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In ThisManual

This manual provides the information to control the Agilent B1500 via GPIB
interface using an external computer, and consists of the following chapters:

“Programming Basics’

This chapter provides basic information to control the Agilent B1500.
“Remote Mode Functions’

This chapter explains the functions of the Agilent B1500 in the remote mode.
“Programming Examples’

This chapter lists the GPIB commands and explains the programming examples
for each measurement mode or function. The examples have been written in the
Microsoft Visual Basic .NET or the HP BASIC language.

“Command Reference’

This chapter provides the complete reference of the GPIB commands of the
Agilent B1500.

“Error Messages’

This chapter lists the error codes, and explains them.

Microsoft, Windows, and Visual Basic are registered trademarks of Microsoft Corporation. All other trademarks are the

property of their respective owners.
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Programming Basics

This chapter describes basic information to control the Agilent B1500, and contains
the following sections:

» “Before Starting”

» “Getting Started”

e “Command Input Format”

» “Data Output Format”

* “GPIB Interface Capability”
e “Status Byte”

*  “Programming Tips’
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Programming Basics
Before Starting

NOTE

Before Sarting

Before starting the programming using the Agilent FLEX command, perform
following.

1

If the EasyEXPERT software is running, terminate it as shown below:

a. Select the menu function File > Exit on the EasyEXPERT main window.
b. Click [x] at the upper right corner of the Start EasyEXPERT button.

Select All Programs > Agilent 1O Libraries Suite > Agilent Connection Expert
from the Start menu. The Agilent Connection Expert window appears.

At the Instrument 1/0O on this PC area, highlight GPIBO, and click the Change
Properties... button. The Agilent 82350 PCI GPIB Interface - GPIBO window

appears.
Set the GPIB Address value to the number (ex: 17) asyou want.

Remove the check from the System Controller box.

Remove the check from the Auto-discover instruments connected to this
interface box.

Click the OK button on the Agilent 82350 PCI GPIB Interface - GPIBO window.

On the Reboot Required dialog box, click the Reboot Now button, and reboot
the B1500A.

Start EasyEXPERT Button

Leave the Start EasyEXPERT button on the B1500A screen. The button must be
displayed on the screen or minimized to the Windows task bar. The Start
EasyEXPERT service must be run to control the Agilent B1500A from an external
computer.
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About Examples

In this section, command execution examples are written in HP BASIC. See the
following instructions for your guidance.

1. Usethe ASSIGN statement to assign the 1/O path for controlling instruments.

In the next example, the select code of the external computer is 7 and the GPIB
address of the B1500is 17.

10 ASSI GN @1500 TO 717
2. Usethe OUTPUT statement to send commands to instruments, as shown below.
OQUTPUT @81500; "*RST"
It is available to send multiple commands as shown below.
QUTPUT @B1500; "*CN; M, 1"
3. Usethe ENTER statement to get a query response or data from instruments.
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Programming Basics
Getting Started

Getting Sarted

This section explains the following basic operations. In this section, the HP BASIC
language is used for the examples.

e “To Reset the Agilent B1500”

* “To Read Query Response”

*  “To Perform Self-Test”

* “To Perform Self-Calibration”

* “To Perform Diagnostics’

» “To Enable Source/Measurement Channels’
* “To Select the Measurement Mode”

» “To Force Voltage/Current”

* “To Set the SMU Integration Time"

* “To Set the Measurement Range”

* “To Pause Command Execution”

* “To Start Measurement”

» “ToForceOV”

* “To Disable Source/Measurement Channels”
* “To Control ASU”

*  “To Control SCUU”

* “ToRead Error Code/Message’

* “To Read Spot Measurement Data”

* “To Read Sweep Measurement Data’

* “ToRead Time Stamp Data’

* “To Perform High Speed Spot Measurement”
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Example

Example

Programming Basics
Getting Started

To Reset the Agilent B1500
The B1500 returnsto the initial settings by the *RST command.

OUTPUT @B1500; " * RST"
For the initial settings, see “Initial Settings’ on page 2-48.

To Read Query Response

If you enter a query command such asthe * TST?, ERR? and so on, the B1500 puts
an ASCII format response to the query buffer that can store only one response. Read
the response as soon as possible after entering a query command.

OUTPUT @B1500; " NUB?"
ENTER @1500; A
This example returns the number of data stored in the data output buffer.

To Perform Self-Test

The B1500 starts the self-test by the * TST? command. The * TST? command al so
returns the test result.

QUTPUT @B1500; "*TST?"
ENTER @B1500; Code
| F Code<>0 THEN DI SP "FAIL: SELF- TEST"

This example starts the self-test, and reads the test result code. For the test result
code, see“*TST?’ on page 4-145.

To Perform Self-Calibration
The B1500 starts the self-calibration by the * CAL? command.

OUTPUT @B1500; "* CAL?"
ENTER @B1500; Resul t
I F Resul t<>0 THEN DI SP "FAI L: CALI BRATI ON"

This example starts the self-calibration, and reads the result, pass or fail. For details,
see“*CAL? on page 4-47.
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Programming Basics
Getting Started

To Perform Diagnostics

The B1500 starts the diagnostics by the DIAG? command, and returns the resullt.
You must specify the diagnostics item by the command parameter. Available
parameter values are;

1: Trigger In/Out diagnostics
3: High voltage LED diagnostics
4: Digital 1/O diagnostics

To perform diagnostics 1, connect a BNC cable between the Ext Trig In terminal
and the Ext Trig Out terminal before starting the diagnostics.

To perform diagnostics 4, disconnect any cable from the digital 1/0 port.
OUTPUT @B1500; "Dl AG? 1"

ENTER @B1500; Resul t
| F Result<>0 THEN DI SP "FAI L: DI AGNCSTI CS"

This example starts the Trigger In/Out diagnostics, and reads the result, pass or fail.
For details, see “DIAG?’ on page 4-60.

To Enable Sour ce/M easurement Channels

The measurement channels or source channels can be enabled by closing the output
switch. To close the switch, send the CN command. The B1500 closes the output
switch of the specified channels.

QUTPUT @B1500; "CN 1"

This example enables channel 1 (the moduleinstalled in slot 1 of the B1500). If you
do not specify the channel, the CN command enables all channels.
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Getting Started

To Select the M easurement Mode

The B1500 provides the following measurement modes. To select the measurement
mode, send the MM command. In the following table, the Mode No. means a
command parameter of the MM command.

M easurement M ode (measurement parameter) Mode No.

Spot Measurement (current or voltage) 1

Staircase Sweep Measurement (current or voltage) 2
Pulsed Spot M easurement (current or voltage) 3
Pulsed Sweep Measurement (current or voltage) 4
Staircase Sweep with Pulsed Bias Measurement (current or voltage) 5
Quasi-Pulsed Spot Measurement (current or voltage) 9
Sampling Measurement (current or voltage) 10
Linear Search Measurement (current or voltage) 14
Binary Search Measurement (current or voltage) 15
Multi Channel Sweep Measurement (current or voltage) 16
Spot C Measurement (impedance) 17
CV Sweep Measurement (impedance-voltage) 18
High Speed Spot Measurement (current, voltage, or impedance) NA
Syntax MM Mode#[, Ch#[, Ch#] ... ]

where, M odett specifies the Mode No., and Ch# specifies the measurement channel.
The avail able number of measurement channels depends on the measurement mode.
For details, see“MM” on page 4-96.

Example OQUTPUT @31500; "IWM 2, 1"

This example sets the staircase sweep measurement, and assigns channel 1 (the
moduleinstalled in slot 1 of the B1500) as the measurement channel.

NOTE The Mode No. is not assigned for the high speed spot measurement. See “To
Perform High Speed Spot Measurement” on page 1-19. The high speed spot
measurement does not need the MM command.

For the source output commands available for each measurement mode, see Table
1-1 on page 1-10.
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Programming Basics
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To Force Voltage/Current

The B1500 provides the following commands to enabl e the voltage/current output.
For the commands available for each measurement mode, see Table 1-1.

Command Description
DV Applies DC voltage immediately.
DI Applies DC current immediately.
WV Sets the staircase sweep voltage source.
wsv Sets the synchronous sweep voltage source.
Wi Sets the staircase sweep current source.
WSl Sets the synchronous sweep current source.
PT Set the timing parameters of the pulse source.
PV Sets the pulsed voltage source.
PI Sets the pulsed current source.
PWV Sets the pulsed sweep voltage source.
PWI Sets the pulsed sweep current source.
WNX Sets a sweep source for the multi sweep measurement.
BDV Sets the quasi-pul sed voltage source.
MV For sampling measurement. Sets the DC voltage source.
Ml For sampling measurement. Sets the DC current source.
LSV Sets the linear search voltage source.
LSSV Sets the linear search synchronous voltage source.
LS Setsthe linear search current source.
LSS Sets the linear search synchronous current source.
BSV Sets the binary search voltage source.
BSSV Sets the binary search synchronous voltage source.
BSI Sets the binary search current source.
BSSI Sets the binary search synchronous current source.
FC For spot C/CV sweep measurement. Sets the output signal frequency of CMU.

ACV For spot C/CV sweep measurement. Sets the output signal level of CMU.

DCV For spot C measurement. Applies DC voltage immediately.

WDCV For CV sweep measurement. Sets the DC voltage sweep source.

Agilent B1500 Programming Guide, Edition 2 1-9
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Programming Basics
Getting Started

Measurement Mode and Available Source Output Commands

M easurement M ode

Command

Spot Measurement

Dv, DI

Staircase Sweep Measurement

DV, DI, and WV (/WSV) or WI(/WSI)

Pulsed Spot Measurement DV, DI, and PV/PT or PI/PT
Pulsed Sweep Measurement DV, DI, and
PWV/PT(/WSV) or PWI/PT(/WSI)

Staircase Sweep with Pulsed Bias
M easurement

DV, DI, and WV (/WSV) or WI(/WSl), and
PV/PT or PI/PT

Quasi-Pulsed Spot Measurement

Dv, DI, BDV

Sampling Measurement

DV, DI, MV, Ml

Linear Search Measurement

DV, DI, and LSV(/LSSV) or LSI(/LSS])

Binary Search Measurement

DV, DI, and BSV(/BSSV) or BSI(/BSSI)

Multi Channel Sweep Measurement

DV, DI, WNX, and WV or WI

Spot C Measurement

DV, DI, ACV/FC, DCV

CV Sweep Measurement

DV, DI, ACV/FC, WDCV

High Speed Spot Measurement

DV, DI (current or voltage measurement)

DV, DI, ACV/FC, DCV (CV sweep/spot C
measurement)

The DV, DI, DCV, and ACV commands start to force the voltage or current
immediately when the command is executed. The other commands just set the
source channel condition, and the source channel starts the output by the start
trigger, such as the XE command. For more details of the commands, see Chapter 4,

“Command Reference.”

QUTPUT @B1500; "DV 1,0, 5"

This examplejust forces 5V using channel 1 (the moduleinstalled in slot 1 of the

B1500) with auto ranging.
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Programming Basics
Getting Started

To Set the SMU Integration Time

To adjust the balance of the SMU’s measurement accuracy and speed, change the
integration time or the number of averaging samples of the A/D converter (ADC) by
using the AV command. The AV command is compatible with the AV command of

the Agilent 4142B.

For accurate and reliable measurement, set the integration time longer or set the
number of samples larger. For details about the integration time settings, see
Chapter 4, “Command Reference.”

The Agilent B1500 has the following two types of the A/D converter. Usethe AAD
command to select the type of ADC, and usethe AIT command to set the integration
time or the number of samples.

Type of ADC

Description

High-speed ADC

Effective for the high speed measurement. In the multi
channel sweep measurement mode (MM 16), multiple
measurement channels can perform synchronous
measurements.

The number of averaging samples must be set by the
AIT or AV command.

High-resolution ADC

Effective for the accurate measurement. Cannot be used
for the pulsed measurement channel and the
simultaneous measurement channel.

The integration time must be set by the AIT command.

The following example sets the number of samplesto 10 for the high-speed A/D

converter.

OQUTPUT @B1500; " AV 10, 1"

The following example sets the power line cycle mode (PLC) for both the
high-speed ADC and the high-resolution ADC. And channel 1 usesthe
high-resolution ADC and other channels use the high-speed ADC.

QUTPUT @B1500; " * RST"

OQUTPUT @B1500; "AIT 0, 2"
OQUTPUT @B1500; "AIT 1,2"
OQUTPUT @B1500; "AAD 1, 1"
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To Set the M easurement Range

To set the measurement range, send the foll owing command:

Command Description

RI Sets the current measurement range. Available for the
current measurements that use the XE command. Not
available for the high speed spot measurement.

TI,TTI Sets the current measurement channel/range, and performs
the high speed spot measurement.
RV Sets the voltage measurement range. Available for the

voltage measurements that use the XE command. Not
available for the high speed spot measurement.

TV, TTV Sets the voltage measurement channel/range, and performs
the high speed spot measurement.
RC Sets the impedance measurement range. Available for the

CV sweep/spot C measurements.

TC,TTC Sets the impedance measurement channel/range, and
performs the high speed spot measurement.

For the current measurement with the auto ranging mode, you can specify the
coverage of each measurement range. To specify the coverage, send the RM
command.

For details, see Chapter 4, “Command Reference.”

Example This exampl e sets the voltage measurement ranging mode of channel 1 to auto.
OUTPUT @B1500; "RV 1, 0"

This example sets the current measurement ranging mode of channel 1 to auto, and
specifies coverage between 9 % and 90 % of the range value or between 90 mA and
180 mA for the 200 mA range.

OQUTPUT @B1500; "Rl 1, 0"
OQUTPUT @31500; "RM 1, 3, 90"
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To Pause Command Execution

To pause command execution until the specified wait time elapses, send the PA
command.

QUTPUT @B1500; "PA 5"

If this command is sent, the B1500 waits 5 seconds before executing the next
command.

To Sart M easurement

To start measurement other than the high speed spot measurement, send the XE
command.

OQUTPUT @B1500; " XE"

This starts the measurement specified by the MM command.

For the high speed spot measurement, see “To Perform High Speed Spot
Measurement” on page 1-19.

ToForceOV

To force 0 V immediately, send the DZ command. The B1500 memorizes the
present source output settings of the specified channel, and changes the specified
channel output to O V. If you do not specify the channel, the DZ command function
is effective for al channels.

OQUTPUT @31500; "Dz 1"

If this command is sent, the B1500 memorizes the current settings of channel 1 (the
moduleinstalled in slot 1 of the B1500), and changes channel 1 output to O V.

To restore the settings stored by the DZ command, send the RZ command. For
details, see Chapter 4, “Command Reference.”
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Table 1-2

Programming Basics
Getting Started

To Disable Source/M easurement Channels

To disable the channels, send the CL command. The B1500 opens the output switch
of the specified channels. Opening the output switch disables the channel.

QUTPUT @31500; "CL 1"

This example disables channel 1 (the moduleinstalled in slot 1 of the B1500). If you
do not specify the channel, the CL command disables all channels.

To Control ASU

Thisfunction is available for the B1500 that is installed with the high resolution
SMU (HRSMU). Atto Sense and Switch Unit (ASU) has two inputs, SMU input for
the HRSMU and AUX input for the other instrument. And the ASU input to output
connection can be controlled by the following commands. When the B1500 is
turned on, the SMU input will be connected to the ASU output. However, the SMU
output switch will be off at thistime.

ASU Input Output Connection Control

Previous Connection Command Subsequent Connection
SMU side, Output on/off SAPsdlat, 1 AUX side
SMU side, Output off CN dlot SMU side, Output on
SAPdlot, 0
AUX side CN slot
SAPdlot, 0
CL [dot] SMU side, Output off
SMU side, Output on CL [dot]

where, slot must be the slot number assigned to the slot that installs the HRSMU
connected to the ASU.

When the SMU sideis connected to the ASU output, the source output on/off can be
controlled by the CN/CL command. And then the SAP dlot, 1 command is used to
change the output connection to the AUX side. When the AUX side is connected,
the output of the instrument connected to the AUX input is appeared to the ASU
output immediately.
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To Control SCUU

SCUU (SMU CMU Unify Unit) can be used with one capacitance measurement unit
(CMU) and two SMUs (MPSMU or HRSMU). The SCUU cannot be used with the
HPSMU or when only one SMU is connected. The SCUU input to output
connection can be controlled by the following commands. When the B1500 is
turned on, the SCUU input to output connection is not made (open).

SCUU Input Output Connection Control

SCUU output connection after the command
Command
CMUH/Forcel/Sensel CMUL/Force2/Sense?
SSPdlot, 1 Forcel/Sensel Open
SSPdlat, 2 Open Force2/Sense2
SSPdlot, 3 Forcel/Sensel Force2/Sense2
SSPdlat, 4 CMUH CMUL

where, sot means the number assigned to the dlot that installs the CMU.
Forcel/Sensel is connected to the SMU installed in the slot numbered slot- 1.
Force2/Sense2 is connected to the SMU installed in the slot numbered dot- 2. When
the SCUU input to output connection is made, the measurement unit output switch
will be automatically set to ON.

When the connection is changed from SMU to CMU, the SMU output will be set as
follows. The other setup parameters are not changed.

Output voltage 0V
Output range 100V
Compliance 20 mA
Seriesresistance OFF

When the connection is changed from CMU to SMU, the SMU output will be set as
follows. The other setup parameters are not changed.

Output voltage 0V

Output range 20V

Compliance 100 pA

Seriesresistance Condition before the connection is changed from SMU to CMU
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To Read Error Code/M essage

If any error occurs, the B1500 will not put the measurement datainto the data output
buffer. Hence, confirm that no error has occurred before reading the measurement
data. To read the error code, enter the ERR? command, and to read the error
message, enter the EMG? command.

OUTPUT @B1500; "ERR? 1"

ENTER @B1500; Code

| F Code<>0 THEN
OUTPUT @B1500; "EM3? "; Code
ENTER @1500; Msg$
PRI NT "ERROR. "; Msg$

ELSE

This example checks the error buffer, and prints the error message on the computer
screen if any error code is stored in the error buffer.

To Read Spot M easurement Data

After the spot measurements, the B1500 puts the measurement data into its output
data buffer. You can read the data as shown below. For the data output format, see
“Data Output Format” on page 1-23.

For the HP BASIC users, use the ENTER statement. The example stores the header
information and the measurement data included in the ASCII data set by the FMT5
command into the Head$ and Mdata variables respectively.

ENTER @1500 USI NG "#, 3A, 12D, X'; Head$, Mlat a

For the Microsoft Visual Basic .NET with Agilent T& M Programmer’s Toolkit
users, use the Read, ReadL ist, UnbufferedRead methods and so on. The example
stores the header information and the measurement data included in the ASCII data
set by the FMT5 command into the head and mdata variables respectively.

ret _val ue = B1500. Read( True)
head = Left(ret_val, 3)
ndata = Val (Right(ret_val, 12))
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To Read Sweep Measurement Data

For the sweep measurements, the measurement data will be put into the data output
buffer after every step measurement. You can read the data as shown below. For the
data output format, see “ Data Output Format” on page 1-23.

e Toread data after sweep measurement

This way waits for the measurement completion by using the * OPC? command
after the XE command, and reads the sweep data (all step measurement data) at
once after the sweep measurement is compl eted.

Example:

B1500. Wit eLi ne("FMI 5,0") "t erm nat or =comma

B1500. Wi t eLi ne(" XE")

B1500. Wi t eLi ne("*OPC?")

rep = B1500. Read( Tr ue)

ret_val = B1500. ReadLi stAsStringArray() ’'string array

For i =0 To nop - 1 "nop=nunber of sweep steps
head = Left(ret_val (i), 3)
ndata = Val (Right(ret_val (i), 12))

ddata = "Data = " & ndata & ", Header = " & head
Consol e. Wi t eLi ne(ddat a)
Next i

For the specific example, see Table 3-5 on page 3-19.
» Toread data after every step measurement

This way starts to read the data after the XE command. You do not need to wait
for the sweep measurement completion. So you can check the result data before
the sweep measurement is completed.

Example:
B1500. Wi teLine("FMI 5,0") "t erm nat or =comma
B1500. Ter m nati onChar acter = Chr(44) ' Chr (44) =comma

B1500. Ter mi nati onChar act er Enabl ed = True ' enabl es comma
B1500. Wit eLi ne("XE")
For i =0 To nop - 1 "nop=nunber of sweep steps
ret _val = B1500. Read(True) "string
head = Left(ret_val, 3)
nmdata = Val (Right(ret_val, 12))

ddata = "Data = " & ndata & ", Header = " & head
Consol e. Wit eLi ne(ddat a)
Next i

For the specific example, see Table 3-6 on page 3-22.
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To Read Time Samp Data

Thisfunction isnot available for the quasi-pul sed spot measurement (MM 9), search
measurement (MM 14 or 15), and the 4 byte binary data output (FMT 3 or 4).

To read the time data with the best resolution (100 ps), clear the timer every 100 sor
less (for FMT 1, 2, or 5), or 1000 sor less (for FMT 11, 12, 15, 21, 22, or 25).

The time stamp function records the time from timer reset (Time=0 s) to the start of
measurement. This function is enabled by the TSC command. The timer count is
cleared/reset by the TSR command.

For example, the output data in the staircase sweep measurement will be as follows:
Blockl [,Block?] . . . . <terminator>

BlockN (N: integer) = Timel,Datal [, Time2,Data?] ... [,Source_data]

TimeN (N: integer) is the time from timer reset to the start of DataN measurement.

Without the TSC command, you can get the time data by the following commands:

e TDV /TDI (for voltage/current output by using a SMU),
TDCV / TACV (for DC voltage/AC voltage output by using the MFCMU):

Starts source output, and returns the time data from timer reset (TSR command)
to the start of output.

Example: QUTPUT @81500; "TDV 1, 0, 20"
ENTER @B1500 USI NG "#, 5X, 13D, X"; Ti ne
PRI NT "Ti me="; Ti ne; "sec"
e TTV/TTI (for voltage/current measurement by using a SMU),
TTC (for impedance measurement by using the MFCMU):

Executes high speed spot measurement, and returns the measurement data and
the time data from timer reset (TSR command) to the start of measurement.

Example: QUTPUT @B1500;"TTV 1, 0"
ENTER @1500 USI NG "#, 5X, 13D, X"; Ti ne
ENTER @1500 USI NG "#, 5X, 13D, X"; Mlat a
PRI NT "Dat a="; Mlata;" at ";Tine;"sec"

e TSQ: Returnsthetime datafrom timer reset (TSR command) to this command.
Example: QUTPUT @B1500; " TSR" ! Resets count
OJTPUT. @31500; "TSQ' IReturns tinme data

ENTER @1500 USI NG "#, 5X, 13D, X"*; Ti ne
PRI NT "Ti me="; Ti ne; "sec"
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To Perform High Speed Spot M easurement

The high speed spot measurement does not need the MM and XE commands to set
the measurement mode and start measurement. To start and perform the high speed
spot measurement immediately, send the Tl command for current measurement, the
TV command for voltage measurement, or the TC command for impedance
measurement. The following example program measures current by using the Tl
command, and displays the measurement result data on the computer screen.

10 ASSI GN @1500 TO 717
20 OUTPUT @B1500; "* RST"

30 QUTPUT @B1500; "FMr 5"

40 QUTPUT @B1500; "CN 1, 2, 3, 4"
50 QUTPUT @B1500; "DV 1,0, 0"
60 OQUTPUT @B1500; "DV 2,0, 0"
70 OUTPUT @B1500; "DV 3,0, 2"
80 OUTPUT @B1500; "DV 4,0, 5"
90 QUTPUT @B1500;"TI 4, 0"

100 ENTER @B1500 USI NG "#, 3A, 12D, X"; Head$, Dat a
110 PRI NT Head$, Dat a

120 OUTPUT @B1500; " Dz"

130 OUTPUT @B1500; " CL"

140 END
NlIIrir?beer Description
10 Assigns the I/O path to control the B1500.
20 Initializes the B1500.
30 Sets the data output format (ASCII with header and <,>).
40 Enables channels 1, 2, 3, and 4.

50t0 80 Forces the DC voltage. Channel 1 and 2 force 0 V, channel 3 forces
2V, and channel 4 forces 5 V with auto ranging.

20 Performs the high speed spot measurement using channel 4 with
auto ranging.

100 to 110 | Printsthe header data and measurement data on the screen.

120 Forces0 V. All channelsforce O V.

130 Disables all channels.

Agilent B1500 Programming Guide, Edition 2 1-19



NOTE

Programming Basics
Command Input Format

Command | nput Format

Agilent FLEX commands (GPIB commands for the Agilent B1500) are composed
of aheader, numeric data, and terminator, as shown in the following syntax diagram.

B1500 Control Command Syntax Diagram

Separator

© O

> Header H H Numeric Data @
d @
@:Space

Terminator

Terminator is necessary to enter the command to the Agilent B1500. For the
available terminators, see “Terminator” and “ Special Terminator” on page 1-22.

Header

The header is the command name, always contains alpha characters, and is not
upper or lowercase sensitive. Some command names also contain an asterisk (*) or
question mark (?). The following figure shows the syntax diagram for a header.

Header Syntax Diagram

Alpha Character

: ) (AtoZ,atoz) )
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Numeric Data

Numeric data are the command parameters. You can enter numeric data directly
after the header or insert spaces between the header and numeric data. Some
parameters require integer data. The following figure shows the syntax diagram for
numeric data.

Numeric Data Syntax Diagram

Integer Data

Fixed Point Data

Floating Point Data

The following 3 figures show the syntax diagrams for integer, fixed point, and
floating point data, respectively.

Integer Data Syntax Diagram

el o/ = Led

@ : Space

Fixed Point Data Syntax Diagram

\l, / \, Digit ~\ Digit \
j\ \ 7 (0t09) =/ (0t09) | j\
@:Space
Floating Point Data Syntax Diagram
*1
\l: / \ Digit O >; Digit (B / \ Digit \:
S T\ - f (0t09) (0t09) \éj \@j (0t09) E T
@:Spaoe

*1: Here must be 2 digits or less.
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Terminator

The terminator completes the GPIB command entry and starts command execution.
The following figure shows the terminator syntax diagram.

Terminator Syntax Diagram

®
&¢

EOI

Special Terminator

If asemicolon (;) isinserted before the terminator, as shown in the following figure,
the preceding commands are not executed until the next command lineisinput and
another terminator is input, without a preceding semicolon. The command lines are
then executed together.

Special Terminator Syntax Diagram

O8I

EOI

Separ ator

If you enter multiple commands, use semicolons (;) to separate the commands.
Spaces are allowed before and after the semicolons. Command execution starts
when the terminator is received, not when the semicolon isreceived. You can input
multiple commands of up to atotal of 256 characters (including the terminator). If
you input more than 256 characters, the input buffer overflows, and an error is
indicated.

Use commas (,) to separate numeric data entries.

Do not include the reset command (*RST) or the abort command (AB) in multiple
command strings (example: OUTPUT @B1500; " * RST; CN"). If you do, the other
commands in the string (example: CN) are not executed.
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Data Output Format

Agilent B1500 provides the following data output formats:

e “ASCII Data Output Format”

The B1500 supports the ASCII data format that is the common format for the
instruments that support the Agilent FLEX command mode.

* “Binary Data Output Format”

The B1500 supports the 4 bytes binary data format that isthe common format
for the instruments that support the Agilent FLEX command mode. The B1500
also supports the dedicated 8 bytes binary format. The binary format enables
faster datatransfer time than ASCII format. You need to calculate the datato get
the measurement result.

To select the data output format, use the FMT command. See“FMT” on page 4-70.

For the query response, the returned data is always stored in the query buffer in
ASCII format, regardless of the FMT command setting.

A minimum of 17x1001x2 (34034) measurement data can be stored in the data
output buffer.

Conventions
The following conventions are used in this section.
Data Output data that the B1500 sends after a measurement.

[Data] Optional output data sent when there are multiple output data
items.

For example, source data will be sent with measurement data
after the staircase sweep measurements when the source data
output is enabled by the FMT command.

<terminator> Terminator.
<CR/LFEOI> (two bytes) or <,> (one byte) for ASCII data.
<CR/LFEOI> (two bytes) or <*EOI> (0 byte) for binary data.

You can select by using the FMT command.
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ASCII Data Output Format

This section describes the ASCII data output format, and the elements of the data.
*  “Time Stamp”

» “DataFormat”

+ “DataElements’

Time Samp

Time stamp function is not available for the high speed spot, quasi-pulsed spot
(MM?9), and search (MM 14 and MM 15) measurements.

The B1500 can record the time when the measurement is started, and sends the time
data (Time). Thisfunction is enabled by the TSC command. The time datawill be
sent just before the measurement data. For example, in the staircase sweep
measurements, the data will be as shown below.

Blockl [,Block?] . . . . <terminator>

where, BlockN (N: integer) = Timel,Datal [, Time2,Data2] ... [,Source_data], then
TimeN (N: integer) is the time from timer reset to the start of DataN measurement.

The timer count is cleared/reset by the TSR command (Time=0).

Data Format

The data output format depends on the measurement mode as shown below.

Data <terminator> (by Tl or TV command)
Time,Data <terminator> (by TTI or TTV command)
Datal,Data2 <terminator> (by TC command)

Time,Datal,Data2 <terminator>  (by TTC command)

Data is the value measured by the channel you specify in the command. Time isthe
time from timer reset to the start of measurement. Datal and Data2 are the primary
parameter and the secondary parameter (ex: Cp and G) measured by the CMU. They
are selected by the IMP command.

Datal [,Data?] . . . . <terminator>

DataN (N: integer) isthe value measured by a channel. The order of Data is defined
by the MM command.
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Data <terminator>

Data is the value measured by the channel you specify by using the MM command.

Blockl [,Block?] . . . . <terminator>

Blockl isthe block of data measured at the first sweep point. Block2 is the block of
data measured at the second sweep point. where Block consists of the following
data:

Datal [,Data?] . .. . [,Source_data]

DataN (N: integer) isthe value measured by a channel. The order of Data is defined
by the MM command. Source _data is the sweep source output value. It is sent if the
data output is enabled by the FMT command.

Blockl [,Block?] . . . . <terminator>

Blockl isthe block of data measured at the first sweep point. Block2 is the block of
data measured at the second sweep point. where Block consists of the following
data

Data [,Source_data]

Data isthe value measured by the channel you specify by using the MM command.
Source_data is the sweep source output value. It is sent if the data output is enabled
by the FMT command.

Blockl [,Block?] . . . . <terminator>

Blockl isthe block of the data measured at the first sampling point.
Block2 isthe block of the data measured at the second sampling point.
where Block consists of the following data:

[Sampling_no,] Datal [,Data?] . ...

Sampling_no is the sampling point index, and is returned by entering the FM T
command with mode<>0. This value depends on the sampling interval setting and
the measurement time. If the measurement time is shorter than the sampling
interval, Sampling_no will be N of BlockN (N: 1,2,3...).

DataN (N: integer) is the data measured by one unit. The order of Data is specified
by the MM command. Sampling_no and Data values can be discarded when the
range changing is occurred while the measurement with auto or limited auto
ranging.
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If the measurement timeis longer than the sampling interval, Sampling_noisnot N
of BlockN. For example, if the measurement timeis longer than the sampling
interval and shorter than twice the sampling interval, then the Sampling_nois 2 for
Blockl, and 4 for Block2. In general, the measurement time depends on the
measurement value and the A/D converter settings.

Data_search [,Data_sense]<terminator>

Thisisthe data at the measurement point closest to the search target. Data_search is
the value forced by the search output channel. Data_sense is the value measured by
the search monitor channel. It is sent if data output is enabled by the BSVM
command for the binary search, or the LSVM command for the linear search.

Datal,Data? [,Osc_level,Dc_bias] <terminator>

Datal and Data2 are the primary parameter and the secondary parameter (ex: Cp
and G). They are selected by the IMP command. See Table 4-8 on page 4-16. And
Osc_level and Dc_bias are the monitor values of the oscillator level (AC signal
level) and the DC bias respectively. They are sent if the dataoutput is enabled by the
LMN command.

Blockl [,Block?] . . . . <terminator>

Blockl isthe block of data measured at the first sweep point. Block2 is the block of
data measured at the second sweep point. where Block consists of the following
data

Datal,Data2 [,Osc_level,Dc_bias|[,Source_data]

Datal and Data?2 are the primary parameter and the secondary parameter (ex: Cp
and G). They are selected by the IMP command. See Table 4-8 on page 4-16. And
Osc_level and Dc_bias are the monitor values of the oscillator level (AC signa
level) and the DC bias respectively. They are sent if the dataoutput is enabled by the
LMN command. Source_dataisthe DC bias output value. It issent if the data output
is enabled by the FMT command.

Time <terminator>

Time isthe time from timer reset to the start of outpuit.
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Osc_level, and Dc_bias) are the string as shown bel ow.

Data FMT command
ABCDDDDDDDDDDDD FMT1 or FMT5
ABCDDDDDDDDDDDDD FMT11or FMT15
EEEFGDDDDDDDDDDDDD FMT21 or FMT25
DDDDDDDDDDDD FMT2
DDDDDDDDDDDDD FMT12 or FMT22

The data elements depends on the FMT command setting. Details of the elements

are described on the following pages.

Status. One character.

Data type. One character.

Status. Three digits.

G T mo o w2

Data type. One character.

Channel number. One character.

Data. Twelve digits or 13 digits.

Channel number. One character.
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Status. One character.

» Statusfor Source data:

Priority of appearanceis W<E.

A Explanation
W Dataisfor thefirst or intermediate sweep step.
E Dataisfor the last sweep step.

»  Statusfor measurement data: See Table 1-4 on page 1-29.

For SMU, the priority of appearanceis asfollows:
» For the quasi-pulsed spot measurement: N<T<C<V<X<G or S

* For other measurement: N<G<S<T<C<V<X

Channel number of the measurement/source channel. One character.

B Explanation B Explanation
A Channel 1 F Channel 6
B Channel 2 G Channel 7
C Channel 3 H Channel 8
D Channel 4 I Channel 9
E Channel 5 J Channel 10

Data type. One character. See Table 1-5 on page 1-30.

Measurement data, output data, time data, or sampling index. Twelve or 13 digits
depends on FMT setting, which may be one of the following:

e sn.nnnnNESnn or sn.nnnnnNNEsnNn
e snn.nnnnEsnn or snn.nnnnNNEsNN
e snnn.nnnEsnn or snnn.nnnNNEsnn
where,

s. Sign, +or-.

n: Digit,0to9.

E: Exponent symbol.
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Table 1-4 Satusfor M easurement Data

Explanation

No status error occurred.

Another channel reached its compliance setting.

This channel reached its compliance setting.

<|lo|4H4|zZ2| >

M easurement data is over the measurement range. Or the sweep
measurement was aborted by the automatic stop function or power
compliance. D will be 199.999E+99 (no meaning).

One or more channels are oscillating. Or source output did not settle
before measurement.?

For linear or binary search measurement, the target value was not found
within the search range. Returns the source output value.

For quasi-pulsed spot measurement, the detection time was over the limit
(3 sfor Short mode, 12 sfor Long mode).b

For linear or binary search measurement, the search measurement was
stopped. Returns the source output value. See status of Data_sense.

For quasi-pulsed spot measurement, output slew rate was too slow to

perform the settling detection.® Or quasi-pulsed source channel reached
the current compliance before the source output voltage changed 10 V

from the start vol tage.d

CMU isinthe NULL loop unbalance condition.

CMU isinthe IV amplifier saturation condition.

Make the wait time or delay time longer. Or make the current compli-
ance larger. For pulsed measurement, make the pulse width longer, or
make the pulse base value closer to the pulse peak value. For current
output by limited auto ranging, make the output range lower.

. Make the current compliance or start voltage larger. Or set the detection

interval to Long. If this status occurs with the Long mode, perform the
spot measurement.

Make the current compliance larger. Or set the detection interval to
Long. If this status occurs with the Long mode, perform the spot mea-
surement or pulsed spot measurement.

. Perform the pulsed spot measurement or spot measurement.
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Table 1-5 Data Type
C Explanation
\% Voltage (V)
I Current (A)
z Impedance, resistance, or reactance (Q2)
Y Admittance, conductance, or susceptance (S)
C Capacitance (F)
L Inductance (H)
R Phase (degree or radian)
F Frequency (Hz)
X Sampling index
T Time (second)
E Status. Three digits. Ignore status for the Time value.

e Statusfor Source data: Priority of appearanceis W<E.

EEE Explanation

W Dataisfor thefirst or intermediate sweep step.

E Datais for the last sweep step.

» Status for measurement data:
For SMU status, see Table 1-6 on page 1-31.
For CMU status, see Table 1-7 on page 1-31.

If multiple status conditions are found, the sum of the EEE values is returned.
For example, if an A/D converter overflow occurred, and an SMU was
oscillating during the measurements, the returned EEE value is 3 (=1+2).
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SMU Satus
EEE Explanation

1 A/D converter overflowed.

2 One or more units are oscillating.

4 Another unit reached its compliance setting.

8 This unit reached its compliance setting.

16 | Target value was not found within the search range.
32 | Search measurement was automatically stopped.
64 | Invalid dataisreturned. D is not used.

128 | EOD (End of Data).

CMU Satus

EEE Explanation
1 A/D converter overflowed.
2 CMU isinthe NULL loop unbalance condition.
4 CMU isinthelV amplifier saturation condition.
8 Not assigned.

16 | Not assigned.

32 | Not assigned.

64 | Invaliddataisreturned. D is not used.

128 | EOD (End of Data).
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Channel number of the source/measurement module. One character.

F Explanation F Explanation
A Channel 1 F Channel 6
B Channel 2 G Channdl 7
C Channel 3 H Channel 8
D Channel 4 I Channel 9
E Channel 5 J Channel 10
\% Ground unit (GNDU)
Z Status code for extraneous datain the channdl. TSQ
command response or invalid datais returned.

Data type. One character.

G Explanation G Explanation

\% Voltage measurement value (V) Y% Voltage output value (V)
I Current measurement value (A) i Current output value (A)

X Sampling index f Frequency (Hz)

T Time data (second) z invalid data

C Capacitance (F) L Inductance (H)

D Dissipation factor Q Quiality factor

P Phase (degree) R Phase (radian)

Z I mpedance, resistance, or reactance (Q2)

Y Admittance, conductance, or susceptance (S)
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Binary Data Output For mat
This section describes the binary data output format, and the elements of the data.

+ “DataResolution”

e “Time Stamp”

» “Data Format”

» "4 Bytes Data Elements’
» “8Bytes Data Elements’

Data Resolution

The 4 bytes binary dataformat provides the following data resolution. To use this
dataformat, enter the FMT3 or FMT4 command. The resolution of the SMU
measurement value will be larger than the measurement resolution of the B1500's
high resolution A/D converter. For Range value, see “4 Bytes Data Elements’ on
page 1-37.

e SMU measurement value (voltage or current): Range/ 50000

e SMU output value (voltage or current): Range / 20000

e CMU measurement value (resistance or reactance): Range/ 212

e CMU measurement value (conductance or susceptance): 1/ (Range x 212)

e CMU oscillator level monitor value (Vac), DC bias monitor vaue (Vdc),
frequency (Hz): Range / 50000

e« CMU DC bias output value: 2 mV

The 8 bytes binary data format provides the following data resolution. To use this
data format, enter the FMT13 or FMT14 command. For Range value, see “ 8 Bytes
Data Elements’ on page 1-43.

» SMU measurement/output value (voltage or current): Range/ 1000000
« CMU measurement value (resistance or reactance): Range/ 224
«  CMU measurement value (conductance or susceptance): 1/ (Range x 22%)

e CMU oscillator level monitor value (Vac), DC bias monitor value (Vdc),
frequency (Hz): Range / 1000000

e« CMU DC bias output value: 1 mV
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NOTE

High Speed Spot

Spot

Pulsed Spot,
Quasi-Pulsed Spot

Programming Basics
Data Output Format

Time Samp

Time stamp function is not available for the 4 bytes binary data format (FMT3 or
FMT4), the high speed spot, quasi-pulsed spot (MM9), and search (MM 14 and
MM 15) measurements.

The B1500 can record the time when the measurement is started, and sends the time
data (Time). Thisfunction is enabled by the TSC command. The time datawill be
sent just before the measurement data. For example, in the staircase sweep
measurements, the data will be as shown below.

Blockl [Block?] . . .. <terminator>

where, BlockN (N: integer) = Timel Datal [Time2 Data2] ... [Source data], then
TimeN (N: integer) is the time from timer reset to the start of DataN measurement.

The timer count is cleared/reset by the TSR command (Time=0).

Data Format

The data output format depends on the measurement mode as shown below.

Data <terminator> (by Tl or TV command)
Time Data <terminator> (by TTI or TTV command)
Datal Data2 <terminator> (by TC command)

Time Datal Data2 <terminator>  (by TTC command)

Data is the value measured by the channel you specify in the command. Time isthe
time from timer reset to the start of measurement. Datal and Data2 are R (Q2) and X
(©2), or G (S) and B (S) respectively measured by the CMU. They will be
automatically selected by the B1500, and will be a couple without data overflow.

Timeis available for the 8 bytes binary dataformat (FMT13 or FMT14) and not
available for the 4 bytes binary dataformat (FMT3 or FMT4)

Datal [Data?] . . . . <terminator>

DataN (N: integer) isthe value measured by a channel. The order of Data is defined
by the MM command.

Data <terminator>

Data is the value measured by the channel you specify by using the MM command.
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Staircase Sweep,
Multi Channel
Sweep

Pulsed Sweep,
Staircase Sweep
with Pulsed Bias

Sampling

Programming Basics
Data Output Format

Blockl [Block?] . . .. <terminator>

Blockl isthe block of data measured at the first sweep point. Block2 is the block of
data measured at the second sweep point. where Block consists of the following
data:

Datal [Data?] . . .. [Source data]

DataN (N: integer) isthe value measured by a channel. The order of Data is defined
by the MM command. Source _data is the sweep source output value. It is sent if the
data output is enabled by the FMT command.

Blockl [Block2] . . . . <terminator>

Blockl isthe block of data measured at the first sweep point. Block2 is the block of
data measured at the second sweep point. where Block consists of the following
data

Data [Source_data]

Data isthe value measured by the channel you specify by using the MM command.
Source_data is the sweep source output value. It is sent if the data output is enabled
by the FMT command.

Available for the 8 bytes binary dataformat (FMT13 or FMT14).
Blockl [Block2] . . . . <terminator>

Blockl isthe block of the data measured at the first sampling point.
Block2 isthe block of the data measured at the second sampling point.
where Block consists of the following data:

[Sampling_no] Datal [Data?] . . ..

Sampling_no is the sampling point index, and is returned by entering the FM T
command with mode<>0. This value depends on the sampling interval setting and
the measurement time. If the measurement time is shorter than the sampling
interval, Sampling_no will be N of BlockN (N: 1,2,3...).

DataN (N: integer) is the data measured by one unit. The order of Data is specified
by the MM command. Sampling_no and Data values can be discarded when the
range changing is occurred while the measurement with auto or limited auto
ranging.
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Linear Search,
Binary Search

Spot C

CV Sweep

TDI, TDV, TSQ,
TACV, TDCV
command

Programming Basics
Data Output Format

If the measurement timeis longer than the sampling interval, Sampling_noisnot N
of BlockN. For example, if the measurement timeis longer than the sampling
interval and shorter than twice the sampling interval, then the Sampling_nois 2 for
Blockl, and 4 for Block2. In general, the measurement time depends on the
measurement value and the A/D converter settings.

Data_search [Data_sense]<terminator>

Thisisthe data at the measurement point closest to the search target. Data_search is
the value forced by the search output channel. Data_sense is the value measured by
the search monitor channel. It is sent if data output is enabled by the BSVM
command for the binary search, or the LSVM command for the linear search.

Datal Data2 [Osc_level Dc_bias]<terminator>

Datal and Data2 are R (Q2) and X (), or G (S) and B (S) respectively. They will be
automatically selected by the B1500, and will be a couple without data overflow.
And Osc_level and Dc_bias are the monitor values of the oscillator level (AC signal
level) and the DC bias respectively. They are sent if the dataoutput is enabled by the
LMN command.

Blockl [,Block?] . . . . <terminator>

Blockl isthe block of data measured at the first sweep point. Block2 is the block of
data measured at the second sweep point. where Block consists of the following
data

Datal Data? [Osc_level Dc_bias] [Source_data]

Datal and Data2 are R (Q2) and X (), or G (S) and B (S) respectively. They will be
automatically selected by the B1500, and will be a couple without data overflow.
And Osc_level and Dc_bias are the monitor values of the oscillator level (AC signal
level) and the DC bias respectively. They are sent if the dataoutput is enabled by the
LMN command. Source_dataisthe DC bias output value. It issent if the data output
is enabled by the FMT command.

Available for the 8 bytes binary dataformat (FMT13 or FMT14).
Time <terminator>

Time isthe time from timer reset to the start of output.
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4 Bytes Data Elements

To use the 4 bytes binary data format, enter the FMT3 or FM T4 command.

The data (Data, Source_data, Sampling_no, Data_search, Data_sense, Osc_level,
and Dc_bias) will be sent as the binary value shown in Figure 1-1.

Figure1-1 4 Bytes Binary Data Output Format

Byte1 [ Byte 2 [ Byte 3 Byte 4
7]6]5[4[3[2]1]0]7][6]5]4[3[2[1[0[7]6]5]4[3][2][1[0]7]6]5]4]3]2]1]0O
AlB| c | D E | F

Type. One hit.

Parameter. One bit.

Range. Five bits. Range value used to calculate the data.
Data count. 17 bits.

Status. Three hits.

mmgo o w >

Channel number. Five bits.

These data elements are described in the following pages.
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Type. One hit.
A Explanation
0 Data other than measurement data.
1 Measurement data.

Parameter. One bit.

B for SMU data for CMU data
0 Voltage data Resistance or reactance
1 Current data Conductance or susceptance

Range. Five bits. Range value used to calculate the data.

for SMU data for CMU data

C Range C Range
01000 (8) | 0.5V or 1 pA 00000 (0) | 1Q
01001 (9) | 5V or 10 pA 00001 (1) | 10Q
01010 (10) | 100 pA 00010 (2) | 100Q
01011 (11) | 2V or 1 nA 00011 (3) | 1kQ, 8Vdc, or 1 kHz
01100 (12) | 20V or 10 nA 00100 (4) | 10k, 16 mVac, 12 Vdc, or 10 kHz
01101 (13) | 40V or 100 nA 00101 (5) | 100k, 32 mVac, 25 Vdc, or 100 kHz
01110 (14) | 100V or 1 pA 00110 (6) | 1 MQ, 64 mVac, or 1 MHz
01111 (15) | 200V or 10 uA 00111 (7) | 10 MQ, 125 mVac, or 100 Vdc
10000 (16) | 100 pA 01000 (8) | 100 M or 250 mVac
10001 (17) | 1 mA 01001 (9) | 1GQ
10010 (18) | 10 mA 01010 (10) | 10GQ
10011 (19) | 100 mA 01011 (11) | 100 GQ
10100 (20) | 1A
11111 (31) | Invalid datais returned.
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D (SMU data)

NOTE

Programming Basics
Data Output Format

Data count. Thisvalueisexpressed in 17-bit binary data. The measurement data and
the source data can be calculated by the following formula.

Measurement data = Count x Range / 50000
Source data = Count x Range / 20000

where, Count isthe D value, and Range is the measurement range or output range
given by C.

For the decimal value of C, the Range value of current data will be 10*(C-20) A.

If the top bit of D is0, Count is positive and equal to the value given by the
following 16 bits.

If the top bit of D is 1, Count is negative. Calculate Count by subtracting 65536
(10000000000000000 in binary) from the value given by the following 16 bits.

Example:
If the output binary datais:
11010110000100111000100000000001

then,

Type: Measurement data (A=1)

Parameter: Current (B=1)

Range: 1 nA=10"(11- 20) A (C=01011 in binary, C=11 in decimal)
Count: 5000 (D=00001001110001000)

Satus: Normal condition (E=000)

Channd: SMU1 (channel number 1) (F=00001)

Measurement data = 5000 x 1E-9 / 5E+4 = 100 pA

B=1 and C=10100 means that HPSMU used 1 A range or MPSMU used 200 mA
range. Then use Range=1 to calculate the data for both HPSMU and MPSMU.
Range=0.2 is not available even if the range value is 200 mA.
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Programming Basics
Data Output Format

Data count. Thisvalueisexpressed in 17-bit binary data. The measurement data and
the output data can be calculated by the following formula.

Resistance or reactance = Count x Range / 212
Conductance or susceptance = Count / (212 x Range)
OSC level monitor value = Count x Range / 50000
DC bias monitor value = Count x Range / 50000

DC bias output value = Count / 500

Output signal frequency = Count x Range / 50000

where, Count isthe D value, and Range is the measurement range or output range
given by C.

For the decimal value of C, the Range value of resistance, reactance, conductance,
and susceptance data will be 10"C Q.

If the top bit of D is0, Count is positive and equal to the value given by the
following 16 bits.

If the top bit of D is 1, Count is negative. Calculate Count by subtracting 65536
(10000000000000000 in binary) from the value given by the following 16 bits.

Example:
If the output binary datais:
10001000000011111010000000001000

then,

Type: Measurement data (A=1)

Parameter: Resistance (or reactance) (B=0)

Range: 10 kQ =10"4 (C=00100 in binary, C=4 in decimal)
Count: 4000 (D=00000111110100000)

Satus: Normal condition (E=000)

Channd: 8 (F=01000)

Measurement data = 4000 x 10000 / 212 = 9.76 kQ
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Status. Three bits.

» Statusfor Source data:

Priority of appearance is 001<010.

E Explanation

001 Dataisfor thefirst or intermediate sweep step.

010 Dataisfor the last sweep step.

»  Statusfor measurement data. See Table 1-8.
For SMU, the priority of appearanceis asfollows:

» For the quasi-pulsed spot measurement: 0<1<2<3<4<6 or 7

* For other measurement: 0<6<7<1<2<3<4

Channel number of the measurement/source channel. Five bits.

F Explanation

00001 (1) | Channel 1.
00010 (2) | Channel 2.
00011 (3) | Channel 3.

00100 (4) | Channel 4.

00101 (5) | Channel 5.

00110 (6) | Channel 6.

00111 (7) | Channel 7.
01000 (8) | Channel 8,
01001 (9) | Channel 9.

01010 (10) | Channel 10.

11111 (31) | Invalid datais returned.
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Table 1-8

Programming Basics
Data Output Format

Satusfor M easurement Data

E

Explanation

000 (0) | No status error occurred.

001 (1) | For SMU: Another channel reached its compliance setting.

For CMU: CMU isinthe NULL loop unbalance condition.

010 (2) | For SMU: This channel reached its compliance setting.

For CMU: CMU isinthe IV amplifier saturation condition.

011 (3) | Measurement datais over the measurement range. Or the sweep

measurement was aborted by the automatic stop function or power
compliance. Meaningless value will be returned to D.

100 (4) | For SMU: One or more channels are oscillating. Or source output did

not settle before measurement.2

110 (6) | For linear or binary search measurement, the target value was not

found within the search range. Returns the source output value.

For quasi-pulsed spot measurement, the detection time was over the
limit (3 sfor Short mode, 12 sfor Long mode).b

111 (7) | For linear or binary search measurement, the search measurement was

stopped. Returns the source output value. See status of Data_sense.

For quasi-pulsed spot measurement, output slew rate was too slow to

perform the settling detection.® Or quasi-pulsed source channel
reached the current compliance before the source output voltage

changed 10 V from the start voltage.d

Make the wait time or delay time longer. Or make the current compli-
ance larger. For pulsed measurement, make the pulse width longer, or
make the pulse base value closer to the pulse peak value. For current
output by limited auto ranging, make the output range lower.

. Make the current compliance or start voltage larger. Or set the detection

interval to Long. If this status occurs with the Long mode, perform the
spot measurement.

Make the current compliance larger. Or set the detection interval to
Long. If this status occurs with the Long mode, perform the spot mea-
surement or pulsed spot measurement.

. Perform the pulsed spot measurement or spot measurement.
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Figure1-2

8 Bytes Data Elements

Programming Basics
Data Output Format

To use the 8 bytes binary data format, enter the FMT13 or FMT14 command.

The data (Data, Source_data, Sampling_no, Data_search, Data_sense, Osc_level,
and Dc_bias) will be sent as the binary value shown in Figure 1-2. The format of the

time data (Time) will be different from the others.

8 Bytes Binary Data Output For mat

For measurement data and source data:

Bytel

Byte 2

Byte 3

Byte 4

Byte 7

Byte 8

Y!
7] 6] 5] 4] 3[2[ 1] O] 7] 6[ 5] 4] 3[ 2[ [ O[ 7T 6] 5T 4[ 3[ 2[ L[ O[ 7T 6] 5[ 41 3[ 2] 1] O
D

7[6[5] 4] 3[2[1]0
E

7[6[5[4[3[2[2]0] 7 6] 5[4[3[2[ 1[0
Al B C

7[6] 5] 4] 3[2[1] 0
G | F

For time data:

Bytel Byte 2 Byte 3 Byte4 Byte 7 Byte 8
7|6|5|4|3|2| 1|0 7|6|5|4\3|2| 1|0|7\6\5|4|3|2| 1\0\7|6|5|4|3|2\ 1\0\7|6|5\4\3\2| l|0|7|6\5\4|3|2| 1|0|7\6\5|4|3|2| 1\0 7\6\5|4|3|2\ 1\0
Al B H F

T nTmoow >

Type. One bit.

Parameter. Seven bits.

Range. One byte. Range value used to cal cul ate the data.

Data count. Four bytes.
Status. One byte.

Channel number. Five bits.
A/D converter. Three bits.

Time data count. Six bytes.

These data elements are described in the following pages.
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Type. One hit.
A Explanation
0 Data other than measurement data.
1 M easurement data.

Parameter. Seven bits.

B Explanation
0000000 (0) SMU voltage measurement or output data (V)
0000001 (1) SMU current measurement or output data (A)
0000011 (3) Time data (second)
0000110 (6) Sampling index
0000111 (7) CMU output signa frequency data (Hz)
0001001 (9) CMU DC bias output data (V dc)
0001010 (10) CMU oscillator level monitor data (Vac)
0001011 (112) CMU DC bias monitor data (v dc)
0001100 (12) CMU resistance measurement data (Q2)
0001101 (13) CMU reactance measurement data (Q2)
0001110 (14) CMU conductance measurement data (S)
0001111 (15) CMU susceptance measurement data (S)

1-44

Agilent B1500 Programming Guide, Edition 2




Programming Basics
Data Output Format

Range. One byte. Range value used to cal cul ate the data.

for SMU data for CMU data

C Range C Range
00001000 (8) | 0.5V or 1pA 00000000(0) | 1Q
00001001 (9) | 5V or 10 pA 00000001 (1) | 10Q
00001010 (10) | 100 pA 00000010 (2) | 100Q
00001011 (11) | 2V or1nA 00000011 (3) | 1kQ, 8Vdc, or 1 kHz
00001100 (12) | 20V or 10 nA 00000100 (4) | 10kQ, 16 mVac, 12 Vdc, or 10 kHz
00001101 (13) | 40V or 100 nA 00000101 (5) | 100kQ, 32 mVac, 25 Vdc, or 100 kHz
00001110 (14) | 100V or 1 uA 00000110 (6) | 1 MQ, 64 mVac, or 1 MHz
00001111 (15) | 200V or 10 pA 00000111 (7) | 10 MQ, 125 mVac, or 100 Vdc
00010000 (16) | 100 pA 00001000 (8) | 100 MQ or 250 mVac
00010001 (17) | 1 mA 00001001 (9) | 1GQ
00010010 (18) | 10 mA 00001010 (10) | 10 GQ
00010011 (19) | 100 mA 00001011 (11) | 100 GQ
00010100(20) | 1A
00011111 (31) | Invalid datais returned.
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Programming Basics
Data Output Format

Data count. This valueis expressed in 4 bytes binary data. The measurement data
and the output data can be calculated by the following formula.

Resistance or reactance = Count x Range / 2%*

Conductance or susceptance = Count / (22* x Range)

DC hias output value = Count / 1000

Data other than the above parameters = Count x Range / 1000000

where, Count isthe D value, and Range is the measurement range or output range
given by C.

For the decimal value of C, the Range value of current datawill be 10°(C-20) A, and
the Range value of resistance, reactance, conductance, and susceptance data will be
10°C Q.

If the top bit of D is0, Count is positive and equal to the value given by the
following 31 bits.

If the top bit of D is 1, Count is negative. Calculate Count by subtracting
2147483648 (10000000000000000000000000000000 in binary) from the value
given by the following 31 bits.

Example:
If the output binary datais:
1000000100001011000000000000000110000110101000000000000000000001

then,

Type: Measurement data (A=1)

Parameter: Current (B=0000001)

Range: 1 nA=10"(11- 20) A (C=01011 in binary, C=11 in decimal)
Count: 100000 (D=00000000000000011000011010100000)
Satus: Normal condition (E=00000000)

ADC: High speed ADC (G=000)

Channd: SMU1 (channel number 1) (F=00001)

Measurement data = 100000 x 1E-9/1E+6 = 100 pA

B=0000001 and C=00010100 means that HPSMU used 1 A range or MPSMU used
200 mA range. Then use Range=1 to calculate the data for both HPSMU and
MPSMU. Range=0.2 is not available even if the range value is 200 mA.
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Status. One byte. Meaningless for the Time data.

e Statusfor Source data:

Priority of appearance is 001<010.

E Explanation
00000001 | Dataisfor thefirst or intermediate sweep step.
00000010 | Dataisfor thelast sweep step.

e Status for measurement data. See Table 1-9.

For SMU, the priority of appearanceis asfollows:

» For the quasi-pulsed spot measurement: 0<1<2<4<8<16 or 32

¢ For other measurement: 0<16<32<1<2<4<8

Channel number of the measurement/source channel. Five bits.

F Explanation
00001 (1) | Channel 1.
00010 (2) | Channel 2.
00011 (3) | Channel 3.
00100 (4) | Channel 4.
00101 (5) | Channel 5.
00110 (6) | Channel 6.
00111 (7) | Channel 7.
01000 (8) | Channel 8.
01001 (9) | Channel 9.
01010 (10) | Channel 10.
11010 (26) | Status code for extraneous data in the channel. TSQ command
response or invalid datais returned.
11111 (31) | Invalid datais returned.
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Table 1-9

Programming Basics
Data Output Format

Satusfor M easurement Data

E Explanation

00000000 (0) | No status error occurred.

00000001 (1) | Measurement datais over the measurement range. Or the sweep

measurement was aborted by the automatic stop function or power
compliance. Meaningless value will be returned to D.

00000010 (2) | For SMU: One or more channels are oscillating. Or source output did

not settle before measurement.2

For CMU: CMU isinthe NULL loop unbalance condition.

00000100 (4) | For SMU: Another channel reached its compliance setting.

For CMU: CMU isinthe IV amplifier saturation condition.

00001000 (8) | For SMU: This channel reached its compliance setting.

00010000 (16) | For linear or binary search measurement, the target value was not

found within the search range. Returns the source output value.

For quasi-pulsed spot measurement, the detection time was over the
limit (3 sfor Short mode, 12 sfor Long mode).b

00100000 (32) | For linear or binary search measurement, the search measurement was

stopped. Returns the source output value. See status of Data_sense.

For quasi-pulsed spot measurement, output slew rate was too slow to

perform the settling detection.® Or quasi-pulsed source channel
reached the current compliance before the source output voltage

changed 10 V from the start voltage.d

Make the wait time or delay time longer. Or make the current compliance
larger. For pul sed measurement, make the pul se width longer, or make the pulse
base value closer to the pulse peak value. For current output by limited auto
ranging, make the output range lower.

. Make the current compliance or start voltage larger. Or set the detection inter-

val to Long. If this status occurs with the Long mode, perform the spot mea-
surement.

. Make the current compliance larger. Or set the detection interval to Long. If

this status occurs with the Long mode, perform the spot measurement or pulsed
spot measurement.

. Perform the pulsed spot measurement or spot measurement.
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A/D converter. Three bits.

Programming Basics
Data Output Format

G Explanation
000 (0) SMU High Speed ADC
001 (1) SMU High Resolution ADC
010 (2) CMU ADC

Data count for the time data. Thisvalueisexpressed in 6 bytes binary data. Thetime
data can be calculated by the following formula.

Time = Count / 1000000

where, Count is the decimal value of H.

Example:

If the output binary datais:
0000001100000000000000000000000000000001100001101010000000000001

then,
Type:
Parameter:

Count:

Channdl:

Data other than the measurement data (A=0)

Time (B=0000011)
100000 (H=

(000000000000000000000000000000011000011010100000)

SMU1 (channel number 1) (F=00001)

Time data = 100000 / 1000000 = 0.1 second

Agilent B1500 Programming Guide, Edition 2
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GPIB Interface Capability

The following table lists the GPIB capabilities and functions of the Agilent B1500.
These functions provide the means for an instrument to receive, process, and
transmit, commands, data, and status over the GPIB bus.

Interface Function Code Description
Source Handshake SH1 Complete capability
Acceptor Handshake AH1 | Complete capability
Talker T6 Basic Talker: YES

Serid Poll: YES

Talk Only Mode: NO
Unaddressif MLA (my listen address): YES

Listener L4 Basic Listener: YES
Unaddressif MTA (my talk address): YES
Listen Only Mode: NO

Service Request SR1 Complete capability

Remote/L ocal RL1 Complete capability (with local lockout)
Parallel Poll PPO No capability

Device Clear DC1 | Complete capability

Device Trigger DT1 | Complete capability

Controller Function (60] No capability

Driver Electronics El Open Collector

The B1500 responds to the following HP BASIC statements:

e ABORT (IFC)

» CLEAR (DCL or SDC. same as AB command)
 LOCAL (GTL)

e LOCAL LOCKOUT (LLO)

« REMOTE

e SPOLL (Serial Pall)

* TRIGGER (GET. same as XE command)
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Satus Byte

Status byte bits are turned off or on (0 or 1) to represent the instrument operation
status. When you execute a serial poll, an external computer (controller) reads the
contents of the status byte, and responds accordingly. When an unmasked status bit
issetto “1”, theinstrument sends an SRQ to the controller, causing the controller to
perform an interrupt service routine.

Bit

Decimal
Value

Description

1

Data ready

Indicates whether the output buffer is empty. If an unread
data or query response exists, thishbit issetto “1”. It is set
to “0” when al the stored data has been transferred to the
controller, or when the B1500 receives a*RST, BC, FMT,
or device clear command.

Wait

Indicates whether the instrument isin the wait status. This
bit is set to “1" when the B1500 has been set to the wait
state by the PA, WS, PAX, or WSX command. It is set to

“0” when the waiting condition is complete, or when the
B1500 receives a*RST or device clear command.

Not applicable. Thisbit is always set to “0”.

Interlock open

If the interlock circuit is open, and a voltage output or
voltage compliance setup value exceeds +42 V, thisbit is
setto“1” . Itisset to“0” when the B1500 receives aserid
poll, *RST, or device clear command.

16

Set ready

If the B1500 receives a GPIB command or atrigger signal,
thishitissetto “0". Itisset to “1” when its operation is
completed. Thisbit isalso set to “0” when the self-test or
calibration is started by front panel operation, and set to
“1" when it is completed.
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: Decimal -
Bit Value Description

5 32 Error

Indicates whether any error has occurred. If an error
occurred, thishitissetto “1”. It isset to “0” when the
B1500 receives a serial poll, *RST, ERR?, CA, *TST?,
*CAL?, DIAG? or device clear command.

6 64 RQS (You cannot mask this bit.)

Indicates whether an SRQ (Service Request) has occurred.
Thisbit isset to “1” whenever any other unmasked bit is
set to “1". This causes the B1500 to send an SRQ to the
controller. It is set to “0” when the B1500 receives a serial
poll, *RST, or device clear command.

7 128 Not applicable. Thisbit isawayssetto“0”.

The status byte register can be read with either a seria poll or the * STB? query
command. Serial poll isalow-level GPIB command that can be executed by the
SPOLL command in HP BASIC, for example St at us=SPOLL( @1500) .

In general, use serial polling (not * STB?) inside interrupt service routines. Use
*STB?in other cases (not in interrupt service routine) when you want to know the
value of the Status Byte.

NOTE If Bit 3 and Bit 5 are masked, they are not set to “0” by aseria poll. Also, if these
bits are masked, set to“1”, and then unmasked, a serial poll does not set themto “0".

After amasked bitissetto“1”, removing the mask doesnot set Bit 6to“1”. That is,
the B1500 does not send an SRQ to the controller. Therefore, if you remove a mask
from abit, it isusually best to do it at the beginning of the program.
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Programming Tips

This section provides the following additional information on creating measurement
programs. It isuseful for checking the operation status, improving the measurement
speed, and so on.

“To Confirm the Operation”

“To Confirm the Command Completion”
“To Disable the Auto Calibration”

“To Optimize the Measurement Range”
“To Optimize the Integration Time”

“To Disable the ADC Zero Function”

“To Optimize the Source/M easurement Wait Time”

“To Usethe Internal Program Memory”

“To Get Time Data with the Best Resolution”
“To Use Sweep Source as a Constant Source”
“To Start Measurements Simultaneously”
“To Interrupt Command Execution”

“To Use Programs for Agilent 4142B”

“To Use Programs for Agilent 4155/4156"
“To Use Programs for Agilent E5260/E5270"
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To Confirm the Operation

To complete the measurement program, you can insert statements to check the
B1500 operation status as shown below. This example starts the measurement,
checks the status caused by the statements before the ERR? command, reads and
displays the measurement data without errors, or displays an error message when an
€rror occurs.

OQUTPUT @B1500; " XE"

OUTPUT @B1500; "ERR? 1"

ENTER @1500; Code

I F Code=0 THEN
ENTER @1500 USI NG "#, 3X, 12D, X" ; Miat a
PRINT "1 (A)="; Miat a

ELSE
OUTPUT @B1500; "EMG? " Code
ENTER @B1500; Msg$
PRINT "ERROR "; Msg$

END | F

To Confirm the Command Completion

To check the completion of the previous command execution, use the * OPC? query
command. Entering the * OPC command before sending a command to other
equipment serves to delay its operation until the B1500 has completed its operation.
The *OPC? command is useful to control equipments sequentially.

For exampl e, the following program segment waits until the B1500 completes the
DI command execution, and sends the XYZ command to equipment identified by
@Address.

QUTPUT @B1500;"DI";1,0,1.0E-10,1

OQUTPUT @1500; " * OPC?"

ENTER @31500; A$
OUTPUT @Address; " XYZ"

To Disablethe Auto Calibration

The auto calibration function triggers self-calibration automatically every 30
minutes after measurement. When the function is enabled, open the measurement
terminals frequently because calibration requires open terminals.

If you execute automatic measurements as a batch job that might leave the device
connected for over 30 minutes after the measurements, disable auto calibration.
Otherwise, the calibration might not be performed properly, or unexpected output
might appear at the measurement terminals, and it could even damage the device. To
disable auto calibration, send the CM 0 command.
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To Optimize the M easurement Range

The most effective way to improve measurement speed is to reduce the number of
range changes. The limited auto ranging mode is more effective than the auto
ranging mode. The fixed range mode is the most effective.

