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NOTE

In This Manual

This manual provides the information about the sample programs and the learning kit
designed for the Agilent Technologies B1530A Waveform Generator/Fast Measurement Unit
(WGFMU) and consists of the following chapters.

1.

Introduction

Describes overview of the sample program learning kit, the system requirements for
using the sample programs, and the device connection information.

Using WGFMU Application Tests

Describes how to use the WGFMU Pattern Editor application test and the reference
information of the WGFMU application tests executable on the application test
environment of the EasyEXPERT software and the Desktop EasyEXPERT software.

Using Sample Programs
Describes how to use the sample programs executable on an instrument controller.
Sample Program Reference

Provides reference information of the sample programs.

The WGFMU application tests are included in the EasyEXPERT software and the Desktop
EasyEXPERT software revision A.03.20 and later.

The WGFMU sample programs are stored in Agilent B1530A Instrument Library and Sample
Program CD furnished with the B1530A.

To get the latest firmware/software/manual/support information, go to www.agilent.com
and type in B1530A in the Search field at the top of the page.

Microsoft and Windows are registered trademarks of Microsoft Corporation. All other trademarks are the property of their respective
owners.
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Introduction

This chapter describes overview of the sample program learning kit, the system requirements for using the

sample programs, and the device connection information. This chapter consists of the following sections.

1-1. Sample Program Learning Kit

1-2. Demo Device Set

1-3. System Requirements

1-4. Connection between RSU and Demo Device
1-4-1. To connect demo device
1-4-2. If you monitor output signal
1-4-3. To measure other devices

1-4-4. If you perform on-wafer measurement
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1-1. Sample Program Learning Kit

Introduction

The sample programs and the learning kit are designed for demonstrating the measurements using the

Agilent B1530A Waveform Generator / Fast Measurement Unit (WGFMU). The sample programs are stored
in Agilent B1530A Instrument Library and Sample Program CD furnished with the B1530A. The learning

kit contains the following parts.

1.

2.
3.
4

Demo device set, 1 set
RSU demo stand, 1 ea.
SMA(m)- SMA(m) cable, 2 ea.

User's guide (this document), 1 ea.

1-2. Demo Device Set

The demo device set contains four parts shown in Fig. 1-1. The parts are the assembly made from two

SMA (female) connectors, a printed circuit board, and a discrete device listed below. Blank board has not

mounted any device. It allows you to mount any device by yourself for performing the measurements of

your device.

1.

2
3.
4

1 kQ axial lead resistor
1 MQ surface mount resistor
N-MOS FET (2SK302)

no device on blank board

1KQ Axial lead resistor

1MQ SMD resistor

25K302 MOS-FET

Blank board

Fig. 1-1 Demo device set
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SMA(f) SMA(f)
Resistor

G D
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SMA(f)

—

MOS FET

Fig. 1-2 Circuit diagram of demo device
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Introduction

1-3. System Requirements

The following equipments are required for performing measurements using the WGFMU and the sample

programs.

® Agilent B1500A Semiconductor Device Analyzer

Agilent EasyEXPERT software

B1530A WGFMU 1 ea.

SMA(m)-SMA(m) cable 2 ea. (furnished with the learning kit)
SMU 2 ea. or extra WGFMU 1 ea. (optional for DC bias)
Triaxial cable 2 ea. (optional for using SMUs)
SMA(m)-SMA(m) cable 2 ea. (optional for using extra WGFMU)

YV V V V V V

®  Oscilloscope (optional for monitoring the output signal from the RSU)
» BNC cable 2 ea.

® GPIB cable 1 ea. (for connecting the B1500A to an instrument controller)

® Instrument controller

The following system environments are required for the instrument controller.

» Computer and peripherals
Required specifications depend on the application development environment (programming
software). See manual of the programming software you use.

» Agilent 82350B PCI GPIB interface

» Software
® Agilent Desktop EasyEXPERT software
® BI1530A Instrument Library
® BI1530A Sample Programs

» Application Development Environment
Microsoft Visual C# Express edition is required for viewing or editing source code of the sample

program.
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1-4. Connection between RSU and Demo Device

1-4-1. To connect demo device

Before connecting the demo device, turn the B1500A off and disconnect the cables from the RSU (Remote
Sense/Switch Unit). Then place the RSU on the RSU demo stand (furnished with the learning kit). It is
useful for stabilizing the RSU. After that, connect the cables between the RSU and the B1500A and an
oscilloscope if you use. For the installation of the RSU, see Agilent B1530A User’s Guide.

Fig. 1-3 RSU demo stand

Connect the SMA(m)- SMA(m) cable (furnished with the learning kit) between the RSU and the demo device

as shown in Fig. 1-4.

RSU RSU

16493R-302
SMA (m) — SMA (m) Cable 200 mm

16493R-302 Demo Device

SMA (m) — SMA (m) Cable 200 mm

Fig. 1-4 Cable connection between RSU and Demo Device

Agilent B1530A Sample Program Learning Kit User’s Guide, Edition 3
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1-4-2. If you monitor output signal

The RSU has a BNC connector for monitoring the WGFMU output voltage. This output is isolated from the

output terminal by the X1 buffer. So the output signal can be monitored without any side effect by probing.

Elut__pLﬁ (SMA-female) V Monitor (BNC-female)

- F.3

450 12

Fig 1-5. RSU internal circuit diagram

Since the output impedance of this terminal is 450 Q, the V Monitor signal will be 1/10 when the oscilloscope

input impedance is 50 Q. And the V Monitor signal will be X1 when the input impedance is 1 MQ.

Oscilloscope

RSU
) oo
V Monitor O OCDOOOOO
/ 0000,
N 5§55
<> O <o ©O 0 0o

BNC Cable

—p O

Fig. 1-6 Connection to monitor RSU output voltage
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1-4-3. To measure other devices

Discrete device other than the demo device can be measured by using the blank board or the test fixture.

If you use the blank board, mount the device on the board as shown in Fig. 1-7 and solder it.

Fig 1-7 Using Blank Board

If you can have the test fixture such as Agilent 16034E/G/H and 16047A/C/D/E, connect it as shown in
Fig. 1-8. Then two BNC(f)- SMA(f) adapters are additionally required for connecting the SMA(m)- SMA(m)
cables from RSU to the test fixture inputs.

Connect the adapters to the Hcur input and the Lcur input of the test fixture. And leave the Hpot and
Lpot inputs open or connect the BNC(f) open adapter if available to prevent these terminals from applying
the WGFMU output voltage.

1250-0562
BNC(f)-SMA(f) Adapter 16493R-302 RSU

SMA(m)-SMA(m) 200 mm Cable e

TN .
oaoaoc&me@ n

|
I %}ID‘“ R —

2terminals device fixture for the LCR Meter
16034E/G/H SMD/Chip Test Fixture
“16047A/C/DJ/E Test Fixture for Axial Lead Component

Fig 1-8 Using Test Fixture

The 16034E, 16034G, and 16034H are useful for connecting the two terminal surface mount devices or chip
devices. And the 16047A, 16047C, 16047D, and 16047E are useful for the two terminal axial lead devices.
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1-4-4. If you perform on-wafer measurement

If you want to measure a device on a wafer, the proper probe is required.
For the devices which have the contacts compatible to the GS or GSG type coaxial probe, use the RF probes.
Then use the Agilent 16493R-302 SMA(m)-SMA(m) cable to connect the RSU and the RF probe. In this

case, the input terminal of the probe must be compatible with SMA type, for example, 3.5 mm or K connector.

RSU RSU

16493R-302
SMA (m) — SMA (m) Cable 200 mm

4 »

Source/ Source/
Well | | | |We|l

Gate D—o.q _..’_I—D Drain
\J L/ UL/

Signal Gnd Gnd Sig_nal Gnd Source/ Source!

RF Probe
( ex. Cascade Microtech Infinity Probe)

Fig 1-9. Using RF probes

If you use the DC probes for connecting a four-terminal device, use the Agilent 16493R-202
SSMC(Plug)- SMA(m) cable to connect the RSU and the DC probe. See Fig. 1-10.

16493R-202

16493R-202
SSMC(Plug) — SMA(m) 200 mm

SSMC (Plug) — SMA(m) 200 mm

To make current return path
for drain current signal.

To make current return path
for gate pulse signal. "

Well Source

To shorten the well
and source

Fig. 1-10 Using DC probes for four-terminal device
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In this case, three Agilent 16493R-101/102 SSMC short-open cables are additionally required to connect
four DC probes. The signal line of this cable is opened at the black end and is shorted to the shield at
the yellow end. See Fig. 1-11.

The cables must be connected as shown in Fig. 1-10. The black end must be the gate/drain side, and the
yellow end must be the source/well/substrate side. And the third cable must be connected between the
probes for the source and the well/substrate. Then the black end is the source side. This connects the shield

of all probes each other. Note that the actual connection depends on the pad layout of the device.

Yellow Black

SSMC (Plug) ﬁ‘l;l:ﬂﬁ SSMC (Plug)

16493R-101: SSMC-SSMC Cable (50mm) for current return path

SSMC ( Plug ) [ﬁ . -ﬁ

SSMC ( Plug)
16493R-102: SSMC-SSMC Cable (70mm) for current return path

Signal line and A
hield il /W\ i
shield are M} (( No signal needle

shorted.

Connection

SSMC to SSMC Shield Shorting Cables

Fig 1-11 SSMC short- open cable for using DC probes

If you use the DC probes for connecting a two-terminal device, make the current return path by connecting
a cable between the shields of the DC probes as shown in Fig.1- 12. The connection cable will be provided
by the prober vender. Or use an alligator clip cable.

16493R-202
SMA(m)-SSMC(Plug) 200 mm Cable

to the RSU to the RSU
L Cable to short the GND .

&mbe

Fig 1-12 Using DC probes for two- terminal device
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Using WGFMU Application Tests

This chapter describes how to use the WGFMU Pattern Editor application test and the reference information
of the WGFMU application tests executable on the application test environment of the EasyEXPERT software
and the Desktop EasyEXPERT software. This chapter consists of the following sections.

2-1. WGFMU Pattern Editor Application Test
2-2. To Create Simple Waveform and Execute Measurement
2-3. Tips of Measurement
2-3-1. Wait time before measurement
2-3-2. To reduce a noise by averaging
2-3-3. Effect of cable connection
2-4. Additional Application
2-5. WGFMU Application Test Reference

2-5-1. Fast BTI(AC stress Id- Sampling): Bias Temperature Instability Test, using WGFMU
2-5-2. Fast BTI(DC stress Id-Sampling): Bias Temperature Instability Test, using WGFMU
2-5-3. Fast BTI(AC stress Id-Vg): Bias Temperature Instability Test, using WGFMU
2-5-4. Fast BTI(DC stress Id-Vg): Bias Temperature Instability Test, using WGFMU
2-5-5. TRANSIV DC IdVd: Id-Vd characteristics, using RSU

2-5-6. TRANSIV DC IdVg: 1d- Vg characteristics, using RSU

2-5-7. WGFMU Pattern Editor: WGFMU Pattern Editor

Note:

The WGFMU application tests are included in the EasyEXPERT software and the Desktop EasyEXPERT
software. The application tests other than the WGFMU Pattern Editor will be usable without special

instructions.

Agilent B1530A Sample Program Learning Kit User’'s Guide, Edition 3
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Using WGFMU Application Tests

2-1. WGFMU Pattern Editor Application Test

The WGFMU Pattern Editor is one of the WGFMU application tests executable on the EasyEXPERT software
and the Desktop EasyEXPERT software. This application test is very useful for understanding the basic
operation of the B1530A WGFMU. The following sections describe the procedure to set the parameters to
create a waveform and the parameters to perform measurements.

You will see the performance of the WGFMU by using the created test setup.

2-2. To Create Simple Waveform and Execute Measurement
V Monitor ?

Demo Device o

WGFMU Ch1 with RSU
(FastI/V Mode)

e} V Monitor ?

1 LTS
R

4 \

WGFMU Ch2 with RSU
(Fast I/V Mode)

Fig. 2-1 Two- terminal resistance measurement circuit diagram

Step 1. Connect the demo device to the RSU
Connect the demo device to the RSU (see Fig. 1-4). Use the 1 kQ demo device for this exercise.

Step 2. Connect the oscilloscope to the V Monitor terminal of the RSU (Optional)
Connect a BNC cable between the V Monitor terminal of the RSU and the oscilloscope (see Fig. 1-6).

Step 3. Plan the measurement
At first, try to measure the step response of the two-terminal resistance. Fig. 2- 1 shows the circuit diagram
of this measurement. The Chl channel is used to apply the step voltage and measure the DUT terminal

voltage. The Ch2 channel is used to apply 0 V and measure the current flowing through the DUT.
Step 4. Open WGFMU Pattern Editor application test
Launch the EasyEXPERT software and open the WGFMU Pattern Editor application test definition. See Fig.

2-3 for example display of the WGFMU Pattern Editor.

Agilent B1530A Sample Program Learning Kit User's Guide, Edition 3
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Step 5. Create waveform data

Waveform you will create in this section is shown in Fig. 2- 2. The Chlchannel will apply the pulse waveform
with the following parameters.

Top Level : 5V

Baseline Level: 0 V

Pulse Period: 2 us

Pulse Width: 1 us

Rise/Fall Time: 100 ns

Delay Time: 500 ns

NN

The Ch2 channel will apply 0 Vdc. The period of the both channels must be the same.

Level
S5V ____
oV
time
Level
oV ]
2 ustime

Fig. 2-2 Image of the waveform to create

The channel output can be defined by using the Define vector data dialog box opened by clicking (1) or
(2) shown in Fig. 2-4. The Chl output can be defined by the setup shown in the left image of Fig. 2-3,
and the Ch2 output can be defined by the setup shown in the right image of Fig. 2-3.

(1) WaveformCh1 setup data (2) WaveformCh2 setup data

Define vector data
File Edit

Define vector data
File Edit

1 |2 1 |2
0 0 ] 0
SO0E-007 0 2,000E-006 0
6.00E-007  5.000 *

1.600E-006 5.000
1,700E-005 0
2.000E-006 O

# O N & W M=

ok | Cancel I

Fig. 2-3 Waveform data setup

Agilent B1530A Sample Program Learning Kit User’'s Guide, Edition 3



PR T [y e p—
Gonin iy B
| (D] weEFsL Patten Editor

[i=

Sortug M WO Pyt B

Using WGFMU Application Tests

B T ———
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Fig. 2-4 WGFMU Pattern Editor application test

Fig. 2-5 shows the data format of the waveform data and the measurement event. The waveform data can

be defined by the vector data specified by tw and Voltage. And the measurement event can be defined by

the vector data specified by tm, Points, Interval, IntegTime, Chl Range, and Ch2 Range.

I

I

|

1 Waveform

: Measurement Event
I

|

I

tw(l) tw(Z]l twﬁS]l

1

: |

i |

i : |

d o Timels]

—! | { 1
:.Cweraglng ! H 1
i Inkerval | i | 1
sk 2nd «  Paints ! 1
tm( 1} trn(2) |

Pattern

waveform 1 or 2 :

RepeatCount: |1 @I
WaveformChi: . 5[ WaveformCh2: . @l MeasurementEvent: . B

Measurement Event:

1: tw[s] 2: Yoltage[V¥]

1:

tm[s]|2: Points | 3: Interval[s] (4: Averaging[s]

: Ch1l Range | 6: Ch2 Range

1
1
|
I
|
1
tw(1)
! showid
1
I
|
1
1
1
I

he 0fs]

5

0: Mo aperation

1. £1uA

20 10uA

3 £100uA

4:+1mA

51 £10mA

*To setrange only, put"0” inta
‘Points*

* Effective for Imeas

Fig. 2-5 Waveform and measurement event setup data format
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Using WGFMU Application Tests

Step 6. Create measurement event data

After creating the waveform data, create the measurement event data. Fig. 2-6 shows the definition of the
measurement event. The WGFMU measurement channel performs the sampling measurement specified by
four parameters, start time, number of measurement points, averaging time, and measurement interval. And
during the averaging time, the WGFMU measurement channel performs a 5 ns interval sampling

measurement and returns the averaging data.

Level

{ Averaging -
B Y I S ey
i l | |
i Interval | | |
i Time time
Averaging

(6600]

5ns sampling

Fig. 2-6 Measurement event setup parameters

In this demonstration, you will measure the voltage and current of the entire waveform with a fastest
integration time. Then set measurement parameters as shown below.

v’ Start time: 0 s

v’ Measurement Points: 200

v" Measurement Interval: 10 ns
v

Integration Time: 10 ns

Fig. 2-7 shows the actual setting of this measurement. The measurement event can be defined by using

the Define vector data dialog box opened by clicking (3) shown in Fig. 2-4.

Define vector data
File  Edit
1 2 3 4

1o 200.0 1.0E-002 1.0E-002
- - - - — - -— -

Cancel |

|
[Measurement Interval|

[Measurement Points| (Interval) - [\¢eraging Time

(Points) (Averaging)

[Start time of measurement|

(tm)

Fig. 2-7 Measurement event setup

Agilent B1530A Sample Program Learning Kit User’'s Guide, Edition 3
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Step 7. Select WGFMU resource and set measurement parameters
Set the operation mode, measurement mode, and measurement range.

Fig. 2-8 shows the channel setup for this demonstration.

WGFMU Ch1 WGFMU Ch2

WGFMUZ Enable2: |Er'|able
Channel2: |WGFMU2:RS

WGFMUL Enablel: |Enable
Channell: |WGFMU1:F{5

Operationvode1: |Fast I Vmeas OperationModeZ; |Fast I Imeas

VForceRangel: [4uto VForceRange2: [Suto

L e fLefLe L]
Lo fLefLeflefle]

InitMeasRangel: |5V (rneas) InitMeasRange2: |1E|mA {Imeas)

Fig. 2-8 Channel Setup

The WGFMU 1 is used to force pulse voltage and measure voltage, so the operation mode is set as "Fast
I/V Vmeas" and the measurement range, defined as an "InitMeasRange", is set as 5V.

The WGFMU 2 is used as a current measurement at lower side, the operation mode is set as "Fast I/V Imeas".
Also, the measurement range is set as "10 mA". For both channel, output voltage range defined as
"VFroceRange" is set as "Auto". With this mode, output voltage range is automatically selected before start

forcing based on the waveform data.

Agilent B1530A Sample Program Learning Kit User's Guide, Edition 3
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Step 8. Execute measurement

To execute measurement, click (5) shown in Fig. 2-4.

Before executing the measurement, disable the intermediate data display to simplify the display of the
results (Set the DataDisplay_PatternValidation field to Disable).

Fig. 2-9 shows the execution results of this demonstration.

Measurement Result - Aeilent EasyEXPERT EHE|E|
File  Edit Aiew Marker Gursor  Line Text Pointer Windowm Help
e | pm ((mm i ~ . = _ FA . =
AREE D-aQaid- & e - A E]
Setup Name:  |SEEEERENGEST] b4
%-¥ Graph Plot Properties... | |
4i- Agilent
' Measured Voltage by WGFMU 1|
- 30357504.., 2.24002%..,
Z
= 45 =
g 4 ES
15 =
3 :
25
: 2z
E [Measured Current by WGFMU 2|
= .
& 1
£ som
5265592, H022265 ..
1] 200n 400 n 600 n anon lu 12u 14u lhu 1&u 2u
Time 200 n jdiv
[lList Display Properties... | |
||| Index | ‘Waveform_time | ‘Waveforml_volta... | MeasTimning1_tirne MeasTirmingl_flag | MeasResultl_time | MeasResultl_value |
1 o o u] u] 3n 166248611640,
2 500 n a an 1 15n  2.01750849373.,,
£ >

Fig. 2-9 Measurement result example

The blue line shows the voltage measured by the Chl and the orange line shows the current measured by
the Ch2. Since the current is flowing into the Ch2, polarity of the measured current is negative.
This result shows that the WGFMU can measure the pulse current of 100 ns rise/fall time with 10 ns sampling

interval clearly.

Also, Fig. 2-10 shows the output voltage monitored by the oscilloscope. Since the input impedance of the
oscilloscope is set to 50 Q, the V Monitor output is the WGFMU output X 1/10. With 100 ns rise/fall time,
the monitored voltage is almost identical to the voltage measured by the Chl. And the 0 V output by the
Ch2 is kept during measurement. The response of the current measurement circuit is fast enough for this

measurement condition.

This measurement demonstrates how the WGFMU can measure fast and accurately. With 10 mA
measurement range, the settling time of the current meter to settle down to 0.3 % of the final value is less
than 100 ns, and it is fast enough to measure current with 1 us pulse as demonstrated here.

In the actual cases, the current measurement is performed extensively and the settling time of the WGFMU
current meter depends on the current measurement range, so the measurable and minimum pulse width
depends on the current range. The sample data of the settling time of each current measurement range

are shown in Table 2-1.

Agilent B1530A Sample Program Learning Kit User’'s Guide, Edition 3
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Table 2-1 0.3 % Settling time of the current measurement (Sample data *)

Current measurement range Settling time
10 mA** 100 ns
1 mA 300 ns
100 pA 500 ns
10 pA 2 us
1 pA 15 ps

* Actual settling time depends on the DUT and cablings.

** When current is less than 3 mA.

AN W] o A

Output voltage of the WGFMU 1]

i N

-t

—

|Output voltage of the WGFMU2

|

ElE ==

s

Mare ||t F o o o B[ 575 A0 re
e Sh I H| .

4k

Fig. 2-10 WGFMU output voltage monitored by oscilloscope
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2-3. Tips of Measurement

This section describes some tips about fast measurement using the WGFMU.

2-3-1. Wait time before measurement

As described in the previous section, the settling time is considerable for setting up the WGFMU current
meter and it depends on the measurement range, so an appropriate wait time must be inserted before the
measurement to obtain an accurate result.

Fig. 2-11 shows the effect of the settling time on the current measurement for the WGFMU output given

by the vector setup shown in Fig. 2-12.

Measurement Result - Aeilent EasyEXPERT
File  Edit View Marker Cursor Line Text Painter Window Help

EEEE - D-QQLE- e - A - Els

Measurement Result l “WEFMU Pattern Editor [[15) ; 20... I WEFMU Pattern Editor [[14] ; 20... I

‘ Setup Name: |WGFMU Pattern Editor [{16) ; 2008/09/19 13:33:47] = X
®-¥ Graph Plot Properties... | |
Li- Agilent

9.25451540..

G0m

1000 m Jfdiv

Fim
&0m

 ZNSASE ]

alm

HAm
£ W
o A
2 um 100 range
5 <~
£ 10m
- 16677364, ¢ 7 59927409 .
1] 200n 400 n 600N 800 n 1u 1.2u 14u 16u 180 2u
Tirne 200 n fdiv
List Display Properties... | |
Index | Waveforml_time | Waveforml_volta.., | MeasTiming1_time MeasTimingl_flag ‘ MeasResultl_time | MeasResultl_walue
2600 =] [Mar 2.000 u ul Man
31 u} u} ] u] Sn 242397087277 L
< >

Fig. 2-11 Effect of the settling time

With the 10 mA and 1 mA range, the measured current well responds to the pulse voltage since the settling
time is very fast. But the settling time of the 1 mA range is slightly longer than the 10 mA range, the
measured current by the 1 mA range is slightly delayed from the results by the 10 mA range.

When using the 100 QA range, since the settling time of the 100 LA range is longer than it of the 10 mA
and 1 mA range, rising and falling edge of the measured current is significantly delayed from the input
pulse voltage. But when looking at the top level of the pulse, after a few hundreds nano seconds from the
rising edge of the pulse, the measured current by the 100 QA range is almost settled to the final value.
The appropriate wait time depends on the settling condition you desire. If it is severe, the long wait time

is required before measurement. However if it can be alleviated, the wait time can be reduced.
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Define vector data

File  Edit

1 2
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Fig. 2-12 Waveform data of the WGFMU Chl for this demonstration
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2-3-2. To reduce a noise by averaging

For an accurate measurement, an averaging is very useful to reduce the noise floor. Normally, if the noise
is "white", the noise floor can be reduced by averaging. And the relation between the noise and the averaging

number can be roughly estimated by the following formula.

Noise Level o< - .
\JAveraging Time

But the actual reduction of noise level is limited by the resolution of the A/D convertor.

Fig. 2-13 shows the improvement of the noise floor by averaging. The current range is 10 mA. The noise
measured by the 1 usec integration time ( averaging of the 200 measurement points of 5 ns sampling) is

significantly improved from the 10 ns integration time ( averaging of the 2 measurement points).

X-¥ Graph Plot Properties... |
7 Agilent

506777396 .. 176166327 ..
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MeasResult1...

-19821145.. -5.0255131 ..

2000

140 u 160 U
2000 u div

1200 1800

IntegTime 1 us

Fig. 2-13 Reducing the noise floor by the averaging function

To obtain this kind of result, use the setup shown in the Fig. 2-14. And execute measurement with the
10 ns averaging first, then change the averaging time to 1 us and click the Append button, (6) shown in
Fig. 2-4, to overlay the measurement data.

