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$ formation
E o5t the Hewlett-Packard Model 4140B pA Meter
§ /DC Voltage Source.

1.3,
f icrofiche part number.

ﬂ@ﬁ...‘#mﬁ...l;ﬁ@...‘ﬁﬁ4...'hwﬂ.ll‘mwm,-’*fi I T T F ] — — s we—

Mode]l 47408

§ .1, INTRODUCTION

|-

b 1.2, This Operating Manual contains the in-
required to install, overate and
Figure 1-1 shows the in-
strument and supplied accessories, This sec-
i tion covers the instrument identification,

tisns and other basic information. To order
an additional wmanual, use the part number
Tisted on manual title page.
Also listed on the title page s a
This number can he
ysed to order 4 x 6 inch microfilm transpar-
encies of the manual. Each microfiche con-
taing up to 98 photo-duplicates of the manual
pages.  The microfiche package aisc includes
the latest Manual Changes supplement as wel]
- gs pertinent Service Notes.

| description, options, accessories, specifica-

Section 1
Paragraphs 1-1 to 1-5

SECTION |
GENERAL INFORMATION

1-4, DESCRIPTION.

1-5. The HP MOdel 41408 pA Meter/DC Voltage
Source comprises a high stability pA Meter
with 107%°A (max.) resolution coupled with

" two programmable DC voitage sources to ensure

useability in many applicaiion areas., The pA
meter has a basic accuracy of 0.5% over
wide measurement ranges (20,001 x 107'2A ~
+1.959 x 1072A) enabling stable pA current
measurement at 107*°A {1 count). This is
achieved by employing a new unique, variable,
digital, integration method. This stable and
fast (less than '35ms at 1nA) measurement
technique is very useful, not only for the
measurement of the smali-leakage currents of
semiconductor devices and the static charac~
teristics of FET's, but also for making insu-
lation resistance/leakage, current/absorption
measurements/analyses of capacitance and in-
sulation materials, One of the two program-

160534

P/N

S

16055A

. v -~
%,
: 'y
LT

F_T’ Gure- 1-1.
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section |
Paragraphs 1-6 to 1-13

mable DC voltage scurces (VA) can operate not
only as a programmable DC volfage source, but
also as a unigque staircase (., /M) and
accurate ramp %<Jf, ) generatcr. The OC
Voltage Source, has an output range of =100V
in 100mV steps or 10V in 10mY steps, and the
ramp rate can be set from 0.001V/s to 1V/s at
£.001¥/s resolution. The sweeps of the
staircase and ramp functions operate, both in
the AUTO sweep mode with a pause key (for
changing step voltage and sweep direction
during measurement) and in the MANUAL sweep
mode with down (@ ) and up (@ ) keys.. Each
programmable DC voltage source (Vg and VB)
has a current limiter to avoid damaging the
QUT by excessive current,

1-6, A key capability of  the 41404 1is its
ability to make accurate I-V/C-V measurements.
Measurement timing can be automatically syn-
chrenized between ~the DC Voltage Source and
the pA Meter section. The start, stop and
step voltages can be set from -100V to +100V
at 100mV resolution (from -10V to 430V at
10m¥ resolution). The hold/step delay time
can also easily be set depending upon the
characteristics of the material being tested,
Al1 these capabilities are featured in the HP
41408 itself which, up to now, has required
an extensive instrument system. Static char-
acteristics of semiconductors, dicdes and

FET's, the analysis of MIS construction, and .

+he measurement of the threshold voltages of
FET!'s in addition to 1 minute value measure-
ments for insulation resistances (resistance
values of approximately 0.50~10'7Q can be
calculated from the I-V measured values) can

be made easily, quickly, and efficiently with.

the 4140B,  With the 41408 it is especially
easy to make a guasi-static C-V measurement
(a capacitance measurement utflizing a ramp-
wave) which is usually employed as one of the
measurements when.trying to improve semicon
ductor quality.  The 4140A measures capaci-
tance value by the following formula:

I (measured current value)
dv/dt (ramp rate)

C =

*

This is possible with the 41408 because both
the desired setting of the ramp voltage and
the capacitance measurement are complietely
‘synchronized, and the calculated capacitance
valug {0.0~1999pF} or percent change (0.0% v
0 195,9%) VS Cox (the capacitance of oxide

. film) and the appropriate ramp voltage value

.are simultaneously displayed.

gt

Moae! 4.

1-7. The 41408 employs certain partiq.r-a.
functions which make the best use of th
telligence capability of its microprocess..
For example, its zerc offset current capab
ity cancels leakage current of test leads
fixtures, and its zero offset capacitance ce
pability cancels stray capacitances of
teads and fixtures for accurate cur_renti
capacitance measurements, = The self-tesi #
pability checks ROM's, RAM's, displays, ind
cators and control keys of the 41408 auton
ically when the 41408 is turned to ON orr‘l
SELF TEST front panel key is pushed, ~ T
measurement parameters of the 41408 (VA =
VR = ,START V, STOP V, STEP V, HOLD TIME,
dt, STEP DELAY TIME and Cox) are stored
the 41408 memory and can be used repeatedly

1-8. The 4140B provides Analog Output whl
can be used to output analog data t¢ an?
Recorder and to trace I-V/C-V curves. T
41408 also provides HP-IB Interface for
mote control and data cutput via the HP-!
In addition, four ‘unique accessories
available for making a wide range of unive
satl measurements,

1-9, SPECIFICATIONS

1-10. Complete specifications of - the

" 471408 pA Meter/DC Voltage Source are givenw

Table 1-1. These specifications are ihe pe
formance standards or limits against wh
the instrument is- tested. The test prgl
dure for the specifications are covered
Section IV Performance Test. Table 1-2 1is
general information. General information
net specifications but is typical charac
istics included as additional information f
the operator. When the 41408 pA Meter
Voltage Source is shipped from the factg’
it meets the specifications listed in T
-1, '

1-17. SAFETY CONSIDERATIONS I

1-12. The Model #1408 pA Meter/DC Volte
Source has been designed to conform - fo
safety requirements of an. IEC (Enternati4
Electromechanical Committee) Safety Clast
instrument (provided with a protective eal
terminal), and is shipped from the factor
a safe condition.

1-13. This operating manual contains infory
tion, cautions, and warnings which musj
followed by the user to ensure safe operss
and to maintain the instrument in a saf

dition. -|




i per is in the form:

IR soce] 41408

\_14, INSTRUMENTS COVERED BY MANUAL.

_3:]_15_ L& serial _number piate 1s attached to
f -he rear of the instrument.  The serial num-
KAXKIRHHK It is in

% (0 parts, the first four digits and the
§ 1etter are the serial ﬂDTEfTX and the Tast
¥ sive digits are the suffix. The prefix is
§ ipe same for all identical instruments; it
¥ changes only when a change is made to the
[ iocirument,  The suffix however, is assigned

K cequentially and s different for each in-

§ strument. The contents of this manual apply
§ to instruments with the serial numbar prefix
§ (es) listed under SERIAL NUMBERS on the ti-

f tle page.

E 116, An instrument manufactured after the
" printing of this manual may have a serial
b number prefix that is not listed on the title
page. This unlisted serial number prefix in-
E Jicates that the instrument is different from
} tnose described in this manual.  The manual

. Section I
Paragraphs 1-14 to 1-18

for this newer instrument is accompanied by a
yellow Manual Changes supplement.  This sup-
nlement contains ‘“change information® that
expiains how to adapt the manual to the newer
instrument,

1-17. In addition %o change information, the
supplement may contain information for cor-
recting errors in the manual.  To keep this
manual as current and accurate as possible,
Hewlett-Packard recommends that you pericdi-
cally reguest the latest Manual Changes sup-
plement. The supplement for this manual is
identified with the manual print date and
part number, both of which appear on the.
manual title page.  Complimentary copies of
the supplement are available from Hewlett-
Packard.

1-18. For information concerning a serial
number prefix that is not 1isted on the title
page or in the Manual Changes supplement,
contact your nearest Hewlett-Packard office.

1-3



i Section | . rue Ty I
Table 1-1 -

Tabla 1-1. Specifications(sheet 1 of 7).

Measurement Functions: I-v¥, C-V and I

1: For independent operations as universal pA Meter/Programmable Voltage

Source -
1-V: I~V characteristic measurement using staircase/ramp wave
C-¥: Quasi-Static C-V characteristic measurement using ramp wave

Voltage Source: Two separate sources (VA and VB)

VA: £100vV, function generator/programmab1e source
Vg3; £100V, programmable DC voltage source

Function VA VB
I-v EE
I | C-v S =
| _ 1 L AT AT AT
l o Voltage Sweep: .Auto (pause available)/Manual
B Warm=up Time T2 T hour
"
GENERAL

Operating Temperatura: 0°C to 40°C
Relative Humidity: < 70% at 40°C

spare AN -+ . SR\

power: 100/120/220V+10%, 240Y-10%+5%, 50Hz/60Hz#5%, max. 135VA with any option.

Dimensions: 426mmW x 177mmH x 498mmD
Weight: Approx. 14.4kg
Accessory Furnished: 16053A Test Leads (1 set), 16055A Test Fixture,




4 .1 41408 Section 1
¥ uodel _ Table 1-1

Table 1-1. Specifications(shest 2 of 7).

CURRENT MEASUREMENT
pisplayy 3-1/2 digit, 99.9% overrange.

Measurement Range: =0.001x107'%A ~ £1.999x107%A, 11 ranges, ayto/manual range
salection,

Measurement Accuracy/Integration Time:

Range (A) Measurement Integration Time(ms)**
Accuracy* SHORT | MED | LONG

102~107% | £ (0.5 +2)

20 80 320

1070 t{2+2) 3
10-41 £ (5 +3) 80 | 320 | 1280
10127 | 2 (5+8) 160 | 640 | 2580

* +(% of rdg + counts), 23°C = 5°C; <70% humidity, integration time...LONG,
filter...ON.

#* at 50Hz line frequency (x 5/6 at 60Hz operation).
#*%. 7erg offset is performed.

Voltage Burden: 210wV at full scale.
Internal Electromotive Force: <100uV at 23°C = 5°C,
Maximum Inputﬁ |
Hi-lo {peak value): £2V at 1072 ~ 107 A range.
' ' 30V at 107% ~ 107° A range.
120V a* 107% ~ 10724 range.
Lo-Guard: *20CV.
- Zero Offset: Cancels Jeakage curvent of test leads/fixtures.
. Offset Ranges: 0~ #100fA.
" Trigger: INT/EXT or MAN.

7 High Speed I Data Output: OQutputs current measurement data with max. 4ms inter-
vals, {Refer to reference data for accuracy).

Input Terminal: Triaxial BNC (HP Part No.: 1250-0687).

1-5
aaluetronics.com



Section I
Tabie 1-1

Table 1-1. Specifications{sheet 3 of 7).

o T VY~ T~ N T~ W WM A

DC VOLTAGE SOURCE (Va AND V)
Output Mode:

Va: o7 s A, SN\, =, OFF
Vi = ., QFF

Voltage Range: 0 ~ 210,00V, C ~ £100.0V, 2 ranges {autoranging only),

Max. Current Capacity: TOmA.

Sweep Control: Auto (pause available)/man., up/down manually available in hold.

Gperating Parameters Setting Ranges:

Start/Stop/DC Voltage: 0O " £10.00V in 0.01V steps,0~ £100.0V in 0.1V steps

tep Voltage: £0.01V ~ £70.00V in 0.01V steps(0.1V step at 10V of absolute

- value of output voltage)
Hold Time: 0 ~ 199,95 in 0.1s steps, 0 ~1999s in Ts steps.
Step Delay Time: 0 ~ 10.00s in 0.01s steps, 0 ~ 100.0s in 0.1s steps.
Ramp Rate (dV/dt): 0.001V/s ~ 1.000V/s in 0.001V/s steps.

Accuracy: at (23°C £ 5°C)
Qutput Voltage {7, /M, = )
£10V:  £(0.07% + 11mV}.
£100Y:  £(0.09% + 110my}.

Accuracy of Ramp Voltage* :
Ramp Rate: (g o9 4 1o,v/5) -

1075 x START Voltage (V)
HOLD TIME (s) + 25

v 1075 x START Voltage (V)
£(0.2% + 80V/s) - GLE TIME () * s

- - if absolute setting value for START or STOP Voltage > 10V,

Linearity:
+(0.1% + 0,0003V/s } - 0.001 x START Voltage (V)
SV T RAMP RATE (V/s) RAMP RATE (V/s) x (MHOLD TIME (s) + 2s)

%

£00.29 + o 2:003V/s 0.001 x START Voltage (V) - g
FV.c% T RAMP RATE (V/s)’ ~ RAMP RATE (V/s) x ({HOLD TIME (s) + 2s) °

- -~ if absolute setting value for START or 5TOP vd]tage:>10v.

# 1 1. Temperature Change: £ 3.6°C/hour.
2. Time after start of rampzds.

‘
l
l
I

% 1-6
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'. 41408 | Section I
- wode] Table 1-1

- —

Table 1-1. Specifications{sheet & of 7}.

start Stop Voltage (oniy for VAR /“x)g =2 0my
(£200mV ... = 10V of absolute setting value for START or STOP voltage),

E I
P—

> Display of Qutput Voltage (only for / ,/\): =(0.07% + 16mv)
(£0.09% + 160mvV) .... 210V of absolute setting value for START or STOP

voltage),

Step Delay/Hold Time: Accuracy is dependent on accuracy of line frequency
(SGHZ or 60Hz},

current Limit: 107*A, 107°A or 107 2A+10% .

output Terminals:.BNC, L~GND,

C-Y MEASUREMENT

Caiculation Eguation ...... ¢(F) = measured current value {A)/ramp rate (V/s)

Measurement Range: 0.0pF ~ 199.9pF, 200pt ~ 1999pF, 2 ranges of Auto range.

% change Display: Capacitance change is displayed as a % of the inﬁtia] satting
value of Cox (100%). '

% Display Range: 0.0% ~ 199.9%.
{ox Setting Range: O.1pF ~ 199.9pF, 2000F ~ 1999pF.

Capacitance Caiculation Accuracy: Depends on accuracies of both current meas-
urement and linearity of ramp wave
{refer to paragraph 3-53).

7aro Offset: Cancels stray capacitances of test Teads/fixtures.

Offset range: 0O ~ 100pF.

AmjM;—??if%1i-.'jgwﬂll-;ffj-l.l“;—jr: ) a_“l-i —- = L w—

www.valuetronics.com
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Section I
Tahle 1-1%

Table 1-1. Specifications(sheet 5 of 7).

MOZE L 4140

Analcg Cutput:

Output Data: VA, T and C

Qutput Voltage:

OTHER

Qutput Data

Output Voltage (Resolution)

VA +10V
£10.1V ~ =100V

0 v 27,000V (ImV/count)
1,01 ~ £10,00V {10mV/count)

I Full Scale

©+5Y (Bmy/count)

C Full Scale
100pF 0.5V (0,5mV/count)
BY {BmV/count)

100% (% Display) 5V {5mV/count)

1000pF

Low Pass Filter:
Pen Lift OQutput:

Recorder Scale Qutput:

Aecuracy: =(0.5% + QUmV}'

Data Output

function

OFF, 0.22s + 20% and 1s t 20% applied to both VA and I/C
TTL Tow Jevel {< 0.8Y) during sweep period in I-V/C-V

Upper right/lower left scale output for location
adjustment of recorder

Key

VA output

1/C output

U.R.
{Upper Right)

Either maximum voltage value
of START or STOP voltages.

Full scale value of
(+) plus sign.

L.L.
(Lowar Left)

Either minimum voltage value
of START aor STOP voltages,

for {~V measurement .

Full scale value of
(=) minus sign. OV (OpF)

ZERD

Qv

ov

Data OQutput:

HP-IB Interface:

Remotely Controllabie Functions:

IEEE 488-1975, ANSI, STANDARD MC 1.1

Measured Data (I, C and VA},
Yoltage Settings (VA, VB),
Setting Times,

Setting Value of Cox and,
Front Panel Key Status.

Interface Functions: SHI AHI T5 L4 SR1 RL1 DCT DT

Measurement Function, Current Range, Lower
Limit of Auto Mode, Integration Time, I Trig, Filter, Voltage Sweep Con-
trol, Current Limit, Voltage of Vg/Vg, Setting Times and Self Test.

. 1-8
www.valuetronics.com




£1408 ‘ ' Section 1
podel : Table 1-1

Table 1-1. Specifications{sheet 6 of 7).

~ OPTIONS
pption 907: Front Handle Kit (5061-0090).

Option 908: Rack Flange Kit (5061-0078).
Option 909: Rack and Handle Kit {50671-0084).
Option 810: Extra Manual.

ACCESSORIES AVAILABLE
16053A: Test Leads (furnished with the 4140B)

One triaxial (male) - triaxial {male) cable, two BNC (male) - BNC
(male) cables, and connection plate with female connectors (one -
triaxial and two BNC) are furnished. Each cable is 1 meter long.
Useful for connecting user designed prober station/measurement
fixture,

16054A: Connecticn Selectors

Selects connection of low lead for pA Meter section as in following
figure, Used in conjunction with the 16053A.

; !
| |
|HIGH o LOW o N
e [

|
| _ : ]
| ° l , |
[ | P ———— -
UEI [OM a.

Ve

16055A:  Test Fixture for General Device Measurements (furnished with the 41408)
For stable pA current measurements with electrostatic/Tight shielded
hood., Alligator ¢lips/T0-% socket with connection plates for easy
connection to actual devices,

16056A:  Current Divider (10:1)

Extends 10-2A range to 107!A (use only on 107 %A range).

www.valuetronics.com




Section I

Table 1-1 E

A = Table 1-1. Specifications{sheet 7 of 7).