Check the typical value of the measurement data, select the optimum range, and
perform measurement using the fixed range mode.

To Optimize the Integration Time

For best reliability and repeatability of the measurement data, the integration time or
the number of averaging samples of the A/D converter must be increased. This
increases the measurement time.

A long integration time and numerous samples are required for low current/ voltage
measurements. However, the values can be decreased for medium or high
current/voltage measurements. Enter the following commands:

AV Sets the number of averaging samples of the A/D converter. This
command is compatible with the AV command of the Agilent 4142B.
AAD Selects the type of the A/D converter (high-speed ADC or

high-resolution ADC).

AIT Sets the integration time of the high-resolution ADC or the number of
averaging samples of the high-speed ADC. The AIT command covers
the function of the AV command. The last command setting is available
for the measurement.

For more information regarding these commands, see Chapter 4, “Command
Reference.”

To Disablethe ADC Zero Function

Thisinformation is effective only when the high resolution A/D converter is used
for the measurement. If measurement speed is given top priority or is more
important than reliability, disable the ADC zero function by sending the AZ 0
command. Thisroughly halvesintegration time.

The ADC zero function is the function to cancel offset of the high resolution ADC.
This function is especially effective for low voltage measurements.
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To Optimize the Sour ce/M easurement Wait Time

If measurement speed is given top priority or is more important than reliability, set
the wait time shorter by using the WAT command. The source wait time isthetime
the source channel always waits before changing the source output value. The
measurement wait time is the time the measurement channel always waits before
starting measurement. The timeis given by the following formula:

wait time = initial wait time x A+B

where, initial wait time is the time the B1500 automatically sets and you cannot
change. Theinitial source wait time is not the same as the initial measurement wait
time. A and B are the command parameters of the WAT command.

The wait time settings are effective for all modules.

Source/M easurement Wait Time

Measurement wait time

"

Source wait time

I — 1 | M easurement
Hold time Step delay time

Delay time

Time

The wait time can be ignored if it is shorter than the delay time.

It is not easy to determine the best wait time. If you specify it too short, the
measurement may start before device characteristics stable. If too long, time will be
wasted.

Theinitial wait time may be too short for measurements of high capacitance or slow
response devices. Then set the wait time longer.

For measurements of low capacitance or fast response devices, if measurement
speed has top priority or is more important than reliability and accuracy, set the wait
time shorter.
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To Usethelnternal Program Memory

If your program repeats the setup and measurement for a number of devices, use the
internal program memory. For these measurements, using the internal program
memory reduces the command transfer time, and improves the program execution
speed.

You can enter a maximum of 2,000 programs (total 40,000 commands) into the
internal program memory. See Chapter 2, “ Remote Mode Functions.”

To Get Time Data with the Best Resolution

To read the time data with the best resolution (100 us), the timer must be cleared
within the following interval:

* 100 secor less (for FMT1, 2, or 5 data output format)
» 1000 secor less(for FMT 11, 12, 15, 21, 22, or 25 data output format)
Send the TSR command to clear the timer.

To Use Sweep Source as a Constant Source
The following setup enables sweep source to force a constant current or voltage.

»  Sweep start value = Sweep stop value (for Wi, WV, or WNX).

Also, setting number of sweep stepsto 1 enables to perform a spot measurement.

To Sart M easurements Simultaneously

Spot measurement, staircase sweep measurement, and multi channel sweep
measurement enable to use multiple measurement channels. Then the measurement
channels perform measurement in the order defined in the MM command. However,
the measurement channels with the following setup start measurements
simultaneousdly.

e To set the multi channel sweep measurement mode (MM 16).

e To set the measurement ranging mode to fixed (for RI or RV).

e Tousethe high-speed ADC (use AV).

Measurement setup is independent from source output setup. So, this simultaneous

measurement cannot be broken by the source output setup. Any setting of the output
ranging mode is effective for the simultaneous measurement.
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To Perform Quasi-Sampling M easurement

The following setup enables to perform a quasi-sampling measurement. Then the
sampling interval will be sum of delay time and step delay time.

e Setsthe sweep measurement mode (MM 2 or MM 16).
e Sweep start value = Sweep stop value (for Wi, WV, or WNX).
» Setshold time, delay time, and step delay time (WT).

Delay Step delay
Voltage or current |

Start value, Stop value
Previous value { ————

Mesasurement trigger (e.g. XE) m— M easurement

Sampling interval = Delay + Step delay

To Interrupt Command Execution

The B1500 executes commands in the received order. However, only the following
commands can interrupt the command execution.

Table 1-10 Interrupt Commands
Command Description

AV Changes the number of averaging samples during the
measurement.

AIT Changesthe A/D converter setting of the SMU during the
measurement.

ACT Changesthe A/D converter setting of the MFCMU during the
measurement.

AB Aborts the command execution.

*RST Resets the B1500 during the command execution.

XE If the B1500 has been set to the wait status by the PA or PAX
command, the XE command can be used to rel ease the wait
status. For details, see Chapter 4, “Command Reference.”
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To Use Programsfor Agilent 4142B

Agilent B1500 supports most of the commands and the data output format supported
by the Agilent 4142B Modular DC Source/Monitor. To reuse the programs created
for the Agilent 4142B, confirm the following and modify the programs if necessary.

To remove al unsupported commands

Some commands are not supported owing to differences in the modules
supported by each instrument. See Table 1-11 that shows the commands not
supported by the B1500. Do not use these commands.

Perform the linear search or binary search measurement as a substitute for the
anal og search measurement that needs the anal og feedback unit (AFU).

Use a source/monitor unit (SMU) instead of the voltage source/voltage monitor
unit (VS/VMU). Note that the SMU cannot perform the differential voltage
measurements.

FL command

Theinitial setting of the FL command is different. Itis ON for the Agilent
4142B, and OFF for the B1500.

Add the FL1 command to use the filter.
AV command
This command is used to set the A/D converter of the B1500.

To set the high resolution ADC installed in the B1500, use the AAD and AIT
commands.

*TST? command

Use 11 to specify the B1500 mainframe instead of 9 that indicates the 4142B
mainframe.

Modules and Commands Unsupported

Plug-in Module Commands

Analog Feedback Unit

ASM, AT, ASV, AlV, AVI

High Current Unit PDM, PDI, PDV
High Voltage Unit POL
Voltage Source/Voltage Monitor Unit VM
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To Use Programsfor Agilent 4155/4156

Agilent B1500 supports commands similar to the FLEX command of the Agilent
4155B/4156B/4155C/4156C Parameter Analyzer. However, not all command sets
are fully compatible. To reuse the programs created for the Agilent 4155/4156, the
following modifications are required.

» Toremove all unsupported commands

Table 1-12 shows the commands not supported by the B1500. You cannot use
these commands. The SCPI commands and 4145 syntax commands are not
supported neither.

The B1500 does not need the US and :PAGE commands that are necessary to
change the control mode of the Agilent 4155/4156.

» To check and correct the command syntax

Even if the command name isthe same, the available parameters and values may
be different. Check and correct the command parameters.

» Tochangethe FMT command parameter

Usethe FMT 21, FMT 22, or FMT 25 command that sets the data output format
compatible with the 4155/4156 ASCII format.

» Todelete RMD?

The B1500 does not need the RMD? command that is necessary to put the
measurement data into the output data buffer of the Agilent 4155/4156.

 FL command

Theinitia setting of the FL command is different. Itis ON for the Agilent
4155/4156, and OFF for the B1500.

Add the FL1 command to use the filter.
AV command
This command is used to set the A/D converter of the B1500.

To set the high resolution ADC installed in the B1500, use the AAD and AIT
commands.

o Toreplace TIZATVATTIATTV?with T/TV/TTI/TTV respectively
» Toreplace WM with LSM for the linear search measurement

» Toreplace TSQ? with TSQ

1-60 Agilent B1500 Programming Guide, Edition 2



Programming Basics
Programming Tips

» If you reuse the built-in IBASIC programs:

e Change the GPIB address.

* Remove the statements to use the built-in flexible disk drive.

4155/4156 FL EX Commands Unsupported

Category Command
Control mode :PAGE, US, U42
M easurement mode VM, VMD
Staircase/pulsed sweep source setup | ESC
Sampling source setup MP

Quasi-static CV measurement setup

QSL, QSM, QSR, QST, QSV, QSZ,
Qsz?

PGU control

POR, SPG, SPP, SRP

Stress source setup

STC, STI, STM, STR, STT, STV

Integration time

SIT, SLI

M easurement execution

TI?2,TTI?2, TTV?, TV?

Time stamp TSQ?
Output data RMD?
Abort/pause/wait *WAI

Zero offset cancel GOC, sOC
SMU/PGU selector SSP

R-box RBC
External trigger STG

Network operation

CLOSE, OPEN, PRN, RD?, SDSK, SPL,
SPR, WR

Status byte

*CLS, *ESE(?), *ESR?

Query

CMD?, *OPT?, :SYST:ERR?
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To Use Programsfor Agilent E5260/E5270

Agilent B1500 supports most of the commands and the data output format supported
by the Agilent E5260/E5270 Series of Parametric Measurement Solutions. To reuse
the programs created for the Agilent E5260/E5270, confirm the following and
modify the programsif necessary.

To remove al unsupported commands

Some commands are not supported owing to differences in the mainframe. See
Table 1-13 that shows the commands not supported by the B1500. The
commands will not cause errors because the B1500 will ignore these commands.
However remove these commands to reduce the load.

*CAL?, RCV, *TST? command

Use 11 to specify the B1500 mainframe instead of 9 that indicates the
E5260/E5270 mainframe.

DIAG? command

The B1500 does not support the front panel key test and the beeper test. So, do
not use the parameter item=2 and 5.

E5260/E5270 FLEX Commands Unsupported

Category Command
Display Control RED, DFM, SPA, MPA, SCH, MCH
Keyboard Control KLC
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Remote Mode Functions

This chapter describes the functions of the Agilent B1500 in the remote mode, and
theinitial settings.

*  “Measurement Modes”

» “Synchronous Output”

» “Automatic Abort Function”

» “Parallel Measurement Function”
e “Program Memory”

« “Digital 1/0 Port”

e “Trigger Function”

* “Initial Settings”

NOTE Synchronous Output

You can use synchronous output that will be synchronized to the output of the
primary sweep or search source. The output is available for the following
measurement modes:

e “Staircase Sweep Measurements’

» “Pulsed Sweep Measurements’

» “Staircase Sweep with Pulsed Bias M easurements’
* “Binary Search Measurements”

» “Linear Search Measurements’

The synchronous source supports the output mode (voltage or current) same as the
primary source, and does not support the pulsed output.
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M easurement M odes

The Agilent B1500 provides the following measurement modes.

* “Spot Measurements’

» “Pulsed Spot Measurements’

e “Staircase Sweep Measurements’

e “Multi Channel Sweep Measurements”
» “Pulsed Sweep Measurements’

» “Staircase Sweep with Pulsed Bias M easurements’
* “Quasi-Pulsed Spot M easurements”

* “Binary Search Measurements’

» “Linear Search Measurements’

* “Sampling Measurement”

e “Spot C Measurement”

e “CV Sweep Measurement”

About Search Measurements

The B1500 supports search measurement to find a point on an I-V curve where a
specified condition is satisfied. For example, it searches for a breakdown voltage or
threshold voltage at a specified current.

Search measurements are performed by one or two SMUs. For two SMUs, oneisthe
search channel, and the other is asense channel. When one SMU isused, it servesas
both search and sense channel.

Basically, the search channel forces voltage or current until the search stop condition
is satisfied.
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Spot M easurements

Spot measurement is performed as shown below. The measurement channel
performs one point measurement.

Figure 2-1 Spot M easurements
Voltage or current = easurement

Channel 1 output

Setup value
Previous value -

Measurement time

Voltage or current

Channel 2 output

Setup value

Previous value -

Time
DV/DI DV/DI Measurement trigger (e.g. XE)

1. The source channel starts output by the DV or DI command. Multiple channels
can be set.

2. The measurement channel starts measurement by atrigger, such asthe XE
command. If thetrigger is received during the settling time of the source
channels, measurement starts after the settling time.

If you use multiple measurement channels, the channels perform measurement
in the order defined in the MM command.

3. After measurement, the source channels continue the source outpuit.

For 0 V output, enter the DZ command that is used to memorize the present
settings of the channel and change the output to O V.

NOTE The DV command is used to force voltage, and the DI command is used to force
current.
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Pulsed Spot M easurements

Pulsed spot measurement is performed as shown below. The measurement channel
performs one point measurement while the source channel isforcing a pulse.

Pulsed Spot M easurements

Voltage or current

PT/PV/PI . M easurement
Trigger (e.g. XE) Trigger
Pulsevalue
Previous value-|
Basevalue -
i Time
Holdtime | Pulsewidth Hold time

Pulse period Pulse period

. The pulse source channel sets output by the PT command and the PV or Pl

command. Only one channel can be used for the pulse source.

. The pulse source channel starts output by atrigger, such as the XE command.

. The measurement channel starts measurement as shown in Figure 2-2.

The channel performs measurement so that the pulse width and pulse period are
kept (the integration time setting isignored). Only one channel can be used for
measurement.

. After measurement, the pulse source channel forces the pulse base value.

If the next trigger occurs within the pulse period, and if the rest of the pulse
period islonger than the hold time as shown in Figure 2-2, the pul se source
waitsfor the rest, then starts the pulse output immediately. If the rest of the pulse
period is shorter than the hold time, the pul se source waits for the hold time
since the last trigger, then starts the pulse output.

For 0 V output, enter the DZ command that is used to memorize the present
settings of the channel and change the output to O V.

The PT command sets the pulse timing parameters, such as pulse width and pulse
period. The PV command sets voltage pulse, and the PI command sets current pul se.
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Saircase Sweep Measurements

Staircase sweep measurement is performed as shown below. The source channel
forces staircase sweep voltage or current, and the measurement channel performs
one point measurement at each sweep step.

Figure 2-3 Saircase Sweep M easurements
Voltage or current Step delay time
Stop value - —
WT/WMMNV/WI + Meastrement
Trigfer (e.g. XE) Step delay time
Previous value —\
Start value - Delay time
Hold time

Delay time

Time

1. The staircase sweep source sets output by the WT, WM, and WV or WI
commands. Only one channel can be used for the sweep source.

2. The sweep source starts output by atrigger, such as the XE command.
3. After the hold time, the sweep source waits for the delay time.
4. After the delay time, the measurement channel starts measurement.

If you use multiple measurement channels, the channels perform measurement
in the order defined in the MM command.

5. After measurement, the sweep source waits for the rest of the step delay time if
itis set, and the sweep source changes the output val ue.

6. The B1500 repeats 4 and 5 for all sweep steps.

7. After the sweep measurement, the sweep source forces the start or stop value, as
specified by the WM command, and keepsiit.

For 0 V output, enter the DZ command that is used to memorize the present
settings of the channel and change the output to O V.
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NOTE
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The WT command sets the hold time, delay time, and step delay time. The WM
command sets the automatic abort function and the output after measurement. The
WV command sets the sweep voltage, and the W1 command sets the sweep current.
The start and stop values must have the same polarity for log sweep.

One more channel can be set up as a sweep source that has the output synchronized
with the staircase sweep. Refer to “ Synchronous Output” on page 2-26. After the
measurement, the synchronous sweep source forces the start or stop value, as
specified by the WM command, and keepsit.

Synchronous Sweep

Voltage or current

Stop value

WT/WM/WV/WI

Trigger (e.g. XE)

l

Previous value-{
Primary sweep

Start value

Voltage or current

Stop value
WSV/WSI

Previous value
Synchronous sweep

Start value

Time

The WSV command sets the sweep voltage, and the WSI command sets the sweep
current. You can use the same output mode (voltage or current) as the primary
sweep. The start and stop values must have the same polarity for log sweep.

An automatic abort function is available. Refer to “ Automatic Abort Function” on
page 2-28.

Even if the automatic abort function is disabled, the B1500 automatically stops
measurement if power compliance is enabled for the sweep source and the power
compliance or an automatic abort condition is detected.
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Multi Channel Sweep M easurements

Multi channel sweep measurement is performed as shown below. The source
channel forces staircase sweep voltage or current, and the measurement channel
performs one point measurement at each sweep step. Up to ten channel s can be used
for both sweep output and measurement. Both voltage output mode and current
output mode are availabl e for the sweep sources regardless of the output mode of the
primary sweep source.

Multi Channel Sweep M easurements using High-Resolution A/D Converter
Step delay time
WT/WM/WV/WI le—|

Siop value 1 Trigger (e.g. XE)
/ Step delay time
Previous value —\ L"
Start value - Delay time
Hold time
Voltage or current

Stop value Delay time ‘

Voltage or current
= Measurement

Primary sweep source

Previousvaue{ —— Second sweep source
Start value ‘

Voltage or current
Stop value - ‘

WNX

| ‘

Pre;/t:;us ;a ue- —\ Eighth sweep source
value

Time

1. Theprimary sweep source sets output by the WV or WI commands. And the nth
(n=2to 10) sweep source sets output by the WNX command.

2. The sweep sources simultaneously start output by atrigger, such asthe XE
command. However, if a sweep source sets power compliance or forces
logarithmic sweep current, the sweep sources start output in the order specified
by the n value. Then the first output is forced by the channel set by the WI or
WV command.

3. After the hold time, the sweep sources wait for the delay time.

4. After the delay time, the measurement channel starts measurement. If you use
multiple measurement channels, the channels that use the fixed measurement
ranging mode start measurement simultaneously, then other channels perform
measurement in the order defined in the MM command.

Note that the high-resolution ADC cannot perform simultaneous measurement.
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5. After measurement, the sweep source waits for the rest of the step delay time if
itis set, and the sweep source changes the output val ue.

6. The B1500 repeats 4 and 5 for all sweep steps.

7. After the sweep measurement, the sweep sources force the start or stop value, as
specified by the WM command, and keep it.

For 0 V output, enter the DZ command that is used to memorize the present
settings of the channel and change the output to O V.

The WT command sets the hold time, delay time, and step delay time. The WM
command sets the automatic abort function and the output after measurement. The
WV/WI command sets the output of the first sweep source, and the WNX command
sets the output of the nth (n=2 to 10) sweep source. The start and stop values must
have the same polarity for log sweep.

An automatic abort function is available. Refer to “ Automatic Abort Function” on
page 2-28.

Even if the automatic abort function is disabled, the B1500 automatically stops
measurement if power compliance is enabled for the sweep source and the power
compliance or an automatic abort condition is detected.
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Pulsed Sweep M easurements

Pulsed sweep measurement is performed as shown bel ow. The source channel forces
pulsed sweep voltage or current, and the measurement channel performs one point
measurement at each sweep step.

Pulsed Sweep M easurements

Voltage or current

Stop value
PT/WM/PWV/PWI
Trigger (e.g. XE)
Pulse width
Start value Hold time — —
M easurement
Previous value - —\—
Pulse base value ! .
Pulseperiod | Pulseperiod | Pulseperiod | '
Time

1. The pulsed sweep source sets output by the PT, WM, and PWV or PWI
commands. Only one channel can be used for the pulsed sweep source.

2. The pulsed sweep source starts output by atrigger, such as the XE command.

3. After the hold time, the measurement channel starts measurement as shownin
Figure 2-6. The channel performs measurement so that the pulse width and pulse
period are kept (the integration time setting isignored). Only one channel can be
used for measurement.

4. After measurement, the pulsed sweep source forces the pul se base value, and
waits for the rest of the pulse period. Then the pulsed sweep source changes the
output value.

5. The B1500 repeats 3 and 4 for all sweep steps.

6. After the pulsed sweep measurement, the pulsed sweep source forces the pulse
base value, and keepsiit.

For 0 V output, enter the DZ command that is used to memorize the present
settings of the channel and change the output to O V.
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The PT command sets the hold time, pulse width, and pulse period. The WM
command sets the automatic abort function and the output after measurement. The
PWV sets the pulsed sweep voltage, and the PWI sets the pulsed sweep current. The
start, stop, and pulse base values must have the same polarity for log sweep.

One more channel can be set up as a staircase sweep source that has the output
synchronized with the pulsed sweep. Refer to “ Synchronous Output” on page 2-26.
After the measurement, the synchronous sweep source forces the start value, and

keepsit.

Synchronous Sweep
Voltage or current

Stop value

PT/WM/PWV/PWI

Trigger (e.g. XE)

|

Voltage or current

Start value 4
Previous value
Pulse base value

Stop value

WSV/WSI

Previous valu

Synchronous sweep

Start value
Time

The WSV command sets the sweep voltage, and the WSI command sets the sweep
current. You can use the same output mode (voltage or current) as the pulsed sweep.
The start and stop values must have the same polarity for log sweep.

An automatic abort function is available. Refer to “ Automatic Abort Function” on
page 2-28.

Even if the automatic abort function is disabled, the B1500 automatically stops
measurement if power compliance is enabled for the sweep source and the power
compliance or an automatic abort condition is detected.
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Saircase Sweep with Pulsed Bias M easurements

Staircase sweep with pulsed bias measurement is performed as shown below. The
source channel forces staircase sweep voltage or current, the pulse channel forces
pulsed bias, and the measurement channel performs one point measurement at each

sweep step.

Saircase Sweep with Pulsed Bias M easurements

Voltage or current

Stop value

WM/WV/WI

Trigger (e.g. XE)

|

Previous value
Staircase sweep
Start value|

Voltage or current

Pulse width
== Measurement

PT/PV/PI
Pulse peak value | \

Previous value— Pulsed bias
Pulse base value

Holdtime = Pulse period Time

1. The staircase sweep source sets output by the WM, and WV or Wl commands.
Only one channel can be used for the sweep source.

2. The pulsed source sets output by the PT, and PV or Pl commands. Only one
channel can be used for the pulsed source.

3. The source channels start output by atrigger, such as the XE command.

4. After the hold time, the measurement channel starts measurement as shown in
Figure 2-8. The channel performs measurement so that the pulse width and pulse
period are kept (the integration time setting isignored). Only one channel can be
used for measurement.

5. After the measurement, the sweep source changes the output value. Then the
pulsed source forces the pulse base value, and waits for the rest of the pulse
period until the next pulse output.

6. The B1500 repeats 4 and 5 for all sweep steps.
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7. After the sweep measurement, the pulsed source forces the pul se base value, and
the sweep source forces the start or stop value, as specified by the WM
command, and keeps it.

For 0 V output, enter the DZ command that is used to memorize the present
settings of the channel and change the output to O V.

The WM command sets the automatic abort function and the output after
measurement. The WV command sets the sweep voltage, and the WI command sets
the sweep current. The start and stop values must have the same polarity for log
sweep.

The PT command sets the pulse timing parameters, such as pulse width and pulse
period. The PV command sets the voltage pulse, and the PI command sets current
pulse.

One more channel can be set up as a sweep source that has the output synchronized
with the staircase sweep. Refer to “ Synchronous Output” on page 2-26.

After the measurement, the synchronous sweep source forces the start or stop value,
as specified by the WM command, and keepsiit.

Synchronous Sweep

Voltage or current

Stop value

WT/WM/WV/WI

Trigger (e.g. XE)

Previous value—
Primary sweep

Start value

Voltage or current
Stop value

WSV/WSI

Previous value
Synchronous sweep

Start value .
Time

Agilent B1500 Programming Guide, Edition 2 2-13



Remote Mode Functions
Measurement Modes

NOTE The WSV command sets the sweep voltage, and the WSI command sets the sweep
current. You can use the same output mode (voltage or current) as the primary
sweep. The start and stop values must have the same polarity for log sweep.

To Stop Sweep An automatic abort function is available. Refer to “Automatic Abort Function” on
Output page 2-28.

Even if the automatic abort function is disabled, the B1500 automatically stops
measurement if power compliance is enabled for the sweep source and the power
compliance or an automatic abort condition is detected.
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Previous valueH ‘\
Start value |
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Quasi-Pulsed Spot M easurements

Quasi-pulsed spot measurement is performed as shown below. The measurement
channel performs one point measurement while the source channel forces a
quasi-pulse voltage. This measurement mode can minimize the output time of the
measurement voltage. So it is effective for the breakdown voltage measurement and
thereliability test.

Quasi-Pulsed Spot M easurements

Voltage The X vaueis the voltage when the settling detection is stopped.

X value A .
BDT/BDM/BDV M easurement

Delay
Trigger (e.g. XE) time

|

— fe—

| Hold time | Measurement time

Settling detection time

Time

1. The quasi-pulse source channel sets output by the BDT, BDM, and BDV
commands. Only one channel can be used for the quasi-pul se source.

2. The quasi-pulse source starts output by atrigger, such as the XE command.

3. After the hold time, the quasi-pulse source starts the voltage transition to the
stop value (settling detection time). Also, it performs voltage measurement
(settling detection) in the interval set by the BDM command. The voltage
transition and settling detection continue until the output voltage slew rate
becomes half of the rate when settling detection started. The slew rate depends
on the cabling and the characteristics of the device. You cannot defineit directly.
In normal operation, the slew rate will be slower in the following conditions:

* When the quasi-pul se source applies voltage close to the stop value.

* When the quasi-pul se source reaches its current compliance due to the
breakdown condition of the device under test.

If the slew rate was too slow when settling detection started or if the settling
detection time was too long, an error occurs and the source returns its output to the
start value immediately. See “BDM” on page 4-31.
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4. After the settling detection stops, the quasi-pul se source keeps the output.

5. After the delay time, the measurement channel starts measurement.
Only one channel can be used for measurement.

6. After measurement, the quasi-pulse source immediately returns the output to the
start value and keepsit.

For 0 V output, enter the DZ command that is used to memorize the present
settings of the channel and change the output to O V.

NOTE If there is noise or skew on the output voltage, settling detection might stop at an
unexpected voltage.

NOTE The BDT command sets the hold time and delay time, and the BDM command sets
the settling detection interval and measurement mode (voltage or current); the BDV
command sets the output. Also |start- stop| must be 10 V or more.
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Binary Search Measurements

Binary search measurement is performed as shown below. The source channel
forces voltage or current, and the measurement channel performs one point
measurement. The B1500 repeats this until the search stop condition is satisfied, and
returns the source’s last output value. The last measurement datais also returned if it
is set by the BSVM command.

Figure2-11 Binary Search M easurements

Voltage or current

BSM, BST, and -
Sop{psvores = P2 /8

-D/16 Search stopped

Hold time +D/4 +D/32
Trigger ; N

lo—f{ |'_ Delay time
S’[al"[-;,—J

Stop { BSM, BST, and
BSV or BSI -D/8

Delay ’ime / }3/16

(2) Cautious output Delay time
i +D/4
Hold time +D/64
Trigger ;

VTSI
r_ +D/2 == ;M easurement
Start |—-
D =| Stop - Start |

Time

Delay time

(2) Normal output

+D/64

Search stopped

1. The search source sets output by the BSM, BST, and BSV or BSI commands.
Only one channel can be used for the search source.

2. The search source starts output by atrigger, such as the XE command.

3. After the hold time, the measurement channel waits for the delay time, and starts
measurement as shown in Figure 2-11. The measurement channel can be set by
the BGI or BGV command. Only one channel can be used for measurement.

4. After measurement, the search source changes the output value. The output
value depends on the output control mode, normal or cautious, selected by the
BSM command. See Figure 2-11.
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5. The B1500 repeats 3 and 4 until the search stop conditionis satisfied. The search
stop condition is one of the following conditions selected by the BGI or BGV
command.

* Measured value = Search target value £ limit
e Number of measurement points > limit

6. After the search measurement, the search source forces the start val ue, the stop
value, or the last output value, as specified by the BSM command, and keeps it.

For 0 V output, enter the DZ command that is used to memorize the present
settings of the channel and change the output to O V.

The BSM command sets the search control mode, the automatic abort function, and
the output after search. The BST command sets the hold time and delay time. The
BSV/BSI command sets the search output, and the BGI/BGV command sets the
measurement channel.

You can use the synchronous output channel that provides the output synchronized
with the search source. Refer to “ Synchronous Output” on page 2-26. After
measurement, the synchronous channel forces the start+offset, stop+offset, or the
last output value, as specified by the BSM command, and keepsiit.

Synchronous Output

Voltage or current

BSM, BST, and BSV/BSSV or BSI/BSSI
Trigger (e.g. XE) ;
Offset:
Synchronous search source
Stop value v
Offset Offset
Primary search source
Start valueT]
Previous valu Time

The BSSV/BSSI command sets the synchronous output. You can use the same
output mode (voltage or current) as the search source. All output values must be
covered by the output range of the search source.
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Linear Search M easurements

Linear search measurement is performed as shown below. The source channel
sweeps voltage or current, and the measurement channel performs one point
measurement at each sweep step. The B1500 stops sweep and measurement when
the search stop condition is satisfied, and returns the source’s last output value. The
last measurement datais also returned if it is set by the LSVM command.

Linear Search Measurements

Voltage or current

== Measurement
LSM, LSTM, and LSV or LSI
Stop value

Trigger (eg. XE) Search stopped
Delay time

-

Delay time

Hold time ;

1. The search source sets output by the LSM, LSTM, and LSV or LSI commands.
Only one channel can be used for the search source.

Previous value

Start value

Time

2. The search source starts output by atrigger, such asthe XE command.

3. After the hold time, the measurement channel waits for the delay time, and starts
measurement as shown in Figure 2-13. The measurement channel can be set by
the LGI or LGV command. Only one channel can be used for the measurement.

4. After measurement, the search source changes the output value.

5. The B1500 repeats 3 and 4 until the search stop condition is satisfied. The search
stop condition is one of the following conditions selected by the LGV or LGI
command.

e Measured value is over the search target value.
» Measured value breaks the search target value.

6. After the search measurement, the search source forces the start val ue, the stop
value, or the last output value, as specified by the LSM command, and keepsit.

For 0 V output, enter the DZ command that is used to memorize the present
settings of the channel and change the output to O V.
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The LSM command sets the automatic abort function and the output after search.
The LSTM command sets the hold time and delay time. The LSV/LSI command
sets the search output, and the LGI/LGV command sets the measurement channel.

You can use the synchronous output channel that provides output synchronized with
the search source. Refer to “ Synchronous Output” on page 2-26.

After measurement, the synchronous channel forces the start+offset, stop+offset, or
the last output value, as specified by the LSM command, and keepsit.

Synchronous Output

Voltage or current

LSM, LSTM, and LSV/LSSV or LSI/LSSI

Offset

Trigger (e.g. XE)
Stop value |

Synchronous search source

Offset Offset

Previous value-{
Primary search source

Start value

Time

The LSSV/LSSI command sets the synchronous output. You can use the same
output mode (voltage or current) as the search source. All output values must be
covered by the output range of the search source.
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Sampling M easurement

Sampling measurement is performed as shown below. The sampling operation is
performed in the specified sampling interval until the number of measurement result
data reaches to the specified number of measurement data.

Sampling M easurements

Voltage or current M easurement

Channel 1 output

Setup value J
Previousvalue Q il

Sampling interval

DV/DI

Voltage or current Bias hold time

Measurement time

Base hold time
MT/MSC/IMT

Biasvalue IMVIM
l Channel 2 output
Previousvalue
Basevalue

Time

Measurement trigger (e.g. XE)

1. The sampling condition is set by the MT, MSC, and ML commands.

2. The synchronous source channels are set by the MV/MI commands. The
channels will start output by atrigger, such asthe XE command. Each channel
controls the output simultaneoudly.

3. The source channels set by the DI/DV commands will start output at the timing
of the DI/DV command execution.

4. The synchronous source channels start the base value output by atrigger, such as
the XE command.

5. After the base hold time, the synchronous source channels change the output to
the bias value. The channels keep the value until the end of the sampling
measurement.

6. And after the bias hold time, the measurement channels start measurement for
the first sampling point. The measurement channels perform the measurement in
series by the order set to the MM command.

Agilent B1500 Programming Guide, Edition 2 2-21



NOTE

To Stop Output

Remote Mode Functions
Measurement Modes

7. After that, the following operation is repeated with the specified time interval.

* Measurement channels start measurement if they are ready to measure.
* Measurement channels keep the condition if they are busy.

This operation is repeated until the number of measurement result data reaches
to the specified number of measurement data.

For the linear sampling with interval < 2 ms, if the total measurement time runs
over the specified time interval x number, the sampling measurement will be
stopped even if the number of measurement result data is less than the specified
number.

For the log sampling, the B1500A holds only the data that can be plotted on the
log scale in the same distance as close as possible. Only the held datais counted
in the number of measurement result data.

8. After the sampling measurement, the synchronous source channel set by the
MI/MV command forces the base or bias value specified by the MSC command.

9. The source channel set by the DV or DI command continues the source output.
For 0 V output, enter the DZ command that is used to memorize the present
settings of the channel and change the output to O V.

The MT command sets the bias hold time, sampling interval, number of samples,

and base hold time.

The MSC command sets the automatic abort function and the output after
measurement.

The ML command sets the linear sampling mode or the log sampling mode.

The MV and M1 commands set the synchronous voltage source and current source
respectively.

The MCC command clearsthe MV and M| command setting.

An automatic abort function is available. Refer to “ Automatic Abort Function” on
page 2-28.
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Spot C M easurement

Spot capacitance measurement is performed as shown below. The CMU
(capacitance measurement unit) applies DC bias with AC signal, and performs one
point measurement.

Before performing the measurement, select the measurement parameters by using
the IMP command. And select the output data by using the LMN command.

Spot C Measurements

Voltage = |\ easurement
Measurement time

FCIACV r—"
CMU output
Setup value

Previous value

Time
DCV Measurement trigger (e.g. XE)

1. TheCMU starts AC signal output by the FC and ACV commands.
2. The CMU starts DC bias output by the DCV command.

3. The CMU performs measurement by atrigger, such as the XE command. If the
trigger isreceived during the settling time, the measurement starts after the time.

4. After the measurement, the CMU continue the DC bias output with AC signal.
For 0V output, enter the DZ command that is used to memorize the present
settings of the channel and change the CMU output to 0 V for both AC and DC.

The FC command sets the AC signal freguency.

The ACV command specifies the oscillator level, and applies the AC voltage.

The DCV command applies the DC bias.

If the SCUU (SMU CMU Unify Unit) is connected to the 1 CMU and 2
MPSMUs/HRSMUs correctly, the source module is automatically selected by the
DC bias setting. The CMU isselected if itis+25 V or less (setting resolution: 0.001
V), or the SMU is selected if it is greater than £25 V (setting resolution: 0.005 V).
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CV Sweep Measurement

CV sweep measurement is performed as shown below. The CMU (capacitance
measurement unit) applies DC bias with AC signal, and performs one point
measurement at each sweep step.

Before performing the measurement, select the measurement parameters by using
the IMP command. And select the output data by using the LMN command.

Figure 2-17 CV Sweep Measurements
Voltage Step delay time
Stop value - —
FCIACV/WTDCV/WMDCV/WDCV - Measurement
Trigger (e.g. XE)

Step delay time

Previous value-| l

Start value A
Hold time

Delay time

L.

Delay time

Time

1. TheCMU starts AC signal output by the FC and ACV commands.

The staircase sweep voltage source sets output by the WTDCV, WMDCV, and
WDCV commands. Only the CMU can be specified for these commands.

N

The sweep source starts output by atrigger, such as the XE command.
After the hold time, the sweep source waits for the delay time.
After the delay time, the CMU starts measurement.

o U A~ W

After measurement, the sweep source waits for the rest of the step delay timeif
itis set, and the sweep source changes the output val ue.

~

The B1500 repeats 5 and 6 for all sweep steps.

8. After the sweep measurement, the sweep source forcesthe start or stop value, as
specified by the WMDCV command, and keepsit. The CMU also keepsthe AC
signal outpuit.

For 0 V output, enter the DZ command that is used to memorize the present
settings of the channel and change the CMU output to 0 V for both AC and DC.
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The FC command sets the AC signal frequency.
The ACV command specifies the oscillator level, and applies the AC voltage.
The WTDCV command sets the hold time, delay time, and step delay time.

The WMDCV command sets the automatic abort function and the output after
measurement.

The WDCV command sets the sweep voltage. The start and stop values must have
the same polarity for log sweep.

If the SCUU (SMU CMU Unify Unit) is connected to the 1 CMU and 2
MPSMUs/HRSMUs correctly, the source module is automatically selected by the
sweep range (from start to stop). The CMU isselected if itis+25V or less (setting
resolution: 0.001 V), or the SMU is selected if it is greater than £25 V (setting
resolution: 0.005 V).

An automatic abort function is available. Refer to “ Automatic Abort Function” on
page 2-28.
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Synchronous Output

You can use synchronous output that will be synchronized to the output of the
primary sweep or search source. See Figure 2-18 and Figure 2-19. Synchronous
output is available for the following measurement modes and set by the following

commands:
M easurement Mode Command
“ Staircase Sweep Measurements’ WSI or WSV
“Pulsed Sweep Measurements” WSI or WSV

“ Staircase Sweep with Pulsed Bias M easurements” WSI or WSV

“Binary Search Measurements” BSSI or BSSV

“Linear Search M easurements’ LSSl or LSSV

The synchronous source supports the same output mode (voltage or current) as the
primary source, and does not support pulsed output.

Parameters The following parameters are used to set up a synchronous output. For details of the
commands, refer to Chapter 4, “Command Reference.”

* For the WSI and WSV commands:

start Synchronous sweep start value.

stop Synchronous sweep stop value.

The start and stop values must have the same polarity for logarithmic sweep.
* FortheBSSI, BSSV, LSS|, and LSSV commands:

offset Offset value from the search source outpui.

polarity Polarity (+ or - ) of the synchronous source output.

Synchronous output is given by one of the following formulas:

» Synchronous output = primary source output + offset

»  Synchronous output = - 1x primary source output + offset

All output values must be covered by the output range of the search source.
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Figure 2-18 Synchronous Sweep Output Example for Staircase Sweep
Voltage or current

Stop value -

WT/WM/WV/WI

Trigger (e.g. XE)

l

Previous value—
Primary sweep

Start value

Voltage or current
Stop value

WSV/WSI

Previous value
Synchronous sweep

Start value .
Time

Figure 2-19 Synchronous Output Examplefor Binary Search

Voltage or current
BSM, BST, and BSV/BSSV or BSI/BSSI

Offeet}

Synchronous search source
Stop value 7'y v

Offset Offset

Trigger (e.g. XE)

Primary search source

Start value

Previous value Time
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Automatic Abort Function

The automatic abort function stops measurement (increasing or decreasing source
output value) when one of the following conditions occurs. Thisfunction isuseful to
reduce sweep time and to prevent damage to the device during measurement.

» The output reaches voltage compliance or current compliance
* A measurement value exceeds the specified measurement range
* AnSMU oscillates, or an error is caused in the CMU

The automatic abort function is enabled by using the WM, WMDCYV, BSM, LSM,
or MSC command. This function is available for the following measurement modes:

»  WM: Staircase sweep, staircase sweep with pulsed bias, multi channel sweep,
and pulsed sweep measurements

« WMDCV: CV sweep measurement
e BSM: Binary search measurement
» LSM: Linear search measurement

e MSC: Sampling measurement

When abort occurs After measurement is aborted, the source forces the following value. And then the

Output after
measurement

NOTE

dummy data (199.999E+99) is returned for measurement points not reached.

o Start value (for sweep source and search output source)

» Pulse base value (for pulsed source and pulsed sweep source)

» Basevalue (for synchronous source of sampling measurement)

You can specify the post measurement condition for normal measurement end. The

source output value can be one of the following values. The setting is not effective
for the pulsed sweep measurement.

*  Sweep measurement: Start value or stop value
»  Search measurement: Start value, stop value, or last output value

» Sampling measurement: Base value or bias value

Even if the post measurement value is set, the source forces the start value if output
is stopped by the automatic abort function, power compliance, or AB command.

2-28 Agilent B1500 Programming Guide, Edition 2



Remote Mode Functions
Parallel Measurement Function

Parallel M easurement Function

The following measurement modes enabl e the parallel measurement (simultaneous
measurement) by using the multiple measurement channels.

»  Spot measurement (MM 1,chnum,chnum, . . . ,chnum)
e Staircase sweep measurement (MM 2,chnum,chnum, . . . ,chnum)

where, chnum s the slot number where the measurement channel (SMU) has been
installed. 1 to 10 (integer) are available.

To Enable Parallel M easurement
Execute the following command to enable the parallel measurement function.
PAD 1

To Set M easurement Channels

Thefollowing conditions must be satisfied for the measurement channelsto perform
the parallel measurements.

» Usethe high speed A/D converter
AAD chnum,0 command

» Usethe fixed ranging for the measurement
RI chnum,range command (for current measurement)
RV chnum,range command (for voltage measurement)

Enter the negative value for range to use the fixed ranging.
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Program Memory

The program memory is a volatile memory that is used to store command strings
temporarily. The Agilent B1500 has a built-in program memory that can store 2,000
programs maximum, and atotal of 40,000 commands.

The program memory can eliminate several processes in the program execution,
such as transferring commands, checking command syntax, and converting
commands to the internal codes. Thus, using the program memory speeds up
program execution. If frequently used command strings are stored in the program
memory, GPIB/computer activity is minimized.

Using Program Memory

You can store, execute, read, and delete programs in the program memory as shown
below. For details on each command, refer to Chapter 4, “ Command Reference.”

Send the ST and END commands to store a program. The following procedure
stores a program (program number n) in the program memory. A multiple command
string is also available.

1. QUTPUT @B1500;" ST n”

where, nisthe program number for the program now stored in the program
memory. The value must be an integer, 1 to 2000.

2. QUTPUT @B1500; " XXXX"

where, XXXX must be the command you want to store in the program memory.
Repeat this until all required commands are stored.

Table 2-1 lists the invalid commands for the program memory.
3. QUTPUT @B1500; " END’

The program must be complete and free of errors.
An error occursif the program memory overflows while a program is being stored.

If you store a new program using an existing program number, the old program is
deleted and the new program is stored.
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A memory program can invoke another memory program by storing the DO or RU
command in the memory program. Up to eight levels of nesting are available. The
first level isawaysthe DO or RU command sent by the external compuiter.

Send the RU or DO command to execute the memory program.

« QUTPUT @1500;”RU 1,5”

This example executes the programs numbered 1 through 5 sequentially. These
programs must be stored in the memory.

« QUTPUT @B1500;"DO 1, 2, 3,4,5”

This example executes programs 1, 2, 3, 4, and 5 in this order. These programs
must be stored in the memory. A maximum of eight numbers can be specified.

You can use variables in the memory programs. To enter the value to the variable,
send the VAR command. If the variableis referred by multiple programs or
commands, set or change the value carefully so that the program works fine without
errors. Format of the variableis %tn (t: integer | or real R, n: integer, 1 to 99).

In the following example, the first line stores a program (program 99) which uses
the 94 50 variable. The second line enters 2 to %4 50, and executes the program 99.

QUTPUT @B1500; " ST99; CN% 50; DV94 50, 0, 2; Tl % 50; CL% 50; END’
QUTPUT @31500; " VARO, 50, 2; DC99”

To read the program numbers of the memory programs, send the L ST? command
without a command parameter.

To read the contents of a memory program, send the L ST? command with the
program number as shown below. Up to 3000 commands can be read by one
command execution.

OQUTPUT @31500; " LST? 100”

To delete all memory programs, send the SCR command without a parameter.

To delete amemory program, send the SCR command with the program number as
shown below.

OQUTPUT @31500; " SCR 100"

Turning off the instrument also clears the program memory. The device clear and
*RST commands do not clear the program memory.
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Table 2-1 Invalid Commandsfor Program Memory
Category GPIB Command
Reset *RST
Diagnostics DIAG?
Self-test *TST?
Self Calibration CA
*CAL?
CM
Abort AB
Channel Control RCV
Wz?
Program Memory ST
END
SCR
VAR?
LST?
16 bit Control Port ERS?
Query ERR?
EMG?
*IDN?
LOP?
*LRN?
NUB?
*OPC?
UNT?
WNU?
Status Byte *SRE?
*STB?
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Digital 1/0 Port

Thedigital 1/0 port isused for the trigger input/output terminals or an interface to
control an external relay circuit and so on. For the trigger input/output, refer to
“Trigger Function”. For another usage, the following commands are available:

ERM Changes the digital 1/0 port assignments.
ERS? Returnsthe digital 1/0 port status.
ERC Changes the output status of the digital 1/O port

Connector type of the digital 1/0 port is D-Sub 25-pin. The pin assignment is shown
in Table 2-2. Intheinitial setting, all port forces TTL high level (approx. 2.4 V. TTL
low is approx. 0.8 V). The above commands are available for non trigger ports from

DIO 1toDIO 16.
Table 2-2 Digital 1/0 Pin Assignment
Description Pin Number Description
GND 25 13 GND
Do not use 24 12 Do not use
Do not use 23 11 Do not use
DIO 15 (bit 15) 22 10 DIO 16 (bit 16)
DIO 13 (hit 13) 21 9 DIO 14 (bit 14)
DIO 11 (bit 11) 20 8 DIO 12 (bit 12)
DIO 9 (bit 9) 19 7 DIO 10 (bit 10)
DIO 7 (bit 7) 18 6 DIO 8 (hit 8)
DIO 5 (hit 5) 17 5 DIO 6 (hit 6)
DIO 3 (hit 3) 16 4 DIO 4 (bit 4)
DIO 1 (hit 1) 15 3 DIO 2 (hit 2)
Do not use 14 2 Do not use
1 Do not use
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Accessories

The following accessories are available to connect the Digital 1/O port.

Agilent 16493G Digital 1/0 connection cable

Used to connect the Digital 1/0 port to a D-Sub (f) 25-pin connector. This cable
should be connected between two B1500s, or between the B1500 and the
N1253A-200 BNC box. Cable length depends on the following option items:

16493G-001: Approx. 1.5m
16493G-002: Approx.3m
Agilent N1253A-100 Digital 1/0 T-cable

Used to connect the Digital 1/0 port to a D-Sub (f) 25-pin connector and a
D-Sub (m) 25-pin connector. This cable must be used to connect three or more
B1500s. Cable length is as following:

e D-Sub (m) to D-Sub (m): Approx.1.5m
Both connectors should be connected to the Digital 1/0 ports.

e D-Sub (m) to D-Sub (f): Approx. 30 cm
The D-Sub (f) connector should be connected to the additional N1253A-100
or the 16493G cable to connect the third or following B1500.

Agilent N1253A-200 Digital 1/0 BNC box

Used to convert the D-Sub connector to the BNC connectors. Only the DIO 1 to
DIO 8 are connected to the BNC (f) connectorsindividually. To use the BNC
box, connect the 16493G cable between the Digital 1/O port and the BNC box.

Accessories for Digital 1/0 Port

16493G D-Sub (m)| | 1 [ D-Sub (m)
N1253A-100 D-Sub (m)D 1 | D-Sub (m)
D-Sub (f)
ONONONG)
N1253A-200 D-Sub (f) | — 0000 BNC (f) x 8
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Digital 1/0 Internal Circuit

The following figure shows the input/output circuits internally connected to each
port/pin of the Digital 1/0O connector.

Figure 2-21 Digital 1/O Internal Circuit
Vce
R1
R2
to input control < W\/ ¥ to DSUB pins
Vee=5V
from output control R1=1 kohm
Q1 R2=100 ohm

QL Voe(sat)=0.3V
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Trigger Function

The Agilent B1500 can be synchronized with other equipment, such as capacitance
meters, voltmeters, ammeters, probers, handlers and so on, by using the following
terminals:

e ExtTrigln

BNC connector. Only for trigger input (to receive trigger).
e Ext Trig Out

BNC connector. Only for trigger output (to send trigger).
« Digitd I/O

D-Sub 25-pin connector. Sixteen paths are available for the trigger port. Each
path can be used for either input or output. For the pin assignment and
accessories, refer to “Digital 1/0 Port”.

Figure 2-22 shows a connection example of the B1500 and another device.

Figure 2-22 Connecting Trigger | nput/Output

In Out

Other device e Q
Agilent E5270 @ Q

In Out
Ext Trig Digital 1/0

Example connection

NOTE To usethe digital 1/0 port for the trigger input/output port, send the TGP command.
DIO 1 to DIO 16 can be used for the trigger input/output port. See Table 2-2.
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Figure 2-23

Initial Settings

Input Trigger

Measurement
Trigger Delay

Remote Mode Functions
Trigger Function

Trigger Input

A trigger input operation example is shown in Figure 2-23. Measurement or source
output can be started by the input trigger sent through the port specified by the TGP
command. See Table 2-3.

Trigger Input Example, Stair case Sweep M easurement, Negative L ogic

Start Measurement ” TGPt,1,p,1

Start Step Measurement ” ” ” ” " ” TGP1,1,p.3
B T T T T T cmer

Start Step Output Setup TGPt,1p,2

o r

Delay time or more

L == Measurement

Measurement trigger delay

| cae2 |

Case 1. With trigger for
first sweep step

Hold time (Case 2)
or more (Case 1)

Case 2: With trigger for
output after sweep

The following functions are available in the initial settings:

e Trigger port: Ext Trig In

» Trigger type: Start Measurement (type 1)

» Commands for the trigger wait: WS, TM3, or PA with TM3

The B1500 responds to the input trigger (minimum pulse width 10 ps) that changes
the signal level from high (approx. 2.4 V) to low (approx. 0.8 V). Thisis negative

logic. You can change it to positive logic by using the third parameter of the TGP
command.

Delay time from atrigger input to starting a step measurement. The delay timeis
available for the Start Step Measurement trigger (type 3). You can set the delay time
value by using the WT command (WTDCYV for the CV sweep measurement).
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PA/PAX/WS/WSX  The commands put the B1500 in the trigger wait state. The B1500 can recover from
Commands the wait state if an external trigger is sent to atrigger input port. You can use the
commands regardless of the trigger type.

If you use the PA or PAX command to put the B1500 in the trigger wait state, send
the TM3 command before the PA or PAX command.

Table 2-3 Type of Trigger Input
Type B1500 Operation by Input Trigger Command?
1 Starts the measurement specified by the MM command. | TGPt,1,p,1
T™™3
2 The sweep source starts to set the sweep step output. TGPt,1,p,2
TGSI m

The pulse source starts to set the pulsed output.

Thistrigger typeis available for the staircase sweep,
pulsed spot, pulsed sweep, staircase sweep with pulsed
bias, multi channel sweep, and CV sweep measurement.

3 Waits for the measurement trigger delay, and startsthe | TGPt,1,p,3
sweep step measurement.

Thistrigger typeis available for the staircase sweep,
multi channel sweep, and CV sweep measurement.

a. t selectstrigger input terminal, Ext Trig In or adigital 1/0 path.
p selects positive or negative logic of the trigger.
m selects Case 1 or Case 2 of the trigger type 2 (see Figure 2-23).
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Figure 2-24

Initial Settings

Output Trigger

Source Trigger
Delay

OS/0OSX
Commands
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Trigger Function

Trigger Output

A trigger output operation exampleis shown in Figure 2-24. When the measurement
or source output setup is completed, the output trigger is sent through the port
specified by the TGP command. See Table 2-4.

Trigger Output Example, Saircase Sweep M easurement, Negative L ogic

Step delay time Source trigger delay
Delay time
Hold time

XE ‘.‘

= Measurement

A
_l\_
—TGP t,2,p, 1—| ‘ rM easurement Completion
[
Gatetrigger | TGPt,2,p,3 _Step M easurement Completion
_TGP t,2,p,2 Step Output Setup Completion

->| e~ Source trigger delay
_TGP t,2,p,1 | ‘ ” Measurement Completion
Edgetrigger| TGP t,2,p,3 ” ‘ ” ” ” ” ” Step Measurement Completion
_TGP t,2,p,2 ” ” ” ” ” ” Step Output Setup Completion

The following functions are available in the initial settings:
» Trigger port: Ext Trig Out

» Trigger type: Measurement Completion (type 1)

» Commands for the trigger output: OS

An edge trigger or agate trigger will be sent when an operation is completed (see
Figure 2-25). Initialy, the negative edge trigger is sent.

Delay time from when the source output setup is completed until an edge trigger is
sent or agatetrigger level isreturned. The delay timeis available for the Step
Output Setup Completion trigger (type 2). You can set the delay time value by using
the WT command (WTDCYV for the CV sweep measurement).

The command is used to send a trigger immediately from atrigger output terminal.
You can use the commands regardless of the trigger type.
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Using Multiple If you use the multiple measurement channels, an edge trigger will be sent or agate
Channels trigger level will be returned when the measurement is completed by all channels.

For the multi channel sweep measurement, an edge trigger will be sent or agate
trigger level will be returned when the source output setup is completed by all
channels, or when the measurement is completed by al channels.

Figure 2-25 Output Trigger
[ Operation start or OS or OSX | | Operation complete or OS or OSX |

LR v

. High
Gate trigger (Approx. 2.4 V)
------------------------------------ —— - LOow

(Approx. 0.8V)

High
Edge trigger - ‘:Approx. 10us > t (Approx. 2.4 V)
Low

\—Negativelogic | L Positive logic | (Approx. 0.8V)
Table 2-4 Type of Trigger Output
Type Timing of Trigger Output by B1500 Command?

1 When the measurement specified by the MM command | TGPt,2,p,1

is completed. TGXOm
T™M3

2 When the source trigger delay time elapses after the TGPt,2p,2
sweep step output setup or pulse output setup is TGSOm
compl eted.

Available for the staircase sweep, pulsed spot, pulsed
sweep, staircase sweep with pulsed bias, multi channel
sweep, and CV sweep measurement.

3 When the measurement is completed at each sweep step | TGPt,2,p,3
for the staircase sweep, multi channel sweep, and CV TGMO m
sweep measurement.

a. t selectsthetrigger output terminal, Ext Trig Out or adigital 1/O.
p selects positive or negative logic. m selects edge or gate trigger.

2-40 Agilent B1500 Programming Guide, Edition 2



NOTE

Remote Mode Functions
Trigger Function

Using Trigger Function

e “ToMake Wait State Using PA/PAX”

e “ToMake Wait State Using WS/WSX”

e “To Send Trigger Using OS/OSX”

* “To Receive Measurement Trigger”

» “To Specify Trigger Port and Receive Trigger”

* “To Control Measurement Timing Using External Trigger”

To Make Wait Sate Using PA/PAX

The PA or PAX command puts the B1500 into await state. The B1500 can be
recovered from the wait state when the specified wait time elapses, or when an event
selected by the TM command occurs. Then the B1500 executes the commands
following the PA/PAX command. The event only releases the wait state set by the
PA/PAX command.

The wait time parameter is available for the PA/PAX command. If you specify the
wait time, the wait state continues until the time elapses or until the event occurs.

Available value: - 99.9999 to 99.9999 s, in 100 us resolution.
If you set a negative value, the wait stateis kept until the event occurs.

You can select the event by using the TM command. If you want to use an external
trigger asthe event, enter the TM3 command. Then the PA/PAX command waits for
the XE command execution, or:

e PA waitsfor atrigger sent to the Ext Trig In terminal.

e PAX waitsfor atrigger sent to the specified terminal.

Intheinitial setting, negative logic is available. To changeit to positive, send the
TGP command.

The TM command is used to select the event effective for starting measurement, or
releasing the wait time set by the PA or PAX command. Enter the TM command
before the PA or PAX command.
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To Make Wait Sate Using WS/W SX

The WS or WSX command puts the B1500 into a wait state. The B1500 can be
recovered from the wait state by an external trigger. Then the B1500 executes the
commands following the WS/WSX command. The external trigger only releasesthe
wait state set by the WS/WSX command.

»  WSwaitsfor atrigger sent to the Ext Trig In terminal.
»  WSX waitsfor atrigger sent to the specified terminal.

Intheinitial setting, the negative logic isavailable. To changeit to the positive, send
the TGP command.

If you want to end await state before receiving an external trigger, enter the AB or
*RST command, or use the device clear (HP BASIC CLEAR statement) if any other
commands have already been entered.

For easy programming, do not enter the TM command, or usethe TM1, TM2, or
TM4 event mode. The TM3 event mode will complicate programming.

To Send Trigger Using OS/OSX
To trigger an external device from the B1500, use the OS or OSX command.

e OS sends an edge trigger to the Ext Trig Out terminal.
e OSX sendsatrigger to the specified terminal.

Intheinitial setting, negative logic is available. To changeit to positive, send the
TGP command.

Enter the WS/WSX command immediately after the OS/OSX command. Then the
B1500 triggers an external deviceto start its operation by the OS/OSX, and waitsfor
an operation complete trigger from the external equipment. This scenario ensures
that the B1500 and external equipment operations do not overlap.

Agilent E5270 Wait state Operation Wait state
1 1 Time

External device Operation Wait state Operation
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To Receive M easurement Trigger

To use an external trigger just for starting measurement, instead of the XE
command, perform the next step. Thisis not effective for the high speed spot
measurement.

1. Connect aBNC cable between the Ext Trig In connector and a trigger output
connector of an external device.

2. Create acontrol program. Then the TM3 command and HP BASIC ENTER
statement should be entered as shown in the following example:

QUTPUT @1500; 7 MVL” I Sets spot neasurenent npde
: I Sets nmeasurenent condition

QUTPUT @1500; " TMB” I Uses external trigger
ENTER @1500 USI NG " #, 3X, 12D, 2X"; M dat a

3. Execute the control program.

The B1500 sets the measurement conditions, and waits for an external trigger
(negative trigger) sent to the Ext Trig In connector.

When the trigger is received, the B1500 starts measurement. When
measurement is completed, the B1500 sends a negative edge trigger to the Ext
Trig Out connector, and puts the measurement data in the data output buffer.

ExtTrigin ” Start measurement
Ext Trig Out Measurement completion "
NOTE The HP BASIC ENTER statement pauses program execution until measurement

datais put in the data buffer, reads the data from the buffer, and then continues
program execution.
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To Specify Trigger Port and Receive Trigger

To use an external trigger just for starting measurement, instead of the XE
command, perform the next step. Thisis not effective for the high speed spot
measurement.

This example specifiesthe trigger input/output ports and uses the gate trigger for the
output trigger.

1. Connect aBNC cable between the Ext Trig In connector and atrigger output
connector of an external device.

2. Create acontrol program. Then the TM3 and TGP commands and HP BASIC
ENTER statement should be entered as shown in the following example;

QUTPUT @1500; 7 MaL” I Sets spot neasurenent npde
: I Sets neasurenment condition

QUTPUT @B1500; " TMB” I Uses external trigger
QUTPUT @B1500;"TGP -1,1,1,1" I Sets trigger input
QUTPUT @B1500; " TGP -2,2,1,1” I Sets trigger output
QUTPUT @B1500; " TGXO 2" I Enabl es gate trigger
ENTER @1500 USI NG " #, 3X, 12D, 2X"; M dat a

3. Execute the control program.

The B1500 sets the measurement conditions, and waits for an external trigger
(positive trigger) sent to the Ext Trig In connector.

When the trigger isreceived, the B1500 starts measurement and sends a positive
gatetrigger to the Ext Trig Out connector. When measurement is compl eted, the
B1500 returns the gate trigger level to logical low, and puts the measurement
datain the data output buffer.

ExtTrigin " Start measurement

Ext Trig Out _] Measurement completion

The HP BASIC ENTER statement pauses program execution until measurement
datais put in the data buffer, reads the data from the buffer, and then continues
program execution.
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To Control Measurement Timing Using External Trigger

Multiple trigger terminals will be used to control measurement timing. Refer to the
following example that controls the staircase sweep measurement timing.

The example below uses the following triggers and terminals:

Trigger Nameor Trigger Type Terminal TGP Command 2
Start Measurement Ext TrigIn TGP -1,1,2,1
Start Step Measurement DIO 2 TGP 2,1,2,3
Start Step Output Setup DIO1 TGP 1,1,2,2
M easurement Completion Ext Trig Out TGP -2,2,2,1
Step Measurement Completion DIO 12 TGP 12,2,2,3
Step Output Setup Completion DIO11 TGP 11,2,2,2

a. Parameters mean the port number, trigger input/output, positive/nega-
tive logic, and trigger typein this order from | eft.

This example uses the negative edge trigger (set by the TGP and
TGXO/ITGMO/TGSO commands), and the Case 1 Start Step Output Setup trigger
(set by the TGSl command). The WT command sets the hold time, delay time, step
delay time, source trigger delay time, and the measurement trigger delay time.

OUTPUT @1500; " MR I Sets staircase sweep nmeasurenment node
: I Sets nmeasurenent condition

OUTPUT @B1500; " TM3” I Uses external trigger
QUTPUT @B1500;"TGP -1,1,2,1" !Start Measurenment trigger
QUTPUT @B1500;"TGP 2,1,2,3” !Start Step Measurenment trigger
OUTPUT @B1500;" TGP 1,1,2,2" !Start Step Qutput Setup trigger
1
1

QUTPUT @B1500; "TGP -2,2,2,1" ! Measurenent Conpletion trigger
OQUTPUT @B1500; " TGP 12,2,2,3” !Step Measurenent Conpletion trigger
QUTPUT @B1500; " TGP 11,2,2,2" !Step Qutput Setup Conpletion trigger
OQUTPUT @B1500; " TGXO 1” 1'1: Edge trigger

OQUTPUT @B1500; " TGVO 1" 1'1: Edge trigger

QUTPUT @B1500; " TGSO 1” 11: Edge trigger

OQUTPUT @B1500; " TGSl 1" 1'1: Case 1

QUTPUT @B1500; "WI” ; Hol d, Del ay, Sdel ay, Tdel ay, Mlel ay

FOR N=1 TO No_step
ENTER @B1500 USI NG " #, 3X, 12D, 2X"; M dat a
PRI NT "DATA"; N, ”="; M dat a

NEXT N
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Trigger Input/Output Example, Staircase Sweep, Negative L ogic
Start Measurement ”

Start Step Measurement U ” ” ” U

Start Step Output Setup (Casel) ” U H ” ”

Step delay time or more ‘

Delay time or more
Hold time

I Y4

y
ry
v

= Measurement T |7 I'-Measurementtrigger delay

Measurement Completion ‘ ”—

Step Measurement Completion ” ” ”

> l'— Source trigger delay
Step Output Setup Completion ” ” ” ” H

The B1500 sets the measurement conditions, sets the trigger ports, and waits for a
Start Measurement trigger.

By the Start Measurement trigger, the B1500 starts the staircase sweep
measurement.

By the Start Step Output Setup trigger, the B1500 waits until the sourcetrigger delay
elapses, and sends the Step Output Setup Compl etion trigger. If thetrigger is
received during the hold time, the B1500 performs this after the hold time.

By the Start Step Measurement trigger, the B1500 waits until the measurement
trigger delay elapses, executes a step measurement, and sends the Step M easurement
Completion trigger. If the trigger is received during the delay time, the B1500
performs this after the delay time.

By the next Start Step Output Setup trigger, the B1500 changes the source output
value, and waits until the source trigger delay elapses, and sends the Step Output

Setup Completion trigger. If the trigger is received during the step delay time, the
B1500 performs this after the step delay time.

After the staircase sweep measurement, the B1500 sends the Step Measurement
Completion trigger and the Measurement Compl etion trigger, and puts the
measurement datain the data output buffer.
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Trig In/Out Internal Circuit

The following figures show the trigger input/output circuits internally connected to
the Trig In/Out connectors.

Figure 2-27 Trigger Input Internal Circuit
Vcc
R2
to trigger
input control from Trig In (BNC)
R1 Vee=5V
C1 R1=220 ohm
R2=10 kohm
C1=1000 pF
Figure 2-28 Trigger Output Internal Circuit
Vce
from trigger
output control to Trig Out (BNC)

T4ABT245 or

equivalent c1 Vees5V

R1=150 ohm
C1=1000 pF
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Initial Settings

Agilent B1500 isinitialized by turning the B1500 on, the *RST command, or the
device clear. Initia settings of the B1500 are shown in the following tables. Table
2-8 fitsinto one page, and lists al initial settings.

Table 2-5 Mainframe Settings
Setup ltem Initial Setting Commands

Auto calibration off CM
Trigger mode XE, TV, TI, or GET ™
Trigger port Ext Trig In Start Measurement | TGP

trigger input

Ext TrigOut | Measurement TGP
Completion trigger
output
Digital 1/0 cleared TGP

Trigger delay time Os WT, PT
Trigger condition of with trigger for first sweep step TGS
Start Step Output Setup trigger
Type of output trigger edge trigger TGXO, TGSO, TGMO
Digital 1/0O port output for all port ERM
Program memory cleared 2 SCR
Value of internal variable (%In, %Rn) | O VAR
Data output format ASCII with header, CR/LF*EOI FMT
Data output buffer cleared BC
Status byte Only bit 6 is enabled. *SRE
Error code register cleared ERR?

a. Program memory is not cleared by the * RST command or the device clear.
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Table 2-6 SMU Settings
Setup Item Initial Setting Commands
Output switch open CN, CL
Filter off FL
Series resistor off SSR
ASU path/1 pA auto range/indicator SMU side/disable/enable SAP/SAR/SAL
Current measurement range with pulse compliance range RI
without pulse | auto
Voltage measurement range with pulse compliance range RV
without pulse | auto
A/D converter high speed ADC AAD
ADC integration time high speed ADC: auto, non parallel AIT, PAD
high resolution ADC: auto AIT
ADC zero function off AZ
AV command parameter number=1, mode=0 AV
Sweep source parameters cleared WV, WSV, WI, WSl
Pul se source parameters cleared PV, Pl
Pulse sweep source parameters cleared PWV, PWI
Search source parameters cleared BSV, BSSV, BSI,
BSSI, LSV, LSSV,
LSI, LSSV
Search monitor parameters cleared BGV, BGI, LGV,
LGI
Search measurement data source output value only BSVM, LSVM
Quasi-pulse source parameters cleared BDV
Quasi-pul sed spot measurement mode | voltage BDM
Quiasi-pulse settling detection interval | short BDM
Sampling source cleared MI, MV
Sampling interval, sampling point 2 ms, 1000 points MT
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Setup Item

Initial Setting

Commands

Automatic abort function

off

Output after measurement

start value (base value for MSC)

WM, BSM, LSM,
MSC

Hold time Os WT, PT, BDT, BST,
Delay time Os LSTM
Step delay time Os WT
Trigger delay time Os WT, PT
Pulse width 0.001s PT
Pulse period 0.01s PT
Table 2-7 CMU Settings
Setup Item Initial Setting Commands
SCUU path/indicator open/enable SSP/SSL
M easurement parameter Cp-G IMP
M easurement range auto RC
ADC integration time auto ACT
Open/short/load correction off OPEN/SHOR/LOAD
Phase compensation mode auto ADJ
AC signd 0V, 1kHz ACV, FC
Sweep source parameters cleared wDCV
Automatic abort function off WMDCV
Output after measurement start value WMDCV
Hold time Os WTDCV
Delay time Os WTDCV
Step delay time 0s WTDCV
Trigger delay time Os WTDCV
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Table 2-8 Initial Settings
Setup Item Initial Setting Commands
Auto calibration off CM
SMU output switch open CN, CL
SMU filter/series resistor off/off FL/SSR
ASU path/1 pA auto range/indicator | SMU side/disable/enable SAP/SAR/SAL
SCUU path/indicator open/enable SSP/SSL
SMU current measurement range with pulse compliance range RI
without pulse | auto
SMU voltage measurement range with pulse compliance range RV
without pulse | auto
SMU A/D converter high speed ADC AAD
SMU ADC Integration time high speed ADC: auto, non parallel AIT, PAD
high resolution ADC: auto AIT
SMU ADC zero function off AZ
SMU AV command parameter number=1, mode=0 AV
CMU measurement parameter Cp-G IMP
CMU measurement range auto RC
CMU ADC integration time auto ACT
CMU correction/compensation Open/Short/Load: off/off/off, Phase compensation: auto OPEN/SHOR/LOAD, ADJ
CMU AC signal 0V, 1kHz ACV
Sweep source parameters cleared WV, WSV, WI, WSI, WDCV
Pulse source parameters cleared PV, Pl
Pulse sweep source parameters cleared PWV, PWI
Search source parameters cleared BSV, BSSV, BSl, BSSI, LSV, LSSV, LSI, LSSV
Search monitor parameters cleared BGV, BGI, LGV, LGI
Search measurement data source output value only BSVM, LSVM
Quasi-pul se source parameters cleared BDV
Quasi-pulsed spot measurement mode | voltage BDM
Quasi-pul se settling detection interval | short BDM
Sampling source cleared MI, MV
Sampling interval, sampling point 2 ms, 1000 points MT

Automatic abort function

off

WM, BSM, LSM, WMDCV, MSC

Start Step Output Setup trigger

Output after measurement start value (base value for MSC) WM, BSM, LSM, WMDCV, MSC
Pulse width 0.001s PT
Pulse period 0.01s PT
Hold time 0s WT, PT, BDT, BST, LSTM, WTDCV, MT
Delay time 0s WT, PT, BDT, BST, LSTM, WTDCV
Step delay time 0s WT, WTDCV
Trigger delay time 0s WT, PT, WTDCV
Trigger mode XE, TV, Tl, or GET ™
Trigger port Ext Trig In Start Measurement trigger input TGP
Ext Trig Out | Measurement Completion trigger output | TGP
Digitd 1/0 cleared TGP
Trigger condition of with trigger for first sweep step TGS

Type of output trigger edge trigger TGXO, TGSO, TGMO
Digital /O port output for all port ERM

Program memory cleared. Not cleared by *RST command or device clear. SCR

Value of internal variable (%ln, %Rn) | 0 VAR

Data output format ASCII with header, CR/LFEQI FMT

Data output buffer cleared BC

Status byte Only bit 6 is enabled. *SRE

Error code register cleared ERR?
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Programming Examples

This chapter lists the Agilent FLEX commands (GPIB commands for the Agilent
B1500) and explains the programming example for each measurement mode. This
chapter contains the following sections.

