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Legal Notice

The information contained in this document is subject to change without notice.

Copyright © 1997, 2000 Agilent Technologies

This document contains information which is protected by copyright. All rights are
reserved. Reproduction, adaptation, or translation without prior written permission
is prohibited, except as allowed under the copyright laws.

®

Product Warranty

Agilent Technologies warrants Agilent Technologies hardware, accessories and
supplies against defects in materials and workmanship for the period of one year
from the warranty start date specified below. If Agilent Technologies receives
notice of such defects during the warranty period, Agilent Technologies will, at
its option, either repair or replace products which prove to be defective,
Replacement products may be either new or like-new.

Warranty service of this product will be performed at Agilent Technologies.
Buyer shall prepay shipping charges to Agilent Technologies and Agilent
Technologies shall pay shipping charges to return the product to Buyer.
However, Buyer shall pay ali shipping charges, duties, and taxes for products
returned to Agilent Technologies from another country.

Agilent Technologies does not warrant that the operation of Agilent
Technologies products will be uninterrupted or emor free, If Agilent
Technologies is unable, within a reasonable time, to repair or replace any
product to a condition as warranted, customer will be entitled to a refund of the
purchase price upon prompt return of the product.

The Agilent Technologies products may contain remanufactured parts
equivalent to new m performance or may have been subject to incidental use.

The warranty period begins on the date of delivery or on the date of installation
if instailed by Agilent Technologies. If customer schedules or delays Agilent
Technologies installation more than 30 days after delivery, warranty begins on
the 3 1st day from delivery.

Warranty does not apply to defects resulting from (a) impreper or inadequate
maintenance or calibration, (b) software, interfacing, parts or supplies not
supplied by Agilent Technologies, (¢) unauthorized modification or misuse, (d)
operation outside of the published environmental specifications for the product,
or (¢) improper site preparation or maintenance.

Agilent 4155B/4156B User’s Guide Vol.2, Edition 4




To the extent allowed by local law, the above warranties are exclusive and no
other warranty or condition, whether written or oral. is expressed or implied and
Agilent Technologies specifically disclaims any implied warranties or
conditions of merchantability, satisfactory quality, and fitness for a particular
purpose.

Agilent Technologies will be liable for damage to tangible property per incident
up to the greater of $300,000 or the actual amount paid for the product that is the
subject of the ciaim, and for damages for bodily injury or death, to the extent
that all such damages are determined by a court of competent jurisdiction to
have been directly caused by a defective Agilent Technologies product.

To the extent allowed by local law, the remedies in this warranty statement are
customer’s sole and exclusive remedies. Expect as indicated above, in no event
will Agilent Technologies or its suppliers be liable for loss of date or for direct,
special, incidental, consequentizal (including lost profit or date), or other damage,
whether based in contract, tort, or otherwise.

For consumer transactions in Australia and New Zealand: the warranty terms
contained in this statement, except to the extent lawfully permitted, do not
exclude, restrict or modify and are in addition to the mandatory statwtory rights
applicable to the sale of this product o you,

*  Assistance

Product maintenance agreements and other customer assistance agreements are
available for Agilent Technologies products,

For any assistance, confact your nearest Agilent Technologies Sales Office.
+  Certification

Agilent Technologies, Inc. certifies that this product met its published
specifications at the time of shipment from the factory. Agilent Technologies
further certifies that its calibration measurements are traceable to the National
Institute of Standards and Technology (NIST), to the extent allowed by the
Institute’s calibration facility, and to the calibration facilities of other
International Standards Organization members.
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NOTE

NOTE

.

Safety Summary

The following general safety precautions must be observed during all phases of
operation, service, and repair of this instrument. Failure to comply with these
precautions or with specific warnings elsewbere in this manual may impair the
protections provided by the equipment. In addition, it violates safety standards
of design, manufacture, and intended use of the instrument. Agilent
Techrologies, Inc. assumes no lability for customer’s failure to comply with
these requirements.

Agilent 4135B/4156B/41501B comply with INSTALLATION CATEGORY II for
mains input and INSTALLATION CATEGORY 1 for measurement input terminals,
and POLLUTION DEGREE 2 defined in IEC 1010-1.

Agilent 4155B/4156B/41501B are INDOOR USE products.

LEDs in Agilent 4155B/4156B/41501B are Class 1 in accordance with IEC 825-1.
CLASS 1 LED PRODUCT.

GROUND THE INSTRUMENT

This is Safety Class I instrument. To minimize shock hazard, the instrument
chassis and cabinet must be connected to an electrical ground. The power
terminal and the power cable must meet International Electrotechnical
Commission (IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

Do not operate the mstrument in the presence of flammable gases or fumes.
Operation of any electrical insirument in such an environment constitutes a
definite safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

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

DO NOT SERVICE OR ADJUST ALONE

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

Agilent 4155B/4156B User’s Guide Vol.2, Edition 4




WARNING

s DO NOTSUBSTITUTE PARTS OR MODIFY INSTRUMENT

Because of the danger of introducing additional hazards, do not install
substitute parts or perform any unauthorized modification to the instrument.
Return the instrument to a Agilent Techmologies Sales and Service Office for
services and repair to ensure that safety features are maintained.

»  DANGEROUS PROCEDURE WARNINGS

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

Dangerous Voltage, capable of causing death, are present in this instrument.
Use extreme caution when handling, testing, and adjusting,

Safety Symbols

The general definitions of safety symbols used on equipment or in manuais are
listed below.

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

Indicates dangerous voltage and potential for electrical shock. Do not touch
terminals that have this symbol when insrument is on.

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

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

Indicates earth (ground) terminal.

Alternating current.

Direct current.

ON (Supply).
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WARNING

CAUTION

QOFF {Supply).

STANDBY (Supply).

Means INSTALLATION CATEGORY 1. Measurement terminals on the rear
panel comply with INSTALLATION CATEGORY 1,

The warning sign denotes a hazard. It calis attention to a procedure, practice,
condition or the like, which, if not correctly performed or adhered to, could resuit in
injury or death to personal.

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

= Herstellerbescheinigung
GEAUSCHEMISSION
Lpa<70dB
am Arbeitsplatz
normaler Betrieb
nach DIN 45635 T. 19

*  Manufacturer’s Declaration
ACOUSTIC NOISE EMISSION
Lpa < 70dB
operator position
normal operation

per ISO 7779
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In This Manual

This manual provides information for all parts and functions of Agilent
4155B/4156B, and consists of the following chapters:

Measurement Units

This chapter provides information about the measyrement units.
Measurement Mode

This chapter provides information about sweep and sampling measurements,
Measurement Functions

This chapter provides information about the measurement functions.
Making a Measurement

This chapter describes how to perform measurements.

Analyzing Measurement Results

This chapter describes how to analyze measurement results manually and
automatically.

Page Organization

This chapter provides information about each user interface page that is
displayed on the instrument screen.

Data Variable and Analysis Function
This chapter provides information about data variables and analysis functions.
If You Have A Problem

This chapter provides problem-solving information that you may encounter.

Text Conventions

The following text conventions are used in this manual:

Screen Text Represents text that appears on screen of the 4155B/4156B.

Talic Refers to a related document, or is used for emphasis.
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Measurement Units

This chapter explains basic oufput and measurement fimctions of each measurement
unit. For the following units, a simplified circuit diagram is shown, and where
applicable, the output and measurement ranges are provided.

«  “Ground Unit (GNDU)”

«  “Source/Monitor Unit (SMUY?
»  “Voltage Source Unit (VSU)”

+  “Voltage Monitor Unit (VMU)”
+  “Pulse Generator Unit (PGU)Y”
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Figure 1-1

Measurement Units
Ground Unit (GNDU)

Ground Unit (GNDU)

The ground unit (GNDU) is in Agilent 41501A/B (S8MU and pulse generator
expander). The GNDU is a 0 V constant source that provides a measurement ground
reference, and can sink up to +1.6 A. Figure 1-1 shows a simplified GNDU circuit

diagram.

Simplified GNDU Circuit Diagram

| " G
I e

- - e
cutput Switon TS
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Measurement Units
Source/Monitor Unit (SMU)

Source/Monitor Unit (SMU)

The source/monitor unit {SMU) has the following three modes:

+  voltage source and current monitor mode (V source and | monitor mode)

* current source and voltage monitor mode (1 source and V monitor mode)
«  source common mode

SMU can output constant or pulsed source. (Only one SMU can be set to pulsed
source.)

Figure 1-2 shows a simplified SMU circuit diagram.

Figure 1-2 Simplified SMU Circuit Diagram
L + o= ¥ Seurse Mode
/{a L\_L-JJ
& Cutout Switch
S— Y Y
[ . FOACE
A
¢ LT
\ iy -
F | Ssurcs Mode
COMMON ‘
SNV
AN

UGH2002
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Measurement Units
Source/Monitor Unit (SMU)

Three types of SMUs are available:

»  HRSMU (high resolution SMU)

L]

-

L]

Force and measure: up to =100 V or =100 mA.
Maximum output power: 2 W.
Minimwum current measurement range: 10 pA with | fA resolution.

Only the 41568 has HRSMUs, The 4156B has four HRSMUs.

*  MPSMU (medium power SMU)

.

Force and measure: up to =100 V or £100 mA.
Maximum output power: 2 W,

The 415358 has four MPSMUs, and the 41501 A/B can be equipped with
gither two MPSMUs or one HPSMU.

o HPSMU (high power SMU)

Foroe and measure: up to =200 V or =1 A.
Maximum output power: 20 W.

Only the 41501 A/B has HPSMU. The 41501A/B can be equipped with
either two MPSMUs or one HPSMU.

HPSMUs and HRSMUs can be connected to test devices by Kelvin connection.

Each SMU has a compliance feature that limits output voltage or current to prevent
damage to your devices. When the SMU forces voltage, you can specify 1
compliance. When the SMU forces current, you can specify V compliance.

For details about the compliance setting range and resolution, see “Compliance” in
Chapter 3.

The following figures and tables show the output and measurement ranges of each
SMU type.
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Measurement Units
Source/Monitor Unit (SMU)

Figure 1-3 HRSMU Output and Measurement Ranges
T.rant fmal
wattane ]
43 g 2 !
-8
UEI52003
Table 1-1 HRSMU Output Voltage Ranges and Resolutions
Current
Output .
Range Output Value Resolution Compliance
Range
2V o< |vl<2v 1004V . | £100mA
20V o<ivlzaov 1 mvV +£100 mA
40V 0<|vi<aov 2mV £50 mA
100V Jos<|vigi00V | 5smV £20 mA
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Measurement Units
Source/Meonitor Unit (SMU)

Table 1-2 HRSMU Measurement Voltage Values and Resoluations
Measarement Resolutions P
Range Measurement Integration Time High Speed
Value * Sampling
1PLC or 640 ys to 1.92
Longer ms 80psto 560 1 | Measurement®
2V o<|vlic22v | 2pv 20 pv 200 1V 2mV
20V o< |visazv 20 uvV 200 pV 2mV 20 mV
40V p<|vissav 40 uv 400 &V 4mV 40 mV
100 v o< |Vi<i00V | 100pV I mV 10mv 100 mV

2. This column is applied to the auto ranging or the limited auto ranging. For fixed ranging, maximum mea-
surement vaiue is Range column value.
b. Measurement resolution depends on the integration time settmg For Knob sweep measurement, see the
column of Integration Time 80 us to 560 ps.
¢. This column is applied to the sampling measurement that inirial interval is set to 480 us or shorter.

Table 1-3

HRSMU Output Current Ranges and Resolutions

Output ant:fg_e
Range Output Value Resolution Compliance -

Range
10 pA o< |1| <10pA 10 fA +100 V
100 pA 0< |1| <100pA 10 A +100 V
1nA 0< I/ <1nA 100 A +100 V
10 nA o< |I| <10nA 1pA +100 V
100 nA 0< |1} <100 nA 10 pA +100 V
1A o< 1] c1pa 100 pA +100 V
10 pA Il <10pA 1nA +100 V
100 pA < 11| <100pA 10 nA +100 V
1 mA 1] <1mA 100nA +100 V
10 mA 0< |1l s10mA 1uA +£100 V
100 mA 0< |1/ <20mA 10 pA +100 V
20mA < 1] <50 mA 10 pA 40 V
50 mA < |1} <100 mA 10 pA £20V
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Measurement Units

Saurce/Menitor Unit {SMU)

TFable 1-4 HRSMU Measurement Current Values and Resolutions
Measurement Resclutions
Range Measuren:ent Integration Time High Speed
Value 1PLC or 640 pis to 1.92 Sampling
Longer }lms 80 usto 360 1S | Measurement©
10 pA 0< 1] £105pA | 1fA 1 £A 1A 10 £A
100 pA o< 1] s115pa | 1fA 1 fA 10 fA 100 fA
1 nA 0< 1] €1.1524 | 107A 10 fA 100 £A 1 pA
10 nA o< 1] <115na | 107A 100 £A 1 pA 10 pA
100 nA 0< 1] <1150A4 | 100 A 1 pA 10 pA 100 pA
1pA 0< 1] <115pA | 1pA 10 pA 100 pA 1 nA
10 pA 0z [1] <t15pa | 10pA 100 pA 1nA 10 nA
100 pA 0< 1] £115uA | 100pA I nA 10nA 100 nA
1 mA 0<|I| <1.15mA | inA 10nA 100 nA 1pA
10 mA 0 |1l £11.5mA | 10nA 100 nA ] A 10 pA
100 mA 0< |1l <100mA | 100nA I pA 10 pA 100 pA

a. This column is applied to the aute ranging or the limited auto ranging. For fixed ranging, maximum mea-
sirement valtue is Range column value.
b. Measurement resolufion depends on the integration time setting. For Knob sweep measurement, see the
column of Integration Time 80 us to 560 us.
¢. This column is applied to the sampling measurement that inifial interval is set to 480 us or shorter.
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Figure 1-4

Table 1-5

MPSMU Output and Measurement Ranges

Measurement Units
Source/Monitor Unit (SMU)

Tooret i

i
502004

MPSMU Output Voltage Ranges and Resolutions

Output Current
Range Output Value pu Compliance
Resolation
Range
2V o<iv]zav 100 uv +100 mA
20V o< vli<20v I mV £100 mA
a0V 0 |vi<dov 2 mV =50 mA
100V o< |vli<100v 5mV £20 mA
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Measurement Units
Source/Monitor Unit (SMU)

Table 1-6 MPSMU Measurement Voltage Values and Resolutions
Measurement Resotutions ©
Range Me::i:rergent Integration Time High Speed
aiue .

1PLC or 640 yis to 1.92 Sampling
Longer s 80usto 3560 us | Measurement®

2V 0z |V]g22v | 2uv 20 pv 200 uV 2mV

20V o< |vis22v 20 Vv 200 uv 2mv 20 mV

a0V o< |vVisdav 40uv 400 uv 4mv 40 mV

100V 0< |VIis100vV | 100 pV imV 10 mV 100 mV

a. This cotumn is applied to the auto ranging or the limited auto ranging. For fixed ranging, maximum mea-
surement value is Range column value.

b. Measurement resolution depends on the integration time setting. For Knob sweep measurement, see the
column of Integration Time 80 us to 560 us.

¢. This column is applied to the sampling measurement that initial inferval is set to 480 us or shorter.

Table 1-7 MPSMU Output Curreat Ranges and Resolutions
Range Output Value R:::Efizn Coﬁ:f;:f:ce
Range

I nA 0< |1l <104 100 £A 100V
10nA 0< 1] <10nA 1 pA +100 V
100 nA 0< 1] <100nA 10 pA 100 V
1 pA o< {1 s1pa 100 pA +100 V
10 pA o< 1] <10pA 12A +100 V
100 pA o< 1] <100 pa 10 nA 100V
1 mA 0s Tl <1mA 100 nA +£100 V
10 mA 0< |1l £10mA 1uA £100 V
100 mA o< [1] =20mA 10 A £100V

20 mA < 1] £50mA 10 A 40V

50 mA < 1] <100 mA 10 pA 20V
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Measurement Units
Source/Monitor Unit (SMU)

Table 1-8 MPSMU Measarement Current Values and Resolutions
Measurement Resolutions ©
Range Measuren:ent Integration Time High Speed
Value IPLC or 640 us to 1.92 Sampling
Longer ms 80 s to S60Us | Measurement®
InA 0<|Il £115nA | 10fA 10 £A 100 fA 1pA
10 nA 0< il <1L5pA | 10fA 100 £A 1 pA 16 pA
100 nA 0< 1l <115nA | 100fA 1 pA 10 pA 100 pA
LA 0< 1| <1.15pA | IpA 10 pA 100 pA InA
10 pA o< [Il <11.5uA | 10pA 100 pA 1nA 10 nA
100 pA o< |1l <115uA | 100 pA 1nA 10 nA 100 nA
I mA 0|1l <1.15mA | 1nA 10 nA 100 nA | uA
19 mA o< 1] £11.5mA | 10nA 100 nA 1uA 10 uA
100 mA o= |1 <100mA | 10004 1 uA 10 A 100 pA

a. This column is applied to the auto ranging or the limited zuto ranging. For fixed ranging, maximum mea-
surement value is Range column value.
b. Measurement resoiution depends on the integration time setting. For Knob sweep measurement, see the
colurmn of Integration Time 80 ps to 560 us.
¢. This column is applied to the sampling measurement that initial interval is set to 480 ps or shorter.

Agilent 4155B/4156B User’s Guide Vol.2, Edifion 4

1-11




Measurement Units
Source/Monitor Unit (SMU)

Figure 1-5 HPSMU Output and Measurement Ranges
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Table 1-9 HPSMU Output Voliage Ranges and Resolutions

Output Current
Range Output Value pu Compliance

Resolution

Range

2V 0s|vls2v 100 pV +1000 mA
20V 0<|v]<20v 1 mV +1000 mA
40V 0<|v] <40V 2mv +£500 mA
100V p<lvi<ioov 5mv 125 mA
200V |ox|vic200v 10 mV +50 mA
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Measurement Units
Source/Monitor Unit (SMLU)

Table 1-10 HPSMU Measurement Voltage Values and Resolutions
Measurement Resolitions ?
Range Measurement Integration Time High Speed
Value * Sampling
IPLCor 640 us to 1.92 80
Longer ms Hst0 560 us | Measurement
2V 0Vl g22Vv | 2uv 20wV 200 pv 2mv
20V oslvis22v 20 uv 200 vV 2mV 20 mV
0V 0g v cmav 40 4V 400 VvV 4mv 40 mV
100V o<ivlsiiov | 100uv Imv 10mvV 100 mV
200V o<ivl<z00v | 2000V 2mV 20 mV 200 mV

a. This column is applied to the auto ranging or the limited auto ranging. For fixed ranging, maximum mea-
surement valze is Range column value.
b. Measurement resolution depends on the integration time sefting. For Knob sweep measurement, see the
column of Integration Time 80 ps to 560 ps.
¢. This column is applied to the sampling measurement that initial interval is set to 480 us or shorter.

Table 1-11

HPSMU Output Cerrent Ranges and Resolutions

Output Valta!ge
Range Output Value Resolution Compliance

Range
1 nA 0< Il <1nA 100 fA +200 V
10 nA 0<|Ii $10nA 1pA +200 V
100 nA 0< |1l <100 nA 10 pA 200 V
1uA 0< |1 €1pA 100 pA 200 V
10 pA 0< |1/ <10pA 1 nA £200 V
100 pA 0< 1] €100 pA 10 nA 200 V
1 mA 0< I <ImA 100 nA =200V
10 mA 0<]il<10mA 1 uA +200 V
100 mA 0< 1] £50mA 10 pA 200 V
50mA < |1] < 100 mA 10 uA 100V
1A 0< |1l <50 mA 100 pA £200 V
S0mA< |1} £125mA 100 pA £100 V
125 mA < 1] €500 mA 100 pA £40 V
500mA< 1] <1A 100 pA 20V
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Measurement Units

Source/Moenitor Unit (SMU)

Table 1-12 HPSMU Measurement Current Values and Resolutions
Measurement Resoletions P
Range Measurement Value # Integration Time High Speed
Sampling
lf:;{;e{;r 640 u,s“t: 12 80usto 560 LS | Measurement©
1nA 0< |1/ £1.1504 10 fA 10 fA 100 fA 1 pA
10 nA 0s |1l < 11.5nA 10 fA 100 fA 1 pA 10 pA
1008A | 0< 1] 5 115nA 100 £A 1pA 10 pA 100 pA
T uA 0< 1] £1.15pA 1pA 10 pA 100 pA 1nA
10 uA EHETEY S 10 pA 100 pA 1nA 10 nA
100pA | 0s (1l <115pA 100 pA 1nA 10 nA 100 nA
[ mA 0|1 £1.15mA 1nA 10 nA 100 nA I nA
10 mA 0< i1l £11.5mA 10 nA 100 nA 1uA 10 pA
100ma | o< il <50mA 100 nA 1 pA 10 pA 100 1A
50mA < {T] <115mA | 100nA 1A 10 pA 100 pA
1A 0<i{Ii<1A | uA 10 pA 100 pA I mA

a. This column is applied to the auto ranging or the limited auto ranging. For fixed ranging, maximum mea-
surement value is Range column value.
b, Measurement resolution depends on the integration time setting. For Knob sweep measurement, see the
cotumn of Integration Time 80 us to 560 ps.
¢. This column is applied to the sampling measurement that initia! interval is set to 480 ps or shorter,

When SMU is pulsed source, set pulse parameters in following ranges:

Pulse width
Pulse period

0.5 ms to 100 ms, 100 us resolution

Smsto 1 s, 100 us resolution

where pulse period = pulse width + 4 ms

Be aware that if any of following are true, pulsed SMU channel may not output the
pulse period and pulse width you specified:

»  Measurement range differs from compliance range (lowest range that includes
compliance).

= Ranging mode is set to anto range or limited auto range.

+  Multi-channel measurement is set.

1-14
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NOTE

Measurement Units
Source/Monitor Unit (SMU)

Compliance Range for Pulsed SMU

If you use an SMU as a pulsed source, the compliance setting range is as follows:

current compliance
For SMU used as pulsed voltage source, you can set current compliance as follows:

comotignce range L0

[ Voo
S<lvppleay HEN
2iVpep <20V |11 14186 # | vp-p | - 22266
20 < pp ] Hi= 204

voltage compitance

If you use SMU as pulse current source, you can set voltage compliance as follows:

*+  When F 1 h < 10 A, voltage compliance must be 2 V or less.
«  When |1 >10 1A, voltage compliance ranges are same as in tables on previous
pages.

If SMU is pulsed constant source, I is peak or base cutrent, whichever has larger
absolute value.

I SMU is pulsed sweep source, I is start or stop value, whichever has larger absolute
value.
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Figure 1-6

Measurement Units
Voltage Source Unit (VSU)

Voltage Source Unit (VSU)

Figure 1-6 shows a simplified voltage source unit (VSU) circuit diagram.

Simplified VSU Circuit Diagram

CTAATE

LEODIG06

*  VSU can force up to £20 V.

» Onply range available is 20 V range with 1 mV resolution, so output range is
automatically set to 20 V.

= Current compliance is automatically set to =100 mA.
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Measurement Units
Voitage Monitor Unit (VMU)

TR
Voltage Monitor Unit (VMU)
Voltage monitor unit (VMU) has two measurement modes: grounded or differential.
Grounded mode uses one VMU, Differential mode uses two VMUs.
Figure 1-7 shows a simplified VMU circuit diagram.
Figure 1-7 Simplified VMU Circeit Diagram
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VMU can measure up to 20 V. Table 1-13 shows the voltage measurement range of
VMU,
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Measurement Units

Veltage Monitor Unit (VMU)
Table 113 VMU Voltage Ranges and Resolutions
Measurement Resolutions ?
Measurement Range Integration Time High Speed
Mode Sampling

1IPLC or 640 us to 1.92

Longer s 80 us to 560 1S | Measurement?
Grounded Y 2uVv 20 uV 200 pV 2mV
Measurement 7547y 20 0V 200 1V 2mv 20 mv
Differential 82v 1pv 2uV 205V 200 uv
Measurement | 5y 20V 20 uV 200 v 2mv

" a. Measurement resolution depends on the integration time setting. For Knob sweep measurement, see 20 V
Range (for Grounded mode} and 2 V Range (for Differential mode) of Integration Time 80 us to 560 us.
b. This column is applied to the sampling measurement that initial interval is set to 480 us or shorter.

NOTE

When you perform knob sweep measurement,

+ only 20 V range is available for grounded measurement mode

» only 2 V range is available for differential measurement mode

Bias Current of Buffer Amplifier may Damage DUT
The fellowing figure shows a circuit diagram of a VMU,

/ Coaxial Cable
Bias Current

&
-H — o
Protacton) T
Cirazt “'(7
irput Switch® Accumniate Chargs

When a coaxial cable is connected to VMU and when the measurement terminal of
VMU is open, the charge of the bias buffer amplifier current in the VML increases
the measurement terminal voltage.

!

To ADC
% (x

Gain Araplifier Bufter Amplifier

After a long time charge, connecting DUT to the measurement terminal may
damage the DUT by the discharging.

For the details of how to prevent this damage, refer to “If Measurement Damages
the Device under Test” in Chapter 8.
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NOTE

Measurement Units
Voltage Monitor Unit (VML)

High Impedance DUT

Very high impedance DUT may cause measurement error due to the input leakage
current from VMU.

To check the measurement error, perform voltage measurement as follows:

1.
2.
3.

4.

Connect SMLU to the DUT.

Force very low current (under 1 pA)to the DUT from SMU.
Measure voltage by SMU.

Compare the voltage measured by SMU and VMU,
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Figure 1-8

Table 1-14

Measurement Units
Pulse Generator Unit (PGU)

Pulse Generator Unit (PGU)

Two pulse generator units (PGUs) are available, which are in the 41501 A/B (SMU
and pulse generator expander). Each PGU provides a pulsed output, and can also
function as a dc source, For pulsed output of PGU, you can select 50 O or Low
impedance. Figure 1-8 shows simplified PGU circuit diagram.

Simplified PGU Circait Biagram
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The PGU output value is defined to be the value that is output if the PGU output
terminal is open. So, when a load is connected and PGU impedance is set to 50 £,
the actual output value will be different. For example, if connected foad is 50 ()
specified PGU output impedance is 50 £, and specified output value is 2 V, the PGU
outputs 1 V.

Table 1-14 shows the PGU setting ranges and resolutions.
PGU Setting Ranges and Resolutions

R Peak Setting Bas\ezsietting Resoluti Maximum
ange ane eSolution

g Value ? Current P
20V osi{vlis2ov {os|v]s20v | 4mv +£100 mA
40V 0<|V]<a0v | 05|V <40V | §mV +100 mA

& Maximum peak-to-peak voltage is 40 V.
b. ¥ pulse width < 1 ms, pulse duty is < 50 %, and average current output is <
+100 mA, the peak current output can be up to £200 mA.

1-20
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Table 1-15

Measurement Units
Pulse Generator Unit (PGU)

If the impedance of the load connected to the PGU differs from the specified
impedance in the IMPEDANCE field on the MEASURE: PGU SETUP screen or
the STRESS: STRESS SETUP screen, the average output current may exceed 100
mA. If so, a warning message is displayed.

When vou use two PGUs, the outputs are always synchronized with each other. The
PGUs cannot be synchronized with the other measurement units.

The following describe each pulse parameter. For more details, see
“MEASURE: PGU SETUP screen” in Chapter 6.

Pulse count

Allowable range: 1 to 65535. If you use two PGUS, bbth PGUs are set to the same
pulse count. You cannot set different values for each PGU.

Pulse period, pulse width, delay time
Each parameter has six setting ranges as shown in Table 1-15.

Ranges of Pulse Period, Pulse Width and Delay Time
Range Puise Period Pulse Width Delay Time * Resolution

! 2.0 usto 160.0 us 1.0 us 10 99.9 us 010 100.0 ps 0.1 us

2 100 ps to 1006 ps T us to 999 us 0 to 1000 us 1us

3 1.00 ms t0 10.00 ms 0.01 ms to 9.99 ms 010 10.00 ms 10 us

4 10.0 ms to 100.0 ms 0.1 msto 99.9 ms 0 to 100.0 s 100 ps

5 100 ms to 1000 ms 1 ms to 999 ms 0 to 1000 ms 1 ms

6 LOG slto 10.00 s 0.015t09.995 Oto 10.00 s 10 ms

a. The setting range of delay time is 0 < delgy time < specified pulse period.

The pulse period, pulse width, and delay time must be set in the same range. Also, if
you use two PGUs, both PGUs are set to the same pulse period value. So, these three

parameters must be set in the same range for both PGUs.
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Measurement Units
Pulse Generator Unit (PGU)

Leading-edge and trailing-edge transition time

The leading-edge and trailing-edge transition times have five setting ranges as
shown in Table 1-16.

Table 1-16 Ranges and Resolutions of Leading and Trailing Transition Time
Range Le;f::g;;‘; ?;:iimg Resolution
1 100 ns to 1000 ns I ns
2 0.50 us to 10,00 us 10ns
3 5.0 us to0 100.0 ps 100 ns
4 50 ps to 1000 us 1us
5 0.5 msto 10.00 ms 10 ps

* restrictions

*  leading-edge transition time < pulse width x 0.8.
*  trailing-edge transition time < (pulse period — pulse width) » 0.8,
+ Leading and trailing-edge transition times for a PGU must be in the. same
range.
Output impedance
You can select 50 Q or Low impedance,

Trigger ountput

PGUs output trigger signal to synchronize with external pulse generators. If an
41501A/B has PGUs, the 41501A/B has a trigger output terminal. For details of
trigger functions, refer to “Trigger Function” in Chapter 3.
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Measurement Mode
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Measurement Mode

This chapter explains measurement modes of Agilent 4155B/4136B. The
4155B/4156B has the following two measurement modes:

e “Sweep Measurement Mode”

*  “Sampling Measurement Mode”
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Measurement Mode
Sweep Measurement Mode

Sweep Measurement Mode

For sweep measurements, the sweep source channels perform staircase sweep
output of voltage or current, while the monitor channeils measure voltage or current
for each sweep step.

Only SMUs and VSUs can be sweep sources (VAR], VAR2, and VART").
The 4155B/4156B provides three types of sweep measurement:
= “Basic Sweep Measurement”
One sweep source (VAR]) is used.
¢ “Subordinate Sweep Measurement”
A primary (VAR1) and secondary sweep source (VAR2) are used.
«  “Synchronous Sweep Measurement”

A primary (VAR1) and synchronous sweep source {VAR1"} are used.

Basic Sweap | —

Subordinate . - i_-’rrﬁfmf‘ﬂ
Swaep , L N

o

el

.
Synchronous -
Swep | [

UGDREHAS S

Also, you can set up a combined subordinate and synchronous sweep measurement.

In addition to the normal dc sweep, the sweep or constant source output can be
pulsed to prevent thermal drift of the DUT.
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Measurement Mode
Sweep Measurement Mode

Basic Sweep Measurement
Basic sweep measurement uses one sweep source (VAR]).

The following sweep types are available:
+  LIN/LOG

= Linear staircase
* Logarithmic staircase

*+ SWEEP MODE

* Single Source channel sweeps the output from user specified starf value to
stop vahie,

* Double Source channel sweeps the output from user specified start value to
stop value, then from stop value to start value,

You can select any combination of LIN/LOG and SWEEP MODE as shown in the
following table:

Single Sweep Bouble Sweep
I é""}_}
Linwar Sweep o
N rL

jw
Log Sweep
J h

LR
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Figure 2-1

Measurement Mode
Sweep Measurernent Mode

Basic Sweep Measurement
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To set up basic sweep measurement, select VAR function for desired SMU or VSU
on CHANNELS: CHANNEL DEFINITION page.

Parameters

Also, specify the following parameters for VAR1 on MEASURE: SWEEP SETUP

page.
Parameter
sweep mode

linear/log

Description
Single or double sweep.

Linear or logarithmic sweep, For logarithmic sweep, select the
number steps in one decade as follows:

L.OGI10 10 steps in one decade.
LOG25 25 steps in one decade.
1.OG50 50 steps in one decade.
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Measurement Mode
Sweep Measurement Mode

start

stop

step

compliance

power compliance

hold iime

delay time

Start value of sweep. For logarithmic sweep, star? must not be
zero. Allowable range of szart depends on output range of
sweep source. For oufput range of each measurement channel,
refer to Chapter 1.

Stop value of single sweep or turning back value of double
sweep. For logarithmic sweep, stop must have same polarity as
start, and must not be zero. Allowable range of stop depends on
output range of sweep source. For output range of each
measurement channel, refer to Chapter 1.

* For linear sweep, sfep is step increment of sweep. Number
of sweep steps is calculated from starv, stop, and step.
Calculated number of steps must be in range: 2 to 1001.

* For logarithmic sweep, step is invalid. Number of sweep
steps is calculated from start, stop, and number of steps in
one decade, which is specified by /og parameter. Calculated
number of steps must be in range: 2 to 1001,

Compliance value of sweep source. This parameter applies to
SMU only. Allowable range of compliance depends on the
compliance range of sweep source. For the compliance range of
each measurement channel, refer to Chapter 1.

(Optional) Power compliance value of sweep source, This
parameter applies to SMU only. Allowable range depends on
power compliance range of sweep source. For details, refer to
Chapter 3.

Time required for DUT to settle after forcing start value.
Allowable range is 0 to 635.35s. Resolution: 10 ms,

Time required for DUT to settle after stepping the output.
Allowable range: 0 to 65.535 s. Resolution: 100 us

Refer to “CHANNELS: CHANNEL DEFINITION screen” and “MEASURE:
MEASURE SETUP screen” in Chapter 6 for setting up these parameters,
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Figure 2-2

Measurement Mode
Sweep Measurement Mode

Subordinate Sweep Measurement

For subordinate sweep measurement, you set up a secondary sweep source (VAR2)
in addition fo a primary sweep source {VAR1). After primary sweep is completed,
the output of secondary sweep source is incremented or decremented by the
specified step value, then the primary sweep source is swept again.

Subordinate Sweep Measurement

Saop valee

Primary
Sweep Source ¢

Shart vale

S vale g
© Secondary i
SWweep Source § -
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P—
Sween Start Cemgletion

To set up the subordinate sweep measurement, select the following on CHANNELS:
CHANNEL DEFINITION page:

«  VARI function for desired primary sweep source (SMU or VSU).
«  VAR2 function for desired secondary sweep source (SMU or VSU).

Subordinate sweep measurement has the following restriction:

« For the secondary sweep source, only singfe sweep mode and [inear staircase
mode are available.
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NOTE

Measurement Mode
Sweep Measurement Mode

Parameters

The parameters for primary sweep source (VAR1) are same as the parameters for
sweep source of basic sweep measurement. For secondary sweep source (VAR2),
specify the following parameters on MEASURE: SWEEP SETUP page.

Parameter

start

step

number of steps

Stop value

Description

Start value of secondary sweep. Allowable range of start
depends on the output range of secondary sweep source. For the
output range of each measurement channel, refer to Chapter 1.

Step increment of secondary sweep.

Number of secondary sweep steps.Allowable range: 1 to 128.

Stop value of secondary sweep is calculated from stare, step, and number of steps.
Allowable range of stop depends on the output range of secondary sweep source.
For the cutput range of each measurement channel, refer to Chapter 1.

compliance

power compliance

Compliance value of secondary sweep source. This parameter
applies to SMU only. Allowable range of compliance depends
on the compliance range of secondary sweep source. For the
compliance range of each measurement channel, refer to
Chapter 1.

{Optional) Power compliance value of secondary sweep source,
This parameter applies to SMU only. Allowable range of power
compliance depends on the power compliance range of sweep
source. For details, refer to Chapter 3.
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Figure 2-3

Measurement Mode
Sweep Measureament Mode

Synchronous Sweep Measurement

For synchronous sweep meastrement, you set up a synchronous sweep source
(VARI") in addition to a primary sweep source (VART). The output of the
synchronous sweep source is swept synchronously with the output of the primary
sweep source at a constant offset value and ratio.

Synchronous Sweep Measurement
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To set up synchronous sweep measurement, select the following on CHANNELS:
CHANNEL DEFINITION page:

*  VARI function for desired primary sweep source (SMU or VSiJ).
« VAR function for desired synchronous sweep source (SMU or VSU).
Synchronous sweep mode has the following restrictions:
= For the following, VAR’ is always set to the same mode as VARI:
= linear/log staircase

= single/double sweep mode

= VAR and VAR must be same V/I output mode. For example, if VAR is set to
v mode, then VAR must be set to V or VFULSE mode.

Agilent 4155B/4156B User’s Guide Vol.2, Edition 4 2-9




Measurement Mode
Sweep Measuremeni Mode

Parameters

The parameters for primary sweep source (VAR1) are same as the parameters for
sweep source of basic sweep measurernent. For synchronous sweep source (VAR1",
specify the following parameters on MEASURE; SWEEP SETUP page.

Parameter

offset

ratio

compliance

power compliance

Description

Offset between outputs of primary and synchronous sweep
SOUTCES.

Ratio between outputs of primary and synchronous sweep
sources.

Compliance value of synchronous sweep source. This
parameter applies to SMU only. Allowable range of compliance
depends on the compliance range of synchronous sweep source,
For the compliance range of each measurement channel, refer to
Chapter 1.

{Optional) Power compliance value of synchronous sweep
source. This parameter applies to SMU only. Allowable range
of power compliance depends on the power compliance range
of synchronous sweep source. For details, refer to Chapter 3.

The relationship between the output of primary and synchronous sweep sources is
determined by the following equation:

synchronous output = primary output x ratio + offset

The synchronous output determined by above equation must not exceed the output
range of synchronous sweep source.

2-10
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Figure 2-4

Pulse Sweep Measurement

Measurement Mode
Sweep Measurement Mode

For a sweep measurement, a sweep or constant source SMU can be a pulse source,
But only one SMU can be a pulse source. Figure 2-4 shows the telationship between

pulse source and other sources.
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For the pulse sweep measurement, the delay time of the primary sweep source is
ignored, and each step of the primary sweep source is synchronized with output of

the SMU pulse source. Measurements are made during the pulse output.

The pulse output of PGU is not synchronized with any other source.
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Sweep Measurement Mode
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Parameters

Specify SMU pulse parameters (MEASURE: SWEEP SETUP):
Parameter Description

pulse period SMU forces the next pulse after specified pulse period.
Allowable range: 5 ms to 1 s. Resolution: 100 ps.

pulse width Time from when SMU output starts to change from base value
to time when SMU starts to return from peak value.
Measurements are made while the peak value is output.
Altowable range: 0.5 ms to 100 ms. Resolution: 100 us,

base value The base output value of the SMU pulse.

Be aware that if any of following are true, pulsed SMU channel may not output the
pulse period and pulse width you specified:

*  Measurement range differs from compliance range (lowest range that includes
compliance), '

* Ranging mode is set to auto range or limited auto range.

¢ Multi-channel measurement is set.
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NOTE

Measurement Mode
Sweep Measurament Mode

Pulse width

1f the measurement settings do not meet the foilowing conditions, pulse width
setting of SMU may be insufficient to make measurement. If so, the pulse width is
automatically changed to be appropriate.

Number of Meas. Channels: 1
Integration Time: Short

Ranging Mode: Fixed
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Measurement Mode
Sampling Measurement Mode

Sampling Measurement Mode
For a sampling measurement, you can monitor current or voltage changes at a DUT
while foreing constant current, constant voltage, or pulsed constant bias,
The 4155B/41568 provides the following three types of sampling measurement
according to the sampling interval:
« “Linear Sampling Measurement”
e “Thinned-out Sampling Measurement”
«  “Logarithmic Sampling Measurement”
Available Units
Available units and functions for sampling measurement are shown below:
Output Function Output Made Meas.
. Pulse Mode
Unit
VARI | VARI' | VARZ | CONST | STANDBY | V 1 | com v I
SMU) n.a ma n.a. . ® e . - n.a. - Py
VSU aa 8. n.a . ™ ® - — - — -
VMU — - - — — — - - — - —
GNDU — — - » — — - N _ — -
PGU — - - - * & — - . — -

n.a.  means "This is not available for sampling measurement”,
. means "This is available for sampling measurement".

- means "This is ror available for this unit".

For sampling measurements, only the PGU output can be pulsed.

The pulse output timing from PGU is not synchronized with the timing of sampling
measurement.
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Measurement Mode
Sampling Measurement Mode

Sampling Interval and Measurement Time

When the sampling interval enough longer than the actual measurement time,
measurement unit repeats measurement every specified sampling interval. However,
if the sampling interval is less than the measurement time, measurement unit cannot
repeat measurements every specified interval. For example, if the measurement time
is one and a haif the specified sampling interval, the interval of measurement is two
times the sampling interval, See Figure 2-6 which explains the operation of the
sampling measurement.

Measurement time depends on the measurement condition: integration time,
measurement range, and so on. So if you want to execute sampling measurement
with the specified sampling interval, you need to know the actual measurement time
upon your measurement setup, and set the sampling interval vajue enough longer
than the actual measurement time. You can see typical measurement time by
repeating the sampling measurements with several sampling interval settings. See
“Sampling Measurement Data” on page 2-18.

Measurement time is given by the following fomula:

Tmeas = Tinteg + Toh

where,

Tmeas : Measurement time.

Tinteg : Integration time.

Toh : Overhead time caused by the following elements:

« range changing time during measurement (when measurement
ranging mode is set to auto or limited anto)

+ range changing time at measurement start (when using measurement
range less than the compliance value)

+ time required for the compensation: getting compensation data and
compensating measurement data (when the antomatic compensation
is set and executed)
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Figure 2-6

Measurement Mode
Sampling Measurement Mode

Sampling Measurement Operation Summary
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Measurement Mode
Sampling Measurement Mode

Sampling measurement is executed as explained below:

Bowow

Forces constant current, constant voitage, or pulsed constant bias.
Waits hold time.
Triggers one point measurement,

Measurement unit executes measurement. Measurement result data is stored in
memory.

Triggers one point measurement. Interval of trigger is same as Sampling
Interval,

{Case 1) Measurement unit executes measurement if it is ready to measure.
Measurement result data is stored in memory.

{Case 2) Measurement unit waits next trigger if it is busy or in measurement.
Repeats steps 5 and 6 until that a sampling completion condition is satisfied.

in Figure 2-6, sampling measurement stops when the completion condition roraf
sampling time is satisfied.

Number of measurement data stored in memory depends on the sampling
completion condition. Maximum number is specified by the NO. OF SAMPLES
field of the MEASURE: SAMPLING SETUP screen. However the measurement
will be immediately stopped if a sampling completion condition is satisfied before
reaching the maximum number. For the sampling completion condition, see
“Sampling Completion” on page 2-20.
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Sampling Measurement Mode

Sampling Measurement Data

Measurement parameters of sampling measurement are set to the NAME column of
the DISPLAY: DISPLAY SETUP screen. Available parameters and example
parameters for the NAME field are listed in the table below:

Parameter .
Namite Meanings of Parameter
@TIME Measurement start time, This is the time the measurement unit

starts one point measurement. This is different from timing of the
measurement {rigger sent every sampling interval,

@INDEX | Data index. Integer. This is the index numbered to measurement
data stored in memory.

Vi for example, SMUT voltage output value or measured value.

11 for example, SMU1 current output value or measured value.

Measurement start time can be expressed by the following fomula. This formula is
available for the measurement points before starting the discarding operation for the
linear sampling or thinned-out sampling. For logarithmic sampling, this is available
for the measurement points in the first decade.

@TIME = Thold + Tinterval x [(@INDEX ~ 1) + N}

where,

@TIME :  Measurement start time.
Thold : Hold time.

Tinterval :  Sampling interval.

@INDEX : Data index.

N: Number of triggers between two nearest measurement points. This
value is 0 if the sampling interval is enough longer than the
measurement time.
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Measurement Mode
Sampling Measurement Mode

For example, if Thold=10 ms, Tinterval=5 ms, and @TIME values are as shown
below, estimated measurement time is 15 ms to 20 ms, and there are 3 triggers
between @INDEX=1 and @INDEX=2.

*  @TIME (for @INDEX=1)=10ms =10+ 5 x [(1 - 1)+ 0] ms
+  @TIME (for @INDEX=2}=30ms =10+ 5 x [(2- 1)+ 3] ms

Sampling Interval

Hold Time |
I ), JJ | i

| | T

A
| I
|

Meas.time

BTIME (at QINDEX=1)} Q@TIME(at BINDEX=2)

To Use Multiple Measurement Units

If you define multiple measurement parameters in the NAME column of the
DISPLAY: DISPLAY SETUP screeh, sampling measurement is executed by using
multiple measurement units. Differences between this measurement and the
measurement using only one unit are shown below:

+ Measurement Sequence
Measurement units start measurement in the order below:
Parameters for GRAPH: X > Yl -» Y2
Parameters for LIST: Order of No. assigned for the parameters
«  Value of @TIME

@TIME stores the time the first measurement unit starts measurement.
@TIME does not store the time another unit starts measurement.

»  Measurement Time

Measurement time is sum of the measurement time by all units. To execute
sampling measurement with the specified sampling interval, the sampling
interval must be enough longer than the measurement time.
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Sampling Completion

‘The sampling measurement completes when one of the following conditions is
satisfied:

+  Stop condition
The stop condition is satisfied. See below.
+ Total sampling time
The specified total sampling time has elapsed.

Auvailable for linear and thinned-out sampling. Setting TOTAL SAMP ., TIME to
auto or no limit disables this sampling completion condition.

= Number of sampling points
The specified number of samples has elapsed.

Available for logarithmic sampling. For linear sampling, setting
TOTAL SAMP, TIME to auto enables this sampling completion condition.

= Stop front-panel key
The Stop front-panel key is pressed.
* GPIB Command
The 4155B/4156B receives GPIB command to stop sampling.
+  Emergency Condition
An emergency condition occurs on the 4155B/4156B.
= Interlock Open

Interlock terminal opens due to high voltage.

Stop Condition

The stop condition is defined by using the STOP CONDITION table of MEASURE:
SAMPLING SETUF screen. This function stops the measurement as shown below.

1. Compares the value of the parameter set to NAME field and the value definéd in
THRESHOLD field.

2. Counts how many times the selected EVENT occurs.

3. When the count reaches the value defined in EVENT NO. field, sampling is
stopped immediately.
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Sampling Measurement Mode

To use this function, the INITIAL INTERVAL value must be set to 2 ms or more,
The INITIAL INTERVAL is the minimum resolution of the sampling interval. For
details about the INITIAL INTERVAL, see “Linear Sampling Measurement” on
page 2-24, “Thinned-out Sampling Measurement” on page 2-27, or “Logarithmic
Sampiing Measurement” on page 2-30.

To set up the stop condition, specify the following parameters on the MEASURE:
SAMPLING SETUP screen.

Parameter

ENABLE/
DISARLE

ENABLE DELAY

NAME

THRESHOLD

EVENT

EVENT NO.

Description

Enables or disables the stop condition.

Delay time. in second. This is the time from starting sampling
measurement to enabling this function.

Allowable range: 0 to INITIAL INTERVAL x 32767 s.
Resolution: INITIAL INTERVAL.

Name of measurement data or user function to monitor for stop
condition, val of EVENT.

Threshold value at which to stop sampling measurement,
Th of EVENT.

Event for stop condition.

Val > Th True if NAME parameter value is greater than
THRESHCLD value.

Val < Th True if NAME parameter value is less than
THRESHOLD value.

[vall > 1Th| True if absolute NAME parameter value is
greater than absolute THRESHOLD value.

ivaill < iTh! Trueifabsolute NAME parameter value is less
than absolute THRESHOLD value.

Target value of the count the event occurs (#rue). When the
count of true is this value, sampling is iminediately stopped.
Allowable range: 1 to 200.
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Sampling Measurerment Mode

Source Output Sequence and Time Origin

Source unit output sequence and the time origin depends on the setup value of the
OUTPUT SEQUENCE MODE OF SAMPLING field in the MEASURE: OUTPUT
SEQUENCE screen. The following two modes are available for the field.

»  SIMULTANEOUS mode

All source unit starts output at same timing. This timing is defined as the Time
Origin. See figure below.

™ e
ez Hia : :: i ! e
Dylse Bias B H_FJ L

e

CONST 2 ! !

hold time

i e e,

T R

time origin  sampling start sampling completion

UGD03014 20280
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+ SEQUENTIAL mode

Measurement Mode
Sampling Measurement Mode

Source uniis starts output in the order defined in the OUTPUT SEQUENCE
table of the MEASURE: OUTPUT SEQUENCE screen. Time Origin is when
the last source reaches the specified output value. See figure below.

If there is pulse bias sources (PGUs), they start to force pulse base value in the
order shown above, and start to force pulse bias at the Time Origin.

4
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Linear Sampling Measurement

Linear sampling mode keeps a constant sampling interval that is the interval of
measurement frigger. And if the measurement units are ready to measure, the units
start measurement, and the result data is stored in memory. This is repeated until one
of the sampling completion conditions is satisfied.

However, if both the following two conditions occur, linear sampling mode changes
the sampling interval to two times the previous sampling interval, and continues
sampling measurement.

+ number of sampling points reaches specified NO.OF SAMPLES

+ sampling completion condition is not satisfied

Example Operation

This examptle assumes the following sampling setup:

* INITIAL INTERVAL value is longer than the measurement time
» NO.OF SAMPLES value is set to 10

* TCOTAL SAMP.TIME is long (for example, 50 x INITIAL INTERVAL). Do
not set to AUTC which enables the number of sampling points sampling
completion condition.

I. Executes one point measurement, and stores data in memory. Repeats this 10
times every sampling interval (INITIAL INTERVAL setting value) because of
the sampling interval enough longer than the measurement time.

initizl
interval

. e

2. If the sampling completion condition is not satisfied after 10 points
measurement, linear sampling mode changes the sampling interval to two times
the INITIAL INTERVAL, and continues sampling measurement.