Other Accesscories/Recommended Stock Paris:

7 Descriptions HP Model/Part Number
HP-18 Cable G.5m 106310
Tm 106314
m 106318
&m 18631C
Triaxia1.Connector Female 1250-0687
1250-1413
Male { 16053~24001
16053-24002 s
BNC Connecter Female 1250-1279
' Matle 1250-0408
16055A Accessories
Connection Plate with Alligator Clip 16055-65001
Connection Plate with T0-5 Socket (iOpins) 1605565002
Alligator Clips {5ea) 16055-65003
Connection Leads for T0-5 Socket {5ea) 16055-65004
TO-5 Socket (8pins) 1200-0238
T0-5 Socket {10pins) 1200-0239 o
: } TC-5% Socket (12pins) 1200-0240 :E
‘« Triaxial Cable (approx Tm) 16053-61002
BNC-BNC Cable {approx 1m) | 16053-61003
Connacticon Plate for the 16053A 16053-61001

Jr— P

1-10
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Section I
Table 1-2
Table 1-2. General Information (sheet 1 of 3}.
CURRENT MEASUREMENT
Typical Response time: 0O ~ 90%, FILTER...OFF.
Measurement Response Time Measurement Response Time
Range (A) CE2pF | C= 2nF Range (A} C < 2oF = 2nF
-2 Y
107~ 10 <1ms 1071%, 1071 <50ms | <200ms
10°¢, 1077 <3ms .
“12
07 . 1078 <I5ms 10 £600ms
RO capacztance value of test leads/fixtures.
When FILTER is ON, add 60ms (at 50Kz} or 50ms (at 60Hz).
Common Mode Rejection Ratio: 2120dB {£2 counts}.
Current Measurement Accuracy®:
- INTEGRATION TIME High § d
I RANGE = ¢n opee
(A) | FILTER —emps T Weoiom | LONG ] I Data Out
ON 2(0.5+3 0.5+2 0.5+
1ot 10-¢ (0.5+3) | *(0.5+2) | =(0.5+2)
OFF £{0.5+4) | £(0.5+3) | £(0.5+2) £(0.546)
19-s ON | =(0.5+3) | £(0.5+3) | #(0.5+2 >
OFF £(0.5+10) | £(0.5+7) | £(0.5 +{0.5+10)
oo ON | =(2ve) | =(213) | *(2%2 )
OFF £(2+10) 2(2+7) 2(2+3) S E2(2+70)
1p-12 ON £(5+10) | £(5+4) £{5+3} - :
OFF £(5+30) £(5+15) | £(5410) *{5+100)
1012k ON £(5+20) | :(5+70) | £(5+8)
OFF £{5+30) +(5+15) | ={5+10) £ (5+100)
* +(% of reading + counts) at 23°C % 5°C, <70% humidity.
** Zero offset is performed. '
Minimum Data Qutput Trigger Cycle:
' -V I-¥
s, A 25ms
VAAN 50ms
1-11



..uﬁ

Rk Section I
t Table 1-2

E "' : Table 1-2. General Information (sheet 2 of 3),

I Data Output Trigger:

. , TRIGGER I Function “ High Speed I Data Output
: INT. approx. 200ms approx. 10ms*

4 T, %k >4m

Ny EAT. 2Integration Time 24ms

MAN , FH* + 3ms

* At 50Hz Tine frequency (x5/6 at 60Hz operation).
** Triggered when the logic signal (=1lus) goes to "0"
(short or <1002 of resistance) from "7,
**% Triggered by HOLD/MAN., key.

3 Current Measurement Ranging Time {ms):

Start .
Range Optimum Range (A)

(A} 107517 107 1107 107 10T 10T 10Tt [0t 10T e

St B e e e

wg . .
i0 340 1 960 11300 | 1920 | 2260 | 3080 | 3420 | 4940 | 5280 | 7760
& 1 G"‘E» 20
. ' 340 620 | 960 1580 | 1920 {2740 i 3080 | 4609 | 4940 | 7420
‘\1 Lo
i } . 107 320 | 300 o
g ' 640 | 620 340 | 960 | 1300 {2120 | 2460 | 3980 | 4320 | 680D
1075 380 1 320 20 _
| 660 | 6401 340 620 960 |1780 | 2120 | 3640 | 398C | 6460 |
1078 640 | 620 | 2320 | 300 _ s
960 | 940 | 640 | 620 340 | 1160 | 1500 | 3020 | 3360 | 5840
1077 "1 650 | 6840 1 340 | 220 20 ‘
980 | 960 | 660 | 640 | 340 B20 | 116G | 2680 | 3020 | 5500

10~ G60.] 840 | 640 1 620 320 | 300
1280 {1260 | 960 | 940 ; 6401 820 340 | 1860 | 2200 | 4680

10-2 S80 | 960 | 660 § 640 | 340 320 20
1300 1128C | 980 | 960} 6601 640 340 1520 | 1860 | 4340

10710 1480 | 1460 {1160 [1140 | 840 | 820 | 520 | 500
1800 | 1780 {1480 ;1460 | 1160 | 1740 | B4D | 82¢ 340 | 2820

1p-1: | 1500 11480 11180 11160 860 | 840 | 540 | 5201 20
1820 {1800 |1500 {1480 | 1180 |-'71160 | 860 | 840 ) 1300 2480

1p-iz | 2700 12680 | 2380 ;2360 | 2060 | 2040 | 1740 | 1720\ 1220 | 1200
3020 3000 | 2700 | 2680 | 2380 | 2360 | 2080 | 2040 | 2500 | 3780

tach value is the ranging time from the start range to the optimum range.
A1l values are in miliiseconds. Times to the right of the diagonal line
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 Tower values are when it
isn't saturated).




1 41408 Section I

] wode Paragraphs 1-19 to 1-28

Table 1-2. General Information (sheet 3 of 3).

-
DC VOLTAGE SCURCE
output Resistance: < 10,
Output Inpadance: <19 at 10Hz, < 1000 at 100Hz.
program Speed (=7, f™u, T= )i Approx. 2.5ms{1V/ms through rate)

Ranging: approx. 30ms.

e

1-19. OPTIONS. : 1-27. ACCESSORIES AVAILABLE.

1-20. Availeble Options for the Model 41408 1-28. tor convenience‘and.ease of measurement,
are listed in Table 1-3. ‘ four styles of accessories are available.
Photes and descriptions of accessories are
Table 1-3. Available Options. given in Table 1-4 and application ranges of
accessories are given in Table 1-5.
Qption Pascription
907 | Front Handle Kit | A HARRING
808 Rack Flange Kit
809 Rack Flange and Front Handie Kit : DO NOT USE 160554 TEST FIXTURE WITH
: g10 Extra Manual 16054A CONNECTION SELECTCR. HAZARD-
e f : QUS VOLTAGE MAY EXIST ON LOW LEAD
! TERMINAL EVEN IF 16055A LOW LEAD
1-21. Option 907, 908 or 805, CONNECTION SELECT 'SWITCH IS SET TO
GND POSITION WHEN 16054A LOW LEAD.
1-22, Option 907, 908 or 909 provides the me- CONNECTION SELECT SWITCH IS SET TO
chanical parts neccessary for rack mounting. va OR vg POSITION.
Installation procedures for these options are o
detailed in Section II. Table 1-5. Application Ranges of Accessories.
1-23. Option 910 Extra Manual.
' Model Current Range in Combination
1-24, Option 810, Extra Manual, provides an
extra copy of the Operating and Service 160534 : ? ? o ? 0
Manual. A1l ranges: I ]
16054A 107 HANT0TRA
1-25, ACCESSORIES SUPPLIED. _
‘ 16055A | s +
1-26. Figure 1-1 shows the HP Model 4140B pA
Meter/DC  Voltage Source, Model 16053A Test 16056A | 107%A range b b 5
Lead, Model 160584 Test Fixture and power

cord  (HP Part No. 8120-1378). The 16053A,
the 16055A and the power cord are furnished
accessories.

w.valuetronics.com
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Table 1-4

‘Table 1-4. Accessories Available {Sheet 1 of 2).

Mode?

Description

16053A Test Lead (Furnished with the 41408

axial Cable {1}, BNC Cable (2),
Flate.

Triaxial Cable (HP P/N 16053-§1002): e

Triaxial cable with triaxial male connectors. ..
im length, :

BNC cabie (HP P/N 16053-61003):

Coaxial cable with BNC male connectors, Im 1engt5

Connection Plate (HP P/N 16053-61001): o
Connection Plate with triaxial (1) and BNC (2): 8
female connectors,

Useful for connecting prober station, measuremén
fixture designad by user and other 414CR aCCessox

ries. . I

_ =

16054A Connaction Selector

Selects connection of low lead for 41408 pA Metes
section.  Usad in conjunction with the 16053A.
Internal connections are approximately as follows

._;._......
[n]
x

o e e

aluetronics.com



Section |
Tahle 1-4

Table 1-4. Accessories Available (Sheet 2 of 2).

Model Description

/

160554 Test Fixture {(Furnished with the 4140B)

Used for general device measurements. For stable
oA current measurements with electrostatic/light
shielded hood. Furnished accesscries, used in
conjuncticn with the 160534, include the following:

Jescriptions : HP P/N
Cﬁqnectioa plate with alligator | 16055-65001
clip
Alligator clips (5ea) 16055-65003
Connection plate with T0-5 1605568002
socket
tonnection leads for T70-5 sock- | 16055-65004
et (5ea) -

TO-5 Socket { 8 pins) 1200~-0238
T0-5 Socket {10 pins) 1200-0239
T0-5 Socket (12 pins) : 1200-0240

< . RN i i

-

160564 Current Divider

Extends 107%A range to 10°*A. Useabie only on
1072A range.

wiww.valuetronics.com



1 41408 Section 11
Mode Paragraphs 2-1 to 2-9
SECTION 11
INSTALLATION
,.1. INTRODUCTION : materials for carrier's inspecticn. The HP
el office will arrange for repair or replacement,
5.2, This section provides dinstallation in- at HP option, without waiting for claim set-
structions for the Model 41408 pA Meter/DC tiement, '
yoltage Source and its accessories.  This
L cection also-includes information for initial WARNING
" inspection and damage claims, preparations
for using the 4140B and packaging, storage TG AYOID HAZARDOUS ELECTRICAL SHOCK,
and shipment. DO NOT PERFORM ELECTRICAL TESTS WHEN
THERE ARE SIGNS OF SHIPPING DAMAGE TO
2.3. INITIAL INSPECTION ANY PORTION OF THE DUTER ENCLOSURE

(COVERS, PANELS, OR METERS).
2.4, Inspect the shipping container for dam-

age. If the shipping container or cushicning 2-5. PREPARATION FOR USE
material is damaged, it should be kept until

Figure 2-1. Line Voltage and Fuse Selection.

the contents of the shipment have been 2-6, Power Regquirements.
checked for completeness and the instrument
has been checked mechanically and electrical- e~7. The 4T40A requires a power source of
ly. The contents of the shipment should be 10CG, 120, 220Vac =10%, or 240Vac +5% -10%, 50,
as shown in Figure 1-1; procedures for check- &0Hz 5% singie phase. Powar censumption is
ing etectrical performance are given in tess than 135VA,
Section IV. If the contents are incomplete, 1
© g I there is mechanical damage or defects, or 2-8. Line Voltage and Fuse Selection.
g if the 4740B does not pass the Performance
- B Tests, notify the nearest Hewlett-Packard 2-9. Figure 2-1 provides instructions for
i office. If the shipping container is damaged, line voltage and fuse selection. The line
-+ or the cushioning material shows signs of voltage selection switch and the proper fuse
& stress, notify the carrier as well as. your are factory installed for 100 or 120Vac oper-
N Hewlett-Packard office. Keep the shipping ation,
_f 100V OPERATION 220V OPERATION
ol P|- 100V~ - - 100V~ = FUSE SELECTION
. 220V~ [ 220V~ i
i . Operating Fuse Fuse
N =240V~ ~ 240V~ — > ;
T voltage ratings Part No.
g ;2ov«.—w~mm] 120V~
¥ 100V 1.25A
N . 2110-0305
1 120V OPERATICN 240V OPERATION | 120V Stow Elow :
22 - 100V~ = ~100V~ = 220V 0.6A
;| J-zzov_—-.j jmv"‘I 240y STow Blgw | 211070016
if =240V~ —i B2 = 2a0v - — -}
1 !20V-—mm~m;] 120V~

2=
www.valuetronics.com
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Figure 2-2

roae ! 4lqg,

N WHITE
A —
'-lE' — E GREENIYELLOW
——— T B ACK
A S Brack
\ IEI - ’ E GHEEN/YELLOW
] TN WHITE

HP Part No, 8120-1378
NEMA 5-15p iE
Color: JADE GRAY

Furnished for countries .
other than those listed é]
below. 1

£ GREEN
— L REDR
- R
N BLACK

HP Part No, 8120-1369 l
AS-C1l2, N, Z.8.8, 148

] i - RED Color: GRAY.
..m - | e o 250V, 8A i
»
L]

S N BELACK

for Australia, New Zealand, etc,

. ¢ LIGHT 8LUE !
E ‘ £ GREEN/ — i _ l

J YELLOW  M——— HP Part No. 8120-1351

 eromn -- BS 13634
E . Color: MINT GRAY i
g o e b BROWN ' 2500V, 54
‘ - —a—ee £ GREEN/YE LLOW
N IE!F B\ ikt eLue - for Great Britain, South Africs,

India, Rhodesia, Singapore, ste. '

N LIGHT BLUE

E CREENIYELLOW !

HP Part No, 8120-1689

L BROWN

CEET-VII
5 weHT Bl Color: MINT GRAY i
[ "\ . 250V, 6A
i} B - ,
VeiLow _ for East/West Europe, }
: | ] Iran, etc.

i BROWN

Note E: Earth orsafety ground.
L: Line of active conductor.
i N: Neutral or identified conductor,

Figure 2-2. Power Cables Supplied,
2-2
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: wode! 41408 Section II
Paragraphs 2-10 to 2-18

sower Cable. | 2-14, Humidity. The instrument may be oper-

g 2-10. ated in enyironments with numidities up to
\. This instrument is equipped with a 70% at 40°C. However, the instrument should
273- wire power cable. When connected to an be protected from temperature extremes which
Enree_réate ac power receptacie, this cable cause condensation within the instrument,
aapfgzs the instrument cabinet. ~ The type of
; ?reué caple plug shipped with each instrument 2-15. Installation Instructions,
| ge;zﬂds on the country of destination. Refer :
b ' Figure 2.2, for power gab?e part numbers 2~16., The HP &odel 414CB <can be operated on
| 2nd plug configurations available. the bench or in a rack mount. The 41408 is
-3 : ready for bench operation as shipped from the
Note factory. For bench operation, & two-leg in-
strument stand is used. For use, the instru-
check local electrical codes  for ment stands are designed to be pulled towards
praoper plug {attachment cap) selec- the front of instrument.

tion for your area.

7 2-17. Installation of Options 807,
E 012, Operating Environment. - 908 and 305 -

2-18. The 4140B can be 1installed in a rack
and be operated as a component of & measure-
ment system. Rack mounting information for
the 41408 is presented in Figure 2-3.

E -.13, Temparature. The instrument may be
f operated at temperatures from 0°C to +40°C.

Jption Kit Part Number Parts Included Part Number Q'ty Remarks
807 Handle Kit Front Handle 5060-9900 2
5061-0080 Trim Strip 5060-8897 2 ‘
#8-32 x 3/8 Screw 2510-G195 8 §.525mm
808 Rack Flange Kit Rack Mount Flange 5020-8853 2
5061-0078 #5-32 x 3/8 Screw 2510-0193 8 9,.525mm
909 Rack Flange & Front Handle 5060-9300 2
Handle Kit Rack Mount Flange 5020-8875 2
5061-0084 #8-32 x 3/8 Screw 2510-0764 8 15.875m

1. Remove adhesive-backed trim strips (:) from
sides at right and left front of instru-
ment. :

2. HANDLE INSTALLATION: Attach front handle (&
to sides at right and left front of in-
strument with screws provided and attach
trim strip(d)to handle,

3. RACK MOUNTIMG: Attach rack mount fTange_(:
to sides at right and Teft.front of in-
strument with screws provided.

4. HANDLE AND RACK MOUNTING: Attach front
handle (3) and rack mount flange (5) together
to sided” at right and left front of in-
strument with screws provided.

5. When rack mounting (3 and 4 above), re-
move all four feet.

Figure 2-3. Rack Mount Kit.
2-3
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5é;£§;épﬁs 2-19 to 2-24
2-19, STORAGE AND SHIPMENT

2-20. Environment,

2-27. The instrument may be stored or shipped
in envircnments within the. following 1imits:

Temperature .............. -40°C to +75°C
Humidity ..o, Up to 85% at +45°C

The instrument should also be protected from
temperature extremes , which could cause con-
densation within the instrument,

2-22. Packaging.

2-23. Original Packaging. Containers and
materials identical to those used 1in factory
packaging are ‘available  through Hewlett-
Packard offices. If the instrument is being
returned to Hewlett-Packard for servicing,
attach a tag indicating the type of service
required, return address, model rumber, and
full serial number.
FRAGILE to ensure careful hardling., In any
correspondence, refer to the instrument by
model number and full serial number.

2-24. Other Packaging.

The following general
instructions

should be used for re-packing

~with commercially available materials:

2-4

www.valuetronics.com

Also, mark the container

rodel 4l

Wrap instrument in heavy paper or plte
tic,  (If shipping to Hewlett-Pae
office or service center, attach he
indicating type of service require
return address, model number and £y
serial number.) '

Use strong shipping container., A day
ble-wall carten made of 350-pound fe,
material is adequate. E

Use a layer of shock-absorbing materiy
70 to 100mm (3 to 4 inches) thig
around all sides of the instrumeattg
provide firm cushioning and to prevep
shifting 1inside container. Protac
control panel with cardboard. E

Seal shipping container securely.

Mark shipping container FRAGILE to em!
sure careful handling.

In any correspondence, refer to instru-

ment by model number and full seriall
number,
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E runctions, 1
and option information are

1408

§ ., INTRODUCTION.

? 2.2, This caction provides the operating in-

;Eructions for acguainting the user with the

':Té Model 41408 pA Meter/DC Veltage Source. In-

for ~panel controls,
operating procedures,

measurament
self test,
inciuded in this
precautions given
should be carefully ob-

structions

section. Operating
throughout the text

served.

WARNING

BEFORE THE INSTRUMENT IS SWITCHED ON,
ALL PROTECTIVE EARTH TERMINALS,  EX-
TENSION CORDS, AUTO-~TRANSFORMERS AND
DEVICES CONNECTED TG IT SHOULD BL
CONNECTED TQ A PROTECTIVE  EARTH
GROUNDED SOCKET. ANY INTERRUPTION OF
THE PROTECTIVE EARTH GROUNDING WILL
CAUSE A POTENTIAL SHOCK HAZARD THAT
COULD RESULT IN PERSONAL INJURY.

ONLY FUSES OF THE SPECIFIED TYPE AND
OF THE REQUIRED RATED CURRENT SHOULD
BE USED. DC NOT USE REPAIRED FUSES
OR SHORT CIRCUITED FUSEHCLDERS. 70
DG S0 COULD CAUSE A SHOCK OR FIRE
MAZARD,

CAUTION

BEFORE THE INSTRUMENT IS SWITCHED ON,
THE LINE VOLTAGE SWITCH ON THE REAR
PANEL MUST BE SET FOR THE VOLTAGE QF
THE POWER SOURCE OR DAMAGE TO THE IN-
STRUMENT MAY RESULT.

3-3. PANEL FEATURES.

3-4. Front and rear panel features ave de-
scribed in Figures 3-1 and 3-2.  Description

numbars match the numbers on the illustration.

