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In This Manual

This document describes the overview of how to use the Advance NVM (ReRAM, PCRAM and FeRAM)
characterization application tests of Keysight EasyEXPERT group+ software.

This manual consists of the following chapters:

1. Overview
This chapter describes overview of Advanced NVM Application Tests List, the module
requirements for NVM Application Tests, and the device connection information.

2. Using Advanced NVM Application Tests
This chapter describes how to use the Advanced NVM Application Tests of the EasyEXPERT
group+ software.

3. Appendix
The appendix section describes Tips for device connection and accurate measurement, etc.

Advanced NVM Application Tests introduced in this manual are included in after Rev. A.6.2
EasyEXPERT group+ software.

Refer to the following URL link to download the latest EasyEXPERT group+ software.
https://www.keysight.com/find/easyexpert


https://www.keysight.com/find/easyexpert
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This chapter describes overview of Advanced NVM Application Tests List, the module requirements

for NVM Application Tests, and the device connection information. This chapter consists of the
following sections.

1-1 Advanced NVM Application Tests List 8
1-2. Module Requirements for Advanced NVM Application Tests 9
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Advanced NVM Application Tests List

1-1. Advanced NVM Application Tests List

Advanced NVM Application Tests of the EasyEXPERT group+ software includes three memory types
of non-volatile memory (NVM) with the applications shown in the following table.

Table 1-1. Advanced NVM Application Tests List

Memory type [Application list Application Test name Measurement items
Butterfly curve ReRAM IV-Butterfly Butterfly curve (I-V characteristics)
FORM test ReRAM FORM FORM waveform, FORM I, FORM V, FORM R
RESET - SET / R-measure ReRAM Reset-Set RESET - SET waveforms, RESET V, RESET R, SET V, SETR
ReRAM RESET - SET /R-measure: SETV loop [ReRAM Reset SetV-Loop [SET Rversus SET V relation graph. SET Vm @ SET R down
E}iia - SET/R-measure: RESETV 1o oM Set ResetV-Loop |RESET Rversus RESET V relation graph. RESET Vi @ RESET R up
Endurance test ReRAM Endurance SET R, RESET R vs. Fatigue cycle graph
RESET - SET / R-measure PCRAM Reset-Set RESET R, RESET V, SET R, SETV
RESET - SET / R-measure: SET V loop [PCRAM SetV-Loop SET Rvs. SET V graph. Extracts SET V
PCRAM B - .
Ei‘zg SET/R-measure:RESETV | o aM Resetv-Loop  |RESET Rvs. RESETV graph. Extracts RESET V
Endurance test PCRAM Endurance SET R, RESET R vs. Fatigue cycle graph
Hysteresis test FERAM Hysteresis Hysteresis curve (Q-V, -V, C-V), IV-t waveforms
FERAM PUND test FERAM PUND 1Q-t waveforms, IV-t waveforms, PUND charge, PaUaNaDa charge
Endurance test FERAM Endurance PUND charge vs. Ite_ratlon/Cycle graph,
Psw & Qsw vs. Iterations graph

EasyEXPERT group+ Advanced NVM Application Tests User's Guide
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Module Requirements for Advanced NVM Application Tests

1-2. Mod ule Requirements for Ad vanced NVM Application Tests

Each NVM application test requires the measurement resources shown in the table 1-2.

Table 1-2. Module requirements for Advanced NVM Application Tests

keusight B1500A requirements
Memory o . . Recommended
Application Test name WGFMU Accessories requirements ) .
type SMU *1 SPGU *3 Configuration
/RSU *2
ReRAM IV-Butterfly 2+1(0pt) 2 ch. )
GNDU to Kelvin Adapter x1*4
ReRAM FORM 1(0pt) 2ch. Triax TEE adapter (F-M-F) x1 %5
ReRAM ReRAM Reset-Set 1(Opt) 2ch. Triax (F) - BNC (M) adapter x2*6  [SMU x3
ReRAM Reset SetV-Loop 1(Opt) 2ch. BNC (F-F) adapter x 1*7 WGFMU x7 (RSU x2)
ReRAM SetResetv-Loop | 1 (Opt) 2¢ch, Triaxial cables (Max. 5 e2) *8
Coax cables, RSU to DUT x2
ReRAM Endurance 1(0pt) 2ch.
PCRAM Reset-Set 2 ch. 1ch. SPGU cable to RSU
PCRAM SetV-Loop 2¢ch. Tch. [SPGU cable to RSU adapter x1*9  [WGFMU x1 (RSU x2)
PCRAM . .
PCRAM ResetV-Loop 2 ¢ch. 1ch. |50 ohm Triax terminator x1*10 SPGU X1
PCRAM Endurance 2 ch. 1ch. Coax cables, RSU to DUT x2
FERAM Hysteresis 2ch.
FERAM |FERAM PUND 2ch. Coax cables, RSU to DUT x2 WGFMU x1 (RSU x2)
FERAM Endurance 2ch.

*1:
*):
*3:
*4:
*B:
*6:
*7
*8:

SMU (Any of MP/HP/HRSMUs)
B1530A WGFMU / RSU channels
B1525A SPGU

N1254A-100

Keysight P/N: 12500-1551
Keysight P/N: N1254-105

- Keysight P/N: 1250-0080

Includes optional SMU to DUT Vg control cable
*9: Triax (M) - BNC (F) adapter, Keysight P/N: N1254A-106
*10: Consist of the following parts:

- Triax (M) - BNC (F) adapter, Keysight P/N: N1254A-106 x1

- 50 ohm BNC terminator, Keysight 11593A x1

EasyEXPERT group+ Advanced NVM Application Tests User's Guide



EasyEXPERT group+ Advanced NVM Application Tests
User's Guide

2. Using Advanced NVM Application Tests

KEYSIGHT

TECHNOLOGIES



EasyEXPERT group+ Advanced NVM Application Tests
User's Guide

This chapter describes how to use the Advanced NVM Application Tests of the EasyEXPERT group+
software. This chapter consists of the following sections.

2-1. ReRAM
What is a ReRAM test? 12
Connection diagram 14
ReRAM Application Tests 17
- IV-Butterfly 17
- FORM 22
* Reset-Set 27
* Reset SetV-Loop 32
- Set ResetV-Loop 36
* Endurance 40

2-2. PCRAM
What is a PCRAM test? 46
Connection diagram 47
PCRAM Application Tests 48
* ResetV-Loop 48
- SetV-Loop 52
* Reset-Set 56
 Endurance 59

2-3. FeRAM
What is an FeRAM test? 63
Connection diagram 64
FeRAM Application Tests 65
+ Hysteresis 65
- PUND 69
+ Endurance 72
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2-1. ReRAM

2-1-1. What is a ReRAM test?

Table 2-1 shows the generic idea of the ReRAM test flow using the Advanced NVM Application Test.

Table 2-1. Generic idea of the ReRAM test flow.

4 1\
Test Flow: ReRAM Application Test:
1. IV characterization « |V-Butterfly
2. Forming * IV-Butterfly
+ FORM
3. FORM characterization * FORM
4. ResetV, and SetV determination * Reset SetV-Loop
»  Set ResetV-Loop
5. Reset Rand Set R characterization *  Reset-Set
6. Endurancetest « Endurance
(. J

The generic idea of the ReRAM characterization starts with the IV characteristic measurements of the
ReRAM resistive device by using the "ReRAM IV-Butterfly" Advanced NVM Application Test (ReRAM
IV-Butterfly).

Once the device is checked as operative as the ReRAM resistive device, the low resistance state must
be created by so called "forming". Forming can be made by repeating the ReRAM IV-Butterfly
Application Test that use SMUs, or "ReRAM FORM" Advanced NVM application test (ReRAM FORM)
which uses WGFMU.

The forming parameters such as the FORM V (voltage to change from the high resistance state to the
low resistance state) can be characterized by the ReRAM FORM application test.

Once the low resistance channel is formed, the Reset voltage and Set voltage dependency can be
measured by using the "ReRAM Set ResetV-Loop" Advanced NVM Application Test (ReRAM Set
ResetV-Loop) and "ReRAM Reset SetV-Loop" Advanced NVM Application Test (ReRAM Reset
SetV-Loop).

The ReRAM Set ResetV-Loop application test increases the Reset voltage of the reset pulse by the
specified step voltage and detects the Reset voltage where the Reset resistance changes from low
resistance to high resistance.

The ReRAM Reset SetV-Loop application test does the same as the Set ResetV_Loop application test,
but increases the Set voltage instead of the Reset voltage and detects the Set voltage where the Set
resistance changes from the high resistance state to the low resistance state. By using these two
application tests, the Reset and Set pulse voltages can be quite accurately determined to ensure a
stable ReRAM Set and Reset operation.

The "ReRAM Reset-Set" NVM Advanced Application Test (ReRAM Reset-Set) can be used for
measuring the Reset resistance and the Set resistance after the Reset and Set pulse.

12 EasyEXPERT group+ Advanced NVM Application Tests User's Guide
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Finally, the "ReRAM Endurance" Advanced NVM Application Test (ReRAM Endurance) characterizes

the fatigue or retention dependency of the Reset and Set status according to the number of
Reset-Set cycles.

EasyEXPERT group+ Advanced NVM Application Tests User's Guide 13
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2-1-2. Connection diagram

When testing the ReRAM device cell, the cell current suddenly increases when the device turns on
(SET) under the high voltage condition at the SET voltage and the possible overcurrent, which
happens under improper current limit setting or configuration, may degrade or damage the device.
Therefore, in the ReRAM characterization, a proper current limit functionality, which uses SMU's
current compliance or an additional current limit device, plays an important role by limiting the
excessive current flowing to the test device when the device is turned on to a low resistance state.

The next table shows four possible approaches including two ReRAM configurations that are
provided by the software.

Table 2-2. Current limit approach and the ReRAM measurement configurations.

Current limitting approach Configuration
1. As is (No action) Standard
2. Add a series resistor Standard
3. Device has built-in current limit capability ~ Standard
4. Add external current limit capability Current limit (Vg)

The standard configuration and the current limit (Vg) configuration in Table 2-2 are explained below.
The standard configuration is shown in Figure 2-1 where the ReRAM resistive device is directly
connected to the measurement resources. Series resistor approach, which connects a proper value
resistor in series with the ReRAM resistive device, can be included in the same figure.

Figure 2-2 shows the current limit (Vg) configuration which uses an additional current limit device.
This configuration can effectively limit the high speed transient current when the ReRAM device
turns on, which is not possible with the standard configuration, and reduce the risk of damaging or
degrading the device in the test, especially for fine geometry ReRAM devices.

Standard configuration:

The standard configuration is shown in Figure 2-1.

IV - Butterfly curve measurement is made using SMUs and GNDU either side of the RSU.

The SMU configuration for IV - Butterfly curve measurement uses two SMUs. One SMU is used for
voltage source (Vs) and the other is for voltage measurement (Vm). By using this two SMU
configuration, the output voltage from the SMUs can be measured (Vm SMU) while in the current
limit operation of the Vs SMU. This functionality is essential for IV - Butterfly curve measurements.
Other applications such as FORM, SET-RESET and Endurance test are made using WGFMU/RSUs.
WGFMU and SMUs are automatically switched by RSU controlled from the ReRAM application test
software.

14 EasyEXPERT group+ Advanced NVM Application Tests User's Guide
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I o

SMU

+ Vs JTE
[

SMu N1254A-100 GNDU

ReRAM R
@ | ¢ 5
Mﬁ— ik @}@1
ov
— RSU RSU WGFMU

Figure 2-1. Standard ReRAM measurement configuration.

Current limit (Vg option) configuration:

The optional current limit configuration is shown in Figure 2-2.

The current limit is useful for limiting excessive current flowing in to the ReRAM test device when the
ReRAM resistor suddenly changes from the high resistance state to the low resistance state (SET).
The current limit device located very close to the ReRAM structure can eliminate a fast current spike
flowing into the DUT and can help minimize any possible damage applied to the test device.

For example, the standard configuration for the IV - Butterfly characterization uses the current limit
compliance of the SMU, but in some cases the SMU response time is not fast enough for the ReRAM
characterization. In such cases, this optional current limit configuration is useful.

In extreme cases, the transient current discharged from the stray capacitance of the measurement
cable may degrade the ReRAM device if the size of the test device is extremely small.

One option is to simply add a current limit capability as in the case of using WGFMU/RSU which does
not have the current limit capability.

In both cases, the current limit device needs to be set very closely to the test device to be able to
limit the current accurately including the high speed transient current.

G
g ] AL
SMU sMu’!
rk@——@+ | |—|:|_|:|1
I
SMu Vg N1254A-100 GNDU
b

i |
(O[3 Il
M nika o VT T
Mo oV
Current limit
WGFMU RSU (Transient) RSU WGFMU 1

Figure 2-2. Current limit (Vg) ReRAM measurement

configuration.

The differences between the current limit configuration (Vg option) and the standard configuration
are:

1) The current limit transistor is required.

2) An additional SMU that controls the gate voltage of the current limit transistor is required.

EasyEXPERT group+ Advanced NVM Application Tests User's Guide 15
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The transistor can effectively limit the current flowing into the ReRAM device even in the transition
timing when the ReRAM device turns on. This capability can improve the ReRAM characterization
quality. More details about the current limit control operations are described in the Appendix.

Note: The current limit control transistor must be prepared by the user.

Note for current limit device:
A current limit device is typically a small signal Nch MOSFET or JFET. It is important to use a low
Vth device for achieving a better current limit performance in the FORM or SET characteristics
test.
To determine the appropriate Vg for current limiting, take Id-Vd versus Vg curve and Id-Vg curve
at Vd = SET_V. Next, determine the appropriate Vg which can allow enough current for testing,
but also protect your device from the over current.
The on resistance of the current limit device can be subtracted by the software.

Connection of the current limit transistor:

Connecting the SMU to the Vg of the current limit transistor requires accuracy because the
WGFMU/RSU uses a coaxial measurement cable and SMU uses a Triax measurement cable. In this
application, the guard of the SMU cable (inner shield of the Triax cable) needs to be disconnected
when interfacing with the Vg of the current limit transistor.

Figure 2-3 shows the connection example of the ReRAM device and current limit transistor using the
coax cable. The Triax cable from the SMU is converted at the close point of the Vg transistor to the
coax cable using two adapters; 1) Triax (F) - BNC (M) adapter, and 2) BNC (F- F) adapter, then the
coax cable is connected to the transistor.

By converting the Triax system to the coax system, the cables routing to the measurement fixture,
including the prober, can be handled in the same manner, eliminating any connection errors.

Triax cable:
+ Outer shield
« Guard

. Slgnat\\q“ ﬁ

sMu™!
—Triax (F)— BNC (M) adapter, N1254A-105
—BNC (F-F)adapter, 1250-0080

________ y |
Current limit
RSU WGFMU
WGFMU (Transient)\@ RSU

Figure 2-3. SMU connection using a coax cable to the current limit transistor.

EasyEXPERT group+ Advanced NVM Application Tests User's Guide
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2-1-3. ReRAM Application Tests

o ReRAM IV-Butterfly

General description of the ReRAM IV-Butterfly Application Test

This application test performs two double direction IV sweeps starting from 0 V to SET voltage
(SetV) , and then 0 V to RESET voltage (ResetV). Y-axis display format can be selected from the "LOG
absolute" or "LINEER" scale options.

A general Butterfly curve can be obtained using the "Log_Absolute" Y-axis scale.

A control option for using an external current limit device is available and this option can be activated
by enabling the "Enable_SMU_Vg" parameter.

ReRAM IV - Butterfly measurement configuration

SMUs are used in the IV - Butterfly curve measurement application test as shown in Figure 2-4.
Two SMUs are used in the Vs side, one is for sourcing voltage and the other is for measuring the
output voltage.

Using this configuration, the output voltage of Vs of the Vs-SMU under the current limit condition,
when the ReRAM device is turned on, can be measured by the Vm-SMU which is used as a voltage
measurement mode. The internal 1 MQ output resistor is set to increase the input impedance in the
high frequency range which is useful, for example, when the device impedance suddenly changes.
The connection diagram of the optional current limit configuration is shown in Figure 2-5. Refer to
Figure 2-3 when connecting the SMU to Vg terminal of the current limit transistor.

[ (V) o] Vm
JQ

SMU

T vs ]TEE*‘
[
SMu N1254A-100 GNDU
ks
—-o%——%— o
ov

RSU RSU

Figure 2-4. Standard configuration for IV - Butterfly curve
measurement.

