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SAFETY SUMMARY 

The following general safety precautions must be observed during all phases of op
eration, service, and repair of this instrument. Failure to comply with these pre
cautions or with specific warnings given elsewhere in this manual violates safety 
standards of design, manufacture, and intended use of the instrument. Hewlett
Packard Company assumes no liability for the customer's failure to comply with 
these requirements. 

GROUND THE INSTRUMENT 

To minimize shock hazard, the instrument chassis and cabinet must be connected to 
an electrical ground. The instrument is equipped with a three-conductor ac power 
cable. The power cable must either be plugged into an approved three-contact 
electrical outlet or used with a three-contact to two-contact adapter with the 
grounding wire (green) firmly connected to an electrical ground (safety ground) at 
the power outlet. The power jack and the mating plug of the power cable meet 
International Electrotechnical Commission (IEC) safety standards. 

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE 

Do not operate the instrument in the presence of flammable gases or fumes. Op
eration of any electrical instrument in such an environment constitutes a definite 
safety hazard. 

KEEP AWAY FROM LIVE CIRCUITS 

Operating personnel must not remove instrument covers. Component replacement 
and internal adjustments must be made by qualified maintenance personnel. Do not 
replace components with power cable connected. Under certain conditions, dan
gerous voltages may exist even with the power cable removed. To avoid injuries, 
always disconnect power and discharge circuits before touching them. 

DO NOT SERVICE OR ADJUST ALONE 

Do not attempt internal service or adjustment unless another person, capable of 
rendering first aid and resuscitation, is present. 

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT 

Because of the danger of introducing addi tional hazards, do not install sUbstitute 
parts or perform any unauthorized modification to the instrument. Return the in
strument to a Hewlett-Packard Sales and Service Office for service and repair to 
ensure that safety features are maintained. 

DANGEROUS PROCEDURE WARNINGS 

Warnings, such as the example below, precede potentially dangerous procedures 
throughout this manual. Instructions contained in the warnings must be followed. 

WARNING 

Dangerous voltages, capable of causing death, are present in this instru
ment. Use extreme caution when handling, testing, and adjusting. 

-
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SAFETY SYMBOLS 

General Definitions of Safety Symbols Used On Equipment or In Manuals. 

�OR@ 

rh OR .L 

WARNING 

CAUTION 

Note 

Instruction manual symbol: the product will be marked with 
this symbol when it is necessary for the user to refer to the 
instruction manual in order to protect against damage to the 
instrument. 

Indicates dangerous voltage (terminals fed from the interior by 
voltage exceeding 1000 volts must be so marked). 

Protective conductor terminal. For protection against electri
cal shock in case of a fault. Used with field wiring terminals 
to indicate the terminal which must be connected to ground 
before operating equipment. 

Low-noise or noiseless, clean ground (earth) terminal. Used for 
a signal common, as well as providing protection against elec
trical shock in case of fault. A terminal marked with this 
symbol must be connected to ground in the manner described 
in the installation (operating) manual, and before operating the 
equipment. 

Frame or chassis terminal. A connection to the frame (chas
sis) of the equipment which normally includes all exposed metal 
structures. 

Alternating current (power line). 

Direct current (power line). 

Alternating or direct current (power line). 

A WARNING denotes a hazard. It calls attention to a pro
cedure, practice, condition or the like, which) if not correctly 
performed or adhered to, could result in injury or death to 
personnel. 

The CAUTION sign denotes a hazard. It calls attention to an 
operating procedure, practice, condition or the like, which, if 
not correctly performed or adhered to, could result in damage 
to or destruction of part or all of the product. 

A Note denotes important information. It call., attention to a 
procedure, practice, condition or the like, which is essential to 
highlight. 



CERTIFICATION 

Hewlett-Packard Company certifies that this product met its published specifica
tions at the time of shipment from the factory. Hewlett-Packard further certifies 
that its calibration measurements are traceable to the United States National Bu
reau of Standards, to the extent allowed by the Bureau's calibration facility, and to 
the calibration facilities of other International Standards Organization members. 

WARRANTY 

This Hewlett-Packard instrument product is warranted against defects in material 
and workmanship for a period of one year from date of shipment, except that in 
the case of certain components listed in Section 1 of this manual, the warranty 
shall be for the specified period. During the warranty period, Hewlett-Packard 
Company will, at its option, either repair or replace products which prove to be 
defective. 

For warranty service or repair, this product must be returned to a service facility 
de signa ted by HP. Buyer shall prepay shipping charges to HP and HP shall pay 
shipping charges to return the product to Buyer. However, Buyer shall pay all 
shipping charges, duties, and taxes for products returned to HP from another 
country. 

HP warrants that its software and firmware designated by HP for use with an in
strument will execute its programming instructions when properly installed on that 
instrument. HP does not warrant that the operation of the instrument, or soft
ware, or firmware will be uninterrupted or error free. 

LIMITATION OF WARRANTY 

The foregoing warranty shall not apply to defects resulting from improper or inade
quate maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized 
modification or misuse, operation outside of the environment specifications for the 
product, or impl'oper site preparation or maintenance. 

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DIS
CLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILTY AND FITNESS FOR 
A PARTICULAR PURPOSE. 

EXCLUSIVE RHMEDIHS 

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE 
REMEDIES. HP SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, 
INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED ON CON
TRACT, TORT, OR ANY OTHER LEGAL THEORY. 

ASSISTANCE 

Product maintenance agreements and other customer assistance agreements are 
available for Hewlett-Packard products. 

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. 
Addresses are provided at the back of this manual. 
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M:Jdel 4140B Section I 
Paraqraphs I-I to 1-5 

SECTION I 

GENERAL INfORMATION 

I-I. INTRODUCTION 

1-2. This Operating ManlJal contoins the in
form.1tion N'quired to inq�ll. operate and 
test the He"lett-P�ckard i'Iodel 4140R pA Meter 
/OC Volt�ge Source, Figure I-I ,ilO'" the in
str\fTlent Jnd supplied accessories. Tilis Sec
tion covers the instrument identification, 
description, options, accessories, specifica
tions and other basic information. To oNer 
an additional manual, use the part nl.<l'lt.er 
11sted on rl\ilnual title PJgc. 

1_3. Also listed on the title page is a 
microfiche put nlxnber. This nL1tber can be 
used to order 4 x 6 inch microfilm transpar
encies of the manu�l. E�ch microfiche con
tains up to 98 photo-duplic.tes of the ,nanual 
pages. The microfiche package also includes 
the latest Manual Changes supplement as well 
�S pertinent Service Notes. 

4140B 

1-4. DESCRIPTION. 

1-5. The HP i'Iodel 4140B �A f.'.eter/OC Vol ta9c 
Source cOr)lprises a high stability pA Meter 
with IO""A (ma�.) re50lution coupled with 
t..:l progronmJble DC vol tage 50urce, to ensure 
u�eability in OJ3�y application are�s. The pA 
meter ha> a bJ5ic accuracy of O.5� over 
wide me"surernent ranges (�o.oOl x lo " " A '" 
.11.999 x lO-'A) enabling stable pA �urrent 
�.easurer"'nt at lO-'"A (�1 count). This is 
achieved by e�ploying d ne� unique, yari�ble, 
digital, integration method, This stable Jnd 
fast (less th�n 35ms at InA) measurement 
techniqlJe i s  very useful, not only for the 
meJ'urement of the ,mall le�k�ge currents of 
semiconductor devices .nd the static charac
teristics of FET's, but also for making inw_ 
lation resistance/leakage, current/�bsorption 
me",urelllents/analyses of capacitance and in
Sulation materials. One of the two pro�r3m-

.�iI 

;l�� 

;;bli 
.. ,. 

\i 11"-:-_:; 
:i fl:--

16053A 

� j-,-
;J -,----

•• <, vC 

PIN 8120-1378 

16055A 

-

"""'" 

Figure· 1-1. M:ldel 4140B and Supplied Accessories. 
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Sec t i o n  I 
Paragraphs  1 -6 to 1 - 1 3  

mabl e DC vol tage sources ( VA ) can operate not 
on l y  as a programmabl e DC  vo l tage source , but  
a l so as  a un i q ue sta i rcase  (/, A) and 
accurate ramp (J, A) generato r .  The DC 
Vol tage Source has  an o utput range o f  ±l OOV 
i n  1 00mV s teps or ±l OV i n  1 0mV s teps , and the 
ramp rate can  be set  from O . OOl V/s to l V/ s  at  
O . OOl V/s  resol ut i on . The  sweeps o f  the 
s ta i rcase and ramp funct i o n s  opera te ,  both i n  
the AUTO sweep mode wi th a pause key ( for  
chang i ng s tep vol tage and sweep di rect ion  
duri ng  mea s u rement ) a nd  i n  t he  MANUAL sweep 
mode wi th down ((Q)) and up  ( IQ)) keys . Each 
programma bl e DC vo l tage source ( VA and VB ) 
has a curren t  l i m i ter to avo i d  damag i n g  the 
DUT by exces s i ve c urren t .  

1 -6 .  A key capabi l i ty of  the 4 1 40B i s  i ts 
abi l i ty to make accurate I -V/ C-V mea s urements .  
Measureme n t  t i mi n g  can be  automat i cal l y  syn
chro n i zed between the DC Vo l tage Source and 
the pA Meter secti on. The s tart , s top  and 
s tep vo l tages can be set from - l OOV to + l OOV 
at 1 00mV resol ut ion  ( from - l OV to +l OV a t  
1 0mV reso l ut i on ) .  The hol d/ s te p  del ay t i me 
can a l so eas i l y  be set  dependi n g  u pon  the 
character i s t i c s  of  the materi al b e i n g  tes ted . 
Al l these capab i l i t i es a re fea tured i n  the H P  
41 40B i tsel f wh i ch ,  u p  t o  now , h a s  req u i red 
an extens i ve i n s trumen t  sys tem. Stati c char
acter i s t i cs of s emi conductors , di odes and 
FET's , the ana lys i s  of M I S  cons truc t i o n , and 
the mea s u rement  of  the thre s ho l d  vol tages of 
FET's i n  addi t i on to 1 m i nu te val ue measure
ments for i n s u l at ion  res i s tances ( re s i s tance 
val ues o f  approx i ma te l y  0.51l'V1 0 171l can be 
ca l cu l ated from t he I -V measured val ues ) can 
be made eas i ly ,  q u i c k l y ,  and effi c i en t l y  wi th  
t he 4 1 40 B .  Wi th  the 41 40B i t  i s  e s peci a l l y  
easy to make a quas i - s tat i c  C-V measurement 
(a  capaci tance measurement u ti l i z i ng a ramp
wave ) wh i ch i s  u sua l l y  empl oyed as one of the 
mea s u rements when try i ng to i mprove semi con
ductor qual i ty .  The 4 1 40B measu res capac i 
tance val ue  by the fo l l owi n g  formul a :  

Th i s  i s  poss i bl e  wi t h  the  41 40B because  both 
the des i red sett i ng of  the ramp vol tage and 
the capac i tance measurement  are comp l etel y  
synchron i zed , and the ca l cu l ated capaci tance 
val ue ( 0.0 'V1 999 p F )  or  percen t c hange ( 0 . 0% 'V 
1 99.9% ) VS Cox ( the capaci tance o f  o x i de 
f i l m )  and t he appropri a te ramp vol tage val ue 
are s imu l taneou s l y  di sp l ayed. 
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1 -7 . The 4 1 40B empl oys certa i n  part i c u l ar  
funct ions  wh i ch make the best u se  o f  the i n 
tel l i gence capabi l i ty o f  i ts mi croprocessor .  
For  exampl e ,  i ts zero o ffset current capabi l 
i ty cancel s l ea kage current of test l eads and 
fi x tures , and i ts zero o ffset capac i tance ca
pabi l i ty cancel s stray capaci tances of tes t  
l eads and f i x tu res  for accura te curre n t  o r  
capaci tance measuremen ts . The sel f-te s t  ca
pabi l i ty checks ROM's , RAM ' s ,  di s pl ays , i nd i 
ca tors and con trol keys o f  the 41 40B automat
i ca l l y  when the 4 1 40B i s  turned to ON  or  the 
SEL F  TEST front  panel key i s  pushed. The 
measureme n t  parameters of  t he 41 40B ( VA =, 
VB = ,START V ,  STO P  V ,  STEP V ,  HOL D  T IME ,  dV/ 
dt , STEP DELAY T I ME and Cox )  a re s tored i n  
the 41 40B memory and can be used repeatedl y .  

1 -8 .  The 41 40B pro v i de s  Anal og Output wh i ch 
can be u sed to output ana l og data to an  X-Y  
Recorder and  to  trace I -V/ C-V curve s . The 
41 40B al so pro v i des HP- I B  I n terface for re
mote control and data output v i a  the HP- l B .  
I n  addi t i on ,  fou r  unique acce s so r i es are 
ava i l a b l e  for mak i ng  a w ide range of  un i ver
sal  measurement s .  

1 -9. SPEC I F I CAT IONS 

1 - 1 0. Comp l e te spec i fi cati ons  o f  t he Mode l 
41 40B pA Meter/ DC Vol tage Source are g i ven i n  
Tabl e 1 - 1 .  These spe c i fi cat ions  a re the per
formance s tandards or l i m i ts aga i ns t  wh i ch 
the i ns trume n t  i s  tes ted. The test proce
dure for the spec i fi cat i ons  a re covered i n  
Sect ion  I V  Performance Tes t .  Tabl e 1 -2 l i s ts 
general i nformat ion. General i n fo rmat ion  i s  
not spec i fi cati ons but  i s  typ i cal  c haracter
i st i cs i ncl uded as  addi t i onal  i n format i on for 
the opera tor. When the 4 1 40B pA Meter/ DC 
Vol tage Sou rce i s  s h i pped from the factory ,  
i t  meets the s pec i fi cat ions  l i s ted i n  Tabl e  
l - l .  

1 - 1 1 .  SAFETY CON S I DERATIONS  

1 - 1 4�, The Mode l 41 40B pA Meter/ DC Vol tage 
Source has been des i gned to conform to the 
safe ty req u i rements of  an IEC ( In tern a t i ona l  
El ectromechan i ca l  Comm i ttee ) Safety Cl a s s  I 
i ns trume n t  ( prov i ded w i t h  a pro tecti ve earth  
termi nal ) ,  and  i s  s h i pped from t he factory i n  
a safe condi t i on. 

1 - 1 3 .  Th i s  opera ti n g  manua l  con ta i n s  i n forma
t i o n , cau t i on s ,  and warn i ngs whi ch must  be 
fo l l owed by the user  to ens ure safe operati on 
and to ma i n ta i n  the i n strume n t  i n  a s a fe con 
di t i o n. 
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1 - 1 4 . I NSTRUMENTS COVERED  BY MANUA L .  

1 - 1 5 . A ser i a l  n umber pl a te i s  attached to 
the rea r o f  the i n s trume n t .  The seri a l  n um
ber i s  i n  the form : xxxxJxxxx . It i s  i n  
two parts , the fi rs t fou r  di g i ts and the 
l etter are the s e r i a l  pref i x and the l as t  
fi ve d i g i ts are the s u ffi x .  The pre f i x  i s  
the same for a l l i dent i cal  i n s truments ; i t  
changes o n l y  when a change i s  made to the 
i n strumen t .  The su ffi x however ,  i s  a s s i gned 
sequen t i al l y  and  i s  d i fferent  for each i n 
strument .  The con tents o f  th i s  man ua l  appl y 
to i n struments wi th the seri a l  n umber  prefi x 
( es ) l i s ted under SER IAL NUMBERS on the t i 
tl e page . 

1 - 1 6 .  An i n strument manu factu red  after the 
pri nt i n g  of th i s manual may have a seri a l  
n umbe r  pref i x  that i s  not  l i s ted on the t i t l e  
page . Th i s  un l i s ted  seri a l  n umber prefi x i n 
d i cates that the i n s trument  i s  d i fferent  from 
those  descri bed i n  th i s manua l . The man ua l  

Secti on I 
Paragraphs 1 - 1 4  to 1 - 1 8  

for th i s  newer i n s trument  i s  accompan i ed by a 
ye l l ow Manua l  Changes supp l emen t .  Th i s  sup
pl ement conta i n s  " change i n formati on" that 
expl a i n s  how to adapt the manual  to the newer 
i n s trumen t .  

1 - 1 7 . In  addi ti on t o  change i n fo rmati on , the 
s uppl ement may con ta i n  i n formation  for cor
recti n g  errors i n  the man ual . To kee p  th i s  
man u a l  a s  curren t  and accurate as poss i bl e , 
Hewl ett-Packard recommends  that you peri od i 
cal l y  request  the l atest Manua l  Changes sup
pl emen t .  The  suppl ement for th i s manu a l  i s  
i dent i f i ed  wi th the manua l  p r i n t  date and 
part n umber , both o f  wh i ch appear on the 
manual  ti tl e page . Compl i mentary co p i e s  of  
the  s uppl ement  are a va i l abl e from Hewl ett
Packard . 

1 - 1 8 . For i n fo rmat ion  concern i ng a ser i a l  
n umber pref i x that i s  n o t  l i sted o n  the ti t l e  
page or  i n  the Manua l  Changes supp l ement , 
con tact your  nearest  Hewl ett-Pac kard o ffi ce . 
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Tab l e 1 - 1 .  Spec i fi cati on s ( S heet 1 of 7 ) .  

Measurement  Funct i ons : I -V ,  C-V and I 

I :  For i ndependen t operat ions  as  u n i versa l  pA Meter/ Programmabl e Vol tage 
Source 

I -V : I -V characteri s t i c  measurement us i ng s ta i rcase/ ramp wave 
C-V : Quas i -Stat i c  C-V characteri s t i c  meas urement us i ng ramp wave 

Vol tage Source : Two s eparate sources ( VA and  VB )  

: ± l OOV , funct ion  generator/ programmabl e source 
: ±l OOV , programmabl e DC vol tage source 

Function  VA 

I - V  / J\. , , J 
, 

C-V J A 
, 

I / , J\., J , A , 
Vol tage Sweep : Au to ( pause  ava i l ab l e ) /Man ua l 

Warm-up T i me : 2:. 1 hour  

Ope ra t i n g  Temperature : O° C to 40° C 

Re l at i ve Humi d i ty :  � 70% a t  40° C 

GENERAL 

A 

---

VB 

----

Powe r :  1 00/ 1 20/220V± 1 0% ,  240V- 1 0%+5% , 48Hz  � 66Hz , max . 1 35VA wi th  any opti on . 

D i men s i on s : 426mmW x 1 77mmH x 498mmD 

We i gh t :  Approx . 1 4 . 4kg 

Accessory Furn i s hed : 1 6053A Test  Leads ( 1  set ) , 1 6055A Test  F i xture . 
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Tab 1 e 1 - 1 

Tab l e 1 - 1 .  Spec i fi cat ions ( Sheet 2 of 7 ) . 

CURRENT MEASUREMENT 

D i sp l ay :  3 - 1 / 2  d i g i t ,  99 . 9% o verrange . 

Mea s u rement Range : ± 0 . 001 x l O-1 2A � ±1 . 999x l O- 2 A ,  1 1  range s , auto/manual  range 
sel ect ion .  

Meas u rement  Accuracy/ I n tegrat i on Ti me : 

Range ( A )  Measurement  I ntegrati on  T ime (ms ) ** 

1 0 -2 � 1 0-9 

1 0- 10 

1 0-1 1 

1 0  - 1 2 *** 

Accuracy* 

± ( 0 . 5  + 2 ) 

± ( 2 + 2 ) 

± ( 5 + 3 ) 

± ( 5 + 8 )  

SHORT MED  lONG 

20 80 320 

80 320 1 280 

1 60 640 2560 

* ± ( %  o f  rdg + counts ) ,  23°C ± 5°C ,  �70% h umi d i ty ,  i ntegra t i o n  ti me . . .  lONG , 
fi l ter • . •  O N .  

* *  at  50Hz l i n e  frequency ( x  5/6 a t  60Hz o pera t io n ) . 

*** Zero o ffset i s  performed . 

Vo l tage Burden : �l O�V at  ful l scal e .  

I n terna l  E l ectromoti ve Force : �l OO�V a t  23°C ± 5°C . 

Max i mum Input : 

Hi -lo ( peak va l ue )  : ± 2V at 1 0 - 2 � 1 0  -3 A range . 
±30V at  1 0- 4 � 1 0  -5 A range . 

± 1 20V at 1 0-6 � 1 0  -1 2 A range . 
lo-Guard : ±200V . 

Zero Offset :  Cancel s l ea kage current o f  tes t  l eads/ fi xtu res . 

Offset  Ranges : 0 � ± l OOfA .  

Tri gge r :  I NT/ EXT o r  MAN . 

H i gh Speed I Data Output : Outputs current meas urement data wi th max .  4ms i n ter
val s .  ( Refer to reference data for accu racy ) . 

Input Termi nal : Tri ax i a l  BNC ( HP Part No . :  1 2 50- 1 906 ) .  

1 - 5 
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Output �1ode : 

Tabl e 1 - 1 .  Spec i fi cat i on s ( S heet 3 of  7 ) . 

DC VOLTAGE SOURCE ( VA AND VB) 

VA : / , J"\ , J , A , = , OFF  
VB : = , OFF  

Vo l tage Range : 0 � ± l O . OOV , 0 � ± l OO . OV ,  2 ranges  ( au toran g i n g  on l y ) . 

Max . Current Capac i ty :  1 0mA . 

Sweep  Con tro l : Au to ( pause avai l ab l e ) /man . ,  up/ down man ua l l y  a va i l abl e i n  ho l d .  

Opera t i n g  Parameters Setti ng  Ranges : 

Start/ Stop/DC Vol tage : 0 � ±l O . OOV i n  O . O l V  s teps , o � ± l OO . OV i n  O . l V  s teps  
Step Vo l tage : ±O . Ol V  � ± l O . OOV i n  O . Ol V  s teps ( O . l V  step  at 1 0V of  a bsol u te 

va l ue of  o utput vol tage ) 
Ho l d  T ime : 0 � 1 99 . 9s i n  O . l s  s teps , 0 � 1 999s i n  l s  s teps, 
Step De l ay T i me : 0 � 1 0 . 00s i n  O . Ol s  s teps , 0 � 1 00 . Os in O . l s  steps . 
Ramp Rate ( dV/dt ) : O . OOl V/ s � 1 . 000V/ s i n  O . OOl V/ s  s teps . 

Accu racy : at  ( 23°C ± 5°C ) 

Output Vol tage (/, J"\ , = ) :  
± l OV : ± ( 0 . 07%  + l l mV ) . 

± l OOV : ± ( 0 . 09% + 1 1 0mV ) .  

Accuracy o f  Ramp Vol tage* : 
Ramp Rate : ± ( 0 . 2% + 1 01lV/ s )  _ 1 0-4 X START Vol tage ( V )  

� HOLD TIME ( s )  + 2s  

± ( 0 . 2% + 800V/ s )  -

i f  a bso l ute setti n g  va l ue for START o r  STOP Vol tage>l OV . 

L i neari ty :  
o 0 . 0003V/s ±{O . l % + RAMP RATE ( V/ s )} 

{O 2% 
0 . 003V/s  } ± 

. 0 + RAMP RATE ( V/ s )  

- - i f  absol ute sett i n g  va l ue for START o r  STOP vo l tage>l OV . 

* 1 .  Temperature Change : � 3 . 6°C/ hou r .  
2 .  T i me after s ta rt of  rampL2s . 
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Tabl e 1 - 1 .  Spec i fi cati ons (S heet 4 of  7 ) .  

Sta rt Stop Vol taqe ( o n l y  for J , A): ±20mV 
( ±200mV . . . � 1 0V o f  abso l u te setti ng  val ue for START or  STOP vol tage ) . 

Di sp l ay of Outpu� Vol tage ( o n l y  for J , A ): ± ( 0 . 07%  + 1 6mV ) 
( ±0 . 09% + 1 60mV ) . . . . � 1 0V of  absol u te sett i n g  val ue for START or  STOP 

vol tage ) . 

Step Del ay/ Hol d T i me : Accuracy i s  dependent on  accuracy of  l i ne  frequency 
( 50Hz o r  60Hz  l. 

Output Termi na l s : .BNC , L-GND . 

C-V  MEASUREMENT 

Cal cu l a ti on Equa ti on  . . . . . .  C ( F )  = meas u red  cu rrent va l ue ( A ) / ramp ra te ( V/ s )  

Measurement Range : O . OpF � 1 99 . 9p F ,  200pF � 1 999pF , 2 ranges o f  Auto range . 

% change D i sp l ay :  Capaci tance change i s  d i sp l ayed as  a % o f  t h e  i n i t i a l setti n g  
val ue o f  Cox ( 1 00%) . 

% D i sp l ay Range : 0 . 0% � 1 99 . 9% .  
Cox Sett i n g  Ran ge : O.l pF  � 1 99 . 9p F ,  200pF  � 1 999p F .  

Capac i tance Ca l cu l at i on Accu racy : Depends on  accurac i es o f  both current meas
urement  and l i neari ty of  ramp wa ve 
( refer to paragraph 3-53 ) . 

Zero Offset : Cance l s s tray capac i tances of  tes t  l eads/ fi xtures . 

Offset range : 0 � 1 00pF . 

1 -7 
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Tabl e 1 - 1 .  Spec i fi cati on s ( S heet 5 of 7 ) .  

OTHER  

Ana l og Outpu t :  

Output  Data : VA , I and  C 

Output  Vol tage : 

Outpu t Data Output  Vol tage ( Reso l u ti o n )  

VA ± l OV o � ± l . OOOV ( l mV/ count )  
± 1 0 .  l V  � ±l OOV ± 1 . 01 � ± l O . OOV ( l OmV/count ) 

I Ful l Sca l e ± 5 V  ( 5mV/count )  

C Ful l Scal e 
1 00pF 0 . 5V ( 0 . 5mV/co un t )  

1 000pF 5V ( 5mV/ count )  
1 00% ( %  Di sp l ay )  5 V  ( 5mV/ co u n t )  

Accuracy : ± ( 0 . 5% + 20mV ) 

Low Pass  Fi l te r :  OFF , 0 . 22s ± 20% and  l s  ± 20% appl i ed to both  VA and I / C  
Data Output 

Pen L i ft  O u tpu t :  TTL l ow l evel ( � 0 . 8V )  duri n g  sweep per iod  i n  I - V/ C-V 
functi on 

Recorder Scal e Outpu t :  Uppe r ri g h t/ l ower  l eft s cal e o u tput fo r l ocation  
adj us tment  of  recorder 

Key VA output  I / C  output  

U . R .  E i ther maxi mum vol tage va l ue Fu l l  sca l e  val ue of  
( U pper Ri g h t )  o f  START or  STOP vol tages . ( + )  pl us s i gn . 

L . L .  E i ther mi n i mum vol tage val ue Ful l s ca l e  val ue of 
( Lower Left ) of  START or  STOP vol tages . ( - )  mi nus  s i gn .  OV 

for C-V  mea s u remen t . 

ZERO OV 

HP- I B  I nterface : I EE E  488- 1 975 , ANS I .  STANDARD MC  1 . 1 

I n terface Functi on s : SHl  AHl T5 L4 SRl RL 1 DCl  DTl 

OV 

( Op F )  

Remote l y  Contro l l ab l e  Functi ons : Mea s urement  Funct ion , Current Range , Lower 
L i mi t of Auto Mode , I n tegra t i on T i me , I Tri g ,  F i l te r ,  Vol tage Sweep Con
tro l , C urrent L i mi t ,  Vo l tage of  VA/ VB , Sett i n g  T i mes  and  Sel f Tes t .  

Data Outpu t :  Measured  Data ( I ,  C and VA ), 
Vol tage Setti ngs  ( VA , VB ) ,  
Sett i n g  T imes , 
Sett i n g  Val ue of Cox and , 
Front Panel  Key Status . 
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Opti on 907 : 

Option  908 : 

Opt ion  909 : 

Opti on 9 1 0 :  

Ta bl e 1 - 1 .  Spec i fi ca t i on s ( Sheet 6 of 7 ) . 

OPT IONS 

Front  Hand l e Ki t ( 5061 -9690 ) .  

Rack Fl ange Ki t ( 5061 -9678 ) .  

Rac k and Handl e Ki t ( 5061 -9684 ) . 

Extra Man ua l . 

ACCESSO R I E S  AVAI LABLE  

1 6053A : Tes t  Leads ( fu rn i s he d  wi th  the 4 1 40B) 

One tri ax i a l ( ma l e )  - tri ax i a l ( ma l e )  cabl e ,  two BNC ( mal e )  - BNC 
( mal e )  cabl es , and  connec tion  pl ate wi t h  fema l e  connectors (one 
tri axi a l  and  two BNC ) are fu rn i s hed. Each cabl e i s  1 mete r l ong . 
Useful  for connect i n g  u ser  des i gned prober stati on/meas urement 
f ixture .  

1 6054A : Connecti on Sel ectors 

Sel ects connecti on of l ow l ead for pA Meter section  as i n  fo l l owi ng  
fi gure . Used in  con j unction  wi th t he 1 6053A. 

r-----------------------. 
I '- I I "' I 
I HIGH LOW ':"' I I A I I I I 0 I 

I VA VB ... 

l 6055A : Tes t  Fi x tu re for Genera l  Devi ce Mea s u reme n ts ( fu rn i s hed  wi th  the 4 1 40B ) 

For s tabl e pA curren t  measu remen ts wi th  e l ectro s tati c/ l i ght  s h i e l ded 
hoo d .  Al l i ga to r  c l i ps/TO-5  socke t wi th  connection  pl ates fo r easy 
connecti on to actual  devi ces .  

l 6056A : C urrent  D i v i der  ( 1 0 : 1 ) 

Extends 1 0 -2 A  range to 1 0-lA ( u se o n l y  on  1 0-2A range ) .  

1 -9 
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Tabl e 1 - 1 .  Spec i fi ca t i ons ( S heet 7 of 7 ) . 

