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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 elsewhere 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 Technologies, Inc.
assumes no liability for customer’s failure to comply with these requirements.

Agilent 4155C/4156C/41501B comply with INSTALLATION CATEGORY Il for mains
input and INSTALLATION CATEGORY | for measurement input terminals, and
POLLUTION DEGREE 2 defined in IEC 1010-1.

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

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

*  GROUND THE INSTRUMENT

This is Safety Class | 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 instrument in the presence of flammable gases or fumes.
Operation of any electrical instrument 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 cable 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.




« DO NOT SUBSTITUTE 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 Technologies 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
throughout this manual. Instructions contained in the warnings must be followed.

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

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

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

Indicates dangerous voltage and potential for electrical shock. Do not touch terminals
that have this symbol when instrument 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).

OFF (Supply).

STANDBY (Supply).

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

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




In This Manual

This manual provides information for measurement and analysis functions of Agilent
4155C/4156C, and consists of the following chapters:

+  Sweep Measurements
Describes how to perform sweep measurements.
*  Knob Sweep Measurements
Describes how to perform knob sweep measurements.
+  Sampling Measurements
Describes how to perform sampling measurements.
* Quasi-static C-V Measurements
Describes how to perform quasi-static C-V measurements.
+ Stress Force

Describes how to perform stress force. Stress function is effective for the reliability
testing of semiconductor devices.

* Analyzing Measurement Results

Describes how to analyze measurement results manually and automatically.
* Measurement Units and Functions

Provides information about measurement units and measurement functions.
* Support Functions

Provides information about several functions which support measurements.
*  Built-in Functions

Provides information about the built-in mathematical functions and read out
functions.

* Connecting Measurement Devices

Explains how to connect the measurement devices to the instrument.
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Sweep M easurements




Sweep Measurements

This chapter consists of the following sections which describes how to execute a
sweep measurement:

* “Measurement Functions’
» “Defining Measurement Conditions’
» “Making a Measurement”

For details about the measurement setup screens, see Setup Screen Reference
manual.
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Available Units

Output Range

Sweep Measurements
Measurement Functions

M easurement Functions

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

The 4155C/4156C provides three types of sweep measurement:
» “Basic Sweep Measurement”
One sweep source (VARL1) is used.
» “Subordinate Sweep Measurement”
A primary (VARL) and secondary sweep source (VAR2) are used.
» “Synchronous Sweep Measurement”
A primary (VARL) and synchronous sweep source (VARL') are used.

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

]

Basic Sweep

Subordinate HW
Sweep  ——T

el

Synchronous

=

3202915 5030

SMUs and V SUs can be sweep sources (VARL, VAR2, and VARL'). A sweep or
constant source SMU can be set to the pulsed source to prevent thermal drift of the
DUT.

Sweep source units use the following output range:
* minimum range covers all sweep output valuesin Linear sweep.
* minimum range covers al sweep output valuesin Log voltage sweep.

» optimum range for output value every sweep step in Log current sweep.

Agilent 4155C/4156C User’s Guide Vol.2, Edition 6 1-3



Sweep Measurements
Measurement Functions

Basic Sweep M easurement
Basic sweep measurement uses one sweep source (VARL).
The following sweep types are available:
* LIN/LOG
e Linear staircase
* Logarithmic staircase
» SWEEPMODE

« Single Source channel sweeps the output from user specified start value to
stop value.

« 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 Double Sweep

Linear Sweep IJJ* jj_rllw
Log Sweep jjj *{JIWT

UGD03001
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Figure1-1

Sweep Measurements
Measurement Functions

Basic Sweep M easurement

Qutput Voltage
or Current
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Td:

=

Stop Value T N

b
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Single Sweep — 3
0 : Y4
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Start Value +

hold time
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Trigger Completion

Output Voltage Td
or Current

=

Td
Stop N = N+
Value T

Double Sweep

0

Start T
Value

Th:

Time

hold time
: delay time
© number of steps

Trigger

!

Completion

Time

us03002

To set up basic sweep measurement, select VAR function for desired SMU or VSU

on CHANNELS: CHANNEL DEFINITION screen.

Parameters

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

Par ameter Description

sweep mode Single or double sweep.

linear/log Linear or logarithmic sweep. For logarithmic sweep, select the

number steps in one decade as follows:

LOG10 10 steps in one decade.
LOG25 25 steps in one decade.
LOG50 50 steps in one decade.
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Sweep Measurements
Measurement Functions

start Start value of sweep. For logarithmic sweep, start must not be
zero. Allowable range of start depends on output range of
sweep source. For output range of each measurement channel,
refer to Chapter 7.

stop 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 7.

step » For linear sweep, step is step increment of sweep. Number
of sweep stepsis calculated from start, stop, and step.
Calculated number of steps must bein range: 2 to 1001.

» For logarithmic sweep, step isinvalid. Number of sweep
stepsis calculated from start, stop, and number of stepsin
one decade, which is specified by log parameter. Calculated
number of steps must be in range: 2 to 1001.

compliance Compliance value of sweep source. This parameter appliesto
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 7.

power compliance (Optional) Power compliance value of sweep source. This
parameter appliesto SMU only. Allowable range depends on
power compliance range of sweep source. For details, refer to
Chapter 7.

hold time Timerequired for DUT to settle after forcing start value.
Allowable rangeis 0 to 655.35s. Resolution: 10 ms.

delay time Timerequired for DUT to settle after stepping the output.
Allowable range: 0to 65.535 s. Resolution: 100 ps

Refer to Setup Screen Reference for setting up these parameters.
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Figure 1-2

Sweep Measurements
Measurement Functions

Subordinate Sweep M easur ement

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

Subordinate Sweep M easurement

Stop vale

Primary N I
Sweep Source 0 )i _

{
)

Mj
Sart value ﬁ‘*)\
«
)

Stop valde R

Secondary ¢

Sweep Source 0 —
)
Star valde Stea value &

A N ——
Sweep Stat CompleTior

U303003

To set up the subordinate sweep measurement, select thefollowing on CHANNELS:
CHANNEL DEFINITION screen:

e 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 single sweep mode and linear staircase
mode are available.
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Sweep Measurements
Measurement Functions

Parameters

The parameters for primary sweep source (VAR1) are same as the parameters for
sweep source of basic sweep measurement. For secondary sweep source (VAR?2),
specify the following parameters on MEASURE: SWEEP SETUP screen.

Parameter

start

step
number of steps

Sop 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 7.

Step increment of secondary sweep.

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

Stop value of secondary sweep is calculated from start, step, and number of steps.
Allowable range of stop depends on the output range of secondary sweep source.
For the output range of each measurement channel, refer to Chapter 7.

compliance

power compliance

Compliance value of secondary sweep source. This parameter
appliesto 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 7.

(Optional) Power compliance value of secondary sweep source.
This parameter appliesto SMU only. Allowable range of power
compliance depends on the power compliance range of sweep
source. For details, refer to Chapter 7.

1-8
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Figure1-3

Sweep Measurements
Measurement Functions

Synchronous Sweep M easurement

For synchronous sweep measurement, you set up a synchronous sweep source
(VARL) in addition to a primary sweep source (VAR1). 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 M easurement

Output Voltage
or Cyrrent

Synchronous Source |

Stop Value

Primary Source
Stop Value

Synchronous Source
Start Value T
Primary Source
Start Value T
O  E—

UGDO3004  120x90

Time

To set up synchronous sweep measurement, select the following on CHANNELS:
CHANNEL DEFINITION screen:

* VARI function for desired primary sweep source (SMU or VSU).
* VARZ1' function for desired synchronous sweep source (SMU or VSU).

Synchronous sweep mode has the foll owing restrictions:
e For thefollowing, VARL' is always set to the same mode as VAR1:
e linear/log staircase

« single/double sweep mode

*  VARI1and VAR must be same V/I output mode. For example, if VAR1 isset to
V mode, then VARL' must be set to V or VPULSE mode.
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Parameters

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

Parameter

offset

ratio

compliance

power compliance

Description

Offset between outputs of primary and synchronous sweep
SOUrces.

Ratio between outputs of primary and synchronous sweep
SOUrces.

Compliance value of synchronous sweep source. This
parameter appliesto 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 7.

(Optional) Power compliance value of synchronous sweep
source. This parameter appliesto SMU only. Allowable range
of power compliance depends on the power compliance range
of synchronous sweep source. For details, refer to Chapter 7.

The relationship between the output of primary and synchronous sweep sourcesis
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.

1-10
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Figure1-4

Pulse Sweep M easurement

Sweep Measurements
Measurement Functions

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 1-4 shows the relationship between

pulse source and other sources.

Pulse Source and Other Sources

Pulsed on Primary Source Unit (VART)

- M
Synchronous —,—,—i—,—,—L
Secondary

Constant [ |

o Ty

Pulsed on Secondary Source Unit (VARZ)

Primary I,_I—,—,_L
Synchronous
Secondary L

Constant ‘

PGU

Pulsed on Synchronous Source Unit (VART)

Primary —‘ \—‘ L

Synchronous M
Secondary

Constant [ |

PGU

Pulsed on Constant Source Unit

Primary —‘ \—‘ L
Synchronous
Secondary

comnstant. ] LT LI [LTLTL

UBD03005 120500

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.

Agilent 4155C/4156C User’s Guide Vol.2, Edition 6
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Figure 1-5 SMU Pulse

hold time pulse period

f fulse width
step value of
Pulse sweep source
Sweep Source k) ;
>§

base value

outout value of

Pulse constant source
Constant Source
base value

|/

NS

UGDO3006 120x80

Parameters
Specify SMU pulse parameters (MEASURE: SWEEP SETUP):
Par ameter Description

pulse period SMU forces the next pulse after specified pulse period.
Allowablerange: 5 msto 1 s. Resolution: 100 us.

pulse width Time from when SMU output starts to change from base value
to time when SMU starts to return from peak value.
M easurements are made while the peak value is output.
Allowable range: 0.5 msto 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 pul se 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.

e Multi-channel measurement is set.

1-12 Agilent 4155C/4156C User’s Guide Vol.2, Edition 6
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NOTE Pulse width

If the measurement settings do not meet the following 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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Sweep Measurements

Defining Measurement Conditions

Defining M easurement Conditions

This section describes the sweep measurement tasks.

The basic procedure to test your DUT is asfollows:

1

Connecting your DUT to the 4155C/
4156C. See Chapter 10 for procedures.

g8
B|% £ oa- y
H|oo 050 ooz /
O|oocooooo e
“lg3Eg888s]
DO0J00003 |gocooooo|
2 Defining measurement mode and
CHANNELS: CHANNEL DEFI NI TI ON R measurement units that you use to make
s wooe measurement.
N —— See " To Define Measurement Units’ on
R o page 1-16. Also see Chapter 8 for the user
B function, standby function, and R-box
- | s control.

SwEEP
Select Measurement Mo

12

de with softkey or rotary knob 3
cranneL] [USER USER Es250A NEXT
DEF FCTN VAR s | prop PAGE

3

MEASURE: SWEEP SETUP

013AN29 10:58AM

“VARI ABLE _[VART VARE VART
N T SWU3T AR T Swuzi AR
NAVE vo NAME Ve

Sveep MoDE [STNGLE | OFFSET 0.0000 v
LinLos  |LINEAR RATI O 1.000
START 0.0000 v COMPLI ANCE| 100. 00mA
stop 2.0000 v power_cow | orr

step 20.0mv

NO OF STEP| 101

COMPLI ANCE| 100. 00mA

POVER COMP| OFF

“TiM NG
HOLD TI VE
DELAY TIME

0.0000 s
0.0000 s

* SWEEP

STOP AT ANY ABNORM] St at us

* CONSTANT

NI T
NANE

MODE
SOURCE
COMPLI ANCE

SINGLE
Select Sweep Mode with sof

DOUBLE

IEENNEE

tkey or rotary knob 3
SVEEP. MEASURE| [ 0UTPUT PREV NEXT
SETUP setup | [seq s PAGE PAGE

Setting the source parameters of the units.
See following in this section:

e “To Set up Primary Sweep”

e “To Set up Secondary Sweep”

e “To Set up Synchronous Sweep”

e “To Set up Constant Output”

e “To Set up SMU Pulsed Output”

¢ “To Set up PGU Output”

e “To Set up Stop Condition”

1-14
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4

DI SPLAY: DI SPLAY SETUP 013AN29 10:58AM

*DI SPLAY MODE

GRAPHI G5
+ GRAPHI CS

Xaxis Viaxis Vzaxis
NAVE VD S0 bSQI D
SCALE| LI NEAR LinNEAR LiNEAR
M | o v o o
wax_| 2 0000000 v | 100 100
“riD “LINE PARAVETER
*DATA VARI ABLES “DATA DI SPLAY RESOLUTI ON

NORNAL
GRAPHI CS

Select Display Mode with softkey o

[ rotary knob [
oI SPLAY| [ANLYST §| PREV
setup || seTup s PAGE

GRAPH-
=

Tist

SENNEEEE

NEXT
PAGE

Setting the display mode to show
measurement results.
See following in this section:

e “To Display Graphics Results”
* “ToDisplay List Results’

5

0000000

oooooooo | g
[ —————1

[r——

Executing the measurement.

See“To Execute or Stop Measurement” on
page 1-29. Also see Chapter 7 for
executing self-calibration and zero offset
cancel.

6

GRAPHI/ L1 ST: GRAPHI CS SHORT 013AN29 10:59AM
O 0
100 100. m
saip psQi D
10 10.0m
Tl PaiV
0.00 — 0.00
0.00 Vo (V) 700 m div Z. 00

MARKER

oF

WARKER
MIN/ MAX

TNTER:
POLATE|

ANALY-
sis

73
23
23
H B
3 g

oF ]

3
AXIS WARKER/ | [T NE scaLing  [orspLay][sweer |[Tim NG
vi|| cursor s |setup || setup |[seTue

Results.
For example, displayed graphically.
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To Define M easurement Units

Press chan front-panel key to define the measurement units. CHANNELS:
CHANNEL DEFINITION screen is displayed.

1. MEASUREMENT MODE:
Select SWEEP secondary softkey for sweep measurement.
2. VNAME:

Enter a unique name for voltage variable. For example, enter Vce for
collector-emitter voltage. If channel does neither V force nor V measurement,
you can omit VNAME.

3. INAME:

Enter a unique name for current variable. For example, enter | ¢ for collector
current. If channel does neither | force nor | measurement, you can omit
INAME.

4. MODE:
Select one of the following softkeys:

eV :Voltage output (for SMU, VSU, and PGU).
V : Grounded mode voltage measurement (for VMU).

e | : Current output (for SMU).

e VPULSE : Pulsed voltage output (for SMU and PGU).

e |PULSE : Pulsed current output (for SMU).

¢ COMMON : Circuit common (for SMU and GNDU).

« DVOLT : Differential mode voltage measurement (for VMU).
5. FCTN:

Select one of the following softkeys to set the output function:

e CONST : Constant output function (for SMU, VSU, and PGU).

e VARL1: Primary sweep output function (for SMU and V SU).

e VAR2: Secondary sweep output function (for SMU and VSU).

«  VAR1': Synchronous sweep output function (for SMU and V SU).
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6. DISCHARGE:

Select ON secondary softkey to connect the discharge resistor to VMU input, or
OFF to disconnect the resistor. The discharge resistor is used to prevent the
VMU inputs from charge up in theidle state.

When DISCHARGE is ON, the discharge resistor is automatically connected to
the VMU input, and disconnected from the input in the measurement state.

VNAME and INAME

You can use VNAME and INAME namesin 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
Select DELETE ROW softkey. The settings for the unit are deleted.
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To Set up Primary Sweep

Primary sweep source is the measurement unit defined as VARL in the
CHANNELS: CHANNEL DEFINITION screen. To set up the primary sweep
source, press Meas front-panel key. The MEASURE: SWEEP SETUP screenis

displayed.

1

VARL1 : SWEEP MODE
Select one of the following softkeys to set the sweep mode:

e SINGLE : single sweep mode.

* DOUBLE : double sweep mode.

VARL: LIN/LOG

Select one of the following softkeys to set the sweep step mode:

e LINEAR: linear step mode.

e LOG XX : logarithmic step mode. XX specifies the number of steps per
decade. XX is 10, 25, or 50.

VARL1: START

Enter the sweep start value.
VAR1: STOP

Enter the sweep stop value.

If you select LOG sweep step mode, the polarity of stop value must be same as
the polarity of start value.

VARL1: STEP

If you select LINEAR sweep step mode, enter the sweep step value. Thisfieldis
not available for the LOG mode.

VAR1 : COMPLIANCE, POWER COMPLIANCE

Only for SMU. Enter the compliance value, and power compliance (ON or OFF)
for the primary sweep source.

NO OF STEP is automatically calculated from START, STOP, and STEP values.

You cannot change UNIT and NAME in this screen. To change the values, go to the
CHANNELS: CHANNEL DEFINITION screen.

1-18 Agilent 4155C/4156C User’s Guide Vol.2, Edition 6



Sweep Measurements
Defining Measurement Conditions

To Set up Secondary Sweep

Secondary sweep source is the measurement unit defined as VAR2 in the
CHANNELS: CHANNEL DEFINITION screen. On the MEASURE: SWEEP
SETUP screen, set up the primary sweep source (VARL), then do following:

1. VAR2: START
Enter the secondary sweep start value.
2. VAR2: STEP
Enter the secondary sweep step value.
3. VAR2: NO OF STEP
Enter the number of steps for the secondary sweep.
4. VAR2: COMPLIANCE, POWER COMPLIANCE

Only for SMU. Enter the compliance value, and power compliance (ON or OFF)
for the secondary sweep source.

SWEEP MODE and LIN/LOG are automatically set to SINGLE and LINEAR,
respectively. You cannot change the settings.

The STOP valueis automatically calculated from START, STEP, and NO OF STEP
values.

You cannot change UNIT and NAME in this screen. To change the values, go to the
CHANNELS: CHANNEL DEFINITION screen.
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To Set up Synchronous Sweep

Synchronous sweep source is the measurement unit defined as VAR1' in the
CHANNELS: CHANNEL DEFINITION screen. VARY' isavailable for the
measurement units set to the output mode same as the VAR output mode. The
output value of VAR1' is calculated by the following equation:

VAR1' = VARL x RATIO + OFFSET

On the MEASURE: SWEEP SETUP screen, set up the primary sweep source
(VAR1), then do following:

1. VARY : OFFSET

Enter the offset value of the VARL’ output against the VAR output.
2. VARY :RATIO

Enter the ratio value of the VARY’ output against the VAR1 output.
3. VARY' : COMPLIANCE, POWER COMPLIANCE

Only for SMU. Enter the compliance value, and power compliance (ON or OFF)
for the synchronous sweep source.

You cannot change UNIT and NAME in this screen. To change the values, go to the
CHANNELS: CHANNEL DEFINITION screen.
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To Set up Constant Output

Constant voltage/current source is the measurement unit defined as CONST in the
CHANNELS: CHANNEL DEFINITION screen. To set up the constant output
source, press Meas front-panel key. The MEASURE: SWEEP SETUP screenis
displayed.

1. CONSTANT : SOURCE
Enter the desired output value of the constant source.
2. CONSTANT : COMPLIANCE
Only for SMU. Enter the compliance value for the constant source.

You cannot change UNIT, NAME, and MODE in this screen. To change the values,
go to the CHANNELS: CHANNEL DEFINITION screen.
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To Set up SMU Pulsed Output

SMU pulse output source is the measurement unit defined as VPUL SE or IPULSE
inthe CHANNELS: CHANNEL DEFINITION screen. For pul sed sweep source, set
the function (FCTN) to VARL, VAR2, or VAR1'. For pulsed constant source, set the
function to CONST. To set up the SMU pulse output source, press Meas front-panel
key. The MEASURE: SWEEP SETUP screen is displayed.

1. Set the source output parameters:

e For VARL, refer to “To Set up Primary Sweep” on page 1-18.
* For VAR, refer to “ To Set up Secondary Sweep” on page 1-19.
e For VARY', refer to “To Set up Synchronous Sweep” on page 1-20.
* For CONST, refer to “ To Set up Constant Output” on page 1-21.
2. SMU PULSE: PERIOD
Enter the pulse period value.
3. SMU PULSE: WIDTH
Enter the pulse width value.
4. SMU PULSE: BASE
Enter the pulse base value.

You cannot change UNIT and NAME in this screen. To change the values, go to the
CHANNELS: CHANNEL DEFINITION screen.
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Pulse Parameters

The relation between the PERIOD, WIDTH, and BASE values are as shown in the
following figures.

Stop Value

}

Step Value ‘
Start Value T

Pulse Base
/ Hold Time Pulse Width \

-
Pulse Period

{a) For Pulsed Sweep Source

Output Value

Pulse Base !
/ Hold Time Pulse Width

Pulse Period

{b) For Pulsed Constant Source
SMU outputs the pulses as shown in figure (a) or figure (b).
e Figure (a)
When the function (FCTN) is set to VARL, VAR2, or VARY'.

The pulse peak values are the sweep output values calculated from the sweep
start, stop, step values, and so on.

e Figure (b)
When the function (FCTN) is set to CONST.

The pulse peak value is the output value of the constant output source.
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To Set up PGU Output

1. Define PGU to be VPULSE and CONST as described in “ To Define
Measurement Units’ on page 1-16.

Press Meas key in the PAGE CONTROL key group.

Select PGU SETUP primary softkey.

Inthe PERIOD field of PGU1, enter the pulse period value.

Inthe WIDTH field of desired PGU column, enter the pulse width value.
Inthe DELAY TIME field of desired PGU column, enter delay time value.
Inthe PEAK VALUE field of desired PGU column, enter pulse peak value.
Inthe BASE VALUE field of desired PGU column, enter pulse base value.

Inthe LEADING TIME field of desired PGU column, enter the leading-edge
transition time.

10. Inthe TRAILING TIME field of desired PGU column, enter the trailing-edge
transition time.

11. In the IMPEDANCE field of desired PGU column, select:

© © N o o »~ W D

* 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 pul se continuously.
*  Or enter the number of pulsesto output (for sampling measurement only).

For the pulse period and pul se count values, the values you set for PGU1 are also
used for PGU2. The following figure shows the relation between pul se waveform
and setup parameters.

Pulse Peak — /7\

Q0%. / \ / \\

Leading Time // p
7/‘
/

— Trailing T\mﬁ \
\
\\ 10% ; \\ // \\

Pulse Base

Pulse Width

Pulse Period

[P
Delay Time
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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 a PGU as a constant voltage source, set the desired PGU as follows:
* Vin MODE column on the CHANNEL DEFINITION screen

» Desired output voltage value in SOURCE field on MEASURE: PGU SETUP
screen.

Agilent 4155C/4156C User’s Guide Vol.2, Edition 6 1-25



Sweep Measurements
Defining Measurement Conditions

To Set up Sop Condition

1. PressMeaskey inthe PAGE CONTROL key group.
2. Movefield pointer to SWEEP Status field.
3. Select one of the following softkeys:

CONT AT ANY  Sweep will continue even if an abnormal status occurs. If
power complianceis set for an SMU, this softkey is not

displayed.
STOP AT ANY
ABNORM Sweep will stop if any abnormal status occurs.
STOP AT

COMPLIANCE Sweepwill stop only if SMU reachesits compliance setting.
Thisis automatically set when power complianceis set for
SMUs, or when 10k ohm 100k ohm or 1M ohmis
selected in the SERIES RESISTANCE field.

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.
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To Display Graphics Results

1. PressDisplay 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
minimum and maximum values.

6. If you use Y2 axis, enter variable name, select axis scale, and enter minimum
and maximum valuesin Y 2 axis column.

When the pointer isin the NAME row, the allowable variable names appear in the
secondary softkey area. To set avariable 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.

Todisplay agrid on the plotting area
In the GRID field, select ON to display or OFF to not display.

To display line parameters on the plotting area

Inthe LINE PARAMETER field, select ON to display or OFF to not display. Line
parameters arethe X and Y intercepts and gradient of the analysis lines.

To display variableson the data variable area

Inthe DATA VARIABLES fields, select secondary softkey for desired variable. Up
to 2 variables can be displayed on the data variable area which is located between
the graph area and the marker area.

To change resolution of the data to be displayed

Inthe DATA DISPLAY RESOLUTION field, select NORMAL for the resolution
shown in the specifications, or EXTEND for the ADC full scale resolution. For
example, the data display resolutionis 1 fA in NORMAL mode, and 10 @A in
EXTEND mode for 10 pA measurement range.
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To Display List Results

1. PressDisplay key in the PAGE CONTROL key group.

2. Select DISPLAY SETUP primary softkey.

3. Inthe DISPLAY MODE field, select LIST secondary softkey.
4

. Inthe LIST area, select the secondary softkey of the variables for which you
want to list the measurement results.

When the pointer isin the NAME row, the allowable variable names appear in the
secondary softkey area. To set avariable name, select the desired secondary softkey.
The allowable hames are names that you already set up on CHANNEL
DEFINITION, USER FUNCTION, and USER VARIABLE screens.

To display variableson the data variable area

In the DATA VARIABLES fields, select secondary softkey for desired variable. Up
to 2 variables can be displayed on the data variable area which islocated below the
list area

To change resolution of the data to be displayed

Inthe DATA DISPLAY RESOLUTION field, select NORMAL for the resolution
shown in the specifications, or EXTEND for the ADC full scale resolution. For
example, the data display resolutionis 1 fA in NORMAL mode, and 10 @A in
EXTEND mode for 10 pA measurement range.
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To Execute or Sop M easurement
¢ To execute a measurement, press:

e Single key inthe MEASUREMENT key group for single measurement.

* Repeat key inthe MEASUREMENT key group for repeat measurement.

e Append key inthe MEASUREMENT key group for append measurement.
» To stop ameasurement, press Sop key inthe MEASUREMENT key group.

Single, Repeat, and Append M easurement

There are three measurement execution modes as follows:

Single

measurement Clears GRAPHICS or LIST screen, then executes measurement
one time. Measurement results are displayed on GRAPHICS or
LIST screen.

Repeat

measurement Executes measurements continuously. Before each
measurement is executed, the GRAPHICS or LIST screenis
cleared. Most recent measurement results 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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Making a M easurement

In this section, you learn how to execute the measurements with an 4155C/4156C
and to display the measurement results graphically. 1d-V g measurement of aMOS
FET is provided as an example. You learn step-by-step how to perform this
measurement.

You measure the device under test (DUT) by using the measurement circuit as
shown in the following diagram. SMU2 and SMU3 sweep the same voltage to the
gate and drain. SMU3 measures the drain current (Id). The source and substrate are
connected to circuit common.

You should get result similar to the following figure. Gate voltage Vg (swept from
0V to2V)isassignedto X axis, V Id isassigned to Y1 axis, and oV Id / 6Vgis
assigned to Y2 axis.

QGO1024, 145460

NOTE For accurate measurements, allow the 4155C/4156C to warm-up for a minimum of
40 minutes after you turn on the instrument, and then execute calibration. For the
self-calibration, see Chapter 7.
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Sep 1. Preparefor the measurement

Before executing measurement, configure the 4155C/4156C and accessories.
1. Make sure that the 4155C/4156C is off.

2. Connect the 16442A/B test fixture to the 4155C/4156C. See figure below.
3. If you use the keyboard, connect it to the 4155C/4156C.

Connection between 4156C and 16442A/B:

16442A/B
Kelvin Triaxial Cables .
=l
',,J
\ ) \

4156
4156C cable 16442A/B || 4156C | cable | 16442A/B
Intlk Interlock/LED & | Intlk VSU 1 Coaxial ? | VSU 1
SMU1 | Kelvintriaxial ¢ | SMU1  [|VSU2 | Coaxia P | VSU 2
SMU 2 | kdvintriaxial € | SMU 2 VMU 1 Coaxial ? | VMU 1
SMU3 | Kelvintriaxia ¢ | SMU3 || VMU 2 | Coaxial P | VMU 2

a. Interlock/LED cable: Agilent 16493J

b. Coaxial cable: Agilent 16493B. You do not need to connect VSUs and
VMUsfor this measurement.

c. Kelvintriaxial cable: Agilent 16493K, or Triaxial cable: Agilent
16493C. For the non-kelvin connections, open the Sense terminals.
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Connection between 4155C and 16442A/B:

Triaxial Cables

4155

4155C cable 16442A/B || 4155C cable | 16442A/B

Intlk Interlock/LED 2 | Intlk

SMU 1 | Triaxial SMU 1 VSU 1 Coaxial ¢ | VSU 1
(blue label)

SMU 2 | Triaxia P SMU 2 VSU 2 Coaxial ¢ | VSU 2
(bluelabel)

SMU 3 | Triaxia P SMU 3 VMU1 | coaxial ¢ | VMU 1
(bluelabel)

SMU 4 | Triaxial SMU 4 VMU 2 | coaxia € | VMU 2
(blue label)

a. Interlock/LED cable: Agilent 16493J

b. Triaxial cable: Agilent 16493C. You do not need to connect SMUA4 for
this measurement.

c. Coaxial cable: Agilent 16493B. You do not need to connect VSUs and
VMUSsfor this measurement.
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Sep 2. Mount your DUT on thetest fixture

1. Select asuitable socket module for your DUT.

2. Mount the socket module on the test fixture.

Socket Module

QE01003 5060

Mount your DUT on the socket module.
4. Make connections with four connection cables (miniature bananato pin plug).

You make the following connections:

» Sourceto SMU1

* Gateto SMU2

e Drainto SMU3

* Substrate to SMU1

Both the source and substrate terminals are connected to SMUL.
5. After finishing connections, shut the lid of the test fixture.
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Wiring for the 4156C

For this measurement, non-Kelvin connections are used. So, connect only the force
terminals as shown in the following figure:

Substrate
\

SMU F200v= 1A Max)
1 2

& mé@ Rl =g

Connection 1) Q) e =
Cable  Gate
Source

Q
£O £ °
VS| (£20V/= 100mA taxd 8
/I © [©)]
:, WV £ 20 V= Max], D w
@ TO-PACKAGE (12PI

High Vottage /N

9101310060

Wiring for the 4155C

Substrate
\
AN
DUT
SMU 12 00v= 1A Max)
0 2 s s s .
= s R g o) e
) ge) d@ w@ Guud@ e Gumd@ &
Connection Gate
Cable
GU (440 — 10CmE Ve 4 Drain
e
°© ° P Source

Pacy £ 8
VSL/ {220V = 100mA AZE)J
[©] [©)]

P Vb 220V = Mo y
(&) TO-PAGKAGE (1ZFT

Figh vottage /1

QORI
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Sep 3. Define the channel assignments
You set the connection information on the CHANNELS:; CHANNEL DEFINITION

screen.

1. Turn on the 4155C/4156C. Self-test starts.

2. After self-test is finished, make sure that CHANNELS: CHANNEL
DEFINITION screen appears on the screen of the 4155C/4156C. If not, press

Chan front-panel key.

where, softkeys located bottom of screen are the primary softkeys, and softkeys
located right side of screen are the secondary softkeys.

3. Make sure that SWEEP is displayed in the MEASUREMENT MODE field. If
not, select SWEEP secondary softkey in the MEASUREMENT MODE field.

4, Set the connection information in the CHANNELS area as shown in the
following table. For the actual screen, see Figure 1-6.

on Front Panel

on Keyboard

To move the pointer,

use arrow keys of
MARKER/CURSOR area.

use arrow keys

To move the cursor to
edit in display area,

use arrow keys of
Edit area.

use Backspace key.

To enter "VS" in

press. (period) and + keys,

type VS, then press Enter.

VNAME field, then Enter.

Toenter "l S" in press* and + keys, typel S, then pressEnter.
INAME field, then Enter.

Toset"V'in select V secondary softkey. | press shift-F1 keys.
MODE field,

To set "VARL" in select VARY' secondary press shift-F4 keys.
FCTN field, softkey.

Toset "VARL" in select VAR secondary press shift-F2 keys.
FCTN field, softkey.

To disable a unit, select DISABLE UNIT press shift-F7 keys.

secondary softkey.
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Figure 1-6 Channé Definition Screen
CHANNELS: CHANNEL DEFI NI TI ON 01JAN29 10: 57AM
SWEEP
* MEASUREMENT MODE
SWEEP
SAM-
PLI NG|
* CHANNEL S
MEASURE STBY| | SERI ES
UNI'T VNAME I NAME MODE | FCTN RESI STANCE Qscv
SMU1: HR |VS IS COMMON | CONST 0 ohm
SMU2: HR | VG 1 G \Y VAR1'
SMU3: HR | VD I D \Y VAR1
shui. e e
SMU5: HP 0 ohm SETUP
vsuir | |-
vsu2z | | ----e- MEML M
VMUL | e e ----| | DI SCHARGE B-Tr
VMU2 | e e ----||ON VCE-1C
PGUL | |-
pGU2 | e MEM2 M
FET
GNDU e T VDS- | D
MORE
SWEEP 1/2
Select Measurement Mode with softkey or rotary knob. B
CHANNEL| | USER USER E5250A NEXT
DEF FCTN VAR S | PROP PAGE
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Sep 4. Definethe user functions
You define the user functions on the CHANNELS: USER FUNCTION

DEFINITION screen.

Sweep Measurements
Making a Measurement

1. Select USER FCTN primary softkey. The CHANNELS: USER FUNCTION
DEFINITION screen appears.

2. Enter the user function information as shown in the following table. For the
actual screen, see Figure 1-7.

on Front Panel

on Keyboard

To move the pointer,

use arrow keys of

use arrow keys.

MARKER/CURSOR area
Tomovethecursor to edit | use arrow keys of Edit use Backspace key.
in display area, area.
Toenter "SQ D' in press +, 2, *, / keys, then type SQ D,
NAME fidd, Enter. then press Enter.
To enter "SQRT(1 D) " @ press +, 2, 3, p, bluekey, ( type SQRT(1 D),

in DEFINITION field,

keys, and ID secondary
softkey, then ) and Enter.

then press Enter.

Toenter "DSQ D' in
NAME field,

press/, +, 2, *, / keys, then
Enter.

type DSQ D,
then press Enter.

To enter

"Dl FF(SQ D, VG " ©
in DEFINITION field,

press/, *, 7, 7, bluekey, (,
bluekey, +, 2, *, /, blue key,
, (comma) keys, and
VG secondary softkey,
then) and Enter.

type

Dl FF(SQ D, VG,

then press Enter.

To disable a user
function,

select
DISABLE FUNCTION
secondary softkey.

press shift-F7 key.

a. Square root operator (\' ) is defined by "SQRT" built-in function.
b. Partia difference (6/0) is defined by "DIFF" built-in function.
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Figure1-7 User Function Definition Screen
CHANNELS: USER FUNCTI ON DEFI NI TI ON 01JAN29 10: 53AM
* USER FUNCTI ON
NAME UNI T DEFI NI TI ON
[SQI D SQRT( | D)
DSQI D DI FF( SQI D, VG)
DELETE
ROW
SQI D
Enter User Function Name. (max 6 chars.) B
CHANNEL| | USER USER E5250A PREV NEXT
DEF FCTN VAR S | PROP PAGE PAGE

Figure 1-7 defines the following two user functions:
SQID =+ 1d

DSQID =6SQID / 6Vg =6V 1d/ 6Vg

Where, |d isdrain current and Vg is gate voltage.
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Sep 5. Set up the measurement parameters
You set the output parameters on the MEASURE: SWEEP SETUP screen.

1

Press Meas front-panel key. The MEASURE: SWEEP SETUP screen appears.

In the screen, the upper left area defines the VAR information, and the upper
right areadefines the VAR1' information. See Figure 1-8.

Set the VAR1 information as shown bel ow:

on Front Panel

on Keyboard

To move the pointer,

use arrow keys of

use arrow keys.

MARKER/CURSOR area
Toset"SI NGLE" in select SINGLE secondary press shift-F1 keys.
SWEEP MODE field, | softkey.

Toset"LI NEAR" in
LIN/LOG field,

select LINEAR secondary
softkey.

press shift-F1 keys.

Toenter"2. 000 V'
in STOP field,

press 2, then Enter.

type 2,
then press Enter.

Toenter "20. 00 nv"
in STEPfield,

press 2, 0, m, then Enter.

type20m
then press Enter.

Drain voltage sweepsfrom 0V to 2 V with 20 mV step. The current compliance

isset to 100 mA.

3. Set the VAR information as shown below:

on Front Panel

on Keyboard

Toenter "0. 000 V"in
OFFSET field,

press o, then Enter.

type 0, then press Enter.

Toenter "1. 000" in
RATIO field,

press 1, then Enter.

type 1, then press Enter.

To force the same voltage to the drain and gate, set RATIO = 1 and OFFSET = 0.
Because VARY' is defined as follows:

(VARY' output) = RATIO x (VARL1 output) + OFFSET
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Figure 1-8 Sweep Setup Screen
MEASURE: SWEEP SETUP 01JAN29 10: 58AM
SI NGLE
*VARI ABLE [VAR1 VAR?2 VAR1'
UNI'T SMU3: HR UNI'T SMU2: HR
NAME VD NAME VG
SWEEP MODE [SI NGLE OFFSET 0.0000 V DOUBLE
LI N/ LOG LI NEAR RATI O 1.000
START 0.0000 V COMPLI ANCE| 100. 00mA
STOP 2.0000 V POWER COMP | OFF
STEP 20. 0mV
NO OF STEP|101
COMPLI ANCE| 100.00mA
POWER COMP | OFF
*TI M NG
HOLD TI ME ‘ 0.0000 s
DELAY TIME| 0.0000 s| *SWEEP [STOP AT ANY ABNORM]|Status
* CONSTANT
UNI'T
NAME
MODE
SOURCE |- -=mmmmem [ mmmmmmme e oo e e [
COMPLIANCE |- == === mw o [mmemmmme | ooiia i oo
SI NGLE
Sel ect Sweep Mode with softkey or rotary knob. B
‘SWEEP ‘ MEASURE| | ouTPUT “ ‘ PREV ‘ NEXT
SETUP SETUP SEQ S PAGE PAGE
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Sep 6. Set up theresultsdisplay
You set the results display information on the DISPLAY: DISPLAY SETUP screen.