A o +
‘;Q sMu™

SMU

NTAN ] TEE-'

[
SMu Ve N1254A-100 gnpU
ReRAMR .~ —$--.
——o\%- ' + -J O—1—
P ov
Current limit

RSU RSU
(Transient)

Figure 2-5. Optional current limit configuration for IV - Butterfly curve measurement.
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Configure the connection setup and connect your device by referring to the connection diagram on
the GUL.

Note *1: The Triax TEE consists of the following combination of adapters as shown in Figure 2-6.

*1: TEE configuration to connect between SMU_Vs and SMU_Vm.

SMU_Vs |F @

RSU

Triax cable

Tnax TEE adapter (F-M-F), 1250-1551
Triax (F)— BNC (M) adapter, N1254A-105
BNC (F-F) adapter, 1250-0080

B0

Figure 2-6. Triax TEE configuration using adapters.

To SMU_Vs To RSU

" To SMU_Vm

The picture of the Triax TEE adapter, with the combination of adapters, is shown next.

Measurement parameter setup
Follow the next steps to measure the ReRAM IV-Butterfly curve using the ReRAM IV-Butterfly
application test.

Step 1: Assign Measurement Modules
This test uses only SMUs.
Assign SMUs in the GUI of the ReRAM IV-Butterfly Application Test by referring to your B1500A
SMUs configuration and the connection with your ReRAM device.
Assign the SMUs for Vs and Vm SMUs by choosing from the dropdown list of the GUI by referring
to your actual connection as shown in the next figure.

18 EasyEXPERT group+ Advanced NVM Application Tests User's Guide
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S
3]

SMU

hr ]

TEE*
L]
SMU
ReRAM R

——oé)—
ov

RSU RS

*1: Vm guard must be disconnected.
See below for detail configuration.

SMU_Vm : |SMU2:HR/AS =

SMU_Vs : |SMU1:HP v

Do the same for Vg SMU option if you are using the current limit option.
9ptional connection diagram for current limit control.
[ Enable_SMU_Vg : |Enable A

SMU_Vg: [SMU4HR =]

Step 2: Set the Output Waveform Parameters

Set the following test parameters as shown in Table 2-3 by referring to the parameters shown in
Figure 2-7.

Set | compliance for Vs SMU which limits the maximum current of the low resistance state of the
ReRAM structure.

Table 2-3. Waveform output setup: V Source (Vs) parameters

Parameter Description
SetV Maximum voltage to sweep in the SET direction.
ResetV Maximum voltage to sweep in the RESET direction.
StepV Step voltage of the sweep.
|_compliance Current compliance of SMU_Vs.

HoldTime

HoldTime
¥

v

HoldTime '
DelayTime
IntegTime

--- Reset V
HoldTime

Figure 2-7. IV-Butterfly waveform parameters.

Optional Vg setting for SMU_Vg:

If the optional Vg SMU option is enabled, set the Vg voltage which limits the maximum

current flowing in the ReRAM device. The Vg is output from the SMU_Vg while the
measurement is taken.

Parameter Description
Vg Gate voltage of the current limit transistor (FET)

EasyEXPERT group+ Advanced NVM Application Tests User's Guide 19
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Step 3: Set Measurement & Display Parameters
Set the following test parameters shown in Table 2-4 referring to the parameters shown in
Figure 2-7.

Table 2-4. Measurement & Display Parameters.

Parameter Description
IntegTime Integration time of SMU_Vs in the current measurement.
DelayTime Delay time between the step measurements.
HoldTime Hold time at the timing of the start, SetV, OV to ResetV, and ResetV timing.
Display_Opt Y axis scale selection from "Log (absolute)" and "Linear"
- LOG_Absolute Plots absolute Im (Log Y axis) vs. Vm graph
- LINEAR Plots Im vs. Vm graph

"Display_Opt" sets the display options for Y axis display. One for log graph and the other for
linear graph.

The selection of "LOG_Absolute" takes the absolute log in the Y axis, and plots the so-called
Butterfly curve (refer to Figure 2-9). Selecting "Linear" provides the linear scale measurement
graph with signal polarity.

Step 4: (Optional) Set Extended Test Parameters
The following parameters shown in Table 2-5 can be optionally set in the Extended Test
Parameter setup window.
The Extended Test Parameter setup window can be opened by clicking the "Extended Setup . . .
" button, shown in the next figure, located in the upper right corner of the Test Parameters
window of EasyEXPERT.
It is not usually necessary to change this parameter.

e Device ID : =  Cou

Setup Name : [ReRAM IV-Butterfly

Measurement & Display

IntegTime : |[SHORT v
DelayTime: |1 ms B
HoldTime: [0s B

Display_Opt : |LOG_Absolute vl

Figure 2-8. How to open the Extended Test Parameter setup window.

20 EasyEXPERT group+ Advanced NVM Application Tests User's Guide
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Table 2-5. Extended Test Parameter setup.
Parameter Description
Vs_MinRange Minimum current range setting of the limited auto-range of SMU_Vs.

This parameter sets the minimum current range in the limited auto-range setting. It is not
usually necessary to change this parameter.

Measurement results
The output is an X-Y plot where x-axis is voltage and Y axis is a current.

Output example:

Figure 2-9 shows a measurement output example of ReRAM IV-Butterfly application test.

You can access the measurement graph and the measurement data in the List Display.

List Display provides the numerical measurement data including Vs, Vm and Im data. List data
can easily be copied to any spreadsheet applications.

Setup Name : IReRAM IV-Butterfly [(1) "x_Mode=YES simulation"; 2/19/2019 3:40:24 PM]
X-Y Graph Plot Prefe
A KEYSIGHT
TECHADLOGIES MARKER{ 2.00020V 138450 uA ——-- )
= Im
= 50w
2
z 200u
100u
Slu
20u
1u
5u
=
E 1
£ 5mn
200n
100n
2 15 1 500 m ] 500 m 1 13 2 L5 3 35 4
vm (V) 500 m (div
List Display Prefi
Index | vs| vm | Im|
19 1.8000 V 1.8001V 178.60 ud
20 1.9000 V 1.9002 V 188.50 ud
21 2.0000 vV 2.0002V 198.45 uA

Figure 2-9. Example output of ReRAM Butterfly Application Test.
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o ReRAM FORM

General description of the FORM Application Test

This application test performs Forming process characterization and the resistance measurement
just after the Forming process. The FORM characteristics measurements use a rising slope of the
FORM pulse by continually sampling the slope current, as shown in Figure 2-10.

In the rise slope of the pulse, the current flowing through RERAM resistor is measured and detects a
sudden increase of the current where the ReRAM resistor suddenly decreases by the FORM of a
channel path. The FORM parameter is detected by the sudden increase of the ReRAM current
crossing the threshold current which is set by the "FORM_detect" parameter.

The source voltage Vs just before the FORM detection is set as the FORM voltage (FORM_Vm) and
the first measurement current after the FORM detection is recorded as the FORM current (FORM_Im).
Those parameters are set in the form waveform parameter field and measurement parameter field.
Note that measurement accuracy may depend on the rise slope time and the sampling interval.
After the detection of the FORM, the FORM resistance (FormR) is measured.

TopWidth

Sampling  @<----- FORM_V (Detect)
Interval ™~
Vs/Im ro\ Rm_V
B »
*—F¢ T o= »
. 1
FORM_Tr !

Figure 2-10. FORM pulse and waveform parameters.

ReRAM FORM measurement configuration

WGFMU RSUs are used in the FORM measurement application test as shown in Figure 2-11.

One WGFMU-RSU is used as the waveform source for ReRAM resistor device and second RSU is used
to measure the current from the device with fixed zero input volts.

The connection diagram of the optional current limit configuration is shown in Figure 2-12. Refer to
Figure 2-3 when connecting the SMU to Vg terminal of the current limit transistor.

—

ReNR 5
oo s DD
oV
WGFMU RSU RSU WGFMU 1
Waveform source Current measurement

Figure 2-11. Standard configuration for FORM measurement.
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—

Tt
Rl -6%-—%_'_\ v i .
Current limit 1
WGFMU

RSU WGFMU
(Transient) RSU

Waveform source Current measurement

Figure 2-12. Optional current limit configuration for FORM measurement.

Configure the connection setup and connect your device by referring to the connection diagram on
the GUI. Refer to Figure 2-3 when connecting the SMU for Vg.

Measurement parameter setup
Follow the next steps to measure the FORM parameters using the ReRAM FORM application test.

Step 1: Assign Measurement Modules
This test uses RSUs shown in the GUI of the ReRAM FORM Application Test. Before assigning the
RSU in the application test GUI, refer to your B1500A WGFMU-RSUs configuration and the
connection with your device.
Assign the RSUs for Vs and Im choosing from the dropdown list of the GUI by referring to your
actual connection as shown in the next figure, where:
- RSU_Vs: RSU channel of the Vs -Voltage source RSU.
- RSU_Im: RSU channel of the Im - Current measurement RSU.

. ReRAM R
@l ¢ B
%—oﬂM;o—w-«é- O,
RSU RSU WGFMU
WGFMU \/
RSU_Vs: |WGFMUL:RS ~ RSU_Im: |WGFMU2:RS v]

Do the same for the Vg SMU option if you are using the current limit option.

Optional: connection diagram for current limit control
( Current limit control
Enable_SMU_Vg : |Enable hd
SMU_Vg : [SMU4:HR -

Step2: Set Waveform output parameters
Set the following test parameters shown in Table 2-6 and Table 2-7 by referring to the
parameters shown in Figure 2-10.

EasyEXPERT group+ Advanced NVM Application Tests User's Guide 23



Using Advanced NVM Application Tests
ReRAM

24

The sampling measurement is made while in the FORM_Tr slope and the voltage, when the
resistor changes high resistance to low resistance state, is detected as the FORM voltage.
Taking enough sampling data increase the FORM voltage resolution, hence the FORM_Tr must
be set long enough compared to the FORM_SamplingInterval parameter, as shown in the next
step.

Table 2-6. Waveform output setup: FORM parameters.
Parameter Description
Max voltage of the FORM pulse of the RSU_Vs.

Vmax Set higher voltage than the actual FORM voltage of the ReRAM device.
FORM Tr Rise time of the FORM pulse.
- "FORM_Tr/ FORM_Samplinglnterval >= 5" must be satisfied to detect the FORM
FORM_Tf Fall time of the FORM pulse.
TopWidth Top width of the FORM Pulse.

Table 2-7. Waveform output: R Measure parameter.

Parameter Description
Rm_V The output voltage for R measurement a after the FORM pulse.

Note: “Rm_V" must be small enough compared to Vmax to keep the low resistance state.

Step 3: Set Measurement Parameters:

Set the following measurement parameters.

Table 2-8. Measurement parameters.

Parameter Description
Sampling interval to measure the current in the FORM pulse. To detect the FORM
voltage, sampling interval must be at least 5 times shorter than FORM_Tr.
FORM_Im_range Current range of RSU_Im (Im RSU). FORM current is measured by RSU_Im.
FORM._detect | (optional) Current threshold which is set smaller than the FORM currentin t_he specified

- ‘ measurement condition, and used to detect FORM voltage better in the output graph.
Rm_Im_range Current range of RSU_Im used measuring the R after the FORM pulse.
RmAveragingTime Averaging time when measuring the R after the FORM pulse.
Delay time from the start of the Rm pulse to the start of the R measurement. Delay time
must be larger than " RmP_RiseTime" and its transient periods.
Subtracts Rm_adjust from the Rm value for adjusting the R of the current limit
transistor.

FORM_Samplinglnterval

Rm_DelayTime

Rm_adjust (optional)

Note:

- "5 times" limit description in the "FORM_Samplinglnterval" is a minimum number in the program. The actual sampling
interval is better to set at < 1/50 of the “FORM_Tr” to obtain reasonably accurate test results.

- "FORM_SamplingInterval" is also an integration time of the sampling. Set a longer time if the sampling data is noisy.

- "FORM_detect_I" is only used in the FORM voltage detection algorithm and does not affect the measurement. Even the
detection is failed by the detection algorithm, the actual FORM voltage can be extracted from the measurement graph.

- "Rm_adjust" subtracts this value from the measured resistance. This parameter can be used when the optional current limit
transistor is used or if a series resistor is inserted to limit the maximum current.
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Step 4: Set Optional Vg for SMU_Vg Parameter for current limiting
If the optional Vg SMU option is enabled, set the Vg voltage which limits the maximum current

flowing in the ReRAM device. The Vg is output from the SMU_Vg while the measurement is
taken.

Since WGFMU/RSU does not have the current limit capability, consider using this option or

inserting a resistor in series if any noticeable degradation of the ReRAM is doubted while the
measurement is taken.

Table 2-9. Optional Parameter for current limit setting.

Parameter Description

v Gate voltage of the current limit transistor (FET) to limit the maximum current of the
g ReRAM resistor device.

Step 5: (Optional) Set Extended Test Parameters
In addition to the parameters shown in the GUI panel, you can setup the following extended

parameters shown in Table 2-10 by pressing the "Extended Setup ..." button shown in Figure
2-8.

It is not usually necessary to change these parameters.

Table 2-10. Extended Test Parameter setup.

Parameter Description
DelayTime Delay time.
RSU_Vs_Range Current range of RSU_Vs (Vs RSU)
RmP_RiseTime Rise/Fall time of R measure pulse
ExecutionMode Choice of “Execution Mode”
- Run Vector Measurement is made with the WGFMU/RSU
- Pattern Validation Used to check the vector data created to run WGFMU/RSU. Can be executed without

running the B1500A.
DataDisplay_PatternValidation This parameter is effective in “Run Vector” in the execution mode setting.
- Enable Shows “PatternValidation Data Display”. (Waveform or Waveform_MeasTiming)
- Disable Does not show “PatternValidation Data Display”.

Measurement results
The test results are Displayed in the ReRAM FORM graph.
The graph displays Form_V (Y1 axis), Form_I (Y2 axis) versus FORM_TIME sampling data in X axis.

The following parameters are extracted:
- FormR: Measured R value after the FORM pulse.
- FORM_Im: Current measured just after the FORM detection.
- FORM_Vm: Source voltage just before the FORM detection.

Output example:

Figure 2-13 shows a measurement output example of a ReRAM FORM application test. The
FORM_Im and FORM_Vm parameters measured at the timing of the FORM path are made in the
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ReRAM resistance channel and the resistance (FormR) measured after the FORM pulse, are
displayed on the Parameters area of the display.
You can access the measurement graph and the measurement data as shown in Figure 2-13.

Setup Name - X
X-Y Graph Plot Preference - | ‘ Parameters ‘
KEYSIGHT
T MARKER{ 1.33050E-004 3.00000 2.601285-004) FormR [1754.86
4 1.16168 FORM_Im |7.75701F-004
z 35 FORM_Vm |3 noo0o
: 7
- 3 Fi
5
15
R
£
sMam
[] 792
1502y 180y 1850 My Sy 10w 185w 1My 1% My
FOAM TIME 500y jdv a >
List Display Preference ~ | ‘
Index | FORM_TIME Form_V/ Form_l ~
151 187.8000000 u 2.980000000 304.8016224 u
153 188.3000000 u 3.020000000 775.7910062 u
154 188.5500000 u 3.040000000 936.7584717 u v

Figure 2-13. FORM measurement graph example.
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o ReRAM Reset-Set

General description of the Reset-Set Application Test

This application test performs SET characterization followed by the RESET measurements. SET
characterization is very similar to the ReRAM FORM application test. The concept of the RESET
measurement is similar to the SET measurement approach except that this characterization detects
the sudden decrease of the current when the ReRAM resistor gets higher at RESET voltage in the
RESET pulse rise slope. The RESET voltage can be set for both polarities depending on the ReRAM
device type.

The measurement sequence guide is shown in the next figure.

Note:
SET = Measurement

SET_Vm
RESETR SETI SET-R
Vs/Im  RESET ™\ M\ RmV
- >

RESET_V —\‘/

Figure 2-14. ReRAM Reset-Set pulse and waveform parameters.

A gate control option for using an external current limit device is available.

ReRAM Reset - Set measurement configuration

The measurement configuration is the same as the ReRAM FORM application test.

Refer to the relevant section of the ReRAM FORM measurement configuration. For standard
configuration, refer to Figure 2-11. For the optional current limit configuration, refer to Figure 2-12.

Measurement parameter setup
Follow the next steps to characterize the Reset-Set parameters using the ReRAM Reset-Set

application test.

Step 1: Assign Measurement module
The measurement module setup is the same as the ReRAM FORM application test.
Refer to the measurement module setup of the ReRAM FORM section.

Step 2: Set Waveform output parameters
Set the following test parameters shown in Table 2-11 for RESET/SET pulse and Table 2-12 for R
measurement voltage, referring to the parameters shown in Figure 2-14. For SET pulse, also
refer to the FORM parameters in Figure 2-10.
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Table 2-11. Waveform output setup: RESET / SET output parameters.