2 times
iritial inzerval
P —

Discard

To store new measurement data, linear sampling mode discards a data every
couple of nearest data as shown above. Data is updated every measurement.
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3.

Measurement Mode
Sampling Measurerment Mode

If the sampling completion condition is not satisfied after additional 5 points
measurement, linear sampling mode changes the sampling interval to two times
the previous interval, and continues sampling measurement. Measurement data
is updated as described in step 2.

4 tomes
inizial imzterwal

Discard

This discarding and doubling of the sampling interval is repeated until the
sampling completion condition is safisfied. By the end of the measurement, 10
measurement result data is stored in memory.

Parameters

To set up the linear sampling measurement, specify the following parameters on
MEASURE: SAMPLING SETUP page. See Table 2-1.

Parameter Pescription

MODE Sampling mode. LINEAR.

INTTIAL INTERVAL The sampling interval for first NO.OF SAMPLES samples.

Allowable range: 60 us to 65.535 s.

NO.OF SEMPLES Number of data to be stored by end of measurement.

Maximum: 10001. If there are multiple measurement units,
this value must be 1600 1/(number of units) or less.

TOTRL SAMPp,TIME  Total sampling time. Does not include HoLD TIME. This is

the time from the Ist trigger to the sampling completion.
One of the sampling completion conditions, so sampling
stops after this time elapses.

« Aflowable range when INITIAL INTERVAL < 480 pus: AUTO

+ Allowable range when INITIAL INTERVAL > 480 ps:
INITIAL INTERVAL x (NO.OF SAMPLES ~ 1) sec to
1 x 101 see, AUTO, or NO LIMIT.

AUTC  Enables the number of sampling points sampling
completion condition,

NO LIMIT Disables the total sampling time sampling completion
condition
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Table 2-1

Measurement Mode
Sampling Measurement Mode

Hold time. This is the time from starting source output
to first trigger, If this value is 0, first @TIME value is 0,

HOLD TIME

» Allowable range when INITIAL INTERVAL 22 ms:
0 to 635.35 s with 100 us resolution.

« Allowable range when INITIAL INTERVAL <2 ms:
~ 30 ms 10 655.35 s with 100 ps resolution.

Effective Parameter Values

INITIAL INTERVAL

60 ps to 480 ps 560 usto 1.92 ms 2msto 65.535s

NO.OF SAMPLES

Max. 10001/{number of measurement units)

TOTAL SAMP.TIME AUTO AUTGO/NO LIMIT/

INITIAL INTERVAL X (NO.OF 3AMPLES — 1)s

to1x 105
HOLD TIME ~ 30 ms to 635.35 s, 100 ps resolution 010 655.35 s,

100 ps resolution

Stop Condition DISABLE DISABLE/ENABLE
Measurement Units # 1 b Max. 8¢
Measurement Range d | FIX FIX/AUTO/LIMITED
Integration Time © Short Short/Medium/Long

& Number of units (SMUs or VMUSs) used for measurements.

5 ¥f voltage source SMU is connected to R-BOX, only this SMU can be used for the
measurement.

¢ Maximum 8 units if the 41501 is used (6 SMUs and 2 VMUs). If multiple
measurement units are used, total measurement time will be more than the sum of
the measurernent time by all units.

d 1f compliance value is more than the measurement range, range change when
starting measurement makes long measurement time. Also if ranging mode is set
to AUTO or LIMITED, range changing makes long measurement time.

° Integration time is an element of the measurement time. If automatic measurement
data compensation is executed, the measurement time will be more than two times
the integration time.

2-26 Agilent 4155B/4156B User’'s Guide Vol.2, Edition 4




Measurement Mode
Sampling Measurement Mode

Thinned-out Sampling Measurement

Thinned-out sampling mode operates like the linear sampling mode. Difference is
that the sampling interval is not changed in the thinned-out sampling measurement.
So even if both the following two conditions occur, thinned-out sampling mode does
not change the sampling interval, and continnes sampling measuremnent.

number of sampling points reaches specified NO.CF SAMPLES

sampling completion condition is not satisfied

Example Operation

This example assumes the following sampling setup:

1.

INITIAL INTERVAL value is longer than the measurement time

NO.OF SAMPLES value is setto 10

Executes one point measurement, and stores data in memory. Repeats this 10
times every sampling interval (INITIAL INTERVAL setting value) because of
the sampling interval enough longer than the measurement time.

iminisl

in?erval

-

¥f the sampling completion condition is not satisfied after 10 points
measurement, thinned-out sampling mode keeps the sampling interval, and
continues sampling measurement.

2 tires initial
interval imtarval

- j— o

I
- .
RIS e

iscard

To store new measurement data, thinned-out sampling mode discards a data
every couple of nearest data as shown above. Data is updated every
measurement.
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3. Ifthe sampling completion condition is not satistied after additional 5 points
measurement, thinned-out sampling mode keeps the sampling interval, and

continues sampling measurement. Data is updated as described in step 2.

< timzs
interval

-

2 fimes
interva

-

=itisl
ey vat

e

This discarding is

-
T

Discard

repeated until the sampling completion condition is satisfied.

By the end of the measurement, 1) measurement result data is stored in memory.

Parameters

To set up the thinned-out sampling measurement, specify the following parameters
on MEASURE: SAMPLING SETUP page. See Table 2-2.

Parameter
MCLDE

INITIAL INTERVAL

NQ.OF SAMPLES

TOTAL SAMP.TIME

NO LIMIT

HOLD TIME

Description
Sampling mode. THINNED OUT.

The sampling interval during thinned-out sampling.
Allowable range: 720 ps to 65.535 s.

Number of data to be stored by end of measurement.
Maximum: 10001. If there are multiple measurement units,
this value must be 10001/(number of units) or less.

Total sampling time. Does not include HOLD TIME. This is
the time from the Ist trigger to the sampling completion.
One of the sampling completion conditions, so sampling
stops afier this time elapses.

Allowable range: NO LIMIT, or

INITIAL INTERVAL x (NO.OF SAMPLES — 1) sec to

1x 10! sec

Disables the fotal sampling time sampling completion
condition

Hold time. This is the time from starting source output to
first trigger. If this value is 0, first @TIME value is 0.

+ Allowable range when INITIAL INTERVAL 22 ms:
0 to 655,35 s with 100 ps resolution.

« Allowable range when INITIAL INTERVAL <2 ms:
— 30 ms to 655.35 s with 100 us resolution.
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Table 2-2

Effective Parameter Values

Measurement Moda

Sampling Measurement Mode

INTTIAL INTERVAL

720 us to 1.92 ms

2mst065.535s

NG.OF SAMPLES

Max. 10001/(number of measurement units)

TOTAL SAMP.TIME

NO LIMIT/

INITIAL INTERVAL x (NC.OF SAMPLES —1)s

to1x10ts

EOLD TIME

~ 30 ms to 65535 s,
100 s resolution

010 655.35 s,
100 ys resolution

Stop Condition DISABLE DISABLE/ENABLE
Measurement Units 2 1 b Max. 8 ¢

Measurement Range d [ FIX FIX/AUTO/LIMITED
Integration Time © Short Short/Medium/L.ong

# Number of units (SMUs or VMUs) used for measurements.

bf voltage source SMU is connected to R-BOX, only this SMU can be used for the

measurement.

® Maximum 8 units if the 41501 is used (6 SMUs and 2 VMUs). If multiple
measurement units are used, total measuremernt time will be more than the sum of
the measurement time by all units.

dyf compliance value is more than the measurement range, range change when

starting measurement makes long measurement time. Also if ranging mode is set
to AUTO or LIMITED, range changing makes long measurement time.

¢ Integration time is an element of the measurement time, If anfomatic measurement
data compensation is executed, the measurement time will be more than two times

the integration time.
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Figure 2-7

Measurement Mode
Sampling Measurement Mode

Logarithmic Sampling Measurement

Logarithmic sampling mode plots the measurement data on the X-axis (@ TIME) set
to the logarithmic scale by doing the following operation. See Figure 2-7.

L.
2.

(S8

Forces constant current, constant voltage, or pulsed constant bias.
Waits hold time.
Triggers one point measurement.

Measurement unit executes measurement. Measurement result data is stored in
memory.

Triggers one point measurement. Interval of trigger is constant (setting value of
INITIAL INTERVAL).

Measurement unit executes measurement if it is ready to measure. Measurement
result data is stored in memory.

Measurement unit waits next trigger if it is busy or in measurement.

Repeats steps 5 and 6 until that a sampling completion condition is satisfied.
Logarithmic sampling mode retaing only the measurement data that can plot the
data on the logarithmic X-axis in almost the same interval.

Example Operation of Logarithmic Sampling

&
Measurement

Starts
Sampling

Hold Time Sampling Interval

Discard

3
z s ;
\ ]yata of first decade Data of second decade

i Vo e
T

- — TIME

the example

R L

|
]
i
}
¢

i
1
i ! 1/10 decads to plot LGGIS data.
voow -
f f L B e e e e @TIME
First decade Second cecade
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@TIME Value

@TIME value of measurement data is determined by MODE, INITIAL
INTERVAL, NO. OF SAMPLES, and HOLD TIME parameters. Where MODE
decides number of measurement points in 1 decades. For example, LOG 10 mode
obtains 10 data per 1 decade.

An example to get measurement data in logarithmic sampling measurement is
explained below. This example assumes the following settings. See also Figure 2-7.

»  MODE =1L0G10 (10 data/ 1 decade)
+ INITIAL INTERVAL=10ms

+ NO.OF SAMPLES =20

¢ HOLD TIME=10ms

« STCP CONDITION=DISABLE

If sampling interval is enough longer than measurement time:
INITIAL INTERVAL value decides the range of a decade.

10 ms to 100 ms  (Ist decade) Sampling is executed at the following @TIME
value: 10 ms, 20 ms, 30 ms, 40 ms, 50 ms, 60 ms, 70 ms, 80
ms, 90 ms, 100 ms. LOG10 mode allows to have 10 data in |
decade. Therefore all measurement data is stored in memory.

00 mstols There are 90 sampling points in this range. Number of data can
remain is only 10. They can plot the data on the X-axis in
ahmost the same interval.

@TIME values are as follows:
140 ms, 170 ms, 210 ms, 270 ms, 330 ms, 410 ms, 520 ms,
650 ms, 810 ms, 1.02 s.

I sampling interval is less than measurement time:

Measurement time decides the range of a decade. If the measurement time is 18 ms,
interval of measurement is 20 ms, and the following data are stored in memory:

20 ms to 200 ms  (1st decade) Sampling is executed at the following @TIME
value: 20 ms, 40 ms, 60 ms, 80 ms, 100 ms, 120 ms, 140 ms,
160 ms, 180 ms, 200 ms. LOG10 mode allows to have 10 data
in 1 decade. Therefore all data is stored in memory.

20mstols There are 90 sampling points in this range. Number of data can
remain is only 10. They can plot the data on the X-axis in
almost the same interval.
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Sampling Measurement Mode

Rute to determine @TIME:
@TIME value is determined by the following rule. Data measured at @ TIME=Tlog

are stored in memory.

Tlog =z Ttarget

| Tlog - Ttarget | < | Ttarget - Tprev |

where,

Tlog  Datastored in @TIME. Actual measurement point.

Trarget Target value of @ TIME. The values can plot data on the logarithmic
X-axis in the same interval completely.

Tprev  Tiog — sampling interval. Actual measurement point.

Discard @
Samnling

L

Stored in GTIME
interval

Trtarget < Tlog
A>3

| 1
i Ttarget |
e ; i
[ 7 { e
M

TIME

Measurement

A= Ttarget — Tprev |
B =|Tiog - Trarger |
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Parameters

Measurement Mode
Sampling Measurement Mode

To set up the logarithmic sampling measurement, specify the following parameters
on MEASURE: SAMPLING SETUP page. See Table 2-3.

Parameter

MODRE

INITIAL INTERVAL

NC.OF SAMPLES

HOLD TIME

Description

Sampling mode. LOG10, LOG2S5, or LOGS0.

MODE Number of data in 1 decade

LOGI10 10
LOG25 23
LOG3¢ 50

The sampling interval during logarithmic sampling.
Allowable range: 560 us to 65.535 s.

If this value is 560 ps to 10 ms, number of measurement
data may be less than the specified number of data for top 2
decades. Then sampling continues to get all samples.

Number of data to be stored by end of measurement. One
of the sampling completion conditions, so sampling stops
after this point elapses. Maximum 11 decades.

MODE Maximum vatue
LOGLG 111
LOG23 276
LOG3¢ 551

Hold time. This is the iime from starting source output to
first trigger. If this value is 0, first @TIME value is 0.

« Allowable range when INITIAL INTERVAL 22 ms:
0 to 655.35 s with 100 s resolution.

+ Allowable range when INITIAL INTERVAL <2 ms:
— 30 ms to 655.35 s with 100 us resolution.

Example:

Horb TiIME=1.003 s, and measurement interval is 3 ms,
decade and its range are as shown below:

decade Range ( insec)
1st decade 1003101030 (3m+130m+1}
2nd decade £.030t0 1.300 (30 m +1 to 300 m +1)
3rd decade 1,300 t0 400 ( 300 m +1 to 3+1 )
4th decade 41031 (3+1 to 30+1)
Sth decade 3116 361 (3041 to 300+1)
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Table 2-3

Measurement Mode

Sampling Measurement Mode

Effective Parameter Values

INITIAL INTERVAL

560 s to 1.92 ms

2msto 65535 s

NO.CF SAMPLES

Maximum 111 (LOG10), 276 (LOG25), 551 (LOGS50)

HOLD TIME

—~ 30 ms to 655.35 s,
100 ps resofution

010 655.35 s,
104 us resolution

Stop Condition DISABLE DISABLE/ENABLE
Measurement Units # | 17 Max, 8 ¢
Measurement Range ¢ | FIX FIX/AUTO/LIMITED
Integration Time © Short Short/Medium/Long

& Number of units (SMUs or VMUs) used for measurements.

b 1f voltage source SMU is connected to R-BOX, only this SMU can be used for the

measurement,

¢ Maximum 8 units if the 41501 is used (6 SMUs and 2 VMUs). If multiple
measurement units are used, total measurement time will be more than the sum of
the measurement time by all units.

4 1f compliance value is more than the measurement range, range change when
starting measurement makes long measurement time. Also if ranging mode is set
to AUTO or LIMITED, range changing makes long measurement time.

¢ Integration time is an element of the measurement time. If automatic measurement
data compensation is executed, the measurement time will be more than two times

the integration time.
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Measurement Functions

This chapter explains functions that can be used in measurements. Agilent
4155B/4156B has the following useful measurement functions,

¢ “Stress Force Function”
*  “Knob Sweep Function”
*  “Operation States™

* “Output Sequence”

*  “Trigger Function”

*  “R-BOX Contro]”

*  “Measurement Ranging Mode”

*  “Comphance”
*  “Integration Time”
«  “SMU Filter”

«  “Zero Offset Cancel”
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Measurement Functions
Stress Force Function

Stress Force Function

When you press the Stress front-panel key in the MEASUREMENT key group,
stress is forced to the DUTSs for the specified period. The 4155B/4156B can force
both de stress and ac stress (pulsed stress) as shown in the following figure.

) DT Stress Sigral

setting the stress channels

You can set up units for the stress force state on the STRESS: CHANNEL
DEFINITION screen independently from the measurement and standby states that
vou set on the CHANNELS: CHANNEL DEFINITION screen.

For example, you can use the same SMU as a measurement channel in the
measurement state, and as a stress force source in the stress force state.

switching channels connected to DUT

The 4155B/4156B can control Agilent 16440A SMU/Pulse Generator Selector to
automatically switch units that are connected to a DUT pin. You set up this
automatic control on the STRESS: CHANNEL DEFINITION screen.

For example, the DUT pin is connected to a PGU for stress force when Stress
front-panel key in the MEASUREMENT key group is pressed, then connected to an
SMU for measurement when Single front-panel key is pressed.

For details about how to control the 16440A selector, refer to “SMU/PG Selector
Control” on page 3-11, “To Control Selector for Switching SMU and PGU” in
Chapter 4, and Chapter 2 of User's Guide General Information.

Agilent 4155B/4156B User’s Guide Vol.2, Edition 4 3-3




Measurement Functions
Stress Force Function

displaying the stress force fime

The STRESS: STRESS FORCE screen is displaved while stress is being forced. On
this screen, the time that stress has been forced is displayed and updated every
second. For more details about the STRESS: STRESS FORCE screen, refer to
“STRESS: STRESS FORCE screen” in Chapter 6.

Stress Output Channels
You can select up to four stress source channels among SMUs, VS8Us, and PGUs.

To set a unit to be a stress source channel, set SYNC in the FCTN field on the
STRESS: CHANNEL DEFINITION screen. On this screen, at least one channel
must be set to SYNC. For details about the STRESS: CHANNEL DEFINITION
screen, refer to “STRESS: CHANNEL DEFINITION screen™ in Chapter 6.

The 4155B/41356B can force dc voltage stress, dc current stress, and ac voliage
stress (by PGUs in Agilent 41501 A/B), but cannot force ac current stress.

+ available units and modes
Table 3-1 shows available units and allowable modes for stress sources.

Table 3-1 Available Units and Modes for Stress Force

Units {| DC Voltage Stress | DC Current Stress | AC Voltage Stress

SMU | yes yes
VSU | ves
PGU | ves yes

Also, SMUs can be set to COMMON maode,

If you use two PGUs as pulsed source (VPULSE), you cannot set one PGU to SYNC
{stress source channel) and the other PGU to NSYNC {non-stress source channel).
That is, both PGUs must be SYNC or both must be NSYNC.

If a channel is set to STBY ON on the CHANNELS: CHANNEL DEFINITION
screen, the channel cannot be set to SYNC.
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NOTE

Measurement Functions
Stress Force Function

To Force Stress with more than Four Channels

The following trigger functions allow you to force stress from more than 4 channels
by using external pulse generators, voltage sources, or current sources.

« gate trigger while stress is forced

The 4155B/4156B can output a gate trigger while stress channels are forcing
stress. For details about this gate trigger, refer to “Trigger Function™ on page
3-44.

» gate trigger of PGUs

The output trigger terminal of PGUs (41501 A/B) can output a gate trigger to
external pulse generators. So, use this function if you need more than two ac
stress channels.

For example, you can use Agilent 8110A pulse generator to force ac stress by
using this trigger.

PGU outputs a gate trigger that is synchronized with pulse output. For details of
the trigger signal, refer to “Triggering an External Instrument” on page 3-47.
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Measurement Functions
Stress Force Function

Stress Mode

You set stress mode to the pulse count mode or duration mode. The pulse count
mode is used only when a PGU is used to force ac stress (that is, PGU is set to
MODE=VPULSE and FCTN=3YNC on the STRESS:CHANNEL DEFINITION

screen),

Pulse count mode

You specify the pulse count (1 to 65535). The total stress time is determined by the
pulse count and pulse period.

Duration mode

You specify the total stress time directly in seconds. Allowable range is 500 us to
1 year (3.1536 107 s).

setting resolution:

»  When the specified time is 10 s or less:
setting resolution is 100 ps.

«  When the specified time is more than 10 s

setting resolution is 10 ms.
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Measurement Functions
Stress Force Function

Stress Force Sequence

Output sequence (idle state to the stress force state)

‘When the state changes from the idle state to the stress force state, the channels
output the foliowing values:

ac siress (SYNC) channel: specified base value
de stress (SYNC) channel: OVor0A
non-stress (NSYNC) channel:  specified source value or pulse output

The output sequence of the channels depends on the order specified on the
MEASURE: OUTPUT SEQUENCE screen. For details, refer to “Sequential Mode”
on page 3-39.

Stress force sequence (in the stress force state)

= stress output

Stress force channels output stress at the same time when the stress start trigger
is received. Stress start trigger is sent hold time after the last channel changes
from idle state to stress force state.

o siress stop

Stress force charmels stop stress at the same time. When you set up both ac and
de stress on the STRESS: CHANNEL DEFINITION screen, ac stress channels
stop several microseconds before the dc stress channels.

If you set delay time for pulse stress, finish of stress force time is after the period
of the last pulse. (See Figare 3-1 on page 3-8.)
Pulse Waveform when Stress Stops

When you set the duration mode or press the Stop front-panel key, be aware that
stress force may stop during the pulse peak output as shown in the following figure:

AL Stress Force |

r
I
i

Peak Value - T 1 ; P ]
,3____1’_]5“11@ . _gﬂ_ﬂf L_ﬂ_ﬁé____[_
i

Hase Valus !
\
t f

Stress Start Stress Stop
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Measurement Functions
Stress Force Function

Sequence for returning to 0 V (stress force state to the idle state)
When the state changes from the stress state to the idle state, the outputs of the
channels are returned to 0 V in opposite order that forcing occurred.

Delay time of PGUs

When PGUS5 are set to VPULSE {ac source), you ¢an set a delay time as follows:

s IfPGU is set to SYNC, the PGU waits the delay time (after the sfress start trigger
is received), then starts to force ac stress.

+  IfPGU is set to NSYNC, the PGU waits the delay time {after stress force state
starts), then starts puise output.

For details about delay time, refer to “MEASURE: PGU SETUP screen” in Chapter
6.

Example

Figure 3-1 shows an example of output sequence when forcing stress.

Figure 3-1 Example of the Stress Force Sequence

~

kit State Stress Force State - idle State

! Stress Force

| i i
PGUY | 7 - sisisiai g /‘
(80 Stress) E{_ “m JI‘J —f : (P“j Lld Lmek__

| E : |

| | P

SMUH EL ; > 2 : :
o J— ; ! ;

\ ' - L
PGU2 UL @f Lj_iﬁLH_J .

(A0 Strags} — 7 '
\ w"Bl'”F{?fh-—‘—de\ay time of PGU puise getiof /G

, T
o
SMUZ E “h (P ! ; /
INSYNG) | [ /»-*

Haid Time :mmwﬂﬁ . )
SMU3 [ ? '
DL Stress) %| | ; :
¥ :

Stress Start

Stress Stop

UGRO4003
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Measurement Functions
Stress Force Function

Figure 3-1 assumes the output sequence is set on the MEASURE: OUTPUT
SEQUENCE screen as follows.

1. PGUIL

2. SMU1
PGU2
SMU2
SMU3

L¥ 5]

ook

= output sequence (idle state to the stress state)

Specified output values are forced in the following order:

1. PGU1
2. SMU!

3. PGLZ

4. SMU2

5. SMU3 _

+ stress force sequence {in the stress force state)

The stress force channels (PGU1, PGU2, and SMLI3) start siress and stop stress
at the same time.

« sequence for returning to 0 V (stress force state to the idle state)
The order of returning to 0 V is:
1. SMU3

SMU2

PGUZ

SMU1

PGU1

oo W
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Measurement Functions
Stress Force Function

Stress Stop Function at Abnormal Status

On the STRESS: STRESS SETUP screen, you can select whether the stress stops or
continues when an abnormal status occurs.

You can select one of the foilowing in the STRESS Status field on the STRESS:
STRESS SETUP screen:

+  Stress continues even if an abnormal status occurs.
«  Stress stops if any abnormal status occurs.
»  Stress stops only if SMU reaches its compliance setting.

Abnormal statuses are as follows:

»  SMU reaches its compliance setting.

»  Current of a VSU exceeds =100 mA.

»  SMU ora VSU oscillates.

»  A/D converter overflow oceurs.

»  Average current of PGU exceeds =100 mA.

When an 4135B/4156B is stopped by the stress stop function, a message is
displayed in the message display area.

STOP AT ANY ABNORM and STOP AT COMPLIANCE secondary softkeys are
displayed only when specified duration is more than 10 s. If you set pulse count
mode, these secondary softkeys are displayed only when pulse period x pulse count
is more than 10 s.

The stress stop function is not effective until the stress has been forced for 10
seconds. For example, if STOP AT ANY ABNORMor STOP AT COMPLIANCE is
selected and abnormal status occurs afier forcing stress for 5 seconds, the stop
function does not stop stress until stress is forced for 10 seconds.
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Stress Foree Function

SMU/PG Selector Control

The 4155B/4156B can conirol the 16440A SMU/Pulse Generator Selector to
automatically switch units that are connected to a DUT pin. You set up this
automatic control on the STRESS: CHANNEL DEFINITION screen.

For example, you can specify to connect the PGU to the DUT during stress, and
connect the SMU to the DUT during measurement. Se, when you press the Stress
key in the MEASUREMENT key group, the PGU is automatically connected to the
DUT. And when you press a measurement key, the SMU is automatically connected
to the DUT,

You can use up to two 16440A selectors. For details about installation of the
16440A selectors, refer to Chapter 2 of User's Guide General Information.

When you use 16440A selector, SMUs cannot be connected to test devices by
Kelvin connection.

Figure 3-2 Simplified Circuit Diagram of the 16440A Selector
Had0A
input SMJ QD\ o Cutput
Channgt 1 SW1 ) Selected ;
Selected [ To DUT
nput PGU oym___._o/owm..ﬂ/o o
SW3 WD
CONTROL
From41801 [ mput: =
Control Logic
To 2nd a o utg e
164404 ® ir
Input SMU © e
Channel 2 T S N Output
' | 2} Selected [ To DUT
Input PGL G
} sw2
SWi, SW2 1 Mechanical Relay
SW3; Semicenductor Switch

UGED4004
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Measurement Functions
Stress Force Function

Setup and restrictions
Ifthe 41501 A/B does not have PGUs, you cannot use the 16440A selector.

Circuit diagram
Figure 3-2 shows the simplified circuit diagram of an 16440A selector.

Switching Conditions

Channel 1 provides the following four switching conditions. Channel 2 also
provides these switching conditions, except for FGU OPEN.

Switchin ;

Conditior | SW1 | SW2 | sw3
SMU ON | OFF | OFF
PGU OFF | ON | ON
OPEN OFF | OFF | OFF
PGU OPEN | OFF | ON | OFF

where,

»  SMU means: SMU is connected. PGU is not connected.

¢« PGU means: PGU is connected. SMU is not connected.

*  OPEN means: Both PGU and SMU are disconnected.

»  PGU OPEN means: Both PGU and SMU are disconnected. But PGU is
disconnected by semiconductor relay. Mechanical relay stays connected.

Semiconductor Switch

In Figure 3-2, SW3 is a semiconductor switch. Leak current and stray capacitance of
SW3 are greater than for the mechanical relays (SW1 and 8W2). However, the
switching speed of SW3 is faster and life is longer than SW1 and SW2. So, if you
need to switch PGU many times, switch SW3 instead of SW2.
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Knob Sweep Function

Knob Sweep Function

The knob sweep function aliows you to easily perform real-time sweep
measurements by rotating the rotary knob on the front panel after setting a few
parameters.

The knob sweep function is useful in the following cases:

« when you want to determine a parameter value for normal sweep
+ when vou want to quickly make a rough measurement of a DUT characteristic

While the KNOB SWEEP screen is displayed, the sweep measurements are repeated
continuously with the specified sweep vaiues. You can change the setting
parameters by using the secondary softkeys on the KNOB SWEEP screen, even
while the measurements are being performed.

When knob sweep measurements are started, the VAR start value and VAR sweep
range are O V or 0 A. You change the sweep range and watch the measurement
results by rotating the knob.

For details about using the knob sweep function, refer to Chapter 4.

Available units and functions

Table 3-2 shows available units and functions for knob sweep measurement.

Tabie 3-2 Available Units and Functions for Knob Sweep Measurement
Unit Qutpnt Function Output Mode Meas. Mode
Pulse
vART | VARI' | VAR2z | const | STARP Ly | g comm v | pDvoLT | 1
ON
SMU . n.a. . . . . o | n.a. o | — .
VSsuU . na. . . . o i~ |~ - S - _
VMU - - e - - T - LRI -
GNDU | - - - . - -~ | - -] - -
PGU - - — . - . —- ] - . PR —
. means "This is available for knob sweep measurement”.
na. means "This is not available for knob sweep measurement™.

- means "This is not available for this unit”.
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Table 3-3

Measurement Functions
Knob Sweep Function

Comparisen of normal sweep and knob sweep measurements

Table 3-3 compares the normal sweep measurement performed by measurement
front-panel keys and knob sweep measurement by the front-panel knob.

Comparison of Sweep Measurement and Knob Sweep Measurement
Item Sweep Measurement Knob Sweep Measurement
Spacing of VAR1 linear or log linear
Sweep Mode of VAR single or double single or double
Number of Steps for VAR1 110 1001 I to 1001
Hold Time 0to 655355 (0t0 655355
Power Compliance available

not available

Measurement Ranging Mode

auto, Hmited auto, or fixed

compliance range 2

Standby Function available available
Measurement Channel Tto8ch 1 ch only
Output Sequence can set can set P
Trigger Function available not available
Integration Time short, medium, or long 80 us

# Measurement range is automatically set according to specified compliance value.

b Settings on the MEASURE: OUTPUT SEQUENCE screen also apply to knob
sweep measurement,

3-14
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Measurement Functions
Knob Sweep Function

Features of Knob Sweep Function

The following are parameters that are for knob sweep measurement only or that
have a different meaning or range from normal sweep measurement. Other
parameters have the same meaning and range as normal sweep measurement. For
details of these other parameters, rafer to “KNOB SWEEP screen” on page 3-20 or
Chapter 2.

LIN/LOG mode

Only linear mode is available. Even if you set LOG in the LIN/LOG field on thie
MEASURE: SWEEP SETUP screen, the knob sweep is a linear sweep
measurement.

VARI1 Range

To set the VAR range, refer to VAR] RANGE softkey description in this section. If
you do not set the VAR range, the default is the stop vaiue specified for the VARI
channel on the MEASURE: SWEEP SETUP screen.

Polarity

The following sweep polarities are available for the knob sweep function of the
VAR1 source:

<

1
1

e
I
/ I
| —
- . —
S —
0
o ‘ .
{a} positive o) negative (o) bipolar
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Knob Sweep Function

»  positive

Select positive to set VAR source for sweep in the positive X direction.

To increase the source value toward the positive X direction:
Rotate the rotary knob clockwise.
To decrease the source value toward O:

Rotate the rotary knob counterciockwise. When measurement curves reach
0, the curves remain at 0 even if you continue to totate the rotary knob
counterclockwise.

« negative

Select negative to set VAR source for sweep in the negative X direction.

To increase (greater absolute value) the source value toward the negative X
direction:

Rotate the rotary knob counterclockwise.
To decrease the source value toward 0:

Rotate the rotary knob clockwise. When measurement curves reach 0, the
curves remain at 0 even if you continue to rotate the rotary knob clockwise.

» bipolar

Setect bipolar to set the VAR source for sweep in both the positive and
negative X directions.

a

To increase (greater absolute values) the source values in both directions:

Rotate the rotary knob clockwise. This increases the measurement curves to
the same absolute value in both directions.

To decrease the source value toward 0:

Rotate the rotary knob counterclockwise. This decreases the measurement
curves toward 0 from both directions. When measurement curves reach 0,
the curvés remain at 0 even if you continue to rotate the rotary knob
counterciockwise.

To set sweep polarity, see POLARITY softkey description in this section,

3-16

Agilent 4155B/4156B User’s Guide Vol.2, Edition 4




Measurement Functions
Knob Sweep Function

Step Time

For knob sweep measurements, vou cannot set the delay time. Instead, you set the
step time, which you can only set on the KNOB SWEEP screen. Step time is the
time width of a sweep step as shown in the following figure.

$Ep e

Setup range is 0.5 ms to 100 ms, with 100 us resolution.

For normal sweep measurement, the step time of each step depends on the
measurement time. For knob sweep measurement, step time is always this specified
value.

Measurement Channel

You select the measurement channel by selecting the Y-AXIS ASSIGN softkey on
the KNOB SWEEP screen, then selecting the desired secondary softkey. You can
select one measurement channel only, so the Y2 axis is not available on the KNOB
SWEEP screen.

+ restrictions

If you use series resistance for VAR] channel and VAR channel is V force
mode, only VAR ] measurement channel can be assigned to Y axis.

+  default measurement channel
»  When an SMU is set to VAR]
Measurement channel is the VAR channel.
»  When a VSU is set to VAR1

Measurement channel is the first found channel that can measure. Searching
order is:

SMUL - ..., — SMU6 — VMUIL -~ VMU2.

Agilent 4155B/41568 User’s Guide Vol.2, Edition 4 3-1?




NOTE

Measurement Functions
Knob Sweep Function

Measurement Resclution

When performing knob sweep measurement, measurement resolution of each
measurement unit is worse than the measurement resolution of normal sweep
measurements. For details of measurement resolution, refer to Chapter 1.

Step Value

For the VAR channel, you do not set the step value. You can consider the step value
to be the amount you rotate the knob. Then, the sweep is performed and displayed
for the specified mumber of steps. Step value of VAR is 0 at the time when you
initiate the knob sweep function. Step value range is 0 to V4RI range/number of
steps. For knob sweep measurements, the value in the STEP field on the
MEASURE: SWEEP SETUP screen has no meaning.

Number of Steps

For the VAR1 channel, you set the number of steps on the KNOB SWEEP screen.
So, for the knob sweep function, the number of steps for VAR has no relation to the
NO OF STEP setting on the MEASURE: SWEEP SETUP screen.

Start Value

The start value is always 0, and does not depend on the polarity. You cannot set the
start value. So, the START setting on the MEASURE: SWEEP SETUP screen has
no meaning for the knob sweep function.

Stop Value

Stop value is always step value < number of steps. You cannot set the stop value.
The measurement is continuously repeated from 0 to the stop value until the Stop
front-panel key is pressed or the KNOB SWEEP screen is changed to another
screen.

Measurement Ranging Mode
Measurement ranging mode depends on the unit as follows:

«  SMUs

Compliance range is used for SMUs. That is, the measurement range is set to the
lowest range that includes the compliance value that is set on the MEA SURE:
SWEEP SETUP screen. For details about compliance range, refer to
“Compliance Range” on page 3-59,
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VMUs

VMUs measure in 20 V range for grounded measurement mode and the 2 V
range for differential measurement mode.

NOTE Analysis of the Knob Sweep Measurement Results

-

On the KNOB SWEEP screen

You cannot use analysis functions and vser functions on the KNOB SWEEP
screen,

On the GRAPH/LIST screen group

After performing knob sweep measurements, you can copy and display the knob
sweep measurement results to the GRAPH/LIST: GRAPH screen or
GRAPH/LIST: LIST screen by doing the following:

[. Press the SETUF COPY primary softkey on the KNOB SWEEP screen.
2. Press the Graph/List front-panel key.

The knob sweep results are displayed on the GRAPH/LIST screen. You can use
the analysis functions on the measurement results of knob sweep,

Also, vou can use user functions in GRAPH/LIST screen group. Before
performing knob sweep measurement, you must set up user functions as follows:

1. Define user functions on CHANNELS: USER FUNCTION DEFINITION
sereen.

2. Enter user functions in DATA VARIABLES field of DISPLAY: DISPLAY
SETUP screen.

3. On GRAPH/LIST: GRAPHICS screen, select DISPLAY SETUP primary
softkey, then set DATA VAR softkey to ON,

When you press Graph/List front-pane! key after knob sweep measurement, the
user functions will be displayed.

Graph/List key:

If you press the Graph/List front-panel key, the START and STOP values
of VAR column on the MEASURE: SWEEP SETUP screen are changed
to the start and stop values that are determined by the KNOB SWEEP
screen.
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To display the KNOB SWEEP screen, press the green key, then press the Single
front-panel key. On this screen, you can set knob sweep parameters by using the
secondary softkeys, and the knob sweep measurement results are shown on this
screen,

If you change from the KNOB SWEEP screen to another screen, then back to the
KNOB SWEEP screen, all knob sweep parameters are set to the default settings.

You can select softkeys on the KNOB SWEEP screen even while the 4155B/4156B
is performing knob sweep measurements.

Cursor

On the KNOB SWEEP screen, the long cursor is always displayed, and you cannot
tarn it off. In the CURSOR field, coordinate values of the cursor are displayed in X,
Y order.

X axis setting

The variable to be displayed on X axis is automatically set to VAR source value,
and you cannot change it. Maximum value of X axis scale is the value you set on the
VAR1 RANGE secondary softkey of the VART SETUP group.

Y axis setting

The measurement variable of the measurement channel is displayed on the Y axis.
You can select the measurement channel by using the secondary softkeys of the
Y-AXIS ASSIGN group. Maximum value of Y axis scale is the compliance value of
the selected measurement channel,
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The following explain softkeys on the KNOB SWEEP screen.

Y-AXIS ASSIGN

Press Y-AXIS ASSIGN primary softkey to display the measurement data variable
names of measurement channels, Variable names are displayed on secondary
softkeys, which you select to set the variable to the Y axis. When you select the
secondary softkey, the maximum absolute value(s) of the Y axis are changed to
compliance value of the selected measurement channel. You cannot assign a user
function to Y axis on the KNOB SWEEP screen.

If you select this softkey during a measurement, an error occurs. So, press Stop
front-panel key before selecting this sofikey.

If you use series resistance for VAR channel and VAR channel is V force mode,
Y-AXIS ASSIGN primary softkey is not displayed. VARI channel is automatically
set to the Y axis.

SETUP COPY

Press SETUP COPY primary softkey to copy setups on the KNOB SWEEP screen
as follows:

«  Axis variables, axis values, and GRID settings of KNOB SWEEP screen are
copied to the DISPLAY: DISPLAY SETUP screen.

*+ For VARI1

Values are copied to START, STOP, STEP, and NO OF STEP fields of
MEASURE: SWEEP SETUP screen. Values are determined by VAR 1
POLARITY setting and curve that is displayed on KNOB SWEEP screen.

SWEEP MODE, HOLD TIME, and COMPLIANCE that you set for VAR on
KNOB SWEEP screen are copied to MEASURE: SWEEP SETUP screen.

«  For VARZ, all the settings that you set for VARZ on the KNOB SWEEP screen
are copied to the MEASURE: SWEEP SETUP screen.

+  For CONST, all the settings that you set for CONST on the KNOB SWEEP
screen are copied to the MEASURE: SWEEP SETUP screen.
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DISPLAY SETUP

Press DISPLAY SETUP primary softkey to display secondary softkeys for setting
the display format of graphics.

Setups on the DISPLAY: DISPLAY SETUP screen are not used for the knob sweep
measurement. But you can copy the settings of the DISPLAY SETUP key group to
the DISPLAY: DISPLAY SETUP screen by pressing SETUP COPY primary

softkey,
X-AXIS
REGION
+ Polarity of X-axis region is displayed on this secondary softkey. This
determines which part of the graph is displayed: negative X region,
positive X region, or both.
*  sefting
Pressing this softkey toggles polarity as follows:
S T S AR S
¢ default
If polarity of VAR stop and start value on MEASURE: SWEEP
SETUP screen are same, default value is same as polarity of stop
and start value,
If polarity of VAR stop and start value on MEASURE: SWEEP
SETUP screen are different, default value is + /.
Y-AXIS
REGION
o+ Polarity of Y-axis region is displayed on this secondary softkey. This
determines which part of the graph is displayed: negative Y region,
positive Y region, or both.
*  setting
Pressing this softkey toggles the polarity in the foliowing order:
T O o 2
*  default
polarity of VAR1 compliance value on the MEASURE: SWEEP
SETUP screen
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X-AXIS
DISPLAY
NORMAL Direction of values on X-axis is displayed on this softkey.

©  setting
Selecting this softkey toggles NORMAL or REVERSE.
When NCRMAL is selected:

s Minimum axis value is at leff end of X-axis.
s Maximum axis value is at right end of X-axis.

When REVERSTE is selected:

*  Minimum axis value is at right end of X-axis.
»  Maximum axis value is at feft end of X-axis.
« default : NORMAL

Y-AXIS
DISPLAY
NORMAL Direction of values on Y-axis is displayed on this softkey.

«  setting
Selecting this softkey toggles NORMAL or REVERSE.
When NCRMAL is selected:

s Minimum axis valoe is at bottom of Y-axis.
s Maximum axis value is at fop of Y-axis.

When REVERSE is selected:
«  Minimum axis value is at fop of Y-axis.
»  Meximum axis value is at bottom of Y-axis.
»  default : NORMAL
GRID ON Present status of grid is displayed on GRID softkey.
= setting

Pressing GRID secondary softkey toggles the grid on or off in the
plotting area.

« default : ON
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VAR1 SETUP

Press VAR SETUP primary softkey to display secondary softkeys for setting the
VARI parameters.

SWEEP
MODE
SINGLE  Sweep mode is displayed on this secondary softkey.

*  sefting

Pressing this softkey toggles the sweep mode in the following
order:

SINGLE — DOUBLE — SINGLE
+  default

setting of the SWEEP MODE field on the MEASURE: SWEEP
SETUP screen

POLAR-
ITY
POS Polarity of sweep is displayed on this secondary softkey.

«  sefting
Pressing this softkey toggles the polarity of VAR] channel in the
following order:
POS - NEG — BIPOLAR — POS

Pressing this softkey resets the sweep step to 0, so the sweep
measurement curve goes back to 0 on the graphics display.

+  default

H polarity of VAR stop and start value on MEASURE: SWEEP
SETUP screen are same, default value is same as polarity of stop
and start value.

If polarity of VARI stop and start value on MEASURE: SWEEP
SETUP screen are different, default value is BRI POLAR.

VAR1

RANGE

2V Sweep range of VAR channel is displayed on this secondary sofikey.
This softkey setting defines the maximum sweep range and resolution
of VAR1 channel. '
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setting

Select this softkey to display the VAR] sweep range value in the
data entry area, then you can change this range to allowed 1-2-5
values by using the rotary knob.

When you rotate the rotary knob, the sweep ranges are displayed in
order as shown in the following example (allowed values depend on
the unit):

0.1V o5 02V - 0353V —= . - 100V — 200
V - 01V

setting range

The allowed sweep range (1-2-5) values depend on the output range
of the measurement unit. See Chapter 1.

default

lowest 1-2-5 range that includes VARI start and stop value that is
set on the MEASURE: SWEEP SETUP screen

For example, if stop value is set to 30 V on the MEASURE:
SWEEP SETUP screen, default VAR range is 50 V.

Number of steps for VAR channel is displayed on this secondary
softkey. For knob sweep, NO OF STEP setting on MEASURE: SWEEP
SETUP screen has no meaning,

setting

Press this softkey to display the number of steps in the data entry
area, then you can change the number of steps by using the rotary
knob, or numeric keys and arrow keys in the Edit key group.

setting range : 2 to 1001
default : 101
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COMPLI-
ANCE
100.mA

Compliance value for VAR channel is displayed on this secondary
softkey.

+  setting

Press this softkey to dispiay the compliance value in the data entry
area. Then, you can change the compliance value by using the
rotary knob, or numeric keys and arrow keys in the Edit key group.

©  sefting range

Compliance range depends on measurement unit. See Chapter 1.

+ default
VAR! compliance value on the MEASURE: SWEEP SETUP
screen
HOLD
TIME
0.08s Hold time is displayed on this secondary softkey.
= setting
Press this softkey to display the hold time in the data entry area.
Then, you can change the hold time by using the rotary knob, or
numeric keys and arrow keys in the Edit key group.
= setting range : 0 to 655.35 s with 10 ms resolution
» default : hold time on the MEASURE: SWEEP SETUP screen
STEP
TIME
0.5ms Step time is displayed on this secondary softkey. This is the time width
of each step.
°  setting
Press this softkey to display the step time in the dafa entry area, then
you can change the step time value by using the rotary knob, or
mumeric keys and arrow keys in the Edit key group.
» setting range : 0.5 ms to 100 ms with 100 ps resolution
° default:0.5ms
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VAR2 SETUP

Press VAR2 SETUP primary sofikey to display secondary softkeys for setting the
VAR?2 parameters.

If VAR2Z is not set for any channel on the CHANNELS: CHANNEL DEFINITION
screen, the VAR2 SETUP primary softkey is not displayed.

VAR2
START
20.0uA

VAR2
STEP
20.0pA

VAR?2 start value is displayed on this secondary softkey.

setting

Press this softkey to display the VARZ start value in the data entry
area. Then, you can change the start value by using the rotary knob,
or numeric keys and arrow keys in the Edit key group. '

setting range

Depends on the measurement unit. See Chapter 1,

default

VAR2 start value on MEASURE: SWEEP SETUP screen

VAR?2 step value is displayed on this secondary softkey.

setting

Press this softkey to display the VARZ2 step value in the data entry
area. Then, you can change the start value by using the rotary knob,
or numeric keys and atrow keys in the Edit key group.

setting range

Depends on the measurement unit. See Chapter 1.
default

VAR?Z step value on MEASURE: SWEEP SETUP screen
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VAR2
POINTS

5 Number of steps is displayed on this secondary softkey.

L

COMPLI-
ANCE

setting

Press this softkey to display the VAR2 number of steps in the data
entry area. Then, you can change the number of steps by using the
rotary knob, or numeric keys and arrow keys in the Edit key group.

setting range : 1 to 128
default
VAR2 number of steps on MEASURE: SWEEP SETUP screen

pAY Compliance value is displayed on this secondary softkey.

setting

Press this softkey to display the VAR2 compliance value in the data
entry area. Then, you can change the number of steps by using the
rotary knob, or numeric keys and arrow keys in the Edit key group.

setting range

Setting range depends on the measurement unit. See Chapter 1.
default

VAR2 compliance value o MEASURE: SWEEP SETUP screen
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CONST SETUP

Select CONST SETUP primary softkey to display the secondary softkeys for setting
the constant source parameters. Secondary softkeys for PGUs set to V. mode (not
VPULSE) are also displayed.

If CONST is not set for any channel on the CHANNELS: CHANNEL
DEFINITION screen, the CONST SETUP primary softkey is not displayed.

If more than six constant channels are defined, press the MORE softkey to display
softkeys for the other constant channels.

Secondary softkeys for setting constant source parameters

The first line of each secondary softkey displays the variable name of the constant
source. The second line displays force value. For SMUs, the third line displays
compliance value. For other units, the third line is blank.

+ Example. If an SMU is set as follows, the “Vee 5.00V 10.0mA” softkey appears:

» . Voltage source and current measurement mode.
* Voliage source name (VNAME): "Vce",
+ Force value: 5.0 V.
« Compliance value; 10 mA.
« setting
+ source value

Pressing the source name secondary softkey displays the force value in the
data entry area. You can change the source value by using the rotary knob, or
numeric keys and arrow keys in the Edit key group.

= compliance value (for SMUSs only)

Pressing the source name secondary softkey twice displays the compliance
value in the data entry area. You can change the compliance value by using
the rotary knob, or numeric keys and arrow keys in the Edit key group.

+  sefting range

Each setting range depends on the measurement unit. See Chapter 1.
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Operation States

The 4155B/4156B has the following four operation states.

»  “ldle State”

»  “Measurement State”

= “Stress Force State™

+  “Standby State”

Idle State

In the idle state, the 4155B/41356B is not doing anything: no measurements, forcing
current or voltage, forcing stress.

An 4135B/4156B is in the idle state after applying power. In this state, output
switches of all the measurement units are on, and all of the units output 0 V. In this
state, you can modify any setting items on the setup screens.

Conditions in the Idie State

The following are the conditions of each unit and accessories in idle state.

SMU 0V output at 20 V range, and 100 uA compliance at 100 pA
range

vsuU 0 V output at 20 V range

PGU 0V de output at 20 V range (cutput impedance: LOW)

GNDU 0V output

16441 A R-Box 0 Q is connected.

164404 selector switching condition is SMU.
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Measurement State

In the measurement state, an 4 [55B/4156B performs sampiing or sweep
measurements. The output switches are off for units that do not have entries in the
CHANNELS table of the CHANNELS: CHANNEL DEFINITION screen.

Stress Force State

In the stress force state, the 4155B/4 156B outputs ac stress or dc stress according to
the settings of the STRESS: STRESS SETUP screen. The output switches are off for
units that do not have entries in the CHANNELS table of the STRESS: CHANNEL
DEFINITION screen.

For channels that are set to ON in the STBY field, the standby values are forced
during the stress state. For details of each value, see "Standby State" in this section.
So, the STRESS: STRESS SETUP screen settings have no meaning for STBY ON
channels. And STBY ON channels cannot be set to SYNC on the STRESS:
CHANNEL DEFINITION screen. Must be set to NSYNC.,

Agilent 4155B/4156B User’s Guide Vol.2, Edition 4 3-31




Measurement Functions
Operation States

Standby State

Ifthe 4155B/4156B is in the standby state, the following occurs depending on the
settings in the CHANNELS table of the CHANNELS: CHANNEL DEFINITION
screen:

If STBY field of a unit is set ON, the units output the specified voltage or
current. For the output voltage or current in the standby state, see Table 3-4.
{VMUs and GNDU cannot be set to ON in the STBY field.)

If both PGUs are set to VPULSE, the STBY settings of both PGUs must be
same.

If unit is enabled, but STBY field is blank, then the unit has following condition,
Voltage range and value:

V force channel outputs 0 V at same range as previous state,

V measure channel  keeps same range as previous state,

Current range and value:

I force chamnel outputs the latest value of previous state. For example, if
previous state was measurement state and latest value of
VAR] was stop value, the stop value is output for VAR
during standby.

I measure channel keeps the latest range of previous state.
Following settings keep the same conditions as the previous state:
+ output switch of each unit

« output impedance of PGUs

« switching condition of the 16440A selector

« resistance selection of the 16441A R-Box
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Unit Conditions in the Standby State

Table 3-4 shows the standby state conditions of the units that are set to ON in the
STBY fields. The specified values are the values that are set on the MEASURE
setup screens.

