m e n t  ta ke s  

a m i n i m um o f  6 0 m s . Due  t o  i n c r e a s e d  i n te g ra t i on t i me ,  ra n g e  f i nd i n g 

mea s u reme n ts made a t  f r e q u e n c i e s  be l ow 5 00 H z  w i l l t a k e  l o ng e r . ) 

RAN G E  HOL D c a n  be s e t  i n  e i t h e r  o f  two ways : 

1 .  I n  t h e  Ma n ua l - H o l d  Mode , d e s c r i be d  be l ow ,  

S T E P  1 .  

S T E P  2 .  

Conn e c t  a compone n t  t o  t he t e s t  l ea d s  or f i x tu r e . 

A l l ow one me a s u reme n t  t o  be ma de , t he n  pus h t h e  H O L D  

bu t t on . 

2 - 5 6  
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• 

• 

2 .  

OR 

A u t o- H o l d  Mode v i a  5 CODE . Th i s  i s  f o r  u s e  w i t h  comp one n t  ha n d l e r s  

w h e r e  i t  i s  i n c o n v e n i e n t  t o  p l a c e  a p a r t  i n  t h e  t e s t  f i x t u r e . 

A c t i v a t e  t h e A u t o - H o l d  m o d e  b y  e n t e r i n g t h e  pa r t  v a l u e t h e n  

p u sh i n g  < 5 >  < b l u e >  < CO D E > .  T h i s  s e t s  a n  i n te r n a l  c o n t r o l  s i g na l  

w h  i c h  i s  mon i t ar e d  d u r i  n g  mea s u re m e n  t s . W h en a p a r t  i s  mea s u r e d  

t h a t  i s  w i t h i n  + /- 2 0 %  o f  t h e  t op mea s u reme n t  d i s p l a y  v a l u e , t h e  

i n s t r u m e n t  c h a n g e s  f r o m  A U T O  R a n g i n g  t o  t h e  H O L D  m o d e  w i t h o u t  

o p e r a t o r  i n t e r ve n t i on .  Th i s  a l l ow s  a ha n d l e r  t o  run u n t i l  a pa r t  

i s  p re s e n t  i n  t h e  j aw s . The V i d e o B r i dg e  t h e n  h o l ds t he r a n g e . 

E X A M PL E : 

Push 

� 
AUTO 

CODE 

D i splay 

F A R A D S  

C O " T  D I R E C T  

S E T L = 0 0 5 0 " S I N T G R = 0 5 0 " S  A Y E = O t 

A U T O  C A L I B  B I A S O F F  

Commen t s  

Se t i n s t r um e n t  t o  

AUTOra n g e  m o d e . 

� � � �  ENTER 5 

D 

N A H D  5 C O D E  

Se t s  AUTO- H O L D  mode 

f or 1 0 n F . 

NOTE : I f  t he 2 0  p e r c e n t  l i m i t i s  n o t  c o n v e n i e n t ,  t h i s  va l u e  
c a n  b e  c h a n g ed . E n t e r  t he de s i r e d  p e r c e n ta g e  ( e x pre s s e d  a s  a 
p os i t i ve d e c i ma l )  w h e n  e n t e r i ng t h e  pa r t  v a l u e : 

< d e c i ma l  s pe c i f i e r >  < E N T E R >  < pa r t  va l u e >  < EN TER > < 5 > < bl u e >  
< CO D E > 

w he r e  < de c i ma l  s p e c i f i e r >  i s  a 
t h e d e s i red p e r ce n t  l i m i t ,  i . e .  
< • > < 0 >  < 5 > = 5 % ,  e t c . a n d < pa r t 
1 0 n F  i n  t he a bove e xa m p l e .  

n u me r i c  
< . > < 5 >  
va l u e >  

va l ue r e p re s e n t i ng 
5 0 % , < . > < 1 >  = 1 0 % ,  

i s  a n  en t ry s u c h  a s  

e l s l i  
2 - 5 7  
2 1 5 0 / 2 1 6 0  5 /8 5  



D i splay 

F A R A DS 

C O H T  D I R E C T  

S E T L = 0 0 5 0 K S I H T G R = 0 5 0 K S  A V E K 0 1 

A U T O  C A L l i  l I AS O F F  

1 . 1 9Db n F c s  

. 0002 1 
D 

N A N D  5 C O D E  

H Z =  1 0 0 0 . 0 N D K =  

1 0 0 0  " V  C O H T  D I R E C T  

S E T L = 0 0 5 0 K S I H T GR = 0 5 0 K S A V E = O l 

H O L D  C A L I B  l I A S O F F  

1 1  . 1 58 n F c s  

. 00004 
D 

N A N D  5 C O D E  

Commen t s  

I n s t rume n t  beg i n s  

mea su re me n t  i n  AUTO 

mode . 

I n s t r u me n t  mea s ur e s 

pa r t  t ha t  i s  w i t h i n  

+/- 2 0 %  o f  t h e  

s p e c i f i e d  r a n g e  

va l ue f o r  t h e  t op 

mea s u reme n t  d i sp l ay 

a n d  se t s  t h e H O L D  

m od e  a c c o r d i ng l y .  

NOTE : The 2 1 5 0 / 2 1 6 0  a l l ow s  z e r o  ca l i b ra t i o n w h i l e i n  Ra n g e  
H o l d  ( e l i m i n a t i ng t he n e e d  t o  g o  t o  AUTO r z e r o  t he f i x t u re o r  
c l i p s  a n d  r e- e n t e r  Ra n g e  H o l d ) . To d o  t h i s r  t h e  i n s t r ume n t  
l e a v e s R a n g e  H o l d r c a l i b r a t e s  e a c h  r a n g e r a n d r e t u r n s  t o  
R a n g e  H o l d .  

I f  a m e a s u rem e n t  i s  more t h a n  1 00 t i me s  l a rg e r  or sma l l e r  t h a n  t h e  

p re s e n t  ra n g e  re s i s to r r O U T  O F  RAN G E  w i l l  b e  d i s p l a y e d  ( ERROR ANALOG 

w i l l  be d i s p l a y e d  on t h e  h i g h e s t  or l ow e s t  r a n g e ) .  R e t u r n  to t h e  

c o n t i n u ou s ra n g i ng mode by p u s h i ng t h e  AUTO b u t ton . 

( S e e  Se c t i on 2 . 9  C A S S E T T E  TAPE LOAD E R  f o r  i n f o rma t i on on s a v i ng RANG E 

H O L D a s  p a r t  o f  a pa rame t e r  f i l e . ) 

e l s l i  
2 - 5 8  
2 1 5 0 / 2 1 6 0 5 /8 5  
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• 

• 

2 . 5 . 4  Cont inuous and S i ng l e  Mea surements 

Con t i n u o u s  mea su r e me n t  mode i s  i n i t i a l l y  s e l e ct e d  w he n  i n s t r ume n t  

p ow e r i s  a p p l i e d .  I n  t h e  C o n t i n u o u s  m o d e  t h e i n s t r u m e n t  m a k e s  1 

mea s u r e me n t  a n d  ca l c u l a t e s  t he se l e c t e d  d i s p l a y  v a l u e . I mme d i a te l y  

a f t e r  a mea s u re me n t  i s  c omp l e t e d , a new m e a s u re me n t  i s  i n i t i a t e d .  T h e  

c o n t i n u o u s  m e a s u r e m e n t  m o d e  i s  e n t e r e d  b y  p u s h i n g t h e b l u e  k e y  

f o l l owed by t h e  CONT k ey . I n  Au t o r a n g e , t h e CRT d i sp l a y  i s  u pd a t e d  

o n c e  e ve ry 5 0 0  m i l l i se c o n d s  w h e n  me d i um m e a s u reme n t  s p e e d  i s  s e l e c te d . 

T o  p e r f orm s i ng l e  mea s u re me n t s , p re s s  t he S G L  bu t to n . T h e  i n s t r u m e n t  

w i l l  m a k e  o n e  mea s ureme n t  a nd u pd a te t he d i s p l a y . S i n g l e  me a s u r e me n t s  

c a n  a l s o  b e  i n i t i a t ed v i a  t he r:ea r pa n e l  remote  s ta r t  j a c k . R e m o te 

s ta r t  r e q u i r e s  a " d e- b o u n c e d " sw i t c h  o r  r e l a y  c l o s u re t o  g r o un d  t o  

i n i t i a te a s i n g l e  mea s u re me n t . 

E x a m p l e :  S e t  t he i n s t rume n t  t o  t he c on t i n u ou s  mea s u reme n t  m o d e . 

Push 

CO NT � -
D i sp lay 

F A R A D S  

1 0 0 0 " Y  C O N T  D I R E C T  

S E T L = 0 0 5 0 " S I NT G R = 0 5 0 " S  A Y E = O l 

A U T O  C A L l i  B I A S O F F  

99 . £:.1 1 n F c s  

. 0000 1 
II 

Comme n t s  

Se l e c t s  co n t i n u o u s  

mea su r e me n t  mode . 

To s e t  t h e  V i d e o B r i dg e  t o  s i n g l e  me a s u rem e n t  mode , p u s h  t h e  S G L  k e y . 

2 - 5 9  
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2 . 5 . 5  De l e te 

T h e  D E L  k ey remo ve s t he l a s t  c ha ra c t e r  e n t e r e d  w h i l e  p r og ra mm i ng da ta 

i n to t he 2 1 5 0 / 2 1 6 0 . 

E x ampl e :  Se t t h e  nom i na l  va l u e  t o  1 00 u F . 

Push 

U 
DEL 

U 
DEL 

U 
DEL 

U 
DEL 

D i splay 

H Z =  1 0 0 0 . 0 fl D M =  
1 0 0 0  Pl V  C O N T  D I R E C T  

S E T L = 0 0 5 0 M S I N T G R = 0 5 0 Pl S A V E = O I 

A U T O  C A L I B  B I A S O F F  

99 . El14 n F cs 
. O[]O[]e 

C ON T I N U O U S  

l a o  P I C O. 

o > 1 0 0  P I C  

o > 1 00 P I  

o > 1 00 P 

o > 1 00 

D 

Re- e n t e r  t h e  c o r re c t  da ta . 

Push 

jJ. NOM � U � U  

D i splay 

H Z =  1 0 0 0 . 0 N D PI = 1 0 0 . 0 0 0 U  F A R A D S  

1 0 0 0  Pl Y  C O K T  D I R E C T  

S E T L = 0 0 5 0 M S I N T G R = 0 5 0 PlS A Y E = O I 

A U T O  C A L I B  B I A S O F F  

99 . C1C n F cs 
. DDDDS 

, n C R O  N O PI I N A L  

D 

e l s l i  
2 - 6 0  
2 1 5 0 / 2 1 60 5 /8 5  

Comme n t s  

OOPS ! W r o n g  p r e f i x .  

One c ha ra c t e r  i s  

e r a s e d  f o r  ea c h  pu s h  

o f  t he d e l e t e key . 

Comments 

C o r re c t  va l u e  i s  

programme d . 

• 

• 



• I f  t he e n t ry ha s b e e n  t e rm i n a t e d  ( by p u s h i n g  t h e  N OM b u t t on i n  t h i s  

e xamp l e ) , t h e  DEL b u t t o n  w i l l  n o  l on g e r  remove t h e  i n c o r re c t  da ta . 

H oweve r ,  t h e  corre c t  da t a  c a n  be rep r o g ra mmed a s  a new e n t r y . 

2 . 6  DEV I ATION MEASUREMENT 

Two t ype s o f  de v i a t i o n  m ea s u re m e n t  a r e  po s s i b l e  w i t h t h e  M od e l 2 1 5 0 /  

2 1 6 0 ; d e v i a t i on a s  a p e r c e n t  o f  n om i na l  o r  a bs o l u te de v i a t i on f r om a 

nom i na 1 i n  u n i  t s .  D e v i a t i on mea s u r e m e n t s  can be made u s i ng e i t h e r  

a u torang i n g  o r  ra n g e  h o l d  modes . I n  t he a u t o r a ng i ng mode , t he 2 1 5 0/ 

2 1 6 0  w i l l  c ha n g e  ra n g e s  t o  a l l ow pe r ce n t  de v i a t i on s  f r om - 1 0 0 %  t o  

+ 9 9 9 , 9 9 9 %  o f  t he p r e s e t n om i na l  va l ue ( l im i te d  on l y  b y  t h e  n umbe r o f  

d i g  i t s  d i sp l a y ed ) . I n  t h e  r a n g e  h o l d  mode , t h e  r a n g e  o f  p e r c e n  t a n d  

a bs o l u te d e v i a t i on s  a re l i m i  t e d  by t h e  m e a su reme n t  r a n g e s '  uppe r a n d  

l owe r b o un d r i e s .  D e v i a t i on ca l cu l a t i on s  requ i re a s m a l l  amou n t  o f  t i me 

to comp l e te ,  s o  m e a s u remen t spe e d  i s  d e c r e a s e d  s l ig h t l y .  

2 . 6 . 1  Nomina l Value 

T o  make d e v i a t i on mea s u re m e n t s  o r  t o  s o r t  i n to p e rc e n t  to l e ra n c e  b i n s , 

a n om i n a l  va l u e  mu s t  f i r s t  be s e t .  A n om i na l  va l u e  can b e  p r o g ra mme d 

a t  a ny t i me .  I t  i s  prog rammed a s  a n umbe r w i t h m U l t i p l i e r  a n d  a s s u m e s  

t h e u n i t s  i n  t h e  t op m e a s u re me n t  d i s p l a y . T he n om i n a l  v a l u e i s  

comp a r e d  w i t h t h e  mea s u r e d  va l u e . T h e  compa r i s on r e su l t i s  d i sp l ay e d  

a s  t h e  t o p  r ea d i ng o n  t he C RT ( i n d e v i a t i on mode ) o r  i nd i c a t e d  a s  a n  

app r op r i a t e l y  b i n n e d  pa r t  ( i n s o r t  mode ) . 

NOTE : A n on- z e ro n om i na l  va l u e  mu s t  be s e t w h e n  u s i n g any o f  
t h e f o l l ow i n g : de v i a t i on mode , % s o r t  mode , 8 C O D E , - 8  CODE , 
o r  2 1  C O D E . 

2 - 6 1  
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T o  s e t a n o m i n a l  v a l u e , e n t e r  t h e d e s i r e d  va l u e w i t h m U l t i p l i e r  

( p , n , u , m , k , M ) t h e n  pu s h  NOM VAL U E . T h e  e n t r y  ta k e s  t h e  same  u n i t s a s  

s e l e c te d  f o r  t h e  t op me a su re m e n t  d i sp l a y . 

E xa m p l e :  

Push 

S e t  a nom i na l  v a l u e  of 1 5 . 9 n F . 

D i splay 

H Z =  1 0 0 0 .  0 � n M = 1 5 . g O O O N  F A R A D S  

1 0 0 0 M V  C O N l  D I R E C T  

S E T L = O O S O I1 S  I N T G R = 0 5 0 I1 S  A V E = O I 

A U T O  C A L I B  B I A S O F F  

l El . DLJ3 n F cs 
• DOD08 

N A H O  N O I1 I It A L  

D 

Commen t s  

N om i n a l  va l u e  t a k e s  

on t he u n i t s  o f  t h e  

top d i sp l a y e d  

f u n c t i on . 

NOT E : O n l y  one  n om i n a l  v a l u e  c a n  b e  s e t  a t  a t i me .  To s t o r e  
t h e  p re s e n t  m e a s u r e me n t a s  t he n om i na l  va l u e , p r e s s  

< 0 >  < b l u e >  < NOM > < bl u e > < NOM > 

( o r j u s t  < b l u e >  < N OM > i f  t h e  nom i na l  va l u e  i s  a l r e a d y  0 ) . 

Th i s  i s  u s e f u l  w h e n  ma k i n g  compa ra t i ve me a s u re me n t s  a g a i n s t  a 
s t a n da r d .  

e / s / i  
2 - 6 2  
2 1 5 0 / 2 1 6 0  5 /8 5  

• 

• 

• 



• 2 . 6 . 2 Dev i a t i on Mode 

T h e  d e v i a t i o n m o d e  ( D E V ) c om p a r e s t h e  n o m i n a l  v a l u e  a g a i n s t  t h e 

c a l c u l a t e d  v a l u e s h o w n  a s  t h e  t o p  m e a s u r e m e n t  d i s p l a y . T h i s  t op 

d i s p l a y  i s  r e p l a c e d  b y  t h e  c om pa r i s o n  r e s u l t s - - s h o w n  a s  e i t h e r  a 

pe r c e n t  o r  a n  a bs o l u te de v i a t i on . To e n t e r  t h e  pe r c e n t  d e v i a t i on mode , 

pu s h  < DE V > . 

E x a mp l e : Ma k e  d e v i a t i on mea s u r em e n t s  u s i n g t he n om i na l va l ue s e t  i n  

t h e  p re v i ou s  e xampl e .  

Push 

� 
DEV 

D i splay 

H Z =  1 0 0 0 . 0 � D M = t 5 . 9 0 0 0 N  F A R A D S  

1 0 0 0  M Y  C D " T  � D E Y I A T I D N 

S E T L = 0 0 5 0 n s  I N T GR = 0 5 0 M S A Y E = O t 

A U T O  C AL I 2  B I A S  D F F  

+ . 899 
• IJDDD9 

D 

Comme n t s  

E n t e r  d e v i a t i on 

mea s u r e m e n t  mod e . 

D e v i a t i on i s  t h e  

t o p  d i s p l a y e d  

va l ue • 

NOTE : XCHG i s  d i s a b l e d  w h i l e  i n  de v i a t i o n mode . 

N O T E : D e v i a t i o n i s  n o t  a v a i l a b l e  w h e n  Q a n d D a r e b o t h  
d i s p l ayed . 

e / s / i 
2 - 6 3  
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2 . 6 . 3  Absol u te Dev i a t ion 

The d i f fe re n c e  b e tw e e n  t h e  nom i na l  va l ue a n d the mea s u r e d  va l u e  ( t op 

r e a d i n g ) c a n  be d i s p l a y e d  as e i t he r  a b s o l u t e or pe r c e n t  d e v i a t i on .  

Pe r c e n t d e v i a t i o n i s  i n i t i a l l y s e l e c t e d  w h e n  powe r i s  a pp l i ed .  To 

d i s p l a y  a b s o l u t e d e v i a t i o n , pu s h  < b l u e > < A BS > . 

E x amp l e : C o n t i n u i ng w i t h t h e  p r e v i ous  e x amp l e s , t he i n s t rume n t  w a s  

d i spl a y i n g p e r c e n t  de v i a t i on s . C h a n g e  t o  d i s p l a y  a b so l u te d e v i a t i o n . 

Pu s h  

ASS 
� �  

D i splay 

H Z =  1 0 0 0 . 0 H D M = 1 5 . 9 0 0 0 N  F A R A D S 

1 0 0 0  M Y  C O N T  A B S  D E Y I A T I D H 

S E T L = 0 0 5 0 M S I N T G R = 0 5 0 M S  A Y E = O l 

A U T O  C A L I B  B I A S O F F  

+ 1 �3 . p F c s  

. 00001 
D 

E xamp l e : Re t u r n  t o  per c e n t  d e v i a t i on mode . 

Push D i splay 

H Z =  1 0 0 0 . 0 H D M = 1 5 . 9 0 0 0 N  F A R A D S  

1 0 0 0  M Y  C O N T  r. D EV I A T I O N  
S E T L = 0 0 5 0 M S  I N T G R = O S O M S A Y E = O I 

A U T O  C A L I B  B I A S  O F F  

+ . 891 

. 00001 
D 

e l s l i 
2 - 64 
2 1 5 0 / 2 1 6 0  5 / 8 5  

Commen ts 

D i s p l a y  a b s o l u t e 

d e v i a t i on . 

Commen t s  

D i s p l a y  p e r c e n t 

dev i a t i o n . 

• 

• 

• 



• 2 . 6 . 4  E x i t  Dev i a t ion Mode 

T o  e x i t f r o m  t h e  d e v i a t i o n m o d e , p u s h  < D r R > . T h e  i n s t r u m e n t  w i l l  

r e v e r t  t o  t h e  d i r e c t  ( n o r ma l ) d i s p l a y  m o d e . T h e  t o p m e a s u r e m e n t  

rea d i ng w i  1 1  aga  i n  d i  s p l a y  t h e  ca l c u l a  t e d  v a  1 ue  o f  t he d e v i c e u n d e r  

t e s t . 

E xa mp l e : C o n t i n u i ng w i  t h  t h e  e xamp l e s  a bove , r e t u r n  t o  t h e  d i re c t  

m e a s u re me n t  mode . 

Push 

� 
DIR 

D i splay 

H Z =  1 0 0 0 . 0  H D H = 1 5 . 9 0 0 0 H  F A R A D S  

1 0 U O " Y  C OH T  D I R E C T  

S E T L = 0 0 5 0 H S  I N T G R = 0 5 0 HS A Y E = O l 

A U T O  C A L I B  B I AS O F F  

l EI  . D42 n F cs 

. 00001 

e l s l i  

D 

2 - 6 5  
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C omme n ts 

E x i t  d e v i a t i on mode . 



2 . 7 . 1  S ta tus D i spl a y  

T h e  S t a t u s  d i s p l a y  i s  u s e d t o  s e t  l i m i t s f o r  S O R T  a n d G O / N O - G O  

d i sp l a y s . T o  e n t e r  t h i s  d i sp l a y , pu s h  < S TAT > k e y . T h e  s t a tu s  d i s p l a y  

c on s i s t s  o f  e l ev e n  a c c e p t  b i n s ( 0 1 - 1 1 ) ,  o n e  ma i n  r e j e c t  b i n  ( 00 )  a n d  

one l os s  e l eme n t  r e j e c t  b i n  ( REJ ) .  Ea c h  b i n  h a s  a l owe r l i m i t  va l u e , 

a n  upper l i m i t  va l u e , a n d  a c ompon e n t  cou n t e r . T o  sw i t c h  f rom a n y  

d i sp l a y  mode  t o  t he s t a t u s  d i s p l a y , pu s h  < ST AT > . T o  s w i t c h  ba c k  f rom 

s t a t u s  d i s p l a y  to t h e  p r e v i ous  d i s p l a y  mode , pu s h  < S TA T >  a ga i n .  

E xa mp l e : 

Push 

� 
STAT 

� 
STAT 

D i splay 

0 1  . O O ?  . O O ?  

0 2  . O O r.  . O o r.  

0 3  . O O r.  . O O ?  

O ot  . o o r.  . O o r.  

0 5  • D O ?  . o o r.  

0 6  . o o r. . O O r.  

0 7  . O o r.  . 0 0 )(  

0 8  . o o r.  . O O ?  

0 9  . O O ?  . o o r. 

1 0  • D O ?  . O O r.  

1 1  • 0 0 1:  • 0 0 (,  

0 0  � A I N  R E J E CT B I N  

R E J <  . 0 0 0 0 0 0  R /X D 

H O � &  O .  F AR A D S  C S  

0 )  S T A T U S  

0 >  • 

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

F A R A D S  

C O H T  D I R E C T  

S E T L - 0 0 5 0 H S  I H 1 G R = 0 � 0 " S  A � E = O I 

A U T O  C A L I B  B I A S O F F  

99 . b11 n F cs 
. DD[]D� 

D 

e l s l i  
2 - 6 7  
2 1 5 0 /2 1 6 0  5 / 8 5  

C ommen t s  

S t a t u s  d i sp l a y  

f or ma t . 

Re t u r n  t o  p re v i ou s  

mea su reme n t  d i sp l a y . 



T h e  d i  s p l a y  a 1 s o  c o n  t a  i n s  t h e  p r og r a mmed n om i na 1 va  1 ue  , u n i  t s , a n d  

f u n c t i on f o r  b i n s  0 - 1 1 ,  a n d  t h e  un i t s ,  comp o ne n t  c o u n t e r ,  a n d  f un c t i on 

f o r  t h e  r e j e c t  l i m i t .  T h e  p r i o r i ty f or l i m i t s  c ompa r i s o n  i s  t o  c ompa re 

a mea s u re d  v a l u e  f i r s t  a g a i n s t  t he m i n o r  c o mpo n e n t  l i m i t ,  t he n  a g a i n s t  

e a c h  i nd i v i dua l b i n  l i m i t  f r om t op t o  bo t t o m  o n  t he d i sp l a y , i . e .  R E J , 

0 1 - 1 1 , 0 0 . 

2 . 7 . 2  Prog rammi ng L imi ts 

L i m i t s  ma y be s e t  i n  a bs o l u t e u n i t s or as p e r c e n t  d e v i a t i o ns f r om t he 

n o m i  n a l  v a  1 u e . W h e n  i n s  t r u m e n  t pow e r  i s  a p p l i e d ,  t he 2 1 5 0 / 2 1 6 0  i s  i n  

t he p e r ce n t  l i m i t s mode . E a c h  b i n  i s  de f i ne d  b y  a n  upper a n d  a l ow e r  

l i m i t .  I f  o n l y  o n e  va l ue i s  e n t e re d  w he n  s e l e c t i n g l i m i t s f or a b i n ,  

t he V i d e oB r i dg e  a s s i g n s  t h e  p o s i t i ve v a l ue o f  t he e n t ry a s  t h e  u pp e r  

l i m i t a nd t he n e g a t i v e  v a l u e  o f  t he e n t ry a s  t he l ow e r  l i m i t .  I f  two 

d i f f e r e n t  va l u e s  a re e n t e re d  as  l i m i t s f or a b i n , the  l ow e r  va l u e  i s  

a s s i g n e d  a s  t h e  l ow e r  l i m i t a n d  t he h i g h e r  va l u e  i s  a s s i g n e d  a s  t he 

upper l i m i  t .  

NOTE : P e r c e n  t 1 i m i  t s  mode MUST h a ve a 
e l s e B I N  0 w i l l  a lw a y s  be s e l e c te d . 
doe s n o t  req u i re a n om i na l  va l u e . 

n om i na l  va l u e  s e t  o r  
A b s o l  u te 1 i m i  t s  mode 

I n  e i t h e r  t h e  a b s o l u t e  or p e r c e n t m o d e , t h e r e a r e t w o  m e t h o d s  o f  

prog ra mm i ng b i n  l i m i t s - - " ne s te d " a nd " se q u e n t i a l " .  I n  n e s t e d  b i n n i n g ,  

t h e  1 i m i  t s  f o r  ea  c h  b i  n a re se  t a ro u n d  t h e  n o m i  na  1 va l ue . S i n c e  t he 

V i d e oB r i dg e  c he ck s  b i n s  i n  o r d e r  f rom 1 t o  1 1 ,  

be i n c rea s i n g l y  l a r g e r  f o r  e a c h  s u c c e e d i ng b i n .  

1 % ;  B i n  2 = - 2 % , 2 % ; B i n  3 = - 5 % ,  5 % ; e t c . ) 

t h e  spa n o f  l i m i t s m u s t  

( E x a mp l e : B i n  1 = - 1 % ,  

I n  s e q u e n t i a l  b i nn i n g ,  t he l i m i t s  f o r  ea c h  b i n  a re n o t  s e t  a r o u n d  t h e  

n om i n a l  va l u e . T h i s  me t h o d  i s  more f l e x i b l e  a nd a l l ow s  sepa ra t i on o f  

h i g h va l u e s  f ro m  l ow va l ue s . ( E x ampl e : B i n  1 = - 5 % ,  - 3 % ;  B i n  2 = - 3 % ,  

0 % , B i n  3 = 0 % , + 5 % ; B i n  4 = + 5 % , + 1 0 % ; e t c . ) 

2 - 6 8  
e l s l i 2 1 5 0 / 2 1 6 0  5 / 8 5  



To s e t  va l u e s  f o r  b i n s  0 - 1 1 ,  p u s h :  

< n umbe r >  ( re p r e se n t i n g t h e  f i r s t  l i m i t v a l u e ) , < EN T ER > , 

< n um be r >  ( re p r e se n t i n g t h e  se c on d  l i m i t va l u e ) ,  < EN T E R > , 

< n umbe r >  ( re p r e s e n t i n g t h e  b i n  i n  wh i c h  t h e  l i m i t w i l l  be  e n te r e d ) ,  

< b l ue >  < B I N # > .  

F o r  ne s t e d  b i n n i ng ,  po s i t i ve a n d  ne g a t i ve va l u e s  o f  t he s a me p e r c e n t  

v a l u e  ( i . e .  + / - 1 % )  f o r  a n y b i n  a r e e n t e r e d  b y  p u s h i n g < v a l u e >  

< E NTER > < de s i r e d  b i n  # >  < bl u e > < B I N  # > .  

E xampl e :  Se t b i n s  1 - 3  f o r  l i m i t s o f  + /- 5 % , + /- 1 0 % , + /- 2 0 % .  

Push D i splay Comme n t s  

BIN # Q Q Q � Q  0 1  - 5 . 0 0 :1:  + 5 . 0 0 i:: 0 0 0 0 0  
I f  o n l y  o n e  va l u e 

s ENTER I 0 2  - 1 0 . 0 0 :1:  + 1 0 . 0 0 1:  0 0 0 0 0  

BIN # 0 3  - 2 0 . 0 0:1: + 20 . 0 0 :1:  0 0 0 0 0  i s  e n te re d  pe r b i n , 
Q Q Q Q � Q  O i  . 0 0 :1:  . 0 0 I: 0 0 0 0 0  

0 5  . 0 0 :1:  . 0 0 :1:  0 0 0 0 0  t he V i d e o B r i d g e  I 0 ENTER 1 0 6  . 0 0 :':  . 0 0 1:  0 0 0 0 0  

BIN # 0 7  . 0 0 :1:  . 0 0 :1:  0 0 0 0 0  a s s um e s  s ymme t r i ca l  Q Q Q Q � Q D B  . 0 0 :':  . 0 0 :1:  0 0 0 0 0  

0 9  . O O '!  . 0 0 :1:  0 0 0 0 0  l i m i t s f o r  t ha t  b i n . 1 0 ENTER 3 1 0  . O O '!  . 0 0 1:  0 0 0 0 0  

1 1  . o o '!  • D O l:  0 0 0 0 0  

0 0  M I lt  R E J E C T  B l lt  0 0 0 0 0  

R E J > . 0 0 0 0 0  R/X II 0 0 0 0 0  

11011= . O O O P  FARADS CS 

E x amp l e : Se t b i n  1 f o r l i m i t s o f  - 2 0 % , + 8 0 % . 

Push D i splay Commen t s  

Q Q Q Q 1 0 ENTER 

Q Q Q  8 0 ENTER 
BIN # Q � Q 

I 

0 6  

0 7  

D B  

0 9  

1 0  

1 1  

0 0  

R E J > 

11011= 

- 2 0 . 0 0 1:  + 8 0 . 0 0 70  

. 0 0 1:  . 0 0 i:: 

. 0 0 1:  . 0 0 :1:  

. 0 0 70  . 0 0 :1:  

. 0 0 :':  . 0 0 :1:  

. 0 0 :':  . 0 0 :1:  

. 0 0 :1:  . 0 0 1:  

. 0 0 :1:  . 0 0 1:  

. 0 0 i:: . 0 0 :1:  

. 0 0 :':  . 0 0 1:  

. 0 0 7.  . 0 0 :1:  

IIA I I!  R E J E C T  B l lt  

. 0 0 0 0 0  R/X D 
. O O O P  FARADS C S  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

e l s l i  
2 - 6 9  
2 1 5 0 / 2 1 6 0  5 /8 5  

Asymme t r i c a l  b i n  

l i m i t s a re e n t e re d  

i n  pe r c e n t  mode  . 



T h e  p re c e e d i n g  e x a m p l e s  u s e d  n e s te d  l i m i ts i n  pe r c e n t mod e . 

T o  p r o g r a m  a b s o l u t e  v a l u e l i m i t s , p u s h  

i n s t rum e n t  i n  a b s o l u t e mode . 

< b l u e >  < A B S >  t o  p u t  t h e  

E x amp l e : S e t b i n s  1 - 6 f o r  s e q u e n t i a l  l i m i t s a bo v e  a nd be l ow 1 0 0 n F . 

B I N  1 = 8 0 - 9 0 n F  B I N  2 = 9 0- 9 S n F  B I N  3 9 S - l 00 n F 

B I N  4 1 0 0 - 1 0 S n F  B I N  5 1 0 S - 1 1 0 n F  B I N  6 = 1 1 0- 1 2 0 n F .  

Push 

r:::Jr:::J� Q r:::J I 0 'Int 
• "M il r:::Jr:::J � r:::J Cl r:::J�r:::J , 0 unn I 

r:::J r:::J� Q Cl  t 0 'In, 
I 8/1 11  r:::JCl � r:::J Cl Cl �r:::J , �  Emt 1 

r:::Jr:::J � Q Cl  ' s  llfllt 
I 11. 11 r:::J r:::J r:::J� r:::JCl Cl�r:::J 

! 0 0 f�n 3 

r:::J r:::Jr:::J� Q Cl  I 0 0 ,"HI 
• III " r:::J Cl Cl � r:::JCl r:::J�r:::J l O S  IIUt j 

r:::Jr:::JCl � Q I::l l O S tIm 
• III " r:::J r:::JCl � I::lI::l Cl�r:::J I I G flnt S 

Cl r:::JCl � QI::l I I 0 EflU 
• .1 " r:::J r:::J r:::J� r:::JCl r:::J�r:::J I 1 0 1m • •  

0 3  

0 1  

0 5  

0 6  

0 7  

D B  
0 9  

1 0  

1 1  

0 0  

R E J > 

" O H =  

D i splay 

80 . 0 0 0 0 11  

90 . 0 0 0 0 11  

9 5 . 0 0 0 0 rt  

1 0 0 . 0 0 0 rt  

1 0 5 . 0 0 0 H  

1 1 0 . 0 0 0 H  

. O O O P  

. O O O P  

. O O O P  

. O O O P  

. O O O P  

9 0 . 0 0 0 0 11  

9 5 . 0 0 0 0 11  

1 0 0 . 0 0 0 11 

1 0 5 . 0 0 0 11 

1 1 0 . 0 0 0 1t  

1 2 0 . 0 0 0 11 

. O O O P  

. O O O P  

. 0 0 0  P 

. O O O P  

. O O O P  

H A l li  R E J E C T  

. 0 0 0 0 0  R Il<  

B I ll  
D 

C S  . O O O P  F A R A D S  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

Comme n t s  

B i n s  m a y  b e  programme d 

i n  any  o r de r .  L i m i t 

s e q u e n c e s  f or c on s e c 

u t i ve b i n s  d o  n o t  

n e e d  t o  be a d j a ce n t . 

H owe ve r ,  t h e y  s hou l d  

n o t  ove r l a p  . 

R e m e m be r to e n t e r  t h e  u n i t s m U l t i p l i e r  a f te r e a c h  l i m i t i n  a bs o l u t e  

mod e . N o  n om i na l  v a l ue n e e d s  t o  be se t i n  t h i s  mo d e . 

e l s l i  
2 - 7 0  
2 1 5 0 / 2 1 6 0 5 /8 5  



T h e  m i n o r  r e j e c t  l i m i t  ( R EJ ) s h o u l d  be s e t  b e f o re e n te r i ng t he SORT 

mode . I t  i s  a l i m i t f o r t h e  m i nor f u n c t i on ( bo t t om m e a s u reme n t  d i s p l a y  

w h e n  i n  d i re c t  d i sp l ay f o rma t ) . Re j e c t  l i m i  t i s  s e t  a s  a n  a bso l u te 

va l ue f o r  b o t h  a bs o l u te a n d  p e r c e n t m od e . To prog r a m  t he r e j e c t  l i m i t ,  

p u s h : 

< n umb e r >  ( re p r e s e n t i n g  t h e  l i m i t o f  m i n o r  f u n c t i on )  

< bl u e >  < M I NOR > . 

E x a mp l e : S e t t he ma x i mum l i m i t  o f  0 ( m i n or parame t e r )  t o  0 . 00 5 . 

Push D i splay 

8 0 . 0 0 0 0 11  

9 0 . 0 0 0 0 N  

9 5 . 0 0 0 0 N  

1 0 0 . 0 0 0 N  

1 0 5 . 0 0 0 N  

0 6  1 1 0 . 0 0 0 H  

0 7  . O O O P  

0 8  . O O O P  

0 9  . O O O P  

1 D  . O O O P  

1 1  . O O O P  

9 0 . 0 0 0 0 11  

9 5 . 0 0 0 0 11  

1 0 0 . 0 0 0 11  

1 0 5 . 0 0 0 H  

1 1 0 . 0 0 0 11  

1 20 . 0 0 0 N  

. O O O P  

. O O O P  

. O O O P  

. O O O P  

. O O O P  

O D  KA I N  R E J E C T  B I N  

R E J >  . 0 0 5 0 0  R / X  

H C K =  . O O O P  F A R A D S  

0 )  . 0 0 5  " 1 I1C R  

0 ) • 

Il 

C S  

O O O O U 

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

Commen t s  

N O T E : I f  t h e  m i n o r  r e j e c t  l i m i t  i s  s e t a t  0 ,  t h e  m i n o r  
re j e c t  t e s t  i s  i g n o re d . 

N O T E : T h e  re j e c t  
va l u e  d e pe n d i n g  on 
d i sp l a y  on t he CRT . 

l i m i t i s  e i t h e r  a ma x i m u m  o r  a m i n i m um 
the mea s u re me n t  f u n c t i o n o f  t h e  bo t t om 

M a x i m um or m i n i m um i s  d i s p l a y e d  a s : 

Re j > = Ma x i m um L i m i t ( a l l  f u n c t i o n s  e x c e p t  G ,  8 ,  Y ,  a n d  Q )  

Re j < M i n i mum L i m i t  ( G ,  8 ,  Y ,  a n d  Q )  

e l s l i  
2 - 7 1  
2 1 5 0 /2 1 6 0  5 /8 5 



2 . 7 . 3 B i n  Coun ters 

Ad j a c e n t  t o  e a c h  of  the b i n s ( 0 - 1 1  and R EJ ) i s  a f i ve- d i g i t  c o u n t e r .  

The c ou n t e r  r e c o r d s  t h e  n umbe r o f  c ompo nen t s  t ha t  f a l l  w i t h i n  t h e  

l i m i t s f o r e a c h  b i n .  D u r i n g t he s or t i n g ope ra t i o n ,  t he c ou n t e r  w i l l  

recor d u p  t o  6 5 , 2 2 5  pa r t s  f o r  e a c h  b i n . To v i ew t h e  c o u n t e r s  a n d t o  

s top t h e  s o r t i n g opera t i on , p u s h  t h e  S TAT key . To re s t a r t  t h e  so r t i ng 

ope ra t i o n , pu s h  SORT . The  b i n  c ou n te r s  f o r  a l l  b i n s  ( 0 - 1 1  a n d REJ ) a re 

res e t  t o  z e r o  by p r o g ra mm i ng t e s t c o d e  2 .  A l so ,  c ha n g i n g t he n om i na l 

va l u e a l s o rese t s  b i n s  0 - 1 1 ,  w h i l e  c h a n g i n g t h e  m i nor re j e c t  l i m i t  

rese t s  b i n  REJ . 

NOTE : B i n  c ou n t s  
mea s u reme n t  mode . 

2 . 7 . 4 S o r t  Mode 

a re o n l y  i n c reme n t e d  i n  t h e  s i n g l e  

Compon e n t  s o r t i n g  i s  a l w a y s  a c t i ve i n  s i ng l e mea s u reme n t  mode . To 

e n s u r e  a c c u ra t e  so r t i n g to t he de s i re d  b i n s , a l l  t e s t  pa rame t e r s  a n d  

l i m i t  va l u e s  m u s t  be s e t  be f o r e  e n t e r i n g the  s o r t  mode . W h e n  t h e  SORT 

and SGL k e y s  a re pu s he d , the d i s p l a y  i n d i ca t e s  B I N  number for e a c h  

c ompon e n t  m e a s ured  ( B I N  R = m i no r  re j e c t ) .  T h e  a pprop r i a t e H a nd l e r  

r e l a y i s  a c t i va te d  i f  t he H a nd l e r  I n t e r f a ce i s  i n s ta l l e d .  

Ac t i va t i n g  t h e  H a n d l e r  r e l a y  a l l ow s  t e s t i n g t h e  H a nd l e r  se t up be fore  

a c t u a l s o r t i n g b e g i n s . T h e  H a n d l e r  s e t u p i s  c h e c k e d  b y  u s i n g t h e  

CONT I NU O U S  mea s u reme n t  mode . T h e  C O N T I NUOUS me a su remen t mode c a n  be 

u s e d  to mea s u re r e s u l t s w i t h o u t i n c r e me n t i n g  t h e  b i n  cou n t . F i g ure  

2 - 1 2  i s  a s o r t i ng mod e  p r e pa ra t i on c he c k  l i s t .  

N O TE : The b i n  c o u n t e r  i s  a l w a y s  a c t i ve w h e n  i n  t he s i ng l e  
me a su r e m e n t  mode , r e g a rd l e s s o f  t h e  s ta t u s  o f  t he s o r t  mode . 
I t  i s  a l s o a c t i ve u n d e r  o t h e r  d i s p l a y s  -- G O/NO-GO , % D E V , 
A B S  D E V . I f  n o  b i n  l i m i t s a r e s e t  w h e n  a c o m p o n e n t  i s  
m e a s u r e d  i n  s i n g l e  m o d e , i t  w i l l  b e  b i n n e d  a s  a m a j o r 
re j e c t  ( B I N  0 ) .  

2 - 7 2  
e / s / i  2 1 5 0 / 2 1 6 0 5 /8 5  



S E T : 

S E T : 

T E S T  P ARAM E T E RS ( D i re c t  D i sp l a y ) 

o P r e s s  < DI R > 

o 
o 
o 
o 
o 
D 
o 
D 

Top D i s p l a y  Fu n c t i o n 

Bo t t om D i sp l a y  F un c t i o n  

F r e q u e n c y  

S i g n a l L e ve l 

Se t t l i ng T i m e  

I n t e g ra t i o n T i me 

N u m b e r  o f  A v e ra g e s  

C a l i br a t e  C l i ps / F i x ture  

o Ra n g e  H O L D  or Au t o  Ra n g e  

Speed ( FA S T , M E D , SLOW ) 

B I NN I NG L I M I TS ( S t atus D i s p l a y ) 

o P re s s  < STAT > 

o Ma j o r L i m i t s  f or B i n s 0 - 1 1  

o M i n o r  Re j e c t  L i m i t ( R EJ ) 

D N o m i na l  Va l ue ( r e q u i red  f o r  % mode ) 

o S e l e c t  SORT o r  H a n d l e r  Mode 

[] P r e s s  < S G L > t o  b e g i n  so r t i n g  

F i gure 2-1 2 .  Sor t i ng Mode Prepara t i on C he ck l i s t  

To e n t e r  t h e  s o r t  mode , p u s h  < SORT > . E n te r i ng t h e  s o r t  m o d e  s e t s  t he 

i n s t r ume n t  t o  t he s i ng l e  me a s u re me n t  mod e . Me a s u re m e n t s  a re i n i t i a te d  

b y  e i t he r  pus h i ng t he S G L  k e y  o r  r e c e i v i n g a r e m o t e  s ta r t s i g n a l . 

I n  SORT m od e , t h e  word B I N  a n d a n umbe r a r e  d i s p l a y e d . T h e  number 

r e p r e s e n t s  t h e  b i n  i n t o  w h i c h  t h e c om p o n e n t  w a s  s o r t e d . I f  t h e  

c omp o n e n t  e x ce e d s  t he R E J  l i m i t ,  t h e  d i sp l a y  w i l l  r e a d  B I N  R .  

N O T E : P r o g r a m m i n g t e s t  c o d e  2 6  d i s p l a y s  t o p  a n d  b o t t o m  
d i s p l a y m e a s u r e m e n t s  a l o n g  w i t h  B I N  # w h i l e i n  S O R T  ( s e e  
s e c t i o n 2 . 7 . 6 ) . 

2 - 7 3  
e l s l i  2 1 5 0 /2 1 6 0  5 /8 5  



E x a m p l e : C o n t i n u i n g w i t h  t h e pre ced i ng e x a m p l e s , e n t e r  t he s o r t i ng 

mode a n d  m a k e  s e v e ra l me a s u remen t s . 

P u s h  

r::J 
SORT 

III 
SGl 

III SGl 

III SGl 

r::J 
STAT 

Di splay 

H Z =  1 0 0 0 . 0 H D � =  F A R A D $  

1 0 0 0  � �  [ I " G L E  S D R T  

S E T L = 0 0 5 0 � S I N T G R = O S O � S  A � E = O I 

A U T O  C A L I B  B I A S O F F  

B I N  1 

8 0 . 0 1) 0 0 11  90 . 0 0 0 0 11  

9 0 . 0 0 0 0 11  9 5 . 0 0 0 0 "  

9 5 . 0 0 0 0 11  1 0 0 . 0 0 0 "  0 0 0 0 0  

0 1  1 0 0 . 0 0 0 11  1 0 5 . 0 0 0 1'1  0 0 0 0 0  

0 5  1 0 5 . 0 0 0 H  1 1 0 . 0 0 0 11  0 0 0 0 0 

0 6  1 I 0 . 0 0 0 H  1 2 0 . 0 0 0 11  0 0 0 0 0  

0 7  . 0 0 0 P  . o o o p  0 0 0 0 0  

D B  . 0 o o P . O O O P  0 0 0 0 0  

0 9  . O O O P  . O O O P  0 0 0 0 0  

1 0  . O O O P  . 0 0 0 P  0 0 0 0 0  

1 1  . D O O P  . D O O P  0 0 0 0 0  

0 0  it A  I II  R E J E C T  B I H  0 0 0 0 0  

R E J > • 0 0 5 0 0  R / X  II 0 0 0 0 0 

" D " =  . G O O P  F A R A D S  C S  

D )  S T A T U S  

D )  • 

Commen t s  

I n i t i a t e s o r t  m o d e  

mea s u re me n t s  by 

p r e s s i n g SGL key . 

C he c k  t h e  s t a t u s  

d i s p l a y  a n d n o t e 

coun t e r  t o t a l s . 

b i n  

Add i ng t o ta l s  f rom 

a l l  b i n s i n d i ca t e s  

number of  me a s u r e-

men t s  t a k e n .  

T o  v i ew t he b i n  s t a tu s , p u s h  S T A T  k e y . W h e n  t h e  S TAT key i s  p u s h e d  a n d  

t h e b i n  s t a t u s  i s  b e i n g d i s p l a y e d , t h e  s o r t i n g f u n c t i o n i s  s t i l l  

a c t i ve .  T he n om i n a l  va l u e  a n d  a l l  l i m i t s a re l e f t  i n ta c t . T o  re t u r n  t o  

t h e  s or t i ng d i sp l ay , pus h  S O R T  k ey . T h e  b i n  c o u n t e r s  w i l l  c on t i n u e  t o  

i n c r e me n t  f r o m  t he i r  p re v i o u s  t o ta l s .  

e l s l i 
2 - 7 4  
2 1 5 0 / 2 1 60 5 /8 5  



2 . 7 . 5  Component Sor t i ng Example 

T h i s  e x a mp l e  i s  to i l l u s t r a t e  the c o n cep t s  p r e s e n t e d  in t h i s  p or t i on 

o f  t h e  ma n ua l . I t  i s  a typ i c a l  s e  tup , s ta r t i n g f r om t h e  i n s t r ume n t 

powe r ON c o nd i t i on .  S o r t  1 0 0 nF c a pa c i t o r s  i n t o  t o l e ra n ce ba n d s  o f  + /-

1 % ,  + / - 5 % ,  + / - 1 0 % , + / - 2 0 %  w i t h a m a x i m u m  l i m i t o n  D o f  0 . 0 0 5 . 

O t he r  t e s t  pa rame t e r s  i n c l u d e : f requ e n cy- - l k H z , s i g na l  l e ve l - - l O O O mV 

RMS , mea su r e me n t  s p e e d - - ME D , te s t  f i x t u r e - - c a l i bra te d  ( C AL I B ) .  

A f t e r  a l l  p a rame t e r s  a re p r og rammed a nd t he t e s t  f i x t u re h a s  b e e n  

ca l i b ra t e d  ( s e e  S e c t i on 2 . 3 . 5 ) , t h e  e xa mp l e  w i l l  s h ow h ow t o  s ta r t  t h e  

s o r t i n g o p e r a t i o n ,  s t o p  s o r t i n g t o  l o o k  a t  t h e b i n  c o u n t e r s , a n d 

re s t a r t  t he s o r t i ng ope r a t i on .  The  e xa mp l e  w i l l  e n d  by s h ow i n g how t o  

e x i t  t h e  s or t i ng mode a nd r e t u r n  to d i re c t  mode . 

E xa mp l e : 

T e s t  P a r a me te r  S e t u p  

Push D i splay 

H. Z =  1 0 0 0 . 0  N O M =  

1 0 0 0  11'0' C O II T  

S E T L = 0 0 5 0 " S  I N T G R = 0 5 0 M S A Y E = O I 

A U T O  C A L I S  B I A S  O F F  

99 . 1]92 n F c s  

. 00003 
D 

Comments 

G o  to d i r e c t  d i s p l ay.  

S e t mea s u re me n t  

f u n c t i on s . 

NOTE : I n  t h i s  e x amp l e , te s t  f re q u e n c y , s i g na l  l e v e l , 
s e t t l i ng t i me ,  i n te g ra t i on t i me , mea s u reme n t  a v e ra g i ng , a n d  % 
mode d i d  n o t  n e e d  p r og ramm i n g be c a u s e  t he 2 1 5 0 / 2 1 60 
i n i t i a l i z e d t o  t he s e  f u n c t i on s  w he n  p ow e r  w a s a p p l i e d .  

2 - 7 5  
e l s l i 2 1 5 0 / 2 1 6 0  5 / 8 5  



L i m i t s  Se tup 

Push 

II I  # 
c::J c::J C=Hi�.� c::J 

5 EiflER 1 
811 # 

c::J c::J r::J r::J � r::J 
I 0 EIflER J 

III # 
Q c::J r::J r::J � r::J 

1 0 EiflER I 
MlIIOR 

c::J c::J r::J CJ � CJ 
o 0 5 

n 110M 
c::J c::J Q � c::J � Q 

I 0 0 

D i splay 

- 1 .  O O X  + 1 . 0 0  r. 

- s . o n  + 5 . 0 0  r. 

0 3  - I O . O O X  + 1 D .  D O )!  

0 1  - 2 0 .  D O l:  + 2 0 . 0 0 r.  

0 5  . 0 0 ;(  . O O X  

0 6  . O O ?  • O O X  

0 7  . 0 0 :':  . O O X  

D B  . 0 0 %  . 0 0 r.  

0 9  . 0 0 %  • D O :':  

1 0  . 0 0 ;(  . 0 0 r.  

! I . 0 0 r.  . 0 0 ;(  

0 0  H A I N  R E J E C T  B I N  

R E J > . 0 0 :) 0 0  R / X  D 
N D I1 = I O O . O O O N  F A R A D S  C S  

o > 1 0 0  N A N D  N D tl I N A L  

0 >  • 

0 0 0 0 0 

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0 

0 0 0 0 0  

0 0 0 0 0  

0 0 0 a 0 

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

B e g i n  S o r t i ng Ope ra t i o n 

Pus h  

� 
SORT 

-
SGl 

-
SGl 

-SGL 

-
SGl 

D i splay 

H Z =  1 0 0 0 . 0 N IH1 = 1 0 0 . 0 0 0 N  F A R " D S  

1 0 0 0  tl Y  S I N G L E S O R T  

S E T L = 0 0 5 0 tl S  I N T G R = 0 5 0 tl S A V E = O I 

A U T O  C A L I B  B I A S O F F  

B I N  
0 >  S I N G L E  

0 >  • 

e l s l i  
2 - 7 6  
2 1 5 0 /2 1 6 0  5 /8 5  

Comments 

L im i t va l u e s  mu s t  

be se t i n  a s c e n d i ng 

o r d e r  f rom B i n  1 t o  

B i n  1 1 . W i t h i n  e a c h  

b i n , t he V i de o B r i dg e  

w i l l  e n t e r  + /- p e r  

c e n t  l i m i t s  f o r  e a c h  

va l ue e n t e re d . 

Comments 

C ompone n t s  e x c e e d i n g 

t h e  m i n o r  re j e c t  

l i m i t w i l l  d i s p l a y  

B I N  R .  



V i ew B i n  C o u n t� r s  

Push 

Q 
STAT 

D i splay 

0 1  - 1 . 0 0 �  

0 2  - 5 . 0 U  

0 3  - 1 0 .  O O �  

0 1  - 2 0 .  D O ?  

0 5  . D O ?  

0 6  • � O l(  

0 7  • � O l(  

O B . O O ?  

0 9  • � O l(  

1 0  . 0 0 ;(  

1 1  . O O r.  

0 0  " A I N  R E J E C T  

R E.J >  . 0 0 5 0 0  RIX 

� 1 . 0 0 "  

� 5 . 0 0 �  

+ 1 0 .  O O �  

+ 2 D . 0 0 �  

. O O �  

. O O �  

. o o x  

. o o x  

. o o x  

. o o x  

. o o x  

B I N  

"0" = 1 0 0 . 0 0 0 "  F A R A D S  

0 >  S T A TU S  

II 

c s  

0 )  • 

O O O H 

0 0 0 1 1  

0 0 0 1 0  

0 0 0 1 3  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 1 

Re t u r n  t o  s o r t  d i s p l a y  a nd r e s ume s o r t i n g 

Pu sh 

18 
SGL 

Di splay 

H Z =  1 0 0 0 . 0 II D " = 1 0 0 . 0 0 0 N  F A R A D S  

1 0 0 0 " Y  S I N G L E  S O R T  

S E T L = 0 0 5 0 � S  I N T G R = 0 5 0 " S A V E = O I 

A U T D  C A L l E  B I A S  O F F  

B I N  

e l s l i 
2 - 7 7  
2 1 5 0/ 2 1 6 0 5 /8 5  

Comments 

E x i t  s o r t  d i s p l a y . 

N o t e  b i n n i n g d i s t r i 

bu t i on . R e membe r t ha t 

s o r t i ng i s  s t i l l  

a c t i ve i n  t h i s  

d i s p l a y . 

Commen t s  

R e- e n t e r  s o r t  mode 

a n d  i n c r e me n t  

c o u n te r s . 



C l e a r  B i n  C o u n t e r s  

Push D i splay Commen ts 

CODE Q Q � Q - 1 .  0 0 %  + 1 . 0 0 r.  

- 5 . 0 0 %  + 5 . 0 0 %  

O O O O D  

o o o o e  

o (l o o e  

o o o e e  

o o o e o  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

0 0 0 0 0  

Re t u r n  t o  s t a t u s  

d i s p l a y . E n t e r  2 CODE 

t o  r e s e t  a l l  b i n  
STAT Z - 1 0 . 0 0 X  + 1 0 . 0 0 %  

- 2 0 . 0 0 X  + 2 0 . 0 0 X  

. O O X  . O O X  

. 0 0 r.  . O O X  

. 0 0 %  . 0 0 %  

. O O ?  • 0 0 %  

• 0 0 r.  . O O X  

. 0 0 r.  . 0 0 l:: 

1 1  . 0 0 r.  . 0 0 %  

0 0  "A I "  R E J E C T  B I "  

R E J ) . 0 0 5 0 0  R / X  D 
" 0 " = 1 0 0 . 0 0 0 "  F A R A D S  C S  
0 )  2 C O D E  

0 )  • 

c ou n t e r s  to z e ro . 

NOTE : T o  r e se t a l l  c ou n t e r s  t o  z e r o  a s  we l l  a s  c l e a r  a l l  b i n  
l i m i t s ,  p r o g r a m  - 2  COD E . 

Compone n t  S o r t i n g S umma ry : 

C o n s u l t t h e  So r t i n g Mode Pr epa ra t i o n C h e c k l i s t i n  F i g u re 2 - 1 2  

b e f o r e s o r t i n g . I f  n o  l i m i t s a r e s e t ,  o p e r a t i n g i n  S I N G L E 

m e a s u re me n t  mode w i l l  b i n  t h e  pa r t  a s  a ma j o r  re j e c t . 

T h e  b i n  c oun t e r s  o n l y  work i n  S I NG L E  me a s u re me n t  mode . 

B i n n i n g i n  p e r ce n t  mode r e q u i re s  a n om i n a l  va l ue . A b s o l u te 

v a l ue l i m i t s d o  n o t  req u i r e t ha t  a n om i na l  va l u e be se t .  

T o  c l e a r  a l l  b i n c o u n t s , p r o g r a m  2 C O D E . T o  c l e a r  a l l  b i n  

c o u n t s  a n d  b i n  l i m i t s , prog ram - 2  CODE . 

T h e  s p a n o f  " n e s t e d " b i n  l i m i t s  m u s t  w i d e n  a s  b i n  n u m b e r s  

i n c r e a s e . T h e  h i g h e r  t h e  b i n n um be r , t he w i d e r  t h e  spa n o f  

l i m i t s mu s t  be c ompa r e d  t o  t h e  spa n o f  t h e  p re v i ou s  b i n .  

B i n  c o u n t s  a r e  upda t e d  w i t h  N o n - V o l a t i l e  Memory ( Se c t i on A . 3 ) . 

e l s l i 
2 - 7 8  
2 1 50 / 2 1 6 0  5 / 8 5  



2 . 1 . 6  Handler Mode 

< 8 >  < bl u e > < CO D E > D i s a b l e s  CRT d i sp l a y  f o r  u se w i  t h  t h e  H a n d l e r  

I n  t e r f a c e  op t i  o n  a n d  l oc k s  t h e  k e y bo a rd . T h i  s code prov i de s  f a s  t e s  t 

V i d e o B r i d g e  m e a s u r e m e n t  s p e e d  f o r h a n d l e r  o p e r a t i o n . T h e  d i s p l a y 

c l e a r s  a n d  s h o w s " N ow I n  H a n d l e r  M o d e " .  T o  d e a c t i v a t e 8 C O D E , 

mome n ta r i l y  g ro u n d  P i n  2 1  o f  t h e  H a n d l e r  I n t e r fa c e  C a rd ' s  re a r  p a n e l 

c o nn e c t o r .  F o r  m o r e  i n f orma t i on o n  h a nd l e r  ope ra t i on , s e e  s e c t i on A . I .  

< - >  < 8 >  < b l u e > < C O D E > - D i s p l a y s  t h e  B I N  n u m b e r i n  l a r g e  d i s p l a y  

c ha ra c te r s , m e a s u re d  va l u e s  i n  s ma l l  c h a r a c te rs a n d  l oc k s  t he k e y b o a r d  

f o r  u se w i t h  t he H a n d l e r  I n te r fa ce op t i on ( s e e  F i g u r e  2 - 1 3 ) .  D i sp l a y  

upda t e  i n c re a s e s  mea su reme n t  t i me b y  a b o u t  1 1 0ms c ompa r e d  t o  n o rma l 

h a n d l e r  opera t i o n .  U s e  o f  p e r i p he ra l  dev i ce s  ( su c h  a s  a p r i n t e r ) a l s o  

i n c re a s e s  me a su re me n t  t i me . D e a c t i va te - 8 CODE i n  t he s a me m a n n e r  a s  

- 8  CODE . B o t h  8 CODE  a n d  - 8  CODE  p u t  t h e  V i de oB r i dg e  i n t o S I NG L E  m o d e . 