Parameter Description

RESET_V RESET voltage

RESET Tr Rise time of the RESET pulse.

SET Vmax Max voltage of the SET pulse of the RSU_Vs.
SET Tr Rise time of the SET pulse.

TopWidth Top width of the SET and RESET pulse.

Table 2-12. Waveform output - R Measure parameter.

Parameter Description
Rm_V The output voltage used for R measurement after the RESET and SET pulse.

Note: “Rm_V* must be small enough for keeping the high and low resistance state.

Step 3: Set Measurement parameters

Set the following parameters by referring to Table 2-13 for RESET/SET measurements and Table
2-14 for R measurements.

Table 2-13. Measurement parameters - RESET / SET measurement.

Parameter Description

Sampling interval to measure the current in the SET pulse.
To detect the SET voltage, sampling interval must be at least 5 times shorter than SET_Tr.

RESET_Im_range Current range of RSU_Im (Im RSU), used in the RESET pulse stage to measure the RESET current.
Current threshold to detect the RESET V.

SamplinglInterval

RESET_detect_| When the current difference between two sampling points in the RESET_Tr slope exceeds
"RESET detect |", the voltage of the slope is recorded as RESET V.
SET_Im_range Current range of RSU_Im (Im RSU), used in the SET pulse stage to measure the SET current.
Current threshold to detect the SET V.
SET_detect_| When the current difference between two sampling points in the SET_Tr slope exceeds "SET_detect_I",

the voltage of the slope is recorded as SET

Note:

- "B times " limit description in the "SamplingInterval” is a minimum number limited in the program. A larger number provides
a higher resolution SET/RESET voltage.

- "Samplinglnterval" is also an integration time of the sampling. Set longer time if the sampling data is noisy.

- "RESET _detect_I" and "SET_detect_I" are only used in the RESET/SET voltage detection algorithm and they do not affect the
measurement. Even if the detection is failed by the detection algorithm, the actual RESET/SET voltage can be extracted from
the measurement graph.
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Table 2-14. Measurement parameters - R Measure.

Parameter Description

SET_Rm_ImRange  Current range of RSU_Im used to measure R after the SET pulse.
RESET_Rm_ImRange Currentrange of RSU_Im used to measure R after the RESET pulse.
Rm_AveragingT Averaging time to measure SET_R & RESET_R.

Delay time between the start of the Rm pulse and the start of the R measurement.

Rm_DelayTime Delay time must be larger than " Rm_TrTf" and its transient periods.
Rm_adjust Subtracts Rm_adjust from the Rm value for adjusting the R of the current limit transistor.
Note:

- "Rm_adjust" subtracts this value from the measured resistance. This parameter can be used when the optional current limit
transistor is used or if a series resistor is inserted to limit the maximum current.

Step 4: Set Optional Vg for SMU_Vg Parameter for current limiting
If the optional Vg SMU option is enabled, set the Vg voltage which limits the maximum current

flowing in the ReRAM device. The Vg is output from the SMU_Vg while the measurement is
taken.

Since WGFMU/RSU does not have the current limit capability, consider using this option or

inserting a resistor in series if any noticeable degradation of the ReRAM is doubted while the
measurement is taken.

Table 2-15. Optional Parameter for current limit setting.

Parameter Description
Vg Gate voltage of the current limit transistor (FET) to limit the maximum current of the ReRAM resistor
device.

Step 5: (Optional) Set Extended Test Parameters
In addition to the parameters shown in the GUI panel, you can setup the following extended

parameters shown in Table 2-16 by pressing the "Extended Setup ..." button. The location of the
button is shown in Figure 2-8.

It is not usually necessary to change these parameters.

Table 2-16. Extended parameter setup.

Parameter Description
ExecutionMode “Execution Mode” choice from the followings.
- Run Vector Measurement is made with the WGFMU/RSU
- Pattern Validation ~ Used to check the vector data created to run WGFMU/RSU. Can be executed without running the
B1500A.

DataDisplay_PatternValidation (This parameter is effective in “Run Vector” in the execution mode setting.)
- Enable Shows “PatternValidation Data Display”. (Waveform or Waveform_MeasTiming)
- Disable Does not show “PatternValidation Data Display”.

DelayTime Delay time.

SET_Tf Fall time of the SET pulse.

RESET Tf Fall time of the RESET pulse.

Rm_TrTf Rise/Fall time of R measure pulse

V/s_range Current range of RSU_Vs (Vs RSU)

Measurement results
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The measurement results display two graphs, one for RESET measurement and the other for SET
measurement. Both graphs display RESEWT/SET output voltage (Y1 axis) and RESET/SET
measurement current (Y2 axis) versus RESET/SET time (X axis) sampling data.

The following parameters are extracted:

e ResetR: measured RESET R

* Reset_Im: Peak current which is measured one sampling point before the RESET is detected.
If RESET is not detected, 9999 is returned.
Reset_Vm: Peak voltage which is measured one sampling point before the RESET is detected.
If RESET is not detected, 9999 is returned.
e SetR: measured SET R
e SET_Im: Peak current when the SET is detected. If SET is not detected, 9999 is returned.
e SET_Vm: Peak voltage which is measured one sampling point before the SET is detected.

If SET is not detected, 9999 is returned.

Output example:
Measurement examples are shown in the next two figures. Figure 2-15 shows the RESET
measurement graph example and Figure 2-16 shows the SET measurement graph example.

You can expect to obtain the two measurement results, one for RESET and the other for SET
operation, as shown in the example output graphs.

S 0T ) Y BB ReRAM RESET Graph [(1) "REST SET detection OK"; 2/21/2019 11:43:28 AM] X
X-Y Graph Plot Preference v |Parameters ‘
AN KETSIGHT
T MARKER{ 2.00700E-004 -1.49000 -8.67343E-004) ResetR  [19070
3 0 Reset_Im F0_0003573
e Reset_Vm I:l_q,gg
-

0w il
&
U

Residual_ R |

§ 8

Resel ¥

EN My Wy e u Ku /e MWu  Wu Mu Mu

RESET_Time Adu fdv

List Display Preference ~
Index | RESET_Time | Reset_V Reset_1|
150 190.70 u -1.46000 -863.4925 u

152 201.70 u -1.50000 -645.1475u
153 202.70u -1.51000 -645.3242 1 v

Figure 2-15. RESET measurement example.
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LT VT -l e RAM Reset-Set [(1) "REST SET detection OK by x_TestMode="YE! X
X-Y Graph Plot Preference ~ | |
A KEYSIGHT
B MARKER( 5.26700E-004 2.62060 2.59895E-004) SetR 1756.72
FIC-5 SET_Im |7 67070E-004
E SET_Vm 3 62060
=
g Residual_R [y
25
15
= 1
&
50 m
a
37670 WMu Ay My 0u  40u 50w 50u  S0u 5%7u
T _Time 00w fdv
List Display Preference ~
Index_[ SET_Time Set_V. Set I "
150 525.7000000u 2.603015075 259.5256865 u
152 527.7000000u 2.638190050 767.0793566u
152 528.7000000u 2.6557788%4 0915.5146545u v

Figure 2-16. SET measurement example.

Note: To access for RESET measurement graph from the Results area, you must
expand Application Test Results because the data is saved behind the main

application test name.

Refer to the next figure to expand the application test results.

Cancel

Select All

Import...
Bxport

Unselect All

Display Data
Recall

Export to Folder...
Export Options >

Customize...

Properties... E
Preference...

> Show Deleted Data

>

Show All Append Data

]

¥/ TFag ]SetupNameI

|Date

Figure 2-17. Expanding Application Test

WGFMU Pattern Editor

WGFMU Pattern Editor Child...

ReRAM Reset-Set
ReRAM_Reset_Set_Sub
ReRAM RESET Graph
WGFMU Pattern Editor

WGFMU Pattern Editor Child...

ReRAM_Reset_Set_Sub
ReRAM RESET Graph
WGFMU Pattern Editor

WGFMU Pattern Editor Child...

ReRAM_Reset_Set_Sub
ReRAM RESET Graph

2/21/2019 2:55
2/21/2019 2:55
2/21/2019 11:4;
2/21/2019 11:4:
2/21/2019 11:4;
2/21/2019 11:4;
2/21/2019 11:4:
2/21/2019 11:21
2/21/2019 11:2:
2/21/2019 11:2:
2/21/2019 11:21
2/20/2019 4:53
2/20/2019 4:53
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o ReRAM Reset SetV-Loop

General description of the Reset SetV-Loop Application Test

This application test performs repeated SET R measurements from the initial low SET voltage, where

the ReRAM resistance is high and the SET voltage is incrementally increasing to find the SET voltage,
where the ReRAM resistance reaches a low resistance state. The SET voltage can easily be found by

carrying out this test.

The measurement sequence guide is shown in the next figure.

SET V dependency loop

Note: SETV
=Measurement

RESET_R SET_R
Vs/Im  RESET /"\ —Rm__V

»
\J '
— RESET_V

Figure 2-18. ReRAM Reset SetV-Loop pulse and waveform parameters.

A gate control option for using an external current limit device is available.

ReRAM Reset SetV-Loop measurement configuration

The measurement configuration is the same as the ReRAM FORM application test.

Refer to the section of the ReRAM FORM measurement configuration. For standard configuration,
refer to Figure 2-11. For the optional current limit configuration, refer to Figure 2-12.

Measurement parameter setup
Follow the next steps to find the SET voltage using the ReRAM Reset SetV-Loop application test.

Step 1: Assign Measurement Modules
The measurement module setup is the same as the ReRAM FORM application test.
Refer to the measurement module setup of the ReRAM FORM section.

Step 2: Set Waveform output parameters
Set the following test parameters as shown in Table 2-17 for Reset SetV-Loop pulse and Table
2-18 for R measurement voltage, by referring to the parameters shown in Figure 2-18.
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Table 2-17. Waveform output setup - Reset SetV-Loop RESET / SET output parameters.

Parameter Description

RESET V RESET voltage

RESET _Tr Rise time of the RESET pulse.
SET_startV Start voltage of SETV loop

SET_stopV Stop voltage of SET V loop

N_of_steps Number of steps in the voltage loop.
SET_Tr Rise time of the SET pulse.

TopWidth Top width of the SET and RESET pulse.
Note:

- "SET_startV" must be set lower than the actual SET voltage of the DUT and "SET_stopV" must be higher, so that the actual
SET voltage comes between these two sweep voltage ranges.

Table 2-18. Waveform output - R Measure parameter.

Parameter Description
Rm_V R measurement voltage after the SET & RESET pulse.

Step 3: Set Measurement parameters
Set the following parameters by referring to Table 2-19 for Reset SetV-Loop measurements and
Table 2-20 for R measurements.

Table 2-19. Measurement parameters - Reset SetV-Loop measurement.

Parameter Description

Sampling interval to measure the current in the SET pulse.

To detect the SET voltage, sampling interval must be at least b times shorter than SET_Tr.
Current range of RSU_Im (Im RSU), used in the RESET pulse stage to measure the RESET
current.

Current range of RSU_Im (Im RSU), used in the SET pulse stage to measure the SET
current.

Threshold SET R value to detect the SET voltage in the step loop. Detection is made when
the measured R decreases the threshold R.

SamplinglInterval

RESET_Im_range

SET_Im_range

SET_detect_R

Note:
- "5 times " limit description in the "SamplingInterval" is a minimum number limited in the program. This condition must be
met, but it does not affect the measurement results as in the case of the RESET/SET application test.

Table 2-20. Measurement parameters - R Measure.

Parameter Description

SET_Rm_ImRange  Current range of RSU_Im used to measure R after the SET pulse.
RESET_Rm_ImRange Current range of RSU_Im used to measure R after the RESET pulse.
Rm_AveragingT Averaging time to measure SET_R & RESET_R.

Delay time between the start of the Rm pulse and the start of the R measurement.

Rm_DelayTi . . . .

m_-edytime Delay time must be larger than " Rm_TrTf" and its transient periods.
Rm_adjust Subtracts Rm_adjust from the Rm value for adjusting the R of the current limit transistor.
Note:

- "Rm_adjust" subtracts this value from the measured resistance. This parameter can be used when the optional current limit
transistor is used or if a series resistor is inserted to limit the maximum current.
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Step 4: Set Optional Vg for SMU_Vg Parameter for current limiting
If the optional Vg SMU option is enabled, set the Vg voltage which limits the maximum current

flowing in the ReRAM device. The Vg is output from the SMU_Vg while the measurement is
taken.

Since WGFMU/RSU does not have the current limit capability, consider using this option or

inserting a resistor in series if any noticeable degradation of the ReRAM is doubted while the
measurement is taken.

Table 2-21. Optional Parameter for current limit setting.

Parameter Description

v Gate voltage of the current limit transistor (FET) to limit the maximum current of the
g ReRAM resistor device.

Step 5: (Optional) Set Extended Test Parameters
In addition to the parameters shown in the GUI panel, you can setup the following extended

parameters shown in Table 2-16 by pressing the "Extended Setup ..." button. The location of the
button is shown in Figure 2-8.

It is not usually necessary to change these parameters.

Table 2-22. Extended parameter setup.

Parameter Description
DataDisplay_PatternValidation: This parameter is effective in “Run Vector” execution mode setting.
- Enable shows “PatternValidation Data Display”. (Waveform or Waveform_MeasTiming):
- Disable Does not show “PatternValidation Data Display”.
ExecutionMode Choice of “Execution Mode”
- Run Vector Measurement is made with the WGFMU/RSU
L Used to check the Vector Data created to Run WGFMU/RSU. Can be executed without
- Pattern Validation :
running the B1500A.
DelayTime Delay time.
SET_Tf Fall time of the SET pulse.
RESET _Tf Fall time of the RESET pulse.
Rm_TrTf Rise/Fall time of R measure pulse
Vs_rang Current range of RSU_Vs (Vs RSU)

Measurement results
Measurement results are shown in the Reset-Set V incremental graph.
The X_Y graph parameters are shown next:

e Y axis: SETR

e Xaxis: SET Pulse V

The following parameter is extracted:
e SET_Vm: The SET voltage at the point where the "SET_R" value is lower than the

"SET_detect_R" value, is recorded as "SET_Vm", and the marker is shown on that voltage.
If SET_Vm is not detected, "9999" is displayed.
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The measurement example is shown in Figure 2-19.

Setup Name -

ERAM Reset SetV-Log)

[(1) "x_TestMode="YES" Loo|

No=5 example”; 2/22/2019 10:47:47 AM_

X-Y Graph Plot

Preference ~

Parameters |

1.00718

100 k i

M. KEYSIGHT
MARKER( 2.60000 1757.53 ——)

2 021 22 23 24 25 26 27 28 23

3 31 32 33 34 35

D m jdv

SET_Vm  5.60000

SET ulsa ¥ < >
List Display Preference ~ |
Index | SET_Pulse_V | SET_R| Set 1] ~
1 2.000000000 10.07183979 k 19.85734525u
2 2.150000000 10.06786676 k 19.86518146 u
3 2.300000000 10.06763813 k 10.86563257 u
4 2.450000000 10.06663159 k 19.86761890 u v

Figure 2-19. Reset SetV-Loop measurement example.
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o ReRAM Set ResetV-Loop

General description of the Reset SetV-Loop Application Test

This application test performs repeat RESET R measurements from the initial low RESET voltage,
where RESET is not triggered and the RESET voltage is incrementally increasing to find the RESET
voltage, where the ReRAM resistor is reset to high resistance state. The RESET voltage can easily be
found by carrying out this test.

The measurement sequence guide is shown in the next figure.

Note:
= Measurement

— SET_V

RESET_R SET_R

Vs/Im /’-\ RESET /"\_ Rm_V
c— — —_— " — »

RESET_V —\—/l

RESET V dependency loop

Figure 2-20. ReRAM Set ResetV-Loop pulse and waveform parameters.

A gate control option for using an external current limit device is available.

ReRAM Reset SetV-Loop measurement configuration

The measurement configuration is the same as the ReRAM FORM application test.

Refer to the section of the ReRAM FORM measurement configuration. For standard configuration,
refer to Figure 2-11. For the optional current limit configuration, refer to Figure 2-12.

Measurement parameter setup
Follow the next steps to find the RESET voltage using the ReRAM Set ResetV-Loop application test.

Step 1: Assign Measurement Modules
The measurement module setup is the same as the ReRAM FORM application test.
Refer to the measurement module setup of the ReRAM FORM section.