Jther detajled information for panel displays
and contrels is covered starting in paragraph

3-5. SELF TEST.

%*5. The 4140B has the following self test
FUR

1} A Program Memory Test
2} pA Meter Test
3) A Display Test

www.valuetronics.com

Section 1II
Paragraphs 3-1 to 3-7

SECTION 11!
OPERATION

These tests are automatically performed each
time the LINE button s pushed io turn the
instrument on. In addition, these tests are
enabied when SELF TEST Key is pushed. Under
this latter condition, the tests are per-
formed repeatedly while SELF TEST lamp is 1it.
These tests can alsc be enabled by a remote
program via the HP-IB.

{1) Program Memory Test.

During the Self Test mode,” the instru-
ment checks the internal program memo~
ry. If an abnormality is detected, the
instrument displays one of nine error
messages (E-1 ~ E-9}. Seven of the
error messages (E-1 ~ E~7} dindicate an
abnormality in the ROM (Read Only Memo-
ry} and the other two error messzges
(E-8 or E-9) indicate an abnormaiity in
the RAM (Random Access Memory). Suffix
numbers are the same as those for ROM
or RAM,

(2} ph Meter Test.

This test verifies basic operation of
the instruments pA Meter section. I
an abnormality is detected, the instru-
ment will display an errocr message
(E-P) on the I-C DISPLAY,

(3} Dispiay Test.

During the Self Test mode, all front

~panel indicator lamps and all segments
of numeric and character displays are
illuminated. When the instrument is
turned on, the current setiing of the
HP-IB address switches fis displayed on
the I.C DISPLAY for approximately 1
second.

3-7. When 4740B 1is set to Self Test mode by
the SELF TEST key, the 4140B has an addition-
al Self Test function (& Control Key Test). -
If each control key is normal, the I.C DIS-
PLAY displays an octal code as shown in Fig-
ure 3-3, when a control key is pushed.

3-1



Figure 3-1

wbde]4

Yot

©)

O

™
N

D020

(&) =
o ¥
=

(:}____

14

OO® GO

(:) LINE ON/OFF Switch: Turns instrument (:> I-C Display: Current or capacitance

on and readies instrument for measure- value, including decima? point and sig

ment, s displayd as a maximum 3~1/2 digt
decimal number from 0000 to 1889, I,

HP-IB Status Indicator and LOCAL Key: the measurement value exceeds full
LED Tamps for SRQ, LISTEN, TALK, and- count on  the selected range, an ove
REMOTE indicate status of interface be- flow annunciation appears.,
tween the 47140B and HP-IB controller.

LOCAL key enables front panel control (:) Exponential Display for Current Meas-
Instead of remote control from HP-IB . urement: - Cyrrent measurement exponen
line,  Refer to paragraphs 3-71  thru (<27 «12 in eleven ranges) is display
3-100. ed when FUNCTION(8)is set to I or I-v.
ZERD Offset Key: This key 1is used to (:) Capacitance Measurement or Percent Ke:
compensate for pA Meter offset errors, Unit Indicator: "pF" indicater is 7.
Current or capacitance value on I-C luninated 1in general C-V measurements,
display (:) is stored when button is When percent key is pushed, percent in.
pressed. ~ The stored offset value is dicator is illuminated and 10 DISPLAY
subtracted from subsequent measurement (:)is in percent.

values. Refer to the paragraph 3-23,
FUNCTION Select Key: These keys select

Trigger Lamp: Turns on in synchroniza- Measurement functions as follows. ‘

tion with measyrement or data oyiput '

on I-C DISPLAY @ When FUNCTION is It For  independent operations

set to I and I TRIG (:) is set to INT, as_ universal pA meter and OC

the Tamp flashes repeatedly at approxi- voltage source,

mately 200ms. I-V: I-V¥  characteristics measure-
ment using staircase or ramp
wave, '

C-V: Quasi-Static C-V characteris-
tics measurement using ramp
wave,

3-2

Figure 3-1. Front Panel Features (sheet 1 of 5}.
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Section Il
Figure 3-1

RANGE select Key: These keys select

{g) Ehe current measurement ranging method.
;ﬂ AUTO mode (when LED ‘lamp s 1it},
optimum rangeé for the current value 18
aﬁtomatécai1y selected. In MANUAL mode
(when LED lamp is not 1it), measurement
range remains the same even when the
current value 18 changgd. Mgnua! rang-
ing is done by pressing adjacent DOWN

1 IMIT key after praessing the Blue key

sets the lower limit of AUTO mode I
SXNGE.  When a lower 1imit other than
107124 is set, the LED lamp will fiash.
pefer o paragraph 3-16.

Note

Pressing DOWN (@) or up
( @ﬂ) key sets the ranging
mode to Manual even 1f the
ranging mode  was set to
AUTO.

INTEGRATION TIME Select Key:  These
keys select digital integration time
in accordance with the following table

“for the various measurina conditicns:

(@) or WP (&) key. Also, pressing.

Range(A) Integration Time (ms)*

Short Medium Long

107207000 20(16.7) | 80(66.7) | 320{266.7)

1071 | 80(66.7) |320(266.7)|1280(1066.7)

10772 1160(133.3)|640{533.3)]2569(2133.3)

*Note: at 50 (60)Hz line freguency.

C) FILTER Key: An internal filter for re-
jecting ac noise can be set to ON/OFF
by pressing this key. When the filter
is OFF, LED lamp is flashing.

®

I TRIG Select Key: These keys select
trigger mode for triggering measurement
or 1 Data Qutput when FUNCTION is set
to I as follows:

INT: This key provides dinternal
trigger which enables instru-
ment to output current data
measurement vepeated at 200ms
{approximate) rate.

EXT/MAN: In external/manual trigger
mode, a trigger signal s
provided by net only apply-
ing to EXT TRIGGER input on
rear panel, but alsoc by
pressing this key.

Note

A 47408 can be triggered by
a trigger command (GET),
regardless of mode setting
of 1 TRIG.

I INPUT Connector: This connector is a
triaxial female connector for connect-
ing unknown current source, test tead,
or test fixture.

GROUND Terminal: This terminal is con-
nected to chassis ground of instrument
and can be used as ground terminal in
measurements which specifically require
use of a guard.

Figure 3-1. Front Panel Features {sheet 2 of 5).

|
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i Section III Madel 4)
i Figure 3-1 i
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o =@ ololoiiic o O @
@ VA, VB Lamps: These Tamps indicate @Uniflnd’icator lamps:  These lamps in-
voltage value of the VS DISPLAY is dicate unit of VS DISPLAY as fol
Va or VB, Usually, VA Jamp is {171umi- Tows: . .
nated. When VA is set to OFF and VB is ' :
set to ON (VS Mode key (@), VB lamp is ‘ V: Output Voltage, = (Vp or VB),
i1luminated. START V, STOP vV, STEP V.
s: HOLD TIME, STEP DELAY TIME,
VS (Voltage Source) Display: Output V/s:  gdv/dt. o
voltage value, including decimal point pF:  Cox.
and sign, 4s displayed as a maximum
3-1/2 digit decimal number from 0000 V QUTPUT Lamp:  When +the DIC Voltag
to 1900 {the number of digits change Seurce is operating, this lamp is 19t
depending on instrument control set- .
tings). Usually, output voltage Vp CURRENT LIMIT Lamps and Select Keys
value is displayed. When VA is set to These lamps indicate output curren.
OFF and VB is set to ON (VS Mode Key Timit of Vg or VB, If output current
}» output veltage Vg value is dis~ goes to limit value, this lamp flashes
played. In addition, when ¥ OUTPUT Select keys select output current 1im
Tamp is not 19t, this display can be it of VA or VB to 100uA, TmA or IOmA. -
used to display parameter values. If
the input parameter value exceeds its
Timit value, and overflow annunciation V' SWEEP AUTO START (SET ==¢ ) key: Thi
appears, If the 4140A is swept at in- key 1s used to start auto sweep when V)
A correct parameter settings, an illegal is set to sweep mode and sets DO volt-
annunciator appears. age of Vg .  When Vp is set to DC (=
mode, this key is used to set DC volt
ages for VA or Vg.
Figure 3-1. Front Panel Features (sheet 3 of 5).
3-4
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Section I

il

Figure 3-1

hange the sweep from aute {when
EES C}amg is not T1it) to manual mode ° Ya Mode
{when LED lamp is 19t) or from manual =
to auto. The STEP DOWN and STEP UP

keys are used for manual sweep. START V:

1 @ v saEEP ABORT (RESET == ) Key: This CSTop v
N vey is used to abort all operaticns of

the DC Voltage Source. STEP V-

(@) ENTER Key: When this key is pushed af- HOLD TIME:

ter the vaiue of the parameter is seti

with the PARAMETER select () and DATA

%) keys, the set value is stored in the dy/dt:

¥{20A.  The VS DISPLAY (I8) indication

flashes once when this key 1s pushed,

Cox:

() 8lue Key: Functions in Dblue letters

{Cox, SELF TEST, X-Y RECORDER) are ef-

fective after this key is pushed.

(Z) DATA Keys:  These keys are used to in-
put parameter values. They are made

up of numeric (0 ~8), decimal and minus STEP DELAY

keys. TIME:
(@) ¥-v RECORDER Control Keys: These keys

are used to contrel pen position of the « VB Mode

X-Y recorder connected to ANALOG QUTPUT ‘ =l

connactors on rear panel and include:

LL: Moves pen position to lower
Teft of sweep area.
ZERQ:  Sets both outputs to OV.
UR: Moves pen position to upper
right of sweep area.

These control keys are effective after
Blue key is pushed. :

(1) SELF TEST Key and Llamp: This key is
used to set 41408 to Self Test wmode.
Lamp is 1it during Self Test mode cper-
atien., This key is effective after the
Blue key Qg}is pused. Refer to para-
graph 3«5, ‘ .

. o g - S

y.sHEEP MAN (PAUSE),  STEP DOWN (&) (28) PARAMETER Select Keys: These keys are

. SeTER P (@) Xeys: MAN (PAUSE) ysed to set and monitor measurement
an ;% usuatly used to start manua’l parameters  for DC Voltage Source.
key When VA is operating in auto When V OUTPUT Lamp (8)is 1it, Parame-
sweep.mode’ this key 1is used as the ters can not be set., Parameters can he
;:igp cweep pause control.  The Key monitored when these Keys are pushed:

DC Voltage (V) of no
sweep mode.

Start voltage (V) of
sweep mode,

Stop voltage (V) of
sweap mode,

Step voltage (V) of
sweep mode,

Hold time (s) of start
and stop vdltages of
the sweep mode.

Rate of change of ramp
wave voltage,

Reference  capacitance
value { oxide) [pF) of
a C-Y measurement in
percent., This key is
effective after Blue

key i35 pushed.

Delay time(s) of each
step of staircase wave.

DC Voltage (V).

Figure 3-1. Front Panel Features {sheet 4 of 5).

www.valuetronics.com
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Section 1II
Figures 3-1 and 3-2

VS (Volt'age Source) Mode Lamps and Se-
lect Keys: These lamps indicate VS
mode sattings as follows:

uVA Mode

/ (Single Ramp Wave): Output volt-
age is changing continuoustly (dv/
dt) from start voltage to stop
voltage.

/. {Double Ramp Wave): Output volt-
age is changing continuously (dv/
dt)  from start voltage to stop
voltage, Successively, output
voltage is returned to start
voltage at same ramp rats,

& {Single Staircase Wave): Quiput
voltage is changed step-by-step
in step volitage fashion from
start to stop voltage.

7 (Double Staircase Wave):  Output
voltage 1is changed 1in step-by-
step voltage fashion from stari

“to stop voltage, Successively,
output voltage is returned to
start voltage by same step voli-
age.

= (DC}: DC voltage is ocutputted,

OFF: VA s not operating.

= VB Mode

== (DC): OC voltage is outputted |

OFF: V3 is not operating.

Select keys select VA and VB mode ip-
accord with following table: '

S——

Va ¥R E

FUNCTION —
SN AT ] = | OFF | === [OFF %
I OQlo|le|0| 0 OOl I
I-v OO@OxxOO‘%E
C-v @10 x} x x| X ORl®) i

Xx: This mode is not used. : g
©: Initial Settings. :

¥ QUTPUT Connectovrs:  These connectors -
are BNC female connectors to conﬂect!
unknown samples, test Teads or test
fixtures,

Figure 3-1. Front Panel Features (sheet 5 of 5).

0801010161010,

®® ©®

Figure 3-2. Rear Panel Features (sheet 1 of 2).

3-6
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E ] 41408 Section 111
e Figure 3-2Z

0) 1L TER TIME CONST Select Switch: This (£)PEN LIFT Connector: PEN LIFT control

cwiteh salects fiitgr_rjse time {OFF, signal for an X-Y recorder connected to
0.22s oF 1s) for optimizing analog out- the 41408, 1is cutput from this connec-
Sut. tor., When Vp OUTPUT and 1I/C ouTRPUT
. connectors are outputting analog output
(:}VA QUTPUT Connector: .Analog output data, <this connector outputs a LCW
data of 41408 VA‘OUTPUT is output from 1evel TTL signal (PENM DOWN}. AL other
this connector An accordance with the times, this connector outputs a HIGH
following table:: level TTL signal (PEN UP).
- (E)Hp-18 Control Switch: This switch se-
v (V) Vp OUTPUT (V) RESOLUTION 1e§ts He-18 address, data output format,
and interface capability. Refer to
0.00 ~£10.00 0.000 ~x1.000 Tmy/count caragraph 3-79.
+ =100.0[ £1. +10.00 | 1 .
£10.1 4#100.0/ £1.01 n21 Om¥/ count (®)Hp-18 Connector: An HP-IB cable can be

connected for intercommunication with
other HP-IB devices through the bus

1ine cable.

(:)I/C QUTPUT Connector: Analog cutput (:)EXT TRIGGER Connector:  This connector
data of 41408 1.C DISPLAY is outpul 45 used . for externally triggering DA
from this qonnector in accordance with Meter by inputting an external trigger
+he following table: : signal when FUNCTION is set to I.

TRIGGER switch on front panel should be
T BISPLAY T OUTPUT (V) RESOLUTID%J cet to EXT. Refer to paragraph 3-21.

- . . (LINE Input- Receptacle: AC  power cord
021995 0,000 «9.995 EmV/counu\ is connected to this receptacle and 10
AC power line.

¢ NISPLAY C OUTPUT (V) RESOLUTION @VOLTAGE SELECTOR Switch: . These swi t{;h—

es select the (appropraate operating
", " power voitage 100, 120, 220V =10% or
0.0198.9 0.0000fu0.9995'SOOuV/count Dagy +5% -10%, 48 ~ 660}, Refer to
2001999 1.000 v 9.995 5mv/ca“”§_l. paragraph 2-8.

(R)FUSE Holder: Instrument power 1ine
fuse 1s installed in this holder. Re-

% DISPLAY 9 QUTPUT (V) | RESOLUTION \ fer to paragraph 2-8.

0.0+1789.8 0.000~8.995 SmV/counPJ

Figure 3-2. Rear Pane] Features (sheet 2 of 2).

www.valuetronics.com 8



Paragraphs 3-8 to 3-17

Mode?

m 41438 oA WMETER ¢ 6g VOLTAGE $OURCE
PAMLEIT . begain g
.
R

eI,
Bl

w1t TRIG w~ FILTER
1T EaTan

I8

S
&

? @?fh
&

N
"~
B
N

L

Figure 3-3.

3-8, INITIAL CONTROL SETTINGS.

3-8, One of the Convenient

facilitate ease of operation is the automatic
1nitial control setling performed after the
Initial panel con-

instrument ig Lurned on,

trol functions are automatically set as fol-
Tows :
FUNCTION ............ Peraneas heiiiaaae I
L RANGE ..., . ool eereeae AUTO
Lower Limit of AUTH Mode ....,.... 107824
INTEG TIME ... LONG
FILTER e On
ITRIG ......... S aseraenna. Ceeriaa, INT
Avveiniina..., et eeanr ., rd
VB eviinininn...,, R L T T OFF
PARAMETERS sreevveny @l parameters are 0
SELF TEST ... .... .. ety OFF
CZEROOFFSET LTI € 0
C ZERO OFFSET ......° e ey, 0
CURRENT LImrT ., 00 0w 100uA

Additiona??y, when FUNCTION 18 changed, nanel

control functions are automatically set as in

Octal Codes

Table 3-7,
Table 3-1, Automatic Control Settings,
e —
FUNCTION
CONTROLS

I I-y .} Coyr

I TRIG INT OFF OFF
—— ]

|

va & I v
— 7]

Www.valuetronics.com

of Control Keys,

*C measurement Unit indicator s set ¢
BA.

3-10. MEASUREMENT FUNCTION,

3-11. The 41408 has three meas&rement func
tions which are: s

It for Indepandent Cperations as j ﬁﬂ?
versal pA Meter apd BC Voltage Sourc

I-v: Ioy characteristics medasurement usi
Staircase and Ramp wave,

C-v: Quasi-Static C-v characterist?c
measurement Using Ramp wave, :

The paragraphs that follow give basic infor.
mation on the PA Meter ang D Voltage Soure

when FUNCTION is set for I, I-V and C-y meas
urgmant,



w

)
)

©eurrent measurement

wodel 41408

212, ph (PICO-AMPERE) METER SECTION.

».13, The pA Meter section operates as an in-
S oandent, highly stable universal pA Meter
7S5717h max) when FUNCTION is set to I. When
: is set to I-V, accurate current-
woltage measurements can be made with the
ctzircase ©OF ramp wave of the DC Voltage
: e - the timing between the pA Meter and

Sourc X
5C voltage Source can be automatically syn-
chronized, When FUNCTION is set to C-V, ac-

cyrate -V measurements are made using the
ramp wave, and capacitance is calculated from
the measured current value and the ramp rate
(dv/dt); the result is displayed on the I-C
nISPLAY.  Independent operation a&s a univer-
sal pA Meter is described 1n paragraphs 3-12
thru 3-26, These paragraphs should be read
even if only I-V or £~V measurements are to
be made. Instructions for I-Y measurements
are given in paragraphs 3-43 thru 3-48. For
C-V measurements, paragraphs 32-4% thru 3«60
shouid bg read.