Sweep Measurements
Making a Measurement

1. PressDisplay front-panel key. The DISPLAY: DISPLAY SETUP screen appears.

2. Make sure GRAPHI CSisdisplayed inthe DISPLAY MODE field. If not, select
GRAPHIC secondary softkey in the DISPLAY MODE field.

3. Setthe X-, Y1-, and Y 2-axes information as shown below. For the actual setup,

see Figure 1-9.

on Front Panel

on Keyboard

To enter "VG' select VG secondary press shift-F3 keys.
in NAME field, softkey.

To set "LI NEAR' select LINEAR press shift-F1 keys.
in SCALE field, secondary softkey.

To enter "0. 00000 V"
in MIN field,

press o, then Enter.

type 0, then pressEnter.

To enter "2. 00000 V"

press 2, then Enter.

type 2, then pressEnter.

in MAX field,
To enter "SQ D" select MORE 1/2, then press shift-F7 keys, then
in NAME field, SQID secondary Shift-F3 keys.

softkeys.

To enter "0. 00000 A"
in MIN field,

press o, then Enter.

type 0, then press Enter.

To enter "100. 000mMA"
in MAX field,

pressi, 0, 0, m, then Enter.

type 100m then press

Enter.

To enter "DSQ D"
in NAME field,

select MORE 1/2, then
DSQID secondary
softkeys.

press shift-F7 keys, then
Shift-F4 keys.
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Figure 1-9 Display Setup Screen
DI SPLAY: DI SPLAY SETUP 01JAN29 10: 58AM
GRAPH-
I CS
*DI SPLAY MODE
GRAPHI CS
LI ST
* GRAPHI CS
Xaxi s Ylaxis Y2axis
NAME | VD SQI D DSQI D
SCALE| LI NEAR LI NEAR L1 NEAR
Ml N 0.000000000 V| 0.0000000000 0. 0000000000
MAX 2.0000000 V 100. 00000000m| 100.00000000m
*GRI D *LI NE PARAMETER
*DATA VARI ABLES *DATA DI SPLAY RESOLUTI ON
NORMAL
GRAPHI CS
Sel ect Display Mode with softkey or rotary knob. B
DI SPLAY|| ANLYSI S PREV NEXT
SETUP SETUP S PAGE PAGE
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Sep 7. Execute the measurement

Press single front-panel key to execute the measurement.

Oooooog

OO000 O.oOad
0 = /
/

0oodo g
00000 g ooo
goooo O ooo

QGONZ 7360

You will get measurement results as shown in the following example:

GRAPH/ LI ST: GRAPHI CS SHORT 01JAN29 10: 59AM
MARKER
OFF
0 O MARKER
100. 100.m | MARKER
I NTER-
SQI D DSQI D POLATE
OFF
10.0m 10.0m
[ di v /div
MARKER
SKI P
AUTO
ANAL Y-
/ SIS
0.00 | 0.00
0.00 VD (V) 200.m /div 7.00 CURSOR
OFF
B
AXI S MARKER/ | [ LI NE SCALI NG DI SPLAY| [ SWEEP || T1I MI NG
Y1|| CURSOR S | sETuP ||sETUP ||SETUP
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Knob Sweep Measurements

This chapter explains how to execute knob sweep measurements.
The knob sweep function is useful in the following cases:
» todetermine a parameter value for normal sweep

» to quickly make arough measurement of a DUT characteristics
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M easurement Functions

The knob sweep function allows you to easily perform real-time sweep
measurements by rotating the rotary knob on the front panel. This function is useful
when you want to quickly make a rough measurement of aDUT characteristic, or
when you want to easily define a measurement setup for normal sweep.

To start the knob sweep measurement, press the green key and then the Single
front-panel key. The 4155C/4156C starts knob sweep measurement, and repeats
measurements continuously until this function is stopped. You can change the
measurement setups even while the measurements are being performed.

When knob sweep measurements are started, the VAR1 start value and VAR sweep
rangeare 0 V or O A. You change the sweep range from O to the stop value by
rotating the knab.

To stop the knob sweep measurements, press Sop front-panel key, or a PAGE
CONTROL group key. To restart the measurement, press the following key(s):

If you pressed the stop key: Single key
If you pressed a PAGE CONTROL key: green key and Single key

Available units and functions

Table 2-1 shows available units and functions for knob sweep measurement.

Table 2-1 Available Unitsand Functionsfor Knob Sweep M easurement
Output Function Output Mode Meas. Mode
Unit Pulse
VARL | VARL' | VAR2 | const | STARP | v | | C%'\,fl'v' V| DVOLT | |
SMU ° n.a ° . ° ° ° ° n.a ° | — .
VSU ) n.a . . o o | — | - - S _
VMU - - - - - - - o | o -
GNDU | - - - . - - | =1 - - - -
PGU - - - o . o« | — | - o - = —
. means "Thisis available for knob sweep measurement”.
n.a. means "Thisis not available for knob sweep measurement”.

- means "Thisis not available for this unit".
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Normal Sweep and Knob Sweep M easurements

Table 2-2 compares the normal sweep measurement performed by measurement
front-panel keys and knob sweep measurement by the front-panel knob.

Comparison of Sweep M easurement and Knob Sweep M easur ement
Item Sweep M easurement Knob Sweep M easurement
Spacing of VAR1 linear or log linear
Sweep Mode of VAR1 single or double single or double
Number of Stepsfor VAR1 1to 1001 1to 1001
Hold Time 0t0655.35s 0t0655.35s
Power Compliance available not available

M easurement Ranging Mode

auto, limited auto, or fixed

compliance range 2

Standby Function available available

M easurement Channel 1to8ch 1chonly
Output Sequence can set can set °
Trigger Function available not available
Integration Time short, medium, or long 80 us

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

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

2-4
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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.

LIN/LOG mode

Only linear mode is available. Even if you set LOG on the MEASURE: SWEEP
SETUP screen, the knob sweep is alinear sweep measurement.

VAR1 Range

Sweep range of VARL source output. If you do not set the VAR1 RANGE, the
default isthe stop value specified for the VAR1 channel onthe MEASURE: SWEEP
SETUP screen.

Polarity

The following sweep polarities are available for the knob sweep function of the
VARL source. To set the polarity, select VAR1 SETUP and POLARITY softkeys.

0

R / —
/ 7 O/Fr:

// -
O i
() positive o) negative {c} bipolar
+ (positive) Used to set the sweep output in the positive X direction.
- (negative) Used to set the sweep output in the negative X direction.
+/- (bipolar) Used to set the sweep output in both the positive and negative X

directions.
To increase the source absolute value, rotate the rotary knob in clockwise.

To decrease the source value toward 0, rotate the rotary knob in counterclockwise.
When measurement curves reach 0, the curves remain at 0 even if you continue to
rotate the rotary knob counterclockwise.
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Knob Sweep Measurements
Measurement Functions

Sep Time

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

primary sweep source
( VART)

J— step time

Setup range is 0.5 ms to 100 ms, with 100 ps resol ution.

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

M easurement 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 axisis not available on the KNOB
SWEEP screen.

o default measurement channel

*  When an SMU isset to VAR1
Measurement channel is the VAR1 channel.
* WhenaVSU issetto VARL

Measurement channel isthefirst found channel that can measure. Searching
order is:

SMU1L— ..... — SMU6 - VMUl » VMU2.
* restrictions

If you use series resistance for VAR channel and VAR1 channel isV force
mode, only VAR1 measurement channel can be assignedto Y axis.

M easurement Resolution

When performing knob sweep measurement, measurement resol ution of each
measurement unit is worse than the measurement resolution of normal sweep
measurements.
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Sweep Step Value

For the VAR1 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 for the specified
number of steps. The STEP field on the MEASURE: SWEEP SETUP screen has no
meaning.

Initial value: 0, Step value automatically set: 0 to VAR1 range/number of steps.

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 stepsfor VAR has no relation to the
NO OF STEP setting on the MEASURE: SWEEP SETUP screen.

Sart 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.

Sop Value

Stop value is aways step value x 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.

M easurement Range
If SMU isthe measurement channel:

Compliance range is used. That is, the measurement range is set to the lowest range
that includes the compliance value that is set on the MEASURE: SWEEP SETUP
screen.

If VMU is the measurement channel:

20V rangeis used for the grounded measurement mode, and the 2 V range is used
for the differential measurement mode.
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KNOB SWEEP screen

KNOB SWEEP 94JANOT 01:30PM

CSR( 500.0000mV, 5.000000mA , )

(mA)
10.00

1.000
fdiv

R

R

L0000
0000 VF 1000/div (V) 1.000

Y-AXIS
ASSIGN

SETUP
coPY

DISPLAY
SETUP

VARL
SETUP

VARZ2
SETUP

CONST
SETUP

UGD04007

To start the knob sweep measurement, press the green key and then the Single
front-panel key. The 4155C/4156C displays KNOB SWEEP screen, and starts
measurements. To stop the knob sweep measurement, press the Sop front-panel key
or aPAGE CONTROL group key.

Cursor

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

X axis setting

X axis always plots the VARL source value. Maximum value of X axisis the setting
value of the VAR1 RANGE secondary softkey of VAR1 SETUP softkey group.

Y axis setting

Y axis always plots the measurement data of the measurement channel. You can
select the measurement channel by using the secondary softkeys of the Y-AXIS
ASSIGN softkey group. Maximum value of Y axis scale is the compliance value of
the measurement channel.
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Analysis of the Knob Sweep M easurement Results

Onthe KNOB SWEEP screen, you cannot use analysis functions and user functions.
But you can analyze the knob sweep measurement result by quitting knob sweep
mode as shown below:

1. Select the SETUP COPY primary softkey on the KNOB SWEEP screen.
2. Pressthe Graph/List front-panel key.

The knob sweep results are displayed on the GRAPH/LIST screen. Then you can
use analysis functions.

To Use User Function

User function is not available for the knob sweep mode. If you want to use user
functionsin GRAPH/LIST screen group after the knob sweep measurements, do
following before entering to the knob sweep mode:

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

2. Enter user function namesin DATA VARIABLESfield of DISPLAY: DISPLAY
SETUP screen.

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

After getting the measurement data on the knob sweep mode, and quitting the knob
sweep mode as described above, the results of user function will be displayed on the
GRAPH/LIST screen.
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Executing M easurements

You can easily execute the knob sweep measurements, as shown below:

1. Defines measurement units on the CHANNELS: CHANNEL DEFINITION
screen.

2. Pressesthe green key, and then Single key.

NOTE In the knob sweep mode, user functions and user variables are not available. See“ To
Use User Function” on page 2-9.

To use PGU in the pulse output mode (MODE=VPUL SE), set up the MEASURE:
PGU SETUP screen as same as the normal sweep mode. For setting up the PGU
SETUP screen, refer to Chapter 1.
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To Define M easurement Units

Press chan front-panel key to define the measurement units. CHANNELS:
CHANNEL DEFINITION screen is displayed.

1

MEASUREMENT MODE:
Select SWEEP secondary softkey.
VNAME and INAME:

Enter a unique name for voltage or current variable. These names must be 6 or
less alphanumeric characters. First character must be alphabet character. For
example, enter Vce for collector-emitter voltage. If channel does neither output
nor measurement, you can omit VNAME and INAME.

MODE:
Select one of the following softkeys to set the output mode:

eV : Voltage output (for SMU, VSU, and PGU).
V : Grounded mode voltage measurement (for VMU).

e | : Current output (for SMU).

e VPULSE : Pulsed voltage output (for PGU).

e IPULSE : Not available.

¢ COMMON : Circuit common (for SMU and GNDU).

« DVOLT : Differential mode voltage measurement (for VMU).
FCTN:

Select one of the following softkeysto set the output function:

e CONST : Constant output function (for SMU, VSU, and PGU).
e VARL1: Primary sweep output function (for SMU and V SU).

e VAR2: Secondary sweep output function (for SMU and VSU).
* VAR : Not available.

To disable a unit
Select DELETE ROW softkey. The settings for the unit are deleted.
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To Execute M easurements

1

Press the green key, then single front-panel key. The KNOB SWEEP screenis
displayed, and knob sweep measurement starts.

During measurements, self-test, or forcing stress, this operation isignored.

If you want to change the Y-axis parameter, press sop front-panel key and
Y-AXIS ASSIGN primary softkey. Then select a secondary softkey for the
Y-axis parameter you want.

To start knob sweep measurement again, press Single front-panel key only.

Rotate the rotary knob to stretch or shrink the sweep range. Knob sweep
measurement is executed, and measurement curve appears on the graph.

War ning messages

If the CHANNELS or MEASURE screen group have incorrect settings for knob
sweep measurements when starting the knob sweep, awarning message is
displayed, then the STOP and CONT primary softkeys are available.

Select STOP softkey to know the incorrect setting. The setting is highlighted on the
screen.

Select CONT softkey to perform knob sweep measurement with the following
settings:

If VARY' function (FCTN) has been set:

The unit works as CONST channel. The output valueis VAR1' start value.

If VPULSE or IPUL SE mode (MODE) has been set for the VAR1 or VAR2 unit:
The unit worksasV or | channel.

If the power compliance function (POWER COMP) has been set:

The function does not work. Same as POWER COMP = OFF.
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Example

The following figure shows an example to set both X axisand Y axis display
regionsto positive.

KNCE SWEEP 94.JANOL O1: 30PM
X=AX1S
CURSOR( 500, 0000nYV, 5.000000mA, ) REGIOE
Y-AX1S
(mA) REGION
10.00 *
X-AX1S
DISPLAY
NORMA
F S
Y-AXIS
1.000 DISPLAY
fdiv NORMA
S
S
L0000
. 0000 VF .1000/div (V) 1.000
Y-AX1S SETUP VARZ CONST
ASSIGN CoPY SETUP SETUP

UGT01034, 100%70

To Stop M easurement

To stop the knob sweep measurement, press Sop front-panel key.

This returns the 4155C/4156C operation state to the previous state. For example, if
the knob sweep measurement starts from the idle state, the operation state returns to
theidle state.

Sarting knob sweep again

To start the knob sweep measurement again, press the following front-panel key:

Single The knob sweep measurement will start from the point where it
was stopped.
Green, Single The knob sweep measurement will start from OV or 0 A.
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To Change M easurement Conditions

To change the measurement conditions, use the following primary softkeys:

Softkey Description

DISPLAY SETUP Used to change graph display. The following
secondary softkeys are available:

X-AXISREGION Selectsthe X-axis display range
from +, —, or +/-.

Y-AXISREGION Selectsthe Y-axis display range
from +, —, or +/-.

X-AXISDISPLAY Selectsthe X-axis direction
from NORMAL or REVERSE.

Y-AXISDISPLAY Selectsthe Y-axis direction
from NORMAL or REVERSE.

GRID Sets grid on or off.

VARL SETUP Used to change VAR1 sweep source setup. The
following secondary softkeys are available:

SWEEP MODE  Sets sweep modeto SINGLE or
DOUBLE.

POLARITY Sets polarity of VARL output to
POS, NEG, or BIPOLAR.

VAR1RANGE  SetsVARI1 sweep range. This
sets X-axis scale.

NO OF STEPS  Sets number of sweep steps.

COMPLIANCE Sets VARL compliance value.
This sets Y-axis scale.

HOLD TIME Sets hold time.
STEPTIME Sets step time.
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Softkey Description

VAR2 SETUP Used to change VAR2 sweep source setup. The
following secondary softkeys are available:

VAR2 START Sets VAR2 sweep start value.
VAR2 STEP Sets VAR2 sweep steps.
VAR2 POINTS  Setsnumber of sweep steps.
COMPLIANCE  Sets VAR2 compliance value.

CONST SETUP Used to change CONST source setup. Secondary
softkeys are available for selecting CONST source.
Select a secondary softkey to change the CONST
source output value.

To copy knob sweep setups

Select SETUP COPY primary softkey. This copies knob sweep setupsto the
MEASURE: SWEEP SETUP and DISPLAY: DISPLAY SETUP screens. Then you
can see the setups on the screens, and use the setups for the normal sweep
measurement.

Note that the power compliance function is not available for the knob sweep
measurement. So the POWER COMP column is set to OFF.
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Sampling Measurements

This chapter explains how to execute sampling measurements, and consists of the
following sections:

* “Measurement Functions’
» “Defining Measurement Conditions’

» “Making a Measurement”

For details about how to enter or input setup data, refer to Setup Screen Reference
manual.
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M easurement Functions

For a sampling measurement, you can monitor current or voltage changesat aDUT
while forcing constant current, constant voltage, or pulsed constant bias.

The 4155C/4156C provides the following three types of sampling measurement
according to the sampling interval:

* “Linear Sampling Measurement”
» “Thinned-out Sampling M easurement”

* “Linear Sampling Measurement”

Available Units
Available units and functions for sampling measurement are shown below:
. Output Function Output Mode Pulse mg?j“z
Unit
VARL | VARL' | VAR2 | CONST | STANDBY | V [ coMm v [
SMU na na na ° ° ° ° ° na ° °
VSuU na na n.a ° ° ° — — _ — _
VMU _ _ _ _ _ _ _ _ _ ° _
GNDU | — - - . — _ |- e _ R
PGU — — — ° ° ° — - ° - -

n.a means "Thisis not available for sampling measurement".
. means "Thisis available for sampling measurement".

- means "Thisis not available for this unit”.

For sampling measurements, only the PGU output can be pul sed.

The pulse output timing from PGU is not synchronized with the timing of sampling
measurement.
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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 islessthan the measurement time, measurement unit cannot
repeat measurements every specified interval. For example, if the measurement time
is one and a half the specified sampling interval, the interval of measurement is two
times the sampling interval. See Figure 3-1 which explains the operation of the
sampling measurement.

M easurement 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 value 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 3-7.

Measurement timeis 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 auto)

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

3-4 Agilent 4155C/4156C User’s Guide Vol.2, Edition 6



Figure 3-1

Sampling Measurements
Measurement Functions

Sampling Measurement Operation Summary

Case 1. Sanpling Interval > Meas. Tine
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‘ 3 5 ‘
Trigger Trigger Trigger Trigger Trigger
‘ L N
1 r Total Sanpling Tinme (TOTAL SAVP. TIME) I
q\ | (TOTAL SAWP. TIME is one of the stop condition.) q\
Starts Sanpling Stops Sanpling 7

Case 2. Sanpling Interval < Meas. Tine

| SMJ Qut put \

Meas. Tine ‘ ‘ ‘

|
}< Hol d Tine J/ 4 ‘ 6 J @
\
\

Ti ne

Sanpl i ng| Sanpl i ng Sanpl i ng
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|
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|
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B N
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3 5
Trigger Trigger Trigger Trigger Trigger
1 r Total Sanpling Time (TOTAL SAVP. TIME)
q\ | (TOTAL SAW. TIME is one of the stop condition.) q\
Starts Sanpling Stops Sanpling! 7
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Sampling measurement is executed as explained below.

1

a &~ WD

At Sarts Sampling, source unit starts the constant current output, constant
voltage output, or pulsed constant bias output.

Waits hold time.
Measurement unit (SMU or VMU) starts one point measurement.
After the measurement, the result datais stored in memory.

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

(Case 1) Measurement unit executes one point measurement if it isready to
measure. The result datais stored in memory.

(Case 2) Measurement unit waits next trigger if it is busy or in measurement. In
this case, the result datais not stored.

Repeats steps 5 and 6 until that a sampling completion condition is satisfied.

In Figure 3-1, sampling measurement stops when the completion condition total
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 3-9.

If negative hold time has been set

Steps 1 to 3in the above procedure are replaced with the following steps.

1

At Sarts Sampling, measurement unit (SMU or VMU) starts one point
measurement.

Source unit does not start the source output until the absolute value of the hold
time elapsed after Sarts Sampling.

After the hold time, the source unit starts the constant current output, constant
voltage output, or pulsed constant bias output.

3-6
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Sampling M easurement 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 M eanings of Parameter
Name

@TIME M easurement start time. This is the time the measurement unit
starts one point measurement. Thisis different from timing of the
measurement trigger sent every sampling interval.

@INDEX Dataindex. Integer. Thisisthe index numbered to measurement
data stored in memory.

Vi1 for example, SMU1 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. Thisformulais
available for the measurement points before starting the discarding operation for the
linear sampling or thinned-out sampling. For logarithmic sampling, thisis available
for the measurement pointsin the first decade.

@TIME = Thold + Tinterval x [(@INDEX — 1) + N]

where,
@TIME :
Thold :
Tinterval :
@INDEX :
N :

Measurement start time.
Hold time.

Sampling interval.

Data index.

Number of triggers between two nearest measurement points. This
valueis 0 if the sampling interval is enough longer than the
measurement time.
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For example, if Thold=10 ms, Tinterval=5 ms, and @TIME values are as shown
below, estimated measurement time is 15 msto 20 ms, and there are 3 triggers
between @INDEX=1 and @INDEX=2.

«  @TIME (for @ NDEX=1)=10ms=10+5x [(1— 1) + 0] ms
«  @TIME (for @ NDEX=2)=30ms=10+5x [(2— 1) + 3] ms

Sanmpling Interval
Hold Ti me /
= ~ ~] ~l - ~]

T T

Ar
|1 |

TI ME

Meas.time

——

@1 ME(at @ NDEX=1) @Il ME(at @ NDEX=2)

To Use Multiple Measurement Units

If you define multiple measurement parameters in the NAME column of the
DISPLAY: DISPLAY SETUP screen, 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
M easurement units start measurement in the order below:
Parametersfor GRAPH: X —» Y1— Y2
Parameters for LIST: Order of No. assigned for the parameters
 Vaueof @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 compl etes when one of the following conditionsis
satisfied:

Stop condition

The stop condition is satisfied. See below.
Total sampling time

The specified total sampling time has elapsed.

Available for linear and thinned-out sampling. Setting TOTAL SAMP. Tl MEto
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. Tl ME to auto enables this sampling completion condition.

Sop front-panel key

The stop front-panel key is pressed.

GPIB Command

The 4155C/4156C receives GPIB command to stop sampling.
Emergency Condition

An emergency condition occurs on the 4155C/4156C.
Interlock Open

Interlock terminal opens due to high voltage.

Sop Condition

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

1

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

Counts how many times the selected EVENT occurs.

When the count reaches the value defined in EVENT NO. field, sampling is
stopped immediately.
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To use this function, the INITIAL INTERVAL vaue must be set to 2 ms or more.
The INITIAL INTERVAL isthe minimum resolution of the sampling interval. For
details about the INITIAL INTERVAL, see“Linear Sampling Measurement” on
page 3-13, “Thinned-out Sampling Measurement” on page 3-16, or “Logarithmic
Sampling Measurement” on page 3-19.

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

Parameter

ENABLE/
DI SABLE

ENABLE DELAY

NAVE

THRESHOLD

EVENT

EVENT NO.

Description

Enables or disables the stop condition.

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

Allowablerange: 0to 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 NAVE parameter value is greater than
THRESHOLD value.

Val < Th True if NAVE parameter valueisless than
THRESHOLD value.

| Val | > | Th] Trueif absolute NAME parameter valueis
greater than absolute THRESHOL D value.

| Val | < | Th| Trueif absolute NAME parameter valueisless
than absolute THRESHOL D value.

Target value of the count the event occurs (true). When the
count of trueisthisvalue, sampling isimmediately stopped.
Allowable range: 1 to 200.

3-10
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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. Thistiming is defined as the Time
Origin. Seefigure below.

SMU1
CONST

SMU2
CONST

PGU1

SMU3
CONST

Pulse Bias 0 VJ \—

ov

0vV——-1

0vV——-o

f

Time origin Sampling start Sampling completion

Hold time
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* SEQUENTIAL mode

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

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

SMU1
CONST

SMU2
CONST

PGU1

SMU3
CONST

Pulse Bias 0V ﬂ —

ov

o \

Hold time
}

Time origin Sampling start Sampling completion
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Linear Sampling M easurement

Linear sampling mode keeps a constant sampling interval that isthe interval of
measurement trigger. And if the measurement units are ready to measure, the units
start measurement, and the result datais stored in memory. Thisis 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 exampl e assumes the following sampling setup:

« | NI TI AL | NTERVAL valueislonger than the measurement time
* NO OF SAMPLESvaueissetto 10

 TOTAL SAMP. TI MEislong (for example, 50 x | NI TI AL | NTERVAL). Do
not set to AUTOwhich enables the number of sampling points sampling
completion condition.

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

initial
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
initial interval

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.

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. M easurement data
is updated as described in step 2.

4 times
initial interval

o

- /—/// \\
= . - - - - =
ﬁ/

L Discard

This discarding and doubling of the sampling interval is repeated until the
sampling completion condition is satisfied. 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 screen. See Table 3-1.

Parameter Description
MODE Sampling mode. LINEAR.
I NI TI AL | NTERVAL The sampling interval for first NO OF SAMPLES samples.

Allowable range: 60 usto 65.535 s.

NO. OF SAMPLES Number of datato 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 SAMP. TIME  Total sampling time. Does not include HOLD TI ME. Thisis

the time from the 1st trigger to the sampling completion.
One of the sampling completion conditions, so sampling
stops after this time el apses.

» Allowablerange when INITIAL INTERVAL < 480 us:
AUTO

 Allowablerange when INITIAL INTERVAL > 480 us:
INITIAL INTERVAL x (N0.0F SAMPLES — 1) sec to
1 x 10 sec, AUTO, or NO LIMIT.

AUTO  Enablesthe number of sampling points sampling
completion condition.

NOLIMIT Disablesthe total sampling time sampling completion
condition
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HOLD TI ME Hold time. Thisis the time from starting source output
tofirst trigger. If thisvalueisO, first @TIME valueisO.

« Allowable range when INITIAL INTERVAL > 2 ms:
0 to 655.35 swith 100 s resolution.

» Allowable range when INITIAL INTERVAL <2 ms:
— 30 msto 655.35 swith 100 us resolution.

Table 3-1 Effective Parameter Values
NI TIAL | NTERVAL 60 usto 480 us, 560 usto 1.92_ms, 2mstol S, 1sto 65.53&_3 S,
20 usresolution | 80 usresolution 80 usresolution 2 ms resolution

NO. OF SAMPLES Max. 10001/(number of measurement units)

TOTAL SAMP. TI ME AUTO AUTO, NO LIMIT, or
I NI TI AL | NTERVAL x (NO. OF SAMPLES-1) s
tolx10%s

HOLD TI ME — 30 msto 655.35 s, 100 pusresolution | 0to 655.35 s, 100 us resolution

Stop Condition DISABLE DISABLE/ENABLE

Measurement Units® | 1° Max. 8¢

Integration Time € Short Short/Medium/Long

@ Number of units (SMUs or VMUS) used for measurements.

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

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

dif 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 timeis 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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Thinned-out Sampling M easurement

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 continues sampling measurement.

number of sampling points reaches specified NO. OF SAMPLES

sampling completion condition is not satisfied

Example Operation

This exampl e assumes the following sampling setup:

I NI TI AL | NTERVAL valueislonger than the measurement time
NO. OF SAMPLES valueissetto 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.

initial

interval

e

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

2 times initial

interval interval

—_— J T

Discard

To store new measurement data, thinned-out sampling mode discards a data
every couple of nearest data as shown above. Datais updated every
measurement.
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3. If the sampling completion condition is not satisfied 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.

4 times
interval

2 times
interval

initial
interval

Discard

4. Thisdiscarding isrepeated until the sampling completion condition is satisfied.
By the end of the measurement, 10 measurement result datais stored in memory.

Parameters

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

Parameter
MODE
I NI TI AL | NTERVAL

NO OF SAMPLES

TOTAL SAMP. TI ME

NO LIMIT

HOLD TI ME

Description
Sampling mode. THINNED OUT.

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

Number of datato 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 TI ME. Thisis
the time from the 1st trigger to the sampling completion.
One of the sampling completion conditions, so sampling
stops after this time el apses.

Allowablerange: NO LIMIT, or

I NI TI AL | NTERVAL x (NO. OF SAMPLES - 1) secto

1x 10" sec

Disables the total sampling time sampling completion
condition

Hold time. Thisisthe time from starting source output to
first trigger. If thisvalueis O, first @TIME vaueisO.

Allowablerangewhen I NI TI AL | NTERVAL >2 ms:
0 to 655.35 swith 100 usresolution.

Allowablerangewhen | NI TI AL | NTERVAL <2 ms:
— 30 msto 655.35 swith 100 us resolution.
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Table 3-2 Effective Parameter Values
I NI TI AL | NTERVAL 720 usto 1.92 ms 2msto 65.535s
NO. OF SAMPLES Max. 10001/(number of measurement units)
TOTAL SAMP. TI ME NO LIMIT or
I NI TI AL | NTERVAL x (NO. OF SAMPLES -1) s
tolx 10"s
HOLD TI ME — 30 msto 655.35 s, 0t0655.35s,
100 ps resolution 100 psresolution
Stop Condition DISABLE DISABLE/ENABLE
Measurement Units® | 1P Max. 8 ¢
Integration Time € Short Short/Medium/Long

@ 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 unitsif the 41501 is used (6 SMUs and 2 VMUSs). If multiple

measurement units are used, total measurement time will be more than the sum of

the measurement time by all units.

dif 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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L ogarithmic Sampling M easurement

L ogarithmic sampling mode plots the measurement data on the X-axis (@TIME) set
to the logarithmic scale by doing the following operation. See Figure 3-2.

1

Forces constant current, constant voltage, or pulsed constant bias.

2. Waits hold time.
3.
4

Triggers one point measurement.

M easurement unit executes measurement. Measurement result datais stored in
memory.

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

M easurement unit executes measurement if it isready to measure. Measurement
result datais 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.
L ogarithmic sampling mode retains only the measurement data that can plot the
data on the logarithmic X-axis in almost the same distance.

Example Operation of L ogarithmic Sampling

Starts
Sanpl i ng

Hol d Tine Sanpling Interval

Dscard
2/ 3 5

Data of first decade Data of second decade

1 T
4

| | TIME

/ 6
Measur enent
This is the exanple
1/ 10 decade to plot LOGLO data.

—F— 1111 an M

First decade Second decade
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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 pointsin 1 decades. For example, LOG10 mode
obtains 10 data per 1 decade.

An exampl e to get measurement data in logarithmic sampling measurement is
explained below. This example assumes the following settings. See also Figure 3-2.

e MODE =LOG10 (10 data/ 1 decade)
e INTIAL | NTERVAL =10 ms

« NO OF SAMPLES=20

e HOLD TI ME=10ms

e« STOP CONDI TI ON=DISABLE

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

10 msto 100 ms  (1st 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 allowsto have 10 datain 1
decade. Therefore al measurement dataiis stored in memory.

100 mstols There are 90 sampling pointsin this range. Number of data can
remain isonly 10. They can plot the data on the X-axisin
amost 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.

If sampling interval islessthan measurement time:

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

20msto 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 datais stored in memory.

200msto2s There are 90 sampling pointsin this range. Number of data can
remain isonly 10. They can plot the data on the X-axisin
amost the same interval.
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Ruleto determine @TIME:

@TIME vaueisdetermined by the following rule. Data measured at @TIME=Tlog
are stored in memory.

Tlog > Ttarget
| Tlog — Ttarget | < | Ttarget — Tprev |
where,
Tlog  Datastoredin @TIME. Actual measurement point.

Ttarget Target value of @TIME. The values can plot data on the logarithmic
X-axisin the same interval completely.

Tprev  Tlog — sampling interval. Actual measurement point.

Di d

tscar @ @ Stored in @I ME
Sanpl i ng
Interval

Ttarget < Tlog
Tt ar get

L e A> B
\Z T \Z

TI ME

Measur ement

A= | Ttarget — Tprev |
B =| Tlog — Ttarget |
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Parameters

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

Parameter

MODE

I' NI TI AL | NTERVAL

NO. OF SAWPLES

HOLD TI ME

Description
Sampling mode. LOG10, LOG25, or LOG50.

MODE Number of datain 1 decade

LOG10 10
LOG25 25
LOG50 50

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

If thisvalue is 560 psto 10 ms, number of measurement
data may be less than the specified number of datafor top 2
decades. Then sampling continues to get all samples.

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

MODE Maximum value
LOG10 111
LOG25 276
LOG50 551

Hold time. Thisisthe time from starting source output to
first trigger. If thisvalueisO, first @TIME valueisO.

« Allowablerangewhen I NI TI AL | NTERVAL > 2 ms:
0 to 655.35 swith 100 usresolution.

« Allowablerangewhen | NI TI AL | NTERVAL <2 ms:
— 30 msto 655.35 swith 100 us resolution.

Example:

HOLD TI ME=1.003 s, and measurement interval is 3 ms,
decade and its range are as shown below:

decade Range (iin sec)
1st decade 1.003t01.030 (3m+1t030m+1)
2nd decade 1.030t01.300 (30 m +1to 300 m +1)
3rd decade 1.300t04.00 (300 m+1t0 3+1)
4th decade 41031 (3+1t030+1)
5th decade 31to 301 (30+1 to 300+1)
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Measurement Functions

I NI TI AL | NTERVAL

560 usto 1.92 ms

2msto 65.535 s

NO. OF SAMPLES

Maximum 111 (LOG10), 276 (LOG25), 551 (L OG50)

Integration Time ©

HOLD TI ME —30msto 655.35s, 0t0655.35s,
100 ps resolution 100 psresolution
Stop Condition DISABLE DISABLE/ENABLE
Measurement Units® | 1° Max. 8¢
Measurement Range d | FIX FIX/AUTO/LIMITED
Short Short/Medium/Long

aNumber of units (SMUs or VMUS) used for measurements.

bt 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 VMUSs). If multiple
measurement units are used, total measurement time will be more than the sum of
the measurement time by all units.

dif 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 timeis an element of the measurement time. |f automatic measurement
data compensation is executed, the measurement time will be more than two times

the integration time.
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Defining M easurement Conditions

This section covers the tasks for sampling measurements.

The basic procedure to test your DUT is asfollows:

1 Connecting your DUT to the
4155C/4156C. See Chapter 10 for

fs" procedures.

o|ge oog

0|8 ooo

E oo DED [nfufu}

[m] oo o ooo

0| oo ooogoo

O| oo ooooo

oooooooo | BEBBB8S8 .

o= o °°°°°°80
s r—

2 Defining measurement mode and
- measurement units that you use to make
measurement. See “To Define

* MEASUREMENT MODE

DECETE
R

[ ]
e— - — D Measurement Units” on page 3-26.
e I e I For the user function, standby function,
prog .o | | ] | and R-Box, see Chapter 8.
B ==
e ]

ve
Enter Vol tage

| Name. (max 6 chars.) e
CHANNEL] [USER |[ USER NEXT
DEF Forn || var PAGE

3 Setting the source parameters of the units.
e e The following tasks are described:

MODE THI NNED- OUT] [ENABLE/ DI SABLE| ENABLE Locio ° “ H i
0] up pling Parameter
. To Set up Constant Output
FILTER rosEe
. " i1}
s T o] u utpu
S it
cowpLi ance| 1.0000 v]---ion ° Def St dit S
o ine Stop Condition

Select Sampling Mode with

softkey or rotary knob [
SANPLN VEASURE| [ OUTPUT PREV |[NEXT
SETUP seTup || se PAGE PAGE
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4

DI'SPLAY: DI SPLAY SETUP
* DI SPLAY MODE

* GRAPHI CS
Xax

00DECO7 02: 18PM
CRAPT
ics

ST

g YTaxTs vz,
NAVE @ v

SCALE| LI NEAR LI NEAR

MN | 0.000000000 s| 0.000000000 V|
max | 200. 00ms 1.000000 v
“GRID

*DATA VARI ABLES

—

GRAPHI CS
Select Display Mode wi

LINE PARAMETER

NORWAL

“DATA DI SPLAY RESOLUTI ON

SlinEENEE

de with softkey or rotary knob B
I SPLAY|[ANLYS! 5] PREV NEXT
setup || seTup PAGE PAGE

Setting the display mode to show
measurement results. The following tasks
are described:

e “To Display Graphics Results”
e “ToDisplay List Results’

5

[ r—

Executing the measurement. See “To
Execute or Stop Measurement” on page
3-35. For the self-calibration and zero
offset cancel function, see Chapter 7.

6

GRAPHI LI ST: GRAPHI CS

SHORT

921, 20mv
%o

00DECO7 04:52pM

E
i, 8

23

2
o
by

3

92

[
VARKER/| [LINE | [SCALING  [DI sPLAY|[SAWPLNG [STOR ConsT
CURSOR setup || seTup |[cowo || seTup

Results. For example, displayed
graphically.
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To Define M easurement Units

Press chan key in the PAGE CONTROL key group.