Step 2: Set Waveform output parameters

Set the following test parameters shown in Table 2-23 for Set ResetV-Loop pulse and Table 2-24
for R measurement voltage, by referring to the parameters shown in Figure 2-20.
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Table 2-23. Waveform output setup - Set ResetV-Loop output parameters.

Parameter Description

SET_V SET voltage

SET_Tr Rise time of the SET pulse.

RESET startV Start voltage of RESET V loop
RESET_stopV Stop voltage of RESET V loop
N_of_steps Number of steps in the voltage loop.
RESET_Tr Rise time of the RESET pulse.
TopWidth Top width of the SET and RESET pulse.
Note:

- The “RESET _startV” must be set lower than the actual RESET voltage of the DUT and the “RESET_stopV” must be higher, so
that the actual RESET voltage comes between these two sweep voltage ranges.

Table 2-24. Waveform output - R Measure parameter.

Parameter Description
Rm_V R measurement voltage after the SET & RESET pulse.

Step 3: Set Measurement parameters
Set the following parameters by referring to Table 2-25 for Set ResetV-Loop measurements and
Table 2-26 for R measurements.

Table 2-25. Measurement parameters - Set ResetV-Loop measurement.

Parameter Description

Sampling interval to measure the current in the SET pulse.

To detect the SET voltage, sampling interval must be at least b times shorter than SET_Tr.
Current range of RSU_Im (Im RSU), used in the RESET pulse stage to measure the RESET
current.

Current range of RSU_Im (Im RSU), used in the SET pulse stage to measure the SET
current.

Threshold SET R value to detect the SET voltage in the step loop. Detection is made when
the measured R decreases the threshold R.

SamplinglInterval

RESET_Im_range

SET_Im_range

RESET_detect_R

Note:
- "5 times " limit description in the "SamplingInterval" is a minimum number limited in the program. This condition must be
met, but it does not affect the measurement results as in the case of the RESET/SET application test.

Table 2-26. Measurement parameters - R Measure.

Parameter Description

SET_Rm_ImRange  Current range of RSU_Im used to measure R after the SET pulse.
RESET_Rm_ImRange Current range of RSU_Im used to measure R after the RESET pulse.
Rm_AveragingT Averaging time to measure SET_R & RESET_R.

Delay time between the start of the Rm pulse and the start of the R measurement.

Rm_DelayTi . . . .

m_-edytime Delay time must be larger than " Rm_TrTf" and its transient periods.
Rm_adjust Subtracts Rm_adjust from the Rm value for adjusting the R of the current limit transistor.
Note:

- "Rm_adjust" subtracts this value from the measured resistance. This parameter can be used when the optional current limit
transistor is used or if a series resistor is inserted to limit the maximum current.
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Step 4: Set Optional Vg for SMU_Vg Parameter for current limiting
If the optional Vg SMU option is enabled, set the Vg voltage which limits the maximum current
flowing in the ReRAM device. The Vg is output from the SMU_Vg while the measurement is
taken.
Since WGFMU/RSU does not have the current limit capability, consider using this option or

inserting a resistor in series if any noticeable degradation of the ReRAM is doubted while the
measurement is taken.

Table 2-27. Optional Parameter for current limit setting.

Parameter Description

v Gate voltage of the current limit transistor (FET) to limit the maximum current of the
g ReRAM resistor device.

Step 5: (Optional) Set Extended Test Parameters
In addition to the parameters shown in the GUI panel, you can setup the following extended

parameters shown in Table 2-28 by pressing the "Extended Setup ..." button. The location of the
button is shown in Figure 2-8.

It is not usually necessary to change these parameters.

Table 2-28. Extended parameter setup.

Parameter Description
DataDisplay_PatternValidation: This parameter is effective in “Run Vector” execution mode setting.
- Enable shows “PatternValidation Data Display”. (Waveform or Waveform_MeasTiming):
- Disable Does not show “PatternValidation Data Display”.
ExecutionMode Choice of “Execution Mode”
- Run Vector Measurement is made with the WGFMU/RSU
L Used to check the Vector Data created to Run WGFMU/RSU. Can be executed without
- Pattern Validation :
running the B1500A.
DelayTime Delay time.
SET_Tf Fall time of the SET pulse.
RESET _Tf Fall time of the RESET pulse.
Rm_TrTf Rise/Fall time of R measure pulse
Vs_rang Current range of RSU_Vs (Vs RSU)

Measurement results
Measurement results are shown in the Set-Reset V incremental graph.
The X_Y graph parameters are shown next:

e Yaxis: RESET R

e X axis: Absolute RESET Pulse V

The following parameter is extracted:
* Reset_Vm: The RESET voltage, where the" RESET_R" value is higher than "RESET_detect_R"
value, is recorded as "Reset_Vm and the marker is shown on that voltage.

If Reset_Vm is not detected, "9999" is returned and displayed.
Output example:

The measurement example is shown in Figure 2-21.
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Setup Name : |ReRAM Set ResetV-Loop [(1) "x_Test_Mode LoopNo=6 example"; 2/22/2019 10:45:15 AM]

X

X-Y Graph Plot

Preference ~ |

|Parameters

1.00618

9k

1.00 k fdiv

Bk

-
P

RESET R

175738,
2

KEYSIGHT
TRCKNOLOGIES

MARKER{ 2.50000 10061.3

2 22 13 24 25
Abs_RESET_Puise_

26

27 28
100 m v

29

3

Reset_Vm Fz.sooou

List Display

Preference -~ | |

Index | Abs RESET Puls.. |  RESET Pulse V|

RESET R |

~

4
5

2.200000000 -2.300000000
2.400000000 -2.400000000

1757466762 k
1.757384401 k

Figure 2-21. Set ResetV-Loop measurement example.
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o ReRAM Endurance

General description of the ReRAM Endurance Application Test

This application test performs an endurance repeat test of the RESET - SET pulse sequence. The test
is executed as double loop cycles as shown in Figure 2-22, with a large loop (blue circle) including
fatigue characterization after the short loop (red circle) stress cycles which only applies the
RESET-SET pulses. The fatigue characterization measurement, shown in the right side of the large
loop, measures the degree of the fatigue of the RESET - SET parameters at the specified logarithmic
timing per decade base.

The pulse rise time used for RESET-SET characterization is much slower than the actual pulse used
in the ReRAM memory, in order to obtain the accurate RESET-SET voltage and current. However, in
the stress Reset/Set cycle shown in the small red circle, the rise time of the pulse can be set much
shorter with the different parameter names "SET_Tr_Cycle" and "SET_Tr_Cycle", hence the total test
time can be minimized.

Reset/Set Fatigue CharacterizationCycle

Reset/Set Cycle! Note:
SET Tr = Measurement

SET SET_V

SET_Tr_Cycle

RESET_R SET_R

—Rm_V

Vs/Im

RESET_Tr_Cycle /\J
—RESET_V

RESET  RESET Tr

Figure 2-22. ReRAM Endurance test double cycles.

A gate control option for using an external current limit device is available.

ReRAM Endurance test configuration

The measurement configuration is the same as the ReRAM FORM application test.

Refer to the section of the ReRAM FORM measurement configuration. For standard configuration,
refer to Figure 2-11. For the optional current limit configuration, refer to Figure 2-12.

Measurement parameter setup
Follow the next steps to measure the fatigue characteristics using the ReRAM Endurance application

test.

Step 1: Assign Measurement Modules
The measurement module setup is the same as the ReRAM FORM application test.
Refer to the measurement module setup of the ReRAM FORM section.

Step 2: Set Waveform output parameters

Set the following parameters shown in Table 2-29 for endurance pulse output waveforms and
Table 2-30 for R measurement voltage, by referring to the parameters shown in Figure 2-22.
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Table 2-29. Waveform output - Endurance output parameters.

Parameter Description

RESET_V RESET voltage.

RESET Tr Rise time of the RESET pulse used for parameter measurements.
SET_V SET voltage.

SET_Tr Rise time of the SET pulse used for parameter measurements.
TopWidth Top width of the SET and RESET pulse.

RESET Tr_Cycle Rise time of the RESET pulse used for Stress cycle.
SET_Tr_Cycle Rise time of the SET pulse used for Stress cycle.

Note:

- "RESER_Tr" and "SET_Tr" parameters are for Reset/Set characterization and use a longer time required for the
characterization.

- "RESER_Tr_Cycle" and "SET_Tr_Cycle" parameters are for Reset/Set stress cycles and use the shorter time. Using shorter
time can reduce the total endurance test time.

Table 2-30. Waveform output - R Measure parameter.

Parameter Description
Rm_V R measurement voltage after the SET & RESET pulse.

Step 3: Set Measurement parameters

Set the following parameters by referring to Table 2-31 for endurance test timing, Table 2-32 for
RESET/SET measurements and Table 2-33 for R measurements.

Table 2-31. Measurement parameters - Endurance test parameters.

Parameter Description

Maximum loops of the endurance test. The RESET_SET waves are repeated, and ReRAM
characterizations are made in the specified log interval.

Fatigue_C_dec Number of fatigue measurements in one decade of endurance stress cycle.

Max_loops

Table 2-32. Measurement parameters - RESET/SET measurement parameters.

Parameter Description

RESET Im_range Current range of RSU_Im (Im RSU), used in the RESET pulse stage to measure the RESET
current.

SET_Im_range Current range of RSU_Im (Im RSU), used in the SET pulse stage to measure the SET current.

Sampling interval to measure the currentin the SET pulse.

Samplinglnterval To detect the SET voltage, sampling interval must be at least 5 times shorter than SET_Tr.

Table 2-33. Measurement parameters - R Measure.

Parameter Description

Rm_AveragingT Averaging time to measure SET_R & RESET_R.

Delay time between the start of the Rm pulse and the start of the R measurement. Delay time
must be larger than " Rm_TrTf" and its transient periods.

RESET_Rm_ImRange Current range of RSU_Im used to measure R after the RESET pulse.

SET_Rm_ImRange Current range of RSU_Im used to measure R after the SET pulse.

Rm_adjust Subtracts Rm_adjust from the Rm value for adjusting the R of the current limit transistor.

Rm_DelayTime

EasyEXPERT group+ Advanced NVM Application Tests User's Guide 41



Using Advanced NVM Application Tests
ReRAM

Step 4: Set Optional Vg for SMU_Vg Parameter for current limiting
If the optional Vg SMU option is enabled, set the Vg voltage which limits the maximum current

flowing in the ReRAM device. The Vg is output from the SMU_Vg while the measurement is
taken.

Since WGFMU/RSU does not have the current limit capability, consider using this option or

inserting a resistor in series if any noticeable degradation of the ReRAM is doubted while the
measurement is taken.

Table 2-34. Optional Parameter for current limit setting.
Parameter Description

v Gate voltage of the current limit transistor (FET) to limit the maximum current of the ReRAM
d resistor device.

Step 5: (Optional) Set Extended Test Parameters

In addition to the parameters shown in the GUI panel, you can setup the following extended

parameters shown in Table 2-35 by pressing the "Extended Setup ..." button. The location of the
button is shown in Figure 2-8.
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Table 2-35. Extended parameter setup.

Parameter

Description

Vg

Gate voltage of the current limit transistor (FET) to limit the maximum current of the ReRAM
resistor device.

Extended parameter setup.

Parameter Description
Start_Fatigue_C X-axis start number of the Fatigue count in the endurance test result display.
Do_PreTest YES executes pre-RESET-SET test before starting the endurance stress cycle.

Rec_CharData

NO is recommended. "YES" saves all the intermediate characterization graph in the "Results
area".

Rec_StrsData

NO is recommended. "YES" saves all the intermediate stress indication data in the "Results
area".

ReRAM

Stop_by_ResetR

Flag if to terminate the endurance test.
- "NO" does not terminate.
- "Over" terminates when the RESET R exceeds the "Stop_ResetR".
- "Down" does when the R decreases the "Stop_ResetR".

Stop_ResetR

R value to determine the "Stop_by_ResetR" condition.

Stop_by_SetR

Flag if to terminate the endurance test.
- "NO" does not terminate.
- "Over" terminates when the SET R exceeds the "Stop_SetR".
- "Down" does when the R decreases the "Stop_SetR".

Stop_SetR

R value to determine the "Stop_by_SetR" condition.

DataDisplay_PatternValidation: This parameter is effective in “Run Vector” execution mode setting.

- Enable shows “PatternValidation Data Display”. (Waveform or Waveform_MeasTiming):
- Disable Does not show “PatternValidation Data Display”.

ExecutionMode Choice of “Execution Mode”
- Run Vector Measurement is made with the WGFMU/RSU

- Pattern Validation

Used to check the Vector Data created to Run WGFMU/RSU. Can be executed without
running the B1500A.

DelayTime Delay time.

SET_Tf Fall time of the SET pulse.
RESET_Tf Fall time of the RESET pulse.
Rm_TrTf Rise/Fall time of R measure pulse
Vs_lm_rang Current range of RSU_Vs (Vs RSU)

Note: The following parameters can help to monitor or control the endurance test parameters.

- “Start_Fatigue_C”: The start timing of the fatigue measurement can be controlled. The default value is "1".

- “Rec_CharData”: If the intermediate characterization is required, set to "YES"
- “Stop_by_ResetR™: The endurance test can be terminated before reaching to the "Max_loops" if the data hits the pre-set test

ResetR conditions. Refer to Figure 2-24, right side figure.

SetR caonditions. Refer to Figure 2-24, left side figure.

Measurement results
Measurement results display several types of graphs including intermediate measurement result and
stress data. This data can be saved in the EasyEXPERT data base in the Results area for checking the
output data or for making further test analysis, or can be deleted while the measurements are taken

by setting the "Rec_CharData" and "Rec_StrsData" parameters.
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The final output plots the Endurance test graph:
e SET R (Y1 axis)
e RESET R (Y2 axis)
* Fatigue count (X axis)

Parameter output:
The following parameter is extracted and displayed if "Do_PreTest" Extended Setup... parameter
is set to "YES"™:
¢ |nit_ResetR: Initial RESET R
e Init_SETR: Initial SET R

Output example:
A measurement example is shown in Figure 2-23.
The test example is a result of a 215 M stress cycle running over night for approximately 12

hours.
Setup Name : IReRAM Endurance [(2) "215M cycles aborted"; 2/25/2019 11:14:13 AM] x
X-Y Graph Plot Preference ~ | |
A KEXSIGHT ]
e MARKER{ 2.15443E+003 9999.55 10069.4 ) Init_ResetR Faas.nnn
10k 11k Init_SetR Fggg.uuu
959k
£ -
= 9%k 2
957k 2:
956k
985k
954k
Z 093k
E
ERET
951k
— ]
99k bt
1 10 100 1tk 0k W0k 1M 10M  100M 16
Fatigus_Count decads dv Q 5
List Display Preference ~ | |
Index | Fatigue Countl Endu, SetRl Endu, ResetRl A
23 46.41588000 M 9.979027725k 10.05868490 k
24 100.0000000 M 9.979093840 k 10.05579630 k
v

Figure 2-23. ReRAM Endurance test at 215 M stress cycle.

As a test option, a few test stop conditions can be set, except for the maximum number of stress
cycles, by comparing the shift of the RESET and SET resistance changes including the direction
(up or down side).

By properly setting the " Stop_by_ .... R" flag and "Stop_ ... R" resistance value pair in the
"Extended Setup..." parameters, the endurance test can be terminated at the corresponding
timing of the fatigue characterization measurements.

Figure 2-24 shows such examples using the dummy test device.

Both graphs detect at 216 fatigue measurement cycle and the left-side figure detects "Over" the
specified resistance.

The right-side figure is a detection example of "Down" from the specified resistance.
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L2071 P Sl ReRAM Endurance [(6) "Stop Set R over 5K"; 2/25/2019 3:14:45 PM] ERUT LTSS lReRAM Endurance [(5) "Stop Set R down 5k"; 2/25/2019 3:13:12 PM]
X-Y Graph Plot Preference ~ ] | X-Y Graph Plot Preference ~ | |
KEVSIGHT KEYSIGHT
MARKER( 216,000 9961.89 10049.1) TWTreses MARKER( 216.000 1759.51 1759.51)
10k 1 10k
£ 9 k i 9k
g g H g
= 8k = = 8k ‘D
7k - 7k -
6k 6k
Sk 5k
= «
3 ax ESRY
=
3k 3k
17k 7 17k
1 23 5710 2030 5 100 200 500 1k 2k 5k 10k 1 23 5710 2030 0 100 200 500 1k 2k sk 10k
Fatigue_Count decade jdv Fatigus_Count decads [dv
List Display List Display
Index Fatigue_Count Endu_SetR Endu_ResetR Index | Fatigue_Count | Endu_SetR | Endu_ResetR |
3 47.00000000 1.759510599 k 1.759510599 k 3 47.00000000 9.859210041 k 10.05157861 k
4 100.0000000 1.759510599 k 1.759510596 k 4 100.0000000 9.965905342 k 10.05197284 k

|5 2160000000 1750510599k 1750510599k

Figure 2-24. Endurance test example by "Stop by ..." condition. "Over" in right graph and

"Down" in left graph.
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2-2. PCRAM

2-2-1. What is a PCRAM test?