3-14, pA Meter Display.

and

of
result or the result of
capacitance calculations. The primary dis-
play (I+C DISPLAY) provides & readout of cur-
rent measurement value, calcuiated capaci-
tance vaiue or the capacitance value as a
percent of the reference value (Cox) as a
maximum 4 digit decimal number with decimal
point. If measurement overflows, an alpha-
betic annunciation {either 0-F, COF or POF)
is displayed (refer to paragraph 3-65). The
sub-disnlay provides the exponent of the cur-
rent measurement (-2 to -12 in eleven ranges)
when FUNCTION is set to 1 or I-V. Two LED
Tamps sarve as the unit indicators for the
capacitance measurement., These lamps indicate
that the value of the I.C DISPLAY is the cal-
culated capacitance {pF) or the capacitance
value in percent referenced to a capacitance
value (Cox). In a C-V measurement, lesser
Significant digit data of the calculated ca-~
Pacitance is displayed when the current meas-
urement data has few significant digits. in
3“¢1*§ DISPLAY, the lesser significant digit
tata is represented by a small zero {m) fig-
ure tg @éfferentiate it from a more signifi-
“ant digit which is represented by a large
zero ([ Yas shown in Figure 3-3.

3-15, The gprimary display, sub-display
two LED Tamps provide visual data ocutputs

Less Significant levo.

Significant Zero.

|
|

Figure 3-4. Less Significant Zero.

w.valuetronics.com

Section III
Paragraphs 3-12 to 3-17

The display for the pA Meter displays the
following parameter values in iike manner (to
those described above):

Measuring Curvent ....... £0.001 x 107424
"ox7.999 x 107,

Calculated Capacitance .. 0.0pF~199.9pF,

200pF A 1999 pF.

Capacitance in Percent .. 0.0% 199,97,

3-16. Current Measurement Ranges.

3-17. The pA Meter of the 4140B can measure
currents  from 107'*A to 1072A in 171 ranges.
Each range allows a 99.9% overrange of the
1000 full scale count (maximum 19939 counts).
The 4140B has itwo range modes, AUTG and
MANUAL, to select the optimum range for the
various current measurements., When I RANGE
is set to AUTO, an optimum range .is auto-
maticaily selected for each measurement. If
the ‘internal measurement circuit is saturated
or the I-C DISPLAY count (refer to paragranh
3-18) exceeds 1999, the measurement range 1is
automaticaily changed up. If the I.C DISPLAY
count is Tess than 150, the measurement range
is changed down by the AUTG ranging system.
Also, using the following procedure, a lower
Timit for AUTO range can be set:

(1)

Select the desired lower limit using
the DOWN (@) or UP { @) key.

(2) Press the Blue key and then press AUTOC.
This sets the present I RANGE as the

Tower Timit of the AUTO range mode.

At lower Yimif, the measurement range will
not change down even if the I-C DISPLAY count
is less than 150.

Note

When range mode s set to AUTO, the
LED Tamp in the AUTO key will be
1it, If a2 Tower Timit other than
1072 A §s set, this LED lamp will
flash.

When the I RANGE is set to MANUAL, the meas-
urement range will not change even if the
measured current changes. If the DOWN (@)
or UP (@) key is pressed while I RANGE is
set to AUTO, the I RANGE will <change 1o
MANUAL and the measurement range will change
accordingly, If the internal  measurement
circuit is saturated when I RANGE is set to
MANGAL, IEEIA wi17 be displayed on the
1-C DISPLAY, or if the measured value is over
1999 counts, will be displayed on
the I-C DISPLAY. Ranging times, the time the
instruments takes to chance from cne range to
another, are given in Table 1-2.

(eI
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Section III
Paragraphs 3-18 to 3-22

3-18. Integration Time and Data Output.

3-19. The raw current measurement of the
41408 pA Meter section is made by making suc-
cessive approximations between the reference
voltage (using a high speed D-A converter)
and a voltage proporticnal to  the measured
current. This raw .current measurement is syn-
chronized with the 7Tine frequency. Thus,
the raw current measurement interval of the
47408 is 10{8.3)ms at 50{60}Hz 1ine frequency
and this measurement continues  from the time

the 41408 is turned ON until it is turnad GFF.

These raw current measurement data are dig-
itally integrated and this result is output
to  the I-C DISPLAY. The number of the raw
current measurement data selected for digital
integration (2 % 256) s fixed by the INTEG
TIME select key on the front panel.,  The in~
tegration time 0f the 471408 pA Meter section
is  the product of the number of raw current
measurement data selected for digital inte-
gration and the cyrrent measurement interval.
The 47140B has nine integration times as given
in Table 3-2 which are selected by measure-
ment range and unknown condition,

Table 3-2. Current Measurement
Integration Times.
Integration Time (ms)*
Range (A)
Short Medium Long

T 2aip - 20(16.7) 80(66.7) 320(266.7)
107" | 80(66.7) 320(266.7) | 1280(1066.7)
10712 160{133.3} 640(533.3) 2560(2133.3)

*Note: at 50 (60}Hz Tine frequency.

3-20. When FUNCTION is set tg I and I TRIG isg
set to INT, digital integration is made using
PaW Current measurement gdata already avail-
able when the I Trigger is received as shown
in Figure 3-5, Therefore, I data output is
completed as soon as the I Trigger is re-
ceived, The I Trigger interval requires only
10(8.3)ms which 1is the raw cyrrent measure-
and 15 not related to integra-
tion time., The relationship between integra-
tion time and the dats output when FUNCTION
is set to 1.V or C-¥ is described in para-
graph 3-47 gor 3-53,

3-10

Model g

Note G

When the T TRIG is set to EXT/MAN,
digital integration is made using
the raw current measurement data
after the trigger signal is re-
ceived. Therefore, 1in this case,
the measurement time {from receiv-
ing the trigger signal to output-
ting current measurement data) is
the sum of the integration time and
dat? processing time {approximately
3ms).

3-21. External Triggering.

3-22. The 41408 pA Meter section can be trig-
gered by an external trigger signal for cur.
rent measurement. To trigger the 474
externally, set 41408 front.panel controls ;
follows:

The external triggering device should be cor
nected to EXT TRIGGER connector {BNC femal
type) on rear panel,  The 41408 can be trig-
gered by a TTL level signal that changes From
HIGH (+5V) to LOW (0V). Trigger pulse wi’
must be greater than Tus. Triggering w_.
also be done by alternately shorting {or with
resistance lower than 100Q) and opening the
center conductor of the EXT TRIGGER connecto
to ground (chassis),

Note

The center conductor of the EXT
TRIGGER cornector s normally HIGH
{no input). '

Note

Triggering can be alsc done by
trigger command (GET) or remote
program code "E" yia the HP-IR.
Refer to Figure 3-33.
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Section III
Paragraphs 3-23 10 3-26

A A AN AN AW AW AN AW AW AW AW AW AWAWA!
¢ e o) 5 B AAVAVIAVI VAV VA VALVALVILVI\VALVIAVARY, FPAAAAR

1 fate i

gutput Trigger®
Tst Trigger

Tz . T2

| | 2nd Trigger _J ird Trigger

Tz

1aL Display previous Measursment (utput Data

3st Trigger Output Dsta

2nd Trigger Duzput Data 3rd Trigger Output Data

ty:  Integration Time {refer tc Table 3-2)

T,: approximetely 200ms

% at the 50Hz iine frequency (B.3ms at the &DHz).

3-23. Zero Qffset for Current Measurement,

3-24, The 4140B has a zero offset function
which can be used to cancel the offset error
of an undesired input current (e.g. Teakage
current of test leads/test fixtures} to mini-
mize measurement errovr, How to perform zero
offset is described in Figure 3-6, The cur-
rent measurement offset limit is O ~ J00fA
and the zerp offset function can be used only
at the 107'%A range. If ZERD OFFSET key is
ﬁu§T§d when measurement range is other than
WT12A,  this action dis ignored, The zero
Cffset value is set to 0FA when the 4140B is
turned ON. When the ZERD offset key 1is

pushed, the value of the I-C DISPLAY adds to
erg offset value,

www.valuetronics.com

Figure 3-5. Integration Time and Data Output {(When I TRIG is Set to INT),

Note

The zero cffset can also be done by
remote program code “Z" via the
HP-1B.

3-25. pA Meter Operating Instructions {when
FUNCTION is set to I).

3-26. Instructicns for operating the pA Meter
of the 41408 (when FUNCTION is set to I} are
given in Figure 3-6,



WO L LW s kg

Model 43¢
‘ Figure 3-5
it
1?
i triaxial {male) - triaxial (male) cable
; To DUT
f§  PROCEDURE :

E' (1} Turn 41408 OFF.
{ (2)

Connect test Tead or test fixture (e.g. triaxial {male} - triaxial

(male) cable of 16053& Test Lead (HP Part No. : 16053-61002)) +to INPUT
connector of 41408 '

(3} Turn 41408 ON.
'i (4) At turn-on, Self Test of 47408

is performed automatically (refar to
paragraph 3-5),

g,

Note
The 41408 reguires a one hour warm up time to
. satisfy all specifications listed in Table -t
E {5) The pA Meter section of 47408 is automatically set as follows:
- FUNCTION Lo i T
E I RANGE ........ e AUTO
Lower Limit of AUTO Mode ............. 107124
INTEG TIME Loittieienineneennnnnnnnn, I.ONG
1 1 ON
: DTRIG vuveiieeinnmnnneneennnn 007 INT
DUZERD OFFSET wvvvnviviiiieneean O fA
§ {6) Confirm that the I-C Data Output Trigger lamp is flashing,
E .
{7} Select desired integration time with the INTEQ TIME key on front panel
{refer to paragraph 3-18).
é §8§ Connect nothing to test leads or o test fixture (open).
g

When using the 10 7'2A measurement range, set I.C DISPLAY to 0,00:707%%A
with ZERQ offset key (refer to paragraph 3-23}.

i
] Note
: The measured current at the 107'%A range 1s
¥ & very small value (107244707 %°A), ° There-
!E

fore, any Teakage current generated by
changing test lead cennection, test fixture
o Or unknown current source, increases the gr-
E ror of ‘the measurement at the 107'2A range,
To avoid this condition, do a zero offset
after the I1.C DISPLAY has settled (allow more

y than five minutes). .
4 Figure 3-6. pA Meter Section Operating Instructions (when FUNCTION is set to I){sheet 1 of 2).
L.

www.valuetronics.com



Section 111
Figure 3-6

(10) connect unknown current source +o the test lead or test fixture,

Note

Specific information on DUT connection s
described in paragraph 3-61.

(11) The pA Meter of 41408 will automatically display measured value of un-
known.

Note

The display value of & measurement on the
10-224 renge may be unstable immediately af-
ter connecting unknown current source hecause
of the leakage currents described above,

Note

¥ the approximate value of the unknown cur-
rent source is known, the ranging time can be
eliminated from the measurement time by set-
ting the current measurement range to hoid on
the desired range by using the DOWN (@) or
UP {[@ ) keys. Measurement time can also be
reduced by setting the lower limit of AUTO
mode to prevent changing down o unnecessary
Tower ranges.

Note

When the 41408 s ‘turned ON, an internal

FILTER for rejecting ac noise 1is set o ON.

As shown in Table 1-2, when this FILTER is ON,
response time and ranging time are 60ms (for
FOHz line frequency) or 50ms f{at the £0Hz)

Jonger than when the FILTER is OFF. To re-

duce response time and ranging time, turn the
TILTER OFF. When the FILTER is OFF, the LED
Tamp of the selected INTEG TIME key will

flash.

The equivalent circuit of the pA Meter section in the 41408 is shown below:

LOW HIGH ] INPUT connector

Figure 3-6. pA Meter Section Operating Instructions :
(when FUNCTION is set to 1) (sheet 2 of 2).

www.valuetronics.com 3-13
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Section i1l
Paragraphs 3-27 to 3-32

3-27. VS [VOLTAGE SOURCE)} SECTION.

3-28, The VS section of the Model 41403 oper-
ates as two independent programmable voltage
sources: Va and Vg, One of the programmable
DC voltage sources, Vp , can operate, not
only as a programmable DC voltage source, hut
also as a unique staircase ([, /) or ac-
curate ramp (/7 , /\.) generator. In addi-
tion, accurate I-V measurements, with the
staircase or ramp waves {the timing of either
of which can be automatically synchronized
between the pA Meter section and the DC Volt-
age Source section), can be done in the I~V
section. In the C-V function, accurate £-V
measurements using the ramp wave and calcu-
lating the capacitance from the current meas-
urement vaiue and ramp rate (dV/dt), can be
done. Paragraphs 3-27 thru 3-42 describe in-
dependent operation as two programmable volt-
age sources. These paragraphs should be read
aven 1 only an I-V or C-V measurement is to
be made. Instructions for I-V measurements
are given in paragraphs 3-43 thru 3-48. For
C-V measurements, paragraphs 3-49 thry 3-60
shouid be read,

3-29, VS Section Display.

3-30. A numeric display and thirteen indica-
tor Tamps provide visual data outputs of out-
put voltages and operating parameters. The
YS DISPLAY provides a readout of output volt-
ages or operating parameters as a maximum 3-]

Mode?

/2 digit decimal number with decimal -~
If the input parameter value exceeds i:
imum Timit value, an overflow annunci-+
(0-F} appears. If the 47408 is swept a
correct parameter settings, an illegal a..,
ctation (ILLE) appears. Vp, Vg lamps ir
cate voitage value if the VS DISPLAY is
¥R. Unit indicator Tamps indicate uni
measured values.,  ¥Yp OUTPUT Tamp is Tit s
‘the VS section is operating. CURRENT L]
lamps indicate ocutput current limit of
Vg, If output current goes to limit v
this lamp fiashes. The display for the
section displays the following vatues in ?
manner (to those described above): ‘

Qutput Voltage ........... .00V ~2100.0
Operating Parameters
START V/STOP ¥/ =={DC} . 0.00V ~v£10.C

STEP Y it 0.0TV~T10.0u
HOLD TIME oooiiinuninnnn... 0.08 1589
STEP DELAY TIME ......... 0.C0s ~100.
dV/dt (Ramp Rate) ... 0.001V/s ~1.00y

CURRENT LIMIT ....... 107%A, 10724, 107°
3-31. VS Section Output Modes.

3-32. The VS section of the 4740B provi
two  voltage sources, VA (programmabl
Voltage Source/Function Generator) &
(programmable DC VYoltage Source). Each
the voltage sources provide output modes
given in Table 3-3,

Table 3-3, VS Section Qutput Modes.

Vs Mode

Description

Va s . Simple ramp wave. Output voltage changes continuously
(dV/dt) from start voltage to stop veltage.

Double ramp wave. Output voltage changes continuously
(dV/dt) from start voltage to stop voltage. Succes-
VAN sively, output voltage is returned to start voltage at
same ramp rate (dV/dt),

Single staircase wave. Output voltage changes step-
< by-step from start voliage to stop voltage,

Double staircase wave. OQutput voltage changes step-
Jni. by-step from start voltage to step voltege. Succes-

sively, output voltage is. returned to start voltage by
same siep voltage,

= DC voltage is output.

QFF VA is not operating.

1

== BC voltage is output,

OFF VB is not operating.

3-14
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1 41408 Section III
Paragraphs 3-33 to 3-36

wpde

<33, VS Section Operating Parameters. 3-35. Voltage Output and Display of VS.
.34, The ¥S section of the 47408 provides 3-36. The 4140B VS section outputs a voltage
eigﬁt operating parameters as given in Table and provides for its display by one of the
e L : values Gf_th%SE parameters can be in-  following methods depending on the VS output
: ;gt.usiﬁg the following procedure: mode :
(1) Press desired PARAMETER key, Note
{7} Set desired vaiue wzth DATA keys., VS
DISPLAY displays setting value. When the VS section is operating
3) Input displays parameter value with (when V QUTPUT lamp is 1it), no con-
ENTER key. Displayed parameter vaiue trols or operating parameters can be
ig flashed. | changed as nofed in Table 3-5,
Note (1} DC (=):
] The V5 DC voltage, whose value is set
Parameter values can!be sat via HP- with the Vg {PARAMETER) key, 1is out-
I (refer to paragraph 3-85). put from the Va OUTPUT connector with
, the SET (=) key. Output wvoltage
hote value is displayed on the VS DISPLAY,
. Vp can be cancelled and set to OV with
If setting parameter value exceeds RESET {==) key.

the setting Timit Tlisted in
3-4, VS DISPLAY displays ( I§j
and this value is net input.

Table

Table 3-4, VS Section Operating Parameters,

Parameter Description Setting Limits
VA == DC Voltage. 10V range:
-10,00V ~+10. 00V
START V Start voltage of staircase or ramp wave,
100V range:
STOP ¥ Stop voltage of staircase or ramp wave, -100.0V~ +7100,0V
STEP v* Step voltage of staircase or ramp wave. -10.00V v +10.00V

HOLD TIME Hold time for start and stop voltages of 0,05~ 19995
staircase or ramp waves

v/ dt Ramp rate. | 0.001V/s™ 1.000V/s
STEP DELAY Delay time for each voltage of staircase 0.00s~100.0s

TIME wave,

Vg == DC Voltage. . 10V range:

-10.00V ~+10.00V

100V range:
~100.0V ~ +100.0V

* Step voltage of the ramp wave means displayed step voltage of VS DISPLAY,
(STEP V}/(dV/dt) must be more than 50ms.
Step voltage value automatically rises to 0.1V resolution when absolute
value of output voltage is over 10 volits.

3-15

www.valuetronics.com



Sou bt Lot

MGae 4.
Table 3-5

mm“
s

(2) Staircase Wave {7, /™ ): (3) Ramp Wave (7, /\.): -

The Va output voltage is swept with set
operating parameters (START Vv, STOP V,
STEP V, HOLD TIME, and STEP DELAY TIME)

There are two sweep control methods:
aute sweep and manual sweep:

(:) Autc Sweep:
The vp output voltage 1is swept auto-

matically according to the set operzt-
ing parameters when the AUTC START Key
is pushed.  The relation between out-
put voltage and its display is given
in Figures 3-7 and 3-8. The Va output
sweep can be stopped halfway and the
operating parameters (except for START
V/STOP V and integration time) can be
changed.,  When the Vp output sweep s
completed, Vg i3 automatically set to
OV.  The Vap output sweep can be can-
ceiled and set to OV at the halfway
point with the ABORT key.

The Va output voltage s swept auto
ically at its operating parameteyd
(START v, STOP V, STEP v, HOLD TIM: ar
dV/dt) when the AUTO START key is push.,
ed,  The relationship between outpyil
voltage and its display is given ¢
Figures 3-9 and 3-70. The Vg outpy
SWeep can be stopped halfway, at wWhicy
time 1its operating parameters (except’
for START V/STOP V) can be changed,
When the va output sweep 1s complets
VA 1s automatically set to OV. Theﬁﬁ?
output sweep can be cancelled and set
to OV at the halfway point with th
ABORT key,

Note

The VA output voltage can be set
to START V and initially held at
this voitage with the PAUSE key.
After the desired "wait" time, Vi

output sweep can be restarted.

(:) Manual Sweep: Note
The Va output voltage is set to manual
sweep mode with MAN key. The Va cut-
put voitage is swept at its operating
parameters (except for HOLD TIME/ STEP
DELAY TIME)  in this mode using Step
Down (@) and Step Up (@) keys.