1
2. Select CHANNEL DEF primary softkey.
3.
4

Inthe MEASUREMENT MODE area, select SAMPLING secondary softkey.

In the VNAME column, enter a unique name for voltage variable. For example,
enter Vce 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 variable. For example,
enter "I c" for collector current. If channel does neither | force nor |
measurement, you can omit INAME.

In the MODE column, select the following softkey:

* V :voltage output (for SMU, VSU, and PGU).
V : grounded mode voltage measurement (for VMU).

e | :current output (for SMU).

e VPULSE: pulsed voltage output (for PGU).

¢ COMMON : circuit common (for SMU and GNDU).

e DVOLT : differential mode voltage measurement (for VMU).

Inthe FCTN column, select CONST secondary softkey for all source units.

Inthe DISCHARGE field, select ON secondary softkey to connect the discharge
resistor to VMU input, or OFF to disconnect the resistor. The discharge resistor
is used to prevent the VMU inputs from charge up in the idle state.

When DISCHARGE is ON, the discharge resistor is automatically connected to
the VMU input, and disconnected from the input in the measurement state.

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 a phanumeric 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 settingsin the row are deleted.
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To Set up Sampling Parameters

1

Confirm that SAMPLI NGis set in the MEASUREMENT MODE field on the
CHANNELS: CHANNEL DEFINITION screen. If SAMPLI NGis not set, select
SAMPLING secondary softkey inthe MEASUREMENT MODE field.

Press Meas key in the PAGE CONTROL key group.
Select SAMPLING SETUP primary softkey.
Inthe MODE field of SAMPLING PARAMETER, select:

* LINEAR secondary softkey for equally spaced sampling intervals.

e LOG XX secondary softkey for logarithmically spaced sampling intervals.
XXis 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).

Inthe INITIAL INTERVAL field, enter avalue for the first sampling interval.
Inthe 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. Thisfield is not available for the logarithmic sampling.

Inthe TOTAL SAMP. TIME field, enter avalue or select:

« NO LIMIT secondary softkey for excluding the total sampling time from the
sampling completion conditions.

e AUTO secondary softkey for excluding the total sampling time from the
sampling completion conditions, and including the number of samplesto the
completion conditions. This softkey is available only for the linear sampling.

For details about sampling completion conditions, see “ To Define Stop
Conditions’ on page 3-32.
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The following figure shows the relation between the sampling parameters and
sampling measurement.

Initial Sampling Interval
Hold Time
i (¢
J

~

Number of Samples

Output Value

I
—~

UGOT003.100:50

You can set a hold time by entering a number (units: seconds) inthe HOLD TIME
field.
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To Set up Constant Output

1. Define CONST units as described in “To Define Measurement Units’ on page
3-26.

2. PressMeas key in the PAGE CONTROL key group.

3. Select SAMPLNG 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 field

Modify the UNIT, 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.
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To Set up PGU Output

1. Define PGU to be VPULSE and CONST as described in “ To Define
Measurement Units’ on page 3-26.

Press Meas key in the PAGE CONTROL key group.

Select PGU SETUP primary softkey.

Inthe PERIOD field of PGU1, enter the pulse period value.

Inthe WIDTH field of desired PGU column, enter the pulse width value.
Inthe DELAY TIME field of desired PGU column, enter delay time value.
Inthe PEAK VALUE field of desired PGU column, enter pulse peak value.
Inthe BASE VALUE field of desired PGU column, enter pulse base value.

Inthe LEADING TIME field of desired PGU column, enter the leading-edge
transition time.

10. Inthe TRAILING TIME field of desired PGU column, enter the trailing-edge
transition time.

11. In the IMPEDANCE field of desired PGU column, select:

© © N o o »~ W D

* 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 pul se continuously.
*  Or enter the number of pulsesto output (for sampling measurement only).

For the pulse period and pul se count values, the values you set for PGU1 are also
used for PGU2. The following figure shows the relation between pul se waveform
and setup parameters.

Pulse Peak — /7\

Q0%. / \ / \\

Leading Time // p
7/‘
/

— Trailing T\mﬁ \
\
\\ 10% ; \\ // \\

Pulse Base

Pulse Width

Pulse Period

[P
Delay Time
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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 a PGU as a constant voltage source, set the desired PGU as follows:
* Vin MODE column on the CHANNEL DEFINITION screen

» Desired output voltage value in SOURCE field on MEASURE: PGU SETUP
screen.
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To Define Stop Conditions

The measurement stop condition defines the condition to stop the sampling
measurement. The stop condition is one of the sampling completion conditions.

1
2.
3.

7.

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.

InNAME 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:

e Va > Th secondary softkey to stop the sampling when the sampled valueis
greater than the threshold value.

* Va < Th secondary softkey to stop the sampling when the sampled valueis
less than the threshold value.

e |Va| > |Th| secondary softkey to stop the sampling when the absolute
sampled value is greater than the absol ute threshold value.

« |Va| < |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 to stop when
EVENT occurs EVENT NO. times.

If you select DISABLE inthe ENABLE/DISABLE field, the sampling
measurement continues until :

Sop key in the MEASUREMENT key group is pressed.
Specified total sample time has elapsed.

The 4155C/4156C receives GPIB command to stop sampling.
An emergency condition occurs on the 4155C/4156C.

Interlock terminal opens due to high voltage.
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To Display Graphics Results

1. PressDisplay 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. In the sampling mode, @TIME (time) is entered initially.

5. Inthe Y1 axis column, enter variable name, select axis scale, and enter
minimum and maximum values.

6. If you use Y2 axis, enter variable name, select axis scale, and enter minimum
and maximum valuesin Y 2 axis column.

When the pointer isin the NAME row, the allowable variable names appear in the
secondary softkey area. To set avariable 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.

Todisplay agrid on the plotting area
In the GRID field, select ON to display or OFF to not display.

To display line parameters on the plotting area

Inthe LINE PARAMETER field, select ON to display or OFF to not display. Line
parameters arethe X and Y intercepts and gradient of the analysis lines.

To display variableson the data variable area

Inthe DATA VARIABLES fields, select secondary softkey for desired variable. Up
to 2 variables can be displayed on the data variable area which is located between
the graph area and the marker area.

To change resolution of the data to be displayed

Inthe DATA DISPLAY RESOLUTION field, select NORMAL for the resolution
shown in the specifications, or EXTEND for the ADC full scale resolution. For
example, the data display resolutionis 1 fA in NORMAL mode, and 10 @A in
EXTEND mode for 10 pA measurement range.
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To Display List Results

1. PressDisplay key in the PAGE CONTROL key group.

2. Select DISPLAY SETUP primary softkey.

3. Inthe DISPLAY MODE field, select LIST secondary softkey.
4

. Inthe LIST area, select the secondary softkey of the variables for which you
want to list the measurement results.

When the pointer isin the NAME row, the allowable variable names appear in the
secondary softkey area. To set avariable name, select the desired secondary softkey.
The allowable hames are names that you already set up on CHANNEL
DEFINITION, USER FUNCTION, and USER VARIABLE screens.

To set up variableto be displayed on the L1ST screen

In the DATA VARIABLES fields, select secondary softkey for desired variable. Up
to 2 variables can be displayed on the data variable area which islocated below the
list area

To change resolution of the data to be displayed

Inthe DATA DISPLAY RESOLUTION field, select NORMAL for the resolution
shown in the specifications, or EXTEND for the ADC full scale resolution. For
example, the data display resolutionis 1 fA in NORMAL mode, and 10 @A in
EXTEND mode for 10 pA measurement range.
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To Execute or Sop M easurement
¢ To execute a measurement, press:

e Single key inthe MEASUREMENT key group for single measurement.

* Repeat key inthe MEASUREMENT key group for repeat measurement.

e Append key inthe MEASUREMENT key group for append measurement.
» To stop ameasurement, press Sop key inthe MEASUREMENT key group.

Single, Repeat, and Append M easurement

There are three measurement execution modes as follows:

Single

measurement Clears GRAPHICS or LIST screen, then executes measurement
one time. Measurement results are displayed on GRAPHICS or
LIST screen.

Repeat

measurement Executes measurements continuously. Before each
measurement is executed, the GRAPHICS or LIST screenis
cleared. Most recent measurement results 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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NOTE

Making a M easurement

In this section, you learn how to execute the sampling measurements using the
4155C/4156C. As an example, you measure charge voltage of capacitor.
Measurement circuit and typical characteristics are shown below:

Charge Vol tage

@svvuz ot

SMUL

Y Y4

Ti me

For accurate measurements, allow the 4155C/4156C to warm-up for a minimum of
40 minutes after you turn on the instrument, and then execute calibration. For the
self-calibration, see Chapter 7.

Sep 1. Preparefor the measurement

Before executing measurement, configure the 4155C/4156C and Agilent 16442A
Test Fixture. See “ Step 1. Prepare for the measurement” in “Making a
Measurement” in Chapter 1. The sampling measurement example uses the
connection same as the sweep measurement example connection.

Sep 2. Mount your DUT on thetest fixture

1. Select asuitable socket module for your DUT (capacitor).

2. Mount the socket module on the test fixture.

3. Mount the capacitor on the socket module.

4. Make connections with connection wires (miniature bananato pin plug etc.).
The capacitor must be connected between SMU1 and SMUZ2.

5. After finishing connections, shut the lid of the test fixture.
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Sep 3. Define the channel assignments

You set the connection information on the CHANNELS:; CHANNEL DEFINITION
screen.

1. If the4155C/4156C hasturned off, turn on the 4155C/4156C. And wait until the
self-test is completed.

2. Make surethat CHANNELS: CHANNEL DEFINITION screen appears on the
screen of the 4155C/4156C. If not, press Chan front-panel key.

3. Movethefield pointer to the MEASUREMENT MODE field, then select the
SAMPLING softkey to set the 4155C/4156C to the sampling measurement
mode.

4. Movethefield pointer to the CHANNEL S table, and set SMU1 and SMU2 as
shown below.

UNIT VNAME INAME MODE FCTN
SMU1 VB 1B COMMON | CONST
SMuU2 VG G I CONST

Only the SMU1 and SMU2 are used for this example measurement. Disable
other units by selecting the DELETE ROW softkey.

CHANNELS: CHANNEL DEFI NI TI ON 00DECO7 02: 18PM

* MEASUREMENT MODE
* CHANNEL S
MEASURE STBY| | SERI ES

UNI T VNAME | T NAME MODE |FCTN RESI STANCE CHANNEL
SMULl: MP [VB I'B COMMON| CONST 0 ohm ASSI GN
SMU2: MP | VG IG | CONST

SMU3: MP

SMU4: MP

SMU5: HP 0 ohm

vsuir | |-

vsuz | |-

S N et N s :

A U N e - |[oN

PGUL | |-

PGU2 | |-

GNDU | |-

DELETE
ROW
vB
Enter Voltage Name. (max 6 chars.) B

CHANNEL
DEF

USER
FCTN

USER
VAR

NEXT
PAGE
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Sep 4. Set up the measurement parameters
You set the output parameters on the MEASURE: SAMPLING SETUP screen.
The following setup isto force 500 nA to 0.1 uF capacitor as an example.

1. PressMeasfront-panel key. The MEASURE: SAMPLING SETUP screen
appears.

2. Setthe SAMPLING PARAMETER table as shown below:

MODE THINNED-OUT

INITIAL INTERVAL | 2.00ms

NO. OF SAMPLES 20

TOTAL SAMP. TIME | NOLIMIT

This setup isto repeat one point measurement in 2 msinterval until the stop
condition is satisfied, and to hold the result datafor 20 measurement points. The
stop condition is defined in the next step.

3. Setthe STOP CONDITION table as shown below:

ENABLE/DISABLE ENABLE
ENABLE DELAY Os
NAME VG
THRESHOLD 900 mV
EVENT Val >Th
EVENT NO. 3

This setup enables the stop condition which stops sampling when detects 3
measurement data that the VG value overs 900 mV.
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4, Setthe CONSTANT table as shown below:

UNIT SMU2: MP
NAME IG

MODE I

SOURCE 500 nA
COMPLIANCE 1V

This setup isto force a constant current of 500 nA.

MEASURE: SAMPLI NG SETUP 00DEC07 02:18PM
LI NEAR
*SAMPLI NG PARAMETER *STOP CONDI TI ON
MODE THI NNED- OUT| | ENABLE/ DI SABLE| ENABLE LOG10
I NI TIAL | NTERVAL| 2.00ms ENABLE DELAY 0.0000000 s
NO. OF SAMPLES 20 NAME VG
TOTAL SAMP. TIME|NO LIM T THRESHOLD 900. 00000mvV LOG25
EVENT Val > Th
‘ HOLD TI ME ‘ 0.000000 S‘ EVENT NO. 3
[FILTER [oN ‘ Locs0
* CONSTANT THI NNED|
UNI'T SMU2: MP ouT
NAME IG
MODE |
SOURCE 500.0NA |----c-mne|mmmmm e e
COMPLI ANCE| 1.0000 V|---------|-mmmmmmmn oo
THI NNED- OUT
Sel ect Sampling Mode with softkey or rotary knob. B
SAMPLNG MEASURE| | OUTPUT PREV NEXT
SETUP SETUP SEQ ‘ ‘ PAGE PAGE ‘

5. Inaddition to the SAMPLING SETUP screen, you may need to set the
MEASURE SETUP screen to obtain 2 ms sampling interval. Do following:

a. Select the MEASURE SETUP primary softkey to change the screen.
b. Movethefield pointer to the RANGE field of SMU2.

c. Set RANGE fieldto FIXED and 2 V by using the FIXED and 2 V secondary
softkeys.
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Sep 5. Set up theresultsdisplay
You set the results display information on the DISPLAY: DISPLAY SETUP screen.

1. PressDisplay front-panel key. The DISPLAY: DISPLAY SETUP screen appears.

2. Movethefield pointer to the DISPLAY MODE field. Then select GRAPHICS
softkey to set the results display mode to the graph mode.

3. Setthe X and Y 1 axes information as shown bel ow:

X-axis Y 1-axis
NAME @TIME VG
SCALE LINEAR LINEAR
MIN Os ov
MAX 200 ms 1v

This setup isto assign X-axisto time, and Y 1-axisto VG

4. Movethefield pointer to the DATA VARIABLESfield. Then select the
@INDEX softkey to display the dataindex above graph in the results display
screen (GRAPH/LIST: GRAPHICS screen).

DI SPLAY: DI SPLAY SETUP 00DEC07 02:18PM
GRAPH-
I Cs
* DI SPLAY MODE
LI'ST
* GRAPHI CS
Xaxi s Ylaxis Y2axis
NAME | @rl ME VG
SCALE| LI NEAR LI NEAR
MIN 0. 000000000 s| 0.000000000 V
MAX 200.00ms 1.000000 V
*GRI D *LI NE PARAMETER
*DATA VARI ABLES *DATA DI SPLAY RESOLUTI ON
EENPEN NORMAL
L
GRAPHI CS
Sel ect Display Mode with softkey or rotary knob. B

DI SPLAY
SETUP

ANLYSI S|
SETUP

PREV
PAGE

NEXT
PAGE
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Sep 6. Execute the measurement

Press single front-panel key to execute the measurement.

The 4155C/4156C starts the thinned-out sampling measurement, and repeats one
point measurement until the stop condition is satisfied, then stops the sampling.

After the sampling measurement, You will get measurement results as shown in the
following example:

GRAPH/ LI ST: GRAPHI CS SHORT O0DECO7 04:52PM

MARKER

MARKER( 196ms 921.20mVv )

@ NDEX 20 ON

(V)

MARKER
MI N/ MAX

1.00

TNTER-
ve POLATE|
OFF

DI RECT
MARKER/
roe CURSOR

MARKER
SKI P

AUTO
ANALY-
SIS

0.00

CURSOR

0.0T @TTME (5) Om 7 div 0. m

OFF

MARKER/
CURSOR

LI NE SCALI NG| DI SPLAY

SETUP

SAMPLNG
SETUP

STOP
COND

CONST
SETUP
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If you change the results display to the GRAPH/LIST: LIST screen, you will seethe
screen as shown below:

GRAPH/ LI ST: LI ST SHORT 00DECO07 04:52PM
MARKER
@IME = 0.0000 s to 196ms ON
NO. @ VE VG
1/ 1 s v
3 160ms 754.96mV
7 164ms 773. 46mV
8 168ms 791.98mvV
9 172ms 810. 44mV
10 176ms 828.90mV
11 178ms 838. 18mV DI RECT
12 180ms 847. 42mV MARKER
13 182ms 856. 66mV
14 184ms 865. 88mV MARKER
15 186ms 875. 12mv SKI P
16 188ms 884.30mV
17 190ms 893.50mV
18 192ms 902. 76mV
19 194ms 911.92mv
20 196ms 921. 20V
NEXT
@NDEX [[20 [ [ | APPEND
B
MARKER SPREAD RE- SAMPLNG| [ STOP CONST
‘ H ‘ SHEET SETUP|| SETUP COND HSETUP ‘
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Quasi-static C-V Measurements

This chapter consists of the following sections which explains how to execute
quasi-static C-V (QSCV) measurements:

“Measurement Functions”

“Defining Measurement Conditions’
“Making a M easurement”
“Maximum Measurement Value”

“Considering Measurement Accuracy”

For details about how to enter or input setup data, refer to Setup Screen Reference
manual.
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M easurement Functions

For quasi-static C-V (QSCV) measurements, the sweep source channel performs
linear staircase sweep output of voltage, while the monitor channel measures
capacitance for each sweep step.

Available Units

The QSCV measurement uses a voltage sweep source (VAR1), and avoltage
constant source. Also, optional constant sources may be used. Units, mode, and
function available are shown below:

Unit Mode Function
SMU \ VAR1
V, I, COMMON CONST
VSuU \Y% CONST
PGU \Y CONST
GNDU COMMON CONST

Only a SMU can be used for the capacitance measurement. Specify the
measurement unit on the MEASURE: QSCV MEASURE SETUP screen.

Capacitance Data Calculation

At each sweep step, voltage and current are measured and the capacitance datais
calculated by using the following formula.

C=Ixcinteg/(V- Vg

where, cinteg is the integration time of the capacitance measurement. I, V, and V
are the measurement data at each sweep step. Also, if the leakage current
compensation is enabled, the capacitance data is cal culated by the next formula.

C=(I- Leak) x cinteg /(V - Vp)
Leak isthe leakage current and is given by the following formula.
Leak = IL + t x (ILg - IL)/(2 x cinteg)

where, t is the time for electrical charge.
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Operation

In the QSCV measurement, the 4155C/4156C executes the capacitance
measurement at the sweep steps except for the sweep start voltage and stop voltage.
At each sweep step, the capacitance measurement is executed over the voltage
range: output voltage + cvoltage/2 (V). where cvoltageis the capacitance
measurement voltage. See Figure 4-1.

The operation of the quasi-static CV measurements are explained below. Thisisthe
case of start < stop.

a. Measurement trigger enables the sweep source output. The sweep source forces
start V.

b. The sweep source changes the output voltage to the first step output voltage - Vq
V, and waits for hold time. where VVq = cvoltage/2 V.

c. Repeatsd. and e. for the Nth sweep step. where N isinteger, 1 to NO. OF STEP
(NO. OF STEP = [start - stop|/ |step| - 1).

d. The sweep source changes the output voltage to the Nth step output voltage - Vq
V, and waits for delay time.

e. The measurement unit measures the following items:

Vo Voltage at the Nth step voltage- VqV

ILg Leakage current at the Nth step voltage- VgV

I Current at the voltage transition to the Nth step voltage + Vq V
\% Voltage at the Nth step voltage + Vg V

IL Leakage current at the Nth step voltage + Vq V

f. After the sweep measurement, the sweep source changes output voltageto 0 V.

Measurement data at the Nth sweep step is the Nth step voltage (center value of
the voltage range for the Nth measurement) and the capacitance measurement
data at the Nth sweep step.

When |step voltage| = capacitance measurement voltage (cvoltage), Vg and ILg are
not measured for the second step and later. The capacitance calculation uses the V
and IL values at the previous step, instead.
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Figure4-1 VAR1 Output and M easurement Items of QSCV M easurement
stop voltage
(limit of sweep source output) last step
E—l
cvoltage= 2 x \Vq
T /_/ J A
Tri /\/

roger ™ delay time \

oV \ oV

\ Measurement items
AN at Nth sweep step
hold time
Vo ILo
1st step
delay time step voltage
start voltage — l _
(source output value when starting sweep output) delay time
NOTE If thefollowing conditions are true, ignore the measurement items 1L and IL shown

above. Leakage current measurement is not executed.

» Leakage current name (INAME) is not defined in the user function and the
DISPLAY: DISPLAY SETUP screen.

» Leakage current compensation (LEAK COMPENSATION) is off.

The INAME and LEAK COMPENSATION fields appear on the MEASURE:
QSCV MEASURE SETUP screen.
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Parameters

Specify the following parameters for VARL and CONST channels on the
MEASURE: QSCV SETUP screen.

Parameter
sweep mode

Start

stop

step

compliance

Qscv
meas voltage

hold time

delay time

source

Description
Single (start to stop) or double sweep (start to stop to start).

Start voltage of sweep. Thisisthe output voltage at the start of
the sweep output.

The permissible range of start, stop, and step depends on the
output range of the source unit. The VARL source unit usesthe
minimum range that covers all sweep output values. For the
output range, see Chapter 7.

Stop voltage of sweep. Upper or lower limit of the sweep
output.

Incremental step voltage of sweep. The value must be greater
than or equal to double the resolution of the output range.

You must set the start, stop, and step values so that the NO. OF
STEPvaueisintherange: 1to 1001. The valueis calculated
from the following formula (fractions below decimal point are
rounded down).

NO. OF STEP = [start — stop| / |step| — 1
If the calculation result is O, this value is automatically set to 1.

Compliance value of source unit (SMU). The permissible range
of compliance depends on the output range of the source unit.

Capacitance measurement voltage (cvoltage). The value must
be < |step|. The minimum value is double the resol ution of the
output range, and the maximum valueis 10 V.

Time from the start of the first sweep step to the beginning of
the delay time.

Time from the start of each sweep step to the start of the
measurement.

Constant source output value. The permissible range of source
depends on the output range of the source unit.

4-6
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NOTE
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Measurement Functions

Specify the following parameters to define the measurement conditions on the
MEASURE: QSCV MEASURE SETUP screen. See also Setup Screen Reference
for setting these parameters.

Par ameter Description

unit Unit used to measure capacitance

range Measurement range. 1 nA or 10 nA for the MPSMU/HPSMU.
10 pA, 100 pA, 1 nA, or 10 nA for the HRSMU.

chame Variable name of the capacitance data

iname Variable name of the leakage current data.

gscv time Integration time for the capacitance measurement

leak time Integration time for the leakage current measurement

leak compensation Leakage current compensation ON or OFF
zero cancel Capacitance offset cancel ON or OFF

Integration Time

The QSCV measurement uses the integration timethat is set by the INTEGRATION
TIME table on the MEASURE: QSCV MEASURE SETUP screen. The short,
Medium, and L ong front-panel keys have no effect for the QSCV measurement.

Selecting M easurement Conditions

For the accurate measurement, estimate the characteristics of the leakage current of
your device. And select the optimum values of the range, QSCV meas voltage, and
the voltage sweep range. The delay time and gscv time settings are al so important.
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Defining M easurement Conditions

This section describes the QSCV measurement tasks.

The overall procedure for testing your DUT isasfollows:

1 Connecting your DUT to the 4155C/
4156C.

@ See Chapter 10 for procedures.

g
E a
H|80 & oo /
mii) - 4
H|oo 050 ooz /
O| oo cooooo yd
Oloocoooo g S/
o e e 2 R R
oo coooog| /
OB ¢ /

2 Defining measurement mode and
measurement units that you use to do
S — measurement.

£

.
* CHANNEL S PLIN
T e . Somm See “To Define Measurement Units’ on

s e =1 | pages 4-10. Also, see Chapter 8 for the

=7 =3 75 z
B33 IR [AEE| | 8| of
3[R g2yl| ¢
ERiaEIeE

= user function and standby function.

R e e e

e Ignore the SERIES RESISTANCE and
o DISCHARGE fields; they are not

Select we knab [

S e | available for the QSCV measurements.

3 Setting the source conditions. See the
" following in this section:

*vARI ABLE _[VARL

UNIT SWOL AR
NAKE vi

SWEEP MODE|

“ i
o To Set SCV Swi Source
REAR T o] u urc
sTeP 100 0mv

No oF step[s1
cowpLi ANcE| 100.00ma

e “To Set up Stop Condition”

e “To Set up Constant Output”

e “To Set up PGU Output”

i For setting the measurement conditions,
T Y Er ] | seefollowing in this section:

* “To Define Measurement Conditions”

T NG
HOLD TIWE | 1000

oetay Tive| 100 oms | voscv [CoNTINUE AT ANY status

* CONSTANT
ONIT
NAKE
MODE
SOURCE
cowpLiANCEf- oo fo e

INNENER
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4

DI SPLAY: DI SPLAY SETUP

* DI SPLAY MODE

GRAPT CS]

* GRAPHI CS
Xaxis

Yiaiis SZETINY
NAME [ V1 CAPOL

SCALE| LI NEAR LI NEAR

M N [-3.0000000 v | 36.00000pF

max_ | 3.0000000 v_| 110.00000pF

*GRID

*DATA VARI ABLES

GRAPHI CS

“LINE PARAVETER

*DATA DI SPLAY RESOLUTI ON

EXTEND

Select Display Mode with softkey or rotary knob e
o1 spLAY] [ANLYS! 5] PREV. NEXT
setup || seTup s PAGE pAGE

Setting the display mode to show
measurement results.

See following in this section:
e “To Display Graphics Results”
e “ToDisplay List Results’

See Chapter 6 for the auto analysis
function.

5

rr—

Executing the measurement.

See“To Execute or Stop Measurement” on
pages 4-17. Also see Chapter 7 for
executing self-calibration and zero offset
cancel.

6

GRAPH/ LI ST: GRAPHI CS

MARKER( 2.900 v
(F)

108. 508pF )

110

/

capo1

3.00 VI (W)

3
WARKER! | [ L1 NE scaLing|  [orseiav][esevy TIM NG
CURSOR s |setue || setue || seTup

5o m T a v 3. 00

KER
i/ WAX
"
AT
"

TNTE
POLATE|
g

CURSOR
ore|

ConsT

sETUP

Results.

For example, displayed graphically.
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To Define M easurement Units

Press the chan front-panel key to define the measurement units. The CHANNELS:
CHANNEL DEFINITION screen appears.

1. MEASUREMENT MODE

Select the QSCV secondary softkey for the quasi-static CV (QSCV)
measurement.

2. VNAME

Enter a unique name for the voltage variable. For example, enter Vg for gate
voltage. If the channel does neither V force nor V measurement, you can omit
VNAME.

3. INAME

Enter a unique name for the current variable. For example, enter | g for gate
current. If the channel does neither | force nor | measurement, you can omit
INAME.

4. MODE
Select one of the following softkeys:

* V: Voltage output (for SMU, VSU, and PGU)
e |: Current output (for SMU)
¢ COMMON: Circuit common (for SMU and GNDU)
In the QSCV measurements, pulsed output is not available.
5. FCTN
Select one of the following softkeys to set the output function:
*  VAR1: QSCV sweep output function (for the V mode SMU)
e CONST: Constant output function (for SMU, VSU, PGU, and GNDU)

VNAME and INAME

You can use VNAME and INAME namesin user function definitions or for analysis
on the GRAPHICS/LIST screens. These names must consist of up to six
alphanumeric characters. The first character must be aletter of the a phabet.

To disable a unit

Select the DELETE ROW softkey. The settings for the unit are deleted.
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To Set up QSCV Sweep Source

The QSCV sweep source is the source unit defined as VARL in the CHANNELS:
CHANNEL DEFINITION screen. To set up the sweep source, press the Meas
front-panel key. The MEASURE: QSCV SETUP screen appears.

1. VAR1l: SWEEP MODE
Select one of the following softkeys to set the sweep mode:

e SINGLE: single sweep mode (start to stop)

* DOUBLE: double sweep mode (start to stop to start)
2. VARL: START

Enter the sweep start voltage.
3. VARL: STOP

Enter the sweep stop voltage. Upper or lower limit of the output voltage.
4. VARIL: STEP

Enter the sweep step voltage. The minimum available value is double the
resolution of the output range. You must set the START, STOPR, and STEP values
so that the NO. OF STEP valueisintherange: 1to 1001. Thevalueis calculated
from the following formula:

NO. OF STEP = | START - STOP|/|STEP|- 1

If the NO. OF STEP valueis set to 1, the measurement unit executes a one-point
capacitance measurement between the START and STOP values.

5. VAR1: COMPLIANCE
Enter the compliance value for the sweep source.
6. QSCV MEASVOLTAGE

Enter the capacitance measurement voltage. The minimum value is double the
resolution of the output range, and the maximum value is 10 V. The value must
be < |STEP). If you enter avalue greater than the [STEP| value, thisvalueis
automatically set to the same value as the |STEP| value.

If you enter the value greater than or equal to [START— STOP), the measurement
unit executes a one-point capacitance measurement between the START and
STOP values.

7. HOLD TIME

Enter the hold time. 0 to 655.35 seconds, 10 ms resolution.
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8. DELAY TIME
Enter the delay time. 0 to 65.535 seconds, 100 us resolution.

You cannot change UNIT and NAME in this screen. To change the values, go to the
CHANNELS: CHANNEL DEFINITION screen.

NOTE In the QSCV measurement, the 4155C/4156C executes the capacitance
measurement at the sweep steps except for the sweep start voltage and stop voltage.
At each sweep step, the capacitance measurement is executed over the voltage
range: output voltage + capacitance measurement voltage/2.

To Set up Sop Condition

1. Pressthe Measkey in the PAGE CONTROL key group.
2. Movethefield pointer to the QSCV Statusfield.
3. Select one of the following softkeys:
CONT AT ANY  Sweep will continue even if an abnormal status occurs.

STOP AT ANY

ABNORM Sweep will stop if any abnormal status occurs.

STOP AT

COMPLIANCE Sweep will stop if the abnormal status 1 or 2 listed below

OcCcurs.

Abnormal status means the following:

1. Integration time too short for the capacitance measurement
Compliance on the leakage current measurement unit
Compliance on the non-measurement unit

Overflow on ADC

a » w N

Oscillation on any unit
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To Set up Constant Output

Constant source is the source unit defined as CONST in the CHANNELS:
CHANNEL DEFINITION screen. To set up the constant output source, press the
Meas front-panel key. The MEASURE: QSCV SETUP screen is displayed.

1. CONSTANT: SOURCE
Enter the desired output value of the constant source.
2. CONSTANT: COMPLIANCE
Only for SMU. Enter the compliance value for the constant source.

You cannot change UNIT, NAME, and MODE in this screen. To change the values,
go to the CHANNELS: CHANNEL DEFINITION screen.

To Set up PGU Output

In the QSCV measurements, you can use the PGU as the DC voltage source, not the
pulsed voltage source. To set up the constant voltage source, press the Meas
front-panel key, and select the PGU SETUP softkey. The MEASURE: PGU SETUP
screen appears. The PGU SETUP softkey is available when you set PGU in the
CHANNELS: CHANNEL DEFINITION screen.

1. IMPEDANCE
Select a secondary softkey to set the output impedance value:

« LOW for approximately zero ohm output impedance
* 50 ohm for 50 ohm output impedance
2. CONSTANT: SOURCE
Enter the desired output value of the constant voltage source.

You cannot change UNIT and NAME in this screen. To change the values, go to the
CHANNELS: CHANNEL DEFINITION screen.
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To Define M easurement Conditions

Press the Meas front-panel key, and select the MEASURE SETUP softkey. The
MEASURE: QSCV MEASURE SETUP screen appears.

1. UNIT and FCTN

Select one of the secondary softkeys to specify the measurement unit. The
FCTN field just displays the function of the unit.

2. RANGE
Select one of the secondary softkeysto specify the measurement range.
3. CNAME

Enter a unique name for the capacitance measurement data variable. Up to six
alphanumeric characters. Thefirst character must be a letter of the al phabet.

4. INAME

Enter a unique name for the leakage current measurement data variable. Up to
six alphanumeric characters. Thefirst character must be a letter of the alphabet.

5. INTEG TIME: QSCV and LEAK

QSCV: Enter the integration time for the capacitance measurement.
0.04 to 400 sec for 50 Hz line frequency, 0.033333 to 333.33 sec for 60 Hz.

LEAK: Enter the integration time for the leakage current measurement.
0.02 to 2 sec for 50 Hz line frequency, 0.016667 to 1.6667 sec for 60 Hz.

The setting value is rounded to the following value:
integ time = NPLC value/ selected line frequency

where, NPLC value isinteger in the range: 2 to 20000 for the capacitance
measurement, and 1 to 100 for the leakage current measurement.

The short, Medium, and Long front-panel keys have no effect for the QSCV
measurement.

6. LEAK COMPENSATION

Select the ON secondary softkey to do the leakage current compensation, or
OFF to not perform the compensation.

7. ZERO CANCEL

Select the ON secondary softkey to enable the capacitance offset cancel
function, or OFF to disable the function. After the setup is completed, pressthe
green-key, then the sop front-panel key to perform the offset measurement.
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To Display Graphics Results

1. Pressthe Display key in the PAGE CONTROL key group.

2. Select the DISPLAY SETUP primary softkey.

3. Inthe DISPLAY MODE field, select the GRAPHICS secondary softkey.
4

In the X axis column, enter the variable name, select the axis scale, and enter
minimum and maximum values.

5. Inthe Y1 axis column, enter the variable name, select the axis scale, and enter
minimum and maximum values.

6. If you usetheY?2 axis, enter the variable name, select the axis scale, and enter
minimum and maximum valuesin the Y 2 axis column.

When the pointer isin the NAME row, the permissible variable names appear in the
secondary softkey area. Select one to be assigned to the graph axis. The permissible
names are the names that you already set up on the CHANNEL DEFINITION,
USER FUNCTION, USER VARIABLE, and QSCV MEASURE SETUP screens.

Todisplay agrid on the plotting area
In the GRID field, select ON to display or OFF to not display.

To display line parameters on the plotting area

Inthe LINE PARAMETER field, select ON to display or OFF to not display. Line
parameters arethe X and Y intercepts and gradient of the analysis lines.

To display variableson the data variable area

Inthe DATA VARIABLES fields, select the secondary softkey for the desired
variable. Up to two variables can be displayed on the data variable area, whichis
located between the graph area and the marker area.

To change resolution of the data to be displayed

Inthe DATA DISPLAY RESOLUTION field, select NORMAL for the resolution
shown in the specifications, or EXTEND for the ADC full scale resolution. For
example, the data display resolutionis 1 fA in NORMAL mode, and 10 @A in
EXTEND mode for the 10 pA measurement range.
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To Display List Results

1. Pressthe Display key in the PAGE CONTROL key group.

2. Select the DISPLAY SETUP primary softkey.

3. Inthe DISPLAY MODE field, select the LIST secondary softkey.
4

. Inthe LIST area, select the secondary softkey of the variables for which you
want to list the measurement results.

When the pointer isin the NAME row, the permissible variable names appear in the
secondary softkey area. To set avariable name, select the desired secondary softkey.
The permissible names are names that you already set up on the

CHANNEL DEFINITION, USER FUNCTION, USER VARIABLE, and

QSCV MEASURE SETUP screens.

To display variableson the data variable area

In the DATA VARIABLES fields, select the secondary softkey for the desired
variable. Up to two variables can be displayed on the data variable area, which is
located below the list area.

To change resolution of the data to be displayed

Inthe DATA DISPLAY RESOLUTION field, select NORMAL for the resolution
shown in the specifications, or EXTEND for the ADC full scale resolution. For
example, the data display resolutionis 1 fA in NORMAL mode, and 10 @A in
EXTEND mode for the 10 pA measurement range.
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To Execute or Sop M easurement
To execute a measurement, press:

Single Clears GRAPHICS or LIST screen, then executes measurement
one time. Measurement results are displayed on the
GRAPHICS or LIST screen.

Repeat Executes measurements continuously. Before each
measurement is executed, the GRAPHICS or LIST screenis
cleared. Most recent measurement results are displayed on the
GRAPHICS or LIST screen.

Append Executes measurement one time. Does not clear the
GRAPHICS or LIST screen. That is, measurement results are
added to the existing results.

To stop a measurement, press the Stop key in the MEASUREMENT key group.
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Making a M easurement

In this section, you learn how to execute the QSCV measurements using the
4155C/4156C. As an example, you measure MOS capacitor. Measurement circuit
and typical characteristics are shown below:

MOS Capaci t or Capaci t ance
SMUL SMU2 VoIt age
NOTE For accurate measurements, let the 4155C/4156C warm up for at least 40 minutes
after you turn on the instrument, and then execute calibration. For self-calibration,
see Chapter 7.

Sep 1. Preparefor measurement

Before executing measurement, configure the 4155C/4156C and Agilent 16442A
Test Fixture. See “ Step 1. Prepare for the measurement” in “Making a
Measurement” in Chapter 1. The measurement exampl e uses the same connection as
the sweep measurement exampl e connection.

Sep 2. Mount your DUT on thetest fixture

1. Select asuitable socket module for your DUT (MOS capacitor).

2. Mount the socket module on the test fixture.

3. Mount the capacitor on the socket module.

4. Make connections with connection wires (miniature bananato pin plug, etc.).
The capacitor must be connected between SMU1 and SMUZ2.