A PCRAM or phase change RAM uses both the high and low resistance states of the phase change
memory cell. The low resistance state is called a SET state and it is the crystalline phase of the cell
material. The high resistance state (RESET) appears in the amorphous phase of the cell material.
When the crystalline material is cooled rapidly from the melted condition (typically > 600 °C) to less
than the glass temperature (about 300 °C) about more or less in the 10 ns range (material
dependent), the material state changes to amorphous and shows a high resistance. A high speed
pulse is used to heat up and cool down the test device and the fall time condition of the pulse can
generally be allowed about 3 times the maximum required cooling time, considering the voltage at
about 300 °C is 70% of the pulse top voltage at 600 °C.

The material status changes to the crystalline phase by retaining the temperature between the glass
state temperature and the melted condition.

Since it is not possible to directly monitor the temperature of the cell material, finding the RESET and
SET condition is somewhat done by trial and error.

Table 2-36 shows a basic test flow using the Advanced NVM Application Test.

Table 2-36. Generic idea of the PCRAM test flow.

Test Flow:

1. RESETV, and SET V characterization

2. Reset Rand Set R characterization

3. Endurancetest

ReRAM Application Test:

* ResetV-Loop
«  SetV-Loop

*  Reset-Set

« Endurance

46
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2-2-2. Connection diagram

The connection diagram for PCRAM characterization is shown in Figure 2-25 where WGFMU is used
for SET characterization and the resistance measurement, and PGU is used to output the fast RESET
pulse. It is necessary to match to the 50 Q2 impedance system to apply a good shape pulse to the
DUT for the RESET pulse. The low side is terminated by the 50 Q terminator through the RSU's Triax
input port with the Triax to BNC adapter, as shown in Figure 2-26.

N1254A-106 Triax = BNC

adapter N1254A-106  11593A
—0 |
PGU Triax ->BNC  BnG 500
PCRAMR adapter  terminator
RenK S | T~
- oV I o 1 |
WGFMU RSU RSU werMu ol

Figure 2-25. PCRAM measurement configuration.

Triax (M) - BNC (F) adapter

50 ohm BNC terminator

FROM
SPGU

Figure 2-26. 50 Q impedance matching and RSU input conversion to BNC.

The connection is the same for all of the PCRAM application tests introduced in the later section of
this manual.

Configure the PCRAM measurement setup by referring to these figures.

For the cable routing of the PCRAM device side, refer to the corresponding section introduced in the
next chapter.
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2-2-3. PCRAM Application Tests

o PCRAM ResetV-Loop

General description of the PCRAM ResetV-Loop Application Test

This application test performs repeat RESET R measurements from the initial low RESET pulse
voltage where RESET state is not set and the RESET pulse voltage is incrementally increasing to find
the RESET voltage, where the PCRAM resistor is reset to high resistance state. The RESET pulse
voltage can easily be found by carrying out this test.

The measurement sequence guide is shown in the next figure.

< RSU >« PGU —»<— Rsy —»
Note: .
= Measurement Reset V incremental loop
RESET_V I
SET_|
SET.V —
/-\ SET_R B v RESET_R
— m_
/N [\,
Figure 2-27. PCRAM ResetV-Loop pulse and waveform
parameters.

Measurement parameter setup
Follow the next steps to measure the PCRAM ResetV using the PCRAM ResetV-Loop application test.

Step 1: Assign Measurement Modules
This test uses RSUs and SPGU as shown in the connection diagram of the PCRAM ResetV-Loop
Application Test. Before assigning the RSUs and the SPGU in the application test GUI, refer to
your B1500A WGFMU-RSUs configuration and the connection with your device.
Assign the RSUs for Vs and Im and SPGU by choosing from the dropdown list of the GUI by
referring to your actual connection as shown in the next figure, where:
e SPGU: SPGU channel that is used as the RESET Voltage source.
e Vs: RSU channel of the Vs -Voltage source RSU.
e Im: RSU channel of the Im - Current measurement RSU.
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Connection diagram

SPGU : |[SPGU1:HV v

N1252A-106 Triax -> BNC

[~ adapter N12S4A-106  1250-0207
L
PGU Triax->BNC BNC 500 v,
PCRAM R adapter  temminator
6
=00 oG A
ov L J
RSU RSU WGFMU
WGFMU
Vs: |WGFMUL:RS ~ Im: |WGFMU2:RS +~

Figure 2-28. RSU and SPGU Connection GUI of the PCRAM.

Step 2: Set the Output Waveform Parameters

Set the following test parameters shown in Table 2-37 and Table 2-38, by referring to the
parameters shown in Figure 2-27.

Table 2-37. Waveform output setup - RESET / SET output parameters:

Parameter Description

SET_V SET voltage

SET_Tr Rise time of the SET pulse.

SET_Tf Fall time of the SET pulse.

SET_TopWidth Top width of the SET pulse.

RESET_StartV Start voltage of RESET V loop.

RESET_StopV Stop voltage of RESET V loop.
Number of steps in the voltage loop.

N_of_Steps Example: 1 = 1pmeasuremen%, 6 = Initial V + 5 steps measurements

RESET _Tr Rise time of the RESET pulse.

RESET_Tf Fall time of the RESET pulse.

RESET_TopWidth Top width of the RESET pulse.

Table 2-38. Waveform output - R Measure parameter.

Parameter Description
Rm_V R measurement voltage after the SET & RESET pulse.

Step 3: Set Measurement Parameters:

Set the following measurement parameters as shown in Table 2-39 for SET current
measurements and Table 2-40 for resistance measurements.

Table 2-39. Measurement - SET parameters.

Parameter Description
SET_Im_range Current range of RSU_Im (Im RSU), used in the SET pulse stage to measure the SET current.
SET Im_DelayTime Delay time between start of SET pulse and the start of SET_Im measurements.
- (SET_Im_DelayTime - SET_Tr + AveragingTime <= SET_TopWidth) must be met.
Averaging time to measure SET current.
Averaging time must be shorter than "SET_TopWidth".

SET_Im_AveragingT
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Table 2-40. Measurement - R Measure parameters.

Parameter Description
SET_Rm_ImRange  Currentrange of RSU_Im used to measure R after the SET pulse.

RESET_Rm_ImRange Currentrange of RSU_Im used to measure R after the RESET pulse.

Rm_AveragingTime  Averaging time to measure SET_R & RESET_R.

Rm_DelayTime Delay time between the start of the Rm pulse and the start of the R measurement.

Detect RESET V at which the RESET R exceeds this value in the V loop. "0" ochm disables this
function.

Resetloop_Detect R

Step 4: (Optional) Set Extended Test Parameters
In addition to the parameters shown in the GUI panel, you can setup the following extended
parameters as shown in Table 2-41 by pressing the "Extended Setup ..." button shown in Figure
2-8.
It is not usually necessary to change these parameters.

Table 2-41. Extended parameter setup.

Parameter Description
Rm_TrTf Rise/Fall time of R measure pulse
DelayTime Delay time.
Vs_lrange Current range of RSU_Vs (Vs RSU)
DataDisplay_PatternValidation: This parameter is effective in “Run Vector” execution mode setting.
- Enable shows “PatternValidation Data Display”. (Waveform or Waveform_MeasTiming):
- Disable Does not show “PatternValidation Data Display”.
ExecutionMode Choice of “Execution Mode”
- Run Vector Measurement is made with the WGFMU/RSU
_— Used to check the Vector Data created to Run WGFMU/RSU. Can be executed without
- Pattern Validation .
running the B1500A.
Rec_LoopData Sellection of data save in the "Results" area. (EasyEXPERT database)

- NO disables the store of the intermediate measurement results including PGU's output
progress time data in the "Results" area.
- YES saves all the available intermediate display graph.
Display_Control Display graph control while in measurement.
- YES disables the display of the intermediate measurement process.
- NO displays all the available intermediate display graph.

Measurement results
The test results are displayed in the Parameter area of the PCRAM ResetV-Loop graph.
Plots the RESET R versus RESET pulse V graph.

e Y axis: RESET_Rm, RESET R measured in each RESET V steps.

e Xaxis: RESET_V, RESET Pulse V

Extracted parameter:
* ResetV_dtct: The RESET voltage detected at the " RESET_Rm" value is higher than "
ResetLoop_Detect_R ".

The voltage is recorded as "ResetV_dtct and the marker is shown on that voltage.
If there is no detection, 9999 is returned and displayed.
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* ResetR_Low: Lowest RESET R value in the RESET V loop.

ResetR_High: Highest RESET R value in the RESET V loop.

Setl: SET current measured at initial SET operation. (In the case "Rec_LoopData" = "YES")
SetR: SET resistance measured at initial SET operation. (In the case "Rec_LoopData" = "YES")

Setup Name - |PCRAM_Reset-Set_Sub [(

Parameters

Reset R |1.?5355 kehm
SetR_ |1.?5855 kohm
Setl |1.15145 mA

Output example:
A measurement example is shown in Figure 2-29.

Setup Name : |PCRAM ResetV-Loop [(1) "Detect R = 5k"; 2/26/2019 3:17:55 PM] X
X-Y Graph Plot - |
A\ KEYSIGHT
i MARKER( 7.20000 10053.9 —) ResetR_Low 175855
1k ResetR_High 10057.1
= 10k Resetv_dtct [7 20000
g 9k
8k
7k
6k
sk
&
54k
&
3k
17k
6 62 64 66 68 772 14 16 18 B
RESET_V 20m fdv G D
List Display Preference ~ !
Index | RESET_V | RESET_Rm | ~
2 6.400000000 1.758554012k
3 6.8 1. 12k
2 : — b7

Figure 2-29. PCRAM ResetV-Loop measurement example.
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o PCRAM SetV-Loop

General description of the PCRAM ResetV-Loop Application Test

This application test performs repeat SET R measurements from the initial low SET pulse height
voltage, where the SET state is not set and the SET pulse voltage is incrementally increasing to find
the SET voltage where the PCRAM resistor is set to low resistance state. The SET pulse voltage can
easily be found by carrying out this test.

The measurement sequence guide is shown in the next figure.

<+— PGU < RSU >

RESET_V Note:
= Measurement

Set Vincremental loop

S d—

SET_V
RESET R SET R Rm V
— m_
/M /N >

Figure 2-30. PCRAM SetV-Loop pulse and waveform parameters.

Measurement parameter setup
Follow the next steps to measure the PCRAM SetV using the PCRAM SetV-Loop application test.

Step 1: Assign Measurement modules
The measurement module setup is the same as the PCRAM ResetV-Loop application test.
Refer to the measurement module setup of the PCRAM ResetV-Loop section and Figure 2-28.

Step 2: Set the Waveform output parameters
Set the following test parameters shown in Table 2-42 for RESET / SET and Table 2-43 for

resistance measurement voltage, by referring to the parameters shown in Figure 2-30.

Table 2-42. Waveform output setup - RESET / SET output parameters.

Parameter Description

RESET_V RESET pulse voltage.

RESET Tr Rise time of the RESET pulse.
RESET_Tf Fall time of the RESET pulse.
RESET_TopWidth Top width of the RESET pulse.
SET_StartV Start voltage of SET V loop.
SET_StopV Stop voltage of SET V loop.

Number of steps in the voltage step loop.

N_of_Steps Example: 1 =1 measurement, 6 = Initial V + 5 steps measurements
SET_Tr Rise time of the SET pulse.

SET_Tf Fall time of the SET pulse.

SET_TopWidth Top width of the SET pulse.
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Table 2-43. Waveform output - R Measure parameter.

Parameter Description
Rm_V R measurement voltage after the SET & RESET pulse.

Step 3: Set Measurement parameters

Set the following parameters by referring to Table 2-44 for SET parameter measurement and
Table 2-45 for resistor R measurements.

Table 2-44. Measurement - SET parameters.

Parameter Description

SET_Im_range Current range of RSU_Im (Im RSU), used in the SET pulse stage to measure the SET current.
SET_Im_Averaging  Averaging time to measure SET current.

Time Averaging time must be shorter than "SET_TopWidth".

Delay time between start of SET pulse and the start of SET_Im measurements.

SETIm_DelayTime e+ DelayTime - SET_Tr + AveragingTime <= SET TopWidth) must be met.

Table 2-45. Measurement parameters - R Measure.

Parameter Description
SET_Rm_ImRange  Current range of RSU_Im used to measure R after the SET pulse.

RESET_Rm_ImRange Currentrange of RSU_Im used to measure R after the RESET pulse.

Rm_AveragingTime  Averaging time to measure SET_R & RESET_R.

Rm_DelayTime Delay time between the start of the Rm pulse and the start of the R measurement.
Detect SET V at which the SET R exceeds this value in the V loop. "0" ochm disables this
function.

Set_loop_DetectR

Step 4: (Optional) Set Extended Test Parameters
In addition to the parameters shown in the GUI panel, you can setup the following extended

parameters shown in Table 2-46 by pressing the "Extended Setup ..." button. The location of the
button is shown in Figure 2-8.

It is not usually necessary to change these parameters.
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Table 2-46. Extended parameter setup.

Parameter Description

Rm_TrTf Rise/Fall time of R measure pulse

DelayTime Delay time.

Rec_SubData Sellection of data save in the "Results" area. (EasyEXPERT database)

'- "NO" disables the store of the intermediate measurement results including PGU's output
progress time data in the "Results" area.
- "YES" saves all the available intermediate display graph.

Vs_lrange Current range of RSU_Vs (Vs RSU)

DataDisplay_PatternValidation: This parameter is effective in “Run Vector” execution mode setting.
- Enable shows “PatternValidation Data Display”. (Waveform or Waveform_MeasTiming):
- Disable Does not show “PatternValidation Data Display”.

ExecutionMode Choice of “Execution Mode”
- Run Vector Measurement is made with the WGFMU/RSU

Used to check the Vector Data created to Run WGFMU/RSU. Can be executed without

- Pattern Validaton | o the B1500A

Measurement results
The test results are displayed in the Parameter area of the PCRAM SetV-Loop graph.
Plots the Set_R (Y1) and Set_I (Y2) versus SET_Pulse_V (X axis) graph.

* Y1 axis: Set_R, SET R measured at each SET V step.

* Y2 axis: Set_I, SET current measured at each SET V step.

e X axis: SET_Pulse_V, SET Pulse Voltage.

Extracted parameter:
e SetV_dtct: The SET voltage detected at the " Set_R" value is lower than " SET_loop_DetectR ".
The voltage is recorded as "SetV_dtct and a marker is shown on that voltage.
If there is no detection, -999 is returned and displayed.
* ResetV: Reset voltage used for RESET.
* Reset_R: RESEWT resistance measured at initial RESET operation.

Output example:
A measurement example is shown in Figure 2-31 below.
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Setup Name - |PCRAM Setv-Loop [(1) "x_Mode Dummy R DetectR = Skohm"; 2/26/2019 5:44:30 PM] X
X-Y Graph Plot Preference ~ |Parameters |
A KEYSIGHT

MARKER( 2.40000 1737.95 8.54170E-004 ) Setv_dtct 5 40000

1.00813.. ResetV s nog
ERET Reset R |10079.8
g « | setPulse_TopWidth_ [0g-007

7t SetV_Start 2 poo

5k

5k
e 4k
F

3k

173585
? a1 22 23 24 25 26 27 18 28
SET Puss W 100 m jdw < >

List Display Preference ~ | |
Index | SET_Pulse_V | Set R| Set 1| &

3 2.200000000 10.08103737 k 826.9062964 u

4 2.300000000 10.08113997 k 854.9166378 u

Figure 2-31. PCRAM SetV-Loop measurement example.
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o PCRAM Reset-Set

General description of the PCRAM Reset-Set Application Test

This application test performs SET characterization followed by the RESET pulse, as shown in the
following figure. The fast RESET pulse is provided from the PGU module of the B1500A and the
RESET resistance (RESET_R) is measured by the RSU. The SET pulse output and SET_R
measurements are made by the RSU.

<+— PGU —P»¢&— RSU

v

Note:
— RESET_V = Measurement

SET_|
SET_V
RESET_R ’ \ SET_R
P /'\— Rm_V >

Figure 2-32. PCRAM Reset-Set pulse and waveform parameters.

Measurement parameter setup

Follow the next steps to measure the PCRAM Reset-Set characteristics using the PCRAM Reset-Set
application test.