Waveform Data Measurement Setup

Define vector data
File Edit
1 2

1o ]
2|5.000E-005 0
3/6.000E-005  0.05000
4/0.0001500  0.05000
3/0.0001600 0
6/0.0002000 O
-

Define vector data
File  Edit
1 2 3 4 b &}

1o 200.0 1.000E-006  1.0E-003 o 0
*

| Cancel

10 ns Averaging Time

Define vector data
File  Edit
1 2 B 4 b1 [}

1o 200.0 1,000E-006 1.000E-006 [§ B0

*

Ok Cancel

1 us Averaging Time

Fig. 2- 14 Waveform and measurement setup of this demonstration
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2-3-3. Effect of cable connection

If the pulse source WGFMU (Ch1 of Fig. 2- 15) is used for the current measurement of a two-terminal device,
the measured current will contain the current to charge the stray capacitance of cables additionally to the
current which flows through the DUT. So, use the constant source WGFMU (Ch2 of Fig. 2-15) for the

measurement.

=
(2]
I__________| -“
| : ® =
H H ) <
] - o
L =R Ak
S -
i i \/
s
@
M
=
c
o
=
N

Fig. 2-15 Effect of cable- charge current

Fig. 2-16 shows the measured current by both the Chl and the Ch2.

On the current measured by the Chl, large transient current is observed both at the rising edge and falling
edge. At the rising edge, the cable-charge current is measured additionally to the current which flows
through the DUT, and at the falling edge, the current for discharging the cables is measured too. In contrast,
the current measured by the Ch2 which applies the constant voltage shows the clear rising / falling slope

because there is no additional current to charge or discharge the cables.
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Fig. 2-16 Measurement example of cable- charge current
The waveform data, measurement parameter, and channel setup to show this demonstration are shown in

Fig. 2-17, Fig. 2-18, and Fig. 2-19 respectively.
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WGFMU Ch1
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Fig. 2-17 Waveform data of this demonstration
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Fig. 2-18 Measurement setup of this demonstration
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2-19 Channel setup of this demonstration
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2-4. Additional Application

The setup used in this chapter is also applicable for the pulse response measurement of the PD (Photo
Diode) or LED (Light Emitting Diode). The WGFMU 1 to force the pulse voltage is used to drive the light
source (LED) and the WGFMU 2 is used to measure the current of photo detector (PD) with a constant
bias voltage. Fig. 2-20 shows the measurement circuit diagram of the pulse response of the PD / LED by
using the WGFMU.

?VMonitor J_L V Monitor ?
l A
WGFMU 1 WGFMU 2
(Fast I/V Mode) > (Fast I/'V Mode)
LED Photo Diode

vV

Fig. 2-20 Application for the LED measurement
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2-5. WGFMU Application Test Reference

This section describes the reference information of the WGFMU application tests included in the
EasyEXPERT software and the Desktop EasyEXPERT software.

2-5-1. Fast BTI(AC stress Id-Sampling): Bias Temperature Instability Test, using WGFMU
2-5-2. Fast BTI(DC stress Id-Sampling): Bias Temperature Instability Test, using WGFMU
2-5-3. Fast BTI(AC stress Id-Vg): Bias Temperature Instability Test, using WGFMU
2-5-4. Fast BTI(DC stress Id-Vg): Bias Temperature Instability Test, using WGFMU
2-5-5. TRANSIV DC IdVd: Id-Vd characteristics, using RSU

2-5-6. TRANSIV DC IdVg: 1d- Vg characteristics, using RSU

2-5-7. WGFMU Pattern Editor: WGFMU Pattern Editor
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2-5-1. Fast BTI(AC stress Id-Sampling): Bias Temperature Instability Test, using WGFMU

[Description]

Performs the bias temperature instability test with the AC stress, and plots the accumulated stress time
vs drain current characteristics. This test is performed by repeating the following steps for the accumulated
stress time defined in Accumlated_Stress_Time.

1. AC stress output

2. Drain current measurement

[Device Under Test]
MOSFET, 3 or 4 terminals
Drain and gate must be connected to WGFMU channel through RSU.
Source and substrate must be connected to WGFMU ground which is the outer conductor of the RSU

Output terminals used for Drain and Gate.

[Required Modules and Accessories]
Agilent B15630A WGFMU 1 unit
Agilent B15631A RSU 2 set

[Device Parameters]
Polarity: Nch (forces specified value) or Pch (forces negative specified value)
Temp: Temperature (deg C)
L: Gate length
W: Gate width

[Test Parameters]
GateCh: WGFMU channel connected to Gate terminal
DrainCh: WGFMU channel connected to Drain terminal
IdMeasRange: Drain current measurement range (for Id measurement)
IdStressRange: Drain current measurement range (for AC stress)

RangeChangeHold: Wait time at the transition from stress to measurement
RangeChangeHold must be set to minimize the impact of the range change.

[Stress Setup]

VgStress: AC stress peak voltage for Gate terminal
VgStressBase: AC stress base voltage for Gate terminal
VdStress: AC stress peak voltage for Drain terminal
VdStressBase: AC stress base voltage for Drain terminal
StressFreq: Set frequency of stress.

StressEdge: Set rise and fall time of stress pulses.
StressDuty: Set duty ratio of stress pulses.

Accumlated_Stress_Time: Accumulated stress time
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Accumulated stress time can be defined by using the Define vector data dialog box. Enter the accumulated
stress time values in the first column from up to down. To open the Define vector data dialog box, click
the left button in the Accumlated_Stress_Time field. Clicking the * button on the dialog box increases the

entry fields.

[Meas Setup]

VgMeas: Gate voltage for Id measurement

VdMeas: Drain voltage for Id measurement

MeasDelay: Delay time until the measurement is started after the transition to the measurement voltage
is started

MeasInterval: Sampling interval (for Id measurement)

MeasPoints: Number of the Id measurement points

IntegTime: Integration time for one measurement point

TransEdge: Voltage change time between the stress voltage and the measurement voltage, for both Gate
and Drain terminals

SeqDelay: Device delay time

Lin_Log: Linear (linear sampling), Logl0 (10 points/decade log sampling), or Log25 (25 points/decade
log sampling)

PointToPlot: Data index to specify the Id measurement data used for result data plot

Device delay time must be set to avoid that the high voltage is applied to the drain and gate terminals
simultaneously at the transition between stress and measurement. The value depends on the device under

test, TransEdge value, and such.
PointToPlot must be 1 to MeasPoints. PointToPlot=1 specifies the first measurement data.

[Device_ID_Setup]
Device_ID_Override: Y (sets the New_Device_ID value to the Device ID) or N (does not set)

New_Device_ID: Device ID

[Pattern_Validate_Setup]
PatternValidateFile: Absolute path name of the file for checking WGFMU output waveform.

[Extended Test Parameters]
VgForceRange: Gate voltage output range

VdForceRange: Drain voltage output range

[Test Output: X-Y Graph]

Id- AccumlatedStressTime: Drain current vs Accumulated stress time characteristics
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2-5-2. Fast BTI(DC stress Id-Sampling): Bias Temperature Instability Test, using WGFMU

[Description]

Performs the bias temperature instability test with the DC stress, and plots the accumulated stress time
vs drain current characteristics. This test is performed by repeating the following steps for the accumulated
stress time defined in Accumlated_Stress_Time.

1. DC stress output

2. Drain current measurement

[Device Under Test]
MOSFET, 3 or 4 terminals
Drain and gate must be connected to WGFMU channel through RSU.
Source and substrate must be connected to WGFMU ground which is the outer conductor of the RSU

Output terminals used for Drain and Gate.

[Required Modules and Accessories]
Agilent B15630A WGFMU 1 unit
Agilent B15631A RSU 2 set

[Device Parameters]
Polarity: Nch (forces specified value) or Pch (forces negative specified value)
Temp: Temperature (deg C)
L: Gate length
W: Gate width

[Test Parameters]
GateCh: WGFMU channel connected to Gate terminal
DrainCh: WGFMU channel connected to Drain terminal
IdMeasRange: Drain current measurement range (for Id measurement)
IdStressRange: Drain current measurement range (for DC stress)

RangeChangeHold: Wait time at the transition from stress to measurement
RangeChangeHold must be set to minimize the impact of the range change.

[Stress Setup]
VgStress: Stress voltage for Gate terminal
VdStress: Stress voltage for Drain terminal

Accumlated_Stress_Time: Accumulated stress time

Accumulated stress time can be defined by using the Define vector data dialog box. Enter the accumulated
stress time values in the first column from up to down. To open the Define vector data dialog box, click
the left button in the Accumlated_Stress_Time field. Clicking the * button on the dialog box increases the
entry fields.
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[Meas Setup]

VgMeas: Gate voltage for Id measurement

VdMeas: Drain voltage for Id measurement

MeasDelay: Delay time until the measurement is started after the transition to the measurement voltage
is started

MeasInterval: Sampling interval (for Id measurement)

MeasPoints: Number of the Id measurement points

IntegTime: Integration time for one measurement point

TransEdge: Voltage change time between the stress voltage and the measurement voltage, for both Gate
and Drain terminals

SeqDelay: Device delay time

Lin_Log: Linear (linear sampling), Logl0 (10 points/decade log sampling), or Log25 (25 points/decade
log sampling)

PointToPlot: Data index to specify the Id measurement data used for result data plot

Device delay time must be set to avoid that the high voltage is applied to the drain and gate terminals
simultaneously at the transition between stress and measurement. The value depends on the device under

test, TransEdge value, and such.

PointToPlot must be 1 to MeasPoints. PointToPlot=1 specifies the first measurement data.

[Device_ID_Setup]
Device_ID_Override: Y (sets the New_Device_ID value to the Device ID) or N (does not set)

New_Device_ID: Device ID

[Extended Test Parameters]
VgForceRange: Gate voltage output range

VdForceRange: Drain voltage output range

[Test Output: X-Y Graph]
Id- AccumlatedStressTime: Drain current vs Accumulated stress time characteristics
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2-5-3. Fast BTI(AC stress Id-Vg): Bias Temperature Instability Test, using WGFMU

[Description]

Performs the bias temperature instability test with the AC stress, and plots the accumulated stress time
vs threshold voltage characteristics. This test is performed by repeating the following steps for the
accumulated stress time defined in Accumlated_Stress_Time.

1. AC stress output

2. Id-Vg measurement

[Device Under Test]
MOSFET, 3 or 4 terminals
Drain and gate must be connected to WGFMU channel through RSU.
Source and substrate must be connected to WGFMU ground which is the outer conductor of the RSU

Output terminals used for Drain and Gate.

[Required Modules and Accessories]
Agilent B15630A WGFMU 1 unit
Agilent B15631A RSU 2 set

[Device Parameters]
Polarity: Nch (forces specified value) or Pch (forces negative specified value)
Temp: Temperature (deg C)
L: Gate length
W: Gate width
Id_at_Vth: Drain current to decide the Vth

[Test Parameters]
GateCh: WGFMU channel connected to Gate terminal
DrainCh: WGFMU channel connected to Drain terminal
IdMeasRange: Drain current measurement range (for Id-Vg measurement)
IdStressRange: Drain current measurement range (for AC stress)

RangeChangeHold: Wait time at the transition from stress to measurement
RangeChangeHold must be set to minimize the impact of the range change.

[Stress Setup]

VgStress: AC stress peak voltage for Gate terminal
VgStressBase: AC stress base voltage for Gate terminal
VdStress: AC stress peak voltage for Drain terminal
VdStressBase: AC stress base voltage for Drain terminal
StressFreq: Set frequency of stress.

StressEdge: Set rise and fall time of stress pulses.
StressDuty: Set duty ratio of stress pulses.

Accumlated_Stress_Time: Accumulated stress time

Agilent B1530A Sample Program Learning Kit User's Guide, Edition 3
2-21



Using WGFMU Application Tests

Accumulated stress time can be defined by using the Define vector data dialog box. Enter the accumulated
stress time values in the first column from up to down. To open the Define vector data dialog box, click
the left button in the Accumlated_Stress_Time field. Clicking the * button on the dialog box increases the

entry fields.

[Meas Setup]

VgStart: Sweep start voltage for Gate terminal

VgStop: Sweep stop voltage for Gate terminal

StepNum: Number of measurement points (number of sweep steps) per 1 sweep

StepRise: Step voltage change time (not available for the ramp sweep)

Sweep: Step (step sweep) or Ramp (ramp sweep)

Slope: Single (VgStart to VgStop) or Dual (VgStart to VgStop to VgStart)

VdMeas: Drain voltage for the Id-Vg measurement

SeqDelay: Device delay time

TransEdge: Voltage change time between the stress voltage and the measurement voltage, for both Gate
and Drain terminals

IntegTime: Integration time for one measurement point

StepDelay: Step delay time

Hold: Hold time

Device delay time must be set to avoid that the high voltage is applied to the drain and gate terminals
simultaneously at the transition between stress and measurement. The value depends on the device under

test, TransEdge value, and such.
Step delay time is defined as the time from the step output start to the step measurement start.

Hold time is defined as the time from the measurement voltage output start to the sweep operation start.

For the Dual slope, the hold time is taken at the sweep start of both forward sweep and reverse sweep.

[Device_ID_Setup]
Device_ID_Override: Y (sets the New_Device_ID value to the Device ID) or N (does not set)

New_Device_ID: Device ID

[Pattern_Validate_Setup]
PatternValidateFile: Absolute path name of the file for checking WGFMU output waveform.

[Extended Test Parameters]
VgForceRange: Gate voltage output range
VdForceRange: Drain voltage output range

StepMargin: Time from the step measurement end to the next step output start (not available for the

ramp sweep)

[Test Output: X-Y Graph]
Id-t: Drain current vs Time characteristics

Id-Vg: Drain current vs Gate voltage characteristics
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Vth- AccumlatedStressTime: Threshold voltage vs Accumulated stress time characteristics
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2-5-4. Fast BTI(DC stress Id-Vg): Bias Temperature Instability Test, using WGFMU

[Description]

Performs the bias temperature instability test with the DC stress, and plots the accumulated stress time
vs threshold voltage characteristics. This test is performed by repeating the following steps for the
accumulated stress time defined in Accumlated_Stress_Time.

1. DC stress output

2. Id-Vg measurement

[Device Under Test]
MOSFET, 3 or 4 terminals
Drain and gate must be connected to WGFMU channel through RSU.
Source and substrate must be connected to WGFMU ground which is the outer conductor of the RSU

Output terminals used for Drain and Gate.

[Required Modules and Accessories]
Agilent B15630A WGFMU 1 unit
Agilent B15631A RSU 2 set

[Device Parameters]
Polarity: Nch (forces specified value) or Pch (forces negative specified value)
Temp: Temperature (deg C)
L: Gate length
W: Gate width
Id_at_Vth: Drain current to decide the Vth

[Test Parameters]
GateCh: WGFMU channel connected to Gate terminal
DrainCh: WGFMU channel connected to Drain terminal
IdMeasRange: Drain current measurement range (for Id-Vg measurement)
IdStressRange: Drain current measurement range (for DC stress)

RangeChangeHold: Wait time at the transition from stress to measurement
RangeChangeHold must be set to minimize the impact of the range change.

[Stress Setup]
VgStress: Stress voltage for Gate terminal
VdStress: Stress voltage for Drain terminal

Accumlated_Stress_Time: Accumulated stress time

Accumulated stress time can be defined by using the Define vector data dialog box. Enter the accumulated
stress time values in the first column from up to down. To open the Define vector data dialog box, click
the left button in the Accumlated_Stress_Time field. Clicking the * button on the dialog box increases the

entry fields.
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[Meas Setup]

VgStart: Sweep start voltage for Gate terminal

VgStop: Sweep stop voltage for Gate terminal

StepNum: Number of measurement points (number of sweep steps) per 1 sweep

StepRise: Step voltage change time (not available for the ramp sweep)

Sweep: Step (step sweep) or Ramp (ramp sweep)

Slope: Single (VgStart to VgStop) or Dual (VgStart to VgStop to VgStart)

VdMeas: Drain voltage for the Id-Vg measurement

SeqDelay: Device delay time

TransEdge: Voltage change time between the stress voltage and the measurement voltage, for both Gate
and Drain terminals

IntegTime: Integration time for one measurement point

StepDelay: Step delay time

Hold: Hold time

Device delay time must be set to avoid that the high voltage is applied to the drain and gate terminals
simultaneously at the transition between stress and measurement. The value depends on the device under

test, TransEdge value, and such.
Step delay time is defined as the time from the step output start to the step measurement start.

Hold time is defined as the time from the measurement voltage output start to the sweep operation start.

For the Dual slope, the hold time is taken at the sweep start of both forward sweep and reverse sweep.

[Device_ID_Setup]
Device_ID_Override: Y (sets the New_Device_ID value to the Device ID) or N (does not set)

New_Device_ID: Device ID

[Extended Test Parameters]
VgForceRange: Gate voltage output range
VdForceRange: Drain voltage output range
StepMargin: Time from the step measurement end to the next step output start (not available for the

ramp sweep)

[Test Output: X-Y Graph]
Id-t: Drain current vs Time characteristics
Id-Vg: Drain current vs Gate voltage characteristics

Vth- AccumlatedStressTime: Threshold voltage vs Accumulated stress time characteristics
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2-5-5. TRANSIV DC IdVd: Id-Vd characteristics, using RSU

[Description]

Measures the drain current vs drain voltage characteristics of MOSFET.

[Device Under Test]
MOSFET, 3 or 4 terminals
Drain and gate must be connected to SMU through RSU.
Source and substrate must be connected to WGFMU ground which is the outer conductor of the RSU

Output terminals used for Drain and Gate.

[Required Modules and Accessories]
Agilent B15630A WGFMU 1 unit
Agilent B1531A RSU 2 set

[Device Parameters]
Polarity: Nch (SMU forces specified value) or Pch (SMU forces negative specified value)
L: Gate length
W: Gate width
Temp: Temperature (deg C)

IdLimit: Drain current compliance

[Test Parameters]

Gate: SMU connected to Gate terminal, secondary sweep voltage output
VgStart: Sweep start voltage for Gate terminal

VgStop: Sweep stop voltage for Gate terminal

VgStep: Sweep step voltage for Gate terminal

Drain: SMU connected to Drain terminal, primary sweep voltage output
VdStart: Sweep start voltage for Drain terminal

VdStop: Sweep stop voltage for Drain terminal

VdStep: Sweep step voltage for Drain terminal

[Extended Test Parameters]
IgLimit: Gate current compliance
IntegTime: Integration time
HoldTime: Hold time
DelayTime: Delay time

[Measurement Parameters]

Drain current Id
[User Function]

IdPerW: Drain current per unit gate width IdPerW=Id/W
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[X-Y Plot]
X axis: Gate voltage Vd (LINEAR)
Y1 axis: Drain current Id (LINEAR)

[List Display]
Gate voltage Vg
Drain voltage Vd
Drain current Id

Drain current per unit gate width IdPerW

Agilent B1530A Sample Program Learning Kit User's Guide, Edition 3
2-27



Using WGFMU Application Tests

2-5-6. TRANSIV DC IdVg: 1d-Vg characteristics, using RSU

[Description]

Measures the drain current vs gate voltage characteristics of MOSFET.

[Device Under Test]
MOSFET, 3 or 4 terminals
Drain and gate must be connected to SMU through RSU.
Source and substrate must be connected to WGFMU ground which is the outer conductor of the RSU

Output terminals used for Drain and Gate.

[Required Modules and Accessories]
Agilent B15630A WGFMU 1 unit
Agilent B1531A RSU 2 set

[Device Parameters]
Polarity: Nch (SMU forces specified value) or Pch (SMU forces negative specified value)
L: Gate length
W: Gate width
Temp: Temperature (deg C)

IdLimit: Drain current compliance

[Test Parameters]
Gate: SMU connected to Gate terminal, primary sweep voltage output
VgStart: Sweep start voltage for Gate terminal
VgStop: Sweep stop voltage for Gate terminal
VgStep: Sweep step voltage for Gate terminal
Drain: SMU connected to Drain terminal, secondary sweep voltage output
VdStart: Sweep start voltage for Drain terminal
VdStop: Sweep stop voltage for Drain terminal

VdStep: Sweep step voltage for Drain terminal

[Extended Test Parameters]
IgLimit: Gate current compliance
IntegTime: Integration time
HoldTime: Hold time
DelayTime: Delay time

[Measurement Parameters]

Drain current Id
[User Function]

IdPerW: Drain current per unit gate width IdPerW=Id/W
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[X-Y Plot]
X axis: Gate voltage Vg (LINEAR)
Y1 axis: Drain current Id (LINEAR)

[List Display]
Gate voltage Vg
Drain voltage Vd
Drain current Id

Drain current per unit gate width IdPerW
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2-5-7. WGFMU Pattern Editor

[Description]
Performs the WGFMU channel output setup and the measurement setup.
Set the ExecutionMode to Run Vector and click the Single button to perform the WGFMU channel output

and measurement.

[Test Parameters]
ExecutionMode: Execution mode
Run Vector: Performs the waveform output and measurement

Pattern Validation: Displays the waveform and measurement setup, for debugging

[WGFMU1 and WGFMU2]
Enable: Enable (uses the channel) or Disable (does not use)
Channel: WGFMU channel to use
OperationMode: Operation mode

PG Vmeas (PG mode, voltage measurement)

Fast IV Imeas (Fast IV mode, current measurement)

Fast IV Vmeas (Fast IV mode, voltage measurement)
VForceRange: Voltage output range

Auto, 3V, 5V, -10V to 0V, or OV to 10V
InitMeasRange: Measurement range

For current measurement: 1uA, 10uA, 100uA, 1mA, or 10mA

For voltage measurement: 5V or 10V

[Pattern]

RepeatCount: Repeat count of waveform data and measurement event data (see Note below)
WaveformCh1l: Channell waveform data

WaveformCh2: Channel2 waveform data

MeasurementEvent: Measurement event data (see Note below)

Waveform data and measurement event data can be defined by using the Define vector data dialog box.
To open the Define vector data dialog box, click the left button of each field. Clicking the * button on the

dialog box increases the row.

Waveform 1 or 2: Waveform data
Column 1: Time (absolute value), tw[s]

Column 2: Voltage output value, Voltage[V]

Measurement Event: Measurement event data
Column 1: Sampling measurement start time (absolute value), tm[s]
Column 2: Number of measurement points per one sampling, Points (see Note below)
Column 3: Sampling interval, Interval[s]

Column 4: Averaging time per one point measurement, Averaging[s]
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Column 5: Chl range event, Chl Range
Column 6: Ch2 range event, Ch2 Range

For the column 5 and 6, O is set normally. For the current measurement, setting a number from 1 to
5 enables the range event. This changes the current measurement range to the specified range when the
sampling measurement is started.

1: 1uA, 2: 10uA, 3: 100uA, 4: 1mA, 5: 10mA

To set the range event only without the measurement event, enter O to the column 2 and set the column
5 and 6.

To obtain the stable result for the current measurement with range changing, set the sampling

measurement start time to the value which exceeds 100 micro seconds after the range is changed.

[Output_to_File_for_PatternValidation] Not effective for Run Vector mode

Output_Enable: Enable or Disable
Enable (saves the waveform and measurement setup data to the file specified by Output_Filename)
Disable (does not save)

Output_Filename: Absolute path name of the file to save the waveform and measurement setup data

[DataDisplay_for_RunVector] Not effective for Pattern Validation mode
DataDisplay_PatternValidation: PatternValidation data display mode

Disable (does not display PatternValidation data during measurement)

Enable_Waveform (displays Waveform during measurement)

Enable_Waveform_MeasTiming (displays Waveform and MeasTiming during measurement)
DataDisplay_Mode: Data Display window display mode

x(time)_y(meas): Time for X axis and measurement data for Y axis

x(measl)_y(meas2): Chl measurement data for X axis and Ch2 measurement data for Y axis

[Extended Test Parameters]

LogToFile: Enable or Disable
Enable (logs error and warning)
Disable (does not log)

LogFile: Absolute path name of the log file

WarningLevel: Warning level
Off: No warning is reported
Severe: Severe warning is reported
Normal: Normal warning is reported
Information: Information warning is reported

IForceRangel: Current measurement range when the sampling measurement is started
1uA, 10uA, 100uA, 1mA, or 10mA
This value is effective until the range is changed by the range event.

Result_Update_Interval_s: Interval of updating the measurement result. 2 to 100 seconds.

[Note]
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Maximum number of total measurement points (RepeatCount * sum of all Points values):
- If ExecutionMode = Pattern Validation: 5001

- If DataDisplay_for_RunVector = Disable: 20001

- If DataDisplay_for_RunVector = Enable_Waveform: 20001

- If DataDisplay_for_RunVector = Enable_Waveform_MeasTiming: 5001
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Using Sample Programs

This chapter describes how to use the sample programs executable on an instrument controller. This chapter
consists of the following sections.
3- 1. Preparation
3-2. NBTI/PBTI Test

3-2-1. To decide measurement condition

3-2-2. Fast single Id measurement

3-2-3. Recovery measurement using log sampling

3-2-4. Fast sweep measurement

3-2-5. AC stress

3-2-6. Reference measurement and post iterative measurement
3-3. Transient I/V Measurement
3-4. Fast IV Sweep Characterization

3-4-1. Fast measurement

3-4-2. Tips for deciding the appropriate wait time

3-4-3. Hysteresis caused by the skew between the channels
3-5. Pulsed Characterization

3-6. Time Domain I/V Sampling
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3-1. Preparation

Using Sample Programs

Step 1. Install the sample software of the B15630A WGFMU
Step 2. Connect the GPIB cable between the B1500A and the instrument controller

To install the sample programs, see Chapter 4 Sample Program Reference.