5. After finishing connections, shut the lid of the test fixture.
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Sep 3. Define the channel assignments

Set the connection information on the CHANNELS: CHANNEL DEFINITION
screen.

1

If the 4155C/4156C has been turned off, turn it on and wait until the self-test is

completed.

Make sure that the CHANNELS: CHANNEL DEFINITION screen appears on
the screen of the 4155C/4156C. If not, press the Chan front-panel key.

Move the field pointer to the MEASUREMENT MODE field, then select the
QSCV softkey to set the 4155C/4156C to QSCV measurement mode.

Move the field pointer to the CHANNEL Stable, and set SMU1 and SMU2 as

shown below.
UNIT VNAME INAME MODE FCTN
SMU1 Vi 11 \Y VAR1
SMuU2 V2 12 COMMON | CONST

Only the SMU1 and SMU2 are used for this example measurement. Disable
other units by selecting the DELETE ROW softkey.

CHANNELS: CHANNEL DEFI NI TI ON

SWEEP
* MEASUREMENT MODE
SAM-
PLI NG
* CHANNEL S
MEASURE sTBY]| [ SERI ES
UNI T VNAME | | NAME MODE | FCTN RESI STANCE Qscv
SMUL: HR [V1 11 v VAR1 0 ohm
SMU2: HR |V2 12 COMMON| CONST
SMU3: HR
s b g
SMUS: HP 0 ohm SETUP
(Y2 VE S [
vsuz | feeeeee MEML
N N R B- Tr
VMU2  femmeee e e e [ - | [on VCE-1C
peur | |eeaaa--
[V I U r:gz
GNDU - e VDS- | D
MORE
Qscv 1/2

Sel ect Measurement Mode with softkey or rotary knob.

B

CHANNEL
DEF

USER
FCTN

USER
VAR

E5250A
PROP

E5250A
SETUP

NEXT
PAGE
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Sep 4. Set up the source parameters

Set the output parameters on the MEASURE: QSCV SETUP screen. Define the
source parameters as shown below:

In the QSCV measurement, the 4155C/4156C executes the capacitance
measurement at the sweep steps except for the sweep start voltage and stop voltage.
At each sweep step, the capacitance measurement is executed over the voltage
range: output voltage + capacitance measurement voltage/2.

1. Pressthe Meas front-panel key. The MEASURE: QSCV SETUP screen appears.
2. Setthe VARIABLE table. The following values are just an example.

SWEEP MODE SINGLE
START 31V
STOP -31V
STEP - 100 mV
COMPLIANCE 100 mA

The SWEEP MODE field selects the sweep mode: SINGLE or DOUBLE.
START, STOP, and STEP mean the sweep start, stop, and step values. The
minimum STEP value is double the resolution of the output range of the source
unit.

3. Setthe QSCV MEASVOLTAGE field. The following valueisjust an example.

QSCV MEASVOLTAGE | 80 mV

This field specifies the capacitance measurement voltage in each sweep step.
The value must be less than or equal to the |[STEP] value. If you set the value
greater than the |STEP| value, thisvalue is automatically set to the same value as
the |STEP)| value.

If you set the value greater than the [START — STOP| value, NO OF STEPis
automatically set to 1, and the QSCV MEAS VOLTAGE and STEP values are
ignored. Then the 4155C/4156C executes one-point spot measurement from
START to STOP.
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4. Setthe TIMING table. The following values are just an example.

HOLD TIME

10s

DELAY TIME

100 ms

This table sets the hold time and delay time.

Hold time: 0 to 655.35 seconds, 10 ms resol ution.

Delay time: 0 to 65.535 seconds, 100 ps resolution.

MEASURE: QSCV SETUP
SI NGLE
*VARI ABLE [VARL
UNI T SMU1: HR
NAME Vi
SWEEP MODE[SINGLE DOUBLE
START 3.100 V
STOP -3.100 V | *QSCV MEAS VOLTAGE
STEP -100. Omv
NO OF STEP|61
COMPLI ANCE| 100.00mA
*T1 M NG
HOLD TI ME | 10.00 s
DELAY TIME[ 100.0ms | *Qscv [CONTINUE AT ANY Status
* CONSTANT
UNI'T
NAME
MODE
=T Lo =S I e
COMPLIANCE|-----ocomommmme [ oee i o
SI NGLE
Sel ect SWEEP Mode with softkey or rotary knob. B
‘QSCV | MEASURE| [ ouTPUT H PREV NEXT
SETUP SETUP SEQ s PAGE PAGE
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Sep 5. Set up the measurement parameters

Set the output parameters on the MEASURE: QSCV MEASURE SETUP screen.
Define the measurement parameters as shown below:

1. Pressthe Measfront-panel key, and select the MEASURE SETUP softkey. The
MEASURE: QSCV MEASURE SETUP screen appears.

2. Setthe MEASUREMENT UNIT table. The following values are just an
example.

UNIT SMU1
FCTN VAR1
RANGE 1nA
CNAME CAPO1
INAME LEAKO1

The UNIT selects the measurement unit used to measure capacitance. The
FCTN just displays the function of the selected unit. The range selects the
measurement range. CNAME and INAME specify the variable name of the
capacitance measurement data and the leakage current data, where the variable
name must be unique. The same name must not be assigned for the VNAME and
INAME in the CHANNEL DEFINITION screen, and for the user function.

3. Setthe INTEG TIME table. The following values are just an example.

TIME NPLC
Qscv 100 ms 5
LEAK 100 ms 5

This table sets the integration time for the capacitance measurement (QSCV)
and the leakage current measurement (LEAK) independently.

QSCV: 0.04 to 400 sec at 50 Hz line frequency, 0.033333 to 333.33 sec at 60 Hz
LEAK: 0.02 to 2 sec at 50 Hz line frequency, 0.016667 to 1.6667 sec at 60 Hz
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4. Enable or disable the leakage current compensation function using the LEAK
COMPENSATION field.

To enable the function, select the ON softkey.

To disable the function, select the OFF softkey.

5. Enable or disable the zero offset cancel function using the ZERO CANCEL
field. To disable the offset cancel function, select the OFF softkey.

The following procedure enables the function.

a. Complete the QSCV measurement setup on the MEASURE: QSCV SETUP
and MEASURE: QSCV MEASURE SETUP screens.

b. Removethe DUT from the socket module to open the measurement

terminals.

c. Pressthe green front-panel key and the sop front-panel key in this order to
execute the offset measurement. And wait for the measurement compl etion.

d. Select the ON softkey in the ZERO CANCEL field.
e. Mount the DUT on the socket module.

MEASURE: QSCV MEASURE SETUP

SMUL: HR
* MEASUREMENT UNI T
[uniT  JFCTN  [RANGE |[CNAME [INAME | -
[smui: HR] vARL [1nA  [cApo1 [LEAko1 | SMU2: HR
“I NTEG TI ME
TI ME NPLC
[Qscv] 100ms 5
[LEAK] 100ms 5
* LEAK COMPENSATI ON
* ZERO CANCEL
[oN T 5.416pF
SMUL: HR
Sel ect Measurement Unit with softkey.
Qscv MEASURE| | OUTPUT PREV NEXT
SETUP SETUP SEQ s PAGE PAGE
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Sep 6. Set up theresultsdisplay
Set the results display information on the DISPLAY: DISPLAY SETUP screen.

1. Pressthe Display front-panel key. The DISPLAY: DISPLAY SETUP screen
appears.

2. Movethefield pointer to the DISPLAY MODE field. Then select the
GRAPHICS softkey to set the results display mode to the graph mode.

3. Setthe X and Y 1 axesinformation. The following values are just an example.

X-axis Y 1-axis
NAME V1 CAPO1
SCALE LINEAR LINEAR
MIN -3V 36 pF
MAX 3V 110 pF

This setup isto assign the X axisto V1, and the Y 1 axis to CAPO1.

DI SPLAY: DI SPLAY SETUP

GRAPH-
I Cs
*DI SPLAY MODE
[GRAPHI C3]
LI ST
* GRAPHI CS
Xaxi s Ylaxis Y2axis
NAME | V1 CAPO1
SCALE| LI NEAR LI NEAR
MI'N -3.0000000 V 36.00000pF
MAX 3.0000000 V 110.00000pF
*GRI D *LI NE PARAMETER
*DATA VARI ABLES *DATA DI SPLAY RESOLUTI ON
GRAPHI CS
Select Display Mode with softkey or rotary knob. B
DI SPLAY[| ANLYSI S PREV

SETUP SETUP

NEXT ‘

PAGE PAGE
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Sep 7. Execute the measurement
Press the single front-panel key to execute the measurement. The 4155C/4156C

starts the QSCV measurement.

After the measurement, the measurement results will be as shown in the following

example:

GRAPH/ LI ST:

MARKER(
(F)

2.900 V

GRAPHI CS

108.508pF

110. p|

CAPO1

36.0p

-3.00

Vi (V)

500. m /div

B

MARKER

ON

MARKER
MI N/ MAX

I NTER-
POLATE
OFF

DI RECT
MARKER/
CURSOR

MARKER
SKI P

AUTO
ANALY-
S| S

CURSOR

OFF

MARKER/
CURSOR

LI NE

SCALI NG| DI SPLAY
S | SETUP

Qscv
SETUP

TI Ml NG
SETUP

CONST
SETUP

In the QSCV measurement, the 4155C/4156C executes the capacitance
measurement at the sweep steps except for the sweep start voltage and stop voltage.
This example does not execute the capacitance measurement at 3.1V and — 3.1 V.
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Maximum M easurement Value

NOTE The maximum measurement value is not the specifications but the reference data.

The maximum measurement val ue depends on the settings of the current
measurement range, the QSCV measurement voltage, and the integration time. See
Figures 4-2 to 4-4. Each figure shows the characteristics of the capacitance value vs.
the QSCV measurement voltage by the integration time setting. Each linein the
graph specifies the maximum measurement value for each integration time setting.

The graph dataiis applied to the measurement when the QSCV integration timeis set
to the same value as the LEAK integration time.

Figure4-2 Maximum M easurement Value Using 10 pA and 100 pA range: HRSMU
1.00E-07 ,\
N~
1.00E-08 T
. 2 ik,
\\\
1.00E-09 -L.\ R =
\\.\\ \’\ Integration
™~
1.00E-10 ‘u\-\ Rs Time
g ™
% | \‘l\ \\
I N ™
§ 1.00E-11 SO \ [~ 2s
g Nk\\‘ L\\ \\.\\
R W
© 100812 . B ‘\-\
RNk . . 1s
m L
1.00E-13 T
TN T
m A 500 ms
1.00E-14 ™~ N
e 300 ms
1.00E-15
0.001 001 01 1 10
QSCV Measurement Voltage (V)
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Figure4-3 Maximum M easurement Value Using 1 nA range: HRSM U/M PSM U/HPSM U
100E-05 |
1.00E-06
™~
LN
=0
L1.00E-07 i\\l:\ T
~ ™ ~
RS
% 1.00E-08 S \\T\:\ >
4 R W j*q:\ M ™~ Integration
SIS
% 1.00E-09 T - N
o \»\ \m\*q:\ N ™~ 25
N m NG T e 1s
1.00E-10 Sy S ™ 500 ms
‘1\\ \A\\N\ 300 ms
N~
™~ R 100 ms
1.00E-11 SNy N
~4\ 50 ms
1.00E-12 soms
0.001 001 01 1 10
QSCV Measurement Voltage (V)
Figure4-4 Maximum M easurement Value Using 10 nA range: HRSM U/M PSM U/HPSM U
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N T ~g ™ Ny, 1s
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Considering M easurement Accuracy

The measurement accuracy is not the specifications but the reference data.

The capacitance measurement accuracy can be cal culated by the following formula:
Measurement Accuracy = A (%) + B (F)

A : Reading accuracy. % accuracy of the measured value.

B : Offset accuracy.

Bp+Cprinteg+Dpx-|mg

A= Ap+ Tleak
Vstep
_ Ao Bo +Boc x Cg+ (Co + Coc x Cg) x Tinteg + (Do + Doc x Cg) x 'I_'rllr:aekg
Rdut Vstep
where,

Tinteg: Integration time for the capacitance measurement, in seconds
Tleak: Integration time for the leakage current measurement, in seconds
Vstep: QSCV measurement voltage, in V

Rdut: Equivalent parallel resistance of DUT, inQ

Cg: Guard capacitance of the measurement path, in F

AX, Bx, Cx, and Dx values are the constant. For the values, see Table 4-1 for the high
resolution SMU (HRSMU), and Table 4-2 for the medium power/high power SMU
(MPSMU and HPSMU).

Calculation examples of the measurement accuracy are shown in Figures 4-5
through 4-26. Conditions of the calculation are shown in Table 4-3.
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Table 4-1 Constant Valuefor calculating the Measurement Accuracy: HRSMU
Current Voltage Output Range
Measurement | Constant
Range 2V 20V 40V 100V
10 pA / 100 pA Ap 4.0 4.0 4.0 4.0
Bp 0.0025 0.018 0.035 0.088
Cp 0.0023 0.0052 0.008 0.019
Dp 0.0009 0.002 0.003 0.0076
Ao 0.07
Bo 3.7E-15
Boc 2.6E-18
Co 3.1E-15
Coc 6.6E-18
Do 7.2E-16
Doc 2.6E-18
1nA Ap 0.51 0.51 0.52 0.52
Bp 0.0057 0.024 0.047 0.11
Cp 0.003 0.0048 0.0088 0.018
Dp 0.0041 0.008 0.015 0.027
Ao 0.041
Bo 7.0E-15
Boc 8.7E-18
Co 3.0E-14
Coc 6.0E-18
Do 4.0E-15
Doc 8.7E-18
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Current Voltage Output Range
Measurement | Constant

Range 2V 20V 40V 100V

10 nA Ap 0.51 0.51 0.52 0.52
Bp 0.036 0.024 0.047 0.11
Cp 0.003 0.0048 0.0088 0.018
Dp 0.0041 0.008 0.015 0.027
Ao 0.041
Bo 7.3E-15
Boc 8.7E-18
Co 6.0E-14
Coc 6.0E-18
Do 4.3E-15
Doc 8.7E-18
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Table 4-2 Constant Valuefor calculating the M easurement Accuracy: MPSM U/HPSM U
Current Voltage Output Range (200 V isonly for HPSMU)
Measurement | Constant
Range 2V 20V 40V 100V 200V
1nA Ap 0.521 0.52 0.52 0.53 0.54
Bp 0.00398 0.027 0.047 0.12 0.23
Cp 0.000798 0.0072 0.0088 0.022 0.045
Dp 0.00238 0.011 0.015 0.036 0.072
Ao 0.041
Bo 7.2E-15
Boc 6.0E-18
Co 4.3E-14
Coc 5.1E-18
Do 4.2E-15
Doc 6.0E-18
10nA Ap 0.52 0.52 0.52 0.53 0.54
Bp 0.004 0.027 0.047 0.12 0.23
Cp 0.0008 0.0072 0.0088 0.022 0.045
Dp 0.0024 0.011 0.015 0.036 0.072
Ao 0.041
Bo 6.2E-15
Boc 6.0E-18
Co 7.4E-14
Coc 5.1E-18
Do 3.2E-15
Doc 6.0E-18
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Table 4-3 Conditionsfor Calculating M easurement Accuracy
Conditions M easurement Unit
Equivalent Guard
Measurement | Output Pgrallel Capacitanceof HRSMU MPSM U/
Range Range Resistance | Measurement HPSMU
of DUT Path

10pA/ 2V 10 T ohm 200 pF | Figure 4-5

100pA 20V 10 T ohm 200 pF | Figure4-6

20V 10 T ohm 1nF | Figure4-7

20V 100 G ohm 200 pF | Figure 4-8
1nA 2V 10 T ohm 200 pF | Figure4-9 | Figure4-17
20V 10 T ohm 200 pF | Figure 4-10 | Figure 4-18
20V 10 T ohm 1nF Figure 4-19
20V 10 G ohm 200 pF | Figure4-11 | Figure 4-20
40V 1 Gohm 200 pF | Figure4-12 | Figure4-21
100V 1Gohm 200 pF | Figure4-13 | Figure 4-22
200V 1Gohm 200 pF Figure 4-23
10 nA 2V 10 T ohm 200 pF | Figure 4-14 | Figure 4-24
20V 10 T ohm 200 pF Figure 4-25

20V 10 G ohm 200 pF | Figure4-15

20V 1Gohm 200 pF | Figure4-16 | Figure 4-26

Calculation example data shown in Figures 4-5 through 4-26 is applied to the
measurement data when the QSCV integration time is set to the same value as the
LEAK integration time.
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Figure 4-5 Calculation Example of M easurement Accuracy: HRSMU
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Integration Time: 2, 1, 0.5, 0.3 s corresponding to the lines from top to bottom
Equivalent Parallel Resistance of DUT: 10 T ohm

Guard Capacitance of Measurement Path: 200 pF
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Figure 4-6 Calculation Example of M easurement Accuracy: HRSMU
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Figure4-7 Calculation Example of M easurement Accuracy: HRSMU
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Calculation Example of M easurement Accuracy: HRSMU
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Calculation Example of M easurement Accuracy: HRSMU

Quasi-static C-V Measurements
Considering Measurement Accuracy
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Figure 4-10 Calculation Example of M easurement Accuracy: HRSMU
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Figure4-11 Calculation Example of M easurement Accuracy: HRSMU
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Calculation Example of M easurement Accuracy: HRSMU

10
1
"
< A
§ 6
A\
8
<
2 4
z
2
0 i
0.01 0.1 1 10
QSCV Measurement Voltage (V)
1.E-10
T
% == - — ' NEEIR
=]
3
<
2
o)
1E-11
0.01 0.1 1 10
QSCV Measurement Voltage (V)
Conditions:

Measurement Range: 1 nA

Output Range: 40 V

Integration Time: 2, 1, 0.5, 0.3, 0.1, 0.05, 0.03 s corresponding to the lines from top

to bottom

Equivalent Parallel Resistance of DUT: 1 G ohm
Guard Capacitance of Measurement Path: 200 pF

4-40

Agilent 4155C/4156C User’s Guide Vol.2, Edition 6



Quasi-static C-V Measurements
Considering Measurement Accuracy

Figure4-13 Calculation Example of M easurement Accuracy: HRSMU
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Figure4-14 Calculation Example of M easurement Accuracy: HRSMU
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Figure 4-15 Calculation Example of M easurement Accuracy: HRSMU
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Figure 4-16 Calculation Example of M easurement Accuracy: HRSMU
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Figure4-17 Calculation Example of M easurement Accuracy: MPSMU, HPSMU
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Figure 4-18 Calculation Example of M easurement Accuracy: MPSMU, HPSMU
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Figure 4-19 Calculation Example of M easurement Accuracy: MPSMU, HPSMU
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Figure 4-20 Calculation Example of M easurement Accuracy: MPSMU, HPSMU
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Figure4-21 Calculation Example of M easurement Accuracy: MPSMU, HPSMU
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Conditions:

Measurement Range: 1 nA

Output Range: 40 V

Integration Time: 2, 1, 0.5, 0.2, 0.1, 0.05, 0.03 s corresponding to the lines from top
to bottom

Equivalent Parallel Resistance of DUT: 1 G ohm

Guard Capacitance of Measurement Path: 200 pF
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Figure 4-22 Calculation Example of M easurement Accuracy: MPSMU, HPSMU
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Conditions:

Measurement Range: 1 nA

Output Range: 100 V

Integration Time: 2, 1, 0.5, 0.2, 0.1, 0.05, 0.03 s corresponding to the lines from top
to bottom

Equivalent Parallel Resistance of DUT: 1 G ohm

Guard Capacitance of Measurement Path: 200 pF
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Figure 4-23 Calculation Example of M easurement Accuracy: HPSM U
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Conditions:

Measurement Range: 1 nA

Output Range: 200 V

Integration Time: 2, 1, 0.5, 0.2, 0.1, 0.05, 0.03 s corresponding to the lines from top
to bottom

Equivalent Parallel Resistance of DUT: 1 G ohm

Guard Capacitance of Measurement Path: 200 pF
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Figure 4-24

Quasi-static C-V Measurements
Considering Measurement Accuracy

Calculation Example of M easurement Accuracy: MPSMU, HPSMU
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Measurement Range: 10 nA

Output Range: 2V

Integration Time: 2, 1, 0.5, 0.2, 0.1, 0.05, 0.03 s corresponding to the lines from top
to bottom

Equivalent Parallel Resistance of DUT: 10 T ohm

Guard Capacitance of Measurement Path: 200 pF
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Figure 4-25 Calculation Example of M easurement Accuracy: MPSMU, HPSMU
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Conditions:

Measurement Range: 10 nA

Output Range: 20 V

Integration Time: 2, 1, 0.5, 0.2, 0.1, 0.05, 0.03 s corresponding to the lines from top
to bottom

Equivalent Parallel Resistance of DUT: 10 T ohm

Guard Capacitance of Measurement Path: 200 pF
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Figure 4-26 Calculation Example of M easurement Accuracy: MPSMU, HPSMU
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Conditions:

Measurement Range: 10 nA

Output Range: 20 V

Integration Time: 2, 1, 0.5, 0.2, 0.1, 0.05, 0.03 s corresponding to the lines from top
to bottom

Equivalent Parallel Resistance of DUT: 1 G ohm

Guard Capacitance of Measurement Path: 200 pF
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Stress Force

This chapter explains how to execute stress force, and consists of the following
sections:

» “Stress Function’

» “Defining Stress Conditions’

For details about the 4155C/4156C setup screens and entry fields, refer to Setup
Screen Reference manual.

For an example to use the stress force function, refer to Flash EEPROM Test in
Sample Application Programs Guide Book.
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Stress Function

The 4155C/4156C can force both dc stress and ac stress (pulsed stress) as shown in
the following figure. Stressis defined as the bias that the 4155C/4156C can monitor
the bias output time correctly. To start stress force, press Sress front-panel key.

JUUuuuuL

(a) AC Stress Signal

] _

(b) DC Stress Signal

displaying the stressforcetime

The STRESS: STRESS FORCE screen isdisplayed while stressis being forced. On
this screen, the time that stress has been forced is displayed and updated every
second.
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Table 5-1

Stress Force
Stress Function

Stress Output Channels

Stress output channel is defined as the unit used to force stress.

Available Units

The 4155C/4156C can force dc voltage stress, dc current stress, and ac voltage
stress (by PGUs in Agilent 41501A/B), but cannot force ac current stress.

Table 5-1 shows available units and all owable modes for stress sources.

Available Unitsand Modes for Sress Force

AC Voltage Stress

Units | DC Voltage Stress | DC Current Stress (Pulsed Source)

SMU | yes yes
VSU | yes
PGU | yes yes

Also, SMUs can be set to COMMON mode.

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
you 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.

To set aunit to the stress channel, select SYNC inthe FCTN field for the unit. If you
select NSYNC, the 4155C/4156C does not monitor the bias output time for the unit.
The unit is called as non-stress channel or bias channel in this manual.

To use the stress force function, at least one unit must be set to the stress channel
which the FCTN field is set to SYNC. You can select up to four stress source
channels among SMUs, VSUs, and PGUs.

If aunitisset to STBY ON on the CHANNELS: CHANNEL DEFINITION screen,
the unit cannot be set to the stress channel.

If you use two PGUs as ac pulse source, both PGUs must be the stress channel or the
non-stress channel. This means that if PGU1 is a stress channel, PGU2 must be a
stress channel, not non-stress channel.
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Switching Channels Connected to DUT

The 4155C/4156C can control Agilent 16440A SMU/Pulse Generator Selector to
automatically switch units that are connected to aDUT 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 Sress
front-panel key inthe 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 Chapter 8.

External Sress Source

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

e gatetrigger while stressisforced

The 4155C/4156C can output a gate trigger while stress channels are forcing
stress. For details about this gate trigger, refer to Chapter 8.

e gatetrigger of PGUs

The output trigger terminal of PGUs (41501A/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 Chapter 8.
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StressMode

You set stress mode to the pulse count mode or duration mode.

Pulse count mode

You specify the pulse count (1 to 65535). Thetotal stresstime is determined by the
pulse count and pul se period.

The pulse count mode is used only when a PGU is used to force ac stress (that is,
PGU is set to MODE=VPUL SE and FCTN=SYNC on the STRESS:CHANNEL
DEFINITION screen).

Duration mode

You specify the total stresstime directly in seconds. Allowable rangeis 500 usto
1 year (3.1536x107 ).

setting resolution:

*  When the specified timeis 10 sor less: 100 us
*  When the specified timeis more than 10 s: 10 ms
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Sress Force Sequence

This section explains the source output sequence when starting the stress force, and
when finishing the stress force.

e Output sequence from idle state to the stress state
e Output sequence in the stress state
» Output sequence from stress state to the idle state

Output sequence (idle state to the stress for ce state)

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

ac stress (SYNC) channel: specified base value
dc stress (SYNC) channel: OVorOA
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 about output sequence,
refer to Chapter 7.

Sressforce sequence (in the stress for ce state)

+  stressoutput

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

s stressstop

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

If you set delay timefor pulse stress, finish of stress force time is after the period
of the last pulse. (See Figure 5-1.)
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Stress Force
Stress Function

Pulse Waveform when Stress Sops

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

| AC Stress Force |

Peak Value .y M !
Base Value ;,_!Mg % Ji
\ \
Stress Start Stress Stop

Sequencefor returningto 0V (stressforce stateto theidle state)

When the state changes from the stress state to the idle state, the outputs of the
channels arereturned to 0 V in opposite order that forcing occurred.

Delay time of PGUs
When PGUs are set to VPUL SE (ac source), you can set adelay time as follows:

» If PGU isset to SYNC, the PGU waitsthe delay time (after the stress start trigger
isreceived), then starts to force ac stress.

* If PGU isset to NSYNC, the PGU waits the delay time (after stress force state
starts), then starts pulse output.

Example
Figure 5-1 shows an example of output sequence when forcing stress.

Figure 5-1 assumes the output sequence is set on the MEASURE: OUTPUT
SEQUENCE screen as follows.

PGU1
SMU1
PGU2
SMU2
SMU3

a bk wnNeE
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Figure5-1 Example of the Stress For ce Sequence

ldle State Stress Force State ldle State

! Stress Force

PGU1
(AC Stress) ‘ ¢

SMU1
NSYNC:

PGJ2
WG Stress] ﬁ delay time of PGU

SMuz
(NSYNC)

SMU3
DC Stress)

Stress Start

Stress Stop

UGD04003

» output sequence from idle state to the stress state:

PGU1
SMU1
PGU2
SMU2
. SMU3
» stress force sequence (in the stress force state):

agkrwNpE

The stress force channels (PGU1, PGU2, and SMU3) start stress and stop stress
at the sametime.

e output sequence from stress state to the idle state:

SMU3
SMU2
PGU2
SMU1
PGU1

aghrowbdpE
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Stress Sop Function at Abnormal Status

On the STRESS: STRESS SETUP screen, you can select whether the stress stops or
continues when an abnormal status occurs. When an 4155C/4156C is stopped by the
stress stop function, amessage is displayed in the message display area.

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 COVPLI ANCE is
selected and abnormal status occurs after forcing stress for 5 seconds, the stop
function does not stop stress until stressisforced for 10 seconds.

Setting the Stress Sop Function

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

STRESS Status= CONT AT ANY

Stress continues even if an abnormal status occurs.
STRESS Status = STOP AT ANY ABNORM
Stress stopsif any abnormal status occurs.
STRESS Status = STOP AT COMPLIANCE

Stress stops only if SMU reaches its compliance setting.

STOP AT ANY ABNORM and STOP AT COMPLIANCE are available at the
following conditions:

in PULSE COUNT mode: when pulse period x pulse count is more than 10 s.
in DURATION mode: when specified duration is more than 10 s.

Abnormal Satus

Abnormal statuses are as follows:

SMU reaches its compliance setting.
Current of aVSU exceeds +100 mA.
SMU or aVSU oscillates.

A/D converter overflow occurs.

Average current of PGU exceeds 100 mA.
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Defining Stress Conditions

This section covers the tasks for stress forcing.

Two types of stress can be forced by the 4155C/4156C:

* dcstress
« Dc voltage stress can be forced from SMUs, VSUs, or PGUs.
* Dc current stress can be forced from SMUs.

e acstress (also called pulsed stress)
* Acvoltage stress can be forced from PGUs.

* Ac current stress cannot be forced from the 4155C/4156C.
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Defining Stress Conditions

The following illustrates the basic procedures for stress forcing.

1 Connecting your DUT to the
4155C/4156C. See Chapter 10 for
@\ procedures,
/
v
B|g8° () 838
5|8 D%‘% e
El5q songs o /
Blggs geegt
jE'_E'E'E' jDDED B8 88888 @
2 Defining the stress units and constant
T — . output units. See* To Set up Stress Source
Channels’ on page 5-13.
] To use the selector, see Chapter 8.
[]
= I
[ ]
i 2 [

3 Setting the stress forcing parameters and
T i constant output value. The following tasks
| [ | [ are described:

BT gl R [
2 (28 [ «  “To Set up Stress Condition/Timing"
‘FE ‘ ‘ % *  “To Set up ac (Pulse) Output”
— ] *  “To Set up dc Output”
4 Executing the stress forcing. See“To
Force Stress’ on page 5-20.
g g
g :
8 g
l:‘EIEIEIEI EIEIEIEIO g
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To Set up Stress Source Channels

1. Presssresskey inthe PAGE CONTROL key group.
2. Select CHANNEL DEF primary softkey.
3. Inthe MODE field of desired unit in CHANNELS area, select:

* V secondary softkey for dc voltage stress forcing mode (SMU, VSU, and
PGU).

» | secondary 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 unitsthat 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.

Inthe FCTN column, you can set up to four unitsto SYNC. At least one unit must
be set to SYNC inthe FCTN column. The SYNC (stressforce) unitsall start forcing
stress at the same time. The NSY NC (non-stress force units) channels start forcing
stress in sequence when state changes to stress force state. For thistiming, see
“Stress Force Sequence” on page 5-7.

If the row of aunit does not have settings, the unit is not used.

To disablea unit

In the row of the unit, select the DELETE ROW secondary softkey. The settingsin
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 NSY NC secondary softkey.

If you use two PGUs as pulsed sources (VPUL SE), both must be SYNC or both
NSYNC.
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Example

The following figure shows an example setup to set two PGUs to ac stress source.

STRESS: CHANNEL DEFINITION 94JAND1 O1:30PM
*CHANNEL S *SMU/ PG SELECTOR e
MEASURE STRESS MEASURE [STRESS
UNIT NAME |MODE [NAME |FCTN E PGU
SMUT: MP | V1 2 |smMu PGU
SMUZ:MP | V2 3 [OREN OPEN
SMU3Z: MP | V3 4 [oPEN OPEN
SMU4: MP
SMUS : MP
SMUB : MP
vsU1
vsu2
PGL1 VPULSE SYNG *TRIGGER SETUP
PGU2 VPULSE [SYEIE] DISABLE
GNDU [ POLARITY| POSITIVE
DELETE
ROW
SYNC
‘STRESS“STRESS H ‘ ‘ “ “ “NEXT
J[SETUP | |FoReE PAGE

UGTOI0M, 100170

5-14 Agilent 4155C/4156C User’s Guide Vol.2, Edition 6



Stress Force
Defining Stress Conditions

To Set up Stress Condition/Timing

1. Presssresskey inthe 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.

e PULSE COUNT secondary softkey to specify how many pulsesto output for
force stress (for ac stress only).

4. Inthe DURATION or PULSE COUNT field, enter the duration or pulse count.
You can select FREE RUN secondary softkey to output stress continuoudly.

5. Inthe STRESS St at us field, select:

e CONT AT ANY secondary softkey to continue forcing the stress even if an
abnormal status occurs.

e STOPAT ANY ABNORM secondary softkey to stop forcing the stress
when any abnormal status occurs.

e 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 10 s.

Stress stop function is not effective until stress has been forced for 10 s.

In the duration mode, you set time (in seconds) for stressforcing. In the pulse count
mode, you set an integer to 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 VSU oscillates.

» A/D converter overflow occurs.

» Average current of PGU exceeds +100 mA.
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To set hold time

Inthe HOLD TIME field, set desired value. For the meaning of hold time, see
“ Stress Force Sequence” on page 5-7.

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
value.

Example

The following figure shows an example setup of stress condition.

STRESS: STRESS SETUP 94JANOL 011 30PM
*STRESS MODE *PULSE
[DURAT ML UNTT PGLL PeU2 PULSE
NAME COUNT
PERIOD 10.00ns |~
*ACCUMULATED STRESS WIDTH 5.00ms 5. 00ms
0.0000s DELAY TIME 0.00000 $|0.00000 s
PEAK VALUE 100mY 160mY
¥HOLD TIME BASE VALUE 0.000 vV |0.000 V
0.000 s LEADING TIME | 200.ns 200.ns
TRAILING TIME | 100.ns 100.ns
*FILTER [ON IMPEDANCE LOW Low
*STRESS [CONTINUE AT ANY | Status
$CONSTANT
UNIT
NAME
MODE
SOURCE
COMPLIANCE
DURATION
CHANNEL | [ g [sTRESS PREY NEXT
DEF Kl 7] [FoRcE PAGE PAGE
GO101Z, 100«
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To Set up ac (Pulse) Output

1. Pressthe sress 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 issetinthe MODE field.

* SYNCissetinthe FCTN field.

Select STRESS SETUP primary softkey.

In the PERIOD field, enter the pul se period.
Inthe WIDTH field, enter the pul se width.

Inthe DELAY TIME field, enter the delay time, which isthe time from the
stress start to the beginning of the pulse leading edge. See“ Delay time” on page
5-18.

Inthe PEAK VALUE field, enter the pulse peak value.
Inthe BASE VALUE field, enter the pulse base value.
In LEADING TIME field, enter the leading-edge transition time of pulse.
In TRAILING TIME field, enter the trailing-edge transition time of pulse.

o >~ w DN

6
7.
8.
9
The same period you set for PGU1 is also used for PGU2. 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 5-15.

To modify the UNIT and NAME fields
Modify UNIT and NAME fields on STRESS: CHANNEL DEFINITION screen.

To set output impedance of PGU1 or PGU2
Inthe 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.

Peak Value ool
PGU1

A UUL
Base Valug e J

—> =< Delay Time

PGUZ

UGTO1048,85x40
— -

5 Delay Time

siress start

Example

The following figure shows an example to set up ac stress.

STRESS: STRESS SETUP 94JANOL O1:30PM
*STRESS MODE *PULSE
UNTT PGUL PGUZ
NAME
PERIOD 10.00ms |---------
#*ACCUMULATED STRESS WIDTH 5.00ms 5. 00ms
DELAY TIME 0.00000 $|0.00000 s
PEAK VALUE 100my 100my
#*HOLD TIME BASE VALUE 0.000 V |0.000 V
LEADING TIME | 100. 100.11s
TRAILING TIME [AoEfs "
*FILTER [ON IMPEDANCE Low

*STRESS |CONTINUE AT ANY| Status

#CONSTANT
UNIT SMUL: MP
NAME vsu
MODE N
SOURCE 5.00 vV
COMPLIANCE| 1.0000mA

0. 000000100

CHANNEL | FSTRESS
DEF SR

TGO, 10057

PREY NEXT
PAGE PAGE
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To Set up dc Output

1. Pressaresskey inthe 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:

e Vorl issetinthe MODE field.
* SYNCissetinthe 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 you
set the dc stress units.

To set other areas of the STRESS: STRESS SETUP screen, see “ To Set up Stress
Condition/Timing” on page 5-15.

To modify the UNIT, NAME, and MODE fields

Modify 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.

STRESS: STRESS SETUP Q4JANOT 01 : 30PM

*STRESS MODE *PULSE
DURATION ONTT PGUL POUZ
1.0ms NAME

PERIOD sl

WIDTH
DELAY TIME
PEAK VALUE
*HOLD TIME BASE VALUE

LEADING TIME

TRAILING TIME | 100.ns

100.ns
100.ns
*FILTER [oN IMPEDANCE Low Low
#STRESS [CONTINUE AT ANY | Status

#CONSTANT

UNIT SMUL: MP
NAME vsu

MODE v

SOURCE 5.00 v
COMPL I ANCE |74 8GBpmA

1NN

©.0010000

PREV

NEXT
PAGE

‘ PAGE

OO0
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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 stresstime (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 softkey, then enter desired value.

The CHANGE PLS CNT secondary softkey is displayed only if the PULSE
COUNT modeis selected on the STRESS: STRESS SETUP screen.

Toreset STATUSvaluetoOsand 0%

Select RESET STATUS secondary softkey.

Toreset ACCUMULATED STRESSvaluetoOs
Select RESET ACCUM STRESS secondary softkey.

To change ACCUMULATED STRESSvalue

On the STRESS: STRESS SETUP screen, enter the desired value in the
ACCUMULATED STRESSfield.
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Example
The following figure shows an example of STRESS: STRESS FORCE screen.
STRESS: STRESS FORCE 94JANO1 01:30PM
CHANGZ
COMMENT
*STRESS (DLRATION)
CHANGZ
DURATON
0.0010
*STATUS
5.0000 s 50 .00 %
FESET
*ACOUMULATED STRESS STATUS
FESET
ACCUM
STRESS
CHANNEL | | STRESS PREY
DEF SETUP PAGE
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Analyzing Measurement Results

You can analyze measurement results by using lines, markers, and cursors on the
Agilent 4155C/4156C screen.