Step 1: Assign Measurement modules
The measurement module setup is the same as the PCRAM ResetV-Loop application test.
Refer to the measurement module setup of the PCRAM ResetV-Loop section and Figure 2-28.

Step 2: Set the Waveform output parameters
Set the following test parameters as shown in Table 2-47 for RESET / SET and Table 2-48 for

resistance measurement voltage, by referring to the parameters shown in Figure 2-32.

Table 2-47. Waveform output setup - RESET / SET output parameters.

Parameter Description

RESET_V RESET pulse voltage.

RESET Tr Rise time of the RESET pulse.
RESET _Tf Fall time of the RESET pulse.
RESET_TopWidth Top width of the RESET pulse.
SET V SET voltage.

SET_Tr Rise time of the SET pulse.
SET Tf Fall time of the SET pulse.
SET_TopWidth Top width of the SET pulse.

Table 2-48. Waveform output - R Measure parameter.

Parameter Description
Rm_V R measurement voltage after the SET & RESET pulse.
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Step 3: Set Measurement parameters

Set the following parameters by referring to Table 2-49 for SET parameter measurement and
Table 2-50 for resistor R measurements.

Table 2-49. Measurement - SET parameters.

Parameter Description
SET_Im_range Current range of RSU_Im (Im RSU), used in the SET pulse stage to measure the SET current.
Averaging time to measure SET current.
Averaging time must be shorter than "SET_TopWidth".
SET Im_DelayTime Delay time between start of SET pulse and the start of SET_Im measurements.
- (SET_Im_DelayTime - SET_Tr + AveragingTime <= SET_TopWidth) must be met.

AveragingTime

Table 2-50. Measurement parameters - R Measure.

Parameter Description

RESET_Rm_ImRange Current range of RSU_Im used to measure R after the RESET pulse.
SET_Rm_ImRange  Current range of RSU_Im used to measure R after the SET pulse.

Rm_DelayTime Delay time between the start of the Rm pulse and the start of the R measurement.
Rm_AveragingTime  Averaging time to measure SET_R & RESET_R.

Step 4: (Optional) Set Extended Test Parameters
In addition to the parameters shown in the GUI panel, you can setup the following extended

parameters shown in Table 2-51 by pressing the "Extended Setup ..." button. The location of the
button is shown in Figure 2-8.

It is not usually necessary to change these parameters.

Table 2-51. Extended parameter setup.

Parameter Description

Rm_TrTf Rise/Fall time of R measure pulse

DelayTime Delay time.

Rec_SubData Sellection of data save in the "Results" area. (EasyEXPERT database)

'- "NO" disables the store of the intermediate measurement results including PGU's output
progress time data in the "Results" area.
'- "YES" saves all the available intermediate display graph.

Vs_lrange Current range of RSU_Vs (Vs RSU)

DataDisplay_PatternValidation: This parameter is effective in “Run Vector” execution mode setting.
- Enable shows “PatternValidation Data Display”. (Waveform or Waveform_MeasTiming):
- Disable Does not show “PatternValidation Data Display”.

ExecutionMode Choice of “Execution Mode”
- Run Vector Measurement is made with the WGFMU/RSU

Used to check the Vector Data created to Run WGFMU/RSU. Can be executed without

- Pattern Validaton o the B1500A

Measurement results

The test results are displayed in the Parameter area of the PCRAM Reset-Set graph.
X-Y Plot: Measurement Parameters:

e There is no graph available.
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Parameters section:
The following parameters are extracted:
e RESET_V: RESET pulse V applied to the DUT.
e RESET_Rm: RESET R measured after the RESET pulse.
e SET_V: SET pulse V applied to the DUT.
e SET_Im: SET current measured at the top of the SET pulse.
e SET_Rm: SET R measured after the SET pulse.

Output example:
Figure 2-33 shows an example measurement output of PCRAM Reset-Set application test.
10 kQ resistor is used as the DUT in the example measurement and its measured value is shown
in the RESET_Rm and SET_Rm parameters. SET_Im parameter is the current measured at the top
of the SET pulse.

LTS 0T T -l PCRAM Reset-Set [(1) "Default”; 2/26/2019 11:21:04 AM]

Parameters

4 RESET_V .000

RESET_Rm [100s8.7
{ sETV (o0
SET_Im [2.99345E-004
| SET_Rm [100300

Figure 2-33. Output example of PCRAM Reset-Set Application Test.
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o PCRAM Endurance

General description of the PCRAM Endurance Application Test

This application test performs an endurance repeat test for RESET - SET pulse sequence. The test is
executed as double loop cycles as shown in Figure 2-34, with a large loop (blue circle) including
fatigue characterization (right side of the figure) after the short loop (red circle) stress cycles which
only applies RESET-SET pulses from the PGU. The fatigue characterization measurement in the large
loop measures the degree of the fatigue of the RESET - SET parameters at the specified logarithmic
timing per decade base.

The pulse top width (SET_Im_TopWidth) used for SET characterization in the right side of the figure
is much longer than the actual pulse used in the PCRAM memory, in order to obtain the accurate SET
current. However, in the PGU stress cycle shown in the left side short circle, the pulse-top width
(SET_TopWidth) for the SET can be set much shorter than for the RSU's which measures the SET
current. Because of this, the pulse-top width for the PGU and the RSU are designed with different
parameter names "SET_TopWidth" for PGU and "SET_Im_TopWidth" for RSU characterization, hence
the total test time can be minimized.

Reset/Set Fatigue Characlerizatio@

PGU RESET/ )
<+—SET cycle —J[[———»«— RSU Fatigue Meas. —p
Note:
| = Measurement
RESET Voo —RESET_V
SET Tuledth SET Im_TopWidth

SET] V —SET \
i SET_Im
Rm_V /—\ j

RESET RESET ResetR SET SetR

Figure 2-34. PCRAM Endurance test double cycles.

Measurement parameter setup
Follow the next steps to measure the PCRAM fatigue characteristics using the PCRAM Endurance
application test.

Step 1: Assign Measurement modules
The measurement module setup is the same as the PCRAM ResetV-Loop application test.
Refer to the measurement module setup of the PCRAM ResetV-Loop section and Figure 2-28.

Step 2: Set Waveform output parameters

Set the following test parameters as shown in Table 2-52 for RESET/SET and Table 2-53 for
resistance measurement voltage, by referring to the parameters shown in Figure 2-34.
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Table 2-52. Waveform output setup - RESET / SET output parameters.

Parameter Description

RESET_V RESET pulse voltage.

RESET Tr Rise time of the RESET pulse.
RESET_Tf Fall time of the RESET pulse.
RESET_TopWidth Top width of the RESET pulse.
DelayTime Delay Time

SET_V SET voltage.

SET_Tr Rise time of the SET pulse.
SET_Tf Fall time of the SET pulse.
SET_TopWidth Top width of the SET pulse.

SET_Im_TopWidth  op width of the SET pulse of RSU (Characterization phase).

Note: “DelayTime” is the time befare the start of the SET and RESET pulses.

Table 2-53. Waveform output - R Measure parameter.

Parameter Description
Rm_V R measurement voltage after the SET & RESET pulse.

Step 3: Set Measurement parameters
Set the following parameters by referring to Table 2-54 for endurance timing setup, Table 2-55
for resistance R measurement setup and Table 2-56 for SET parameter measurements.

Table 2-54. Measurement - Endurance parameters.

Parameter Description
Maximum loops of the endurance test.

Max_loops The RESET_SET waves are repeated, and PCRAM characterizations are made in the specified log
interval.

Fatigue_C_dec Number of fatigue measurements in one decade of endurance stress cycle.

Table 2-55. Measurement parameters - R Measure.

Parameter Description

RESET_Rm_ImRange Current range of RSU_Im used to measure R after the RESET pulse.
SET_Rm_ImRange  Current range of RSU_Im used to measure R after the SET pulse.
Rm_AveragingTime Averaging time to measure SET_R & RESET_R.

Rm_DelayTime Delay time between the start of the Rm pulse and the start of the R measurement.

Table 2-56. Measurement parameter - SET.

Parameter Description
SET_Im_range Current range of RSU_Im (Im RSU), used in the SET pulse stage to measure the SET current.

Step 4: (Optional) Set Extended Test Parameters
In addition to the parameters shown in the GUI panel, you can setup the following extended
parameters shown in Table 2-57 by pressing the "Extended Setup ..." button. The location of the
button is shown in Figure 2-8.
It is not usually necessary to change these parameters.
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Table 2-57. Extended parameter setup.

Parameter Description
SET_Im_Averaging
Time

Averaging time to measure SET current. Averaging time must be shorter than "SET_TopWidth".

Delaytime between start of SET pulse and the start of SET_Im measurements. (SET_Im_DelayTime
- SET_Tr + AveragingTime <= SET_TopWidth) must be met.
Stop_by_ResetR Flag if to terminate the endurance test.
- "NO" does not terminate.
- "Over" terminates when the RESET R exceeds the "Stop_ResetR".
- "Down" does when the R decreases the "Stop_ResetR".
ResetR_to_Stop R value to determine the "Stop_by_ResetR" condition.
Stop_by_SetR Flag if to terminate the endurance test.
- "NO" does not terminate.
- "Over" terminates when the SET R exceeds the "Stop_SetR".
- "Down" does when the R decreases the "Stop_SetR".

Setim_DelayTime

SetR_to_Stop value to determine the "Stop_by_SetR" condition.
Start_Fatigue_C X-axis start number of the Fatigue count in the endurance test result display.
Do_PreTest YES executes pre-RESET-SET test before starting the endurance stress cycle.
Rec_CharData NO is recommended. "YES" saves all the intermediate characterization graph in the "Results area".
Rec_StrsData NO is recommended. "YES" saves all the intermediate stress indication data in the "Results area".
Rm_TrTf Rise/Fall time of R measure pulse
Vs_lrange Current range of RSU_Vs (Vs RSU)
Vs_lrange Current range of RSU_Vs (Vs RSU)
Dat.aD|§play_Pattern This parameter is effective in “Run Vector” execution mode setting.
Validation
- Enable shows “PatternValidation Data Display”. (Waveform or Waveform_MeasTiming):
- Disable Does not show “PatternValidation Data Display”.
ExecutionMode Choice of “Execution Mode”
- Run Vector Measurement is made with the WGFMU/RSU
.. Used to check the Vector Data created to Run WGFMU/RSU. Can be executed without running the
- Pattern Validation B1500A.

Measurement results

The measurement results display several types of graphs including intermediate measurement result
and stress data. This data can be saved in the EasyEXPERT data base in the Results area for checking
the output data or for making further test analysis, or can be deleted while the measurements are
taken by setting the "Rec_CharData" and "Rec_StrsData" parameters.

The final output plots the Endurance test graph:
Plots Endurance test graph: SET R (Y1) and RESET R (Y2) vs. Fatigue count (X axis)
» X-axis: Fatigue_Count - Fatigue count in log scale
* Y1 axis: Endu_SetR - SET R plot vs. Fatigue_Count.
* Y2 axis: Endu_ResetR - RESET R plot vs. Fatigue_Count.

Parameter output:
Displays the following parameters in the Parameters area:
* Init_ResetR: Initial RESET R
e |nit_SETR: Initial SET R
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Output example:

The example measurement graph using a dummy test device is shown in Figure 2-35.

The test example is a result of 100 M stress cycle, and the test time is less than 10 minutes.

By

running over night, a 10 G cycle stress cycle can be achieved.

Setup Name - IFCRAM Endurance [(1) ; 3/27/2019 4:26:30 PM] x
X-Y Graph Plot Preference - | | Parameters |
A KEXSIGHT !
e MARKER( 1.00000E+008 10078.8 10080.0) Init_ResetR [10082.3
ik 105 Init_SetR  |10083.5
108k
= 108k g
g 2
07k £
E
106k
105k
104k
= 103k
]
E 02k
101k
wk
1 i) 100 1k 10k 100k M oM 100M
Fatigus_Count decade jdiv = =
List Display Preference ~
Index | Fatigue Countl Endu, SetRl Endu, ResetRl "~
15 10.00000000 M 10.08161324 k 10.08061776 k
16 31.62277700 M 10.07810081 k 10.08011408 k

v

Figure 2-35. PCRAM Endurance test example (100 Mega stress cycles in less than 10 minutes).

By properly setting the " Stop_by_ .... R" flag and "SetR_to_Stop" or "ResetR_to_Stop"
resistance value pair in the "Extended Setup...", the endurance test can be terminated at the
corresponding timing of the fatigue characterization measurements.

Figure 2-36 shows such measurement examples.
Both graphs detect a 317 fatigue measurement cycle and left-side figure detects "Down" the

specified resistance.

The right-side figure is a detection example of "Over" from the specified resistance.

Setup Nome : [PCRAM Endurance [(2) "Stop be RESET & Down®; 2/27/2019 3:38:20 FM] x 5 PM] x
X-¥ Graph Plot Preference - [Parameters | X-¥ Graph Plot Preference ~ |Parameters
eyt pr—
Rt MARKER[ 317.000 1756.80 1756.60) Init_ResetR ﬁm.: Az MARKER{ 317.000 10052.8 10060.0 ) Init_ResetR  [1753.80
M Init_SetR [10015.5 uk Init_seth  [1532.57
g g "
g 9 ERRT
T 5
L T
5 5k
st 5k
L L
i i
3t 3k
™ 4 1T
T35 W 0¥ 50 30 M 50 ik 2k Sk WE Mk Wk 1 235 W 0 % 100 2 S0 1k 28 S5k Wk Wk Wk
Foigue st decade ot et st o
i
List Display Praference ~ List Display Preference ~ I
Index Fatgue_Count | €y seR|  Endu Resets | & ngex | Fatigue_Coun | €ndy SotR|  Endy Reseck| .
4 32.00000000 10.06134222 K 10.05987210 k 4 32.00000000 1.758799982 k. 1758799982k
5 100.0000008 __ 10.05873527 k __10.05832236k 5 1000000000 1758796582k 1.7S8795HEZK
v

Figure 2-36. Endurance test example by "Stop by ..." condition. "Down" in right graph and

"Over" in left graph.
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2-3. FeRAM

2-3-1. What is an FeRAM test?

The memory cell of an FeRAM or Ferro-electric RAM is basically a capacitor construction, and the
dielectric material uses the electric polarization characteristics of the ferroelectric materials. The
polarization characteristics or hysteresis of QV curve of ferroelectric capacitor depends on many
factors such as the ferroelectric materials, dimension or thick ness, temperature, stress cycles, and
so on. Because of this, hysteresis characterization is essential for FeERAM testing.

In addition, a so called PUND test shows the basic characteristics or performance as the FERAM
memory cell. Finally, the endurance test, which is basically the repetition of the PUND test, can verify
the lifetime performance of the FeERAM.

Table 2-58 summarizes the FeERAM test flow and the corresponding FeRAM application test included
in the EasyEXPERT group+ Advanced NVM Application Tests.

Table 2-58. FeRAM test flow and FERAM Application Test.

Test Flow: FeRAM Application Test:

1. Polarization or hysteresis characteristics *  Hysteresis
measurements of the ferroelectric memary
cell.

2. Measurethe displacementcharge of each * PUND
pulseedge of the memory write and erase
cycle.

3. Memory degradation in write=erase cycles. * Endurance
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2-3-2. Connection diagram

The connection diagram for FERAM characterization is shown in Figure 2-37 where WGFMU/RSU is
used as the voltage source Vs and the current measurement Im which input voltage is fixed to O V.

Vs: |WGFMU1:RS -

WGFMU

ov

Im: |WGFMUZ2:RS -

WGFMU

Figure 2-37. FeRAM measurement configuration.

The connection is the same for all of the FERAM application tests introduced in the later section of

this manual.

For the cable routing of the FERAM device side, refer to the corresponding section introduced in

Chapter 3.
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2-3-3. FeRAM Application Tests

o FeRAM Hysteresis

General description of the FERAM Hysteresis Application Test

This application test performs the hysteresis characteristics measurements of the Ferro-electric
material.

Triangular wave as shown in the next figure are applied and measure the displacement current
flowing through the Ferro-electric material. The hysteresis charge is displayed, and the hysteresis
parameters are extracted.

Triangular waveforms and parameters

Vp —

Note:
Frequency=1/ (4 *Trf)

i Trf aTrf o

ov

v

1
“ Dt - Trf 'Trf

“Vp —

Figure 2-38. FERAM Hysteresis waveform parameters.

Measurement parameter setup
Follow the next steps to measure the FERAM Hysteresis characteristics using the FERAM Hysteresis

application test.