NOTE : Ne i t h e r  8 C ODE n o r  - 8  CODE c a n  b e  s a v e d  i n  N o n-V o l a t i l e  
M e m o ry ( s e e  S e c t i on A . 3 ) . 

< 2 >  < 6 >  < b l u e >  < C OD E >  - W h e n  i n  S ORT m o d e , 2 6  CODE d i sp l a y s  t h e  top 

a n d b o t t o m  d i sp l a y  v a l ue s  i n  s ma l l  c ha ra c te rs ( se e  F i g u r e  2 - 1 3 ) .  T h e  

a p p r op r i a t e b i n  r e l a y  i s  a c t i v a t e d  i f  t h e  H a n d l e r  I n t e r f a c e  i s  

i n s ta l l e d .  T h e  B U S Y  s i g n a l i s  n o t  a s s e r t e d  i n  t h i s  mode . T he k e y board  

i s  not  l oc k e d  u n d e r  t h i s  mode . T h i s  mode  i s  c l e a re d  by  -26  COD E . 

H Z = 1 0 0 0 .  I) N O M - F A Ii: A D S  

1 0 0 0  M V  S I N G L E  S O R T  

S E T L = 0 0 5 0 H S I N T G R = I) O � D M S  A Y E - l 
A U T O B l A t O F F  

E I t'i 0 
1 . 0 0 & 21 1  
• (1 0 0 2 :, 

I ii H A tl Il L E R  N O D E  

F i gure 2-1 3 . -8 CODE a nd 2 6  CODE D i splay Forma t 

e l s l i 
2 - 7 9  
2 1 5 0 / 2 1 6 0  5 /8 5  



2 . 7 . 7  B i nn i ng Prior i ty 

Te s t  C ode 1 5  r e de f i ne s  t h e  b i n n i n g p r i o r i ty o f  t h e  V i de oB r i d ge f o r  

capa c i tor  t e s t i ng . 

NOTE : MAJ OR 

M I NOR 

as u s ed in t he f o l l ow i ng d i s cu s s i on me a n s  
t h e  p r i ma ry , o r  re a c t i v e  e l eme n t  o f  t h e  
u n k n ow n , C .  T h e  M A J O R  v a l u e  i s  t h e  t o p  
d i s p l a y  f u n c t i on .  

a s  u s e d  i n  t h e  f o l l ow i n g d i s c u s s i o n mea n s  
t h e s e c o n d a r y , o r  l o s s  f u n c t i o n o f  t h e 
u n k n ow n , D .  T h e  M I NOR v a l u e i s  t he bo t t om 
d i sp l a y  f u n c t i on . 

T h e  n o rma l ( de f a u l t  a t  p ow e r  u p ) b i n  p r i or i ty s e l e c t i o n  i s  a s  f ol l ow s : 

REJ 

B I NS 1 - 1 1  

B I N  0 

D o e s p a r t  f a i l  a s  a M I N O R  r e j e c t ?  I f  y e s , 

s e l e c t  B I N  REJ . 

I f  n o , d o e s  p a r t ' s  M A J O R  v a l u e f a l l  i n t o  a n  

a c c e p t  b i n ?  I f  y e s , se l e c t  app r opr i a t e B I N . 

I f  n o , pa r t  fa i l s  a s  a MAJOR r e j e c t .  S e l e c t  B I N  

o .  

U n d e r  t he a bove s e l e c t i o n  p r o ce s s , a l l  H i g h  D p a r t s  a re s o r ted a s  

m i n o r  re j e c t s . S i n c e  ope n- c i r c u i t  pa r t s  w i l l  be m e a s u r e d  a s  h i g h  D a n d  

l ow C ,  t h e y  wou l d  n o r ma l l y be b i n n e d  a s  D r e j e c t s .  1 5  CODE p r o v i de s  a n  

a dd i t i ona l me a s u r e me n t  on pa r t s  de te c te d  a s  D re j e c t s  ra t h e r t h a n  

i mmed i a t e l y  b i n n i n g t h e m  a s  B i n  REJ . W h e n  1 5  C O D E  i s  e n t e re d , t h e  

V i de o B r i dg e  c on t i nu e s  t o  t e s t  a D re j e c t  pa r t  a g a i n s t  t h e  b i n  l i m i t s . 

I f  t he me a s u r e d  C v a l ue o f  t h e  pa r t  doe s n o t  f a l l  w i t h i n  t h e l i m i t s  o f  

a programmed b i n , i t  i s  s e n t  t o  B i n  0 ( MAJOR r e j e c t ) .  I f  t h e  m e a s u r e d  

C va l ue o f  t h e  pa r t  doe s f a l l  w i t h i n  t he l i m i t s o f  a p r og r a mme d b i n , 

i t  i s  s e n t t o  B i n  REJ ( M I NOR re j e c t ) .  
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T e s t  C o de 1 5  r e de f i ne s  b i n n i ng p r i o r i ty t o  t h e  f o l l ow i ng : 

R EJ 

B I NS 1 - 1 1  

B I N  0 

Doe s pa r t  fa i l  a s  a M I N OR re j e c t ?  

I f  y e s , d o e s  pa r t ' s  MAJOR v a l ue f a l l  i n t o  a n  

a c c e p t  b i n ?  I f  y e s , s e l e c t  B i n  R E J . I f  n o ,  

s e l e c t  B i n  O .  

I f  n o , d o e s  p a r t ' s  M A J O R  v a l u e f a l l  i n t o  a n  

a c ce p t  b i n ?  I f  y e s , s e l e c t  a pp r op r i a t e B I N . 

I f  n o , pa r t  f a i l s  a s  a ma j or r e j e c t .  S e l e c t  B I N  

O .  

T o  u s e , p u s h  < 1 > < 5 >  < bl ue >  < COD E > . T o  c l e a r  t h i s  m o d e  a n d  r e t u r n  t o  

n o rma l b i n  s e l e c t i on p r i or i ty ,  p u s h  < - >  < 1 > < 5 > < bl u e >  < C ODE > . 

NOTE : T h e  s ta tu s  o f  1 5  CODE i s  n o t  i n d i ca t e d  o n  t h e  CRT . 

2 . 7 . 8  GO/NO-GO Mode 

T h e  G O / N O - G O  m o d e  t a k e s  a d v a n t a g e  o f  t h e  C R T  d i s p l a y  d u r i n g h a n d  

s o r t i ng ope ra t i ons . W h e n  i n  t h e  GO/NO-GO mode , t he w o r d s  " P AS S "  a n d  

" FA I L " appe a r  o n  t he CRT . I f  n o  m i n o r  l i m i t i s  s e t , c ompone n t s  w h i c h 

wou l d  n o r ma l l y  f a l l  i n t o  B I N  1 w i l l  c a u s e  t he l e f t  s i de o f  t h e  s c re e n  

t o  i l l um i na t e u n d e r  t he w o r d  " PA S S . "  I f  a m i n o r  l i m i t  i s  s e t ,  t h e  

c o mpone n t  mu s t  p a s s  b o t h  t h i s  l i m i t  a n d  t he B i n  1 l i m i t  f or a " PA S S " 

cond i t i on .  A l l o t h e r  B I N  d e c i s i on s  w i l l  c a u se t h e  r i g h t  s i de o f  t he 

s c re e n  t o  i l l um i na te u n d e r t he w o r d  " FA I L . "  

T h e  GO/NO-GO mode ope ra t e s  i n  e i t he r  CON T I NUOUS o r  S I N G L E  mea s u re m e n t  

mode . H ow e v e r ,  t h e  B I N  c o u n t e r  i s  a c t i ve o n l y  w he n  i n  t h e  S I NG L E  mode . 

T o  e n t e r  t h e  GO/NO-GO mode , p u s h  < 2 >  < 1 > < b l u e >  < CO D E > .  To e x i t  t h i s  

mode , e n t e r  a ny o t h e r  mea su r e me n t  mode , e . g .  D I Re c t , DE V i a t i on ,  SORT . 
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E xa mp l e :  F r om i n i t i a l  p ow e r  u p ,  s e t  t e s t  parame t e r s  o f : N om i na l  V a l ue 

= I nF , B I N  1 l i m i t s � +/- 1 0 % , D i s s i pa t i on re j e c t  l i m i t = 0 . 1 .  

C a l i b r a t e  t h e t e s t  f i x t u r e . C o n n e c t  a p a r t  o f  t h e  v a l u e  t o  be 

me a s u r e d . E n te r  FAST a n d  R a n g e  HOLD f o r ma x i mum t e s t i ng spe e d .  

Push 

n NOM Q � CJ � U 
1 

Q 
STAT 

81N # U U CJ Q � CJ 
1 0 ENlER 1 

MINOR Q U � c:J  
1 

D i sp l a y  

H Z =  1 0 0 0 . 0 N D M = I . O O O O O N  F A R A D S  

L O O O  M Y  C O H T  D I R E C T  

S E T L - 0 0 0 5 " S  I N T G R = 0 1 0 H S A Y E = O I 

H O L D  C A L I B  B I A S O F F  

0 1  

0 2  

0 3  

0 '1  

0 5  

0 6  

0 7  

0 8  

O !l  

1 0  

1 1  

0 0  

R EJ > 

1 • DD nF  c s  

. 00002 
D 

- I O . O U  + I O . O O X  0 0 0 0 0  

· o n  . 0 0  Y- 0 0 0 0 0  

· o n  . O O X  0 0 0 0 0  

. o n . o o x  0 0 0 0 0  

. O O X  . O O X  0 0 0 0 0 

· o n  . o o x  0 0 0 0 0  

. 0 0 :>:  . O O X  o n o o o  

. O O X  . O O X  0 0 0 0 0  

. 0 0 :':  . O O X  0 0 0 0 0  

. o n . o n 0 0 0 0 0  

. O O X  . o o x  0 0 0 0 0  

"A I H  REJECT B I H  0 0 0 0 0  

. 1 0 0 0 0  RIX D 0 0 0 0 0 

"0" = 1 . 0 0 0 0 0 "  F A R A D S  C S  

o > • 1 " 1  "nR 

0 )  • 

e l s l i 
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Comments 

E n t e r i ng Ra n g e  HOLD 

e x i t s A u t o  L R C . S e t  

n om i n a l  va l u e  t o  I n F . 

Se t B I N  1 t o  + /- 1 0 %  

o f  t he n om i n a l  va l u e 

a n d  REJ > 0 . 1  D .  



Push D i splay 

H Z =  1 0 0 0 .  a N O " = 1 .  O O O O O N  F A R A D S  

1 0 0 0  � Y  C O N T  G O / N O G O  

S E T L = 0 0 0 5 " S  I N T G R = O I O " S A Y E = O I 

H O L D  C A L I B  B I AS  O F F  

P A S S  

C O D E  

Comments 

E n t e r  GO/NO-GO 

mode . T h i s  s e t up 

c on d i t i o n i s  

i nd i ca t e d  b y  t h e  

w o r d s  " GO/NO-GO " ,  

" PA S S "  a n d  " FA I L " o n  

t h e  C R T  d i s p l a y . 

" F A I L "  w i l l  be 

i nd i ca t e d  w h e n  n o  

p a r t  i s  c o n n e c t e d . 

T h e  G O/NO-GO mod e i s  o f  t e n  u s e d  i n  c on t i nu o u s  mode . H oweve  r ,  t o  u s e  

b i n  c o u n t e r s , t h e  SGL k e y  o r  t h e  f o o t sw i  t c h  mu s t  b e  p re s s e d . M e a s u re 

s e v e r a l p a r t s  by p re s s i ng < S GL > . 

Push 

F�: � � :l l0 limes 
SGL 

D i splay 

H Z =  1 0 0 0 . 0 N D M = I . o a O O O N  F A R A D S 

1 0 0 0  M Y  S I N G L E  G O / N O G O  

S E T L = 0 0 0 5 � S  I N T G R = O I O M S A Y E = O I 

H O L D  C A L I B  B I A S  O F F  

P A S S  

0 )  S I N G L E  

0 )  • 

e l s l i 

F A I L  

2 - 8 3  
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Comments 

10  mea s u r e me n t s  a re 

m a de i n  s i ng l e  mode , 

e a c h  i nd i ca t i n g a 

P A S S  c on d i t i o n .  



Push D i splay Comme n t s  

� 0 1  - 1 0 . 0 0 %  + 1 0 . 0 0  r. 0 0 0 1 0  P r e s s i ng t h e  STAT k e y  
STAT 0 2  . 0 0 %  . o o x  0 0 0 0 0 

0 3  . o o :t  . O O X  0 0 0 0 0 d i sp l a y s  B I N  STATUS 
0 1  . o o r.  . O O X  0 0 0 0 0  

0 5  . 0 0 i(  . o o r.  0 0 0 0 0  cou n t e r s . 
0 6  . o o r.  . 0 0 r. 0 0 0 0 0  

0 7  . o o r.  . 0 0 %  0 0 0 0 0  

0 8  . 0 0 ;(  . 0 0 %  0 0 0 0 0  

0 9  . 0 0 %  . 0 0 %  0 0 0 0 0 

1 0  . o o r.  . 0 0 %  0 0 0 0 0  

1 1  . O O r.  . 0 0 %  0 0 0 0 0  

0 0  !t A I H  R E J E C T  B I ll  0 0 0 0 0 

R EJ >  . 1 0 0 0 0  R/)( D 0 0 0 0 0  

IID" "' 1 . 0 0 0 0 0 11  F ARA D S  C S  

0 > S T A T U S  

0 > I 

T o  c on t i n u e  t e s t i ng w i t h  GO/NO-GO d i s p l a y , e n t e r  2 1  C ODE . T h e  b i n  

c o u n t e r s  w i l l  c on t i n u e  t o  i n c re me n t . To c l e a r  cou n te r s , e n t e r  2 C O D E  

b e f o r e  e n t e r i n g 2 1  C O D E  ( s e e  S e c t i on 2 . 7 . 5 ) . 

Push D i splay 

H Z =  1 0 0 0 . 0 N n � = l . O O O O O N  F A R A D S  

1 0 0 0  H V  S I N G L E  G O / N O G O  
S E T L = 0 0 0 5 H S  I N T G R = O l O H S A Y E = O l 

H OLD C A L l a  l I A S  OFF  

P A S S  F A I L  

C D D E  

Commen t s  

Re- e n t e r  GO/NO-GO 

Mode . 

E x i t  GO/NO-GO mode by se l e c t i ng a n o t he r d i s p l a y  m od e : SORT , D I Re c t ,  

DEV i a t i on .  

e / s / i  
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2 . 7 . 9  Outputs Connector Wiring 

T h e  order  of o u tp u t s  v i a  t h e  o u t p u t  c on n e c to r  o n  t h e  H a n d l e r  I n te r fa ce 

c a rd i s  l i s t e d  i n  T a b l e  2 - 8  ( fo r  more i n f o rm a t i on on H a n d l e r  I n te r f a ce 

opera t i on , s e e  S e c t i on A . l ) .  

Table 2-8 . V i deoB r i dge Output s  Connector Wiring 

P I N  N UM BE R  F U N C T I O N  

1 COMMON 
2 B I N 0 � 
3 B I N 1 � 
4 B I N 2 � 
5 B I N 3 � 
6 B I N 4 � 
7 B I N  5 � 
8 B I N  6 � 
9 B I N 7 � 

1 0  B I N  8 � 
1 1  B I N 9 � 
1 6  B I N  1 0  � 
1 7  B I N  R � 
l5 B I N  1 1  (E OC)� 
1 2* + 5  V (SYSTEM) OUT 
1 3* SYSTEM G ROUN Di 
1 4  START I N  
1 8  BUSY OUT 
1 9  BUSY COM � 
20 START C OM 
2 1  K E YBOA RD U N LOC K 

* ES I  recommends that Pin 1 2  (+ 5 Y  OUT) and Pin 1 3  (SYSTEM GROU N D )  n ot 
be used . Noise i ntroduced i n to the Model 2150/2 1 60 through these con
necti ons may affect m easurements resul ts . 

NOTE : P i n  1 7  i s  B i n  R w h i c h  i s  t h e  R E J  b i n . 

NOTE : P i n  1 5  ( B i n  1 1 ) i s  u se d  f o r  t he E n d  o f  C o n ve r s i on 
( E O C ) s i g n a l w h e n  t e s t  code 1 6  i s  e n t e r e d .  T H I S  MAKE S  O N L Y  
1 0  ACCEPT B I N S  AVA I LA B L E  I NSTEAD OF 1 1 . W h e n  t h e  E O C  f e a t u r e  
i s  c l ea re d  ( - 1 6  CODE ) ,  B i n  1 1  i s  a ga i n  a va i la b l e .  D o  n o t  u s e  
1 6  C O D E  u n l e s s  B i n  1 1  l i m i t s  h a v e  be e n  s e t  t o  z e r o . 
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2 . 8  MEASUREMENT SPEED 

Ove ra 1 1  M e a s u remen t Speed  c o n s  i s ts o f  t h r e e  ma i n  pa r t s : M e a s u r e me n t  

T i me , C a l c u l a t i on T ime , a n d  D i sp l ay T ime . 

I n  S I NG L E  mode , o v e r a l l  mea s u r e me n t  speed i s  t h e  sum o f  a l l  t i m e s . 

I n  C ON T I N UOU S mode , t he 

done  d u r i ng Me a s u re me n t  

c a l c u l a t i on o f  

T i me , w h i c h 

t he p re v i ou s  mea s u reme n t  i s  

i n c r e a s e s  spe e d . Ove ra l l  

mea s u reme n t  speed i s  t he l a r g e r  o f  e i t h e r  [ me a su r e me n t  t i m e  + S m s ] or 

[ c a l c u l a t i on + d i s p l a y  t i me + S m s ] . 

Ove ra l l  m e a s u re me n t  speed c a n  be f o u n d  by u s i ng t he f o rmu l a : 

Ov e ra l l  M e a s u r e me n t  Speed  

W h e re : M e a su r e me n t  T i me 

C a l cu l a t i on T i me 

D i sp l a y  T i me 

= Mea su reme n t  T i me + Ca l c u l a t i on T i me + 
D i s p l a y  T i me 

= [ #  o f  S a mp l e  T i m e s  + S e t t l i ng T i me s ] 
x # o f  M e a s u r e me n t s  A v e r a g e d  

= 7 Sm s  

= 1 1 0m s  D i re c t  d i sp l a y  

S O m s  S o r t i ng d i sp l ay 

A l l  me a s u reme n t s a nd c a l cu l a t i on s  a re d r i v e n  by v a r i ous p ha s e s  o f  t h e  

7 . 6 8 M H z  c l o c k  s i g n a l  f r o m  t h e  m o t h e r b o a r d . T e s t  f r e q u e n c i e s c a n 

i n t e ra c t  w i t h syn c h r on i z a t i on s  o f  t h i s  c l o c k  a n d  c a u s e  va r i a t i o n s  i n  

s e v e r a l  m e a s u re me n t  speed e l e me n t s : S e t t l i ng T i m e , I n te g ra t i on T i me , 

Ta i l o f f  T i me ,  a n d  L i ne l o c k  T i me .  

T h e s e  va r i a t i on s  s h ow up a s  d i s c repa n c i e s be twe e n  v a l u e s  e n t e re d  a n d  

v a l u e s  d i s p l a y e d  ( u s u a l l y  a b o u t  3 - S m s ) . A s  a r e s u l t , a l l  s t a t e d  

m e a s u r e m e n t  s p e e d s  a r e a p p r o x i m a t e - - t h e  m e t h o d s  a n d f o r m u l a s  f o r  

de t e rm i n i n g e xa c t  s p e e d s  a re beyond t h e  s cope o f  t h i s  m a n u a l .  
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TIME 
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TIME 

_ I � 2 � 3 � 4 � 5 � FAST ( S I O kHz) 

I_SAM PLEJ 
rTiME 1 
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TIME 

I NTEG

R
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TIME 
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TIME 
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G
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N
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E
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A
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O
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TIME TIM E 1 TIME 

F i gure 2-14 . Detec tor a nd Genera tor Reversa l Measurement Sequences 

Set t l i ng T i me i s  t he t i me requ i re d  f o r  t he a na l og v o l t a g e  r e p re s e n t i n g  

t h e  u n k n ow n  t o  s e t t l e  t o  t h e  de s i r e d  a c c u ra cy . S e t t l i ng t i me s  be tw e e n  

2 m s  a n d  1 5 0 0 m s  c a n  be p r o g ramme d i n  I ms s t e p s . S e t t l i n g  t i me v a l u e s  

a re d e pe n de n t o n  t he t y p e  o f  c ompon e n t  be i n g  t e s t e d  a nd / o r  req u i re

me n t s  o f  e x te rna l l y c o n ne c te d  equ i pme n t . Typ i c a l l y ,  s ma l l e r  i mpe d a n c e s  

req u i re l o n g e r se t t l i n g t i me s . 

I n tegra t i on Time i s  t h e  c o m b i n e d  p e r i ods  o f  t e s t  f re q u e n c y  c y c l e s  

dur i n g  w h i c h t he A /D c on ve r te r  i s  ma k i n g  t he mea su r e me n t .  I n te g ra t i on 

t i me i s  o n e  o f  t h r e e  mea s u remen t t i me e l emen t s  t h a t c a n  be p r o g rammed 

( S e t t l i n g  T i me and N u mber of  A v e r a g e s  a re the  o t h e r s ) .  V a l u e s  f o r  

I n t e g ra t i on T i me m a y  b e  p r o g ra mmed w i t h i n  t h e  f o l l ow i ng ra n g e : 

2 m s  < I . T .  < 6 0 0 m s  

S e e  Se c t i on 2 . 8 . 2  f o r  m o r e  i n f orma t i on on d e t e rm i n i ng i n t e g r a t i on t i me .  

e l s l i  
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Tai lo f f  T i me i s  t h e  f i xe d  p o r t i on o f  me a s u re me n t  t i me w h i c h  i s  s e t a t  

app r o x i ma t e l y  5 m s . D u r i n g  t a i l o f f  t i me t h e  A / D  c o n ve r t e r  i s  broug h t  t o  

z e r o , a nd t h e  c oa r s e  a n d  f i ne c ou n  t e rs a re a cc u m u l a  t i ng mea s u r e m e n  t 

d a t a . D u e  t o  va r i a t i on s  c a u s e d  by t h e  s y n c h r o n i z a t i on o f  i n t e r n a l  

t i m i ng , t a i l o f f  t i me c a n  r a n g e  f r om 4 ms t o  6 ms ( s e e  S a mp l e  T i me ) . 

Samp l e  T i me i s  I n te g ra t i on t i me + 4 m s  o f  T a i l o f f  t i me rounded t o  t he 

n e x t  h i g he r  e ve n  numbe r .  F o r  e xampl e ,  2 7 . 5 m s  + 4 ms = 3 1 . 5ms  --. 3 2 m s . 

r-- T OTA L SAM PLE T IME  --j -� C OARSE =-- I N TE G RAT I ON T IM E  --"!t-.---, AND L ... _________ ....,._ F I N E  (TAI LOFF T IME) 
I I C OU N TS I I 
I I 
I I I I 
I I 
I I 
I I 

1 = I n te g ra t i on on me a su re d  s i g na l . 

2 = I n t e g r a t i on on m i x t u re o f  mea s u re d a n d  r e f e re n ce s i g na l . 
c o u n t e r  sums  t h e s e  p e r i od s . 

C oa r s e  

3 = I n t e g ra t i on on r e f e r e n c e  s i gna l on l y . 
w i t h p r e v i o u s  p e r i o d s . 

C oa r s e  c o u n t e r  s u m s  t h i s  

4 = I n t eg r a t i on o n  f i ne r e f e re n ce . 
a d d  i n g  i t s c ou n  t t o  t h e  c oa r s e  
1 0 2 4 f i ne c o u n t s ) .  

F i ne c ou n t e r  mon i t ors  t h i s  p e r i od 
c o u n t e r  t o ta l ( 1  c o a r s e  c ou n t = 

F igure 2-1 5 .  Sample T i me 

Dete ctor Reve rsa l i s  t h e  s i newave d e t e c t o r  r e v e rs i n g po l a r i  t y  a f te r  

t he f o u r t h  s a mp l e  t i me . T h e  s e cond  s e r i e s  o f  mea s u re m e n t s  a r e m a d e  i n  

t h e  opp o s i t e  p o l a r i  ty . 

a l g e bra i c a l ly a dd e d ( i . e .  

T h e s e  

( 1 - 5 ) 

two 

( 2 - 6 ) , 

s e r i e s  o f  

( 3 - 7 ) , ( 4 - 8 » , 

m e a sureme n t s  a re 

t o  c a n c e l o f f s e t  

v o l t a g e s  i n  o p e r a t i o n a l a mp l i f i e r s a n d  s y n c h r o n i z e d  l i n e  r e l a t e d  

p i ckup . N e i t h e r  l i ne l o c k  t i me nor a dd i t i on a l  s e t t l i ng t i me i s  r e q u i re d  

f o r  t h i s  m e a s u re me n t  me t h o d . 
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Gene rator Reve rsa l ( be l ow 2 0 0H z ) i s  t h e  s i new a v e  g e n e ra t o r  r e v e r s i ng 

p o l a r i ty a f te r  t h e  f ou r t h  s a mp l e  t i me w i t h  s e t t l i n g  t i me a n d  l i n e lock 

t i me a dd e d  b e f o r e  the  f i rs t  a n d  f i f t h s a mp l e  t i me s . I t  i s  e n a b l e d  by 

prog r a mm i n g  25  CODE- - t he V i de o B r i dg e  w i l l  pe r f orm g e ne r a t o r  re v e r sa l 

b e l ow 2 0 0 H z  a n d  s w i t c h  t o  d e t e c t o r  r e v e r s a l a t  o r  a b o v e  2 0 0 H z . 

C a n c e l l a t i on o f  op a mp o f f s e t s i s  t h e  same  a s  f o r  de t e c t o r  r e v e rs a l . 

FAST Measurement Mode i s  e n a b l e d  by p re s s i ng t h e  < b l u e >  a nd < FAST > 

k e y s . T h i s  p u t s  t he V i de oB r i dg e  i n  i t s f a s t e s t  p r e s e t me a su re m e n t mode 

b y  p e r f o r m i n g  a n  a l t o g e t h e r  d i f f e r e n t  s a mp l e  r o u t i n e . T h e  n o r ma l 

V i d e o B r i d g e  r e v e r s a l r o u t i n e c om p a r e s  t h e  f i r s t  f o u r  i n t e g r a t i o n 

m e a s u r e me n t s  o f  

o f  

t h e  u n known a n d  s ta n d a r d  a g a i n s t  oppo s i  t e  p o l a r i  t y  

F A S T  mode , t h e  m e a s u r e me n t s t h e  u n k n own a n d  s ta n d a r d . I n  

V i de o B r i dg e  compa r e s  t h e  f i r s t  f o u r  mea s u r e m e n t s  o f  t he u nk n ow n  a nd 

s t a n d a r d  a g a i n s t  a z e r o  re f e r e n ce mea s u r e me n t  ( t o g r ound ) . 

M e a s u r e me n t s  a r e s u b t r a c t e d  f r o m  t h i s  r e f e r e n c e  i n s t e a d  o f  f r o m  

opp o s i  t e  po l a r i  t y  mea suremen ts . T h i s  r e q u i re s  l e s s  t i me ( f  i v e  samp l e  

mea s u r e me n t s  a re t a k e n  i n s t e a d  o f  e i g h t  s e e  F i g u r e  2 - 1 6 ) ,  w h i l e  

s t i l l  p r o v i d i ng a de q u a t e  o f f s e t  c a n ce l la t i on .  

N O T E : F i v e m e a s u r e m e n t s  a r e t a k e n  o n l y  w h e n  t h e t e s t  
f r e q u e n cy i s  a t  or be l ow 1 0 kH z . A bove 1 0k H z , e i g h t  
mea surements  are taken t o  i mprove t he s igna l - to-n o i se ra t i o .  

L i ne lock Time ( g e n e ra t or re v e r sa l  on l y ) i s  t h e  a v e ra g e  t i m e  f o r  the  

l i n e f re q u e n cy to  r e a c h  the  z e r o  c r o s s i n g  p o i n t  w i t h  a po s i t i v e - g o i n g  

s l op e . L i n e l oc k  t i me i s  a dd e d  t o  s e t t l i n g t i me f o r  t e s t  f re q ue n c i e s  

be twe e n  2 0 H z  a n d  2 0 0 H z . L i ne l o c k  t i me c a n  v a r y , d e p e n d i ng o n  t he p ha se 

re l a t i o n s h i p  a t  a ny g i v e n  t ime o f  g e n e ra t o r  re v e r s a l t o  l i n e 

f re q ue n c y . Wo r s t  c a s e  i s  t he p er i od r e q u i re d  f o r  two c o mp l e t e  l i ne 

vol t a g e  c y c l e s  ( on e  pe r ha  1 f m e a s u r e me n t  s e q u e n c e , o r  3 3 m s t o t a l a t  

6 0 H z ) .  F o r  t e s t  f re q u e n c i e s a bo v e  2 00 H z , l i n e l o c k  t i m e  i s  z e r o . 

NOTE : L i n e l oc k  t i me f o r  5 0 H z  l i ne f re q u e n c y  i s  2 0 m s  p e r  h a l f  
me a s u re me n t  ( 4 0 m s  f o r  o n e  f u l l mea su r e me n t  sequ e n ce ) .  
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Measuremen t  Time i s  t h e  t o ta l t i me f rom s t a r t  t o  e n d  o f  a me a sureme n t  

s e q u e n ce . F o r  g e ne ra t o r  a n d  de t e c t or r e v e r s a l ,  i n te g ra t i o n s  5 t hroug h 

8 a re ma d e  w i t h t h e  g e n e ra t o r/ d e t e c tor p o l a r i ty reve r s e d . 

• �� � �u
o � �; � �r � �o

NO � FAST ( 5 1 0 kHz) 

I S ETT LI N G  1 SAM PLE 1 SAM PLE 1 SAMPLE 1 SAMPLE 1 SAMPLE 1 
T IME TIM E T IME TIME TIME TIME 

1 2 3 4 5 

foo\'--- OETECTOR REVERSED --------i' \ 
D ETECT O R  
REVE RSED I S ETTLI N G  1 SAMPLE 1 SAM PLE 1 SAMPLE I ' SAMPLE 1 SAM PLE 1 SAM PLE 1 

TIME T IM E T IME TIME T IM E  T IME TIME 
1 2 3 4 5 6 

\ S ETT LI N G  1 1 SAMPLE 
T IME TIM E  

1 
L l N E LOCK 
T IME  

1 SAMPLE 
TIME 
2 

�\.----- GEN ERA TOR REVERSED -----.\ 

1 SAMPLE 1 SAMPLE 1 SETTL ING I I  SAMPLE 1 SAM PLE 1 SAMPLE \ SAMPLE \ TIME T IME · TIME T IME TIME T IME T IME 
3 4 5 6 7 8 

Ll NE LOCK 
TIME 

F i gure 2- 1 6 . Measureme n t  Cycles 

Formula Summary 

G E N E RATOR 
REVERSED 

G e n e r a t o r  R e v e r s a l  = 8 ( s a mp l e ) + 2 ( se t t l i ng )  + 2 ( l i ne l oc k ) 

D e t e c tor  R e ve r s a l  = 8 ( s a mp l e )  + l ( s e t t l i n g )  

F A S T  ( �  1 0k H z ) = 5 ( s a mp l e )  + l ( s e t t l i n g ) 

S a mp l e  t i me 

T a i l o f f  t i me 

L i ne l o c k  t i m e  

= I n te g ra t i on t i me + t a i l o f f  
= 4 m s  t o  6 m s  p e r  s a mp l e  
= 1 6 . 7 m s  ( 6 0 H z  l i ne f re q u e n c y ) 
= 2 0ms ( 5 0 H z  l i n e f re q u e n c y ) 
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Measuremen t  Averag i ng i s  n x ( me a s u r e me n t  t i me ) W h e r e : n i s  a n  i n t e g e r  

be tw e e n  1 a n d  2 0  ( see F i g u r e  2 - 1 7 ) .  M e a s u re me n t  a ve r a g i ng i s  t he t h i rd 

mea s u reme n t t i me e l e m e n  t t h a  t i s o p e r a  t or p r og r a m ma b l e  ( a  l o n g  w i t h  

s e t t l i n g  t i me a n d  i n te g ra t i on t i me ) . Ave ra g i ng r e d u c e s  n o i s e i n  t h e  

r e a d i n g s  b y  a d d i n g  a s e l e c t e d  n u m b e r  o f  m e a s u r e m e n t  r e s u l t s  a n d  

d i v i d i ng by t h e  n umbe r o f  m e a s u r e me n t s . T he p r o c e s s  i s  t h e  s a me a t  a ny 

f r eque nc y . 

I-
Z 
� 
u.J "" :;) M  

14-!.----- GEN ERATOR REVERSED ---------I 

r--I·----- GEN ERATOR REVERSED ---------I 

Vl u.J  

� �������--��--��----�----�������--��--��----�----� � �  I CALCULA TlON .. n x (MEASUREMENT TIME) Where n = 3 TIME 

F igure 2-1 7 . Measureme n t  Averag i ng ( Genera tor Reversa l ) 

W he re : V U  = V o l t a g e  a c r o s s  u nknown ( de v i c e - u n d e r - t e s t )  

V R  = V o l t a g e  a c r o s s  r a n g e  re s i s t o r  

Calculation Time i s  t h e  t i me requ i re d  to c a l c u l a t e d i sp l ay i n f o rma t i on 

f r om t h e  raw mea s u re d  da t a  ( ap p r o x i ma t e l y  7 5m s ) . 

D i sp l ay T i m e  i s  t h e  t i me r e q u i r e d  t o  d i s p l a y  r e s u l t s o n  t h e  C R T  

( appro x i ma t e l y  1 1 0 ms i n  D I R e c t , 5 0 m s  i n  SORT ) . 
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I n  a dd i t i on ,  V i de oB r i dg e  op t i ons  ( G P I B , RS - 2 3 2 C , H a n d l e r  I n t e r f a ce ) 

a l s o a f f e c t  Overa l l  M e a s u reme n t  Speed : 

F o r  G P  I B mea s u re m e n  t s , a dd 3 5 0 m s  pe r mea s u re m e n  t i n FAST a nd S L OW 

mod e s , 4 0 0 m s  i n  ME D i u m t o  s t a nda r d  V i de oB r i dge me a su r e me n t  spee d s . 

F o r  R S - 2 3 2 C mea su reme n t s , u s e  t h e  b a u d  ra t e  s e t  a t  t he f a c t o r y  ( 9 600 ) 

a n d  r a n g e  H O L D  t o  a c h i e v e  op t i mu m  me a s u re me n t  spee d s . 

T h e  V i de o B r i dg e  w i t h  H a n d l e r  I n t e r f a ce opt i on c a n  be p r o g r a mmed t o  

ope ra t e  w i t h o u t  d i s p l a y ( te s t  code  8 ) . E l i m i na t i n g d i sp l a y  s a v e s  u p  t o  

1 1 0 m s  p e r  m e a s u r e m e n t . B y  s e l e c t i n g F A S T  m o d e  a l o n g  w i t h  m i n i m u m  

I n te g ra t i o n a n d  S e t t l i ng t i me s  o f  2 m s , t h e  V i de oB r i dge w i  t h  H a n d l e r  

I n te r f a ce c a n  make up t o  9 m e a s u r e me n t s  p e r  s e c ond . R e f e r  t o  S e c t i on 

A . l  o f  t h i s  ma n u a l  f or m o r e  i n f o rma t i on on H a n d l e r  I n te r f a c e t i m i n g . 

NOTE : A l l  spe e d s  l i s te d  a re appr o x i ma t e .  S pe c i f i e d  t i me s  ma y 
v a ry by 3 - 5 ms d u e  t o  i n t e r na l c l oc k  syn c h r on i z a t i o n .  

Me a n i ng f u l de t e rm i na t i on o f  mea s u re m e n t  spe e d  depe n d s  o n  s pe c i f y i n g  

t he f o l l ow i n g c o nd i t i on s : 

1 ) 
2 ) 
3 ) 
4 )  
5 ) 
6 ) 

t e s t  f re q u e n c y  
i n t e g ra t i on t i me 
s e t t l i n g t i me 
n um be r  o f  a ve ra g e s  
d i sp l ay mode 
t e s t  s i g na l  

7 ) 
8 )  
9 ) 
1 0 ) 
1 1  ) 
1 2 )  

v a l ue o f  comp on e n t- u n d e r - t e s t 
b a u d  ra t e  ( i f a pp l i ca b l e ) 
F A S T  v s .  MED i um v s . S L OW 
s i ng l e vs . con t i n u o u s  
r a n g e  h o l d  vs . a u t o  r a n g e  
b i a s  on vs . b i a s  o f f  
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FAST/ M E D / S L OW s e l e c t i on s e t s  i n i t i a l  i n t e g r a t i o n t i m e , s e t t l i n g t i me , 

and n u m b e r  o f  a v e ra g e s . T he se may be u s e d  a s  i s ,  or  t h e y  may be re s e t  

to  a n y  d e s i re d  l e ve l ( s e e  S e c t i on 2 . 8 . 1 ) .  

Table 2-9 . P reset Measureme n t  Speeds 

D I RECT 

FAS T  - 4  measu rements/second 

M E D I UM - 2 measurements/second 

S LOW -5 seconds/measurement 

* S ing le  mode on I y ,  8 CODE enabled 
* * 2 ms SETL ,  2 ms I . T . ,  frequency � 500 Hz 

S O RT and GO!N O-GO HAND LE R* 

- 1 1  measurements/second -6/second 
- 9/second ** 

- 2 measurements/second - 2 measu rements/second 

- 5 seconds/m easurement  -5 seconds/measu rement 

T h e se mea suremen t  speeds a re t yp i ca l  under the fol l ow i ng condi t i ons : 

f r e q u e n cy = 1 k H z  

I . T . = de t e rm i n ed by 

F A S T/ M E D / S L OW 

S E T L  = d e t e rm i ne d  b y  

FAST/M E D / S L OW 

A V G  = de t e rm i ne d  by 

FAST/MED/ S L OW 

d i s p l a y  mode = s e e  t a b l e  

t e s t  s i g na l  = 1 00 0 mV 

va l ue o f  compone n t- u n de r- t e s t = I nF 

ba u d  ra t e  = 9 6 0 0  ( i f  u s i ng RS - 2 3 2C ) 

FAST/MED/SLOW = s e e  ta b l e  

m e a s ureme n t  m o d e  = c o n t i n u o u s  ( u n l e s s  

i nd i ca t ed a s  s i n g l e )  

ra n g i ng s ta t u s  = H O L D  

b i a s  = O F F  

The  f o l l ow i n g  e xampl e s  i l l u s t ra t e how to c a l c u l a te mea su r e m e n t  t i me s 

unde r d i f f e re n t  t e s t  c o n d i t i o n s . 
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E x amp l e : 

+ 

+ 

= 

E x a m p l e :  

+ 

+ 
= 

S p e e d f o r  mea s u r i n g a I n F c a pa c i t or i n  s i n g l e  mea s u r eme n t  

m o d e , M ED i u m pre s e t me a s u r e me n t  t i me se l e c te d  ( S ETL = 5 0m s , 

I . T .  = 5 0 ms , a nd AVG = 

b i a s  O F F , 1 0 00 mV , 1 k H z , 

I n t e g r a t i o n t i m e  

Ta i l o f f  t i me 

S A M P L E  T I M E  ( TOTAL ) 

L i ne l o ck t i me 

S e t t l i n g  t i me 

( TOTAL ) 

M e a s u re me n t  t i me 

M e a s u r e me n t s  a v e ra g e d  

T o t a l Mea su reme n t  t i me 

C a l c u l a t i o n t i m e  

D i sp l a y  t i me 

M ea s u r em e n t  s p e e d  

1 ) , 

i s  

= 

= + 
= 

= 

+ 

= 

= x 
= 

= + 
= + 
= 

D I R e c t  d i s p l a y  mode , R a n g e  H OL D , 

c a l c u l a t e d  a s  f o l l ow s : 

5 0m s  

5 m s  

5 5 m s  x 8 4 4 0 m s  

Oms  ( f r e q u e n c y  a bo v e  2 0 0 H z ) 

5 0 m s  

5 0 m s  x 1 = 5 0 ms ( D e t e c t o r  Re v .  ) 

4 9 0 m s  [ 8 ( 5 5 ) + 1 ( 5 0 )  ] 

1 

4 9 0 m s  

7 5 m s 

1 1 0 m s  ( N orma l d i s p l a y ) 

6 7 5 m s  

C o n d i t i on s  f o r  f a s t e s t  a va i l a b l e  mea s u r e me n t  spee d -- same  

a s  a bove e x c e p t : FAST  mode , S E T L= 2 ms , I . T . = 2 m s , A VG = I ,  

h a nd l e r i n te r f a c e  w i t h  8 CODE . 

I n te g ra t i on t i m e  = 2 ms 

Ta i l o f f  t i me = + 5 ms 

S A M P L E  T I M E  ( TOTA L ) = 7 m s  x 5 = 3 5 ms 

L i n e l o ck t i me 0 ( f r e q u e n c y  a bo v e  2 0 0 H z ) 

S e t t l i ng t i me = + 2 ms 

( TOTAL ) = 2 m s  x 1 = 2 m s  ( De t e c t o r  R e v . ) 

Me a s u re me n t  t i me = 3 7 ms [ 3 5 m s  + 2 m s J  

M e a s u r eme n t s a v e ra g ed = x 1 

To t a l Mea s u re m e n t  t i me = 3 7 ms 

Ca l c u l a t i on t i me = + 7 5 m s  

D i s p l a y  t i me = + Oms ( 8  CODE , n o  d i sp l a y ) 

M e a s u rem e n t  s p e e d  = 1 1 2 m s  = 9 mea s u re m e n t s / s e c o n d  
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2 . 8 . 1  P rogramm i ng Mea sureme n t  Speed 

T h re e pu s h bu t t o n s  p r o g r a m  p re s e t com b i n a t i o n s  o f  me a s u remen t t i me 

e l em e n t s  a s  FAS T , M ED i um , o r  SLOW . Ea c h  s e l e c t i o n  f i x e s  a d i f fe r e n t  

c o mb i na t i on o f  i n te g ra t i on t i me ,  

m e a s u r e me n t  a ve ra g e s . H ow e ve r ,  

s e t t l i n g 

a ny p r e s e t 

t i me I a n d  n umbe r o f  

c omb i na t i on c a n  be 

ove r r i dden  by prog r a mm i n g  a d i f fe re n t  i n t e g r a t i on t i m e ,  s e t t l i n g t i me 

a nd / o r  n u m b e r  o f  a v e ra g e s . MED i um speed i s  i n i t i a l l y s e l e c te d  w he n  

powe r i s  a pp l i ed .  

Ta ble 2 -1 0 .  Prese t  Mea sureme n t  Pa rame ters 

SETL  I .T .  AV G 

Fast 5 ms 1 0 ms 1 

M ed ium 50 ms 5 0 m s  1 

S l ow 5 0 ms 50 ms  1 0  

T o  p r o g r a m  F A S T , M E D i u m , o r  S L O W  c o m b i n a t i o n s , p u s h  t h e  b l u e  k e y  

f o l l owed by t he FAST , M E D , o r  S L OW k e y . 

E x ampl e :  S e t  t he i n s t rum e n t  t o  S L OW me a s u r e m e n t  spe e d . 

Push 

SLOW � c:J 
D i splay 

H Z =  1 0 0 0 . 0 N O Pl =  

1 0 0 0  � �  C O N T  D I R E C T  

S E T L = 0 0 5 0 Pl S I N T G R = 0 5 0 " S A V E = 1 0  

A U T O  C A L I B  B I A S O F F  

F c s  

D 

Commen ts 

M e a s u reme n t  speed i s  

c ha ng e d  f ro m  M E D  t o  

SLOW . 

NOTE : Above  1 0k H z , F A S T  mode reve r t s  t o  8 i n t e g ra t i on s . 
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2 . 8 . 2  P r og ramm i ng I n tegra t i on T i me 

I n t e g ra t i o n t i me ( I . T . ) i s  o n l y  a p o r t i on o f  t h e  o v e ra l l  m e a s u re me n t  

t i me o f  t h e  Mode l 2 1 5 0 /2 1 6 0 . I t  i s  t h e  va r i a b l e  p o r t i on o f  s a m p l e  t i me 

( de s c r i be d  pre v i ou s l y ) , t h a t  i s  b a s e d  o n  t he n um b e r  o f  c y c l e s  o f  t h e  

t e s t  f re q u e n c y . I n te g ra t i on t i me c a n  be p rog rammed to a m a x i mu m  o f  

6 0 0 m s  a n d  t o  a m i n i mu m  o f  2ms . 

A s  a r u l e ,  m i n i m u m  r e q u i r e d  i n t e g r a t i o n t i m e i n c r e a s e s  a s  t e s t  

f r e q u e n c y  d e c r e a s e s . A l s o , s h o r t  i n te g ra t i o n t i me s  a re l e s s  a c c u ra te 

t h a n  l on g e r  t i me s  a nd can c a u s e  l e s s  m e a s u r e m e n t  r e s o l u t i o n to  be 

d i s p l a y e d .  I f  a n  e n t e r e d  t i m e d o e s  n o t  a l l ow t h e  i n s t r u m e n t  t o  

i n t e g ra t e  o n  a n u m b e r o f  comp l e te mea su reme n t  f re q u e n cy c y c l e s , i t  i s  

a u toma t i ca l l y r e ca l c u l a t e d  t o  t h e  n e x t  l a r g e r  i n te g ra t i o n t i me t ha t  

doe s ( s e e  T a b l e  2 - 1 1 ) . T h i s  h o l d s  t r u e  w h e n  e i t h e r i n t e g r a t i on t i me or 

te s t  f r e q u e n c y  i s  c ha n ge d , or  b o t h . 

To f i n d t h e  p e r m i s s i b l e  i n t e g r a t i on t i me s , u s e  t h e  f o rmu l a : 

I . T .  = # o f  c y c l e s  * ( pe r i od / 6 0 ) 

w he r e : # o f  cyc l e s  = C E I L I NG [ p r o g rammed I . T .  * ( 6 0  / p e r i od ) ]  

pe r i od = F LOOR [ 6 0 , O O O / F ] f o r  F < 1 0k H z  or F = 1 2 k H z , 
1 5 k H z , 2 0 k H z , 3 0 k H z , 6 0 k H z . 

p e r i od = F L OOR [ 3 0 0 , O O O /F ] f o r  F > 1 0k H z  ( e x c l ud i ng 1 2 k H z , 
1 5 k H z , 2 0 k H z , 3 0 k H z , 6 0 k H z ) . 

C E I L I NG = a f u n c t i on w h e r e , i f  t h e  va l u e  i s  a n o n - i n t e g e r , 
r o u n d  i t  t o  t h e  n e x t  h i g he r  i n t e g e r .  I f  i t  i s  a n  i n t e g e r ,  
k e e p  va l u e . 

F L O O R  = a f un c t i on w h e re , i f  t h e  
r o u n d  r e s u l t  t o  t h e n e x t  l o w e r  
i n t e g e r , k e e p  va l u e . 

e l s l i 
2 - 9 6  
2 1 5 0 / 2 1 6 0  5 /8 5  

va l u e  i s  a 
i n t e g e r .  

n o n - i n t e g e r ,  
I f  i t  i s  a n  



Tab l e  2-11 . I n tegra t i o n  T i me Cha r t  

FREQUENCY M I N I MUM I NTEGRA T I ON T I ME 

5 0 0 H z  2 ms 
4 0 0 H z  3 ms 
3 00 H z  = 4 m s  
2 00 H z  = 5 m s  
1 2 0 H z  = 1 6 m s  
1 0 0 H z  = 1 0 m s  

6 0 H z  = 1 7 m s  
5 0 H z  = 2 0 m s  
4 0 H z  2 5 m s  
3 0 H z  = 3 4 m s  
2 0 H z  = 5 0 m s  

T o  prog ram i n t e g ra t i on t i me , p u s h  t h e  n u me r i ca l  k e y s  re pre s e n t i ng t h e  

d e s i r e d  i n t e g r a t i o n t i m e i n  m i l l i s e c o n d s , t h e n  p u s h  t h e b l u e  k e y  

f o l l ow e d  b y  t h e  I . T .  k e y . 

E x amp l e : P r o g r a m  i n te g ra t i on t i me ba s e d  o n  1 0  c yc l e s  o f  t h e  5 00 H z  t e s t  

f r e q ue n c y . 

Push 

p e r i od = F LOOR [ 6 0 , O O O / 5 00 J = 1 2 0 

# o f  c y c l e s  = C E I L I NG [ 2 0 * 6 0 / 1 2 0 J = 1 0  

I . T . = 1 0  * 1 2 0 / 6 0  = 2 0 ms 

D i splay 

HZ= 1 0 0 0 . 0 tl ll tt =  

1 0 0 0  tt y  C ll tt T  D I R E C T 

S E T L = 0 0 5 0 H S I N T G R = O � O " S A Y E = l O  

A U T ll  C A L I B  B I A S ll F F  

I N T E G R A T I O N - T I tl E 

2 - 9 7  

D 

e l s l i 2 1 5 0 / 2 1 6 0 5 /8 5  

Commen ts 

I n t e g ra t i o n t i me i s  

e n t e re d  i n  m i l l i 

s e c ond s . 



2 . 8 . 3  P r og ramm i ng Se t t l i ng T i me 

S e t t l i ng t i me ,  a s  de s c r i be d  a b ove ( S e c t i o n 2 . 8 ) ,  i s  t h e  t i m e req u i r e d  

f o r  t h e  a na l og v o l ta g e  r e p r e s e n t i ng t he u n k n own t o  s e t t l e  t o  s ta te d  

a c c u ra c y . W h e n  i ns t rume n t  powe r i s  a pp l i e d ,  t he se t t l i ng t i me i s  a t  

5 0m s  ( M E D  s pe e d ) .  S e t t l i n g t i me s ca n be p ro g r a mmed be twe e n  2ms  a n d  

1 5 0 0 m s  i n  I m s s teps . T o  p r o g ram s e t t l i n g t i me , p u s h  t he n u me r i c a l  k e y s  

t ha t  r e p r e s e n t  t h e  s e t t l i n g  t i me , i n  m i l l i s e c o nd s , f o l l owed by t h e  

b l ue k e y  a n d t he S E T L  k e y . 

E xampl e : 

Push 

S e t  s e t t l i n g t i me t o  1 1 0  m i l l i se c o n d s . 

D i splay 

F A R A D S  

l O O O " V  C O N T  D I R E C T  

S E T L = O t l 0 " S  I N T G R = 0 2 0 � S A V E = I O  

A U T O  C A L I B  B I A S O F F  

2 - 9 8  

D 

e / s / i  2 1 5 0 / 2 1 6 0  5 /8 5  

Commen t s  



2 . 8 . 4  P rogramm i ng Mea sureme n t  Averag i ng 

M e a s u r e m e n  t s ma d e  w h e r e  s t r a y  f i e l d s  i n t r o d u c e  n o i  s e  c a n  r e s u l  t i n  

f l uc t u a t i n g  r ea d i n g s . T h e  2 1 5 0 /2 1 6 0  c a n  r e d u c e  t he s e  f l u c t u a t i o n s  by 

a ve ra g i n g a s pe c i f i ed n um be r  o f  me a s u r e me n t s  on o ne d e v i c e - u n de r- te s t . 

T h e  n o i se i s  r e d u c e d  by a ppro x i ma t e l y  t he s q u a r e  roo t o f  t h e  n u mbe r o f  

mea s u r e m e n t s  a v e ra g e d . A s  s h own i n  S e c t i o n 2 . 8 ,  t h e  t o t a l m e a s u r e m e n t  

t i m e  f o r  a ve ra g i n g  mea s u re me n t s  i s  e q u a l t o : 

W h e re : 

n x ( Samp l e  t i m e ) 

n = a n  i n t e g e r be t we e n  1 a n d 2 0  

T o  pr o g ra m  a s e l e c te d  n umbe r o f  mea s u r e me n t s  t o  b e  a ve ra g e d , p u s h  t h e  

n ume r i ca l  k e y s  r e p r e s e n t i ng t he n umbe r o f  m e a s u re m e n t s  t o  b e  a ve r a g e d  

f o l l ow e d  b y  t h e  b l u e  k e y  a nd t he A V G  k e y _ 

E x a m p l e :  

Push 

A v e r a g e  1 0  me a s u r eme n t s  a nd d i s p l a y  t he r e s u l t s . 

D i splay 

F A R A D S  

L O O O " V  C D H T  D I R E C T  

S E T L = O I 1 0 K S  I N T G R = 0 2 0 K S  A V E = 1 0  

A U T D  C A L I »  B I AS O F F  

2 - 9 9  

D 

e l s l i 2 1 5 0 /2 1 6 0 5 /8 5  

Comments 



2 . 9  CASSETTE TAPE LOADER 

T h e  c a s s e t t e t a pe l oa d e r i s  a non-vo l a t i l e ,  m a s s  s t o r a g e  u n i t  t ha t  

d i s t i n g u i s h e s  t h e  M o d e l 2 1 6 0 f r o m  t h e  2 1 5 0 . I t  u s e s  a c e r t i f i e d  

d i g i ta l  m i n i - ca s s e t t e r e c o r d i ng tape f o r  sa v i n g a nd r e l oa d i n g 

i n s  t r um e n  t me a s u re m e n  t-pa r a me t e r s e  tups . A l l  m e a s u reme n t pa  rame t e r s , 

b i n n i n g l i m i t s , a n d  b i n  c o u n t e r  i n f o r ma t i o n c a n  b e  s a v e d , t h e n  

r e p r og rammed  a t  a l a t e r  t i me . U s i n g a c a s s e t t e tape s a v e s  t he t i me 

r e q u i r e d  t o  r e l o a d  t e s t  p a r a m e t e r s  a n d  l i m i t s a t  t h e s t a r t  o f  a 

p r o d u c t i o n r u n  or  a f te r  a pow e r  i n te r rup t i o n .  F o r  g rea t e r  e f f i c i e n c y , 

t h e  A u t o S t a r t  f e a t u r e  s a v e s  e ve n  more t i me a n d m i n i m i z e s  e r r o r s  i n  

s e t u p  b y  a u t o ma t i c a l l y  l o a d i n g a f i l e  a t  p ow e r u p  ( s e e  S e c t i o n 

2 . 9 . 5 . 1 ) .  

A s  s ta t e d  i n  S e c t i o n 2 . 3 . 5 ,  z e ro o f f s e t  c o r re c t i on s  a re n o t  s to r e d  t o  

t a p e . H ow e ve r ,  a s e t up t ha t  h a s  been  ca l i bra t e d  may b e  s a v e d  to tape . 

W h e n  th�t f i l e i s  l oa d e d , i t  a u t oma t i ca l l y  i n i t i a te s  a ca l i br a t i on , a s  

i f  < b l u e > < CA L > w e r e  p r e s se d .  

A n y  c a s s e t te t a pe mu s t  be p rope r l y  f o r ma t t e d  f or u s e  i n  t he 2 1 6 0 . 

F o rma t te d  t a p e s a re a va i l a b l e  f r om E S I  ( P /N 5 5 8 5 2 ) a n d  c a n  be u s e d  f o r  

i mm e d i a t e s t o ra g e  o f  d a ta . T a p e s  c a n  a l s o  b e  f o r ma t te d  by t h e  2 1 6 0 . 

App l i ca  t i  o n s  S o f  twa r e  P a c k a g e s  a r e  a l s o a v a  i l a b l e  f o r  u s e  w i t h t h e  

2 1 6 0 . T h e  e x t e n d e d  p r o g r a mm i ng on t h e s e  t a p e s a na ly z e s  me a su re me n t  

d a ta a n d  p r o v i d e s  s ta t i s t i ca l  e va l ua t i on o r  g ra p h i c  d i sp l a y  o f  

r e s u l t s . T he STAT I S T I CS ( P / N  5 5 1 04 ) o r  A N A L OG ( P /N 5 5 1 0 3 ) k i t s c a n  be 

o r d e r e d  w i t h t he Mode l 2 1 6 0 o r  a ny t i me a f te r  p u r c ha s e . 

C A SSETTE TAPE FUNCTIONS ARE NOT SUPPORTED BY WAY OF OPTIONAL 
REMOTE DEVICES--GPIB OR RS-232C . DO NOT ATTEMPT TO USE REMOTE 
COMMANDS TO C ONTROL MODEL 2 1 60 CASSETTE OPERATIONS . 

2 - 1 0 0  
e l s l i 2 1 5 0 / 2 1 6 0  5 / 8 5  



2 . 9 . 1  Casse t te Tape I ns ta l la t i on 

T h e  m i n i - c a s s e t te tape i s  i n s ta l l e d  i n  t he 2 1 6 0 ' s  c a s s e t te t a p e  l oa d e r  

a s  s hown i n  F i g u re 2 - 1 8 .  T o  i n s ta l l : 

S TE P  1 .  

S T E P  2 .  

S T E P  3 .  

P u s h  t h e  f r on t pa n e l bu t t on l a be l e d  EJEC T .  T h e  ca s se t te t a pe 

l oa d e r door  w i l l  s pr i n g ope n . 

I n s ta l l  t ape by s l i d i ng ca s se t te downwa r d s  a s  s h own i n  F i g u r e  

2 - 1 8 { s i d e  A o r  B r e f e r s  t o  w h i c h e v e r  s i d e i s  fa c i n g  f r on t } . 

P u s h  t he door  c l o se d . 

S T E P  4 .  T h e  Mode l 2 1 6 0  i s  r e a dy t o  sa v e  o r  l oa d  pa rame t e r  p r o g r am s . 

{ Ta p e  mu s t  be prope r l y  f o rma t te d , s e e  Se c t i on 2 . 9 . 3 . } 

N O T E : T a p e  c a n  b e  l e f t  i n  t h e  t a p e  l oa d e r  w h e n  n o t  i n  u se . 
I f  A u t o  S ta r t  ha s b e e n  prog ramme d ,  i t  w i l l  l oa d  a t  powe r u p  
{ s e e  s e c t i on 2 . 9 . 5 . 1 } .  

F i gure 2-18 . Casse tte Tape I n s ta l la t i on 

2 - 1 0 1  
e l s l i  2 1 5 0 /2 1 60 5 / 8 5  



2 . 9 . 2  Casse t t e  Tape Loader Ma i n tena nce 

T o  a s s u r e  r e l i a b l e  d a t a  s t o r a g e  a n d  p l a y b a c k , t h e  r e c o r d i n g a n d  

pl ayba c k  h e a d s  s h ou l d  be p e r i o d i c a l l y c he c k e d  a nd c l e a n e d . T h e  h e a d s  

s h o u l d  be c l e a n e d  u s i n g a c o t ton  t i pped swa b d i pp e d  i n  a l c o h o l  ( s e e  

F i g u r e  2 - 1 9 ) . 

requ i re d . 