Step 3. Connect the demo device to the RSU, and execute the sample program of the target application.

3-2. NBTI / PBTI Test

Fig. 3-2-1 shows the measurement circuit of the NBTI/PBTI test using the WGFMU.

Oscilloscope

D T e

Oscilloscope

€ m e \ Demo Device

-

rd

1
1
1
1
! .
V Monitor Drain

Gate
| o

Source

WGFMU Ch1 with RSU
(PG Mode)

Y WGFMU Ch2 with RSU
(Fast I/V Mode)

Well/Sub

Fig. 3-2-1 Connection for the demonstration of the NBTI/PBTI test
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3-2-1. To decide measurement condition

Actually, NBTI characteristics can not be observed on the MOS FET which is a demo device furnished with

the learning kit, so this section describes how the waveform is observed by the “NBTIL.exe” sample program.

If you try to measure your device not the demo device, change the stress voltage to the appropriate value

for it.

Fig. 3-2-2 shows the typical IdVg measurement result of the demo device 2SK302 which is the enhancement

type of NMOS-FET. This is measured by a SMU.

1d-Ve[3] - Aeilent EasyEXPERT EEE
File Edit View Msrker Oursor Line Text Pointer Window Help
— i o I R = i . =
EREE- O-QXd-H o - A £l
Setup Name:  [id-vg[3] X
X-¥ Graph Plot Properties... | |
1% Agilent
23m -
s Vd: 200 m
> 2Zm
g 18m Vvd: 150 m
1om
14m
Vd: 100 m
12m
im
= 800y
= 600u
2
= 40y
200u
230p
-15 -1 B00m -400 m 0 400 m 800 m 1
\gate (W) 200 m fdiv
List Display Properties... \ |
Index | Wsource | wdlrain | Idrain ‘ gm ‘ IdrainPerig gmPe
47 50000 my v 100.00 riy 1.014122 mA 202.4300000 us 101.4122000 u... 30.24500000 1
: o VAammem —n e s armmen . 4R mAeenan il

Fig. 3-2-2 SMU measurement result of the demo MOS FET IdVg characteristics

The following measurement condition can be decided to demonstrate the fastest measurement by a WGFMU

using the 10 mA current measurement range.

For Spot Measurement:
v Vg 05V
v Vd: 01V

For Sweep Measurement
v Vg-15Vto 05V
v Vd: 01V

3-4
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3-2-2. Fast single Id measurement

This demonstration shows how the WGFMU can minimize the interruption of the stress for the single Id

measurement, less than 1 psec.

Step 1: Confirm configuration
Run the NBTI/PBTI sample program, NBTIL.exe, and check the configuration by clicking the "Config" button.

WGFMU _Gonfie

VISA ID Message

GPIBD WGFMU Available Channels ~
601

GPIB Address 602

17 UNT? Response Bl

Il Debug Initialize Self Cal l Self Test l [ Cloze

Fig. 3-2-3 Configuration panel

Set the VISA ID (Visa Name) of the GPIB interface installed in the instrument controller and the GPIB
Address of the B1500A properly. To confirm the communication between the instrument controller and the
B1500A, click "Initialize" button and check the list of the WGFMU modules and a response to the "UNT?"
command are displayed in the "Message" box.

Also, the self calibration and self test can be triggered from this panel by clicking the buttons it's own.

The results of the self calibration and self test are displayed in the "Message" box.

Step 2: Set measurement parameters

To perform this demonstration, enter the parameters as shown in Table 3-2-1.

In this demonstration, the extra bias channels are not used, so select "N/A" for both the bias sourcel and
bias sourceZ. See Table 3-2-2.

To see the entire waveform on the screen of the oscilloscope, the accumulated stress time to interrupt is
relatively short. See Table 3-2- 3. For the actual measurement, the maximum value for the accumulated stress
time is up to 1,000,000 s.

In this demonstration, only the DC stress mode is used. The setup value in the "Vg Pulse" and "Vd Pulse"

group will be used in the demonstration of the section 3-2-5 AC stress.
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Table 3-2-1 Gate and drain channel setup for this demonstration.

Tab Tab Group Parameter Unit Type Value
Group
Channel Gate Measurement N/A Check Box Checked
Setup Gate N/A List Box Channel connected to the

gate terminal.

Operation Mode N/A List Box PG Mode
Measurement Mode N/A List Box V Measurement
Voltage Force Range N/A List Box Auto
Current Range N/A List Box +/- 10 mA Fixed
Voltage Measurement N/A List Box +/- BV
Range
HW Skew s Double 0.0

Drain Measurement N/A Check Box Checked
Drain N/A List Box Channel connected to the

drain terminal

Operation Mode N/A List Box Fast IV Mode
Measurement Mode N/A List Box I Measurement
Voltage Force Range N/A List Box Auto
Current Range N/A List Box +/-10 mA Fixed
Voltage Measurement N/A List Box N/A
Range

HW Skew s Double 0.0

Table 3-2-2 Extra bias channel setup of this demonstration.

Tab Group Tab Group Parameter Unit Type Value
Channel Bias Bias Module Type N/A List Box N/A
Setup Source 1 | Channel ID N/A List Box N/A
Bias \% Double 0
Compliance A Double 1.00E-04
Bias Module Type N/A List Box N/A
Source 2 | Channel ID N/A List Box N/A
Bias \% Double 0
Compliance A Double 1.00E-04
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Table 3-2-3 Stress setup for this demonstration
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Tab Group Tab Group Parameter Unit Type Value
Stress Setup | Stress Accumulated Stress S Double 0: 1E-3
Time Time 1: 2E-3
2: BE-3
Vg Stress DC Stress N/A Radio "DC Stress" is checked.
Type AC Stress Button
Bias Vg Stress \% Double 1
Current Range N/A List Box +/- 10 mA Fixed
Range Change Hold s Double 0
Vg Pulse | Vg Base A% Double 0
Frequency Hz List Box 1M Hz
Duty % Double 50
Rise/Fall Time S Double 1.00E-07
Delay S Double 0
vd Bias Vd Stress \% Double 0.2
Current Range N/A List Box +/-10 mA Fixed
Range Change Hold S Double 0
Vd Pulse | Enable Pulse Stress N/A Check Box Not checked
Vd Base \% Double 0
Duty % Double 50
Rise/Fall Time S Double 1.00E-07
Delay S Double 0
Table 3-2-4 Sequence setup for this demonstration
Tab Group Tab Group Parameter Unit Type Value
Measurement Sequence Measurement Id Sampling N/A Radio "Id Sampling" is
Item Sweep IV Button checked
OTF
Output Stress to Meas. Edge s Double 1.00E-07
Sequence Vd Sequence Delay s Double 0
Reference Enable N/A Check Box Not checked
Measurement
Ref. Meas to Stress ] Double 10E-6
Delay
Post Enable N/A Check Box Not checked
Measurement Post Meas. Delay ] Double 10E-6
Initial Interval ] Double 20E-6
Interval Mode N/A List LINEAR
Iteration Number N/A Integer 10
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Table 3-2-5 Measurement setup for single Id measurement

Tab Group Tab Group Parameter Unit Type Value

Measurement Id Vg A% Double 0.5
Sampling vd v Double 0.1

Sampling Mode N/A List "LINEAR"
Stress Holds s Double 0

Meas Delay S Double 5.00E-07

Initial Interval s Double 2.00E-07
Sampling Points N/A Integer 1

Averaging Time s Double 2.00E-07

Extra Delay S Double 2.00E-07

Step 3. Execute measurement

To execute a measurement, click "Execute" button and, then, enter the name of the file to save the results
of measurement. Then the progress panel and the data view panels for the WGFMU channel assigned to
the gate and drain channels are opened simultaneously. When the measurement is completed, the Progress

panel is closed automatically and the data view panels remain on the screen.

Measuring. ..

Expected Execution Time (s)

Elapsed Time (s)

5.765 |

Fig. 3-2-4 Progress panel

Ghannel 601

GatePatternMeasDuringStiess:0:0 Yalue  GatePatternMeasDuringStress:1:0 Value = GatePatternMeasl astStress:0-0 Value
b Time (s] 1.0003E-03 2.0015E-02 5.0027E-03
7.E-07 49934387 2070313E-01 4987937 21193036E 01 4.99281764030457E 01

Ghannel 602

DrainP DuringSti :0:0 Value DrainP During5t :1:0 Value DrainPatternMeasLastStress:0:0 Value
b Time (s] 1.0 ik} 2 0015E-03 5.0027E-03
7.E-07 1.037191071 7B3086E-03 1.036851 364432486 03 1.035481 45852983 -03

Fig. 3-2-5 Data view panels

The first column of the data view panels shows the averaging time of the measurement from the interruption
of the stress.

The first row lists the name of the measurement event (see the section 4-3 NBTI Test).

The second row lists the actual time of the beginning of the measurement.

The third row lists the spot measurement results at each interruption of the stress.
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Fig. 3-2-6 shows the waveform monitored by the oscilloscope connected to the V Monitor terminal of the
RSU.

The upper half shows the entire waveform including the stress and measurement, and the lower half shows
the magnified measurement part at the first interruption. From the setting of the Table 3-2-5, the total

interruption time of the stress for executing a single Id measurement is given by the following formula.

Measurement Delay + Averaging Time + Extra Delay + Stress to Meas. Edge = 1 us

For details of the timing, see the section 4-3 NBTI Test.

The monitored waveform shows that the measurement was performed correctly as defined in the setup panel,

and the measurement was actually performed within 1 us.

L R G 1 T

|'1 m | ~11 ms| I|3 mb'|

. 1.00 msf ﬂll T3.oo%5312000'ms- ﬂjﬂ' - .

[L ps|

S SNV SIS S g USRI WS O S S R 412

Wﬁ o|e s 3 100 s/ MI‘moomoooooW ol 7] ﬁﬁ

Fig. 3-2- 6 Waveform example monitored by oscilloscope
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3-2-3. Recovery measurement using log sampling

In addition to the single Id measurement, this software supports multi point sampling measurement with
a linear interval and log interval. The log sampling function is very useful for the measurement of the long

time response like a recovery effect in the NBTI test.

Step 1. Modify the parameters
To show the log sampling measurement, modify the measurement parameter as shown in Table 3-2-6.

Table 3-2-6 Stress setup for this demonstration

Tab Group Tab Group Parameter Unit Type Value
Stress Setup | Stress Time Accumulated Stress S Double 0: 1E-3
Time
Tab Group Tab Group Parameter Unit Type Value
Measurement | Id sampling Sampling Mode N/A List "LOG10"
Setup Stress Holds s Double 0
Meas Delay S Double 0.0
Initial Interval s Double 1.00E-7
Sampling Points N/A Integer 80
Averaging Time S Double 1.00E-8

Step 2. Execute measurement
Fig. 3-2-7 shows the drain current data view panel of this measurement and the measurement result graph
in the log scale. From this result, the long response from 10 ns range to 10 s range can be measured with

only 80 measurement points.

Channel 602 [B9[(=1[E3] 1E-03

DrainPattemMeasLastStress:0:(

P Time (5] 1.0102E-03

5.E-09 2.0 200259852978E 05 1E-03 F

2.5E-08 1.38982912176205E 04

6.5E-08 4.7032095608301 €04

1.05E-07 9.79206229001284E 04 8.E-04

1.55E-07 1.0364155750721 703

2.25E-07 1.0364155750721 703

2.05E-07 1.0371 2046984583E 03 <

4.05E-07 1.03641557507217E 02 g 6E04

5.35E-07 1.03641557507217E 02

6.95E-07 1.0357105639891 5E 02

9.05E-07 1.03782548103482E 03 4.E-04

1.165E-06 1.04135042056441E 03

1.485E-06 1.03641557507217E 02

1.905E-06 1.03430065792054E 03 2E-04

2.415E-06 1.04205531533008E 02 »

3.065E-06 1.0385304322238E 03

3.985E-06 1.03782548103482E 03

4.915E-06 1.0357105638891 5E 02 0E+00

6.215E-06 10364155 750721 7E-03 . 1.E-09 1.E-07 1.E-05 1.E-03 1.E-01 1.E+01
< > Time (s)

Fig. 3-2-7 Drain current data view and measurement result graph in log scale

In the log sampling mode, the measurement starts after the delay time. And the initial interval is used for
the initial decade. In the case of “LOG10” mode, the initial measurement point is treated as the beginning
of the first decade, and ten measurement points are taken in one decade of the logarithmic scale with an

interval.
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3-2-4. Fast sweep measurement

This demonstration shows the flexibility of the WGFMU. The WGFMU can also perform the sweep

measurement.
Step 1. Staircase sweep measurement
To execute the NBTI / PBTI with a staircase sweep measurement, select "Sweep IV" as a measurement item

and set parameters in the "Sweep" tab as shown in Table 3-2-7.

Table 3-2-7 Measurement setup for staircase setup measurement

Tab Group Tab Group Parameter Unit Type Value
Measurement Sweep Dual Sweep N/A Check Box Unchecked
Sweep Type N/A List "Staircase"
Vg Sweep | Start V \Y% Double -1.5
Stop V A% Double 0.5
Step Num N/A Integer 11
Step Rise s Double 1.00E-07
Hold S Double 0.0
Measurement Delay s Double 5.00E-07
Averaging Time s Double 2.00E-07
Step Delay s Double 1.00E-07
Dual Sweep Delay s Double 0.0
vd vd \% Double 0.1

In this case, the list of the sweep data are displayed in the data view panel. See Fig. 3-2-8.

The data in the data view panel can be copied and pasted to the spreadsheet software such as Microsoft
Excel and the IdVg curve can be drawn like Fig.3-2-9.
Since the each step of the pulse is about 900 ns by this setting, 11 points IV sweep is finished within 10

usec.

Note:

This demo device has a self heating effect, so the result of the 10 psec sweep is larger than the result
by the SMU. To get a correlated IdVg data, set the measurement delay to approximately 20 ms which
is the same level as the SMU. For easy demonstration, use a resistor demo device instead of MOS FET.

It does not have the self- heating effect and shows a correlation easily even as high speed measurement.
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3-12

Channel 601

»

Time [s)
7.E-07

1.5E-06
2.3E-06
3.1E-06
3.9E-06
4.7E-06
5.5E-06
6.3E-06
7.1E-06
7.9E-06

-1.36609649655203E +00
-1.18436551094055E +00
-1.003042659790643E +00
-8 21577847003937E-01
-6.39296650836536E 01
-4.58311051130295E-01
-2 75050895683283E 01
-9.49200391769403E-02
8.73611196875572E-02
2.67/770B43EN21E-

2.0034E-03
-1.36611425876617E+00
-1.18519961833954E +00
-1.00350403785706E +00
-B. 2193279266357 4E-01
-6.3901275336347E-01
-4 5E320813314438E-01
-2 76367098093033E-0
-0.53314665344636E 02
0.682870864B86816E-02
2B7796576023102E-01

5.0185E-03
-1.36643362045288E+00
-1.18509304523468E+00
-1.002983411 35406E+00
8. 21631073951 721E-01
-6.39154732227325E-01
-4, 5730287862287 3E-01
-2.762313841342326E-01
-3.58251 8060301 64E-02
8.732562561 2159358 02
2.68062000168931E-01

Ghannel 602
D DrainP. D :1:0 Value = DrainPatternM easLastStress:0:0 Yal
> Time [s] 2.0034€-03 50185603
7.E-07 -2.04725142793905E 06 -2.5407 3347605299 06 -2.9989669201 31 35€E 06
1.5E-06 -1.976753765120562E 06 -1.835750859423082E 06 313996201 83947 3E 06
2.3E-06 5.95421033722232E 068 5.70746897210483E 08 E.16570241618319E-08
3.1E-06 1.02042242360767E -04 1.0116102930624E 04 1.01407771580853E -04
3.9E-06 310608971631154E-04 31022125040181E-04 3.09093273244798E-04
4.7E-06 5.03031769767404E 04 5.02044200668955E -04 5.01057331 570506E -04
5.5E-06 6.56152260489762E-04 B.56293239444494E .04 E.55447 3075084 39E 04
6.3E-06 7.79135094489902€ -04 7.79763557993659E -04 7 783235678501 43E 04
7.1E-06 8.75888397249305E -04 8.77831530673459E-04 8.77408543601632E-04
7.9E-06 9.57458396442235E .04 9.56823932938270E -04 9.56894422415644E-04
8.7E-06 1.0226332815364E-03 1.02129380664 346E-03 1.0215406073257 3E-03
Fig. 3-2-8 Data view panel of the sweep measurement
1.2E-03
1.0E-03 P
8.0E-04
<
~ 6.0E-04
=
4.0E-04
2.0E-04
0.0E+00 ¢ : :
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Fig. 3-2-9 IdVg characteristics measured by the WGFMU within 10 psec
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Fig. 3-2-10 Monitored waveform of the sweep measurement

Step 2. Change the sweep type to the ramp sweep
To change the sweep type to the ramp sweep, just select "Ramp" in the list of the "Sweep type". Then click
"Execute" button to execute the NBTI / PBTI test with a ramp sweep measurement. Fig 3-2-11 shows the

monitored waveform of the ramps sweep measurement.

[Gate| [10 ps

[Drain|
s J [ - 2

Wﬁﬂi@ 3 H[5001s/ m.‘l.OOSBSOOOOOmS «|o|» J’iﬁﬁ

Fig. 3-2-11 Monitored waveform of the ramp sweep measurement

Step 3. Dual sweep measurement
This sample software also provide a dual sweep measurement. To make the dual sweep enable, check the
"Dual Sweep" in the sweep measurement setup.

Fig 3-2- 12 shows the monitored waveform when executing the dual sweep measurement of the ramp sweep.

GatéJ 20 ESJI

............ @E

| 1 2

"= el el X H[500s/ u|n[M[1.0048000000 ms 40| 7] — 1

Fig. 3-2-12 Monitored waveform of the dual ramp sweep measurement
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When dual sweep is enabled, both of the forward sweep measurement result and the reverse sweep
measurement result are displayed in the data view panel (Fig. 3-2-13). The dual sweep mode is available

for all sweep type including the staircase sweep, the ramp sweep, and the pulsed sweep.

Step 4. Pulsed sweep measurement
In addition to the staircase sweep and the ramp sweep, the pulsed sweep measurement is available in this
sample program. To perform the pulsed sweep measurement, select "PIV" in the list of the sweep type and

set the parameter in the "PIV" tab. In this demonstration, use the parameters listed in the Table 3-2-8.

Table 3-2-8 Measurement setup for pulsed sweep measurement

Tab Group Tab Group Parameter Unit Type Value
Measurement | PIV Vg Sweep Base v Double -1.5
Period s Double 2.00E-06
Width s Double 1.00E- 06
Rise/Fall Time s Double 1.00E-07
Pulse Delay s Double 0
vd Enable Pulse Bias N/A Check Box Unchecked
Base \% Double 0
Width s Double 1.00E-06
Rise/Fall Time s Double 1.00E-07
Pulse Delay s Double 0

By this settings, the pulse period is set to 2 pus and the pulse width is set to 1 ps. Fig. 3-2-13 shows the
monitored waveform of both the single channel pulsed sweep and the dual channel pulsed sweep.

To enable the pulsed biasing on the drain terminal, check the "Enable Pulse Bias" in the "Vd" group.

|
M= o|ec|s H[500 ml‘ymozsoooomns ol» 7] i‘ﬁ

Single channel pulsed sweep

i = oo Els ¥ H[5000s/ m.‘1.0102800000 ms 4|0 7] i‘ﬁ
Dual channel pulsed sweep
Fig. 3-2-13 Monitored waveform of the pulsed sweep measurement
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This sample program can also use the AC (pulse) stress for the stress pattern.

The pulse setup parameters for the stress bias are described in Table 3-2-3. To enable the pulse bias for

the gate terminal, select "AC Stress" as a stress type in the "Vg" tab of the stress tab group.

Fig. 3-2-14 shows the monitored waveform when the AC stress is selected for the gate bias of a single Id

measurement.
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Fig. 3-2-14 Monitored waveform of the AC stress bias for the gate terminal

_mmlil‘ooomooooo ms 4|ol»

Ti33‘8 v i]ﬁ

Comparing Fig. 3-2-14 with Fig. 3-2-6, the difference between those two measurements is the waveform

of the stress phase only. There is no difference for the measurement. So the effect of the stress bias waveform

can be extracted by comparing the results from those measurements.

The AC stress can also be set to the drain bias. To enable the pulse bias for the drain terminal, check the

"Enable Pulse Stress" in the "Vd" tab of the stress tab group.
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Fig. 3-2-15 Monitored waveform of the AC stress bias for the gate and drain terminals
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3-2-6. Reference measurement and post iterative measurement

This sample program can also execute the measurement before applying the stress bias to use the
measurement data as the reference data without stressing. Also to evaluate a recovery after the stress, this
sample program can execute iterative measurement after finishing the entire stress.

To see the iterative measurement on the oscilloscope, set the stress time short as a matter of convenience.

Table 3-2-9 Accumulated stress time for this demonstration

Accumulated stress time (s)

0 1E-5
1 2E-5
2 5E-5

Select the "Staircase Sweep" measurement type and set the parameters as shown in Table 3-2-7. And check
the "Enable" in the "Reference Measurement" group of the "Sequence" tab to enable the reference
measurement. Check the "Enable" in the "Post Measurement" group the "Sequence" tab to enable the post
measurement.

Before executing the measurement, check the "Ref. Meas. to Stress Delay" in the "Reference Measurement"
group and set the "Post Meas. Delay", "Initial Interval", "Interval Mode", and "Iteration Number" in the "Post
Measurement" group as shown in Table 3-2-4.

Fig. 3-2-16 shows the monitored waveform of a reference measurement and post iterative measurements.

DN = 1) i~ D
Reference Stress Post
Reference] Stress|

A N
= ~ ~
Gate i 5 n - -
ﬁ::::: i i Joss [t Sl /] H
| f i i P B T i
/ P f Foly [
/ {ol NN

Drain

[i] ﬁ ﬁ ﬂ H[2001%/ Ml‘eomszoooo = 4| J i‘ [l

Fig. 3-2-16 Monitored waveform of the reference and post iterative measurements
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The data view panel lists the all measurement data (Fig. 3-2-17).

Reference

A
r N
Ghannel 601
0:0 Value :0:0 Value :1:0 Value astStress:0:0 Value :0:0 Value 1:0 Vs
v Time(s) [T : ooke5 4835E 05 B745E-05 1.0655E 04 1135E 04
7E07 1 196E-+00 1.49 400 143005624561 255E +00 1495080557 4127 400 1. 499661 B4IA625E-+00 1.50014076617036E-+00
15606 1.2938640537262E 400 1.2094558811877E+00 1,28 11863803664E +00 1. 29096796806335E +00 1.29891722116934E-+00 1.3003431 558603 +00
2306 1 1 2036400 110077631 473541E +00 1.09991796126671E 400 1 10116672515663E-+00 110162173042257E+00
3IE06 4 1 900230266737 754E-01 0.99050620498657E 01 -6.3954765102875E 01 -8 0018004179000 -0 8008019178321 36-01
39E06  -7.00B0GMEITISISED] 7z MED] 7.004BES2498014E-01 -7.00116217136360E 01 7 0038BAABIIAETEE 01 70130527 0196007E-01
AZEOE | EO0SBBAOTPASIEDT 4 39B92681B370RE-01 5 0026535967854E 01 4 39H99425086575E 01 50117220461 7E-01 500851035116103E-01
55E06  -A0031275672913E-01 2393630 ] 29960667891 9601E 01 -2.99551304353636E 01 -2 00B04342646296E-01 2002015352491 5E-01
6.3E06  1.076HI716740131E0DT A, DIBE7AS A4S 01 1014332547 703B5E 01 1.0107B306116748E 01 1,011 BS4E7EHEAZE 01 1.0212531 JB4DSHE-01
TAE06 | 9A3257093800405E 02 90851 2945540047E-02 9.8950020966814E 02 994200 97H084245E 02 9.85835117241855E-02 9BEB3H117241855E-02
T9E06 | 29791352 1 i 2.90451 434563664E-01 2 SB0R595323013E-01 287407505736575E 01 25796451 G601 726-01
B7EO6 4% E01 4,981 9031 3677652601 4.579951DB3BEDT3E-01 4 SBADI20E7 4 4E-D1 4570546746581 2E-01 A.973917007445.25E-01
< If >

Fig. 3-2-17 Data view panel of the reference and post iterative measurements
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3-3. Transient |/V Measurement

The transient I/V measurement is performed by using the “SAMPLING.exe” sample program which performs
the sampling measurement. This program supports the dual sampling as a special feature which performs
the measurements for two sampling conditions in one measurement execution. This demonstration shows

how the dual sampling works. This demonstration is useful to see the transient characteristics.

Step 1. Connect the device to the RSU
For this demonstration, the 1M Q resistor is used. Connect the SMA cables between the 1 MQ demo device
and two RSU. See Fig. 3-3-1.

V Monitor ?
Demo Device

P e, WGEMU Ch1 with RSU
(Fast I/V Mode)

V Monitor ?