Other Acce s so r i e s / Recommended Stock Parts : : 

Descr i p t i ons H P  Model / Part Number 

H P - I B  Cabl e 0 . 5m 1 08330 
lm 1 0833A 
2m 1 0833B 
4m 1 0833C 

Tri axi al  Connector Fema l e  1 250-1 906 { CONNECTOR-RF  1 250- 1 41 3  
Mal e  ROD ,  B RASS 1 6053-24001 

ROD ,  B RASS 1 6053-24002 { CONNECTOR-RF 1 250-0083 
BNC Connector Female NUT 2950-000 1 

WASHER 2 1 90 -00 1 6  
SOLDER LUG 0360- 1 1 90 

Male 1 250 -0408 

1 6055A Accessori es  
Connect i on Plate with  Al l i gator Cl i p  1 6055-65001  
Connec t i on Plate with TO-5 Socket ( 1 0p i n s )  1 6055-65002 
Alli gator Cl i ps ( 1 0e a )  1 6055-65003 
Connect i on Leads for TO -5 Socket ( 1 0e a )  1 6055 -65004 
TO- 5  Socket ( 8p i ns ) 1 200-0238 
TO -5 Socket ( 1 0p i n s )  1 200-0239 
TO-5 Socket ( 1 2p ins ) 1 200-0240 

Tri axi al Cable ( ap prox 1 m )  1 6053 - 6 1 00 2  

BNC -BNC Cable ( approx lm ) 1 6053-6 1 003  

Connect i on Plate for the 1 6053A 1 6053-6 1 001  

1 - 1 0  
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Tabl e 1 -2 .  Genera l  I n fo rmat ion  ( S heet 1 of  3 ) . 

CURRENT MEASUREMENT 

Typ i cal  Response  t i me : 0 � 90% , F I LTER . • .  OFF . 

Measurement Response  T i me Measureme n t  Response  T i me 
Ran ge ( A )  C � 2 p F  I C = 2n F Range  ( A )  C � 2pF C = 2nF  

1 0 -2 � 1 0 -5 � l ms 1 0 - 1 0 , 1 0 - 1 1  �SOms .::;200ms 

1 0 -6 , 1 0 -7 �3ms 

1 0 -8 , 1 0-9 �lSms 
1 0- 12 .::;600ms 

"c" = capaci tance va l ue of tes t  l eads/fi xture s . 
When F I LTER i s  ON , add 60ms ( a t  SOHz ) or  SOms ( at 60Hz ) . 

Common Mode Rejecti on  Rati o :  � 120dB (�2 counts ) .  

Current Measurement  Accuracy* : 

I RANGE ( A )  F I LTER I NTEGRAT ION T IME Hi gh  Speed 
SHORT MED I UM LONG I Data Out  

1 0 -2 � 1 0-8 
ON ± ( 0 .S+3 ) ± ( 0 .S+2 )  ± ( 0 .S+2 ) ---------

O FF ± ( 0 . S+4 ) ± ( 0 .S+3 ) ± ( 0 . S+2 ) ± ( 0 .S+6 )  
ON ± ( 0 .S+3 ) ± ( 0 .S+ 3 )  ± ( 0 .S+2 ) -----

1 0 - 9 
O FF ± ( 0 .S+1 0 )  ± ( 0 .  S+ 7 )  ± ( 0 . S+ 3 )  ± ( 0 . S+1 0 )  
ON ± (2+4 ) ± (2+3 ) ± (2+2 ) -----1 0  - 1 0 

O F F  ± (2+1 0 )  ± (2+ 7 )  ± (2+3 ) ± ( 2+ 1 0 )  
ON  ± (S+ 1 0 )  ± (S+ 4 )  ± (S+3 ) -----

1 0  - 1 1 
O F F  ± (S+30 ) ± (S+ l S )  ± (S+1 0 )  ± (S+1 00 )  
ON ± (S+20 ) ± (S+ 1 0 )  ± (S+8 ) -----

1 0  - 1 2** 
O F F  ± (S+30 ) ± (S+ l S )  ± (S+ 1 0 )  ± (S+ 1 00 )  

* ± ( %  o f  readi n g  + counts ) a t  23 °C  ± SoC , � 70% humidi ty . 
** Zero offset i s  performed . 

M i n imum Data Output  Tri gger Cyc l e :  

VA C-V  I-V  

./ , A 2Sms 

J , A SOms 

1 - 1 1  



Secti on  I Model  41 40B 
Ta bl e 1 -2 

1-12 

Tabl e 1 -2 .  Genera l  I n format ion  ( S heet 2 of 3 ) . 

I Data Output Tri gger : 

TRIGGER I Function  H i g h  Speed I Data Output 

INT .  approx . 200ms approx . 1 0ms* 

EXT .** 
.2: I n tegrat ion  T i me 2:4ms 

MAN .*** + 3ms 

* At 50Hz l i ne frequency (x5/6  at 60Hz operati on ) .  
** Tri ggered when the l og i c  s i gnal  ( � l ]ls ) goes to " 0 " 

( s hort or  S.l OOQ of  res i s tance ) from " 1 " .  
*** Tri ggered  by HOL D/MAN . key . 

Current Measurement Rang i ng T i me (ms ) :  

Start 
Optimum Range (A) 

Range 
(A) 10-2 10-3 10-4 10 -5 10 -6 10-7 10 -8 10- 9 10 -10 10-11 

10-2 � 340 960 1300 1920 2260 3080 3420 4940 5280 

10 - 3 20 � 340 620 960 1580 1920 2740 3080 4600 4940 

10- 4 320 300 I� 640 620 340 960 1300 2120 2460 3980 4320 

10-5 340 320 20 � 660 640 340 620 960 1780 2120 3640 3980 

10-6 640 620 320 300 � 960 940 640 620 340 1160 1500 3020 3360 

10-7 660 640 340 320 20 I� 980 960 660 640 340 820 1160 2680 3020 

10-8 960 940 640 620 320 300 � 1280 1260 960 940 640 620 340 1860 2200 

10-9 980 960 660 640 340 320 20 � 1300 1280 980 960 660 640 340 1520 1860 

10-10 1480 1460 1160 1140 840 820 520 500 � 1800 1780 1480 1460 1160 1140 840 820 340 

10-11 1500 1480 1180 1160 860 840 540 520 20 I� 1820 1800 1500 1480 1180 1160 860 840 1300 

10-12 2700 2680 2380 2360 2060 2040 1740 1720 1220 1200 
3020 3000 2700 2680 2380 2360 2060 2040 2500 3760 

10 -12 

7760 

7420 

6800 

6460 

5840 

5500 

4680 

4340 

2820 

2480 

� 
Each value is the ranging time from the start range to the optimum range. 
All values are in milliseconds. Times to the right of the diagonal 1 ine 
are downward ranging times. Times to the left of the diagonal line are 
upward ranging times ( the upper values are ranging times when the internal 
current measurement circuit is saturated, and the lower values are when it 
isn't saturated ) , 



Model 4 1 40B Section  I 
Paragraph s 1 - 1 9  to 1 - 28 

Tabl e 1 -2 .  General I n formati on ( Sheet 3 of 3 ) .  

DC VOLTAGE SOURCE 

Output Res i s tance : � l � . 

Output I n pedance : � W at 1 0Hz , � 1 00� at  1 00Hz . 
51�LoJ 

Program Speed (/ , A, = ) : Approx . 2 . 5ms ( l V/ms � rate ) 

Ran g i ng: approx . 20ms . 

1 - 1 9 . OPT I ON S .  1 - 27 . ACCESSO R I ES AVA I LABLE . 

1 - 20 . Ava i l ab l e Opti ons  for the Model 4 1 40B 
are l i sted  in Tabl e 1 -3 .  

Tab l e  1 -3 .  Ava i l a b l e  Opti ons . 

Opti on Descri pti on 

907 Front Handl  e Ki t 
908 Rac k  Fl ange Ki t 
909 Rack Fl ange and Front Han d l e  Ki t 
9 1 0 Extra Manua l  

1 - 21 . Opt i on 907 , 908 or 909 . 

1 - 22 . Opt i on 907 , 908 or 909 prov i des  the me
chan i ca l  parts neccessary for rac k  moun t i ng . 
I n s tal l at i on procedures for these opt ions  a re 
deta i l ed i n  Section 11. 
1 - 23 . Opti on 9 1 0 Extra Man ual . 

1 - 24 . Opt i on 9 1 0 ,  Extra Man ual , prov i des an 
extra copy of  the Operati n g  and Servi ce 
Man ual . 

1 - 25 . ACCESSOR I ES SUPPL I E D .  

1 - 26 . F i gure 1 - 1 s hows the HP Model 4 1 40B pA 
Meter/ DC Vol tage Sou rce , Model 1 6053A Test 
Lea d ,  Model 1 6055A Test F i xture and power 
cord ( HP Part No . 81 20- 1 378 ) . The 1 6053A , 
the 1 6055A and the power cord a re fu rn i s hed 
accessori es . 

1 - 28 . For conven i ence and ease  of measu rement ,  
fou r  styl es  o f  accessor ies  a re avai l abl e .  
Photos and descri p t i ons  o f  acce s so r i es are 
g i ven i n  Tabl e 1 -4 and appl i cat ion  ran ges  of  
acce s sori e s  a re g i ven in  Tabl e 1 - 5 .  

&. WARN ING  

DO  NOT  USE  1 6055A TEST F I XTURE W I TH 
1 6054A CONNECTION  SELECTOR .  HAZARD
OUS VOLTAGE MAY EX I ST ON LOW LEAD 
TERM I NAL EVEN I F  1 6055A LOW LEAD 
CONNECTION  SELECT SWITCH I S  SET TO 
GND POS IT ION WHEN 1 6054A LOW L EAD 
CONNECTION SELECT SW ITCH I S  SET TO 
VA OR VB POS IT ION . 

Tabl e 1 -5 .  App l i cation  Ranges  of  Accessori es . 

Model Cu rrent Range I n  Comb i nati on  

1 6053A y Al l ran ges : 6 1 6054A 1 0-1 2A'\,1 0 -2A 

1 6055A 

1 6056A 1 0  -2A range 

1 - 1 3  



Section I Model 41406 
Table 1-4 

1 - 1 4  

hble 1-4. Accessories Available (Sheet I of 2). 

Model Description 

16053A Test Le�d (rurnished with tile 4140B) Tri
axial Cable ( 1 ) ,  BNC Cable (2),  and Connection 
Pl ate. 

Trh�hl Uble (HP PIN 16053-61002): 
Triaxial cable with trlaxial Nle C(lnnectQr$ . 
1111 length. 
ONC cable (HP PIN 16053-61003) :  
co.txial cable with BNe ..,Ie connectors. I. length. 
Connection Plate (HP PIN 16053-61001 ) ;  
Connection Plate with trlaxial ( 1 )  and SNC (2) 
(emle connectors. 

Useful for connecting prober station, llleasurement 
fixture designed by user and other 41408 accesso
ries. 

16054A Connection Selector 
Selects connection of low lead for 41408 pA Keter 
section. Us� i n  conjunction with the 16053A. 
Internal connections are approxl-ately as follows: 

, ---� ��- ---- - - - - - - - - - - - -; , , , , 
I � ' G!< �O'" I , , , , 

J 
' 

, , 
, 

- - - - -:-- 71'---- '1<-- , 
I � v. �v. 
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Accessories Avaihble (Sheet 2 of 2 )  . 

Description 

Section J 
hble 1-4 

16055A Test Fixture (Furnis�d with the 41408) 
Used for general device measurements. For stable 
pA current .. asu�nts with electrostatlc/light 
shielded hood. Furnished accessories, used in 
conjunction with the 1605JA,include the fol lowing: 

Descriptions HP P/� 

Connection plate with al l i gator 16055-65001 
c H I'  
Alligator clips (Wea) 16055-65003 
Connection plate with TO_5 16055-65002 
socket 
Connection leads for TO-5 sock- 16055-650G4 
et (lOeal 
TO-5 Soc�et i e Dins) 1200-0238 
TO-5 Socket i W  pi ns) 1 200-0239 
TO-5 Socket i" pins) 1200-0240 

16056A Current Divider 
htends 1O-'A range to 1O-'A. Usuble only on 
1O-'A range. 

The 4140B'5 DC Voltage Sources , VA or YB, cannot 
be used for 1O-'A current IIe.1surt!lIIent with the 
16056A because of the VA' S  Or VS's current 
output capacity . .An eKtel"l1al voltage source is 
requiN!d for ID-lA measure.enl. 

1- 15  
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Model 41 40B Sect ion  11 
Pa ragraphs  2 - 1  to 2 - 9  

SECT I O N  1 1  
I N ST A L L A T I O N  

2 - 1 . I NTRODUCTION 

2-2 . Th i s  sect i o n  pro v i des i n s ta l l a t i o n  i n
s truct i o n s  fo r the Model  4 1 40B pA Mete r/ DC 
Vo l tage Sou rce and i ts acce s so r i es . Th i s  
sect i on a l so  i nc l udes i n fo rma t i on for i n i ti a l  
i ns pect ion  a n d  damage c l a i ms ,  preparat ions  
fo r u s i ng the  4 1 40B and  packag i ng ,  s to rage 
and  s h i  pme n t .  

2-3 . I N I TIAL I NSPECTION 

2 -4 .  I n s pect  the sh i pp i ng  conta i ne r  fo r dam
age . I f  the s h i pp i n g  con ta i ne r  o r  c u s h i on i ng 
materi a l  i s  damaged , i t  s ho u l d be kept unt i l 
the contents o f  the s h i pmen t  ha ve been 
checked for co�p1 eteness  and the i n s trument  
has  been  checked mechan i ca l l y  and e l ectri cal 
l y .  The con tents o f  the s h i pment  s hou l d be 
as  s hown i n  F i gure 1 - 1 ;  procedures fo r check
i ng e l ectr i cal  performance a re g i ven i n  
Sect ion  I V .  I f  the con ten ts are i ncompl ete ,  
i f  there i s  mechan i ca l  damage o r  defects , o r  
i f  the 4 1 40B does n o t  pas s  the Performance 
Tests , noti fy the nearest  Hew1 ett- Packard 
o ffi ce . I f  the s h i pp i n g  conta i ner  i s  damage d ,  
o r  the cush i on i ng ma te r i a l  s hows s i gns  o f  
s tress , no t i fy the carr i er a s  we l l  a s  yo ur  
Hew1 ett-Packard o ffi ce . Kee p  the  s h i pp i n g  

1 00V OPERAT I ON 

r20Y� I 

O_ IOOY_ -O 

-240Y", -

1 20Y", 

1 20V OP ERAT ION  

r20v� I 

O- IOOY_� 

-240Y-v - � 
1 20Y", 

220V OPERAT ION 

�_IOOY- JO 

J
220Y� 

� -240Y", 
-- 120Y", 

240V O PERAT ION 

r20v� I 

�IOOV_� 

� -240Y-v - � 
1 20Y", 

mate r i a l s fo r carri er ' s  i n spect ion . The HP  
o ffi ce wi l l  arrange for repa i r  Q r  re pl acemen t ,  
at  H P  opt i on , wi tho ut  wa i ti n g for c l a i m  set
tl emen t.  

WARN I NG 

TO AVO I D  HAZARDOUS ELECTRICAL SHOCK ,  
DO  NOT  PERFORM ELECTR I CAL TESTS WHEN 
THERE A RE S I GNS O F  S H I P P I NG DAMAGE TO 
ANY PORTION  O F  THE OUTER ENCLOSURE 
( COVERS , PANELS , O R  METERS ) . 

2 -5 . P REPARATION  FOR USE 

2-6 . Powe r Requ i rements . 

2 - 7 .  The 4 1 40B req u i res a power source o f  
1 00 ,  1 20 ,  220Vac ±1 0% , o r  240Vac +5% - 1 0% , 48Hz 
� 66Hz s i ng l e  phase . Power con s umpti on i s  
l e ss  than 1 35VA.  

2-8 . L i ne Vo l tage and  Fuse Se l ec t i on . 

2 - 9 .  F i gure 2 - 1  pro v i de s  i n s truct ions  for 
l i ne vo l tage and  fuse se l ecti on . The l i ne  
vol tage se l ect ion  swi tch and  the prope r fuse  
a re fac tory i n s ta l l ed for 1 00 o r  1 20Vac oper
a ti on . 

Operat i ng 
vol tage 

1 OOV 
1 20V 

220V 
240V 

FUSE SELECT ION 

Fuse  Fuse 
rat i ngs  Pa rt No . 

1 . 25A 2 1 1 0-0305 S l ow Bl ow 

0 . 6A 21 1 0-001 6 S l ow B l ow 

F i gure 2 - 1 . L i ne Vol tage and  Fuse Sel ecti on . 

2 - 1  



Sect i on I I  
F i gure 2 - 2  

2-2 

OPTIO N 9 0 0  

Plug : BS 1 3 6 3A, 2 5 0 V  
Cable : H P  8 1 20 - 1 3 5 1  

O PTIO N 9 0 2  

Earth 
Plug : C EE-VII, 2 5 0 V  
Cable : H P  8 1 20- 1 689 

OPTIO N 905* 

Plug : CEE 2 2-VI, 2 5 0 V  
Cable : H P  8 1 20- 1 3 96 

OPTIO N 9 1 2  

Neutral 
Plug : D H C R  1 07 ,  2 2 0 V  
Cable : H P  8 1 2 0 -2 9 5 6  

United Kingdom 

..---- Earth 
.... _--- Neutral 

Line 

European Continent 

Earth 

__ -- Line 

� Neutral 

Any country 

Line 

Earth 

Denmark 

�Line 

* 

Model  41 40B 

OPTIO N 9 0 1  Australia/ N e w  Zealand 

� Neutral Line 
Plug : N ZSS 1 9 8/AS C 1 l 2, 2 5 0 V  
Cable : H P  8 1 20-1 3 6 9  

OPTIO N 9 0 3  U.S./Canada 

� Earth 

� Line 
Plug : N EMA 5-1 5P,  1 2 5V, 1 5A 
Cable : HP 8 1 20- 1 37 8  

O PTIO N 9 0 6  Switzerland 

/Neutral 

---- Earth 
Plug : SEV 1 0 1 1 . 1 9 59-2 4 5 0 7  Type 1 2, 2 5 0 V  
Cable : H P  8 1 20-2 1 04 

Plug option 9 0 5  is frequently used for 
i nt erconnecti ng syste m  co mponents and 
peripherals. 

N OTE : Each option num ber includes a 
, fa mily ' of cords and connectors of 
various ma terials and plug body 
configurations (straight , 90 0 etc.) 

Figure 2-2 . Power Cables Supplied 



Model  4 1 40B 

2- 1 0 .  Power Cabl e .  

Sec ti on I I  
Paragraphs 2 - 1 0 to 2- 1 3 

CAUT ION  

2- 1 1 .  Th i s  i n s trumen t  i s  equ i pped wi th a 
three -wi re power cabl e .  When connected  to an  
appropri a te ac power receptac l e ,  thi s cabl e 
grounds the i n s trumen t  cab i ne t .  The type o f  
power cabl e pl ug  s h i pped wi th each i n s trume n t  
depends on  the co untry of  des ti nat ion . Refer 
to Fi g u re 2-2  fo r power cabl e part n umbers 
and  pl ug  con fi gura tions  ava i l a bl e .  

THE MA I NS P LUG MUST BE P LUGGED 
I NTO A SOCKET OUTLET PROV I DED 
W I TH A PROTECTIVE EARTH CONTACT . 
THE PROTECT I VE ACT ION MUST NOT BE 
NEGATED BY  THE USE OF AN 
EXTENS I ON CORD ( POWER CABLE ) 
W I THOUT PROTECT I VE CONDUCTOR 
( GROUN D I NG ) . 

To preserve th e protec t i on feature when 
operat i ng the i n s trument from a two contac t  
out l et , u s e  a three pro ng t o  two prong 
ad apter ( HP Part No. 1 2 5 1 -81 9 6 )  and connect 
the green gro und i  ng tab on the ad apter to 
power l i ne  ground . 

No te 

Chec k l ocal  e l ectrical  codes for 
proper p l ug  ( a ttachment  cap )  sel ec
t i o n  fo r you r  area . 

Option  Ki t Part  Number 

907 Handl e Ki t 
5061 -9690 

908 Rac k  Fl ange K i t 
506 1 -9678 

909 Rac k  Fl ange & 
Handl e Ki t 

5061 -9684 

i 

\ �0 

2 - 1 2 .  Opera t i n g  Env i ronment . 

2 - 1 3 .  Temperature . The i n s trume n t  may be 
operated at tempera tures  from O D C  to ±40 D C .  

Parts I nc l uded Part Number Q ' ty Remarks 

Fro n t  Handl e 5060- 9900 2 
Tri m  Stri p 5060-8897 2 
#8-32 x 3/8 Screw 251 0-01 95 8 9 . 525mm 

Rac k  Mou n t  F l ange 5020-8863 2 
#8-32 x 3/8 Screw 251 0-01 93 8 9 . 525mm 

Fro n t  Han d l e 5060-9900 2 
Rack Mount  Fl ange 5020-8875 2 
#8-32 x 3/8 Screw 25 1 0-01 94 8 1 5 . 875mm 

1 .  Remove adhes i ve- backed trim  s tri ps CD from 
s i des  at ri ght  and l eft front  of i n s tru
men t .  

2 .  HANDLE  I NSTALLATION : Attach  front  hand l e CD 
to s i des  at  r i g h t  and  l eft fro n t  o f  i n 
s trume n t  wi th screws prov i de d  and a ttach 
trim s tri p (D to hand l e .  

3 .  RAC K  MOUNTI N G :  Attach  rack mount  fl ange CD 
to s i des  a t  ri ght  and  l eft fro n t  of  i n 
s trument  wi th  screws prov i de d .  

4 .  HANDLE AND RACK MOUNT I N G : Attach fro n t  
handl  e CD and  rac k  mou n t  f l  ange CD together 
to s i des  at ri ght  and  l eft front  of  i n 
s trume n t  wi th screws pro v i de d .  

5 .  When rack moun ti ng  ( 3  a n d  4 above ) ,  re
move al l four  fee t . 

Fi gu re 2 - 3 .  Rack Mou n t  Ki t .  

2 -3  



Sec t ion  I I  
Paragraphs 2 - 1 4 to 2 - 24 

2 - 1 4 .  Humi d i ty .  The i n s t rume n t  may be oper
a ted  i n  env i ronmen ts wi t h  humi d i t i e s  up  to 
70% at 40 ° C .  Howeve r ,  the i n s trume n t  s hou l d 
be pro tected from tempera ture extremes wh i c h  
cause condensa t ion  wi th i n  the i n s trumen t .  

2 - 1 5 .  I n s tal l a t i on  I n s truct i ons . 

2 - 1 6 .  The H P  Model 41 40B can be operated  on  
the  bench  o r  in  a rac k moun t .  The  4 1 40B i s  
ready fo r benc h  o pe rat ion  a s  s h i pped  from the 
factory . Fo r bench opera t i on , a two - l eg i n 
s trumen t  s tand  i s  used . For use , the i n s tru
men t s tands  a re des i gned to be pu l l ed towards 
the fro n t  of i n s trumen t .  

2 - 1 7 .  I n s ta l l a t i o n  o f  Opt ions  907 , 
908 and  909 . 

2 - 1 8 .  The 4 1 40B can be i n s ta l l ed i n  a rack 
and  be ope ra ted as a component  o f  a measure
men t  sys tem . Rack  mou n t i n g  i n formation  for 
the 4 1 40B i s  presented  i n  Fi gure 2-3 . 

2 - 1 9 .  STORAGE AND SH I PMENT 

2-20 . Env i ronme n t .  

2-2 1 . The i ns trument  may b e  s tored or  s h i pped 
i n  env i ronments wi th i n  the fo l l ow i n g  l i m i ts : 

Temperature . . . . . . . . . . . . . .  -40°C  to +75 °C  
Humi  d i ty . . . . . . . . . . . . .  Up to  95%  a t  +45 ° C  

The i n s trument  s ho u l d a l so b e  pro tected from 
tempera tu re extremes wh i ch coul d cause con 
densat ion  wi th i n  the i n s trumen t .  

2 -4 

Model 4 1 40B 

2-22 . Packag i n g .  

2-23 . Ori g i nal  Packag i ng .  Con ta i ners and  
mater i al s i den t i cal  to  those  used  in  facto ry 
packa g i n g  are a va i l a bl e through  Hewl ett
Packard o ffi ces . If the i n s trument  i s  be i n g  
returned to Hewl e tt-Pac kard for servi c i ng ,  
attach a tag i nd i cati n g  the type o f  serv i ce 
requ i re d ,  retu rn add ress , model number ,  and  
ful l seri a l  n umbe r .  Al so , mark the  conta i ner  
FRAG I L E  to ens u re carefu l  handl i n g .  I n  any 
co rres pondence , refer to the i n s trument by 
model  number and  ful l ser i al  n umbe r .  

2-24 . Other Packag i ng .  The fo l l owi ng  general 
i ns truct ions  s ho u l d be used fo r re-pac k i n g  
wi th commerci al l y  avai l a bl e  materi a l s :  

a .  Wrap i n s trumen t i n  heavy paper o r  p l a s 
ti c .  ( I f  s h i pp i n g  to Hewl e tt-Packard 
o ffi ce or serv i ce cente r ,  attach tag 
i nd i ca ti ng  type of  serv i ce req u i red , 
re turn addres s ,  model  n umber and  ful l 
ser ia l  n umbe r . ) 

b .  Use s tron g  s h i pp i n g  con ta i ner .  A dou
bl e-wal l ca rton made o f  350-pound  test 
materi a 1 i s  adequa te . 

c .  Use  a l ayer o f  s hock-absorbi ng ma te r i al 
70 to 1 00mm ( 3 to 4 i nches ) th i ck 
a round  a l l s i de s  o f  the i n s t rume n t  to 
pro v i de fi rm cush i o n i n g  and to preve n t  
s h i ft i n g  i n s i de con ta i ne r .  Pro te c t  
con tro l panel  wi th card board . 

d .  Seal s h i pp i n g  con ta i ne r  secure l y .  

e .  Ma rk s h i pp i ng con ta i ner FRAG I L E  to e n -
s u re careful handl i ng .  

f .  I n  any correspondence , refer to i n s tru-
men t  by model number and  ful l ser i  a 1 
n umbe r .  



Mode l  4 1 40B Secti on I I  I 
Paragraphs 3- 1  to 3 -7  

S E C T I O N  I I I  
O P E R A T I O N  

3 - 1 . I NTRODUCT I ON . 

3-2 . Th i s  sect i on prov i des the opera t i n g  i n 
structi ons  for acquai n t i n g  the user  wi th the 
Mode 1 4 1 40B pA Meter/ DC Vo l tage Source . I n 
s truct i on s  fo r panel  con tro l s ,  meas urement  
functi ons , operati n g  procedure s , s e l f tes t ,  
and opti on i n format ion  a re i n c l uded i n  th i s  
secti on . Opera t i n g  precaut ions  g i ven 
throughout the text s hou l d be ca refu l l y  ob
served . 

WARN ING  

B E FORE THE  I NSTRUMENT I S  SW I TCHED  ON , 
ALL PROTECT I V E  EARTH TERM I NALS , EX
TENS ION  CORDS , AUTO-TRANSFO RMERS AND 
DEV I CE S  CONNECTED TO I T  SHOULD B E  
CONNECTED TO A PROTECT I V E  EARTH 
GROUNDED SOCKET . ANY I NTERRUPTION OF  
THE PROTECTI V E  EARTH GROUNDING  W I LL 
CAUSE A POTENTIAL SHOCK  HAZARD THAT 
COULD RESULT I N  P ERSONAL I NJURY . 
ONLY FUSES O F  THE SPEC I F I E D  TYPE  AND 
OF  THE REQU I RED  RATED CURRENT SHOULD 
BE  USE D .  DO NOT USE  REPA I RE D  FUSES 
OR SHORT C I RCU I TE D  FUSEHOL DER S .  TO 
DO SO COULD  CAUSE  A SHOCK  OR  F I RE 
HAZARD . 

CAUT I O N  

BEFORE THE I NSTRUMENT I S  SW ITCHED ON , 
THE L I N E  VOLTAGE SW ITCH  ON  THE REAR 
PANE L  MUST BE SET FOR THE  VOLTAGE OF  
THE POWER SOU RCE OR DAMAGE TO THE I N
STRUMENT MAY RESULT . 

3 -3 . PANEL FEATU RE S .  

3-4 . Front  a n d  rea r panel  features a re de
s cri bed in Fi g ures 3-1  and 3-2 . Descri pt ion  
numbers match the  numbers on  the  i l l us tra ti on � 
Other deta i l ed i n forma t i on for pane l  d i s p l ays 
and contro l s  i s  covered s tarti n g  i n  paragraph  
3-5 . 

3 -5 . SELF  TEST . 

3-6 . The 41 40B has the fol l owi ng  se l f test  
func t i ons : 

( 1 ) A Pro gram Memory Test 
( 2 )  pA Meter Test  
( 3 )  A D i s p l ay Test 

These tests  a re a utomati ca l l y perfo rmed eac h  
t i me t h e  L I N E  button  i s  pus hed t o  turn the 
i nstrument o n .  I n  add i t i o n , these tests a re 
ena b l ed when SELF  TEST key i s  pus hed . Under 
th i s l atter condi t i o n , the tests  are per
formed repeated l y  wh i l e  S ELF  TEST l amp i s  l i t . 
These tests can a l so be enab l ed by a remote 
pro gram v i a  the HP- l B .  

( 1 ) Program Memory Tes t .  

Duri ng the Sel f Tes t  mode , the i nstru
ment checks  the i nterna l  program memo
ry . I f  an abnorma l i ty i s  detected , the 
i ns t rument d i sp l ays one  o f  n i ne errcr 
messages ( E- l  � E- 9 ) . Seven of the 
error messages ( E- l  � E-7 )  i nd i cate an 
a b no rma l i ty i n  the ROM ( Read Onl y Memo
ry ) and the other two error mes sages  
( E-8 or  E-9 ) i n d i ca te an  abnorma l i ty i n  
the RAM ( Random Access t�emory ) .  Suffi x 
numbers a re the same as those for ROM 
o r  RAM . 

( 2 )  pA Meter Tes t .  

Th i s  test veri fi es  bas i c  opera t i on o f  
t h e  i n struments pA Meter sect i on . I f  
a n  abnorma l i ty i s  detected , the i n stru
ment wi l l  d i s pl ay an  error message 
( E- P )  o n  the I · C D I S PLAY . 

( 3 )  D i s p l ay Tes t .  

Duri n g  the Sel f Test mode , a l l front  
pane l  i nd i cator l amps and a l l segments 
of n ume r i c  and character d i s pl ays a re 
i l l umi nated . When the i ns trument i s  
turned o n ,  the current setti n g  o f  the 
H P- I B  addres s swi tches i s  d i sp l ayed on 
the I · C  D I SPLAY for approx i mate l y  1 
second . 