* “Programming Basicsfor Visual Basic .NET Users’
» “High-Speed Spot Measurements’

*  “Spot Measurements’

» “Pulsed Spot Measurements’

e “Staircase Sweep Measurements’

» “Pulsed Sweep Measurements’

» “Staircase Sweep with Pulsed Bias Measurements’
* “Quas Pulsed Spot Measurements’

e “Linear Search Measurements’

» “Binary Search Measurements’

e “Multi Channel Sweep Measurements”

» “Sampling Measurements”

» “High-Speed Spot C Measurement”

*  “Spot C Measurements’

* “CV Sweep Measurements’

» “Using Program Memory”

e “Using Trigger Function”

* “Reading Time Stamp Data’

» “Reading Binary Output Data”

» “Using Programs for 4142B”

e “Using Programs for 4155B/4156B/4155C/4156C"

3-2
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Refer to Chapter 4, “Command Reference,” for the command syntax and
descriptions of the Agilent B1500 FLEX commands.

The following command conventions are used in this chapter.

command Required command for measurement execution.

[command] Optional command for measurement execution.

parameter Required command parameter. A value or variable must be
specified.

[parameter] Optional command parameter. A value may be specified.

About Example Program Code

Example programs described in this section have been written in the Microsoft
Visual Basic .NET or the HP BASIC language. Most of the examples written in the
Visual Basic .NET are provided as a subprogram that can be run with the project
template shown in Table 3-1. To run the program, insert the example subprogram or
your subprogram instead of the perform_meas subprogram in the templ ate.

To Start Program

If you create the measurement program by using the example code shown in Table
3-1, the program can be run by clicking the Run button on the Visual Basic main
window. Then a message box will appear. After that, click OK to continue.

After the Automatic Measurement

After the automatic measurements, open the measurement terminals or disconnect
the device under test from the measurement terminals. If you leave the connection
with the device, the device may be damaged by unexpected operations.

Do not leave the connection over 30 minutes after measurement if the auto
calibration is set to ON. Then, the Agilent B1500 performs the self-calibration
automatically every 30 minutes after measurement. The calibration requiresto open
the measurement terminals.

To disable the auto calibration, enter the CM 0 command.
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Programming Basics for Visual Basic .NET Users

Programming Basicsfor Visual Basic NET Users

This section provides the basic information for programming of the automatic
measurement using the Agilent B1500, Agilent T& M Programmer’s Toolkit, and
Microsoft Visual Basic .NET.

» “To Create Your Project Template”

* “To Create Measurement Program”

To Create Your Project Template

Before starting programming, create your project template, and keep it as your
reference. It will remove the conventional task in the future programming. This
section explains how to create a project template.

Connect instrument (e.g. Agilent B1500) to computer via GPIB.

Launch Visual Basic .NET and create a new project. The project type must be
Agilent T&M Toolkit Projects.

Follow the Agilent T& M Toolkit New Project Wizard to create the project. For the
output type selection, select the Console Application. For the library selections,
select top four libraries at least (Agilent. TM Framework,

Agilent. TMFramework.DataAnalysis, Agilent. TMFramework.DataVisualization,
and Agilent. TM Framework.Instrument| O).

Click T&M Toolkit > Instrument Explorer to open Agilent Instrument Explorer. On
the explorer, click Find Instrument icon to detect the instrument automatically. Then
the instrument names will be appeared on the Agilent Instrument Explorer window
(e.g. AG B1500 (::17) below GPIBO).

Open amodule (e.g. Modulel.vb) in the project. And enter a program code as
template. See Table 3-1 for example.

Save the project as your template (e.g. \test\my_temp).
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Programming Examples
Programming Basics for Visual Basic .NET Users

To Create M easurement Program

Create the measurement program as shown below. The following procedure needs
your project template. If the procedure does not fit your programming environment,
arrange it to suit your environment.

Plan the automatic measurements. Then decide the following items:
* Measurement devices

Discrete, packaged, on-wafer, and so on.
» Parameters/characteristics to be measured

heg, Vth, sheet resistance, and so on.
* Measurement method

Spot measurement, staircase sweep measurement, and so on.
Make a copy of your project template (e.g. \test\my_temp to \test\dev_amy_temp).
Rename the copy (e.g. \test\dev_a\my_temp to \test\dev_a\spot_id).
Launch Visual Basic .NET.
Open the project (e.g. \test\dev_a\spot_id).

Open the module that contains the template code as shown in Table 3-1. On the code
window, complete the perform_meas subprogram.

Insert the code to display, store, or calculate data into the subprogram.

Save the project (e.g. \test\dev_a\spot_id).
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Table 3-1

Programming Examples
Programming Basics for Visual Basic .NET Users

Example Template Program Codefor Visual Basic .NET

I mports Agil ent. TMFr amewor k

I mports Agil ent. TMFr amewor k. Dat aAnal ysi s

I mports Agil ent. TMFranewor k. Dat aVi sual i zati on
I mports Agil ent. TMFr anewor k. | nstrunent | O

Modul e Modul el

Sub Main() '8
Di m B1500 As New Direct!| Q("GPI BO::17::1NSTR")
B1500. Wit eLi ne("*RST")
MsgBox("Click OK to start neasurenment.", vbOKOnly, "")
Consol e. WitelLine("Measurenent in progress. . ." & Chr(10))

Dmt() As |Integer
DimtermAs String

{1, 2, 4, 6} ’SWMJ, SMR, SMM, SMU
t(0) &"," &t(1) &"," &t(2) &"," & t(3)

B1500. WiteLine("CN " & term

per f or m_meas(B1500, t)

B1500. Wit eLi ne("CL")

B1500. A ose()

MsgBox("Click OK to stop the program", vbOKOnly, "")
Consol e. WitelLi ne("Measurenent conpleted." & Chr(10))

End Sub '21
Line Description
lto4 These lines are necessary for the Agilent instrument control programming.
8t021 Main subprogram establishes the connection with the Agilent B1500, resets the B1500,
opens a message box to confirm the start of measurement, and pauses program execution
until OK isclicked on the message box. By clicking OK, the program displays a message on
the consol e window, enablesthe SMUSs, and callsthe perform_meas subprogram that will be
used to perform measurement.
After the measurement, the program disables all SMUs, disables the connection with the
B1500, and opens a message box to confirm the end of the program. Finally, by clicking OK
on the message box, the program displays a message on the console window.
9 The above exampleis for the B1500 of the GPIB address 17 on the interface GPIBO.
“GPIB0" isthe VISA name. Confirm your GPIB settings, and set them properly.
13to 14 | Theabove example usesthe SMUs installed in the B1500 dlots 1, 2, 4, and 6. Change the

slot numbers for matching your configuration.
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Sub perform neas(ByVal B1500 As Directl O, ByVal t() As |nteger) ' 23
Dimi As Integer =0

Dimj As Integer = 0

Dimnopl As Integer =1

Dimnop2 As Integer =1

Di m dat a(nop2 - 1, opl - 1) As String
Dimvalue As String = "Enter data header"
Dimfname As String = "C:\enter_file_nane.txt"
Dimtitle As String = "Measurenment Result"
Dimnsg As String = "No error."

Dimerr As String = "0"

i nsert neasurenment program code

B1500. WiteLine("ERR? 1") : err = B1500. Read(True)
If err <> 0 Then B1500. WiteLine("DZ") : GoTo Check_err

B1500. Wi t eLi ne(" Dz")
save_data(fnanme, title, value, data, nopl, nop2, B1500, t)
Exit Sub

Check_err:

B1500. WiteLine("EM3? " & err) : msg = B1500. Read( True)
MsgBox("Instrunent error: " & err & Chr(10) & nsg, vbOKOnly, "")

End Sub " 47
Line Description
23 Beginning of the perform_meas subprogram.
24t0 33 Declares variables used in this program template. The values are dummy. You must
change the values to match your program. If you find unnecessary variables, delete
them.

i and j: Variables used to specify the element of the data array.

nopl and nop2: Number of measurement steps. Also used to declare the data array.
data: String data array used to store the measurement result data.

val: String data variable to store the header (first line) of the displayed data.

fname: Full path name of the measurement result datafile.

title: Title of the message box used to display the measurement result data.

msg and err: Variables used to store an error message and an error code.

35 Thelineis placed as dummy. Remove the line and insert your program code to control
the instruments and perform measurement.

37t0 38 Checks if the instrument causes an error, and goesto Check_err if an error is detected.

40to 41 Applies0V from all channels and calls the save_data subprogram (lines 49 to 71).

44 to 46 Opens a message box to display error message if an error is detected.

47 End of the perform_meas subprogram.
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Sub save_data(ByVval fname As String, ByVal title As String, ByVal value As

String, ByVa

data(,) As String, ByVal nopl As |Integer, ByVal nop2 As |nteger

ByVal B1500 As Directl O, ByVal t() As |nteger) " 49

Dimi As Integer =0
Dimj As Integer =0
Fil eOpen(1, fnane, OpenMbde. CQutput, OpenAccess. Wite, OpenShare.LockReadWite)
Print(1, value)
For j 0 To nop2 - 1

For i =0 To nopl - 1

Print(1, data(j, i))

Next i

Next j

Fi |l eCl ose(1)

Dimrbx As Integer

For j 0 To nop2 - 1
For i = 0 To nopl - 1
val ue = value & data(j, i)
Next i
Next j
value = value & Chr(10) & Chr(10) & "Data save conpleted."
value = value & Chr(10) & Chr(10) & "Do you want to perform neasurenent again?"
rbx = MsgBox(val ue, vbYesNo, title)
If rbx vbYes Then perform neas(B1500, t)
End Sub 71
End Modul e
Line Description
49to71 Save_data subprogram saves measurement result data into afile specified by the fname

variable and displays the data and a message on a message box. If Yesis clicked on the
message box, callsthe perform_meas subprogram again. If Nois clicked, returnsto the
perform_meas subprogram.
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Programming Examples

High-Speed Spot Measurements

High-Speed Spot M easurements

To perform high-speed spot measurements, use the following commands.

time

Function Command Parameters

Enables channels CN [chnum ... [,chnum] ... ]
Disables channels CL [chnum ... [,chnum] ... ]
Sets filter ON/OFF [FL] mode[,chnum ... [,chnum] ... ]
Sets series resistor ON/OFF [SSR] chnum,mode
Setsintegration time [AV] number[,mode]
(Agilent B1500 can use
AADJAIT instead of AV.) [AAD] chnumtype]

[AIT] type,mode[,N]
Forces constant voltage DV chnum,range,output
Forces constant current DI L compf polarity] crangell]
Performs current measurement TI chnum[,range]

TTI chnum[,range]
Performs voltage measurement TV chnum[,range]

TTV chnum[,range]
Resets the time stamp TSR
Returns the time stamp at this TSQ

You can use the above commands regardless of the measurement mode (MM
command settings). The TTI/TTV command returns the time data and the

measurement data.
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Programming Examples
High-Speed Spot Measurements

A program example of a high-speed spot measurement is shown below. This
example measures MOSFET drain current. This program uses the TTI command to
measure the current and read the time stamp data.

Table 3-2 High-Speed Spot M easurement Example
Sub performneas(ByVal B1500 As Directl O, ByVal t() As Integer) "1
Dmi As Integer =0
Dimj As Integer =0
Dimnopl As Integer =1
Dimnop2 As Integer =1
Dimdata(nop2 - 1, nopl - 1) As String
Dimvalue As String = "Id (m), Status, Meas Tinme (nsec)"
Dimfname As String = "C:\ Agil ent\data\exl.txt"
Dmtitle As String = "Measurenment Result"
Dimnsg As String = "No error."
Dmerr As String = "0"
Dimvd As Double = 0.5 "13
Dimvg As Double = 0.5
Di midconp As Double = 0.05
Dimigconp As Double = 0.01
Dimorng As Integer =0
Dmnrng As Integer = 0
B1500. Wi teLine("FMI 1") ' 20
B1500. Wi teLi ne("AV 10, 1") " sets nunber of sanples for 1 data
B1500. Wi telLine("FL 0") " sets filter off
B1500. WiteLine("DV " & t(3) & ",0,0,0.1") "out= 0V, comp= 0.1 A ' 23
B1500. WiteLine("DV " & t(2) & ",0,0,0.1") 'out= 0V, conp= 0.1 A
B1500. WiteLine("DV " & t(1) &"," &orng &"," &vg &"," & igconp)
B1500. WiteLine("DV " & t(0) &"," &orng &"," &vd & "," & idconp)
B1500. Wi telLi ne("ERR? 1") err = B1500. Read( True)

I'f err <> 0 Then B1500. Wi teLi ne("DzZ") : GoTo Check_err

Line Description
2to 11 Declares variables used through the project. And sets the proper values.
13t0 18 Declares variables and sets the value.
20to0 22 Sets the data output format and A/D converter. Also setsthe SMU filter off.
23t028 Applies voltage to device and checks if an error occurred. If an error is detected, forces

0V and goes to Check_err.
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data(j, i) = Chr(13) & Chr(10) & neas * 1000 & ", " & status & ", " & ntime *
1000
B1500. Wi t eLi ne(" DZ") ' 43
save_data(fnane, title, value, data, nopl, nop2, B1500, t)
Exit Sub
Check_err: 147

B1500. Wi t eLi ne(" TSR") ' 30
B1500. WiteLine("TTI " & t(0) & "," & nrng)

B1500. Wit eLi ne(" TSQ")

Dimret_val As String() = B1500. ReadLi st AsStringArray()
Dimtend As String() = B1500. ReadLi st AsStringArray()
ret_val (0) = Right(ret_val (0), 12)

tend(0) = Right(tend(0), 12)

Dimntine As Double = Val (tend(0)) - Val (ret_val (0))
Dimstatus As String = Left(ret_val (1), 3)

ret_val (1) = Right(ret_val (1), 12)

Di m nmeas As Doubl e = Val (ret_val (1))

B1500. WitelLine("EM3? " & err) : msg = B1500. Read( True)
MsgBox("Instrument error: " & err & Chr(10) & msg, vbOKOnly, "")

End Sub
Line Description
30to4l Resets time stamp and performs the high-speed spot measurement. And stores the

returned datainto theret_val string array variable. Finally, storesthe measured datainto
the data array.

43to 45 Applies0V from all channels. And transfers the data stored in the data variable to the

save_data subprogram (see Table 3-1). And the subprogram will save the data into the
C:\Agilent\datalex1.txt file (CSV) and displays the data on a message box.

48t0 49 Displays a message box to show an error message if the error is detected.

Measurement Id (my), Status, Meas Tine (nsec)
Result Example 3.8435, NAl, 1.1

Data save conpl et ed.

Do you want to perform nmeasurenment again?
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Spot M easurements

To perform spot measurements, use the following commands.

Function Command Parameters
Enables channels CN [chnum ... [,chnum] ... ]
Disables channels CL [chnum ... [,chnum] ... ]
Setsfilter ON/OFF [FL] mode[,chnum ... [,chnum] ... ]
Sets seriesresistor ON/OFF | [SSR] chnum,mode
Setsintegration time [AV] number[,mode]
(Agilent B1500 can use
AADJ/AIT instead of AV.) [AAD] chnumf,type]

[AIT] type,mode],N]
Forces constant voltage DV chnum,range,output
,comp[,polarity[,crange]
Forces constant current Dl [ PLp A oelll
Sets voltage measurement [RV] chnum,range
range
Sets current measurement [RI] chnum,range
range
[RM] chnum,mode] rate]
Sets measurement mode MM 1,chnum[,chnum.... [,chnum] ... ]
Sets SMU operation mode [CMM] chnum,mode
Executes measurement XE
NOTE If you use multiple measurement channels, the channels start measurement in the

order defined in the MM command.
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Programming Examples
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A program exampl e of a spot measurement is shown below. This example measures

MOSFET drain current.
Table 3-3 Spot Measurement Example
Sub performneas(ByVal B1500 As Directl O, ByVal t() As Integer) "1

Dmi As Integer =0
Dimj As Integer =0
Dimnopl As Integer =1
Dimnop2 As Integer =1
Dimdata(nop2 - 1, nopl - 1) As String
Dimvalue As String = "Id (m), Tine (sec), Status"
Dimfname As String = "C: \ Agil ent\data\ex2.txt"
Dmtitle As String = "Measurenment Result"
Dimnsg As String = "No error."
Dmerr As String = "0"
Dimvd As Double = 0.5 "13
Dimvg As Double = 0.5
Di midconp As Double = 0.05
Dimigconp As Double = 0.01
Dimorng As Integer = 0
Dmnrng As Integer = 0
B1500. Wi teLi ne("FMI 1") "19
B1500. WitelLine("TSC 1") ' enables tine stanp out put
B1500. Wi teLi ne("AV 10, 1") " sets nunber of sanples for 1 data
B1500. Wi teLine("FL 0") " sets filter off
B1500. WiteLine("DV " & t(3) & ",0,0,0.1") "out= 0V, comp= 0.1 A 123
B1500. WiteLine("DV " & t(2) & ",0,0,0.1") ’'out= 0V, comp= 0.1 A
B1500. WiteLine("DV " & t(1) &"," &orng &"," &vg & "," & igconp)
B1500. WiteLine("DV " & t(0) & "," &orng & "," &vd & "," & idconp)
B1500. WiteLine("MM 1," & t(0)) "1: spot neasuremnent
B1500. WiteLine("CMWM " & t(0) & ",1") '1: conpliance side neasurenent
B1500. WiteLine("Rl " & t(0) & "," & nrng)
B1500. WiteLine("ERR? 1") : err = B1500. Read(True) ' 30
If err <> 0 Then B1500. WitelLine("DZ") : GoTo Check_err
Line Description

2to 11 Declares variables used through the project. And sets the proper values.

13t0 18 Declares variables and sets the value.

19to 22 Setsthe data output format, time stamp data output mode, and A/D converter. Also sets

the SMU filter off.

23t026 Applies voltage to device.

27t029 Sets the measurement mode, channel measurement mode, and measurement range.

30to 31 Checksif an error occurred. If an error is detected, forces 0 V and goes to Check_err.
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B1500. Wi t
B1500. Wi t
B1500. Wi t

eLi ne(" TSR") "33
eLi ne(" XE")
eLi ne("TSQ")

Dimret_val As String() = B1500. ReadLi st AsStringArray()
Dimtend As String() = B1500. ReadLi st AsStringArray()

ret_val (0)
tend(0) =
Dimntime

= Right(ret_val (0), 12)
Ri ght (tend(0), 12)
As Double = Val (tend(0)) - VaI(;et_vaI(O))
3

Dimstatus As String = Left(ret_val (1),

ret _val (1)

= Right(ret_val (1), 12)

Dim nmeas As Doubl e = Val (ret_val (1))

data(j, i)
1000

B1500. Wi t

= Chr(13) & Chr(10) & neas * 1000 & ", " & status & ", " & ntime *

eLi ne("Dz") ' 46

save_data(fnane, title, value, data, nopl, nop2, B1500, t)

Exit Sub

Check_err:
B1500. Wi t

' 50
eLine("EME? " & err) : msg = B1500. Read(True)

MsgBox("Instrument error: " & err & Chr(10) & msg, vbOKOnly, "")

End Sub

Line

Description

33to44

Resets time stamp and performs the spot measurement. And stores the returned data
into theret_val string array variable. Finally, stores the measured data into the data

array.

46to 48

Applies0V from all channels. And transfers the data stored in the data variable to the
save_data subprogram (see Table 3-1). And the subprogram will save the datainto the
C:\Agilent\datalex2.txt file (CSV) and displays the data on a message box.

51 to 52

Displays a message box to show an error message if the error is detected.

Measurement
Result Example

Id (md), Status, Meas Tinme (nsec)
3.8425, NAI, 1.1

Data save conpl et ed.

Do you want to perform nmeasurenment again?
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Pulsed Spot M easurements

To perform pulsed spot measurements, use the following commands.

Function Command Parameters
Enables channels CN [chnum ... [,chnum] ... ]
Disables channels CL [chnum ... [,chnum] ... ]
Setsfilter ON/OFF [FL] mode[,chnum ... [,chnum] ... ]
Sets series resistor ON/OFF [SSR] chnum,mode
Forces constant voltage DV chnum,range,output
Forces constant current DI Licompl polarityl crangel]]
Sets pulse timing parameters | PT hold,width[,period [ ,tdelay]]
Forces pulse voltage PV chnum,range,base,pul se[,comp]
Forces pulse current Pl chnum,range,base,pul se [,comp]
Sets voltage measurement [RV] chnum,range
range
Sets current measurement [RI] chnum,range
range [RM] chnum,mode,rate]
Sets measurement mode MM 3,chnum
Sets SMU operation mode [CMM] chnum,mode
Executes measurement XE

NOTE

Measurement channel performs measurement so that the pulse width and pulse
period are kept. The integration timeis automatically set by the instrument, and you
cannot change. For the Agilent B1500, note that the high-resolution ADC cannot be
used for the pulsed measurements. The AAD/AIT/AV/WT command settings are

ignored.

Agilent B1500 Programming Guide, Edition 2 3-15



Programming Examples
Pulsed Spot Measurements

A program example of a pulsed spot measurement is shown below. This example
measures MOSFET drain current.

Table 3-4 Pulsed Spot M easurement Example
Sub performneas(ByVal B1500 As Directl O, ByVal t() As Integer) "1

Dmi As Integer =0
Dimj As Integer =0
Dimnopl As Integer =1
Dimnop2 As Integer =1
Dimdata(nop2 - 1, nopl - 1) As String
Dimvalue As String = "Id (m), Tine (sec), Status"
Dimfname As String = "C: \ Agil ent\data\ex3.txt"
Dmtitle As String = "Measurenment Result"
Dimnsg As String = "No error."
Dmerr As String = "0"
Dimvd As Double = 0.5 "13
Dimvg As Double = 0.5
Di midconp As Double = 0.05
Dimigconp As Double = 0.01
Dimorng As Integer =0
Dmnrng As Integer = 0
B1500. Wi teLi ne("FMr 1") "19
B1500. WitelLine("TSC 1") " enables tine stanp out put
B1500. WiteLine("FL 1") " sets filter on
B1500. WiteLine("DV " & t(3) &",0,0,0.1") "out= 0V, conp= 0.1 A 122
B1500. WiteLine("DV " & t(2) & ",0,0,0.1") ’'out= 0V, comp= 0.1 A
Dmg_pt As String = "0.1,0.01,0.02" "hold, width, period in sec
B1500. WiteLine("PT " & g_pt)
Dimv0O As Double = 0 "0 V: pul se base voltage
B1500. WiteLine("PV " & t(1) &"," &orng &"," &v0O & "," &vg &"," & igconp)
B1500. WiteLine("DV " & t(0) & "," &orng & "," &vd & "," & idconp)
B1500. WiteLine("MM 3," & t(0)) " 3: pul sed spot measur enent
B1500. WiteLine("CW " & t(0) & ",1") 1. conpliance side neasurenent
B1500. WiteLine("Rl " & t(0) & "," & nrng)
B1500. WiteLine("ERR? 1") : err = B1500. Read(True) '32
If err <> 0 Then B1500. WiteLine("DZ") : GoTo Check_err
Line Description

2to 11 Declares variables used through the project. And sets the proper values.

13t0 18 Declares variables and sets the value.

19t0 21 Sets the data output format, time stamp data output mode, and SMU filter.

22t028 Applies DC voltage to device, and sets the voltage pul se source.

29to 31 Sets the measurement mode, channel measurement mode, and measurement range.

32t033 Checksiif an error occurred. If an error is detected, forces 0 V and goes to Check_err.

3-16 Agilent B1500 Programming Guide, Edition 2



Programming Examples
Pulsed Spot Measurements

B1500. Wi t eLi ne(" TSR") '35
B1500. Wi t eLi ne(" XE")

B1500. Wit eLi ne(" TSQ")

Dimret_val As String() = B1500. ReadLi st AsStringArray()

Dimtend As String() = B1500. ReadLi st AsStringArray()

ret_val (0)
tend(0) =

Dimntine As Double = Val (tend(0)) - Val (ret_val (0))
Dimstatus As String = Left(ret_val (1), 3)

ret _val (1)

Di m nmeas As Doubl e = Val (ret_val (1))

data(j, i)
1000

B1500. Wit

save_data(fnane, title, value, data, nopl, nop2, B1500, t)

Exit Sub

Check_err:
B1500. Wi t

MsgBox("Instrument error: " & err & Chr(10) & msg, vbOKOnly, "")

End Sub

= Right(ret_val (0), 12)
Ri ght (tend(0), 12)

= Right(ret_val (1), 12)
= Chr(13) & Chr(10) & neas * 1000 & ", " & status & ", " & ntime *

eLi ne("DZ") ' 48

' 52
eLine("EME? " & err) : msg = B1500. Read(True)

Line

Description

35t0 46

Resets time stamp and performs the pulsed spot measurement. And stores the returned
datainto theret_val string array variable. Finally, storesthe measured datainto the data

array.

48t0 50

Applies0V from all channels. And transfers the data stored in the data variable to the
save_data subprogram (see Table 3-1). And the subprogram will save the data into the
C:\Agilent\datalex3.txt file (CSV) and displays the data on a message box.

53to 54

Displays a message box to show an error message if the error is detected.

Measurement
Result Example

Id (md), Status, Meas Tinme (nsec)
3.825, NAI, 0.799999999999995

Data save conpl et ed.

Do you want to perform nmeasurenment again?
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Saircase Sweep Measurements

To perform staircase sweep measurements, use the following commands.

NOTE

Function Command Parameters
Enables channels CN [chnum ... [,chnum] ... ]
Disables channels CL [chnum ... [,chnum] ... ]
Setsfilter ON/OFF [FL] mode[,chnum ... [,chnum] ... ]
Sets series resistor ON/OFF | [SSR] chnum,mode
Setsintegration time [AV] number[,mode]
G simones | (o[ omntons

[AIT] type,mode[,N]

Sets sweep source timing [WT] hold,delay
parameter [,sdelay[ tdelay[,mdelay]]]
Sets auto abort function [WM] abort[,post]
Sets voltage sweep source WV chnum,mode,range,start,stop,step
Sets current sweep source | WI [,comp[,Pcomp]]
Sets synchronous sweep [WSV] chnum,range,start,stop
source @ [WSI] [.comp[,Pcomp]]
Forces constant voltage DV chnum,range,output
Forces constant current DI [.comp, polarity],crange]]]
Sets voltage measurement [RV] chnum,range
range
Sets current measurement [RI] chnum,range
range [RM] chnum,mode] rate]
Sets measurement mode MM 2,chnum[,chnum ... [,chnum] ... ]
Sets SMU operation mode | [CMM] chnum,mode
Executes measurement XE

a The WSV/WSI command must be entered after the WV/WI command.

If you use multiple measurement channels, the channels start measurement in the
order defined in the MM command.
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A program example of a staircase sweep measurement is shown below. This
example measures MOSFET Id-Vd characteristics.

Table 3-5 Saircase Sweep Measurement Example 1
Sub performneas(ByVal B1500 As Directl O, ByVal t() As Integer) "1
Dmi As Integer =0

Dimj As Integer =0

m nsg As
merr As

m vdl As
m vd2 As
m i dconp
m vgl As
m vg2 As
m i gconp
m vg As

[viviviviviviviviggulvivivivivivlv)

—

nop2 <>

m p_conp
mrep As
mret_va

m sc(nop
m nd( nop
m st (nop
Dimtm(nop

vjviviviviviviviviuiviv)

B1500. WiteLine("FMI 1,1")

m nopl As Integer
m nop2 As | nteger
m data(nop2 - 1, n
m val ue As String
m fname As String
mtitle As String

m d_vg As Doubl e

m hol d As Double =
m del ay As Double =
m s_del ay As Doubl e

11

3

pl - 1) As String

"Vg (V), vd (V), Id (md), Tine (sec), Status"
"C:\ Agi | ent\data\ex4.txt"

"Measurenment Result"

"No error."

" g

ot

String
String

Doubl e
Doubl e
As Doub
Doubl e
Doubl e
As Doubl e
Doubl e = vg

"13

e = 0.05

= 0.01
1 'secondary sweep output val ue
0 "secondary sweep step value (delta)
1 Then d_vg = (vg2 - vgl) / (nop2 - 1)
0
0
=0

As Double = 0.3

I nteger = nopl
| As String() 127

mdatal As String
m data2 As String
m data3 As String

1) As Doubl e
1) As Double
1) As String
1) As Double
ASCI | <CRLF EO > w/ sweep source data '35

B1500. Wi teLine("TSC 1") " enables time stanp output

B1500. Wi teLi ne("AvV 10, 1")
B1500. WiteLine("FL 0")

sets nunber of sanples for 1 data
sets filter off

Line Description
2to 11 Declares variables used through the project. And sets the proper values.
13t0 26 Declares variables used to set the source output, and sets the value.
27t034 Declares variables used to read the measurement data.
35t0 38 Setsthe data output format, time stamp data output mode, and A/D converter. Also sets
the SMU filter off.
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B150
B150
B150
B150
B150
B150
B150
B150
If e

For

& idconp

0.WiteLine("DV" & t(3) &",0,0,0.1") out= 0V, conp= 0.1 A " 40
0.WiteLine("DV" & t(2) &",0,0,0.1") "out= 0V, conp= 0.1 A
0.WiteLine("MM2," & t(0)) '2: staircase sweep neasurenent
0.WiteLine("CW " & t(0) & ",1") ’'1: conpliance side neasuremnment
0.WiteLine("RI " &t(0) &",0" "0: auto ranging

0.WiteLine("WI' " & hold & "," & delay & "," & s_del ay)

0. WiteLine("WM 2,1") ' stops at any abnormal

0. WitelLine("ERR? 1") err = B1500. Read( True)

rr <> 0 Then B1500. WitelLine("Dz") : GoTo Check_err

j =0 To nop2 - 1 ' 50
B1500. WiteLine("W " &t(0) &",1,0," &vdl &"," &vd2 &"," &nopl &","
& "," & p_comp)

B1500. WiteLine("DV " & t(1) & ",0," &vg &"," & igconp)

B1500. Wit eLi ne("TSR")

B1500. Wit eLi ne(" XE")

B1500. Wit eLi ne("*OPC?")

rep = B1500. Read( True)

B1500. WiteLine("ERR? 1") : err = B1500. Read(True)

If err <> 0 Then B1500. WiteLine("DZ") : GoTo Check_err

B1500. WitelLine("NUB?"): rep = B1500. Read( True) ' 59
If rep <> nopl * 3 Then B1500. WitelLine("DZ") : GoTo Check_nop

ret_val = B1500. ReadLi st AsStri ngArray()
For i =0 To nopl - 1
datal = ret_val (i * 3)

data2 = ret_val (i * 3 + 1)
data3 = ret_val (i * 3 + 2)
datal = Right(datal, 12) : tm(i) = Val (datal)
st(i) = Left(data2, 3)
data2 = Right(data2, 12) : nd(i) = Val (data2)
data3 = Right(data3, 12) : sc(i) = Val (data3)
data(j, i) = Chr(13) & Chr(10) &vg & ", " &sc(i) &", " &nd(i) * 1000
&", " &tm(i) &", " & st(i)
Next i
vg = vg + d_vg
Next j 74
Line Description
40to 44 Applies voltage to device. And sets the measurement mode, channel measurement
mode, and measurement range.
45t0 48 Sets the timing parameters and sweep mode of the staircase sweep source. And checks
if an error occurred. If an error is detected, forces 0 V and goes to Check_err.
50to 74 Sets the sweep source, applies voltage to device, resets time stamp, and performs the
staircase sweep measurement. And stores the returned data into the ret_val string array
variable. Finally, stores the measured data into the data array.
59to 60 Checks number of returned data. If it is not correct, forces 0V and goes to Check_nop.
71 Stores the measured data into the data array.
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B1500. Wi t eLi ne(" DZ") 76
save_data(fname, title, value, data, nopl, nop2, B1500, t)
Exit Sub
Check_err: ' 80
B1500. WitelLine("EM3? " & err) : msg = B1500. Read( True)
MsgBox("Instrument error: " & err & Chr(10) & msg, vbOKOnly, "")
Exit Sub
Check_nop:
MsgBox("No. of data: " &rep &" (not " & nopl * 3 &")", vbOKOnly, "") ' 86
End Sub
Line Description
76t0 78 Applies0V from all channels. And transfers the data stored in the data variable to the
save_data subprogram (see Table 3-1). And the subprogram will save the datainto the
C:\Agilent\datalex4.txt file (CSV) and displays the data on a message box.
811082 Displays a message box to show an error message if the error is detected.
86 Displays a message box to show an error message if the number of returned datais not
correct.
Measurement Vg gv), vd 8vg Id 8m«), Time (sec), Status
1, 0,70.0020335, 0.0166, Nal
Result Example 1, 0.3, 3.0515, 0.0229, NAl
1, 0.6, 5.6325, 0.0243, NAl
1, 0.9, 7.7845, 0.0257, NAl
1, 1.2, 9.6155. 0.0272, NAl
1, 1.5, 11.2055, 0.0283, NAl
1, 1.8, 12.63, 0.0316, NAl
1, 2.1, 13.9,'0.033, Nl
1, 2.4, 15.05, 0.034, NA
1, 2.7, 16.095, 0.0353, NAI
1, 3, 17.045, 0.0363, NA
2, 0, 0.0025305, 0.016, NAl
2, 0.3, 4.0265, 0.022, NAl
2, 0.6, 7.635, 0 0236, NAl
2, 0.9, 10.804, 0.0251, NAI
2, 1.2, 13.565, 0.0281, NAl
2, 1.5 15.945) 0.0294, NAl
2, 1.8, 18.01, 0. 0305, NAl
2, 2.1 19825, 0.0317, NAl
2, 2.4, 21.445) 0.033, NAl
2, 2.7 22.915 00341, NAl
2, 3, 24,235 0.0354, NAl
3, 0, 0.0028565, 0.016, NAI
3, 0.3, 4.8745,'0.0228, NAl
3, 0.6, 9,3705, 0.0243, NAl
3, 0.9, 13.445 00278, NAl
3, 1.2, 17.12,'0.0292, NAl
3, 1.5, 20.37, 0.0302, Nal
3, 1.8, 23.24, 0.0315 NAl
3, 2.1, 25.75, 0.0326, NAl
3, 2.4, 27.98, 0.0339, NAl
3, 2.7, 29.96, 0.0352 NAl
3, 3, 31.73, 0.0362, NAl

Dat a save conpl et ed.
Do you want to perform neasurenent agai n?
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The following program performs the same measurement as the previous program
(Table 3-5). This program starts to read measurement data before the sweep
measurement is compl eted.

Table 3-6 Saircase Sweep Measurement Example 2
Sub performneas(ByVal B1500 As Directl O, ByVal t() As Integer) "1
Dmi As Integer =0
Dimj As Integer =0
Di m nopl As Integer = 11
Di m nop2 As Integer = 3
Dimdata(nop2 - 1, nopl - 1) As String
Dimvalue As String = "Vvg (V), vd (V), Id (m), Tine (sec), Status"
Dimfname As String = "C:\Agi | ent\data\ex4r.txt"
Dmtitle As String = "Measurenment Result"
Dimnsg As String = "No error."
Dmerr As String = "0"
Di mvdl As Double = 0 "13
Di mvd2 As Double = 3
Di midconp As Double = 0.05
Dimvgl As Double = 1
Di mvg2 As Double =
Di migconp As Double = 0.01
Dimvg As Double = vgl 'secondary sweep output val ue
Dimd_vg As Double = "secondary sweep step value (delta)
If nop2 <> 1 Then d vg = (vg2 - vgl) / (nop2 - 1)
Di m hold As Double =
Di m del ay As Doubl e = 0
Dims_delay As Double =0
Dimp_conmp As Double = 0.3
B1500. WitelLine("FMI 5,1") " ASClI| comma w sweep source data 127
B1500. Wi teLine("TSC 1") " enables tinme stanp output
B1500. Wi telLi ne("AV 10, 1") " sets nunber of sanples for 1 data
B1500. Wi telLine("FL 0") " sets filter off
B1500. WiteLine("DV " & t(3) & ",0,0,0.1") 'out= 0V, conp= 0.1 A
B1500. WiteLine("DV " & t(2) & ",0,0,0.1") "out= 0V, conp= 0.1 A
B1500. WiteLine("MM 2," & t(0)) '2: staircase sweep neasurenent
B1500. WiteLine("CW " & t(0) & ",1") 1. conpliance side neasurenent
B1500. WiteLine("RI " & t(0) & ",0") "0: auto ranging
B1500. WiteLine("WI " & hold & "," & delay & "," & s_del ay)
B1500. Wi telLi ne("WV 2, 1") ' stops at any abnormal
B1500. WiteLine("ERR? 1") : err = B1500. Read(True)
If err <> 0 Then B1500. WitelLine("Dz") : GoTo Check_err ' 39
Line Description
1to25 Declares variables and set the value. Almost same as the previous program. Only the
fname value is different.
27 Sets the data output format. A commawill be sent as the data terminator.
28t0 39 Sets the measurement condition. Same as the lines 36 to 48 of the previous program.
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Dmret_val As String : DDmstatus As String : Dimchan As String " 41
Dimtype As String : Dimrdata As Double : Dimtdata As Doubl e

Dim sdata As Double : Dimndata As Double : Dmnstat As String

Dimdisp_data As String : DDmk As Integer = 0

B1500. Ter mi nati onCharacter = Chr(44) "t erm nat or =conma ' 45
B1500. Ter m nat i onChar act er Enabl ed = True

For j =0 To nop2 - 1 ' 48
B1500. WiteLine("W " & t(0) &",1,0," &vdl1 & "," &vd2 & "," & nopl &","
& idconp & "," & p_conp)
B1500. WiteLine("DV " & t(1) & ",0" &"," &vg &"," & igconp)

B1500. Wi teLi ne("TSR")
B1500. Wi t eLi ne(" XE")

For i =0 To nopl - 1
For k = 0 To 2 ' 54
ret _val = B1500. Read( True)
status = Left(ret_val, 1) "status
chan = Md(ret_val, 2, 1) " channel
type = Md(ret_val, 3, 1) "data type

rdata = Val (Right(ret_val, 12)) ’'data

If type = "T" Then tdata = rdata "tine data
If type = "I" Then ndata = rdata : nmstat = status 'nmeas data, status
If type = "V' Then sdata = rdata "source data
Next k
If nmstat <> "N' Then B1500. Wi telLi ne(" Dz") : GoTo Check_err ' 64
disp_data = "Vg =" &vg &" (V),
disp_data = disp_data & "Vvd =" & sdata & " (V), "
disp_data = disp_data & "Id =" & ndata * 1000 & " (my, "
disp_data = disp_data & "Time =" & tdata & " (sec), "
disp_data = disp_data & "Status = " & nstat
Consol e. Wi telLi ne(di sp_dat a)
data(j, i) = Chr(13) & Chr(10) &vg & ", " & sdata & ", " & ndata * 1000
&", " &tdata & ", " & nstat
Next i
vg = vg + d_vg
Next j ' 74
Line Description
41to 44 Declares the variables used to read and save the measurement data.
45to0 46 Declares that acommais the data terminator needed to read data, and enablesit.
49t052 Sets the sweep source, applies voltage to device, resets time stamp, and triggers the

staircase sweep measurement. Same as the lines 51 to 54 of the previous program.

54t0 63 Reads data and picks up the status, channel, data type, and data. And stores the time
data, measurement data, and source data into the variables, tdata, mdata, and sdata.

64 Checks the status of the measurement channel. And applies 0V and goesto Check_err
if an error is detected.

65to 71 Displays the data on the console window. And stores the data into the data array.
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B1500. Wi t eLi ne(" Dz") ' 76
save_data(fname, title, value, data, nopl, nop2, B1500, t)
Exit Sub
Check_err: ' 80
B1500. WiteLine("EMG? " & err) : msg = B1500. Read( True)
MsgBox( "I nstrument error: " & err & Chr(10) & msg, vbOKOnly, "")
Exit Sub
Check_nop:
MsgBox("No. of data: " &rep &" (not " & nopl * 3 &")", vbOKOnly, "") ' 86
End Sub
Line Description
76t0 78 Applies0V from all channels. And transfers the data stored in the data variable to the
save_data subprogram (see Table 3-1). And the subprogram will save the datainto the
C:\Agilent\data\ex4r.txt file (CSV) and displays the data on a message box.
811082 Displays a message box to show an error message if the error is detected.
86 Displays a message box to show an error message if the number of returned datais not
correct.
Measurement Vg gv), vd 8vg Id 8rTA), Time (sec), Status
1, 0,7 0.0020335, 0.0166, Nal
Result Example 1, 0.3, 3.0515, 0.0229, NAl
1, 0.6, 5.6325, 0.0243, NAl
1, 0.9, 7.7845, 0.0257, NAl
1, 1.2, 9.6155. 0.0272, NAl
1, 1.5, 11.2055, 0.0283, NAl
1, 1.8, 12.63, 0.0316, NAl
1, 2°1, 13'9,'0.033, NAl
1, 2.4, 15.05, 0.034, NA
1, 2.7, 16.095, 0.0353, NAI
1, 3, 17.045, 0.0363, NA
2, 0, _0.0025305, 0.016, NAl
2, 0.3, 4.0265, 0.022, NAl
2, 0.6, 7,635 '0.0236, NAl
2, 0.9, 10.804, 0.0251, NAI
2, 1.2, 13.565, 0.0281, NAl
2, 1.5 15.945 0.0294, NAl
2, 1.8 18.01, 0.0305, NAl
2, 2.1 19825, 0.0317, NAl
2, 2.4, 21.445) 0.033, NAl
2, 2.7 22.915  0.0341, NAl
2, 3, 24,235, 0.0354, NAl
3, 0, _0.0028565, 0,016, NAI
3, 0'3, 4.8745,'0.0228, NAl
3, 0.6, 9,3705, 0.0243, NAl
3, 0.9, 13.445 00278, NAl
3, 1.2, 17.12,'0.0292, NA|
3, 1.5 20.37, 0.0302, NAl
3, 1.8 23.24, 0.0315 NAl
3, 2.1, 25.75, 0.0326, NAl
3, 2.4, 27.98, 0.0339, NA|
3, 2.7, 29.96, 0,0352
3, 3, 31.73, 0.0362, Nl

Dat a save conpl et ed.
Do you want to perform neasurenment agai n?
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The following program example executes the synchronous sweep measurement
using two sweep sources. This example measures MOSFET Id-V g characteristics.

Table 3-7 Saircase Sweep Measurement Example 3

Sub performneas(ByVal B1500 As Directl O, ByVal t() As Integer) "1
Dmi As Integer =0
Dimj As Integer =0

i m nopl As | nteger

m nop2 As | nteger

m data(nop2 - 1, n

m val ue As String

m fname As String

mtitle As String

11

1

pl - 1) As String

"Vg (V), Id (md), Tine (sec), Status"
"C:\ Agi | ent\data\ex5.txt"
"Measurenment Result"

ot

mnmsg As String = "No error."

merr As String = "0"

m vdl As Double = 0 "13
mvd2 As Double = 2

m i dconp As Double = 0.05

m pd_conp As Double = 0.1

m vgl As Double = vdl

m vg2 As Doubl e = vd2

m i gconp As Double = 0.01

m pg_conp As Double = 0.05

m hold As Double = 0

m del ay As Double = 0

m s_delay As Double = 0

mrep As Integer = nopl

mret_val As String() '25
m datal As String

m data2 As String

m data3 As String

m sc(nopl) As Doubl e

m nmd(nopl) As Doubl e

m st (nopl) As String

Dimtm(nopl) As Double

B1500. WitelLine("FMI 1,1") " ASCl | <CRLF EO > w/ sweep source data "33
B1500. Wi telLine("TSC 1") " enables tine stanp out put
B1500. Wi teLi ne("AV 10, 1") " sets nunber of sanples for 1 data
B1500. WiteLine("FL 0") " sets filter off

[vivivivivivivivivivivivivivivivivivivippuivivivivivivlv]

Line Description
2to 11 Declares variables used through the project. And sets the proper values.
13to 24 Declares variables used to set the source output, and sets the value.
2510 32 Declares variables used to read the measurement data.

33t0 36 Setsthe data output format, time stamp data output mode, and A/D converter. Also sets
the SMU filter off.
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B1500. WiteLine("DV " & t(3) & ",0,0,0.1") "out= 0V, comp= 0.1 A ' 38
B1500. WiteLine("DV " & t(2) & ",0,0,0.1") 'out= 0V, conp= 0.1 A
B1500. WiteLine("MM 2," & t(0)) '2: staircase sweep neasurenent
B1500. WiteLine("CMWM " & t(0) & ",1") ’'1: conpliance side neasuremnment
B1500. WiteLine("RI " & t(0) &",0" "0: auto ranging
B1500. WiteLine("WI " & hold & "," & delay & "," & s_del ay)
B1500. WitelLine("WV 2, 1") ' stops at any abnormal
B1500. WiteLine("ERR? 1") : err = B1500. Read( True)
If err <> 0 Then B1500. WitelLine("DZ") : GoTo Check_err
B1500. WiteLine("W " & t(0) & ",1,0," &vdl & "," &vd2 &"," & nopl &"," &
idcomp & "," & pd_conp)
B1500. WiteLine("WsV " & t(1) & ",0," & vgl & "," & vg2 & "," & igcomp & "," &
pg_conp) _ _
B1500. Wit eLi ne("TSR")
B1500. Wit eLi ne(" XE")
B1500. WitelLi ne("*OPC?") : rep = B1500. Read( True)
B1500. WiteLine("ERR? 1") : err = B1500. Read(True)
If err <> 0 Then B1500. WitelLine("Dz") : GoTo Check_err
B1500. Wi teLine("NUB?") : rep = B1500. Read( True) ' 55
If rep <> nopl * 3 Then B1500. WitelLine("DZ") : GoTo Check_nop
ret _val = B1500. ReadLi st AsStri ngArray()
For i =0Tonop1- 1
datal = ret_val (i * 3)
data2 = ret_val (i * 3 + 1)
data3 = ret_val (i * 3 + 2)
datal = Right(datal, 12) : tm(i) = Val (datal)
st(i) = Left(data2, 3)
data2 = Right(data2, 12) : nd(i) = Val (data2)
data3 = Right(data3, 12) : sc(i) = Val (data3)
data(j, i) = Chr(13) & Chr(10) & sc(i) & ", " & nu(i) * 1000 & ", " & tn(i)
& ", " & st(i)
Next i ' 68
Line Description
38t042 Applies voltage to device. And sets the measurement mode, channel measurement
mode, and measurement range.
43t0 46 Sets the timing parameters and sweep mode of the staircase sweep source. And checks
if an error occurred. If an error is detected, forces 0 V and goes to Check_err.
48t0 68 Sets the sweep sources, applies voltage to device, resets time stamp, and performs the
staircase sweep measurement. And stores the returned data into the ret_val string array
variable. Finally, stores the measured data into the data array.
55t056 Checks number of returned data. If it is not correct, forces 0 V and goes to Check nop.
67 Stores the measured data into the data array.
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B1500. Wi t eLi ne(" Dz") ' 70
save_data(fname, title, value, data, nopl, nop2, B1500, t)
Exit Sub

Check_err: 74

B1500. WitelLine("EM3? " & err) : msg = B1500. Read( True)
MsgBox("Instrument error: " & err & Chr(10) & msg, vbOKOnly, "")

Exit Sub
Check_nop:

MsgBox("No. of data: " &rep &" (not " & nopl * 3 & ")", vbOKOnly, "") ' 80
End Sub

Line Description

70to 72 Applies0V from all channels. And transfers the data stored in the data variable to the
save_data subprogram (see Table 3-1). And the subprogram will save the datainto the
C:\Agilent\datalex5.txt file (CSV) and displays the data on a message box.

75t0 76 Displays a message box to show an error message if the error is detected.

80 Displays a message box to show an error message if the number of returned datais not
correct.
Measurement Vg (V), Id (my), Time (sec), Status

(

Result Example 0, 9.8235E-05, 0.0199, NAI
0.2, 1.464, 0.0292, NA
0.4, 3.035, 0.0366, NAl
0.6, 4.7175, 0.0441, NAl
0.8, 6.511, 0.0515, NAl
1, 8.4075, 0.059, NA
1.2, 10.41, 0.0636, NA
1.4, 12.49, 0.0654, NA
1.6, 14.665, 0.0671, NAl
1.8, 16.915, 0.0689, NA
2, 19.235, 0.0707, NA

Data save conpl et ed.

Do you want to perform nmeasurenment again?
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Pulsed Sweep M easurements

To perform pulsed sweep measurements, use the following commands.

Function Command Parameters

Enables channels CN [chnum ... [,chnum] ... ]

Disables channels CL [chnum ... [,chnum] ... ]

Setsfilter ON/OFF [FL] mode[,chnum ... [,chnum] ... ]

Sets series resistor ON/OFF [SSR] chnum,mode

Sets pulse timing parameters PT hold,width,period [,tdelay]

Sets auto abort function [WM] abort[,post]

Sets pulsed sweep source PWV chnum,mode,range,base,start,
PWI stop, step[,comp]

Sets synchronous sweep source ? | [WSV] chnum,range, start,stop
[WSI] [,comp[,Pcomp]]

Forces constant voltage DV chnum,range,output

Forces constant current DI [,comp[ polarityf,crange]]]

Sets voltage measurement range | [RV] chnum,range

Sets current measurement range | [RI] chnum,range
[RM] chnum,mode]rate]

Sets measurement mode MM 4,chnum

Sets SMU operation mode [CMM] chnum,mode

Executes measurement XE

NOTE

a The WSV/WSI command must be entered after the PWV/PWI command.

Measurement channel performs measurement so that the pulse width and pulse
period are kept. The integration timeis automatically set by the instrument, and you
cannot change. For the Agilent B1500, note that the high-resolution ADC cannot be
used for the pulsed measurements. The AAD/AIT/AV/WT command settings are
ignored.

3-28 Agilent B1500 Programming Guide, Edition 2



Programming Examples
Pulsed Sweep Measurements

A program example of a pulsed sweep measurement is shown below. This example
measures the bipolar transistor I1¢c-V ¢ characteristics.

Table 3-8 Pulsed Sweep M easurement Example

Sub performneas(ByVal B1500 As Directl O, ByVal t() As Integer) "1
Dmi As Integer =0
Dimj As Integer =0

i m nopl As | nteger

m nop2 As | nteger

m data(nop2 - 1, n

m val ue As String "I'b (uA), Vc (V), lc (M), Time (sec), Status"

m fname As String "C:\ Agi | ent\ data\ex6.txt"

mtitle As String = "Measurenent Result"

mnmsg As String "

merr As String

11
3
pl - 1) As String

ot

1nn
b
o
(0]
=
-
o
=

m v0 As Double = 0 "13

1 'secondary sweep output val ue

0 "secondary sweep step value (delta)
b

0

vjvivivivivivivivippviviviviviviviv

3333_,333333
&
%
c
S
(0]
DIl T

—

= (ib2 - ibl) / (nop2 - 1)

y As Double =0
_delay As Double =0
rep As Integer = nopl
mret_val As String() 127
m datal As String

m data2 As String

m data3 As String

m sc(nopl) As Double

m nmd(nopl) As Doubl e

m st (nopl) As String
Dimtm(nopl) As Double

b
d As Double =
a
e

vjviviviviviviviviuiv)

B1500. WitelLine("FMI 1,1") " ASCl | <CRLF EO > w/ sweep source data ' 36
B1500. Wi telLine("TSC 1") " enables tine stanp out put
B1500. WiteLine("FL 1") " sets filter on

Line Description

2to 11 Declares variables used through the project. And sets the proper values.

13t0 26 Declares variables used to set the source output, and sets the value.

27t034 Declares variables used to read the measurement data.

36to0 38 Sets the data output format, time stamp data output mode, and SMU filter.
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B1500. WiteLine("CL " & t(3)) " 40
B1500. WiteLine("DV " & t(0) & ",0,0,0.1") "out= 0V, conp= 0.1 A
Dmb_pt As String = "0.1,0.01, 0.02" "hold, width, period in sec
B1500. WiteLine("PT " & b_pt)
B1500. WiteLine("MM 4," & t(2)) "4: pul sed sweep neasurenent
B1500. WiteLine("CMWM " & t(2) & ",1") '1: conpliance side neasuremnment
B1500. WiteLine("RI " & t(2) &",0") "0: auto ranging
B1500. Wi teLi ne("Wv 2, 1") ' stops at any abnormal " 47
B1500. WiteLine("ERR? 1") : err = B1500. Read(True)
If err <> 0 Then B1500. WitelLine("DZ") : GoTo Check_err
For j = 0 To nop2 - 1 '51
B1500. WiteLine("PW " &t(2) &",1,0," &v0 &"," &vcl &"," &vc2 &","
& nopl & "," & icconp)
B1500. WiteLine("D " & t(1) &",0," &ib &"," & vbconp)

B1500. Wit eLi ne("TSR")
B1500. Wit eLi ne("XE")
B1500. WiteLine("*OPC?") : rep = B1500. Read( True)
B1500. WiteLine("ERR? 1") : err = B1500. Read(True)
If err <> 0 Then B1500. WiteLine("DZ") : GoTo Check_err
B1500. Wi teLine("NUB?") : rep = B1500. Read(True) ' 59
If rep <> nopl * 3 Then B1500. WitelLine("DZ") : GoTo Check_nop
ret _val = B1500. ReadLi st AsStri ngArray()
For i =0Tonop1- 1
datal = ret_val (i * 3)
dat a2 ret_val (i * 3 + 1)

data3 = ret_val (i * 3 + 2)
datal = Right(datal, 12) : tm(i) = Val (datal)
st(i) = Left(data2, 3)
data2 = Right(data2, 12) : nd(i) = Val (data2)
data3 = Right(data3, 12) : sc(i) = Val (data3)
data(j, i) = Chr(13) & Chr(10) & ib * 1000000 & ", " & sc(i) & ", " &
md(i) 1000 & ", " &tm(i) & ", " & st(i)
Next i
ib=1ib +d.ib
Next j '73
Line Description

Disables SMU assigned to t(3) that is not needed.

41 to 47 Applies voltage to device. And sets the pulse timing parameters, measurement mode,

channel measurement mode, measurement range, and sweep mode.

49t0 50 Checksif an error occurred. If an error is detected, forces 0 V and goes to Check_err.

51to 73 Sets the pulsed sweep source, applies voltage to device, resets time stamp, and

performs the pulsed sweep measurement. And stores the returned data into theret_val
string array variable. Finally, stores the measured data into the data array.

59to 60 Checks number of returned data. If it is not correct, forces 0V and goes to Check_nop.
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B1500. Wi t eLi ne(" Dz") ' 75
save_data(fname, title, value, data, nopl, nop2, B1500, t)
Exit Sub

Check_err: '79

B1500. WitelLine("EM3? " & err) : msg = B1500. Read( True)
MsgBox("Instrument error: " & err & Chr(10) & msg, vbOKOnly, "")

Exit Sub
Check_nop:

MsgBox("No. of data: " &rep &" (not " & nopl * 3 &")", vbOKOnly, "") ' 85
End Sub

Line Description

75t0 77 Applies0V from all channels. And transfers the data stored in the data variable to the
save_data subprogram (see Table 3-1). And the subprogram will save the datainto the
C:\Agilent\datalex6.txt file (CSV) and displays the data on a message box.

80to 81 Displays a message box to show an error message if the error is detected.

85 Displays a message box to show an error message if the number of returned datais not
correct.

Measurement Ib (uA), Vc , lc (m\), Time (sec), Status
58 (6% 0855" 0. 1561 ™ ki (sec)

Result Example 50, 0'3, 8.98, 0,1361, NDI
50, 0.6, 9.745, 0.1561, NDI
50, 0.9, 9.77, 0.1761, NDI
50, 1.2, 9.84, 0.1961, NDI
50, 1.5, 9.87, 0,2161, NDI
50, 1.8, 9.895, 0,2361, NDI
50, 2.1, 9.96, 0.2561, NDI
50, 2.4, 9.94. 0,2761, NDI
50, 2.7, 9.955, 0.2961, NDI
50, 3, 6.98, 03161, NDI
100, 0, 0.1, 0.112H, NDI
100, 0.3, 15!76, 0. 1329, NDI
100, 0.6, 18.2, 0.1529, NDI
100, 0.9, 18.86, 0.1729, NDI
100, 1.2, 18.99; 0,1929, NDI
100, 1.5, 191105, 02125, NDI
100, 1.8, 19.17, 0, 2329, NDI
100, 2.1, 19.2,'0.2529, NDI
100, 2.4, 19.27, 0.2729, NDI
100, 2.7, 19.33, 0.2929, NDI
100, 3, 19385, 0, 3129, ND
150, 0, -0, 15, 0.1139, NDI
150, 0'3, 21.055, 0.1339, NDI
150, 0.6, 24.625 0.1539, NDI
150, 0.9, 26.595, 0,1739, NDI
150, 1.2, 27.38, 01939, NDI
150, 1.5, 27.625, 0.2139, NDI
150, 1.8, 27.785, 0.2339, NDI
150, 2.1, 27.915, 0.2539, NDI
150, 2.4, 28.07, 0.2739, ND
150, 2.7, 28.18, 0,2939, NDI
150, 3, 28.275, 0.3139, NDI

Dat a save conpl et ed.

Do you want to perform neasurenent agai n?
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Saircase Sweep with Pulsed Bias M easurements

To perform staircase sweep with pulsed bias measurements, use the following

commands.

Function Command Parameters
Enables channels CN [chnum ... [,chnum] ... ]
Disables channels CL [chnum ... [,chnum] ... ]
Setsfilter ON/OFF [FL] mode[,chnum ... [,chnum] ... ]
Sets seriesresistor ON/OFF | [SSR] chnum,mode
Sets auto abort function [WM] abort[,post]
Sets voltage sweep source WV chnum,mode,range,start,stop,
Sets current sweep source Wi step[,comp[,Pcomp]]
Sets synchronous sweep [WSV] chnum,range,start,stop
source @ [WSl] [,comp[,Pcomp]]
Sets pulse timing parameters | PT hold,width,period [,tdelay]
Forces pulse voltage PV chnum,range,base,pul sef ,comp]
Forces pulse current PI chnum,range,base,pulse [,comp]
Forces constant voltage DV chnum,range,output
Forces constant current DI [ .comp[,polarity[,crange]]]
Sets voltage measurement [RV] chnum,range
range
Sets current measurement [RI] chnum,range
range [RM] chnum,mode] rate]
Sets measurement mode MM 5,chnum
Sets SMU operation mode [CMM] chnum,mode
Executes measurement XE

NOTE

a The WSV/WSI command must be entered after the WV/WI command.

Measurement channel performs measurement so that the pulse width and pulse
period are kept. The integration timeis automatically set by the instrument, and you
cannot change. For the Agilent B1500, note that the high-resolution ADC cannot be
used for the pulsed measurements. The AAD/AIT/AV/WT command settings are

ignored.
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A program example of a staircase sweep with pulsed bias measurement is shown
below. This example measures the bipolar transistor Ic-V ¢ characteristics.

Table 3-9 Saircase Sweep with Pulsed Bias M easurement Example

Sub performneas(ByVal B1500 As Directl O, ByVal t() As Integer) "1
Dmi As Integer =0
Dimj As Integer =0

Di m nopl As Integer = 11
Di m nop2 As Integer = 3
Dimdata(nop2 - 1, nopl - 1) As String
Dimvalue As String = "Ib (uAp), Ve (V), lc (md), Tine (sec), Status"
Dimfname As String = "C:\ Agil ent\data\ex7.txt"
Dmtitle As String = "Measurenment Result"
Dimnsg As String = "No error."
Dimerr As String = "0"
Dimvcl As Double =0 "12
Dimvc2 As Double = 3
Dimicconp As Double = 0.05
Di m pcconmp As Double = 0.2
DmiO As Double =0
Dimibl As Double = 0.00005
Dimib2 As Double = 0.00015
Di m vbconp As Double = 5
Dimib As Double = ibl 'secondary sweep output val ue
Dmd_ib As Double = 0 "secondary sweep step value (delta)
If nop2 <> 1 Then d_ib = (ib2 - ibl) / (nop2 - 1)
Di m hold As Double = 0
Dim del ay As Double = 0
Dims_delay As Double = 0
Dimrep As Integer = nopl
Dimret_val As String() 127
Dimdatal As String
Dimdata2 As String
Dimdata3 As String
Di m sc(nopl) As Double
Di m nd(nopl) As Double
Di m st (nopl) As String
Dimtm(nopl) As Double
B1500. WitelLine("FMI 1,1") " ASCl | <CRLF EO > w/ sweep source data ' 36
B1500. Wi telLine("TSC 1") ' enables tine stanp out put
B1500. WiteLine("FL 1") " sets filter on
Line Description
2to 11 Declares variables used through the project. And sets the proper values.
12t0 26 Declares variables used to set the source output, and sets the value.
27t034 Declares variables used to read the measurement data.
36to0 38 Setsthe data output format, time stamp data output mode, and A/D converter. Also sets
the SMU filter on.
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B1500. WiteLine("CL " & t(3)) " 40
B1500. WiteLine("DV " & t(0) & ",0,0,0.1") "out= 0V, conp= 0.1 A
Dmb_pt As String = "0.1,0.01, 0.02" "hold, width, period in sec
B1500. WiteLine("PT " & b_pt)
B1500. WiteLine("MM5," & t(2)) "5: sweep with pul sed bias
B1500. WiteLine("CMWM" & t(2) & ",1") ’'1: conpliance side neasurenment
B1500. WiteLine("RI " & t(2) &",0") "0: auto ranging
B1500. Wi teLi ne("Wv 2, 1") ' stops at any abnormal " 47
B1500. WiteLine("ERR? 1") : err = B1500. Read(True)
If err <> 0 Then B1500. WitelLine("DZ") : GoTo Check_err
For j = 0 To nop2 - 1 '51
B1500. WiteLine("W " &t(2) &",1,0," &vcl &"," &vc2 &"," &nopl &","
& icconp & "," & pcconp)
B1500. WiteLine("Pl " & t(1) &",0," &i0 &"," &ib &"," & vbconp)

B1500. Wit eLi ne("TSR")
B1500. Wit eLi ne("XE")
B1500. WiteLine("*OPC?") : rep = B1500. Read( True)
B1500. WiteLine("ERR? 1") : err = B1500. Read(True)
If err <> 0 Then B1500. WiteLine("DZ") : GoTo Check_err
B1500. Wi teLine("NUB?") : rep = B1500. Read(True) ' 59
If rep <> nopl * 3 Then B1500. WitelLine("DZ") : GoTo Check_nop
ret _val = B1500. ReadLi st AsStri ngArray()
For i =0Tonop1- 1
datal = ret_val (i * 3)
dat a2 ret_val (i * 3 + 1)

data3 = ret_val (i * 3 + 2)
datal = Right(datal, 12) : tm(i) = Val (datal)
st(i) = Left(data2, 3)
data2 = Right(data2, 12) : nd(i) = Val (data2)
data3 = Right(data3, 12) : sc(i) = Val (data3)
data(j, i) = Chr(13) & Chr(10) & ib * 1000000 & ", " & sc(i) & ", " &
md(i) 1000 & ", " &tm(i) & ", " & st(i)
Next i
ib=1ib +d.ib
Next j '73
Line Description

Disables SMU assigned to t(3) that is not needed.

41 to 47 Applies voltage to device. And sets the pulse timing parameters, measurement mode,

channel measurement mode, measurement range, and sweep mode.

49t0 50 Checksif an error occurred. If an error is detected, forces 0 V and goes to Check_err.

51to 73 Sets the sweep source and the pulsed bias source, resets time stamp, and performs the

staircase sweep with pulsed bias measurement. And stores the returned datainto the
ret_val string array variable. Finally, stores the measured data into the data array.