Table 3-4 Unit Conditions in the Standby State
FUNCTION SMU VSU PGU
VAR1 Outputs specified start value. For These functions are
VAR pulsed mode, specified base value is not available for
VAR2 output. PGUL.
CONST Outputs specified QOutputs | For v mode,
source value. For specified specified source
pulsed mode, source value. | value is output. For
specified base value VPULSE mode,
is output. specified pulsed
source is oufput.
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To Keep Standby State after Getting Setups

To keep standby state after getting setups from a file or an internal memory, all of
the following must be true. If not, state changes to idle after getting setups.

L3

STBY ON channel assignments do not change
MODE and FCTN setups of STBY ON channels do not change
Following setups of STBY ON channels do not change:

FCTN
MODE
CONST VARI VAR2 VARI'
% SOURCE, START, START, VAR! START Y,
COMPLIANCE* | STOP, | STOR | VARISTOP?,
COMPLIANCE* | COMPLIANCE® | (uimr yaNCE 2
OFFSET,
RATIO
i SOURCE, START, START, VARI START®,
COMPLIANCE® | COMPLIANCE® | COMPLIANCE® | COMPLIANCE 2,
OFFSET,
RATIO
VPULSE | BASE, BASE, BASE. BASE,
PEAK, START, START, VAR! START?Y,
COMPLIANCE® | STOP, STOR, VAR! STOP Y,
OFFSET,
RATIO
IPULSE BASE, BASE, BASE, BASE,
COMPLIANCE COMPLIANCE | COMPLIANCE | COMPLIANCE

a. This parameter is checked for SMUs only.

b, This parameter is checked, even if VAR channel is not standby channel.

c. PGU setups on the MEASURE: PGU SETUP screen.
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Output Sequence of Standby Channels

For the following example, the STBY field is set to O for SMU1, SMi2Z, PGU1,
and PGU2. The STBY field is blank for SMU3 and SMUA4.

Figure 3-3 Example of the Output Sequence of the Standby Channels
: Measlrement :
ldle State | Standoy State Siate [ Standby State idle State

SMLY «w\g: : o /
U, U

PGUT i W i L
SN, AU
oGU2 —-i\ : o
f
/
SMLZ 1 f?) (P :
! L
4 | 4
Pulse Start | 4} Pulsei Stop
SMU3 \\ |
¢ n’*‘j‘f
Shil4 i— /

an cutput order ; \

an order that chanreis refun to O Ve /

VEEG4008, Howk 100k

The Standby front-panel key is used to toggle the 4155B/4156B between the
standby and idle states.

» In the standby state, the Standby indicator is lit.

When the 41558/41356B is in the standby state, you can modify setting
parameters only for units that are nor set to ON in the STBY fields. If you modify
setting parameters of units that are set to ON in the STBY fields, the
4155B/41568B changes from the standby state to the idle state.

»  In the idle state, the Standby indicator is off.

If no units are set to CN in the STRY field, the 4155B/4156B cannot be in the
standby state.
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Changing among Operation States

Figure 3-4 shows how to change among the operation states.

Figure 3-4 Changing among the Operation States

=0 o ['iim\ L

Menzipremenl ke

;

il

Standey

B N ),‘ i
A e T T

Fimisk @ measurement of stress force is compietad

LGRo400s

= changing between the idle and measurement/stress states

If you perform measurements or force stress from the idle state, then the
4155B/41568 returns to the idle state after one of the following conditions
OCCUS:

«  Measurement is finished.
»  Stress 18 finished.

* Stop front-panel key in the MEASUREMENT key group is pressed.
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» changing between the standby and measurement/stress states

If you perform measurements or force stress from the standby state, then the
4155B/4156B returns to the standby state after one of the following conditions
occurs:

«  Measurement is finished.
e Stress if fimished.
+ Stop front-panel key in the MEASUREMENT key group is pressed.

If the fixture lid is opened while an SMU is outputting more than %40 V, the
4155B/4156B changes to the idle state. If the fixture lid is opened while an SMU is
outputting =40 V or less, the 4155B/4156B continues in its present state.
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Output Sequence

When vou perform measuretnents or force stress, or when you use the standby
function, you can specify an output sequence for the source channels.

The 4155B/4156B has two oufput sequence modes:

+  sequential mode

The source channels ouiput in the order that you specify in the QOUTPUT
SEQUENCE table on the MEASURE: OUTPUT SEQUENCE screen. The
source outputs are stopped in the opposite order.

You can set the output sequence to prevent damage to DUTS,
+ simultaneous mode (for sampling measurements only)

All the source channels output simultaneously. The source outputs are stopped in
the opposite order that you specify in the OUTPUT SEQUENCE table on the
MEASURE: OUTPUT SEQUENCE screen.

For details of the OUTPUT SEQUENCE table, refer to “MEASURE; QUTPUT
SEQUENCE screen” in Chapter 6.
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Sequential Mode

In the sequential mode, the channels start forcing the specified output value
according to the order you specify in the OUTPUT SEQUENCE table on the
MEASURE: OUTPUT SEQUENCE screen. If you do not specify an order, the
default is as follows:

Default output sequence

SMUL
SMU2
SMU3
SMU4
VsuUl
Vsu2
PGUI
. PGU2

In the idle state, output switches of o/l units are on, and the units output 0 V. For
disabled units, the output switches are turned off before the source units output the
specified source value. "Disabled" means that the entries for the unit are blank in the
CHANNELS table of the CHANNEL DEFINITION screen. There is no ruie for the
sequence of turning the output switches off.

L I ol

For exampie, if SMU4 and VSU2 are disabled, default output sequence is:

Output switches of SMU4 and VSU?2 are turned off
SMU1
SMU2
SMU3
VsuUl
PGUL
PGU2

D A T

Sequence for returning to 0 V

When returning io the idle state, the outputs of the enabled units are returned to 0V
in opposite order that forcing occurred. Then the output switches of the disabled
units set are turned on.
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Example
Figure 3-3 shows an example of using the default output sequence,

In Figure 3-5, assumptions are:
« Configuration of the units is 4 SMUs and 2 VSUs.
o SMU4 and VSU2 are disabled.

= Default output sequence is used.

Figure 3-5 Default Output Sequence Example for the Sequential Mode

Meazyrement State

. § . .

SMLZ ; sisabeo "““P‘T’M Easasse
| »

VESD  diszoled w“-%-i-‘-ﬂ“ﬂ:’ .M“"““‘"'I"‘—
|| N

SHLT: COMMOR e s e
1 Lo

SMUZ 1 CONSY

VSUT CONST

an output order : \‘

an order that channels return 1o OV 4
ouiput switgh is off | ecsees
channel is COMMOrn | s

channel outputs a specified scurce vahie

LGRO40I
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Quiput sequence (idle state to other state)

"Other state" means the measurement, stress force, or standby state. In Figure 3-3,
the 4153B/4156B first turns off output switches of SMU4 and VSU2, then outputs
i the following order:

1. SMUI
2. SMU2
3.

4, VSU1

SMU3

Sequence for returning to 0 V (other state to the idle state)

The order for returning to 0 V is:

1.
2
3
4,

VEUI1

SMU3
SMu2
SMU1

Then, the output switches of SMU4 and VSU2 are turned on, and the units output
0V

For a stress sequence example, see Figure 3-1. For a standby sequence example, see
Figure 3-3.
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Simultaneous Mode

The simultaneous mode is allowed ondy when you select the sampling measurement
mode in the MEASUREMENT MODE field on the CHANNELS: CHANNEL
DEFINITION screen.

in the simultaneous mode, all enabled units start the specified outputs at the same
time. For disabled units, refer to description in “Sequential Mode” on page 3-39.

The order of retarning the outpﬁts 10 0 V is not simultaneous, but is the opposite
order of the QUTPUT SEQUENCE table on the MEASURE: OUTPUT
SEQUENCE screen. Refer to description in “Sequential Mode” on page 3-39.

Example

Figure 3-6 shows an example of the output sequence when you select the
simultaneous mode.

Default Output Sequence Example for the Simultaneous Mode

a Measurement State idie State
D {Sampling Measuremant Modea) |

ldle State

ShMU4 ; disabled _—M
VSUZ : dlsabled o emeewoonos)
|

SMUT: COMMON e e e 3

SMuUZ : CONST } !
SMUZ 1 CONST ﬁ

VEUL: CONGT i

source and common channels cutput simultaneocusly

an order that channeks refurn to OV /
output switch is off ;| wewess
channel is COMMOon & mm e

channel cutputs a specified source value | eeom—.

UGD040M
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In Figure 3-6, assumptions are:

*

Configuration of the units is 4 SMUs and 2 VSUs.
SMU4 and VSU2 are disabled.

Default settings are used for OUTPUT SEQUENCE table, which determines the
return to O V sequence.

Output sequence (idle state to the measurement state)

In Figure 3-6, when the state changes from the idle state to the measurement state,
the output switches of SMU4 and VSU2 are turned off. Then, all of the source
channels {SMUI1, SMU2, $MU3, and VSU1) force the specified source value
simultaneously.

Sequence for returning to 0 V (measurement state to the idle state)

The order for returning to 0 V is:

i.
2. SMU3
3.

4, SMU1

VSU1

SMu2

Then the output switches of SMU4 and VSU2 are turned on, and the units output
oV
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Trigger Function

The 4155B/4156B can perform measurements synchronized with external
instruments, such as external power supplies, capacitance meters, precision
voltmeters/ammeters, probers, and handlers, via the trigger input and trigger output

terminals.

Connection

The following figure shows the connection between an 41535B/4156B and an

external instrument.

1885 7 4156 External Instrumens
|
TRIGGER [
EONON NEUT outuT

4155 / 4156

Coaxial Cable

{a) For Trigger Ouiput Function

Extarnal Instrument

@ N <.)OUT

%
L TRIGGER
L INPUT  OUTPUT

@ ©

Ceoaxial Cable

{b} For Trigger Input Function
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Setup and restrictions

»  You cannot perform trigger outputs together with trigger inputs. You must select
either trigger output or trigger input.

»  To use a trigger function, you must enable the trigger function and select either
TRIG OUT or TRIG IN in the TRIGGER SETUP table on the MEASURE:
OUTPUT SEQUENCE screen. Then the trigger inputs or outputs are performed
automatically after you start a measurement by selecting a measurement
front-panel key (Single, Repeat, or Append). For details of the MEASURE:
QUTPUT SEQUENCE screen, refer to “MEASURE: OUTPUT SEQUENCE
screen” in Chapter 6.

s The trigger output function is not available for sampling measurements.

»  When you perform knob sweep measurements, the frigger function is not
available.

*  For the electrical specifications of trigger signals, refer to Chapter 8 of User’s
Guide General Information.
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Externally Triggered Sampling or Sweep Measurement

The 4155B/4136B can receive an edge trigger from exterpal instruments via the
trigger input terminal, and initiate a sweep or sampling measurement. Following

figure shows examples of externally-triggered sampling and sweep measurements,
For the trigger polarity, you can select positive or negative.

Examples of Externally Triggered Measurements

Th: Hold Time
Tr : Ta:Deay Time
47RE ;4155 : ‘

e
/
i’

Trigger Input
o ‘ /
Extarnal Instrumant L
~f
T-igger Signal — 1

2) Sampiing Moasurement

stec daiay tme

e ; ,/’-G:L
4185 /4158 TarTd /Ty —— !

v
‘_(\
e T

; i
\ : 1
Start valug 4 d

/] Trigger input
S
Trigger Signal -~/

Extarnai Instrumant

UEDDACTE, NowstD

) Sweep Measurement

After you press a measurement front-panel key, the 4155B/4156B receives the

trigger signal only once. So, even if you select Repeat key, the 4155B/4156B
receives the trigger signal only once, then repeats measurements.

For staircase sweep measurements, you can specify the step delay time shown in
Figure 3-7.
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Triggering an External Instrument

The 4155B/4156B triggers external instruments via the trigger output terminai. For
the trigger polarity, you can select positive or negative. The trigger output function
is not available for sampling measurements.

N

Gate Trigger Output for Stress Force

In the stress force state, the 4155B/4156B can output gate triggers. The
4155B/4156B outputs a gate trigger while stress channels are forcing stress.

When stress forcing starts, the trigger signal changes to the active level. When stress
forcing finishes, the trigger signal changes to the non-active level.

To use the gate trigger function, set the TRIGGER SETUP fields on the STRESS:
CHANNEL DEFINITION screen.

¢ Diress Ferce Stale |
e —— L~ —
L ac stress — -
, : ) .
s s Ul
¥ — I [ [
{ dc stress ) o i
| gate trigger output
;
Trigger Signal E

Edge Trigger Qutput for Sweep Measurement

For sweep measurements, the 4155B/4156B can output edge triggers, which are
synchronized with each sweep step.

When you set pulse sweep measurement, the TRIG OUT DELAY field is displayed
in the third column of the TRIGGER SETUP tabie on the MEASURE: OUTPUT
SEQUENCE screen.

When you set staircase sweep measurement, the STEP DELAY field is displayed in
the third column of the TRIGGER SETUP table on the MEASURE: OUTPUT
SEQUENCE screen.
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Trigger output delay time for pulse sweep measurements.

When using an SMU as a pulse source, the 4155B/4156B can output edge triggers at
each pulse leading edge. Trigger output delay time specifies how much to delay the

trigger after the leading edge. So, you set the trigger output delay time to wait until
the 4155B/4156B outputs a stable pulse peak value. Trigger output delay time is
shown as T1 in the following figure.

The setting range of T1 is from 0 s to the specified pulse width or 32.7 ms,
whichever is shorter. The setting resolution of T1 is 100 ps .

Pylse Width
R e e .

4155 [ 456 ‘ . (
T : H
| !
STy LT J
—, e

lTrigger Output lTrigger Cutput
External Instrumant 3 5
“Tex s Tax
. :

UBD040E, 80memnxiBmmw

T« trigger output delay time
{ et in TRIG OUT DELAY field on MEASURE: QUTPUT SEQUENCE page |
Tex : measurement time for external insirument

If you want the external instruments to make a measurement while the pulse peak
value is being forced, the specified T1 and pulse width must satisfy the following
equation: pulse width > Tl + Tex
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Step delay time for staircase sweep measurements.

When performing sweep measurements without a pulsed SMU, the 4155B/4156B
outputs an edge trigger at the time when the 4155B/4156B staris performing
measurement in each sweep step as shown in the following figure.

The step delay time you specify for trigger is the time from when the trigger is
output to when the next step occurs. This is to make sure the external instrument has
enough time to make the measurement. The step delay time is shown as T2 in the
following figure. You can set T2 from 0 to 1 s with 100 us resolution.

Deay Time { set in TMIMNG table on MEASUSE: SWEEP SETU2 page !

4155 /4156 / s I
LR
_ T2 o T2
l Trigger Qutput l"frégge* Cutput
External Instrument
: Tex : Tex
B s e S ol

UGD0ED16, 12 mmwxGommk
T2 : step delay time { setin STEP DELAY field on MEASURE: QUTPUT SEQUENCE page |

Tex : measurement tme for external instument

If the specified T2 is shorter than the measurement time of the 4155B/4156B, the
4155B/4156B waits until the measurement completes, then outputs the next step.
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Trigger output function of PGU.

Ifthe 41501A/B contains PGUs, the PGLUs can output a gate trigger through the
41501 A/B trigger output terminal to external pulse gencrators. The trigger signal is
output automatically when PGUSs output pulses. You cannot control this function.
This function allows you to perform measurements in which external pulse
generators are synchronized with the 41561A/B PGUs.

You can use this function if you need more than two gc stress source channels.

The folowing figure shows the trigger signal.

USO040T, 10030

clise srart

The leading-edge and tailing-edge of the trigger are synchronized with the
leading-edge and tailing-edge of PGU1. The polarity of the frigger is positive and
the output level is TTL.
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R-BOX Control

The 16441 A R-Box adds series resistance between SMU output and DUT. This
prevents excessive current from flowing and damaging the DUT when sudden
voltage change occurs at the DUT.

SMUs cannot measure negative resistance. You need to connect resistance between
SMU and DUT if you want to measure negative resistance characteristics.

So the 16441A R-Box is useful for:

+ breakdown characteristics measurement.
* negative resistance measurement.
You can connect a maximum of two SMU channels to the 16441A.

There are the limitations on measurement with the 4155B/4156B and R-Box:

« If you measure device characteristics including negative resistance over 1 MQ
with the 41558/4156B and R-Box, there is a possibility that they cannot
measure i,

+ There is a possibility that the 4155B/4156B cannot perform measurement
circumstances.

The 4155B/4156B automatically compensates for voltage drop of the series
resistance value. So, the GRAPH/LIST screen group show the compensated data.

The LEDs on the 16441A R-Box indicate the currently connected resistance value.
For details of the 16441 A R-Box, refer to dgilent 164414 R-Box User's Guide.

Resistance Value

The following resistance values are selectable for each channel.

+ I1MO
+ 100 kG
* 10kQ
+ GO

If you want to use Kelvin connections for HRSMUs or HPSMUs, you must select
0 Q@ You cannot use Kelvin connections for other resistances.
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NOTE

NOTE

Measurement Functions
R-BOX Control

For the following SMUs, you can set 0 Q only:

+  SMU that is set to ON in the STBY field
*  SMU that is set to COMMCN in the MODE field

If the 4155B/4156B is on and an emergency occurs, the resistance value changes to
I MQ

Setups

You set resistance values in the SERIES RESISTANCE column on the
CHANNELS: CHANNEL DEFINITION screen.

You can set resistance values for the following SMUs.

«  SMUI (to CHI termipal of R-Box)

+  SMU2 (to CH2 terminal of R-Box) if the 41501 A/B SMU/Pulse Generator
Expander is not installed or does not have an HPSMU

e SMUS (to CH2 terminal of R-Box) if the 41501 A/B is installed and has an
HPSMU

I you connect the 16441 A R-Box to the SMUs described above, the 4155B/4156B
automatically compensates for voltage drop of the resistance values. So, if the
variables are used on GRAPH/LIST screen or in a user function, the values are the
compensated values.

If you connect the 16441A R-Box to SMUs other than described above, resistance
values are not compensated for automatically. You need to compensate for the
resistance values manually, such as by using a nser function or calculation in the
Instrument BASIC program.

Be aware that an additional measurement channel is automatically used if both the
following are true:

= You force voltage from channel that is connected to R-Box, and

= You display this voltage variable on graph/list, or use voltage variable im user
function.

Additional channel is used because the current is automatically measured. Current
vahue is necessary to perform compensation calculation.
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Figure 3-8

Circuit Diagram

Measurement Functions
R-BOX Control

Figure 3-8 shows a simplified circuit diagram of an 16441A R-Box.

Simplified Circuit Diagram of the 16441 A R-Box
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Table 3-5 shows switching conditions for each setting.

Table 3-5 Switching Conditions of the 16441A R-Box

Switches

Settings
Swi SW2 SW3 Sw4

0Q ON ON OFF OFF

10 kG2 OFF OFF OFF ON

100k | OFF OFF ON OFF

1 M£2 OFF OFF OFF OFF

Resistance is switched before and after measurement state. In the standby state, the
stress state, and the idle state, 0 (2 is connected.

Connections
Table 3-6 is the parts list of cables for connecting the 164414 R-Box.

Table 3-6 Parts List of Cables for Connecting the 16441 A
Agilent Model or Part Namber Description
04155-61610 Control Cable 1.5 m
04135-61609 Control Cable 3.0 mi
(4155-61605 Triaxial Cable 0.4 m
16493K #001 Kelvin Triaxial Cable 1.3 m
16493K #0062 Kelvin Triaxial Cable 3.0 m

If you want to use Kelvin connections for HRSMUs and HPSMUs, you must set 0 2
in the SERIES RESISTANCE column on the CHANNELS: CHANNEL
DEFINTTION screen.

3-54 Agilent 4155B/4156B User’s Guide Vol.2, Edition 4




Measurement Functions
R-BOX Control

Kelvin Connections

The following figure shows the 16441 A R-Box connections using Kelvin
connections.
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The following figure shows the 16441A R-Box connections using non-Kelvin
connections.
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Table 3-7

Measurement Functions
Measurement Ranging Mode

Measurement Ranging Mode

The 4155B/4156B provides the following four measurement ranging modes:

*  guto ranging

= limited atto ranging

= fixed range

+ compliance range

You can choose the ranging modes for each measurement channel.

The following tabie lists the allowable measurement ranging modes for each
measurement mode and measurement function.

Allowable Measurement Ranging Modes

Limited

Measurement Auto Auto Compliance Fixed

Meode/Function Ranging Ranging Range Range
Sweep Measurement yes ves yes
Sampling Measurement | yes yes yes
(Initial Interval ® = 2 ms)
Sampling Measurement yes
(Initial Interval <2 ms)
Knob Sweep ves

a. You specify initial interval on the MEASURE: SAMPLING SETUP screen.

If you choose sweep measurement or sampling measurement (initial interval > 2 ms)

and you do not sef a ranging mode, auto ranging is set for V mode channel and
limited auto (InA) ranging is set for I mode channel automatically.

For sampling measurement (initial interval < 2 ms) , an error occurs if fixed range is

not set.
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Auto Ranging

The monitor unit searches for and measures at the range that provides the highest
resolution as follows:

V measurement

The unit changes ranges (up or down one range at a time) until the measurement
value is between 10% and 110% of the range, then the unit performs the
measurement.

I measurement

1At0lpA

The unit changes ranges (up or down one range at a time) until the
measurement value is between 10% and 114% of the range, then the unit
performs the measurement.

If the measurement value is less than | 9 of the present range and the
present range is 100 pA or higher range, the range changes down two ranges
instead of one range.

100 nA to 100 pA

The unit changes ranges (up or down one range at a time) until the
measurement value is between 10% and 114% of the range, then the unit
performs the measurement.

10 pA

The unit changes to the next higher range when the measurement value
exceeds 104 % of the present range.
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Limited Auto Ranging

You specify a range, which is the lowest possible range at which vou want to
measure. For V measurement, if the specified range is greater than the lowest range
that contains V compliance, the measurement is performed at the compliance range.
For | measurement, if specified range is greater than the lowest range that includes I
compliance, an error occurs.

Measurement time for Limited Auto ranging is less than for Auto ranging because
unit does not search below specified range, thus reducing number of range changes.
So, specify highest range that gives you satisfactory results.

Monitor unit searches for and measures at measurement range that provides highest
resolution {but is not below the specified range) as follows:

* V¥V measurement

The unit changes ranges (up or down one range at a time, but not below
specified range) untii the measurement value is between 10% and 110% of the
range, then the unit performs the measurement.

« I measurement

1At ] pA

The unit changes ranges (up or down one range at a time, but not below
specified range) until the measurement value is between 10% and 114% of
the range, then the unit performs the measurement.

If the measurement value is less than 1 % of the present range, and if present
range is 100 pA or higher range, and if the present range is two or more
ranges above the specified range, the range changes down two ranges instead
of one range.

100 nA to 100 pA

The unit changes ranges (up or down one range at a time, but not below
specified range) until the measurement value is between 16% and 114% of
the range, then the unit performs the measurement.

10 pA

The unit changes to the next higher range when the measurement value
exceeds 104% of the present range.
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Compliance Range
Compliance range is available for knob sweep measurement only,
* 'V measurenent
The monitor unit measures at the lowest range that includes V compHliance.
For VMUs, compliance range is automatically set as follows.
grounded mode 20V
differential mode 20V
* I measurement
The monitor unit measures at the lowest range that includes I compliance.

For details about setting compliance, refer to “Compliance™ on page 3-60.

Fixed Range
The monitor unit measures at the specified range only.

For current measurement, if specified range is greater than the lowest range that
includes I compliance, an error occurs.
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Compliance

Allowable units:
HPSMU, MPSMU, HRSMU

To prevent damage to the test device due to overcurrent, overvoltage, or overpower,
vou can set current compliance, voltage compliance, or power compliance for the
HPSMU, MPSMU, and HRSMU,

Voltage and Current Compliance

Voltage compliance (V compliance) and current compliance (I compliance) are
limiters that can be set with the same resolution and accuracy as output current or
output voltage. For V/I compliance setting range, refer to Table 3-8 and Table 3-9.
For V/I compliance resolution, refer to Tabie 3-10 and Table 3-11.

When a unit reaches I compliance, the unit acts as a constant { source. When a unit
reaches V compliance, the unit acts as a constant V source.

+ setting and restrictions

+  V source mode channel

When using a unit in the V source mode, specify I compliance,
¢ Isource mode channel

When using a unit in the I source mode, specify V compliance.
+ VSU

For VSU, current compliance is automatically set to approximately £100
mA. You cannot change it.

« common channel

If you set COMMON measurement mode for the unit, then I compliance for
the unit is automatically set as follows and you cannot change the setting.

GNDU 1.6A
HRSMU 105 mA
MPSMU 105 mA
HPSMU 1A
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« polarity and output area

*  V compliance

Measurement Functions
Compliance

The 4155B/4156B automatically sets V compliance polarity to the same
polarity as the output current, regardless of the specified V compliance
polarity. There is no compliance for the opposite polarity.

*= I compliance

The 4155B/4156B automatically sets I compliance for both the positive and
negative polarity, regardless of the I compiiance polarity.

However, if the output voltage and output current are opposite polarity, the
| I compliance | value is increased by an amount that is 2.5% to 12% of'the
range value in the lowest range that includes 7 compliance. The following
figure shows the relation of the compliance and output.

Figure 3-9 Relation of Compliance and Output
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The following tables list the compliance setting range and compliance resolution.

V Compliance Setting Range

Unit Output Range :eﬁ?;pl;i::;:
HRSMU | 10pAto 10mA Ot 100V
[00 mA {0 <1 <20 mA) Dto 100V
100 mA (20 mA <{1]<30mA) Otod0V
100 mA (50 mA < |1} 5 100 mA) 0to20V
MPSMU | 1nAto 10mA 0to 100V
100 mA (051} <20 mA) Oto 100V
100 mA 20 mA <111 < 50 mA) 0tod40V
100 mA (50 mA <] 1] <100 mA) Oto20V
HPSMU | 1nAto I0mA 010200V
160 mA (0<|1|<50mA) 010200V
100 mA (50 mA </ 1| <115 mA) 0t 100V
FA@=IT] 250 mA) 0t0 200V
TASOmA <| 1] =125mA) Qtc 100V
TA(125mA <1 £500mA) 0to40V
lAGBGOOmA<|II<1A) 0to20V
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Table 3-10

I Compliance Setting Range

Measurement Functions

Compliance

Unit Output Range I Compliance Setting Range
HRSMU 2V 100 fA to 100 mA
20V 100 fA to 100 mA
40V 106 £A to 50 mA
100V 100 fA to 20 mA

MPSMU 2V

1 pAto 100 mA

20V 1 pA to 100 mA
440V 1 pA to 50 mA
100V 1 pAto 20 mA
HPSMU 2V I pA to 1000 mA
20V i pA to 1600 mA
40V 1 pA to 560 mA
oV 1 pAto 125 mA
200V 1 pAto 50 mA
V Compliance Resolution
Unit V Compliance Resolution
HRSMU 0V[VIis2V 100 pv
MPSMU 2V<|V |20V lmV
HPSMU 20V<iV]40V 2mV
4OV VISIoY SmV
00V <]VIi<200V 10mV
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Table 3-11 I Compliance Resolution
Unit I Compliance Resolution

HRSMU 100 fA <1< 100 pA 10 fA
100pA <]I|<1nA 100 fA
I1nA <[Tjs10nA 1 pA
10nA <[ 1{£100nA 10 pA
100nA <{I/gipA 100 pA
TuA <ii{<10uA I nA
10 UA <] 1| 5100 pA 10nA
100 pA <i{li<imA 100 nA
ImA<|1|{<10mA 1 uA
10mA <11 £ 100 mA 10 pA

MPSMU 1pA<|ii<1nA 100 fA
InA<i{1i<10nA 1 pA
10 nA <!{1]< 1060 nA 10 pA
100nA <1 <1 pA 100 pA
TuA <il{<10pA 1 nA
10 A < 11| £ 100 pA 10nA
100 pA </1i<1mA 100 nA
ImA<|Ti<i0mA 1 uA
1I0mA <|1{<100mA 10 pA

HPSMU ipA=<il{<inA 100 fA
1nA <|1i<10nA 1pA
10nA <|1;<100nA 10 pA
100nA <111 A 100 pA
IpA <]I[<10pA 1 nA
10 LA <{T1{ £ 100 pA 10nA
100 pA <1/ £ 1 mA 100 nA
I mA <1110 mA 1pA
10mA <]1] 5100 mA 10 A
100 mA <{I|21A 100 pA
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Figure 3-10
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Power Compliance

In addition to V compliance or I compliance, you can set power compliance for the
VARI, VAR2, and VAR channeis of sweep measurement. If the pulse output
function is used for VAR or VAR’ channels, you cannot set power compliance for
the VAR or VAR]' channel that is set to pulse output, You can set i for the other
channels.

The power compliance setting range for each SMU is as follows:
HRSMU lto2 W

MPSMU Tto2 W

HPSMU 1to20 W

If you specify I compliance and power compliance for a V sweep source, the
4155B/4156B changes the ! compliance at every voltage step. The I compliance is
set to the smaller value of [ compliance and power compliance(step voltage, as
shown in the following figure (a).

I you specify V compliance and power compliance for an 1 sweep source, the
4155B/4156B changes the V compliance at every current step. The V compliance is
set to the smaller value of V compliance and power compliancelstep current as
shown m figure (b).
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Figure 3-11
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If you specify power compliance, SMUs can be swept at their maximum output
limits because the 4155B/41568 changes the V output range and | compliance range
during a V sweep and changes the I output range and V compliance range during an
I sweep. The following figure shows an example of the difference in SMU output
when power compliance is set and when power compliance is not set.

Aliowable I Gutput when the MPSMU Sweeps Voltage (0 V to 100 V)

Cureent Ima) Current [ma)
!
160 T 108
3
B
[ i
501 L— 50
20;— : 3 ! 20 W—m«[
e e g V1 (3 g\.ﬁ - e Veltage W
¢ 0 40 100 ge M ¢ 20 40 10 tage ]
{a) Wnen power compliance is set. by When power compliance is not sat.

If you specify power compliance, the measurement time increases slightly because
of the range changing for every step.

When the ranges are changed during a sweep to accommodate power compliance,
the SMU output is momentarily set to 0 V.
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Integration Time

To reduce measurement errors caused by line frequency noise or any other
environmental noise source, the 4155B/4156B takes a number of measurement
samples and averages them to obtain a measurement data. The number of
measurement samples taken during each measurement depends on integration time.
Setting a longer integration time increases the number of measurement samples, so
you can get more accurate measurement data. Integration time is divided into three
categories:

+ short
»  medium
+ long

To perform high-speed measurements, set integration time to short. To perform
more accurate measurements, set integration time to fong,

All measurement units are set to the same integration time that is specified in the
INTEG TIME table on the MEASURE: MEASURE SETUP screen. For details of
the INTEG TIME table, see “MEASURE: MEASURE SETUP screen” in Chapter
6.

Short

Short integration time is effective when you need high-speed measurements. But the
measurement data have lower resofution.

You set the short integration time by pressing the Short front-panel key, then you
can enter integration time from 80 us to 1.92 ms with 80 ps resolution in the INTEG
TIME table on the MEASURE: MEASURE SETUP screen. The initial setting for
short integration time is 640 ps.

Basically, the measurement units measure with specified integration time. But if
both of the following conditions are satisfied, the units may measure with longer
integration time than specified:

« Settings of integration time: 0.64 ms to 1.92 ms

¢ Measurement range: 10 pA to 10 pA range
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Medium

Medium integration time is 1 PLC (power line cycle). You set the medium
integration time by pressing the Medium front-panel key. The medium integration
time depends on the power line cycle. (For example, if power line cycle is 50 Hz,
medium integration time is 20 ms.) You cannot modify the medium integration time.

If you measure current in the 1 nA or.lower ranges by using SMUs, integration time
of SMUs is automatically changed as follows:

Actual Medium Integration Time of SMUs ( <1 nA range)

Measurement Unit Measurement Range Integration Time
16 pA 50 PLC
HRSMU 100 pA 10 PLC
I nA 5PLC
MPSMU 1nA 3PLC
HPSMU 1 nA IPLC
Long

Long integration time is effective when you need high resolution and noise
reduction measurement. But the measurement speed is slow. You set the integration
time by pressing the Long front-panel key, then you can enter the integration time
from 2 PLC to 100 PLC with 1 PLC resolution in INTEG TIME table on
MEASURE: MEASURE SETUP screen. Initial setting for long integration time is
16 PLC.

When an 4155B/4156B measures current in 1 nA or lower ranges by using HRSMU,
integration time of HRSMU is automatically changed to longer integration time
(maximum 100 PLC) than specified.
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SMU Filter

You can set SMU filter to on or off for sampling measurements or stress forcing. If
filter is on, noise and overshoot are decreased, but settling time takes longer.

» sampling measurement
You set the FILTER field on the MEASURE: SAMPLING SETUP screen.

If you set initial interval o a short time, and if filter is set to ON, be aware that
settling time takes several ms.

) = stress force
o You set the FILTER field on the STRESS: STRESS SETUP screen.

If you set dc stress to short stress force time, set OFF in this fieid if you want the
stress signal to be more pulsed shaped.

NOTE Filter Condition for Sweep Measurement

When you perform sweep measurements, the SMU filter conditions are
automatically set as follows:

For a pulsed SMU Filter is off.

For non-pulsed SMUs Filters are on.
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Zero Offset Cancel

The 4155B/4156B has zero offset cancel function. This function measures the zero
offset data when green key, then Stop key is pressed. Then, uses this data to
compensate the measurement results when measurement is performed.

So, the offset cancel function allows you to minimize measurement error caused by
undesired input corrent or voltage {for example leakage current of test leads or test
fixture).

= measurement units
You can use the zero offset cancel function for:
+ low current measurement (measurement range <10 nA) by SMUs.
= differential mode V measurement by VMU:s.

+  offset data measurement range

Offset data is measured in the following measurement ranges only:

= for auto I range

HPSMU and MPSMU: 1 nA range
HRSMU: 10 pA range
» for fixed I range or limited auto I range

HPSMU and MPSMU: 1 nA range (only when 1 nA limited auto
range is set in right RANGE column).

HRSMU: range set in right RANGE column (only
when I nA, 100 pA, or 10 pA range is
set).

If 10 nA is set in right RANGE column, offset data measurement is not
performed, so offset cancel will use the present data.

= for differential V mode

0.2 V range (VMU?2 measures voltage in grounded mode to confirm that
voltage does not exceed =20 V.)

The offset data is measured in the range that Is displayed in brackets in the
ZERO CANCEL table.
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« offset cancel range

Offset cancel is performed (using the measured offset data) for the following
measurement ranges:

« for auto range measurement

HPSMU and MPSMU: 1 nA and 10 nA range using offset data
that was measured in | nA range.

HRSMU: 10 pA to 10 nA range using offset data
that was measured in 10 pA range.

VMU: 0.2 V and 2 V range using offset data that

was measured in 0.2 V range.

» limited auto and fixed range measurement

HPSMU and MPSMU: 1 nA and 10 nA range using offset data
that was measured in 1 nA range.
HRSMU: 10 pA to 10 nA (when the offset data was

measured in 10 pA range.)

100 pA to 10 nA (when the offset data
was measured in 100 pA range.)

1 nA and 10 nA (when the offset data was
measured in 1 nA range.)

VMU: 0.2 Vand 2 V range using offset that was
measured in 0.2 V range.

If measurement range setup is changed to a lower range than the range at which
the offset data was measured, then offset cancel is not performed for the unit.
(For example, if HRSMU measurement range is changed to auto range from 1
nA fixed range after measuring offset data in 1 nA range, OFF is displayed in the
unit's ZERQ CANCEL field. Because it is possible that auto range will use
range lower than 1 nA.)
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Setup and Restrictions

To use zero offset cancel function, set ON in the ZERQ CANCEL field on the
MEASURE: MEASURE SETUP screen by selecting ZERO CANCEL ON/OFF
secondary softkey.

You cannot set zero cancel function to ON and OFF for each individual unit. If you
select OFF in the ZERO CANCEL field, zero offset cancel is not performed for any
units. If you select ON in ZERO CANCEL field, ON is displayed for the units that
can perform zero offset cancel.

Measuring Offset Data

To measure zero offset data, press green key, then press Stop front-panel key.

Even if OFF is set to the ZERC CANCEL field before offset data measurement,
pressing green key and Stop front-pane] key automatically sets ON in the ZERO
CANCEL field, then performs the offset data measurement.

= integration time

During offset data measurement, integration time is set to specified time or
medium, whichever is longer. After offset data measurement, integration time
returns to same setting as before the offset measurement was petformed.

«  operation state

Offset data measurement and zero offset cancel can be performed from the idle
or standby state.

Performing Offset Cancel

To perform offset cancel, press a measurement key. The measurement data is
automatically compensated (by using the offset data) while measurement is
performed.
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Offset Measurement Limif

If measured offset dard is too large for the offset measurement range as shown
below, an error occurs. In such cases, an * is displayed in the field of the failed unit,
and the 4155B/4156B keeps the previous offset data. The initiat offset data is 0.

«  HPSMU
greater than or equal to £1 % of 1 nA range.
= MPSMU
greater than or equal to =1 % of 1 nA range,
+ HRSMU
offset meas. range: measured offset data
1 nA: greater than or equal to =1 % of 1 nA range.
160 pA: greater than or equal to £1 % of 100 pA range.
10 pA: greater than or equal to =4 % of 10 pA range.
= VMU

greater than or equal to =1 % of 0.2 V range. (1f VMU2 grounded mode
measurement value is greater than or equal to £20 V, error occurs.)
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Making a Measurement

To make a measurement, mount your device under test (DUT), set up your
4155B/4156B for the measurement, then execute the measurement. The
4135B/4156B can execute sweep and sampling measurements. The 4155B/4156B
can also force stress to your DUT.

This chapter describes the tasks for making measurements, and is organized into the
following four sections:

»  Connection to Device Under Test (DUT)

*  Sweep Measurements

+  Knob Sweep Measurements

+  Sampling Measurements

> Stress Force

For details about how to enter or input setup data, refer to Chapter 6.

To satisfy the specifications of the 4155B/4156B and the 41501A/B measurement
accuracy, perform calibration and adjustment every year and allow the
4155B/4156B and the 41501 A/B to warm-up for a minimum of 40 minutes before
you begin performing measurements.
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Connection to Device Under Test (DUT)

This section describes how to connect your DUTSs to the 4155B/4136B. Only the
basic operations for connecting are described.

If the 4155B/41568B is not configured with a test fixture or your wafer prober yet,
see Chapter 2 of User’s Guide General Information, Agilent 164424 Test Fixture
{/ser's Guide, and your wafer prober manuais.

This section covers the 16442A test fixture only. For operating your wafer prober,
see your wafer prober manuals.

Note that you must set the 4155B/4156B to the idle state when connecting or
disconnecting your DUTs. If not, the DUTs may be damaged. To set to idle state,
press Stop key and make sure Standby indicator is off,

The 4156B is designed for Kelvin connections. See “To Make Connections to
Measure Low Resistance (For 41568 Only)” on page 4-8 for Kelvin connection
theory. :

This section has the following task descriptions:
+  Tomount a DUT on test fixture
» To make connections to reduce leakage current

+  To make connections to measure low resistance (for the 41568 only)
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CAUTION

Making a Measurement
Connection to Device Under Test (DUT)

To Mount a DUT on Test Fixture

t. Setyour 4155B/4156B to idle state by pressing Stop key in the
MEASUREMENT key group. If the standby indicator is lif, press the Standby
key to turn off the standby indicator.

2. Select a proper socket module for your DUT, then set the module on the test
fixture,

3. Mount your DUT on the socket module.

4. Connect the terminals of the socket module to the terminals of the test fixture by
using the proper cables.

5. Close the lid of the test fixture, if necessary.

When the 4155B/4156B forces more than +40 V, close the lid of the test fixture.
Otherwise, the interlock function will stop the 4155B/41568 output.

To connect the DUT on the test fixture, you can use cables that have the following
connectors:

+  Miniature banana — miniature banana
« Miniature banana — pin plug
+  Miniature banana — miniature clip

Do not connect or disconnect your DUT and the 4155B/4156B while the
4155B/41356B is forcing voltage or current. Otherwise, your DUT may be damaged.

Do not touch the contact part of the connection cabies. Oil, perspiration, and dirt
prevent good electrical contact, deteriorate insulation, and degrade measurement
accuracy.
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Connections for High Current Measurement (41568 Only)

When vou force or measure a large current, you may want to use a Kelvin (4-wire)
connection to eliminate the residual resistance effects of test leads and contacts. For
example, vou can use the following connections as Kelvin connections on the test

fixture:

Examples: Kelvin Connection

FSMU L2200V 1A Mast)|
1 ; 2 5 3 (Salected)
3 i @ i
Force Sense{} i Force Sense i Foree Sense]
| ;
i \ 9 ) \
! | §
Gurr Guar FE Guar WevardD
©'\uer® el
! . 5 L

Substrate

Source

To cancel the effects of the residual resistance, test leads must be connected as close

as possible to the DUT.
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Making a Measurement
Connection to Device Under Test (DUT)

To Make Connections to Reduce Leakage Current

*  Connect the terminals of the connector plate to the probing needles by using
coaxial cables.

* Connect coaxial center conductor to force terminal (of connector plate) and tail
of the probing needle.

«  Connect coaxial outer conductor to guard terminal (of connector plate).

To reduce the leakage current, extend the guard conductor as close as possible to the
DUT.

Do not touch the guard terminal with bare hands because you may be shocked
by high voltage. The potential of the guard terminal is equal to the output
voitage.

Never connect the guard terminal to any other output, including circuit common,
frame ground, or the guard terminal of any other unit. Doing so may damage the
unit.

Example

The foliowing example connection can be used to reduce the leakage current.
Extend the outer conductor as close as possible to the probing needle. This also
reduces the induced noise.

/<wm Centar Conductor
[
/_ § i Cliter Conduclor . H
AL 0 '/*?\g’\\
% ___,\?/

NN

N

NS
\ § . i ; N
| Coaxial Cabie \\\ Frabing Neadle
N,/
Y,

AN

AN

3 , \/‘v’
Connector Plate p
L0000 oSt Contact Pag— &/

RWAS
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Guarding

Guarding reduces the leakage current between the measurement points and
instrument. This is important when you measure low current.

The following figure shows the theory of guarding. The buffer amplifier (x1) keeps
the potential of the guard conductor at the same potential as the force conductor, so
current does not flow between the force and guard conductors, Therefore, the
current measured by SMU is same as current at measurement point because no

current is leaked.

.
'—"“““zlm//i
Py |
| L%Erww

Ky Gracd Force ?DUT
|

e

|

o
Sutfer

g ey

]

o
v
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Connection to Device Under Test (DUT)

To Make Connections to Measure Low Resistance (For
4156B Only)

* Connect force and sense terminals of SMU as close as possible to the DUT.

When you measure a low resistance, high current flows through the DUT. This high
current increases the measurement error caused by the residual resistance of cables
and contacts. To cancel the effect of this resistance, you can use Kelvin connections

(4-wire), which means the force and sense lines are extended separately to the DUT.

Example

The following example connection can be used to measure low resistance. The sense
point of the voltage measurement is at the contact pad, so the voltage due to the
residual resistance between the instrument and the sense point is canceled.

T e i
— ) ?Ql_‘:m i e
%2(:5;‘. ,@C:‘:‘/L%,——;'\\-rﬁ Probing Needls
it \::_.“_%/!‘ RS ; x//f
i
o Ny
‘\\BE \Q\
N \\\\\ Contact Pad

Comsétor Piate \ ;;{/
W SR
N \\\‘\>/
LRI GALE D e \ o

Cortacy P—ad-*x\,

To reduce the leakage current, use coaxial cables to connect the connector plate to
the probing needle.
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Kelvin Connection

Kelvin connections give good measurement results when you force high-current.
The following figure shows the equivaient circuits for Keivin and non-Kelvin
connections.

» For the non-Kelvin connection, the voltmeter measures the voltage drop of
resistances rgy, Rpyr, and rp;.

»  For the Kelvin connection, the voltmeter measures the voltage drop of resistance
Rpyyr only. The impedance of the voltmeter is very high, so the voltage drop of
resistances rg) and rg; is very small.

R.pur Ropur

T
| ‘ |
i S IR i

(a) non-Kekvin connection (b) Kelvin connection

The Kelvin connection is effective even when forcing voltage. The voltage drop due
to the residual resistance of the force line wiring is fed back to the voltage source via
& comparator in the sense line, thereby ensuring the specified voltage output at the
sense point (point where force and sense lines intersect). The input impedance of
comparator is high, so current flow into the sense line is very low. Therefore, output
etror is not significant if the sense line wiring has a residual resistance of 10 Q or
less.
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Sweep Measurements

This section describes the sweep measurement tasks.

The basic procedure to test your DUT is as follows:

1. Connecting vour DUT to the
4155B/4156B. See “Connection to Device
Under Test (DUT)” on page 4-3 for
procedures.

2. Defining measurement mode and
measurement units that you use to make
measurement. The following tasks are
described:

« To Define Sweep Measurement Units

+ To Define a User Function

=  To Control R-Box

3. Setting the source parameters of the
units. The following tasks are described:

* To Set up Primary Sweep Source
* To Set up Secondary Sweep Source

* To Set up Synchronous Sweep Source

* To Set up Constant Cutput
«  To Set up SMU Pulsed Qutput
*  To Set up PGU Pulsed Qutput

H
EX-
T oY e A
EE R e [ e

4-10 Agilent 4155B/4156B User’s Guide Vol.2, Edition 4




Making a Measurement
Sweep Measuremenis

1 FLAY DIFLAY SETLE SdIANGE I IOPM
ADLE A WO
AR 5T |
SRR
e Toav s, VINaLE
T B3 T €]
SLLE LEsR e Lo
Mk G COGBO0 ¥i 1.00WA | 3.00%0e
W i3.50000 % | 300 cooma| to0.ooc
[ . =, INE_PARSHETEF.
- ' - r—
ADATE AR RIS

RN

4. Setting the display mode to show
measurement results. The following tasks
are described:

» To Set up Graphical Display of
Measurement Results

«  To Setup List Display of Measurement
Resulits

4 -
i
1 L
:
R0
g R
)
g

5, Executing the measurement. The
folowing tasks are described:

« To Qutput Same Value Before and
After Measurements

+ To Execute Calibration
« To Cancel Zero Offset

R « To Execute or Stop Measurement
Results. For example, displayed

SAPHAK T GRAPHICS SHORT T DB e gi’aphicauy_
e - e VB
= i
: : =
2 o
e m&'r
FANN)
.= o (B

USTORGRZ 40660
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To Define Sweep Measurement Units

1.

2
3.
4

Press Chan key in the PAGE CONTROL key group.
Select CHANNEL DEF primary softkey.
In the MEASUREMENT MODE area, select SWEEP secondary softkey.

In the VNAME column, enter a unique name for voltage variable. For example,
enter Vee for collector-emitter voltage. If channel does neither V force nor V
measurement, you can omit VNAME.

In the INAME column, enter a unique name for current variabie. For example,
enter "Tc" for collector current. I channel does neither I force nor [
measurement, you can omit INAME.

In the MODE column, select;

*

V secondary softkey for voltage output mode (SMU, VSU, and PGU, and
grounded voltage measurement mode of VML),

I secondary softkey for current output mode (SMU).

VPULSE secondary softkey for pulsed voltage output mode
(SMU and PGU).

IPULSE secondary softkey for pulsed current output mode (SMU).
COMMON secondary softkey for circuit common mode (SMU and GNDU).

DVOLT secondary softkey for differential voltage measurement mode
(VMU).

In the FCTN column, select:

CONST secondary softkey for constant output function
(SMU, V8U, and PGU).

VARI secondary softkey for primary sweep output function
(SMU and VSU).

VAR2 secondary softkey for secondary sweep output function
{(8MU and VSLI).

VART' secondary softkey for synchronous sweep output function
{SMU and VSU).

For details about STBY and SERIES RESISTANCE fields, see “CHANNELS:
CHANNEL DEFINITION screen” in Chapter 6 or “Operation States” in Chapter 3.
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VNAME and INAME

You can use VINAME and INAME names in user function definitions or for analysis
on the GRAPHICS/LIST screens. These names must be 6 or less alphanumeric
characters. First character must be alphabet character.

To disable a unit

Move the pointer to the row of the unit, then select the DELETE ROW secondary
softkey. The settings in the row are deleted.

Example

The following settings show an example for measuring an n-p-n transistor's -V
characteristics. SMUT1 is connected to base, SMU?2 is connected to collector, and
SMU3 is connected to emitter. SMUT is set to current source (I mode) and
secondary sweep (VAR2) function. SMU2 is set to voltage source (V mode) and
primary sweep (VAR1) function. SMU3 is set to COMMON,

Example: Channel Definition: Sweep Measurement

g CHANNELS: CHANNEL DEFINITICN G4 ANGY Ol 30PM

CONST

WMEABUREMENT MODE
(SwEEF ]

#CHANNEL S

VE ASLPE sTEY | [sERiss

UNIT | VHAME | INAME | MODE | FCIN RESISTANCE VAR2
SMuUL M [ Voe i I VARZ 2 ohm
SMUZ I MB [ Voe Ic Y I G obm
SMUZ: MR COMMON | CONST ERA "
Suita: MP
SMUS: MP
SMUIG: MP |
VSUL w e
veuz 1 |eeeees
LY O N E R it It e
VMUZ L femeeme | s -
T I
-
GNDU | e -

DELETE
Riw

2l | I

:

UGOIQQR.I Y
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To Set up Primary Sweep Source

L.

Define VARI unit as described in “To Define Sweep Measurement Units” on
page 4-12.