VS DISPLAY will display vya output
voltage during the time that ¥S
section is outputting voltage
cept when yp s set to OFF).

when VB i3 set tp ==
VB scurces

(ex__..
Bu’
» both Vp and
are outputting veltages

. X e at the same time. Vg ocutput voit-

S$E$ut voltage is displayed on YS DIS age can be monitored with Vg

e key. '

Nete

The MAN (PAUSE) key changes  the

Sweep mode  from auto (LED jamp is

not 1it)  to manual (LED Tamp s

Tit) or from manual to auto,
“Table 3-5, Inhibition of Controls and Operating Parameters

(When VS Section is Cperating),

Controls Cperating Parameters
VS Sweep Mode P D B I AT F B - e
FUNCTION |INTEG, TIME | VA | VB| (9| ) oo
AUTC, == (DC) X TAN rx b xgp b x il xlxl x x| x
MANUAL { PAUSE ) X PaY X | x|OlOI x| x|{O|OI0I0iO

O: Can be changed.

e Can not be changed during ramp wave.
X: Can not be changed,

If the changed value is to be used after restarting, press PAUSE after
pressing SET (==, : :

www.valuetronics.com
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Figures 3-7 and 3-8
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Figure 3- 7 Relationship between Qutput Yoltage and Display for ~ (Single Staircase Wave).
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Figure 3-8. Relationship between Output Voltage and Display for £ (Double Staircase Wave).
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Figures 3-9 and 3-10
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HOLD TIME
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Figure 3-8. Relationship between Output Voltage and Display for {Sihgle Ramp Wave).
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!
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1 1
i 1
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Figure 3-10. Relationship between Output Voltage and Display for /\_ {Double Ramp Wave).
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el 41408 Section I1I
s . Paragraphs 3-37 to 3-82

.37, Output voltage Range. {3} Ramp Wave (/. /\.):

<. The ¥S caction of the 41408 provides Outpgt voltage range is selected de-
ST output  voliage ranges: a %1 range pending on parameter values {START ¥
rgogov < 10,00V at the C.01V step} and a  x10 and STOP V).  The x1 range is selected
iaﬁge (0.0V ~ 160.0V in Q.EV stgps). Range with absolute values of START V and
hanging is done aq?omattca11y by the follow- §TGP V up to 10 volts. The x10 range
gng methods {depending on VS output mode): is selected when absolute wvalues of

( . START V or STOP Y exceeds 10 volts,
(1) oc = (VA and Va):

gutput veoltage range is individually 3-39. Current Limit.

celected depending on the value of the

parameter (Vg == or Vg ==). The x1 3-40. The VS sgction of the 471408 can be used
range 15 selected when Vp == (Vg==) is not only as independently programmable DC
g.00v ~ 10.00v. The x10 range i sa- voltage sources/function generator, but aisec
lected when Vp == {Vg==) is -100.0v ~ asa function generator synchronized to the

210,71V or #10.1V ~ +100.0V. pA  Meter section for I-V/C-V measurements.
I-V/C-V measurements are generally wused to
(2) Staircase Wave (7, A make characteristic measurements and analyses

of semiconductor devices (e.g. diodes, FET's,

Qutput voltage range changes automat- etc.) or of electronic devices (e.g. capaci-
ically from x1 range to x10 range or fors, pc boards, cables, etc.). Sceme of
from %10 range to x1 range at 10.C0Y. these devices may be damaged by excessive
1£ STEP V is set to 0.01V resolution, current. Each of the programmable DC voltage
step voltage value is raised automat- sources (Va and VR) has a current limiter to
jcally to 0.1V resolution on x10 range. avoid damaging the DUT by excessive currvent.
The individual current limiters can be set

Nota for the current Timit vaiue (107%A, 107°A -or
_ N 10724},  If the output current goes to the

When output voltage vrange 1s Timit value, an LED lamp on the front panei
changed from x1 range to x10 range flashes and the voltage source {Vp or Va)
or from x10 range to x1 range, out- putputs current only  at this maximum value.
oyt wvoltage = 7s always set o Qutput veoltage value of the V5 DISPLAY i3
+10.00Y  (or =10,00V) as shown in then invalid.
Figure 3-11. The vranging time
needed is approximately 20ms (refer 3-41. VS Section Operating Instructions.

to Figures 3-7 and 3-8).

3-42, Instructions for operating the VS sec-
ticn of the 41408 {when FUNCTION is set to I)
/ are given in Figure 3~12.

+ 0.2V
.
.00V % 10 range
+8.93V
+ 9,80V J——l_d

% 1 range

STEP ¥ = .15

,’/ x 10 range

; Figure 3-11. Output Voltage Range of
™ Staircase Wave.

E .
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Section I1I
Figure 3-12

Model 4,

e,

N

BNC (male) - BNC {maie) -cable

/ To DUT

R. PROCEDURE
! (1) Turn 41408 OFF,
§§ (2) Connect test leads or fest fixture (e.g. BNC {male) - BNC (male) cables
| of 16053A Test Lead (MP Parts No.: 16053-61003)) to V OUTPUT connectors
E, of 41408,
E (3) Turn 4740B ON.
(4) At turn-cn, Self Test of 47408 is performed automatically (refer to
_L paragraph 3-5),.
i Note
y The 4140B requires a one hour warm up time to satisfy all
specifications listed in Table 1-1.
3 (5) The VS section of 47408 is set automatically as follows:
PUNCTION i e e e e e e I
- L e
| VB ot e et e OFF
Y - all parameters are (
VA CURRENT LIMIT L oittieniiies e i e eeee e 107 A
; VR CURRENT LIMIT ,.......... e e, 107%A
N (6) Select desired V4 and Vg output modes with VS Mode Select keys on front :
panel {refer to paragraph 3-31). ]
|
. (7)

(8)
(9)

Input values for Vp operating parameters depend on selected Va output
modes as follows {refer to paragraph 3-33):

: VA::: . l
s : START V, STOP vV, STEP V, HOLD TIME, STEP DELAY TIME.
VaRVA: START V, STOP v, STEP Y, HOLD TIME, dV/dt. '

Input value for VR == when VB will also be used, 1

Set current 1imit values for VA and VB with CURRENT LIMIT Select keys
(refer to paragraph 3-39),

Figure 3-12.
3-20

VS Section Operating Instructions (when FUNCTION is set to 1) (sheet 1 of 27,
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1 41408 Section III
Fpoe Figure 3-32

(10) Start veltage output with following keys for each VA setting (refer to
paragraph 3-35):

S R T gl
A

t BT v v ee ot e et e ey
UED SWEED tuenvanreseersossarsensnsasanrsrssuinarsnssss G
ManUaT SWEEP tiivvrentornnnrivossonnrarsonnansssoensson e

{11) During the time that VS section is outputting voltage, the V OUTPUT Tamp
is 1it.

Note

VS DISPLAY will display VA output voltage during the time
that VS section is cutputting voltage (exept when VA is set
to OFF).  But when VB is set to== , both VA and VB sources
are outputting voltages at the same time. VB output voltage
can be monitored with VB== key.

The equivalent circuit of the VS (Voltage Source) section in the 41408

is shown below:
_“‘—"@ va OUTPUT connector

"’—“—‘@ va OUTPRUT connector

WARNING

700V MAX MAY EXIST ON THE CENTER CONDUCTOR OF BNC (FEMALE)
CONNECTORS OF Vp AND Vg.

(12) If VA is set to Auto Sweep, YA and VB are automatically set to abort con-
dition (OV) when auto sweep is completed. When VA is set to Manual Sweep
ir ==, VA and VB can be set to abort condition (OV) with ABORT {RESET

ey.

Note

VA auto sweep can be stopped at the halfway point with the
ABCRT key.

s,

Figure 3-12. VS Section Operating Instructions (when FUNCTION is set to 1) (sheet 2 of 2).
321
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Section 111
Paragraphs 3-43 to 3-45

3-43, I-V MEASUREMENT

3-44. The Model 4140B can automatically syn-
chronize measurement timing between the pA
Meter section and the VS (Voltage Source)
section when the FUNCTION is set to I-V. Ac-
curate  I-V measurements with the staircase
(#7s M) or vramp ( /7, A_) waves can be
made by tzking advantage of the variable
digital fintegration (moving average method)
which is described in paragraph 3-18. Opera-
tions of the I-V measurement are described in
paragraphs 3-43 thru 3-48, For basic opera-
tional instructions of the pA Meter section,
refer to paragraphs 3-12 thru 3-26 and for
the VS section refer to paragraphs 3-27 thru
3-42,

3-45. I-V Measurement Data Output,

3-46. Measurement timing is automatically
synchronized between the pA Meter section and
the VS section in I-V measurements to assure
that the measurement is faken at the correct
timing. The methods for taking raw current
measurement data for digital integration of
the pA Meter section changes dependent on the
output modes of the VS section as follows:

(1} Staircase wave {_~, FAaRE

Digital integration {(refer to paragraph
3-18) or each step measurement is done,
using the raw current measurement data,
after VA goes to its step voltage.
Therefore, the relationship between the
I-V measurement and its data output (to
the I+C DISPLAY and VS DISPLAY for a
staircase wave will be as shown in
Figures 3«13 and 3-14.

3-22
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(2) Ramp wave (/" , /A\U):

Note

When FUNCTION s changed to
-V, the invalid data annun-
ciation (sescweews)is displayved
on the I.£ DISPLAY,

Output voltage of the ramp wave changg
continuously at a specific ramp r
(dv/dt) so that digital integrati
(for each voltage step) is done usin
the raw current measurement data befor,
and after VA goes to its step voltag
(in equal pericds abcove and below thy
step voltage as fixed by the integr
tion time). Therefore, the re1ationsh@
between the I~V measurement and 1&!
data output (to the I-C DISPLAY and y
DISPLAY) for a ramp wave will be &
shown in Figures 3-15 and 3-16. a

When raw current measurement j
data for digital integration .
1s short, an invalid data an-
nunciation (Easswecass) is dis-.
played on the I-C DISPLAY.

This annunciation always ap-

pears  just after changing
FUNCTION or after a para-
meter(s) 1s changed, or at

the START Y. If the STEP V is

set to a small value when the
ramprate (dV/dt) s set to a

fast value and the integra-

tion time is set to LONG,

this  annunciation also ap-

pears at several step voltage

Just after START V.

Note
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' Figures 3-13 and 3-14
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Figure 3-13. Relationship hetween 1-V Measurement and Displays for #~ (Single Staircase Wave).
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Figures 3-15 and 3-16
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Figure 3-15, Relationship between I-v Measurement and Displays for /- (Single Ramp Wave),
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Relationship between I-V Measurement and Displays for /\ (Doyble Ramp Wave)
3-24
www.valuetronics.com



0B Section IT1
;;”ﬁg} e Paragraphs 3-47 and 3-48

; ! Measurement Operating Instructions.
Salk _ .
ing instructions for taking an I-

~ at : ;
13, Opere t are given in Figure 3-17.

- ¥ masuremen

160554 Test Fixture

16053A
Test Leads
O O
PROCEDURE:

(1) Turn 4140B OFF,

{2) Connect 16085A Test Fixture to I INPUT and ¥V OUTPUT connectors of the
41408 with T16053A Test Leads.,

Figure 3-17. 1-V Function Operating Instructions (sheet 1 of 4).

3-25
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Section II11 Model 47,4
Figure 3-17

16055A Test Fixture

The 160554 can be used for stable pA current measurements of general de-
vices with the electrostatic/light-shielded hood. DUT can be connected
easily with alligator-clips or with the T0-5 type sockets which ara
furnished accessories of the 160554 [refer to Table -4 for photos and
part numbers of accessories).

L0W lead connection of pA Meter section in the 41408 is selected with
160554 LOW LEAD CONNECTION select switch as follows:

@ \JA s v
LOW  HIiGH
o O —sou*{:-
Va
or
Vs : B
o GND
LOW  HIGH Va or Vs
I‘.—"’ ouT t-©%
CAUTION

FOR SAFETY, THE 16055A SETS 7
“YOLTAGE SOURCES (Vp. Vp AND
EXTERNAL) 7O OFF BY A MICRO- OFF

SWITCH WHEN THE HOOD 1S

OPENED (AS TLLUSTRATED IN ON
FIGURE AT RIGHT).  MICRO=- ;"

SWITCH CONTACTS ARE LOW RE-

SISTANCE CONTACTS. HOWEVER,
THIS RESISTANCE INCREASES
WITH TIME.  TO CLEAN CON-
TACT, DRIVE A CURRENT OCOF

i
0.1 TO 1A THROUGH CONTACT. va O 7o o
OPEN AND CLOSE  CONTACTS '
ONCE OR TWICE. THE HEAT AND oo Ao o v
ARCING WILL CLEAN CONTACTS. B
; EXT BIAS O oo ~0 EXT BIAS
' INPUT QUPUT

A WARNING

DO NOT USE 16055A WITH HP MODEL 16054A CONNECTION SELECTCR.
A HAZARDOUS VOLTAGE MAY EXIST ON LOW LEAD TERMINAL EVEN IF
160554 LOW LEAD CONNECTION SELECT SWITCH IS SET TO GND POSI-

TION WHEN 16054A LOW LEAD SELECT SWITCH IS SET T0 ¥a QR VB
POSITION,

Figure 3-17. I-V Function Operating Instructions (sheet 2 of 4).

T 3-8
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Figure 3-17

(3) Turn 41408 ON.

(4} At turn-on, sel1f Test of 41408 is performed automatically {refer to
paragraph 3-57).
Note

The 41408 reguires a one hour warm up time to satisfy all
specifications 1isted in Table 1-1.

(5) The 4140B is automatically set as follows:

FUNCTION vuvvrmecnnessnomaosonnnnssmeraness I
T RANGE vvveusvrnensrssonsnarsarmnasaraes AUTO
Lower Limit of AUTO Mode ..ovcecvereees 107424
INTEG TIME vvenvvvnnessnnnonnsonnnusnsuons INT
FILTER vuvvvuoosssusnannnnassnnsemsnsnrins ON
T TRIB vvvevevevnsenanasasnasnnasarsurecs INT
VA svevvenanaass R R R rd
VB vevernonssrnrnnsnnnsnsnszasasaressress OFF
PARAMETER civivenvnansne all parameters are O
T ZERD OFFSET Luvevvnvesvonnnnes eeersass 0 TA
C ZERO OFFSET tuvuiviveonnmaanarrrsrnnars 0 pF
Vg CURRENT LIMIT wovvenvenneensessnnnes 107*A
VB CURRENT LIMIT Luvevnnrunnnoannnannnes 107*A

(6) Confirm that the 1<C Data Output Trigger lamp is flashing.

{7} Select desired integration time with the INTEG TIME keys on front panel
(refer to paragraph 3-18).

(8) Connect nothing to 160554 (Open).

(9) When using the 10-12A measurement range, set I.C DISPLAY o 0.00 x 107%A
with ZERQ offset key (refer to paragraph 3-23).

(10) Set FUNCTIOR to I-V.

(11) Select desired current measurement range with I RANGE keys (refer to
paragraph 3-16).

{(12) Select desired VA and VB output modes with VS Mode Select keys on front
oanel (refer to paragraph 3-313. :

(13} Input values for VA operating paraméters depending on selected VA output
mode as follows (refer to paragraph 3-33):

P L START V, STOP V, STEP V, HOLD TIME, STEP DELAY TIME.
e , /.t START V, STOP V¥, STEP v, HOLD TIME, dv/dt.

(16} Input value for VB = (when VB is also to be used).

{15) Select current 1imit values of VA and VB with CURRENT LIMIT Select keys
keys (refer to paragraph 3-39). '

(16) Select Low lead connection of pA Meter-section 1in the 1740A with 16055A
LOW LEAD CONNECTION Select switch depending on kind of measurement.

Figure 3-17. I-V Function Operating Instructions (sheet 3 of 43.
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SECTION 114 Mcde]:‘
Figure 3-17

Az

—
{17) Connect DUT to 160554 with alligator clips or T0-5 socket depending on:
kind of measurement,
(18] Start C-y measurement  with following keys #or each VA setting (refer tp
fer to paragraph 3-35):

sssss

Auto Sweep L......... 0
Manual Sweep ........ ‘Ei

Connections for typical applicatons for I-V measurements are given below:

1. I-V Characteristic Measurement of FET:
l :ld\m '
Va,l, ’I-
-

2. Breakdown Voltage Measurement of Diode:

()
&

|

E
b
3. Threshold Voltage Measurement of FET:

WL
T

;T 17

L

Note

Specific informaticn on DUT connection is
described. in paragraph 3-51.

Figure 3-17. 1.V Function Operating Instructions (shget 4 of 4),
3-28
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. -V HEASUREMERT.

the Model 41408 can automatically syn-
.. measurement timing between the ph
o section and the VS (Voltage Source)

£ S5l make Quasi-Static C-V character-
asurements when the FUNCTION 1s sst
accurate C-V measurements, using the
) 7, /) waves and the high

13 with its 107*%A max, ve-
ubility %gnM%Ee%ade by taking advantage of
Snstruments' variable digital integration
average method) described in para-
The capacitence vaiue 1s calcu-
red from the £g1lowing formula:

1 (measured current value)
dv/dt (ramp rate)

£

.y measurement gperations are described in
ragraphs 3-4¢ thru 3-60. For basic oper-
tional instructions of the phA Meter section,
fer to paragraphs 3-12 thru 3-26 and for
‘operation of the VS section refer to para-
graphs 3-27 thru 3-42.

| -1 C-y Measurement Data Ouiput

= 3-52, Timing in C-V measurements is automati-
= cally synchronized between the pA Meter
and the accurate ramp wave (7 ., /N\.) by
the V3 section to assure that the measure-
ments are taken at the correct times. Output
voltage of the ramp wave changes continuously
at & specific ramp rate {¢V/dt} so that dig-
ital integration (for each voltage step) 1s
done using the raw current measurement data
bgfore and after Va goes to its step voltage
{in equal periods above and below the step
voltage as fixed by the integration time}.
Therefore, the relationship between the C-V
measurement and its data output (to the I+C
OISPLAY and VS DISPLAY) will be as shown in
l Figures 3-18 and 3-19. . .

Note

_! When the raw current measurement data
- for digital integration is short, an
invalid data annunciation (s )
» Is displayed on the I-C. DISPLAY.
:i s@zs annunciation always appears Jjust

after changing FUNCTION, after a pa-
: rameter(s) is changed, or at the
Tk START v,  If the STEP ¥ s set to a
E\ small value when the ramp rate (dv/dt)
is set to & fast value &nd the inte-
gration time is set to LONG, this an-
EE nunciatien alsc appears at several

www.valuetronics.com

Section III
Paragraphs 3-4% to 3-54

*

step voltages just after START V. In
a C-V measurement, lesser significant
digit data of the caiculated capaci-
tance is displayed when the number of
significant digits for the current
measurement data s less than the
total digits of the calculated capac-
itance. .refer to Figure 3-20). In an
1-C DISPLAY, the lesser significant
digit data 1is represented by a small
zero figure (M ) tc differentiate it
from the more significant digit which
is represented by a large zero ()
as shown in Figure 3-4.