N o  o t h e r p r e v e n t i v e ma i n t e n a n c e o r  l u b r i c a t i o n i s  

� .. ' s;t, 

Fi gure 2 -1 9 .  C lea ning Recordi ng/Playba ck Heads 

2 - 1 0 2  
e / s / i 2 1 5 0 /2 1 60 5 / 8 5  



2 . 9 . 3  Cassette Tape Forma t t i ng 

A l l  b l a n k  tapes  r e ce i ve d  f rom E S I  h a ve been f orma t te d  a t  t he f a c t o r y . 

Re- f o r ma t t i ng a tape c a n  be u s e d  a s  a me t hod o f  t a p e  e r a s u r e . H ow e v e r ,  

i t  i s  r e commended t o  b u l k  e r a s e  tape s be f ore re- f o r m a t t i ng d u e  t o  t a pe 

d e c k  v a r i a t i on s  be twe e n  V i de oB r i dg e s . E i t h e r  a p e r m a n e n t  m a g n e t or AC 

f i e l d  s ty l e  tape e r a s e r  ma y be u se d . 

FORMATTING A TAPE DESTROYS ANY AND ALL DATA WHICH MAY HAVE 
BEEN PREVIOUSLY SAVED ON THE TAPE . 

T h e  f o r ma t t i ng s e q u e n c e  s e t s  u p  8 0  b l o c k s  p e r  s i d e  o f  tape  i n  w h i c h  

i n f or m a t i on c a n  be s to r e d . Ea c h  s i d e  m u s t  be f orma t t e d  s ep a r a t e l y .  T h e  

t i me r e q u i re d  t o  f o rm a t one  s i de o f  a tape i s  a pp r o x i ma t e l y  7 m i nu t e s . 

T o  f orma t a tape : 

STEP 1 .  P l a ce t h e  new t a p e  i n  t he c a s s e t te d r i ve u n i t .  

STEP 2 .  E n te r t e s t  code 3 .  T h e  Mode l 2 1 6 0  w i l l  e c ho t h e  m e s sa g e : 

" MA K E  TAPE - E N TE R  TO S TART . "  

STEP  3 .  P u s h  t he < EN T E R > key t o  s ta r t  t he f orma t t i ng p r o ce s s . Tape 

a c t i v i t y d u r i n g  t h e  f o r ma t t i n g p r o c e s s  i s  i n d i c a t e d  by a 

b l i n k i ng c u r s o r  a t  t h e  r i g h t ha n d  s i de o f  t he d i sp la y  s c re e n . 

T h e  fol low ing message i s  d i splayed : " BUSY - DO NOT D I STURB . "  

NOTE : I f  t he c u r s o r  s t op s bl i nk i ng w h i l e t h e  t a p e  i s  e i t h e r  
m o v i n g s l ow l y  o r  i s  s t o p p e d , t h e  t a p e  i s  d e f e c t i v e a n d  
s ho u l d  be d i s ca r de d .  

STEP 4 .  C o m p l e t i on o f  t h e  f o rma t t i ng process  w i l l  b e  i nd i ca t e d  by t he 

f o l l ow i n g  mes s a g e :  " TA P E  F ORMATTED " .  

I f  a n y  key be s i de s  < ENTER > o r  < SG L > i s  p r e s s e d  t o  s ta r t  f o r ma t t i ng , 

t he f o l l ow i n g  m e s s a g e  w i l l  r e su l t :  " FUNC T I ON CAN C E L L E D . "  

2 - 1 0 3  
e l s l i 2 1 5 0 / 2 1 6 0  9 / 8 5  



2 . 9 . 4  Ta pe F i l e  Sys tem 

T h e  tape s t r u c t u re i s  a r r a n g e d  i n  t he f o l l ow i n g ma n ne r : 

2 s i d e s  p e r  tape 

80 b l o c k s  per 50 f o o t  tape  s i de 

2 5 6 b y t e s  pe r b l ock 

6 b l o c k s  ( m i n i m um ) pe r f i l e e n t r y  

1 3  f i l e e n t r i e s  per  t a p e  s i d e  ( t h i s  i s  a ma x i mum n um b e r a n d m a y  be 

de c re a s e d b y  l a rge f i l e s ) 

2 . 9 . 4 . 1  Tape D i re c t ory 

T h e  D i re c t o ry o r  Ta b l e  O f  C o n te n t s i s  a l i s t i n g o f  a l l  f i l e s  o n  one 

s i d e  of  t h e  ca s s e t te t a p e . They are l i s t e d  w i t h  t h e  s ta r t i ng b l o c k  to 

the l e f t  o f  the name . U s e  1 2  CODE to d i s p l a y  a Tape D i r e c t o r y . 

EXAMPL E : 

Push D i spl a y  

T A B L E  DF  C D N T E N T S  A Y H l l . =68  
B l K  NA"E  ilK  HA"E  

I 1 2 3 7 I O O NAHD  
1 2  

C O DE 

e l s l i  
2 - 1 04 
2 1 5 0 /2 1 6 0 5 /8 5  

Commen t s  

Ta b l e  o f  Con t e n ts i n 

c l ud e s  b l o c k  n u m be r 

i n f o rma t i o n a n d  r e 

ma i n i n g s pa ce a va i l 

a b l e  ( i n b l o c k s ) .  



2 . 9 . 5  Savi ng Pa rame ters 

T o  s a v e  i n s t r ume n t  pa rame t e r s  on to t h e  ca s s e t t e  t a p e : 

, SAVE 
P U S H  � I:::J (filename) � I:::J 

W h e r e  < f i l e na m e >  c a n  be u p  t o  1 0  c ha ra c te r s  l o n g  i n  a n y  c om b i na t i o n  o f  

l e t t e rs , symbol s ,  s i g n s , n um e r a l s ,  o r  p u n c t ua t i on .  

NOTE : A spa c e  c a n n o t  b e  u s e d  i n  n am i ng a f i l e . 

A l p h a n u m e r i c  e n t r i e s  c a n  b e  e n t e r e d  w i t h  t h e  K e y b o a r d  O v e r l a y  i n  

c on j u n c t i on w i t h  2 0  C OD E . ( Re f e r  t o  S e c t i on 2 . 1 . 1 . 2  i n  t h i s Ma n u a l  f o r  

a d d i t i on a l  d e t a i l s  on t h e  K e yboard Ove r l a y . ) 

E x amp l e : U s i ng t h e  c om po n e n t  s o r t i ng e xa m p l e  i n  S e c t i on 2 . 7 . 5  o f  t h i s 

m a n u a l , s e t u p  a l l  t e s t  p a r a m e t e r s a n d b i n n i n g l i m i t s . S a v e  t h i s  

p a ra m e t e r  prog ram u n d e r  t he i de n t i f i ca t i on n um b e r  1 2 3 .  

Push 

SAVE � Q  

D i splay 

H Z =  1 0 0 0 . 0 " 0 " = 1 0 0 . 0 0 0 H  F A R A D S  

1 0 0 0 " Y  S I H G L E  D I RE C T  
S E T L = 0 0 5 0 " S  I H T G R=0 5 0 " S  A Y E = 0 1 

A U T  [J I I  AS O F F  

F c s  

D 

S A V E D  

2 - 1 0 5  
e / s / i  2 1 5 0 /2 1 6 0 9 / 8 5  

Commen t s  

Completion o f  the 

S A V E  ope ra t i on i s  

s i g na l e d  by " F I L E  

S A V E D " p r i n t e d  on 

t h e  CRT . The tape  

d i re c t or y  w i l l  be 

d i sp l a y e d  to ve r i fy 

t h e  SAVE ope ra t i on .  



E X A M P L E  2 :  U s i n g t h e s a m e  s e t u p  a s  i n  t h e  a b o v e  e x a m p l e , u s e t h e  

Ke y boa rd O v e r l a y  a n d  save  t he f i l e u n d e r  t h e  f i l e n a me o f  " l O ONAN O " . 

Pus h  

Pus h  

� Q r::J Q Q  
1 0 0 

o Q Q r::J � Q  
H A H 

lAVE � Q  

D i splay 

H Z =  1 0 0 0 . 0 N o N = I O O . O O O N  F � R A D S  

1 0 0 0  " V  S I H G L E  D I R E C T  

S E T L � 0 0 5 0 " S  I N T G R 2 0 5 0 N S  A V E = O l 

A U T O  � L P H �  B I A S  O F F  

A L P H A  O V E R L A Y 

Display 

D 

H Z =  1 0 0 0 . 0 N D " = I O O . O O O N  F A R A D S  

1 0 0 0 " V  S I N G L E  D I R E C T  

S E T L = 0 0 5 0 " S  I H T G R = 0 5 0 N S  A V E � O I 

AUTO ALPHA  B I A S  O F F  

D 

e / s / i  
2 - 1 0 6  
2 1 5 0 /2 1 6 0  5 /8 5  

Commen ts 

P l a c e  t h e  k e yboa rd 

ove r l a y  a l t e r na t e  

fu n c t i o n s i de up . 

Commen t s  

C omp l e t i o n o f  t h e  

SAVE ope ra t i on i s  

s i g na l e d  b y  [ F I L E  

SAV E D ] pr i n t e d  on 

t h e  CRT . 



Push 

Push 

D i splay 

T A B L E  O F  C ON T E N T S  AYA I L . = 6 9  

I L K  H A " E  I L K  H A " E  

1 1 2 3 7 I D O N A H D  

1 2  

CDDE 

D i splay 

H Z =  1 0 0 0 . 0 N D H = I O O . O O O N  F A R A D S  

1 0 0 0  H V  S I H G L E  D I R E C T  

S E T L = 0 0 5 0 " S  I NT G R =0 5 0 " S  A Y E = O I 

A U T O  I I A S  O F F  

D V E R L A Y  

D 

e l s l i 
2 - 1 0 7  
2 1 5 0/2 1 6 0  9 / 8 5  

Commen ts 

E xa m i ne t h e  

d i re c to ry .  

Comments 

R e t u r n  to n o r ma l  k ey

boa r d . P l a c e  the key

boa r d  o ve r l a y  w i t h  

t h e  o r i g i na l  

f un c t i on s  s i d e  u p . 



2 . 9 . 5 . 1  A u t o s ta r t 

T o  h a v e a f i l e a u t o m a t i c a l l y l o a d e d  w h e n  p o w e r i s  a p p l i e d  t o  t h e 

i n s t r ume n t ,  n a me t h e  f i l e  < '  • • • • • •  > w h e n  sa v i ng i t .  W h e n e ve r  powe r i s  

appl i e d ,  t h e i n s t rumen t w i l l  i mmed i a t e l y  sea r c h  f o r  t h i s  f i l e n ame a n d  

u p o n  f i nd i n g  i t  w i l l  l o a d  i t  a u toma t i ca l l y .  

NOTE : Th i s  f i l e n a m e  m u s t ha ve e xa c t l y  s i x de c i ma l  po i n t s  t o  
f u n c t i on prope r l y . 

E x a mp l e : Us i ng t h e  compon e n t  so r t i n g  e x a m p l e  i n  S e c t i o n 2 . 7 . 5  o f  t h i s  

Ma n ua l , s e t u p  a l l  t e s t  pa rame t e rs a n d  b i n n i ng l i m i t s .  

pa rame t e r  p ro g ra m  u n d e r  t he A u t os t a r t f i l e  name . 

S a ve t h i s  

Push 

2 . 9 . 5 . 2  

D i splay 

H Z c  1 0 0 0 . 0 H D "= I O O . O O O H  F A R A D S  

1 0 0 0 " Y  S I H G L E  D I R E C T  

S E T L = 0 0 5 0 " S  I H T G R = 0 5 0 " S  A Y E = O I 

A U T O  B I A S O F F  

D 

S A Y E D  

S a v e  Ra nge Ho l d  

Commen t s  

C o m p l e t i o n o f  t he 

SAVE ope ra t i on i s  

S I GN A L E D  by [ F I L E 

SAV E D ]  p r i n te d  o n  

t h e C R T . W h e n  power  

i s  a pp l i e d t o  t h e 

i n s t ru m e n t ,  t h i s  

f i l e w i l l  L O A D  

a u toma t i c a l l y .  

To s a v e  RANGE  H O L D  i n f o rma t i o n , a u t oma t i c  Ra n g e  H o l d  mu s t  be s e t a s  

pa r t  o f  t h e  SAVE - F I L E  comma n d . Any a t t e m p t  t o  s a ve a f i l e w h i l e  i n  

Ra n g e  H o l d  w i l l  r e s u l t i n  t h e  f o l l ow i n g e r r o r  me s sa g e  appea r i n g  o n  t he 

s c r ee n : U S E  5 COD E TO S A V E  I N  HOL D .  

2 - 1 0 8  
e l s l i 2 1 5 0 /2 1 6 0 5 /8 5  



EXAMP L E : 

Push 

n 

Q Q Q � W  
t O O 

(ODE Q � Q  
5 

D i splay 

H Z =  1 0 0 0 . 0 ri ll l1 = 1 0 0 . 0 0 0 N  F A R A D S  

1 0 0 0  I1 Y  S I NGLE D I RE C T  
S E T L = 0 0 5 0 I1 S I ri T G R = O S O I1 S  A Y E = O I  

AUTO  B I A S  O F F  

D 

N A ri O  5 C O D E  

Comments 

A u t oma t i c  ra n g e  ho l d  

i s  s e t  f o r  1 0 0 n F . 

NOTE : W h e n  u s i n g  5 CODE , d o  n o t  t a k e  a mea s u re m e n t be f o r e  i t  
ha s b e e n  s a v e d  t o  t a pe . 

Push Di splay 

H Z =  1 0 0 0 . 0 H Il I1 = I O O . O O O H  F A R A D S  

1 0 0 0  I1 Y  S I H G L E  D I R E C T  

S E T L = O O SO I1 S  I H T G R = 0 5 0 I1 S A Y E = O I 

A U T O  B I A S  O F F  

S A Y E D  

D 

e l s l i 
2 - 1 0 9  
2 1 5 0 /2 1 6 0  5 /8 5  

Commen t s  

F i l e  1 2 3 i s  s a v e d  

w i t h  t he a u t oma t i c  

ra n g e  ho l d  pa r am e te r  

se t f o r  1 0 0 n F .  

A f t e r  f i l e 1 2 3  i s  r e 

l o a de d , a n d  a pa r t  i s  

mea s u r e d  t h a t i s  

w i t h i n  + /- 2 0 %  o f  t h e  

1 0 0 n F  n om i n a l ,  t h e  

i n s t rume n t  w i l l  g o  

i n t o  t h e  HOL D mode . 



2 . 9 . 5 . 3  K e yboa �d L o c k  

T h e  spe c i a l  K e y boa �d LOCK c omma n d , 9 CODE , c a n  n ow b e  s a v e d  a s  pa � t  o f  

a f i l e w i t h  1 8  C O D E . T h i  s p � ov i s i on p � e v e n  t s  a ny pa � a m e  t e � s  f � om 

be i n g i na d ve � t e n t ly c ha ng e d  a f t e �  t he p �og �am i s  l oa d e d . 

E XAMP L E : 

Pu sh 

� Q w c::J c::J 
I 1 J 

CODE w Q w � w  ENTER I 8 

D i spla y 

H Z =  1 0 0 0 . 0  � O " = 1 0 0 . 0 0 0 �  F A R A D S  

1 0 0 0 " Y  S I N G L E  D I R E C T  

S E T L = 0 0 5 0 " S  I N T G R = 0 5 0 " S  A Y E = O I 

A U T O  L O C K  B I A S O F F  

F c s  

D 

Commen t s  

S e t up i n s t � ume n t  

pa �a m e t e � s  t o  be 

s a v e d  u n d e �  f i l e name 

1 2 3 .  F i l e  1 2 3 w i l l  

s e t  LOCK command when 

LOADe d . 

NOTE : W h e n  i n  t h i s  mod e , t he keyboa � d  i s  l o c k e d  e x c e p t  f o �  t he 
SGL  k e y . 

NOTE : T o  u n l o c k  t he k e yboa �d , p u s h  < - >  < 9 >  < b l u e >  < CODE > . 

2 . 9 . 6  Loa d i ng Parameter Prog rams 

P r o g � a m s  s a v e d  on t h e c a s s e t te t a pe ca n be � e t � i e v e d  a t  a n y  t i me .  To 

l o a d  t h e  M o d e l  2 1 6 0 w i t h  a p � e s t o � e d p � o g � a m , p u s h  < b l u e >  < '  > 

< f i l e n a m e > < b l u e >  < L O A D > . < f i l e n a m e > c a n b e  a n y c o m b i n a t i o n o f  

n u m e � a l s  ( v i a  V i d e o B r i d g e  K e y b o a � d ) o �  l e t t e � s  ( v i a  K e y boa � d  Ove � l a y ) . 

( R e f e �  t o  Se c t i o n 2 . 1 . 1 . 2  i n  t h i s  Ma n u a l f o �  m o � e  i n f o �ma t i on on t h e  

K e y boa � d  Ove � l ay . ) 

e l s l i 
2 - 1 1 0 
2 1 5 0 / 2 1 6 0  5 /8 5  



E XAM P L E : 

Push 

LOAD � W  

D i splay 

H Z =  1 0 0 0 . 0 N D M = I O O . O O O N  F A R A D S  

1 0 0 0 M Y  S I N G L E  D I R E C T  

S E T L = 0 0 5 0 M S  I N T G R = Q S O " S A Y E = O I 

A U T O  B I AS O F F  

F C S  

D )  · 1 2 3  L O A D - F I L E 

L O A D !  N 6 - -- - -I 

D 

H Z =  1 0 0 0 . 0 " 0 " = 1 0 0 . 0 0 0 N  F A R A D S  

1 0 0 0 " Y  S I N G L E  D I R E C T  

S E T L = O O S C " S  I N T G R = O S O " S  A Y E = O I 

A U T O  LD C K  B I  A S  O F F  

· F C S  

D 

L D A D I N G - - - - - L O A D E D  • 

E XAMPLE : ( A L P H AN UM ER I C S ) 

Push 

CODE r::l w � w  9 
CODE W W � w  

1 0 

D i splay 

H Z =  1 0 0 0 . 0 N o " = I O O . O O O "  F A R A D S  

1 0 0 0 "Y S I N G L E  D I R E C T  

S E T L - 0 0 5 0 " S I N T G R = 0 5 0 " S  A Y E = O l 

A U T O  A L P H A  J I A S  O F F  

A L P H A  O Y E R L A Y  

D 

e l s l i  
2 - I I I  
2 1 5 0 / 2 1 6 0  5 /8 5  

Comme n t s  

Loa d p r e v i ou s l y 

s a v e d  p ro g ra m .  

C o mp l e t i on o f  t he 

l oa d i ng ope ra t i o n 

i s  s i g n a l e d  by 

[ L OA D E D ] p r i n t e d  on 

t he CRT ( Se e  n e x t  

p i c t u re ) . 

P r o g ram 1 2 3  i s  

l oa de d  w i t h  k ey b oa rd 

L O C K e d  s i n c e  i t  w a s  

p r e v i ou s l y  s a v e d  w i t h  

t h e  LOCK  c omma n d , 1 8  

C O D E . ( S e e  S e c t i on 

2 . 9 . 5 . 3 . )  

Comme n t s  

U n l oc k  t h e  k e yb o a r d , 

e n a b l e A l pha O ve r l a y . 

P l a ce t h e  k e yboa rd 

o ve r l a y  a l t e rna t e  

f un c t i o n s i d e up . 



Pu s h  

, 

� Cl Q Cl Cl  
1 0 0 

o Q Cl Q � CJ 
N A N  

LOAD � CJ  

D i sp l a y  

T A B L E  O F  C O H T E N T S  AY A I L . = 6 2  

B L K  H A N E  B L K  H A N E  

1 1 2 3  7 1 0 0 H A H O  

1 3  • • • • • •  1 a 

H Z =  1 0 0 0 . 0 " O "= I O O . O O O N  F A R A D S  

1 0 0 0  N Y  S I H G L E  D I R E C T  

S E T L = 0 0 5 0 N S I N T G R = 0 5 0 H S  A Y E =O I 

A U T O  A L P H A  B I A S  O F F  

L O A D I H G - - - - - L O A D E D  

0 >  • 

D 

e l s l i 
2 - 1 1 2  
2 1 5 0 /2 1 6 0 5 / 8 5 

Commen ts 

E xa m i n e  t h e  

d i r e c t ory , c h oos i n g 

f i l e " l O ONAN O " 

f o r  l oa d i ng . 

L o a d  t he f i l e . 

C o m p l e t i o n o f  t h e  

r e l oa d i ng o p e r a t i on 

i s  s i g na l e d  by 

[ LOA D E D ]  p r i n t e d  on  

t he CRT . 



2 . 9 . 6 . 1  L o ad Appl i c a t i o n s  P r og rams 

E S I  o f f e r s  s pe c i a l  a pp l i ca t i on s  s o f twa r e  k i t s  ( e . g . S T AT I S T I C S , P iN 

5 5 1 04 ; A N A L O G , P iN 5 5 1 0 3 ) f o r  t e s t i ng a p p l i ca t i on s  s u c h  a s  s ta t i s t i c s 

e v a l ua t i on a n d  g ra p h i c s d i sp l a y  capa b i l i t i e s . Appl i c a t i on s o f twa re 

s o u r c e  c o d e  i s  t he o r i g i na l  pr o g ra m  c ode i n s c r i be d  on the tape a t  t he 

f a c to r y . T h e se t a p e s  a re l oa d e d  by e n t e r i ng 1 3  CODE  a s  d e s c r i be d  i n  

t h e  f o l l ow i n g e x am p l e .  O b j e c t  c od e  tape s a re co p i e s  ma d e  b y  sa v i ng t h e  

s o u r c e  c ode o n t o  b l a n k , f orma t t e d  c a s s e t t e s . A f te r  a n  o b j e c t  c od e  tape  

i s  ma d e , i t  i s  l oa d e d  i n t o  t he V i de o B r i dg e  by  u s i ng t h e  L O A D  k e y . DO  

NOT USE  13  CODE TO LOAD OBJECT CODE  TAPES . 

DO NOT ATTEMPT TO LOAD OBJECT CODE TAPES USING 1 3  CODE . THE 
I NSTRUMENT WILL BECOME - HUNG UP - AND MUST HAVE POWER S HUT OFF 
TO RESET . THIS CAN CAUSE LOSS OF DATA . 

E X A M P L E :  I n s e r t  t he s pe c i a l  App l i ca t i on s  S o f twa r e  t a pe f o r  s ta t i s t i c s , 

t he n  d o  t h e  f o l l ow i ng : 

Pus h D i splay 

H Z =  1 0 0 0 . 0 N D t1 = I O O .  C O N  F A R A D S  

5 0 0 .  I'I Y  S I N G L E  D I R E C T  

S E T L - 0 0 5 0 M S I N T G R x 0 5 0 l'l S  A Y E x O I 

A U T O  C A L I !  A L P H A  B I A S O F F  

F c s  

D 

ALPHA DVERLAY 

2 - 1 1 3  
e / s / i  2 1 5 0 / 2 1 60 5 /8 5  

Commen ts 

E n t e r  s i ng l e  t e s t  

m o d e . P l a c e t h e  

k e y board o ve r l a y  

a l t e rna t e  f u n c t i o n 

s i de up . 



Push 

\ 
� Q Q C::H::J 

I A I 
CODE 

c:J Q c:J � c:J 
ENIER 1 3 

D i splay 

T A B L E  O F  C O N T E II T S  A V A I L .  = 2 2  
B L K  N A M E  B L K  N A M E  

1 S T A T  7 0  

� >  1 2  C O D E  

O }  I 

T A B L E  OF C O N T E N T S  A V A I L . = I  

B L K  H A " E  I L K  N A " E  

1 S T A T  7 8  

S T A T  C O P YR I G H T  1 9 8 +  E S I  

S T A T  L O A D I H G - -

0 >  ' S T A T  1 3  C O D E  • 

NOTE : F o r  more i n f o rma t i o n  on t h e  
A p p l i c a t i on s  So f twa r e , c on s u l t t h e  d o c u me n t  
pa r t i c u l a r  Appl i c a t i o n S o f twa re p a c k a g e . 

e / s / i  
2 - 1 1 4 
2 1 5 0 / 2 1 6 0  5 /8 5  

Commen t s  

E x a m i n e  t h e  

d i re c t o ry . 

L o a d  t he STAT 

Appl i ca t i on 

P r o g r a m . T a p e  

a c t i v i t y  i s  i n d i c a te d  

by a b l i n k i ng c u r s o r  

a l o n g  w i t h t h e  f i l e 

name d i s p l a y e d  on t h e  

CRT . 

Comp l e t i on o f  t he 

LOA D I N G  ope ra t i o n i s  

s i g n a l e d b y  t he word  

[ LOADE D ] p r i n t e d  on 

t he C R T . 

use  o f  s pe c i a l  
p rov i de d  w i t h t he 



2 . 9 . 6 . 2 F i l e De l e t i o n  

D e l e te a f i l e w i t h  1 4  CODE . 

E XA M PL E : 

Push 

� Q Q Q Q  
I I I  

(ODE Q Q Q � Q  EMlER 1 4 

D i spla y 

T A B L E  OF C O N T EN T S  A Y A I L . = 6 2  

I L K  H A " E I L K  H A " E  

1 1 2 3 7 I O O N A H O  

1 3  . • • . • .  1 8  

C O D E  

T A B L E  O F  C O N T E N T S  A Y A I L . = 6 2  

I L K  HA"E BLK H A " E  

7 I O O N A N O  1 3  . • . . • •  

1 8  

1 '1  C D D E  

e / s / i 
2 - 1 1 5  
2 1 5 0 /2 1 6 0  5 /8 5  

Commen ts 

E x a m i n e  t h e  

D i r e c t o r y , a nd 

s e l e c t  f i l e 1 2 3  

f o r  d e l e t i on .  

T h e  CRT d i sp l a y s  

t h e  new D i r e c t o r y  

a f t e r  t he D E L E T E  

ope r a t i on .  



2 . 9 . 6 . 3  F i l e L o a d e d  

D i s p l a y  t he n a m e  o f  the  f i l e l oa d e d  f rom t a pe w i t h 1 9  C O D E . 

E XAMPL E :  

P u s h  D i splay 

T A B L E  D F  C O N T E N T S  A V A I L . =&2 

B L K  H A " E  B L K  H A " E  

7 I O O NA H D  1 3  • • • • • •  

1 8  

I O O H A H D  

Commen ts 

D i s p l a y  p r i n t s 

[ F I L E = f i l e n a m e J 

on  the C R T , w h e r e  

f i l e name i s  t h e  

n a m e  o f  t he l a s t  

f i l e l oa d e d . 

( Re f e r  t o  S e c t i on 2 . 1 . 1 . 1  f o r  a dd i t i ona l i n f o rma t i on on  t he a bove t e s t  

code s .  ) 

e l s l i  
2 - 1 1 6  
2 1 5 0 /2 1 60 5 /8 5  



2 . 9 . 7  Program Wr i te-Protec t  

I mpo r t a n t  pa rame t e r  p r o g r a m s  c a n  be p r o t e c te d  f ro m  a c c i de n t a l  e ra s u re 

w i t h t h e  ca s s e t t e w r i t e -p r o t e c t  f e a t u re , of w h i c h  t he r e  a re tw o type s . 

O n e  type f e a t u r e s  a sw i ve l  p l u g  l oc a t e d  a t  t h e  t op o f  e a c h  s i de o f  the 

c a s s e t te mod u l e  ( F i g u r e  2 - 2 0 ) . T o  pr o t e c t  r e c o r d e d  p r o g ra m s  on S i d e A 

( w h i c h  f a c e s  t he ope r a t o r  upon i n s e r t i on ) f r om b e i ng o v e rw r i t t e n , 

p i vo t  t h e  p l ug on S i de B 1 /2 t u r n  c l o c kw i se t o  u n c o v e r  t h e  re c ta n g u l a r  

h o l e  be ne a t h  i t .  S i m i l a r l y , t o  pr o t e c t  S i de B ,  p i v o t  t he p l u g o n  S i d e  

A .  W i t h t h e  p l u g  i n  t h i s  p o s i t i on ,  n o  a dd i t i on a l  d a ta c a n  be w r i t te n  

o v e r  t h e  e x i s t i n g p r o g r a m s  o n  t h e  o p p o s i t e s i d e  o f  t h e  t a p e  w i t h 

r e spe c t  t o  t h e  p l  u g . T o  r e s  t o r e  t h e  tape  t o  i t s u np r o t e c t e d  s ta  te , 

s i mp l y  p i vo t  t h e  p l ug c o u n t e r c l oc kw i se ba c k  to i t s o r i g i na l  po s i t i o n .  

C a s s e t t e s  w i t h  t h e  o t h e r  type o f  w r i t e - p r o t e c t  f e a t u re h a v e  a 

c r o s s - s h a p e d  p l u g l o c a t e d  o n  t h e  t o p o f  e a c h  s i d e  o f  t h e m o d u l e  

( F  i g u re 2 - 2 0 ) .  T o  p r o t e c  t t h e se c a s s e  t t e s  f rom b e i ng o v e rw r  i t  t e n , 

p u s h  ou t t he c r o s s- s ha p e d  p l u g . W i t h  t he p l u g  on S i de B remove d , n o  

a d d i t i on a l d a t a  c a n  b e  w r i t t e n  o v e r  t he e x i s t i n g  p r o g ra m s  on s i de A .  

To pr o t e c t  S i de B ,  p u s h  o u t  t he p l ug o n  S i de A .  Ca s se t t e s  w i t h  t h e  

w r i t e - p r o t e c t  p l u g  r e m o v e d c a n  be r e p r o g rammed b y  p l a c i n g a p i e c e  o f  

c e l l op ha ne t a p e  ove r t he w r i t e - p r o t e c t  h o l e . 

SWIVEL PLU G  PUSH-OUT PLU G 

o o 
0 Q 0 Q 

F igure 2-20 . Swi ve l  and Push-Out Wri te-Prote ct Fea tures 
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A t te mp t i n g t o  s a ve da t a  t o  a tape t h a t h a s  been  w r i te-pr o t e c t e d  w i l l  

r e s u l t  i n  t h e e r ror me s s a g e : 

2 . 9 . 8  Ca s s e t te Care 

" WR I T E  PROTECTED " .  

C a r e f u l  h a n d l i n g p r o c e d u r e s  w i l l  e x t e n d  t h e  u s e f u l  l i f e o f  t h e 

m i n i - c a s s e t t e tape s u s e d  w i t h t h i s  i n s t r ume n t .  

p r e c a u t i o n s  t o  e x t e n d  t h e  l i f e o f  c a s se t t e tape s . 

Rea d the  f o l l ow i ng 

• A v o i d  d i re c t  s u n l i g h t ,  h i g h  t e mpe ra t u re s , a nd m o i s t u r e . 

• A v o i d  t ou c h i ng t h e  tape sur f a c e . T h i s  p r e ve n t s  t r a n s f e r  o f  a ny 

d i r t  f r om your  f i n g e r s t o  re c ord i ng a n d  p l a y ba c k  h e ad s . 

· P r e v e n t  tape b r e a k a g e  a nd s t re t c h i ng by r e mo v i ng a n y  s l a c k  i n  

t h e  t ape b e f o r e  pu t t i n g t h e  c a s s e t te i n t o t h e  re c o rde r .  

· O b s e r ve t a p e  l oa d e r ma i n te n a n ce a s  d e s c r i be d  i n  s e c t i on 2 . 9 . 2  o f  

t h i s  manua l .  T h i s  w i l l  h e l p  k e e p  t a p e  s u r f a c e  c l e a n . 

· D o  n o t  s t o r e  c a s s e t t e t a p e s  o n  o r  n e a r  m a g n e t i c  f i e l d s  o r  

d e v i c e s . S t rong  ma g ne t i c  f i e l d s  may d e s t r oy s t o r e d  p r o g r a m s . 
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2 . 10 CAPACITANCE MEASUREMENTS WITH EXTERNAL DC BIAS ( C ode s 1 a n d  - 1 ) 

A D C  b i a s  o f  u p  t o  + 5 0 V c a n  b e  a p p l i e d  t o  t h e  r e a r  p a n e l  b i a s  

t e rm i na l s  ( ob s e r v e  po l a r i ty ) . T h e  B i a s  V o l t a g e  i s  n o t a pp l i e d t o  t h e  

u n k n ow n  u n t i l  t e s t  c o d e  1 i s  e n t e r e d .  M e a s u r e m e n t s w i t h b i a s  a r e 

a va i l a b l e  f o r  c a pa c i t a n c e  on l y . B i a s s upp l y  m u s t  h a v e  l ow r i p p l e  w i t h 

i n t e rna l c u r re n t  l i m i t  o f  1 00 mA a n d  i t s o u tp u t i mp e d a n c e  m u s t  be l e s s  

t ha n  5 0mQ. L e a k a g e  c u r re n t  t h roug h t h e  u n kn ow n  c a n  b e  me a s u r e d  by 

s a mp l i n g t he c u r r e n t  f ro m  the b i a s  s o u r c e  to t he b i a s  t e rm i na l s  w i th a 

l ow i mp e d a n c e  a m me t e r . I f  t h e  b i a s  s o u r c e  i mp e d a n c e  i s  n o t  l ow 

comp a r e d  t o  t h e  u nk n own , a bypa s s  capa c i t o r  w h o s e  i mpeda n c e  i s  1 /5 o f  

t h e  r a n g e  r e s i s t o r  a t  t he ope ra t i n g  f r eq u e n cy c a n  b e  c o nn e c t e d  a c r o s s 

t he b i a s  t e r m i n a l p os t s . 

WARNING ' 
E L E C TRICAL SHOCK HAZARD EXISTS WHEN A BIAS SUPPLY I S  
CON N E CTED TO THI S I NSTRUMENT . WHEN AN EXTERNAL BIAS SUPPLY 
I S  ATTACHED , THE B I AS VOLTAGE IS PRESENT ON THE REAR PANEL 
B NC CONNECTORS . USE ONLY BIAS VOLTAGES UP TO 5 0VDC AND B I AS 
SUPPLI ES CURRENT LIMITED AT 1 00mA . DO NOT TOUC H , CONNECT , OR 
D I SCONNECT THE UNKNOWN COMPONENT OR BNC CABLES WHI L E  A BIAS 
VOLTAGE IS APPL I ED .  

A D C  b i a s  capa b i l i ty o f  + 2 00V i s  a va i l a b l e  b y  o r de r i n g a n  S P 5 2 4 0  

op t i on .  T h e  S P 5 2 4 0  i s  i de n t i ca l  t o  t h e  2 1 5 0  a n d  2 1 6 0 e x ce p t  f o r  t he 

e x t e n d e d  b i a s  c a p a b i l i ty .  S e e  S e c t i on A . 4  f o r  m o r e  i n f or ma t i on .  

U se t he f o l l ow i ng p r o c e d u re w h e n  mea s u r i n g  D C - b i a s e d  c a pa c i t o r s . 

S T E P  1 .  L oo s e n  t h e  b l a c k  t e r m i na l c a p s  a n d  r e move t h e  s h o r t i n g s t ra p  

b y  p u l l i ng i t  up a n d  p i vo t i ng i t  ou tw a r d . T h e  s t ra p  may be 

h e l d  i n  p l a c e  by t i g h t e n i ng t he t e rm i na l  c ap s . 

S T E P  2 .  I n s ta l l  bypa s s  capa c i t o r  i f  n e e d e d  ( o b s e r v e  p o l a r i ty ) . 

S T E P  3 .  C o n n e c t  t h e  e x t e rna l b i a s i ng supp l y  t o  t h e  i n s t ru m e n t ' s re a r  

p a n e l b i a s t e rm i na l s  ( ob s e r v e  po l a r i ty ) . 
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S T E P  4 .  

S T E P  5 .  

S T E P  6 .  

S T E P  7 .  

S T E P  8 .  

S T E P  9 .  

S T E P  1 0 . 

T u r n  b i a s  s u pp l y  o n  a n d  se t t o  t h e  p r ope r b i a s  s e t t i n g . 

C o n ne c t  t h e  u n k n own capa c i t o r  t o  t h e t e s t  l e a d s . Obse r v e  

p r ope r po l a r i ty c on n e c t i on w h e n  t e s t i ng e l e c t r o l y t i c  

c a pa c i t o r s . 

CODE 
T u r n t h e  b i a s  vo l t a g e  on . P U S H  O � O 

1 
M a k e  t he mea s u re me n t .  

T u r n  t he b i a s  v o l t a g e  o f f . P U S H  

Wa i t  f i ve s e c o n d s  a n d  r e move t h e  m e a s u r e d  c a pa c i t o r  f r om t h e  

t e s t  l e a d s . 

R e p e a t s t eps  5 t h ro u g h  9 f o r  ea c h  compon e n t  t o  be m e a s u r e d . 

J2 

Jl 1 1 " 1 1  e BRIGHTN",H-@ 
fREQ 50-60H, I I I I I 1  145VA (MAXI � e  NOM RANGE 

rUSE 3AG 
e2SaV) 

"' 90-132 2 0  AMP 
Slow 810w 

2JO 181-249 
1 6  AMP 

Slow Blow 

F igure 2-21 . Capa c i tance Measurements w i th B i a s  

NOTE : W h e n  1 CODE  i s  e n t e r e d , the  i n s t rume n t  a u t oma t i ca l l y 
u s e s  l O O m s  s e t t l i n g  t i m e . A f te r  t u r n i n g b i a s  O F F  by - 1  CODE , 
s e t t l i ng t i me r e t u r n s  t o  t he p re v i ou s l y s e t a mou n t . 

e l s l i 
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2 . 1 1 ERROR MESSAGES 

I f  a n  i mp r o p e r  o p e r a t i o n i s  a t t e mp t e d , t h e  2 1 5 0 / 2 1 6 0 r e s p o n d s  b y  

d i s p l a y i n g a n  e r r o r  m e s s a g e . E r r o r  m e s s a g e s  a r e  d i s p l a y e d  a t  t h e  

bo t t om o f  t h e  C R T  s c r e e n  ( e x ce p t CAL ? ,  E RROR ANALOG , ERROR CALC ) .  A l l 

pa rame t e r s  e n t e re d  p r i or t o  t h e  i mprop e r ope ra t i on rema i n  u n c h a n g e d . 

F o l l ow i n g i s  a l i s t  o f  e r r o r  m e s s a g e s  t h a t  m a y  a p p e a r  d u r i n g t h e  

p r o g r a mm i ng a n d  ope ra t i on o f  t h i s  i ns t ru me n t . I n c l u d e d  w i t h  e a c h  e r r o r  

me s s a g e  i s  a s ho r t  e xp l a n a t i on o f  p r o ba b l e  c a u s e s  f o r  t h e  me s sa g e . 

NOT E : W h i l e  i n  c on t i n u o u s  m e a s u r em e n t  mode , t empo rary e r r o r  
c on d i  t i on s  m a y ' o c c u r  i f  t h e  d e v i c e - u n d e r- t e s t i s  c o n n e c t e d  
d u r i n g  p a r t  o f  t h e  m e a s u r e m e n t  s e q u e n c e . A s  a r e s u l t , a n  
e r r o r  m e s s a g e  may be m o me n ta r i l y d i s p l a ye d .  T h i s  i s  n o rma l 
a n d  d o e s n o t  i n d i ca te i n s t ru me n t  ma l f u nc t i on .  

P r ogr a mm i ng a n d  Ope ra t i ng R e l a t e d  E rr o r s  

ERROR ANALOG 

T h i s  i n d i c a t e s  t h a t  t h e  i n p u t  t o  t h e  a n a l o g c i r c u i t r y  h a s b e e n  

o ve r l oa de d . T h e  mea s u r e me n t  i s  d i s c a r de d , t h e  pa r t  i s  b i n n e d  a s  a D 

r e j e c t  a n d  t h e  d i s p l a y  r e a d s  " E RROR ANAL OG " i n  l a rg e  c h a ra c t e r s . C h e c k  

f o r  a n  o v e r r a n g e  pa r t  i f  o n  r a n g e  " HOL D " .  R e s e t  t o  " AUTO " r a n g e  a n d  

m a k e  a n o t h e r  m e a s u remen t .  

ERROR Calc.  

T h i s  i n d i c a t e s  t h a t t h e  f l oa t i n g  p o i n t  c a pa b i l i t i e s  of t h e  m i c ro

p r o c e s s o r  h a ve b ee n  ove r l oa d e d  ( e . g .  t h e  p r e s e n t  d a ta ha s o ve r f l ow e d  

i t s r a n g e  o r  a d i  v i de - by - z e r o  ope ra t i on h a s  b e e n  e n c ou n t e re d ) .  T h e  

mea s u reme n t  i s  d i s c a r de d ,  t he pa r t  i s  b i n n e d  a s  a D re j e c t ,  a nd t he 

d i sp l ay r e a d s  " ERROR C AL C " . R e - c h e c k  a l l  m e a s u re me n t  s e t t i ng s  ( s u c h  a s  

a n  u n de r r a n g e  va l u e  i f  o n  r a n g e  " HOL D " )  a n d  m a k e  a n o t h e r  me a s u r e me n t . 
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OVERLOAD ! --SUPPL YING XX MV f o r  l ow i mp e da n c e  d e v i c e s  

OR 

OVERLOAD !--SUPPL YING XX MA f or h i g h  i mp e da n ce de v i ce s  

W h e r e  x x  = t h e  a c t u a l  v a l u e  o f  t e s t  s i g n a l  l e v e l  s u p p l i e d b y  t h e  

V i de oB r i d g e . 

I f  t he i mp e da n c e  o f  t h e  compon e n t  be i n g mea s u r e d  i s  t o o  h i g h  f o r  t h e  

c u r r e n t  r a n g e  o r  t o o  l ow f o r  t he v o l t a g e  r a n g e  t o  supp l y  t h e  l e v e l  

spe c i f i e d  on t h e  s c re e n , t h e  a pp r op r i a te me s sa g e  w i l l  appe a r  on t h e  

bo t t om l i n e o f  t h e  d i sp l a y . 

I n  a v o l t a g e  o v e r l o a d  c o n d i t i o n ,  t h e  i n s t r u m e n t  w i l l  s u p p l y  t h e 

vo l t a ge a va i l a b l e  a t  a ma x i mum c u r r e n t  o f  1 0 0 mA . 

I n  a c u r r e n t  o v e r l o a d  c o n d i t i o n ,  t h e i n s t r u m e n t  w i l l  s u p p l y  t h e  

cu r re n t  a v a i l a b l e  a t  a ma x i mum v o l t a g e  o f  1 5 0 0 mV . 

T h e  e r r o r  me s sa g e  w i l l  s h ow w h a t c u r r e n t  or  v o l t a g e  1 S  be i ng suppl i e d  

t o  t h e  c o mpon e n t  ( s e e  S e c t i o n 2 . 5 . 2 ) . T h e  me a s u r emen t s  t a k e n  a re s t i l l  

va l i d ,  t h ough only a t  t he t e s t  s igna l  leve l  i nd i ca ted by the me ssage . 

CRUU 
I f  t he w o r d  " ERROR " w a s  d i sp l a y e d  a f t e r  c a l i b r a t i n g a n y  r a n g e , 

me s s a g e  w i l l be d i sp l a y e d  i n  t he b o t tom l i n e o f  t h e  pa r a me t e r  

a f te r  ca l i br a t i on .  T h i s  i nd i c a t e s  t ha t  a l l  r a n g e s  i n d i ca t e d  a s  

t h i s  

f i e l d  

" OK "  

h a v e  t h e i r  z e r o o f f s e t s  s t o r e d , b u t o n e  o r  m o r e r a n g e s  w e r e n o t  

c a  1 i bra t e d  p r ope r l y . T h e  me s s a g e  w i l l  a l  s o  b e  d i  sp l ay e d  w he n  t ha t 

pa r t  i c u l a  r f re q u e n c y  / t e s  t l e ve 1 c om b i  na  t i  on i s  r e ca l l e d . N o  m e s s a g e  

w i l l  be d i sp l a y e d  i f  a l l  r a n g e s  f a i l e d  ca l i b ra t i o n , a n d  n o  c a l i br a t i on 

o f f s e t s  a re a pp l i e d .  To c o r re c t  t h i s  c o n d i t i on ,  t he z e r o  c a l i b r a t i on 

p r o c e d u r e  mu s t  be pe r f orme d a ga i n  ( s e e  S e c t i on 2 . 3 . 5 ) . 
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OUT OF RANGE 

T h i s  m e s s a g e  w i l l  be d i sp l a y e d  w he n  a m e a s u r e m e n t  t a k e n  i n  RAN G E  H O L D  

i s  m o r e  t h a n  1 0 0  t i m e s  s ma l l e r  o r  l a r g e r  t h a n  t h e  p r e s e n t r a n g e  

r e s  i s  t o r . T o  c o r re c t  t h i s  c on d i  t i on I r e - e n  t e r AUTO RANG E . T h e r e  w i l l  

b e  n o  m e s sa g e  i f  t h e  V i  d e o B r  i dg e  i s  h o l d i n g  t h e  h i g h e s t  r a n g e  w i t h  

v e r y  h i g h  u n k n owns o r  t h e  l owe s t  r a n g e  w i t h  v e r y  l ow unknow n s . 

WRONG # O F  ARG U M ENTS 

A n y  o f  t he c omma n d s  ( mo s t l y  upper f un c t i on k e y  s t roke s ) w h i c h  t a k e  

nume r i ca l  a rg u me n t s  w i l l  d i sp la y  t h i s  m e s s a g e  i f  i n su f f i c i e n t  n um b e r s  

p r e c e d e  t h e  w o r d . F o r  i n s ta n c e l p r og ra m m i n g  < b l ue > B i n #  w i l l  g i ve a 

" Wr ong # o f  A rg umen t s " m e s sa g e  be c a u s e  i t  requ i re s  t h e  n um b e r  o f  t h e  

b i n  be i n g  p r og rammed a n d  t h e  l i m i t s f o r  t ha t  b i n . S ta r t  a g a i n .  

PARAMETER STACK EM PTY 

T h e  V i d e o B r i dg e  re c og n i z e s  t h e  a rg u me n t  n u m b e r  a s  va l i d  b u t  i t  i s  

i mprope r l y  f o rma t t e d  o r  i na pp r op r i a te t o  t h e  c omma n d . 

U N DE F I N E D  

O c ca s i on a l ly a c omb i na t i on of  k e y s  w i l l  b e  pre s s e d  w h i c h  r e s u l t  in  t h e  

c o n s t r u c t i o n o f  a w o r d  w h i c h t h e i n s t r u m e n t  d o e s  n o t  r e c o g n i z e . 

P u s h i ng a n umbe r k e Y I t h e n  a k e y  w h i c h  d oe s n o t  u s e  a numbe r a h e a d  o f  

i t  w i l l  r e su l t  i n  s om e t h i n g  l i k e  " l d i r e c t " . T h e  i n s t r ume n t  w i l l  n o t  

r e c o g n i z e  " l d i re c t " a n d  t h e  unde f i n e d  m e s s a g e  a ppe a r s .  S t a r t  a ga i n .  
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BIN 1 1  I N  USE 

Non- z e r o  l i m i  ts ha ve be e n  s e t  f o r  B i n  1 1 . A na l og B u s y  ( EOC ) f u n c t i on 

c a n n o t  be a c t i va te d  u n t i l  B i n  1 1  l i m i t s  a re se t t o  z e r o . 

A NALOG -BUSY ACTIVE 

Te s t  code 16 ha s b e e n  e n t e re d . B i n  1 1  l i m i t s c a n n o t  be c h a n g e d  u n t i l  

-16 CODE i s  p rog ramme d . 

FU NCTION CANCELLED 

A n o t h e r  k e y  b e s i de s  < SG L > o r  < ENTER > wa s p r e s s e d  w h i l e  a t t e mp t i ng t o  

a c t i va t e  t a pe f orma t t i n g  o r  z e r o ca l i bra t i on . 

SET NOM INAL VALUE 

T h i s  me s sa g e  w i l l  r e s u l t  i f  a n  a t t e m p t  i s  made t o  e n te r  - 8  C O D E , 8 

C O D E , 2 1  C O D E , % S O R T  m o d e , o r  D E V i a t i o n m o d e  w i t h o u t  e n t e r i n g a 

n om i na l v a l ue . 

DEV. ON Q/D NOT ALLOWED 

T h e  V i d e o B r i dg e  doe s n o t  suppor t a d e v i a t i on c a l c u la t i on on m i n o r  

f u n c t i ons  Q a n d  D .  T h i s  m e s s a g e  o c c u r s  i f  D E V  i s  p r e s se d  w i t h Q o r  D 

a s  t he t o p  d i s p l a y  f u n c t i on . 
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C a s s e t t e  Tape R e l a t e d  E r r o r s  ( Mo d e l 2 1 6 0  On l y ) 

BAD TAPE . DISCARD 

T h i s  e r ror me s s a g e  s a y s  t ha t t he tape w a s  n o t  a b l e  to be f o rma t t e d  

( 3  C O D E ) .  

BAD READ 

T h e  t a p e  f i l e w a s  n o t  rea d p rope r l y  d u r i n g  a L O A D  o p e r a t i o n f rom t h e  

t a p e . Re-en t e r  f i le n a me a n d  p re s s  < bl u e > < L OA D > a g a i n .  

BAD WRITE 

A p r o b l e m  w a s  e n c ou n t e re d  w h i l e a t temp t i ng a SAVE ope ra t i on to t h e  

t a p e . Re-e n te r  f i l e n a m e  a n d  p r e s s  < bl u e >  < SA V E > a g a i n .  

NO TAPE I N  PLACE 

T h i s  m e s s a g e  w i l l  appea r w he n  t h e re i s  n o  c a s s e t te tape i n  t he d r i ve 

u n i t  o r  w h e n  t h e  L OA D  or S AVE b u t t on s  a re p u s h e d  o n  i n s t ru m e n t s  w i t h

o u t  c a s s e t te capa b i l i ty .  

WRITE PROTECTED 

T h i s  m e s sa g e  c om e s  o n t o  t h e  s c re e n  i f  a SAVE  o r  f o rma t c o mm a n d  i s  

t r i e d  on a c a s s e t t e  t a p e  w i th i t s w r i te p r o t e c t  ope n i ng u n c o v e r e d  ( S e e  

S e c t i on 2 . 9 . 7 ) .  

TAPE JAMMED 

W h e n  t h e  c a s s e t t e  tape w i l l  n o t  move  f orwa r d  or ba ckwa rd , t h i s  m e s s a g e  

appea r s  on t he s c re e n . Remove t he t a pe , r e - i n s e r t ,  a n d  try  a g a i n .  
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USE 5 CO DE TO SAVE IN HOLD 

T h i s  me s s a g e  w i l l  r e s u l t  i f  a n  a t t e mp t i s  made t o  s a v e  a f i l e w h i l e 

u s i n g  ma n u a l r a n g e  h o l d .  U s e  t h e  a u t o m a t i c  r a n g e  h o l d  f u n c t i o n 

d e s c r i bed i n  S e c t i on 2 . 9 . 5 . 2  i n  t h i s  manua l .  

FILE DOES N OT EXIST 

T h i s  m e s s a g e c o m e s o n t o  t h e s c r e e n  i f  t h e  V i d e o B r i d g e  h a s b e e n  

d i r e c t e d  t o  LOAD a f i le w h o s e  n a m e  i s  n o t  l i s t e d  i n  t he d i re c t o r y . 

2 . 11 . 1  Remote Output Error Codes 

The f o l l ow i ng e r r o r  c ode s a r e  re t u rn e d  on r e m o t e  o u t p u t d e v i ce s ,  s u c h  

a s  GP I B  a n d  RS - 2 3 2 C  I n t e r f a ce . S e e  S e c t i on A . 2  f o r  more i n f o rma t i on o n  

t he s e  V i d e o B r i dg e  op t i on s . 

o No E r r o r  

2 Ana l og E r r o r  

4 Ca l c u l a t i on E r r o r  

1 C a n ' t  S u p p l y  

3 A n a l o g  E r r o r--C a n ' t  S upp l y  

5 C a l c u l a t i on E r r o r - - Ca n ' t  S u p p l y  

N O T E : " C a n ' t  S u p p l y "  i n d i c a t e s  i n a b i l i t y t o  s u p p l y  t e s t  
s i g na l c u r re n t  o r  vo l ta g e - -w h i c he v e r  t he V i d e oB r i dg e  h a s b e e n  
p r og r a mmed f or .  

" A n a l og E r ro r "  i nd i ca t e s  t h e  same f a u l t  c o n d i t i on a s  
t h e  " E RROR ANALOG " m e s s a g e  o n  t h e  CRT . 

" Ca l c u l a t i on E r ro r " i nd i ca t e s  t h e  same f a u l t  c o n d i t i on 
a s  t h e  " E RROR C AL C " m e s s a g e  o n  t h e  C RT . 

2 - 1 2 6  
e l s l i 2 1 5 0 /2 1 6 0  9 /8 5  



3 . 1  I NTRODUCTION 

SECfION 3 
CIRCUIT DESCRIPTIONS 

T h i s  s e c t i o n d i s c u s s e s  t h e  f o u r  ma j or c i r c u i t s t ha t m a k e  up t h e  Mode l 

2 1 5 0 /2 1 6 0 . T h e s e  f o u r  c i r cu i t s a re :  me a s u re me n t , mo t he r boa r d , CRT , 

a n d  powe r suppl y .  E a c h  o f  the di s c u s s i on s  t ha t  f o l l ow ,  s ta r t  by 

p re s e n t i n g  a b l o c k  d i a g ra m , t h e n  c on t i n u e  wi t h  a d i s cu s s i on of t he 

opera t i on o f  t h e  ma j o r  b l oc k s  w i t h i n  ea c h  d i ag ra m . 

3 . 2  MEASUREMENT OVERVI EW 

7 .68 MH z  
CRYSTAL 
CLOCK 

3 .B4 MHz 

----- ---------- - - - - - - - - - - - - - ,  

., I , 
I , 
I ' 

I 
" 

I , 
I ' 

S POIL ING 
RESISTORS � 

I ' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

\'" 

U N K N OWN 

, , 
, 

, 

STAN DARD 
RESI STORS 

Yu 

fl P 
CONTROL/ 
CA LCU LATE 

VARIABLE 
GAI N  

', """"' ___ ...J 

L , R, C, D , Z ,  
etc . 

(Yu) O'  
(Vu) 90' 
(Vs) O' 
(Vs) 90' 

O' 180' 
90' 270' 

PHASE 
RECTI F I ER  

F i gure 3 - 1 . Bl ock D i agram 

e l s l i  
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PHASE SYNC 
O' /90' 

D ETECTOR 
S INE  

GENERATOR 



The m i c r o c ompu t e r  con t r o l / c a l c u l a t e b l o c k  i s  t h e  comma n d  c e n t e r  for  

a l l  i n s t r ume n t  ope ra t i on s . I t  a c c e p t s  i n pu t from t h e  k e y boa rd and  

c o o r d i na t e s a l l  pha s e s  of  a m e a s u reme n t  s eq u e n c e . I t  a l s o  p e r f orm s 

a l l  ca l c u l a t i on s  r e q u i r e d  to a r r i v e a t  t h e  d e s i re d  mea s u r e d  

q u a n t i t i e s  a n d  d i s p l a y s  t h e m . 

Mode l 2 1 5 0 / 2 1 6 0  ope ra t i o n e s s e n t i a l l y  s ta r t s w i t h  t h e 7 . 6 8 M H z  c l o c k . 

T h i s  c l o c k  i s  d i v i de d  by 2 to o b t a i n  t h e 3 . 8 M H z  p r o c e s sor  c l o c k  a n d  

d i v i ded b y  N ( 1 - 3 0 0 0 ) t o  d e ve lop t h e  s i newa ve mea s u reme n t  s i g na l . 

T h e  s i n e w a ve g e ne ra t or i s  freq u e n cy p r o g ramma b l e  ( 2 0 H z t o  1 5 0k H z ) .  

I t  p r odu c e s  a d i g i t a l l y- s ta i r s t e ppe d , s i n ew a v e  o u t p u t  t h a t i s  band 

1 i m  i t e d  b y  t he f i 1 te r b l o c k , t he n  pa s s e d  t h r o u g h  t h e  prog ramm a b l e  

l e v e l  r e g u l a t o r . T h e r e s u l t  i s  a s i n e w a v e  s i g n a l  o f  s p e c i f i e d  

f r e q u e n c y  w i t h i n  a s p e c i f i e d v o l t a g e  r a n g e , i n  t h e  mV m o d e , o r  

c u r r e n t  r a n g e , i n  t h e  m A  m o d e . T h i s  s i n e w a v e  i s  a p p l i e d  t o  t h e  

u n k n own c o mp o n e n t be i n g me a s u r e d , a n d  t h e  s ta n d a r d  ( ra n g e ) re s i s t or . 

A d i f f e r e n t i a l  a m p l i f i e r  s e q u e n t i a l l y  me a s u re s  t h e  v o l t a g e s  a c r o s s  

t h e  u n k n ow n  c ompone n t  a n d  t h e  s ta n d a r d  re s i s t o r .  Th e s e  v o l t a g e s  a r e 

pa s s e d  t h r o u g h  t h e  va r i a b l e  ga i n  a m p l i f i e r  t o  t h e  p h a s e  re c t i f i e r . 

T h e  p ha s e  se n s i t i v e v o l tme t e r  ( p h a s e  r e c t i f i e r )  c ompa re s t h e  v e c t or 

re l a t i o n s h i p s  o f  t h e  m e a s u red s i g na l s  t o  d e te rm i n e  w h i c h  po r t i o n s  a re 

i n  p ha s e a n d  w h i c h  a re i n  q u a d ra tu r e . 

t he f o l l ow i n g  f ou r  DC v o l ta g e s : 

T h e  p h a s e  rec t i f i e r  ou tpu t s  

Vo o r  V u n k n own 0 °  

V I or V u n k n own 9 0 ° 

V 2 o r  V s t a n da r d  0 °  

V 3 or  V s t a n d a r d  9 0 ° 
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T h e s e  v o l t a g e s  a r e s e r i a l l y  p r o c e s s e d  b y  t h e  A / D  c o n v e r t e r  w i t h 

r e s i s ta n c e  ( R )  a n d  r e a c t a n c e  ( X ) , or  c ondu c t a n ce ( G )  a n d  s u s c e p t a n c e  

( B ) , a s  c ompu t e d  by t he 2 8 0  C PU .  

G u n known 

H I GH IMPE DANCE 

VO V2 + V 1 V3 
(Val2 + (V 1 ) 2 

x ----R standard 

R standard 

R unkn own 

X unkn own 

LOW I M PEDANCE 

VO V2 + V 1 V3 
------ x R ) 2 A/ )2 standard (V2 + \V 3 

----------- x R 2 2 standard (V 2) + (V 3) 

A l l o t h e r  i mpeda n c e  pa rame t e r s  a re c ompu t e d  u s i n g  t h e  r e su l t s  o f  

t he s e  mea s u r e me n t s , t h e  t e s t  f requen cy , a nd t h e  f o rmu l a s i n  F i g u r e  

3 - 2 . 