Step 1: Assign Measurement Modules
This test uses the WGFMU - RSUs connection shown in the connection diagram section 2-3-2,
Figure 2-37.
Before assigning the RSUs in the application test GUI, refer to your B1500A WGFMU-RSUs
configuration and the connection with your device.

Assign the RSUs for Vs and Im choosing from the dropdown list of the GUI by referring to your
actual connection as shown in Figure 2-37, where;

* Vs: RSU channel of the Vs -Voltage source RSU.

* Im: RSU channel of the Im - Current measurement RSU.

Step 2: How to set the Output Waveform Parameters
Set the following test parameters shown in the next table by referring to Figure 2-38.
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Table 2-59. Waveform output parameters (Vs).

Parameter Description

Vp Peak voltage for both + & - triangular pulse
Frequency Frequency of the Triangular waveform.

Dt Delay time. Only set in the beginning of the test wave.

Note: “Dt (Delay time)” is not set during the repeat triangular waves.

Step 3: Set Measurement & Display Parameters
Set the following test parameters shown in the next table.

Table 2-60. Measurement and display parameters.
Parameter Description
Total measurement points. Multiples of 4 are required for assigning the same sampling data

Meas_Points points for the 4 slopes of the double triangular waveforms.
Irangelm Current range of the Im RSU

Display_Mode Output data choice of the output display.

- Charge Displays charge vs. voltage x-y graph

- ChargeAndCurrent  Displays charge(Y1) and current(Y2) vs. voltage x-y graph
- ChargeAndCapacitor  Displays charge(Y1) and capacitor(Y2) vs. voltage x-y graph

Step 4: (Optional) Set Extended Test Parameters
In addition to the parameters shown in the GUI panel, you can setup the following extended

parameters as shown in Table 2-61 by pressing the "Extended Setup ..." button. The location of
the button is shown in Figure 2-8.

It is not usually necessary to change these parameters.

Table 2-61. Extended parameter setup.

Parameter Description
Put a delay time at the top of the Vp before the start of the next slope. If "0 ns", the next
Dt AtVp L .
measurement point is the 2nd points of the next slope.
Freq_WarningP Frequency range waning percent limit.
Repeat Assign the repeat of the double triangular waveforms. Maximum 10 repeats can be passible.
\V_CurvePosition Specified number is used when plotting the IV curve when the triangular waveform is
repeated.
IrangeVs Output current range of the Vs.
Dat_aD@play_Pattern This parameter is effective in “Run Vector” execution mode setting.
Validation
- Enable shows “PatternValidation Data Display”. (Waveform or Waveform_MeasTiming):
- Disable Does not show “PatternValidation Data Display”.
ExecutionMode Choice of “Execution Mode”
- Run Vector Measurement is made with the WGFMU/RSU
_— Used to check the Vector Data created to Run WGFMU/RSU. Can be executed without
- Pattern Validation :
running the B1500A.

Note:
- "Dt_AtVp" parameter: Refer to the next figure where the "Dt_AtVp" is inserted.
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Optional triangular waveform parameters: Dt_AtVp

vp_/ﬁiAth
0 >

-Vp—

- "Freq_WarningP" parameter: what is this parameter?
Actual measurement frequency is determined by the minimum sampling interval (10 ns)
and the total sampling points in a waveform. Therefore, there is only a limited frequency
available in a certain frequency range.
Because of this, the software calculates the closest frequency which does not exceed the
user specified frequency.
If the calculated frequency is within the "Freq_WarningP" % range of the user specified
frequency, the test is executed automatically using the calculated frequency.
If the calculated frequency exceeds this warning percentage, a message is displayed
asking the user if the test can be executed.
Example "Freq_WarningP = 10": If the difference between the user specified frequency and
the actual frequency calculated by the software is more than 10%, a warning message pops
up. The user can then decide whether or not to continue with the proposed frequency from
the software, or re-do the test with different parameters for better parameter matching.

Measurement results
There are three measurement options for the X-Y Plot output/measurement parameters as follows:
e Charge vs. voltage x-y graph:
Extracted parameters:
- Frequency_kHz: Frequency used for the measurements.
- Prp, Prn, Ecp, Ecn
e Charge and current vs. voltage x-y graph:
Extracted parameters:
- Frequency_kHz: Frequency used for the measurements.
- Prp, Prn, Ecp, Ecn
* Charge and capacitor vs. voltage x-y graph:
Extracted parameters:
- Frequency_kHz: Frequency used for the measurements.
- Prp, Prn, Ecp, Ecn

The extracted parameters are shown in the next graph.
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Extracted Parameters
AP

Ecn fi

Output example:

Figure 2-39 shows an example measurement output of an FERAM Hysteresis application test.
The capacitance of the sample device is about 2.2 pF in peak value and the test is made at about
200 kHz.

There are a few options in the measurement display in the Y axis from the following parameters:
* Charge

e Current

* Capacitance

X
X-Y Graph Plot Preference ~ ‘ |
KEvsioHT
e Frequency_kHz [105312
S4p Prp 8.28513E-013
z 4 Prn F9.63224E—013
= 3 Ecp 0.0339253
2
: Ecn FU.4§4665
ip
0
P
20
g
s 3
e
55D
3 2.5 2 -1.5 -1 -500m O 500m 1 15 2 25 3
voliage 500 m Jdv
List Display Preference ~
Index Voltage Charge Current ~
2 -1.331779174507m -145.2984000 a 7.364244000 n
3 33.925317227840.. -10.11724000 a 3.379529000 n v

Figure 2-39. FERAM Hysteresis measurement example (Charge in Y axis).
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o FeRAM PUND

General description of the FERAM PUND Application Test

This application test performs the FeERAM PUND characteristics measurements of the FeRAM cell of
the Ferro-electric material.

The PUND waveforms shown in the next figure are applied to the test device and measure the
displacement current through the Ferro-electric capacitor cell.

The applied voltage, current and charge are displayed with the extracted PUND parameters.

PUND waveform parameters

irw |

Note:
TW: TopWidth
DT: DelayTime
Trf: Rise & Fall time

+Vp —

1 1
1 DT
DT Teft T DT

_\/p J—

Figure 2-40. FERAM PUND waveform parameters.

Measurement parameter setup
Follow the next steps to measure the FERAM PUND characteristics using the FERAM PUND
application test.

Step 1: Assign Measurement Modules
This test uses the WGFMU - RSUs connection shown in the connection diagram section 2-3-2.

Refer to the measurement module setup of the FeRAM Hysteresis section and Figure 2-37.

Step 2: How to set Output Waveform Parameters
Set the following test parameters as shown in the next table by referring to Figure 2-40.

Table 2-62. Waveform parameters (Vs).

Parameter Description

Vp Peak voltage for both + & - triangular pulse

Trf Rise time (Tr) and Fall time (Tf)

TopWidth Pulse top width

DelayTime Delay time. Only set in the beginning of the test wave.

Note: "DelayTime" is not set between the repeat triangular wave.

Step 3: Set Measurement parameters
Set the following parameters by referring to the next table.
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Table 2-63. Measurement(Im) parameters.

Parameter Description
Irangelm Current range of the Im RSU

Step 4: (Optional) Set Extended Test Parameters
In addition to the parameters shown in the GUI panel, you can setup the following extended
parameters as shown in Table 2-64 by pressing the "Extended Setup ..." button. The location of
the button is shown in Figure 2-8.
It is not usually necessary to change these parameters.

Table 2-64. Extended parameter setup.

Parameter Description

Minimum sampling interval used for obtaining the proper test parameters for RSU.
- "Trf/Sampling interval >10" are required.

Sampling_interval

Display_Mode Output data selection of the output display.
- Charge Displays charge vs. time x-y graph
- ChargeAndCurrent  Displays charge(Y1) and current(Y2) vs. time x-y graph
IrangeVs Output current range of the Vs.
DataDisplay_Pattern ) ) . ) . .
o This parameter is effective in “Run Vector” execution mode setting.
Validation
- Enable shows “PatternValidation Data Display”. (Waveform or Waveform_MeasTiming):
- Disable Does not show “PatternValidation Data Display”.
ExecutionMode Choice of “Execution Mode”
- Run Vector Measurement is made with the WGFMU/RSU
_ Used to check the Vector Data created to Run WGFMU/RSU. Can be executed without
- Pattern Validation .
running the B1500A.

Measurement results
There are two measurement graphs with the X-Y Plot output/measurement parameters.
The Y axis parameters can be set by the "Display_Mode" extended parameter.
e Charge vs. Time x-y graph:
- X axis: Time
-Y axis: Charge
Extracted parameters:
- ChargeP, ChargeU, ChargeN, ChargeD, ChargePa, ChargeUa, ChargeNa, ChargeDa.
e Charge and current vs. Time x-y graph:
- X axis: Time
- Y axis: Charge and current
Extracted parameters:
- ChargeP, ChargeU, ChargeN, ChargeD, ChargePa, ChargeUa, ChargeNa, ChargeDa.

Output example:

Figure 2-41 and Figure 2-42 show the example measurement outputs from the FERAM PUND
application test.
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The DUT is a 10 pF capacitor which is suitable to show the PUND characteristics.
Figure 2-41 shows an example at Tr=Tf=100 ns and pulse TopWidth=200 ns.

Figure 2-42 is an example for slow rise and fall time of 1 us. It clearly shows the displacement
current of the TR and Tf slope.

The PUND charges displayed in the Parameter field example are reasonably accurate.

BT LR R FERAM PUND [(3) "100n 200n 100ns"; 2/14/2019 1:41:00 PM] x
X-Y Graph Plot Preference ~ |
KEYSIGHT
A KEXSIGHT ChargeP [5367076-012
5.96907... 8.93752 ChargeU [5.87809E-012
6
g ° ChargeN [5.032026012
£ e o
T o | chargep [siissE0iz
3p | chargepa [s-a0es3E-012
H
19 ChargeUa [534146E-012
J
0 ChargeNa  [548371E-012
s 1° ChargeDa E.Jwass-m
g o
3p
4p
47617, 8.872
5n 200n 400n 600n 8N 1u L2u  14u Lléu 18u 2095u
Time. 2000 fdi
st Display [Proference - I
Index Time Voltage Charge Current -
2 15n -2.756899688393m  -757.4817600 a 3.454827038 u
3

25n -985.172693618u

75.70320122 7.646068298 u

v

Figure 2-41. FERAM PUND (Tr-Tf=100 ns, TopWid th=200 ns) example

[P N PN FERAM PUND [(2) "Trf=1us 10pF load"; 2/14/2019 2:05:50 PM] X
X-Y Graph Plot Preference v | | |Parameters
AN KEYSIGHT
ChargeP [3.01160E-011
3.023%... 3.16622 Chargey [5.030115—011
5 o° ChargeN |7 983008011
2 2 o
@ 50 g ChargeD F3.nz15ns~ou
0p ChargePa [3.02077-011
s5p
. ChargeUa Fa.ozunnz-ou
5p ChargeNa E.nzmeon
s ChargeDa [3031176-011
g 5p
5
20p
25p
2.5814 3.1805
sn lu u 3u 4u Su 6u 7u 8u 9u 9.7%5u
Time 100u /div < >
List Display Preference vI
Index Time. Voltage Charge Current ~
2 150  -276.481878245u -2.202217570f 8571081600 n
3 25n -1.339517999440m -2.641038990f  -43.88214200n v

Figure 2-42. FERAM PUND (Tr-Tf=1 ps, TopWid th=200 ns) example.
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o FeRAM Endurance test

General description of the FERAM Endurance Application Test

This application test performs stress/measure cycle endurance repeat tests for user specified PUND
pulse sequences as shown in Figure 2-43.

The test repeats the PUND waveform stress cycles until the specified fatigue characterization
measurement timing where the PUND parameters are measured. The fatigue characterization
measurement is made in the specified numbers of per decade base.

Note
U = TW: TopWidth
« DT DelayTime
« Trf: Rise & Fall ime

+p —

N D
Vp —

Figure 2-43. FERAM Endurance test: PUND waveform.

Measurement parameter setup

Follow the next steps to measure the fatigue characteristics of FERAM using the FERAM Endurance
application test.

Step 1: Assign Measurement Modules
This test uses the WGFMU - RSUs connection shown in the connection diagram section 2-3-2.
Refer to the measurement module setup of the FERAM Hysteresis section and Figure 2-37.

Step 2: Set the Output Waveform Parameters
Set the following test parameters as shown in the next table by referring to Figure 2-43.

Table 2-65. Waveform parameters (Vs).

Parameter Description

Max_loops Maximum loops of the endurance test.

Vp Peak voltage for both + & - triangular pulse

Trf Rise time (Tr) and Fall time (Tf)

TopWidth Pulse top width

DelayTime Delay time. Only set in the beginning of the test wave.
Note:

- "Max_loops™: The Figure 2-43 waveforms are repeated for fatigue repeat cycles.
- "DelayTime" is not set between the repeat triangular wave.

Step 3: Set Measurement parameters
Set the following parameters by referring to the next table.
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Table 2-66. Measurement - Endurance parameters.

Parameter Description

Fatigue_C_dec Specify the number of fatigue measurements in one decade of endurance stress cycle.
Sampling interval in the fatigue PUND test to measure the PUND charge.

- "Trf/Sampling interval >10" are required.

Irangelm Current range of the Im RSU

Sampling_Interval

Step 4: (Optional) Set Extended Test Parameters
In addition to the parameters shown in the GUI panel, you can setup the following extended

parameters shown in Table 2-67 by pressing the "Extended Setup ..." button. The location of the
button is shown in Figure 2-8.

It is not usually necessary to change these parameters.

Table 2-67. Extended parameter setup.

Parameter Description
Start_Fatigue_C X-axis start number of the Fatigue countin the endurance test result display.

Rec_CharData NO is recommended. "YES" saves all the intermediate characterization graph in the "Results area".
Rec_StrsData NO is recommended. "YES" saves all the intermediate stress indication data in the "Results area".
Dat.aD|§play_Pa‘rtern This parameter is effective in “Run Vector” execution mode setting.
Validation

- Enable shows “PatternValidation Data Display”. (Waveform or Waveform_MeasTiming):

- Disable Does not show “PatternValidation Data Display”.
ExecutionMode Choice of “Execution Mode”

- Run Vector Measurement is made with the WGFMU/RSU

. Used to check the Vector Data created to Run WGFMU/RSU. Can be executed without running the
- Pattern Validation
B1500A.

Irange_Vs Output current range of the Vs RSU.

Measurement results
The following two X-Y Plot graphs are output.
* FERAM Psw Qsw endurance graph:
- X axis: Fatigue_Count
- Y1 axis: Psw charge
- Y2 axis: Qsw charge
* FERAM PUND endurance graph
- X axis: Fatigue_Count

- Y axis: Charge_P (Y1), Charge_U (Y2), Charge_N (Y3), Charge_D (Y4), vs. Fatigue_Count (X)

Note: To access to the Psw and Qsw measurement graphs from the Results area, you must
expand Application Test Results because the data is saved behind the main
application test name.

To expand the Application Test Results, refer to Figure 2-17.
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Output example:
The next figures show example measurement outputs of FERAM Endurance application tests.
The DUT is a fixed capacitor.
Figure 2-44 is an example of a PUND charge endurance graph for 100 M cycles.
Figure 2-45 is the same measurement for Psw and Qsw data.

Setup Name - |FERAM Endurance [(1) "100M cycles 14hours"; 2/19/2019 7:07:04 AM] X
X-Y Graph Plot Preference ~
A KEYSIGHT
3 30
3 P —Charge P ;
2 309p —Charge U .
g 308p —Charge N g
| (=]
307p Charge D o
=z
306p
305p
304p
S 303
% P
g 302p
301p
30p -31p
1 10 100 1k 10k 100 k 1M oM 100 M
Iterations decade /div
List Display preference ~ | |
Index Iterations Charge_P Charge_U Charge_N Charge_D ~
2 1,000000000 30.54118351p 30.60258035p  -30.57538555p  -30.52175153p
3 200000000 0seernisle  Neiditeiv  M3e4a3up 203300015 v

Figure 2-44. PUND 100 M cycle end urance test example for Charge characteristics.

X
X-¥ Graph Plot preference ~ | |
A KEYSIGHT
lp ip
=
2 800 f
S 600f o
400f =
200 f
0 N N 2 N N e
-200f
= -400 f
o -600f
-800 f
ip ip
1 10 100 1k 10k 100 k M 0M 100M
Tterations decade /div
List Display Preference -
Index Iterations Psw Isw ~
2 1 61 58 f
3 2 24f 34 v

Figure 2-45. PUND 100 M cycle endurance test example for Psw and Qsw.
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Appendix
Tips for device connection

3-1 Tips for device Connection

3-1-1. How to connect the discrete device

Before connecting the test device (DUT), turn the B1500A off and disconnect the cables from the
RSU (Remote Sense/Switch Unit). For the installation of the RSU, see Keysight B1530A User’s Guide.
Connect the DUT using the SMA(m)-SMA(m) cables as shown in Figure 3-1 below. Use the SMA
connector at the RSU side. The DUT side connection depends on the DUT interface.