:k. ................. d >
L o +A®

\V4 \V4
WGFMU Ch2 with RSU
(Fast I/V Mode)

Fig. 3-3-1 Connection for the demonstration of the transient measurement

To visualize the effect of the dual sampling, use the 100 pA range, 1 us interval, and 100 ns averaging for
the fast measurement to measure the transient at the rising edge of the step voltage. And use the 100 pA
range, logarithm interval, and 2 ps averaging time to measure the settling precisely.

Fig. 3-3-2 shows the concepts of the dual sampling for one sampling measurement execution.

Trigger of the range change
Voltage Measurement Delay for secondary meas.
A

! Second Meas. Origin ! Secondary Measurement |
\ ! ' ! meas.
SRR - - - DR - - B - - - SRR - - SRR | e o s
: <> !
Averaging time for the

'
\ >t Measurement interval for secondary
) —
i
secondary meas.

I

Termination Delay

End of the !
primary meas.
End of the
Secondary
»
>
Time

Fig. 3-3-2 Dual sampling for one measurement execution
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Step 2. Input Measurement Parameters
To demonstrate the feature of the dual sampling measurement, set the parameters as shown in the following

tables.

Table 3-3-1 Channel setup parameters of this demonstration

Tab Group Tab Group Parameter Unit Type Value

Channel Source 1 Measurement N/A Check Box Checked

Setup Channel N/A List Box Channel ID to use
Operation Mode N/A List Box Fast I/V Mode
Measurement Mode N/A List Box V Measurement
Voltage Force Range N/A List Box Auto
Current Range N/A List Box 10 uA Fixed
Voltage Measurement Range | N/A List Box +/-5'V
HW Skew s Double 0
RawData N/A Check Box Not checked

Source 2 Measurement N/A Check Box Checked

Channel N/A List Box Channel ID to use
Operation Mode N/A List Box Fast I/V Mode
Measurement Mode N/A List Box I Measurement
Voltage Force Range N/A List Box Auto
Current Range N/A List Box 100 vuA Fixed
Voltage Measurement Range | N/A List Box +/-5'V
HW Skew S Double 0
RawData N/A Check Box Not checked

Table 3-3-2 Bias channel setup parameters of this demonstration

Tab Group Tab Group Parameter Unit Type Value
Channel Bias Bias Source 1 | Module Type N/A List Box N/A
Setup Channel 1D N/A List Box N/A
Bias \% Double 0
Compliance A Double 0
Bias Source 2 | Module Type N/A List Box N/A
Channel ID N/A List Box N/A
Bias A% Double 0
Compliance A Double 0
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Table 3-3-3 Sequence setup parameters of this demonstration

Tab Group Tab Group Parameter Unit Type Value
Measurement | Sequence Base Holds s Double 0
Setup Base to Source Edge | s Double 1.00E-05
Output Sequence S Double 0
Delay
Termination Delay s Double 0
Table 3-3-4 Primary measurement setup parameters of this demonstration
Tab Group Tab Group Parameter Unit Type Value
Measurement | Primary Sampling Mode N/A List "LINEAR",
Setup Meas. Delay s Double 0
Initial Interval s Double 1.00E-06
Sampling Points N/A Integer 100
Averaging Time s Double 1.00E-07
Table 3-3-5 Secondary measurement setup parameters of this demonstration
Tab Group Tab Group Parameter Unit Type Value
Measurement | Secondary Enable Secondary N/A Check box Checked
Setup Measurement
Source 1 N/A List +/-5'V
Measurement Range
Source 2 N/A List +/-10 uA
Measurement Range
Sampling Mode N/A List "LOG10"
Second Meas. Origin | s Double 2.00E-04
Meas. Delay s Double 1.00E-04
Initial Interval S Double 1.00E-05
Sampling Points N/A Int 40
Averaging Time s Double 2.00E-06
Table 3-3-6 Bias setup parameters of this demonstration
Tab Group Tab Group Parameter Unit Type Range
Measurement | Bias Source 1 Base \% Double 0
Setup Source \% Double 1
Source 2 Base \Y Double 0
Source A% Double 0

3-20
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Click the "Execute button" to start the measurement. Data view panel lists the voltage measurement result of the WGFMU

Chl and the current measurement result of the WGFMU Ch2. See Fig. 3-3-3.

B8 Ghannel 601

Src1:0:0 Timefs) Srcl1:0:0 Value

210372569108141E-03
115606 10180731 862784E 01
215606 2.0185288483537E 01
31506 30132097 0058441E 01
41506 401556999491 267E 01
51506 50122511 386871 .01
B1SE06 £.01390123%73E 01

715606 7.0144851 33655926 01
B15E06 5020750880241 01
915606 9.00571882724762E-01
1.015E-05 9.97187435625384E 01
1.115E-05 99814581871 0527E-01
1.215E-05 9.9736831 B0716E 01
1.415E-05 997542381 286521E 01
1.415E05 9.9803830521 N14E-01
1515E05 9.9779087 306065 01

1E15E05 9.967451 96523346 01
1715605 99615128347 3965 01

8 Ghannel 602

R L R TR SR

Src2:0:0 Time(s)  Src2:-0:0 Yalue

5.62242907575183E-08

1.16E-06 -1.687653075304196E-07
2.16E-06 -2.77754651278883E-07

315E-08 -3.3615390977I04E 07

4.15E-06 -4.47323685648371E-07
5.15E-06 -5.88740491736624E-07
E.15E-06 -6.4222257 378TETRE-07
7.15E-06 -7. 2454446353731 3E-07
815E-06 -B.5048335244001 55E-07
915E-0R -8.B035607 20491 67E-07
1.015E-05 -1.02773870303453E 08
1.115E-05 -1.01865180113236E 06
1.215E-05 -1.06608330473703E-06
1.316E-05 -1.05654230283446E -06
1.415E-05 -1.036241997 03384E-06
1.615E-05 -1.09956647520448E-06
1.615E-05 -1.03413117358286E-06
1.715€E-05 -1.02850231087353E-06

Fig. 3-3-3 Data view panel of the transient IV measurement

After that, display the current - time distribution plot by using the results of the WGFMU Ch2. See Fig.

3-3-4.

In this plot, fast response at the rising edge is measured with a relatively large noise, but fast. And the

following long term response is measured with a lower noise and higher resolution.

Primary
N

Secondary
A

—

-
0.0E+00
-2.0E-07

<

£ -4.0E-07

Il

E

O _6.0E-07

he)

o
35
@ -8.0E-07
[}

=
-1.0E-06
-1.2E-06

1.E-07

1.E-05

1.E-04

Time (s)

1.E-03 1.E-02

1.E-01

1.E+00

Fig. 3-3-4 Plot of the measured current by the WGFMU 2 in the logarithmic scale
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3-4. Fast IV Sweep Characterization

The WGFMU has an ALWG (Arbitrarily Linear Waveform Generation) function. So the WGFMU can perform
the current measurement with a more complicated waveform such as the staircase voltage sweep, ramp
voltage sweep, and pulsed voltage sweep. To demonstrate a sweep measurement, use the "SWEEP.exe" sample
program which supports the staircase sweep, ramp sweep, and pulsed sweep IV measurements with the
single sweep option or the dual sweep (double sweep) option.

This demonstration performs these measurements and explains the effect of the insufficient wait time for

the measurement result and the tips for deciding an appropriate wait time.

3-4-1. Fast measurement

Step 1. Connect the device to the RSU
The demo device of the NMOS-FET is used for this demonstration. The gate terminal of the MOS-FET is
connected to the WGFMU Chl and the drain terminal of hte MOS-FET is connected to the WGFMU Ch2.

Oscilloscope

>

Oscilloscope

D it . Demo Device
; r——— N \V/ \V
i ] Drain WGFMU Ch2 with RSU
¢V Monitor (Fast I/V Mode)

Source

WGFMU Ch1 with RSU ™o
(PG Mode)

Fig. 3-4-1 Connection for the demonstration of the fast staircase / pulsed IV sweep measurement

Step 2. Set measurement parameters
To measure a reference data, set the parameters as shown in the following tables. The delay time should
be longer enough than the settling time of the current measurement range to perform the accurate

measurement of the reference data without the effect of the settling time.

In this case, the measurement delay time is set to 10 ms to obtain the IV measurement result without the
effect of the settling time. Also the averaging time is set to 20 ms to reduce a noise floor.
Since this demo device is the enhancement type, the gate voltage is swept from -1.5 V to 0.5 V with 0.1

V step. And the current range is set to 10 mA to observe the case of the fastest measurement.
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Tab Group Tab Group Parameter Unit Type Value
Channel Source 1 Measurement N/A Check Box Checked
Setup Channel N/A List Box Channel ID to connect to
the gate terminal
Operation Mode N/A List Box PG Mode
Measurement Mode N/A List Box V Measurement
Voltage Force Range N/A List Box Auto
Current Range N/A List Box 10 mA Fixed
Voltage Measurement Range | N/A List Box +/-5'V
HW Skew S Double 0
RawData N/A Check Box Not checked
Source 2 Measurement N/A Check Box Checked
Channel N/A List Box Channel ID to connect to
the drain terminal
Operation Mode N/A List Box Fast I/V Mode
Measurement Mode N/A List Box I Measurement
Voltage Force Range N/A List Box Auto
Current Range N/A List Box 10 mA Fixed
Voltage Measurement Range | N/A List Box +/-5'V
HW Skew s Double 0
RawData N/A Check Box Not checked
Table 3-4-2 Bias channel setup parameters of this demonstration
Tab Group Tab Group Parameter Unit Type Value
Channel Bias Bias Source 1 | Module Type N/A List Box N/A
Setup Channel ID N/A List Box N/A
Bias \% Double 0
Compliance A Double 0
Bias Source 2 | Module Type N/A List Box N/A
Channel ID N/A List Box N/A
Bias \% Double 0
Compliance A Double 0
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Table 3-4-3 Sequence setup parameters of this demonstration

Tab Group Tab Group Parameter Unit Type Value
Measurement | Sequence Sweep Source N/A List Source 1
Setup Sweep Type N/A List Staircase
Output Sequence | s Double 0
Delay
Termination Delay s Double 5.00E-08
Dual Sweep N/A Check Box Unchecked
Dual Sweep Delay s Double 0
Table 3-4-4 Sweep setup parameters of this demonstration
Tab Group Tab Group Parameter Unit Type Value
Measurement | Sweep Sweep Source | Start V \% Double -1.5
Setup Stop V \% Double 0.5
Step Num N/A Integer 21
Step Rise s Double 1.00E-07
Hold s Double 1.00E-02
Measurement Delay s Double 1.00E-02
Averaging Time s Double 2.00E-02
Step Delay s Double 1.00E-02
Constant Bias | Bias \% Double 0.1

Source
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Step 3. Execute measurement

Click "Execute" button and then enter the name of the file to save the test result. The data view panel as
shown in Fig. 3-4-2 will be opened. The data view panel of the WGFMU Ch1 lists the averaged measurement
time and the measured gate voltage. And the data view panel of the WGFMU Ch2 lists the averaged
measurement time and the measured drain current. You can plot the IdVg curve as shown in Fig. 3-4-3

by using a spreadsheet software.

Channel 601

SweepSic:0:0 Time(s] SweepSrc:0:0 Yalue ConstSrc:0:0 Time[s] ConstSic:0:0 Value
» o 7E07 1.49882566928864E 400 » 0 EZE 2 2035741 447EE1E-06
1 1.5E-08 -1.3993493318557 7E+00 1 1.5E-06 357487346961 221E-06
2 2.3E-08 -1.28905664920807E+00 2 23E-06 -4, 29026295023505E -06
3 3.1E-0B -1.195028344745636E 400 3 31E0E -2, 7042332503062 7E-06
4 3.9e-08 -1.09336211528778E+00 4 39E0E -1.11821577775117E-06
5 4.7E-0B -9.9963330827173E-01 5 4 7E-06 6. 776656846341 21E-06
] 5.5E-08 -8.99596236562 728901 6 5.5E-08 4.18806448578335E -05
7 6.3E-08 -8.0007785558 7006E-01 7 E.3E-0E 1.2628234B5976697E -04
2 7.E-0B -6.99501156806946E-01 ] 71E-DB 2.43340880842873E -04
9 7.9E-08 -B.00007116734586E-01 9 7.9E-08 3.67634561771899E-04
10 8.7E-08 -4. 9882091784477 2E-01 10 4.7E0E 4.63234231574461E-04
11 9.5E-06 -3.99971902370453E-01 1 9.5E-06 5.57584979105741E-04
12 1.03E-05 -3.0007E4021 3524 2E 01 12 1.03E-05 E.37E96523105216E-04
13 1.11E-05 -1.9986568391 2231E-01 13 1.11E-05 7.10160471433966E -04
14 1.19€E-05 -1.0037162893971E-01 14 1.19€E-05 FEFN20177338272E-04
15 1.27E-05 -8.06584721431136E-04 15 1.27E-08 8.3214329788461 36 -04
16 1.35E-05 9.97700840234756E-02 16 1.35E-05 0.B2649320550637E-04
17 1.43E-05 1.99654534083759E-01 17 1.43E-05 927903264067 048E -04

Fig. 3-4-2 Data view panel of the sweep measurement

—e— 10 ms Delay
1.E03 Pad
8.E-04
<
5
S 6.E-04
=
LL
g 4.E-04
2.E04
0.E+00 4—o—o—o——4 f f f
-2.0E+00  -1.5E+00 -1.0E+00  -5.0E-01  0.0E+00 5.0E-01 1.0E+00
WGFMU CH1 (V)

Fig. 3-4-3 IdVg curve of the reference measurement

Next, change the measurement delay time, averaged time and step delay to make duration of each step less
than 1 ps. Modify the sweep measurement parameters as shown in Table 3-4-5.

Fig. 3-4-4 shows the monitored waveform by the setting of Table 3-4-5. Duration of each step is only 800
ns.

Fig. 3-4-5 shows the overlaid IdVd curve of the reference measurement and fast measurement with a step

less than 1 ps. This result shows the 500 ns delay time is enough to make good correlation with slower
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measurement nearly equal to a DC measurement.
Actually, the reference data of the 0.1 % settling time of the 10 mA current measurement range is less than

1 ps, 500 ns delay time is enough to settle the value within £ 0.2 or 0. 3 %.

Table 3-4-5 Sweep setup parameters of this demonstration

Tab Group Tab Group Parameter Unit Type Value

Measurement | Sweep Sweep Source | Step Rise S Double 1.00E-07

Setup Hold s Double 100E-7
Measurement Delay s Double 5.00E-7
Averaging Time s Double 2.00E-7
Step Delay s Double 2.00E-7

DY | e~ 1O L ye

o

GFMU CH1] g L

e

0"
%

i
3

WGFMU CH2!
: 2

Wﬁ olerg ¥ H[50008 Ml‘nawmmoug ol» 7] i‘ﬁ

Fig. 3-4-4 Monitored waveform

1.E-03

—e— 10 ms Delay

s —=— 500 ns Delay 2
8.E-04 /
6.E-04

4.E-04 /

2.E-04 /

0.E+00 : : :
-2.0E+00 -1.5E+00 -1.0E+00 -5.0E-01 0.0E+00 5.0E-01 1.0E+00

WGFMU CH1 (V)

WGFMU CH2 (A)

Fig. 3-4-5 Overlaid IdVg curve of the reference measurement of 10 ms delay and fast measurement
of 500 ns delay
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Step 4. Demonstrate a ramp sweep measurement

Next, change the sweep type to the "Ramp" sweep, execute measurement, then the similar waveform and
IdVg characteristic is obtained. Fig 3-4-6 shows the monitored waveform of the ramp sweep measurement.
And Fig. 3-4-7 shows the overlaid 1dVg curve of the reference measurement and the ramp sweep

measurement with 500 ns delay.

) R~ U0 i~ . o

d

WGFMU CH1 ////
L |
-

V4

/
/

WGFMU CH2
M@z

Wﬁ olems ﬂ ﬂ|500u5/ Ml|11.3424000u5 ol» J i‘ﬁ

Fig. 3-4-6 Monitored waveform of the ramp sweep

1.E-03

—e— 10 ms Delay

—=— Ramp 500 ns Delay e

1.E-03

6.E-04 /
4.E-04 /

2.E-04 A//

0.E+00
-2.E+00 -2.E+00 -1.E+00 -5.E-01 0.E+00 5.E-01 1.E+00

WGFMU CH1 (V)

WGFMU CH2 (A)

Fig. 3-4-7 Overlaid IdVg curve of the reference measurement of 10 ms delay and fast ramp sweep

measurement with 500 ns delay

The gate voltage is measured during the slope of the ramp sweep. So it is shifted from the staircase sweep,
but IdVg curve drawn by the measured gate voltage and measured drain current is well correlated with

the reference measurement.

Agilent B1530A Sample Program Learning Kit User’s Guide, Edition 3
3-27



Using Sample Programs

Step 5. Demonstrate a pulsed sweep measurement

For the pulsed sweep measurement with 1 ms pulse width, set the parameters in the "PIV" tab as shown

in Table 3-4-6.

Table 3-4-6 Pulsed IV measurement parameters

Tab Group Tab Group Parameter Unit Type Value
Measurement | PIV Sweep Source | Base A% Double -1.6
Setup Period S Double 2.00E-6
Width s Double 1.00E- 06
Rise/Fall Time s Double 1.00E-07
Pulse Delay S Double 0
Constant Bias | Enable Pulse Bias N/A | Check Box Unchecked
Source Base \% Double 0
Width s Double 1.00E-06
Rise/Fall Time s Double 1.00E-07
Pulse Delay s Double 0

Then, select "PIV" as a sweep type and click "Execute" to execute a measurement.

Fig. 3-4-8 shows the monitored waveform when the drain pulse bias is not enabled. In this case, the gate

bias is a pulsed sweep with a 1 us pulse width.

VBT AT Y 9F ok
WGFMU CH1] .
wm P
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]
e
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Ww?
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Fig. 3-4-8 Monitored waveform of the single channel pulsed IV measurement
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And check the "Enable Pulse Bias" in the "Constant Bias Source", the waveform of Fig. 3-4-9 is obtained.
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Fig. 3-4-9 Monitored waveform of the single channel pulsed IV measurement

Fig 3-4-10 is the overlaid 1dVg curve of the reference measurement, single channel pulsed IV measurement

and dual channel pulsed IV measurement.

1.E-03
—e— 10 ms Delay

—=&—Single CHPIV
1.E-03 — ——Dual Ch PIV

8.E-04 /
6.E-04 /
4.E-04 /

2.E-04

WGFMU CH2 (A)

0.E+00
-2.E+00 -2.E+00 -1.E+00 -5.E-01 0.E+00 5.E-01 1.E+00

WGFMU CH1 (V)

Fig. 3-4-10 Overlaid IdVg curves of the reference measurement and the pulsed IV measurement of 1

us pulse width.

From this results, in all sweep types including the staircase sweep, ramp sweep, single channel pulsed sweep,
and dual channel pulsed sweep, the WGFMU demonstrate it's capability of fast sweep measurement less

than 1 pus at each step.
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3-4-2. Tips for deciding the appropriate wait time

Since the current measurement circuit has its' own settling time, appropriate wait time (measurement delay
time) must be inserted after changing the bias voltage before measurement.

The reference data of the settling time of the WGFMU is described in the Table 2-1.

Actual measurement delay time to make current meter settle depends on the cablings and the type of the
DUT. To know an appropriate measurement delay time, dual sweep measurement is useful.

In the staircase sweep and ramp sweep measurement, insufficient measurement delay time gives hysteresis
on the IV curve measured in the dual sweep mode.

Fig. 3-4-11 shows how the hysteresis is caused by the insufficient measurement delay time.

Voltage
A

Sweep voltage
Hysteresis.

Measured current

»
»

Time

Fig. 3-4-11 Hysteresis caused by the insufficient measurement delay time

In the forward sweep, the drain current increases along with a increase of the gate voltage. Then the
measured current varies from a small value to a large value. In the reverse sweep, the measured current
varies from a large value to a small value. So, if the measurement delay is not long enough, the measured
IV curve at the reverse sweep is larger than the forward sweep and it looks like a hysteresis as shown
in Fig. 3-4-12.

To decide the appropriate measurement delay time, make measurement delay longer until this hysteresis
disappears.

This demonstration also shows that the hysteresis of the IV curve may come from an insufficient
measurement setup, not from the device. So, choosing the appropriate measurement delay time is important
for performing the measurement of the device which has a hysteresis in the IV characteristics. Also, if the
measurement speed is very fast, the propagation delay between two RSU channels may be the reason of

the hysteresis comes from the measurement system.
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[Reference with 10 ms delay|

6.E-05

\
Reverse sweep with 200 ns delay| \ m;“

4.E-05
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VR

IForward sweep with 200 ns delay|

Vg (V)

1.E-05
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-1.E-05 : : : : :
-2.0E+00 -1.5E+00 -1.0E+00 -5.0E-01 O0.0E+00 5.0E-01 1.0E+00
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Fig. 3-4-12 Example of the hysteresis caused by the insufficient measurement delay

To observe the IdVg curve as shown in Fig. 3-4-12, use the measurement setup shown in Table 3-4-7.

Table 3-4-7 Setup for the hysteresis demonstration

Tab Group Tab Group Parameter Unit Type Value
Channel Source 2 Current Range N/A List Box +/-100 uA Fixed
Setup
Tab Group Tab Group Parameter Unit Type Value
Measurement Dual Sweep N/A Check Box Checked
Sequence
Setup Dual Sweep Delay s Double 0
Tab Group Tab Group Parameter Unit Type Value
Hold s Double 1E-3
Measurement Delay s Double 2E-7
Sweep Source
Measurement Averaging Time s Double 1E-7
Sweep
Setup Step Delay s Double 1E-7
Constant Bias | Bias A% Double 0.005
Source

To see the effect of the settling time of current measurement, 100 pA range is used to realize the long settling
time (shorter than 1.5 pus at 0.1 % settling). Also to make current lower enough, "Bias" voltage is set to "0.005

V". The other parameters are the same as the previous demonstration.
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3-4-3. Hysteresis caused by the skew between the channels

When measuring IV characteristics in a very short time period, the propagation delay of the electric signal

between two measurement units can be the reason of the hysteresis on a measured IV curve.

In the case of the WGFMU, the output timing of the RSU is calibrated at the output terminal of the RSU.

So, the propagation delay between the measured values by each RSU will be caused by the extended

measurement cable.

Timing calibration plane

- | -
(Skew =0's) | —
1
(o ol
b D o
i o 1L
A 8 I
1 Cpad I"If.ll
Delay from the Delay from the : IrI‘JI
RSU to the gate drain to the RSU I Al ! r_.'
N\ b (| 02% | Getd
Lk, e =

Fig. 3-4-12 RSU output connection

For example, the propagation speed of the electric signal through the coaxial cable is roughly estimated
around 20 cm/ns. So if the length of the cables is 20 cm, the delay will be around 2 ns between two RSU

outputs. Fig. 3-4-13 shows the measurement delay between two channels. Normally, 20 cm cable generates

only 2 ns delay and it will not cause a remarkable hysteresis on the measured IV curve.

3-32

Voltage
g A

p @
Delay between the o * .
Vg and vd o
v 0 o °
— o e
P . .
[ ] _
Pl _
P °
g Measurement pair| °

>
Time

Fig. 3-4-13 Measurement delay between two RSU outputs
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To simulate the hysteresis, use a long cable and use the "HW Skew" function of the WGFMU.

To observe the virtual hysteresis as shown in Fig. 3-4-14, set the parameters listed below. In this case,

the drain current measurement delays 100 ns from the gate voltage measurement. So the measured drain

current of the forward sweep is smaller than the reverse sweep.

Setup example to observe the hysteresis:

WGFMU Chl HW skew: 50 ns

WGFMU Ch2 HW skew: -50 ns

Measurement delay: 200 ns

Averaging time: 200 ns

Step delay time: 100 ns

WGFMU Ch2 current measurement range:10 mA range

Bias voltage of the constant bias source: 0.1 V

1.2E-03

—e— Forward
—=— Reverse

1.0E-03

8.0E-04
6.0E-04 .////‘
4.0E-04 / /

2.0E-04

1d (A)

0.0E+00
-2.0E+00 -1.5E+00 -1.0E+00 -5.0E-01 0.0E+00 5.0E-01 1.0E+00

Vg (V)

Gate to Drain: 100 ns delay

Fig. 3-4-14 Example of the hysteresis caused by the skew
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3-5. Pulsed Characterization

The “PULSE.exe” sample program enables to use a pulsed bias for the sampling measurement additionally
to the “SAMPLING.exe” program described in the section 3-3 Transient I/V Measurement. This program
supports the dual sampling feature as same as the “SAMPLING.exe” program. Then the measurements for
two sampling conditions are performed in a period of the pulse along with various pulse levels. This section

describes the basic operation of the pulsed sampling program.

Step 1. Connect the device to the RSU
The pulsed sampling measurement using a single pulse and a single measurement is performed to show
the fastest measurement speed. For this demonstration, the 1 kQ resistor is used. Connect the RSU output

as shown in Fig 3-5-1.
V Monitor ?

(?[ {J‘LT
~ WGFMU Ch1 with RSU
(Fast I/V Mode)

V Monitor ?