T h e  c a l c u l a t e d  m e a s u r e m e n t  i n f o r m a t i o n i s  d i sp l a y e d  o n  t h e  C R T  

s c r e e n . 
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R 
s 
m 
0 
G == 

S H ORT C I RC U I T  C ORRE CTI ON 
(RA N G E  0) 

Rs = (Rs) m - (Rs )O 

Xs = (Xs) m - (Xs)o 

Rs D 
= iXsl 

I Xs l  
Q = -

Rs 

Xs L == -
S 2 1T  f 

Lp = 

Cs = 

C = P 

Bp == 

Gp = 

R 2 + X 2 s s 
2 1T fXs 

- 1 

2 1T f Xs 

-Xs 
2 1T f (Rs 2 + Xs2 ) 

-Xs 
Rs 2 + Xs 2 

Rs 
Rs 2 + Xs 2 

Iz i  = JRs2 + Xs2 

I y l  == 

1 

JRs 2 + Xs 2 

R = P 

Xp = 

R 2 + X 2 s s 
Rs 

R 2 + X 2 s s 
-Xs 

1 
Gs = -Rs 

1 Bs = -Xs 
Res i stance  
Ser ies m easurement 
Measured va l ue 
Zero correction va lue 
Conductance 

p 
X 
B 
D 
Q 

OPEN CI RCU I T  C ORRECTI ON 
(RAN G E 1 - 4) 

G p  = (G p) m - (G pl o  

Bp  = (Bp) m - ( Bp ) O  

Gp 
D = fBpI 

I Bp l 
Q = -Gp 

- Bp 
Ls = 2 2 2 1T f (Gp + Bp ) 

- 1  L = --P 2 1T fBp 

Gp2 + Bp2 
Cs == 2 1T  fBp 

Bp 
Cp 

== 2 1T  f 

-Bp 
Xs = Gp2  + Bp 2 

G p  
R = s G 2 + B 2 P p 

Iz i  -

1 -
JGp 2 + Bp2 

IY I == JGp2 + Bp 2 

1 Rp = -

Gp 

1 X = -
P Bp 

Gp2 +  Bp2 
Gs == G p  

Gp2 + Bp2 
Bs = -Bp 

Para l l e l  measu rem en t L Inductance 
Reactance f F requency 
Susceptance C Capa c i tance 
D iss ipation foetor Z I mpedance 
Qua l i ty factor y Adm ittance 

F i g ure 3-2 . Model 2 1 50/2 1 60 Impeda n ce Formu las 
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3 . 3  MEASUREMENT C I RCUI TRY 

T h e  e l e c t r o n i c s  i n v o l v e d  w i t h t he a c t u a l  mea s u r i ng o f  a compon e n t  i s  

c on ta i ne d  on two c i r cu i t  c a r d s . T h e  D i g i ta l  c i r c u i t ca r d  pe r f or m s  

t w o  b a s i c  f u n c t i on s : s i newave g e n e r a t i on ,  a nd a na l og - t o - d i g i ta l  

c o n v e rs i on .  

c i r c u i t r y , 

T h e  Ana l og c i r c u i t c a r d  h o l d s  a l l  o t he r  me a s u reme n t  

i .  e .  l e v e l  r e g u l a t o r , s ta nd a r d  ( r a n g e ) r e s i s t o r s , 

ampl i f i e r s , p h a s e  r e c t i f i e r , e t c . , n e e de d t o  make a m e a s u r e me n t . 

3 . 3 . 1  D i g i ta l  C i rcu i t  Card ( piN 5 3 5 2 2 ) 

3 . 3 . 1 . 1  S i n e  G e n e r a t o r  

MASTER 
CLOC K  

7 .68M H z  

C OUNTER 
+ N  

T 
N PRESET 

J 

COUNTER  

SYNC 
RESET 

x l  
F RE QU E N CY = 

60,ooOH z 
N l  

N l  1 - 3000 
N I l F = 60 , OOOH z 
N 1 3 F = 2O , OOOH z 
N 1 3000 F = 20H z 

7 .68MHz 
1 28  (Steps in  one 
compl ete s inewave) 

= 60, OooH z  

0 0/1 800 
GEN ERATOR 
REVE RSA L 

ROM 
S I 2x8 

x l  

x 5  

F RE QU E N CY 
MU LT I PLIER 
x l/xS 

+5V 
REF 

DAC 

x5 

F RE Q U E N CY = 
300,OooHz 

N 2  

N 2  = 2 - 30 
N 2 = 2 F = I S0 ,OOOH z 
N 2 = 30 F 1 O , OOOH z 

7 .6 8M H z  
1 28  (Steps i n  five 
complete sinewaves) 

3oo ,OOOHz 

F i gure 3-3 . S i ne Genera tor B l oc k  Di agram 
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M e a s u Leme n t  beg i n s w he n  a s i n ew a ve s i g n a l  a t  a s pe c i f i ed f Le q u e n c y  i s  

app l i ed t o  t he u n k n ow n  compone n t .  T h e  o L i g i n  o f  t h i s  s i n ewa ve s i gna l 

i s  t he s i ne g e ne La t o L  ( F i g u Le 3 - 3 ) w h i c h  c o n s i s t s  o f  a p L e s e t c o u n t e L  

c h a i n ,  a s e c o n d  c o u n t e L ,  a 5 1 2  x 8 b i t p L e p L o g L a m m e d R O M , a 

d i g i ta l- t o- a na l o g  c o n v e L t e L  ( DAC ) , a n d  a c U L Le n t- t o - v o l ta g e  bu f fe r  

a mp l i f i e r . The p L e se t c ou n t e r  c h a i n  ( U 2 2 , U 2 4 , U 2 5 ) i s  a se t of  

t h Le e  c h i p s c on f i g u re d  t o  p e L f orm a d i v i de - by -N f u n c t i on .  I t  d i v i de s  

t h e  7 .  6 8 M H z  ma s t e L  c l oc k  i n t o  one  o f  t h e  3 0 2 3  f L e q u e n c  i e s  t ha t a re 

p L e s e t t a b l e  by t h e m i c L oc ompu t e r .  T h e  new f r eque n c y , a c t u a l l y a 

squa rewa v e  s i g na l , g o e s  i n t o  a se cond co u n t e r  c ha i n  m a d e  o f  U 1 6  and  

U 1 9 . T h e  s e c o n d  c o u n t e r  i s  c o n n e c te d  t o  U 1 7 ,  a r e a d  o n l y  memoLY 

( ROM ) , i n  s u c h  a w ay t ha t  a s  t he c ou n t e r ' s  o u t p u t l i n e s  t o g g l e , t hey 

r i pp l e  t h r ou g h  a l l  t he a d d re s s e s  o n  t he ROM . F o r  e a c h  a d d r e s s  t h e  

ROM ou t pu t s  8 b i t s o f  i n f o rma t i on w h i c h  a re f e d  t o  t he D/A c o n ve L t e r .  

Twe l ve comp l e t e  s i newa ve s i g na l s  a re s t o L e d  i n  t he 7 4 S 4 7 2 ROM i n  tw o 

sepa ra t e  l o ca t i o n s  o f  2 5 6 a d d L e s s  l o c a t i o n s  e a c h . T h e se l o ca t i on s  a Le 

L e f e r r e d  t o  a s  t he X 5  b l o c k  ( t e n  s i newave s i g na l s )  a n d  t h e X l  b l oc k  

( tw o  s i n ew a ve s i g na l s ,  s e e  F i g u re 3 - 3 ) . 

F o r  t e s t  f re q ue n c i e s  a bove 1 0k H z  w h i c h  d i v i de 6 0 , 0 0 0  e v e n l y , a n d  f o r  

a l l  f r e qu e n c i e s  a t or  be l ow 1 0 k H z , t h e  X l  m e mo ry b l oc k  L e s e L v e s  1 2 8  

a d d re ss l o ca t i on s  f o r  t h e  0 0  s i n ew a v e  a n d  1 2 8 l o ca t i on s  f o r  t h e  1 8 0 0 

s i newave . E a c h  a d d L e s s  l o ca t i on c on ta i n s 8 b i t s o f  i n f o rma t i on . 

NOTE : 7 . 6 8 M H z  d i v i de d  by 1 2 8  s i newave s t e p s  equ a l s  t he 6 0 k H z  
ba s e  f r e q u e n c y  u se d  t o  d e t e rm i n e  t h e s e  t e s t  f re q u e n c i e s . 

6 0 k H z  
N = Te s t  F Le q u e n c y  

W h e re : N = 1 t o  3 0 0 0  

F o r  a l l  t e s t f r e q u e n c i e s  a b o v e  1 0 k H z  w h i c h  d o  n o t  d i v i d e 6 0 , 0 0 0  

e v e n l y , t h e  X 5  m e m o r y  b l o c k  p ro v i d e s  a n  a ve ra g e  o f  1 2 8 / 5  o r  2 5 . 6  

s t e p s  f o r f i ve 0 0  s i n ew a v e s  a n d  a n  a v e ra g e  o f  2 5 . 6  s te p s  f O L  f i ve 

1 8 0 0 s i n ew a ve s . T h i s  e n a b l e s  t he ROM t o  s to r e  f i ve t i m e s  a s  many 

cy c l e s  ( t houg h e a c h  w i t h f ewe L s t e p s ) a s  t h e  X l  l o ca t i on .  
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N O T E : 7 . 6 8 M H z  d i v i d e d  b y  2 5 . 6  s i n e w a v e  s t e p s  e q u a l s  t h e  
3 0 0 k H z  ba se f req u e n c y  u s e d  t o  d e t e rm i n e  t h e s e  t e s t  
f r e q u e n c i e s . 

3 0 0 k H z  --�N�- = Te s t  F re qu e n cy 

W h e re : N = 2 t o  2 9  ( e x cep t 5 ,  1 0 , 1 5 , 2 0 , 2 5 ) 

F o r  a c o mp l e t e  l i s t i n g  o f  t e s t  f re q ue n c i e s , s e e  S e c t i on 2 . 5 . 1 .  

No t i ce i n  F i g u re 3 - 3  t ha t  t h e  c o u n t e r  a n d  t h e  ROM e a c h  h a v e  a n  i npu t 

l i n e  c om i n g f rom ou t s i de t he s i ne g e ne r a t o r  e l e c t r on i c s . T h e  0 0 /1 8 0 0 

l i ne t o  t h e  ROM , u n d e r  m i c ro c ompu t e r  c o n t r o l , s e l e c t s  t h e  p o l a r i t y  o f  

t h e  ROM ' s o u t pu t  s i n ew a v e , 0 °  o r  1 8 0 ° .  T h i s  i s  t h e  g e n e r a t o r  r e v e r s a l  

rou t i ne w he re t h e  s i newave  p o l a r i ty i s  r e v e r s e d  f o r  a s e c o n d  s e r i e s  o f  

mea s u r e me n t s . T h e  two se r i e s  o f  me a su r e me n t s , ma d e  w i t h  o pp os i t e po-

l a r i t i e s , a r e  a l g e b ra i ca l l y s u b t ra c te d  to c a n c e l  o f f s e t v o l t a g e s  a n d  

syn c hr o n i z e d  l i ne re l a t e d  p i c k - u p . 

A t  f re q u e n c i e s  be l ow 2 0 0H z , t h e  syn c re s e t  l i ne t o  t he c o u n t e r  i s  u s e d  

t o  s yn c h r on i z e  t he 2 1 5 0 / 2 1 6 0  s i n ew a v e  t o  t h e  p ow e r  l i ne .  T h e  2 1 5 0 / 2 1 6 0  

de t e c t s  p ow e r l i ne z e r o c r o s s i n g s  a nd s ta r t s  i t s s i newa v e  a t t he s e  

e xa c t  p o i n t s . T h i s  i s  a c co mp l i s h e d  b y  r e s e t t i n g  t h e  c ou n t e r  a t  t h e  

f i r s t  p ow e r l i ne z e r o  c ro s s i ng a f te r  a c omp l e te d  mea s u r e me n t  c y c l e . 

T e s t  s i g n a l /p ower l i ne s y n c h ro n i z a t i on ma x i m i z e s  re j e c t i on o f  l i ne 

re l a t e d  e l e c t r oma g n e t i c  i n te r f e re n ce ( EM I ) i n  t h e  mea s u reme n t  c i r c u i t .  

A t  f r e q u e n c i e s a b o v e  2 0 0 H z , t h e  E M I  l e v e l  d e c r e a s e s  s o  t h a t  l i n e 

s y n c h r o n i z a t i o n i s  n o t  n e c e s s a r y . N e i t h e r  l i n e l o c k  t i m e n o r  t h e  

a dd i t i on a l s e t t l i n g  t i me p r o v i de d  by g e n e r a t o r  re v e r s a l i s  r e q u i re d .  

U 1 2  p ro v i de s  a de t e c t o r  r e v e r s a l  t e c h n i q u e  w h i c h a l so ca n c e l s  op a mp 

o f f s e t s , b u t s e t t l i ng t i me on l y  o c c u r s  o n c e  a t  t he beg i nn i n g o f  t h e  

mea s u reme n t  s e q ue n c e . T h i s  r e su l t s i n  f a s t e r  me a s u reme n t  s p e e d s  a bove 

2 0 0 H z . 
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T h e  d i g i t a l - t o- ana l o g  c o n v e r t e r  ( D AC ) i s  t he a na l o g  de v i c e t h a t pro-

d u c e s  t he a c t u a l  wa ve f o rm . I t  w o r k s  w i t h ope ra t i o na l ampl i f i e r  U 1 4  to 

t ra n s f o r m  t he DAC ' s  c u r r e n t  ou tpu t i n t o a vo l tag e wa v e form . T h e  s i n e-

w a v e  o u t p u t  f r o m t h e  s i n e g e n e r a t o r  i s  l O Y p e a k - t o- p e a k  a n d  i s  

symme t r i c a l  a r ou nd z e ro . 

3 . 3 . 1 . 2  A n a l og- t o-Dig i t a l  C o n ve r t e r  

20kfl 

+ 5V REF 

1 0kfl 1 . 28MIl 

+5 V 

0.068" F 

OFFSET 
AMP 

33kll 
INTEGRATOR COMPARATORS 

SIMPLIFIED AID CONVERTER 

------- UNKNOWN INTEGRATION ------- 1 

@ O V ---=-.J 

, �- '- � )  
COARSE COUN�-

� �6L�ET;--
TOTAL COUNT = 1 024 = COARSE COUNTS + FINE COUNTS 

INTEGRATOR W AVEFORM 

@ 

F igure 3 -4 . A/D Conve rter S i mp l i f i ed D i a g ram 
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The a na l og- t o- d i g i ta l c on ve r t e r  i s  ca l l e d  a " c ha rg e  ba l a n c i n g " A/D 

con v e r te r  ( se e  F i g u re 3 -4 ) . Mo v i n g f rom l e f t  to r i g h t  on t he d i a g ram , 

t he o f f s e t  amp l i f i e r ,  two s e c t i on s  o f  q u a d - a mp l i f i e r  U 3 , o f f s e t s  the  

DC i n p u t  vo l t a ge s , f r om the  pha s e  re c t i f i e r , so  t h e y  a l w a y s  rema i n  one 

po l a r i ty .  S o l i d  s t a t e  sw i t c h , UI , s e l e c t s  i n pu t s , i . e .  u n k nown s i g 

na l ,  s ta n d a r d  s i g na l , c oa r s e  re f e r e n c e , f i n e re fe r e n c e , o r  z e ro , t o  

t he t h i rd s e c t i on o f  U 3 , t h e  i n t e g ra t o r . T h re e  c ompa ra t or s e c t i on s  o f  

U 5 , a nd l og i c  U 7 , U 8 , U 6 , a nd U l l ( se e  s c hema t i c d i a g ram i n  Se c t i o n 5 

o f  t h i s  manu a l ) , s yn c h ro n i z e  t he t u r n i ng ON a n d  O F F  o f  coa r s e  a n d  f i ne 

c ou n t e r s  w i t h  t he sw i t c h i n g  o f  c oa r s e  a n d  f i n e  r e fe re n c e  i n pu ts t o  t h e  

i n t e g ra t o r . C ou n te r  t i me r ,  U 2 9 , h a s  3 c ha n ne l s :  t w o  c ha n n e l s  a re 

c ou n t e r s , o n e  f o r  c o a r s e  c o un t s , a n d  one f o r  f i ne c ou n t s  d u r i ng A/D 

c o n v e r s i o n , a nd t he t h i rd c h a n n e l  s e t s  up , t h r o u g h t he bus  s y s tem , t h e  

n um b e r  o f  m u l t i p l e s o f  te s t  f re q ue n cy ove r w h i ch t h e  i n t e g r a t or w i l l  

i n t e g ra t e .  T h e  2 1 5 0 / 2 1 6 0 i s  l o cked i n t o  e xa c t  mu l t i p l e s  o f  t he t e s t 

cyc l e  o r  t e s t f re q u e n c y  be c a u se i t  i s  t he t e s t  f r e q u e n c y  t ha t  d e t e r

m i n e s  t h e  a c t u a l  i n te g ra t i on t i m e . T h e  D i g i ta l  a s s e m b l y a l s o c o n t a i n s 

supp o r t  l og i c  f o r  t he A/D c o n ve r te r . The  s u ppo r t  l og i c  i n t e r f a ce s  t h e  

A / D  c o n v e r t e r ' s  o u t p u t  t o  t h e  m i c r o c o m pu t e r , a n d p e r f o r m s  l e ve l  

s h i f t i n g f o r t h e  d r i ve s i g na l s  to t he i n p u t  ( re f e r e n ce ) sw i t c he s  on 

t he i n t e g ra to r .  T h e  e a s i e s t  way t o  s t e p  t h roug h t he A/D c o n ve rs i o n  

sequ e n c e  i s  t o  f o l l ow t h e  i n t e g r a t o r  wa v e f orm ( i n F i g u r e  

c i  r c  l e d  I e  t t e r s  o n  t h e  w a  v e  f o rm corre spond  t o  t h e  i n p u  t 

sw i t c he s  i n  t h e s i mp l i f i e d  d i a g ram . 
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The i n t e g ra t 0 r wa ve f o r  m s ta r t s f ro m t h e  0 V 1 eve  1 . vi h e n  s w i t c h A i s 

t u r n e d  O N , t h e  i n t e g r a t o r  s t a r t s  r a m p i n g t o w a r d  t h e  + 5 V l e v e l . 

( S w i t c h  A a l l o w s  t h e u n k n ow n  s i g n a l , a D C  v o l t a g e  f r o m  t h e p h a s e  

r e c t i f i e r , t o  pa ss t o  t h e  i n t e g ra t or . )  Upon r e a c h i ng t h e  + 5 V  l e v e l  a 

compa ra t o r ,  ca l l e d " H I  CaM P " , c a u s e s  t h e l og i c  t o  t u r n  sw i t c h  B ,  t h e  

c o a r s e  r e f e re n ce , ON . W i t h bo t h  sw i t c h e s  ON , t he i n t e g r a t o r  ramps 

ba c k  d ow n  t owa r d  z e  ro . I t r a m p s  d ow n  to a pp r o x  i rna t e  1 y + 0 . 1 2 V w h e r e  

t h e  " La CaMP " compa ra tor t r i p s t u r n i n g t h e  B swi t c h  O F F . W i t h  t h e  A 

sw i tc h  ON by i t se l f  a g a i n , t h e  i n t eg ra t o r  ramps ba c k  u p  towa rd + 5 V . 

Sw i t c h  B c om e s  back  ON a t  t h e  + 5 V  l e ve l , a n d  t h e i n te g r a t o r  ramps down 

t owa r d  z e r o . The o b j e c t  of t h i s  sw i t c h i n g te c h n i q u e  i s  to keep t he 

i n t e g r a t o r  i n  bound s , be tween  + 5 V  a nd + 0 . 1 2 V ,  f o r  t he d u r a t i o n of  t h e  

u n k n ow n  i n t e g ra t i o n .  T h i s  a l l ow s  l onge r i n t e g r a t i on t i me s  w i t h o u t  t h e  

i n t eg ra t o r  g o i n g  ou t o f  r a n g e  a n d  p r o v i d e s  a w i d e  c h o i ce o f  

i n t e g r a t i o n  t i m e s  a n d  a l s o  p ro v i d e s  s h o r t e r  t o t a l  i n te g ra t i o n  t i m e due 

t o  the o v e r l a p  of  the r e f e r e n c e  s i g na l w i t h  t h e u n k nown i n t e g ra t i on . 

A t  the  e n d  o f  

rema i n e d  O N  

t he unk nown 

d u r i n g t h e  

i n t e g ra t i o n ,  s w i t c h  A 

u nk n own i n t e g ra t i on . )  

i s  t u r n e d  OFF . 

N ow , s i n c e  

( I t 

t h e  

i n t eg ra t o r  i s  s t i l l  a b ove t he O V  l e v e l , sw i t c h  B i s  t u r n e d  O N  d r i v i n g 

t he i n t e g ra t o r  t o  t h e  0 . 1 2 V l e ve l , t h e n  i s  t u r n e d  O F F  a n d sw i t c h  C i s  

t u r n e d  ON . Sw i t c h  C i s  c a l l e d " f i ne "  re f e r e n ce . T h e  f i n e r e f e r e n ce 

br i ng s  t h e i n t e g r a t o r  ba c k  t o  O V . 

T h e  re l a t i on s h i p  betw e e n  c oa r se a n d  f i n e re f e re n c e  l e ve l s  l i e s  i n  t h e  

f a c t  t h a t  t h e y  e a c h  h a v e  a n  a s s o c i a t e d  c o u n t e r .  E a c h  t i m e t h e B 

s w i t c h  i s  t u r n e d  O N , a c o u n t e r i s  b e i n g g a t e d  t o  k e e p  t r a c k , b y  

a c c u m u l a t i n g c o u n t s , o f  how l o n g  sw i t c h  B w a s  on . ( I n F i g u r e  3 - 4 , t h e 

wave f or m  h a s  f o u r  bu r s t s  o f  coa r s e c o u n t s , t h ree o f  w h i c h  a r e r o u g h l y  

t he s a m e  l e ve l , t he f o u r t h  i s  a f i n i s h o f f  o f  t he c oa r s e  c ou n t s . )  T h e  

f i n e  c ou n te r  a l s o  a c c um u l a te s  c o u n t s  w h e n  sw i t c h  C i s  t u rn e d  ON . T h e  

r e l a t i o n s h i p ,  f o r  c o u n t s , i s  o n e  c o a r s e  c o u n t  e q u a l s  1 , 0 2 4  f i n e 

c o u n t s . 

W h e re d o e s  t h i s  1 , 0 2 4 cou n t  re l a t i o n s h i p  come f r om? 

e l s l i  
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L o ok i ng care f u l l y  a t  t h e  c oa r se a n d  f i ne re f e re n c e  l e ve l s ,  y o u  f i n d 

t h a t t h e  c oa rse  a n d  f i ne d i f f e r  by a f a c t o r  o f  1 2 8 ,  n o t  by 1 , 0 2 4 .  The 

c l o c k s  a s s o c i a t e d  w i t h  the c o a r s e  coun t e r  and t h e  f i ne c ou n t e r  a re not  

the same , o n e  c l o c k  i s  1 2 0 kH z , t ha t  is  the c o a r s e  c o u n t  c l oc k , and t he 

f i n e c l o c k  i s  8 t i m e s  t h a t  o r  9 6 0 k H z . A s  a r e s u l t  t h e r e i s  a 

f a c t o r - o f - 8  d i f f e re n c e , a n d  8 t i mes 1 2 8 equa l s  1 , 0 2 4 .  

T h e  t o t a l o f  a l l  c oa r s e  a n d  f i ne cou n t s  c on s t i t u t e s  a mea su re d  v a l ue . 

A c c umu l a t e d  c o u n t s  f o r  e a c h  o f  t he f o u r  mea su r e d  v a l u e s  

V 9 0 ° ,  V 0 ° ,  V 9 0 ° ) a re s e n t  unknown s ta n d a r d  s ta n d a rd 
c ompu t e r . 

3 . 3 . 2  Analog C i rcu i t  Card ( piN 53675 ) 

3 . 3 . 2 . 1  S ign a l t o  t h e  U n k n ow n  

'¢r 

Y 
U22 

R47 R48 

��7 C
I
�8 

1\ 1\ 
C55 C54 
1/ JI 1\ 1\ 

C53 C52 
II If 1\ 1\ 

C5 1 C50 
II II 1\ 1\ 
C
I
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l 1\ 11 
I \ \ 1 1  

U20 
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To 
Iso lati on 
T ransfarmer 

( V  0 0 
u n k n ow n  ' 

t o  t h e  m i  c r o-

F igure 3 - 5 . L evel Se t ,  F i l te r ,  and Power Ampl i f ier B lock D i agram 
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A s  t h e  s i n ewa ve f r om the  s i n e  g e n e ra t or comes  on t o  t h e Ana l og c i r cu i t 

c a r d , i t  g oe s  t h r o u g h a l e v e l - s e t t i ng DAC . T h e  l e ve l - s e t  DA C i s  a 

t h e  

T h i s 

twe 1 ve- b i  t c o n ve r t e r  u n d e r  m i  c r o c ompu t e r  c o n  t r o l . I t c a n  re d u ce 

t e s t  s i g n a l t o  a n y o n e  o f  4 0 9 6  p r e d e t e r m i n e d  t e s t  l e v e l s . 

l e v e l - s e t DAC , U 2 2 , i s  g a n g e d  w i t h  U 1 7 , t h e  va r i a b l e  g a i n  D A C . 

a s  t h e  t e s t  s i g n a l l e v e l  i s  r e d u c e d , t h e  m e a s u r e d  s i g n a l 

ampl i f i e d  by t he s a me amou n t  f or f u r t h e r  proc e s s i n g .  

Th e n , 

c a n  b e  

T h e  l e v e l - s e t D A C  o u t p u t s  a s t a i r s t e p p e d  s i n e w a v e  t h a t m u s t  b e  

f i l t e r e d  b e f o re i t  c a n  b e  u s e d . T h e  Ana l og a s s em b l y  ha s f i ve f i l te r s 

t ha t  c a n  b e  s e l e c t e d  f o r  t h i s  j ob .  F i l te r  s e l e c t i o n i s  d e pe n d e n t  o n  

t h e  t e s t s i g na l  f r e q u e n c y : 

C 6 0  a n d  C 6 1  a re s e l e c t e d  a t  f re q u e n c i e s  be l ow 2 0 0H z , 

C 5 0  a n d  c 5 1  be tw e e n  2 0 0 H z  a n d 2 k H z , 

C 5 2  a n d  c 5 3  be tw e e n 2 k H z  a nd 2 0 k H z , 

C 5 4  a n d  C 5 5  be twe e n  2 0 k H z  a n d  4 2 . 8 k H z , 

C 3 7  a n d  C 3 8  be twe e n  4 2 . 8 k H z  a n d  1 5 0k H z . 

T h e  f i l t e r e d  s i n ewa ve l S  s e n t  to  t he powe r a m p l i f i e r . 

T h e  powe r ampl i f i e r  c on s i s t s p r i n c i pa l l y o f  op amp U 1 9  a n d  t ra n s i s t o r  

a r r a y  Q 2 .  T h e  ou t p u t  o f  Q 2  s u pp l i e s  e n o ug h  c u r re n t  t h r o u g h  t h e  H I  

DR I VE p o r t  t o  t h e  u n k nown s o  a mea s u r e me n t c a n  be made . T h e  pow e r  

a m p l i f i e r  a l s o s u p p l i e s  a s i g na l  t o  t h e  i s o l a t i on t ra n s f o rme r a n d  t he 

h i g h  s i d e  o f  t h e  s t a n da rd ( ra n g e ) r e s i s t o rs . 
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3 . 3 . 2 . 2  R a nge Sw i t c h i ng 
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F i g u re 3-6 . Range Swi tc h i ng B l ock D i a g ram 

F i g u r e  3 - 6  i l l u s t ra t e s  t h e  r a n ge sw i t c h i n g u s e d  i n  t he 2 1 5 0 /2 1 6 0 .  The  

d i a g ra m  s h ows t he s ta n d a r d  re s i s to r  c om b i na t i on s  u se d  t o  c on f i g u re a n y  

o f  t h e  re s i s ta n ce rang e s , 0 t h rough  4 .  Due t o  h i g he r  c u r r e n t  prese n t  

a t  t h e  l ow i mp e da n ce ra n g e s  ( 0  a n d  1 ) ,  re l a y s  K 5  a n d  K 6  a r e  u s e d  t o  

s w i t c h  t h e 1 0 0 a n d 9 0 0  s t a n d a r d  r e s i s t o r s  i n / o u t o f  t h e f e e d b a c k  

c i r cu i t ,  w h i l e t h e  9 0 00 ,  9kO,  a n d  9 0 k O  r e s i s t o r s  a re sw i t c h e d  by s o l i d  

s ta t e  s w i t c h  U 4 . T h e  op amp , U l  a n d  bu f fe r  f o r c e  a l l  c u r r e n t  to pa s s  

t h roug h t h e  s e l e c t e d  ra n g e  re s i s t o r .  V o l t a ge s e n s i n g i s  p r o v i ded by 

t he e x t r a  c on ta c t  po i n t  a t  e a c h  ra n g e  v a l u e . 

R a n g e  4 ( l O O kO )  i s  l o c k e d  ou t a bove 1 0 k H z  d ue t o  s t ra y  c a pa c i  t a n c e  

e f f e c ts . 
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3 . 3 . 2 . 3  S e r i e s  Spo i l i ng R e s i s t ors 

+ 5V 

....-------,..--,- To HI D RI VE 

R l  
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1 4  1 K2 
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2 

F rom Pow er Am pl if ier  

F i gure 3 - 7 . S e r i e s  Spo i l i ng Re s i s tors 

Se r i e s  s p o i l i n g r e s i s t or s , Rl  thru R4 , s t a b i l i z e t h e i n s t r um e n t f o r  

re a c t i v e u n k n ow n s . Ea c h  r e s i s to r  i s  p l a c e d  i n  s e r i e s  w i t h  t h e  unk n ow n  

b y  r e l a y s  K l  a n d  K 2 . T h e  s po i l i ng r e s i s t o r s  a re c h a n g e d  i n  co n j u n c-

t i o n  w i t h  a c or re spond i n g  s ta n da rd r e s i s t o r . 
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3 . 3 . 2 . 4  P h a s e  Tr i ms 

T P I  

,--..,..,I :3i+--o O :3 
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From HI  SE N S E ---... _________ ----l 

F i g u re 3-8 . P hase Tr i ms 

P h a s e  ca l i b ra t i on t r i mm e r s  R I g  t h ru R 2 3  a n d  R 4 0  ca l i br a t e  d i s s i pa t i on 

fa c t o r  f o r  e a c h  mea s u re me n t  r a n g e . T h e y  compe n s a te for p h a s e  

d i  f f  e re n c e s  be twe e n  t h e  u n k n own a n d  s t a n d a  r d  mea s u re m e n  t c ha n n e  1 s .  

S o l i d  s ta te sw i t c h  U 5  c ha n g e s  t he pha se t r i m  w h e n  t h e  c o r re s p o nd i ng 

ra n g e  re s i s t o r  i s  c ha n g e d . 

3 . 3 . 2 . 5  D i f f e re n t i a l  Ampl i f i e r  

2 U 1 5 '5 

( 3 9  
F rom R35 R45 

L 0 -"""'or-----� 
S E N SE 

R4 1 
R46 14 

1 3  
A 

Fi gure 3-9 . Di f fere n t i a l  Ampl i f i e r  

e l s l i 
3 - 1 5  

2 1 5 0 / 2 1 6 0  5 / 8 5  

3 U 1 5  
4 U 15 

T P3 

To 

:>=-_....,� Vari ab le  
Gain  
A m p l i fi ers 



T h e  d i f f e r e n t i a l  a m p l i f i e r c o n s i s t s  of  3 s e c t i o n s  o f  q u a d - a m p l i f i e r  

U 1 3 . I t s i n pu t i s  s e q u e n t i a l l y s e l e c ted by t h e  i np u t  m u l t i p l e x e r  U I O .  

T h e  mu l i t p l e x e r  s e l e c ts e i t h e r  t h e vol t a g e  d r op a c r o s s  t h e  u n k n own , 

t h e  v o l ta g e  d rop a c r o s s  t h e  s ta n d a rd ( r a ng e )  r e s i s t o r , o r  t he 1 . OV RMS 

r e fe r e n c e  vol t a g e  f o r  me a su re me n t .  T h e  re f e r e n c e  vo l ta g e  i s  me a s u r e d  

f i r s t . T h e  m e a s u r e d  re f e r e n c e v o l  t a g e  i s  r e c o r d e d  a s  a re f e r e n ce 

n u m be r o f  cou n t s ( A/ D  c o n v e r t e r  co u n t s ) a ga i n s t  w h i c h  t h e  me a s ured 

u n k n own a n d s ta nda r d  s i g na l s  a r e c ompa r e d . 

3 . 3 . 2 . 6  V a r i a b l e  Ga i n  Ampl i f i e r  

F rom Rang e  Ga i n  A m p l T I l er - T Ph r- 0 a s e  ec I l er 0 R t T  T P5 

1 6  1 5  
� F B  REbuT .1 9 U l l  

U 1 7  1 0J. 7 I 
1 3  _ D D g g D D D � OUT 2 WR B B B B B 6 5 4 :3  2 I o CS 2 

4 5 6 7 B 9 1 0  I I  1 2  1 3  (44 A 
'VA 

S TD BU S  

F i gure 3-10 . Va r i a b l e  Ga i n  Ampl i f i er 

The va r i a b l e  g a i n  a m p l i f i e r  ( V GA ) , U 1 7 ,  w o r k s  i n  c on j u n c t i on w i t h  t h e  

l e v e l  s e t  a n d  t h e r a n g e  g a i n  t o  b o o s t  t h e  m e a s u r e d  s i g n a l  t o  t h e  

p r ope r ope ra t i ng l e v e l s  f o r  t he pha s e  re c t i f i e r . T h e  VGA i s  a pro

g ra m ma b l e  DAC capa b l e  of  p r o d u c i n g s i g na l  g a i n s of  1 to 2 5 6 . 

3 - 1 6  
e / s / i  2 1 5 0/ 2 1 6 0 5 /8 5  



3 . 3 . 2 . 7  O ve r l oa d  De t e c to r  

S i g n a l  from Vari ab le  Gain R30 

+ 5 V 

R3 1 R32 

+ V 
C 26 

Ampl  i fi er go i ng to -_Nv-----1.----"-I >'--e----+-�82 S igna l  Over l oad 
Phase Rectifier 

R33 

C28 R34 

to M i ero-Com pu ter 

F i gure 3-1 1 .  Over l oad De tector 

Ove r l oa d  d e te c t o r  U7  m on i t o r s  t he s i g n a l g o i n g f r o m  the o u t p u t  of t he 

va r i a b l e  g a i n  ampl i f i e r  t o  t he p ha s e  r e c t i f i e r . T h i s  peak d e t e c t o r  

i n d i ca te s  o ve r l oa d  w h e n  t h e  s i g n a l  i s  too h i g h . T h e  d e t e c t o r ' s  o u tpu t 

goe s H I  w h e n  a n  ove r l oa d  o c c u r s  a n d  t h e  V i d e o B r i dg e  d i sp l ay r e s u l t s i n  

a n  e rr o r  m e s s a g e  o f  " E RROR Ana l o g " .  

S e e  S e c t i o n 2 . 1 1 f o r  e r ro r  me s s a g e  d e s c r i p t i on s . 

3 - 1 7  
e l s l i 2 1 5 0 / 2 1 60 5 /8 5  



3 . 3 . 2 . 8  P h a s e  Re c t i f i e r  

2 \ 
OUT 2 OU T \ I I  DBO 

OBI 10 

U 1 4  082 9 
A0 7 5 2 4 OB3 8 

OB4 7 
OB5 6 
OBS 5 
MSB 4 

B,WR REF 

rr 1 5  

'VA 

1 

1 

R 4 2  

10K 
1 ·/. � I 

3 +  U I I 
IL074 

6 001  A 5  
7 002 A4 8 003 A 3 
9 004 U I 2 A 2  
I I  005 745472. 12 A I 
13 0 06 A O  

00 7 A il  14 008 " 7  
� ,. .. 

R�� I O KV 1 %  

I�O 

T P - 4  

C 5 7 
, r 

150 p f 

R 44 

4 .  �� " 
\ ". 

R 4 3  6 
IO K, I% 1 

5 +  
U I I  

i L 0 7 4  

'VA f. 
16 
5 
4 3 
2 
I 
19 

� fll 

F i g u re 3-1 2 .  Pha se Rec t i f i e r  

8 6  

8 5  

8 3  

6 7  (FQl) 

68 IF I )  

6 9  ( F 2 )  

70 IF 3 )  

7 1  ( F 4  ) 
7 2  I F  5 )  
8 8  

The p h a s e  r e c t i f i e r , s h own i n  t h e  B l oc k  D i a g ra m , r e s i d e s  i n  U 1 4 , U 1 2 ,  

a n d  U l l ; a f o u r  q u a d ra n t , CMOS d i g i t a l - to-ana l og c o n ve r te r .  T h e  pha s e  

re c t i f i e r  i s  d r i ve n  by a 5 1 2  x 8 b i t  PROM w h i c h  d o e s  t h e  s y n c h r o nous 

g a t i n g  n e e d e d  t o  g i ve a D C  ou tpu t . T h e  PROM i s  d r i ve n  b y  s i x  i n p u t  

l i n e s  t ha t a r e ha rmon i c s o f  t h e  t e s t  f r e q u e n c y . T h r e e  o t h e r  i npu t 

l i n e s  a r e u s e d  t o  s e l e c t  t he 0 ° /9 0 ° b i t ,  0 ° / 1 8 0 °  bi t ,  a n d  L OW / H I G H  

f r e q u e n c y  b i t .  T h i s  c i rc u i t  pr o v i d e s  a m u l t i p l i e r type  a c t i on o f  

p h a s e  d e t e c t i o n .  I t  

s i g na l )  c om i n g i n  a n d  

t a k e s  t h e p r o d u c t  o f  t h e  s i n e w a v e  ( m e a s u r e d  

t h e  d i g i t a l l y re l a t e d  s i newave  ( f r o m  t h e  PROM ) 

t o  produ c e  a DC c u r re n t  ou t pu t .  T h e  c u r re n t  ou tpu t o f  U 1 4  i s  s ummed 

by two s e c t i o n s  of ope ra t i o na l a m p l i f i e r U l l to p r od u c e  a f u l l w a v e  

vo l ta g e  o u t pu t . 

e l s l i  
3 - 1 8  

2 1 5 0 /2 1 6 0 5 /8 5  



3 . 4  MOTHERBOARD 

Vcc }--

SINEL-
GENERATOR� 

POW ER 
ON RESET 

U l  
Z 8 0  C P U  

7 .68MHz 

MASTER r- - - - - - - -
CLOCK 

3 .58MHz 

I I MOTHERBOARD CONNECTIONS ( STD\ BUS .... TO ANALOG. �::::::t I/O B U F F E R  1s::i==========fi==iZi2ft::::.,.I:@:':> DIGITAL. GPIB . 1:':: � RS-232 I I .... CONNECTIONS 

U 1 2  
KEYBOARD I/O 

U 1 3  
INTERRUPT 

CONTROLLER I/O 

U 2 . U 3 . U4. U5. U 6 . U 7 . U 8  
M A I N  M EMORY 

I'::z:::r-.t U 3 1  \;;0 VIDEO M EMORY 

N ON-VOLATILE 

1-:-:-:-:,;,:-: 

I M E MO RY I 
L �O�O�� J 

U 2 6  
VIDEO 

DISPLAY 
GENERATOR 

Q l .  Q2. Q3 
VIDEO VIDEO TO 

- A M PLIFIER/ :------7 ���ti�IO NER 
B U F F ER 

F i g ure 3 -1 3 . Motherboa rd S i mpl i f i ed D i ag ram 

A s i mp l i f i e d  d i a g ra m  o f  t h e  m o t he rboard i s  s h ow n  i n  F i g u re 3 - 1 3 .  T h e  

mo t h e r bo a r d  a r c h i  t e c t u re c e n t e r s  o n  i t s s ta nda r d  c ommu n i ca t i on b u s  

w h i c h  h a s  6 s l o t s  f o r  p l u g g i n g  i n  c i r c u i t c a r d s  c o n ta i n i n g mea s u re me n t  

c i r cu i t ry ,  I EE E - 4 8 8  i n t e r fa c i n g c i r cu i t r y , R S - 2 3 2 C  i n te r fa c i n g  

c i  r c u i  t r y , a n d  o t he r b u s  c ompa t a b l e  de v i c e s . T h e  m o t h e r bo a r d  h o l d s  

t h e  Z 8 0  C P U  c h i p  a n d  i t s memory , t h e  v i de o  g e ne ra t o r  a n d  i t s m e mo r y , 

t h e  m a s te r  c l o c k , a n d  a s s o c i a t e d  c o n t r o l  l og i c .  

e l s l i 
3 - 1 9  

2 1 5 0 / 2 1 60 5 / 8 5 



3 . 4 . 1  C P U  

T h e  c e n t r a l  p r o c e s s i n g u n i t  ( C P U ) u s e d  i n  t h e 2 1 5 0 / 2 1 6 0 i s  a Z 8 0  

m i c r op r o c e s s o r  c h i p .  I t  ha s c o mp l e t e c o n t r o l  o f  a l l  f u n c t i o ns o f  t h e  

i n s t rume n t  a n d  d o e s a l l  t h e  c a l c u l a t i on s  r e q u i re d  t o  a r r i ve a t  t h e  

de s i r e d  m e a s u r e d  qua n t i ty .  T h e  C P U , w h e n  j o i ne d  w i t h t h e  k e y b o a r d  I /O 

( U 1 2 ) ,  i n t e r r u p t  con t r o l l e r  I / O ( U 1 3 ) ,  a n d  ma i n  memo r y  P ROM , ROM , o r  

R A M  ( U 2 t h r u  U 8 ) ,  comp r i s e  t h e  2 1 5 0 / 2 1 6 0 ' s  i n t e r na l  m i c r o c ompu t e r .  

A c o m p u t e r  

pe r i p h e ra l s . 

b u s  e x i s t s t o  c o n v e y  i n f o r m a t i o n f r o m  t h e  C P U  t o  i t s 

T o  d o  t h i s  t he C P U  mu s t  supp l y ,  a n d  t h e  b u s  mu s t  convey 

ce r t a i n  s p e c i f i c  i n f o r ma t i on s u c h  a s : 

1 .  W ha t  i n f o rma t i o n ?  

2 .  T o  w h om? To w ha t  d e s t i na t i o n ?  

3 .  W h e n  i s  t h e  i n f o rma t i on va l i d ?  

4 .  W h e n  i s  t h e d e s t i na t i on name va l i d ?  

The e x a c t  i n f orma t i on i s  c o n v e y e d  o v e r  a n  8 b i t DATA b u s ,  t h e  s o u r c e  

o r  d e s t i na t i on o f  t h e  i n f o rma t i on i s  c on v e y e d  ove r a 1 6  b i t  A D D R E S S  

b u s , a n d  t h e  " w he n s " a re r e s o l ve d  b y  C ONTROL l i n e s .  T h e  DATA b u s , 

A D D R E S S  b u s , a n d  C ONTROL 1 i n e s  a re c o m b i  n e d  i n t o  one  s e  t o f  pa ra  l l e 1 

l i n e s , on  t he mo t he r boa r d , ca l l e d  t he s ta n d a r d  ( S TD ) bu s .  

A n y  C P U  c a n  s u p p o r t o n l y  s o  m a n y  c a p a c i t i v e ,  a n d  o n l y  s o  m a n y  D C  

l oa d s . E x pa n s i o n beyond t h e s e  l oa d  l i m i t s requ i re s  b u f f e r i n g . A l l  

A D D R ES S , DATA , a n d  C ONTROL l i n e s  a r e bu f f e re d  b e f o r e  t h e y  a re r o u t e d  

t o  t h e  s t a nd a rd ( STD ) bus . T hu s , a l l  de v i c e s  t ha t ta l k  t o  t h e  C P U  c a n  

b e  d i v i d e d  i n t o  t w o g r o u p s : t h o s e  t h a t  e x i s t  o n  o n e  s i d e o f  t h e  

bu f f e r s  ( t ha t t a l k  d i re c t l y t o  t h e  C PU ) , a n d  t h o s e  t h a t  e x i s t  on t he 

o t he r  s i d e  o f  t h e  bu f f e r s  ( t h a t t a l k  t o  t h e  C PU t h r ou g h  t h e  bu f f e r s ) .  

I t  i s  t h e  j o b  o f  t h e  mo t he r b oa rd ' s l og i c  t o  d e c i de o n  w h i c h  s i de o f  

t he bu f f e r s  a d e v i c e  i s  a n d w he t he r  o r  n o t  t o  e na bl e  t h ose bu f f e r s . 

I f  a n  a d d r e s s e d  d e v i c e  i s  on t h e  C PU s i de o f  t h e  bu f f e r s  ( I N T E RNAL ) ,  

i t  n e e d s  t o  be s i ng l e d  ou t ( S E L EC T E D ) b e f o r e  i t  c a n  s p e a k  or  be spoke n 

t o . De v i c e s  t h a t  a re I N T ERNAL a re :  

3 - 2 0  
e l s l i 2 1 5 0 / 2 1 6 0  5 / 8 5  



1 .  K e y b o a r d  I /O , K D I 1 8 2 7 9 , U 1 2  

2 .  I n t e r rup t c o n t r o l l e r  I /O ,  C TC 3 8 8 2 ,  u 1 3  

3 .  V i de o  d i sp l a y  g e n e r a t o r  c on t r o l , M C 6 8 4 7 , U 2 6  

4 .  V i de o  memor y , RAM , U3 1 

5 .  Ma i n  memory , P ROM , ROM , or  RAM 

L og i c  on t he m o t he r boa r d  i s  p r og rammed t o  k n ow the  a ddre s s e s  o f  t h e s e  

I NT E RNAL d e v i ce s . F o r  a l l  de v i ce s  n o t  I N TE RNAL , t h e  mo t h e r bo a r d  l og i c  

p r e s u m e s t h a t  t h e y  r e s i d e  s om ew h e r e o f f  t h e m o t h e r b o a r d , a n d  t h e 

approp r i a t e  b u f fe r s  a re e n a b l e d . 

I /O d e c ode i s  a c c omp l i s he d  w i t h two M S I  ( M e d i um S c a l e  I n t e g ra t i on )  

a d d r e s s  c ompa r a t or s , U l l  a n d  U 9 . U l l  i s  a c ompa ra t o r  w h i c h  i s  s e t  t o  

r e c og n i z e  a r a n g e  o f  I /O a d d re s s e s . T h i s  r a n g e  i s  s u bd i v i de d  b y  t h e  

7 4L S 1 3 9  w h i c h  i s  a 2 : 4 l i n e  d e c o d e r / s e l e c t o r . W h e n  U l l re c o g n i z e s  a 

va l i d  I NT E RNAL I /O a dd r e s s  i t  s e l e c ts t he d e c o d e r  w h i c h  r e s o l v e s  t h e  

a d d re s s , a l l ow i n g  o n e  p a r t i cu la r  I NTERNAL I /O de v i ce t o  c ommu n i ca te 

w i t h  t he C P U . 

M e m o ry de c od e  i s  a c c o mp l i s he d  w i t h U 1 4 , w h i c h  i s  a 3 2  x 8 b i t f u s e d  

l i n k R O M . T h e i n p u t s  t o  t h e R O M  a r e a d d r e s s  l i n e s , t h e R O M  i s  

p r o g rammed t o  d o  a t a b l e  l ookup : " t h i s  a d d r e s s  i n , m e a n s  t h i s  c h i p 

s e l e c t  o u t . "  T h e  c h i p - s e l e c t  o u t p u t s  a r e  r o u t e d  t o  o n e  o f  t h e 

I NT ERNAL me mory s oc k e t s  ( U 2 t h r u  U 8 ) . N o t e  t h a t  U 1 4  i s  d o i ng t h e  s a m e  

j ob f o r  t he m e m o ry a s  t h e  c ompa ra t o r  a n d  s e l e c t o r  a re f o r t h e  I /O .  

A l s o  n o t e  t h a t  t h e s e  a re more t h a n  j u s t  a d d r e s s  l i n e s  e n t e r i ng t h e  

c o m p a r a t o r  c h i p s  i n  b o t h  o f  t h e p r e v i o u s  c i r c u i t s ,  t h e s e  a r e t h e  

CONTROL l i n e s  t ha t  t e l l  t he c ompa ra t o r  w he n  t he a d dre s s  i s  va l i d  a nd 

w h e n  a c h i p  s e l e c t  c a n  be o u t pu t .  

3 - 2 1  
e \ s \ i  2 1 5 0 / 2 1 6 0  5 /8 5  



3 . 4 . 2  S ta ndard Communi ca t ions Bus 

W h e n  the C P U  a d d re s s e s  a d e v i c e  on t he o u tpu t s i de ( E XTERNAL ) of t he 

C P U  b u f f e rs , i t  a l s o  n e e d s  t o  be s i n g le d  ou t ( S E L E C T E D ) be f o r e  i t  c a n  

s p e a k  o r  b e  s p o k e n  t o . T h e r e  a r e a n u m b e r o f  l i n e s ,  c a l l e d t h e  

s ta n da rd ( S TD ) bus , t ha t a re d e d i c a t e d  t o  con vey i ng a dd r e s s  

i n f o rma t i on , c o n t ro l  s i g na l s ,  a n d  da ta t o  a n d f r om t h e se E XTERNAL 

d e v i ces . T he STD  b u s  h a s  s i x  l o c a t i on s  f o r  p l ugg i ng i n  mea s u reme n t  

a n d I / O  d e d i c a t e d  d e v i c e s . S t a n d a r d  b u s  s i g n a l s  a n d  c a r d  e d g e  

c o n ne c t i on s  a r e i de n t i f i e d  i n  T a b l e  3 - 1 . De v i c e s  t h a t a re se r v i c e d  by 

t h e  STD b u s  a re : 

LOG I C  
POWE R  
B U S  

DATA 
B U S  

A D D R E S S  
B U S  

C O N TROL 
BUS 

POWER 
B U S  

1 .  D i g i ta l  a n d  A n a l o g  Me a su r e me n t  c i r c u i t  a s sem b l i e s .  

2 .  G P I B  c i r c u i t  a s s e mb l y  ( op t i ona l ) .  

3 .  R S 2 3 2 I n t e r f a ce c i r c u i t a s se m b l y  ( op t i ona l on 2 1 5 0 ) . 

4 .  C a s s e t t e tape i n t e r f a c e  ( M ode l 2 1 6 0  o n l y ) .  

Tab.1e 3-.1 . S tandard Bus S i g na l s  and Card Edge Conne c t i ons 

PI N M N EM O N I C  S I G N A L  D E S C R I  PT I O N  P I N  M N EM O N I C  S I G NA L  D E S C R I  PTI  O N  
F LOW F LOW 

1 + 5 V I n  + 5 Vo l �  DC (Bussed) 2 + 5 V  I n  + 5  Vo l �  DC (Bussed) 
3 G N D  I n  D i g i ta l  Ground (Bussed)  4 G N D  I n  D i g  i to I Ground (Bussed) 
5 - 5V In - 5 Vo l �  DC 6 - 5 V  I n  - 5 Vo l �  D C  

7 D3 I n /Out Low Order Data Bus 8 D7 I n /O u t  H i gh O rder  D a t a  Bus 
9 D 2  In/Out Low Order Data Bus  1 0  D6 I n /O u t  H igh O rd e r  D a t a  Bus 

1 1  D l  In/Out  Low O rder Data Bus 1 2  D5 I n/O ut H i gh O rder Data Bus 
1 3  DO I n/Ou t  Low Order Data Bus 14 D4 I n /Out H i gh O rder  Data Bus  

1 5  A 7  Out Low Order Address Bus  1 6  A 1 5  Out  H i gh O rder  Address Bus  
1 7  A6 O u t  Low Order Address Bus 1 8  A 1 4  Out  H i gh O rder  A ddress Bus  
1 9  A5 Out Low Order Address Bus 20 A 1 3  O ut H igh  O rder Address Bus 
2 1  A4 Out Low Order Address Bus  22 A 1 2  Out  H i g h  O rder Address Bus  
23 A3 Out  Low Order Address Bus  24 A l l Out H igh  O rder A ddress Bus  
25 A 2  O u t  Low Order Address Bus 26 A l 0  Out  H i gh O rder A ddress Bus  
27 A l  O ut Low Order Address Bus 28 A 9  O u t  H i gh Order A ddress Bus 
29  AO Out Low Order Address Bus 30 A8 Out H i gh O rder  Address Bus  

3 1  WR* Out Wri te to Memory or  I/O 3 2  RD* Out Read to Memory or I/O 
33 1 0 RQ* Out  I /O Address Se lect  34 M E M RQ* Out  Memory Address Se l ect  
35 1 0 0 X P* In/O ut I /O Expansion 36 M EM E X* In/Out Memory Expans ion 
37 R E F R E SH* Out Refresh T i m i n g  3 8  M C SYNC* NA C PU Machine Cyc l e  Sync 
39 S TA T U S  1* Out CPU Status (Z80-M 1)  40 SA TUS 0" O u t  CPU S tatus 
4 1  BUSAK* Out  Bus Acknowledge 42 B U S RQ* In Bus Request 
43 I NTAK* Out I nterrupt Acknowl edge 44 I N TRQ* In I nterrupt Request  
45 WA I TRQ* In Wa i t  Request 46 NM I RQ* I n  Non-M oskab l e  I n terrupt 
4 7  S YS RE S ET* Out System Reset 48 PBRES ET* I n  Push Button Reset 
49 C LO C K* Out  C lock  Pro cessor 4 . 0 M H z  5 0  CN T R L* I n  C P U  C lo c k  3 . 84 M H z  
5 1  PCO* Out Priori ty Cha i n  Out  52  PCI*  I n  Priori ty Cho i n  I n  

5 3  A U X  G N D  I n  A U X  Ground (Bussed) 54 A U X  G N D  I n  A U X  G round (Bussed) 
55 AUX + V In  A U X  Pos i t ive (+ 1 2  Vo l ts D C )  5 6  A U X  - V I n  A U X  N egat i ve (- 1 2  V o l ts D C )  

* Low L eve l Act i ve I n d i ca t o r  

e l s l i  
3 - 2 2  

2 1 5 0/ 2 1 6 0  9 /8 5  

• 



3 . 4 . 3  Extra Bus 

S ome E X T ERNAL d e v i c e s  u s e d  in the 2 1 5 0 / 2 1 6 0  c ommun i ca t e w i t h s i gna l s  

t h a t  a re n o t  c ompa t i b l e  w i t h t h e  STD  bu s .  F o r  t h e s e  de v i ce s , a se con d 
propr i e ta ry b u s  

s i g n e d  to c a r ry 

c a l l e d  

a n a l og 

t he e x t r a  b u s  i s  

s i g na l s  a s  w e l l  

u s e d . T he 

a s  d i g i ta l  

e x t r a  b u s  i s  

i n f o rm a t i on .  

de

T h e  
e x t ra b u s  t r a n sm i t s  t h e  f o l l ow i n g  ma j o r  s i g na l  ca t e g o r i e s  ( s e e  Ta b l e  

3 - 2  f o r  a f u r t h e r  b r e ak down o f  s i gna l s ) :  

PIN 

57 
59 
6 1  
63 
65 
67 
69 
7 1  
73 
75 
77 
79 
8 1  
83 
85 
87 
89 
91 
93 
95 
97 
99 

1 .  7 . 6 8 M H z  c l o c k  s i g na l 

2 .  S i n ew a ve te s t  s i gn a l s  

3 .  C h i p  s e l e c t  s i g na l s  

4 .  Mea su r e me n t  c y c le a nd z e ro c r o s s i ng i n f o r ma t i o n 

5 .  R e m o t e  s ta r t  

Table 3-2 . Extra Bus S igna l s  and Card Edge C onnec tions 

M NEM O N I C  

A U X  GND 
AUX + V  
1 0 1  
1 03 
60 H z  
FO 
F 2  
F4 
F6 
H I  GATE 
Z GATE 
HI CM P 
Z CM P 
S I N E  G N D  
LO-V, N 

CPU BUSY 
-7.5 V 
GND 

D ESC RI PTI ON P I N  M N EM ON I C  

A U X  Ground (Bussed) 58 AUX GND 
AUX Pos i t i ve (+ 1 2 VD C )  6 0  AUX - V  
I/O Select 62 1 02 
I/O Select 64 1 04 
60 Hz S quare Wave 66 7 .6 8 M H z  
Test F requency S quare Wove 68 F 1 
4 x FO (FO-F6 connect to s ine R OM Address Pins) 70 F 3  
1 6  x FO 
64 x FO 
Analog Gate Control 
Analog Gate Con trol 
Comparator Contol 
Comparator Control 
Ground 
AID Converter Control 

Indi cates Interna l Process 
5 00 m A  CM OS Sw itches 
Ground 

e l s l i  

72 
74 
76 
78 
80 
8 2  
84 
86 
88 
90 
92 
94 
96 
98 

1 00 

F5 
F INE GATE 
LO GATE 
J N K  
LO CM P 
S I G  OVERLOAD 
S I N EWAVE 
H I -V, N 

STA RT 
+ 7 .5 V  
GND 

3 - 2 3  
2 1 5 0/ 2 1 6 0 9 /8 5  

D E S CRI PTI ON 

AUX Ground (Bussed) 
AUX Negative (- 1 2 VD C) 
I/O Sel ect 
I/O Se lect 
1 28 x 6 0 k H z  
2 x F O  (FO-F6 connect t o  s i n e  ROM Address P ins)  
8 x F O  
3 2  x F O  
Ana log Gate C on trol 
Analog Gate C on trol 
Ana l og Gate C on trol 
Comparator Control 
Comparator Control 
Buffered S i n ewave 
AID Converter Con trol 

Start Measurement 
500mA CM OS Sw i tches 
Ground 



3 . 4 . 4  C lock S igna l s  

T o  Z80 
M i cro-Processor 

R24 
3 30 

T P 1  ..... --... 
4.0MHz 

Vee 

Y l  .----10 
(3 

R27 

T P2 
R26 Vee 

Vee To V ideo D isp lay 
Generator 

TPB U 37 (3 .58 MHz)  

1 CLR RCO 15 3 

Z CLK LOili 14 
3 A QA 13 (4 

� B U36 Q8 12  NC 
5 C QC 

1 1  NC R29 R28 
6 0 QO 
7 £N15  £if 10 

To CPU and 
L-________________ �""'-----_+---- S ine Generutor 

T P3 

Figure 3-14 . C lock S i gna l s  

{7 .68 M H z) 

T h ree c l o c k  o s c i l la to r s  a re l o ca t e d  on t h e  m o t he r boa rd .  One c l oc k  

s i g na l  o f  4 . 0M H z  i s  se n t  t o  t he CPU t o  s e t  p r o c e s s o r  spe e d . I t  c a n  b e  

mon i t o r e d  a t  TP 1 . 