Please note that the outer shield of the coax cables must be connected at the DUT connection points.
In the example as shown in Figure 3-1, the outside metal of the SMA connectors either side of the
DUT must be connected.

RSU RSU

Connection with
the SMA cable.

Connection with

the SMA cable. Test device (DUT)

Make sure to connect the outer
shield together at the DUT.

Figure 3-1. Connection example of a discrete device.
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3-1-2. How to connect the on-wafer device

A prober and manipulators are required for on-wafer measurements.

Figure 3-2 shows the DC probes examples for connecting the two terminal DUT. Use the Keysight
16493R-202 SSMC(Plug)-SMA(m) cable to connect the RSU and the DC probe.

Make sure to create the current return path by using a connecting cable between the shields of the
DC probes as shown in Figure 3-2. The connection cable will be provided by the prober vender.
Alternatively, you can use an alligator clip cable.

Cable to short the GND
16493R-202 16493R-202

—oJVW-o—

High Low

Pad Layout example

Figure 3-2. Current return path by shorting manipulator GND.
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3-pads ReRAM current limit connection:

In case the current limit transistor is layout on a wafer, the next example shown in Figure 3-3 can be
useful. When using the SMU as the gate source of the current limit transistor, convert the SMU
output from the triaxial to the coaxial as shown in in Figure 2-3. The SMU Vg bias voltage is a pure
DC and it is not necessary to consider the current return path for the SMU.

Cable to short the GND

16493R-202 16493R-202

— AN

High Low

Do not touch together if the
SMU guard is connected to the
shield.

Gate

3 Pad Layout example

Figure 3-3. 3 pad connection example for ReRAM current limit option.

Warning:
If the outer shield of the manipulator used for the gate bias is connected to the SMU guard, do not

connect its outer shield to other manipulator’s shields that are connected to the WGFMU/RSU. This
may damage the WGFMU/RSU.
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3-2 Current limit (optional) control operation

The current limit device or transistor located besides the ReRAM resistor device can reduce the
excessive transient current flowing through the ReRAM resistor when the resistor sharply changes in
the RESET - SET transition timing.

Using this optional current limit setup can eliminates the excessive transient discharge current
flowing from the capacitance component of the measurement cables and the test equipment,
resulting in more accurate test results.

Note: The current limit device must be prepared by the user side. To effectively limit the current,
the stray capacitor between the RERAM resistive device and the current limit transistor must be as
small as possible.

Figure 3-4 shows a more detailed connection diagram with the cable capacitor Cs in the Vs side and
the electric signs to explain the effect of inserting the current limit transistor.

IaC a oy

SMU
!:'k@——i+ ]
[ TNA
SMu Vg N1254A-100 GNDU
| @ | o | Vs \it i .
WW —ro (-0
- I_timit RSU WGFMU 1

RSU =L
WGFMU CS$ Ir Tt

Figure 3-4. Stray components of the ReRAM measurement system.

1. Case study: The SMU current compliance is ideally fast?

Let's consider if the SMU compliance is ideally fast and suitable for ReRAM breakdown
characterization? Let's consider for example, the Vs cable length is 2 m and the stray capacitance Cs
between the center conductor and the outer shield is 200 pF. Suppose the ReRAM resistor changes
from 100 kQ to 1 kQ in the SET transition at 3 V SET voltage.

In the case where there is no current limit transistor, a large initial current 3 mA (= 3V / 1 kQ) flows
when the ReRAM resistor turns on because the current is supplied by the charge stored in the Cs
capacitor. The time constant set by the Cs 200 pF and 1 kQ ReRAM ON state resistor is 200 ns (=200
pF x 1 kQ), and the current flowing through ReRAM resistor (Ir) can be drawn as shown in Figure 3-5.
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No | limit transistor case
Ir (mA)
e Vs=SETV:3V
+ Cs=200pF (2m cable)
« R:T00kQ->1kQ

0 100n 300 n

O - N W

Figure 3-5. Simulation of the rush current flowing through the ReRAM resistor.

Suppose if the SET current is limited to 100 pA, the 3 mA initial current is too large, and it may
damage or degrade the device.

By adding the current limit transistor beside the ReRAM resistor, the current can be limited
effectively fast because the stray capacitance Ct of the current limit transistor can be minimized to a
greater degree than the cable capacitance Cs.

2. Case study: combining the SMU and the external current limit transistor.

There are two good points when combining the SMU and the current limit transistor which resides
close to the RERAM resistor.

Both devices have their good and bad points which complement each other as follows:

1. The current compliance of the SMU is accurate, but slow in response.

2. The current limit transistor is fast, but current limit accuracy is poor.

The SMU's current compliance can limit the current flowing to the device even when the resistance
changes under the relatively slow transition condition, say 10's micro seconds range at the fastest. It
means that the 3 mA SET current continues to flow until the current compliance effectively settles in
the compliance current. Using a current limit device which reside very close to the ReRAM resistive
device or is built into the test structure can rapidly limit the current. Therefore, by combining these
current limit devices as shown in Figure 3-4 can rapidly limit the current in the transient, and set the
accurate current limit when the SMU settles in the steady state as shown in Figure 3-6 below.
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SMU FORM Measurements Image

FORM Vs _—
A SMU transient image from

Vfto lcomp operation

FORMVF ===~

FORM-Ror SET-R
Measurementtiming

SMU’s ﬂ
I Comp

)

1 : » Time
1 1
FORM | i i
A ! !

i i TransientfromTr's|

Trs | limit L ' limitto SMU’slcomp

|
1

Transienti \ Steady state

€ %

> Time

FORM
Figure 3-6. The voltage and current waveforms combined with
the SMU's current compliance and the current limit transistor.

By setting the Current limit level of the limit transistor at a slightly larger level than the SMU
compliance, the current compliance of the SMU takes over the current limit capability when the SMU
returns to a steady operating condition as shown in Figure 3-6.

In this way, the current limit configuration shown in Figure 3-4 can be effectively used for the ReRAM
device which has a local current limit device and control input.

Note: Do not set the Tr's current limit setting any lower than the SMU | compliance. If you do, the
Tr's current limit becomes effective even in the stable state after the transition, and SMU's |
compliance does not work effectively. As a result, the Vt voltage (current limit Tr's drain-source
voltage) changes as the Vs voltage increases, and the voltage between the ReRAM resistor cannot
be measured from the Vs side.
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3-3 Tips for accurate measurement (Avoiding the charge current

effect)

NVM characterizations such as ReRAM and FERAM intensively uses the DUT current while the test
signal is slewing in the pulse rise and fall timing. Figure 3-7 shows the basic NVRAM measurement
block diagram where ch1 WGFMU sources test voltage. It is very important to use the correct
WGFMU for current measurement.

If the pulse source WGFMU (Ch2 of Figure 2-4) 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 (ic) additionally to the current which flows through the DUT, but Ch2 measures only the
current through the DUT. It is, therefore important to use the constant voltage source WGFMU (Ch2
of Figure 2-4) for the current measurement.

WGFMU/RSU Ch1 DUT WGFMU/RSU Ch2

’@‘ | Coax cable Coax cable
L@ T

Figure 3-7. Effect of the cable-charge current.

Figure 3-8 shows the measured current by both the WGFMU-Ch1 and the WGFMU-Ch2 of Figure 3-7.
On the Ch1 current waveform, two large transient current blocks are observed both at the rising edge
and falling edge of the Vs pulse. 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 also measured. In contrast, the current waveform measured by the
WGFMU-Ch2, with an output applied at constant zero volts, shows proportionally the same rising /
falling slope of Vs as the current flowing through the DUT because there is no additional current to
charge or discharge the cables.
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Setup Name : [PULSED IV waveforms [(1) ; 4/10/2019 10:44:13 AM] X
X-Y Graph Plot Preference v | |
A KEYSIGHT
I MARKER( 2.50000E-006 4.03536E-004 -4.00838E-004 )
Im im
5
= 800u 4V, 1 us Tr/Tf pulse
Q
g 60ou \4—Measured Current by Ch1 g;
400 u v g
200u -
0
200U Measured Current by Ch1
8 -400u -
£ 4
5 -600u
800U Im for 10 kQ resistor
-Im -im
0 500n 1fu 15u 2u 25u 3u 35u 4u 45u 5.94999999999998E-006
X_Time 500 n /div
List Display preference ~ | |
Index I X_Time I vm[ Chlmeasll CtheasII "
28 2.400000000 u 4.000  403.678539442u  -400.696590077 u
29 2.450000000 u 4.000  402.824720368u  -400.273042032u
30 0 u - U v

Figure 3-8. Measurement example of a cable-charge current.

Note: The shorting of the shield of the two measurement cables in the DUT side is very important to
achieve the accurate measurement results as demonstrated. Since the short of the shields at both
sides of the DUT has a role in returning the high speed measurement current flowing through the
DUT to the Vs side through the shield line, it is considered a part of the DUT. Do not forget to

connect them!
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3-4 Importing the Advanced NVM Application Tests to the existing

Workspace

Advanced NVM Application Tests of the EasyEXPERT group+ software are available from the Revision
6.2 and you can use them by upgrading the EasyEXPERT software.

However, the new Advanced NVM Application Tests are only installed in new Workspace.

This section introduces how to install the Advanced NVM Application Tests to your existing
Workspace.

How to install the Application Test:
You can install the Advance NVM application Test from the following Windows "Program Files (x86)"
folder as shown in Figure 3-9.

Note: By default, the files under the Windows system folder area are often hidden and cannot be
seen by the user. To access to the specific files described in this section, you may need to change
the File Explore setting.

Name

‘ FERAM Endurance.xtd
@ FERAM Hysteresis.td

© FERAM PUND.xtd

@ PCRAM Endurancexdd
© PCRAM Reset-Settd

File Edit View Run Tools Help

:| @ Test Definition Import

“~ . <« B1500 > EasyEXPERT » Contribution » Application Tests ‘ PCRAM ResetV-Looded
Organize ~ New folder © PCrRAM SetV-Loop.xtd
N Program Files A Name - . ReRAM Endurance.xtd
] S AdwnceaM | ————» © ReRAM FORM.xtd
| || Adebe MCSMU_IV © ReRAM IV-Butterfly.xtd
L Agilent. Organic © ReRAM Reset SetV-Loopatd
v B1500 Reliability

P Solarcell © ReRAM Reset-Settd

= p— ::iz_:risow © ReRAM Set ResetV-Loopatd

» Application Tests Thyristor —

» | B220xA utiity A Name

> Calibration Utility (Auwsilia

~ || Contribution > u:nz ENVM] = © FERAM Psw Qsw Graph.td

_ WGFMU_IV . FERAM PUMND Stress.atd

Advanced NVM © FERAM PUND Subatd
MCSMU_IV ° PCRAM Reset-Set endurance sub.uxtd
Organic @ PCRAM _Reset-Set_Loop-Sub.td
Reliability © PCRAM _Reset-Set_Subatd
SolrCell © PCRAM_Rm_Sub.xtd

© ReRAM RESET Graph.td

’ ReRAM_Endurance_Sub.xtd

© ReRAM_Reset_Set_Endurance_Subatd
© ReRAM_Reset_Set_Sub.xtd

© WGFMU Pattern Editor NoRead.xtd

Figure 3-9. Ad vanced NVM Application Test folder link.

Access the following Windows folder link:
C: Program Files (x86) -> Agilent -> B1500 -> EasyEXPERT -> Contribution -> Application Tests ->
then Advanced NVM and Utility (NVM) folder.
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The application tests in the Utility (NVM) folder are the sub programs taken from the other NVM
application tests.
The following sections describe how to install each group of the Advanced NVM Application Test.

3-4-1 The installation order of the Ad vanced NVM Application Test library

Installation order:

The NVM Application Tests must be installed in a specific order. This is because the tests are made
by sub-programs or Application Test routines taken from other Application Tests. It is therefore
necessary to install them before the installation of the parent program.

Table 3-1 shows the installation order for each NVM group.

First, the installation is made from the Application Test in the "Library" field of the "Utility (NVM)
category..." of the EasyEXPERT by following the installation order shown as "1st and 2nd" columns
shown in Table 3-1.

Second, the Application Test in the "Advanced NVM Category..." is installed by following the order
shown as "3rd and 4th" columns in Table 3-1.

Table 3-1. Advanced NVM installation order.

Installation order 1: Utility (NVM) Category ... Installation order 2: Advanced NVM Category ...
NVM Group
1st 2nd 3rd 4th
ReRAM IV-Butterfly
ReRAM FORM
ReRAM ReRAM RESET Graph gziﬁmfgzg:trag:te*;“ dburance sup |RERAM Set ResetV-Loop
WGFMU Pattern Editor NoRead ReRAM_Reset_Set_Sub - ReRAM Reset SetV-Loop
- T ReRAM Reset-Set
ReRAM Endurance
PCRAM Reset-Set endurance sub PCRAM ResetV-Loop
PCRAM PCRAM_Reset-Set_Sub PCRAM_Reset-Set_Loop-Sub PCRAM Reset-Set PCRAM SetV-Loop
PCRAM_Rm_Sub PCRAM Endurance
FERAM Psw Qsw Graph FERAM Hysteresis
FERAM WGFMU Pattern Editor NoRead FERAM PUND Stress FERAM PUND
FERAM PUND Sub FERAM Endurance

86 EasyEXPERT group+ Advanced NVM Application Tests User's Guide



Appendix
Importing the Advanced NVM Application Tests to the existing Workspace

3-4-2 How to install the ReRAM Application Test

The Advanced NVM Application Test can be installed unit by unit of each NVM group.

The step by step instructions for installing the ReRAM NVM group to the existing Workspace are
shown. Follow the steps below for ReRAM Installation order, 1st column of Table 3-1, by referring to
the corresponding numbers as shown in the installation example at Figure 3-10.

1. Left click the "Library" button.
2. Leftclick on "Import ..."
Test definition Import File Explore opens,
3. Scroll to the Utility (NVM) folder, and left click opens the NVM utility Application Test program.
4. Select the "ReRAM RESET Graph" Application Test by left clicking on the file.
5. Continue to select "WGFMU Pattern Editor NoRead" Application Test by +Ctrl key and left
clicking on the file.

6. Click on "Open" to install the selected Application Tests.
e [ s
Ca ... +| BC Diode Fwd
& | category |
S A
= Device Parameters
T |1 cMos
§ (] Discrete Polarity : |NPN
< |1 GenericTest
&= | McsMu_1v Temp: |25.0d
= |1 Memory
-‘—é ] MixedSignal v © Test Definition Import
O €= v 4 <« EasyEXPERT > Contribution > Application Tests » Utility (NVM)
i Cancel l_
-
E 1 Organize v New folder
o . New... Contribution (ad Name -
E Open... Application Tests © FERAM Psw Qsw Graphatd
= Delete Advanced NVM © FERAM PUND Stress.xtd
w
S MCSMU_IV © FERAM PUND Sub.xtd
= = a
X 2- ':D_Il Organic © PCRAM Reset-Set endurance sub.xtd
g Sport.. Reliability © PCRAM_Reset-Set_Loop-Sub.xtd
= © PCRAM _Reset-Set_Subatd
e © PCRAM_Rm_Sub.xtd
View > ik
RO 4.| @ ReRAM RESET Graphatd
Lock... Structure © ReRAM_Endurance_Sub.xtd
Unlock ..E Thyristor © ReRAM_Reset_Set_Endurance_Sub.xtd
Utility © ReRAM _Reset_Set_Sub.xtd
Read Only Utility (Auxiliary) 5. (. WGFMU Pattern Editor NoRead xtd
32 Utility (NVM)
Properties...
WGFMU_IV
| /|| EasyEXPERT Test Definition File:

6. .m. Cancel

Figure 3-10. ReRAM Application Test installation example.

Repeat the same steps for ReRAM Installation order, 2nd column and Installation order 2, 3rd column
of Table 3-1.

The installation of the PCRAM and FERAM can be down by doing the same way by following this
example steps.
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Note: If it is not possible to access the "Program files (x86)", the installation can be done in the

same way by using the "Export" Library function as follows:

1. Create a new Workspace.

2. Export the necessary Application Tests to the local file folder by referring to the NVM group and
Application Test list in Table 3-1.

3. Install the Application Test to the existing Workspace in the same way as shown in Figure 3-10.
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