N / >
L o @

\V4 \V4
WGFMU Ch2 with RSU
(Fast I/V Mode)

Fig. 3-5-1. Connection for the demonstration of the pulsed sampling measurement

Step 2. Single pulse and single condition sampling measurement
Fig. 3-5-2 shows the output pulse and the measurement timing. Set the following parameters for this
demonstration. The measurement setup is shown in Table 3-5-1.

e  Pulse period: 2 ps

e  Pulse width: 1 us

e Rise and fall time: 100 ns

e Delay time to start pulse: 100 ns

Click "Execute" button, then enter the name of the file to save the results. And the measurement will be
started from the beginning of the waveform and repeated over the waveform with a 10 ns sampling rate
and 10 ns averaging time. To achieve the fastest measurement, 10 mA current measurement range is used.
After the measurement, the data view window will be opened as shown in Fig. 3-5-3. The measurement
result graph can be displayed by using a spreadsheet software. Fig. 3-5-4 is an example graph plot of the
time and the current measured by the Ch2. This graph shows the current flowing through the demo device

measured by the Ch2 over the pulse wave.
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WGFMU CH 1

Primary Measurement

Level
svi_____ Averaging time: 10 ns, Interval: 10 ns E
oV o L ]
— — = time
O0s 100ns ! 1lps! 2
200 ns 1.2 ps
GFMU CH 2
Level
ov f
— time
O0s 2 ps

Fig. 3-5-2. Example timing chart of the single pulse and single condition sampling measurement

Channel 601
SweepSre:0:0 Time[s] SweepSrc:0:0 Value A

L 2.48134925961 494E-01
1 2.1505E-04 7. ATIEIZ09724426E-01
2 2 2505E-04 1.24762403364936E +00
3 2.3505E-04 1.747524433859319E +00
4 2.4505E-04 2.24793601036072E +00
5 2.5605E-04 2.74781465530396E +00
b 2 BRO5E-04 324787 2829437 26E +00
7 2.7505E-04 3.7475383281 7078E +00
8 2.8505E-04 4.247237 20550537 +00
9 2.9505E-04 4.74714183807373E+00
10 3.0505E-04 4.9379336681 21 34E+00
1 3.1505E-04 4.993420238453487E +00
12 3.2505E-04 4.99841642379761E+00
13 3.3505E-04 4.99842071533203E +00
14 3.4505E-04 4.93852228164673E +00
15 3.5505E-04 4.99824619293213E+00
16 3.6505E-04 4.997791 7671 2036E +00
17 3.7505E-04 4.99763345718384E +00
18 3.8505E-04 4.9974684715271E+00
19 3.9505E-04 4.99707317352295E +00
20 4.0505E-04 4.99693554442139E +00
2 4.1505E-04 4.99661636352539E +00
22 4. 2505E-04 4.93661153515381E+00 b

Fig. 3-5-3 Data view panel of the single pulse and single condition sampling measurement
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1.0E-03

e H“tt f""'"""'%
! f
! !

-2.0E-03

-3.0E-03

Measured Current (A)

-4.0E-03

-5.0E-03 M

-6.0E-03 L L L L
0.E+00 5.E-07 1.E-06 2.E-06 2.E-06 3.E-06

Time (s)

Fig. 3-5-4. Plot of the measured current in this demonstration

Table 3-5-1 Single pulse and single condition sampling measurement setup

Tab Group Tab Group Parameter Unit Type Value
Channel Source 1 Measurement N/A Check Checked
Setup Box
Channel N/A List Box Channel ID to use as the
WGFMU CH 1
Operation Mode N/A List Box Fast I/V Mode
Measurement Mode N/A List Box V Measurement
Voltage Force Range N/A List Box Auto
Current Range N/A List Box +/-10 mA Fixed
Voltage Measurement N/A List Box +/-5'V
Range
HW Skew S Double 0
RawData N/A Check Unchecked
Box
Source 2 Measurement N/A Check Checked
Box
Channel N/A List Box Channel ID to use as the
WGFMU CH 2
Operation Mode N/A List Box Fast 1/V Mode
Measurement Mode N/A List Box I Measurement
Voltage Force Range N/A List Box Auto
Current Range N/A List Box +/-10 mA Fixed
Voltage Measurement N/A List Box +/- BV
Range
HW Skew S Double 0
RawData N/A Check Unchecked
Box
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Bias Bias Bias Source 1 | Module Type N/A List Box N/A
Channel ID N/A List Box N/A
Bias Vv Double 0
Compliance A Double 0
Bias Source 2 | Module Type N/A List Box N/A
Channel ID N/A List Box N/A
Bias \Y Double 0
Compliance A Double 0
Tab Group Tab Group Parameter Unit Type Value
Measurement | Sequence Sweep Source N/A List Source 1
Setup
Hold S Double 0
Output Sequence Delay | s Double 0
Tab Group Tab Group Parameter Unit Type Value
Measurement | Sequence Sweep Source N/A List Source 1
Setup Hold s Double 0
Output Sequence Delay | s Double 0
Tab Group Tab Group Parameter Unit Type Value
Measurement | Pulse Sweep Source | Period S Double 2.00E-06
Setup Timing Width S Double 1.00E-06
Rising Edge S Double 1.00E-07
Falling Edge S Double 1.00E-07
Pulse Delay S Double 1.00E-07
Constant Bias | Enable Pulse Bias N/A Check Unchecked
Source Box
Width s Double 1.00E-06
Rising Edge S Double 1.00E-07
Falling Edge s Double 1.00E-07
Pulse Delay s Double 1.00E-07
Bias Sweep Source | Start V \% Double 5
Stop V A% Double 5
Step Num N/A Integer 1
Base Before Pulse \% Double 0
Base After Pulse \% Double 0
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Tab Group Tab Group Parameter Unit Type Value
Measurement | Bias Constant Bias | Bias Vv Double 0
Setup Source Base Before Pulse \% Double 0
Base After Pulse \Y Double 0
Tab Group Tab Group Parameter Unit Type Value
Measurement | Primary Sampling Mode N/A List LINEAR
Setup Meas. Delay s Double -1.00E-07
Initial Interval s Double 1.00E-08
Sampling Points N/A Int 200
Averaging Time s Double 1.00E-08
Tab Group Tab Group Parameter Unit Type Value
Measurement | Secondary Enable Secondary | N/A Check Unchecked
Setup Measurement box
Source 1 Measurement | N/A List +/- 5V
Range
Source 2 Measurement | N/A List +/-1 uA
Range
Sampling Mode N/A List LINEAR
Second Meas. Origin s Double 1.00E-03
Meas. Delay s Double 1.00E-04
Initial Interval s Double 1.00E-05
Sampling Points N/A Integer 90
Averaging Time s Double 1.00E-06

3-38
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Step 3. Single pulse and dual condition sampling measurement
To demonstrate the single pulse sampling measurement with dual condition, change the device to the "1

MQ" resistor. And set the following parameters for this demonstration. The measurement setup is shown
in Fig. 3-5-5 and Table 3-5-2.

e  Pulse period: 2 ms

e  Pulse width: 2 ms

e Rise and fall time: 100 ps

e  Pulse delay time: 100 us

WGFMU CH 1
Primary Measurement Secondary Measurement
Level AN N
. . . Y T\
5V _“A_\\ie_r_a_g_lng Time: 10 ps, Interval: 10 us | Averaging Time: 40 ps, Interval: 40 ps
i E ' . ~Measurement Delay ‘
—=> ‘ — i
oV E | [Measurement Delay i ! i
— — > time
Os 100 ps ! 1ilms ! 2ms
200 ps 800 ps 1.2ms
WGFMU CH 2
Level
Range Change
ov :
- time
Os

2ms
Fig. 3-5-5. Example timing chart of the single pulse and dual condition sampling measurement

1.0E-06 [Primary l\je\asuremend |[Secondary Measurement]

0.0E+00

-1.0E-06

-2.0E-06

-3.0E-06

-4.0E-06

Measured Current (A)

Vs
>
>
*
*
*
>
>
>
*
*

-5.0E-06 ANUOOONIONINIOIRINIORIONENNNNNG.

-6.0E-06
0.E+00 5.E-04 1.E-03 2.E-03 2.E-03 3.E-03
Time (s)

Fig. 3-5-6 Plot of the measured current in this demonstration
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The reason why the timing range is enlarged is to show the range changing capability during the waveform
and the range change has, at least, 100 us of settling time.

Regarding the measurement parameters, the primary measurement starts from the beginning of the rising
edge of the pulse. And the secondary measurement starts from the beginning of the base line voltage after
the pulse.

For the primary measurement, use high current measurement range, short measurement interval, and short
averaging time to observe the transient of the pulse. And for the secondary measurement, since current
level becomes very small, use low current range, long measurement interval, and long averaging time to
make noise level smaller. The data view format is same as a single pulse and single condition sampling
measurement. See Fig. 3-5-3. The results of the primary measurement and secondary measurement are
listed in the same columns in series. Fig. 3-5-6 shows the plot of the time and current measured by the
Ch2.

Table 3-5-2 Single pulse and dual condition sampling measurement setup

Tab Group Tab Group Parameter Unit | Type Value
Channel Source 2 Current Range N/A | List Box +/-100 uA Fixed
Setup
Tab Group | Tab Group Parameter Unit | Type Value
Sweep Source Period S Double 2.00E-03
Width s Double 1.00E-03
Rising Edge S Double 1.00E-04
Falling Edge S Double 1.00E-04
Pulse Delay S Double 100E-6
Tab Group Tab Group Parameter Unit | Type Value
Measurement | Primary Sampling Mode N/A | List LINEAR
Setup Meas. Delay S Double 0.00E+00
Initial Interval S Double 1.00E- 05
Sampling Points N/A | Integer 90
Averaging Time S Double 1.00E-05
Tab Group Tab Group Parameter Unit | Type Range
Measurement | Secondary Enable Secondary N/A | Check box Checked
Setup Measurement
Source 1 Measurement N/A | List +/- BV
Range
Source 2 Measurement N/A | List +/-1 uA
Range
Sampling Mode N/A | List LINEAR
Second Meas. Origin s Double 1.00E-03
Meas Delay s Double 1.00E-04
Initial Interval S Double 4.00E-05
Sampling Points N/A | Int 20
Averaging Time s Double 4.00E-05
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Step 4. Repeating the pulsed sampling measurement
Fig. 3-5-7 shows an example of the repetitive pulsed sampling measurement. The timing and the setup of
this measurement are shown in Fig. 3-5-8 and Table 3-5-3. This table shows the modification of the

parameter for this demonstration from the pervious setup.

Gate Voltage Stress-Measure-Stress

O0-000 0-000 0000 O0-000

OO‘O 000 000

>

Gate Voltage /Sub threshold measurement

TDDB current measurement o4

A
000
000
000
000

000 000 000 (e]ee]

Stress Time
Fig. 3-5-7. Example usage of the repetitive pulsed sampling for TDDB measurement

WGFMU CH 1

Primary Measurement Secondary Measurement
Level A A

.

Averaging Time: 10 us, Interval: 10 us | ayeraging Time: 40 ps, Interval: 40 ps

' ~|Measurement Delay

— — 5
ov / E Measurement Delay E i i
0s 100 ps ! 11ms ! 2ms
200 ps 800 ps 12ms
WGFMU CH 2
Level
Range Change
ov ]
0s 2ms

Fig. 3-5-8. Example timing chart of the repetitive pulsed sampling measurement
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Table 3-5-3 Setup of the repetitive pulse sampling measurement with dual measurement conditions

Tab Group Tab Group Parameter Unit | Type Value
Measurement | Primary Sampling Mode N/A | List LINEAR
Setup Meas Delay s Double 1.00E-4
Initial Interval s Double 1.00E- 05
Sampling Points N/A | Int 90
Averaging Time s Double 1.00E-05
Tab Group Tab Group Parameter Unit Type Value
Bias Sweep Source | Start V \% Double 5
Stop V A% Double 5
Step Num N/A Integer 5
Pulse Base \% Double 0

Table 3-5-4 Setup change for the incremental pulse level sampling

Tab Group Tab Group Parameter Unit Type Value
Bias Sweep Source | Start V \% Double 1
Stop V \% Double 5
Step Num N/A Integer 5
Pulse Base \% Double 0

ConstSrc:0:0 Time[s] ConstSic:0:0 Value ConstSic:0:1 Time[s] ConstSric:0:1 Value  ConstSic:0:2 Time[s) ConstSrc:0:2 Value Constt ™

L] 2.0505E-04 -2.78990086144404E 07 | 2.20505E-03 6.30883545050195E-08 | 4.20505E-03 BE77E1208107954E-08 | 6.20505

1 2.1505E-04 7. 71421018620206E 07 | 2.21505E-02 -5.07245413721952E-07 | 4.21505E-02 -5.07810227645678E-07 6.21505

2 2.2505E-04 -1.2689573600661 4E 06 | 2.22505E-03 -1.05675030681596E-06 | 4.22505E-03 -1.05851 74550215E 06 6.22505

3 2.3505E-04 -1.7EEEE33400E53E6E 08 | 2.23005E-02 -1.68352020207531E-08 | 4.23505E-02 -1.58283035024401E-06 6.23505

4 2.4505E-04 -2.26624206334236E 06 | 2.24505E-03 -2.11597875932057E-06 | 4.24505E-03 -211526776103746E-06 | 6.24505

5 2.5505E-04 -2.7E226EE0289511E 08 | 2.26505E-02 -2E2673188444751E-08 | 4.26505E-02 -2 B205E3 837057 3E -0 6.25505

6 26505E-04 -3.2591008221061 2E 06 | 2.26505E-03 -3.1467 2080634959 -06 | 4.26505E-02 -3.1439844416698E 06 6.26505

7 2.7505E-04 3.75479430E58743E 06 | 2.27005E-02 -3.E5E02454621E94E 08 | 4.27505E-02 -3.653088697 21 962E 06 6.27505

8 2.8505E-04 -4, 24326975028939E 06 | 2 28505E-03 -4 1613775465521E-06 | 4.28505E-03 -4.1564344216971 7E-06 6.28505

9 2.9505E-04 -4.74975786246477E -0E | 2.29505E-02 -4 B727432163E069E-08 | 4.29505E-02 -4.BEE20351 363226 06 £.29505

10 3.0505E-04 -4 98655481 351307E 06 | 2. 30505E-03 -4 92363460580236E -06 | 4.30505E-03 -4.921501 38597 935E -06 6.30505

1 3.1505E-04 -4.9817E723240293E 06 | 2.31505E-02 -4.92567E42140784E-08 | 4.21505E-02 -4.9254293483436EE 06 6.21505

12 3.2505E-04 -4 978056949767 05E -06 | 2 32505E-03 -4 92767594550969E -06 | 4.32505E-03 -4.92976RA7382907E-06 6.32505

13 3.3505E-04 -4.97340352071 2543E 06 | 2.33005E-02 -4.92184370438057E-08 | 4.33505E-02 -4.9321465EE71626E 06 £.23505

14 3.4505E-04 -4. 970312602361 45E 06 | 2. 34505E-03 -4.93718061389057E-06 | 4.34505E-03 -4.93438528792467E 06 £.34505

15 3.6505E-04 -4, 967243057 7E297E 06 | 2.35505E-02 -4.93876450491371E-08 | 4.36505E-02 -4.9351 8109578872606 6.28505

16 3 B505E-04 -4.96291340823518E 06 | 2. 36505E-03 -4.939327936061 45E-06 | 4. 36505E-03 -4.939334758091 72E-06 6.36505

17 3.7505E-04 -4.9642001 5439401 E-0E | 2.37505E-02 -4.93967 26353724308 | 4.37505E-02 -4.94148935704022E 06 B.37505 &
< >

Fig. 3-5-9 Data view panel of the repetitive pulsed sampling measurement

In the data view panel of the repetitive pulsed sampling measurement, two columns are added for the time
and the measured value for each step. See Fig. 3-5-9. For the data plot on a spreadsheet software, see
Fig. 3-5-10.
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The pulse level can be changed during the repetitive measurement like a sweep output as shown in Fig.
3-5-11. To get this kind of output, set the different value to the start and stop voltage of the sweep source.
See Table 3-5-4. The data view format for this measurement result will be the same as Fig. 3-5-9.

Of course, the WGFMU can force a pulsed bias from the WGFMU Ch2. For details of the pulsed measurement
sample program, see the section 4-6 Pulsed Sampling Measurement.

IStep 0| [Step 1| [Step2 |[Step 3 |Step 4

1.0E-06
0.0E+00 S et S
< -1.0E-06 \
S -2.0E-06
O
B -3.0E-06
; ' |Primaryi
S /
% -4.0E-06 /
-5.0E-06 - 3 S y ¢
-6.0E-06 . . . . .
0.E+00 2.E-03 4.E-03 6.E-03 8.E-03 1.E-02 1.E-02
Time (s)
Fig. 3-5-10 Repetitive pulsed sampling measurement
IStep 0| |Step 1 |Step 2| |Step 3 |Step 4
1.0E-06
0.0E+00 -S— - -
<
1 -1.0E-06 e “{Secondary
: \
S -2.0E-06 -
: \
©
© -3.0E-06 Aummsnm.
§ Primary
% -4.0E-06
-5.0E-06
-6.0E-06 L L 1 . ,

0.E+00 2.E-03 4.E-03 6.E-03 8.E-03 1.E-02 1.E-02

Time (s)

Fig. 3-5-11 Sweep repetitive pulsed sampling measurement
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3-6. Time Domain 1/V Sampling

The “DATASAMPLER.exe” sample program is used to collect the voltage or current in the specified sampling
rate and averaging time, and save data which is a pair of the time and the measured value in a CSV (Comma
Separated Value) format file. And you can analyze the data by using the “RTSDataAnalysis.exe” sample
program (Random Telegraph Signal Data Analysis sample program). This section describes the usage of these
sample programs.

Note: the NMOS-FET demo device does not have the RTS characteristics. So only the sample program usage

is described in this section.

Step 1. Connect the device to the RSU

Oscilloscope
B T

Oscilloscope
4o [ Demo Device
: DI L L |
: V Monitor Drain WGFMU CH2
7 (Fast I/V Mode)
Gate | ™ well/Sub
| o—i
Source

WGFMU CH1 S R
(PG Mode)

Fig. 3-6-1 Connection for the demonstration of the fast staircase / pulsed IV sweep measurement
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Tab Group Tab Group Parameter Unit Type Value
Channel Source Measurement N/A Check Checked
Setup 1 Box
Channel N/A | List Box Channel ID to use as the
WGFMU CH 1
Operation Mode N/A List Box Fast I/V Mode
Measurement Mode N/A List Box V Measurement
Voltage Force Range N/A List Box Auto
Current Range N/A List Box +/-10 mA Fixed
Voltage Measurement N/A List Box +/-5'V
Range
HW Skew s Double Unchecked
Source Measurement N/A Check Checked
2 Box
Channel N/A List Box Channel ID to use as the
WGFMU CH 2
Operation Mode N/A List Box Fast I/V Mode
Measurement Mode N/A List Box I Measurement
Voltage Force Range N/A List Box Auto
Current Range N/A List Box +/-1 mA Fixed
Voltage Measurement N/A List Box +/- 5V
Range
HW Skew S Double 0
Bias Bias Bias Module Type N/A List Box N/A
Sourcel Channel ID N/A List Box N/A
Bias \% Double 0
Compliance A Double 0
Bias Module Type N/A List Box N/A
Source2 Channel ID N/A List Box N/A
Bias \% Double 0
Compliance A Double 0
Tab Group Tab Group Parameter Unit Type Value
Measurement | Timing Sampling Rate N/A List 10k /s
Setup Measurement Delay s Double 1.00E-03
Duration ] Double 0.1
Averaging Time s Double 1.00E-05
Tab Group Tab Group Parameter Unit Type Value
Measurement | Bias Source 1 | Source A% Double -1.1
Setup Source 2 | Source \% Double 0
Step Edge s Double 1.00E-07
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Step 3. Execute measurement

Click the "Execute" button and enter the name of the file to save the results. After measurement, the data
view panel will open. If the measurement is disabled for a channel, the data view panel of the corresponding
channel is not displayed.

Note: When total number of sampling is over 10,000 points, the data view window does not open. Only

the progress panel is opened to inform an expected measurement time and elapsed time.

DATAVIEW DAT AWIEW

601 Time (5] 601 Value

-7.301593E-002
115MEBE-03 | -7.804226E-002
1.25018E-03 | -7.895100E-002
1.35M5E-03 | -F.913041E-002
1.450M8E-03 | -7.902583E-002
1.55015E-03 | -7.301861E-002
1.E50MEBE-03 | -7.903923E.002
1.75M5E-03 | -7.915428E-002
1.850M8E-03 | -7.807689E-002
1.95018E-03 | -7.916090E-002
2050M5E-03 | -7.839325E-002
215018E-03 | -7.909051E-002
2250M5E-03 | -7.924873E-002
2350MBE-03 | -F.8307F1E-002
2450M5E-03 | -7.911053E-002
2B501BE-03 | -7.898315E-002
2B5MMEE-03 | -7.302007E-002
275018E-03 | -7.809201E-002
285018E-03 | -7.918245E-002
295015E-03 | -7F.B95310E-002
J050MBE-03 | -7.908902E-002
315M5E-03 | -F.317190E-002
3250MBE-03 | -F.918262E.002

RO BE .1 -7 907947F O

602 Value
KR -2 863071 4E-006
118018E-03 | -2849037E-006
1.25015E-03 | -2828982E-006
1.35015E-03 | -3105519E-006
1.45018E-03 | -2901718E-008
1.85015E-03 | -2752503E-008
1.EB0MBE-03 | -2 745230E-008
1.79015E-03 | -2695735E-008
1.85018E-03 | -2744170E-006
1.95015E-03 | -2860830E-006
2.05015E-03 | -2913158E-006
215018603 | -30858717E-006
2.25015E-03 | -2886182E-008
2.36018E-03 | -327E272E-006
2.45015E-03 | -2873332E-008
2BB01BE-03 | -2631960E-008
2B5015E-03 | -2738755E-006
2 7R01BE-03 | -2837244E-006
288015E-03 | -2E25180E-006
2.95015E-03 | -2433596E-006
205015E-03 | -2510357E-008
315015E-03 | -2823544E-008
2.250MBE-03 | -2470176E-006
A1 RE T 2R 17F-O0F

Fig. 3-6-2 Data view panel of the data sampler program

After measurement, the “DATASAMPLER.exe” program creates multiple files. And the files can be classified
by two groups. One is the test result files to store the values of the measurement parameters and result.
Another one is the channel data files to store a pair of the time and measured value of each channel in

the CSV format. The file name of the channel data file will be as follows.
Test Result File Name_Channel ID.csv
The "Test Result File Name" is the file name that entered when the "Execute" button is clicked, excluding

it's extension. The "Channel ID" is the number of measurement channel. For example, if the file name of
the test results is "RTS.csv", the name of the channel data file of the WGFMU channel 101 is "RTS_101.csv".
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Step 4. Analyze data with the “RTSDataAnalysis.exe” program

Double click the "RTSDataAnalysis.exe" to run the RTS data analysis sample program. Then select the
channel data file by using the file explorer on the RTS Data Analysis window. See Fig. 3-6-3. The analysis
result will be automatically updated.

Note: This demo device does not have an RTS noise, so this section introduces how to use the RTS data

analysis sample program.

File Explorer ISelect File to Analyze| IResults of the Analysis|

A A
4 A\ ' N

i R Data A

C:¥¥temp¥RTS test_ChannelBZ2 csv
= My Computer || Name |4
e [CIRTSLog

% e | Yk 044028_adev 72 Wl B Ten
ADS20054 - - -
D Aglent _]QPM_D&4DZS_adE1v_x 7 [] Reverse Sign Sampling Frequency Hz] Toff

71 Documents | aPds_ 044025 adatv_x. 761

1 Env test_Chary 1 Shaw Digitized Data High &, 311E-007L_ Ton ! Taff

Threshalds

% ;:!eview Raw and dlgltlzed e #.18z5-00{POW Er Spectrum
o waveform : ——distribution

Oplions Flesult

] i388
1 Inetpub

[
£ lstat Aod
(7 National In B

N

.
P4

/
i
7 Netindex i VI A H i T /
22 Program Fil IS S 1 O N N |
23 RECYOLEr O AP o | 1
(1 redtitan - o = mm w wm m o
3 swsetp [Histogram |

(1 Spstem Vol Hi
Qe Histogram

A RTS i
3 Temporary - / TO n/TOff
£ users , o
[ WIND O . A
& Dy 3 . H
{_ =1 |.\il _) == (_ 1 ? . N a - — - - Ih:- -

L T

I

Fig. 3-6-3 Display example of the RTS data analysis sample program

Fig. 3-6-4 shows the summary section (upper right) of the RTS Data Analysis window. This section displays
the basic information of the measurement such as the number of samples, frequency, threshold value to
digitize the measured value, and so on. Also you can enable or disable the optional properly, reverses sign
of the measured value, displays the digitized waveform, and saves the log of the analysis. The log file is
stored in the "RTSLog" folder in the folder the data file is stored. The RTSLog folder will store the digitized
data (.dig), FFT data (.fft), histogram (.his), power spectrum distribution (.psd), and summary of the
Ton/Toff analysis.

| test_ChannelB0Z2. cav

Optionz Fezult

MNurnber of S amples 1000 Ton 0. 000E+000
[ Reverse Sign Sampling Frequency [Hz] 1. 000E+004 Taff 0. 000E+000

Show Digitized Data High §.311E-007|  Ton/ Toff
Threshalds
Output Log Low &.18zE-007

i,
H

Fig. 3-6-4 Summary section of the RTS Analysis Data window
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Graph section is placed under the summary section, and shows the raw sampling measurement data and

the digitized data, the histogram, the power spectrum distribution, and the histogram of Ton and Toff.
Each analysis graph can be magnified by double clicking it.