A s e c o n d  c l oc k  s i g n a l  i s  a " co l o r  bur s t " f re q u e n c y  ( 3 .  5 8 M H z ) p r o du c e d  

b y  Y l  a n d  u se d  f o r  t he v i de o  d i sp l a y  g e n e ra t o r . I t  c a n  be mon i t o r e d  a t  

T P 2 . 

T h e  t h i rd c l o c k  s i g na l  o f  7 . 6 8 M H z  i s  p r o d u c e d  by Y 2  a nd d i v i d e d  by 1 2 8  

t o  p ro v i de t h e  6 0 k H z  ba s e  f requency u s e d  by t h e  s i ne g e n e ra t or . I t  c a n  

be m o n i t o r e d  a t  TP3 . 

3 - 2 4  
e l s l i 2 1 5 0 / 2 1 6 0  9 / 8 5  



3 . 4 . 5  Powe r ON Rese t 

R 34 410 

R31 
I IS K  

Vee 

R3S 410 

+ C.S 

r 

R47 
1 0  

I -SI I 
I � I 
1 � REF I EGR& 1 OPT I 
L _ _ --.J 

Fi gure 3-1 5 .  Power ON Re se t 

T h e  power ON r e s e t  c i rc u i t ry i s  n e c e s sa r y  be c a u se o f  t he l on g  powe r-up 

t i me o f  t h e  s w i t c h i n g  powe r suppl y .  Du r i n g p owe r- up , t h e  ou t p u t  o f  

U 3 8  ( S Y S R S T ) i s  a c t i v e L O .  T h i s  r e s e t s  a l l  l o g i c  c i r c u i t r y a n d  

m a i n t a i n s t h i s  

t he n  p rov i d e  s a 

l e v e l u n t i l  V r e a c h e s  4 . 8  c c  
s l i g h t  t i me de l ay o f  a bo u t  

v o l t s .  C a p a c i t o r  C 5  

1 / 1 0  s e  cond be f o re t h e  

o u t p u t  o f  U 3 8  i s  a l l owed t o  g o  H I  a n d  r e l ea s e t h e  r e s e t  l i n e .  I f  V c c  
s ho u l d  s u b s e q u e n t l y  fa l l  be l ow 4 . 5  vo l t s  ( u s ua l l y  d u e  t o  l i n e  v o l t a g e  

v a r i a n c e s ) ,  S Y S R S T  w i l l  a g a i n  g o  L O  u n t i l  V i s  r e s t o r e d  t o  i t s c c  
ope ra t i n g l e v e l  o f  4 . 8  v o l t s . 

3 - 2 5  
e l s l i  2 1 5 0 / 2 1 6 0 5 / 8 5  



3 . 4 . 6  V i deo Di splay Genera tor 

T he v i de o  d i sp l a y  g e ne r a t o r  ( V DG ) i s  a M o t o r o l a  M C 6 8 4 7  w h i c h a c c e p t s  a 

b i n a ry c o n t r o l  w o r d  g a te d  i n to i t  fr om t h e  m i c r o c ompu te r .  

t o  t h a t  b i n a ry i n p u t ,  t h e V D G  c r e a t e s c h a r a c t e r s , 

I n  re sponse 

g r a p h i c , a n d  

s e m i - g r a p h i c i n f o rma t i on t ha t i s  outpu t i n  a f orma t t h a t  c o r r e spond s 

t o  a norma l t e l e v i s i o n ra s te r  s c a n  a r rangeme n t . 

T h e  VDG h a s  memory c h i p  U 3 1 a s s o c i a te d  w i t h i t  w h i c h  s t o r e s  a s c reen 

o f  i n f o r ma t i o n t o  be s ca n n e d  and d i sp l a y e d . T h e v i de o  memory h a s  tw o 

ope ra t i n g mode s .  I n i  t i a l l y , t h e  VDG ha s a c c e s s  t o  t h e  memory a n d  i s  

a lw a y s  s c a n n i ng a nd c o n ve r t i ng t h e memory c on t e n t s  t o  c ha ra c t e r s  t h e n  

s e n d s  t h o s e  c ha ra c te r s  o u t  t o  t he v i de o  d i sp l a y . W h e n  t he p r oc e s s o r  

i s  r e a d y  t o  r e a d  o r  w r i t e  a c h a r a c t e r  

t h r oug h a p i e ce o f  a r b i t ra t i on l og i c  t h a t 

i n t o  t h a t  m e m o r y , i t  g o e s  

sa y s , i f  t h e  v i de o  d i s p l a y  

g e n e r a t o r  i s  d o i n g a h o r i z o n t a l  s y n c , a h o r i z o n t a l  r e t r a c e , o r  a 

ve r t i ca l  s yn c , t h e n  g ra n t  t h e  proce s s or a c c e s s  t o  t he memory . 

Howeve r ,  i f  t he V D G  i s  n o t  do i ng h o r i z o n t a l  s y n c  o r  v e r t i c a l  sy n c , 

t h e n  i t  i s  pu t t i ng v i de o  o u t  a n d  mu s t  n o t  be i n t e r r u p t e d . A t  tha t 

po i n t  t h e  p r o ce s s o r  i s  t o l d  to  wa i t ,  t r e a t i n g t h e  v i de o  memory l i k e  

s l ow memory . T h e  p r o c e s s o r  w i l l  w a i t ,  k e e p i n g t h e  a dd re s s , da ta , a n d  

c o n t r o l  l i ne s  a c t i va t e d , u n t i l  a ho r i z on ta l s y n c  or a v e r t i ca l  s y n c  i s  

o u t p u t , t h e n  t h e  m e m o r y  r e t u r n s  t o  n o r ma l o p e ra t i o n a n d  r e a d i l y  

a c c e p t s  n ew i npu t s  f ro m  t h e  p r oc e s sor . 

T h e  comp o s i  t e  v i de o ,  a s  i t  c ome s ou t o f  t he V DG c h i p ,  i s  a v e ry l ow 

l e v e l  s i g n a l . T h e  s i g n a l i s  h i g h  i mpeda n c e  i n  na t u re a nd i s  ve ry s u s 

c ep t i b l e  to  n o i s e a n d  i n t e r f e re n ce . To c o u n t e ra c t  t h e s e  u n d e s i ra b l e  

qua l i t i e s , t h e re i s  a tw o t ra n s i s tor a mp l i f i e r/ bu f f e r  ( Q l , Q 2 , ) t h a t 

t r a n s f o r m s  t h e  VDG o u tpu t s i g na l  i n to a h i g he r  l e ve l , l ow i mpeda n c e  

ou tpu t s i g na l . T h i s  ou tpu t s i g na l  d r i v e s  t h e  v i de o  s e c t i o n o f  t h e  

2 1 5 0 / 2 1 6 0 . 

3 - 2 6  
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3 . 5  V I DEO CIRCUITRY 

DANGER 

THE V I DEO C I RCUI TRY CONTAI NS DANGEROUSLY H I GH VOLTAGE . 
E XE R C I SE EXTREME CARE TO AVOI D  POSS I BLE ELECT R I C  SHOCK W H I C H  
MAY R ESULT I N  SEVERE I NJURY O R  DEAT H .  

A l l v i d e o  d i s p l a y  c i r c u i t ry f o r  t h e  2 1 5 0 / 2 1 60 i s  co n ta i n e d  on o n e  

c i rc u i t  c a rd . I t  p ro v i d e s  a l l  t h e  s i g na l proc e s s i n g r e q u i re d  f o r  

d i sp l ay i ng v i d e o  i n f o r ma t i o n  on t h e  C R T  s c r e e n .  Opera t i o n  o f  t h e  

v i d e o  c i rc u i t ry i s  d i s c u s s e d  i n  t h e  f o l l ow i n g  pa r a g r a p h s . 

R e f e r  t o  S e c t i on 5 ,  s c h e ma t i c  d i a g ra m  P iN 4 8 6 4 2  f o r t h e  f o l l ow i n g  

d i s c u s s i on s . 

+40VDC 

BRIGHTNESS I 
VERTICAL R E TRACE '--________ I-_____ 

r-
C
_

O
-,

NTROL I BLANKING .-SWITCH E LEMENT 

CURRENT 
SENSE 

VERTICAL 
DEFLECTION 
YOKE 

+ 15 V  IN 

F i gure 3-1 6 .  

e l s l i 

5 FOCUS HORIZONTAL CAPA�ITOR __ .1'_ YOKE �����T7.,------��--------�� 
H ORIZONTAL HORIZONTAL 'V 

LINEARITY WIDTH 

V i de o  C i rcu i t Block D i a g ram 

3 - 2 7  
2 1 5 0 / 2 1 6 0  5 / 8 5  

+ 15 voe 



3 . 5 . 1  V i de o  Ampl i f i e r  

P301 
I VIDEO IN 

2 (IV P-P) 

R 1 � .;.C:=O:=N=:T:=RA=:S:=T �f-.�-+-I 
2 20 n� + C l  22 .. F 

AM PLI F I E R  

t-+-+-�-H-+-++-I lJI'-t-H-++--+ +-+-+-+-J-
EA 01\1' 511 J Z-....,S 

P�Z--7 
P302 

EA 0111 - SV t 10 .. 5 
P�1.-7 

(VIDE O I V I D E O  D R I V E  t-__ +--+---"I./VV--"x::..._D_R_IV 
..... E ..... ) -'77 >-- To C RT 

: Cathode 
I 
I 
I 
I 
I 

F i gure 3 -1 7 .  V i de o  Ampl i f i e r  

T h e  V i d e o  A mp l i f i e r  c i r c u i t r y  s e r ve s  two pu rpose s :  

1 .  A m p l i f y t h e c o m p o s i t e v i d e o  s i g n a l f r o m  t h e  V i d e o  d i s p l a y  

g e n e ra t or . 

2 .  D r i ve t he CRT c a t h o d e  w i t h  t h e  n e ce s s a r y s i g n a l  t o  p r o d u c e  t h e  

d i s p l a y . 

T h e  fo l l ow i n g pa ra g ra p h s  w i l l  d i s cu s s  t h e s e  two f un c t i o n s  i n  de t a i l . 

T h e  comp o s i t e v i de o  i npu t s i g na l  i s  a p p l i e d t o  p o te n t i ome t e r  R l , t he 

c o n t r a s t  c o n t r o l . T h e  c o n t r a s t  c o n t r o l  a d j u s t s  t h e l e v e l  o f  t h e  

c ompos i t e v i d e o  s i g na l  g o i ng t o  t he V i d e o  Amp l i f i e r .  T h i s  s i g n a l  i s  

c ou p l e d  t h r o u g h  capa c i t o r  C l  t o  a f i x e d  ga i n  a m p l i f i e r  c on s i s t i ng o f  

Q l , R 3 , R 2 , a n d  C 2 .  T h e  A C  g a i n  o f  t h e  s t a g e  i s  f i x e d  b y  R 3 , R 2 , a n d  

e m i t te r  bypa s s  capac i t o r , C 2 .  C a pa c i t o r  C 2  i s  m a t c h ed a ga i n s t  c i r c u i t 

b o a r d  s t r a y s  t o  m a i n t a i n  t h e  b a n dw i d t h  o f  t h e  s t a g e a t  1 0 M H z . 

Tr a n s i s t o r s  Q3 a nd Q4 a c t  a s  a bu f fe r  f o r  ampl i f i e r  Q l . 

B i a s  f o r  Q l  i s  de r i v e d  f r om t h e  DC re s t o ra t i on c i r c u i t r y  c on s i s t i n g o f  

e l s l i  
3 - 2 8  
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3 . 5  VI DEO CIRCUITRY 

DANGER 

THE V I DEO C I RCUI TRY CONTAINS DANGEROUSLY H I GH VOLTAGE . 
E XERC I SE EXTREME CARE TO AVOID POSS I BL E  ELECTRIC SHOCK WHICH 
MAY RESULT I N  SEVERE I NJURY OR DEAT H . 

A l l v i d e o  d i s p l a y  c i r c u i t ry f o r  t h e  2 1 5 0 / 2 1 60 i s  con ta i n e d  on one 

c i rc u i t  c a r d . I t  p r o v i d e s  a l l  t h e  s i g na l proc e s s i n g r e q u i red  f o r  

d i sp l a y i ng v i d e o  i n f o rma t i o n on t h e  C R T  s c r e e n .  Opera t i  o n  o f  t h e  

v i de o  c i rc u i t r y  i s  d i s c u s s e d  i n  t h e  f o l low i ng pa r a g ra p h s . 

R e f e r  t o  S e c t i on 5 ,  s c he ma t i c  d i a g ra m  P iN 4 8 6 4 2  f o r  t h e  f o l l ow i n g 

d i s c u s s i o n s . 

+40VOC 

BRIGHTNESS I 
VERTICAL RETRACE <--________ t-_____ 

r-
C
_

O
-,

NTROL I BLANKING r 
SWI TCH E LEMENT 

CURRENT 
SENSE 

VERTICAL 
DEFLECTION 
YOKE 

+ I 5 V  IN 

F i gure 3 - 1 6 . 

e l s l i 

S FOCUS HORIZONTAL CAPA�ITO' __ 1_ YOKE �����TT"�------�----------� 
HORIZONTAL H ORIZONTAL 'V 

LINEARITY WIDTH 

V i d e o  C i rcu i t  Block D i a g ram 

3 - 2 7  
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+ 15 VDC 



Q2 , R 4 , R 5 , a nd CR l . W h e n  t h e  I V  p- p v i de o  i np u t  s i g na l , a s  a pp l i ed 

to  Q l , i s  i n  i t s n e g a t i ve p ea k , a mp l i f i e r  Q l  i s  t u r n e d  o f f .  

c a u s e s  t r a n s i s t o r  Q l ' s  co l l e c to r  to r i s e  t owa r d  + 4 0 V D C  s u pp l y . 

Th i s  

Th i s  

r i s i ng v o l ta g e  i s  

t h e  e m i  t t e r  o f  Q 2 . 

f e d  t h roug h bu f fe r  pa i r  Q 3  a n d  Q4 , a n d  d i od e  CR I to  

When t he D C  vol  tage o n  Q 2 ' s e m i  t ter e x ce e d s  t he 

ba s e  b i a s , de t e rm i ne d  b y  v o l ta g e  d i v i de r  R4 a n d  R 5 , t r a n s i s t or Q 2  

t u r n s  o n . Th i s  c u r r e n t  c h a r g e s  c o up l i n g c a pa c i to r  C l  p r o v i d i ng b i a s  

f o r  Q l . Du r i ng t he r e s t  o f  t h e  v i deo i npu t c yc l e , Q l  

f o r c i ng i t s o u tpu t be l ow Q2 ' s  b i a s  po i n t  t u r n i ng o f f Q2 . 

pa r t  o f  t h e  c y c l e , C l  b e g i n s to  d i s c h a r g e  t hr ou g h t h e  

i s  tu rned  o n  

D u r i ng t h i s  

B a s e / Em i t t e r  

j u n c t i on o f  Q l . H owe v e r , be c a u s e  the  d i s c h a r g e  p a t h  f o r  C l  i s  t h r ou g h 

a h i g h  i mpeda n c e  pa t h  o f  Q l , C l  l o s e s  o n l y  a m i n i m a l  a m ou n t  o f  c h a r g e  

b e f o r e  t h e  c h a r g i n g c y c l e  i s  r e p e a t e d . 

prov i de d  f o r  Q l . 

T h u s , a c o n s t a n t  b i a s  i s  

Re s i s to r  R 6  p r o v i d e s  c u r re n t  l i m i t i ng f o r  Q 3  a n d  Q4 s h ou l d  t h e  ou tpu t 

a t  p i n  7 be  s h o r t e d  t o  g r o u n d .  T h e  o u t p u t  o f  t h e s t a g e  c a n  h a v e  

vo l ta g e  sw i ng s  i n  t h e  v i c i n i ty o f  OVDC t o  3 0V D C  w h i c h a r e  t he l e ve l s  

requ i re d  w h e n  c om po s i te v i d e o  i s  a pp l i ed t o  t h e  c a t h ode o f  t h e  C R T . 

T h e s e  v o l t a g e  s w i n g s  w i l l  t u r n  t h e C R T  f r o m  f u l l - o n t o  f u l l - o f f 

prov i d i ng c r i sp b l a ck a nd g r e e n , a n d  some h a l f- t o n e  d i s p l a y s . 

3 . 5 . 2  Ve rt i ca l  Re trace Blanking 

P301 
I 
1 ,.----� ; lJlJ�:�1 
I ..J " .7 ... � � 

VERT I CA L  4 1 R7 fOI(ll. I'"?�+-�-JVVV----'� 
SYNC I N I �Eln SY": 
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One o f  t h e  r e q u i reme n t s  o f  a v i d e o  c i r cu i t  s u c h  a s  t h e  on e u s ed i n  t h e  

2 1 5 0 / 2 1 6 0  i s  b l a n k i ng t h e  e l e c t r o n  b e a m  w he n e v e r  one  f r a me h a s  be e n  

c om p l e t ed a n d t h e  e l e c t ron b e a m  i s  g o i n g t o  be r e tra c e d  f r om t h e  e nd 

o f  one f r a me u p  t o  t he b e g i nn i ng o f  t h e  n e x t one . 

T h e  V e r t i c a l  S y n c  s i g na l  i s  f e d  t o  i n ve r t e r  Q 5  w h i c h  i n  t u r n  fe e d s  t he 

s i g n a l  t o  t he g a t e  o f  a V F E T , Q 6 . T ra n s i s t o r  Q6 prov i d e s  t h e  b l a nk i n g 

s i g n a l  d u r i ng t he v e r t i c a l  re t ra c e . When  t h e  Ve r t i ca l  S y n c  s i g n a l i s  

i n  i t s a c t i v e s ta te a s  a l ow- g o i ng p e a k  a t  P 3 0 1  - P i n  4 ,  i n ve r te r  Q 5  

i s  I n  i t s o f f  c o n d i t i o n . W i  t h  Q 5  o f f , Q 6  t u r n s  o n  f o r c i n g t h e 

j u n c t i o n o f  R I O  a n d  R l l  t o  g ro u nd . W i t h  R I O  a n d  R i l  a t  g ro u n d , t he 

po t e n t i a l  a t  t h e  w i pe r  o f  p o te n t i om e t e r  R 3 3  i s  - 40 V D C  a s  s e t by t h e  

v o l t a g e d i v i d e r  o f  R l l , R 3 3 ,  

b r i g h t n e s s  g r i d  o f  t h e  C R T , 

a n d R 1 2 .  T h i s  - 4 0 V D C i s  

p r o d u c i n g a b l a c k d i s p l a y . 

f e d  t o  t h e 

W h e n  t h e  

V e r t i c a l  S y n c  s i g na l i s  i n  i t s i n a c t i ve s ta t e a s  a h i g h  l e v e l  a t  P 3 0 1  
- P i n  4 ,  Q 5  i s  tu r n e d  on f o r c i n g Q 6  o f f .  W i t h  Q6 o f f , t h e  j u n c t i o n  o f  

R I O  a n d  R l i  be come s more p os i t i ve a s  d e t e rm i n e d  by t h e  d i v i de r  s t r i n g 

o f  R I O , R l l , R 3 3  a nd R 1 2 .  W i t h  t he j u n c t i on o f  R I O  a n d  R l i a t  a m o r e  

pos i t i v e  p o t e n t i a l ,  t h e n  t h e  w i pe r  o f  R 3 3  b e come s l e s s  n e g a t i ve s u c h  

t h a  t t h e p roper  b i a s  i s  s u p p l  i ed  t o  t h e  b r  i g h  t n e s s  g r  i d p r od u c  i n g  a 

g r e e n  d i s p l a y . P o t e n t i om e t e r  R 3 3  i s  a va i l a b l e  a t  t h e  r e a r o f  t h e  

2 1 5 0 / 2 1 6 0  f or a d j u s t i n g t h e  b r i g h t n e s s  o f  t h e  d i s p l a y . 

C a pa c i t o r  C 3  p ro v i d e s  a l ow i mpe da n c e  pa t h  f o r  e l e c t os t a t i c  n o i s e  

w h i c h  c o u l d  b e  c o u p l e d  i n t o  t h e b r i g h t n e s s  g r i d  f r o m  t h e  f l y b a c k  

t ra n s f o rm e r  c a u s i ng b r i g h t n e s s  va r i a t i on s . 
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3 . 5 . 3  Ve rti ca l  Dri ve 
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F i gure 3 -1 9 .  Ver t i ca l  D r i ve 

T h e  V e r t i c a l  S y n c  s i g n a l c o m e s i n  o n  p i n  4 o f  P 3 0 1  a n d i s  f e d  t o  

i n ve r t e r  Q 5 . Amp l i f i e r  U l  i s  the  a c t i v e e l e me n t  f o r  t h e ve r t i ca l  

saw t o o t h  g e n e ra t or . T h e  v e r t i ca l  s a w t o o t h  g e ne ra t o r  tra n s f o rm s  t h e se 

ve r t i c a l  syn c i npu t pu l s e s  i n  t o  a l i ne a r , s aw to o t h  v o l  t a g e  w a v e f orm 

t h a t w i l l  e v e n tu a l l y d r i v e t h e  ve r t i ca l  de f l e c t i o n yok e . T he saw t oo t h  

g e n e ra t o r  ope r a t e s  a s  f o l l ow s : 

D u r i ng t h e  po s i  t i ve p o r t i on o f  t h e  v e r t i ca l  sync s i g na l , i n v e r t e r  Q 5  

i s  t u r ne d  o n  p u l l  i n g  i t s o u  t pu t l ow . T h i  s p r o v  i d e s  a nea  r g round 

s i g n a l  to  t h e i n pu t r e s i s t o r  of  U l  ( R 1 3 ) c a u s i n g t h e  f e e d ba c k 

c a p a c i t o r  C 4  t o  c ha r g e  i n  a p o s i t i v e d i r e c t i o n .  C a p a c i t o r  C 4 , 

r e s i s t o r  R 1 3 ,  a n d  t h e v o l t a g e  a c r o s s R 1 3  d e f i n e  t h e  s l o p e  o f  t h e  

r i s i ng ou t pu t .  Du r i ng t h e  l ow l e ve l o f  t he v e r t i c a l  s y n c  s i gna l , 

i n ve r t e r  Q 5  i s  t u r n e d  o f f  w i t h  i t s ou tpu t p u l l e d t o  + 1 5 V D C  b y  pu l l -u p  

r e s i s t o r  R 8 . T h i s  p r o v i d e s  a po s i t i ve s i g na l t o  t he i n v e r t i ng i npu t 

o f  U l  ca u s i n g t h e  f e e dba c k  capa c i  t o r  C 4  t o  d i s c ha r g e  ba c k  t o  z e r o . 

T h e  d i s c h a r g e  r a t e  i s  m u c h  f a s t e r  t h a n  t h e  c h a r g e  ra t e  d u e  t o  t h e  

a c t i on o f  d i ode C R 2  w h i ch i s  f o rwa rd b i a s e d  d u r i n g  t h e  l ow l e ve l o f  

t h e  v e r t i c a l s y n c p u l s e , y i e l d i n g  a s l o p e  m u c h  g r e a t e r  t h a n  t h a t  

dur i n g  t he p o s i t i v e  pa r t  s i n c e  R 1 3  i s  bypa s s e d  d u r i ng t h i s  c y c l e . 
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T h e  v o l t a g e - t o- c ur r e n t  c on v e r t e r ,  U 2 , t r a n s f o r m s  t h e  saw t o o t h  v o l t a g e  

wa ve f orm a t  i t s i n pu t r e s i s t o r , R l 9 ,  t o  a saw t o o t h  cu r r e n t  a t  i t s 

o u t p u t t o  d r i ve t h e  ve r t i ca l  y ok e . R e s i s t o r  R l 6  p r o v i d e s  v e r t i ca l  

h e i g h t  a d j u s t m e n t  o f  t h e p i c t u r e  o n  t h e  C R T b y  c o n t r o l l i n g t h e 

a m p l i t u d e  o f  t h e s a w t o o t h  w a v e f o r m  f r o m t h e  s a w t o o t h  g e n e r a t o r . 

R e s i s t o r  R l 7 i s  a D C  o f f s e t  a d j u s t m e n t  f o r  U 2  w h i c h  a l l o w s  f o r 

a d j u s t i n g t h e  ve r t i c a l  c e n t e r i n g o f  t he p i c t u re on t he CRT . 

Amp l  i f i e r  U 3  i s  a b u  f f e  r be tw e e n  t h e  common bu s a n d  s e n s e  r e s  i s t o r  

R 2 2 . R e s i s t o r  R 2 2  s e n s e s  t h e  c u r re n t  f r om t h e  vo l ta g e- t o- c u r r e n t  

c o n v e r t e r U 2 . T h e  r e s u l t a n t  v o l t a g e  d rop a c r o s s  R 2 2  i s  s umme d w i t h  

t he ou t pu t f r om U l  a n d f e d  ba c k  t o  t he i np u t t o  U 2 . T h e  a c t i on o f  t h e  

R 2 2  s e n s e  f e e d b a c k  i s  r e f e r e n c e d  a g a i n s t  a s t a b l e  c o m m o n  b u s  t o  

m a i n t a i n  l i ne a r i t y t h ro u g hou t t he v e r t i c a l  s we e p . R e s i s t o r  R 20 a n d  

c a pa c i to r  C 6  p re v e n t  a m p l i f i e r U 2  f r om o s c i l l a t i ng w h i l e  d r i v i ng t he 

v e r t i ca l  y ok e . 

3 . 5 . 4 Hori zon ta l  Dri ve 
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3 . 5 . 4 Hori z on ta l  D r i ve 

The H o r i z on t a l  S y n c  s i g n a l c omes i n  o n  p i n  5 o f  P 3 0 1  a nd i s  f e d  t o  the  

hor i z on tal  osc  i l l a  t o r , U 1 4 . The  s y n c h r on i  z e d  os c i  l l a t o'r  i s  u sed t o  

prov i d e  d r  i v e  o f  t h e  app r opr i a  t e  d u ty c y c l e  t o  t h e  rna i n h or i z on t a l  

sw i t c h i n g  t ra n s i s t o r  Q 7 , a VMOS p ow e r  F E T . T h e  h o r i z on t a l  o s c i l l a tor 

ha s a s ta r t up d e l a y  c i r c u i  t c o n s i s t i ng of C 1 2 ,  R 2 7 , CR6 a n d  CR7  t o  

a l l ow t h e  p ow e r  s u p p l y  t o  s t a b i l i z e  b e f o re d r i ve i s  a pp l i e d t o  Q 7 . 

W h e n  Q 7  i s  t u r n e d  o n , a c u r r e n t  f l ow s  i n t o  t he p r i ma ry o f  T l  s to r i ng 

e n e r g y  a s  a ma g n e t i c  f i e l d  i n  t h e c o r e  o f  T l . A t  t h e  s a m e  t i m e , 

c ha rg i ng c u r re n t  i s  s u pp l i e d t o  c a p a c i  t o r  C 1 4  t o  s u p p l y  t h e  40VDC 

req u i r e d  f o r  the v i de o  ampl i f i e r  and ve r t i ca l  r e t ra ce b l a n k i n g  

c i r c u i t s .  W h e n  Q 7  i s  t u r n e d  o f f , e n e r g y  i n  t h e  c o r e  i s  s u p p l i e d 

t h r o ug h  t h e  ho r i z on ta l  w i d t h  a n d  ho r i z on ta l  l i n ea r i ty c o n t r o l s ( L l ,  

C 1 6 , a n d  L 2 ) t o  t he de f l e c t i on yoke . The  ma g n e t i c  f i e l d p r o d u c e d  by 

the  de f l e c t i on y ok e  swe e p s  t h e  e l e c t r o n  b e a m  a c r o s s  t h e  CRT f a ce . 

H o r i z o n t a l  p o s i t i on i s  p ropor t i on a l t o  t h e  a mo u n t  a n d  p o l a r i  t y  o f  

cu r r e n t  f l ow i n g  t h r o u g h  t h e  de f l e c t i on y o k e . C a pa c i t o r s  C 1 5  a n d  C 1 6 ,  

a n d  l i n e a r i  t y  c o i l L 1  p ro v i de p r ope r w a v e  s h a p i n g  o f  t he de f l e c t i on 

s i g n a l . E n e r g y  s t o r e d  i n  t h e  c o r e  o f  T l  i s  a l s o  s u p p l i e d  t o  t h e  

se c onda ry o f  T l  p ro v i d i n g  t he v o l t a g e s  ne ce s s a ry f o r c a t h o d e  ray t u be 

ope ra t i on .  D i ode r e c t i f i e r s  CR9 , C R I O , C R l l , a n d  C R 1 2  d e v e l op t he DC 

a c c e l e r a  t i ng a n d  f o c u s i n g vol t a g e s  f o r  the C R T . T he h i g h  vol t a g e  a t  

the  C RT ' s  a n ode , f o r  f i n a l e l e c t ro n  a c c e l e ra t i on ,  i s  6kVDC . D i sp l a y  

br i g h t n e s s  a n d  f oc u s  a re c o n t ro l l e d  by R 3 3  a n d  R3 2 r e sp e c t i ve ly . 

3 . 5 . 5  V i deo Control S ummary 

T h i s s e c t i on de s c r i be s  t he v i deo c on t r o l s  a v a i l a b l e  f or a d j u s t i ng t h e  

qua l i ty o f  t h e C R T  d i sp l a y . The  v i de o  a d j u s t m e n t s  d e s c r i be d  i n  t h i s  

s e c t i on a r e  s e t  f o r  t h e  b e s t  p o s s i b l e  d i s p l a y  a t  t h e  f a c t ory j u s t  

p r i  o r  t o  s h  i pp i  n g  a n d  n e e d  b e  r e p e a  t e  d 

c i r c u m s t a n c e s . ( N o t e  t h e  f o l l ow i ng C A UT I ON . ) 
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WARNING 

R E MOVA L OF INSTRUMENT COVERS MAY CONSTI TUTE AN ELECTR I CAL 
HAZAR D  AND SHOULD BE ACCOMPL ISHED BY QUALI F I ED SERV ICE 
PERSONNEL ONLY . 

T H E  B R I GHTNESS CONTROL LOCATED AT THE REAR OF THE I N STRUMENT 
C A N  BE EAS I L Y  DISTURBED WHEN WRAPP I NG THE POWER CORD ON THE 
REAR FEET . VERI FY THE CORRECT SET T I NG OF T H I S  CONTROL BEFORE 
CONT I N U I NG WITH ADD I T I ONAL ADJ USTMENTS . 

I F  T H E I NSTRUMENT I S  PLACED WITHIN A STRONG MAGNETIC F I E L D , 
T H E  V I DEO D ISPLAY MAY BECOME PERMANENTLY OFFSET . I F  THIS 
CON D I T I ON OCCURS , DEGAUSS ING THE V I DEOBRI DGE CASE I S  REQU I RED 
TO RETURN THE DI SPLAY TO NORMAL OPERAT I ON . T H I S  MUST BE DONE 
BEFORE CON T I NU I NG WITH ADDITIONAL ADJUSTMENTS . 

Equ i pme n t  R e q u i re d : 

F l a t  b l a d e  pl a s t i c  t r i m t o o l  o r  " tweake r "  ( s t eps  2 , 3 , 5 , 6 )  

He x h e a d  p l a s t i c  t r i m  t o o l  ( h o r i z o n ta l  w i d t h ,  s te p  4 )  

V i d e o  Ad j u s tm e n t s : ( S e e  a l s o  T a b l e  3 - 3 ) 

S T E P  1 .  B R I G H TN E S S  Con t ro l  - i s  a k n ob l o c a t e d  on t he i n s t r um e n t ' s  

r e a r  p a n e l  a nd c a n  be a d j u s t e d  by ha nd . B r i g h t n e s s  r a n g e s  

f rom b l a c k  ( no d i sp l a y ) t o  fu l l  b r i g h t ne s s . 

T o  m a k e  t h e f o l l ow i ng a d j u s tme n t s , r e m o v e  t h e o u t e r b l u e c ov e r  p e r  

i n s t r u c t i on s  g i ve n  i n  S e c t i o n 4 . 4 . 2 . 2  Remova l / Re p l a c e m e n t  P r o c ed u re . 

T h e  f o l l ow i n g  a d j u s tmen t s  a r e a va i l a b l e  t h r o u g h t h e  s i d e  o f  t h e  CRT 

E n c l o su r e  C o v e r . ( Re f e r  t o  F i g u r e  3 - 2 1  f o r  t r i mm e r  l o ca t i on s . )  

3 - 3 4  
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WARNING ' 
TO AVO I D  ELECTR I C  SHOCK FROM DANGEROUSLY HIGH VOLTAGE S , USE 
O N L Y  I N S U L AT E D  P L A S T I C  T R I M  TOOL S  TO P ERFORM T H E  V I D E O  
ADJUSTMENTS DESCRIBED BELOW . 

S T E P  2 .  FOCUS C o n t ro l  a d j u s t s  t h e  d e t a i l  o f  t h e  d i s p l ayed 

c h a r a c t e r s  f o r  m a x i m u m  s h a r p n e s s . M a k e  a d j u s t m e n t  w h i l e 

o b se r v i n g  t h e  c h a ra c t e r s  a t  t he c e n t e r  o f  t he C R T  d i s p l a y . 

S T E P  3 .  V E RT I CAL  C E NT E R  a d j u s t s  t h e  r e l a t i on s h i p  f o r  t he e n t i re 

d i s p l a y  by m ov i ng t h e  ve r t i ca l  f ra m e  e i t h e r  u p  o r  d ow n . 

S T E P  4 .  H O R I Z O N TA L  W I DTH ( u s e  h e x  h e a d  t o o l ) - a d j u s t s t h e  s i z e  o f  

t h e d i s p l a y  b y  s e t t i n g  t he l e f t  a n d  r i g h t  bou n da r i e s . T h e  

h o r i z o n t a l bounda r i e s f o r  t h e  d i s p l a y e d  p i c t u re c a n  be 

c omp r e s s e d  o r  e xp a n d e d  f o r  be s t  d i sp l a y  s i z e .  

U S E  OF ANY OTHER TOOL THAN THE RECOMMENDED HEX HEAD P LASTI C  
T R I M  T O O L  MAY RESULT I N  ELECTRICAL S HOCK O R  DAMAGE T O  THE 
TUNI NG SLUG . 

S T E P  5 .  V E RT I C A L  H E I G HT - a d j u s t s  t he s i z e o f  t h e  d i s p l a y  by s e t t i n g  

S T E P  6 .  

t h e  t o p a n d  b o t t o m  bou n da r i e s . T h e  v e r t i ca l  bou nda r i e s f o r  

t h e d i s p l a y ed p i c t u r e  c a n  b e  comp r e s s e d  o r  e x pa n d e d  f o r  be s t  

d i s p l a y  s i z e . 

CONTRAST C o n t r o l  - a d j u s t s  t h e  ra t i o  o f  t h e  b r i g h t n e s s  o f  t h e  

d i s p l a y e d  c ha r a c t e r s  t o  t h e  ba c k g r o u n d  c o l o r .  

T a b l e  3 - 3  i s  p r o v i d e d  a s  a s u m m a r y  f o r  t h e v i d e o  a d j u s t m e n t s  a n d 

i n c l u d e s  r e f e r e n c e  t o  t r i mme r l o ca t i o n s  a n d  s e c t i on s  w h e r e  a d d i t i on a l  

i n fo r ma t i on i s  a va i l a b l e . 
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e l s l i  2 1 5 0 /2 1 6 0 5 /8 5  



I T E M  

CD 
CD 

CD 
0 
(0 
0 

Ta b l e  3 - 3 . Summa ry o f  V i deo Con t r o l s  

C O N T R O L  

B R I G H T N E S S  

F O C U S  

V E R T I C A L  
C E N T E R  

H O R I Z O N T A L  
W I D T H  

V E R T I C A L  
H E I G H T  

C O N T R A S T  

D E S C R I P T I O N 

A d j u s t s  t h e  b r:- i g h t n e s s  o f  t h e  
C R T  d i s p l a y  

A d j u s t s  t h e  d e  t a  i 1 o f  t h e  
d i s p l a y e d  c h a r:- a c t e r:- s  o n  t h e  
C R T  d i s p l a y  

M o v e s t h e  v e r:- t i c a l  f r:- a m e e i t h e r:-
u p  o r:- d o w n  

A d j u s t s  
s e t t i n g 

A d j u s t s 
s e t t i n g 

A d j u s t s  
n e s s  o f  
t o  t h e  

DANGER 

t h e  h o r:- i z o n t a l  s i z e b y  
l e f t  a n d d g h t b o u n d a r:- i e s  

t h e v e r:- t i c a l  s i z e b y  
t o p  a n d b o t t o m  b o u n d a r:- i e s  

t h e r:- a t i o  o f  t h e  b d g h t -
t h e  d i s p l a y e d  c h a r:- a c t e r:- s  

ba c k g r:- o u n d  c o l o r:-

R EA R  PAN E L  

HORI ZONTAL WIDTH "7f/ VERTICAL VERTICAL HEIGHT CENTER 

CONTRAST 

OUTER S I D E  CRT E NCLOSURE COVE R 

C I R C U I T  
D E S C R I P T I ON 
R E F E R E N C E  

S e c t i o n  3 . 5 . 2  
S e c t i o n 3 . 5 . 4  
S e c t i o n 3 . 5 . 4  

S e c t i o n  3 . 5 . 3  

S e c t i o n 3 . 5 . 4 

S e c t i o n  3 . 5 . 3  

S e c t i o n 3 . 5 . 1  

Fi gure 3-2 1 . vi deo Control T r i mmer Loca tion s  

e l s l i 
3 - 3 6  

2 1 5 0 / 2 1 6 0  5 /8 5  



3 . 6  POWER SUPPLY 

WARNING ' 
A L L  P A R TS O F  T H E  P OWER S U P P L Y  AS S E M B L Y  I NC L U D I NG I NP U T  
C I R C U I T  C OMM ON A R E  A T  O R  A B O VE P OWER L I N E  V O L TAGE . T H E  
E N ERGY AVAILABLE A T  ANY POINT O N  THE ASSEMBLY MAY BE L I M I TED 
O N L Y  BY THE I NPUT FUSE . DO NOT ATTEMPT SERVICE OPERATI ONS . 
F A I L U R E  TO OBSERVE T H I S  WARNI NG MAY RESULT I N  SEVERE I NJURY 
OR DEATH . 

T h e  P ow e r  S u p p l y , u n d e r  n orma l c o n d i t i o n s , ha s ve r y  d a n g e r o u s  h i g h  

v o l ta g e s .  Do n o t  a t t e m p t  t o  trou b l e s hoo t t he powe r supp l y . I f t h e  

powe r s upp l y  i s  suspe c t e d  o f  be i ng f a u l t y , s e n d  t h e  e n t i re i n s t rumen t 

ba c k  t o  E S I f o r  s e r v i c i n g . To d e t e rm i n e i f  a prob l em e x i s ts i n  t h e  

pow e r  supp l y , l ook a t t he f i ve L ED s  l o ca t e d  on t h e  m o t h e r b oa r d  ( s ee 

F i g u re 3- 2 2 ) .  S h ou l d  o n e  o r  more o f  t h e s e  L E D s  be d i m  o r  d a r k , t he 

p ow e r  supp l y may be f a u l ty a n d  t h e  i n s t r ume n t  s h ou l d  be s e n t t o  E S I . 

I f  a l l  f i ve L E D s  a re i l l um i n a t e d , t h e  t r o u b l e  i s  n o t  i n  t h e  powe r 

s upp l y  a nd n orma l  t r ou b l e s hoo t i ng p r o c e d u r e s  s h ou l d  be c o n t i n u e d . 

F i gure 3-2 2 .  Power Supply D i a gnos t i c  LED Loca t i ons 

3 - 3 7  
e l s l i  2 1 5 0 /2 1 6 0 5 /8 5  



SECTION 5 
PARTS LISTS AND DIAGRAMS 

5 . 1  2 1 50 / 2 1 6 0  FI NAL ASSEMBLY ( P /N 3 2 1 5 0 , 3 2 1 6 0 ) 

C I RC U I T  N O . D E S C R I P T I ON 

S U B A S S E M BL Y , FRONT  E N D  

S U B A S S E M BL Y , CRT  C A S E  

C I RC U I T  AS S E MB L Y , MOTHER BOARD 

C I RC U I T  A S S E M BL Y , D I G I TAL BOARD 

C I RC U I T  AS S E MBL Y , ANAL OG BOARD 

C I RC U I T  A S S E MB L Y , C A S S E T T E /RS- 2 3 2  

A S S E M B L Y , POWER S U P P L Y  MOD U L E  

P I VO T  R O D  

B A C K  PANEL , R H  

S I D E PANEL , R H  

CAB L E  MOTH ER BOAR D-TO-KE YBOARD 

COVER , CRT  C A S E  

STRA I N  REL I E F BRACKET  

BRA C K E T  ANGL E , S I D E PAN E L  

POWER CORD 

LABEL  ( WARN I NG DANGEROUS VOLTAGE ) 

S H I E L D , S I D E , P OWER S U P P L Y  

C A S S E T T E , T A P E  ( 2 1 6 0  ONLY ) 

MANUAL , S E RV I C E 2 1 5 0 / 2 1 6 0  

WEL DMENT , C A S E  

C O R D  WRAP 

F E E T , 0 . 7 5 S Q  X 0 . 5  H I G H  

F E E T , ROUND 0 . 5  D I A  

E S I  P ART NO . 

4 6 0 9 6  

4 6 0 9 5  

5 4 5 6 9 

5 3 5 2 2  

5 3 6 7 5  

( 2 1 6 0 O N L Y ) 5 2 6 7 4  

4 5 8 4 5  

4 5 3 6 7  

4 4 9 6 4 

4 4 9 3 1  

4 7 1 1 2  

4 5 0 7 8  

4 5 0 8 1  

4 6 2 8 8  

2 4 0 7 7  

4 6 0 4 7  

4 5 9 5 7  

5 5 8 5 2  

5 4 3 2 7  

4 5 1 5 7  

4 5 7 8 2  

4 64 4 6  

0 4 2 7 6  

A S S E M B L Y , CONN E C TOR COVER , H A N D L E R  4 6 9 4 7  

CA BL E A S S E M B L Y , T A P E D E C K -TO-RS 2 3 2  ( 2 1 6 0  ONL Y ) 4 7 2 5 4 

HOLDER , P C  BOARD 

A S S E M B L Y , CONN E C TOR COVER , I E E E  ( 2 1 5 0 ONLY ) 

5 - 1 
e l s l i 2 1 5 0 / 2 1 6 0  5 / 8 5  

4 6 2 8 7  

4 6 9 4 8  



5 . 2  FRONT END SUBASSEMBLY ( piN 46096 ) 

C I R C U I T N O . D E S C R I P T I ON 

E N D  C A P , L H , P A I N T E D  

E N D  C A P , R H , P A I N T E D  

E X T , U P P E R  C UT 

E X T , LOWER  C U T 

B RA C K ET , U P P E R  L H  

BRAC K E T , U P P E R  R H  

B R A C K E T , L OW E R  

B R A C K E T , S I D E P A N E L  

S U B  P A N E L , U P P E R  R H  ( 2 1 6 0  O N L Y ) 
F R O N T  PA N E L , U P P E R  L H  

R E M O VA B L E  W I N D OW , C R T  

F RONT  P A N E L , U P P E R  RH  ( 2 1 6 0  O N LY ) 
F R O N T  P A N E L , L O W E R  

B U T TON , K E Y B O A R D  ( M I S T G R A Y / W H I TE ) 
B U TTON , K E Y B O A R D  ( B L U ) 
B U TTON , K E Y B O A R D  ( GRAY ) 
H A N D L E , P A I N T E D  

P I V O T , P L A S T I C  H AN D L E  

P I N , H A N D L E  

C O V E R , H A N D L E  

B U TTO N , H A N D L E 

S P R I N G , H A N D L E 

P L A T E , H A N D L E  S I D E 

S P A C I NG S T R I P , MO T H E R B OA R D 

S P R I NG , TA P E D E C K  B UT T O N  ( 2 1 6 0 O N L Y ) 
S P A C E R , T A P E D E C K  B UTTON ( 2 1 6 0 O N L Y ) 
T A P E D E C K  ( 2 1 6 0  O N L Y ) 
A L P H A K E Y B OA R D  O V E R L A Y  ( 2 1 6 0 O N L Y ) 
C I R C U I T  A S S E M B L Y , K E YBOAR D 

FOOT , R O U N D  S T I C K Y  

S U B  P A N E L , U P P E R  R H  ( 2 1 5 0  O N L Y ) 
FRONT P A N E L , U P P E R  R H  ( 2 1 5 0 O N L Y ) 

, 

5 - 2 
e / s / i 2 1 5 0 / 2 1 6 0  5 /8 5  

• 
E S I  P A R T  N O . 

4 7 2 7 1  

4 7 2 7 2  

4 4 8 1 8  

4 4 9 5 8  

4 4 8 2 8  

4 4 8 2 7  

4 4 8 2 6  

4 5 2 1 3  

4 5 3 3 7  

4 5 3 3 8  

5 3 5 9 0 
5 3 6 7 7  

4 5 3 4 0  

4 5 6 0 8  

4 6 5 1 0  

4 5 3 4 8 

4 7 1 6 6 

4 4 8 9 2  

4 4 8 9 4  

4 4 8 9 5  

4 4 8 9 6  

4 4 8 9 7  

4 4 8 9 1 

4 5 3 5 1  

4 6 3 3 1  

4 6 3 3 2  

5 3 8 7 0 

5 5 4 1 3  

4 5 5 7 3  

2 2 3 4 3  

4 5 3 7 4 

5 7 6 7 9  



5 . 2 . 1  Keyboa rd C i rc u i t As sembly ( P/N 4 5 5 7 3 ) 

C I RC U I T  N O . 

S l - S 3 2  

P S 0 1  

? 5 0 1 

D E S C R I P T I ON 

PC  BOAR D , K E Y BOARD  

S W I TC H , MOMENTAR Y ,  P U S H BUTTON 

H E AD E R , I /O ,  20  CONTACT  R TANG 

20 1111 

E S I  PART N O . 

4 5 5 7 2  

4 6 5 0 0  

4 6 5 0 1  

• 

o • 

o . G  

\. ...... _-

"THESE.. LOCAI" \ ONS 
t=""UI" URE.. CKT ASS' ( 



• � 

0 0 

0 0 

• 0 

. 0  0 

P S O I  - I �  (Y O)�--------��--------.-------------------� 

P 50\  - 1 4  ( Y  1 ) 
P 50 1  - 1 2  ( � c) �--�--�--�-+----����----------�--�� 

P SOI - 1 0  ( 1( 3) 
TO P 5 DI  - 5 ( �4) �--�----����----���4-----------�-----r� 54S69 

MO-rI-l E2 
BO 

4 

0 
4 

0 
4 

• 

P SO I  - �  ( 1( 5) �--+-�--�--�r-��----�--�.-------+--�-+----�� 
P 5 0 1  - 4  ( Y� l  �--+-----���r---�--��-----------+-----+� 

P 501 - �  ( V 7) �--+--+--+-----���r---�--�-------+--+--+-----+-J 

4 • 
• 

0 0 
� 

. 0  0 
� 

• 0 

( x o) 
P S O I - I  

(x I) 
P 5 0 1 - 3  

(x z) 
P50 1 - 5  

(' 0) 
P SO I - 7  

( X 4) 
P 50 1  - �  

��------------------------------��------------------------�) 
T O  

M OTH ERBOARD 
PIN 5456 9 

SW liCH DE.. iA..IL 
5 1 - 532. 

� • 

//7 / 

S FOR 
)'{ ' 5  

Fi gure 5-1 . Ke yboa rd C i rcui t Assembly ( PIN 45573 ) 

5 - 3 
e / s / i  2 1 5 0 / 2 1 6 0  5 /8 5  



5 . 2 . 2  Keyboa rd- to-Ko therboa rd Ca b l e  Assembly ( P/N 4 7 1 1 2 )  

J c;, 07 
J 5 0 1  0 DF========--==� 

1 ;---, 2 2 _ ' �--------------------------------------�o�o 

M ET R I C  

0 0  
0 0  
0 0  

gg 0 0  0 0  0 0  

A l l  D im s  i n  mm 

Figure 5 - 2 . Keyboa rd- to-Ko therboa rd Cable As semb l y  ( P/N 4 7 1 1 2 ) 

5 - 4 
e / s / i 2 1 5 0 / 2 1 6 0  5 /8 5  



5 . 3  MOTHERBOARD C I RCUIT ASSEMBLY ( piN 5 4 5 6 9 ) 

C I R C U I T N O . 

C l , C4 4  

C 2 , C 5 

C 3 , C 4 

C 7  

C 8  

C 9 - C 4 0  

C4 1 - C 4 3 , 

C 4 5 - C 4 7 

CR l , C R 2  

C R 6 , C R 7  

D S 1 -D S 5  

J I -J 7  

J I 0  

Q I - Q 4  

R l , R 1 0 , R 1 6 , 

R 1 9 , R 2 0 , R 3 9 , 

R4 1 , R4 5 

R 2 , R4 

R3 , R 6 , R 5 

R7  

R 9  

R I 1 - R 1 5 , R 2 5 , 

R4 2 , R4 3 , R 3 6  

R 1 7 , R 2 4  

R 1 8 , R 2 1 , R 2 2  

R 2 3 

R 2 6 , R 2 8  

R 2 7 , R 2 9 , R 8 

R 3 0  

R 3 1 

R3 2 

D E S C R I P T I ON 

PC B ,  MOT H E R BO A R D  

C A P A C I TO R , 1 0 0  p i c o f a r a d , 1 0 0 0 V , D I S C 

C A PA C I TOR , 2 2  m i c r o fa r a d , 1 5 V T A N T  

C A P A C I TO R , 2 5  p i c o f a ra d , D I S C 

C A P A C I TOR , 5 6 0  p i c o f a ra d , P O L Y  

C A PAC I TO R , 2 0  p i c o f a r a d  P O L Y  

CA PAC I TOR , 0 . 0 1 m i c r o fa ra d  

C A PA C I TO R , 1 m i c r o fa ra d , 5 0V 

D I OD E , I N 4 0 0 5  

D I OD E , I N 9 1 4 A  

L E D , R E D , 1 /8 D I A  

CONN EC TOR , P C B , 1 0 0 P I N  

I /O H E AD E R , 2 0  P I N ,  R T  ANG L E ,  2 ROW 

TRANS I S TOR , 2 N 3 9 0 4  

R E S I S TOR , 1 k i l o hm , 1 /4 W , 1 0 %  

R E S I S T O R , 6 8  o hm , 1 /4W , 1 0 %  

R E S I STOR , 2 2 0 o hm , 1 /4 W , 1 0 %  

R E S I S TOR , 1 0 0 o h m , 1 /4 W , 1 0 %  

R E S I S TOR , 4 . 7  k i l o hm , 1 /4W , 1 0 %  

R E S I S TO R , 4 7  o hm , 1 /4W , 1 0 %  

RE S I S T O R , 3 3 0  o hm , 1 /4W , 1 0 %  

R E S I S T O R , 6 8 0  o hm , 1 /4 W , 1 0 %  

R E S I S TO R , 3 9  o hm , 1 /4 W , 1 0 %  

R E S I S TOR , 8 2 0 o hm , 1 /4 W , 1 0 %  

R E S I S T OR , 5 6 0  o hm , 1 /4W , 1 0 %  

R E S I S TO R , 1 0  k i l o hm , 1 /4W , 1 %  

R E S I STOR , 1 1 .  5 k i 1 0 hm , 1 /4W , 1 %  

R E S I STOR , 4 7 0  k i l o hm , 1 /4 W , 1 0 %  

5 - 5 
e / s / i 2 1 5 0 / 2 1 6 0 5 /8 5  

E S I  P A R T  NO . 

5 3 8 7 1  

1 2 2 4 1  

1 8 8 5 2  

0 1 9 2 4  

2 5 9 2 2  

2 0 9 2 6  

4 5 6 5 8  

4 3 8 5 2  

0 1 7 7 9  

1 2 3 5 6  

2 4 0 0 9  

4 5 6 6 1  

4 6 5 0 1  

1 8 7 5 1  

1 3 9 2 0  

1 3 9 0 2  

1 3 9 1 1  

1 3 9 0 7  

1 3 9 2 7  

1 3 9 0 1  

1 3 9 1 3  

1 3 9 1 7  

2 1 2 1 9  

1 3 9 1 9  

1 3 9 1 6  

2 1 7 4 0  

2 1 7 6 9  

1 3 9 5 5  



5 . 3  MOTH ERBOARD C I RCUIT ASSEMBLY ( piN 54569 ) ( cont ) 

C I R C U I T N O . 

R 3 3 , R 3 5 , R 3 4  

R 3 7  

R 3 8  

R 4 0 

R 4 7 

u l  

U 2 - U 6 

U 7 , U 8 

U 7 , U 8 

U 9  

U I 0  

U l 1 , U 1 6  

U 1 2  

U 1 3  

U 1 4  

U 1 5  

U I 7 , U 3 5 , U 3 7  

U 1 8 - U 2 5  

U 2 6  

U 2 8  

U 2 9 , U 4 6  

U 3 0 , U 3 9  

U 3 1  

U 3 1  

U 3 4  

U 3 6  

U 3 8  

U 4 0 , U 4 2  

U 4 1  

U 4 4  

U 4 5  

D E S C R I PT I ON 

RE S I STOR , 4 7 0 ohm , 1 /4 W , 1 0 %  

R E S I STOR , 1 2 0 o h m , 1 / 4 W , 1 0 % 

R E S I STOR , 1 0 0  o h m , 1 / 4 W , 1 %  

R E S I STOR , 5 . 6  k i l o hm , 1 /4W , 1 0 %  

R E S I STOR , 1 0  o hm , 1 /4 W , 1 0 %  

I C , Z 8 0  uP  

I C , E P ROM S E T  

I C , 2 K  x 8 R A M  ( M ode l 2 1 5 0 ) 

I C , 8 K x 8 R A M  ( Mo d e l 2 1 6 0 ) 

I C , 7 4 L S 1 3 9  

I C , 7 4 4 2  

I C , D M 8 1 3 1  

I e , 8 2 7 9  

I C , M K 3 8 8 2 , P ROGRAM C OUN T E R  T I M E R  

I C , F U S I B L E  L I N K P R OM 

I C , P A L 1 4 L 4  ( PR G M  ARRAY L OG I C  C H I P ) 

I C , 7 4 0 4  

I C , D P 8 3 0 4 B  

I C , MC 6 8 4 7  

I C , 7 4 1 0  

I C , 7 4 7 4  

I C , 7 4 S 3 7 3 , OCTAL  D L A T C H  

I C , 2 K  x 8 RAM ( s ta nda rd ,  Mode l 2 1 5 0 / 2 1 6 0 ) 

I e , 2 K x 8 Z RA M  ( op t i ona l , Mode l 2 1 5 0 / 2 1 6 0 ) 

I e , 4 N 2 8 , O P T O  I SOL ATOR 

I C , 7 4 L S 1 6 3 A 

I C , L M 3 1 1  

R E S I STOR P A K , 1 0  k i l o hm , S I P  

R E S I STOR P A K , 3 3 0  o hm ,  S I P  

I C , MC 1 4 0 3 , 2 . 5 V R E F  

I C , 7 4 0 1  

5 - 6 
e l s l i 2 1 5 0 / 2 1 6 0  9 / 8 5 

E S I  P A R T  N O . 

1 3 9 1 5  

1 3 9 0 8  

2 1 7 2 0  
1 3 9 2 8  
1 3 8 9 5  

4 6 1 7 8  

5 5 0 8 8  

4 7 2 6 4 

5 3 8 7 4  

4 5 6 5 6  

2 0 6 0 8  

4 5 5 2 7  

4 5 6 5 1  

4 9 1 8 3  

5 3 8 6 3  

4 7 3 2 1  

2 0 6 9 5  

4 5 2 6 2  

4 5 4 7 2 

2 0 6 0 3  

2 6 2 2 5  

4 6 2 0 1  

4 7 2 6 4  

5 5 8 4 3  

2 0 6 7 4  

4 5 6 4 7  

2 9 5 4 4  

4 6 5 6 0 

4 6 0 7 2 

4 3 0 9 9  

2 0 6 0 1  



5 . 3  MOTHERBOARD C I RC U I T  ASSEMBLY ( PiN 54569 ) ( con t )  

C I RC U I T N O . 

W1 -W4 

W 5 , W6 

Y 1  

Y 2  

D E S CR I P T I ON 

W I RE , # 1 8 B U S  

J UMPER , 3 I N C H  # 2 2  Y E L , 0 . 0 2 5  SQ SOC K E T  

CRYSTAL , 3 . 5 8 M H z  

C RYSTAL , 7 . 6 8 M H z  

BRACE , R H  S I D E 

BRACE , FRONT 

BRACE , BACK 

B U S · S TR I P  

E S I  PART  N O . 

C A B L E  A S S E M BL Y , MOTH ERBOARD - T O - P OWER  S U P P L Y  

C A B L E  CL AMP 

0 6 0 8 9  

4 8 4 5 3  

4 5 6 6 3  

4 5 6 6 2  

4 6 2 2 7  

4 6 2 2 8  

4 6 2 2 9  

2 3 9 9 7  

4 7 1 1 1  

0 1 7 0 3  

0 5 2 6 9  

2 4 0 1 2  

4 5 1 6 3  

2 0 8 6 0  

4 1 3 4 2  

4 3 8 4 4  

4 5 6 6 0  

C A B L E  CLAMP  

CONN E C TOR S T R I P ,  3 6  P I N , 0 . 0 2 5  S Q  

P I VOT , BRACK E T  

S O C K E T , I C , 1 6  P I N  

SOCK E T , I C , 4 0  P I N  

S O C K E T , I C , 2 8  P I N  

SOCKET , I C , 2 0  P I N  

C PU AND  SU PPORT M EMORY MATR I X  
(Page 5 - 9) (Page 5 - 1 0) 

V I D EO  D I S PLAY SU PPORT 
(Page  5 - 1 1 )  

M OTH E RB OA RD C I RC U I T  A S S EM B LY 
F L OW C H ART 

R ES I D EN T  I /O 
(Page  5 - 1 2) 

5 - 7 
e l s l i  2 1 5 0 / 2 1 6 0  9 / 8 5  

BUS S PEC  
( Page 5 - 1 3) 
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F i gure 5-3 . Mothe rboa rd C i rcu i t  Assembly ( piN 545 6 9 ) 

e l s l i 
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1 � 

DATA e -
, 

ve e 
1 1 1  

A l l  I 4 0  A l l A I O  
A I 2  2 A I 2  A 9  3 9  
A I 3  3 A I 3  A S  :'8 
A I 4  4 A l A  A 7  3 7  
A I S  S A I S  A r.  3 ",  
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4 M K 3 8 8 2  2 5  0 0  c T e  
G. R O  TR Gp 2 3  MI --

Nc 2 T 0l) T R(; , 2 2  U N '"  

Ne � TO I TRG 2 2 1 CoOH2 

NC 2 TO Z TR G3 2 0  
1 0 I OR Q C S I 

1 9  A I 
I I r EO c s� 1 8 A 0 
I � INT R E S E T  1 7 � " B - F B 

14 MI C ;:  I ",  F="4 - F 7  

& 1 5 .. 
GNO 

g 

S TA R T  

RES I DE N T  I /O 



! 1 4  All 
� 1 3 -" I  "-
j 1 2. . C  

;� F"D 
�� FE  
� F. 