3-53, -V Measurement Range

3-54, For a C-V measurement, thé 41400 pro-
vides two measurement ranges, 0.0pF199.9pF
in 0.1pF steps and 200pF~1999pF in 1ok steps.
Range changing is done automatically. In ad~
dition, & current measurement range, which is
an actual measurement range, 1S provided as
in 1 or I-V measurements (refer to paragraph
3-16). If the I-C DISPLAY count is ovar 1999
counts when the current measurement range is
held, the [+ DISPLAY displays an {w’
annunciation as in I or I-V measurements. If
the calculated capacitance value is oyer 1999
pF, the 1-C DISPLAY displays an (
annunciation.  If the calculated capacitance
value in percent is over 199.9% when the 1-C
DISPLAY is set to percent display, the I-C
DISPLAY displays an { } annunciatien.
The relationship between tne calculated ca-
nacitance value and current measurement
ranges are shown in Figure 3-20, To make C-V
measurements on  the most suitable current
measurement range, use the following proce-
dures:

(1) Set the 41408 for C-V measurement (re-
fer to Figure 3-23}.

(2) Set FUNCTION to I-V.

(3) At this time, the 47408 panel control
functiocns are automatically set as
f01lows (refer to paragraph 3-8):

VA ................ o

74} Set I RANGE to AUTOC.

(5) Select desired vp output mode with Vp
Mode Select key.

(6) Make an I-V measurement.

(7) Set current measurement range to maxi-
mum range for an I-V measurament.

3-29



; Sectien III
Figures 3-18 and 3-19

|
4,
J Valy})
. sTop v HOLD TiME
é
.
?‘
i +]
ht
I
START V f ]
- : S |
: i
! i
I wowp TiMe |
¢ BISPLAY PRVRER (L g 2nd | 3rd | 4th Sth | 6th
. VS DISPLAY START v 1st 2nd 3rd 4th 5th Eth
I
Figure 3-18. Relationship between C-V Measurement and Displays for /" (Single Ramp Wave). k
;
Vaiv) :HDL.D TIME E
BT P ¥ e o e e e e e e e e
' é_-_mm_“__ith 5th i
STEP V¥
p 3 5th
| R SR U |
dv gy
2nd 7th
; 15t/ 8th I
!
lqwm TIME + &4
START V fous o 1 i dt ——— dt - . - !
e . 7 |
HOLG TIME : tis)
i ! {HOLD TIME
E I-C oISPLAY VAL feee) L 18t 20d | 3rg 4th 5th | 6th | Tth | 8tn
; 1
; |
"{1 VS DISPLAY START V¥ Ist 2nd 3rd 4th - 5th 6th 7th | "~ 8th
.4‘_?‘ _j
Figure 3-19. Relationship between C-V Measurement and Displays for A\ (Double Ramp Wave).
f 3-30 '
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Figure 3-20
1o

Section III
0.0103 107

e 2,100 1 1070

N

Eﬂgea a 107%

.
3-31

k

ol 1,000 23075

7Le)
7Y

e

100

d¥/de {¥/s)

i)

0.01
RANGE

RANGE

COIOXIC

R T :"—”Lx.eesno

EIAN

ﬂﬁ

dv/dt {¥/s)

|

Coox 10

0.0l \

" pool

1000 x 1070

}

N 4(3)
0,100 & 1075

l\ygi

33

21}

7

a(a)N

1999 I
1000 -

010 x 107

1999 x 10718

e 000 x 10714

RN

[Hvaids

ST

L

412)

§

0001 x

T

10788

av/de {N/s)

RANGE ¢
RANGE : 10714

FTAY

T

-\l
3(4)
RSN

av/dy {¥/s)

sanaE
3(3)

N

0.0t

MHAS
Relationship between Calculated Capacitance Value and Current Measurement Range.

N

=

‘.T‘”\
3(11) N

22

SERRjgRt
0.0
" o001

1993

1GOG
{Note 2} Numerics in each area mean digits of capacitance {current).

(Notz 1) Accuracies are specified in shaded areas only.

Figure 3-20.
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Paragraphs 3-55 and 3-56

(8) Set FUNCTION to C-v,

{(3) At this time, the 41408 panel control
functions are automatically set as
follows {refer to paragraph 3-83:

C measurement
unit indicator cees DF

(10) If caleulated capacitance value is to
be displayed in percent, set displayed
value of I+C DISPLAY o percent change
with Percent key.

{(11) Select desired V4 output mode with Va
Mode Select Key.

(12) Start C-V measurement with AUTG START
key,

Note

These procedures are tha most effec~
tive metheds for setting up the most
suitable current measurement range
for C-V measurement. However, this
method may take a relatively Tong
time when the ramp rate {dv/dt) s
set t0 a siow value., If the approxi-
mate capacitance value of the DUT is
known, = the most suitable current
range for a C-V measurement can be
selected by using Figure 3-71.

The accuracy of the 41408 C-v measurement is
determined by the accuracy of the pA Meter
current measurement and of the ramp rate
{dv/dt) accuracy of the ramp wave (from the
above egquatien). Calculated accuracies for
C-V measurements are given in Table 3-6 and
Figure 3-22 as reference data (not as speci-
fications).

3-55. C-V Measurement Zero Offset

3-56. In a C-v measurement, the 471408 has a
zerc offset function for capacitance which is
independent of the zero offset function for a
current measurement (refer to paragraph 3-23),
To minimize measurement error, the zero off-
set for C-V measurement can be used to cancel
the offset error caused by stray capacitance
in the test leads/test fixture. the method
for doing a zero offset is described in Fig-
ure 3-23. Offset 1imit for a C-V measurement
is 0.0 ~ 100.0pF. The zero offset value is
set to OpF when the 47408 s turned to ON.
When the ZERD offset key is pushed, the value
of the 1-C DISPLAY adds to the zero offset
value.

3-32
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&
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0 h |
0
%0*A! -
)
§
LG
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0.00 00! 0.l ;
dv/dt (V/s)
Figure 3-21. Suitable Current Measurement

Ranges for ¢-v Measurements.

Note

A zero offset can alse be done by
remote program code "Z" via the HP-I3.



o
¢

|

»

section 11l

Paragraphs 3-57 to 3-60
Table 3-6. C~V Measurement Accuracy.
ﬂ?;;;;;"—WCapac%tance Current dy/dt (v/s)
Voltage |Measurement Measurement
cange (V)|Range (pF) | Range (A} | 0.001~ 0.01 | 0.01 ~ 0.1 0.1 ~ 1
parmer e
| T s(tazn 08y
100.0 107 /,///’ (a2 + 200 )+ 82
=10 107 s((sz+ 300+ S8
107 T ot S
1000 107 d’,,,—""”” sz + S+
107 (5. e B R
10 73 |ase- S 25T
10 7 "_‘_ﬂ___,,,w-——‘ ”””””” t((zz+§§%%)+a%m
100.0° 10 7 _,,,»«*”"’ £ (52 +HE i)
+ 100 : 10 12 i<(52+é¥%%3+3%%?3
107 |- [ P
1000 0 7 /,,fﬂ””/ e+ S8+ i)
10 M *((5‘2*‘%”%)
10 7P | s S-SR
Note 1. =(% of reading + counts) at 23°C#5° C, <70 ¢ pumidity.

Nots 2. Accuracies
Note 3. Leakage curren
additicnal error.

3-57. C-V Measurement in Percent

3-58: The -V measurement of the 4140B can
be displayed as percent change VS Cox {the
reference capacitance value). Display range
in percent is 0.0%M189.9% in 0.1% steps. Cox
is the capacitance of an oxide film of MIS
censtruction., Percent change VS Cox is the
most suitable display method for ncrmalizing
and analyzing C-V characteristics of MIS con-
struction, The Setting 1imit for Cox is 0.1
?i;J89.9pF in 0.1pF steps and 190pF~iS00pF in
$Teps.

Note

The Cox value can be set via the
HP-18 (refer to paragraph 3-85).

www.valuetronics.com

can be specified only in
+ through resistance O

if

setting 1imit described a
DISPLAY displays

shaded areas of Figure 3-20.
£ OUT and test jeads contributes

Note

setting of Cox value exceeds the

( (A )

is not input.

an

bove, the VS
annunciation

and the Cox value selected

3.59. (-V Measurement Operating Instructicns.

3-60.

Operating instructions

for a C-Y mea-

surement are given in Figure 3-23.
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Section III
Figure 3-22
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Figure 3-22
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Section III
Figure 3-23

160554 Test Fixture

""G/ @?D@C}

il [l [Salolc

16053A
Test Leads

o
O

PROCEDURE:
(1) Turn 4T40B OFF.

(2} Connect 16055A Test Fixture 10 I INPUT and V OUTPUT connectors of the
4T40R with 16053A Test Lead.

e

{(3) Turn 47408 ON.

(4) Self Test is performed automatically {refer to paragraph 3-5).

| Note :
é The 41408 requires a one hour warm up time to sat- EE
: isfy all specifications listed in Table 1-1. 1
i o
f (5} The 4140B is set automaticaily as follows: [g
-3 !
! EUNCTION «nnnnsnnnnneeeenneenss i I 3
| T RANGE vauvaveneseasrnninenssncnsnones AUTO
! Lower Limit of AUTO Mode .......eunns 10 ~*2A

INTEG TIME +vveeneennnnnsnsnnrennnerens INT |

FILTER +eriivvnnaene N eearenerstsesaeaanes ON

T TRIG vevueerncereennennsnrnseeseeonss INT

VA cenvrreneannssasionvansnrnsisons e P

SRRSO OFF : |

PARAMETER ...iuvvinennn all parameters are O

I 7ERC OFFSET tvvvvsenscsonronnrsaasnnes OfA

C ZERD OFFSET vouuvvesrnnnannanneessons OpF

VA CURRENT LIMIT tiviiinnrrrassansnnnss 10°%A

Ve CURRENT LIMIT Liioiinnrrvraisonnaess 10-*A

{6) Confirm that the I.C Data Output Trigger lamp is flashing,

Figure 3-23. C-V Function Operating Instructions (sheet 1 of 3).
3-38
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l'f’ 11408 section 111
4 podel Figure 3-23

7) Select desired current measurement range with 1 RANGE keys (refer to par-
agraph 3-53).

(g) Select desired integration time with the INTEG TIME keys {(refer to péra—
graph 3-18).

(g) Set FUNCTION to C-V.
(10) VA output mode is automatically set to / .

(11) Select desired VA and VB output modes with VS Mode Select keys (refer to
paragraph 3-31}.

(12) Input values for VA operating parameters (START V, STOP V, STEP V, HOLD
TIME and dvV/dt) (refer to paragraph 3-33).

(13) When calculated capacitance value is to be displayed in percent, input
value for Cox {refer %o paragraph 3-57).

(14) If VB is to be used, input value for VB == .

(18) Select current 1imit values of Vi and Vg with CURRENT LIMIT Select keys
(refer to paragraph 3-39).

{16) Select TJow Tead connection of pA Meter section in the 41408 with 16055A
LOW LEAD CONNECTION Select switch (depending on kind of measurement),

{17) Connect nothing to 16055A (Qpen).
(18) Start C-V measurement with AUTO START key on front panel.
(19) Set 1-C DISPLAY to 0.0pF with ZERO offset key (refer to paragraph 3-55),
Note
Any residual capacitance which gxists on test
leads or test fixture increases the error of the
C-V measurement. To avoid this condition, do a

ZERC offset under the same conditions as for an
actual measurement.

(20) when calculated capacitance value is to he displayed in percent, set
displayed value of I+C DISPLAY to percent change with percent key.

{21) Connect DUT to 16055A with alligator clips or TO-3 socket depending on
kind of measurement.

(22) Start C-V measurement with AUTC START key.

e FOE . B T, . R .

§ Figure 3-23. C-V Function Operating Instructions {sheet 2 of 3).
3-39
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MOG@] i
Figure 3-23

Connection for Quasi-Static £-v characteristic Mmeasurement are given below: |
MOS Diode: ' 1_ E
Va

Note

Specific information on DUT tonnection is ,L
described in paragraph 3-61,

C-V Function Operating Instructions (sheet 3 of 3).

Figure 3-23,

3-40
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wodel 41408

6l

1.62.

nag the following Teatures
ront MeAsUr

(1)

oUT CONNECTION.

pA Meter/DC Voltage Source
that make pA cur-
ements raliable and efficient.

The 41408

Integration times suitable to the cur-
rent measurement range and UNKNOWN con-
ditions can be selected via front panel
controls ¢r HP-IB programming.

AC noisa can be reduced by digital in-
tegration- {mcving average technique)
ysing the even raw current measurement
data synchronized with the ling fre-
guency.

AC noise can aiso be reduced by the in-
ternal filter circuit,

The 160554 Test Fixture, with elactro-
static/1ight-shielded hood, is provided
for measuring general devices.

Section Il
Paragraphs 3-61 and 3-62

However, to realize stable low-current meas-
urements at 107°A down to 1071%A, care must
be observed in DUT connection to minimize the
effects of leakage current in the measurement
systsem, external noise, 1ight, ete. Figure
3-24 shows measurement errors caused by Jeak-
age current L£ and external noisedn. The
errors can be reduced by employing a LOW-
guard method where the HIGH terminal (the
center conductor of the I INPUT connector) of
the pA meter 1s guarded by the LOW terminal
(the inner braid of the I INPUT connector) as
shown in Figure 3-25.  The effects of exter-
nally generated noise and Tight can also be
reduced by measuring the DUT in the electro-
static/Tight-shielded box. Figure 3-26 shows
the connection methods using the 16053A +
16058A,  16053A + shielded boyx, 160534 +
16054~ + shielded box. When using the 160534
+ 16055A, shielding is accomplished using the
hood of the 160554,  Also, LOW lead connec-
ticn can be changed easily via the LOW LEAD

CONNECTION switch on the 1605%A, refer to
Figure 3-17. Figure 3-27 shows a typical DUT
connection using the 160534 + 16054A +

shielded box. Note the position of the LOW
LEAD CONNECTION switch cn  the 18054A. The
dotted Tines show the connection method when
the 160544 is not used,

oo L L __H
® ——&—s—+—00T—
LT Lo
7 .- AN 1 R i .
VA or VB }“- ! % 4 it VA or Ve 7.. 4n é %*iﬁ
en | €n ;
;ii éié
Figure 3-24, Effects of Leakage Current and External Noise. a
r*4~1411~I;—m*:m L = H
[ouT] ® =0, 1"h {outh
Va or va "/“:{ # Q Va or VB ;..‘.! m#
@ en €n
LS

Figure 3-25. Effects of the LOW-Guard Method.

www.valuetronics.com
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section 111
Figure 3-27

(b)

Measurement Example:
measurement of diode,

etc.

Connection:

Grounded DUT Measurement

VA or VB

Wiring:

Breakdown voltage
1t o Quasi-Static
characteristics measurement of MOS diode.

C-v

L

&
ps
r

| gode 41408
ks
(a) yngrounded DUT Measurement
cment Example: High resistance
:ziiﬁgement of the insulating materials,
Condenserss etc.
connecticn:
Hf-\l.,
B
Va or V8 ""“f!‘
Wiring:
41408
T oo L
; 2 k 7—%‘_%
?}Lt{iINPUT L va
PR ;

a

18083 A

Y &, Wi
1

16053 A

z

n

[

3
R A W
X

<

=

FARI AT
.V AN V AU

AR 4 Y

VB

Shigided Box

Py Shieided BoOx

Figure 3-27.
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OUT Connection Exampies (sheet 1 of 2).
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Section I1l
Paragraphs 3-53 and 3-84

{c} Three Terminal DUT Measurement
Measurement Example: I-V characteris-
tics or threshold voltage measurement of
an FET,

Cennection:

- Va or Va

~

VR or Va _.E

Wiring:
B 41408
: —.«Jj.@._i"_...‘p_ 7‘{ Va 7‘ ve i
k“ X lNi;"’t;T_ IkJ Vi kJVa ....;...
,j : P e
g 11—
[ s 111 vl
fH weosaa M

- |
?

Shialded Hox

Figure 3-27. puT Connection Examples
: {sheet 2 of 2).
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3-63. DUT Connection Using the Wafer Prob;

3-64. The following rules must be obsay
when making pA measurements on wafers att%

prober station with the 471408,

(1) The entire prober station shoutq

housed a shielded box (made fromHE

H

plate, etc.) and the outer braids . i

i 3

the 41408 (both I INPUT and V CuTpyd

should be connected to the shielded
to increase the shieding effect.

{2) The HIGH terminal of the DA Met
should be guarded by the LOW termip
at a point near the DUT.

{3) The HIGK terminal of the pA Meter o
the wafer at the prober station shoy)

be sufficiently isolated.

Figure 3-28 shows various connection
for wafers at the prober station.

e TR TR T s

P i it

H




=

1 £1408

Section Il
Figure 3-28

o

(1) poth measurement terminals are on the Wafer Surface.