3 - 7 .  When 4 1 40B i s  s e t  t o  Sel f Tes t  mode by 
the SELF  TEST key , the 4 1 40B has an add i t ion
a l  Sel f Tes t  funct i o n  ( a  Control Key Test ) .  
I f  each control key i s  norma l , the I · C  D I S
PLAY d i s pl ays an octa l  code as  s hown in F i g
ure  3-3 , when a contro l  key is  pus hed . 

3 - 1  



Sect i on I I I  
F i g u re 3- 1  

o 

V OUTPUT 
.,UOv P,A" " OO V -

o 

CD L I NE ON/OFF Swi tch : Turns i n strumen t  
o n  and  rea d i e s  i n s trumen t for measure
men t .  

(1) HP- I B  Status I n d i cator  a n d  LOCAL Key : 
L E D  l amps fo r SRQ . L I STEN , TAL K,  and  
REMOTE i nd i cate s tatus of  i nterface be
tween the  4 1 40B and  HP- I B  contro l l er .  
LOCAL key enab l es fro n t  panel  contro l  
i ns tead o f  remote con tro l  from HP- I B  
l i ne .  Refer t o  paragraphs  3 -7 1  thru 
3- 1 00 . 

Z ERO Offset  Key : T h i s key i s  used to 
compen s a te for pA  Meter o ffse t  errors . 
Current o r  capac i tance va l ue o n  I ' C 
d i s p l ay � i s  s tored  when butto n  i s  
pres s e d .  The  sto red  o ffset va l ue i s  
s ubtracted  from subsequent measurement 
val ues . Refer to the paragraph 3-23 . 

Tri gger Lamp : Turns on  i n  synchro n i za 
t i on w i th measurement  o r  data output 
on  I · C  D I SPLAY �. When FUNCT I ON CD i s  
set to I and  I TR IG  (DD i s  set to I NT .  
the l amp  fl ashes  repeated l y  a t  a pprox i 
matel y 200ms . 

Model  41 40B 

,-----C-'''-'''-''"-IT ��;-

� I ' C  Di sp l ay :  Current  or  capaci tance 
va l ue ,  i nc l ud i ng dec i ma l  po i nt and s i gn ,  
i s  d i s p 1 ayd a s  a max i mum 3- 1 / 2  d i g i t  
dec i ma 1 n umber from 0000 to 1 99 9 .  I f  
the measurement val ue exceeds fu l l  
count  o n  the se l ected ran ge . an  over
fl ow annun c i a ti o n  appea rs . 

(]) Exponent i a l  Di sp l ay fo r Curren t Meas
uremen t :  Current measureme n t  exponent  
( -2 "' - 1 2  in  e l even ranges ) i s  d i s p l ay
ed  when FUNCT ION (!) i s  set to I or I - V .  

(2) Capaci tance Measurement  o r  Percen t Key 
Un i t  I n d i cato r :  " p F " i nd i cator i s  i l 
l um i n ated i n  genera l  C-V measurements . 
When pe rcent key i s  pus hed , percent  i n 
d i cator i s  i l l umi nated a n d  I ' C  D I S PLAY 

� i s  i n  percen t .  

(!) FUNCT ION Sel ect Key : These keys se l ect 
measurement  funct ions  as fo l l ows . 

I :  Fo r i n dependent operati ons  
as un i versal  pA meter and DC  
vol tage source . 

I - V :  I -V characteri st i cs measure
men t  us i ng s ta i rcase or  ramp 
wave . 

C-V :  Quas i -Stat i c C-V characteri s 
ti cs measurement  u s i ng ramp 
wave . 

F i g u re 3- 1 . Front Panel  Fea tures ( s heet 1 o f  5 ) . 
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(!) I RANGE Sel ect Key : These keys se l ect 
the current  measurement  ran g i n g  me tho d .  
I n  AUTO mode (when LED  l amp i s  l i t ) , 
opt i mum range fo r the current  val ue i s  
automa t i ca l l y  sel ected . I n  MANUAL mode 
(when LED  l amp i s  not l i t ) , meas uremen t 
range rema i n s  the same even when the 
current  va l ue i s  change d .  Manual  ran g 
i ng i s  done by pres s i ng adjacent DOWN 
( [Q) ) or UP ( [Q) ) key . Al so , pres s i n g  
L IM IT key a fter pres s i ng t h e  B l ue  key � sets the l ower l imi t o f  AUTO mode I RANGE .  When a l ower l i mi t other than 
1 0 - 1 2A i s  set , the LED  l amp wi l l  fl as h .  
Refer to paragraph 3 - 1 6 .  

Note 

Press  i ng DOWN ( (Q]  ) or  U P  
( [Q) )  key s e t s  t h e  ran g i n g  
mode to Man ual  even i f  the 
ran g i n g  mode wa s set to 
AUTO . 

(@) I NTEGRAT ION T IME Se l ect Key : These 
keys sel ect d i g i ta l  i n tegrat ion  t i me 
i n  accordance wi th  the fo l l owi n g  tab l e 
for the var ious  measur i n g  condi t i on s :  

Range ( A ) r-____ 
I
_
n
_
t
_
e
T
g
_
ra
_

t
_
i
_
o
_
n 

__ 
T
_
i m

,
e
,-

(
_
m
_
s
_
) *  

______ � 
Short Med i um Long 

1 0-2"'1 0-1 0 20 ( 1 6 . 7 )  80 ( 66 . 7 )  320 ( 2 66 . 7 )  

1 0-1 1 80 ( 66 . 7 )  320 ( 266 . 7 )  1 280 ( 1 066 . 7 )  

1 0-1 2 1 60 ( 1 33 . 3 )  640 ( 533 . 3 )  2560 ( 2 1 33 . 3 )  

*Note : a t  50 ( 60 ) Hz l i ne frequency .  

® F I LTER Key : A n  i nternal  f i l ter  for re
j ect i n g  ac no i se can be set to ON/OFF 
by pres s i ng th i s  key . When the fi l ter 
i s  OFF , LED l amp is fl a s h i n g .  

Secti on I I I  
Fi gure 3- 1 

� I TR I G  Sel ect Key : These keys sel ect 
tri gger mode for tri ggeri ng  measurement 
o r  I Data Output when FUNCT I ON i s  set  
to  I a s  fo l l ows : 

® 

® 

I NT :  Thi s key prov i des i nternal 
tri gger wh i ch enabl es i n stru
men t  to ou tpu t curren t  data 
measurement repeated at  200ms 
( approx imate ) rate . 

EXT/MAN : I n  external /manua l  tri gger 
mode , a tri gger s i gnal  i s  
prov i ded by not on ly  appl y
i ng to EXT TR IGGER i n put  on 
rear panel , but a l so by 
pre ss i ng th i s  key . 

Note 

A 4 1 40B can be tri ggered by 
a tri gger command  ( G ET ) , 
regard l es s  of  mode setti ng  
o f  I TR I G .  

I I NPUT Connecto r :  Thi s connector i s  a 
tri ax i a l fema l e  connector  for connect
i n g  un known curren t source , tes t  l ea d ,  
or  tes t f i  xture .  

GROUND Termi na l : Th i s  termi nal  i s  con
nected to chass i s ground o f  i n s trument 
and can be used as ground  termi n a l  i n  
measurements whi ch  speci fi cal l y  requi re 
use o f  a guard .  

F i gu re 3- 1 . Fro n t  Panel  Fea tures ( s heet  2 o f  5 ) . 
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Sec t i on I I I  Model 4 1 40B 
Fi gure 3 - 1  

® 

o 

o 

VA , VB Lamps : These  l amps i nd i cate 
vo l tage va l ue o f  the VS D I S P LAY @ i s  
VA o r  VB' .  U sua l l y ,  VA l amp i s  i l l umi 
nated . When VA i s  set  to OFF  and VB i s  
set  to O N  ( VS Mode key @ ) ,  VB l amp i s  
i l l umi nated . 

@ VS ( Vo l tage Source ) D i  s p 1  ay : Output  
vo l tage val ue , i n c l ud i n g  decimal  po i nt 
and  s i gn ,  i s  d i s pl ayed a s  a max imum 
3- 1 / 2 d i g i t  dec i mal  n umber from 0000 
to 1 900 ( the number of  d i g i ts change 
depend i ng  on  i n s trumen t con tro l  s et
ti ngs ) .  U sua l l y ,  ou tput vo l tage VA 
val ue i s  d i s p l ayed .  When VA i s  set  to 
OFF  and  VB i s  set  to ON ( VS Mode Key 

@ ) , ou tpu t vo l tage VB val ue i s  d i s 
p l ayed . I n  addi t ion , when V OUTPUT 
l amp i s  not l i t ,  th i s d i s p l ay can be 
u s ed to d i s p l ay parameter val ues . I f  
the i n put  parameter va l ue exceeds i ts 
l i mi t va l ue ,  and  overfl ow annun c i a t i on 
appears . I f  the 4 1 40B i s  swept at  i n 
correct  parameter setti ngs , an i l l egal  
ann unc i ato r appea rs . 

@ Un i t I n d i cator  l amps : These l amps i n 
di cate un i t  o f  VS  DI SPLAY @ a s  fo 1 -
l ows : 

V :  Output  Vo l tage , = ( VA or VB ) ,  
START V ,  STOP V ,  STEP V .  

s : HOLD T I M E , STEP DELAY T I M E . 
V/ s : d V/ d t .  

pF : Cox . 

@) V OUTPUT Lamp : When the DC Vo 1 tage 
Sou rce i s  operati n g ,  thi s l amp i s  l i t .  

® CURRENT L IM I T  Lamps and  Se l ect  Keys : 
The se l amps i n d i cate output  current 
l i m i t  of VA or VB . If output  curren t 
goes to l i mi t val ue , th i s  l amp fl ashes . 
Se l ect  keys sel ect output  current  l i m
i t  of VA or VB to 1 00)JA ,  1 mA or 1 0mA . 

� V SWEEP AUTO START ( SET == ) key : Thi s 
key i s  used  to s tart auto sweep when VA 
i s  set  to -sweep mode and sets  DC vo l t
age o f  VB . When VA i s  set to DC ( == ) 
mode , th i s  key i s  u sed to set  DC vo 1 t
ages  fo r VA or  vg.  

Fi g ure 3- 1 .  Fro n t  Panel  Fea tures ( s heet 3 of 5 ) . 
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CID V SWEEP  MAN ( PAUSE ) , STEP DOWN ( (QJ ) 
and STEP UP  ( [Q) )  Keys : MAN ( PAUSE ) 
key i s  us ual l y  u sed to s tart manu a l  
sweep . When VA i s  operati ng  i n  auto 
sweep mode , th i s  key i s  used  as  the 
auto sweep pause contro l . The key 
can change the sweep from a u to (when 
LED l amp i s  not l i t ) to man u a l  mode (when LED l amp i s  l i t ) or from manua l  
to  auto . The  STEP DOWN and  STEP UP  
keys are used  for manual  sweep . 

® V SWEEP  ABORT ( RESET = ) Key : Thi s 
key i s  u sed to abort a l l o perat ions  of  
the DC Vol tage Sou rce . 

� ENTER Key : When th i s  key i s  p u s hed  af
ter the va l ue o f  the pa rameter i s  set  
wi th the  PARAMETER se l  ect ® and DATA G5J keys , the set va l ue i s  s tored i n  the 4l40A .  The VS  D I SPLAY ® i nd i cati on 
fl ashes  once when th i s  key i s  pus hed . 

® Bl ue Key : Functi ons i n  b l ue l etters ( Cox , SELF  TEST , X-Y  RECORDER ) are ef
fecti ve after th i s  key i s  p u s hed . 

@ DATA Keys : The se keys a re u sed to i n 
put  parameter val ues . They a re made 
up of  numeri c ( 0 'V 9 ) , dec i mal  and mi nus  
keys . 

® X- Y RECORDER Contro l  Keys : These keys 
a re u sed to contro l  pen pos i t i o n  of the 
X-Y  recorder connected to ANALOG OUTPUT 
connectors on rear panel  and i nc l ude : 

L L :  Moves pen pos i t i o n  to l ower 
l eft of sweep a rea . 

ZERO : Sets both outputs to OV . 
U R :  Moves pen pos i ti on to upper 

ri ght  o f  sweep a rea . 

These control keys a re e ffect i ve a fter 
B l ue key i s  pus hed . 

® SELF  TEST Key and Lamp : Th i s  key i s  
used  to set 41 40B to Sel f Tes t mode . 
Lamp i s  l i t duri ng  Se l f Test mode oper
a t i on . Th i s  key i s  effect i ve after the 
Bl  ue  key ® i s  pused . Refer to para
graph 3-5 . 

Note 

Secti on I I  I 
Fi gure 3- 1 

SELF TEST c annot be performed 
when i s  d i sp l ayed on I C D i sp l ay .  

® PARAMETER Sel ect  Keys : These keys are 
used  to set and mon i tor mea surement  
pa rameters for DC Vol tage Source . 
When V OUTPUT Lamp (TID i s  l i t ,  Parame
ters can not be s e t .  Parameters can be 
mon i tored when these keys a re pushed : 

o VA Mode 
DC Vol tage ( V ) of  no 
sweep mode . 

START V :  Sta rt vo l tage (V ) of  
sweep mod e ., 

STOP V :  Stop vo 1 tage ( V ) of  
sweep mode . 

STEP V :  Step vol tage ( V ) of  
sweep mode . 

HOL D T I �1 E : Hol d t ime ( s ) of  s tart 
and s top  vol tages of 
the sweep mode . 

d VI dt : Rate of  change of ramp 
wave vo l tage . 

Cox : Refe rence capaci tance 
val ue ( C oxi de ) ( pF ) of 
a C-V measurement  i n  
percen t .  Thi s key i s  
e ffecti ve after B l ue 
key ® i s  p u s he d .  

STEP DELAY 

o VB Mode 

TIME : De l ay t ime ( s ) of  each  
s tep  of  s tai rcase wave . 

- '  DC Vol tage ( V ) . 

F i gu re 3- 1 . Front Panel Feature s  ( s heet 4 of  5 ) . 
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Section I I I  
Fi9ures 3·1 and 3�l 

@ VS (Voltage Source) HO<Je lamp' and '<-
lect Keys : These la,nps indic�te " 
mode settings �s follows: 

,VA �de 

f (Single RM"Cl Wave ) :  Output volt� 
age is changing continuously (dv/ 
dt) from start YolU'1" to stop 
vol tage. 

/\.. (Double Ramp Ifave) : Output volt-
age is changing continuously (dv/ 

Model 41406 

• Vs "'ode 

-- ( DC) : DC vol tage i ,  outputted. 

OFF: VG Is not operating. 

Select keys select " '"' VB mode '" 

accord 'oil th following table : 

" '" 
FUNCTlOri 

f A " A - '" - '" 
dt) from start vol tage to HOP 
voltage. Successively, output i 0 0 @ 0 0 0 0 @ 

3-6 

vo 1 tage ; , returned Co st�rt 
voltage at same ralll' rate. i_' a 0 @ 0 , , 

" (Single S taircase "'ave): Output C-' @ 0 , • , • 

volhge is changed 5tep-by�step 
'" Hep voltage hshion from x :  This mode js not used. 
shrt to stop voltage. @: Initial Settings . 

1\ (Double Staircase Wave): Output @ Y OOTPUT Connectors: Tt>ese 
voltage " changed in step�by- are BHC fe.t1dle connectors 
step ,oltage faShiOn ,,� , t�rt unknown sa"'l)les, 
to stop vo1t�ge. Successively. fixture,. 
o�tput vo 1 tage is �turned eo 
stdrt vo1 tage by same step vo1 t-
age. 

= (DC) : DC volUne i s  outputted. 

OFF: VA h "" OperHin9· 

FlgUre 3-1.  Front P�nel FuturH {sheet 5 of 5). 

• -

F1gure 3-2. Rear Panel Futures (sheet I of 2 ) .  

test leads 

• 

a 0 

0 0 

connectors 
to connect 

"' test 
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(I) F I LTER  T IM E  CONST Sel ec t  Swi tch : Thi s 
swi tch se l ects fi l te r  r i s e  t i me ( OFF , 
0 . 22s  o r  l s )  for o p t i mi z i n g  a n a l o g  out
put .  

CD VA OUTPUT Connecto r :  Ana l og  o utput  
data of  4 1 40B VA OUTPUT i s  o utput  from 
t h i s  connector  i n  accordance wi th  the 
fo l l owi ng  tabl e :  

VA ( V )  VA OUTPUT ( V )  RESOLUTION 

0 . 00 cv±l O . OO 0 . 000 cv± l . OOO l mV/ co unt  

± 1 0 . 1  cv± l OO . O  ± 1 . 01 cv± l O . OO 1 0mV/ cou n t  

(I) I / C  OUTPUT Connecto r :  Ana l og output  
data of  41 40 B  I · C D I SPLAY i s  output  
from th i s  connec tor  in  accordance wi th  
the fol l owi ng tabl e :  

I D I SPLAY I OUTPUT ( V )  RESOLUTION 

o nv ± 1 999 O . OOO re ± 9 . 995 5mV/ cou n t  

C D I SPLAY C OUTPUT ( V )  RESOLUTI ON 

0 . 0 '0 1 99 . 9  0 . 0000 cv O .  9995 500-wV/ count  

200  cv 1 999 1 . 000 cv 9 . 99 5  5mV/ count  

% D I S PLAY % OUTPUT ( V )  RESO LUT ION  

0 . 0 0 1 99 . 9  0 . 000 '0 9 . 995 5mV/ count  

Secti on I I I  
Fi gure 3-2  

(I) PEN  L I FT Connecto r :  PEN  L I FT contro l 
s i gn a l  for a n  X-Y  recorder connec ted to 
the 4 1 40B , i s  o utput  from t h i s connec
tor .  When VA OUTPUT and I/C OUTPUT 
connec tors a re outputt i n g  ana l og  output  
data , th i s  connector outputs  a LOW 
l evel TTL s i gn a l  ( PEN  DOWN ) . At other 
t i mes , th i s  connecto r  o utputs a H IGH 
l evel  TTL s i gn a l  ( PEN  U P ) .  

(I) HP- I B  Contro l Swi tch : Th i s swi tch  se
l ects  HP- I B  address ,  data o utput  format ,  
and  i nterface capabi l i ty .  Refer to 
paragraph 3-79 . 

(I) HP- I B  Connector : An H P- IB cab l e  can  be 
connected  for i ntercommun i ca t i o n  wi th 
other HP- I B  dev i ces  through the bus 
l i n e  cab l e .  

(D EXT TRI GGER Connecto r :  Th i s  connector 
i s  u s ed for externa l l y  tri gge ri n g  pA 
Meter by i n pu tt i n g  an extern a l  tri gger 
s i gna  1 when FUNCTION  i s  set to 1. 
TR I GGER  swi tch on fro n t  panel s ho u l d be 
set to EXT.  Refer  to paragraph  3-2 1 . 

CD L I N E  I n pu t  Receptacl  e :  AC power cord 
i s  connected to th i s  receptacl e and to 
AC power l i ne . 

CD VOLTAGE SELECTOR Swi tch :  These swi tch
es  s e l ect  the a ppropri a te o pera t i n g  
power vol tage ( l OO ,  1 20 ,  220V ±1 0% o r  
240V +5% - 1 0% , 4 8  cv 66Hz ) .  Refer  to 
paragraph 2-8 . 

@) FUSE Hol der : I n s trume n t  power l i ne 
fuse i s  i n s ta l l ed i n  th i s hol de r .  Re
fer to paragraph 2-8 . 

F i g ure 3 - 2 .  Rear Panel Features ( s heet 2 of  2 ) . 
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Sec t i on I I I  
Paragraphs  3-8  to 3- 1 1 

m �!�OL� ,�Ap��:�� :' DC VOLTAGE SOURCE 

o 

o 

r 
[ill I 

----

V OUTPUT 
-100" PEA" 'IOOV " 

Model  4 1 40B 

F i g ure 3- 3 .  Octal Codes of  Con trol Key s . 

3-8 .  I N I T IAL CONTROL SETT I NGS . 

3 - 9 .  One of  the con ven i en t  functi on s  wh i ch 
fac i l i tate ease  o f  o perati on i s  the automati c 
i n i t i a l con tro l sett i n g  performed a fter the 
i n s trume n t  i s  turned on . I n i t i a l  panel  con 
tro l func t i on s  a re automat i cal l y  set  a s  fo l 
l ows : 

FUNCT ION • • • • • • • . . • . • • • • . • • • . • . . • • • . • • •  I 
I RANGE " . " . " . " • • •  " " " " . "  • • •  " • •  " . "  • •  ,, AUTO 
Lower L i mi t o f  AUTO Mode . . . . . . . . .  1 0 - 1 2A  
I NTEG T IME  . . . . . . . . . . . . . . . . . . . . . . . . .  LONG 
F I LTER . • • • • • • • • • • • • • • • • • • • • • • • • • . • • • .  ON 
I TR I G . . . . • . . . . • • • • . . • . . • . • • • • • . • . . .  I NT 
VA . " • • •  " " "  • •  " . " "  • •  " • • • •  " • • •  " . "  • • •  " ,, .  / 
VB <l • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  OFF 
PARAMETERS • . • • . . • . •  a l l paramete rs a re 0 
SELF  TEST • • • . • • . . • • • • • • • • • • • • . . • • • . •  O FF 
I ZERO OFFSET . . . • . • • • . • • • • . . • • • • • • • • • •  0 
C ZERO OFFSET • • • • . • • • • . . • . • . . . . . • • • . • .  0 
CURRENT L IM I T  . . . . . . . . . . . . . . . . . . . . .  1 00W\ 

Addi t iona l l y ,  when FUNCT ION  i s  c hanged , panel 
contro l funct ions  a re automat i cal l y  set as  i n  
Tabl e 3 - 1 . 

Tabl e 3- 1 . Automa ti c Con tro l Setti ngs . 

FUNCT I ON 
CONTROLS 

I I - V  C-V* 

I TR IG  I NT OFF  OFF 

VA ./ ./ J 

3-8 

* C measurement  Uni t i n d i cator i s  set  to 
pA .  

3 - 1 0 .  MEASUREMENT FUNCT I O N .  

3 - 1 1 �  The 41 40B has  three mea s u rement  func
t i o n s  wh i ch are : 

I :  For i nde pen dent ope rati ons  a s  a un i 
vers a l  pA Meter and  D C  Vol tage Source . 

I -V :  I -V characteri st i cs mea s u rement  u s i ng 
Sta i rcase and  Ramp wave . 

C-V :  Qua s i - Stati c C-V characteri s ti cs 
mea s u rement  u s i ng Ramp wave . 

The paragraphs  that fol l ow g i ve bas i c  i n for
mati on  on  the pA Meter and DC Vol tage Source 
when FUNCT ION  i s  set for I ,  I - V  and C-V meas 
ureme n t .  
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3-1 2 .  pA ( P I CO-AMPERE ) M ETER SECT I O N .  

3- 1 3 .  The p A  Meter s ec t i o n  o perates a s  an  i n 
dependent �  h i g h l y  stabl e un i versal  pA Meter 
( 1 0 - 1 5A  max ) when FUNCT ION  i s  set  to I .  When 
FUNCT ION  i s  set to I - V ,  accura te c urrent
vo l tage meas urements can  be made wi th  t he 
s ta i rcase  or  ramp wave of  the DC Vol tage 
So urce - the t i m i n g  between the pA Meter and  
DC  Vol tage Source can  be  automa t i ca l l y  syn 
chron i zed . When FUNCTION  i s  set  to C-V , ac 
cura te I -V mea s u rements  are made u s i n g  the 
ramp wave , and capaci tance i s  ca l cul a ted from 
the mea s u red  curren t va l ue and  the ramp rate 
( dV/dt ) ;  the res u l t  i s  d i sp l ayed on the I · C 
D I SPLAY . I ndependent o perati on a s  a u n i ver
sal pA Mete r i s  descri bed i n  paragraphs 3- 1 2 
thru 3-26 . These paragraphs  s hou l d be rea d  
even i f  o n l y  I -V o r  C-V  mea s ureme n ts are to 
be made . I n s truct i o n s  for I - V  mea s u rements  
a re g i ven i n  paragraphs  3-43 thru 3-48 . For 
C-V mea s u rement s , paragraphs  3-49 thru 3-60 
s ho u l d be read . 

3 - 1 4 .  pA Meter Di s pl ay .  

3-1 5 .  The primary d i s pl ay ,  s ub-d i s pl ay and  
two LED  l amps pro v i de v i s ua l  data  outputs  o f  
curren t  meas u remen t  res u l t or  t h e  resu l t o f  
capaci tance cal cu l a t i o n s . The pri mary d i s 
p l ay ( I · C  DI SPLAY ) prov i des  a readout  o f  cu r
ren t  mea s u rement val ue , cal cul ated capac i 
tance va l ue or  the capaci tance val ue a s  a 
percent  o f  the reference val ue ( Cox ) a s  a 
max i mum 4 d i g i t dec i mal  n umber wi th  dec i ma l  
po i nt .  I f  mea s u reme n t  overfl ows , an a l pha
beti c annunc i at i on ( e i ther O- F ,  COF or  POF )  
i s  d i sp l ayed ( refer to paragraph  3-65 ) .  The 
sub-d i s pl ay prov i de s  the exponent of the cur
ren t mea s u rement ( -2 to - 1 2  i n  e l even ranges ) 
when FUNCTION i s  set  to I or I - V .  Two LED  
l amps serve a s  the  un i t  i nd i cators for the 
capaci tance meas u rement .  These  l amps i nd i ca te 
that  the val ue o f  the I · C  D I S PLAY i s  the ca l 
cul a ted capaci tance ( pF )  or  the ca pac i tance 
va l ue i n  percen t referenced to a capaci tance 
val ue ( Cox ) .  I n  a C-V mea s u rement ,  l e sser  
s i gn i fi cant  d i g i t  data o f  the  cal cul ated  ca
paci tance i s  d i s pl ayed when the  cu rrent  mea s 
urement  da ta h a s  few s i gn i fi cant  d i g i ts . I n  
an I · C D I S PLAY , the l es ser  s i gn i fi cant d i g i t  
da ta i s  represen ted by a smal l zero ( !§J ) fi g
ure to  d i fferen ti ate i t  from a more s i gn i fi 
can t  d i g i t wh i ch i s  represen ted by a l arge 
zero ((li ) as s hown i n  Fi gure 3-3 . 

� L e s s  S i g n i f i ca n t  Zero . � S i gn i fi ca n t  Ze ro . 

F i g ure 3-4 .  Less S i gn i fi ca n t  Zero . 

Secti on  I I  I 
Paragraphs  3 - 1 2 to 3- 1 7 

The d i s pl ay for the pA Meter d i sp l ays the 
fo l l owi ng  parame ter va l ues  i n  l i ke manner ( to 
those des cri bed above ) : 

Mea s u r i n g  C u rren t  . . . . . . .  ± 0 . 00 1  x 1 O - 1 2A 
re ± 1 . 9 99 x 1 O - 2A .  

Ca l cul a ted Capaci tance . .  0 . OpF re1 99 . 9 pF ,  
200pF re 1 999 p F .  

Capaci tance i n  Perce n t  . .  0 . 0% re 1 99 . 9% .  

3-1 6 .  Curre n t  Mea s u rement  Ranges . 

3- 1 7 .  The pA Meter of the 41 40B can mea sure 
currents  from 1 0 - 1 2A to 1 0- 2A i n  1 1  ranges . 
Each range a l l ows a 99 . 9% overrange of  the 
1 000 fu l l  sca l e  count ( max i mum 1 999  counts ) .  
The 4 1 40B has  two range modes , AUTO and  
MANUAL , to se l ect the opti mum range for the 
vari ous  current  mea s u rements . When I RANGE 
i s  set  to AUTO , an  opti mum range i s  a uto 
mati ca l l y  se l ected for each measurement .  I f  
the i n ternal  meas u rement  c i rcu i t  i s  satura ted 
or the I ' C D I S PLAY count ( refer to paragraph  
3 - 1 8 )  exceeds 1 99 9 ,  the mea s ureme n t  range i s  
a utoma t i ca l l y  changed  u p .  I f  the I ' C D ISPLAY 
count  i s  l es s  than 1 50 ,  the mea s urement range 
i s  changed  down by the AUTO rang i n g  sys tem . 
Al so , u s i ng the fo l l owi ng  procedure , a l ower 
l i mi t for AUTO range can be set : 

( 1 ) Sel ect the des i red  l ower l i mi t u s i ng 
the DOWN ( @) )  or  U P  ( @) )  key . 

( 2 )  Pre s s  the Bl ue key and then pre s s  AUTO . 
Th i s sets  the present  I RANGE a s  the 
l ower l i mi t of  the AUTO range mode . 

At l ower l i mi t ,  the meas urement range wi l l  
not change down even i f  the I · C  D I SPLAY count 
i s  l e s s  than 1 50 .  

Note 
When range mode i s  set  to AUTO , the 
LED l amp in the AUTO key wi l l  be 
l i t .  If a l ower l im i t  other than 
1 0- 1 2  A i s  set , t h i s LED l amp wi l l  
fl a s h .  

When the I RANGE i s  s e t  to MANUAL , the meas 
urement range wi l l  not  change even i f  the 
mea sured current changes . If the DOWN ( (Q)  ) 
or  U P  ( (Q) ) key i s  p res sed wh i l e  I RANGE i s  
set  to AUTO , the I RANGE  wi l l  change to 
MANUAL and the meas urement range wi l l  change 
accord i ng l y .  I f  the i n terna l  mea s u rement 
c i rc u i t i s  s aturated when I RANGE i s  set to 
MANUAL , 11111111 wi l l  be d i sp l ayed on  the 
l ' C  D I SPLAY , or i f  the meas ured va l ue i s  over 
1 999  counts , IDDI!I!I wi l l  be d i sp l ayed on  
the I ' C  D I SPLA�i n g  t i mes , the t i me the 
i ns truments takes to change from one range to 
anothe r ,  are g i ven i n  Tabl e 1 - 2 .  

3-9 



Secti on I I I  
Paragraphs  3- 1 8 to 3-22  

3- 1 8 . I n tegra t i o n  T ime and  Data Outp u t .  