59to 60 Checks number of returned data. If it is not correct, forces 0V and goes to Check_nop.
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B1500. Wi t eLi ne(" Dz") 75
save_data(fname, title, value, data, nopl, nop2, B1500, t)
Exit Sub
Check_err: '79
B1500. WiteLine("EMG? " & err) : msg = B1500. Read( True)
MsgBox("Instrument error: " & err & Chr(10) & msg, vbOKOnly, "")
Exit Sub
Check_nop:
MsgBox("No. of data: " &rep &" (not " & nopl * 3 &")", vbOKOnly, "") ' 85
End Sub
Line Description
75t0 77 Applies0V from all channels. And transfers the data stored in the data variable to the
save_data subprogram (see Table 3-1). And the subprogram will save the datainto the
C:\Agilent\datalex7.txt file (CSV) and displays the data on a message box.
80to 81 Displays a message box to show an error message if the error is detected.
85 Displays a message box to show an error message if the number of returned datais not
correct.
Measurement I58 (SA),OVSS(VZJ, 1|18 (ms, Time (sec), Status
Result Example 50, 0.3, 8.97, 0,130, NDi
50, 0.6, 9.725, 0.159, NDI
50, 0.9, 9775, 0.179. NDI
50, 1.2, 9815 0.199. NDI
50, 1.5, 9845 0,219, NDI
50, 1.8, 9:87, 0.239, NDI
50, 2.1, 9.89, 0.259, NDI
50, 2.4, 9.92) 0.279, NDI
50, 2.7, 9.91, 0,299, NDI
50, 3, 9.965, 0.319, NDI
100, 0, -0.1,_0.113, ND
100, 0.3, 15.73,°0.133, NDI
100, 0.6, 18185, 0.153, NDI
100, 0.9, 18.8, 0.173,
100, 1.2, 18.945, 0.193, NDI
100, 1.5, 19.025, 0,213, NDI
100, 1.8, 19.13, 0.233, NDI
100, 2.1, 19.175, 0,253, NDI
100, 2.4, 19.22,'0.273, NDI
100, 2.7, 19.315, 0.293, NDI
100, 3, 19.355, 0. 313, NDI
150, 0, -0.15, 0.1162, NDI
150, 0.3, 21.04, 0.1362, NDI
150, 0.6, 24.6, 0.1562, NDI
150, 0.9, 26.575, 0.1762, NDI
150, 1.2, 27.335, 0.1962. NDI
150, 1.5, 27.565, 0.2162. NDI
150, 1.8, 27.745, 0.2362. NDI
150, 2.1, 27.835, 0.2562 NDI
150, 2.4, 28, 0.2762, ND
150, 2.7 2962, NDI

, 281, 0. ,

28.165, 0.3162, NDI

Dat a save conpl et ed.

Do you want to perform neasurenent agai n?
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Quasi Pulsed Spot M easurements

To perform quasi-pul sed spot measurements, use the following commands.

Function Command Parameters
Enables channels CN [chnum ... [,chnum] ... ]
Disables channels CL [chnum ... [,chnum] ... ]
Setsfilter ON/OFF [FL] mode[,chnum ... [,chnum] ... ]
Sets series resistor ON/OFF [SSR] chnum,mode
Setsintegration time [AV] number[,mode]
(Agilent B1500 can use
AADJAIT instead of AV.) [AAD] chnumtype]
[AIT] type,mode[,N]
Sets detection interval [BDM] interval[,mode]
Setstiming parameters [BDT] hold,delay
Sets quasi-pulsed source BDV chnum,range,start,stop[,comp]
Forces constant voltage DV chnum,range,output
Forces constant current DI L compl polarityl crangell}
Sets voltage measurement range | [RV] chnum,range
Sets current measurement range | [RI] chnum,range
[RM] chnum,mode]rate]
Sets measurement mode MM 9[,chnum]|
Sets SMU operation mode [CMM] chnum,mode
Executes measurement XE
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A program example of a spot measurement is shown below. This measures the
breakdown voltage of bipolar transistor.

Table 3-10 Quas Pulsed Spot M easurement Example
Sub performneas(ByVal B1500 As Directl O, ByVal t() As Integer) "1
Dmi As Integer =0
Dimj As Integer =0
Dimnopl As Integer =1
Dimnop2 As Integer =1
Dimdata(nop2 - 1, nopl - 1) As String
Dimvalue As String = "BVceo (V), Status"
Dimfname As String = "C:\ Agil ent\data\ex8.txt"
Dmtitle As String = "Measurenment Result"
Dimnsg As String = "No error."
Dmerr As String = "0"
Dimvcl As Double = 0 "13
Dimvc2 As Double = 100
Dimicconp As Double = 0.005
Di m hold As Double = 0
Di m delay As Double = 0
Diminterval As Double = 0
Di m nmode As Double = 0
Dmnrng As Integer = 0
B1500. Wi teLine("FMI 1") 122
B1500. WiteLine("CL " & t(1) & "," & t(3))
B1500. WiteLine("MM 9," & t(2))
B1500. WiteLine("BDT " & hold & "," & del ay)
B1500. WiteLine("BDM" & interval & "," & nmode)
B1500. WiteLine("BDV " & t(2) &"," &nmng &"," &vecl &"," &vc2 &"," &
i cconp)
B1500. WiteLine("DV " & t(0) & ",0,0,0.1") "out= 0V, conp= 0.1 A ' 28
B1500. Wit eLi ne("XE")
B1500. WiteLine("ERR? 1") : err = B1500. Read(True)

If err <> 0 Then B1500. WitelLine("Dz") : GoTo Check_err

Line Description

2to 11 Declares variables used through the project. And sets the proper values.

13t0 20 Declares variables, and sets the value.

22t023 Sets the data output format. And disables SMUs assigned to t(1) and t(3) that are not
needed.

24t0 27 Sets the measurement mode, measurement timing parameters, measurement
conditions, and source output conditions.

28to 31 Applies voltage to device, and performs the quasi pulsed spot measurement. And

checksif an error occurred. If an error is detected, forces 0 V and goesto Check_err.
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Dim datal As String = B1500. Read( True) ' 33
Dimstatus As String = Left(datal, 3)

datal = Right(datal, 12)

Di m neas As Doubl e = Val (datal)

data(j, i) = Chr(13) & Chr(10) & nmeas & ", " & status
B1500. Wi t eLi ne(" Dz") ' 39
save_data(fnanme, title, value, data, nopl, nop2, B1500, t)
Exit Sub
Check_err: ' 43

B1500. WiteLine("EM3? " & err) : msg = B1500. Read(True)
MsgBox( "l nstrument error: " & err & Chr(10) & nmsg, vbOKOnly, "")
Exit Sub

End Sub

Line Description

33t0 37 Reads the returned data and storesiit into the datal string variable. Finally, stores the
measured data into the data array.

39to 4l Applies0V from all channels. And transfers the data stored in the data variable to the
save_data subprogram (see Table 3-1). And the subprogram will save the datainto the
C:\Agilent\datalex8.txt file (CSV) and displays the data on a message box.

43to0 46 Displays a message box to show an error message if the error is detected.

Measurement BVceo (V), Status
Result Example 55.87, CDV

Dat a save conpl et ed.

Do you want to perform neasurenment again?

3-38 Agilent B1500 Programming Guide, Edition 2



Programming Examples
Linear Search Measurements

Linear Search M easurements

To perform linear search measurements, use the following commands.

Function Command Parameters
Enables channels CN [chnum ... [,chnum] ... ]
Disables channels CL [chnum ... [,chnum] ... ]
Setsfilter ON/OFF [FL] mode[,chnum ... [,chnum] ... ]
Sets seriesresistor ON/OFF | [SSR] chnum,mode
Setsintegration time [AV] number[,mode]

[AIT] type,mode[,N]

Sets measurement mode MM 14
Selects output data [LSVM] output_data
Setstiming parameters [LSTM] hold,delay
Sets auto abort function [LSM] abort[,post]
Sets current search or LGl or chnum,mode,range,target
voltage search condition LGV
Sets voltage source or LSV or chnum,range,start,stop,step
current source LS [,comp]
Sets synchronous voltage [LSSV] or | chnum,polarity,offset[,comp]
source or current source [LSSI]
Forces constant voltage DV chnum,range,output
Forces constant current DI [.comp[ polarityf,crange]]]
Executes measurement XE

The LSV and LS| commands clear the previous source settings.

Send the LSl command before sending the LSSI command.
Send the LSV command before sending the LSSV command.
The LSI/LSSV commands or LSV/LSSI commands cannot be used together.

Agilent B1500 Programming Guide, Edition 2

3-39



Table 3-11
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A program example of alinear search measurement is shown below. This example
measures the MOSFET threshold voltage.

Linear Search Measurement Example

Sub performneas(ByVal B1500 As Directl O, ByVal t() As Integer) "1
Dmi As Integer =0
Dimj As Integer =0

m val ue As
m f nane As
mtitle As

0000000000000 OO00000D0

m nopl As Integer
m nop2 As | nteger
m data(nop2 - 1, n

mnmsg As String
merr As String

m vdl As Doubl e
m vd2 As Doubl e 3
m vdel As Double = 0.01

=1
=1
opl - 1) As String
String = "Vth (nV), Id (uA), Status"
String = "C:\ Agi |l ent\data\ex9.txt"
String = "Measurenent Result"
= "No error."
= Q"
0 "13

m i dconp As Doubl e 0.01

m i gconp As Doubl e 0.01

morng As |Integer = 12 '12: 20 V limted auto ranging
mnrng As Integer = 13 "13: 100 nA limted auto ranging
m hold As Double = 0

m del ay As Double = 0

m judge As Integer =1 " 1. result>=target

mtgt As Double = 0.001 ' target current

m posneg As Integer =1 " 1: positive

m of fset As Double = 0 ' of fset voltage

B1500. Wi teLi ne("FMI 1") 127
B1500. Wit eLi ne(" MV 14") " linear search measurenent
B1500. WiteLine("LSM 2,3") ' stops at any abnor nal
B1500. Wit eLi ne("LSVM 1") " returns search data and sense data
B1500. WiteLine("LSTM" & hold & "," & del ay)
B1500. WiteLine("LG " &t(0) & "," &judge & "," & nrng & "," & tgt)
B1500. WiteLine("LSV " &t(0) &"," &orng &"," &vdl &"," &vd2 & "," & vdel
& "," & idcomp)
B1500. WiteLine("LSSV " & t(1) & "," & posheg & "," & offset & "," & igcomp)
Line Description
2to 11 Declares variables used through the project. And sets the proper values.
13to 25 Declares variables, and sets the value.
27t028 Sets the data output format and the measurement mode.
2910 32 Sets the linear search measurement conditions.
33to 34 Setsthe linear search sources, primary source and synchronous source.
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B1500. Wi teLi ne("DV "
B1500. Wi teLi ne("DV "
B1500. Wi t eLi ne(" XE")
B1500. WitelLine("ERR? 1") : err = B1500. Read( True)

If err <>

imr
i m dat al
i m dat a2
atal = Ri
md

102000

et _val As String() = B1500. ReadLi st AsStringArray() ' 42

search As Double = Val (datal)
Dimstatus As String = Left(data2, 3)

t(3) &",0,0,0.1") t= 0V, comp= 0.1 A ' 36
t(2) &",0,0,0.1") out= 0V, conp= 0.1 A

Qo Ro

0 Then B1500. Wit elLi ne(" Dz") : GoTo Check_err

As String = ret_val (0)
As String = ret_val (1)
ght (datal, 12)

data2 = Right(data2, 12)
Di m dsense As Doubl e = Val (dat a2)
data(j, i) = Chr(13) & Chr(10) & dsearch * 1000 & ", " & dsense * 1000000 & ",
" & status
B1500. Wi t eLi ne(" DZ") ' 53
save_data(fnane, title, value, data, nopl, nop2, B1500, t)
Exit Sub
Check_err: ' 57
B1500. WiteLine("EM3? " & err) : nmsg = B1500. Read( True)
MsgBox( "l nstrument error: " & err & Chr(10) & nmsg, vbOKOnly, "")
Exit Sub
End Sub
Line Description
36t040 Applies voltage to device, and performs the linear search measurement. And checks if
an error occurred. If an error is detected, forces 0 V and goes to Check_err.
42to51 Readsthereturned data and storesit into theret_val string array variable. Finally, stores
the measured data into the data array.
53t0 55 Applies0V from all channels. And transfers the data stored in the data variable to the
save_data subprogram (see Table 3-1). And the subprogram will save the datainto the
C:\Agilent\datalex9.txt file (CSV) and displays the data on a message box.
57to 60 Displays a message box to show an error message if the error is detected.
Measurement Vth (nmVv), Id (uA), Status

Result Example

140, 1013.85, NAI
Data save conpl et ed.

Do you want to perform nmeasurenment again?
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Binary Search Measurements

To perform binary search measurements, use the following commands.

Function Command Parameters
Enables channels CN [chnum ... [,chnum] ... ]
Disables channels CL [chnum ... [,chnum] ... ]
Setsfilter ON/OFF [FL] mode[,chnum ... [,chnum] ... ]
Sets seriesresistor ON/OFF | [SSR] chnum,mode
Setsintegration time [AV] number[,mode]
e [(AAD] | et

[AIT] type,mode[,N]

Sets measurement mode MM 15
Selects output data [BSVM] output_data
Setstiming parameters [BST] hold,delay
Sets source control mode BSM mode,abort[,post]
Sets current search or BGI or chnum,mode,condition,range,
voltage search condition BGV target
Sets voltage source or BSV or chnum,range,start,stop[,comp]
current source BSI
Sets synchronous voltage [BSSV] or | chnum,polarity,offset[,comp]
source or current source [BSSI]
Forces constant voltage DV chnum,range,output
Forces constant current DI [.comp[polarityf,crange]]]
Executes measurement XE

The BSV and BSI commands clear the previous source settings.

Send the BSI command before sending the BSSI command.
Send the BSV command before sending the BSSV command.
The BSI/BSSV commands or BSV/BSSI commands cannot be used together.
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Table 3-12

Programming Examples
Binary Search Measurements

A program example of a binary search measurement is shown below. This example
measures the MOSFET threshold voltage.

Binary Search Measurement Example

Sub perform neas(ByVal

Dmi
Di m |

m nopl As Integer
m nop2 As | nteger
m data(nop2 - 1, n
m val ue As String
m fname As String

As Integer = 0
As Integer = 0

1
1
1

ot
©

"Vth (mv),

- 1) As St
|

B1500 As Directl O, ByVal t() As Integer) "1

ring
d (uA), Status"

"C:\ Agi | ent\ dat a\ ex10. t xt"

Di
Di
Di
Di
Di
Dmtitle As String = "Measurenment Result"
Dimnsg As String = "No error."
Dmerr As String = "0"
Di mvdl As Double = 0 "13
Dimvd2 As Double = 3
Di midconp As Double = 0.01
Dimigconp As Double = 0.01
Dimorng As Integer = 12 "12: 20 V limted auto ranging
Dimnrng As Integer = 13 "13: 100 nA limted auto rangi ng
Di m hold As Double = 0
Di m delay As Double = 0
Di m node As Integer = 0 "0 limt, 1. repeat
Di mjudge As Double = 0.000001 ' limt value in A
Dimtgt As Double = 0.001 ' target current
Di m posneg As Integer = 1 " 1. positive
Dimoffset As Double = 0 ' of fset voltage
B1500. Wi teLine("FMI 1") 127
B1500. Wit eLi ne(" MV 15") " binary search measurenent
B1500. WitelLine("BSM 1, 1") ' cautious node, abort off
B1500. Wit eLi ne("BSVM 1") " returns search data and sense data
B1500. WiteLine("BST " & hold & "," & del ay)
B1500. WiteLine("BA " & t(0) &"," & npbde & "," & judge & "," & nmng &"," &
tgt)
B1500. WiteLine("BSV " & t(0) &"," &orng &"," &vdl &"," &vd2 &"," &
i dconp)

B1500. WiteLine("BSSV " & t(1) & "," & posheg & "," & offset & "," & igcomp)
Line Description

2to 11 Declares variables used through the project. And sets the proper values.

13t0 25 Declares variables, and sets the value.

27t028 Sets the data output format and the measurement mode.

29t0 32 Sets the binary search measurement conditions.

33to 34 Sets the binary search sources, primary source and synchronous source.
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B1500. Wi teLi ne("DV " t(3) &",0,0,0.1") ‘out= 0V, conp= 0.1 A ' 36
B1500. Wi teLi ne("DV " t(2) &",0,0,0.1") "out= 0V, conp= 0.1 A

B1500. Wi t eLi ne(" XE")

B1500. WitelLine("ERR? 1") : err = B1500. Read( True)

If err <> 0 Then B1500. WitelLi ne(" DZ") : GoTo Check_err

Qo Ro

imret_val As String() = B1500. ReadLi stAsStringArray() " 42
i mdatal As String = ret_val (0)
i mdata2 As String = ret_val (1)
tal = Right(datal, 12)

i m dsearch As Doubl e = Val (datal)

Dimstatus As String = Left(data2, 3)

data2 = Right(data2, 12)

Di m dsense As Doubl e = Val (dat a2)

0SL00

data(j, i) = Chr(13) & Chr(10) & dsearch * 1000 & ", " & dsense * 1000000 & ",
" & status
B1500. Wi t eLi ne(" Dz") ' 53
save_data(fnane, title, value, data, nopl, nop2, B1500, t)
Exit Sub
Check_err: ' 57

B1500. WiteLine("EM3? " & err) : nmsg = B1500. Read( True)
MsgBox( "l nstrument error: " & err & Chr(10) & nmsg, vbOKOnly, "")
Exit Sub

End Sub
Line Description
36t040 Applies voltage to device, and performs the binary search measurement. And checksiif

an error occurred. If an error is detected, forces 0 V and goes to Check_err.

42to51 Readsthereturned data and storesit into theret_val string array variable. Finally, stores
the measured data into the data array.

53t0 55 Applies0V from all channels. And transfers the data stored in the data variable to the
save_data subprogram (see Table 3-1). And the subprogram will save the datainto the
C:\Agilent\data\ex10.txt file (CSV) and displays the data on a message box.

57to 60 Displays a message box to show an error message if the error is detected.

Measurement Vth (nmVv), Id (uA), Status
Result Example 139, 999.15, NA

Data save conpl et ed.

Do you want to perform nmeasurenment again?
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Multi Channel Sweep Measurements

Multi Channel Sweep M easurements

To perform multi channel sweep measurements, use the following commands.

Function Command Parameters
Enables channels CN [chnum ... [,chnum] ... ]
Disables channels CL [chnum ... [,chnum] ... ]
Setsfilter ON/OFF [FL] mode[,chnum ... [,chnum] ... ]
Sets seriesresistor ON/OFF | [SSR] chnum,mode
Setsintegration time [AV] number[,mode]
poesis0cn [ (ano) | aruntopd

[AIT] type,mode[,N]

Sets sweep source timing [WT] hold,delay
parameter [,sdelay] tdelay[,mdelay]]]
Sets auto abort function [WM] abort[,post]
Sets voltage sweep source wv chnum,mode,range,start,stop,step
Sets current sweep source Wi [.compf,Peomp]]
Sets synchronous sweep WNX N,chnum,mode,range,start,stop
source 2 [ ,comp,Pcomp]]
Forces constant voltage DV chnum,range,output
Forces constant current DI [.comp[polarityf,crange]]]
Sets voltage measurement [RV] chnum,range
range
Sets current measurement [RI] chnum,range
range [RM] chnum,mode] rate]
Sets measurement mode MM 16,chnunm,chnum ... [,chnum] ... ]
Sets SMU operation mode | [CMM] chnum,mode
Executes measurement XE

a The WNX command must be entered after the WV/WI command.
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NOTE Sweep sources simultaneously start output by atrigger such as the XE command.
However, if a sweep source sets power compliance or forces logarithmic sweep
current, the sweep sources start output in the order specified by the WNX’s N value.
Then thefirst output is forced by the channel set by the WI or WV command.

If you use multiple measurement channels, the channels that use the fixed ranging
mode start measurement simultaneously, then other channels start measurement in
the order defined inthe MM command. For the Agilent B1500, note that the
high-resolution ADC cannot perform simultaneous measurement.

A program example of amulti channel sweep measurement is shown below. This
example measures the bipolar transistor 1b-Vb and Ic-Vb characteristics.

Table 3-13 Multi Channel Sweep M easurement Example

Sub perform neas(ByVal B1500 As Directl O ByVval t() As Integer) "1
Dimi As Integer =0
Dmj As Integer =0
Di m nopl As Integer = 11
Dimnop2 As Integer =1
Di m data(nop2 - 1, opl - 1) As String
Dmval ue As String = "Vb (V), Ib (uA), Tb (sec), Stat_b, lIc (m), Tc (sec),
Stat_c"

Dimfname As String = "C \Agilent\data\ex11.txt"
Dmtitle As String = "Measurenment Result"
Dimnsg As String = "No error."
Dimerr As String = "0"
Dimvc As Double = 3 "13
Di m vbl As Double = 0.3
Dimvb2 As Double = 0.8
Di mibconp As Double = 0.001
Di m pbconp As Double = 0.001
Dim hold As Double = 0
Dim del ay As Double = 0
Dims_delay As Double = 0
Dmrep As Integer = nopl
Dimret_val As String() 123
Dimdatal As String
Dimdata2 As String
Dim data3 As String
Dimdata4 As String
Dim data5 As String
Line Description

2to 11 Declares variables used through the project. And sets the proper values.

13to21 Declares variables used to set the source output, and sets the value.

231028 Declares variables used to read the measurement data.
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Di m sc(nopl) As Double " 30

Di m nd1(nopl) As Double

Di m st 1(nop1) As String

Di mtnil(nopl) As Doubl e

Di m nd2(nopl) As Double

Di m st 2(nopl) As String

Di m tn2(nopl) As Double

B1500. WitelLine("FMI 1,1") " ASCl | <CRLF EO > w/ sweep source data ' 38

B1500. Wi telLine("TSC 1") ' enables tine stanp out put

B1500. Wit eLi ne(" AV 10, 1") " sets nunber of sanples for 1 data

B1500. WitelLine("FL 1") " sets filter on

B1500. WiteLine("MM 16," & t(1) & "," & t(2)) "16: nmulti-ch sweep

B1500. WiteLine("CVW' & t(1) & ", 1" ) "1: conpliance side neasurenent

B1500. Wit eLi ne(" CVW' & t(2) &",1") "1: conpliance side neasurenent

B1500. WiteLine("RI" & t(1) & ", -17") '-17: 1 mA fixed range

B1500. WiteLine("RI" & t(2) & ",-19") '-19: 100 nmA fixed range

B1500. WiteLine("W" & hold & "," & delay & "," & s_del ay)

B1500. WitelLine("WV 2, 1") stops at any abnor nmal

B1500. WiteLine("ERR? 1") : err = B1500. Read(True)

If err <> 0 Then B1500. WitelLine("DzZ") : GoTo Check_err

B1500. WiteLine("W" & t(1) &",1,0," & vbl &"," &vb2 &"," &nopl &"," &
ibcomp & "," & pbconp) ' 52

B1500. WiteLine("DV' & t(2) & ",0," &vc & ",0.1")

B1500. WiteLine("DV' & t(0) & ",0,0,0.1") ’'out= 0V, conp= 0.1 A

B1500. Wit eLi ne("TSR")

B1500. Wit eLi ne(" XE")

B1500. WitelLi ne("*OPC?") : rep = B1500. Read( True) ' 57
B1500. WiteLine("ERR? 1") : err = B1500. Read(True)

If err <> 0 Then B1500. WitelLine("Dz") : GoTo Check_err

B1500. WiteLine("NUB?") : rep = B1500. Read( True)

If rep <> nopl * 5 Then B1500. WitelLine("DZ") : GoTo Check_nop

ret_val = B1500. ReadLi st AsStri ngArray() '62
Line Description
30to 36 Declares variables used to read the measurement data.

38t050 Sets the data output format, time stamp data output mode, A/D converter, SMU filter,
measurement mode, channel measurement mode, and measurement range. Also sets
the timing parameters and sweep mode of the staircase sweep source. And checksif an
error occurred. If an error is detected, forces 0 V and goes to Check_err.

52 t0 56 Sets the sweep sources, applies voltage to device, resets time stamp, and performs the
multi channel sweep measurement.

57to 61 Waits until the measurement is completed, and checksif an error occurred. If an error is
detected, forces 0 V and goes to Check_err. Also checks number of returned data. If it
isnot correct, forces 0 V and goes to Check _nop.

62 Stores the returned datainto the ret_val string array variable.
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For i =0 To nopl - 1 ' 64

datal = ret_val (i * 5)

data2 = ret_val (i * 5 + 1)

data3 = ret_val (i * 5 + 2)

data4 = ret_val (i * 5 + 3)

data5 = ret_val (i * 5 + 4)

datal = Right(datal, 12) : tmil(i) = Val (datal)

stl(i) = Left(data2, 3)

data2 = Right(data2, 12) : ndl(i) = Val (data2)

data3 = Right(datal, 12) : tn2(i) = Val (data3)

st2(i) = Left(data4, 3)

data4 = Right(data4, 12) : nd2(i) = Val (data4)
data5 = Right (data5, 12) : sc(i) = Val (datab)
data(j, i) = Chr(13) & Chr(10) & sc(i) & ", " & nd1(i) * 1000000 & ", " &
tml(i) &, " &stl(i) &", " & nd2(i) * 1000 & ", " & tmR(i) & ", " & st2(i)
Next i
B1500. Wi t eLi ne(" DZ") ' 80
save_data(fnane, title, value, data, nopl, nop2, B1500, t)
Exit Sub
Check_err: ' 84

B1500. WitelLine("EM3? " & err) : msg = B1500. Read( True)
MsgBox( "l nstrument error: " & err & Chr(10) & nmsg, vbOKOnly, "")

Exit Sub
Check_nop:
MsgBox("No. of data: " &rep &" (not " & nopl * 3 & ")", vbOKOnly, "") ' 90
End Sub
Line Description
64t0 78 Picks the measurement data out and stores it into the data array.

80to 82 Applies0V from all channels and transfers the data stored in the data variable to the
save_data subprogram (see Table 3-1). And the subprogram will save the datainto the
C:\Agilent\data\ex11.txt file (CSV) and displays the data on a message box.

84t0 90 Displays a message box to show an error message if the error is detected. Also displays
amessage box to show an error message if the number of returned datais not correct.

Measurement Vb (V), Ib (uA), Tb (sec), Stat_b, Ic (m), Tc (sec), Stat_c
3, 0.05, 0.0046, NBI, 0, 0.0046, NDI

Result Example .35, 0.05, 0.0076, NBI, 0, 0.0076, NDI

4, 0.05, 0.0106, NBI, 0, 0.0106, NDI

45, 0.05, 0.0135, NBlI, 0, 0.0135, NDI

5, 0.05, 0.0165, NBlI, 0, 0.0165, NDI

55, 0.1, 0.0195, NBI, 0.01, 0.0195, NDI

6, 0.45, 0.0224, NBl, 0.085, 0.0224, NDI

.65, 2.95, 0.0254, NBI, 0.58, 0.0254, NDI

.7, 18.45, 0.0284, NBI, 3.72, 0.0284, NDI

.75, 90.85, 0.0313, NBI, 17.635, 0.0313, NDI

.8, 290.5, 0.0343, NBI, 50.15, 0.0343, NDI

coocoooooo00

Dat a save conpl et ed.
Do you want to perform nmeasurenent again?
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Sampling M easurements

To make sampling measurements, use the following commands.

Function Command Parameters

Enables Measurement Units CN [chnum ... [,chnum] ... ]
Disables Measurement Units CL [chnum ... [,chnum] ... ]
Sets Filter ON/OFF [FL] mode[,chnum ... [,chnum] ... ]
Sets series resistor ON/OFF [SSR] chnum,mode
Setsintegration time [AV] number[,mode]
(Agilent B1500 can use
AAD/AIT instead of AV.) [AAD] chnumy type]

[AIT] type,mode[,N]
Sets sampling mode [ML] mode
Sets timing parameters MT h_bias,interval,points[,h_base]
Sets constant voltage source MV ch,range,base,bias[,comp]
Sets constant current source Ml
Clears sampling source setup [MCC] [ch[,ch... [,ch[,ch]] ... 1]
Sets automatic abort function [MSC] abort[,post]
Forces constant voltage [DV] chnum,range,output
Forces constant current [DI] [icompl,Peompl]
Sets voltage measurement range | [RV] chnum,range
Sets current measurement range | [RI] chnum,range

[RM] chnum,mode],rate]
Sets measurement mode MM 10,chnum,chnum ..[,chnum] ..]
Sets SMU measurement mode [CMM] chnum,mode
Executes measurement XE
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Table 3-14

Programming Examples
Sampling Measurements

Table 3-14 explains example subprogram that performs linear sampling
measurement. This example measures current that flows to resistors R1 and R2, and
then calculates the resistance.

Sampling M easurement Example

I nt
nt

~ < oS5 5——®
S P00
cmmpgﬁ

<3

‘TOoOT< OO

nmch() As
range()

rep As |
ret_val

datal As
data2 As
dat a3 As
i d(nopl)
dl(nopl)
d2(nopl)
ri(nopl)
r2(nopl)
s1(nopl)
s2(nopl)

w
iSpvivivivivivivivivivivivivivivivivivivivivippviviviviviviviviviel =
3333333333333333333333 33333333334

rf orm nmeas(ByVal

B1500 As Directl O, ByVal t() As Integer)

0
0

eger =
eger
| nt eger
I nt eger
2, nopl) As String

"Index, 11 (m), Rl (ohm,
"C:\Agilent\data\ex12.txt"
"Sanpling Measurenent Result"
error."

30
1

St1, 12 (my), R2 (ohm), St2"

Il

No
0
0 "13
0.1
0.

0

1

~— 1l OO0

i un

0
1)
. 0}

I nt eger
As Double =
nt eger nop
As String()

1
1
0.
t(
{0
= 1 123

String

String ' 34

Line

Description

2to11

Declares variables used through the project. And sets the proper values.

13t0 22

Declares variables used to set the source output, and sets the value.

23to 34

Declares variables used to read the measurement data.
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B1500.
B1500.

B1500.
B1500.
B1500.

B1500. Wi t eLi ne(" M "

"t(1l): SMJR2 --> Highl
B1500. Wi telLine("MW "

Wi teLine("FMI 1,1") ' 36
WiteLine("FL 1")
B1500. Wi
W
W
W

sets filter on for all channel

teLine("AAD " & t(1) & ", 1") ' sets high resolution ADC for t(1)
iteLine("AAD " & t(2) & ", 1") ' sets high resolution ADC for t(2)
iteLine("AIT 1,1,2") ' sets nunber of averagi ng sanpl es
iteLine("AzZz 0") ' sets auto zero off
& bias_h & "," &interval &"," & nopl &"," & base_h) '43
B1500. WiteLine("W " & t(1) & ",0," & base & "," & bhias &"," & iconp)
&t(2) &",0," & base & "," & bhias & "," & iconp)

"t(2): SMHMA --> High2
B1500. WitelLine("ERR? 1") : err = B1500. Read(True)
If err <> 0 Then B1500. WitelLine("Dz") : GoTo Check_err

B1500. WiteLine("DV " & t(0) & ",0," & vliout &"," &ilconp & ", 0") ' 51
"t(0): SMJA --> Low

B1500. Wi teLi ne("MM 10," & nth(0) & "," & nth(1l))

B1500. WiteLine("R " & nch(0) & "," & range(0))

B1500. WiteLine("RI " & nch(1l) & "," & range(1l))

B1500. Wit eLi ne("TSR") ' 56

B1500. Wi t eLi ne(" XE")
B1500. Wi teLi ne("*OPC?") : rep = B1500. Read(True)

B1500. WiteLine("ERR? 1") : err = B1500. Read(True) ' 59
If err <> 0 Then B1500. WitelLine("DZ") : GoTo Check_err
B1500. Wi telLi ne("NUB?") : rep = B1500. Read( True) '61

If rep <> nopl * 3 Then B1500. WitelLine("Dz") : GoTo Check_nop

Line Description
36 Sets the data output format. The source output data will be also returned.
37t040 Setsthe SMU filter and the A/D converter integration time.
41 Sets the SMU auto zero function off.
43t0 49 Sets the sampling timing parameters and the constant voltage sources. And checks if an
error occurred. If an error is detected, forces 0 V and goes to Check_err.
51to55 Applies0 V to the device low terminal, sets the sampling measurement mode, and sets
the current measurement range.
56 to 58 Resets the time stamp, and perform the sampling measurement.
59to 60 Forces 0 V and goesto Check_err if an error is detected.
61 to 62 Forces 0 V and goes to Check_nop if the number of returned datais not correct (nopl).
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ret _val = B1500. ReadLi st AsStringArray() ' 64
For i = 0 To nopl - 1

datal = ret_val (i * 3)

data2 = ret_val (i * 3 + 1)

data3 = ret_val (i * 3 + 2)

sl(i) = Left(data2, 3)

s2(i) = Left(data3, 3)

datal = Right(datal, 12) : id(i) = Val (datal)

data2 = Right(data2, 12) : dl1(i) = Val (data2)

data3 = Right(data3, 12) : d2(i) = Val (data3)

r1(i) = Math.Round(bias / di(i), 3)

r2(i) = Math.Round(bias / d2(i), 3)

data(j, i) = Chr(13) & Chr(10) & id(i) &", " &di(i) * 1000 & ", " & rl(i) &
, " & s1(i) &M, " &d2(i) * 1000 & ", " &r2(i) & ", " & s2(i)
Next i
B1500. Wi t eLi ne("DZ") '79
save_data(fnanme, title, value, data, nopl, nop2, B1500, t)
Exit Sub
Check_err: ' 83

B1500. WiteLine("EM3? " & err) : msg = B1500. Read(True)
MsgBox ("Il nstrument error: " & err & Chr(10) & nmsg, vbOKOnly, "")
Exit Sub

Check_nop: ' 88
MsgBox("No. of data: " &rep &" (not " & nopl * 3 &")", vbOKOnly, "")
End Sub

Line Description

64to 77 Reads the returned data and storesit into theret_val string array variable. Finally, stores
the measured data into the data array.

79to 81 Applies0V from al channels. And transfers the data stored in the data variable to the
save_data subprogram (see Table 3-1). And the subprogram will save the datainto the
C:\Agilent\datalex12.txt file (CSV) and displays the data on a message box.

83t0 86 Displays a message box to show an error message if the error is detected.

881090 Displays a message box to show an error message if the number of returned datais not
correct (nopl).
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Measurement Index, |1 (my), RL (ohm), St1, 12 (my), R (ohm), St2
1, 10.41, 9.606, NBI, 9.465, 10.565, ND

Result Example 2, 10.41, 9.606, NBI, 9.465, 10.565, NDI
3, 10.41, 9.606, NBI, 9.466, 10.564, ND
4, 10.41, 9.606, NBI, 9.464, 10.566, ND
5, 10.41, 9.606, NBI, 9.465, 10.565, NDI
6, 10.42, 9.597, NBI, 9.465, 10.565, NDI
7, 10.41, 9.606, NBI, 9.462, 10.569, NDI
8, 10.41, 9.606, NBI, 9.463, 10.567, ND
9, 10.41, 9.606, NBI, 9.464, 10.566, NDI
10, 10.41, 9.606, NBI, 9.465, 10.565, ND
11, 10.41, 9.606, NBI, 9.468, 10.562, ND
12, 10.41, 9.606, NBI, 9.464, 10.566, ND
13, 10.41, 9.606, NBI, 9.467., 10.563, ND
14, 10.41, 9.606, NBI, 9.464, 10.566, ND
15, 10.41, 9.606, NBI, 9.466, 10.564, ND
16, 10.41, 9.606, NBI, 9.466, 10.564, ND
17, 10.41, 9.606, NBI, 9.468, 10.562, ND
18, 10.41, 9.606, NBI, 9.465, 10.565, ND
19, 10.42, 9.597, NBI, 9.465, 10.565, ND
20, 10.41, 9.606, NBI., 9.467, 10.563, ND
21, 10.41, 9.606, NBl, 9.466, 10.564, ND
22, 10.41, 9.606, NBl, 9.466, 10.564, ND

23, 10.4, 9.615, NBl, 9.466, 10.564, NDI

24, 10.41, 9.606, NBlI, 9.466, 10.564, NDI
25, 10.41, 9.606, NBlI, 9.466, 10.564, NDI
26, 10.41, 9.606, NBlI, 9.467, 10.563, NDI
27, 10.41, 9.606, NBlI, 9.466, 10.564, NDI
28, 10.41, 9.606, NBlI, 9.467, 10.563, NDI
29, 10.41, 9.606, NBlI, 9.467, 10.563, NDI

30, 10.4, 9.615, NBlI, 9.468, 10.562, NDI
Data save conpl et ed.

Do you want to perform measurenment again?
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High-Speed Spot C M easurement

To perform high-speed spot C measurements, use the following commands.

Function Command Parameters
Enables channels CN [chnum .. [,chnum] ... ]
Disables channels CL [chnum .. [,chnum] ... ]
Sets SMU filter ON/OFF [FL] mode[,chnum ... [,chnum] ... ]
Sets SMU series resistor ON/OFF [SSR] chnum,mode
Disables SCUU status indicator [SSL] chnum,mode
Controls SCUU input-output path [SSP| chnum,path
Sets MFCMU A/D converter [ACT] mode[,N]
Sets MFCMU measurement mode [IMP] mode
Sets AC/DC voltage monitor ON/OFF | [LMN] mode
Sets MFCMU output frequency FC chnum,freq
Forces AC voltage by usng MFCMU | ACV chnum,ac_level
Forces DC voltage by using MFCMU | DCV chnum,voltage
Forces DC voltage by using SMU [DV] chnum,range,output
Forces DC current by using SMU [DI] Licompl polarity] crangel]]
Performs capacitance measurement TC chnum,mode],range]

TTC chnum,mode],range]

Resets the time stamp TSR
Returns the time stamp at thistime TSQ

You can use the above commands regardless of the measurement mode (MM
command settings). The TTC command returns the time data and the measurement
data
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Programming Examples
High-Speed Spot C Measurement

A program example of a high-speed spot capacitance measurement is shown below.
This example measures MOSFET gate-substrate capacitance by using the multi
frequency capacitance measurement unit (MFCMU) and a SMU/CMU unify unit
(SCUU). This program uses the TTC command.

Before performing the capacitance (impedance) measurement, you need to perform
the phase compensation and data correction. See “ Data Correction” on page 3-59.

High-Speed Spot C M easurement Example

w
<

o
o

@

=
o

=

|

@

n

—~
@D
'S
=2

req

end

n

nmt

vivivivivivivivivivivivlwlv) QQDQIQQQQQQQ
33333333333333 333393333383

le As String
As String =
As String = "0O"

ef _cp As Double =
ef _g As Double = 0
sc_| evel

ange As Integer = 0
et _val

~==00== —
O
t_T
QD
%]
&
5%
c
=
(1)
1

md( nopl)
t(nopl) As String
mon(nopl) As Double
st _nmon(nopl)

As Doubl e

stime As Doubl e

B1500 As Directl O, ByVal t() As Integer) "1
n eger =0
Integer = 0

As Integer = 2

As Integer =1

As St

"Cp

"C: \ Agi | ent\data\ex13.txt"

"Measurenent Result”

"No error."

[lpg)g Cst, G (us), Gst, OSC (nmv), Gsc_st, DC (V),

As Double = 1000000 "13

As Doubl e 0.03

5

As Strlng()
As String()
As Doubl e

As String

' 28

B1500. Wi teLi ne("FMI 1")

B1500. Wi teLi ne("DV "

& t(
B1500. WiteLi ne("DV " & t(

SMJL --> drain

0) )
): SMM --> source

& ")
2) &

0
0")

1 Yy

0
", 0,

1

0
0,

0.1
0.1,

—
—_~—
N O

Line

Description

2to11

Declares variables used through the project. And sets the proper values.

13t0 26

Declares variables and sets the value.

28

Sets the data output format.

30to 31

Applies0V to the drain and source terminals.
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Dimcnu_ch As Integer = 10 "CMJ: ch10 ' 33
B1500. WiteLine("CN " & cnu_ch) "CMUH --> gate, CMJL --> substrate
B1500. WiteLine("SSP " & cnu_ch & ", 4") ’'SCUU connection to CMJ

B1500. Wi telLi ne("ACT 0, 2") "CMJ integration, auto, 2 sanples
Dimrbx As Integer ' 38
rbx = MsgBox("Do you want to perform Phase conpensation?", vbYesNo, "")

If rbx = vbYes Then
MsgBox (" Open neasurenment termnal. Then click K", vbOKOnly, "")
Consol e. WiteLine("Wait a minute . . ." & Chr(10))
B1500. Ti neout = 60000 ' B1500 timeout = 60 seconds
B1500. WiteLine("ADJ " & cnu_ch & ", 1")
B1500. WitelLine("ADJ? " & cmu_ch) : err = B1500. Read( True)
If err <> 0 Then B1500. WiteLine("ERR? 1") : err = B1500. Read(True)
B1500. WitelLine("DzZ") : GoTo Check_err

End | f

B1500. WiteLine("FC " & cnu_ch & "," & freq) " 49
B1500. WiteLine("ACV " & cnu_ch & "," & osc_|evel)

rbx = MsgBox("Do you want to perform Open correction?", vbYesNo, "") ' 52

If rbx = vbYes Then

B1500. Wi teLine("CLCORR " & cnu_ch & ", 2")
MsgBox (" Open neasurenent termnal. Then click K", vbOKOnly, "")
Consol e. WiteLine("Wait a mnute . . ." & Chr(10))
B1500. WiteLine("DCORR " & cmu_ch & ",1,100," & ref_cp &"," & ref_g)
B1500. WiteLine("CORR? " & cmu_ch & ",1") : err = B1500. Read( True)
If err <> 0 Then B1500. WitelLine("ERR? 1") : err = B1500. Read( True)

B1500. WiteLine("Dz") : GoTo Check_err

B1500. WitelLine("CORRST " & cmu_ch & ",1,1") "open correction ON
B1500. WiteLine("CORRST " & crmu_ch & ", 2,0") "short correction OFF
B1500. WitelLi ne("CORRST " & cmu_ch & ", 3,0") "l oad correction OFF
End |f 63

MsgBox (" Connect DUT. Then click OK. ", vbOKOnly, "")

Line Description

33t0 36 Defines the channel number of the MFCMU, enables the MFCMU, makes the SCUU
connection path, and sets the A/D converter of the MFCMU.

38to 47 Displays a message box that asksif you perform the phase compensation. If you click
Yes, the phase compensation will be performed. It will take about 30 seconds.

49t0 50 Sets the frequency and the oscillator level of the MFCMU output signal .

52t0 63 Displays a message box that asksif you perform the open correction. If you click Yes,
the open correction will be performed. It does not need along time. The short
correction and the load correction are not performed in this example.

65 Displays a message box that asks you to connect the device to the measurement
terminal. Then the CMUH and CMUL must be connected to the gate terminal and the
substrate terminal respectively.
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B1500. WitelLine("DCV " & cnu_ch & "," & dc_bi as)
B1500. Wit eLi ne("1 MP 100")

B1500. Wi teLine("LW 1")

B1500. WitelLine("ERR? 1") : err = B1500. Read(True)
If err <> 0 Then B1500. Wi teLine("Dz") :

B1500. Wit eLi ne("TSR")

B1500. WiteLine("TTC " & cnu_ch & "," & range)
B1500. Wit eLi ne("TSQ")

ret _val = B1500. ReadLi st AsStringArray()
tend = B1500. ReadLi st AsStringArray()
Dimdatal As String
datal tend(0)
dat al Ri ght (dat al,
datal ret _val (0)
datal Ri ght (dat a1,
dat al ret_val (1) :
datal Ri ght (dat a1,
dat al ret_val (2) :
datal Ri ght (dat a1,
dat al ret_val (3) :
dat al Ri ght (dat a1,
datal ret_val (4) :
dat al Ri ght (dat al,
data(j, i) = Chr(13)
nd(1) * 1000000.0 & "," & st(1)
data(j, i) = data(j, i) &"," & nmon(0)
"," & st_non(l) & "," & nt

12) stime =
12)
st (0)
12) :
st ( 1?

Val (dat al)

m = Val (datal)

= Left(datal, 3)

md(0) = Val (datal)
= Left(datal, 3)

12) : md(1) = Val (datal)
st_non(0) = Left(datal, 3)
12) : nmon(0) = Val (datal)
st_nmon(1l) = Left(datal, 3)
12) : rmon(1l) = Val (datal)
& Chr(10) & nd(0)

nt

B1500. Wit eLi ne("Dz")
save_data(fnane, title,
Exit Sub

val ue, data, nopl,

Check_err:

B1500. WitelLine("EM3? " & err) :
MsgBox ("I nstrument error: " & err & Chr(10) & nsg,
Exit Sub

End Sub

GoTo Check_err

= stinme -

* 1000000000000.0 & "," & st(0) & "," &
* 1000 & "," & st_non(0)

nop2, B1500,

nmsg = B1500. Read( Tr ue)

"Forces DC bi as ' 66
' Sets MFCMJ neasur enent node
" AC/ DC noni tor data out put ON

"Resets tinme stanp
" Hi gh speed spot C neasurenent
"Returns tine data

' 75

m ' Measurenent tinme

&"," &mon(l) &

' 93
t)
' 97

vbOKOnl 'y, **)

Line

Description

66to 73

Sets the measurement condition, resets the time stamp, and performs the high-speed
spot C measurement.

75t091

Stores the returned datainto theret_val string array variable. Finally, stores the
measured data into the data array.

9310 95

Applies0V from all channels. And transfers the data stored in the data variable to the
save_data subprogram (see Table 3-1). And the subprogram will save the datainto the
C:\Agilent\datalex13.txt file (CSV) and displays the data on a message box.

97 to 100

Displays a message box to show an error message if the error is detected.
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Measurement (pF), C.st, G(uS), Gst, OSC (mv), Osc_st, DC(V), Dc_st, Tine
Result Example (s)

P 4.96641, NJC, 26. 1348, NJY, 28. 7814, NJV, 4. 7239, NJV, 0. 0146
Data save conpl et ed.

Do you want to perform nmeasurenment again?

Table 3-16 Phase Compensation and Data Correction Commandsfor MFCM U
Function Command Parameters
Sets the phase compensation | ADJ slot,mode
mode, auto or manual
Performs phase ADJ? slot
compensation data
measurement

Clears the frequency list for CLCORR | slot,mode
data correction

Addsthe specified frequency | CORRL dot,freq
to the frequency list

Returns the frequency CORRL? slot[,index]
defined in the frequency list

Sets the reference value of DCORR slot,corr,mode,primary,secondary
open/short/load standard

Returns the reference value DCORR? slot,corr
of the specified standard

Performs the specified CORR? slot,corr
correction (open, short, or
load) data measurement

Sets the specified correction | CORRST slot,corr,state
ON or OFF

Returns the status ON or CORRST? | dot,corr
OFF of the specified
correction
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NOTE
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Table 3-16 lists the Agilent B1500A FLEX commands used for the phase
compensation and the open/short/load correction. Before performing the
capacitance (impedance) measurement, perform the phase compensation to adjust
the phase zero, and perform the corrections you desire.

Before executing CORR? command

* Execute DCORR command to set the calibration value or reference value of the
open/short/load standard.

e Execute CLCORRL and CORRL commands to define the MFCMU output
frequency for the data correction.

» Execute ACV command to set the AC signal level.

These setups must be done before executing the CORR? command.

e Phase Compensation

1. Open the measurement terminals at the end of the device side.
2. Execute ADJ command to set the compensation mode to manual.

3. Execute ADJ? command to perform phase compensation data measurement.
This operation will take about 30 seconds.

» Open Correction

1. Connect the open standard. Or open the measurement terminals at the end of
the device side.

2. Execute CORR? command to perform open correction data measurement.
3. Execute CORRST command to set the open correction ON.

» Short Correction

1. Connect the short standard. Or connect the measurement terminal s together
at the end of the device side.

2. Execute CORR? command to perform short correction data measurement.
3. Execute CORRST command to set the short correction ON.
* Load Correction
1. Connect the load standard.
2. Execute CORR? command to perform load correction data measurement.

3. Execute CORRST command to set the load correction ON.
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Spot C Measurements

To perform capacitance spot measurements, use the following commands.

Function Command Parameters
Enables channels CN [chnum ... [,chnum] ... ]
Disables channels CL [chnum ... [,chnum] ... ]
Sets SMU filter ON/OFF [FL] mode[,chnum... [,chnum] ... ]
Sets SMU seriesresistor ON/OFF [SSR] chnum,mode
Disables SCUU status indicator [SSL] chnum,mode
Controls SCUU input-output path [SSP] chnum,path
Sets MFCMU A/D converter [ACT] mode[,N]
Sets MFCMU measurement mode [IMP] mode
Sets AC/DC voltage monitor ON/OFF | [LMN] mode
Sets MFCMU output freguency FC chnum,freq
Forces AC voltage by usng MFCMU | ACV chnum,ac level
Forces DC voltage by usng MFCMU | DCV chnum,voltage
Forces DC voltage by using SMU [DV] chnum,range,output
Forces DC current by using SMU [DI] Licomp] polarity],crange]l}
Sets MFCMU measurement range [RC] chnum,mode],range]
Sets measurement mode MM 17,chnum
Executes measurement XE
Measurement (pF), C.st, G(uS), Gst, OSC (mv), Osc_st, DC(V), Dc_st, Tine

Result Example (s)

P 4.96981, NJC, 26. 1577, NJY, 28. 7737, NJV, 4. 72556, NJV, 0. 0259
Dat a save conpl et ed.
Do you want to perform nmeasurenment again?
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Table 3-17 explains example subprogram that performs capacitance spot
measurement. This example measures MOSFET gate-substrate capacitance by using
the multi frequency capacitance measurement unit (MFCMU) and a SMU/CMU
unify unit (SCUU).

Before performing the capacitance (impedance) measurement, you need to perform
the phase compensation and data correction. See “ Data Correction” on page 3-59.

Table 3-17 Spot C Measurement Example
Sub perfor _meas(ByVaI B1500 As Directl O, ByVal t() As Integer) "1
i As Integer =0
j As Integer = 0
nopl As Integer = 2
nop2 As Integer =1
dat a(nop2, nopl) As String
value As String = "Cp (pF), C.st, G (uS), Gst, OSC (nV), Osc_st, DC (V),

"C: \ Agi | ent\data\ex14.txt"
le As String "Measurenment Result"

As String = "No error."

As String = "0O"

req As Double = 1000000 '13
ef _cp As Double =
ef _g As Double = 0
sc_l evel As Double 0.03

5

©
C_T
@
%)
&
g
c
=2
(]
1

ange As Integer = 0
et _val As Strlng()
md(nopl) As Doubl e
st(nopl) As String
mon(nopl) As Doubl e

st_non(nopl) As String
i mnt As Doubl e

33333333333 3333%333333
-‘-to_o-t-‘—h 2

[viviviviviviviviviviviv) QQQQIQQQQQQQ

B1500. Wi t eLi ne(" FMI 1") ' 26
B1500. Wi teLi ne("TSC 1") "enabl es tinme stanp out put
B1500. Wi telLine("DV " & t(0) & ",0,0,0.1,0") "t(0): SMJL --> drain
B1500. WitelLine("DV " &t(2) &",0,0,0.1,0") "t(2): SMJM --> source
Line Description

2to 11 Declares variables used through the project. And sets the proper values.

13to24 Declares variables and sets the value.

26to 27 Sets the data output format. And enables the time stamp output.

28t029 Applies0V to the drain and source terminals.
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Dimcnu_ch As Integer = 10 "CMJ: ch10 ' 31
B1500. WiteLine("CN " & cnu_ch) "CMUH --> gate, CMJL --> substrate
B1500. WiteLine("SSP " & cnu_ch & ", 4") ’'SCUU connection to CMJ

B1500. Wi telLi ne("ACT 0, 2") "CMJ integration, auto, 2 sanples
Dimrbx As Integer ' 36
rbx = MsgBox("Do you want to perform Phase conpensation?", vbYesNo, "")

If rbx = vbYes Then
MsgBox (" Open neasurenment termnal. Then click K", vbOKOnly, "")
Consol e. WiteLine("Wait a minute . . ." & Chr(10))
B1500. Ti neout = 60000 ' B1500 timeout = 60 seconds
B1500. WiteLine("ADJ " & cnu_ch & ", 1")
B1500. WitelLine("ADJ? " & cmu_ch) : err = B1500. Read( True)
If err <> 0 Then B1500. WiteLine("ERR? 1") : err = B1500. Read(True)
B1500. WitelLine("DzZ") : GoTo Check_err

End | f

B1500. WiteLine("FC " & cnu_ch & "," & freq) 47
B1500. WiteLine("ACV " & cnu_ch & "," & osc_|evel)

rbx = MsgBox("Do you want to perform Open correction?", vbYesNo, "") ' 50

If rbx = vbYes Then

B1500. Wi teLine("CLCORR " & cnu_ch & ", 2")
MsgBox (" Open neasurenent termnal. Then click K", vbOKOnly, "")
Consol e. WiteLine("Wait a mnute . . ." & Chr(10))
B1500. WiteLine("DCORR " & cmu_ch & ",1,100," & ref_cp &"," & ref_g)
B1500. WiteLine("CORR? " & cmu_ch & ",1") : err = B1500. Read( True)
If err <> 0 Then B1500. WitelLine("ERR? 1") : err = B1500. Read( True)

B1500. WiteLine("Dz") : GoTo Check_err

B1500. WitelLine("CORRST " & cmu_ch & ",1,1") "open correction ON
B1500. WiteLine("CORRST " & crmu_ch & ", 2,0") "short correction OFF
B1500. WitelLi ne("CORRST " & cmu_ch & ", 3,0") "l oad correction OFF
End |f '61

MsgBox (" Connect DUT. Then click OK. ", vbOKOnly, "")

Line Description

3lto 34 Defines the channel number of the MFCMU, enables the MFCMU, makes the SCUU
connection path, and sets the A/D converter of the MFCMU.

36to 45 Displays a message box that asksif you perform the phase compensation. If you click
Yes, the phase compensation will be performed. It will take about 30 seconds.

47t0 48 Sets the frequency and the oscillator level of the MFCMU output signal .

50to 61 Displays a message box that asksif you perform the open correction. If you click Yes,
the open correction will be performed. It does not need along time. The short
correction and the load correction are not performed in this example.

63 Displays a message box that asks you to connect the device to the measurement
terminal. Then the CMUH and CMUL must be connected to the gate terminal and the
substrate terminal respectively.
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B1500. WiteLine("DCV " & cnu_ch & "," & dc_bi as) " Forces DC bias ' 64
B1500. WitelLi ne("MM 17," & cmu_ch) ' Sets measur enent node

B1500. Wi telLi ne("I MP 100") ' Sets MFCMU neasur enment node
B1500. Wi teLi ne("LWN 1") " AC/ DC nonitor data output ON
B1500. WiteLine("RC " & cmu_ch & "," & range) ' Sets measurenent range

B1500. WitelLine("ERR? 1") : err = B1500. Read(True)

If err <> 0 Then B1500. WitelLine("Dz") : GoTo Check_err

B1500. Wit eLi ne(" TSR") "Resets tinme stanp

B1500. Wi t eLi ne(" XE") "Perforns spot C nmeasurenent
B1500. WitelLi ne("*OPC?") : err = B1500. Read(True)

B1500. WitelLine("ERR? 1") : err = B1500. Read(True)

If err <> 0 Then B1500. WitelLine("DzZ") : GoTo Check_err

ret _val = B1500. ReadLi st AsStringArray() 77
Dimdatal As String
datal = ret_val (0)

datal = Right(datal, 12) : mt = Val (datal)

datal = ret_val (1) : st(0) = Left(datal, 3)

datal = Right(datal, 12) : nd(0) = Val (datal)

datal = ret_val (2) : st(1l) = Left(datal, 3)

datal = Right(datal, 12) : nd(1l) = Val (datal)

datal = ret_val (3) : st_non(0) = Left(datal, 3)

datal = Right(datal, 12) : non(0) = Val (datal)

datal = ret_val (4) : st_non(l) = Left(datal, 3)

datal = Right(datal, 12) : non(1) = Val (datal)

data(j, i) = Chr(13) & Chr(10) & nd(0) * 1000000000000.0 & "," & st(0)

data(j, i) = data(j, i) &"," & nmd(1l) * 1000000.0 & "," & st(1)

data(j, i) = data(j, i) &"," & mon(0) * 1000 & "," & st_non(0)

data(j, i) = data(j, i) &"," &npmon(1l) &"," & st_rmon(1l) &"," &nt

B1500. Wi t eLi ne("DZ") ' 94
save_data(fnanme, title, value, data, nopl, nop2, B1500, t)

Exit Sub

Check_err: ' 98

B1500. WiteLine("EM3? " & err) : nmsg = B1500. Read( True)
MsgBox("Instrument error: " & err & Chr(10) & nsg, vbCKOnly, "")
Exit Sub

End Sub

Line Description

64t0 75 Sets the measurement condition, resets the time stamp, and performs the measurement.
And checksif an error occurred. If an error is detected, forces 0 V and goesto Check_err.

77t092 Storesthe returned datainto theret_val string array variable. Finally, storesthe measured
datainto the data array.

94t0 96 Applies0V from al channels. And transfers the data stored in the data variable to the
save_data subprogram (see Table 3-1). And the subprogram will save the datainto the
C:\Agilent\data\ex14.txt file (CSV) and displays the data on a message box.

98t0 101 Displays a message box to show an error message if the error is detected.
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CV Sweep M easurements

To perform capacitance-voltage (CV) sweep measurements, use the following
commands.

Function Command Parameters
Enables channels CN [chnum ... [,chnum] ... ]
Disables channels CL [chnum ... [,chnum] ... ]
Sets SMU filter ON/OFF [FL] mode[,chnum ... [,chnum] ... ]
Sets SMU series resistor ON/OFF [SSR] chnum,mode
Disables SCUU status indicator [SSL] chnum,mode
Controls SCUU input-output path [SSP| chnum,path
Sets MFCMU A/D converter [ACT] mode[,N]
Sets MFCMU measurement mode [IMP] mode
Sets AC/DC voltage monitor [LMN] mode
ON/OFF
Sets MFCMU output frequency FC chnum,freq
Forces AC voltage by using MFCMU | ACV chnum,level
Sets CV sweep timing parameter WTDCV hold,delay

[,sdelay[,tdelay[,mdelay]]]

Sets auto abort function [WMDCV] | abort[,post]
Sets voltage sweep source wDCV chnum,mode,start,stop,step
Forces constant voltage [DV] chnum,range,output
Forces constant current [DI] L cormpf polarity crangel]}
Sets MFCMU measurement range [RC] chnum,mode],range]
Sets measurement mode MM 18,chnum
Executes measurement XE
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Table 3-18 explains exampl e subprogram that performs capacitance-voltage (CV)
sweep measurement. This example measures MOSFET gate-substrate capacitance
by using the multi frequency capacitance measurement unit (MFCMU) and a
SMU/CMU unify unit (SCUU).

Before performing the capacitance (impedance) measurement, you need to perform
the phase compensation and data correction. See “ Data Correction” on page 3-59.

del ay As Doubl e
nge As Integer = O

p As Integer = nopl
(nopl) As Doubl e
md(nopl * 2) As Doubl e

) As String
mon(nopl * 2) As Double
st_mon(nopl * 2) As String
m t n(nopl) As Doubl e
Dimret_val As String()

omml

2]
—
A
jn}
@]
e
ey
*
N

Table 3-18 CV Sweep Measurement Example
Sub performneas(ByVal B1500 As Directl O, ByVal t() As Integer) "1
Dimi As Integer =
Dimj As Integer =0
Di m nopl As Integer = 21
Dimnop2 As Integer =1
Di m dat a( nop2, nopl) As String
Dimvalue As String = "Vg (V), C (pF), Cst, G (uS), Gst, OSC (nVv), GCsc_st, DC
(V), Dc_st, Tinme (s)"
Dimfname As String = "C \Agil ent\data\ex15.txt"
Dimtitle As String = "CV Sweep Measurenent Result"
Dimnsg As String = "No error."
Dimerr As String = "0"
Dimfreq As Double = 1000000 "12
Dimref_cp As Double = 0
Dimref_g As Double = 0
Di m osc_| evel As Doubl e 0.03
Dimvgl As Double = -5
Dimvg2 As Double =5
Dim hold As Double = 0
Di m del ay As Doubl e
Dims
Dimr
Dimr
Dims
Di m
Di m
Di m no
Di m
Di

B1500. Wi teLi ne("FMI 1,1") 31
B1500. Wi telLi ne("TSC 1") "enables time stanp out put
B1500. Wi telLine("DV " & t(0) & ",0,0,0.1,0") "t(0): SMJL --> drain
B1500. WitelLine("DV " &t(2) &",0,0,0.1,0") "t(2): SMUM --> source
Line Description

2to 11 Declares variables used through the project. And sets the proper values.

12t029 Declares variables and sets the value.

31to 32 Sets the data output format (data with source data). And enables the time stamp output.

33to 34 Applies0 V to the drain and source terminals.
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Dimcnu_ch As Integer = 10 "CMJ: ch10 ' 36
B1500. WiteLine("CN " & cnu_ch) "CMUH --> gate, CMJL --> substrate
B1500. WiteLine("SSP " & cnu_ch & ", 4") ’'SCUU connection to CMJ

B1500. Wi telLi ne("ACT 0, 2") "CMJ integration, auto, 2 sanples
Dimrbx As Integer 41
rbx = MsgBox("Do you want to perform Phase conpensation?", vbYesNo, "")

If rbx = vbYes Then
MsgBox (" Open neasurenment termnal. Then click K", vbOKOnly, "")
Consol e. WiteLine("Wait a minute . . ." & Chr(10))
B1500. Ti neout = 60000 ' B1500 timeout = 60 seconds
B1500. WiteLine("ADJ " & cnu_ch & ", 1")
B1500. WitelLine("ADJ? " & cmu_ch) : err = B1500. Read( True)
If err <> 0 Then B1500. WiteLine("ERR? 1") : err = B1500. Read(True)
B1500. WitelLine("DzZ") : GoTo Check_err

End | f

B1500. WiteLine("FC " & cnu_ch & "," & freq) 52
B1500. WiteLine("ACV " & cnu_ch & "," & osc_|evel)

rbx = MsgBox("Do you want to perform Open correction?", vbYesNo, "") ' 55

If rbx = vbYes Then

B1500. Wi teLine("CLCORR " & cnu_ch & ", 2")
MsgBox (" Open neasurenent termnal. Then click K", vbOKOnly, "")
Consol e. WiteLine("Wait a mnute . . ." & Chr(10))
B1500. WiteLine("DCORR " & cmu_ch & ",1,100," & ref_cp &"," & ref_g)
B1500. WiteLine("CORR? " & cmu_ch & ",1") : err = B1500. Read( True)
If err <> 0 Then B1500. WitelLine("ERR? 1") : err = B1500. Read( True)

B1500. WiteLine("Dz") : GoTo Check_err

B1500. WitelLine("CORRST " & cmu_ch & ",1,1") "open correction ON
B1500. WiteLine("CORRST " & crmu_ch & ", 2,0") "short correction OFF
B1500. WitelLi ne("CORRST " & cmu_ch & ", 3,0") "l oad correction OFF
End |f ' 66

MsgBox (" Connect DUT. Then click OK. ", vbOKOnly, "")

Line Description

36to 39 Defines the channel number of the MFCMU, enables the MFCMU, makes the SCUU
connection path, and sets the A/D converter of the MFCMU.

41to50 Displays a message box that asksif you perform the phase compensation. If you click
Yes, the phase compensation will be performed. It will take about 30 seconds.

52t053 Sets the frequency and the oscillator level of the MFCMU output signal .

55t0 66 Displays a message box that asksif you perform the open correction. If you click Yes,
the open correction will be performed. It does not need along time. The short
correction and the load correction are not performed in this example.

68 Displays a message box that asks you to connect the device to the measurement
terminal. Then the CMUH and CMUL must be connected to the gate terminal and the
substrate terminal respectively.
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B1500. Wi t eLi ne("WDCV 2, 1") ' 69
B1500. WitelLine("WIDCV " & hold & "," & delay & "," & s_del ay)

B1500. WiteLine("WDCV " & cnu_ch & ",1," &vgl &"," &vg2 & "," & nopl)

B1500. WitelLine("MV 18," & cru_ch) ' Sets nmeasurenment node '72
B1500. Wi telLi ne("I MP 100") ' Sets MFCMU neasur enment node
B1500. Wi teLi ne("LWN 1") " AC/ DC nonitor data output ON
B1500. WiteLine("RC " & cmu_ch & "," & range) ' Sets measurenent range

B1500. WiteLi ne("ERR? 1") : err = B1500. Read(True)
If err <> 0 Then B1500. WiteLine("DZ") : GoTo Check_err

B1500. Wi telLi ne("TSR") "Resets tinme stanp
B1500. Wi t eLi ne(" XE") "Perforns CV Sweep neasurenent
B1500. WitelLi ne("*OPC?") : rep = B1500. Read( True) ' 80

B1500. WitelLine("ERR? 1") : err = B1500. Read(True)

If err <> 0 Then B1500. WitelLine("DZ") : GoTo Check_err

B1500. WiteLi ne("NUB?") : rep = B1500. Read( True)

If rep <> nopl * 6 Then B1500. WitelLine("Dz") : GoTo Check_nop

ret _val = B1500. ReadLi st AsStringArray() ' 86
Dimdatal As String
For i = 0 To nopl - 1
datal = ret_val (i * 6) : datal = Right(datal, 12) : tm(i) = Val (datal)
datal = ret_val(i * 6 + 1) : st(i * 2) = Left(datal, 3)
datal = Right(datal, 12) : md(i * 2) = Val (datal)
datal = ret_val(i * 6 +2) : st(i * 2 + 1) = Left(datal, 3)
datal = Right(datal, 12) : nd(i * 2 + 1) = Val (datal)
datal = ret_val (i * 6 + 3) : st_nmon(i * 2) = Left(datal, 3)
datal = Right(datal, 12) : non(i * 2) = Val (datal)
datal = ret_val(i * 6 + 4) : st_mon(i * 2 + 1) = Left(datal, 3)
datal = Right(datal, 12) : nmon(i * 2 + 1) = Val (datal)
datal = ret_val (i * 6 + 5) : datal = R ght(datal, 12) : sc(i) = Val (datal)
data(j, i) = Chr(13) & Chr(10) & sc(i) & "," & nmd(i * 2) * 1000000000000. 0
data(), i) = data(j, i) &"," &st(i * 2)
data(}j, i) = data(j, i) &"," &md(i * 2 + 1) * 1000000.0 & "," & st(i * 2 + 1)
data(j, i) = data(j, i) &"," &nmon(i * 2) * 1000 & "," & st_non(i * 2)
data(j, i) = data(j, i) &"," &mon(i * 2 + 1) &"," &st_mon(i * 2 + 1)
data(j, i) = data(j, i) &"," &tm(i)
Next i ' 105
Line Description
69 Sets the automatic abort function to ON, and sets the post measurement output value to vgl.

70 Setsthe CV sweep timing parameters.

71 Setsthe CV sweep DC bias output.

72t079 | Setsthe measurement condition, resets the time stamp, and performs the measurement.

80to 84 | Waitsuntil the measurement is completed. After that, if an error is detected, forcesO V and
goesto Check_err. Also if the number of returned dataiis not correct, forces 0V and goesto
Check_nop.

8610105 | Storesthereturned datainto theret_val string array variable. Finally, stores the measured
datainto the data array.
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B1500. Wi t eLi ne(" DzZ") ' 107
save_data(fnanme, title, value, data, nopl, nop2, B1500, t)

Exit Sub
Check_err: '111

B1500. WiteLine("EMZ? " & err) : msg = B1500. Read(True)
MsgBox("Instrunent error: " & err & Chr(10) & nsg, vbOKOnly, "")
Exit Sub

Check_nop: '116
MsgBox("No. of data: " &rep &" (not " & nopl * 6 & ")", vbOKOnly, "")
End Sub

Line Description

107t0 109 | Applies0V from al channels. And transfers the data stored in the data variable to the
save data subprogram (see Table 3-1). And the subprogram will save the datainto the
C:\Agilent\data\ex15.txt file (CSV) and displays the data on a message box.