If you want to display lines and marker automatically, set up the DISPLAY:
ANALY SIS SETUP screen before starting measurements. Then, after the
measurements, the lines and marker are positioned automatically according to the
setup.

This chapter consists of the following sections:
* “Analysis Function”

e “Manua Anaysis’

* “Automatic Analysis’
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Analysis Function

The 4155C/4156C provides the following functions for analyzing measurement
results:

“Marker on the GRAPH/LIST: GRAPHICS screen”
“Marker on the GRAPH/LIST: LIST screen”
“Cursor”

“Line Drawing”

“Scaling Functions’

“Overlay Display Function”

“Automatic Analysis Function”
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Marker on the GRAPH/LIST: GRAPHICS screen

Figure 6-1 Markerson the GRAPH/LIST: GRAPHICS screen
GRAPH/LIST: GRAPHICS SHORT 93AUg09 06:18PM
MARKER ( - T51.2530mv 10. 00uA 1.03420A )
)
A MARKER
1.00 1.00  |MIN/MAX
|
1c B
/f—
DIRECT
] MARKER /
CURSOR
decode decade
/div /div [MARKER
SKIP
AUTO
ANALY-
SIS
100. 100.f | CURSOR
0.000 VBE (V) 100.m/div -1.00 OFF
AXIS J [ LINE SCALING DISPLAY| | SWEEP TIMING | | CONST
. SETUP SETUP | |SETUP SETUP

UGT02002

You can display the markers on the plotted measurement curves on the
GRAPH/LIST: GRAPHICS screen by selecting MARKER/CURSOR primary
softkey, then selecting MARKER secondary softkey. The marker for Y1 axisisa
circle (0), and the marker for Y2 axisis an asterisk (*). The active marker depends
on the selected axis.

Markers have the following functions on the GRAPH/LIST: GRAPHICS screen:

» displaying values of measurement curve.
The X, Y1, or Y2 coordinate values at the marker location are displayed.
» gpecifying a point at which to draw atangent line

For tangent line mode, the marker is used to specify the position at which to
draw atangent to the measurement curve. Refer to “Line Drawing” on page 6-9.

» displaying values of data variables
The data variable values at the marker location are displayed.

6-4 Agilent 4155C/4156C User’s Guide Vol.2, Edition 6



Analyzing Measurement Results
Analysis Function

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: ANALY SIS SETUP
screen, the marker moves to the point determined by the expression after auto
analysisis 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 you 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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Analyzing Measurement Results
Analysis Function

Marker on the GRAPH/LIST: LIST screen

Marker on the GRAPH/LIST: LIST screen

GRAPH/LIST: LIST SHORT 93AUGO9 06:18PM
# VF IF
v A
DIRECT
MARKER
1 -10.00000m =4.150000p
2 0.000000 1.150000p “S"QFI"EER
3 10.00000m 3.300000p
R N TG L R TS eI o) S R S N |
5 30.00000m 14.80000p
[3)
-
8
9
| _oir [ 575.00000 A/V [ [ |
SPREAD RE- SWEEP TIMING | |[CONST
SHEET SETUP| |SETUP SETUP SETUP

UGTO2013, 100x80

When marker function is enabled on GRAPH/LIST: LIST screen, a marker
(highlighted row) is displayed.

Marker has following functions on this screen:

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
screen, the marker moves to the row determined by the expression after auto
analysisis performed.

6-6
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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.
e 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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Analyzing Measurement Results
Analysis Function

Cur sor

Cursors are used to specify the position for line drawing or scaling functions on the
GRAPH/LIST: GRAPHICS screen. Refer to “Line Drawing” on page 6-9 and
“Scaling Functions’ on page 6-11.

You can select ashort cursor, whichisacross" +", or along cursor, whichisacross
with long lines.

You can move the cursor anywhere in the plotting area by using arrow keys of the
Marker/Cursor key group.

Cursorson the GRAPH/LIST: GRAPHICS screen

GRAPH/LIST: GRAPHICS SHORT :
93AUGOD 0EIBPM o
CURSOR ( - 751.2530mv 10. 02uA 10.02uA )
OFF
(A
A MARKER
1.00 1.00  |MIN/MAX
INTER-
— POLATE
¢ e OFF
/’_—
=] DIRECT
MARKER/
CURSOR
decode decode
fdiv /div [MARKER
SKIP
AUTO
ANAL Y-
sIs
100.F 100.F
0.000 VEBE (V) 100.m/div -1.00
AXIS i | [LTNE scaLING|  [DISPLAY| [SWEEP | [TIMING | [coNST
v2 | [CRsaR- SETUP | |[SETUP | |SETUP | |SETUP
UGT02003
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Line Drawing

You can draw up to two linesin plotting area on GRAPH/LIST: GRAPHICS screen.
To draw lines, you can select one of following four line modes:

Analyzing Measurement Results
Analysis Function

Normal line mode: can draw aline through two cursors.

cursors I

Grad line mode: can draw aline through a cursor with specified gradient.

cursor

GRAD VALUE=Y/X

G008 20r60

Agilent 4155C/4156C User’s Guide Vol.2, Edition 6

6-9



Analyzing Measurement Results
Analysis Function

e Tangent line mode: can draw tangent line to marker, which is on measurement
curve,

marker _l

—easurement curve

UGDOT03 80460

» Regression line mode: can draw regression line within area specified by two
Cursors.

I_ cursor

¥

| o I— cursor
regression line

UBDOTOK) 5060
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Scaling Functions

You can change the axis scales after plotting the measurement results on the
GRAPH/LIST: GRAPHICS screen. The following scaling functions are provided:

e Autoscaling
Changes X and Y-axis scaling to fit the measurement curve.
e Zoomingin

Changes the scaling to half the present scaling. This enlarges the measurement
curve on the plot area.

* Zooming out

Changesthe scaling to double the present scaling. This reduces the measurement
curve on the plot area.

» Centering at cursor

Centers the display around the cursor at the same resol ution.
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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 screen. Thisis useful for comparing measurement
results.

Overlay Display Information

You can use following information of overlaid curve instead of present information:
* Axisinformation

» Cursor and marker position (X, y1, y2)

» Linex interrupt, y1 interrupt and gradient, y2 interrupt and gradient

» List of the data variables

Adjusting axes

You can use the axis scaling of overlaid plane instead of present scaling.

Automatic Analysis Function

This function can automatically draw up to two lines and position a marker on the
plotting area of the graph screen. You set up this function on the DISPLAY:
ANALY SIS SETUP screen. Thisfunction is performed automatically when:

* measurement finishes.

* AUTO ANALY SIS secondary softkey is pressed.
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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 6-14
“To Specify between Measurement Points on Curve” on page 6-16

“To Display or Move Cursor” on page 6-18

“To Adjust Display Range to Measurement Curve Automatically” on page 6-19
“To Zoom the Display Range” on page 6-19
“To Center Display at Cursor Location” on page 6-20

“To Draw Line through Two Specified Points’ on page 6-20

“To Draw Line through Specified Point with Specified Gradient” on page 6-22
“To Draw Tangent to Specified Point of Measurement Curve”’ on page 6-24
“To Draw Regression Line for Specified Region” on page 6-26

“To Display and Select aLine” on page 6-28

“To Display Grid on the Graph” on page 6-28

“To Change Data Variable on Graph” on page 6-29

“To Change Range of X or Y Axis Scale” on page 6-30

“To Change Variable Assigned to X, Y1, or Y2 Axis’ on page 6-31

“To Overlay an Internal Memory Measurement Curve onto Plotting Area” on
page 6-32

“To Scroll the LIST screen” on page 6-34

“To Display or Move Marker on LIST screen” on page 6-35

“To Change Variables of LIST screen” on page 6-36
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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 ON and OFF.

3. (if both 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 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 (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 fieldsare X, Y1, and Y 2 coordinates, respectively. X and Y 1 indicate
location of marker on Y1 curve. X and Y 2 indicate location of marker on Y 2 curve.

Toturn off markers
Set 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 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 VAR2 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

Manual Analysis

The following figure shows an example to move marker to desired measurement

point and to set the Y 1 axis marker to active.

GRAPH/LIST: GRAPHICS SHORT

MARKER  ( - 751.2530mY 10.00uA 1.0342uA

(

93Aug09 06:18PM

1.00

decode

decode

/div

/div

100.F

VBE (V) 100.m/div

-1.00

MARKER
MIN/MAX

INTER-
POLATE
OFF]

DIRECT
MARKER/
CURSOR

MARKER
SKIP

AUTO
ANALY -
SIS

CURSOR
OFF

DISPLAY
SETUP

SWEEP
SETUP

‘LINE “SCALING‘

TIMING
SETUP

SETUP

CONST

UGT02001
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To Specify between M easurement Pointson 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. (if both 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 Y2.

4. Set INTERPOLATE secondary softkey to ON. Selecting INTERPOLATE
secondary softkey toggles between ON and OFF.

5. Rotate rotary knob to move the marker to desired measurement point.

If both 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 fieldsare X, Y1, and Y 2 coordinates, respectively. X and Y 1 indicate
location of marker on Y1 curve. X and Y 2 indicate location of marker on Y 2 curve.

Toturn 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 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 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.

GRAPH/LIST: GRAPHICS SHORT 93Aug09 06:18PM
MARKER ( - 751.2530mV 10.00uA 1.0342uA )
@)
A MARKER
1.00 1.00 MIN/MAX
l
Ic B ot
//’_—
DIRECT
1 MARKER/
CURSOR
decode decode
/div /div [MARKER
SKIP
AUTO
ANAL Y-
SIS
100.f 100.f |CURSOR
0.000 VBE (V) 100.m/div -1.00 OFF
AXIS M2 1 [LINE SCALING DISPLAY| [SWEEP | [TIMING | [CONST
vz | [er ] SETUP | |SETUP ||SETUP | [SETUP
UGT02002
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To Display or Move Cur sor

1. Select MARKER/CURSOR primary softkey.

2. Set CURSOR secondary softkey to SHORT or LONG. Short or long cursor and
cursor coordinates are displayed. Selecting CURSOR secondary softkey toggles
asfollows:

OFF —» SHORT — LONG —» OFF
3. Movethe cursor by using arrow keys of the MARKER/CURSOR key group.

The CURSOR coordinate fields indicate the location of cursor. Thefirst, second, and
third fieldsare X, Y1, and Y 2 coordinates, respectively.

To move cursor diagonally
Press two adjacent arrow keys of the MARKER/CURSOR key group
simultaneousdly.

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
simultaneously.

Example

The following figure shows an example to display a short cursor.

GRAPH/LIST: GRAPHICS SHORT 93AUGOD 06:18PM

MARKER

CURSOR (- 751.2520mV 10.02uA 10.02vA )

INTER-
POLATE
OFF.

A~
100. f

©.000 VBE (V) 100.m/civ

‘AXIS H-'vw/xr«m-'l-Huw: H‘Z(,/\LZN?‘ ‘DI:}F’L/\Y ‘::;w::z
Yz

CONST
CUREOR SETUP SETUP

SETUP

TIMING
SETUP

UGT02003
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To Adjust Display Range to M easurement 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 areathat you want to zoom. (For details about
displaying and moving cursor, see “ To Display or Move Cursor” on page 6-18.)

2. Select SCALING primary softkey.
3. Select:

e« ZOOM IN secondary softkey to changethe X and Y scaling to half the
present scaling. This enlarges measurement curve on the plot area.

e ZOOM OUT secondary softkey to changethe X and Y scaling to double the
present scaling. This reduces measurement curve on the plot area.

« TheX andY scaling is changed, and cursor is moved to the center of the
plotting area.

If no cursor is displayed before step 3, performing step 3 displays along cursor at
the center of the plotting area, then zoom is performed.

Toreturntooriginal scaling

Select CANCEL SCALING secondary softkey.
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To Center Display at Cursor L ocation

1. Position cursor at the point where you want to center the plotting area. (For
details about displaying and moving cursor, see“ To Display or Move Cursor” on
page 6-18.)

2. Select SCALING primary softkey.

3. (if both 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 areais centered
around the cursor location.

If no cursor is displayed before step 4, performing step 4 displays along cursor at
the center of the plotting area.

Toreturn plotting areato original position
Select CANCEL SCALING secondary softkey.

To Draw Linethrough 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:

OFF - 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, turn off by pressing the softkey.

4. Move cursorsto 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 seems that only one cursor is displayed, the cursors are at the same location.

When lines are displayed and when ONisset inthe 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 thelineintercept 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 aline through two specified points.
GRAPH/LIST: GRAPHICS SHORT 93AUgO9 06:18PM “RsoR
CURSOR ( - 3.572000v 289.23uA )

(mA)
2.00

Intrept 7*Z

-1).421

Grad T
541.61u GRAD
MODE

OFF
200u

/div TANGENT

MODE
OFF
REGRESS

]/ MODE
OFF
7 Ingrept |: 2.98976

000 — — SELECT
0.000 o (V) 1.00/div 10.00 CURSORi

CONST
SETUP

MARKER/|T

4 [SCALING DISPLAY
CURSOR

SWEEP TIMING
SETUP

SETUP SETUP

UGT02004
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To Draw Linethrough Specified Point with Specified
Gradient

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:

OFF - ON —» OFF

4. Select GRAD MODE secondary softkey if it is not highlighted. Softkey
becomes highlighted. One cursor disappears (if there are two cursorsin the
plotting area before this step). Selecting GRAD MODE secondary softkey
toggles between highlighted and not highlighted.

5. Movethe 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 displayed and when ONisset inthe 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 thelineintercept 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.
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Example

The following figure shows an example to draw aline through specified point with
specified gradient.

GRAPH/LIST: GRAPHIC SHORT .
S S 93Aug09 06:18PM CURSOR
CURSOR (- 3.572000V 289.23UA ) To
MARKER
(mA)
2.00
Intrept
-1].421
1
Grad
521.61u
200u
fdiv TANGENT
MODE
OFF
REGRESS
% MODE
OFF
L1/ 1 t|: 2.peove
0.00 — opree
0.000 o (V) 1.00/div 10.00
MARKER /| [LINE SCALING DISPLAY| [ SWEEP TIMING | |CONST
CURSOR | | SETUP SETUP | [SETUP SETUP
UGT02005
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To Draw Tangent to Specified Point of M easurement
Curve

1. PressLINE 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.

5. Move marker to the desired measurement point by rotating rotary knob.

When lines are displayed and when ONisset inthe 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 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 thelineintercept 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 6-16.
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Example

The following figure shows an example to draw atangent to a specified
measurement point.

GRAPH/LIST: GRAPHICS SHORT 93Aug09 06:18PM
4o CURSOR
To
MARKER (- 3.572000V 289 23uA )
(mA)
2.00
Intrept
-1].421
1
Grad
521.614]
200u y
rdiv
REGRESS
4 MODE
OFF
L/ intrept|: 2.peove
0.00 = MARKER
0.000 WV 1.00/div 10.00 SKIP
MARKER/| -] [SCALING|  [DISPLAY| [SWEEP | [TIMING | [CONST
CURSOR ] SETUP | [sETUP | [SETUP | [SETUP
UGT02006
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To Draw Regression Linefor Specified Region

1

Select MARKER/CURSOR primary softkey, then set the MARKER secondary
softkey to ON.

Select the desired axis for regression calculation by selecting AXIS primary
softkey (if both Y1 and Y 2 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.

5. Set LINE secondary softkey to ON. A line and two cursors are displayed.

Selecting LINE secondary softkey toggles as follows:
OFF —» ON —» OFF

Select REGRESS MODE secondary softkey if it is not highlighted. Softkey
becomes highlighted. Selecting REGRESS M ODE secondary softkey toggles
between highlighted and not highlighted.

Move cursors to specify range of regression calculation. (Use arrow keys of the
MARKER/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.

cursors
(mA) /
2.00
the range of
regression
B calculation
///
B e
200u o
Idiv
I
0.00 — / ‘
0.000 VD (V) 1.00/div 10.00

UGT02007
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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 ONis 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 plotting area.

To turn off thelineintercept 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 aregression line for the specified
region.

GRAPH/LIST: GRAPHICS SHORT 93Aug09 06:18PM

CLRSOR (- 3.572000V 289.23uA )
MARKER  ( - 3.572000V 289.23uA ) MARKER

CURSOR
TO

(mA)
2.00

Intrept
-1].421

Grad
521 .61y

200u
/div

| "1/ 1ntrept|: 2.psove
0.00 SELECT

0.000 Voo (V) 1.00/div 10.00 CURSOR

1

MARKER/
CURSCR

“1 | SCALING DISPLAY| | SWEEP TIMING CONST
SETUP SETWP SETUP SETUP

UGT02008
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To Display and Select aLine

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. 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 lineis
highlighted.
To select lineto 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 aso
changes the following:

* |ocations of marker and cursors

e X andY 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 softkey 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. Movethe 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.

MARKER  (

(mA)

GRAPH/LIST: GRAPHICS

-~ 3.572000V

R

SHORT

289.23uA
590.1us

93Aug09 06:18PM

)

2.00

I3

14

200u
/div

0.00

GM

0.000 VDo (V)

1.00/div

Q@INDEX

MORE

3/3

‘EXIT H

“CANCEL

UGT02009
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To Change Range of X or Y Axis Scale

L
2.
3.

4.

Select DISPLAY SETUP primary softkey.
Select RE-SETUP GRAPH secondary softkey.

Move pointer to maximum or minimum valuefield of X or Y axis scale by using
the arrow keys, then edit the setup value by using ENTRY keys or rotary knob.

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 Y 1 axis.

GRAPH/LIST: GRAPHICS SHORT 93Aug09 06:18PM

decode

decode

/div

/div

100.f

100.f

0.000

1.00

VBE (V) 100.m/div -1.00

‘EXIT H

J N o N N N 1

UGT02010
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To Change Variable Assigned to X, Y1, or Y2 Axis

1. Select DISPLAY SETUP primary softkey.
2. Select RE-SETUP GRAPH secondary softkey.

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 GRAPH 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.

GRAPH/LIST: GRAPHICS SHORT 93AUg09 06:18PM

Vs

(mA) VG

2.00

VD

VSB

0.000 VooV ) 1.00/div 10.00
1

G N | N N N |

UGTO20M
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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 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 area. Selecting
OVERLAY PLANE secondary softkey toggles as follows:

OFF > 1 >2 >3 > 4 > OFF

To display 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.

* axisnames and axis scales
» cursor and marker coordinates, line x-, y1-, y2-interrupt and gradient
* datavariables

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.

GRAPH/LIST: GRAPHICS SHORT 93Aug09 06:18PM

(mA)
2.00

Overlay Megsurement Cupve

I

Presept Clirve

200u
/div

DATA
VAR
OFF

LINE
PRMTRS

SHOW
OVERLAY
INFO
//
0.00 i — SCALE
‘ TO
0.000 VooV ) 1.00/div 10.00 OVERL AY
MARKER / [SCALING| [DISPLAY| [sweep | [TIMING | [CONST
CURSOR ; SETWP | |sETwP | |sETw | [SETUP

UGT02012, 100%80
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To Scroll theLIST screen

e Pressan arrow key of the MARKER/CURSOR key group. List scrollsin
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

PressFast 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 softkey 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 movesto 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.
GRAPH/LIST: LIST SHORT 93AugQ9 06:18PM
# VF IF
s A
DIRECT
MARKER

1 -10.00000m -4.150000p TARER

2 0.000000
1.150000p SKIP

3 10.00000m 3.300000p

S e R e e ) R s

5 30.00000m 14.80000p)|

(<]

7

g

9

N [ 575.0000p A/V [ [ ]

SPREAD RE- SWEEP TIMING CONST
SHEET SETUP| |[SETUP SETUP SETUP

UGTOZ013, 100x80

Agilent 4155C/4156C User’s Guide Vol.2, Edition 6 6-35



Analyzing Measurement Results
Manual Analysis

To Change Variablesof LI1ST screen
1. Select RE-SETUP primary softkey.

2. Move pointer to desired column variable or data variable field by using arrow
keys, then select secondary softkey of desired variable.

3. Select EXIT primary softkey to exit RE-SETUP LIST mode.

To exit without changing L1ST variables
Select CANCEL primary softkey.

Example

The following figure shows an example to change the LIST variables.

GRAPH/LIST: LIST SHORT 93AUg09 06:18PM
MARKER
ON
# VF IF
\ A
DIRECT
1 -10.00000n -4.150000p MARKER
2 0.000000 1.150000,
A D0 3SR h 0y
4 20.00000m &.650000p MARKER
5 30.00000m 14.80000p SKIP
6
7
8
9
[ oiF [ 575.0000p A/V
B
SPREAD RE- SWEEP TIMING | [CONST
SHEET SETUP| |SETUP SETUP SETUP

UGTOZ014, 100x80
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Automatic Analysis

You set up automatic analysis before the measurement by using the DISPLAY:
ANALY SIS 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:

» “ToDraw Line by Specifying Two Points’ on page 6-38

» “ToDraw Line by Specifying Gradient and One Point” on page 6-40
» “To Draw Tangent to Specified Measurement Point” on page 6-42

» “To Draw Regression Line by Specifying Two Points’ on page 6-44
» “ToDisplay Marker at Specified Point” on page 6-47

Execution Timing of the Automatic Analysis Function
You set up automatic analysis on the DISPLAY: ANALY SIS SETUP screen.

Automatic analysis function is executed:

» after ameasurement is executed by Single or Append front-panel key.
» when the sop 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 after 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 automatic analysis function on the DISPLAY:
ANALY SIS 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 LINEL.
2. Automatic line drawing for LINE2.

3. Automatic marker positioning.
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To Draw Line by Specifying Two Points

1
2.

Press Display front-panel key.

Confirm that ONis 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.

Infield (1), select NORMAL secondary softkey.
Infield (2), select secondary softkey to specify desired axis.
Infield (3), select:

e 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. IntheY field, enter desired expression to specify Y coordinate.
c. Gotostep8.

If you selected BY DATA CONDITION secondary softkey:

a. Infield (4), select secondary softkey to set desired data variable name.
b. Infield (5), enter desired expression.

c. Infield (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
variableinfield (7).

e. If you 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. 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 Chapter 8.

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 aline through
two specified points. One point is specified by X-Y coordinate mode and other point
is specified by data condition mode.

(1 /(2) (3)

DISPLAY : ANALYSIS Sijyp o3JuLz2 11:3j5M

7

*LINEZL : [NORMAL 4 1 line on [Y1] between a point [AT

X0 (4) (5)

Y:[o / /

and a peint [%pERE]

[vCE ] [10
[AFTER] [VCE
A

]
]
]
]
o

$INE2: [/ 1/
/// /// ///
(6) (7 (8)

*MARKER: At a point where
[ ]

#*Interpolate: [OFF]

MAX (VCE)

‘DISPLAV
SETUP

PREV NEXT
PAGE PAGE

UGT 0?7015
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To Draw Line by Specifying Gradient and One Point

1. PressDisplay front-panel key.

2. Confirm that ONis set on the LINE secondary softkey on the GRAPH/LIST:
GRAPHICS screen.

3. Select ANLY SIS SETUP primary softkey. The DISPLAY: ANALY SIS SETUP
screen is displayed.

4. Infield (1), select GRAD secondary softkey.
5. Infield (2), select secondary softkey to specify desired axis.
6. Infield (3), select:

e 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.)

7. 1f you selected BY X-Y COORDINATE secondary softkey:

a. Inthe X field, enter desired expression to specify X coordinate.
b. IntheY field, enter desired expression to specify Y coordinate.
c. Gotostep8.

8. If you selected BY DATA CONDITION secondary softkey:

a. Infield (4), select secondary softkey to set desired data variable name.
b. Infield (5), enter desired expression.

c. Infield (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
variableinfield (7).

e. If you selected AFTER, enter desired expression in field (8).

9. Inthe Gradient field, enter gradient expression.
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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 Chapter 8.

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 aline through
the specified point with the specified gradient.

4 N (5) (2) (3)
DISPLAY: ANALYZIS S?}g / 93JuLz2 11:3‘2y/
%LINEl)‘(GRAD 4 ]/fime on [Y1] at a point [WHI:[RE]
[DGM ] = [MAX(DGM)*0.01 ]  —
[AFTER] [PGM ] = [MAX(DGM) ]
Gr dienﬁ/fﬁ; - 1

6 o (8) ’:

*LINEZ2: [ ]

*MARKER: At a point where
[ ]

*Interpolate: [OFF]

0.5
‘DISPLAV‘ AUTE ] ‘ ‘ ‘ | ‘ | ‘ |DREv ‘ ‘NEXT ‘
SETUP | [AH ] PAGE PAGE

UGT02016
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To Draw Tangent to Specified M easurement Point

1. PressDisplay front-panel key.

2. Confirm that ONis set on the LINE secondary softkey on the GRAPH/LIST:
GRAPHICS screen.

3. Select ANLY SIS SETUP primary softkey. The DISPLAY: ANALY SIS SETUP
screen is displayed.

Infield (1), select TANGENT secondary softkey.

Infield (2), select secondary softkey to specify desired axis.

Infield (3), select secondary softkey to select desired data variable name.
Infield (4), enter desired expression.

Infield (5), select:

© N o 0o b

* 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. If you selected AFTER, select secondary softkey to enter desired datavariablein
field (6).

10. If you selected 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
used.

For the meaning of expression that you can enter in step 6 and 9, see Chapter 8.

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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Thefollowing figure shows an example setup to automatically draw atangent lineto

a specified measurement point.

@ o @

(2)

DISPLAY: ANALYZIS SET%

93JUL22 11:32AM

5
XLINE){:[T/-\NOEQT ﬂ/line on [Y1]

at a point where

[DBM ] — [MAX(DGM)*0.01 ]
[AFTER] [DGM e
4
/ /
(5) (6) 7
*LINE2: [ ]

*MARKER: At a point where
[ ]

*Interpolate: |OFF]

MAX(DCM)
‘DISPLAV‘ .;'.A;QT o ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘DREV ‘ ‘NEXT ‘
SETLP | [k PAGE PAGE

UGTO?017
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To Draw Regression Line by Specifying Two Points

1
2.

Press Display front-panel key.

Confirm that ONis 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.

Infield (1), select REGRESSION secondary softkey.
Infield (2), select secondary softkey to specify desired axis.
Infield (3), select:

e 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. IntheY field, enter desired expression to specify Y coordinate.
c. Gotostep8.

If you selected BY DATA CONDITION secondary softkey:

a. Infield (4), select secondary softkey to set desired data variable name.
b. Infield (5), enter desired expression.

c. Infield (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
variableinfield (7).

e. If you selected AFTER, enter desired expression in field (8).
Specify the other point by step 5, then step 6 or 7.
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Regression calculation is performed in the range defined by the two specified points
as shown in the following figure.

specified two points
(mA) /\\

2.00

the range of
regression
calculation

200u
Jdiv

0.00

0.000 VD (V) 1.00/div 10.00
UaT02018

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 and 7, see Chapter 8.

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

The following figure shows an example setup to automatically draw aregression
line. Therange for the regression calculation is specified by two points. One point is
specified by X-Y coordinate mode and other point is specified by data condition
mode.

}2) (3)

U
DISPLAY: ANALYSIS SE})X / 93JU 22 11:3A2y/

%LINEl:[REGRESS{ON] line on [;1] between a point [AT’ ]
X: [0 ]
Y: [0 (@) (8) ]

and a}dim [VngE]

[vee™ ] = [10 .]

[AFTER] [VCE
4
INE2: [ ] P
© @ @

*MARKER: At a point where
[ I

*Interpolate: [OFF]

MAX (VCE)
‘DISDLAV‘k PREV ‘NEXT
SETUP g PAGE PAGE

UGT02019
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To Display Marker at Specified Point

7.

Press Display front-panel key.

Select ANLY SIS SETUP primary softkey. The DISPLAY: ANALY SIS SETUP
screen is displayed.

Move pointer to field (1), then select secondary softkey to set desired data
variable name.

Infield (2), enter desired expression.

Infield (3), 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.

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 Chapter 8.

To specify a point between two measurement points
Set Interpolate field to ON.
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Example

The following figure shows an example setup to automatically display marker at

specified point.

DISPLAY: ANALYSIS SETUP

93JuL22 11:32AM

*LINE1

[REGRESSION]

line on [Y1] between a point [AT ]

LINEZ: [

4] (2)
*MARKERY At i h
[VCEF)( ] : FS.IT/W o
[AFTER] [VCE

¥interpolate: [OFF]

(3) (5)
MAX(VCE)
DISPLAY A PREV NEXT
SETUP | [4 PAGE PAGE
UGT02020
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Measurement Units and Functions

This chapter explains measurement units and measurement functions of the Agilent
4155C/4156C Semiconductor Parameter Analyzer and Agilent 41501A/B Expander.

* “Measurement Units’

* “Compliance”

» “Measurement Ranging Mode”
*  “Measurement Time”

e “SMU Filter”

» “Sef-calibration”

» “Zero Offset Cancel”

e “QSCV Zero Offset Cancel”

*  “Operation States’

e “Output Sequence”

* “Measurement Sequence”
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Figure 7-1

Measurement Units and Functions
Measurement Units

M easurement Units

The 4155C/4156C and 41501A/B have the measurement units listed below. This
section explains source and measurement functions of the measurement units.

“GNDU - Ground Unit”

“SMU - Source Monitor Unit”
“V SU - Voltage Source Unit”
“VMU - Voltage Monitor Unit”
“PGU - Pulse Generator Unit”

GNDU - Ground Unit

GNDU isa 0V constant voltage source, and used for the reference of the
measurement ground. Also GNDU can sink upto+1.6 A, so it is effective for using
the HPSMU (high power SMU). Figure 7-1 shows a simplified circuit diagram of
GNDU.

The GNDU isinstalled in the 41501A/B Expander.

Simplified GNDU Circuit Diagram

i \ — “GNDU
| Output Switch “FORCE
oV
N\ /
V
COMMON

UGD02001
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SMU - Source Monitor Unit

SMU can force a constant voltage, constant current, pulse voltage, or pulse current,
and can measure adc current or dc voltage. Only one SMU can be set to pulsed
source.

Figure 7-2 shows a simplified SMU circuit diagram. SMU has the following three
modes:

» voltage source and current monitor mode (V source and | monitor mode)
e current source and voltage monitor mode (I source and V monitor mode)

e source common mode

Figure 7-2 Simplified SMU Circuit Diagram

+ - V Source Mode
H—®)
! Na ‘
tput Swite )
Output Switch MU

3 o—0——<
o \FORCE
! @

\/
v | Source Mode
Iy

COMMON
4+

UGD02002
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Type of SMUs
Following three types of SMUs are available:

*  HRSMU (high resolution SMU)

Only for the 4156C. The 4156C has four HRSMUs.

Force and measure: up to £100 V or £100 mA.

Maximum output power: 2 W.

Minimum current measurement range: 10 pA with 1 fA resolution.

Output and measurement ranges. see “HRSMU - High Resolution SMU” on
page 7-6.

Kelvin connection is available.

e MPSMU (medium power SMU)

The 4155C has four MPSMUs, and the 41501A/B option 420 or 422 hastwo
MPSMUs.

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

Output and measurement ranges: see “MPSMU - Medium Power SMU” on
page 7-9.

*  HPSMU (high power SMU)

Only for the 41501A/B. The 41501A/B option 410 or 412 has one HPSMU.
Force and measure: up to £200V or £1 A.
Maximum output power: 20 W.

Output and measurement ranges: see “HPSMU - High Power SMU” on page
7-12.

Kelvin connection is available.

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 current
compliance. When the SMU forces current, you can specify voltage compliance.

For details about the compliance setting range and resol ution, see “Compliance” on
page 7-23.
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HRSMU - High Resolution SMU

Figure 7-3 HRSMU Output and M easurement Ranges
Current [mA]
100
50
20
Voltage [V]
-100 40 20 0 20 40 100
=201
-50
100
UGR02003
Table 7-1 HRSM U Output Voltage Ranges and Resolutions
Current
Range Output Value Outpgt Compliance
Resolution
Range
2V 0< V| 2V 100 pVv +100 mA
20V 0< V| 20V 1mv +100 mA
0V 0< |V|< 40V 2mv 150 mA
100V 0< [V[< 100V 5mv +20 mA
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Table 7-2 HRSMU M easurement Voltage Values and Resolutions
M easur ement Resolutions P
M easurement i i .
Range . Integration Time High Speed
Value Sampling
1PLC or 640 psto 80 LS t0 560 US c
L onger 1.92ms K HS 1 Measurement
2V 0< V| 22V 2uVv 20 nv 200 pv 2mv
20V 0< V|< 22V 20 pv 200 pV 2mv 20 mV
4V 0< V|< 44V 40 pv 400 puV 4mv 40 mv
100V 0< |V|< 100V 100 pVv 1mVv 10 mv 100 mV

a. Thiscolumn 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 usto 560 ps.
c. Thiscolumnis applied to the sampling measurement that initial interval is set to 480 us or shorter.

Table 7-3

HRSMU Output Current Ranges and Resolutions

Output V"“?‘ge

Range Output Value Resolution Compliance
Range
10 pA 0< |I|< 10pA 10 fA +100V
100 pA 0< |I|< 100 pA 10fA +100V
1nA 0< |l]£ 1nA 100 fA +100V
10nA 0< |lj< 10nA 1pA +100V
100 nA 0< |I|< 100nA 10 pA +100V
1pA 0< |I|< 1pA 100 pA +100V
10 pA 0< |l]< 10pA 1nA +100V
100 pA 0< |I]< 100 uA 10 nA +100V
1mA 0< I|€ 1mA 100 nA +100V
10 mA 0< |Ij< 10mA 1puA +100V
100 mA 0< |I|< 20mA 10 pA +100V
20mA < [I| < 50 mA 10 pA +40V
50 mA < |I| < 100 mA 10 A 20V
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Table 7-4 HRSM U Measurement Current Values and Resolutions
M easurement Resolutions
Range Me?/:;jzem Integration Time Hslgrl;sﬁszd
1:’LC or 640 psto 1.92 801St0560 1S | M easurement ©
onger ms
10 pA 0< |lJ< 10.5pA 1fA 1fA 1fA 10fA
100 pA 0< |l|< 115pA 1A 1A 10fA 100 fA
1nA 0< |lJ< 1.15nA 10fA 10fA 100 fA 1pA
10 nA 0< |I|< 11.5nA 10fA 100 fA 1pA 10 pA
100 nA 0< |l|< 115nA 100 fA 1pA 10 pA 100 pA
1pA 0< |I|< 1L15pA 1pA 10 pA 100 pA 1nA
10 pA 0< |I|< 11.5pA 10 pA 100 pA 1nA 10 nA
100 pA 0< |I|< 115pA 100 pA 1nA 10 nA 100 nA
1mA 0< < 1L15mA 1nA 10 nA 100 nA 1pA
10 mA 0< I 11.5mA 10 nA 100 nA 1pA 10 pA
100 mA 0< |I]< 100 mA 100 nA 1pA 10 pA 100 pA

a. Thiscolumn 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 psto 560 ps.

¢. Thiscolumn is applied to the sampling measurement that initial interval is set to 480 ps or shorter.
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Figure 7-4

Table 7-5

Measurement Units and Functions
Measurement Units

MPSMU - Medium Power SMU

MPSMU Output and M easurement Ranges

Current [mA|
100

Voltage [V]

-100

-50

100

UGD02004

MPSMU Output Voltage Ranges and Resolutions

Outout Current

Range Output Value pu Compliance

Resolution

Range
2V 0< V| 2V 100 pnVv +100 mA
20V 0< V| 20V 1mv +100 mA
0V 0< |V|< 40V 2mv 50 mA
100V 0< V| 100V 5mV +20 mA
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Table 7-6 MPSMU M easurement Voltage Values and Resolutions
M easur ement Resolutions P
M easurement i i .
Range . Integration Time High Speed
Value Sampling
1PLC or 640 psto 1.92 80 LS t0 560 US c
L onger ms H n M easurement
2V 0< V| 22V anv 20 uv 200 pv 2mv
20V 0< V|< 22V 20 pv 200 pV 2mv 20 mV
4V 0< V|< 44V 40 pv 400 puV 4mv 40 mv
100V 0< |V|< 100V 100 pVv 1mVv 10 mv 100 mV

a. Thiscolumn 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 usto 560 ps.

c. Thiscolumnis applied to the sampling measurement that initial interval is set to 480 us or shorter.