3 - 1 9 .  The raw cu rrent  measurement o f  the 
4 1 40B pA Meter secti on i s  made by mak i ng  s uc
ces s i ve approx ima t i o n s  between the reference 
vol tage ( u s i n g  a h i gh s peed D-A converter )  
and  a vol tage proport i ona l  to the  meas u red 
c u rre n t .  Th i s  raw cu rrent  meas urement  i s  syn
chron i zed wi th the l i ne frequency .  Thus , 
the raw cu rrent mea s u rement  i n terval  o f  the 
4 l 40B i s  1 0 ( 8 . 3 )ms at 5 0 ( 60 ) Hz l i ne frequency 
and  th i s  meas u rement con ti n ues  from the t i me 
the 4l 40B i s  tu rned ON  unt i l i t  i s  turned  OFF .  
Thes e  raw cu rrent  meas u rement  data are d i g
i ta l l y  i n tegrated and  th i s  res u l t i s  o utput  
to the  I ' C  D I S PLAY . The n umber of  the raw 
curren t  meas u rement  data se l ected for d i g i ta l  
i n tegrat i on ( 2  � 256 ) i s  f i xed by t h e  I NTEG 
T IM E  se l ect  key on  the front  panel . The i n 
tegra t i o n  t i me o f  the 4 l 40B p A  Meter sec t i o n  
i s  the p roduct  o f  t h e  n umber o f  raw c urrent 
mea s u rement data se l ected for d i g i ta l  i n te
gra t i o n  and  the  curren t  mea s u rement  i nterva l . 
The 4 1 40B has  n i ne i ntegra t i o n  t i me s  a s  g i ven 
in Tabl e 3-2  wh i ch a re se l ected by meas u re
men t  range and  u nknown cond i t i o n . 

Tab l e  3-2 .  Curre n t  Measurement  
I n tegrati on T ime s . 

Range ( A )  

1 0- 2 'V 1 0  - 10 

1 0 -1 1, 

1 0  -1 2 

I n tegrat i on Ti me 

Short Med i um 

2 0 ( 1 6 . 7 )  80 ( 66 . 7 )  

80 ( 66 . 7 )  32 0 ( 266 . 7 )  

1 6 0 ( 1 33 . 3 )  640 ( 533 . 3 )  

(ms ) *  

Long 

320 ( 266 . 7 )  

1 280 ( 1 066 . 7 )  

2560 ( 2 1 33 . 3 )  
*Note : a t  5 0  ( 60 ) Hz l i ne frequency .  

3-20 . When FUNCTION  i s  set to I a n d  I TR IG  i s  
set  to I NT ,  d i g i ta l  i n tegra t i o n  i s  made u s i ng 
raw c urrent  meas u rement  data a l ready ava i l 
ab l e when the I Tri gger i s  rece i ved a s  s hown 
i n  Fi gure 3-5 . Therefo re ,  I data o utput  i s  
compl eted a s  soon  a s  the I Tri gger i s  re
ce i ve d .  The I Tri gger i n terval requ i res  o n l y  
1 0 ( 8 . 3 ) ms wh i c h  i s  the raw c urrent  meas u re
men t  i n terva l and  i s  no t rel ated to i n tegra
t i o n  t i me .  The rel a ti on s h i p  between i n tegra
tion t i me and the data o utput  when FUNCTION  
i s  set to  I -V or  C-V  i s  descri bed in  para
graph 3-47 or 3-53 . 

3- 1 0  
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Note 

When the I TR IG  i s  set to EXT/MAN , 
d i g i ta l  i n tegra ti o n  i s  made u s i n g  
the raw curren t  mea s u rement  data 
a fter the tri gger s i gn a l  i s  re
cei ved . Therefore , i n  th i s  case , 
the meas u rement  t i me ( from rece i v 
i ng the tri gger s i gna l  to  o utput
t i n g  current  meas uremen t data ) i s  
the s um o f  the i ntegra t i o n  t i me and 
data proces s i ng t i me ( approxi mate l y  
3ms ) .  

3-2 1 . Externa l  Tri ggeri n g .  

3-2 2 .  The 4 l 40B pA Meter sec t i on c a n  b e  tr ig
gered by  an  externa l  tri gger s i gna l  for c u r
rent mea s u rement .  To tri gger the 4 1 40B 
externa l l y ,  set  4 l 40B fro n t  panel  contro l s as  
fol l ows : 

FUNCTION  . . . . . . . . . . . . . . . . . . . . . . . •  I 
I DATA OUTPUT TRIGGER • . . . •  EXT/MAM 

The externa l  tri ggeri n g  dev i ce s ho u l d be con 
nected t o  EXT TRIGGER connector ( BNC  femal e 
type )  o n  rear  panel . The 4 l 40B can be tri g
gered  by a TTL l evel  s i gnal  that changes  from 
H IGH ( +5V ) to LOW ( OV ) . Tri gger p u l se  wi dth 
must  be greater than  l �s . Tri ggeri ng can 
a l so  be done by a l ternatel y s hort i ng (or wi th 
res i s tance l ower than 1 00Q ) and o pen i ng the 
center  conducto r  of the EXT TRIGGER connector 
to gro und  ( chas s i s ) .  

Note 

The cen ter conducto r  o f  the EXT 
TRIGGER connector i s  norma l l y  H I GH 
( no i n pu t ) . 

Note 

Tri ggeri ng  can be a l so done by 
tri gger comman d  ( GET ) or remote 
program code " E "  vi a the HP- I B .  
Refer to F i gure 3-33 . 
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Paragraphs 3-23 to 3-26 

A C  L i ne 01"\ (\ (\ fLf\ f\ f\ (\ (\ (\ f\ (\ f\ f\ (\ {\ (\ (\ {\ (\ {\ (\ (\ (\ {\ ora v'V v V v'O-V'O V'O v v-V V-V-v v� v'O�v 

r�ea surement 
Current 

I Data 

o 

Output Tri ggerO 

I . e  D i s p l ay 

" 

I I I 
I I I 
I L.J IOms* I j-'f----/ I I I I 

r-r--r-

--- T ,  

T 2  

Previous t>1easurement Output Data 

,..-'--.--..-"'-'--

T ,  

� 1 s t  Trigger 

T 2 

1 st Tr; gger Output Data 

r--r--r-r--
r-r--,.... ..-"-/"-

T ,  

Z 

J 2nd Trigger � 3rd Trigger 

T 2 

2nd Trigger Output Data 3rd Trigger Output Data 

T 1 :  Integration Time (refer to Taple 3- 2 )  

T2 : approximately ZOOms 

*: at the 50Hz l i ne frequency ( 8 . 3ms at the 60Hz ) .  

t 

F i g ure 3 - 5 . I ntegra t i o n  T i me and  Data Output  ( When I TR I G  i s  Set to I NT ) . 

3-23 . lero Offset fo r C urrent  Meas u rement .  

3-24 . The 41 40B has  a zero o ffset funct ion  
wh i ch can  be  u sed  to  cancel  the  o ffset erro r  
o f  an u ndes i red i nput  c u rren t  ( e . g .  l eakage 
current of test  l eads/ te s t  f i xtures ) to m i n i 
mi ze mea s u rement erro r .  How to perform zero 
o ffset i s  descri bed i n  Fi gure 3-6 . The c u r
ren t  meas u rement o ffset l i mi t i s  0 � 1 00 fA 
and  the zero o ffset functi on  can  be u sed o n l y  
a t  t h e  1 0 - 1 2A range . I f  lERO O FFSET key i s  
pus hed when mea s uremen t range i s  o ther than 
1 O - 1 2A ,  th i s  act ion  i s  i gnored . The zero 
o ffset va l ue  i s  set  to Of  A when the 41 40B i s  
turned ON . When the lERO o ffset key i s  
pus hed , the va l ue o f  the I ' C  D I SPLAY adds to 
zero o ffset val ue . 

No te 

The zero o ffset can  a l so be done by 
remote program code " l "  v i a  the 
HP- l B .  

3-25 . p A  Meter Opera t i n g  I ns tructions  (when 
FUNCT ION  i s  set to I ) .  

3-26 . I ns truc t i o ns for o perat i ng the pA Meter 
of  the 4 1 40B (when FUNCTION  i s  set to I )  are 
g i ven i n  Fi g u re 3-6 . 

3 - 1 1  
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F i g ure 3-6 

Model  41 40B 

tri ax i a l  ( ma l e ) - tri a x i a l  ( ma l e )  cab l e 
To OUT 

PROCEDURE : 

( 1 ) Turn 4 1 40B O F F .  
( 2 )  Connect  tes t  l ead  o r  tes t  fi x tu re ( e . g .  tri axi a l  ( ma l e )  - tri ax i a l 

( ma l e )  cabl e of  1 6053A Tes t Lead ( HP Part No . : 1 6053-6 1 002 ) )  to I N PUT 
connector of  41 40B 

( 3 )  Turn 41 40B ON . 
( 4 )  At turn-o n , Sel f Tes t  o f  4 1 40B i s  perfo rmed a u tomat i ca l l y  ( refer to 

para g ra ph 3- 5 ) . 

Note 

The 41 40B req u i res a one hour  warm up  t i me to 
sat i s fy a l l spec i fi ca t i o n s  l i s ted i n  Tab l e 1 - 1 . 

( 5 )  The pA Meter sec t i o n  o f  41 40B i s  a utomat i ca l l y  set a s  fo l l ows : 

FUNCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
I RANGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  AUTO 
Lower L i mi t of AUTO Mode . . . . . . . . . . . . .  1 0 - 1 2A 
I NTEG T IME . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  LONG 
F I LTER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ON 
I TRIG • . • . . . . . . . • . . • . . . . . . . . . . . . . . . . . . . .  INT  
I ZERO O FFSET . . . . . . . . . . . . . . . . . . . . . . . . . .  0 fA 

( 6 )  Confi rm that the I · C Data Output Tri gger l amp i s  fl a s h i n g .  

( 7 )  Sel ect  des i red i n tegra t i on t i me wi th the I NTEG T IME key on  front panel  
( refer  to paragraph  3- 1 8 ) . 

( 8 )  Connect noth i n g  to tes t  l eads o r  to test  fi xture ( o pen ) .  
( 9 )  When u s i n g  t he 1 0 -1 2A  measurement range , set  I · C  D I SPLAY to 0 . 00±1 0 - 1 2 A  

wi th ZERO o ffset key ( refer to paragraph 3-23 ) . 

Note 

The mea s u red  curren t at the 1 0- 1 2A  range i s  
a very sma l l va l ue ( 1 0 -1 2 A 'V 1 0- 1 S A ) . There
fore , any l ea kage current generated by 
chang i n g  tes t  l ead  connec t i on , tes t  fi xtu re 
or un known curren t  source , i ncreases  the er
ror o f  the measurement a t  the 1 0- 1 2 A  ran g e .  
To avo i d  th i s  condi t ion , d o  a zero o ffset  
a fte r the I · C  D I SPLAY has settl ed ( a l l ow mo re 
than fi ve m i n u tes ) .  

F i gure 3 -6 . p A  Meter Sect i o n  Opera t i n g  I n s truct i on s  (when  FUNCTION i s  set  to I ) ( sheet  1 o f  2 ) .  

3- 1 2 
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Fi gure 3-6 

( 1 0 ) Connect  un known current source to the tes t  l ead or  tes t  fi xture . 

Note 

Spec i fi c  i n forma t i on on  OUT connect i on i s  
descri bed i n  paragraph 3-61 . 

( 1 1 )  The pA Meter of  4 1 40B wi l l  a u tomati ca l l y  d i sp l ay measured  val ue o f  un
known . 

Note 

The d i s p l ay val ue o f  a meas u rement on  the 
1 0 -1 2A range may be u n s tab l e i mmedi ate l y  af
ter connec ti n g  unknown current sou rce because  
of  the  l ea kage c urrents des c ri bed above . 

Note 

I f  the approxi mate va l ue of the un known cur
ren t  source i s  known , the rang i ng  t i me can be 
el i m i nated  from the measuremen t t i me by set
t i ng the curren t meas u rement range to ho l d  on 
the des i red ran ge by u s  i ng  the DOWN ( (Q] )  or 
UP ( (Q) ) keys . Mea s urement t i me can a l so be 
reduced by sett i n g  the l ower l i mi t of AUTO 
mode to prevent chang i ng down to u n necessary 
l ower ranges . 

Note 

When the 41 40B i s  turned ON , an i nternal 
F I LTER for rej ect i ng ac no i se i s  set to ON . 
As s hown i n  Tabl e 1 - 2 ,  when th i s  F I LTER i s  ON , 
response t i me and  rang i ng t i me a re 60ms ( fo r  
50Hz l i ne  frequency ) o r  50ms ( a t  t h e  60Hz ) 
l onger than when the F I LTER i s  OFF .  To re
duce response t i me and  ran g i ng  t i me ,  turn the 
F I LTER OFF . When the F I LTER i s  OFF , the LED  
l amp o f  the se l ected I NTEG TIME  key wi l l  
fl a s h . 

The equ i va l en t  c i rcu i t o f  the pA Meter sect ion  i n  the 4 1 40B i s  shown be l ow :  

LOW A I-'H..:..;I..,:.G..:..;H ___ {"" � I I NPUT connector 

.... 

F i gure 3-6 . pA Meter Secti on  Opera t i ng I n struct ions  
( when FUNCT I ON i s  set  to  I )  ( s heet 2 of  2 ) . 

3- 1 3 



Sect i o n  I I I  
Paragraphs  3-27  to 3-32 

3-27 . VS  ( VOLTAGE SOURCE ) SECTION . 

3- 28 . The VS  sect i o n  o f  the Model  4 1 40B oper
ates a s  two i ndependent  programmabl e vol tage 
sources : VA and  VB . One o f  the programmab l e 
DC vol tage sources , VA , can operate , not 
o n l y  as a programmab l e  DC vol tage source , but  
a l so  a s  a un i que s ta i rcase  ( / , 1\. )  or ac
curate ramp ( J , A )  genera to r .  I n  add i 
t i o n ,  accurate I - V  meas u rements , wi th the 
s ta i rcase  or ramp waves  ( the t im i ng o f  e i ther 
o f  wh i ch can  be a utoma t i ca l l y  synchron i zed 
between  the pA Meter sect ion  and the DC Vo l t
age Source sec t i o n ) ,  can  be done i n  the I -V  
sect i o n . I n  the C-V  functi o n , accura te C-V  
meas u rements  u s i ng the  ramp wave a n d  ca l cu
l ati ng  the capaci tance from the c u rrent mea s 
urement  va l ue and  ramp rate ( dV/dt ) , can  b e  
done . Paragra phs  3-27  thru 3-42 descr i be i n
dependent opera t i on a s  two programma b l e  vol t
age sources . These para g raphs  s ho u l d be read 
even i f  o n l y  an  I -V or C-V meas u rement i s  to 
be made . I n s truc t i o n s  for I -V meas u rements 
a re g i ven i n  pa ra g raphs  3-43 thru 3-48 . For 
C-V meas u rements , pa ragraphs  3-49 thru 3-60 
s hou l d  be read . 

3-29 . VS Sec t i o n  Di s p l ay .  

3-30 . A numeri c d i s p l ay and th i rteen i nd i ca 
to r l amps prov i de v i s u a l  data o utputs of  out
put  vol tages  and  opera t i n g  parameters . The 
VS D I SPLAY prov i des a readou t  of  output vo l t
ages o r  opera t i n g  pa rameters a s  a max i mum 3- 1 

Model  4 1 40B 

/2 d i g i t  dec i ma l  n umber wi th dec i ma l  po i n t .  
I f  the i nput parameter val ue exceeds i ts max
i mum l i mi t val ue , an  overf low  annunc i at i o n  
( O -F )  appears . I f  t h e  4 1 40B i s  swept  a t  i n 
correct parameter setti ngs , a n  i l l egal  annun
c i at i on ( I L L E )  appears . VA , V B l amps i nd i 
cate vol tage va l ue i f  the V S  D I SPLAY i s  VA or  
V B . U n i t i n d i cator l amps i nd i cate un i t  o f  
meas u red va l ues . VA OUTPUT l amp i s  l i t when 
the VS  secti on i s  opera t i n g .  CU RRENT L IM IT 
l amps i nd i cate output  curren t l i mi t of  VA or  
VB . I f  output current goes to l i mi t va l ue ,  
th i s  l amp fl ashes . The d i s p l ay for the VS  
sect ion  d i s p l ays the fo l l owi ng  val ues i n  l i ke 
manner ( to those descri bed above ) : 

Output Vol tage . . . . . . . . . . .  O . OOV '0 ± l OO . OV 
Ope ra t i n g  Parame ters 

START V/ STOP V/ = ( DC )  . O . OOV '0 ± l O . OOV 
STEP V . . . . . . . . . . . . . . . . . .  O . O l V '0 1 0 . 00V 
HOLD TIME  . . . . . . . . . . . . . . . . .  O . Os '0 1 999s  
STEP DELAY TIME  . . . . . . . . .  O . OOs '0 1 00 . Os 
d V/ d t  ( Ramp Ra te ) . , .  O . OO l V/ s  '0l . OOV/ s 

CURRENT L I M I T  . . . . . . .  1 O -4 A ,  1 0 -3 A ,  1 0 -2 A 

3-3 1 . VS Sect ion  Output  Modes . 

3-32 . The VS  section  of  the 4 1 40B provi des 
two vol tage sou rces , VA ( programmabl e DC 
Vol tage Source/ Function  Genera to r )  and VB 
( prog rammabl e DC Vol tage Sou rce ) .  Each  of  
the  vo l tage sources pro v i de output  modes a s  
g i ven i n  Tab l e 3-3 . 

Tab l e  3-3 . VS Secti on Output Modes . 
VS  Mode 

VA J 

A 

/ 

J\ 

----

OFF  

VB -- - -

OFF  

3 - 1 4 

Des cri p t i on 

Si mpl e ramp wave . Output  vo l tage changes con t i nuou s l y  
( dV/dt ) from start vo l tage to s top  vo l tage . 

Doub l e ramp wave . Output  vol tage changes con ti n uous l y  
( d V/ d t ) from s tart vo l tage to s top  vo l tage . Succe s -
s i ve l y ,  ou tput vo l tage i s  returned t o  s ta rt vo l tage a t  
same ramp ra te ( dV/dt ) .  

S i n g l e  s ta i rcase wave . Output  vo l tage c hanges  s tep-
by-s tep from s tart vo l tage to stop Vo l tage . 

Doub l e s ta i rcase wave . Output  vol tage chan ges s tep-
by- step from start vo l tage to s top  vo l tage . Succes-
s i ve l y ,  ou tput vol tage is  returned to s tart vol tage by 
same s tep  vo l tage . 

DC vol tage i s  o u tpu t .  

VA i s  not operat i n g .  

DC vol tage i s  output . 

VB i s  not  operat i n g . 
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3-3 3 .  VS  Sec t i o n  Opera t i n g  Parameters . 

3-34 . The VS sect ion  of  the 4 1 40B prov i des 
e i ght  opera t i ng parameters as g i ven in Tab l e 
3-4 . Val ues  of  these parameters can be i n 
p u t  u s i ng the fol l ow i n g  procedure : 

( 1 ) Pre s s  des i red  PARAMETER key . 
( 2 )  Set des i red  va l ue wi th DATA keys . VS 

D I SPLAY d i s p l ays sett i ng va l ue .  
( 3 )  I n pu t  di s pl ays parameter val ue wi th  

E NTER key . D i s p l ayed pa rameter va l ue 
i s  fl a s hed . 

Note 

Parameter va l ues  can  be s et v i a  HP
IB ( refer  to paragra p h  3 -85 ) . 

No te 

If sett i n g  pa rameter val ue exceeds 
the sett i n g  l im i t  l i s ted i n  Tab l e  
3-4 , V S  D I S PLAY d i s p l ays ( RiIIIi ) 
and  th i s  va l ue i s  not i nput . 

Secti  on I I  I 
Paragraphs  3-33  to 3-36 

3-35 . Vo l tage Output and  D i s p l ay o f  VS . 

3-36 . The 4 1 40B VS sect i on outputs  a vol tage 
and pro v i des  for i ts d i sp l ay by one of  the 
fo l l owi n g  methods dependi ng  on the VS output  
mode : 

Note 

When the VS secti on i s  opera t i n g  
(when V OUTPUT l amp i s  l i t ) , no  con 
trol s or  operati n g  pa rameters c a n  be 
changed as noted i n  Tabl e 3-5 . 

( 1 ) DC ( = ) : 
The VA DC vol tage , whose  val ue  i s  set 
wi th  the VA ( PARAMETE R )  key , i s  out
put  from the VA OUTPUT connecto r  wi th  
the SET ( = ) key . Output  vo  1 tage 
val ue i s  d i s p l ayed o n  the VS  D I SPLAY . 
VA can  be  cancel l ed and  set to OV w i t h  
RESET ( = ) key . 

Tab l e 3-4 VS Sect i on Ope ra t i n g  Pa rame ters . . 
Pa rameter Descri p t i on Setti ng  L i mi ts 

VA - - - DC Vol tage . 1 0V range : 
- 1 O .  OOV cv + 1 O .  OOV 

START V Sta rt vol tage of s ta i rcase  or ramp wave . 
1 00V range : 

STOP  V Stop vol tage of sta i rca se or  ramp wave . - 1 00 .  OV cv +1 00 .  OV 

STEP V* Step  vo l tage o f  s t a  i rcase o r  ramp wave . - 1 0 . OOV cv + 1 0 . OOV 

HOLD T IME  Hol d t ime fo r s tart and  s top  vol tages of  O .  Os cv 1 999s 
sta i rcas e  o r  ramp wave . 

dV/ dt  Ramp rat e .  O . OOl V/ s cv 1 . 000V/ s 

STEP DELAY Del ay t ime fo r each  vol tage of  sta i rcase O.  OOs cv 1 00 .  Os 
T I ME wave . 

VB - - - DC Vol tage . 1 0V ran ge : 
- 1 O .  OOV �d 1 O .  OOV 

1 00V range : 
- 1 00 .  OV cv + 1 00 .  OV 

* Step vol tage of the ramp wave mean s d i sp l ayed s tep  vo l tage o f  VS  D I SPLAY . 
( STEP V ) / ( dV/dt ) mus t  be more than 50ms . 
Step vol tage va l ue a u tomati cal l y  ri s es to O . l V  reso l uti on when a bso l ute 
val ue o f  o u tput  vol tage i s  o ver  1 0  vol ts . 

3 - 1 5 
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Tabl e 3 - 5  

( 2 )  Sta i rcase  Wave ( / , A ) :  
The VA output  vol tage i s  swept wi th set  
operati ng parameters ( START V ,  STOP V ,  
STEP V ,  HOLD T IME , and  STEP DELAY T IME ) 
There are two sweep contro l  methods : 
a uto sweep and man ua l  sweep : 

CD Au to Sweep : 

The VA output  vol tage i s  swept  auto
mati cal l y  a ccord i n g  to  the  set  operat
i ng parameters when the AUTO START key 
i s  p u s hed . The rel at ion  between out
put vol tage and  i ts d i s p l ay i s  g i ven 
i n  Fi gures  3-7 and 3 - 8 .  The VA output  
sweep can be  stopped ha l fway and the 
opera t i n g  parameters ( except for START 
V/ STOP V and  i nteg ra t i on t ime ) can be 
chan ged . When the VA output  sweep i s  
comp l eted , VA i s  a utomat i cal l y  set  to 
OV . The VA output  sweep can be can
cel l ed and  set  to  OV  at  the  ha l fway 
poi n t  wi th the ABORT key . 

(I) Manual  Sweep : 

The VA o u tput  vol tage i s  set  to man u a l  
sweep mode wi th MAN key . The VA out
put  vol tage i s  swept a t  i ts operati n g  
parame ters ( except for HOLD T IME/ STEP 
DELAY T IME ) i n  thi s mode u s i n g  Step 
Down ( [QJ ) and S tep  Up ( (Ql )  keys . 
Output vo l tage i s  d i sp l ayed on V S  D I S
PLAY . 

Note 

The MAN ( PAUSE ) key changes the 
sweep mode from a u to ( L E D  l amp i s  
not l i t )  to man ua l  ( LE D  l amp i s  
l i t )  o r  from manua l  to auto . 

Model  4 1 40B 

( 3 )  Ramp Wa ve ( J  , A ) : 
The VA o u tput  vol tage i s  swept automat
i ca l l y  at  i ts opera t i n g  parameters 
( START V ,  STOP V ,  STEP V ,  HOLD TIME and  

dV/ d t )  when the AUTO START key is  p u s h 
ed . The re l a t i o n sh i p  between output  
vol tage and  i ts d i sp l ay i s  g i ven i n  
F i g u res 3-9  and  3- 1 0 .  The VA output  
sweep can  be  s topped ha l fway , a t  wh i ch 
t ime i ts opera t i n g  parameters ( except 
for START V/ STOP V )  can be change d .  
When the VA output  sweep i s  comp l e ted , 
VA i s  a utomat i ca l l y  set  to OV . The V� 
output sweep can be cancel l ed and set  
to  OV  at  the  ha l fway po i nt wi th  the 
ABORT key . 

Note 

The VA output  vo l tage can be set  
to  START V and  i n i ti a l l y hel d a t  
thi s vol tage wi th the PAUSE key . 
After the des i red  "wa i t " t i me ,  VA 
output sweep can be restarted . 

Note 

VS D I SPLAY wi l l  d i s p l ay VA o u tput  
vol tage du r i n g  the t ime that  VS  
sect i on i s  outputt i ng vo l tage ( ex
cept when VA i s  set  to  OFF ) .  But  
when VB i s  set  to  = ,  bo th VA and 
VB sources are ou tputti ng  vol tages 
a t  the same t ime .  VB output  vo l t
age can be mon i tored  wi th VB 
key . 

Tab l e  3-5 . I n h i b i ti on of  Con tro l s and Operati n g  Parameters 
( When VS Secti on i s  Operati ng ) .  

Con tro 1 s Operati n g  Parameters 
VS Sweep Mode 

Co, 
V" * ';TAR T V  STOPV STEP V 

" " ' " , snp "" * VA 
HOLlJ T IMF Of LAY T IMI 

FUNCTION I NTEG .  T IME  VB 0 0 0 0 0 0 0 0 n 
AUTO , = ( DC )  x 6 x x x x x X X X X X X 

MANUAL ( PAUSE ) X 6 X X 0 0 X X 0 0 0 0 0 
0: Can be changed . 
6 :  Can not be changed duri ng  ramp wave . 
x :  Can no t be changed . 

I f  the changed val ue i s  to be used after res tart i n g ,  pre s s  PAUSE  after 
pres s i ng SET ( = ) . 

3 - 1 6 
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V A  (V) 
STOP v 

t l O 

o 

- 1 0  

S T ART V 

vs DI SPLAY 

1 s t 

STEP DELAY TIME 
RANGING T I M E  

IDELAY T I M E  
I 

STEP V 
1 _ _ _ _  8th 

Sec t i on I I I  
Fi g u res  3 - 7  and  3-8  

t ( s l  

F i  g u re 3 - 7 Rel a t i o ns h i p  between Output  Vo l tage and  D i s pl ay fo r / ( S i ng l e Sta i rcase  Wa ve ) . 

V.IV) 
STOP V 

+ 10 

o 

- 1 0  -

1 st 

STEP V 1 _ _ _ _  8th 

3rd 

START v - -*--,-1-- - - - - - - - - - - - - - - - - - - - - - - - - - -

v s  DISPLAY 

2 1 t h 

I ! 
I I ! 

STEP� ����Y I T I ME I 

t (  5 )  

O V  

Fi gure 3�8 .  Rel ati on s h i p  between Output Vo l ta ge and Di s p l ay for � ( Do ubl e Sta i rcas e  Wave ) . 
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F i gures  3-9 and 3 - 1 0 

V. ( V )  

S T O P  V 
f----��-H O L D  T I M E 

-- -- - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -.J----� 

6th 

5th  dV 
o I---� - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - ---1-------

START V ��---�-�------------ dt  ----------�� 

t ( s )  

9th  
( STOP V ) 

8th O V  V S  D I SP LAY 

Fi g u re 3- 9 .  Re l a t i o ns h i p  between  Output Vol tage a n d  D i s pl ay for J ( S i n g l e Ramp Wave ) .  

V. (V) 

S T OP V 

o 

START V 

VS D I S P L AY 

6th : & 

/ H O L D  T I ME 

"I 
- - - - - - - - - - - - - - - - - - - - - �h -

f--- - - - ----
S T E P  V 

dV dV 

-+--+----------1---- dt �. - ---L dt -�-----4 

HOLD TI ME 

1 s t  ( S T ART V )  

I t ( s )  
HOLD T I  ME I 

I 
I 
I 

1 0th 1 1th (START V) O V  

F i gure 3-1 0 .  Rel a ti on s h i p  between Output Vo l tage and  Di s p l ay for � ( Doub l e  Ramp Wave ) .  

3 - 1 8 
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3-37 . Outpu t Vo l tage Range . 

3-38 . The VS  secti on  o f  the 4 1 40B pro v i des 
two output  vol tage range s : a xl range 
( O . OOV '0 ± l O . OOV a t  the O . Ol V  s tep ) and a x l O 
range  ( O . OV '0 ± l OO . OV i n  O . l V  s teps ) .  Range 
chan g i n g  i s  done a u tomat i cal l y  by the fo l l ow
i ng methods ( depend i ng on VS output mode ) :  

( 1 ) DC = ( VA and  VB ) :  

Output  vol tage range i s  i nd i v i dual ly  
sel ected depend i n g  on the  val ue o f  the 
parameter ( VA = or  VB = ) . The xl 
range i s  se l ected when VA = ( VB = ) i s  
O . OOV '0 ± l O . OOV . The x l O range i s  se
l ec ted when VA = ( VB = ) i s  - l OO . OV '0 
-l O . l V  or +l O . l V  '0 +l OO . OV .  

( 2 )  Sta i rcase  Wave ( / , 1\. ) : 

Ou tpu t vol tage range  changes  a u tomat
i cal l y  from xl range to x l O ran ge or 
from x l O range to x l  range at  ± l O . OOV . 
I f  STEP V i s  set  to O . Ol V  re sol u t i on , 
s tep vol tage val ue i s  ra i sed  automat
i ca l l y  to O . l V  reso l u ti on on x l O range . 

Note 

When output vo l tage range i s  
changed from x l  range to x l O range  
or  from x l O  range to  x l  range , o u t
put  vol tage i s  a l ways set  to 
+l O . OOV ( o r  - l O . OOV ) as s hown i n  
F i gure 3 - 1 1 .  The rang i ng t i me 
needed  i s  approx i mate l y  20ms ( refer 
to F i gures 3-7 and  3-8 ) .  

• 9.80V 

I 

- IO . I V  

- I 0 3V � / 
I 

/ / I 

I 

+ IO.2 V 

jI/ " 

x 1 0  range 

STEP V = o. 1 5V 

x 1 ra nge 

/ / x 1 0  range 

F i g u re 3- 1 1 . Output  Vol tage Range  of 
Sta i rcase Wave . 