111to 114 | Displays a message box to show an error message if the error is detected.

116to 117 | Displays a message box to show an error message if the number of returned datais not

correct.
Measurement Vg (V), Cp (pF), Cst, G (uS), Gst, OSC (mV), Osc_st, DC (V),
Result Example De_st, Tine (s)

-5,4.96677, NJC, 26. 155, NJY, 28. 7732, NIV, - 4. 72468, NJV, 0. 0547
.5,4.66524, NJC, 26. 3993, NJY, 28. 6384, NJV, - 4. 2384, NJV, 0. 0884
4.2986, NJC, 26. 2738, NJY, 28. 4891, NJV, - 3. 75442, NJV, 0. 1228
. 5, 3.88182, NJC, 25. 5785, NJY, 28. 3222, NJV, - 3. 27358, NJV, 0. 1535
, 3.43272,NJC, 24. 1992, NJY, 28. 1426, NJV, - 2. 79417, NJV, 0. 1878
.5, 2.99286, NJC, 21. 9946, NJY, 27. 9503, NJV, - 2. 31792, NJV, 0. 2294
2.57856, NJC, 18. 7458, NJY, 27. 7505, NJV, - 1. 84498, NJV, 0. 2709
5,2.20793, NJC, 14. 2867, NJY, 27. 5502, NJV, - 1. 37609, NJV, 0. 3125
1
5

, 1.92563, NJC, 7. 57546, NJY, 27. 3772, NJV, - 0. 91155, NJV, 0. 3541
.5,1.79915, NJC, - 1. 83967, NJY, 27. 494, NJV, - 0. 45241, NJV, 0. 3957
, 1. 77613, NJC, - 2. 50329, NJY, 27. 4588, NJV, 0. 0041, NJV, 0. 4375

, 1.78246, NJC, - 2. 73976, NJY, 27. 488, NJV, 0. 46025, NJV, 0. 4789

7831, NJC, - 2. 66401, NJY, 27. 6511, NJV, 0. 92066, NJV, 0. 5205

0

0.5

1,1

1.5,1.78149, NJC, - 2. 52984, NJY, 27. 8257, NJV, 1. 38437, NJV, 0. 5621
2,1.77384,NJC, -2. 39091, NJY, 27. 9928, NJV, 1. 85152, NJV, 0. 6037
2.5,1.77054, NJC, -2. 22722, NJY, 28. 1473, NJV, 2. 32111, NJV, 0. 6453
3,1
3.5
4,1
4.5
5

. 76359, NJC, - 2. 03388, NJY, 28. 283, NIV, 2. 79339, NJV, 0. 6867

, 1. 75959, NJC, - 1. 58516, NJY, 28. 3958, NJV, 3. 26736, NJV, 0. 7281
,1.75883, NJC, - 0. 542666, NJY, 28. 481, NJV, 3. 74189, NJV, 0. 7697
.5,1.73431, NJC, 1. 73765, NJY, 28. 5416, NJV, 4. 2182, NJV, 0. 8113

, 1.60909, NJC, 6. 23405, NJY, 28. 5737, NJV, 4. 69593, NJV, 0. 8529

Data save conpl et ed.

Do you want to perform nmeasurenment again?
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Using Program Memory

The program memory can store approximately 2,000 programs or 40,000
commands. Storing programs and executing them will improve the program
execution speed. The following commands are avail able to use program memory.

Command

Function and Syntax

ST and END

Stores the program in the memory.

ST pnum; command[ ... [;command] ..]; END
or

ST pnum

[ command]

[ command]
END

[SCR]

Scratches the program.
SCR [ pnum]

[LST?]

Gets a catalog of program numbers or a specific program listing
(up to 3000 commands).

LST? [ pnum[, indeq , size] ] ]

DO

Executes specified programs.
DO pnum[ , pnum...[, pnum] ... ]

RU

Executes programs sequentially.
RU start, stop

[PA]

Pauses command execution or internal memory program
execution.

PA [ wait]

[VAR]

Defines an internal memory variable, and sets the value.
VAR Type, N, Value

[VAR?]

Reads the value of the internal memory variable.
VAR? Type, N
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Table 3-19 and Table 3-20 show the example program that uses theinternal program
memory, and does the following:

» stores a high-speed spot measurement program in the memory 1, and displaysit.
» stores a pulsed spot measurement program in the memory 2, and displaysit.

» executesthe internal memory program 1 and 2.

» displays the measurement results on the console window.

The example program shown in Table 3-20 uses the internal variables available for
the internal program memory. The program code is given as the replaceable code of
thelines 13 to 39 shown in Table 3-19. To run the program, delete the lines 13 to 39
from the program of Table 3-19, and insert the program lines 1 to 37 of Table 3-20.
Also insert Table 3-20's lines 39 to 49 between Table 3-19's lines 53 and 54. The
code shown in Table 3-20 cannot run by itself.

Running example programs in this section

To run the programs, the project template (Table 3-1) is not needed. To run the
program of Table 3-20, see the above paragraph.

Tipsto use program memory

1. Completes program:

Before storing the program in the program memory, verify that the programis
complete and free of errors. Command parameter check will be performed when
the program is executed.

If the program being stored makes changes to the present measurement setup,
verify that these changes are correct and compatible with the present setup.

2. For theinvalid commandsin the internal memory program, refer to Table 2-1 on
page 2-32.
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Program Memory Programming Example 1

Programming Examples
Using Program Memory

I mports Agil ent. TMFr amewor k "1
I mports Agil ent. TMFr anewor k. Dat aAnal ysi s
I mports Agil ent. TMFr amewor k. Dat aVi sual i zati on
I mports Agil ent. TMFranewor k. | nstrunent | O
Modul e Modul el
Sub Mai n()
Di m B1500 As New Direct!| Q("GPI BO::17::1NSTR") '8
B1500. Wit eLi ne("*RST")
Dmfnt As Integer = 1 : B1500. WiteLine("FM™ & fnt)
Dmt() As Integer = {1, 2, 4, 6} ’'SMJL, SMJ2, SMM, SMJ6 11
Dimv0 As Double = 0 : Dimvd As Double = 1 : Dimidconp As Double = 0.1
Dimvg As Double = 0.8 : Dimigconmp As Double = 0.05
Dimorng As Integer = 0 : Dimnrng As Integer = 0 : Dimhold As Double = 0.1
Dimw dth As Double = 0.01 : Dim period As Double = 0.02
Dimnmem As Integer =1 '18
B1500. Wi teLi ne("ST" & Mem)
B1500. WiteLine("DV' & t(3) & ",0,0,0.1")
B1500. WiteLine("DV' & t(2) & ",0,0,0.1"
B1500. WiteLine("DV' & t(1) & "," &orng &"," &vg &"," & igconp)
B1500. WiteLine("DVv" & t(0) &"," &orng &"," &vd & "," & i dconp)
B1500. WiteLine("TI" & t(0) & "," & nrng)
B1500. Wit eLi ne("END")
di spl ay_nmem( B1500, nem
mem= 2 ' 28
B1500. Wi telLi ne("ST" & Mem)
B1500. WiteLine("PT" & hold & "," & width & "," & period)
B1500. WitelLine("DV' & t(3) & ",0,0,0.1")
B1500. WiteLine("DV' & t(2) & ",0,0,0.1")
B1500. WiteLine("PV' & t(1) &"," &orng &"," &Vv0 &"," &vg & "," & igconp)
B1500. WiteLine("DV' & t(0) &"," &orng & "," &vd & "," & idconp)
B1500. Wi teLine("MvB," & t(0))
B1500. WiteLine("RI" & t(0) & "," & nrng)
B1500. Wi t eLi ne(" XE")
B1500. Wit eLi ne(" END")
di spl ay_men( B1500, nem) ' 39
Line Description
lto4 These lines are necessary for the Agilent instrument control programming.
8to11 Establishes the connection with the Agilent B1500, resets the B1500, and sets the data
output format. Also declares the SMUs used for measurement.
13to 16 Declares variables used to set measurement conditions and sets the value.
18t0 26 Stores program in the internal memory 1, and displays it on the console window.
28t0 39 Stores program in the internal memory 2, and displays it on the consol e window.
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DmtermAs String =t(0) &"," &t(1) &"," &t(2) &"," &t(3) " 41
B1500. WiteLine("CN' & term

Dimi As Integer : Dmret As Integer : Dimnmsg As String

Dimvalue As String : Dimstatus As String : Dimnmeas As Doubl e

For i =1 To 2

B1500. WiteLine("DO'" & i)
B1500. WiteLine("*OPC?") : ret = B1500. Read(True)
B1500. WitelLine("ERR? 1") : ret = B1500. Read( True)

If ret <> 0 Then B1500. WitelLine("DZ") : GoTo Check_err
val ue = B1500. Read(True) : status = Left(value, 3)
val ue = Right(value, 12) : neas = Val (val ue)
Consol e. WiteLine("Menory " &i &": Id =" &nmeas &" (A), Status =" &
status & Chr(10))
Next
B1500. Wi t eLi ne("DZ") ' 54

B1500. Wit eLi ne(" CL")
B1500. Cl ose()

Exit Sub
Check_err: ' 59
B1500. WiteLine("EM3? " & ret) : nmsg = B1500. Read(True)
MsgBox( "I nstrument error: " &ret & Chr(10) & msg, vbOKOnly, "")
Exit Sub
End Sub
Sub di spl ay_nem(ByVal B1500 As Directl O, ByVal nem As |nteger) ' 65
B1500. Wi t eLi ne("LST?" & nem
Dimprog list As String = B1500. Read( Tr ue)
Consol e. WitelLine("Menory " & nemé& ":"
Consol e. WitelLine(prog_list & Chr(10))
End Sub
End Modul e
Line Description
41to53 Enables SMUs and performs the measurement. After that, checksif an error occurred.
If an error is detected, forces 0 V and goes to Check_err. Also reads the measured data
and displays it on the console window.
54t0 57 Applies0V from al channels, disables SMUs, and closes the connection with the
Agilent B1500.
59to0 63 Displays a message box to show an error message if the error is detected.
65t0 70 Reads the program lists stored in the internal program memory, and displaysit on the
console window.
Measurement Menory 1: Id = 0.021945 (A), Status = NAl
Result Example 0 5. 14 = 0.022095 (A), Status = NA

Press any key to continue
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Table 3-20 Program Memory Programming Example 2
B1500. Wi telLine("VARD,0," & t(0)) ’ % 0=t (0) 1
B1500. WitelLine("VARO, 1," & t(1)) ’ 9% 1=t (1)
B1500. Wi telLine("VARD, 2," & t(2)) % 2=t(2)
B1500. Wi telLine("VARD, 3," & t(3)) ’ % 3=t(3)
B1500. Wi t eLi ne(" VARO, 4, 0") ’ 98 4=nt ng=0
B1500. Wi t eLi ne(" VARO, 5, 0") ’ 98 5=or ng=0
B1500. Wit eLi ne("VARL, 0, 1") " YR0=vd=1
B1500. Wit eLi ne(" VARL, 1, 0. 8") ' YR1=vg=0. 8
B1500. Wit eLi ne("VARL, 2, 0. 1") T YR2=i dconrp:
B1500. Wit eLi ne(" VARL, 3, 0. 05") ' ¥R3=i gconp=0
B1500. Wit eLi ne(" VARL, 4, 0") " YR4=v0=0
B1500. Wit eLi ne("VARL, 5,0.1") " 9R5=hol d=0. 1
B1500. Wit eLi ne(" VARL, 6, 0. 01") ' YR6=wi dt h=0. 01
B1500. Wit eLi ne(" VARL, 7, 0. 02") " YR7=per i 0d=0. 02
Dimmem As Integer =1 "16
B1500. Wi telLi ne("ST" & nem)
B1500. Wi telLine("DV %3,0,0,0.1")
B1500. Wi telLine("DV %2,0,0,0.1")
B1500. WitelLine("DV % 1, % 5, 9&R1, ¥R3"
B1500. Wi telLine("DV % 0, % 5, %R0, %R2")
B1500. WitelLine("Tl %0, 9% 4")
B1500. Wi t eLi ne(" END")
di spl ay_nmem( B1500, nem
mem= 2 ' 26
B1500. Wi telLine("ST" & nmem
B1500. Wi t eLi ne("PT 9%R5, %6, ¥R7")
B1500. Wi telLine("DV % 3,0,0,0.1")
B1500. Wi telLine("DV %2,0,0,0.1")
B1500. Wi telLine("PV % 1, % 5, %4, WR1, ¥R3")
B1500. Wi telLine("DV %0, % 5, %R0, %R2")
B1500. Wit eLi ne(" MvB, % 0")
B1500. WitelLine("Rl %0, 9% 4")
B1500. Wi t eLi ne(" XE")
B1500. Wi t eLi ne(" END")
di spl ay_men( B1500, nem) ' 37
Line Description
1lto14 Declares variables used to set measurement conditions and sets the value. To run the
program, replace the code with the lines 13 to 16 of the program shown in Table 3-19.
16to 24 Stores program in the internal memory 1, and displaysit on the console window. To run
the program, replace the code with the lines 18 to 26 of the program shown in Table
3-19.
26t0 37 Stores program in the internal memory 2, and displaysit on the console window. To run

3-19.

the program, replace the code with the lines 28 to 39 of the program shown in Table
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'changes vd and vg and performs measur enent again ' 39
B1500. Wi t eLi ne(" VARL, 0, 3") ' 9R0=vd=3
For i =1 To 2

B1500. WiteLine("DO" & i)
B1500. WiteLine("*0OPC?") : ret = B1500. Read(True)
B1500. WitelLine("ERR? 1") : ret = B1500. Read( True)

If ret <> 0 Then B1500. WiteLine("DzZ") : GoTo Check_err

val ue = B1500. Read(True) : status = Left(value, 3)
val ue = Right(value, 12) : neas = Val (val ue)
Consol e. WiteLine("Menory " &i &": Id =" &nmeas &" (A), Status =" &
status & Chr(10))
Next " 49
Line Description
39t049 Changes the value of the internal variable %R0, and performs measurement again. Can
be inserted between line 53 and line 54 of the program shown in Table 3-19.

Measurement Memory 1: Id = 0.021955 (A), Status = NAI
Result Example . 0 5. 14 = 0.021975 (A), Status = NA
Mermory 1: 1d = 0.023085 (A), Status = NAl

Memory 2: |d = 0.023335 (A), Status = NAl

Press any key to continue
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Using Trigger Function

The Agilent B1500 can be equipped with eight trigger ports that will be used for
different purpose individually. The Agilent B1500 can synchronize the operation
with other equipment by using the trigger function. For details about the trigger
input/output operation, see “Trigger Function” on page 2-36. The following
commands are available for the trigger function.

Command

Function and Syntax

TGP

Setsthe trigger port for the specified terminal.
TGP port, terminal, polarity[ , type]

TGPC

Clearsthe trigger setting of the specified ports.
TGPC [port ... [,port] ... ]

TGSI

Selects the sweep step first or last that ignores the Start Step
Output Setup trigger input set by the TGP port, 1, polarity, 2
command.

TGSl mode

TGSO

Selects the trigger type, edge or gate, for the Step Output Setup
Completion trigger output set by the TGP port, 2, polarity, 2
command.

TGSO mode

TGXO

Selects the trigger type, edge or gate, for the M easurement
Completion trigger output set by the TGP port, 2, polarity, 1
command.

TGXO mode

TGMO

Selects the trigger type, edge or gate, for the Step Measurement
Completion trigger output set by the TGP port, 2, polarity, 3
command.

TGVD mode

T™M3

Enables the trigger set by the TGP port, terminal, polarity, 1
command.
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The following commands are also available to send atrigger or wait for an external
trigger input. Refer to “Using Trigger Function” on page 2-41.

Command Function and Syntax

0s Causes the Agilent B1500 to send atrigger signal from the Ext
Trig Out terminal.
os

0OSsX @ Causes the Agilent B1500 to send atrigger signal from the
specified port.
OSX port[ , level]

WS Enters await state until the Agilent B1500 receives an external
trigger viathe Ext Trig In terminal.
W5 [ mode]

WSX @ Enters await state until the Agilent B1500 receives an external
trigger viathe specified port.

WEX port[ , mode]

PA Pauses command execution or internal memory program
execution until the specified wait time has elapsed, or until a
trigger is received from the Ext Trig In terminal if the TM3
command has been entered.

PA [ wait]

pAX 2 Pauses command execution or internal memory program
execution until the specified wait time has elapsed, or until a
trigger is received from the specified port if the TM3 command
has been entered.

PAX port[ , wait]

TGP Setstrigger port to the specified terminal.
TGP port, terminal, polarity[ , type]

™3 Usesan external trigger to release the PA/PAX command state or
to start measurement when the B1500 is not in the PA/PAX/
WS/WSX command state.

a. Enter the TGP command to set the trigger port.
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Programming examples using the trigger function are explained below. The
exampl es use a couple within the available couples of the Agilent B1500A and the
Agilent E5260/E5270 series. In this section, they are assigned as Unitl (address
717) and Unit2 (address 722).

NOTE

To run the programs shown in this section, you do not need the example code shown
in Table 3-1 (template of aproject).

Table 3-21

The following program performs a MOSFET drain current measurement. Unit2
applies voltage to the source and substrate terminals. Unitl applies voltage to the
gate and drain terminals, and measures the drain current. Before running the
program, connect a BNC cable between the following terminals.

e Unit2’s Ext Trig Out to Unitl's Ext Trig In

Trigger Programming Example 1

I mports Agil ent. TMFr amewor k "1
I mports Agil ent. TMFr anewor k. Dat aAnal ysi s

I mports Agil ent. TMFr amewor k. Dat aVi sual i zati on

I mports Agil ent. TMFr anewor k. | nstrunent | O

Modul e Modul el

Sub Mai n() '8
Dimunitl As New Direct| Q("GPI BO::17::1NSTR")
Dimunit2 As New Directl Q("GPI BO::22::1NSTR")
unitl. WiteLine("*RST")
unit2. WiteLine("*RST")
MsgBox("dick OK to start neasurement.", vbG<O1|y, ")
Consol e. Wi telLi ne("Measurenent in progress. " Chr (10))
Dmt() As Integer = {1, 2, 1, 2} "un |t 1[1,2], unit2[1,2]
Dmterml As String =t(0) &"," & t(1)
Dmtern2 As String = t(2) &" & t(3)
unitl. WiteLine("CN' & ternil)
unit2. WiteLine("CN' & ternR)
performneas(unitl, unit2, t) ' 20

Line Description
1to4 | Theselinesare necessary for the Agilent instrument control programming.
8t0 20 | Main subprogram establishes the connection with Unitl and Unit2, resets them, opens a

message box to confirm the start of measurement, and pauses program execution until OK is
clicked on the message box. By clicking OK, the program displays a message on the console
window, enables the SMUs (in the lots 1 and 2 of both Unit1 and Unit2), and calls the
perform_meas subprogram that will be used to perform measurement.
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unitl. WitelLine("CL") 122
unit2. WiteLine("CL")
unitl. Cl ose()
unit2. Cl ose()
MsgBox("Click OK to stop the program", vbOKOnly, ""
Consol e. Wi telLi ne("Measurement conpleted." & Chr(10))
End Sub ' 28
Sub perform neas(ByVal unitl As DirectlO ByVal unit2 As Directl O ByVal t() As
I nt eger) ' 30
Dimi As Integer =0
Dimj As Integer = 0
Dim nopl As Integer =1
Dimnop2 As Integer =1
Dim data(nop2 - 1, nopl - 1) As String
Dimvalue As String = "1d (my), Status"
Dimfname As String = "C \ Agi |l ent\data\ex20.txt"
Dmtitle As String = "Measurenment Result"
Dimnsg As String = "No error."
Dimerr As String = "0"
Dimvg As Double = 0.8 : Dimigconp As Double = 0.05 142
Dimvd As Double = 2.5 : Dimvs As Double = 0 Dimiconp As Double = 0.1
Dimret As Integer
uni tl. WitelLi ne("FMIr 1") 146
unitl. WitelLine("TM 1")
unitl. WitelLine("AV -1")
unitl. WiteLine("MM1," & t(0))
unit2. WiteLine("DV' & t(3) &",0," vs & "," & iconp) "sub ' 50
unit2. WiteLine("DV' &t(2) &",0," &vs &"," & iconp) ' souce
unitl. WiteLine("DV' &t(0) & ",0," &vd &"," & iconp) "drain
unitl. WiteLine("DV' &t(1) &",0," vg & "," & igconp) ‘gate ' 53
Line Description
22t028 | After the measurement, the program disables all SMUs, closes the connection with Unitl and
Unit2, and opens a message box to confirm the end of the program. Finally, by clicking OK
on the message box, the program displays a message on the console window.
31to40 | Declares variables used through the project. And sets the proper val ues.
42to 44 | Declares variables used to perform measurement, and sets the value.
46t049 | Setsthe data output format, trigger mode, A/D converter, and measurement mode.
50to 51 | Unit2 applies voltage to the source and substrate terminals of a device.
52t053 | Unitl applies voltage to the gate and drain terminals of a device.

3-78 Agilent B1500 Programming Guide, Edition 2




Programming Examples
Using Trigger Function

unitl. WitelLine("Ws 2") ' 55
unitl. WiteLine("XE")
unit2. WiteLine("0OS")
unitl. WiteLine("TM 3") ' 59
unitl. WiteLine("*OPC?") : ret = unitl. Read(True)
unit2. WiteLine("0s") '61
unitl. WiteLine("PA")
unit2. WiteLine("CS")
unitl. WiteLine("XE")
unitl. WiteLine("*OPC?") : ret = unitl. Read(True) ' 66
unitl. WiteLine("ERR? 1") : err = unitl. Read(True)
If err <> 0 Then unitl. WitelLine("DzZ") : GoTo Check_err
Dmret_val As String() = unitl. ReadLi st AsStri ngArray() "70

Dimdatal As String = ret_val (0)
Dimstatus As String = Left(datal, 3)
datal = Right(datal, 12)

Di m meas As Doubl e = Val (datal)

dat a(

j, i) =Chr(13) & Chr(10) & nmeas * 1000 & ", " & status

unitl. WiteLine("Dz") '78
save_data(fnanme, title, value, data, nopl, nop2, unitl, unit2, t)

Exi t

Sub

Line Description

55t057 | Unitl waitsfor atrigger sent to the Ext Trig In terminal, and starts measurement by receiving
atrigger sent by Unit2.

59to 61 | Thelinescan be replaced with 55 to 57.
Delete’ at the top of the lines 59 to 61, and delete lines 55 to 57, then run the program.
Unitl will start measurement when atrigger isreceived viathe Ext Trig In terminal.

62to 64 | Thelinescan be replaced with 55 to 57.
Delete’ at thetop of the lines 59 to 64, and delete lines 55 to 57, and 61, then run the program.
Unitl will start measurement when atrigger isreceived viathe Ext Trig In terminal.

66 to 68 | Waitsfor the operation complete and checks if an error occurred. If an error is detected, forces
0V and goesto Check_err.

70to 76 | Reads measurement data and storesit into the data array.

781080 | AppliesOV from al channels and transfers the data stored in the data variable to the
save data subprogram. And the subprogram will save the data into the
C:\Agilent\data\ex20.txt file (CSV) and displays the data on a message box.
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Check_err: ' 82
unitl. WiteLine("EM3? " & err) : msg = unitl. Read(True)
MsgBox("Instrunent error: " & err & Chr(10) & nsg, vbOKOnly, "")
Exit Sub

End Sub ' 87

Sub save_data(ByVal fnanme As String, ByVal title As String, ByVal value As String
Byval data(,) As String, ByVal nopl As Integer, ByVal nop2 As Integer, ByVal unitl
As Directl O ByVal unit2 As Directl O ByVal t() As Integer) ' 89
Dimi As Integer =0
Dimj As Integer = 0
Fil eOpen(1, fnane, OpenMbde. CQut put, OpenAccess. Wite, OpenShare.LockReadWite)
Print(1, value)

For j =0 To nop2 - 1
"Print(1, Chr(13) & Chr(10) & "Unit" & j + 1) ' 95
For i = 0 To nopl - 1
Print(1, data(j, i))
Next i
Next j
Fil eCl ose(1)
Dimrbx As Integer
For j = 0 To nop2 - 1
"value = value & Chr(10) & "Unit" &j + 1 '104
For i = 0 To nopl - 1
val ue = value & data(j, i)
Next i
Next j

val ue = value & Chr(10) & Chr(10) & "Data save conpl eted."
value = value & Chr(10) & Chr(10) & "Do you want to perform neasurenent again?"
rbx = MsgBox(val ue, vbYesNo, title)
If rbx = vbYes Then performnneas(unitl, unit2, t)
End Sub '113

End Modul e

Line Description

82t085 | Displaysamessage box to show an error message if the error is detected.

8910113 | Save data subprogram saves measurement result datainto afile specified by the fname
variable and displays the data and a message on a message box. If Yesis clicked on the
message box, calls the perform_meas subprogram again. If Nois clicked, returnsto the
perform_meas subprogram.

Measurement Id (my), Status
Result Example 22. 475, NAI

Data save conpl eted

Do you want to perform neasurenment again?
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The following program performs |-V measurement of two-terminal devices. Each
unit measures a different device simultaneously. Before running the program,
connect a BNC cable between the following terminals.

Unitl's Ext Trig Out to Unit2's Ext Trig In
Unit2's Ext Trig Out to Unit1's Ext Trig In

NOTE The program needs the example code shown in Table 3-21 to run. Delete apostrophe
(') at the beginning of the lines 95 and 104 shown in Table 3-21. And delete the lines
30 to 87 shown in Table 3-21, and insert the code shown in Table 3-22 into there.
Table 3-22 Trigger Programming Example 2
Sub performneas(ByVal unitl As Directl O, ByVal unit2 As DirectlO ByVal t() As
I nt eger) "1
Dimi As Integer = 0
Dimj As Integer =0
Dimnopl As Integer =5
Dim nop2 As Integer = 2
Dim data(nop2 - 1, nopl - 1) As String
Dimvalue As String = "1 (md), Tinme (nmsec), Status"
Dimfnane As String = "C: \ Agi | ent\data\ex21.txt"
Dimtitle As String = "Measurenment Result"
Dimmsg As String = "No error."
Dimerr As String = "0"
Dimvl As Double = 0.1 : Dmv2 As Double = 0.5 "12
Dimvs As Double =0 Dimiconp As Double = 0.1
Dimret As |nteger
unitl. WiteLine("FMr 1")
unitl. WiteLine("AV -1")
unitl. WiteLine("Wr 0, 0.01")
unitl. WiteLine("TM 3") '18
unitl. WiteLine("TG -1, 1, 2, 1")
unitl. WitelLine("TGP -2, 2, 2, 3")
unitl. WiteLine("TGVO 1") 121
Line Description
ltoll Declares variables used in the Main of Table 3-21. And sets the proper values.
12to 14 Declares variables used to perform measurement, and sets the value.
15to 17 Unit1 sets the data output format, A/D converter, and sweep delay time.
18t0 19 Unitl sets the Start Measurement trigger input for the Ext Trig In terminal.
20to 21 Unitl sets the Step Measurement Completion trigger output for the Ext Trig Out terminal.
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.WiteLine("TSR') : unit2. WiteLine("TSR")
.WiteLine("XE")

WiteLine("*OPC?") : ret = unitl. Read(True) " 42
WiteLine("ERR? 1") : err = unitl.Read(True)

If err <> 0 Then unitl. WiteLine("DZ") : unit2. WiteLine("DZ") : GoTo Check_err
unit2. WiteLine("ERR? 1") : err = unitl. Read(True)
If err <> 0 Then unitl. WiteLine("DZ") : unit2. WiteLine("DZ") : GoTo Check_err

Line Description
22t025 | Unitl appliesvoltage to device, and sets the sweep source, the measurement mode, and the
time stamp data output.
27t029 | Unit2 setsthe data output format, A/D converter, and sweep delay time.
30to 32 | Unit2 setsthe Measurement Completion trigger output for the Ext Trig Out terminal, and
specifies the gate trigger. Unitl will start measurement when this trigger is sent to its Ext
Trig Interminal.
33to 34 | Unit2 setsthe Start Step Output Setup trigger input for the Ext Trig In terminal. Unit2 will
start step output setup when the Step Measurement Completion trigger is sent by Unit1.
35t038 | Unit2 appliesvoltage to device, and sets the sweep source, the measurement mode, and the
time stamp data output.
39 Resets the time stamp.
40 Unit2 starts measurement, and sends a gate trigger to the Ext Trig Out terminal. Then Unitl
starts measurement.
42t046 | Waitsfor the operation complete and checksif an error occurred. If an error is detected,

forces 0 V and goesto Check_err.
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Dimret_val1() As String = unitl. ReadLi st AsStringArray() ' 48
Dmret_val2() As String = unit2. ReadLi st AsStringArray()
Dim data0 As String : Dimdatal As String : Dimtinme As String
Dimstatus As String : Dimneas As Doubl e
For i =0 To nopl - 1
data0 = ret_val 1(i * 2)
datal = ret_val1(i * 2 + 1)
data0 = Right(data0, 12) time = Val (data0)
status = Left(datal, 3)
datal = Right(datal, 12) meas = Val (datal)
data(0, i) = Chr(13) & Chr(10) & neas * 1000 & ", " & time * 1000 & ", " & status
Next i
For i =0 To nopl - 1
data0 = ret_val 2(i * 2)
datal = ret_val2(i * 2 + 1)
data0 = Ri ght(data0, 12) time = Val (dat a0)
status = Left(datal, 3)
datal = R ght(datal, 12) : meas = Val (datal)
data(1, i) = Chr(13) & Chr(10) & neas * 1000 & ", " & time * 1000 & ", " & status
Next i ' 68
unitl. WiteLine("DZ") : unit2. WiteLine("DZ")
save_data(fnanme, title, value, data, nopl, nop2, unitl, unit2, t)
Exit Sub
Check_err: ' 73
unitl. WiteLine("EM3? " & err) : nmsg = unitl. Read(True)
MsgBox("Instrument error: " & err & Chr(10) & nmsg, vbOKOnly, "")
Exit Sub
End Sub
Line Description
48t0 68 Reads measurement data and stores it into the data array.
69to 71 Applies0V from al channels and transfers the data stored in the data variable to the
save_data subprogram. And the subprogram will save the datainto the
C:\Agilent\data\ex21.txt file (CSV) and displays the data on a message box.
73t0 76 Displays a message box to show an error message if the error is detected.
Measurement | (mAy), Time (msec), Status
Result Example Unitl
11. 345, 18.8, NDI
22.685, 50, NDI
34.035, 81.2, NDI
45. 385, 112.4, NDI
56.73, 143.5, NDI
Unit2
10.98, 13.6, NAI
21.98, 47.1, NAl
32.98, 78.2, NA
43.965, 109.6, NAl
54. 965, 140.7, NA
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Thisisaprogram written in the HP BASIC language, and performs the following.

1. Setsthe Agilent B1500 for the bipolar transistor |b-Ic measurement

2. Triggers a sweep measurement

3. Performs a step measurement and sends the Step Measurement Completion
output gate trigger

. Waits for the Start Step Output Setup input trigger

4
5. Displays a measurement data (Ic)
6

Repeats 3 to 5 the number of times specified by Ib_num

7. Disablesthe Agilent B1500 channel output

Thisisapart of the program used to synchronize the Agilent B1500 operation with
the other instrument. However this program does not include the program code to
control the instrument. So add the program code to control it before running the
program. For the timing of the trigger, refer to the comments in the following

program listing.

10 ASSI GN @1500 TO 717

20 OPTI ON BASE 1

30 | NTEGER Col | ect or, Base, | b_num Vc_num
40 !

50 Col | ect or =2

60 Base=1

70 I b_start=.0001

80 | b_stop=.001

90 | b_nun¥10

100 I b_step=(lb_stop-Ib_start)/(lb_num1)

110 Vb_conp=1

120 Vc=2.5

130 lc_conp=.1
140 !
150 Gt her instrument should be initialized and set up
160 !
Line No. Description

10 Assignsthe /O path to control the B1500.

50t0 130 Setsthe value of the variables for source setup and so on.

140 to 160 Add program lines to perform initialization and measurement

setup of the other instrument.
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170 QUTPUT
180 OUTPUT
190 OUTPUT
200 QUTPUT
210 OUTPUT
220 OUTPUT
230 QUTPUT
240 OUTPUT
250 OUTPUT
260 QuTPUT
270 QUTPUT
280 !

Programming Examples
Using Trigger Function

@1500; " FMr 5" I ASCI| w header<, >
@81500; "AV -1" I Aver agi ng=1PLC

@s1500; "Wr o, . 01" ! Hold Tine, Delay Tine
@1500; "CN"; Col | ect or, Base

@1500; "TGP -2,2,2,3" | StepMeasEndTrg CQut put
@81500; "TGVO 2" I Gate Trigger

@31500; "TGP -1,1,2,2" ! StartStepSetupTrg | nput
@1500; "TGSI 2" ! Ignore TRG for 1st step setup
@1500; "DV"; Col | ector, 0, Vc, |l c_conp

@1500; "W "; Base, 1,0, b_start, | b_stop, | b_num Vb_conp
@1500; "MV'; 2, Col | ector

290 l Ot her instrunent must be set to the neasurenent ready and
300 I'trigger wait condition.
310 !
Line No. Description
170 Specifies the data output format.
180 Sets the number of averaging samples of the ADC.
190 Sets the hold time and delay time.
200 Enables the source/measurement channels.
210to 220 Sets the Step Measurement Completion trigger output for the Ext
Trig Out terminal, and specifies the gate trigger.
230to0 240 Setsthe Start Step Output Setup trigger input for the Ext Trig In
terminal, also disables the input trigger for the first sweep step.
250 Forces voltage.
260 Sets the staircase sweep source.
270 Sets the measurement mode and the measurement channel.
280to0 310 To synchronize the Agilent B1500 operation with the operation of
the other instrument, add program linesto set it to the
measurement ready and trigger wait condition.

Agilent B1500
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320 OQUTPUT @1500; " XE"
330 !
340 1 B1500 starts measurenent. Then B1500 sends negative gate
350 I'trigger to the other instrunent.
360 I Then the instrument should start measurenent.
370 !
380 FOR 1 =1 TO I b_num
390 ENTER @1500 USI NG "#, 3X, 12D, X"; 1 ¢
400 PRINT "lc= ";1c*1000;" [mA]"
410 !
420 I Measurenment data of the other instrument should be read.
430 ' And the data should be displayed.
440 !
450 I The instrument nust be set to the nmeasurenent ready and
460 I'trigger wait condition.
470 !
480 I The instrument nmust send trigger to B1500. B1500 will
490 Istart a step source output by the trigger, and perform
500 la step neasurenent.
510 !
520 NEXT |
530 !
540 OQUTPUT @1500; " CL"
550 END
Line No. Description
320 Starts sweep measurement, and performs a step measurement.

When the Agilent B1500 starts a step measurement, it sends a
negative gate trigger. Then the other instrument should start
measurement.

390 to 400 Reads the measurement data, and displays the measurement data.

410to 510 | To synchronizethe Agilent B1500 operation with the operation of

other instrument, add program lines to do following:

* Toread and display the data measured by the instrument
* Tosetit to the measurement ready and trigger wait condition
e Tosend atrigger from the instrument

When the Agilent B1500 receives the trigger, it starts a step
measurement and sends negative gate trigger.

520 Repeats 390 to 510 the number of times specified by Ib_num.
540 Disables the source/measurement channels.
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Reading Time Samp Data

Time stamp function outputs a time data with a measurement result data. For
example of reading the time stamp data, see programs in the previous sections.

NOTE

Thisfunction is not available for binary data output format (FMT 3 and 4).

Thisfunction is not available for the quasi-pul sed spot measurement (MM 9) and
the search measurement (MM 14 and 15).

To read the time data with the best resolution (100 pus), reset the time stamp
every 100 sec or lessfor the FMT 1, 2, or 5 data output format, or
every 1000 sec or lessfor the FMT 11, 12, 15, 21, 22, or 25 data output format.

Enter the MM command to define the measurement mode and enter the TSC
command to set the time stamp function ON. You can get the time data with the
measurement data. The time datais the time from timer reset to the start of
measurement. To clear/reset the time stamp, enter the TSR command.

Function

Command

Parameters

Sets the time stamp function

TSC

onoff

The following commands returns the time data regardless of the TSC command
setting. The time data is the time from when the time stamp is cleared until the

following command is entered.

Function Command Parameters
Forces DC voltage from SMU TDV chnum,range,output[,lcomp]
Forces DC current from SMU TDI chnum,range,output[,Vcomp]
Forces DC biasfrom CMU TDCV chnum,output
Forces AC signal from CMU TACV chnum,output
Performs high speed spot current measurement | TTI chnum,range
Performs high speed spot voltage measurement | TTV chnum,range
Performs high speed spot C measurement TTC chnum,mode],range]
Just returns the time data TSQ
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Reading Binary Output Data

This section provides the example to read binary data. The following program
example:

1. executes high-speed spot measurements

2. readsthe measurement datain binary data format

3. rearranges the data and cal cul ates the measured data
4

prints the measured data on the screen

Data resolution

The resolution of binary datais as shown below.

» Measurement data: Measurement range / 50000
»  Output data: Output range / 20000

Note that the resolution of the measurement datais larger than the resolution of the
high resolution A/D converter.

Id (m\), Status
status = 0

type = 1
mode = 1
channel =1
sign =0
range 0.01

count = 19075
3.815, 0
Dat a save conpl eted

Do you want to perform measurenment again?
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Table 3-23 High-Speed Spot M easurement Exampletoread binary data
Sub perform neas(ByVal B1500 As Directl O ByVal t() As Integer) "1
Dimi As Integer =0
Dimj As Integer = 0
Di m nopl As I nteger 1
Di m nop2 As | nteger 1
data(nop2 - 1, nopl - 1) As String

S o
©

D m

Di mvalue As String "I (my), Status"

Dimfnane As String C\Agllent\data\exSOtxt

Dmtitle As String Nbasuremsnt Resul t"

Dimmsg As String = "No error.

Dimerr As String = "0"

Dimvd As Double = 0.5 "13
Dimvg As Double = 0.5

Dimidconp As Double = 0.05

Di migconp As Double = 0.01

Dimorng As Integer = 0

Dimnrng As Integer = 0

B1500. Wi teLi ne("FMI 3") ' 20
B1500. Wi telLi ne("AvV 10, 1") sets nunber of sanples for 1 data

B1500. WitelLi ne("FL 0") " sets filter off

B1500. WitelLine("DV " & t(3) & ",0,0,0.1") "out= 0V, conp= 0.1 A 123
B1500. WitelLine("DV " & t(2) & ",0,0,0.1") ‘out= 0V, comp= 0.1 A

B1500. WiteLine("DV " & t(1) &"," &orng &"," &vg & "," & igconp)

B1500. WiteLine("DV " & t(0) &"," &orng &"," &vd & "," & idconp)

B1500. WitelLine("ERR? 1") : err = B1500. Read(True) ' 28
If err <> 0 Then B1500. Wi telLi ne(" Dz") : GoTo Check_err

B1500. WiteLine("Tl " & t(0) & "," & nrng)

Dimdat() As Byte = B1500. UnbufferedRead(4) ' 31
Dimstatus As Integer = dat(3) And 224 : status = status / 32 ' 224=128+64+32

If status <> 0 Then B1500. WitelLine("DzZ") : GoTo Check_err

Dimtype As Integer = dat(0) And 128 : type = type / 128 '0:source, 1:nmeas

Di m node As Integer = dat(0) And 64 : node = node / 64 "0:voltage, 1:current
Dimsign As Integer = dat(0) And 1 "0:positive, 1:negative
Dimrng As Integer = dat(0) And 62 : rng = rng / 2 ' 62=32+16+8+4+2

Di mcount As Integer = dat(1l) * 256 + dat(2)

Dim chan As Integer = dat(3) And 31 ' 31=16+8+4+2+1

If sign = 1 Then count = count - 65536 ' 65536 = 10000000000000000 (17 bits)

Line Description

2to 11 Declares variables used through the project. And sets the proper values.
13to0 18 Declares variables and sets the value.
20to 22 Sets the data output format and A/D converter. Also sets the SMU filter off.
23t026 Applies voltage to device.
28t029 Checksiif an error occurred. If an error is detected, forces 0 V and goes to Check_err.
30to 31 Performs the high-speed spot measurement. And stores the returned binary data (four

bytes) into the dat array variable.

33to4l Picks up the elements, status, type, mode, sign, rng, count, and chan, included in the

returned binary data.
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Di m range As Doubl e " 43
If nmode = 1 Then current range
range = 10 » (rng - 20)
I f rng = 20 Then
B1500. Wi teLi ne("UNT? 1")
Dimunt As String = B1500. Read
DimndI(S?AsStrin%i:DichsString )
Dima As nteEer: mb As Integer = 0: Dimd As Integer = 0
For a = 1 To Len(unt)
¢ = Md(unt, a, 1)
If ¢ ="," Then mdl (d) = Md(unt, b +1, a- b - 1) d=d+1
If ¢ =";" Then b = a
Next
I f mdl (chan) = "E5291A" Then range = 0.2
End I f
El se vol t age range
If rng = 8 Then range = 0.
If rng = 9 Then range = 5
If rng = 11 Then range = 2
If rng = 12 Then range = 20
If rng = 13 Then range = 40
If rng = 14 Then range = 100
If rng = 15 Then range = 200
End | f ' 66
value = value & Chr(13) & Chr(10) & "status = & status ' 68
value = value & Chr(13) & Chr(10) & "type =" & type
value = value & Chr(13) & Chr(10) & "npde = " & nbde
"value = value & Chr(13) & Chr(10) & "channel = & chan
"value = value & Chr(13) & Chr(10) & "sign = & sign
"value = value & Chr(13) & Chr(10) & "range = & range
value = value & Chr(13) & Chr(10) & "count = & count & Chr(13) & Chr(10)
Di m meas As Doubl e '76
If type = 0 Then neas = count * range / 20000 ’'source data
If type = 1 Then neas = count * range / 50000 'nmeasurenment data
data(j, i) = Chr(13) & Chr(10) & neas * 1000 & ", & status ' 80
B1500. Wi t eLi ne(" D_Z"? ' 82
save_data(fnanme, title, value, data, nopl, nop2, B1500, t)
Exi t ~Sub
Check_err: ) ' 86
B1500. WiteLine("EMZ? " & err) : nsg = B1500. Read(Tru8<
MsgBox( "I nstrunent error: & err & Chr(10) & nsg, vbOKOnly, "")
Exi't Sub
End Sub
Line Description
43t0 66 Checks the measurement range or output range setting.
68to 74 If you want to display and save the binary data elements, delete’ at the top of the lines.
76t0 80 Calculates the measurement data or source output data. And, stores the datainto the
data array.
82to 84 Applies0V from all channels. And transfers the data stored in the data variable to the
save_data subprogram (see Table 3-1). And the subprogram will save the datainto the
C:\Agilent\data\ex30.txt file (CSV) and displays the data on a message box.
86t0 89 Displays a message box to show an error message if the error is detected.
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Using Programsfor 4142B

This section describes the program modification example to use a program created
for the Agilent 4142B Modular DC Source/Monitor. To use the program:

1. changethe GPIB address, if necessary.
2. enter the ACH command to translate the channel numbers, if necessary.

3. remove the unsupported command, or replace it with the command supported by
the B1500.

For more information, refer to “To Use Programs for Agilent 4142B” on page 1-59.

The following program examples show a modified measurement program, which
performs a high-speed spot measurement.

The original 4142B program:

10 ASS|I GN @Hp4142 TO 717

20 | NTEGER G_ch, D_ch, S_ch

30 !

40 ! I Sour ce: GN\DU

50 G ch=2 !Gate: HPSMJ ( SLOT2)
60 D ch=3 !Drain: MPSMJ ( SLOT3)
70 S ch=4 ! Substrate: MPSMJ (SLOT4)
80 !

90 QUTPUT @Hp4142; " FMI5"

100 OUTPUT @1p4142;"CN'; D ch, G ch, S ch

110 OUTPUT @1p4142;"DV';S ch;",0,0,.1"

120 OUTPUT @1p4142;"DV";G ch;",0,3,.01"
130 OUTPUT @1p4142;"DV';D ch;",0,5,.1"

140 OUTPUT @1p4142;"TI";D ch;", 0"

150 ENTER @¥4142 USI NG "#, 3X, 12D, X"; Miat a
160 PRI NT "1d(A)="; Mlat a

170 OUTPUT @1p4142;"CL"

180 END
Line No. Description
10 Assigns the I/O path to control the 4142B.
20 Specifies the data output format.

100t0 130 | Enables the source/measurement channels, and forces voltage.

140t0 180 | Executesthe measurement, reads and displays the measurement
data, and disables channels.
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The program modified to control the B1500:

10 ASSI GN @Hp4142 TO 717 I <<<<
20 I NTEGER G ch, D_ch, S_ch

21 | NTEGER Sub I <<<<
30 !

40 ! ! Sour ce: GNDU

50 G ch=2 IGate: HPSMU ( SLOT2)

60 D ch=3 !Drain: MPSMJ ( SLOT3)

70 S ch=4 ! Substrate: MPSMJ (SLOT4)

80 !

81 Sub=5 I <<<<
82 OUTPUT @Hp4142; " ACH'; Sub, S _ch I <<<<
83 OUTPUT @p4142; " *OPC?" I <<<<
84 ENTER @p4142; A I <<<<
85 !

90 OUTPUT @1p4142; " FMI5"

100  OUTPUT @4p4142;"CN'; D ch, G ch, S _ch

110  OUTPUT @4p4142;"DV';S ch;",0,0,.1"

120  OUTPUT @¥p4142;"DV';G ch;",0,3,.01"
130  OUTPUT @4p4142;"DV';D ch;",0,5,.1"

140  OUTPUT @4p4142;"TI";D ch;", 0"

150  ENTER @¥p4142 USI NG "#, 3X, 12D, X" ; Miat a
160  PRINT "Id(A)="; Miata

170  OUTPUT @1p4142;"CL"

180 END
LineNo. Note
10 Change GPIB address, if necessary.

21,81 Add program linesif the module configuration is different from the
4142B. This example adds the variable Sub, and uses the SMU in
dot 5instead of slot 4 for substrate.

82t084 | Addprogram lineto set the channel map. This exampletransfersthe
Sub value to the variable S_ch used in the original program.
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Using Programsfor 4155B/4156B/4155C/4156C

This section describes the program modification example to use a FLEX command
program created for the Agilent 4155B/4156B/4155C/4156C Parameter Analyzer.
To use the program:

1. changethe GPIB address, if necessary.
2. enter the ACH command to translate the channel numbers, if necessary.

3. changethe FMT command parameter value to use the data output format
compatible with the 4155/4156 output data, or change the program lines to read
the measurement data.

4. remove the US command.
5. remove the RMD? command.

6. remove the unsupported command, or replace the command with the
corresponding command supported by the B1500.

For more information, refer to “To Use Programs for Agilent 4155/4156” on page
1-60.

The following program examples show a modified measurement program, which
performs a high-speed spot measurement.
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The original 4156C program:

10 ASSI GN @Hp415x TO 717

20 I NTEGER G ch, D_ch, S_ch, B_ch
30 !

40 S ch ! Sour ce: SMUL

50 G ch=2 !Gate: SMJ2

60 D ch=3 !Drain: SMJ3

70 B ch=4 | Substrate: SMM:
80 !

90 OUTPUT @+Hp415x; " US"

100 OUTPUT @1p415x; " FMI 5"

110 OUTPUT @+p415x;"CN "; D ch,G ch, S ch,B_ch
120 OQUTPUT @+p415x;"DV ";S ch;",0,0,.1"
130 OUTPUT @ip415x; "DV ";B_ch;",0,0,.1
140 OUTPUT @ip415x;"DV "; G ch;", 0, 3,.01"
150 OQUTPUT @p415x;"DV "; D _ch;",0,5,.1"
160 OUTPUT @ip415x;"TlI ";D_ch;",0

170 OUTPUT @ip415x; " RMD? 1"

180 ENTER @Hp415x USI NG "#, 5X, 13D, X"; Mlat a
190 PRI NT "I1d(A)="; Mlat a

200 OUTPUT @ip415x; " CL"

210 END
Line No. Description
10 Assigns the I/O path to control the 4155/4156.
90 Enters the FLEX command mode.
100 Specifies the data output format.

110to 150 | Enables the source/measurement channels, and forces voltage.

160to 210 | Executesthe measurement, reads and displays the measurement
data, and disables channels.
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The program modified to control the B1500:

10 ASSI GN @Hp415x TO 717 | <<<<
20 I NTEGER G ch, D_ch, S_ch, B_ch

21 | NTEGER Sub I <<<<
30 !

40 ! S ch=1 ! Source: SMJ1 <<<< replaced with G\NDU
50 G ch=2 !Gate: SMJ2

60 D ch=3 !Drain: SMU3

70 B ch=4 | Substrate: SMM:

80 !

81 Sub=5 I <<<<
82 OQUTPUT @Hp415x; "ACH "; Sub, B_ch I <<<<
83 !

90 I OUTPUT @p415x; " US" <<<<
100 OQUTPUT @Hp415x; " FMI 25" | <<<<
110 OUTPUT @p415x;"CN "; D ch, G ch, B_ch | <<<<
120 ! QUTPUT @Hp41l5x; "DV ";S ch;",0,0,.1" <<<<

130 OUTPUT @p415x; "DV ";B_ch;",0
140 QUTPUT @1p415x; "DV "; G ch;",0
150 OUTPUT @p415x; "DV "; D_ch;", 0,
160 OUTPUT @1p415x;"TlI ";D_ch;",0
170 ! OUTPUT @4p415x; " RMD? 1" <<<<
180 ENTER @p415x USI NG " #, 5X, 13D, X"; Mlat a

190 PRI NT "1d(A)="; Mlat a

200 QUTPUT @1p415x; " CL"

210 END

LineNo. Note

10 Change GPIB address, if necessary.

21,81 Add program linesif the module configuration is different from the
415x. This example adds the Sub variable, and usesthe SMU in slot
5instead of slot 4 for substrate.

82 Add program line to set the channel map. This example transfersthe
Sub value to the variable B_ch used in the original program.

90 Remove the US command. This command is not required.

100 Change the FMT command parameter value.

40, 110, This example uses the GNDU instead of the SMU1. So remove the

120 program lines that include the variable S_ch (SMU1).

170 Remove the RMD? command. This command is not required.
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Command Reference

This chapter isthe complete reference of the GPIB commands of the Agilent B1500:
e “Command Summary”
* “Command Parameters’

e “Command Reference’

NOTE Module model number and description

In this chapter, plug-in modules and accessory for the Agilent B1500 will be
expressed by the model number or the following abbreviation as shown below.

B1510A: HPSMU (high power SMU)

B1511A: MPSMU (medium power SMU)

B1517A: HRSMU (high resolution SMU)

E5288A: ASU (atto sense and switch unit)

B1520A: MFCMU (multi frequency capacitance measurement unit)
N1301A: SCUU (SMU CMU unify unit)
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Command Summary

The following table summarizes the GPIB commands.

Category Command Summary
Reset *RST Resets the B1500 to the initial settings.
Diagnostics DIAG? Performs diagnostics, and returns the result.
Self-test *TST? Performs the self-test, and returns the resullt.
RCV Enables the channelsthat fail self-test.
SMU Self CA Performs self-calibration.
Calibration *CAL? Performs self-calibration, and returns the result.
CM Sets auto-calibration ON or OFF.
MFCMU ADJADJ? | Setsthe phase compensation data.
g?r?ecti on CLCORR | Clearsthefrequency list for the correction data measurement.
CORRL / CORRL? adds or returns the frequency for the correction data measurement.
DCORR / DCORR? sets or returns the calibration/reference value of the standard.
CORR? Performs the open/short/load correction data measurement.
CORRST / CORRST? sets or returns the open/short/load correction function ON/OFF.
Abort AB Aborts the present operation and subsequent command execution.
Pause/ PA/PAX Pauses command execution or internal memory program execution, until
Continue the specified wait time elapses or until an event specified by the TM
command is received.
™ Sets the event to start measurement or to release the B1500 from the
paused status set by the PA or PAX command.
ASU Control | SAL Disables the connection status indicator of the ASU.
SAP Controls the input-output path of the ASU.
SCUU SSL Disables the connection status indicator of the SCUU.
Control SSP Controls the input-output path of the SCUU.
Seriesresistor | SSR Setsthe internal series resistor of the specified SMU to ON or OFF.
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Category Command Summary

Filter FL Setsthe internal filter of the specified SMUsto ON or OFF.

SMU AV Selects the number of samples for averaging of the A/D converter.

lr?';ﬁgr:ﬁgn AAD Selects the type of A/D converter, high-speed or high-resolution ADC.

Averaging AIT Selects the number of samplesfor averaging or the integration time of the
ADC.

AZ Enables or disablesthe ADC zero function.

MFCMU FC Sets the frequency for the AC voltage output. Used with ACV or TACV.

Setup ACT Setsthe A/D converter of the MFCMU.

IMP Specifies the impedance measurement parameters. For the ASCII data
output. Not available for FMT 3/4/13/14.
LMN Enables or disables data output of the OSC level/DC bias monitor values.

Channel ACH Trandates a channel number to another channel number.

Control CN Enables the specified channels by setting the output switchesto ON.

CL Disables the specified channels by setting the output switches to OFF.

IN Sets the specified channelsto 0 V.

Dz Stores the setup of the channels, and sets the output to 0 V.

Rz Returns the channel to the settings that are stored by the DZ command
and clears the stored channdl settings.

WAT Sets the source wait time and the measurement wait time.

Data Output FMT Specifies the measurement data output format and the data terminator.

BC Clears the B1500 output data buffer that stores measurement data and/or
guery command response data.

Timer Clear TSR Clears the timer count.

Time Stamp TSC Enables the time stamp function. This function is not available for the 4
bytes binary dataformat (FMT3 or FMT4), the high speed spot,
quasi-pulsed spot (MM9), and search (MM 14 and MM 15) measurements.

TSQ Returns the time data from timer reset (TSR) to this command.
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Category Command Summary
Source DI Forces DC current from the specified SMU.
Output DV Forces DC voltage from the specified SMU.
FC Sets the output signal frequency of the MFCMU.
ACV Sets the output signal level of the MFCMU, and starts AC voltage output.
DCV Forces DC voltage from the MFCMU.
TDI Forces DC current (TDI) or voltage (TDV) from the specified SMU, and
DV returns the time data from timer reset to the start of output.
TACV Forces AC (TACV) or DC (TDCV) voltage from the MFCMU, and
returns the time data from timer reset to the start of output.
TDCV
High Speed TC M easures impedance (TC), current (T1), or voltage (TV), and returns the
Spot measured data.
Tl
M easurement
TV
TTC M easures impedance (TTC), current (TTI), or voltage (TTV), and returns
T the measurement data and the time data from timer reset to the start of
measurement.
TV
Measurement | CMM Sets the SMU measurement operation mode.
Setup PAD Enables or disables the SMU parallel measurements. This s effective for
the spot (MM 1), sweep (MM2), and sampling (MM 10) measurements.
RC Specifiesthe impedance (RC), current (RI), or voltage (RV) measurement
RI ranging mode for the measurement other than the high speed spot
measurement.
RV
RM Sets the range selection rule for the auto ranging current measurement.
SAR Enables 1 pA range for the auto ranging operation.
Measurement | MM Sets the measurement mode and measurement channels.
Mode
Measurement | XE Performs measurements, and returns the measurement data; or recovers
Execution from the paused state if the PA/PAX command has been sent. Not

available for the high speed spot measurement.
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Category Command Summary

Staircase WT Sets the hold time, delay time, step delay time, and trigger delay time.
gﬁ Setup Wi Sets the staircase current sweep source.

WV Sets the staircase voltage sweep source.

WM Sets the automatic abort function.
Synchronous | WSI Sets the synchronous current sweep source used with the WI or PWI
Sweep command.
Source Setup WwWsv Sets the synchronous voltage sweep source used with the WV or PWV

command.

Multi channel | WNX Sets the synchronous current sweep source or synchronous voltage sweep
Sweep source used with the WI or WV command.
Source Setup
Pulsed PT Sets the hold time, pulse width, pulse period, and trigger delay time.
Source Setup PI Sets the pulsed current source.

PV Sets the pulsed voltage source.
PulsedSweep | PT Sets the hold time, pulse width, pulse period, and trigger delay time.
Source Setup PWI Sets the pulsed current sweep source.

PWV Sets the pul sed voltage sweep source.

WM Sets the automatic abort function.
Sampling MCC Clears the settings of the constant sources defined by M1 or MV.
Source Setup Ml Sets the current source synchronized with the sampling measurement.

MSC Sets the automatic abort function.

ML Sets the sampling mode, linear or logarithm.

MT Sets the timing parameters.

MV Sets the voltage source synchronized with the sampling measurement.
Quasi-pulsed | BDM Specifies the detection interval, and either voltage or current
Voltage measurement.
Source Setup gt Specifies the hold time and delay time.

BDV Sets the quasi-pulsed voltage source.
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Category Command Summary
Binary BSM Sets the source output control mode and the automatic abort function.
I\S/leagrmem BST Specifies the hold time and delay time.
Setup BSVM Selects the data output mode.
BSl Sets the current source channel.
BSSI Sets the synchronous current source channel.
BGV Sets the voltage monitor channel.
BSV Sets the voltage source channel.
BSSV Sets the synchronous voltage source channel.
BGI Sets the current monitor channel.
Linear Search | LSTM Specifies the hold time and delay time.
I\S/Ietezrsjurement LSVM Selects the data output mode.
LSl Sets the current source channel.
LSSl Sets the synchronous current source channel.
LGV Sets the voltage monitor channel.
LSV Sets the voltage source channel.
LSSV Sets the synchronous voltage source channel.
LGl Sets the current monitor channel.
LSM Sets the automatic abort function.
CV Sweep WDCV Sets the DC bias sweep source for the CV sweep measurement.
Source Setup WMDCV Sets the automatic abort function, also sets the post sweep condition.
WTDCV Sets the hold time, delay time, step delay time, and trigger delay time.
Digital 1/0 ERM Changesthe digital 1/0 port assignments.
port ERS? Returnsthe digital 1/0O port status.
ERC Changes the output status of the digital 1/0 port.
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Category Command Summary
External TGP Enables the trigger function for aterminal.
Trigger TGPC Clears the trigger setting of the specified ports.
TGS Selectsthe sweep step first or last that ignores the Start Step Output Setup
trigger input set by the TGP port, 1, polarity, 2 command.
TGSO Selects the trigger type, edge or gate, for the Step Output Setup
Completion trigger output set by the TGP port, 2, polarity, 2 command.
TGXO Selects the trigger type, edge or gate, for the Measurement Completion
trigger output set by the TGP port, 2, polarity, 1 command.
TGMO Selects the trigger type, edge or gate, for the Step M easurement
Completion trigger output set by the TGP port, 2, polarity, 3 command.
0S/OSX Causes the B1500 to send atrigger signal from atrigger output terminal.
WS/WSX Enters await state until the B1500 receives an external trigger viaa
trigger input terminal.
™3 Enables use of an external trigger to release the PA/PAX state, or to start
measurement if the B1500 has not been set to the PA/PAX/WS/WSX
state. Or enablestrigger set by the TGP port,terminal ,polarity, 1.
Program ST Used with END command to store a program in the internal program
Memory memory. The ST command indicates the beginning of the program.
END Used with the ST command to store aprogram in the internal program
memory. The END command indicates the end of the program.
SCR Scratches the specified program from the internal program memory.
VAR Sets the value to the variable used in an internal memory program.
VAR? Returns the value set to the internal memory program variable.
LST? Returns a catalog of internal memory programs or a specific program
listing (3000 commands maximum).
DO Executes internal memory programs in the order specified.
RU Executes internal memory programs sequentially.
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Category Command Summary

Query ERR? Returns error codes.
EMG? Returns error message for the specified error code.
*IDN? Returns the instrument model humber and the ROM version number.
LOP? Returns the operation status of all modules.
*LRN? Returns channel settings or the B1500 command parameter settings.
NUB? Returns the number of measurement data items in the output data buffer.
*OPC? Starts to monitor pending operations, or asks the OPC bit setting.
UNT? Returns the model and revision numbers of all modules.
WNU? Returns the number of sweep steps specified by the sweep command.
Wwz? Returns 0 if al channel outputis+ 2V or less, or 1if any channel applies

morethan + 2 V.

Status Byte *SRE Enables the specified bits of the status byte register.
*SRE? Returns which bits of the status byte register are enabled.
*STB? Returns the status byte setting.
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Command Parameters

The parameters used by several commands are explained in this section.

* “Channel Number”

» “SMU Voltage Measurement Ranging Type”
*  “SMU Current Measurement Ranging Type”
» “SMU Voltage Output Ranging Type”

e “SMU Current Output Ranging Type”

* “SMU Voltage Source Setup Parameters for
DV/TDV/BDV/WV/WSV/WNX/PV/PWV/LSV/BSV/MV Commands’

e “SMU Current Source Setup Parameters for
DI/TD/WI/WSI/WNX/PI/PWI/LSI/BSI/MI Commands”

e “MFCMU Measurement Parameters’
e “MFCMU Measurement Range”

In the following tables, the command parameters are put in italics such as chnum.

Table 4-1 Channel Number

chnum Available module and slot number

1,2,3,4,56,7, | MPSMU installed in the slot chnum.

8,9, or10
HPSMUP installed in the slots chnum and chnum+1.

HRSMU installed in the slot chnum.

ASU connected to the HRSMU in the slot chnum.

MFCMU installed in the slot chnum.

SCUU connected to the MFCMU in the slot chnum.

a. Slot number 1 to 10 have been assigned to the bottom slot to the top slot
respectively.
b. HPSMU occupiestwo slots.
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Table 4-2 SM U Voltage M easurement Ranging Type
Ranging type
range® for measurement mode for measurement mode
without pulse that uses pulse
0 Auto ranging Measurement channel uses
— - the minimum range that
5, for MPSMU/HRSMU 0.5V limited auto ranging covers the compliance
50, for MPSMU/HRSMU 5V limited auto ranging value.
200r 11 2V limited auto ranging
200 or 12 20V limited auto ranging
400 or 13 40V limited auto ranging
1000 or 14 100 V limited auto ranging
2000 or 15, for HPSMU 200 V limited auto ranging
- 5, for MPSMU/HRSMU 0.5V rangefixed
- 50, for MPSMU/HRSMU 5V range fixed
-20o0r-11 2V rangefixed
-2000r- 12 20V range fixed
-4000r - 13 40V range fixed
-10000r - 14 100 V range fixed
- 2000 or - 15, for HPSMU 200 V range fixed

a. If the measurement channel forces voltage, the channel uses the voltage output range regardless
of the range value.

NOTE Measurement Ranging (Auto and Limited auto)

The instrument automatically selects the minimum range that covers the
measurement value, and performs the measurement by using the range. For the
limited auto ranging, the instrument does not use the range lower than the specified
range value. For example, if you select the 100 nA limited auto ranging, the
instrument never uses the 10 nA range and bel ow.
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Table 4-3 SMU Current Measurement Ranging Type
Ranging type
range® for measurement mode for measurement mode
without pulse that uses pulse
0 Auto ranging Measurement channel uses
8, for HRSMU+ASU 1 pA limited auto ranging the minimum range that
9, for HRSMU 10 pA limited auto ranging \C,;Vi_s the compliance
10, for HRSMU 100 pA limited auto ranging
11 1 nA limited auto ranging
12 10 nA limited auto ranging
13 100 nA limited auto ranging
14 1 pA limited auto ranging
15 10 pA limited auto ranging
16 100 pA limited auto ranging
17 1 mA limited auto ranging
18 10 mA limited auto ranging
19 100 mA limited auto ranging

20, for HPSMU

1 A limited auto ranging

- 8, for HRSMU+ASU

1 pA range fixed

- 9, for HRSMU 10 pA range fixed
- 10, for HRSMU 100 pA range fixed
-1 1 nA range fixed
-12 10 nA range fixed
-13 100 nA range fixed
-14 1 pA rangefixed
-15 10 pA range fixed
-16 100 pA range fixed
-17 1 mA range fixed
-18 10 mA range fixed
-19 100 mA range fixed

- 20, for HPSMU

1 A rangefixed

a. If the measurement channel forces current, the channel uses the current output range regardless

of the range value.
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Table 4-4 SMU Voltage Output Ranging Type
range or vrange Ranging type
0 Auto ranging
5 0.5V limited auto ranging, for MPSMU/HRSMU
50 5V limited auto ranging, for MPSMU/HRSMU
200r 11 2V limited auto ranging
200 or 12 20V limited auto ranging
400 or 13 40V limited auto ranging
1000 or 14 100V limited auto ranging
2000 or 15 200 V limited auto ranging, for HPSMU
Table 4-5 SMU Current Output Ranging Type
r?rr;?](;(;r Ranging type
0 Auto ranging
8 1 pA limited auto ranging, for HRSMU+ASU, not available for pulsed output
9 10 pA limited auto ranging, for HRSMU, not available for pulsed output

10 100 pA limited auto ranging, for HRSMU, not available for pulsed output

1 1 nA limited auto ranging, not available for pulsed output

12 10 nA limited auto ranging
13 100 nA limited auto ranging

14 1 pA limited auto ranging

15 10 pA limited auto ranging

16 100 pA limited auto ranging

17 1 mA limited auto ranging
18 10 mA limited auto ranging

19 100 mA limited auto ranging
20 1 A limited auto ranging, for HPSMU
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NOTE Output Ranging

The instrument automatically selects the minimum range that covers the output
value, and applies voltage or current by using the range. For the limited auto
ranging, the instrument does not use the range lower than the specified range value.
For example, if you select the 100 nA limited auto ranging, the instrument never
uses the 10 nA range and below.