U 9  

, 
S y .s R S T  

I t>  
t R O 

W '"  

D C 
0 1 
0 2  
[' 3  
D 4  
D S  
D '"  
[17 

A (1l  

v
iC. U I 7 140 

� RESET 
3 C L K  

1 0  -
R D  

I I  W R  
� I RQ 

1 2  DB ¢ 
1 3  DB , 
1 4  

3 0_ " 

U ! 7 

L-I b� 
R L 7 
R L '4:> 
R L S 
RL 4  
R L 3 
RL 2 
RL I 
RL 0 

08 Z U I 2  1 5  D EI  3 
I G, 

8 2 7 9 
DB 4 K D I  

1 7  5L 0 
DB S S L I 1 8 08 ", S L 2 1 9  OB 7 

2 1 A f/J  5 L 3 
22 C S OUT B 0  

N C �  OUT A 3  OUT B I 
N C �  OUT A Z  O U T  6 2 
NC £ OUT A I O U T  B 3 
N C  52 O U T  A \'I  B D  

�20 

8 
7 

'D 

5 
2 
I 

39 
38 

32 
3 3 
3 4 

� NC 
� NC 
� NC 
� NC 
� NC 
� NC 

"' 2 2.  "' 2 3  
"' 8 0  3 9  

0 ... 
:> 
0 � 

T O  U30 - 1 1 \lOG CONTROL REGI S T E R  

J IO 
"' 7  I 
"' G,  2 
"'5 ( 3 R 4  4 
"' 3  ROW S 

5 
"< 2  '" 
0< 1  7 
"' 0  8 

VC C 
1,,,, 

1 5  A o I C (I!  1 3  
1 4  2 C I  1 4  e I 
1 3  , C 2 , 1 5 C. 2 -

3 4  C 3  I t.  U I O  
4 5 C 4  C OLUMNS 

7 4 4 2  1 7  
5 G, C S  1 8 

� ( �  7 C G,  1 9  '" 
N C -'2 7 0 

9 C 7  2 0  

f-J'2. 

RE M01 ( STAAT 

F i g ure 5-3 . Mot h e rboa rd C i rc u i t  As semb l y  ( P/N 54569 ) ( con t )  

e l s l i  
5 1 2  

2 1 5 0 / 2 1 6 0  5 /8 5  



�T"' - �  
CONTROL-& 
ADDRE� - e  

U 4 2  1 O_ �Yc..C 

U4 2 1 0_ �VC.C 
U 4 2  10.  � VCC 

lOt( <.<. �V 
I Vee 

0' 

A '  
A2 
A3 
"4 
A5 
A", 
A7 
A8 
A9 

A '  0 
A l l  
A I 2  
A ' 3  
A , 4  
A I 5 

O� 
0 1  
02 
0 3 
04 
0 5  
D� 
D 7  

7 .!Q8MHz. 
"0 

WR 
10"'0 

MRQ 
R F SH 

MI 
11' 

SY S RST 
3 . 8 4 M H Z  

BU5AK 

� 

I RQ 

WA IT / 

M N I RQ 
IN TAK ( 

PBRE5ET 
COO Hz 
� 
p<-I / 
'Ji 

J l -Ji' 
2 9  A� 
27 A l  
2 5  A 2  
2 3  A 3  
2 1  A4 
1 9  A5 
1 7  A� 
1 5  A7 
30  A8 
28 A!l 
2" A IO 
24 A l l 
22 A I 2  
2 0  A I '3  
1 8  A 1 4  
I '"  A I S  
1 3 0' 
I I  0 1  

02 
7 03 

1 4  04 
1 2 05 
1 0  0(" 

07 
"Co 7 . Co 8 M H z  
32 RD 
3 1  WR 
3 3  IORQ 
34 MEMRQ 
.37 RE FRESH 

3 9 STA.T U S  I 
4 9  CLOC K 
- p  RESE T 
SO C N T R L.  
<1 \  BUSAK 

42. BU5RQ 

4 4  I R Q  

4 S  wAr T RQ 

4" NMI R Q  
4 3  INTAK 
48 � 
"5 ,,"OH z. 
78 UNi< 

J204 - �  ) 
J lO4 7 >-
J W4 - 8 ) 

041 10K 
He. V(C� 
Ne 

1J4.2 10K V((� 

<J 

J l -J7 
S TA f il ( 38 � 

M C SYNc.. ( 4 0  
IOE XP 

� � :� +6V ( 98 
-8v ( 9 7  

±A C OM ( 9 9  
'!B C OM < l ao  

::,TA.T U S  (lJ 
IOE X� ) FO R ' ST O  BU�/ 
M E M E x  C Otvl ;..JA r l B I '- l r ,  

+ B V  

C,ND 
J 204 3 )>-__________ �-----' ;::2--,V-« 59 

+ 1 2 V < 55 
AUX .... v ( + 1 2V) 

J 204 - 5  

JZ04-1 3 � 
J Z04 - 1 2  
JZ04- 1 1  � 
JZ04 - 0  

i l a  C O M  5 7  
t----,-t:.!'Z:...o:Cc::O:cM,,-< 58 t----,t,,-I =.2 .cC-"O,,-M"-( 5 3 

AUX "' V  
AU>' G N O  
A U X.  G N D  
AUX G N D  

,--"±.:.:12=-C=0-,,M-'-( S4 4 '_IX GNC 
+ 5v 
+ 5V � 2 

+ 5  COM � 
"' 5  COM 4 

NC --------« 5 
NC -------« '" 

- s v 
> 5 V 
GNO 

- 5 v 
- 5 V 

J204 - 4  )>--_________ �----"=Z.!.v__« 
- 1 2 V ( :: AUX. - v  

N L  -------« "" 
NC -----« <.2 

AUX. - V I, - 1 2V )  
t o l  
[ O Z 

NC ------« <.3 l D 3  
NC ( ",4 r 0 4  
Nl --------« <.7 I'" �  
Nl -------« <.8 I'" , 
NC --------« ", 9  1'"2 
NC ( 70 1'" 3  
NC -------« 7 '  I'" 4 
NC -----« 72 I'" 5 
NC ( 7 3 F (O  
NC ------« 74 "I'"C:'N'"'E""C,;O-;:-A"'TO'E 
NC ( 75 HIGATE 
NC ------« 7", LOC,ATE 
NC -----« 77 ZGATE 
NC -------« 7 9  H I C M P  
NC ------« e o  LOC MP 
NC ( 81 Z COMP 
NC ( 82 S I C,  OVE"' LOAD 
NC ( 83 S INE GNO 
NC ( 84 SINE WAVE 
NC ( 85 L O - V ' N  
N C  ( 8'" H I - V,N 
NC ( 87 
N C  ( 88  
N C  ( 8 9 
NC ----__« 90 
NC ------« 9 1  
NC ----__« 9 2  
NC ----__« 9 3  

�c������y ________________________ �( 95 C PU BUS� 
SlA"" �����-------------« � START 

�R£�MGT�'�'�'Mrr� _________________ -« � D���E�S�T7."'=T 

DATI 
too· 

ii 

OAl' 

J I - 5l PCI f'(0 r l - 5 1�JZ -52 JZ-51 � J)-'2 J3 - " � J4-52 J4 - " ' � J"-"2 J S - 5 1 >--t,--< J" -SZ 

y'-__ "'=,, _____ ----lJ Y "'5 Y 
PRIORlT"I' (�"\l-4 ( fOR FUTURE OPTIONS) 



• 

AO - A I !>  

������ -f-----f-----f--{ . . }--t----{=t=�O�Al�A�O$U�I ===:p� 

.. 
AO ' "'1�  

DATA BUS 
100 - 0 7 1  

DATA 8US 
100 - 0 7 )  
WAIT 

• 

iii - .1& 

M EMORY R E AD O R  WR ITE CYCLES 

, " �� I ,  

--� �t---
MEMORY ADOII 

--� 
' N  

} A. AO 
CYCLE 

! 
-------l 0 ... T4 0UT i 
- - -- -- -- lJ_-_- l.L� -�= r.- -- -- -- - -- -- -- 1 -- -
- - -- - - -- -- -- - -- -- -- -+ - -

} WR l T l 
cyell: 

I 

MEMORY R EAD OR W R I T E  CYCL ES WITH WA I T  STATES 

--�t�!.�!y.:--40,...--------- .. , ----------
lal T s •• 'I T, T." T." 

DATA .�--r_-----r_------+------+_-----+_------+_----��-----

INTER RUPT R EQU EST/ACKNOWLEDGE CYCLE 

�_------ .. , C'l'�" ----------i 

• 

AO - . , !!.  

" . ' 0  -�'---+ ___ __+'I\'--_+_-...J 

- - - - - .,. - - - - - -j -

'" -f\'---_-+ __ _+' L _ _ _ _ _ _  _ 

00 - 0 7 -+---�---��'N lr-----f-----t_---+_ I....C.:.. 

I 
I NSTR UCTION OP COD E  F ETCH 

INPUT OR OUTPUT CYCLES 

------ � .. C�---�I_----.. A .... �----� 

• 

00 - D7 
iiim. 1iIi. -t---+---t---n iiII. � -t----r----r----1iJ 
"Wi 

'. '. 

BUS R EQU EST/AC KNOWLEDGE CYCLE 

'. T,  

F i 9ure 5--3 . Motherboa rd C i rcu i t  Assembl y  ( pIN 545 6 9 ) ( con t )  

e / s / i  
5 1 3  

2 1 5 0 /2 1 6 0  9 / 8 5  



5 . 3 . 1 Mo t h e rboa rd Ca b l e  A s semb l y  ( p iN 4 9 3 0 2 ) 

M E T RI C 
A l l  D i ms i n  mm 

...------- 1 1 4 . 3  --------1..-.._--+--

215,4 
�E.F 

TO 
MOTHE' 
�OA.Rt 

5 4 56 



TO 
MOTHER 
�O"'RD 
; Lf 56 9  

GN D 
CRJ V I DE.O 

GND 
FS 
14'S 

+ISV 

5R SENSE 
+ SV S E NSE  

+ \ 2 V  
- 1 2. V 
± 1 2.R 
+ 8 \1 
- 6 V 
±: 6R 

L INE  S'I I K.  
CSR 
SR 

+ SV 
t5 V 

l!J 
lZJ 
La! 

� 

� 

I£J 

lIJ 
� 

B8 �  ----------.�I • .---------- V ' OD ..--:::�- 'I4/VIO WHT 
J801 I , 

4C)3 0 2.  
REV __ 

� /" 

f' 

/'I � 

.rl 
\...../ 

" 

8 8 � ----------�� � 

BLt< 
\1/ / 8R� ill 

�I,..I<.. lOlj V.J/ l!>lU� 
'lU REO 

al.� L� )  
RE D ) 
R.ED .) 

� 

'+J \o\i 
'+J / V IO  .) 

V I O  

VJ H i 

I 
Z 
3 J 30 1 4 
S 
b 
7 
S 

i J �OS 
'3 

WII/ I (,  .) I 
2. I80 1 
'3 \/ 1 0 / 

RtO 
\?;l \C.. 

w!BRW 
w IRED 
R E O  .J 

1 
2. 
'?l 
4 
S 

'1 E.l 
GRN .J 
O�� l§J 
BlU 
GR� 
G� 
Bll< . 18 
BlK *1: 1 8  
RED � ISU9 
RED � 18 ) 

� 

� J 204 '7 
S 
'1 
10 
" 
1 2.. 
1 3  

TO 
VI DEO 
BC)ll·:�O 
48�42 

t T
O 

BJl..C.K PA.NEL 
BRIGHT kJESS 
CO� L 

4<=1 304 

TO 
POW E� 
'=>U??L'f 
' 8 2 '  

4S4SS 

Fi gure 5-4 . Mothe rboa rd Ca b l e  As semb l y  ( Pa r t  No . 4 9 3 0 2 ) 

5 - 1 4  
e / s / i  2 1 5 0 / 2 1 6 0 5 /8 5  



5 . 4 ANALOG C I RC U I T  ASSEMBLY ( piN 5 36 7 5 ) 

C I R C U I T  N O . D E S C R I P T I ON 

PC  B O A R D , ANALOG 

PAN E L , C O N N E C TOR 

S W I NG L UG , B I N D I NG P O S T  

BRACK E T , C O NN E C TO R  P A N E L  

H E A T  S I NK , 1 4 - 1 6  P I N  D I P  

B U S , POWE R S T R I P  

SOCK E T S , 1 4  P I N  D I P  

SOCK E T S , 1 6  P I N  D I P  

SOCK E T S , 8 P I N  D I P  

S OC K E T S , 8 P I N  D I P  

S O C K E T S , 1 0  P I N  D I P  

S OC K E T , 2 0  P I N  D I P  

CONN E C TOR , B N C  I S O L A T E D  

F U S E  C A RR I ER ,  GRAY  3 A G  

POST , F U S E  BODY , H I  P RO F I L E 

J A C K  1 /8 "  P H ON O  

P LUG , MAL E P I N  P HO N O  

POST , B I N D I NG 

F U S E  C AR R I E R A L T  M E T R I C  5 x 2 0  B L K  

I N S U L ATOR , T R AN S FOR M E R  M T G  

C l , C 3 , C 5 , C 6 ,  C A P A C I TOR , 0 . 1  m i c r o f a ra d , 5 0 V , D I P  

C 1 2 , C 1 3 , C 1 5 , 

C 1 6 , C 2 1 , C 2 2 ,  

C 2 4 - C 2 8 , C 3 0 , 

C 3 1 , C 3 4 , C 3 5 , 

C 3 6 , C 4 3 , C 5 6  

C 2 , C 8 , C 2 0  

C 4 , C 1 4 , C 2 3 , 

C 2 9  

C A PAC I TO R , 3 0  p i c o f a ra d s , P O L Y  

CAPA C I TO R , 0 . 4 7 m i c r o f a ra d , 1 0 0 V  

5 - 1 5  
e l s l i  2 1 5 0 / 2 1 6 0  5 / 8 5  

E S I P A R T  NO . 

5 3 6 7 4  

4 5 1 6 2  

0 3 2 4 7  

4 5 1 6 1  

5 4 7 40 

2 3 9 9 7  

1 9 1 8 9  

2 0 8 6 0 

5 2 1 8 8 

2 2 4 1 0  

4 6 4 8 1 

4 5 6 6 0  

4 1 8 2 0  

4 5 9 6 6  

4 5 9 6 8  

4 7 0 8 2  

4 7 0 8 3  

0 1 4 3 5  

4 5 9 6 5  

4 7 2 7 5  

5 1 2 6 8  

2 0 2 4 2  

4 5 6 4 5  



5 . 4  ANALOG C I R C U I T  ASSEMBLY ( can t )  

C I RC U I T  N O . 

C 7  

C 9 , C I O , C 1 9  

C l l , C 3 9  

C 1 7  

C 1 8  

C 3 7 , C 3 8  

C 4 0 , C 4 1  

C 4 4 , C 4 8  

C 4 5  

C 4 6 , C 4 7  

C 5 0 , C 5 l  

C 5 2 , C 5 3  

C 5 4 , C 5 5  

C 5 7  

C 5 8  

C 5 9  

C 6 0 , C 6 1  

C 6 2  

C 6 3  

C R l , CR 2 , C R 5 , 

C R 6 , C R 7 , C R 9 , 

C R I 0  

CR 1 2 , C R 1 3 ,  

C R 1 6 -C R 1 9 ,  

C R 2 4 , C R 2 5 ,  

CR 3 0 - C R 3 5 

C R 2 2  

C R 2 3 

C R 2 6 , C R 2 7  

F 2  

D E S CR I PT I ON 

CAPAC I TOR , 1 0 0  p i c o f a r a d , POL Y 

CA PAC I TOR , 2 2 0  p i c o f a r a d , P O L Y  

C A PAC I TOR , 4 7 0  p i c o f a r a d , P O L Y  

C A P A C I TOR , 0 . 0 2 2  m i c r o f a r a d , 2 00 V , M Y L A R · 

C A P A C I TOR , 0 . 00 2 2  m i c r o f a ra d , 

C A PA C I TOR , 3 9 0  p i c o f a ra d , P O L Y  

C A P A C I TOR , 0 . 0 1 m i c r o f a r a d , 5 0 V  C ERAM I C  

C A PA C I TOR , 8 . 2  p i c o f a ra d , D I SC 

C A P A C I TO R , 2 5  m i c r o f a ra d , 2 5 V E L E CT R OL Y T I C  

C A P A C I TOR , 6 . 8  m i c r o f a ra d , T A N T  3 5V 

C A P A C I TOR , 0 . 0 4 7  m i c r o f a r a d , 6 3 V DC , F I L M  

C A P A C I TOR , 0 . 0 0 2 2  m i c r o f a ra d , 1 0 0 V D C , F I L M 

C A P A C I TOR , 0 . 0 0 4 7  m i c ro f a ra d , 1 0 0 V D C , M Y L A R  

C A P A C I TOR , 1 5 0  p i c o fa r a d , P O L Y  

C A P A C I TOR , 5 0 0  p i c o f a ra d , C E RA M I C ,  1 0 0 0 V  

CAPAC I TOR , 4 7  p i c o f a ra d , 

C A P AC I TOR , 0 . 0 4 7  m i c r o f a ra d , 6 3 V DC , F I L M 

CAPAC I TOR , 1 0  m i c ro f a ra d , 2 0 V , TANT 

CAPAC I TOR , 1 5  p i c o f a r a d , l k V , 5 %  

C A PA C I TOR , 0 . 0 2 m i c r o f a r a d , 1 0 0 V , 2 0 %  

D I OD E , I N4 0 0 5 , 5 0 0 V  P I V  

D I OD E , I N 9 1 4 A , 7 5 v P I V  

S U R G E  ARR E S T O R , GAS 

V AR I S TOR , 1 0 V  L I M I T  

D I OD E , I N 5 3 5 5A , Z E N E R , 1 8 V ,  5 OWT 

D I OD E , I N4 9 3 7 6 0 0 V  P I V  

F U S E , 0 . 5A ,  2 5 0 V , 3 A G , F AS T -B LOW 

5 - 1 6  
e l s l i  2 1 5 0 /2 1 6 0 9 /8 5  

E S I  P AR T  NO . 

1 8 7 6 0  

2 9 2 9 7  

4 4 7 1 1  

4 8 6 6 5  

1 2 3 9 9  

2 9 2 9 9 

7 8 0 3 2  

0 2 1 2 7  

0 1 9 4 1  

4 3 7 9 2  

5 4 6 9 6  

5 4 6 9 7  

5 4 6 9 4  

2 9 6 0 6  

0 1 9 2 0 

2 9 6 0 5  

5 4 6 9 5  

4 3 8 5 6  

5 6 1 9 1  

1 2 1 1 5  

1 3 6 5 4 

1 2 3 5 6  

5 5 4 9 4  

4 2 6 3 2  

2 9 0 3 3  

4 5 8 5 6  

0 1 8 0 2  



. 5 . 4  ANALOG C I RC U I T  ASSEMBLY ( con t )  

C I RC U I T  NO . 

K l , K 4 , K 6 

K 2 , K 5 

K 3  

Q l , Q 2 

R l  

R 2  

R 3  

R4 

R 5 , R 6 

R 7  

R 8  

R 9  

R I O  

R l l  

R 1 2 

R 1 3 , R 1 8 , R 2 5 , 

R 3 3 - R 3 5 , R4 1  

R 1 4 , R 1 6 , R 2 4 , 

R 3 6 

R 1 5  

R 1 7 

R 1 9 -R 2 3  

R 2 6  

R 2 7  

R 3 0 , R4 2 , R4 3  

R 3 1  

R 3 2 , R4 9 , R 5 1 , 

R 6 0 - R 6 3  

D E S C R I PT I ON 

R E L A Y , FORM  l A , 5 V , S I P  

R E L A Y , G B  8 2 2  

R E L A Y , 1 8 0 5  B - 3 0 0  E L E C TRODYN E 

X S TR , PNP /N P N  ARRAY ( W I T H  H E AT S I NK ) 
R E S I S TOR , 8 . 2 k i l o hm ,  1 / 2 W , 5 %  

R E S I S TOR , 2 2  k i l o hm ,  1 / 2 W , 1 0 %  

R E S I S TOR , 8 2 0  o hm , lW , 1 0 %  

RE S I S TOR , 4 7  o hm , l W , 1 0 %  

R E S I STOR , 1 0 0  k i l o hm ,  1 /4 W , 1 0 %  

R E S I S TOR , 1 8  o hm , l W , 5 %  

R E S I S TOR , 9 0  k i l o hm , 0 . 0 1 %  

R E S I STOR , 1 0  o hm , E S I  Q B , 0 . 0 0 5 %  

R E S I S TOR , 9 0  o hm ,  E S I  Q B , 0 . 0 0 5 %  

R E S I S TOR , 9 0 0  o h m , E S I  QB , 0 . 0 0 5 %  

R E S I STOR , 9 k i l o hm , E S I  Q B , 0 . 0 0 5 %  

RE S I S TOR , 1 0  k i l o hm , 1 /4 W , 1 0 %  

R E S I S TOR , 2 me g o hm , 1 % · 

R E S I S TOR , 5 0 0  k i l o hm , VAR I A B L E , 2 0 T  

R E S I STOR , 1 5  m e g o h m , 1 0 %  

R E S I S TO R , 2 k i  l o hm ,  VAR I A B L E , 1 /4W -

R E S I STOR , 2 . 5 5 o hm , 1 /4W , 1 %  

R E S I S TOR , 1 k i l o hm , 1 /4W , 1 %  

R E S I STOR , 1 0  k i l o hm , 1 %  

R E S I STOR , 9 . 5 3 k i l o hm ,  1 /4W , 1 %  

R E S I S TOR , 2 . 2 k i l o hm ,  1 /4 W , 1 0 %  

5 - 1 7  
e l s l i 2 1 5 0 / 2 1 6 0 5 /8 5  

E S I  P ART NO . 

5 3 5 9 9  

2 6 6 6 7  

4 6 2 8 6  

5 5 0 6 7 

0 6 1 8 1  

0 2 4 5 3  

2 6 8 3 6  

5 3 5 9 3  

1 3 9 4 5  

5 5 8 4 5  

5 3 9 5 3 

5 3 9 5 2  

5 3 9 5 4 

5 3 9 5 6  

5 3 9 5 5  

1 3 9 3 3  

2 1 7 7 2  

5 4 1 0 4  

1 3 9 7 6  

4 6 3 8 8  

2 1 7 6 1  

2 1 7 3 0  

2 1 7 4 0  

2 1 7 6 2  

1 3 9 2 4 



5 . 4  A N A L OG C I R C U I T  A S S E M B L Y  ( con t )  

C I R C U I T N O . 

R 3 7 - R 4 0  

R 4 4  

R 4 5 , R 4 6  

R 4 7  

R 4 8 , R 5 2 , R 5 3  

R 5 8  
R 5 4 , R 5 5  

R 5 6 , R 5 7  

R 6 5 , R 6 6  

R 6 8  

T l  

TP I - TP 8 

U l , U 1 9  

U 2 , U 3 , U 6 , U 8 

U 4 , U I 0 , U 2 0  

U 5  

U 7  

U l l , U 1 3  

U 1 2  

U 1 4 , U 1 7  

U 1 5  

U 1 6  

U 1 8 , U 2 1  

U 2 2  

U 2 3  

U 2 4  

D E S C R I P T I ON 

R E S I S TO R , 2 . 7  o hm , 1 /4 W , 1 0 %  

R E S I S T O R , 4 . 9 9 k i l o hm , 1 /4W , 1 %  

R E S I S TOR , 1 0  k i l o hm ,  VA R I A B L E  

R E S I S TO R , 1 5 0  o hm , 1 /4 W , 1 0 %  

R E S I S TO R , 1 k i l o h m , 1 /4W , 1 0 %  

R E S I S TO R , 1 0  k i l o hm , VA R I A B L E ,  2 0 T  

R E S I S T O R , 1 0  o hm ,  1 /4 W , 1 0 %  

R E S I S TOR , 1 0 0  o h m , 1 /4 W , 1 0 %  

R E S I S TO R , 2 . 7  k i l o hm , 1 /4 W , 1 0 %  

T R A N S FO R M E R  

T ERM I N A L , TUR R E T  

I C , H A5 1 1 5  

I C ,  L F 3 5 6 N 

I C , 4 0 5 2 A E  

I C , C D 4 0 5 1  

I C , L M3 1 1  

I C , T L 0 7 4  

I C , 7 4 S 4 7 2 , P R OG R AM M E D  

I C , A D 7 5 2 4J N  DAC  

I C , D I P  R E S I S TO R S  R 6 9 8 - 3 - R I OK 

I C , S I P  R E S I S TO R S  

I C , 7 4 7 5 N 

I C , A D 7 5 4 8  D A C  

I C , 7 4 0 6  

I C , 7 4 L S 3 7 3  

5 - 1 8  
e / s / i  2 1 5 0 / 2 1 6 0 5 /8 5  

E S I  P A R T  NO . 

1 3 8 8 7  

2 1 7 3 7  

4 6 2 0 4  

1 3 9 0 9  

1 3 9 2 0  

4 1 9 0 2  

1 3 8 9 5  

1 3 9 0 7  

1 3 9 2 5  

4 6 4 8 0  

5 2 0 7 3  

5 3 8 9 5  

4 1 4 7 3  

2 0 7 4 3  

4 0 8 4 1  

2 9 5 4 4  

4 3 2 9 9  

5 3 9 6 0  

4 5 6 5 2  

4 3 0 7 7  

4 7 3 2 8 

2 0 6 1 4  

5 4 1 7 4  

2 0 6 7 8  

4 6 2 0 1  
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Ana l og C i rc u i t Assemb l y  ( P /N 5 3 67 5 ) ( con t )  

5 - 2 0  
e / s / i  2 1 5 0 / 2 1 6 0 5 /8 5  



5 . 5  D I G I TAL C IRCUIT ASS EMBLY ( pIN 5 3 5 2 2 ) 

C I RC U I T  NO . 

C 3  

C4 , C 5 , C 7 , C I O , 

C l l , C 1 2 , C 1 3 , 

C 1 5 , C 1 7 , C 1 9 , 

C 2 5 , C 2 6  

C 6  

C 8 , C 9 , C 2 7  

C 1 8  

C 2 8  

C R 1 , CR2  

Rl  

R2  

R3  

R4-R 6 , R 8 , R 1 9  

R 7  

R9 

R I O  

Rl 1 

R 1 2 - R 1 4  

R 1 5  

R 1 6 , R 1 8  

R 1 7  

R 2 0  

U l  

U 2 , U 1 2  

U3 

U4  

U 5  

U 6  

U 7 , U l 1  

D E S C R I PT I ON 

P C  BOARD , D I G I TAL 

CAPAC I TOR , 0 . 0 6 8  m i c r o f a r a d , 2 5 0V , POLY 

CAPACI TOR , 0 . 0 1 m i c r o f a ra d ,  5 0V ,  2 0 % , D I P  

CAPA C I TOR , 1 0 0  p i c o fa ra d , l kV 

CAPAC I TOR , 2 5  m i c r o f a ra d , 2 5 V  

CAPACI TOR , 1 0  p i c o f a ra d , lkV  

CAPACI TOR , 0 . 0 1 m i c r o fa r a d , 5 0 V , 2 0 % 

D I ODE , I N 9 1 4A 

RE S I STOR , Va r i a b l e , 5 0  k i l o hm 

R E S I STOR , 2 5 5  k i l o hm ,  1 %  

RES I STOR , 1 me g o hm , 1 %  

R E S I STOR , 1 0  k i l o hm ,  1 0 % ,  1 /4W 

RE S I STOR , 3 . 3  k i l o hm ,  5 % , 1 /4W 

R E S I STOR , 1 0  k i l o hm , 1 %  

RE S I S TOR , 2 4 9  ohm , 1 %  

RES I S TOR , 1 me g o hm , 1 0 % ,  1 /4W 

R E S I STOR , 2 . 2  k i l o hm , 1 0 % , 1 /4W 

R E S I STOR , 3 3  k i l ohm , 1 0 % , 1 /4W 

RES I STOR , 1 0 0  k i l o hm ,  1 0 %  

R E S I STOR , 1 k i l o hm , 1 0 %  

R E S I STOR , 4 . 7  k i l o hm , 5 % , 1 /4W 

IC AD7 5 1 9JN 

D I P  RE S I STOR , 1 0  k i l ohm , R 6 9 8 - 3 - R I 0 K  

I C , TL 0 7 4  

I C , 7 4 0 6  

I C , LM3 3 9  

I C , 7 4 7 4  

I C , 7 4 0 0  

5 - 2 1  
e l s l i 2 1 5 0 / 2 1 60 9 /8 5  

E S I  PART NO . 

5 3 5 2 1  

4 7 0 8 1  

5 4 3 2 6  

1 2 2 4 1  

0 1 9 4 1  

4 3 2 7 7  

4 5 6 5 8  

1 2 3 5 6  

1 2 0 9 1 

2 1 2 2 8 

1 8 2 3 6  

1 3 9 3 3  

1 3 9 2 6 

2 1 7 4 0  

2 1 7 2 4 

1 3 9 60 

1 3 9 24 

1 3 9 3 9  

1 3 9 4 5  

1 3 9 2 0 

1 3 9 2 7  

4 6 4 7 6  

4 3 0 7 7  

4 3 2 9 9  

2 0 6 7 8  

4 0 8 4 9  

2 6 2 2 5  

2 0 6 00 



5 . 5  D I G I TAL C I RC U I T  ASSEMBLY ( p iN 5 3 5 2 2 ) ( c on t )  

C I R C U I T N O . D E S C R I P T I ON E S I  P A R T  N O . 

u s  
U 9  

U I 0  

U 1 3  

U 1 4  

U 1 5 , U 1 6 , U 1 9 ,  

U 2 2 - U 2 5 , 

U 3 0 , U 3 1  

U 1 7 

U I S  

U 2 0  

U 2 1 , U 2 S  

U 2 6  

U 2 7  

U 2 9 

I C , 7 4 2 0  

I C ,  R E F 0 2 C J  O R  MC 1 4 0 4 U 5  

I C , 7 4 0 4  

I C , D AC O S  

I C , N E 5 5 3 4 N , O P A M P  

I C , S N 74 L S 1 6 3 A  

I C , P R OG R A MM E D  P R O M  D G T L  

I C , 7 4 L S 1 3 9  

I C , 7 4 1 0  

I C ,  D P S 3 0 4 B  

I C , DM S 1 3 1  

I C , 8 2 5 5 A 

I C , 8 2 5 3 - 5  

G R O U N D  B R A C K E T , 

POWER  B U S  S T R I P  

S OC K E T , 1 4  P I N  

SOC K E T , 1 6  P I N  

S O C K E T , 2 0  P I N  

S OC K E T , 2 4  P I N  

S O C K E T , 4 0  P I N  

SOC K E T , 8 P I N  

I 

P C B  

D I P  

D I P  

D I P  

D I P  

D I P  

D I P  

D :n  D !D 
U�A 

�D !D !D -

U29 825.3-5  

C26  
D 

o 
U21  83004 

C]
C2' 1 U26 8131 0 '--_--' 

40 30 20 10 

F i g ure 5-6 . D i g i ta l  C i rc u i t A s s e mb l y  ( piN 5 3 5 2 2 ) 

5 - 2 2  
e l s l i 2 1 5 0/ 2 1 6 0 5 /8 5  

2 0 6 0 4  

4 5 6 5 4 

2 0 6 9 5  

4 4 2 6 4  

4 6 4 0 6 

4 5 6 4 7  

5 3 9 5 9  

4 5 6 5 6  

2 0 6 0 3  

4 5 2 6 2 

4 5 5 2 7  

4 5 6 5 0 

4 9 1 8 5  

4 5 9 5 1  

2 3 9 9 7  

1 9 1 8 9  

2 0 8 6 0  

4 5 6 6 0  

4 1 4 9 2 

4 1 3 4 2  

2 2 4 1 0  
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2 1 5 0 / 2 1 6 0 9 /8 5  



5 . 6 CRT SUBA S S EMBLY ( p iN 4 6 0 9 5 ) 

C I RC U I T  N O . D E S C R I P T I O N  

CA S E , LOWER C R T  

S U B A S S E M B L Y ,  B A C K  P A N E L  

PAN E L , S E P A RATOR , CRT  

B RA C K E T , PC B M T  

BRACK E T , C R T  L H  

BRAC K ET , C R T  

I N S U L ATOR , P OW E R  S W I T C H  

ACTUATO R , POWER  S W I TC H  

S P A C E R , POWE R S W I T C H  

BRACK E T , P I VO T  ROD  

C RT 5 I N C H  

A S S E M B L Y , D E F L E C T I O N  YOK E 

C A B L E , C R T  - V I D EO BOA R D  

S W I T C H , POWE R , P U S H B UTTON 

S P R I NG , R ET U R N  

C I RC U I T  A S S E M BL Y , V I DEO 

I N S E R T , S H E E T  E D G E  

S T A N D O F F , C O V E R  

5 - 2 4  
e / s / i  2 1 5 0 / 2 1 6 0 5 /8 5  

E S I  PART  NO . 

4 5 0 7 5  

4 8 3 6 4 

4 5 2 9 1  

4 5 2 0 4  

4 5 7 8 3  

4 4 8 2 5  

4 5 2 7 7  

4 5 2 7 9  

4 5 2 8 1  

4 5 3 6 6 

4 5 8 7 8  

4 8 7 0 4 

4 6 5 0 4  

2 3 1 6 4 

4 6 5 0 5  

4 8 6 4 2  

5 0 7 4 9  

4 6 2 9 2  



5 . 6 . 1  V i deo C i rcu i t  Assembly ( piN 48642 ) 

C I RC U I T NO . 

C l  

C 2  

C 3 , C l 1  

C 4  

C 5 , C 9 

C 6  

C 7 , C S , C 1 2 , C 1 3  

C 1 4  

C I 0  

C 1 5 

C 1 6  

C 1 7 , C l S , C 1 9 , 

C 2 0  

C R l , C R 2 , CR 3 , 

C R 5 , CR 6 , C R 7  

C R 4  

C R S , CR 9 , C R I 0 , 

C R l l 

L l  

L 2  

P 3 0 1 , P 3 0 2  

P 3 0 4 

P 3 0 3  

P 3 0 5  

Q l , Q 3 , Q 5 

Q 2 , Q4 

Q 6  

Q 7  

R l  

R 2  

R 3  

D E SC R I PT I ON 

P C  CARD , V I D E O  

C A PA C I TOR , 2 2  m i c ro fa ra d , 1 5 V , TANT 

CAPAC I TO R , 3 9 0  p i c o f a r a d , P O L Y  

CAPAC I TOR , 1 0 0 0  p i c o fa ra d , P O L Y  

CAPAC I TOR , 0 . 0 1 m i c r o f a ra d , 1 0 0 V , M Y L AR 

C A PAC I TO R , 1 m i c r o fa r a d , C E R AM I C  

C A PA C I TOR , 0 . 4 7 m i c r o fa ra d , 1 0 0 V , 5 %  

C A PAC I TO R , 4 7  m i c r o f a r a d , 5 0 V , RAD I A L , E L EC 

C A P AC I TOR , 0 . 0 1 m i c r o fa ra d , 1 0 0 V , C E RAM I C  

C APAC I TOR , 0 . 0 2 2  m i c r o fa r a d , 2 0 0V , M Y L A R  

C A PAC I TOR , 1 0  m i c r o fa r a d , 3 5 V ,  MYLAR 

C A P A C I TOR , 0 . 0 1 m i c r o fa ra d , 1 0 0 0 V , C E RAM I C  

D I OD E , I N 9 1 4 A  

D I OD E , I N 4 7 3 6 ,  6 . S V Z E N E R  

D I OD E , I N 4 0 0 7  

CO I L , H OR I Z ONTAL L I N E AR I TY 

C O I L , H OR I Z ONTAL  W I DTH  

CONN EC TO R , 8 P I N  MAL E , P C  

C ON N E C T O R , 4 P I N  MA L E , P C  

CONN ECTOR , 3 P I N  MAL E , PC  

TRANS I S TO R , 2N 3 9 04 

TRAN S I S TO R , 2 N 3 9 0 6  

F E T , V N I 0 KM 

F E T , I R F 6 3 0  

T R I MP OT , 2 2 0  o h m , P C , 3 /4 T  

R E S I S TOR , 68  o hm , 1 /4 W , 1 0 %  

R E S I S TOR , 3 . 9  k i l o hm ,  1 /4W , 

5 - 2 5  

1 0 %  

e l s l i 2 1 5 0 /2 1 6 0  5 /8 5  

E S I PART N O . 

4 8 64 1  

1 8 8 5 2  

2 9 2 9 9  

0 7 0 9 4  

1 2 2 6 0  

4 3 8 5 2  

4 5 6 4 5  

4 6 4 8 2 

1 2 1 4 4 

4 8 6 6 5  

4 8 5 3 2  

4 6 4 8 4  

1 2 3 5 6  

1 2 4 4 3  

1 2 1 6 1  

4 8 7 0 3  

4 8 7 0 2  

4 6 6 3 1 

4 6 6 2 9  

4 6 8 4 7  

1 8 7 5 1  

1 8 7 5 4  

4 9 0 6 2 

4 8 7 2 5  

4 8 7 3 6  

1 3 9 0 2  

1 3 9 2 9  



5 . 6 . 1  V i de o  C i rc u i t A s semb l y  ( piN 4864 2 ) ( con t )  

C I R C U I T  NO . 

R 4 , R 7 , R 8 , R 9 

R I 0 , R 1 8 , R 2 8 

R 5  

R 6 , R 2 1  

R l 1 , R 2 7 , R 3 0 , 

R 3 1  

R 1 2 

R 1 3 

R 1 4  

R 1 5 , R 1 9  

R 1 6 , R 1 7  

R 2 0 , R 2 5 , R 2 6  

R 2 2 , R 2 4 , R 2 9  

R 2 3  

R 3 2  

T l  

U l  

U 2 , U 3 

U4  

D E S C R I P T I ON 

R E S I S TOR , 1 0  k i l o hm ,  1 /4 W , 1 0 %  

R E S I S T O R , 2 7  k i l o hm ,  1 /4 W , 1 0 %  

RE S I STOR , 1 0 0 o hm , 1 /4W , 1 0 % 

R E S I S TO R , 1 0 0  k i l o hm ,  1 /4 W , 1 0 %  

R E S I S TO R , 2 2 0  k i l o hm , 1 /4 W , 1 0 %  

R E S I S TO R , 1 m e g o h m , 1 /4W , 1 %  

R E S I S TO R , 1 k i l o hm ,  1 /4 W , 1 0 %  

R E S I S TO R , 3 . 3  k i l o hm , 1 /4 W , 1 0 %  

T R I M P O T , 5 k i l o hm , P C , 3 /4 T  

R E S I S TOR , 4 9 . 9  k i l o hm ,  1 / 4 W , 1 %  

R E S I S T O R , 1 o hm , 1 / 2 W , 1 0 %  

R E S I S TO R , 3 3  o h m , 1 / 2 W , 1 0 %  

TR I M P O T , 1 me g o hm , P C , 3 /4 T  

TRANS FO R M E R ,  H I G H  V O L TAG E 

I C , C A 3 1 4 0 , O P - A M P  

I C , U A 7 5 9 , PWR O P - A M P  

I C , 5 5 5 , T I M E R  

S O C K E T , 8 P I N  D I P  

S H O C K  S H I E L D , V I D E O  

B O X , H . V .  X F MR 

I N S E R T , S H E E T  E D G E  6 - 3 2  

S TA N D O F F ,  P L A S T I C P C B  S UP P O R T  

S C R E W , 6 - 3 2  x 0 . 3 7 5 L G P H P  

S C R E W , 4 - 4 0  x 0 . 3 1 2  L G  P H P  

S OL D E R  L UG , # 4  

S H OU L D E R  WAS H E R , # 4  I N S U L A T I NG 

I N S U L ATOR , R E C T A N G U L A R  S I L I C ON 

W I R E , # 2 2  S OL I D  

B U S H I NG , 0 . 3 1 2  x 0 . 2 5 1 0  x 0 . 3 7 5  0 0  

5 - 2 6  
e l s l i 2 1 5 0 / 2 1 6 0 5 /8 5  

E S I  P A R T  NO . 

1 3 9 3 3  

1 3 9 3 8  

1 3 9 0 7  

1 3 9 4 5  

1 3 9 4 9  

1 8 2 3 6  

1 3 9 2 0 

1 3 9 2 6  

4 8 7 2 4 

2 1 7 4 7  

1 2 4 4 8  

4 6 4 8 5  

4 8 7 3 7  

4 8 7 0 5  

4 8 7 2 3  

4 6 4 7 9  

2 0 7 2 1  

2 2 4 1 0  

4 9 1 9 1  

4 9 1 9 0  

5 0 7 4 0  

4 9 3 9 8  

0 3 6 4 3  

0 3 6 3 0  

0 5 8 9 0  

4 1 9 3 7  

4 6 2 5 6  

0 6 0 9 1  

4 9 3 9 7  
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e l s l i  
5 - 2 7  

2 1 5 0 / 2 1 6 0  5 /8 5  



5 . 6 . 2  Ba ck Panel Suba s sembly ( pIN 483 64 ) 

C I R C U I T N O . D E S C R I PT I ON 

R E A R  P A N E L , L H  

B R AC K ET , U P P E R  B A C K  PAN E L  

BRAC K E T , LOWER B A C K  PAN E L  

FAN 

R E C E PTAC L E , AC  

SW I TC H , 1 2 0 - 2 2 0  

S C R E E N , FAN 

F I L T E R , FAN 

S CR E W , 4 - 4 0  x 0 . 2 5 0 L  B H  C A P  

S C R E W , 1 0 - 3 2 x 0 . 5 0 0 L , 

WAS H E R , LOC K # 4  

WAS H E R , F L A T  # 1 0  

WAS H E R , LOC K # 1 0  

T H U M B  S C REW , # 4  C A P  

SOL DER L UG , # 1 0  

TAMP E R  

SW I TC H , POWE R , P U S H BUTTON 

R EW OR K , COVER  

PROO F 

C A B L E , BACK P A N E L  - POWER S U P P L Y  

M OUNT , F A N  GUARD 

S P A C E R , FAN MOUNT , 0 . 4 5 0  O D  x 0 . 1 5 OT 

BAR , M OUNT I NG FAN F I L T E R  

F U S E  H O L D E R  H I G H PROF I L E  

3 A G  F U S E  CAR R I ER ,  GRAY 

3AG FUS E 2 A  S L OW BLOW 

5 x 20  M E TR I C  FUSE C A R R I E R , BLK 

F U S E , 1 . 6A S L OW B L OW ( E U R O P E ) 
NUT , H EX , 4 - 4 0  

N U T , H E X , 1 0 - 3 2  

A S SY , BR I G H T N E S S  CONTROL 

KNOB , B L A C K  

5 - 2 8 
e l s l i  2 1 5 0 / 2 1 6 0 5 /8 5  

E S I PART NO . 

4 5 0 7 0  

4 5 2 4 1  

4 5 2 4 2  

4 5 7 04 

2 4 0 7 8 

1 8 4 2 4  

4 6 2 8 9  

4 6 9 3 2 

5 0 5 3 3  

4 5 8 6 9  

0 3 5 7 7  

0 5 9 2 1  

0 3 5 8 6  

2 7 9 5 9  

0 5 9 1 1  

2 3 1 64 

4 6 2 9 0 

4 7 1 1 5  

4 6 0 3 8  

4 6 2 9 1  

4 6 2 64 

4 5 9 6 8 

4 5 9 6 6  

1 3 7 00 

4 5 9 6 5  

5 2 6 7 6  

0 3 5 3 8  

0 3 5 4 7  

4 9 3 04 

4 9 2 3 9  



5 . 7  POWER SUPP LY MODUL E ASSEMBLY ( P/N 4 5 845 ) 

C I R C U I T  N O . D E S C R I P T I ON 

C I R C U I T  A S S E M BL Y , P OWER S UP P L Y  B 1  

C I RC U I T  A S S EM B L Y , POWER S U P P L Y B 2  

S TANDOF F , 0 . 3 7 O D  x 0 . 5  L G  x 6 - 3 2  

S TANDOF F ,  0 . 3 1 O D  x 2 . 9 3 7  L G  x 6 - 3 2  

S TANDOF F !  0 . 3 1 O D  S L OT T E D x 6 - 3 2  

B RA C K E T , P O W E R  S U P P L Y  MTG 

I N S U L ATOR , D O - 4  D I O D E  STYL E 

C A B L E  A S S E M B L Y , 3 P I N  M OL E X  

C A B L E  A S S Y , 2 P I N  MOL E X  

S H I E L D ,  P O W E R  S U P P L Y  B O A R D  L OW E R  

L OC T I TE 6 0 1  

5 - 2 9  
e l s l i  2 1 5 0 /2 1 6 0 5 /8 5  

E S I  P A R T  N O . 

4 5 4 9 0  

4 5 4 8 8  

45 2 7 8 

4 5 5 8 5  

4 5 5 8 4  

4 5 5 8 3  

4 6 5 4 6  

4 7 1 1 4  

4 7 1 1 3  

4 5 9 5 0  

5 0 5 7 6  



5 . 7 . 1  Power Supp l y  ( B l )  C i rc u i t Assembly ( P/N 4 5490 ) 

C I R C U I T  N O . 

C l  

C 2  

C 3 , C 4 

c S  
C 6  

C 7 , C C? , C I O  

C 9 , C 1 3 , C 1 4  

C l l  

C 1 2 

C I S  

C R I  

C R 2  

D E S C R I PT I ON 

PC  BOAR D , P OW E R  S U P P L Y  ( B l ) 

C A P A C I TOR , 0 . 0 0 5  m i c r o f a r a d , l kV C E R  

C A P A C I TO R , 0 . 1 m i c r o f a ra d , 2 5 0 V A C  M Y L  

C A P A C I TO R , 7 5 0  m i c r o f a ra d , 2 0 0 V  E L E C  

C A PA C I TOR , 0 . 0 0 1 5 m i c r o f a r a d , 6 0 0 V D C P O L Y  

C A P A C I TO R , 0 . 1  m i c r o f a ra d , 6 0 0 V D C  M Y L A R  

C A P A C I TOR , 1 0 0  m i c ro fa ra d , 2 5 V  E L E C  

C A P A C I TOR , 1 0  m i c r o fa r a d , 1 6 V  E L E C  

C A P A C I TOR , 0 . 0 0 1  m i c r o fa rad , l k V C E R  

C A P A C I TOR , 0 . 0 1 m i c r o f a ra d , 5 0 V C E R 

C A P A C I TO R , 0 . 0 1 m i c r o fa ra d , 5 %  C E R  

M . O . V ,  1 . 5  K E I OC , l O Y 

B R I D G E  R E C T , W0 8 M  

C R 3 , C R 9 , C R I O  D I OD E , I N 4 9 3 7  

C R 4  

C R 5 , C R 1 1 , 

C R 1 3 - C R 1 5  

C R 6  

C R 7 , C R 8  

C R 1 2 

C R 1 6 , CR 1 7  

L l  

P I O I  

P I 0 2 , P I 0 3 , 

P I 0 4  

P I O S 

Q l , Q 2 

Q 3  

Q4  

Q 5 , Q 9 

D I O D E , MR 8 1 8  

D I O D E , I N 9 1 4A 

D I OD E , Z E N E R  I N 4 7 4 6  1 8 V 

D I OD E , I N 4 0 0 S 

D I O D E , Z E N E R  I N 4 7 3 7 A , 7 . 5 V + /- 5 %  

D I O D E , C L A M P , VS 1 5 0 , L A I 0 A 

I N D U C TOR , ( E S I  TORO I D ) 

C O N N E C TOR , 9 P I N , S T R A I G H T , M O L E X  ( M A L E ) 

P O L A R I Z E D  

C ON N E C TO R , 3 P I N , S T RA I G H T , M O L E X  ( MA L E ) 

P O L A R I Z E D  

C O N N E C TOR , 2 P I N , S T R A I G H T , M O L E X  ( MA L E ) 

P O L AR I Z E D  

T R A N S I ST O R , MJ E 1 3 0 0 3  

T R A N S I S TOR , 2 N6 S 4 3  ( T O - 3 ) 

TRANS I S TOR , D 4 2 C 9 

TRAN S I S TO R , 2 N 2 9 0 5 A 

5 - 3 0  
e l s l i  2 1 5 0 / 2 1 6 0 5 /8 5  

E S I  P A R T  NO . 

4 5 4 8 9  

0 1 9 1 9  

5 4 5 0 1  

4 6 6 1 2 

2 6 2 0 3  

4 6 6 0 9  

4 6 6 1 4  

4 6 6 1 6  

2 1 2 1 5  

1 2 1 4 4 

4 6 6 0 7  

4 2 6 3 2  

4 6 4 0 4  

4 5 8 5 6  

4 5 8 5 0  

1 2 3 5 6  

4 4 0 2 7  

0 1 7 7 9  

1 2 3 5 3 

4 2 6 3 3  

4 6 4 9 4  

4 6 6 3 4  

4 6 6 2 7  

4 6 6 2 5  

4 5 8 6 3  

4 5 8 6 4 

4 5 8 6 5  

2 2 7 1 3  



5 . 7 . 1  Powe r Supply ( al )  C i rc u i t Assembl y  ( P/N 4 5 4 9 0 ) ( Con t )  

C I R C U I T N O . 

Q 6  

Q 7 , Q 8 , Q I 0 ,  

Q l l , Q 1 2  

R l  

R 2 , R 3 

R 4  

R 5  

R 6  

R 7  

R 8  

R 9  

R I 0 , R 1 2 , R 2 9  

R l 1 

R 1 3 , R 1 4 , R 2 8  

R 1 5 , R 1 7  

R 1 6  

R 1 8  

R 1 9  

R 2 0  

R 2 1  

R 2 2 , R 2 3  

R 2 4  

R 2 5  

R 2 6  

R 2 7  

R V I  

U l  

U 2  

U 3  

U 4  

U 5  

D E S C R I P T I ON 

T R AN S I S T O R , T I P - 3 0 C  

T R A N S I S T O R , 2 N 2 2 2 2  

R E S I S TO R , 2 . 2 k i l o hm ,  1 /4 W , 1 0 %  

RE S I S T O R , 1 5 0  k i l o hm , 1 / 2 W , 1 0 %  

R E S I S TO R , 3 . 9  k i l o hm , 5W , 1 % , WW , DA L E  

R E S I S TO R , 4 7 0  k i l o hm , 1 / 2 W  

R E S I S TO R , 8 2  o h m , 1 / 2 W  

R E S I S TOR , 0 . 2 0 0  o h m , 1 /4 W , WW , F I L M 

R E S I S TO R , 5 6  o hm 1 /4 W  

R E S I S TO R , 2 7  o hm , l W , 1 0 %  

R E S I S TO R , 4 7 0  o hm , 1 /4 W  

R E S I S TOR , 3 0  o hm , 3 W , 5 % , WW 

R E S I S TO R , 1 k i l o hm , 1 /4 W , 1 0 %  

R E S I S TO R , 2 2 0  o hm ,  1 /4 W  

R E S I S TO R , 1 . 8  k i l o hm , 1 /4 W  

R E S I S TO R , 8 2 0  o hm , 1 /4 W  

R E S I S TO R , 1 . 5  k i l o hm , 1 /4 W  

R E S I S TO R , 3 9 0  o hm ,  1 /4 W  

R E S I S T O R , 1 2 0  o hm , 1 /4 W  

R E S I S TO R , 6 . 8  k i l o hm ,  1 /4 W , 1 0 %  

R E S I S TO R , 1 0  k i l o hm ,  1 /4 W  

R E S I S T OR , 1 0 0 o hm , 1 /4 W  

R E S I S TOR , 4 . 7  k i l o hm , 1 /4 W , 5 %  

R E S I S TO R , 2 0  k i l o hm ,  2 0W ,  WW 

VA R I S TO R , ( A M E T E X  RODAN  D I V  S G . 5 ) 
O P T I C AL  C O U P L E R , M C T - 6  

VO L T  R EG U L ATOR , L M 7 9 0 5  C T , - 5 V  

VOL T R E G U L A TO R , L M 7 8 1 2  C T , 1 2 V 

C O N T R O L  I C  SG  3 5 2 4 

OP T I C A L  C O U P L E R , M C T - 2 E  

C A B L E  T I E  ( S M A L L ) 

5 - 3 1  
e / s / i  2 1 5 0 /2 1 6 0  5 /8 5  

E S I  P A R T  NO . 

4 5 8 6 2  

2 7 6 7 1  

1 3 9 2 4  

1 5 9 8 6  

4 6 4 9 6  

0 1 6 4 9  

0 6 1 8 3  

4 6 4 9 7 

4 6 7 4 6 

4 6 4 9 5  

1 3 9 1 5  

4 6 4 6 4  

1 3 9 2 0  

1 3 9 1 1  

1 3 9 2 3  

1 3 9 1 9  

1 3 9 2 2  

1 3 9 1 4  

1 3 9 0 8  

1 3 9 3 0  

1 3 9 3 3  

1 3 9 0 7  

4 6 4 9 9  

4 6 4 1 0  

4 6 4 9 3  

2 4 0 0 8  

4 1 8 7 6  

4 6 4 1 2 

4 3 8 2 5  

4 6 4 0 3  

0 6 1 4 7  



5 . 7 . 1  Power Supply ( Bl ) C i r cu i t  As sembly ( P /N 4 5 4 90 ) ( Con t )  

C I R C U I T  N O . D E S C R I P T I ON 

S O C K E T , 6 P I N , D I P  

S O C K E T , 8 P I N , D I P  

S O C K E T , 1 6  P I N  D I P  

S O C K E T , T 0 3 

H EA TS I NK B 1  

I N S U L ATOR S I L I CON T O  - 3  S T Y L E  

W A R N I N G  

T H I S  I N F ORM AT I O N I S  F OR U S E  

BY E S I  Q U A LI F I E D  S E RV I C E  

PE R S ON N E L  ON LY .  

D A N G E R  

& � = C I RC U I T  C OMM O N ;  H A ZA R D O U S  V O L TA GE . 

A LL PA R T S  OF T H I S  A S S E M B LY I N C LU D I N G  C I RC U I T COMMON 
A R E  A T  OR ABOVE P OWE R L I N E  V O LTAGE . AVA I LA BLE E N E R G Y  
AT A N Y  POI N T  M A Y  B E  L I M I TE D  ON LY BY I N PU T F U S E . D O  N OT 
AT TEM PT S E RV I C E  O Pl: RA T I O N S  W I T H OU T  L I N E  I S O LA T I O N  F OR 
BOTH T H I S  A S S E M B L Y  A N D  T E S T  E QU I PM E N T . F A I L U R E  TO OBSERVE 

T H I S  P R E CA U T I O N MAY R E S U L T  IN S E V E RE I N J U R Y  OR D E AT H . (OJ 

tJ ( c�. 

2 N 2222 
b e .  '��) ,,, .. , 2 N 2905A b e e i n  Ond out ond in out 

J E I 3 0 0 3  2 N 6 5 4 3  042C9 78 12 7905 
FRONT V I EW B O T T O M  VI E W  F R O N T  V I EW S  

I NV. I N P U T  
NO N - I NV. I NPU T 

O S C .  O U T PU T  

( + )  C .  L .  S E NSE 
( - )  C. L SENSE 

R T  

C T  

G RO U ND 

E S I  PART  N O . 

4 5 8 3 1  

2 2 4 1 0  

2 0 8 6 0  

1 2 2 6 2  

4 5 5 8 7  

4 3 1 7 6  

VREF 
V, N  
E M ITTE R B 
C OL L E C T O R  B 
C OLLECTOR A 
E M I T T E R A 

SHUTDOW N  

COM P E  N S ATION 

S G  3524 
T O P  V I E W  

F i g u re 5-8 . Powe r Supply Bl C i r cu i t  A s s emb ly ( P/N 45490 ) 

e / s / i 
5 - 3 2  

2 1 5 0 / 2 1 6 0 5 /8 5  
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F i gure 5-8 . 

NO T E S  

rr-- r � r-, r-1 L ... � ... � - ....... 
J ' OV O V  

I 

-r 
I 

EACH DI V .  : 5 V. IOp.S 
B A S E  of 06 

EACH D I V. ,. 5 V, 10,f'S 
BASE o f  03  

-� -� ... 

.... � I--. I 

E A C H  D IV. : 2V. 10),5 
BA SE of 05 

.,. i"""" ".. n ,. 

OV 

n .... f"� .... h 
1 Il ll  
J ,. v 

E AC H  DIV. = 200V. 10)45 
COL LECTOR of 0 3  

\ 
O V  

... " ..... � ..... 

E A C H  DIV. = 2 V. 1 0  pS 
P I N  7 of U4 

OV 

W A R N I N G ' 

T H I S  I N F ORMAT I ON I S  F OR USE 
BY ES I  QUALI F I E D  SERVI CE  

PE RSON N E L  ON LY .  

D A N G E R  

� � ;  C I RC U I T  C OMM ON ; HAZARDOUS V O LTA GE . 

A LL PA RTS OF T H I S  ASSEM B LY I N C LU D I N G  C I RC U I T  COMM ON 
ARE AT OR A B OVE POWE R LINE V OLTAGE . A VA I LABLE E NERGY 
AT ANY POI N T  MAY BE L I M I TE D  ON LY BY I N PU T F U S E . DO N OT 
ATTEM PT S E RV I C E  O PE RA T I ON S  W I TH OU T  L I N E  I S O LA  n O N  F OR 
BOTH T H I S  ASSEMBLY A N D  TEST E QU I PME N T . F A I  LURE TO OBSERVE 
T H I S  PRECA U T I O N  MAY R E S U LT IN S E VE RE I N JURY OR DEAT H . 

A L L R E S I ST O R VALU E S A R E  I N  O H M S , 1 /4 W , 10 % UN L E S S  O T H E R W I S E  ST A T E D  

2 A L L  C A P A C I T O R S  A R E  I N  fL F  UN LE S S  OT H E R W I S E  ST A T E D .  

Power Supply B l  C i rc u i t Assembly ( PiN 4 5490 ) ( c oo t )  

e / s / i  
5 - 3 3  

2 1 5 0 / 2 1 6 0  5 /8 5  



C I RC U I T N O . 