Sec t i on I I I  
Paragraphs  3-37  to 3-42 

( 3 )  Ramp Wa ve ( J ,  A ) : 
Output vol tage range i s  se l ected de
pen d i n g  on parameter val ues  ( START V 
and STOP V ) . The x l  range i s  se l ected 
wi th  absol u te val ues  of  START V and 
STOP V up  to 1 0  vol ts . The x l O range 
i s  s e l ected when absol ute val ues of 
START V or STOP V exceeds 1 0  vo l ts .  

3 -39 . Curre n t  L i m i t .  

3-40 . The VS  sect ion  o f  the 4 1 40B can b e  used 
not on l y  a s  i n dependen t ly  programma bl e DC 
vo l tage sources / function  generato r ,  but  al so 
as  a funct ion  gene rator  synchro n i zed to the 
pA Meter secti on for I -V/ C-V measu rements . 
I -V/ C-V mea s u rements a re general l y  u sed to 
make characteri st i c  mea s u rements and anal yses 
o f  semi conductor  dev i ces ( e . g .  d i ode s , F ET ' s ,  
etc . ) or o f  e l ectron i c  dev i ces ( e . g .  capac i 
tors , p c  boa rds , ca bl es , e tc . ) .  Some of 
these devi ces may be damaged by exces s i ve 
current . Each o f  the programma bl e DC vo l tage 
sources ( VA and VB ) has a curren t  l i m i ter to 
avo i d  damag i ng t he DUT by exces s i ve current .  
The i nd i v i dual  curren t l i m i ters can  be  set  
fo r the  cu rren t l i mi t val ue ( l O - 4A , 1 0 - 3A  or 
1 0 - 2A ) . If  the output cu rrent  goes to t he 
l im i t val ue , an L E D  l amp on t he front  pane l 
fl ashes  and  the vo l tage sou rce ( VA or  VB ) 
o u tputs curren t on ly  at  th i s max i mum val u e .  
Output vol tage val ue o f  the VS  DI SPLAY i s  
then i nva l i d .  

3-41 . V S  Sect ion  Operati ng  I n s tructi ons . 

3-42 . I n s truct ions  for operati ng  the VS  sec
tion  of  the  4 1 40B (when FUNCTION  is  set  to I )  
a re g i ven i n  Fi gure 3- 1 2 .  

3 - 1 9 



Sec ti on I I I  
Fi g u re 3- 1 2  

Model  4 1 40B 

m ''''" ''.';:'' . .  OC '"'''"' ,"'''' 

�:;·�-:r 1 __ ' ''' 1 1 : _  
_ _  0 _I fi _ � --"?"----c;]--, . ;  ...... " 121 

',. ' SJ . 
I , _> ,----

__ - - 1 
- - - ------ -------1 II " � " f'I" II'"I : ' ; ";1 , I , 

... 
.co cO [CC. [0J L 

PRO CEDURE 

( 1 ) Turn 41 40B O F F .  

B N C  ( ma l e )  - "  B N C  ( ma l e )  cab l e 

To OUT 

( 2 )  Connect tes t  l eads or tes t  fi xture ( e . g .  BNC (mal e )  - BNC ( mal e )  cabl es  
o f  1 6053A Tes t  Lead ( H P  Parts No . :  1 6053-6 1 003 ) ) to V OUTPUT connectors 
of 4 1 40B . 

( 3 )  Turn 41 40B ON . 

( 4 )  At turn -o n , Sel f Tes t  of  4 1 40B i s  perfo rmed automat i ca l ly  ( refer  to 
paragraph 3-5 ) .  

No te 

The 4 1 40B req u i res  a one  hour warm up t i me to s at i s fy al l 
s pec i fi cat ion s  l i s ted i n  Tab l e  1 - 1 .  

( 5 )  The VS  section  of  4 1 40B i s  set  automati cal l y  as fo l l ows : 

FUNCTION  . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
VA . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . .  / 
VB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  OFF  
PARAMETER . • . . . . . . . . . . . . . . . • . . . . . . . . . . . . .  a l l paramete rs are 0 
VA CURRENT L I r� I T  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 -4 A 
VB CURRENT L I M I T  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 -4A 

( 6 )  Sel ect des i red  VA and VB o u tput modes wi th V S  Mode Sel ect keys o n  fro n t  
pane l  ( refer to paragraph 3-3 1 ) .  

( 7 )  I n put  va l ues  for VA opera t i n g  paramete rs depend o n  se l ected VA output 
modes as  fo l l ows ( refe r  to paragraph 3-33 ) : 

- . VA == . 
r" , � : START V ,  STOP V ,  STEP V ,  HOL D  T IME , STEP DELAY T IME .  
� , � : START V ,  STOP V ,  STEP V ,  HOLD T IME , dV/dt .  

( 8 )  I n p u t  val ue for VB � when VB wi l l  al so b e  u s ed .  

( 9 )  Set curren t l i mi t val ues  fo r VA and VB wi th  CURRENT L IM I T  Se l ect keys 
( re fer  to paragraph 3-39 ) .  

F i g u re 3 - 1 2 .  V S  Sect i o n  Opera t i n g  I n s truct i o n s  ( when FUNCT I ON i s  set  to I )  ( s heet 1 of  2 ) .  

3 -20 
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( 1 0 ) Sta rt vo l tage o u tput wi th fo l l ow i n g  keys fo r each VA sett i n g  ( re fer  to 
paragraph 3-35 ) :  

- - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Q, 
Auto Sweep . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [5 
Manua l  Sweep . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . "" 'C,,,,, 

(2] 
( 1 1 )  Du r i n g  the t i me that VS  sect ion  i s  outputti ng  vo l tage , the V OUTPUT l amp 

i s  l i t . 

Note 

VS D I SP LAY wi l l  d i s p l ay VA output  vol tage dur i n g  the t i me 
that VS sect i on i s  outpu tt i ng vol tage ( except when VA i s  set 
to OFF ) . But when VB i s  set to = , both VA and VB sources 
are outpu tt i ng  vo l tages a t  the same t i me .  VB o u tput  vo l tage 
can be mon i tored wi th  VB = key . 

The equ i val ent  c i rcu i t o f  the VS  ( Vo l tage Source ) s ect ion  i n  the 41 40B 
i s  s hown be l ow :  

�)  VA OUTPUT connector 

l l�� VB 

L...-----i4f t.: VB OUTPUT connector 

WARN I NG 

± l OOV MAX MAY EX I ST ON  THE CENTER CONDUCTOR O F  BNC ( FEMALE ) 
CONNECTORS OF  VA AND VB. 

( 1 2 )  I f  VA i s  set  to Auto Sweep , VA and VB are automat i cal l y  set  to a bort con 
d i t i on ( OV )  when auto swee p i s  compl ete d .  When VA i s  s e t  to Man ua l  Sweep 
or = , VA and VB can be set  to a bort condi t i o n  ( OV )  w i th ABORT ( RESET 
key . 

Note 

VA a u to sweep can be s topped at the ha l fway po i nt wi th  the 
ABORT key . 

F i g u re 3 - 1 2 .  VS  Sect i on Opera t i n g  I n s truct i on s  (when FUNCTION i s  set  to I )  ( s heet 2 o f  2 ) .  

3-2 1  



Sec t i on I I I  
Parag raphs  3 - 43 to 3-46 

3-43 . I -V MEASUREMENT 

3-44 . The Model 4 1 40B  can automa ti ca l l y syn 
chron i ze meas u rement  t im i ng  between the pA 
Meter secti on and the VS ( Vo l tage Source ) 
secti on  when the FUNCT ION i s  set  to I -V .  Ac
curate I-V measurements wi th the s ta i rca se 
( ./ , A )  or  ramp (J ' A ) waves can be 
made by ta k i n g  advan tage o f  the vari a bl e 
d i g i ta l  i ntegra t i o n  (mov i ng average method )  
wh i ch i s  descr i bed i n  paragraph 3- 1 8 .  Opera
t i o n s  o f  the I -V measureme n t  are des cri bed i n  
paragra phs 3-43 thru 3-48 . For bas i  c opera 
t i onal  i n s tructi ons  o f  the p A  ��eter secti on , 
refe r  to paragraphs  3- 1 2 thru 3-26  and for 
the VS sect ion  re fer to paragraphs 3-27  thru 
3-42 . 

3-45 . I -V Meas u rement  Data O u tput .  

3-46 . Meas u remen t t i m i n g  i s  a u tomati cal l y  
synchro n i zed  between the pA Meter secti on  and 
the VS  secti on  i n  I -V measureme n ts to a s s u re 
that the meas u rement  i s  taken at  the co rrect 
t im i n g . The me thods fo r tak i ng raw curren t  
measurement  da ta fo r d i g i ta l  i ntegrat ion  of  
the  pA  Meter secti on  changes dependen t on  the 
output modes of the VS  sect i on  as  fo l l ows : 

( 1 ) Sta i rcase wave ( / , A ) :  
Di g i tal  i n tegra t i on ( refer to paragraph 
3- 1 8 )  or  each s tep  measurement  i s  done , 
u s i ng the raw cu rre n t  meas u rement data , 
a fter VA goes to i ts s tep  vol tage . 
Therefo re , the rel a t i o n s h i p between the 
I-V meas u rement  and  i ts data o u tput ( to 
the I · C  D I S PLAY and VS  D I S PLAY fo r a 
s ta i rcase wave wi l l  be as  s hown i n  
F i gures  3 - 1 3 and 3- 1 4 .  

Note 
When FUNCTION  i s  changed to 
I -V ,  the i n val i d  data ann un
c i a t i o n (  ) i s  d i s p l ayed 
on  the I · C  D I SPLAY . 

( 2 )  Ramp wave ( J  , A ) :  

3-22 

Output vol tage o f  the ramp wave changes  
con t i n uo u s l y  at  a s pec i f i c  ramp rate 
( dV/ dt ) so that d i g i tal  i n tegrat i on 
( for each vol tage s te p )  i s  done u s i ng 
the raw curren t measuremen t data before 
and  a fter VA goes to i ts s tep vol tage 
( i n  equa l  peri ods  above and bel ow t he 
s tep vo l tage as  f i xed by the i ntegra
ti o n  t i me ) . Therefo re , t he rel a t i o n s h i p 
between the I -V meas u rement and i ts 
data output  ( to the I · C  D I S P LAY and VS 
D I S PLAY ) for a ramp wave wi l l  be as 
s hown i n  F i gures  3 - 1 5 and  3 - 1 6 .  

Model  4 1 40B 

Note 

When raw current  meas urement  
data for d i g i ta l  i n tegrati on  
i s  s ho r t ,  an i nva l i d  data  an
nunc i at ion  � ) i s  di s 
p l ayed  o n  the I ' C  D I SPLAY . 
Th i s  annunc i a ti on  a l ways ap
pears j u s t  afte r c han g i n g  
FUNCT ION or after a para
me te r ( s )  i s  change d ,  or  at 
the START V .  If the STEP V i s  
set  to a sma l l val ue when the 
ramprate ( dV/dt ) i s  set to a 
fas t  va l ue and the i n tegra 
t i on t ime i s  set  to LONG , 
th i s  annunc i at i o n  a l so ap
pears at severa l  s tep vo l tage 
j u s t  after START V .  

Note 

For I -V measurements wi th 
the ramp wave , i f  I RANGE i s  
set to AUTO , an opt i mum 
range i s  automat i c a l l y  
se l ec ted for every 
measurement at each step . 
However , the i n strument 
req u i res  rang i ng t i mes 
( refer to Tab l e 1 -2 ) ,  so  i t  
i s  not poss i b l e  t o  measure 
wi th exac t t i mi ng ;  
therefore , I RANGE must  be 
set to MANUAL . 



Mode l  4 1 40B 

VA(V) 
STOP V 

+ 1 0  

o 

- 1 0  
START V 

I ' C  DISPLAY 

vs DI SPLAY 

Fi g ure 3- 1 3 .  

STOP V 
+ 1 0  

o 

- 1 0  
START V 

Section  I I  I 
F i g u re s  3- 1 3 and  3- 1 4 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 9th 

1 st 

I ' NTEG 
I TIME j 2nd 3rd 

8th �--����--�-,� 
r--� I HOLD 

��1�G I TIME 
r - - - - -- - - -

STEP V 
I 
I 1 _ _ _ _ .--__ 7 t-ih 

I 
I 
I 
I 
I -- - - - - - - - - - - - - - - - - - - - -- - - r -

r-�� I 

4th  5th 6th 7th  8th 9th 

I 
I 
I 
I 
I 

1 0th  

t ( s )  

1 0th l STOP V i  

Rel a ti on s h i p  between I - V  Mea s u rement and  Di s p l ays  for ./ ( S i ng l e  Sta i rcase Wave ) . 

- - - -- - - - - - - - - - - - - - - - - ��� 

r - - - - - -
STEP V 

1 _ _ _  _ 

I I I 

1 0th l l th 

� t ( s )  Ir'� HOLD STEP : RANGIN I 'NTEG 
T I ME 'iT��Y I T I ME I T I M E  

STEP INTEG I HOLD 
DELAY TlME I T IME  
T IME I 

I ' C  DISPLAY 

vs D I SPLAY 

Fi gure 3- 1 4 .  Re l a ti on sh i p  between I - V  Meas uremen t and Di s p l ays fo r � ( Do ub l e Sta i rcase  Wave ) .  
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F i g ures 3 - 1 5 and  3 - 1 6 

V.IV)  �LD T I ME 
STOP V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

o 

START V 

I e D I SPLAY 

VS D I SP LAY 

I I 
I �TEG 

HOLD T I ME 

I NVALI D 1-----)  
DAT A  

S T A R T  V 

1 s t 

1 st 

T I M E  

dt 

2nd 3rd 

2nd 3rd 

4th 

4th 

5th 6th 

5th 6th 

Model  41 40B 

t ( s )  

Fi gure 3- 1 5 .  Re l a ti o ns h i p betwee n I - V Meas urement a n d  Di sp l ays fo r J ( Si ng l e Ramp Wave ) . 

V.I V )  �OLD T I M E  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 I STOP V 

o 
dV dV 

ST ART V 

I · e  DI SPLAY 4th 

VS D I S P L AY S T A  RT V 1 s t I 2nd I 3rd I 4th 5th 6th 7th 8th 

Fi gure 3 - 1 6 .  Rel a ti ons h i p between I - V Meas urement  and Di sp l ays for � ( Do ub l e Ramp Wave ) .  
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Model 4 1 40B Secti on I I I  
Paragraphs 3-47 and 3-48 

3-47 . I - V  Meas u rement  Opera t i n g  I n s tructi ons .  

3-48 . Opera t i n g  i n s truct ions  for tak i ng an I 
V measurement  are g i ven  i n  F i gure 3 - 1 7 .  

1 6055A Tes t  F i xture 

1 6053A 
Leads 

PROCEDURE : 

( 1 ) Turn 41 40B O F F .  

( 2 )  Connect 1 6055A Tes t  Fi xture t o  I I NP UT a n d  V OUTPUT connectors of  the 
4 1 40B wi th  1 6053A Tes t  Leads . 

F i gure 3 - 1 7 .  I -V Fun c t i on Operati ng  I n struct ions  ( s heet 1 of  4 ) . 
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Sect i on I T I  
F i gu re 3 - 1 7 

Mode 1 4 1 40B 

1 6055A Tes t  F i x tu re 

3-26 

The 1 6055A can be used fo r s ta b l e  pA current meas ureme n ts of general  de
v i ces wi th the e l ectro s tati c/ l i ght-s h i e l ded hoo d .  OUT can be connected  
eas i l y  wi th a l l i gator-c l i ps or wi th the TO- 5  type sockets whi c h  are 
fu rn i s hed acce s so r i e s  o f  the 1 6055A ( refer  to Ta bl e 1-4 for photo s  and  
part n umbers o f  acce s sor i es ) . 

LOW l ead  connecti on  o f  pA Me ter section  i n  the 41 40B i s  se l ected wi th  
1 6055A LOW L EAD CONNECTION se l ect swi tch a s  fo l l ows : 

o VA , VB : 

o GND 

LOW H I GH GND 

� �- - �  rD .fDUT1-1 
or 

Ve 

LOW H IGH VA or Ve r-®----O-.fD""uT ��.I 
1 

� _ _  .J 

I 

CAUTION 

FOR SAFETY , THE  1 6055A SETS  
VOLTAGE SOURCES  ( VA , VB AND 
EXTERNAL ) TO OFF BY A M I CRO
SWITCH WHEN THE HOOD I S  
OPENED  (AS I LLUSTRATED I N  
F I GURE A T  R I GHT ) . M I CRO
SW I TCH CONTACTS ARE LOW RE
S I STANCE CONTACTS . HOWE V E R ,  
TH I S  RES I STANCE I N CREASES 
W I TH T IME . TO CL EAN CON 
TACT , DR IVE  A CURRENT OF  
0 . 1 TO  l A  THROUGH CONTACT.  
OPEN  AND CLOSE CONTACTS 
ONCE OR  TW I C E .  THE H EAT AND 
ARC I N G  W I LL CLEAN CONTACTS . 

L OFF 
ON 

.-----��--�.--� 

-

0 1  \ \ I 
I 
I 
I 

�o�----�o-------o � 
Ve o-----o-ro------o Ve 

I 
EXT BIAS 0-0------0010------0 EXT BIAS 

iD. WAR N I NG 
I N PUT OUPUT 

DO NOT USE  1 6055A W I TH HP MODEL 1 6054A CONNECTION  SELECTO R .  
A HAZARDOUS  VOLTAGE MAY EX I ST O N  L O W  L EAD TERM I NAL E V E N  I F  
1 6055A LOW LEAD CONNECTION  SELECT SWI TCH I S  S ET TO GND POS I 
T ION  WHEN 1 6054A LOW L EAD S EL E CT SWI TCH I S  SET TO NA OR VB 
POS I T ION . 

Fi gu re 3 -1 7 .  I -V Funct ion  Operat i n g  I n s truct i ons  ( sheet 2 of  4 ) . 



Model  41 40B Secti on I I I  
F i g u re 3 - 1 7 

( 3 )  Turn 41 40B ON . 

( 4 )  At turn -on , Sel f Tes t  o f  4 1 40B i s  perfo rmed automat i ca l l y ( refe r  to 
paragraph 3 -5 ) .  

Note 

The 41 40B requ i res a one hour  warm up  t i me to sat i s fy a l l 
s pec i fi cati ons  l i s ted  i n  Tabl e 1 -1 .  

( 5 )  The 41 40B i s  automat i ca l l y  set  as  fo l l ows : 
FUNCT ION  • . . . . . . . . . . . . . . . . . . . • • • . . • • • • . • . . .  I 
I RANGE . . . . . . . . . . . . . . . . . . . . . • . . • • . • . . . •  AUTO 
Lower L i m i t  of AUTO Mode . . . . • . . • • • • • •  1 0 - 1 2A  
I NTEG T IM E  • . . . . . . . . . . . • . . . • . • • . • . . • • • . .  LONG 
F I LTER  . . . • • . . . . . . . . . . • . • . . . • . . . . • . . . . . • • •  ON 
I TR IG  • . . • . . . . . . . . . . . • . • . . . • . . . . . . . . . . . .  I NT 
VA . • . . . . . . . . • . . • • . . . . . . . . . . . . . . . . . . • • . . •  / 
VB . . . . . . . . . . • . . . • . . . . . . . . . • • • • . . • • • . • • . •  OFF  
PARAMETER . . . . . . . . . . . . . .  a l l parameters a re 0 
I Z ERO OFFSET • . . . . . . . • . . . . . . . • . . • • . . . • .  0 fA 
C ZERO OFFSET . . • . . . . . • • . . • • . . • . • . • . . • . .  0 eF 
VA CURRENT L I M I T  . • . . . . . • . . . . . . . . • . • • . .  1 0 - A 
VB CURRENT L IM IT . . • . . . . . . . • • . • • • . . . . • •  1 0- 4 A  

( 6 )  Confi rm that  the I ' C  Da ta Output  Tri gger l amp i s  fl as h i ng . 

( 7 )  Sel ect  des i red i n tegrat ion  t i me wi th  the I NTEG T IME  keys  on front  panel 
( refer  to paragraph 3 - 1 8 ) .  

( 8 )  Connect noth i ng to 1 6055A ( Open ) .  

( 9 )  When u s i ng the 1 0 - 1 2A meas urement range , set  I · C D I S PLAY to 0 . 00 x 1 0 - 1 2A 
wi th  ZERO o ffset key ( refer to paragraph 3-23 ) .  

( 1 0 )  Set FUNCT I ON to I - V .  

( 1 1 )  Se l ect  des i red  curren t  measuremen t range wi th  I RANGE keys ( refer to 
paragraph 3 - 1 6 ) .  

( 1 2 )  Se l ect des i red  VA and VB o u tput modes wi th  VS  Mode Se l ect  keys o n  fron t  
pane 1 ( re fer to paragraph 3 -3 1 ) .  

( 1 3 )  I n p u t  val ues  fo r VA operat i ng  parame ters depend i n g  on  sel ected  VA output 
mode as  fo l l ows ( re fer to paragraph 3-3 3 ) : 

/ , .I\. : START V ,  STOP V ,  STEP V ,  HOL D  T IME , STEP DELAY TIME . 
J , A : START V ,  STOP V ,  STEP V ,  HOL D  T I �1E , dV/ d t .  

( 1 4 )  I n p u t  val ue  for VB = (when VB i s  a l so t o  b e  u se d ) .  

( 1 5 )  Sel ect curre n t  l i m i t val ues  o f  VA and VB wi th CURRENT L IM I T  Sel ect keys 
keys ( re fe r  to paragraph 3 -39 ) .  

( 1 6 )  Sel ect Low l ead connect ion  o f  pA Meter-sect ion  i n  the 4 1 40A wi t h  1 6055A 
LOW LEAD CONN ECTION Sel ect  swi tch dependi ng on  k i nd of measuremen t .  

F i g u re 3 - 1 7 .  I -V Funct i on Opera t i ng I ns tructi ons  ( s heet 3 of  4 ) . 

3-27  



Secti on I I I  Model  4 1 40B 
F i  gure 3- 1 7  

3 -28 

( 1 7 ) Connect OUT to 1 6055A wi th  a l l i gator  cl i ps or  TO- 5  socket depen di n g  on 
k i nd o f  meas u rement . 

( 1 8 ) S tart C-V  measurement  wi t h  fo l l owi n g  keys for each  VA setti n g  ( re fer  to 
fer to paragraph 3-35 ) :  

Auto Sweep . . . . . • . . . .  P. 
Man ua l  Sweep . . . . . . . .  "'8·" 

Connecti ons  for typ i ca l  appl i catons fo r I -V meas ureme n ts are g i ven be l ow :  

1 .  I -V Character i s ti c  Meas uremen t  o f  FET :  

2 .  Break down Vo l tage Measurement o f  D i o de : 

VA 

3 .  Thre s ho l d Vo l tage Measu rement  o f  FET : 

VB 

Note 

Spec i fi c  i nformati on  on OUT connect i on i s  
descri bed i n  paragraph 3 -6 1 . 

F i gu re 3 - 1 7 .  I -V Funct ion  Operat i ng  I n s truct ion s  ( s heet 4 o f  4 ) .  
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3-49 . C-V MEASUREMENT .  

3 -50 .  The Model  41 40B can automati ca l l y  syn
chro n i ze mea s u rement  t i m i n g  between the pA 
Meter sect i on and the VS  ( Vo l tage Sou rce ) 
sect ion  to make Quas i -Stati c C-V  characte r
i s t i cs meas u remen ts when the FUNCT ION  i s  set  
to  C -V .  Accurate C-� measureme n ts , u s i n g  the 
prec i s e  ramp ( �  , � ) waves and the h i g h  
s tab i l i ty pA Meter w i th i ts 1 0- l sA max .  re
so l u t i on , can be made by tak i ng advan tage of  
the  i n s truments ' vari ab l e d i g i ta l  i ntegra t i on 
( mo v i n g  average me thod ) de scr i bed i n  para
graph 3- 1 8 .  The capaci tan ce va l ue i s  ca l cu
l a te d  from the fo l l ow i ng  fo rmu l a :  

C - I (mea s u red current va l ue )  - dV/ d t  ( ramp rate ) 

C-V  meas u rement  o perat ion s  are des cri bed i n  
paragraphs 3 -49 thru 3 -60 .  Fo r bas i c  oper
at iona l  i n s truct i on s  of  the pA Me ter secti on , 
refe r to paragraphs  3 - 1 2 thru 3-26  and  fo r 
operat ion  o f  the VS  secti on  re fer to para
graphs  3-27  thru 3-42 . 

3 -5 1 . C-V Measurement Data Ou tput 

3-52 . T im i ng  i n  C-V  mea s u rements  i s  a utomat i 
ca l l y  synchro n i zed between the pA Meter 
and  the accura te ramp wa ve ( � , � ) by 
the VS secti on to a s s ure that the mea s u re
ments a re ta ken at the  co rrect t i mes . Output  
vol tage o f  the  ramp wave changes con ti n uo u s l y  
at  a spec i fi c  ramp rate (dV/d t )  so that d i g
i tal  i n tegra t i on ( for each vo l tage s tep ) i s  
done u s i ng the raw current  mea su rement  da ta 
before and  after VA goes to i ts s tep vo l tage 
( i n  equa l  per i ods a bove and be l ow the s tep  
vol tage a s  f i xed  by the  i n tegra t i o n  t i me ) .  
Therefore , the re l at i ons h i p between the C-V 
mea s u remen t and i ts data ou tpu t ( to the I ' C  
D I SPLAY and VS D I S PLAY )  wi l l  be as  s hown i n  
F i gures  3 - 1 8 and 3- 1 9 .  

Note 

When the raw current  measurement  data 
for d i g i ta l  i n tegra t i o n  i s  s hort , an 
i nva l i d  data annun c i at ion  ( ) 
i s  d i sp l ayed on  the I · C  D I S PLAY . 
Thi s annun c i at ion  al ways appears j u s t  
after chan g i n g  FUNCT ION , after a pa
rameter ( s )  i s  changed , or  at  the 
START V. If the STEP V i s  set to a 
smal l val ue when the ramp rate ( dV/dt ) 
i s  set to a fas t  val ue and  the i n te
grat ion  t i me i s  set  to  LONG , th i s an 
n u n c i a t i o n  a l so appea rs a t  severa l  

Sect ion  I I I  
Paragraphs  3-49 to  3-54 

s tep  vo l tages j us t  after START V .  I n  
a C-V meas u reme n t , l es ser s i gn i fi cant 
d i g i t da ta of the  ca l cu l ated  capaci 
tan ce i s  d i s p l ayed when the n umber o f  
s i gn i fi can t d i g i ts for the current  
mea s u rement  data i s  l es s  than  the 
to ta l d i g i ts of the cal cu l ated capac
i tance . ( refer to F i g ure 3-20 ) . In an 
I ' C  D I SPLAY , the l e s ser  s i gn i fi cant  
d i g i t data i s  repre sen ted by a sma l l  
zero fi gure ( �  ) to d i fferent i ate i t  
from t he mo re s i gn i fi cant d i g i t  whi c h  
i s  represen ted by a 1 a rge zero ( 00 )  
as  s hown i n  F i gure 3 -4 .  

3 - 5 3 .  C-V Measureme n t  Ran ge 

3-54 .  For a C-V measureme n t ,  the  4 1 40B pro
v i de s  two meas u rement ran ges , 0 . OpF�1 99 . 9pF 
in  O . l pF s teps  and 200pF�1 999pF in  l pF steps . 
Ran ge chan g i ng  i s  done automati cal l y .  I n  ad
d i t i on , a current  measurement  ran ge , whi c h  i s  
an actual  meas u remen t range , i s  prov i ded  as  
in  I or  I -V measureme n ts ( re fer  to paragraph 
3 - 1 6 ) .  I f  the I ' C  DI SPLAY count  i s  over 1 999 
counts  when the curren t  meas u remen t ran qe i s  
he l d ,  the I · C D I S PLAY di sp l ays an ( fIBa )  
annunc i at ion  as  i n  I or  I - V  measu reme� f 
the ca l cu l a ted  capaci tan ce val ue i s  over 1 999 
pF,  the I · C  D I SPLAY d i s p l ays an ( r .... ) 
annun c i at ion . I f  the cal cu l ated capac i tan ce 
val ue i n  pe rcent  i s  over 1 99 . 9% when the I ' C  
D I SPLAY i s  set to percent  d i s p l ay ,  the I · C  
D I SPLAY d i s p l ays an ( � ) annun c i a ti on . 
The rel a t i o n s h i p betwe�e ca l cu l ated ca
pac i tan ce val ue and curren t  measu remen t 
ranges are s hown i n  F i g u re 3- 2 0 .  To ma ke C-V 
measurements  on  the mos t  s u i tab l e curren t  
measurement  ran ge , u se  the fo l l ow i ng  proce
dures : 

( 1 ) Set the 41 40B fo r C-V meas uremen t  ( re
fe r to  Fi gure 3-23 ) .  

( 2 )  Set FUNCT ION to I -V .  

( 3 )  At th i s  t i me , the 4 1 40B pane l contro l  
funct ion s  are automati cal l y  set  as  
fo l l ows ( re fer  to  paragraph 3-8 ) : 

VA . . . . . . . . . . . . . . . .  / 

( 4 )  Set I RANGE  to AUTO . 

( 5 )  Se l ect des i red VA o u tput  mode wi th VA 
Mode Se l ect key . 

( 6 )  Make an I - V  measureme n t .  

( 7 )  S e t  curren t  measurement range to max i 
mum ran ge fo r an I - V  measuremen t .  
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Fi g u res  3-1 8 and  3 - 1 9 

V. { V )  

S T O P  V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

o 

S T A R T  V 

I C D I S P L AY 

V S  D I S P LAY 

HOLD TI M E  

I N V ALI D ( - - - - - )  
DAT A  

S T A R T  V 

2nd 

1 s t 

1 s t 

S T E P  v 

i _ _ _ _ _  3!.h 

T I M E  

dt 

2nd 3rd 1 4th 5th 

2nd I 3rd 1 4th 5th 

�LD T I M E  

6th 

6th 

Model  4 l 40B 

t ( s ) 

Fi gure 3 - 1 8 .  Re l at ion s h i p  between C - V  �1ea s u rement and Di sp l ays fo r J ( Si ng l e  Ramp Wave ) .  