3:Click “Zoom”
button
& L3FEGEIE-00T, 7 03 SE-OR

. e
Raw waveform
: I . | (SIS | | | |
bigas
Tif *

FEEEEEENEEE | ImEES Magnified T Doubl
' . raph - bouble
L0 BOREL R IR T window Click the
/¢ I TTIT -"--rﬂ*-.z"<7v—rh TN O appears graph
Digitized /
waveform 2:Drag the range
to magnify

[ERLL
RS i Joy
' EF

|1: Clock “Reset” button|

§ 1EESEOE 007 T a0 HE

[T |I U r |

L] L] L]

W) P | [ Return to the full scale |
I -.Iu'i ] I

[F
1

NI F R

Fig. 3-6-5 RTS Data Analysis window and Data graph window

There is a zoom capability for the waveform graph and the power spectrum distribution graph. To zoom
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the graph, drug the area you want to zoom then click "Zoom" button. To reset the scale, click "Reset" button.

Fig. 3-6-6 is an example of the RTS analysis of the device which has the RTS noise. The histogram shows

an obvious double peak on the measured drain current.

RTS Data Analysis
temp¥ATS | OP44,_044028_adc1v_x0y1_vd0_100v_vg0_90v_10ub_100ksps_32kpts.cev
(1 AD520054 ~|| Mame Sizg | L, Options Result

121 Agilent [ RT5Log ar
(2 Documents and Settings Mumber of S amples
23 Env J OP44_044028_adc1w_: 728 kB 20

1] eReview B, = = 728kE 20 [] Reverse Sign Sampling Frequeney [Hz)
3 os J OP44_044028_adclv_w. TEOKE 20

O He _Jtest_Channelgd2. cav 27kB 20 Show Digitized Data

[ izse Output Log
121 Inetpub
120 likstat
123 National Instruments Downl
[ Metindex
12 Program Files
{1 RECYCLER
12 redtitan
[ Swietup
12 System Yolume Information
=1 temp
A RTS
(2 Temporary MI1-488.2 Files
[ users
] WINDOWS
RONIE
=RF
=N
5%
= U¥ ¥,
£ | & || 2

Ton / Toff

-

S N

Frequency Domain (QP4A 044028 adct v_x0yl_vd0_100v_veD 90v_10uA 100ksps 3.

EEx
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Fig. 3-6-7 Data graph windows
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Sample Program Reference

This chapter provides the reference information of the sample programs. This chapter consists of the
following sections.
4-1. Overview
4- 2. Installation
4-3. Action Buttons
4-3-1. Validate pattern data
4-3-2. Test result data
4-3-3. Configuration window
4-4. NBTl.exe
4-4-1. Channel Setup
4-4-2. Stress Setup
4-4-3. Measurement Setup
4-5. SAMPLING.exe
4-6. SWEEP.exe
4-7. PULSE.exe
4-8. DATASAMPLER.exe
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4-1. Overview

Agilent B1530A is furnished with Agilent B1530A Instrument Library and Sample Program CD which
stores the WGFMU instrument library and the sample programs for controlling the B1530A easily and

demonstrating a basic performance of the B1530A. The sample programs cover the following applications.

. NBTI.exe
»  Supports DC and AC stress
»  Supports various measurements, on-the-fly (OTF), fast Id measurement, staircase sweep

measurement, ramp sweep measurement, and pulsed IV measurement.

A4

Supports single sweep and dual sweep measurements.

»  Iterative measurement after stress to evaluate a recovery effect.

. SAMPLING.exe

»  Supports variable measurement conditions.

. SWEEP.exe
> Supports various types of sweep, staircase sweep measurement, ramp sweep measurement, and
pulsed IV measurement.

»  Supports single sweep and dual sweep.

. PULSE.exe
»  Sampling measurement with a pulsed bias.

> Supports variable measurement conditions.

o DATASAMPLER.exe

»  Captures voltage or current with a fixed sampling rate.

. RTSDataAnalysis.exe
»  Performs RTS data analysis.

The RTS data analysis sample program is for the offline data analysis. And the other programs are for the
online measurement which uses two WGFMU channels to force waveform and measure voltage or current
and optionally uses additional two WGFMU or SMU channels for applying DC bias voltage.

The sample programs are the programming example for using the WGFMU instrument library. And the
source codes are stored in the Agilent B1530A Instrument Library and Sample Program CD for your
reference. The sample programs are developed on the Microsoft .Net C# 2005 environment. Prepare this

software to read or edit the source code.
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4-2. Installation

Prepare Agilent B1530A Instrument Library and Sample Program CD and the instrument controller
described in the section 1-3 System Requirements. And install the sample programs.

1. Insert the CD into the CD-ROM drive of the instrument controller.

2. Copy the SamplePrograms folder on the CD and paste it onto your working folder on the instrument

controller.

The SamplePrograms folder contains the followings.

e bin stores the executable file.
®  src stores the source code.
e README.txt provides the brief information.

Execute the following file to launch the sample program.
e  Dbin\NBTI\NBTLexe

bin\SAMPLING\SAMPLING.exe

bin\SWEEP\SWEEP.exe

bin\PULSE\PULSE.exe

bin\DATASAMPLER\DATASAMPLER.exe

bin\RTSDataAnalysis\RTSDataAnalysis.exe
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4-3. Action Buttons

After launching the sample program, you will see the following action buttons on the window.

Re-Load
Setup

Yalidate

Execute
Pattern

Save
Setup

‘ Config ‘ ‘ Close ‘

Fig. 4-3-1 Action buttons

Validate Pattern: This button is used to save the present setup on the sample program GUI as a pattern
data file or waveform data file in the CSV (comma separated value) format. See the section 4-3-1 Validate
pattern data for the file.

1. Click the Validate Pattern button. This opens the SAVEFILEMODE dialog box used to select the

data type, pattern or waveform.

2. Click OK on this dialog box. This opens the Save As dialog box used to specify the file name.

3. Specify the folder and the file name for saving the pattern or waveform data.

4. Click the Save button on the Save As dialog box. The file will be created in the specified folder.
Clicking the Save button also creates a “prog_name.cf” file which saves the present measurement parameters
in the folder which stores the sample program file now executed. Where, prog_name is the sample program

name. For example, it is NBTI for the “NBTIL.exe” sample program.

Execute: This button is used to trigger the measurement sequence. See the section 4-3-2 Test result data.
1. Click the Execute button. This opens the Save As dialog box used to specify the test result file
name.
2. Specify the folder and the file name for saving the test result data.
3. Click the Save button on the Save As dialog box. This starts the measurement sequence.
Clicking the Save button also creates a “prog_name.cf” file which saves the present measurement parameters
in the folder which stores the sample program file now executed. Where, prog_name is the sample program

name. For example, it is NBTI for the “NBTLexe” sample program.

Save Setup: This button is used to create a .cf file which saves the present measurement parameters.
1. Click the Save Setup button. This opens the Save As dialog box used to specify the file name.
2. Specify the folder and the file name for saving the present measurement parameters.

3. Click the Save button on the Save As dialog box. The .cf file will be created in the specified folder.
Re-Load Setup: This button is used to load the measurement parameters saved in the specified .cf file.
It must be the file created by the "Validate Pattern", "Execute", or "Save Setup" function when performing
the same sample program.

Config: This button is used to set the GPIB configuration. See the section 4-3-3 Configuration window.

Close: This button is used to exit the sample program and close the window.

Agilent B1530A Sample Program Learning Kit User’s Guide, Edition 3
4-5



Sample Program Reference

4-3-1. Validate pattern data

Clicking the Validate Pattern button opens the SAVEFILEMODE dialog box used to specify the data type.

SAVEFILEMODE

) Export as a pattern data.
O Export as a waveform data.

Fig. 4-3-2 Data type selection
Export as a pattern data
This mode is used to create the pattern data which can be created by using the WGFMU_exportAscii()
function of the instrument library. This function exports the information of all pattern data created in the
present WGFMU session. You can read the pattern data by using a spreadsheet software as shown in Fig.
4-3-3 and 4-3-4.

A [ B\ c [ o T e [ F & [ w [ 1 T J R L T M |
| 1 |#Pattern  #Event #Mame #Time #oltage
| 2 | &rainpatternMeasDuringStress QOOE+QO QOQOE+CQ | | | ] e e — e — — — —
T ZOOE04 DO0EHD |W ; T m | IMeasurement event|
5 Measurement event namej 1100 smeor [ Lo ool OLNE PATETN Iparameters _ _ _|
| 6 | 1.10E+01 | 0.00EH0Q
7 #Measul #Points #lnterval | #Averaging #Rawdata
| 6 | DrainMessDuringStress. | 5.00E-01 } 5.00E-01 J1J.00E+0 100E08, _ 0
| 9 | 1.05E+01 5.00E-01
| 10 | #Range #lndex
K reinRangeC hange Meas 0.00E+00 0.00E+00 s_./lndex of the
I Y 1.00E-08 Q.00E+0Q) ™ = measurement
| 13 |[#Pattern  #BEwent / #Name 4Time hage I R Output levels range
14 DrainPatternheaslastStrass Q00E+00 O H
5] S o0 [Duration of thel-——|at event
16 |Range change event namel 110Er0 | 500801 measurement |
[ 17 | 110EH01 | Q00D — — — — — | —
| 18 | #Measure #Points #lnterval | #Averaging #Rawdata
| 19 | DrainheaslastStrass 5.00E-01 EEE—— 11 1.00E+00  1.00E-08
| 20 ] 1.05E+01 Time to trlgger
| 21 | #Range #lndex
|2z | DrainRangeChangeheas 0.00EH0D range 3
| 23 | 1.00E-08 Chang|ng
| 24 |#Pattern  #Event #MName #Time #olta,
| 25 | DrainPatternPostIntervald 0.00E+00| 0.00E+00
| 26 | 1.00E+00| 0.00E+H0Q
Fig. 4-3-3 Pattern data, pattern section
218 #Range #lndex
219 Gate RangeC hangeStrass 0 00E+OD Q00E+0D 4
( 220 1.00E-08 Q.00E+HIO
221 [#Channe| #Id #Pattern #loop
222 — 601 GatePattzrnRefMeas 1\
223 Gate PatternStressnit 1
224 GatePatternStress0 1
| 225 Gate PatternMeasDuringStress 1
(@] —nasl— — GatePattarnStress! 1
= IChanneI ID GatePatternhMeaslastStress 1 >
3 - GatePatternPostInte nvald 1
(%)) 229 | GatePatternPostMeas 1 Patterns in the
230 Gate PatternPostInte neall 1
8 < 231 | Gate PatternPosthMeas 1./ Sequence memory and
232 |#Channe|  #I #Pattern #Loop 4
% 233 | 602 DrainPatts rmRefieas 1N it's |00p count
=] 234 | T DrainPatte rnStresslnit 1
(=3 235 DrainPatternStress0 1
5‘; 236 | DrainPatte rnbeasDuringStress 1
== 237 DrainPatternStresst 1
238 | DrainPatterniieaslastStress 1
239 | Gate PatternPostinte reald 1
240 DrainPatte rnPostieas 1
K 241 Gate PatternPostinte nvall 1
242 DrainPatternPostMeas 1 _J

Fig. 4-3-4 Pattern data, sequence section
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This mode is used to create the waveform data which will be the entire waveform data of each output

channels when running the sequence. The waveform data also includes the averaged measurement timing

and the output level at the measurement. You can read the waveform data by using a spreadsheet software

as shown in Fig. 4-3-5. Use the scattering chart of the spreadsheet software to make graphs. This is effective
for debugging the WGFMU channel output setup.
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Fig. 4-3-5 Waveform data
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4-3-2. Test result data

During the test execution, the sample program displays the data view panel of each channel to show the

measurement data. The data view will be updated when the measurement data is ready.

Channel ID Pattern ID + Value
Start time of each
measurement
Ghannel 601
~o P, D St :I]:_[‘I_\!'_Iug— HGateP M, D uringSh -1:0 Value GateP. M LastSt -0:0 Valh
»  Time (5] I i 2_DD£4E_—DB ___________ i) E BiE@ _________
7 E-07 -1.36603643658203E +00 -1.36R11425876617E+00 -1.36643362045288E +00
1.6E-06 -1.18436551034055E +00 -1.18519361833354E +00 -1.18509304523468E +00
2 3E-06 -1.00304263730643E +00 -1.00350403785706E +00 -1.00233341135406E +00
3.1E-06 -8 21577847003937E-01 -B. 2193279266357 4E 01 -B.21631073951721E-01
3.9E-06 -B.35296650886536E 01 -6.3901275396347E-01 -6.39154732227325E-01
4 4 7E-06 -4 58311051130295E-01 -4 58328813314438E-01 -4 5790287852287 3E-01
5. 5E-06 -2 7595889568328 01 -2 ¥B367098093033E 01 -2 7B313841342926E-01
6.3E-06 -9 45200331 769409 02 -9.53814685344696E -02 -3.5825160609071B4E-02
71E-06 B.73611196870672E 02 8 EB2870864586816E-02 8. 73256251215935E 02
7.9E-06 2E7778B43641281E-M 2B77IEA7E023102E-01 2 EB062800168331E-01 v
< >

Time of the measurement as a
single measurement

» Pattern ID = Pattern Name : Cycle No. : Loop No.

*  Cycle No. = Number of appearance of the pattern started from “0”.

*  Loop Count: = Number of loop of the pattern started from “0”.

* The 1strow indicates the time origin of the measurement.

*  The 1st column shows the time of the measurement start of the origin of each
measurement.

Fig. 4-3-6 Data view panel

Fig. 4-3-6 shows an example of the data view panel. The panel lists the time and the measured data for
the individual measurement event specified by the pattern ID. The format of the pattern ID is as follows.
Pattern ID = PatternName: Cycle : Loop

Where,
Cycle: Count of the appearance of the "pattern" in the entire sequence. Integer, 0 or more.

Loop: Count of the loop of the "pattern". Integer, 0 or more.

Count: Count of the appearance of the "measurement event" in the same pattern. Integer, 0 or more.

By executing the test, the sample program also creates and saves the test result data. The data is saved
in a file by each pattern ID individually. The file name is as follows.
Test result file name = File_Pattern_Channel.csv

Where,
File: File name specified by using the Save As dialog box when the test is started.

Pattern: Pattern ID. The character : (colon) will be automatically replaced with _ (underscore).

Channel: WGFMU channel ID.

The test result data consists of three sections, application name, test parameters, and measurement data

as shown in Fig. 4-3-7.
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<ApplicaitonName>
Application Name
</ApplicationName>
<Settings>

Control Name:value

</Setting>
<Result>

Measured data

</Result>

Fig. 4-3-7 Image of the test result file

NBTI Sample Program

PatternTime, Gate Pattern ID Value #1, Gate Pattern ID Value #2..... Drain Pattern ID #1, Drain Pattern Id
#2, ...

Time, Init time of above pattern, ......

Sampling and Data Recorder Sample Program

Sourcel Pattern ID Time, Source 1 Pattern ID Value, Source 2 Pattern ID Time, Source 2 Pattern ID Value

Sweep Sample Program

Sweep Source Pattern ID Time, Sweep Source Pattern ID Value, Constant Source Pattern ID Time, Constant
Source Pattern ID Value

Pulse Sample Program

Sweep Source Step 1 Pattern ID Time, Sweep Source Step 1 Pattern ID Value, Sweep Source Step 2 Pattern
ID Time, Sweep Source Step 2 Pattern ID Value...., Constant Source Step 1 Pattern ID Time, Constant Source
Step 1 Pattnern ID Value, Constant Source Step 2 Pattern ID Time, Constant Source Step 2 Pattern ID Value....

Fig. 4- 3-8 Measurement data section

The effective measurement data is recorded in the test result data. If measurement of the specified channel
is disabled, the data for the corresponding channel is not included in the measurement data section.
The channel data file consists of the pair of the measurement time and the measured value separated by

comma without any headers.
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4-3-3. Configuration window

This window is opened by clicking the Config button and is used to set the GPIB configuration.

2 WGEMU Contie fonEnN
| St - pigioaD =
eaRags Slot2 - 0.0
1.1 eeeo WEGFMU Available Channels a | Stot2: 151140
601 Shotd - BI517A.0 v

B WaFNL Cantig

GPIB Address 602
2.0 w7 UNT? Raspanse 2 [hiidin] sdcu“ Solf Test | Closo
3.| CiDebug | tmistoe || sewca || seves || ciose |
4. 5. 6. 1.
Fig. 4-3-9 Configuration window

Enter the VISA ID (VISA name) of the instrument controller.
Enter the GPIB address of the B1500A.
Enables or disables the logging of the WGFMU session.

e If “Debug” has been checked, the execution error and warning are recorded in the

“WgfmuLog.txt“ file in the folder which stores the sample program file now executed.

Initializes the system.
e [Initializes the WGFMU.

e Lists the available WGFM channels in the Message area.

e Lists the installed modules in the Message area. This is the UNT? command response.

e DC calibration is executed when the B1500A is turned on.

Executes the self- calibration.

e Displays the self-calibration result in the Message area.

Executes the self-test.

e Displays the self-test res

ult in the Message area.

Closes the WGFMU_Config window.
e The VISA ID and the GPIB Address will be stored in the setting file.
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4-4. NBTl.exe

This application executes the NBTI test of the stress-measure-stress and on-the-fly sequence (OTF
sequence).

Two WGFMU channels are used for the gate and drain bias and additional two WGFMU or SMU channels
can be used for DC bias.

For the measurement, various type of measurements are available, Id sampling measurement, staircase
sweep measurement, ramp sweep measurement, pulsed sweep measurement, and three levels on-the-fly
measurement. For the sweep measurements, single sweep and dual sweep are available too.

Also, the reference measurement prior stress and the post measurement after stress are available. For the
post measurement, iteration with a linear or log interval is available for evaluating a recovery effect.
Regarding a current range, different current range can be used for the stress and the measurement to expand

the stress voltage and improve the measurement resolution.

O] =
HETL / PBTI = —1. Channel setup
’, N e e e e e e S
i Channel Setup iStress Setup | ' Measurement Setup ) * Gate
1 1 1 ° H
i Gate | Drain | Bias E:Slless Time |yg vd ! i Sequence | |d Sampling | 5 ¢ * | g_raln
1 T 1 .
i M i : i Measurement tem L las
' easurement ' M. Accumulated ~ : @ Id Sampling ! —2. Stress setup
! Gate [101 v n AU ) ti O Sweep IV i| - Stress Time
g Dperation Mode i “ 100 i ] ) OTF i .V
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1 -
1 | Walidate Save Re-Load
' Pattern Execute ‘ Setup ‘ ‘ Setup | ‘ Config ‘ Close 4
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Fig. 4-4-1 Main panel of NBTI sample program

The main window consists of four sections, Channel Setup, Stress Setup, Measurement Setup, and action
buttons. The Channel Setup section defines the channel information such as channel 1D, operation mode,
measurement mode, gate bias, drain bias, additional DC bias and so on. The Stress Setup section defines
the stress timing and the stress bias parameters. The Measurement Setup section defines the sequence of

measurement, the measurement type, and the measurement parameters. And the action button section

Agilent B1530A Sample Program Learning Kit User’s Guide, Edition 3
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Sample Program Reference

provides the buttons to execute specific actions as described in the section 4-3 Action Buttons.

4-4-1. Channel Setup

Gate Ch Setup

Drain | Bias

[] Measurement
Gate |101 v
Operation Mode

PG Mmode A
Measurement Mode

¥ Measurement A
Yoltage Force Range

Auto v
Current Range

+/-10 mA Fized ~

Drain Ch Setup

| Bias

Meazurement
Drain |102 w
Operation Mode
Fast I¥ mode v
Measurement Mode
¥ Meazurement v
Voltage Force Range
Auto v

Current Range
+/-10 mA Fixed w

Bias Ch Setu

Gate | Drain

Bias Sourcel
Module Type
SMU v
Channel ID
1 v
Bias [¥)
0.0
Compliance [A)
100E-6

Bias Source2

Module Type
VYaolt. M t
ﬁl;lrt.;'g: Measurement Rgn;ge easuremen WEFHU 3
+/-5¥ - +-5Y¥ w Channel ID
20 v
HW Skew [s] (0.0 HW Skew (5] |0.0
Bias [¥)
0.0

Compliance [A)

Fig. 4-4-2 Channel Setup section

%

s

Gate Ch : 1
0V ! Gate NBTI Sequence

Drain Ch
ov

Bias source 1
oV

Bias source 2
ov

time
End of NBTI sequence

Start of NBTI sequence

- Bias source 1 starts output before Bias source 2 starts output.
- Bias source 2 starts output before NBTI sequence starts.
— Gate Ch and Drain Ch start and stop output simultaneously.

- Bias source 2 stops output after NBTI sequence is completed including the data
retrieving.

- Bias source 1 stops output after DC source 2 stops output.
- The delay time depends on the speed of the GPIB communication.

Fig. 4-4-3 Channel output sequence

Agilent B1530A Sample Program Learning Kit User’s Guide, Edition 3
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Table 4-4-1 Gate channel setup parameters

Sample Program Reference

Tab Tab Group | Parameter Unit | Type Range Description
Group
Channel | Gate Measurement N/A | Check Check or blank Enables or disables the
Setup Box measurement by this channel.
Gate*1 N/A | List 101, 102, 201, 202, | Channel connected to the gate
Box 301, 302, 401, 402,
501, 502, 601, 602,
701, 702, 801, 802,
901, 902, 1001,
1002
Operation Mode | N/A | List PG Mode, Fast IV | WGFMU operation mode
Box Mode
Measurement N/A | List V Measurement, I Measurement mode
Mode Box Measurement If the operation mode is "PG
Mode", "I Measurement" is not
available.
Voltage Force N/A | List Auto, +/-3 V, +/-5 | Voltage output range
Range Box V,-10VtoOV,0V
to +10 V
Current Range N/A | List 1 vuA Fixed, 10 uA | Current range
Box Fixed, 100 uA This range is used for the
Fixed, 1 mA Fixed, | measurement for the "I
10 mA Fixed Measurement" mode or the
output for the "V Measurement"
mode.
Voltage N/A | List +/-5V, +/-10 V Voltage measurement range
Measurement Box This parameter is ignored if the
Range measurement mode is set to the
"l Measurement".
HW Skew S Double | -50 ns to 50 ns Force and measurement skew of

this channel

*1: The channel ID must be unique.

Agilent B1530A Sample Program Learning Kit User’s Guide, Edition 3
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Sample Program Reference

Table 4-4-2 Drain channel setup parameters

Tab Tab Group Parameter Unit | Type Range Description
Group
Drain Measurement N/A | Check Check or blank Enables or disables the
Box
measurement by this channel.
Drain *1 N/A | List 101, 102, 201, 202, | Channel connected to the drain
Box 301, 302, 401, 402,
501, 502, 601, 602,
701, 702, 801, 802,
901, 902, 1001,
1002
Operation Mode | N/A | List PG Mode, Fast IV | WGFMU operation mode
Box Mode
Measurement N/A | List V Measurement, I | Measurement mode
Mode Box Measurement
If the operation mode is "PG
Mode", "I Measurement" is not
available.
Voltage Force N/A | List Auto, +/-3 V, +/-5 | Voltage output range
Range Box V,-10 Vto 0 V, 0
Vito +10 V
Current Range | N/A | List 1 uA Fixed, 10 uA | Current range
Box Fixed, 100 uA . .
Fixed, 1 mA Fixed, This range is used for the
10 mA Fixed measurement for the "I
Measurement" mode or the
output for the "V Measurement"
mode.
Voltage N/A | List +/-5V, +/-10 V Voltage measurement range
Measurement Box . L .
Range This parameter is ignored if the
measurement mode is set to the
"I Measurement".
HW Skew S Double | -50 ns to 50 ns Force and measurement skew of

this channel

*1: The channel ID must be unique.

4-14
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Table 4-4-3 DC bias channel setup parameters

Sample Program Reference

Tab Tab Group Parameter Unit | Type Range Description
Group
Bias Bias Bias Module Type N/A | List N/A, WGFMU, Type of the bias source
Source Box SMU If no bias source is used, select
1 "N/A".
Channel ID *1 N/A | List WGFMU Channel of the bias source
Box 101, 102, 201, 202,
301, 302, 401, 402,
501, 502, 601, 602,
701, 702, 801, 802,
901, 902, 1001,
1002
SMU
1,2,3,4,5,6,7,8,
9, 10
Bias *2 \% Double | -10 V to 10 V Bias voltage
Compliance *3 A Double | 0 to 100 mA Current compliance of this bias
source
Effective only for the "SMU"
module type.
Bias Module Type N/A | List N/A, WGFMU, Type of the bias source
Source Box SMU If no bias source is used, select
2 "N/A".
Channel ID *1 N/A | List WGFMU Channel of the bias source
Box 101, 102, 201, 202,
301, 302, 401, 402,
501, 502, 601, 602,
701, 702, 801, 802,
901, 902, 1001,
1002
SMU
1,2,3,4,5,6,7,8,
9, 10
Bias *2 \% Double | -10 V to 10 V Bias voltage
Compliance *3 A Double | 0 to 100 mA Current compliance of this bias

source
Effective only for the "SMU"
module type.