R I O , R 2 6  

R l l , R 2 4  

R 1 2 

R 1 5  

R 1 6 

R 1 7 

R 1 9  

R 2 1 

R 2 2  

R 2 3  

R 2 7 , 2 5 

R 2 8  

R 2 9  

R 3 0  

R3 1 

R3 2 

R 3 3  

T l  

U l  

U 2  

U 3  

U 4  

U 5  

U6  

U 7 , U 8  

D E S C R I P T I ON 

R E S I S TOR , 8 2  o hm ,  1 / 2W ,  1 0 %  

R E S I S T O R , 1 0  o hm , 1 /4W , 1 0 %  

R E S I S T OR , 3 9  o hm , 1 /4 W , 1 0 %  

R E S I STOR , 1 , 2  k i l o hm , 1 /4 W , 1 0 %  

R E S I S TOR , 1 8  k i l o hm ,  1 /4 W , 1 0 %  

R E S I S TO R , 1 . 5  k i l o hm 1 /4 W  

R E S I S TOR , 2 7  k i l o hm ,  1 /4W , 1 0 %  

R E S I S TOR , 2 k i l o hm ,  1 /4W , 1 %  

R E S I S TO R , T R I M M E R , 5 0 0  o hm ,  2 0T 

R E S I S TOR , 2 . 4 9 k i l o hm , 1 /4W , 1 %  

R ES I STOR , 2 2  o hm 1 /4W 

R E S I STOR , 1 0 0  o hm ,  1 /4W , 1 0 %  

R E S I S TOR , 2 . 7 k i l ohm , 1 /4W , 1 0 %  

R E S I STOR , 1 0  k i l o hm , 1 /4W , 1 0 %  

R E S I STOR , 3 3 0  o hm ,  l W , 1 0 %  

R E S I STANT W I R E , # 1 9GA B .  MANGAN I N  

R E S I S TO R , 1 0 0  k i l o hm , 1 /4 W  

X FRMR , POWER S U P P L Y  

VOLTAGE R E G U L ATOR , L M 7 8 1 5  

VOLTAGE REGUL ATOR , L M 7 8 1 2  

V O L TAGE REGULATOR , 7 9 1 2 C  

VOL TAG E R E G U L AT OR , LM 7 8 0 8 

VOLTAGE R EGULA TOR , LM 7 9 0 8  

COMPARATOR , L M 3 1 1  

O P  AMP , 7 4 1  

G R E A S E , T E M P  CONDUCT I V E 

H E ATS I NK 

C T  

I N S UL A TOR , S I L I CO N  TO- 2 2 0  TRAN S I S T O R  

MOUNT I NG K I T , D 0 5  D I O D E  

S L E EV I NG , # 8  BLACK  S I L I CON R U B B E R  

S O C K E T , 8 P I N  D I P  

C R I MP T E R M INAL  

5 - 34  
e l s l i  2 1 5 0 / 2 1 6 0  5 /8 5  

E S I  PART NO . 

0 6 1 8 3 

1 3 8 9 5  

2 1 2 1 9  

1 3 9 2 1 

1 3 9 3 6  

1 3 9 2 2  

1 3 9 3 8 

2 1 7 3 3  

1 2 0 9 3  

2 1 7 3 4 

1 2 4 5 5  

1 3 9 0 7  

1 3 9 2 5  

1 3 9 3 3  

1 2 1 7 4  

0 5 94 4  

1 3 9 4 5  

4 5 8 7 7  

2 7 8 1 6  

4 64 1 2  

4 7 2 9 6  

4 6 6 2 2  

4 6 6 2 1  

2 9 5 4 4  

2 0 6 6 8  

0 8 5 0 6  

4 5 5 8 6  

4 6 2 5 6 

4 7 64 6  

0 5 8 8 3  

2 2 4 1 0  

4 5 8 8 7  



5 . 7 . 2  P ow e r S u pp l y  ( 82 )  C i rcu i t A ssembly ( P /N 4548 8 ) 

C I R C U I T N O . 

C 2  
C 3 , C 4 , C 9 - C1 6 

C 7 - C 8  

C 1 7  

C 1 8 , C 1 9 , C 2 0 

C 2 1  

C 2 3  

C 2 6 , C 2 5 
C 2 7  

C 3 0  

C 3 1  

C R l , C R 2 , C R 3  

C R4 

C R 5  

CR 6 , C R 7  

C R 8 , C R I O , 

C R 1 5 , C R 1 6  

C R 9  

C R l l , C R 1 2 ,  

C R 1 3 , C R 1 4  

J I 0 3 , J 1 0 4 

L l , L 2 , L 3 

L 4  

P 2 0 1 , P 2 0 3  

P 2 0 2  

P 2 0 4  

R 2  

R 1 3 , R 2 0  

R 9  

D E S C R I PT I ON 

P C  BOAR D , P OW E R  S U P P L Y  

C A PAC I TOR , 4 2 0  m i c r o f a ra d , 2 5 V  E L E C  

C A PAC I TO R , 6 . 8  m i c r o fa rad , 3 5 V  T A N T  

C A PA C I TO R , 5 8 0  m i c r o fa ra d , 2 0 V  E L E C  

C A P A C I TOR , 0 . 0 1 m i c r o f a ra d  D I S C 

C A PAC I TO R , 2 9 0 0 m i c r o fa ra d , 6 . 3 V E L E C  

C A P AC I TO R , 0 . 1  m i c r o f a ra d , 2 5 V  C E R  

C A PAC I TO R , 2 0 0 0  p i co fa ra d  
C A P AC I TOR , 3 3  m i c rofa ra d , R A D , 6 . 3 V 

C A PA C I TOR , 0 . 0 0 5  m i c ro fa r a d  D I S C  

C A PAC I TOR , 0 . 2 2 m i c r o fa ra d , 
C A P A C I TO R , 0 . 1  m i c ro fa ra d  
D I OD E , M R 8 5 1  ( 3 A )  

D I O D E , I N 5 8 3 2  S TUD MOUNT 

D I O D E , S C R , 2 N 3 8 9 6  

D I O D E , Z EN E R  I N 4 7 3 5  6 . 2V 

D I OD E , I N 9 1 4 A 

5 0 V  

D I OD E  Z E N E R , A D J U S TAB L E , T L 4 3 0 

D I O D E , I N4 0 0 5 

C O N N E C TOR , MOL E X , 3 P I N  

I NDUCTOR , F E RR I T E B E A D  

I N DUCTOR , P OW E R S U P P L Y  

E L E C  

C O N N E CTOR , 2 P I N  MOL E X  ( MA L E ) S T RA I G H T  

P O L A R I Z E D 

C ONN E C TOR , 3 P I N  MOL E X  ( MA L E ) S T R A I G H T  

P O L A R I Z E D 

CONN E C TOR , 1 3  P I N  RECTANG L E  M O L E X  ( MAL E ) 

R E S I S TOR , 1 k i l o hm , 1 / 2W , 1 0 %  

R E S I S TOR , 1 k i l o hm ,  1 /4W , 1 0 %  C A R BON 

R E S I STOR , 1 . 0  o hm , 1 / 2W , 1 0 %  

E S I  P A R T  NO . 

4 5 4 8 7  

4 6 5 2 4  

4 3 7 9 2  

4 6 4 0 9  

1 2 1 44 

4 6 4 0 8  

2 4 3 9 5  

2 1 2 1 4 

4 6 6 1 5  

1 2 1 4 3  

1 3 6 8 0  

4 5 2 4 7  

4 5 8 5 1  

4 5 8 5 3  

4 6 6 1 9  

1 2 0 7 9  

1 2 3 5 6  

4 6 6 2 0  

1 3 6 54 

4 6 6 2 8  

4 7 3 1 8  

4 7 1 2 8  

4 6 6 2 5  

4 6 6 2 7  

4 6 6 3 6  

0 1 9 6 9  

1 3 9 2 0 

1 2 4 4 8  
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APPENDIX A 
OPTIONS OPERATION 

A.l MODEL 2150/ 2160 HANDLER INTERFA CE O PTION 

Handler In ter face op tions enable the Model 2150/2160 to opera te with 

a mecha n i ca 1 pa r ts handl er. The opt ion a ccepts a START signal to 

initia te measuremen ts,· provides a BUSY signal which may be used to 

arres t handler opera tion during tes t, and o f fers a con tac t closure 

ou tpu t correspondi ng to one o f  th i rteen preselec ted componen t bi ns 

(refer to Section 2. 7 for componen t sor ting opera tion). Addi tionally, 

an End o f  Conversion signal can be enabled which allows calculations 

during handler movement. However, one less accep t bin is available in 

this mode (see Table 2-1, tes t code 16). 

Three s tandard handler in terface op tions are available. They are: 

ESI Par t  No. 47895 -- " General " ,  for inter facing the 
Au toma tion, Ismeca, Q-Corp, Heller, 
and o ther handlers. 

Engineered 
Sys temation 

ESI Part No. 47896 " Daymarc " ,  for interiacing the Daymarc handlers. 

ESI Part No. 47897 " MCT Browne " , 
handlers. 

for in ter facing MCT 

N OTE: Circuit dif ferences be tween options are depic ted in 
the schema tic sec tion (Appendix B) as follows: 

" General " (Figure B-l)--U7 is a TILl19 Opto- Isolator 
44224). W3 is connected to pin 6 o f  U6. 

" Daymarc " (Figure B-3)--U7 is a 4N28 Opto- Isola tor (P/N 
20674). W3 is connec ted to pin 6 of U6. 

(P/N 

" MCT Browne " (Figure B-2)--U7 is a 4N28 Op to- Isola tor (P /N 
20674). W3 is connected to pin 5 of U6. 

Browne 

Contac t the factory for in formation concerning the use o f  o ther par t 

handlers with the Model 2150 or 2160. 

e / s / i  
A - I  

2150/2160 5/85 



A.l.l Hardware Included 

Handler In terface Op tion 47895 
Handler In terface Circuit Assembly 
Instruction Sheet 

Handler In terface Op tion 47896 
Handler In terface Circuit Assembly 
Ins truction Sheet 

Handler In terface Option 47897 
Handler In terface Circuit Assembly 
Instruction Sheet 

A.l. 2 Installation 

WARNING ' 

TO AVOID PE RSONAL INJU RY FROM ELE CT RI C  SHO CK DO NOT REMOVE 
INST R UMENT COVERS O R  PERFORM ANY MAINTENAN CE OTHER THAN 
DES C RIBED IN THIS MAN UAL. INSTALLATION AND MAINTENAN CE 
PRO CEDURES DES C RIBED IN THIS MANUAL A RE TO BE PERFO RMED BY 
QUALIFIED SE R VI CE PERSONNEL ONLY. 

TO AVOID DAMAGE TO CIR C UITRY, TURN POWER OF F WHILE PLUGGING 
IN O R  REMOVING CIR CUIT ASSEMBLIES. 

Remove s trap from un used card slo ts on the mot herboa rd. I nsert the 

Handler In terface Assembly in to slo t J4 ON L Y  ( see Figure A -I ) . 

Replace s trap across JI-J3 . Ins talla tion of the BNC- to- BNC cables and 

the Handler In terface cable assembly, for op tion part number 47895, 

are dependen t upon the componen t handler being used. The BNC cables 

connec t the V ideo Bridge HI and LO unknown terminals to the par t 

handler ' s  component contac tors. The Handler Interface Cables make all 

logic connections be tween the VideoBridge 

connec tor and the componen t handler. 

e I s I i 
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CASSETTE INTERFACE/RS232 INTERFACE'

H 
( Option 2150) PiN 52674 or GENERAL PURPOSE INTERFACE, 

(Option) PIN 46114 

HANDLER INTERFACE, 
(Option) PIN 46903 

THIS SLOT ONLY 

ANALOG, PIN 53675 

DIGITAL, PIN 53522 

OPTION 

OPTION 

FAN 

't: " u • 0 . � �§ 0 � 
g �� � 
* �� . 0 g 
� � � � ? i 
'" ::t::; 
� �.: � ! 
i i g� ,so 0 

J7 LLLL 
J6 

LLLL 
J5 

J4 L L LL 
J3 

J2 

J 1 LLLL 
LLLL 
LUL 
LLLL 
LLLL 

Figure A-I . Handler Interface Circuit Assembly Location 

A . I . 3  Operation 

Before i n s tall i ng the Hand l e r  I n te rface op t i on ,  s e t the de s i red b i n  

l imi t s  along w i th the n omi nal value and e n te r  t e s t  code 8 o r  -8. 

Thi s  p u t s  the V i de o B r i dge i n t o  S I NGLE meas u re me n t  mode . Compo ne n t  

s o r t i ng beg i n s  immedi a tely upon rece i p t  o f  START pulse s from the 

handle r. 

The Ha ndle r I n te r face O p t i o n can o n l y  be u s ed w i th t e s t  c o de 8 

( handle r mode w i tho u t  d i s play) o r  te s t  code -8 ( w i th di splay) . Refe r 

t o  Sec t i on 2.7 for more i nfo rmat i on o n  SORT mode and te s t  code s 8 and 

-8. 

e ls li 
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To deactivate e i ther te st c ode, do one o f  the f o l l ow ing: 

1 .  T e m p o r a r i l y  g r o u n d Pi n 2 1  of the Han d l e r  I n te rfa c e  r e a r  

p an e l  c on n e c to r .  G r ou nding i s  ac c omp l i shed by c o n n e ct i ng 

Pin 21 to Pi n 1 3  ( Sy stem G r ound) on the same c o n n e c to r . 

2 .  T u r n  instrume nt powe r OFF the n ON again . I n  this cas e, the 

n o m i n a l  va l u e ,  bin l i m i ts ,  a n d  bin c o unte r s  a r e  z e r o e d  

(u n l e s s  the N o n-V olatile M e m o r y  option is p r e s e nt and has 

be e n  e nabled) . Se e Se ction A . 3 .  

The Handl e r  I nte r face p r o vide s the f o l l ow i ng f u n ction s: 

1 .  

2 .  

NOTE : I ndicated polarity must be observed for each fun ction . 

S T A R T  T E ST is the act i ve H I  G H i n  put to an 0 p t 0- i s o l  a tor . To 

in i tiate a measureme nt, it requi r e s  a h o l ding c u r re nt of 20 mA to 

70 mA f o r  a minimum of 1 0 ms . 

B U SY i s  the active HI GH, ope n  c o l l e cto r output o f  an opto-

i s o lato r. Thi s s ignal i s  u s ed to a r r e s t  handl e r  ope rati on dur i ng 

te s t  and c a n  be changed to acti ve L OW by mo ving jumpe r W3 on the 

Ha n d l e r  I nte rfa c e  C i r c uit Card. The opto-is o l ato r fo r B row ne and 

Daymar c handl e r s  ( T I L l 1 9) can s i nk a maximum cur r e nt of 1 25 mA and 

ha s a c on ti nuou s p ow e r  dis s  i pa ti on ra t ing of 1 5 0mW . The o pto

i s o l a t o r f o r  the G e n e r al hand l e r  (4 N 28 ) c a n  s i n k  a maxi m u m

cu r r e n  t o f  3 mA .  

3. E N D  O F  C O N V E R S I O N  (A N A L O G B U SY ) i s  the a c ti v e  L O W  r e l ay 

c l o s u re f r om c o mmon to the output of B I N  1 1  (s e e  Figure B-1 . ) 

Thi s signal al l ow s  the handl e r  to advan ce to the next c ompo n e nt 

f o r  t e s t i n g wh i l e c a l c u l ati o n s  a r e  s t i l l  b e i n g made o n  the 

p r e vi o u s de v i c e u n de r te s t. The E O C  c apa b i l ity is e na b l e d b y  

p r ogramming te st c ode 1 6  and c l eared b y  te st c ode -1 6 .  

elsli 
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4. Output Rela y s  -- are acti ve L O W  contact clo sure s which select 

b i n s  acco r d i n g  t o  p re s et l i m i t s  ( s e e  S e ct i o n  2 . 7 ,  C o mp o n e nt 

S o rt i ng). One relay i s  clo sed at a t i me .  The relay s are rated at 

1 0 0 V D C , 2 5 0 mA s w i tch i n g cu r re nt , a n d  1 0  m i ll i o n  o pe r at i o n s. 

H i ghe r cur re nt s  may cause a p o s s i ble reducti on i n  ope rat i on l i fe , 

e s pe c i ally i f  contacts arc o n  ope n i ng. Re s i st i ve loads are more 

de s i rable than i nducti ve loads. Relay sw i tch i ng may tak e  3 -4ms . 

5. 5 V  T T L  ( op e n c o llect o r )  Output s -- a re a v a i lable at the rear 

p a n e l  OUTPUTS connector ( act i ve HIGH). They re qui re the add i t i o n  

of a jumpe r w i re i n  place of each output relay. 

P r ogrammi ng 8 CODE ( handle r mode without d i s play ) i s  recomme nded for 

faste st handle r i nte rface ope rati on. -8 CODE i s  slowe r but d i s play s 

re sults: the BUSY s ignal i s  exte nded app r ox i matel y  1 1 0 m s  for di s play 

update t ime bef o re the next S TART s ignal w i ll be recogn i zed. 

In add i t i on , te st c ode 1 0  can be used i n  conjunct i o n  w i th e ithe r te st 

code 8 o r  -8 f o r  remote output to channel B of the RS-2 3 2 C I nte rface 

opti on. Thi s  als o  extends the BUSY s ignal app r ox imately 1 1 0ms before 

the next S TART s i gnal will be recogn i zed ( fo r  a total of app roximately 

2 2 0m s  i n  te st code -8). 

The Handle r Inte rface t i me s  li sted unde r F igure A-2 we re dete r m i ned 

unde r the se te st cond i t i o n s  ( othe r setup s may affect t i me s): 

Te st F requency = 1 kHz 

Settl i ng T i me = 2ms 

Numbe r of Ave rage s = 1 

RANGE HOL D  

FAST 

el sl i 

Te st S i gnal = 1 0 0 0mV 

Integrat i on T i me = 2 m s  

Baud Rate = 9 6 0 0  

Value o f  comp one nt-unde r-te st = InF 

A - 5 
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3 3 3 START 

MEASUREMENT 

ACTIVE { 
SIGNAL AT HIGH 

1 
BUSY INPUT 

CONNECTOR 

4 4 4 4 EOC 

ACTIVE BIN No. 1 
LOW l SIGNALS TO 

RELA Y COILS 

BIN No. 2 

A- B C -
A. First part was in bin No.1 (low signal to relay coil). 

B. Second part was also in bin No. 1 (low signal to relay coi I). 
C. Third part was in bin No.2 (low signal to relay coil). 

Figure A-2 . Handler Interface Option Signal Timing 

NOT E :  N umbe red i n te rvals i n  th i s  di agram va ry w i th ea ch 
handle r i n te rfa ce conf i gu r a t ion a nd a re not dep i c ted p ropor
t i o n a lly . All t ime s li s ted a re a pp rox ima te a n d  may vary by 
5ms ( ex ce p t  I n terval 3, whi ch is always a min imum of 10ms). 

NOTE : Whe n u s i ng 1 0  C O DE for p r i n te r  ou tpu t ,  a CTS ( Clea r  To 
S e n d )  s i g n a l  m a y  add more t i me t o  I n te r va l 1 .  To a s s u r e 
p rope r coord i na t i on of s i gnals, adequ a te t ime mu s t  alw a y s  be 
allowed i n  th i s  i n te r val before send i ng a S TA R T  s igna l .  

I n te r va l 1 .  T i me from offse t of BUSY t o  on se t of S TA R T. No m i n imum 
( de pe nde n t  upon ha ndle r s peed; c a n  be le s s  tha n Ims) . 

I n te r val 2 .  Me a s u reme n t  T i me . T i me from on se t of BUSY to offs e t  of 
BUS Y . Refe r to i n s tr ume n t  te s t  condi t i on s a s  noted . 

8 CODE 
8 CODE 

-8 CODE 
-8 CODE 

a pprox i ma tely lOOms . 
a nd 1 0  CODE -- a p p roxima tely 2 9 0ms. 
-- a pp rox ima tely 2 9 0ms . 
a nd 1 0  CODE -- a p p rox i ma tely 4 00ms . 

I n te r va l  3 .  T ime f rom on se t of START to offse t  of S TA R T, m i n imum 1 0ms 
for all fou r te s t  code comb i na t ion s . Me a su reme n t  i s  i n i t i a ted on 
the H I GH level of the S TART s ignal . B i n  de c i s i on s  a re not made 
u n t i l after S TA R T  goe s L OW. 

I n te r val 4 .  T i me from on s e t of EOC to offse t  of EOC ( a c t i ve LOW) .  
A p p rox i ma tely 4 0m s  for all fou r te s t  code comb i n a t i on s . 

elsl i 
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All Ha ndler Inter f a ce outpu t s  a re a va i la ble via the V i deoB r i d ge rea r 

panel OUTP U TS c onnec tor. Ta bl e A-I I i  s t s  the fun c t i  ons f o r  ea ch p i  n 

o f  the OUTP UTS c onnec tor. 

T able A-I . VideoBridge OUTP UTS Connector Wiring 

PIN NUMBER FUNCTION 
1 COMMON 
2 BIN 0 � 
3 BIN 1 � 
4 BIN 2 � 
5 BIN 3 � 
6 BIN 4 � 
7 BIN 5 � 
8 BIN 6 � 
9 BIN 7 � 

10 BIN 8 � 
11 BIN 9 � 
16 BIN 10 � 
17 BIN R � 
15 BIN 11(EOC)� 
12* +5 V (SYSTEM) OUT 
13* SYSTEM GROUNDl 
14 START IN 
18 BUSY OUT 
19 BUSY COM � 
20 START COM 
21 KEYBOARD UNLOCK 

*ESI recommends that Pin 12 (+5V OUT) and Pin 13 (SYSTEM GROUND) not 
be used. Noise introduced into the Model 2150/2160 through these con
nections may affect measurements results. 

NOTE: P i n  1 7  is Bin R which is the Rejec t Bin. D o  n o t  use 
1 6  C O DE t o  ena ble EOC (pin 15 ) unles s Bin 1 1  limi t s  ha ve 
been set t o  zero . 

NOTE: The Hand ler I n te r f a ce ca bling used with ES I's Mo del 
2 9 61 2 9 6 V  a n d  4 1 0  w i l l  n o t be c o m p a t i b l e  w i th the M o d e l  
2 15 0 / 2 1 6 0's c onnec tions sin ce pin 2 1  i s  no t conne c ted i n  the 
Model 2 9 6  c a b le. C ont a c t  ESI f a c t o ry f o r  fur ther det ai l s. 

elsli 
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START C OM / BUSY COM 

The Hand l e r  Inter f a ce Op t i on i s  shi pped w i th the START COM (p i n  20 ) 

and B USY COM (p i n  19 ) l i nes t i ed t o  the COMMON (p i n  1 )  s i de o f  the 

re l a y  c l o s u res. START COM and B USY COM may be dis c onnec ted f r om rel a y  

C O M M O N  (p i n  1 )  a n d  c onne c t e d  t o  SYSTE M G RO U N D  (p i n  1 3 ) ,  if  the 

b i nn i ng o p e r a t i on req u i re s  r e l a y  C O M M O N  (P i n  1 )  be r a i s ed a b o ve 

g r o und p o tent i al. The f o l l ow i ng p r o cedu re tel l s  how to d o  thi s: 

STEP 1. 

STEP 2 .  

STEP 3 .  

T u rn i n s t r u ment p ower OFF and remove i t s co ver. 

Remove the c i r c u i t c a rd ho l d-downs and t he Hand ler I n ter f a ce 

c i r c u i t  c a r d. 

L o c a te and c u t  the c onnec t i ng s t r i pes l a beled W4 and W5 (see 

F i g u re A-3 ) .  

Figure A-3 . Handler I nterface Circuit Card 

elsl i 
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STEP 4. A dd j u mp e r  wire s t o  the re a r  pa nel c o n ne c t o r  (J2) o f  the 

Ha ndle r I n te r f ace Ca rd . Connect START COM 

B U SY COM (pin 19) to SYSTEM G ROUND (pin 1 3 ). 

( pin 20) a nd 

STEP 5. Re-in s tall the Ha ndle r I n te r f ace circui t ca rd a nd in s t rume n t  

cove r . 

N OT E: E S I  rec o mme n d s  th a t  Pi n 12 (+5 V O UT ) a nd Pin 1 3  
(SYS TE M  GROUND ) n o t  be u sed . Noise i n t r oduced in t o  the M odel 
2150/2160 throug h the se connectio n s  may a f fec t me a su reme n  t 
re s ul t s . 

Con nec t i o n s  t o  the Ha ndle r I n te r f ace Op tion should be made with a 36 

co n ta c t  rece p tacle tha t  ha s a t ra piz oidal, p ola rized shell . U se 

Amphe n ol PiN 57 -40360 o r  E S I  PiN 157 38. 

A . l.4. Calibration 

The Vide o B ridge needs no a dju s tme n t, o ther tha n n o rmal calibra tion, 

whe n a Ha ndle r I n te r f a ce Op tion is ins talled . The Ha ndle r I n te r f ace 

A s sembly con t ain s no se r vice adju s tme n t s . 

elsli 
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A.2 MODEL 2150/2160 REMOTE P ROG RAMMING OPTIONS (G PIB AND RS- 23 2C) 

A. 2.1 Introduction 

The M o del 215 0 /2160 Video Bridge c an be fitted with Genera l Purpo se 

Inter f a ce B u s (GPIB ) or RS-232C remote progra mming c a pa bilitie s. 

Section s A . 2. 2 to A . 2 . 8 des cribe the GPIB option. Sections A. 2. 9  to 

A.2. 14 des cribe the RS-232C option. 

In f o r m a t i o n  f r om both rem ote d e v i c e s  i s  seen a s  

Video Bridge. Section A . 2 . 16 lists instrument setu p 

GPIB and RS-232C option s . 

the s a me by the 

c ommon to both 

The GPIB o ption (P/N 4 6725 ) allows the Video Bridge to c ommunicate on 

the bu s s tru cture defined by IEEE 4 8 8 -1978 s pecifications (see ANSI 

IEEE Stand ard Digital Interfa ce f or Progra mmable In strumentation . )  

The bu s itsel f  is a pa s s ive stru cture. It is the a ctive c omp onents on 

the inter f a ce option tha t enable the 215 0 /216 0 to operate a c c ording 

to thi s univers a l  s ta n d a r d. With the GPIB o pti o n  in s ta lle d , the 

215 0 /216 0  c an be connected directly to the bu s, and operated by a 

c ontroller a nd the a ppropria te pr ogra mming instructions. The 

instru ctions to and the data genera ted by the instrument are c oded in 

AS CII c o de . 

The RS -232C In ter f a ce 

2150 /216 0 Video Bridge 

option (P/N 4 6724 ) is u sed to inter fa ce the 

to peripheral equ ipment; i. e .  video displa y 

terminal s , keyboard s, printer s, etc. With this option installed, the 

2150 /2160 can inter f a ce with RS-232C s y stems . 

elsli 
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A . 2 . 2  GPIB Bus S tructure and Supported Interface Fun ctions 

The IEEE-488 bus is a se t of s i xteen signal l i nes that can be grouped 

func t i onal l y  into three specif ical ly dedica ted buses. 

1. 8 bidi rec t i onal data l i nes -- 010 1 through DIO 8. 

2. 3 interface signal l i nes -- DAV, NRFD, and NDAC 

3. 5 general managemen t l i nes -- ATN, EOI, IFC, REN, and SRQ. 

Informa t i on i s  t ransferred along the bus in bi t-paral lel, byte-serial 

fash i on by an asynchronous handshake. The handshake signals ( inter

face signals DAV, NRFD, NDAC ) guarantee the t ransfe r  of each byte of 

data f rom an addressed talker to al l addressed l is teners. Th i s  al lows 

ins t ruments w i th di fferent data t ransfer rates to operate together on 

the bus as l ong as they conf o r m  t o  the handshak e  s t a te d i agrams 

def i ned i n  the IEEE s tandard. 

Ins t ruments connec ted to the bus are classif ied as ei ther talkers, 

l is teners, or con t rol lers. A tal ker is capable of t ransm i t t i ng data 

on the data l ines; there can be only one tal ker a t  a t ime to avoid 

confusi on in message and data t ransfer. A l istener is capable of 

respondi ng to da ta received on the data l i nes ; there can be more than 

one l is tener a t  a t ime. A con t rol ler designates wh i ch dev i ces are to 

tal k or l isten and exerci se o ther bus managemen t  func t i ons. There can 

be a sys tem con t ro l l e r  as w e l l as o t her con t ro l l ers on t he bus. 

However , there can be onl y  one con t rol ler- i n-charge at a t ime. 

A devi ce need not always be a tal ker or l is tener or con t rol ler, i t  

may be idle par t of the t ime. An i nst rument may al ternate as a tal ker 

and a l i s tene r depend i ng on whe the r i t  i s  gene r a t i ng da t a  o r  

receiving ins t ruc t i ons. Figure A-4 i s  a typ i cal system based on the 

IEEE-488 bus st ructure. 

Table A-2 l is ts the IEEE-488 In terface Funct i on reper toi re i ncluding 

the subsets of each funct ion suppor ted by the VideoBr idge. The ANSI/ 

IEEE s tandard descr ibes these func t ions i n  more deta i l. 

e l s l i 
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; 1'; 

DEVICE A 
ABLE TO TALK, LISTEN, 
AND CONTROL 

(e.g. Calculator) 

DEVICE B 
ABLE TO TALK, AND LISTEN 

(e.g. ESI Model 2150/2160) 

DEVICE C 
ABLE TO LISTEN ON L Y 

(e.g. Printer) 

DEVICE D 
ABLE TO TALK ONLY 

(e.g. Tape Recorderl 

1''''' 1'; 1' '''' I' .... r"-"" I' .... r"-

L ...L--

..... 

GENERAL INTERFACE 
MANAGEMENT BUS 
5 SIGNAL LINES 

DATA BYTE 
TRANSFER BUS 
3 SIGNAL LINES 

DATA BUS 
8 SIGNAL LINES 

DIO 
1"'8 
DAV 
NRFD 
NDAC 
IFC 
ATN 
SRQ 
REN 
EOI 

Figure A-4. A Typical IEEE-488 Bus Based System 
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Table A-2 . 

SHI 

AHI 

T2 

TE0 

L2 

LE0 

SRI 

RL0 

PP0 

Dc0 

DTI 

c0 

IEEE-488 Interface Functions Supported by Model 2150/2160 

Source handshake -- complete capability 

Accep tor handshake -- complete capabil i ty 

Tal ker -- Basic Tal ker, Serial Pol l  capabili ties 

Ex tended Tal ker -- no capability 

Listener - - Basic Listener capabi lity 

Ex tended Listener -- no capability 

Service Reques t complete capabili ty 

Remote Local - - no capability 

Paral lel Pol l  - - no capability 

Device Clear -- no capabi lity 

Device Trigger -- complete capability 

Con t rol ler - - no capability 

N O T E: Device T ri gge r capabi li ty ( DT l )  means t he G roup 
E x ecu te Trigger ( GET) interface message can be used by the 
cont rol ler-in-charge to s tar t inst rument operation. For more 
informa ti on on thi s or any other I nter face Functi on, re f er 
to the ANS I/ I EEE S td 488-1978. 

elsli 
A - 13 

21 50/2160 5/85 



A.2.3 Number of Devices 

The IEEE-4 8B bus can handle up to  15 device s . More than 15 devices 

can be in terf a ced if they a re no t direc tly connec ted to the bus but 

a re in terf a ced through ano ther device . At lea s t  two- third s  of the 

main devices c onnec ted to  the bus a t  any time mus t  be powered up f o r  

the s y s tem t o  be opera tional . 

A.2.4 Cable Length 

The maxim um c a ble leng th tha t c a n  be u s ed t o  c o nne c t a gr o u p  of 

devices within one bus s y s tem is: 

2 me t e r s  times the number of devices , or 20 me ter s, whi chever is 

les s . 

Ca bles ma y be interc onnec ted in either s ta r  or linea r c onfigura tion, 

or in any combina tion of the two me tho d s  (see Figure A-5 ) . 

Figure A-5. IEEE-48 8 Bus Interconnection Configurations 

e l s l i 
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A . 2.5 Electrical Specific ations 

The rela t i onship be tween the bi nary l og i c s ta tes and thei r vol tage 

levels is as fol lows : 

LOG I C  STATE 

o 
I 

VOLTAGE LEVEL 

> +2. 0V High is inactive s tate 

< +0. 8V Low is active s tate 

The high and l ow e l ec t rica l s t a tes a r e  based on s tanda r d  TTL 

( transis tor- t ransistor l ogic) levels where the power source does not 

exceed +5. 25VDC and is referenced to logic ground. 

A.2.6 Sign al Lines 

The I EEE-488 bus is divided by func tion in to three separate busses as 

shown in Figure A-4 : an eigh t- line da ta bus, a three- line trans fer 

bus, and a five-line managemen t bus . Table A - 3  indicates the con tacts 

co r responding to these l ines as we l l  as t he seven signa l g r ound 

returns and the bus shield. 

The data bus ( signal lines D I O  I through D I O  8) are used to convey 

da ta o r  device-dependen t messages. D I O  I represents the leas t 

significan t bit in the t ransmit ted byte; D I O  8 represen ts the mos t 

significan t bit. One eigh t-bi t word can be t ransmit ted bidirec tion

al ly in byte-serial ,  bit paral lel fashion. The data lines are con

sidered active when their signal level is low. 

The t ransfer bus is a three-wire handshake p rocess that is execu ted 

between the talker and al l designa ted lis teners each time a by te is 

transfer red over the da ta bus. This handshake process assures that 

new da t a  is no t p l aced on the da t a  bus f as t e r  than the s l owes t 

l is tene r can r eceive i t .  The t h r ee t r ans f e r  bus l ines and thei r 

functions are: 

elsli 
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N R F D ( N o t  Ready Fo r D a t a ) This signal line is l ow un til al l 

addressed lis teners are ready t o  receive the next data byte. When all 

addressed 1 i s teners a re ready, they re lease the N RFD 1 ine, the N RFD 

signal goes high, al l owing the tal ker to place the next byte on the 

data line. 

DAV ( Da ta Valid) -- The DAV signal l ine is set low by the tal ker a 

shor t time af ter p lacing a valid byte on the da ta lines. This signal 

tells each lis tener t o  cap ture the byte presen t ly on the data lines . 

DAV can no t be set low until the NRFD signal goes high. 

NDAC (N o t  Da ta Accepted) -- The NDAC signal line is set low by each 

addressed listener until they all have cap tured the byte curren t ly on 

the da ta lines. When all listeners have cap tured the da ta byte, the 

N DAC signal goes high. With the NDAC signa l high, the talker is able 

t o  remove the by te f r om the data lines and a t  that point set the DAV 

line high until the handshake cycle is repeated. 

ATN 
(CONTROLLER)l .. _�j_ .. , ___ � 1 

I I : 
DAV I ' r-------�� ::, 1 

(TALKER)�---.lUJ � 

NRFD 
(LISTENER) 

I I I I 
RFD, : I ' 

I I 
I 

:OAC : 

NDAC , : n i i n ..... -------
(LISTEN ER): :.-tBYTE CAPTURE T I ME-: : ' : i �'! 

DATA �: r3e::! (. :��\�� . ' 
"""".,�'�:�lI.:�\�, .:: .-' ... �;"!'WIoo,��" ;::�: .�). : ;:';� ,\ . . . :. . �;-. �." "I-�::�> '�:'�< :;';' '�� :�;. :�<� ���'�>-______ _ BU S ��.:'l, •• !�¥C £1: . �_ ..... �.:._t;':, .•. �)�' . . :-� 

TALK ADDRESS 
INTERFACE MSG 

FIRST DATA BYTE 
DEVICE DEPENDENT MSG 

NOTE: Data Lines Are Active When Low 

Figure A-G. A Typical H andshake Cycle 
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The gr oup of signal lines used t o  con t r ol the orderly flow of inf or

rna ti on across the IEEE-488 da ta bus is ca lIed the managemen t bus. 

These signal 1 i nes perf o rm such impor tan t tasks as de tec t  i ng i n  ter

rupts, set ting a device to remo te contr ol, and announc i ng the end of a 

message. The f i ve management bus signals are: 

ATN (At tention) 

specif y how da t a  

The con t r oller-i n-cha rge uses th i s 

on t he bus a r e  t o  be in t e r p re t ed. 

signal t o  

I t  also 

specif ies which devices along the bus mus t respond t o  the data. 

When ATN is set low, the data bus will convey addressed commands, 

un i ve rsal commands, listen addresses (MLA), talk addresses (MTA), 

o r  secondary addresses. The codes co rresponding t o  these commands 

and addresses are defined in Appendix E of the IEEE-488 standard. 

S RQ (Servi ce Request) The con t roller-in-charge receives this 

signal se t l ow by a device reques t i ng se rvice. The c o n t r oller 

c o nduc t s  a p oll t o  de t e rm i ne which device o n  the da t a  bus 

activa ted the inter rupt. The con t roller can take the app r op riate 
ac tion by branch ing to an interrupt service routine. 

EOI (End O r  Ident ify) -- The EOI line is set low t o  indicate the 

end of a mUltiple byte t ransfer sequence. The con t r olle r- i n-charge 

execu t es a parallel p oll i ng sequence when the EOI and the ATN 

lines are set low simultaneously. The VideoBridge does n o t  suppo r t  

the parallel polling mode. 

IFC (Interface Clear) -- The system con t r oller sets this signal 

low t o  initialize the interface func t i ons of all devices connected 

t o  the da ta bus, i. e. , set them t o  an inactive s ta te, then re turn 

con t r ol to the sys tem con t roller. 

REN (Remo te Enable) -- The sys tem con t roller sets this line low t o  

activate the remo te mode, disabling f r on t  panels of ins t rumen ts on 

the bus. This management line is no t suppo r ted by the V i deoBridge, 

so i ts state will be ignored. 
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A. 2.7 Bus Connector 

Instruments that connect to the IEEE-488 bus use a 24 contact, trap i-

zoidal, polariz ed shell connector. 

connector are shown in Table A-3. 

The contact assignments for the 

Table A-3 . IEEE-488 Bus Connector Contact Assignments 

CONTACT SIGNAL LINE CONTACT SIGNAL LINE 

1 010 1 13 010 5 
2 010 2 14 010 6 
3 010 3 15 010 7 
4 010 4 16 010 8 
5 EOI 17 REN 
6 DAV 18 Gnd (6) 
7 NRFD 19 Gnd (7) 
8 NDAC 20 Gnd (8) 
9 IFC 21 Gnd (9) 

10 SRQ 22 Gnd (10) 
11 ATN 23 Gnd (11) 
12 SHIELD 24 Gnd LOGIC 

NOTE: Gnd (n) refers to the signal ground return of the 
referenced contact. 

A.2.8 Instrument Address Selection 

Bus addresses for the 2150/2160 are set via switches on the GPIB 

interface circuit card (see Figure A-7). Primary bus addresses can be 

set over the full range allowed by the IEEE-488 standard: 32 to 62 

(decimal) for LISTEN addresses and 64 to 94 (decimal) for TALK ad

dresses. However, the values of the LISTEN and TALK addresses are not 

independent since they share the same switch setting (see Figure 

A-7). The address swi tches are set in binary fashion. The LISTEN 

address is achieved by the instrument ' s  software automatically adding 

32 to the switch setting. The TALK address is achieved by adding 64 

to the switch setting. 
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The f irst f ive switch positions, sta r ting with the top switch 

posi tion, are used to set the L ISTEN and TALK addresses. A swi tch 

position is activated when its left side is down, see Figure A-7. 

The decimal va lues for the first five switch positions are: I, 2, 4, 

8 , and 1 6 . In Fig u re A -7, sw i t c h po sit ion s 1 and 2 are act i vat e d 

providing : 

of 67. 

ADDRESS BIT 1 
ADDRESS BIT 2 

ADDRESS BIT 4 
ADDRESS BIT 8 
ADDRESS BIT 16 

DON'T CARE 
DON'T CARE 
DON'T CARE 

a value of 3, a L ISTEN address of 35, and a TALK address 

BITS 1 AND 2 SELECTED: LISTEN=3+32=35(DECIMAL) 
TALK=3+64=67(DECIMAL) 

SWITCH TAB UP ON RIGHT 

ACTIVATES SWITCH POSITION 

Figure A-7 . GPIB Address Switches 
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A.2.9 RS-232C Interface (Option al on 2150/Standard on 2160) 

In 1963, the Elec tronic Industry Association ( E IA) es tablished a 

s tandard to govern the In terface Be tween Data Terminal Equipment and 

Data Communication Equipmen t Employing Serial Binary In terchange. The 

la tes t revision of this s tandard has been in effect since 1969 and is 

known as RS-232C. The R S-232C s tandard defines electrical, logical, 

and mechanical specifica tions for the transmission of bi t serial 

information. The VideoBridge ' s  R S-232C op tion suppor ts one 

bidirec tional comm unica tion channel ( channel B) t ha t  is u sed to 

communica te instrument set up and measuremen t information. 

NO TE: E S I  s u ppor t s  the u se of R S-232C Channel B only. 
Channel A is strict ly an inpu t channel and is reserved for 
applications programming fea tures. Since Channel B is the 
secondary RS-232C channel, some VideoBridge pin con
nec t i ons do no t conform t o  s t andard config ura tions. To 
ensure proper da ta transfer I consu 1 t the RS-232C s tanda rd 
and/or the manual of the device being connected. 

A.2.9.1 Channel B 

Channel B is used in two ways: 

1. As a serial ou tpu t for driving a prin ter. 

2. As a means to provide remo te programming. Programming 

ins trumen t se t ups is very simi la r to tha t used on the 

IEEE-488 In terface Bus. 

Data flowing into Channel B are pu t in an in termediate queue on an 

in terrup t basis. Up to two hundred charac ters of inpu t are allowed 

before overflow occurs. Full lines of data can be transmit ted withou t 

concern abou t lost data. 

NOTE: Entries made through channel B are not echoed back 
for display. 
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The Channel B output buffer transmits data in five sections when the 

remote display mode is activated (by including the command REMOTEON 

as part of the setup program) and the measurement is completed. 

1. A two digit error code. 

2. Measurement from the top window of the instrument. 

3. Measurement from the bottom window of the instrument. � 

4. Identification of top and bottom window functions. 

5. Bin number. 

See Section A. 2. 16. 2 for measurement output information. 

A. 2. 9. 2 RS-232C Signal Flow 

Use of the RS-232C bus requires three lines. 

V I DEOBRIDGE 
CONNECTOR P I N  

Channel B 

14 

16 

7 

S I GNAL NAME 

Receive Data 

Transmit Data 

Signal Ground 

" Transmit"  and " receive " are as viewed from the VideoBridge. 

Figure A-8 indicates this setup when the VideoBridge is connected to 

a terminal or control ler--the VideoBridge transmits data on pin 16 

and receives data on pin 14. 

Figure A-9 indicates a sl ight ly different setup when connected to a 

printer: the VideoBridge stil l transmits data on pin 16 but receives 

a " Clear To Send " signal (CTS) from the printer on pin 13. 
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CHANNEL B 

2150/2160 TERMINAL 
14 

RECEIVE 2 

16 TRANSMIT 3 

7 SIGNAL GROUND 7 

Figure A-8. RS- 23 2 C  VideoBridge-to-Terminal Connections 

CHANNEL B 
2150/2160 PRINTER TERMINAL 

13 CTS 11 

16 DATA 3 

7 SIGNAL GROUND 7 

Figure A-9. RS- 2 3 2C VideoBridge-to-Printer Connections 

RS-232C HANDSHAKE FUNCTIONS ARE NOT SUPPORTED BY THE MODEL 2150/2160. 

This is because the RS-232C handshake signal lines are in ternally 

tied together wi thin the VideoBridge, disabling the functions. 

Pin 4 
Pin 5 
Pin 8 

Request to Send (RTS) 
Clear to Send (CTS) 
Da ta Car rier Detec t  (DCD) 

are connected together. 

Data Set Ready (DSR) Pin 6 
Pin 20 Da ta Terminal Ready (DTR) 

are connec ted together. 
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A . 2.10 Data Format 

The VideoBridge t ransmits and receives RS-232C data in 8-cha rac ter 

word lengths: 7-bi t ASCII da ta plus one Null bit. Also included in 

the s t ring are one Star t bit and one Stop bit. 

THERE ARE NO PAR ITY GENERATION OR CHECK ING BITS. 

(IDLE) 

1 

( IDLE) 

12131415161718191101 

ONE START BIT (1) 
SEVEN DATA BITS (2 THRU 8) 
ONE NULL BIT (9) 

ONE STOP BIT (10) 

Figure A-IO. Data Format 

A.2.l1 Signal Levels 

Ta bles A-4 and A-5 s how t he sig na I level s spe c i f  i ed by the RS-232C 

standard. The signal states shown in Table A-4 apply to the Receive 

and Transmit signals. Table A-5 applies to all con t rol inpu ts. 

Table A-4 . RS- 2 32 C  Receive and Transmit Signal Levels 

SIGNAL STATE 
NOTATION 

POSITIVE NEGATIVE 

BINARY STATE 1 0 
SIGNAL C()I'\JDITION TRUE FALSE 
VOL TAGE LEVE L + 3V to +25V -3V to -25V 

Table A-S. RS- 2 3 2C Control Signal Levels 

NOTATION 

BINARY STATE 
SIGNAL CONDITION 
FUNCTION 
VOLTAGE LEVEL 

e / s / i 

SIGNAL STA TE 

POSITIVE NEGATIVE 

0 1 
SPACING MARKING 
ON OFF 
+3V to +25V -3V to -25V 
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A. 2 .l 2  Bus Connector 

Connections to the RS-232C option require a 25-contact, trapezoidal, 

polarized-shell connector ; ESI PiN 26430, Manufacturer PiN CINCH 

, DB-25p . "Transmit " and "receive" are as viewed from the VideoBridge. 

Pin assignments used by the RS-232C option are as follows : 

CONNECTOR 
P IN 

1 

2 

3 

4 

5 

6 

7 

8 

13 

14 

16 

20 

Table A-6. RS- 2 3 2 C  Pin Assignments 

SIGNAL LINE 

Chassis Ground 

Received Data from terminal (RS-232C IN) 
Transmitted Data to terminal (RS-232C OUT) 

Request to Send (Channel A) 

Clear to Send (Channel A) 

Data Set Ready (Channel A) 

Signal Ground 

Data Carrier Detect 

Clear to Send (Channel B) 

Receive Data (Channel B) 

Transmit Data (Channel B) 

Data Terminal Ready (Channel A) 
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A. 2.13 Selecting the B aud Rate 

Baud rate is equivalent to bits per second. Both communication 

channels of the RS-232 Interface can be swi tched to any one of the 

following nine baud rates: 

1--9600 

2--4800 

3--2400 

4--1200 

5-- 600 

6-- 300 

As shown in Figure A-II, there is a switch 

RS-232/Cassette Interface circuit card 

7-- 150 

8--1800 

9-- 110 

for each channel 

(P/N 52674). 

on the 

The 

corresponding switch position precedes each available rate. Position 

10 on either switch is not connected. The RS-232/Cassette Interface 

circuit card is shipped with channels A and B switched to 9600 baud 

(position 1). 

To select another baud rate for channel B, slide the lever on switch 

S2 to the appropriate number for the desired rate. 

the same on switch Sl • 

" 

"'-

........ 
- t· 
'-.) . 
W • 
... • 
01 • 
0- • 
"'-I • 
CD • 
'0 • 
- • 0. 

For channel A, do 

Figure A-II . Selecting the B aud R ate 
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A.2 . l 4 Cable Length 

Cable length for RS-232C transmission will vary according to the baud 

rates selected. For maximum transmission rate of 9600 baud, a cable 

length of less than 100 feet must be used. The capaci tance of the 

cable must be less than 5000 picofarads. The essential parameter is 

the signal risetime which must be less than 1/2 the bit width so that 

the sampled signal will be correct. 

Each time the baud rate is halved the allowable risetime doubles and 

the acceptable cable capacitance doubles. Therefore, 4800 baud can be 

transmitted over 200 feet; 2400 baud will work at 400 feet. 

A. 2.lS Remote Device Option Installation 

WARNING' 

TO A VOID PERSONAL INJURY FROM ELECTRI C  SHO CK DO NOT REMOVE 
I NS T R U MENT COVE RS O R  PE RFORM ANY M AINTENAN CE OTH E R  THAN 
D E S C R I BE D IN THIS INS T R U CTION MAN UAL. INSTA LLATION AN D 
MAINTE" NANCE PROCEDURES DESCRIBED HERE ARE TO BE PERFORMED BY 
QUALIFIED SERVICE PERSONNEL ONLY. 

TO A VOI D D AMAGE TO CI R C UIT RY, T U RN A C  POWER OFF WHILE 
P LUGGING IN OR REMOVING CIR C UIT CARDS. 

Installation of remote device options involves plugging in the GPIB 

circuit card (ESI PiN 46114) or the RS-232C Interface circuit card 

(ESI PiN 52674). 

The remote device circuit card may be plugged into either J4 or J5 

(Figure A-12). Jl, J2 and J3 are not used. All empty circuit card 

slots should be covered with the jumper wires provided. 
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The Model 2160 comes with RS-232C Interface capability standard. It 

is ins ta l led in card slot J5. Either the GPIB option or the Handler 

In terface op tion may be installed in card slot J4. 

The Mode l 2150 can accommoda t e  any two of the th ree a vai l ab l e  

VideoBridge op tions -- Handler, GPIB, o r  RS-232C. The Handler card MUST 

be ins tal led in card slot J4, bu t the GPIB and RS-232C cards may be 

ins tal led in either J4 or J5. 

ANALOG, PIN 53675 
J7 L 

CASSETTE INTERFACE/RS232 INTERFACE, 

� 
DIGITAL, PIN 53522 

J6 

llll 
llll 
llll 

or 

(Option 2150) PIN 52674 

GENERAL PURPOSE INTERFACE, OPTION 
(Option) PIN 46114 

HANDLER INTERFACE, OPTION 

(Option) PIN 46903 
THIS SLOT ONLY 

FAN 

J5 

J4 

J3 

J2 

J 1 llll 
llll 
llll 
llll 
llll 

Figu re A-1 2 . Remote Device Options Circuit Card Locations 

e l s l i 
A - 27 

2150/2160 5/85 



A. 2 .16 Remote Progr amming 

For con veni ence, usi ng the I EEE-488 bus or Channel B of the RS-232C 

Interface can be spl i t in to two phases: Ins trumen t Se tup and Resul t 

Accumulation. 

A. 2. 16. 1 Instrument Setup 

The VideoBridge continuously checks for input from the remote device 

bus as it takes measurements or waits for input. If remote input is 

a vai lable, the ins trumen t key boa rd may be di sconnected whi le the 

I EEE-488 or the RS-232C ( Channe 1 B) bus is connected as the input 

device. Characters are received from either bus as ASCII character 

strings and submitted to the 2150/2160 in the same manner as 

keyboard characters. In other words, transmitting the string: 

5 1 BIN# <CR> <LF> 

over the remote bus will be like performing the same operation at the 

2150/2160 k eyboard. The k ey to programming is that the string 

submitted over the remote bus must be exactly what appears on the 

CRT when the 2150/2160 keys are pushed ( see Table A-7). For example, 

when the mV button is pushed, MILLIVOLTS appears on the screen in the 

operator communication area. It is always what appears on the Video-

Bridge C R T  and not what appears on the k eyboard which must be 

transmitted over the remote bus. 

NOTE: Neither the CALIBRATE function nor any of the cassette 
tape functions via remote programming are supported by the 
V ideoBr idge. Tes t codes 22 and -22 a re supported, bu t once 
stored zero offsets have been erase�any new ones must be 
entered from the VideoBridge keyboard. 

NOTE: Neither messages nor data entries are displayed in the 
bottom portion of the CRT when input by remote programming. 
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Table A-7. M odel 2150/2160 Remote Setup Diction ary 

KEYBOARD 
COMMANDS 

UNIT CONTROL 

C 
L 
Y/ Z 
G/R 
B/X 
D 
Q 

REMOTE 
P ROGRAMMING 
COMMANDS 

C 
L 
Y/ Z 
G/R 
B/X 
D 
Q 

NUMBER SCALING CONTROL 

�p aPI CO 
an aNANO - -
au aMICRO 
am aMILLI 
ak aK I LO 
aM aMEGA 

MAIN CONTR OL 

FAST FAST 
MED MEDI UM 

SLOW SLOW 

STAT STATUS 
SGL SINGLE 
CONT CONTI N UOUS 

-7 CODE -7 CODE 
22 CODE 22 CODE 

-22 CODE -22 CODE 

GENERATOR CONTROL 

aH z 
amY 
amA -
AUTO 
HOLD 
an 5 
a bn - -

CODE 
5 CODE 

aH Z -
aMILLI VOLTS 
aMILLI AMPS -
AUTO 
HOLD 
aNANO 5 CODE 
a b NANO 5 
-CODE 

DES C RIPTION 

Capaci tance 
Inductance 
Admi t tance (Y)/ Impedance (Z ) 
Conductance ( G)/Resistance ( R) 
Susceptance ( B)/Reactance (X) 
Dissipa t i on factor 
Qual i ty fac tor 

Pico 10-12 

Nano 10-9 

Micro 10-6 

Milli 10-3 

K i lo 103 

Mega 106 

Set to 5 samples/measurement sequence 
Se t to detector ( or generator) reversal, 

take normal measurement 
Se t to detector ( or genera tor) reversal, 

take higher accuracy measuremen t 
Go to s ta tus screen 
Take a single measuremen t 
Take measuremen ts con t inuously 
Simula te power-up rese t 
Suspend use of zero offset correct ions 
Erase all s tored zero off set correc t ions 

Set test frequency 
Set test level (voltage) 
Set test level (curren t) 
Auto range on 
Range hold on (hold range of d-u- t) 
Set to delay range hold for anF 
Se t to delay range hold + specif ic 

tolerance for anF (see Sec t i on 2. 5. 3. 1) 

NOTE: Numerical argumen ts are indica ted by a, b, c, . • •  for 
commands requiring them. 
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Table A-7. Model 2150/2160 Remote Setup Dictionary (cont) 

KEYBOAR D 
COMMAN DS 

REMOTE 
PROGRAMMING 
COMMANDS 

GENERATO R CONTROL ( cont )  

25 CODE 
-25 CODE 

25 CODE 
-25 CODE 

MEASU REMENT CONTROL 

aSETL aMS-SETTLING-
TIME 

aI. T. aINTEGRATION-
TIME 

aAVG aSAMPLES-
AVERAGED 

DIS PLAY CONTROL 

% MODE 
ABS MODE 
DEV 
DIR 
SORT 

26 CODE 

a 27 CODE -
21 CODE 
17 CODE 

8 CODE 
-8 CODE 

4 CODE 
-4 CODE 

BIN CONTROL 

aMINOR 
a b cBIN# ---
a bBIN# 
aNOMINAL 
NOMINAL 

2 CODE 
-2 CODE 
15 CODE 

-15 CODE 

*% MODE 
ABSMODE 
DEVIATION 
DIRECT 
SORT 

26 CODE 

a 27 CODE 
21 CODE 
17 CODE 

8 CODE 
-8 CODE 

4 CODE 
-4 CODE 

aMINOR 
a b cBIN# ---
a bBIN# 
aNOMINAL 
NOMINAL 

2 CODE 
-2 CODE 
15 CODE 

-15 CODE 

DESC RIPTION 

Use generator reversal if <200Hz 
Use detector reversal 

Set explicit settling time in ms 

Set explicit integration time in 

Set explicit number 

Set to percent mode 
Set to absolute mode 

of averages 

ms 

Go to absolute/percent deviation display 
Go to direct reading display 
Go to sort mode display 
Display values in SORT display on 

VideoBridge CRT 
Set minimum digits 
Go to GO/NO-GO display 
Go to Auto LRC display 
Go to no-display handler mode 
Go to handler mode with values displayed 
Display D in parts per million 
Display D normally 

Minor reject limit 
Set upper and lower limits a, b on Bin c -
Set limits of + /- a% on Bin b 
Set nominal value 
Set nominal value to current reading 
Clear bin counts 
Clear all bin limits and counts 
Bin priority ( bad D, low C into bin 0) 
Bad D into bin R ( normal) 

NOTE: Numerical arguments are indicated by a, b, c, • • •  for 
commands requiring them. 
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Table A-7. Model 2150/2160 Remote Setup Dictionary (cant) 

KEYBOARD 
C OMMANDS 

REMOTE 
PROGRAMMING 
C OMMANDS 

BIN CONTROL ( cont) 

1 6  CODE 16 CODE 

- 16 CODE -16 CODE 

INPUT CONTROL 

LOCK 
UNLOCK 

9 CODE 9 CODE 
-9 CODE -9 CODE 

OUTPUT CONTROL 

SCREENON 
SCREENOFF 
REMOTEON 
REMOTEOFF 
REMOTE[ 

] 

1 CODE 1 CODE 
-1 CODE -1 CODE 
10 CODE 10 CODE 

- 10 CODE -10 CODE 
11 CODE 1 1  CODE 

23 CODE 23 CODE 

-23 CODE -23 CODE 

24 CODE 24 CODE 

DES CRIPTION 

Use output of bin 1 1  f o r  end of 
co�vers i on (ana l og busy ) 

Use output of bin 1 1  f o r  binn i ng 

Lock keyboard 
Unl ock keyboard 
Lock keyboard (except SGL key ) 
Unl ock keyboard 

Update values on screen 
Don ' t  update values on screen 
Output measurements to GPIB o r  RS-232C 
D on ' t  output to GPIB o r  RS-232C 
Temporar i l y disconnect the keyboard and 

the e xternal START sw i tch (start of 
setup ) 

Reactivate the keyboard and e xternal 
START switch at the end of the setup, 
unl ess the command was part of the setup 

Turn B i as On 
Turn B i as Off 
Ou tput measurements to Channel B ( RS-232C 

onl y ) 
Stop output to Channel B (RS-232C only )  
Output setup and binn i ng data Channel B 

(RS-232C on ly ) 
Turn off SRQ when addressed to ta lk (GPIB 

on l y )  
Turn off SRQ onl y  on ser i a l  p o l l (GPIB 

only )  
D i splay GPIB address setting (GPIB on ly ) 

ZERO-POWER RAM (NON-VOLATILE MEMORY ) 
6 CODE 6 CODE 

-6 CODE -6 CODE 

elsl i 

Save a l l  VideoBr i dge data into Z RAM, 
update bin counts 

Ret r i eve data f rom Z RAM, begin updating 
b i n  counts 
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Table A-7. Model 2150/2160 Remote set up Dict ionary (cont) 

KEYBOARD 
COMMANDS 

REMOTE 
PROGRAMMING 
COMMANDS DESCRIPTION 

KEYBOARD COMMANDS NOT SUPPORTED FOR REMOTE USAGE 

CODE 20 CODE 
3 CODE -20 CODE 
7 CODE LOAD 

12 CODE SAVE 
13 CODE 
14 CODE DEL 
18 CODE ENTER 
19 CODE CAL 

OUTPUT STRING FORMAT AND ERROR CODES 

00, -1. 23456E-06, -1. 23456E 23, CSD , 10 

-- r, __ T:_-_-_ -_ -_ -_- Bin Numbe r 

- Bottom Function 

L-----�--Top Function 

L------------Bottom window display 

L-------------------- Top window display 

L--------------------------- Error Code 

Error code assignments for 2150/2160. 

00 No error 
01 Can't Supply 
02 Analog Error 
03 Analog Error- -Can't Supply 
04 Calculation Error 
05 Calculation Error- -Can't Supply 
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The remote inpu t is not echoed on the s c reen. Car r i age returns < CR >  

are necessary ; l ine feeds <LF> are opt i onal. W i th the excep t i on of 

" REMOTE l " and " J " ,  mU l t iple commands can appear on the same l i ne. 