V.I V )  

S T O P  V 

o 

ST A R T  V 

I ·  C DI S P L AY 

VS D I S P L AY 

�O L D  T I M E  

- - - - - - - - - - - - - - - - _ _ _ _ _ _  1 I 

dV dV 

5th 

'------- dt 

S T A R T V 1 s t I 2nd I 3rd I 

4th 

4th 5th 

8th 

6th 7th 8th 

Fi gure 3- 1 9 .  Re l ati on s h i p be tween C-V Measuremen t and Di sp l ays for � ( Doub l e Ramp Wave ) .  
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Model 41 40B 

I RANGE · I O-IOA 

4 1 1  I 4 1 2 1  4 131 4 1 4  
, 01-1 4 121 4 1 31 4�1, 

1 999 
10 00 

1 999 
1 000 

3 1 1 1  3 1 2 !_� ·3·1 3 1, 31 1 1� 3 1 2 1  3 1 3 1-1>-; 3 14 1  

4 1 1 1  4 12 1  4 1 3  
lot- '4 1 1 1  4 12 1  4 1 3 1  i!.4 200 

100.0 
200 

100.0 

31 1 1  - 3 12 1  3 1  I I 3 1 2 1--r"I 3 131 
UI 

"-
� "-

,... m u 

10.0 
� 

1 0.0 

2 1  I I 2 1 1 1-� 2 12 1  

1 .0 it- 1 . 0  

1 1 1 1 
�l 

0 . 1  0 . 1  � 
0.001 0.01 0.1 0·001 0.01 0·1 

dV/dt ( V/ s )  dV/dt ( V/ s )  

! R A  N GE ;  IO-I IA 

113 I � �14 1  .. 
1 999 
1000 

3 1 2 1� 3 13 1-"'-; 314 1  

4 1 2  I 4 13 1  4�\ 
200 200 

100.0 100.0 
1.999 x IO- IIA 

- 3 1 1 1  :ii3 i-' 314lt 3 1 2 1  "-
� u 

.� 1·000 x IO-I I A  10.0 10.0 

li2
U;j 

-I'< 2ffil 2 1 1 1  
::!': 0.100 x I O-I IA 

1 .0 n 1 .0 

, C�"'.' -r-< i 121  1 1'111' 1- J-H 

I �. Imf 0.001 0.01 0.1\ I 

0.010 x IO-IIA 

0 . 1  0.001 o. 

dV/dt ( V/ s )  dV/dt ( V/ s )  

( N ote 1 )  Accu rac i e s  a re spec i f ied  i n  s haded areas o n l y .  
( Note 2 )  Numeri cs i n  each a rea mean d i g i ts of  capaci tance ( cu rren t ) . 

Sect ion I I I  
F i g u re 3-20 

0.010 x lo-I'h 

F i gure 3-20 . Rel a ti onsh i p  between Cal cul ated Capac i tance Va l ue a n d  Current Meas uremen t Range . 
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Sec tion  I I I 
Paragraphs  3-55 and  3 - 56 

( 8 )  Set FUNCTION to C-V . 

( 9 )  At thi s t ime ,  the 4 1 40B  pane l con tro l 
funct ions  a re automati ca l l y  set as  
fol l ows ( re fer  to paragraph 3-8 ) : 

VA . . . . . . . . . . . . . . . .  J 
C measu rement 
u n i t  i nd i cator . . . . pF  

( 1 0 ) If ca l cu l ated  capaci tan ce val ue i s  to 
be d i s p l ayed i n  pe rce n t ,  set  d i s p l ayed 
val ue of I · C D I SPLAY to percent change 
wi th Percent  key . 

( 1 1 ) Se l ect  des i red VA output  mode wi th VA 
Mode Sel ect Key . 

( 1 2 )  Start C-V mea s u rement wi th AUTO START 
key . 

Note 

These procedures  are the mos t  e ffec
ti ve methods for setti ng  up  the mos t  
su i tab l e cu rrent  measurement  ran ge 
for C-V measuremen t .  Howeve r ,  th i s  
me thod may take a re l ati ve l y  l on g  
ti me when t h e  ramp rate ( dV/d t )  i s  
set to a s l ow va l ue .  I f  the approx i 
mate capac i tance val ue of  the OUT i s  
known , the most  s u i tab l e current 
range for a C-V measurement can be 
se l ected by us i ng F i g u re 3-21 . 

The accuracy of  the 4 1 40B C-V measu rement  i s  
de term ined  by the accuracy of the pA Me ter 
current measu rement and  of  the ramp ra te 
( dV/ dt ) accu racy o f  the ramp wave ( from the 
a bove equati on ) .  Ca l cu l ated accurac i e s  for 
C-V mea s u rements are g i ven i n  Tab l e 3-6  and 
F i gure 3-22 as refe rence data ( not  as spec i 
fi cat ions ) .  

3-55 . C-V Measurement  Zero Offset 

3-56 . I n  a C-V measu remen t ,  the 41 40B has  a 
zero offset funct ion  fo r capaci tan ce wh i ch i s  
i ndependent of  the zero offset functi on for a 
current  measurement  ( refer to paragraph  3-23 ). 
To mi n i mi ze mea s u rement  erro r ,  the zero off
set  for C-V mea surement can be used to cancel 
the o ffset error caused by stray capaci tance 
in the tes t l eads/te s t  fi xture .  the method 
for do i ng a zero o ffset i s  descri bed i n  F i g
ure 3-23 . Offset l i mi t for a C-V measurement 
i s  0 . 0  � 1 00 . Op F .  The zero offset va l ue  i s  
set to OpF  when the 4 1 40B i s  turned to ON . 
When the Z E RO offset key i s  pushed , the va l ue 
of  the I · C D I S PLAY adds to the zero o ffset 
va l ue . 
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Model  41 40B 

1 9 9 9  

" I'" '" 
10-9 A 1 0 00 

10-IOA 

200 

100.0 I'" " 
1 0-IrA 

u: 
� 
u 

1 0.0 I'" 
10-12A 

1 .0 

� 

" 

0 . 1  
0.001 0.01 0. 1 

dV/ dt ( V/s)  

F i g u re 3-2 1 . S u i tab l e Curren t Mea s u rement 
Ranges for C-V Mea s urements . 

No te 

A zero offset can a l so be done by 
remote program code " z "  v i a  the HP- l B .  



Model  4 l 40B Sect i on I I I  
Paragraphs 3�57  to 3-60  

Tab l e  3-6 . C-V Mea s u rement  Accuracy . 

Output Capaci tance Current  
Vol tage Meas uremen t Measuremen t 

Range ( V )  Range ( p F )  Range ( A )  

1 0  - 1 0 

1 00 . 0  1 0 -1 1  

+ 1 0  1 0 - 1 2 -
1 0 - 9 

1 000 1 0  -1 0  

1 0  - 1 1  

1 0  -1 2 

1 0  -1 0 

1 00 . 0  1 0  - 1 1  

!: 1 00 
1 0  -

1 2 

1 0  - 9 

1 000 1 0  -1 0 

1 0  
-1 1 

1 0  -1 2 

dV/dt ( V/ s ) 

0 . 00 1  v 0 . 01 1 0 . 01 cv 0 . 1  0 . 1  cv 1 ------
±((2 2 + 0 001 ) 2 ------ . dV!di + dV!dt 

-- -

--
----

---
---- I ( ( + 0.001 J + 0 3 ) ± 5.2 -dv7dt dV!dt 

± C (  5 2 + Q.OQL J+ 0.08 - ) . dV!dt dV/dt ------
0.001 2 ------ ±(CO.7+ dVldt )+ dv7dl ---

--
--1 

± ( ( 2  + 0 001 )+ 0. 2 
2 dVjdt dVjdt 

±( ( 5  2 �) +�) . + d v / d t  d v / d t  ----------
±(( 5 2 + 0.001 )+ 0.008 l . dV!dt dV!dt ------------ - -- -

(C  0.008 2 ± 2.2 + dV!dt )+ dV!dt 

-- -- ---- - --1 ( ( + 0.008 ) + 0.3 ) 
± 5.2 dV!dt dV!dt 

----
± (  ( 5 2  + 0.008 )+ 0,08_ ) . dV!dt dV!d t ----- -- 0.008 2 t( (07 + dV!dt ) + dV!dt 

-- -- -- -
- , 

± ( ( 2 2 + ��7�t )+ d�k ) 

± ( ( 5 2  + 0 008 )+ � )  . dV/dt dV!dt ---------
H( 5  2+.JUl01l. )+.<>.008 , 

. dV!dt dV!dt ------
Note 1 . !: ( %  of  read i ng + coun ts ) at 230 C±5° C, S. 70 % h umi  d i ty ,  I NTEG T IME  LONG 
Note 2 . Accura c i e s  can be speci fi ed  on ly  i n  s haded a reas of  F i gure 3-20 . 
Note 3 . Leakage cu rren t through  re s i s tance of  OUT and  test  l eads contri butes  

add i t i on a l  e rror .  

3-57 . C -V  Measu rement  i n  Percent  Note 

3-58 . The C-V  measurement  of  the 4 l 40B can 
be d i s p l ayed as  percent change VS  Cox ( the 
reference capaci tan ce val ue ) .  D i s pl ay ran ge 
i n  percen t  i s  0 . 0%�1 99 . 9% i n  0 . 1 %  s teps . Cox 
i s  the capaci tance o f  an oxi de fi l m  of M I S  
cons tructi on . Percent change VS  Cox i s  the 
mos t  s u i tab l e d i sp l ay method fo r normal i z i ng 
and  anal y z i ng C-V  characteri s t i cs of  M I S  con 
s truct ion . The Setti ng  l i m i t for Cox i s  0 . 1  
p Fcv1 99 . 9pF  i n  O . l pF s teps an d 200pF'V1 999pF i n  
1 p F  s teps . 

I f  setti ng  of Cox val ue exceeds the 
setti n g  l i m i t  descri bed abo ve , the VS  
D I SP LAY d i s p l ays an annunc i at i o n  ( _ )  a n d  the Cox val ue se l ec ted 
i s  not i nput . 

Note 

The Cox val ue can be set  v i a  the 
HP- I B  ( refer to paragraph 3-85 ) . 

3-59 . C-V Measurement Operati n g  I n s tructi ons . 

3-60 . Operati ng  i n s tructi ons fo r a C-V  mea
surement  a re g i ven in  F i gure 3 - 2 3 .  
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Section  I I I  
F i  gure 3-22 

3 - 34 

350 

300 

250 

fIl 
+> § 200 
o U 
... 
� 1 50 ... W 

1 00 

50 

v 
C 
I 

o 
. 00 1  

350 

300 

250 

fIl 
+> § 200 
o U 
... 
� 1 50 
... 

W 

1 00 

v 
C 
I 

- 1 13V - + 1 13V 

13 . 13p F  - 1 9 9 . 9 p F  

1 0 - 1 0  A 

Model  41 40B 

---- 1 9 9 9  
--- 1 131313 
-- 13  

1'--_ 

- 1 13V - + 1 13V 

13 . 13p F  - 1 9 9 . 9 p F  

1 13 - 1 1  A 
---- 1 9 9 9  
--- 1 131313 
-- 13 

50 

o 
. 00 1  

350 

300 

250 

fIl 
+> § 200 
0 u 
... 
� 150 
... 

w 

v 
C 
I 

1\ 
\ 

1\ 
'\ 

\ 

. 0 1  . 1  
d V / d t C V /s ) 

- 1 13V - + 1 13V 

13 . 13p F  - 1 9 9 . 9 p F  

1 13 - 1 2  A 

'" 

--- --

---- 1 9 9r-
--- 1 131313 
-- 13 

-- [- -

. 0 1  . 1  
d V / d t C V /s ) 

1 00 

50 \ 
o 

. 00 1  

"\', 
"-

� 
I-- - -

. 0 1  . 1  
d V /d t C V /s ) 

F i gure 3-22 . C-V Measurement Accuracy ( Sheet 1 of 4 ) .  



Model 4 1 40B Sect ion  I I I  
F i g u re 3-22  

-
V : - 1 0V - + 1 0V V : - 1 0V - + 1 0V 

C : 2 00p F - 1 9 9 9 p F  ---- 1 9 9 9  C : 2 00 p F  - 1 9 9 9 p F  ---- 1 9 9 9  
--- 1 000 --- 1 000 I : 1 0-9 R -- 2 00 I : 1 0- 1 0  R -- 200 

350 350 

300 300 

250 250 

" " 
+' +' § 200 § 200 
0 0 u U 
L L 
� 1 5 0  � 1 50 L L W W 

1 00 1 00 

'---
50 50 - - -

"'---�� r--
---.::::.:: t:: - '---- -- - -

r-- r--
0 0 

. 00 1  . 0 1  . 1  I . 00 1  . 0 1  . 1  
d V/d t ( V /s ) 

I--------- --- ---------·-·�--·--------
v : - 1 0V - + 1 0V 

C : 2 0 0  F - 1 9 9 9  F ---- 1 9 9 9  P P --- 1 000 I : 1 0 - 1 1 R -- 2 00 
350 I 300 

250 I--- --

" I 
+' § 200 
0 u 
L 
� 1 50 L ',,-W -- -

--- I-. - -
1 00 

�" '-I"-
50 

- 1- -

"" ....... 

0 
. 00 1  . 0 1 . 1  I 

d V / d t C V /s ) 

d V/ d t ( V /s ) 

V : - 1 0V - + 1 0V 

C : 2 0 0 p F  - 1 9 9 9 p F  

I : 1 0 - 1 2  R 
350 

300 

250 

" 
+' § 200 
0 U 
L 
� 1 5 0  L w r"--_ -

1 00 

'- --
50 

-
0 

. 00 1  . 0 1  . 1  
d V/d t ( V/s ) 

F i gure 3-22 . C- V Meas urement  Acc uracy ( S heet 2 o f  4 ) . 
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--- 1 000 
-- 2 00 
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Section  I I I  
F i  qure 3-2? 

350 

300 

V : - 1 00V - + 1 00V 

C : 0 . 0p F  - 1 9 9 . 9 p F  

I : 1 0- 1 1  A 

---- 1 9 9 9  
--- 1 000 
-- 0 

250 f--+-+-iH-++++!-+-++-++++++-+-t++H+tI 

(!I 
+' � 200 1--+-+-I--I-I+l+I--+-++-++j.J-l-I.-+-++ffi-++l 
o u 
L 
� 1 50 f--+-+-H-++++!.___+-++-++++++-+-t++H+tI L 1', 

w 
" 

--

1 00 1--+-+-I--I-I+l+I--+-++-++j.J-l-I.---+-I--+--Hm:F! 

50 

o 
. 00 1  . 01 . 1  

d V/ d t C V/s ) 

Model 4 1 40B 

--------------------------, 
V : - 1 00V - + 1 00V 

C : 0 . 0pF - 1 9 9 . 9 p F  

I : 1 0 - 1 0  A 

---- 1 9 9 9  
--- 1 000 
-- 0  

300 

250 

(!I 
+' 
C 200 � I 
� 1 50 f---+--+--H-++++l--+--+-+-++�-+_+_++H� 
'-w 

1 00 f--++-H-++++!-+-++-++!++l--+-++++-+-l-l-I 

50 

'-......- t-
I'-t---o L--L�UU�_J-��Uli_+-LIrti� 

. 00 1  . 0 1  . 1  
d V / d t C V/s ) 

. 0 1  . 1  
d V/ d t C V/s ) 

F i gure 3-22 . C-V  Measurement Accuracy ( S heet 3 of 4 ) . 
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Model  41 40B 

(h +> 

V : - 1 00V - + 1 00V 
C : 2 00p F - 1 9 9 9 p F  

I : 1 0-9 R 

---- 1 9 9 9  
--- 1 000 
-- 2 0 0  

300 1--+-+++++if-H--+--+--,H+H+f--I--+++tt++I 

250 1----+-+++++14+--+-HH+H++--I--+-++ttttI 

5 200 1--+-+++++if-H--+--+--'H+H+f--I--+++tt++I 
o u '-
� 1 50 1----+-+++++1f++---+-+-H+H++--!-+-++ttttI 
'

W 

1 00 1--+-+++++if-H--+-+--H+t++t--I-++t-tt++I 

��r"""" .• .LLL1 
o L-�Ll��-L���_LI�� 
. 00 1  . 0 1  . 1 

d V/d t C V /s ) 

V : - 1 00V - + 1 00V 
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Secti on I I  I 
F i gure 3-22 
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1 
F i g u re 3- 22 . C-V  Measurement Accuracy ( Sheet 4 o f  4 ) . 
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Secti on I I  I 
Fi gure 3-23  

1 6055A Test  F i xture 

P ROCEDURE : 

( 1 ) Turn 41 40B OFF .  

u .. ' -: " : .. : :  

�, I 
' , "  t: 
, �, � c 

Model  4 1 40B 

( 2 )  Connect 1 6055A Tes t  F i x ture to I I NPUT and V OUTPUT connectors of the 
41 40B wi th 1 6053A Tes t  Lea d .  

3-38 

( 3 )  Turn 41 40B O N .  

( 4 )  Se l f Test i s  performed a u tomat i cal l y  ( refer to paragraph 3-5 ) . 

Note 

The 4 1 40B requ i res a one hour warm up t i me to sat
i sfy a l l speci fi cati ons l i sted i n  Tab l e 1 - 1 . 

( 5 )  The 4 1 40B i s  set  automati cal l y  as  fo l l ows : 

FUNCT I ON . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . .  I 
I RANGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  AUTO 
Lower L i mi t of AUTO Mode . . . . . . . . • • . .  1 0  -1 2A 
I NTEG T IME  . . . • • • . . • • . • . • • . • • . . • • • . • • • .  LONG 
F I LTER  • . . . • . • • . . . • • • • . • . • • . • . • • • . • • • • • • .  ON 
I TR IG  • • . • • . • . . • • . • • • . • . • . . • . . • . • • . . . . .  I NT 
VA . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . .  / 
VB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . .  OFF  
PARAMETER . . . . . . . . . . . . .  a l l parameters are 0 
I ZERO OFFSET . . . . . . . . . . . . . . . . . . . . . . . . . .  Of A 
C ZERO OFFSET . . . . . . . . . . . . . . . . . . . . . . . . . .  OpF 
VA CURRENT L I M I T  . . . . . . . . . . . . . . . . . . . . . .  l O -4A 
VB CU RRENT L I M I T  . . . . . . . • . . • . . . . . . . . . . .  l O- 4A 

( 6 )  Confi rm that the I · C  Data Output Tri gger l amp i s  fl as h i n g . 

Fi gure 3-2 3 .  C-V Function  Operati n g  I ns truct ions  ( s heet 1 of  3 ) . 



Model  41 40B Secti  on I I T  
Fi g u re 3-23  

( 7 )  

( 8 )  

( 9 )  

Se l ect  des i red curren t meas u rement  ran ge wi th  I RANGE keys ( refer  to par
agraph 3-53 ) .  

Se l ect  des i red i ntegrati on t ime wi th the I NTEG T IME keys ( re fer to para
g raph 3 - 1 8 ) . 

Set FUNCTION to C-V . 

( 1 0 )  VA output mode i s  automati cal l y  set  to J' . 
( 1 1 )  Se l ect  des i red  VA and  VB output  modes wi th VS  Mode Sel ect keys ( refer to 

paragraph 3-3 1 ) .  

( 1 2 )  I nput  val ues for VA operati n g  parameters ( START V ,  STOP V ,  STEP V ,  HOLD 
TIME and  dV/ dt ) ( refer  to paragraph 3-33 ) .  

( 1 3 )  When cal cu l ated capac i tance val ue i s  to be d i sp l ayed i n  percen t ,  i nput  
val ue for Cox ( refer  to  paragrap h  3-57 ) . 

( 1 4 )  I f  VB i s  to be used , i nput val ue for VB = . 

( 1 5 )  Se l ect  curren t l i mi t val ues of VA and VB wi th CURRENT L IM I T  Se l ect keys 
( re fer  to paragraph 3-39 ) .  

( 1 6 )  Sel ect l ow l ead connecti on of  pA Meter section  i n  the 4 1 40B wi th  1 6055A 
LOW L EAD  CONNECTION  Se l ect swi tch ( de pendi ng  on k i nd of  measuremen t ) . 

( 1 7 )  Connect noth i ng  to 1 6055A ( Open ) .  

( 1 8 )  Start C-V  mea s u remen t wi th AUTO START key on front panel . 

( 1 9 )  Set I ' C D I S PLAY to O . OpF wi th ZERO offset key ( refer to paragraph 3 - 55 ) .  

Note 

Any res i dua l  capac i tance whi c h  exi s ts on test  
l eads or  tes t  fi xtu re i ncreases the  erro r of the 
C-V measurement .  To avoi d th i s  cond i t i on ,  do a 
ZERO offset u n der  the same cond i t ions  as  for an 
actual  measu remen t .  

( 2 0 )  When cal cul ated capaci tance val ue i s  to b e  d i sp l ayed i n  percent , set 
d i sp l ayed va l ue of  I · C  D I SPLAY to percent change wi th p ercent  key . 

( 2 1 ) Connect OUT to 1 6055A wi th a l l i gator  c l i ps o r  TO- 5  socket dependi ng on 
k i n d  of  meas u remen t .  

( 22 )  Start C - V  measu rement wi th AUTO START key . 

F i g u re 3-2 3 .  C- V Fu nction  Operat i n g  I ns tructions  ( s heet 2 of  3 ) . 
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Sect; on I T  I 
F i gure 3 -23 

Connec t i on for Qua s i -Stati c C-V characteri s t i c  measurement  a re g i ven  bel ow : 

3 - 40 

MOS Di ode : 

VA 

Note 

Spec i fi c  i n forma tion  on OUT connect ion  i s  
descri bed i n  paragraph  3-61 . 

F i gure 3-23 . C-V Funct i on Operati ng  I n s truct ions  ( s heet 3 of 3 ) . 

Model 41 40B 



Model 4 1 40B 

3-6 1 . OUT CONNECT ION . 

3 -62 . The 4 1 40B pA Meter/ DC Vol tage Sou rce 
has  the fol l owi ng features that ma ke pA cur
rent mea surement s  re l i ab l e and  eff i c i ent . 

( 1 ) I n tegrati on t i me s  s u i tab l e to the cur
rent mea surement range and UN KNOWN con 
d i t i ons  can be sel ected v i a  front pane l  
contro l s or  H P - I B  prog ramm i ng .  

( 2 )  AC noi se  can be reduced by d i g i ta l  i n 
teg rat i on ( mov i n g  average  tec h n i que ) 
u s i ng the even raw current  mea surement 
data synchron ized  wi th the l i ne fre
quency .  

( 3 ) AC no i se  can a l so be reduced by the i n 
terna l f i l ter c i rcu i t .  

( 4 )  The 1 6055A Test F i xtu re , w ith  e l ectro
stati c/ l i g ht- s h i e l ded hood , i s  prov i ded 
for measur i ng  genera l  dev i ces . 

VA or V B  

Secti on I I I  
Paragraphs 3-6 1  and  3-62 

Howeve r ,  to rea l i z e  sta b l e l ow-cu rrent mea s
u rements  at  1 O - 9 A down to  1 0 - 1 2A ,  care mu st 
be observed i n  OUT connect i on to m i n i m i ze the 
effects of l ea kage cu rrent i n  the mea surement 
syst sem , externa l noi se , l i g ht , etc . F i g u re 
3 -24 shows mea surement errors cau sed by l ea k 
a g e  cu rrent 1 £  and  externa l no i se .l71 . The 
errors can be reduced by empl oyi ng a LOW
guard method where the H IGH termi nal  ( the 
center  conducto r  of  the I I N PUT connecto r )  of 
the pA meter i s  guarded by the LOW termi nal  
( the i nner  bra i d  of  the I I NPUT connecto r )  as 
s hown in  F i gure 3 - 2 5 .  The effects o f  exter
nal l y  generated n o i se and l i g ht can a l so be 
reduced by mea suri ng  the OUT i n  the e l ectro
stat i c/ l i g ht- s h i e l ded box .  F i gure 3 -26  s hows 
the connect i on methods  u s i ng the 1 6053A + 
1 6055A , 1 6053A + sh i e l ded box ,  1 6053A + 
1 6054A + s h i e l ded  box . When u s i n g  the 1 6053A 
+ 1 6055A , s h i e l d i ng i s  accompl i s hed u s i ng the 
hood of the 1 6055A . Al so , LOW l ead connec
ti on can be  changed ea s i l y  v ia  the LOW LEAD 
CONN ECT I ON swi tch on the 1 6055A , refe r to 
F i gure 3 - 1 7 .  F i gure 3-27  s hows a typ i cal  OUT 
connecti on u s i ng the 1 6053A + 1 6054A + 
s h i el ded box .  Note the pos i t ion  of the LOW 
LEAD CONNECT ION swi tch on the 1 6054A . The 
dotted l i nes  s how the connect i on method when  
the 1 6054A is  not  used . 

VA or VB 

Fi gure 3 - 24 .  Effects o f  Leakage Current  and  External  No i se .  

VA or V B  VA or V B  

F i gure 3 - 2 5 .  E ffects of  the LOW-Guard Method .  
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F i gure 3 -26  

Model  41 40B 

( 1 ) 1 6053A + 1 6055A ( 3 )  1 6053A + 1 6054A + S h i e l ded Box 

4 1 4 0 B  

ir=:-----,- -
I H A L 
I 

I VA 

I VB � GND LOW LEAD CONN��TION 

4 1 4 0 B  

I 
1 I 
I 1  
1 

1 I 
1 

_J 1 6 0 5 3 A  

1 I 
1 I I 1 
1 1 I 1 

( 2 )  1 6053A + S h i e l ded Box 1 I 1 1 
I I 
1 1 

H I GH 
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4 1 4 0 B  
LOW G ND 

H IGH 

Shielded Box 

Shielded Box 

Fi gure 3-26 . DUT Connect ions  wi th Each Acces sory �  
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( a )  Ungrounded OUT Measurement 

Meas u rement 
measurement 
Condensers , 

Connect i on : 

VA or VB 

W i r i ng : 

Exampl e :  H i g h  res i stance 
of the  i n s u l a t i n g  materi a l s ,  
etc . 

4 1 4 0 8  

Shielded Box 

Secti on I I I  
F i g u re 3-27  

( b )  G rounded  OUT  Measurement  

Measurement  Exampl e :  Breakdown vol tage 
meas urement of  d i ode , Quas i -Stat i c  C-V 
character i st i c s  meas u rement of MOS d i ode , 
e tc . 

Connect i on :  

VA or VB 

Wi ri n g :  

4 1 4 0 8  

I 

- - - � 
F i gure 3 -2 7 .  OUT Connection  Exampl es ( s heet 1 of 2 ) . 
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Paragraphs 3 -63 and 3 -64 

( c ) Three Termi nal  OUT Measurement  

Measurement Examp l e :  I -V c ha racteri s 
t i cs o r  threshol d vol tage meas u rement of  
an  F E T .  

Connecti on : 

VB or VA r VA or V B  

W i ri n g :  
4 1 4 0 B  

I HIGH 
I : 

L _ _ _ _ _ � 
Shielded 80x 

F i gure 3-27 . OUT Connect i on Examp l es 
( s heet 2 of  2 ) .  
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Model  4 1 40B 

3 - 63 . OUT Connec t i on U s i ng the Wafer Prober .  

3 - 64 . The fol l owi ng  ru l e s  mu st be  observed 
when ma k i ng pA mea surements  on wafers at t he 
prober  stat i on wi t h  the 4 1 40B . 

( 1 ) The en ti re prober stat i on shou l d  be 
housed a s h i e l ded  box (made from A1 
p l ate , etc . ) and the outer bra i ds from 
t he 4 1 40B ( both I I N PUT and  V OUTPUT ) 
s houl d be con nected to  t he s h i el ded box 
to  i nc rea se t he sh i edi n g  effect . 

( 2 )  The H IG H  term i n al of the pA Meter , 
shou l d  be gua rded by the  LOW termi na l , 
at a poi nt  near  t he OUT . 

( 3 )  The H I G H  term i n a l  of t he pA Meter on 
the wa fer at t he prober sta t i on shou l d  
be suff i c i en t l y  i sol ated . 

F i gure 3 -28 shows v a ri ous  connect i on met hods 
for wafers at  t he prober stat i on .  



_ Model  4 1 40B 

( 1 ) Both measurement termi n a l s are on  the Wafer Surface . 

Sec t i on I I I  
F i gure 3-28 

( l -a )  Un grounded OUT Measurement ( l - b )  Grounded OUT Meas urement 

Connect i on : 

VA o r VB 

Wi ri n g :  

4 1 4 0 8  

I 
I Wafer 

J L 

Chuck 
Insulator 

__ _ _ _________ TOble _ _ _  _ 

Shielded Box 

Connec t i on : 

VA orVB 

Wi ri n g :  

HIGH 

4 1 4 0 8  

H A cf}. VB 

VA VB 

-- Wafer 
Chuck 

J 
- Insulator 

. Table 

F i gure 3 - 2 8 .  OUT Connec t i o n s  on Wafers at  t he Prober Stat ion  ( s heet 1 of 2 ) .  
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F i gure 3 -28 

Mode l 4 1 40B 

( 2 )  One of  the measurement  termi n a l s i s  on  the Substrate . 

3 -46 

( 2 -a ) Un grounded OUT Meas u rement 

Connecti on : 

VA or VB 

Wi r i n g : 

4 1 4 0 B 

lnsu�:�:� =--+-.--...0::---= �: 
Table 

- - -
Shielded Box 

( 2 -b ) Grounded OUT Measurement  

Connect ion : 

VA o r VB 

Wi ri n g :  

H IGH 

Wafer 
Chuck 

Insulator 

Table 

4 1 40 B  

VB 

I 
I 

----=---- �  
Shie l ded Box 

F i gure 3-28 . OUT Connect ions  on Wafers  at  the Prober Stat i o n  ( s heet 2 of 2 ) . 

-



Mode l 41 40B Sect i o n  I I I  
Para gra phs 3 -65 and 3-66  

3-65 . ANNUNC IATIONS  

3 -66 . I f con tro l key parameters are set i n 
correct ly  o r  when the meas u red curren t val ue 
exceeds the u pper range l i m i t ,  the 41 40A 
d i sp l ays one o f  the annun c i a t i o n s  g i ven i n  
Tabl e 3 -7 . I f  one o f  these annunc i ati ons  i s  
d i s pl ayed , fo l l ow the correcti on  procedures  
descri bed in  Ta bl e 3 -7 . I n  addi t i on , i f  one 
o f  the DC  vol tage sources , VA or VB ,  exceeds 
i ts cu rrent l i mi t ,  i ts CURRE NT L IM I T  l amp 
wi l l  fl ash . 