Table 7-7 MPSMU Output Current Ranges and Resolutions
Range Output Value Reosltj)rstLiI:)n C(:/n?:)tﬁlgr?ce
Range
1nA 0< JI|< 1nA 100 fA +100V
10nA 0< |I|< 10nA 1pA 100V
100 nA 0< |I|£ 100nA 10 pA +100V
1pA 0< I 1pA 100 pA +100V
10 pA 0< |I|< 10pA 1nA 100V
100 pA 0< |I|< 100 pA 10 nA 100V
1mA 0< JI|< 1mA 100 nA +100V
10 mA 0< |I|< 10mA 1pA 100V
100 mA 0< |I|€£ 20mA 10 uA +100V
20mA < |I| < 50 mA 10 pA +40V
50mA < [I| < 100 mA 10 pA +20V
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Table 7-8 MPSMU M easurement Current Values and Resolutions
M easurement Resolutions
Range Me?/:;jzem Integration Time Hslgrl;sﬁszd
1:’LC or 640 psto 1.92 80uSt0560 1S | M easurement©
onger ms

1nA 0< |IJ< 1.15nA 10fA 10fA 100 fA 1pA

10 nA 0< |I|< 11.5nA 10fA 100 fA 1pA 10 pA
100 nA 0< |l|< 115nA 100 fA 1pA 10 pA 100 pA

1pA 0< |I|< 1L15pA 1pA 10 pA 100 pA 1nA

10 pA 0< |I|< 11.5pA 10 pA 100 pA 1nA 10 nA
100 pA 0< |I]< 115pA 100 pA 1nA 10 nA 100 nA

1mA 0< < 1L.15mA 1nA 10 nA 100 nA 1pA
10mA 0< |l 11.5mA 10 nA 100 nA 1uA 10 uA
100 mA 0< |I]< 100 mA 100 nA 1pA 10 pA 100 pA

a. Thiscolumn 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 psto 560 ps.

¢. Thiscolumn is applied to the sampling measurement that initial interval is set to 480 ps or shorter.
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HPSMU - High Power SMU

Figure 7-5 HPSMU Output and M easurement Ranges

Current [mA]
1000

0 Voltage [V]

4020 200
Bl I
~125

-1000

UGD02005

Table 7-9 HPSMU Output Voltage Ranges and Resolutions
Outout Current
Range Output Value pu Compliance
Resolution
Range
2V 0< V| 2V 100 pVv +1000 mA
20V 0< V| 20V 1mv +1000 mA
0V 0< V| 40V 2mv +500 mA
100 V 0< |V|< 100V 5mV +125 mA
200V 0< |V|< 200V 10 mv +50 mA
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Table 7-10 HPSMU M easurement Voltage Values and Resolutions
M easurement Resolutions®?
M easurement i i .
Range . Integration Time High Speed
Value Sampling
1PLC or 640 psto 1.92 80 LS t0 560 US c
L onger ms H n M easurement
2V 0< V|22V 2V 20 uv 200 pv 2mv
20V 0< V|< 22V 20 pVv 200 pV 2mv 20 mV
40V 0< V|< 44V 40 pv 400 pV 4mv 40 mv
100V 0< V| 110V 100 pVv 1mv 10 mv 100 mV
200V 0< |V|< 200V 200 pVv 2mv 20 mv 200 mV

a. Thiscolumn 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 psto 560 ps.
¢. Thiscolumn is applied to the sampling measurement that initial interval is set to 480 ps or shorter.

Table 7-11

HPSMU Output Current Ranges and Resolutions

Output Voltgge

Range Output Value Resolution Compliance
Range
1nA 0< |I|< 1nA 100 fA 200V
10 nA 0< |I|< 10nA 1pA +200V
100 nA 0< |I|< 100 nA 10 pA 200V
1pA 0< |I|< 1pA 100 pA +200V
10 pA 0< |I|< 10pA 1nA 200V
100 pA 0< |I|< 100 pA 10 nA +200V
1mA 0< |I|< 1mA 100 nA 200V
10 mA 0< |I|< 10mA 1pA +200V
100 mA 0< |I|< 50 A 10 pA 200V
50 mA < |I| < 100 mA 10 pA 100V
1A 0<|l|< 50mA 100 pA 200V
50mA < |I| < 125 mA 100 pA 100V
125 mA < |I| £ 500 mA 100 pA +40V
500mA <|l|< 1A 100 pA 20V
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Table 7-12 HPSMU M easurement Current Values and Resolutions
M easurement Resolutions?
Range M easurement Value Integration Time Hslgz]slpeed
pling
o | o0 | sosmus | ygmrennt

1nA 0< |IJ< 1.15nA 10fA 10fA 100 fA 1pA
10 nA 0< |I|< 11.5nA 10 fA 100 fA 1pA 10 pA
100 nA 0< |I|< 115nA 100 fA 1pA 10 pA 100 pA

1pA 0< |I|< 1L15pA 1pA 10 pA 100 pA 1nA
10 pA 0< |I|< 11.5puA 10 pA 100 pA 1nA 10 nA
100 pA 0< |I|< 115 pA 100 pA 1nA 10 nA 100 nA

1mA 0< < 1L.15mA 1nA 10 nA 100 nA 1pA
10 mA 0< |l 11.5mA 10nA 100 nA 1pA 10 pA
100 mA 0< |I|< 50mA 100 nA 1pA 10 pA 100 pA
50 mA <|I| < 115mA 100 nA 1pA 10 A 100 pA

1A 0< I|< 1A 1pA 10 pA 100 pA 1mA

a. Thiscolumn 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 psto 560 ps.

¢. Thiscolumn is applied to the sampling measurement that initial interval is set to 480 ps or shorter.

7-14 Agilent 4155C/4156C User’s Guide Vol.2, Edition 6




Measurement Units and Functions
Measurement Units

SMU Pulse Output

When SMU is pulsed source, set pulse parametersin following ranges:
Pulse width 0.5 msto 100 ms, 100 us resolution

Pulse Period 5msto 1s, 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 pul se 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.

e Multi-channel measurement is set.

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

e Current Compliance

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

NN NN NN NN NN N NN
[ A ] \\\\ \\\\ \\\ \\\\\ \\ \\ \\\ \\ \\ \\\\\\\
AN . N\ N
S oeomeliance range SN\
\\ AN \\ SN \\\ N\
OO N NN NN NN Y
D0u PR
ZUH SOAY
\\ N . \\\\ \\\/
| N AN /V
OOy
\ NNV
OO\ N/
O\ \>/
” N\ N\,
21
-
0 ? 20 ., UeDozg
Vpa]
O<|Vppl<2V [I]>2nA
7<|Vp-s|<20V [1]>11=-6 % Vo-p|-222=-6
20 <|Vpp | | |>20.4
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» Voltage Compliance

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

* When|l| < 10 uA, voltage compliance must be 2 V or less.

« When|l| > 10 A, voltage compliance ranges are same asin tables on
previous pages.

where, meaning of | depends on the pulse output mode. See below:

If SMU ispulsed constant source  peak or base value, whichever has larger
absolute value.

If SMU is pulsed sweep source start or stop value, whichever has larger
absolute value.
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VSU - Voltage Source Unit
Figure 7-6 shows a simplified VSU circuit diagram.

Figure 7-6 Simplified VSU Circuit Diagram
Voltage Source
[ —__/Vsu
I ‘ \C)Ui
Output Switch
WV,
y
COMMON
UGD02006

e VSU canforceup to £20 V with 1 mV resolution.
» Only range available is 20 V range, so output rangeis automatically set to 20 V.

e Current compliance is automatically set to +100 mA.
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Figure 7-7

NOTE

Measurement Units and Functions
Measurement Units

VMU - Voltage Monitor Unit

The VMU has two measurement modes. grounded or differential. Grounded mode
uses one VMU. Differential mode uses two VMUSs.

Figure 7-7 isasimplified VMU circuit diagram. The VMU can measure up to 20 V.
Table 7-13 shows the voltage measurement range of the VMU.

Simplified VMU Circuit Diagram

- + Grounded Mode
W) oSV

Output Switch IN
Differential Mode

+

Differential Mode

— VMU2

o o—
Output Switch IN

Grounded Mode

COMMON

UGD02007

High Impedance DUT

A very high-impedance DUT may cause measurement error owing to the input
leakage current from the VMU.

To check the measurement error, perform voltage measurement as follows:
1. Connect the SMU to the DUT.
2. Forcevery low current (under 1 pA) to the DUT from the SMU.
3. Measure voltage with the SMU.
4. Compare the voltage measured with the SMU and the VMU.
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Table 7-13 VMU Voltage Ranges and Resolutions
M easurement Resolutions”
M easurement Range? Integration Time High Speed
Mode Sampling
1PLC or 640 psto 1.92 80 LS t0 560 US c
Longer ms H H M easurement
Grounded 2V 2uVv 20 uv 200 pv 2mv
Measurement
20V 20 pv 200 pv 2mv 20 mv
Differentia 02V 0.2 uv 2uVv 20 uv 200 pv
Measurement 2V 2uv 20 uv 200 pV 2mv

a For knob sweep measurement, only the 20 V range for Grounded mode and 2 V range for Differential
mode are available.
b. Measurement resolution depends on the integration time setting. For Knob sweep measurement, itis2 mV
for Grounded mode, or 200 nV for Differentia mode.
¢. This column applies to the sampling measurement where initial interval is set to 480 psor less.
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Figure 7-8

Table 7-14

Measurement Units and Functions
Measurement Units

PGU - Pulse Generator Unit

Two PGUs (pulse generator units) are available, which arein the 41501A/B
Expander. Each PGU provides a pulsed output, and can also function as adc source.
Figure 7-8 shows a simplified PGU circuit diagram.

Simplified PGU Circuit Diagram

Output Impedance : 50 ohm
SN PGU
(I A\/ /’A\/ 4

o
—Sout
Output Switch

5

Outout Impedance * Low
COMMON Output Impedance : Low

UGD02008, 118x50

When you 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 pul se parameter. For more details, open Help screen, or
refer to Setup Screen Reference manual.
Pulse Base and Peak

Table 7-14 shows the peak and base setting ranges and resolutions. PGU output
value is defined to be the value that is output if the PGU output terminal is open.

PGU Setting Ranges and Resolutions

Range Peak Setting Base Setting Resolution Maximum

g Value? Value Current P
20V 0< V| 20V | 0< V|< 20V 4mv +100 mA
40V 0< [V|< 40V | 0< |V|< 40V 8mV +100 mA

a. Maximum peak-to-peak voltageis40 V.
b. If pulsewidth < 1 ms, pulseduty is< 50 %, and average current output is
< +100 mA, the peak current output can be up to £200 mA.

7-20
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Table 7-15

Measurement Units and Functions
Measurement Units

Output Impedance

For the PGU pulsed outputs, you must select the PGU output impedance from 50 Q
and L ow impedance (approx. 0 Q). And PGU output value is defined to be the value
that is output if the PGU output terminal is open.

So, when aload is connected and PGU impedance is set to 50 O, the actual output
value will be different. For example, if connected load is 50 Q, specified PGU
output impedance is 50 Q, and specified output valueis 2 V, the PGU outputs 1 V.

If the impedance of the load connected to the PGU is not 50 Q or low impedance,
the average output current may exceed +100 mA. If so, awarning message is

displayed.
Pulse Count

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

Pulse Period, Width, Delay Time

Each parameter has six setting ranges as shown in Table 7-15. The period, 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.

Ranges of Pulse Period, Pulse Width and Delay Time

Range Pulse Period Pulse Width Delay Time? Resolution
1 2.0 usto 100.0 pus 1.0 usto 99.9 us 0t0100.0 us 0.1us
2 100 psto 1000 ps 1 psto 999 us 0to 1000 pus lps
3 1.00msto10.00ms | 0.01msto9.99ms | 0Oto10.00 ms 10 us
4 10.0msto100.0ms | 0.1 msto99.9 ms 0to 100.0 ms 100 us
5 100 msto 1000 ms 1 msto 999 ms 0to 1000 ms 1ms
6 1.00st010.00 s 0.01st09.99s 0t010.00s 10 ms

a. Thesetting range of delay timeis0 < delay time < specified pulse period.
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Leading Edge and Trailing Edge Transition Time

The leading-edge and trailing-edge transition times have five setting ranges as
shown in Table 7-16.

Table 7-16 Ranges and Resolutions of Leading and Trailing Transition Time
Range Leading and Trailing Transition Time Resolution
1 100 nsto 1000 ns 1ns
2 0.50 pusto 10.00 us 10ns
3 5.0 usto 100.0 ps 100 ns
4 50 psto 1000 ps lps
5 0.5msto 10.00 ms 10 us
where,

» leading-edge transition time < pulse width x 0.8

 trailing-edge transition time < (pulse period — pulse width) x 0.8

» Leading and trailing-edge transition times for a PGU must bein the range
specified by a Range.

Trigger Output

PGUs output trigger signal to synchronize with external pulse generators. If an
41501A/B has PGUs, you can see atrigger output terminal on itsrear panel. For
details of trigger functions, see Chapter 8.
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Compliance
Compliance is available for SMU (HPSMU, MPSMU, HRSMU) and V SU.

To prevent damage to the test device due to overcurrent, overvoltage, or overpower,
you can set current compliance, voltage compliance, or power compliance for SMU.

For VSU, current compliance is automatically set to approximately + 100 mA. You
cannot changeit.

Voltage and Current Compliance

Voltage compliance (V compliance) and current compliance (I compliance) are
limiters that can be set with the same resol ution and accuracy as output current or
output voltage. Voltage compliance is for the SMU in current output mode, current
complianceisfor the SMU in voltage output mode.

When a unit reaches compliance, the unit acts as a constant voltage source or a
constant current source. The unit keeps the output value when reaching compliance.

For compliance setting range and resolution, refer to Table 7-17 to Table 7-20.

Polarity and Output Area

» Polarity of Voltage compliance

The 4155C/4156C automatically setsV compliance polarity to the same polarity
as the output current, regardless of the specified V compliance polarity. Thereis
no compliance for the opposite polarity.

e Polarity of Current compliance

The 4155C/4156C automatically sets| compliance for both the positive and
negative polarity, regardless of the | compliance polarity.

However, if the output voltage and the current compliance are opposite polarity,
the | | compliance | value isincreased by an amount that is 2.5 % to 12 % of the
range value in the lowest range that includes | compliance. Figure 7-9 showsthe
relation of the compliance and output.
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Figure 7-9

Table 7-17

Measurement Units and Functions
Compliance

Relation of Compliance and Output

fcomp. [ compliance V comp:  V compliance
Current Yoltage
V=<0 120
V=0 IV come|
AR e |/ comp |
Qutput / Qutput
9 Voltage Current
-/ comp | ————— - S-S
-V comel =5 /
@)/ compliance ) V compliance
uGho4017

Current Compliance for COMMON Unit

If you set COMMON output mode for the unit, current compliance for the unit is
automatically set as follows and you cannot change the setting.

GNDU 16A
HRSMU 105 mA
MPSMU 105 mA
HPSMU 1A

V Compliance Setting Range

Unit Output Range \éetctiC)rEpéI:nng:

HRSMU 10 pA to 10 mA Oto 100V
100 mA (0< |I| £ 20mA) Oto 100V

100 mA (20 mA < |I| £ 50 mA) 0to40V

100 mA (50 mA < |I| < 100 mA) Oto20V

MPSMU 1nAto10mA 0to 100V
100 mA (0< |I| < 20mA) Oto 100V

100 mA (20mA < |I| < 50 mA) Oto40V

100 mA (50 mA < |I| < 100 mA) 0to20V
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Table 7-19

Measurement Units and Functions

Compliance

Unit Output Range \éeﬁ?:g]]plggnngz
HPSMU 1nA to10 mA 0to 200V
100mA (0< |l < 50 mA) 0to 200V
100 mA (50 mA < |I|< 115mA) 0to 100V
1A (0< JI< 50 mA) 0to 200V
1A (50mA < |I|< 125 mA) 0to 100 V
1A (125mA < |I| < 500 mA) 0to40V
1A(BOOMA<|l|< 1A) 0to20V
V Compliance Resolution
Unit V Compliance Resolution
HRSMU ov< Vg 2V 100 pv
MPSMU 2V<|NV|g 20V 1mv
HPSMU 20V <|V|< 40V 2mv
40V <|V|< 100V 5mV
100V < |V|< 200V 10mv

| Compliance Setting Range

Unit Output Range I Compliance Setting Range
HRSMU 2V 100 fA to 100 mA
20V 100 fA to 100 mA
0V 100 fA to 50 mA
100V 100 fA to 20 mA
MPSMU 2V 1 pA to 100 mA
20V 1 pA to 100 mA
40V 1 pA to 50 mA
100V 1pAto20 mA
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Table 7-20

Measurement Units and Functions

Compliance
Unit Output Range | Compliance Setting Range
HPSMU 2V 1 pA to 1000 mA
20V 1 pA to 1000 mA
40V 1 pA to 500 mA
100V 1pAto 125 mA
200V 1 pA to 50 mA
| Compliance Resolution
Unit | Compliance Resolution
HRSMU 100 fA < I < 100 pA 10fA
100pA < |l]< 1nA 100 fA
1nA<]|l|< 10nA 1pA
10nA < |I]< 100 nA 10 pA
100nA < |I]< 1A 100 pA
1uA <|l|£ 10pA 1nA
10 pA < |I| £ 100 uA 10nA
100 pA < |l|< 1 mA 100 nA
ImA<|l|< 10mA 1uA
10 mA < |l < 100 mA 10 A
MPSMU 1pA< |l]< 1nA 100 fA
1nA<|l|< 10nA 1pA
10nA < |I] < 100 nA 10 pA
100nA < |l|< 1pA 100 pA
1pA<|l|£ 10pA 1nA
10 uA < |I| £ 100 A 10nA
100 pA < |l|< 1 mA 100 nA
ImA<|l|< 10mA 1uA
10 mA < |I| £ 100 mA 10 A
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Measurement Units and Functions

Compliance
Unit | Compliance Resolution

HPSMU 1pA< |l|£ 1nA 100 fA
1nA<|l|< 10nA 1pA

10nA < |I]< 100 nA 10 pA

100nA < I 1A 100 pA

1pA<|l|£ 10pA 1nA

10 A < |I| £ 100 pA 10 nA

100 pA < |l|< 1 mA 100 nA

ImA<|l|< 10mA 1uA

10 mA < |I] < 100 mA 10 A

100mA<|l]< 1A 100 pA

Power Compliance

In addition to V compliance or | compliance, you can set power compliance for the
VARL, VAR2, and VAR1' channels of sweep measurement. However, if the pulse
output function isused for VAR1 or VARL' channels, you cannot set power
compliance for the VAR or VAR1' channel that is set to pulse output.

The power compliance setting range for each SMU is asfollows:
HRSMU lto2W

MPSMU lto2W

HPSMU 1to20W

If you specify | compliance and power compliance for aV sweep source, the
4155C/4156C changesthe | compliance at every voltage step. The | complianceis
set to the smaller value of | compliance and Attempt value below. See Figure 7-10

(@)
Icomp = power compliance/ step voltage
If you specify V compliance and power compliance for an | sweep source, the

4155C/4156C changesthe VV compliance at every current step. The V complianceis
set to the smaller value of V compliance and VVcomp value below. See Figure 7-10

(b).

Vcomp = power compliance/ step current

Agilent 4155C/4156C User’s Guide Vol.2, Edition 6 7-27



Figure 7-10

Figure 7-11

Measurement Units and Functions
Compliance

Power Compliance Output Area

Current

Current Compliance Voltage Voltage Compliance

Specified / compliance Specified V' compliance

Specified power compliance

Specified power comphance

/

Qutput Area

/

Qutput Area

Current

Voltage

(a) For voltage sweep (o) For current sweep

UGD04018

If you specify power compliance, SMUs can be swept at their maxi mum output
limits because the 4155C/4156C changesthe V (or 1) output range and | (or V)
compliance range during aV (or 1) sweep. Figure 7-11 shows an example of the
differencein SMU output when power compliance is set and when power
complianceis not set.

Allowable | Output when the MPSM U Sweeps Voltage (0 V to 100 V)

Current [mA] Current [mA]
100 100
50 50
20 20
Q20 40 100 Voltage [V] QO 20 40 100 Voltage [V]
{a) When power compliance is set. (b} When power compiance is not set.

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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Measurement Units and Functions
Measurement Ranging Mode

M easurement Ranging Mode

Before executing measurements, you select a ranging mode from the following four
modes. You can set the ranging mode for each measurement unit.

» “Auto Ranging”

* “Limited Auto Ranging”
» “Compliance Range”

» “Fixed Range”

The following table lists the all owable measurement ranging modes for each
measurement mode.

Allowable M easurement Ranging M odes

M easurement M ode Ranging Mode

Sweep Measurement Auto, Limited Auto, Fixed

Sampling Measurement | Auto, Limited Auto, Fixed
(Initial Interval 2> 2 ms)

Sampling Measurement | Fixed
(Initial Interval @< 2 ms)

Knob Sweep Compliance
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 set a ranging mode, auto ranging is set for voltage measurement
mode channel and limited auto (1nA) ranging is set for current measurement mode
channel automatically.

For sampling measurement (initial interval <2 ms), an error occursif fixed rangeis
not set.
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Measurement Ranging Mode

Auto Ranging

The monitor unit automatically 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 atime) until the measurement
value is between 10 % and 110 % of the range, then the unit performsthe
measurement.

| measurement

1Ato1pA

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

If the measurement value is less than 1 % 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 atime) until the measurement
value is between 10 % and 114 % of the range, then the unit performsthe
measurement.

10 pA

The unit changes to the next higher range when the measurement val ue exceeds
104 % of the present range.

The auto ranging operation can be expanded for the current measurement. See
“Enhanced Auto Ranging for Current Measurement” on page 7-33.
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Measurement Ranging Mode

Limited Auto Ranging

Limited auto ranging is similar to the auto ranging. But the limited auto ranging
does not use the range(s) less than the range you specified. For example, if you
select the 10 nA limited auto ranging, measurement unit does not use the 1 nA range
or less. So the measurement time for limited auto ranging is less than for auto
ranging.

Monitor unit automatically searches for and measures at measurement range that
provides highest resolution (but is not bel ow the specified range) as follows:

V measurement

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

If the specified range is greater than the lowest range that contains V compliance,
the measurement is performed at the lowest range that contains VV compliance.

| measurement

If specified rangeis greater than the lowest range that includes | compliance, an
error occurs.

. 1AtolpA

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

If the measurement value isless 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 atime, but not bel ow
specified range) until the measurement value is between 10 % and 114 % of the
range, then the unit performs the measurement.

« 10pA

The unit changes to the next higher range when the measurement val ue exceeds
104% of the present range.
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Measurement Ranging Mode

Compliance Range
Compliance range is available for knob sweep measurement only.

For details about setting compliance, refer to “Compliance” on page 7-23.

V measurement

The monitor unit measures at the lowest range that includes VV compliance.
For VMUSs, compliance range is automatically set as follows.

grounded mode 20V

differential mode 2V

| measurement

The monitor unit measures at the lowest range that includes | compliance.

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 | compliance, an error occurs.

7-32 Agilent 4155C/4156C User’s Guide Vol.2, Edition 6



Measurement Units and Functions
Measurement Ranging Mode

Enhanced Auto Ranging for Current M easurement

Expanded functions are available for the auto ranging operation of the current
measurement channels. To use the functions, set the AUTO RANGING MODE
fields (MODE and RATE) on the SY STEM: CONFIGURATION screen. This
setting is effective for all of the current measurement SMU.

MODE Auto range operation mode. 1, 2 or 3. See below. Initial setting
isl
RATE Value used to calculate the current value shown below. 11 to

100. Initial setting is 50.
« MODE=1:
Performs normal auto ranging operation.
« MODE=2:
If the following condition is satisfied, the range changes up after measurement.
Measurement value > currentl
« MODE=3:

If the following condition is satisfied, the range changes down immediately,
even during measurement.

Measurement value < current2
If the following condition is satisfied, the range changes up after measurement.
Measurement value > currentl

where current1 and current2 are given by the following formula.

currentl = Range x RATE/100

current2 = Range x RATE/1000

For example, if therange valueis 10 mA and RATE is 90, they are:

currentl = 9 mA

current2 = 0.9 mA
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LONG

Measurement Units and Functions
Measurement Time

M easurement Time

M easurement time depends on integration time, measurement range, and other
measurement conditions, and can be expressed by the following formula:

Measurement time = Integration time + Overhead time

Integration time is the time required for measurement, and does not include range
changing, data compensation, and so on which would be the overhead time.

Integration Time

To reduce measurement errors caused by line frequency noise or any other
environmental noise source, the 4155C/4156C takes some measurement samples
and averages them to obtain measurement data. The number of measurement
samples depends on the integration time. Setting alonger integration time increases
the number of measurement samples, so you can get more accurate measurement
data. The integration time setting is effective for the all measurement units.

For the sweep and sampling measurements, integration timeis set in the INTEG
TIME field of the MEASURE: MEASURE SETUP screen, and selected by using
the Integ Time front-panel keys (Long, Medium, and Short).

For the quasi-static CV measurements, integration time isthe value set in the
INTEG TIME field of the MEASURE: QSCV MEASURE SETUP screen. The
Short, Medium, and Long front-panel keys have no effect for QSCV mode.

ADC Zero Function for Long/Medium

ADC zero function automatically worksto cancel the offset of the ADC and extends
the integration time to double. This function is available for voltage measurements
or current measurements using the 10 nA range or greater. However, in FLEX
command control mode, you can disable this function by using the AZ command.

Long mode is effective when you need high resolution and noise reduction
measurement, but the measurement is slow. To set long mode, press the Long
front-panel key.

Initial setting 16 PLC
Integration time Available values: 2 PLC to 100 PLC with 1 PLC resolution

For the current measurements, the integration time is
automatically set as shown in Table 7-22.
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MEDIUM

SHORT

Table 7-22

Table 7-23

Measurement Units and Functions
Measurement Time

Medium mode automatically setstheintegration time. You cannot change thisvalue.
To set medium mode, press the Medium front-panel key.

Integrationtime 1PLC

For the current measurements, the integration time is

automatically set as shown in Table 7-23.

Short mode is effective when you need high-speed measurements, but the
measurement data has lower resolution. To set short mode, press the Short
front-panel key. In this mode, the ADC zero function is always disabled.

Initial setting 640 us

Integration time Available values: 80 usto 1.92 mswith 80 us resolution.

For the current measurements, if the integration time you set is
from 960 psto 1.92 ms, integration time is automatically set as
shown in Table 7-24.

Integration Timein Long Mode (without ADC Zero)

M easurement Range Integration Time (max. 100 PL C)
10 pA Always 100 PLC (HRSMU)
100 pA Setting value x 10 (HRSMU)
1nA Setting value x 5 (HRSMU)
Setting value (MPSMU / HPSMU)
10 nA to 100 mA Setting vaue
1A Setting value (HPSMU)

Integration Timein Medium M ode (without ADC Zero)

M easurement Range Integration Time
10 pA 50 PLC (HRSMU)
100 pA 10 PLC (HRSMU)
1nA 5PLC (HRSMU)
3PLC (MPSMU / HPSMU)
10 nA to 100 mA 1PLC
1A 1 PLC (HPSMU)
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Measurement Time

Table 7-24 Integration Timein Short Mode (Integ time=0.96 to 1.92 ms)
M easur ement Integration .
Range Time Unit and Voltage Range @
10pA 10PLC HRSMU
100 pA 2PLC HRSMU
1nA 1PLC HRSMU
Setting value MPSMU/HPSMU using 40 V range or less

Setting valuex 2 | MPSMU/HPSMU using 100 V range
Setting valuex 4 | HPSMU using 200 V range

10nA Setting valuex 4 | HRSMU
Setting value MPSMU / HPSMU

100 nA Setting valuex 2 | HRSMU using 2 or 20 V range
Setting valuex 4 | HRSMU using 40 or 100 V range
Setting value MPSMU/HPSMU using 2 or 20 V range

Setting valuex 2 | MPSMU/HPSMU using 40 V range
Setting valuex 4 | MPSMU/HPSMU using 100 V range
Setting valuex 8 | HPSMU using 200 V range

1uA Setting value HRSMU / MPSMU
Setting value HPSMU using 100 V range or less
Setting valuex 2 | HPSMU using 200 V range

10 pA Setting value HRSMU using 2 V range
Setting valuex 2 | HRSMU using 20 V range or more
Setting value MPSMU/HPSMU using 2 or 20 V range

Setting valuex 2 | MPSMU/HPSMU using 40 V range
Setting valuex 3 | MPSMU/HPSMU using 100 V range
Setting valuex 6 | HPSMU using 200 V range

100 pA to Setting value HRSMU / MPSMU / HPSMU
100 mA
1A Setting value HPSMU

a. Voltage range is the output range used to force voltage.
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Measurement Time

Overhead Time

The overhead time is the time required for range changing and so on. Thistime
depends on the measurement condition, and cannot be specified. Major elements of
the overhead time are:

» Range changing time during measurement (when measurement ranging mode is
set to auto or limited auto)

» Range changing time at measurement start (when the measurement rangeis less
than the compliance value)

To Specify Source Output Time

As shown in the discussion of the overhead time, you cannot specify the
measurement time. However, in sweep measurement mode, you can specify a
source output time that includes the measurement time. To keep source output time
congtant, the following conditions must be satisfied.

e Delay Time> Wait Time
e Step Delay Time > Measurement time

where, the wait time is the time after the source channel starts output until the
measurement channel starts measurement. The wait timeis set on the MEASURE:
MEASURE SETUP screen.

To find the measurement time, execute the sampling measurement in the same
measurement conditions except for the source output value. You can find the rough
measurement time from the @TIME value of the sampling measurement resullt.

The delay time and hold time are set on the MEASURE: SWEEP SETUP screen,
and the step delay timeis set on the MEASURE: OUTPUT SEQUENCE screen.
The step delay timeis available only for sweep measurement mode. For the
parameters, refer to Setup Screen Reference.

Source output time Td Tsd

Step Delay Time (T<d) 22

Delay Time (Td)

Td | Td
\ 1
. N f— Measurement time
| Hold Time L L
™ ™

f Wait Time
Vstart —
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SMU Filter

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 to a short time, and if filter is set to ON, be aware that
settling time takes several ms.

» dtressforce
You set the FILTER field on the STRESS: STRESS SETUP screen.

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

*  Sweep measurement

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

For apulsed SMU Filter is off.
For non-pulsed SMUs Filters are on.
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Measurement Units and Functions
Self-calibration

Salf-calibration

Agilent 4155C/4156C provides the self-calibration function. To execute the
self-calibration, do following:

1. Open the measurement terminals, or disconnect the device under test from the
measurement terminals to perform the calibration properly.

2. Press system key in the PAGE CONTROL key group.
3. Select CALIB/DIAG primary softkey.
The SYSTEM: SELF-CALIBRATION/DIAGNOSTICS screen is displayed.
4. Select CALIB ALL secondary softkey to start the calibration.
After the calibration, each test result is displayed in each STATUS field.

While cdlibration is executed, the 4155C/4156C cannot start the measurement.

Auto Calibration

The 4155C/4156C a so provides the automatic calibration capability that triggers
the self-calibration automatically every 30 minutes after the measurements, and
executes the calibration. To enable the function, do following:

1. Move the pointer to the AUTO CALI B field on the
SYSTEM: SELF-CALIBRATION/DIAGNOSTICS screen.

2. Select the ON secondary softkey.
If you enable the function, do not forget to open the measurement terminals or to

disconnect the device under test from the measurement terminals after the
measurements. The measurement terminals should be opened during the calibration.
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Measurement Units and Functions
Zero Offset Cancel

Zero Offset Cancel

The 4155C/4156C has zero offset cancel function. This function allows you to
minimize measurement error (offset) caused by resistance and |eakage current of
cables, praber, and so on.

You can use the zero offset cancel function for:

» low current measurement (measurement range < 10 nA) by SMUs.

» differential mode V measurement by VMUSs.

To Measure Offset Data
To measure the offset data, do following:

1. Open the measurement terminals at the cable end of the device side.

2. Select the measurement range in the MEASUREMENT RANGE table on the
MEASURE: MEASURE SETUP screen. See Table 7-25 for the ranging mode
available.

3. Pressgreen key and sop front-panel key in thisorder. The ZERO CANCEL field
isautomatically set to ON, and offset datais measured. Thisdatais used for the
offset cancel.

Allowable offset value is shown in Table 7-26. If offset datais too large, offset
measurement for this measurement path is not performed. For this path, an * is
marked in the ZERO CANCEL table. Then the previous datais used for the
offset cancel. Theinitial offset dataiis 0.

During offset measurement, integration time is automatically 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 performed.

After you perform the offset measurement, if you change the ranging modeto 10 nA
limited auto or 10 nA fixed and you try to perform the offset measurement again, the
offset datais not measured for this unit. But the previous offset datais effective. So
the offset cancel can be performed for this unit using the old offset data.
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Zero Offset Cancel

Ranging Mode Available for Offset M easurement

i i M easurement
Measurement Mode Unit Available Ranging
M ode Rangea
Current Measurement | HPSMU, auto 1nA
MPSMU — -
1 nA limited or fixed 1nA
HRSMU auto 10 pA
10 pA limited or fixed 10 pA
100 pA limited or fixed 100 pA
1 nA limited or fixed 1nA
Differential Voltage VMU auto, limited auto, fixed 02vVDb
M easurement

a. Offset datais measured in the measurement range shown above.
b. VMU2 measures voltage in grounded mode to confirm that voltage does

not exceed +20 V.

Allowable Offset Value

Measurement Unit | Me3Surement | ) owable Offset Value
Mode Range
Current HPSMU 1nA lessthan +1 % of range
M easurement
MPSMU 1nA lessthan +1 % of range
HRSMU 1nA less than +1 % of range
100 pA lessthan +1 % of range
10 pA less than +4 % of range
M easurement

a. If VMU2 grounded mode measurement value is greater than or equal to
20V, error occurs.
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To Perform Offset Cancel

Offset cancel isautomatically performed during measurement. The measurement
execution and the offset cancel are explained below:

1. Select the measurement range in the MEASUREMENT RANGE table on the
MEASURE: MEASURE SETUP screen. See Table 7-25 for the ranging mode
available. 10 nA limited auto and 10 nA fixed are also available.

When you set 10 nA range, offset cancel function usesthe 1 nA range offset data
for the data measured in both 1 nA range and 10 nA range.

For the 100 nA range or more, offset cancel function is not available.
2. Setthe ZERO CANCEL field to ON.

Offset cancel isnot performed for the measurement paths set to OFF in the
ZERO CANCEL table.

3. Presssingle, Repeat, Or Append front-panel key to execute measurement.

The offset cancel isautomatically performed while measurement is performed.
The measurement data is automatically compensated by using the offset data.
And the compensated datais displayed on the GRAPH/LIST screen.

To disable the offset cancel function, select the ZERO CANCEL ON/OFF softkey
on the ZERO CANCEL field. It toggles ON and OFF.

If you select OFF, all pathsin the ZERO CANCEL table are set to OFF. If you select
ON, only the available paths are set to ON.

If measurement range setup is changed to alower 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 datain 1 nA range, OFF is displayed in the unit's
ZERO CANCEL field. Because it is possible that auto range will use range lower
than 1 nA.
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QSCV Zero Offset Cancel

This function is available for the quasi-static CV measurements. This function
enables you to minimize measurement error (offset) caused by stray capacitance of
cables, praber, and so on.

To Measure Offset Data
Measure the offset data, as follows:

1. Set the measurement conditions on the MEASURE: QSCV SETUP and
MEASURE: QSCV MEASURE SETUP screen.

The QSCV measurement setup must be completed before executing the offset
measurement. The offset measurement uses setups on the screen. See Table
7-27.

2. Open the measurement terminals at the cable end of the device side.

3. Select the ON softkey in the ZERO CANCEL field on the MEASURE: QSCV
MEASURE SETUP screen.

4. Pressthe green key and sop front-panel key in this order.

The measurement unit executes a one-point capacitance measurement between
the start voltage and the stop voltage shown in Table 7-27. And the measured
offset datais displayed in the field right next to the ZERO CANCEL field. The
initial offset dataisO.

Invalid Offset Data

If one of the following conditions is detected during the offset measurement, an
error message is displayed, and the offset data measurement is aborted.

» Integration timeistoo short for the offset measurement
» Leakage current is more than 70% of the measurement range

When this happens, change the measurement conditions and execute the offset
measurement again.

Agilent 4155C/4156C User’s Guide Vol.2, Edition 6 7-43



Measurement Units and Functions
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Table 7-27 M easurement Condition for the Offset M easurement

Parameter for the

offset m rement Internal setup (not the setup on the screen)

Start voltage oV

Stop voltage Minimum value of the following values:

e |setup value of the QSCV MEAS VOLTAGE field| x 2
e |setup value of the START field|

e |setup value of the STOP field|

or 5V (if thedl listed aboveis greater than 5 V)

or 10 mV (if the all listed above isless than 10 mV)

Hold time setup value of the HOLD TIME field

Delay time 0 second

Integration timefor | 0,5 sec + |setup value of the STOP field|V* sec
capacitance for the 10 pA or 100 pA range
measurement 2

80 msec for the 1 nA or 10 nA range

Integration time for setup value of the LEAK field
leakage current

measurement b

a. If the integration time was too short for the offset measurement, the value
isautomatically changed to the setup value of the QSCV field, and the off-
set measurement is executed again.

b. Theleakage current datais just used for the offset data calculation.
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To Perform Offset Cancel

Set the ZERO CANCEL field to ON, and start the quasi-static CV measurement.
The offset cancel isautomatically performed while measurement is performed. The
measurement datais automatically compensated by using the offset data. The
compensated datais displayed on the GRAPH/LIST screen.

To disable the function, select the OFF softkey in the ZERO CANCEL field.

NOTE When you change the measurement conditions

If you change the following measurement conditions, the offset datawill be deemed
invalid. The message Offset data for previous setup. will appear.

« When UNIT is changed:

The ZERO CANCEL field is automatically set to OFF. Execute the offset
measurement again. If you set the ZERO CANCEL field to ON without doing it
again, the old datawill be used for the offset cancel.