SETUP COMMENTS 

The percent s i gn ( % )  i s  used to separate commen ts from the 

i nformat i on whi ch is to be ac ted upon by the 2 15 0/ 2 16 0 .  Therefore, 

comments can be included w i th the setup i nformat i on as shown i n  the 

example that fo l lows. 

SEPARATORS 

A l l numbers, 

sepa r a  t ed by 

RETURN. 

w o r ds, 

e i ther 

L INE TERMINATION 

and c ommen ts 

S PACES,  TA BS, 

in the setup s t r i ngs mus t be 

or be fol low ed by a C A R R I A GE 

Line feeds are ac cepted and discarded. A car r iage return is al l that 

is requi red. 

UPPER AND LOWER CASE 

Lower case characters a re equi valent 

naming defini t i ons i n  the di cti onary. 

to upper case charac ters when 

When i n  doubt, use upper case 

charac ters. Comments can be e i ther upper or lower c ase charac ters. 

REMOTE [ 

REMOTE[ disables the 2 15 0/2 160 keyboard and di rec ts error messages 

norma l ly appear i ng i n  the bottom reverse v ideo l i ne of the 2 15 0/2 160 

to the remote dev i ce. I t  also disables the inst rument f rom tak ing 

measurements dur i ng the setup phase. I t  is absolutel y  necessary tha t  

this word appear on a l ine by i tself ! 
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] 

" ]  II res tores the instrument to measurement mode and, if the setup 

didn ' t lock out the keyboard, re-enables the keyboard, and generally 

undoes any change made by REMOTE [ .  " J " also must appear on a l i ne by 

i tself ! 

ERRORS DURI NG SETUP 

If one or more errors occured dur i ng the remote se tup, ( be tween 

" REMOTE [ "  and " J " )  the message " ERRORS SEEN " w i ll be transmitted. If 

the setup went well, the string " NO ERRORS " w i ll be transmi tted. This 

i nf orma t i on becomes a va i lable af ter the " ] " is processed b y  the 

i nstrument. 

DATA OVERFLOW 

Data flowi ng into the RS-232C Interface op t i on is placed in an inter

medi ate queue, on an i nterrupt basis, allowing up to 200 characters 

of i nput to back-up before overflow occurs. This techn ique allows 

full li nes of data to be transm i t ted w ithou t concern about lost data. 

Data overflow temporar i ly suspends the bus ( NRFD is act i vated on the 

GPIB opt i on ) and should be considered carefully if several 

i ns truments requi re prompt serv ice. One may always construct the 

setup in mul tiple phases of less than 200 characters each and then 

wai t for phase completi on before transm ission of the next phase. 
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SETUP CAUTIONS 

Duri ng the setup phase it is conven ient to i ssue a STATUS command so 

the process of bi n setup is visible on the screen .  Remember that 

when the setup i s  complete, STATUS must be i ssued agai n to togg le the 

i nstrument back  to the chosen measurement mode. Otherwise, the S I NGLE 

measurement commands w i l l  not result i n  the transmiss ion of 

measurement data to the remote devi ce. 

To al low fastest setup times and a lso to ensure that the remote i nput 

w i l l  n ot be d i sturbed by keyboard or measurement i nput between 

successive l i nes of setup i nformation, the f i rst character output 

( i nstructi on i n  the program) should be : 

REMOTE[ 

whi ch temporari ly discon nects the keyboard and external START switch 

( i. e. do not use SI NGLE or CONT I N UOUS). This entry must be on a l i ne 

by itself fol lowed by a carriage return before additional i nput w i l l  

be a c cepted by the 2 15 0/2 160. 

The " J " character is issued at the end of the setup phase to restore 

the i nstrument to its measurement loop and make the keyboard active 

again. " J " automat i ca l ly transm its error i nformation. The setup 

program must expl i c itly lock the keyboard out if that is des ired. 

Th is may be done with the LOCK command. After the 

measurements have been made, the i nstrument can be UNLOCKed. 
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In summary , the procedure f or remote setup is: 

STEP 1.  Sit down with a pad of paper and write what appears on the 

s c reen a s  y o u  push the keys and manua l l y set up the 

instrument. 

STEP 2 .  Insert " REMOTE [ "  at the start of this list of words and " J " 
a t  the end . Be sure that these tw o entries are each entered 

on a separate line apart from the other entries. 

STEP 3.  W rite a program, in the language of the c omputer which w i l l  

b e  setting up the 2 150/ 2 16 0 ,  w hi c h  outputs this l ist of 

w ords to the remote programming device. 

STEP 4. A FTER THE LIST HAS BEEN TRANSMITTED, REQUEST AN OUTPUT FROM 

T H E  2 1 50/ 2 16 0  ( TA KE ONE READ ING W IT H  ' S INGLE ' )  AND MAKE 

CERTAIN NO ERRORS ARE ENCOUNTERED . 

Example Setup : 

REMOTE [ 

REMOTEON 

SCREENOFF 

LOC K  

1000 H Z  

FAST 

C D 

SERIES 

1 1 B IN# 

5 2 BIN# 

10 3 B IN# 

2 0  4 BIN# 

100 NANO NOMINAL 

. 0005 M IN OR 

J 
S INGLE 

% MEASUREMENT RESULTS INTO REMOTE BUFFER 

% LOCK OUT CRT DISPLAY 

% LOCK OUT THE KEYBOARD 

% SET FREQUENC Y  

% SET TO PRESET ' FAST ' SPEED 

% MEASUREMENT FUNCTIONS 

% SERIES EQU IVALEN T C IRC U IT 

% SET UP BIN VALUES 

% NOMINAL VALUE 

% SET MINOR REJECT VALUE 

% END OF SETUP 

% REQUEST F IRST READING 
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A. 2. 1 6. 2  Result Accumulat i on 

Spec i al D i splay W ords 

A word d i splay � s  used to i ndica te s ome form of output (see Table 

A-7 ) .  O n e  f orm i s  the top and b ottom d i s pl ay s  on the i n strument 

s creen--the one f ormed i n  l ar g e  character s.  An other i s  the m ore 

standard fl oat i n g  poi nt numbers which are output to the remote dev i ce 

after i t  has i s sued a S I NGLE command. The con version of an i n ner 

fl oat i n g  poi nt representati on to a str i ng of characters su itable for 

d i splay takes con s iderable process i ng time. The fol l ow i ng w ords were 

dev i sed s o  the t i me between measurements can be as bri ef as pos s ible. 

SCREENON/SCREENOFF 

Thi s  pai r  of w ords enables and d i sables the large v i deo d i splay on 

the s creen of the 2 1 50 /2 1 60. When the i n strument i s  n ot b e i n g  

monitored on s ite and the measurement results are bei n g tran sm itted 

by remote output, SCREENOFF w ill greatly i ncrease measurement speed. 

REMOTEON/REMOTEOFF 

R E MOTEON must be part of the setup i nformat i on before measurement 

results are transmitted to the remote dev i ce which last tran smitted 

i nformati on to the 2150/21 60. The output str i ng l ooks like th i s: 

00, -1 . 23456E-0 6, -1. 23456E 23, CSD , 10 
-- -' T � � Bin Number 

Bo t t om Func tion 

�------------ Top Func tion 

�----------------------- Bo t tom win d ow dis p 1 a y 
on CRT 

'------------------------------------------- To P win d ow dis pIa y on 
CRT 

'------------------------------------------------------ Er r 0 r Cod e 
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T h e  f i e l d  s i z e s a re f i x e d  s o  FORTRAN p r o g r a m s  c a n  u s e  f i x e d  f i e l d  

f o rma t s t a t eme n t s  t o  r e c e i v e t h e  i npu t .  

LOC K/UNLOCK 

LOCK i s  i s s u e d  i n  t h e  se tup p h a s e  to  l o c k  ou t t h e  k e y  boa rd of  t h e  

i n s t r u m e n t  d u r i n g r e m o t e  o p e r a t i o n . U N L O C K  c a n  b e  i s s u e d  a t  t h e  

t e rm i na t i o n o f  a r u n  t o  r e s t ore c o n tr o l , - 9  C O D E  c a n  b e  e n t e r e d , or  

t h e  k e y b o a r d  c a n  be  u n l oc k e d  by t e mpora r i l y  g ro u n d i n g p i n  21  o f  t he 

Ha n d l e r  I n t e r f a ce c i r c u i t  ca r d . T h i s  ove r r i d e s  t h e  remo t e  de v i ce . 

A . 2 . 1 6 . 3  M e a s u r e me n t  P r o t o c o l  

T h e  p r o t o c o l  f or t a k i n g G P I B  me a s u remen t s  i s  

-C on t ro l l e r  a dd r e s s e s  t h e  2 1 5 0 / 2 1 6 0  a s  a l i s t e n e r .  

- C o n t r o l l e r  i s s u e s  a S I NG L E  c omman d . 

- 2 1 5 0 /2 1 6 0 ta k e s  a mea s u r e me n t  a n d  s t o r e s  t h e  re s u l t  i n  a b u f f e r , 

s e t s  t h e  s e r v i ce r e q ue s t  ( SRQ ) l i ne a t  c omp l e t i o n .  

- C on t r o l l e r  pe r f o rm s  a s e r i a l  po l l  a n d  i n p u t s  t h e  s t a tu s  by te  f rom 

t h e  2 1 5 0 /2 1 6 0 . 

- C o n t r o l l e r  a dd r e s s e s  t h e  2 1 5 0 / 2 1 6 0  a s  a t a l k e r  a n d rea d s  t he bu f f e r . 

Re f e r  t o  S e c t i o n A . 2 . 1 8 ,  GP I B  S a mp l e  P r o g ram . 

NOTE: I f  t he c on t ro l l e r  i s  u n a b l e  to  c o n d u c t  a s e r i a l  p o l l  
( w h i c h  i s  n e c e s s a r y t o  u n a s s e r t  t h e S R Q l i n e ) , e n t e r  2 3  
CODE . T h e  S R Q  l i n e  w i l l  n ow be a u toma t i c a l l y  r e s e t  a f t e r  t h e  
mea s u re m e n t  r e s u l t s h a v e  b e e n  r e a d  b y  t h e  c o n t r o l l e r .  T h i s  
p r e v e n t s  t h e  S R Q  l i n e f r o m r e m a i n i n g  a s s e r t e d  o n c e  t h e 
V i d e o B r i d g e  d a t a  i s  n o  l on g e r  i n  t he bu f f e r .  

NOTE: V i de oB r i dg e  p r o t o c o l  doe s n o t  s u p p o r t  c on t i n u o u s  mode 
mea s u re m e n  t .  The c o n  t ro l l e r  mu s t  i n i  t i a  t e  e a c h  mea s u r e m e n  t 
w i t h  a S I N G L E  c o mm a n d . I t  c o n t i n u o u s  m o d e  i s  u s e d , t h e  
V i d e o B r i d g e  may w r i t e  t o  t h e  m i d d l e  o f  t h e  bu f f e r  a t  t h e  
s a m e  t i me  t h e c o n t r o l l e r  i s  rea d i n g  t h e  b u f fe r .  
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When a ser ia l  pol l  is conducted, the V i deoBr i dge returns a status byte 

to the control ler. This byte will have one of three values : 

( 0 )  -- a l l bits are zero : the V i deoBr i dge i s  not busy, and SRQ has 

not been asserted. 

( 1 ) -- the f i rst bit is one, the rest are zero : the V i deoBr i dge i s  

busy, SRQ has not been asserted. 

( 6 4 )  -- the seventh bit i s  one, the rest are zero : the SRQ has been 

asserted. An e rror message w i l l  be transm itted. 

I f  the control ler does not conduct a ser i al pol l  between commanding 

measurements, the prev ious measurement w i l l  be w r itten over. 

A . 2 . 11 Ca libration 

The 2 1 5 0 / 2 1 6 0  needs no ad justment, other than normal cal i brat i on, when 

the GPI B  o r  the R S - 2 3 2C option is i nstal led. Neither c i r cu i t  assembly 

contai ns ser v i ce ad justments. 

:1 WARNING ' 

TO A V O I D  PERSONAL INJURY FROM ELECTRIC SHOCK DO NOT REMOVE 
I N S T RU M ENT COVERS OR PERFORM ANY M A I NTENA N C E  OTH ER THAN 
DESCRI BED IN THI S  I NSTRUCTION SHEET . INSTALLATION AND 
MAINTENANCE PROCEDURES DESCRIBED IN THIS INSTRUCTION SHEET 
ARE TO BE PERFORMED BY QUALIFIED SERVICE PERSONNEL ONLY . 
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A. 2 . 1 8 GPI B Sample Program 

A sampl e  GPIB program writ ten on a Hewlet t-Packard H P85B is lis ted, 

fo l lowed by remark s. The HPIB address is 700 and the 2150/2160 IEEE 

addre s s  was se t a t  1, s o  t a l k  or l i s ten func t ions wi l l s how t he 

addres s 701 in the program. 

Program: 

400 DIM A $  [ 5 0 J  

5 0 0  DIM C$  [ 5 0 J  
550 OUTPUT 701 ; " REMOTEON " 
600 OUTPUT 701 ; " REMOTE [ "  
800 P RINT " ENTER SETUP COMMAND "  
900 PRIN T " THEN PRESS RETURN " 

1000 PRINT " IF NO MORE COM MANDS"  
1100 PRIN T " TYPE '0 RETURN ' "  
1200 INPUT C$ 
1300 PRINT C$ 
1350 PRINT " "  
1400 CLEAR 
1500 IF C$ = " 0 "  THEN GOTO 1800 

1600 OUTPUT 701 ; C$ 

1700 GOTO 1200 

1800 OUTPU T  701 ; tf J II 

1900 PRIN T " #  OF MEASUREMENTS " 
2000 INPUT J 

2100 P RINT J 
2200 FOR 1 =1 TO J 

2300 OUTPUT 701 "SINGL E " 

2400 s =0 
2500 S=SPOL L ( 701) 

2600 IF S > =64 THEN GOTO 2800 

2700 IF s = 0  THEN GO TO 2400 

2800 ENTER 701 ; A$ 

Remark s :  

400 Open fie l d  for measuremen t 
s t ring. 

500 Open fiel d for command s t ring. 
550 Send REMOTEON to 2150/ 2160. 
600 Temporari l y  disconnec t keyboard 

and s tar t switch. 

1200 Input one command from remote 
setup dic tionary. 

1500 If C$ =0 t hen go to meas u rement 
por tion of p rogram. 

1600 Addres s 2150/2160 and send 
command. 

1700 Return to setup routine if C$ 
not 0. 

1800 Re-ac tiva te screen and keyboard 
at end of se tup. 

2000 Opera tor inpu t s  number of 
single cycle operations the 
2150/2160 wil l  perform. 

2 2 00 ' I '  wil l  be the number of 
operations. 

2300 Addre s s  the 2150/2160 and send 
the ' SINGLE ' command. 

2400 Set variable S to 0. 
2500 Moni tor the 2150/2160 to see 

if the SRQ has been set. 
2600 If SRQ is set then add re s s  

the 2150/2160 and prin t the 
measurement s t ring. 

2700 If SRQ has not been set then 
remain in SRQ monitor mode. 

2800 Address 2150/2160 and read 
outpu t s t ring. 
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Program : 

29� �  PRINT A$  
3(O�� NEXT I 

3l�� GOTO 8�� 
32�� END 

Remarks : 

29�� Print output string. 
3��� Repeat single cycles until 

operator number is reached. 
31(O� Return to setup routine. 

Sample Output ( se e  Sect i on A . 2 . 1 6 . 2  f or Output String f ormat ) : 

ENTER SETUP COMMAND 
THEN PRESS RETURN 
I F  NO MORE COMMANDS 
TYPE ' .� RETURN ' 
-2 CODE 
l(O� N ANO NOM INAL 

. ��5 M I NOR 
1 1 B I N  # 
5 2 B I N  # 

1 (0  3 B IN # 
2� 4 BIN # 
1�101O H Z  
LOCK 
FAST 
C 
D 
SCREENOFF 
� 
# OF MEASUREMENTS 

�� , llO�. 7E-�9 , 
�� , 1��. 7E-�9 , 
�� I 1��. 7E-�9 1 
�� I 1�1O. 7E-�9 , 
�� I 1 �0. 7E-�9 1 
�� , 1�1O. 7E-�9 1 
�� , 11O�. 7E-�9 , 
�� I 1��. 7E-109 , 
�� I 10�. 7E-109 , 
010 1  101O. 7E-09 ,  

110 

8��. E-�6 , 
8��. E-�6 , 
81O�. E-�6 1 
8��. E-106 1 
81O�. E-06 1  
8�IO. E-�6 1 
8��. E-�6 1 
8��. E-106 , 
800. E-106 ,  
81O�. E-�6 , 

ENTER SETUP COMMAND 
THEN PRESS RETURN 
IF NO MORE COMMANDS 
TYPE ' �  RETURN ' 

CSD 
CSD 
CSD 
CSD 
CSD 
CSD 
CSD 
CSD 
CSD 
CSD 

e l s l i  
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A . 2 . 1 9 RS- 2 3 2 C  Sample Program 

A sample RS-232C program written on a Hewlett- Packard HP85B is listed, 

followed by output and remarks . The program address code is 10. 

Program :  

10 D IM A $ [50 J 

20 D IM C$ [50 J 
30 OUTPUT 10 
40 OUTPUT 10 ; 

" REMOTEON " 
" REMOTE [ " 

50 CLEAR 
60 RESET 10 
70 D ISP " ENTER SETUP COMMAN D " 
80 D ISP " THEN PRESS ' RETURN ' "  
90 D ISP " IF NO MORE COMMANDS " 

100 D ISP " TYPE '0 RETURN' " 
110 INPUT C$ 

120 D ISP C$  
130 CLEAR 
14 0 IF C$ = " 0 "  THEN GOTO 170 

150 OUTPUT 10 ; C $ 

160 GOTO 110 

170 OUTPUT 10 ; " J "  

180 ENTER 10 ; C$ 
190 D ISP " #  OF MEASUREMENTS " 
200 INPUT J 

210 D ISP J 
220 FOR 1 =0 TO J 

230 OUTPUT 10 ; " SINGLE " 

240 ENTER 10 ; A$  

250 D ISP A $  
260 NEXT I 

270 GOTO 30 
280 END 

e / s / i  

Rema rks : 

Open field for measurement 
string. 
Open field for command string. 
Send " REMOTEON " to 2150/2160 . 
Temporarily disconnect keyboard 
and start switch . 

60 Clears HP85B RS-232C buffer 

110 Input one command from remote 
setup dictionary . 

140 I f  C$ =0, then go to measurement 
portion o f  program .  

150 Address 2150/2160 and send 
command . 

160 Return to setup routine if  C$  
not 0. 

170 Re- activate screen and keyboard 
at end o f  setup . 

220 

230 

24 0 

250 
260 

270 

Opera tor inputs number of 
single cycle operations the 
2150/2160 will per form . 

'I' will be the number o f  
operations . 
Address the 2150/2160 and send 
the ' S INGLE ' comma nd . 
Address the 2150/2160 and rea d 
the output string . 
Print the output string. 
Repeat single cycle 
measurements until operator 
number is reached . 
Return to setup routine . 
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Sample Output (see Secti on A. 2. l6. 2 for Output Stri ng format) : 

ENTER SETUP COMMAND 
THEN PRESS RETURN 
I F  NO MORE COMMANDS 
TYPE '!;D RETURN ' 
-2 CODE 
1!;D!;D NANO NOMINAL 

. 005 M INOR 
1 1 B IN # 
5 2 B IN # 

1!;D 3 B IN # 
20 4 B IN # 
1!;D!;D!;D H Z  
LOCK 
F AST 
C 
D 
SCREENOF F 
0 
# OF MEASUREMENTS 
NO ERRORS 

00, 100. 7E-!;D9, 
!;D0, 100. 7E-09, 
0!;D, 1!;D!;D. 7E-!;D9, 
00, 1!;D0. 7E-!;D9, 
0!;D, 1!;D0. 7E-09, 
!;D0, 100. 7E-¢9, 
¢0, 1¢0. 7E-¢9, 
00, 1!;D0. 7E-09, 
0!;D, 1¢¢. 7E-!;D9, 
0¢, 10¢. 7E-¢9, 

1!;D 

800. E-06, 
800. E-06, 
8!;D0. E-!;D6, 
8!;D0. E-06, 
8¢¢. E-¢6, 
8¢0. E-!;D6, 
8¢¢. E-!;D6, 
8¢0. E-¢6, 
8¢¢. E-06, 
80¢. E-¢6, 

ENTER SETUP COMMAND 
THEN PRESS RETURN 
IF NO MORE COMMANDS 
TYPE '¢ RETURN ' 

CSD 
CSD 
CSD 
CSD 
CSD 
CSD 
CSD 
CSD 
CSD 
CSD 
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A . 3 NON-VOLATILE MEMOR Y  

The Non-Volat ile Memory op t i on allows the V i deoBr i dge to save 

measuremen t and binning informa t i on when l ine vol tage drops 

suff i c ient ly to affec t power supply levels or when the ins trument is 

turned off. The opt i on cons i s ts of a fac tory- i nstalled 2K Z RAM ( Zero 

Power Random A c c ess Memory, P iN 5 5 8 4 3 ) c h i p, U 3 1 , l o c a t e d  on the 

mo therboard. To engage this opt ion, program test code 6 ac cord ing to 

the i nstruc t i ons in Sec t i on 2 . 1 . 1 . 1 .  

When 6 CODE is programmed, the V i deoBr i dge s t i  1 1  func t i  ons in the 

normal manner. The Z RAM, however, 

1) s t ores the d i splay and b i nn i ng setup, i n cl ud i ng al l zero 

c a l i brat i on offsets . This data is not updated ; i t  is retained 

regardless of changes made af ter entering 6 CODE. 

2 )  c on t i nuousl y upda t es the b i n  c oun t .  I t  i s, i n  a sense, 

" wai t i ng "  for a power loss cond i t ion, when i t  w ill retain i ts 

l as t  updated bin count data. 

NOTE: Zero offsets are val i d  only under the cond i t i ons they 
were taken. Cal i brated offsets retrieved from Z RAM may not 
be v a l i d  due to changes from or i g i nal cal ibra t i on 
c ond i t ions . I f  there is any ques t i on as to the val i d i ty of 
these s t 0red offsets ( due to repos i t ioned tes t  leads, 
changes i n  environment, d ifferent tes t f ixture, e t c. ), 
s i mpl y take a measuremen t of the f i x t ure or c l i ps. The 
res i s tance read ing shoul d be zero, or nearly zero. If not, 
the f i xture or cl ips need to be re-cal ibrated. 

On c e  power has been res t ored, en ter -6 CODE to re c a l l the l as t  

upd a ted b i n coun t f rom the Z RA M  ( t he Z RA M  w i ll al so re c al l t he 

ori g i nal d i rec t d isplay setup, includ i ng zero cal i bra t i on i nformat i on 

presen t a t  t he t i me 6 COD E  was en tere d). Push < STAT> and t he 

V i deoBr i dge w ill d i  splay the bin coun t i t had a t the t ime of the 

power loss. 
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E nter i ng 2 CODE w i ll reset all bi n counters to zero i n  both normal 

RAM a n d  Z RAM . -2 C ODE w i ll reset b i n  l i m i ts and b i n  cou n ters i n  

normal RAM along w i th the bi n counters i n  ZRAM. 

N O TE : When 6 C ODE i s  f i rst programmed, z ero cal i b rat i o n  
o f f sets are stored f or conven ient retr i eval i n  case of power 
outage. Should di f ferent cali brat i on o f fsets be made be fore 
a n  i n tenti onal power down, - 6  CODE w i ll recall the or igi nal 
c a l i b rat i o n  sett i ngs. To prevent the use o f  an u n des i red 
setup, enter -6 CODE , -22 CODE , and re-cal i brate. 

DO NOT ENTER TEST CODE 6 OR TEST CODE -6 WITHOUT ZRAM OPTION 
INSTALLED . 

After power has been turned of f and back on aga i n, the V i deoBr idge 

will be i n  i ts normal power-up condition - - Auto LRC. 

Handler modes ( 8  and -8 CODE) and Keyboard Lock ( 9  CODE) are not saved 

i n  Non- Volati le Memory. When power is restored and -6 CODE is entered, 

any o f  these tes t codes whi ch had been pre v i ously act i va ted mus t be 

re-entered to completely restore operati on. 
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A . 4  +200 VOLT DC B IAS OPTI ON ( SP5240 ) 

The Model SP5240 is a Model 2150 or 2160 VideoBridge with a factory 

installed option of extended DC bias capability. All other SP5240 

features , fun ctions , and specifications are identical to those of the 

Model 2150 or 2160. 

A DC  bias of up to + 200V c a n  be appl ied t o  t h e  rear panel b ias 

terminal s. Be sure to observe pol arity. T he Bias V ol tage is n ot 

applied to the unk nown until test code 1 is programmed. Measurements 

with bia s a re a va i l able f or capaci tan ce only. The bias supply mus t 

have l ow ripple with internal current limit of 100mA and its AC output 

impedan ce must be less than 1 ohm at the test frequency. If the bias 

sour ce impedance is n ot l ow compared t o  t h e  u nk n own , a bypass 

capaci tor whose impedance is 1/5 of the range resistor used can be 

con nected across the bias terminal posts. The procedure for applying 

and removing +200V DC bias is the same as described f or +50V DC bias 

in Section 2. 10 of this manual. 

Changes to the anal og card f or the +200VDC option are as foll ows: 

Anal og Circui t  Assembly ,  P/N 53675 changes to P/N 56482 

C4 and C29 , P/N 45645 (l OOV rating) , change to P/N 56473 ( 250V 

rating) 

CR22 , P/N 55494 ( surge arrestor) changes to P/N 56474 ( surge 

arrestor). 

DANGER 

ELECTRICAL SHOCK HAZARD EXISTS WHEN A BIAS SUPPLY IS 
CONN ECTED TO THIS INSTRUMENT . USER SUPPL I ED BIAS VOLTAGE MAY 
BE PRESENT AT I NSTRUMENT TERMINALS AND TEST FIXTURES . USE 
ONLY BIAS VOLTAGES UP TO +200VDC AND BIAS SUPPLI ES CURRENT 
L I MITED AT 1 00mA . DO NOT TOUCH , CONNECT , OR DISCONNECT THE 
UNK NOWN COMPON E N T  OR BNC CABLES WH I L E  A B I AS V OL TAGE I S  
APPLI ED .  FAILURE TO OBSERVE THIS WARNI NG MAY RESULT I N  SEVERE 
I NJURY OR DEATH . 
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APPENDIX B 
OPTIONS PARTS LISTS AND DIAGRAMS 

B.l GENERAL HANDLER INTERFACE CIRCUIT ASSEMBLY (pIN 47895) 

CIRCUIT NO. 

CI-C5 

C6,C7 

C8 

J2 

KI-K13 

R2 

U1,U2,UI0 

U3,U4,U5 

U6 

U7 

U8 

U9 

Ull 

U12 

DESCRIPTION 

PC BOARD, HANDLER INTERFACE 

CAPACITOR, 0.01 m i c ro f a ra d, 50V CERAMIC 

CAPACITOR, 6.8 m i c r o f a r a d ,  35V TANTALUM 

CAPACITOR, 10 0 m i cr o fa ra d, 2 5v ELECTROLYTIC 

CONNECTOR, 36 PIN, FEMALE 

RELAY, 1 FORM A, 5VDC, 14 PIN DIP 

RESISTOR, 12 0 o hm,  1/4W, 10% 

RESISTOR, NETWORK, SIP, 10 PIN, 2.2 k i l o hm 

IC, 7407 

IC, 7406 

IC, TILl19, OPTO-ISOLATOR 

IC, 4N28 OPTO-ISOLATOR 

IC, 8304 

IC, 8131 

IC, 3881 

BRACKET, CONNECTOR, MTG 

BRACKET, GROUND 

SOCKET, IC, 6 PIN DIP 

SOCKET, IC, 14 PIN DIP 

SOCKET, IC, 16 PIN DIP 

SOCKET, IC, 2 0  PIN DIP 

SOCKET, IC, 40 PIN DIP 

B - 1 
e/s/i 2 150 /2 160 5/85 

ESI PART NO. 

46902 

12 144 

43792 

13683 

15739 

24804 

13908 

45846 

2 4076 

2 0678 

442 24 

2 0674 

45262 

4552 7 

47884 

45166 

45951 

45831 

19189 

2 0860 

45660 

41342 



• 

Figure 8-1. General Handler Interface Circuit Assembly ( P/N 47895 ) 
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B.2 HANDLER INTERFACE CIRCUIT ASSEMBLY (MCT BROWNE) (pIN 47897) 

CIRCUIT NO. 

CI-C5 

C6,C7 

C8 

J2 

KI-K13 

Rl 

R2 

Ul,U2,U10 

U3,U4,U5 

U6 

U7,U8 

U9 

Ull 

U12 

DESCRIPTION 

PC BOARD, HANDLER INTERFACE 

CAPACITOR, 0.01 mi cr o far a d, 50V CERAMIC 

CAPACITOR, 6.8 m icrofar a d ,  35V TANTALUM 

CAPACITOR, 100 micr o far a d ,  25V ELECTROLYTIC 

CONNECTOR, 36 PIN, FEMALE 

RELAY, 1 FORM A, 5VDC, 14 PIN DIP 

RESISTOR, 560 o h m ,  1/4W, 10% 

RESISTOR, 120 o hm,  1/4W, 10% 

RESISTOR, NETWORK, SIP, 10 PIN, 2.2 kilohm 

IC, 7407 

IC, 740 6  

IC, 4N28 OPTO-ISOLATOR 

IC, 8304 

IC, 8131 

IC, 3881 

BRACKET, CONNECTOR, MTG 

BRACKET, GROUND 

SOCKET, IC, 6 PIN DIP 

SOCKET, IC, 14 PIN DIP 

SOCKET, IC, 16 PIN DIP 

SOCKET, IC, 20 PIN DIP 

SOCKET, IC, 40 PIN DIP 

B - 4 
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ESI PART NO. 

46902 

12144 

43792 

13683 

15739 

24804 

13916 

13908 

45846 

24076 
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20674 

45262 
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47884 
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B.3 HANDLER INTERFACE CIRCUIT ASSEMBLY (DAYMARC) (P/N 47896) 

CIRCUIT NO. 

CI-C5 

C6,C7 

C8 

J2 

KI-K13 

Rl 

R2 

U 1,U2,UI0 

U3,U4,U5 

U6 

U7,U8 

U9 

Ull 

U12 

DESCRIPTION 

PC BOARD, HANDLER INTERFACE 

CAPACITOR, 0.0 1 mi crofarad, 50V CERAMIC 

CAPACITOR, 6.8 mi crof arad, 35V TANTALUM 

CAPACITOR, 100 microf a rad, 25V ELECTROLYTIC 

CONNECTOR, 36 PIN, FEMALE 

RELAY, 1 FORM A, 5VDC, 14 PIN DIP 

RESISTOR, 560 ohm, 1/4W, 10% 

RESISTOR, 120 ohm , 1/4W, 10% 

RESISTOR, NETWORK, SIP, 10 PIN, 2.2 ki l o hm 

IC, 7407 

IC, 740 6  

IC, 4N28 OPTO-ISOLATOR 

IC, 8304 

IC, 8131 

IC, 3881 

BRACKET, CONNECTOR, MTG 

BRACKET, GROUND 

SOCKET, IC, 6 PIN DIP 

SOCKET, IC, 14 PIN DIP 

SOCKET, IC, 16 PIN DIP 

SOCKET, IC, 20 PIN DIP 

SOCKET, IC, 40 PIN DIP 
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Figure B-3. Daymarc Handler Interface Circuit Assembly (P/N 47896) 
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Figure B-3. Daymarc Handler Interface Circuit Assembly (P/N 47896) 
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B.4 GENERAL PURPOSE INTERFACE BUS ( IEEE-488 ) INTERFACE CIRCUIT 
ASSEMBLY (P/N 46114) 

CIRCUIT NO . 

Cl 

C2-C ll 

J2 

Sl 

Ul , U2 

U3 

U4 

u5 

U6 

u7 

U 8  

U9  

U I0 

Ul l 

U 1 2 

U 1 3  

U1 4 

URI 

UR2 

D ESC RIPTION 

PC BOARD, GPIB INTERF A C E  - IEEE - 48 8 

CAPAC ITOR, 1 0 0  m icr ofar a d , ELEC T 2 5 V  

CAPAC ITOR, 0 . 01 micr o far a d , C ERAMIC 5 0 V  

C ONNEC TOR, 2 4  PIN, FEMALE 

SW ITC H, D IP 8 POSITION 

IC , 8 30 4  

IC , DM8 1 31 

IC , TMS 9 9 1 4  GPIB CONTR OLLER 

IC , Z8 0 CTC MK3 8 8 2 

IC , 74LS373 

IC , 740 2 

IC, 74 0 4  

IC, 74 2 0  

IC, 74 0 0  

IC, 743 2 

IC, 7473 

IC, 75 1 6 2  IEEE BUS MNGR 

IC , 75 1 6 0  IEEE BUS XC VR 

RESISTOR NETWORK, SIP, 1 0  PIN, 2.2 ki l ohm 

RESISTOR NETWORK, SIP, 6 PIN, 2 .2 ki l ohm 

BRAC KET, GROUND ING 

BRACKET, IEEE CONNEC T 

BUSS STRIP 

SOCKET, IC 1 4  PIN D IP 

SOCKET, IC 1 6  PIN D IP 

SOCKET, IC 40 PIN DIP 

SOCKET, IC 28 PIN D IP 

SOCKET, IC 20 PIN DIP 

SOCKET, IC 22 PIN DIP 

STANDOFF, STUD MOUNT 

B - 8 
e / s /i 2150 /2160 5/85 

ESI PART NO. 

4 6 1 1 3  

1 3 6 8 3  

1 2 1 44 

42 40 7 

438 6 3  

45 2 6 2  

45 5 2 7  

4 78 43 

4 640 7  

4 6 2 0 1  

2 0 6 0 2  

2 0 6 9 5  

2 0 6 0 4  

2 0 6 0 0  

4 779 0 

20 6 1 3 

4 78 4 1  

4 78 4 2 

4 5 8 4 6  

4 5 8 4 7  

4 5 9 51 

4 5 1 6 5  

2 3 9 9 7  

1 9 1 89 

2 0 86 0  

4 1 3 4 2  

4 3 844 

4 56 6 0  

47874 

4 23 9 2  
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6304 20 10 
813 1<0 B 
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742.0 14 7 
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I? igure B-4. General Purpose Interface Bus (IEEE-488) Circuit Assembly (pIN 46114) 
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8.5 RS-232C INTERFACE CIRCUIT ASSEMBLY (P/N 46724) 

CIRC UIT NO. 

C I-C l l 

J70 1 

Rl 

R2 

R3 

Sl, S2 

URl, UR2 

Ul 

U2 

U3 

U5 

U6, Ul 1 

U8 

U9 

UI0 

U1 2 

U1 3 

U14 

U1 5 

U1 6 

Yl 

DESC RIPTION 

PC BOA RD, RS-2 32/C A SSETTE INTERF A CE 

C APA C ITOR, 0 . 0 1  m i cr o farad , 5 0 V, 20 % 

C ONNEC TOR, DB25 5 

RESISTOR, 1 k i l ohm , 1/4W , 10% 

RESISTOR, 1 5  meg ohm , 1/4W , 20 % 

RESISTOR, 6 . 8  kil o hm ,  1/4 W, 10 % 

SW ITCH, 1 0  POSITION D IP 

RESISTOR, SIP, SR, 2. 2 k i l ohm 

IC, 74 L300 

IC, 74 LS32 

IC, 8 1 31 

IC, 74-LS139 

IC, 8 304 

IC, 3 8 8 2N- 4  

IC, 74 LS74 

IC, 74 LS8 6 

IC, 74 LS1 74 

IC, 38 8 4 N- 4, Z80 - SIO 

IC, MC 1 44 1 1  

IC, MC 1 4 8 8 L 

IC, MC 1 4 8 9 L 

C RYSTA L, 1 . 84 32MHz, 0 . 0 5 %  

SOCKET, 14 PIN D IP 

SOCKET, 1 6  PIN D IP 

SOCKET, 4 0  PIN D IP 

SOCKET, 2 4  PIN D IP 

SOCKET, 2 0  PIN D IP 

SOCKET, 2 8  PIN D IP 

BRACKET, RS- 2 32 

BRACKET, GROUND 

LABEL, 

CONNECTOR, SLDR 0 .0 2 5  

B - 1 0  
elsli 2 1 50 /2 1 60 5 /85 

ESI PART NO . 

5 26 73 

4 5 6 5 8  

4 5 9 8 3  

1 3 92 0  

1 3 9 76 

1 3 93 0  

5 2 71 1  

4 5 8 4 7  

5 2 76 0  

5 2 5 82 

4 5 5 2 7 

4 5 65 6  

4 5 2 6 2  

4 9 1 8 3  

5 2 761 

5 2 762 

43 681 

4 9184 

4 2 9 3 3  

42 3 0 1  

4 2 3 0 2  

4 5 9 74 

1 9 1 89 

2 0 860 

41 3 4 2 

41 4 9 2  

45 660 

43 84 4 

458 1 5 

459 51 

4781 3 

2 64 2 2 



B.S RS-232C INTERFACE CIRCUIT ASSEMBLY (P/N 46724 ) ( cont ) 

CIRCUIT NO. DESCRIPTION 

CONNECTOR, SLDR 

BAG 

BOX 

-.00 ......... 0 
,,� }11. 14'( 
''illk�A(f 
�J(A �20}4 

ESI PART NO. 

26430 

49245 

18612 

Fi9ure B-S. RS-232C Interface Circuit Assembly (P/N 46724) 

B - 11 
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B . 6 SP5 2 40 ( +200V DC BIAS OPTION ) CIRCU IT ASSEMBLY (pIN 5648 2 )  

C IRC U IT NO. DES C R IPTION 

PC BOARD, A NA LOG 

PANEL, CONNECTOR 

SW ING LUG, BIND LNG POST 

BRACKET, C ONNECTOR PANEL 

HEAT S INK, 1 4 - 1 6 PIN D IP 

BUS, POWER STRIP 

SOCKETS, 1 4  P IN D IP 

SOCKETS, 1 6  PIN D IP 

SOCKETS, 8 PIN D IP 

S OCKETS, 8 PIN D IP 

SOCKETS, 1 0  PIN D IP 

S OCKET, 2 0  PIN D IP 

CONNECTOR, BNC ISOLATED 

F U SE CARRIER, GRAY 3AG  

POST, FUSE BODY, HI  PROF ILE 

J A C K  1 /8 "  PH ONO 

PLUG, MALE PIN PH ONO 

POST, BIND ING 

F U S E  C ARR IER ALT METR IC 5 x 20 BLK 

INSULATOR, TR ANSF ORMER MTG 

C l, C 3 , C5 , C6, CA PAC ITOR, 0. 1 m i c r o fa ra d, 5 0V, D IP 

C 1 2, C 1 3, C 1 5, 

C 1 6, C2 1, C2 2,  

C 2 4 -C2 8, C3 0, 

C 3 1, C 3 4, C3 5, 

C 3 6, C4 3, C5 6 

C 2, C8, C 2 0  

C 4, C 2 9  

C 1 4, C 2 3  

C A PA C ITOR, 3 0  p i c o f a ra d s, POLY 

CAPAC I TOR, 0 . 4 7 m i c r o f a ra d, 2 5 0 V 

C A PAC ITOR, 0 . 4 7  m i c r o fa ra d, 1 0 0 V  

B - 1 3  
e / s / i  2 1 5 0/2 1 6 0  5 /8 5  

ESI PART NO . 

5 36 74 

4 5 1 6 2  

0 32 4 7  

4 5 1 6 1  

5 4 740 

2 3997 

1 91 8 9  

2 0 8 6 0  

5 21 8 8 

2 24 1 0 

4 6 4 8 1  

4 5 6 6 0  

4 1 8 20 

4 5 96 6  

4 5 96 8  

4 70 8 2  

4 70 8 3  

0 1 4 35 

4 5 96 5  

4 72 75 

5 1 26 8  

20 2 4 2  

5 6 4 73 

4 5 6 4 5  



B . 6  S P 5 2 40 ( + 2 0 0V DC B I A S  OPT I ON ) C I RCU I T  ASSEMBLY ( con t )  

C I RCU I T  N O . DE SCR I P T I ON E S I  P A R T  N O . 

C 7  C A P A C I T O R ,  1 0 0 p i co farad , P O L Y 1 8 7 6 0  

C 9 , C 1 0 , C1 9  C A P A C I T O R ,  220 p i co farad , P O L Y 292 9 7  

Cl 1 , C3 9  C A PACI T O R ,  4 7 0  p i co farad , P O L Y 4 4 7 1 1  

C 1 7  CA P A C I T O R ,  0 . 022 m i cr o farad , 2 0 0 V ,  M Y L A R  4 8 6 6 5 

C1 8 C A P A C I T O R ,  0 . 0 22 m i cr o farad , 1 23 9 9  

C 3 7 , C 3 8  CA P AC I T O R ,  3 9 0  p i co farad , P O L Y 2929 9 

C4 0 , C 4 1 CA PAC I T O R ,  0 . 0 1 m i cr o farad , 5 0 V  C E R A M I C  7 8 0 32 

C4 4 , C 4 8  CA P A C I TO R , 8 . 2 p i co farad , D I S C  0 2 1 2 7  

C 4 5  C A P A C I T O R , 25 m i cr o farad , 25V E L E C T R O L Y T I C  0 1 9 4 1  

C4 6 , C4 7  CA P A C I T O R ,  6 . 8  m i cr o farad , T A N T  3 5 V  4 3 7 9 2  

C5 0 , C 5 1  C A P A C I T O R ,  0 . 0 4 7  m i cr o farad , 6 3 VD C , F I L M  5 4 6 9 6  

C 5 2 , C5 3  C A P AC I T O R ,  0 . 0 0 22 m i cr o farad , 1 0 0 V DC, F I L M  5 4 6 9 7  

C5 4 , C 5 5  C A P AC I T O R ,  0 . 0 0 4 7  m i cr o farad , 1 0 0 V D C ,  M Y L A R  5 4 6 9 4  

C 5 7 C A P A C I T O R ,  1 5 0  p i co farad , P O L Y 29 6 0 6  

C5 8 C A P ACI T O R ,  5 0 0  p i co farad , C E R A M I C ,  1 0 0 0 V  0 1 920 

C 5 9  CA P ACI T O R ,  4 7  p i co farad , 2 9 6 0 5 

C6 0 , C 6 1 C A PACI T O R ,  0 . 0 4 7  m i cr o farad , 6 3VDC, F I L M 5 4 6 9 5  

C62 C A PA C I T O R ,  10 m i cr o farad , 20 V ,  TA N T  4 3 8 5 6  

C 6 3  C A P A C I T O R ,  10 p i co farad , 1 k V,  5 %  4 3 27 7  

CR 1 , CR2 , C R 5 , D I ODE , I N4 0 0 5 , 5 0 0V P lV 1 3 65 4  

CR 6 , C R 7 , C R 9 ,  

C R I 0  

CR 1 2, CR 1 3 ,  

CR 1 6-CR 1 9 ,  

CR24 , CR 2 5 , 

C R 3 0-CR 3 5  

CR22 

CR23 

C R26 , C R 2 7  

F2 

D I ODE , I N 9 1 4 A ,  7 5 V P I V 

S U R G E  A R R E S TO R , G A S  

VA R I S T O R , 1 0V L I M I T  

D I ODE , IN5 355A, Z E N E R , 18V , 5 OWT 

F U S E , 0 . 5 A ,  25 0V , 3A G ,  F A S T-B L O W  

B - 1 4  

e / s / i 2 1 5 0 /21 6 0  5 /8 5  

1 2 3 5 6 

5 6 4 7 4  

426 3 2  

29 0 3 3  

0 1 8 02 



B . 6  sP 5 240 ( + 20 0 V  DC B I AS OPTION) C I R CU I T  ASSEMBLY ( co n t ) 

CIR C U IT NO . 

K l , K 4 , K 6 

K2, K 5  

K 3  

Q l , Q2 

R l  

R 2  

R3 

R4  

R 5 , R6 

R7 

R8 

R 9  

R I O  

R l 1 

R 1 2  

R 1 3, R 1 8 , R25 , 

R 33- R 35 , R4 1  

R 1 4, R 1 6 , R 24 ,  

R36 

R 1 5  

R 1 7  

R 1 9-R 23 

R 26 

R 27 

R 30 , R4 2, R4 3  

R31 

R 32, R4 9, R 5 1 , 

R 6 0-R 6 3  

DESCR IP TI ON 

RELA Y, FORM l A , 5 V , SIP 

RELA Y ,  GB 8 22 

RELA Y ,  1 8 0 5  B- 30 0 ELEC TRO DYNE 

XSTR , PNP/NPN ARRAY ( WI TH HEA T SI NK ) 
RESISTOR , 8 . 2  k i l o hm ,  1 /2W ,  5% 

RESISTOR , 22 k i l o hm ,  1 /2W, 1 0% 

RESISTOR, 8 20 o hm ,  l W , 1 0% 

RESISTOR , 4 7  o hm ,  l W, 1 0% 

RESI STOR, 1 0 0  k i l o hm , 1 /4W , 1 0% 

RESISTOR, 1 8  o hm ,  l W, 5% 

RESISTOR, 90 k i l o hm , 0 . 0 1% 

RESISTOR, 1 0  o hm , ESI QB,  0 . 0 0 5% 

RESI STOR , 90 o hm , ESI QB, 0 . 0 0 5% 

RESISTOR, 90 0 o hm , ESI QB,  0 . 0 0 5% 

RESISTOR , 9 k i l o hm ,  ESI Q B ,  0 . 0 0 5% 

RESISTOR, 1 0  k i l o hm ,  1 /4 W , 1 0% 

RESISTOR , 2 me g o hm , 1% 

RESISTOR , 5 0 0  k i l o hm ,  VAR IABLE , 20 T 

RESISTOR, 1 5  me g o hm , 1 0% 

RESISTOR, 2 k i l o hm ,  VARIA BLE , 1 /4W  

RESISTOR, 2. 5 5  o hm , 1 /4W, 1 %  

RESI STOR, 1 k i l o hm , 1 /4W , 1 %  

RESISTOR, 1 0  k i l o hm ,  1 %  

RESISTOR, 9. 5 3  k i l o hm ,  1 /4W , 1 %  

RESISTOR, 2. 2 k i l o hm ,  1 /4W , 10% 

B - 1 5  
e l s l i  21 5 0 /21 6 0  5 /8 5  

ESI PART NO . 

5 35 99 

26 6 6 7  

4 6 28 6  

5 5 0 6 7  

0 6 1 8 1  

0 24 5 3  

26 8 36 

5 35 93 

1 394 5 

5 5 8 4 5  

5 395 3 

5 395 2 

5 395 4 

5 395 6 

5 395 5 

1 3933 

21 772 

5 4 1 0 4 

1 3976 

4 6 38 8  

21 76 1 

217 30 

21 74 0 

21 76 2 

1 3924 



B . 6  S P 5 240 ( + 200V DC B I AS OPTION ) CIRCU IT ASSEMBLY ( con t )  

CI RCU I T N O . 

R 3 7-R 4 0  

R 4 4  

R 4 5 , R 4 6  

R 4 7  

R 4 8 , R52 , R5 3 

R 5 8  

R 5 4 , R55 

R56 , R 5 7  

R 65, R 6 6  

R 6 8  

T l  

T PI - T P 8  

U l , U 1 9  
U 2 , U 3 , U 6 , U 8 

U 4 , U I 0 , U 2 0  

U S  

U 7  

U l l , U1 3 

U12 

U14, U1 7 

U 1 5  

U 1 6 

U18 , U 2 1 

U 2 2  

U 2 3 

U 2 4  

D E SCR I P T I ON 

R E S I S T O R ,  2 . 7 o hm , 1 /4W , 10 % 

R E S I S T O R ,  4 . 9 9 k i l o hm ,  1 /4 W ,  1 %  

R E S I S T O R ,  1 0  k i l o h m ,  V A R I A B L E  

R E S I S TO R ,  1 5 0  o h m , 1 /4 W ,  10 % 

R E S I S T O R , 1 k i l o hm ,  1/4 W ,  10 % 

R E S I S T O R , 10 k i l o h m , V A R I A B L E , 2 0T 

R E S I S T O R ,  1 0  o hm , 1/4 W ,  10 % 

R E S I S TO R , 1 0 0 o hm ,  1/4 W , 1 0 %  

R E S I S T O R , 2 . 7 k i l o hm , 1/ 4 W ,  10 % 

T R A N S F O R M E R  

T E R M I N A L ,  T U R R E T  

I C , H A5 1 1 5  

IC , L F 3 5 6 N 

IC , 4 0 5 2 A E  

IC, CD 40 51 

IC , L M 3 1 1 

IC, T L 0 7 4 

IC, 7 4 S 4 7 2 ,  P R O G R AM M E D  

IC, A D 7 5 2 4 J N  D AC 

I e , D I P  R E S I S T O R S  R 6 9 8 - 3 - R I 0 K  

I C , S I P  R E S I S T O R S  

IC, 7 4 7 5 N 

IC, A D 7 5 4 8 D AC 

IC, 7 40 6  

IC , 7 4 L S 3 7 3  

B - 1 6  

e l s l i  2150 / 216 0 5/ 8 5  

E S I  P A R T  N O . 

1 3 8 8 7  

217 3 7  

4 6 204 

1 3 90 9  

1 3 9 20 

4 1 9 0 2  

1 3 8 95 

1 3 90 7  

1 3 9 2 5 

4 6 4 80 

5 20 7 3  

5 3 8 9 5  

4 1 4 7 3  

20 7 4 3  

40 8 41 

2 954 4 

4 3 2 9 9  

53 9 60 

456 5 2  

4 30 7 7  

4 7 3 2 8  

2 0 61 4  

5 4 1 7 4  

20 6 7 8  

4 6 20 1  



ANALOG 
GNO 

MMOTf. 
STA,n 

R I  
8 2 K  
1 / 2 w  

R 2  2 2 K 1 / 2 W  

R 3  8 2 0  
IW 

R 4 
4 7  
I W  

971 -8V 
S5 I:oE(-< • .,.::w",s�.""""OtI 2 V 
56 ( . W4  • O -1 2 V 

96 !+14 ____ �..!:W2� 
REMOT E �

D 

+ 5V 

HI LO 
SENSE SENSE 

CRI 
CRZ 

RS 
lOOK 

R 47 

U 2 0  
40�2 

R 5? 
10 

A )t INH 
13 6 

CRG 
C R ?  

R6 
lOOK 

R 4 8  

LO 
D R I V E  

T P - I  

OY A 10  
14 I X  I NH 6 

L-__ ....:S� I Y  U 4 

'-___ ..;.�S"i 2 X  4 052 

'--____ ..;:2't 2Y 

..,-----"""1 3X 

0.47 CR t4 I H"4 

: - 12V ... ----'LI"'--t._�..::.�....:.:� 
e4 : ��E WAV�E� 
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N O T E S ;  UNllSS OT HERW ISE SPE C I F IED : 
AL L RE S I STO R V A L U E S  A R E  I N  O H M S , 114 W,  10'110 . 

2 .  ALL C A PAC I T O R S  A R E  I N )< F  , U N L I S T E D  VALU E S  ARE O. I ", F .  
3 A L L  D I O DE S  A R E  I N 4 00S .  

& COMPONENTS NOT E D A RE MOUNTE D  ON T H E  R E AR PAN E L .  



�b • R 53 16 t I K  � �  'NH 

, I 
4 
Z 

� 9 -
R 3 6  

2 11  
--
'v ��� 
! 10K' , 

R 24 R25 
2 M  1 0 K  

9 �'7A 
10  

1 6  

��. � .. �17 
2 111 18 111 

: 1 4  � 
I RII 17 

CR !4 A�R Ott ' Ntl4 
INii4 

-
II. I 
2 

l 
R38 

.3.2... ..-
R37 

I )OOIC ( 2 7 

.....:::::J 8 

�-� 
,V23 
/ G 

�:� 
10 

ARE 0./ ", F .  

: PAN E L .  

5� 
3 � I f-'--< 

li 5  A 405 I 3 

" 

� C30 
2 7 

! ... V"IL,: 6 � I I'4J C3 1  ���}T -fN 
A A 

bt 
C 4 

2 
US, - /,6 
356�C25 

- Iv <bA 

�'" R� 1 2 I K 
V3 , - /U; 
356't4� 

' 8V A 

-sv 

R49 10 I S  16  
22 K 30 2 0 , Q  

.....,! E N  U 2 1  
3 - 4 7475 � 
' ; 2 2l I 

6 2 

6 � 2X I IJ \-1  
2 Z ¥ ,---!! I X  V I O  � ' Y I I  3X 
,� 3Y ' 3  4X XC 
, 4Y

�
YC 3 

' 0  9 

� - 7 
5 + V I 3  

T l O 7 4  A 

� 3 + 
�V 1 3 

' L 07 4 4 0 5 2 R 4 6  

R26 
�55 K 
1 -/. 

I 
9 
4Q 

40 
7 

R 27 

I K'i 
1% A 

" 8 V  
U I S , 2 2 K  

S r  - - I n 8' I 
2 1 I 
31 I 10' 91 I 

1 rN"'- ' 
L _ _ _ _ ..J 

4 

IS 1 5  10  9 
/0 2 Q  30 4 0  

4 N U I8 
13

3 ' 4  74 7 5  
1 - 2  1 0  Z O  3D 4 0  

2 3 S 7 

1 0 K 

I 

I 

F i g ure B-6 .  M o d e l  SP5 2 40 
( piN 56482 ) 

7 U I 5  'OK ,O 

B U !� 9 1 
! I U I 5  ' O K  6 

'2 VIS 5 

\ P - �  
� 

10 K 

1 � 
9 

- B 
V '5  10K '0 ' 16 V I 3 

n 0 74 

R45 
1 0 K  

t 

2 V I 5 15 
10K 
I f  C 3 9  

5 1 0 pF 

R 4 1 l OO k  
� U I 5 10K 1 4 

U ' S  
4 

' O K  
' 3  

2 I 
OVT 2 OU T I I I  O�� ' 0  

08 2  9 V I 4 
OBl 8 

fA D 7 5 2 4  OB4 7 
OBS 6 
OB6 5 
MSB 4 

('<; Wi<  F 

cr ' 
1 A 

1 61 
F B  VI7 

_ D O g WR � B 6 5 
� 5 6 

1 

0 B 4 

15 
REF 

R 4 2  

� J -I. 
Z" I 
3 +  V I I 

, L 0 7 4  

6 001 A S  
7 002 A 4 8 003 A 3  
9 004 U I 2 A Z 
I I  005 7454721.' I 12 006 A D  13 007 Aa 
14 OOB A 7 

� Ab 

H�� '�o 
1 0 K  1 -/. 

POLARI TY 
OUAD 
HI FREO 

ouq 
g g � g - OUT Z 

2 3 2 I o cs 
9 ' 0  " I 

16 
5 
4 
3 
2 
I 

119 
� 17 

Al; 

T P - 4  

C 57 
I�Op '  

R 44 
4 . �"''t<.. , ''. 

R 4 3  � 7 10 K ,  I "  Mil  
TL0 74 

A f. 
.-

R 3 1  -'j'!lV R32 

9,�3K 2 .U 
I �� + ' V  C2G 

L M31 1� "'4f ' 
IN.,4 
C R I 7  

C2.7 
01 " 

R33 
-BV 10K 

l 'r cl�;14 
C28 R34 d . '  1 0 K  

T P - s  <OA 
( 

( + 4  8 .2. " 9� ' OJ� 
,LD74 

86 

85 
83 

67 (Fir) 
68 IF I I 
69 lFZI 
70 11' 3) 
7 1 11' 4 )  
72 11' 5) 88 

82 SIGNAL 
OVER LOAD 

( +200V DC B i a s  Opt i on ) C i reui  t Assembly 

e l s l i 
B 1 7  

2 1 5 0 / 2 1 6 0  9 /8 5 



F i gure  8-
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R54 R 1 9 - R23 R 1 5  R55 R45 R46 
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Fi gure B - 6. 

'" C26 "-�M D ;;p:-o 
R4
9 

-c::::I-
-c:::r R5 1 

��@)& 
U 1 2 I � U 14 U 1 7  I � U 1 8  I O f  U 2 1  I f U24 74 5472 AD7424 A D7524 7475 7475 74 15373 

CS6 L-...:.=---,I 0 
C27 

C28 - 1 2V 
80 70 60 50 40 30 .. 1 2V 1 0  

M o d e l S P 5 240 ( +200V DC Bias Option ) C i r c u i  t Assemb l y  
(pIN 5648 2 ) ( cont ) 

e / s l i 
B - 18 

2 150/2160 5/85 

C2 1 



... 

� 
E 
::l 

Z 
..... 

... 

� 
® 

W A R R A N TY O F  T R A C E A B I L I TY  

The reference standards o f  measu rement o f  E lectro Scientif ic I nd u str ies, I nc. , a re com pared with the 

U .S .  N ational  Standards th rough frequent tests by the U .S .  N at iona l  B u reau of Standards.  The E S I  

work i ng standards a nd test ing apparatus used are ca l i brated aga i n st the reference standards i n  a r igor

ous ly mainta i ned program of measu rement contro l .  

T h e  man ufactu re a n d  f ina l  cal i bration of  a l l  E S I  i nstru ments are contro l l ed b y  the u se o f  E S I  reference 

and work i n g  standards and test i n g  a pparatus i n  accordance with esta b l i shed procedu res and with 

docu mented resu l ts.  ( R eference M I  L-ST D  45662 ) 

Fi na l  cal i bration of th is instru ment was performed with reference to the mean va l ues of the E S I  

reference standards or  t o  ratio devices that were verif ied a t  the t i me a n d  p lace of use. 

D I S C L A I M E R  OF I M P L I E D  W A R R A N TI E S  

T H E  F O R E GO I N G  WA R R ANTY O F  E S I ® I S  I N  L I E U  O F  A L L  OTH E R  WA R R A N T I ES,  E X P R ESS 

O R  I M P L I E D . E S I  SPE C I F I CA L LY D I SC LA I MS ANY I M P L I E D  WA R R A NT I E S  O R  M E R C H AN T

A B I L I T Y  O R  F I TN ESS F O R  A PA R T I C U LA R  P U R POS E .  I n  no even t  w i l l  ES I b e  l iable fo r specia l  

o r  consequentia l  damages. Pu rchaser's sole and exc lus ive remedy i n  the event any item fa i l s  to comply 

with the forego ing  ex press warranty of ESI  sha l l  be to retu rn the item to E S I ,  sh i p p i n g  charges prepa i d ,  

and at t h e  option of E S I  o bta in  a replacement item or  a refu nd o f  t h e  purchase pr ice . 

Electro Scientif ic I n d u stries ,  Inc .  
13900 NW. Science Park D rive · Portland, O regon 97229 · Tele phone: ( 50 3 )  64 1 -4141 
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