Press Meas key in the PAGE CONTROL key group.
Select SWEEP SETUP primary softkey.
In the SWEEP MODE field of the VAR column, select:

* SINGLE secondary softkey to set single sweep mode.
+ DOUBLE secondary softkey to set double sweep mode.
In the LIN/LOG field of the VAR column, sefect:

* LINEAR secondary sofikey to set linear step mode.

»  LOG XX secondary softkey to set logarithmic step mode. XX is 10, 25, or
50, which specities the number of steps per decade.

In the START field of the VAR column, enter the start value.
In the STOP field of the VAR column, enter the stop value.

If you select LOG in LIN/LOG field, the polarity of stop value must be same as
the polarity of start value.

If you select LINEAR in LIN/LOG field, enter the step value in the STEP field
of the VART column. This field is not available for the logarithmic step mode.

The NO OF STEP is automatically calculated from the start, stop, and step values.

To change the compliance value of VAR1
Enter desired compliance value into COMPLIANCE field of VAR! column,

Te modify the UNIT and NAME fields

Modify the UNIT and NAME fields on the CHANNELS: CHANNEL
DEFINITION screen.
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Example

The following example shows the primary sweep conditions (VAR parameters):

MEASURE: SWEER SETUR GEJANOL 52 30FM
svaRlag E [VART ERZ
T SR
FAME Voe !
SHEER MODE [SINGLE
LIN/LOG  LINEAR
START oy
STOR G0
STEE G 10 v
NO OF STEP 181
COMBL TANCE 100 ma
POWER_COMP 1OFT
*T IMING
HOLD TIME [G.0 ¢ I
: DELAY TIME[0.000 5 |
SOONET AT *OWEEP [CONTINUE AT ANY | Status
IT |
NAME | |
MODE !
SOURCE i i
QOMPL LANCE :
5 00
F,’sw»:.'g?jb;‘_.‘ tPeu | MEASURE CUTPUT‘ 1 § LTPREY ]!NEXT !
SETLE :I]ssmp JISETUR  HsEC : |lpese  iipace |

UGC1003,90x70
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To Set up Secondary Sweep Scurce

1. Define VAR2 unit as described in “To Define Sweep Measurement Units” on
page 4-12.

2. Press Meas key in the PAGE CONTROL key group.

3, Select SWEEP SETUP primary softkey.

4. Inthe START field of the VAR2 column, enter the start value.

5. Inthe STEP field of the VAR2 column, enter the step value.

6. Inthe NO OF STEP field of the VAR2 column, enter the number of steps.

To output secondary sweep source, you also need to set up prirnary sweep source,
For details of how to set up primary sweep source, refer to “To Set up Primary
Sweep Source” on page 4-14.

For secondary sweep source, the following is always set automatically: SWEEP
MODE is set to SINGLE, and LIN/LOG is set to LINEAR. You cannot modify the
SWEEP MODE and LIN/LOG fields for the secondary sweep source,

The STOP value is automaticaily calculated from the start value, step value, and the
number of steps.

To change the compliance value of VAR2

Enter desired compliance value into COMPLIANCE field of VAR2 column.

To modify the UNIT and NAME fields

Modify the UNIT and NAME fields on the CHANNELS: CHANNEL
DEFINITION screen.
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Example

The following example shows the secondary sweep conditions (VAR2 parameters):

MEASURE: SWEER SETUP DASANDL O 30PM -
VAR YaRS i E
OnET SMIZ M |SMULME b rormtried
MNAME. Voe Th :
SWEER MODE {SINGLE SINGLE
LINLGG LIMEAR LINEAR
START o v € 0O A
3ToR 5.00 v 500 uA,
STER 09,10V DAL
MG OF STER 81 €
COMPLIAMCE | 100 mA & v
POWER COMP |OFF OFF
*TIMING
MOLD TIME | oo s i
| DELAY TZME)G,CDO 5 -
...... *¥SWEEF {CONTINUE AT ANY | Status
HCOMSTANT
UNTT
NAME
MODE
SOURCE
COMPLIANCE
0.0001
3 -.Hpeu ‘;MEASUF—TE' QUTPUT | { Jg |!PREV ngx‘u ‘
< |SETUP  |isETuP  {[SEQ i i Hpase PABE
LGOI004, 90X 70
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To Set up Synchronous Sweep Source

1. Define VAR unit as described in “To Define Sweep Measurement Units” on
page 4-12.

2. Press Meas key in the PAGE CONTROL key group.

3. Select SWEEP SETUP primary softkey.

4. Inthe OFFSET field of the VAR!' column, enter the offset value,
5. Inthe RATIO field of the VAR’ column, enter the ratio value.
The output value of VARL' is calculated by the following equation:
VAR = VAR] x RATIO + OFFSET

To output synchronous sweep source, you also need to set up primary sweep source
VAR]. For details of how to set up VARI, refer to “To Set up Primary Sweep
Source” on page 4-14. VAR! and VARI' must both be voltage output mode or both
current output mode. For example, if VAR is V output mode, then VAR1' must be
V or VPULSE output mode.

To change the compliance value of VARY’
Enter desired compliance value into COMPLIANCE field of VAR column.

To modify the UNIT and NAME fields

Modify the UNIT and NAME fields on the CHANNELS: CHANNEL
DEFINITION screen.
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FExample
The following example shows the synchronous sweep conditions (VAR1’
parameters):
MEASURE : SWEEP SETUF DEIANDL 01300
*VARIABLE  VARL VARZ YARL
UNLT SMUZIMP [SMUL M UNET SMLE: M
MNAME. Voe b RAME Yayno
SWEERP MODE [SINGLE SINGLE CPFSET 0, o
LiN/LCS L INEAR L INEAR RATIC o
START oo 2 00 uA COMEL TANCE 1400 us
E70P 5.00 V £00 UA FOWER COMP 10FF
STEP (eI THIRY 160 A
MNO CF STES 81 6 i
COMPL TANCE [100 mA 5 v
POWER COMP [OFF OFF
#T IMING
Hob theE oo s
DELAY TIME[ 0,005 s
*SWEEP [CONTINGE AT ANY |8 3
FOONSTANT i CONTINGE A WY | Statu
UNIT
NAME
MODE
SOURCE
COMPE ] ANGE

- | Eu IMEASURE
TlsETup  fisETuR

SUTBUT [ {PREV ‘NEXT
SEaQ i HPace PAGE

UGGH0T,20x70
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To Set up Constant Output

1. Define CONST units as described in “To Define Sweep Measurement Units” on
page 4-12,

2. Press Meas key in the PAGE CONTROL key group.

3. Seiect SWEEP SETUP primary softkey.

4. Inthe SOURCE field of the desired unit in the CONSTANT area, enter the
desired output value.

To modify the UNIT, NAME, and MODE fields

Modify the UNTT, NAME, and MODE fields on the CHANNELS: CHANNEL
DEFINITION screen.

Example

The following example shows the constant output conditions:

MEASURE T SMWEER SETUR D4TANCL B1:BOPM
#ARIABLE  [VART VARE

P fumaT EXCRrs

| TAME If

SWEEP MQDE  SINGLE
LINALCG .06 10

START 1.00 uA
TR 1 00 ma
STEP e

NO OF STER|3:
COMPL IANCE | 100 mY
POWER COMP | OFF

#T IMING

[HOC TIME | G0 s
[pELAY TIME! 0,000 s |

HEWEEP |CONTIMJE &7 ANY | Status b

HCONSTANT

ToNIT SMIZ M
| AME voff
MODE v

SOURCE. TR0 N
COMPL TANCE H30 mA

1.00
[SHEER | | PO [MEASURE] [oLTPUT l ‘ i' 1TPREV {NEXT
IBETUE- A1 SETUR  TISETUPR  |SEQ ; : PAGE (PAGE |

LGOIBCS,20xT0
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To Set up SMU Pulsed Qutput

On the CHANNEL DEFINITION screen, you can set only orne SMU to be a pulsed
source. Then, you set the pulse parameters in the SMU PULSE area of the SWEEP
SETUP screen.

1.

Define SMU to be VPULSE or IPULSE mode as described in “To Define Sweep
Measurement Units” on page 4-12.

+  For puised sweep source, specify SMU FCTN to be VAR1, VAR2, or VAR
« For pulsed constant source, specify SMU FCTN to be CONST.

Press Meas key in the PAGE CONTROL key group.

Select SWEEP SETUP primary softkey.

Set as follows:

« Forpulsed sweep source, set up VAR, VAR2, or VAR area.

= For pulsed constant source, set up CONSTANT area.

In the PERIOD field of the SMU PULSE area, enter the pulse period value,

In the WIDTH field of the SMU PULSE area, enter the pulse width value.

7. Inthe BASE field of the SMU PULSE area, enter the pulse base value.

Example
The following shows an example setup of SMU pulsed output on the MEASURE:
SWEEP SETUP screen.
| MEASURE: SWEER SETUR PAJANOL DL:HOPM [——I
I
| wvaRlaEEE  GERL VAT ! |
T ST oo
DN I i
| SWEER MODE S THALE ; ;
: LENFLOG L&3 1o e
START .00 uA "
S0P 1,00 mh !
COISTER Jeweweeens waMl PULSE :
Ne oF STER{a [T T AL R .
i COMPLIANGE |4.00 my | nAME f :
| PowER cowp o ae e | PERIOD 10 0ms :
PoTIMING | WIDTH Ao .
OLD TIMELG. G 5 lgase oot A |
R *SWEEP [EETTNE AT_RHY | States E :
T FAE e | !
DojnanE Vol | :
i MoDE v !
I|soURcE g 000 ¥ i
COMBLLANCE HOO |

BUrPUT | i FREV  INEXT
isfo i [ 'PAC—E 1 PAGE

UB03s00x70
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To modify the UNIT and NAME fields

Modify the UNIT and NAME fields on the CHANNELS: CHANNEL
DEFINITION screen.

Relation between the PERIOD, WIDTH, and BASE

The relation between the PERIOD, WIDTH, and BASE values are as shown in the
following figures.

For figure (a), the SMU is set on the CHANNELS: CHANNEL DEFINITION
screen as follows:

»  MODE: VPULSE or IPULSE
= FCTN: VARI, VARZ, or VARY

For figure (b), the SMU is set on the CHANNELS; CHANNEL DEFINITION
screen as follows:

+  MODE: VPULSE or IPULSE
»  FCTN: CONST

Stop Yakie {———\
' o 5
Sten Vel ‘ i H
Start Vaille s EWT ;“"‘! I 1 | l ‘ l
P ] | [ i
H i [ !
Pulse Base B — L L [— L___\
/ Hoie Tene | Pulse Width : \
PN B - - . : (S
Puize Period :
{a} For Pulsed Swaep Soyroe
Quinut Valye - {._—-i !.A-\ i_..,_l
S I T !
Puise Bese /,—--—-——m—-wmj | — — [ L__\
T v : A
Held Time Pulse Widih : :
b i [ : Ey i
: Fulse Ferlod: . :

i) For Pulsed Canstant Source

e o7

The pulse peak values depend on the values you set in the VAR, VARI', VAR2, or
CONSTANT area.
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To Set up PGU Pulsed Output

1. Define PGU to be VPULSE and CONST as described in “To Define Sweep
Measurement Units” on page 4-12.

2. Press Meas key in the PAGE CONTROL. key group.

Select PGU SETUP primary softkey.

In the PERIOD field of PGU1, enter the pulse period value.

In the WIDTH field of desired PGU column, enter the pulse width value.
In the DELAY TIME field of desired PGU column, enter delay time value.
In the PEAK VALUE field of desired PGU column, enter pulse peak value.
In the BASE VALUE field of desired PGU column, enter pulse base value,

In the LEADING TIME field of desired PGU column, enter the leading-edge
fransition time.

10. In the TRAILING TIME field of desired PGU column, enter the trailing-edge
transition time.

11. In the IMPEDANCE field of desired PGU column, select:

[¥5)

e e -

+  LOW secondary softkey for approximately zero ohm output impedance.
* 50 ohm secondary softkey for 50 ohm output impedance.
12. In the PULSE COUNT field, do one of the following:

»  Select FREE RUN secondary softkey to force the pulse continuously.
»  Or enter the number of pulses to output (for sampling measurement only).

For the pulse period and pulse count values, the values you set for PGU1 are also
used for PGUJ2, The following figure shows the relation between pulse waveform
and setup parameters.

Buise Fezk . e — j""w‘-
; \ } \
! L i by
/ A {
] A o] Y
Leaging Timg F_\—Traﬂmg Tm}é \
/ '\
Lo e i Y i 5
) / Y / 3
Vowwm o/ | oy b
Puise Bese B ’ i : L :
—
i Pulse Wadth
Mylse Perice
Deiay Tme
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'To modify the UNIT and NAME fields

Modify the UNIT and NAME fields on the CHANNELS: CHANNEL
DEFINITION screen.

Using PGUs as constant voltage source

To use 2 PGU as a constant voltage source, set the desired PGU as follows:

*  Vin MODE columm on the CHANNEL DEFINITION screen

*  Desired output voltage value in SOURCE fieid on MEASURE: PGU SETUP
screen.

Example

The following example shows setup of PGU pulsed output on the MEASURE: PGU
SETUP screen.

You cannot set compliance for a PGU, which has a 100 mA current limit.

HEASURE : SGU SETUP F4IANCL 01 :30PM

#PULSE
LNIT Foid PEUZ
MNAME
PERIOD 30.00ns | --rmm——-
WIDTH T G
DELAY TIME C.00000 &
PEAK VALLE 1C0mY
BASE VALUE Qoo
LEADING TIME 100ns
TRATLING TIME] 100ns

L

IMPEDANGE Lo
PULSE COMT |0 femememee

#OONS TANT

NIT PO PGLZ

ISAME U—

SOURCE 1
G. Q0800
SWEEP | FEGH ) (MEAsURE] [oUTRUT i HE ]NEXT
SETLP ESWW SETUR I|SEQ I HpacE  1iPAGE

GO G0x 16
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To Output Same Value Before and After Measurements

1. Press Chan key in the PAGE CONTROL key group.
2. Select CHANNEL DEF primary softkey.

3. Inthe STBY column of the desired unit, select STANDBY ON secondary
softkey.

4. Press Standby key in the MEASUREMENT key group.

The indicator above the Standby key shows whether the Standby function is
enabled. If this indicator is ON, then for the units that vou selected STANDBY ON,
the units have the following output value during the Standby state (that is, before
and after measurements or stress):

Function of a Unit Qutput during Standby State
VARI1 VARI Start value
VART' Ratio x Start + Offset
VARZ2 VAR2 Start value
CONSTANT Output value

For sampling measurements, only the CONSTANT function is available.

From Standby state, you can execute measurements or force stress by pressing
Single, Repeat, Append, or Stress key. After measurement or stress, the STANDBY
ON units are returned to same output value as before measurement or stress.

If Standby indicator is ON, then pressing the Standby key disables the Standby
function, and Standby output stops. Pressing the Stop key has no affect on the
Standby state.
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To Define a User Function

1. Press Chan key in the PAGE CONTROL key group.

2, Select USER FCTN primary softkey.

3. Inthe NAME column, enter the user function name.

4. Inthe UNIT column, enter the units.

5. Inthe DEFINITION column, enter the user function definition.

The user function name must be 6 or less alphanumeric characters. First character
must be alphabet character. Name must be unique. Name is case sensitive. For
exaraple, HFE is different from Hfe.

In the user function definition, you can enter an expression that consists of any of
the foliowing:

*  VNAME and INAME names that you entered on the CHANNELS: CHANNEL
DEFINITION screen.

= Other user functions.

+ Numerical operators.

* Built-in functions such as DELTA and SORT.

For details about expressions, numerical operators, and built-in functions, refer to
Chapter 7.

Example

The following figure shows an example setup to define Hfe.

CHAMNE. 3; USESR FUMCTION DESING TN FEJANCL 1 ACRN
e
| i

nfe SR

SiAME (2R3 : DEFINTT 0N . e ““J

letis D

|cmmzl_§ [ IV ! i I[PREY T [{MERT
{DEF F | | | PaGE PACE

[ |

W10 I00T
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To Set up Graphical Display of Measurement Results

1. Press Display key in the PAGE CONTROL key group.

2. Select DISPLAY SETUP primary softkey.

3. Inthe DISPLAY MODE field, select GRAPHICS secondary softkey.
4

. In the X axis column, enter variable name, select axis scale, and enter minimum
and maximum values.

5. Inthe Y1 axis column, enter variable name, select axis scale, and enter
minimutn and maximum values.

6. Ifyou use Y2 axis, enter variable name, select axis scale, and enter minimum
and maximum values in Y2 axis colummn.

When the pointer is in the NAME row, the allowable variable names appear in the
secondary softkey area. To set a variable name, select the desired secondary softkey.
The allowable names are names that you already set up on the CHANNEL
DEFINITION, USER FUNCTION, and USER VARIABLE screens.

To display a grid on the plotting area
In GRID field, select ON secondary softkey.

To remove the grid
In GRID field, select OFF secondary softkey.

To control display of line parameters on GRAPHICS screen
in LINE PARAMETER field, select ON to display or OFF to not display. Line
parameters are the X and Y intercepts and gradient of the analysis lines.

To set up variable to be displayed on the GRAPHICS screen
I DATA VARIABLES fields, select secondary softkey for desired variable.
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Example

The following figure shows an example to set up both Y1 and Y2 axes, and to set
grid to ON.
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To Set up List Display of Measurement Results

L

1. Press Display key in the PAGE CONTROL key group.
2.

Select DISPLAY SETUP primary softkey.
In the DISPLAY MODE field, select LIST secondary softkey.

In the LIST area, select the secondary softkey of the variables for which you
want to list the measurement results.

When the pointer is in the NAME row, the allowable variable names appear in the
secondary softkey area. To set a variable name, select the desired secondary softkey.
The aliowable names are names that you already set up on CHANNEL
DEFINITION, USER FUNCTION, and USER VARIABLE screens.

To set up variable to be displayed on the LIST page
In DATA VARIABLES fields, select secondary sofikey for desired variable.

Example

Following figure is an example setup to display VE, IC, and IB on LIST screen.

DISPLAY: DISPLAY SETLR SadANGT 01 30PM
e

»DISPLAY MODE

ES =
# 15T
No ] NEME B
1 VE
z | iC
R e T
& IE
s
T ic
B
ADATA VARIABLES
—
!
1/2
1B
fmasecay] [auTe | i ! PREV 1[NEXT
LSENF ] | ARLYSIg ) 1 i PAGE | |PAcE

UGOI038,100% 70
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To Execute Calibration

To execute all self-calibration test items, perform the following:

1.
2.
3.

Press System key in the PAGE CONTROL key group.
Select CALIB/DIAG primary softkey,

In the SYSTEM: SELF-CALIBRATION/DIAGNOSTICS screen, select CALIB
ALL secondary sofikey. After the calibration execution, each test result is
displayed in each STATUS field.

To set auto-calibration

Move the pointer to the AUTC CALTE field, then select the ON secondary softkey.
Self-calibration is performed automatically every 30 minutes.

Be aware that measurement cannot be performed while calibration is executed.

To Cancel Zero Offset

1.
2.
3.

Press Meas key in the PAGE CONTROL key group.
Select MEASURE SETUP primary softkey.

Inthe ZERO CANCEL field, select ZERO CANCEL ON/OFF secondary
softkey to toggle the zero offset cancel mode between on and off. Then O or
OFF appear automatically in each unit field depending on the measurement
range.

Press green key, then Stop key to measure the zero offset data. Then this
measured data is used to compensate the measurement results when
measurement is performed,

For more details about the zero offset cancel function, refer to “Zero Offset Cancel”
in Chapter 3.

4-30 Agilent 4155B/41568 User’s Guide Vol.2, Edition 4




Making a Measurement
Sweep Measurements

To Execute or Stop Measurement

« To execute a measurement, press:
«  Single key in the MEASUREMENT key group for single measurement.
+  Repeat key in the MEASUREMENT key group for repeat measurement.

«  Append key in the MEASUREMENT key group for append measurement.
» To stop a measurement, press Stop key in the MEASUREMENT key group.

Single, Repeat, and Append Measurement

There are three measurement execution modes as follows:

Single

measurement Clears GRAPHICS or LIST screen, then executes measurement
one time. Measurement resulis are displayved on GRAPHICS or
LIST screen.

Repeat

measurement Executes measurements continuously. Before each
measurement is executed, the GRAPHICS or LIST screen is
cleared. Most recent measurement resuits are displayed on
GRAPHICS or LIST screen.

Append

measurement Executes measurement one time. Does not clear GRAPHICS or
LIST screen. That is, measurement results are added to the
existing results.
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To Control R-Box

t. Connect the 16441 A R-Box to the 4155B/4156B and to the 16442A Test Fixiture
or connector plate on your shield box. For details about connections, refer to
“R-BOX Control” in Chapter 3.

2. Press Chan front-panel key of the PAGE CONTROL key group.

3. Select CHANNEL DEF primary softkey to display the CHANNELS:
CHANNEL DEFINITION screen.

4. Inthe SERIES RESISTANCE fields, select:

» () ohm secondary softkey to connect 0 Q resistance.

« 10k ohm secondary softkey to connect 10 k€2 resistance.

* 100k ohm secondary softkey to connect 100 k2 resistance.
* 1M ohm secondary softkey to connect 1 MQ resistance.

Resistance is switched just before and just after measurement state. In the standby
state, the stress force state, and the idle state, 0 Q0 is connected.

The 4155B/4136B automatically compensates for the resistance values.
For the following SMUs, you can set 0 Q only:

«  SMU that is set to ON in the STBY field.

= SMU that is set to COMMON in the MODE field.

You can set resistance values for the following SMUs.

*  Hfthe 41501 A/B SMU/Pulse Generator Expander is not installed or does not
have an HPSMU

« SMUI
¢ SMU2
¢ Ifthe 41501 A/B has an HPSMU
+  SMU1
= SMU5
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To measure negative resistance characteristics

The 16441A R-Box allows SMUs to measure current-controlled negative resistance
{ 1 MQ ) characteristics.

Connect the resistance of the 16441 A as shown in following figure.

16441A R-Box

MY

™ ans | :
i SMU . DUT |

Example

The following figure shows an example setup to connect 10 kQ resistance to SMU1
and SMU2,

CHANMELS © CHANNEL DEFINITION B4UANOT 0% :30PM
O onim

#MEASUPEMENT MODE
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Knob Sweep Measurements

This section covers the following tasks about knob sweep measurements,

< To execute knob sweep measurement

» To stop knob sweep measurement

The knob sweep function is useful in the following cases:

* when you want to determine a parameter value for normal sweep

*  when you want to quickly make a rough measurement of a DUT characteristics

The following figure shows the KNOB SWEEP screen.
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To Execute Knob Sweep Measurement

1.

Define the measurement units on the CHANNELS: CHANNEL DEFINITION
screen as described in “To Define Sweep Measurement Units” on page 4-12.

Set the sweep information on the MEASURE: SWEEP SETUP screen.
For details, refer to the following:

+  “To Set up Primary Sweep Source” onpage 4-14

*  “To Set up Secondary Sweep Source” on page 4-16

«  “To Set up Constant Output” on page 4-20

3, Set the MEASURE: PGU SETUP screen {if you use PGUs).

8.

Press the green key. Then, press Single front-panel key to display the KNOB
SWEEDP screen.

Select DISPLAY SETUP primary softkey to display DISPLAY SETUP
secondary key group.

Select X-AXIS REGION secondary softkeys to set the desired X axis display
region. Selecting the X-AXIS REGION secondary softkey toggles as follows:

e T T

Select Y-AXIS REGION secondary softkeys to set the desired Y axis display
region. Selecting the Y-AXIS REGION secondary softkey toggles as follows:

e e T A

Rotate the rotary knob to stretch or shrink the measurement curve.

If you set constant outputs or PGU output in step 2 or 3, the outputs start
immediately after you perform step 4.

During measurements, self-test, or forcing stress, step 4 is ignored.
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Note the following restrictions:
»  CHANNELS: CHANNEL DEFINITION screen

»  MEASUREMENT MODE field

In the MEASUREMENT MODE field, be sure to set SWEEP. I you select
SAMPLING MODE, you cannot execute knob sweep measurement.

«  MODE field

Pulsed SMU (VPULSE and IPULSE) are not available for knob sweep
measurement.

= FCTN field
VART' is not available for knob sweep measurement.
+ MEASURE: SWEEP SETUP screen

You cannot use the power complhiance function for knob sweep measurement.

If you ignore restrictions for knob sweep setup

If CHANNELS or MEASURE screen group have settings that are not available for
knob sweep measurements, a warning message is displayed, then the STOP and
CONT primary softkeys are displayed.

If you select STOP softkey, the incorrect setting is highlighted, and you ean comrect
it.

If you select CONT softkey, the 4155B/4156B performs knob sweep measurement
as foilows:

+ IfVARY is set in the FCTN field on the CHANNELS: CHANNEL
DEFINITION screen:

The channel that is set to VAR’ set to CONST (output value: VAR’ start). So
synchronous measurement is not performed.

+ Ifan SMU is set to VPULSE or JPULSE the MODE field on the CHANNELS:
CHANNEL DEFINITION screen:

Non-pulsed sweep measurement is performed.
+  Ifthe POWER COMP fields are set on the MEASURE; SWEEP SETUP screen:

The specified values are ignored. Measurement is performed the same as if OFF
is selected.
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To change the variable assigned to y axis

Do as follows:

1. Press Stop front-panel key.

2. Select Y-AXIS ASSIGN primary softkey.

3. Select a secondary softkey to assign the desired variable name to y axis.

The available variables are the variables you entered in the INAME and VNAME
columns of the CHANNELS: CHANNEL DEFINITION screen. You cannot use
user functions or user variables.

To copy setups on the knob sweep page
Select SETUP COPY primary softkey to copy setups on this screen to the
MEASURE: SWEEP SETUP and DISPLAY: DISPLAY SETUP screens.

Example

The following figure shows an example to set both X axis and Y axis display
regions 1o positive.
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To Stop Knob Sweep Measurement

« Press Stop front-panel key,

If you execute knob sweep measurement from the idle state, pressing Stop
front-panel key returns to the idle state.

If you execute knob sweep measurement from the standby state, pressing Stop
front-panel key returns to the standby state.

Starting knob sweep again after pressing Stop front-panel key

If you stop knob sweep measurement, then start the measurement again, the
measurement siart point depends on how you start the measurement.

« started by Single front-panel key only

If you press the Single front-panel key, the knob sweep measurement starts from
the point where it was stopped by Stop front-panel key.

» started by green key and Single front-panei key

If you press the green key, then press Single front-panel key, the knob sweep
measurement starts from 0 V or 0 A.
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Sampling Measurements

This section covers the tasks for sampling measurements.

The basic procedure to test your DUT is as follows:

1. Connecting your DUT to the
4155B/4156B. See “Connection to Device
| Under Test {DUT)” on page 4-3 for

o procedures.

o = / BB
P [ - BOO
! = = ooo
o Blezgegasa 7
| FEEE T |BE EREEL
B cd a0cEs o
2. Defining measurement mode and
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» To Define Sampling Measurement
Units.

+  To Define a User Function {see

. previous section)
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section}
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3. Setting the source parameters of the
units. The following tasks are described:
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= To Set up PGU Pulsed Output (see
previous section)
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4. Setting the display mode to show
measurement results, The following tasks
are described:

To Set up Graphical Display of
Measurement Results (see previous
sgction)

To Set up List Display of Measurement
Results (see previous section)

5. Executing the measurement. The
following tasks are described:

L]

To Output Same Value Before and
After Measurements {(see previous
section)

To Execute Calibration (see previous
section)

To Cancel Zero Offset {see previous
section)

To Execute or Stop Measurement (see
previous section)

GRAPH/LIST: GRAPMICS

£

BERT 98AL 0D D6 118

;;.%
E

]

2,50

K

)
o

¥ H

—

ind

A (E

TANOENT)

G000 WD a8

!

LB

1001 i 0tk

d

UETHRE. 40160

Results. For example, displayed
graphically.

4-40

Agilent 4155B/4156B User’s Guide Vol.2, Edition 4




Making a Measurement
Sampling Measurements

To Define Sampling Measurement Units

1. Press Chan key in the PAGE CONTROL key group.
Select CHANNEL DEF primary softkey.
In the MEASUREMENT MODE area, select SAMPLING secondary softkey.

Eal

In the VNAME column, enter a unique name for voitage variable. For example,
enter Vae for collector-emitter voltage. If channel does neither V force nor V
measurement, vou can omit VNAME.

5. Inthe INAME column, enter a unique name for current variable. For example,
enter "Ic" for collector current. If channel does neither I force nor 1
measurement, you can omit INAME,

6. Inthe MODE column, select:

»  V secondary softkey for voltage output mode (SMU, VSU, and PGU, and
grounded voltage measurement mode of VMU).

+ I secondary softkey for current output mode (SMU).
«  VPULSE secondary softkey for pulsed voltage output mode (PGU).
»  COMMON secondary softkey for circuit common mode (SMU and GNDU).

+ DVOLT secondary softkey for differential voltage measurement mode
(VMUD).

7. Inthe FCTN column, select CONST secondary softkey for all source units.

For details about STBY and SERIES RESISTANCE fields, see “CHANNELS:
CHANNEL DEFINITION screen” in Chapter 6 or “Operation States” in Chapter 3.

VNAME and INAME

You can use VNAME and INAME in user function definitions or for analysis on the
GRAPHICS/LIST screens. These names must be 6 or less alphanumeric characters.
First character must be alphabet character,

To disable a unit

Move the pointer to the row of the unit, then select the DELETE ROW secondary
softkey. The settings in the row are deleted.
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Example

The following figure shows an example setup to define sampling measurement
Hnits.
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To Set up Sampling Parameters

1.

Confirm that SAMPLING is set in the MEASUREMENT MODE field on the
CHANNELS: CHANNEL DEFINITION screen. I SAMPLING is not set, select
SAMPLING secondary softkey in the MEASUREMENT MODE field.

Press Meas key in the PAGE CONTROL. key group.

3. Select SAMPLING SETUP primary softkey.

In the MODE field of SAMPLING PARAMETER, select:

»  LINEAR secondary softkey for equally spaced sampling intervals.

+  LOG XX secondary softkey for logarithmically spaced sampling intervals.
¥¥ is 10, 25, or 50 sampling points per decade.

»  THINNED-OUT secondary softkey for reduced sampling interval of more
recent samples (by thinning less recent samples).

For details about sampling mode, see “Sampling Measurement Mode™ in
Chapter 2.

In the INITIAL INTERVAL field, enter a value for the first sampling interval.
In the NO. OF SAMPLES field, enter the number of points at which to sample.

If you select LINEAR or THINNED-OUT in MODE field, set the TOTAL
SAMP. TIME (total sampling time) which specifies the time from the start of
sampling to the end. This field is not available for the logarithmic sampling.

In the TOTAL SAMP. TIME field, enter a value or select:

» NO LIMIT secondary softkey for excluding the total sampling time from the
sampling completion conditions.

»  AUTO secondary softkey for excluding the total sampling time from the
sampling completion conditions, and including the number of samples to the
completion conditions. This softkey is available only for the linear sampling.

For details about sampling completion conditions, see “Sampling Measurement
Mode” in Chapter 2.

Agilent 4155B/4156B User’s Guide Vol.2, Edition 4 4-43




Making a Measurement
Sampling Measurements

The following figure shows the relation between the sampling parameters and
sampling measurement.
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You can set a hold time by entering a number (units: seconds) in the HOLD TIME
field. .

Example

The following figure shows example setup of the sampling parameters.
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To Set up Constant Qutput

1. Define CONST units as described in “To Define Sampling Measurement Units”

on page 4-41.

2. Press Meas key in the PAGE CONTROL key group.
Select SAMPLNG SETUP primary softkey.

4. In the SOURCE field of the desired unit in the CONSTANT area, enter the

desired output value.

To modify the UNIT, NAME, and MODE field

Modify the UUNIT, NAME, and MODE fields on the CHANNELS: CHANNEL

DEFINITION screen.

To set up compliance value for constant output

Set desired value in the COMPLIANCE field of the CONSTANT table. For details
about compliance, see “Compliance” in Chapter 3.

Example

The following example shows the constant output conditions:
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To Define Measurement Stop Conditions

The measurement stop condition defines the condition to stop the sampling
measurement. The stop condition is one of the sampling completion conditions. For
the sampling completion conditions, see “Sampling Measurement Mode™ in Chapter

2.

1.
2.

Press Meas key in the PAGE CONTROL key group.
Select SAMPLNG SETUP primary softkey.

In the ENABLE/DISABLE field of the STOP CONDITION area, select
ENABLE secondary softkey.

In NAME field of STOP CONDITION area, select the secondary softkey for the
desired variable name or user function name to be used for EVENT comparison.

In THRESHOLD field of STOP CONDITION area, enter the threshold value for
the name selected in the previous step.

In EVENT field of STOP CONDITION area, select:

= Val > Th secondary softkey to stop the sampling when the sampled value is
greater than the threshold vaiune.

*  Val <Th secondary softkey to stop the sampling when the sampled value is
less than the threshold value.

= i{Vali > |Th! secondary sofitkey to stop the sampling when the absolute
sampled value is greater than the absolute threshold value.

= |Val| <|Th| secondary softkey to stop the sampling when the absolute
sampled value is less than the absolute threshold value.

In EVENT NO. field, enter a value which specifies the sampling {0 stop when
EVENT occurs EVENT NO. times.

If you select DISABLE in the ENABLE/DISABLE field, the sampling
measurement continues until;

Stop key in the MEASUREMENT key group is pressed.
Specified total sample time has elapsed.

The 4155B/41568 receives GPIB command to stop sampling.
An emergency condition occurs on the 4155B/4156B.

Interlock terminal opens due to high voltage. (See Chapter 2 of User’s Guide
General Information.)
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Example

The following figure shows an example setup of stop condition.
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Stress Force

This section covers the tasks for stress forcing.

Two types of stress can be forced by the 4155B/4156B:

*  dc stress
*  Dec voltage stress can be forced from SMUs, VSUs, or PGUs,
+  De ciarent stress can be forced from SMUs.

= ac stress (also called pulsed stress)

*  Ac voltage stress can be forced from PGUs.

*  Ac current siress cannor be forced from the 41558/41568B.
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The following illustrates the basic procedures for stress forcing.

1. Connecting your DUT to the
4155B/41568. See “Connection to Device
Under Test (DUT)” on page 4-3 for
procedures.

i el e

2. Defining the siress units and constant
output units. The following tasks are
described:

*  “To Set up Stress Source Channels” on
page 4-50

»  “To Control Selector for Swifching
SMU and PGU” on page 4-59

T T PR
B
gwe || L
- [
o e )

3. Setting the stress forcing parameters and
constant output value. The following tasks
are described:

> “To Set up Stress Condition/Timing”
on page 4-52

»  “To Set up AC (Pulse) Stress” on page
4-54

»  “To Setup DC Stress” on page 4-56

4, Executing the stress forcing. The
following task is described in *To Force
Stress” on page 4-37.
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To Set up Stress Source Channels

1. Press Stress key in the PAGE CONTROL key group.
2. Select CHANNEL DEF primary sofikey.
3. Inthe MODE field of desired unit in CHANNELS area, select:

* Vsecondary softkey for dc voltage stress forcing mode (SMU, VSU, and
PGU)).

» 1secondary softkey for dc current stress forcing mode (SMU).
*  VPULSE secondary softkey for ac voltage stress forcing mode (PGU).
«  COMMON secondary softkey for circuit common (SMU and GNDU).

4. Inthe NAME field of desired unit in the CHANNELS area, enter the stress
channel name.

5. Inthe FCTN field of units that will be stress force channels, select SYNC
secondary softkey.

The stress channel name is only used for reference on the STRESS SETUP screen,
not on any results screen. So, you can omit the name if desired.

In the FCTN column, you can set up to four units to SYNC. At least one unit must
be set to SYNC in the FCTN colurnn. The SYNC (stress force) units all start forcing
stress at the same time, The NSYNC (non-stress force units) channels start forcing
stress in sequence when state changes 1o stress force state. For this timing, see
“Stress Force Sequence” in Chapter 3.

If the row of a unit does not have settings, the unit is not used.

To disable a unit

In the row of the unit, select the DELETE ROW secondary softkey. The seftings in
the row are deleted.

To set up non-stress output channels

Perform the following procedure.

1. Perform first 3 steps described above.

2. Inthe FCTN field, select NSYNC secondary softkey.

If you use two PGUs as pulsed sources (VPULSE), both must be SYNC or both
NSYNC.
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Example

The following figure shows an example setup to set two PGUs fo ac stress source.
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To Set up Stress Condition/Timing

1. Press Stress key in the PAGE CONTROL key group.
2. Select STRESS SETUP primary softkey.
3. Inthe MODE field of the STRESS MODE area, select:

+  DURATION secondary softkey to specify how long to force stress,

+ PULSE COUNT secondary sottkey to specify how many pulses to output for
force stress (for ac stress only).

4. Inthe DURATION or PULSE COUNT fieid, enter the duration or pulse count.
You can select FREE RUN secondary softkey to output stress continuously,

5. Inthe STRESS Status field, select:

«  CONT AT ANY secondary softkey to continue forcing the stress even H an
abnormal status occurs,

= STOP AT ANY ABNORM secondary softkey to stop forcing the stress
when any abrormal status occurs.

+  STOP AT COMPLIANCE secondary softkey to stop forcing the stress only
when SMU reaches its compliance setting,

STOP AT ANY ABNORM and STOP AT COMPLIANCE secondary softkeys
are displayed only when specified duration is more than 10 s. If you set pulse
count mode, these secondary softkeys are displayed only when pulse period x
pulse count is more than 10s.

Stress stop function is not effective until stress has been forced for 10 s.

In the duration mode, you set time (in seconds) for stress forcing. In the pulse count
mode, you set an integer 1o specify how many pulses to output for stress forcing.

Abnormal status means the following:

« SMU reaches its compliance setting,
«  Current of VSU exceeds =100 mA.
»  SMU or V8U oscillates,

= A/D converter overflow occurs.

*  Average curreni of PGU exceeds +100 mA.
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To set hold time
In the HOLD TIME field, set desired value. For the meaning of hold time, see
“Stress Force Sequence” in Chapter 3.

Setting the Accumulated Stress Time

The ACCUMULATED STRESS field shows the total stress that has been forced. If
necessary, you can change the value in this field. If so, the ACCUMULATED
STRESS field on the STRESS: STRESS FORCE screen also changes to the new

Example

The following figure shows an example setup of stress condition.

Stress Force
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To Set up AC (Pulse) Stress

1. Press the Stress key in the PAGE CONTROL key group. Confirm that the
following is set on the STRESS: CHANNEL DEFINITION screen for the PGUs
that you want to set up for ac stress:

= VPULSE is set in the MODE field.

*  SYNC is set in the FCTN field.

Select STRESS SETUP primary softkey.

In the PERIOD field, enter the pulse period.
In the WIDTH field, enter the pulse width.

In the DELAY TIME field, enter the delay time, which is the time from the
stress start to the beginning of the pulse leading edge. See “Delay time” on page
455,

6. Inthe PEAK VALUE field, enter the pulse peak value.
7. Inthe BASE VALUE field, enter the pulse base value,
8. In LEADING TIME field, enter the leading-edge transition time of pulse.
9. In TRAILING TIME field, enter the trailing-edge transition time of pulse.

woR W

The same period you set for PGU1 is also used for PGU?. For the other parameters,
you can set different values for PGU1 and PGU2.

To set other areas of the STRESS: STRESS SETUP screen, see “To Set up Stress
Condition/Timing” on page 4-52.

To medify the UNIT and NAME fields

Moeodify UNIT and NAME fields on STRESS: CHANNEL DEFINITION screen,

To set output impedance of PGU1 or PGU2
In the IMPEDANCE field, select:
* LOW secondary softkey to set output impedance to low (approximately zero).

¢ 50 ohm secondary softkey to set output impedance to 50 Q)
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Delay time

The following figure shows the meaning of delay time.
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Example

The following figure shows an example to set up ac stress.
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To Set up DC Stress

1. Press Stress key in the PAGE CONTROL key group. Confirm that the following
is set on the STRESS: CHANNEL DEFINITION screen for the units that you
want to set up for dc stress:

s VaorIissetinthe MODE field.
¢« SYNC is set in the FCTN field.
2. Select STRESS SETUP primary softkey.

3. Inthe SOURCE field for the desired unit in the CONSTANT area, enter the
desired dc stress value.

4. Inthe COMPLIANCE field in the CONSTANT area, enter the compliance
value.

The non-stress (NSYNC) constant units also appear in the CONSTANT area. You
can set SOURCE and COMPLIANCE values for these units the same way as yvou
set the dc stress units.

To set other areas of the STRESS: STRESS SETUP screen, see “To Set up Stress
Condition/Timing” on page 4-532.
To modify the UNIT, NAME, and MODE fields

Muodify the UNIT, NAME, and MODE fields on the STRESS: CHANNEL
DEFINITION screen.

Example

The following figure shows an example setup to set source (SMU1) to 5.00 V and
compliance (SMU1) to 1.00 mA.
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To Force Stress

Press Stress key in the MEASUREMENT key group.

The STRESS area shows the specified stress duration time. Even if you set STRESS
MODE to PULSE COUNT, the stress duration time is calculated and shown in
seconds.

The ACCUMULATED STRESS area shows the total stress that has already been
forced.

To change the stress time (duration mode)

Select CHANGE DURATON secondary softkey, then enter desired value.

The CHANGE DURATON secondary softkey is displayed only if the DURATION
mode is selected on the STRESS: STRESS SETUP screen.

'To change pulse count (pulse count mode)

Select CHANGE PLS CNT secondary sofikey, then enter desired value.

The CHANGE PLS CNT secondary softkey is displayed only if the PULSE
COUNT mode is selected on the STRESS: STRESS SETUP screen,

To reset STATUS value to 0 sand 0 %

Select RESET STATUS secondary softkey.

Te reset ACCUMULATED STRESS value to 0 s
Select RESET ACCUM STRESS secondary softkey.

To change ACCUMULATED STRESS value

On the STRESS: STRESS SETUP screen, enter the desired value in the
ACCUMUILATED STRESS field.
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Example

The following figure shows an example of STRESS: STRESS FORCE screen.
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To Control Selector for Switching SMU and PGU

Press Stress key in the PAGE CONTROL key group.
Select CHANNEL DEF primary softkey.

In the MEASURE field of the desired channel in the SMU/PG SELECTOR area,
select:

lad

SMLT secondary softkey to connect SMU to DUT during measurement state.
PGU secondary softkey to connect PGU to DUT during measurement state.

OPEN secondary softkey to disconnect SMU, PGU, and DUT during
measurement state.

PGU OPEN secondary softkey to disconnect PGU from DUT by
semiconductor switch during measurement state.

In the STRESS field of the desired channel in the SMU/PG SELECTOR area,
select:

SMU secondary softkey to connect SMU to DUT during stress force state.
PGU secondary softkey to connect PGU to DUT during stress force state.

OPEN secondary softkey to disconnect SMU, PGU, and DUT during stress
force state.

PGU OPEN secondary softkey to disconnect PGU from DUT by
semiconductor switch during stress force state.
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SMU/Pulse Generator Selector
The selector has two types of switches; relay switch and semiconductor switch.

Normalily, the relay switch has three states; SMU is connected to DUT, PGU is
connected to DUT, and neither is connected to DUT. The semiconductor switch,
which is in the PGU line, is used for high-speed switching.
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Example

Following shows an example setup that connects two SMUs to DUT during
measgrement state, and connects two PGUs to DUT during stress force state.
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Analyzing Measurement Results

Agilent 4155B/4156B can analyze measurement results of the GRAPH/LIST screen
group by using lines, markers, and cursors. You can perform manual or automatic
analysis,

For automatic analysis function, you set up the DISPLAY: ANALYSIS SETUP
screen before starting measurements. Then, after the measurements are performed,
the Hnes and markers are positioned automaticaily according to the setup.

The information about these functions is organized into the following two sections:
¢ “Manual Analysis”
»  “Automatic Analysis”

For details about line modes and specifying points, refer to Chapter 7. Also, see
“GRAPH/LIST Screen Group” in Chapter 6.
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Marker and cursor:

Display range:

Line:

Another graph
functions:

Analysis on the
LIST screen:

Analyzing Measurement Results
Manual Analysis

Manual Analysis

You can position lines, markers, and cursors by using front-panel keys, rotary knob,
and softkeys.

This section covers the following manual analysis tasks:

»

.

“To Specify a Measurement Point on Curve” on page 5-4
“To Specify between Measurement Points on Curve” on page 5-6

“To Display or Move Cursor” on page 5-8

“To Adjust Display Range to Measurement Curve Automatically” on page 5-9
“To Zoom the Display Range” on page 5-9

“To Center Display at Cursor Location™ on page 3-10

“To Draw Line through Two Specified Points™ on page 3-10

“To Draw Line through Specified Point with Specified Gradient” on page 5-12
“To Draw Tangent to Specified Point of Measurement Curve” on page 5-i4
“To Draw Regression Line for Specified Region” on page 5-16

“To Display and Select a Line” on page 5-18

“To Display Grid on the Graph” on page 5-18

“To Change Data Variable on Graph” on page 5-19

“To Change Range of X or Y Axis Scale” on page 5-20

“To Change Variable Assigned to X, Y1, or Y2 Axis” on page 5-21

“To Overlay an Internal Memory Measurement Curve onto Plotting Area” on
page 5-22

“To Scroli the LIST screen” on page 3-24

“To Display or Move Marker on LIST screen” on page 3-25

“To Change Variables of LIST screen™ on page 5-26
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To Specify a Measurement Point on Curve

1. Select MARKER/CURSOR primary softkey.

2. Set MARKER secondary softkey to ON. Marker and marker coordinates are
displayed. Selecting MARKER secondary softkey toggles between GIN and OFF.

3. (if both ¥1 and Y2 axis arc set up) Select the desired marker (axis) by using
AXIS primary softkey. The selected marker is highlighted. Selecting AXIS
primary softkey toggles between Y1 and Y2,

4. Rotate the rotary knob to move the marker to desired measurement point.

If both Y1 and Y2 axis are set up, a circle marker (o) is displayed on measurement
curve of Y1 axis, and an asterisk marker (*) is displayed on measurement curve of
Y2 axis.

The MARKER coordinate fields indicate the location of markers. The first, second,
and third fields are X, Y1, and Y2 coordinates, respectively. X and Y1 indicate
location of marker on Y1 curve. X and Y2 indicate location of marker on Y2 curve.

To turn off markers
Set MARKER secondary softkey to OFF.

To move marker to maximum or minimum value of measurement
curve

Select MARKER MIN/MAX seéondary sofikey. The marker searches for minimum
or maximum value in measurement order from the present location every time you
select the MARKER MIN/MAX secondary softkey.

To move marker to next VAR2 step or append curve

Select MARKER SKIP secondary softkey. Marker moves to next VARZ step curve
or next append curve every time you select MARKER SKIP secondary softkey.

To move marker fast

Press Fast front-panel key of the MARKER/CURSOR key group while rotating
rotary knob.
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Example

The following figure shows an example to move marker to desired measurement
point and to set the Y1 axis marker to active.
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To Specify between Measurement Points on Curve

1. Select MARKER/CURSOR primary softkey.

2. Set MARKER secondary softkey to ON. Marker and marker coordinates are
displayed. Selecting MARKER toggles between ON and OFF.

3. (ifboth Y1 and Y2 axis are set up) Select the desired marker (axis) by using
AXIS primary softkey. The selected marker is highlighted. Selecting AXIS
primary softkey toggles between Y1 and YZ2.

4, Set INTERPOLATE secondary softkey to ON. Selecting INTERPOLATE
secondary sofikey toggles between ON and OF'F'.

3. Rotate rotary knob to move the marker to desired measurement point.

Ifboth Y1 and Y2 axis are set up, a circle marker (0) is displayed on measurement
curve of Y1 axis, and an asterisk marker (*) is displayed on measurement curve of
Y2 axis.

The MARKER coordinate fields indicate the location of markers. The first, second,
and third fields are X, Y1, and Y2 coordipates, respectively. X and Y1 indicate
location of marker on Y1 curve. X and Y2 indicate location of marker on Y2 curve.

To turn off markers
Set the MARKER secondary softkey to OFF.

To move marker to maximum or minimum value of measurement
curve

Select MARKER MIN/MAX secondary softkey. The marker searches for minimum
or maximum valie in measurement order from the present location every time vou
select the MARKER MIN/MAX secondary softkey.

To move marker to next VAR2 step or append curve

Select MARKER SKIP secondary softkey. Marker moves to next VAR2 step curve
or next append curve every time you select MARKER SKIP.

To move marker fast

Press Fast front-panel key of the MARKER/CURSOR key group while rotating
rotary knob.
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Example

The following figure shows an example to move marker to points between
measurement points by setting INTERPOLATE softkey to ON.
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To Display or Move Cursor

1. Select MARKER/CURSOR primary softkey.

2. Set CURSOR secondary sofikey to SEORT or LONG. Short or long cursor and
cursor coordinates are displayed. Selecting CURSOR secondary softkey toggles
as follows:

OFF — SHORT — LCONG — OFF
3. Move the cursor by using arrow keys of the MARKER/CURSOR key group.

The CURSOR coordinate fields indicate the location of cursor. The first, second, and
third fields are X, Y1, and Y2 coordinates, respectively.

To move cursor diagonally

Press two adjacent arrow keys of the MARKER/CURSOR key group
simuitaneously.

To turn off cursor
Set CURSOR secondary softkey to OFF.

To move cursor fast

Press arrow keys and Fast key of the MARKER/CURSOR key group
simulianeously.

Example

The following figure shows an exampie to display a short cursor.