* When RANGE is changed:

Execute the offset measurement again. If you do not do it again, the old data
will be used for the offset cancel.
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Operation Sates
The 4155C/4156C has the following four operation states.
o ‘“ldle State”

*  “Measurement State”
e “Stress Force State”

» “Standby State”

Idle Sate

In theidle state, the 4155C/4156C is not doing anything: no measurements, forcing
current or voltage, forcing stress.

An 4155C/4156C isin 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.

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

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

VSU 0V output at 20V range

PGU 0V dc output at 20 V range (output impedance: LON

GNDU 0V output

16441A R-Box 0 Q is connected.

16440A selector switching condition is SMU.

M easurement Sate

In the measurement state, an 4155C/4156C performs sampling 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.
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Sress Force Sate

In the stressforce state, the 4155C/4156C outputs stress. The output switches are off
for units that do not have entriesin the CHANNELS table of the STRESS:
CHANNEL DEFINITION screen.

Sandby Sate

In the standby state, the 4155C/4156C does not perform measurements or stress
force, but it outputs dc bias and/or pul ses using the measurement units defined asthe
standby channel. 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

Changing among Operation States
Figure 7-12 shows how to change among the operation states.

* From measurement/stress states to idle state:

If you perform measurements or force stress from the idle state, then the
4155C/4156C returns to the idle state after one of the following conditions
OCCurs:

* Measurement is finished.

« Fixturelidis opened while an SMU is outputting more than +40 V.
* Stressisfinished.
e Sop front-panel key is pressed.
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e From measurement/stress states to standby state:

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

Figure 7-12

Measurement is finished.
Stress is finished.

Sop front-panel key is pressed.

/¥
/AV\(?FHSF or

Changing among the Operation States

Measurement

F\msh or (Stop)

Measurement key

Stress )

Stress

Finish : measurement or stress force is completed

~— -

UGD04009
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Output Sequence

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

The 4155C/4156C has two output sequence modes:

* sequential mode

The source channels output in the order that you specify in the OUTPUT
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 channel s 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 a sampling sequence example, see Chapter 3.
For a stress sequence example, see Chapter 5.

For a standby sequence example, see Chapter 8.
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Output Sequence

Sequential Mode

Default output sequence in the sequential mode is shown below. In the default
settings, output channels start the output in this order, and stop the output in the

opposite order.

1

No g h~wbd

8.

Sarting Outputs

SMuU1
SMU2
SMU3
SMuU4
VSU1l
VSU2
PGU1
PGU2

In the idle state, output switches of all units are on, and the units output 0 V. When
moving to the measurement, stressforce, or standby state, the units operate as
shown below:

1. Disabled unitskeep 0V output, and turn the output switch off.

where disabled unit means the unit you select the DELETE ROW softkey in the
CHANNELS table on the CHANNELS: CHANNEL DEFINITION screen.

2. Output channels start the output in the order specified in the OUTPUT

SEQUENCE table.

Sopping Outputs

When returning to the idle state, the units operate as shown below:

1. Output channels stop the output in the opposite order of the OUTPUT

SEQUENCE table.

2. Disabled units keep 0V output, and turn the output switch on.
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Example

Output sequence in the following conditionsis shown in Figure 7-13.
* Unitsavailable: SMU1 to SMU 4, VSU1to VSU2.

* Unitsdisabled: SMU4 and VSU2.

»  Output sequence: No change from the default setting.

Figure 7-13 Output Sequence Example for the Sequential M ode

ldle State ‘ Measurement State ldle State

SMU4 : disabled

VSUZ : disabled

SMU1: COMMON

SMU2 : CONST
SMU3 : VAR
VSUT: CONST
Y
an output order : \
an order that channels return to 0 V : /4
output switch is off | eeeees
channel is common ;| ====w——
channel outputs a specified source value | =——
UGD0o4010
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Output Sequence

Simultaneous M ode

The simultaneous mode is available only for the sampling measurements.

In this mode, all enabled units start the specified outputs at the same time, and stop
the outputs in the opposite order of the OUTPUT SEQUENCE table.

Default output sequence defined in the OUTPUT SEQUENCE table of the
MEASURE: OUTPUT SEQUENCE screen is shown below. In the default settings,
output channel's stop the output in the opposite order of the following:

1. SmMuU1
SMU2
SMU3
SMuU4
VSU1l
VSU2
PGU1
8. PGU2

No gk~ wbd

Sarting Outputs

In the idle state, output switches of all units are on, and the units output 0 V. When
moving to the measurement state, the units operate as shown below:

1. Disabled unitskeep 0V output, and turn the output switch off.

where disabled unit means the unit you select the DELETE ROW softkey in the
CHANNELS table on the CHANNELS: CHANNEL DEFINITION screen.

2. Output channels start the output at the same time.

Sopping Outputs
When returning to the idle state, the units operate as shown bel ow:

1. Output channels stop the output in the opposite order of the OUTPUT
SEQUENCE table.

2. Disabled units keep 0V output, and turn the output switch on.
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Output Sequence

Example
Output sequence in the following conditionsis shown in Figure 7-14.

* Unitsavailable: SMU1 to SMU 4, VSU1 to VSU2.
* Unitsdisabled: SMU4 and VSU2.
»  Output sequence: No change from the default setting.

Figure 7-14 Default Output Sequence Example for the Simultaneous M ode

ldle State ‘ Measurement State . Idle State
. (Sampling Measurement Mode) |

SMU4 : disabled 4.*.“...??)

VSUZ : disabled — eeeessssss)

SMU1: COMMON 4;—____.(2)

SMU2 : CONST | 2
SMU3 : CONST *|

VSU1: CONST | P

source and common channels output simultaneously

an order that channels return to O V : /
output switch is off ;| eeeees
channel is common : —=—=—=—

channel cutputs a specified source value ;| =—

UGDo40M
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Measurement Units and Functions
Measurement Sequence

M easurement Sequence

The 4155C/4156C performs measurements for the variables or user functions set to
the following entry fields on the DISPLAY: DISPLAY SETUP screen. Then
measurements will be performed in the following order. For the user functions,
measurements will be performed for the variables defined in the functions.

NAME for X axis of the GRAPHICS table
NAME for Y1 axis of the GRAPHICS table
NAME for Y 2 axis of the GRAPHICS table
NAME for No. 1 of the LIST table
NAME for No. 2 of the LIST table
NAME for No. 3 of the LIST table
NAME for No. 4 of the LIST table
NAME for No. 5 of the LIST table
NAME for No. 6 of the LIST table

. NAME for No. 7 of the LIST table

. NAME for No. 8 of the LIST table

. Upper field of DATA VARIABLES

13. Lower field of DATA VARIABLES

© © N o g ~ W0 D P

R e
N PO

If avariableis set to multiple fields or user functions, measurement will be
performed only for the first entry.

If avariable not set to thefields is defined in auser function not set to the fields, the
4155C/4156C performs measurement for the variable after the measurement for the
variable set to the lower field of DATA VARIABLES.

For the sampling measurements that use the stop condition, the 4155C/4156C
performs measurement for the variable set to the following field before the
measurement for the variable set to the NAME for X axis.

*  NAME, STOP CONDITION table, MEASURE: SAMPLING SETUP screen
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Support Functions

This chapter explains functions that can be used in measurements. Agilent
4155C/4156C Semiconductor Parameter Analyzer and Agilent 41501A/B Expander
has the following useful measurement functions.

» “User Function and User Variable”
e “Standby Function”

* "R-BOX Control”

*  "SMU/PG Selector Control”

e “Switching Matrix Control”

e “Trigger Function”
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User Function and User Variable

User function and user variable are kind of the 4155C/4156C internal data variable.
The data variables 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 aname. You refer to a data variable by its name.

The following are the three types of data variable:
e “Output or Measurement Data’
e “User Function”

* “User Variable’

Output or Measurement Data
Data variables are avail able for the following measurement result data:

e Output data that you set for SMU or VSU.
* Measurement data of SMU or VMU.

e Output data that you set for PGU.

e Time data of sampling measurement.

* Index of measurement result data.

Output dataof SMU or VSU

The data variable names are the output names that you set in the VNAME or
INAME columns of CHANNELS: CHANNEL DEFINITION screen. For avoltage
MODE, the output name is specified in the VNAME column. For a current MODE,
output name is specified in INAME column.

M easurement 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 DEFINITION screen.
For avoltage MODE, the measurement result name is specified in the INAME
column. For a current MODE, measurement result name is specifiedin VNAME
column.
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You can get the measurement results by using the measurement result names. If the
corresponding SMU or VMU does not perform a measurement, invalid datais
returned.

Output data of PGU

The data variables for PGU output are as follows:

Set data Data variable name

pulse peak VNAME for PGU that you defined on CHANNELS: CHANNEL
DEFINITION screen is the data variable name for pulse peak voltage.

pulse period @PGT isthe data variable for pulse period.

pulse duration | @PGD isthe data variable for duration time of pulse stressforce.
Duration timeis the pulse count multiplied by pulse period.

pulse delay @PGI1DL isthe data variable for pulse delay time of PGU1.
time @PG2DL isthe data variable for pulse delay time of PGU2.
pulse width @PG1W isthe data variable for pulse width of PGU1.

@PG2W isthe data variable for pulse width of PGU2.

pulse base @PGI1B isthe data variable for pulse base voltage or current of PGU1.
@PG2B isthe data variable for pulse base voltage or current of PGU2.

pulse leading @PGILLD isthe datavariable for leading-edge transition time of PGU1.
@PG2LD isthe datavariable for leading-edge transition time of PGU2.

pulsetrailing @PGITR isthe data variable for trailing-edge transition time of PGU1.
@PG2TR isthe data variable for trailing-edge transition time of PGU2.

Time data of sampling measurement

@Il ME isthe datavariable for time data of sampling measurement.

Index of the measurement result data
@ NDEX isthe data variable for index number of measurement data.

Theindex number of thefirst datais 1. For a subordinate sweep measurement, the
index number continues to increment by 1 between secondary sweep steps, that is,

» last dataof aprimary sweep: index

 first data of next primary sweep: index+1
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User Function

A user 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 screen.

You can use a user function inside another user function. And you can set up the
user function on the DISPLAY: DISPLAY SETUP screen to plot the user function
values or display the numeric value.

To define auser function, you define a name and an expression onthe CHANNELS;
USER FUNCTION DEFINITION screen. If desired, you can define a unit, such as
ms. You can define up to 6 user functions. See example below.

» User function name must start with alphabet character and can consist of
maximum six a phanumeric characters. Name must be unique. Name is case
sengitive. For example, Gm is different from gm.

» Unit nameisoptional. Length: 1 to 6 characters. Valid characters: any
characters.

For the syntax of an expression, refer to “ Expression” on page 8-9.

Example

To define a user function for mutual conductance gm of an FET, define gm on the
CHANNELS: USER FUNCTION DEFINITION screen as follows:

NAVE | UNIT DEFI NI TI ON
gm s DELTA( | d) / DELTA( Vg)

Agilent 4155C/4156C User’s Guide Vol.2, Edition 6 8-5



Support Functions
User Function and User Variable

User Variable

A user variable is a data variable that isa numeric list, which is passed via GPIB
commands of PAGE:CHANnNels:UVARIiable and TRACe|DATA subsystems from
an external computer or the Internal IBASIC. For information about the
PAGE:CHANnRels:UVARIiable and TRACeDATA subsystems, refer to GPIB
Command Reference.

You can perform calculations between measurement results and the numeric list, or
plot the numeric list on the GRAPH/LIST: GRAPHICS screen.

To define a user variable, you define a name and an data size on the CHANNELS:
USER VARIABLE DEFINITION screen. If desired, you can define a unit, such as
ms. You can define up to 6 user variables. See example below.

» User variable name must start with alphabet character and can consist of
maximum six a phanumeric characters. Name must be unique. Name is case
sengitive. For example, Gm is different from gm.

» Unit nameisoptional. Length: 1 to 6 characters. Valid characters: any
characters.

Example

To define a user variable for mutual conductance gm of an FET, define gmon the
CHANNELS: USER VARIABLE DEFINITION screen asfollows:

NAME UNI'T Sl ZE
gm S 101
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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 extradatain
the longer variable are invalid.

Example
Following IBASIC program defines a user variable that has 5 data e ements:

10
20
30
40
50

20
30
40

ASSI GN @Hp4155 TO 800

OQUTPUT @Hp4155; ": FORM DATA ASC"

QUTPUT @Hp4155; ": TRAC: DEF ' UVARL' , 5"

QUTPUT @Hp4155; ": TRAC: DATA ' UVARL',1.1,1.2,1.3,1.4,1.5"
END

Format of datato be transferred is ASCII format.
Defines the name of user variable and number of data.

Transfers the data.
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Figure 8-1

NOTE

Support Functions
User Function and User Variable

Syntax of Data Variable Name

A data variable name must start with al phabet character and can consist of
maximum six a phanumeric characters. Refer to Figure 8-1.

2

alphabet ]

Syntax of Data Variable Name

digit >

- y

Maximum © characters

alphabet

The name must be unique. 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. For the built-in function, see Chapter 9.
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Figure 8-2

Support Functions
User Function and User Variable

Expression

An expression can be used for following:

* Inauser function definition

e Asacondition 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
calculated value corresponds to the marker position.

Figure 8-2 shows the syntax of an expression. Notice that an expression can be used
within an expression.

Expression Syntax

expression

monadic
operator
. dyadic
expression operator
numeric
scientific
constant
data variable
name
s |- ®

| read out function
keyword
—0 ) :
expression

UBDOTO0? 120120
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monadic operator
Monadic operator performs operation on expression immediately to its right:

+ positive — negative

dyadic operator
Dyadic operator performs operation between two expressions:

+ addi tion * multiplication N exponentiation
- subtraction [/ division

NOTE Operation between data variables

Operation between data variablesis performed between data at the same
measurement points.

numeric constant

Numeric constant can consist of digits, decimal point, and optional exponent
notation. Refer to Figure 8-3

» Mantissa(decimal part) of greater than seven digitsis truncated to seven digits.

» Thefollowing predefined notations are available:

f 1015
P 10712
n 10°°
n 10°®
u 10°®
m 1073
k 10°
M 108
G 10°
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User Function and User Variable

Numeric Constant

] |
i

IGIGIOICGICIOINC) @)

L

l digit ﬂ*

™

C

VaD 07063

scientific constant
The following scientific constants are available:

q electric charge. 1.60217710°19
k Boltzmann's constant. 1.38065810"23
e space permittivity. 8.85418810 12

data variable name
Any data variable name.

read out function keyword

A keyword that invokes the 4155C/4156C's built-in read out function. Refer to
Chapter 9.

built-in function keyword
A keyword that invokes the 4155C/4156C’s built-in function. Refer to Chapter 9.
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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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Sandby Function

The 4155C/4156C can force standby outputs before starting or after stopping a
measurement or stress. You can select dc or pulse bias for the standby output.

Sandby Channels

Standby channels are the measurement units which force the standby output. SMUSs,
V SUs, and PGUs can be used for the standby channel. VMUs and GNDU are not
available.

To define a measurement unit as a standby channel, move the field pointer to the
STBY field on the CHANNELS: CHANNEL DEFINITION screen, and select the
STANDBY ON softkey.

You cannot use the standby channel as the stress channel. The standby channels
keep the standby output when the 4155C/4156C is in the stress force state.

Sandby Sate

Before starting or after stopping a measurement or stress, if only the standby
channels perform dc or pulse outputs, the 4155C/4156C is in the standby operation
state.

To start the standby output, press Sandby front-panel key. Then the indicator is lit.
However, if no units are defined asthe standby channel, the 4155C/4156C cannot be
in the standby state.

To stop the standby output, press standby front-panel key. The indicator is off.

When the 4155C/4156C isin the standby state, you can change setting parameters
for non-standby channels without changing the state. But if you modify the settings
for the standby channels, the 4155C/4156C changes from the standby state to the
idle state.
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Available Unitsand Output Values

Following table shows the output value of the standby channelsin the standby state.
The specified values are the values that are set on the MEASURE setup screens.

Unit @
FCTN MODE
SMU VSuU PGU
VAR1L Y, START START -
VARY
VPULSE BASE - -
IPULSE BASE - -
CONST Y, SOURCE | SOURCE SOURCE
| SOURCE - -
VPULSE BASE Specified pulses.
IPULSE BASE -

a. VMUs and GNDU cannot be set to the standby channel.
b. Pulsesasdefined in MEASURE: PGU SETUP screen. If both PGUs are
set to VPUL SE, the STBY settings of both PGUs must be same.

Output Values of non-Sandby Channels

Following table shows the output value of hon-standby channels in the standby
State.

Function of Unit Output Value Range

Output Range used in the

Voltage Output oV
previous state.

Current Output Output value in the
previous state. &

Output Range used in the

Voltage M easurement -
previous state.

Current Measurement -

a. outputsthe latest value of previous state. For example, if previous state
was measurement state and latest value of VAR1 was stop value, the
stop valueis output for VAR during standby.
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Figure 8-4

Support Functions
Standby Function

Output Sequence of Sandby Channels

Output sequence of measurement unitsis defined on the MEASURE: OUTPUT
SEQUENCE screen. Example output sequence setup is shown in the following
table, and Figure 8-4 shows timing diagram of this example:

Unit Output Sequence STBY
SMU1 1 ON
SMU3 2 OFF
SMU4 3 OFF
PGU1 4 ON
PGU2 5 ON
SMU2 6 ON

Example of the Output Sequence of the Sandby Channels

Measurement
Idle State @ Standby State State Standby State  ldle State
? ?
SMUA
(L, ST L
PGUA
m% p)
pPGU2
? ¢
SMUZ )

Pulse Start \[;% (?4‘/ Pulse: Stop

SMU3

SMU4

an output order : \

an order that channels return to O V : /

UGD04008, How100h
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When Getting Setup File

Usually, the 4155C/4156C isin the idle state after getting setups from afile or an
internal memory. But if all of the following must be true, the 4155C/4156C keeps
the standby state:

» standby channel assignments do not change
 MODE and FCTN setups of standby channels do not change

» Following setups of standby channels do not change:

FCTN MODE Parameters
VARL \4 START, STOP, COMPLIANCE 2
VAR2

I START, COMPLIANCE

VPULSE | BASE, START, STOP, COMPLIANCE 2

IPULSE BASE, COMPLIANCE

VART \Y START P, STOPP, COMPLIANCE 2 OFFSET,
RATIO

| START P, COMPLIANCE, OFFSET, RATIO

VPULSE | BASE, START P, STOPP, COMPLIANCE &,
OFFSET, RATIO

IPULSE BASE, COMPLIANCE

CONST |V SOURCE, COMPLIANCE 2

| SOURCE, COMPLIANCE, Pulse setup ©

VPULSE | BASE, PEAK, COMPLIANCE &

IPULSE BASE, COMPLIANCE

a. Thisparameter is checked for SMUs only.

b. This parameter is checked, even if VAR1 channel is not standby
channel.

¢. PGU setups on the MEASURE: PGU SETUP screen.
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To Use Sandby Function

1. Presschan 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 sandby key in the MEASUREMENT key group.

Theindicator above the sandby key shows whether the Standby function is enabled.
If thisindicator is ON, then for the units that you 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 Output during Sandby Sate
VAR1 VARL1 Start value
VARY' Ratio x Start + Offset
VAR2 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 Sress key. After measurement or stress, the STANDBY ON
units are returned to same output val ue as before measurement or stress.

If Standby indicator is ON, then pressing the sandby key disables the Standby
function, and Standby output stops. Pressing the stop key has no affect on the
Standby state.
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R-BOX Control

Agilent 16441A R-Box must be used for applications which need to connect a series
resistor between SMU and DUT. For example, the R-Box is effective for the DUT
protection. If sudden voltage change occurs at DUT, excessive current flowsto the
DUT, and it may damage the DUT without the R-Box. In other case, you may want
to measure negative resistance characteristics. This application needs series resistor
because SMUs cannot measure negative resistance.

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

For details of the 16441A R-Box, refer to Agilent 16441A R-Box User's Guide.

Resistance Value

The 16441A R-Box providestwo sets of the seriesresistors. So you can connect two
SMU channelsto the R-Box. Resistance values of resistors are listed below:

e 1MQ

+ 100kQ
+ 10kQ
+ 0Q

You can select the resistance val ues on the 4155C/4156C setup screen. The LEDson
the 16441A R-Box indicate the present resistance value.

Connections

Following tableis the parts list of cablesfor connecting the 16441A R-Box.
Agilent Model or Part Number Description
04155-61610 Control Cable1.5m
04155-61609 Control Cable 3.0 m
04155-61605 Triaxial Cable 0.4 m
16493K-001 Kelvin Triaxial Cable 1.5 m
16493K-002 Kelvin Triaxial Cable 3.0 m
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Non-K &vin Connections

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

4155

16442

Ta R-Box

sMuU

O

pPGU

O

triaxial cable

CH1
Force foense

Cutput

\mpuﬁ Q

1
CH2
Force  Sense
O Control Gutput O

Input @

164414

triaxial cable

_/

~—
4

control cable

Kelvin Connections

UGD04023, 120 mm*50mm

The following figure shows the 16441A R-Box connections using Kelvin
connections. Only 0 ohm is available for the Kelvin connection.

Kelvin triaxial cable

\

16442
4156 sMU PGU
Ta R-Box
() (O | triaxal cable
R O 7
@)
[ — \ X
CH1
8 ‘ Force Sense Force 4!786 164474
Cutput Control Cutput
Input P Input p

S

control cable

UGD04022, 120mm#50mm
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NOTE
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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:

e SMULI1 (to CH1 terminal of R-Box)

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

*  SMUS5 (to CH2 terminal of R-Box) if the 41501A/B isinstalled and has an
HPSMU

If you connect the 16441A R-Box to the SMUs described above, the 4155C/4156C
automatically compensates for voltage drop of the resistance values. So, the
measured data displayed on the screen and the results of user function are the
compensated data.

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

» SMU that is set to standby channel
e SMU that is set to COMMVON output mode

If the 4155C/4156C is on and an emergency occurs, the resistance value changes to
1MQ.

Thereis apossibility that the 4155C/4156C cannot perform measurement
circumstances. If you measure device characteristics including negative resistance
over 1 MQ, thereis a possibility that they cannot measure it.

If you connect the 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 user function or calculation in the IBASIC
program.

To perform automatic compensation of R-Box, the 4155C/4156C automatically uses
1 SMU to measure current through the R-Box.

Soif the SMU forces voltage, and monitors voltage value or use the monitored value
for user function calculation, the 4155C/4156C need additional 1 measurement
channel other than the measurement channels defined in the CHANNELS:
CHANNEL DEFINITION screen.
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Table 8-1

Circuit Diagram

Figure 8-5 shows a simplified circuit diagram of an 16441A R-Box.
Table 8-1 shows switching conditions for each setting.

Switching Conditions of the 16441A R-Box

Support Functions

Switches
Settings
Swi Sw2 SW3 Sw4
0Q ON ON OFF OFF
10kQ OFF OFF OFF ON
100 kQ OFF OFF ON OFF
1MQ OFF OFF OFF OFF

R-BOX Control

Resistance is switched before and after measurement state. In the standby state, the

stress state, and the idle state, 0 Q is connected.
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Figure 8-5 Simplified Circuit Diagram of the 16441A R-Box
164414 R-Box
Input guard
CH1
Sense @ oo ] ) Sense
SW1
From
SMU [ CH 1 o o Output D) To DUT
L
Force (@) *))F
\/ .) Force
Input d
guar CH?
/‘ N
Sense (ej o @ Sense
™~ SW1
From
SMU CH 2 Output D) To DUT
Force @ \’=>) Force
Control
From L
455 4156 0 Control Logic =
777
UGD04020
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To Use R-Box

1. Connect the 16441A R-Box to the 4155C/4156C and to the 16442A/B Test
Fixture or connector plate on your shield box.

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:
e 0 ohm secondary softkey to connect 0 Q) resistance.
» 10k ohm secondary softkey to connect 10 kQ) resistance.
* 100k ohm secondary softkey to connect 100 kQ) resistance.
e 1M ohm secondary softkey to connect 1 MQ resistance.
Resistance is switched just before and just after measurement state.

Example The following figure shows an example setup to connect 10 kQ resistance to SMU1
and SMU2.

CHANNELS: CHANNEL DEFINITION 94JANO1 01:30PM

*MEASUREMENT MODE

*CHANNEL S
ME ASURE STBY | [sER1ES
UNIT [ VNAME [INAME | MODE FCTN RESISTANCE
SMUL:MP | Vbe Ib i VARZ2 AR S ]
SMU2:MP | Vee Ic v VARL 10k ohm
hm

SMU3: MP COMMON | CONST M o
SMU4: MP
SMUS: MP

SMUS: MP
vsut | [
vsuz | |-
N N e T -

= N B T -
PoUL | |-
poUz | |-

I

VAR

[l Y

UGO1035100x
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To measure negative resistance characteristics

The 16441A R-Box alows SMUsto measure current-controlled negative resistance
(1 MQ) characterigtics.

Connect the resistance of the 16441A as shown in following figure.

16441A R-Box
R
ET [ our |
V \Y
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Figure 8-6

Support Functions
SMU/PG Selector Control

SMU/PG Selector Control

The 4155C/4156C can control the 16440A SMU/Pulse Generator Selector to
automatically switch units that are connected to aDUT pin. You set up this
automatic control using the SMU/PG SELECTOR field 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. So, when you pressthe Stress key
inthe 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 selectors. For details about installation of the selectors, refer
to User's Guide General Information.

Figure 8-6 shows the simplified circuit diagram of an 16440A selector.

Simplified Circuit Diagram of the 16440A Selector

16440A
o y Input SMU (© » Output
anne —(© Selected [) To DUT
Input PGU O/O*O/ o
SW3 SW2
CONTROL
From41501 [ Input
To 2nd Control Logic
02n
16adon J Outout
Input SMU (O o/o
Channel 2 SWA1 Output
(O Selected [) To DUT
Input PGU @—0/0;
‘ SW2
SW1, SW2 : Mechanical Relay
SW3 : Semiconductor Switch

UGDo4004
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Setup and Switching Conditions

Setup of the SMU/PG SELECTOR field and switching conditions are explained
below:

CHL1 (or CH3 for second selector):

Setup SW1 | SW2 | SW3 Description
SMU ON OFF | OFF | Connects SMU.
PGU OFF | ON ON Connects PGU.
PGU OPEN OFF | ON OFF | Open. Disconnected.
OPEN OFF | OFF | OFF | Open. Disconnected.

CH2 (or CH4 for second selector):

Setup SW1 | sw2 Description
SMU ON OFF | Connects SMU.
PGU OFF | ON Connects PGU.
OPEN OFF | OFF | Open. Disconnected.
NOTE SW1 and SW2 are mechanical relays, and SW3 isasemiconductor switch. Leakage

current and stray capacitance of SW1 and SW2 are less than for SW3. However, the
switching speed of SW3 isfaster and lifeislonger than SW1 and SW2.

If you need to switch PGU many times, use PGU OPEN, not OPEN to disconnect
PGU.

Restrictions using Selector

» 41501A/B Expander equipped with PGU must be connected to 4155C/4156C.

» Kelvin connection is not available.

8-26 Agilent 4155C/4156C User’s Guide Vol.2, Edition 6



Support Functions
SMU/PG Selector Control

To Use Selector

1. Presssresskey inthe PAGE CONTROL key group.
2. Select CHANNEL DEF primary softkey.

3. Inthe MEASURE field of the SMU/PG SELECTOR area, select one of the
following softkeys. This field sets the switching status of selector in the
measurement state.

e SMU secondary softkey to connect SMU to DUT
* PGU secondary softkey to connect PGU to DUT
* OPEN secondary softkey to disconnect SMU, PGU, and DUT

* PGU OPEN secondary softkey to disconnect PGU from DUT by
semiconductor switch

4. Inthe STRESS field of the SMU/PG SELECTOR area, select one of the
following softkeys. This field sets the switching status of selector in the stress
force state.

e SMU secondary softkey to connect SMU to DUT
e PGU secondary softkey to connect PGU to DUT
e OPEN secondary softkey to disconnect SMU, PGU, and DUT

e PGU OPEN secondary softkey to disconnect PGU from DUT by
semiconductor switch
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Following shows an exampl e setup that connects two SMUsto DUT during
measurement state, and connects two PGUs to DUT during stress force state.

SMU

(OPEN

]
]
]
]

STRESS: CHANNEL DEFINITION Q94JANOT 01:30PM
*CHANNELS *SMU /PG SELECTOR
MEASURE STRESS MEASURE [STRESS
UNIT | NAME |MODE__[NAME [FCTN 1]smMu Y]
SMUL:MP V1 2 [sMU B
SMUZ:MP | V2 3|OPEN  [oPEN
SMU3:MP | V3 4|oPEN  |oPEN
SMU4 :MP
SMUS :MP
SMUG :MP
VsUL
vsu2
PGUL VPULSE SYNC | *TRIGGER SETLP
PGU2 VPULSE SYNC DISABLE
GNDU POLARITY|POSITIVE|
PGU
B
HsmEss Hsmsss H ‘ ‘ H H
SETUP | |[FoRcE

HNEXT ‘

PAGE

UGTOM. 100,70
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Switching Matrix Control

The 4155C/4156C can control the Agilent E5250A Low Leakage Switch
Mainframe installed with the E5252A matrix card. This section describes how to
control the E5250A.

*  “Requirements’

* “To Control Functions’

* “To Control Connections’
* “ToUseMatrix Setup File”

Requirements

Prepare the instruments and cables listed in Table 8-2 and provide the following
environment. For the location of the components on the E5250A rear panel, see
Figure 8-7. Also, see Table 8-3 for the cable connections.

1. Install the E5252A card into the E5250A slot 1. The E5252A must be installed
inslot 1.

If you need more than 12 output ports, install the cardsinto the E5250A card slot
continuously from dlot 1. If ablank card or another card isin slot 2, 3, or 4, the
4155C/4156C ignores the cardsinstalled in those slots aswell asthe cardsin the
following dots.

2. Set the GPIB address of the E5250A. You will define the value later on the
4155C/4156C CHANNELS: E5250A PROPERTIES screen.

3. Connect the GPIB cable between the E5250A and the 4155C/4156C.

If an external computer is connected to the same GPIB bus, disconnect the GPIB
cable from the computer, or pass the Active Controller capability to the
4155C/4156C.

4. Connect thetriaxial cables between the E5250A SMU INPUT connectors and
the 4155C/4156C SMU connectors, or the 41501 HPSMU/MPSMU connectors.

5. Connect the coaxial cables between the E5250A AUX INPUT connectors and
the 4155C/4156C V SU/V MU connectors, 41501 PGU connectors, or other
instruments.

6. Connect thetriaxial cables between the E5252A output connectors and test
fixture or prober via the connector plate.
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7. Turn the instruments on.
8. Set the 4155C/4156C to SYSTEM CONTROLLER, as shown below:

Pressthe system front panel key and the MI SCELLANEOUS softkey, then select
the CONTROLLER softkey in the 4155C is or 4156C isfield on the SY STEM:
MISCELLANEOUS screen.

Table 8-2 Required Equipment
Agi'llellwr;lg/le(r)del Description Quantity

4155C/4156C Semiconductor Parameter Analyzer 1

41501 (optional) | SMU/Pulse Generator Expander 1

E5250A Low L eakage Switch Mainframe 1

E5252A 10x12 Matrix Card lto4
GPIB Cable 1
Triaxial Cable a
Coaxial Cable b
Test Fixture or Prober with Connector Plate 1

a. Quantity depends on the number of SMU input ports and output ports
you use.
b. Quantity depends on the number of AUX input ports you use.

Figure 8-7 Rear Panel View of Agilent E5250A

| 00000000000 |[¢—sau
| 00000000000 |[q—saz
|
|

'O 000000000 0% |¢—sas
'O 000000000 % [4—dua
103050 ||TO°20
204060 ||80100

E5252A output connectors

/7‘ 7 i —~
GPIB connector
SMU INPUT AUX INPUT GPIB address switch
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Connecting E5250A

Support Functions

Switching Matrix Control

Entryfield name
Connectorson and
E5250A Connect to default setup
Rear Pand on the E5250A
PROPERTIES
screen
SMU INPUT 1 4155C/4156C SMU connector or INPUT1, SMU1
41501 HPSMU/MPSMU connector
SMU INPUT 2 INPUT2, SMU2
SMU INPUT 3 INPUT3, SMU3
SMU INPUT 4 INPUT4, SMU4
SMU INPUT 5 INPUT5, SMU5
SMU INPUT 6 INPUT6, SMUG6
AUX INPUT 7 4155C/4156C V SU/VMU connector, INPUT7, VSU1
41501 PGU connector, or other
AUX INPUT 8 instruments INPUTS, VSU2
AUX INPUT 9 INPUT9, VMUL1
AUX INPUT 10 INPUT10, VMU2
E5252A output Test fixture or n.a
Connector plate connected to prober
GPIB connector 4155C/4156C GPIB connector n.a

Agilent 4155C/4156C User’s Guide Vol.2, Edition 6

8-31



Sep 1.

Sep 2.
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To Control Functions

To control the E5250A functions, use the CHANNELS: E5250A PROPERTIES
screen. Press the chan front panel key, then select the E5250A PROP primary
softkey. The E5250A PROPERTIES screen appears.

CHANNELS: E5250A PROPERTIES 01JAN15 05: 04PM

*E5250A SETUP

GPlI B ADDRESS| 22
CONTROL OFF
CARD TYPE E5252A
CONFI G MODE | NORMAL

*MATRI X CONNECTI ON MODE

PORT Bl AS| COUPLE PORT STATUS | CONN| CONN
FCTN PORT| 1 3 5 7 9 |RULE|SEQ
CARD1|NO FCTN|----|---|---|---]|---]---|FREE|BBM
CARD2|NO FCTN|----]|---|---|---]---]---|FREE|BBM
CARD3|NO FCTN|----|---|---|---]---]---|FREE|BBM
CARD4|NO FCTN|----|---|---|---]---]---|FREE|BBM
*E5250A | NPUT CONNECTI ON
I NPUT 1 |SMUL| [INPUT 5 [SMU5
I NPUT 2 |SMU2| [I NPUT 6 [SMU6
I NPUT 3 |SMU3| [I NPUT 7 [VSU1
I NPUT 4 |[SMU4| [I NPUT 8 [VSU2
I NPUT 9 [VMU1
| NPUT 10| VMU2
22
Enter GPI B address of E5250A (0 to 30). B
CHANNEL| [ USER USER E5250A

DEF FCTN VAR S | PROP

To set GPIB address
Enter the GPIB address of the E5250A into the GPIB ADDRESS field.

To set control mode
Inthe CONTROL field, select the ON softkey.

Then the 4155C/4156C sends a query for the present setup of the E5250A, and
displaysit. In the E5250A control ON status:

e TheE5250A SETUP primary softkey appears. Selecting the softkey displaysthe
CHANNELS: E5250A CONNECTION SETUP screen.

* You can access the E5250A setup (extension: MAT) file using the filer function.

If you disable the E5250A control, select the OFF softkey.

8-32 Agilent 4155C/4156C User’s Guide Vol.2, Edition 6



Sep 3.

Sep 4.

Sep 5.

NOTE

Support Functions
Switching Matrix Control

Toinitialize the E5250A

In the CONFIG MODE field, select the RESET E5250A softkey. All the E5250A
settings will beinitialized.

To select configuration mode

In the CONFIG MODE field, select the E5250A configuration mode, either AUTO
or NORMAL, using the softkey. Note that changing the mode initializes the
E5250A setup except for the configuration mode.

AUTO Sets auto configuration mode. In this mode, the installed cards
are treated as one card. For example, if the E5252As are
installed in dlots 1 to 4, the E5250A works as a 48 output
matrix.

NORMAL Sets normal configuration mode. Each card is considered
independently. Each card works as a 12-output matrix.

To select port function

Inthe PORT FCTN field, select the port function using the following softkeys. You
cannot use the bias port function and the couple port function simultaneously.

NO FCTN Disables the port function.

BIAS PORT Enables the bias port function connecting the input bias port to
all output ports that are disconnected from other input ports.
Select the bias port using the BIAS PORT field.

COUPLE PORT  Enables the couple port function that is effective for the kelvin
connection. Select the coupled portsin the COUPLE PORT
STATUSfield.

Connection after port function changed

Changing the port function does not change the connection setup of the E5250A.
However, by way of exception, changing the port function from the bias port
function to the couple port function or no function will disconnect the output ports
from the input port that has been used as the bias port.
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NOTE

Sep 7.

NOTE
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To set biasport (if you usethe bias port function)

Inthe BIAS PORT field, enter the port number of the E5250A input port to be used
asthe bias port. Available values are 1 to 10. Default valueis 10.

Connection after input bias port changed

Changing the input port number of the bias port will disconnect the output bias ports
from the previousinput bias port and connect them to the new input bias port.

To set couple port (if you use the couple port function)

In the COUPLE PORT STATUS field, select the ON or OFF softkey to
enabl e/disable the couple port. The following input ports can be coupled:

* INPUT1 and INPUT2 can be coupled to port 1.
* INPUT3and INPUT4 can be coupled to port 3.
e INPUT5 and INPUT6 can be coupled to port 5.
* INPUT7 and INPUTS8 can be coupled to port 7.
* INPUT9 and INPUT10 can be coupled to port 9.