*1: The channel ID must be unique.

*2: Maximum voltage depends on the operation mode. Error occurs if the value is greater than its limit.

*3: Maximum value of the current compliance depends on the type of SMU. Error occurs if the value is greater than

its limit.
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Sample Program Reference

4-4-2. Stress Setup

Accumulated
Stress Time List

Gate Stress Bias
Setup

Drain Stress Bias
Setup

4-16

Stress Time | Vg vd i Strezs Time | Vg
Stress Type .
No Accumulated ~ & DCsS Bias
Stress Time [s]) ~ tress Vd Stress [¥) 00
0 100 () AC Stress .
Current Range

1 |10000 Bias +/-1 mA Fived v
AN 100000 Vg Stress [V 0.0

3 Current Range Eglr:jg?sfhange J00E-6
4 +/-1 mA Fized v

L] Range Change J00E-6 Pulse

6 Hoid =] [] Enable Pulse Stress
7 Pulse

¥d Base [V] 0.0
8 ¥g Base [v] 0.0 Duty (2] 50
a9
Frequency Rise/Fall 100E-9

10 (Hz) 10k Hz 8 Time [s)

n Duty (%) 50 Delay 0.0
12

Rise/Fall
13 Time [s) 100E-9
14 el
ela
15 b ¥ 0.0

Measurement #0

Fig. 4-4-4 Stress Setup section

Measurement #1

Measurement #2

Accumulated Stress Time #0

Accumulated Stress Time #1

— Accumulated Stress Time #0

Accumulated Stress Time #2

— Accumulated Stress Time #1

time

Fig. 4-4-5 Definitions of the accumulated stress time
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Sample Program Reference

v Stress duration Measurement
DC Stress
Stress Voltage \ ®
ov \
Rise / Fall time tSht:rt voltage of
AC Stress Pulse period » measurement
> S Ps
Stress Voltage i { i ? ®
Baseline Voltage :
R R >
Pulse Delay
y Pulse width
— —> o >,
Stress to Meas. Edge / st o M Eq time
ress to Meas. e
Pulse Period = 1 / Pulse Frequency Width — Rise time — Pulse Delay g
Pulse Width = Pulse Period * Duty / 100
Fig. 4-4- 6 Definitions of the Stress Sequence
\ Post
Reference Measurement Measurement at Measurements
Measurement during stress last stress = A ~
sress | 1 granees - ...... T crenes :
Voltage H
bnd b bd  hend fnd bond,
T '
Set Current Range for Set Current Range
Stress Phase for stress phase
I | | | ™ tme
Set Current Range Set Current Range Set Current Range
for Measurement for Measurement

Set Current Range for Measurement

for Measurement
before starting the
sequence

When the current range for the stress is same with it for the measurement phase, range change event is

not added.
Fig. 4-4-7 Sequence Tab of the Measurement Setup Sections
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Sample Program Reference

Table 4-4-4 Stress setup parameters #1

Tab Tab Group Parameter Unit Type Range Description
Group
Stress Stress Accumulated S Double | 10 ns to Accumulated stress time to interrupt
Setup Time Stress Time 1,000,000 s the stress to perform measurement
To skip the stress phase, stay blank.
Vg Stress DC Stress N/A | Radio Check or Stress type, DC stress or AC stress
Type Button | blank
AC Stress
Bias Vg Stress *1 \% Double | Stress voltage | Stress voltage applied to the gate
on the gate terminal
channel.
Current Range | N/A | List 1 uA Fixed, 10 | Current range used for the stress
Box uA Fixed, 100 | phase
uA Fixed, 1
mA Fixed, 10
mA Fixed
Range Change | s Double | 0 s to 10,000 s | Hold time for keeping the stress
Hold voltage to wait the settling of the
range change
Vg Vg Base *1 \% Double | -10 V to 10 V | Base-line voltage of the gate stress
Pulse pulse
This parameter is valid only for the
“AC stress” type.
Frequency *2 Hz List 100 Hz, 1k Hz, | Frequency of the gate stress pulse
Box 10k Hz, 100k This parameter is valid only for the
Hz, 1M Hz “AC stress” type.
Duty *2 % Double | 0 to 100 Duty ratio of the gate stress pulse
This parameter is valid only for the
“AC stress” type.
Rise/Fall Time | s Double | 10 n to 10,000 | Rise and fall time of the gate stress
*2 S pulse
This parameter is valid only for the
“AC stress” type.
Delay *2 s Double | 10n to 10,000 | Delay time for the gate stress pulse
S This parameter is valid only for the
“AC stress” type.

*1: Maximum voltage depends on the operation mode. Error occurs if the value is greater than its limit.
*2: The pulse parameters must satisfy the following relations.

Period = 1 / Frequency

Duty = Width / Period (%)

Rise/Fall Time < Width

Delay + Width + Rise/Fall Time < Width

When the drain pulse bias is enabled, the period of the drain pulse is the same as the period of the gate pulse.
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Table 4-4-5 Stress setup

parameters #2

Sample Program Reference

Tab Tab Group Parameter Unit Type Range Description
Group
vd Bias Vd Stress *1 \% Double | -10 V to 10 V | Stress voltage applied to the drain
terminal
Current Range | N/A | List 1 uA Fixed, 10 | Current range used for the stress
Box uA Fixed, 100 | phase
uA Fixed, 1
mA Fixed, 10
mA Fixed
Range Change | s Double | 0 s to 10,000 s | Hold time for keeping the stress
Hold voltage to wait the settling of the
range change
vd Enable Pulse N/A | Check Check or Enables or disables the pulse stress
Pulse Stress Box blank on the drain terminal.
Vd Base *1 \% Double | -10 V to 10 V | Base-line voltage of the drain stress
pulse
This parameter is valid only when the
drain pulse stress is enabled.
Duty *2 % Double | 0 to 100 Duty ratio of the drain stress pulse
This parameter is valid only when the
drain pulse stress is enabled.
Rise/Fall Time | s Double | 10 ns to Rise/fall time of the drain stress pulse
*2 10,000 s This parameter is valid only when the
drain pulse stress is enabled.
Delay *2 s Double | 10 ns to Delay time of the drain stress pulse
10,000 s This parameter is valid only when the

drain pulse stress is enabled.

*1: Maximum voltage depends on the operation mode. Error occurs if the value is greater than its limit.

*2: The pulse parameters must satisfy the following relations.

Period = 1 / Frequency

Duty = Width / Period (%)

Rise/Fall Time < Width

Delay + Width + Rise/Fall Time < Width

When the drain pulse bias is enabled, the period of the drain pulse is the same as the period of the gate pulse.

Agilent B1530A Sample Program Learning Kit User’s Guide, Edition 3
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Sample Program Reference

4-4-3. Measurement Setup

Sequence setup Id Sampling setup
Sequence 1d Sampling S ¢ * Id Sampling | Sweep PIV ¢ *
Measurement Item 2 |
@ |d Sampling Va V) i |
) Sweep IV vd V) -0.1
O OTF |

Samplin
Output Sequence Mode 9 LINEAR +

Stress to Meas. | 10pE-9

|

Edge [s) StessHold [s) 0.0

Vd Sequence 0.0 5 |

Delay (z) Meas Delay [s) 1E-6 ‘
Reference Measurement Initial Interval [s) 1E-6 |
[] Enable |
Rel. Meas. lo Samplin
Suess Delay (s) 0.0 Points o !4 |

Averaging -

Post Measurement Time [s) "mE 3
L] Enabla ExtiaDelays) 10E-9 | |
Post Meas. 0.0 ] |
Delay (s) :

Initial Interval [s) 1E-6
Intesval Mode LINEAR |
Iteration Number 1 f '

Sweep setup PIV setup OTF setup
1d Sampling| Swoen | PIv ¢ > | | SweepPVote | ¢ s | [Sweep Py [OTF | <
["] Dual Sweep vo dVg (V) 01
i Base (V) 0
Sweep Type Stairecase v Pesiod {2) %6 vd (V) o]
Vg5s
o Width (s) 1E6 Edge (s) 100E-9
Stast (V) 1 ” . I
Rise/Fall easuremen
Stop (V) 2 Time () 100£-9 Delay (s) A
Step Num 1 Pulse Averaging ‘
0.0 ) 10E-9
Siop it — Delay (s) Time [s)
Hold (s) 100E-9 vd Step Delay (s) 10E-9
Meazurement ) Enable Pulse Bi
i 1E-6 O ias
Averaging 10069 Base [V) 0.0
Time () — Width (5] 1E-6
Step Delay (s) 100E-9 Rise/Fall T
Dual Sweep 10E-3 Time (s) o
Delay(sec)
Pulse 0.0
vd Delay (s) .
vd V) 0.1

Fig. 4-4-8 Measurement Setup section
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Table 4-4-6 Sequence setup parameters

Sample Program Reference

Tab Group Tab Group Parameter | Unit Type Range Description
Measurement | Sequence | Measurement | Id N/A | Radio Check or | Measurement type
Item Sampling Button | blank
Sweep IV
OTF
Output Stress to s Double | 10 ns to | Transition time from stress
Sequence Meas. Edge 10,000 s | phase to measurement phase
vd s Double | 10 ns to | Output sequence delay between
Sequence 10,000 s | the gate voltage and drain
Delay voltage
Reference Enable N/A | Check Check or | Enables or disables the
Measurement Box blank reference measurement.
Ref. Meas. S Double | 0 s to Delay time from the end of the
to Stress 10,000 s | reference measurement to the
Delay start of the stress
Post Enable N/A | Check Check or | Enables or disables the post
Measurement Box blank measurement.
Post Meas. | s Double | 0 s to Delay time from the end of the
Delay 10,000 s | final stress measurement to the
start of the post measurement
Initial s Double | 10 ns to | Initial interval between the
Interval *1 10,000 s | iterative post measurements
Interval N/A | List "LINEA Interval mode of the post
Mode *1 R", measurement
"LOG10"
or
"LOG25"
Iteration N/A | Integer | 1 to Iteration number of the post
Number 10,000 measurement

*1: Interval between the iterative post measurements is as follows. It depends on the Interval Mode.

LINEAR: Constant as the “Initial Interval”

LOG10: Initial Interval * 10 ~ (i * 0.1)

LOG25: Initial Interval * 10 ~ (i * 0.04)

i: Index of the post measurement. Integer, 1 or more.
For the log interval, see Fig. 4-4-12.

Maximum interval calculated by above equation must be shorter than 1,000,000 s.
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Sample Program Reference

Table 4-4-7 Id Sampling setup parameters

Tab Group Tab Group | Parameter Unit | Type Range Description
Measurement | Id Vg *1 \% Double | -10 V to +10 V | Gate voltage to
Sampling measure

vd *1 \% Double | -10 V to +10 V | Drain voltage to
measure

Sampling N/A | List "LINEAR", Sampling mode

Mode "LOG10" or

"LOG25"

Stress Hold | s Double | 0 s to 10,000s | Hold time to keep the

*2 stress voltage before
move to the
measurement voltage

Meas Delay | s Double | -10,000 s to Measurement delay

*2 10,000 s time from the start of
the edge from the stress
voltage to the
measurement voltage

Initial s Double | 10 ns to 1 s Initial interval of the

Interval *3 sampling measurement

Sampling N/A | Int 1 to 4,000,000 | Number of the

Points *3 measurement points

Averaging s Double | 10 ns to 20 ms | Averaging time of the

Time measurement

Extra Delay | s Double | 0 to 10,000 s Delay time before

return to the stress
voltage after the
completion of the
measurement

*1: Maximum voltage depends on the operation mode. Error occurs if the value is greater than its limit.

*2: Stress Hold must be greater than or equal to the |Meas Delay| value if the Meas Delay value is negative.

*3: Interval between the iterative post measurements is as follows. It depends on the Interval Mode.

LINEAR: Constant as the “Initial Interval”
LOGI10: Initial Interval * 10 ~ (i * 0.1)
LOG25: Initial Interval * 10 ~ (i * 0.04)

i: Index of the post measurement. Integer, 1 or more.

For the log interval, see Fig. 4-4-12.

Maximum interval calculated by above equation must be shorter than 1,000,000 s.
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Table 4-4-8 Sweep setup parameters

Sample Program Reference

Tab Tab Group Parameter Unit Type Range Description
Group
Sweep Dual Sweep N/A | Check Check or blank Enables or disables the
Box dual sweep.
Sweep Type N/A | List "Staircase", Sweep type
"Ramp" or "PIV"
Vg Start V *1 A% Double -10 Vto +10 V Start voltage of the gate
Sweep sweep
Stop V *1 A% Double -10 Vto +10 V Stop voltage of the gate
sweep
Step Num *2 | N/A | Integer 1 to 101 Step number of the gate
sweep
Step Rise s Double 10 ns to 10,000 s | Rise time of each step of
staircase sweep
measurement
This parameter is only
valid for the staircase
sweep measurement.
Hold s Double 0, to 10,000 s Hold time before starting
the sweep measurement
Measurement | s Double 0 to 10,000 s Measurement delay time of
Delay each step from the start of
the rising edge of step
Averaging S Double 10 ns to 20 ms Averaging time of the
Time measurement
Step Delay S Double 0 to 10,000 s Delay time before moving
to the next step after
completing measurement
on each step
Dual Sweep S Double 0 to 10,000 s Delay time between the
Delay end of the forward sweep
and the start of the reverse
sweep
vd vd *1 A% Double -10 V to +10 V Drain voltage in the

measurement phase

*1: Maximum voltage depends on the operation mode. Error occurs if the value

*2: Sweep step voltage is given by the following formula.

Staircase, PIV: StepV = (StopV - StartV) / (StepNum -1)

Ramp: StepV = (StopV - StartV) / StepNum

Agilent B1530A Sample Program Learning Kit User’s Guide, Edition 3
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Sample Program Reference

Table 4-4-9 PIV setup parameters

Tab Tab Group Parameter Un Type Range Description
Group it
PIV Vg Base *1 \% Double -10 Vto +10 V Base line voltage of the gate
Sweep sweep pulse

Period *2 s Double 20 ns to 50,000 s | Period of the gate sweep
pulse

Width *2 S Double 0 s to 20,000 s Pulse width of the gate
sweep pulse

Rise/Fall Time | s Double 10 ns to 10,000s | Rise and fall time of the

*2 gate sweep pulse

Pulse Delay *2 | s Double 0 s to 10,000 s Delay time of the gate
sweep pulse

vd Enable Pulse N/ | Check Check or blank Enables or disables the

Bias A Box drain pulse biasing.

Base *1 \% Double -10 Vito 10 V Base line voltage of the
drain pulse bias

Width *2 s Double 0 s to 20,000 s Pulse width of the drain
pulse bias

Rise/Fall Time | s Double 10 ns to 10,000 s | Rise and fall time of the
drain pulse bias

Pulse Delay s Double 0 s to 10,000 s Delay time of the drain
pulse bias

*1: Maximum voltage depends on the operation mode. Error occurs if the value is greater than its limit.

*2: The pulse parameters must satisfy the following relations.

Rise Time <= Width
Fall Time <= Width
Delay + Width + Rise Time < Period

Delay + Width + Fall Time < Period

When the drain pulse bias is enabled, period of the drain pulse is same with a period of the gate pulse.

Setup parameters in Table 4-4-9 are valid only for the “PIV” Sweep type.
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Table 4-4-10 OTF (On-The- Fly) setup parameters

Sample Program Reference

Tab Tab Group Parameter Unit | Type Range Description
Group
OTF dvg *1 A% Double | - 10 V to 10 V Modulation voltage of the
gate stress
vd *1 A% Double | -10 V to 10 V Drain voltage to measure
Edge S Double | 10 ns to 10,000 s | Transition time from the
stress voltage to the
measurement voltage
Measurement | s Double | 0 s to 10,000 s Measurement delay from the
Delay start of the transient of gate
stress voltage
Averaging S Double | 10 ns to 20 ms Averaging time of the
Time measurement
Step Delay S Double | 0 ns to 10,000 s | Delay time before moving to
the next step after
completing the measurement
of each step

*1: Maximum voltage depends on the operation mode. Error occurs if the value is greater than its limit.

Entire Stress

\Y
Reference
Measurement ;| Stress.to Meas. Edge
Stress : :
Voltage : :
ov
i fendd
Measurement
Reference during stress
measurement to
stress delay

Stress to Meas. Edge

Measurement at

last stress

Post Meas. Delay
Post

Measurements

Measurement
interval

* Measurement Interval:
Depends on the “Interval Mode”

*LINEAR: Constant as the “Initial Interval”

-LOG 10: Initial Interval x {0+ c»n>_10 4 €on-121

*LOG 25: Initial Interval x Q@10 404 Count-1

Count: Index of the post measurement start from “1”.

~
s |
A

time

General behavior of the measurement sequences
— Reference and Post Measurement
*Both Initial voltage and final voltage are 0 V.
—  During stress
*Both Initial voltage and final voltage are stress voltage.
— Atlast stress
«Initial voltage is stress voltage and final voltage is 0 V.

Fig. 4-4-9 Definitions of the stress and measurement sequence
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Sample Program Reference

Stress Vg
Gate

Meas. Vg

Stress Vd

Drain

—

Meas. Vd

Vv
Gate

Stress Vg

Meas. Vg

Drain
Stress Vd

Meas. Vd

A

»

-

time
e

Vd sequence delay > 0

\Y,

Stress Vg
Gate

Meas. Vg

Stress Vd

Drain

Example of the Vd sequence delay in the Id sampling measurement

Meas. Vd

<

time
-

Vd sequence delay <0

Fig. 4-4- 10 Definitions of the Vd sequence delay

d

Range Change Hold
Stress Hold Time

/Meas. Delay

d Sequence Delay

Meas. Edge

Vd Sequence Delay

Interrupts the stress.
(Triggers range change for measurement)

&<
) ) Extra Delay
Averaging Time
Stress io K Q
Meas. Edge > Stress to
Measurement Interval i
4 \ time

!

Starts the next stress.

(Triggers range change for stress)

« Also, 50 ns overhead of sequence changing is inserted between the stress and
measurement
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Fig. 4-4-11 Measurement sequence of the sampling measurement
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Sample Program Reference

V 4 Meas.

Initial Interval
Delay
.. ~ LS
Loc1o: Initial Interval x Q@+ Cm-—10 4»Cont-1237
H- - ~N
Meas. LOG25: Initial Interval x 0@Cn -1 404 Cont-1237
Delay
_Count=1 2 3 4 5 6
time time

Fig. 4-4-12 Timing chart of the linear sampling mode and log sampling mode

Stress Hold
V
Mes. Delay < 0
Time to time
interrupt the

stress

Fig. 4-4-13 Transient measurement using a negative delay time and stress hold time.
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Sample Program Reference

iRange change [Stress to Meas. Edge]
Voltage | __hold time _:
A F‘Z StepV = St;)tpV'\I Stariv | /
, epNum-— Lo
Stress Vg d R
Measurement 9/<_
X‘»' - 3\‘ Step Delay] | !
Start v i SRV o

[Stress to Meas. Edge] | Step Rise | "1t vd Sequence
‘ . ii___Delay |
vd Lo
i de— |
Stress Vd Vd Sequence A
Delay [Stress to Meas. Edge :
E >
' Time
Stress interrupt and trigger range change Start of the next stress and trigger
to measurement range change to the stress phase

Fig. 4-4-14 Sequence of the staircase sweep measurement

Rangechangel ~  |StepV=----------

Voltage‘r _‘g hold time StepNum
Stress Vg < : .
2 Y A — iV
P Measurement ; .
b Delay :
> ! Vd Sequence
= YA I Delay
D e Tl I\ Stressto |

Stress to i1 _Hold '
Meas. \ e
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vd

Stress Vd

Stress interrupt and trigger range Time

Start of the next stress and trigger
change to measurement

range change to the stress phase

« Difference from the staircase sweep:
—"Step Rise” is ignored (not used) in the ramp sweep.
—Step V is different because measurement is not executed at the start voltage.

Fig. 4-4-15 Sequence of the ramp sweep measurement
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Sample Program Reference
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4-5. SAMPLING.exe
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’

Channel Setup

Source 1 | Source 2 || Bias

Measurement

Channel 601 w

Operation Mode
Fast IV mode -
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¥ Measurement -

Yoltage Force Hange

Primary | Secondary ¢ *
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Edge (s) 100E-9

Output Sequence 0
Delay [=]

i
i
i
i Delay [s]
i

10X

™ “Measurement Setup \

Sample Program Reference

Auto - S
Termination 1E-§
Current Range .
+710 mA Fixed + Config
Yoltage Meazurement Hange * Close
+-5Y w
Hw Skew [s] |0
[C] Baw Data
‘\ . \\ /'
Vahdate Save Re-Load .
Pattern ‘ ‘ Execute ‘ Eolin ‘ ‘ Shin ‘ Config ‘ ‘ Close ‘ 3
Fig. 4-5-1 Main panel of SAMPLING sample program
Source 1 Source 2 Bias Channel

—1. Channel setup
» Source 1
* Source 2
» Bias
—2. Measurement setup
» Sequence
* Primary
» Secondary
» Bias
—3. Action buttons
» Validate Pattern
* Execute
« Save Setup
* Re-Load Setup

Source 2 | Bias

Measurement

Channel |601 v
Operation Mode
Fast 1Y mode i

Measurement Mode
¥ Measurement

Yoltage Force Range
Auto W

Current Range
+/-10 mA Fixed ~

Yoltage Measurement Hange
+-5Y w

Hw Skew [s) |0
[] Raw Data

Source 1

Measurement

Channel 602 hd

Operation Mode
Fast I¥ mode v

Measurement Mode
| Measurement v

Yoltage Force Range
Auto v

Current Range
+/-10 mA Fixed v

VYoltage Measurement Range

HW Skew [g] |0
[] Raw Data

Source 1

Bias Sourcel
Module Type

SMU

Channel ID

2 -

Bias [V]

1

Compliance [A)
100E-6

Bias Source2
Module Type

SMU

Channel ID

3 v

Biasz [¥)

1

Compliance [A)
100E-6

Source 2

Fig. 4-5-2 Channel Setup section
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Sample Program Reference

Table 4-5-1 Source 1 channel setup parameters

Tab Tab Group Parameter Unit Type Range Description
Group
Channel Source 1 Measurement | N/A Check Check or blank | Enables or disables a
Setup Box measurement on this
channel.
Channel *1 N/A List Box | 101, 102, 201, | Channel used for the
202, 301, 302, measurement
401, 402, 501,
502, 601, 602,
701, 702, 801,
802, 901, 902,
1001, 1002
Operation N/A List Box | PG Mode, Fast | Operation mode of the
Mode IV Mode WGFMU
Measurement | N/A List Box | V Measurement mode
Mode Measurement, If the operation mode is "PG
I Measurement | Mode", "I Measurement" is
not available.
Voltage N/A List Box | Auto, +/-3 V, Voltage output range
Force Range +/-5V,-10V to
0V,0Vto+10
\4
Current N/A List Box | 1 uA Fixed, 10 | Current range
Range uA Fixed, 100 | This range is used for the
uA Fixed, 1 measurement for the "I
mA Fixed, 10 Measurement" mode or the
mA Fixed output for the "V
Measurement" mode.
Voltage N/A List Box | +/-5V, +/-10 V | Voltage measurement range
Measurement This parameter is ignored if
Range the measurement mode is
set to the "I Measurement".
HW Skew s Double -50 ns to 50 ns | Force and measurement
skew of this channel
Raw Data N/A Check Check or blank | Raw data (checked) or
Box averaging data (blank)

*1: The channel ID must be unique.
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Table 4-5-2 Source 2 channel setup parameters

Sample Program Reference

Tab Tab Group Parameter Unit Type Range Description
Group
Channel | Source 2 Measurement | N/A Check Check or blank | Enables or disables a
Setup Box measurement on this
channel.
Channel *1 N/A List Box | 101, 102, 201, Channel used for the
202, 301, 302, measurement
401, 402, 501,
502, 601, 602,
701, 702, 801,
802, 901, 902,
1001, 1002
Operation N/A List Box | PG Mode, Fast | Operation mode of the
Mode IV Mode WGFMU
Measurement | N/A List Box | V Measurement mode
Mode Measurement, If the operation mode is
I Measurement | "PG Mode", "I Measurement"
is not available.
Voltage N/A List Box | Auto, +/-3 V, Voltage output range
Force Range +/-5V,-10V to
0V,0Vto+10
\Y%
Current N/A List Box | 1 uA Fixed, 10 | Current range
Range uA Fixed, 100 | This range is used for the
uA Fixed, 1 measurement for the "I
mA Fixed, 10 Measurement" mode or the
mA Fixed output for the "V
Measurement" mode.
Voltage N/A List Box | +/-5V, +/-10 V | Voltage measurement range
Measurement This parameter is ignored if
Range the measurement mode is
set to the "I Measurement".
HW Skew s Double -50 ns to 50 ns | Force and measurement
skew of this channel
Raw Data N/A Check Check or blank | Raw data (checked) or
Box averaging data (blank)

*1: The channel ID must be unique.