GRAPMILIET GREENIS

CUSOP D - TR 383%my

SHORT

20 ek

AT LEA

oegody |

iy

=

ISR M
PojeETue

TIMIMG ’

ls=re | lsne

UGTE003

Agilent 4155B/4156B User’s Guide Vol.2, Edition 4

S3hua0d Q6435
EZhugld 26185 i
|
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To Adjust Display Range to Measurement Curve
Automatically

1. Select SCALING primary softkey.

2. (if both Y1 and Y2 axis are set up) Select desired measurement curve by using
AXIS primary softkey.

3. Select AUTO SCALING secondary softkey. Scale is changed automatically to
fit the selected measurement curve,

When you set VAR2 parameter, or when you perform append measurement, the
scale is changed so that all measurement curves can be displayed.

To cancel auto scaling
Select CANCEL SCALING secondary softkey.

To Zoom the Display Range

1. Position the cursor at the center of area that you want to zoom. (For details about
displaying and moving cursor, see “To Display or Move Cursor” on page 5-8.)

2. Select SCALING primary softkey.
3. Seléet:

= ZOOM IN secondary softkey to decrease the display range to haif the
present range.

»  Z0OOM OUT secondary softkey to increase the display range to double the
present range.

+ The display range is increased or decreased, and cursor is moved to the
center of the plotting area.

If no cursor is displayed before step 3, performing step 3 displays a long cursor at
the center of the plotting area, then zoom is performed.

To return to original scaling

Select CANCEL SCALING secondary softkey.
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To Center Display at Cursor Location

1. Position cursor at the point where you want to center the plotting area. (For
detaiis about displaying and moving cursor, see “To Display or Move Cursor” on

page 3-8.)
2. Select SCALING primary softkey.

3. (ifboth Y1 and Y2 axis are set up) Select desired measurement curve by using
AXIS primary softkey.

4, Select CENTER AT CURSOR secondary softkey. The plotting area is centered
around the cursor location.

If no cursor is displayed before step 4, performing step 4 displays a long cursor at
the center of the plotting area.

To return plotting area to original position
Select CANCEL SCALING secondary softkey.

To Draw Line through Two Specified Points

1. Select LINE primary softkey.
2. Set LINE SELECT softkey to 1 or 2. Selecting this softkey toggles the setting.

3. Set LINE secondary softkey to ON. A line and two cursors are displayed.
Selecting LINE secondary softkey toggles as follows:

QFf — ON — OFF

The line mode should be normal. So (GRAD MODE, TANGENT MODE, or
REGRESS MODE) softkeys should not be highlighted. If one of these softkeys
is highlighted, urn off by pressing the softkey.

4. Move cursors to desired locations by using arrow keys of the
MARKER/CURSOR key group. To select the cursor you want to move, use the
SELECT CURSOR secondary softkey.

If it seemns that only one cursor is displayed, the cursors are at the same location.

‘When lines are displayed and when ON is set in the LINE PARAMETER field on the
DISPLAY: DISPLAY SETUP screen, their X and Y intercepts and gradients are also
displayed in the plotting area.
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To turn off the line intercept and gradient display

Select DISPLAY SETUP primary softkey, then set LINE PRMTRS secondary
softkey to OFF.

To turn off the data variable display area

Use the following procedure:

1. Select DISPLAY SETUP primary softkey.
2. Set DATA VAR secondary softkey to OFF.

To move the selected cursor to the selected marker position
Select CURSOR TO MARKER secondary softkey.

Example

The following figure shows an example to draw a line through two specified points.
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To Draw Line through Specified Point with Specified
Gradient

1. Select LINE primary softkey.
2. Set LINE SELECT softkey to 1 or 2. Selecting this softkey toggies the setting.

3. Set LINE secondary softkey to ON. A line and two cursors are displayed.
Selecting LINE secondary softkey toggles as follows:

OFF — ON — OFF

4. Select GRAD MODE secondary softkey if it is not highlighted. Softkey
becomes highlighted. One cursor disappears (if there are two cursors in the
plotting area before this step). Selecting GRAD MODE secondary sofikey
toggles between highlighted and not highlighted.

5. Move the cursor to desired location by using arrow keys of the
MARKER/CURSOR key group.

6. Select GRAD VALUE secondary softkey, then enter gradient value, The line
goes through the cursor with specified gradient.

When lines are displaved and when CN is set in the LINE PARAMETER field on the
DISPLAY: DISPLAY SETUP screen, the X and Y intercepts and gradients of
selected line are also displayed in the plotting area.

To turn off the line intercept and gradient display

Select DISPLAY SETUP primary softkey, then set LINE PRMTRS secondary
softkey to OFF.

To turn off the data variable display area

Use the following procedure:

1. Select DISPL.AY SETUP primary softkey.

2. Set DATA VAR secondary softkey to OFF.

To move the selected cursor to the selected marker position
Select CURSOR TO MARKER secondary softkey.
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Example

The following figure shows an example to draw a line through specified point with
specified gradient.
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To Draw Tangent to Specified Point of Measurement
Curve

1. Press LINE primary softkey. _
2. Set LINE SELECT softkey to 1 or 2. Selecting this softkey toggles the setting.

3. Set LINE secondary softkey to ON. A line and two cursors are displayed.
Selecting the LINE secondary softkey toggles as follows:

OFF -» ON — OFF

4. Select TANGENT MODE secondary softkey if it is not highlighted. Softkey
becomes highlighted. The cursors disappear and marker appears. Selecting
TANGENT MODE toggles between highlighted and not highlighted.

3. Move marker to the desired measurement point by rotating rotary knob.

When lines are displayed and when ON is set in the LINE PARAMETER field on the
DISPLAY: DISPLAY SETUP screen, the X and Y intercepts and gradients of
selected kHne are also displayed in the plotting area.

To move marker to next VAR2 or next append curve

Select MARKER SKIP secondary softkey. Marker moves to next VAR2 step curve
or next append curve every time you press MARKER SKIP.

To turn off the line intercept and gradient display

Select DISPLAY SETUP primary softkey, then set LINE PRMTRS secondary
softkey to OFF.

To turn off the data variable display area

Use the following procedure:

1. Select DISPLAY SETUP primary softkey.
2. Set DATA VAR secondary softkey to OFF.

To move marker between two adjacent measurement points

See “To Specify between Measurement Points on Curve” on page 5-6.
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Example

The following figure shows an example to draw a tangent to a specified
measurement point.
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To Draw Regression Line for Specified Region

1

Select MARKER/CURSOR primary softkey, then set the MARKER secondary
softkey to O,

Select the desired axis for regression calculation by selecting AXIS primary
softkey {(if both Y1 and Y2 axis are set up). Then, if necessary, move marker to
desired measurement curve by selecting MARKER SKIP secondary softkey.

3. Select LINE primary softkey.

Set LINE SELECT softkey to 1 or 2. Selecting this softkey toggles the setting,

Set LLINE secondary softkey to ON. A line and two cursors are displayed.
Selecting LINE secondary softkey toggles as follows:

QFF = ON ~» OFF

Select REGRESS MODE secondary softkey if it is not highlighted. Softkey
becomes highlighted. Selecting REGRESS MODE secondary softkey toggles
between highlighted and not highlighted.

Move cursors to specify range of regression calculation. (Use arrow keys of the
MARKFER/CURSOR key group to move cursors to desired location.)

» To select the cursor you want to move, use the SELECT CURSOR
secondary softkey.

The range used for calculating the regression line is defined by the position of the
two cursors as shown in the following figure.
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If it seems that only one cursor is displayed, the cursors are at the same location.

When regression lines are displayed and when ON is set in the LINE PARAMETER
field on the DISPLAY: DISPLAY SETUP screen, the X and Y intercepts and
gradient of selected line are also displayed in the plotiing area.

To turn off the line intercept and gradient display
Select DISPLAY SETUP primary softkey, then set LINE PRMTRS secondary
softkey to OFF.

To turn off the data variable display area

Use the following procedure:

1. Select DISPLAY SETUP primary softkey.
2. Set DATA VAR secondary softkey to OFF.

To move selected cursor to the selected marker position
Select CURSOR TO MARKER secondary softkey.

Example

The following figure shows an example to draw a regression line for the specified
region.
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To Display and Select a Line

1. Select LINE primary softkey.
2. Set LINE SELECT softkey to 1 or Z. Selecting this softkey toggles the setting.

3. Set LINE secondary softkey to ON. Selected line and two cursors are displayed.
Selecting the LINE secondary softkey toggles as follows:

OFF —» ON -» OFF
Set LINE SELECT secondary softkey to desired line (1 or 2). Selected line is
highlighted.
To select line to analyze
Selecting LINE SELECT secondary softkey toggles as follows:
1 = 2 -» NONE — 1

The following are independent for each line. So, changing the active line also
changes the following:

+ locations of marker and cursors

+ XandY intercepts and gradient

To Display Grid on the Graph

1. Select DISPLAY SETUP primary softkey.

2. Set GRID secondary softkey to ON. Grid is displayed. Selecting GRID
secondary sofikey toggles between ON and OFF.

To turn off grid
Set GRID secondary softkey to OFF.
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To Change Data Variable on Graph

1. Select DISPLAY SETUP primary softkey.

2. Select RE-SETUP GRAPH secondary softkey.

Analyzing Measurement Results

Manual Analysis

3. Move the pointer to desired data variable field by using the arrow keys, then
select secondary softkey to enter the desired variable name.

4. Select EXIT primary softkey to exit the RE-SETUP GRAPH mode.

To exit without changing data variable

Select CANCEL primary softkey.

Example
The following figure shows an example setup to change the data variable to be
displayed.
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To Change Range of X or Y Axis Scale

1. Select DISPLAY SETUP primary softkey.
2. Select RE-SETUP GRAPH secondary softkey.

3. Move pointer to maximuom of minimum vatue field of X or Y axis scale by using
the arrow keys, then edit the setup value by using ENTRY keys or rotary knob.

4, Select EXIT primary softkey to exit RE-SETUP GRAPH mode,

To exit without changing range of X or Y axis scale
Select CANCEL primary softkey.

Example

The following figure shows an example setup to change maximum value of Y1 axis.
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To Change Variable Assigned to X, Y1, or Y2 Axis

1. Select DISPLAY SETUP primary sofikey.
2. Select RE-SETUP GRAPH secondary sofikey.

3. Move pointer to variable field of X, Y1, or Y2 axis by using arrow keys, then
select secondary softkey to set the desired variable.

4. Select EXIT primary softkey to exit RE-SETUP GRAFPH mode.

To exit without changing variable assigned to X, Y1, or Y2 axis
Select CANCEL primary softkey.

Example

The following figure shows an example setup to change the variable that is assigned
to Y1 axis.
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To Overlay an Internal Memory Measurement Curve
onto Plotting Area

This section explains how to overlay a measurement curve (that was stored into an
internal memory) onto plotting area. To store a measurement curve into an internal
memory, refer to Chapter 3 of User’s Guide General Information,

1. Select DISPLAY SETUP primary softkey.

2. Set OVERLAY PLANE secondary softkey to the desired memory number.
Selected measurement curve is overlaid onto plotting ared. Selecting
OVERLAY PLANE secondary softkey toggles as follows:

QFF - 1 = 2 = 3 = 4 = OFF

To dispiay information of overlay measurement curve

Select SHOW OVERLAY INFO secondary softkey. The following information of
overlay measurement curve overwrites the information of the present curve.

« axis names and axis scales
« cursor and marker coordinates
« data variables

To display information of original curve again, select the EXIT primary softkey.

To change the present scale to the same scale as overlay curve
Select SCALE TO OVERLAY secondary softkey.

To return to the original scale, you need to select SCALING primary softkey, then
select CANCEL SCALING secondary softkey.
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Example

The following figure shows an example to overlay a measurement curve (that is
stored in internal memory 1) onto the presently displayed measurement curve,
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To Scroll the LIST screen

+  Press an arrow key of the MARKER/CURSOR key group. List scrolls in
direction of selected arrow.

List can be scrolled even while performing measurements.

When marker is displayed, marker does not move during scrolling.

To scroll list fast

Press Fast key of the MARKER/CURSOR key group while pressing an arrow key
of the MARKER/CURSOR key group.
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To Display or Move Marker on LIST screen

1. Select MARKER primary softkey.

2. Set MARKER secondary sofikev to ON, The marker is displayed. Selecting
MARKER secondary softkey toggles between ON and OFF",

3. Rotate rotary knob to move the marker to desired measurement point.

To turn off marker
Set MARKER secondary softkey to OFF.

To move marker to next VAR2 step

Select MARKER SKIP secondary softkey. Marker moves to next VAR2 step data or
next append data every time you select MARKER SKIP secondary softkey.

To move marker to next append data

Select NEXT APPEND secondary softkey. Marker moves to next append data every
time you select NEXT APPEND secondary softkey.

Example

The following figure shows an example to display marker.
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To Change Variables of LIST screen

1. Select RE-SETUP primary softkey.

2. Move pointer to desired column variabie or data variable field by using arrow
keys, then select secondary sofikey of desired variable,

3. Select EXIT primary softkey to exit RE-SETUP LIST mode.

To exit without changing LIST variables
Select CANCEL primary softkey.

Example

The following figure shows an example to change the LIST variables.
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Automatic Analysis

You set up automatic analysis before the measurement by using the DISPLAY:
ANALYSIS SETUP screen. Then, after measurement is performed, the marker and
lines are automatically positioned according to automatic analysis setup.

This section covers the following automatic analysis tasks;

»  “To DPraw Line by Specifving Two Points” on page 5-28

. “To Draw Line by Specifying Gradient and One Point™ on page 5-30
«  *“To Draw Tangent to Specified Measurement Point” on page 5-32

= “To Draw Regression Line by Specifying Two Points” on page 5-34
»  “To Display Marker at Specified Point” on page 35-37
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To Draw Line by Specifying Two Points

1.
2.

Press Display front-panel key.

Confirm that ON is set on the LINE secondary sofikey on the GRAPH/LIST.
GRAPHICS screen.

Select ANLYSIS SETUP primary softkey. The DISPLAY: ANALYSIS SETUP
screen is displayed.

In field (1), select NORMAL secondary softkey.
In field (2), select secondary softkey to specify desired axis.
In field (3), select:

+  BY X-Y COORDINATE secondary softkey to specify a point by X-Y
coordinate mode. (Go to step 6.)

= BY DATA CONDITION secondary softkey to specify a point by data
condition mode. (Go to step 7.)

If you selected BY X-Y COORDINATE secondary softkey:

a. Inthe X field, enter desired expression to specify X coordinate.
b. Inthe Y field, enter desired expression to specify Y coordinate.
¢. Gotostep 8.

If you selected BY DATA CONDITION secondary softkey:

a. In field (4), select secondary softkey to set desired data variable name.
b. In field (5), enter desired expression.
c. In field (6), select:

+  AFTER secondary softkey if you want to set a search start condition for
finding specified point.

«  DISABLE secondary softkey to disable (clear) the AFTER settings.

d. Hyou selected AFTER, select secondary softkey to enter desired data
variable in field (7).

e. Ifyou selected AFTER, enter desired expression in field (8).
Specify the other point by step 5, then step 6 or 7.
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Data condition mode specifies a point related to the measurement curve. Sa, if no
measurement data satisfy the specified condition, the nearest measurement point is
used.

For the meaning of expression that you can enter in step 6 or 7, see “Expression” in
Chapter 7.

To specify a point between two measurement points
Set Interpolate field to ON,

To disable (clear) the settings

Move the pointer to field (1}, then select DISABLE secondary softkey. Setup fields
disappear.

Example

The following figure shows an example setup to automatically draw a line through
two specified points. One point is specified by X-Y coordinate mode and other point
is specified by data condition mode.
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Analyzing Measurement Resuits
Auformatic Analysis

To Draw Line by Specifying Gradient and One Point

I. Press Display front-panel key.

2. Confirm that CN is set on the LINE secondary softkey on the GRAPH/LIST:
GRAPHICS screen.

3. Select ANLYSIS SETUP primary softkey. The DISPLAY: ANALYSIS SETUP
screen is displayed.

4. In field (1}, select GRAD secondary softkey.
3. In field (2), select secondary softkey to specify desired axis.
6. In field (3), select:

+« BY X.Y COCRDINATE secondary softkey to specify a point by X-Y
coordinate mode. (Go to step 6.)

*  BY DATA CONDITION secondary softkey to specify a point by data
condition mode. (Go to step 7.)

7. Ifyou selected BY X-Y COORDINATE secondary softkey:
a. Inthe X field, enter desired expression to specify X coordinate.
b. Inthe Y field, enter desired expression to specify Y coordinate.
¢. Gotostep 8.

8. Ifyou selected BY DATA CONDITION secondary softkey:

a. Infield (4), select secondary softkey to set desired data variable name.
b. In field (3), enter desired expression.
c. Infield (), select:

»  AFTER secondary softkey if you want fo set a search start condition for
finding specified point.

» DISABLE secondary softkeyv to disable (clear) the AFTER settings.

d. Ifyou selected AFTER, select secondary softkey to enter desired data
variable in field (7).

e. Ifyou selected AFTER, enter desired expression in field (8),
9. In the Gradient field, enter gradient expression.
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Analyzing Measurement Resuits
Automatic Analysis

Data condition mode specifies a point related to the measurement curve. So, if no
measurement data satisfy the specified condition, the nearest measurement point is
used.

For the meaning of expression that you can enter in step 6 or 7, see “Expression” in
Chapter 7.

To specify a point between two measurement points

Set Interpolate field to ON.

To disable {clear) the settings

Move the pointer to field (1), then select DISABLE secondary softkey. Setup fields
disappear.

Example

The following figure shows an example setup to automatically draw a line through
the specified point with the specified gradient.
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Analyzing Measurement Results
Automatic Analysis

To Draw Tangent to Specified Measurement Point

1. Press Display front-panel key.

2. Confirm that ON is set on the LINE secondary softkey on the GRAPH/LIST:
GRAPHICS screen.

3. Select ANLYSIS SETUP primary softkey. The DISPLAY: ANALY SIS SETUP
screen is displayed.

In field (1), select TANGENT secondary sofikey.

In field (2), select secondary softkey to specify desired axis.

in field (3), select secondary softkey to select desired data variable name.
In field (4), enter desired expression.

In field (3), select:

® o= R

+  AFTER secondary softkey if you want to set a search start condition for
finding specified point.

»  DISABLE secondary softkey to disable (clear) the AFTER settings.

9. Ifyouselected AFTER, select secondary softkey to enter desired data variable in
field (6).

10. ¥f vou selecied AFTER, enter desired expression in field (7).

Data condition mode specifies a point related to the measurement curve. So, if no
measurement data satisfy the specified condition, the nearest measurement point is
nsed.

For the meaning of expression that you can enter in step 6 and 9, see “Expression”
in Chapter 7.

To specify a point between two measurement points

Set Interpolate field to ON.

To disable (clear) the settings

Move the pointer to field (1), then select DISABLE secondary softkey. Setup fields
disappear.
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Example

Analyzing Measurement Resulis
Automatic Analysis

The following figure shows an example setup to antomatically draw a tangent line to

a specified measurement point.
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Anailyzing Measurement Results
Automatic Analysis

'To Draw Regression Line by Specifying Two Points

1.
2.

Press Display front-panel key.

Confirm that ON is set on the LINE secondary softkey on the GRAPH/LIST:
GRAPHICS screen,

Select ANLY SIS SETUP primary softkey. The DISPLAY: ANALY SIS SETUP
screen is displayed.

In field (1), select REGRESSION secondary softkey.

5. In field (2), select secondary softkey to specify desired axis,

In field (3}, select:

«  BY X-Y COORDINATE secondary softkey to specify a point by X-Y
coordinate mode. (Go to step 6.)

*+  BY DATA CONDITION secondary softkey to specify a point by data
condition mode. (Go to step 7.)

If you selected BY X-Y COORDINATE secondary softkey:

a. Inthe X field, enter desired expression to specify X coordinate.
b. Inthe Y field, enter desired expression to specify Y coordinate.
¢. Gotostep 8.
If you selected BY DATA CONDITION secondary sofikey:
In field (4), select secondary softkey to set desired data variable name.
b. In field (5), enter desired expression.
¢. In field (6), select:

= AFTER secondary softkey if you want to set a search start condition for
finding specified point.

* DISABLE secondary softkey to disable (clear) the AFTER settings.

d. If you selected AFTER, select secondary softkey to enter desired data
variable in field (7).

e. Ifyouselected AFTER, enter desired expression in field (8).
Specify the other point by step 5, then step 6 or 7.
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Analyzing Measurement Resulis
Automatic Analysis

Regression calculation is performed in the range defined by the two specified points
as shown in the following figure.

soentas Twoe paints

i

00y

Xstes) Vool 1 D0k S
UETORLLE

Data condition mode specifies a point refated to the measurement curve. So, if no
measurement data satisfy the specified condition, the nearest measurement point is
used.

For the meaning of expression that you can enter in step 6 and 7, see “Expression”
in Chapter 7.

To specify a point between two measurement points

Set Interpolate field to ON.

To disable (clear) the settings

Move the pointer to field (1), then select DISABLE secondary softkey. Setup fields
disappear.
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Analyzing Measurement Results
Automatic Analysis

Example

The following figure shows an example setup to antomatically draw a regression
line. The range for the regression caiculation is specified by two points. One point is
specified by X-Y coordinate mode and other point is specified by data condition
mode.
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Analyzing Measurement Results
Automatic Analysis

To Display Marker at Specified Point

L2

7.

Press Display front-panel key.

Select ANLY SIS SETUP primary softkey. The DISPLAY: ANALYSIS SETUP
screen is displayed.

Move pointer to field (1), then select secondary softkey to set desired data
variable name.

In field {2), enter desired expression.

In field (3), select:

+ AFTER secondary softkey if you want o set a search start condition for
finding specified point.

»  DISABLE secondary softkey to disable (clear) the AFTER settings.

If you selected AFTER in field (4), select secondary softkey to set desired data
variable.

If you selected AFTER in field (5), enter desired expression.

The marker can be displayed on the measurement curve only. So, if no measurement
data satisfy the specified condition, the nearest measurement point is used.

For the meaning of expression that you can enter in step 4 and 7, see “Expression”
in Chapter 7.

To specify a point between two measurement points

Set Interpolate field to O,
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Analyzing Measurement Results
Automatic Analysis

Example

The following figure shows an example setup to automatically display marker at
specified point.
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Page Crganization

This chapter is a reference for operating Agilent 4155B/4156B by using the
front-panel controls. The 4155B/4156B is operated by setup pages and results page
displayed on the screen. The following sections explain these page sttucture,

»  “Screen Structure”
s  “CHANNELS Screen Group”
+  “MEASURE Screen Group”

+  “DISPLAY Screen Group”

+  “GRAPH/LIST Screen Group”
s “STRESS Screen Group”

+  “Screen Operation”

+  “Status Indicators”
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Page Organization
Screen Structure

E ]
Screen Structure
The 4155B/4156B has seven screen groups that have a total 22 pages as shown in
Figure 6-1.

Figure 6-1 Screen Structure of 4155B/4156B
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Page Organization
Screan Structure

CHANNELS screen group

MEASURE screen group
DISPLAY screen group
GRAPH/LIST screen group
STRESS screen group
SYSTEM screen group

KNOB SWEEP screen group

Defines the measurement modes, measurement
channels, and user functions.

Sets the measurement parameters.
Sets up the display of measurement results.
Displays the measurement results.
Sets and monitors the stress force.

Controls mass storage, sets system parameters
for the 4 155B/41568B, sets the print/plot
parameters, and so on.

Displays the measurement results when the knob
sweep function is used.

You can use the front-panel keys in the PAGE CONTROL key group to display the
desired screen. The PAGE CONTROL key group has the following keys:

Chan Displays the CHANNELS screen group.
Meas Displays the MEASURE screen group.
Disp Displays the DISPLAY screen group.
Graph/List Displays the GRAPH/LIST screen group.
Stress Displays the STRESS screen group.
System Displays the SYSTEM screen group.

For details about the System screen Group, refer to "System Page Organization” in

User's Guide General Information.

To display the KNOB SWEEP screen, press:

1. the front-panel green key
2. Single key

For details about the KNOB SWEEP screen, see “KNOB SWEEP page™ in Chapter

3.
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Page Organization
CHANNELS Screen Group

CHANNELS Screen Group

CHANNELS screen group has the following screens:

Channel Definition: For defining the measurement mode and measurement
channels of the 4155B/41568.

User Function Definition:  For defining the user functions.

User Variable Definition:  For defining the user variables.

To move to the CHANNELS screen group, do one of the following:

*  Press Chan front-panel key in the PAGE CONTROL key group.

= Select PREV PAGE primary softkey in the MEASURE: SWEEP SETUP or
MEASURE: SAMPLING SETUP screen.

Then, the following primary softkeys appear:

CHANNETL USER USER PREV NEXT
PEF FCTN VAR PAGE PAGE

»  Select CHANNEL DEF softkey to move to CHANNELS: CHANNEL
DEFINITION screen.

= Select USER FCTN softkey to move to CHANNELS: USER FUNCTION
DEFINITION screen.

= Select USER VAR softkey to move to CHANNELS: USER VARIABLE
DEFINITION screen.
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Page Organization
CHANNELS Screen Group

CHANNELS: CHANNEL DEFINITION screen
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On the "CHANNELS: CHANNEL DEFINITION" screen, vou define the
measurement mode and how to use each channel.

User Comment

In this field, you can enter a desired comment. The comment you enter here is also
displayed in the CHANNELS, MEASURE, DISPLAY, and GRAPH/LIST screen

groups.
MEASUREMENT MODE

MEASUREMENT MODE field sets measurement mode to sweep measurement
mode or sampling measurement mode. In this field, select:

= SWEEP secondary softkey to set sweep measurement.
«  SAMPLING secondary softkey to set sampling measurernent.

To change scttings (except for system screen group) to default initial settings, select
DEFAULT MEASURE SETUP secondary softkey.
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NOTE

Page Organization
CHANNELS Screen Group

Application setup data in internal memories

MEM secondary softkeys indicate that setup or measurement result data is in the
internal memory. When you turn on the 4155B/41 568 without a diskette or network
disk, the following secondary softkeys are displayed:

MEMIM

B-Tr VCE-IC measurement setup data for bipolar transistor Vee-Ic
characteristics.

MEM2 M

FET VDS-ID measurement setup data for FET (field effect transistor) Vds-1d
characteristics.

MEM3 M

FET VGS-ID measurement setup data for FET (field effect transistor} Vgs-Id
characteristics.

MEM4 M

DIODE VF-IF measurement setup data for diode V{-If characteristics.
M on the softkey means measurement setup data.

Select softkey to get the desired application measurement setup data. This
eliminates the time required to set the setup screens.

See "Initial Settings" in User's Guide General Information.
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NOTE

Page Organization
CHANNELS Screen Group

CHANNELS

UNIT.
This column lists all the units that are installed in the 4155B/4136B.

VNAME.

VNAME field assigns a variable name for voltage that will be forced or measured.
You can use this name as a reference on the other screens. If channel does neither V
force nor V measurement, you can omit VNAME.

In this field, you can do the following:

+ Enter a name by using the keyboard or front panel keys

*  Select DELETE ROW softkey to delete the VNAME, INAME, MODE, FCTN,
and STBY entries for the unit. Unit is disabled.

Restrictions:

+  VNAME must be 6 or less alphanumeric characters. First character must be
alphabet character,

»  Name must be different from other names.

Switching units

To switch the VNAME, INAME, MODE, FCTN, and STBY assignment for units,
do as follows:

1. Position pointer in top field of VNAME column. CHANNEL ASSIGN
secondary softkey appears.

2. Select CHANNEL ASSIGN softkey. Pointer moves to the top field of UNIT
column.

3. Use arrow keys in the MARKER/CURSOR key group to move pointer to
desired row.

4. Select the secondary softkey of the desired unit. The selected unit appears at the
pointer.

Perform steps 3 and 4 until you assign units as desired. Make sure that the same unit
is not assigned to multiple rows. Then, select the EXTT CHANNEL ASSIGN
softkey,
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Page Organization
CHANNELS Screen Group

INAME.

INAME field assigns a variable name for current that will be forced or measured.
You can use this name as a reference on the other screens. If channel does neither |
force nor I measurement, you can omit INAME.

In this field, you can do the following:

« Enter a name by using the keyboard or front panel keys

+  Select DELETE ROW softkey to delete the VNAME, INAME, MODE, FCTN,
and STBY entries for the unit. Unit is disabled.

Restrictions:

»  INAME must be 6 or less alphanumeric characters. First character must be
alphabet character.

« Name must be different from other names.

MODE.

You define an output mode for SMUs, VS8Us, PGUs, and GNDU, and measurement
mode for VMUs. When the pointer is focated in this column, allowable modes
appear in the secondary softkey area. You select a softkey to set a mode. The
following table shows allowable modes for each unit:

\% 1 VPULSE ' IPLLSE COMMON DVOLT
SMu Yes Yes Yes? Yes? Yes
VSU Yes
PGU Yes Yes
GNDU Yes
VMU Yes : Yes

a. Only for sweep measurements, ot for sampling.

To delete the VNAME, INAME, MODE, FCTN, and STBY entries for a unit, select
the DELETE ROW secondary softkey. Unit is disabied.

Restrictions:

»  Only one SMU can be set to VPULSE or IPULSE. That is, you cannot set
multiple SMUs to VPULSE or IPULSE, or cannot set one SMU to VPULSE and
another SMU to IPULSE.

= For sampling measurement, you cannot set VPULSE or IPULSE for SMUs. You
can set VPULSE for PGUs.

Agilent 4155B/4156B User’s Guide Vol.2, Edition 4 6-9




Page Organization
CHANNELS Screen Group

e If both PGUs are set to VPULSE, the STBY settings of both PGUs must be
same.
FCTN,

This field defines an output function for SMUs, VSUs, PGUs, and GNDU. When
the pointer is located in this column, allowable output functions appear in the
secondary softkey area. You select a softkey 1o set an output function.

+  SMU or VSU: you can set VAR, VARY', VARZ, or CONST.
»  PGU or GNDU: you can set CONST.

Restrictions:

« In FCTN colmmn, you cannot set multiple VAR], VARY', or VAR2. For
example, you cannor set VAR for 2 units,

»  IfVARL is set, you must set VAR also.
« If VARZ is set, you must set VAR also.

+  The output modes of VAR and VAR!' must be same. That is, the MODE setting
for both must be set to a voltage mode, or both must be set to a current mode.
For example, you can set VAR to V and VAR1' to VPULSE.

= You cannot set VARIL, VART', or VAR2 for sampling measurement. You can set
CONST only.

STBY.

STBY field specifies which channels output source values in the standby state.

« IfSTBY is set to ON, the unit forces a specified output value when in the
standby stafe.

= [fSTBY is blank, the unit outputs 0 V in the standby state (same as when in idle
state).

See “Types of Operation State” in Chapter 3 for more information on the standby
state.

Restrictions:

= Ifboth PGUs are set to VPULSE, the STBY setting of both PGUs must be the
same.

+  For STBY=0N channel, SERIES RESISTANCE setting must be 0 ohm.
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CHANNELS Screen Group

SERIES RESISTANCE.

in the SERIES RESISTANCE fields, you select the value that you want to set in
Agilent 16441 A R-Box. When the pointer is located in this field, allowable
resistance values are shown in the secondary softkey area. You select the desired
series resistance.

Normally, SMU1 and SMU2 have SERIES RESISTANCE fields. However, if the
SMU and Pulse Generator Expander is installed and if the expander has an HPSMU,
then SMU1 and SMUS have SERIES RESISTANCE fields.

If the 16441 A R-box is nor installed, you must set 0 Q in this field.
Restrictions:

*  To use Kelvin connection for HRSMU or HPSMU, you must select 0 (0
« For STBY channels, you can set 0 £ only.

»  For COMMON channels, you can set ( €2 only.
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CHANNELS Screen Group

CHANNELS: USER FUNCTION DEFINITION screen
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On this screen, vou define user functions. For details about user functions, refer to
“User Function” in Chapter 7.

User Comment

In this field, you can enter a desired comment, which is also displayed in the
CHANNELS, MEASURE, DISPLAY, and GRAPH/LIST screen groups.

NAME

NAME field defines the user function name. In this field, you can enter a name by
using the kevboard or front panel keys. Or you can select variables that are shown
on the secondary softkeys.

To deiete a user function, you can select DELETE ROW softkey to delete the
NAME, UNIT, and DEFINITION entries.

After defining a user function, you can use this variable name for reference on other
screens.

Restrictions

+  NAME must be 6 or less alphanumeric characters. First character must be
alphabet character.

«  NAME must be different from other names, The alphabet characters are case
sensitive. For example, HFE is different from Hfe.
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CHANNELS Screen Group

UNIT (optional)

UNIT defines the unit of the user function. This unit is used on the graph and list
result screens.

Restriction; UNIT must be 6 or less alphanumeric characters.

To delete a user function, you can select DELETE ROW softkey to delete the
NAME, UNIT, and DEFINITION entries.

DEFINITION

You enter an expression that defines the user function. The expression can consist of
numerical operators, constants, variables, built-in functions, and other user-defined
functions.

By selecting secondary softkeys, you can enter VNAMESs or INAMESs that are set on
the CHANNELS: CHANNEL DEFINITION screen.

For syntax, see “Expression” in Chapter 7. For example, to define a user function for
mutual conductance gm of an FET, define gm on this screen as follows:

CHANNELS: USER FUNCTION DEFIMITION Q4JANGE GL:B0PM
ke
Vs
SLAME UNGTY E&F’INIYICN s
G DR A SO YE b o l
| E—
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is i
P
ping
MOBE
BIFF (1D/ve) L2
cHaNEL] [TBER. | [U8eR |} o BREV MEXT
BEF Eet s fvm | i pAGE ||PacE
GGEDOB0ZG, 100x70
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CHANNELS Screen Group

CHANNELS: USER VARIABLE DEFINITION screen

On this screen, you register user variables that were defined by GPIB. To use a user
variable, you must register it on this screen. For details about user variables, refer to
“User Variable” in Chapter 7.
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User Comment

In this field, vou can enter a desired comment, which is also displayed in the
CHANNELS, MEASURE, DISPLAY, and GRAPH/LIST screen groups.

NAME

NAME field defines the user variable name. You can enter a4 name by using the
keyboard or front-panel keys.

To delete a user variable, select DELETE ROW sofikey to delete the NAME, UNIT,
and SIZE eniries.

After defining a user variable, you can use this variable name for reference on other
SCTEEnS.

Restrictions

»  NAME must be 6 or less alphanumeric characters. First character must be
alphabet character.

«  NAME must be different from other names. The alphabet characters are case
sensitive. For example, HFE is different from Hfe.
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UNIT (optionai)

UNIT defines the unit of the user variable, This unit is used on the graph and list
result screens. You can enter the unit by using the keyboard or front-panel keys.

To delete a user variable, sefect DELETE ROW softkey to delete the NAME, UNIT,
and SIZE entries.

Restriction: UNIT must be 6 or less alphanumeric characters.

SIZE

SIZE field sets the number of data for the user variable. The number of data must be
10001 or less (total for all measurement data and user variables). You can enter the
size by using the keyboard or front-panel keys,

To delete a user variable, select DELETE ROW softkey to delete the NAME, UNIT,
and SIZE entries.
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MEASURE Screen Group

MEASURE screen group has the following screens:

Sweep Setup or

Sampling Setup:  For setting the parameters for sweep or sampling measurement,
which was defined in the CHANNELS: CHANNEL
DEFINITION screen.

PGU Setup: For setting the PGU parameters. This screen is available when
PGU is installed and the MODE and FCTN field of PGUs are
set on the CHANNELS: CHANNEL DEFINITION screen.

Measure Setup: For setting the measurement range, integration time, zero
cancel, and wait time.

Qutput Sequence:  For setting the output sequence and triggering.

To move into the MEASURE screen group, do one of the following:

«  Press Meas front-panel key in the PAGE CONTROL key group.

«  Select NEXT PAGE primary softkey in the CHANNELS: USER FUNCTION
DEFINITION screen.

»  Select PREV PAGE primary softkey in the DISPLAY: DISPLAY SETUP
screen.

Then, the following primary softkeys appear:

SWEEP PGU MEASURE OUTPUT PREV NEXT
SETTUPE akETUP SETUP SEQ PAGE PAGE

+  Select SWEEP SETUP softkey to move 10 MEASURE: SWEEP SETUP screen.

+  Select SAMPLNG SETUP softkey to move to MEASURE: SAMPLING
SETUP screen.

*  Select PGU SETUP softkey to move to MEASURE: PGU SETUP screen.

¢ Select MEASURE SETUP softkey to move to MEASURE: MEASURE SETUP
screen,

+  Select QUTPUT SEQ softkey to move to MEASURE: OUTPUT SEQUENCE
screen.
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MEASURE: SWEEP SETUP screen
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On this screen, you set output parameters for each unit.

User Comment

In this field, you can enter a desired comment, which is also displayed in the
CHANNELS, MEASURE, DISPLAY, and GRAPH/LIST screen groups.

VARI1 parameters

in this column, you set up output parameters for primary sweep unit, UNIT and
NAME are defined on CHANNELS: CHANNEL DEFINITION screen.

« SWEEP MODE

SWEEP MODE field sets single or double sweep mode. In this field, select:

« SINGLE secondary softkey to speciy the single sweep mode.

«  DOUBLE secondary softkey to specify the double sweep mode.
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«  LIN/LOG
LIN/LOG field sets linear or logarithmic sweep mode. In this field, select:

» LINEAR secondary softkey to set linear sweep mode.

«  LOGIO, LOG2Z5, or LOG30 secondary softkey to set logarithmic sweep
mode, The number specifies the sweep points per decade,

« START, STOP, and STEP

In the START, STOP, and STEP fields, you specify the start, stop, and step
values. The step value is used for the linear sweep mode only.

The following applies to logarithmic sweep mode only:

» STEP field has no meaning, so "-~~--~ * is shown in the STEP field.
»  Start and stop values must be the same polarity.

= If you specify O (zero) for the start or stop value, the minimum output value
for the unit is used.

*  You specify the number of steps per decade in the LIN/LOG field.
+ NO. OF STEP

For the linear sweep mode, the number of steps is calculated from the start, stop,
and step values, and appears in the NO. OF STEP field.

For the logarithmic sweep mode, the number of steps is calculated from the start,
stop, and LIN/LOG values, and appears in the NO. OF STEP field.

« COMPLIANCE

In the COMPLIANCE field, you set the compliance value. If a VSU is used for
the VAR unit, this field cannot be set; compliance vahie is fixed to 100 mA.

+ POWER COMP

in the POWER COMP field, you can set a power compliance value for SMUs.
To disable the power compliance function, select the OFF secondary softkey. If
an SMU is set to VPULSE or IPULSE mode and if the SMU is set to VARI, you
cannot set power compliance for the VAR SMU. '
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VAR2 parameters '

In this column, you set up the output parameters for the secondary sweep unit. UNIT
and NAME are defined on the CHANNELS: CHANNEL DEFINITION screen.

SWEEP MODE and LIN/LOG fieids are fixed to SINGLE and LINEAR.

« START, STEP, and NO. OF STEP

In the START, STEP, and NO OF STEP fields, you specify the start value, step
value, and number of steps. The stop value is calculated from these values, and
is shown in the STOP field.

*» COMPLIANCE

In COMPLIANCE field, you set compliance vahie, If a VSU is used for VAR2
unit, this field cannor be set: compliance value is fixed to approximately 100
mA,

+ POWER COMP

in POWER COMP field, you can set power compliance value for SMUs. To
disable power compliance function, select OFF secondary softkey.

VARI1' parameters

In this column, you set up the cutpt parameters for the synchronous sweep unit.
This VAR1' table is displayed only when VARY is set in the FCTN field on the
CHANNELS: CHANNEL DEFINITION screen.

UNIT and NAME are defined on CHANNELS: CHANNEL DEFINITION screen.

« OFFSET and RATIO

In the OFFSET and RATIO fields, you specify the offset and ratio values. The
offset and ratio values determine the VAR1' value as follows:

VARYT’® output = VAR output x ratio + offser
« COMPLIANCE

In COMPLIANCE field, you set compliance value. If a VSU is used for VAR
unit, this field cannor be set: compliance value is fixed to 100 mA.

= POWER COMP

In the POWER COMP field, you can set the power compliance value. To disable
the power compliance function, select OFF secondary softkey. If an SMU is set
to VPULSE or [PULSE mode and if the SMU is set to VARY', you cannor set
power compliance for the VAR SMU.
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TIMING

+ HOLD TIME

In the HOLD TIME field, you set the hold time. The output unit waits this time
after forcing the start value. Range: 0 to 655.35 5. Resolution: 10 ms.

+  DELAY TIME In DELAY TIME fieid, you set the delay time. The output unit
walts this thme after each step, then starts measurement. If an SMU is set up to
be a pulse source, DELAY TIME field is not displayed because each step is
synchronized with pulse output. Range: 0 to 65.535s. Resolution: 100 us.

SWEEP Status

+  Select CONT AT ANY secondary softkey (sweep will continue even if an
abnormal status occurs). Abnormal status means the following:

= SMU reaches its compliance setting,

= Current of VSU exceeds approximately £100 mA.
« SMU or VSU oscillates.

«  A/D converter overflow occurs.

+  Average current of PGU exceeds 100 mA.

»  Select STOP AT ANY ABNORM secondary softkey (sweep will stop if any
abnormai status occurs).

+  Select STOP AT COMPLIANCE secondary softkey (sweep will stop only if
SMU reaches its compliance setting).

STOP AT COMPLIANCE is automatically set when power compliance is set for
SMUs, or when 10k ohm, 100k ohm, or 1M chm is selected in the SERIES
RESISTANCE field. If power compliance is set for an SMU, the CONT AT ANY
secondary softkey is not displayed.
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SMU PULSE

These parameters set the SMU pulsed source (IPULSE or VPULSE). The SMU
pulsed source is defined on the CHANNELS: CHANNEL DEFINITION screen, so
the UNIT and NAME fields are already set.

In the PERIOD, WIDTH, and BASE fields, you specify the pulse period, pulse
width, and pulse base value. The pulse peak value is determined by the settings in
the VARI, VAR2, VAR, or CONSTANT field.

Be aware that if any of following are true, pulsed SMU channel may not output the
pulse period and pulse width you specified:

+  Measurement range differs from compliance range (lowest range that includes
compliance).

« Ranging mode is set to auto range or limited auto range.

»  Muiti-channel measurement is set.

CONSTANT

These parameters set the constant source units. UNIT, NAME, and MGDE are
defined on the CHANNELS: CHANNEL DEFINITION screen.

= SOURCE
In the SOURCE field, you specify the output value.

+ COMPLIANCE

In this field, you set compliance value. If VSU is used for constant output unit,
this field cannot be set: compliance value is fixed to 100 mA.

If you define more than four constant output units, the first four units appear in the
CONSTANT fields. To show other units, select NEXT UNIT secondary softkey. To
scroll the units, put field pointer in most right or left column, then press the right
arrow or left arrow MARKER/CURSOR front-panel key.
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MEASURE: SAMPLING SETUP screen
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On this screen, you set sampling parameters for each unit. For details, see
“Sampling Measurement Mode™ in Chapter 2.

User Comment

In this field, you can enter a desired commeni, which is also displayed in the
CHANNELS, MEASURE, DISPLAY, and GRAPH/LIST screen groups.

SAMPLING PARAMETER

+ MODE
MODE field sets the sampling mode. In this field, select:

+ LINEAR secondary softkey to specify the linear sampling mode.

= LOGI0, LOG23, or LOGS0 secondary softkey to specify the logarithmic
sampling mode. The number specifies how many samples to take per
decade.

«  Select THINNED-QUT softkey to specify the thinned-out sampling meode,
which discards less recent samples.
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« INITIAL INTERVAL

In the INITIAL INTERVAL field, you set the initial interval which is the
interval of measurement trigger. Not measurement interval. Measurement unit
executes measurement if it is ready to measure at the trigger. If the unit is busy
or in measurement, the unit waits for the next trigger.

= NO.OF SAMPLES

This field sets the number of samples. The number of samples must be 10001
or less (total for all units that make measurements plus size of all registered user
variables). The number of units that make measurements is determined by the
DISPLAY: DISPLAY SETUP screen.

+  TOTAL SAMP. TIME (for linear and thinned-out sampling mode)

TOTAL SAMP. TIME field sets the total sampling time. The total sampling
time must satisfy the following condition:

total sampling time = initial inferval x (number of samples -1)
In this field, enter a value or select:

+  NO LIMIT secondary softkey to continue the sampling until sampling
completion condition is satisfied. For linear sampling mode, initial interval
must be more than 480 us.

« (for linear sampling mode only) AUTO secondary softkey to set the total
sampling time to initial interval x (number of samples —1}.

+ HOLD TIME

HOLD TIME field sets the hold time. The unit waits this time after forcing the
specified constant value, then sampling starts.

Range: (for initial interval <2 ms) —30ms to 655.35s with 100 us resolution.

{for initial interval = 2 ms) 0 to 655.35s with 100 us resolution.

= FILTER This field specifies SMU filter to ON or OFF. If this field is set to ON,
overshoot is decreased, but settling time takes several ms. Be aware of this if
you set initial interval to a short time,
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STOP CONDITION

ENABLE/DISABLE

This field defines whether the stop conditions are enabled. Cannot ENABLE if
INITIAL INTERVAL < 2 ms. In this field, select:

«  ENABLE secondary softkey to enable the stop conditions.
+ DISABLE secondary softkey to disable the stop conditions,

ENABLE DELAY

This field sets the enable delay time. The stop condition is ignored for the
enable delay time after the sampling starts. The resolution of enable delay time
is the initial interval time.

NAME

NAME field sets the variable name or user function name that you want to
monitor for the stop conditions. Allowable variable names and user function
names are shown in the secondary softkey area.

THRESHOLD
In the THRESHOLD field, you set the threshold valae.

EVENT

In the EVENT field, you set the event type as follows:

Vai>Th event oceurs when NAME value is greater than THRESHOLD.
Val<Th event occurs when NAME value is less than THRESHOLD.

IVali>{Th| event occurs when absolute NAME value is greater than absolute
THRESHOLD value.

[Val|<|Th| event occurs when absolute NAME value is less than absolute
THRESHOLD value.

EVENT NO.

EVENT NO. specifies sampling to stop if event occurs EVENT NO. times.
EVENT NO. can be an integer from 1 to 200
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CONSTANT

This is for setting the output parameters of the constant source units. UNIT, NAME,
and MODE are defined on the CHANNELS: CHANNEL DEFINITION screen.

*  SOURCE
In the SOURCE field, you specify the output value.

» COMPLIANCE

In the COMPLIANCE field, you specify the compliance value. Ifa VSU is used
for the constant output unit, this field cannot be set: compliance value is fixed to
100 mA.

If you define more than four constant output units, first four units appear in
CONSTANT fields. To show other units, select NEXT UNIT secondary softkey. To
seroll units, put field pointer in most right or left column, then press the right arrow
or left arrow MARKER/CURSOR front-panel key.
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MEASURE: PGU SETUP screen
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On the "MEASURE: PGU SETUP" screen, you set output parameters for each
PGU. For more mformation about PGUs, see “Pulse Generator Unit (PGUY” in
Chapter 1.

User Comment

In this field, you can enter a desired comment. The comment vou enter here is also
displayed in the CHANNELS, MEASURE, DISPLAY, and GRAPH/LIST screen

groups.
PULSE
You set the pulse output parameters in the PULSE area.

UNIT and NAME are defined on the CHANNELS: CHANNEL DEFINITION
SCTeen.

PERIOD

PERIOD field specifies the pulse period of the PGU. Note that the pulse period
of PGUs is independent from that of the SMUs.

+  WIDTH

WIDTH field specifies the pulse width. The pulse width must be less than the
pulse period.
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+ DELAY TIME

DELAY TIME field specifies the delay time from the pulse period start time.
The delay time must be Iess than or equal to the pulse period.
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»  PEAK VALUE and BASE VALUE

PEAK VALUE and BASE VALUE fields specify the pulse peak and pulse base
values.

+  LEADING TIME and TRAILING TIME

LEADING TIME and TRAILING TIME fields specify the transition time of
leading and trailing edges, which is time for pulse to change from 10% to 90%
of pulse amplitude.

*  IMPEDANCE
IMPEDANCE field specifies the PGU output impedance. In this field, select:

«  LOW secondary softkey to set output impedance to about 0
* 30 ohm secondary softkey to set output impedance to 50 £
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»  PULSE COUNT

PULSE COUNT field specifies the number of pulses for the sampling
measurement {for sweep measurements, only FREE RUN is available).

« Enter a pulse count value {only for sampling measurements).

+  Seiect FREE RUN or enter 0 (zero) to set continuous pulse output. If either
PGUIL, PGU2, or both are set to standby ON on the CHANNELS:
CHANNEL DEFINITION screen, this field is automatically set to fiee run
mode.

CONSTANT
UNIT and NAME are defined on CHANNELS: CHANNEL DEFINITION screen.
In the SOURCE field, you specify the output value.
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MEASURE: MEASURE SETUP screen
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On the "MEASURE: MEASURE SETUP" screen, you set measurement range, zero

cancel, integration time, and wait time.

User Comment

in this field, vou can enter a desired comment.

The comment you enter here is also

displayed in the CHANNELS, MEASURE, DISPLAY, and GRAPH/LIST screen

groups.
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MEASUREMENT RANGE

You can set the measurement range for each unit.

UNIT

The UNIT field shows all the installed measurement units. Only measurement
units are shown, so VSU, PGU, and GNDU are not shown.

NAME

The NAME field shows ail names for the measurement units, which you defined
on the CHANNELS: CHANNEL DEFINITION screen. For example, when the
SMUT is set to V mode, current value is measured. So the current name
{(INAME) is shown in the NAME field.