Table 4-6 SM U Voltage Sour ce Setup Parametersfor
DV/TDV/BDV/WV/WSV/WNX/PV/PWV/LSV/BSV/MV Commands
Output Satting voltage, start, Maximum | comp valuein A
range . stop, base,
(actually resolution bias, or pulse
inV ) HPSMU | MPSMU | HRSMU
used) inV
05V 25E-6 Otox05 NA +100E-3 | +100E-3
2V 100E-6 Otox2 11 +100E-3 | +100E-3
5V 250E-6 Otox5 NA +100E-3 | +100E-3
20V 1E-3 Oto+20 *1 +100E-3 | +100E-3
0V 2E-3 Oto+20 | +500E-3 | +100E-3 | +100E-3
to+ 40 +50E-3 +50E-3
100V 5E-3 Oto+20 | *125E-3 | *100E-3 | *100E-3
to+ 40 +50E-3 +50E-3
to+ 100 +20E-3 +20E-3
200V 10E-3 Oto+200 | +50E-3 NA NA
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Table 4-7 SMU Current Source Setup Parametersfor
DI/TDI/WI/WSI/WNX/PI/PWI/LSI/BSI/MI Commands
Or;:g: Setting current, sta}rt, Maximum Vcomp valuein V
(actually r&pluhon stop, base,. bias,
used) in A or pulsein A HPSMU | MPSMU | HRSMU
1pA 1E-15 Oto+ 1.15E-12 NA NA +100
10 pA 5E-15 Oto+11.5E-12 +100
100 pA 5E-15 Oto+115E-12 +100
1nA 50E-15 Otox1.15E-9 +200 +100 +100
10nA 500E-15 Oto+11.5E-9 +200 +100 +100
100 nA 5E-12 Oto+115E-9 +200 +100 +100
1pA 50E-12 Oto+ 1.15E-6 +200 +100 +100
10 pA 500E-12 Oto+ 11.5E-6 +200 +100 +100
100 pA 5E-9 Oto + 115E-6 +200 +100 +100
1mA 50E-9 Oto+ 1.15E-3 +200 +100 +100
10 mA 500E-9 Oto+ 11.5E-3 +200 +100 +100
100 mA 5E-6 Oto+ 20E-3 +200 +100 +100
to + 50E-3 +200 +40 +40
to + 100E-3 +100 +20 +20
to+ 115E-3 +100 NA NA
1A 50E-6 0 to + 50E-3 +200
to + 125E-3 +100
to + 500E-3 +40
tox1l +20
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Table 4-8

MFCMU M easurement Parameters

mode

Primary Parameter

Secondary Parameter

1

R (resistance, Q)

X (reactance, Q)

2

G (conductance, S)

B (susceptance, S)

10

Z (impedance, Q)

0 (phase, radian)

1

Z (impedance, Q)

0 (phase, degree)

20

Y (admittance, S)

0 (phase, radian)

21

Y (admittance, S)

0 (phase, degree)

100

Cp (parallel capacitance, F)

G (conductance, S)

101

Cp (parallel capacitance, F)

D (dissipation factor)

102

Cp (parallel capacitance, F)

Q (quality factor)

103

Cp (parallel capacitance, F)

Rp (parallel resistance, Q)

200

Cs (series capacitance, F)

Rs (seriesresistance, Q)

201

Cs (series capacitance, F)

D (dissipation factor)

202

Cs (series capacitance, F)

Q (quality factor)

300

Lp (paralel inductance, H)

G (conductance, S)

301

Lp (parallel inductance, H)

D (dissipation factor)

302

Lp (paralel inductance, H)

Q (quality factor)

303

Lp (paralel inductance, H)

Rp (parallel resistance, Q)

400

Ls (series inductance, H)

Rs (seriesresistance, Q)

401

Ls (seriesinductance, H)

D (dissipation factor)

402

Ls (series inductance, H)

Q (quality factor)
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MFCMU M easurement Range

Command Reference

M easurement range 2

range
<200 kHz <2MHz <5MHz
O<range< 100 500 50Q 50Q
100 < range < 300 100 Q 100 Q 100 Q
300 < range < 1000 300 Q 300 © 300 ©
1000 < range < 3000 1kQ 1kQ 1kQ
3000 < range < 10000 3kO 3kQ 3kQ
10000 < range < 30000 10k 10k
30000 < range < 100000 30 kO 30kQ
100000 < range < 300000 100 kQ
300000 < range 300 kO

a. Available measurement ranges depend on the output signal frequency.
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Command Reference

This section contains detailed descriptions of al GPIB commands. The commands
arelisted in alphabetical order. Each entry:

1

2
3
4,
5

o

Defines one GPIB command
Describes the execution conditions, if any exist
Describes the syntax

Lists the parameters

. Shows the query response after command execution, if thereis a query

command
Explains any additional information

Provides examples

The following conventions are used in this section.

parameter Required command parameters, for which you must substitute a

value or variable.

[parameter] Optional command parameters, for which you may substitute a

value or omit it.
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Conditions

Syntax

Parameters

Example
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Command Reference
AAD

AAD

This command is used to specify the A/D converter (ADC) type, high-speed or
high-resol ution, for each measurement channel.

This command setting isignored by the pulsed spot, pulsed sweep, and staircase
sweep with pulsed bias measurements.

Enter the AIT command to set up the ADC.

AAD chnuni, type]

chnum:  Measurement channel number. The value must be slot number where
the SMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

type: Type of the A/D converter. Integer expression. O or 1.

e 0: High-speed ADC (default setting). For high speed measurement.

e 1: High-resolution ADC. For high accurate measurement.

QUTPUT @B1500; " AAD 1, 0"
QUTPUT @B1500; " AAD 1, 1"

Agilent B1500 Programming Guide, Edition 2 4-19



Command Reference
AB

AB

The AB command aborts the present operation and subsequent command execution.

This command stops the operation now in progress, such as the measurement
execution, source setup changing, and so on. But this command does not change the
present condition. For example, if the B1500 just keepsto force the DC bias, the AB
command does not stop the DC bias output.

Syntax AB

Conditions after The AB command sets the B1500 as listed in the following table.
Execution

Operation before AB Setting after AB
Staircase sweep measurement Sets specified start value.
Pulsed spot measurement Sets specified base value.
Pulsed sweep measurement Sets specified base value.
Staircase sweep with pulsed bias Sets specified start value and base
measurement value.
Quasi-pulsed spot measurement Sets specified start value.
Sampling measurement Sets specified base value.
Linear search measurement Sets specified start value.
Binary search measurement Sets specified start value.
Multi channel sweep measurement Sets specified start value.
CV sweep measurement Sets specified start value.
Self-test Same as set by CL command.
Self-calibration Same as set by CL command.
Wait state (PA/PAX/WS/WSX command) | Settings do not change.
Program execution (RU or DO command) | Settings do not change.

Example OQUTPUT @81500; " AB"
Statements
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Command Reference
AB

If you start an operation that you may want to abort, do not send any command after
the command or command string that starts the operation. If you do, the AB
command cannot enter the command input buffer until the intervening command
execution starts, so the operation cannot be aborted. In this case, use the device clear
(HP BASIC CLEAR command) to end the operation.

If the AB command is entered in a command string, the other commands in the
string are not executed. For example, the CN command in the foll owing command
string is not executed.

OQUTPUT @31500; " AB; CN'

During sweep measurement, if the B1500 receives the AB command, it returns only
the measurement data obtained before abort. Then the dummy dataiis not returned.

For the quasi-pul sed spot measurement, the B1500 cannot receive any command
during the settling detection. So the AB command cannot abort the operation, and it
will be performed after the settling detection.
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Command Reference
ACH

ACH

The ACH command trand ates the specified program channel number to the
specified actual channel number at the program execution. This command is useful
when you use a control program created for an instrument, such as the 4142B,
4155B/4155C/4156B/4156C/E5260/E5270, and B1500, that has a module
configuration different from the B1500 actually you use. After the ACH command,
enter the * OPC? command to confirm that the command execution is compl eted.

ACH [actual [, prograni]

actual : Channel number actually used for measurement instead of program.
The value must be slot number where the module has been installed.
Integer expression. 1 to 10. See Table 4-1 on page 4-10.

program: Channel number used in a program and will be replaced with actual .
Integer expression.
If you do not set program, this command is the same as ACH n,n.

If you do not set actual and program, all channel number mapping is cleared.

For parameter settings, you cannot use the variables set by the VAR command.

The ACH commands must be put at the beginning of the program or before the
command line that includes a program channel number. In the program lines that
follow the ACH command, you must |eave the program channel numbers. The
measurement datais returned as the data of the channel program, not actual.

If you want to use channels 1 to 3 instead of channels 5 to 7 respectively, enter the
following statements. The measurement datais returned as the data of channel 5, not
channel 1.

QUTPUT 1500; "ACH 1, 5" luses chl instead of ch5
QUTPUT 1500: "ACH 2. 6" ! ch2 ch6
QUTPUT 1500; " ACH 3, 7" ! ch3 ch7
QUTPUT 1500; " * OPC?"
!ENTER 1500; A
;QJTPUT @B1500; "CN 5,6, 7" !l eave prog ch No.
OUTPUT 1500; "DV 5,0, 3" !
QUTPUT 1500; "DV 6. 0, 0" !
(1I1'PUT 1500; "DV 7, 0, 0" !

ngOO ‘Tl 5, 0" !
ENTER 1500 USI NG "#, 3X, 12D, X"; Dat a!
PRI NT ; Dat a !
(1I1'PUT @1500;"CL 5,6, 7" ! V
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ACT
ACT
This command sets the number of averaging samples or the averaging time set to the
A/D converter of the MFCMU.
Syntax ACT node[, N|
Parameters mode : Averaging mode. Integer expression. O (initial setting) or 2.
* 0: Auto mode.
Defines the number of averaging samples given by the following
formula. Theninitial averaging isthe number of averaging samples
automatically set by the B1500 and you cannot change.
Number of averaging samples = N x initial averaging
e 2 Power line cycle (PLC) mode.
Defines the averaging time given by the following formula.
Averaging time = N/ power line frequency
N : Coefficient used to define the number of averaging samples or the
averaging time. Integer expression.
» For mode=0: 1 to 1023. Initia setting/default setting is 2.
» For mode=2: 1 to 100. Initial setting/default setting is 1.
Example QUTPUT @B1500; "ACT 0, 1"
Statements OUTPUT @1500; " ACT 2, 2"
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ACV

ACV

This command sets the output signal level of the MFCMU, and startsthe AC
voltage output. Output signal frequency is set by the FC command.

Execution The CN command has been executed for the specified channel.

Conditions

Syntax ACV chnum vol t age

Parameters chnum:  Source channel number. The value must be slot number where the
MFCMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

voltage:  Oscillator level of the output AC voltage (in V). Numeric expression.
0mV (initia setting) to 250 mV, 1 mV step
Example QUTPUT @B1500; " ACV 7, 0. 01"

Statements

ADJ

This command sel ects the phase compensation mode of the MFCMU. This
command initializes the MFCMU.

Syntax ADJ sl ot, node
Parameters dot: Slot number where the MFCMU has been installed. Integer expression.
1to 10.
mode : Phase compensation mode. Integer expression. O or 1.

0: Auto mode. Initial setting.

1: Manua mode.

For mode=0, the B1500 sets the compensation data automatically.
For mode=1, execute the ADJ? command to perform the phase
compensation and set the compensation data.

Example QUTPUT @B1500;"ADJ 9, 1"
Statements
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ADJ?

Command Reference
ADJ?

The ADJ? command performs the phase compensation of the MFCMU, and setsthe
compensation data to the B1500. This command also returns the execution results.

This command resets the MFCMU.

Before executing this command, set the phase compensation mode to manual by
using the ADJ command. During this commnad, open the measurement terminals at
the end of the device side. This command execution will take about 30 seconds.

ADJ? sl ot

dot :

Slot number where the MFCMU has been installed. Integer expression.

1to 10.

resul t s<CR/ LF*EQ >

results returns the following value.

results Meaning
0 Passed. No failure detected.
1 Failed.
2 Aborted.
ENTER @1500,A

Agilent B1500 Programming Guide, Edition 2
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Command Reference
AIT

AIT

This command is used to set the integration time or the number of averaging
samples of the A/D converter (ADC) for each ADC type.

This command setting isignored by the pulsed spot, pulsed sweep, and staircase
sweep with pulsed bias measurements.

Execution Enter the AAD command to specify the ADC type for each measurement channel.
Conditions

Syntax Al T type, node[, N|

Parameters type: A/D converter type. Integer expression.

0: High-speed A/D converter.
1: High-resolution A/D converter.
mode : ADC operation mode. Integer expression. Initial setting isO.
0: Auto mode.
1: Manual mode.
2: Power line cycle (PLC) mode.
N : Coefficient used to define the integration time or the number of
averaging samples. Integer expression. See Table 4-10.

Example OUTPUT @B1500:"AIT 0, 2, 1"
Statements OUTPUT @1500;"AIT 1,1, 10"
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AIT
Table 4-10 Available Parameter Values
type mode N
0 0 Value that defines the number of averaging samples given by

the following formula. 1 to 1023. Default setting is 1.
Number of averaging samples = N x initial averaging

where initial averaging isthe number of averaging samples
automatically set by Agilent B1500 and you cannot change.

1 Number of averaging samples. 1 to 1023. Default setting is 1.

2 Value that defines the number of averaging samples given by
the following formula. 1 to 100. Default setting is 1.

Number of averaging samples = N x 128

The Agilent B1500 gets 128 samplesin a power line cycle,
repeats thisfor the times you specify, and performs averaging
to get the measurement data.

1 0 Value that defines the integration time given by the following
formula. 1 to 127. Default setting is 6.

Integration time = N x initial integration time

where initial integration time is the integration time
automatically set by Agilent B1500 and you cannot change.

1 Value that defines the integration time given by the following
formula. 1 to 127. Default setting is 3.

Integration time = N x 80 psec

2 Value that defines the integration time given by the following
formula. 1 to 100. Default setting is 1.

Integration time = N / power line frequency
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Command Reference

AV

AV

This command sets the number of averaging samples of the A/D converter (ADC).

This command setting isignored by the pulsed spot, pulsed sweep, and staircase
sweep with pulsed bias measurements.

AV nunber [, node]

number :

mode :

1t0 1023, or —1 to —100. Initial settingis 1.

For positive number input, this value specifies the number of samples
depended on the mode value. See below.

For negative number input, this parameter specifies the number of
power line cycles (PLC) for one point measurement. The Agilent
B1500 gets 128 samplesin 1 PLC. Ignore the mode parameter.

Averaging mode. Integer expression. This parameter is meaninglessfor
negative number.

0: Auto mode (default setting).

Number of samples = number x initial number
1: Manual mode.

Number of samples = number

where initial number means the number of samplesthe Agilent B1500
automatically sets and you cannot change. For voltage measurement,
initial number=1. For current measurement, see Table 4-11.

If you select the manual mode, number must be initial number or more
to satisfy the specifications.

OQUTPUT @31500; " AV 10"
QUTPUT @B1500; " AV - 50"
QUTPUT @31500; " AV 100, 1"
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Command Reference

AV
Table 4-11 Initial Number for Current Measurement
a
Current Measurement Voltage Output Range
Range
tod0V 100V 200V
to 10 pA 4 10 25
100puAto1A 1 1 1
a. For measurement channels that force current, thisis the minimum range
that covers the voltage compliance value.
Agilent B1500 Programming Guide, Edition 2 4-29



Syntax

Parameters

Remarks

Example
Statements

NOTE

Syntax
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Command Reference
AZ

AZ

This command is used to enable or disable the ADC zero function that is the
function to cancel offset of the high-resolution A/D converter. Thisfunctionis
especialy effective for low voltage measurements. Power on, *RST command, and
device clear disable the function.

This command is effective for the high-resolution A/D converter, not effective for
the high-speed A/D converter.

AZ npde

mode : Mode ON or OFF.
0: OFF. Disables the function. Initial setting.
1: ON. Enables the function.

Set the function to OFF in cases that the measurement speed is more important than
the measurement accuracy. This roughly halves the integration time.

QUTPUT @31500; "AZ 0"

BC

The BC command clears the output data buffer that stores measurement data and
guery command response data. This command does not change the measurement
settings.

Multi command statement is not allowed for this command.

BC

QUTPUT @B1500; " BC"
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Command Reference
BDM

BDM

The BDM command specifies the settling detection interval and the measurement
mode; voltage or current, for the quasi-pul sed measurements.

BDM i nterval [, node]

interval :  Settling detection interval. Numeric expression.

0: Short. Initial setting.
1: Long. For measurements of the devices that have the stray
capacitance, or the measurements with the compliance lessthan 1 pA

mode : M easurement mode. Numeric expression.
0: Voltage measurement mode. Default setting.
1: Current measurement mode.
The following conditions must be true to perform the measurement successfully:
Wheninterval=0: A >1V/msandB<3s
Wheninterval=1: A >0.1V/msandB<12s

where A means the slew rate when source output sweep was started, and B means
the settling detection time. See “Quasi-Pulsed Spot Measurements’ on page 2-15.
These values depend on the conditions of cabling and device characteristics. And

you cannot specify the values directly.

OQUTPUT @B1500; "BDM 0, 1"

BDT

The BDT command specifies the hold time and delay time for the quasi-pulsed
measurements.

BDT hol d, del ay

hold : Hold time (in sec). Numeric expression.
010 655.35 s, 0.01 sresolution. Initial settingisO.

delay : Delay time (in sec). Numeric expression.
010 6.5535 s, 0.0001 sresolution. Initial setting isO.

QUTPUT @B1500; "BDT 0. 1, 1E- 3"
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Command Reference

BDV

BDV

The BDV command specifies the quasi-pul sed voltage source and its parameters.

If the output voltage is greater than +42 V, the interlock circuit must be shorted.

BDV chnum range, start, stop[, | conp]

chnum:

range:

start, stop :

Icomp :

Source channel number. The value must be slot number where the SMU
has been installed. Integer expression. 1 to 10. See Table 4-1 on page
4-10.

Ranging type for quasi-pulsed source. Integer expression. The output
range will be set to the minimum range that covers both start and stop
values. For the limited auto ranging, the instrument never uses the
range less than the specified range. See Table 4-4 on page 4-13.

Start or stop voltage (in V). Numeric expression. See Table 4-6 on page
4-14.

0 to £100 for MPSMU/HRSMU, or 0 to +200 for HPSMU
[start - stop| must be 10 V or more.

Current compliance (in A). Numeric expression. See Table 4-6 on page
4-14.

If you do not set Icomp, the previous value is used.

The compliance polarity is automatically set to the same polarity asthe
stop value, regardless of the specified Icomp value. If stop=0, the
polarity is positive.

The time forcing the stop value will be approximately 1.5 msto 1.8 mswith the
following settings:

« BDM, BDT command parameters: interval=0, mode=0, delay=0

e AV or AAD/AIT command parameters: initial setting

QUTPUT @81500; "BDV 1, 0, 0, 100, 0. 01"
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BGI

Command Reference
BGI

The BGI command sets the current monitor channel for the binary search
measurement (MM 15). This command setting clears, and is cleared by, the BGV
command setting.

This command ignores the Rl command setting.

BA chnum node, condi ti on, range, t ar get

chnum :

mode,
condition :

range:

target :

Search monitor channel number. The value must be slot number where
the SMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

Search mode (0O: limit mode or 1: repeat mode) and search stop
condition. The meaning of condition depends on the mode setting:

mode condition

0 Limit value for the search target (target). The search stops
when the monitor data reaches target + condition.
Numeric expression. Positive value. in A.

Setting resolution: range/20000. where range means the
measurement range actually used for the measurement.

1 Repeat count. The search stops when the repeat count of the
operation that changes the source output value is over the
specified value. Numeric expression. 1 to 16.

M easurement ranging type. Integer expression. The measurement range
will be set to the minimum range that covers the target value. For the
limited auto ranging, the instrument never uses the range less than the
specified range. See Table 4-3 on page 4-12.

Search target current (in A). Numeric expression.

0to +0.1 for MPSMU/HRSMU, or 0 to +1 for HPSMU

OQUTPUT @B1500; "B4& 1,0, 1E-8, 14, 1E-6"

“BSM”
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BGI

Remarks In the limit search mode, if search cannot find the search target and the following
two conditions are satisfied, the B1500 repeats the binary search between the last
source value and the source start value.

» target is between the data at source start value and the last measurement data.

» target is between the data at source stop value and the data at:
source value = | stop — start | / 2.

If the search cannot find the search target and the following two conditions are
satisfied, the B1500 repeats the binary search between the last source value and the
source stop value.

» target is between the data at source stop value and the last measurement data.

» target is between the data at source start value and the data at:
source value = | stop — start | / 2.
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BGV

Command Reference
BGV

The BGV command specifies the voltage monitor channel and its search parameters
for the binary search measurement (MM 15). This command setting clears, and is
cleared by, the BGI command setting.

This command ignores the RV command setting.

BGVY chnum node, condi ti on, range, t ar get

chnum :

mode,
condition :

range:

target :

Search monitor channel number. The value must be slot number where
the SMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

Search mode (0O: limit mode or 1: repeat mode) and search stop
condition. The meaning of condition depends on the mode setting:

mode condition

0 Limit value for the search target (target). The search stops
when the monitor data reaches target + condition.
Numeric expression. Positive value. in V.

Setting resolution: range/20000. where range means the
measurement range actually used for the measurement.

1 Repeat count. The search stops when the repeat count of the
operation that changes the source output value is over the
specified value. Numeric expression. 1 to 16.

M easurement ranging type. Integer expression. The measurement range
will be set to the minimum range that covers the target value. For the
limited auto ranging, the instrument never uses the range less than the
specified range. See Table 4-2 on page 4-11.

Search target voltage (in V). Numeric expression.
0 to £100 for MPSMU/HRSMU, or 0 to +200 for HPSMU

QUTPUT @B1500; "BGV 1,0,0.1, 12, 5"

“BSM”
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BGV

Remarks In the limit search mode, if search cannot find the search target and the following
two conditions are satisfied, the B1500 repeats the binary search between the last
source value and the source start value.

» target is between the data at source start value and the last measurement data.

» target is between the data at source stop value and the data at:
source value = | stop — start | / 2.

If the search cannot find the search target and the following two conditions are
satisfied, the B1500 repeats the binary search between the last source value and the
source stop value.

» target is between the data at source stop value and the last measurement data.

» target is between the data at source start value and the data at:
source value = | stop — start | / 2.
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BSI

BSl

The BSI command sets the current search source for the binary search measurement
(MM15). After search stops, the search channel forces the value specified by the
BSM command.

This command clearsthe BSV, BSSI, and BSSV command settings.
This command setting is cleared by the BSV command.
If Vcomp value is greater than £42 V, the interlock circuit must be shorted.

BSI chnum range, start, stop[, Vconp]

chnum: Search source channel number. The value must be slot number where
the SMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

range: Output ranging type. Integer expression. The output range will be set to
the minimum range that covers both start and stop values. For the
limited auto ranging, the instrument never uses the range less than the
specified range. See Table 4-5 on page 4-13.

dtart, stop : Search start or stop current (in A). Numeric expression. See Table 4-7
on page 4-15. The start and stop must have different values.

0to +0.1 for MPSMU/HRSMU, or O to +1 for HPSMU

Vcomp:  Voltage compliance value (in' V). Numeric expression. See Table 4-7 on
page 4-15. If you do not specify VVcomp, the previous valueis set.

QUTPUT @B1500; "BSI 1,0, 1E-12, 1E-6, 10"
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BSM

BSM

The BSM command specifies the search source control mode in the binary search
measurement (MM 15), and enables or disables the automatic abort function. The
automatic abort function stops the search operation when one of the following
conditions occurs:

» Compliance on the measurement channel

» Compliance on the non-measurement channel
* Overflow on the AD converter

» Ogcillation on any channel

This command also sets the post search condition for the binary search sources.
After the search measurement is normally completed, the binary search sources
force the value specified by the post parameter.

If the search operation is stopped by the automatic abort function, the binary search
sources force the start value after search.

BSM node, abort [, post]

mode : Source output control mode, O (normal mode) or 1 (cautious mode).
If you do not enter this command, the normal mode is set. See Figure
4-1.

abort : Automatic abort function. Integer expression.

1: Disables the function. Initial setting.
2: Enables the function.

post : Source output value after the search operation is normally completed.
Integer expression.

1: Start value. Initial setting.
2: Stop value.
3: Output value when the search target valueis get.

If this parameter is not set, the search source forces the start value.

QUTPUT @B1500;"BSM 1, 2, 3"
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Figure4-1

Normal mode

Command Reference
BSM

Binary Search Source Output Control Mode

(1) Normal output

Voltage or current
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Siop 1 Bsv or BS| /8

-D/16 Search stopped

Hold time +D/4 +D/32 +D/64
Trigger ; N

lo—_:‘ I'_ Delay time
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Delay ti
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Delay time

Search stopped

(2) Cautious output Delay time
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Hold time +D/64
Trigger ;

== - Measurement
D =|Stop - Start |

RVZTR /N
fa—is

Start -

Time

The operation of the normal mode is explained below:

1

The source channel forces the Start value, and the monitor channel executes a
measurement.

The source channel forces the Stop value, and the monitor channel executes a
measurement.

If the search target value is out of the range between the measured value at the
Start value and the measured value at the Stop value, the search stops.

The source channel forces the Stop- D/2 value (or Stop+D/2 if Start>Stop), and
the monitor channel executes a measurement.

If the search stop condition is not satisfied, the measured data is used to decide
the direction (+ or —) of the next output change. The value of the changeis
aways half of the previous change.

Repeats the output change and measurement until the search stop conditionis
satisfied.

For information on the search stop condition, see“BGI” or “BGV”. If the output
change value is less than the setting resol ution, the search stops.
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BSM

Cautious mode The operation of the cautious mode is explained below:

1. The source channel forces the Start value, and the monitor channel executes a
measurement.

2. The source channel forces the Start+D/2 value (or Start- D/2 if Start>Stop), and
the monitor channel executes a measurement.

If the search stop condition is not satisfied, the measured datais used to decide
the direction (+ or —) of the next output change. The value of the changeis
always half of the previous change.

3. Repeats the output change and measurement until the search stop condition is
satisfied.
For information on the search stop condition, see“BGI” or “BGV”. If the output
change value is less than the setting resol ution, the search stops.
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BSSI

BSS|

The BSSI command sets the synchronous current source for the binary search
measurement (MM 15). The synchronous source output will be;

Synchronous source output = polarity x BSI source output + offset
where BS| source output means the output set by the BSI command.

This command setting is cleared by the BSV/BSI command.

The BSI command must be sent before sending this command.

BSSI chnum pol arity, of fset[, Vconp]

chnum:  Synchronous source channel number. The value must be slot number
where the SMU has been installed. Integer expression. 1 to 10. See
Table 4-1 on page 4-10.

polarity :  Polarity of the BSSI output for the BSI output.
0: Negative. BSSI output = —-BS| output + offset
1: Positive. BSSI output = BSI output + offset
offset : Offset current (in A). Numeric expression.
0to 0.1 for MPSMU/HRSMU, or 0 to =1 for HPSMU

Both primary and synchronous search sources will use the same output
range. So check the output range set to the BSI command to determine
the synchronous source outputs.

Vcomp:  Voltage compliance value (in V). Numeric expression. If you do not
specify Vcomp, the previous valueis set.

QUTPUT @B1500; "BSSI 1, 0, 1E-6, 10"

Refer to Table 4-7 on page 4-15 for the source output value, output range, and the
available compliance values.
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BSSV

BSSV

The BSSV command sets the synchronous voltage source for the binary search
measurement (MM 15). The synchronous source output will be:

Synchronous source output = polarity x BSV source output + offset
where BSV source output means the output set by the BSV command.

This command setting is cleared by the BSI/BSV command.

The BSV command must be sent before sending this command.

BSSV chnum pol arity, of fset[, | conp]

chnum:  Synchronous source channel number. The value must be slot number
where the SMU has been installed. Integer expression. 1 to 10. See
Table 4-1 on page 4-10.

polarity :  Polarity of the BSSV output for the BSV output.
0: Negative. BSSV output = —-BSV output + offset
1: Positive. BSSV output = BSV output + offset
offset : Offset voltage (in V). Numeric expression.
0 to +100 for MPSMU/HRSMU, or 0 to +200 for HPSMU

Both primary and synchronous search sources will use the same output
range. So check the output range set to the BSV command to determine
the synchronous source outputs.

lcomp: Current compliance value (in A). Numeric expression. If you do not
specify lcomp, the previous valueis set. Zero amps (0 A) isnot avalid
value for the lcomp parameter.

QUTPUT @B1500; "BSSV 1, 0, 5, 1E-6"

Refer to Table 4-6 on page 4-14 for the source output value, output range, and the
available compliance values.
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BST

The BST command sets the hold time and delay time for the binary search
measurement (MM 15). If you do not enter this command, all parameters are set to 0.

Syntax BST hol d, del ay

Parameters hold : Hold time (in seconds) that is the wait time after starting the search
measurement and before starting the delay time for the first search
point. Numeric expression.

0 to 655.35 sec. 0.01 sec resolution.

delay : Delay time (in seconds) that isthe wait time after starting to force a step
output value and before starting a step measurement. Numeric
expression.

0 to 65.535 sec. 0.0001 sec resolution.

Example OUTPUT @B1500; "BST 5, 0. 1"
Statements

Agilent B1500 Programming Guide, Edition 2 4-43



Syntax

Parameters

Example
Statements

Command Reference

BSV

BSV

The BSV command sets the voltage search source for the binary search
measurement (MM 15). After search stops, the search channel forces the value
specified by the BSM command.

This command clears the BSI, BSSI, and BSSV command settings.

This command setting is cleared by the BSI command.

If the output voltage is greater than +42 V, the interlock circuit must be shorted.

BSV chnum range, start, stop[, | conp]

chnum:

range:

start, stop :

Icomp :

Search source channel number. The value must be slot number where
the SMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

Output ranging type. Integer expression. The output range will be set to
the minimum range that covers both start and stop values. For the
limited auto ranging, the instrument never uses the range less than the
specified range. See Table 4-4 on page 4-13.

Search start or stop voltage (in V). Numeric expression. See Table 4-6
on page 4-14. The start and stop parameters must have different values.

0to +100 for MPSMU/HRSMU, or 0 to +200 for HPSMU

Current compliance value (in A). Numeric expression. See Table 4-6 on
page 4-14. If you do not specify Icomp, the previous valueis set. Zero
amps (0 A) is not allowed for Icomp.

QUTPUT @B1500; "BSV 1,0, 0, 20, 1E- 6"
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BSVM

The BSVM command selects the data output mode for the binary search
measurement (MM 15).

BSVM node

mode : Data output mode. Integer expression.

0 : Returns Data_search only (initial setting).

1: Returns Data_search and Data_sense.
Data_search isthe value forced by the search output channel set by BSI or BSV.
Data_sense is the value measured by the monitor channel set by BGI or BGV.
For data output format, refer to “ Data Output Format” on page 1-23.

OUTPUT @B1500; "BSVM 1"
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CA

The CA command performs the self-calibration of the specified modules (SMU).
Failed modules are disabled, and can only be enabled by the RCV command.
After the CA command, enter the * OPC? command to confirm that the command
execution is compl eted.

No SMU may bein the high voltage state (forcing more than +42 V, or voltage
compliance set to more than £42 V).

Before starting the calibration, open the measurement terminals.

CA [ sl ot nuni

dothum:  Slot number of the slot that installs the module to perform the
self-calibration. Integer expression. 1 to 10.

If you do not specify dotnum, this command performs the self-calibration for the
mainframe and all modules.

If dothum specifies the dlot that installs no module, this command causes an error.

QUTPUT 1500; " CA"
QUTPUT 1500; " * OPC?"
ENTER @81500; A

4-46 Agilent B1500 Programming Guide, Edition 2



Execution
Conditions

Syntax

Parameters

Query Response

Example
Statements

Command Reference
*CAL?

*CAL?

The CAL? query command performs the self-calibration of the specified modules
(SMU), and returns the results.

Failed modules are disabled, and can only be enabled by the RCV command.
After the * CAL? command, read the results soon.

No SMU may bein the high voltage state (forcing more than +42 V, or voltage
compliance set to more than £42 V).

Before starting the calibration, open the measurement terminals.

*CAL? [ sl ot nunm

dothum: Slot number of the slot that installs the module to perform the

self-calibration. Integer expression. 0 to 11.

0: All modules and mainframe. Default setting.

1to 10: Moduleinstalled in the slot specified by slothum.
11: Mainframe.

If dothum specifies the dlot that installs no module, this command causes an error.

resul t s<CR/ LF*EQ >

results returns the sum of the following values corresponding to the failures.

results Description results Description
0 Passed. No failure detected. 32 Slot 6 module failed.
1 Slot 1 module failed. 64 Slot 7 module failed.
2 Slot 2 module failed. 128 Slot 8 module failed.
4 Slot 3 module failed. 256 Slot 9 module failed.
8 Slot 4 module failed. 512 Slot 10 module failed.
16 Slot 5 module failed. 1024 Mainframe failed.
R LS L
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CL

CL
The CL command disables the specified channels.

No channel may be in the high voltage state (forcing more than +42 V, or voltage
compliance set to more than +42 V). However, if you do not specify chnumfor CL
command, there are no restrictions on the execution conditions.

CL [chnun],chnum ..[,chnunm...]]
A maximum of ten channels can be set.

chnum:  Channel number. The value must be slot number where the module has

been installed. Integer expression. 1 to 10. See Table 4-1 on page 4-10.
If you specify multiple chnums, the channels will be disabled in the specified order.
If you do not specify chnum, all channelswill be disabled in the order from higher to

lower voltage output range or measurement range.

The CL command sets the specified SMU/MFCMU to the following conditions:

SMU setup parameter Value MFCMU setup parameter | Value
Output switch OFF DC hias oV
Source mode Voltage AC level oV
Output voltage oV Output signal frequency 1kHz
V range 20V M easurement range 50Q
| compliance 100 pA
| range 100 pA
Filter OFF
Seriesresistor Not changed

After this command, there is no additional power consumption for the idle state.

QUTPUT @B1500; " CL"
QUTPUT @B1500;"CL 1, 2, 3, 5"
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CLCORR

CLCORR

This command disables the open/short/load correction function and clears the
frequency list for the correction data measurement. The correction datawill be
invalid after this command.

CLCORR sl ot, node

dot: Slot number where the MFCMU has been installed. Integer expression.
1to 10.
mode : Command option. Integer expression. 1 or 2.

1: Just clears the frequency list.

2: Clearsthe frequency list and sets the default frequencies, 1 k, 2 k,
5k, 10k, 20k, 50 k, 100 k, 200k, 500k, 1 M, 2 M, and 5 MHz.

OQUTPUT @B1500; "CLCORR 9, 1"

CM

The CM command sets the SMU auto-calibration function to ON or OFF. If the
following two conditions are satisfied, the B1500 automatically calibrates all
modules every 30 minutes.

» Auto-calibrationis ON.
e For al SMUSs, the output switch has been OFF for 30 minutes.

CM node

mode : Auto-calibration ON or OFF. Integer expression.
0: OFF (initia setting)
1: ON

Before starting the calibration, open the measurement terminals.
If the auto-calibration is enabled, do not forget to open the measurement terminals
after measurements.

QUTPUT @31500; "CM 0"
QUTPUT @B1500;"CM 1"
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CMM

The CMM command sets the SMU measurement operation mode. Thiscommand is
not available for the high speed spot measurement.

Syntax CW chnum node

Parameters chnum: Channel number. The value must be slot number where the SMU has
been installed. Integer expression. 1 to 10. See Table 4-1 on page 4-10.

mode : SMU measurement operation mode. Integer expression.
e 0: Compliance side measurement (initial setting).
» 1. SMU aways performs current measurement.
e 2. SMU aways performs voltage measurement.
* 3: Force side measurement.

If mode=0, SMU measures current when it forces voltage, or measures voltage when
it forces current.

If mode=3, SMU measures current when it forces current, or measures voltage when
it forces voltage.

The mode setting is kept until the mode is changed by this command. If you want to
return it to the initial setting, enter the CMM command with mode=0.

Example QUTPUT @B1500;"CwM 1, 1"
Statements
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CN

This command enabl es the specified channels.

THISCOMMAND ENABLESSMU TO FORCE DANGEROUSVOLTAGES.
WHEN THE CHANNEL ISNOT IN USE, SET THE OUTPUT SWITCH TO
"OFF" WHENEVER POSSIBLE.

No channel may be in the high voltage state (forcing more than +42 V, or voltage
compliance set to more than £42 V).

CN [chnun, chnum ..[,chnum .. .]]
A maximum of ten channels can be set.

chnum : Channel number. The value must be slot number where the module has
been installed. Integer expression. 1 to 10. See Table 4-1 on page 4-10.

If the output switch of the specified SMU is already set to ON, no actionis
performed by this command.

If you do not specify chnum, all channels will be enabled in the order from lower to
higher slot number.

If you specify multiple chnums, the channels will be enabled in the specified order.

If you specify the HRSMU connected to the ASU, this command enables the
HRSMU and connects the path to the ASU outpuit.

If you specify a SMU connected to the SCUU, this command enables the SMU and
connects the path to the SCUU output.

If you specify the MFCMU connected to the SCUU, this command enables the
MFCMU and connects the path to the SCUU output.

If you specify both MFCMU and SMU connected to the SCUU, this command
causes an error.

If you enter the CN command without chnum parameter to the B1500A installed
with the SCUU, this command enables the SMUs except for the SMUs connected to
the SCUU, enables the MFCMU, and connects the path to the SCUU output.
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CN
Remarks The CN command sets the specified SMU/MFCMU to the following conditions:
SMU setup parameter Value MFCMU setup parameter | Value
Output switch ON DC hias oV
Source mode Voltage AC level oV
Output voltage ov Output signal frequency 1kHz
V range 20V M easurement range 50Q
| compliance 100 pA
| range 100 pA
Filter Not changed
Seriesresistor Not changed

After this command, there is no additional power consumption for the idle state.

Example QUTPUT @31500; " CN'
Statements OUTPUT @B1500;"CN 1, 2, 3, 5"
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CORR?

CORR?

This command performs the open, short. or load correction data measurement.

Before executing this command, set the oscillator level of the MFCMU output
signal by using the ACV command.

If you use the correction standard, execute the DCORR command before this
command. The calibration value or the reference value of the standard must be
defined before executing this command.

To measure the open correction data, connect the open standard that has the
calibration value or reference value, or open the measurement terminals at the end of
the device side.

To measure the short correction data, connect the short standard that has the
calibration value or reference value, or connect the measurement terminals together
at the end of the device side.

To measure the load correction data, connect the load standard that has the
calibration value or reference value.

CORR? sl ot,corr

dot: Slot number where the MFCMU has been installed. Integer
expression. 1to 10.

corr : Correction data to measure. Integer expression. 1, 2, or 3.
1: Open correction data
2: Short correction data

3: Load correction data

result <CR/LF*EQ >
0: Correction data measurement completed successfully.

1: Correction data measurement failed.

2: Correction data measurement aborted.

QUTPUT @B1500; " CORR? 9, 3"
ENTER @B1500; Resul t
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CORRL

CORRL

This command disables the open/short/load correction function and adds the
specified frequency to the frequency list for the correction data measurement. The
correction datawill be invaid after this command.

CORRL slot, freq

dot: Slot number where the MFCMU has been installed. Integer expression.
1to 10.
freq: Frequency to be added. Numeric expression. in Hz.

OQUTPUT @B1500; " CORRL 9, 3000000"

CORRL?

This command returns the frequency stored in the frequency list for the correction
data measurement.

CORRL? sl ot][,index]

dot: Slot number where the MFCMU has been installed. Integer expression.
1to 10.
index : Index number of thelist. Integer expression.

e CORRL?dlot returns:

nunber _of _frequenci es <CR/ LF*EQ >
This value is the number of frequencies stored in the list.

e CORRL?dlot,index returns:

frequency <CR/ LFMEQ >
This valueis the frequency corresponding to the specified index.

QUTPUT @31500; "CLCORR 9, 2"
QUTPUT @B1500; " CORRL? 9"
ENTER _@81500; Number

QUTPUT @31500; "CORRL? 9, 4"
ENTER @31500; Freq

This exampl e returns Number=12 and Freg=10000.
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CORRST

CORRST

This command enables or disables the open/short/load correction function.
Before setting afunction to ON, perform the corresponding correction data
measurement by using the CORR? command.

CORRST sl ot,corr,state

dot :

corr :

State :

Slot number where the MFCMU has been installed. Integer
expression. 1to 10.

Correction mode. Integer expression. 1, 2, or 3.
1: Open correction
2: Short correction
3: Load correction

Correction function state. Integer expression. O (correction OFF) or
1 (correction ON).

CORRST?

This command returns the open/short/load correction function ON or OFF.

CORRST? sl ot,corr

dot :

corr :

Slot number where the MFCMU has been installed. Integer
expression. 1to 10.

Correction mode. Integer expression. 1, 2, or 3.
1: Open correction
2: Short correction

3: Load correction

status <CR/ LFMEQ >
0: Disable (correction OFF)

1: Enable (correction ON)

QUTPUT @B1500; "CORRST 9, 3, 1"

QUTPUT

1500; " CORRST? 9, 3"

ENTER @B1500; St at us
The above example returns Status=1.
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DCORR

This command disables the open/short/load correction function and defines the
calibration value or the reference value of the open/short/load standard. The
correction datawill be invaid after this command.

DCORR sl ot, corr, node, pri mary, secondary

dot: Slot number where the MFCMU has been installed. Integer
expression. 1to 10.

corr : Correction mode. Integer expression. 1, 2, or 3.
1: Open correction
2: Short correction
3: Load correction
mode : M easurement mode. Integer expression. 100 or 400.
100: Cp-G (for open correction)
400: Ls-Rs (for short or load correction)
primary : Primary reference value of the standard. Numeric expression.
Cp vaue for the open standard. in F.
Lsvalue for the short or load standard. in H.
secondary :  Secondary reference value of the standard. Numeric expression.
G vauefor the open standard. in S.
Rs value for the short or load standard. in Q.

QUTPUT @31500; "DCORR 9, 3, 400, 0. 00001, 49. 8765"
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DCORR?
DCORR?
This command returns the calibration value or the reference value of the
open/short/load standard.
DCORR? sl ot,corr
dot: Slot number where the MFCMU has been installed. Integer
expression. 1to 10.
corr : Correction mode. Integer expression. 1, 2, or 3.
1: Open correction
2: Short correction
3: Load correction
node, pri mary, secondary <CR/ LF"EQ >
mode : M easurement mode. Integer expression. 100 or 400.
100: Cp-G (for open correction)
400: Ls-Rs (for short or load correction)
primary : Primary reference value of the standard. Numeric expression.

Cp vaue for the open standard. in F.
Lsvaluefor the short or load standard. in H.
secondary :  Secondary reference value of the standard. Numeric expression.
G value for the open standard. in S.
Rs value for the short or load standard. in Q.

QUTPUT @B1500; " DCORR 9 3, 400 0. 00001, 49. 8765"
OUTPUT @B1500; " DCORR?
ENTER @81500; Mode, Pri mary Secondary

This example returns M ode=400, Priamry=0.00001, Secondary=49.8765.
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DCV

This command forces DC hias (voltage, up to +25 V) from the MFCMU. When the
SCUU (SMU CMU unify unit) is connected, output up to £100 V is available by
using the SMU that can be connected to the Forcel/Sensel terminals.

Execution The CN command has been executed for the specified channel.

Conditions
. If you want to apply DC voltage over £25 V, the SCUU must be connected correctly.

The SCUU can be used with the MFCMU and two SMUs (MPSMU or HRSMU).
The SCUU cannot be used if the HPSMU is connected to the SCUU or if the
number of SMUs connected to the SCUU is only one.

If the output voltage is greater than +42 V, the interlock circuit must be shorted.

Syntax DCV chnum vol t age

Parameters chnum: Source channel number. The value must be slot number where the
MFCMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

voltage:  DC voltage (in V). Numeric expression.
O (initial setting) to +100 V

With the SCUU, the source module is automatically selected by the
setting value. The MFCMU isused if voltage is below +25 V (setting
resolution: 0.001 V), or the SMU isused if voltage is greater than
+25V (setting resolution: 0.005 V).

The SMU will operate with the 100 V limited auto ranging and 20 mA
compliance settings.

Example OUTPUT @B1500; "DCV 7, 1"
Statements
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DI

Dl

The DI command forces DC current from the specified SMU.

The CN command has been executed for the specified channel.

If Vcomp value is greater than 42 V, the interlock circuit must be shorted.

DI chnumirange, current[, Vconp[, conp_pol arity[, vrange]]]

chnum : Source channel number. The value must be slot number where the SMU
has been installed. Integer expression. 1 to 10. See Table 4-1 on page
4-10.

irange: Ranging type for current output. Integer expression. The output range
will be set to the minimum range that covers current value. For the
limited auto ranging, the instrument never uses the range less than the
specified range. See Table 4-5 on page 4-13.

current:  Output current value (in A). Numeric expression. See Table 4-7 on page
4-15.

0to +0.1 for MPSMU/HRSMU, or O to +1 for HPSMU

Vcomp:  Voltage compliance value (in' V). Numeric expression. See Table 4-7 on
page 4-15. If you do not specify this parameter, Vcomp is set to the
previous setting.

comp_
polarity :  Polarity of voltage compliance. Integer expression.

0:  Auto mode (default setting). The compliance polarity is
automatically set to the same polarity as current, regardless of the
specified Vcomp. If current=0 A, the polarity is set to positive.

1: Manua mode. Uses the polarity of Vcomp you specified.

vrange:  Voltage compliance ranging type. Integer expression. The compliance
range will be set to the minimum range that covers VVcomp value. For
the limited auto ranging, the instrument never uses the range less than
the specified range. See Table 4-4 on page 4-13.

QUTPUT @B1500; "Dl 1,0, 1E-6"
QUTPUT @B1500;"DI 3, 14, 5E-7, 20, 0, 0"
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DIAG?

The DIAG? command starts the diagnostics, and returns the results.
Before starting the diagnostics, refer to Remarks below.

After the DIAG? command, read the results soon.

DI AG? iteni, pause]

item: Diagnostics item. Integer expression. 1 to 5.
item Description

1 Trigger In/Out diagnostics.

3 High voltage LED diagnostics.

4 Digital 1/0 diagnostics.

pause : Place holder to keep the compatibility with the FLEX command of
other instruments.

result <CR/ LFMEQ >
0: Passed.

1: Failed.

2: Aborted.

» Before executing DIAG? 1 (trigger in/out diagnostics), connect aBNC cable
between the Ext Trig In and Out connectors.

» After executing DIAG? 3 (high voltage LED diagnostics), confirm the status of
LED. Then enter the AB command. result returns 2.

If the LED does not blink, the B1500 must be repaired.
» Before executing DIAG? 4 (digital 1/0 diagnostics), disconnect any cable from
the digital 1/0 port.

QUTPUT @81500; " DI AG? 1"
ENTER @81500; A
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DO

DO

The DO command executes the B1500 internal memory programs (up to 8
programs) in the order specified.

The specified programs have been stored by using the ST and END commands.

DO pnuni, pnunf, pnuni, pnuni, pnun, pnun{, pnun{, pnuni]]1]]1]]

pnum : Internal memory program number. Numeric expression. 1 to 2000.

OQUTPUT @B1500;"DO 1, 2, 3,4,5,6,7, 8"
QUTPUT @B1500; " DO 98, 99"
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DV

The DV command forces DC voltage from the specified SMU.
Execution The CN command has been executed for the specified channel.
Conditions

If the output voltage is greater than +42 V, the interlock circuit must be shorted.

Syntax DV chnum vrange, vol tage[, | conp[, conp_pol arity[,irange]]

Parameters chnum:  Sourcechannel number. The value must be slot number where the SMU
has been installed. Integer expression. 1 to 10. See Table 4-1 on page
4-10.

vrange:  Ranging type for voltage output. Integer expression. The output range
will be set to the minimum range that covers voltage value. For the
limited auto ranging, the instrument never uses the range less than the
specified range. See Table 4-4 on page 4-13.

voltage:  Output voltage value (in V). Numeric expression. See Table 4-6 on
page 4-14.

0 to +100 for MPSMU/HRSMU, or 0 to 200 for HPSMU

lcomp: Current compliance value (in A). Numeric expression. See Table 4-6 on
page 4-14. If you do not set |comp, the previousvalueisused. 0 A is
not allowed for Icomp.

comp_
polarity :  Polarity of current compliance. Integer expression.

0: Auto mode (default setting). The compliance polarity is
automatically set to the same polarity as voltage, regardless of the
specified lcomp. If voltage=0 V, the polarity is set to positive.

1: Manua mode. Uses the polarity of lcomp you specified.

irange: Current compliance ranging type. Integer expression. The compliance
range will be set to the minimum range that covers Icomp value. For the
limited auto ranging, the instrument never uses the range less than the
specified range. See Table 4-5 on page 4-13.

Example OUTPUT @B1500; "DV 1, 0, 20, 1E-6, 0, 15"
Statements OUTPUT @1500;"DV 2, 12, 10"
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Dz

DZ

The DZ command stores the settings (V/I output values, V/I output ranges, V/I
compliance values, and so on) of the specified channels, and sets the channelsto 0
V. The settings can be recovered by using the RZ command. The stored settings are
cleared by using adevice clear (HP BASIC CLEAR) command, *RST, RZ, CL, CA,
or *TST?.

DZ [chnun,chnum ..[,chnum...]]
A maximum of ten channels can be set.

Channel number. The value must be slot number where the module has
been installed. Integer expression. 1 to 10. See Table 4-1 on page 4-10.

chnum :

If you specify multiple chnums, the channel outputs will be set to 0 V in the
specified order.

If you do not specify chnum, all channels with the output switch ON will be set to 0
V, in order from higher to lower voltage output range or measurement range.

The DZ command sets the specified SMU/MFCMU to the following conditions:

SMU setup parameter Value MFCMU setup parameter Value
Source mode Voltage DC bias ov
Output voltage oV AC level ov
V range Not changed || Output signal frequency | Not changed
| compliance See next table Measurement range 50Q
| range See next table
Filter Not changed
Seriesresistor Not changed
Previousrange? | Range | Compliance
1 nA to 100 pA same as previous range range value
over 100 pA 100 pA 100 pA
a. Range value that was set before the DZ command.
QUTPUT @B1500;"DZ 1, 2, 3"
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EMG?

EMG?

The EMG? query command returns error message corresponding to the specified
error code.

EMG? errcode

errcode:  Error code returned by the ERR? command. Numeric expression.

Error nmessage <CR/ LFMEQ >
For the error codes and error messages, refer to Chapter 5, “Error Messages.”

QUTPUT @81500; " EM3? 100"
ENTER @B1500; A$

END

The END command is used with the ST command to store a program in the internal
program memory. See “ST” on page 4-128.

END

QUTPUT 1500; " STl CN1; DV1, 0, 5, 1E-4; Tl 1, O0; CL1"
QUTPUT 1500: " END*
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ERC

The ERC command changes the output status of the digital 1/0 port. This command
does not change the status of the trigger ports and the input ports set by the ERM
command.

The *RST command or the device clear setsthe digital 1/O port (total 16 paths) to
the output port, and sets the port output level to TTL high.

ERC node, val ue[, rul €]

mode : Control mode. Integer expression. Set mode to 2.
2: Controls the digital 1/0 port.
If you set 1 that is effective for the Agilent 4142B, an error occurs.

value: Decimal value of the output status bit pattern. Integer expression. 0 to
65535. The bit pattern must comply with the following rule:

Bit value O: TTL high level (approx. 2.4 V)
Bit value 1: TTL low level (approx. 0.8 V)
rule: Place holder to keep the same syntax as the ERC command of the
Agilent 4142B. Input valueisignored.
If youwant toset TTL low level for the output ports of the digital 1/O port bit 0to 7,
enter the following command.
OQUTPUT @B1500; " ERC 2, 255"

where the decimal value 255 means binary bit pattern 0000000011111111. This
command does not change the status of the trigger ports and the input ports.

“ERM” and “ERS?’
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ERM

The ERM command changes the input/output assignments of the digital 1/0 port
(total 16 paths). This command does not change the trigger port assignments and
settings.

The *RST command or the device clear sets the digital 1/O port to the output port,
and sets the port output level to TTL high.

Syntax ERM i port

Parameters iport : Decimal value of the port setting. Integer expression. 0 to 65535.

The setting of each port must be designated by 0 or 1 that has the
following meaning:

0: Output port

1: Input port
Example If you want to use the non-trigger ports of the digital 1/0 ports 0 to 7 as the input
Statements port, enter the following statement.

OUTPUT @B1500; " ERM 255"
where the decimal value 255 means binary bit pattern 0000000011111111.

Remarks The ERM command sets the port level to TTL high for all ports where the port
assignment is changed from output to input or from input to output.

The ERM command does not change the port assignment of the trigger ports.

See Also “ERS?”’
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ERR?

ERR?

The ERR? query command returns error codes from the B1500 error register to the
output data buffer (query buffer).

This command clears the error register.

ERR? [ node]

mode : Error code output mode. Integer expression. O (default setting) or 1.
0: Returns up to four error codesin order from their occurrence.
1: Returns one error code.
If you do not specify mode, the ERR? command returns four error codes (same as
mode=0).
Error Code, Error Code, Error Code, Error Code <CR/ LFMEQ >
or

Error Code <CR/LFMEQ >

For the error codes, refer to Chapter 5, “ Error Messages.” If no error occurred, Error
CodeisO.

QUTPUT @81500; " ERR?"
ENTER @B1500; A$

QUTPUT @B1500; "ERR? 1"
ENTER @B1500; A

Agilent B1500 Programming Guide, Edition 2 4-67



Syntax

Query Response

Example
Statements

See Also

Command Reference
ERS?

ERS?
The ERS? command returns the status of the digital 1/0 port (16 paths).

ERS?

pattern <CR/ LFEQ >

pattern returns the decimal value of the port status.

The status of each port is designated by 0 or 1 that has the following meaning:
0: TTL high level (approx. 2.4 V)

1: TTL low level (approx. 0.8 V)

OUTPUT @1500; " ERS?"
ENTER @31500; A
PRI NT "Port Status="; A

For example, 255 (0000000011111111) isreturned when the port 0 to 7 have been
set tothe TTL low level and the port 8 to 15 have been set to the TTL high level.

“ ERM ”
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FC

FC
This command sets the output signal frequency of the MFCMU.

The CN command has been executed for the specified channel (MFCMU).

FC chnum freq

chnum : Source channel number. The value must be slot number where the
MFCMU has been installed. Integer expression. 1 to 10.

freq: Frequency (in Hz). Numeric expression.
1000 (1 kHz, initial setting) to 5000000 (5 MHz)
Setting resolution: 1 mHz (1 kHz to), 10 mHz (10 kHz to),
0.1 Hz (100 kHz to), or 1 Hz (1 MHz to 5 MHz).

QUTPUT @31500; "FC 7, 1000000"

FL

This command sets the connection mode of a SMU filter for each channel.
A filter is mounted on the SMU. It assures clean source output with no spikes or
overshooting.

FL mode[, chnun{, chnum .. [, chnum...]]
A maximum of ten channels can be set.

mode : Status of the filter. Integer expression.
0: Disconnect (initial setting).
1: Connect.

chnum : Channel number. The value must be slot number where the SMU has
been installed. Integer expression. 1 to 10. See Table 4-1 on page 4-10.

If you do not specify chnum, the FL. command sets the same mode for all channels.

QUTPUT @B1500; " FL"
QUTPUT @B1500; "FL O, 1, 3, 5"
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FMT

FMT

This command clears the B1500 output data buffer, and specifies the data output
format. For details about data output format, see “Data Output Format” on page
1-23. Without this command, the data output format is same as the format by the
FMT1,0 command.

Query command output datais always stored in the query buffer in ASCII format,
regardless of this command.

Multi command statement is not alowed for this command.

FMI format [, node]

format : Data output format. Integer expression. 1to 5, 11 to 15, 21, 22, or 25.
See Table 4-13.

mode : Data output mode. Integer expression. 0to 10. See Table 4-12. Without
setting the mode value, only the measurement data is returned.

For the sampling measurement, the sampling point is returned when
mode<>0 is set.

OQUTPUT @31500; "FMI 1"
OQUTPUT @B1500; "FMI 2, 1"

FMT mode parameter

mode Source data returned with measurement data
0 None (default setting). Only the measurement data is returned.
1 Data of the primary sweep source set by the WI/WV/PWI/PWV/
WDCV command.
2 Data of the synchronous sweep source set by the WSI/WSV
command.

2t0 10 For the multi channel sweep measurement:

Data of the synchronous sweep source set by the WNX command.
The mode value must be the sweep source number (2 to 10) you
want to get data. For the sweep source number, refer to “WNX” on
page 4-159.
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Table 4-13 FMT format parameter
format Data format Terminator
14 ASCII (12 digits data with header) <CR/LFEOI>
oa ASCII (12 digits data without header) <CR/LF*EOQI>
3a 4 byte binary <CR/LF*EQI>
42 4 byte binary <"EOI>
5a ASCII (12 digits data with header) ,
11 ASCII (13 digits data with header) <CR/LF*EOI>
12 ASCII (13 digits data without header) P <CR/ILF"EOI>
13 8 byte binary <CR/LF*EQI>
14 8 byte binary <"EOI>
15 ASCII (13 digits data with header) ,
21 ASCI| (13 digits data with header) © <CR/ILF*EOI>
22 ASCII (13 digits data without header) P <CR/ILF"EOI>
25 ASCII (13 digits datawith header) P ,
a. Compatible with the Agilent 4142B data output format.
b. Compatible with the Agilent 4155/4156 FLEX mode ASCII data.
12 digitsdatawill besn. nnnnnEsnn, snn. nnnnEsnn, or snnn. nnnEsnn.
13 digitsdatawill besn. nnnnnnEsnn, snn. nnnnnEsnn, or
snnn. nnnnEsnn.
where, s is+ or -, E isexponent symbol, and n means one digit number.
NOTE For the 4 byte binary data output format, the time stamp function is not available.

Refer to “Data Output Format” on page 1-23.
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*IDN?

*IDN?

The *IDN? query command returns the instrument model number and the firmware
revision number.

*| DN?

Agi | ent Technol ogi es, nodel , 0, revi si on <CR/LF*EQOI>

Response Explanation
model B1500A
revision Firmware revision number. Example: A. 01. 00

QUTPUT @B1500; " * | DN?"
ENTER @B1500; A$

Agi | ent Technol ogi es, B1500A, 0, A. 01. 00
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IMP

IMP

The IMP command specifies the parameter measured by the MFCMU. This
command is effective for the following commands and the following measurement
mode. The MFCMU can measure two parameters.

* TCcommand

e TTCcommand

» Spot C measurement (MM 17)

* CV sweep measurement (MM18)

This command is not effective for the binary data output format (FMT3, FM T4,
FMT13, and FMT14). Then one of the following couples will be measured. They

will be automatically selected by the B1500, and will be a couple without data
overflow.

* R (resistance, 2) and X (reactance, Q)
» G (conductance, S) and B (susceptance, S)

| MP node

mode : Measurement mode. 1 to 402. Integer expression. See Table 4-8 on
page 4-16.

Initial setting: mode=100 (Cp-G measurement)

OQUTPUT @31500; "I MP 10"
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IN

IN

The IN command sets the specified channel to 0 V with an output range change.

IN [chnuni, chnum .. [, chnuni...]]
A maximum of ten channels can be set.

chnum: Channel number. The value must be slot number where the module has
been installed. Integer expression. 1 to 10. See Table 4-1 on page 4-10.

If you specify multiple chnums, the channel outputswill be set to 0 V in the
specified order.

If you do not specify chnum, all channel outputs will be set to 0V in the order from
higher to lower voltage output range or measurement range.

The IN command sets the specified SMU/MFCMU to the following conditions:

SMU setup parameter Value MFCMU setup parameter | Value
Source mode Voltage DC bias oV
Output voltage oV AC level oV
V range 20V Output signal frequency 1kHz
| compliance 100 A Measurement range 50Q
| range 100 pA
Filter Not changed
Series resistor Not changed

After this command, there is no additional power consumption for theidle state.

QUTPUT @B1500; "I N
QUTPUT @B1500; "IN 1,2, 3,5, 6"
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LGI

The LGI command sets the current monitor channel for the linear search
measurement (MM 14). This command setting clears, and is cleared by, the LGV
command setting.

This command ignores the Rl command setting.

LA chnum node, range, t ar get

chnum :

mode :

range:

target:

Search monitor channel number. The value must be slot number where
the SMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

Search mode. Integer expression.
0 : If the measured value < target, it is the search result data.
1: If the measured value > target, it is the search result data.

M easurement ranging type. I nteger expression. The measurement range
will be set to the minimum range that covers the target value. For the
limited auto ranging, the instrument never uses the range less than the
specified range. See Table 4-3 on page 4-12.

Search target current (in A). Numeric expression.

0to +0.1 for MPSMU/HRSMU, or 0 to +1 for HPSMU

OQUTPUT @B1500; "LGE 0,1, 14, 1E-6"
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LGV

LGV

The LGV command sets the voltage monitor channel for the linear search
measurement (MM 14). This command setting clears, and is cleared by, the LGI
command setting.

This command ignores the RV command setting.

LGY chnum node, range, t ar get

chnum :

mode :

range:

target :

Search monitor channel number. The value must be slot number where
the SMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

Search mode. Integer expression.
0 : If the measured value < target, it is the search result data.
1: If the measured value > target, it is the search result data.

M easurement ranging type. I nteger expression. The measurement range
will be set to the minimum range that covers the target value. For the
limited auto ranging, the instrument never uses the range less than the
specified range. See Table 4-2 on page 4-11.

Search target voltage (in V). Numeric expression.

0to +100 for MPSMU/HRSMU, or 0 to +200 for HPSMU

QUTPUT @B1500; "LGV 1, 2,12, 3"
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LMN

LMN

The LMN command enables or disables the data output of the AC voltage and DC
voltage monitor values.

The measurement mode must be the spot C measurement mode (MM 17) or the CV
sweep measurement mode (MM 18).

LMN node

mode : Data output mode. Integer expression. O or 1.
1: Disables the data output. Initial setting.
2: Enables the data output.

OQUTPUT @31500; "LMN 1"
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LOP?

LOP?

The LOP? query command returns the operation status of all modules and stores the
results in the output data buffer (query buffer).

LOP?

LOP dtatl,stat?,stat3,stat4,stats,stat6,stat7,stat8,stat9,stat10 <CR/LF EOI>

The variables statl to stat10 will indicate the status of the module installed in the
dot 1to 10 respectively, and will be the two-digit status code shown in the following
table. For the HPSMU that occupies two sots, two variables will be returned. Then
thefirst oneis always 00, and the last one indicates the module status. For example,
LOPOO, 11, 00, 00, 00, 00, 00, 00, 00, 00 will be returned when only the
HPSMU installed in the slot 1-2 is used and is in the voltage compliance condition.

Séggés Description
00 No module isinstalled, or the output switch is OFF.
01 SMU forces voltage, and does not reach current compliance.
02 SMU forces positive current, and does not reach voltage compliance.
03 SMU forces negative current, and does not reach voltage compliance.
10 Not applicable.
11 SMU reaches voltage compliance.
12 SMU reaches positive current compliance.
13 SMU reaches negative current compliance.
20 SMU is oscillating.
30 Not applicable.
40 MFCMU applies DC hias.
51 MFCMU isinthe NULL loop unbalance condition.
52 MFCMU isinthe IV amplifier saturation condition.

QUTPUT @1580; "LOP?"

ENTER @150

 AS
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*LRN?

*LRN?

The *LRN? (learn) query command returns the B1500 command parameter settings.

*LRN? type

DI M_AS[ 200
OUTPUT @1500; " *LRN? 1"
ENTER @81500; A$

type: This parameter selects the type of query response. Available values are
0to 110, but some numbers are not used. See below. Integer expression.

A description and the query response of each type is described below.
0: Returns the output switch ON/OFF status:
CN[chnum[,chnum. .. [,chnum] ... ]]<CR/LF*EOI>

where chnum is the channel number for the channel whose output
switch is set to ON.

If no output switches are ON, the query responseis:
CL<CR/LF*EQI>
1to10: Returns the source status of SMU or CMU.

The type parameter corresponds to slot number where the module is
installed.

For the SMU when the output switch is ON, the query responseis:

DV chnum,range,voltagel,|comp[,comp polarity[,irange]]]
<CR/LF EOI>

or

DI chnum,range,current[,Vcomp[,comp polarity[,vrange]]]
<CR/LF EOI>

where range is the present setting of the output range.

For the SMU when the output switch is OFF, the query response is:
CL chnum <CR/LF*EQI>

For the CMU, the query responseis:

DCV chnum,voltage,ACV chnum,voltage; FC chnum,frequency
<CR/LF EOI>
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30: Returns the filter ON/OFF status:

FLO [off ch[,offch...[,offch]...];
FL1[onch[,onch...[,onch]..] <CR/LF*EOI>

If all modules are Filter OFF, the query response is:
FLO<CR/LFEOI>

If all modules are Filter ON, the query responseis:
FL1<CR/LF*EOI>

31: Returns the parameter values of the TM, AV, CM, FMT, and MM
commands:

TM trigger mode;AV number[,mode];CM auto calibration mode;
FMT output data format,output data mode

[;MM measurement mode[ ,chnum|,chnum...[,chnum]...]]]

<CR/LF EOI>

32: Returns the measurement ranging status:

RI chnum,Irange;RV chnum,\fange
[;RI chnum,Irange;RV chnum,Vfrange]
[;RI chnum,Irange;RV chnum,Vrange]<CR/LF*EOI>

33: Returns the staircase sweep measurement settings:

WM automatic sweep abort function,output after sweep;

WT hold time,delay time],step delay time[,Strig delay[,M trig delay]]]
[;WV chnum,mode,range,start,stop,nop[,lcomp [,pcomp]]] or

[;WI chnum,mode,range,start,stop,nop[,Vcomp[,pcomp]]]

[;WSV chnum,range,start,stop[,|comp[,pcomp]]] or

[;WSI chnum,range,start,stop[,Vcomp[,pcomp]]]<CR/LF*EOI>

34: Returns the pulsed source settings:

PT hold time,pul se width[,pulse period[,trig delay]]

[;PV chnum,output range,base voltage,pul se voltage [,Icomp]] or

[;PI chnum,output range,base current,pulse current [,Vcomp]]

[;PWV chnum,mode,range,base,start,stop,nop[,lcomp]] or

[;PWI chnum,mode,range,base,start,stop,nop[,Vcomp] |[<CR/L F*EQOI>

37: Returns the quasi-pul sed source settings:

BDM detection interval[,mode];
BDT hold time,delay time
[;BDV chnum,range,start,stop[,|comp]]<CR/LF*EOI>
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*LRN?

Returnsthe digital 1/0 port information:

ERM input pin;ERC2,value <CR/LF*EOI>

Returns channel mapping information:

If multiple channel numbers are translated to another numbers.