Tab l e  3-7 .  4 1 40B Annunc i at ions  ( S heet 1 of  2 ) .  

(1) I ' C  D I SPLAY Annun c i a t i o n s  

Annunci at ions  I nd i ca ted Cond i t i on and  
Contro l  Setti n g s  

I nd i cated Cond i t i on : 

Measured  curren t  va l ue ex
ceeds upper range l i mi n t .  

Con tro l Setti ngs : 

CORRECTION P ROCEDURE 

( 1 ) FUNCT I ON . . .  I or I -V ( 1 - 1 ) Set I RANGE to AUTO . 
I RANGE . . . . . .  MANUAL 

( 1 - 2 )  If a range " hol d "  mea surement i s  
be i n g  made , set max i mum range 
for auto range measurment as  i n  
step ( 1 - 1 ) a bove . 

( 2 )  FUNCTI O N  . . . . . . . .  C-V ( 2 - 1 ) Set I RANGE  to AUTO . 
I RANGE . . . . . .  MANUAL 

( 2-2 ) If a range " ho l d "  measurement  i s  
be i ng made , refer to paragraph 
3-53 . 

( 3 )  I RANGE . . . . . . . .  AUTO ( 3 - 1 ) Change measurement  condi t i o n . 

The i nterna l meas u rement Perform the same correct ion  procedure 
c i rcu i t  of  the pA Meter used  for �. 
sect i on i s  saturated . 

I n d i cated  Con d i t i on : 

Ca l cu l ated capaci tan ce va l 
ue exceeds the upper l i mi t 
( 1 999pF ) . 

I n d i cated Condi t i on : 

Cal cu l ated  capac i tance val 
ue i n  percen t  exceeds i ts 
upper l im i t ( 1 99 . 9% ) . 

Change meas u rement cond i t ion  (ex . set 
dV/dt  to l ower val ue ) .  

I ncrease t he val ue  of Cox .  

3 -47  
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Tab l e  3 -7  

Ta b l e  3 -7 .  4 1 40B Annun c i at ions  ( Sheet 2 of  2 ) .  

Mode l 41 40B 

(1) vs D I S PLAY Ann unc i at ions  

Annunc i ati ons  

3 -48 

I n d i cated Con d i t i on Correcti on Procedure 

Parameter va l ue exceeds up- Reset parameter val ue . Refer to Tabl e 
per l i m i t .  3-4 . 

VA i s  swept when parameters Reset parameter val ues . Refer to Tabl e 
are i ncorrectl y s e t .  3-4 . 

--
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3-67 . ANALOG OUTPUT .  

3-68 . T h e  Ana l o g  Output c a n  b e  u s e d  to output 
ana l o g  data o f  the pA Meter and  DC Vol tage 
Source as g i ven i n  Tabl es 3-8 and 3-9 . When  
the  41 40B i s  connected  to  a n  X - V  Recorder 
( e . g .  HP Model 7047A ) . the system can be used  
to trace I -V/C-V  curve s . The procedures for 
us i ng the 41 40B and  an X - V  Recorder are g i ven 
i n  F i gure 3-29 . 

3-69 . Contro l Capa b i l i t i es for Anal og  Output . 

3 -70 . The Ana l o g  Output 
t i es for more eas i l y .  
trac i ng I -V/C-V  curves . 
are : 

has  three capab i l i 
q u i c k l y  a n d  c l ea rl y 

These capabi l i ti es 

( 1 ) Contro l  o f  pen pos i ti on o n  the X - V  Re
corder .  

Wi th contro l keys L L .  ZERO a n d  UR . the 
41 40B i s  a bl e to control the X-V recorder 
pen pos i t i o n  as  i n  Tabl e 3- 1 0 .  

Sec t i o n  I I I  
Para graphs  3 -67  to 3-70 

No te 

Con tro l o f  the pen po s i t ion  can be 
done by remo te con tro l v i a  the HP
l B .  Refer to paragraphs 3-7 1  thru 
3- 1 00 for more spec i fi c  i n fo rma t i o n  
on  t h e  HP- l B .  

( 2 )  Contro l s i gnal s for X-V  Reco rde r pen 
l i ft TTL contro l s .  

When the X - V  Reco rder i s  prov i ded wi th 
pen l i ft TTL con tro l s .  pen l i ft can be 
done automa t i cal l y  by TTL s i gnal s output 
from the PEN L I FT connector on the rear 
of the 41 40B . Th i s  TTL s i gn a 1 is  Low 
( P EN DOWN ) when V OUTPUT 1 amp i s  1 i t  
and H i g h  ( P E N  UP ) when V OUTPUT l amp i � 
not l i t .  

Tab l e  3-8 .  Ana l og Output Data at  I /C  OUTPUT Connecto r .  

Funct i on  Val ue of  I · C D I S P LAY Ana l o g  O u tput Data ( V )  Resol uti on  

I 0 cv ± 1 999 0 . 000 cv ±  9 . 995 5mV/count 

0 . 0  cv 1 99 . 9  0 . 0000 cv O .  9995 500JlV/count 
C 

200 cv 1 999 1 . 000 cv 9 . 995 5mV/count 

% 0 . 0  cv 1 99 . 9  0 . 000 cv 9 . 995 5mV/count 

Tabl e 3-9.  Anal og Output Data a t  VA OUTPUT Connector.  

Outputted VA Vol tage ( V )  Anal og Output Data ( V )  Resol uti on 

0 . 00 c v  ± 1 0 . 00 0 . 000 cv ± 1 . 000 l mV/count 

± 1 0 .  1 cv ± 1 00 . 0  ± 1 . 01 cv ± 1 0 . 00 1 0mV/count 
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F i g ure 3 -29 

( 3 )  Low-pass fi l ter  for redu ci ng no i se on  
Ana l og Output data . 

I f  the ana l og data output i nc l udes con 
s i derab l e n o i se  a n d  t h e  I -V/C-V  curves 
a re strong  curve s .  the l ow-pass fi l ters 
prov i ded i n  the Ana l o g  Output c i rc u i try .  

Model  4 1 40B 

can be used to reduce the no i se .  Thus  
al l owi n g  I -V/ C-V curves to be traced mo re 
smoo th l y .  the fi l ters appl y to both VA 
and I /C  OUTPUT data . F i l ter ri se t i me 
can be changed wi th F I LTER T I ME CONST se
l ect  swi tch o n  the rear panel . 

Tab l e 3 - 1 0 .  X-Y  Recorder Pen Pos i t i on Control 

3-50 

Key 

UR 
( Upper Ri g h t )  

L L  
( Lower Lef t )  

ZERO 

. ., 

.r© �Q 

EQU I PMENT : 

Vo  l tage Output 
from VA OUTPUT Conne cto r  

Greater vol tage ( START V or  STOP  
V ) .  

Les ser  
V )  . 

vol tage ( S TART V or STOP 

OV . 

To VA OUTPUT Connector 

To I · C OUTPUT 
Conneccto r  

Vol tage Output 
from I / C  OUTPUT Connector  

Vo l tage at  pl us ful l sca l e  o f  L C  
D I SPLAY ( +5V ) . 

I - V :  

C-V : 

-5V ( Vo l tage at mi nus  ful l 
sca l e ) .  
O V .  

DV . 

, C l  I 0 () ,; i 0 0 () 
o I.J I 

I2JTI d . � 0 I U l) C 

� - �  

BNC ( ma l e )  - dual  ba nana pl ug  ca bl e 

X-Y  Recorder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  HP  7047A etc . 
BNC  ( ma l e )  - Dual  Banana Pl ug  Cabl e . . . . . . . .  HP 1 l 001 A ( 2ea ) .  

Fi gure 3-29 . Ana l og Output Operat i n g  I n s truct ions  ( s heet 1 o f  2 ) . 



Model 4 1 40B Sect i on I I I  
F i gure 3-29  

PROCEDURE : 

( 1 ) Tu rn 41 40B and  X - V  Reco rder OFF .  

( 2 )  Connect I I C  OUTPUT connector  on  rear  panel o f  41 40B to  Y axi s i nput  term i 
nal s o f  X - V  Recorder and  VA OUTPUT connecto r  to X ax i s i nput  termi na l s 
wi th  BNC  ( ma l e )  - dual  banana pl ug cabl es . 

( 3 ) When X - V  Recorder i s  prov i ded  wi th  pen l i ft TTL control s ,  connect PEN L I FT 
connector on rear panel of  41 40B to X - V  Reco rder  connecto r .  

( 4 )  Connect tes t  l eads or  fi x ture ( ex .  1 6053A Tes t  Lea d )  t o  4 1 40B . 

( 5 )  Turn 4 1 40B and  X-V  Re co rder ON . 

( 6 )  Set front  panel contro l s and parame ters . Refe r to F i gure 3- 1 7 fo r I - V  
mea surement or  F i gure 3 - 2 3  fo r C - V  maeasureme n t .  

No te 

The 41 40B HOLD  TIME  parameter s hou l d be set after con s i deri n g  the 
re l a t i on s h i p between the pen pos i ti o n  as the 41 40B s tarts i ts 
sweep measurement  and  the s l ewi ng  s peedlacc l erat ion  o f  the X - V  
Recorder .  

( 7 )  Pl ace chart paper on  recorder pl aten . 

( 8 )  I n stal l d i sposabl e pen i n  X - V  Recorder .  

( 9 )  Adj u s t  zero pos i ti on of  X - V  Recorde r .  

Note 

Vol tages output from the VA and I IC  OUTPUT connectors are set 
to OV by the ZERO key on 4 1 40B front panel . 

( 1 0 ) Set i n put ranges o f  X and Y axi s for X - V  Recorder .  

Note 

When se tti ng  i nput  ran ge s , 
curve by u s i n g  con trol keys , 
R i ght ) . 

check ampl i tude of  I -V or  C-V 
LL  ( Lower Left)  and  U R  ( Upper 

( 1 1 )  Connect OUT to tes t  l eads or test fi xture connected to the 41 40B . 

( 1 2 )  Lower X - V  Recorder pen o n to chart pape r .  I f  X - V  Recorder i s  pro v i ded 
wi th pen l i ft TTL control s ,  pen i s  l owered automat i cal l y  when sweep mea s 
urement i s  started ( when V OUTPUT l amp i s  l i t ) .  

( 1 3 )  Sta rt 41 40B I -V or  C-V meas urement  and  make X - V  Recorder trace of  I - V  o r  
C - V  curve . 

( 1 4 )  L i ft X - V  Recorder pen from the chart paper when measurement i s  compl ete 
and  X - V  Recorder stops . If X-V Recorder i s  pro v i ded wi th pen l i ft TTL 
control s ,  pen i s  ra i sed automa t i ca l l y  when measuremen t i s  compl ete ( when 
V OUTPUT l amp i s  exti ngu i shed ) .  

F i gure 3 -2 9 .  Ana l og Output Operati n g  I n s truct i o ns ( s heet 2 o f  2 ) . 
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Secti on I I I  
Paragraphs  3 -7 1  to 3 -80 

3-71 . H P- I B  I NTERFACE . 

3-72 . The Model 4 1 40B can be remotel y  con
tro l l ed by means  o f  the  HP- l B .  The HP- I B  i s  
a careful l y  def i ned i n s trumentati o n  i nter
fac i ng method that s i mpl i fi e s  the i n tegrati on  
of  i n s truments and  a cal cu l ato r ,  o r  compute r ,  
i nto a sys tem . 

3-52  

Note 1 

HP - I B  i s  Hewl ett-Pack ard ' s  imp l emen 
tat i on of I E EE  Std . 488- 1 975 Stand ard 
D i g i t al I nterface for Programmab l e  
I n strumentat i on . 

Note 2 

The 4 1 40B may ex h i b i t  the fo l l ow i ng 
phenomen a :  

Phenomenon - 1 . The f i rst several 
bytes of measurement data are 
l ost when read after Ser i a l 
Po l l i ng .  

Phenomenon -2 . Output measurement 
data from the 4 1 40B may i nc 1 ude 
two or more spaces in the f i rst 
part of each data stri  ng , though 
each data str i ng shou l d  have on l y  
o n e  spac e .  Refer t o  paragraph 
3-87 on page 3-56 for data  output 
format . 

Phenomenon -3 . After Ser i a l  Po l l 
i ng ,  or re ad i ng measurement data,  
the 4 1 40B  takes about 10 msec to 
c h ange the status byte i n  the 
regi ster in  the HP - I B  Int erfac e 
Ad apter ( Mi cro Port ) , A2 1 U 3 .  

Des cri bed bel ow are so ftware so l uti ons  
for the  above  phenomena . 

For Phenomenon -2 : 

1 )  Be sure a termi nator , such as 
"CR/L F " , " ; " , " , " ,  or " N " ,  fo l l ows 
each remote programm i ng code .  

2 )  When u s i ng a very h i gh speed 
contro l l er ,  a l l ow at l east 200 ]J sec 
i nterval  to read the dat a .  

For Phenomenon -3 : 

Af ter Seri al Po l l i ng 
measurement dat a ,  al l ow 
msec wa i t t i me . 

or re ad i ng 
at l east 1 0  

Model 41 40B 

3-7 3 .  Connect ion  to HP - l B .  

3-74 . A 4 1 40B may be connected i nto an HP - I B  
bus  conf i gurat i on wi th or wi thout a contro l 
l er ( e . g .  w i th or wi thout an HP 
cal c u l ator ) . I n  an HP - I B  system wi thout a 
contro l l er , the 4 1 40B can funct ion  as a Tal k 
On l y  un i t  ( refer to paragrap h  3-79 ) . 

3 - 7 5 .  HP - I B  St atus  I nd i cator s .  

3 - 76 .  The HP - I B  Status  Ind i c ators are four 
LED 1 amps on the front pane 1 .  These 1 amps 
show the status of the 4 1 40A in an HP- I B  sys 
t em as fo l l ow s :  

SRQ : 

L I STEN : 
TALK : 
REMOTE : 

SRQ s i gn al on HP - I B  l i ne from 4 1 40B  
( refer to p aragraph 3-95 ) .  
The 4 1 40B i s  set to be l i stener . 
The 4 1 40B i s  set to be ta l ker .  
The 4 1 40B i s  remote ly  contro l l e d .  

Note 

When the 4 1 40B i s  contro l l ed v i a 
the  HP- I B ,  L I STEN l amp may not be 
1 i t  by the " remote "  command 
( REMOTE or rem ) . 

3 . 7 7 .  LOCAL Key . 

3-7 8 .  The LOCAL key d i  sab l es remote contro l 
from HP - I B  contro l and enab l es sett i ng meas
urement cond i t i ons  at  front pane l contro l s  
( pu s hbutton keys ) .  REMOTE HP - I B  status i nd i 
cator l amp turns off when LOCAL key i s  de
pressed . Th i s  funct i on c annot be u sed when 
the 4 1 40B i s  set to l oca l  l oc kout status by 
contro l l er .  

3 -79 . HP - I B  Contro l Sw i tc h . 

3-80 . The HP - I B  Contro l Sw itch  on  the rear 
panel  contro l s  seven d i g i t s  and three c apa
b i l i t i es as fo l l ow s :  

( 1 )  B i t  1 '\, 5 :  The HP- I B  addre ss  i s  estab-
l i s hed by these f i ve d i g i ts of the 
contro 1 swi tch . 

( 2 )  B i t  6 ( de l i m i ter form b i t ) : 
det erm i nes de l i m i t er format 
data as fol l ows : 

Format A ( comma ) .  

Th i s b i t  
of output 

0 :  
1 : Format B ( c arri age return , l i ne  

fee d )  . 
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( 3 )  B i t  7 ( ta l k o n l y  b i t ) : Th i s  b i t  deter
m i nes  i n strument c apab i l i t ies  wh i ch are : 

0 :  Addressab l e  
1 :  Tal k On l y  

Note 

The 4 1 40B  i s  set at the factory as 
shown in  F i gure 3-30 . 

TALK ONLY 

• c:::::cJ - AO O R E S S ABLE 

c::::::l:lI - FMTA 

� 

"J 
c::::::g 

,:, ,,,"' ,, 

c::::::c:J 
c:::=cJ 
rc:=:::J 
I 0 

'-- F M T B  

b i t 1 '\, 5 :  1 7  

bi t 6 :  Format A (comma ) . 

bi t 7 : Addressab l e  

Fi gure 3-30 . H P - I B  Control Swi tc h .  

Sec t i o n  I I I  
Paragraphs 3 -81 to 3 -84 

3-81 . HP - I B  I nt erface Capabi l i t i e s  of 4 1 40B . 

3-82 . The i nterface of a dev i ce connected to 
the HP - I B  is spec i f i ed by the i nt erface func
t ions  bu i l t  i nto  the dev i c e .  The 4 1 40B  has  
e i g ht HP - I B  i nt erface funct i on s  as g i ven i n  
Tab l e  3- 1 1 . 

3-83 . Remote Program Code . 

3-84 . Remote program codes for the 4 1 40B are 
l i sted i n  Tab l e  3- 1 2 .  

Tab l e  3 - 1 1 .  HP- I B  I n te rface Capab i l i ti es. 

Code I n terface Fun c t i on* 
( H P - I B  Capabi l i ti es ) 

SH1 ** Source Hands hake . 
AHl Acceptor Hand s ha ke . 
T5 Ta l ke r  ( ba s i c  tal ke r ,  seri a l  pol l ,  

ta l k  o n l y  mode , unaddress to tal k 
i f  addressed to l i s ten ) .  

L4 L i s tener ( ba s i c  l i s tener , unadd re s s  
t o  l i s ten i f  addressed t o  tal k ) .  

SRl Servi ce Reque s t .  
RLl Remote/ Loca 1 (wi th l ocal l ockou t ) .  
DCl Dev i ce C l e a r .  
DTl Dev i ce Tri gger . 

* I n terface fun c t i o n s  pro v i de the means 
for a dev i ce to rece i ve ,  process and 
transmi t me ssa ges over the bus . 

** The su ffi x n umber of the i n terface 
code i ndi cates the l i m i ta t i on of the 
function capabi l i ty a s  defined i n  
Append i x  C of I EEE Std . 488- 1 975 . 

Tab l e  3- 1 2 .  Remote Pro g ram Code ( Sheet 1 o f  3 ) .  

Con tro l Prog ram Code Des cri pti on  

FUNCT I ON I F l * Descr i pt ion  o f  H S I  ( hi gh speed I func-
ti on ) i s  prov i de d  i n  paragraph 3 -97 . 

I -V F2 

C-V F3 

H S I  F4 

RANGE HOL D  RAO 

AUTO RA1 * 

1 O -2A cv 
R02 cv R1 2 1 0  -1 2A 

L IM I T  1 0 - 2A cv 
H02 cv H1 2 * AUTO 1 0 - 1 2A 

RANGE  
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Section  I I I  Model 4 1 40B 
Tab l e 3 -1 2 

3 - 54 

I N TEGRATION  
T IME  

F I LTER  

I TR I G  

C %  Enab l e  

SWEE P  
CONTROL 

VA MODE 

VB t10DE  

VA I L IM I T  

Tab l e 3- 1 2 .  Remote Program Code ( s heet 2 of  3 ) . 

Contro 1 

SHORT 

MED I UM 

LONG 

OFF 
ON  

I NT 

EXT/ MAN 

p F  

% 
AUTO 
STA�T 

CJ 
MANUAL 

PAUS E  

RESTART 

@] 
[Q) 
ABORT 

0 
RlSET I - 1  

J 

A 

/" 

F'L 

- - -

O F F  

- - -

OFF  

1 00jJA 

l mA 

1 0mA 

Program Code 

I l  

1 2  

I 3*  

JO 

J l  * 

Tl * 

T2 

CO 

Cl 

Wl 

vJ2 

W3 

W4 

W5 

W6 

W7  

Al 

A2 

A3 * 

A4 

A5 

A6 

Bl 

B2* 

L l * 

L2  

L 3  

Descri ption 

These codes are used  on l y  to set and not 
for tri ggeri n g .  When FUNCT ION is  set to 
Fl ( I )  or F4 ( HS I ) ,  Tl i s  automat i cal l y  
set . 

When FUNCTION i s  set  to F3 ( C-V ) ,  CO i s  
automati cal l y  set .  

W4  i s  used when  4 1 40B i s  set to AUTO 
SWE E P  Mode . 
W2 , W5 and W6 are used  when 4 1 40B i s  set 
to MANUAL SWEEP  Mode . 

When FUNCTION i s  set  to Fl ( I ) ,  F2 ( I - V )  
or  F4 ( H S I ) ,  A3 i s  automati cal l y  set .  

\�hen FUNCTION i s  s e t  to F 3  ( C-V ) ,  A l  i s  
automati cal l y  set .  



Model  4 1 40B 

VB I L I M I T  

ZERO SET 

SELF TEST 

SRQ MASK 

TR I GGER 

KEY STATUS 

RECORDER 

Sect ion  I I  I 
Tabl e 3- 1 2  

Tab l e  3 - 1 2 .  Remote P ro g ram Code ( s h ee t  3 of  3 ) . 

Contro 1 Program Code Descr i ptiorl 

1 00',JA Ml * 

l mA M2 

1 0mA M3 

Z 

OFF  SO* 

ON Sl 

OFF  DO* These  program codes are used to contro l  
b i ts 1 thru 3 o f  SRQ Status Byte as  fo l -

ON ( 1  ) Dl l ows : 

ON ( 2 )  D2 B i t 1 :  DATA READY 
B i t 2 :  CURRENT L IM I TER 

ON ( 1 , 2 )  D3 B i t 3 :  AUTO SWEEP or  SELF  TEST END  

ON ( 3 )  D4 Refer  to F i gu re 3-31 . fo r more speci fi c 
i nfo rmation  on  SRQ Status Byte . 

ON  ( 1 ,  3 )  D5 

ON ( 2 ,  3 )  D6 

ON ( Al l ) D7 

E 

K 

LL XL  

ZERO X Z  

U R  X R  

* power ON 
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Sec ti o n  I I I  
Paragraphs  3 -85 to 3-90 

3 - 85 . Parame ter Se tti n g .  

3-86 . A 41 40B can be set to n i ne parameters 
( refer to Tabl e 3- 1 3 )  by remote pro g rammi n g  
a s  fol l  ows : 

XX±NNNN . NNX ©D <CD 
( 1 )  ( 2 )  ( 3 )  ( 4 ) 
( 1 ) Program Code for Parameter Setti ng  

( refe r  to Tabl e 3- 1 3 ) .  

( 2 )  Setti n g  Val ue ( numeri c or  s pace ) . 

( 3 )  Del im i te r :  ( semi -co l on )  
, ( comma ) 
N 

( 4 )  Term i n a to r  

Tabl e 3- 1 3 .  Pro g ram Code 
for Parameter Setti n g . 

Parameter Program Code Setti n g  Va l ue 

VA = ( V )  PA - 1 0 . 00 'V 1 0 . 00 
- 1 00 . 0  'V 1 00 . 0  

START V ( V )  P S  - 1 0 . 00 'V 1 0 . 00 
- 1 00. 0 'V 1 00. 0 

STOP  V ( V )  PT - 1 0 . 00 'V 1 0 . 00 
- 1 00 . 0  'V 1 00 . 0  

STEP V ( V )  P E  -1 0 . 00 'V 1 0 . 00 

HOL D  TIME  ( s )  PH 0 . 1  'V 1 999 

dV/ dt  ( Vi s )  PV - 1 . 000 'V 1 . 000 

Cox ( pF )  PC 0 . 1  'V 1 999 

STEP DELAY PO  0 . 01 'V 1 00 . 0  
T IME ( s )  

VB = ( V )  PB  - 1 0 . 00 'V 1 0 . 00 
- 1 00 . 0  'V 1 00 . 0  
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Model 4 1 40B 

3-87 . Data Output.  

3 - 88 . Data o u tput  by the Model  41 40B con s i s ts 
o f :  

( 1 ) I · C Measu rement  Val ue and VA Output 
Vol tage . 

( 2 )  Setti ng  Parame ter Output .  

( 3 )  Key Status . 

( 4 )  Servi ce Reques t Status Byte . 

I n  the fo l l owi n g  seve ra l  paragraph s , each 
output da ta fo rm i s  descri bed .  

3-89 . I · C Measuremen t  Val ue  and VA Output 
Vol tage . 

3-90 . Two output  forma ts a re pos s i bl e  wi th 
the 4 1 40 B :  

a .  Format A 

To output e i ther the I · C  measurement 
val ue or VA output vol tage i n  a con t i n u 
ous  stri n g , t h e  del i m i ter form b i t  ( HP- I B  
contro l  swi tch B i t 6 )  o n  the rear panel 
i s  set to 0 ( see paragraph  3 - 79 ) .  I n  
thi s mode , data i s  output i n  the fol l ow
i n g  forma t :  

_�X±N . NNNE-NN...2.A+NNN . NN CCID @ 
( l  )( 2 X 3 )  ( 4 ) ( 5 )( 6 )  ( 7 )  ( 8 )  

Note 

The 41 40B i s  set  a t  the facto ry for 
output Format A .  

b .  Format B 

To break the data i n to two groups  ( l i m i ts 
l i n e  l en gth ) for output to certa i n  pe
ri phera l s s uch  as the HP Model 5 1 50A 
Therma l Pri n te r ,  the del i m i ter  form bi t 
on  the rear panel i s  set to 1 ( see para
graph 3-79 ) .  Al l data i s  then o utput i n  
the fo l l owi n g  format :  

_ XX±N . NNNE-NN  @ cIT> 
( 1  ) ( 2 )( 3 )  ( 4 )  ( 8 )  

A ::NNN .  NN ©D ([1) 
( 6 )  ( 7 )  ( 8 )  



Mode l  41 40B 

( 1 ) Space 

( 2 )  Data Status 

N Normal Data 
o Over F l ow 
X No Data ( o n l y  measurements 

u s i n g  ramp wave ) 
L Las t Data ( o n l y  i n  Auto Sweep  

Mode ) 

( 3 )  I and C Measurement  Funct ions  

( 4 )  

( 5  ) 

( 6 )  

( 7 )  

( 8  ) 

I 
C 

% 

Val ue of 

Comma 

Curre n t  Meas u rement  
Capaci tance Mea s u remen t ( pF  
D i s p l ay )  
Capaci tance Measuremen t ( %  
Di sp l ay )  

I ·  C �leasurement  

Symbo l of  VA Output Vol tage 

Val ue of  VA Output Vol tage 

Data Termi nator  

Note 

The 41 40B sets EO I ( En d  or I dent i 
fyL l i ne i n  the HP- I B  to " 1 " when 
' ' <If) ' '  i s  outp u t .  

I . • • . . . . . . . . . .  E a c h  data . 
I -V/C-V • . . . . . .  On l y  l as t  data . 

3-9 1 . Parameter Output . 

3-9 2 .  N i ne parameters can be set  i n  the 4 1 40B 
as  g i ven i n  Tab l e  3 - 1 3 ( refe r  to paragraph 
3-85 ) . Setti n g  va l ues of parameters can  be  
output  i n  the fo l l owi n g  format by us i ng the i r  
program codes ( refe r  to F i g ure 3-34 ) . 

XX±NNNN . NNN  � (i)('2i ( 3 )  ( 4 )  

( 1 ) Space 

( 2 )  P rogram cades for 4 1 40B parameter 

( 3 )  Sett i n g  va l ue of  4 1 40B pa rameter 

( 4 )  Data Termi nato r  

Sec t i on I I I  
Paragraphs  3 -91  to 3-94 

3-93 . Key S tatus Data . 

3-94.  Th i s  data i s  output from the 41 40B when 
pro gram code " K" i s  used ( refer to F i gure 
3 - 36 ) .  The data i s  o u tput  i n  the fo l l ow i n g  
fo rma t :  

_FNRN N I N"lliC]6tJ�LN�1N DNSNHNNJN @) (j]) 
( 1  ) ( 2 )  ( 3 )  ( 4 ) ( 5 ) ( 6 ) ( 7 ) ( 8 ) ( 9 )( 1 0 ) ( 1 1  )( 1 2 )( 1 3 ) ( 1 4 )  ( 1 5 )  

( 1 ) S pace 

( 2 )  F l  '\, F4 : FUNCT I ON 

( 3 )  RAO , RA1 , R02 '\, R1 2 :  RANGE 

( 4 )  I l  '\, 1 3 : I NTEGRAT ION T IME  

( 5 )  T l  '\, T3 : I TR IGGER  MODE 

( 6 )  CO , C l : C% Enabl e 

( 7 )  Al '\, A6 : VA MODE 

( 8 )  B l , B2 : VB MODE 

( 9 )  L l  '\, L3 : VA L IM I T  

( 1 0 )  Ml  '\, M3 : V B L IM IT 

( 1 1  ) DO '\, D 7 :  SRQ MASK 

( 1 2  ) SO : SELF  TEST ( OFF ) 

( 1 3  ) H02 '\, H1 2 :  L IM IT AUTO RANGE 

( 1 4 )  JO , J l : F I LTER 

( 1 5 )  Data Term i n ator 
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Secti on  I I I  Model  4 1 40B 
Paragraphs 3 - 95 to 3-98  

3-95 . Serv i ce Reques t S ta tus  Byte . 3-97 . H i g h  Speed I ( HS I )  Functi o n .  

3-96 . The 4 1 40B sends a n  RQS ( Req ues t Se rv i ce )  
s i gnal  wheneve r o n e  o f  b i ts 1 thru 4 ,  6 or  8 
i s  s et .  Fi gure 3-3 1  s hows the Status Byte 
makeup of 4 1 40B . 

3-98 . The 41 40B has  no t on l y  I ,  I - V  and C-V 
funct ions  but a l so has  a H i gh Speed I ( HS I ) 
functi o n .  Th i s  faci l i tates h i gh speed data 
o u tput  o f  the current measurement .  Thi s 
funct i o n  can be set  o n l y  by remo te program 

3 -58  

B i t  8 7 6 5 4 3 2 1 

I n fo rma tion  0/ 1  0/ 1 0/ 1 0/ 1 0/ 1 0/1  0/ 1 0/ 1 

S i gnal  b i t  7 ( RQS s i gnal ) e s tab l i s hes whether or  not a serv i ce request ex i sts . 
S i gnal  b i t s  1 thru 4 ,  6 or  8 i den t i fy the character of  the serv i ce request states . 
Servi ce request  s tates o f  the 4 1 40B are : 

( 1 ) B i t 1 :  I f  Da ta Ready i s  set  to ON , th i s  s tate i s  set  when meas u rement  
data i s  prov i ded . 