RANGE
The left field of RANGE specifies the ranging mode. In this field, select:

= AUTO secondary softkey to sef auto~-ranging mode.
+  FIXED secondary softkey to set fixed-ranging mode.
+  LIMITED AUTO secondary softkey to set limited auto-ranging mode.

The right field of RANGE specifies the range value. For auto-ranging mode,
R " appears. For the fixed-ranging and limited auto-ranging modes,
allowable range values are shown in the secondary softkey area. You select a
softkey to set the range value.

For details, see “Measurement Range Mode” in Chapter 3.

ZERO CANCEL

ZERO CANCEL field specifies zero offset cancel mode. Select ZERO
CANCEL ON/OFF to toggle the zero offset cancel mode between on and off.

If the zero offset cancel mode is set to OFF, then OFF appears in all the ZERO
CANCEL fields, If zero offset cancel mode is set to ON, then ON or OFF appear
automatically in each field depending on the measurement range,

For details, see “Zero Offset Cancel” in Chapter 3.
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INTEG TIME

INTEG TIME area shows integration time and corresponding number of power line
cycles (NPLC) for short, mediwm, and long modes. You can change integration time
for short and long modes, but not for medium mode.

The selected integration time is indicated by @, and is used for all measurement
units, You select the integration time by using the Short, Medium, or Long front
panel keys from any screen,

*  SHORT

The TIME field for SHORT shows the integration time of the short mode. You
can change this integration time, NPLC value is calculated from the integration
time and power line frequency.

« MED

The TIME field for MED shows the integration time of the medium mode,
which is calculated from the power lne frequency and NPLC value. NPLC
value is always 1. You cannot change it.

« LONG

The TIME field for LONG shows the integration time of the long mode, which
is calculated from the NPLC and power line frequency. You can change the
NPLC value.

For details, see “Integration Time” in Chapter 3.

WAIT TIME

For each unit, the 4155B/4156B automatically uses a wait time that depends on the
range vahue, This is the default wait time. In the WAIT TIME field, the value you
specify is multiplied times the defanlt wait time. Allowed values are 0.0 to 10.0 with
0.1 step.

The wait time is the time that a unit waits afier forcing a value. During the wait time,
the unit cannot start the measurement.

The default wait time is recommended. It is not easy to determine the best wait time.
If vou specify a wait time that is too short, the measurement may start before the
output is stable. If too long, time will be wasted.
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MEASURE: OUTPUT SEQUENCE screen
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On this screen, you set the output sequence and triggering parameters for
medsurement state.

The output sequence set on this screen is also used when the state changes from idle
state to stress force state.

For trigger setup for stress force state, see “Stress Output Channels” in Chapter 3.

User Comment

In this field, you can enter a desired comment, which is also displayed in the
CHANNELS, MEASURE, DISPLAY, and GRAPH/LIST screen groups.

OUTPUT SEQUENCE

in the UNIT column, allowable units are shown in output sequence order. Only
output units are shown, so VMU and GNDU are not shown. In the NAME and
MODE fields, the output names and mode that you set up on the CHANNELS:
CHANNEL DEFINITION screen are shown.

To change the output order of the units, enter unit names in desired order by
selecting secondary softkeys.

For details about default sequence, see “Sequential Mode” in Chapter 3,
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OUTPUT SEQUENCE MODE OF SAMPLING

For a sampling measurement, you can set the output sequence to sequential mode
or simultaneous mode. This field is displayed only when sampling mode is selected
on the CHANNELS: CHANNEL DEFINITION screen. If you select sequential
mode, QUTPUT SEQUENCE table determines the output order. If you select
simultaneous mode, all the units force at the same time.

TRIGGER SETUP

-

ENABLE/DISABLE

ENABLE/DISABLE field defines whether the triggering function is used or not.
In this field, select:

»  ENABLE secondary softkey to enable the triggering function.
« DISABLE secondary softkey to disable the triggering function.

FUNCTION
FUNCTION field sets the triggering mode.

«  Select TRIG OUT secondary sofikey to enable the following functions:

+ For a normal (non-puise) sweep measurement, the 4155B/4156B outputs
an edge-trigger signal when a measurement starts for each step.

» For a pulsed sweep measurement, the 4155B/4156B outputs an
edge-trigger signal synchronized with the pulse leading edge.

+  Select TRIG IN to enable the following function:

+ Sweep measurement or sampling measurement starts when the
4155B/4156B receives a trigger signal from an external instrument.

STEP DELAY

STEP DELAY field is displayed when vou set staircase sweep measurement.
The step delay time is the time from when the trigger is output to when the next
step occurs. For details about setup delay time, refer to “Triggering an External
Instrument” in Chapter 3. When you set TRIG IN inthe FUNCTION field, this
field has no meaning , 50 "~ - " is displayed.
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= TRIG OUT DELAY

TRIG OUT DELAY field is displayed when you set pulse sweep measurement.
The trigger output defay time specifies how much to delay the trigger after the
leading edge. For details about trigger output delay time, refer to “Triggering an
External Instrument” in Chapter 3. When you set TRLG IN in the FUNCTION
field, this field has no meaning, so "-——~~ " is displayed.

= POLARITY

In the POLARITY field, select secondary softkeys to select trigger polarity as
follows: POSITIVE or NEGATIVE.
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"DISPLAY Screen Group

DISPLAY screen group has the following screens:

Display Setup: For setting the graphics/list display mode, the parameters for
graphics/list screen, and measurement channels.

Analysis Setup: For defining where to antomatically display lines and marker
after a measurement.

To move into the DISPLAY screen group, do one of the following:

= Press Display front-panel key in the PAGE CONTROL key group.

»  Select NEXT PAGE primary softkey in the MEASURE: OQUTPUT SEQUENCE
screen.

Then, the following primary softkeys appear:

DISPLAY ANALYSIS PREV NEXT
SETUP SETUPR PAGE EAGE

+ Select DISPLAY SETUP softkey to move to the DISPLAY: DISPLAY SETUP
screen.

»  Select ANLYSIS SETUP softkey to move to DISPLAY: ANALYSIS SETUP
screen.
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NOTE Execution Timing of the Automatic Analysis Function
‘You set up automatic analysis on the DISPLAY : ANALYSIS SETUP screen.

Automatic analysis function is executed:

_ = after a measurement is executed by Single or Append front-panel key.
»  when the Stop front-panel key is pressed to stop the measurement.
» after each measurement execution (before the next measurement execution).

» when you select the AUTO ANALY SIS secondary softkey afier selecting the
MARKER/CURSOR primary softkey on the GRAPH/LIST: GRAPH or
GRAPH/LIST: LIST screen.

+ when you return to the GRAPH/LIST: GRAPH or GRAPH/LIST: LIST screen
after changing the condition of the antomatic analysis function on the DISPFLAY:
ANALYSIS SETUP screen.

If you define both the automatic marker positioning and automatic line drawing
functions, the functions are executed in the following order:

1. Automatic line drawing for LINE1.
2. Automatic line drawing for LINEZ.

3. Automatic marker positioning.
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DISPLAY: DISPLAY SETUP screen for graphic results
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On the "DISPLAY: DISPLAY SETUP" screen for graphics results, you set axes,
grid, and data variable names for the "GRAPHICS" screen. The channels that
actually perform measurements are determined by the axis names and data variables
that you set on this screen.

User Comment

In this field, you can enter a desired comment. The comment you enter here is also
displayed in the CHANNELS, MEASURE, DISPLAY, and GRAPH/LISF screen

groups.
DISPLAY MODE

In the DISPLAY MODE field, you specify the display mode. If present display
mode is list mode, then select the GRAPHICS secondary softkey to change to
graphics mode.

GRAPHICS

In the GRAPHICS area, you set up the X, Y1, and Y2 axes. You must set up the X
and Y1 axes. Y2 axis is optional.
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= NAME

NAME fields specify the variable names that you want to assign to the axes,
which will be plotted on the GRAPHICS screen. In this field, you can select the
desired variable names in the secondary softkey area.

The entries in these fields and the data variable fields determine which channels
will actually make measurements,

= SCALE

The SCALE fields specify linear or logarithmic scale for the axis by selecting
LINEAR or LOG secondary softkey.

«  MIN and MAX

MIN and MAX fields specify the minimum and maximum values for the axis.
The minimum and maximum values are automatically set according to the
NAME and SCALE settings. You can modify these values if desired.

GRID

In the GRID field, you can specify whether to display the grid on the plotting area
by selecting ON or OFF secondary softkey.

LINE PARAMETER

In the LINE PARAMETER field, vou can specify whether to display X and Y
intercepts and gradients of lines on the plotting area by selecting ON or OFF
secondary softkey.

OF'F' The line parameters are not displayed,
ON The line parameters are displayed when lines are displayed on the graph.
DATA VARIABLES

In the DATA VARIABLES fields, you can enter two variable names. The numerical
values of these variables will be shown on the GRAPHICS screen according to the
marker position. In this field, you can select the desired variable names in the
secondary softkey area.

Even if the setup data variabies are defined using variables that are not set in the
NAME field of the GRAPHICS table, the variables are automatically measured after
pressing a measurement front-panel key,
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DISPLAY: DISPLAY SETUP screen for list results
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On the "DISPLAY: DISPLAY SETUP" screen for list results, you enter variable
names for which you want results to be displayed numerically. The measurement
channels are determined by the variable names that you set on this screen.

User Comment

In this field, you can enter a desired comment, which is also displayed in the
CHANNELS, MEASURE, DISPLAY, and GRAPH/LIST screen groups.
DISPLAY MODE

This field\speciﬁes display mode. If present mode is graphics mode, select LIST
softkey to change to list mode. LIST table is displayed.

LIST

NAME fields of LIST area specify variables that you want to display on LIST
screen. You can enter the desired variable names. Entries in this area and data
variable area determine which channels will actually make measurements. You can
enter up to eight variable names. When the pointer is located in NAME field, you
can select desired variable names in secondary softkey area.
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DATA VARIABLES

DATA VARIABLES fields specify the variable names that you want to display on
the GRAPH/LIST: LIST screen. The numerical values of these variables will be
shown on the LIST screen according to the marker position. In this fiekd, you can
select the desired variable names in the secondary softkey ares.

Even if the setup data variables are defined using variables that are not set in the
NAME field of the LIST table, the variables are automatically measured after
pressing a measurement front-panel key.
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DISPLAY: ANALYSIS SETUP screen
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On the "DISPLAY: ANALYSIS SETUP” screen, you set up the automatic analysis
function. When a measurement finishes, the function automatically draws lines, a
marker, or both as specified on this screen.

You can set up two lines and one marker for the automatic analysis function. In the
LINE] and LINE2 fields, you can set up the lines to be drawn. In the MARKER
field, you set up the marker.

For the automatic analysis function and the manual analysis function, four line
modes can be used:

« Normal mode: drawing a line between any fwo points.
= Grad mode: drawing a line through any point with a specified gradient.
«  Tangent mode: drawing a tangent to a measurement point,

« Regression mode: drawing a regression line for the area specified by any swo
points.

The following explains how to set up the lines and marker. For details about line
modes, refer to “Line Drawing” in Chapter 7.

User Comment

In this field, you can enter a desired comment. This comment is also displayed in the
CHANNELS, MEASURE, DISPLAY, and GRAPH/LIST screen groups.
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Normal mode line

In the first bracketed field after LINEL or LINE2, you select the line mode. Select
the NORMAL secondary softkey to set the normal line mode. The pointer moves to
the second bracketed field as shown:

LINEl: [NORMAL ] LINE ON [Y1] between a pcint [AT ]

in the second bracketed field, you specify which measurement curve you want to
analyze by selecting the related axis: Y1 or Y2 secondary softkey.

In the third bracketed field, you specify how to select a point:

»  Select BY X-Y COORDINATE. "AT" is displayed. Then, vou enter the desired
X-Y coordinate values or expressions in the ¥: and ¥: fields.

«  Select BY DATA CONDITION. "WHERE" is displayved. Then, you enter a
variable name and condition expression to specify a measurement point.

LINEL: [NORMAL i LINE ON {Y1] between a point [AT ]
X: [0 ]
¥ {0 ]

and a point [WHERE]
[DGM ) = [MAX(DGM)*0.01 1
[ ]

In addition, you can specify another condition if you position the pointer in the last
bracketed field shown above, Select the AFTER secondary softkey. AFTER is
displayed, and you can enter a second variable and condition expression. This sets
up a search start condition for finding specified point. (This setup is optional.)

For example, you can specify the following expressions to search for 2 measurement
point that satisfies the first condition after the second condition is satisfied.

LINELl: [NORMAL ] LINE ON {Y1l] between a pecint [AT ]
X: [0 ]
7010 ]
and a point [WHERE)
[DGM } = [MAX(DGM)*(.01 i
[AFTER] [(DGM ] = [MAX{DGM} ]

On GRAPH/LIST: GRAPHICS screen, LINE secondary softkey must be ON,
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Gradient mede line

In the first bracketed field after LINE1 or LINE2, you select the line mode. Select
the GRAD secondary softkey to set the gradient line mode. The pointer moves to the
second bracketed field as shown:

LINE1: [GRAD ] LINE ON {¥1l] between a point [ ]

Gradient: [ 1

In the second bracketed field, you specify which measurement curve you want to
analyze by selecting the related axis: Y1 or Y2 secondary softkey.

In the third bracketed field, you specify how to select a point:

+  Select BY X-Y COORDINATE. "AT" is displayed. Then, you enter the desired
X-Y coordinate values or expressions in the X: and Y : fields.

« Select BY DATA CONDITION. "WHERE" is displayed. Then, you enter a
variable name and condition expression to specify a measurement point.

LINELl: [GRAD ] LINE ON [Y¥1] bhetween a point [WHERE]
[DGM ] = [MAX({DGM)*0.01 i
[ 1

Gradient: | ]

in addition, you can specify another condition if you position the pointer in the
bracketed field above Gradient. Select the AFTER secondary softkey. AFTER is
displayed, and you can enter a second variable and condition expression. This sets
up a search start condition for finding specified point. (This setup is optional.)

For example, you can specify the following expressions to search for a measurement
point that satisfies the first condition after the second condition is satisfied.

LINE1l: [GRAD ] LINE ON [¥Y1l! between a point [WHERE]
[DGM ] = [MBX{DGM}*0.01 ]
[AFTER} iDGM 1 = [MBX {DEM) ]

Gradient: | ]

In a field after Gradient :, you enter a gradient value or expression.

On GRAPH/LIST: GRAPHICS screen, LINE secondary softkey must be ON,
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Tangent mode line

In the first bracketed field after LINEZ or LINEZ, vou select the line mode. Select
the TANGENT secondary softkey to set the tangent line mode. The pointer moves to
the second bracketed field as shown:

LINEL: [TANGENT 1 LINE ON [Y¥l] between a point whers
[ P ]
[ 1 T =1 ]
in the second bracketed field, you specify which measurement curve you want to
analyze by selecting the related axis: Y1 or Y2 secondary softkey.

Enter a variable name and condition expression to specify the measurement point
for which you want to draw a tangent line.

LINEL: [TANGENT } LINE ON [Y1l] between a point where
[DEM T o= [MAX{DGM)*0.(01 1
[ Pl 1 = i

In addition, you can specify another condition if you position the pointer in the last
bracketed field shown above. Select the AFTER secondary softkey. AFTER is
displayed, and you can enter a second variable and condition expression. This sets
up a search start condition for finding specified point. (This setup is optional.)

For example, you can specify the following expressions to search for a measurement
point that satisfies the first condition after the second condition is satisfied.

LINEl: [TANGENT ] LINE ON [Y1] between a point where
[DGM ] = IMAX(DGM}*0 .01 ]
TA¥TER] [DGM ] = [MAX({DGM) 1

On GRAPH/LIST: GRAPHICS screen, LINE secondary softkey must be ON.
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Regression mode line

In the first bracketed field after LINE1 or LINEZ, you select the line mode. Select
the REGRESSION secondary softkey to set the regression line mode. For details
about regression calculation range, see “Line Drawing” in Chapter 7.

The pointer moves to second bracketed field as shown:

LINEl: [REGRESSION] LINE ON [Y1] between a polnt [AT ]
X: | i

Yoo H
and & point [AT ]

X: o[ ]
¥ o[ i

In the second bracketed field, vou specify which measurement curve you want {o
analyze by selecting the related axis: Y1 or Y2 secondary softkey.

In the third bracketed field, you specify how to select a point:

+  Select BY X-Y COORDINATE. "AT" is displayed. Then, you enter the desired
X.¥ coordinate values or expressions in the ¥: and Y: fields.

»  Select BY DATA CONDITION, "WHERE" is displaved. Then, you enter a
variable name and condition expression 1o specify 2 measurement point.

LINELl: [REGRESSION] LINE ON [Y1] between a point [AT 1
X: [0

f—

Y {O }
and a point [WHERE]
[DGM ] = [MAX{DGM) *0.0L1 1

{ ]
In addition, you can specify another condition if you position the pointer in the last
bracketed field shown above. Select the AFTER secondary softkey. AFTER is

displayed, and you can enter a second variable and condition expression. This sets
up a search start condition for finding specified point. (This setup is optional.)

For example, you can specify the following expressions to search for a measurement
point that satisfies the first condition after the second condition is satisfied.

LINEl: [REGRESSION] LINE ON [Y1l] between a point [AT ]
X: [0 i

Y: [0 i
and a peint [WHERE]
[DGEM ] o= [MAX(DGM) *0.01 ]

[AFTER] [DGM b = [MAX (DGM) ]
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On GRAPH/LIST: GRAPHICS screen, LINE secondary softkey must be ON.

Marker

In the next line after MARKER: At a point where, you enter a variable name
and a condition expression to specify where yon want the marker to appear as shown
in the following example:

MARKER: At a point where
galesi 1 = [MAX (DGM) *0, 0%
f ]
In addition, you can specify another condition if you position the pointer in the last
bracketed field shown above. Select the AFTER secondary softkey. AFTER is
displayed, and you can enter a second variable and condition expression. This sets
up a search start condition for finding specified point. (This setup is optional.)

—i

For example, you can specify the following expressions to search for a measurement
point that satisfies the first condition after the second condition is satisfied.

MARKER: At a point where
[ DGM 1 o= [MAX{DEM)*0.01 1
TAFTER] [DGM i = [MAX (DGM) i

Disabling entries

In the field after LINE1, LINE2, or MARKER, you can select the DISABLE
secondary softkey to clear the entries, which disables the item for the automatic
analysis function,

Interpolation mode

You can also use the interpolation mode for the automatic analysis function by
selecting the ON secondary softkey in the Interpclate field When
interpolation mode is on, you can position marker between measurement points.
Select OFF to turn interpolation mode to off,
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GRAPH/LIST Screen Group

GRAPH/LIST screen group has the following screens:

Graphic Results:  For displaying the measurement results graphically. You can
use lines or a marker on the graphics screen to analyze the
measurement results graphicaily.

List Results: For listing the measurement results.

To move into the GRAPH/LIST screen group, do one of the following:

+  Press Graph/List front-pane!l key int the PAGE CONTROL key group (if present
screen is not GRAPHICS or LIST screen).

+  Press Single, Repeat, or Append front-panel key {if present screen is not
GRAPHICS or LIST screen). Measurement is performed.

If the present screen is the GRAPHICS or LIST screen, you can toggle between
these screens by pressing the Graph/List front-panel key.

On the GRAPHICS result screen

In the primary softkey area of the GRAPHICS screen, the following softkeys are
available for performing the manual analysis functions:

For sweep measurements:
EXIS MARKER/ LINE SCALiNG DISPLAY EWEEP TIWING ~ COWST
¥2 CURSOR SETUR SETUP SETUP SETUP

For sampling measurements:

AXIS MARKER/ LINE SCALING DISPLAY SAMPLING STOP CONET
Y2 CURSOR SETUR SETUP CONp SETUP

On the LIST result screen

In the primary softkey area of the LIST screen, the following softkeys are available
for performing the manual analysis functions:

For sweep measurements:

AXIS MARKER SPREAD RE- SWEEP TIMING CONST
¥2 SHEET SETUER SETUE SETUP SETUR

For sampling measurements:

AXIS MARRER SPREAD R SAMPLING STOP CONST
Y2 SHEET SETOP SETUP COND SETUER
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GRAPH/LIST: GRAPHICS screen
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On the "GRAPH/LIST: GRAPHICS” screen, measurement results are displaved,
and vou can analyze the measurement results graphically.

User Comment

In this field, you can enter a desired comment. This comment is also displayed in the
CHANNELS, MEASURE, DISPLAY, and GRAPH/LIST screen groups.

Cursor/marker indicator

In these fields, the coordinate values of the cursor and marker locations are
displayed. If cursor or marker is not displayed, these fields are blank. The three
fields are for X, Y1, and Y2 coordinate values, respectively.

Data variable display

This area displays the numerical value of up to two variables that you set up on
DISPLAY: DISPLAY SETUP screen. These are values at the marker position.
Plotting area

In this area, measurement curves are drawn according to measurement resalts.

You can analyze measurement results by using lines or marker in this area. If you
use lines, the X and Y intercept points and gradient are displayed.
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AXIS Y1 softkey

Select AXIS primary softkey to toggle active axis between the Y1 and Y2 axes (this
softkey is displayed only if Y2 axis is used). The active axis name is displayed on
the AXIS primary softkey.

For tangent or regression lines, the active line selected by LINE SELECT softkey is
independent for each axis.

MARKER/CURSOR softkey

Seiect MARKER/CURSOR primary softkey to display secondary softkeys for
performing analysis with marker and cursor,

MARKER softkey

Select MARKER secondary softkey to toggle the marker on and off. Marker
status is displayed on MARKER secondary softkey. If on, marker is displayed in
the plotting area. If off, marker is not displayed.

For Y1 axis, marker is a circle (o). For Y2 axis, marker is an asterisk (*). Active
marker is highlighted for the axis that is selected by AXIS softkey.

The 4155B/4156B remembers the location of marker. That is, when marker is
turned off, then redisplayed, it appears at its previous location.

MARKER MIN/MAX softkey

Select MARKER MIN/MAX secondary softkey to move the marker to the
maximurn or minimum measurement point value. The search direction is from
present to last measurement point, then from first to.present measurement point,

After the search, the marker moves to the first minimum or maximum value that
was found. I you press this softkey again, the marker moves to the next
minimum or maximurm value. If consecutive measurement points have the same
minimum or same maximum value, the marker skips the values when you press
the softkey again.

INTERPOLATE sofikey

Select INTERPOLATE secondary softkey to toggle the interpolation mode. If
interpolation mode is on, marker can move on line between adjacent
measurement points. If interpolation mode is off, marker can be positioned on
measurement points only (not between measurement points).
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*  DIRECT MARKER/CURSOR softkey

Select DIRECT MARKER/CURSOR secondary softkey to display secondary
softkeys for positioning the marker and cursor. A pointer appears in the CURSOR
and MARKER coordinate fields. These fields are displayed only if cursor and
marker are displayed in the plotting area.

You can move the pointer to the desired field by using the left arrow, upper
arrow, right arrow and down arrow MARKER/CURSOR keys. To move marker
and cursors to desired position, enter coordinate values into corresponding fields
as follows:

»  Enter the valne by using numeric keys.
« Change the value by rotating rotary knob.

Select CANCEL primary softkey to move marker and cursor back fo original
position, and exit the direct marker and cursor function. Select EXIT primary
softkey to exif the direct marker and cursor function.

The marker can move on the measurement curve onfy, so changing the X value
automatically changes the Y value, and vice versa. If the interpolation mode is
off, the marker moves to the measurement point that is closest to the specified

coordinate.

If the pointer is in a MARKER coordinate field, the following softkeys appear:

«  Select MIN/MAX secondary softkey to move marker to minimum
measurement value. If marker is at minimum value, marker moves to
maximum value,

* Select INTERPOLATE secondary softkey to toggle the interpolation mode
on or off. The present mode is displayed on the INTERPOLATE softkey.

+  Select SEARCH MORE secondary softkey to move marker to the next
candidate {when more than one measurement point satisfies the specified
value).

»  Select MARKER SKIP secondary softkey to move the marker to the next
measurement curve that was added by VARZ2 variable or append
measurement.

If the pointer is in a CURSCR coordinate field, the following softkey appears:

o Select MIN/MAX secondary softkey to move cursor to minimum axis point,
If cursor is at minimum point, cursor moves to maximum point,
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NOTE When a specified value is inappropriate, marker or cursor is located as follows:
» marker

» If the specified value for marker is greater or less than the maximum or
minimum measurerment value, the marker moves fo the maximum or
minimum measurement point.

* Cursor

= If a specified value for cursor is greater or less than maximum or
minimum scale value, cursor moves o the maximum or minimum axis
point.

+« MARKER SKIP softkey

Select MARKER SKIP secondary softkey to move the marker to the next
measurement curve that was added by VAR2 variable or append measurement.

¢« CURSOR softkey

Select CURSOR secondary softkey to toggle the cursor display. The cursor
status changes between OFF, SHORT, and LONG, which is shown on the
CURSOR softkey.

«  AUTO ANALYSIS softkey

Select AUTO ANALYSIS secondary softkey to redisplay the auto-analysis that
was originally displayed afier the measurement was finished.
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LINE softkey

Select LINE primary softkey to display the secondary softkeys for performing
manuai analysis that uses lines.

CURSOR TO MARKER softkey

Select CURSOR TO MARKER secondary softkey to move the cursor to the
marker position.

LINE SELECT softkey

Selecting this secondary toggles as follows:

1 line 1 is selected, and can be operated on.

2 line 2 is selected, and can be operated on.

NONE  no lines are selected. The line secondary softkeys disappear.

You use the following softkeys to operate on each line. LINE SELECT setting is
not changed by auto-analysis function.

LINE sofitkey

Select LINE secondary sofikey to toggle the line mode between OFF and ON.
You can set up two lines for each axis.

OFF Line selected by LINE SELECT softkey disappears.
ON Line selected by LINE SELECT softkey is displayed.

If ON is displayed on this softkey, and OFF is-displaved on GRAD MODE,
TANGENT MODE, and REGRESS MODE softkeys, the line mode is normal.

If you display lines by auto-analysis functions, you need to set LINE softkey to
ON in advance.

GRAD MODE softkey

Select GRAD MODE secondary softkey to change the line mode to gradient
mode. If present mode is gradient mode, ON is displayed on the GRAD MODE
softlcey.

For gradient line mode, GRAD VALUE secondary softkey is displayed. If line
mode is gradient mode, selecting GRAD MODE sofikey changes to normal
mode.
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«  TANGENT MODE softkey

Select TANGENT MODE secondary softkey to change the line mode to tangent
mode. If present mode is tangent mode, ON is displayed on the TANGENT
MODE softkey.

For tangent line mode, MARKER SKIP secondary softkey is displayed. When
line mode is tangent mode, selecting TANGENT MODE softkey changes to
normal mode.

+  REGRESS MODE softkey

Select REGRESS MODE secondary sofikey to change the line mode to
regression mode. If present mode is regression mode, ON is displayed on the
REGRESS MODE softkey.

For regression line mode, SELECT CURSOR secondary softkey is displayed.
When line mode is regression mode, selecting REGRESS MODE sofikey
changes to normal mode.

+  SELECT CURSOR softkey

Select SELECT CURSOR secondary softkey to exchange the active and
non-active cursors. Active cursor is highlighted. This sofikey is displayed only
when line mode is normal or regression.

+  GRAD VALUE softkey

Select GRAD VALUE secondary softkey to change the gradient value. The
present gradient value is shown on this softkey and in the data entry area. This
softkey is displayed only when line mode is gradient. You can change the value
as follows:

+  Enter number by using numeric keys.
= Change number by rotating rotary knob.
+  MARKER SKIP softkey

Select MARKER SKIP secondary softkey to move the marker to the next
measurement curve that was added by VARZ variable or append measurement.
This softkey is displayed only when line mode is tangent.
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SCALING softkey

Select SCALING primary softkey to display secondary softkeys for enlarging or
reducing the plotting area.

AUTO SCALING softkey

Select AUTO SCALING secondary softkey to change the X and Y scaling to fit
the measurement curve in the plotting area. If Y2 axis is used, the measurement
curve selected by AXIS primary softkey is auto scaled.

ZOOM IN softkey

Select ZOOM IN secondary softkey to display the area around the cursor with
double resolution. If the cursor is not displayed, long cursor appears at the
center, then presently displayed area becomes double resolution around the
cursor.

ZOOM OUT softkey

Select ZOOM OUT secondary softkey to display the area around the cursor with
half resolution. If the cursor is not displayed, long cursor appears at the center,
then presently displayed area becomes half resolution around the cursor.

CENTER AT CURSOR softkey

Select CENTER AT CURSOR secondary softkey to center the display around
the cursor at the same resolution. If a cursor is not displayed, a long cursor
appears at the center,

CURSOR TO MARKER softkey

Select CURSOR TO MARKER secondary softkey to move the cursor to the
marker position. Both marker and cursor must be displayed.

CANCEL SCALING softkey

Seiect CANCEL SCALING secondary softkey to redraw the plotting area with
the original settings (most recent DISPLAY: DISPLAY SETUP screen setfings
or RE-SETUP GRAPH settings).
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DISPIL.AY SETUP softkey

Select DISPLAY SETUP primary softkey to display secondary softkeys for setting
or changing the display.

+  RE-SETUP GRAPH softkey

Select RE-SETUP GRAPH secondary softkey to change the user comments,
variable name for each axis, minimum and maximum values for each axis, scale
mode of each axis, and displayed data variables.

After vou select this softkey, a pointer (highlight) appears on a setup parameter
of the graph. You can move the pointer to the desired parameter by using the left
arrow, upper arrow, right arrow and down arrow MARKER/CURSOR keys.

When the pointer is located in the user comment field, the present user comment
is displayed in the data entry area, which you can edit by using the front panel
keys.

When the pointer is located in the variable name field for X, Y1, or Y2 axis,
allowable variable names are shown in the secondary softkey area. You can
select secondary softkey to change the variable name for each axis.
Measurement units change automatically according to variable you select.

When the pointer is located in the maximum or minimum value field for an axis,
the present maximum or minimum value is displayed in the data entry area,
which you can change by using rotary knob, arrow keys, or numeric keys of the
front panel.

When the pointer is located in the scale value field for an axis, LINEAR and
LOG secondary softkeys are displayed. So, you can select linear or logarithmic
axis mode.

When the pointer is located in the variable name field of the data variable
display area, allowable variable names are shown in the secondary softkey area.
Measurement units change automatically according to variable you select.

* GRID softkey

Select GRID secondary softkey to toggle the grid on or off in the plotting area.
The present status of the grid is shown on the GRID sofikey.

»  DATA VAR softkey

Select DATA VAR secondary softkey to toggle on or off the display of data
variable values. The present status of the display of the data variable display is
shown on the DATA VAR softkey.
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» LINE PRMTRS softkey

Select LINE PRMTRS secondary softkey to toggle on or off the display of line
parameters (X and Y intercepts and gradients). Line parameters are displayed
when both of the following are time:

* (N is set on this sofikey
+ line is displayed in the plotting area.
+  OVERLAY PLANE softkey

Setect OVERLAY PLANE to control which internal memory measurement
curve is overlaid. This softkey toggles the internal memory number as follows:

OFF 152 —>3—>4-0FF
« SHOW OVERLAY INFO softkey

Select SHOW OVERLAY INFO secondary softkey to display the following for
the overlay plane: axes, cursor, marker, and data variables. Select DONE
primary softkey to remove information.

= SCALE TO OVERLAY softkey

Select SCALE TO OVERLAY secondary softkey to force the present scaling
values to that of overlaid plane even if unit of axis is different.
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SWEEP SETUP softkey

Select SWEEP SETUP primary softkey to dispiay secondary softkeys for changing
the sweep source parameters. This softkey is displayed only when SWEEP is
selected in the MEASUREMENT MODE field on the CHANNELS: CHANNEL
DEFINITION screen.

To change the values on the secondary sofikeys: enter number by using numeric
keys or change number by rotaring rotary knob.

VAR START softkey

Select VAR START secondary softkey to change the start value of the primary
sweep VARI. The present start value is shown on this softkey and in the data
entry area. Then you can change the value.

VAR STOP softkey

Select VAR1 STOP secondary softkey to change the stop value of the primary
sweep VAR, The present stop value is shown on this softkey and in the data
entry ared, Then you can change the value.

VAR STEP softkey

Select VARI STEP secondary softkey to change the step value of the primary
sweep VAR1. The present step value is shown on this softkey and in the data
entry area. Then vou can change the value.

COMP softkey

Select COMP secondary softkey to change the compliance and power
compliance values of the primary sweep VAR1. The present V or I compliance
value is shown on the middie line of this softkey, and the present power
compliance value is shown on the last line of this softkey.

Selecting COMP softkey highlights this softkey, and the presentfor V
compliance value appears in the data entry area. Then you can change the value,

Then selecting COMP softkey again displays the present power compliance
value in data entry area. Then you can change the value. To disable power
compliance, you enter 0 (zero) or OFT.

VAR2 START softkey (displayed only if VAR2 is defined)

Select VAR2 START secondary softkey to change the start value of the
secondary sweep VAR2. The present start value is shown on this softkey and in
the data entry area. Then you can change the value.
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*

VARZ STEP softkey (displayed only if VAR2 is defined)

Select VAR2 STEP secondary softkey to change the step value of the secondary
sweep VARZ, The present step value is shown on this softkey and in the data
entry area. Then you can change the value.

COMP softkey (displayed only if VAR2 is defined)

Select COMP secondary softkey to change the compliance and power
compliance values of the secondary sweep VARZ. The present V or 1
compliance value is shown on the middle line of this softkey, and the present
power compliance value is shown on the last line of this softkey.

Selecting COMP softkey highlights this softkey, and the present [ or V
compliance value appears in the data entry area. Then you can change the value.

Then selecting COMP softkey again displays the power compliance value in the
data entry area. You can change the value. To disable the power compliance,
enter 0 (zero) or OFF.

6-58 Agilent 4155B/4156B User’s Guide Vol.2, Edition 4




Page Organization
GRAPH/LIST Screen Group

TIMING SETUP softkey

Select TIMING SETUP primary softkey to display secondary softkeys for changing
the hold time, delay time, and SMU pulse parameters. This softkey is displayed only
when SWEEP is selected in the MEASUREMENT MODE field on the
CHANNELS: CHANNEL DEFINITION screen.

To change the values on the secondary softkeys: enter number by using ruoneric
keys or change number by rotating rotary knob.

HOLD» TIME softkey

Select HOLD TIME secondary softkey to change the hold time for the sweep
measurement. The present hold time is shown on this softkey and in the data
entry area. Then you can change the value. You can change the hold time white
measurement is being performed.

DELAY TIME softkey

Select DELAY TIME secondary softkey to change the delay time for the sweep
measurement, The present delay time is shown on this softkey and in the data
entry area. Then you can change the vaiue. You can change the delay time while
measurement is being performed. This softkey is not displayed when an SMU is
set to VPULSE or IPULSE in the MODE field on the CHANNELS: CHANNEL
DEFINITION screen.

PULSE BASE sofikey (displayed only if SMU pulse source is defined)

Select PULSE BASE secondary softkey to change the base vaiue of SMU pulse.
The present base value is shown on this softkey and in the data entry area. Then
you can change the value.

PULSE PERIOD sofikey (displayed only if SMU pulse source is defined)

Select PULSE PERIOD secondary softkey to change the period of SMU pulse.
The present period is shown on this softkey and in the data enfry area. Then you
can change the value.

PULSE WIDTH softkey (displayed only if SMU pulse source is defined)

Select PULSE WIDTH secondary softkey to change the pulse width of SMU
pulse. The present pulse width is shown on this softkey and in the data entry
area. Then vou can change the value.
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SAMPLNG SETUP softkey

Select SAMPLNG SETUP primary softkey to display secondary softkeys for
changing the sampling parameters. This softkey is displayed only when
SAMPLING is selected in the MEASUREMENT MODE field on the CHANNELS:
CHANNEL DEFINITION screen.

To change the values on the secondary softkeys: enter number by using numeric
keys or change number by roraring rotary knob.

-

SAMPLNG MODE softkey

Select SAMPLNG MODE secondary softkey to change the sampling mode.
Selecting this softkey changes the sampling mode in the following order:

LINEAR — LOGI10 -» LOG25 — LOG50 — THINNED — LINEAR

INITIAL INTRVAL softkey

Select INITIAL INTRVAL secondary softkey to change the initial interval time
for sampling measurements. The present initial interval time is shown on this
softkey and in the data entry area. You can change the value.

NO. OF SAMPLES softkey

Select NO. OF SAMPLES secondary softkey to change number of samples.
Present number of sampies is shown on this softkey and in data entry area. Then
you can change the value.

TOT SAM TIME softkey

Select TOT SAM TIME secondary softkey to change the total sampling time for
the sampling measurements. The present total sampling time is shown on this
softkey and in the data entry area. Then you can change the value.

HOLD TIME softkey

Select HOLD TEME secondary softkey fo change the hold time for sampling
measurements. The present hold time is shown on this softkey and in the data
entry area. Then you can change the value. You can change the hold time while
measurement is being performed.
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STOP COND softkey

Select STOP COND primary softkey to display secondary softkeys for changing the
sampling parameters. This softkey is displayed only when SAMPLING is selected
in the MEASUREMENT MODE field on the CHANNELS: CHANNEL
DEFINITION screen.

To change the values on the secondary softkeys: enter number by using numeric
keys or change number by rotating rotary knob.

STOP COND softkey

Select STOP COND secondary softkey to enable or disable the stop condition.
Selecting this softkey toggles between ENABLE and DISABLE.

ENABLE DELAY softkey

Select ENABLE DELAY secondary softkey to change the enable delay time for
the stop condition. The present enable delay time is shown on this softkey and in
the data entry area. Then you can change the value.

THRESHOLD softkey

Select THRESHOLD secondary softkey to change threshold value of the stop
condition. The present threshold value is shown on this softkey and in the data
entry area. Then you can change the value.

You can change the threshold value while measurement is being performed.
EVENT TYPE sofikey

Select EVENT TYPE secondary softkey to change the event type. Selecting this
softkey changes the event type in the following order:

Val>Th = Val<Th —» [Vall>|Th| — |Vall|<|Th| — Val>Th
EVENT NUMBER softkey

Select EVENT NUMBER secondary softkey to change the event number of stop
condition. The present event number is shown on this softkey and in the data
eniry area. Then you can change the value.
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CONST SETUP setup

Select CONST SETUP primary softkey to display secondary softkeys for changing
the constant source parameters. This softkey is displayed only when CONST is set
in the FCTN field on CHANNELS: CHANNEL DEFINITION screen.

Cutput source names appear on the secondary softkeys, and the present output value

and compliance also appears. For example, when a output source named "Vce" is

defined "5.0 V output with 100 mA compliance,” the following softkey appears:
Vee '

5.00 Vv
100.mA

Select the secondary softkey that you want to change. The selected softkey is
hightighted, and the present output value appears in the data entry area. You can
change the value,

Then selecting the same softkey again displays the present compliance in the data
entry area. You can change the compliance.

Use the following methods to change the value:
= Enter number by using numeric keys,

+  Change number by rotating rotary knob,
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GRAPH/LIST: LIST screen

Measurement Results
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On the "GRAPH/LIST: LIST" screen, measurement results are displayed.

User Comment

In this field, you can enter a desired comment. This comment is also displayed in the
CHANNELS, MEASURE, DISPLAY, and GRAPH/LIST screen groups.

Sweep Range

This field displays sweep start, stop, and step values of VAR primary sweep and
VAR2Z secondary sweep (if VARZ sweep is selected). '

List Index Number

This column displays tidex number of each measurement point. Index number is
assigned from 1 in increasing order.

For a VAR2 secondary sweep, the index continues to increase for each VAR2 step,
that is, each VARZ measurement does mof start at index 1. For example, if VAR has
5 steps, then the first VAR2 step is index I to 5, second VAR2 step is index 6 to 10,
and so on.

If you have appended measurements, index number for each append measurement
starts at 1.
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In this column head, you can confirm how many append measurements you have
executed and which append you are currently viewing. Refer to the following
example:

2/4

if the above appears in the column head, it means you have appended three
measurements to the criginal measurement (total four measurements), and you are
currently viewing the second measurement (first append measurement).

Measurement Results

These columns display measurement result data for the variables that you set up in
the LIST area on the DISPLAY: DISPLAY SETUP screen.

Data Variable Display

This area displays the numerical value for the variables that you set up in the DATA
VARIABLES area on DISPLAY: DISPLAY SETUP screen. This is the value of the
variable at the marker position.

AXIS Y1 softkey

For GRAPH/LIST: GRAPHICS screen, this softkey is used to toggle active axis to
analyze between the Y1 and Y?2 axis.

For GRAPH/LIST: LIST screen, this softkey only has meaning for the data variable
fields, which are just above the primary softkeys. If you set up a data variable that
uses a line or marker read-out function, selecting this softkey changes displayed data
variable value according to read-out function.

This softkey is displayed only if Y2 axis is set up.
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MARKER softkey

Seiect MARKER primary softkey to display secondary softkeys for operation with
marker.

MARKER softkey

Select MARKER secondary softkey to toggle marker display between ON and
OFF. When ON is displayed on this softkey, the row at marker location is
highlighted. When OFF is displaved on this softkey, no row is highlighted.

The marker on the GRAPH/LIST: LIST screen is linked to marker on the
GRAPH/LIST: GRAPHICS screen. So, if marker is moved on the
GRAPH/LIST: GRAPHICS screen, the marker also moves on the
GRAPH/LIST: LIST screen.

The 4155B/4156B remembers the location of marker. So, if you turn marker
display OFF, then the marker appears at the same location when you turn marker
ON again.

DIRECT MARKER softkey

Select DIRECT MARKER secondary softkey to move the marker to the
specified value directly. When you select this softkey, a cell marker is displayed

in the row of the marker, and the primary and secondary softkeys change as
follows:

Primary softkeys:
EXTT CENCEL
Secondary softkeys:

MAREER SERECH” MARKER

MIN/MAX MORE SXIP

In this mode, you can move the marker to a specified value. You enter the value
in the data entry area, then the marker moves to the value in list that is closest to
the specified value. If you have executed append measurement, the marker
moves within the append measurement you refer to.

You use the cell marker to specify the target variable (column). You can move
this marker by using the left arrow, up arrow, right arrow, and down arrow
MARKER/CURSOR keys.

Selecting EXIT primary softkey exits the DIRECT MARKER function.
Selecting CANCEL primary softkey returns the marker fo the same position as
before selecting the DIRECT MARKER secondary softkey.
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«  MARKFR MIN/MAX softkey

Select MARKER MIN/MAX secondary softkey to move the marker to
where the measured value is maximum or minimum value. If the marker is
on the minimum value, selecting this softkey moves to the maximum value.
Otherwise, selecting this softkey moves to the minimum value.

«  SEARCH MORE softkey

Select SEARCH MORE secondary softkey to move marker to next
candidate that satisfies specified value. If consecutive values also satisfy
specified value, the next search starts after the consecutive values.

+ MARKER SKIP softkey

Select MARKER SKIP secondary softkey to move the marker to the next
VAR2 value or to the next appended measurement data.

. MARKER SKIP softkey

Select MARKER SKIP secondary softkey to move the marker to the next VAR2
value or to the next appended measurement data.

«  NEXT APPEND softkey

Select NEXT APPEND secondary sofikey to move the marker to the next
appended measurement data.
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SPREADSHEET softkey

Select SPREAD SHEET primary sofikey to display ASCII SAVE window. The
following entry fields appear:

FUNCTION:ASCII BAVE

NAME ‘ !
UNIT

CUTPUT DATA [IHDEX NO! DELIMITER

p—— TRING !
H i< > STRING MARK

Also, the following softkeys appear:

+  Select EXECUTE softkey to store result data to diskette file or network disk.
«  Select EXIT softkey to exit the ASCII SAVE window.

¢ Select FILE CATALOG secondary softkey to list the names of all files that are
on diskette or network disk. You can select a file name from the Hst.

ASCIH SAVE function automatically adds ©XT extension to specified file name.

« NAME

Enter the name of file (without extension) to which you want to save the result
data,

« OUTPUT DATA

Enter numbers to specify range of data you want o save. These numbers
correspond to NO. column of LIST screen.

«  right fieid: upper limit

+  left field: lower limit

Select ALL secondary softkey to specify all result data.
«  UNIT

Specify whether to include units (for example, V or ms).

= ON secondary softkey to include units.

s OFF secondary softkey to not include units.
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For ON, result data is saved as string data, not numeric data. So result data is
saved with specified string marker. For string marker, see description of
STRING MARK field. Ineffective value (-~~~} is treated as string, even if you
set this field to OFF.

»  DELIMITER
Specify the data delimiter:

«  SPACE secondary softkey to specify space.
» TAB secondary softkey to specify tab.
»  COMMA secondary softkey to specify comma.
+  STRING MARK
Specify the string marker:
» NONE secondary softkey to specify no string marker.
o " " secondary sofikey to specify double quotes siring marker.

+ "' secondary softkey to specify single quotes string marker.

RE-SETUP softkey

Select RE-SETUP primary softkey to change the user comments, variable name for
each column, and displayed data variables.

After you select this softkey, a pointer (highlight) appears on the variable name of
the first column. You can move the pointer to the desired parameter by using the left
arrow, up arrow, right arrow, and down arrow MARKER/CURSOR keys.

‘When the pointer is located in the user comment field, the present user comment
appears in the data entry area, and you can edit it using edit keys.

‘When the pointer is located in the variable name field, allowable variable names are
shown in the secondary softkey area. Measurement units change automatically
according to variable you select,

When the pointer is located i the data variable display area, allowable variable
names are shown in the secondary softkey area. Measurement units change
automatically according to variable you select.
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SWEEP SETUP softkey

Select SWEEP SETUP primary softkey to display secondary softkeys for changing
the sweep source parameters. This softkey is displaved only when SWEEP is
selected in the MEASUREMENT MODE field on the CHANNELS: CHANNEL
DEFINITION screen.

To change the values on the secondary softkeys: enter number by using numeric
keys or change number by rotating rotary knob.

VAR START softkey

Select VAR1 START secondary sofikey to change the start value of the primary
sweep VARI. The present start value is shown on this softkey and in the data
entry area. Then you can change the value.

VAR STOP softkey

Select VAR1 STOP secondary softkey to change the stop value of the primary
sweep VAR]. The present stop value is shown on this softkey and in the data
entry area. Then you can change the value.

VAR1 STEP softkey

Select VAR] STEP secondary softkey to change the step value of the primary
sweep VAR, The present step value is shown on this softkey and in the data
entry area. Then you can change the value.

COMP sofikey

Select COMP secondary softkey to change the compliance and power
compliance values of the primary sweep VAR1. The present V or I compliance
value is shown on the middle line of this softkey, and the present power
compliance value is shown on the last line of this softkey.

Selecting COMP softkey highlights this sofikey, and the presentIor V
compliance value appears in the data entry area. You can change the value.

Then selecting COMP softkey again displays the present power compliance
value in the data entry area. You can change the value. To disable the power
compliance, enter ( {zero) or OFF.
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VAR2 START softkey (displayed only if VAR2 is defined)

Select VAR2 START secondary softkey to change the start value of the
secondary sweep VAR2. The present start value is shown on this softkey and in
the data entry area, Then you can change the value.

VAR2 STEP softkey (displayed only if VAR2 is defined)

Select VAR2 STEP secondary softkey to change the step value of the secondary
sweep VAR2. The present step value is shown on this softkey and in the data
entry area. Then you can change the value.

COMP softkey (displayed only if VAR2 is defined)

Select COMP secondary softkey to change the compliance and power
compliance vahies of the secondary sweep VARZ. The present V or I
compliance value is shown on the middle line of this softkey, and the present
power compliance value is shown on the last line of this sofikey.

Selecting COMP softkey highlights this softkey, and the present L or V
compliance value appears in the data entry area. You can change the value,

Then selecting COMP softkey again displays the power compliance value in the
data entry area. You can change the value. To disable the power compliance,
enter 0 (zero) or OFF.
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TIMING SETUP softkey

Select TIMING SETUP primary softkey to display secondary softkeys for changing
the hold and delay time and SMU pulse parameters. This softkey is displayed only
when SWEEP is selected in the MEASUREMENT MODE field on the
CHANNELS: CHANNEL DEFINITION screen.

To change the values on the secondary softkeys: enter number by wsing numeric
keys or change number by rotating rotary knob.

HOLD TIME softkey

Select HOLD TIME secondary softkey to change the hold time for the sweep
measurement, The present hold time is shown on this softkey and in the data
entry area. Then you can change the value. You can change the hold time while
measurement is being performed.

DELAY TIME softkey

Select DELAY TIME secondary softkey to change the delay time for the sweep
measurement. The present delay time is shown on this softkey and in the data
entry area. Then you can change the value. You can change the delay time while
measurement is being performed. This softkey is not displayed when an SMU is
set to VPULSE or IPULSE in the FCTN field on the CHANNELS: CTIANNEL
DEFINITION screen.

PULSE BASE softkey (dispiayed only if SMU pulse source is defined)

Select PULSE BASE secondary softkey to change the base value of SMU pulse.
The present base value is shown on this sofikey and in the data entry area. Then
you can change the value.

PULSE PERIOD softkey (displayed only if SMU pulse source is defined)

Select PULSE PERIOD secondary softkey to change the period of SMU pulse.
The present period is shown on this softkey and in the data entry area. Then you
can change the value.

PULSE WIDTH softkey (displayed only if SMUJ pulse source is defined)

Select PULSE WIDTH secondary softkey to change the pulse width of SMU
pulse. The present pulse width is shown on this softkey and in the data entry
area. Then you can change the value.
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SAMPLNG SETUP softkey

Select SAMPLNG SETUP primary softkey to display secondary softkeys for
changing the sampling parameters. This softkey is displayed only when
SAMPLING is selected in the MEASUREMENT MODE field on the CHANNELS:
CHANNEL DEFINITION screen.