ACH actual,program[;ACH actual,program]
[;ACH actual,program|<CR/LF*EOI>

If no channel number is defined by the ACH command.
ACH<CR/LFEOI>
Returns SMU measurement operation mode settings:

CMM chnum,mode[;CMM chnum,mode]
[;CMM chnum,mode] <CR/LF*EOI>

Returns the sampling measurement settings:

MSC abort,post;MT h_bias,interval,number,h_base;ML mode
[;MV chnum,range,base,output,comp] or
[;MI chnum,range,base,output,comp]

<CR/LF EOI>
Returns the linear search measurement settings:

LSM abort,post;L STM hold,delay;L SVM mode
[;LGI chnum,mode,Irange,ltarget] or

[;LGV chnum,mode,Vrange, Vtarget]

[;LSV chnum,range,start,stop,step[,Icomp]] or
[;LSI chnum,range,start,stop,step[,Vcomp]]
[;LSSV chnum,polarity,offset[,|comp]] or
[;LSSI chnum,polarity,offset[,Vcomp]]

<CR/LF EOI>

Returns the binary search measurement settings:

BSM mode,past;BST hold,delay;BSVM mode
[;BGI chnum,mode,condition,Irange,ltarget] or
[;BGV chnum,mode,condition,Vrange,Vtarget]
[;BSV chnum,range,start,stop[,Icomp]] or
[;BSI chnum,range,start,stop[,Vcomp]]
[;BSSV chnum,polarity,offset[,lcomp]] or
[;BSSI chnum,polarity,offset[,Vcomp]]
<CR/LF EOI>
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53: Returns the SMU series resistor ON/OFF status:
SSR chnum,mode[; SSR chnum,mode]
[;SSR chnum,mode] <CR/LF*EQI>

54: Returns the auto ranging mode status:

RM chnum,mode],rate][;RM chnum,mode],rate]]
[;RM chnum,mode[ rate]]<CR/L F*EOI>

55: Returnsthe A/D converter settings:

AAD chnum,type[;AAD chnum,type]
[;AAD chnum,type]<CR/LF*EQOI>

56: Returns the ADC averaging or integration time setting:
AITO,modetime;Al T1,mode,time;AZ mode<CR/LF EOI>

57: Returns the source/measurement wait time settings:
WATO,set_set;WAT1,set_meas<CR/LF*EOI>

58: Returns the trigger settings:

[TGP port,terminal ,polarity,type]
[;TGP port,terminal,polarity,type]
[; TGP port,terminal,polarity,type]
TGS mode; TGXO mode; TGSO mode; TGMO mode<CR/LF*EQI>

59: Returns the multi channel sweep source settings:

WNX n,chnum,mode,range,start,stop[,comp[,pcomp]]
[;WNX n,chnum,mode,range,start,stop[,comp[,pcomp]]]
[;WNX n,chnum,mode,range,start,stop[,comp[,pcomp]]]
<CR/LFEOI>

If no multi channel sweep source is set, the query responseis:
WNX<CR/LF*EQI>

60 : Returns the time stamp setting:
TSC enable<CR/LFEOQI>
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*LRN?

Returns the display settings:

RED enable;

KLC lock;

DFM format;

SPA1,param;

SPA2,param;

MPA param;

SCH chnum;

MCH chnum<CR/LF*EOI>

Returns the ASU connection path:

SAP chnum,path[; SAP chnum,path]
[;SAP chnum,path]<CR/LF*EOI>

Returnsthe 1 pA auto ranging operation mode:

SAR chnum,mode]; SAR chnum,mode]
[;SAR chnum,mode]<CR/L F*EOI>

Returns the operation mode of the ASU connection status indicator:

SAL chnum,mode[;SAL chnum,mode]
[;SAL chnum,mode]<CR/LF*EOI>

Returns the MFCMU measurement mode:

IMP mode<CR/LF EQI>

Returns the MFCMU data output mode:

LMN mode<CR/LF*EQI>

Returns the MFCMU’s ADC setting:

ACT mode, number<CR/LF EQOI>

Returns the MFCMU measurement range:

RC chnum,mode,range<CR/L F*EQOI>

Returns the operation mode of the SCUU connection status indicator:
SSL chnum,mode<CR/LF*EQI>

Returns the SCUU connection path:

SSP chnum,mode<CR/LF*EOI>

Returns the MFCMU adjustment mode setting:
ADJ chnum,mode<CR/LF EOI>
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100: Returns the CV sweep measurement settings:
WMDCYV abort function[,output after sweep;
WTDCYV hold,delay[,step delay[,Strig delay[,M trig delay]]]
[;WDCV chnum,mode,start,stop,nop]<CR/LF*EQOI>

110: Returns the parallel measurement mode setting:

PAD mode<CR/LF*EQOI>
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LSl

LSl

The LSI command sets the current search source for the linear search measurement
(MM14). After search stops, the search channel forces the value specified by the
LSM command.

This command clearsthe LSV, LSSI, and LSSV command settings.
This command setting is cleared by the LSV command.
If Vcomp value is greater than £42 V, the interlock circuit must be shorted.

LSl chnumrange, start, stop, step[, Vconp]

chnum : Search source channel number. The value must be slot number where
the SMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

range: Output ranging type. Integer expression. The output range will be set to
the minimum range that covers both start and stop values. For the
limited auto ranging, the instrument never uses the range less than the
specified range. See Table 4-5 on page 4-13.

dtart, stop : Search start or stop current (in A). Numeric expression. See Table 4-7
on page 4-15. The start and stop must have different values.

0to 0.1 for MPSMU/HRSMU, or 0 to =1 for HPSMU
step: Step current (in A). Numeric expression.

If start < stop, step must be positive, and if start > stop, step must be
negative. Maximum number of search stepsis 1001.

Vcomp: Voltage compliance value (in V). Numeric expression. See Table4-7 on
page 4-15. If you do not specify VVcomp, the previous valueis set.

QUTPUT @B1500; "LSI 1,0,0, 1E- 6, 1E-8, 10"
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LSM

LSM

The LSM command enables or disables the automatic abort function for the linear
search measurement (MM 14). The automatic abort function stops the search
operation when one of the following conditions occurs:

e Compliance on the measurement channel

» Compliance on the non-measurement channel
* Overflow on the AD converter

* Ogcillation on any channel

This command al so sets the post search condition for the linear search sources. After
the search measurement is normally compl eted, the linear search sources force the
value specified by the post parameter.

If the search operation is stopped by the automatic abort function, the linear search
sources force the start value after search.

LSM abort [, post]

abort : Automatic abort function. Integer expression.
1: Disables the function. Initial setting.
2: Enables the function.

post : Source output value after the search operation is normally completed.
Integer expression.

1: Start value. Initial setting.
2: Stop value.
3: Output value when the search target value is obtained.

If this parameter is not set, the search source forces the start value.

QUTPUT @B1500; "LSM 2"
OQUTPUT @B1500; "LSM 2, 3"
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LSSI

LSS

The LSSl command sets the synchronous current source for the linear search
measurement (MM 14). The synchronous source output will be:

Synchronous source output = polarity x LS| source output + offset
where the LS| source output is the output set by the LSl command.

This command setting is cleared by the LSV/LSI command.

The LSI command must be entered before this command.

If Vcomp value is greater than £42 V, the interlock circuit must be shorted.

LSSl chnum pol arity, of fset[, Vconp]

chnum:  Synchronous source channel number. The value must be slot number
where the SMU has been installed. Integer expression. 1 to 10. See
Table 4-1 on page 4-10.

polarity:  Polarity of the LSSI output for the LSI output.
0 (negative): LSSI output = —L Sl output + offset
1 (positive): LSSI output = LSI output + offset
offset: Offset current (in A). Numeric expression.
0to +0.1 for MPSMU/HRSMU, or 0 to =1 for HPSMU

Both primary and synchronous search sources will use the same output
range. So check the output range set to the LS| command to determine
the synchronous source outputs.

Vcomp: Voltage compliance value (in V). Numeric expression. If you do not
specify Vcomp, the previous value is set.

QUTPUT @B1500; "LSSI 1,1, 1E-6,5"

Refer to Table 4-7 on page 4-15 for the source output value, output range, and the
available compliance values.
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LSSV

LSSV

The LSSV command sets the synchronous voltage source for the linear search
measurement (MM 14). The synchronous source output will be:

Synchronous source output = polarity x LSV source output + offset
where the LSV source output is the value set by the LSV command.
This command setting is cleared by the LSI/LSV command.

The LSV command must be entered before this command.

If the output voltage is greater than +42 V, the interlock circuit must be shorted.

LSSV chnum pol arity, of fset[, | conp]

chnum:  Synchronous source channel number. The value must be slot number
where the SMU has been installed. Integer expression. 1 to 10. See
Table 4-1 on page 4-10.

polarity:  Polarity of the LSSV output for the LSV output.
0 (negative): LSSV output = —L SV output + offset
1 (positive): LSSV output = LSV output + offset
offset: Offset voltage (in V). Numeric expression.
0 to +100 for MPSMU/HRSMU, or 0 to +200 for HPSMU

Both primary and synchronous search sources will use the same output
range. So check the output range set to the LSV command to determine
the synchronous source outputs.

[ comp: Current compliance value (in A). Numeric expression. If you do not
specify lcomp, the previous value is set. Zero amps (0 A) isnot avalid
value for the lcomp parameter.

OQUTPUT @B1500; "LSSV 1,0, 5, 1E-6"

Refer to Table 4-6 on page 4-14 for the source output value, output range, and the
available compliance values.
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LST?

The LST? query command stores a catal og of internal memory programs or a
specific program listing in the output data buffer (query buffer) of the B1500.

LST? [ pnuni,index[, size]]]

pnum : Memory program number. Numeric expression. 0 to 2000. If you do not
specify thevalue, O is set.

LST?0 returnsthe catal og of the memory programs. Thisis same asthe
L ST? command results. Then index and size are not required.

index : Command index that is the number of top command to read. Numeric
expression. If you do not specify the value, 1 is set.

index=1 specifies the first command stored in the memory program.
This command is always the ST command. And the last command is
alwaysthe END command. If the index value is greater than the
number of commands, the L ST? returns the END only.

If you set index=0, the L ST? returns the number of commands stored in
the memory program. For empty memory programs, the L ST? returns 2
(ST and END).

size: Number of commands to read. Numeric expression. 1 to 3000. If you
do not specify the value, 3000 is set.

If you set the value greater than the number of commands from the
command specified by index to the last command (END), the LST?
command stops operation after reading the END command.

Response by LST? or LST?0:
Nurmber of prograns[, pnuni, pnum ... [,pnum...]]<CR LF*EQ >
Response by LST? pnum[, index[, siz€]]:

ST pnunxCR/ LF>
[ saved command <CR/ LF>]
[ saved command <CR/ LF>]

[ saved corﬁmnd <CR/ LF>]
END<CR/ LFMEQ >

The LST? command reads the command specified by the index, reads the command
stored next, and repeats this operation until the size each of commands are read. If
you do not specify the index and size values, the LST? command reads the first
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LST?

stored command (ST pnum) to the 3000th stored command. If the number of
commands are less than 3000, the L ST? command reads the commands from ST to
END. See Example Statements that show an HP BASIC programming example.

Example Example of LST?:

Statements DI M AS[ 100]
OQUTPUT @1500; " LST?"
ENTER @B1500; A%
PRI NT A$

Example of LST? pnum[, index[, siz€]] :

DI M A$[ 100]
P_nun¥l
1

OUTPUT @81500; “LST?": P_num O
ENTER @1500; Num ¢

Num_| =Num_c/ 3000

|

I'F Num_c>3000 THEN
C i ndex=1
FOR I =1 TO I NT(Num_|)
QUTPUT @B1500; "LST?"; P_num C_i ndex
FOR N=1 TO 3000
ENTER @81500; A$
PRI NT A$
C_i ndex=C_i ndex+1
NEXT N
NEXT |
OUTPUT @B1500; "LST?"; P_num C_i ndex
LOOP
ENTER @B1500; A%
PRI NT A$
EXIT | F A$="END'
END LOOP
ELSE
OUTPUT @B1500; "LST?"; P_num
LOOP
ENTER @B1500; A%
PRI NT A$
EXIT | F A$="END'
END LOOP
END | F
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LSTM

The LSTM command sets the timing parameters for the linear search measurement
(MM14). If you do not enter this command, all parameters are set to 0.

Syntax LSTM hol d, del ay

Parameters hold : Hold time (in seconds) that is the wait time after starting the search
measurement and before starting the delay time for the first search
point. Numeric expression.

0 to 655.35 sec. 0.01 sec resolution.

delay : Delay time (in seconds) that isthe wait time after starting to force astep
output value and before starting a step measurement. Numeric
expression.

0 to 65.535 sec. 0.0001 sec resolution.

Example OUTPUT @B1500; "LSTM 5, 0. 1"
Statements
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LSV

LSV

The LSV command sets the voltage search source for the linear search measurement
(MM14). After search stops, the search channel forces the value specified by the
LSM command.

This command clearsthe LS|, LSSI, and LSSV command settings.

This command setting is cleared by the LSI command.

If the output voltage is greater than +42 V, the interlock circuit must be shorted.

LSV chnum range, start, stop, step[, | conp]

chnum :

range:

start, stop :

step :

I comp:

Search source channel number. The value must be slot number where
the SMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

Output ranging type. Integer expression. The output range will be set to
the minimum range that covers both start and stop values. Range
changing may cause 0 V output in a moment. For the limited auto
ranging, the instrument never uses the range less than the specified
range. See Table 4-4 on page 4-13.

Search start or stop voltage (in V). Numeric expression. See Table 4-6
on page 4-14. The start and stop parameters must have different values.

0 to £100 for MPSMU/HRSMU,
0 to £200 for HPSMU
Step voltage (in V). Numeric expression.

If start < stop, step must be positive, and if start > stop, step must be
negative. Maximum number of search stepsis 1001.

Current compliance value (in A). Numeric expression. See Table 4-6 on
page 4-14. If you do not specify |comp, the previous valueis set. Zero
amps (0 A) is not allowed for Icomp.

OQUTPUT @B1500; "LSV 1, 0,0, 20, .5, 1E-6"
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LSVM

LSVM

The LSVM command selects the data output mode for the linear search
measurement (MM 14).

LSVM node

mode : Data output mode. Integer expression. O (initial setting) or 1.

0 : Returns Data_search only.

1: Returns Data_search and Data_sense.
Data_search isthe value forced by the search output channel set by LS| or LSV.
Data_sense isthe value measured by the search monitor channel set by LGI or LGV.

For data output format, refer to “ Data Output Format” on page 1-23.

OUTPUT @B1500; "LSVM 1"

MCC
The MCC command clears the settings of the channels defined by the MV or M1
command used for the sampling measurement (MM 10).

MCC [ chnuni, chnum .. [, chnun{, chnum]...]]

A maximum of ten channels can be set.

chnum:  Channel number of the unit to clear the settings. Integer expression.
1to 10. See Table 4-1 on page 4-10.
If you do not specify chnum, the MCC command clears the settings of
all sampling channels.

QUTPUT @B1500; " MCC'
OQUTPUT @B1500; "MCC 1, 2, 3"
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Ml

MI

The M1 command sets the DC current source (SMU) for the sampling measurement
(MM10). This command setting clears, and is cleared by, the MV command setting.

The specified channel starts the base current output by the measurement trigger (XE
command and so on), and changes the output value to bias after the hold time
elapses. The hold time is set by the h_base parameter of the MT command.

When multiple channels are used, channel outputs start in the channel number order.
If the DI command is executed for this channel, the channel works asthe DC current
source set by the DI command.

If Vcomp value is greater than £42 V, the interlock circuit must be shorted.

M chnumirange, base, bi as[, Vconp]

chnum: Source channel number. The value must be slot number where the SMU
has been installed. Integer expression. 1 to 10. See Table 4-1 on page
4-10.

irange: Ranging type. Integer expression. The output range will be set to the
minimum range that covers both base and bias values. For the limited
auto ranging, the instrument never uses the range less than the specified
range. See Table 4-5 on page 4-13.

base, bias: Base current and bias current (in A). Numeric expression. See Table 4-7
on page 4-15.

0to +0.1 for MPSMU/HRSMU, or O to +1 for HPSMU

Vcomp:  Voltage compliance value (in' V). Numeric expression. See Table 4-7 on
page 4-15. If you do not specify this parameter, Vcomp is set to the
previous setting.

OQUTPUT @B1500; "M 1, 18,0, 5E-5, 10"

“MT”,“MCC”, “MSC”
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ML

The ML command sets the sampling mode, linear or logarithmic. For the
logarithmic sampling, this command also specify the number of measurement data
to be returned.

If you do not execute this command, the last sampling mode is effective.
Initialization such as the *RST command sets the linear sampling mode.

Syntax M. node

Parameters mode Sampling mode, linear or logarithm.

1: linear sampling, initial setting.

2: logarithmic sampling, 10 data/decade.
3: logarithmic sampling, 25 data/decade.
4: 1ogarithmic sampling, 50 data/decade.
5: logarithmic sampling, 100 data/decade.
6: logarithmic sampling, 250 data/decade.
7: logarithmic sampling, 500 data/decade.

Example OUTPUT @B1500; "M 2"
Statements
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MM

The MM command specifies the measurement mode and the channels used for
measurements. This command must be entered to specify the measurement mode.
For the high speed spot measurements, do not enter the MM command.

* mode=1, 2, 10, or 16:
MM node, chnun{, chnun{, chnum .. [, chnuni...]]
A maximum of ten channels can be set.
* mode=3,4,5, 17, or 18:
MM node, chnum
*  mode= 14 or 15:
MM node
* mode=9:

MM node[ , chnuni

mode : Measurement mode. Integer expression. 1 to 18. See Table 4-14.
chnum: Measurement channel number. The value must be slot number where

the module has been installed. Integer expression. 1 to 10. See Table
4-1 on page 4-10.

The SMU operation mode is defined by the CMM command.

The measurement range is defined by the RI or RV command (except for mode=14
and 15), or the RC command (mode=17 or 18).

To execute the measurement, enter the XE command.

For mode=1, 2, or 10, if you use multiple measurement channels, the channels start
measurement in the order defined in the MM command.

For mode=16, if you use multiple measurement channels, the channels that use the
fixed ranging mode start measurement simultaneously, then other channels start
measurement in the order defined in the MM command. Note that the
high-resolution ADC cannot perform simultaneous measurement.

For mode=9, if you do not specify chnum, the B1500 uses the channel specified by
the BDV command to execute measurement.

For mode=9, 14, or 15, the time stamp function is not available. See “ Data Output
Format” on page 1-23.

4-96 Agilent B1500 Programming Guide, Edition 2



Table 4-14

Example

Statements

M easurement M ode

Command Reference
MM

mode | Measurement mode Related source setup command

1 Spot DI, DV

2 Staircase sweep WI, WV, WT, WM, WSI, WSV

3 Pulsed spot Pl, PV, PT

4 Pulsed sweep PWI, PWV, PT, WM, WSI, WSV

5 Staircase sweep with | WI, WV, WM, WSI, WSV, PI, PV, PT

pulsed bias

9 Quasi-pulsed spot BDV, BDT, BDM

10 | Sampling MCC, MSC, ML, MT, MI, MV

14 Linear search LSV, LSl, LGV, LGI,LSM, LSTM, LSSV,
LSSI, LSVM

15 Binary search BSV, BSI, BGV, BGI, BSM, BST, BSSV,
BSSI, BSVM

16 Multi channel sweep | WI, WV, WT, WM, WNX

17 Spot C FC, ACV, DCV

18 CV sweep FC, ACV, WDCV, WMDCV, WTDCV

QUTPUT @B1500;"MM 1, 1"

QUTPUT @31500;"WMM 2, 1, 3"
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MSC

The MSC command enables or disables the automatic abort function for the
sampling measurement (MM 10). The automatic abort function stops the
measurement when one of the following conditions occurs:

e Compliance on the measurement channel

» Compliance on the non-measurement channel
» Overflow on the AD converter

» Ogcillation on any channel

This command also sets the post measurement condition for the sources. After the
measurement is normally completed, the voltage/current sources force the value
specified by the post parameter.

If the measurement is stopped by the automatic abort function, the voltage/current
sources force the base value.

MSC abort [, post]

abort : Automatic abort function. Integer expression.
1: Disables the function. Initial setting.
2: Enables the function.

post : Source output value after the measurement is normally compl eted.
Integer expression.

1: Basevalue.
2: Biasvalue. Initial setting.
If this parameter is not set, the sources force the base value.

The B1500 returns the data measured before any abort condition is detected.
Dummy data 199.999E+99 will be returned for the data after abort.

QUTPUT @B1500; " MsC 2"
QUTPUT @B1500; "MsC 2, 2"
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MT

This command sets the timing parameters of the sampling measurement (MM 10).

Ml h_bi as, i nterval , nunber[, h_base]

h_bias: Time since the bias value output until the first sampling point. Numeric
expression. in seconds. O (initial setting) to 655.35 s, resolution 0.01 s.

The following values are also available for interval < 0.002 s. |h_bias|
will be the time since the sampling start until the bias value output.

- 0.09 to - 0.0001 s, resolution 0.0001 s.

interval :  Interval of the sampling. Numeric expression. in seconds.
0.002 (initial setting) to 65.535 s, 0.001 s resolution.

interval <0.002 sin 0.00001 sresolution is also available for the linear
sampling. It must satisfy the following formula. See NOTE below.

interval > 0.0001 + 0.00002 x (number of measurement channels- 1)
number :  Number of samples. Integer expression. 1 to the following value.
For the linear sampling: 100001 / (number of measurement channels)
For the log sampling: 1 + (number of datafor 11 decades)
h_base Hold time of the base value output until the bias value output. Numeric

expression. in seconds. O (initial setting) to 655.35 s, resolution 0.01 s.

If you set interval < 0.002 s

Sampling mode must be linear. This setting is not permitted for the log sampling.

All measurement channels must use the high speed A/D converter (ADC). This
setting is not permitted if a measurement channel uses the high resolution ADC.

If the multiple measurement channels are used, al channels perform measurements
inparalel.

If the measurement ranging mode is not the fixed mode, the measurement channels
automatically select the minimum range that covers compliance value set to the
channel.

If the measurement time is expected to be longer than interval, the measurement
channels automatically adjust the number of averaging samples (AIT or AV
command settings) to keep the sampling interval.

Agilent B1500 Programming Guide, Edition 2 4-99



Sampling
Operation

Example
Statements

Command Reference
MT

Sampling measurement will be started by a measurement trigger such asthe XE
command or an external trigger, and performed as shown below. Before the
measurement trigger, the source channels set by the DI/DV commands will start
output at the timing of the DI/DV command execution.

1. By the measurement trigger, source channels set by the MI/MV commands start
the base value output. Each source channel controls the output simultaneoudly.

2. h_base seconds | ater, the source channels change the output to the bias value.
The channels keep the value until the end of the sampling measurement.

3. Another h_bias seconds later, the measurement channels start measurement for
the first sampling point. The measurement channels perform the measurement in
series by the order set to the MM command.

4. After that, the following operation is repeated with the specified time interval.

e Measurement channels start measurement if they are ready to measure.
« Measurement channels keep the condition if they are busy.

This operation is repeated until the number of measurement result data reaches
to the specified number of measurement data.

For the linear sampling with interval < 2 ms, if the total measurement time runs
over the specified time interval x number, the sampling measurement will be
stopped even if the number of measurement result data is less than the specified
number.

For the log sampling, the B1500A holds only the data that can be plotted on the
log scale in the same distance as close as possible. Only the held dataiis counted
in the number of measurement result data.

5. The sampling measurement is completed. And the source channel set by the
MI/MV command forcesthe base or bias value specified by the M SC command.
The source channel set by the DI/DV command keeps its output.

Theindex data (max. 2147483647) and the time data returned with the measurement
datawill be as shown in the following formula. However, long measurement or busy
status may cause unexpected time data.

timedata=t + h_bias+ (index data- 1) x interval
Where, t is the time of the sampling measurement time origin, and is the time when
the output value is changed from base to bias.

QUTPUT @B1500; " MT 0, 0. 0001, 5000, 0"
QUTPUT @B1500; "MT 0. 01, 0. 001, 101, 0. 1"
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MV

MV

The MV command sets the DC voltage source (SMU) for the sampling
measurement (MM 10). This command setting clears, and is cleared by, the M1
command setting.

The specified channel starts the base voltage output by the measurement trigger (XE
command and so on), and changes the output value to bias after the hold time
elapses. The hold time is set by the h_base parameter of the MT command.

When multiple channels are used, channel outputs start in the channel number order.
If the DV command is executed for this channel, the channel works asthe DC
voltage source set by the DV command.

If the output voltage is greater than +42 V, the interlock circuit must be shorted.

MW chnum vr ange, base, bi as[, | conp]

chnum: Source channel number. The value must be slot number where the SMU
has been installed. Integer expression. 1 to 10. See Table 4-1 on page
4-10.

vrange:  Ranging type. Integer expression. The output range will be set to the
minimum range that covers both base and bias values. For the limited
auto ranging, the instrument never uses the range less than the specified
range. See Table 4-4 on page 4-13.

base, bias: Base voltage and bias voltage (in V). Numeric expression. See Table
4-6 on page 4-14.

0 to +100 for MPSMU/HRSMU, or 0 to 200 for HPSMU

lcomp: Current compliance value (in A). Numeric expression. See Table 4-6 on
page 4-14. If you do not set |comp, the previousvalueisused. 0 A is
not allowed for Icomp.

QUTPUT @31500; "W 1, 12,0, 5, 1E- 3"

“MT”,“MCC”, “MSC”
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NUB?

NUB?

The NUB? query command checks the number of measurement datain the output
data buffer, and stores the results in the output data buffer (query buffer).

NUB?
Nunber of measurenent data<CR/ LFMEQ >

QUTPUT 1500; " NuUB?"
ENTER @31500; A

*OPC?

The * OPC? command monitors the pending operations, and places ASCI| character
1 into the output queue when all pending operations are completed. Also this
command sets/clears the operation complete (OPC) bit in the standard event status
register as follows:

 If there are no pending operations, sets the OPC hit to 1.

» If there are any pending operations, sets the OPC bit to 0.
The bit will be set to 1 when all pending operations are completed.

*OPC?

1<CR/ LFMEQ >

No response will be returned until all pending operations are completed.

QUTPUT @31500; " * OPC?"
ENTER @B1500; A
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oS

OS

The OS command causes the B1500 to send a edge trigger from the Ext Trig Out
terminal. To set the trigger logic (initial setting: negative), send the TGP command
for the Ext Trig Out terminal.

cs

QUTPUT @B1500; " CS"

OSX

The OSX command causes the B1500 to send a trigger from a trigger output
terminal specified by the port parameter. To set the trigger logic (initial setting:
negative), send the TGP command for the specified port.

OSX port[, | evel]

port : External trigger output port number. Integer expression. - 2, or 1 to 16.
- 2: Ext Trig Out terminal .
1to 16: Port 1 to 16 of the digital I/O terminal.

To use adigital 1/0 port, send the TGP command. The port value must
be same as the port value set to the TGP command.

level : Trigger output level. Integer expression. 0, 1, or 2.
0: Logical low.
1: Logica high.

2: Edgetrigger (default setting).

If level is not specified, the B1500 sends the edge trigger. For the gate
trigger output, send OSX port,1 when starting trigger output, and send
OSX port,0 when stopping trigger output.

QUTPUT 1500; "OsX 1, 1"

QUTPUT 1500; " TI " ;

ENTER @1500 USI NG "# 3X, 12D, X"; I data
OQUTPUT @B1500; "OSX 1,

“TGP” and “TGPC”
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PA

PA

The PA command pauses the command execution or internal memory program
execution, until the specified wait time elapses or until an event specified by the TM
command is received. The event set by the TM command only releases the paused
status. It does not start the measurement.

PA [wait tine]

wait time: - 99.9999 to 99.9999 seconds, with 100 psec resolution. Numeric
expression. If wait timeis not specified or negative wait timeis set, the
paused statusis kept until receiving an event specified by the TM
command.

The TM3 command enables an external trigger from the Ext Trig In terminal as an
event used to break the pause state set by the PA command.

The B1500 counts the wait time independent of the source wait time and the
measurement wait time set by the WAT command. So the wait time can cover them
as shown in the following program example:
QUTPUT @31500; "CN'; 1 . )
; ; -3 !'Source Wait Tinme =1ns
3 !'Meas Wait Tine =1ns

QUTPUT 1500; " PA": 1E-3 'VWait Tine =1ns

QUTPUT 1500; ;
ENTER @B1500 USI NG "#, 3X, 12D, X"; | dat a
QUTPUT @B1500; " PA 10"

“TM”
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PAD

Enables or disables parallel measurements by the multiple channels (SMU). This
command is effective for the measurement channels that use the high speed A/D
converter (ADC) and for the spot measurement (MM 1), staircase sweep
measurement (MM2), or sampling measurement (MM 10).

The parallel measurements are performed at first by using the measurement
channels that use the high speed ADC. And the other measurement channels
perform measurements in series as defined in the MM command by using the high
resolution ADC.

PAD node
mode : 1 (enable) or O (disable, initial setting). Integer expression.

OQUTPUT @31500; " PAD 1"
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PAX

PAX

The PAX command pauses the command execution or internal memory program
execution, until the specified wait time elapses or until an event specified by the TM
command is received. The event set by the TM command only releases the paused
status. It does not start the measurement.

The port parameter is meaningful only for the event (trigger input) set by the TM3
command. Set 1 (dummy) for the event set by the TM1, TM2, or TM4 command.

PAX port[,wait tine]

port : External trigger input port number. Integer expression. - 1, or 1 to 16.
- 1: Ext Trig In terminal.
1to 16: Port 1 to 16 of the digital I/O terminal.

Touse adigital 1/0 port, send the TGP command. The port value must
be same as the port value set to the TGP command.

wait time: - 99.9999 to 99.9999 seconds, with 100 psec resolution. Numeric
expression.

If wait time is not specified or negative wait timeis set, the paused
status is kept until receiving an event specified by the TM command.

The TM3 command enables an external trigger from atrigger input terminal
specified by the port parameter as an event used to break the pause state set by the
PA command.

The B1500 counts the wait time independent of the source wait time and the
measurement wait time set by the WAT command. So the wait time can cover them
as shown in the following program example:

QUTPUT 1500; "CN'; 1

QUTPUT 1500; "WAT"; 1,0, 1E-3 ! Source Wait Tinme =1lms
QUTPUT 1500; " ;2,0,1E-3 !Meas Wait Tine =1ns
QUTPUT 1500; " D\/" 1,0,5 1E-2 ) ]

QUTPUT 1500; " ;-1,1E-3 Vit Tine =1ns

QUTPUT 1500; "TI";

ENTER @1500 USI NG "#, 3X, 12D, X"; | dat a

QUTPUT @B1500; " PAX 1, 10"

“TM ” , uTpr , and “TGPC”
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Pl

The PI command specifies the pulse current source and its parameters. This
command also clears, and is cleared by, the PV command setting.

In the staircase sweep with pulsed bias measurement mode (set by the MM 5
command), the output forced by the PI command synchronized with the staircase
sweep outputs forced by the WI or WV command.

Measurement channel performs measurement so that the pulse width and pulse
period are kept. The integration timeis automatically set by the instrument, and you
cannot change. Note that the high-resolution ADC cannot be used for the pulsed
measurements. The AAD/AIT/AV/WT command settings are ignored.

If Vcomp value is greater than 42 V, the interlock circuit must be shorted.

Pl chnumirange, base, pul se[, Vconp]

chnum:  Pulsed source channel number. The value must be slot number where
the SMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

irange: Ranging type for pulse current output. Integer expression. The output

range will be set to the minimum range that covers both base and pulse
values. For the limited auto ranging, the instrument never uses the
range less than the specified range. See Table 4-5 on page 4-13.

base,
pulse: Pulse base current or peak current (in A). Numeric expression. See
Table 4-7 on page 4-15. base and pulse must have the same polarity.

0to +0.1 for MPSMU/HRSMU, or O to +1 for HPSMU

Vcomp: Voltage compliance value (in V). Numeric expression. See Table4-7 on
page 4-15. If Vcomp is not specified, the previous valueis set.

Compliance polarity is automatically set to the same polarity asthe
output value, regardless of the specified Vcomp. If the output valueisO,
the polarity is set to positive.

QUTPUT @31500; "PT 1, 0. 01"
QUTPUT @B1500;"PI 1, 16, 0, 5E-5, 5"

QUTPUT 1500; " PT 1, 0.01"
QUTPUT 1500; "PI 3,0, 0, 5E-6"

Agilent B1500 Programming Guide, Edition 2 4-107



Syntax

Parameters

Command Reference
PT

PT

The PT command sets the hold time, pulse width, and pulse period for a pul se source
set by the P, PV, PWI or PWV command. This command also sets the trigger delay
time. Measurement channel performs measurement so that the pul se width and pulse
period are kept. The integration timeis automatically set by the instrument, and you
cannot change. Note that the high-resolution ADC cannot be used for the pulsed
measurements. The AAD/AIT/AV/WT command settings are ignored.

For pulsed spot measurements:

PT hol d, wi dt h[, period[, Tdel ay]]

For pulsed sweep or staircase sweep with pulsed bias measurements:

PT hol d, wi dt h, peri od[, Tdel ay]

hold : Hold time (in seconds). Numeric expression.
0 to 655.35 sec. 0.01 sec resolution. Initial setting = 0.
width : Pulse width (in seconds). Numeric expression.
0.5E— 3t0 2.0 sec. 1E— 4 sec resolution. Initial setting = 1E— 3 sec.

period : Pulse period (in seconds). Numeric expression. 0, or 5E— 3t0 5.0 sec.
1E- 4 sec resolution. Initial or default setting = 10E— 3 sec.

Restrictions:

» period > width +2 msec (for width < 100 ms)
* period > width +10 msec (for width > 100 ms)

If you set period =0, the B1500 automatically sets the pulse period to
5 msec (for width < 3 ms), width +2 msec (for 3 ms < width < 100 ms),
or width +10 msec (for width > 100 ms).

If you do not specify period, O secis set.
Tdelay:  Trigger output delay time (in seconds). Numeric expression.
0 to width sec. 1E— 4 sec resolution. Default setting = 0.

This parameter is the time from pulse leading edge to timing of trigger
output from atrigger output terminal. If you do not specify Tdelay, O
SEC iS set.
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PV

PV

The PV command specifies the pulsed voltage source and its parameters. This
command also clears, and is cleared by, the PI command setting.

In the staircase sweep with pulsed bias measurement mode (MM 5 command), the
output forced by the PV command synchronized with the staircase sweep outputs
forced by the WI or WV command.

Measurement channel performs measurement so that the pulse width and pulse
period are kept. The integration timeis automatically set by the instrument, and you
cannot change. Note that the high-resolution ADC cannot be used for the pulsed
measurements. The AAD/AIT/AV/WT command settings are ignored.

If the output voltage is greater than +42 V, the interlock circuit must be shorted.

PV chnum vr ange, base, pul se[, | conp]

chnum : Pulsed source channel number. The value must be slot number where
the SMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

vrange: Ranging type for the pulsed voltage output. Integer expression. The
output range will be set to the minimum range that covers both base
and pulse values. For the limited auto ranging, the instrument never
uses the range | ess than the specified range. See Table 4-4 on page 4-13.

base,

pulse: Pulse base voltage or pulse peak voltage (in V). Numeric expression.
See Table 4-6 on page 4-14.
0 to £100 for MPSMU/HRSMU, or 0 to +200 for HPSMU

I comp: Current compliance value (in A). Numeric expression. See Table 4-6 on

page 4-14. If you do not set |comp, the previous value is used.

Compliance polarity is automatically set to the same polarity asthe
output value, regardless of the specified |comp. If the output valueis O,
the polarity is set to positive.

QUTPUT 1500; " PT 1, 0. 01"
QUTPUT 1500;"PV 1,12,0,5, 1E- 3"

QUTPUT 1500; "PT 1, 0.01"
QUTPUT 1500; " PV 2,0, 0, 3"
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PWI

PWI

The PWI command specifies the pulsed sweep current source and its parameters.
This command clears the settings of the PWV, WSV and WSI commands.

The settings specified by this command are cleared by the PWV command.

Measurement channel performs measurement so that the pulse width and pulse
period are kept. The integration timeis automatically set by the instrument, and you
cannot change. Note that the high-resolution ADC cannot be used for the pulsed
measurements. The AAD/AIT/AV/WT command settings are ignored.

PW chnum node, r ange, base, start, stop, step[, Vconp]

chnum:  Pulsed sweep source channel number. The value must be slot number
where the SMU has been installed. Integer expression. 1 to 10. See
Table 4-1 on page 4-10.

mode : Sweep mode. Integer expression. 1 or 3.
1: Linear sweep (single stair, start to stop.)
3: Linear sweep (double stair, start to stop to start.)

range: Ranging type for pulsed current sweep. Integer expression. The output
range will be set to the minimum range that covers base, start, and stop
values. For the limited auto ranging, the instrument never uses the
range less than the specified range. See Table 4-5 on page 4-13.

base, start,

stop: Pulse base, start, or stop current (in A). Numeric expression. See Table
4-7 on page 4-15. base, start and stop must have the same polarity.
0to 0.1 for MPSMU/HRSMU, or 0 to =1 for HPSMU

step : Number of steps for pulsed sweep. Numeric expression. 1 to 1001.

Vcomp:  Voltage compliance (in V). Numeric expression. See Table 4-7 on page
4-15. If you do not specify Vcomp, the previous valueis set. If Vcomp
value is greater than 42 V, the interlock circuit must be shorted.

Compliance polarity is automatically set to the same polarity asthe
output value, regardless of the specified Vcomp. If the output valueisO,
the polarity is set to positive.

QUTPUT @31500; "PT 1,0.01"
OQUTPUT @B1500;"PW 1,1,0,0,0,0.1, 101"

QUTPUT @B1500; "PT 1,0.01"
OUTPUT @B1500;"PW 2,3, 13,0, 1E-7, 1E-2, 100, 10"
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PWV

PWV

The PWV command specifies the pulsed sweep voltage source and its parameters.
This command also clears the settings of the PWI, WSV and WSI commands.

The settings specified by this command are cleared by the PWI command.

Measurement channel performs measurement so that the pulse width and pulse
period are kept. The integration timeis automatically set by the instrument, and you
cannot change. Note that the high-resolution ADC cannot be used for the pulsed
measurements. The AAD/AIT/AV/WT command settings are ignored.

PW/ chnum node, r ange, base, start, stop, step[, | conp]

chnum:  Pulsed sweep source channel number. The value must be slot number
where the SMU has been installed. Integer expression. 1 to 10. See
Table 4-1 on page 4-10.

mode : Sweep mode. Integer expression. 1 or 3.
1: Linear sweep (single stair, start to stop.)
3: Linear sweep (double stair, start to stop to start.)

range: Ranging type for pulsed voltage sweep. Integer expression. The output
range will be set to the minimum range that covers base, start, and stop
values. For the limited auto ranging, the instrument never uses the
range less than the specified range. See Table 4-4 on page 4-13.

base, start,

stop: Pulse base, start, or stop voltage (in V). Numeric expression. See Table
4-6 on page 4-14. If the output voltage is greater than 42 V, the
interlock circuit must be shorted.
0to +100 for MPSMU/HRSMU, or 0 to +200 for HPSMU

step : Number of steps for pulsed sweep. Numeric expression. 1 to 1001.

lcomp: Current compliance (in A). Numeric expression. See Table 4-6 on page

4-14. If you do not specify |comp, the previous value is set.

Compliance polarity is automatically set to the same polarity as the
output value, regardless of the specified |comp. If the output valueis O,
the polarity is set to positive.

QUTPUT @B1500; "PT 1,0.01"
OUTPUT @B1500;"PW 1,1,0,0,0, 10, 101"

QUTPUT @B1500;"PT 1,0.01"
OQUTPUT @B1500; "PW 2, 3, 14,0, 1, 10, 100, 0. 1"
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RC

The RC command specifies the measurement range or the measurement ranging
type of the MFCMU. In theinitial setting, the auto ranging is set. The range
changing occurs immediately after the trigger (that is, during the measurements).

For the high speed spot measurement, use the TC/TTC command.
Therange setting is cleared by the CL, CA, IN, *TST?, *RST or adevice clear (HP
BASIC CLEAR) command.

Syntax RC chnum node[, r ange]

Parameters chnum : Measurement channel number. The value must be slot number where
the MFCMU has been installed. Integer expression. 1 to 10. See Table
4-1 on page 4-10.

mode : Ranging mode. O (auto ranging. initial setting) or 2 (fixed range).
range: M easurement range. Needs to set when mode=2. Integer (O or more).
50 Q, 100 Q, 300 Q, 1 kQ, 3k, 10 kO, 30 kO, 100 k2, and 300 kO

are selectable. See Table 4-9 on page 4-17. Available measurement
ranges depend on the output signal frequency set by the FC command.

Example OUTPUT @1500: " RC 8, 0"
Statements OUTPUT @81500: "RC 8, 2, 10000"
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RCV

The RCV command enables the modules that fail the self-test or self-calibration so
that it can receive commands again.

After the RCV command, enter the * OPC? command to confirm that the command
execution is compl eted.

This command should only be used for servicing the B1500.

Syntax RCV [ nodul e]

Parameters module:  Failed module to enable. Integer expression. 0 to 11.
0: All failed modules. Default setting.
1to 10: Moduleinstalled in the slot specified by module.
11: Mainframe.

If module specifies the dot that installs no module, this command causes an error.

Example OQUTPUT @B1500; " RCV 1"
Statements OUTPUT @B1500; "* aPC?"
ENTER @81500; A
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RI

RI

The RI command specifies the current measurement range or ranging type. In the
initial setting, the auto ranging is set. The range changing occurs immediately after
the trigger (that is, during the measurements). Current measurement channel can be
decided by the CMM command setting and the channel output mode (voltage or
current).

For the high speed spot measurement, use the TI/TTI command.

Therange setting is cleared by the CL, CA, IN, *TST?, *RST or adevice clear (HP
BASIC CLEAR) command.

Rl chnum range

chnum: Current measurement channel number. The value must be slot number
where the SMU has been installed. Integer expression. 1 to 10. See
Table 4-1 on page 4-10.

range: M easurement range or ranging type. Integer expression. See Table 4-3
on page 4-12.

If you select the fixed range, the instrument performs measurement by using the
specified range.

For the auto or limited auto ranging, the measurement range will be set to the
minimum range that covers the measured values. However, the instrument never
uses the range less than the specified range for the limited auto ranging.

For the measurement mode that uses pulse source, if you select the auto or limited
auto ranging, the measurement channel uses the minimum range that covers the
compliance value or current output range.

OQUTPUT @B1500; "Rl 1, 0"
QUTPUT @B1500;"RI 2, -20"
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RM

This command specifies the auto range operation for the current measurement.

RM chnum node[, r at e]
where the rate parameter is available for mode=2 or 3.

chnum :

mode :

rate:

Current measurement channel number. The value must be slot number
where the SMU has been installed. Integer expression. 1 to 10. See
Table 4-1 on page 4-10.

Range changing operation mode. Integer expression. 1, 2 or 3.

mode Description
1 Initial setting. If you set mode=1, do not set rate.
2 If measured data> currentl, the range changes up after
measurement.
3 If measured data< current2, the range changes down
immediately, and if measured data> currentl, the range
changes up after measurement.

where currentl and current2 are given by the following formula:

currentl = measurement range x rate /100
current2 = measurement range x rate /1000

For example, if measurement range=10 mA and rate=90, these values
are asfollows:

currentl = 9 mA
current2 = 0.9 mA

Parameter used to cal cul ate the current value. Numeric expression.
11 to 100. Default setting is 50.

QUTPUT @B1500;"RM 1, 2"
QUTPUT @31500; "RM 2, 3, 60"
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*RST

*RST

The*RST command resets the B1500 to theinitial settings. This command does not
clear the program memory and the self-calibration data.

*RST

If you want to reset channels while a sweep measurement is being performed, you
must first send the AB command, then the *RST command.

OUTPUT @B1500; " * RST"

RU

The RU command sequentially executes the internal memory programs.

The specified programs have been stored by using the ST and END commands,
from the start program number through the stop program number.

RU start, stop

dtart : Start program number. Numeric expression. 1 to 2000.
stop: Stop program number. Numeric expression. 1 to 2000.

where stop value must be greater than or equal to the start value.

OQUTPUT @B1500; "RU 1, 10"
QUTPUT @B1500;"RU 3, 6"
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RV

RV

The RV command specifies the voltage measurement range or ranging type. In the
initial setting, the auto ranging is set. The range changing occurs immediately after
the trigger (that is, during the measurements). Voltage measurement channel can be
decided by the CMM command setting and the channel output mode (voltage or
current).

For the high speed spot measurement, use the TV/TTV command.

Therange setting is cleared by the CL, CA, IN, *TST?, *RST or adevice clear (HP
BASIC CLEAR) command.

RV chnum range

chnum:  Voltage measurement channel number. The value must be slot number
where the SMU has been installed. Integer expression. 1 to 10. See
Table 4-1 on page 4-10.

range: M easurement range or ranging type. Integer expression. See Table 4-2
on page 4-11.

If you select the fixed range, the instrument performs measurement by using the
specified range.

For the auto or limited auto ranging, the measurement range will be set to the
minimum range that covers the measured values. However, the instrument never
uses the range | ess than the specified range for the limited auto ranging.

For the measurement mode that uses pulse source, if you select the auto or limited
auto ranging, the measurement channel uses the minimum range that covers the
compliance value or voltage output range.

QUTPUT @B1500; "RV 2, - 15"
QUTPUT @B1500; "RV 1, 12"
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RZ

RZ

The RZ command returns the channel to the settings that are stored by the DZ
command and clears the stored settings.

The DZ command stores the channel settings (V/1 output values, V/I output ranges,
V/I compliance values, and so on), then sets the channel to 0 V.

The DZ command has been executed for the specified channel. And the CL, CA,
*TST?, *RST or adevice clear (HP BASIC CLEAR) command has not been
executed for the specified channel.

RZ [chnun,chnum ..[,chnum...]]
A maximum of ten channels can be set.

chnum: Channel number. The value must be slot number where the module has
been installed. Integer expression. 1 to 10. See Table 4-1 on page 4-10.

If you do not specify this parameter, this command returns the settings for all
channels that satisfy the conditions described in “Execution Conditions’ above, in
the order that the DZ command stored them.

You can specify up to ten channels at once using the RZ command. The B1500
returns the stored settings in the order specified.

QUTPUT @B1500; " RZ"
QUTPUT @B1500;"RZ 1, 2, 3"
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SAL

SAL

Thisfunction is available for the Agilent B1500 installed with the high resolution
SMU (HRSMU) and the atto sense and switch unit (ASU).

Disables or enables the connection status indicator (LED) of the ASU. This
command is effective for the specified channel.

SAL chnum node

chnum : Slot number where the HRSMU has been installed. The ASU must be
connected to the HRSMU. Integer expression. 1 to 10.
mode : 0: Disables the indicator.

1: Enables the indicator. Default setting.

OQUTPUT @B1500; "SAL 1, 0"

To use ASU

Before turn the Agilent B1500 on, connect the ASU to the HRSMU properly. The
ASU will add the 1 pA range to the HRSMU. If you use other instrument such asthe
capacitance meter, connect the instrument to the AUX input of the ASU. The ASU
provides the input selection function.

Remember that the seriesresistor in the HRSMU connected to the ASU cannot be
used.
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SAP

Thisfunction is available for the Agilent B1500 installed with the high resolution
SMU (HRSMU) and the atto sense and switch unit (ASU). This command is not
effective when the High Voltage indicator of the Agilent B1500 has been lighted.

Controls the connection path of the ASU. Switches the ASU input resource
(HRSMU or the instrument connected to the AUX input) to be connected to the
ASU output. This command is effective for the specified channel.

After the Agilent B1500 isturned on or the CL command is entered, the ASU output
will be connected to the SMU connector side, but the HRSMU will not be enabled
yet. After this command is entered with path=1, the HRSM U specified by chnum
cannot be used. After this command is entered with path=0 or the CN command is
entered, the HRSMU output will appear on the ASU output.Then the HRSMU
output will be0 V.

SAP chnum path

chnum : Slot number where the HRSMU has been installed. The ASU must be
connected to the HRSMU. Integer expression. 1 to 10.

path : Path connected to the ASU output. O or 1.
0: The ASU output will be connected to the SMU connector side.
1: The ASU output will be connected to the AUX connector side.

OQUTPUT @B1500; "SAP 1, 1"
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SAR

SAR

Thisfunction is available for the Agilent B1500 installed with the high resolution
SMU (HRSMU) and the atto sense and switch unit (ASU).

Enables or disablesthe 1 pA range for the auto ranging operation. This command is
effective for the specified channel.

SAR chnum node

chnum : Slot number where the HRSMU has been installed. The ASU must be
connected to the HRSMU. Integer expression. 1 to 10.

mode : 0: Enables 1 pA range for the auto ranging operation.

1: Disables 1 pA range for the auto ranging operation. Initial setting

OQUTPUT @B1500; "SAR 1, 0"

To use ASU

Before turn the Agilent B1500 on, connect the ASU to the HRSMU properly. The
ASU will add the 1 pA range to the HRSMU. Remember that the seriesresistor in
the HRSMU connected to the ASU cannot be used.

SCR

The SCR command scratches the specified program from the internal program
memory.

SCR [ pnum

pnum : Program number. Numeric expression. 1 to 2000.
If you do not specify this parameter, this command scratches all
programs stored in the internal program memory.

OUTPUT @B1500; " SCR"
OQUTPUT @B1500; " SCR 5"
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*SRE

The * SRE command enables the specified bits of the status byte register for SRQ
(service requests), and masks (disables) the bits that are not specified.

Syntax *SRE bit
Parameters bit : Sum of the decimal values corresponding to the bitsto be enabled.
Integer expression. 0 to 255. See the following table.
For example, to enable Bit 0 and 4 for the SRQ, the bit value must be
17 (1+16).
If bit=0, all bits, except for Bit 6, will be masked (disabled for the
SRQ). You cannot mask bit 6.
Decimal Value | Bit Number Description
1 Bit 0 dataready
2 Bit 1 wait
4 Bit 2 not used
8 Bit 3 interlock open
16 Bit4 set ready
32 Bit 5 error
64 Bit 6 RQS
128 Bit 7 not used
Example OUTPUT @B1500; " *SRE 6"
Statements OUTPUT @1500; "*SRE 32"
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*SRE?

The * SRE? query command returns information about which bits of the status byte
register are enabled for the SRQ (service requests), and stores the resultsin the

output data buffer (query buffer).

* SRE?

enabled_bits<CR/LFEQOI>

enabled_bits are represented by the corresponding decimal values shown below.

Decimal Value | Bit Number Description
1 Bit 0 data ready
2 Bit 1 wait
4 Bit 2 not used
8 Bit 3 interlock open
16 Bit 4 et ready
32 Bit5 error
64 Bit 6 RQS
128 Bit 7 not used

For example, if Bit 0, 3, and 4 are enabled for the SRQ, 25 (1 + 8 + 16) will be

returned. If all bits, except for Bit 6, are masked, enabled_bitswill be O.

QUTPUT 1500; " * SRE?"
ENTER @31500; A
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SSL

SSL

Thisfunction is available for the Agilent B1500 installed with the multi frequency
capacitance measurement unit (MFCMU) and the SMU CMU unify unit (SCUU).
To use the SCUU, connect it to the MFCMU and two SMUs (MPSMU or HRSMU)
correctly. The SCUU cannot be used with the HPSMU or when only one SMU is
connected.

Disables or enables the connection status indicator (LED) of the SCUU.

SAL chnum node

chnum:  Sot number where the MFCMU has been installed. Integer expression.
1to 10.

mode : 0: Disables the indicator.
1: Enables the indicator. Initial setting.

OQUTPUT @B1500; "SSL 9, 0"

To use SCUU

Before turn the Agilent B1500 on, connect the SCUU to the MFCMU and two
MPSMU/HRSMUs properly. The SCUU is used to switch the module (SMU or
MFCMU) connected to the DUT.
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SSP

SSP

Thisfunction is available for the Agilent B1500 installed with the multi frequency
capacitance measurement unit (MFCMU) and the SMU CMU unify unit (SCUU).
To use the SCUU, connect it to the MFCMU and two SMUs (MPSMU or HRSMU)
correctly. The SCUU cannot be used with the HPSMU or when only one SMU is
connected.

Contrals the connection path of the SCUU. Switches the SCUU input resource
(MFCMU or SMU) to be connected to the SCUU outpui.

When the B1500 is turned on, the SCUU input to output connection is not made
(open). When the SCUU input to output connection is made, the measurement unit
output switch will be automatically set to ON.

SAP chnum path

chnum:  Sot number where the MFCMU has been installed. Integer expression.
1to 10.

path : Path connected to the SCUU output. 1 to 4. See Table 4-15.

OQUTPUT @B1500; "SSP 9, 4"

When the connection is changed from SMU to MFCM U, the SMU output will be set
asfollows. The other setup parameters are not changed.

Output voltage 0V
Output range 100V
Compliance 20 mA
Seriesresistance OFF

When the connection is changed from MFCMU to SMU, the SMU output will be set
asfollows. The other setup parameters are not changed.

Output voltage 0V
Output range 20V
Compliance 100 pA

Seriesresistance Condition before the connection is changed from SMU to
MFCMU
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SSP
Table 4-15 SCUU Input Output Connection Control
SCUU output connection after the command
Command
CMUH/Forcel/Sensel | CMUL/Force2/Sense2

SSPdoat, 1 Forcel/Sensel Open
SSPdot, 2 Open Force2/Sense?
SSPdot, 3 Forcel/Sensel Force2/Sense2
SSPdlot, 4 CMUH CMUL

Forcel/Sensel is connected to the SMU installed in the slot numbered dot- 1.
Force2/Sense? is connected to the SMU installed in the slot numbered dot- 2.

NOTE To use SCUU

Before turn the Agilent B1500 on, connect the SCUU to the MFCMU and two
MPSMU/HRSMUs properly. The SCUU is used to switch the module (SMU or
MFCMU) connected to the DUT.

4-126 Agilent B1500 Programming Guide, Edition 2



Execution
Conditions

Syntax

Parameters

Example
Statements

Command Reference
SSR

SSR

This command sets the connection mode of a SMU seriesresistor (approx. 1 MQ)
for each channel.

If the output switch is opened, the SSR command just sets the mode, and the CN
command connects or disconnects the series resistor.

If the output switch is already closed, the SSR command connects the series resistor
to the SMU output. Then the output forces 0 V one moment.

A seriesresistor is mounted on each module. If you use a series resistor, the voltage
you set is applied to the near side of the series resistor. Thus, the voltage will be
divided by the series resistor and the device under test.

The series resistor cannot be used for the measurements that use the high resolution
SMU (HRSMU) connected to the atto sense and switch unit (ASU) or the
measurements that use 1 A range of the high power SMU (HPSMU).

The channel must not be in the high voltage state (forcing more than +42 V, or
voltage compliance set to more than 42 V).

SSR chnum node

chnum: Channel number. The value must be slot number where the SMU has
been installed. Integer expression. 1 to 10. See Table 4-1 on page 4-10.

mode : Status of the seriesresistor. Integer expression.
0: Disconnect (initial setting).

1: Connect.

QUTPUT @B1500; "SSR 1, 1"
QUTPUT @B1500; "SSR 2, 1"
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ST

ST

The ST command is used with the END command to store a program in the internal
program memory that can store 2,000 programs maximum, and a total of 40,000
commands.

The ST command indicates the start of the program, and assigns the program
number. If the assigned program number already exists, the B1500 deletes the old
program, and stores the new one.

The END command indicates the end of the program. If the END command is not
included, the B1500 stores the commands until the program memory is full.

Use the DO or RU command to execute stored programs.

STpnuni ; comrand[ ; command. . . [; conmand] .. .]; END
or
ST pnum

[cormand
comnd

Lcgrmand

pnum : Program number. Integer expression. 1 to 2000.

command : Command stored in theinterna program memory. Specify commands
according to normal syntax — no special syntax is necessary.

For the commands that cannot stored in the program memory, refer to Table 2-1 on
page 2-32.

Example 1:

QUTPUT @B1500; "ST1; CN1; DV1, O, 5, 1E-4; Tl 1, 0; CL1"
OUTPUT @B1500; " END"

Example 2:
QUTPUT @B1500; " ST 1"
OUTPUT @B1500;"CN 1"

QUTPUT 1500; "DV 1,0, 5, 1E- 4"
QUTPUT 1500; 'IC':L 1, 0"
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*STB?

*STB?

The *STB? query command stores the decimal representation of the status bytein
the output data buffer (query buffer).

The*STB? command is functionally identical to the SPOLL command of BASIC,
however this command does not clear the status byte (the SPOLL command clears
the status byte).

*STB?

status_byte<CR/LF*EOI>

status bytevalue isadecimal number that indicates which bits of the status byte are
ON (“ 1” ) X

For example, if status_byteis40 (8 + 32), then Bit 3and 5 are set to 1.

Decimal Value | BitNumber Description
1 Bit 0 Data Ready
2 Bit 1 Wait
4 Bit 2 not used
8 Bit 3 Interlock Open
16 Bit 4 Set Ready
32 Bit5 Error
64 Bit 6 RQS
128 Bit7 not used

QUTPUT @31500; "* STB?"
ENTER @B1500; A
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TACV

TACV

This command forces AC voltage from the MFCMU, and returns the time datafrom
timer reset to the start of output.

The CN command has been executed for the specified channel.

The FC command has been executed to set the frequency of the AC voltage.

This command is not effective for the 4 byte binary data output format (FM T3 and
FMT4).

TACV chnum vol t age

chnum: Source channel number. The value must be slot number where the
MFCMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

voltage:  Oscillator level of the output AC voltage (in V). Numeric expression.
O (initial setting) to 0.25V, 0.001 V step
To read the time data with the best resolution (100 us), the timer must be cleared

every 100 sec or lessfor the FMT1, 2, or 5 data output format, or
every 1000 sec or lessfor the FMT 11, 12, 15, 21, 22, or 25 data output format.

QUTPUT @31500; " TACV 7, 0. 01" )
ENTER @1500 USI NG "#, 5X, 13D, X"; Ti ne
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TC

TC

The TC command performs the high speed spot measurement by using the
MFCMU, and returns the measurement data. The command starts a measurement
regardless of the trigger mode (TM command) and the measurement mode (MM
command).

The MFCMU measures the primary parameter and the secondary parameter (for
example, Cp and G). Use the IMP command to select the measurement parameters.
See“IMP” on page 4-73.

CN command has been executed for the specified channel.

IMP command has been executed.

TC chnum node[, r ange]

chnum: Measurement channel number. The value must be slot number where
the MFCMU has been installed. Integer expression. 1 to 10. See Table
4-1 on page 4-10.

mode : Ranging mode. O (auto ranging. initial setting) or 2 (fixed range).

range: M easurement range. Needs to set when mode=2. Integer (O or more).
50 Q, 100 Q, 300 Q, 1 kQ, 3kQ, 10 kQ, 30 kO, 100 kO, and 300 kO
are selectable. See Table 4-9 on page 4-17. Available measurement
ranges depend on the output signal frequency set by the FC command.

QUTPUT @B1500; " TC 8, 2, 1000"
ENTER @B1500 USI NG "#, 3X, 12D, X"; Cdat a
ENTER @B1500 USI NG "#, 3X, 12D, X"; Cdat a
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TDCV

TDCV

Forces DC voltage from the MFCMU or the SMU connected to the Forcel/Sensel
terminals of the SCUU (SMU CMU unify unit), and returns the time data from timer
reset to the start of output.

The CN command has been executed for the specified channel (MFCMU).

If you want to apply DC voltage over £25 V, the SCUU must be connected correctly.
The SCUU can be used with the MFCMU and two SMUs (MPSMU or HRSMU).
The SCUU cannot be used if the HPSMU is connected to the SCUU or if the
number of SMUs connected to the SCUU is only one.

This command is not effective for the 4 byte binary data output format (FM T3 and
FMT4).

TDCV chnum vol t age

chnum: Source channel number. The value must be slot number where the
MFCMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

voltage:  DC voltage (in V). Numeric expression.
O (initial setting) to +100 V

Source module is automatically selected by the setting value. The
MFCMU is selected if voltageis+25 V or less (setting resolution:
0.001 V), or the SMU is selected if voltage is greater than 25 V
(setting resolution: 0.005 V).

The SMU will operate with the 100 V limited auto ranging and 20 mA
compliance settings.

If the output voltage is greater than £42 V, the interlock circuit must be
shorted.

To read the time data with the best resolution (100 ps), the timer must be cleared
every 100 sec or less for the FMT1, 2, or 5 data output format, or
every 1000 sec or lessfor the FMT 11, 12, 15, 21, 22, or 25 data output format.

QUTPUT @31500; "TDCV 7, 1" i
ENTER @1500 USI NG "#, 5X, 13D, X"; Ti ne
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TDI

TDI

Forces current and returns the time data from timer reset to the start of output. This
command is not effective for the 4 byte binary data output format (FMT3 and
FMT4).

The CN command has been executed for the specified channel.

If the voltage compliance is greater than £42 V, theinterlock circuit must be shorted.

TDI chnumirange, current[, Vconp[, pol arity[, vrange]]]

chnum : Source channel number. The value must be slot number where the SMU
has been installed. 1 to 10 (integer). See Table 4-1 on page 4-10.

irange: Ranging type for current output. Integer expression. The output range
will be set to the minimum range that covers current value. For the
limited auto ranging, the instrument never uses the range less than the
specified range. See Table 4-5 on page 4-13.

current:  Output current (in A). Numeric expression. See Table 4-7 on page 4-15.
0to +0.1 for MPSMU/HRSMU, or 0 to =1 for HPSMU

Vcomp: Voltage compliance value (in V). Numeric expression. See Table4-7 on
page 4-15. If you do not specify this parameter, Vcomp is set to the
previous setting.

polarity:  Polarity of voltage compliance. Numeric expression.

0: Auto mode (default setting). The compliance polarity is
automatically set to the same polarity as current, regardless of the
specified Vcomp. If current=0 A, the polarity is set to positive.

1: Manua mode. Uses the polarity of Vcomp you specified.

vrange: Voltage compliance ranging type. Integer expression. The compliance
range will be set to the minimum range that covers VVcomp value. For
the limited auto ranging, the instrument never uses the range less than
the specified range. See Table 4-4 on page 4-13.

To read the time data with the best resolution (100 us), the timer must be cleared
every 100 sec or lessfor the FMT1, 2, or 5 data output format, or
every 1000 sec or lessfor the FMT 11, 12, 15, 21, 22, or 25 data output format.

QUTPUT @31500;"TDI 1,0, 1E-6" i
ENTER @1500 USI NG "#, 5X, 13D, X"; Ti ne
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TDV

TDV

Forces voltage and returns the time data from timer reset to the start of output. This
command is not effective for the 4 byte binary data output format (FMT3 and
FMT4).

The CN command has been executed for the specified channel.

If the output voltage is greater than +42 V, the interlock circuit must be shorted.

TDV chnum vrange, vol tage[, | conp[, pol arity[,irange]]

chnum : Source channel number. The value must be slot number where the SMU
has been installed. 1 to 10 (integer). See Table 4-1 on page 4-10.

vrange: Ranging type for voltage output. Integer expression. The output range
will be set to the minimum range that covers voltage value. For the
limited auto ranging, the instrument never uses the range less than the
specified range. See Table 4-4 on page 4-13.

voltage: Output voltage (V). Numeric expression. See Table 4-6 on page 4-14.
0to +100 for MPSMU/HRSMU, or 0 to +200 for HPSMU

I comp: Current compliance value (in A). Numeric expression. See Table 4-6 on
page 4-14. If you do not set Icomp, the previousvalueisused. 0 A is
not allowed for Icomp.

polarity:  Polarity of current compliance. Integer expression.

0: Auto mode (default setting). The compliance polarity is
automatically set to the same polarity as voltage, regardless of the
specified lcomp. If voltage=0 V, the polarity is set to positive.

1: Manua mode. Uses the polarity of Icomp you specified.

irange: Current compliance ranging type. Integer expression. The compliance
range will be set to the minimum range that covers Icomp value. For the
limited auto ranging, the instrument never uses the range less than the
specified range. See Table 4-5 on page 4-13.

To read the time data with the best resolution (100 ps), the timer must be cleared
every 100 sec or less for the FMT1, 2, or 5 data output format, or
every 1000 sec or lessfor the FMT 11, 12, 15, 21, 22, or 25 data output format.

QUTPUT @31500; "TDV 1, 0, 20, 1
ENTER @B1500 USI NG "#, 5X, 13D, X";
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Command Reference
TGMO

TGMO

The TGMO command selects the edge trigger or the gate trigger for the Step
Measurement Completion trigger output set by the TGP port, 2, polarity, 3
command. See Figure 4-2.

This command is available for the staircase sweep, multi channel sweep, and CV
sweep measurements.

TGMO npde

mode : Edge trigger or gate trigger. Integer expression.
1: Edgetrigger (initial setting).
2: Gatetrigger.

OQUTPUT @B1500; " TGVO 2"

“TGP” and “TGPC”

Trigger Output Example, Saircase Sweep M easurement, Negative L ogic

Step delay time Source trigger delay
Delay time
Hold time

XE

S |

i

= Measurement

TGPt,2,p, 1—| rM easurement Completion

Gatetrigger | TGPt,2,p,3 _Step M easurement Completion
TGPt,2,p,2 Step Output Setup Completion

->| e Source trigger delay
_TGP t,2,p,1 | ‘ ” Measurement Completion
Edgetrigger| TGPt,2,p,3 ” ‘ ” ” ” ” ” Step Measurement Completion
_TGP t,2,p,2 ” ” ” ” ” ” Step Output Setup Completion
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TGP

TGP

The TGP command enables the trigger function for the terminal specified by the
port parameter. For the trigger function, refer to “ Trigger Function” on page 2-36.

TGP port,terninal,polarity[,type]

port : Trigger port number. Integer expression. - 1, - 2, or 1 to 16.
- 1: Ext Trig In terminal.
- 2: Ext Trig Out terminal .
1to 16: Port 1 to 16 of the digital I/O terminal.
terminal : Terminal type. Integer expression. 1 or 2.
1: Trigger input. Not available for port=- 2.
2: Trigger output. Not available for port=- 1.
polarity :  Trigger logic. Integer expression. 1 or 2.
1: Positive logic.
2: Negative logic.

type: Trigger type. Integer expression. 0, 1, 2, or 3. Selectsthe function of the
trigger port. See Table 4-16.

If this parameter is not specified, typeis set to 0.

The function of type=0 is effective for all trigger ports regardless of the type value.
Then the PA and WS commands are used for the Ext Trig In terminal, and the OS
command is used for the Ext Trig Out terminal. Also the PAX and WSX commands
are used for thetrigger input ports set by the TGP command, and the OSX command
isused for the trigger output ports set by the TGP command.

type=1to 3isavailable for aport only. If you send the command with the same type
more than once, only the last command is effective. type=0 is set for another ports.

If you send the TGP command with terminal=1 and port=1to 16, the signal level of
the trigger input terminal is set to physical high.

If you send the TGP command with terminal=2, the signal level of the trigger output
terminal is set to logical low.
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TGP
Table 4-16 Trigger Type
type terminal Description
0 1 When atrigger isreceived, the B1500 recovers from the wait state set by the PA,

PAX, WS, or WSX command.

2 The B1500 sends a trigger by the OS or OSX command.

12 1 Start measurement trigger

When atrigger is received, the B1500 starts the measurement.

2 M easurement completion trigger
The B1500 sends a trigger after measurement.

2 1 Start step output setup trigger

When atrigger is received, the B1500 starts the output setup at each sweep step
or the pulsed output setup. This function is available for the staircase sweep,
multi channel sweep, pulsed spot, pulsed sweep, staircase sweep with pulsed
bias, and CV sweep measurements.

2 Step output setup completion trigger
The B1500 sends atrigger when the output setup is completed at each sweep step
or the pulsed output setup is completed. This function is available for the
staircase sweep, multi channel sweep, pulsed spot, pulsed sweep, staircase sweep
with pulsed bias, and CV sweep measurements.

3 1 Start step measurement trigger

When atrigger isreceived, the B1500 starts the measurement at each sweep step.
This function is available for the staircase sweep, multi channel sweep, and CV
sweep measurements.

2 Step measurement compl etion trigger
The B1500 sends atrigger after measurement at each sweep step. Thisfunctionis
available for the staircase sweep, multi channel sweep, and CV sweep
measurements.

a. TM3 command must be entered to use this trigger type.