( 2 )  B i t 2 :  When CURRENT L IM I T  i s  operat i n g  (when LED  l amp on fro n t  pane l i s  
l i t ) , th i s  state i s  set .  

( 3 )  B i t  3 :  When S E L F  TEST o r  Auto -Sweep Measurement i s  compl e ted , th i s  state 
i s  s et .  

Note 

B i ts 1 thru 3 are set  when SRQ MASK ( refer to Tabl e 3 - 1 2 )  i s  
set  to ON . 

( 4 )  B i t 4 :  CD When the 4 1 40B rece i ves  an erroneous remo te program co de , th i s  
state i s  set .  (1) I f  the  4 1 40B rece i ves  an i l l ega l  program when DC Vo l tage Source 
i s  operati ng  ( when V OUTPUT l amp on  fro n t  panel i s  l i t )  , th i s  
s tate i s  set .  (I) When parameter i s  set to a va l ue over  i ts sett i n g  l i mi t ( when V S  
D I SPLAY on front  pane l  d i spl ays I t O _ F I t ) , th i s  s tate i s  s et .  (I) I f  VA i s  swept when parameters are not  se t correctly  (when V S  

,DJ SPLAY on  fron t  pane l  d i sp l ays I t I LL E I t ) , th i s s tate i s  set . 
� I f the 4 1 40B recei ves tri gger command  when the FUNCT ION i s  set 

to I -V or C-V , th i s  state i s  set . 

( 5 )  B i t  6 :  I f  Sel f Tes t  i s  faul ty , thi s s tate i s  set . 

( 6 )  B i t  8 :  CDWhen the 4 1 40B rece i ves a tri gger s i gnal  before the l as t  mea s 
urement  i s  compl e ted , th i s  s tate i s  set . (1) When the 4 1 40B prov i des measurement data wh i l e  the l a st  meas 
u rement  data i s  bei ng output , th i s  s ta te i s  set . 

S i gnal  b i t 5 i s  i ndependent o f  b i t  7 ( RQS S i gnal ) .  When DC Vo l tage Source i s  
operat i ng  (when V OUTPUT l amp on  front pane l i s  l i t ) , th i s  s ta te i s  set .  

F i gure 3-3 1 . Status Bytes o f  the 4 1 40B . 



Model 4 1 40B Secti on  I I I  
F i gure 3 -32 

code ( F4 ) , and can no t be set by fro n t  panel 
con trol s .  When the 41 40B i s  set to HS I func
t ion , the I · C  D I S PLAY o n  the front  panel d i s 
pl ays " H- I " .  The  4 1 40 B outputs current meas 
u rement  data vi a HP- I B  a s  i n  F i gure 3-32 when 
41 40B i s  set to HS I functi o n .  Th i s  o u tput 
data i s  the raw curre n t  measurement  val ue 
befo re i t  i s  d i g i ta l l y  i n tegra ted ( re fer to 
paragraph  3- 1 8 ) . Th i s  permi ts the 4 1 40B i n  
i ts H S I  funct ion  to o u tput  data a t  a h i gher 
s peed than  i n  i ts general  I functi on . Accu
racy and data o u tput i n terva l s for the HS I 
funct ion  a re shown i n  Tabl e 3 - 1 4 .  Sampl e 
program for H S I  funct ion  u s i n g  an H P  Des kto p 
Computer i s  g i ven i n  F i gure 3-37 . 

Tab l e  3- 1 4 . Accuracy and  Data Output 
I n terva l in  HS I Functi on . 

Data Output I n terval ( ms ) 
Range  ( A )  Accuracy* 

I n ternal Externa l  

1 0 - 2", 1 0 - 8 ± ( 0 . 5+6 ) 

1 0 - 9 ± ( 0 . 5+ 1 0 )  
1 0 ( 8 . 3 ) ** � 4 

1 0 -1 0 ± ( 2+ 1 0 )  

1 0 - 1 1 ", ± ( 5+ 1 00 )  1 0 - 12 

* ± ( %  o f  read i n g  + cou n ts ) a t  23° C±5° C , �  70 
humi d i ty .  

** a t  5 0 ( 60 ) Hz l i ne frequency .  

HS I ( H IGH S PEED  I )  FUNCT ION 

Pro g ram code " F4 "  for the 4 1 40B e s tabl i s hes no t o n l y  the HS I ( H i gh Speed 1) 
funct i o n , but al so s ta rts data output from 41 40B .  When 41 40B recei ves " F4 "  from 
contro l l e r ,  the 4 1 40B output  i s  zero . Nex t ,  the 4 1 40B sends an i n val i d  byte ( 32 
i n  decimal , s pace i n  ASCI I )  a s  the f i rst  byte . Beg i n n i ng wi th the second byte , 
41 40B curren t  measurement  data i n  b i nary code i s  transmi tted . Each transmi s s i o n  
o f  curren t  measurement  da ta i s  made up  o f  three bytes , wh i c h  are : 

******** 
( 1 ) 

******** 
(2 ) 

******** 
(3 ) 

( 1 ) Space : I nval i d  data ( 001 00000 ) . 

******** 
( 4 )  

******** 
( 5 )  

( 2 )  Range : Range of  the fi rst measurement .  2 ( 0000001 0 )  � 1 2 ( 00001 1 00 ) . 

( 3 ) , ( 4 )  Counts : Counts o f  the f i rst measurement . 
Th i s  data i s  made up  o f  two byte s  
i n  2 1 s  compl ement . 

Typ i cal  - 3600 '" +3800 . 
( s i xteen b i ts ) and sent  

( 5 )  Range : Range of  the second measuremen t . 
data transmi s s i on i s  made up  of  
format as  in  ( 2 )  thru  ( 4 )  above . 

No te 

Subsequentl y ,  each mea surement 
three bytes  sent in  the same 

When set  to the H S I  functi o n , the 4 1 40B does not send a data 
term i n a to r  ( e . g .  @ @ )  nor  does i t  set  EO I ( End  o r  I dent i 
fy ) l i ne  i n  the HP- I B  to " 1 " .  Therefo re , the 41 40B i s  sendi n g  
curren t meas u reme n t  data dur i n g  t h e  t ime the 4 1 40B i s  s e t  to 
HS I funct io n .  I f  4 1 40B i s  set to ano ther fun c ti o n , HS I func 
t i o n  is aborted and s to ps data o u tput . A s ampl e program for 
us i n g  H S I  funct ion  i s  g i ven i n  F i gure 3-37 . 

F i gure 3-32 . Data Output Forma t o f  the HS I ( Hi gh Speed 1 )  Functi o n . 
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Secti  o n  I I I  
Paragraphs  3-99 and  3- 1 00 

3-99 . Programm i n g  Gu i de for 4 1 40B .  

3 - 1 00 .  Samp l e  Programs for H P  Mode l  9825 , HP 
9000 Ser i es 200/ 300 or HP-85 are prov i ded i n  
G i  gure 3-33 thru 3-37 . These  programs are 
l i sted i n  Tab l e  3 - 1 5 . 

Note 

Contro l l er-spec i f i c  HP- I B  programm
i ng i nformat ion  i s  g i ven  i n  the 
contro l l er ' s  progr ammi ng manua l . 

Note 

Fo l l ow i ng equi pment i s  requ ired  to 
run the samp l e programs : 

3-60  

( 1 ) 41 40B 

( 2 ) 9825 

pA Me ter/DC Vo l tage 
sourc e  

Desktop Computer 
98 2 1 0A Stri ng
Adv anced Programmi ng 
ROM 
982 1 3A General I /O  Extended 
I/O ROM 

( 3 ) 98034B H P - I B  In terf ace Card 

or 

( 2 ) HP-85 

( 3 ) 82937A 

or 

Per sonal  Computer 
00085- 1 5003 I /O ROM 

HP- I B  Interface Card 

( 2 ) HP 9000 Seri es 200 Mod e l  2 1 6/226/236 

or 

( 2 ) HP 9000 Ser i es 300 Mode l  3 1 0  

Model  4 1 40B 

Tab l e 3 - 1 5 .  Samp l e  Program Us i ng HP 9825 , 
HP-85 or HP9000 Ser i es 200/300 . 

No . F i gure Descr i pt i on 

1 3-33  Remote con  tro 1 o f  pA secti on 
and data output when 41 40B 
i s  set to I functi on . 

2 3 - 34 Remo te control of VS secti on 
and  parameter output when 
4 1 40B .  

3 3-35  Remo te contro l and  data out-
put when 4 1 40B i s  set  to I - V  
or  C-V fun cti o n .  

4 3 - 36 How to use  remote program-
m i n g  code " K" .  

5 3-37  Remote contro l and data pro-
cess i ng when 4 1 40B i s  s e t  to 
H i gh Speed  I ( HS I ) functi on . 



Model  4 1 40B 

Sampl e  Program 

Des cri pti on : 

Th i s  program enab l es  remote contro l  of the pA Meter secti on 
data output program when the 4 1 40B i s  set to I functi on . 
t hree capabi l i t i es :  

( 1 ) Control o f  the 4 1 40B pA secti o n  v i a  HP- l B .  
( 2 )  Tri gger o f  the 41 40B pA secti o n  v i a  HP- l B .  
( 3 )  Data output from the 4 1 40A v i a  HP- l B .  

982S Program : 

0 :  fl t  '-, J 
1 : w r t  l U ,  ' LJ R A 1 1 3 T 2 "  

( 1 )  ( 2 )  ( 3 )  ( 4 )  

2 : w r t  7 1 7 , " E "  
( 5  ) 

:3 : r ed 7 1 7 . A , B  
4 :  dsp A , B j p r t  A , S  
5 : e n d  

HP-8S/ HP 9000 Seri es 200/300 Program : 

2 0  O U T P U T  l U : "£J RA 1 I 3 T 2 "  
( 1 )

'
( 2 ) . 3 )  ( 4 )  

:3 0 O U T P U T  7 1 7 : " E "  
(5)  

4 0  E N T E R  7 1 7 ; A . B  
5 0  O I S P  A , S  
6 0  P R I N T  A . S  
7 0  E N D  

F i  gure 3 -33 .  Sampl e Program 1 ( s heet 1 o f  2 )  

Sect i o n  I I I  
F i gure 3-33 

and prov i des  a 
The program has  

3 -6 1  



Sect i on I I I  
F i  gure 3-33  

( 1 ) 
( 2 )  
( 3 )  
( 4 )  
( 5  ) 

Se l ec t  code of HP- I B Int erfac e c ard . 
Address  code of  41 40 B .  
Sets 4 1 40B to I funct i on . 
Proqram codes for pA sect ion  of the 41 40B ( re fer  to Tabl e 3- 1 2 ) .  
Th i s  l i ne i s  equ i va l ent  to : 

982 5 : trg ? l ? 
HP-8 5 :  TRI GG ER? l ?  
HP9000 Seri es 200/ 300 : TR I GGER? l ?  

Model 41 40B 

By us i ng s tr i n g  vari a bl es ,  compl ete output  i n format ion  from the 41 40B i s  s tored 
by t he fol l owi n g  program : 

3 -62 

9825 Pro gram : 

0 :  d i m  A $ [ 3 0 ] 
1 :  w r t 7 1 7 . " F 1 R A 1 I 3 T 2 "  
2 :  l.JJ r t  7 1 7 , " E "  
:3 :  r ed 7 1 7 .  A $  
4 :  d s p  A $ ; p r t  A $  
5 :  e n d  

HP-85/ HP9000 Ser i es 200/ 300 Program : 

1 0  D I M AS [ 3 0 ]  
2 0  O U T P U T  7 1 7 ; " F 1 R A 1 I 3 T 2 "  
3 0  O U T P UT 7 1 7 ; " E "  
4 0  E N T E R  7 1 7 ; A$ 
5 0  D I SP A $  
6 0  PR I N T  A$ 
7 0  E N D  

F i gure 3 -33 .  Samp l e Program 1 ( s heet 2 of  2 )  



Model  41 40B Sec t i on I I I  
F i gure 3 -34 

Sampl e Program 2 .  

Des cri pt ion : 

Th i s program ena b l es  remote contro l  of  the V S  secti on and  pro v i des parameter 
output when the 4 1 40B i s  set to I funct i on . The program has three capab i l i 
t i es : 

( 1 ) Contro l  of  the 41 40B V S  sect i on v i a  HP- l B .  
( 2 )  Auto sweep o f  the 4 1 40B V S  sect i on v i a  HP- l B .  
( 3 )  Parameter output from the 41 40B v i a  HP- l B .  

9825 Pro gram: 

0 :  d I m  A$ [ 3 0 )  
1 :  w r t  7 1 7 ,  "£.1 A 4 B 1 L21"1 3 "  

.-) . w r t  L .  

3 :  w r t  

4 :  r ed 

:) : dsp 
5 :  w r t 

7 : e nd 

C l )  ( 2 )  
7 1 7 , " PS - 1 0 ; P T 1 0 .l PE 1 �PH2 .:. P D . 5� PB - 5 0 "  

( 3 )  (4  ) ( 3 )  ( 4 )  (3 ) (4 ) ( 3 )  (4 )  (3)  
7 1 7 . " P S "  

( 5 )  
7 1 7 , A$ 

(5)  
A $ ; p r t  A$ 
7 1 7 ! " W 1 "  

(6) 

F i gure 3-34 Samp l e  Program 2 ( s heet 1 of 2 )  
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Sec t i on I I I  Model 41 40B 

F i gure s  3-34 and 3-35  

3-64  

H P  9000 Ser i es 200/300 

1 0  D I M  A $ ( 3 0 ]  
2 0  O U T P U T  1 1 7 ; "£1 A 4 B 1 L 2 �t 3 "  

l l )  l e !  

3 0  O U T PU T  7 1 7 ;  "PS - l O.;.e.I1!L.ffJ tWH 2 .;. P D . 5 . .I PB - 5 0 "  
l 3 )  l ·l )  l o )  l<l ) l 3 )  ( -l )  l o  ) (cl ) l :i )  l -l )  l o )  

4 0  O U T P U T  7 1 7 ; " P S "  

5 0  E N T E R  7 1 7 ; A $ 
(5 ) 

6 0  D I SP A$ 
7 0  P R I N T  A $  
B O  O U T P U T 7 1 7 j " W l " 

9 0  E N D  

( 1 ) Se ts 4 1 40B t o  I fun cti on . 
( 2 )  Program code s  fo r the V S  secti on of  the 41 40B ( refer to Tab l e  3 -1 2 ) .  
( 3 )  Program codes fo r parameter sett ing  of  the 4 1 40B ( re fer to Tabl e 3 - 1 3 ) . 
( 4 )  Parameter term i nato rs fo r the 4 1 40B . 
( 5 )  Statemen ts on  l i nes  3 and 4 ( or  40 and 50 ) are used to output setti n g  

va l ue o f  t h e  parame ter fo r 4 1 40B . These s tatements s hou l d b e  con t i n 
uou s l y  programmed . 

( 6 )  Statement  for AUTO START of V SWE E P . 

F i gure 3-34 . Samp l e Program ( s heet 2 of 2 )  

Sampl e Program 3 .  

De scri pt ion : 

Th i s  program enabl es  remote con tro l and  prov i des a data o u tput program when 
the 4 1 40B is set to I -V or  C-V func t i on . The program has three capa b i l i t i e s : 

( 1 ) Con tro l o f  I -V or  C-V measuremen t o f  the 4 1 40B v i a HP- l B .  
( 2 )  Auto sweep o f  I -V o r  C-V measurement  o f  the 4 1 40B v i a  HP- l B . 
( 3 )  Data output from the 4 1 40B v i a  H P- l B . 

9825 Program : 

0 :  d i m  A $ [ 1 0 0 . 3 0 ] 
( 1  ) 

'I : w r t  7 1 7 , " F 3R A 1 I 2 A 1 B 1 L 2 M 3 "  
2 :  w r t  7 1 7 , " F' S - I . 1 ; P T 1 . l . PE . 1 NP H 1 ; PV 1 . PB - 5 0 " 
3 :  w r t  7 1 7 , " W l " 
4 :  1 .  I 
5 :  r e d  7 1 7 ,  A $  ( I ]  
E; : i f  A $ [ I , 2 , 2 J # " L " ; I + l . I : j m p  - 1 

( 2 )  

7 :  f o r  .j = 1  to I 
8 :  p r t  t�$ [ .j J  
<3 : n e x t J 
1 0 :  e n d  

F i gure 3-3 5 .  Samp l e Pro gram 3 ( s heet 1 of 3 )  



Model 4 1 40B 

H P  9000  Ser ies  200/300  

1 13  0 I M A $  [ 3 0 ]  , C ( 1 ( 0 )  , V ( 1 1.3 0 ) 

2 0  O U T P U T  7 1 7 ; " F J R A 1 I 2 A 1 B l l 2 M 3 " 

3 0  O U T P U T  7 1 7 ; " P S - I . 1 , ;  P T  1 • 1 ; P E . 1 ; N P H  1 ; P V . 5 ,  P B - 5 0 " 

4 0  O U T P U T  7 1 7 ; " �J 1 " 
5 0  1 = 0 

6 0  R E P E ti T  

7 0  1 = 1 +  1 

8 0  E N T E R  7 1 7 ; A $ 

9 0  C ( I ) == V A U A $ [ 4 , 1 3 ] ) 

1 0 0 iJ ( I ) == \} A U A $ [ 1 6  , 2 1  J )  
1 1 0 P R I N T 11 $ [ 2 , 2 ] 

1 2 0 U N T I L  1-1 $ ( 2 , 2 ] = " ,"- " 

1 3 0 F O R  J = 1  T O  I 

1 4 0 P R I N T C ( J ) , \) ( J )  

1 5 0 N E X T  J 

1 5 0 E N D  

HP-85  Pro gram : 

1 0  D I M  A $ [ 3 0 ) . C ( 1 0 0 ) , V ( 1 0 0 )  
( 2 )  ( 2 )  

2 0  O U T P U T  7 1 7 ; " F 3 RA 1 1 2A 1 B 1 L 2 M 3 "  
3 0  O U T P U T  7 1 7 ; " P S - 1 . 1  ; P T 1 . 1  ; PE . 1 N P H 1 ; PV . 5 . P B - 5 0 "  
4 0  O U T P U T  7 1 7 ; " W l " 
5 0  1 = 0  
6 0  1 = 1 + 1  
7 0  E N T E R  7 1 7  ; A $  
8 0  C C I ) = VAL C A$ [ 4 , 1 3 )  
9 0  V ( I ) = V A L < A$ [  1 6 . 2 1 ] )  
1 0 0 I F  A $ [ 2 . 2 ) # " L "  T H E N  6 0  

( :i )  

1 1 0 F O R  .J = 1 T O  I 
1 2 0 P R I N T  C C J > , V C J )  
1 3 0 NEX T J 
1 4 0 E N D  

( 1 ) Dimens i o n s  a s tri ng vari ab l e  array that  i s  l arger than  the  n umber of 
meas urement poi nts . 

( 2 )  D i men s i ons  a numer i c  v ari ab l e array t h at i s  l arger than  the  number of 
mea s u reme n t  po i nt s . 

( 3 )  When the  4 1 40 B i s  set  to  AUTO SWEEP , the  second c h aracter of  1 a st  
d a t a  i s  " L "  ( refer to  paragraph 3 -89 ) . 

F i gure 3-3 5 .  Samp l e  Program ( s heet 2 of 3 )  

Sect i o n  I I I  
F i grue 3 -35 
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Sec t i on I I I  
F i  gure 3 -35  

Mode l  41 40B 

3-66  

The  s ame resu l t s c an be obt a i n ed by u s i n g  the  fo l l owi n g  program . L i nes  1 and  
6 ( w i th the  9825 ) ,  or 1 i n e s  20 and  80 through 1 00 ( w i th the  HP-85 ) h ave been  
a l tered to a l l ow use  of the  SRQ Status  Byte . 

9825 Program : 

1 :  1.!Jf t 7 1 7 , " F 3R A 1 I 2 A 1 B 1 L 2 M 3 D4 " 

G :  I f  b l t ( Z , r d s ( 7 1 7 » = O ; I + l + I ; j m p  - 1  

H P -85 Pro gram : 

2 0  O U T P U  T 7 1 7 ; " F3 R fl l  I 2A I B 1 L 2 �1 3 0 4 "  

7 5  A = S P O L L < 7 1  n 
7 5  O � PO S ( A$ . " . " ) 
8 0  C ( l ) = V A L < A$ [ O - '1 0 , D - 1 ] )  
9 0  V < I ) = VA L ( A$ [ D + 2 , L E N ( A$ ) ] )  
1 0 0 I F  B I T ( A , 2 ) = 0 T H E N  6 0  

Fi rst  b i t of  t h e  4 1 40B o u tput d a t a  ( s pace ) , j u s t  a fter t h e  SRQ Status  Byte i s  
o utput to the contro l l er ,  may be l o s t .  Al so , the Status Byte i s  c l eared  
w i t h i n  1 0ms  a fter i t  i s  o utput to  the  control l er .  Therefore , i f  the  Status  
Byte i s  o utput  w i th i n  1 0ms after the l a s t  o u tput , the l a s t  s ta te may rema i n .  

F i gure 3-35 . Samp l e Program ( s heet 3 of 3 )  



Model  4 1 40B  

Sampl e Program 4 .  

Descri pt ion : 

Sec t i on I I I 
F i gure 3-36 

The remote programmi ng  code "K"  can be used  to recogn i ze 41 40B key setti n g s . 
Thi  s program s hows how to use  " K " .  

Note 

When the I RANGE i s  set to " RA1  ( AUTO ) " ,  key setti n g  i n fo rma
t i on for the I RANGE  us i ng " K" i s  " RA1 " .  Therefore , the I 
RANGE s hou l d be s e t  to " RAO ( MANUAL ) "  to recogn i ze the true I 
measuri ng  range . 

9825 Pro gram :  

0 :  d i m  A $ L 3 0 ]  
1 :  w r t  7 1 7 , " K " 
2 :  r e d  7 1 7 .  A $  
3 :  d s p  A $ ; p r t  A $  
4 :  e n d  

HP-85/HP 9000 Ser i es 200/300 

1 0  D I M  A $ [ 3 0 ]  
2 0  OU T P U T  7 1 7 j " K "  
3 0  E N T E R  7 1 7 j A $  
4 0  D I SP A $  
:1 0 P R I N T  A $  
6 0  E N D  

Note 

The s ta tements  on  l i nes  and  2 ( o r  20  a n d  30 ) s ho u l d be con 
ti nuous l y  programmed .  

Note 
The remote program code " K" can not  be used  wh i l e  the se l f 
test i s  performed .  Bes i de s , i f  " K "  i s  used when the meas u re 
ment data i s  prov i ded , t h i s  data wi l l  b e  l os t .  

F i gure 3-36 . Sampl e Progr am 4 3-67  



Sec t i on I I I  
F i gure 3-3 7  

Mode l 4 1 40B 

3 -68 

Sampl e P rogram 5 .  

Descr i pti on : 

Th i s  program enabl es  remote contro l  and i s  a data o u tput  program when the 
4 1 40B i s  set to HSI ( Hi gh  Speed I )  funct i on . Th i s  program has three capab i l i 
t i e s : 

9825 

0 :  

1 : 

2 :  

3 : 

( 1 ) Con tro l of  the 41 40B H S I  funct ion  v i a HP- l B .  
( 2 )  H i gh  speed I / O  con tro l between the 4 1 40B and  contro l l er v i a  HP- l B .  
( 3 )  Data proces s i ng for the 41 40B H S I  funct i on v i a  HP- l B .  

Note 

Data ouptup i nterval of the  HS I func t i on i s  qu i te short ( 4  to 
l Oms ) .  Therefore , general I/O programmi ng  ( 9825 : wrt , red , 
HP  9000 Seri es 200/300 , HP-85 : OUTP UT,  ENTE R )  c an not be 
u s ed . On l y  h i gh s peed I/O programm i n g  c an be u s ed for the 
HS  I funct i on .  Hi gh speed I/O  programmi n g  wi th the 9825 , HP 
9000 Ser i es 200/300 and HP -85 i s  s l i gh t l y  d i fferent  A s amp l e  
program for H S I  i s  g i ven be l ow . More spec i f i c  i nformat i on 
for h i gh speed I /O  programm i n g  wi th the  9825 , HP 9000 Ser i es 
200/300 or HP-85 i s  pro v i ded i n  the  9825 , HP 9000 Seri es 
200/300 , or HP-85 programmi ng  manua l s .  

Program : 

e n t  " N umb e r  7 "  .H 
( I )  

b uf " 4 1 4 0 B " , :3 N + 1 1 :3 
( 2 )  

w r t  7 1 7 1 " F 4 "  
( 3 )  

H r  7 1 7 1 " 4 1 4 0 B " , :3 N + 1  
(4  ) 

4 :  r db ( " 4 1 4 0 B " ) +S 
(5) 

5 :  f m t  l , f 6 . :3 , c2 , f 2 . 0 , c 1  
6 :  f o r  1 = 1 t o  N 
7 :  r db ( " 4 1 4 0 B f I ) +R 

(6)  
8 :  r db ( " 4 1 4 0 B · · ) +Ji 

(7)  
9 :  r db ( f l 4 1 4 0 B f I ) +..l 

( 8 )  
1 0 :  i o r ( s h f ( H , - 8 ) , L ) +C 

(9) 
1 '1 : w r t  1 6 . 1 , C / 1 0 0 0 , f l E - " , R , f l A f I 
1 2 :  n e x t I 
1 3 :  e nd 

F i gure 3-37 . Sampl e Pro gram 5 ( s heet 1 of 3 )  



Mode l  4 1 40B 

HP 9000 Seri es  200/300  

1 0  O P T I O N  B A S E  1 
2 0  I N P U T " I'J U I'1 B E R " ,N 
3 0  P R I N T  " N U B E R " i Nl I J 
4 0  D I M  A $ [  1 0 0 0 ] B U F F E R  
5 0  A S S I G N @ D d � � o  7 1 7 
6 0  AS S I G N @ A  T O  B U F F E R  A $  
7 0  OUTP U T  7 1 7 ; " F 4 "  
8 0  T R A N S F E R  @ D�3�O @ A ; C D U N T  3 * N+ l 
9 0  S == N U M ( A $ [ 1 , 1 ] ) ( 4 )  
1 0 0 I M A G E s b . DD O , A A , D D 
1 1 0 F O R  I = 1  T O  N 
1 2 0 I b )E = N UM ( A $ [ 3 * ( I -- 1  ) + 2 , 3 * ( 1 - 1 ) + 2 ] ) 
1 3 0 l - ) J::j = N U M ( f� $ [ 3 * ( J - l  ) + 3 , 3 * (  I - I  ) + 3 ] ) 
1 4 0 ( 8 ) .l=: �J U �1 ( A $ [ 3 * (  I - I  ) + 4 , 3 * (  1 -- 1  ) + 4 ] ) 
1 5 0 1 9 )C=256 I> H+L 
1 6 0 1 9 ) I F  C = 3 4 7 5 7  THEN G O T O  2 1 0  
1 7 0 I Y) I F  H < 1 2 8 THEN G O  TO 200 
1 8 0 ( " ) C = C - 6 5 5 3 6  
1 9 0 D == C / 1 0 0 0  
2 0 0  P R I N T U S I N G 1 0 �) ; D , " E - " , R  
2 1 0  N E X T  I 
2 2 0  E N D  

H P -85 Pro gram : 

1 0  OP T I O N  BASE 
20 D I SP " N wn b e r  
2 1  I N P U T  li 

( 1 )  

3 0  D I M A$ [ 'I O O O ] 
( 2 )  

r. e J J  I O B U F F E R  A $  
( 2 )  

1 
" . , 

4 0  O U T P U T  7 1 7 j " F 4 "  
( 3 ) 

5 0  T R A N S F E R  7 1 7  T O  A $  

6 0  $ = NUM ( A$ [  1 ,  1 ] ) 
( S )  

70 I MAGE D . D D D , AA , DD 
8 0  F O R  1 = 1  T O  N 

(4)  
FHS COUN T 3* N + 1 

9 0  R= NUM ( A$ [ 3* ( I - l ) + 2 , 3* ( I - 1 ) + 2 ] ) 
(6) 

1 0 0 H= NUM ( A$ [ 3 * ( I - 1 ) +3 , 3 * ( I - l ) +3 ] )  
( 7 )  

1 1 0 L= NUM ( A$ [ 3* ( I - 1 ) + 4 , 3* ( I - l ) +4 ] )  
( 8 ) 

1 2 0 C = 25 6 * H + L  
19 ) 

1 2 1  I F  C = 3 2 7 6 7  T H E N  G O T O  1 4 0 

1 22 I F  H < 1 28 T H E N  G O T O  1 3 0 

1 2 3 C � C - G5536 

(9 ) 

F i gure 3 -37  Samp l e  Program 5 ( s heet 2 of 3 )  

Sec t i on I I I 
F i gure 3-37 
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Model  4 1 40B 

3-70 

1 3 0 PR I N T  US I NG 1 0  
1 4 0 N E X T  I 
1 5 0 E N D  

C / 1 0 0 0 . tl E - t l . R 

( 1 ) N :  Number o f  data sent .  
( 2 )  982 5 :  Sets name ( 4 1 40B ) ,  s i ze ( 3 N+1 )  and type ( h i gh speed  read/wri te 

b u ffe r )  of  the buffer for h i gh speed I / O .  

HP  9000 : Sets name ( A $ )  a n d  s i ze (�3N+l )  o f  s tr i n g  vari abl e for h i g h  
Ser i es 200/ 300 s peed I / O .  

H P -8 5 :  Sets name ( A$ )  a n d  s i ze (� 3N+l ) o f  s tri ng vari ab l e  for h i gh 
speed I /O .  

( 3 )  Sets 4 1 40B to HS I .  
( 4 )  Sends meas u rement  data from 4 1 40B to contro l l e r .  
( 5 )  I n puts  fi rst byte o f  mea s u reme n t  data from buffer to  var i ab l e S .  
( 6 )  R :  Range  o f  f i rs t  mea su remen t .  
( 7 )  H :  H i g h  byte o f  count  o f  fi rs t measurement .  
( 8 )  L :  Low byte o f  co unt  o f  f i r s t  measurement .  
( 9 )  C :  1 6  data count  b i ts make u p  H and C .  

Fi gure 3-3 7 .  Sampl e Program ( s heet 3 of 3 )  
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