Agilent B1530A Sample Program Learning Kit User’s Guide, Edition 3
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Sample Program Reference

Table 4-5-3 Bias channel setup parameters

Tab Tab Group Parameter Unit Type Range Description
Group
Bias Bias Bias Module Type | N/A List N/A, WGMFU, Type of the bias source
Source 1 Box SMU If no bias source is used, select
"N/A".
Channel ID N/A List WGFMU Channel of the bias source
*1 Box 101, 102, 201,
202, 301, 302,
401, 402, 501,
502, 601, 602,
701, 702, 801,
802, 901, 902,
1001, 1002
SMU
1,2,3,4,5,6,7,
8, 9, 10
Bias *2 \% Double | -10 V to 10 V Bias voltage
Compliance A Double | 0 to 100 mA Current compliance
*3 Effective only for the "SMU"
module type.
Bias Module Type | N/A List N/A, WGFMU, Module type of the bias source
Source 2 Box SMU If no bias source is used, select
"N/A".
Channel ID N/A List WGFMU Channel of the bias source
*1 Box 101, 102, 201,
202, 301, 302,
401, 402, 501,
502, 601, 602,
701, 702, 801,
802, 901, 902,
1001, 1002
SMU
1,2,34,5,6,7,
8, 9, 10
Bias *2 \Y% Double | -10 V to 10 V Bias voltage
Compliance A Double | 0 to 100 mA Current compliance
*3 Effective only for the "SMU"

module type.

*1: The channel ID must be unique.

*2: Maximum voltage depends on the operation mode. Error occurs if the value is greater than its limit.

*3: Maximum value of the current compliance depends on the type of SMU. Error occurs if the value is greater than

its limit.
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Sample Program Reference

Sequence Setup Primary Measurement
Setup
Sequence | Primary | Secondary ¢ * Sequence Secondary ¢ *
Haso Sampli LINEAR
Hold (s] 0 sampling v
Base to Srouce Measurement _
Edge [s] 100E-3 Delay [s] 1E-6

Initial Int I 1E-6
Output Sequence 0 nitial Interval (s]

Delay (=) Sampling

Points 20
Termination q
Delay (5] 1E-6 A 200E-9

Fig. 4-5-3 Measurement Setup section, Sequence and Primary

Secondary Bins Set
Measurement Setup 1as setup
Primary | Secondary | Bias 4 ¥ Primary || Secondary —
O] iMeagurement Source 1
Source 1 Measurement Range Base [¥] 1]

Source [V) 2
Source 2 Meazurement Range

+7-1 mA v

¢ . Source 2

ampling
Mode LINEAR Base [V) 0
5 d Meas.
I:I?i;?:[s] Sos 15E-6 Source [¥] 0.5
Measurement 0
Delay [=]
Initial Interval
(sec) 1E-6
Sampling
Points 100
Averaging _
Time [z2] 200E-3

Fig. 4-5-4 Measurement Setup section, Secondary and Bias
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Sample Program Reference

Table 4-5-4 Sequence setup parameters

Tab Group Tab Group | Parameter Unit Type Range Description
Measurement | Sequence Base Hold S Double | 0 s to 10,000s | Hold time to keep the stress
Setup *1 voltage before move to the
measurement voltage
Base to s Double | 10 ns to Transition time from stress
Source Edge 10,000 s phase to measurement
phase
Output s Double | 10 ns to Output sequence delay
Sequence 10,000 s between the source 1 and
Delay the source 2
Termination | s Double | 0 to 10,000 s | Delay time after the
Delay measurement is completed
before the output is changed
to 0 V

*1: Base Hold must be greater than or equal to the | Measurement Delay| value if the Measurement Delay value is negative.

Table 4-5-5 Primary measurement setup parameters

Tab Group Tab Group Parameter Unit Type Range Description
Measurement | Primary Sampling N/A List "LINEAR", Sampling mode
Setup Mode "LOG10" or
"LOG25"
Measurement | s Double | -10,000 to Measurement delay time
Delay *1 10,000 from the start of the rising
edge of the source voltage
Initial s Double | 10 ns to 1 s Initial interval of the
Interval *2 sampling measurement
Sampling N/A Int 1 to 4,000,000 | Number of the
Points *2 measurement points
Averaging S Double | 10 ns to 20 ms | Averaging time for the
Time measurement

*1: Base Hold must be greater than or equal to the | Measurement Delay| value if the Measurement Delay value is negative.

*2: Interval between the iterative post measurements is as follows. It depends on the Sampling Mode.

LINEAR: Constant as the “Initial Interval”
LOGI10: Initial Interval * 10 ~ (i * 0.1)
LOG25: Initial Interval * 10 ~ (i * 0.04)

i: Index of the post measurement. Integer, 1 or more.

For the log interval, see Fig. 4-4-12.

Maximum interval calculated by above equation must be shorter than 1,000,000 s.

Table 4-5-6 Bias setup parameters

Tab Group Tab Group | Parameter Unit Type Range Description
Measurement | Bias Source | Base *1 \Y% Double | -10 Vto +10 V | Base voltage of the source 1.
Setup 1 Source *1 \Y% Double | -10 Vto +10 V | Source voltage of the source 1.

Source | Base *1 \4 Double | -10 V to +10 V | Base voltage of the source 2.
2 Source *1 \Y% Double | -10 Vto +10 V | Source voltage of the source 2.

*1: Maximum voltage depends on the operation mode. Error occurs if the value is greater than its limit.

4-36

Agilent B1530A Sample Program Learning Kit User’s Guide, Edition 3




Table 4-5-7 Secondary measurement setup parameters

Sample Program Reference

Tab Group Tab Group Parameter Unit Type Range Description
Measurement | Secondary Enable N/A Check | Check or Enables or disables the
Setup Secondary box blank secondary measurement.
Measurement
Source 1 N/A List 1 vuA Fixed, Source 1 measurement
Measurement 10 uA Fixed, | range for the secondary
Range *1 100 uA measurement
Fixed, 1 mA
Fixed, 10 mA
Fixed
or
Auto, +/-5 'V,
+/-10 V
Source 2 N/A List 1 vuA Fixed, Source 2 measurement
Measurement 10 uA Fixed, | range for the secondary
Range *1 100 uA measurement
Fixed, 1 mA
Fixed, 10 mA
Fixed
or
Auto, +/-5 'V,
+/-10 V
Sampling N/A List "LINEAR", Sampling mode
Mode "LOG10" or
"LOG25"
Second Meas. | s Double | 0 s to Time origin for the
Origin *2 1,000,000 s secondary measurement
Measurement | s Double | -10,000 s to Measurement delay time
Delay *3 10,000 s from the secondary
measurement time origin
to the first secondary
measurement point
Initial s Double | 10 ns to 1 s | Initial interval of the
Interval *4 sampling measurement
Sampling N/A Int 1 to Number of the
Points *4 4,000,000 measurement points
Averaging s Double | 10 ns to 20 Averaging time for the
Time ms measurement

*1: The same measurement mode is used for both primary and secondary measurements. Only the current measurement

range can be changed.

*2: The Second Meas. Origin value must be greater than the period of the primary measurement.

*3: Base Hold must be greater than or equal to the | Measurement Delay| value if the Measurement Delay value is negative.

*4: Interval between the iterative post measurements is as follows. It depends on the Sampling Mode.

LINEAR: Constant as the “Initial Interval”
LOG10: Initial Interval * 10 ~ (i * 0.1)
LOG25: Initial Interval * 10 ~ (i * 0.04)

i: Index of the post measurement. Integer, 1 or more.

For the log interval, see Fig. 4-4-12.

Maximum interval calculated by above equation must be shorter than 1,000,000 s.
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Sample Program Reference
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Fig. 4-5-6 Timing chart of the secondary measurement
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4-6.

SWEEP.exe

Sweep Measurement

~
.

Sample Program Reference

—1. Channel setup

D s e * Source 1
N
/ anne etup \|,' casuremen ep « Source 2
Source 1 | Source 2 | Bias ii Sequence | Sweep | PIY * Bias
Measurement H —2. Measurement setup
! Sweep Source |Sourcel b * Sequence
Channel 601 b o]
' - * Sweep
] 11 Sweep Type Stairecase
Operation Mode 1 . PIV
H
PG Mmod i
mode v ii Output Sequence [, -3. Actpn buttons
Measurement Mode 11 Delay [s) * Validate Pattern
1
V¥ Measurement :i R « Execute
Voltage Force Range ii Delay (=] 1E-§| » Save Setup
Auto w ! * Re-Load Setup
't [] Dual Sweep .
Current Range :i B + Config
- ual Sweep R
+/-10 mA Fixed  + Delay(s) 1E-6 Close
Yoltage Measurement Range i:
+/-5V v '
i
Hw Skew [s] |0 |
Haw Data i {
|
i
Ly
i
'l' ‘\\ 4
Validate Save Re-Load .
Pattern ‘ Execute ‘ Setup ‘ ‘ Setup ‘ Config ‘ Close ‘ 3
Fig. 4-6-1 Main panel of SWEEP sample program
Sequence Setup Sweep Setup PIV Setup

Sequence | Sweep | PIV

Sweep Source Source 1 b

Sweep Type Stairecase +

Output Sequence 0
Delay [s]

Termination
Delay [s] 1E-6|

[] Dual Sweep

Dual Sweep

Delay(s) 1E-6

Sequence
Sweep Source
Start [¥]

Stop (V)

Step Num
Step Edge [s)
Hold (=)

Measurement
Delay [s)

Averaging
Time [g]

Step Delay [s]

0.5
15
2

100E-9

1E-6

200E-9

100E-9

200E-9

Constant Bias Souce

Biaz [V)

-0.5

Sequence | Sweep| PIV

Sweep Source

Base [¥) 01
Period (=] 2E-6
Width [s] 1E-B
?i':‘f [F:i" 100E-9
Pulse 0
Delay [2])

Enable Pulse Bias
Constant Bias Source

Basze [¥) 0.1
Width [s] 1E-6
Rize/Fall

Time (s 100E-9
Pulze 0
Delay [s)
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Sample Program Reference

Table 4- 6-1 Sequence setup parameters

Tab Group Tab Group | Parameter | Unit Type Range Description
Measurement | Sequence Sweep N/A | List Source 1, Source ID of the sweep source
Setup Source *1 Source 2
Sweep Type | N/A | List Staircase, Sweep type
Ramp, PIV
Output s Double 10 ns to Output sequence delay between
Sequence 10,000 s the source 1 and source 2
Delay
Termination | s Double 0 to 10,000 s | Delay time after the
Delay measurement is completed
before the output is changed to
oV
Dual Sweep | N/A | Check Check or Enables or disables the dual
Box blank sweep.
Dual Sweep | s Double 0 to 10,000 s | Delay time between the end of
Delay the forward sweep and the
start of the reverse sweep

*1: Another channel is automatically

assigned to a constant bias source.

Table 4- 6-2 Sweep setup parameters

Tab Group Tab Group Parameter Unit | Type Range Description
Measurement | Sweep Sweep Start V *1 \% Double | -10 V to +10 | Sweep start voltage
Setup Source \
Stop V *1 A% Double | -10 V to +10 | Sweep stop voltage
A%
Step Num *2 | N/A | Integer | 1 to 101 Number of the sweep steps
Step Rise s Double | 10 ns to Rise time of each step of
10,000 s staircase sweep measurement
This parameter is available only
for the staircase sweep
measurement.
Hold s Double | 0, to 10,000 | Hold time before starting the
S sweep measurement
Measurement | s Double | 0 to 10,000 | Measurement delay time of
Delay S each step from the start of the
rising edge of step
Averaging s Double | 10 ns to 20 | Averaging time of the
Time ms measurement
Step Delay s Double | 0 to 10,000 | Delay time after completing the
s measurement on each step
before moving to the next step
Constant | Bias *1 \% Double | -10 V to +10 | Voltage of the constant bias
Bias v source
Source

*1: Maximum voltage depends on the operation mode. Error occurs if the value is greater than its limit.

*2: Sweep step voltage is given by the following formula.

Staircase, PIV: StepV = (StopV - StartV) / (StepNum - 1)

Ramp: StepV = (StopV - StartV) / StepNum
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Table 4- 6-3 PIV setup parameters

Sample Program Reference

*2

Tab Group Tab Group Parameter | Unit Type Range Description
Measurement | PIV Sweep Base *1 \% Double -10 Vto +10 V | Base line voltage of the gate sweep
Setup Source pulse
Period *2 s Double 20 ns to Period of the gate sweep pulse
50,000 s
Width *2 S Double 0 s to 20,000 s | Pulse width of the gate sweep
pulse
Rise/Fall s Double 10 ns to Rise and fall time of the gate
Time *2 10,000s sweep pulse
Pulse Delay | s Double 0 s to 10,000 s | Delay time of the gate sweep pulse
*2
Constant | Enable N/A | Check Check or Enables or disables the drain
Bias Pulse Bias Box blank pulse biasing.
Source Base *1 \Y% Double | -10 V to 10 V | Base line voltage of the drain
pulse bias
Width *2 s Double 0 s to 20,000 s | Pulse width of the drain pulse bias
Rise/Fall s Double 10 ns to Rise and fall time of the drain
Time *2 10,000 s pulse bias
Pulse Delay | s Double 0 s to 10,000 s | Delay time of the drain pulse bias

*1: Maximum voltage depends on the

operation mode. Error occurs if the value is greater than its limit.

*2: The pulse parameters must satisfy the following relations.

Rise Time <=

Fall Time <=

Width
Width

Delay + Width + Rise Time < Period

Delay + Width + Fall Time < Period

When the drain pulse bias is enabled, period of the drain pulse is same with a period of the gate pulse.

Setup parameters in Table 4-6-3 are valid only for the “PIV” Sweep type.

Agilent B1530A Sample Program Learning Kit User’s Guide, Edition 3
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Sample Program Reference

Voltage
A /
V StOpV - StartV f

Ste| c 95 <
Stop V 5 P StepNum-1 | & "1
" Averaging | | Measurement e
L. Time | L P
E Nt 3\ Step Dela ' '
LLh T TSep v I
StartV |- i e (PP RPEL s ' by
oV Vi D Sl e
Constant bias AR - EI_\L\E _________________
source '[_Hold | | Step Rise | : 1 Output sequence i
e oL delay
Bias V - NG
: ;Se
ov ' | Output Sequence [
Delay Step Rise '
>
t Time
! End of
Start of sequence sequence

Fig. 4-6-3 Timing chart of the staircase sweep measurement

The sequence of the sweep measurement is almost same with the sweep measurement in the NBTI sample
program. Only different is start voltage. In the sweep measurement program, start voltage is always 0 V.

For other sweep type, see the section 4-4 NBTLexe.
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4-7. PULSE.exe

Channel Setup

Source 1
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Sample Program Reference

—1. Channel setup
% * Source 1
» Source 2
* Bias
—2. Measurement setup
» Sequence
* Pulse Timing
* Bias
* Primary
» Secondary
—3. Action buttons
» Validate Pattern
* Execute
» Save Setup
* Re-Load Setup
« Config
* Close

Fig. 4-7-1 Main panel of PULSE sample program
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Fig. 4-7-2 Measurement Setup section #1
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Table 4-7-1 Sequence setup parameters

Tab Group Tab Group Parameter | Unit Type Range Description
Measurement | Sequence Sweep N/A | List Source 1, Source ID of the sweep
Setup Source *1 Source 2 source
Hold s Double 0, to 10,000 s | Hold time before starting the
sweep measurement
Output s Double 10 ns to Output sequence delay
Sequence 10,000 s between the source 1 and
Delay source 2

*1: Another channel is automatically assigned to a constant bias source.

Table 4-7-2 Pulse timing setup parameters and Bias

setup parameters

Tab Group Tab Group Parameter Unit Type Range Description
Measurement Pulse Sweep Base *1 A% Double | -10 V to +10 | Base line voltage of the sweep
Setup Timing Source \% pulse

Period *2 S Double | 20 ns to Period of the sweep pulse
50,000 s
Width *2 s Double | 0 s to Pulse width of the sweep pulse
20,000 s
Rising Edge s Double | 10 ns to Rise time of the sweep pulse
*2 10,000 s bias
Falling Edge | s Double | 10 ns to Fall time of the sweep pulse
*2 10,000 s bias
Pulse Delay s Double | 0 s to Delay time of the sweep pulse
*2 10,000 s
Consta | Enable Pulse | N/A Check Check or Enables or disables the pulse
nt Bias | Bias Box blank biasing of constant bias.
Source | Width *2 s Double | 0 s to Pulse width of the pulse
20,000 s constant bias
Rising Edge S Double | 10 ns to Rise time of the pulse constant
*2 10,000 s bias
Falling Edge | s Double | 10 ns to Fall time of the pulse constant
*2 10,000 s bias
Pulse Delay s Double | 0 s to Delay time of the pulse
*2 10,000 s constant bias
Bias Sweep Start V *1 \% Double | -10 V to +10 | Sweep start voltage
Source A%
Stop V *1 \% Double | -10 V to +10 | Sweep stop voltage
\4
Step Num *3 | N/A Intege 1 to 101 Number of the sweep steps
r
Base Before A% Double | -10 V to 10 | Base line voltage before pulse
Pulse *1 \% of the sweep source pulse bias
Base After A% Double | -10 V to 10 | Base line voltage after pulse of
Pulse *1 \ the sweep source pulse bias
Consta | Bias *1 v Double | -10 V to +10 | Voltage of the constant bias
nt Bias \ source
Source | Base Before A% Double | -10 V to 10 | Base line voltage before pulse
Pulse *1 v of the constant source pulse
bias
Base After A% Double | -10 V to 10 | Base line voltage after pulse of
Pulse *1 \Y the constant source pulse bias

*1: Maximum voltage depends on the operation mode. Error occurs if the value is greater than its limit.

*2: The pulse parameters must satisfy the following relations.

Rise Time <=

Fall Time <=

Width
Width

Delay + Width + Rise Time < Period
Delay + Width + Fall Time < Period
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When the drain pulse bias is enabled, period of the drain pulse is same with a period of the gate pulse.

*3: Sweep step voltage is given by the following formula.

Staircase, PIV: StepV = (StopV - StartV) / (StepNum - 1)

Ramp: StepV = (StopV - StartV) / StepNum

Primary Measurement

Setup

Pulse Timing | Bias | Primary | § ¢ »
Sampling LINEAR
Mode
Measurement _
Delay [£] 200E-9
Initial Interval [g) 100E-9
Sampling [
Points
Averaging
Time (5] 20E19

Secondary Measurement
Setup

Bias Primary

0 Enable 5econdary

Measurement

Source 1 Measurement Range

Source 2 Measurement Range

+/- 10 mA w
Sampling
Mode LINEAR
Sendary Meas. —
Drigin (s) 1E-6
Measurement
Delay [s] 200E-9
Initial Interval [s] 100E-9
Sampling 5
Points
Averaging -
Time (s) 10E-9

Secondary 4y

Fig. 4-7-3 Measurement Setup section #2

Table 4-7-3 Primary measurement setup parameters

Tab Group Tab Group Parameter Unit | Type Range Description
Measurement | Primary Sampling Mode | N/A | List "LINEAR", Sampling mode
Setup "LOG10" or
"LOG25"
Meas. Delay *1 | s Double | -10,000 to Measurement delay time from
10,000 the start of the rising edge
Initial Interval | s Double | 10 ns to 1 s | Initial interval of the sampling
*9 measurement
Sampling N/A | Int 1 to Number of the measurement
Points *2 4,000,000 points
Averaging Time | s Double | 10 ns to 20 | Averaging time of the
*2 ms measurement

*1: The |Meas. Delay| value must be less than or equal to the Pulse Delay value if the Meas. Delay value is negative.

*2: Interval between the iterative measurements is as follows. It depends on the Sampling Mode.

LINEAR: Constant as the “Initial Interval”
LOG10: Initial Interval * 10 ~ (i * 0.1)
LOG25: Initial Interval * 10 ~ (i * 0.04)

i: Index of the post measurement. Integer, 1 or more.

For the log interval, see Fig. 4-4-12.

The measurement duration must be shorter than the pulse period.
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Table 4-7-4 Secondary measurement setup parameters

Tab Group Tab Group Parameter Unit | Type Range Description
Measurement | Secondary Enable N/A | Check | Check or Enables or disables the
Setup Secondary box blank secondary measurement.
Measurement
Source 1 N/A | List 1 uA Fixed, | Source 1 measurement range
Measurement 10 uA for the secondary
Range *1 Fixed, 100 measurement
uA Fixed, 1
mA Fixed,
10 mA
Fixed
or
Auto, +/-5
V, +/-10 V
Source 2 N/A | List 1 uA Fixed, | Source 2 measurement range
Measurement 10 uA for the secondary
Range *1 Fixed, 100 measurement
uA Fixed, 1
mA Fixed,
10 mA
Fixed
or
Auto, +/-5
V, +/-10 V
Sampling Mode | N/A | List "LINEAR", Sampling mode
"LOG10" or
"LOG25"
Second Meas. s Double | 0 s to Time origin for the secondary
Origin *2 1,000,000 s measurement
Meas Delay *3 | s Double | -10,000 s to | Measurement delay time from
10,000 s the secondary measurement
time origin to the first
secondary measurement
point
Initial Interval | s Double | 10 ns to 1 s | Initial interval of the
*4 sampling measurement
Sampling N/A | Int 1 to Number of the measurement
Points *4 4,000,000 points
Averaging Time | s Double | 10 ns to 20 | Averaging time for the
*4 ms measurement

*1: The same measurement mode is used for both primary and secondary measurements. Only the current measurement

range can be changed.

*2: The Second Meas. Origin value must be greater than the period of the primary measurement.

*3: The |Meas. Delay| value must be less than or equal to the Pulse Delay value if the Meas. Delay value is negative.

*4: Interval between the iterative measurements is as follows. It depends on the Sampling Mode.

LINEAR: Constant as the “Initial Interval”
LOG10: Initial Interval * 10 ~ (i * 0.1)
LOG25: Initial Interval * 10 ~ (i * 0.04)

i: Index of the post measurement. Integer, 1 or more.

For the log interval, see Fig. 4-4-12.

Total duration of measurement must be shorter than the pulse period.
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— The primary sampling and the secondary sampling are executed in the “single pulse”.

[ second Meas. Origin |

period

— Sweep is described as iteration of the above pulsed sampling measurement with a varied top level of pulse.
— Range change event is inserted at the beginning of the pulse for the primary measurement and at the origin of the

second measurement for the secondary.

* If secondary measurement is disable, the range change event for the primary sweep is not added and use initial range

set in the “Channel Setup” are used.

Fig. 4-7-4 Timing chart of the pulsed sampling measurement
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Fig. 4-7-5 Timing chart of the single channel, repetitive pulsed sampling measurement
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Output
Sequence Delay

.
1
I
I
o

TTTTTTTAT Eyro T
[} (= B
£ 3V :
= _.a_m" .-.....\...

£ i/

ot 1= 2\
18I 5 o Voo
12l N
i< oz

Width

>
Time

End of the
sequence

Output
uence Delay!

Seq

VoltageA

Step V
Start V
ov
BiasV 17 77°°°°

Stop V
Sweep Source|

Constant bias
source

Fig. 4-7-6 Timing chart of the dual channels, repetitive pulsed sampling measurement
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4-8. DATASAMPLER.exe

Data Sampler =)[3) —1. channel setup

Fig. 4-8-1 Main panel of DATASAMPLER sample program
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Fig. 4-8-2 Measurement Setup section
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Table 4-8-1 Timing setup parameters

Tab Group Tab Group Parameter Unit | Type Range Description
Measurement | Timing Sampling N/A | Double | 0.01 to Hold time to keep the stress
Setup Rate *1 *3 100E+6, voltage before move to the
200E+6 measurement voltage
Measurement | s Double | 0 to 10,000 | Measurement delay time from the
Delay *2 S start of the rising edge
Duration *3 S Double | 10 ns to Output sequence delay between
1,000,000 s | the source 1 and source 2
Sampling N/A | Integer Number of the total sampling
Points *3 points
Averaging s Double | 10 ns to 20 | Averaging time of the
Time *1 ms measurement

*1: Sampling Rate must be longer than the averaging time. Measurement interval is calculated by 1 / Sampling Rate.
*2: Measurement delay must be shorter than the duration.

*3: Sampling Points (Duration / Sampling Rate) must be less than or equal to 4,0000,000.

Table 4-8-2 Bias setup parameters

Tab Group Tab Group Parameter Unit | Type Range Description
Measurement | Bias Source | Source *1 \% Double | -10 V to +10 | Output voltage of the source 1
Setup 1 \%
Source | Source *1 \% Double | -10 V to +10 | Output voltage of the source 2
2 \%
Step Edge s Double | 10 ns to Transition time from 0 V to the
10,000 s output voltage

*1: Maximum voltage depends on the operation mode. Error occurs if the value is greater than its limit.

Meas. o
Built in delay (100 ns)
V 4 Del
_—.4 elay Averaging Time

Source Edge /

Measurement interval

Source V ; : =1/ Sampling Period
> <
' Source Edge
ov
Measurement Interval 4‘;
Source Edge
Source V \
Source 2 \/ S R S S S e —
ov \
Start time
Sequence End of

Sequence

Fig. 4-8-3 Timing chart of the data sampler program
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