Operation of couple port
Coupled ports work as described below:

»  When the coupled port is opened, coupled input ports INPUTmM-1 and INPUTm
are disconnected from all output ports.

*  When the coupled port is closed, coupled input ports INPUTmM1 and INPUTmM
are connected as follows:

Input port INPUTmM-1 is connected to output port n-1.
Input port INPUTm is connected to output port n.

Where, mand n are integers (even numbers). The maximum valueis 10 for m, and
48 for n.
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CAUTION

NOTE
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To select connection rule

In the CONN RULE field, select the connection rule, either SROU or FREE, using
the softkey.

SROU Sets the single route connection rule. Each input port can be
connected to only one output port on a matrix card.

FREE Sets the free connection rule. Each input port can be connected
to multiple output ports and each output port can be connected
to multiple input ports.

Do not connect multiple inputsto an output

If the free connection rule has been specified, ensure multiple input ports are not
connected to the same output port. Such configurations can cause damage to the
instrument connected to the input terminals.

Connection after connection rule changed

Changing the connection rule does not change the connection setup of the E5250A.
So you may find the unmatched connections for the single rule on the CHANNELS:
E5250A CONNECTION SETUP screen after you change the connection rule from
freeto single. Then select the APPLY OPEN ALL softkey to apply the open to all
connections on the E5250A.

To select connection sequence

In the CONN SEQ field, select the connection sequence, either BBM, MBBR, or
NSEQ, using the softkey.

BBM Sets the break-before-make sequence. This connection
sequence breaks the previous connection, waits for an open
status, and makes the new connection.

MBBR Sets the make-before-break sequence. This connection
sequence makes the new connection, waits for a close status,
and breaks the previous connection.

NSEQ Sets no sequence. This connection sequence breaks the previous
connection, and then makes the new connection.
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Sep 10. To define E5250A input connection

In the E250A INPUT CONNECTION fields, enter the unit name, device terminal
name, or any identifications. The definitions are used to classify the E5250A input
ports on the E5250A CONNECTION SETUP screen.

If you define the unit name, use the softkeys. For the default settings, see Table 8-3.

NOTE Valueof INPUTN

The INPUTN fields are label s used to classify the E5250A input ports. You can use
another name instead of the unit name. Enter the name using the front-panel keys or
keyboard. A maximum four of aphanumeric characters are available. The first
character must be a letter of the al phabet.
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To Control Connections

To control the matrix connections, select the E5250A SETUP softkey. The
4155C/4156C sends a query for the present setup of the E5250A, and displaysit on
the E5250A CONNECTION SETUP screen.

CHANNELS: E5250A CONNECTI ON SETUP 01JAN20 04: 13PM
ARRAY
*SETUP DI SPLAY MODE
[ARRAY]
* MATRI X CONNECTI ON STATUS LI sT
I NPUT
PORT 111 111111122222 222223333333 333444444444
123456789012 345678901234 567890123456 789012345678
SMU1 X e e e e e e
SMU2 L e
SMU3 e
SMU4 Y
SMU5 X
SMU6
VSu1l
vsu2 | - XXXXXXX XXXXXXXXXXXX XXXXXXXXXXXX XXXXXXXXXXXX
VMU1
VMU2
: OPEN
X : CLOSE
— : BI AS DISABLED
X © CLOSE ON Bl AS PORT
ARRAY
Sel ect Setup Display Mode with softkey or rotary knob. B
CHANNEL|| USER USER E5250A E5250A
DEF FCTN VAR S | PROP SETUP

To select the setup display mode

Inthe SETUP DISPLAY MODE field, select the display mode using the following
softkeys:

ARRAY Sets the array display mode. You can define the matrix
connections by using the softkeys.

LIST Setsthelist display mode. You can define the matrix
connections by specifying the output port numbers.

To select card number (only for L1ST display mode)

When the CONFIG MODE isNORMAL and the SETUP DISPLAY MODE is
LIST, the CARD NUMBER field isdisplayed. In thisfield, select the card for which
you are going to set up the connection information on the screen. Use the CARD1,
CARD2, CARDS, or CARD4 softkey to select the card.

Agilent 4155C/4156C User’s Guide Vol.2, Edition 6 8-37



Sep 3.

Sep 4.

Support Functions
Switching Matrix Control

To change the enable input ports (for ARRAY display mode, optional)

INPUT 1to INPUT 4 are dwaysenabled. INPUT 5to INPUT 10 are selectable. You
can select onefrom INPUT 5, 7, and 9 and you can al so select one from INPUT 6, 8,
and 10.

To change the enable input port, move the pointer on the field of the input port that
you are going to enable, then select the ENABLE PORT softkey. This softkey is not
available for the enabled input port, the bias port, and the input ports that are
internally connected to the bias port.

For example, if you select the ENABLE PORT softkey on INPUT 7, then INPUT 5
and INPUT 9 are disabled, and INPUT 7 is enabled. The information for the
disabled portsis cleared.

In the figure on page 8-37, INPUT 1to INPUT 5 and INPUT 8 are enabled. And
INPUT 6, 7, 9, and 10 are disabled.

To change the enable input ports (for LIST display mode, optional)

INPUT 1to INPUT 4 are alwaysenabled. INPUT 5to INPUT 10 are selectable. You
can select onefrom INPUT 5, 7, and 9 and you can al so select one from INPUT 6, 8,
and 10.

To change the enable input port, move the pointer to the field of the INPUT 5 or
INPUT 6 (SMU5 or SMU6 in the following figure). Then select the softkey that
specifies the input port you want to enabled. For the bias port, only the softkey that
specifies the bias port is available.

The softkeys have the label you defined in the E5250A INPUT CONNECTION
fields on the CHANNELS: E5250A PROPERTIES screen.

I NPUT | QUTPUT PORT NO.
PORT
sMiL |1
sMR |2
SMB

SMM4

4-48

\— Can be replaced with input 8 or 10.

Can be replaced with input 7 or 9.
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Sep 5. Todefinethematrix connection (for ARRAY display mode)

Repeat the following steps until the connection setup definition is completed. To
apply the definition to the E5250A, select the APPLY SETUP softkey.

1. Move the pointer to the point whose status you want to change.

2. Select the CLOSE softkey to define the close status. “ X" will be displayed at
this point.

Select the OPEN softkey to define the open status. “.” will be displayed at this
point.

For the bias port, repeat the following steps until the bias status definition is
completed. To apply the definition to the E5250A, select the APPLY SETUP
softkey.

1. Move the pointer to the point whose bias status you want to change.

2. Select the BIAS DISABLE softkey to disable the bias port function. “_" will be
displayed at this point.

Select the BIAS ENABLE softkey to enable the bias port function. “x” or “.”
will be displayed at this paint.

After defining the E5250A setup on the screen

After defining the E5250A setup on the setup screen, do Step 7, Step 8, or Step 9.
Then you can change the screen page, or execute the measurements.

Output Port Numbers

Output port numbers available are 1 to 12 for normal configuration mode. In auto
configuration mode, available numbers are 1 to 12 (with 1 card), 1 to 24 (with 2
cards), 1 to 36 (with 3 cards), or 1 to 48 (with 4 cards).

Setup Example

The figure on page 8-37 shows an example to control the E5250A which installs
three E5252A s and in the AUTO configuration mode. The setup connects INPUT 1
(SMUL1) through INPUT 5 (SMU5) to the output ports 1 through 5, respectively.
Also the setup connects INPUT 8 (V SU2) to the output ports 6 to 36. The INPUT 8
(VSU2) istheinput bias port.
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To definethe matrix connection (for LIST display mode)

Enter the output port numbers to be connected. Use a commato specify multiple
numbers. Use a hyphen for a continuous range of numbers. For example, 1, 6
specifies the output ports 1 and 6, and 1-12 specifies output ports 1 through 12.

To apply the setup to the E5250A, select the APPLY SETUP softkey.

After defining the E5250A setup on the screen

After defining the E5250A setup on the setup screen, do Step 7, Step 8, or Step 9.
Then you can change the screen page, or execute the measurements.

Output Port Numbers

Output port numbers 1 through 12 are available in NORMAL mode. In AUTO
mode, the available numbers are 1 through 12 (with 1 card), 1 through 24 (with 2
cards), 1 through 36 (with 3 cards), or 1 through 48 (with 4 cards).

Setup Example

In the following example, the E5250A controls four E5252Asinthe AUTO
configuration mode. Input port 6 (SMU6) is used asthe bias port. INPUT 1 (SMU1)
through INPUT 3 (SMU3) are connected to output port 1 through 3, respectively.
INPUT 6 (SMUSG) is connected to output ports 4 to 48.

I NPUT | QUTPUT PORT NO.
PORT

smuL |1

sMR |2

SMB

SMM

SMJ5

SMU6 | 4-48
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To apply the connection information to the E5250A
Select the APPLY SETUP softkey to apply the setup to the E5250A.

To apply the open to all connectionsto the E5250A

Select the APPLY OPEN ALL softkey to apply the open to all connections on the
E5250A. The setup on the screen will be also changed to open all connections.

To cancel the setup changes on the screen

Select the CANCEL SETUP CHANGE softkey to cancel the changes you made on
the screen. The setup on the screen will be changed to the setup prior to the change.
The E5250A connection setup is not changed.

ToUseMatrix Setup File

The 4155C/4156C can save/get/copy/purge/rename the matrix setup file
(extension: MAT). To access the matrix setup file, set the 4155C/4156C to the
SYSTEM CONTROLLER, and set the E5250A control mode to ON; then use the
filer function or press the save/Get front panel keys.

On the file operation screen, select the MAT secondary softkey inthe TYPE field to
specify the matrix setup file. The TY PE must be MAT.
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Trigger Function

Trigger function is used to perform measurements synchronized with the
measurements or source outputs by external instruments.

Connection

The following figure shows the connection between an 4155C/4156C and an
external instrument.

4155 / 4156 External Instrument

TRIGGER

@ INPUT  CUTPUT
®N CuT @ @

Coaxial Cable

(a) For Trigger Output Function

4155 [ 4156 External Instrument
TRIGGER

@ @ INPUT OUTPUT
IN ouT @ @

Coaxial Cable

(k) 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 atrigger 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).

The trigger output function is not available for sampling measurements.

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

For the electrical specifications of trigger signals, refer to User's Guide General
I nformation.
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Figure 8-8

Support Functions
Trigger Function

Trigger Input

The 4155C/4156C can receive an edge trigger (TTL level, pulse width
approximately 10 us) from external instruments viathe 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 M easurements

Th:Hold Time
Th Td: Delay Time

4155 / 41560

Trigger Input

External Instrument

Trigger Signal

(a) Sampling Measurement

step delay time

 Th+Td / Td

4155 / 4156

Start Value

Trigger Input

External Instrument

Trigger Signal

UGDO4013, No=110

(b) Sweep Measurement

After you press the Single, Repeat, Or Append front-panel key, the 4155C/4156C waits
for the trigger signal only once. When the 4155C/4156C receives the trigger signal,
the 4155C/4156C starts measurements.

For staircase sweep measurements, you can specify the step delay time shown in
Figure 8-8.

8-44 Agilent 4155C/4156C User’s Guide Vol.2, Edition 6



Support Functions
Trigger Function

Trigger Output

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

Gate Trigger Output

The 4155C/4156C can output gate triggers when forcing stress. When stressforcing
starts, thetrigger signal changes to the active level. When stressforcing 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.

Stress Force State

PGU

L
(ac stress ) 5 |
| el Il

( dc stress ) :

] gate trigger output l

Trigger Signal

Edge Trigger Output

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

To set the trigger output timing, use the following field on the MEASURE:
OUTPUT SEQUENCE screen. Name of entry field depends on the measurement
mode.

M easurement M ode Entry Field

Pulse sweep measurement TRIG OUT DELAY

Sweep measurement STEP DELAY
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Trigger Function

Trigger output delay time for pulsed sweep measurements.

When using an SMU as a pulse source, the 4155C/4156C can output edge triggers at
each pulse leading edge. Trigger output delay time (TRIG OUT DELAY) specifies
how much to delay the trigger after the leading edge. So, you set the trigger output
delay time to wait until the 4155C/4156C outputs a stable pulse peak value.
Available setting range for the trigger output delay timeis:

Range: 0 to specified pulse width, maximum 32.7 ms
Resolution: 100 us
Trigger output delay timeis shown as T1 in the following figure.

Pulse Width
4155 | 4156 | |
T T
lTrgger Output lTrigger Output
External Instrument : :
D Tex P Tex
- -
! . ;

UGD0AME, 60mmhxHommw

11 trigger output delay time
{ setin TRIG OUT DELAY field on MEASURE: OUTPUT SEQUENCE page |
Tex : measurement time for external instrument

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 > T1 + Tex

where, Tex means the measurement time.
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Trigger Function

Sep delay timefor staircase sweep measurements.

When performing sweep measurements without a pulsed SMU, the 4155C/4156C
outputs an edge trigger at the time when the 4155C/4156C starts 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. Thisisto make sure the external instrument has
enough time to make the measurement. Available setting range for the step delay
timeis:

Range: Oto1ls
Resolution: 100 us
Trigger output delay timeis shown as T2 in the following figure.

Delay Time | set in TIMING table on MEASURE: SWEEP SETUP page |

4155 1 4156 ‘ /

[
— T . T2
l Trigger Quiput lTrigger Output
External Instrument :
b Tex ! Tex
- M

UGDO4016, 120mmwx<e0mmh

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

Tex : measurement time for external instument

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

Using the Agilent 41501A/B contains PGUSs, the 4155C/4156C can output a gate
trigger through the 41501A/B Ext Pulse Generator Trig Out terminal. The trigger
signal is synchronized with the PGU output pulses, and you cannot control trigger
timing.

The polarity of the trigger is positive and the output level isTTL.

The following figure shows the trigger signal. The leading-edge and tailing-edge of
the trigger are synchronized with the leading-edge and tailing-edge of PGU1.

trigger signal

PGUT

delay time pulse width

PGU2

UGD04024, 100%100

pulse start

This function allows you to perform multiple pulse outputs using external pulse
generators synchronized with the PGUs.
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Built-in Functions

This chapter explains the following functions built in the Agilent 4155C/4156C, that
are used for calculating or reading the measurement setup data and the measurement
result data:

e “Built-in Function”
* “Read Out Function”
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Built-in Functions

Built-in Function

You can use built-in functions for the following:

» Inthe expression that is used to define a user function on the CHANNELS:;
USER FUNCTION DEFINITION screen.

e Asthe condition for an automatic analysis function on the DISPLAY:
ANALY SIS SETUP screen.

e For direct keyboard calculations.
The following functions are available:
« ABS

o AT

* AVG

« COND

e DELTA

 DIFF

« EXP

* INTEG

e LGT

« LOG

* MAVG

« MAX

* MIN

« SQRT
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Syntax

Example

Syntax

Example

Syntax

Example

Built-in Functions
ABS

ABS

Returns the absolute value of the expression.
ABS( expression)

To return the absolute value of | D:
ABS( | D)

AT

Returns the value of 1st expression at the index number specified by the 2nd
expression.

AT( 1st expression, 2nd expression)

If 2nd expression is not integer, linear interpolated value of 1st expression will be
returned.

To return difference of | d from itsfirst value:
I d-AT(1d, 1)

AVG

Returns the average value of sweep data or sampling data.

AV 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 | D:
AVGE( | D)
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Syntax

Example

Built-in Functions
COND

COND
This function does the following:

» If 1st expression < 2nd expression, returns 3rd expression.

» |f 1st expression > 2nd expression, returns 4th expression.

COND( 1st expression, 2nd expression, 3rd expression, 4th expression)
If value of 1st expression or a 2nd expression isinvalid, the value for the previous
measurement index number is used for the comparison.
COND( | D- VG, SQRT( | D) - VG, VD, VGS- VTH)
returns:
« VDif | D- VG < SQRT(1 D) - VG.
* VGS- VTHIf I D- VG > SQRT( | D) - VG
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Syntax

Example

Built-in Functions
DELTA

DELTA

Returns the difference of the expression.

DELTA( expression)

The differenceis defined as follows:
on=(a—-a) whenn=1
oN=(8m+1— 8,-1)/2 whenl<n<N
on=(ay — an_1) whenn=N

Where,

on: difference for measurement index number n.

ay value of an expression for measurement index number n.
N: number of sweep steps or number of samples.

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 adata variable for a secondary sweep source, this function returns
the sweep step value of the secondary sweep.

To return the difference of | D:
DELTA( I D)
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Syntax

Example

Built-in Functions
DIFF

DIFF

Returns differential coefficient of 1st expression by 2nd expression.

DI FF( 1st expression, 2nd expression)

The differential coefficient is defined asfollows:
Y'n=(2-y)/(x2— X1 whenn=1
Y'n= VYne1 = Yno)/(Xns1 — Xn1) whenl<n<N
Y'n=(YN-YN-D/(XN —XN-1)  whenn=N

Where,

Y differential coefficient for measurement index number n.
Yo value of 1st expression for measurement index number n.
Xpy: value of 2nd expression for measurement index number n.
N: number of sweep steps or number of samples.

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 | D by VG
DI FF(DI FF(1 D, VG , VG
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Built-in Functions
EXP

EXP

Raises e to the power of expression.
Syntax EXP( expression)

Example To raise e to the power of the | D:
EXP( | D)

INTEG

Performs numerical integration of the 1st expression by the 2nd expression.

Syntax | NTEG( 1st expression, 2nd expression)
This operation is defined as follows:
whenn=1,6,=0

whenn> 1, 6, is presented by the following equation:

=%2 (. )0 % )

Where
Op: integral of 1st expression for measurement index number n.
ri: value of 1st expression for measurement index number i.
X value of 2nd expression for measurement index number i.

If there are some invalid valuesin the expressions, the invalid values areignored for
the calculation.

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.
Example To integrate | Dby VD:

| NTEG( | D, VD)
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Syntax

Example

Syntax

Example

Built-in Functions
LGT

LGT

Returns the logarithm (base 10) of expression.

LGT( expression)

If the expressionis:

0 - Over f | owisreturned with status of "Arithmetic error".

negative value logarithm of absolute valueis returned with status of
"Arithmetic error".

To return the logarithm of | D:
LGT(I D)

LOG

Returns the logarithm (base €) of expression.

LOG( expression)

If the expression is:

0 - Over f | owisreturned with status of "Arithmetic error".

negative value logarithm of absolute value is returned with status of
"Arithmetic error”.

To return the logarithm of | D:

LOG( | D)
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Syntax

Example

Built-in Functions
MAVG

MAVG

Returns the moving average value of 1st expression. The 2nd expression specifies
how many measurement points to use for average.

MAVE 1st expression, 2nd expression)

This operation is defined as follows:

The moving average at measurement index number nis defined as follows:

whenn< r
_ 1 n+r
Xy = 2 X;
r+n .
i=1
whenr<n< N-r
l n+r
Xy = %
" 2r+1

when N-r <n
_ 1
X = — X.
" T N- N+l _2 '
i=n-r
Where,
Xq - moving average of the 1st expression for measurement index number n.
X value of the 1st 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 valuesin the 1st expression, the invalid values are ignored
for the calculation.

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 moving average value of "ID" by using five measurement values:
MAVE | D, 5)
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Syntax

Example

Syntax

Example

Syntax

Example

Built-in Functions
MAX

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 areinvalid valuesin expression, invalid values are ignored.

To return the maximum value of | D:
MAX( | D)

MIN

Returns the minimum sweep or sampling value.

M N( expression)

For subordinate sweep measurement, this function returns the minimum value of the
primary sweep for the secondary sweep step.

If there areinvalid valuesin expression, invalid values are ignored.

To return the minimum value of | D:
M N( | D)

SORT

Returns the square root of the expression.
SQRT( expression)

To return the square root of | D:

SQRT(1 D)
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Built-in Functions

Read Out Function

The read out functions are built-in functions for reading various values related to the
maker, cursor, or line. You can use these functions to perform complex analysis of
the measurement results.

You can use read out functions for the following:

In the expression that is used to define a user function on the CHANNELS:
USER FUNCTION DEFINITION screen.

Asacondition for an automatic analysisfunction on the DISPLAY: ANALY SIS
SETUP screen.

For direct keyboard calculations.

The following functions are available:

Function Read Out Function

Marker @MI, @M X, @MY, @MY1, @MY2

Cursor @CX, @CY, @CY1, @CY2

Line @IX, @Y, @Y1 @Y2,
@L1CO, @L1G @L1G1, @L1G2, @L1X, @L1Y, @L1Y1, @L1Y?2,
@L2CO, @L2G @L2G1, @L2G2, @L2X, @L2Y, @L2Y1, @L2Y2

The following are restrictions for using read out functions:

GRAPHI CS must be selected in the DISPLAY MODE field onthe DISPLAY:
DISPLAY SETUP screen when you use the read out function. If not, invalid data
isreturned. (@ isan exception. @ can beused in GRAPHICS or LIST
mode.)

If the marker, cursor, or linethat 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 returnsinvalid data.

You cannot assign a data variable that includes a read out function to an axis of
graphics plot.
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Built-in Functions

@CX
@CX
Returns the value of X coordinate at the active cursor position.
Syntax: @cX
@CY
Returnsthe value of Y coordinate at the active cursor position.
Syntax: @y

If thereare Y1 and Y 2 axes, this function returns the value for selected axis.

@CY1

Returns the value of Y1 coordinate at the active cursor position.

Syntax: @yl

@CY?2

Returns the value of Y 2 coordinate at the active cursor position.
Syntax: @cy2
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Built-in Functions

@IX

@I X

Returnsthe value of X coordinate at the cross point of LINEL and LINE2.

Syntax: @X

This function cal culates the cross point by using the following formula:
x=(Y2- ¥ / (0 aq)

Where,

X: Value of X coordinate at the cross point. If the X axisislogarithmic scale,
this function returns 10,

Yn' Y-intercept value of LINEN. If the Y axisislogarithmic scale, y,, isthelog
value of they intercept of LINEN.

on:  Slopeof LINEN.

If LINEL is paralel to LINE2, this function returns invalid data with the status
"Arithmetic error".

@lyY

Returnsthe value of Y coordinate at the cross point of LINE1 and LINE2.

Syntax: @y

If thereare Y1 and Y 2 axes, this function returns the value for selected axis.

This function cal culates the cross point by using the following formula:
y=yrtog x(Yo- Y1) / (og- ap)

Where,

y: Value of Y coordinate at the cross point. If the Y axisislogarithmic scale,
this function returns 10V.

o Y-intercept value of LINEN. If the Y axisislogarithmic scale, y,, isthelog
value of they intercept of LINEN.

on:  Slopeof LINEN.

If LINELis paralel to LINE2, this function returns invalid data with the status
"Arithmetic error".
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Built-in Functions
@1Y1

@Y1l

Returns the value of Y1 coordinate at the cross point of LINEL and LINE2.

Syntax: @Yl

This function cal culates the cross point by using the following formula:
y1= Yrtag x(Y2- y1) / (og- ap)

Where,

W Value of Y 1 coordinate at the cross point. If the Y 1 axisislogarithmic scale,
this function returns 10%.

Yn' Y 1-intercept of LINEN. If the Y1 axisis logarithmic scale, y, isthelog
value of the Y 1 intercept of LINEN.

on:  Slopeof LINEN.

If LINEL is paralel to LINE2, this function returns invalid data with the status
"Arithmetic error".

@lY?2
Returns the value of Y 2 coordinate at the cross point of LINEL and LINE2.
Syntax: @ Y2

This function cal culates the cross point by using the following formula:
2= yrtag x(Yz- y1) / (ag- ap)
Where,

Yo ! Value of Y2 coordinate at the cross point. If the Y2 axisislogarithmic scale,
this function returns 10%2.

\ Y 2-intercept of LINEN. If the Y2 axisislogarithmic scale, y,, isthe log
value of the Y2 intercept of LINEN.

on:  Slopeof LINEN.

If LINELis paralel to LINE2, this function returns invalid data with the status
"Arithmetic error".
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Built-in Functions
@L1CO

@L1CO
Returns the correlation coefficient of the regression for LINEL.
Syntax: @1co

LINEL must be in regression mode. If not, this function returnsinvalid data.

@L1G
Returns the slope of LINEL.
Syntax: @Ql1G

If thereare Y1 and Y 2 axes, this function returns the value for selected axis.
This function cal cul ates the slope by using the following formula:
» If X andY axesareboth linear scaling:
a = (Y1~ Yo)/ (X1 — Xo)
» If X axisislogarithmic scaling, and Y axisislinear scaling:
o = (y1 - Yo)/(log X — log Xo)
» If X axisislinear scaling, and Y axisislogarithmic scaling:
o = (logy; —log y)/(x1 = Xo)
» If X andY axesare both logarithmic scaling:
o = (logy; —log yo)/(log x; - 10g Xo)
Where,
o Slope of LINEL.

Xg.Yo.X1,y1: XandY coordinate values at the two pointswhere LINE1 intercepts
the perimeter of the plotting area.
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Built-in Functions
@L1G1

@L1G1

Returnsthe slope of LINE1 for Y1 axis.

Syntax: QlGl

This function cal culates the slope by using the following formula:

» If X and Y1 axes are both linear scaling:
a = (y1 - Yo/ (X1 — Xo)

» If X axisislogarithmic scaling, and Y 1 axisis linear scaling:
a = (y1 - Yo)/(Iog X1 — 10g Xo)

» If X axisislinear scaling, and Y 1 axisis logarithmic scaling:
a = (log y1 —10g yo)/(X1 — Xo)

» If X and Y1 axes are both logarithmic scaling:
a = (logy; —log yo)/(log X1 — l0g Xo)

Where,

o Slope of LINEL.

Xo Yo .X1,¥1: X and Y1 coordinate values at the two points where LINE1
intercepts the perimeter of the plotting area.

Agilent 4155C/4156C User’s Guide Vol.2, Edition 6 9-17



Built-in Functions
@L1G2

@L1G2

Returnsthe slope of LINE1 for Y2 axis.

Syntax: Qlx

This function cal culates the slope by using the following formula:

» If X and Y2 axes are both linear scaling:
a = (Y1~ Yo/ (X1 — Xo)

» If X axisislogarithmic scaling, and Y2 axisis linear scaling:
a = (y1 - Yo)/(Iog X1 — 10g Xo)

» If X axisislinear scaling, and Y2 axisis logarithmic scaling:
a = (log y1 —10g yo)/(X1 — Xo)

» If X and Y2 axes are both logarithmic scaling:
a = (logy; —log yo)/(log X1 — l0g Xo)

Where,

o Slope of LINEL.

Xo Yo .X1,Y1: X andY2 coordinate values at the two points where LINE1
intercepts the perimeter of the plotting area.
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@L1X
@L 1X
Returns the X intercept value (Y=0) of LINEL.
Syntax: @ix

If LINE1 is horizontal, this function returnsinvalid data.

@L1Y
Returnsthe Y intercept value (X=0) of LINEL.
Syntax: @ily

If thereare Y1 and Y 2 axes, this function returns the value for selected axis.

If LINE1 is vertical, this function returns invalid data.

@L1Y1

Returnsthe Y 1 intercept value (X=0) of LINEL.
Syntax: @iyl

If LINEL isvertical, thisfunction returnsinvalid data.

@L1Y2

Returnsthe Y 2 intercept value (X=0) of LINEL.
Syntax: @uivy2

If LINELis vertical, this function returnsinvalid data.

@L2CO
Returns the correl ation coefficient of the regression for LINE2.
Syntax: @.2Co

LINE2 must be in regression mode. If not, this function returnsinvalid data.
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Built-in Functions

@L2G

@L 2G

Returns the slope of LINE2.
Syntax: @z2G

If thereare Y1 and Y 2 axes, this function returns the value for selected axis.
This function calcul ates the slope by using the following formula
» If XandY axesareboth linear scaling:
a = (y1 - Yo/ (X1 — Xo)
» If X axisislogarithmic scaling, and Y axisislinear scaling:
a = (y1 - Yo)/(Iog X1 — 10g Xo)
» If X axisislinear scaling, and Y axisislogarithmic scaling:
a = (log y1 —10g yo)/(X1 — Xo)
» If X andY axesare both logarithmic scaling:
a = (logy; —log yo)/(log X1 — l0g Xo)
Where,
o Slope of LINE2.

Xo.Yo.X1,y1: XandY coordinate values at the two pointswhere LINE2 intercepts
the perimeter of the plotting area.
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Built-in Functions
@L2G1

@L2G1

Returnsthe slope of LINE2 for Y1 axis.

Syntax: @Q2GlL

This function cal culates the slope by using the following formula:

» If X and Y1 axes are both linear scaling:
a = (y1 - Yo/ (X1 — Xo)

» If X axisislogarithmic scaling, and Y 1 axisis linear scaling:
a = (y1 - Yo)/(Iog X1 — 10g Xo)

» If X axisislinear scaling, and Y 1 axisis logarithmic scaling:
a = (log y1 —10g yo)/(X1 — Xo)

» If X and Y1 axes are both logarithmic scaling:
a = (logy; —log yo)/(log X1 — l0g Xo)

Where,

o Slope of LINE2.

Xo Yo .X1,¥1: X and Y1 coordinate values at the two points where LINE2
intercepts the perimeter of the plotting area.
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Built-in Functions
@L2G2

@L2G2

Returns the slope of LINE2 for Y2 axis.

Syntax: Q2x

This function cal culates the slope by using the following formula:

» If X and Y2 axes are both linear scaling:
a = (Y1~ Yo/ (X1 — Xo)

» If X axisislogarithmic scaling, and Y2 axisis linear scaling:
a = (y1 - Yo)/(Iog X1 — 10g Xo)

» If X axisislinear scaling, and Y2 axisis logarithmic scaling:
a = (log y1 —10g yo)/(X1 — Xo)

» If X and Y2 axes are both logarithmic scaling:
a = (logy; —log yo)/(log X1 — l0g Xo)

Where,

o Slope of LINE2.

Xo Yo X1,y1: X andY2 coordinate values at the two points where LINE2
intercepts the perimeter of the plotting area.
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@L2X
@L 2X
Returns the X intercept value (Y=0) of LINE2.
Syntax: @z2Xx

If LINE2 is horizontal, this function returnsinvalid data.

@L2Y
Returnsthe Y intercept value (X=0) of LINE2.
Syntax: @zy

If thereare Y1 and Y 2 axes, this function returns the value for selected axis.

If LINE2 is vertical, this function returnsinvalid data.

@L2Y1

Returnsthe Y 1 intercept value (X=0) of LINE2.
Syntax: @z2vyl

If LINE2 is vertical, this function returnsinvalid data.

@L2Y2

Returnsthe Y 2 intercept value (X=0) of LINE2.
Syntax: @z2vy2

If LINE2 is vertical, this function returnsinvalid data.

@M
Returns the index number of measurement data at the marker location.
Syntax: @

This function can be used in both GRAPHICS and LIST display modes.

If theinterpolation modeis enabled in GRAPHICS display and the marker islocated
between the measurement data, this function returns a non-integer value.
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@MX

@M X

Returns the value of the X coordinate at the marker location.
Syntax: @

QMY

Returnsthe value of the Y coordinate at the marker location.
Syntax: aw

If thereare Y1 and Y 2 axes, this function returns the value for selected axis.

@MY1

Returns the value of the Y 1 coordinate at the marker location.
Syntax: @awil

@MY2

Returns the value of the Y 2 coordinate at the marker |ocation.
Syntax: @w?2
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Connecting Measurement Devices

This section describes how to connect device under test (DUT) to the 16442A/B test
fixture, and how to connect cables to the connector plate.

For connecting the test fixture or the connector plate to the 4155C/4156C, see User's
Guide General Information. If you use awafer prober, see wafer prober manuals.

Note that you must set the 4155C/4156C to the idle state when connecting or
disconnecting DUTSs. If not, the DUTs may be damaged.

To set to idle state, press sop key and make sure Standby indicator is off.
This section has the following descriptions:
e “Using Test Fixture”

» “Using Connector Plate”
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Connecting Measurement Devices
Using Test Fixture

CAUTION

CAUTION

Using Test Fixture

1. Pressthe stop front-panel key to set your 4155C/4156C to idle state. If the
standby indicator islit, press the Standby front-panel key.

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

Mount your DUT on the socket module.

4. Connect between the socket module and the test fixture by using the proper test
leads.

5. Closethelid of the test fixture.

To force more than £40 V, close the lid of the test fixture. Otherwise, the
interlock function will stop the 4155C/4156C output.

To connect between the socket module and the test fixture, you can use test leads
that have the following terminals:

e Miniature banana- miniature banana
e Miniature banana- pin plug

* Miniature banana- miniatureclip

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

Do not touch the terminals of the test leads. Oil, perspiration, and dirt prevent good
electrical contact, deteriorate insulation, and degrade measurement accuracy.
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Connections for High Current Measurements

When you force or measure a large current, you may want to use aKelvin (4-wire)
connection to eliminate the residual resistance effects of test |leads and contacts. For
example, you can use the following connections as Kelvin connections on the test
fixture. The Kelvin connection is available for the 4156C's HRSMU and
41501A/B’'s HPSMU.

Examples: Kelvin Connection

| SMJ( £200V= 1A Max) |
1 2 3 (Selected)

Force Sense Force Sense Force Sense
Guar@ Guar@ Guar@ Guar@ Guar@ Guar@
T :

T T s T

Gate

To cancel the effects of the residual resistance, test leads must be connected as close
as possible to the DUT.
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WARNING

CAUTION

Connecting Measurement Devices
Using Connector Plate

Using Connector Plate

This section provides the information useful for connecting cables and probing
needles to a connector plate.

* “To Reduce Leakage Current”

* “ToMeasure Low Resistance’

To Reduce Leakage Current

To reduce the leakage current caused by connection cables, the guard technique is
effective. Connect the probing needles to the terminals of the connector plate by
using coaxial cables as shown below:

1. At end of cable, connect coaxial center conductor to force terminal of connector
plate, and connect coaxia outer conductor to guard terminal of connector plate.

2. At another end, connect coaxial center conductor to tail of the probing needle.
Never connect the outer conductor at this cable end.

Extend the outer conductor as close as possible to the probing needle.
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
voltage.

Never connect the guard terminal to any other output, including circuit common,
frame ground, or the terminals of any other unit. Doing so may damage the unit.
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Connecting Measurement Devices
Using Connector Plate

Example

The following example connection can be used to reduce the leakage current.
Extend the outer conductor as close as possible to the probing needle. Thisaso
reduces the induced noise.

+— Cenzer Corductor

— Curer Corductor

7, ! N
[ \/\ AN
&/ N \\i\\
\\’_/\
)\ . -~ \\\\
Coaxial Caole NN :
NN Pr9bmg Neecle
~ AN /
\\><\
AN
AN
N\
N\
ARY
N\
AN
NN\
AR
\)\/\/ s
Connecter Plate N\ ~
N

UGTOD0 AL f20WGCH Contact Pad e
~ 4
/

Guarding

Guarding reduces the |eakage current between the measurement points and
instrument. Thisisimportant 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.

( A ) Guard Force DUT

Buffer

J7 UGTOI32.90W40H
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To Measure Low Resistance

When you measure alow resistance, high current flows through the DUT. This high
current increases the measurement error caused by the residual resistance of cables.
To cancel the effect of thisresistance, you can use Kelvin connections (4-wire),
which means the force and sense lines are extended separately to the DUT. The
Kelvin connection is available for the 4156C's HRSMU and the 41501A/B’s
HPSMU.

Connect the probing needles to the terminals of the connector plate by using test
leads or coaxial cables. Following instruction uses the coaxial cables:

1. At end of cable, connect coaxial center conductor to force terminal of connector
plate, and connect coaxia outer conductor to guard terminal of connector plate.

2. At another end, connect coaxial center conductor to tail of the probing needle.
Never connect the outer conductor at this cable end.

Extend the outer conductor as close as possible to the probing needle.
3. Repeat 1 and 2 for the sense terminal of connector plate.

4. Contact the probing needles from force and sense terminals as close as possible
to the DUT.

Example

Thefollowing example connection can be used to measure low resistance. The sense
lineis extended to the probing pad, and contacts the force line through the pad, so
the voltage drop due to the residual resistance caused by cables and test leadsis
canceled.

Probing Needle

Contact Pad
Connector Plate

UGTON031.GALIZOWAGOH

This example uses test |eads. To reduce the leakage current, use coaxial cables.
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Using Connector Plate

Kelvin Connection

Kelvin connections give good measurement results when you force high-current.
The following figure shows the equivalent circuits for Kelvin and non-Kelvin
connections.

» For the non-Kelvin connection, the voltmeter measures the voltage drop of
resistancesr g, Rpyt, and r po.

» For the Kelvin connection, the voltmeter measures the voltage drop of resistance
RpuT only. The impedance of the voltmeter is very high, so the voltage drop of
resistancesr g; and r g, can be ignored.

R but Rout

JTI.
Mey F2 [ r51 rsz r’:2

(a) non-Kelvin connection (b) Kelvin connection

The Kelvin connection is effective even when forcing voltage. The voltage drop due
to the residual resistance of the forcelinewiring isfed back to the voltage sourcevia
a comparator in the sense line. The input impedance of comparator is high, and
current flow into the sense line is very low. So output error is not significant if the
sense line wiring has aresidual resistance of 10 Q or less. Therefore, the specified
voltage appears at the sense point (point where sense line contacts force line)
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