*

SAMPLNG MODE softkey

Select SAMPLNG MODE secondary softkey to change the sampling mode.
Selecting this softkey changes the sampling mode in the following order:

LINEAR —» LOG10 — LOG25 —» LOG50 — THINNED > LINEAR
INITIAL INTRVAL softkey

Select INITIAL INTRVAL secondary softkey to change the initial interval time
for sampling measurements. The present initial interval time is shown on this
softkey and in the data entry area. Then you can change the vahe.

NO. OF SAMPLES softkey

Select NO. OF SAMPLES secondary softkey to change the number of samples.
The present number of samples is shown on this softkey and in the data entry
area. Then you can change the value.

TOT SAM TIME softkey

Select TOT SAM TIME secondary softkey to change the total sampling time for
the sampling measurements, The present total sampling time is shown on this
softkey and in the data entry area. Then you can change the value.

HOLD TIME softkey

Select HOLD TIME secondary softkey to change the hold time for sampling
measurements. The present hold time is shown on this softkey and in the data
entry area. Then you can change the value.

You can change the hold time while measurement is being performed.
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STOP COND softkey

Select STOP COND primary softkey to display secondary softkeys for changing the
sampling parameters. This softkey is displayed only when SAMPLING is selected
in the MEASUREMENT MODE field on the CHANNELS: CHANNEL
DEFINITION screen.

+  STOP COND softkey

Select STOP COND secondary softkey to enable or disable the stop condition.
Selecting this softkey toggles between ENABLE and DISABLE.

= ENABLE DELAY softkey

Select ENABLE DELAY secondary sofikey to change the enable delay time for
the stop condition. The present enable delay time is shown on this softlkey and in
the data entry area. Then you can change the value.

«  THRESHOLD softkey

Select THRESHOLD secondary softkey to change threshold value of the stop
condition. The present threshold value is shown on this softkey and in the data
entry area. Then you can change the value,

You can change the threshold value while measurement is being performed.
+ EVENT TYPE softkey

Select EVENT TYPE secondary softkey to change the event fype. Selecting this
softkey changes the event type in the following order:

Val>Th -» Val<Th — ival!>|Th| = {Vali<|Thi - Val>Th
+ EVENT NUMBER softkey

Select EVENT NUMBER secondary softkey to change the event number of stop
condition. The present event number is shown on this softkey and in the data
entry area. Then you can change the value.

Agilent 4155B/4156B User’s Guide Vol.2, Edition 4 6-73




Page Organization
GRAPH/LIST Screen Group

CONST SETUP softkey

Select CONST SETUP primary sofikey to display secondary softkeys for changing
the constant source parameters. This softkey is dispiayed only when CONST is set
in the FCTN field on CHANNELS: CHANNEL DEFINITION screen.

Output source ntames appear on the secondary saftkeys, and the present output value
and compliance also appears. For example, when a output source named "Vce" is
defined "5.0 V output with 100 mA compliance,” the following softkey appears:

vee
5.00 v
100.mA

Select the secondary softkey that you want to change. The selected softkey and is
highlighted, and the present output value appears in the data entry area. You can
change the value.

Then selecting the same softkey again displays the compliance value in the data
entry area. You can change the compliance.

Use the following methods to change the value:
+  Enter number by using numeric keys.

* Change number by rotating rotary knob.
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STRESS Screen Group

STRESS screen group has the following screens:

Stress channel definition:  For defining the stress chanpels of the 4155B/4156B,
setting up SMU/PG selector, and setting up the trigger.

Stress setup: For setting the stress parameters.

Stress force: For monitoring the progress of siress forcing.

To move into the STRESS screen group, do the following:
»  Press Stress front-panei key in the PAGE CONTROL key group.

Then the following softkeys appear in the primary softkey area:

CHANNEL STRESS STRESS PREV NEXT
DEF SETUR FORCE PAGE PAGE

« Select CHANNEL DEF softkey to move to the STRESS: CHANNEL
DEFINITION screen.

+ Select STRESS SETUP softkey to move to the STRESS: STRESS SETUP
screen,

= Select STRESS FORCE softkey to move to the STRESS: STRESS FORCE
screeft.

When you press the Stress front-panel key in the MEASUREMENT key group, the
STRESS: STRESS FORCE screen appears and stress forcing starts.
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STRESS: CHANNEL DEFINITION screen
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On the "STRESS: CHANNEL DEFINITION" screen, you define how to use the
channels for stress force, how to control the SMU/PG selector, and trigger usage in
the stress force state.

User Comment

In this field, you can enter a desired comment. The comment you enter here is also
displayed on the other STRESS screens.

CHANNELS
CHANNELS table defines the mode, name, and function for the stress state.

= UNIT
This column lists all the source units that are installed in the 41355B/4156B.
+ NAME of MEASURE

Source name that was defined for the measurement state (on CHANNELS:
CHANNEL DEFINITION screen). For exampile, if the unit is set to V source
mode, the specified VNAMBE is shown here.

»  MODE of STRESS

Qutput mode for each unit that will be used during stress force state. In the
MODE column, allowable modes are shown in the secondary softkey area as
follows, and you select a softkey to set an output mode.
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v de voltage source
1 de current source
VPULSE ac voltage source
COMMON circuit commeon

DELETE ROW  Deletes all entries in row of unit, so unit is not used during
stress force. Output switch of unit is open.

Aliowable modes for each unit are shown in the following table:

v 1 VPULSE COMMON DELETE ROW
SMU yes yes yes ves
VSsuy yes yes
PGU yes yes yes
GNDU yes yes

When pointer is at top of this column, CHANNEL ASSIGN softkey appears:

NOTE Switching units
To switch the STRESS MODE, NAME, and FCTN assignments for two units,
do as follows:

I. Position pointer in top field of STRESS MODE column. CHANNEL
ASSIGN softkey appears.

2. Select CHANNEL ASSIGN. Pointer moves to the top field of UNIYT
column,

3. Use arrow keys in the MARKER/CURSOR key group to move pointer to
desired row.

4. Select the secondary softkey of the desired unit. The selected unit appears at
the pointer.

Perform steps 3 and 4 until you assign units as desired. Make sure that the same unit
is not assigned to multiple rows. Then select EXIT CHANNEL ASSIGN softkey.
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+ NAME of STRESS (optional)

Defines stress name that is used as a reference on STRESS: STRESS SETUP
screen. In this column, enter a desired name by using alphanumeric keys.

When pointer is in field of this column, DELETE ROW softkey is shown in
secondary softkey area: clears all the entries for a unit where the pointer is
lIocated, and disables that unit,

Restriction:

«  NAME must be 6 or less alphanumeric characters. First character must be
alphabet character.

» FCTN of STRESS

This field defines channels to be stress force channels or non-stress force
channels. In this field, select:

»  SYNC secondary softkey to set channe! to stress force channel.
¢ NSYNC secondary softkey to set channel to non-stress force channel.

The output timing is different for stress force channels and non-stress force
channels:

+  Non-stress force channels output the source values in the order specified on
the MEASURE: OUTPUT SEQUENCE screen when state changes from
idle to stress.

+  Stress force channels output the stress source values simultaneously when
the stress start trigger is received,

For details about output sequence, refer to “Stress Force Sequence™ in Chapter
3.

Restrictions:
= At least one channel must be set to SYNC.
s Up to four channels can be set to SYNC.

> Ifboth PGUs are set to pulsed source (VPULSE), you cannot set one PGU to
SYNC and other PGU to NSYNC. Both must be set to SYNC or both to
NSYNC.
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SMU/PG SELECTOR

Agilent 16440A SMLU/PG selector's operation is defined in the SMU/PG
SELECTOR table. Switches in the SMU/PG selector are controlied as defined in
these fields. MEASURE column seis the switch connections for measurement state,
STRESS column sets the switch connections for stress force state.

When the pointer is located in this table, the following seftkeys appear:

SMU Will connect DUT to SMUL
PGU Will connect DUT to PG,
OPEN Will disconnect DUT from both SMU and PGU.

PGU OPEN Will disconnect DUT from both PGU and SMU. But PGU is
disconnected by using semiconductor switch. The normal relay
switch for PGU stays closed. This is used to prevent the normal relay
switch from being damaged. Semiconductor switch has longer life
than normal relay switch, Note that CH2 and CH4 do not have this
function.

For details about the SMU/PG selector, refer to “SMU/PG Selector Control” in
Chapter 3 or Agilent 164404 SMU/Puise Generator Selector User's Guide.

TRIGGER SETUP

In the TRIGGER SETUP table, yvou can set how to use the trigger function during
the stress force state.

« ENABLE/DISABLE
In the ENABLE or DISABLE field, select:
« ENABLE secondary softkey to enable the trigger function.
+ DISABLE secondary softkey fo disable the trigger function.
+ POLARITY
In this field, select:
« POSITIVE secondary softkey to set positive logic for the output trigger.
« NEGATIVE secondary softkey to set negative logic for the output trigger.
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STRESS: STRESS SETUP screen
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On the "STRESS: STRESS SETUP" screen, you set the stress parameters.,

User Comment

In this field, you can enter a desired comment. The comment you enter here is also
displayed on the other STRESS screens.

STRESS MODE

STRESS MODE table specifies the stress mode. When the stress mode is pulse
count mode, you specify the number of pulse counts, and when the stress mode is
duration mode, you specify the stress duration in seconds. For details of stress mode,
refer to “Stress Mode” in Chapter 3. In the first field, select:

«  DURATION secondary softkey to set the duration mode. Then, enter the pulse
stress duration in the next field by using numeric keys.

= PULSE COUNT secondary softkey to set the pulse count mode. Then, enter the
pulse count in the next field by using numeric keys, This softkey appears only
for ac stress: PGU set to VPULSE and SYNC.

In the next field, FREE RUN secondary softkey appears. Select the FREE RUN
softkey to force stress comrinuously. Entering 0 (zero) also sets to free run mode.
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ACCUMULATED STRESS

The ACCUMULATED STRESS field on this screen and on STRESS: STRESS
FORCE screen are linked. So, if value is changed on this screen, vatue is changed to
same value on STRESS: STRESS FORCE screen and vice versa.

To change the displayed accumulated stress time, enter the time in this field.
Selecting RESET ACCUM STRESS secondary softkey resets the displayed
accumulated stress time to O (zero).

HOLD TIME

In the HOLD TIME, vou can set the hold time. After the stress force state starts, the
stress force channels wait the specified hold time, then start forcing stress at the
same time,

For details about hoid time, see example figure in “Stress Force Sequence” in
Chapter 3.

FILTER

FILTER field specifies SMU filter to 03 or OFF. If this field is set to ON, overshoot
decreases, but settling time takes several ms. If you set de stress to short stress force
time, set OFF in this field if you want the stress signal to be more pulse shaped.

STRESS Status

«  Select CONT AT ANY secondary softkey (stress will continue even if an
abnormal status occurs). Abnormal status means the following:

+  SMU reaches its compliance setting.

= Current of VSU exceeds =100 mA.

»  SMU or VSU oscillates,

«  A/D converter overflow occurs.

»  Average current of PGU exceeds =100 mA.

+  Select STOP AT ANY ABNORM secondary softkey (stress will stop if any
abnormal status occurs).

+  Select STOP AT COMPLIANCE secondary softkey (stress will stop only if
SMU reaches its compliance setting).
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STOP AT ANY ABNORM and STOP AT COMPLIANCE secondary softkeys are
displayed only when specified duration is more than 10 s, If you set puise count
mode, these secondary softkeys are displayed only when pulse period x pulse count
is more than 10 s,

Stress stop function is not effective until stress has been forced for 10 s.

PULSE

UNIT and NAME are defined on STRESS: CHANNEL DEFINITION screen.
On the STRESS: CHANNEL DEFINITION screen you set the PGUs as follows:
* ac stress: MODE=VPULSE, FCTN=SYNC

¢ ac non-stress: MODE=VPULSE, FCTN=NSYNC

e de stress: MODE=V, FOTN=SYNC

* dec non-stress: MODE=V, PCTN=NSYNC

PULSE table is for setting the pulse output parameters of PGUs:

+  PERIOD

This field specifies the puise period of the PGU. Both PGUs are set to same
value.

« WIDTH
This field specifies pulse width, which must be less than pulse period.
=  DELAY TIME
This field specifies the delay time from the pulse start time. The delay time must

be less than or equal to the pulse period.
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P fo
B 1 i i
base vaue f - {
i -
e " "”
delay time i
: i/ i /-———-»————\\
: ¢ [ VO S I
delay time ; ; T

i plse width
i G HORTE GAL, 1

pulse start
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»  PEAK VAILUE and BASE VALUE

These fields specify pulse peak and base valuss.
«  LEADING TIME and TRAILING TIME

These specify transition time (10 to 90%) of leading and trailing edges.
« IMPEDANCE

This field specifies the PGU output impedance. In this field. select:

» LOW secondary softkey to set output impedance to about 0 {2
» 30 ohm secondary sofikey to set output impedance to 50 £2

CONSTANT

The UNIT, NAME, and MODE are defined on STRESS: CHANNEL DEFINITION
screen.

On the STRESS: CHANNEL DEFINITION screen you set the SMUs and VSUs as
follows:

s dc stress: MODE= I (SMUs only) or V, FCTN=SYNC
e dcnon-stress: MODE=T (SMUs only) or V, PFCTN=NSYNC

CONSTANT table is for setting the output parameters of SMUs, VSUs, and PGUs
(V mode):

« SOURCE
In the SOURCE field, you specify the output value.

= COMPLIANCE

In the COMPLIANCE field, you specify the compliance value. For a VSU, this
field cannot be set: compliance value is fixed to 100 mA,

If you define more than four VSUs, SMUs, and PGUs to be constant stress or
non-stress units on the CHANNELS:; CHANNEL DEFINITION screen, first four
units appear in this table. To show other units, select NEXT UNIT secondary
softkey. To scroll units, put field pointer in most right or left column, then press the
left arrow or right arrow MARKER/CURSOR front-panel keys.
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STRESS: STRESS FORCE screen
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On the "STRESS: STRESS FORCE" screen, you can monitor the stress status.

User Comment

In this field, you can enter a desired comment. The comment you enter here is also
displayed on the other STRESS screens.

Select CHANGE COMMENT secondary softkey to enter or edit the comment in
this field. When you select this softkey, you can enter or edit the comment in the
data entry area.
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STRESS (DURATION)

STRESS (DURATION) field shows duration setting specified on the STRESS:
STRESS SETUP screen. If the STRESS MODE is set to pulse count mode in the
STRESS: STRESS SETUP screen, the duration is calculated by muitiplying the
pulse count by the pulse period.

Depending on the stress mode, select one of the following:

+  CHANGE DURATON secondary softkey to change the stress duration.
« CHANGE PLS CNT secondary softkey to change the pulse count.

The stress mode and duration or pulse count were originally set on the STRESS:
STRESS SETUP screen. The present stress duration or pulse count is shown on the
softkey. When vou select the softkey, the present value appears in the data entry
area. You change the value as follows:

«  Enter number by using numeric and edit keys,

« Change number by rotating rotary knob.

STATUS

In the STATUS field, the time that stress has been forced is displayed in seconds.
And the percent completion is also displayed.

To reset stress status to 0, select RESET STATUS secondary softkey. Then, when
you press the Stress front-panel key in the MEASUREMENT key group, the stress
is forced for the specified duration.

If you press the Stress key after aborting the stress (pressing the Stop front-panel
key), the stress is forced starting at the present status, that is, stress status is not reset
to 0.

ACCUMULATED STRESS

As the time in the STATUS field increases, the time in the ACCUMULATED
STRESS field on this screen and also on STRESS: STRESS SETUP screen
increases by the same amount.

To reset accumulated stress on both screens to 0, select RESET ACCUM STRESS
secondary softkey. To change to non-zero value, change accumulated stress on
STRESS: STRESS SETUP screen.
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Screen Operation

This section explains how to fill in the entry fields on a screen, and the function of
the blue, green and Edit front-panel keys,

The setup pages (screens) have a fill-in-the-blank format for entering parameters.
For example, to use SMU?2 as a current source, you move the pointer to MODE field
of SMU2, then select I secondary softkey as follows:
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Data Input or Edit

When you move the pointer to a field on a setup screen, you can fill in the field by
entering characters or selecting a softkey. Softkeys related to the field appear when
you move the pointer to the field. The 4155B/4156B has three types of fields. The
following describes the methods for entering or editing input data of these field

types:
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» For option fields:

When pointer is in an option field, selectable input items for field are displayed
on secondary softkeys. You select desired softkey. The item appears in the field.

For example, when pointer is in MEASUREMENT MODE field of
CHANNELS: CHANNEL DEFINITION screen, SWEEP and SAMPLING
softkeys appear in secondary softkey area, Select SWEEP to select sweep
measurement, or select SAMPLING to select sampling measurement.

When pointer is focated in a field that requires a variable name, all available
variable names are displayed on secondary softkeys, so you can select desired
variable name. Available variable names are names you already set up as
measurement variables and user function variables. If more than six variable
names are available, MORE secondary softkey appears, which you can select to
display other available variable nagges. -

»  For comment and name fields

When the pointer is located in a comment or name field, you input the desired
characters by using the ENTRY front-panel key group. You press the desired
characters. The characters appear in the data entry area.

For name fields, you can enter alphanumeric characters. For comment fields,
you can also enter non-alphanumeric characters. You can enier uppercase or
lowercase alphabet characters by using blue and green front-panel keys. You can
enter special (non-alphanumeric) characters by using the green front-panel key.

if a comment or name is already entered in the field, it appears in the data entry
area. You can edit it using Edit front-panel keys.

After editing or entering the comment or name, press the Enter front-panel key
to enter the name or comment into the field at the pointer location.

+  For numeric data fields

When pointer is in a numeric data field, input numeric data as follows:

= Type the humeric value by pressing numeric front-panel keys (value appears
in the data entry area). Then, press Enter front-panel key (value is entered
into the numeric data field at the pointer location).

« Rotate the rotary knob to increase or decrease the value. Rotate clockwise to
increase value. Rotate counterclockwise to decrease value.
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Blue front-panel key usage

The blue front-panel key has three states:

Non-shift state

Uppercase shift state

$.owercase shift state

To change between thes

B, b, or G is not displayed in the lower-right comer of the
screen. You can enter numeric values,

B is displayed in the lower-right corner of the screen. G is
not displayed. You can enter uppercase alphabet characters.

b is displayed in the lower-right corner of the screen. You
can enter lowercase alphabet characters.

e states:

+ toggle between the non-shift/shift state by pressing the blue key.

+ toggle between the upper/lowercase shift state by pressing the green key, then

the blue key,

The following is a detailed description about changing between these states:

Present Status

Next Status Key to be pressed

non-shift Uppercase blue-key shift blue key
Uppercase blue-key shift | non-shift blue key
non-shift Lowercase blue-key shift green key, then blue key
Lowercase blue-key shift | non-shift blue key

Uppercase blue-key shifi

Lowercase blue-key shift

green key, then blue key

Lowercase blue-key shift

Uppercase blue-key shift

green key, then blue key
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Green front-panel key usage

You can use the green front-panel key to enter special (non-alphanumeric)
characters, which are printed in green above the keys.

The green key action is momentary. That is, after you press the green key, only the
next keystroke is effective. For example, to enter *“#5”, press the green key, 0, green

key, and 1.

The green key mode has special functions for entering data, as shown in the

following table.

Keys Label Funection

Green, < l= Moves the cursor to the first character.

Green, = =] Moves the cursor to the last character.

Green, Recalld RecallT Recalls the oldest input from the key buffer.
The key buffer stores the 10 most recent
entries in the data entry area.

Green, Clear Clr—End | Clears the entered data from the present
cursor position to the end.

Green, Enter Cale Calculates any expression entered in the data

eniry area.

The front-panel green key can also be used to perform dump (Plot/Print key), knob
sweep (Single key), and zero offset cancel (Stop key) operations.
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Edit front-panel keys

There are six keys in the Edit front-panel key group. Four of these keys also have
other functions in the green-key shift mode. The following table shows the function

of each key:
Key Label Functions

@ Moves the cursor ieft by one column in the data
entry area.

= Moves the cursor right by one column in the data
entry area.

| Delete Deletes one character where the cursor is located.

Insert Toggles the input mode in the data entry area
between insert and overtuping modes.

Recalld Recalls the newest input from the key buffer.

Clear Deletes all the characters in the data entry area.

Green, < e Moves the cursor to the first column in the data
entry area.

Green, = =] Moves the cursor to the last column of the
present entry in the data entry area.

Green, Recall? Recalls the oldest input from the key buffer.

Recalld

Green, Clear Clr—End | Deletes the characters from the present cursor

position to the end of the entry.

The key buffer stores the 10 most recent entries from the data entry area. You can
recall the stored entries using Recall key, as described above.
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Status Indicators

The status indicators indicates the present status of the 4155B/4156B. The display
contains the following status indicators.

@
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(1) indicates the foliowing status:
TRG The 41558B/4156B is waiting for trigger input from an external
instrument.
DRW The 4155B/41568B is drawing a measurement curve.
ANA The 4155B/41568B is performing auto-analysis or regression
calculation.
(2) indicates the following status:
C The 4155B/4156B is performing auto-calibration.
z The 4155B/4156B is performing an offset measurernent for the

zero offset cancel function.

(3) displays L when the screen is locked by an GPIB command.
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Data Variable and Analysis Function

This chapter explains the display and analysis functions of Agilent 4155B/41356B:

@

“Pata Variable”

“Expression™

“Reference: Built-in Function”
“Read Out Function”

“Analysis Function”
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Data Variable

Data variabies are used for displaying and analyzing measurement results. You use
data variables to assign output or measurement data to an axis for display.

Each data variable has a name. You refer to a data variable by its name.

The following are the three types of data variable:

+  Output or measurement data
«  User function

»  User variable

Data Variable for Output or Measurement Data
Data variables are available for the following measurement result data:

»  Qutput data that you set for SMU or VSU.
»  Measurement data of SMU or VMU

+  OCutput data that you set for PGU.

+  Time data of sampling measurement,

« Index of measurement result data.

Output data of SMU or VSU

The data variable names are the output names that you set in the VNAME or
INAME columns of CHANNELS: CHANNEL DEFINITION page. For a voliage
MODE, the output name is specified in the VNAME column. For a carrent MODE,
output name is specified in INAME column.

Measurement data of SMU or VMU

The data variable names are the measurement result names that you set in the
VNAME or INAME columns of CHANNELS: CHANNEL DEFINTTION page. For
a voltage MODE, the measurement result name is specified in the INAME column.
For a current MODE, measurement resulf name is specified in VNAME column.

You can get the measurement results by using the measurement result names. If the
corresponding SMET or VMU does not perform a measurement, invalid data is
returned.
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Qutput data of PGU

The data variables for PGU output are as follows:

Set data Pata variable name

puise peak VNAME for PGU that you defined on CHANNELS: CHANNEL
DEFINITION page is the data variable name for pulse peak voltage.

pulse period @PGT is the data variable for pulse period.

pulse duration | @PGD is the data variabie for duration time of puise stress force.
Duration time is the pulse count multiplied by pulse period.

pulse delay @PG1DL is the data variable for pulse delay time of PGUT.
time @PG2DL is the data variable for pulse delay time of PGU2.
pulse width @PG1W is the data variable for pulse width of PGUL.

@PG2W is the data variable for pulse width of PGU2.

pulse base @PG1B is the data variable for pulse base voltage or current of PGUL.
@PG2B is the data variable for pulse base voltage or current of PGU2.

pulse leading @PGILD is the data variable for leading-edge transition time of PGU1.
@PG2LD) is the data variable for leading-edge transition time of PGU2.

puise frailing {@PGITR is the data variable for trailing-edge transition time of PGUL.
{@PG2TR is the data variable for trailing-edge transition time of PGU2.

Time data of sampling measurement

@TIME is the data variable for time data of sampling measurement.

Index of the measurement result data
RINDEX is the data variable for index number of measurement data.

The index number of the first data is I. For a subordinate sweep measurement, the
index number continues to increment by 1 between secondary sweep steps, that is,

+ last data of a primary sweep: index

« first data of next primary sweep: index+1
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User Function

A yser function consists of one or more data variables used in an expression. You
define the user function name, expression, and unit on the CHANNELS: USER
FUNCTION DEFINITION page.

You can use a user function inside another user function. And you can set up the
user function on the DISPLAY: DISPLAY SETUP pages to piot the user function
values or display the numeric valuze,

To define a user function, you define a name and an expression on the CHHANNELS:
USER FUNCTION DEFINITION page. [f desired, you can define a unit, such as
ms.

»  User function name must start with alphabet character and can consist of
maximum six alphanumeric characters. Name must be unique. Name is case
sensitive, For example, Gm is different from gm.

+  Unit name is optional. Length: 1 to 6 characters. Valid characters: any
characters.

For the syntax of an expression, refer to “Expression” on page 7-3.

Example

To define a user function for mutual conductance gm of an FET, define gm on the
CHANNELS: USER FUNCTION DEFINITION page as follows:

NAME UNIT DEFINITION

gm 8 DELTA(Id) /DELTA (Vg
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Data Variable and Analysis Function
Data Variable

User Variable

A user variable is a data variable that is a numeric list, which is passed via GPIB
commands of PAGE:CHANnels:UVARiable and TRACe|DATA subsystems from
an external computer or the Internal IBASIC. For information about the
PAGE:CHANnels:UVARiable and TRACe[DATA subsystems, refer to GPIB
Command Reference.

You can perform calculations between measurement results and the numeric iist, or
plot the numeric list on the GRAPH/LIST: GRAPHICS page.

You can define up to $ix user variables. A user variable consists of the following:

user variable name must start with alphabet character and can consist of
maximum six alphanumeric characters. Name must be
unigue. Name is case sensitive. For example, VTH is

different from Vth.
data numeric list,
unit ' Optional. Length: 1 to 6 characters.

Valid characiers: any characters.

Calculation between variables of different length

if you perform calculation between user variables, or between a user variable and a
measurement data variable, and the number of data are different, the extra data in
the longer variable are invalid.

Example
Following IBASIC program defines a user variable that has 3 data elements:

10 ASSIGN @Hpd4ld5 70 8OO

20 CUTPUT @Hp4155;"%:FORM:DATAASCT

30 CUTPUT @Hpdl55;":TRAC:DEF'UVARL',S"

40 OUTPYT GHpdl55:;":TRAC:DATA'UVARI',1.1,1.2,1.3,1.4,1.5"
56 END

26 Format of data to be transferred is ASCH format.
30 Defines the name of user variable and number of data.

40 Transfers the data.

7-6 Agilent 4155B/4156B User’'s Guide Vol.2, Edition 4




Figure 7-1

NOTE

Data Variable and Analysis Function
Data Variable

Syntax of Data Variable Name

A data variable name must start with alphabet character and can consist of
maximum six alphanumeric characters. Refer to Figure 7-1.

Syntax of Pata Variable Name

alghaber

Mexemum © characters

gl DT “20r40

The name must be unigue. Name is case sensitive. For example, Gm is different
from GM,

Using Built-in Function Name as Data Variable Name

You can give a data variable name the same name as a built-in function. But if you
use the name in an expression, the system considers the name to be a data variable
name, not a built-in function name. So, in this case, you cannot use the built-in
function in an expression.
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Data Variable and Analysis Function
Expression

NOTE

Expression

An expression can be used for following:

= In a user function definition

* As a condition for an automatic analysis function

»  For direct keyboard calculation

Direct Keyboard Calculation

You can directly calculate the value of an expression as follows:

+  Enter the expression by using the front-panel keys, press the green key, then
press Enter. The value of the expression is displayed.

If the expression contains data variables that are related to measurement points, the
calcuiated value corresponds to the marker position.

Figure 7-2 shows the syntax of an expression. Notice that an expression can be used
within an expression.
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Figure 7-2

NOTE

Data Variable and Analysis Function
Expression

Expression Syntax

axpr 4 }

oparator
. dyadic
sxprassion aperaior
RUMeric
“—’{ constant Er
scientific
constant
-——-i data var!able%
Nams
T O |

raad out function;
keyword
© 1

JAGETONE TR

manadic operator
Monadic operator performs operation on expression immediately to its right:

+ positive -~ negative

‘dyadic operator

Dyvadic operator performs operation between two expressions:

+ addition * multiplication ~ exponentiation
~ subtraction / division

Operation hetween data variables

Operation between data variables is performed between data at the same
measurement points.
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Data Variable and Analysis Function
Expression

numeric constant

Numeric constant can consist of digits, decimal point, and optional exponent
notation. Refer to Figure 7-3

Figure 7.3 Numeric Constant

o)

5

®EEOE®®®O @

édigit }:l"‘

Edto k]

= Mantissa (decimal patt) of greater than seven digits is truncated to seven digits,

«  The following predefined notations are available:

f 1075
p 10712
n 10
m 107
u 10°6
m 103
Kk 10°
M 10%
G 10°
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NOTE

Data Variable and Analysis Function
Expression

numeric constant

Numeric constant can consist of digits, decimal point, and optional exponent
notation. Refer to Figure 7-3

The following scientific constants are available:

q electric charge. 1.6021771 01?
k Boltzmann's constant. 13806581072
e space permittivity, 8.8541 8810712

data variable name

Any data variable name.

read out function keyword

A keyword that invokes the 41558/4156B’s built-in read out function. Refer to
“Read Out Function” on page 7-21.

built-in function keyword

A keyword that invokes the 4155B/4156B’s built-in function. Refer to “Reference:
Built-in Function” on page 7-12.

Arithmetic operator precedence

When an expression contains more than one operation, the order of operation is
determined by operator precedence. Operations with the highest precedence are
performed first. Multiple operations with the same precedence are performed left to
right. The following table shows the arithmetic operator precedence.

Precedence Operator

Highest Parentheses: {may be used to force any order of operations)

Functions: built-in function and data variable

Exponentiation: *

Multiplication and division: * /

Lowest Addition, subtraction, monadic operators: + —
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Data Variable and Analysis Function
Reference: Built-in Function

Reference: Built-in Function

You can use built-in functions for the following:

-

In the expression that is used to define a user function on the CHANNELS:
USER FUNCTION DEFINITION page.

As the condition for an automatic analysis function on the DISPLAY:
ANALYSIS SETUP page.

For direct keyboard calculations.

The following functions are available:

ABS
AT
AVG
COND
DELTA
DIFF
EXP
INTEG
LGT
LOG
MAVG
MAX
MIN
SQRT
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Syniax

Example

Syntax

Example

Syniax

Example

Data Variable and Analysis Function
Reference: Built-in Function

ABS

Returns the absolute value of the expression.

ABS (expression )

To return the absolute value of ID:

ABS{ID)

AT

Returns the value of /st expression at the index number specified by the 2nd
expression.

AT ( Ist expression, 2nd expression)

If 2nd expression is not integer, linear interpolated value of /st expression will be
retumed.

To return difference of Id from its first value:

Id-AT{Id, 1)
AVG
Returns the average value of sweep data or sampling data.

AVG {expression)

For subordinate sweep measurement, this function returns the average value of the
primary sweep for the secondary sweep step.

To return the absolute value of 1T:
AVG{ID)
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Data Variable and Analysis Function
Reference: Built-in Function

COND
This function does the following:
» If Ist expression < 2nd expression, returns 3rd expression.

or

» I st expression = Znd expression, returns 4th expression.

Syntax CONED (Ist expression, 2nd expression, 3rd expression, 4th expression )

If value of Ist expression or a 2nd expression is invalid, the value for the previous
measurement index number is used for the comparisen.
Example COND {ID-VG, SQRT (ID) ~VG, VD, VGS-VTH)
returns:
* VDIf ID-VG < SQRT{ID) ~VEG.
* VES-VTHIf ID-VG = SQRT (ID) -VG,
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Syntax

Example

Data Variable and Analysis Function
Reference: Built-in Function

DELTA

Returns the difference of the expression.

DELTA (expression)

The difference is defined as follows:

»  Basic or synchronous sweep measurement or sampling measurement

on = (a; - ay) whenn= |
dn=(a,,1 —a,_1)/2 whenl<n<N
on = (ay = an-1) whenn =N
Where,

on:  difference for measurement index number n.
a,:  value of an expression for measurement index number n.
N: number of sweep steps or number of samples.

*  Subordinate sweep measurement

For each primary sweep, use same definition as for basic sweep measurement
and assume measurement index number 1 for the first step of each primary
sweep.

If expression is a data variable for a secondary sweep source, this function
returns the sweep step value of the secondary sweep.

To return the difference of 1D:

DELTA(ID)
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Syntax

Example

Data Variable and Analysis Function
Reference: Built-in Function

DIFF

Returns differential coefficient of lst expression by Ind expression.

DIFFE {Ist expression, 2nd expression)

The differential coefficient is defined as follows:

*  Basic or synchronous sweep measurement or sampling measurement

Y=~y (X —xp) whenn = 1
Y=t — Yn-1/(Xp+1 —%p—t) whenl<n<N
Yn ™ (YN — YN-1 Y (3 — Xno1) whenn =N
Where,

¥ p differential coefficient for measurement index number n.
¥ value of /st expression for measurement index number n.
Xpt value of 2nd expression for measurement index number n,
N: number of sweep steps or number of samples.

= Subordinate sweep measurement

For each primary sweep, use same definition as for basic sweep measurement
and assume measurement index number 1 for the first step of each primary

sweep.

To return the 2nd order differential coefficient of 1D by VG:
DIFE(DIFF{ID,VGE), VG)
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Syntax

Example

Syntax '

Example

Data Variable and Analysis Function
Reference: Built-in Function

EXP

Rajses e to the power of expression.

EXP (expression)

To raise e to the power of the ID:

EXP{ID)

INTEG

Performs numerical integration of the /st expression by the 2nd expression.

INTEG ( Ist expression, 2nd expression)

This operation is defined as follows:

¢

Basic or synchronous sweep measurement or sampling measurement
whenn=1,0,~0

when n > 1, o, is presented by the following equation:

r
!
o, = 5 z (yi+yiw1)(ximxi'f l)
i=2
Where,
G,  integral of /st expression for measurement index number n.
yi  value of Ist expression for measurement index number i.

X5

i value of 2nd expression for measurement index number 1.

If there are some invalid values in the expressions, the invalid values are ignored
for the calculation.

Subordinate sweep measurement

For each primary sweep, use same definition as for basic sweep measurement
and assume measurement index number 1 for the first step of each primary
sweep.

To integrate ID by Vi
INTEG{ID,VD)
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Syntax

Example

Syntax

Example

Data Variable and Analysis Function
Reference: Built-in Function

LGT

Returns the logarithm (base 10) of expression.

LGT (expression)

If the expression is:

0 XXAKKK 1s returned with status of "Arithmetic error”.

negative value logarithm of absolute value is returned with status of
" Arithmetic error”.

To return the logarithm of 15

LET(ID)

LOG

Returns the logarithm (base e) of expression.

LOG {expression)

If the expression is:

0 XXXXXX is returned with status of "Arithmetic error”.

negative value logarithm of absolute value is returned with status of
" Arithmetic error”,

To return the logarithm of ID:

LOG{ID]}

7-18 Agilent 4155B/4156RB User’s Guide Vol.2, Edition 4




Syntax

Data Variahle and Analysis Function
Reference: Built-in Function

MAVG

Returns the moving average value of /st expression. The 2nd expression specifies
how many measurement points to use for average.
MAVE ( 1sf expression, 2nd expression)
This operation is defined as follows:
= Basic or synchronous sweep measurement or sampling measurement
The moving average at measurement index number n is defined as follows:

whenn<r
¥

X X
# rn i

whenr<n < N-r

nEr
s o 1
T Z Fi
I=p-r
when N-r<n
N
fom ot x
ey s SO W
P R-r
Where,
X,: moving average of the /st expression for measurement index number n.
x;:  value of the /st expression for measurement index number i.
r; value of the 2nd expression.
N: number of sweep steps or number of samples.

If there are some invalid values in the /st expression, the invalid values are
ignored for the calculation.

» Subordinate sweep measurement

For each primary sweep, use same definition as for basic sweep measurement
and assume measurement index number 1 for the first step of each primary
sweep.
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Example

Syniax

Example

Syniax

Example

Syntax

Example

Data Variable and Analysis Function
Reference: Built-in Function

To return the moving average value of "ID" by using five measurement values:

MAVG{LID, 5)

MAX

Returns the maximum sweep or sampling value.

MAX (expression)

For subordinate sweep measurement, this function returns the maximum value of
the primary sweep for the secondary sweep step.

If there are invalid values in expression, invalid values are ignored.

To return the maximum value of TD:

MAX (ID;
MIN
Retums the minimum sweep or sampling value.

MIN (expression}

For subordinate sweep measurement, this function refumns the minimum value of the
primary sweep for the secondary sweep step,

If there are invalid values in expression, invalid values are ignored.

To return the minimum value of 1D:

MIN(ID)

SQRT

Returns the square root of the expression.
SQRT {expression)

To return the square root of ID:

BQRT(ID)
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Data Variable and Analysis Function
Read Out Function

Read Out Function

The read out functions are built-in functions for reading various values related fo the
maker, cursor, or line. You can use these functions o perform compiex analysis of
the measurement results.

You can use read out functions for the following:

L]

In the expression that is used to define a user function on the CHANNELS:
USER FUNCTION DEFINITION page.

As a condition for an automatic analysis function on the DISPLAY: ANALYSIS
SETUP page.

For direct keyboard calculations.

The following functions are available:

Function Read Out Function

Marker @ML, @MX, @MY, @MY, @MY2

Cursor @CX, @CY, @CYt, @Cy2

Line @IX, @IY, @Y1, @IY2,
@L1CO, @L1G, @L1G1, @L1G2, @LIX, @L1Y, @L1Y1, @L1Y2,
@L2CO, @L2G, @L2G1, @L2G2, @L2X, @L2Y, @L2Y1, @L2Y2

The following are resirictions for using read out functions:

.

GRAPHICS must be selected in the DISPLAY MODE field on the DISPLAY:
DISPLAY SETUP page when you use the read out function. If not, invalid data
is returned. (@MI is an exception. @M can be used in GRAPHICS or LIST
mode.)

If the marker, cursor, or line that are referred to by the read out function are not
displayed, the read out function uses the position at which it was most recently
displayed. If the marker, cursor, and line have not been displayed, the read out
function returns invalid data.

You cannot assign a data variable that includes a read out function to an axis of
graphics plot.
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Data Variable and Analysis Function
Read Out Function

@CX

Returns the value of X coordinate at the active cursor position.

Syntax: @cx

@CY
Returns the value of Y coordinate at the active cursor position.
Syntax: @gcy

If there are Y1 and Y2 axes, this function returns the value for selected axis.

@CY1

Returns the value of Y1 coordinate at the active cursor position.

Syntax: BCYL

@CY2

Returns the value of Y2 coordinate at the active cursor position.

Syntax: @cyz
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Data Variable and Analysis Function
Read Out Function

@IX
Returns the value of X coordinate at the cross point of LINE] and LINE2.
Syntax: @IX

This function calculates the cross point by using the following formula:

Yy=¥
g = dwd
G~y
Where,
Xx: Value of X coordinate at the cross point. If the X axis is logarithmic scale,

this function returns 10%.

V' Y-intercept value of LINEr. If the Y axis is logarithmic scale, y,, is the log
value of the v intercept of LINE#.

o, :  Slope of LINEn.

If LINE? is parallel to LINEZ2, this function returns invalid data with the status
" Arithmetic error”.

@IY

Returns the value of Y coordinate at the cross point of LINE1 and LINEZ2.
Syntax: a1y

Hf there are Y1 and Y2 axes, this function returns the value for selected axis.

This function calculates the cross point by using the following formula:

oy
Gy =0y

¥y = {yy~y1) + ¥

Where,

¥ Value of Y coordinate at the cross point. If the Y axis is logarithmic scale,
this function returns 107,

P Y-intercept value of LINEn. Ifthe Y axis is logaliﬂunic scale, v,, is the log
value of the v intercept of LINE#.

d,: Slope of LINEn.

K LINE] is parallel to LINE2, this function returns invalid data with the status
" Arithmetic error”.
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Data Variable and Analysis Function
Read Out Function

@IY1

Returns the value of Y1 coordinate at the cross point of LINE? and LINE2.
Syntax: gIY¥1
This function calculates the cross point by using the following formula:

oy

yI = (}’2“)’1)““}’1
Gy~ Oy

Where,

¥l Value of Y! coordinate at the cross point. If the Y1 axis is logarithmic scale,
this function returns 10%.

Yy ! Y1-intercept of LINEn. If the Y'I axis is logarithmic scale, v, is the log
value of the Y1 intercept of LINEx.

oy Slope of LINE#.

If LINE] is parallel to LINE2, this function returns invalid data with the status
"Arithmetic error”.

@IY2
Returns the value of Y2 coordinate at the cross point of LINE1 and LINE2.
Syntax: @IvYZ2

This function calculates the cross point by using the following formula:
&y
G-y

y2 = ()’2‘)’1)‘*}’1
Where,

¥2:  Value of Y2 coordinate at the cross point. If the Y2 axis is logarithmic scale,
this function returns 10%,

Yyl Y2-intercept of LINEn. If the Y2 axis is logarithmic scale, y,, is the log
valne of the Y2 intercept of LINE#.

o,  Slope of LINEn.

If LINET1 is parallel to LINE2, this function returns invalid data with the status
" Arithmetic error”.
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Data Variable and Analysis Function
Read Out Function

@L1CO
Returns the correlation coefficient of the regression for LINEL.
Syntax: @LLICC

LINE? must be in regression mode. If not, this function returns invalid data.

@L1G

Returns the slope of LINE1.

Syntax: @LlG

If there are Y1 and Y2 axes, this function returns the value for selected axis.

This function calculates the slope by using the following formula:

« IfX and 'Y axes are both linear scaling:
o= (y; —yo) (X1 —Xp)

« IfX axis is logarithmic scaling, and Y axis is linear scaling:
o = (y1 ~ Yo)/(Jog X1 - log xo)

» IfX axis is Hinear scaling, and Y axis is logarithmic scaling:
o= (log y; — log yg)/(x1 — xg)

« IfXandY axes are both logarithmic scaling:
o = (log yy — log yp¥(log x; — log xq)

Where,

o Slope of LINEL.

Xg,Yp.X).Y]: XandY coordinate values at the two points where LINE1 intercepts
the perimeter of the plotting area.
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Data Variable and Analysis Function
Read Out Function

@L1G1
Returns the slope of LINE] for Y1 axis.
Syntax: 8L1G1

This function calculates the slope by using the following formula;

+ IfXand Y1 axes are both linear scaling:
o =y} - yp)x; —%g)

+ I X axis is logarithmic scaling, and Y1 axis is linear scaling:
o = {y; - yo)/(log x, - log xp)

« If X axis is linear scaling, and Y1 axis is logarithmic scaling:
o= (log y; — log yp)/(x) — x;)

= IfXand Y1 axes are both logarithmic scaling:
o = (log y; - log yo)/(log x; — log xp)

Where,

o Slope of LINE1.

Xg.¥0-X1.¥1: Xand Y1 coordinate values at the two points where LINEI
intercepts the perimeter of the plotting area.
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Data Variable and Analysis Function
Read Out Function

@L1G2
Returns the sjope of LINE] for Y2 axis.

Syntax: BL1IGZ

This function calculates the slope by using the following formula:

+« If X and Y2 axes are both linear scaling;
o =(yy = yo)(x; ~ %)

= If X axis is logarithmic scaling, and Y2 axis is linear scaling:
o = (y1 — Yo)(log x; ~ log xg)

+ 1f X axis is linear scaling, and Y?2 axis is logarithmic scaling:
o = (log y1 - log yo)/x; — Xg)

«  IfX and Y2 axes are both logarithmic scaling:
o = (log y; - log yo){log Xy ~ log xo)

Where,

a: Slope of LINEL.

Xg,¥g.X1.Y1 . X and Y2 coordinate values at the two points where LINE!L
intercepts the perimeter of the plotting area.
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Bata Variable and Analysis Function
Read Qut Function

@L1X
Returns the X intercept value (Y=0) of LINE].

Syntax: EL1X

If LINE] is horizontal, this function returns invalid data.

@L1Y
Returns the Y intercept value (X=0} of LINE1.

Syntax: L1y

If there are Y1 and Y2 axes, this function retumns the value for selected axis.

IFLINE! is vertical, this function returns invalid data.

@L1Y1
Returns the Y1 intercept value (X=0) of LINEL.
Syntax: 8L1v¥l

If LINEI is vertical, this function retrns invalid data,

@L1Y2
Returns the Y2 intercept value (X=0) of LINEL.
Syntax: @L1YZ

IfLINE] is vertical, this function returns invalid data.

@L2CO
Returns the correlation coefficient of the regression for LINE2.
Syntax: BLZCO

LINE2 must be in regression mode. If not, this fimction returns invalid data.
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Data Variable and Analysis Function
Read Out Function

@L2G
Returns the slope of LINE2.
Syntax: BL2G
If there are Y1 and Y2 axes, this function returns the value for selected axis.
This function calculates the slope by using the foilowing formula:
« IfX and Y axes are both linear scaling:
o = (y1 = yo)x1 —%p)
« If X axis is logarithmic scaling, and Y axis is linear scaling:
o = (y1 ~ yo)(log X; - log xg)
+ If X axis is linear scaling, and Y axis is logarithmic scaling:
o = (log yy —log yo)/(x; - Xg)
« IfX and Y axes are both logarithmic scaling:
a = (log y1 — log yo)/(log x; — log Xo)
Where,
o Slope of LINEZ.

Xq,¥p-X1,¥:: XandY coordinate values at the two points where LINE2 intercepts
the perimeter of the plotting area.
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Data Variable and Analysis Function
Read Out Function

@L2G1

Returns the slope of LINE2 for Y1 axis.

Svntax: @L2G1

This function calculates the slope by using the folowing formula:

» IfXand Y1 axes are both linear scaling:
o =(yy - yp)(x) ~ %g)

o If X axis is logarithmic scaling, and Y1 axis is linear scaling:
o = (1 — yp)(log x; ~ log Xg)

» If X axis is linear scaling, and Y| axis is logarithmic scaling:
o= {log y; — log yo)/(xg —%q)

«  IfXand Y1 axes are both logarithmic scaling:
o= (log y; - log yo)/(log x; - log xg)

Where,

o Slope of LINE2.

Xy Yo X .v1: Xand Y1 coordinate values at the two points where LINE2
intercepts the perimeter of the plotting area.
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Data Variable and Analysis Function
Read Out Function

@L2G2
Returns the siope of LINEZ for Y2 axis.
Syntax: BL2G2Z
This function calculates the slope by using the following formula:
« IfX and Y2 axes are both linear scaling:
a = (¥~ Yo¥(X; = %)
»  IfX axis is logarithmic scaling, and Y2 axis is linear scaling:
a = (y1 - yp¥{log x; — log x0)
« I X axis is linear scaling, and Y2 axis is logarithmic scaling:
o = (log yy - log ¥o)/(X; — Xg)
+ X and Y2 axes are both logarithmic scaling:
a = (log y; - log yo)(log x; — log Xq)
Where,
o Slope of LINE2.

Xg,.¥o.%1.¥: . X and Y2 coordinate values at the two points where LINEZ2
intercepts the perimeter of the plotting area,
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Data Variable and Analysis Function
Read Out Function

@L2X

Returns the X intercept value (Y=0) of LINE2.

Syntax; 8L2X

If LINE2 is horizontal, this function returns invalid data.

@L2Y

Returns the Y intercept value (X=0) of LINEZ.

Syntax: @L2Y

If there are Y1 and Y2 axes, this function returns the value for selected axis.

If LINE2 is vertical, this function returns invalid data.

@L2Y1
Returns the Y1 intercept value (X=0) of LINE2.
Syntax: @LZ2Y1

If LINE2 is vertical, this function returns invahid data,

@L2Y2
Returns the Y2 intercept value (X=0) of LINEZ,
Syntax: 8L2YZ

If LINE2 is vertical, this function returns invalid data.

@MI
Returns the index number of measurement data at the marker location.
Syntax: @MI

This function can be used in both GRAPHICS and LIST display modes.

If the interpolation mede is enabled in GRAPHICS display and the marker is located
between the measurement data, this function returns a non-integer value.
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Data Variable and Analysis Function
Read Out Function

@MX

Returns the value of the X coordinate at the marker location.

Syntax: @M

@MY
Returns the value of the Y coordinate at the marker location.
Syntax: @My

If there are Y1 and Y2 axes, this function returns the value for selected axis.

@MY1

Returns the value of the Y1 coordinate at the marker location.

Syntax: GMY1

@MY2

Returns the value of the Y2 coordinate at the marker location.

Syntax: gMY2
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Data Variable and Analysis Function
Analysis Function

Analysis Function

The 4155B/4156B provides the following functions for analyzing measurement
results:

+  “Marker on the GRAPH/LIST: GRAPHICS page”
»  “Marker on the GRAPH/LIST: LIST page”

»  “Cursor”

»  “Line Drawing”

+  “Scaling Functions”

+  “QOverlay Display Function”

= “Automatic Anaiysis Function”
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Marker on the GRAPH/LIST: GRAPHICS page

Figure 7-4

Markers on the GRAPH/LIST: GRAPHICS page
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You can display the markers on the plotted measurement curves on the
GRAPH/LIST: GRAPHICS page by selecting MARKER/CURSOR primary
softkey, then selecting MARKER secondary softkey. The marker for Y1 axisis a
circle (o), and the marker for Y2 axis is an asterisk (*). The active marker depends
on the selected axis.