(1-2

fonnection:

) Unarounded OUT Measurement

WA GrVE o P E TSI,
/!
Hiring:
41408
i B L
\ & J‘-VA ;;k.Vﬁ :
kﬂ—){ PoINPUT ::_wx }:}w;
tf ¢ 1 ?
=t«;; i N
L gl
x:jg (R T
ik f
R el
1 ’ o
! J
'_—‘\oﬂ——i
k—-p} I OINPUT ) k:{ Va k{ ve
Has, j the Py
P! 1 E ig '
P i ¥
! I i i
IBOBIEA

B A DRI A AT
LV RN ¥ SV 2

i & SR 4 W
AT a—0

LOW

‘Wafer

Chuck
Isolator

Sroge

Lo = vt -

Shieided Box

(1-5)

Connection:

Grounded DUT Measyrement

u L
Va orvs -"f{ ]
L
L
Wiring:
41408
e —-- x }
| B A l

T
Y A

Am.
A 5 T |
=
)
)
-1

:§

o

T T'Yi"“
AVAN

i

i ENPUT

1605834

0e A VR & SN A M & W

<
3

B

S 4 Yt

B s MY & WU A

. ¥ S v S ¥ AU v

=

Water
Cruch
soiator

Srage

PR ¥ R, ¥ N ¥

“shielded  Box

Figure 3-28. DUT Connactions on Wafers at the Prober Station (sheet 1 of 2).
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section I11
Figure 3-28

~
3 (2} One of the measurement terminals is on the Subsirate,
(2-a) Ungrounded DUT Measurement (2-b) Grounded DUT Measurement
Connection: Connection:
H o~ L L o H L—h
iy (Y
N\ T oy
Va or Vg 74 £ Va orve 7:{ i
Wiring: Wiring:
41408 ‘ 41408
; Ty TLVA ?Lva = ! aFryC J‘_w ?-f_va
k‘jﬁ | INPUT L::} Va l::‘\xa L !c“}‘ POINPUT l::'v; k ve L
Bach AL ey He
N A bl o
! (| R i 15 Vi | P 1 1
i Y B S
e h__q{/ﬂmwwwmw*w
o
Co : ol o_} |
] [=]
e T R W WH e H—Jl "
: =l Al il PR ¥ H
: Tt 1l 1 EREE (B EE
1oy ] iy 3 t il Pi
;i 1 fgd 1 HEE] [t 1 1 by bt
t 180534 D B 60534 B D
i==4 N heeh A
; befut e N tp) st I Eil
vyt i b 1 } : bift ll : : : E
iFC i j::{ 1%; Revn i :'Ji
’ ' GND} Va VB Vi v
f
i i HIGH LOW HIGH
L s
: { ! | t
Wafer i
Chuck Chugk
: |4olzror Isotgior
S!age——_—‘E Siage
i
£ . e - .
Shielded Box Shieided Box
:
;_ o Figure 3-28. DUT Connections on Wafers at the Prober Staticn (sheet 2 of 2).
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.;s AXNUNCIATIONS
} .

1f control key parameters are set in-

3-88- 1y or when the measured current value
“”TeCt ythe upper range T9mit, the 4140A
exceeds o of the annunciations given fin

. 1f one of these annunciations 1is
. fo]1low the correction nrocedures
.@isp‘%ﬁggviﬁ Tabje 3-7. In addition, 1f one
‘ge bC voltage sources, VA or VB, exceeds
f the O Timit, its CURRENT LINIT lamp

11 flash.

Section ill
Paragraphs 3-65 and 3-66

Table 3-7. 4140B Annunciations {Sheet 1 of 2.

(D)1-C DISPLAY Annunciations

Measured currvent value ex-
ceeds upper range limint.

Control Settings:

Fﬂﬁhunciations Indicated Condition and {ORRECTION PRCCEDURE -
Contrel Settings
o “' = Indicated Condition:

section is saturated.

(1) FUNCTION ... T or I-V|{1-1) Set I RANGE to AUTO.
I RANGE ...... MANUAL
(1-2) If a range "hold" measurement is
being made, set maximum range
for auto range measyrment as in
step (1-1} above.
{2) FUNCTION ........ C-V|{2-1) Set I RANGE to AUTC.
I RAMNGE ,..... MANUAL
{2-2} If a range "hold" measurement is
being made, refer tc paragraph
3-53,
{3} T RANGE ........ AUTC (3-1) Change measurement condition,
The internal measurement | Perform the same correction procedure
circuit of the pA Meter| used for |G-

' - indicated Condition:

LOF

" |Calculated capacitance val-
ye exceeds
(1999pF).

the upper Timit

Change measurement condition
dy/dt to tower value),

(ex.set

Indicated Condition:

Calculated capacitance val-
ue 1in percent exceeds 11s
upper limit {199.9%).

Increase the value of Cox.

www.valuetronics.com

3-47



Section II1 Mode] 4}40'-'-
Table 3-7

Table 3-7. 41408 Annunciations (Sheet 1 of 2).
(2)vS DISPLAY Annunciations ]

Annunciations Indicated Condition Correction Procedure

Parameter value exceeds up-|Reset parameter value. Refer to Table

per limit, 3-4,

ILLE VA is swept when parameters|Reset parameter values. Refer to Tzhle
R N
are fncorrectly set. 3-4,

oy A SR EATE AT R
: 3 SR
X J

LT

www.valuetronics.com



4. }’he An a '1 o g

) . ANALOG QUTPUT.

Qutput can be used to output
. ¢  the pA Meter and DC Voltage
dataivgn in Tables 3-8 and 3-9.  When
gis connected to an X-Y Recorder
p Model 70474}, the system can be used
g [-¥/C-V curves. The procedures_for
i‘;aiﬁe 41408 and an XY Recorder are given
]
¥ Figure 3-

345 control Capabilities for Analog Output.

has three capabili-
quickly and clearly
These capabiiities

3 The Analog Output

fes for more easily,
-V curves.,

{1) Control of pen pesition on the X-Y Re-
corder.

With control keys LL, ZERC and UR, the
81408 is able to control the X-Y recorder
pen position as in Table 3-10.

Section I11
Paragraphs 3-67 to 3-70

Note

Control of the pen position can be
done by remote control via the HP-
IB. Refer to paragraphs 3-71 thru
3-100 for more specific information
on the HP-IB.

(2) Control signals for X-Y Recorder pen-
1ift TTL controls.

When the X~Y Recorder is provided with
pen 1ift TTL controls, pen 1ift can be
done automatically by TTL signals output
from the PEN LIFT connector on the rear
of the 41408. This TTL signal 4s High
(PEN UP) when V OUTPUT lamp is 1it, and
Low (PEN DOWN) when V QUTPUT lamp is not
1it.

Table 3-8. Analog Output Data at I/C OUTPUT Connector.
Function Value of I+C DISPLAY Analog Output Data (V)| Resolution
I 0 ~ +31899 0,000 ~%29,955 SmV/count
¢.0 ~ 199.9 0.0000~0.99%5 5081V /count
- 200 ~ 7999 1,000 ~ 9,995 Sm¥/count
% : 0.0 ~ 188.8 0.000 ~ 9.995 5mV/count
Table 3-9. Analog Qutput Data at VA OUTPUT Connector.
Outputted Vp Voltage (V) Analog Output Data (V)| Resolution
0.00 ~ £10.00 0.000 ~ #1.000 1mV/count
+10.7 ~ £100.0 £1.01 ~ 210.00 10mV/count

-
www.valuetronics.com
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Flgure J-2y

(3) Low-pass filter
Analog Output da

If the analog dat
siderable noise a
are strong curves
provided in

for reducing noise
a.

an
t

a cutput includes cone
nd the I-V/C-V curves
» the Tow-pass filters

the Analog Output circuitry,

Table 3-10. X-Y Recorder Pen Position Control.

can be used to reduce the noise
allowing I-V/C-V curves to be trac,
smoothly.  the filters apply to  poy
and I/C QUTPUT data. Filter rig
can be changed with FILTER TIME CONg ¢
Tect switch on the rear panel.

o

Key

Voltage Cutput
from VA OUTPUT Connectoy

Voltage Qutput
from 1/C OUTPUT Connector

UR

(Upper Right)|v)

Greater voltage (START V or STOP

Voltage at piuys full scale of 1.
DISPLAY (+5v),

LL Lesser voltage (START v or STCP{I-v: -5y {(Voltage at minus fuli
{Lower Left)iv). scale), 3
C-v: ov,
ZERD ov. ov,
1 To VA QUTPUT Cennector
To I-C OUTPUT [S———
Connecctor ( _]
]
[05] 0 G

EQUIPMENT:

BNC (male)

X-Y Recorder

-----------------------------

------

.

BNC (male) - dual banana plug cable

HP 70474 etc.
HP 11007A (Zea),

Figure

3-50
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Analog Output Operating Instructions {sheet 1 gf 2
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wde! 41408 Section 111
Figure 3-29

o

PROCECURE:
(1) Turn 41408 and X-Y Recorder OFF.

(2 Connect I/C OUTPUT connector on rear panel of 41408 to' Y axis input termi-
' nats of X-Y Recorder and VA QUTPUT connector to X axis input terminals

with BNC (male) - dual benana plug cables.

i {3) uWhen ¥-Y Recorder is provided with pen 1ift TTL controis, connect PEN LIFT
connector on rear nanel of 47408 to ¥-Y Racorder connector.

(4} Connect test leads or fixture {ex. 16053A Test Lead) to 41408.

(5) Turn 41408 and ¥%-Y Recorder ON,

(6) Set front panel contrels and parameters. Refer to

Figure 3-17 for I-V
measurement or Figure 3-23 for C-V maeasurement. . .

; Note

The 41408 HOLD TIME parameter should be set after considering the
relationship between the pen position as the 41408 starts its
sweep measurement and the slewing speed/accieration of the %-Y

Recorder.

‘ {7) Place chart paper on recorder platen.
L (g8} Install disposable pen in %-Y Recovder,

L P _(9) Adjust zero position of X-Y Recorder.

Note

yoltages output from the ¥p and I1/C OUTPUT connectors are sat
to OV by the ZERO key on 41408 front panel.

(16) Set input ranges of X and Y axis for X-Y Recorder.
| Note

When seiting input ranges, check amplitude of I-Y or C-V
curve)by using control keys, Lb (Lower Left) and UR (Upper
Right).

(11} Connect DUT to test leads of test fixture connected to the 4140B.

(12} Lower X-Y Recorder pen onto chart paper. If ¥-Y Recorder 1is provided
with pen Tift TIL controls, pen is Toweved automatically when sweep meas-

. ‘urement is started (when V OUTPUT lamp is 1it).

o (13) Start 41408 I-V or C-V measyrement and make X-

C-V curve,
(14) Lift ¥-Y Recorder pen from the chart paper when measurement is complete

and X-~Y Recorder stops. 1f ¥-Y Recorder is provided with pen Tift TTL
controls, pen is raised automatically when measurement is complete (when

Y OUTPUT lamp is extinguished).

Y Recovrder trace of I-V or

i g Figure 3-29. Analog Output Operating Instructions (sheet 2 of 2).
t
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Section III
Paragraphs 3-71 to 3-80

3-71. HP-IB INTERFACE.

3-72. The Mcdel 41408 can be vremotely con-
trolled by means of the HP-IB, The HP-IR is
a carefully defined 1instrumentation inter=-
facing method that simplifies the integration
of instruments and a calculator, or computer,
into a system.

Note

HP~I8 is Hewlett-Packard's implemen-

tation of IEEE Std. 488-1975 Standard

Digital Interface for Programmable
. Instrumentation.

3-73. Connection to HP-IB.

3-74, A 41408 may be connected into an HP-IB
bus configuration with or without a control-
Ter {e.g. with or without an HP calculator).
In an HP-IB system without a controller, the
41408 can function as a Talk Only unit (refer
to paragraph 3-79).

3-75. HP-IB Status Indicators,

3-76, The HP-IB Status Indicaters are four
LED Tamps on the front panel.  These lamps
show the status of the 4740A in an HP-IB sys-
tem as follows:

SRQ: SRQ signal on HP-IB Tine from 47408
(refer to paragraph 3-95),

LISTEN: The 47408 is set to be listener,

TALK: The 4%140B is set to be talker,

REMOTE: The 4740B is remotely controlled.

3-77. LOCAL Key.

3-78. The LOCAL key disables remote control
from HP-IB control and enables setting meas~
urement conditions at front panel controls
(pushbutton keys). REMOTE HP-IB statys indi-
cater Tamp turns off when LOCAL key is de-
pressed. ‘This function <can not be used when
the 41408 is set to Tlocal lockout status by
contreller. :

3-79. HP-IR Control Switch.

3-86. The HP-IB Control Switch on the rear
panel controls seven digits and three capa-
bilities as follows:

(1Y Bit 1+5:  The HP-IR address is estab-

1ished by these five digits of the
control switch.

3-52
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5

Model 47140%%

==y
3

3

L

(2) Bit 8 (delimiter form bit): This g
determines delimiter format of oytp,™§
data as folliows: ‘

IR

0: Format A (comma).
T: Format B {carriage return, Tip
feed),

{3) Bit 7 (talk only bit): This bit detert]
mines instrument capabilities whig
are:

0: Addressable
Tt Talk Only

Note

The 41408 is set at the factory as
shown in Figure 3-30.

r— TALK ONLY

o [N |~ADDRESSABLE
N TTTY |~FmTa
B | as
= .
A =] .
I | .
Er1 | ai1-JacoRESS
i 0
——FMTB
bit T~ 5: 17

bit 6: Format A{comma).

bit 7: Addressable

Figure 3-30. HP-IB Control Switch.




;
%
i@éé} 41408

g :

e gl up-18 nterface Capabilities of 41408.
j The interface of a device connected to
3-8Z. LIB is gpecified by the interface func-
éﬂg-; hyilt into the device. The 41408 has
jrion up-18 interface functions as given in
:§b1e 3~~H .

iugg,Remote program Code.

“1-34. Remote program codes for the 41408 are
_Tisted in Table 3-12.

Section 11l
Paragraphs 3-81 o 3-84

Table 3-11. HP-IB Interface Capabilities.

Code Interface Function*
(HP-IB Capabilities)
SH1** | Source Handshake.

AT Acceptor Handshake,

T5 Talker (basic talker, serial poll,
talk only mode, unaddress to talk
if addressed to listen).

L4 Listener {basic listener,unaddress
to listen if addressed to talk).

SR1 Service Request.

RL1 Remote/Local {with local leckout).

nel . | Device Clear. :

b Device Trigger.

* Interface functicns provide the means
for a device to receive, process and
transmit messages over the bus.

number of the interface
code indicates the Timitaticn of the
function capability as defined in
fopendix C of IEEE Std. 488-1975.

% The suffix

vable 3-12. Remote Program Code (sheet 1 of 3).

; control | Program Code Description
g FUNCTION I Fix Description of HSI (high speed 1 func-
- tion) is provided in paragraph 3-97.
i I-Y Fz
o C-y F3
| : HSI Fa
: RANGE HOLD RAO
| AUTO RAT*
-2
107 A%, Ro2 v 12
M -2
o 10780, | Hoz v w2
RANGE

www.valuetronics.com
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3-54

Section III Mode] 4.
Table 3-12 :
Table 3-12. Remote Program Code (sheet 2 of 3), _
Control | Program Code Description
T ——
INTEGRATION | SHORT I
TIME. - .
MEDIUM 12
LONG I3%
FILTER OFF Jo
ON J1 ¥ .
I TRIG INT TI* These codes are used only to set and not 5
| for triggering, When FUNCTION s set to g
EXT/MAN T2 F1 (1) or F4 (HSI), T1 9s automatically
set,
C% Enable pF co When FUNCTION is set to F3 (C-V), €O is
: automatically set.
% 1
SWEEP %% Wl WA is used when 41408 is set to AUTO .
CONTROL | k= SWEEP Mode.
MANUAL W2 WZ, W5 and W6 are used when 47408 is set
to MANUAL SWEEP Mcode.
PAUSE W3
§ RESTART W4
o W5 |
@ W6 |
0, W7
VA MODE v Al When FUNCTION is set to F1 (1), F2 (I-V)
or F4 (HSIY, A3 is automatically set. .
AN A2 BN
: 7 A3* When FUNCTION is set to F3 (£-¥), Al is .
) automatically set. %i
. A4 o
OFF A6 =
% VB MODE - B1 1
M OFF B2 o
i VAT LIMIT | Tooua L]* %F
} Tmh L2 :
. 10mA L3 N
i

www.valuetronics.com



| 41408

Mode Section 11l
Table 3-12
Table 3-12. Remote Program Code (sheet 3 of 2).
Control Program Code Description
yg T LIMIT T00vA M1 *
TmA M2
10mA M3
7ERO SET z
SELF TEST GFF SO*
oh $1
SRO MASK QrF DO These program codes are used to control
bits 1 thru 3 of SRQ Status Byte as fol-
On {1} D1 Tows:
ON (2) n2 git 1: DATA READY
Bit 2: CURRENT LIMITER
ON {1, 2) D3 nit 3: AUTO SWEEP or SELF TEST END
ON (3) D4 Refer to Figure 3-31. for more specific
information on SRQ Status Byte.
! oN (1, 3) 05
i oN (2, 3) D6
= oN (A1) 07
TRIGGER £
KEY STATUS K
RECORDER LL il
é ZERD L 9A
' UR KR
* : power ON
3-55
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Section III
Paragraphs 3-85 to 3-90

3-85. Parameter Setting,

3-88. A 4140B  can be set to
(refer to Tabie 3-13) by
as follows:

XXENNNN, ANX CR Q

Mm@ (3

nine parameters
remote programming

(1) Program Code for Parameter Setting

{refer to Table 3-13).

(2) Setting Value (numeric or space).

(3) Delimiter:

, {[comma)
N

(4) Terminator

i (semi-colon)

Table 3-13. Program Code
for Parameter Setting.
Parameter Program Code | Setting Value
Ve == (y) PA ~10.00 ~ 10.00
~100.0 ~ 160,90
START V {V) P3 -10.00 ~ 10.00
=100.0 ~ 100.0
STOP v {v) PT -10.00 ~ 10,00
=106.0 ~ 100.0
STEP v £V} PE -10.00 ~ 10.90
HOLD/TIME {s) PH 0.1 ~ 1899
dv/dt (V/s) Py -1.000 ~ 1,000
Cox {pF) BG 6.7 ~ 1989
STEP DELAY PD 0.01 ~ T00.0
TIME (s)
VB === (V) PR -10.00 ~ 156.00
-10C.0 ~ 1G0.0
3-56
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3-87. Data Qutput.

3-88. Data output by the Model 4740R Cams
of:

(1) 1I-C Measurement Value

aﬁd VA Odt
Voltage.

(2) Setting Parameter Cutput.
{3) Key Status.

(4) Service Request Status Byte.

IR b R %@ua
‘ﬁ%ﬁm%%wmwwﬁwfﬁﬁ ﬁw%

In the follewing several paragraphs, s
output data form is described.

Rt
—

3-89, I.¢ Measurement Value

and Vp Outau
Voltage.