Example

Statements

See Also

QUTPUT @B1500;"TGP 1,1, 1, 2"

See Figure 4-2 on page 4-135 for atrigger output example and Figure 4-3 on page
4-139 for atrigger input example.
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TGPC

TGPC
The TGPC command clears the trigger setting of the specified ports.

TGPC [port[,port...[,port]...]]
A maximum of 18 ports can be set. If no port is specified, the TGPC command

clearsthe setting of al ports; Ext Trig In, Ext Trig Out, and digital 1/O ports 1 to 16.
port : Trigger port number. Integer expression. - 1, - 2, or 1 to 16.

- 1: Ext Trig In terminal.

- 2: Ext Trig Out terminal .

1to 16: Port 1 to 16 of the digital I/O terminal.

The TGPC command sets the trigger ports as shown below.
Ext TrigIn Same as after TGP -1,1,2,0 command execution.
Ext Trig Out Same as after TGP -2,2,2,0 command execution.

Digital 1/0 Ports No trigger function isavailable. The ERS? and ERC commands
are available for the port control.

Thisis not same as the condition set by the *RST command that sets the ports as
shown below.

Ext TrigIn Same as after TGP -1,1,2,1 command execution.
Ext Trig Out Same as after TGP -2,2,2,1 command execution.
Digital 1/0 Ports No trigger function isavailable. The ERS? and ERC commands

are available for the port control.

QUTPUT @B1500; "TGC -1,-2,1, 2"

“TGP”
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Command Reference
TGSI

TGS

The TGSI command selects Case 1 or Case 2 effective for the Start Step Output
Setup trigger input set by the TGP port, 1, polarity, 2 command.

This command is available for the staircase sweep, multi channel sweep, pulsed
spot, pulsed sweep, staircase sweep with pulsed bias, and CV sweep measurements.

TGSl node

mode : Case 1 or Case 2. Integer expression. See Figure 4-3.
1: Case 1 (initial setting).
2: Case 2.

Case 1 waitsfor atrigger for the first sweep step, and does not wait for atrigger for
the source output after sweep.

Case 2 does not wait for atrigger for the first sweep step, and waits for atrigger for
the source output after sweep.

OQUTPUT @B1500; "TGSI 2"

“TGP" and “TGPC”

Trigger Input Example, Stair case Sweep M easurement, Negative Logic

Start Measurement ” TGPt1p1

Start Step Measurement ” ” ” ” ” ” TGPt,1,p,3
B T T T T T caer |

Start Step Output Setup TGPt,1,p,2

[T T T T Towr |

Delay time or more

Case 1: With trigger for

Hold time (Case 2) first sweep step
‘ormore (Case1) Case 2: With trigger for
output after sweep

I

L == Measurement

Measurement trigger delay

Agilent B1500 Programming Guide, Edition 2 4-139



Command Reference
TGSO

TGSO

The TGSO command selects the edge trigger or the gate trigger for the Step Output
Setup Compl etion trigger output set by the TGP port, 2, polarity, 2 command. See
Figure 4-2 on page 4-135

This command is available for the staircase sweep, multi channel sweep, pulsed
spot, pulsed sweep, staircase sweep with pulsed bias, and CV sweep measurements.

Syntax TGSO node

Parameters mode : Edge trigger or gate trigger. Integer expression.

1: Edgetrigger (initial setting).

2: Gatetrigger.
Example OUTPUT @B1500; " TGSO 2"
Statements
See Also “TGP” and “TGPC”
TGXO
The TGXO command selects the edge trigger or the gate trigger for the
M easurement Completion trigger output set by the TGP port, 2, polarity, 1
command. See Figure 4-2 on page 4-135
Syntax TGXO node
Parameters mode : Edge trigger or gate trigger. Integer expression.
1: Edge trigger (initial setting).
2: Gatetrigger.
Example QUTPUT @B1500; " TGXO 2"
Statements
See Also “TGP” and “TGPC”

4-140 Agilent B1500 Programming Guide, Edition 2



Execution
Conditions

Syntax

Parameters

Example
Statements

Command Reference
TI

Tl

The Tl command performs the high speed spot measurement, and returns the
measurement data. The command starts a current measurement regardless of the
SMU operation mode, trigger mode (TM command), and measurement mode (MM
command).

CN command has been executed for the specified channel.

Tl chnuni, range]

chnum:  Measurement channel number. The value must be slot number where
the SMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

range: M easurement range or ranging type. Integer expression. See Table 4-3
on page 4-12.

If you select the fixed range, the instrument performs measurement by using the
specified range.

For the auto or limited auto ranging, the measurement range will be set to the
minimum range that covers the measured values. However, the instrument never
uses the range less than the specified range for the limited auto ranging.

If you do not specify the range parameter for voltage output channels, the channel
uses the minimum range that covers the compliance value.

The range parameter is meaningless for current output channels. The measurement
ranging type is aways same as the output ranging type.

QUTPUT @31500; " Tl 1"
ENTER @1500 USI NG "#, 3X, 12D, X"; | dat a
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™

The TM command specifies how events are effective for the following actions:

» Releasing the B1500 from the paused status set by the PA or PAX command

e Starting the measurement except for high speed spot measurement (when the
B1500 is not in the paused status set by the PA, PAX, WS, or WSX command)

Syntax TM nmode

Parameters mode : Event mode. Integer expression. See below.

mode Events

1 XE command and GPIB GET (Group Execute Trigger,
TRIGGER command in HP BASIC). Initia setting.

2 XE command

3 XE command and external trigger

4 XE command and MM command (automatic trigger after
the MM command execution)

To enable the trigger function set by the TGP port,terminal polarity,1 command,
the mode value must be 3.

Remarks In the TM3 event mode, if the B1500 is not in the wait status set by the PA, PAX,
WS, or WSX command, the B1500 can start the measurement by an external trigger
input. After measurement, the B1500 sends a trigger to atrigger output terminal. In
theinitial setting, you can use the Ext Trig In and Out terminals. To use the digital
1/O port, enter the TGP command to set the trigger input or output terminal.

To set the trigger logic (initial setting: negative), send the TGP command for the
trigger input terminal.

Example QUTPUT @B1500; " TM 1"
Statements QUTPUT @B1500; " TM 3"
See Also “PA”, “PAX”, “TGP", “TGPC", “WS’, and “WSX"
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TSC

TSC

The TSC command enables or disables the time stamp function.

Time stamp function is not available for the following measurement modes:
*  Quasi-pulsed spot measurement (MM 9)

» Linear search measurement (MM 14)

» Binary search measurement (MM 15)

This command is not effective for the 4 byte binary data output format (FMT3 and
FMT4).

TSC node
mode : Time stamp function mode. Integer expression.
mode Description
0 Disables the time stamp function. Initial setting.
1 Enables the time stamp function.

When the function is enabled, the B1500 returns the time data with the
measurement data. The time datais the time from timer reset to the start
of measurement. Refer to “ Data Output Format” on page 1-23.

To read the time data with the best resolution (100 ps), the timer must be cleared
every 100 sec or lessfor the FMT1, 2, or 5 data output format, or
every 1000 sec or lessfor the FMT 11, 12, 15, 21, 22, or 25 data output format.

QUTPUT @B1500; "TSC 1"
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TSQ

TSQ

The TSQ command returns the time data from when the TSR command is sent until
this command is sent. The time datawill be put in the data output buffer as same as
the measurement data.

This command is effective for all measurement modes, regardless of the TSC
setting.

This command is not effective for the 4 byte binary data output format (FM T3 and
FMT4).

TSQ

QUTPUT @B1500; " TSQ' _
ENTER @31500 US| "#, 5X, 13D, X"; Ti me
PRI NT " Ti me="; Time;"s"

TSR

The TSR command clears the timer count.

This command is effective for all measurement modes, regardless of the TSC
setting.

This command is not effective for the 4 byte binary data output format (FM T3 and
FMT4).

TSR

To read the time data with the best resolution (100 pus), the timer must be cleared
every 100 sec or less for the FMT1, 2, or 5 data output format, or
every 1000 sec or lessfor the FMT 11, 12, 15, 21, 22, or 25 data output format.

QUTPUT @B1500; " TSR"
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*TST?

*TST?

The *TST? query command performs the self-test and self-calibration, and returns
the execution results. After the * TST? command, read the results soon.

No SMU may bein the high voltage state (forcing more than +42 V, or voltage
compliance set to more than £42 V).

Before the * TST? command, open the measurement terminals.

*TST? [ nodul e[, option]]

module:  Module to test. Integer expression. O (default setting) to 11.
0: All modules and mainframe.
1to 10: Moduleinstalled in the slot specified by module.
11: Mainframe.

option : Execution option. Integer expression. 0 or 1 (default setting).

0: Returnsthe latest pass/fail condition.
1: Performs the self-test and returns the result.

If module specifies the dot that installs no module, this command causes an error.

resul t s<CR/ LF*EQ >

results returns the sum of the following values corresponding to the failures.

results Description results Description
Passed. No failure detected. 32 Slot 6 module failed.
1 Slot 1 module failed. 64 Slot 7 module failed.
2 Slot 2 module failed. 128 Slot 8 module failed.
4 Slot 3 module failed. 256 Slot 9 module failed.
8 Slot 4 module failed. 512 Slot 10 module failed.
16 Slot 5 module failed. 1024 Mainframe failed.

Failed modules are disabled, and can only be enabled by the RCV command. To
recover the modules connected to the SCUU, recover CMU and SMU in this order.

QUTPUT @B1500; "*TST?"
ENTER @B1500; A
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TTC

TTC

The TTC command performs the high speed spot measurement by using the
MFCMU, and returns the measurement data and the time data from timer reset to the
start of measurement. The command starts a current measurement regardl ess of the
trigger mode (TM command) and the measurement mode (MM command).

The MFCMU measures the primary parameter and the secondary parameter (for
example, Cp and G). Use the IMP command to select the measurement parameters.
See“IMP” on page 4-73.

CN command has been executed for the specified channel.
IMP command has been executed.

This command is not effective for the 4 byte binary data output format (FM T3 and
FMT4).

TTC chnum node[, r ange]

chnum: Measurement channel number. The value must be slot number where
the MFCMU has been installed. Integer expression. 1 to 10. See Table
4-1 on page 4-10.

mode : Ranging mode. O (auto ranging. initial setting) or 2 (fixed range).

range: M easurement range. Needs to set when mode=2. Integer (O or more).
50 Q2, 100 Q, 300 Q, 1 kQ, 3kQ, 10 kQ, 30 kO, 100 kO, and 300 kO
are selectable. See Table 4-9 on page 4-17. Available measurement
ranges depend on the output signal frequency set by the FC command.

To read the time data with the best resolution (100 us), the timer must be cleared
every 100 sec or less for the FMT1, 2, or 5 data output format, or
every 1000 sec or lessfor the FMT 11, 12, 15, 21, 22, or 25 data output format.

OUTPUT @1500;"1 MP 101"

OQUTPUT @B1500;"TTC 8, 2, 1000"

ENTER @81500 USI NG "#, 5X, 13D, X*; Ti ne

ENTER @B1500 USI NG "#, 5X, 13D, X"; Cdat a

ENTER @B1500 USI NG "#, 5X, 13D, X"; Ddat a

PRI NT " Dat a="; Cdat a*1000000; " uF, D="; Ddata;
",at ";Time;" s"
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TTI

TTI

The TTI command performs the high speed spot measurement, and returns the
measurement data and the time data from timer reset to the start of measurement.
The command starts a current measurement regardless of the SMU operation mode,
trigger mode (TM command), and measurement mode (MM command).

CN command has been executed for the specified channel.

This command is not effective for the 4 byte binary data output format (FM T3 and
FMT4).

TTlI chnuni, range]

chnum:  Measurement channel number. The value must be slot number where
the SMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

range: M easurement range or ranging type. Integer expression. See Table 4-3
on page 4-12.

If you select the fixed range, the instrument performs measurement by using the
specified range.

For the auto or limited auto ranging, the measurement range will be set to the
minimum range that covers the measured values. However, the instrument never
uses the range less than the specified range for the limited auto ranging.

If you do not specify the range parameter for voltage output channels, the channel
uses the minimum range that covers the compliance value.

The range parameter is meaningless for current output channels. The measurement
ranging type is aways same as the output ranging type.

To read the time data with the best resolution (100 ps), the timer must be cleared
every 100 sec or less for the FMT1, 2, or 5 data output format, or
every 1000 sec or lessfor the FMT 11, 12, 15, 21, 22, or 25 data output format.

OQUTPUT @B1500;"TTI 1"

ENTER @B1500 USI NG "#, 5X, 13D, X"; Ti ne
ENTER @81500 USI NG "#, 5X, 13D, X"; | dat a

PRI NT "Data=";|data*1000;"mA, at";Tine;"s"
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TTV

TTV

The TTV command performs the high speed spot measurement, and returns the
measurement data and the time data from timer reset to the start of measurement.
The command starts a voltage measurement regardless of the SMU operation mode,
trigger mode (TM command), and measurement mode (MM command).

CN command has been executed for the specified channel.

This command is not effective for the 4 byte binary data output format (FM T3 and
FMT4).

TTV chnuni, range]

chnum:  Measurement channel number. The value must be slot number where
the SMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

range: M easurement range or ranging type. Integer expression. See Table 4-2
on page 4-11.

If you select the fixed range, the instrument performs measurement by using the
specified range.

For the auto or limited auto ranging, the measurement range will be set to the
minimum range that covers the measured values. However, the instrument never
uses the range less than the specified range for the limited auto ranging.

If you do not specify the range parameter for current output channels, the channel
uses the minimum range that covers the compliance value.

The range parameter is meaningless for voltage output channels. The measurement
ranging type is aways same as the output ranging type.

To read the time data with the best resolution (100 us), the timer must be cleared
every 100 sec or lessfor the FMT1, 2, or 5 data output format, or
every 1000 sec or lessfor the FMT 11, 12, 15, 21, 22, or 25 data output format.

OQUTPUT @B1500;"TTV 1"

ENTER @B1500 USI NG "#, 5X, 13D, X"; Ti ne
ENTER @81500 USI NG "#, 5X, 13D, X"; Vdat a

PRI NT " Dat a="; Vdat a*1000; "nV, at";Tine;"s"
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TV

TV

The TV command performs the high speed spot measurement, and returns the
measurement data. The command starts a voltage measurement regardless of the
SMU operation mode, trigger mode (TM), and measurement mode (MM).

CN command has been executed for the specified channel.

TV chnuni, range]

chnum: Measurement channel number. The value must be slot number where
the SMU has been installed. Integer expression. 1 to 10. See Table 4-1.

range: M easurement range or ranging type. Integer expression. See Table 4-2
on page 4-11.

If you select the fixed range, the instrument performs measurement by using the
specified range. For the auto or limited auto ranging, the measurement range will be
set to the minimum range that covers the measured values. However, the instrument
never uses the range less than the specified range for the limited auto ranging.

If you do not specify the range parameter for current output channels, the channel
uses the minimum range that covers the compliance value.

The range parameter is meaningless for voltage output channels. The measurement
ranging type is aways same as the output ranging type.

QUTPUT @31500; " TV 1"
ENTER @B1500 USI NG "#, 3X, 12D, X"; Vdat a

UNT?
This command returns the model and revision numbers of mainframe and modul es.
UNT? [ node]

mode : Integer expression. O (returns information for al modules, default
setting) or 1 (returns information for mainframe and all modules).

[ FraneModel , FraneRevi si on; ] Sl ot 1Model , Sl ot 1Revision; .......
Sl ot 9Mbdel , Sl ot 9Revi si on; Sl ot 10Mbdel , Sl ot 10Revi si on<CR/ LF*EQ >

DI M A$[ 50]
OUTPUT @81500; " UNT?"
ENTER @B1500; A$
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VAR

This command defines the Agilent B1500 internal variable, and sets the value. The
variable name is automatically assigned by using the parameters you specify.

Syntax VAR type, n, val ue

Parameters type: Variable type. Integer expression. O or 1.
0: Integer variable. Variable name will be %I n.
1: Real variable. Variable name will be %Rn.
n: Number n added to the variable name. Integer expression. 0 to 99.

value: Vaue entered in the variable. Numeric value. The value must be 6
digits or less. Available values are as follows:

For integer variables: - 999999 to 999999

For real variables: - 9999.9 to 9999.9
Example OUTPUT @B1500; " ST1; CN1; DV1, 0, %99, 1E-4; Tl 1, 0"
Statements QUTPUT @81500; " END"

QUTPUT @B1500; " VAR 1,99, 2. 5"
This example sets 2.5 to the real variable %R99.

VAR?

Returns the value of the variable set by the VAR command.
Syntax VAR? type,n
Parameters type: Variable type. Integer expression. O or 1.

0: Integer variable. For the variable %I n.
1: Real variable. For the variable %Rn.

n: Number n added to the variable name. Integer expression. 0 to 99.

Query Response  val ue<CR/ LFAEQ >

Example OQUTPUT @B1500; " VAR? 1, 99"
Statements ENTER @81500; A%
This example reads the %R99 rea variable value.
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WAT

WAT

This command sets the source wait time and the measurement wait time as shown in
Figure 4-4. The wait timeis given by the following formula:

wait time = N x initial wait time + offset

where initial wait time is the time the Agilent B1500 initially sets and you cannot
change. Theinitial source wait time is not same as the initial measurement wait
time. The SMU wait time settings are effective for all SMUs.

WAT type, N, of fset]

type Type of the wait time. Integer expression. 1 or 2.
1: SMU source wait time (before changing the output value).
2: SMU measurement wait time (before starting the measurement).
3: CMU measurement wait time (before starting the measurement).

N Coefficient for initial wait time. Numeric expression.
0to 10, resolution 0.1. Initial settingis 1.

offset Offset for the wait time. Numeric expression.
0to 1 sec, resolution 0.0001. Default setting is 0.

QUTPUT @B1500; "WAT 1,.7"
QUTPUT @B1500; "WAT 2,0, .01"

Sour ce/M easurement Wait Time

Measurement wait time

"

Source wait time

Delay time

[ I
Hold time

M easurement
Step delay time

Time

The wait time can be ignored if it is shorter than the delay time.
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NOTE It is not easy to determine the best wait time. If you specify it too short, the
measurement may start before device characteristics stable. If too long, time will be
wasted.

Theinitial wait time may be too short for measurements of high capacitance or slow
response devices. Then set the wait time longer.

For measurements of low capacitance or fast response devices, if measurement
speed has top priority or is more important than reliability and accuracy, set the wait
time shorter.
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Command Reference
WDCV

This command sets the staircase sweep voltage source used for the CV sweep
measurement (MM 18). The sweep source will be the MFCMU, or the SMU that can
be connected to the Forcel/Sensel terminals of the SCUU (SMU CMU unify unit).

The CN command has been executed for the specified channel.

If you want to apply DC voltage over £25 V, the SCUU must be connected correctly.
The SCUU can be used with the MFCMU and two SMUs (MPSMU or HRSMU).
The SCUU cannot be used if the HPSMU is connected to the SCUU or if the
number of SMUs connected to the SCUU is only one.

If the output voltage is greater than +42 V, the interlock circuit must be shorted.

WDCV chnum node, start, stop, step

chnum :

mode :

Start, stop :

step :

Source channel number. The value must be slot number where the
MFCMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

Sweep mode. Integer expression.

1: Linear sweep (single stair, start to stop.)

2: Log sweep (single stair, start to stop.)

3: Linear sweep (double stair, start to stop to start.)

4: Log sweep (double stair, start to stop to start.)

Start or stop voltage (in V). Numeric expression. start and stop must
have the same polarity for log sweep.

O (initial setting) to +100 V

With the SCUU, the source module is automatically selected by the
setting value. The MFCMU isused if the voltage from start to stop is
below +25 V (setting resolution: 0.001 V), or the SMU isused if it is
greater than £25 V (setting resolution: 0.005 V).

The SMU will operate with the 100 V limited auto ranging and 20 mA
compliance settings.

Number of steps for staircase sweep. Numeric expression. 1 to 1001.

QUTPUT @B1500; "WDCV 8, 1,5, -5, 101"
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Wi

The WI command specifies the staircase sweep current source and its parameters.
This command also clears the WV, WSV, WSI, and WNX command settings.

This command setting is cleared by the WV command.

» For Staircase Sweep Measurement:

W chnum node, range, start, stop, step[, Vconp[, Pconp] ]

» For Staircase Sweep with Pulsed Bias Measurement:

W chnum node, range, start, stop, step[, Vconp]

chnum :

mode :

range:

Start, stop :

Sweep source channel number. The value must be slot number where
the SMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

Sweep mode. Integer expression. Only linear sweep (mode=1 or 3) is
available for the staircase sweep with pulsed bias.

1: Linear sweep (single stair, start to stop.)
2: Log sweep (single stair, start to stop.)
3: Linear sweep (double stair, start to stop to start.)

4: Log sweep (double stair, start to stop to start.)

Ranging type for staircase sweep current output. | nteger expression.
See Table 4-5 on page 4-13.

For the linear sweep, the B1500 uses the minimum range that covers
both start and stop values to force the staircase sweep current.

For the log sweep, the B1500 uses the minimum range that covers the
output value, and changes the output range dynamically.

For the limited auto ranging, the instrument never uses the range less
than the specified range.

Start or stop current (in A). Numeric expression. See Table 4-7 on page
4-15. start and stop must have the same polarity for log sweep.

0to +£0.1 for MPSMU/HRSMU, or 0 to +1 for HPSMU
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step : Number of steps for staircase sweep. Numeric expression. 1 to 1001.
Vcomp:  Voltage compliance (in V). Numeric expression. See Table 4-7.

If you do not set Vcomp, the previous value is used. If Vcomp valueis
greater than £42 V, the interlock circuit must be shorted.

Compliance polarity is automatically set to the same polarity asthe
output value, regardless of the specified Vcomp. If the output valueisO,
the polarity is set to positive.

If you set Pcomp, the maximum Vcomp value for the moduleis
allowed, regardless of the output range setting.

For the log sweep and without Pcomp, set the value available for the
minimum range that covers start and stop values.

Pcomp:  Power compliance (in W). Numeric expression. Resolution: 0.001 W. If
the Pcomp value is not entered, the power compliance is not set.

0.001 to 2 for MPSMU/HRSMU, or 0.001 to 20 for HPSMU

Example OUTPUT @1500;"W 1,1, 11,0,0.1, 100, 10, 1"
Statements OUTPUT @1500:"W 2,2, 15, 1E-6, 0. 1, 100"
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WM

The WM command enables or disables the automatic abort function for the staircase
sweep sources and the pul sed sweep source. The automatic abort function stops the
measurement when one of the following conditions occurs:

e Compliance on the measurement channel

» Compliance on the non-measurement channel
» Overflow on the AD converter

» Ogcillation on any channel

This command also sets the post measurement condition for the sweep sources.
After the measurement is normally completed, the staircase sweep sources force the
value specified by the post parameter, and the pul sed sweep source forces the pulse
base value.

If the measurement is stopped by the automatic abort function, the staircase sweep
sources force the start value, and the pulsed sweep source forces the pul se base
value after sweep.

VWM abort[, post]

abort : Automatic abort function. Integer expression.
1: Disables the function. Initial setting.
2: Enables the function.

post : Source output value after the measurement is normally compl eted.
Integer expression.

1: Start value. Initial setting.
2: Stop value.
If this parameter is not set, the sweep sources force the start value.

The B1500 returns the data measured before an abort condition is detected. Dummy
data 199.999E+99 will be returned for the data after abort.

QUTPUT @B1500; " WM 2"
OQUTPUT @B1500; "WM 2, 2"
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WMDCV

WMDCV

This command enables or disables the automatic abort function for the CV sweep
measurement (MM 18). The automatic abort function stops the measurement when
one of the following conditions occurs:

e NULL loop unbalance condition
* 1V amplifier saturation condition
» Overflow on the AD converter

This command also sets the post measurement condition for the source. After the
measurement is normally completed, the voltage source forces the value specified
by the post parameter.

If the measurement is stopped by the automatic abort function, the voltage source
forces the start value.

WWDCV abort [, post]

abort : Automatic abort function. Integer expression.
1: Disables the function. Initial setting.
2: Enables the function.

post : Source output value after the measurement is normally compl eted.
Integer expression.

1: Start value. Initial setting.
2: Stop value.
If this parameter is not set, the voltage source forces the start value.

The B1500 returns the data measured before an abort condition is detected. Dummy
data 199.999E+99 will be returned for the data after abort.

QUTPUT @B1500; " WWDCV 2"
QUTPUT @31500; "WWDCV 2, 2"
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WNU?

WNU?

The WNU? query command returns the number of sweep steps specified by the
sweep command (WI, WV, PWI or PWV), and stores the results in the output data
buffer (query buffer).

If you want to know the number of steps for a pulsed sweep, you must execute an
“MM 4" command before using this command, otherwise the number of steps for
the staircase sweep is reported.

VNU?
nunmber of sweep steps<CR/ LFEQ >

QUTPUT 1500; " VWWU?"
ENTER @31500; A
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WNX

The WNX command specifies the staircase sweep source (synchronous sweep
source) that will be synchronized with the staircase sweep source (primary sweep
source) set by the WI or WV command.

You can use the maximum of ten sweep sources. There is no restrictions for the
output mode (voltage or current) of the sweep sources. If the output voltage is
greater than £42 V, the interlock circuit must be shorted.

Available only for the multi channel sweep measurement (MM 16).

This command must be entered after the WI or WV command that clears the WNX
command setting.

WNX N, chnum node, r ange, start, stop[, conp[, Pconp] ]

N : Sweep source number. Integer expression. 2 to 10. Sweep sources start
output simultaneoudly or in number order. See Remarks below.

chnum:  Sweep source channel number. The value must be slot number where
the SMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

mode : Sweep source type. Integer expression. 1 or 2.
1: Voltage sweep source.
2: Current sweep source.
Sweep mode, linear or log, is set by the WI or WV command.

range: Ranging type for synchronous sweep output. Integer expression.

» For voltage source (mode=1): See Table 4-4 on page 4-13.

The B1500 usually uses the minimum range that covers both start
and stop values to force the staircase sweep voltage. However, if
you set Pcomp and if the following formulas are true, the B1500
changesthe output range dynamically (20 V range or above). Range
changing may cause 0 V output in amoment. For the limited auto
ranging, the instrument never uses the range less than the specified
range.

e comp > maximum current for the output range

*  Pcomp/output value > maximum current for the output range
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e For current source (mode=2): See Table 4-5 on page 4-13.

For the linear sweep, the B1500 uses the minimum range that
covers both start and stop values to force the staircase sweep
current.

For the log sweep, the B1500 changes the output range
dynamically.

For the limited auto ranging, the instrument never uses the range
less than the specified range.

dtart, stop : Start or stop value (in VV or A). Numeric expression.

comp :

Pcomp :

» For voltage source (mode=1): See Table 4-6 on page 4-14.
0to £100 for MPSMU/HRSMU, or 0 to +200 for HPSMU

» For current source (mode=2): See Table 4-7 on page 4-15.
0to 0.1 for MPSMU/HRSMU, or 0to =1 for HPSMU

start and stop must have the same polarity for log sweep.

Sweep mode, linear or log, and the number of sweep steps are set by the
WI or WV command.

Compliance (in A or V). Numeric expression. If you do not set comp,
the previous value is used.

If you set Pcomp, the maximum comp value for the module is allowed,
regardless of the output range setting.

Compliance polarity is automatically set to the same polarity asthe
output value, regardless of the specified comp. If the output valueis O,
the polarity is set to positive.

e For voltage source (mode=1): See Icomp in Table 4-6 on page 4-14.
e For current source (mode=2): See Vcomp in Table 4-7 on page 4-15.

For the log sweep and without Pcomp, set the value available for
the minimum range that covers start and stop values.

Power compliance (in W). Numeric expression. Resolution: 0.001 W. If
the Pcomp value is not entered, the power compliance is not set.

0.001 to 2 for MPSMU/HRSMU, or 0.001 to 20 for HPSMU
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To set multiple sweep sources, enter the WI or WV command at first, and enter the
WNX command once or more. Then the N value and the chnum value must be

unique for each WNX command. If you set the value used to the previous command,
the previous command setting is cleared, and the last command setting is effective.

Sweep sources simultaneously start output by atrigger such as the XE command.
However, if a sweep source sets power compliance or forces logarithmic sweep
current, the sweep sources start output in the order specified by the N vaue. Then
the first output is forced by the channel set by the Wl or WV command.

If you use multiple measurement channels, the channel sthat use the high-speed A/D
converter with the fixed ranging mode start measurement simultaneously, then other
channels start measurement in the order defined in the MM command.

OQUTPUT @B1500; "WNX 2, 3,1,12,0, 3, 1E- 3, 2E- 3"
QUTPUT @B1500; "WNX 3, 4, 2,0, 1E- 3, 1E- 2, 3"
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WS

The WS command causes the B1500 to enter await state until the B1500 receives an
external trigger from the Ext Trig In terminal. To set the trigger logic (initial setting:
negative), send the TGP command for the Ext Trig In terminal.

To end await state before the trigger, execute the AB or *RST command.

W5 [ node]

mode : Waiting mode. Integer expression. 1 or 2.

If this parameter is not specified, modeis set to 1.

mode Description

1 Continues the operation if an external trigger was
aready received. Otherwise, the B1500 immediately
goesinto await state for an external trigger.

2 In any condition, the B1500 immediately goesinto a
wait state for an external trigger.

The B1500 checks itstrigger flag to confirm the present trigger status, received or
none. To clear the trigger flag:

Enter the *RST or device clear command (HP BASIC CLEAR statement).
Enter the TM3 command.

Enter the TM1, TM2, or TM4 command to change the mode from TM 3.
Enter the OS command.

Trigger the B1500 to start measurement viathe Ext Trig In terminal.

Trigger the B1500 to recover from wait state set by the WS command viathe
Ext Trig In terminal.

OQUTPUT @31500; "Ws 2"
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WS

The WSI command specifiesthe staircase sweep current source (synchronous sweep
source) that will be synchronized with the staircase sweep current source (primary
sweep source) set by the WI command, or the pulsed sweep current source (primary
sweep source) set by the PWI command.

Available for the staircase sweep (MM 2), pulsed sweep (MM 4), or staircase sweep
with pulsed bias (MM5) measurement.

This command must be entered after the WI or PWI command that clears the WSI
command setting. The WV and PWV command also clears the WSI setting.

WSl chnum range, start, stop[, Vconp[, Pconp] ]

chnum:  Synchronous sweep source channel number. The value must be slot
number where the SMU has been installed. Integer expression. 1 to 10.
See Table 4-1 on page 4-10.

range: Ranging type for synchronous sweep current output. Integer
expression. See Table 4-5 on page 4-13.

For the linear sweep, the B1500 uses the minimum range that covers
both start and stop values to force the staircase sweep current.

For the log sweep, the B1500 uses the minimum range that covers the
output value, and changes the output range dynamically.

Sweep mode, linear or log, is set by the WI or PWI command.

For the limited auto ranging, the instrument never uses the range less
than the specified range.

dtart, stop : Start or stop current (in A). Numeric expression. See Table 4-7 on page
4-15. start and stop must have the same polarity for log sweep. Sweep
mode, linear or log, and the number of sweep steps are set by the W1 or
PWI command.

0to +0.1 for MPSMU/HRSMU, or 0 to +1 for HPSMU

Agilent B1500 Programming Guide, Edition 2 4-163



Command Reference

WSI

Vecomp :

Pcomp :

Voltage compliance (in V). Numeric expression. See Table 4-7 on page
4-15. If you do not set VVcomp, the previous value is used. If Vcomp
value is greater than £42 V, the interlock circuit must be shorted.

Compliance polarity is automatically set to the same polarity asthe
output value, regardless of the specified Vcomp. If the output valueisO,
the compliance polarity is positive.

If you set Pcomp, the maximum Vcomp value for the moduleis
allowed, regardless of the output range setting.

For the log sweep and without Pcomp, set the value available for the
minimum range that covers start and stop values.

Power compliance (in W). Numeric expression. Resolution: 0.001 W. If
the Pcomp value is not entered, the power compliance is not set.

0.001 to 2 for MPSMU/HRSMU, or 0.001 to 20 for HPSMU

Example OQUTPUT @B1500; "Wsl 1, 16, 0, 4E-5"
QUTPUT @B1500;"Wsl 2,0, 1E-3, 1E- 2, 5, 5E- 2"

Statements
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wsv

The WSV command specifies the staircase sweep voltage source (synchronous
sweep source) that will be synchronized with the staircase sweep voltage source
(primary sweep source) set by the WV command, or the pulsed sweep voltage
source (primary sweep source) set by the PWV command.

Available for the staircase sweep (MM 2), pulsed sweep (MM 4), or staircase sweep
with pulsed bias (MM5) measurement.

This command must be entered after the WV or PWV command that clears the
WSV command setting. The WI and PWI command also clears the WSV setting.

WSV chnum range, start, stop[, | conp[, Pconp] ]

chnum:  Synchronous sweep source channel number. The value must be slot
number where the SMU has been installed. Integer expression. 1 to 10.
See Table 4-1 on page 4-10.

range: Ranging type for synchronous sweep voltage output. Integer
expression. See Table 4-4 on page 4-13.

The B1500 usually uses the minimum range that covers both start and
stop values to force the staircase sweep voltage. However, if you set
Pcomp and if the following formulas are true, the B1500 changes the
output range dynamically (20 V range or above). Range changing may
cause 0V output in amoment. For the limited auto ranging, the
instrument never uses the range | ess than the specified range.

» lcomp > maximum current for the output range
»  Pcomp/output voltage > maximum current for the output range

start, stop: Start or stop voltage (in V). Numeric expression. See Table 4-6 on page
4-14. start and stop must have the same polarity for log sweep. Sweep
mode, linear or log, and the number of sweep steps are set by the WV
or PWV command. If the output voltage is greater than £42 V, the
interlock circuit must be shorted.

0to £100 for MPSMU/HRSMU, or 0 to +200 for HPSMU
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lcomp: Current compliance (in A). Numeric expression. See Table 4-6 on page
4-14. If you do not set Icomp, the previous value is used.

Compliance polarity is automatically set to the same polarity asthe
output value, regardless of the specified Icomp. If the output valueis O,
the compliance polarity is positive.

If you set Pcomp, the maximum Icomp value for the moduleis allowed,
regardless of the output range setting.

Pcomp:  Power compliance (in W). Numeric expression. Resolution: 0.001 W. If
the Pcomp value is not entered, the power compliance is not set.

0.001 to 2 for MPSMU/HRSMU, or 0.001 to 20 for HPSMU

Example OUTPUT @1500:; "WsV 1,0, 1, 100, 0. 01, 1"
Statements OUTPUT @B1500:; "WsV 2, 12, 0, 10"
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WSX

The WSX command causes the B1500 to enter await state until the B1500 receives
an external trigger from atrigger input terminal specified by the port parameter. To
set the trigger logic (initial setting: negative), send the TGP command for the
specified terminal. To end await state before the trigger, execute the AB or *RST
command.

WEX port[, node]

port : External trigger input port number. Integer expression. - 1, or 1 to 16.

- 1: Ext Trig In terminal.
1to 16: Port 1 to 16 of the digital I/O terminal.

Touse adigital 1/0 port, send the TGP command. The port value must
be same as the port value set to the TGP command.

mode : Waiting mode. Integer expression. 1 or 2.

If this parameter is not specified, modeis set to 1.

mode Description

1 Continuesthe operation if an external trigger was already
received. Otherwise, the B1500 immediately goesinto a
wait state for an external trigger.

2 Inany condition, the B1500 immediately goesinto await
state for an external trigger.

The B1500 checks itstrigger flag to confirm the present trigger status, received or
none. To clear the trigger flag:

Enter the *RST or device clear command (HP BASIC CLEAR statement).
Enter the TM3 command.

Enter the TM1, TM2, or TM4 command to change the mode from TM 3.
Enter the OS command.

Trigger the B1500 to start measurement viathe trigger input terminal .

Trigger the B1500 to recover from wait state set by the WS command viathe
trigger input terminal.

OQUTPUT @31500; "WsX 2"
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WT

The WT command sets the hold time, delay time, and step delay time for the
staircase sweep or multi channel sweep measurement. This command is also used to
set the step source trigger delay time effective for the step output setup completion
trigger and the step measurement trigger delay time effective for the start step
measurement trigger. For the trigger function, refer to “ Trigger Function” on page
2-36.

If you do not enter this command, all parameters are set to 0.

This command setting is ignored by the following measurement mode.

» Pulsed spot measurements
» Pulsed sweep measurements

o Staircase sweep with pulsed bias measurements

WI' hol d, del ay[, Sdel ay[, Tdel ay[, Mlel ay]]]

hold : Hold time (in seconds) that is the wait time after starting the sweep
measurement and before starting the delay time for the first step.

0 to 655.35, with 0.01 sec resolution. Numeric expression.

delay : Delay time (in seconds) that isthe wait time after starting to force a step
output and before starting a step measurement.

0 to 65.535, with 0.0001 sec resolution. Numeric expression.

Sdelay : Step delay time (in seconds) that is the wait time after starting a step
measurement and before starting to force the next step output value.

0to 1, with 0.0001 sec resolution. Numeric expression.
If this parameter is not set, Sdelay will be 0.

If Sdelay is shorter than the measurement time, the B1500 waits until
the measurement compl etes, then forces the next step output.

Tdelay:  Step sourcetrigger delay time (in seconds) that is the wait time after
completing a step output setup and before sending a step output setup
completion trigger.

0 to delay, with 0.0001 sec resolution. Numeric expression.

If this parameter is not set, Tdelay will be 0.
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Mdelay:  Step measurement trigger delay time (in seconds) that is the wait time
after receiving a start step measurement trigger and before starting a
step measurement.

0 to 65.535, with 0.0001 sec resolution. Numeric expression.

If this parameter is not set, Mdelay will be 0.

Example OUTPUT @81500; "W 5,0.1,0.1,0.1,0.1"
Statements OUTPUT @B1500; "W 5, 0. 2"
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Example
Statements

Command Reference
WTDCV

WTDCV

This command sets the hold time, delay time, and step delay time for the CV sweep
measurement (MM 18). This command is also used to set the step source trigger
delay time effective for the step output setup completion trigger and the step
measurement trigger delay time effective for the start step measurement trigger. For
the trigger function, refer to “Trigger Function” on page 2-36. If you do not enter
this command, all parameters are set to 0.

WIDCV hol d, del ay[, Sdel ay[, Tdel ay[, Mlel ay]]]

hold : Hold time (in seconds) that is the wait time after starting measurement
and before starting delay time for the first step.

0 to 655.35, with 10 ms resolution. Numeric expression.

delay : Delay time (in seconds) that isthe wait time after starting to force a step
output and before starting a step measurement.

0 to 65.535, with 0.1 ms resolution. Numeric expression.

Sdelay : Step delay time (in seconds) that is the wait time after starting a step
measurement and before starting to force the next step output.

0to 1, with 0.1 msresolution. Numeric expression.
If this parameter is not set, Sdelay will be O.

If Sdelay is shorter than the measurement time, the B1500 waits until
the measurement compl etes, then forces the next step output.

Tdelay:  Step sourcetrigger delay time (in seconds) that is the wait time after
completing a step output setup and before sending a step output setup
completion trigger.

0 to delay, with 0.1 ms resolution. Numeric expression.
If this parameter is not set, Tdelay will be 0.

Mdelay:  Step measurement trigger delay time (in seconds) that is the wait time
after receiving a start step measurement trigger and before starting a
step measurement.

0 to 65.535, with 0.1 ms resolution. Numeric expression.

If this parameter is not set, Mdelay will be 0.

QUTPUT @B1500; "WIDCV 5,0.1,0.1,0.1,0.1"
QUTPUT @B1500; "WIDCV 5, 0. 2"
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WV

Command Reference
wv

The WV command specifies the staircase sweep voltage source and its parameters.
This command also clears the WI, WSI, WSV, and WNX command settings.

Thiscommand setting is cleared by the WI command. If the output voltageis greater
than £42 V, the interlock circuit must be shorted.

e For Staircase Sweep Measurement:

W/ chnum node, range, start, stop, step[, | conp[, Pconp] ]

» For Staircase Sweep with Pulsed Bias Measurement:

W/ chnum node, range, start, st op, step[, | conp]

chnum :

mode :

range:

start, stop :

Sweep source channel number. The value must be slot number where
the SMU has been installed. Integer expression. 1 to 10. See Table 4-1
on page 4-10.

Sweep mode. Integer expression. Only linear sweep (mode=1or 3) is
available for the staircase sweep with pulsed bias.

1: Linear sweep (single stair, start to stop.)
2: Log sweep (single stair, start to stop.)
3: Linear sweep (double stair, start to stop to start.)

4: Log sweep (double stair, start to stop to start.)

Ranging type for staircase sweep voltage output. Integer expression.
See Table 4-4 on page 4-13.

The B1500 usually uses the minimum range that covers both start and
stop values to force the staircase sweep voltage. However, if you set
Pcomp and if the following formulas are true, the B1500 uses the
minimum range that covers the output value, and changes the output
range dynamically (20 V range or above). Range changing may cause
0V output in amoment. For the limited auto ranging, the instrument
never uses the range less than the specified range.

* lcomp > maximum current for the output range
»  Pcomp/output voltage > maximum current for the output range

Start or stop voltage (in V). Numeric expression. See Table 4-6 on page
4-14. start and stop must have the same polarity for log sweep.

0to +100 for MPSMU/HRSMU, or 0 to +200 for HPSMU
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Command Reference

WV

step :
lcomp:

Pcomp :

Number of steps for staircase sweep. Numeric expression. 1 to 1001.

Current compliance (in A). Numeric expression. See Table 4-6 on page
4-14. If you do not set comp, the previous value is used.

Compliance polarity is automatically set to the same polarity asthe
output value, regardless of the specified Icomp. If the output valueis O,
the compliance polarity is positive.

If you set Pcomp, the maximum Icomp value for the moduleis allowed,
regardless of the output range setting.

Power compliance (in W). Numeric expression. Resolution: 0.001 W. If
the Pcomp value is not entered, the power compliance is not set.

0.001 to 2 for MPSMU/HRSMU, or 0.001 to 20 for HPSMU

OQUTPUT @B1500; "W/ 1, 2,12, 1E-6, 10, 100,0. 1, 1"
OQUTPUT @B1500; "W 2,1, 0,0, 20, 101"
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wWz?

WZzZ?

This query command immediately confirms al channel output, and returns the
status O if itiswithin+2 V or 1if itismorethan £2 V.

Syntax WZ? [timeout]
Parameters timeout:  Timeout. Numeric expression.

0 to 655.35 sec, with 0.01 sec resolution.

With timeout parameter, this command waits until all channel output
becomes within £2 V or until the specified timeout elapses, and returns
Oor1l.

The WZ? 0 command has the same effect as the WZ? command.

Query Response st at e<CR/ LF*EQ >
0: All channel output iswithin +2 V.
1: Any output channel applies more than +2 V.

Example OUTPUT @B1500; "Wz? 5. 0"
Statement ENTER @31500; A
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XE

The XE command triggers the B1500 to start measurement, or causes the B1500 to
recover from the wait state set by the PA command. This command is not available
for the high-speed spot measurement.

NOTE After measurement, the measurement data will be entered to the output data buffer.
For data output format, refer to “ Data Output Format” on page 1-23.

Execution The following execution conditions are for you who use the XE command to start
Conditions measurement. There is no execution condition when you use the XE command to
recover from the wait state.

» If any channel is set to the high voltage state (forcing more than £42 V, or
voltage compliance set to more than +42 V) after the trigger (XE), the interlock
terminal must be shorted.

e Thefollowing commands must be entered before the XE command.

M easurement Mode Commands
Spot CN, MM, DV or DI
Staircase sweep CN, MM, WV or WI
Pulsed spot CN, MM, PV or PI
Pulsed sweep CN, MM, PWV or PWI
Staircase sweep with pulsed bias | CN, MM, WV or WI, PV or PI
Quasi-pulsed spot CN, MM, BDV
Sampling CN, MM, MCC, ML, MT, MSC, MI, MV
Liner search CN, MM, LSV or LSI, LGV or LGI
Binary search CN, MM, BSV or BSI, BGV or BGI
Multi channel sweep CN, MM, WI or WV, WNX
Spot C CN, MM, IMP, FC, ACV, DCV
CV sweep CN, MM, IMPB, FC, ACV, WDCV
Syntax XE
Example OQUTPUT @B1500; " XE"
Statement
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Error Messages

This chapter explains the error code of the Agilent B1500.
e “Error Codes’

If error occurs, find solutionsin this section and solve problems. However, if
problems still remain, perform self-test.

If the Agilent B1500 fails self-test, contact your nearest Agilent Technologies
Service Center.
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Error Codes

If errors occur, error codes are stored in the error buffer. To read the error code,
execute the “ERR?’ command. To read the error message, execute the “EMG?’

command.

The output of the error codesisin the order that they occurred, and the first four
error codes are stored in the buffer. |If no errors occurred, "0, 0, 0, 0” is returned.

Operation Error

100

102

103

104
120

121

122

123

124

Undefined GPIB command.
Send the correct command.
Incorrect numeric data syntax.
Correct the data syntax.
Incorrect terminator position.

Correct the command syntax. The number of parameters will be
incorrect.

Incorrect serial data syntax.
Incorrect parameter value.
Correct the parameter value.
Channel number must be 1 to 10.

Correct the channel number. The channel number must be 1 to 10 for
the Agilent B1500.

Number of channels must be corrected.

Check the MM, FL, CN, CL, IN, DZ, or RZ command, and correct the
number of channels.

Compliance must be set correctly.
Incorrect compliance value was set. Set the compliance value correctly.
Incorrect range value for this channel.

Check the range value available for the channel, and correct the range
value.
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125 Search goal value must be less than compliance value.

126 Pulse base and peak must be same polarity.
The polarity of the base and peak values must be the samein the Pl
command. Also the polarity of the base, start, and stop values must be
the same in the PWI command.

130 Start and stop must be same polarity.
For alog sweep, the polarity of the start and stop values must be the
same in the WV, WI, WSV, WSI, or WNX command. Also, 0is not
allowed for the start and stop values.

150 Command input buffer isfull.
The Agilent B1500 can receive 256 characters maximum including the
terminator at one time.

151 This command is not allowed to this channel.

152 Cannot use failed module.
The channel number specifying the module failed the self-test or
calibration. Specify another module that passed the self-test or
calibration. For the service purpose, execute the RCV command to
enable the module.

153 No module for the specified channel.
Moduleis not installed in the slot specified by the channel number.

160 Incorrect ST execution.
Theinternal memory programming can be started by the ST command
and completed by the END command. Do not enter the ST command
between the ST command and the END command.

161 Incorrect END execution.
Theinternal memory programming can be started by the ST command
and completed by the END command. Do not send the END command
before starting the programming.

162 Incorrect command for program memory.
Specified command cannot be stored in the program memory. For the
incorrect commands, refer to Table 2-1 on page 2-32.
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170

171

200

201

202

203

204

205

Error Messages
Error Codes

Incorrect usage of internal variable.

Theinternal variable must be %ln for integer data, or %Rn for real
data. where nis an integer, 0 to 99. Use %ln for the integer type
command parameters; and use %Rn for the real type command
parameters. For the internal variables, refer to “VAR” on page 4-150.

Internal variableis not allowed.

The internal variables %ln and %Rn are not available for the ACH,
VAR, and VAR? commands. Do not use the internal variables for the
commands.

Channel output switch must be ON.
To enter the specified command, set the channel output switch to ON.
Compliance must be set.

To change the source output mode (voltage or current), set the
compliance value.

Interlock circuit must be closed.

To set the output voltage or the voltage compliance to more than +42 V
(high voltage state), close theinterlock circuit. If the interlock circuit is
opened in the high voltage state, outputs of all unitswill be set to 0 V.

Cannot enable channel.

The channel output switch cannot be set to ON in the high voltage state.
Set the output voltage or the voltage complianceto +42 V or lessto set
the switch to ON.

Cannot disable channel.

The channel output switch cannot be set to OFF in the high voltage
state. Set the output voltage or the voltage compliance to £42 V or less
to set the switch to OFF. Or send the CL command with no parameter to
set switches of all channelsto OFF immediately.

DZ must be sent before RZ.

The RZ command is effective for the channels set to 0 V output by the
DZ command.
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206

210

211

212

213

214

217
220

221

Do not specify the channel recovered by RZ.

Specify the channels that have not been recovered yet by the RZ
command after the DZ command. The RZ command cannot be
executed if the specified channelsinclude a channel that has already
been recovered by the RZ command.

Ext trigger could not start measurement.
External trigger cannot start measurement because of busy condition.
TM1 must be sent to use GET.

Send the TM 1 command to use the GPIB GET command (TRIGGER
statement in HP BASIC).

Compliance must be set correctly.

Compliance was not set or an incorrect compliance value was set in the
DV, DI, PV, PI, PWV, PWI, TDV, TDI, LSV, LSI, LSSV, LSS, BSV,
BSI, BSSV, or BSSI command. Set the compliance value correctly.

Cannot perform self-test or calibration.

Self-test and calibration cannot be performed in the high voltage state.
Set the output voltage or the voltage complianceto +42 V or lessto
perform the self-test or calibration.

Send MM before measurement trigger.

Before sending the measurement trigger, the MM command must be
sent to set the measurement mode.

Self-test is not defined for this module.
Send WV or WI to set primary sweep source.

Before triggering the staircase sweep measurement, triggering the
staircase sweep with pulsed bias measurement, or sending the WSV,
WS, or WNX command to set the synchronous sweep source, send the
WV or WI command to set the primary sweep source.

Send PWV or PWI to set pul se sweep source.

Before triggering the pul sed sweep measurement, or sending the WSV
or WSI command to set the synchronous sweep source, send the PWV
or PWI command to set the pul se sweep source.
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223

224

225

226

227

228
230

231

238

Error Messages
Error Codes

Send PV or PI to set pulse source.

Before triggering the staircase sweep with pulsed bias measurement,
send the PV or PI command to set the pul se source.

Compliance must be set correctly.

Compliance was not set or an incorrect compliance value was set in the
WV, WI, WSV, WSI, WNX, or BDV command. Set the compliance
value correctly.

Sweep and sync output modes must be the same.

The primary sweep channel and the synchronous sweep channel must
be different, and they must be set to the same output mode (voltage or
current).

Send WSV, WSI, or WNX to get sync sweep data.

If you enable data output of the synchronous sweep source, do not
forget to set the synchronous sweep source by the WSV, WS, or WNX
command. For data output, refer to“FMT” on page 4-70.

Set linear sweep for MM4 or MM5.

Only the linear sweep is available for the PWV or PWI command for
the pulsed sweep measurement (MM4) or the WV or WI command for
the staircase sweep with pulsed bias measurement (MM5).

Sweep measurement was aborted.

Sweep measurement was aborted by the automatic abort function or the
power compliance.

Pulse period is not set for pulse measurements.
Pulse source must be set.

To perform the pul sed spot measurement (MM 3), send the PV or PI
command to set the pul se source.

Compliance must be set correctly.

Compliance was not set or an incorrect compliance value was set in the
PV, Pl, PWV, or PWI command. Set the correct compliance value
effective for the pulse output.

Too large pulse width (max. 2 s).

The maximum value of the pulse width is 2 s. And the available value
depends on the pulse period value. Refer to “PT” on page 4-108.
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239 Pulse width must be 0.5 ms or more.
Set the pulse width to 0.5 ms or more. Refer to “PT” on page 4-108.

253 Program memory isfull.
Maximum of 2000 programs or 40000 commands can be stored in the
program memory. Refer to “ST” on page 4-128.

254 Invalid input for amemory program.
The GPIB GET command (TRIGGER statement in HP BASIC) and an
external trigger input are not allowed in a memory program (between
the ST and END commands).

255 Maximum nesting level is eight.
Nesting (one program calling another) of amemory program must be
eight levels or less.

260 Data output buffer isfull.
Maximum 34034 measurement data items can be stored in the data
output buffer.

270 Search source channel must be set.
Before triggering the search measurement or sending the LSSV, LSSI,
BSSV, or BSSI command to set the synchronous search source, send
the LSV, LSI, BSV, or BSI command to set the primary search source.

271 Search monitor channel must be set.
Before triggering the search measurement, send the LGV, LGI, BGV, or
BGI command to set the search monitor channel.

273 Search and sync output modes must be the same.
The primary search source channel and the synchronous source channel
must be different, and they must be set to the same output mode
(voltage or current).

274 Search sync source is overflow.
Set the search sources so that the same output range is set to both
primary and synchronous search sources.

275 Search target must be compliance value or less.
The search target value must be less than or equal to the compliance
value of the search monitor channel. Correct the search target value or
the compliance value.
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277

278

279

280

281

282

283

284

290

301

Error Messages
Error Codes

Start and stop must be different.

Set different values for the search start and stop values.

Step must be output resolution or more.

Set the search step value to the output resolution or more.

Search and sync channels must be different.

Set the search source and the synchronous source to different channels.
Search monitor mode must be compliance side.

Send the LGI/BGI command to set the voltage source search monitor
channel, or send the LGV/BGV command to set the current source
search monitor channel.

Send WDCYV to set CV sweep source.

Before triggering the CV sweep measurement, send the WDCV
command to set the DC voltage sweep source.

Send PDCYV to set CV pulse source.

Before triggering the pulsed spot C measurement, send the PDCV
command to set the pul sed voltage source.

Send PWDCYV to set CV pulse sweep source.

Before triggering the pulsed CV measurement, send the PWDCV
command to set the pulsed voltage sweep source.

Set linear sweep for MM 20.

Only the linear sweep is available for the PWDCV command for the
pulsed CV measurement (MM 20).

Improper setting of CMU frequency and pulse width.

Pulse width value is out of the range for the CMU output signal
frequency. Set both frequency value and pulse width value properly.

Send WFC to set Cf sweep source.

Before triggering the Cf sweep measurement, send the WFC command
to set the frequency sweep source (oscillator).

Line power failure.
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303

304
305

307

310

311

312

320

321

322

323

Excess voltage in MPSMU.

Voltage that exceeds maximum voltage at the present current range was
detected by aMPSMU. All output switches were set to OFF.

Ground unit abuse is detected.
Excess current in HPSMU.

Current that exceeds maximum current at the present voltage range was
detected by a HPSMU. All output switches were set to OFF.

Unsupported module.

Thismoduleis not supported by this firmware version. Until you
update the firmware, use the Agilent B1500 with this module removed.

Interlock open operation error. Initialized.

Initialization was automatically performed because the B1500 failed to
set its output to 0 V when the interlock circuit was opened in the high
voltage condition. Any module may be defective. Perform self-test.

ASU control cable was connected/di sconnected.

The B1500 must be turned off when the Atto Sense and Switch Unit
(ASU) is connected/disconnected.

SCUU control cable was connected/disconnected.

The B1500 must be turned off when the SMU CMU Unify Unit
(SCUU) is connected/disconnected.

Excess current in CMU.

Current that exceeds maximum current at the present voltage range was
detected by the CMU. The output switch was set to OFF.

This command is not available for CMU.

CMU was specified for the SMU dedicated command. Specify SMU.
This command is not available for SMU.

SMU was specified for the CMU dedicated command. Specify CMU.
Use SSPinstead of CN for SCUU modules.

It is not necessary to specify the modules connected to the SMU CMU
Unify Unit (SCUU) in the CN command. The output switches will be
controlled by the SSP command.
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331

332

333

334

335

603

610

620

621

Error Messages
Error Codes

Turn on again to detect source channel.

SCUU might be disconnected/connected on the power on condition.
Restart the B1500 to detect and enable the channel.

Turn on again to detect synchronous channel.

SCUU might be disconnected/connected on the power on condition.
Restart the B1500 to detect and enable the channel.

Turn on again to detect measurement channel.

SCUU might be disconnected/connected on the power on condition.
Restart the B1500 to detect and enable the channel.

Turn on again to detect search source.

SCUU might be disconnected/connected on the power on condition.
Restart the B1500 to detect and enable the channel.

Turn on again to detect search sync source.

SCUU might be disconnected/connected on the power on condition.
Restart the B1500 to detect and enable the channel.

Turn on again to detect search monitor channel.

SCUU might be disconnected/connected on the power on condition.
Restart the B1500 to detect and enable the channel.

Sweep and pulse channels must be different.

Set the sweep source and the pulse source to different channels for the
staircase sweep with pulsed bias measurement (MM5).

Quasi-pul se source channel must be set.

Before triggering the quasi-pulsed spot measurement, send the BDV
command to set the quasi-pul se source.

TGP specified incorrect 1/O port.

Specify trigger input for the Ext Trig In port, or trigger output for the
Ext Trig Out port by the TGP command. Refer to “TGP” on page
4-136.

Specify trigger input port for PAX/WSX.

No trigger input port was specified for the PAX or WSX command.
Specify the trigger input port, or set the port as the trigger input port.
Refer to “TGP” on page 4-136 to set trigger port.
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622

630

631

632

640

650

655

656

657

660

Specify trigger output port for OSX.

No trigger output port was specified for the OSX command. Specify the
trigger output port, or set the port as the trigger output port. Refer to
“TGP” on page 4-136 to set trigger port.

Incorrect polarity of search step value.

For the linear search measurement. The step value must be positive if
start<stop, or negative if start>stop.

Number of search steps must be 1001 or less.

For the linear search measurement. The number of search steps
between start and stop must be 1001 or less. This means the |step| value
must be |stop-start|[/1001 or more.

Search measurement was aborted.
Search measurement was aborted by the automatic abort function.
Search limits must be range/20000 or more.

For the binary search measurement. The limit value for the search
target must be range/20000 or more. where range means the
measurement range actually used for the measurement.

Data format must be ASCII to get time data.

The time stamp function is not available for the binary data output
format. To use the time stamp function, set the data output format to
ASCII.

Cannot connect/disconnect series resistor.

The series resistor status cannot be changed in the high voltage state.
Set the output voltage or the voltage complianceto +42 V or lessto
connect or disconnect the series resistor.

Series resistor must be OFF for 1 A range.

The seriesresistor cannot be set to ON for the measurement channels or
the output channelsthat use 1 A range.

Seriesresistor cannot be used with ASU.

The seriesresistor is not available for the channel connected to the Atto
Sense and Switch Unit (ASU).

Sampling measurement was aborted.

Sampling measurement was aborted by the automatic abort function.
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662
663
670

671

680

681
682
683
684
685

Error Messages
Error Codes

Negative hold timeisonly valid for I/V-t linear sampling with interval
<2ms

Sampling interval for 1/V-t log sampling must be 2 ms or longer.
Number of samples does not have to exceed 100001.

Specified channel does not have ASU.

Specify the module that can be used with the ASU.

SSPis not available for this channel.

SSP command is available only for the CMU. Specify the slot number
that the CMU has been installed.

CMU correction mode must be manual.

To perform the CMU correction by using the ADJ? command, set the
CMU correction mode to manual by using the ADJ command.

CMU correction mode must be off.

Invalid standard is specified as CMU correction.
Frequency index is not available for CMU correction.
AC VoltageisOmV.

CMU correction is not compl ete.
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Sdlf-test/Calibration Error

When the Agilent B1500 fails the self-test or self-calibration, the Agilent B1500
returns the following error code and error message.

Inthe error code, N indicates the slot number. If themoduleisinstalled in slot 1, and
it fails the function test, the error code will be 1760.

700 CPU failed NVRAM read/write test.

701 CPU failed FPGA read/write test.

702 CPU failed H-RESOLN ADC end signal test.
703 CPU failed H-RESOLN ADC start signal test.
704 CPU failed emergency status signal test.

705 CPU failed SRQ status signal test.

706 CPU failed high voltage status signal test.

707 CPU failed low voltage status signal test.

708 CPU failed DAC settling status signal test.
709 CPU failed measure ready status signal test.
710 CPU failed set ready status signal test.

711 CPU failed measure end status signal test.
712 CPU failed measure trigger signal test.

713 CPU failed pulse trigger signal test.

714 CPU failed abort trigger signal test.

715 CPU failed DAC set trigger signal test.

720 H-RESOLN ADC is not installed.

721 H-RESOLN ADC failed ROM/RAM test.
722 H-RESOLN ADC failed B-COM offset DAC test.
723 H-RESOLN ADC failed sampling ADC test.
724 H-RESOLN ADC failed integrating ADC test.
725 H-RESOLN ADC failed bus function test.
740 GNDU failed calibration.

935 CMU FPGA version mismatch.
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N760 SMU failed function test.

N761 SMU failed VF/VM function test.

N762 SMU failed IF/IM function test.

N763 SMU failed loop status test.

N764 SMU failed temperature sensor test.

N765 SMU failed CMR amplifier calibration.

N766 SMU failed CMR amplifier adjustment.

N767 SMU failed CMR 100 V range full output test.
N768 SMU failed VF/VM calibration.

N769 SMU failed VM offset calibration.

N770 SMU failed VM gain calibration.

N771 SMU failed VF offset calibration.

N772 SMU failed VF gain calibration.

N773 SMU failed VF gain calibration at 20 V range.
N774 SMU failed VF filter offset calibration.

N775 SMU failed H-SPEED ADC self-calibration.
N776 SMU failed H-SPEED ADC VM offset calibration.
N777 SMU failed H-SPEED ADC VM gain calibration.
N778 SMU failed IF/IM calibration.

N779 SMU failed calibration bus test.

N780 SMU failed IM offset calibration.

N781 SMU failed IM gain calibration.

N782 SMU failed IF offset calibration.

N783 SMU failed IF gain calibration.

N784 SMU failed IDAC filter offset calibration.
N785 SMU failed oscillation detector test.

N786 SMU failed | biastest.

N787 SMU failed common mode rejection test.
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N789 SMU failed high voltage detector test.
N790 SMU failed zero voltage detector test.
N791 SMU failed V hold test.

N792 SMU failed V switch test.

N800 CMU failed NULL DC offset adjustment.

N801 CMU failed NULL DC offset measurement.
N802 CMU failed VRD DC offset adjustment.

N803 CMU failed VRD heterodyne offset adjustment.
N804 CMU failed NULL gain/phase adjustment.
N805 CMU failed MODEM offset adjustment.

N806 CMU failed relative Z adjustment.

N807 CMU failed Vch full scale measurement.

N808 CMU failed nominal gain measurement

N809 CMU failed extent range X 3 adjustment.

N810 CMU failed range resistor 50ohm adjustment.
N811 CMU failed range resistor 1kohm adjustment.
N812 CMU failed range resistor 10kohm adjustment.
N813 CMU failed range resistor 100kohm adjustment.
N814 CMU failed relative Z calculation.

N820 CMU failed correction.

N830 CMU failed configuration test.

N831 SCUU failed SCUU configuration test.

N832 SCUU failed SMU configuration test.

N833 SCUU failed CMU configuration test.

N834 CMU failed digital function test.

N835 CMU failed CPLD test.

N836 CMU failed FPGA test.

N837 CMU failed EEPROM test.
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N838 CMU failed PLLL/PLL2 test.

N839 CMU failed PLL DET low state test.
N840 CMU failed PLL DET high state test.
N841 CMU failed PLL1 lock test

N842 CMU failed PLL2 lock test.

N843 CMU failed PLL2 lock test.
N844 CMU failed Heur DC and VRD ADC test.
N845 CMU failed DC offset test.

N846 CMU failed DC bias OV test.
N847 CMU failed DC bias-25V test.
N848 CMU failed DC bias +25V test.
N849 CMU failed PLLO test.

N850 CMU failed PLLO lock test.
N851 CMU failed PLLO lock test.
N852 CMU failed DDS test.

N853 CMU failed DDS1 test.

N854 CMU failed DDS2 test.

N855 CMU failed VRD normalizer test.
N856 CMU failed RA1 test.

N857 CMU failed RA2 test.

N858 CMU failed ExR test.

N859 CMU failed R_LPF2 1 test.
N860 CMU failed MODEM DAC test.
N861 CMU failed N_I1_DAC test.

N862 CMU failed N_QI_DAC test.
N863 CMU failed N_IQ_DAC test.
N864 CMU failed N_QQ _DAC test.
N865 CMU failed TRD normalizer test.
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N866 CMU failed NA1 test.
N867 CMU failed NA2 test.
N868 CMU failed NA3 test.
N869 CMU failed N_LPF1 f2 test.
N870 CMU failed N_LPF1 f3 test.

N871 CMU failed N_LPF1 f4 test.

N872 CMU failed N_LPF1 f5 test.

N873 SCUU failed EEPROM test.

N874 SCUU failed output relay test.

N875 SCUU failed control test.

N876 SCUU failed CG2 test.

N877 SCUU failed LRL test.

N880 CMU failed Heur AC and VRD Fm test.
N881 CMU failed SA/RA 32mV test.
N882 CMU failed SA/RA 64mV test.
N883 CMU failed SA/RA 125mV test.
N884 CMU failed SA/RA 250mV test.
N885 CMU failed ExR test.

N886 CMU failed Bias_chg test.

N887 CMU failed R_LPF2/R_HPF vstest.
N888 CMU failed VRD IF test.

N889 CMU failed IRM loca Odeg test.
N890 CMU failed IRM local 90deg test.

N891 CMU failed S_LPF1f1 120kHz test.
N892 CMU failed S_LPF1f2 500kHz test.
N893 CMU failed S_LPF1 {3 2MHz test.
N894 CMU failed S_LPF1f4 5SMHz test.
N895 CMU failed TRD MODEM test.
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N896 CMU failed VG local 90deg test.
N897 CMU failed VG local Odeg test.
N898 CMU failed NA4 test.

N899 CMU failed NA5 X1/4 test.
N900 CMU failed NA5 X 1/8 test.

N901 CMU failed N_LPF2 f2 500kHz test.
N902 CMU failed N_LPF2 f3 5MHz test.
N903 CMU failed MODEM PSD test.

N904 CMU failed PSD Odeg test.
N905 CMU failed PSD 90deg test.

N906 CMU failed Rr/Rf 1000hm test.

N907 CMU failed Rr/Rf 1kohm test.

N908 CMU failed Rr/Rf 10kohm test.

N909 CMU failed Rr/Rf 100kohm test.

N910 CMU failed TRD IVAmMp test.

No11 CMU failed N_HPF1/N_L PF1 10kHz test.
N912 CMU failed N_HPF1/N_L PF1 200kHz test.
N913 CMU failed N_HPF1/N_LPF1 1IMHz test.
N914 CMU failed N_HPF1/N_L PF1 2MHz test.
N915 CMU failed N_HPF1/N_L PF1 5MHz test.
N916 CMU failed NA1 test.

N917 CMU failed NA2 test.

N918 CMU failed NA3 test.

N919 CMU failed IV saturation detector test.
N920 CMU failed normal status test.

N921 CMU failed normal status test.

N922 CMU failed IV saturation status test.
N923 CMU failed IV saturation status test.
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N924 CMU failed unbalance detector test.
N925 CMU failed normal status test.

N926 CMU failed normal status test.

N927 CMU failed unbalance status test.
N928 CMU failed unbalance status test.
N929 CMU failed over current detector test.
N930 CMU failed normal status test.

N931 CMU failed normal status test.

N932 CMU failed over current status test.
N933 CMU failed over current status test.
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