Markers have the following functions on the GRAPH/LIST: GRAPHICS page:

displaying values of measurement curve.
The X, Y1, or Y2 coordinate values at the marker locati
specifying a point at which to draw a tangent line

For tangent line mode, the marker is used to specify the

on are displayed.

position at which to

draw a tangent to the measurement curve. Refer to “Line Drawing” on page

7-40.

displaying values of data variabies
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The data variable values at the marker location are displayed.
« specifying the position for direct keyboard calculation

If you enter an expression that has data variables related to measurement points,
the value of the expression at the marker position is displayed.

» indicating measurement point determined by auto analysis expression

if you set up an expression for the marker on DISPLAY: ANALYSIS SETUP
page, the marker moves to the point determined by the expression after auto
analysis is performed.

Moving the marker

Basically, you can move the markers on measurement points of the measurement
curve by using the knob on the front panel. In addition to the basic movement, the
following functions allow vou to quickly move the marker to the desired position.

+ Interpolation Mode
Enables you to move the marker on lines between adjacent measurement points.
= Marker to Min/Max
Moves the marker to the maximum or minimum measurement point value,
+ Direct Movement
Moves the marker directly to specified coordinates on measurement curve.
= Marker Skip

Moves the marker to the next measurement curve. This function only has
meaning for subordinate sweep measurements and append measurements.
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Marker on the GRAPH/LIST: LIST page

Figure 7-5 Marker on the GRAPH/LIST: LIST page
GRAPSH/ILTST D LIST SHORT 2IAUGOS 06 LBFM W
‘ AFRER
# F IR
v A
OIRECT
MARKER
1 -10.000080m ~4 1500000 -
2 Q. 000008 1 1500000 thFT%E,ER
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&
7
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PDIF 1 578 0000 AN ; 7 1
1_ : | ISPREAD | BE- SWEEP | {TIMING | [CONST
P E | SHEET ‘ SETUR| ISETUP | |SETUP ' sETUR

UGTO203, 100x80

When marker function is enabied on GRAPH/LIST: LIST page, a marker
{highlighted row) is displayed.

Marker has following functions on this page:
+ displaying values of data variables

The data variable values are displayed for the highlighted row.
»  specifying the position for direct keyboard calculation

If you enter an expression that has data variables related to measurement points,
the value of the expression for the highlighted row is displayed.

+  indicating measurement point determined by auto analysis expression

If you set up an expression for the marker on DISPLAY: ANALY SIS SETUP
page, the marker moves to the row determined by the expression after auto
analysis is performed.
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Moving the marker

Basically, you can move the marker up or down by using the rotary knob on the
front panel or by using the upper arrow and down arrow front-panel keys. If you
have defined more than four variable values, you can scroll right or left by using the
left arrow or right arrow front-panel key.

In addition to the basic movement, the following functions allow you to quickly
move the marker to the desired position. For these functions, the row marker
becomes a one cell pointer, so these functions are for the column that contains the
pointer, not the entire row,

*  Marker to Min/Max

Moves the pointer to the maximum or minimum measurement point value.
»  Direct Movement

Moves the pointer directly to the value that is closest to the specified value,
«  Marker Skip

Moves the pointer to data for the next measurement curve. This function only
has meaning for subordinate sweep measurements and append measurements.
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Cursor

Cursors are used to specify the position for line drawing or scaling functions on the

GRAPH/LIST: GRAPHICS page. Refer to “Line Drawing” on page 7-40 and

“Scaling Functions” on page 7-42.

You can select a short cursor, which is 2 cross " +'", or a long cursor, which is a cross

with long lines.

You can move the cursor anywhere in the plotting area by using arrow Keys of the

Marker/Cursor key group.

Cursors on the GRAPH/LIST: GRAPHICS page
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Line Drawing

You can draw up to two lines in plotting area on GRAPH/LIST: GRAPHICS page.
To draw lines, you can select ene of following four line modes:

= Normal line mode: can draw a line through two cursors.

CUTSOrs ————l
A

//

L

T

B i

+  Grad line mode: can draw a line through a cursor with specified gradient.

|

cursor

GRAD VALUE=Y/X

VDI S
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» Tangent line mode: can draw tangent line to marker, which is on measurement
curve,

s

s

- /
// /w measurement curve

UCEHTUT Mt

+  Regression line mode: can draw regression line within area specified by two
Cursors.

I——' cirsar

|—+ z

CUrsor

/E—-ragrssslon jine

UFDOTID 3060
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Scaling Functions

You can change the axis scales after plotting the measurement results on the
GRAPH/LIST: GRAPHICS page. The following scaling funetions are provided:

* Autoscaling

Changes X and Y-axis scaling to fit the measurement curve.
«  Zooming in

Displays the area around the cursor with doubie resolution.
»  Zooming out

Displays the area around the cursor with half resolution,
+ Centering at cursor

Centers the display around the cursor at the same resolution.
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Overlay Display Function

You can overlay a measurement curve (that was previously saved into one of the
four internal memories) onto the curve that is presently displayed on the
GRAPH/LIST: GRAPHICS page. This is useful for comparing measurement
results.

Overlay Display Information

You can use following information of overlaid curve instead of present information:
+  Axis information

= Carsor and marker position

» List of the data variables

Adjusting axes

You can use the axis scaling of overlaid plane instead of present scaling.
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Automatic Analysis Function

This function can automatically draw up to two lines and position a marker on the
plotting area of the GRAPH/LIST: GRAPHICS page. You set up this function on the
DISPLAY: ANALYSIS SETUP page. This function is performed automatically
when:

» measurement finishes.

= AUTO ANALYSIS secondary softkey on the GRAPH/LIST: GRAPHICS page
is pressed.

The same four line modes as for manual analysis are available: normal, grad,
tangent, and regression. For details about these line modes, refer to “Line Drawing”
on page 7-40.

Specifying Points for Drawing Lines and Positioning Marker

Two modes are available: X-Y mode and on plot mode. Following table shows
-which of these modes are available for drawing lines and positioning marker.

i i
Positioning Line Mode Marker
Mod L
Hode Normal Grad Tangent Regression Positioning
XY yes ves .d. yes n.a.
On plot ves ves ves ves ves
»  X-Y mode

You can specify any point in plotting area by using X and Y coordinate values.
Can directly specify coordinate values or specify an expression.

«  On plot mode

You can specify a point on the measurement curve by using a data variable and
an expression. The measurement point is determined by the point where the data
variable is equal to the expression.

You can also specify a second expression that is the starting point of the search.
That is, the search for the measurement point that satisfies the first expression
does not start until the finding the measurement point that satisfies the second

expression.
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Exampie:

ma

I ] HEMAX (1} oo
|-—- {MAXIVT], MAX (1)
B // T
ot . T
iy 7 e
R _

CIDOTRLE LSl

If you want to automatically draw a normal mode line between the following two
points:

+ point where X value is same as maximum V1, and Y value is same as maximum
It

= maximum [1 point on measurement curve
then specify the following on the DISPLAY: ANALYSIS SETUP page:

LINEI: [NORMAL ] line on [Y¥1l] between a point [AT]
X [MAX (V1) ]

Yo [MAY {I1}]
and a point [WHERE]

[Tli=IMAX(I1)]
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i You Have A Problem

This chapter explains how to solve a problem or how to read status and error codes,
if you encounter some problem.

This chapter is organized into the following sections:
»  When you make a measurement

« This section explains how to solve the probiems that may occur when
making a measurement.

= If errors oceur

«  This section lists error codes and messages that may be displaved when
operating Agilent 4155B/4156B. Also, this section describes how to read
data status.
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If You Have A Problem

To Get Help Information

To start help function, press the Help front-panel key. Then, you can select one of
the following primary softkeys.

OVERVIEW
Briefly explains each help softkey.
PAGE MAP

Shows a map of all screens, highlights the present screen name, and gives a brief
description of the highlighted screen name. You can use the arrow keys to
highlight another screen name, then can display the screen by selecting the
SELECT secondary softkey.

FIELD INFO

Describes field where the pointer is located on the screen, how to setup the field,
and the setting restrictions. This softkey is not displayed for GRAPHICS, LIST,
KNOB SWEEP, or STRESS FORCE screen.

DATA STAT

Shows how to read data status, which is displayed at the bottom of GRAPHICS,
LIST, KNORB SWEEP, or STRESS FORCE screen. This softkey is displayed
only for these screens.

INPUT AID

Displays variable names, mathematics functions, and read-out functions, and
describes the highlighted name or function. This softkey is not displayed for
GRAPHICS, LIST, KNOB SWEEP, or STRESS FORCE screen.

You can enter desired variable or function into the selected setup field of a screen by
selecting ENTER secondary softkey, then pressing Enter front-panel key.

Agilent 4155B/4156B User’s Guide Vol.2, Edition 4 8-3




If You Have A Problem
When You Make A Measurernent

When You Make A Measurement

This section covers the foilowing basic problems that you may encounter when you
making a measurement, and the solutions.

»  “If Measured Value Oscillates when Measuring High-Frequency Devices”
= “If Measured Value Oscillates when Measuring Negative Resistance”

= “If Noise Affects the Measured Vaiues”

+  “If Measured Voltage has some Error when Forcing a Large Current”

s “If Large Current Causes High Temperature (Thermal Drift)”

«  “If Measurement Takes More Time than Specified”

+  “If Measurement Damages the Device under Test”

«  “If You Get Unexpected Data when Performing Sampling Measurement™
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If Measured Value Oscillates when Measuring
High-Frequency Devices

When measuring parameters of high-frequency devices, such as GaAs MESFETs or
high-frequency bipolar transistors, oscillation may cause measurement probiems.
Normal measurement cannot be performed because of oscillation.

To solve this problem:
» For FETs, add resistive ferrite beads as close as possible to the gate.

»  For bipolar transistors, add resistive ferrite beads as ciose as possible to the base
or emitter.

»  Make connection cables as short as possible. Long wires cause oscillation
because of their large inductance.

Test Device

To Unit

To unit
L /_‘\

Farrite aATesEd Bares
Beads
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If Measured Value Oscillates when Measuring Negative
Resistance

If the DUT has negative resistance characteristics, SMUs may oscillate. Because
SMUs operate as negative feedback amplifier.

To solve this problem:

For voltage controlled negative resistance device

«  Connect G in parallel with your DUT to cancel negative resistance. To
obtain an output [-V curve, use the following equation.

ly=I-G*V

e
—

<)
o t{ |
\

UETEEQEY, NOXSS

For current controlled negative resistance device

¢ Connect R in series with your DUT to cancel negative resistance. To obtain
an output i-V curve, use the following equation.

Vz=V-R*I
«  Ifthe resistance of the DUT is less than 1 M, you can use R-Box.

[

S— -
AL
' Y :\
\.

\\\

W% / -
0 u
Wi USTOBO0H, TG0
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If Noise Affects the Measured Values

When you measure low current of a DUT, the measured values may not be stable.

To sobve this problem:

»  Use guarding to reduce the leakage current between your prober and the
4155B/41568. Note that long wires cause oscillation because of their large
inductance. For details about connections, refer to “To Make Connections to
Reduce Leakage Current” in Chapter 4.

« If some high-power electric machines are operating around the 4155B/4156B,
turn off the machines, then perform the measurements. The machines affect the
power line waveform.

*  Shut the lid of test fixture or shield box to prevent effects of light.

+ Ifthese are vibrations due to nearby machines or due to air flow, put cushioning
material under prober, cable, and the 4155B/4156B; install stabilizer on the
prober; and make the cables stable by taping.

= 'Wait several minutes after connecting cables or moving probe needles. Because
these operations cause electromotive force.

+ Ifyou use only Force terminal and triaxial cables for HRSMUs or HPSMU,
connect an open cap to sense terminal.

« Keep constant temperature in the room when you use the 4155B/4156B. Shift of
1 °C may shift the measurement values. Temperature change causes the
following,

« (Offset current in the 4155B/41568.
» Thermoelectromotive force in DUT, which causes low current.

« Expansion and contraction of cables, which causes noise,
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If Measured Voltage has some Error when Forcing a
Large Current

Voltage measurement may have some error because of the effects of the cable
resistance when forcing a large current. :

To solve this problem:

+  Use Kelvin connections between SMUSs and DUT. To cancel the effects of cable
resistance, connect the sense line as close as possible to the terminal of the DUT.

For details of Kelvin connections, see “Connection to Device Under Test
(DUTY” in Chapter 4

If Large Current Causes High Temperature (Thermal
Drift)

If a large current is forced to a DUT, the temperature of the DUT may increase,
which may cause characteristics to drift.

To solve this problem:
* Use the pulse output mode of the SMU.

For large currents, the SMU should be set to pulse output mode. This decreases
the average power output to prevent temperature rise of DUT,
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If Measurement Takes More Time than Specified

When measuring current that is 10 pA or less, SMUs may take tonger time to
measure than the specified integration time. When measuring in a low current range,
the SMUs automatically take longer integration time to perform accurate and stable
measurements.

To solve this problem:

»  Measure current using a fixed range that is more than 10 pA. The measurement
will be performed in the specified integration time.

If you set many measurement channels, measurement takes a longer time.
To solve this problem:
« Decrease measurement channels to reduce measurement time,

Note that the number of measurement channels automatically increases if you do
both the following: force voltage from channels that are connected to R-Box and
display the voitage values or use voltage values in user functions. The channels
automatically measure current, which is used to compensate the voltage values.
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If Measurement Damages the Device under Test

When Using SMU

When performing breakdown measurements by using SMU, DUTs may be
damaged.

When voltage is forced from an SMU, the current is limited by the compliance
setting, which prevents the DUT from being damaged by a large current. But when
the current rapidly increases, the current limiter in the SMU cannot follow the rapid
current increase, so a large amount of current may flow through the DUT fora
moment, which may damage the DUT.

To solve this problem:

« Insert a protecting resistor as close as possible to DUT. You can also use a
resistor of Agilent 16441A R-Box.

When Using VMU

‘When using VMU, the measurement terminal voltage increased by charge of buffer
amplifier carrent in VMU, may damage DUT:

To ADG /! Craxal Cable
w3 i Bm Cument
“‘\} ¢ { z
Prometon / 3
~ l Cirenit
Gaiss Amplifler Buffor Amptifier

trputSwach’ Arcumiaze Charge

tel

When the measurement terminal of VMU is open and when a coaxial cable is
comnected to VMU, buffer amplifier current charges increase the VMU terminal
voltage. After a long time charge, the increased terminal voltage is discharged by
comecting DUT, which may damage the DUT. '

To solve this problem:

There are three ways to prevent this problem as follows:
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1. Iusert a large resistor between VMU and common

— = \/\/\f'*}
._\‘ T \/ N

This method cannot be used for voltage measurement of high resistance.
Because the VMU input impedance gets lower.

2. Use SMUs instead of VMU5s

Ml
)

o

/

This method degrades measurement accuracy and resolution than VMU due to
each unit's specification difference.

3. Insert a resistor in series fo device

g
:/H 1 MO x  aboul 1 kQ
2 A

i

This method needs {0

+ select an appropriate resistor value for each device resistance value.
«  set wait time before measurement until charge current settles.

+ insert the resistor at close point to DUT to prevent damage due to the charge
in a measurement circuit. {See dotted line in the above figure)
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If You Get Unexpected Data when Performing Sampling
Measurement
If initial interval is set to a short time and if FILTER ON is set, you may get

unwanted data. FILTER ON causes a slower rise time, so short initial interval will
sample during this rise time.

To solve this problem:

+ Set FILTER field to OFF if you set initial interval to a short time.

Some data may be skipped because measurement takes a long time. Measurement
takes a long time if measurement is performed in a low current range, if many
measurement channels are set up, or if analysis, such as moving a marker, is
performed during measurements.

To solve this problem:

= Measure current using a fixed range that is more than 10 pA. For measurement
ranges 10 pA or less, measurement takes longer than the specified integration
time.

»  Decrease measurement channels to reduce measurement time.

Note that the number of measurement channels astomatically increases if you do
both the following: force voltage from channels that are connected to R-Box and
display the voltage values or use voltage values in user functions. The channels
autornatically measure current, which is used to compensate the voltage values.

» Do not perform analysis operation during measurement state
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If Errors Occur

If the 4155B/4156B is not operated correctly, or if diagnostics or calibration fails,
error codes and error messages are displayed.

If measurement or forcing stress are not performed correctly, measurement data
status is displayed at bottom of GRAPHICS, LIST, KNOB SWEEP, or STRESS
FORCE screen.

This section describes the foliowing:

+ “If Errors Occur when You Perform Self-calibration or Diagnostics”
= “IfErrors Occur when You Operate the 4155B/4156B”
< “If a Measurement Data Status is Displayed”
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If Errors Occur when You Perform Self-calibration or
Diagnostics

The following are the error codes that are displayed at the bottom of the SYSTEM:
SELF-CALIBRATION/DIAGNOSTICS screen if errors occur when you perform
self-calibration or diagnostics.

If errors occur, write down the displayed error codes and contact the nearest Agilens
Technologies Sales and Service office. Up to seven error codes can be displayed at
the bottom of the SYSTEM: SELF-CALIBRATION/DIAGNOSTICS screen. To
display the error codes, move pointer to a degired test ftem.

Error codes for measurement unit

The following are the error codes for measurement units. Error codes are S-digit
numbers.

Lxxyy

* Xy measurement unit
+  00:VSUL2and VMIJL2
+ 0lto C6: SMUI to SMUJ6
« 07:PGUL2
«  08:GNDU
¢ 09: AD converter

+  yy: error nuinber

1x305 AD converter failed ROM or RAM self-test. Measurement unit failed
AD converter test as a pretest for calibration or self-test,

Ixsi6 Successive approximation AD converter failed. Measurement unit
failed AD converter test as a pretest for calibration or self-test.

1xx07 Integrating type AD converter failed. Measurement unit failed AD
converter test as a pretest for calibration or self-test.

1xx08 AD converter test reached timeout. Measurement unit failed AD
comverter test as a pretest for calibration or self-test.

ixxil Overvoltage occurred for a measurement unit.

1xx12 Overcurrent occurred for a measurement unit.
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1xx1i58
1xx19

1xx90

1xx91

1xx92

1xx94
1xx97

10030
10031
16032
15033
18034
16035

10636
10637
10038

10040
10041
10042
10043
10044
10045

If You Have A Problem
if Errors Occur

Measurement units that are not supported are detected.

Emergency occurred but the cause is unknown. This is displayed, for
example, when unit is known but cause is unknown.

AD converter test reached timeout during calibration or self-test for a
measurement unit.

FIFO (first-in, first-out) for AD converter overflowed because SMU
controller takes long time to read measurement data.

Calibration or diagnostics was aborted by an emergency or ¥*RST
command.

The 4155B/41568B was turned on before the 41501A/B.

Communication failed between HOST controller and SMU controller.
Or calibration/diagnostics was performed, but HOST controller
couldn't receive the result from SMU controiler.

V8Us and VMUs failed default test of calibration.

VSUs and VMUs failed function check.

VSUs failed gain or offset calibration.

VMUs failed gain or offset calibration.

VMUs failed differential mode 2 V range gain or offset calibration.

VSUs failed gain and offset calibration, VMUs failed gain and offset
calibration, or VMU failed differential mode 2 V range gain and offset
calibration.

VMUs failed differeniial mode 0.2 V range gain or offset measurement.
VMUs failed differential mode 0.2 V range gain and offset calibration.

VMUs and VSUs failed CMR (Common Mode Rejection) amp
adjustment.

VSU1 and VMU failed £20 V méasurement sélf-test in 20 V range.
VSU2 and VMU2 failed £20 V measurement self-test in 20 V range.
VSU1 and VMU2 failed £20 V measurement self-test in 20 V range.
VMU2 and VMU failed £20 V measurement self-test in 20 V range.
VSUT and VMU1 failed £2 V measurement self-test in 2 V range.
VSU2Z and YMU?Z failed +2 V measurement self-test in 2 V range.
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10046 VSU1 and VMU2 failed =2 V measurement self-test in 2 V range.

10647 VSU2 and VMU failed =2 V measurement self-test in 2 V range.

10648 VMUs and VSUs failed differential 2 V range self-test. This test
measures =2 V by VMUs in differential mode. (VSUL is connected to
VMU1, and VSU2 is connected to VMU2Z, VSUTI forces 0 V. VSU2
forces 2 V).

10049 VMUs and VSUs failed differential 2 V range self-test. This test
measures 0 V by VMU in differentiai mode. (VSU1 is connected to
VMU, and VSUZ is connected to VMUZ, VSUT forces 0 V.)

16050 VMUs and VSUs failed differential 0.2 V range self-test. This test
measures 0 V by VMUs in differential mode. (VSU1 is connected to
VMU, and VSU2 is connected to VMU2. VSUT1 forces 0 V.)

16051 VMUs and VSUs failed differential 2 V range self-test. This test
measures ¢ 'V by VMU in differential mode. (VSU2 is connected to
VMU and 2, and forces § V.)

10052 VMUs and VSUs failed differential 0.2 V range seli-test. This test
measures 0 V by VMUs in differential mode. (VSUZ is connected to
VMU and 2, and forces O V.)

10x20 SMLJ failed function check.

16x21 SMU faitled CMR (Common Mode Rejection) amp calibration.

10x22 SMU failed oscillation detector test.

10x23 SMU failed V set and V measure calibration.

10x24 SMUJ failed I set and | measure calibration.

10x28 SMUJ failed I bias test.

10x26 SMU failed V switch test.

10760 PGUJ1 failed pulse gain calibration.

10761 PGU2 failed pulse gain calibration.

10762 PGU1 failed pulse offset calibration.

10763 PGU?Z failed pulse offset calibration.

19764 PGU1 failed voltage calibration of base value.

10763 PGU?2 failed voltage calibration of base value.

10766 PGUI failed leading time calibration.
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10905
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If You Have A Problem
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PGU2 failed leading time calibration.

PGU1 failed trailing time calibration.

PGU2 failed trailing time calibration.

PGU1 failed stope offset calibration.

PGUZ failed slope offset calibration.

PGU1 failed slope sampling calibration.

PGUZ failed slope sampling calibration.

GNDU failed offset calibration.

AD converter failed ROM or RAM self-test.

Successive approximation AD converter failed calibration or self-test.
Integrating type AD converter failed calibration or self-test.

AD converter reached timeout. AD converter did not return completion
status within certain time after sending calibration or self-test
command.
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Error code for CPU and peripherals

The following are the error codes for CPU and peripherals. Error codes are 5-digit
numbers.

2WWwWe

= www: test item number {on SYSTEM: SELF-CALIBRATION/DIAGNOSTICS
screen).

« z:iest number

23010 Host DRAM failed seif-test.

23621 Host ROM failed checksum test.
23022 Host SRAM fhailed read and write test.
23023 EEPROM failed read and write test.
23930 Real-time clock failed timer test.

23040 GPIB controller failed self-test. This test sets some settings, then
checks the status.

23050 Parallel interface controller failed self-test. This test sets some settings,
then checks the status.

23061 Host controller sends a command and does not receive acknowledge
from SMU controller.

230662 Host controller failed receiving response from SMU controlier by
sending a command.

23071 SMU controller ROM failed checksum test.

23072 SMU controller on-board SRAM failed read and write test.
23073 SMU controller intermnal SRAM failed read and write test.
23074 SMU controller internal timer failed self-test.

23075 SMU controller timer does not operate with correct frequency.
23076 SMU controiler faited power on self-test.

23077 SMU controller test gets timeout,

23086 Access to graphics system processor failed read and write test.

23091 Graphic memories (SRAM) failed read and write test.
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24017
24018
24021
24022
24041
24042
24051
24052
24062
24063
24064
24065
24071
24072
24473
24100
24120
24130

If You Have A Problem
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Graphic memories (VRAM) failed read and write test.
Paralle! interface failed data line test,

Parallel interface failed control line test.

Trigger output test failed or reached timeout.

Trigger input test failed.

Flexible disk drive controller test failed.

Flexible disk drive 5 V power line test failed.

Flexible disk drive failed diskette change test.
Flexible disk drive failed read and write test.

12 V source on post regulator is not output.

15 V source on post regulator is not output.

3 V source on post regulator is not output.

LAN interface test failed.

A front-panel key is stuck in pressed position.

Front key assembly may be disconnected.
Front-panel key controller is not functioning properly.
External key controller failed self-test.

Selector test reached timeout.

R-Box test reached timeout.
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If Errors Occur when You Operate the 4155B/4156B

The following error codes and messages can occur when operating the
4155B/4156B. The error codes and messages are displayed in a message window or
in the message display area at the bottom of the screen.

Syntax error. Input should be integer number.
Syntax errcor. Input should be real number.
Syntax error. Unrecognized parameter.

Illegal setup. The parameter is out of range.
DATA buffer full. Too many APPEND.

DATA buffer full. Too many points,

Cannot define more than € User Vars.

MO 3 & o b W e

Syntax error. First char should be Alphabet.

ot
o

Syntax errcr. Must be alphanumeric.

Name must be set for user function/variable.

[u—y
[y

Name setup cannot be omitted when setting a user function or a user
variable name.

12 Syntax errcr. Unknown variable name.
13 System error. HOSTC received invalld data.

The 4155B/4156B may be broken. Contact the nearest Agilent
Technologies Sales and Service office.

14 System error., Unable to communicate with SMUC.

The 4155B/4156B may be broken. Contact the nearest Agilent
Technologies Sales and Service office.

15 System srror, Illegal command to SMUC,

The 4155B/4136B may be broken. Contact the nearest Agilent
Technologies Sales and Service office.

16 Illegal operation. Too many LIST data,

17 Unable to display data list. Not encugh memory.
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26
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22
23
24

25

26

27
28
29

30
31
32
33
34
35
36
37

if You Have A Problem
If Errors Qcour

Device I/0 error. Unable to print out.

The 4155B/4156B, printer, or plotter may be broken. Contact the
nearest Agilent Technologies sales and service office.

Filer error. File name 1s required.
Filer error. File Type is reguired.
System errcor. Realtime clock has problem.

The 4155B/4156B may be broken. Contact the nearest Agilent
Technologies Sales and Service office.

Not 4155/41b6 file.

File was created by old revision.

File may be corrupt.

Zero offset meas failed for <unit name>.

Offset value is too large, so Zero offset measurement is aborted.
Too big offset for 10 pA Range of <unit name>.
Offset value is too large, so offset cannot be canceled perfectly.
System busy. Measuring.

System busy. Forcing stress.

System errcr. EEPROM write error.

The 4155B/4156B may be broken. Contact the nearest Agilent
Technologies Sales and Service office.

Fixture open. Measurement aborted.

Auto calibration was aborted.

Auto calibration failed.

No data in internal memory.

Tllegal data. File may be corrupt.

System busy. Unable to save/get when MEAS/STR.
System busy. Unable to change Y-axis.

System error. SMUC lost data.

The 4155B/4156B may be broken. Contact the nearest Agilent
Technologies Sales and Service office.
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38 Buffer overflowed., Aborted.

39 Syntax error. Undisplavable character.

40 Illegal setup. One unit assigned several CH.

41 Illegal disk. Revision mismatch.

42 Read error occurred.

43 File name is not LIF type.

44 File name is not DOS type.

45 File name iz not LIF/DOS type.

46 Volume label is not LIF type.

47 Voiume label is not DOS type.

48 Incorrect memory number.

49 Scource and Target are same.

50 Unable to copy. Memory full.

51 Unable to copy. SRC and TGT mem num is same.
You cannot specify same memory number in both SOURCE and
TARGET name fields.

52 Illegal suffix.

533 System busy. Emergency handling.

34 System busy. Measuring.

58 System busy. Bxecuting cal/diag.

56 System busy. Executing auto calibration.

57 System busy. Printing out hard copy.

58 Unable to copy 4145 data file to memory.

59 Unable to graph plot. Recover error state.

Unable to print out or piot out when error message is displayed.
60 Cal/diag must be performed in the idle state.

Calibration and Diagnostics cannot be performed unless the
4155B/4156B is in the idle state. For example, this error is displayed if
the SCPI calibration command is sent when the 4155B/4156B is not in
the idle state.
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62

63

64

65

66

67

100
101
162
163
164
105
166
167
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ADC time out.

The AD converter has caused a time out. Perform 109: ADC test on the
SYSTEM: SELF-CALIBRATION/DIAGNOSTICS screen. If this test

fails, the 4155B/4156B may need service. Contact the nearest Agilent

Technologies Sales and Service office.

ADC FIFO overflow.

The AD converter has caused a FIFO overflow. A data transfer error
occurred between the AD converter and the SMUC. The 4155B/41568
may need service. Contact the nearest Agilent Technologies Sales and
Service office.

SMUC failed to send data to HOSTC.

The SMU controlier failed to send data to the host controller. Retry the
measurement. If this error is still displayed, recycle the power by
turning the instrument off and then on again.

TIFF format supports SCREEN DUMP only.
The TIFF format is only supported by the SCREEN DUMP function.
TIFF image can only be written to a FILE.

A TIFF image can only be written to a FILE. The 4155B/4156B cannot
output TIFF format images to a printer or plotter.

HR TIFF format supports DUMP and GRAPH PLOT.

A high resolution TIFF image is only supported by the DUMP and
GRAPH PLOT functions.

HR TIFF image can only be written to a FILE.
A high resolution TIFF image can only be written to a FILE.
VARL is not assigned.

VARL assigned to multiple Channels.

VARZ assigned to multiple Channels

VAR1' assigned to multiple Channels.

VAR] and VARI' must be same MODE.

Cannot set multiple SMUs to pulse mode
Cannhot use VAR when SAMPLING.

Cannot use SMJ pulse when SAMPLING.
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108 Duplicate variable names exist.
109 The setup 1s not finished.
110 Standby chan cannot use R-BOX resistor

For standby channel, you cannot use R-Box resistor.
111 - Common chan cannot use R-BOX resistor.

For common mode channel, vou cannot use R-Box resistor.

1z VARl step number is ocut of range.

113 START and STOP have different sign.
115 SMU pulse Period must be >= Width+4ms.
1ie6 VAR] output power too large for unit.
117 VARL' output power too large for unit,
118 VARZ output power too large for unit.
119 TOT SMP TM=AUTO is for LINEAR cnly.

AUTO can be specified for total sampling time only when LINEAR
sampling mode is selected.

126 Only LINEAR when init int <= 480 us.
When initial interval is set to 480 s or less, you cannot specify LOG or
THINNED-OUT sampling mode.

121 For LINEAR set AUTO if init int<=480us

When initial interval is set to 480 us or less and when LINEAR
sampling mode is set, AUTO must be set in TOTAL SAMP. TIME
field.

122 TOT 5P TM must be>»=INIT INT(NOoESMP-1)

Total sampling time must be set in the following range:
total sampling time = initial interval x (number of samples —1)

123 STOP CONDITION NAME is not set.
124 PGU pulse Period must be > Width.
125 PGU pulse Period must be >= Delay.
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128

129
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131
132

133

134

135
136
137
138
139
140
141
142
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PG leading/trailing must be same range

PGU leading and trailing time must be set in the same range. For details
about the ranges, see Chapter 1 in this manual.

PGU Leading must be <= (0.8 xWIDTH.

Leading time must satisfy the following equation.
leading time < pulse width x .8

PGU Trailing must be <= 0.8 x (Peri-widj.

Trailing time must satisfy the following equation.
irailing time 5 (pulse period ~ pulse width) x 0.8

SMU T range must be <= Complilance range.
SYNC channel is not assigned.

At least one SYNC channel must be specified.
Rssigned mere than 4 SYNC channels.

Set INIT INT>=Zms for multi-~CH MEAS.

When you perform multi-channel measurements, initial interval must
be 2 ms or more.

Use FIXED range when INIT INT<Zms.

When you use auto ranging or limited auto ranging measurement, you
must set initial interval to 2 ms or more.

Cannct disable STBY-CN c¢h in stress.

On STRESS: CHANNEL DEFINITION screen, you cannot disable
{delete entries in row) channels that are set to STBY ON on the
CHANNELS: CHANNEL DEFINITION screen.

Undefined symbol in user function.
Syntax error in user function.

Too few arguments in user function.
Too many arguments in user function.
User function area is full.
Recursive call in user function.
User function is undefined.

Stack overflow in user function.
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143 COMMON channel FCTN must be CONST.
144 COMMON channel FCTN must be NWSYNC.
145 System busy. Unable to change page when MEAS.
146 System busy. Unable to change page when STRS.
147 Ineffective page in this setup.
148 X axls is not assigned.
149 Y1l axis is not assigned.
150 ENABLE DELAY must be <= 32767 x INIT INT
For sampling measurements, when stop condition is set to ENABLE,
enable delay must be initial interval x 32767 or less.
151 No unit is set to STANDRY ON,.
132 System busy. MEASURING (or 4145 USER MCODE) .
153 MIN, MAX have different sign in LOG.
154 Can do such operation only for USER VAR.
155 Illegal setup. ’i‘he name was already used.
156 User wvariable is used in user function.
If a user variable is used in user functions, the user vartable cannot be
deleted.
157 AUTO Analvysis is undefined.
158 TOT SAMP TIME must be<=INIT INT x32767.
Total sampling time must be initial interval x 32767 or less and
1% 10" or less.
139 Measure channel is not assigned.
160 Unable to f£ind approximate data.
161 Illegal graph scale setup.
163 The Sweep/Pulse Polarity is not same.
164 SYNC can not be set for standby CH.
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172
173
174

175
176
177

178

179

180
181
182
183
184
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Set value is too small for range.

For LOG sweep measurement, start and stop value must be equal or
more than setup resolution. For sweep measurement, step value of
VAR and VARZ must be equal or more than setup resolution.

PGU Peak/Base difference must be <= 40V
Use Sweep/Bias instead of SMU Pulse.
Knob Sweep sets VARL' to CONST.

If you set VAR1' for knob sweep measurement, the VAR channel
forces a constant vatlue equal to START value. VAR cannot be a
sweep source for Knob Sweep measurement.

Cannot do SAMPLING when Knob Sweep.
|STEP! must be <= |STOP~START.
Cannot set CONT AT ANY if PCOMP is ON.

When you set power compliance, you cannot select CONT AT ANY
secondary softkey.

CONST setup must be <= unit output range.
Pulse BASE must be <= unit output range.
PGU pulse WIDTH must be >= setup res.

Pulse width of PGUs must be greater than or equal o unit setup
resolution.

TRIG OUT DELAY is too long.

Trigger out delay must be 32.7 ms or pulse width you specified,
whichever is shorter.

Cannot ENABLE stop if INIT INT < 2 ms.

When initial interval is set to less than 2 ms, you cannot set stop
condition.

Illegal setup. Target module is not installed.
Illegal setup. Invalid command.

Cannot define more than & User functions.
Cannot define more than 8 data vars in lists.

Cannot define more than 2 display data vars.
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185 A3CII format does not allow block transfer.
186 Block size mismatched with data format.
187 Y2 axls is not assigned.
188 List name is not assigned.
185 The specified name is not list name.
190 ITllegal file type is requested.
191 System busy. Printing out hard copy.
192 Unable to set. Another controller is on bus.
193 Unable to specify this name here,
194 PGU Pulse DELAY must be >= setup res.
PGU puise delay time must be = setup resolution.
195 Cal/Diag failled. Cannot use unit.
196 Compliance too low to force pulse.
197 Compliance too high to force pulse.
198 Two VPULSE PGUs must be same STBY.
199 Two VPULSE PGUs must be same FCTN.
200 Improper parameter for file operation.
An option for the file system command has been set up incorrectly.
201 System error. Filer memory cverflow.
202 Filer error. Integer overflow.
203 Bad volume specifier.
Volume label for mass storage is incorrect. Initialization may have been
performed on an incompatible system, or the disk may be defective.
204 Filer error. File type 1s wrong.
205 Filer error. EOF found.
206 Filer error. EOR found.
207 File error. Illegal DISK parameter.
IHlegal disk parameter was detected. The mass storage device is setup
incorrectly.
8-28 Agitent 4155B/4156B User’s Guide Vol.2, Edition 4




208

219

211

212

213
214

215
216

217

218

219

220
22%
222
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System error. Controller net found.

Unable to access the file system. The file system controller cannot be
found. The 41558/415613 may need service. Contact the nearest
Agilent Technologies Sales and Service office.

File error. Unable to execute., File open.

Unable to perform the requested file operation. The file is already open.
Close the file and retry the operation.

Unable to operate the device. File is open.

Unable to perform the requested file operation on the specified device
because the device has a file open.

File error. DISK or DISK drive may be broken.
DISK or DISK drive hardware may be in need of service.
Filer errcr. DISK record is not found.

ile errcr. DISK record address error.

=]

Unable to find record because the mass storage device has a problem.
Filer error. DISK record data error.

File error. DISK system &rror.

The hardware or the device are causing a problem.

File error. Bad volume label.

The miass storage has an incorrect volume label. Verify the volume
number is set correctly.

System error. No interface found.

The network interface was not found because of a wrong select code
setup. Verify the select code is set comectly.

File error. Device timeout.
Time-out occurred on the device. .

Filer error. Undefined I/0 path.
Filer error. Permission denied.
File errcr. Too many files open.

Unabile to open multiple files at the same time. Close the file that is
currently open before opening a second file.
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223 Unable to PURGE the file or directory.
Unable to purge the file or the directory, for example, permission
denied.

224 Filer error. The directory is not empty.

225 Fller errcr. No DISK in the drive.

226 Filer errvor. Initialization failed.

227 Filer error. Invalid DISK volume labsl.

228 File error. DISK volume label is undefined.

Volume label is undefined or was not found. Verify the volume number
is set correctly.

229 Filer error. DISK is not initialized.
230 Filer error. Checkread error.
231 Filer error. Bad HFS DISK.
232 Filer error. DISK is full.
233 Filer error. Directory is full.
234 Filer error. File name is undefined.
235 Filer error. File name ls wrong.
236 Filer error. The file name is already used.
237 Filer error. Bad device type.
238 Filer error. Unable to use wildcard.
239 Filer error. Operations failed,.
241 Filer error. The target type is wrong.
242 Filer error. The file is protected.
243 Filer error. DISK is protected.
244 System error. Unable to verify.
245 Filer error. Unable to copy between LIF/DOS.
246 Filer error. Reason Unknown.
265 HOLD TM must be>=0 when INIT INT>=2ms.
280 VARL' output value is out of range.

8-30 Agilent 4155B/4156B User’s Guide Vol.2, Edition 4




282

284
286

288

289
pALY
292

293

300
301
302

363

365
366

If You Have A Problem
i Errors Qcour

Set INIT INT > 640 us for THINNED-OUT.

When you perform thinned-out sampling measurements, the initial
interval must be more than 640 ps.

Sampling range must be <= lldecades.

Canndt execute cal/diag after power fail.

Turn on the 4135B/4156B again to perform calibration or diagnostics.
MEAS not finished. Incomplete data deleted.

If you press Stop front-panel key before the specified measurement
finishes, incomplete measurement data is deleted.

STRY ON ch MODBE (MEAS/STR} must be same
Cannot use unit after power fail.
VAR1' parameters must be >= output res

Start, stop, and step value of VAR1' channel must be unit output
resolution or more.

Cal/Diag aborted (failed on some units).

Calibration or diagnostics was aboried by receiving *RST command.
8o, some units maybe failed.

Over voltage 1s detected.
Over Current is detected.
Power failure at Maln Frame.

Turn on the 4153B/4156B again. You can use filer finctions after
selecting OK secondary softkey (except when this error ocours during
power-on test).

FPower fallure at Expander Box.

Turn on the 4155B/4156B again. You can use filer functions after
selecting OK secondary softkey (except when this error occurs during
power-on test).

Cannot shutdown Main Frame.
Emergency. Reason unknown.

An emergency occurred on an empty slot. Or an emergency occurred on
an existing slot, but the reason is unspecified.
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307 Cannot shutdown Power Supply.

Turn on the 4135B/4156B again. You can use filer functions after
selecting OK secondary softkey {(except when this error occurs during
power-on test).

308 Unknewn emergency (SMUC time out).

Perform 305: HOSTC <--> SMUC I/F test on the SYSTEM:
SELF-CALIBRATION/DIAGNOSTICS screen. If this test fails, the
4155B/4156B may need service. Contact the nearest Agilent
Technologies Sales and Service office.

309 The SMU AND PULSE GENERATOR EXPANDER iz not
turned on.

Turn on the expander, then cycle mainframe power.

310 Unsupported unit detected in Slot ##. Turn off
the power and remove the unit.

The displayed unit must be changed. Contact the nearest Agilent
Technologies Sales and Service office.

320 Not enough memory. Cannot display >=200 files.

The 41558/41568 cannot display more than 199 files on the FILE
CATALOG because of an internal memory limitation. If you create
more than 199 files, move the additional files to another directory,

321 Too many links.
The file has too many links. Remove extra links or use symbolic links.
322 File system down or network disconnected.

Unable to access the network directory. The file system was down or
the network was disconnected.

323 The network address 1s already used.

A process has already been bound to the address. The current process
must finish before the new process can use the address.

324 Change dir failed. File is not a directory.
Change directory failed because you specified a file, not a directory.
325 Unable to open file. Deadlock occurred.

Unable to open the file. Deadlock occurred in the resource where you
tried to open the file.
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Device not present. Unsupported file type.

Device or driver was not found to open the file. Unable to open file
because the file type is not supported.

Interrupted system cail.

The lpr driver received a signal from the system, that interrupted the
data transfer from the lpr driver.

lpd time out occurred. Try again ?

A time out occurred when trying to connect to the Ipd server because
the Ipd server did not respond.

lpd print server cannot be recognized.

Unable to recognize the Ipd print server. Verify the address setup or
setup syntax is correct.

ipd server connection failed or was denied.

The lpd server connection failed, or was denied, because the 1pd server
was already conmected or the server was blocked.

lpr data transfer falled.

Data transfer from the Ipr server failed because lpr data communication
was disconnected. Verify the network is working properly and check to
see if the server is up.

Unable to print out. Not enough device space.

Unable to print out because the device connection failed. There is not
enough available space i the buffer for the communication.

lpr failed data transfer. Data size mismatch.

Unable to print out because the Ipr server failed data transfer. The size
of the data was not the expected size.

lpr Network interface is down. Try again 7?

The network interface cannot be found because the network interface
for the lpr server is down,

Unable to print ocut. Reason unknown.

Network connection failed. The reason for the failure is unknown.
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337

338

339

340

344

345

346

356

351

Cannot set 0.0.0.0 for 4155/415%6 IP address.

When a valid host name for the 4155B/4156B network setup is
specified, the IP address of the 4155B/4156B cannot be set to
0.0.0.0,

Cannot set U{zero) for 4155/415%6 User ID.

When a valid host name for the 4155B/4156B network setup is
specified, the User 1d of the 4155B/4156B cannot be set to 0 (zero).

No response from NFS. Try again ?

There is no response from the Network File System (NFS) when trying
to mount a network disk. Verify the network is operating properly and
the file export executed properly.

Host name must be <= 15 alphanumeric character.

The 4155B/4156B host name must be 15 or less alphanumeric
characters.

System busy. Cannoct execute US/US42 command.

Unable to move to FLEX command control mode, because the US or
U542 command cannot be executed while system is busy; making
measurement, operating file functions, executing calibration or
diagnostics, printing, emergency, and so on.

Change display page. DISP OFF(0) is not allowed.

Unable to enter the : DISP OFF ( or 0) command when the
4155B/4156B screen displays System screen group or KNOB SWEEP
screen.

Enter DISP ON{l) to execute this command.

Unable to enter the : PAGE : KSW command group,

*PAGE: SCON: KSW command, or : DIAG: TEST fest_no (test_no:
201 t0 413) command when-the 4155B/4156B screen is set to the
update disable state by the : DISP OFF (or 0) command.

Unable to transfer data. Name buffer full.
Cannot maintain the buffer required for transferring data.
File operation was interrupted by system call.

The lpr driver received a signal from the system, which interrupted an
open, read, or write operation.
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Network is down after receiving a resetf.

The network is down after receiving a reset. Try again after network
recovers.

Network is down. No response from server.
Network is down. There in no response from the server.

Operaticn canceled.

Operation canceled by user. For example, an abort command was sent.
Cannot create file/dir. Change permission.

Write permission is not set for the directory where you are trying to
create a file or subdirectory.

Unable to go to the dir. Permission denied.

Network File System server cannot move to the specified directory. To
access the directory, change the permissions.

Select UPDATE/ADD to update/add printer setup.

To update or add your new or modified network printer setup, the
UPDATE or ADD secondary softkey must be selected after finishing
the initial setup.

Duplicate file names exist,

The same file name cannot be used for multiple files.

No such filile or directory.

The Network File System cannet find the specified file or directory.
Unable to read or write to directory.

A file read or write operation cannot be performed in the specified
directory.

Invalid argument. Check command syntax.

Specified argument did not work when executing the command. Verify
the command syntax and argument are correct.

Seek operation falled.

Seck for file operation failed, or append write faiied to open the
specified file.
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368

369

370

37

372

373

378

3r7

378

381

383
386

NFS Software caused connecticn abort.

Network file system (NFS) was disconnected. Verify the NFS server is
operating correctly.

Connection reset by pser. Remote disconnected.

Remote connection was terminated. Verify the remote setup and the
executed operation are correct. Verify the local and remote systems are
operating properly.

Unable to transfer dats. Communication down.
Data cannot be transferred because the communication was shutdown,
NES Connection refused.

Connection to NFS was refused, Verify the refused device was properly
exported.

Connection failed. Socket was not sent.

NFS Comnection failed because the socket was not sent.

Too many levels of symbolic links.

The file is linked to itself, or the linked file is Hnked back to the file.
Cross-~device link.

Unable to hard link different physical file systems. Hard link must be
done to same file system,

Unable to use this protocel.

Unable to use this protocol on the network,

This protocol is not supported.

This protocol is not supported on the network.

This type of protocol is not supported.
This type of protocol is not supported on the network,
NFS too many references, can't splice.
System busy. Saving/getting text files.

The 4155B/4156B cannot be interrupted by other operations, For
example, text files cannot be saved or retrieved while making
measurements.
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388

389

391

392

393

354

400
401
442
410

411

412
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Unable to access file. The file is locked.

Unable to write to this file. The file is locked by another
Process.

No such device or address.

The 4155B/4156B cannot find the specified network device or
address. Verify the correct device file exists, the select
code/major number/minor number are correct, and that the
device is correctly connected (high speed or low speed port).

System busy. File operation is in progress.

File operation is in progress. During a file operation, the
4155B/41568 cannot perform other operations, such as making
measurements, changing setup fields, printing and so forth.

Network printer connection time out.

A time out occurred when connecting the network printer to the
print server or NFS server.

Network File System server is down.

Server for the Network File System is down. Contact your
network system administrator.

Communication to desired server failed.
Communication to desired server failed.
System busy. Mounting device.

When mounting a device, the 4155B/4156B cannot be
interrupted by another operation, such as making a
measurement,

System bug. Undefined methoed.

System bug. Invallid parameter.

System bug. Inconsistency.

Unable to display. Number must be <10001.

Unabie to dispiay the measurement results because the data size
of the result is too large. The number of the measurement
results must be less than 10001,

Connection falled. Set Destination
address.,

Network connection to destination failed. Verify the destination
address is set correctly.

Address family not supported.

Specified address family is not supported for the currently used
socket.

Agilent 4155B/4156B User’s Guide Vol.2, Edition 4 8-37




if You Have A Problem
i Errors Occur

If a Measurement Data Status is Displayed

If measurement or stress force cannot be performed correctly, the measurement data
status is displayed at the bottom of the GRAPHICS, LIST, KNOB SWEEP, or
STRESS FORCE screen. The status indicates hardware and calculation errors.

The status format depends on the displayed screen as follows:

GRAPH/LIST: GRAPHICS and KNOB SWEEP screen
Status is displaved in following format:
STATUS: ABABAB (AAAAAAAAC)

» ABA4BABis for X, Y1, and Y2 axis respectively. No Y2 for KNOB SWEEP.

» A4A4A444A4ACis for SMUI to SMU6, VMU, VMU2, and PGU1/2
respectively.

Where, 4, B, and C mean as follows:

A hardware status error. If multiple errors occur, numbers are
added and displayed as a hexadecimal number.

* 1:AD converter overflow.

» 2 Oscillation

« 4 : Other channel reached compliance limit.
'« 8: This channel reached compliance limit.

B data error. If multiple errors occur, numbers are added and
displaved as a hexadecimal number.

« 1 :stack register overflow
¢ 2 calculation error

« 4 only one data for delta measurement. At least 2 data
needed.

C PGU status

» 1:PGU average output current exceeds 100 mA.

For non-measurement channels, "_" is displayed.
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GRAPH/LIST: LIST screen
Status on GRAPH/LIST: LIST screen is displayed in following format:
STATUS: ABABABABABABAB AR ( AAAAAAAAC)

« ABABABAB AB AB AB AR is for the up to 8 LIST variables that can be set up.

« AAAAAAA4A4Cis for SMUT to SMU6, VMU], VMU?2, and PGU1/2
respectively.

Where, 4, B, and C mean as follows:

A hardware status error. If multiple errors occur, numbers are
added and displayed as a hexadecimal number.

» 1: AD converter overflow.

¢  2: Oscillation

« 4 : Other channel reached compliance limit.
o 8: This channel reached compliance limit.

B data error. If multiple errors occur, numbers are added and
displayed as a hexadecimal number.

« | : stack register overflow
¢ 2 :calculation error

« 4 only one data for delta measurement. At least 2 data
needed.

C PGU status
« 1 :PGU average output current exceeds 100 mA.

For non-measurement channels, " " is displayed.
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STRESS: STRESS FORCE screen

Status on STRESS: STRESS FORCE screen is displayed in following format:
STATUS: 4 C '

Where, 4 and C mean as follows:

A hardware status error. If multipie errors occur, numbers are
added and displayed as a hexadecimal number.

+ 2 QOscillation.
* 4 : Some channel has reached compliance Hmit.

C PGU status

= 1:PGU average current exceeds 100 mA.
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