A S

3-30. Two ocutput formats

are possible wid
the 471408

o

a. Format A

;, i
I

70 output either the I-C measuremem
value or ya output voltage in a continy-
Ous string, the delimiter form bit (HDISE
control sw1tcn Bit 6) on

the rear pane’
is set to O

{see paragraph 3-78), L

this mode, data is output in the fo]]ow~Fi
ing format: *F
XXZN., NANE-NN, AZNNNL NN CB (D
(XeX3y (41 (318) (7 (8) E
Note

The 41408 is set at the factory for
output Format A.

b, Format B

To break the data into two groups (11m1*&
iine length) for cutput to certain pe-.
ripherals. such as the HP Model 5159A;{
Thermal Printer, the delimiter form bit}
on the rear pane] is set to 1 (see para-:
graph 3-79), A1l data is then output in.
the following format:

XXEN, NNNE NM@_@

(ER3T ta

*NNN NN @@
fs)

SRR e e




%. | 41408 Section 1Ll
P opode Paragraphs 3-91 to 3-94

H

3

() space 3-93. Key Status Data.
(2) Data Status 3-94, This data is output from the 47408 when
program code "K' is used (refer to Figure
N ... Normal Data 3-36). The data 1is output in the following
o ... Over Flow format:
X ... No Data {only measurements
using ramp wave) ' _ ENRANINTNCNANBNLNMNDNSNHNNIN
L ... Last Data {only in Auto Sweep (M) (31 ®EENEE0NTN20E) (15)
Mode)
(1) Space

(3) 1 and C Measurement Functions

(2) F1 ~ F4: FUNCTION
1 ... Current Measuremant

¢ ... Capacitance Measurement (pFf {3) RAD, RAT, ROZ ~ R12: RANGE
: Display) '
o ... Capacitance Measurement (% {4} 11 ~ I13; INTEGRATION TIME
Display)

: (5) TT ~ T3: I TRIGGER MGDE _
(4) value of I-C Measurement
(6) €O, €1: C% Enable
{(5) Comma

(7) A1 ~ A6: Vp MODE
(6) Symbol of Va Output Voitage

{8) B1, B2: Vg MODE
(7) value of vp Cutput Voltage

{93 LY ~ L3: vp I LIMIT
(8) Data Terminater

{(10) M1 ~ M3: Vvp I LIMIT

Note

(11) DO ~ D7: SRQ MASK

The 41408 sats EOI  (End or Identi-

£y} line in the HP-IB to "1% when (12} SO: SELF TEST (OFF)
i " is output.
(13) K02 ~ H12: LIMIT AUTO RANGE
) O Each data.
I-V/C-Y cevians Only last data. {(14) 30, J7: FILTER
3-81, Parameter Qutput. (15) Data Terminator

3-92. Nine parameters can be set in the 414CB
as given in Table 3-13 {refer to paragraph
3-85).  Setting values of parameters can be
output in the following format by using their
program codes {refer to Figure 3-34).

 XXENNNN,L NN

(1)(2) {3} {4}

(1) Space
{(2) Program cades for 41408 parameter
{3} Setting value of 4140B parameter

(4) Data Terminator

e g

=! | 3-57
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lod ;
Section 111 Model ¢y,%

Paragraphs 3-95 to 3-98

3-95, Service Request Status Byte. 3~97. High Speed I (HSI) Function.

3-96. The 4140B sends an RQS (Request Service) 3-98. The 4140B has not only I, I-V ang &

{
signal whenever one of bits 1 thru 4, & or 8 functions but also has a High Speed 1 (Hs@‘%
is set. Figure 3-31 shows the Status Byte function.  This facilitates high speed guiig

makeup of 41408. output of the current measurement, Tm§5
function can be set enly by remote pmgmz%}

Bit 8 7 6 5 4 3 2 1

Information 0/1 1 0/1 g/1 0/1 071 0/ 0/1 /1

Signal bit 7 (RQS signal) establishes whether or not a service request exjsts.
Signal bits 1 thru 4, 6 or 8 identify the character of the service request states,
Service request $tates of the 41408 are:

i

!

TR

-

(1) Bit 1: If Data Ready 1s set to ON, this state 1is set when megsurement

data is provided,

{2) Bit 2: When CURRENT LIMIT is operating (when LED lamp on front panel is
1it), this state is set.

(3) Bit 3: When SELF TEST or Autc-Sweep Measurement is completed, this state %E
is set.

Note . ?E

Bits 1 thru 3 are set when SRQ MASK (refer to Table 3-12) is
set fo ON. '

(4) Bit 4: (ZDWhen the 41408 receives an erroneous remote program code , this
state {s set. E
If the 41408 receives an illegal program when DC Voltage Source
1s operating {when V OUTPUT lamp on front panel s 1it) , this
state is set, .
When parameter is set to a value over its setting Timit (when V3
ISPLAY on front panel displays "O-F"), this state is set.
If Vi is swept when parameters are not set correctly {when VS
ISPLAY on front panel dispilays "ILLE"), this state is set,
, (%)If the 41408 receives trigger command when the FUNCTION is set
3 to I-V or C-V, this state is set.

(5) Bit 6: If Self Test is faulty, this state is set.

{6) Bit 8: (:)when the 41408 receives a trigger signal before the Tast meas-
urement is completed, this state is set,
When the 41408 provides measurement data whije the Tast meas-
urement data is being output, this state is set,

Signal bit 5 is independent of bit 7 (RQS Signal). When DC Voltage Source is
operating (when V OUTPUT lamp on front panel is 1it), this state is set,

Figure 3-31, Status Bytes of the 4740R,

1 3-58 g
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1 41408 Section 111
el
Yos Figure 3-32

-Je (F4), and can not be set by front panel Table 3~T4. Accuracy and Data Output
ontrols. When the 41408 is set to HSI func- Interval in HSI Function.
Tion, the I-C DISPLAY on the front panel dis- 5
3ay; 1", The 4140B outputs current meas- a L |P3ta Qutput Interval (ms)
aement data via HP~IB as in Figure 3-32 when Range (A)]Accuracy .
11408 is set to HSI function.  This output nternal External
4. iz the raw current measurement value PN N
ﬁi?gre it is digitally integrated (refer to 10771077 2{0.5%6 )
raph 3-18). This permits the 4140B in s N
giga%SI functiqn to output data at a higher 10 % (0.5+10)
eed than in its general I function. Accu- s :
iggy and data output intervals for the HSI w0 = (2+10)
function are shown in. Tab?g 3-14, Sample 1070 A | . (5+100)

program for HSI function using an HP Desktop 1978 7
Computer 9825A/9835A is given in Figure 3-37.

4

10(8,3)**

v
Y

* =% of reading + counts) at 23°C+5°C,< 70
humidity.
** 3t 50(60)Hz line freguency.

HSI{HIGH SPEED I) FUNCTION

Program code "F4" for the 4740B establishes not only the HSI {High Speed I}
function, but also starts data output from 4140B, When £140B receives "F4" from
controller, the 4140B output is zero. Next, the 4140B sends an invalid byte (32
in decimal, space in ASCII) as the first byte. Beginning with the second byte,
4140B current measurement data in binary code is transmitted, Fach transmission
of current measurement data is made up of three bytes, which are:

: J 4 ek Rk R K dedkkkkkk kTR FREK FRFREAKIR ke R AR ke
: () (2) {3) (4} . {5)

(1) Space: Invalid data (00100000).
{2) Range: Range of the first measurement. 2{(00000010) ~12{00001100),

(3), (4) Counts: Counts of the first measurement. 'Typical -3600 ~ +3800.
This data is made up of two bytes {sixteen bits) and sent
in 2's complement,

{5) Range: Range of the second measurement. Subsequently, each measurement
data transmission is made up of three bytes sent 1in the same
format as in (2) thru (4) above.

Note

When set to the HSI function, the 41408 does not send a data
terminator (e.g. QRO AP ) nor does it set EOI {(End or Identi-
fy) 1ine in the HP-IB to “1". Therefore, the 41408 is sending
current measurement data during the time the 4140B is set to
HSI function, If 4140B is set to another function, HSI func
tion is aborted and stops data output. A sample program for
using HSI function is given in Figure 3-37.

Figure 3-32. Data Output Format of the HSI (High Speed 1) Function,

3-59
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Section III
Paragraphs 3-39 and 3-100

2-99, Programming Guide for 4140B.
3-100, Sample Programs for HF Model 9825A/
9835A Desktop Computer are provided in Figure
3-33 thru 3-37. These programs are listed in
Table 3-15,
Note
Specific information for HP-IB pro-
gramning with the 9825A or 9835A arc
provided in the 9825A or 9835A pro-
gramming manuals.
Note
The squipment required for these sam-
ple programs include:
1. 41408 pA Meter/DC Voltage
Source.
2. 98034A HP-IB Interface Card.
3, 9825A Desktop Computer with

98210A String-Advanced Pro-
gramming ROM.

882134 General I/0 Extended
I/0 ROM.

or
98354 Desktop Computer with
983327 General 1/0 ROM.

i 3-60
www.valuetronics.com

Model 4§4§%?

Table 3-15, Sample Program Using HP 98251 3§~
or 98354 Calcu]atam;’ﬁ
§.'
No.| Figure Description ﬁ—hﬁw-
— ik
1 3-33 Remote control of ph sectig
and data output when 414y
is set to I function. _
—J}
2 | 3-34 | Remote control of VS sectioni§
and parameter output whenlE
41408, B
3 3-35 Remote control and data out-tR
put when 41408 is set to I-yif
or C-¥ function. -k
4 335 How toc use remotie program-LE
ming code "K". - i
5 3-37 Remocte control and data pro-1g
cessing  when 41408 1s set tolf
High Speed 1 (HSI) function,

E

,’{
e



yode] 41408 Section 11

cample Frogram 1
nescription:

This program enables remote controi of the phA Meter section and provides a
data output program when the 41408 is set to I function. The program has
three capabilities:

(1) Control of the 4140B pA section via HP-1B.
{2} Trigger of the 4140B pA section via HP-1B.
(3) Data output from the 4140R via HP-IB,

9825A Program: 88354 Program:
Q: f1t3 10: FLOAT3
1: wrt717,"FIRATIZTZ" 20: QUTPUT717;"FIRA1I3T2"
ey (33 (4) ey (3 @
2 wrt717,"E" 30: QUTPUT717;"E" -
{5) {5)
3: red717,A,8B 40: ENTER717;A,B
4: dsphA,BipriA,B 50: DISP A,B
5: end &0: PRINT A,B

70: END
(1} Select code of 98034A.
(2) Address code of 4140B.
%3) Sets 41408 to 1 function.
4
(B

Y Program codes for pA section of the 41408 {refer to Table 3-12).
) This line is equivalent to:

3825A: trg717
9835A: TRIGGER/V7

By using string variables, complete output information from the 4140B is stored
. by the following program:

9825A Program: §R35A Program:

; C: dimA$[30] 10: DIM A$[30]
; 1: wrt717,"FIRATISTZY - 20: OUTPUT717:"FIRATI3TZY
K 20 wrt717,"E" 30: QUTPUTT17;"E®

3: red717,AS 40; ENTER717;A%

4 dspAS;prths 50: DISP A$

5: end - 60: PRINT AS

70: END

Figure 3-33. Sampie .Program 1 Using G825A/ 9835A.

[

|
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Section III
Figure 3-34

Model 43

Sample P
Descri
This p

output
ties:

rogram 2,
ption:

rogram enables remote control of the VS sectien

and provides parameter
when the 41408 is set to I function.

The program has three capabily-

§1§ Contrel of the 41408 VS secticn via HP-IB,
2

Aute sweep of the 41408 VS section via HP-IB,

(3) Parameter output from the 41408 via HP-IB,
9825A Program:

: dimA$[30]
D wrt717,"E1ALBYL M3

(1} {2)

2: wrt717,"PS-10,PT10,PEINPHZ; PD. 5, PB-50" -
(3] (4)(3) (AX308) (3)(2) (1) (&) (3}
3t wrt717,7ps”
{5}
4: red717,A%
5]
5: dspA§,prtAs
B: wrt717, W10
(&)
71 end
9835A Program:
10: DIM A$[30]
20: CUTPUTZ17 ;" F1A4BY LoM3Y
(1 {2)
30: QUTPUT7175"PS-10;PT10,PEINPH2;PD. 5,PB~50"
(31 (4} {3){2){a)(a}{3)(&) {3) (&} {3
40: QUTPYT717;"ps"
(5}
50: ENTER717:A%
{5}

60: DISP A$

70t PRINT AS

80: QUTPUT717:"W1"

(&)

90: END

(1) Sets 41408 to I function.

(2) Program codes for the VS section of the 4140B (refer to Table 3-12).

(3) Program codes for parameter setting of the 4140B (refer to Table 3-13).

(4) Parameter terminators for the 41403.

(5) Statements on lines 3 and 4 (or 40 and 50) are used to output setting
value of the parameter for 4140B. These statements should be contin-
uously programmed.

(6) Statement for AUTO START of V SWEEP.

5
Hl
i
E\I

- L‘C:nfﬁ\k%

3-62

Figure 3-34. Sample Program 2 Using 9825A/98354,
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Section 111
Figure 3-35

/ Sample Program 3.

Description:

Contral of I-V or 0=V measurement of the 4140B-via HP-IB,
Auto sweep of I-V or C-V measurement of the 41408 v1a HP-IE.

1
2
3) Data output from the 4140B via HP-IB.

S
e S e

G825A Program:

0: dim AS[100,30]
(1)
T: wrt 717,"F3RATIZATBTILZM3"
2: wrt 717,"PS-1.13PT1.1,PE.INPHT;PV1,PB-50"
3:owrt 717,"W0Y
4: =1
5: red 717,A8[1]
6: if A$[I,2,2]="L";T+1+I3jmp -1
7
8
9
0

(2}
: for J=1 to 1
:oprt ASLJ]
: next Jd
1 end

1
L 98354 Program:

| 10: DIM AS(100)[30]
Ty {13
. 20: QUTPUT 717;"F3RATIZATRILZMSY
: 30: OUTPUT 717:"PS-1.1:PT1.1,PE.INPHT;PVT,PB-50"
40: QUTPUT 717;"W1°
] 50: 0
60: I=1+1
70: ENTER 717;AS(I)
80: IF AS{I)2,2]#"L" THEN 60
; (2}
; 90: FOR J=1 TO I
100: PRINT AS{J)
110: NEXT &
120: END

measurement points.

"L * (refer ot paragraph 3-89).

This program enables remote control and provides a data output program when
the 41408 is set to I-V or C-V function. The program has three capabilities:

{1} Dimensions a étring variable array that is larger than the number of

(2) When the 41408 is set to AUTO SWEEP, the second byte of last data 1s

www.valuetronics.com

Figure 3-35. Sample Program 3 Using 9825A/9835A (sheet 1 of 2},
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Figures 3-35 and 3-36

_,
B

The same results can be obtained by using the following pregram,
6 {or 20 and 80) have been altered to allow use of the SRQ Status B

9825A Program:

Lines 1 and
yie.

1 wrt 717, "F3RATIZAIRIL2M3D4"
S: A bit (2, rds (717) ) = 05 I + 115 jmp-]

9835A Program:

20t OUTPUT 717; "F3RATIZA1BILZM3D4"

75: STATUS 717; A

80: IF BIT (A, 2) = 0 THEN 60 .
First bit of the 41408 output data (space), Just after the SRQ Status Byte is {'
output to the controller, may be lost. Also, the Status Byte is cleared P
within 10ms after it is output to the controller. Therefore, 4f the Status EE
Byte s output within 10ms after the last output, the Tast state may remain.

Figure 3-35. Sample Program 3 Using 98254/9835A {sheet 2 of 2).

—l
Sample Program 4, : :
Description:

The remote programming code VK®

can be used to racognize 41408 key settings.
This program shows how to use "K', '

;
Note '

When the I RANGE is set to "RA1 (AUTO)", key setting informa- 4
tion for the I RANGE using "K' s "RA1N, Therefore, the I

}
RANGE should be set to “RAD {MANUAL)Y" to recognize the true I .
measuring range.

. i
9825A Program: 98354 Program; ' 2

0: dim A§[30] | 10: DIM A$[30]

Trowrt 717,08 201 QUTPUT 717"k

2: red 717,2% 30: ENTER 717:;A%

3: dsp AS;prt A$ 40: DISP AS

4: end 50: PRINT A$

| 60: END
Note

The statements on lines 1 and 2 {or 20 and 30) should be con-
tinuously programmed.

Mote

The remote program code "K' can not be used while the self
test is performed, Besides, if "K" is used when the measyre-
ment data is provided, this data will be Jost.

3-64 Figure 3-36. Sample Program 4 Using 9825A/9835A,
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'(”—”““— Te Program 5.

ties:
} Control of the 41408 HSI function via HP-IB.
) Data processing for the 41408 HSI function via HP-IB,
Note

Data output interval of the HSI function is guite short
to 10ms).  Therefore, general I/0 programming (9825A:

is provided in the 98254 or 9835A programming manuals.
9825A Program:

0: ent "Number ? ™ N
{1
. 1! buf "4140B",3N+1,3
S (2
i 2y wrt 717, ,"F4n
H {3)
3: tfr 717,"41408", 38+]
{4}
2 rdb("47408" S
(5) )
:fmt 1,16.3,c2,¥2.0,¢]
: for I=1 to N
:ordb("47408"

rdb("41408" )»

o=

~1 O
|

oy
e

G
=y

I

~F

9: rdb{("4140B" )~
{
10: jor(shf(H,-8),

| e

L)
-
L

>

{9}
17: wrt 16.1,C/1000,"E-" R, =A"
12: next !
13: end

(1 |
(2) High speed I/0 control between the 41408 and controller via HP-IR.
(3

red, 9835A: OUTPUT, ENTER) can not be used. Only high speed
170 programming can be used for the HS] function. High speed
I/0 programming with the 98254 and S835A is slightly different
A sample program for HSI s given below. More specific infaor-
mation for high speed I/0 programming with the 98254 or 98354

Figrue 3-37
Samp
Description:
This pregram enables remote control and is a data output program when the

41408 s set to HSI {High Speed I} function. This program has three capabili-

www.valuetronics.com

Figure 3-37. Sample Program 5§ Using 9825A/9835A (sheet 1 of 2)
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Figure 3-37

foue 4 4‘0E

o 9835A Program:

10
20:

30:
40
50:
60
701
80:
90:
100:
110:
120
130:
140:
150:

(1)
{2)

(3)
(4)
(5)
{6)
(7)
(8)
{9)

OPTION BASE 1
INPUT "Number ? ",N

(%
pIM a$[1000]
(2 )
OUTPUT 717 ;"F4"
05
ENTER 717 BFHS 3*N+1 NO FORMAT:AS

{4)

S=NuM{AS[T1,1])

(5
IMAGE D.DDD,AA,DD
FOR I=1 TO N
R=HUM{A$[3%(1-1)+2,3%{1~1)+2])
G '
H=NUM{AS[3*(1-1)+3,3*(1-1)+3])
(7}
L=NUM{AS[3*(1-1)+4,3%(1-1)+4])

(8)

C=BINIOR(SHIFT(H,-8},L)
{97 .
PRINT USING 70:;C/1080,"E-",R
NEXT I
END
N: Number of data sent.

9825A: Sets name (4140B), size (3N+1) and type (high speed read/write }3

buffer) of the buffer for high speed I/C.
9835A: Sets name (AS) and size {23N+1)

speed I/0.
Sets 471408 to KSI.

Sends measurement data from 4140B to controlier.
Inputs first byte of measurement data from buffer to variable S.

R: Range of first measurement.

H: High byte of count of first measurement.
L: Low byte of count of first measurement.
C: 16 data count bits make up H and C,

string variable for high

| 3-66

Figure 3-37, Sample Program 5 Using 9825A/9835A
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